
The almve-mentioned sandstones, instcad of  
"being overlain to the mest by the light-
colorecl sandstorles of the lone formation," 
arc in reality stratigraphically l~iglier. These 
smdstoncs ha\-e bcen worn away from most. of 
this area and only a fern resitfr~als remain. 

Aftcr this great erosion, antlesitic tuffs and 
tuff breccias covered all. During the Plcisto- 
ccne and Ttecclit time much of the anilesitic 
material l ~ a s  been rcmorcd re-exposing the 
older rocks beneath. 

Tllc Ione has been repeatedly correlated 
with the Auriferous gravels of the Sierras and 
the uppcr portion with the rhyolitic tuffs. It 
can no longer he doubted that the Tone is of 
tllc sanie age as the Rhyolitic tuff and the 
A~~ri fcrousgravels, and since the Ionc is 
clearlj Tejon-Eocene, tlrc Auriferous gravels, 
iheir eorrclative, must be upper Eocene, a t  
least in part and the land equivalent of the 
tnarine Tejon. 
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A '(pregnant" fernale of Rana pip iens  r a s  
washed in alcohol and then in watcr, pithed 
and opened. The eggs were rc~novecl from the 
oviducts r i thout  mechanical injury or con-
tamination with I3lood or lymph. These eggs 
were washed 10 minutes in a large volume of 
IT,07 and divided illto two exactly ociua1 
rriasses. Each mass was placed in 30 c.c. of 
R20and allo~ved to remain for 30 minutes 
wllile the jelly swelled. The watel- that had 
not heal taken u p  by the jelly was analyzed 
and the Na 4- and C1- found to be the 
same for both lots. Then lot 1mas stimulated 
by an clectric shock from clean platinunl clec- 
trodcs4 and lot 2 used as a control. 20 c.c. of 
TI,O were aildcd to each lot and at .the encl of 
oile hour t l~ is  water was analyzed. 'L'hcre was 
more Xa + and C1- in the water from the 
~timulated eggs than tlic control, tlie ratio of 
Cl- being 10 to '7. This is a very s i n ~ l l  
diflerencc, bnt i t  must bc remernbercd that tlie 

Roy E. D I C I < I < R ~ ~ Vsalt in diflusing out of the egg is Iield for 

TEIE INCREASE IN PERMEARILITY OF THE FROG'S 

EGG AT TTTE REOJNNISG OF DEVlCL0PMI:KT 
AND THE PRESERVATION O F  TIIE 

IJIFE OF THE EGG 

TJIREE years ago, i t  was observed that the 
isnfertilized frog's egg could be made partheno- 
genetic by a momentary electric shoclr, and 
reasons givers for supposing that the electric 
slioclc (or the spermatozoon in normal fertili- 
zation) increased the permcabilitg of the egg2 
Recently, 1proved this supposition to be cor-
rect. The permeability of the unfertilized egg 
to NaCI was found to have incrcac;cd on stimn- 
Iating t11e egg with a11 electric shock (which 
ca~r~(>di t  to begin normal clcrclopmcnt). 

Several methods were tried for the qaanti- 
tative estimation of sodium ions, hut t l ~ e  re-
sults wit11 such ssnall c4uantities woulcl nut be 
consiclered trustworthy hail they not tallied 
wit11 the more certain results on the deter- 
mination of chlorine ions will1 the ncphclom-
rter, and only the latter will be clescribed here. 
Thc tecli-nique was as follo~rs: 

1 r ~ e l i m i u a r ynote. 

2 hrrclenilon, SCIEN('C,N. S.,7jTo1. 33, p. (329. 


some t i n ~ e  hy the " fertilization membrane " 
and the thiclz jelly surrounding the egg. Con-
scg~~cnt lg30 c.c. of 1190were added to each 
lot anti allowrd to remain eight hours to give 
tinie for the salts to diffi~sc through tlic jelly. 
There was now found three times as much 
C1- that  had diflused out of the stisn~ilated 
eggs as hnd diffused out of the control. 
TTliethcr tllis increase in permeability is the 
cause of developmcrlt has not been deternlined, 
but i t  is not restricted to the frog's egg, since 
I found the same true of the sea urchins' egg." 
a fact which has been confir~ned by Gray" a t  
Plymouth. 

The nnfcrt;liuetl frog's egg placed in frcsli 
6 distilled watcr continues to swell until death 
ensues. This death is probdJy caused By the 
smelling, and the latter by the o~rnotic prcs- 
bure of the S O ~ I I B ~ CsnLstances contained within 

3 13'0 mean4 water redistilled in quartz. 
4 I n  about oue minute all of the eggs hat1 turned 

the blael, pole upnnrcl; 3 hours 1atc.r the first 
cleavage began. 

6 NCcC!cnilon, A~izcv.Jour. Plbysiol., 1910, Vol. 27, 
p. 240. 

c Gray, Jolcr. 21ccr%?zeBbl.  Assn U .  K., 1913, 
5'01. 10, p. 30. 
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the egg. The increased permeability allows the 
escape of NaCl and lowers the internal osmotic 
pressure, thus retarding the swelling and pre- 
serving the life of the egg. 

The decreased swelling of the developing 
egg can easily be measured. Forty-six eggs 
were removed from the oviduct and 23 placed 
011 the bottom of a dry glass dish and 23 in 
a similar one. They were covered with dis- 
tilled water and the first lot stimulated with an 
electric shock7 and the second lot used as a 
control. The longest and shortest diameter of 
each egg was measured and the mean of all of 
each lot determined. The mean diameter of 
the eggs of the first lot on an average of 30 
minutes after stimulation was 1.47 min., 
whereas the mean diameter of the control was 
1.52 mm. This is in confirmation of the results 
of Biataszewicz and of Bachmann. Biatas-
zewiczS says that the frog's egg momentarily 
shrinks immediately after fertilization, due to 
fluid passing out of the egg into the perivitel- 
line space. This is probably due to the in- 
crease in permeability. The quantity of fluid 
in the perivitelline space immediately after 
fertilization is too small to be collected, but 
i t  accumulates during development due to 
absorption of water from the rnedium and 
finally can be removed with a very fine thin- 
walled capillary pipette. Bachmann thinks 
that the osmotic substances in this fluid are 
secreted by the suclrers, but the fluid is more 
al~undant in Amblystoma, which has no 
sucliers. I found it to contiin relatively large 
quantities of NaCl, considering the fact that 
the " fertilization membrane " is permeable to 
NaCI. I n  Anzblystoma this fluid is in such 
abundance that one might hope to make a 
complete analysis. I found it to contain be- 
sides water and NaC1, an organic substance 
which greatly reduced the surface tension. A 
very slight Nillon's reaction was obtained 
after evaporating the solution down to dryness. 
Although the perivitelline space i s  larger in 
eggs in distilled water than in tap water, after 

7 The first lot rotated normally and, 3 hours 
later, began the first cleavage. 

aBt~11.ilcnd. Sc. Cracow iMath.-Nat., October, 
1908. 

the space has once enlarged, i t  is not readily 
shrunken by salts in the medium. The diam- 
eter of the "fertilization membrane " of an 
egg taken from distilled water was 13 mm. It 
was placed in Ringer's solution (for mrun-
mals) and in  two days i t  had decreased only 
to 11.5 mm. 

Bachmann and RunnstrijmVound that the 
osmotic pressure of the frog's egg dropped 
enormously on fertilization and they do not 
believe that this can be accounted for by loss 
of salt. They seem to consider the eg, *I* as a 
diphasic system in  which the watery phase 
fornls the main bulk of the egg. On the con- 
trary, the frog's egg is a four-phase system in 
which the watery phase is a very small frac- 
tion of the total volume. The bulkiest phase 
consists of yolk platelets composed of lecith- 
albumin swollen with water. The oil droplets 
are snlall and pigment granules smaller. It 
seems probable that the watery phase, which I 
found to coiltain 85 per cent. water and which 
fills the interstices between the other bodies, 
would freeze first in freezing point determina- 
tions, and we inay assume that Bachmann and 
R~~nnstri jmdetermined the A and calculated 
the osmotic pressure of this phase. Since the 
watery phase is but a small fraction of the 
volurne of the entire egg, the loss of only a 
minute quantity of NaCl would be necessary 
in order to greatly lower the osmotic pressure. 
I t  should also be noted that Bachmann a i d  
lZunnstrijm did not remove all of the jelly from 
the eggs before crushing and freezing them 
and, consequently, the calculated osmotic pres- 
sure for the fertilized eggs is probably too low. 
The unfertilized eggs which. they used were 
taken from the ovary and were not surrounded 
by jelly. 

Bachmann and Runnstrijm suppose the re- 

duction of osmotic pressure of the frob7 
9 s  %% 
on fertilization to be due to the adsorption of 
salts to the proteins, following a sort of 
" coagulation" of the proteins. If  it is t n ~ e  
that the salts are adsorbed after "coagulation " 
by fertilization, we might suppose that they 
wo~xld be adsorbed after coagulation by heat, 
which could be tested by experiment. 564 
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grains ('bo111, 50 c.c.) of r jpr  ovarian egg4 of 
Runa p ip ic i t s  were boiled ill  absolute alcohol 
and cxtracied mritll a b ~ o l u t c  ether and drircl 
a t  135". They mere then powderrtl and boiled 
i n  200 c.c. distilled mnler sliglllly ari(1~1atcd 
with a(-etic acid (free froin salts) t o  coagulate 
tlle proteins, and filteretl. Tllp filtrate was 
evaporatctl down and both filtrate a ~ l d  precipi-
ta te  cliarrecl ancl extracted and titrated for  
cliloritics. Thc  filtrate rccjnirc(1 3.55 c.c. 1/10 
norrllal AgNO,, wliereas the precipitizte re-
cluiretl bu t  .2 c.c., which n~ig l i t  bc due to  tlie 
small nmourrt of filtrate held in  the  prccipitate. 
It thils appears that  very little if any salt was 
adsorbed. Tf all this cl~loricie is YaC1 it  wonld 
nlnlie a .00756 molecular bolution of the sanre 
vo lu~ne  as the egg. Howcvcr, the  asrnotic 
pressure of t h e  ovarinrr cgy  c~rrespoiids to  
tha t  of a .1BG 11orma1 N:iCl solution. I f  this 
o a i o t i c  pressLwc: is  dnc chiefly to P\T:IC,I i t  
must  b r  caonfilicd to illp watery phasc wllich 
~ n r ~ i tequal -0435 or about 1/20 of the  volunie 
of tl1c egg. 

T fonntl tliat frog's cggs lose NaCl  continu- 
ously during their clrvelopment i n  iliitillcd 
water, hence t l ~ c y  nmst be l~ermeablc to  NaCl  
for  some tiinc aftcr fertilization. This is i n  
Iiarmony with thc  fact  tha t  pure NaCl  solu- 
tiorrc: are  not  so toxic to  the  frog's egg as to  
t h e  eggs of many othcr animals. I found tha t  
those salt  solutions wliich we1.c toxic to  fish 
eggs increased the p~rmcaLility, bu t  the fer- 

lllc tosiciiy. T h r  toxicity (of all salts is not  
clue ciltircly to osinotic prcksure, sincv T found 
l i t l~ inmsalt< to be sligl~tly more toxic than 
bo t l i~~msalts of s a i l i ~  oslnotie l?rr\sure. 

311 of the nhnorlnalitics in  thc lesser toxic 
qalt s o h ~ t i o l ~ s  w11icE1I l ~ a v c  observt~rl o r  fount1 
in t h r  literali~rc, arc characterizetl by a rctar .  
(lation or failu rc of tlic wliitf pole to segincnt. 
This it, ulqo t rue 01abnormalities produced by 
crntrifrignl force or other mechanical agents 
nl1p1ict-l to t l ~ c  unseqn~cntcd egg. This  unscg- 
i r~ i .n t~ t lmhitr golc prcvcllts 01- retavds tho 
don ngrowth of the bl:ltlr cell 1;1ycr, aiid i n  
cxtrelnc c.:~scs lcatls to  tllc -{I-callc(l " lithiuni 
l a r ~ : ~ . ' '  Tlicse enllryos may andr c g c ~ ~ ~ c r a t r  
becon~c liormal tadpoles. The more toxic qolu-
tioils l ~ r c v e i ~ t  scga~eiltxtion of tllc whjto pole 
ancl cnose s~vellirig of s'rous cirvities (pcri-
cardiunl) a w l  a separation or looselling up  of 
the  blacli eclls, accompxl~ied by clcnth of some 
o r  thr-c cell? ( a  condition enlled 11y Roux 
" frarnboi,ea "). This  contiition (also seen 
i ~ rfish clmbrgos) occurp af tcr  tlic frog's embryo 
h:ts partially regained i ts  scmil~ermeability, 
a i d  may be t h e  to  a n  abnorrnal illcreasc in 
pcrme:lbility by tlxc salt  solution. 

J. F. iKcC~r:s~ox 
PITySLOI,OGIC<L TJ 4XOR \TORY, 
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tilized frog's cgg is already p c r i i ~ e a b l c . ~ ~  
Soinc of the older work on the efrect of pure 
NaCl on thc frbog's egg might  be objected to on  
the grourid t h a t  the KaC1 solutioa becarne 
contaminatti1 by Ca contaillet1 i n  l h e  egg 
jelly. Therefore 1 made a series of experi-
ments  i u  whirh small numbers or frog's eggs 
XTFTC mashrd for  a n  bour in sereral Jitcrs 
of di-tillcd wntcv, and placed i n  several 
li tcrs of pnre N a N O ,  solrltiorl. Very dilute 
solutions were nos-toxic. One tenth iriolcc~llar 
solutio~ls sho~ved a toxic effect i n  48 hours, 
but  this may have bccn due to osmotic pres- 
sure, siucc the  addition of 1.6 ce.c. of a molcc- 
ular  CaC1, solution to tllc liter did not  decrease 

1 0  Although it is nrore permeable to rvatcr than 
to  salts. 

C .  il. Xluld;t, C:llairman 
R. C. 1'Vclls, Secretary 

Ro))i(l:I)rtc.otio?r of Arsc.,l.ic ill, Poiso??Cases b?y %he 
X n ~ s h[ r ~ S l: .I h M E S  R. \~ ITTXROII~ .  

It seen?% to Ilavc been tho cxp'ric~~ce for a long 
t1111e that t1ie nurn'r)er of e:ises mhere alscnic is tho 
poison u s ~ dexceeds thnt of a11 ollicr porions com-
bined. C'c.rt:iin m a  r a l ~ l d tlrteetroil i i  therefove 
a matter of inuc11 mon~ent. Any effort to lilakc 
old methods ITIOIP ccltain anci to eliminate yosqi-
brlity of error hy rontam~naiion or to  abbreviate, 
tlrus ierluc!ng o l~po~ tun r ty  for loss, ale desirable. 
The Reizi~linsT~iebigmoilification of' the Marsh 
test (181G) has long enjojed confidcnco as one of 
~nout sa t i s f~etory  tests. I t  requires for unimrsal 
ce~ta in ty  of rcsnlts the clilllinatiou of organic 


