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the anti-egg antibody. This result was ob- 
served upon incubation in 01.1 M acetate 
buffers (pH’s 4.0 and 4.6). Incubation in 
0.1 M phosphate buffers (pH’s 6.6 and 7.3) 
showed the same result but required a longer 
time of hydrolysis. The pH of fractions in- 
cubated in acetate buffers was brought back 
to about 7.4 by addition of dilute NaOH 
prior to performance of the circumoval test. 
These results indicate that the anti-egg pre- 
cipitin present in humans infected with S. 
mansoGi is a gamma globulin with a sedi- 
mentation coefficient of 6.6 S ;  an approxi- 
mate molecular weight calculated from sedi- 
mentation and diffusion data close to 
200,000; and its physical chemical archi- 
tecture and chemical integrity are needed to 
yield a positive circumoval reaction. 

Summary. The gel filtration technique was 
used to fractionate samples olf sera from 6 
individuals infected with S. mansoni. The gel 
used, Sephadex G-200, allows the separation 
of serum into 3 fractions. The individuals 
studied showed a marked increase in the 7 S 
globulins, The specific antibody which was 
present in the serum of these individuals and 
which has been found to react with the S. 
mansoni ova yielding a positive circumoval 
precipitin test was found to be a normal size 

gamma globulin with a sedimentation coeffi- 
cient of 6.6 S and a molecular weight close to 
200,000. Partial enzymatic hydrolysis of this 
protein was found to alter its immunologic 
properties, rendering the circumoval test neg- 
ative after incubation with reactive ova, indi- 
cating that the chemical integrity of this 
protein is needed to yield a positive circum- 
oval reaction. 

Thanks are due to  Mr. M. Matos, Radioisotope 
Service, and Mrs. A. R. de Sda, &nerd Me- 
Research Laboiratioiry, this instituition, for kchn!ical 
help. Thanks ‘are also due to Dr. L. S. Baskin, Dept. 
of Physiologioal Chemistry, Johns Hopkins School 
of Med., for  perfoming the ultracentrifuge run. 
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Electrolyte and Water Exchanges in the Estrogen Treated 
Ovariectomized- Adrenalectomized Rat.” (29737) 

L. J. CIZEK, M. R. NOCENTI AND A. N. ZENGO 
Department of Physiology, College of Physicians and Surgeons, Columbia University, New York City  

The reductions in fluid exchange and elec- 
trolyte excretion obtained in diethylstilbestrol 
(DES) treated ovariectomized rats has been 
attributed primarily to a decrease in food in- 
gestion( 1).  However, a reduction in food in- 
take cannot account for the depression of 
the urinary Na:K ratio observed, for pair- 
feeding, alone, did not affect the ratio. While 
this finding indicates a possible specific DES 
effect, direct or indirect adrenal cortical in- 

* This invedigation was suppo~ted by National 
Science Foundation Researcih Grant G- 12459. 

volvement was not excluded. Other investi- 
gators have found that electrolyte excretion 
in adrenalectomized rats is not altered by 
low or moderate doses of estrogens (2,3,4). 
Deming and Luetscher(2) obtained a sodium 
retaining effect only when the estradiol was 
administered in relatively large doses. In the 
experiments with adrenalectomized rats, the 
observation period was limited to 3 to1 7 
hours after estrogen administration. Others 
have obtained positive results in intact spe- 
cies( 5,6,7,8,9,1O) only after a more pro- 
longed period of treatment ( 18- 19 hours). 
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TABLE I. Average Daily Food and Water Intakes and Urine Volumes for Days 6 and 7 in 
Ovarieetoimized-Adrenalectomized Rats. 

Food Water Urine 
g*&SEM p n ml*&SEM p n m l * t S E M  p n 

NOl.mal 6.4 k .3 ns 22 10.8 2 .6 11s 24 3.7 4 .3 .02 24 
Ovx + Adrx (control) 5.4 2 .4 - 16 11.5 & .6 - 16 2.2 4 .5 - 16 
Idem+ 1OPgDES 1.0 k .2 .01 18 4.7 & .5 .01 18 1.7 & .3 rn 18 

” + 25,g .S & .2 .01 1 6  4.3 2 .8 .01 16 1.2 k .5 118 16 
” + 5Opg ’ I  .6 2 .2 .01 17 2.4 2 .3 .01 1 7  .3 & .1 .01 17 
I’ + 1oopg I’ .6 2 .2 .01 10 2.1 2 .5 .01 10 .1 k .04 .01 10  
” + pair-fed (to .7 k -1 .01 16 5.4 4 .6 . O 1  16 .6 2 .2 .01 16  

100 rg group ) 

* g or ml per 100 g body wt. SEM = standard error @f mean. n 1 No. of observations. 
ns = diff erenee Ovx + ddrx = ovarieetomized-adrenalectomized. DES Y diethylstilbestrol. 

not significant. 

Accordingly, the influence of DES on electro- 
lyte and water exchanges in the adrenalec- 
tomized rat was reevaluated under condi- 
tions of measured food intake and a more 
prolonged period of treatment. 

Methods. Sherman rats weighting 175- 
190 g were bilaterally ovariectomized, adre- 
nalectomized, and immediately housed indi- 
vidually in metabolism cages. Daily meas- 
urements of body weight, food and water 
intakes, and of urinary volume and electro- 
lytes were begun 24 hours later. All measure- 
ments were made at approximately the same 
time each morning for a 7-day period. De- 
tails of the collection procedures have been 
published(1). A dry pellet form of diet 
(Rockland Rat Diet-D free) was used; the 
electrolyte content was periodically deter- 
mined and found to be relatively uniform 
(Na+ 0.5, K+  0.17, C1- 0.47 mEq/g). Urin- 
ary sodium and potassium determinations 
were made by flame photometry, and urinary 
chloride was determined by the Cotlove 
chloridometer. On day 7, blood samples were 
obtained by cardiac puncture for duplicate 
micro-hematocrit and serum electrolyte analy- 
ses. A sample of the left gastrocnemius 
muscle was removed for tissue water deter- 
mination. 

Diethylstilbestrol was administered subcu- 
taneously in 0.2 ml of sesame oil daily for 
7 days in dosages of 10, 25, 50 or 100 pg.  
A group of ovariectomized-adrenalectomized 
rats was pair-fed to the rats receiving 100 
pg DES to determine the influence of the 
estrogen-induced reduction in food intake, 

per se. Intact normal rats were simultane- 
ously observed. 

The results, except where indicated, are 
expressed as the average of the 6th and 7th 
days. This was done in order to minimize 
the daily variations, to illustrate the cumu- 
lative effect, and to reduce the volume of 
data to be reported. The overall (entire 
week) averages are in agreement with 
the combined 6th and 7th day results. 
The untreated ovariectomized-adrenalecto- 
mized group served as controls for statistical 
comparison. 

Results. Ovariectomy-adrenaletomy caused 
an immediate and continued reduction in 
food intake which resulted in a loss of body 
weight. Treatment with all dosages of DES 
resulted in a marked further reduction in 
food ingestion, so that the body weights pro- 
gressively fell to about 85% of their first 
day weight as did the pair-fed group. 

The average relative water intake (per 100 
g body weight) for the ovariectomized-adre- 
nalectomized animals was not significantly 
different from that of normal females. DES 
administration at all dosages caused signifi- 
cant decreases (p<.Ol) in relative water in- 
take, as did pair-feeding (Table I ) .  The 
latter, however, did not have as great a re- 
duction as was seen in the 100 pg DES 
treated group (p < .01) . 

As a consequence of the above changes in 
water and food ingestion, waterJfood (W: F) 
ratio was increased (p<.Ol) in all estrogen 
treated groups. The W:F ratio (4:2) for the 
100 pg DES treated group was significantly 
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lower than in the pair-fed control (6.4) owing 
to the greater reduction in water intake. The 
normal group had a W:F ratio of 1.7. This 
was lower (p<.Ol) than that for the ovariec- 
tomized-adrenalectomized controls. 

Ovariectomy-adrenalectomy caused a sig- 
nificant decrease (p<.O2) in urine volume 
when compared to the normal rats (Table I). 
Although 10 and 25 pg  DES dosages further 
decreased urine volume, only the 50 and 100 
p g  DES dosages caused significant reductions 
(p<.Ol). The reduction (p<.Ol) in urine 
volume caused by pair-feeding was signifi- 
cantly less than that induced by adminis- 
tration of 100 pg DES. 

There were no statistically significant 
changes in urinary Na+, C1- and K+ ex- 
cretion in the ovariectomized-adrenalecto- 
mized animals when compared to normal 
animals (Table 11). DES administration at  
all dosages, resulted in significant reduction 
(p<.Ol) in urinary Na+, C1- and K+ and 
these reductions were proportional to the 
estrogen dosage. Pair-feeding also caused a 
significant reduction (p< .01) in urinary elec- 
trolyte excretions, but this reduction was sig- 
nificantly less than that obtained in the 100 
p g  DES treated group. When expressed as 
the per cent of the sodium and chloride in- 
take which is excreted, the 50 and 100 pg 
DES dosages reduced the excretion to 31 
and 1 7 %, respectively, while pair-feeding did 
not alter the excretion from the normal value 

DES, at all dosage levels, resulted in a 
reduced (p<.Ol) urinary Na:K ratio, whiIe 
the ratio for the animals pair-fed to the 100 
pg DES treated group did not differ from 
the normal group value (2.0). The reduced 
urinary Na:K ratios in all estrogen treated 
animals were brought about by the greater 
reduction in Na+ than K+ excretion (Table 
11). 

For all groups, the average values for tissue 
(gastrocnemius) total water content ranged 
from 76.4 to 77.0%. There was no signifi- 
cant difference among these groups. Ovariec- 
tomy-adrenalectomy, treatment with 10, 2 5 ,  
50 or 1001 pg DES and pair-feeding increased 
the hematocrit above normal (44) ; average 
values being 48, 51, 56, 53, 58 and 59 re- 

of 40%. 

AND WATER EXCHANGES 
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spec tively . Ovar iec tomy-adrenalec tomy sig- 
nificantly reduced (p<.02) the serum Na+ 
from a normal of 145 to 135 mEq/l, and 
neither estrogen administration nor pair-feed- 
ing altered this effect. 

Discussion. Previous studies had shown 
that DES, at 50 and 100 pg dosage levels, 
decreased the urinary Na:K ratio in ovar- 
iectomized rats and that this effect was in- 
dependent of the depressed food ingestion 
(1). In the present studies, DES at  all 
dosages (10, 25, 50 and 100 pg) significantly 
reduced the urinary Na:K ratio in the ab- 
sence of adrenal cortical tissue. Furthermore, 
this effect for the 100 pg dosage was inde- 
pendent of altered electrolyte intake as dem- 
onstrated with pair-feeding. These results 
are in agreement with those of Deming and 
Luetscher ( 2 )  , who obtained sodium reten- 
tion, but only with extremely large doses of 
estradiol in adrenalectomized rats. The fail- 
ure to obtain an effect with lower doses of 
estradiol may be due to the short-term nature 
of their experiments; the measurements were 
conducted 5% hours after the subcutaneous 
estrogen administration. This may also ac- 
count for the negative results obtained by 
others (3,4) when the estrogen effect on elec- 
trolyte excretion in adrenalectomized rats was 
evaluated 3 or 7 hours after injection. The 
present findings are also in agreement with 
the results obtained in the dog(9,lO). Thorn 
and Engel demonstrated that Amniotin ad- 
ministration to the adrenalectomized male 
dog partially prevented the initially increased 
excretion of Na+ and C1- which normally 
follows loss of adrenal cortical function (9). 

There is indirect evidence of an effect of 
estrogen on renal function independent of 
adrenal mediation. Estradiol administration 
to the female patient with Addison’s disease 
resulted in a marked and prolonged retention 
of Na+, and Cl-(9,10). However, in such 
cases, the results are not unequivocal as the 
amount of remaining functional adrenal cor- 
tical tissue is not known. It has also been 
established that estrus prolongs survival of 
adrenalectomized animals ( 1 1 ,I 2 ) .  

While the present studies provide evidence 
that DES per se may effect a renal conserva- 
tion of salt, it should not be reasoned that a t  

these estrogen dosages such salt-saving could 
sustain the adrenalectomized rat. Indeed, a t  
these dosages the toxicity of DES overshad- 
ows any beneficial effect. Of the animals 
receiving 100 pg, one-third survived the 7th 
day of observation, while only % of those 
receiving 10, 25, or 50 pg survived. On the 
other hand, all of the control ovariectomized- 
adrenalectomized and those pair-fed to the 
100 pg group survived the 7-day experimen- 
tal period. It cannot be ruled out that the 
lowered Na:K ratio may be due to the toxic 
effect of this compound. 

The lowest dosage used (10 pg) is above 
the physiological estrogen secretion rate in 
the rat ( l3) .  This dosage induced a 14% 
loss in body weight. I t  remains to be deter- 
mined whether or not a lower dosage of 
this synthetic estrogen or of a natural estro- 
gen would influence urinary Na:K under 
these experimental conditions. 

Diethylstilbestrol depressed water intake 
as well as food intake. This may account 
for the consistently lower body weight in the 
100 pg DES treated animals than in their 
pair-fed controls despite a lesser water ex- 
cretion in the former. This may also explain 
the significantly lower W:F ratio in the 100 
pg DES treated rats compared with their 
pair-fed controls. 

The lack of change in total water content 
of the gastrocnemius muscle samples does 
not exclude some change in the extra-intra- 
cellular distribution. The failure to find a 
change in muscle water content 7 days fol- 
lowing adrenalectomy is in keeping with the 
data of others( 14). The increase in hemato- 
crit suggests a possible shift of fluid into the 
cells. The estrogen (100 pg DES) did not 
alter either the increased hematocrit or the 
lowered serum N a f ,  indicating that the de- 
creased electrolyte and water excretions were 
not sufficient to compensate for the reduced 
intake. Since the experiment was of only 7 
days duration, there probably was insufficient 
time for more marked changes in water re- 
distribution or compensation. 

The mechanism by which the DES de- 
pressed sodium excretion is not kno.wn. Since 
DES did not alter glomerular filtration in the 
ovariectomized rat (1), and since the DES 
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induced reduction in electrolyte excretion in 
the dog was not related to changes in glomer- 
ular filtration or renal plasma flow(6), the 
estrogen effect is probably not mediated by 
changes in renal hemodynamics. The fact 
that both the estrogen treated and pair-fed 
animals had the same serum electrolyte levels, 
coupled with the fact that estrogen did not 
alter filtration rate in the ovariectomized ani- 
mal, would imply that the filtered load might 
be the same. While an altered tubular reab- 
sorption in the estrogen treated animal is sug- 
gested, the effect of estrogen on filtered load 
and reabsorption in the adrenalectomized rat 
remains to be determined. 

Summary. Daily administration of 10, 25, 
50 or 10101 pg of diethylstilbestrol (DES) to 
overiectomized-adrenalectomized rats for 7 
days significantly reduced the Na+, Cl- and 
K+ excretions and the urinary Na:K ratio. 
Pair-feeding (to the 100 pg DES group) 
also reduced the electrolyte excretions, though 
significantly less than that of the 100 pg 
DES treated animals, but did not alter the 
urinary Na:K ratio which remained normal. 
Thus, a t  these dosages, DES can effect a 
diminished electrolyte excretion in the ab- 
sence of adrenal cortical tissue and inde- 
pendently of electrolyte intake. 

The authors express their gradtude to Mrs. S. 
Mu&, Mr. J. Hegmann anid Miss J. Moroney for 
technical assistance. 
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Influence of Genotype on Muscle Regeneration in Mice. (29738) 

PAUL PIET'SCH (Introduced by M. B. Chenoweth) 
Biochemical Research Laboratory, Dow ChemicaE Co., Hidland, Mich. 

Skeletal muscle is one of the regenerative 
tissues in mammals(1-4). In the past few 
years, in particular, a body of evidence has 
emerged from several independent labo'ra- 
tories indicating that the primary events are 
essentially the same as those that operate in 
differentiation of muscle of the embryo (2-4). 
It seemed quite possible that the amount of 
regeneration in a muscle would show a re- 
lationship to pedigree. The specific objective 
of this work was to find out if genetically 
different strains of mice would exhibit dif- 
ferent levels of regeneration. 

Materials and methods. Experiments were 
performed with male Jackson Memorial Lab- 
oratory mice approximately 3 months of age, 
from one of the following strains: B6AF1, 
SJLJJ, C57BL/6J and AJJ(5). Strains 
C57BL/6J and AJJ are purebreds. Strain 
B6AF1 is a hybrid from matings between 
C57BLJ6J females and A/J males. Strain 
SJL/J is an independent line of Swiss Web- 
ster mouse. At time of experimentation ani- 
mals weighed 23-25 g. 

Mice were anesthetized lightly with meth- 
oxyflurane and 1 mm X 1 mrn transections 


