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FOREWORD

Visible biological radiatiorw have always greatly attracted
ma,n'B curiosity; fireflies and glow worms, lumiuescent wood,
phosphorescent meat, and the illuminating organs of deep sea ffsh
a.re &mo[g the well-known wonders of nature. The biological
inportance of this luminescence seemg to be in no proportion to
the impression it makes upon the human mind. Wbile it is aesumed
by some biologists that it has the purpose of &thacting the prey,
oI frightening enenies, or of luring the male to the female, other
investigators have contested these theories. The phosphorescent
bacteria usually lose the ability.rto produce light when cultivated
{or sone time on artifcial media, without any apparent decreaee

in vita,lity. The emigsion of visible light is probably of no greater
importa,nce than color; it plays no essential role irl the cell physio-
logy of the organisns.

Quite to the contrery, the invisible radiations of living org.
anisms a,re of considerable physiological significance. They play
& dietinct part in cell division and in growth. They are evident
in the healing of wounds. Old age is accompanied by complete
cessation of ultraviolet emission; perhaps this ig the cauee oI old
age. Beta-radiation controls the heart beat. The loss of blood
radiation is used in the diognosie of cancer; it may be that radia-
tion, or some digturbance of its mech.inism, is linked with the
czuse of cancer. fts role in the metamorphosis of anphibia has
been demonstrated. Mutual influences of one species upon another
b.r- radiation have been observed.

Biologists and physicists have alwayr been suspicious of
ndiations from living organisms, perhaps only because the average
m8.lr (not to mention woma,n) likes to belieye in human radiations.
Eowever, the pincipal reason for the rejection of the discovery
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of ultraviolet omiesion from living cells was the inabfity of some
l1 1e1eal 

the fositive erperinents of ott"r, *itl thu ,r-" ."rottr.Thie had led to the fallacy that negativo 
"""ult. di"p"oou JJito"ones. ft is quite evident that if two erp""i_""tr." ,tirJaiil""",.j.:l,o tl:y cannot poesibty have made tf," 

"._l 
- 

"lp.]-i-""r.Dorn reautta &re conect, and the imporlant task ie to find out inwhat points the investigatious ainereA. Witn 
" 

p;;;; 
",little undergtood as these biological radiations, lt i" oot 

",rrf"i"liogthat these apparent contradictiong hove 
"", ,, y"i"l*" "l"ii"ui.' e_very case, though several fr"to"" """p#ibl;;";;;*results have beea discoyered.

., . The objection to biological ra.diations has been stmug€et inthis country, but even here, & more conciliatory attitude hae be_come noticeable since it hae been ehortrn tlat mitog"netlc md;;ois not a mysterious force, but the result 
"f 

bi;";-;;ip;;;.
Mr,ny simple chemical reactions have been foorra to 

"lli .urtultra,yiolet ra,ys. Another factor is re.p.""iff" f"" tl" 
"L*Ta.pti."

^..1.1t: 
** y.l"rrf * biology: praetica y atl papers on this

::?-1,.T" l:o,t*"l, T to*,g languages, u,,a oi ti. very fewrn l!ng[sh_, alnoet all happen to contain negative results. Thisvery fact has been one of the authors, reaer* fr" n """"i"r* rLmore important facts in this book.
. The book deaJs alnost exclusively with mitogenetic r&ygwhich erist in the ullraviolet range oI the spectrum.'No defrjteproof for the emission of infrared oyu Uy _groi"., 

"oota 
Uf1u1d (if we limit the infra,real to ,rairtioo" "o""" tl;;;visible). Bea-ray emisdon fron

tanr, bur ,, ,, ;r;;;;;T#*;:T;:11ffi':lr':i";
proportional to the potassium content, and i" j""t a,u ;oog ,;;;death as during [fe.

_ The arrangement of the eubject matter ie not historical, butlogical. An attempt has been nade to show that "lt ";"i;;Tji:H 1",*,livirg.organisme ia nothing ,t ,U ,t";;."'i;riuRwrTscu h&d not d.iscovored theee emanation. lO y""i" 
"go,they would now be predictecl from the results of physiJ_"h-;;;i

]lft€ations. An approach to historic&l p*"*trtiro i" i"roiin Chapter IV which discusees the yarious methods ueed.
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The book is not me&nt to repr€sent a compilation of all
literature on this subject. Tbis would have inqeased its eize

greatly. A fairly complete liat of references, up to the beginning
of 1932, may be found in the book by Srnwrr,r, (1932). The

literature compiled at the end of this book refers only to those
papers which have been quoted in the text; we auppose that this
iacludes the more important publications.

A very brief oummary of the entire book, chapter by chapter,
is given at the end. This rnight be more ugeful in some respects

than the customary Table of Contente.

One of the authon h&d occasion, during a recent journoy to
Europe, to see many of the biologists and physicists working in
this field, and he wishes to acknowledge the many valuable oug-

gestions he received from thoee convinced of mitogenetic radiation
as well ae from those who are convinced oI its non-exiat&nce,
The authors are further under great obligation to Professor

-{lnxelnrn Gunwrrscu for eound advice on various points, and
to hofessor MEosou for the kindnees oI sending original photo-
graphs oI his experiments for the reproduction in this book.

The authors are further under great obligations to Mrs.
Menclnnr N. Benxns for her ceaselegs assietance in editing this
book, and to Miss A. J. FEnGUsoN for her help in proof-reading.

rthaca' August' 1935 
orro R.Lrr

STDNEY W. BARNES
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CHAPTER, I
PHYSICS OF RADIATION

A. GENENAI,, STATEIIENTS

(l) R&diation travels through empty space. XYom

the Btudies of radiant energy have come sever&l ideas about its
nature. For one thing, it is know! that such energy is propagated

through empty epace. Moreover, it i8 the only form of energy

known which ca,n flow through matter-free space' The vast

amounts of solar radiation which maintain the earth at such a

t€mper&ture that life is possible, coine from the sun through
millions of miles of interst€lhr space, which contains but an

infnitesmal density of matter.
(2) Radiatiol erergy spectrum. Radiation occurs over

an extended energ.y raDge. The extremely hig!-etetgy gam'ma

rays penetrate severel inches of lead; the lowet'ettergy u-rays

pass through perhaps a,tr eighth of an inch oflead; tsi'tiblp l6ght ia

absorbed by & metal la,yer only a few atoms thick; and, finally,
rqd,io lteues are completely absorbed by a coarsely-woven copper
'wire ecr€en. The character of r&di&tion varies greatly, as one

can see, from one part of the radiant energy spectrum to another.

(3) Radiant energy travels through space with &

fired, definite velocity. Radia,nt euergy m;ght be given the
alias of traveli:rg energy, for it spendr each instaot of its existence

traveling through epace at its particular speed oI 3xl010cm.
pr second (spea,kitg here of space in which the ma,tter density
is zero). This speed is entirely independent of the cha,racter oI

the radiation. To ths best of our knowledge, radio waves, visible
lght and gamua'rays all travel with preciaely this velocity' The

direction of travel ie rectil.ine&r.

(4) Radiatiou erhibits the phenomena ol inter'
ference. Any form of wa,Ye motioD can be made to erhibit the

ProtopLlEi- ono8npli.n IX: B.hr
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-.phenonena 

bf interference. The beats heard when two tuningforks of-nearly the sa,me frequency are etruck, are &n exemDle.Later (see p. t28), an examote .,f ;;;"_:::l_;:',.:'1, ",""T1
will be given. ' le of interference exhibited by ligbt

(b) Radiatiou mav be obeerved wb en, and only whel,it is allowed to interact with metrpr. }U" 
""r"J""Ji" "reminder that all recogaized me&surementa of energy a,re limitedto energy associat€d with m&tt€r. To detect ," 

"r"%"* .ril*,:":"cy.: ]t is- necessary that it be t""".r""*J-atJl;;,#;r"
potential or kinetic enersv of matter. This t"""rf-_;;;;#""the law or cotrservario;;f .""";- ; -'1;::.::"i.1:d':'.on 

ooe.

"-ir,", "*"gv ai-",ip"i#e'ff:?"i ; ilo: "Tfili;:i::i: ;lpotentia,l or kiaetic energy whicb appear. 
--"- "' -'6.

B. PEENOMENA OBSER,YED UPON TIIE INTENACTION
OF BADITTTION AND iII]\TTER

(l) R,eflection. Radia,nt
r"o- u'pruo",uJ"r"-_r,." #,liljJil""-;J***Tf,:ri"# 

"Tfl"j:lson with the w&ve Iength oithe radiation. l" ;;;;;'r;":,::,of reflectiou is equar ri th" 
""g1" ;;;;#:';Jii:'"1;:"",r";

energy is in the pla,ne of rhe incident ene"cy. N;;;;f#;il;".,of radiation are 
_k'.owr ; f hus, always 

";;" ; ;;;il;i#;"transmitted or absorbed by the refector.

-. 
(2) Absorption. Matter never fails to take its toll from theradiation incident upon it. No material il;;-e";;";tota,lly transpa,rent to radia,nt energy. Ibe mechanism of ab-sorption will be treated later lsee p. 16).

. (3) Refraciion. Matter bas tbe property of chanqins thevntocity of 
.energy 

which is passing ,r."rgri ii., ilr" ""r"if;;change of direct ion of the radiatioir tsee 6"9. t1. i;;.;;;;;volo.it.v-o[ radiation in marter to tbe velociiy in sil ;. ;fi ;;'.index of refraction of tbe refracting subetanne.
(4) Dispereion. The ohu*'"1 tn" iij"" .i ;;r"."',; ji:ilT"ll'xl""""t",tff::,:i.r, :::::aiso upon rhe wave lengrb of rh" .;di;";;;;;; ffi;::""'ff#tbr^ough it. A beam of wtrite ltghr, is dispers"d ii;;;;;"ffi#

or €pectrum when passed tbrougb a prism since 
"u.n 

*"o" l"nliteuffers o difierent refra,ction {"."u ngr. Zu ;;;,';; ;';;t1:"



PEYSICS OF RADIATION 3

These a,re only a few of tho ma,ny phenomena which characte-
rize radiant energy in its paseage through space and matter; these
must be explained by any theory of radiation. The question:
lVhat is tha nature ol rol,iant enargg ? has been nearly inswered
by each of two different theories, the wave theory and the quantum

Figur€ l. Refnction. Figure 2. Refraction a,nd Dieperdon.

theory. As it will be pointed out later, it seems not impoeeible
to efect a ha,rmonious combina,tion of these two into on! which
adequately coverg all the observed phenomena of radiant energy.

- . 
The so-called "mitogenetig radiation,, which is the princifal

subject of thjs book is said to proceed rectilinearlv, and to eh-ow
reflection, &bsorptioD, refraction aad dispersion, as-will be demon_
strated in Chapter fV. ff so, it is a tuue radia,tion.

C. TEE WAYE THEORY OF RADIANT ENDRGY

. _ 
Tlere are three ways in which energy may be tranefened

with the aid of matter, namely (l) by the flow'or movement of
defnite masees of matter, such as tidee in the seas, or the <Irive
rod on a locomotive; (2) by wave motiong in elastic media, such
as souad in air; a,nd (3) by material projectiles. The wave theory
of radiation is based upon the well understood principles of
wave motions in elastic solids. These may be. illustrated by the
following eimple experiments.

rf a long stretched rol]e is given a, blow at ono oI its supportd,
a rather.surprising thing happens (a,t least so to the uninitiated;;
&iunlp in.the rope is seen to speed along it. If, Ior a short period
of time this end of the rope is given a regul&r to_and_fro nrotion,
a disturb&nce as pictued in fig.3 will travel along it with tbc
same velocity as in the former cas€. Thig sort of disturbance is
celled a wave train. The length of the individual waves, or the

l*
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I'igure 4.

4 CEAPTER, I
wave length, ,?,, is the distance from crest to cre8t or trough totrough. The frequeucy, z, or the number of *r""" prr"tg 

"*

Fieuro 3-
A short wevd truin in a rope,

fixed point grr second, ie equal to tbe velocity, c, divided bv thewave len6h:
a

I
. Reflection. Let thi6 w&ve tra,i4 be observed when it reaches

111:1d"t 13",-ne. I{ r}e eupporr there is ideally rigi;,;;;;
or waves qrill be reflected and will travel U""f. 

"f"i,g il"'".[ Jiilthe same velocity and anplitude it had beforti 
"efl"ection. 

-- ---^

Absorption. ff the support is ideally non_rigid. the wave
j",:::^l1""ilt T:otion, sp.rid its energy upon * an'd cr.pr"*iyqreappear. ln this event, tbe energy carried by th" wave trailhae been tr&nsferred to tbe eupport.

Standing Wgves. There is still another phenomenon ofwavo motion which mav be illustra,ted Oy *"oes ; ;;;;;.Whm it ie faetened t,o tie rigid support, if tbe free end iB lenrmoving with a uniform tr-i,a_f- -*rii-,";.;;UJ;;T;
woves Fill be formed (eee 6g.4). The rope,pd";;;";;;;

Waves in a rope; below: sta,nding \rave6 rD s rope.

it:lrllt.g **-ents ca[ed toops which are eeparated by pointsor tttle or no motion called, tndes. These standiag *ri"e, nottrue w&yes at all, are the result of the interference ;? ,h. ;;#
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.-od the reflected wa,ves. Their importatce lies ilr the fact that
rhev ofier a very siinple way of determining the wave loagth
r'f the true wavee which is equal to twice the distance betw€en
nodes.

Suppose a system of roper is strung from a central point so
they lie in a plaue (s€e fg. 5). If the central p,oint is given a regula,r
up-and-down motion, waves will tra,vel out along eir,ch rope and
the system wiU pree€nt eomewhat the appeara,nce of still water

_ - Figuro 6. Radiation from a centra,l point.
left: a rope syatem; right: waves in a rope systen.

intovhich o etone has been dropped. Thewave trains traveling out.
ward along e&ch ro1le with the seme velocity give the oppeaiaoce
of regula,rly growing or spreading conoentric dngs. The rings aro
eeparated by a dista,nce equal to the length of the waves. If-more
ropes are added to this system so that thoy are strotched equally
in every directioa in va,rious planes and the central point is given
a regular to-and-fro motion the system will gioe th" app"a"ance
of expa,[ding or growing spherical shelle. Ilere the dieta.nce
botwoen the shelle is again equal to the length of the wavee
in the infividual ropes. Irhe mechanical rope apparatua ia
frequontly used a,s &n a,na,logy to the electric 

-ffeld if a point
cha,rge.

Definition of a Charge of Electrioity. Electricity,
according to preeent ideas, embodies two kiads calleil poeitive
and D,egetive. Il a,n object has equal amounte of the two, it is
seid to b6 elech'ically neutral. U it has an excees of either kind
it is said to be charged, and this excess i6 called a,n electrio cha,rge.
Usually this cha,rge is distributed over tho surlace of the obje-ct.
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CIIAPTER, I
In discussions oI the efects of one cha,rge upon another, and inrelated problems, it is convenient i., 6";;;"-;;;;;,#; ,"thi,nk oI the cbargo as being can(,sn61a1q4 ar, one point, Tlds isaa.lled a point charge.

The Electric trield of a point Charge. We will now seewhy the tbree_dimensional s.ystem of ropt s forias a ro";; ;;;_cal anatogy to the electric ffeld^"i;;;;;;;;.".';il;;::,
tharge of positive electricitv rs tixed in Bpa,ce &t some Doinf, ,{.ft..a charge or negative a*i.i"ityl, m"eii;;#T"[1'T,'it
will experience a force which tends to dra-w ,t 

"t rigirii._""T ,rao tbougb the two were conneced by * ir"i"i;I" 
";;""i"r,.a""r"","":"d . 

T!.: point B may be anl.whire in opace in ,f" ,i.frrn" 
"t'.4 and etill it is drawtr directlv ioward ,1. W" ^rf ,fr." ,iiJ.'ftwe like, of rle space about .4 a.'s fllled ." 

^rd; ;;;i;; #'r^"t""elaetic cords (called liaee of force) extending',rh;;;;;;;
direcLion from tbe charge et point A.
. Npy, iI the charge at ,4 wire given a ra,pid to-ard-fro motion,
i;:il:1:jl ti"ly thar waves shourd be ror."a *a'"oJ"ii""*
i:: ji*u . torce through space. This is tbe exptanation ofieredDy,.rne w&ye theory of light concerning the ia,mer ir, *nl"ntld.Tt 

:1Tgy is propagated tb"*gh ipu"". -W;"kJ".";;
electric felds eruround electdc chargie. 'Radiation ,"I"r*fr#with waves traveling l,hrough these 6elds.

- TIre waveg in the electric fekt about the charge which hasbeea set in oscillation are kaown 1o b. not the orly w?v;;;;;.ln fg.3 is represented the sbape of one of the lines of for"";;;;;a,fter tbe cbarge hae been givin 
" f", o";ili";,;:'ffi'#;:l

waves which consiste in yariations irr the direction 
"i;i" ;; ;;force is traveling along this line witb the ""i""ii, .i'U*'1r." fi#rt is knolv? that fhe motion of en electric 6"il ;b";;; 

";;;produces an aeeociated magnetic 6"1,1. f;';";;;;;:;rH;
this vave trarb muet have issociated *ith it, t"ri";i;;;;;;ul&gnetic intensity. Tbese two wave trains ti" ln pt"o"" p*p"oj_icular to each other. The claeeical elecr,romag[#;;##;;
one line of force is represented in 69. 6. R;;u;i;;d;#n ;other than these electromagnetiu waves-

. Tho wave theory predicts tha,t the velocity of proDa,qa,tionof these wavee shourd ue i"d;;;;; ;";ilJ"H;:tiil#l
Moreover, sucb waves would be erpected to exhibit all the nheno-mena of interference just as radiation doee. 

---- -q 'q\ P{u!v-
;
r
t
E

l



PEYSICS OI RADIATION 7

.\n osciUating charge radiates energy, of course, not odv
a loug one line oJ force but in all directions, t hough the amouniof radiant energy Bent out in difietent dir""tions' oari"e, 2u".,

Figure 6. Diagr-on of an electrooagnetic .wave.

energy is radiated along the line of motion of the charge and the
m&ximum amount is radia,ted in a plane norma,l to thi direction
of motion.

{anrz (1866) caused a charge to oscillate rapidly betweentno cloeely-placed poirtsr) and fouad that energv "was 
beino

radiated as the result of the accelCrations of tbe charle leee fig. Z[
He placed a metal plane some distance from the osclltating "nffi



.Q]

8 CTAPTER, I
and found 

^regularly-spaced 
points between the radiating charge

and the reflector a,t which the energy waa alternately 
"i, ;r;Tmum and of a rninimua value. Ilheee loope and 

"oau" 
ano*"ithat the eaergy was being radiated in th-u fo"^ .f ;;;;;;

wavee, the direct errd the reflected Ueam interfering to ca,re"standing wavee.

, Yh:l the velocity of these waves,'which are of the wave
length of short radio waves, was found to equal i,ho experimontalll -

Lluo - chonolic

Ijj l,ghlilr
-:

Figul€ B. Expeliment Bhowing the v&ve ne,ture of light.

determiued vclocity,of light, it was immediately suggested tha,tlight was nothiag other than such *r""", o"ly J;fo;;;-;;;"
length.

. .- I -:i_-pl" experiment lrrformed by Lrruuern showed that
visible light could be made to form standing waves ana tnos nuet
have a wavelike nature. Light of on" lrro""turrgth .r, ;li;;r-;
snrnrc perpendicularly upon a fine-grained photographic emuhion
whiclh was backed by a reflecting layer oi m"talic sil"". il;;,the enulsion was developed, 

"oi a,rrd th" 
"ag" 

,i.*"J orra*"*
microscope (see ffg.8) altemate exposed and unerpoeed lavers
were fou.nd to exist throughout the depth of the emulsion. At
pla"nea where the dtect and reflected beams intefered to fornrt,hF_h^.fre . ^t --r 

t^. -t-.-.): -, - -

':.,::l:i:.''n'i..,.- i.:::.'.',.;.'.i t, .:. 
': .'

.:. i; i;in:ia.€ p"&i oi"-)l i"';;;;;;;il;;'ilru;

I
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8 CIIAIIIER, I

:ll j:{;"ryt"1y-sf?ced.pointe between rhe radiating charge&no tne reftector at whieh the energy w&e altemately of-, ma.;_mum and of a minimum value. These loops and 
"lrd;;;;;;that the ene,rgy wae teing radiated in th-e form 
"i ,;;;;waves, the direct and the reflected Uea- int""fering to 

"auJJstanding waves.

, .Ih:". the velocity of these waved, which are of the wavelengttr ot short radio waves, was found to equal tbe erperimentalll._

llono - clnnolicIit llt
-:

trigure 8. Experiment showing the weve nature of light.

$f."** l:!.toy:f light, it w&s immediar,ely suggesred rh&rxgnt waa nothing other than such waves. only of J"o"tu".rou
length.

. ..1.:iTph erperiment performed by LreruarN ehowed thot!'rslble hght could be made to form standiog waves and thus must
have a wavelike nature. Ligbt of one wave'length _"" J;;; ;enrne perpendicularly upon a fne-grained phoiographic emuleionwhich wae backed by a reflecting Lyer ot tetulic l,ffr"".-'-Wl""
ure emuftton was developed, cut and tbe edge viewed under amrcroscope (eee 69.8) alt€rna,te exposed and unexpoeod laverswere found to cxist tbroughout the depr,h oI th" u*ri;;;. 

';;
pranes where tbe direct and reflected beams interjered to Iorm
11"-::j": of the sraading wa,ves, rhe ritver compound 

- 
wasun&flected; at plane8 in between, corresponding to tle loops ofthe standing waves, the silver compound *r,"- _udo""d. 'Thi"

e:penSeu] not only showed that ligit *u, , -ur" ;;;i"";;ofiered a beautilully direct way of m'easuring th" *r;j";;-"
.Definitio[ of Intenoit,y. The ifltenaity of radi-atio,,

f;:11:_1l:^." *urce a,t. a fixed poinr in space is deffned as being
Ine number of energy unite (erge) receivqd p91 6s9sad bv a souaiom. ot surface placed normal to the radiation at tha,t;i_qt'(see
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:i. !d). When the radiation is strictly parallel, the inteneity per
ar: u'ill be the same a,t a,ny distence from the source (ffg.9a)-

\f ith a point source, it vill decrease as the eecond power of the
distance betweeD the radiating source a,nd the point of measure-
ment. Thus, in fig. 9b, A will receive K ergs per second while B'

tricc as far from the source, receives only f ergs' Jn proctice,

lnint surfaces a,re r&re, radiation generally being emitted by sur-

faces or volumes. (This is commonly the rule in biological radiat-

Figure 9, Illusirotion ol the deffnition of intensiiy.
1

ions.) For these cases, the inveree squa,re law holds only for
dirta,nces so gr€&t that the sourc€ may be considered to be a
lnint. For shorter distancee the int€nsity may be roughly propor-
tional to the reciprocal of the distance; for points gtill closer to
t}e source, the intensity may be independent of the dista,uce.

E4rriment is the best means of determining the variation of
inteneity with distanc€ in the region of space closely surrounding
a aoruce of finite size.

The wave theory oI radiation has beea successful in explaining
how radiaut energy may be tra,nsferr€d through space; it ha,s

piedicted accwately the velocity of radiant energy; the phenom-

cor of interforence, reflection, refraction, dispereion, polarization

ud double refraction ofter no difficulties; however, with respect

to the emission and absorption oI radi&lt energy, the classical

t'heory fails and gives place to the quantum theory.

D. THD QUANTUDI THEOR,Y OF R,ADIATION

l. Definitions. ft is known tha,t ma,tter exhibitB the

curiouo behavior o! d'iauntinui,tE in processes in which it emite

or absorbs radia,nt energy. A giYen etom, for erample, will
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convert, of its store of energy, only certain multiples of the unit
of energy into radiation. Likewise, it will absorb radianrt energy
only when the energy comes in precisely the proper-sized amounls.
This phenomenoa is one with which the wave theory of tight ig
unable to cope.

Let us lay aeide for the moment the4 this conception of the
nature of radiation and cousider the only other poasible one, i. e.
that radiation is corpuscular in n&tue. Thus we think now of
radiation as consisting of small energy projectites which travel
through space with the familiar velocity of i X l0ro cm. per second.
These projectiles are of courge non-material; they consist simply
of small uaits of energy,

Since we have seen that tbe difrerent kinds oI radiation, from
radio wa,ves to ga,mma, rays, all tr&yel with the same speed, these
differenceg ca,rr occur only by difierences in the size oi each pro-
jectile, or quantum. It has been shown tha,t the energy of a
qua,ntum can be given as the product of a universal const&nt,
D, known as PLaNcr's constant and equal to 6.dbxlo-s? erg
seconde, and the fuequency of the equiv&lent electromagnetic
wave. Energy of quantum E : hr.

. In Table l, column f are given the varioug wave lengths in
Arosrnou units tt A - I0-r0;). Column ll gives the corres-
ponding frequencies obtained from the equation

where c ie the velocity of light. In the third column are the
quantum energies, .O, which corespond to each frequency (E:hr).
Thuo, an X-ray quantum is a, l0-8 erg projectile, while a quaqtum
of visible light has an energy value o{ but l0-r2 ergs, and thoee of
the ultraviolet being about 2 to l0 times a,s large &s those of
vieible light.

For the understanding of emiseion and absorption of quanta
by matter, it is necessary to discues briefly the atomic theory.

2. Atomic Theory. Let us Buppose (see fig. l0) that an
electron is held at some dist&nce, r, from a small positively-
charged p,rticle, 4. From our knowledge of electrostatics we know
that the electron erperiences a force oI attraction toward 4. This
force, -tr', is proportional to the number of units of charge possees€d
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by 4 and is inverrely proportional to the squere of the dist&nce,

r:q
r2

Let ug agsume that g is heayy comparod to the electron eo that
the electron wiU be the motile one of the two charges. II the
electron is released from its position, it witl, of course, fall toward
and into the positively-charged body, q. Suppose, however, that
the electron is set tra,velling in a circular orbit about q as tho

t-'-dn+on
tr'igure I0.

Positive &nd neg&tive
cha,rges at the drstance

r from es,ch other.

J'igure Il.
Electron in a circular orbit
traveliag about the positiYe

charge qr

center (see fig. fl). If its orbita,l velocity is adjusted u.util its
centripet&l force is juet equal to the force of &ttra,ction, -F, exerted
upon it by g, then the electron will be in stable equilibrium remairr-
ing indelinitely in this orbit.

An example of such e Bystem is fumished by the swr ald the
earth. Here it is the balance between the ea,rth's ceutripeta,l
force due to its orbita,l velocity and the gravitational etra,ction
of the sun which keeps the earth in its orbit.

If the maes of q is 1.65 x 10-24 grams, the distance r ie
0.5 x l0-8 cm, and the charge { represents an electron, then fig. Il
represent8 a hydrogen a,tom. q, which iB thus the unit of positive
electricity, becomes the nucleue of the atom and the electron
represents the hydrogen a,tom's one orbital electron.

trbom elementary considerations it would seem tha,t the
nuoleus with its orbital electron would form a stable systen
algo for values of r other than 0.5xl0-8cm. For any value
of r, a correrponding orbital velocity can be calculatcd which
will bring about the balance of the electroBtatic &ttractioq antl tho
centripetal force of the electron. However, it is found experimeat-

i

I
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ail.\ that there a,re only a few orbits, out of the infnite number
pssible, which the orbital electron frequents. X'rom the radius,
rr. of the innermost orbit of .E which we have just Been to be equa,l
to 0.5X10-Bcm. we may calculate the other possible orbits by
the relation r:n2t,
shcre n has any value l, 2, 3, 4......
The orbital velocity of the electron decreases as n iricreases, and
the limiting c&se t1-> co corresponds to en atom vith its electron
at rest af a,n inf.nite distanc€ lrom the nucleus.

The energy possessed by the atom or the nucleus-electron
s-r'stem, for the caee when the electron is in any one particuJar
orbit, can be easily calculated and this energy chara,cterizeB the
enerry state ol the atom. The atom has the least energy when the
electron is in the innermost orbit (state of least energy) and its
energy increases as the electron exists in orbits of greater radiue
(states of higher ouergy). The innermost orbit is the preferred
one, i. e. tho electron inhabits this one the greater part oI the time.
In this caae, the atom is said to be in its norm,ql state. The usually
unoccupied orbite are culled ai,rknl ctrbits. We have seen that the
hydrogen atom c&n exiet in diferent energy states, and we will
very shortly apply this idea in a discussion of the absorptioa and
emiesion oI radiart energy by a.toms (eee pp. 14 and 16).

Before considering these topics, it will be advantageous to
see how other atoms beside hytlrogen a,re constituted. The one
nert in simplicity is helium. Its nucleus consists of 4 eimple
hydrogen nuclei, called protoas, and 2 electrons. Two orbital
electrons complet€ the atom. In all atoms, the number of protons
in the nucleus exceeds the number of elect'rons by just the number
of orbital electrons; this leaves the nucleus with a positive charge
and the whole atom electrica[y neutral. For example, the carbon
atom is composed of a nucleus of 12 protons and 6 electrons about
which revolve 6 electrons in ihe various shells. The oxygen atom
coneists of 8 outer electrons and a nucleue which contains 16
protonl a,Ird 8 electronr. The atomic weight of carbon is approx-
imately 12 and that of oxygen is 16. It can be seen th&t the atomic
weight is equal, for all practicel purposes, to the number of protons
in the nucleus of the atom, The atomic number is equa,l either
to the number of nuclear or orbital electrons. Table 2 ghows in
what way the outer electrons group themselves in the orbital
shells for the first eleven elements of the periodic table.

l3
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Table 2.
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"eg=""f:lgn for iho -Ulemenrs from H ro \a.
Element

.df ehen

I
2
21

24

26
26

H
Ee
Li
Be
B
c
N
o
I
Ne
Na

I

3
4
5

7

8

t0
lt

I
2

2
2
2

2

2
2

tr'ig. 12 is a whollv diaqrarr
atom. 'Tbe 

""";ri;;;;;";?drumatic 
represenfation of tbe .\'a

th",< sher u,,J ;;;;#"',T",nilJJ.. ii: f*o,.#:iilXr:l
_2.--i.:.--i-r tbeee negalive chi'r(.s

..;, -- - - 
- 7-- r:--.^*" is about l0O0 electr;n

. /,t -=:+-=-\'l 
volts or l.6xl0-0 eras;

,,,,/ tr " \\.\" this a,mounr of eoergy

i,'/ // \ \r,\ would be required iL

tK ( ) ))ili'"$*T#*r:*:\\i,\\ \_-,/ / /,,,:l ;HffT"'i:"i"J"ll:'ii.\\\.<ZZ,r' 
i,'"","_#":;'iLif*:

\i:-t-:----i,t:1t" approximatelv 35 elec-

'ic"* r-?.^jjicr". of. the sodium arom :ill""l'li; r*JT'ff:strowrng the various shells. one electron and its
5 €tectron v ol ts. The ourer dot ted 

""",".0ilf"::#"J,i#; ?j"T:which are unoccupied in the normal lU" *ri,, i. 
". 

J*r;i"ff::
,. 3 T-l: Emissioa and Absorption of R,adiation bvA t o m s. We have seen tbat rhe hydrogi" 

""- """ "-iil" ,"i,#energ.v slates associated q.ith rhe oriit **pi"J-ir-ri"1f 
"lr"lll
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B-r this necessary mecha,nism can be explained the absorption
and emission of radiation, If the atom changes from an enelgb/ 7

state En to a lower one Ea,. it does so with the emission of a
quantum of radia,nt er'etgy kv such that
{ r) hr : Ero-E".
If the atom cha,nges from atr energy state En to a higher state of

energy E6, it can do Bo orlly by the absorption oI a quantum of

radia,tion lz? of such energy value that
(r) hr : E--E".
In this equation lr is the urdvereal congdant knowu as Pr,arcr's
conetant equalling 6.547 x l0-g? erg' secs. and I is the lrequency

rsee p.4). It follows that the various qua,nta ft.r may be emitted
and absorbed by the hydrogen aton.

hv: E--Eo rthere m : L,2,3.... ,

hrr: En-Er ,, D:2'3'+.....
hr,: E--Er ,, D-3,4,5.....
hr : E"*r-'E".

Since X :9, where c is a, const&Irt which is equal to the sPeed of

light or 2.99?96 x I01o cm. per sec., the wave length of the radia-

tion resulting from or producing the energy change E--E" in
the atom will be given by the equa,tion

E--8"
Table 3 gives the values of the fust eight of the forty or so known
energy states of the hydrogen atom.

Tlble 3. Energy obtained by electron shifts from norma'l to
Irigher orbits in the Hydrogen a,tom

number of
virtu&l orbit

0
I
2

4
5
6

correBpond.rng
wave length io A

0
1216

1025

975
948
940
933
928

0
16.14
19.15
20.18
20.70
20.90
2I.05
2r.16

E in ergs x 10-12
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-,^ ^ _T-h"-*""j 
,".*th emitted by the hydrogel atom for the energy

:nTg: n1-80 for example, is readily calculated from the djain this table, as

i _ 2.99?96 x l01o x 6;+7 x l0-r? _
161.4 x l0_r_ 0

1.his wave rengrh is in the ,* ",;lk lo-;;L:L1.".flfrj;
states regult in the radiation of vieible lighi and ,tiU otl"""
produce radiation in the far inlra red, e. g. Iir the 

"irif, 
f*^,nu6th to the 7t,h orbit, it is 178 500 A.

- The equation (l) states that &n atom in the state En willabsorb a quantlm [r and be raieed to the ""*gy "tu,t 
f,_ if;;u

qua,ntum is precisely equal to the difrerence in the energy oI thet:o st3.,tesj Supposing the energy of the quautum i" 
"fii[tf, f"."

than this difference-rill it be absorbed ? th" anu*"" is"oo;iher"
is no possibility tha,t it will be. If the qu&ntum t" ;";;;;E--8"_, then it may be absorbed. It ;I b€, ,f "r*i", ii ,T^energy happens to equal the energy difierence U"t ."r, ,rry t*ostates provided thgt, at this moment, the electron ie in tl"'o"*i
corresporrding to the lower of these states. If its energy is noi
one of these discrete values, it will not be absorbed _;;;;i;
"l"".gy i: gre&ter tbar (E.. -E"), i. e. sufficient to shUj theelectron beyond tbe outermost orbit. ln this event, it mav be
ahsorbed and the surplus, hy_(Eo _En). i" 

"*A i",f,""tirlti.electron away from the atom, or

7, : Ea - n, r_ j*o.
where zz is the mase of the electron and o is its velocity (the ternrI
2 mv2 repre8ents the kinetic energy of the ejected electron). An
electron so ejected from an atom is called a ythotoekntron, and theatom itself is said to be ionized.

. Ae has been stated before, an electron spends mo8t of its
existence- in the normal state, Eo. When it has teen raiJ to a

il"b,d hi8hel 
.energy .En 

by v.irtue of tbe abeorptiou ot 
"o""gy,the a,tom ie soid to be in an ercikd state. The lte of a,n utoJin

an ercited etate is of the order of l0-? to l0-r seconds. Alter th;length of time the atom reverts to its aormal state with theresulting emission of radiant energy.
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Ihcse remarkg on emission a,nd a,bsorption of radiation apply
r..'r only to hyclrogen but to the other atoms as well. Only the
. rrter electrong of the more complicated atous behave in & ruaDner
-rmilar to the one electron of hydrogen, fn this way origina,te the
atomic Bpectra,. They are enitted by sources (such as the mer-
, urJ'arc or a, glow discherge tube) in which the gas is at sulficiently
low pressure that the atoms are not in contact with each other
[,ut for a small fraction of the time. U the pressure is raised (a,leo
the case lor solids), a continaous spectrum is emitt€d which does
not contain lines charactoristic oI the atom. This is calfed rhcrmnl
radia,tion sinae it is the reeult of the temperature of the eourc€.
lLe atoms are go close together tha,t the outer virtual orbits inter-
lringle and are distorted.

theee la,st remarks apply equally well to absorption. Arr
elemeut in the gaseous state vill give a line abeorption spectrum,
s'hile in the solid sta,te it will give continous absorption.

Mole cular Spectra
While atomic radiation rcsults from electrons jumping lrom

one energy level to another, mblecular spectr& a,re assumed to
arise from the motions of atoms or, better, ions which form the
molecule.

Let fig. fB represent a simple diatomic molecule such as NO,
Such a molecule emits radidtion irr three wave length regions:
ll) the far inlra redr (2) tbe near infra red: and (3) the visible or

A 
"'^pkl1?tr-1: -r*r". @-@

the ultraviolet regions. The radiation irr the first group is ascribed,
in the simple theory, to changes in the rotational energy of the
dipole molecule. The eecond group is ascribed to simult&neoug
changes of rotational and vibrational energy, and the third, to
simulta,neoug changes in rotational, vibrational and electronic
enorgy of the molecule.

Molecular spectre ere in general exceedingly more complex
thaar atomic spectra. The great number of lines fall into groups
which under low dispersion give the appearance of bands.

The absorption spectrum of a molecule is, of course, its
emiseion spectrum in reverse, light bands replaced bv dark.

Plot phsnr- olognpldo! IX: R!h!
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Itl this connection, the efiect of redia,tion upon chemical
reactione should be mentioned. To realize that such a,tr efiect does
eriet, it is or y necessary to remenber the nunber of brown
bottles th&t are used for etoriag chemicals. The most prominent
efiect is that of light on silver salts as in all photographic emulsions.
The result ie the reduction of the oalt with the deposition of
metallic silver. Without presenting the. theory oI the process, it
is still easy to Bee that the absorption of radiant energy might do
juet this. For an &bsorption of energy means tha,t the molecule
must go into a, st&to of higher energy-a less stable state- a,nd this
may, on the absorption of sufficient energy, become a chcmically
unstable state-

E. ANALYSIS OF R,ADIATION BY DISPXNSION INTO
A SPECTR,UM

The radiation emitted by a source is characterized by the
wave lengths present, together with the distribution of energy
among these wave ]engths. A given atom will emit only certa,in
lines (its line spectrum) and each one will have aesociated with it

.l'igure 14- Repres€ni&tion oI atomic, molecular, and thermal radiotion.

a certain energy (see upp€r spectrum of fig. l4); a nolecule nay
givg riee to some such spectrum as that of the c€nter Btrip, a,nd a,n

ircandescent solid emite all wave lengths with varying intensity
beyond a certa,in w&ye length, depending upon the temperature
oI the solid (see lower spectrum of fig. I4).
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fhe various wave lengthr present in the radietion emitt€d
r,\ & source a,re determined by dispereing the radiation into a
:pectrum. This subchapter deals with the instruments a,trd me-
rhods used to produce a radiation Bpectrum both in the yisible
and the ultraviolet. The next dea,ls with the subject of measuring
the intensity associated with the various wave longths.

l'he two irstruments most frequently used to dsperse light
into a, spectrum aro the prism and the grating. When a narrow
beam of parallel light falls upon a prism, the difierent rrave

B ,bace

tr'igurc15. Spectlomet€rs
above: a ainple slrochometer; below: a quar'fz double noDochromotor.

lengths present in the beam sufier diflerent deviations in passing
through the prism. As a result, each wave length emerges with
a slight angular soparation from its neighbors. Since, itr pr&ctice,
beams of light a,re generally divergent rather tha,n parallol, tho
prism alone gives rise to & spectrum in which there is gome over-
bpping of the wave lengths.

The sirnple opticol spectrometer (see fig. l5A) prevents this
by employing a lene which forms in the eyepiece a nanow image
of the slit tbrough which the light enters. By replacing the eye
piece by a slit, the inetrument may be used as a monochromator
c monochrom&tic illuminator,

X'or work in the ultra,yiolet region, the prisms and lers muat
be of quartz. X'ig. l5B repreeents the optical system of a tl?ical
qusrtz double mouochromator. fn most instruments the prismg
may be rotated by some device which is connected to a drurn

2*
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l 
"a,librated 

irr wave lengths Turning this d1ut !o t certain w&ve

' length reading sets the prisms so that only this wave length is

p"""^itt d to pase through the second slit Ta'ble 4 gives the

ielative inteneities of the lines irt the ultraviolet spectrum of the

qua,rtz mercury a'rc a'8 tra'nsmitted by such a' monochromator'1)

Table 4. Relative Intensities of fig Spectral Liues

ffi

Wavo
I,ength

A

2567
2926
2894
2804
2164
2700
265i
2538
24a2 '
2399
2174

i

i

I

fl

Gratings are also used to produce spectra ol visible and ultra-

"irUi 
ligf,i u"t siuce their aiplication is more strictly confined

to specia-i work iu spectroscopy, a discuseion of thefu characteristics

will be omitted.
While monochroma,tors are designed to give high spectral

purity o{ the isolated light, some degree of impurity- seems una-

iola"]Uf". f" gen""al, so-. intensity of radiation of sborter wavc

length than tiat desired i8 transmitted by tbe instrumelrt 'Ibls

a"fi"t -ty be grea,tly reducecl by using with the monochronator

;;i;"-hu1.,;e'" "",tt on" on the short wave length side of tho

JJetl radiat"ion. By so doing, the intensity oI the unwanted

*"t" l""gtft" may be" reduced to practically Tio: .q :t:*"'
ti"t ot 

"uiU 
fitt"t.ls given in a table (12-5) in Photoeledic P.hrno-

nrpza bv IJuGms and Du BRIDGE and the ultraviolet portron rs

;;JJ*; h"." with their kind perm'ission (see Table 5)' The

*io" t"ngtlt" gi""" in the table are those at wbieh tbe filter ccases

Reletive
InteIr8ity

528
ll7
209
3?I

63

88.6

1000
218

51.5
40.0

2345
2302
2281
2263

2191

2150
19?3

1943

1850

J.O

10.6
13.6

6.6
7.9
4.75
2.14
0.128
0.097
0.017

1) In porticular, a Ililger quartz double monocbromator'

R"l'bivo I wav:
. I Lensth

Inten$t'y I
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Ta,ble 6. Short Wa,ve Cut.ofl Filters

( ut-ofi Material

thin celluloid
clear fluorite

clea,r qu&riz
{cryBtalline)

cleer quartz
(cystalline )
cle&r quartz
(crystalline )

oxygen in a

30 to 40 m4
I to 2mm

0.2 mm

2 mtn

20 nrm

l0 mm, a,t at-
moa. prreBsure

20 mm

0.3 md

3mm

32 mru, I part
acid in 1000
paxt8 w&ter

32 En, I Itart
a,cial i4 200
parts w&tor

6ma

l0 mm
12 mm

t(]0A
1230 A

14A

l3)0 A

1600 A

1700 A

17fl) A
ine) cell

water in a

ine) cell

1750 A

t850 -{

2000 A

lmo A

2000 A

rmo A

2200 A
zi00 A

clear fused
qu&rtz

la,mp
clea,r fused

quartz

&cetic acid in
wa,ter

a,cetic acid in

codo 970r)

calcito
rook salt

r) stq,nalsrd fflt€r8 of the Corning Glaas Works.

2l

Comments

Gndual cut-ofi
Only very occasional specimens

tr&nsmit s,s fal a8 this
Diferent specimens have practi-

cally identical trensmission
limiis

Air poths have stroDg absorp-
tion below ihis point

Steep cut-ofi. (Lyman 6nde,
howoYer, thet 0.5 mm of
rater hae a 6harp cut-ofr at
L729 A'

Tranemissions: 1849 A, 24Yn

t97r a, 36yo
2002 A, 4lo/o

1850 A is the shortest ws,ve

length emitted by a new lamp
Tranemissions; 2000 A, 0%

2100 A, 56%.
(difrercnt specimers vary widely

in transmission)
The concentla,tions are nrerply

rough estiDa,tes; it iB best to
ffud by trial tho desiieal con-
centI&iion

Gradual cut.off;
with short wave ledgths

LJman aotl Bfluger, however,
founal ro€k sslt to transmit as

far as 1760 A



r
I

2350 A

ffi4.

2600 A

2[00 A
28@ A
2000 A
3000 A

p-dicblorben-
te\e

t&rteric a,cid

thiopheno

benzol
code Itll)
code 97lr)

pyrexl)
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60 mm; sa,t.

solut. in wet€r
3.2mm; I port
sa,t. solut. in
64 pa,rts ws,t€r

60 mm; sa,t.

solut. in $ a,ter

2.1 n]m
4.9 em
1.0 mm

Comments

Steep cut-ofr

St€ep cut-ofr
Feirly st€ep cut-ofi
Fairly ste€p cut-ofi

to ts&nsmit apprcciably. These authors point out that "a' filter

is selilom found in which the tra'nssriseion changes from 50 per cent

to I percent or leBB in 200 4".
In some ca,aes it ie possible to find a source giving widely

separated lines in a desirecl wave length rcgion' By u-sing a suitable

flLr with guch a source, it frequently occurs tha't but one line is

tnansnitt€il. Such a combination may give much greater intensity

than could be obtained by the uee of the mouochrom&tor'

Beeauee of the'grea,t intensity of sola'r radiation and t'he

noesible efiecte of aayUgnf, on biological rear"tione, some data

ar€ grven on the short wave length limit of the eolar spectrum '

fU"'tinit of the solar spectruur as recorded by a photographic

olate at varioug altitudee of from 5O to 4560 met€rs was found
'by 

oou ob"""o", to be 29I0A. Another erperiment carried out

ai g00O neters showed energy preeent at 2897 A' The conclusion

is siven tbat the inteneity, at the eurface of the earLb, of the solar

rofriation of wave length 290O A is not morc than one-millionth

of the inteneity at 3f50 A. This sharp cut-ofi ig ascribed to-the

ozon pr.s.nt in the upper layers of the atmosphere Nevertheless'

thougl tUe absorption approaches asymptoticallX !00%, w-g.nus!

t""p"in -it a th" p"""i[iUty that ertremely sm&ll intensities of

tbe lower *avelengths exilt itr da,y ligbt This ie important eince

i:r biological radiaiions, we are dealing with very lov int'ensities'

fa,r beyonil detection by photographic plates'

1) Btandard filters of the Coming Glass Worke'
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Table 6 gives the a,beorption of ultraviolet by 16.97 mm of
,listilled water. This, together with the absorption spectrun of
,rx1gen, shows plai:rly why in biological radiations, no experiments
are carried below 1900 A.

Table 6. The Absorption of Ultraviolet in l)ietilled Water
(16.97 mm)

1860

1930
2000
2r00
2900
2300
24ffi
2600
3000

tr'igure16. Thermocouplea
left: a two-metel thermo-

eloment; o
ght: e, modern high-

semitivity thormocouple.

68.9
24.5
t4.2
9.8
9.2

5.2
4.2
2.6

F. TEE INTENSITY MEASUREMENT OI' YISIBLE ANI)' ULTRAYIOLET RADITITION
Ananged in order of increasing sensitivity, the detectors of

risible and ultraviolet light axo: the therm.ocouple, the photo-
graphic plate, the photoelectric cell and the photoelectric count€r.

(l) The Thernocouple: The thermocouple consistB of a,

circuit composed of two dissimilar metals or alloys (see fig. l6a).

m
If the junctions a,re maintained at difierent temper&tules, a,

current will flow in the circuit, which is proportional to the tempe-
rature difrerence of the two junctions. Modern high-eensitivity
thermopiles are Irequently built as diagrammed in fig. l6b ia
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which .4 is a very light bit of thin gold leaf, I or 2 mm2 in area'

The gold leaf is supported by two fine wires, one of a bismuth-

antirnony alloy, the other of bismuth'tin, which are soldereil to
the heavy leads, C. By using pieces of sma,ll dimensions' the heat

capacity of the instrument is low, as is the heat lose by conduction;

thus, the seneitivity is high. Used with a.eensitive galvanometer,

such a. thermopile will give a detectable deflection when the
radietion falling upon the gold leaf has an intensity of approxi-

mately 3x10 10 cal,/cm!/sec. or lxl0-2 ergs/crn'/sec The ad-

*1"
Figure 17. Sp€ct'ral sensitivity curve8- of Eastman Plates
.4: Ea,stman SpeedwaYi B: Eastman40;
C: Eastman 35; D: Eaelman ProceF,s.

vantage possessed by the thermopile over the other means of

iltensity mea,surement i8 tha,t its response is quite independenb

oi the wave length ol the radiation' X'or this reason, it is oft€n
\ssSl\\N\ss\s,\\\s!\E,-<-\\\ir\s\\-{\\\\\\'s\-*--\

L4 ttpor*
Iigure 18.

Characteristic curve of a
photogmphic PI&te.



@r5!u ,r40 ur ule worl< tunction dopends upon the trcetment
given the surface. It is rare in this work to fini the results of two
iavestigatore coming within more than approximate ,g"*-ur,t.
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the,window covered Bo that no light cen enter the cell, the galvano-
T"t: ""9:. zero indicating that no currenr i" So*i"g" i" th"circuit. If Iight ie allowed to fall upon tbe meta,l 

"".f"J. ptJ_
electrons &re ejected from the a,toms of the metal nf_ ,"a *"ettracted to the central wire. Ibese electroas flowing througi
the -wire cauge the galvanometer to deflect,.which i"; *;;",;
of the photoelectric current.

. 
Necessarily, in such cells, the energy, hv, ol each quontumto be measured must be greater tnan itre "r""gy .uqiJ"J to-

remove &n electron lrom the surface, that is hr,>Cco_fu'. This
equation applies to isola,ted atoms. In a photoelectric c"ell, the
photoelectrons muet not only be removed from tbe atoms but must
be Bhot awa,y from lhe metal eurface and eventually even tbroughit. This requires a little more energy. The 

"r,""!y ""qoi""a 
?o

r€move a photoelectron from & photoelectric suJace is called
the "work function,,, ff'.

The eituation in the seneitive surface of a photoelectric cell
is Iurther conplicated because of the impossibiliiy of having this
sudace coneist of one kirrd of atom. Wiih tl" Uest tigh oa?oom
te-clniqug known tc,day it is impossible to prevent cojamination
with various atoms, chiefly those of the gasls prevalent in the 

"i",such as oxygeo, hydrogen and nitrogenl Th-e reeult is tnat tr-
for a given_metal depends considerably upon its t isto"y ana itJ
care rit.h which it has been freed fro- g"su.. Thu pur"ei surfaces
are preparyd by ctirtining metals in a high vacuum- Table Z
gives the photoelectric work firnctions, I[0, for varioue metals ae
obtained by difrereat investigatore; only a few netals being
given, eince_ these may be regarded as representative. 1tr\rrtheiqsta m&y be found tA Phatpetectri,c pitwmeut, Hucars 

"ndDr Bnrlon). The threshold vave length in A refers to tlu torrg""i*.I:.!"gtl which wilt eject photoelectrons from a given surfice,
and this may be transformed into a value in electroin volts_then
called the photoelectric work function - by the equ&tion

The frgt three columne show how the value of the long wave
leDgth limit or the work function depends upon the tre"atment
givea the surface. It is ra.re in this work to fnd the results of two
investigators coming within more th&n approximate agreement,
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Table 7. Phoioeleotric Work tr'unctions of the Meis,ls

3213
32il
3364
3390
3460
3595
3650
4t32
4710
5000
3050
3130
3I40
3302

>4360
6?00

2888
3150

3652

2610 (200C)

2?00 (60ooc)

6{m

2t46,3

3720
3460

(Single
cryetal)

li

UC.

\e.

52ffi

3300
3820
7000
5830
6100

3050
3365
30r6
3200
3426
3760
4009

lli

2L^

6500
5800
5800
6200
6500
7000
7000
4300
62ffi
5600
5800

> 3650

6600
5600
6(n
2100
3040
3182

Threehold Wave Length in A
no partiel ertanded

outgassing I outgassing I outgassing

w"
in volts

(2.5 to 3.6)

(4.00)

(1.7 6 1o 2.251

(2.r to 2.9)

(<3.4O)

LgO to 2.46

5.0r

3.32
3.67
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The fourth column gives the best, estieate of the value of IIlo'that could be made Ior the various metals.

(4) The Photoelectric Counter. The photoelectric tube
counter is merely a photoelectric cell of a special geometrical
shape. h guch an instrument, the individual photoelectrons are
recorded, making it much more sensitive tha,n the photo cell in
which photoelectron cLrrrents are measured. Tbe lowest intensity
which is mea,suable with a counter is about l0-e erg8/cm2/sec,
or about 500 quanta,/cm 27 sec.

In a counter, the photoelectrically active element is deposited
on the inside walls of a cylinder, and the collector is a fine u,ire

Figure 20.
Photoeleciric tube

countel.

insulated from the cylinder and stretched a,long its axis (see
fg.20). It is filled with some ga,s to a preesrrre of about l0 cm. of
mercury. The metal tube ie connected to the negative terminal
of a battcry of perhaps 1000 or 1500 volts, and the collecting wire
to an ampLifier, such as is found in a radio receiver. Slits mav bo
cut in the cylinder to let irr the light, or it may be aliowed to shhe
in the ends of the cylinder. Each time a photoelectron ir ejected
from the walls of the tube, it will be accelerated toward the wire
(which is lnsitive by 1000 or 1600 volts) and in its course through
the gas will ionize some of the atomg with which it collides. The
electrons thus freed are also a,ttra,cted toward the wire and in
turn form more ions. In a very small fraction of a second all theee
negative ions will reach the wire. This momentary movement of
ch&rge is equivalent to s, sma,ll current which when amplified,
produces a, "plunk" in the loud speaker. The number of "plunks"
pr second indicates the number of photoelectrons eject€d per
second; this number is proportional to the number of qua,nta
striling the inner wall of the tube each second. While in use, the
counter gives a lew counts per minute when no radiation from
the source under experiment is falling upon it. These &re due to
cosmic radiation, local gamma radiation &nd @, p and y rays from
radiocative impurities in the metal ol the wire and tube; they are

tlil i" *tl of n ful lak
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lalled "da,rk counts", "strays" or ba,ckground radiation. The
dillerence betweeq the number of counts when the counter is ex-
yxrsed to and shielded Irom radiation is proportional to the inten-
sitl'ol the incident radiation. X'ig.2l illustrates da,ta ta,ken with
an aluminum counter by tr'neNr and Rooroxow (1931) to prove
the radiation from chemical reactions a,nd from tetanized muscle.
Thc dotted line indicates the number of "strays" incl the solid
linc the total number of counts when the counter is exposed to

u
i0

a
t0

A 40 60 nit 60

Figurc 91. Thp ordineles are the numbcr of impacts obtained per
J;inute interv&I, \rben the counter is erpoaed altf,rnately tor 5 nrinut€6
and shielded frorn the source of ndietion. The source of radie,tion was
at the left the chemical reoction K2Cr2O? + FeSOr, at the right & teta,nizcd

ssrtorius muscle of the frog.

the radiation, a 5 minute erposrue being alternated with 5 minutes
of shielding.

It' has been found that lor the ordinary counter (as well a,s

for the photoelectric cell) only about I quantum in 10000 striking
the walls ejects a photoelectron into the gas of the tube. The num-
ber oI quanta incident' upon a surface divided by the number of
photoelectrons ejected, or the average number of quanta required
to eject one photoelectron, ie called the photoelectric yiel l of t\e
surface. The photoelectric yield is the reciprocal of the eIfi-
eiency of a surf&ce. A perfectly efficient surface would yield
one photoelectron for every incident quantum.

Yields of surfaces in photoelectric counters h&ve neYer been as

high as thoae in photoelectric cells because the active gases II, O,

etc. with which these counters are filled will reduce the sensitivity
of the gurface. It should be possible to fill a counter having a highly
sensitive eurface with some inert ga,s which will not reduce the
s€nsitivity. WDBN*R (1935) recommends 15 0/o Ne and 25 0/o He.
Howewer, the experience of one of the authors shows that it is

difricult to obtain sharply defined counts with this mixture. More
literature is quoted in Chapter IV, p.91.

29
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Yield expressed in
coulombs per I eua,nta per

0.01x 10-t
3.00 x l0-,
5.20x l0-,
0.67x l0-r
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,^_ T" .orru"," of Table g represent maximum lelds obtainedoy erperienced workere. Genera.lly, yields of 106 or even 1000timee these values are coruidered to be good.

Table 8. Eigheot yieldo obtoined vith varioue surf&oes a,t themaxima of their epectral dist,ributioo curvo

23ffi
4200
2ilJo
3400

763
2a
l6

13.1

Wave length
inA



_ Radiant energy m&y originate under widely varying condi-
tions. Warm bodies radiate heat. When the iemperatwe rises
rery high, the radiation becomes visible. practicallv all our

CIIAPTER, II
SOURCES OF RADIANT ENERGY

of illumination, from the oil lamp to the incandescent

rays; in Chapter III, the biological ellects wiil also be fust
with rays of physical origin, and aft€rwards with

emitted by chemical reactiong.

A. PHYSICAL SOT]RCES

_are 
based on this principle, Ilowever, visible radiation ma,y

be produced from chenical processes, without great increases
temperature, as in the slow oxidation of phosphorus or in the
ht of the firefly, Too, when an electric current is set up in a tube

mg gas at low pressure, tlough the tempera,ture remaing
a, Jew degrees of the room, the tube will emit light.

In this chapter, a division is mede between phlsical and
rical sourceg of radiation, Though the chemical sources of

In &re more important because they show us that we may
radia,tions in biochemical processes, the physical sources

much better known. The diecussion begins therefore with
ph;rsical sourceo of rays, followed by the ;hemical sources of

Thermal Radiation: Retuming for the moment to the wave
ry of light, we remember that the oscilli&tions of a,n electric
ge result in the production of radiant energy. Let ue see how
idea may bo apptied t,o the yarious sources ol radiation with

rcl we a,re fa,mi]i&r. There is, ffrst, thq fact thet all bodies emit
cll times radia,txt energy; they alro absorb a,t all timee r&dia,nt
1gr. This radiation is duo to the vibrations of the atoms (built
ebctric charges) o{ which the body is composed. At ordinary
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temDeratures, this radiation is of very long wave length 
^ {"*:ut"

tbe radiation becomes vjsible when the teDperature ol thc Doo)

;;;;;;-;"Ehborhood oI 5000 c - wit'ness the dull rbd color

oi i-n *lt"tt is- being heated At still higher temperatureB' 
"c .g

inJa "t 
tn. t""**"n 

"6l"me"t in an electric bulb' the color of tho

."ilii". t" 
"rt*ged 

t'o nearly white' and in some of the hotter

siar" to a blue-w[ite color' Radiation which arises as & resutt or

;";;;;t";t." of a body is known as blatk bodv or thermal

,"Ai#l'ri'ift. n""uliarity ot a thermat radiat'or is that the distri-
'##;"";;;;;ongtie wavelengthsl:pPnds n9t a't au M:.f^e
"to-" 

o. *oli"rll"s of the body' but solely upon. its tempera't'u-r-e'

i"t t" S gio"" ,h" 
"nergy 

radiated hv a tunssten til&$ent at va'nous

wave lensths for the two temprtt-u""s 25000 and 30000 C It can

;;; ;"- tbese data' th&t therm&I radial'ors are poor sources

of ultraviolet.

Tablc 9. Spectral Distribuiion of Thermal Radiaiion

i

I

ll

tl

tl

Wave Length

inA
[v (i) (*'att/cm3)l)

30000 (-i25000 c

0.07

869
3 360
8930

18400
31400
47 600
65 200

82700

Atornic Badiation: Everyone is lamiliar with the neon

"i-" 
-"o 

f."qr"n,ly used at present for advert'ising purposes

;il;";""';;;;* tore than ii""hu'"g" tubes filled with neon or

a mixture of neon and other ga'ses 
"Th"y t'" firted with metal

l) Ev(r.) is the rate of eolission of energy iu uatts from.l-cmt of

*"r**1, Ii I'G"i"n perpendicular to t'b" surface' per unit solid angle'

Ior I cm range of $ave lenglhs'

2000
2600
3000
3500
4000
4500
5{no
5500
6000
6500
7000

3I5
2980

13100
35900
73100

122000
176000
230000
276000
315000

frorn Tungsten
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l.u.-iott. to which electrical potentials are applied, potentiah

I high 
"no.,gh 

to c&use ionization of the gas a,tons in the tube.

I The atoms lose antl regain electrons many times a second with
I the emission oI liqht each time an electron is regained. Such

I t,rb"" u,"" k to*n va'riously as arc, glow and discharge tubes depend-

I ing upon the pres"o"" of gt" *ithii them and the voltage necess&ry

I to make them function. The most practieal sources o{ rtltraviolet,

I o"-"lv the mercurv arc and the tyd"ogen arc ate of this tpe'
| 0,h""" uou""", -ay dep"nd si-ply upott thc ionization o{ air
I b"t*""r, two naked terminals, such as the carbon arc or t'he

I iron or tungsten spark. The la,tt€r two are Etrong sourceB of ultra'-

I tiol"t bot sufier from the disadvantage that they are not sour@s

I of conetant intensity. In this t;rye oI source the temperature is not

I oo"*ilv much difierent f.oti 
"oo* 

temperature - it is the

I 
"l".t"i"ul 

".nerev which causee the ionization of the atoms and the
L"=ultrrrt emis"Jion of lieht.

I B. cEEnIcAL souRCEs

I Most of the chemical reactions which proceed spontaneously

I ere exothermic, i. e. they liberate energy. brdinarily, the energy

I ! emitted in Iorm oI heat, as the name "exothermic" implies.
I (I*""i.,nallv. however. the reaction causes lumilescence, the

I .o""*, b"iog liUerated as visible light. As exanples ma,y serve

I tf" hgnt produced durbg the slow oxidation of phosphorus, at

I th" hyd"og"o-oxygen combination, at the reaction oI pota'ssium

I rith water, or at the oxidation of ppogallic acid. Haber has

I *"*n that these ere not cases of light produced liy heat, but
I r,brt nart of the orisinal enersY of reaction is liberated in the form

I " *;ilJtH;" 
""o--oo 

t] th" u^'r''tio' or ultraviolet light.

I n"*"i investiga.tions make it appear very probable that all

I .i.mi"al rea,ctions emit part of their energy in the form of short

! "nttiot", rays. This his been proven for such simple proc€sses

I rs \aOH+IICI : NaCl*H"O, and even for the solution of NoCl

I I -.*". i. e. NaCl - 1gt* iCf, as wjll be shown later.

I Ordinarilv, the radiations are very weak, a,ltogether too we&k

|'-, t-r"gisterei by tbe photographic ilate. Hoveo"r, it has been

I r*iUte to prove their exietence by the Gurcnn'-MiiEER counter

I -U"l is essentiallv an extremely sensitive photoelectric cell

f 

**;:;""**oo*.,*,o"0" 
l
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In this way, Fnem and RoDroNow (1932) proYed th&t t
number ol common chemical oxidative teactions produced an

ultra-violet radiation which could be demonstrated with & suf-

ficiently senBitive inBtrument. Table l0 gives their results. It
was alao obeerved at this time that i:r some of the re.actions, the
emanetion iB greatly increased in the presence of difiuse day light.
This physical proof of light fiom chetnical reactions has been

verified by Grnr,ecs (1933) who ghowed that this radiation
appears only from quartz vessels, not from glaes containers;
lherefore, it must be of & wave lenglh shorter than 3500 A.
AuDuaERT and v,tr DoonuAr, (f933) also neasured photo-elec-

tricaUy the emiseion ol ultra-violet light by several inorganic

oxidations, by the oridation of alcohol with cbromic acid, and by
pyrogallic acid in air. Recently, Blnrr (1934) could also prove

the existence of ultra-violet emission from proteoly'sis which is
known to give an immeasurably small heat of reaction. In all
of 25 exporiments but one, the number of photo-electrons was

larger when expos€d to radiation from proteo\rsis than without
this, and in 7 experiments it was rnore tha,n 3 times as large as

the error.

Table 10. Ultre-violet redialtion from
chemical rea,ctions

Chemical Reaction

Pyogallic acid {NaOH}air

Snct*HgCL
IeSOr+K!CI'O?(diff light)

FeSO;{K;CI1O2 (dark) .

Iacrsase in
inpaots by

chomioa,l
rsection

l0
8

l0
61)

41)

6r)
9r)

l5
41)

15 +1.?
38 +2.0
29.6+1.7
18 +1.7
17 .6 tz.t
18 +1.7
36 +2.0
27 tr.3
12 +r.8

l0 +1.0
26 +1.8
26 +1.6
13 +1.6
13 +1.8
t2 +L.4
26.5+1.7
17 +1.0
lr +1.7

rc
46
l3
38
34
50
36

60
s

5
t2

5
4.6
6
9.5

l0
I

r) Rsdi&tioo I)assed a monoohroEator, only the rays betveeo 2000 &nd

2?fi) A *ere me.asu€d.

Photon imp&cts ler
time interv&l



BOURCES OF R,ADIANT ENER,GY

Thege radiations &re so vory weak that only the nost sonei-
tive countem will detect them. However, living cells under cer.
rrin physiological conditioDs re&ct yery promptly upon irradiation
in the wave length range f 800-2600 A. In fact, they are so
*nsitive that it has be€n poesible to use them in place of photo-
graphic ptrates for determining the epectra of sucb radiations.
Ihe organisms most used in these experinents ane'yeasts tho
growth rate of which is accelerated by short ulhaviolet rays under
certein conditione. The
t*rlogical aspecte of this
rcceleratiou will be dis-
<rrssed in Chapter IV.

The original nethod
tonsisted simply in pla;c-
irg belore the collimator
dit of a, quartz spectro- Figure 22. First attempt to obta,in a

mitogenetio spectrum
a: an eleciricelly ercited muscle; B: the
qusrtz prism; C: agat blocka with yea,st ou
the e:q)oEeal Bide, ea,ch block receiving reys. of knovn voye length.

36

a qua,rtz tube
the rea,gents to be

end to substitute
photographic plate

a succession of tiny
of nutrient a,g&r on vhich ye&st in the proper physio-
condition was growing. Fig.22 shows the first a,tt€mpt,

Fnellr (1929) to obtain the spectrum of a ftog muscle.
ye&st block w&s thus exposed to a defirdte range of the

which could be determined fairly accurately, After
the yea,st was pernitted to grow Ior a short time

cder to bring out the gro*'th rate difrerences, and was then
with the controls.

By this method, KEtnvrclosstn (1931) working vrith ye&8t

, each representing approximately 50 A, stuclied three
of oxidation, namely pSnogallic acid in alkaline solution

dr, glucose + IlMnOr, and blood serum + IfrOr. It was
thet the growth waa stimula,ted only on the two blocks

radiation lron 22?-O*228O and 2280-2340 A. None
tbe other detector blocks difrered appreciably from the

hom these reBulte, it would a,ppea,r tha,t a,ll three oxidations
ttre ea,me spectrum, as far as ca,n be a,ecerta,ined with thie

(rude method.
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i

The nert advancement was the division of the spectrum into

sepa.rate strips of exactly 50 A each Porozrv (1932)' by means

.i' *r".. *"ar* and henry cellophane ' prepared u :bt--FI
inn.'Z3f tU" sections o{ which corresponded exactly to the 50 A

aiG"ioo" of her spectrograph. By tbis simple iDstrument' BBAUN'

"tt^ 
t"a Poroirv 1f-0321 showed that. the spectra ol difrerent

lxid;iorrs possessed certain specific regions besides the goneral

oridation e;ctrum. The data of ? separate experiments are

Figure 23.

Device {or exPosing
ves8t to Buccessrve
ianees of thd q)ec'
1"o; o1 50 [ each.

Det€ctor:

i

reproduced in Table ll. The various spectra are not quile.identical

"rri "o"n 
the rat'her crude determination by 50A slrips shows

iin"""rr"u" vhich rbmainerl tJ4)ica'lly consta'nt when the experi-

ments .were repeated. The limit of error is f 16'

Table 11. Induction Effects obtained flom 50 ANcs!Ron sirips of
the SPectr& of vorioue Oxidafions

KMnOi+I{rO,
KlCrrOT$TeSOn
IINO"{FeSO.(f HrSOa)

KCIOs*Zn{NaOI{
F€Cls+NItlOH HCI
HrOs+Pt
EgCl,+snc],

+r
+4

0

+3
0

-2

+8
+8

0

+6
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It was also found that diftuse da,ylight increeses the intensit'y
oI some reactions, e. g. of KrCrrOrlFeSO., but does not afiect
the spectrum itsell.

A still more detailed analysis was finally accomplished by
Powou;.nnwe, (193f) who used I0A sections. It was impossible
to divide the agar surface into suph narrow strips and there was

always the possibility of conJusion by the spreading efiect (see

p- ll0). Therefore, Porouennwe screened ofi all radiation except

oxidation (Pyrcga,llol)

suear fermeni&tion

nuclease (phosphatase)

phosphate cleav&go

proteolysiB

eum of all above react'ions

amylase

malt&Be

aucrase

Figure 24. The spectra of some common biologicsl reactions.

(trre narrow slit of l0 A. The position of thie elit could be changed

oyer the entire spectral range. By this method, only one small
prt could be studied a,t one time, and the progress of such ana-

t-s:ds is siow. However, if the general Bpect'rum has been investi-

3rted by the above-mentioned coarser methods, the negative
rgions need not be examined, and the amount of work is thus
geatly reduced. On account of the very low intensity, this proce-
&e is usually combined with intermittent radiation (see p. 103).

Il this way, Pollouennw,r could ghow th&t the glycolytic spectrum
J blood consists of only 5 regions, or, more precisely, that only 5
d the 60 spaces of l0 A each manifegted mitogenetic efiects (see

f3- 24). There may be more than one spectral lhe, of courge, in a
cipof l0A. Recently, Decrrn (1934) succeeded to to splitthe fust
ftoble line of tbis spectrum into two difierent lines of 5 A each.

RS*eE$
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The most import&nt result, however, was the observa,tion
that thee€ ba,nds coincided exactly with those of the alcoholic
ferment&tion by yeast, and also with those of the lactis fermen-
t&tion by Streptococci. Guewrrscu coucludes th&t there must
be some process common to all oI theee sugi,r decompositions,
giving ofi the same radiation. This segms probable since it is

generally assumed that the cleavage of the hexoso phosphate

through glyceric aldehyde to methyl glyoral is common to all
three types oI sugar deconposition.

As a consequence of these splendid finclings, the method was

usod for a number of frequently-occurring biological rea,ctions.

Alt€r some preliminary analysis by LYDrA GuBwIfscE (193I),
B[r.Ic, K-untEorEsstrB a,nd Sol,orruEw (1932) produced the detailed

spectrun. Two gets oI data wero obtained, one with
the digestion oI serum a,lbumin by the gastric juice of a dog, and
another from the splitting of glycyl-glycine by erepsin' The two
spectra proved to be oxactly alike. The authors assume th&t the
Bource of radiation is the deaminisation of the amino-acid group
(see also Table 23 p. 74).

The splitting of nucleic acid by the pulp of adeno-carciroma

oI a mowe has a spectrun decidely difierent from that of prot€o-
lysis. It was determined by A. and L. Gunwrtscs (1932a) and

is also shown in fg. 24 together with that of glycolysis a,nd oI an

oxidation. The "nuclease" gives a very long wave length. The
ea,me lines have been found by Gunwnscq in the decomposition

of lecithin by "lecithase" (unpublished; quoted from Bneux-
srnrx and Snl'anrr, 1932). Since both enz;rnes split the phos-
phoric acid radical from the orga,nic r€mainder, the Russian school
now calls this the "phosphatase spectrum".

BRAUNSTETN and Snvnnrrr (1932) attempted to analyze the
spectrum of a ilifierent tpe ol organic phosphate cleavage,

namely that of amino-groups coupled with phosphoric acid in
phosphagen. This, according to LuNDsoAAsD, pl&ys &n impofiant
role in the energy for the workirg nuscle. They prepared

Ca-creatin phosphate from nuscle, and itg chemical decom-
position by meons of ErSOa was ihe oourcu of radi&tion. The

epectral a,nalyeir was ca,rried out by countiag the total number oJ

yeast celle (method, reo p.72). The ffoal determination, in l0 A
strips, ehowed 8 with defnite radiation. The line 2000-2100 is

doubtful, and wae considered negative by these authors, but has
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subsequently been assumed as positive in all Russian publications'

The mitogenetic spectrum of the working muscle (Fnexr, 1929)

contained gome lines which at the time could not be accounted

for, and which now can be erplaiued by this phosphate cleavage'

These are the detailed spectra, of eimplo chenical react'ions

pubiished at present, as lar as we have been able.to ascertain'

As oEidation spectra,, the two double Iines oI pyrogallol oxidation
have been inserted; these are commonly used by the R'ussi*n

tr'igurc 25.
Grooved slass block for
erposing b-a,ctorial cultures
to ihe vtrious wave lengths
of the sp€ctrum, to be used
\ ith quartz pla,t€ in front,
ta,king the pla,ce of the
photographic ptate in the

spectfo$&ph,

workers {or this purpose. Fig' 24 shows that only rarely is the

same line protlrrced 1y two difierent procesees' Even then, it
should be realized that we &re not dealing with true spectral liroes,

but with relatively broad regions, anil that two idontical stripg

do not necessarily indicate two identical lines, but rather two

(or more) proximate lires.
There^is also a spectrum ghown wbLich is the sum of all these

processes. We shall see later (p. 156) that the lp€ctre of nerYea

irequently combine all oI these lines, in addition to some others

of unknown origin.
The spectrJ of the action oI amylase and maltase, tnd of

sucrase (invertase) have been obtained by Kr'nrrrrzrv and Pnoro-

FIDwa (i934). The lines of these two enzymes agree to a much

larger degree th&n any of the previousiy-mentioned processes'

tnis ie to be expected from their chemical parallelism'

Another method of obtaining sFctra is that of Wor'rr and

RAS (1932) who ueed bacteria as detectors. They made a number

of o"rticai groovee in a glass block which frtted into the canera

of the epecirograph (see fig 25); t'he grooves were covered. by, a

qoatt, ilate i tiat they-became tiny pocket's into yhit t"he

detectoi culture was plaoed for expoeure The wave length for

each one could be determined accurately.

i'
I
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By this procedure, they forurd the spectrun oI neutralization

ol acid and alkali to consist oI three lines

a strong line between 1960 and 1990 A
a stton! tne between 2260 and 2300 A
a *"ak"r line between 2070 and 2090 A'

Fig.26 shows these regions, and alJo the spectra obtained

by Res (quotecl from Ruvssnr, 1933) for the Buns€nburner

flame. Thi-s latt'er spectrum hae also been photographed, and had

many more lines o{ longer wave length, some of which are shovn

n'igure 26. Photogra,phic anal mitogenet'ic spectla:

-1. Bunscn bumer flame, mitogenetic spenrrum: .ll. sa'me' phol'ographic
sDecirumi lt1. Reaction HriClr. mimgenetic spectrum: ly' Res'ctlon' NaOH + ECl. mjtogenetic spectrum'

here. but photogra,pby {ailed entirely at tbe shottcr ultraviolet '

- The ffgure aiso shows the biologically obtained spectrum of

the rea,ction oI hydrogen with chlorine.
It shoulcl not be gathered from this discussion that the

indicated lines represent the entire spectrum oI these reactione'

On the contrary, it is most probable that it extends to both sides

oI the narrow range shown hele. We are limited, however, by our

indica,tors. Ratliation below 1900 A w t be readily absorbed even

by air (see p. 23), antl that &boYe 2600 A does not produce mito-

genetic efiects (Be€ fig.28); therefore they can not be observed

by the methods employed here. They may be capable of producing

oiher biological efrects hitherto unaccounted for, and may play

en important pa,tt in chemical reaations.
A good summary of the Rugsian studies of mitogenetia

spectra,tclutiing those of inorganic react'ions, and with sufficient

data to obtain a conception of the error of the method, has been

given by A. and L. Gun'wrrscE (1934).- 
The intensity of ultraviolet radiation from a chemical reaction

is not proportional to the total energy libemted' This was to be
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expected t)eca,use the same holds true for the emission ol vieible

iiri, t"o- chemical reactions. Strong mitogenet'ic effects can be

oEtained from proteia digestion by pepsin or {rom milk coagulai'ion

bv rennet while Rusxen lound the hea't of rea'tion of proteolyeis

tl be imm"a",-,rablv small. On the other hand, tbe heat of neutra'li-

zation oI acid Uy att ati is so large t'hat it' can be obgerved even

*ithoot u, thermometer, yet its radiat'ion is relaiively weak'

The origin of the spectra is by no means clear' LonnNz's

criticism (1954) can bc explained in a conuete example as follows:

If a spectrum represents the ra'diant energy emit'ted by the rcac-

tion a's such, thein each reacting molecule must emit et least one

quantum of the thortesL wave Ienglh observed in.tle spectrum

ih" long"" wave lengths mighl originate from l'he shorter- ones by

loss oI iefinite amount's of energy' Thus, in the cose o{ eucrose

hvdrolvsis bv in\erta,se (6gure 24) e&ch sucrose molecule rnust

e;it e; least"one qua,ntum of the wave length 2u20 A' i e of-th^c

"ne"gy "ontent 
9.8 x 10-12 ergs (see Table l) There are 6 I x 1023

molecules in a grammolecule. ". 
!## in I g of sucrose' The

minimal alount of radiani energy from I g of sucrose would

then be i

6.1 x 10'?3 x 9.8 x 10-12
erss -0175' l0rr ergs

342 - 0 042 x lOa cal - 't2o calories'

The totel energy liberated by this hydrolysis has treen measured

by RunNnn (idfS) ty means of 8' BEcTMANN thermometer in

si"lverlined D"ot" botti"", and was Iound to be 9'7 calories per

gram. 'Ihis experimental value is only one-flftieth oI the minimum

Imount calculated. It seems impossible that appreciable amounts

oI energy could have been lost by the method used We are com-

p"n",l ii the following alternative: Either, the spectr& do not

iriguate from the reactions for which they are considered specific'

U.ri iro^ some quantit&tiYely unimportant side reaction;-or' -the

calculated amounts are actually liberated, but are at once absorbell

ag&in.- 
Thi" Ittt"" explanation does not appear entirely impossible'

The biologist is I-amiliar with "I&lse equilibria", 
- 
such as..the

*ability oisugar in the presence of air, though it could be-oxidized

rith liberation of much energy, and the process might, therefore'

be expected to take place spontaneously' Modern chemistry
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expla,ins thiE by the neceseity of "activation" oI the molecule to

mike it rea"t chenically. This activation requires energy' X'nrcrr

(1934) in en introductory summ&ryr makes the following generol

estimates:

"Generally, onergies of activation are of the order of 100'000

gran calories per gram molecule which eqrrals I'6x10-10 grom

Lbti"" p"" mol"cule. At ordinary temperature, the sler?ge

Linetic eiergy oI a molecule is of the order of l0-2r gram ca'Iorios'

Only the inilnceivably small fraction oI 10-aB ol the moleculeg

havl energies in exces" of l0-1e $am calories per molecule'

"The quantum theory gives as the reason that activation

may be pro-ttuce<t by radiation, the fact that the energy of the

,Edi"tiotiit carried iu a concentrated form, as quanta' The energy

ol a quanLum of radiation is 5 x l0-'0/'l' gram calories where I
is tbe waYe lengl,h in the Ar'rcstnou unit The wave length has

to be retloc.<t io the order ol 3,00O A before the quantun has

the value l.5xl0 10 gram calories which, as we sa'w, representg

the usual value for the energy of activa'tion per molecule'"

The energy of activation necessa'ry lor the hytlrolysis of
eucroge has oo-i t""o determined' If we assume it to b€ of the

"ugual value" ss comput€d by Fn'rcrr it would be equivalent to

a quantum of about 
-3,000 

A. wave length per molecule When

th;" i" obuo.t d, the sucrose molecule hydrolyses, and the amount

of energr thus released must be larger than that absorbed' because

oi in" iiaitio"tr he&t of resction of 9'7 cglories per gram' The

free eneirgr will be abeorbed &t once by a neighboring sucrose

mot""ol"?U"l becomes ectivat€d' and hytlrolyzed' and thus thc

rea,ction goes on. In this way, a,ll the liberated energy-is.again

abeo"b"d]."cept for the difierence between heat ol hyilrolyois and

heat oI activation which we meaaure &s heat of reaction'

Ilowever, there is another small "leak"' Of those molecules

adjacent to tLe walls of the vessel, the energy may radiate into

in" *ttl ,tttt". than t,o another sucrose molecule' and these few

qua,nta would leave the Eystem, end produce a 
-radialion 

iI the

i""."t i" t *.pt""ot' The amount oI energy thus leavin-g the

veesel would 6 exnenely small, and would be of a wave length

equal or shorter th&n th&t required lor actiYation'

If this explanation of the mitogenetic spectra is gorre:t' lley
would be an excellent mea,ns to meagure the energy of activ&tion'
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C. SECONDARY RADI]\TION
A phenonenon must be r€corded here which was first believed

to be tpicai of living organisms, but is a property of certain
chemical solutions, or Bystems, namely the emission of rays from
a solution &s a, responae to "prima,ry" rays directed upon it.

The first purely chemical efiect ol this kind was observed by
A. a,nd L. Gunwrrscu (f932b) with nucleic acid. A 3o/o solution
of nucleic acid was gelatinized in a glass trough. At one ond, it
was irradiated with the lines 3220--3240 L from a copper arc,
through a monochromator. At the other end of the trough,
radiation of the nucleic acid coultl be observed, but the wave length
oI t'his "second&ry" radiation was not the eame as that of the
primary; it was between 2450 end 25004, which is the spectrum
of nucleic acid hydrolysie (see fig.24). This proves that it can not
be merely a reflection of light, because the wave length changed,
nor is it a case of fluoresc€nce, for the secondary radia,tion ha,s &

ehorter wave length th&n tho prirna,ry. Ald most remarkable of
all, the induced light mey be stronger in intensity than the primary
aource.

The best explanation is most probably the one given by
Gunwrrscq that the primary radiation induces some kind of
chain reaction (see p.47) which is then r&dia,ting with its own
tpectrum. This would account for the difierence in wave lengths
as well as for the increage in intensity.

Other eramples have been given by Wor,m and Res (1933b).
These authorg observed the same efiect with sterile blood serum.
They Iound also that sterile nutrient broth did not produce secon-
dary radiation, but showed it when bacteria, had grown in it,
eren after the bacteria themselves had been removed by filtration
rhrough a, porcelain fflter. A very short action of living bacteria
suffices to change the broth to a "secondary sender". These
filtratcs as such emit no prima,ry radiation. Wor,rr and Res
obs€rved Iuther that alter long exposure to primary radiation,
these liquids ceased to produce secondary radiation. Yery intense
primary light caused a more rapid erhaustion. 45 minutes ex-

lnsure oI a st&phylococcus supse.nsion to a strong primary sentler
bad made it unfit to produce seconda,ry rays; however, on the
nert day, the suspension reacted normally again. In another
case, even 30 minut€s exposure was suffcient to destroy the power
cd secondary radiation.
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Nucleic acid eolutiong also cease to function when over-

exposed, and during this stage, they do not transmit mitogenetic

rays. Strong solutions recover ag&in alter I or 2 days of "rest"'

An important observation is that with increasing concen-

tration of the a,cting substances, the secondary radiat'ion becomes

weaker. Table 12 represent's an experiment,with nucleic acid, by

Wor,rr and Res. The source oI primary radiation was ihe reaction

o{ milk with renaet. The intensity of secondary radiation from

the nucleic acid dilutions was measured by the length of exposure

required to produce a "mitogenetic efiect", i e to accelerate the

gto*tt of bacteria. The numbere in the table represent the

percenta,ge increase in cells over the control.

Table 12. Inteneity of Secondary Radiation of Nucleic Acid
solutions, measureil by the time require'L to produce a'

Concentratron of
)iucleic Acid, in o/n

llitogenetic Efiect alter Irradiation for

30" I t' 1.5'12' 3'14', 5'16'17'

1.000
0.7a)
0.500
o.2ffi
0.100
0.020
0.004
0.00I

0
0

0
0

21

17

0
0
0

'Ihe results are eomewhat surprising. The lowest efficient

concentration was 0,020/6, which produced a mitogenetic efiect at
least 5 times &s Etrong as the l% solution, i. e. it produced the

same efiect in one-fifth the time. A similar relation was observed

with bacterial suspensions. The more dilute they are, the stronger

is the secondary rodiation they emit upon excitatiou by some

primary source. Perhaps this is brought about by the absorl*ion

of rays in overerposed Bolutions (s€e a,bove).

iacterial 
"ot1,u*ioo" 

and their filtrates lose the power o{

secondery radiation upon heating; nucleic acid solutions do not'
The increase in intensity by secondary radiation enabled

'WoLrF and RAS to construct an "amplfier" for mit'ogenetic rays'

0

26
0

40
55 12

o27

43

0
0

"mitogenetic effect"
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They ptaced six quartz cuvett€s filled with staphylococcus suspen-

sion side by side, and by inadiating one side of the series, obtained
a good mitogenetic efiect from the opposite side in l0 seconds;

the same primary source usetl for direct irradiation ol the eame

det€ctor requhed 4.5 minutes. This means an amplification of
27 timeB. The observation is added tha,t one continuous column

of the same length as all 6 cuvettes together, doe6 not giYe a

grea.tly increased intensity.
It must be kept in mind that the intensity of radiation has

been ascertained only biologically, by the time required to produce

a mitogenetic efiect. It has already been pointed out (p. ) that
the reciprocity law (requiring double exposure time for ha'lI the

intensity) does not even holtl lor such simple reactions as those

in the photographic plate when the intensity becomes very low'
Its applicetion to biological reactions is quite doubtful. Recently,
Ifolrr and RAs (1934a,) could show that usually, secondary

radiation is polarized, and they also proved that polarized mito-

elenet'ic rays exert a, very much stronger effect upon organisms

It is'not at all certa'in, therefore, that the above stat€ments re&lly
indicate a,n inme&se in intensity oI radiation in the physical sense

of the word.
fn his most recent summ&ry, Gunwtscn (1934) makcr the

lollowing Btat€ment :

"It has been found that all substrates capa,ble of enz;rmatic

cleavage, such as glucose, proteins, nucleic acid, urea, fats etc.

react also upon mitogenetic radia,tion and become rafiant. This
''secondary radiation" has certain properties of great interest:
(l). it travels from the inadiated part through the liquid me-

dium to dista,nces of several centimeters with the measurable

speed of a lew neterg per second; and (2). the radiation is

reaonant, i. e. the substrate reacts mostly upon those wa,ve

lengthe which it emits when decompoled enzymatically."

The only published expe menta,l proof for thiS is that by
or Kon,iisr (1934) as far as the authore have been able to ascertrin,



CHAPTER III .

EFFECT OF ULTRAVIOLET RADIATIONS
UPON CELLS

A. EFFECT OF RADIATIONS UPON CEEMICAL
RDACITIONS

It has long been known that energy in the form of visible

lisbi, o, ,t""r"tbiu range. will produce cbemical changee' which

rl?t.rm phoio"h"micai reactions. Just as a chemical s;erthesis

nav be biouebt about by beat, so may it be induced by addirg

*air,rra "tt""iv 
in the Ioim of ligbt A[ organic ma'lter is thus

produced froim COr, HrO and nitrates, by means of radiant energy

i""to tft" eun, wiih "ilorophyl 
as tbe necessary "traneformer"

oI the energY.
It is n"oi necessary, howevel, that radiant energy be present

to irr""*"" the energy-level of each reacting molecule' A nulber

oi "h"-i"*t 
reactiJs are known which require some radiant

enerev to be initiated; bowever. several bundred, or oven several

-iiri?"o -"r""nr"" are cha,nged for each energy qua'ntum which-is

absorbed. These reactions are exothermic lf only one nole-

",r1" 
b""o-"" activated by an energy quantum of the right

size, rhe energy Iiberated by its reaction activatL s another

*"i"""1". th,r's, -any molecoles may be changed though it
is quite impossible thai one qua'ntum can bo absorbed by more

;;; """ 
iolecrll". This type oI reaction, which is calfed a chai'n.

reaehon, is usually explained in the following way (II' S' TaYr'oR"

1931, p. I009-I0I8):
The quantom, in being absorbed by a molecule' ionizes it'

fn" n pti" thus produced initiate two independent reactions

which agJin p"odoce ions. The classical erample by BoDDrsrErN

and Nrinllsr is the photochemical reaction between the gases

H, and Clr. The chain leaction can be written
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Cl,*bi,:Cl*Cl
/

Cl+Hr:HOl+H

I{ + clr: Hcl +cl
>-

cl f H, : 11gt -1u 11

H+Clr:HCl+Cl

Cl+Hr:HCl+I{
.\
H -r Ct : HCl.

Under "chain" is understood the number oI consecutive
molecules entering into reaction. The chain may be as "long',
as one million molecules, The ."length" can be ascertained by
determining the number of molecules changed for each quantum
of light entering the system. The chaia is terninated by the
rcactive molecules or &toms oombining with each other, as indicatcd
ia the above model, or by reacting with other molecules to form
stable compounds.

rf it were not for these t€rminations, one qu&ntum would be
srlficient to cause all molecules to react with one another. fn
fact, irr the case of explosions, where the reaction liberates a large
rmount of energy, this is practically the result.

The presence of foreign substances reacting with the com-
lnnents ol the Bystem is a comnon caus€ of cessation. If there
rere only one such molecule present for eyery million moleculeg of
lydrogen and chlorine, that vould account for an average chain
hgth of one million molecules. ff there were 100 times as much
d the foreign subst&nce, the chain length would be reduced to
t tr thousa,nd molecules.

The same reasoning holds true for chain reactions in solutione.
.h the photochemica,l oxid&tion of NarSO" to NarSOn, the quantum

ieH was about 100000. This reaction was inhibited by primarv

cl+Hr:Hcl+II

H+Clr:I{Cl+Cl

Cl +Hr: HCI +H

H+Clr:I{Cl+Cl

secondary, bui not by tertia,ry alcohols. Whenever a chain
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vas terminated, lwo nrolecules of tbe alcohols were oxidized l'o

the correqronding aldehydes and ketones'-.'- 
irt" tlto* Jhain reactions are exothermic lt does not' seem

i-p"""il*. n"t""er. that they be eo if another source of energy

iJvailabl". This is the casc in normally nourisbed cells of animals'

il;il;;i;*, el.c.' which liberate energv constantlv bv meta-

t.rlizins carbohvdJates. {ats, proteins or other organrc compounos

;;;;; ;i .i'i" un""gv thev grow i e tbev slmtbetize new

h,id v substance endothermically '""-"Ii-;;;, 
impossible' thai very small amounts,:f "i"icll

.ten " singL quantum, might produce a very noticeable etrect.ln

; ;;" 
"":n. 

ihi" could be accompliehed by releasing a complex

-""h"ii"m which needg only one or severa'l qu&nta or & grverr

r-"" l.'i" tt,J"a, iust as th; cl,'molecule needed only T: q]:l;
tum of thc right size l,o start the reaction witb hydrogen l ne moriu

ffi;;;;;;;"oaps the onlv reaction in the cell which can be

iui" r"i"'"*JtJ ""ll 
ii.nislon; tlis results in a' more rapid multipli-

cation, or an increaeed growth rate'

B. EFFECT OF MONOCHR,OMATIC ULIRAYIOLET
UPON LIYING CELLS

Ultraviolet light oi any of the difierent physical sources

-""ti"*J l"- tit""p"".'rioo" chapters may have a very distimt

offcnt rrnon [vins cetls. The be'st'known is the reddening of the

:il;;ii;;;i"i Gr'l, e qua'nr'itative studv o{ the reration

;il""'" il';i;itiiiil" "r"it "na 
the wave length has revealed

;;;;Jm;;hJ verv marked ervthema ry:d1'"d ot.*"o-:

iJ""trt" 
-*"""a 

go00 A, ine cells of the skin will also react upon

il;il ;J; ta00 A tii"h "" not lound in sunlight' Between

these two rnaxima is a zone ol very weak efiects Thig fact- is

sicnif.cant because the major part oi thi" book is concerned with

;?;;;";i;;;;ti"r' u," uuo't"' than 26ooA'*""?irr.""iJi 
right also kills bacteria and other microorganisms'

St u,o'g"fy, fro*"tt""r, the intensitv curve lor the difierent wave-

;;;1"i" qoit" alit"'""t f"oro ih"t of the ervthema efrect' 
' 
it

looks almost like the reverse' Figure 2? thows the -results 
by

;;t;;;; Srem an<l rroeun 1loi2; on e:)4h:14' o,t, *-T.:i'
;;-a;;. (1928) on vaccine virus ar.d Staphylococcua-.auretn

;;; by ;;;"" and Hor'r"lnxrrR (1934) on Bact' Ttod'dgioaum

i.

r
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aud the mosa,ic virus of tobacco. Most of these inyestigations
irar-e been ca,rried out no {urther than to & wave length oI
about 2500 A.

If ahorter w&ve lengths a,re ta,ken into consideration, and
especially i{ the inteneity is very geatly decreased, it is possible

lngrhon 3Coo

Figure 27. Comp&r&tive intensitiee of the killing efrect ol di.fierorl, weye
lengthe. Tho iotenaitie€ arc umform for eoch inilividuol oryenisn, but

vary greatly for the diferetrt curves.

to obtain growth stimuLa,tion under cert&in conditions which will
be specified in Chapter IV. The result of the most extensive of
the many experiments of thie nature is shown graphicaliy in
fig. 28.
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CEAIITON, X'n-Lrx and KANNEGTESSER (1930) used irdiwidual

spectral lines, employing a monochromator, from the sparks of

"iumirrum, 
zinc or cadmium, to irradiate yeast cultures' Each

culture thus obtained light of one defnite wave length By

varyhg the intensity ae well ae the wave length, it could be shown

thai oiy radiation oI less than 2700 A produced positive efiects'

i. e. increased the growth rat€ of yea,st.

A Iarge nunber ol simila,r experiments have been carried

out by Girnwrrscs and his a,ssociates, usually as controls {or

organic radiations. They will be mentioned in the succeeding

chapters.
There seems to b€ very little difierence in the limiting inten-

sitiee of difrerent wave lengthe. Other experimenl's have shown

l,ba,t even at 1900 A. good eficcts c&n be obta'ined' Below 1900 A'

absorption by quartz, water and air interferes with the experiment'

C. ETFECT OT. BADIATION FR,OM CHEMICAL

B,EACTIONS UPON LIYING CELLS

The same efiect ;hich has been denonstrated above as the

regult of irra<Liation with ultraviolet oi known w&ve lengths, ca'n

be produced also by exposing the cells oI microorganisms to t'he

emanation from chemical reactions
One of the simplest examples is the stimulation of the ba'c-

teria,l growth rate by the emanations ftom the neutralization of

N&OH with IlCl. Wor,rr and Res (1933b) ellowed theBe two

chemicals, flowing from two tubes, to unite on a qua'rtz plate,

underneath which was the bacterial culturo. Alter exposute, these

cultures were incubated lor 2 hours. Table l3 ehows very distincl'ly

in both experiments that an exposure of approximately 5 minutts

to the radiat'ion of the neutralization process has stimulated the

growth; the rlumber of cells has been increased approximately

40-50 %.
The same authors found that even the diseolution of NaCl

in w&t€r produces & growth-stimuleting rodiation (Table 14) This

"nergy 
enission occurs only during the act oI dissolving ; it- ceases

coniietely when all the salt i8 in solution' No effect i6 noticeable

*h"i 
"ogt" 

i" di"tolved in water, or when palmitic acid is dissolved

in alcohol. Wor,rr and Rls concluded therefore that the process

of diesociation of salt into ions is the sourc€ of ultraviolet'
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lable 13. Staphylococei exposed tbrough quartz to t'he etrersv
''manationa of the reaction NaOHIHCI . N"Ct+ lt"O 

"na "ouoili

Xxposed for

(, minutes (control)

Cells per cc. of culture
I II

1
4.5
5

tach numtrer is the &vera,ge of

Duration of
Exposure

r*aCl in water 3l

26 100

26 2N
27 2fi
37 7il

S-ll experinlents

CelLs per cc, of culiure

26 800
31 500

39 5{X)

30 900

3 -4 experiments

In the same w&y, bacterial growth w&6 acceler&ted by ex-
posure to metallic zinc in a solution oI lead a,ceta,te or c;pper
sulpha,t€.

. 
Simple oridation proceasea also emit energy which c&n ceuse

an iqcre&se in the growth rate of bacteria or yeasts. This is
alrcady cited in the method of obtaining oxidation spectra, aJ
may be further illustrated by an unpublished experiJent oi Miss
-{. J. Fnncusou. OraLc acid was oiidized with iermanganate in
a gla,ss vessel. Above this were fasteued two smai 

"o,ru""i 
di"hur,

one of quartz and one of glass, each containing a sample of the
same culture ol Bacterium cali, The sample in the qualtz vess"l

ry* T9"" rapidly, having been exposed to ultraviolet light lrom
the oxida,tion process; the other received no stimulue 

"ii"" gl"r"

Table 14. Staphylococci exposed fhtough quartz to the energy
emana,tion from dissolying substances

to"
?" l*" l4', I 1, r ].y

3I
45

6
40;

7 260 iuo

7 250
7 500
7750

47
scro€e inwaf€r
Flmitic acid

ir alcohol
:f.Cl

2 hours l&ter

'ffi, 

-
,*l_plet€ solution

000

0001

'*i
-l
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abeorbs the radi&tion (Table 16). There is the usual lag period
of 2 hours, but after the bact€ri& once stert to grow, the irradiated
culture grows nore rapidly.

Table 15. Development of & cultule of Ila,cterium coli after ex-
posure to ema,notions from the rea.ction

C,O.H' + KMnO. : K,CO" { 2lrlno {'9 COr + 6IIIO

Cells per cc. of cultule

exposed
tbrough glars through quariz

3,,
4,,

What holds true for the simpler chemical reactions, is aleo

correct for the more complicated biochemical processes. Proteo'

lysis by enzynes yields an ultraviolet ema,nation which greotly
etimulates the growth of yeast as seen in Table 16, containing
the data obtained by KARPASS a,nd LANSoENA (1929). Of 12 ex-

Irriments, only one was negative

Tsblo 16. Increoae iD the devolopment of yea,st cultures after
€xpoaute to the emanation from proteolytic Proceaaea

Inme<iiotoly after erposu.re

I hour l&ter

Proteolytic procoss

Egg white with tre!€in.
egg white with p&nct€&tin

egg yolk with pepsi!
€gg yolk with lancreatin
ffbrin with ga.stdc juice

expoeed

149

I40
2t6

1735
m85

Percentuol increaee of erposed
culture over control

aJ o/"; n.9l"
1o.1 o/o; 25-8 0/6; 15'5 o/o

2$.6 o/"

3o-t lo; 3r.4l"
31 .l o/o; 36.6 o/o; n.4 yo; 

-16.5 Yo

All other enzymic proceEaeB which have been teet€d 8o far

have yielded positiYe growth stimulatiol. Since all organisms

display processes liberating energy, it is only logical to &ssume

th;t all living organisms radia,te. This statenent mu8t be modified

somewha,t by the consideration th&t these riltraviolet rays are
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terv readily absorbed, aud, Ior example, will not pass the skin
of man or animals. Wbich parts oI the yarious animals and plants
radiate, will be discussed in Chapters IV and VII. Attention
should be ca,lled here only to the {act tha,t there m&y be radiations
and growth stinulation ineide of a,n organ or tissue without
beconing noticeable outside this focue. Since wo must expect
ultraviolet radia,tions from very many biochemicai p"o"u"r"",
and since they m&y stimulat€ cell division they may play an
extferne.ly inapoftant rcle in the development ol all living beings.



CHAPTER, IV .

METHODS OF OBSERVINC BIOLOCICAL
RADIATIONS

The preceding chapters have shown that lor physico-chemical

re&sona, we shoultl expect ultraviolet radiations from all living
orga,nisme, as long as they have any noticeable metabolism' In
this chapter, the methods used in detecting and proving such

radiationg will be diecuss€d. By far the most extensiYe treatment
is given to mitogenetic radiation because it is the moet gtudied

and the best understood. The necrobiotic rays and the injurious
humen r&di&tions are, perhaps, only special manifestations of

mitogenetic radiation. The Beta-radiation of living as well as

dead organisms is only mentioned in passing.

The presentation in this chapter is largely historical' Occasio-

nal exc€ptione to this arrangement could not be avoided'

A. UITOGENETIC RADIATION

This ilae of ultra,violet rays was discovered by Gunvnrscu
in 1923. IIe called them mitogenetic because he obeerved that
they Btimula,tetl cell division, or mitosis. This radiation is so weak

thai it was not possible Ior a long tine to verify its existence by
physical measurements. Its efiect upon living organisms is very
-"ontpi*orr", 

however' In onion roots, it incre&s€s the number

of mitos.s, It accelerates the growth of yeasts and b&cteria', the

development of eggs, and the division of certain cells in the animal

body. 1t may cause morphologioal eha,nges in yeasts and bacteria,

and in the larvae of sea urchine.

s) Ihe otrion root method

The root of en onion, used by GuBwrrscs and his aBsociat€s

extensively from 1923 to 1928, was the first detector of the r&ys'

The detector root was placed in a narrow glass tube to permit
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.rsv handling. The zone of neristematic growth, a few mm from
rire tip, was uncovered allowing it to be irradiated. In the first
.lperiment's (1923), the source of radiation was another onion
root, alao placed in a glass tube so that it, could be directed to
point exa.ctly at the growing tissue ol the first root (fig.29). The

I'igure 29.

The erransement of the
onion rooti in the first &

erperiments on mitogenetic
rays.

roota were left in this position lor one or two hours. Two to
three hours after the begiming o{ irradiation, the detector root
sas fixeil and stained, and, in microtome sections, the number
of dividing nuclei was ascertained. Guturrscu lound that the
side of the root exposed to the biological radiation showed regu-
Ierly more fividing nuclei than the opposite side. For this reason,

tit'Rw'rrscu coined the word "rnitogenetic" rays. Table l7 gives
the results of e test with the cruehed base of an onion (A. and
L. GrBwrrscH, 1925).

Table 17. Tbe radiation of onion base pulp
The numbers given ar€ ihose of dividing nuclei in corresponiling micro-

rome sections of tho expooed anil the unexposed side of the detect'or root.

788
601

30 32 10122 12 I lo l5 | l5l2l ? 15

B: same pulp healed to 600C,

r87 : +29.8yn

Totals

1066

r076

ll -r0 : --o.9%
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This technique was used by Gunlnrscu and a number of
associates to search for mitogenetic rays iJr the entire organic
world, ft would scaxcely be worthwhile to compile a complete
list, of orga,nisms found to radiate. The following liBt contains
the more importa,nt earlier observations, compiled by Gunwrrscu
(r929):

Radiating organisms and'tissue s

B.acln'ja Baereri,um tunLela,eiew, Staphylococci (MacRotr)

Bq.cttri,um mtui'mors (Acz) ( Snwnnrzowe)
Banilha affihranoides, Sa'rci'na lrrro (BAxoN)
Itre@ococc'us /acrid (MAGEou)

Yeast (BlaoN, Srnnrnr, MAGRoU)
Eggs of annelids
Eggs of sea urchins before the lst diYision (FeanK a,rrd Sar,KrND)

before the 2nd and 3rd divisions (Serxrxl)
Egg yolk of chicken, only during the ffrst two days oI incubation

(Sonrx). Alter establishment oI ciculotion system, rodiation
ceas€s

Embryos of anphibia in the morula et&ge (ANrKrN)

Plant seedlings:root tips, cotyledons, young plumulae ol Eelian'
,fr?.,€ (XbAnI( and Serxrxo)

Potato tubers : leptom fascicles only (KrsLrAK-SraaKEwrrscH)
Onion roots connect€d with the bulb (Gunwrrscu)
Onion baee pulp (A. and L. GunwrrscE, Rnrrn* and Geaon)
Turnip pulp, 24 hours old (ANNA GuBwrrscE)
Young tadpole heads, pulp of tadpole heads (Arulr, Rnrrrn

and Gelon)
Blood of lrog a.nd r&t (GuBwrascE, SoBrN)
Blood of man (Srnrar, Gnsnrrrus, Porozxv a,nd ZoGr,rNA)

Oontracting muscle (STDBEBT, X'RANK)

Pulp from resting muscle f lactic a,cid + oxygen (Srnnnnr)
Corneal epithelium oI starving rats, but not of normal rets (L. Gun-

ITITSCE)

Neoplasms: carcinoma, sa,rcoma (Gu-RwrrscE, STEBERT, RETTER

a,nd Genon)
Spleon oI young frogs (Guntrrscn)
Bone mamow (Sruaxnr)
Bone marrow and lymph gla"nds of young rats (SussuAnowrrscu)
Resorbed tissue: tails, gills, intestine of amph'ibian larvae during

metamorphosis (BLACEER, BRol,s,EY)



METEODS OT OBSERVING BIOLOGICAL R,.4.DIATIONS 57

Ilegenerating tissue of salomander and angleworm (Br.e.cnrn,
SaMABAJTFT)

Hydra: hypostom and budding zone, not' other parts.

Non-radiating organisms and tissue s

Tissues oI adult animals excopt brain, blood and acting muscle
(most tiesues have later been found to radiate slight'ly)

Tadpoles over 2 cm. long
Chicken embryo after 2 days (blood radiates)
Blood serum (becomes radiant with oxyhemoglobin) (SoRrN) (or

with traces of HaO2) (ANrxrN, Porozrv end ZoGr,rNA)
Blood of asphyxiated frogr
Blood of cancer patients
Blood of starving rats (becomes radiant with glucose) (Anrxrl,

PorozKY a,nd ZocrrNA)
Active tissues with chloral hydrate
-{ctive tissues with KCN

Further details will be given in Chapter VII.
The greatest early support to the establishment of mito-

genetic ra,ys was given through the extensive and thorough work
of Rnrrnn and Geson (1928). These tvo authors tested the
onion root method, and verified especially the physical nature
ol the phenomenon; the radiant nature oI this efrect wa,8 thus
fort ified beyond doubt (see p.591.

Considering the great claims which Gurwitsch and hie asso-

ciates made for their discovery, it was surprising that conparati-
vely few biologists were eufficiently iutcrested to repeat the
crperiments. Among these, some obtained negative results so

consistontly that they denied the existeuce of nitogenetic rays
altogether, and considored the results of the Rugsia,n workers
and of Rrrrnn and Glaon to be experimental errors. The most
frequently quoted of these are ScEwARz (1928), RossMAlrN (1928),

and much later, iu this country, TeYr,on a,rrd IfuRl'nY (1932).

Positiyo results were obtained by MecRou (1927), WAoNER (1927),

Loos (1930), BoRoDrN (1930), and recently by PArr, (1933), a,nd

many Russian workers, in several different laboratories.
In order to decide whether the positive results could be

collsidered experimental errors, Scrwlm ,E (1929) undertook
a statistical investigation. Ee concentrated gtaphically all results
published by Gunvrrscx a,nd the Russian school (about 200)
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by ptotting the percentage urcrease or decrease of mitos€s of the

exposed 6ver the unexposed side of the root, a,geinst the total
number oI mitoses count€d. He distinguished only between

"induced" and "not induced" roots. From the "not induc'ed"

roots, he could compute the probable error of the method. The

error was t l0% when 500 mitoses were counted, and decreased,

of course, as the total number increased (ffg.30). All results

Fisure 30. AU resulls wilh ooion rool, as detector by CuKwlrscs and
essociat€s. Ordina,te: percentage of increa,se over controli Abscissa: tot'sl
number of mitos€s caunted. Circles indicote a positive induction, blsck
dois indioate no mitogetretic efect. The IiDe giYes the Iimits of error.

which had been claimed to prove mitogenetic radiation were

found outsids the limits of error.
Rnrrnn. and Geron's experiments h&ve a much greater

etot, ! 201o, and a few experiments supposed by these authors
to prove induced mitogenetic efiect are really within the limits
oI error. The error oI the experiments by WacNER (1927),

Scuwanz (1928), and RossMANN (1928-29) is even larger tha,n

that of RDTTER and Genon's, and Terr,on and Hanvnv's few
experiments (1931) indicate a similar large error. All these data
gave doubtful or negative results; the mitoses of two difierent
eides oI the roots varied greatly.

Scswtulo,r did not consider it proved that the efiect is

caused by mitogenetic rays, because of the possibility of other
physiological factors afiecting mitosis during the experimente.
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The elIect as such, however, must b€ considered established by a
lerv large number of data, and the only question was its inier_
pretation. That under difierent physiological conditions, in
different countries with difierent onions, negative results have
been 

-obtained 
by Bome investigators ie not really surprising.

Gunwrrscn had always claimed that the efiect of one root
upon the other was caused by rays. In fact, he prediJted irr 1922
radiation ae a factor irr mitosis, and in trying to verify his predic-
tion, found onion roots ag the frst reliable indicators.

The mitogenetic efiect proceede in a stra,ight line and is
reflected from glass and from a mercury surface (Gunwnscn,
Srnlnnr, Rnrrnn and Genon). It will pass through thin layers

. of quartz and ol water (GuR$'rrscu, MAcriou), through ihin
animal or vegetable membranes, tbin plates oI mica (Rnrrrn
and Garon), thin cellophane (SrEMpEnL), but not through thick
lavers of glass, such as glass slides, nor through gelatin even in
rrry thin layers. It seems hardly possible to account for all of
this by any a,gent other than ultra-violet ravs.

A very vital question is that of the #ve bngth o{ these
rays. and it is very interesting th&t two disthctly different wave
lengths have been claimed, both based upon apparently reliable
tlata.

Gunwrrscn could obta,il the effect througb quartz, and
partly through very thin glass, but not through very thin gelatin,
and concluded that he was dealing with an ultra-violet radiation
of about 220O A. Fnetx and Gunwrrscr exposed onion roots
to difierent wave lengths from physical sources, a,nd obtained
mitogenetic efiects only from the spectrum between lgg0 and
2370 L.

Quite difierent were the results of Rnrrnn and Geron (1928).
They found this radiation to be tra,nsmitted through 3 mm. of
Jena glass, and still notice&bly through 5 mm. of common glass,
and also through gelatin which indicateg a wave lengtb Jove
-3000 

A By means of s^pecial filters, they found the ringe to be
between 3200 and 3500 A. Then, by irradiating roots with-known
wa,ve lengths oI the spectrum, they determined the mitogenetic
effieiency of this pa,rt of the epectruo. Besides a sbarp maiimum
at 3400 A. anothcr sma,ller maximum was discovered near 2g00 A.
Below this, no mitogenetic efiect was observed, not even in the
neighborhood of 2000 A which was considered by Gun*rrscr

i
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60 oITAPTER IV

and trhaNr< as the only efficient region. The curve resembles

eomewhat tha,t for erythem& (fig.27 p. 491.

The very interesting obserYetion was ma'de that the appar-

ently inert spectrum between the two maxima wiu pr€vent mito-

genetic efiects by the active wave lengths, even when the i1to1-

""ity 
of th" "a,ntagonistic" rays is only one-tenth d thSt-:!-th:

mitogenetic rays. AII wave lengthe betw6en 2900 and 3200 A

sfro*-tnie intribition. Tho rays outsido of the maxima were enti-

rely neutral. Direct sunlight and ultra'violet arc light also iqhibited

rnitogenetic efrects.
horrnn and Geson determined further the wave length oI

mitogenetic rays by means of a spectrograph, letting the spectrum

froJroots or sancoma tissue fa,ll upon tho length of &n onion

root. Al1 three experiments gavo an increase in mitos€s &t tho

piace whe"e the waie lengths between 3200 and 3500 A had f&Ien

on the root.
These last experiments can now be erplained by an error

in technique. It was not knol n 8,t that time that irradiat'ion

of the okler pa,rts of a root, will produce a' mitogenetic efrect not

at the place oI i""tdiutiott, but at the only reactivo part, namely

the me,istem near the root tip. This la'st ergument in favor of

a wavelength near 3400 A must therefore be disc&rded' It is

coneidered defnitely eetablished now that mitogenetic rays

ra,ngo between 1800 and 2600 A. as has already been sho\r'rt in

Chalters II and III. However, the deviating experionces -ol
Rrrinn and Genon have never beeu accounted lor in a really

satisfactory way (see GunwrrscE, 1929)'

The publication of Rnrrnn a,nd G.lron'e erperiments caueed

the Russian workers to repeat them at once, because they con-

tradictecl all their own EtatementB about the wavelength, and

none of the German authors' resulte could be verified'

The frst erperiment was Fnerr'g spectral analysis (1929)

of the radiation oI the tetanized muscle, with a spectrograph

using yeast as det€ctor (see p.35). Iu tbree well-agreeing ex-

p.tii""t" (fig.31), it could be ehown that no radiation above
-Z40O 

A tot. emitteil. Then followed the detailed study by Cuenr-

roN, FrenK and Ktflvrcrnssnn (f930) of the efrect of mono-

chromatic light Irom physical sources upon yesst' The results

u"ve alreaclibeen shoin-in ng.28. Beyond 2600 A, no variation

ol intensity produced any efrect. Special eforts were made to
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investiga,te the range around 3400 A chimed to be so efffcient
bl RnrrnR. and GaBoR, but it yielded only consistently nega,tive
rt'sults.

Considering that RErrER, and G,tBox, used onion roots a,s

(ietectors, the erperiments were repeated with onion roots. Again,

Figure 31. Results ol 3 expenmentd otr the specl,rum of muecle radi&tion,
w.iah the technique shown in ffgurp 22. Since the width ofthe agar blocks
vas not uniform, the resulte overlep partly, but show the genera,l sllectrum.

the shorter wave lengths were lound to be efficient, and those in
the regior of 3400 A gerre no efiect (see Table I8).

By these a,nd other methode with a yariety of indicators, the
wave lengths of various radiations have been shown to be quite
difierent, but all of them were below 2600 A. No recorde are

Table 18. Irr*diation of Onion Roots with Monochronla,tic
SPectral Light

GuRwrrscE

Rela,tiYe

Intpnsity

RETTER and GnuoR

I-€ngth

A

2t90

Induction

11'ave

LenCth

A

3340
3340
3340
3340
3340

Relative
Int€nsity Induction

2850
2360
2360

0.02

0.02
0.r0
1.00

+20
+30
+26

+24 0.20
0.40
2.00

80.00
800.00

0.03
4.00

60.00

-t+5

0

-l
3380
3380
3380

-7+8

Ef6cient \4'ave I-engths according to

I



62 CHAPTER, IV

given of wave lengths below I90O A. This is no proof thai they do

not exist, but rather, that below this point, absorption by quartz

and air in the spectrograph makes &ccurate determinations im-
possible. It can hardly be doubted from the large amount of
spectra analyzcd by the Russian school, and confirmed by Wor-nl'

and Res (p.40), that mitogenetic r&dia,tion consists essentially

of the wave lengths between 1900 and 2500'4.
Since 1928, the onion root as detector has been substitut'ed

by the time-saving yeast nethods or by bacterial detectors.

However, two extensiYe recent investigations muet be mentioned

which concem the question whether onion roots c&n be used at

all as detectors. Both papers describe the technique employed

very carefully, and they arrive a,t quite difierent conclusions'

Morssn.rnwe (f93f, f932) observed that roots when removed

from the water show s,'mmetrical distribution of mitoses, but

alter repeated removal, they do not' Pressing or rubbing of the

roots will increage the nurnber of mitoses, and alter long continued

pressing the opposite efiect occurs. When friction and pressure

were carefully avoided, no increase of mitoses was observed upon

exposure to another onion root.
Morssntnwe denies the existence of mitogenetic efiects in

onion roots and expla,ins Gunwrscs'g consistent results by

several assumptions: (l) One-sided pressure of curved roots in
the glass tube. (2) Light applied repeatedly in centralization

of roots which causes phototropic curving of the root and results

in increased mitosis. (3) Selection of good roots for important
experiments which reeults in increased mitosis through plessure,

and oI less uniform roots when no efrect is expected, which then

lead8 to nega,tive rcsults . (4) Omission by Gr,-nwrrscs of the

microtome sections showing a, decrea,sed number of mitoses when

they happen to come between sections showing an increased

number. - With yeast and blood as senders, this author obtained

also negative results.
This careful etudy has been considered by many critics to

be the final proof ag&inst mitogenetic radia,tion. Most of them

do not mention the still. more careful work by Meneennrn Plur'
(1933). Realizing the prompt rea,etion oI roots to touching, Peur
fastened the snall onions (hazelnut size) by means of gauze to

per{orated cork stoppers; these were held above the ground by

simple stands; irr a completely covered moist' chamber, in a dark



]IETEODS OF OBSER,YING BIOLOGICAI RADIATIONS 63

room at 200 C, the roots developed in the air through the muelin
in two to five days, while the leaves grew through the hole in the
cork. The oniona were never placed in water. When the roots
rere l-2.5 cm. long and absolutely straight, one could be exposed
to a root Irom another onion without being cut or even touched
rad without the need of glass tube holders. The exposed roots
turn downwards, and a very careful investigation sfowed that
tte number of mitoses on the exposed part of the root was
distinctly larger than on the opposite half, whether a,ll mitotic
d&ges were included or only the more conspicuous ones. The
rnder roots were taken as controls, a,nd they showed a, uniform
end symmetrical distribution of mitoses. Almost always, the

root grew more rapidly than the other roots oI the same
onlon.

When the sender root vas substitut€d by a needle of stainless
Ceel, the erposed roqt also turned downwards, but the microecopic
enalysis showed no increaee in mitoeis at the exposed side,
Ifowever, the symmetrical distribution was disturbed.

The object of Paul's investiga,tion wae the establishment of
good method for studying mitcigenetic ra,ys with onion root6.

number of examples giyen is uot large enough to draw many
conclueions. The paper verifes Guawrrscs's principal ex-

however, and it will be the starting point for all future
u'ith this type of detector.

b) Tho yesst bud nethod
BaRoN (1926) suggested that the ra,te of bud formation of

could be used as indicator oI rnitogenetic radiation. In his
experiments, he spread yeaat over the surface of solidified

agar containing glucose, allowed it to grow for Irom
to 15 hours &t room temperature, and then exposed it to the

source for defnite short periods, usually not, over
minutes. The yeaet was then incubated for from I to 2 hours
permit the radiation efiect to develop. AJt€r this, the yeast

spread on gLass slides, dried and stained. The me&sure was
percenta,ge of yeast cells showing buds. When this percentage
higher in the irfadiated culture than in unexposed controls,

was considered a proof of a mitogenetic efiect. The original
has since been changed in gome detaile by Benon (1980)

Gunwrrscs (1932) (see p. 66).
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Table 19. Effect of Yea,st, of Sarcoma, and of Bone Marrow
upon the Buddilg Intensity of Yeasi

Percentago of Bude in Yeast
Jensen Sarcoma ] Bone Marrow

Control Control Control Expoeed

Experiment No, I
2
3

4
5

6
7

8
o

10

Average .

24
22
t3
l4
21

26
21

25
26

22.3

30

25

33

33
34
35
36

32.0

2l
20

20
20
2a
30

25

25

25
2T

23.5

32

35

26

35

38

35
36

30

32.9

30

2t
28

29
n
22
27

26

The most extensive early deta, with this method have been

publisheal by Srnnnnr (1928a) Table 19 gives some of his eI-
periments. The numbers indicate the percentages oI yea'st aolls

vith buds. fn all his experiments, sender and detector were

sepa,r&t€d by a quartz plate. It is novr custom&ry to record results

as "induction" efiect, i.e , as increase in buds of the exposed yeast

over the control, expressed in percents of the control value' Thus,

when the exposed yeast shows 33o/o buds, and the control, 24%'

the increase is 9, a,nd this is an increase of 37,5o/o over the control'
The induction efiect is 37.5o/o.

- 100 (exPosed - control)
control

SrEBnRr (1928b) used this method for a number of interestirg
studies in physiology. IIe observed the working, or excit€d muscle

to radiate sirongly while the resting, quiet nuscle did not do

this (Table 20). He a,tt€mpted to prcduce radiation by cha'nging

che*caly the pulp oI resting muscle to that oI working muscle

Finally, he succeeded by placing the acidifie[ pulp in an oxygen

atmosphere, since the addition of lactic acid alone would not

produce radiation. Moreover, he obtained positive results in air

by usirtg " 
v"ry dilute CuSOn solution es oxygen catalyst When
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Table 20, Effect of Electrically Excited and of Resting Frog
Muscle upon tho Sudding Intensity of Yeast

Percentage of buds
in yeost when ex-
posed to musclo

Resting | ,Xxcited

1

2

1
5
6
7

8
I

10

lt
t2

21

26

22

22

26
26

26

26

45
32

36
4l
30

2a
35
34

3r

l6
17

l8
l9

13

11.
l5

20
21

22
23

24

4t

30
29

30

33

30
3l

22

2l
22
22

22

25
25

24

he finally found that ffi KCN solution would prevent radiation,
he concluded that the source of radiation must be chemioal.
Thue started the first experiments about chemical reactious as
the source oI radiant energy (p.33).

Srsmnr later (1930). concentrated his &ttention upon blood
radia,tion. IIe verified the statement of LyDrA Gunrry:rscs and
Selxmo (f929) tha,t blood of normal, healthy people radiated
distinctly, while that of cancer patients did not. He found, further,
that urine ra,diated, and that there wa,s a good parallelism between
blood and urine radi&tion. OI 35 patients with ca,ncer, the ma,jority
showed no radiation oI blood or urine. The exceptions were
patients &ft€r recent treatment with X-rays and isamine blue.

Alemia, leucemia, high fever (sepsis, pneumonia, scarlatina)
prevent€d radia,tion of blood, as well as of urine. With syphilis,
radiation varied, but blood and urine went parallel. None of

other diseases tested caused loss oI blood radiation (details
p. r53).
The experiments on the not&morphosis of &mphibia, and

(p. 167), and on the healirg o{ wounds in animale (p. 173),
Buctnn and his associates, were all carried out by the ye&st

Protoplalba - fonogrrphi€n IX: Rohr
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bud method. The importance of the yea,st agar blocke in the

establishment of biological spectra has already been mentioned

on p.35. Thie method is very commonly used in mitogenetic
jnvestigaiions at the present time.

Methoil: GunwlT8cII giYes the following directione for the yeast bud

method (1932, p. ?): Beer wort &gar plates arc flooderl with o very fine

su8p€asion of yeast in beervort, the liquid is <listribirted evenly over theagar

surface by careful tilting, and the surplus liquid iB draFrx ofi with a pipette.

Aft,er about 5 to 6 hours, the. surfoce is covereal with s, fiDe, delicate fflm

of yeast, and is now sensitive, and remains so until a,bout the twelfth hour.

- Neither the temlierature nor the concentmtion of the yeast suspension

'lor 
iis s,ge is nentioned' The temperature is probably room temperaiure'

and it ehould be kept in mind herc th&t on p. 14, GuRwrrscs mentioog

120 C as room tempera,ture. Tho directiona orc probably meant primarily
for the yea,st NaAsonio, Iulaescerrs which has been us€d most commoDly by
the Russian workers, though beer and wine yeasts are occasionally men_

iioaed.
In order to give a better conceptlon of the proper physiological con-

dition of the detector pl&te, we quote from the same book of GuBwlrscE's
p.3l?: "The most s,pprcpriet€ 8t&ge of the det€ctor pla't'e colle8pontls to
a thickness of the yeast gros'th of about 25 to 30 layers of cells . . . (p. 318)

!!'e can be ceriain thot the lowest l&yers ofcells which are in immediate conlact

*'ith the nutrietrt medium consist essenii&lly of young cells in ra,pitl multipli
cation.. . The cells of the middle layels are not in optiB&l condition, and

are no more capable of developing spontaneously the maximal energy for
development whrch &s found in the lo*'est layers... It can haxdly be

far from the truth to deny any appreciable aultiplication in the topmost

Iayers. However, they s,re Dot reel rcsiing forms es yet."

The method of moling smesrs to count the buds is not giYen in GlrR'

wrrscE s book in a.rly iletail. It consists simply in smea'ring the ye&st cells

on a glass slide, drying and staiuing them. Only those bude ere counted

which a,re Bmaller than half of tho full'grown cell. Some authors limit'
their countB to even sma,ller buils. Guswtscu l€colmends that the perBon

couniing the builo should not know which slide or experimeot he has untler

the miooscope; tlue preveute subconscious arbitrary decisions'

Attention should be called here to a leaflet published by
Ing. G. TERZANo & C., Milaao, manulacturers of the "hemo-

radiometer" of Protti's. All conditions a,re quite precisely standard-

ized, and this ma,y s,ccorDt for the good results of Italian in-
vestiga,l,ors.

This method has been Ya,ried by other authors. Tur:nr'r-
and RaEIT (1933) studied the mode of bud formatioa ol Burgundy
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ye&st on r&isin ag&r a,t 300 C. A typical result including all sizes
of buds is shown in ffg.32. The culture immediately after being
transferred contaius but very few budg, and new buds are not
formed at once. The old yeast cells which had ceased to multiply
requte some time before their reproductive mechanism is working
normally. During this rejuvenation process, commonly called
the lag phase, cells respond most promptly to mitogenetic
rays. It is alao seen thst they soon reach a ma,ximum percentage
of buds. If, at this latter sta,ge, the rate oI cell division were
accelerated by mitogenetic rays,
it could uot increase the per-
centage of buds (see also p. 69).
The most opportune time lor
using such a plate &s detector is
evidently about an hour or two $
before bud formation begins. 1
If such a detector is exposed for
30 minutes, and then incubated $
for one hour (so that the mito-
genetil' eflect might manifest
itself by an increase in buds)
se should have bud formation
beginning on the expoeed plstc
while the control has not yet
become quite ready for budding.

The "Iag period", i.e. the time int€rval between the seeding
of the pla,te and the frst active bud formation, depends upon the
sge of the culture used for the seeding. With the Burgundy
!'east employed by TurEIr,r, &nd RaEN, a plate seeded with a

hours old culture w&s a good detector immediately after seeding.
When a 6 days old culture was used, it was advisable to incubate

plete for about 2 hours before exlrosure (see Table 2l), or to
for eeveral houre after exposure if exposure had taken

immediately after seeding.
In liquid cultures, the old yeast cells retained their buds
many days while old cultur€s on agar surface lost them

. Since a low initial percentage of buds is yery desira,ble,
with yeast from agar surfa,ce eultures is recommended.

This detector is really quite difierent lrom Benox's or Gun-

Figure 32. The developrnent of
buds in an aga,r surface culturc of

'wine yea,st.

s described a,bove. All yeast cells are at the same sta,ge

F
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Table 21. Effect of Irradiating Yeegt Surface CultureB after
Incubation for Different Timee

Leagth of Expogure | 30 minutes
Incubation a,fter Exposure: 30 minutes

Age of Parent
Culiure

Age of culture 'wheo erposed

I hr' 1.5

Percentage oI Suils
hours . exposed area

control are&

rncrease
Irduotion efrect

exposed a,r€a

control area,

increas€
Iniluction efiect

6 daya .

25.O

3.6
21.4

505.0

7.0
6.0
1.0

17.0

26.1

724.0

6.0
1.0

-r.0
-17-o

9.8
9.5
0.3
4.0

26.2
17.0
9.2

64.0

I 16.4
lR 4

2.O

L-r1.0
| 11.4
| 27.A

I re.s

I er.o

i1.6 4.2
4.4 I 4.6
O-2 14.4
50 -l o

8.5 22.5

2.6 I re.o
0.9 3.2
t2.o 1?.0

of earliest rejuvenation when oxposed, and the cells are far enough
apart not to bfluence each other. The "mitogenetic efiect" iB

much greater than in the other method because there are no old,
inactive cells to "dilute" the counts. In fact, those are probably
the largest mitogenetic efiects ever recorded. It is quite per-
missable to count all buds because the percentage &t the beginning
is very low, and a, Iimitation in size is not necess&ry. This should
mek€ the counting easier.

On the other hand, this typ€ of detector is so difierent from
the BaBoN type that it may rea,ct difierently in certain expori.
nentB. AB long as they are used merely as detectors to prove the
eristence oI radiations, both types are good. Probably, with very
weak radiations, the BenoN type is more sensitive becauee the old
cells act ag "anplifors" (see p. 127).

Method by Tulllrrl, a,nd RauN (desigrcd for Burgundy yeast):
lAe yeast is kept throughout ihe expedment a,t 30o C. A ?4 houre old
culture in raiein extractr) ie flooded over a solidified, stedle ra,iam &g&r

r) Raisi[ extuct: I pound of chopped, or seeded raisins is heated
with I liter of water in steam for 45 minutes, the extract ie pressed ofi,
Dsde up to I liter, 5 g. KIITPO. and 5 g. yeast extnct (or meat extract) src
added; the resulting medium ie eterilized at 1000C. The pII is about 4 to 4.5.

Raiein agar: Melted 60/o wa,ter aga,r i6 mixed with an equal volume
of the above raisrD extract and ste lized by heating for 20 minuteB ai
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i plate: the surplue liquid is poued ofi, aod the cuttue permirtcd to develop
I for ?.4 boure. This surface grovth i.s weshed ofi with 6 cc, of sterile wat€r,
i tte suepeuoion is tben dilut€d | : l0O with stcrilo w&ter, aud with fhis
' dilution. some sterile solidified plates of mislr aga,r ar€ flooded, the surplus
I [quid i-s drainod ofi ot onc€, &nd the pletes should be expo€ed wiihin
j hafi an hour. IIaIJ of the plat€ should be ehaded to s€rr/o aB conhol.
i The length of exposure will depend upn the inteoeity of f&e oeniler:I 30 minut€s proved o good iime with young yea,st cultures, One to tvo
. hours incubation, count€d from the beginning of the exposure, \iros the most

suitable iime to bdng out the diferences.

. ln lbese plates. the yeast ceus are so far apart, thot the buds can be

. counted directly on the &ga,r surfs,ce. The orgonisms are killed by placing
a coitoD woal with tincture of iodino in tho Petri dish. Soon after that, a' coverglasa ca4 be placed oD the &gar surfa,ce, end the slightly-stained
J€aBt is observed in situ, elimin&ting all possibility of breaking off buds

: by smearing on glass.

, In all methoals vh€le groving celle in glass or quartz containors
ore ueeal as detectors, radietion ftom thes€ growing cells may be re-

i flected by the glaes or quertz wall8, &nd ma,y thus produce rodia,tion
€ftects in controle as wel! os in ihe expod€al culhl€s. Plotoction agaiDst
teflection is advissble in s,ll such ca€€s (so6 p.80).

, Li quid cuttures havc also been uBed successfully. Here. too,
. the rule &ppliee, thet increases in tho bud percentage can be
, expected only during the lag phase (see ffg.32). When all celle
are out of the lag period, afld produce buds at a ooDstant r&te,
the percentage of buds carmot be changed by a change in the

. growth rete. Since this has been overlooked by some experi-
mentors, e.g. by Rrcaenns and Teyr-on (1932), it may be ad-
vis€,ble to explain this importa,nt point in more detail.

Let us, for this discussion, distinguish five equal periods in
the complete cell diyision of the ye&st, 4 with buds and one
without. X'ig,38 showe a fust approximation of a "cross section"
through a yeast popul ation growiag at a conlt&nt rate. ft .requireE
6 time units for each cell to complete the cycle, i.e. to produce two
cells of the same developmental stage. The percenta,ge of buds is

:Dot consta,nt, but fluctuates between 67 and 80o/o. This fluctuation
, 
is due partty to the arbitrary eelection of 5 stagee, but, mostly

ito an error in the cross eection. In a growing culture. there musb

i l00o C. On account of tbe hjgh a,cidity, tho agar becomes hydrolyzed under
:pressure, and fails to solidify; the sa,me is true with prclonged ho&tiog
ot 1000.



r
70 CEAPIER, IV

necessarily be more cells of the young sta,ges th&n of the old. If
we take all celle oI the fust 5 unitg &s & more appropriate cross
section, we obtain the following picture:

There is a fluctuation of only about l0/0.

This percentage depends only upon the variety of yeart used.
Whethor it grows rapidly or slowly, whether the time unit iB

30 to 60 minutaB (at cellar tempemtures) or l0 minutes (under
optimal conditions), the percentage of buds remains 74-75o/o. A
cha,nge of the growth ratewould not affect the bud percentage at all.' Flowever. a cbange would become noticeable if only one
cert&in stage of the cycle should be accelerated. If mitogenetic
radiatior should speed up the very first 8ta,ge so much tha,t the
"tiay" buds never appeared, the number of buds at the 0 period
would drop from 26 out oI 35 to 18 out ol 27, or Irom 74.4 to
66.80/o, and this lowor level would continue a,s long as radiation
accelerated the one particula,r stage.

It is rather probable that only a certain 6ta,ge of the cell
cycle is afiected by mitogenetic rays. Many observations suggest
this, and our present conceptions of the mechanism oI cell division
do not contradict it. This would ofier a good explanation for the
"false mitogenetic depression" of Gunwrtscu (1932, p.210) and
especially of Sarxrxr (1933)where the percentage oI bude decreases

while the total cell count increaseg under the stimulation of
mitogenetic radia,tioD.

The reliability of the B*on method hag been doubted by
N.lx-arozrno a,nd ScERnTBER (1931) who claimed to have Iollowed
Benorq's method explicitly. However, they have kept their de-
tector cultures for 9-I2 hours at 250 C while BenoN us,ed room

Yea,st Culture a,t a Constant Growth Rate

Tirle uitt 0 I 2 6 I

8 tilry
7 smi!

6 lug€
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8

l4
t2
l0

I lrrge

14 tiDy
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14 6I
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70 80
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rrqrper&ture which may be ag low as l3o C in Russia. That their
cultures were far too old, can tre seen from the fact that in nost
,rf their experiments, the percentage of buds decreased distinctly
in 2.5 to 8 hours.

The claim of these authors that the error of the method
has never been considered by the workers is entirely wrong.

fine Unih

lunbet of full onm uls, t 6 7
Nunb of cqlb'ik butu: 4 4 5

Pctw r$ of cel6 r , b!!dr:10,1" 67% 12%

Fieurp 33. A schema,tic represeniation of the bud formation of a veast
culture groring &L a consta,nl, growth late.

Ever"r- biologist knows the error of his methods, at least approx.
imately. The Russian iavestigators have repeatedly stated the
error of their method, though they have not given all the data
necessary for others to check their computetion. This can be done
very easily, however, from the da,t& on experiments without mito-
genetic ellect. STEBTRT e. g. rarely publiehes less than l0 experi.
meuts to prove an yone point. The following computation is made
from a study of the efiect oI KCN upon orga,nic catalysts (1928b
and 1929),a,nd the diferences between control and poisoned catalyet
give the error wbich is computed here in two difierent ways:

ttt0t2t4
6786t0
76% n% A* 6t% 72%

35

28

67

2.9
4.6
2.6

verage mea,n

aleviation

average
lllCrOASe
tbrough

radiatioD

standard
diviation

increase by
radiation

1928 aTableVI
VII
vIIr

1929 'lh,ble I

1.2
1.4

t.I

7.9
10.9
l3-4

The increases resulting lrom irradiation are very much larger
than the enor, rega,rdless by what method it is computed.
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. c) Dotection bt iDcloeie in eell number

To the investigator not familiar with yeasts, it may seem

tba,t there should be no ess€ntia.l dillerence between the total
number oI cells or the percentage oI buds ae a mea'suro oI the

growth rate. For this reason, the preceding psges were wdtten'
ihere is a difierence so funda,mental that in a number of ex-

p€riments, the yeast bud method indicates a decrease in the

growth rate while the total cell count shows an increase (e g'

Table 34 p. 116).
The number of cells ie the best measure of the growth rate,

better tha,n any other of the nethods described in t'his book,

because'it ascertains cell divisions directly while the mitoses in

onion roots, the buds of yeast cells, the respiration, etc are

indirect measurements of growth, and may be influenced by

secondary effects. Thie method is used with yeasts as well as

with bect€ria. While they are identical in principle, they differ

in the method of measuring since yeasts are so much larger than

becteria; they ehall be treated separately in this chapter on

Methods.
(l) Yeasts: The number of yeast cells in a liquid nay.be

asceriainecl by plate count, by hemac5ztometer count, by measuring

the volume ol all cells, or by comparing the turbidity by means

of a nephelometer.
The plaie count method has rarely been used lt is the same

as that u-sed for counting bacteria except that more preferable

media are beer wort agar or raisin agar.

The hemacytometer has been used by the R'ussian workers

as well as by Ilnrxnuexx (f932) irl his stuclies on blood ra'diatiou

I{ETNEMANN'8 nethocl for teBting the mdiaiion of bloo'L con8bts

eesentially in the exposure of o l2_hour culture of beer yea8t (temperature

not neutionetl) il Uquid be€r wort, to the r&diation of blood diluted $'ith

an equsl amount of a 4/o MgSO. solution to prevent cosgulation' The

exlrcJure loets 5 minutes, and it is made dlscontinuous by moving some

object between blood and yeast at intervals of2 seconcl-s (see p l03)' 0 5 cc'

of the exposed yeasi suspension ie ihen mired with &rr equal amount of

beer nrort, and incubated for three hours at 240 C. The totel number of

Jreesi celb (counting each smaUest bud as &n intlividual)is determined *ith
a hemacytometer at the sta,rt, and a,gain after three hours' incubation' both

ia the control and in the expsed cultue. All cultures are preserved for

counting by the oddiiion of HgSO.. The conhol is count€d twice' -{n

""r-p[ ofih" 
"teult" 

and of the nethod of colculation is given in Toble 22'
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Table 22, Yeast Cells Counted in Eemacytometer belore a"\d,
alter lttad,ieti,on by Blood

Eealthy pereon
Crroinoma p&tieot
Chronic tonsilitie .

62
68
48

63.0
68.5
48.5

49
48
65

84
56
49

r02
22

199-9.-! r,l

+r08
*M
+0

gIowth

%

82

-42
0

HnrNnueNlr emphasizes that this method depends upon
the physiological condition of the ye&st, and that no eftect cau
lre expected when the control grows too rapidly, i. e. when the
control increases to more than double during the incubation
period. This meane, in other lyords, that the yeast must be in
log phase, else it would double in less th&n 3 hours. To avoid
crrorg from this eource, he tested each blood sample with t\yo
different yeast straiae.

The results by this nethod verified a,ll former experiences
with blood r&dia,tion, eBpecially'in regard to c&ucer p&tients, &s
will be shown in Chapter VIL He also added some important
new facts regarding radia,tion of the blood o{ old people and of
patients with chronic tonsilitis.

The measurement of the gron th r&te of yea,st by cell volume
has been studied in detail by LucAS (1924). The accuracy is not
greater than with plate counts, and the curves and data published
by this author show so little deviation only b€cause they a,re
presented in logarithms iastead of actual numbers. Ilowever,
the volume is sulficiently accurate to prove mitogenetic radi&tion,
and the method requires less time and lese eye strain tha,n the
hemacytometer method, also giving quicker results than the
platiug method. BEArNrss (quoted from Gunwrrscrr, 1982, p. l?)
has adapted the method for the small voltrmina available in
mitogenetic work.

Volumetric Mothod: Kar,END.a.RoFr (1932) used beer yeast, in a
BtroDg vort (18-220 Balliog); only cultures 16-20 hours old (t€mpereiure
not given) which are octively fermenting, are suitable a,s det€ctors. Aft€r
expo€we, the yea,st is distributed evenly, and s, deffnit€ amount of the
expoBed culture is mes,sured by means of a rnicropipette, e. g, 0.2 cc. This
is added to t cc. of freeh Fort, and incubaied for 4 houre at 280 C. The

i&t3d
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Table 23. Height of yeast column of ceotrifuged yeast culturos,
exposed to the va,rious spectral regions of the radiation protluced

by gastric digestion of serum albumin, and of their controls

Inaluction
XfrectIrngth

232V
2330

2330-
23tu

2350-
2360

2360--
2370

l5
l5
l5
ll
20
20
20
20
20
20

l9
19

l5
l5
t5
l4

21

26

26

l9
l9

0
0
0
0

l5
20
25
30
25
30

0
0

lil
l7

t2
I
I

l5
t5
2t
20

l7
l8

12

t2

2380
2390

2390-
2400

20
33
24
20

l8
20

26

21

yeast ceUs are ki[ed by adding 0.2 cc. of 20]i, HrSo., and arc centrifuged

in pipett€s conmonly used for measunng the volume of blood colpuscles

(ihe illustrations ofthe Russian s'orkeft appear to be v-rN AILEN hem&tocdt

tubes). The yeast column of the exposed sample is compered with ths't of
the control.

Table 23 shows aome resulta obta,ined with this method by
Brr,r,rc, K-Axrncrnssnn, and Sor,ownrr (1932) who used it iD

the determination of the spectrum of gastric digestion.

A still more rapid method for estimating the amount of

grox.th is the mea,surement of the turbidity of the culture by
mea,ns of a nephelometer. Thig method has been used occaaion-

olly by bacteriologists for several decades; the methods are

rtviewed and analyzed by STRAUSs (1929). The nephelometer

can be used Ior bacteria, a,s well a,s lor yea,ste, while the cell volume

of bacteria is too small to be measured with sufficient a,ccuracy

in the earlier stages of growth. Attention may be colled to the

description o{ a simple nephelometer by Rrcnlnls and J.E.rrx

(1933). More compliczrted is the differential photoelectric nephelo-

meter described by ()Unwrrscu (1932, p. f7).

mm of yeast
column

control ]exposecl

mm of yeast
column

Dfiect
contrcl lexposcd
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'l able 24. Bacillus meserleticus Irradiaied Cootinuouslv by l.east,
at 12 mrn. Dista,nce, through euartz

I hrs
2.5,,

3.5 ,,

ll 440
7 520

12 196
l0 912

18 290
8 976

16 016
l3 552

contrcl

min-

63.7
38.4

110.8

75.5

Generution Times
inadiaied

46.8

90.7
67.8

2

22
ll

Another way of estim&ting the a,mouut of growth in yea,st
cultures ha,s been suggested by BARoN (1980) who compared the
size of yea6t colonies in hanging drops. This method has been
tlightly modified by BoRoDrN (1934) who photographed the colonies
and meaeured their area with a planimeter.

(2) Bacteria: The stimulation of bacterial gro.rr,th by
nritogenetic radiation had already been observed by BARON (1926)
and by Snwurzowe in 1g29. Table 24 gives some of the rcsults
obtained by the latter. The data were verified by Acs (f9BI),
s'ho irradiated liquid cultures oI Bqctllut murimorc with agar
c'ultures, either of the same species, or of yeast, and found that the
efiect by "muto-induction", i. e., by the same species, was thc
greater.

Benor and Acs did not recommend the grot.th ra,te of
ba(.teri& as a univereal indicator for mitogenetic radiation. This
q'as done most successfully by Wor,rr and Res (1931). These
authors worked with difierent species, aud the number of cells
was determiaed by the customary method of bacteriological
tet'hnique, the agar plate count. Instcad of makiag dilutions in
$ater, they took their samples with a Wnrcqr pipette which

2 hrs

3.5,,

Cells per cubic millimeter

control I irradia,ted

Mitogenetic
Efrect

6t)

l3
2a
24



F

76 CIIAPIEIi IV

delivers Ufi of a cc. using the slide cell method. tr'nncusox and

RAEN (1933) obt'ained good results with tbe ,fi "". pipettos used

in the standard (Breed) method for the microscopie count of
bacteria in milk.

The plating ol such minute qualtities is necessary because
onty very sma amounts of the culture (atrout I cc.) can be

erposed, on account of the strong absorption oI ultra-violet
Iight by the customary bacteriological media. Wor,rr and Res
(1931) showed that a layer of standard nutrient broth 0.5 mm.
thick transmitted only rays above 2500 A; it broth is dilut€d I'ith
9 ports oI water, a Loyer of I mm. still transmits some rays as low
as 2200 A. Wolnr and R-Ls inadiated their bacteria in standard
broth in a layer of 0.6 mm. ; even then part of the bacteria were

shaded.
tr'nncusox and RAEN (1933) verified this obs€rvation. I cc.

of a standard broth culture of Bacterium coli in a quartz 'lish
in a layer of 0.6 mm. irradiated from below ghowed no increase

over the control, while a culture in broth diluted I : l0 showed a
good mitogenetic efiect.'Wor,rr adrd RAS pointed out that only
duriag the lag phase, definite results could be obtained. During
rapid growth, there was uo efiect.

A most interesting observation was the exhaustion of bacteria
by continued irradiation, resulting in a decreased grot'th rate.
The two experiments in Table 25 ehow a lag period of aboltt
2 hours in the control. Irradiation decreases this period very
distinctly, and with increasing intensity, or decreasing distance,
the lag becomee shorter and shorter. However, continued ina-
distion efter the lag phase retards the grcwth for some time,
and at 5 hours, the control shows more cells per cc. than an1' of
the qultures vhose growth was distinctly stimulated. Thig retarda-
tion of growth is only temporary; most oI the irradiated cultures
almost doubled their number during the 5th hour, indicating a

returrr to the normal groy-th rate (fig.34).
Mbthod (ihe most rccent method by WoLrF and Rrs. 19334). A freBh

suspension of staphylococci in broth, with about 20 00O cells per cc., is
plac€d in a glass dish in a very thin layer, cove$d with qu&rtz, and exposed
(e. g. to milk + rennet in a, quaftz tub€). Aft,er exposue, tbe dish with the
bect€de is incuba,ted at 370 C for 15 to 30 minutes; so ia ihe control. By
mes,Ds of a cspillary pip€tte, samptes of the exposed culture a,nd co4trol
are either plated on a.gar, or brought into "slide cells" s,ccotding to WRTGET-
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Iable 26. The Effect of Different Intensities of Continous
Radiation through Quartz upon the Rate of Grosth of Staph|-
loc,rccus aureus Sender: Agar surface culture of Staphulococcus aureis.

Distance between

sender &ual det€ctor

Btart
after I hour

,, 2 hours

,,5,,
start

,, I hour
,, 2 hours
,,3,,

,,5,,

Cells per cubic centimeter

Control I 12,5 cm. 5 cm- 2 cm.

E\pcriment
I

Xxperiment
II

31 200
31 400
32 100
45 000

133 000
282 000

14 700
14 650
15 100
t7 I00
60 700

123 000

31200
32 200
56 ?00
5? 600

t28 500
237 0(n

14 700
14 200
16 600
28 700

80 800
108 500

3t 200
39 700
64 000
5l ?00

117 000
135 000

t4 700
16 400
32 400
32 7t)0
46 700
79 300

3l 200
;0 c00
48 800
46 800
5l 200
79 2U)

14 700
24 500
20 2tu
22 500
2t 400
44 400

The uninadiated controls never show glowth in this short time *-hile the
irradiated cells do.

Wolrr and R-ls coneider over-exposure the most common c&uge of
failure; over-exposure eitber producFs no efreol at all. or erentually a
decreose of growth rate lsee pi llb).

t00000

inw

*

2t&t0

0

Figure 34, Deve-lopyxmenr of two [quid staphylococcus cultures ofwhich
oDF wa{, exposed 

"onttuou"tt"l:.,1;,radiation from a staphylonocous

s,t Yarioua dista,nces
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The error of the method ie mentioned in 1934; Iour detailed
series are given, the counts being 73.1 f 3.6; 91.2 f 3.3; 133.8

+ 4.5 a,nd 171.f + 7.3. The errors are between 3.4 and 4.9olo of
the total count; the increase by irradiation amounted to 25%
and 28o/o.

Method: tr'EncusoN and RAEN (1933) studied the best conditions for
a gooal mitogenetic efiect with Baclerium coli, and'found that it depended
primarilv upon the age of the culture, and the transDjssion of ultraviolet
by the meclium. 24 hours olil cultures never roacted; cultures 48 hours old
or still older always restrtonded. The best medium was lp&rt standard
brcth pluB I parts wa,ter. The simplest procedure is to iradiat€ I cc. of
an old culture in dilutf broth (either in a quartz di.sh of 4-5 cm. diameter,
ibrough the bottom, or in a. quartz-covered glass dieh, Som atrove), dilute
this I cc. &fter exposure I : l0 000 nith dilute broth, incubate, and plat€
at least every 2 hours for 6 to 8 hours. The efrect may not become apparent
if the cell concentraiion is too high (over 100 000 per cc. at the stalt ofincu-
bation, see Table 4I p. 136). The time of exposure depnds upon the inten-
sity of the source, anil no rules can be given. With a 4 hours old agar sur-
face culiurc (3?0 C) as sender, the best results were obtained with 15 to
30 minutes of irradiation (see Table 26).

3. Computation of the Induction Effect: The in-
duction efiect in these bacterial cultures can be computed in the
ssme ma,nner as explained on p.64. As a matter of fa,ct, this
has been done by Sowonrzowe (Table 24) and Acz. This com-
putation implies that multiplication of bacteria is a,rithmetical,
while iu truth it iB exponential. By computing the gro$th raies,
we ha,ye a really relia,ble measure. The growth r&te is usually
substitut€d by the generation time, i. e. the time required lor
the average cell to double. It is computed from the formula

t X log2
6- logb-loga

where o is the number of cells at the beginning, and 6 the nunber
after the time ,. Both methqds have been applied in Table 26.
The induction efiect ca,lculated from the numbers dircctly is in
one case (15 minutes exposure) 183, while the efiect in the game

culture, computed lrom the generation time, is only 27. However,
it must be considered that the number 183 hae no real biological
significance while the other indicates that during the four horus,
this cultnre had a growth rate 27lo higher than the average of
the two controlg.
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Table 26. 3 days old culture of Bacteriurn coli, irradiated for
rarious lengths of tiEe by an agar surface culture of the same

bacterium
rThe numbem are c€lls per cc. ofter diluting the irradiated cultures

I : 10 000 with broth)

Control
No. I

Duration of Irradiation .
6omin.30min. 

I f 5 nin. ]7.5 min.

Coutlol
No. 2

ter 2 houls .

5 050
5 700

23 750
188 000

5 650
5 800

11 000
24 250

223 Un

6 800
7 950

14 350
29 000

434 000

12 6 250
??dol s8so

l440ol 83oo
35 350 I 19 150

45? 000 I 139 000

6 550
? 000
8 500

19 550
t37 000

Efiect I ti8 t83 -t6lduction

Generation Times,
in minutes, for the time interval from 2 $hours

41.5 I 40.8 | 52.5 56.0

+25 +27 -l
This procedure has also been used in Table 24. It could bc
with yeasts a,s well, e. g. in Table 22. However, the error

becomes very large iI the increage is small. Irr the tables given by
Scm,nrsnn (1933), the generation time of yeast for the first

hours when the nitogenetic efiect is strongest is mostly more
than 2 hours. This means that not all cells had divided in this
tine. Though Scsnunon does not give the actual numbers of
cells from which he calculated the generation times, it seems lrom
lis curves that they were computcd from less than 100 cells.

ma,kes the erlor yery large, and a comparison of the growth
must necessarily result in enormous percentual difierences.

Scsnntnpn found the variations in duplicate plates of
ellipsoideus commonly to reach 4\o/o, and occ&sion-

more, and in one ease even 1630/o. Witb ?Vad.sorrc, the
of duplicates went as high as 237 o/o. With such a large

, there is little hope of detecting mitogenetic efiects.
The "Induction Efiect" as usually calculatcd (p.64) has no

,e me&ning. It perrnits no comparison with the probable
of the method. It is very unfortunate, therefore, that
irovestig&tors, especially the Russian scientists, record the
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obta,ined efiects merely by giving the "Induction Efiect". The
critics point out very justly that such relative numbers a,re not
convinciag, It would add a great deal to the general recognition
of biological radiation iI the actual data obtained (numbers of
cells, of mitoses, percentage of buds etc.) were given for the
exposed culture, the control and a,lso for the same culture before
the beginning of the experiment

il) Detoctlot by c€ll ilivirlon h largor organirm8

The three det€ctors mentioned &bove are the only ones that
have beel commonly used to proYe the exiEtence of mitogenetic
r&diation, a few others have beon employed occasiona,lly, but not
often.

Mention ie made of the reaction of mold spores upon mito-
genetic rays. The fust publication oI actual efiects is probably
th&t by ScrrourtN (1933). Wor,rr and Res (f933c) mention th&t
they rcact slowly and require about ten times as long an expoeure

as etaphylococcus cultures.
FERcusoN and Rlxr, in some unpuhlished experiments,

observed that the radiatiol of the detector culture may be

reflected, and may thus give a nitogenetic efiect even in the
controls whioh received no radiation ftom outeide. Spores of
Aspergilhts niger wete spread on an aga.r sruface. Wlen the
dish wes covered with & gla,ss coYer or a quartz plate, germina,t-

ion was more rapid than when the cover consisted of black
p&per or sterile &gar. The efect varies in magnitude, and is
not &lw&Jrs present, but must be guardtd against in this tech-
nique and prob&bly in most others. This reflection nay be the
cause of nany failuree to obserYe mitogenetic rays. Thc strong
efrect can be explained by polarisation of the rays through
reflection (see p. 45).

Pelcentage of germinating mold epores

Exper. No. Reflecting surfac€ Non-reflecting surface

Glase Quortz Ag*" I Black paper

l3
I4
l6
l6
n

35.0
35.1
39.0

45.8

r9.8
14.5
22.4

18.4

19.6
23.3

36.2
37,4
14.8

36.0
33.3
42.8
33.2
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In the anirnal kingdom, the eggs of the smaller animals have

been used occa,sionaUy to demonstra,te the nitogenetic effect.

RErrER. and Genon (1928) showed that frog eggs when irradiated
trith the spectr&l line $404 developped more rapidly into tad-
poles than the controls. Too long an exposure retarded the de-

velopment. The wave length is unusual as in all publications by
RErrER. &nd Genon (ree p. 60).

In a short paper, 'Wor,rr and Res (1934b) showed that eggs

of the fruit fly Drosophi,ln melanngasLer hatch more rapidly after
having beon exposed to the radiation from bacterial cultures

lsee also p. 144).
The eggs ol sea urakdns were found to be quite good detectors.

The rate with which they divide, can be easily seen under the
microscope, and tho percentage of eggs in each oI the difrerent
stages is a good iadication of the growth rate. S,ar,rnu, PorozKY
and ZocLrNA (1930) wero the first to show that biological radiation
fuom growing yeast or contracting muscle will increa,se the rate
of development of the eggs.

The Italian school of mitogeneticists has also uged sea urchins
repea,tedly. Not all species aro equally well adaptod &8 det€ctorc'
some being much more sensitive than others. Table 27 shows

some data by Zrnror,o (1930).

Table 27. Mitogenetic Effect upolr the Eggs of t,he Sea Urchin

Perceutoge of Eggs

IrradiatedControl
2 blast.

Bacillus Pietonlotuid

PenioiLlium (in da.rk

,, (difuse light)

The morphological changes of the larvae brought about by
inadiation of sea urchin eggs will be discussed later (p. 164) since

a difrerent principle is involved.
Tissnc culttnet would appear to be an interesting subject

lor the study of this radiation. The first investigation was st&rted
rithout the hrowledge of Gunwtrscs's discovery.

Protoplr:nr -Uono8t'plis[ IX: Rrhn 6

87.6
66.0
88.4
9r.5

10.?

35.0
8.4
7.9

3.5
0
0
0
3.S

13.9
26.5

30.0

25.7

1,7

0

0.6

82.6
74.5
?0.0
9?.8
70.4

Paruce$rotus lividut
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Gurr,r,nnv (1928) observed during some exporiments on the
gowth-promoting agenta lor tissue culturos, that two or three
cultures in tho same dish influenced one another, While the most
rapirlly-growing culture usually maiatainod ite growth rate,
that of the more elowly-gtowirg onea was distinctly increased.
Fig. 35 shows the relative daily increase of.three cultureg from the
heart oI chicken embryos, which were transplanted at difrerent
ages of the embryo, and therefore had dif{erent characteristic
gro*'th rates. These remained constant as long as the cultures

Fjqure 35. Dajly growtb in.remenis of i,hree culturcs of chr.ic,Len embryo,- gro*o "eirit"ly fo" 8 d&ys, then united in ihe eame dieh.

were grown in separate dishes, but were changed when all three
were continued in the same dish. Incisions irr the solid medium
which separated the cultures and preYented difiusion from one

to the other did not prevent the nutual stimulstion' Even when

a strip oI solid medium was completely removed between two
cultures, the efiect sometimes continued. When a glass slide was

used to separate the cultures, the influonce ceased, even if the slide

did not touch the bottom, and permitted difrusion. Furiher
experiments showed that the efiect spreads rectilinearly; by
placiag seveial cultures in the 6ame dish, and inserting small
glass strips between some of them, the efiect of the gl&ss 1r'as

found to be that of shatling. This can be explained only as radiant
energy which stimulates groe'th. It could also be shown tha,t the
radiation was reflected from metal mirrors.

These obeervations suggested to GuulEBY the possibility
that the embryo extract which is necessary for the growth of

tissue culturcs, a,cts essentially &8 & aource of radiation He
iradiated a, number of cultures in a <Lish, from one aide, with
embryo ertract', but the result was negative. However, with a

E

E

ET
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heed of a chicken erabryo, he obtained in all 4 erperiments a moro
rapid growth in the culture 4e&rest to the radiating substance.

The second paper on this subject was that o{ CrRusrscrrorr
(1930) who observed that growing tissue cultures began to radiate
€ome little time after transplant&tion from the original tissue.
With a spleen culture of Ambystoma tig"rinum, radiation began
slter 60 hous ; with a fibroblast culture from the heart of i 

"t 
i"tu"

, a,Itar 12 hours. CERusrscsorr believes that radiation is
due to autolysis of necrotic parts in the culture.

Next, CEBUsrscEom used the tissue culture as detector-
fbroblast culture (chicken) was divided into halves, both were

cultivated in separate drops on the same quartz cover glass,
rnd one oI the two was iradiated for 48 houre by a beating
embryo heart, which was replaced when necess&ty. At this time,
the iradiated culture appeared much denser than the control;
sfter 3 days (the last day being without r&di&tion), tho exposed
culture w&s far in advance of the control.

JaDcER (1930) observed that blood radiation retarded the
growth of tissuo cultures. Ilere, as with all other detectors, some

veetigators obteined negatiye redults. Lesrrrzrr and Klnn.
Rewroowrcz (1931) as well as Dor,.raNsxr (19A2) could find no

by mitogenetic radiation. Dor,.rersrr used cultures
reacted promptly upon addition of embryo extract, but

y did not respond at all to organic radiations, even if the
was only f mm.

Very recently, Julrus (1935) olitained definite growth
of chick fbroblast cultures, but only on poor media.

placing one haU oI a culture on glass, the othor half on
and erposing botb to radiation from staphylococcus
those on quartz grew more rapidly as measur:ed by

of a planimeter. The induction efiect was recorded es
r&tio of inorease in the qu&rtz culture over that in thc glass

In 56 such pafus, the average efiect wes I.92 { 0.1d.
set of 48 pairs, but without irradiation, gave the ratio

I + 0.08, proying no chemicel effect ftom glass or qua,rtz.
actual stimulation by radiation from bacteria was thereforo

I + 0.f7, the efiect being 5.3 times the prob&ble error.
It may be that a certain stage of development is necessary

ma,ke the celle sensitive to tho mitogenetic stimulus, as w&s

.1.

.!
'I

t,

i

for yeast and bacterial cultures (pp.6l) and 120).
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100

150
68

40

27
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130 51
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_1qlFF

84 nFrqI'ER Iv

tl} !t. Iirogcrctic EftGcts ploduced in the Corneal Epithelium
of t.crt L..t . bt t-4 Diauteo exposure of the left eye to the

spectral line 2030 A

left e;re

expoeed incr.

Number of Mitoses

tr'rog

left eye lright eye 07.

exposcd control incr. incr.

3201)

6r5
695
886

78

60
40

108

2070

205
22t

left eye
exposed

t58
50
85

240

I 300
440r) i 196

2593r) 1578
r23r)
?0r)

A very good detector is the corneal epithelium of verte-
brates, according to LyDrA Gunwrscr and ANTKTN (1923). It is
the only easily accessible tissue of the grown adrimal showing
frequent mitosis. The numbor of mitoses varies with the phyriol
logical state ; it irrcreases rapidly with good nourishme"t, a-pplrrg
in rats during starvation from approximately 2000 to atoui;Ol
Fort unately. tbe two cornea,o of the eame a,nimal alwavs show
very nearly the same number of nritoses, so that one evi can be
irradiated, and the olhcr used a,s control.

llethod: Ior physical light sources, an exposuie of H minutes va,s
sufr- tient, the animal's head being held in the hande of the experimentor,
With biological sources, exposure had to be continued for g0 min-utes. which
nece$sitat€d the tying doFn of tbe head into au immovabl. poeition, Ordi-
narily, after irradietion, 3---4 hour€ time was gi\ren for thJ manifeetation
of the efiect. The comea was fxed for 40 minutes in ?0o/o alcohol f bo/6
acetic acid, stained with hitnalaun, and clariffed in glycerol,

The results in Table 28 show very strong mitogenetic efiects.

0) llotocfion by chonges itr yaost metsbolism

_ Grsoxrus (1930a) concluded that such decisive changes as
the acceleration of the growth rate ol yeast must be accompinied,
or lxrhaps preceded by changes in metabolism. IIe studied,
therefore, the hfluence of inadiation upon the rate of respiration
and of fermentation of yeast. The technique 

"mplovld *as

3086 \944
33t2 i 205{)

1644 tI87

r) The source of radiation lras a, yeast.ulturc.
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;:l':t,:!y.rh", of WARBURG (1928). or of RUNNsradM (1928)ror Beasururg -respiration of tissucs or tissue pulps, fhe organisn
l:1 1:1*::1"" wa,s a wine yeasr. wbich .* ";p";;;-fi;;;mttoDcd dishes to yeast r&diation for 4 bours b.fo".'hoi.,testpd. The result was a etimulation of t".."otrtiorr,- Uuiiretardation of the oxygen uptake.

The results can be briefly summarized in the following way:
Ferrnentation iaN"- -.co- I (68 increase'"";fro.#;..-"! 

[rozexperin"nt" { 4 d"""",""
' , [30 wil hin the I im it s of e rror

R:sel&tio]r (oxygpn-up- I l+0 decrease
taae) rn t), atmosphere, I i}4 exFrimeEts { I io"r.*".
Fithout' suga,r J tl3 withi! ihelinitsofemor

The numbcr o.f yeast cells irr these tcsts was vcrv lo.oo; to 
.I0 billion cells per cc. This ie l0 to l00 times til;r;;;ipopulation which can develop in the medium ";.-- iluutual irradiation of the cells must play ,rl i*port".t 

"otJTith-eee experimcnts, and probably acnounts for th-e depression ofrespu&tron.
Gnsnlrus tried futher the influence of radia,tion upon

macerated yeast, free from cells, r. e. upon z.ymase. While ve&stradiation produced no efiect, blood 
-radiation 

a""""r*a" il"t".:"":l:t:. in,28 out of 30 erperiments, th" ,r""r;-;;";.;;
Iptng l4lo. The same retardation oI respiration a-lso .ould bfobtaired wirb s"a urchin eggs during the early "rrg";";i.;Uditieion.

" - 
Gnsnrrus (f930b) applied this test, a,{ter the improrrement

of the tochnique, to blood radiation and found that noimal bfoJ
always radia,tedr). IIe obs€rved lurther that f."_ p-"ii*t"-"lii
moet diseases, the blood radiated, and tt*t tfiu co"rlrt nt 

"x.ceptions were only with cases of perniciou" no"_i", l;;;;;
carcinom,a and. sevge sepsis (see ng. +O p. f Sa;. Hiu .;r"it" ;;;very well with those of L. GuRwrrscE and Serxnrn anJ of
frc1yr f_tr1 role in cancer diagnoeis of this loss o.t radiation q.ill
oe o$cusaed in Uhapter VII.

) "Eealthy blood never fails.
either the yeast or tho apparatus.',

If a failure occurs, it is tias to test
(GEsENrus, 1932.)
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l) Morphologiool chsngos Dt blologicsl rodlstion

Quite different from the previously described maniJestations
is a decided morphological change in the irradiated organisms.
Ihe firgt observations of this kind were those by J. and M, Mecnou
(1928) who exposed the eggs of tbe sea urcbir Pqrq,cenlrotur
lividus to radiation from bacteria, yeasts dr other organisms,
a,nd even from chemical reactions. They obtained quite abnormal,
more or less spherica,l larvae while the normal larvao possess a
very characteristic oonica,l form (see fig. 49 p. 166). Upoo
various criticirms, the grea,test care was taken in later experimentg
(1931) to preyent a,ny chemical iafluences. In each case, the
efiect was transmitted through qu&rtz, but not through glass,
Table 29 shows a, aumm&ry oI the reeults oI these experiments,
and the purely physical natwe of the efiect cannot possibly be
doubted.

While the Meonous originally explained this morphological
change tbrough mitogenetic ray8, later experiments, together
with Rrrss (1931), ofiered another possible explanation. They
lound that though a layer of glass prevents the efiect, two l&yerg
oI glass with a coet of paraffino between them permit tho efrect
to pass. trbom this and similar experiments, these authors conclude
th&t they are den.ling with an electric efiect. The la,rvae become
obnornal il the source. oI radiation is separated from the medium
of the ee8 urchin eggs by a very good electric insulator, and if
further the di.frereuce in oridation-reduction potential botween
the two liquids i8 yery greet. Whel the electric insulation was
prerrented by a netallic con-nection, the larvae remain normal.
This explanation iB tenta,tiye. In their recent publcatione,
the Mrcnous do not give it preference to the ultraviolet
radiation theory.

In 1929, CERrsru.llsnN observed vdry strange morphological
changes in yeasts and in bacteria brought about by menstrual
blood. The efiect passed tbrough quartz coverslips, and must
tlerefore be considered as the reeult oI biological radiation. The
yeast cells either became large and spherical, with enormously
dietended vacuoles; or, they elongated and produced hyphae; or,
they did not grow at all, but died.

During the last two years, the author and his associat€e
hare regularly observed similar morphological changes.
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Table 99

f,{actou's Results with Biological Irradiation of Sea Urchin

No. of
Erperinents

Larv&e Sepant-
cd from Source
of Radiation by

quartz
glass

glass
qua,rtz
quartz

glass
quartz
glass

qua z

glass

quartz

glass

quartz
glass

glass

quartz
glass

o/. ofXxperirnents
.Showing Ab.
normal Larvae

76

1

l6
t2
2
1

7

5

30
l8

none
dead bncteria
Pseudononas l ,mic-

Slaphyloco!:cus aurcus
same, agglutinated

Sbeptococcut lactis

bacteria-fr€e serum' of
Sbeltococcus culture

none
Saccharornyces and

Debaryomyces

none
BDRTIIET,oT's culture

medium

glucose oxidized by
ferricyanide, perman-
ganate or bichrcmatc

glass
glass

0
0

6

56
3n

43

0
15
0

0
93

0

0

100

0

0

?8

85
0

100
0

0

78

0l4

t18
I

54
20

Summary
I none

it r srass

if 
mrcrcorga sms l] <1"",t,

I ll quartz

i cnemrcar rcacrrons i ghss

l,arvae

Source of Radiation
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The efiects in beer and wine yeasts produced by saliva were
essentially identical with those observed by Cnnrsrrllsnx. When
irradiated by plants, howcver, the tcndency was not & Ahortcning
but rather a lengthening of the cells; this was so pronounced
with some Mycodermas that their growth strongly resembled that
of mold mycelium. However, we could never observe the true
branching of cclls whioh CnrusrrersnN has hescribed. Of the
various parts of plants, the roots, young seecls, seedlings and
pollen were the most efiective, while leaves had little or no efiect
(see fig.48 p. 162, and Chapter YII).

g) Physieo.chemicsl detector8

LTESEGANG R,ings: It was recognizcd bv STEMrELL that a
physico-chemical detector would cauy much more weight than
biological ones for the proof of mitogenetic radiation. lle observed
that the LTDsDGANc rings are disturbed by biological radiation.
These rings appear when, on a gelatin gel containing cert&in
salts, a, drop of another solution is placed causing a precipitate
*'ith the salts in the gelatin. The prccipitant dilluses gradually
into the gelatin, and the precipitatc is deposited in concentric
rings.

llethod: 2cc. of chromate gelatin (12g. gelatin, 160cc. water,
0,4 g. ammoruum bichromate, being mixed, immediately before use, t'ith
I cc. \iater f I drop of 3o7i aqueous p"rrogallic acid) ale pourcd hot upon
a clean glass plate 3.5x.1inches. -{ftcr solidification, 2 drops of a 20o/o

AgNO" solution are placed on the center of the plate by means of a fine
pipette. Silver cbromate is gradualll. prccipitatcd in concentric riDgs rvich
spread over the entire plate in about 24 hours. The uniformity of these
rings is disturbed by radiating material placed in quartz tubes as closely
as possible over the gelatin Burface.

Strlrprr,r,'s first erperiments (1929) with onions were not
accepted since it could be shown that the allyl-mustarcl oil of the
onion caused a chemical disturbance of the LrEsEcAxc rings.
In later publications, however, Srnlrpnr,r, could prove disturbance
of the rings when chemical infl[ences were completely elimhated.

The situation is rather complicated. Strong ultraviolct
light from a, qua,rtz mercury vapor lamp thrown through a narrow
slit upon the gelat'in intensifies the ring formation at the exposed
places, whilc weak light, at thc cdgc of thc slit, decreases it. Onion
oil acts in the opposite way; a large dose of onion oil gas lessens
the ring formatiou while small doses intensify it.
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Srenreu- (1932. p.46) $tates that thc disrurbance of Lresri
(+-{\c rings is usually brought about by a combined action of
radiation and chemical efiect of a "gas',, i. e. a volatile substance
produccd by the sender. IIe considers this chemical cfiect to be
rery imporiant, biologically, and states that the Ltnsrcexc
rings at present are the only detector for this substance, since
Done of the other detectors for mitogenctic radiation react to it.

Since this book is meani to be limited to biological radiation,
the interestinq speculations of SrnvpcLr- tlg32. p. -l6) regarding

Iigure 36, Thc .[le.t upon Lt[sLc\Nc rings of onion base nulp jn meral
tubes wjth a slit whose position is indicatFd by the bia.li ljnc

left: effect through cellophane; right: effect through 0.5mm of qua,rtz.

the possible biological meaning of the chemical emanations will
be omitied.

Decomposition ol Hydlogen Peroxi,tl,e: Another, quite difierent
detector, has been found by Sronrur,r, (f932, p. S5). It is based
on the deterioration of HrO, into HrO + O, under the influence
of ultraviolet radiation. One onion rootJ or & bundle of several
roots, is fixed so as to touch the underside of a thin quartz plirte.
Or the opposite side of the quartz plate is placed a drop of HrOr,
just over the root tips, After long exposure in a moist chamber.
the peroxide concentration in this drop is loss than that of the
control.

Flocculation of Colloidal Solutions: A promising
method has been worked out by HETNEMANN (19A4, l9B5) who
observed tha,t inorganic sols flocculate more readily when exposed
to mitogcnetic ra,ys. Gold sol was Iound to be more satisfactorv
than iron hydroxides. The gold sol was prepared in thc followin"g
way: To 1000 cc. ol a slightly alkaline solution of 0.8o/o glucose,
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l5O cc- of a neutralized solution of 0.1 g. AuCI, are added. Upon
heating, ttre geld salt is reduced by the glucose to a bright-red,
elear goH sol. A small amount of NaCl solution is added just
hdac the of the experiment to make the gold sol
rmsttbb. this ig done in complete darkness.

The solution is then distributed between two beakers, and
each is covered with a quartz dish. They are placed into a very
*usitire photoelectric difierential nephelometer, and the suppos-
edly ndiant substance is placed into one of the quartz dishes.
The difierence in turbidity between the iwo beakers is read every
minute, b\- means of a, galvanometer. Radiation causes a more
rapid flocculation, and therefore a change of the galvanometer
reading while in the absence o{ radiation, the readings remain
fairly uniform. The following readings were obtained in 15 con-
*cutive minutes, the arrow indicating the moment when the
radiating material rras applied to the quartz dish:

c.ontrol:00000
blood: 0^2357
contml: 0 0 0 0 0
\aCl, dissolving: O 2 0l 1

0l t.5 1.5 I 2 2 2 22
7 8 l0 ll 16 20 19 1S 2526
0l 1.5 1.5 2 2 2 2.5 3 3
oAs 10 10 rr rr 15 2l

h) trIeasurem0trt by physiesl instruments

It ma1' be surprising that radiation by organisms has not
been recognized and proved conclusively long before this. The
reason must be sought in its very weak inteneity. The inten-
sitJ is so slight that the most sensitive photographic plates and
the most elaborate physical instruments h&ve in most cases

failed to record this radietion. The best detector is still the living
organism. This is ungatisfactorv since we must allow for con-
siderable individual variation of the detector organisms, and as
a rule, the me&surementa are not as accurate as with physical ex.
priments.

The only photographic recqrds are the ones reproduced in
69. 15 of Rnrrnn. and GABoR's monograph, and those by Bnr-
srtrr and Mexre (f930) and by Pnorrr (1930). None of them are
absolutely convincing, and GunwrrscE has refused them all as
proofe of the physical nature of rnitogenetic radiation, Tevr,on
and Henvnv (1932) could obtain no efiect by exposing plates to
frequently renewed Iermenting yeaBt for ninety days.
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'iable 30. Meesurenrents of Mitogenetic Radiation by Meons of
the GETGDB Counter

Time
intelval

Impacts p€r interYal
Raciiator

(lnion loot
Onion base pulp .

Orion base pulp ,

Carcinoma of mouse
Onion root

!'rog nuocle
Frog muscle
Frog heart
Frog heart
Muscle pulp .

Control ] Irpos€d

Xxpe ments by tr'lrnr< and RoDrNow
l2 +1.3
12+r.3
l9+1.1
34 t2.4
13+1.8

5 minutes
l0 minuteB
10 minutes
l0 minutes
I ruiuutes

6 minutes
8 minutes

I I minutes
5 minuteg
4 minut€s

12.O:rl.0
42.2!1.2
39.8+0.3
23.4+0.6
33.3 +1.4

51.0+7.0
50.0+1.5
49.3-L2.2
30.3+0.5
36.7 +0.5

40+2.6
20 + r.7
23 +r.2
46 t2.4
20 l:2.2

In 1929, RAJxwsrv succeeded in obtaining direct physical
proof of this radietion by means oI a photo-electric counter (see

p.28). His data with onion roots a,nd carcinoma are showr in
Table 30. These experiments were repeated successfully by
tr'nexx and Ronrorow (f930) with working muscle (see Table 30
and X'ig.2l, p. 29). L&ter experiments of thi6 na,ture are those
bl- BaRrE (1934) and Srnnnnr and SEFTERT (1934).

However, these results have not been accepted generally,
at lea,st not by physicists. LoRENrz (1933, 1934) could show that
bringing the redia,ting material near the counter, or opening a,

shutter between the counter and source, may definitelv change
the counting rate even iJ there is no radia,tion present. To enumer-
ate : (l ) If the biological material is rrot in & closed qua,rtz conta,iner,
thc water vapor from the material, even though slight, will con-
dense upon the quartz of the counter, changing its resist&nce
and tbus altering the counting ra,te. Some experimenters have
even placed their moist material directly upon the quartz window
which will certairly change the counting rate. (2) If the water
vapor is carelully kept away from the counter, the charges which
&re inevita,bly pres€nt on the outside of the quartz tube containing
the biological material are almost sure to change the counting
rat€. (3) In one ca,se, at least, muscle was tetanized by means oI
an induction coil di.rectly in fuont, ol the windou'.

Experiments of RrrEwsKy
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Table 3Oa. Photo-electric yi€lds obtaiDed for ultraviolet light

-{uthorg

nrJ8rsrr, 1934 .

ScaEBEB, 1930 .

Grsr and Outr,r,rr,
193:l .

FBr.\.'ri sld RoDro-
xow, 1932

LoRE\z 1933

EREUCEE\, 1934

PI

cd, A1

cd
cd, Al, zn

about lxlo.
,, 2x104

,, 6x 103

,, 2x t03

,, 3xl0s
,, 2--5 x 104

2650
2540

2540

2540
2540
2540

To separate the efiect of extremely low intensity from these
other efiects is very dilficult even when their existence ie realized.
In none oI the physical measurements ol mitogenetic ra5rs is it
absolutely certs,in that these errors have been excluded, and it
seems well to view with caution the positive results claimed for
the physical detection experiments go far carried out.

A more careful description of the method of exposure, and
a numtrer of experiments with water blanls or notr-radiaut or.
ganic materials will be necessary to produce evidence which is
physically irreproachable, The experiments of Srrnnnr and
SEFFERT (1934) who obtained increased counts with several
hundred normal blood samples, but no increase with blood from
ca,rcinoma patients, are a, step in that direction. Most convincing
is the erperinent that a couater gave a deflite increase when
exposed to normal blood, but showed ao increaso when this was
removed and repleced by.blood f KCN. Many more ertended
experiments of this general n&ture will be necessary to esta,blish
ffnnlly the radiant nature oI the biological efiects.

In a recent paper, Krnucnnx and BATEMAN (1934) reviewed
the feld oI physical detection and present their results in a table
(see Table 30a) which gives the photoelectric yield (see p. 29)
oI tho surfaces used by the various investigators. In all cas€s

except the first, more than 200O quanta are required to eject
one electron. Though some earl-y workers indicated higher sensi-
tivities, it seems from later work that this value has never been sur-
passed if, in fact, it ever was reached. In his latest paper, Kneucren
(1935) obtainedyielde of from 105 to lOa quanta per electron from
hy'drogen-activated zinc and cadmium gurfaces.

Photo€lectric
ma,terial

waYelength
A

cd
K
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It would be of great advantage iI some surlace having a
higher efficiency for the ultraviolet could be obtained. pre"
liminary experiments by one of the authors using magnesium
surfaces sensitized by oxygen seem to ofier encouraging results.

RaJEwsKy estimated from his experiments the intensity
oI this radiation, and found it lor onion roots and for carcinoma
tissue to be of the magnitude of 10-10 to l0-0 erg/cirr/sec. (10 to
100 quanta/cm2/sec. for the w&ye length 2300 A). Fn-lrr and
Ronruow observed higher values; they obtained with pulp from
muscle, with the working frog muscle and heart, values up to
2000 quanta/cmr/sec.

tr'or the reproduction oI the vadous mitogenetic phenornena
with physical sources of light, much larger intensities are required
(about 6.6x106 qua,nta, according to SrEMpErr, lg32).

i) Utrsceount0d lailures in proying rsdislion
It must be stated with perfect frankness that biological

det€ctors sometimes {ail for unknonrn reagons. Probably all
investigato$ working with biological detectors have been worried
by such failures. Some of thein have published short reroarks.
Gollsanwe (1933) mentions that out of 3?B experiments with
blood radiation, in Gulwrrsos's laboratory, 54 failed on account of
a poor quality of the yeast culture which was used as detector. This
cause beca,me evident through the fact that &ll other associa,tes
using the aame culture on the same day obtained negative results.
No reason for the abnormality of the yeast culture is mentioned.

Wolrr and R.rs (1933c) working with Staphylococci had
a similar experienco. Twice it happened that all the experiments
of one day proved to be negative though the culture had reacted
promptly on the previous day. It was found that the sensitiyitv
of the culture had changed, and that a longer exposure was
necessa,ry. These authors believe that a change iIr the opposite
direction may also take place. Acs (1982) claims to have in-
crcased sensitivity by selection.

Most o{ the sudden failures of culfures to rea,ct have not been
published, but by discussing this point with the various investi-
gators in this field, practically a1l seem to have had the same ex-
perience. Professor GuRwrTScE has told the a,uthor tha,t ir his
experience such a condition usually rema,ined for several days, or
even Ior a number of weeks, and it was impossible to produce even



r
I

I
I

F

t

i

t

r

t

t
I

r
!

I
t

94 CIIAPTER IV

the simplest nitogenetic efiect. Eventually the culture reacted

normally again. Doctor HETNEMANN, aiter a very successflrl

diagnosis oI cancer by the absence of blood radiation (see p. l8l)
in Franlfurt and il l-ondon, with yeast a,s det€ctor, suddenly
experienced a conplete lack of reaction, and none of the various
a,tt€mpts to obtain normal reactions proved successful, not even

the testilg of a la,rge number of difterent ydast cultures. Thie
failure induced him to look for physico-chemical methods of detec-

tion (see p. 89), Professor WnRNDR, STEBERT's nany succesful

experiments with a ye&st detector have been mentioned in practi'
cally every chapter of this book. But with him, too, the yeast

suddenly ceased to react, a,nd he resort€d to the Gpronn electrqn

courter a,s a more dependable detector (see p.92). The author
himsell has also had long periods of negative results in his labora-

tory, a,nd they come and go at irregular iatervals.
As a rule, the investig&tors do not discuss these periods of

failure because there ie etill considerable doubt among physicists
and some biologists concerning the existence of the mitogenetio
phenomena, and the emphasis of such periodical lailures might
increase thie doubt.

While this can not be denied, it does ntrt seem wise to belittle
this experience. On the contrary, by calling a,it€ntion to it, ii
may help to explain the cause of these failures, and tbereby may
b ng a,bout & better understandiag of mitogeneiic efrects. Whether
it is due to disturba,nce by short radio waves (suggestion by
Gurwrrscn), to a change ol sensitivity of the detector culture
(WorxF &nd Ras), to a ret&rding effoct by hirman radiation
(RafiN), to climatic changes or some other cause, is not known.
The cause of thie disturbance might be nore readily traced and

overcome by the cooperation of various laboratories; At the
present, we do not klrow whether the culture, tho experiment€r
or the environmental laboratory conditions have changed, in
tact, it is only an assumption tha,t the change has influenced the
detector. If the cause should prove to be of euch general natrue
as e. g., weather, cosmic rays, terrestrial magnetism, sunspots, it
rnight be that the senders dq not function under the prevailing
condition.

These occasional failures have nothilg to do rrith the error
of the method. When mitogenetic efrects are observod, they are

outside the limits of error. The fai.lures might be compared to
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the experience of expert florists that sometimes, c€rtain pla,ntg
refuse to bloom irr the greenhouse. This was not caused by poor
seed nor wrong soil, but remained unexplained for a long time
urtil it was found that the number of hours of tight per day
decided thie.

The consistcnt observation of this disturbance, by most (if
not all) investigators who have obtai.ned large series of positive
results, points out & cornmon error in some criticigms. It hag been
claimed that m&ny simultaneous parall.el experiments prove more
than similar experiments spread orrer a longer period of time.
E. g. Kloucunx a,nd BaTEMiNN (1934) state that one series ol
theirs is equivalent to 140 single experiments by Grnwrrsca.
That ie a mistake. Ae long &s it is not known why the occasional
failures occur, nb great stress can be L&id upon the results obtained
on &ny one day. It might be a day where the detector fails, and
the multiplication of experiments on such days would only reveal
the error of the method as such, but would not increase the proof
or disproof oI biological radiation.

B. INJUR,IOUS IIUMAN N,ADIATION
It is an old "superstition" that a harmful emanation comee

from the body or the hande oI mengtruating worllen. It is believed
that bread dough kneaded by them will not rise, that food preser-
ved by them will not keep, that flowers in their ha,nds wilt readily.
Experiments to provo this have been euccegsful with somo in-
vestiga,tors (ScrocK, lg20; Mecur and LuBrN,l92Z; BdEMER, 1927)
and gave no reeults with others (SriNcER, lg2l; n'nenx, lg2l;
Por,erqo and DrDrL, lg24). Still, the beiief in this efiect seems to
have been rather ptevalent among medical men, and the term
"menotoxin" for the hJaothetica,l compound causing it is in
general use.

CERrsrraNsEN, as bacteriologist of a dairy laboratory irr
Gerhany, observed that the pure cultures used f'or dairy starters
occasionally developed poorly and abnormally. Alter eliminating
all other c&uses, it was ultima,tely found tha,t this abnorma,lity
occurred during the ueustrual period of the wouan techaician
in charge of the cultures.

A detailed investigation by CrnrsrransnN (lg2g) led to the
discovery that the efiect frorn menetrual blood paesed through
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quartz, a,nd must, thereloreJ be considered a radiation. Aside
from this proof, CnnrsrrLxsnli did not go hto the nature of the
efiect. IIe worked with menstrual blood and saliva, but not with
radiations from the body.

The blood produced either abnormal rnorphological changes
in yeasts and bacteria, or killed them. The efiect was much
stronger in sumrner than in winter, and since bne woma,n who hsd
been treated with ultraviolet light in wiltter, continued to show

J,ly

19 lulu,f

Jantrnry

$12 ftbtudry

llant

Irne

$tt Ju,

Figure 37. Alternation o[ growth and tro growtb of yeasl in droplet
cultur€s translerred by the s&me person.

-t sigae indicote growth, o signs in black bats indicate no growth.

Btrong radietion, he thought it very probable that the seasonal
difrerence was brought about by the variation in solar irradiation.
Ee called &ttention to the lact that the &bove-mentioned investig-
stors obtAining positive results had made their experiments in
sumner, while the negative ones had been obtained in winter,
Further, he showed that wino made with a pure culture yeast by
e menstruating woman fermented feebly, while the control
showed a vigorous normal fermentation,

tr'ERGUsoN (f932) during an investigation of morphological
changes in yeast by pliant radiation, obs€rved occasionally that
for short periods, coverglass cultu-res oI one yeast did not grow
when made by one certain woman student. The periods of no
growth &lternated with those oI growth through summer and
foll, while ilr winter, the controle neerly alw&ys grew normally
(fi9.37). The droplet culture 04 the coverglass requires that the
coverglass be held in the fingers while the droplets are made with
a pen dippd into the yeast suspension.
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. 
Thc above-moqtioned experiments of CsEJSTtAxsEN made itprobabtp fhat tbis failure wae due to buman r&di&tion, and somecxperinents proved tbat an emanation from the fi"g";i;;;

this person killed yeast irr 5 minutes while others -rd;;;;;;;test nrith the s&me culture produced no marked "fiu";. Irr;hi;
experiment, the fingertip was held closely o"". tnu.yur"t Uy lt"
l:1lpo"i.ol^ 

u glaes.ring (fig. 88). ln anotber exp.rimelr, 
";";i;|j","^j, 1-T: thickness was placed between firger and'yeast,(h9.38); by this method, it, re-

the case suggests an abnormal lF-{ ,wuqtqt
parallel ro Cinrstrr*""* 

" 
ot*.- -"-l'riir',i#,:,'f

rluired 15 mhutes to kill the ,/
.veast. Tbis student menstrua,[ I /
ed rarely and irregularly, ancl J// J,/ ctltt n"!

l ations. ,/

'^ "153 las be:n aP'lied '1 Z'*o'*10 a number oI people, an<! I 
- 

L-t *-""-
nas found thar this .adiatior, 

--fp-@@o.curs only very rarety. fr was r## dm,t-b/:;:il:X,

who had recently re"o..""ua rr'oa rigure 38.

h*p<s zosrer 
"i 'i" 

i""],''irl Mdhodsof. tlstins finger

about, 6 monthe after recoverv.
he frcquently killed yeast through quartz in lsminutps, but thiF

::i, 
rol.ll*"y. the case. During this time. he did noi f.;i;;;i;s-orj. -Uter 

"a 
BuTm.er vacation, he felt perfectly normal, andlrrs power of radiation wa,s gone. Wiih this person, radiationarso occurred lrom the tip of thc nose and from the region ofth. c-ve. r)

A third caee was a hypo_thyroid patient tested only once.

- A fourth case w&a onc of the authors, during B successive
days of sinus infection. Never n"to." o" ,tt""*rrar-.d1a ,#il;;show any efiect upon the yeast,

r) Thj-s les been interprctcd by imaginative but uncritical newsrnmr*porters ae a scienti-fic proof of r he ..Evit Eye.,. *g*ar"* .f il" i."iiirithis radiation does not ru,ch further lben e few b_ches, and tlrt 
"rf " _"*p.6lly 

""oritio" "pec.ies 
of yeast, could t" til"a * tU" 

""y;#r;;tre rn no wa,y responaible for this kind of puU"ity, f"t lno"'not t*n ufri"to prevent it.

most pronounced with a mari

Protoplirmr - Uorogrophisn IX: RaL!
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The experiments were always made wirh droplet cultures
through qua,rtz, &s shown in fg.38. In all more recent work,
the droplets were prepared by the same person who had been
found over a 2-year period neyer to radiate.

The only organism which reacted upon this radiatiol was
Sacchnromyces mycod,errne Wnctisporus Gurr,nnnuonn, isolated
from the scum of a fruit juice. This yeast dbes not cause fermen-
tation. Oiher yeasts showed slight retardation, but never was
complete killing observed.

Thie radiation is quite likely due to a skin excretion, as will
be shown tater (p. 185).

Another killing efiect was frequently observed with saliva.
l'he saliva of many persons changes the oval or elliptical, gra,nu-
lated cells oI beer and wine yeasts to spherical cells of increased
size, with greatly distended vacuoles and homogeneous cell con-
tents. Often, the organisms either do not grow &t all, or ce&se to
do go after a few ceU divisions.

It is not certain, however, that the efiect is one ol radiation-
It, was observed in droplet cultures which were mounted imroc,
diately above the saliva; this did not exclude a chenical efiect-
When saliva was mixed with the raisin exfract in which the yeast
was cultivated, it produced no abnormal cells, not even with half
saliva, and hall raisin extract. This seems to cxclude any chemical
efiect. On the other hand, the typical saliva reaction could not
be produced through quartz; with yea,st on on€ Bide and galiva
on the other, only partial efiects could be obtained, such as abaence
of granulation, or tendency to become spherical. The pictures
were never convincing, and it must lrc left to a later inyestig&tion
to solve thie problem.

This harmlul efiect is not typical for a,ll saliva. It ie typicai .

for the individual, and pratically independent of the diet. An
investiga,tion of the saliva reactions of several members of a
family showed the above-mentioned injurious efiect with male
nembers of the family, and one female member. Two other
females etimulated yea,st growth, produced elongeted forme, and,
with Saccharomyccs mgcoderma punctisporu;, & manner oI growth
strikingly rerembling mycelium.
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C, NECR,OBIOTIC R,AYS

LEpEscEKTN had observed (lg32a) that the stability of living
matter (plant cells, er;rthroc;rtes) is increased by irradiation with
wcak ultraviolet light, while strong intersities made cells lees
stable. The two efiects are independent of each other. He con.
cludes (1932b) that weak intensities o{ ultraviolet must help in
the s;mthesis oI cell constituents, and that oice aerea, when cell
constituents break down, the energy absorbed during s5arthesis
must be releas€d again, emitted, p&rtly a,t leasi, as ultraviolet
radiation.

The experimental proof is given in considerable detail in a
later paper (f933). The test organism was nearly alw&ys ye&st,
though parallel experiments were made also with leavea of Elnd,ea,
with petals of flowers, e-g. ol Papnaer, and with suspensions oI
Bacil,l,tts subtilis. When silver nitra,te wa,s added to a Iiving yeast
suspension in the dark room, the yeast died vithin 12 minutes,
and the suspension wa,s gray. When the yeast had been killed
by ether or by heat before the silver salt was added, the suspension
remained white, but turned gray upon expoaure to light. The
gray color oI the ailverprotein precipitate with tiving yeast wa,8
supposed to be brought about by ultraviolet rays emitted by the
dying cells. A similar difierence could be observed when yeast
wae suspended in a, mixtwe of solutions of KBr and AgNOr.
Living yeast with ether caused a dark discoloration, but wben the
yeast had been killed by ether before the AgBr mirture was added,
the mirture remained light-colored.

Siace these experimento did not erclude chemical effects,
AgBr suspensions in small quartz tubes were inserted into tubes
with dead ye&st, and also into those with tiving ye&st plus ether.
After exposure with continuous shaking in the dark room, the
AgBr suspensions were remoyed and mixed with a photograptrLic
developer. fn a experiments, the susperuion exposed to dfng
cells proved to have received some radiation.

Then, very sensitive photographic plates (Easruer Srnno-
waY) cut in small strips, were submerged directly into the yeast
suspension. Part oI the pLate was covered vrith flter paper which
excluded physical, but not chenical e{Iects by soluble substances.
After t0 to 25 minutee expdeure to yeast previously killed by
ether, the plates upon development remained [ght. With tiving



r00 CIIAPIER, IV

yeast, they were a,lso light. However, when ether was added to
the living yeast, the dying cells afrected the plates so that during
developing they turned dark, except for the little strip shaded

by the filter paper. This proved to LEPEsoHKTN's satisf&ction

that the efect was physical and not chemical.
tr'rom the absorption of these rays by glass and by gelatiu,

LnpnscmrN eetimates their wave length to be largely bet'ween

1800 a,nd 2300 A, with a very weak emission of greater w&ve

lengths. This agrees fairly well wiih the range of mitogenetic
rays. Xlom the above experiments, it seems as if the necrobiotic
r&ys were stronger then those from actively fermenting yeast

celle. LopnscrKrN could obtain an indication of an efiect upon

AgBr suspensions if he used living beer yeast instead of baker's
yoast, and ad.ded l0o/o sugar. However, though there was a slight
efiect lrom the fermentation upon the AgBr, the efiect lron
tho same nixture with ether i. e. wiih dying cells was much

stronger.
LEpEscEKTN then ventures further to state that rnany of the

mitogenetic phenomgna are in reality due to necrobiotic rays.

He emphasizes the radiatiorr of necrobiotic processea e. g. euto-

lysis and of wounds as proof for his contention. Evidently, Lo-
pnscFxrN was not familiar with the latest literature on this subject.
In the ca,se oI wounds, it is not the injured cells which rafiate,
but the uninjured cells next to the wound. The radiation spectra

of the various chemical processes are ample proof that dying cells

&re not necess&ry lor the productiorl of mitogenetic rays. Lo-
pDscuKrN appa,rently Ieels this; he believes it possiblc that
"necrobiotic rays" might also be emitted from a decomposition

of vital compounds in living cells which might be imagineable

during very rapid physiologioal processes He mentions respira-

tion as a possibility. However, it would be necessary to consider

almost all exothermic rea,ctions &s necrobiotic processes in order

to combine the two types ol radiation.
Sucsorv and Sucron'e (1934) have perhaps found the link

between LEPEscfiKTN's a,nd Gunwrrscu's expla,nation. They

conceived the idea that the "necrobiotic rays" were emitted from
the coegula,tion of proteins, and they tested it by coagulating egg

white by alcohol in quartz or glass vessels which were placed over

AgBr-suspensions as in Lnrnscnxnt's experiments The cxperi-

ment w&s carried out in the dark, and after exposure, the two
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suspensions 
_were brought into light. fn 25 erperiments, thosuspension which stood under the quartz vessel uni{imly d.*";;;

sooner than the other_

D. INFRA.RED RADIATION

.,I! might.appear rather probable that Eome orgoniems ,voulderDrt rnlr&-red rays silce some are capable of producing visibloand ultraviolet rays. The only case of near infra_red erianationxnoFn to th€ &uthors is, however, a series oI observations bv
UTEMPELL (1931) tbai sprouting peas will increase distinctlv tferale ot spontaneous decomposition of a, saturated solutiin ofHrOr. 

.Th9 efle.t passed through glass, &nd was not ;"til".;;rnust therefore be of an infra-red o"t*". Thu *.p".;;;;;;the peae rose 0.50 by their own respiration, U"t ur. **U"iri
":*.T :f 5,50 was necessary to brin! the "r;" "i;;";;;;;:,'omposition to that produced by peas.

Equally rare are observations of an efiect oI infra-rt.d ravsupon liv'ing organisms. The only one known to tf," .*ri"." i"l"experimenL by NELSoN and Bnooxs (1983). They "rpo"od theunfrrtilized- eggs of 2 sea urchin species and of orru *o"ri to irU"llre(r ra.ys- ot 8000 to I2000A, obta,ined from a Mazda lamo bvm"ane of a, Dopnocbromator. After ld to 45 _i.u;s 
";;:,,;the eggs were fertilized by the usual metbod. il;;;#il;;;

snowod, rn each of the g etperinenls a, distinct decreas" in i;"percentage fertilization. The decrease varied between lg.5o/. and87.1o/o. The tempera,ture difierenco between control ,"d ;;;jr'ggg wa,s nol moro tha,n 0.06oC. The euthors believc the;forothat the reduced fertilization is caused by a pnoto"l"rnl"ri 
"tu"i.

. An entirely difierent type of radiation shouftl be mentioned
oaly in passing. namely the bet a_radiation of potassium. Thoueh-it has been pro.ved experimentally, and i" ,i i-p""t.#-i" iil
process€s, it s'ill not be diecussed ertensively hele because thiety1le of radiation ie utterly unlike fire mitolenetic _r; 

"";;;

E. BETA-RADIATION

).t a$i-z*t ee),2",,a 2-,*za--*',-,**.'-) -1*.;;-t; );
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Nevertheless, this radiation is biologically importa,nt, a,nd

may be the chief reason for the indispensibility of potassiunr in
living organisms. Zuanonuexrn (1921) was the first to test
experimentally the physiological importance of potassium radia-
tion. IIe succeeded (1926) in keeping isolated frog hearts beeting
by substituting the potassium of RTNGER's solution by radioactive
equivalents, rubidium, uft,nium, thorium,'radium or ionium. In
34 oxperiments, he could show that frog hearts which had ceaeed

to beat in Rrxcnn's solution minus potassium, started again in
the s&mo solution alter about half an hour's irradiation by
mesothorium (in glass) or radium (through mica). After removal
oI the radioactive Bubstance, heart beat soon ceaged again and
could frequently bo brought back a third time by new exposure
to beta reys.

Scorr (1931) determined the total energy from potassium
of the average human heart to be 9.64 x l0-c ergs per second. He
etates that "one may readily conceive thet the free energy of the
beta particles can be cumulative and, reaching a maximum,
transform the potential energy of the heart muscle in response
to node a,nd bundle impulses into the enormously greater mani-
festation of kinetic energy, the systolic contra,otion".



CHAPTER V

SPECIAL PROPERTIES OF
RADIATION

MITOCENETIC

The preceding chapt€r has reve&led that the socalled mitogen-
etic railiation ie a real radiation accordirg to tho strict physical
definition ol the r.ord. It travels tlrrough spaco rectilinearly; it
can be reflected (pp. 59 and 80) ; it can be absorbed (p. 59) ; it
ehows relraction and dispersion (p.36).

The present chaptor describes some peculiar properties of
mitogenetic rays which a,re not coD]mon to a,ll tLpes of radia,tions.

A. INTER,MITTENT IRRADIATION

\'"r.r carl\' in the historl of mitogenel,ic radiatiorr. it was

discovered that the efiect could tre intengified by irradiating
intermittently instead ol continuously. The custonary method
for this purpose is the insertion, between sender aud detector, of a

rotating disk which cont'ains one or geveral ope.nings or windows.

The width of these, their number, and the rate oI rota,tion of the
disk allow one to v&ry the three items concerned in intermittent
processes, i. e., the frequency oI exposures, the duration oI each,

and tho total time of actual irradiation
The most striking result with intermitteut irradiation is the

much shorter total time of exposure necess&ry to bring sbout
distinct mitogenetic efiects. Guswnscn (1032) determiaed the
thresholrl value in mutual yeast irr&di&tion I'y mea,ns of disks

rotating at approximately 3000 revolutions per minute The

dieks contained one or several wiudows of va,rying width' The
width of the window is measured by the central angle (fig.39).
From this angle aud from the nurnber of reYolutions, the duration
oI each interval and the Irequency of interruption ca,n be calculated.

Table 3I gives the results olrtained. It indicates thet the ninimal
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actuel exposrlre must be more thau l0 secondl, I2.5 to I3 secolldg
being sufficieut. When the same experiment was tried with
unintenupted irradiation, it required 6 to 8 rninuteB to produce
e distinct efiect. The rhythmic intenuption of radiation had
decreased the threshold time to a,bout f/30th ol the emount
reqtired with contimrous exposurc.

The frequency of intenuption has soute bearing upon the
threshold value. When the frequency ie betwecn 800 ancl l0O
,per Becond, l3 secotds aro sufficient for induction. However,

tr'igure 39.
Rotating disk for in-
t€rnittent radiation.
ai righti side yierv
showing the positioq
of the two a,qa,r
blocks with the ve&Et
sides facing "each

other, for intermit-
tent muto-induction.

rhen it falls to 50 per second, 15 and 16 seconds o{ tot&l expoeure
are usually insufficient, and 30 seconds &re necess&ry to sbow &
mitogenetic efrect. This is to be expected, since it signifies an
apptoach to continuous inadia,tion. Zoclrlle (quoted from
Guawrrscx 1932, p.256\ repcated the seme expeximents with a,

hall-disk rotating at l0r.p.m. Thi6 mea,nt udJorm intervals of
erposure and irradiation of 1/.oth second each. The {ollowing per-
centeges in increase ol buds were obtained with a total exposure
time of

60 seco4ds: -7 -1560 ,, +28 +66
0 -5+64 +28

+4
+36

Tho increase in efficiency of a photochemical reactiol l]y
intemittent irradiation has its analogy in the increase of pboto-
sJarthesis ol green pl&nts by intermittent exposure. WaRBuBe
(1919) measured the amount, oI CO, absorbed by an alga, Cm,o-
BEr,r,A, during l5 mhutes oI actual exposure, either continuously
or discontinuously. A rotating disk was used which was in principlo
like that of ffg.39, but the times lor light and dark were made
equs,l. The result8 are given in Table 32. An increase up to
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practicaUy tho double a,nrount wa,s observed nith strong light,
but no difference with weak intensitiesr).

Wennunc eonsiders trvo possible explanations: either assi-
nilation continues for some time after darkening (e. g. tbrough
some short storage of energy); or, &ssinril&tion is more rapid at
the firet moments of eriposure because morc substances have
accumulaterl ready for photosl'nthesis while lat6r, their concen-
tration is only comparatively Bma,ll. His inteution to investigate
in more detail the latter, more probabic case seems never to have
materialised.

It is not at a,U certatr that thig observation is really anal-
ogous t.r the increase of the mitogenetic efiect. Wannunc tlould
double the amount of photosvnthesis by distribuling the same
total radiant energy orrer twice as. Iong a period. Guri,wrrscr,
bowever, found a 30-fold increase in the threshold value while
the greatest difference hetween light a,nd da,rk periods was only
I : 9. Besides, there seems to be no difierence between strong €rnd
weak intensities. On the other hand, we cannot be certain that
these threshold times are reliablo meaBures of intensity of radiation
(setl p. ll4).

The greatly irrtensified susceptibilitv of the lidng detcctorg
by rhythmic discontinuity of radiation shows that by this method,
radiations can be detected which otherwise produce no efiect
whatever when applied continuously. This holds true not only
with yery weak senders, but al-so with verlr' strong sources which
produce either no efiects or depressions (see p. ll5), llhe greater
susceptibility also permits transmission over longer distauce8.
While mutual induction of yeast has its limits at 3---4 cm. with
continuous e'xposure, very good results can be obtained over
15 cm. with intermitt€nt irradiation (Gwwrrscn 1932, p.260).
These facts difrer greatly from W,rnnunc'g observations with
algoe, r'here weak inteneities of r&diation could not be induced
to produce stronger photosJmthesis by intermittent exposure
(Table 3?).

,\ rkythrlLical ifteralption of the radiation seems to be essential
for mitogenetic induction, Parallel experinenis v'ere made with

t ) After thc manuacript wa,a finirhed, a paper by Errensor- and Anxor,n
(1932) come to oor notice. They were able to incr€ase photos}'ntheBis 400%
by futermitt€nt irlsdiation wbeleas W,\RRrlnc (1919) could only dolble it.
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trro digks rotating at the sanre speed, both lvith a total r-ildov
width of 750. fn one fisk, tho 750 were distributeil unifonnly;
the other disk contained optniugs, varying in size Irom 2.5o
to 30o, in iregular distribution. Only with the regul&r sp&cing
were positive resultF{ obta,iued (GuRwrrscE f932, p.261). This,
could hardly be accounted for by any of the two explanations
of WARBnRG'S.

B. INFLUANCE OF DIT'FUSED DAYLIGHT
Many of the common "senders" of mitogenetic radiation

affect other orgarriams only when irr daylight. Difrused light is
errtirely sufficient. This has been obeerved lor onion roots cut
ofi from the onion bulb, and lor the pulp of the onion base, as well
as lor the pulp o{ a number of plant tissues. In 1930, Porozriy
gavo several series of erperiments showing that the same holds
true a,lso for yeast. The experimeuts 1!'ere m&de by the Baron
technique, measuring the percerrtage increase of buds on 1.east
grown on agar bkrcks. All experiments were made b1' nurto-
indtction of yeast, i. e, bv exposing yea,st to yea,st.

Table 33. Influence of D&ylight upon the Yeast a,s Sender ard as
Detector of Mitogenetic Effects Obtained by Muto-Induction

SeDder: Dark Yeast
Det€ctor: Dark YoaBt
.xposod in drylisht i dsrk

Daylight Yeast
Dark Yeast

&ylisbt da.k

Dark Yeast
D&ylight Yeast
ilaylight I dsrk

Daylight Yeast
Daylight Yeaat
daylight I drrt

Perceatoge O.1

Incresse 5.4
in Buds 5-6

F-1r.0
2.1
1.8
3.3

16.0

4.3

2t - a.0
22 l, -8320 ). -2.523 -3.9
30
30

0 --4.5
3.2 t.8
3.t 

-i.61.0 -1.8ll.0
9..1

359
30 --,8
30 -925 1.8
24 -1529 6.3
209

verage +1.4 1-6.5 t4.0 
-5-9 +4.6 I -2.9 27.0 +0.2

Thuee lactors were varied: the Bender yea,st, the detector
)€ast, and the light during €xposure. Yeast grown in the dark
had no efrect upon yeast, whether grown ilr the Iight or the dark,
aard whether tested in light or dark. Yeast grown in daylight
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showed distinct radiation and mitogenetic eftect upon the detector
yeast, regardless of whether this had been grown in light or dark,
but only when the exposure w&s made in d&ylight. This accounts
probably lor a number of negative results by some experimentore.

Yeast grown in the dark regaiaed the property of radiation
after remaining in daylight Jor a,bout two hours.

FTiANK afld RoDroNow har-e shown, by m"ai" of a Gntcen
counter, that light, afiects greatly radiation from some chernical
oriidations, as e. g. K2CrsO? f FeSOn (p. 34).

C. SECONDAR,Y R,ADIATION
The original experiments by Gur,wrrscs had shown that onlv

the meristem, i. e. the growing tissue near the tips of onion roots
radiated while the older parts of the root, where the cells had
c('ased to multiply, were inactive. Everr the root tips radiated
only rvhen corurected with the bulb, or at least, with part of it.
Thev lost their radiation completely when gevered from the bulb,

In search {or an explanation, Guntnrscn discovered that a
root, after being cut {rom the bulb, will emit, a radr'ation when
il is exposed to ultraviolet light. This "secondary" radiation of
the root ceases when the "primary" radiation does. It seemed
quite impossible tbat the original ra-vs as such could have been
transmitted through the root bv reflection without having been
absorbed completely. A chemical efiect could hardly be passed
along so rapidly. ?here was only one alterrretive lefl: the radiation
from the outside induced the exposed cells to produce some
radi&tion of their own; these "secondary rays" again induced the
neighboring cella to radiate, and so the efiect was passed along
the root without iosirg in intensity.

This explanation was proved by many variations of the
original experiment. X'or some time, it was believed to be a

ithenomenon char&cteristic of the living cells only, until iu 1932,
A. and L. Gunwrrscn fould it to occur also in nucleic acid solut-
ions, and Wor,nr and Ras (1933, Ig34) proved it to be primarily
a photochemical phenomenon.

Ma,ny iiluminating details have been worked out by Porozxr
and Zocr,rNA (1928), ATEXaNDDR, ANNA aIId Lr-nre Grnrurscx
and others. Secondary radiation was observed in muecle, in livcr,
in nerves, in suspensions oI ye&st, of baoteria, of protozo&. In
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all these csses, Becondary rediation seemed to be glycolvtic. The
fact that livers from st&rving &nima,b which are free lrom glSrcogen,
did not radiate, supports this view. Ilowever, this cannot be
genera,lized because the Becond&ry radiation from nucleic acid
iA ro, glycol,-tic.

By this mechanism, prima,ry radiations can be spread and
transmitted to distant parts of the plant or aninal body. It rvill
be shown later that the tips of onion loots are only Becondary
sendeN; the primary r&ys are produced in the onion bulb, by
oxidation.

This spreading of the mitogenetic efiect can lrrl plainly shown
with densely grown &ga,r surface cultures oI yeast. Gutirllrscr
irradiated such a culture through & slit 0.1 mm. wide. When the
percentage of buds was counted, there was a distirct increose
not onlv in the irradiated region, but &s f&r air lOmm. distant.
The increase in buds was 650/o at the irradiated zone, and at a
distaflce of

too% 87%
3mm- 4nb. 5mm. 6mm. ;mn amn,
86% ?e% 80% 80% 55yo 43o/o

t hm. 10 mD., it va
3?% 25% respootivoly

Experiments with larger irradiated surf&ces g&ve the sa,me &rnount
of spreading, 9-12 mm. from the border of thc irradiated area.

The ability of roots to produce end conduct secondary
radiation is limited to a short timo a,fter the severing of the root
lrour the bulb; Porozxy and Zocr,rNe (1928) found a positive
efiect after 30 minutes, but notr alter 40-45 minutes,

The same euthors could aiso show that the production of
secondery radiation exhausted the plant rapidlv. Freshl-v-cut
roots which gave strong secondary efiects during the first 5 mimrtes
of irradiation showed no reaction after 10 more rninutes of ex-
posure to monochroma,tic light oI 2020 A.

Another erperiment with starving yeast cells may help to
throw some light on this phenomenon. Yeast cells radiate imme-
diately a{ter being washed, but not 30 minutes later. Even then,
the organisms will still produce secondary radiation under the
iniuenco of an arc light spectrum. This exhauste the yeast so
much, that one horu later, it has produced 4lo/o less buds than the
unirradiated control. Exhaustion has also been demonetrated
with chemical solutions (see p. 44).

A very recent illustration for such exlaustion has been givet
by Leruexrsowe (1932) on the secondary radia,tion from nervee
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afte,r mitogeletic irra<liation. The sciatic nerve ol a frog was
irradiated by a yeast culture. Another yeast block, serving as
detector, was placed near the irra,riiated part of the nerve so that
it was exposed only to secondary radiation from the nerve, bul,
not to prima,ry ndiation from the yeast. This block was changed
every 5 minutes. Fig.40A shows that the induction efiect of
secondary rays is verv strong at first, but decreases ifter b minutes,

f igure 40.
Secondary radiation from
a, nerve expoBed to con-
ti4uou8 ye€,st irradiation.
,4: the 6lgt 40 minutes,
showing exhaustion ol the
nerve; B: a norye, ex-
hausted after 35 minutes,
is given l0 minut€s rest
a,ft€r which irradiation is

continued-

and after a,pproximately 30 minutes, it has disappeared, and does
not appeq,r any more upon continued irradiation.

If, howover, the nerve is given a "rest" for l0 ninutes,
by removal of the source of iradiation, it will recover sufficiently
to react again upon renewed irradiation (fig. aOB). But the nerve
is still "tied" and will become much more readily exhausted
than the firsi. This phenomenon, too, is not characterigtic of nerr.cs
onty. It can be duplicated with cell-free solutions (p.43).

Tho observation that secondary radiation coulrl be passed
on over considerable distances, suggested measuring the rate of
travel. After some preliminary experiments by Ar,oxernnn,
Gunwrrscr, ANNA Gurwrrscll (103f) m&de some &ccurete
mea,su-rements with onion roots, by meaqs of a rotating disk
(fig.4l). This had two windows, ono nearer the center through
which the primary rays (from a yeast culture) fell upon the older
part of the roof,, a,nd a,nother towardg the periphery of the disk
tbrough which the radiation from the meristem of the root fell
upon the detector, I'hese two slits were 80 arra,nged on the rotating
digk that after the primary rays hail fallen upon the root, the disk
had to be tuured through 500 before the seconda,ry rays from the
meriet€n could fall upon the detector. This central angle was
varied from 200 to 85o. With e defnite speed of rotation of
3000r.p.m., only the angles between 250 and 500 gave positive

lrr
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results. This signifies lrhat & certain time (0.0022 seconds) must
pass before primary radiation {alling upon one part of the root, is
conducted to another part and is ernitted there. These values
refer to a condition over 2.5 cm. Then. the distance was increased
to 5 cm. The central angle for positive elTects was hereby increased
to between 400 and 700, which means an averege increase of l5o.
This corresponds, at, 3000 r.p.m., to 0.00083 6cconds, and this is

Figure 41.
Rotating disk for measur-
ing the m,te of trevel of
secondary radiation in
onion roots. At right, side
view showing position of
primary aender 8, onion

root, and detector ,.

the time requiretl for the secondary radiation to pass the additional
2.5 cm. The rate of conduction is therefore about 30 meters per
second.

Allowing the same time for transmission through the other
2.5 cm. of root, the total time required for transmisrion through
5 cm. ol root is 0.00166 seconds. The l,otal time corresponding to
the average angle of 550 is 0.00306 seconds. The-difieronce,
0-0O140 seconds, was required for processes other than conduction,
such a"s local rea,ctions at the points of absorption and emiesion.

Recently, l,arm.tNrsowe (1932) has measured the rste of
conduction oI secondary radiation in the eciatic nerte of the frog..
The method was exactly the same, except that the 220O A area
of the copper arc was used es primary soruce. This was sufficientlv
int€nse l,o permit the reduction of the window for primary radiation
to 30 and that for secondarv radiation to 10. The accuracy of the
method was thus greatly increased, and the rate of conduc;tion in
the nerve was lound to be 30f3 meters per second. This is in
good sgreement with physiological measurementa on the ratc of
cronduction of nerlr impulses.

In the experiments with seconda,ry radiation oI onion roots,
r"adiatiou was obgerved from the same side ol the root which had
been exposed to primary radiation, tr\rther experiments showed
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that the ratlia,tion efrect was traasferred longitudinally with great
ea,se, but that no conductiou occuirod transversely across the root
to the opposite eide, In the nerve, however, strong radiation has
been obt&ined from the unerposed side (LArMANrsowA 1932).

An importa,nt phenomenon for the explanation of mitogenetic
efiects is the observation (GuRwrrscE 1932, p. 300) that radiating
cells or tissues lose this power rather readily when they are them-
selves exposed to mitogenetic rays. Even young. actively radiating
cultures lose their power when erposed to their own wave lengths.
l'our yeast agar blocks wero placed so as to irradiate one another.
The firgt mutual induction was plainly noticeable. After l5minutes,
they were separated and tested as s€nders; one was tested at once,
the otherg after 15 and 30 minutee. None produced an increase in
budding, as the following data ehow:

llutuel induction during l5 minutcs

After 15 mi4utes muto-induction, efiect upon
new det€ctor

After 15 minut€s muto-uduction and 16 mi-
nutes recovery ., OTo

Aft€r 15 minutes muto-rnduction and 30mi-
nutes recovery 1.8% ,,

Perhaps 30 miautes is too short a tine Ior recovery of past, the
generation time of which must have been at least one hour under
tle condition of the expcriment.

This phenomen<.rn itself can be at least partially explained by
the experiences with secondary radiation (see p.45).

Practically a,ll th€se fa€ts had been discovered, before it was
Jound that in certain cell-free solutions, the same efiect can be
obtained (see p.44). This does not alter the explanations mate-
rially, however. It oaly mea,ns that socondary radiation need not
be cqnnscted with life proceeses. It is brought about by some
ur rnown influence of ultraviolet rays v'hich induce certain
chemical reactious il cells or complex organic substancee.

fn their latest publication (1934a), WoLrF and R.a.s point
out tha,t mitogenetic rays become polarized by reflection like
common light does, and that apparently, polarized mitogenetic
rays havo an enormously greater biological effect. When mito-
genetic rays fall upou any cell, it seems highly probable that at

37o/o increa,ae ovor conttol

./o

Protodsns- onoslrllisl IX: Rshr
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leiret part oI this radiation will be rofloctecl from the cell walla,
and thus will become polarized. It is not possible, at tho present
moment, to foresee a,ll the consequences of such pol8,!i8a,tion.

D. INTNNSITY OF TEE MITOGENETIC EFFECT

It has already been stated repeatedly ihat the intensity of
the efiect is not proportional to the intensity oI the radiation.
One very simple reason for this is the ugual method of recording
tho results. The "induction efiect" as the increaso in the exposed
yeast over that of t'he control, expressed in percentages of the
l&tt€r camot possibly be used a,s qua,ntitative measure, as ex-
plained on p. 79.

The error of this method of recording results becomes nroet
evident wheir applied to pbysical measruements. If the number
of impacts induced by biological radiations is erpressed in per-
centage of the stray radiations oI the su.rroundings, it is utterly
meaninglcss from & quaDtitative viewpoint because this stray
radiatiol (the background radiation) cau be greatly altered by
shielfing the instrument with iron or lead. This does not allect
the intensity of the biologioal rsdia,tion at all. The "mitogenetic
efiect" as used ospecially by the Russian investigntors has no
quantitative valuc whatever. It is not surprising that it waa
never possible to use it for mea,suremonts of inteneities.

The customary way of comparing intensities iB to compa,re the

'";ni'''a,l tine of exposurc (tbreshold time) required to give deflnite
mitogeuetic ellects. This method hoe been uged repeatedly by
the Ruseian workere, and recently also by WoLrF and Res.
Examples may be found in Table 12 p. 44, Table 46 p. 145, a,nd

Table 49 p. 157. However, there are physrcal reasons to wam
against quantitative conclusions from threshold tiines. It has
been poiuted out abovo (p.24) ther, with photographic plates,
the reciprocity law (double inten^sit5r means hall as long exposure)
does not hold urith very low intoruities.

AII previous me&suremetrts of intensities. have become
practically mea.ningless sinco Wolrr and Res (1934a) showecl

th&t mitogenetic r&ys may easily become polarized, ond that
polerized rays havo an enormously much stronger biological efiect
than the ordinary radiations of this type.
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E. NETARDATION TM,OUGE RADHTION
It seems quito probable that an overdose of radiation might

produce the opposite efrect of mitogenesis, and prevent or retard
nitosis. Grrnvrrscn called this phenomenon mitogenetic de-
pressiot which, really, is a self-contradictory term; it should be
"depressed mitogenesis". Obs€ryations of this kind haye been
recorded rather frequently, but the circumstance that differont
detectors sometimes give opposite results, warns against haety
conclusiong.

As early as 1928, SussM-a.Nowrrsox furadiated onion roots
biologically for 12 hours aud longer, together with control roots
exposed only during the last 2.5 to B hows. She observed a
decrease of mitoses in the exposed side of the root as compared
with the opposite, sha,tled ono. This was interpreted. as ..ex-
haustion" by too much radiation. Stroug physica,l light produced
the samg depresorion in a few minutes.

ft must be remembered, however, that with roots as detectors,
we have no real controls; a difierence between the two sides of
the root may mean stimulation on one side, or retardation on the
other side, or both. In this case of over-erposure, thero may
have been retardation through over-exposure, or it may mean no
efiect through oyer-exposure, and stimuliation (througb secondary
raalia,tion) on the shaded side.

We mwt therefore tur.ll to other detectors which permit
absolute controls, i. e,, to unicellular dotectore. The yeast bud
method appears to bs the one by which ,depression,, is observed
most e.asily. But it is just these retardations by the yeast bud
mothod which aro frequently contradicted, in the same erperi-
ments, by parallol measurements of the actual cell incre&se.
Tablo 34 shows SatKrNl'r experimenis (f 9$) with rat lilood
radiation. With exposures of 2.5 minutes and. longer, the
percenta,ge of buds showed a decrease a,g&in8t the controls, the
actual number of cells, however, is langer tha,n that oI the coutrols.
Thie can ouly mean tha,t tho yeast bud technique fails to indicate
the true grovth reto (s€e p.6g).

Real retardation by biological radiaiion can be measured
only by decrease in the growth rate. The meaaurement of tbe
actual nunber ol cells permits of only oue interpretation I a
smaller increase tha,n in the control can only signify a retardation
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Table 34. Induciion Xffecta from Intermittent Radiation of
Rat Blood, as Meagured by the Relative lncrease in Yea,st Buds,

Leagth of
Exposure

Induction Xfiect obtained

by yeast buds I by l"*t ""["
13;3 |7 s€conds

15.
30

1.6 minut€B

6,,

; 4l: 30
l7;20;28;30;35

6;9;13
-31; -41

-18; -20; -23; -24;
-24; -26; -28; -28;

-30; -33; -33; -36

l;7; l2; l3
47;69

46; 50: 57; 69; 14; 123
22; 22; 40;43; 109; l2O

10

m

ol the groE-th rate. Such cases are elso reported. Wor,ln &nd Res
(see p. ?7) cousider it the normal re&ction after oontinued irra-
fiation. In his ana\rsis oI this phonomonon, Serxrxo (1933)
obsewed that with prolonged irradiation, the depression did not
increase- A moro detailed hvestigation revealed a certain periodi-
city; after stimulation lollowerl depression, but a,fter depression,
if ratliation continued, again stimulation could be observed,
(tabte 36), This was the case with physical as well as biological
Eondet8. In each instance, as vell in the experiment of Table 34,
irradiation was epplied intermitteutly. No deli,ni.tc Jreriodicity
could be found in SALnND'g dat&,

Gunwrrscs as well as Wolrr and Rls (1933c) have verified
this observation of severel maxima a,t widely difrerent oxposrue
times while betrveen these maxima, no nitogenetic efiects wero
obtained.

A strihing pa,ra,llel exists between this efiect and that of tho
photographic platc, &s ma]' be seen by tbe following quot&tion
from Nnnr,nrrr (1930).

"Revereal by Light: With a short exposure to light we get a
Itteot imrge which on developaent yields a neg&tiye. If the expoeure is
bgthened considerably, the image becoeee positive instead of neg&tiye
when developed, *hile still further expoeure will produce a secotrd negatiye,
ard it is proboble that the cycle-may be repe&t€d indefinitely, *lthough
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Table 35. Poriorlicity ofthe Mitogenotic Effect Measured by tb6
Increaso in Cell Num.bsrs with yos,st

Perceutage Increa,oe ovet Control Cultures

Source of Redi&tion

Expriment No. .

Exposed for 18 second!
2 minut€g
5,,
8,,

l0
t2 ,,
l6
I8
30
40

Line 2360-4,

Carbon(or Cu )
Arc light

Ag&r Culturc
of Yeast

Benm Albu-
min in

gastric juice

+48

-8
+8

-13
+37
--40

-8
-18+l
+

-19
+30

+20
+94

-6
+38

+6

+39

-lr

+43
+85

+77
+17
+7
-16

+80

--38
-,-32
+37
+88
+?9
+40

owing_ to tho onormoua exposunes required, no ooe has be€n able to go
Fest the second Dog&tive stsge. The reoctione vhich result h rsversal srogtill obecure-"

Gur,rurscs (f932, p.2f9) gives some exa,mples where, aftec
too lorrg a,n exposuro, the efiect wa6 not a,t once harmful, but was
delayed for a short time, a,cceleration being noticeablo lollowed
by a distinct retardation. I{e calle this .,secondary depression,'.

I'. ADAPTATION TO GRADUAL INCBDASES
IN INTENSITY

When the intensity of radiatio[ is gredually increased from
below the lbreshold to a rra.lue whjch would produce a strong
efiect under usual conditions of erposure, no incluction takes placel
This hae been demonstrated most simply in erperimonts on miutual
yeast irradiatiou (Gunwrrscr 1932, p.263). Ar erperiment war
st&rted vith two yeast agar liocks mounted 6 cm. apart, on the
novoble substage of a microscope. This distanco ii: too far to
pmduce a mitogenetic efiect. Very slowly, the tvo blocks were
made to approach one another, until after 5 to g minutes, they
were very close together; they remained in this position for some
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time. The total irradiation time corresponded to tha,t oI adrother
Bet sith the ssme yeast sr ture which had been placed in the final
1ndti@ at ttre stsrt. While tbis l&tt€r set showed increases of
!() to fl)% over the controls, the yeast of the equa.lly long exposed,
tnt gndurlly neoring agar blocks paralleled the controls. The
€m rcguired for this slow approach must be about 5 to 6 minutee.
When it is redueed to 3 mGubs, the regulai mitogenetic efiect
is oberred.

The same phenomenon was obtained when an e,lliptical disk
vas rotat€d betwoon two }'eaet agar blocks. This disk was mounted
60 tb.t iD' rotstion, it gradually exposed the two agar blocks to
cactr otber, and gradually shaded them again. This was sulficient
to preYent induc,tion.
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ANALYSIS OF THE MITOCENETIC EFFECT

At the present time, the mechanism by wNch short ultra-
violet rays afiect living oells is not understood. This chapter
does not ofier one theory, but presents & number of attempts to
account for the various phenomena observed.

These rays were not discovcred b.v chance. From a certain
rhythn otrserved in the fivision of the sperm cells of amphibia,
and in plant roots after special treatment, GuRlrrrscE (1922)
predicted a factor which controlled cell division. Xlom the mode
of action, he colcluded that this lactor could not bo chemical-
but must be of a physical nature. and in 1g23, he succeeded in
proving it with onion roots,

Mitogenetic radiation was considered at 6rst merely from the
cytological viewpoint, ae an emanation produced somehow in
the very complicated procers of cell division. Only after 1g28,
when Srnnrcnr proved this radiation to be emitted also from
purely chemical oxidations, the physico-chemical viewpoint
entered into consideration. Tho theories vhich were developed
durilg the "biological stage" oI the discovery have never been
fitted completel}' into the physico-chemical facts observed later.
Ilence, we lack a clear conception of the working mechanism of
these rays.

Gun$rrsou has always distinguished between the ,'tlreflebt',
the prinary efiect which is the increase in the number of mitoses,
and all other ofiects of second&ry importance. All of Gunwrrscs,s
speculations and explanations start with the results obta,ineil with
oniou roots; these were the first detectors, and eince he mado a
large number of exporimeDts with them, they &re to hirn probably
the uost familiar gf all detectors.

Ifowever, they have ihe great disadvantage of not ofiering
perfect controls. Thc number of mitoses in difrorent roots eyen
from tho same bulb varieg greatly. The customany method is to
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use the sh&ded, unexpos€tl side oI the same root as control; but
rve ca,nnot be at all certain thet inadia,tiou oI one side does not
influence the cells on the opposite sido as wel. fn fact, Rrrron
a,nd GrBoR claim thaf they are afiected.

The auihors of this book who have made no oxperiments with
onion roots, but are familiar with ye&sts and bacteria, prefer to
st&rt with these simple, unicellular forms as the first objecte for
en att€mpt to interpret the primary nritogenetic efiect. The best
method for this purpose is tho yeast bud method by TUTEILL

and Resr (p. 68) where all cells ere of the samc age; no secondary

radiation from older celLs complicates tho a,nalysis, and the per-
centegle of buds ie a true me&sure oI the rate of cell ditision.

Any interpretotiou oI the mitogenetic efiect should account'

at least {or the most remarkable facts observed. The following
have been gelected as the most impoftant:

The necessity of a particular physiological stage of the cell.

The relation between the intensities of radiation and of
efiect.
The minimol intensity requirod lor an efiect.
The barmful efiect of over-exposure.

A. THE NECESSITY OF A PAR,TICULAR
PHYSIOLOGICAL STAGE

This necessity will not appe&r improbable to a c1'tologist.

The cells of growing tissues ar€ morphologically end chenically
quite difrerent from the old, resting ce,lls o{ the samo tissue. ThiB

holtle not only lor the larger plants and animals, but also lor
cultures of yeasts and bacteria (see e. g. IIENRTCI, 1928).

Wlen any cell changes frorn the stage of active cell divisiqn
to the restirog stage, this is caused by some external or internal
lactors, These factors must be removed, or changod, before old
cells can divide again. With ruricellular orgenismE, rejuYela,tiol
ir brought about by traleferring the old cells to a freeh medium.
The old cells need from one to eeveral horus before they are

"rejuvenated", i. e. able to multiply at the normal rate. This
period of adjustment is called tbe lag phasq (see p.67). In
multiaellular orga,nisms, old cells can be iaduced to cell division
by wounding, or by unkuown outeide stimuli as in the case of
g-all formatiou in pla,nts, or neoplasma in animals'

(l)
(2)

(3)
(4)
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I It would not apl)ea,r probable that a, resting cell ca,n be

! induced to a now cell division by a short, weak irradiation. Though

! ve do not really understand physico-chenically the ageing process

! oI a cell. it doee not seem likely that the factors which induce

I "g"-g could bo removed by irradiation. This is bome out by
! erperimont. Mitogenetic effects are not, as a rule, observed with
I otd cells left in an old euvironment.

I The stago of active cell division, does not appear very favorable

I either for mitogenetic efiects. Wor,rl and Res (1932) make the
I unrestricted statement th&t mitoge!.etic efiects can be obtained

I only during the lag phase, but not later, i. e. not during the phase

J oI constant growth rate. Their experimeuts support this claim.

I They explain it by the assumption that the rapidly rnultiplying

| <elJs irradiate one anothcr. and beiag so olose togethpr. thcir
I own radiation is stronger than that from any external source,

I wbich is necessarily weakened by distance and absorption.
I If this explana,tion were correct, such cultures should reect

I to outside irradiation a,t low t€mperatu.res where the rate ol
J metabolism. and consequently the intensity of radiation, is weak:

I they should also re&ct to an extornal source when they are widely
I dispersed so tha,t the cells are far apart. The la,tter wa,s t ed

I without success by X'ERGUSoN ancl Rasr (1933). Cultures of

J Backrium coft', 24 hours old, never reacted upon irradiation,
J whether exposed as such or diluted I: 1000O, vhile older cultures

I g"ou '0".y pronounced effects. The fact that actively dividing
I cells do not respond readily to mitogenetic rays is thus verified,
I but, the explanation by Wor,rn and Res is doubtful.
I With yeaste as well as with bacteria, the stage of rejuvenation,

J the lag phase, is ono of strong response. Very striking are the

I results of TurErLL and RAHN (Table 21, p. 68) where the yealt
I produced buds very rapidly when exposed within halJ an hour
I after treing transferred to the fresh nutrient medium, but lailed
I to respond an hour later, though the control had not as yet started

I to produce buds. There seems to be one etage during rejuvenation
I when the ceIs are most susceptible.

i The explanation may be cy.tological, chemical or physical.

1 It may be that but one mitotic sta,ge can take advantage of theI energy introduced into the cell by this radiation. Perhaps, a
certain chemical process in the rejuvenating cell is greatly stimu-
lated; e. g. the ultraviolet, by means of a chain reaction, might
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set up the rcduction potential nec.essary for normal cell funqtions
(light the ca,ndle which then keeps on burning as long as the cell
feeils normally). Or, possibly, the cell wall becomes tra,nsparont
to thes€ r&ys only at one certaia sta,ge o{ deyelopment. Whatever
be the expla,na,tion, it must be kept in mind that so far, the later
stage of active cell fivision does not seem to be greatly influenced
by these rays. It appears that the difierenc6 between rejuvenation
a,nd active cell division nright give us the clue for the mitogenetic
efiect.

There seems to be another stage where cells respond, namely
immediately belote entering the resting stage. The description
of the physiological condition ol Belox's yeast plate (p.66)
Buggests this strongly. The volunetric method as described by
Kelntpenorr (p. ?3) appears to make uge of this stage, and so
does IInrlTuueNN's hemac;rtometer method (p. 72). Apparently,
the cells, at the point of going to rest, are stimul&ted to at least
one more cell diyision by irradiation. This may also be the cause
of the mitogenetic efiect in onion roots (see p. 129). This need
not necessarily involve a mechanism difierent from that assumed
in the rejuvenation process. It may well be that in tho ageing
cell, the additional, properly dosed energy from the sender preyentg
e certein phase of the ageing process, for & short time, sufficiently
long to permit one more cell division. This may be the same
mechanism which, under the more favorable conditions of ro-
juvenation, is stimulated so greatly.

B. RJI,TTION BETWDEN THE INTENSITIDS OF
RADIATION AND OF EFFECT

It has been one of the most annoying puzzles of mitogenetic
experiments that there seemed to be no proportionality between
cause and efiect even when polarisation ig ercluded. We could
not expect this with detectors involving secondary radiation by
old cells, such as the onion. root, Benow's yeast plate, or the
volunetric yebst method. But eyen with the yeast plate oI
turnr.r, and Rlun, where mutual cell influences are practically
excluded, the percentage of buds was not at aU proportional to
tbe length of irradiation time. When lreshly prepa,red detector
plat€s were exposed for difreront lengths of time, the following
percentages of buds wete found (after 2 hourg of incubation):
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lLe sender was a 6 hours old yeast surface culturc. The expoeure
of 20 minutes produced a strong efiect, either tlirec y or t ough
quertz, lSyo more thaD. the contuol. U there werc proportionaltJ,,
the lO-mtlute erposure should have produced 

-*rr - 
irr"""u" oi

approximately 7 o/o, all.d t\e 40-minute exposure a B0o/o increase.
Neither of those other times showed anv great efiect, 

'iowever.

- 
This may be explained by the recent discovery of lryoLFF

and Res (p. 43) that nutrient media produce secondary radiation
when they have been in contact with microorganisms. The
entire detector plate begins to emit radiation as soon as it is
expos€d to a sender, The intensity of secondary radiation does

I d_ 

"nu"a 
so much upon that of the prinary source as upon

tho chemical composition of the inedium. 
-AIl 

hope lor p"opo"tioo_
ality must be given up in this case. Onty witf, a me&um *hich
does not produce seconda,ry rudia,tion, dols a biological measure_
ment oJ intensity seem a,t &ll possible.

C. TEE MINII}ITTL INTENSITY R,EQUIRED FoR AN
ET'FECT

-\ll measurements of the intensity of mitogenetic rays arerery inaccurate, but the order of magnitude of the strongest
*nders appears to be about 100 to 1000 quanta per cm, 

"per

*_Tnq. The detector plate by Blcor is completely Joo"""d #th
ell6, but that of Turmr,r, and Rerr has si.gle cells. The pro-
botilit y that.a ye&et cell of 6 r 7 p is hit in oni 

"""ord. 
*r.uiiog

lll0o quanta/cm2/sec, is

P:0.00000042x1000
:0.00042

The probability of being hit in one minute is 0.0252. It will
ttquhe 40 minutes of continuous, uniformly dispersed radiation
before eaeh of the yeaet cells is likely r,o Ue hit iy one qu&ntum
ol ultraviolet light. Siuce we find the strongest eilect r.r-rider this
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anangement at 20 mhutes (see above), it would seem that ono
quantum per cell is sulficient to produce the mitogenetic efiect.
There has been a good deal of speculation as to the mechanism
by which one single quantum could affect the cell so greatly.

However, since certain solutions such as blood serum, or
broth in which bacteria have lived or are living, will produce
seconda,ry ndiation, the assumption of a $ingle qu&ntum a,cting
upon the cell has become unnecessary, even improbable. The
raisin agar upon which the yeast is spreod will gradually become
trans{ormed into a secondary sender by the very presence of the
yeast. frradiation will then set the entire rnass of agar radiating,
and the number of quanta thus produced, or absorbed by the
cells, cannot .be estimated.

It is known that yeast cella, or onion root cells, or pulp o{
tissues, yield secondery radiation; it seems s&fe to assume that
living protoplasrn genera,lly will respond in this way. Then, if
the cell absorbs orre or a number of qua,nta, of ultraviolet, the
entle cell begins to radiate, not visibly, but measurably. This
induces a state of excitement, &nd it is quit€ probable that a more
rapid cell division may be brought about, provided that the cell
is at the proper cl4ological st&ge. Possihly, the s;mthetic powers
of the ccll work to & certain morphological and physiological
culmination ryhich can be released only by a verv accurately
measu.d impulse, i. e. the absorption of one quantum of ultra-
violet of fairly defaite wave length. Consiilering the systematic
arra'tlgem€nt of all molecules in the cell, it can be woll imagined
thot guch a release will start rnany wheols turniag, many processes
going on automa,tically and exothermic&lly, until cell ilivision is
conpleted.

This is, in slightly difrerent terms, Gunwrrscu's original
conception of the mechanisn of the mitogenetic efrect. He claimetl,
and seems to assume even uow that no cell division is possiblc
without this external, ultraviolet stimulus. It would a,ppear th&t
single-cell cultures oI bacteria and J'e&ets were a proof against
this aszumption, but they may be explained i1 some other way.

One fact, however, nakes the above explan&tion too simple.
Every ferm€nting yeast cell [berates, urithin the coll, energy ol
definit€ uritogonetic wave lengths, namely oI 1900, 1910, f930,
l95O and 2U0 A (p.37). I{ all ye&st cells produce this wa,ve
lengtl , b ow can cells be stimulated by the same w&ve lengthe from
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.n extem&l source ? We may retum to the first of our fuudamental
facts tbat only at a certain cytological stage, cells will react to
mitogeDetic radistiqn. No reaction has beon observed at the
sage of most active multiplication which is also that ol most
active metabolism. A very definite and strong response was
obt&ined a,t the first stage of the rejuvenetion process. If we
could mako the a,ssumption that during the periorl ol sensitivity,
the cells show no metaboligm, or at least emit no ultraviolet,
&en t'ho mitogenetic effect cotld be easily expleined. But the
assumption is not justified. RAIN (1928) and R^Hli aud Benr,tos

11932) found tbat old yeast cells, compressed baker's yeast as
*ell as beer ye&st stored for seve,ral weeks at low tempera,ture,
fermented strongly within l0 miuutes altor being placed il
sugar solution.

Whateyer the erpla.nation, it is cert&in tbat the mitogeuetic
efiect does not occur merely through the increase in cnergy
r:ontent of the cell.

D. THD HARMFUL EFT'ECT OF OYER.EXPOSURE

The harmful efiect of over-erposure, ig more easily under-
stood by tbe secondary radiation of the cell and ol thc medium.
Before this was fountl, the stimulating efiect which the first
quantum had produced, cplrcared to be counteracted by the ah-
sorptiou of a second quantum. No*'we realize that the first as
rell as the second quantum are probably multiplied manl..fold
sithin and outside thc cell.

It has been shown (p.43) th&t too long exposure <lestrovs
the ability oI n sohrtion to producc secondary radiation. AJter
a day or two of rest, this property retums. Nothing is known
about the chemistry involved, but the assumption of a.n equiJi.
brium, disturbed by irradiation ancl slowly re-established after
discontiluance, fitB bcst r'nto our present conceptions of life
fonctioru.

Sonething similar to these effects may happen iu the cell.
Il'e have already seen that very likely they are all capable of
secondary ra.d-iation. They also will becone exhausted upon
long-continueil exposure (p. ll0). Moreover, it has been shown
that recovery is slow, If we &ssume that all cells are brought to a

"late of radiation, or excitation, but that only those cells which
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are at the proper cytological st&ge can respond to this stimulue
by dividing more rapiclly, the cell.s of other sta,ge6 will soou become
erhausted. Thie would mean at fust a normal rato of cell division,
a,nd eventuelly a temporary interruption of mitosis, on &ccorurt
ol exhaustion of certain chemicals in tho cells, by the prolonged
secondary radiation.

Since exhaustiou oI solutions lasts foi a day or two (p.43)
&nd exhaustion of cells {or horus (p. 110), it would be dilficult to
expls,in tho periodica,l a,ltemation of stimulation amd depression
observed with long-continued inadiation by SAr,r ND (p. 116),
The data of WoLFF a,nd Ras (Table 25, p. ?7) aleo seem to
indicate recovery from depression though irradia,tion is continued.

The time during which mitogenetic efrects can bs obcerved
seems to vary with the detector. The sharpest limitations observed
are those by WoLrF and RAS (Table 12, p.44): strong positive
ellect vith 5 minutes exposure, none whatever with 4, 6, 7 or
8 minutes, etc. This is doubtless c&used by the uniform age of
all cells i! this kind of det€ctor while BARoN's yeast plete with
cells <.f many difierent physiological sta,ges, has a more gradual
range of response and tolerance.

E. STORAGE OF MITOGENETIC CI{ARGES

tr'rncusor alld R lEN (1933) observed that bacteria,l cells
could be kept in their old environmeut for 2 hours a,Iter exposu.re
to nitogenetic rays, a,lrd still show stimula,tion of gror.th wheu
transferred to a fresh medium (Table 36).

Table 36- 3-day old culture of Bacteriurn coli, irradiated by an
s,g&T culture ol Bacteriurn cold for S0mioutes

hansplanted 2 hours
after irtadiotion

Exposed

start
after 2 hours

,,3,,

,,6,,
,8,,

4 950
4 950
5 t00

24 fiO
234 20{t

5 050
5 750
6 500
8 ?00

83 500
I 600 000

!t 350
3 700

3 &50

l0 500

3 950
5 900

5 2(n
44 000

trenopla,nt€d immediately
after irradiation
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The storage of e&ergy as such appears out oI the question.
A contimred internal secondary radiation is also impossible. We
tan only assumo that tbe cells were cha,ngcd chemically, that the
unknown procese of rejuvenation was released, but could not
materialize urder unJavorabls environm- enta,l conditions; as soon
ra this situa,tion was altered, rejuvenation set in at onco. This
observation ma,y eventually help to locate the exict process
relea,sed by the mitogenetic impact.

r. MECHANISM OF THD BABON YEAST DETECTOR
I-n his monograph, Gulslrscu deyotes 50 pages to the

a[a,lysis of mitogenetic efiects in the BAnoN yeast plates. The
limited space of this book does not permit detailod quotation,
eopecially since the complexity of thig detector leaves too na,ny
possible explanations. However, since it is a good lmrallel to
multicellular detectors, wo ghall at least give a brief summary
here.

The complox structure of tho Benox yeast plate, with old
oells, beyond the stage of cell division, on the surface, a.nd with.
aomally-dividing cells at tho bottom, ha,s been described ilr detail
ou p. 66. The old sudace celle r€act upon irrad.iation by producing
seconda,ry redi&tion. They can emit only a, definite (though
unlaown) anount ol radiation. After thet, they aro erhausted
and remain inactive, though absorbing ultraviolet, for the duration
of the experiment. The numbct oI these secondary senders
decreases therelore gradrrall.r during cxposure.

The absorption of one quantum is sulficieut to induce
*conda,ry radja,tion irl & surlac€ cell provided that the eell is not
too old. Secondary radiation consists in the emission of a number
of quant&. Since the emiesiou tekes place in all direotions, the
intensity decreases very rapidly with the distanc€ lrom this cell.
Eowever, since iu this detector, cells are lying closely side by
side, a quantum emitted though secondary radiation may be
absorbed by another reactive cell which then, on its p&rt, emits
new secondary quanta. On p. ll0, it has been shown tha,t in
tihese yeast plates, mitogenetic efiects may be observed 10 mm.

{rom the exposed cells. Somo oI these secondery
quanta will penetrate into younge.r cells, a,nd etimulate them to
bud form&tion.

t27
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Gurwrrscs corrsiders the "mitogenetic field" similar to an
electro-ma,€Fetic field. IIe believes that a uniform strpam of
quenta Btriking a cell from all sides will not producc & mitogenetic
efrect. The mitogenetic stimulus consists in the one-sided discharge

{release) of a neighboring secondary sonder. Gtnwltscs asgumes

that if two or more quart& strike the 6urf&ce of the tlotector at
the same moment, the peripheries of th'e ctreams o{ secondary
quarta mey be partly superposed and thu'q by interference, pro-
duce no efiect; though t'he tota,l ent-ygy is increased, the potential
neceBs&ry to initiate cel division is lac'king. Such "equalization"
will occur more commonly with physical sources of ultraviolet
because the light is more uni{orm, r*.hile in biological sourcos,

radiation comeB lrom many cells unevenly distributed. Con'
sequently, there is less equalization, a,nd thetefore a relativoly
stronger mitogenetic efiect must be expected from biological
eenders.

By irradiating * liquid bacterial culture in quartz from above
and below at the same time, Miss X'nncosor, in an unpublished
erperiment, obtained a strong mitogenetic efiect. The two radi-
ations did not cancel. Such interlerence seems rather improbable i{
ve look at the mitogenetic efiect as a photochenical one. 

.We

vould not expect the rea,cl,ior between h-vdrogen and chlorine
(p.46) to be suspended if the gas mixture were irrafiated from
two opposite sides. Such interfereuce is imagineablc in a one-

dinensional system, e. g. a nen'e fiber, but hardly in three-
dimensional mcdia.

G. MITOGENETIC EFFECTS IN MULTICDLLUIAR,
ORGANISMS

Thero is one essential difierence between tlte cells of unicellular
aud multicellular detectors whicb must be kept in mind to prevent
misleadiag genera,liza,tions. Bacteria and ycasts in the detectore

mentioned have a very large amount of food at their immediate
oommand, whereas in tissues, e, g, in oniou roots or in the cornea,
the food supply is lirdtcd. Thus, in the la,tter ca,s€, there m&y

lot be enough food readily available to permit repid cell division,
eyen aft€r adequate stimuletion; or after a prematurc mil,oBio,

the food may be insulffcient, Ior continuing at a subscquent
normol rate of cell iUvision.

r28
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The one multicellular detector that has been siudied ca,to.
logically is the onion root. The interprotations of the onion root
efiect by Guawrrscu (p. 55) and by RErrnR aud Genon do not
agree. The latter have based trheir intrepretatiou upon a cl.to.
logical analysis of tbe onion root which deserves attention because
it suggests a close analogy of the root with the BeaoN 1'east
plate. The root can be divided into transverse cross sections
which may be designated by the number oI successive cells from
esch section to the tip. This number is fa,irly uniform whetber

Figure 42.
Distributioo of variouB oells in

the onion root.
B€low: cross Bection thlough the
root, with its v&soul&r buodle; the
shaaled zone indicateB tho seDsitive

pe$ of the root.
-{bove: diotribution for the four
cell types in difercnt p€,rts of the
root; the &bcissa repres€nts the
dietanoe from the tip, meaeured

by tle number of cellr.
d : elongated, resting cels; a:
3hort divialing cells. dr - newly-
born cellr, @, : rjpo nuclei,

as : mitotic st&ges.

the succegsive cells are counted in ihe center of the root or along
the eides. The most sensitiyo regiou iu reepect to mitogenetic
rays is approrimately 50 to 70 cells from the tip.

Rrrrnn and GABoR. studied the clistribution of cell tyres
along tbe root. They clistinguished the a-t;rye, short actively-
growing ceUs, and tho B-t1ae, elongated, resting cells. The fust
type could be subdiyided into 3 nuclear stages: c1 : newly-bom
ruclei; cr, : ripe nuclei; cs : v&rioug mitol,ic stages. The
dist.ribution of theee Qryee is shown in Table 37 and 0g.42. In the
root tip, os far as about 25 cell la_vers upwards, no colls of the
p-t1ae, i. e. no resting cella are fouxd. All cells a,re in active
divieion. In the region whicb is I25 or more cells dietant from the
tip, praotically all <rlls are resting; dividing stages a,re very rale.
l'he zone of mitogeuctic sensitivity contains cells of all types,
the resting cells amounting to less than half of the aliyiding tpes.

To a,nalyze the effect, the authors raised two queslions:
Eow rruch does the exposed sido of the root difier from the

PmloplaEr-ltoDosbphio! IX: Rsh!



v-
I3O CEAPIER VI. ANAI,YSIS O3 TEE MITOGENETIC EFFECT

Table 37. Distribution of the Nuclear Stages

ot the root tip
50 oellr upwards ftom the tip
80 ,,

opposite, sh&ded side ? and How much does the expos€d side
difrer from the normal ? The latter question could be answered
only by a"nalogy.

The conclusion was that "under the influence of mitogenetic
irradiation, all celle born dwing the experiment remain in tho
actively.dividing stage, and produce again ripe nuclei while
normally, without iradiation, s aerta,in percentage would go into
the resting stage. On the opposite eide of the root, more cells go
into tho resting stage than would normally do so".

Gunwrrscn (1932) does not agree with thie interprotatior.
He doubts the possibility of accurately distinguishing between
nuclei of resting and dividing cells. He criticizeg the method o{
counting 'lripe nuclei" only, &nd points out tha,t a decrease ol
mitoses in the opposite side of the root has been observed occasion.
ally, but only in about half of all his (GuRwrrscu's) and also of
RosaMANN's experiments, and this can be accounted for by the
method of sectionilg and countirg.

There ie a oertain similarity between the onion root thus
described, a,nd the Renox yea,st plate. Both consist oI many
cloeely.packed cells; botlt have the oldest, non.dividing cells
on top, and very yorrng. dividing ones at the bottom. It will bo

seen latnr that the onion root is inarliated continuously from
abovo, by tho bulb, and this etimulus is transmitted by secondary
radiation of the old cells to the yourg, growing cells in the root tip.

2l
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nuclei

0
t7
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l5
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I rnE stcNtFtcANcE
I OF BTOLOCTCAL RADTATTONS rN Brolocy.
J MEDICINE AND AGRICULTUREI

J A. LrtrrCEr,LItLA-R OROAr\ISMS
I (l) Emission at Diffe
I n,u 

"". 
ilniJ"1i;" #ffi;#,i,:'ffi",i'j,'f"*",i;,j:

I generrc radia,tion bas lpen obeerscd almoet exclugivolv in vouno
J a'"llvety growing tissues or cclJ cultures, .fUu t"flgo* o"u, al,
I not, radiate at all, or onty rather weakJy.

I According to G[rnwrrscn, we must distingtish betlreen two
I .:::". of radi&tion, the one emitted ,t th" ;"-""1-;;;;;i;.
I orl'rsron, and the other resulting from general cell metabolism,
I :'"1 "." ":idirlg", proreotysis, giycolysisl e 

"uirr" J"*"i. "".

I luorul,: 
ehould be a good sendor as long as oither the 

""li dioisioo
I ]f ""n,1, 

or the 'notaboliem remsins ective. Under optimal coDdi-
, :t:n" :t t:9o.""o_ temperature, both these functionJsbould cease

i :^Y entir€ty"within 24 hours &fter transfer. Iig. +a 
"no*" 

-in"
' oovelopment of a culture of Streplaaxcus ,rclid ;t 2loc (RAIN,' 1932, p.401). The loft.hand c

"r 
tr,"'u;"ii, il ;; ;ilH:ilTTfrl, #ffiiT:,T?::';

:os*,,b{ glycolysis. The right-hald 
""."* .ho"- il"-;";;;rn ea,ch 3-hour intcrval. Theee increases musl b" propo"tionot

to the int€nsity of radiation of the culture, ; i; ;d;;fiffi;: tbere can bc- no other import&nt source of radi&tir". ',Ii" lr"t""l"
:t*iog :rtl 38 00O celts per cc., ca,n have omitted , ".d";;;i;oegree ol mitogenetic radiation onlv between 12 a,ltd 24hours.Before that time, the radiation per cell might h.". b"";;;;;;. s9rong or stronger, but the number of cell"s was t"" "_.u',liii"afterlayds the cellr, though more than a bjllion ;";;., ;;;;
cea^sed to produce acid, and therelore to ra iate.
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With a heavier inoculation, e. g. try flooding the surface of
an a,g&r plate with a euspension of yeasts or bacteria, rafietion
begils sooner because the "active nass", i. e. the number of cells,
is greater. At lower temperatures, the iatensity is less, but the
phase of active radiation is prolonged. With processes which
do not result i:r an inhibiting product.like acid, the period of
active radiation may also be longor,

This a prfuri deduction is made doubtful by the secondary
rudiation of the me<lium in which the bacteria grow. The actual

radia,tion of the ba,ct€ria them-
selves must follow the linee of
fg. 43; the emission by the
entire cultu.re may not. In-
t€usity of Beconda,ry ndietion
may Dot be proportional to
pdm&ry intensity, and be-

og, ot unne houttr

Figur€ 43, Developmert of a culture of Slrcpta@c@s lacll,s in milk Age
of-oulture in hours. Full line: number of cells per oo.; dol,teal line:

mg of l&ctoso decomposed in l0O cc.

left: total oells and totol laotoee fer_mented; right: cell increase for eaoh
sucoessive 3-hour period, and Iactoae coneumed during i hese 3 hour Friods.

sides, since tho nutrient medium is continuotsly cba,nged by
the bacteria, its property &s Becondary serder ma,y change,

However, the theoretical deductions are essentially verifietl
by the observation oI WoLrF and RAS (1932) that an agar surface
culture o{ Skcphybcoc,clts a'ureua rem&ir)s actively rsdiating until
approximately 18 hours old. When the cult[res &re Iull- grorrr,
i. e, when there ie no furthor appreciable increase in cells, nor in
metabolic products, the culture ceas€s to radiate.

Whether metabolism without cell division can produce
mitogeuetic ra,ys, was decided in the affrmative by a simple
experiment of the authors with bakers' ycast suspended in sugar

\
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Toblo 38. Mitogeneti o Effe cts from Prot ozoa in GIu cose S olu tiou

A.fter Addition of Sugar

Opoth&

Pararna.ecnrm

0
+4.4

+2,1; +2.0

-2.8; *1.0

-1.0; *3.0

rmme.
diotely

mintuoi
l&t€rl&t€r

+40
+20

+ll
+12
+27

-2.8
+2.6

tt
+3.7

+36.
+24

- 3.8

+14.0

solution. ThiB yeast cannot grow under the experimental condi-
tione becauso tob many colla are present; however, even if elight
growth we.ro to ocaur, many hours would bo required to overcomc
the lag. During the first hour, thorefore, lro radiation from cell
division ig possiblo while &lcoholic fermert&tion sta,rte at once.

Ar interesting s€t oI data on the railiation oI Egilra fuac'u.
the well.known fresh-water polp, ha,s been given by Br"Acmn
fird SAMAIiAJDFT (f930). Tbey fouud that a pulp of the entire
organism. railiates. If dissected, the hypostom aod the budding
zone radiate while the other perts do not. No ilcrease in emission
could be detected during regeneration.

The conmon inlusoria do not appear to radiate under normal
conditions, but produco a secondary radi&tion. According to
Zoglina (quoted after Gunwrrscs f932, p.64) the following
mitogenotic eflects were obtained:
ftom Opali,na . 0; +4; a3; *6; *12

irradiated by blood. +47
,, ,' fuog hea'rt +21
- . sp€ctml light . . . +16; +19; *38; *60

frort Parumaecium *2; *1; *3; --3
, irradiated t20; *22: +13; +4{)

Radiation could also be obtaiuod from protozoa when glucoee
was added to the culture; it requted about 15 miiiutes before
radiation becamo noticeable. The mitogenetic ofrects observed
are given in Table 38.

A very intcrestiag claim hae been made by Acs (1932). Ec
succeeded in increasir! the mitogenetic efiect of muto-induction
of bacterial cultlulres (Ba,cteri,urn typki-rmrriun) by using the
detector of one day, i. e. the irradiated culture, a,s sender for



t

t

t

r
i

134 CIIAPTER VII

tho next experiment. His data shov- a very consist€lt increase
in the mitogenetic efieot through 6 to 7 such transfers.

The proof is not complete, however. It is well known that
old bacterial cultures require a longer time to stant growing th&u
youug ones. The rate of growth of old cultures qan be increased
for several successive transfers, without a,ny irradiation. Without
accurate Btet€ments concerning the num6er of cells in the selrder
a,nd in the detector, no defi:rite conclusions can be drawn.

(2) Reaction Upon Irradiation: Bactcria a,nd yea,st8,

when translerred from an old culture to a fresh medium, do not
stsft $owing at their marimal growtbrate. The old cells u:rdergo
& rejuyen&tion process, morphologically aad physiologically
(soe p. 120). This results in a very slow growthrate during the
ffrst houre after tra,nefer. The bacteriologist calls this the lag phase.

It has been observed by RaHN (1907), Pnxnor,o (1914) and
othere that bacteria after being trans{erred from an old
culture rejuvenate more rapidly iI many cells have been traru-
ferred while with a few cells in a large volume of fresh medium,
rejuvenetion is slow, and single-cell cultures lrequently die.
Thie obeervation had been very puzzling to biologists sirce the
opposite should be expected, until it could be erploined as a
simple stimulatiag efrect by mutual irradiation of the cells. The
closer they are together, the stronger must be the efrect, the
quicker the recoYery.

The best example is very likely that of HENBJoT (1928,
Table I) with yeast. He inoculated increasing emounts of yeast
into flasks of sugar-peptone solution, so that all the decimal
gra.d.ations from 2095 to 20949750 cells per cc. wero present.
These difierent inocula resulted in very difierent lag perioils.
The times required to reach the maximal growthrate were:

rith aa inoculum of Lag Period
20549 760 celle per oo. 2- 8hls.
2W4976 ,, 4- 8 ,,

209 498 ,; 6-LZ ,,
?0960 ,,. _ _ 12_24 ,,
2096 ,, 24.,-36 ,,

Average coll distonoel)
0.036 mm.
0.086,,
0.192 ,,
0.422,,
0.914,,

equ&tion

It ie absolutely correot only with spheric&l organieoo. The volume of one
yeast cell iB taken as 118p3, the &verage dia,neter as 6.4p.
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Ta,blo 39. Gro*th Acceloration by Mutu&l Irradiation with

Number of Suds per l0O Celtr

Experiment No. I Experiment, No. 2
Inoculum 8,000 celle I 8Q000 cells 8,000 cells 8Q000 cellr

8t&rt
a,ftf} 3 hou$ .

after 5hourg.
aft€r 6 houls .

a,fter 7 hours .

after l0 hours .

aJber 12 houg .

8ta,rt
after 3 hours .

after 5 hou$ .

after 7 houra .

after 8 hour:s .

after l0 houre .

after 12 hou$ .

0
0
3

l4

0
0

I6

60

o
0

49

;
9l

0
0

;

To these proofs that the lag pha,6e is shortened by the mutual
irradi&tion of celle, BAnoN (1980) added another. AJter haying
shoxal that bud formation in fresh yeast cultures begins sooner
wlren the inoculum ia larger (Table 39y, he showect that this
difierence disappears when gelatin is added (Table 40). Gelatin

Toble 40. P.evention of Growth Acceler&tion by Absorbing the
Mitogenetic Rsys by Me&Ds of Geletin

Number of Bude per tOO Oelle

Erperimeat A Experiment B
fnoculum 8,000 cels i 80,000 cells 8,000 celle I 80,000 c€ls

I
2

t8
30

4l

0
0

l6

6l

0
0

t2

35
48
62

0

21

32

42

a,bsorbs mitogenetic rays very completely (see p. d9), &nd while
all othcr conditioae of life remained the same igelatin contains
no nutriente for yeast), muto-inductiol was prevented, &nd, &s
a resultj the Lag phase became independent of the cell concen-
tration.

Saccharomyces ellipsoirleua
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Table 42. Offspring in 44 hours of the protozoon Enchelys lareinem
io hoy infuaion dropa of differeut sizee

Dtop
Weight

mg.

Droir
Weight

mg.

Culture A

Cells aft€r
44 hrs.

Culture B

Cells aft€r
44 hrg,

x Drop
Weight

x Drop
Weight

1250
310

14t4
1498

1142

10.0
13.6
23.4
34.6

260
3r

104
64
33

90
30

104

\13
129

The following experiment by X'uncusor and R,rrn (1933)

verifies this from a difrerent a,ngle. I cc. of a culture of Blcterium
coli was irradiated for 30 minutes, and then diluted in broth
100, f0000 and 1000000 times. The cells in all three cultures
came from the sane I cc., the only difierence being their distances
from oue another alter dilution. Table 41 presents the data
comparably, i. e. it shows the development of the progeuy a,rising

from l/rnncc. oI the old culture, when grovn in difierent cell
concentrations. l'he slower gloll'th due to greater dilution is

plainly evident in the controls. The more important result i8

the absencc of & mitogenetic efiect when the cells are too close

t ogether.

(3) Allelocatalysis: The 18,g phase of growth is not limited
to fungi. Quite striking examples of lag in protozoa have been

reported by Rognntsor (1924). This investigator lound that
single individuals oI Enchelgs larcinem multiplrled but very slowly
or not &t all in small drops of hay infusion while tho rate was
quite laige when two or more ildividuals were irr the same drop,

While thig appears a duplication of the lag phase of bacteria,
it difrers by the lact that the size of the drops has a great influence.
Table 42 gives the progeny derived in 44 hours from single cells

ol Erchelys in hay infusion drops of various sizes. In large drops,
the growth is much slower, and iJ extrapolation is permissible,
we must conqlude that a single cell of culture .4 in 1.5 cc. would
not grow at all; with culture B, the inhibiting volume is 0.15 cc'
This is bome out by experience. RoBERTsoN mentions that such

cultures ucually show no growth.

1.4
7.4

r3.0
23.8
32.2

64
4
8
6
4
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138 CHAPTTR VII

RoBERTSoN aseumes tha,t a "catalyst" is produced by the
cell, and that a, certain conc€ntration of this is necessary to cause
cell divirion. This theory of "allelocatalysis" has not beea ac-
cepted generally, though similar phenomena are known, Wrr,-
prnn's "bios" (1901) is essentially identical with RosnnrsoN's
catalynt. The "bios" theory wao based, among other things, upon
the observation that in the same mediumi a small inoculum did
not reproduc.e while a large one did. This was verified by Neu-
MANN (1919) who observed that 5 yeast cells would die in a medium
where 50 produced $owth.

It is possible to reconcile the influence of the drop size with
mitogenetic radiation. All media absorb mitogenetic rays fairly
readily. The ability to grow in a smaU drop indicates that the
cell has been able to produce sufficient radiation to induce nitosis.
A considerablc part oI it must leave the cell, because cells can
influence one another mutually. In a small drop, a good share
of this emitted radiation is reflected from the air surface and
finds its way b&ck to the cell before it is absorbed. With an
increase in drop size, dietances become greater, absorption is
gre&ter &nd the probability of the rays being reflected back to
the cell is smaller. fn the isolation oI single bacterial ceUs by the
micro-pipette, sua,ll drops &re &n important factor in success
(WBrcET, 1929). However, tbere is no definite experimental prool
that allelocatalysis is a radiation phenomenon.

The allelocatalytic efect is rot limited to uniceLlular orga-
nisms. A very pretty exemple of mutual gtimulation has been
observed by X'nerx and KuaEprNA (19'30) with the eggs of a sea
urchin. With 10 to 20 _eggs per alrop of sea wa,ter, development
r€nt much more rapidly thau if there were only a, yery few
eggs per drop (see Table 43). It will be shown later that sea urchin
eggs at this sta,ge of development are good senders as well as
good detectors. However, here too, a chemical mutual influence
was not excluded.

B. HIGHDR, PLANTS

The first mitogenetic sender adrd the frst detec;tor was the
onion root. It is established beyond doubt that the tip of the
onion root radiates. This radiation is not entirely difiuse, but
molt of it points quite distinctly in the direction of growth.
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Toble 43. .Devolopmeut of Sea Urchin Egge

1-2

Xrperiment I

40 hours after
fertilization

42 hours aft€r
fertilization

not motile
slightly motile
di8tinctly motile
&ctively motile

3l
23
46
0

Exl'eriment II
not motile
slightly motile
distinctly motile
actively motile
beginning gastrula

Perfect gastrula,

75

25
l0
0
0
0

Accordiag to Gulwrrscu, some negative reeults obtained vith
onion roots are very likely due to inaccurate direction of the
mitogenetic beam.

- Onion roots radiet€ only es long &s they are comected with
the bulb, or at least with a part oI the bjb. Radiation ceases
at once when the root is severed fron the bulb. (The roots oI
the sunflower lHelianthus). however, continue to radiate &fter
b:-i"g 

_"_", 
{rom the plant; they a,lso continue to grow for a corl-

siderablc time after being severed.)
llhis suggests that the substances which are the source of

radiation are centralized in the odon bulb, and especially in
its base. When the base is cut from the bulb, it radiafes weJkly.
The. pulp of the base, however, rad.iates strongly, and has.beJn
us€d. as a strong source of mitogenetic 

"uy, 
i" jn" early experi-

men16. After approximately haH an hour, radiation ceases.
The spectrum of the putp is purely oxidative, and its cessation
ie in all probabi.lity due to tbe completed oxidation of sonre un_
known compound by the oxidases of the roor. Ileat destrove
the radiating power which Btrongly suggeets that an enzdre
is the active pa.rt (Table p.38y. HeateJ-pulp mixed with"ex_
bausted puJp sta,rts to radiate anew, the heated pulp furnishins
the compound to be oridizecl and the exhausted prip *opploirr!

Number of Xgge per Drop

17

I
2a
46

34
40
20

3-i I 10-20

0
26
40
34
0
0

0
4

12

60
l6
8
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Spectra of different p&rts

Induction Efiects

of the otrion

Onion basepulp
Sever€d roots

(recondary
ra.diation).

Intact roots
(normal radi-
ation, ftom
tiF) .

2r3o ) 22oo

+7

-5
tbe oridase, Gunwrrscrr has used the words nLitotin erLd mi,tak6e
for these two essential Iactors. Considering the oridativo spec-
tnrm of the pulp, tbere can be scarcely any doubt that mitoiase
is an oddase, The new terms might better be discontinued because
they are likely to be considered at introducing a mysterious new
element into life processes.

Since the base of the onion bulb as well as the tip of the
root r&diates, it seems likely that a relation between theeo trro
radiations night exist. Probably, the oxidase is located in the
onion base, and the new oxidizable naterial is transporterl to
it continuously from the leaves through the vascular system of
the plant. This accounts for the radiation of the bulb, but not
for the emissiou from the root tips. This question has been decided
by spectral analysis (Table 44). The bulb spectrum is oxidative.
lbe normal root tip radi&tes glyco\rtically, and cannot therefore
be caused by the sane procesa &s that of the oaion base. The
"eecondary radiation" of the roots (see p. ll0) is also g\rcolytic,
regardlese o{ the wavelength of primary radiatiou. It s€ems
therefore most probable to assume that the normal r&dia,tion
ol the intact root tip is reaUy a, secondary radi&tion induceil by
the oxidation processes in the onion base. rl this part is n&rcotized
with chloral hyclrate, the tips do not radiate. If the base is cut
ofr, the root tips do not radiate. ff, however, a Bma,ll part of the
base remains on the root, the tip wilt racliate.

This conclusion is biologically very important. The conduction
of aitogerctic rays through normal tissue over a, distance oI

+s?+37+4

3939
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seyeral inches is bound to afiect our conception of growth and
ol growth stimuli considerably.

,. 
Some 

_other evidence eupports this expla,nation. The potato
radiates w_hen cut, but only lrom the leptome fascicles; pJftions
free from leptome are inactive (Krsr,rex_Srarxn.r-rrscri, lgZZ;.

^ 
A,o""y iDteresting investigation concerning tJre radiation

of eunflower seedlings has been carried out by FnaNx and Sel-
IrrND (1926). It was found that radiation can be obtairred from
the root -tips, from the plumulae (the first young leaves) and from
the coty-ledons. Ilowever, only the very centei of the cotyledon
edge radiated, and no other part of these organs. Faihui with
one cotyledon which showed an abnormal curvature oI the central
vein led to the discovery that radiation ariges fron the vascular
system. How mitogenetic radjation is conducted from the vascular
system !o the growing parts of the plant, the meristem. without
great, loss of energy, is unlqown. It seems improbable to assume
total reflection from the vascular walls, Either this or conplete
absorption appt'ar l,he only way to explain the absence of radiation
lrom lh.' sides o[ the sunllowcr cotyledons.

Very little experimentation hae been done with other plant
tissues, and 

-though mitogenetic radiation startetl with fhnttissues, we know much more about radiations from ani'mals
than from plants.

^ The pulp of turnips radiates when 24 hours old (ANNA
GuRwrrscE) j the pulp from Sedum leaves does not radiate when
fresh. but after 18 hours, it begins and continues until 24 hours
old. After 48 hours, radiation has disappearcd {CuR\urscu. lg29).
Since neither of these two expe"iments were carried out asepti_
cally, and no accurat€ record vas made of the number of bactiria
a,nd yeasts growing in the pulp, they cannot be considered as
exact proofs of radiatiorr. A prdori,,we should expect these crushed
tiesues to radiate because they mu6t contain oxidage.

The radiation of wounds in plant tissues will be discussed
together with the wounds oI animale on p. li3. The plant tumors
will be discussed on p. li8.
- So far. the discussion on bigher plants bas becn Umited to

lhe emiasion ol ra;'s. Just as importa,nt is the reaction of plants
to- mitogeuetic rays. There are innumerable data on experiilents
with onion roots. The facte as well as the interpretatiota ha,ve
been discussed ia great detail in preceding chap?ers.
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No other part oI grown plants or seedlings has ever been
tried &s det€ctor. We cannot as yet lorm any opinion about the
bearing of nitogenetic radiation to tota,l growth, to the form_
confuolling factors and to the reproductive mechanism of higher
pla,nts.

ln the case of mold spores (see p.80). wbile they have been
ehown to rea,ct upon mitogenetic rays, ttrer are also senders, end
muto-induction efiects have been obtained.

C. EGGS AND EMBNYONIC STAGES OF HIGHER
ANIMAIS

(a) Egp as Settdere. Tb,e egge. of animals are strong eenders
as well as good detecto$, as far as they have beer inveetig&t€d.
Xlnerw and SAr,KrlTD (192?) observed that with oggs of the arctic
sea urchin Strongglocentrota,s lhijbanhensis, radiation does not
begin immediately after fertilization; it occurs approximately
I hour la,t€r, and continues for about I hour (Table 4b). Ai
this time, the amphiaster stage is reached. The first cleavage
furrow appears after 2 hourg and 4E minutes, X'or I hour before
a,rrd for 30 minutes after the fust cell division, there is no noticeable
emission of ra,ys. Ha,lf an hour after the firet division, radiation
begins again.

WAnBI]x,c (1909), erperimenting with the Mediterranean
epecies Stron4ghcentrotus li.oi.dus which produces the first cleavage
furrow i-rr 40 minutes, had observed a large increase in the raie
oI respiretion of the egg l0 minutes after fertilization. These
10 minutes Fould corre$pond to &bout 40 minute8 in the arctic
species, Tho increas€ in oxygen consumption begins about gO

-'30 minutee earlier than radiation. Hnnr,exr (1918) observed
a grea.t incre&8e in permeability 2 minutes ofter fertilization.
GUR\,rrscH (1932, p.99) assumes th&t a prophase of the ,.mitotase,,

difiuses from the egg plasma, becomes activated on the egg surface,
and acts upon the "mitotin" which also difiuses out. The chemical
reaction lurnishing the radiant energy would thus take place on
the egg sudace, and not within the egg.

(b) Egge as Detectqs: Fertilized eggs not only send out
r&ys, but also respond to radiation. Mlxra showed in 1929 that
sea urchin eggo can be etimulat€d in their rate oI development
by mitogenetic reys. ZrRpor,o's data (1930) on the same subject



TEE SIGNIFICANCE OF BIOI,OGICAI RADIATIONS DTC. I43

Tabls 46. Effect of Seo Urchin Egga at Different Stageo oftor
tr'ertilization upon Onion Roots

Induotion
Xffect

Time ofter tr'ertilization

0to lh. + t0min.

0to lh +45miD.
33 min to lhr +6OmiD.

fb + fO min to 2lle + min f6 .
rh + 46mia to I ht"

fh + 60min to 3hls+ l5nin.
2hrs + 15min to 3 hrs + 16min.

0 io 2hrs*46min.

r67
299
139

216
67

214
142

268
144
423
262

173
299

n3
30r
109
226
186
86

288
t5?
568
340

+ 0.3
0

+46.0
+!10.0
+62.0
+ 0.6
+ 0.2

- 0.6
o

+ 0.9
+34.0
+36.0

are given in Table 27 p.82. SarKrND, poTozKy a,nd ZocIlNA
(1930) proved the same for the eggs of the protoanaeli ds ganco_
ci,rrus InpillaNercus Lud, Prctod,rilus bobrezki,i,. The eggs emitt€d
mitogenetic rays during their development , artd, ai,ce ierm, !,heit
development was accelerated by the rays from isolated. frog
hearts, crab hearts or the hemolJrmph of crabs. Alter an exposur!
to thes€ radiations for 5 to l0 minutes, a greater perc.entage of
fiurowed eggs w&s observed in 28 out of 26 experiments. The
mutual stimulation of sea urchin eggs has already been nentioned
on p. 137, as example of allelocatalysio.

According to Wor,FF a,nd Ras (1934b), lhe eggs ol Droto_
phi,la, mel,a,nogaster are good detectors. They were erpose<I for
15 to 30 minutee to a broth culture ol Bta,phylacoccus aureus,
3 hours old, in quartz tubes, and the percentage of hatching egge
wag ascertained in equal time intervals. Table 45a showe that
&t the same moment, always more inadiatcd eggs had hatched
than unirradiated ones.

(c) Embryonic a,nd Laryal Stages as Senders: The
most detailed ea,rlier inyestigation of this kind iB th&t by ANTKTN
(f926) with the embryos of the axolotl (Ambystomo ti.grdnum).
Xlom very young embryos, with open medullar furows, the
medullar plates were dissected, ground to pulp and uged as eender.

Nurnber of Mitoses

Control I Exposed
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Table .15o. Effect of a, Culture of Staphglococclls aureu$ \porr the
Rate of Il&tchiag of the Eggs of Drosophila

Controls
\o. I No. lPor .6!t

ot .ffs jbahbod I htrohod

Irradiated Dggs
No. No. Pe. cort Timo ol

of ogss ]Iltcbed bstcled irradi&rio!

Percentage
Increase

over Control

39
8l
52

304
324
u1
366
ll8

74

l5
18

210
117

136
79

64
r8.6
34.6
69
45.4
11

51.3

5l

60
3t2
304

357
ll7
85

15
30
49

300
228

244
s8
60

88
41.7

81.7
96.1
75
98.4
68

83.5
70.6

15 20 min,
16 20
15 30

20
20
20
20
20

)

24 + 10.6

23.1 + 7.45
47.1 + 8.1
27.1 + 8.6
29.6 + 3.7
24.1 ! 2.6
3l + 3.5
16.5 + 5.6
19.3 + ?.7

r 702 923 54.2
:]Jr.2

1685 1377 81.? l

+o.e5l
27 .5 + 1.54

The same was done with the rest of the embryo. As detector,
o4ion roots were used. The results are shown in Table 46. Only
the medullar plate radia,ted. Then, llving embryos, after the
rcmoval of the surrounding mucus,'r'sere placcd in a glass tube
so tha,t either only the ventral or only the dorsal side faced the
detector root. Even at the morul& stage, the vegetative hemi-
sphere did not radiate. During gastrula,tion, the entire blasto-
pore seems to radiate.

With slightly larger embryos, just previous to hatching,
the brain could be dissect€d out, and it was found that the brain,
but none oI the other ti8sue8, radiated. l'he brain pulp of the
fullgrown animal did not (see however p. 168).

This agrees with the earlier sta,tements of Gunvrrscu,
and of Rnrrnn and GABoR, that frog tadpoles radia,te only until
about I cm. long, and that the center of radiation appears to
be iq the head. Concerning the radiation of certain organs during
metamorphosis, see p. 167.

A-mong the invertebrates, the embryos ol Baccocirrus radfale
during the entire stage of their development. SAT,KTND (1931)
fourd the followirg induction eflects:

Bls.etola St&ge .

GastnaStage,...
S*imming Larvae
llochophor€ Stage . .

30o/o fi% 48yo
63V" 30% soyo
51yo 37y" 4syo
37y" 28y"

34o/o induction
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Table 46. Effect of vorious parts of tho embryos of the axolo

Embryonio Stage
Incluction

Etrect

living morula stage, aninal bemi-
sphere

Living morula stagc, vegetative hemi-
sphero

liviog embryo, bofore hotching; dorsa,l
eide .

living em bryo, before hatcbitg ; veDt ral
side

pulp of bedullar plate .. .

pulp ofembryo without medullar plate
pulp of ornbryos' braias I .
pulp of enbryos' broine II.
pulp of ernbryos' braine III
pulp ofentire embryo without brain I
pulp ofentire embryo wiihout brain II
pulp of embryo's liver
pulp of brain of grown anioal f
pulp of brain of g!o*n onimol II

Of the insects, only the larva,e o! Drosophil,o, have been
analyzed. They do not begin to radiate until shortlv before
pupation, and cease to radiatc 90 hours after this isee also
p. 169).

Quite dillereqt is the behavior oI the chicker embrvo. SoRrN
and KrsLraK-SrArKEwrrscE (1928) working with entire enrbry.os
two da,ys old a,nd also testing the brairu of older embrvoe could
find no evideace of radiation. Ilowever, during the se"cond and
third day of incub&tion, positive results were Jhined with the
liquefed zone a,round the embryo.

(d; Embryos ae -Detectors. The only example of embryos
or larvae as detectors of nitogenetic radiation is that of gLAcHnn
and associat€s who could make the fore leg of a tadpole grow
more rapidly by erposure to radiation (see p. 16g). The mo"-pho_
logical changes in sea urchin larvae observed by Meenou'may
also bo mentioned here (see p. 16d).

150 +24

-4
+16

-4+26
+5
+33
+20
+17

0
+l
+r

0

4to

492
324
482
627

865
9n
724
689
631
617
848

268

471
409
605
832

1042
r076
728
696
636
632
847

upon onion roots

Nurnber of Mitoses

Control lExposed

PlotolLrsnN - Xoros".phior :X: R I I D l0
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D. TISSUES OI'ADULT ANIMALS

Tissues as Senders: Until recently, most of the tissues of
adult n,nirnalg had been thought to be uon-radiating. ff we

consider radiation to be produced largely by the chemical reactions
in the cells, it would seem that all tiseues should ladiate quite
strongly. Gunwuscr (1934) has given'eome conrincing ex.
pla,nations for the diferences between radiating and non-radiating
ti8sueB.

The very strong absorption of these short-waved rays has

already been emphasized repeatedly. Gunwnscn fould that
extremely thin fibns of oil or related substances, films oI practi-
cally only one molecule thicLness, sulfice to absorb completely
a mitogenetic radiation of normal irotensity. On the other hand,
equally thin fibls of substauces capable of enz;'matic cleavage,

such as lecithin, are also capable of secondary radiation (see p. 46),

and they will pass on radiation not eB a beam, but in all dimensions

of the flm. Thus we observe strong radiation in blood which
contains no membrane, and in uerves which contain plenty of
lecithin. These two vill be treated sepa,rately in the next two
chapters, on account ol their irnportance.

The cornea oI the eye is also a good sender, being a con-

tinually renewed tissue. Wolrr and Res (1933c) congider it to
be one of the strongeat sources, a,bout l0 times 4,8 strong as blood.
Guswrnscs has recently favored the peptic digestion as a strong
and fairly consta.nt source. Other actively reacting digestive
enzJ.mea &re likely to be good senders, but would hardly be

coneidered as tiesues. PorozKY, Serxrxp and Zocr,rNA (1930)

studied the tissues of two crabs, Carcinus maetws and a species

ol PankEgrapsuc; l,\ey found the pulp frorn gills and from testicles
inactive, while the hep&topanqeas radiated <Iietinctly' Tbie
organ is the seat of active proteolysis. Probably, autolyzing
muscle would radiata.

With vertebrates, negative results had been obtained by
all earlier workers with lymph glands, testicles, ova,ries, skin'
liver, and with the resting nurcle. The working nuscle, howeYer,,

proved to be very active. Negative results, P&rticularly when
obteined with tissue pulp, are now colsidered of little significance

einco better methods, especially with orga.ns in eitu, showed

distinct radiation.
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On p.66, Srnnnnl,s results h&ve been given, showing that
the muscle radiates on_ly during work, and tlot p"_fp t"o- i"tiog
muscles does not radiate, while that f"om ,"tio"l tirecl muscii
does. According to recent experiments by tr'rurr,r and Knnps
(quoted from GuRwrrscE, f9A2, p. fa9), thi8 .esult was caused.
by an irritation of the muscle during grindiag. By d"opping
the organ into liquid air and grinding it wtilu tior".r]tn" 

""Jott!were the opposite. In pulp from working muscle, the pH changecl
Irooq 5.96-to 5.82 during the e4,eriment, and racliation-was abseirt;
wlile with rested muscle, the pII changoil fron 6.38 to 8.85, anj
radiation was present. This refers only to the pulp, however;
the muscle dn situ radiates strongly while workiig, but w""kly
aleo vhen resting.

The spectral analysis iadicates that the main eource of muscle
radi€tion is.not glycolysis; partly it ie an oridation process,
partly of uuknown origin. It must be rememberecl that ibere is
no qualtitative relation between the tot&l enerqv liberated bv a
chemical reaction, and the ultr&violet rarliation emitted (Le

i p.4l). It may well be that some proteoiytic process whos"
energy output is negligible for ihe muscle worL imits most oli ite energ'y in radiant form, while glycol.ysis, with a much larser
tota,l energy output, emits only a very small fraction of it as. mitogenetic rays.

A good example of applied spectral ana\ruis should be men-
tiorred in this connection. GuRwrrscn had been greatly puzzled

. i" 
-1i". 

earlier work by the observation that the- ,.""y ii"tirr"ti radiation from the rabbit,s eye disappeared d.uring siarvatiol,
but reappeared. after 8 days of 

"orr^tiooo. 
ut""oiig. Sul."""t

years later, spectral analysis brought a simple lxplanation
(GuRxarscg 1982, p.67). llhe normal radiatioir ie g'lycolytic,
and ceaees during starvation becauss of lack of sugJr. ,ifter
prolonged Bta,rvation, prot€olysis of tbe tisBues be"om"_.-, necessa"y
for.the continuation oI life processes, and this produces a proteo_
lytic spectrum.

Tissues a,s Detectore: Only a few inBta,nces are knorp
where fullgrowa animals or their tiesues reacted. upon mitogenetic
rays. The role of radiation in wounds will be treaterl inLe of
the following chapters.

With Eulticellular organisrns, the stimulation of the growth-
rate ie not so readily proved. In growing orga,ns, the cel-Is lie so

l0*
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closely together that the optimal intensity of radi&tion m&y

already be lurnished by the orgau itself. Ena,nations fron
outside, if they are not absorbed completely before they reach

the region of growth, very likely can only be harmlul
A few instances are known, however, where the rate of c€ll

division is accelerateil. Th.e odon root is usually considered the

classical example though the data have been interpreted somewhat

difrerently by RETTER and Glnon (see p. t29). Another example

is the cornea (see p.84). Further illuetrations are the efiects

of resorbed tissue irr difierent stages of a,mphibian metamorphosis
(see p. 167).

Tlrese latter results together with those obtained with em'
hyos (p. 144) suggest very strongly that the developmental
m"chaoigm controlliag size a,nd form makes use of r iraviolet
radiations as well as of purely chemical means to achieve its
purpoee. This and the possibility that neoplasms, especially

cancers &riae througb mitogenetic radjation will be discussed in
l,ater chaptcrs. ! '

The only anima,l tissue that has been actually used as detector
ie the cornea. According to GuRwrrscr, it yields very good

results (see p.8tt).

E. BI,OOD R,ADIATION
A comprehensive review of all work on blood radiation has

been given by W. Srrrnnr (1934) in the second volume of ,,Hand'
buch der allgemeinen Hiimatologie ".

Blood radiates quite strongly, even in adult animals a,nd men,

the only erception being extreme old age and a very few diseases

which will be discussed later. The blood of various mammals,

birds and amphibia, and also the hernolymph of the trabs Carci'nua

arrd, Pachygrabsus and oI the clam llIyti'lus edulis hae been tested,

end strong mitoge[etic eftects have always been observed. Ac-

cording to KANNDGTDsSDR. and Kezwe (quoted from GuRilrrscu,
f932, p. f24), dog's blood which possesses onlv very weak gly-
colysis gives very fluctueting results.

Blood radiates within the veins or orteries as could be sho*at

by renoving the tissuee around the veins or &rteries, and exposing

a detector to the blood radiation through the inncr wall ol the

blood veseelg which is transparent to these rays (spectrum see

fC.4J).



. -2.5 -5 -2 0.21 44 36 39

i

I

TIIE SIGMFICANCE OI,BIOI,OGICAL RADIATIONS ETC. I49
Outside the blood vessel, blood .toses its rad"iatins oowerwithin l0 to 15 mi-qures; this holdg ,f"" f." in" il-Jf_""i"-l,craus. In hemolyzed blood, radiation 

"* b" 
";;;;;;;;;*;glucose.

F.," ".drli9l .experiments, blood ie mired with an equal
lnoyt oj a 4/o MgSOo sotution ro pr.vent clotting, or il ishemolyzed witb distilled warer (poro;Ky 

"oa 
Zoorrl^,lg2gl.If .is possible ro dry blood on fi_lter paper 

""d1;;;;;";"-;i;:Y::g power for.2.to B days. Since ilr, -,gtii" ;'.;;;";,;;rmport&nce, especially in diagnostic m"dicin", Gtnnrrscal"ruethod (1g32, p..l2l) sball be mentioned here:

. -- The blood should be drawn without previous disirdection of the skialiodiae, aleoboll beeausc traces of disi4fecta-nts appear 
" 

lnil;;lyc.iffi
The,drops are opread widely on the fitcr paper l,o pr€vent co&sulation s,nile!r(K Dyera, rrf,nng must be accomplirhed vory rapidly to f,reservo fu.ll
l1*1-o T,*", ,* dried sampre ehould b. k"ptL;l:;;;& ,ffi;oJr€cior aDd everJ.th.ing els€ must be preparedLfore ,"1 

" 
i" p;;;;;dry.blood, The spot is cut into yery soall piecee, *a..rui"J i"'"ii"1,shallov dish virb 5 ro 6 drops of distiff"a *.ti", "r,aJi.;;ffi;"*TAs 

.aootr 
as the ua,l,er becoees dark red, it i8 dr;;;";;;";*"-il

&nd- used a,t once for iradiatio!. trlom the adding 
"f th" ;;;;;;l;beginning of exposure, not aore than f to f .S minitee 

"h""Id 
;;. 

*'

. IlnrrluerN's method lor detecting blood rad-iation hasoeen menbonecl on p. ?2.
With stardng mammals, the blood does not radiate. butcan De, brought back by adding glucose, porozrv and Zocrrye

ala.rved. r&ta until i,hey had losf about B0o/o of their bodv weisht_
r ne mrtogenetic eflects obtained with the blood of thesi ani;alcwere

without addition
with 2o/o glucose

These strong efiects could bc obtaired only by adcting much moro .sugar than is normally contained in the bloocl.

_. 
A- o""y important observation is the djsappearance of bloodradiation after continued work. Bnelmss 1..i;tJ-i;; a;:wrrscE. 1932, p. 132) investigatea u. numUu. of irU"."." U+r""a,nd after the day s work. Table 42 givcs a f".,f il-l;i;;;;;Bnow consrstenflv no radiation immediately after long_continuedwork, but normal radiation ,ft"" Z f,or"u lf l".t. ;ft;;#;;considered when making blood tests f"" dirg""rti" ;;;*;*
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Table 4?. Mitogenetic Effects from tbe Blood of Facbory
Workera beforo antl after Work

2 hours later

36
26

3I

II
21

t0

30

-13
12

t

6

-1 I

6

K
K
K
B
B

M

E

s
s

D

October
Jonuary
December

November
Jaoua,ry

January

JaDuary

Jenuary
Jonuary

Januery

45

38
28

32

35
2l
26

-5
2

WassrrrEFl' (1934) repeated the investigation with mental work

(ca,lculation)- The first results showed & decrease in radiation,

iut this happenetl before psychic ana,lysis show€d ment&l f&tigue,.

a"nd it couii be demoustrated that muscular work connected

with ca,lculation caused the decrease in radiation while the menta'l

work as such does not afiect it.
The spectrum oI the radiation of ra'bbit blood from the

streaming ilood in trhe oena sophena ie shown in fig' 44 as me&sured

by Gor,ricrnwe (1933). It has practically all the line€ charac-

tJ"i"tio fo" glycolysis, proteolysis, creatin hydrolysis, phosphatid

hytlrolysis, and oxidation, and, in addition, some new lines-

d thJse lu,tt"r, the lines 1920 30, 1940-50, 1960-70 &nd

2000-20f0 have also been found irr nerve spectra (fig' 47)'

The main source of blood radiation with mammals appears

to be glycolysis. In addition to the sta,rvation erperiments iust
mentiiltl, 

-K-lxlrrernssER 
and Kewzl made extensive experi-

ments with dog's blood, measuring the glycolytic power and the

radiation ol each sample. There wae a good, though not quanti-

tative, relation between the two. Intra,Yenous insulin injection

reducecl g\rcolysis and radiation to zero. In some cases, addition

of glucose (probably in overdose) interfered with radiation' - -" 
Rat blooa treaied with heparin loses its radiation by NaF'

but not by KCN. This suggests glycolysis, which is afrected by

at ihe enil of
tbe d&y's wotL
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NaF, but not by KCN. I{emolymph of crabs, however, loses its
power promptly in the presence oI 0.000I molar KCN, and so
doee hemolJrz€d rat blood. This suggests that in normal rat blood,
glycolysis is the doninant source, but in hemolyzed blood, and
in the blood of crabs (which contairx no hemoglobin) oxida,tion
is the deciding reaction.

Of the various fractions of the blood, the serum radiates
immediately after the blood is taken from the animal, but loses
this power rapidly. It continues, however, to produce secondary

Figure 44. Above: opect,rum of sl,rea,miDg blood itr the artery of a rabbit.
Below: the combiDed spectrum of 5 coE&on biological pr'ocessee (ori-
dation - O, glycolysis , C, crearinin $drolysie. t, proteolvsis: -l{,

phosphetid hydmlysis - P).

radiation, even after several months (p.43). The leucoc;rtes,
pol;muclear as well as lymphocSrtes, radiate distiactly but not
very atrongly, according to KrENrrzKy (1932). The spectrum
indicates glycolysis, oxidation and phosphatase action, and pro-
bably proteolysis.

The intensity of blood radiation is greaily changed after
wounding (see p. 174). During the metamorphosis of amphibia,
it varies enormously in the difierent stages of development.

Px,orrr (1931) observed a great decline or complete absence
of radiation in blood during senility, and this resul.t was confirmed
by Hnrrruexr (f932). In consequence Pnorrr injected blood
from young persons into old ones. Distinct clinical evidence of
"rejuvenation" by this treatment has beet claimed, and the
blood of old people thus treated radiated again. Table 48 gives
some of Pnottt's results.

A somewhat difrerent way was used by HETNEMANN &nd
Snvomsnr,u to renew blood radiation in old persons. br his
efiort to find the reason why ultraviolet light was beneficial to
animals, SEYDEREELM (1932) succeeded in isolating a compouDd
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24
30
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Table 48. Mitogenetic Effects Produced by the Blood of Old

Persons Aiter IDjoction of Bloocl from Young Persone

Clinical
Resulk

A
A
A
A
A
A

3
o
o
o

5

29
l5
t0
30

l6

70
20
60
70

20
80

12

8l
62

good

very good

good
little

30
4

38
38

IO
53

32

40

n

very good

nolle
good
very good
little
very good

from the blood corpuscles which he ct-lled cywenin' When -this

",rt"f,to* 
was inject'"d into healtby persons' it increased blood

radiation (fig. 45): With patients sufierirg from anemia' it washed

lhu ,r"*lyJJ"-"a blood corpuscles out of the boue marrow and

"""ao""a 
a normal blood pict'ure (HETNEMANN' 1932) This

las possibte in all cases of secondary anemia' but not' in P""ii'i:1"
"o"Jit irt 

which thc bonc marrow no longer produces blood cells'

When injecteil into patients 70 to 80 years old' without

blood radiation, cytagenin produced either no effect or a slight

d"o""rrioo "n""t 
a*i"g the first days, but after I to 2 weeks'

thi blood began to radiate, and repeaied teeLe showed no decrease-

How long t-hese experiments were continued, FIEINEMANTi djd

uot state.
The bloo<I of asphyxiateil animals does not radiate lt loses

this power before tlie animal is dead, even when the process is

etill reversible.

Quite remarkable is the persistence oI blood ra'diation during

ilLness-. L. Gunwrl:scr autl S-u,xlxo (1929) obtained radiation

hom rhe blood of tuberculous guinea pigs until almost imme-

diatelv before death. Diabetes, lues, osl'eomyeLitis a d utcer oI

th" s;ma"h did not demease blood radiation The only diseases

which showed this conspicuous absence were leucemia' and severe

septic€mia with high fever (also poisoning with nitro-benzene)'
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and cancer. This was verified by Srnnnnr who observed absence
of radiatjon in severe cases of sepsis, pneumonia, and scarlatina,

0

-20

tr'igure 45, Increase of blood roiliation by injection of cyt&genin.
At lett: black iDdicstps radiotion beforc iniection. whjr,e alter iniectior.
1 and ll a,re normal healthy persons.'1ll ia a very old person,
Jf is a ca,rcinoma patient. - et, iight: the efreet oI repe"ated ini'eotione

upon a carcinomo ;rotient.

and by GESnNrus (f930). HETNTMANN (1932) added chronic
tonsilitis to this non-radi&ting group; in aome cases, radiation
appeared again soon after the remoya,l of the tonsils.

X'ig.46 shows the results
obtained by GESENTUs (1930)
who mea,sured blood radiation
by the decrease of yeast re-
sptuation (see p. 84). Since
only Yery few easily recognized
diseases preveut blood radiat-
ion, it can be uged for the
diagaosis of cancer (see p. 180).

A very comprehensivo re-
view of hig extended research
on blood radiation has been
given by Pnorrr (1934a). All
meaeruements refer to appar-
ently hea,lthy persons, and are

101

&

60

-u

6t

i

oenqlte of ,nritulior

Figure 46. Deoreose of respir&i.
ion of yeost irr&dia,t€d with tho
blood of healthy ancl sick penona.
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made by the yeast bud method by means of the hemoradio-

mete" ip. 66). In a large mrmber of tables and graphs' he

demonstrates the decreaee of radiation with age, the stronger

radiation ol tall, slender people as compared with short infi'
viiluals with a, t€ndency for stoutness, and the slight increas€ of

m&le ovcr female blood. In the same inlividual, radiation in'
creases I to 2 houre after each meal, and decreases with physical

fatigue. During the wiator months, it is slightly lower' It is

incr"eased by high altituctes, also by a trip to 
-the 

sea shore'

further by ittttuiatiott of oxygen, though in this latter "T"' 
th:

efiect d.ois not last more than one hour' Menstruation and

pregnancy have characteristic curves'

PRorrr states th&t even among healthy individuals, "normo-

radiant, hypo-radiant and hyper-r&dia'nt" types ca'n be dieting-

uishetl, allr;acting in a parallel mamer upon the eame changes'

F. NERYE R,ADIATION AND THE CONDUCTION OF

SIIMULI IN ORGAIISMS

The results obtahed with secondary racliation led Gun-

]vlrscH to the idea, that possibly secondary radiat'ion might be

a controlling foctor in the conduction of stjmuli in plant's and

'.''i-alg. IIet us recapitulate briefly the facts obta'ined with

onion roots (see P. la10).

Irrad.iation of the older' upper part of the severed root

produced radiation from the tip lrradiation of the tip produced

iailiation from the older tissue. The impulse was conducted

fo"git"ah"Uy a,t the rs,te of a,pproxim&tely 30 meterg per second'

but" there wi,s no conduction to the dia'metrically opposite side

of the root.
Later, FRANx obserYed that the same held true for mugcles'

The resting sartorius muscle of a frog when iradiated biologi

cally at a 
"defuite plaae for l0 seconds emitted a stroug mito-

genltic radiation fro- a pl"c" 20 mm' away' In fact' at a distance

it ZO-*., the efrect wae mubh stronger tha'n at lomm; the

intensity had increased by conduction'

These results, together with the discovery of secondary

radiation in nerve tissue, inspired in Gum'rtscs the bold thought

that conduction oI stimuli in nerves and muscles may be ac-
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complished or aided by secondary mitogenetic radiation. This
statement is possibly too blunt, but it expresses in a few words
the ultimate a,im. GuBr rrscn himself (1932a) says that this
theory may appear bold, but it seeme justified to approach it
experimentally, ou &ccount ol several suggestive facts.

One of them is the possibility of studyiag, by means of the
mitogenetic spectrum, the metabolism oI the nerve in the restiag
and in the excited stage. It is evident that the chemical analysis
can give only a rather incomplete picture of the chemistry of
nerve stimulation, bec,ause it iavolves destruction of the nerve,
while radiation ca,Ir be observed without injury. The result of
thc spectral analysis of nerve rafiation has, as a matter of Iact,
revealed some chemical processeg which had ntlt a,s yet been
digcovered by chemical analysis.

The views concerning nerve radi&tion have undergone
considerable change with the improyement of the methods.
The older experiments by ArrxrN with the braia of adult sala.
manders (see p. 146) aud those by Rmrnn and Genon (1928)
with the scia,tic nerve of the frog gaye negative results. They
were confirmed by 'Wessrr,rnw, X'neNr and GoLDENBERG (lg3l)
who obtained positive results only with the olfactory nerve of
the pickerel. By using the yeast volume (p.73) as detector,
Ker-nNo,tnonr (f932) not only proved that the sciatic nerve of
the frog radiated distinctly, but he coul.d a,lso study its spectrum
by using iaiermitt€ut exposure.

The spectrum was det€rmined with restiag as well as with
irritated nerves. Irritatiotr of the nerve was accomplished either
by cutting into it (traumatisation), or by electrical tetanization
with platinum electrodes 3---4 mm. apa,rt, 8-12 shocks per
minute (faradisation), or mechanically, by hitting with a light
hamner, internittelt]y. All experiments were conducted with
intermittent erposure by the rotating disk (see p. 105). This
not only increased the intensity of the efiect, but also elimilated
the poaeibility of secondary radiation from the nerve induced
by the yeast detector.

The minima.l total exposure required to bring about mito-
genetic efrects was approximately 6 minut€s with the resting
nerve and 2-3 minutes with the excited one. The detailed
spectra are shown in ffg, 47. The rather surprising fact was revealed
that difierent kinds oI irritation produce slightly different spectra.
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l'urther, it was found that radiation a,t the poht oI ilritation
difiers from that of the s&me nerve a short distance away.

The spectra (of which each 10 A strip is the reeult of at
least tbree determinations) show five well-known chemical pro-
cesser: oxidation, glvcolvsis, phosphatase action, cleavage of

pulp of !$tin8 treFe

nerve, mehanic&Ily etoit€d

nerve, electrically ercittd

n€!ve, excii€d by incision

20rm, from point of €lectlical etcit&tioD

20 nm. lloE point of mech&ni@l olcitstioD

combined spectruE ol 6 connon bio-
chehic&l Mctions (fig. 44)sssRcB

Imfifiilfinfiilffif "olff'";'i*" e'citpd bv i'uni!&tiotr or

-Fi.qur€ 47. The soectro of the scietic nerve of l,he frog under aliferent con-
diiions. The lowist line represents radiation from th6opiicalnerve da git!''

creatinin phosphate, and de-aminisation of amino acid. A few
li-nes were observed also which cannot at preeent be accoirnted for. r)

These five chemical processes agree with chemical investi-
gations on nerve metabolism. Strange is the absence of certain
Iines. In mechanic&l ond electric irritation, most oI those con-

cemed with de-aminisatiou are missing, and in the electrically'
stimulated nerve, the glycolytic regions are absent while in the
spectrum oI the same nerve, 20 mm. removed from the zone of

r) Two lines of the glycol]-tic spectruE, 193H0 and 1960--60, are

missing in most of the nerve spectra .*hile they all have the neighboriag

lines l94O-50 and 1960-?0. This msy b€ due to a, slight shift ia the cali'
bration of the ilstrument. Line 2410-20 might also be accouded for in
this tay, as a sbift of the peceding lift to the right, or rather an error in
tle calibretion to the left,

Eowever, fhe line 2O0O-10 in more than half of the spoctra ancl

237H0 in 3 of the spectra c&nnot be explained by the sone error of
cdib.ation.
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irritaiion, they a,re present. The creatinin lines are abssnt in
mechanical stimuta,tion. The spectra of nerve conduction laek
entiely the phosphatase lines.

This difierence in the spectra raised the question of "ad-
equate" nerve stimulation. A good example of this has been
furnished by Arwe Gunwnscu (f932) with the optic nerve of
the frog. After decapitation and removal of the l6wer jaw, the
optic nerye was laid bare by dissection from the rool of the mouth.
A small. window, 1.5X2 mm., is suJficient to peimit access to
the chiasma and tracti optici with part of the optic nerve. The
radiation from this was tested in the darkroom while directing
a beam of light on one of the eyes.

Increase in number of yeast cells by direct microscopic
count w&s the method us€d to proye the radiation. The re-
sults were a,lways positive while controls without illumina,tion
oI the eye shorred consistently no efiect.

The spectrum is shown in the lowest line of Figrue 47. It
agrees essentia,lly with those by Ket nNlenorr. ft has also some
unknown lines agreeing with KALENDARoTT's. Thoge corres-
ponding to proteolysis (de-aminisation) &re present only in part.

These exp€riments have revealed that there are difierences
in the metabolism of the resting and the excited nerve, and thet
even _the type of excitation may change the spectrum. It might
be well to remember here Gunwrrscs's sta,temelt that these
Bpectra represent "minimal spectra". The established lines are
doubtless correct, but there may be other lines too weak to be
recorded by the detectors used-

These fine results induced ANNA GuRwrrscH (1934a) to
approach the more fundamental question whether this radiatiou
oi the optic nerve after illumination of the eye was only a simple
secondary radiation, or repregented an important functional
part of nerve conduction. She laid bare the optic nerve, the
optic lobes, the medulla oblongata and the spinal cord of living
frogs, and kept these p&rts covercd with the skin. For several
hours after the opera,tion, all nerves radiated strongly, but 24
hours lat€r, lobee and hemispheres did not radiate while medulla,
and spinal cord usually continued to radiate weakly. As soon
as light was directed onto the eyes ol the frog, the lobes and
hemispheres r&diated shongly while the medulla and spinal
cord did not change.
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When the optic lobes were still in the excited rtage from
the operation, they did not react promptly upon illumination
oI the eye. This suggested a,n interference between tra,uma,tic
radiation and normal reaction upon optic initation. The explana-
tion could be verified by initating electrically the sciatic nerve.
Before the circuit was closed, the lobes react€d strongly upon
illumination of the eye; whea the current was ipplied, the reaction
upon light was rreak aud irregular; after ceasing the iritation,
but continuing illumination, radiation ceased completely for a

short tine, and after that, the normal strong efiect appeared.
It had been shown at this time (p. 45) that secondary

rodiation usually is a resonant radiation responding only to the
vave lengths characteristic for it. Arxe Gunwrrscn studied the
reactions produced by various spectra applied to the chiasma

of the optic system. The emission frqm an electrically irritated
nerve made the lobes radiate weakly, wbile the henispheres
ehowed no efiect. Yeast radiation, however, induced strong
radiation in both. Addition of the glycolytic component (1900

-f 920 A from a monocbromator) to nerve radiation produced

also good radiation ir lobes arrd hemispheres.
The spectrum of the radiation of the lobes contains always

glycolytic liles even when radiation has been brought about
by exposure of the chiasma to rays from the oxidation oI pyro-
gallic acid which are very difierent from those of glycolysis. It
is, therefore, not & mere secondary radiation, but indicates the
relesse oI an unhown iadepentlaat chemica,l reaction in the
optic lobes.

The extent of radiation in a nervons system during illu'
mina,tion p€rmits thus the exlrcrimental approach to the problem
of localis€,iion oI Iunctions in the brain.

In another paper, Arnl Gunwrrscs (1934b) obtained difier-
etrt sp€ctra from the hemispheres oI the frog brain when the
eyes were illuminated with difierent colors. Green light produced

the lines of glycolysis, proteolysis, oxidation and phosphate

cl,eavage. With red light, the last mentioned part was missing,

and with blue light, there were no proteolytic lines. hobably'
the metabolism of the nerye was not changed complet€ly, &nd

all linee were present, but their relative intensity was varied.
The intensity oI the colored Iights used and the wave lengthe

of the colors are not mentioned.
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The efiect of the intensity of light was tested by Anre
Gurrmrscs (1932) by varying the distance between light and
eye from 6 to 18 cm. (i. e. varying the intensity from 9 to l)
aud determining the necessary exposure time. The result was as
follows:

Iangth of trlrpeuro I 3 5 l0 16 20 25 30 35 s€coDds

Iaductioq Etreot at 6c:!... 5 lg 22.5 4 * -Iuiluctioa Efreot at l8cm. - I 4 4 4 f3 16 6

The wea,ker light (18 cm. distance) requires a loager time to pro-
duco the efiect, but there is no appreoiable difierence iu the
i,ntensi,ty ol the effect.

It could firther be shown that continued exposure to hght
produces a long after-efiect if the head is cut from the aaimal;
in the living anima), however, radiation ceases when the eye is
darkened (see Table 49).

Toble 49. Mitogenetic Effeot of the Optic Nervo after
illumina,tiou and dorkoning of the eyo

Mitogenetic Xfrect

light second darkeniag

Isolated Fesd

Living Aaimal

n
n
n
l6
l0

22,0
14.5
20.1

r6.5

2
2

-4.5
0

21.8
t2.o
14.6

-2.0
-2.6

Another importa,lt adva,ncement in the efiort to correlate
nervo aonduction with mitogenetic radiation is the accurate
measurement of the velocity of progress of secondary radiation
in the sciatic nerve. Lerulxrsoru (1932) found this to be 30{3
met€rs per second (soe p. lf2) aad this agrees, within the limits
of error, with the rate of conduction of uerve stimuli.

Very suggestive, though not positive proof, are also the
erperiments by LarMANrsowa on the "fatigue" of the nerve
by continued irradiation with strong light (see p. lll).

Loter publications by Leruerrsowl (1933, 1934) have
added a,nother impressive fact to prove the role of mitogenetic

I
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ra,ys ir nerve conductiol. By erposing the sciatic nerve, $'ith
the attached muscle, in a moist chamber for about 2 hours to
the radiatiou from protein digestion, the nerve showed all syrnp-

toms of parabiosis.

Two electrodes touched the nerve, and the p1&ce between

them was irradiated. For about 2 hours, the nerYe reacted nor-
mally upon electric impulses, causing a stronler muscle contraction
with a, Btronger impulse. After this time, the nerve became at
first more excitable, but soon the muscle reactiong became weaker

and weaker, and then, the typical parabiotic stage set in, the
contr&ction bei.ng stronger when the impulse was weaker. Finally,
the nerve ceased to react altogether, and it took two hours after
the removal of the mitogenetic source before the nerve had re-

covered, and its reactions became normal again.

This experiment has been repeated more than 40 tirnes with
the sa,me guccess. Controls with ga,Btric juice without protein
were not a,fiected. The nerve outside of the irradiated zone reactcd

nornally at the same time when the exposed part of the same

nerve showed parabiosis. The author quotes a pa,per by Lerrrzrr
who obtained the same efiect by rays from a mercury Ya'por

lamp in a few minutes.

The nerve at the parabiotic etage has not ceased to radiate;
on the contra,ry, the emission seems to be much stronger than

that of the norm&l nerve,

It has not been possible as yet to produce muscle contraction,
or a conesponding efiect, by irradiating a nerve. This may be

due to the absence of an "adequate" stimulation. Perhaps, a

combina,tion of definite v'ave lengths is necessary to produce
guch efiects. The one example ol true adequate stimulation are

the above-mentioned experiments by ArNe GuRwlrscn with
the optic nerve.

It seems too early to speculate orr the relation between the

mitogenetic radiation of nerves and the action current. Though
a number of physiologists oppose this idea, it doee not seem

impossible that the two observed facts may be some time be com-

bined to produce a more compreheneive explanation of ilte
nerve mechanism.
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O. IIORPIIOI,OGICAL EFFECTS

While ttre classical example of morphological etlects produced

hv biolosical radiation is that ol sea urchin larvac' they shall

;; ;;;;;:il, for thc sake oI logical arangemcnt' bv a short

note on unicellular organisms'

1 Yeasts antl Bacteria: Csn:rsrre^*snrq (I928) observed

striking morphological changes in past cells as well as bacteria

."a", ift" influeice of radiations emanating from menstrual

i-f-JJ. ft seems that most of these experiments wcre canied out

tittto.,t "*"to"ion 
of chemical efiects from volatilc substances

of the blood, but the same efiects could be obtained when a'

o"*) "."""gft* 
protectcd the test organisms perlcctly againsf'

J"po"* f"o- the blood or from outside'
' At ti-"", the blood was strong enough to kill nicroorganisms;

nore commorl.y, it aftected their cell forms With BQcteriutn

coli, the non-motile cells immediatel-r' a bove the <Irop oI bloorl

werc 3 to 5 times as long as the farther rcmoved cells: Baclerium

uulgare lost' its pellicle forrrration; Lactobacillus bulgaricuo' gtew

tro long threads without ccil division; Oidiurn fornt d no oidia.
,\treptococcus lactis and ocmoris ditl not appear to be changed

morphologicalll'.
.Iust as strrfting were the changes il yeasts. tr'rcquent\t,

retardation of growth was accompanied by an enormous expansion
of vacuoles, leaving the protoplasm only as a very thiu layer
arouud thc cell membranc. In other cases, there was a decided
iendency to grow into hyphae. StiJl other cultures showed for-
mation of giant cells.

Similar morphological changes could be produced by exposure
of yeast to saliva of apparently normal persons (Fnncrrsor, lg32).
Particularly the large spherical cells with tremendously extended
vacuoles and with complete loss of granulation are considered
t-ypical "saliva cells". ft has not been possible, however, to
produce these same forms by interposing a qua,rtz coverglass
betwcen saliva and 1,east. Thus, the physical nature of this
phenomenon is not proved. On thc other hand, it is evidently
not a purely chemical clTcct of some saliva constituent because
the yeasts grew quite normally in mixtures of equal volumes
of saliva, and raisin extract; these culturcs must havc obtained
more saliva constituents than could possibly distil over from the

Protophsna-Uonograplio! IX: R ehn ll
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figure 48a. Normal grovth ol Sac(haro tllreN fllJcodcfita pwrclisllotus'

Above: 100 tirncs; belos : 500 times.
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I'igure 48b. Grol-th oJ iLadiatrcd S accharonlAces f I Ecotlernn .pt&ctisparus 
-

Abover 100 times j bclow: 500 timcs.

ll*
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saliva drop to the yeast culture These experiments' as well as

those b\ CunrsrrAr,{seN. were nade in hanging droplets un a

;:;.";'"";l;;;';uo '"ol"d 
to u moist chamher slidP \aith vaselinn

:;';;;i;';;;-;'na*'' *u' al the bottom ur the cavitv 
'"' t;;;;;;"," mFthod' the elTect of plants upon th: T-{-'-l''^cI

ofr'.u"i"*ua"tuOied. It wasfound thal' mosLparts of the varlous

;i"t" "iffiffi y"uti g'ottn con*id..rably' and also produced

!-""i ^-pr,orog,."' :n"i*": . - ;:;TJ': ;ii':i: ;;"1"J ":fi :;
Sactharomuces f,I!,1'od(rma Punt

"".'il"q"i.,'t 
grlatly "longated 

!o that it uppeared under the

;; ;;;;; I'i""" -old "olo'v Howevcr' tru. bran'hins was

i"t"i ofr"""r"A. and the growth rcsembled morc that ol a 'ltoni[ia

i:t". j* "fr.*. 
the nhange produ.ed bv exposure to a' young agar

;ii;"* ;;;" ""." .p'ii"" some o{ ihe winc veasts also showed

changes oI cell {orm and size'"''-'E""4 
embryos, pollen, and roots protluced the strongest

efiects; leaveB, the we&kest efiects'

These resulte tould not usually be repeatcd with lh" '1t:1..
p."it;;;; quartz '"overglass 

between vcast and sender' unty

the one or the other tsymptom appeared occasionitt{ (T" 
:q::]'

lt, 
-""u"""fy 

evcr lh; completc set of morphologrcal cnanges'

il;;;;;;" st;m distilates of carrot's or potatoes' when added

," ,1" ".ifi"." 
medium in large' amounts did not afiect the mor-

""b.i.*,t.;;;;;; 'he 
juice of crushed carrots produc" any change'

lltten the sender was porsone<r chemically' killing all cell act'ivity'

no efiects were obgerved'
"" 'il;;;"; dealin! here with a combined chemical and

phyri;;;;.;,- ";"h 
as Srinnrnr'r' (1932) assumed to be rather

common in nature'
ln the author's laboratory' Mrs Ben:res has isolated a' ba-

cittu.*tri"t'throughaquartzcoverglass,willcbangemorpnologl.
;i; ;;";; ;"u', !ioi''g theri the aplleara'nce oI "saliva

types".
2. Sea Urchin l'arvae' It has alreatly Ugen alscitsslf,;-n

p. SO tttut sea urchjn eggs, when exposcd continously lo mNo-

qnnetic rays from various sources, dev"lop into verl' abnormal

i";;;;. 
-ti 

has also bcen stated there thal' rccently' i[ bas been

""***"i"til"i 
irti" i" "ot 

dtre to a real radiation' but to a'n

electric efiect. Microphotographs of these forms are shown jn

fig. 49.
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J. and M. Mecriou (1931) have studied the abnormal larvac
histologicall-v, and have come to the conclusion that tht'y are

primarily due to overproduction of the nesenchyme, while the
ectoderm and endoderm appear normal (fig.50). This gives &
simple explanation of thc morphological changes by the mito-

Figure 49. Larvae of the sea urchin, Parucenl'toltts l.,]1idus,

/. Control. unireated.
11. Same origin and age as 1, but exposed continuously thrcugh quartz

to an acid solution of phenosaffranine reduced by KHSOT.

111. Control, fertilized with norn&l spcrm
.lI/. Eggs of the same odgin as 111, but fertilized v'ith sperm exposcd

for 45 minutes to the same solution as 11.
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genctic efiect. However, there is considerable difiercnce in thc

reaction of ectoderm ancl endoderm cells on one side, and mesen-

ch1'matic cclls ol the other. Tho lorrner are not esscntially

afiected (there may be some retardation eventually), while tlte

mesenchymc grows entirelv out o{ bounds though it is reall-Y

protected against radiation by the outer cell lavers'

Iigme 50. Cross section through sea urchin larvae'

Left r the nJrmal lnrva. - Rightr larva cxposcd to the radiation of
Ractr.ltonelacietts.

, : rnouth; Dl&s, : blastophore; act - ectoderm; 
'&d 

: endoderm;

a..f :'-"i.-J"fr; trrl : intestine; nrrs : mesenchy-.t; ols : ocsophagus'

The most remarkable fact is perhaps the observation that

the irradiation o{ the spcrm alone or of the un{ertilized ovum

alone will su{fice to bring about the same morphological changes'

Thus, thc radiation receiverl by the single egg or sperm cell

allects the cntire luture development o{ the larva, and the sti-

mulus received by such a ccll afiects only one part oI the ofispring'

i. c. the mesenchyuatic cells.
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3. Metamorphosis of Amphibia. The role of mitogenetic
radiation in the metamorphosis of amphibia has be€n stud.ied
extensively by Bracxnn and his associat€s. The most detailed
investigation concerned the developnent of tadpoles.

The follorr'ing developmental stages a,re distinguished:
Stago I I hiad legs diFerenti-ated

II : hinil legs scarcely motile
IIIa: hind lege actively motile, belly rounded, forolege not viaiblo

through the skin.
IIIb: bolly bocomes lean, elbo\ds oI fo!€legs ilisteual the €kin.
IV : forelegs ane out; toil has futl length
Va: about one-fourth of the tail is resorbed
Vb: about one-half of the tail is rcsorbed
Vc: obout tbree-fourths of the tail ie rcsotbod
VI : the entire toil is resorbed; mets,morphosis completod.

Radiation arises from the resorbed tissues. The newly-
formed fore or hind legs do not radiate. The intensity of radiation
was estimated by the amount of the mitogenetic efiect (yeast
bud method) which is not a particularly good measure. The
results are shown in fig.51. All organs radiate only during their
resorption. The gills iaitiate the process, followed closely by the
intestine which is shortened considerably, the main shortening
occurring a,t the time the forelegs develop. When the gills are
alnost completely resorbed, the tail begins. Other parts of the
tadpole were tried, e. g. the back of the skin, but they ditl not
radiate.

In a later paper, Bucrnn and LrosNxB (1932) estimated
the intensity oI blood radiation oI Rano rid,ibund,q, during meta-
morphosie. They aecertained the minimal ti'me necessary to
bring about a distinct mitogenetic efiect. The results were

ot Stage II : 6 minutee; relotive iatenoity: normal
IlIo: 30 minutes
IIIb: l5 seconds
IV : 6 minutes
lrb: 30 seconds

VI : 6 minrfes

The strongest blood rafiation coincides with the stage where
gills, intestine and tail are all near the maximum of radiation.
Otherwise, there is no para,llelism. The second pronounced

one-sixth normal
2O timeg noroal
normal
l0 tirnes normal
normal
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maximum of blood radiation occurs after gills and intestine have

c'ompleted their metamorPhosis.
'B"o""u* and associa,tes (VII) furthcr showed that there was

a relation between the resorbed tissue and the developing limbs'

.oa tl"t tra,qsplantation ol gills increased the growth rate of

the conespondiag {oreleg. Removal of r'he giU, or.i'be.freeing of

the foreteg from ihe giU cavity wb"re resorpt'ion of the gills.occurs'

..t*"a"d [.o*tU. Fially, it coulcl be shovrn that a t'adpole lying

i" " q"""tr-Uot*med olssel will show a more rapid growth of

tr'isurc 6I. .l ntensit-y of radiation of the rcsorbed organs.offroq tadpoles'_=.-'-_' - -"a*itig eucceaeioe etagee of metamorphosis'

the less jf tbe bottom is placed over pulp of tissues iJI the process

oi "".?tption. 
Tbe fortieg to be irradiated was freed Irom its

"rJ" UV a cut irr the covering skin, while' the other leg which

;;";""d rJ coutrol remained covered, anil therelore shaded against

"raittion. 
The result of the operation ag such was that in the

"""t"it 
t-ttft glass bottoms, the freetl leg lrew a little t""." "lT1{

;;; j," *"; in the cevity: 6 5% + 0 8 lese in one serieg of 
-22

tadpoles, and 4.5o; + 1.3 less in a' second series with '14 tedpoles'

Io il" qon*r-botiomed vessels, however, the freed legs grew

--" ""pdly; 
+ l% + I.Lmore in one series of 33 tadpoles and

z.+i !t.2" t" the Jtrt"r series with 5l tadpoles The actual

,Acse-tEE!E -E is 2. g: :E '6q E-H

c€ Et *uE E'i *uB.= :i ii €:
EE EE E; E3 ;nE EE . EP EE
AE
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gain by irradiation was thereforc f0.6% * 1.4 in the orre set
al.d, l2.lo/r;[ 1.8 in the other set of erperiments. The gain is
7 times that of the average error.

The triton Pleurodeles Waltii shows similar radiations
(BLAcHER etc., III), though less intense; and the. axolotl .4zr-
bgllonw tig"inunx which retains gi.lls as well as tail throughout
its life radiates still less.

Experiments were made also with Dros ophila, Iawae (Bt l'lc:ann
etc., V). They do not radiate until about ready to pupate. The
maximum intensity is reached 24 hours after pupation, and
ra.diation nearly ceases after 30 hours.

There is no direct prool that in these cases, the radiation
of the resorbed parts had any distinct form-giving effect. posit-
ively established is on-ly the radiation of the resorbed tissue,
a,nd an accelerating efiect of this radiation upon the rale of
development of the orga,ns concemed.

4. Change of Chromosome Number. It has been repeat-
edly observed that polyploidy occurs fairly frequendy iu some
individual branches of toma,to plants in{ected with Bactcrium
tumefaciena. Kosrorr and KENDALT, (lgg2) conceived the idea,
that pollaloidy might be somehow linlecl with the strong mito-
genetic radiation which is known to be emitted by this bacierium.

To test this, 120 tomato plants were inoculated with Baat.
tum,elacient, After the development of the tumor, the plants
were cut o1I 3 to 5 cm. above the tumor in order to induce the
development of new shoots. Seven shoots arose directly in the
tumor and of these, 5 could be rooted. One of then proved to
be tetraploid.

mrile these data are, of course, too scant to permit the
drawing of conclusions, tLey are suggertive of a new cause for
polyploidy.

5. Parthenogenesis by R,adiation, Rnrrnn, and G,mon
alter having verifed Gunwrrscu,s statement that there is always
radiation around a wouad, refer to the theory of Blrlu.r,or that
the developmental mechanism of an egg is released by the wound
produced through the entrance of the spermatozoon. IIe had
succeeded in causing cell division in unJertilized frogs,eggs by
:.y T: needle_pricks; o y a vety few perceit of tlie 

"gr;l"jmitreat€d 
.jrdriated developmeul, lrt lo uo-" """.", ;;;L;;;

obtained tadpolcs and even frogs by tbis metbod.
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I7O CHAPTER III

Rmrrcn and G.Lnon speculated that this eftect was in aJl

probability due to the mitogenetic radiation of the wound (see

wound radiation p. 173), and they reasoned that in this event,
rsdiation alone, without' wounding, should produce the same

result. They exposed u.nfertilized eggs of salamanders and frogs,

obtained with great precautions from the females, to various

sonrces oI ultr&violet. Of all the wave lengths'tried, only those

of 3340 A proved elficient (Attention may be called a,gain to the

circumstance tha,t RETTEB a,nd Glgon have always claimed that
only the rays around 3340 A a,re mitogenetic, see p.60). Even

with this wave length, only 2 unfertilized eggs of the salamander

could be induced to develop, the ffret division being completed

3 hours after the 5-minute period of irradiation. A repetition
caused only one such egg to develop. In the controls, as well as

in all experimente with longer or shorter irradiation, or with
difterent wave lengths, the eggs died in a short time. The number

of eggs exposed is not given, except that it was stat€d that each

group contained about 5 eggs' Of these "induced eggs", one

developed to 32 cells, one to the 8-cell stage.

In a later experimeni with "a few hundred" unfertilized
frogs' eggs, 3 could be induced to start cell division by iradiation
with monochromatic light of 3340 A.

H. SYMBIOSIS, PAR,ASITISM AND ANTAGONISM
It seems very likely that biological radiations play an im-

portant role in the mutual relationAhip not only of cells, but'

also of cell groups and multicellular orga,nisms. This field of
mitogenetic radiotion has as yet scarcely been entered. A few

isolat€d facts stand out plainlY.
trtom the material nentioned in the preceding chapters,

biological radiations &ppear to be largely stimulating, or bene-

ficial. Possibly, tbis conceptiou is wrong. It may be that only
lor rersong of technique, we have been able to observe for the
Ioct part thi8 one tJrye.

It has been shown that as a rule, unicellular organisms lurther
erch other's growth. The radiation lrom yeast stimulates tLe

tell division oI many bacteria, dnd the rate of germination of
mold elnres. Similar efiects with multicellular organisms are

in€neahle, but not proved. The radiation Irom an oniotr root
riU stimulat€ cell divigion in another root uader laboratory



physiological conditions permii lsce e. g. fig.2S p. a9;i
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conditions, but that can hardiy occur uncler normal conditionsof plant growth, with the soil absorbing uU 

"uaiut-loo. 

-"*'"'""'
Thc role of radiation in parasitisri is strongiy suggested.

1ll1 i:, t:.".0 rn :l: caso or planr rumors nuu".d Ly u,if r,,,)'.rortpns. IrlacRuu fl927r) observed that cell divisionln the tumorwas not limited to the immediate presence ol the bacterial lells.llowever.,it wa$ not attcmptcd to prore ,f,", " ,"r"" *rrijoe lormcd cvFn il chomical ctle|ts b1 bactpria wcro ex,,l dedfrom action through a wall of quartz.

- The abnormal proliferations on the leaves ancl stems of plants
due to insect eggs (commonly called galls) 

"." """"1i"-.*ii-lri"Jto chemical initation by the larva, fr"iit jo"" ,,oiu""_ ;;;;;that the young larvae radiate shongly during th"i;;;"ly';.;;;
:l-q1:1, ! I'o ca use abnorma I protii.ro r ion .f', i*r" b; ;;ii" ; ;;;rrrrougn utuavrolet ravs.

Parasitic existence is limited to a verv few species of plants

:l i:li"\. tr is cusiomary ro aasum,. tt ", i." "rj._ 
i"" i."1"""",

fllitflt t t"11" 
",1d 

animals are prevlnfed from L.virg as lrarasitr.$:rre assumptron that specifio radiations also play a l,arl off.rsit.elf^naturally. Howevnr. this assumption $ould imnlv vervsp,cific radiations: eirher b*nc6cial. lufri"fl fu"o"- on;""'1.;;i
l,j,::l: "j its,neore8t relariv.s, or. more probabty. anragonistirraorquons whtrh prcvont growth. or ccll division- of all speciesexcept the parasite; for oome reason, the parasite is ,.r.t 

"lI;;;;b5' the harmful radiation. The assumption of specific radiation,shas very little experimental evidencc ior its supiport. Whii;,
::,:l]'] 1". 

from krrowing a strrrrees of mirognn.ri" .ays, attwolr-r{nowrl radialions arise from "ntirely unspecific bioch.mical

llll",-r::: 
such as proreotysis. gtycoiysis. oxidatlon, 

",".. 1,_."""."rvnicn arc common io most plants and animals. The pathogenirit-r
"f th".r{ph:i9 bacleliurn ro man. bu1 nor to rars -,lf,f ,,"? fr" 

"._plajned by differcnt radiations from thc two hosts. ut ou" p",*nlr
state 

.of _ 
knowledge. But it must be admitted tfr.i _" frll" l.chemical explanation either.

On the other hand, there has never been observed anyspecific action of definite wave lengths 
"p"" a"i"rr""""grii*rJ

-"11]*:"1*lT::" 
": Iil -pgi"t 

to tr," ""o""r,,1io,. lr,u;;;;;?ff,b"
between 1900 and 2600 A can sfimulate the division lf _ry 

""ji,11""1 g" "."tTd, 
uricellutar or part of , tf"",", p"""iahgli'rt;;
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It is known, of course, that an overdosc ol rnys will not

.ri*uiui., "^a 
*Lh, ev"n retard growrh' but thore is no evidPncc

rhrt narasites are more loleranl to radiationo of rhis kind than

:l:'1""t';:;:;;"t;i;;;;; whire th" assumprion or specinc

radiations wou1tl bc a verv convenient explanation for- somc

n..ii"r"s t" o"*"'l i-m' it has as vpl no e.xlc' imental tt""l:l::l:
-{ nt a s on i s t i I *. i' " l,'' " 1, I'J;:l:; 

-:it^::"1 ;'Ji'li];
"n+eoonistirr radiations is thc r

:lilffili,r'ff;';' ;;";s;"i"" k""o*n r.' antagonize ea"h

other uhen groun simultan"oustr in tht samt tulture sutlt a'
"iii,ilL".r' t"ril"":1" and Pseudomonas plloclJa ea ' .r yeast with

staph;loconci :t :t.ttp':"t-:"i..--. cultures whiclr w"r,.ti ,, hoLrrs
Acs us.d for his exPertm"nt

"1,1. 
i.; ;i ;;;t"g.. of rapi'l growth and Pxfostsd th( on' Pure

l"firr" ,.in. t"otulion ftot thP olhcr' ltr tlris wr5 hp obtrirrcrl

ai"it", *i""att-n ol grouth lrradiation oI B anthracis lot 
-l-

to 2 hotrr. bt Ps pgoryanco ga\c gro\rth.*t":O^1ft"-"^.:^t--'::

t. ilo;". in i+ "*p..r.iment" 
ln rwo erpcrimonts' lr. roverscu

thc arrang.mpnr. rsing B dntht(t(;s- u" t"nd"t "iU 
t:.:]l'.,:j;

-n,,n"uonro" 
+2 and {60o rcra rtl''d The samc organlsm waq rrvrt

i'fi,il;;;;;r' ,.-ioiaiut" Bacittus totimots' which was nor

l.i"rj.J. i'i'",'*uroi'a +z and ;6oo voast radiation *": t"l:ln
to retard sraph5lococ' r v' rr rlirtjricrh' in i expcrimFnt! artd

"L. 
,'t*pto"o",,i in thc one experimenl Tn'I"... ,.-- ----^+ h,,

. Since srlrlr selectivil\ ol antagonistic radlalon. IttIrrLUr u'

"""r-""a L,v o,rr prt""nt knowl*dge a more delailcd slcctro'

.;;;;; i";.;i'*;,i.n of such tvpes mighr add sr.arl\ to our undnr-

.i"ia'"*.f li.. significan..e ol biological ratliations''-" 
ii,F".",t, {rom the sperific harmful ratliation which. injrrres

""" ""o""i.., 
b,,t "timrrlat'i olher spccics are rh" generallv harrnful

iiir*-'.it"ti".."ob'erved hu cHHtsrro:'eN and b' Banres

."J n^"" f""" p. 184) which are linke'l with. ccftain na*ntl:g1:it

"orrai 
ion". The radiation mal l'e trul5 spccific l onlv one sp'cres

:+;:; j!;;;T;!,:.::!,:,:^:;:lflLj;lT$,';-iilit
while olhpr veast spccrts wcrc rcr rucu' - ":':; :- '-;^',"-'^- 

ttt" "t*pt" 
oil th" ""t urchin larvae (p 86 ancl 164) 

. 
ts

,ruito characteristic of a harmful elloct produ''r'd by.a primaril5

H;'.";iui';;;;;';;. ln thi" ra,sc. thc harm is probablv don' hr

ll':#,i.- ffi';'; ;v '"v specific wave leugths since s*ch

widcly dilTerent sources as chemi"al oxidation' glycolysis lrv
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.):1"1: - strcptocomi, and proteotysiB by staphylococci gavelnp same results. The main caus. of tha harmtul cffcct jn this
case is the dillerence in sensitivit,

""'*;";;il;'";;:ff il;J"':,iff fi ;iir;,1|""1Jff Ii",',"11

I. THE HEALING OI,WOUNDS

. Tn"l wounds begin to heal, this is usually accomplished
by rnitosis of the cells learest to the wound. I; _""t;;;, ;;with grour animals or plants, this would mean tfr.t 

""fi" 

-JiJf,
have already come to a, resting siage, revert to rnultiplying ceUs.This resembles somewhat the situation of old yeast ;"";;";;t
cells transferred to a fresh medium. Something like a r"j";;;;;;;;
process of the old resting cella is necessary U"to"" tt "yi"o aioia"again.. It was precisely at this stage that we found mit"g";";;;
radiation to be most efiective upon bacteria or v"u"t". "

The first discussion con..rning the possiblc rjle of l.,iolosical
rad.iarion jn rhe healing of .ounds o..,urr.d i, 1929. H 

^;;*;";;;nad tound that fuli_grown. but young lcaves ol Spdaz spcrtabilc
and Escheaeri,tt, secundq can be torn without 

"rpt""iog ;t"';ii;of the mesophyll. They separate, and leave u ,f"y 
"r,"fi"". 

-So"i
a,- surface will not ,,heal,,, i. e. the cells sho* ,ro iign" ;i;"tri";if the torn Ieaf is kept in & moisr chamb.r. Th.i *"ff O"ni" r"dividc. however. if smeared with juirq of 

".*h"d" 
t""""".-"ifr.Jwill also reproduce if the leaf is cut instead .i ""*f"iiv tr"ri,leaving the wound surface wet with cell debris..

. . Gulvlscx (1929) expressed his opinion that such new di-r-ision of old cells could not take place without a _it";;;";;stimulus. and thal verv probably it rame from th. celi out.,
hlAB-ERLAND (1929) aftpmpied to discover wherher radiation bvsedum lcaf pulp would cause a hoaling or renewcd mitosis oI l,dry, torn leaf. He lound that leaf pulp iid zol induc" ;;;;;;of cells when held at short distances from tfr" ln;r,""j f"uf 

"r,aconcluded that the wound hormoneg act chemicallv and notphysically.

-, , 
ap*]"..1 (1g29) found, using ye6s1 as deteclor, thatpulp of sedum Ieaves did not radiate when fresh, but would doso after lS.to 2,1 hours. losing this pownr again 

"fr.-. 
1g;;r;*fie.stales that in his opinion. radiation alonc will not cause thcncaltng proce$ jn this casc: that there are chcmical requiremonts
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besides the physical ones; but, that radia'tion is olt e of thc necessary

factors.

While the argument concerning the sedum lcaf wounds has

never been settled cxperimentally, BRoMLEY (1930) has provetl

that tlre tail of the salamander Ambystoma tigrinurn radiated

strongly after bcing amprrtated. It is not the new tissue which

.u,liai"", bot the old celh immediately under thc newly-formed

tissue. Exposing yeast lor l8 minutes to the grotrnd tissue' the

following "induction effects" wcre obtained:

- l 2 3 5 6 12 21 ]r'urs alter amputation

6.2yo 2.to/o 2s.6oi 11.1yo 39.9% 48.49/0 564J! induction

It requires 3 hours for radiation to be established' The radiation

of the injured tissue reaches a maximum after I-2 days' decreases

clecirlely and reaches a sccond maximr:rm aftcr 5-6 days This

ug.""" ,oith the two maxima in pH of healing wonnds as observed

by Orur trr (I928).

The same clouble maximum could be observed with wounded

taclpoles ol lhe lrog Petobates luscus' hy BLACHER, Inrcnnro-

$'rrscrr, LrosNrn ancl WonoNzon-a (I932b) They cut l0,mm'

from the tip of the tail, antl after dificrent times, removed the

old tissue which producetl the regencration, ground it rp and

used the pulp to irracliatc yeast plates The threshold time

neces!,a.rv io p"odoc" distinct mitogenetic eflects r-as the m-easure

of intensity. ln Table 50, two distinct maxima are seeu at 12 and

36 hours aiter wounding, and a minimum at 24 hours, and a great

drop in intensity after 4 daYs.

\rcry interestlng was the observation by thc same authors

that th; blood ol the tadpoles changcd its radiation decidedly

upon wountling of the tail. The blootl of normal, uninjured tadpoles

prodr.cecl a ma"kerl efiect in 5 minutes 12 hours after iniurv'
I minutc of exposure to blood sufficed for a similar clTect; 24 hours

after injury,2 minutes were required, ancl on the fourth day'

on ..p*r,." of 15 minutes became necessary This mcans that

at this stage, the blood radiatcd less than half as strongly as that

of uninjuld tarlpoles, and it sta,yed at this low level during the

entire 18 days of the expcriment.

81' this long'contimred efiect oJ the *ound upon blc'od

radiation, thc eniire bocly is aflccted and brouglff into play'
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I Table 50. Induction Eff6.r
I ,,ith oid t't"";;"';;;::i," 

Produced in Yeasl' Lv rrradiat.ion

I ------ "*"*1,"'i;,T;,::;;;i:i"' 
or \r'ou nded

l'*-4,1=,9*F

I'r' 
t,' 
-t#;;*

I i; ;: r:r:/:1:l_;.1;;iJl'
I ,' l- -l -r-'i'ilir _

I SAluaRAJEFr. {lg32i rer,eated the tadpole and salamanderI (xlFrimcnts wirh narthwor'ms., U".ut tl".^ ;;;r;.";;H,*I them in oarrl. and lound ihAr rhe 6rst m;tog.n.t;;;;fl'J,it'n"o,
I Le detected until 20hours a,ff

| "., -""i. .ir,".;;r;;;':;", tT"" il1i::;1J::#:1,1; ltT::"1 Oonsidcr.irrg that reeenera

I ;rhr;r,r H)*[l ri*;I ;;T l##til:n::ill
I Fjgure i2.

I *;+*+r$i**'{, 
-ra\ -1/-

I i;-"'i;T;ii:1:i.-,_":iTfrq af,€. t:

I Iur"",ro*rt""r, Ltos-un and Wonorzrle (l932a) succeeded inI proving this Ly prorlucine a m
lL.,u.iosr*r;;""du""."0ililT#l'S","ffi :i:J'fi .:t#J'i j:I this proof. Into their tails w,

I :g' :t in" "#"i'nl"il;'Jn":l:,":T:i:iil;",:"1;; il:' ngure. under a low powcr lens. zund it is here rccordecl in p of new

I
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Table 51. Amount of Regenerstion in the Wounds of Tadpolc

n.. "ta.d-

r76

Irmdiated
during

lst 24 hourg
a,fter

wounding

2nd 2,1 hours
after

*ounding

3rd 24 hours
after

s ounding

CHAPTER, VII

Irradiated Controls

poles

l8
l0

20

t7
t6

l4
16
l9

582
321
615

576
666

849
585

l0l4

+13
+54
+16

+ 1.1

+26
+26
:ll
+20
+25

16

17

l2

20
l6
14

l4
I8
l6

480

528

498
705

762
558

+1
lo

I
--2

i

+t

513
210
555

ti78
459
528

165
4U6

8t3

111
216
417

111
489
657

786

561

102 645 -F9

growth from the deepest part ol tho wou d. Tlrc tadpoles were

placed in dishes with quartz bottoms which rested on a pulp

ol taclpole tails and intestine. This pulp is knowa to radiate

strongly, and the wounds on the under side of thc tail were thus

exposert through quariz, while the wounds on the upper side wcre

not. The controls werc in similar dishes with glass bottoms

These experiments, of which a few are rcproduced in Table 5I,
showed that in the controls, there was no difierence in the rate

of regcneration between the upper and the under side of the tail'
Irracliation protluced in all series of experiments a distinctly
more rapid healing of the inadiated woundg

However, this statement needs some modification as a careful

checkiug of the individual wounils showed. When all the upper

lnon-irradiatedl rrounds o{ the exposcd tadpoles were comparcd

with those of the controls, there was no difierence when the tad-
polcs were exposed for 24 hours immediat'cly a{ter wounding'

Th""" *u" also no dil{erence v'hen the tadpolcs were lcft without
treatment for 4!l hours and then exposcd for 24 hours. II, however,

the tadpoles were left untreated for 24 hours and then exposed

for 24 hours, the upper worrnds had healed 26 o/o less thau the

controls. A comparison oI the lowcr wounds showed an increase

in healing of 33o/o whcn irradiated at once, but no diflerence

when irradiation began a{ter 24 hours

Tails, Irradiated from Below
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This signifies that inadiation immediately after injury
afiects onlX the irradiated wounds, stimulating them; inadi;tio;
24 hours after woulding does not stimulatelhese, but retards
the others, nanife*ing an efiect which is only apparently bene_
fcial, Irradiation 48 hours alter wounding *gu,in p"oio"". ,
true stimulation. There is a suggestion of the same double maxi
num which we have already encountcred. No expianation has
been attempted.

The proof that the rate of healing of wounds can be acceler-
ated by mitogenetic rays, may be of importance for the future
of wound treatment. Two treatments might b'e, partly a,t le&st,
erplained by mitogenetic rays. One ie the beneficiai inlluence
of the presence of Lactobacilli. Nonrn (190g) and Grr,rxsn and
Ilrmrrr,rrncnn (1912) applied cultures of Lactobaeillua bulgaricus
to inflamed mucous membranes (gonorrhoea, hay fever, conjulc-
tivitie, utero-vagiaal aftection of cows after abortion) ancl to
euppurating wo'nds yrith very good healing results. The good
succeeg is ascribed to the lactic acid. The other methoil is the
repid healing of wounde infested with maggots of fliee. While
doubtless the present explanation i6 correct, th&t the continuous
removal of pus and dead tissue cells by the maggots induces
nore rapid healing, it may well be that in addition, there is a
mitogenetic effect upon regeneration by the larvae.

J. THE CANCEN, PROBLEM
The word catwer is not very accurately defined. It is meant

to indicate the most common form of malignant trrmor. X,rom
the physician's point of view all tumors are neoplasms. Since
the authors do not feel competent to pass judgmeni upon medical
defaitions, they have adopted the foitowlng of X'nr.nuer,s
(re32):

"With certain res€rv&tions, a neoplasm may be defined
as a,rr &utouomous proliferation of cells, non-inflammatory, which
grow continuously and without restraint, the cells resembling
those oI the parent cell from which they derived, yet servin!
ao ue€Iul fuuction, and lackiag orderly structural urrangement.;

"Carcinoma is preiereble to the older term ca,uoer as
designating tumors oI epithelial origin that are maiignant.,,

?rotoll&r-[orosryhi€! IX: nrhr
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"Sarcoma refers to a tumor consisting oI immature con-
nective tissue elements, tha,t is clinically or histologicallv
malignant .''

It has already been mentioned repeatedly in preyious chapters
that contrary to the very weak rad.iations of the normal tissueg
of grown animals, the malignent tumors radiate strongly, while
the benign do not.

The first study on the relation between tumors aud mitogenetic
rays, however, was the investigation by the MAeRous (19274
and b) of plant tumors caused by the crown gall organism, Bac-
teri,un, twnelqcietb They proved, with onion roots as detectors,
that cultures of the bacterium radi&ted; they also showed (1927c)
that in the tumors, cell division had taken place quit€ remov€d
lrom the location qf the bacteria. This made a physical efiect
probable, but did not exclude chemical efiects. They did not
produce experimentally plant tumors by radiation.

Soon afterwards, the carcinoma problem in man and animals
was attacked from various angles; (1) the radiation oI c&nceroua
tissues; (2) the radiation of blood of cancer pa,tients, &s a means
oI diagnosis; (3) the irrigin of cancer.

Radiation ol Cancerous Tissues: The st4ong radiation
oI ca,rcerous tissue as contr&sted with the non-rafiating normal
tissue has been established in a number of cases by various in-
ve8tigators, e. g. Grnwrrscu, Rsrrnn a,nd Guon, Srngrnr,
STElrpELL, Gnsnrrus, and by various methods. It is one of
the most def.nite facts of mitogenetic radiation. It is also an
established fact that only malignant tumors radiate.
' A. and L. GuRrrrscu (1929) and Krsr,rex - SlEtrnwrrsctr
(1929) had found that there were two kinds of carcinoma
radiations; one requires glucose in order to emit rays, u.hile the
other occus prim&dly in the rrecrotic parts oI cancerous tirsue
which are not capable of glycolysis. By compariag the spectra'
of these two difierent t;ryes with the known spectra, it could
be showa that the one was plainly a glycolytic radiation while
the lineg emitted by the necrotic parts of the tumors agreed with
those o{ proteolysis (see Table 52). Arr analysie with strips of
50 to 60A was su.fficient to prove the difierence.

The nucleic acid spectrum is also found in carcinoma itself
i{ the exposure is sufficiently long; the proper time for the pro-
duction of a glycolytic specfuum is too short for that of nucloic
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Toble 52, An&lysig of tho ?wo Spectra of Corcinoma

(tle numbors indicat€ induction efects)

Caccilomo
IYp. Glycolysis of

Intoct
Moto6t&ses

Necrotic
Perts

r900-,1950
1950-2010
2010-2070
2070-2t60
2150-2220
22qt-234r)

5

-l
30

44
33

-9

0

50
55

r.3
60
o

-1,5
38

45

8
2.5

44
42

r900-r960
r960-2020
2020-2080
2080-2140
2140-2210
22tO-2290
22S0-2350
2390 2430

acid. This difference in intensity of various reactjons occurrinq
simulla,neously adds greatly to tl" Aiff 

"utii"" oi;;; #;;:
.{bsenne of Blood Radiation: The second outsta,ndins

and thoroughly established fact is the abscuce of bl; ;;;;;in cancer patients (see 69.46. p. 169). GESENTus (lgg2),;;;;;:
maflzrng 3 years of clinical experience. statcs that paticnts with
ter&tomes (Donstrositips) and probably wifh mixed ir_o". o.o"l
Bnow blood radiariou; while normal r&diation is observed in allcaaes oI sa,rcomar). hlpemephroma (bcnigr kidnev tumor)-
glioma, (benig! tumor of the brain. retina o" u,uaito"y,,..rr.y, _.j
Il^.1:_(b."lgr musnle tumor), evcn in eeverc 

"n"#u "u.u".JlyDreeorng ot the myoma.

BeruE albumi[ +
popsin

50
80
70

I
11.6
50

Bnaursrorx and Ilnyrrrz (Ig3B) tletermined the time
when blood radiation decreases. They inoculated rar. *fii. *_..

Wave Length
inA

irl RtNcE&'s
solutioa + glucoso

.. .:) 11"" seeD$ strange since the g&rcoma tissue showa the s&me Btrongradiation a,s cotcinomo tisaue.
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Table 53. Glycolysis end Rediation in Slood from R,ate
Inoculoted with Tumor Celle

Normol Animals
5 days after impla,trtation

of cancer. . . .

6 ,I"y"
8 deys

l0 alayg

l3 iloys
l0 d&y8

Mitogenetic
Induction

+33.4

+26
+13
+1
+7
*4
+5

14

3

6

7

6

67.6

69

78

70
69

50.1

38

40
62

43
46
62

cells through an incision of the skin of the back; alter 6 days,

a tumor the size of a barleycorn had developed. In short interva'ls,

they determined the decrease in blood sugar, &nd the mitogenetic
rediation (Table 53). Wlile the latter decreased distiactly from

.!pE i.q l=-:! ?, 9: s;"!;!E;El; EE .B

AiL-s-a!93 q.c g
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shicb are not ca. ! d E€ €
of these two difier.i f; € E E
be shorn tbat tbe one - Z €
the lines emitt€d bv the L S.E
th@ of prot{'ol}si" 1*" fE ;' f;
50 to 60 A was sufficient to f,. E

The nucleic acid sPectrum rs 3
if the erpooure is sufficiently long;"
duction of a glycolytic spectrun is tot

IIN
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and
iAr,-
the
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r2,
tion
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:ha,t
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iver
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3lood, in mg, after
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Normol A.nimals

5 days ofter implanietion
of concet .

CEAPTOR VII

Table 53. Glycolysis &nd Rodiotioo in Blood from Rate

Inoculaied wiih Tumor Colls

Mitogenetic
Inductioo

6 days
8 <lays

l0 dsyg
13 aleys

16 iloF

3

7

7

6
3

38

4{)

62

43

46

69

78

70

69
17

+33.4

+26
+13
+7
+7
-4+5

cclls through &n incisior of the skitr of the back; after 6 days'

a-tL-or tftJ ei"" of a barleycorn had developed' In short' interv*ls'

inuv, det"rmlne.l the decrease in blood sugar, and the mitogenetic

,raiutiot (Table 53). While the latter decreased distinctly {rom

tU" tftl aty, glycolyeis aud sugar content were not aIlect€d'

il"* it 
""i# 

ill"h- -o." to this negative inductioa effect of

cancer blood ihau mer"ly the abeence of radiation' Ilnnrnu-elN

iis3ii *tv a"f"itely found growth reta'rdation when he used the

actuai rate of cell increase as a' measure (Table 22' p' 73-and

ni. +,5, p.I63). As early as 1929, Lvore Gunwrtscn and S-u'-

;;; ;b*"""d that the bloocl of cancer patients suppressed the

radiation ol normal blood upon mixing the two Rats' i'jected

Jil ""tf-f""" 
tumor extract, showed no blood radiation after 2'

i, und + auyl, but were normal again after 9 days bj","lbi
of 

"ytng"r,i.rr 
{see fig.45) caused a temporary hcrease ot 

-blood

""aiotloi. 
Wtt"o "yttg"ttit 

is discontinued, emission of rays

drops to its negative level in I to 3 days'

Cancer Diagnosis: Blood ra'ili&tion is so conspicuous even

witb patients suff-ering from many kinds of severe ilhesses that

its aieence in cnnc"r has been considered since the earliest

observations a,s 8, dia,gnostic means' Grsrxtus reports (1932)

ihai in p.rnicious a,;mia, radiation begins again tIt"" J:.*
diet, while in carchoma, even the complete removal- ol-the

tumor anil radium tre&tment will not restore normal blood

radiation.

Decreom of Sugor in
Blood, in mg, after

l.5hIs I 3 hrg
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Recently, KtEMrzKy (1934) obs€rved the return ol blood
radiation whel every last trace of c&ncerous tissue had been
removed.

Since practically all dioeases producing decreased. mitogenetic
radiation_ in blood are readily recogaized, cancer diagnosis by
this method has been studied system&tically. The belt resulte
obtained are very fikely those recorded by Ifnrrnunw from
one of the hospitals in Xbankfurt, Germany. .,On the one side,
further observations with carciloma suspcts justified the conclug-
ion that a positive mitogenetic efiect excluded the possibility of
a tumor with cert&inty. On the other hand, a negative efiect
cha"nging promptly to positiye aft€r cyt&genin injection, caused
us repeatedly to search for a tumor and to prove it beyond doubt,
though the preceding, most careful clinical investigation had
given no reasol to suapect tumors (e. g. a small carcinoma in the
upper rectum which caused no direct pain).',

- Very encouraging is further the summ&ry by GEsENrus (lg82)
of 3 years experience i,ll the Berlin University clinice. The methocl
consisted in the decrease ol yeast respiration by blood radiation
(aee p.84). During.the last year, only such cases in which diag-
nosis was uncerta,in were investigated

Occasiona,l exceptions have been observed; blood radiation
hae been found infrequently connected with severe carcinoma,
and has rarely been abs€nt itr patients where autopsy revealed
abeence of ca,rcinoma. Nevertheless, blood rad.iation is a valuable
diagaostic meaug when used as a part of the clinical examinatioq,
Loss of radiation is independent of the size a"nd location of the
tumor. ft remains absent alt€r remoyal of the tumor. and. cannot
be used as a t€et for the guaft,5g of trea,tment.

Origin of Cancer: It has been stated repeatedly that normal
adult tissues radjate rrery weakly while normal blood radiates
stroagly; in cancer, the opposite takes place, the new growth
radiating strongly while the blood ceases to do so. Thes; facts
plainly suggest that the growtl-stimulating source oI radiatior
ie removed from the blood and concentraies in the neoplasm.
However, this simple assumption does not agree with our exllana-
tion of these radiations as originating from Liochenical reaitions.
Jt 

b-as l_yt leen shown that sugar cont€nt and the ra,te of glycolysis
ilr the blood of cancer patients are not greatlv altered."i.or ihie
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rea,son, this expla,netion of the origin of cancer is not usually
etressed-

Somewhat difierent is Pnoru's conception (19340) who
aasumes that a cellular dioorder may arise when blood radiation
becomes very low, eventua,lly resulting in a neoplasm. He proved
his point by injecting a cell suspeneion of adeno-carcinoma into
two lots of l2 mice each; one I& -ae bein! Ied normally, while
the other was on a starving ration. X'ot the ffrst 15 days, the
tumore grew more rapidly in the starved mice whose blood
radiation had decreased, on the day of injection, from about 50
to about 10. It must be remembered that cancer is most frequent
in old age when blood radiation has a tendency to become
very low.

Pnorrr observed further that a mixture of neoplasmic cells
and yeast celfe i,n oitro teslultod in a destruction of the neoplasmic
cells while cells from normal tisauea were not influenced by yeast.
The same happened when the neoplasmic cells were separated
fiom the yeast cells by a quartz plate. PRorrr calls this "c5rto-
photolysis".

Repeated. injections of yeast suspensions into the Galliera-
Sarcoma of rats caused a liquefaction of the tumor, without
pus formatiorr, leaving fiaally a cavity with thin fibrous walls.
I:rtravenous injections produced no efiect upon the tumors,
With the adeuo-carcinoma of mice, injections of small amounts
of yeast into the tumor stimulat€d its growth while large amounts
retarded it. The eame was the cas€ with intrayenous injections.
Yeast heated to 600 produced no efiect which suggests, together
with the abovementioned "c;rtophotolysis", that the results are
not due to enzlrnes, but to radiation.

Cancers have been produced by frequent application of
certain chemicals to the skia. Since the compounds Iound so
far are not normal or pathological products of the human
body, as far ar is known, the discovery of their efiect does not
really explain the formation of ca,ncers, but may give valuable
euggestions towarde the solution of the problem.

More important is perhaps the discovery that cholest€rol
metabolism is in some way conrlected with cencer. It has been
claimed by Snew, Mlcrnxzrn, Monevnx and others that chol.
est€rol stimulat€e the growth of malignant tumors. RoFro (1933)
Iound the cholesterol content of the skin near cancerous o. pre-



TEE SIGMFICANCE O!' sIOLOGICAL R,ADIATIONS XTC. I83

cancerous lesions to be much higher than the normal skin of
the sa,me patient, He found the frequency of gkin cancer to be

distributed in the lollowing w&y, &s a,vera,ge of 5000 cases:

ekin of the face . . g5,5lo/o

skin of ihe back of the hand 3.01Yo

scalp . -.-.1-Or%
skin of the foot . 0.601i,

Klweoucrrr (f930) had sho*'n that the cholesterol content
of the skin increases when it is exposed to sulr light. According
to MAlcyNsrir (1930), ultraviolet iuadiatiou oI healthy persons

increases the blood cholesterol while with cancer patients, there
is a decrease of 25 to 401o,

RoFro (1934a) gtudied the "heliotropism" of cholesterol
very thoroughly. He proved it to ta.ke place only ir living or-
ganisms. With white rats, sunhght as w6ll as ultraviolet light
increased the cholesterol content oI the erposed parts of the
skin. The wavelength of the ultraviolei was above 2300 A.
X-rays or radium rays produced the opposite efiect.

Then, Rorro (1934b) studied the tendency for cancer devel-
opment in white rats. 700 rats were kept in sunlight daily for
not more than 6 hours, ayoiding the hottest suu. After l0 to ll
months, 52o/o of all rats had developped cancer, which was ex-
clusively on the naked parts of the body (ears and eyes mainly,
also t'wice on the hind leet and once on the nose). 150 rats were
exposed to ultraviolet light, of an intensity of 14 er;rthemal units,
beginning with 5 minutes per day and gradually increasing the
exposure to 6 hours. Within 4 months, every one of these rats
showed tumors, and many of them had several tumors. Of the
control rats receiving light from a tungsten filament lemp, not
a single animal had developped a tumor. Tbis agrees very well
with the above-mentioned frequency of skia cancer on difierent
parts oI the huma,:n body.

The mode of development and the histology of the rat cancers

correrponded exa,ctly with that of human cancers.

The author has not been able to a,scertain whether Rorro
has tested the nitogenctic range of rays by itself, i. e. the range
between 1800 and 2600 A. It would be a splendid agreement
if this range which is krowr to stimulate cell divieion could also

be shown to produce a,bnormal cell divisioq oI the epithelial
cells. The fact that sunlight can do this speaks very much ag&inst
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it since sunlight contains ao wavelengths ehorter than 2?00 A,
However, very small a,mounts, such a,s ha,ve been showa to pro-
duce mitogenetic efiects, might possibly be present (at least in
Buenos Aires where these e4rerimeats were made). The much
stronger efiect of artificial ulheviolet containing also the shorter
waves suggests tha,t the shorter w&vea &re more efficient in
bringing a,bout abnormal cell division.

Attention may be c&Ued here to the efiect ol radiation of
oxy-cholest€rol upon yeast cell6. It is impossible to say whether
any reletion might exist between oxy-cholesterol and the ca,ncer
problem.

K. RADIATIONS OTHER TII.AIT MITOGENETIC

In Chapter IV, three types of radiation from organisms
have been mentioned which are not identical with mitogenetic
radiation. One was entirely difrerent, end doeB not really b€long
in this goup, namely the Beia-radiation of the potassium irr the
cells. Then, there was necrobioti.c rediation. This ty'pe, though
app,rently stronger tha,n mitogenetic rays, is emitted by dy[tg
cells, a,nd does not have any defnite biological purpose or elTect
&s f&r as ha,s been &scert&ined. ft is an emission of energy typical
for the chemical changes connected with death. but it ie
absorbed by the surrounding medium, and should it produce
biological eftects, it would be purely accidental.

The thid goup are the harnlul human radiations, aud they
produce distinci biological effects. Qriite commonly known are
the reactions brought about by menstrua,ting women: flowers wilt
readily in their ha,nds; me4stru&ting women &re excluded from
collectiag floryers for the perfume factories of France; mushroom
beds are said to be utterly ruined by their mere presence; pure
cultures ol yeasts and bacteria become abribrmal when handled
by them (see p.95), and the common beliel that bread dough
will not rise normally, and that pickles and sauerkraut packed
by them will not keep, does not sound improbable, since
CbnrsruNson proved that wine fermentation was distinctly
afiected (see p. 96).

The facts as such can be considered fairly definitely establish-
ed. Deta,ila may be found in the paper by MEcur &nd LuBrN
(192?-L524). But it cannot be coneidered proved thet the eflect
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lu du" io oo"r-exposure because in

._ Probablythe same tgre of harmful radiation has been observed
*tn.a_r'ery 

few cases of illaess (p. SZI; 
"t f"".i.ii;;,";:;';;Jri:;

Dy em&n&tion froln the fiaeer t.ing, a,nd 
"""" f-;;;J;;;ffi;;& tbick quertz plat" eacy"uding chemical infuence

, The Source of Earmful Human R,adiations: Mecnrand _LrlBrN (t928_1524) eamc lo the 
""""l"ri";;;;;l; 

.:;;::toxiq'..,i.e.-the compound in the blood O;,";-;;;;i:;responsiblc for the various nh
be either 

"-".i"""i' .i' aP:enouena' 
jus, mentioned. musr

iod"*dB;;;;;;"H',ffi fi "J1.Ji?f"ril:TliJli"J:,j
Jadilted . The resutts were quire a"n ,"fy p".tti#. fiffi,;batches.of oxycholesterol made at difrerent fi;"r, I kiX""d;;".:derma during rhe ffrsr dav *t"n o*po""j-"lf,fruffili"r"e";
qua.rtz, b_ut noi on tbe s"cond aay. With B&tch N;.-ifi;j:;
1:1 ,ro 

efiec1 upon t he yc&st, &n erlor was made in the eeparationot. tbe oxycholesterol lrom the ott "" "u"g;l*-;ff;,:;tbis,, the-exposure could not bc start€d until one da.y later, andby,this time. this producr usually hae f"r, i," p;;";. 
,d;';;;;1:

#*,:":::::"TT"-:o1llor :xy;o1e.t*"r ",J-r"',ut";J ;dsf ter ra.di&tion has become, 
"; ;;";; ; ;;#; ffiil::J:rtl

.. ^- 
ttn"" it is not- probable thar a compound as sucb radiates-rt"appears more liftely tbat thc radiati", ;r;;;.;;;;;";;i;

oI. the cholesterol or oxycholesterol, ,"d ." .;;id ;;;;;;;;rll of oxida^tions. Jn ie above experimenl,s the oxycholesterqkt* 
.i.":,Y*1"1 T:_h.' irt]" water io m ake,.Jd"#; ;;;;lf
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ie of phyeical origin. The more co_";; ;;il ;;,"; ;;;t ffi :I: ilT""Tfi:"""T;i,-"ff*:l

The intensity of this efieci vw. h,"" b;;";d'ff H:",JT::,T::* H1,,'1"#,.IiHlfowers. CBrsrrarvseri found the efte& ," il;;;;.,J;r#ln aununer than ia winter.
Attention should be called l(res3)tha;;;;;"'*T"",1"1--'TlJ:"'j"#ili';Tr:J#ff

lri"* tl": fingers right upon rhe seeded pta#. I; il. ;;r::rt bas not been decided as vet schemical. 
,hether the efiect is physical or

.W.11 
ttris radiation i" harmrul inst iJ; #ffi,;;_iH;[";

ItfT,lil *:*"1 The simplest a,s8umpiion would be thar the
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Table 63o. Effect of Oxy-choleeterol upon Mycoderma
through fused Qua,rtz

I d"y

2 days
3 days
4 da,ys

6 days

6 da.yg

7 days
8 dry"

14 dayg

Batch IV Baich V

dead

g""rtfV
retaded

"liChtlyretsrded
notmal
normal
normal

dead

g"""tly
ret&rded

norm,al
stirnulated

"""-t
norrnal

mostly
deail

normal
stimula,t€d

:

dead

retarded

normal

ell experiments t{he yeast was exposed continuously to this ra-
diation. However, complete killing of all cells is not usually ob-

aerved eyen in over-exposure, and only r&rely was Etimula,tion

found. The other alternative that we are dealing with difrerent
wave lengths does not seem Yery proba,ble either' All wave lengths

between about 1800 and 2600 A giYe the sa,me mitogenetic efiect
(see fig, p.49), and no exceptions are kaown; the oxycholesterol
radiation passes through quartz but not through g1,a,s8, a,nd c&n

therelore be harclly a,nything but ultraYiolet. An analysis of tho
apectrum may give the oxplsn&tion.

Orycholesterol in the Body: A study of the distribution
pf cholesterol atril oxycholesterol in the fats of the human skin,
by Urwe and Gor-opnrz (1909) shows that oxycholesterol is

not preselt in the normal ceuular fats but only in secreted fats
(Table 54). An exception is the fat in the finger nails and toe nails.
This agrees quite reU with our observation that radiation was

obtained lrom ha ds (and feet) a,nd from the face where sebacious

glands exist, but not from the chest where they are vexy r&re.

Wbile a good deal of attention has been paid in recent years

to cholesterol metabolism, very little is hovn about oxycholesterol
in the body. Even its chemical composition ig not certain. The
only more recent investiga,tion on oxycholesterol in the body is

that by PFETTFER. (1931). According to his analyses, the largest

Batch I Baich II Batch III
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Table 54. The Cholesterol a,nal Oxych olesterol Content of

In % ol thB us.polilirble fraotio!

ests.ol I Estels

very much
very little
fairly much

0
0

fairly much
0
0

a.a
e_;
E

I
-qE
a

Comedon fat (black-
heed)

hand sweat
foot sweat

surfa,ce skiD fa,t
horny skin fat
4ail fa,t
vernix caseosa, . .

subcuti8

53.0
46.5
36.6

48.0
51.0
38.0
38.0

Iiquid

30.50
28.40
22.30

32.n
36.30
41.60
36.00
I.t6

9.r6
5.40

r8.70

50.00
&.00
43.70
45.00
15_80

0.79
1.60

2.06
8.91

8.38

0.04

amount oI oxycholesterol, on the basis of total solids, is found
in the brain (O.44o/o), r;'ext are.bone marrow, adrenals and bile
(about 0.290/o), followed by the liver (0.09o/o). Lowest are the
erythrocytes with 0.003%. While previous a,uthors, e. g. UNNA
and GoLoDETz, estimated the oxycholesterol colorimetrically,
Plnrrrnn determined it by the difterence in melting points between
aholesterol and oxycholesterol. The reeults ma,y therefore not be
comparable, on account oI the uncertain chemical composition.
It has been stat€d a,heady tha,t oxycholesterol radiation ce&s€d
when the colorimetric tests .were still very strong. The relatiou
between this substance in the tissues and radia,tion is therelore
not definitely established.

Irr the preceding chapter, attention has been called to the
close relation between cholesierol and cancer. The above results
suggest tbat an iuvestigation about the role of oxy-cholesterol
in connection with the cholesterol metabolism in cancer might
yield interesting result6.

Iluman SLin tr'at
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The biological part of thLis book has been written by a biolo-
gbt who is convinced, Irom his own erperiences as well as from
the study of literature, that mitogenetic radiation exists. He
has realized that it is difficult to proye it because we are dealing
with an extremely weak e1Tect, and with very sensitive detectorsl
Above all, we are dealing with an entirely new phenomenon,
and consequently canlot predict which changes of technioue
might increase or decrease the iffect.

It doee not speak well {or the present status oI science thet
it has not been possible to settte defirritely, in the course of 12
ye&rs, the question oI the exiet€nce oI thi6 radiation. The fault
lies equally with the two groups ol contestante, those for and
those against radi&tion.

The facts &re these: Gunwrrscn and a nurnber of his pupils
and also many other iavestigators have presented a very large
amount of experimental data to show that mitogenetic radiation
exists. Many others have repeated these experiments, Iollowing
directions as eractly as they were given, and obtained no mito-
genetic e1Tect. Several of the latter group have claimed there{ore
th&t they have disproved biological radiation. Such claim is
uascientific a,B has already been point€d out in the foreword. The
oDly way to disprove any theory is to obtain the same results,
aJld to sbow that tbey are due to another cause. Somc guch
attempts have been made (e. g. Morssnmwe, LoBENz) but they
have not been carried far enough, or have been contraclicted by
other, more recent inyestig&tions. Most of the critics dismiss
the question with the simple stat€ment that all so-called mito-
genetic efiects are within the limits of experimental error.
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. f,et us realize from the beginaiag that the difierences ofopinion center around two 
"r"*tirlyi difiu."rr, p;;;- ;; ;"the. exist€nce of the biological elfect, and th" ;;#;" ;;";;;-pretration &E a,n ultrar.iolet railiation. A dtfi";t;;";;'#vill not make the efiect less important for biology.. Ttle ;;;;

l"-ll".liry".i"r thiqg; the expti,narion i" 
"u"o,ra?'"y. 

-;;;,
omy rhe 

-tacts 
remain permanent in science, while the theoriescome and go.

_ The difficulties in deciding the e.rislence of the mitosenetic
:1":, t":. t" be. souglt largely in the sensitivity of the mithods.rt rs €vrdent i.hat this point ca,n be settled only by biologicalexperiments. Physical measurements can tell orrty rrt"tt"? o"not i?, is caus€d by radiation, but the absence 

"t """ai"U"" a"J_not dieprove tbe biological efiect.
Biological mc&surementa are trot &t all simple. When hjeherorganisms are uged ag detectors, the conl,rols ,"" ;;; ;;";;.Several autbo-re have questioned ih" ue" of ,;; ;; ;;i;;;root as control for the other side. It may bd that both """;;";;;;.Thia objection may also be made to other tissues, 

". 
g. ;h" ;;;.With u.reicellular organisms, where large 

"r^b;"; ;;;;;';;;
:3:r:1. :T "::,"I'b]: as thcy can possibty be i,, ,ny r,iorogi";rexpenment. White it is easy to make yeasts or bu,ct""ia i.,*rn tne customa,ry culture media, it requires a thorough un'der_

:1i"*"* :f their physiology to interprete aifi""""""" li irilr,rate, and etors have been ruade in this respect d,;;;;opposing biological radiation as well as by those ";;;;;;of it.

. fr." "yol 
ilr biological experiooents is not ae abeolur€lv 6xed4s rn pnysrca,l or chemical methods, e. g. in an analysis wlere itcan be stated reliably for all laboral,oiies f,t 

"t f,t 
""""",r""nrr" ^i

11" T*.ood is 0.005 g. In biology, it depends u".y .u.h Jp*
;-T Tol*. ot the organism (e. g. the variety of onionl, tbe uni-rormrty ot tbe Ba,t€rial, the treatment oI the organisms before
ll: hn'tl* of th€ experiment. the uniformiry ; "r";;;";;ocrore and during the experirDent. the ability of the erperimentorto recogaize and avoid disturbing or secondary influences. A 6neexa.mpre l8 the painstaking work of M. paul- (l9g3) with onionroots.

- As a result of the various factors creeping in, the error ofthe same method may be widely difie."r,t i' iitl"Jt iu;";;;;;;;



.<IF

190 oufl,ooK

or even in the same laboratory with difierent investigators This

explains the difrerence of error in the onion root experiment's

*h'i"h *t, r0% with some investigators and 50o/o with others

lsee o.58). When it comes to such delicate iustruments as the

bttJuo -.,nt"., even physicat me&surements show great difie-

rences (see Table 30a P. 92).

The frequently made statement tha''t the biological invegti-

gators do not state the error ol their methods is not in accorda'nce

iith th" fn"tr. When the error or the reliabitity of the method

is not stated as such, it is usually possible to compute the error

from tbose experimeuts where no mitogenetic t'fiects were obtarned'

This has beJn done by Scrw'nulu'n for all earlier onion root

""p""i*""* 1p. 581 an<t the authors ga've lome similar cal-

"oi"tio"" 
to" tit" yeast buil method on p ?l' Tursn'r'-and R'er*

have also publishetl two sets of countg of yeast buds f91 manX

ilifierent p'arts oI the same culture' Gunrvrrscs and his agso-

"frt"" 
it"i" statecl repeatedly that with the yeast bud method'

ifr"u "o*id". 
any inl."t"" less than l5o/o over the control to

be experimental error. The reliability oI t'he yeasl mcasuremcnt

by ooio-" can be estimated from the data by Bn'r'ra' KexNn-

cinsst* 
"r,.d. 

Solownrr. HETNEMANN has stated that in his

mJocl of corlnting yeast with the hemacytometer' the mitogenetic

efiects were more-tian 3 times the experimental error' Wor'rn

and Res have frequently given all individual counts of bacteria

io" on" "*p""i*""t 1p.-2i1. Other error limits can be found

on pp.83 l,fott o"1, 34 (3errn) and 168 (Br'e'cxnn)'
'I^t i, "o-"rohti 

surprising to find that in critical summaries'

some weak papers are quoteil extensively while some of the best

p"t"f i" fti"" of mitogenetic r&diation is conpletely omitted'
'N^ruozuw 

",rrd 
Scumrnnn, workiag with the yeast bud method'

omit the work o{ Strrlnr who published more detailed experiments

tha,n any other inYestigator in this field Knr:ucspx and Bernuex

d"o -*,iott neither Stsrtn'r's papers nor the cxtensive work

of WoLFr and Res with bacteria which is thc beet material wit'b

this detector. It i8 only na,tural tha't any new development- in

seience will attra,ct EpeculatiYe minds who generalize from a fev

experiments an l come to conclusions which are not shared

hv the mor" conserv&tive vorkers in this field Aly serious

"iti"iu^ "t 
o,rla st&rt with the most reliable and begt foundcd

papers.
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On the other ha"nd, the critics have good reason to disregard
papers wbich give no precise accouat of methods or results.
Probably the main reason why mitogenetic efrects are still doubted
has b€en the recordilrg of results by merely giving the .,Induction
Efrect" without mention of the experimental data from which
the efiect wa,s computed. The actual number of miioses in a
comea,, the fercentage of buds, or the yea,st volume measured,
tell a good deal about the performance of the experiment. Even
the chemist whose methodg are really standardized publishes
not merely the formula of his new compouad, but also the actual
analytica,l data. Since the error in biological experiments y&ries
with the investigator, the publication of the complete records
would give the reader a conception of the reliability of any
observed eftects, even rrhen the standard deviation has not been
compuied.

A:lother justifiable ergument &gainst. the weight of some
published papers is the lack of precision in the deseiption of the
method. Since the biological detectors do not respond at all
timee to mitogenetic rays, but only in a defiaite physiological
state, it is of greatest importance to describe all details, Such
statements ag "8-10 hours at room tempera,ture,, are too inde_
fnite; the term "yeast" means very little, and even guch terms
as "onion root" or "cornea of a frog" should be specified irr much
more detail since there a,re many difierent kinds oI onions or
frogs, and the roots as well as the number o{ mitoses in the
comea are afiected by the season.

As an example may be mentioned the paper by Ser,xrxn
and Porouemwe (1934) which might be very importa.nt for the
physiological expl&n&tion of the mitogenetic efiect. Ilowever,
the authors do not mention the age ol the yeart culture, nor
the medium ou which it was grown; they give only the induction
efiect so that the reader does not know whether the controls
had 3o/o or 25o/o ol bude which would have giveu a, suggestion
at least of the condition of the yeast, Therefore, the value ol the
paper is largelv lost.

It might be argued that the burden of the proof lies with
thrc opponents since the mitogeneticists claim to have proved
their point, but such an attitude would not be very hetptul in
colving the real problem. We are dealing with a very courplex
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phenomenon, end both eides ehould do all they can to bring

i,bout a real understanding ol the lacts The complexity is geatly

increased by tle occasional failure of the phenomenon-lor Tht*i
."""oo. 1p. O3;. Enors have been made by the defendants- of

Loth si les of ihe argument, and the authors hope sincerely that

by pointing out the nietakes and misinder-standings' a settlem€nt

"i 
h" q""itl"" of mitogenetic radiation fiI be accomplished in

a very short time.



Chrpt0r I
Radiation is the transeission of energy tbrough space.

Chopter II
A. thore are many phyeical sources of ultr&violet light.
3. Itltroyiolet r&J.o haye b@n proven to be emitted by m&ny well_knorvu

chemicq,l and biochemical rea,ctione; their Bpecta:a are spciffc; they
moy bo meaeweil by phyaical instrumeat*

C, When irradia,teil, some solutions proiluce ultraviolet the vave loagth
9f thioh de1lende only upon the compoaiiion of the eolution; it rioy
be ghorter than that ofthe primary Bourc€ which releases it, and stronge"r
in intdrsity.

Clopter III
Monochromatio light, less than 2600 A in vove leDgth, from physiool
Eourc€a ha,B a di8tiactly stimulaiing efiect upoD the grodh ;t€ of
yeasts anal bacteria,; so alao iloes ultruviolet radiation from chemica,l
antl biochemical reactione-

ohsltor IY
A. Mariy living orga,nisos reoct to this kind of radi&tion, ancl som€ csn be

wed ae biologicol detectors of such raye:
a) Tho oldest detector ie the ooion loot which ehovs & largor numb€r

of mitoeee on the irracliated aide thaa on the opposite, sbadeil sitle
which s€rves as conhol;

b) Yeaat cells, unaler certain conilitione, vrill ehow au increaoed per-
c€nt&ge of young bucla rrhen exposed to Dritogenetic radiatioo;

c) The growth rato of yeasis or of bacteli& is incr€a,ded when these
organisnr, at a defnit€ physiological st&ge of deyolopment, ate
oxllosed to these reys;

d) Tho comeo of mammale and. amphibia, the eggo of eea urchios, aard
tiesue cultures have also been osed as lDitogenotic detectors;

e) Such radiationr offect tho metabolim of yeast; rcspiration is
decreos€d wtrile ferEentotion ia increamcl;

SUMMARY OF THE BOOK

Pmtolhsns - uoros"rphigr IX: Rshn 13
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f) Tbey can produce mo4rhologic:l^::"1X*;";^n.. 
d"*mpoee hydrogen

si Tbev distub tho sJrmmetry of l'IEsE

"' .i" i*ti". ""a 
i""rease rhe rute of flocculatron of colloids;

t, ffJ,&ili.#;;;' o'g""i"'' nr tis*ues can be measured bv

t, 8::il:J;:;;;" can be obtained lbr severar aavs or weeka;

the rcason for this is not known'

B. Cerbain radiatioru fiom t'he human body under
-' 

vere founal to be iniurious to yeast'

C. Ultraviolet i6 emitt'€d by dying orsarusms'

i. *"-r"r''"*tion Aorn potassium in t'be eetls has decided phyeio-

logical imPrfance'

X. Infrared rays are rarely if ever emitt€d' an'[ es rare is their effect

uPon organisms'

Choptor Y

i.*tl-t*"a iradiation increases the intensity of the efrect upon

biologic&l detectors'

""""* 
i"ii t".t" neces€arv to l"t"* 1-i**: :T'^ti:::'; i:""#fl#ffiilJi; in uc) is colll:1Yl:'i:ili'*:

seconoary 'au,urvu 
\_" --r_- 

cle, nerve, blood; this facilitat€.
living tissues such as oalon.roota' -,5, 

-r^.,. +h- ^rofiiim.uYurc usuco osva *" --- 
broughout the orgo'ni'Br'

tbo epreadiog of ritogeDelnc 8l'rmuu t

D. Too lot g 
"ttrno"ute 

or too great s'n intensity is manifeeted by a declease

in Ditoses rather than an ilcrsase'

E, The intensity of fa'hation cannot be mea'sureil 
'lirectly 

by mitotic

increases

[' Wlrcn tho iDtelsity of r&di&tioa is gradually inereaeed from a subliminal
-' 

"*fo". 
biologica'l det€ctors f&il to react''

chsDt.r vI 
' t' Drecise a'ccount of the mechanism

ri is at prcsent itp1"o'" T-11,'""J *'i ft;;;. ;;;, rheones have
by shioh ulhaviolei ra'YB strmula

been advanced'

Chspter YII
'.Mitogonotic ra5re play oo i&pofiaDt role in biology'

physical inshumenb;

abnormal conditions

meahcine anal

agrioultur'e.

a. some unicellular oreanisme (baoteria' Yeaat:-tl#irT,*Jtr"fftltfi
ilurine thoir ilevolopmostsl phaa€s'

;fffiH;; ilpt"*o"" of glooo""' Tbeh gmrth ra'l€ is increas'd

;; ;dtJ; Thi-e oav explein allelocatalvsis'
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B. Of the higber pla,ut€, the rootsuo*o to""-lr'*""ily--' 'ww aod most parts of the 

'o€dliDgs 
a,!o

C. Dividing egge of highor a11ima6 a
o,u' tl"" ilairili"t];ff;:^9Y "enderg 

a's well a'8 sood dotoot-

"f :::,::+"yil;:#;TJ"*f; ;":Hl*-j;LT#-s'ho€sr,rru. rvlo$ treAues of full-grown animal
t'be @mes' the blood aDd ,0. 1^"9"T Y*HI; the working mueole'

_ T,-*r" *a ,0"" i*,"""1JT"1ff;.ffff;T"""*ntioou. eauf
E. Btood of oll &ninols r&diat€s stn

_ soDiliry, a,nd iu tho **;;;#*lil""HT to do 8o o,Jy duribg

". I":-"._,*+" diotioctly, and radiation is transmitt€d th,oush th6_ Dervg at o m,to aimitar to tha.t ot nervs 6timuli.G. Morphological changes bavo beenin bactoria, i" *, i,"ui" r,*ijrfi*ffi g l*ffiT,#tHmetonorphosis of omphibia; ther

_ plant6, 
"-.a "r 

p*iliffi*#"J, HI"T':T 
ca'ro or polvlloidv in

E. Anta,goDis& botveea microoreanir
axy by radi&tion- tme has been explained experi&ent-

K.

Wouads, while healing, mdiat€; the l
Dy ErtogeDetic inadiation 

tealirrg ptocess can b€ accoleratod

ffi ##*ilj:i:fi 
"fl lffi'';"X."i:":T,llni"iTf :#X"#

f}""Tq.,ry- ra.diaCioa whioh killo miooorgaaieme appeare to bonnk€d wil,h the excretion of oxycbolest€rol.

I

l3*
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" *.* **,**F:.":::'_il:, *" ***,J
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, 

ffil1ft ldffil"Ii:f"ffHrr* ffi .--

:mffll*Ew*,r;;:n"*:
yr" tilHiffi?rrffte: the healing proceas can be a.ccorerared
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