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TABLE I. Survival following Intravenous Infusion of 5 m1/100 g Body Weight following 4% 
H r  Bilateral Hind Limb Tourniquet Application. 

pH a t  con- 
clusion of 

Type infusion Lived Died stirrival Livcd Died survival infusion 

I 24 hr ~-, I 48 hr -----> 
% % 

EXP. 1 .9% NaCl 
Saline bicarbonate 
Untreated control 

Saline bicarbonate 
Untreated control 

Saline bicarboilntc 
Untrrnted control 

2 .9% NaCl 

Pooled results .9% XaC1 

8 2  
8 2  
2 2  
9 8  
8 10 
0 4  

1 7  10 (3 .0  
16 It! 5i.3 

3 (i 25 

7 3  7.40, 7.43 
5 5  7.53, 7.43 
0 4  
5 12 
4 14 
0 4  

12 15 44.4 
9 19 32.1 
0 8 0  

was made of therapeutic effectiveness of iso- 
tonic KaC.1 and saline-bicarbonate solutions 
when used in treatment of an otherwise lethal 
tourniquet trauma. The method of treatment 
allowed slow constant intravenous infusion of 
therapeutic solutions over period of greatest 
loss of fluid from circulating volume into trau- 
matized extremities. The solutions were 
equally effective in increasing survival rate 
over that of untreated. traumatized controls. 
2.  Both solutions produced the same altera- 
tion in serum electrolyte concentration, i . ~ . ,  
elevation of serum C1 values. The lowered 
C 0 2  combining power of untreated control 

was not appreciably altered in the treatment 
groups. 
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Effect of Relaxin on Mammary Gland Growth in the Female Rat.* (25321) 
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All previous studies concerning the role of 
relaxin in growth of mammary gland in the 
rat  have suggested that relaxin acts as a po- 
tentiator (or synergist) of lobule-alveolar 
growth in conjunction with estrogen and pro- 
gesterone( 1,2:3,4). Recently. in studies using 
desoxyribosenucleic acid (DNA) as a measure 
of mammary gland growth in both intact and 
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J apanesc Government and Medical Fellow of Popu- 
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gonadectomized male and female mice, i t  was 
shown that estrogen and relaxin alone are 
capable of stimulating increases in DNA as- 
sociated with morphological evidence of 
tnarked lobule-alveolar growth (5,6). These 
and previous studies suggested that estrogen 
and progesterone stimulate endogenous secre- 
tion of relaxin and that relaxin might be the 
agent which stimulates increased secretion of 
pituitary mammogen rather than progesterone, 
since it was shown that estrogen and relaxin 
were ineffective in hypophysectomized mice. 
The present study extends our studies on the 
role of estrogen and relaxin in stimulating lo- 
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bule-alveolar growth in the intact and ovariec- 
tomized rat. 

Materials and methods. Adult female rats 
of Sprague-Dawley-Rolfsmeyer strain weigh- 
ing approximately 230 to 250 g, kept in a 
room artificially illuminated during daylight 
hours, a t  a uniform temperature of 78 k 1' 
F, were fed commercial rat feed. One loit was 
ovariectomized 2 weeks before start of ex- 
periment. Estradiol benzoate (E.B.) was in- 
jected daily in 1 pg amounts for 7 days to in- 
tact rats and for 9 days to ovariectomized rats 
concomitant with 30 and 98 GPU of relaxin 
suspended in 0.1 ml sesame oil plus 5% bees- 
wax carrier every other day.$ One day fol- 
lowing final injection, animals were sacrificed, 
6 abdominal-inguinal glands removed and 
frozen for 4 days. The 4 anterior glands were 
prepared for whole mount examination. Tis- 
sues were prepared for DNA determination 
by method previously described( 7 ) .  The 
pituitaries were weighed and frozen until as- 
sayed for mammogenic activity. Mammo- 
genic poitency of rat pituitaries was assayed in 
19 g ovariectomized mice. Each pituitary was 
ground in cool agate mortar and suspended in 
0.6 ml normal saline. Each mouse received 5 
rat pituitary/day subcutaneously for 10 days. 
On 11th day glands were removed for DNA 
determination (using 30 mg sample) and 
whole mount examination made of glands. 

Results. Indices of mammary gland growth 
stimulated by the hormones involves increase 
in dry-fat-free tissue (DFFT), DNA/mg 
DFFT, total DNA/6 glands, and total DNA/ 
100 g body weight (Table I). Increase in 
DFFT in intact animals was associated with 
hormone administration. The rats given es- 
trogen and the higher level of relaxin had 
glands significantly heavier than the controls 
(at 0.1% level). I t  will be noted also that 
toltal DNA/6 glands increased significantly 
above controls as relaxin was increased (at 5 
and 1% level respectively) and when com- 
pared on body weight basis, the difference a t  
higher level of relaxin became significant at 
the 0.1% level. 

Morphological observations of whole 

$ Relaxin preparation kindly supplied by Dr. R, L. 
Kroc, Chilcott Lab., Morris Plains, N. J., assayed 
30 GPU/mg. 

______-I_____- 
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mounts of glands indicated chiefly duct de- 
velopment in the controls and those receiving 
estrogen alone, whereas those on estrogen and 
relaxin showed increased lobule-alveolar 
growth.$ In  general, the extent of lobule de- 
velopment was related to the mean total DNA 
in the 2 groups. 

In  the ovariectomized groups similar but 
less significant differences were noted in com- 
parison to intact rats. This may be due in 
part to the relatively high total DSA values 
for the castrate-control rats (3.32 mg/100 g 
body wt.) in comparison to the intact control 
rats (3.1 1 mg) and to a control group of 1 5  
similar animals in a separate but concurrent 
experiment ( 7 )  with mean total DNA '100 g 
body wt. of 3.05 mg. Based on total DXA 
100 g body weight of control rats, only the 
increase in DNA of rats on 1 5  GPC relaxin 
day was significant (a t  5% level). However. 
if the control vaIue for ovariectomized rats re- 
ported previously is used (3.05 mg), then the 
15 GPU rats are significantly increased a t  the 
1% level and the 45 GPU rats are significant 
a t  the 5% level. Less lobule-alveolar develop- 
ment was noted in these glands as compared 
to glands of the intact groups. 

The less significant lobule-alveolar growth 
in the rats receiving estrogen and relaxin fol- 
lowing ovariectomy in comparison to the cor- 
responding intact rats is believed to be due. in 
part, to the time lag in restoring DKA of 
glands to normal after involution resulting 
from ovariectomy, but it may be due to pos- 
sible hormonal contribution supplied by in- 
tact ovaries. 

The  influence of estrogen alone and concur- 
rent relaxin on pituitary weight is shown 
(Table I ) .  Relaxin and estrogen stimulated 
significant increases in weight in comparison 
with control values. 

No evidence of mammogenic activity in the 

0 It should be pointed out  that  the mature virgin 
rat  duct system contains large numbers of branch- 
ing ducts in contrast to the virgin mcuse) .  I t  is fa r  
more difficult in the rat to differentiate between 
ducts and lobule-alveoli than in the mouse. 

pituitaries of rats under test was shown by 
:/2 pituitary/day for 10 days, in mice. Total 
DNA of mice mammary glands was not in- 
creased significantly. 

Discussion. Our study with female rats con- 
firms our previous work in male and female 
mice concerning the influence of relaxin and 
estrogen in stimulating growth of the mam- 
mary lobule-alveolar system. It was previ- 
ously shown(7) that 1 p g  estradiol benzoate 
and 2 mg progesterone injected into mature 
ovariectomized rats for 19 days resulted in 
mammary gland growth (mean total DNA/ 
100 g)  equal to that of rats pregnant for a 
similar period. In unpublished work cur- 
rently in progress, it  has been shown that es- 
tradiol benzoate 1 pg and 15 GPU relaxin for 
19 days had induced mean total DNA/100 g 
increase comparable to that induced by 1 mg 
progesterone. If estrogen and progesterone 
synergize to stimulate endogenous secretion of 
relaxin which, in turn, stimulates mammary 
gland growth, i t  would indicate that approxi- 
mately 15  GPU of relaxin/day may be stimu- 
lated by 1 mg progesterone/day. 

Suwzma~y. 1. Intact and ovariectomized 
rats injected with 1 pg estradiol benzoate and 
15 and 45 GPU relaxin stimulated significant 
growth of lobule-alveolar system in about 10 
days as indicated by total DNA/6 glands/l010 
g and morphological observations. Thus, re- 
laxin need no' longer be considered merely a 
synergist of estrogen and progesterone in 
mammary gland growth in rats as previously 
suggested. 
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