
OUTLOOK

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;";;;;;;;
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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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ffil1ft ldffil"Ii:f"ffHrr* ffi .--

:mffll*Ew*,r;;:n"*:
yr" tilHiffi?rrffte: the healing proceas can be a.ccorerared
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