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· ARTI FI CI AL PARTHENOGENES I S 

The maj o rity of e gg s cannot develop unless they are fertilized , 

t hat is t o say , unless a spermatozoon enters the egg . The question 

arises : How does the spermatozo on cause the e gg to develop into a new 

organism? The spermatozoon is a living org a nism with a complicated 

s t ructure and it is impo s sible to explain the deve lo pment of t h e e gg 

from the structure of the spermatozoon . No pr~gress was possi b le in this 

field until ways were found to replace the action of t h e living spermato­

zoon by well-known physicochemical a gencies . Va rious observers such as 

Tichomiroff , R. Hertwig, and T . H. Morgan had found t ha t unfertilized e ggs 

may begin to segment under certain conditions , but such e ggs always d isin­

tegrated in their experiments without g iving rise to larvae . In 1899 Loeb 

succeeded in causing t he unfertilized e ggs of the sea urchin Arbacia to 

develop into swi mming l a rvae , blastulae , gastrulae , and plutei , by treating 

t h em with hypertonic sea water of a d efinite o s motic pressure for a bout two 

hours . Whe n such e ggs were then put bac k into normal sea water many segmen­

ted and a certain percentage d eveloped into perfectly normal larvae , 

blastulae , gastrulae, and plutei . Soon afterwa r d this was acco mplished by 

o ther methods for the unfertilized e gg s o f a larg e num ber of marine animals , 

such as starfish , molluscs , and annelids . None of these e Eg s can d evelop 

under normal cond itions unless a spermatozoon enters . The se experiments 

furnished proof t hat the activating effe ct of t he spermatozoon upon the e gg 

can be r eplaced by a purely phys icochemica l a g ency . 

The first method used in the production of larvae fro m the unfert ilized 

eggs d id not lend itself to an analysis of the activating effect of the 

spermatozoon upon the e gg , s i nce nothing was known about the action of a 

hypertonic solution , e xcept t h at it withdraw s water from the e gg ; and there 

was no indica tion t hat t he entrance of t he spermatozoon causes the e g g to 

l o se water . No further pro g r es s was possible until another method of arti-
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ficial parthenogenesis was found . When a spermatozo on enters the e gg of a 

sea urchin or starfish or certain annelids , the surface of the e gg under-

g oes a chang e which is called me mbra ne formation ; and which consists in 

the appearence of a fine me mbrane around the e gg , separated from the latter 

by a l iquid. . O. and R . Hert wi g and Herbst had obse rved t ha t 

such a membrance cou l d be produced in an unfertilized egg i f the latter was 

put into chloroform or xylol, bu t such e g g s perished at onc e . It was gener-

ally assume d , more over, that the process of membrane formation was of no 

significance i n the phenomena of f ertilization , except perhaps that the 

fertilizati on membrane gu a r d ed the fertilized e gg aga i nst a furt he r invasion 

by sperm. However , s ince the fertilized egg is protected a gainst thi s poss-

i bility by other means the me mbrane i s hard l y needed for such a purpose . 

In 1905 Loe b found that membrane format ion, or rather the change o f the 

surface o f the e gg underly ing the membrane f ormati on, is the essential 

feature in t h e a ct ivation of the e gg by a spermatozoon . He observed t hat 

when unfertilized e ggs o f t he Californian sea urchin Strongylocentrotus 

purpuratus are put for from one a nd a half t o three mi nut es into a mi xture 

of 50 c.c . of sea water plus 2 . 6 c .c N/10 acetic o r pro pionic or butyric or 

val erianic acid a nd are then put into norma l sea water all or the maj o rity 

o f t he eggs form rnernbrances; and that such egg s when the temperat ure is very 

low will segment once or repeatedly and may even - if the temperature is as 
0 

low as 4 C. or less - deve lo p into swimming blastulae ; but they will then 

d i sint e g ra t e . On the other hand , i f they are kept at room temperature they 

will develop only as far as the ast er f orma tion and nuclear divisi on a nd 

then beg in to d i sintegrate. It shou l d be ment ioned that that the time which 

e l a ps es between artif icial membrane formati o n and nuclea r d ivi si on is g r eater 

than that be t ween t he entrance of a spe r mat o zoon and nuclear d ivi s ion . 

I t was obv i ous , t herefore , that art "ficial membr a nce formation ind uced 

by but yric ac i d initiates the processes underlying d evelopment o f the e gg 
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but that f o r some reason the e gg is sickly and perishes rapi d ly . 

'Nhen , h owever , such e ggs were g iven a short treatment with hypertonic 

s e a water or with lack of oxy g en o r with KC N they developed into normal 

larvae . This new or i mproved method of arti f icial parthenogenesis i s as 

foll ows : The egg s are put f or fro m two to four minute s into 50 c . c sea water 

c on t aining a little amount of N/10 butyric acid (2 . 6 c . c in the ca se of s . 

purpuratus in California a nd 2 . 0 c . c . in the case of Arbacia in ood s Hole) . 

Ten o r fifteen minut e s l a ter the e gg s a re put int o hy pert onic sea water (50 

c . c . sea water plu s 8 c.c . 2t m NaCl or Ringer solution or cane s ugar) in 

which they remain, at l 5° C . from thirty-five to sixty minutes in the case of 

purpuratus, a nd from 17~ minutes to 22~ minut es at 23°C . in the case of 

Arbacia at Wood s Hole . If the e g g s a re the n transferred to normal s ea water 

they will d evelop . In making t hese e x periments , wh ich have been repeated and 

confirmed by many investigato rs , it shoul d be rem~mbered that t his effect o f 

the hypertonic solution has a hi gh te mperature coeff i c i ent (about two for 
0 

10 c . ) and that a slight overe x posure to the hypertonic sea water injures the 

eggs so that develo pment is abnormal . By this me thod it is po ssible to i m-

itate the a ctivating effect o f the l i v ing s permatozoo n upon t h e e gg in every 

d e tail and e ggs treat ed in this wa y will d evelo p in larg e numbe rs into per-

fect l y normal larvae . 

The next tas k was to find out the nature of t h e a ction of the t wo a ge ncies 

upon t he development of the e gg . It soon became obviou s t hat the me mbrane 

f o rmation (or the a ltera tion underlyi ng memb r ane formation) was the more im-

po rtant of the two , since in the e gg s of s tarfish and annelid s t h is was 

sufficient for the production o f larvae; and that the second treatment h a d 

only the corrective effe ct , o f overc oming the s ic k ly cond ition in which mere 

me mbrane formation h ad left the e gg s . It wa s , there f o re , o f g reat interest to 

ascertain what substances or a g enci e s cau sed me mbra ne f o r mation in the e gg , 

sinc e it now became clear that the s permatozoon could only cause me mbra ne 
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formation by carrying one such substance i n to the egg . These inves tigations 

led Lo eb to the result that all those substances and a genci e s which are 

known to cause cy tolysi s or h e molys i s wi ll also induce membrane f o r mation, 

and that the es s entia l feature in the causation of dev e lo pme nt i s a cytoly s is 

of the superficial or cortical l ayer of the e gg . As s oon as thi s l ayer i s 

destroyed the deve lo pment of the e gg can beg in . 

The substances and agenc i es wh i ch cause cyto l ys is and hence , i f their 

action is r estricted to the su rfa ce o f the e gg , wil l induce d evelo pment are , 

besides f at ty a cid s : (1 ) saponin or s o lanin o r bile salts ; ( 2 ) the s olve nts 

of li poid s , benzol , toluol, amylene , chlo r o form , a l d ehyde , e t h er , a lcoh ol s , 

e tc .; (3 ) bases ; (4 ) hy pertonic o r hypotonic so lutions; (5 ) rise in te mpe r­

a ture , and (6) certain salts , e . g . , BaC l 2 and Sr Cl2 in t h e ca se of the e gg 

of purpur atus , and a ccord ing to R. Lillie, Na I or NaC NS in the egg o f Arbacia . 

Whenever we s ubmit an unfertilized sea-urchin e gg to a ny o f t hese a gencies 

and r es trict the cy toly sis to the s uperfi cial or cortical layer of t h e e gg 

(i . e., if we transfer the e gg to normal sea water before t he cytoly tic agent 

has had time to di ffuse i nto the ma in egg ) t h e e gg will f o rm a me mbrane and 

behave as i ' t he membrane f orma tion had been cal led forth by a fatty aci d , 

wi th this d ifference on l y , that the various a g enc i es are no t all e qually 

harmless for the e gg . 

If the i de a wa s correct that the change u nd erlying membr ane f o rmation was 

essential ly a cytoly sis of t he cortical l ay er of the egg , 1t was to be e xpect­

ed t h at the b lood serum o r the c el l ext r acts o · f o rei g n spe cies wo u l also 

cause me mbr ane formation , and t hus induce the deve lo pment of the unfertilized 

e gg , while the se rum ·of ani mals of the same spe ci es or g enus would hav e no 

such effects. Thi s wa s found to be correct . In 1907 Lo eb showed that t he 

blood serum of a Gephyrean worm, Dendrostoma , was a b l e to cause me mbrane 

formation in the e gg of the sea u rchin . When added in a d ilution of 1 c . c . of 

serum to 500 or 1000 c . c of sea water to eggs o f purpuratu s a certain number 
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formed f e rtilization me mbr anes . It as f ound l a t er that the s e rum and tissue 

e xtra c t s o f a larg e numbe r o f ani ma l s , espec i ally o f mammals h ac t he same 

effect , though i t was necessa y to use h i ghe r conce ntra tions , one - h a lf sea 

water and one-half isotonic b l ood serum . The egg s of eve r y fe male s ea urchin , 

h owever, d i d no t g ive t he react ion and no t all the e ggs even of se nsitive 

females formed membranes . Loe b found , h owever , t ha t it was pos sibl e to in­

crease the susc e pti bility of t he e g s aga i n s t foreign b lood serum by putting 

them into a 2/8 m s olu tion o f SrC 1 2 for f rom five to 10 mi nu t es before ex­

po sing them to the f oreig n b lood serum. BaCl2 acts si mi arly . Te f a ct that 

SrCl2 alone ca n cause membr ane f ormation in unfertiliz ed e gg s if t hey are 

l ef t long enough in the s olution sugge s t s t hat t h e sensitizing e ffec t of t · e 

substance consists in a mod ifi cation of t he cortical l ayer s i milar t o that 

unde rlying membrane f ormation ; and that t he subl i minal effect of a short 

treatment with SrC 1 2 and t he sub liminal effect of t he f oreig n s erum whe n 

c ombi n ed suffice to bri ng a bout t he me mb r a ne formation . 

Not only the watery extract o r f oreign cells but a l s o t hat of f oreig n 

s perm, induces me mbrane for r a tion in the se a - u rc in e gg . The watery ext ract 

ofs perm of star f i sh i s espec i al l y act iv e , but t e degree of a c t i vity v ari es 

considerably wi th t he spe c ies of st a rf ish f ro m which the sperm i s taken . 

The e ggs of d if ferent species of sea urchi ns also sho w a d i f ne re n t degree of 

suscepti bi lity for the sperm of f oreig n species . Thu s t h e eggs of trongy lo ­

centrotus purpuratus requi re a h i gher c on centra tion o f spe r m extrac t than 

the egg s o r S . franc i scanus . For the latte r t h e amount of forei g n cel l con­

stituents wh ich suffices to ca ll f orth membr a ne formation is a o mall t h at 

contact with a l mo s t any fo reign living spermat oz oon prod uces t i s e f fe t ; 

and as a ru l e no previous sensit i z i ng actio n of r 12 is r equi r ed . . e n we 

bri ng the unf ertiliz ed eggs of S . franci s canus into cont a c t with the liv ing 

sperm o f sta rfi s o r s h a rk or even of f owl , t h e eggs form a fertilization 

me mbrane without previ ou s s ens itization . spe cifi c s u bs t ance fro m the for -
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eign spermat o zoon causes membrane fornation before the spermatozoon has time 

to enter the e gg . The e f fect i s the s a e a s if artifi cial me b r ane formation 

had been called forth with butyric a cid , i . e . , they b eg in to d evelop and 

then disintegrate unless they receive a second short trea t ent . 

Nhen, however , we treat t he e ggs with t he watery extra cts fro m the cell s 

of their own or c los e l y rela ted s pecies we find t hat these extracts a re 

utterly i nactiv e , even if used in compa r a tive ly st rong concent r ations . 

These phenomena lea t o a very pa ra oxical r esult ; namely that while i n 

the case o f forei g n sper we can c a use membrane f ormation by both the living 

and the dead sperma tozo on , only the living spermatozoa of the same s pecie s 

c a n induce me mbrane formation . Thi s mi ght find its e x p l anation on the as s ump­

ti on that the a ctive s ubstanc e contained i n the forei g n sper or serum is 

water- s oluble and a prot e in , wh ile t h e activating or embr ane -forming sub­

stance in the spermat o zoon i s ins oluble in wate r but soluble in the e gg . If 

thi s a s s u mption is c orrect the t wo s ubstanc e s are e s s e ntially d ifferent . 

Robe rt son has succeed ed in extracti ng a subs t ance fr om the spe r m of t h e 

sea u rchin which causes membr ane f o rmation of t he sea urchin e gg afte r t e 

latter has been sensit ized by a treatment with rCl2 . It see e d to Loeb t hat 

if the substance ext r a cted by Roberts on were the real fertilizing a g ent con­

t a ined in the spermat o zoon it should fertil iz e t he egg without a previous 

s ens itization o f the e gg with SrC 12 be ing r equired . 

The a ction of acid s i n the me chanis m of a rtif ic i a l parthe nog e ne s i s pro­

vides some int e r esting phys iological probl ems. Nhen unfertilized sea-urchin 

e ggs a re left in sea water cont a ining any o f t he lo wer fatty a c ids up to 

caproni c, t he e ggs wil l f o rm no membr anes , wh ile in such sea wate r , and they 

will show no outer signs of cyt olys i s (swell ing ) . I en , h owever , t he e gg s a r e 

left in sea water c o ntai n i ng any o f the fatty a ci d s fro m h epty lic upward t he 

eggs will f o rm membr anes whi l e in the acid sea wat er and s oo n afterward will 

cytolyze compl etely and swell eno rmous l y . In s olutions of t he mi ne ral a cids 
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no membranes are forme d and none are formed as a r u l e when the e ggs are 

transferred back to sea water . 'Nhen both a mineral and a fatty acid (lowe r) 

e . g ., butyric , are add ed to sea water the mineral aci d acts as if were not 

present, i.e. , the e gg s form membranes when transferred back to sea water 

if the concentration of the butyric acid is hi gh enough . 11 t hese data are 

comprehensible if we assume that only that part of the a ci d cause s membrane 

formation which is lipoid soluble, while the water s oluble part i s not in­

volved in t he pro cess of me mbr a ne formation ; and that the cytolysis or swell ­

i ng of the whole e g g can only t a ke place in the h i ghe r fatty ac i ds , whose 

water solubility is c ompa r ative l y lo a nd whose lipoid s olubility is high , 

while the lower f a tty ac i ds , which are very soluble in wate r , can only bring 

a b out a cy tolysis and s welling in the c ort ical l ay er but not in the rest of 

the egg . This makes it appear as though the part unde r going a n alteration 

in membrane formation was a lipoi~ a nd thi s would harmonize with the assump­

tion that the specifi c membrane-inducing substance in the spe rmatozoo n i s 

not soluble in water , but s oluble i n fat . 

These and other observat ions led Lo eb to t he view that the essential 

process which causes development mi gh t be an alteration of the surfac e of 

the e gg , in all probability a n alteration of the superficial l aye r proba bly 

of the na ture of a superficial cytolysi s . The question remains : What could be 

the physicoche mica l nature o f this cytoly sis? Loe b had sug g este in former 

papers t hat in t h e cytoly s i s u nd erlying membrane f ormati on lipoids were 

d issolve d , and he suppos ed that t he s ubstance to be d issolved mi gh t _ be a 

calcium-lipoid compound whi ch rni ght f orm a continuous lay er und er the s u rface 

of the e gg . v. Knaff l, working on the cytolys i s of e gg s in Loe b ' s l aboratory , 

gav e the f ol l owing i dea o f t he process . 

Protoplasm i s ri ch in lipoids : probably it i s ma inly an e mulsion of t hes e 

and proteins . Any phys ical o r che mi cal sti mulus which can lique fy the lipoid s 

causes cytolysis of the egg . The protein of t he egg can really only swell o r 
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be d issolved if the cond ition of a ggregation o f the lipo i d is altered by 

chemica l or physical a g encies . The me chani sm of cytolysis consists in the 

liquefaction o f the lipoi d s a nd thereupon t h e li poid -free protein swells or 

is disso l ved by taking u p water .... Henc e t h i s supports Lo eb ' s view t hat 

me mbrane f o rmat ion is ind u ced by the li que f a c t ion of lipoids . 

Lo eb sugg ested that the d estruction o f an e mul s i o n in the cortical layer 

mi ght po ssibly be t h e e s s ential feature o f t he alteration lead i ng to membrane 

formation a nd d evelo pment . It has been long observed that unfertili zed s t a rfish 

eggs may beg in to develop apparently without any out s i de "sti mulus ," and A. P . 

Mathews found that sli ght mechanical agit a ti on of these e ggs in sea water in­

creased the numbe r whi ch d eveloped . It ha s bee n shown in numerous experiments 

by Delage , ~. S . Lillie, and Loeb , that the substances causing d evelopme nt in 

the starfish e gg are i de ntical or closely rela ted to those whi ch b ring about 

this effect in the e gg o f the sea urchin and in both cases t he development is 

preceded by a membrane f ormation . 

But how can membr a ne f o rmation be produced by mere a g itation? It s ee ms to 

me t hat this can be un erstood if we suppose that it d epends upon the d estruc­

tion of an emulsion in the cort i ca l layer o f t he e g g . It i s c on c e ivable t hat 

in the e gg of certain forms t he s t abili ty o r t he emu l s ion is s o small that 

me r e sha king woul d b e enough to des troy it and thus ind uce membr ane f ormat i on 

and develo pme nt . 

The durability o f e mu l s ions v ari es , and whe r e an emulsion i s v e ry durab le shak­

ing has no e ff e ct , whi le whe re it i s a t the cri tical point o f separating into 

t wo continuous phases a s l i ght shaking will. b ring about the separation , a nd 

where the e mu l sion i s s till les s du r able we obs erve t he phenomena of a " spon­

taneous'' parthenogenesis . Egg s li ke t h o s e of mo s t sea urchi ns belong t o the 

f o rmer, e gg s li ke tho s e of s o me starfish and anne lid s be long to the se c on or 

third t YP§? . 

It is impossible to s tate at pre sent whether the fertilization merrbrane is 

preformed in t he fe~ti l ized e gg and me re l y lifted off from the e gg or 
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whether its formation is due to the hardening of a colloidal substanc e separa­

ted from the e mulsion (or excret ed ) and harde ne d in t ouch with sea water . Bu t 

we can be sure of one thi~g , namely , t hat the l iq i d between e gg and membrane 

contains some colloidal subs t ance which d et e rmines the tension and shpe r ical 

shape of the membrane . The me mbrane i s obvi ou sly permeable not only to water 

but a lso t o d is s olved crystalloids , while it is i mpe r meable to colloid s . When 

we add some colloidal solut i on to the sea water containing fertilized e ggs of 

purpuratus , the membrane collapses and lies close around t he e gg ; while if the 

e ggs are put back i n to sea wa t e r or a s uga r s olution the mem br a n e soon as sume s 

its spherical shape . This is i nte lli b i b le on t h e a ssumpt i on that in the pro­

cess of membrane f ormation (or in the des truction of t he e mul s ion in t h e corti­

cal layer) a colloi dal substa nce goes into s olution which cannot d iffuse into 

the sea water since the membr ane i s i mpe rmeable to the col l oida l particles . 

The me mbr ane i s , however , pe r meable to the constituents of sea water or to 

sugar . Consequently sea wat er will d i ffu s e i n to the space between membrane and 

e gg until the tens ion of the me mb r a ne equa ls t h e os motic pressure of the 

colloid dissolved in the s pace between egg a nd t h e me mbrane . If we a d enough 

co l l o id to the outsid e s oluti o n s o tha t its os motic pr essure is h i gher than 

t hat of the ~olloidal soluti on inside the memb rane the latt e r will co llapse . 

It shou l d be stated a1s o that the unfertilized e ggs o f many marine animals 

a re surrounded by a jelly (ch orion) which is d issolved whe n t h e e gg is fertil ­

Loeb has shown t hat the same ch emical substances which wi ll induce membr ane 

formati on and artif i c ial parth enogenesis wi ll as a r ule a l s o cause a swelling 

and liquefa ction o the chorion . 

Much space has been d evoted to the me chanism of membrane f o r mati o n since 

it i s li ke ly t o give a clearer in s i ght into the physicochemical nature of 

physiological processes than the phenomena of mus c ular stimulation and con­

traction or ne rve s ti mu l a tion, upon which the majority of physi o l ogi sts base 

their conclusi o n s c oncerning the mechani sm of lif e ph enomena . 
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Before we come to the d i s cuss ion of the s econd f a ctorin t h e activation 

of the egg it should be s tated more de finitely that for the e ggs of so me forms 

the fir s t factor , t h e process u nd erlying membrane for mation, suffices fo r the 

development of the e gg i n to a larva and t hat no second factor is required in 

these cases. This i s true f or the e ggs of starfish and certain anneli s . Thu s 

in 1901 Loeb and e ilson showed that a short treat ment with HCl a nd H 03 

s u fficed to cause s ome eggs of Asterias in Woods Hole to dev e lo p into larvae 

without a second treatment being neede , and Delage showed the same for C02; 

and in 1905 . Loe b f ound t hat the e ggs of t he Californian s t arfish As ternia can 

be i nduced to form a me mbrane by butyric acid treatment and t hat ten pe r cent . 

of these eggs develo ped into normal larvae . Quite recently R . s . Lil l ie obser­

ved that the e ggs of As teri as a t · ood s Hole can b e caused to form me mbranes and 

dev elop into larvae by a tre atment with butyric acid and that the ti me of ex­

posure required to ge t a max i mal number of l a rvae varies approximately inver­

sely with the concentration of the acid , within a range o f 0 . 0 005 to 0 . 006 N 

bu~yric ac i d . If the ex posure i s too short me mbrane formation will oc cur without 

no r mal d evelopment . 

All this leads us to the c onc lusi on t hat the main ef f e ct of the spermato ­

zoon in inducing the development of the e g g cons ist s in an altera tion of the 

surfa ce of the lat ter which i s appa r e ntly o f the nature of a cytolysis of the 

cortical laye r . Any thing wh i ch causes this alteration without endangering t he 

rest of the e gg may induc e it s d evelo pment . The spermatozoon , therefore , causes 

the d evelopment o f the e g g by carry ing a subs t anc e into t he latt e r which 

e f fects an alterat ion of it s su rfa ce l a yer . 

Ne will now d i scus s the action of t he s e cond , corre ctive f a ctor, in t h e 

induce me nt of d evelo pment . Nhen we cause membrane fo~mation in a s ea-urchin 

e gg by t h e proper tre a t ment with butyric acid it will commenc e to deve l o p and 

segment but will d isi n t egr a t e rapidly i f kept at room te mpe rature a n the ore 

ra pi d ly the hi gher the te mperature. If, h o ever , the eggs are treat ed af ter-
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war d for a cert a i n leng t h o f t i me (fro m t h i rty - f ive t o s i x t y mi nut es a t l SG C. 

f or pu rpu ratu s and 17-ft t o 22-ft mi nut es f or Arbac i a a t 23°c . ) i n a s olution 

which is i s osmotic with SO c . c . s ea wat er plus 8 c.c. 2t m Na Cl, they wil l 

d ev e lo p i nt o l a rvae , many o f vv h i ch ma y be no rmal . Any h ype rtoni c s olution of 

t h i s o s motic pr essur e , sea water , sugar , or a s i ng l e salt , wil l suff ice pro­

v i d e d t h e s olution d oes no t c o nt a i n subs t a nce s t hat a r e t o o des truct iv e f or 

livi n~ mat t e r . The hy pertonic s olutio n prod uc e s it s c orrective effe c t on l y i f 

t h e e gg c onta ins fr e e oxy gen ; a nd in a s li ght l y alka li ne med i um more rapi d l y 

than i n a neutra l medium. Th e time o f exposu r e i n the hypertonic solution d i m­

ini s h es in cert a i n li mit s with t he c oncentrat ion of OH ion s i n the s olu tion . 

It is s tra ng e that in the e ggs of purpurat u s t he c orre ct i ve ef f ect can 

a l s o b e b r ou .ht a bou t by ex pos ing t he e g g s af ter t h e artif i cial .e mbr a ne f orma­

tion for a bout t h ree h ours t o no r mal s ea water free f r o m oxy g en ; or to s e a water 

in wh i ch the ox i dation s have b e en r e t a r de d by t he a d d ition o f KC N. Th i s me t h od 

is n ot so r el i a bl e a s the t reat me nt with hy pe rtoni c s olution . 

What d o es t he hypertoni c s olu tion d o t o prev ent t h e disi nt e g r a tion of t h e 

e gg after the artifi c i a l me mb rane fo rmat i on . Loe b s ug ·e sted i n 190S t hat t he 

a rtificial me mbrane f o rmation a l one s t art s the d eve lo pment b u t l eaves the e g g s 

usually in a s ick l y c ondition . T e seco nd fa c t o r i s , a cco r d i ng to t h is v iew , 

merely a corre c tive o r curative f a c t or - the h y pe r to n i c s olu tio n al lows t h e 

e gg s to recupe rat e f rom the i r si c k l y c ond it io n . The f ol l owi ng observations will 

ex pl a in the r easons f o r such a n as s umpt io n . 

Lo eb fo u nd that i f we kee p t he unf e r tili zed egg s aft e r a rti f i ci a l me mbra n e 

f o ~mat ion i n sea wat e r d epriv ed o f oxy ge n t h e disi nt e g ra t i on of the e g g fol l ow­

ing artificial me mb rane f orma t ion i s p reve n t e d f o r a day a t l ea s t . The s a me 

r esult ca n be o b t ai ned by add i ng t en d ro ps of 1/10 per c e n t . KC N t o SO c . c . o f 

sea water , and c ert a i n narcot ics , e . g . , c h lo ral h yd ra t e ac t in the same wa y . 

Was t ene ys a nd Lo e b fou nd t hat chloral h yd r a te (and other narcoti cs) i n t h e co n ­

c entrat ion re 0 uired d o no t s u p press or even l ower t he o x i dati ons in t h e e gg t o 

a ny c o n s i d erable e x t e nt , but t h e y prevent t h e proce sses of cell d ivi s ion . 
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Hence it see ms t h at the e gg dis integ rate s s o rapid ly after art i ficial mem­

brane formationbecau se i t i s kil l ed by tho se processes lea ing to nuclear 

division or cel l d ivi s ion which are induced by the artificial membrane forma ­

ti on . If we suppre ss t hese phe no me na of ·develo pment (fo r not t oo l ong a ti me) 

we give the e gg a chanc e to r ecover and if now the impulset o d evelop is still 

active we notice a perfectly normal d evelopment . If t he e g g i s ke pt to o long 

with out oxygen it suf f ers for other r easons and can not d evelo p ; Loe b has 

shown that if e ggs fertilized by sperm are kept f or to o long a time without 

oxygen they also will no longer be ab l e t o develop normally . The short trea t ­

ment with a hypertonic solution suppli e s t he corrective f a ctor require , s o 

that t h e e gg can then underg o cell d ivision a t room te mpera turewithout d isin­

teg rating . 

The corre ctne s s o f this int e rpre t a ti on , which i s in r eality mainly a 

statement of observati ons , i s proved by the f o llowing g roups of f ac t s . . The 

old er observers had already noticed t ha t t he unfertilized e ggs of t h e sea 

urch inwhen l y ing in s ea water wil l d i e a fter a d ay o r more , and that occas ­

i onally such e ggs show n~clear d ivision or even t he b e ginni ng of cell d ivision 

sho rtly before d i sintegration set s in . Loe b h a s studied t h is ph eno me na i n the 

unfertilized e g g s of purpuratus and found that only the e ggs of certain fe males 

show this cell d iv i sion before d isintegration and t hat the ce l l division i s 

preceded by an aty pical form of membrane f ormation ; the eggs surround ing 

t hemselves by a fin e gela tinous fil m comparable to that produced in the e gg 

of Arbacia by a treat me nt withbutyric acid . It is d if fi c u lt t o say what in­

d u c es - the alteration of the s urfa ce of the e ggs that lie so l ong in sea water . 

It may be due to the C02 formed by t he eggs - s ince we kno w tha t C02 may in­

duce membrane formation - or it may be due to the alkalinity o f t he sea wa ter 

o r t o a substance ori g i nat ing fro m the j el l y sur r ou nding t he e gg s . It was 

f ou nd t ha t if s uch e gg s a re kept without oxy g en t h eir d isi nteg ration ( and 

cell d ivis ion) wi ll be d elayed consi d erable . The pr esu mabl e explanation f o r 
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this is that the lack of oxy g en prevents the internal chang es underlyi ng cell 

division and thus prevents the d isinteg ration o f the e gg . Th e d irec t proof 

that an egg in the proces s of cell d ivision is more end angered by abnorma l 

solutions than an egg at rest has been furnis h ed by numerous observations of 

Loeb. He showed in 1906 that the fertilized e gg of purpuratus d ies rather rap­

i d ly in a pure m/2 NaCl or any othe r abnorma l i s otonic solution , while the un­

fertilized e gg can live for d ays in such solutions . I n a eries of papers, be­

ginning in 1905, he showed t hat the fertilized e gg will live longe r in hyper­

tonic , hypotonic, a nd othe r wise abnormally c ons tituted solutions when the cell 

divisions are su ppressed by l ack of oxygen or by the addition of KC n or of 

chloral hydrate~ It i s thus obvious t ha t coincid ent with the chang es und er­

lying nuclear d ivi s ion o r cell d ivi s io n alterations oc c ur i n the sensitiveness 

of t he egg to salt solutions of abnormal concentration or constit ution , e . g ., 

NaCl plus CaCl2 isotonic with sea water , hypertonic , or hypotonic s olut ions . 

We must , t he refore , conclud e that artificial membrane formation induces 

develo pment but that it leaves the e gg in a sickly condition in whi ch the very 

processes lead ing to c ell d ivi si o n b ring about it s d estruction ; t ha t if it is 

g iven time it can recover fro m t h i s condition and t ha t the treat ment with the 

hypertonic solution al s o brings about thi s r e covery rapi d ly and reliab hy . 

Herlant sugge sted t hat the corre ctive effect of t h e hyperto ni c soluti on 

consisted in the pro per deve lo pment of t he astros phe res required f or cell di ­

vision . Accord i n g to Loe b mere membrane formation d oe s not lead to the forma ­

tion of sufficiently larg e as t ros phe res and h ence c e ll d i v ision ma y r emain im­

pos sible. Loe b has no a priori obje ction to t h is sugges tion which a g rees with 

earlie r o b servati ons by Mo rgan exce pt t hat it is at present di f icult to har­

mo nize it with a ll the f acts . JVhy s h ould i t be po s s ible t o replac e t he treat­

ment With t h e hypertonic s olution by a su pension of the oxid ations in t h e e gg 

for thre e h ours while we know that l ack of o xyg en suppres s es the formation of 

astrospheres in the fertiliz ed e ggs? Nhat be co mes of t he a s trospheres if t h e 
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treatment wi th t he hyperto nic so l ution pr e cedes t he me mbrane fo rmation by a 

number of hours or a day , and why d o they not i nduce cel l d ivi s i on , if Her­

l ant ' s idea is correct . Nevertheless the sugge stion o f Herlant d eserves to 

be taken into serious conside r at i on . 

How can an alte rati on oi the surface of the egg - e . g ., a cytolytic o r 

othe r d estruction of the cortica l laye r - lead to a begi nning o f deve lopment? 

The answer is pos s ibly g iven in t he relation of ox i dation to development . Loe b 

found in 1895 that if oxy g en i s withdrawn fro m the fertilized sea-urchin eg g 

it can not segme nt and this see ms to be the case for eggs i n genera l . I n 1906 

he f ound that the rapi d d i sinteg ration of the egg s o f t he sea urchin which 

f ollows artificial membrane for iation could be prevented when the e gg s ¥e re 

deprived of oxygen or when the oxi ations we re suppres sed i n the eggs by KC! . 

Thi s sugg ested a conne ction be t wee n the d isinteg ration of the e gg after arti­

ficial membrane formation and the increase in the rate of oxidations ; and e 

found further that t he formation o f acid is g reater in the fertilized than in 

t he unfertilized e gg . e , t ere fore , expresse the view in 1906 that the 

esse nt i al feature (or possibl y one of the essential features) of the process 

of fertilizatio n wa s the increase of the rate of oxi ' ations in the egg and 

t hat thi s increase was caused by the membrane formation alone . These c onclus­

ions have been since amply confirmed by the measurements of 0 . varbur as wel l 

as those of Loeb and Nasteneys , both showing t ha t the entrance of the perma­

tozoon into the egg raises the rate of oxidations from 400 to 600 per c ent . , 

a nd that me, brane formation alone bring s about an increase of s i mi l ar a g ni ­

t ude . Lo eb and Nas te neys found that the hypertonic solution d oes not increase 

the rate of ox i dat i ons in a fertilized egg . It d oes do so , however , in a1 un-

fertilized egg without membrane f o rmation , but ere l y o r the reason tha t in 

such an e gg the hypertonic so lution bring s about the c tolytic chang e in the 

cortex of the e gg underl ying membrane formation . _ Acco rd i ng to Narburg it is 

probable that the oxid a tions occur ainly if not exclus ively a t the surface of 

the e gg si nc e NaOH , which does not d iffuse into t e e gg , raises the rate o f 
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oxidati ons more than - 40H wh ich d oes d if f u se into the e gg . nd finally , the 

same author showed t ha t the oxidations in the sea- urchin e gg are d ue to a 

catalytic process in which iron acts as a catalyzer . In view of a ll these fac ts 

a nd their harmony with the methods of artificial parth enogenesis the sugg estion 

is justifi able that the a lt e r ation o r cy toly s is of t he cortical layer o f the 

e gg is in s ome way c o nne cted with the increased rate o f oxidations . 

The qu e stion rema ins then : How can membrane formation o r the alteration of 

the co r tical layer underlying membrane formati on caus e a n increas e in t h e rate 

o f oxidat ions? One possibility i s t hat the iro n (o r wha tever t he nature of the 

catalyzer may be) exis ts in t he cort ex of t he e gg in a masked con ition - or in 

a conditi on in which it i s not able to act - wbile the alteration of the corti­

cal laye r ma kes t he iron active . It mi ght be t · at either the iron or the ox i d iz 

able substrate is co n t a i ned in t he li poid l ayer in the unfe r tilized conditi o n 

of the e gg and t hat t he des t ruct io n o r cytolysis o f the cortical lauer bring s 

both the iron and the ox i d izab l e s bs tra te into t he watery pha s e in whic they 

can int e ract . 

Another po s s ibility i s that t he ac t of fe r tili zatio n i ncrea s e s t he per -

eability of t h e egg . This ide a , whic seems a ttractive , was fir s t sug g ested 

and d i s cus s e d by Loe b in 1906 . He had found that whe n ferti li zed and unfertil­

ized eggs were put in into abno r ma l salt so l u tions , e . g ., pure solutions of 

NaCl, the fertilized egg s d i e d more rapi d l y t an the unfert ili zed an he poi n t ­

ed out that t hese ex periment s sug gested t e possibi l ity that fertiliza t i on in­

creases the permeability o f the e gg f o r salts. The reason for h i s he s itation 

to ac ce pt t h is i nterpretat ion wa s , t hat the fert ilized e g g is a l s o ore 

ea s ily injured by lac k of oxygen t han t he unfertilized egg and in t his case 

t he g reater sensi tiveness of the fertilized e gg was obvi ously due to its g reat ­

er r a te of metabolism. Late r experi ent s by Loeb s h o e that t he fertilized egg 

can be mad e more resistant to abnorma l s alt s oluti o s if it s evelo pment is 

s up pressed by l ack of oxyge n or by C or by certain narcotics . vith our pre-
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sent knowledge it d oes not see m very probable tha t l a c k of ox g en i mis es 

the permeability of the egg , but we know t at it in i b its t e evelopme tal 

processes . · arburg has made it appea r very probable t hat the fertilized e gg 

is imperme able for NaOH and if t h is is the case it shoul a l s o be impermeable 

for aC l . 

The idea t ha t fertilizatio n an membrane f o rma tio caus e an increase in 

pe rmeabi lity of the egg wa s l a ter accepted an elaborated by R. Lillie . T is 

author assumes that t he unfertilized e gg cannot develop because it contain 

too mu ch co2 but t ha t t he co2 can escape from the e gg as soon as its perm­

eability is inc rease t . rough t he d estruction of the cortical layer of the 

e gg . After the C02 has escaped , t h e excessive pe r me a bility ust be re tore 

to its former value and thi s i s the role of the hypert o nic t reatment . It is , 

however , d ifficult to harmonize the a ssu mption of an imper e ability of the 

unfertilized e gg for C02 with the fact t ha t if the unfertilize e gg is cu t 

into t wo , as is d one in mero g ony , no d evelo pment takes place , w ile such 

pieces wi ll develo p when a spermatozoon enters . T e cortical lay er is re­

moved a long the cut s u r face and there is no reason hy t he C02 s ould not 

escape . Besides , the experi ments of God l ew ski and Loeb prove that t e co rti ­

cal layer o f the unfertilized sea- urchin egg is a pparently very permeable for 

C02 since the latter cause s me brane forma t ion if cont a ined in t e sea water 

in sufficiently hi gh c once ntration . 

Lillie as sumes that the hype rtonic treatment restores t h e permeability 

rais ed to excess by the butyric a cid treatment , but t h is as sumption is not in 

harmony with t he following facts . Loeb has shown that it is i mmate r ial whe ther 

the egg s are treated f irst with the hypertonic solution and then wi th the 

butyric acid or the reverse , if only the e ggs remain longer in the hypertoni c 

solution when the hypert onic trea tment pre c edes t he butyric a cid treat ment. 

It has been stated abov e that the dev e lo pment of the e gg can b e induced by 

hypertonic sea water , and we know the reason since hypertoni c sea water is a 
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cytolytic a g ency . Loeb has found that when we expose unfertilized e ggs of 

pu rpuratus for from t wo to t wo and a half - hours to hypertonic sea water 

they will often not d evelop and only a few e gg s will und erg o the first cell 

d ivisions, t hen go ing into a conditi on of rest . When these eggs , both the 

segmented and unsegmented , were tre a ted twe nty - four or thirty- six h ours 

later with butyric acid , so that they formed a me mbrane , t h ey all developed 

into larvae without further treat ment . It is i mpossible to apply Lillie's 

theory to the s e facts , for t he si mple reas on t hat t he tre a tment with hyper­

tonic sea water was just long enough to induce development in so me e ggs and 

hence according to Lillie's i deas must h a ve increased t he permeability of 

these e ggs. Yet these same e ggs we re ind uced to develop normally when subse­

quently trea ted with butyric acid , while accord ing to Lillie also acts by in­

creasing the pe rmeability . Nothing ind icat es t ha t the treat ment of the e~g s 

with a hypertonic solution d i minishes their permeability; the reverse would 

be much more probable . 

Lillie's theory also fails to explain t h at me re treatment of the e ggs 

with a hypertonic solution can bring about t heir develo pment into larvae . 

This , however , is intellibible on the as sumption that the hypertonic solution 

in this case has t wo different effects , first a cytolysis of the cortical layer 

of the e gg and second a n entirely d ifferent effect , possi bly upon t he interior 

o f the e gg , which represe nts the second or corrective effect . 

McClendon has shown t hat the electrical conductivity of the e gg is in­

creased after fertilization , and J . Gray ha s found that this increase in con­

d uctivity is only transitory and d isappears in fifteen minutes . This mi gh t 

indicate that the e gg be co mes tra nsitorily more permeable for salts after t h e 

entrance of the spermatoz o on or after me mbrane formation ; alhough an increase 

in conductivity might be caused by other chang es than a mere increase in perm­

eability of the e gg . Loeb is o:f the op.inion that it is necessary to me et all 

these and other dif f iculties befo re we can state that t he alteration of the 
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cortical layer , which is the es s ential feature of development , acts chiefly 

or exclusively by an increase in the permeability of the e gg . 

When the experiment on artificial parthenogenesis were first published 

they aroused a g ood deal of antagonism not only among reactionaries in gene ral 

but also among a certain grou p of biologists . o. Hertwig had d efined fertili­

zation as consisting in the fusion of t wo nuclei , the egg nucleus a nd the 

sperm nucleus. No such f u s ion of t wo nuclei take s place in artificial partheno­

genesis since no spermatozoon enters the e gg , and it became necessary , there­

fore , to abandon Hertwi g ' s de finition as wrong . The objection raised that the 

phenomena are limited to a fe w species soon became untenable since it has been 

possible to produce artificial parthenogenesis in the e gg of plants as we ll as 

of animals , from echinode r ms up to the frog; and it may possibly one day be 

accomplished also in wa rm- blooded ani mals . A second objec t ion was that the 

e ggs caused to develop by the methods of artificial parthenogenesis could 

never reach the adult stag e and that hence the phenomenon was me rely patho­

log ical . There was no basis for such a s.tatement , except t hat it is extremely 

difficult to raise mari ne invertebrates . Delag e was courage ous enough to make 

an attempt to raise parthenogene tic larvae of the sea urchin beyond the larval 

stage and he succeeded in one case in carrying the animal to the mature stage . 

It proved to be a male. 

Bet te r o pportunitie s were of fe red when a meth od was d iscovered which in­

d uced the development of the unfert ilized e ggs of the fro g . In 1907 , Guye r 

made the surprising observation t hat if he injected lymph or blood into t h e 

unfertilized e gg s of fro g s he suc ceeded in starting development and he even 

obtained t wo free - swimming tadpole s . "Apparently the white rather than the 

red corpuscles are the sti mulating agents which bring about the development , 

because injections of lymph which contain only white corpuscles produce the 

s ame effects as injections of blood . 11 Curiously enough , Guyer thought that 

probably the cells which he introduced and not the e gg were d eveloping . I n 
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19 10 , Batail l o n shoved that a me re puncture of the egg with a needle c ould 

i nduce dev elo pment but he be l ieve s tha t for the full development t h e in­

troduc tion of a frag me nt o f a leucocyte is r e quired . Batail l on has called 

a ttention to t he analogy with Lo eb ' s results o n lowe r for s , the puncturing 

of the egg correspond i ng to t he cytolysis o f t he s urfac e l ayer o f the e gg 

and t he i n troduction of a leucocy te as the analogue o f the second o r correc­

tive factor . The me t h od of producing artificial part h enog enesis by puncturi g 

t he egg has t hur f ar been succe s sful only in the e gg of t he frog . Lo eb has 

tried it in vain o n the egg s of many other forms . He has a t present seven 

parthenogenetic frogs over a year old , produced by merely puncturing the e gg s 

wi t h a fine ne edle . These fro g s have r eached over half the si ze of t h e a dult 

fro g . They can i n no way be d is ting u i sed fro m the fro g s produced by fertili­

zation with a spermatozo on . This makes t h e pro of conclusive that t he meth ods 

of artifici a l parthenog enes i s can result in t he production of normal organi sms 

whi ch can r each the a dult stag e . 

Banc roft and Lo eb tri ed t o d etermine the sex of a parthenog enet ic tadpole 

and of a fro g just carried t hrough me tamorphosis . ince in earl y li fe t h e sex 

g lands of both sexes in the fro g contain e gg s it is not qui te easy to deter­

mine t h e sex , except t ha t in t e ma l e t he e gg s g r a dually d i s a ppear and from 

t his and other criteri a they came t o t he conclus ion that both parth eno gene tic 

specimens , whi ch were four month s o l d , were males . 

Loeb has r e ce ntly examined t he g ona d s of a t en mo n t h s old pa rthe no genet ic 

fro g . Here no d oubt concerni ng t h e sex was pos s ible s ince t he g ona s were 

well - develo ped te s ticles contai n ing a larg e numbe r of spermatozoa of normal 

appearence , and n o e ggs . Thi s would i ndicate t hat the fro g belong s to t h ose 

ani ma l s in which t he male is he t erozygous for sex . 

The fact tha t t h e e gg of so h i gh a f orm a s the frog can be made to d evelop 

into a perf ec t and normal ani mal with ou t a spermatoz o on - a lthough nor ally 

t he e gg of thi s f o rm d o e s not deve1op u n l e ss a spe r ma tozoon enters - corro b-
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orates t h e i d ea t h at the e g g is t h e fu tu r e e mbr y o a nd a ni mal ; a nd t hat the 

spe rmatozo on , as i d e f rom its a c tiv a ti ng e f fe ct , only t r ansmit s lie ndeli a n 

char a ct e r s to t he e gg . The q u e stion arise s : I s i t po s s i b le t o c au se a s pe r m­

ato zo on to develo p into a n embry o? The i d e a h a s be e n expr e s s ed t hat t he egg 

wa s o n l i t he n u t r itive medi um on which t h e spe r mat o zoon deve lo ped into a n 

e mbr y o , but thi s i dea has been rend ered untenabl e by the experi me nt s on a r ­

ti fi c i a l parthenog enes i s . Nevertheless t he ques tio n whe t her o r no t the sperm­

a to zo on can dev e lo p i nt o an embr y o o n a sui t able c ultu r e med i u r emai ns , a nd 

it ca n o n l y be decided by dire c t e x peri me nts . I t wa s shown by Boveri , 1or gan , 

De l a g e , God lewski , and oth ers , that i f a spermatozoon ent e r s an enucleat ed 

e gg or pi e ce o f egg i t can develop i nto an embr y o , but s inc e t he cy to pl asm o f 

t he e gg i s t h e f uture embr y o t h i s experi ment proves only t h a t t h e e gg nu cle u s 

ma y be r epl a ced by t he sperm nuc l eus ; and also t hat t e sperm nuc l eus c a rri es 

i n to t he e gg t h e s ubs t anc es which induc e dev elopment . I nc i d ent ally the~e 

e xperi me nt s on merog o ny a l s o p r ove that the mere tea r ing of t he co r tical l ay e r , 

whi ch mu s t h a ppe n i n t he separatio n of the unf ertilized e gg i nto parts with 

and with out a nucl e u s ,- by d iss e ction or by s haki ng , i s not suf fi ci ent to 

s t a rt dev e lo pment i n the sea- urchi n e 5g . 

J . de Meye r put the spermato z o a o f sea urchi ns i n t o sea wate r conta i n i ng 

a n ext rac t o f the e ggs of the same species but found onl y t ha t t he spe r mat o zo a 

s we ll i n such a s o lutio n . Loeb and Banc r o f t made extens iv e expe r iment s in 

cultiva ti ng spermat o z oa of f o wl i n vi t r o on sui t abl e c u lture med i a . I n yolk 

a nd whit e o f e gg t h e hea d o f t he spermato zoon und erwent trans format io n i n to a . 

nuc l eus , b u t n o mito s is or as t er f o rmat ion wa s observed . 
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Artificial Partheno genesis of the Frog Egg 

I. Materials needed: 

A frog with e ggs in uteri and a fe male frog for blood . 

Glassware: 6 - 8 larg e si zed slides , 2-3 pipettes and a larg e mouthed 

pipette , a scalpel , 6-8 petri dishes , a moist chamber , 

Ne edles : 

4- 5 syracuse watch g lasses, 2-3 liters of chlorine-free 

spring , pond or tap water heated to 55-70 ~ C (for sperm 

sterility) , cooled and aerated ( kept in closed containers) . 

May be made from g lass or from platinum o r manganese wire 

about 3 0 mu in diameter . Glass needles are made by heating 

the ends of g las s rods (l/8 11 d iameter) toge t h er in a micro-

burner flame until soft enough to stic k tog ether and b e 

pulled apart. A short stout shar p point (which may be as 

small as 10 mu in d iame ter) s h ould be prod uced . A long 

slender po int is too fle x i b le. Successful procedures are 

only acquired by ex pe rience. Examine the m wi t h a 16 mm . 

objective. Micropipette needles may also be used . Platinum 

needles may be prepared t apered nearly to the d iameter of 

the wire and then sealed in by heat , or they a y first be 

sealed into capillary needles and then sea1ed or fastene d 

i nto a tapered tube . 

Miscellaneous : paper towelling , thermo meter , g las s marking pencil, 

a Grenough binocular , with about 20X magnification , 

illumination preferab ly from a heatless spotli ght , co mplete 

dissect io n kit. 

II. Sterilization : All g las sware , instruments , water , fro g surfaces , 
0 

hands , must be sperm- steril e . 55-70 c . or 70% alcohol is 

suffici ent for t h is . 

II I. Procedure: 1) A slide was placed u pon an inverted watch g lass 
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and the spotli ght focused to f all u pon the e ggs which were to be placed on 

slides at this level after stri pping . 

2) The e ggs had to be smeared wi th blood be fore t hey were pricked . The 

blood was obtained fro m a female fro g to _avoid sperm contamination . It wa s 

first inqa pacitated by vi g o r ous l y bumping its head two or three time s upo n 

t h e table top. Then it was i mmersed in 70% a lcoho l for 2-3 mi nu tes and 

placed on its back on s pe r m- sterile we t towelling in a small tray which 

whe n covered formed a moist chamber. The abd o men was dri ed and o pened by 

means of sterile instrument s . Lateral incisions were mad e in t he body wall 

suff icient t o allow the abdo minal wall to lie o pen . Th e ti p of the heart 

was cut off and the blood allowed to esca pe i n to the coelom. Previ ou s to 

opening the abdo mi nal cavity the gas trocnemi us was carefully excised s o 

as to prevent an exc essive loss of blood . If the fro g s are rather small it 

would be bes t to use t wo , us i ng t h e gas trocne mius of one and the blood o f 

the other because it is very i mport ant that an adequate supply o f blood be 

availabl e . The gastrocnemius is used to smea r the e gg s prior to pricking . 

The blood may be oxilat ed but should be di luted as litt le as po ssible for 

d iluted b lood g ive s fewer cleavag es . The frog should be kept c overed (with 

a g lass plate) at all ti mes i n its moist chamber so as to prevent t h e blood 

from coagulati ng in so far as pos sible . 

3 ) Us i ng forceps 2 slides were placed on s eparate inverted watch g lasses. 

Onto these the e gg s were s tri p ped . In time after one has ac qui red sufficient 

techniqu~ it i s possible to stri p 5 or 6 slides at a ti me . 

4 ) Stri ppi ng : From the frog wi t h e g g s in ut eri a l l d rip ping wate r was 

re moved wi t h a towel and t he hands and finge rs we re likew ise thorough ly dried. 

The d ry fro g wa s p laced in the palm o f the r i ght hand with its head pointing 

toward t he wris t~ d orsal surface uppermost . The left hind leg was held be ­

t ween the 2nd and 3rd fingers of the ri ght hand , and they were curled around 

on t he ventral surface o f the fro g extending ov e r the abdomen just behi nd 

the pos t erior ti p o f the sternum, one d irectly behi nd the other . I n so far as 
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I know t his is a new te chnique . The technique a dvocate and e ployed by 

other investigators in the field is sligh tly d i ffe re n t and d i n ' t seem to 

b e as satisfactory to me as did my own . The i r me t hod i s to hold one h ind 

leg between the 4th and 5 th fing ers with the first fing er extend ing over 

the abdomen just behind the posterior tip of t he sternum and the mi d d le 

finger next behind it . The fro g ' s other. hind leg (ri ght) is held with t h e 

left hand . With g entle pressure of t he t wo fing ers on t he abdo men and wi th 

the thumb or index fing er of t h e left hand o n the side of the abdo men e gg s 

emerg e d from t h e anus in a d ouble row, one fro m each uterus . Ex ces s ive 

pressure must be guarded a gainst lest the e ggs e me r g e in larg e clumps aking 

succes s ful prick i ng virtually i mpos sible . s the e ggs e merg ed t h e y were 

a llowed to fall u pon t h e above t wo s perm-sterile slides forming on each 

slide t wo rows , first a long one s i d e of the slid e an then along the o p posite 

edge . Ca re was tak en to keep the fro g 1/2-3/4 " a wa y from the slide nor we re 

the fingers allowed to tou ch the slide . One slide was then placed i n a moist 

chambe r while t h e e gg s on t he other we re prick ed . (Eggs that a ppened to be­

co me attached to the frog' s a nal reg ion or to t h e finge rs were easily removed 

by touching wi th a pi e ce of pa per towel to which they adhered ). 

5 ) Pricking : 

a ) The egg s on t he remaini ng slide was smeared with b lood from the 

fe ma le prepared above , using t h e gastrocnemius d i pped in the b loo in t h e 

pericardial cavity . 

b ) With the aid o f the b inocu lar and the s potli ght each e gg wa s 

pri c ked as shallowly as pos s ible with a mini mum o f inj u r y . The eggs may be 

Pricked at any point but the larges t numbe r o f cleavages wa s ob t a ined fro m 

e ggs pricked on the ani mal pole. Injury to t h e pro - nucleus of the e gg was 

avoided by pricking it sli ghtly of f t he ce nter of the animal pole . 

c) As soon as t he e ggs had been pricked the slide was i mmersed in 

a petri d i sh 3/4 filled with s perm- sterile water . The other sli d e wa s t en 

similarly treated . Two slides of e ggs at a ti me we r e used to avoid d esiccation 
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of the egg s whi l e waitLng to be pricked . 

d ) After t he egg s were pricked they were c ounted and t h e number 

and time of pricking rec orded . 

e) Trr prevent pressure upon the e ggs, after 10 -15 i nutes t h e 

swelling jelly was carefully loosened from t h e lide with a s calpel . The 

two ends of each row were left attached to the slide but t he row was cut 

midway be t ween e ither end to permit the jelly to expand with out buckling 

the row as it imbibed water . 

f) The water was chang ed af ter t he first 30 mins . and when 

turbi d ity appeared l ater . 

V . Preliminary Observations and Re cords : 

Abou t four hours after pricking the e ggs began to cleave . It was 

necessary t o d istingui sh be t ween superfici a l f .rr ows ·and puc ke ring of the 

e ggs and true cleavages . The true cleavag e fur r ows were quite de e p and clear 

c u t . As so on a s the living eggs r eached the many celled s tag e they we re 

s eparated fro m t he others with a sharp s calpel and teasing ne ed les and t r ans -

ferred with a wi d e mouthed pipette to another petri d ish with as little water 

as possi b le being carried over from t he f irs t petri d ish due to its probab l y 

being pollut ed fro m the dead e ggs . From t hen on t he e ggs were ·removed as they 

d ied and the wat er change d from ti me to ti me . Examinations were made a pproxi -

mat ely every t wo hou rs . 

The first a tte mpt due to a certain d e g ree o f techni que i gnorance was 

no t very successful . Subsequent atte mpts with vastly i mproved tech nique we re 

far more satisfac tory . 

Of the 167 eggs pricked the first ti me only about a half d ozen 

illustrated cleavag e and t hes e d ied almost i mmediate ly t h ereafter . It would 

practica lly an i mpossibility to c i t e a ll the f a ctors entering into t h e experi­

ment which would determine whether or not it wou l d be s uc ce ss f ul . In work of 

t his nature t he number of variables i s unlimited a nd satisfactory resul t s are 

ob t ained only after repeat ed attempts and d evelopment o f faultless technique . 
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The following t ree attempt s we r e far more s ucces sful and quite a 

few egg s rea ched t he many celled stage . Below a re records of the h istor 

of the eggs pricked in all four a ttempt s . 

Record s of Eggs Pr icked 

First Set 

Spe cie s of f r og Ra na pipi ens 

Type of water - --- - Tap wate r 

pH of water ------- 7 . 3 

Water tempe ratu re - 23 °c . 

Number of e gg s --- - 12 5 

Ti me pricked - -- -- - 4/8/41 3 P . M. 

% of e ggs r ea ching 

cleavag e s t age 8% 

Third Se t 

Spe cie s of frog --- Rana pi pi ens 

Type of water -- - -- Ta p water 

pH of water ------- 7 .3 
0 

' ater te mperature - 23 c . 

Number of e gg s ---- 460 

Time pric ked ---- -- 4/16/41 3 P. M. 

% of eggs r e a ching 

cleavage s t age ---- 15% 

% of e g g s reaching 

many celled s t age - 7% 

Se con Set 

Rana pi p i ens 

Pond water 

7 .7 
0 23 c. 

304 

4/15/41 3 P. 

11% 

Fourth Set 

Rana pi p i ens 

Pond water 

7 . 7 
0 

23 c. 

619 

4/24/41 3 P . M. 

21% 

1 1% 

• 
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In so far as I was able to determine e g g s plac ed in sperm- s t erile 

tap water and e g g s placed in spe r m- sterile pond water showed no difference 

in d evelopment . About the same number of e gg s in each medium underwent 

c l eavag e , a t about the same ti me , and to the same d e g ree . Egg s plac ed in 

Ringer ' s solution remained d ormant . I assumed that t h e Ringer ' s solution was 

t oxic to the e gg s but it ' s po ss ible that such wa s not the case and that 

irnhibition of development mi ght have been brough t about by any one of the 

many conditions of which I s po ke of befo re as for example ; ( 1) t h e d amag ing 

effe c t of hand ling the e ggs which includes abnormal pressure in stripping , 

( 2 ) d esic·cation of the egg s whi le on the s lide wai ti ng to be pricked , 

(3 ) i njury caused during the smearing with bldod , (4) injury i ncurred d uring 

the actua l pricking whi ch is no d oubt the most d if f icult step in wh ich to 

become proficient. It should be realized that the e gg s are extre mely delicate 

and quite liable to inj u ry . The point of puncture , the d epth of t he puncture 

and the d iameter of the needle are a l l i mpo rta nt fact ors and should be t he 

object of careful cons i d eration . 

Cleavag e and t h e Ori g in o f the Germ Layers 

Promptly following the union o f the male and female sex cells , t e 

fertil i zed ovum enters on a serie s of cell d ivisions which g ive t h e first 

external sign o f develo pme nt in t he ordi nary sense . This initial period 

in the development of a new, many - celled ind ivid ual is cal led cleavag e , or 

less appropriately seg mentation . By it the e gg i s s p l it u p , or fractionated , 

into a number of smaller ce l ls , termed blastomeres . 

The object of thi s uaper is of course to prove t hat t h e exact same 

d evelopment of a frog ' s e gg such as occurs after the fusion of t h e fe male 

and male pro- nuclei may b e i nitiated by a mechanical force a lone ( by 

pricking with a fine need l e) , t hat t h is develo pment is materially a i d ed by a 

chemica l agent (blo od ), a nd most i mport ant, to sugg es t t he po ss i ble s i gnifi­

cance of each step in a li ght t hat will aid and stimulate furthe r investi ga -
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tion . Below follows a d iscussion of cleavag e or segmentation and the origin 

of the germ layers which phenomena are identically alike whether induced 

artifically or occ urring naturally . 

Cleavag e proceed s by an o rderly succession of mitoses which typical l y 

tends to follow the d oubling sequence 2 , 4 , 8 , 16 , etc ., although in pract­

ice the regularity of this series is sooner or later disturbed and becomes 

irregular . A further characteristic of cleavag e is that the rate of cell 

.division is too ra pi d to permit the custo mery intervening g rowth of the 

d aughter cells as a whole , althoug h the nuclei do g row and maintain their 

size . Consequently , at each mitosis throughout cleavag e the blastorneres are 

progressively halved in size, until finally the size-relations between the 

orig inally over-larg e cell bod ie s and their nuclei are reduced to normal. In 

a strict sense , therefore , cleavag e is a fractionating process which provid es 

building units , rath er than a process of truly constructive develo pment . uch 

cleavag e divisions are alwa y s mitotic and each daughter cell receives the full 

assort ment of chromosomes , half from each parent . Naturally in so far as the 

e g g s in . this experiment are concerned t h ere i s only one parent , the female , 

and opinions reg ard ing the chromoso me number of artifically parthog enized 

e gg s d iffer . This particular phase of e gg d evelopment will be taken up separ­

ately near the end of this paper . Returni ng to the subject of cleavag e d ivis­

ions once a gain - the resulting cluster of cohering blastome res is so meti mes 

called a morula from its g eneral rese mbl a nce to a mulberry . By this ti me the 

blastomeres have s o arrang ed themselves as to surr ound a ce ntral , free space . 

Their conti nued subd ivision produces a hollow shpere , the blastula , whose 

central cavity is the b l a stocoele , o r cleavage cavity . This sta t e of d evelop­

ment marks the end of t he cleavag e period . 

The e mbryo _ext ma kes an i mportant a dvance by becoming t wo l ayered ; the 

s tag e itself is designated the gastrula , and t he process is gastrulation . The 

two germ layers , thus formed , are the outer e ctoderm and -the inner entoderm. 

Dire ctly f ollowing , or even overlappi ng , gastrulation comes the ad dition of 
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a t hird germ l ayer , the mesoderm , inserted be t ween t he o t her t wo. This last 

step is somewhat c omplicat ed by t he simul t aneous d evelo pment o f the noto ­

cho r d ( primi t ive backbone ). Since the g u t and neural tube so o n appear also , 

t he fundament a l ground- p l an o f the vertebrate body is laid d own early . 

Mo s t e ggs hav e a principal axis connecting the two o ppo site po les (animal 

and vegetal ), and are radially symmetrical with respect to this axis . Some , 

l ike the frog's e gg , become bilaterally sy mmetrical d uring fert i lizati o n , 

and perha ps even earlier . Moreover , different animal g roups vary as t o the 

existence of a relation between the plane of the first cleavag e and the futu r e 

medi an plane o f the bod y . In some the first cleavage separat es the egg into 

prospective ri ght and left halves of the body ; in others it cuts across the 

future median plane , while in still o t hers a constant relation is lacking . 

The de g ree of po t ency of individual blas t o meres is another variable feature . 

In c ertain ani mals ( e . g ., sea urchin) these can b e separated and made t o 

develop into perfec t embryos ; that is , the early b l a s to meres are t o t i potent 

and d evelopment is ' regulati v e . ' Other cleavag e stag es (e . g ., tunicat es) are 

unalterable and from the beg inning have their vari ous f or mative substances 

sorted out among the component blastomeres ; i n s u ch forms t he early mo rula 

is l ike a mosaic , and isolated blastomeres develop into partial larvae . 

Cleavage stag es of fro g s ' e gg s must li kewise be unalterable becau se all 

efforts on my part t o d eri ve e mbryos fro m co mpone nt blastomeres of those 

frog egg s which . reached t h e ma ny cel l ed s tag e in my experiment resulted in 

failure . In all ani mals , however , t h is seg re gatio n into a fixed mosaic - whole 

enters eventually , even though tard ily . Since it is known t hat t wo or more 

e mbry os sometimes develo p fro m a s ing le ma mmalian ovum, includ ing that of 

man , it follows t h at in these instances the e gg i s reg ula tive , much like t hat 

of t he sea urchin . 

It is the active proto plas m o f the eg g that accomplishes d ivisi o n . The 

inert, s t ored y olk - substance is no t involved beyond acting as an i mped iment 

that r etards t he proces s o f mitosis and even prevents it fro n e x ten ing into 
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overdense re gions. In t h is wa y the relative a mount o f y ol k and its eve n or 

uneven d istri bution t h roughout the e gg have a profound influence on cleavag e 

and the d i s tribution of the germ layers . Yet , in spite of t he hindering yolk, 

which causes proportionate mod ifications in t he phys ical appearence of these 

stages, the processes a t work and t he r esults a cco mplished · are funda entally 

comparable in all ve rtebrat e t ypes . The simple st explanati o n o f this ba ic 

uniformi t y i s t he d ire cting influence of a c o mmo n i nheri tance which labors as 

best it can with e gg s variously endowed it y ol k . 

On t he basis o f ·the abundance and d i tribution of yo l k , cleavag e i 

classified as foll ows : 

( ) To t a l . ·Entire ovu divide ; holoblastic ova . 

1. Equal. In isolecithal ova ; bla s to meres are of equal size ; 

e . g ., Amphioxus a nd true mam als . 

2 . Unequa l . In moderately telolecit al ova ; y olk accumulated at 

v eg etal pole r etar s mitosis , and fewe r but larg er blasto ieres 

form there ; e . g ., lower fishes a nQ a phi bia . 

( B) Partial . Proto pl asmic regions al one cleave ; meroblastic ova . 

1 . Discoidal . In highl y telolecitha l ova ; itosis restricted to 

animal po le ; e . g ., hi gher fishes , re pti les and bi r d s . 

2. Superfi cial . In centrolecithal ova ; itosi res t ric ted t o t e 

perip eral cy t o p l asmic i nv est ent ; li ited to a r t ropo 

Observat ions on cleavag e bring to l i ght certain g ene r a l priciples which 

can be formulate d as r u l es . Nevertheless , these must not be r egarde as in­

variable laws because they are occasionally d i turbed by ot er , incid ental 

i nfluences . 

1 . mitotic spindle o c c upie s the 'cente r of den ity ' of its pro­

to pl asmic mass. (I n an iso l ecithal ovum t he pindle i s located ce nt ra l ly ; in a 

telolecithal ovum it is nearer t he animal po le.) 

Coro l lary : Bl ast omeres divide into t wo equa l part s unless t h e yo l k 

is unevely stored . 
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2 . The a xis of a spi nd l e o ccupi e s t he lo ngest a x is o f its proto­

plas mic mas s. (Evi dent in ovo i d b la s t ome r e s . ) 

Co r ol l ary : The ensui ng d i vi i on p l ane cut s across t h is lo ng axis , 

and the daught er cells r eve r t to a more sphe roi a l s ape . 

3 . Eac new d i v i s io n pl ane tends to inters e ct t h e prece i ng plane 

at ri ght ang l es . ( ct s to mai ntai n spheroida l shape of b l as to ere . ) 

4 . The s pe ed of cle avage i s i nv erse l y pro port io nal to t he a moun t of 

yol k encount e red . (I n t e lolecithal ova , a nimal cells d ivide f as t e r tha n 

v e g etal c e lls . ) 

The s i mple st approach to cl e avag e and t he f or ation of t he g erm 

layers is to follow t h ro ugh t h e s e s t ages i n t ype anima l s . In t h is manner t h e 

increas ing influence of yolk i n mod ify i ng t h e pri mi t i ve develo pme ntal plane 

can be traced a nd a ppr e ci a t ed . Since t h is paper i s c o n c erne pri arily wit 

the develo pment of f rog s' . e gg s t h e follo wing d escri ption will a pply particu­

l a rly to a mphi bia . 

Cleavage . - Th e mode rat e l y telolecithal ova of t h ese vertebrates are 

co mmonly several millimete rs in d iame t er a nd c ontai n suf ficient y o l k to 

crowd the nucleus and mo s t o f t he cyto plas m near t h e upper , or a n i mal pole . 

Th e f irst cleavag e spind le appears in t h is ' d enser' cy toplasm, above t h e 

center of the egg . The earliest visible s i g n of ce l l d ivi s ion is a f urr ow 

that starts at the ani mal pole and pas s es d own o pposit e merid ians to meet at 

t he vegetal pole . Ext e nsion o f t h i s circular constriction inward bisects the 

e gg into two blastomeres . The se c ond cleavag e division is als o merid ional , 

but the plane of separation is at ri ght ang les to the fir s t; the four re­

sult ing cells are e qual . Th e spi nd les for the t h ir cleavag e are a gain located 

nearer the ani mal pole, but t he d ivision ta1 es place in a h orizo ntal plane . 

Consequently the u pper f our c e lls , thus cut off , are d istinctly s alle r t han 

t h e lower four . I n the fu~ther cleavag es that foll ow, t h e larger , yolk-laden 

cells d iv i de more slowl y t han the s maller , more purely protoplas mic ones of 

the animal pol e . Af ter about 32 c e lls have b e en formed , tangenti a l d i v i s ions 
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(i . e ., paral lel wi th the surface) be gin to occur along wi th the other ty pes 

a lready desc ribed . Si nce in the meantime a cent ral b lastocoele ma kes an 

appearence, it follows t hat t he wall of the h ol l ow blas tula, which resul ts , 

is several to many cells t h ick . The cleavage cavity is relatively smaller 

t han t hat of Amphioxus and it i s eccentric in position ; the thic k floor of 

this cavity is made up of the larger and le ss numerous ve getal c e lls . Cleavag e 

in t h is g roup is t hus total but unequal . 

Gas t rulation . - Simple invag ination of the vegetal h emi sp ere of the 

frog 1 s blas t ula is not mechanically possible , and accordingly gas t ru l ation is 

accompli shed in a modified a t ter . Three different processes o perate : (1) 

certain amount of true in a g ination occurs along a transverse , crescentic 

g roove located just be l ow t e equator of t he blastula; here cells ove inwar ' 

and the g roove itself deepens into as allov , cleft - lie pocket of ento erm . 

The cavity thus created i s the beginning of the archenteron whose entrance 

is the blasto pore . Although other f acto r s now beg in to operate in extending 

the archenteron , the yo l k-laden vege tal cells do beco e lifted up a n are 

disulaced toward t he circumference . Tis re-arrang e ment of t e yo lk e n tode rm 

obliterates the blastocoele , whereas t~e capacious space left vacant b t e 

shifted cells is added to the orig inal , narrow archenteron . (2) zone of 

ac tively d ivid ing ani al cells occupies t _ e equatar of the blastula , bor er­

ing on the vegetal hemis phe re . his i s the g e r m ring . e segment of it t hat 

overlaps the early , shallow archente ro n constitutes a fol of tiss e nown as 

the d orsal lip of t e b lasto pore . Cells not only proliferate in i t but t ey 

a l so move past the margin and continus inward , where they are a ded prog re s ­

ively to the ent oderm . This i nturning of argi nal cells is invol tion . 

(3 ) The archenteron further increases in extent g reatly by active g ro th and 

bod i l y movement on the part of the d orsal blasto uoral lip . This results in a 

spreading d owngrowth over the vege tal emisphere . Such overg ro wt h (e piboly ) 

is a t first conf ined to the ori g inal crescentic lip, but as other reg ions of 

t he ring join in the downs pread , t e crescent g r ows into a se mi circle w ose 
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ends finally meet in a c omple te ci rc le on t he v entral si e · of the embry o. t 

the end of t h i s period o f overg rowth an conf l uence , the blast o po re is a 

narrow, ci rcular aperture sur r ounding an uncov e red part of t h e vegetal h e i ­

s phere ; t he latter bul g es as the so - cal led ol k p l ug . 

For a time t e archente ron re mains a narrow cleft betwee t e b lasto poral 

l ip and the massive entode r m, but the .ovement of the y o l k- entod er ce ls , as 

a l r eady de scribed , expands the primitive gut cavi t y and produces a fair ly 

t ypi cal gastrula , except as it is d i storted in one r egi on by the presence of 

larg er , y olk-laden cells . Ec toderm and entode rm meet at the rim of the circular 

blastopore . The entodermal li ning of t e arc e ntero n is co posed pa rt l y of the 

large cell s that original l y occupied the vege t al pole , and partl of ce lls 

that were added by invagi ation , involution and e pi bol . 

Mesoderm Formation . - Bot mes ode r an i voluted entode r m originate at t e 

same time fro m out of t he b l astoporal lip . The e ge o t e ever- a vanci g lip 

proliferates and leaves behin a trail of tissue des t ined to bec o e these 

l ayers . But entoderm and Gesode r are not d i stinguishabl e ass c i hen first 

l aid down ; rather , the new ti ssue is an undifferentiated, cellular ass . oon , 

h owever , this mass splits into t wo l ayer ~ hich are the defi nite ento erm and 

mes ode rm . The mes od errna l she e t spreads bot t rough its own gro ~ t act ivity 

and as the r esult of continued additi ons f ro m t he b l ast o pora l growt zone . 

Extending foward and downward it finally becomes a compl e t e , solid midd l e laye~ 

T e t ickened plate of me o erm in the d or al i p lane i the presumptive 

notochord . It separates away from the res t of the mesoderm and di fferentiates 

into an elongate , cel lu l a r rod . The adjoini ng me o er , o n each s· e of the 

notoc o rd , thi kens and beco es cut up i nto a se ri es o f block-li ke so ite , 

segmentally pa i red . The mesode r mal shee t lateral to each se t o f somites split 

int o somatic and splanchni c layers ; t e intervening clef t ( coelom), o forme , 

eventual l y meets the cor r espond i ng cavity of the o ppo ite s i de at t e mi ven­

tral line o f the e bryo . - ile t ese events have been g oing on , t he e ctoder 

of the mi d - dorsal line t h ic ens into a neural plate , hich rolls up into the 
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neura l t ube and then detaches . In tailed a phibia the roof of t e arc enteron 

cons i sts , for a brief period , of the notochordal plate an pa r t of the genera l 

mesoderm , somewhat as in mphioxus . · owever , the free edges of the entode r 

soon elevat e , meet and co plete the gut tube . n the other hand , the archen­

te~on of the frog possesses a practically co plete entodermal roof from the 

beg inning . I n t h e end the structural re l ations of both types are conformable 

with the b ody plan of a typical vertebrate . 

ethod of I nducing Ovulation in Rana Pi pie s 

I n order to insure the eggs leaving the ovaries , ent e ring t e ovi uc t s 

and residing in the uterus as 1ature ova, the following tee nique , base on 

the method of Rugh , was followed . 

A female frog was incapacitated by vi gorously bumping its ead on a 

tabl e . It was then decapitated and the lower jaw cut off . T e skin wa 

removed from the d orsa l surface o f the cranium and t en thi d or al sur-

face removed by first making a long itud inal cut with scissors and t hen 

picking off the cartilage and bone with forceps thus exposing t e dorsal 

surface of the brain . Next the brain was picked up wi th forceps by the 

medu l la ob l ongat a and deflect ed back upo n itself expo s i ng the pi tuitary 

body crad l ed in the bone of the v entral surface o f t he cranium just poster­

ior to the optic chiasm and quite easily i d entified by i t s vasculation . 

The pitui t ary gland is a sma l l body of double ori g in , at t ached by a 

stalk to the base of the brain . I n a ing the di section as above it is 

necessary to examine the ventral surface of t he brain to determine w ether 

or not the pituitary is adhering to t i surface which it does oc casionall , 

or is situated as des cribed above , j st posterior to the c ias a . The in-

fundibu l um , a slightly bilobed out g rowth from the po terior ventral wall of 

the d i encephal on b ehind the chiasma , an hypophy is , just posterior and 

a t tached to the infundi bulum , combined are termed the pi tuitary body . 

The different parts of the pituitary ave di fferent functi o ns . The 
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secretion of the anterior lobe is be s t known t hrough its effects on g rowth 

and on the sex pland s (g onad s) . It i s fo r t h is latter ef f ect t h at the pi­

tuita r y is injected into t he f r o g f r o m which t h e egg s for pric king are to 

be obtai n ed . Re peated tran s plant s of a nterior lobe s ubstance ind uce pre­

cocious sexual matur ity a nd ova rian growt h . 

fter its e x ci s ion t h e pituitary was placed a t once i n a pproxi mately 

one c . c . of a . 6 Na Cl solu tio n ( a . 6 N NaCl solution h aving the same 

osmotic pres s ure a s fro g b lood ), t e ased , thoroughl y and co mpletely macerated , 

and injected b y means of a s y ri ng e i nto t h e lower r i gh t q uad rant of t h e 

coelo m of the frog i n which ovu lation was to b e i nd uc e . 

If the pituita r y is not to b e us ed i mmed i a t e l y it may b e kept ind e fi nitely 

in abso l ute alcohol but must b e d is olved in . 6 NaCl solution for injection . 

During the injecting g reat c a re must b e exercised to ma ke certain t hat t e 

coelomic wall only is penetrated a nd not t h e int e stine lying directly beneath . 

In thi s ex perime n t t wo g land s were injected the a fterno on of the first d a y 

and the e ggs were in the uterus and ready for stri pping the next afternoon . 

The fro g wa s kept at room te mperature throug h ou t t he entire course of 

t he ex periment and the water was chang ed daily . 

The C ro mo s ome s of Parthenogenetic Frog s 

Below follows observations made by Ch arles L . Parme nter on t h e i mportant 

fea t ures of interest in conne c tion wi t h Parth e nog e ne t i c fro g s, namely , t h e 

chromosome number and the sex determining me cha mi s m, of which I ma d e brief 

mention above . Parment er , at the s u g 5estion of Loeb , und ertook the investi ga­

tion of the s e proble ms by using s o me of the parth enog ene tic fro g s and tad poles 

which the l a tter had t hus far raised . 

Previous to 19 19 , Loeb had succeed ed in raising t wenty frog s to the adult 

condi t ion; 15 of these we re males , 3 were fe males, and the sex of the remain­

ing 2 was unde t ermined . In 1919 Loeb succeed ed in raising sixty - five tadpoles 
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to me t amorph o si s. One of t h ese ha s metamorphosed , 17 h ave been fixed for 

cytolog ical purposes , 5 hav e d i ed , and the rest are sti.11 ta poles . 

Th e chro moso me s of t he g onad s of o ne of these a d ult males a nd of 13 of 

the tad poles have been examined . In all t h ese ind ivid u a ls t h e numbe r i s 

clearly d i ploid . Th e only two s permatogonial co mplexes of t h e a d ult male 

sufficiently clear for stud y , show about 20 ch romoso mes d istinctly and 

others superimposed . Among the cell s und erg oing maturation are tetrad s in 

t he late prophas e stage . Th ese tetrads a pnear a s ring s , eith er co mpletely 

closed or s li ghity o pen at one point. T e y are a ppare ntly o f the same f o r m 

as tetrad s of the normal ma t e rial . Their number is clearly ha ploid , but an 

eact count h a s not y et bee n made . In t h e secretions of the gonad s of t h e 

13 tad poles the r e are ma ny co mplexe s in which all but o ne or t wo c h ro moso mes 

are entire l y clear, and s ev e ral mito s es in which all the chro moso mes a re 

well se parated but cannot be cou nted with certainty beca use t he c e ll has been 

cut in sectioning . Howeve r , the number of chro moso mes in a li mited number of 

co mplexe s of t wo ind ivid ua ls is d ef inite ly t wenty - six . 

Since none of the ind ivid ua l s stud ied ha d t he haploid number it is prob­

able t hat the d iploid numbe r i s cha racteri s tic of t h e majority , if not f o r 

a ll the parthenogenetic individ ual s . The d iploid number as well a s the si mil­

arity in form of the t e tra d s of t he parth e nog enetic and normal ani mals ma y 

have been brought a bout by t h e retention of t h e s e cond polar bo dy , or by a 

premature d ivision of the chro moso mes with ou t t e ivision of the cell body 

j ust before t he first cleavag e . It is h o pe d in t h e fut u re to d etermi ne h ow 

t his cond it i on h as ari s en . 

At the pres e nt ti me t he me chani sm prod ucing t he t wo sexes in both t h e 

normal and parthenog e ne ti c frog s is und etermined . Levy i n Rana e culenta , 

and Swing le in Rana pi pi ens , d escri b e a sex ch ro mo some in the normal male , 

but t h e evid ence of neithe r of t h es e a u t h o r s i s convincing . There are s ome 

intere sting theoretical possi bilities by which a p red o minance o f . pa rth enog e ne­

tic males over fe males as ind ica ted by t h e numbers so f a r o b tained , mi ght be 
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produced , and it i s hoped t hat furt h er observations will r ev eal t he exact 

mechanism . 

Conclusion : 

Experi ment s in artificial part henogenesis are based o n , and hel p to 

Drove a funda mental postu l a te o f physi olo gy , na ely , that all vita l 

phenomena may be explained by t he laws of physi co-c' err ical cie nc e . 

Previo us to t he first artificial parth e n ogenes is experiments fertiliza ­

tion was believ ed to be effected by the co mbination of the ma le an f e ale 

pro - nuc l ei . This belief to l us little if anyt ing o f the nature of the 

a ctual activating force and the func tion of the sper was interprete an 

viewed from a chemical , physical and more o f t e n than not , from a y tical 

standpoint . 

When the develo pment of eggs wa s i nit iated by a hype rtonic solutioh o f 

sea wate r such as was d iscussed in g r eat de t ai l at t he beginning of t h i 

paper , t he old theory of fertili zation being caused by some t ing i nhe rent 

in the sperm which was ca r ried over into the mature ovum, was of neces ity 

d i s carded and t he phenomena of fertilization was regar d ed in a new and 

d ifferent li ght - fro m t he point of view of chemical s timula t i on . But , when 

fro gs ' eggs were caused to develo p a rtificially by s i mpl y pricking the m wi th 

a suitable needle , investiga tors in t e f i e l d were ob i ged once agai n to 

alter their stand and a cknowledge t a t develo pment ay be initiated by a 

purely mechanica l force. 

The purpo se of this paper i s not to advance an new e x p l anatio n of t e 

phenomena of fertili za tion , natura l or a r tificial , but simpl y to gat her to ­

ge t he r , present , and comment on existing theories adv anced by authoriti es 

with t he purpos e of indicati ng new pa t hs of e xperimentation which it is 

h o Ded will furnish u s a sati sfactory e xpl anation o f the old proble of t h e 

true nature of f ertiliza tio n as a phys ico - chemical phenomen on. 

The expl anat io n probably will b e f o rt co ing when t he exact relations ip 
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between the phys ical stimulus and t he chemical medium is de te rmine ' . t 

p re sent the f u n ction of the blo o ' i s unknown . Does it affect t e tonicit of 

t he egg ; d oes a leucocy te ent e r the egg and act like a male pronucleu s ; w at 

would be the affec t of u s ing b lo od from ot er ani ma ls , an what would be t he 

effect of centrifuged b lood - It i s the ans ers to t ese questions whi c. 

should be s ought in order t o throw li ght on wha t is now a ere observed fact . 
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