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that expected for this age(1). Following 2
weeks of steroid therapy the following changes
were observed: a) 32 exhibited decreased H/
C values of 5% or greater. In 29 of these the
losses did not exceed 30%, in 3, decreases of
-43%, —63% and —69% were obtained (the
latter due to the individual mentioned above) :
b) 6 had changes of less than 3% ¢) 3 had
increased values (-+23%, +10%, +34%).
It is of additional interest in the case of the
latter that pretreatment H/C values were
.027, .020, .023 respectively, values expected
for aged individuals(1). The latter 2 H C
values were the lowest pretreatment values
in the series. The significance of the increased
values following corticoid treatment is not
clear and has not been observed in rats(2.3).
The mean percent change in H./C values for
35 subjects (exclusive of the 3 who exhibited
exceptionally large decreases and the 3 who
exhibited increases) was —12.99% =+=1.5%.}
Discussion. In general H/C of dermal
punch biopsies decreased following corticoid
therapy. This had been previously observed
in the rat following starvation and administra-
tion of cortisone(2). Since the dose of cor-
ticolds administered to patients was based
upon clinical requirements, the effect of
graded doses upon H/C could not be deter-

t This classification was established because in
previous experience obtained with multiple biopsies
from rats and dogs taken concurrently or on different
days from the same regicn of skin, values of H/C did
not exceed 3% of the mean. It was considercd
clinically unjustifiable to obtain mere than one punch
at a time in human subjects and consequently this
same technical error is assumed.
1 Standard error.
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mined. The wide range in response of H/C
seemed to be due to individual variation and
not to choice of steroid employed. There ap-
peared to be no correlation between clinical re-
sponse of patient to the corticoid and decrease
in H/C. Since the decrease in H/C in
the rat following cortisone administration pre-
cedes a large decrease in body nitrogen, the
change in ratio in the human might likewise
presage other metabolic events. This sug-
gests employment of this technic as an ad-
junct in tests used for the screening of new
steroid therapeutic agents prior to clinical ap-
plication. Decrease in H/C occurs in the rat
in other connective tissue-rich organs in addi-
tion to the skin(3). The findings suggest
that in man the composition of the ground
substance of lung, blood vessels and bone is
affected as well.

Summary. Dermal punch biopsies were ob-
tained from 41 subjects prior to and following
2 weeks of daily medication with prednisone,
methyl prednisilone or triamcinalone. The
hexosamine-collagen ratio (H/C) was deter-
mined. In 32 subjects decrease in H/C val-
ues of 5% or greater were observed. The
mean change in H/C in 35 patients following
corticoid treatment was —12.9% =+=1.5%.

Analysis of skin punches for hexosamine and col-
lagen was carried out by George Bonorris.
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Local Action of Oxytocin on Mammary Glands of Postpartum Rats

After Litter Removal.*t
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Petersen(1) first suggested that oxytocin
may stimulate release of prolactin by the an-
terior hypophysis and thereby initiate lacta-

* Published with approval of Mich. Agr. Exp. Sta.
as Jour. Art. No. 2506.
t This was supported in part by USPHS Grant.
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tion. This was challenged by Meites and
Turner(2,3) who reported that oxytocin does
not induce prolactin discharge or initiate lac-
tation in laboratory animals. Both oxytocin
and prolactin are released by the suckling
stimulus in lactating rats (see 4), as indicated
by ejection of milk .and decrease in pituitary
prolactin content. There is no evidence, how-
ever, that release of prolactin following suck-
ling is dependent on stimulation by oxytocin
(4,5). 1In contrast to its inability to initiate
lactation, oxytocin has recently been shown
by Benson and Folley(6) and Benson et al.
(7) to maintain mammary secretion in post-
partum rats after litter removal. This was
confirmed in our laboratory(8,9) and by
McCann ef al.(10). Inasmuch as prolactin
also maintains mammary secretion. in such
rats (see 4), Benson and Folley(6) and Mc-
Cann et al.(10) reaffirmed that the effects of
oxytocin were mediated through inducing pro-
lactin release. Absence of any direct evidence
for the latter viewpoint has led us to examine
the possibility that the action of oxytocin in
maintaining mammary secretion in post-
partum rats after litter removal is due to its
well-established ability to induce ejection of
milk from the alveoli into the larger ducts.
Methods. Five groups of 5 rats each (Car-
worth strain), weighing 200-250 g, were bred
and on 4th day after parturition their litters
were removed. Mammary secretion was sub-
sequently maintained by injecting them sub-
cutaneously as follows: Group 1, 1 mg pro-
lactint daily for 5 days; Group 2, 2 mg pro-
lactin daily for 5 days; Group 3, 2 mg prolac-
tin daily for 9 days; Groups 4 and 5, 1 IU
oxytocin$ twice daily for 5 days. About 16
hours after last injection, a hiopsy was taken
from the right inguinal mammary gland of
each rat under light ether anesthesia, and 30
minutes later Groups 1-4 received an intra-
peritoneal injection of 2 IU oxytocin and
Group 5 an intraperitoneal injection of .85%
saline. Ten minutes later, all rats except
Group 2 were killed and remainder of right in-
guinal mammary gland was removed. From

I Prolactin (1 mg — 20 IU) was kindly dcnated
by Endocrinology Study Section, NIH.

§ Oxytocin was supplied through courtesy of Dr.
D. A. McGinty, Parke, Davis and Co.
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Group 2, biopsies were taken from right in-
guinal mammary gland at 10 minutes and 1,
2, 4 and 8 hours after oxytocin injection.
Mammary tissues were sectioned and stained
by standard histological methods, and exam-
ined microscopically.

Results. More mammary secretion was
seen in Groups 1 and 2 after 5 days injection
with prolactin than in Group 3 after 9 days
of similar treatment. About the same amount
of milk was seen in mammary alveoli of rats
injected with oxytocin for 5 days (Groups 4
and 5) as in Groups 1 and 2, but the mam-
mary ducts were better filled with secretion in
the former rats. Epithelial cells lining most
of the alveoli of prolactin and oxytocin-in-
jected rats were flattened by the secretion,
and blood capillaries surrounding alveoli ap-
peared closed.

Gross and histological appearance of the
mammary glands 10 minutes after intraperi-
toneal injection of oxytocin was profoundly
different from Dbiopsies taken previously.
When fresh mammary glands were first re-
moved and viewed macroscopically through
transmitted light, the ducts leading to the nip-
ples were widely distended with milky secre-
tion, in contrast to the very thin ducts in
mammary glands prior to oxytocin injection.
Microscopically, the mammary alveoli of oxy-
tocin-injected rats were largely empty of se-
cretion and were shrunken or collapsed, while
the ducts were heavily swollen with secretion.
In many sections, the distended ducts ap-
peared to take up as much or more space than
the alveoli in the mammary parenchyma.
Some alveoli had ruptured and the secretion
had apparently escaped into the stromal tis-
sue spaces. In Group 5, injected with saline,
the alveoli remained filled with secretion and
could not be distinguished from control mam-
mary biopsies taken prior to saline adminis-
tration. Representative mammary sections
are shown in Fig. 1-4.

In Group 2, somewhat greater emptying of
alveoli appeared to occur after one hour than
10 minutes after intraperitoneal injection of
oxytocin. Subsequently, little change was ob-
served until the 8th hour, when a moderate
amount of secretion had reappeared in the
alveoli and the ducts were less distended. Ap-
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FIG. 1-4. Histological sections of mammary glands from postpartum rats after litter removal:

(1) From rat given 2 mg prolactin daily for 5 days. X 45. (2) From same mammary gland 10

min. after intraper, inj. of 2 IU oxytoein. Note shrunken alveoli with relatively little secretion

in contrast to engorgement of ducts. X 45. (3) From rat given 1 IU oxytocin twice daily for

5 days. Note distended alveoli with flattencd epithelial cells. X 135. (4) From same mammary

gland 10 min. after intraper. inj. of 2 IU oxytocin. Note collapsed alveoli and milk in duets.
X 135..
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parently, more than 8 hours was required to
refill the alveoli after oxytocin administra-
tion. Linzell(11) observed that alveolar dia-
meter in mammary glands of mice increased
10-fold 6 hours after milk removal by suck-
ling litters. No comparable increase in al-
veolar diameter was apparent in the mammary
gland of unsuckled rats after oxytocin admin-
istration.

Discussion. These results show that in
postpartum rats after litter removal, oxytocin
induces ejection of milk into the larger duct,
just as it does in rats from which milk is not-
mally removed by litters. Tt is probable that
secretion from ruptured alveoli is ejected into
stromal tissue spaces, although no such ma-
terial was detected microscopically and may
have been lost during staining procedures.
Selye(12) did observe milk in the stroma of
suckled rats from which milk could not be re-
moved because the main ducts had been cut.
Emptying of alveoli is believed to reduce the
pressure against epithelial cells and the blood
capillaries surrounding them, permitting more
synthesis of milk under stimulus of circulating
prolactin and other hormones.

The fate of ejected secretion in ducts is not
clear. It is probable that some is reabsorbed
into the circulation, and some may flow back
into the alveoli. Linzell(11) observed the
latter phenomenon following oxytocin injec-
tions in anesthetized mice from which milk
was prevented from leaving the nipples. Rate
of milk secretion by mammary glands of post-
partum rats treated with prolactin or oxy-
tocin after litter removal, is obviously much
less than if milk is removed. Continuation of
mammary secretion in non-suckled rats is be-
lieved to depend on establishing an equili-
brium between rate of milk produced and that
reabsorbed into the circulation. .

Benson and Folley(6) do not believe that
the action of oxytocin in maintaining mam-
mary secretion in postpartum rats after litter
removal is a direct one on the mammary
gland, since they were unable to observe milk
secretion. following oxytocin injections into
hypophysectomized rats. However, milk se-
cretion cannot be maintained without stimu-
lation from prolactin and ACTH(4). Re-
cently, we reported that when oxytocin and

prolactin were injected together into post-
partum rats after litter removal, mammary
secretion was maintained at a higher level and
for a longer period of time than when prolac-
tin or oxytocin were given alone(9,13). If
oxytocin acted through increasing prolactin
secretion, then oxytocin injections should
have been ineffective when prolactin was also
administered, and vice versa. Cortisol was
found further to supplement the actions of
these 2 hormones and permitted lactation to
continue for 75 days. This suggests that the
action of oxytocin in maintaining mammary
secretion in postpartum rats after litter re-
moval is a direct one on the mammary gland,
and is not mediated through prolactin or
other hormones.

Summary. 1. Since no convincing evidence
exists that the action of oxytocin in maintain-
ing mammary secretion in postpartum rats
after litter removal is due to prolactin re-
lease, attempts were made to determine
whether "its effects were exerted directly on
the mammary gland. After maintaining milk
secretion in 25 such rats for 5 or 9 days by
daily injections of prolactin or twice-daily in-
jections of oxytocin, a mammary biopsy was
taken from each rat. They were then given
an intraperitoneal injection of 2 IU oxytocin
or physiological saline, and 10 minutes later
all except 5 rats were killed and the remain-
der of the previously biopsied mammary gland
was removed. Mammary biopsies from the
remaining 5 rats were taken after 10 minutes
and also 1, 2, 4 and 8 hours later. - 2.. His-
tological examination revealed that prior to
intraperitoneal oxytocin administration, most
mammary alveoli -contained considerable se-
cretion and the ducts were relatively thin,
whereas 10 minutes after oxytocin the alveoli
appeared shrunken or collapsed with little or
no secretion, and the ducts were widely. dis-
tended with milk. No notable increase in al-
veolar filling followed until the 8th hour after
oxytocin injection. Saline had no effect -on
mammary alveoli and they remained- filled
with secretion. 3. Ejection of milk from the
alveoli into larger ducts by oxytocin is be-
lieved to remove the pressure on epithelial
cells which secrete milk and on blood capil-
laries surrounding them, permitting synthesis
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of more milk by circulating prolactin and
other hormones. Milk ejected into ducts is
believed to be gradually reabsorbed into the
circulation, and some may flow back into the
alveoli. These local effects of oxytocin on the
mammary gland are believed to account for
its ability to maintain mammary secretion in
postpartum rats after litter removal.
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(Introduced by Ralph R. Sonnenschein)

Dept. of Physiology, School of Medicine, University of California, Los Angeles

Steatorrhea in bile fistula dogs was reduced
substantially following hourly return of the
dogs’ own bile to the duodenum(1). The
steatorrhea was greater when bile was re-
turned every 4 to 8 hours, even though total
cholic acid returned was the same. Thus, it
appears that bile must be in the intestine
nearly continuously to effect normal fat ab-
sorption. However, complete correction of
the steatorrhea of bile deprivation by con-
tinuous return of bile has not been demon-
strated. A modified Rous-McMaster bile fis-
tula preparation(2) is described in this report,
permitting free entry of bile to the duodenum,
and restoration of normal fecal fat levels fol-
lowing bile deprivation.

Methods. Duodenal and gall bladder can-
nulas were prepared for implantation with
Tygon tubing (1/16” wall, 1/4” and 5/16”
0.D. respectively. overall length approxi-
mately 12" each). Two Tygon collars (Fig.
1; ab) and an abdominal wall brace (c,d)
were cemented on each cannula with Tygon
paint. The cannulas were then coated with
a silicone preparation (Siliclad, Clay Adams,

* Supported by research grants from Nat. Inst. of
Arthritis and Metab. Dis.

Inc.) to minimize bile sedimentation on the
inner wall. Sterilization was accomplished
by soaking in benzalkonium chloride (Zephi-
ran. Winthrop Stearns, Inc.). Clogging of
the duodenal cannula tip with intestinal con-
tents was obviated by placing 114 slits bi-
laterally in the intraduodenal segment (e).
The surgical procedure was carried out asep-
tically on mongrel female dogs weighing 9 to
18 kg with due regard for the requirements of
proper animal care. The common duct was
ligated and sectioned. The cannulas were an-
chored with a double row of purse string su-
tures and brought through stab incisions in
the right abdominal wall (Fig. 1). The bile
cannula extended into the base of the gall
bladder about 14" (f), in a line with the cys-
tic duct. A male luer fitting (g) and a stetho-
scope fitting (h) were inserted. During bile
collection periods the duodenal cannula was
capped and bile was drained into a rubber
balloon. During bile return periods the 2
cannulas were connected to reestablish the
enterohepatic biliary circuit. A many-tailed
binder covered the cannulas. A balloon bag
was pinned to the binder during collection
periods. 30-50 ml of isotonic saline was in-



