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Lei;. us fu!'&har 

assurne that these tHo r3trains d~.ff...,1· from 6~ch ct;·,e .. ~ i~ith 1. espect to one gena 

is homozygoua at th:L lot.•us for a dc:a..:.nant allele~ -;:1hila Gt.raii.'l B is ho.11cz .rgou,., 
/ 

at this locus fol~ an alle16 1·1t ich i s ?ecesr;:'.vee 

Let us now se ect a ~;- lll':.g n: £de A and. 

One set of experimonta 

consists in i!1sem:..na.<;.ing younc .fe.'1'!ales oi' stY"a.in B, t'ho are all of the scme 

age, 1..rith semen l!Jhi~l is campo~1ed of e. mixtu1·e of sperm, to:z.oa of t~w i.ndi vidu· J...s:> 

a male A and of one, or anotherJ of the maJ.eo B., vJithirt the offspl'iP..g of' ea.ck 

.female B~ that has been inseminated with a. miztw:·e of' sperms:t.ozoo. of tw·o 

i.ndividuala;~ those de:r.ivad f:t~Oill the 1 le A a 1d. hose de:.·ived from one of t.he 

w..ales B can be dis'cinguial ed from each other·; 1;hose d :::ived f:rcm A shou the 

ph·•notypic character. of t.he da:11inant r:.l1eie, vJhilo thoa~ derived frcm a. male u 

(homozygous for the l~cessive allele) do no-;. shiTw 'vhe da.irln.ant pheno.:.ypic 

What is of inteY'est to u.s here is the rat:.o of ·the rn.nr1ber of offspr _z'lg 

of nr..ale A and i'lm:lbe:r of offspring of a mal-8 B, rior"i ved from inseminalli ns of 



B females 11\ith ii1ixtures of c'pe ... ;l:atozoa of A ana £.
1

, of spennauozo~ 1 an s
2

"' 

of spermatozoa A and B~ etco i.Te, eha~l design~ te t '1ese .:-atio~ as 
.:> 

In order to simpl:Lfy the ird:;erp:;:eta · ion. cf' th'3se :r-atios (3 i~ is P.ssun1e :l 

t.ha.t in all expes:·:.L,ntL -t~ the spHtll t:U::turafl used fo·~ in::,e:nination conta.:.n '~he 

same number of sperr;.atozoo A ano. 

If the males A and B
1 

are of e ual age and i:f the g~metic dii'fera1~e 

l,et\-ree them is :rir:t·elevant'', then -e-re ought to have ~ 1 ;:::; / o T'nis is tvhut 

111e v1ould expect to find if the strain A i genetically identical 'ti.: th the isosenic 

strain B ~ exce t for one 11ir:;.,elevant" gene locus t.hlch controls the visib .. e 

phenotypic characteTp used for distinguishir~ the ffspr.ing of the male A fran 

the offsprir~ of a ~le Bo 

If experiments of che s~rt described above are carried outD we would then 

:.·atios (3 will increase, and mo:re pa:r-'t:.icularly ·we l,JOuld e~~pec·t. that, for 

equal increments of age, these ratios vril incJ:•ease by i:;he same acto~. ., 

Fuxthe ,., we would expecii that. if we inseminate a n :unber of females B 

Hith tha mixed semen of the same pair of rnales A and B e.t different points 

in time, distributed over a time interval of a few years 9 the ratios ~ 

will r~nain the sarneo 
~ I•) 

On the basis of ~theor,y ~' 
venture to 

one may/predict ho-v1 the ratios (3 
mi g!t"G 
WXXk increas for increasil~ age s t

1
, t 2, t ooo t

1
oootkooo of the males Bo 

might 3 
According to the theory l>re :o-x!dt e.'tpect: 

/3 K 
I 



For Man i~ pa~ticula t he ti eo::l:""' p:;:ocdicts for ()"../' ·t.ne 

\.a/ ~ 1/6 :real,, 
• 

For other species o:f mammals ·,h ~. ieoey p! diets as a ro; ~h appro ... di'J.a -.; en 

~-the value of r~ 

ber of chranosane pairs of the cipecies (the umbe:;.~ o.e the chrcmosomes in 

tho haploid set)o 

FOl' ex&mple F ~ may ~c for 

C'hrc:mosome number is a.bouc the 

rr.a.--mnals for vrhidl the 

-~~~;~~-2-~~-
\1 1e ge di.rference) tk ~-t i j) 

a.-mounts to about one-fifth of the life-span, -t rQO o 

A qualitatively similar~ bu quantitatively different~ result must ba 

expected if a spermatozoon may possess full competitive slireng~h, even if tha 

spermatogonium f:rG.1 which it is .:3.erived does not have an intact diploid set o 
~eu_~4c 

chr<lTlosomes, ~ as the s-penn.atozc n itself carries e-m intact haplo ".d sa_.. 

of chromosoMe3o If this uere the case, the values of s.....-· vJOuld be ~1alf of tl e 

values given aboveo 

It li1.ay be assu.iled that tha gene~al conaidexations discussed abcva ";ouJ.d 

also h ld foz· bii:' s, aid it :.Ls conceivc-.ble that they uould also hold f !' 

repti aaa 

In the ease of cold- loode\.! vel~tebratee, like reptiless it would be of' 

interest to carry out ~:m eJ!periment Hhich is not feasible in the case of either 

mammals or birds: 
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In the casa of su.h cold-blooded c::ni!nals, c;. ~r.!ll.e A nnd a male B could 

0 
say, 10 c .. II t e male Bs 

for instance,Hera maints.ined at the h:Lghe:-.· tf%s1)eratm~a, then we 1~culd expect 

~ :~ that the ratios ,,J 
( 

1.rotD.d inc:;;ease 1vi th timei> if female;:; ~ tnsec.nine.ted 1-rlth 

mixtures of t.he aperifi of ·~he Ba'Ml pair of male::; A an "' a~ d:i:lfe1·£mt points 

in time, distributs - over t.ime j_ute:~al of .~..·ew F'.:'r equ;iJ . intervals S~ a ;')'t3.:li'So 

of tim.e the ratios (3 uou.ld i.1crease bv 
" 

the 3ar.1e factoro 

It must be pointeti cut for the sJte f concept al clarity 'c.hc: ..... 

of the viability of spermato~oao we des·~nate a spermatozoon. as viable 1f in 

the natm-al mating p?oces~~ or. in aL"!tif1cia1 i. se:ninations ur.dch s)firrm.late the 
./' ',':.E.'< 

conditions of the natm.·al mat:;ine 'process, th spei'It1a\jozoon j_s c P''ble of reaching 

an ovnm and of i.vir.sg a viable zygote b;y· :ler-ti:tiring tlat 01:-um., pr.;)vided that. tl e 

ovum ha.s · ot. already been i'ert:i.lizscl. by a.. other spermatozoon Hhich was faster in 

reaching it., One w..ay oht.a:tn a measm·e of he lltil'llb8r of 'Viable spermatozoot 
... l r c...._ 

contained in a given ejaculate '::If a. male, bJ· in.somir:.ating fema.les wit.h l cc 

samples of highly diluted semen an': deternl:i.ning the prob~.bility of obta:L."ling e 

pregnancy as a function of Jchc dilutitm faet.oro (See tho Appendix.)o 

It is reasortable to expect that tl'w :nm:,be:e of viable spenrv~toz.ca conta:l.ned 

in the ejaculates of f(l.alet> may also d3crease ~-lith ageo ~.'he \:.heory doan not 

pe:rrr.it, hot.revel', to make qua.uti!ia:G.i'"' p1·edicticns -with the sa:ne £~ssu:rance in this 

regaxod, as in regard to the decr.oase 01 tie mx.nber of spe:rJll..atozoa ~-J"hich possess 

For th:i.s reason, priority on.gh~ to be g].V"en to experiments - ith mlxtill"es 

of spermatozoa of the kind dsecrio8o. abc.1re 9 a...i'ld aJ.'l'<?.l:gement;s for experiments 



-

along these lines Sl"'e no~r m:1der diseussionc 

If these experiments should beaT out our predietions, they li!'Ould throw 

light on the P.ature of the agir.g process~ and at ·t.he same time they 'tvould 

furnish an explanation as to -why the male ejaculates millions of spe:riiU\\tozo 

in the mating process 1~hen it takes only one single spermatozoon to fertilize 

an ovvmo 

References: 

lo Leo Szila1~, Proc~ Nato Acad~ Sc~ (USA) Volq 45~ ppo 30=45, 1959 
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APPJ!:NDIX 

One can ob~ain a measure of the mnt~b~r of triable speri1l2.'Go~c·· conta .. ned 

per cc in an ejaculate of a given r:1ale in t1e i'ollmring ntars.ner: One insemi112te 

a number of females each1 say, uith 1 cc oi' the u:n 'luted semen of that male 

and one determines t.he probability of cbtai!'l.i:n.g preg · c'iee" This probability 

is then compared wit.h !:.he probability- cf obtaining p:regmncies when e. number of 

other females are inseminated with 1 cc of SaJJen9 dilut,ed by a factor n .. of 

the same maleo 

We may ~;rite for the probability, P~ , for a p1~gnancy to result fr m 

an insemin~.t.ion with 1 cc of the undiluted semen of a given male 

ft, ltc-- ~ d.J (f- rt..- G-1.) t..Jfl.tA .. c o0 < I ~ e e w-1._ 

a.---/( where n denotes the number of viable spem..atozoa thatreach a mature \YV1.lll9 

CaA.\. 
and w~fl give a viable zygot.e by fertilizing that o"'f111D., provided that 10 

o·ther spez'Witozoo have reached and fertilized that ovum earliero 

Similarly we may write fm." the probability, Po{.,;{_ J of obtaining a 

pregnancy if 1 cc of the semen, dilut~d by a factor D, of the s~~e individual is 

inseminated 

t:L~ 
Because we have 

we may wri t.e 

and for 

A -v 

r d-t-4 __ 
-r~. 

- ... 1{. 

x_. f.< I 

I 
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It should be noted that the number n is not the number of vlable spermatozoa 

contained in 1 cc of the undiluted semen, rather it is a varJ much smaller· 

numbaro H~~ever, n is proportion to the ntmber of vlable spe1natozoa contained 

in 1 cc of the undilute semen, and &he facLor of p:roport:'..onality wil be tha 

same in all the experiments, here enYisaged, provided tte inseminated females 

are isogenic, are of the same ge.l' and have the same j?hysiologic<!l1 as ·uell as 

anatomical, vaginal, cervical, u1;erine, tubular Cl.l'"ld ov-cll'ian condltionso 

lrle w.ay directly canpare, .4-t.· (F) ct,u.t;L ;..v(r) .1' measures of t.he nunl.ber 

of viable sperw~tozoa cant ined L~ 1 cc of tle ~emen al two difforent males 

E and F, by diluting their semen with a suitable .:fac -~or D, inseminating a nurube:r 

of females with 1 cc samples of th1~ diluted se:n.en of E and insem:lnat:i.ng a numba:r 

of othe:r females 'tvith 1 cc samples ~f the d:Huted semen of Fo vJe may then write 

for the :ratio of the probability f(t:) :i obtaining a pregnancy in an 

inserllination of the diluted spenn of E and the probability P (F) of 

obtaining a pregnancy in an insernina ion of the diluted sperm 

I - - N..- (E'>/J; ~~r=\ T t_- · 

r CF) 
whera .NV(~) is 

-t F\T--
1 --,L-~ (F) j.b 

a. measure at the numbor of v.l able sper. atozoa 

of F 

per cc in the 

undiluted semen of E, and~ (F~ is a measure of ths number of viable spermato oa 
/ 

per cc in the undiluted semen of Fo 

In order to obtain reasombly accurate infomati concerning the 

relative nUillbara of viable spem of the t;wo males E and F . .from P (E) and 
/ 

P (F) ) it is necessa:ey to choose the diluting facto:r D sufi'i iently higho 

For sufficiently high dilutions we have 

I-'- (E) 

~-v { 1::-) 

PCE) 
P(F) 



In order to illust:rata t,he concepi:.u.:~l difference oe·t.ween ·the 

"competitive sty·eng·th 11 f a spermatozoo. and the 11viabi' ity11 of the 

; - r" 
spennatozoon, we may considei' a spenr.ato~oon t.hai.r ii:J dsrivad fra11 a spermatot- o. u:m 

/ 

~ t.-,· C.:_ ~ 

in that one or several -chrrnnoso1 es have .;uf'fe:t'ed aging httsj) but. carries a 

haploid set of chromosomes uhich are una.f::.'ect.ed by aging hitso On !Jhe oasis o ,. 

the assumptions described above, this spennatozoon might mnre a IT"arkedly reduc;Jd. 

"competitive strength" and might therefox-e lose out in the competition :vi:th 

spe:nnatozoa which are in possession of ful.l canp3tH.i "#·a st:.:engthp and y 3t 

conceivably this spermatozoon ~ight be fully vlable
9
in ~e1ns of the definition 

given aboveo 

The Enclo 

t l 
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THE; ~.GING PROCESS fi.~JD THE 1COHPETITIVE STREJIGTH 1 OF SPE11:liATOL.OA* 

by Leo Szilal'd 
Ths Uni v.arsit.y of Chicago~ Chicago, Illinois 

In f. ::•ape 1 print.ed in :.9$9 :c pL"esented a thnory of t.he ·:atu.re of 1-hc 

nging proe.:Jsrr~ in man:mals 9 th~.t a :.t:cibutes aging to ch£mges wbi,~h take plaeo 
, 

n:.thin tbe chrorr.oscrees of t.he san.atic cellso -- I postw.lated in part.icula.r t~h£:.t. 

ir spont.:~n~ous rano.~ eventsr. de.:>ignated as 11agi11g hit-s", a -vrhole chrc.mosO"le 

or a large fraction of a whole chrcxnosome, is renderer. non-funet:tonal., In 

tlte case o: :Tan T est:i..mated ~n avEn~age of one aging hit over a period of s:).x 

year::: fer a somatic: cell, conta:Lnng 46 chromosomes ( 23 chromosome pah•s) o 

'l'his thao:nr make:s qu.antitJati~!e p:red:i.ct:tons which, if correc·h$ .,ught to be 

capable of e.<per:iJnental varifica·:.iono 

Tf one assuaes that t.he chromosomes contained in the sper111al:.ogonia <">f 

iihe male do ;1ot escape su~h aging h:i.ts 9 then one may be led to entertain 

s.,_:ecnla t:Lo· s of t.he .follmring kind.~ 

Let us assvine t.hat each spennatozoonp contained ~ n the ejaculated s0men tlf 

a male 9 po.:Jsesses a certain "competitive strength" and that in the matine. procn s 

spermc;,.tcmo"i lrJhicl1 ha·!Te a 11eor.1petitive streng~;hn that :ts markedly below nornal 

lese ou.t - in t.t..e r;.-:;mpet:L :.ion fo:r reaching and fert.ilj zing a mature ovum = to 

spematozo~ 1'1Th-Le;1.'l pc;.ssess fuJ .. l competitive strength,, Let us further a" sume 

that a. spe "fllat.o:t.3on deriv·.3d from a spez'Illtatogonium i-lhic.h.ll becauJe of tt...e ~d ranc·· Jg 

ge of the indi 'idual11 no :.oiJg~n: contains an intact dj ploid se:. o:f chr-omosomes» 

has a mark3dly rodn::ed compet.it:' ·v-e strengtt! and, aecm'dinglyJl ·"i markedly 

reduced <:ho nr:::e Cl.f f~rtilizing an o~l'"l'm in t,he natural nating proce.:..sc 

-:~ 
This ~T(•l'{ 1-va.s uerfo:.'med under a l1esea.rch Grant of tl1e Nation.Jl InstituterJ 
of Hea~.t.1 



If' such a selection takes place in the natural mating process, than the 

ova are safeguarded against 1-.>eing fertilized by a spermatozoon that. carries 

a chrOD1osome which has become non-functional as a result of an 11aging hit 11 o 

It would seem of interest to test the validity of -~hese assumptions by 

experiments of the following general type: 

Let us assume, for the sake of argument, that we have avai lable two strains 

of a mammalian species, a strain A and an isogenic strain B~ Let us furt her 

aasu.'l!le that these two strains differ from eaclJ other with respect t o one gene 

locus, which controls a~1 easily visible phenotypic characte1" and >.:.hat strain A 

is homozygous at this lot.~us for a doorl.nant allele, 'mile strain B is homozygous 

at this locus for an alle16 which is recessive., 

Let us now select a young male A and a number of males ~~ B2, B
3

, kno 

differ in age, their ages being t
1

, t 2, t3~ o ~o One set of experiments 

consists in inseminating young females of :strain B, who are all of the sGJme 

age, with semen which is ccmpor:ed of a mixt,ure of spermatozoa of two indi vidu&ls j 

a male A and of one, or another, of the males Bo Within the offspring of each 

female B~ that bas been inseminated with a mixture of spermatozoa of two 

individual a, those derived fran the male A and those derived from one of the 

males B can be distinguished from each other; those derived from A show the 

phenotypic character of the dominant Gllela, while those derived f rom a male B 

(homozygous for the recessive allele) do not show the dominant phenotypic 

charactero 

What is of interest to us here is the ratio of the number of offspri ng 

of ~~le A and number of offspring of a male B, derived from insemi nations of 



B females with m:b..--tures of spennatozoa of A and B
1

, of spe:rmat.ozoa A and B
2

s 

of spermatozoa A and B
3 

etco r.Je shall designa t e th se ratios as 

r=£t_ ~~ ~ 0 I ~~1 :: j3, I /[B_ lj <: 13 ; n3 I I J J3n I B.:- 3 . 

In order to simplify the interpTetation of these ratios ~ it is assumed 

t hat in all experiments the sperm ~ures used for insemination contain the 

same number of spermatozoa A and spermatozoa Bo 

If the males A and B1 are of equal age and if the genetic difference 

between them is 11 irrele·v~mt 11 , then we ought. to l'>.ave ~ 1 ~- / o This is what 

we would expec·t to find if the strain A is genetically identical c-1i.th the isogenic 

strain B ~ except for one "irrelevant 11 gene locus much controls the visible 

phenotypic charact.er, used for distinguishing t he offspring of the male A fran 

the offspring of a mala Bo 

If experi.Inents of the sort described above are carried out» we vJould thel'l 

expect that if we use malee B1, B
2

, B
3 

of increasing ages t
1

, t 2, t
3 

etc o~ tha 

ratios {3 will increase, and more particularly.we would expect that, for 

equal increments of age, these ratios will increase by the same factoro 

Further, we would expect that if we inseminate a number of females B 

with the mixed semen of the s&ne pair of males A and B at different points 

in time, distributed over a time interval of a few years, the ratios p 
will remain the sameo 

venture to 
On the basis of my theory of aging, one may/predict how the ratios {3 

mi ght 
~increase for increasing ages t

1
_, t 2, t

3 
ooo t

1
oootkuo of the males Bo 

might 
According t.o the theor:v we ~ e.."C:pect ~ 
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For Man in particular the theory predicts for dv the value of 

}v ·"' 1/6 years 

For other species of mammals the Ghaor,r predicts as a rough approximation 

flfl/f' the value of Jv 
J (': ( i 
I v v 

-~-+-
10 .. c.e 

-----
\ 

1\.,~v! 
/~3 I 

I 

where t ciJ is the lifespan of the species, expressed in yea~"s, and m is the 

number of chromosome pairs of the species (the numbeT of the chromosomes in 

the haploid set)o 

For e~ample we may expect. for any species af l112llllD.als for v..mich the 
( 

ehromosome nUl!lber is about the 

ainounts to about one-fifth of the life-span, t QO o 

A qualitatively similar.f but quantitatively differents result must be 

expected if a spermatozoon may possess full competitive strength, even if the 

spermatogonium fran 1~l1ich it is derived does not have an intact diploid set of 

chromosomes, as long as the spermatozoon itself carries an intact haploid set 

of chromosomes., If this rrere the case, the values of J-· would be half of ·~he 

values given aboveo 

It may be asstll'iled that the general considerations dis cussed above 1-iOuld 

also· hold for birds.? &.nd it> is conceivable that they 1..rould also hold for 

reptile so 

In the case of cold-blQoded vertebrates~ like reptilesi it would be of 

interest to carry out an experiment which is not feasible in the case of either 

mammals or birdsg 



In t~1e :ase of s1 .. ,h cold-blooded animals, a male A. and a male B cot!ld 

0 be maintained at te,l perat.ures "'hich dH'fer by, say, 10 "' If the male B~ 

for instanceii·rere m~intained. at the higher temperai~lJ't'Els then ue l\Ould expect 

•-' tha.t. the ratios , 1 loJ'utJ..d incrEase 'l-rith tih..eg if fa'Tiales Here inseminated vll:. 1 

mixt.ures of 'jhe spe1m cf the same pair of :nales 1\ and B at di..:fe:'ent poj nta 

irJ. time, :iist.r:Lbute<. over a t:i.Jr:e inte:nral cf a fet-w yeai·sa Fc::o equaJ interJal; 

of time ti1e :.:-atios [3 vlOuld increase by the &ame facto:ro 

It must be poit,tf;'d out for the sd~e c;!: cor,c~ptual elf! •it~ t.tmt v 1~ conce)t 

of the competitiv~ t tYength of spemato:&o' rrusi< ro·~ be equ.a· ed wit.h th~ conce Jt 

of the viability of spe:rmat.ozoa.o ~le desig ate a spermc.toznon as viable if in 

the natural mating lroc,essj) or in a1~ificial insEn:Ln.~rtions •.;hich s/imu1Bte thtl 

conditions of the natural mating process, the sperilatozoon is capable of readli tg 

an ovum and of givirg a ·viable zygote by fer·tiJizing that ovum, p:tovideC. that t 10 

ovum haa net alread3 been fertilized by another spernatozoon uhid1 was faster j_1 

reaching it., One may c.btair: a :neasure or the r.mrbe1· of ·n ... bl spermatozoa 

contained in a giver ejaculate of a. ma.le 9 by inseminaC.ing fem.nles vri··:-.h 1 cc 
t1 f~¥eof. v~ qj · 

samples of~ h:lghly diluted semen and dsterrr:ining the probab:i 1i1;y of obtaini.Jg ~ 

pregnancy as a functtcr:. of the dilution fectoro {0ee the Jpp(;nct.x)., 

It is reaaonab} e to expect that the r.w:.b8r of vi.ahle spermaliozoo '!ont· in;Jd 

in iihe ejaculates oi n1ales may also decrease 1-r.i.th agso T'ne ·heOl"Y does not 

perndt, however, to Jlake quantit~t_ve preo:ictions uith the sa.rnc assuranca ·.n 1 h s 

regard, as in regare. to the decrease of tt.e numoer of sperrn.q,tozoa 'tvhich posse s. 

full caa.peti ti ve s trengtho 

For 1ihis reasor, prior-lty ought to be given to experiments uith mixtures 

of c>perm.at.ozoa of tt>e kiP..d described above> and ar:r·ange:nent s for experiments 



{. 
v 

along these Jines are DG~~ under liscussio:ac 

li these experi.m::mts should oear ouL our p ·edic:tions 9 t:.hey n, ld thr Y.tl 

light on the nature of the aging pro~ess) a11d a·· tha sa.11e t ine tn .r "t-Joula 

furnish an explanation as t.o why the male ejaculates mill" ons of :·1 ~r-::natozoe. 

in the mating process t·man it. ta.rE!S only one si!..gle per-matot.oor 

an ovum" 

Referencesg 
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APPENDIX 

One can ob-~ain a measure of the number of vlabls spe:rzru~tozca. conta .ned 

per cc in an ejaculate of a given male in the follmring marmer~ One- in.>ei'!line.te 

a number of females each, say, uith l cc of i~he undiluted semen ~~f that male 

and one determines the probability of obtaining pregnancies.. T'n.i.s prob:~bility 

is then compared 1-r.ith the probabilit;y of obtaining pre~"nancias w:1en n n~llllber of 

other females are inse.111inated -...rith 1 cc of sem~m, dilut.ed by a fc1.cto:r D, of 

the same male 9 

~-Je may write for t.he probability 2 P t-t.~ i) for a pregnancy ·:po result frcm 

an insemination with 1 cc of the undiluted semen of a gtven mal~ 

4 < { cL 

where n denotes the number of viable spe:r.M.tozoa thatraach a m.at,J.re ovu:.u9 

and would gi;re a viable zygo·:r.e by fertilizing that O\NM!> providei that .. 10 

other spern..atozoa ht:n"e reached and fertili&ed that ovum earliero 

Similarly we may 1.J'rit-e for the probability.v P d,:{,_ 1 of ob:aining a 

pregnancy if 1 cc of' the semen, diluted by a factor D~ of the :nne indi lliciua is 

inseminated 
v 
I I . 
~ll~ 

Because we have 

we may lvri te 

and for _r~4 ___ _ 
p c-ov..e.· 

I 

I 
/ < ( "'-- ' 

we 
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lr. -:>r 1er t.o j llUf l:.:ra-,e th; conceproual. dlffcr·,m.! 3 be •en . 
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agin2: Jl~· •C ,!:>p :l.n m:.,•tt"'!als~ thF~t. a-':.tr ·'1::a;.C.o::: <:.g·' ;y~: to cl1a- ''BS ,rh.i...:h take.~ pl f; 

1;:i t.hi~l ti'.e .::h:roui smres of the ec;-ra·;;:ic ce1.-.no- ) n pa:·ticula.,., th · t: 

the Cl188 agin2: 

+.}le ale do iOt esco1r.o su·,h c~f:,iLr<; !itJ11 thei1 o.-.1e PlaY b-o led t.o entertain 
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T .:.; •c._~. - "•a::. Je-·f ·,r.·Ac{ tEl . r - '1"' ~arc G.~.c.nt. o. i· 
o Hea.~·· 1 

-" \I. 

0 

l J. 

S-' 
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If S'IJ. h a selection takes place in the r>.at.Ul"al m&t~ing process, then t.he 

ova a:re safe~ uarded agains·t l:lei:ng fertilized by a spe:r.ms.tczoon t"P..at car:o.:-ies 

a chl"orllosozne <'1ich has become non~functionz..l as a result o an 11agi:ng hit 1!o 

It 1trould ~:wem of ivterest to ·test the validity of these assumptions by 

e~~periments of' t he follmnng gotlel"a.l type: 

Let us assume , 1.01~ t e sake of argument., that ue have available t~ro strc...i.us 

of a ma:!lmalian speci~s, a stt·ain A and an isoge:oic atrain Bo Led:. us further 

assu:me that these tt-JO •,trains diffe:~.· from each other lvi·Gh respect to one gene 

locus, which controls a . easily visible phenotypic cha1"acter and that. str·ain A 

is homozygous C!.t this lcms for a dQ"ilina.nt allele, "~"-Jhile s'ur~di.i B is homozygous 

at this locus fo_, an · allel E uhich is ?Gcesf':l.Ve o 

differ in age , their age s b ir:g ~.:. 1 , -t 2, ty "'" One set of expe~ 1ents 

consists in insemiru:rt.ing younc i'&1lales 0f strain B, "LJho a1· all of t he sErue 

age, Pith sem.ea vJhlcl1 :Ls ccmp.~·.::d oi'::. r::ixtu:.e of :?permatozoe. of tHo ind:iYidu: -~~·:, 

a male A nd of one, or ana'& her· J of the ·1alo o B. \' i tl:in the of J. spr-i J.g o: act:~ 

f .male , tha.t ha s h8en i nsem_ne:bed t-:i.th :m~.z.:' w'e of sperm· t.ozoa of t tJO 

individuals.; those c..-'~eri·ve f:com i;J .e rr~le A 2nt"i. tho .... e de:d ed from n:. cf th 

males B can h~ i::rC.inguis. d :'r01~1 eac'1 ottc_ ,; chose d · -:..~ived .fran A 2 1 1 the 

phenotypic e1 :r:·a.cter of t. he d •ilina .t allole, ·d ile thoso c"el"i 6"1 f ... en a ·l.ale ' 

(h rn ,ozygous for the :;.~ c ssi\'"8 allele) .o not shm.r the acm~ 1an'· ph notypiC 

character a 

What is of .; nter"est to u.s he1·e is the :-a·- ·· o:f ·the mnnbe.r o:f offspr::l..ng 

o mal- A and nw1 sr of of f sp:rit r.1 of a r.:a1e B, c ,i_.'ved f.:.orr. i::semi .:.1tionu o::: 



B females tdt.h m::i:Aturas of spe.nnato~oa of A and r~1 , of speJ:aatozoa A ··m B211 

'·Je ellall dcs:l.gr.'lltG these x'at.ios as 

In orde!" to simplify the interp:ee·t;at.ion of these l'ai:.ios (3 it is ssUI11e l 

that in all exper::L-nen'-s the spe1•m lliil,-tUl"ea used for :: nse.'llimtion contain t~he 

If the .1.ales A aud B.. are of equal age and if t.ha g9ne'i:,ic differe~1Ce. 
J. 

vie uould expect, to find if the train A is genetically identical '!-:r.i. t the isoge:oic 

stZ'ain B ~ except fox· one "irrelevant'' gene locus w-r~ich controls the v:i.sible 

phenotypic character$ used for distinguishir..g the offspring of the male A fran 

the offspring of a male Bo 

If experiments of t.he sorl d0ser:i..bed above are car·r:i.ed outSI He lrould t-hei.1 

ratios will increase, and mora pal"ticularly 1..re t-Jould expect. that, for. 

equal increments of age, these J:"'ai:.ios uill inm:·aase hy the same xactoE'/) 

Furth0r, \.re v10uld. a.xpec~ that if >-re iuseminate a. numbe:t• of females B 

L-Jith t.na mixed ser.:J.en of the ~PJne pair of males A and B at different points 

in time,~~ diat>ributed over a t:bne inte!."val of a fev1 years~ ·t.i1e ra.tios f 
iiill remain the saneo 

f~. .. . I) ventux·e to 
On the basis o .. JW "Gheory ~/ ui e me.y/predici:. hOi-1 t,ha ratios {3 

might 
~d~ increase 

1iccording to 

for increasing ages -~1 ~ t 2, 
might ~ 

the ·C.heory l<fe ~;.m e.'Cpect: 

::::: 

t . 0 ., 0 t,, 0 0 0 
1. t{ 

of the males B 



Fo:r othar species of L'l&mmals i~he theory predicts as a rcr...1r;;h aop.t oxi1ua tion 

ffJI!i' the val '18 of r 
I (1 ("; vv 

-~--:r:-­
'0 ~oa 

\--::-: 
v IX3 , I 

\ihere t cO is the lifespan of the speeies9 eA."Pressed in years, r:nd ill is t.h 

nm1bar of chx·omosauJ.e. pairs of the species (the number of the chronosomes in 

the haploid set)o 

Fo:r ex~.mple -we may expecli foX" any speci~s 

chr<nosome nmnber is about ·i:.he same as 

a.lllounts to about one-fif'i;h of the lif'c-span.s> t >QO a 

11. qualitatively similar:, but quantitatively different, result mu t ba 

expected if a spe:nnatozoon may possess full competitive st.rength, even if the 

chromosomes, spermar.oz ·on itsel:i' car-ries an intact haploid set 

of chrOllloso:mes, If this vle:t'e the case~ the values of J......-· >vould be 11alf 

values given aboveo 

f t.he 

It w..ay be assmaed. that tl1e gener- 1 con . .:ideraticne d:lscussed above .-rouJ.d 

also hold im.' bi:rds, and it. is conceivable t.'1at they t-J"ou.J.d a.lso hold for 

reptile so 

In the case of cold-blooded "l;'ertebrat,es$ like reptiles.P it "1-J<'JU\.d be of 

interest to carry out an experiment. t'lT'1ic!1 is not fe':l.sible in t.he case of eitheX' 



xx 
XX 

I1 Ghe ca..,.:; of m~le A nd a 1 

er'l r· ·es . ~ich c; s·;y, 1 0 c .. 

th<::i:. the r :i ':.!.1 " e, if .fene lt 

rai.__;r.t.UTes of the sperm of L1e Ba'1"' a:i.1· of ··a] es 1' and !3 at. dilfe!'o:::n0 ;_Jc·· '"s 

of ij:iJne -~~he 14£»';:,~.08 [3 't oulc! incra.?se o- tl~s . . a f~ctoro 

It must be poir·te 
. 

~t .. the C'• "'~~ f .. '-'-' ~ J 

~ t~1e co, petiG.:i.'.e sts. en3th of ~P""l:L_ ai..ozoa ~ --
[\ spe.u atozco:.1 c s vi . ' -.e LL i!. 

cond:i.t:lons f -::..1e na'.uraJ rn~.t:.ing l roc R,. ;:,he spe:.·,n .. tc·Joon is c ··aole t:"'.f l'e"ch·· ng 

an ovt and of g:;.vi1 g a 'lii;;;b).e 2-.fgo;:.e b .~.e ·l:.ili2.ii · ':...1at 0'\ii..mt, p vided tl:.t.a~ e 

ovun bas no::. already b-aen fer·C.:i b z d b.r a: 'J:, e'l.' -per- atozoon t-r:1ich ~·f:s fast.e:r :in 

reaching it.. One may oot?.:i.n s. meas 1.·e r. .. ~ , .8 m1 ... b9l." o_ viable spe1~1atozoo$ 

cor.ri:,ained in a give!'l ejacu~.ate -3 m, ,_e~ by ·· !1S8rdn~ting females vrH.h 1 cc 

samples of highly diluc.ed s€ ·3n 3.l1d ~e'.:cr-Jinin.z t.he p.~.· oalJ:Lllt:r of ob·'jJ.:i..D.Lrg a 

pregnancy as a functio:1 of ;:,he d' lutJ c-: f< ct.orc (See th .... Appendix) ... 

It is :t·easonable {;,o G" pect. . .' "~t ~he l.w · ar o!: via. lle sp-~rm~.;ozca 

in the ejaculates o n "'le::: 
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along these lines are now unde~ diseusaion~ 

If these experiments should bear ·t our- predictions, they would throw 

light on the nature of the aging process, and at the same time they t-Iould 

f~~sh an explanation as to why the male ejaculates millions of spermatozoa 

in the mating process when it takes only one single spermatozoon to fer-tilize 

References: 

1., Leo Szilcu"Cl, Proc ~ Nat .. Acad. Se .. (USA) Vol.:: h5l' ppo 30...45, 1959 



APPB~'\DlX 

One can obtain a measu1'a of the numb&l' of viable sperm~ C.ozca conta:ln~d 

peT cc in an ejaculate of a given r!'!.2le ih ·the follouing mann~:!': One inse;nine..t:.1F:: 

e. nnmoer of females each!' say, with 1 cc of the undiluted semen of thet nw.le 

and oue dei:.ermines t.he probability- o.f obtaining pregn~:.n.cies.. 1'bis prob2.bilit.y 

is then compal'ed tdth the probahilif.y of obtaining p.t•egnancj_es vihen o. nnmber of 

other fernales are inseminated Hil:.h 1 cc of se;. an, diluted by a factor D, of 

the same maleo 

lie may writ.e for the probability, P(..c-t.-t.{.. , for a pregn~ncy i:lo res 1U, frcm. 

an insemina"i:.ion "t·dth 1 cc of the u.."ld.Hu'c.ed semen of a gi-,.fen ma1e 

f
1

, t te-- .,.. d.J (f - 52..- lA.) ) ~-{tc,\..e. Q(,. < I ~42 ., (_ 

~where n denol'ies the nu.'libe~· of vie.bJ.e sperro.8>t,ozo8. thatr3e.ch a rr>..c1.ture ovum_, 
C4"'L 

and ~1 give a vi.able zygot.e by fertiliz ~g that ovurJ., prm!ided that no 

o·the:r spe~cmatozoa ha'i.re l"eached a.nd fertilized tl,at ovum earliero 

Similarly v-1e may writ.e fo:(' the _p!:obability:. Pelt~ , of obtaining a 

pregnanc~r if 1 cc of the s,;;r, an, cliln(;ed b;r a lac cor D~ of the S::j,.rne indi :rldua.l is 

i nseminated 
y 
I I • 
wl-1~ 

Bacause \ve hav-e 

we may write 

and .for _.L.~4.­
p f./0-iM-· 

-At 
L- (_( I 

= .) ~lrv ----~--~- . I - f .~fX..-/1;; 

/ < I ......___ ~I 

- oO 

J f .fA ttc.-
He may ~lY'i ta 



.. 

Tt should be noted that the number n is not Jr.h o number of viable spermatozoa 

contained in 1 cc of the vndiluted semen, rather it is a vr.;ry mu.ch smaller 

numbero However, n is proportional to the number of viable spermatozoa contained 

in 1 cc of the undiluted s nen, and the factor of proport='~onality will be the 

same in all the experimenJiiS> here (mvisa.ged, provided t 11e inseminated females 

~ 1fe JTI.ay di-rectly ccrnpare, .A.A.. · ( ~ lt~<i ),v(P), measures of ·the mxr,fuer 

of viable spermatozoa contained i'l J. cc of the f;amen of tt.YO different male s 

E and F, by diluting their semen ·~dth a suitabl e factor D, i nseminatirw; a numbet' 

of females with 1 cc samples of t hn diluted se.11en of E and ins eminat ing a number 

of other females with 1 cc samples ...,f the diluted semen of Fo Ttle may then write 

fo:r the :ratio of the pr obabilH .. y f(:: c) ::/. o·o'~aining a pregnancy ill an 

insemination of the diluted spann of E a.11d t he probability f {F) of 

of the diluted spet-m of F 

p (F ) 
where _,{IV o~) is s measure at the nL , Oj.S of' viable sperm a t o zoe per co in the 

undiluted sanen of E,. and,.trv(F) is a measure of t he number of viable spermatozoa 

per cc in ~he tmdiluted samen of Fo 

In order to obtain rea.sonably accurate infonua tion concerni ng t he 

j- relative nU11lbers of vlable spern;.of the t..uo males E and F; f r o P ( E.) and 

r;<... P ( F) 1 
it is necessary to choose the dilut i ng f'a ctor D s uffici ently highc 

For sufficiently high dilutions we h~ve 

)-v (E) 

~-v (F) 
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~ 
spe1lllatozoo:a, ,,:re mey conside" a spezmat.ozocn l:,;;~),-'i, del tvcd 1> .u e spem..c:i:.o& onim'"' 

in that one or several chrcr'!c.so;ues h..t:•'ile suffe1·eti ag:i.ng hits:~ b ~.r.ries a 

haploid set of ch?onoscmes w~1ich :1.re Ul'l..<>.f.-:ec·ted by aging hitso 011 ~he ba •. is of 

the assUlilption3 described above.? this spermatozoon nrlgh'; rove a mar' 

11competitiv·e s'~>rengt,h 11 and m5.ght therefo:~e lose out. ·i n t.he competit. h 

spermatozoa which nre in possessio!1 of full Cc.::tlpa·tJ.tji va st:r:ength_, and ye·t; 

conceivably this spa:rm,:;.tozoon l!light be fully vi~.blaQ in l:.erns of the definition 
/ 

gj_ven above o 

'fhe J1nd., 
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