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Adrenal secretions may be limiting to milk
synthesis during advanced lactation in the
rat. This view is supported by previous re-
ports from our laboratory which suggest that
pituitary ACTH declines during advanced
lactation (1) and glucocorticoid supplemen-
tation (2, 3) at this time, will prevent de-
clines in mammary gland nucleic acid and
litter weight gain. Various indirect measure-
ments such as adrenal weight (4), cholesterol
(5), ascorbic acid concentration (6), and
peripheral plasma levels of corticoids (7)
have been used to estimate changes in adren-
al cortical function in lactating rats. The ob-
jective of the present study was to character-
ize directly changes in adrenal cortical func-
tion with advancing lactation and to deter-
mine if these changes are associated with
lactational performance. Resting levels of
plasma and adrenal corticosterone and plas-
ma corticoid binding globulin (CBG) activi-
ty were measured in rats killed at 16, 24, and
32 days of lactation. Changes in adrenal ac-
tivity were compared with milk production
and mammary gland nucleic acid measure-
ments.

Materials and Methods. Primiparous
Sprague-Dawley rats were maintained at 24°
with 14 hr of light daily. On day 3 of lacta-
tion, the rats were weighed, thoracic teats
were ligated and litter size was adjusted to
six. At this time rats were assigned to one of
three groups containing 20 rats each to be
killed either on day 16, 24, or 32 of lactation.
At day 16 and again on day 24 of lactation
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8-day-old replacement litters were presented
to mother rats to maintain an intense suck-
ling stimulus. Litter weights were recorded at
days 8 and 16 of age for all litters. Cumula-
tive litter weight gains were calculated from
days 8 to 16, days 16 to 24 and from days 24
to 32 of lactation. Final body weights of
lactating rats were recorded at time of kill-
ing, and 6 abdominal-inguinal mammary
glands were analyzed for nucleic acid content
as previously described (8).

Routine maintenance of the rat room and
experimental manipulations were carried out
between the hours of 1 and 4 p.m. daily. All
experimental animals were killed, between
8:00 and 8:30 a.m., by decapitation within
10 sec from the time the cage was first han-
dled. Systemic blood was collected in hepar-
inized beakers from the decapitated trunk,
centrifuged, and the plasma was assayed for
corticosterone by the fluorometric technique
of Silber et al. (9) as modified by Guillemin
et al. (10). Adrenal glands were trimmed and
frozen in 2 ml of 0.85% NaCl in 20% ethanol
until assayed for corticosterone by the fluoro-
metric technique of Moncloa ef al. (11). Esti-
mates of CBG activity as described by Doe
et al. (12) were made on plasma samples
pooled within treatments.

An additional group of 20 virgin rats was
killed in metestrus to determine if the experi-
mental procedures resulted in resting levels
of corticosterone and to compare the levels in
nonlactating rats with those of lactating
rats.

Results. The cumulative litter weight gain
(LWG) for the 8 days prior to sacrifice was
less ($<0.01) in the 32-day treatment group
than the LWG responses of the 16- and
24-day treatment groups (Table I). Total
mammary gland DNA did not change signifi-
cantly (>>0.05) between day 16 (32.2 mg)
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TABLE 1. Nucleic Acid Content of Mammary Glands and Litter Weight Gain of Intensely®
Suckled Rats During Extended Lactation.

Days of lactation®

16 24 32
Litter wt gain (g)° 79.3 + 6.4 82.7 + 3.9 30.6 = 2.9
Total DNA (mg) 32.2 + 1.2 31.0 + 1.0 25.5 0.9
Total RNA (mg) 172.9 + 9.4 140.5 + 8.6 92.7 +£ 5.7
RNA/DNA 53 +0.1 45+ 0.2 3.6 0.2

® Litters 16 days old replaced with 8-day-old foster litters.

> Mean and SE of mean.

° Cumulative litter weight gains were recorded between days 8 and 16 for all litters.

and 24 (31.0 mg), but declined (p<0.01) to
25.5 mg by day 32 of lactation. Mammary
RNA content declined linearly (p<<0.01)
from days 16 to 32 of lactation. Mammary
RNA/DNA ratios were 5.3, 4.5, and 3.6,
respectively. The changes in ratio paralleled
very closely total RNA changes. These re-
sults indicated that lactational performance
declined during the advancing stages of lacta-
tion.

A linear decline (p<0.01) in corticos-
terone content per two adrenals (Table II)
was observed between day 16 (2.0 ug), day
24 (1.7 pg) and day 32 (1.4 pg) of lactation.
The adrenal corticosterone content at day 32
of lactation was not significantly different
(#>0.05) from that found in adrenals from
virgin rats (1.2 pg). A linear decline
($<0.05) was detected in adrenal corticos-
terone concentration from 3.4 ug at day 16 to
2.6 pg on day 32 of lactation. Adrenal
weights did not change significantly (p>>0.05)

TABLE II. Adrenal and Plasma Corticosterone

with advancing stages of lactation.

In contrast, peripheral plasma levels of
corticosterone (Table IT) did not reflect the
decrease in either adrenal corticosterone con-
tent or concentration. Plasma corticosterone
concentrations (png/100 ml) were not signifi-
cantly different (p>0.05) among stages of
lactation at day 16 (18.8), day 24 (18.3),
and day 32 (16.0) of lactation. The quanti-
ties of corticosterone bound to CBG per 100
ml of rat plasma were 63, 58, and 75 ug at
day 16, 24, and 32 of lactation, respectively.
Since all measurements of CBG activity were
determined on pooled plasma samples within
treatments, there is no estimate of variation
among animals within treatments.

The correlation coefficients of adrenal cor-
ticosterone content with mammary nucleic
acids and LWG are summarized in Table 11T,
The within stage correlation coefficients be-
tween total adrenal corticosterone content
and mammary gland RNA (0.60), DNA

Levels, Plasma Corticosteroid Binding Globu-

lin Activity and Adrenal Weights in Intensely® Suckled Rats During Extended Lactation.

Days of lactation®

Virgin rats® 16 24 32
Corticosterone
(ug/2 adrenals) 1.2 +0.1 2.0 +0.3 1.7+ 0.1 1.4+ 0.1
(1g/100 mg of adrenal) 2.2+ 0.1 34304 3.0 +0.2 2.6 + 0.2
(1g/100 ml of plasma) 10.6 += 0.9 18.8 + 3.0 18.3 = 1.7 16.0 + 1.6
(ug bound/100 ml of plasma)° — 63 58 75
Adrenal wt (mg) 499 + 2.2 57.2 + 2.0 543 =15 53.2 +- 1.8

¢ Litters 16 days old replaced with 8-day-old foster litters.

® Mean and SE of mean.
° Pooled plasma samples within treatments.
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TABLE III. Correlation Coefficients of Mammary
Gland Nucleic Acid Content and Litter Weight
Gains with Adrenal Corticosterone Content of In-
tensely® Suckled Rats During Extended Lactation.

Correlation coefficients

Stage of lactation RNA DNA LWG
16 0.60° 0.59° 0.44°
24 0.26 0.11 —0.02
32 0.43 0.29 0.35
Pooled within stage 0.45? 0.35°% 0.27
of lactation
Total correlation 0.55° 0.48° 0.41°%

¢ Litters 16 days old replaced with 8-day-old fos-
ter litters.

® Correlation coefficients significantly different
from zero (p <0.01); ° (p <0.05).

(0.59), and LWG (0.44) were significant
(#<0.01) at day 16 of lactation. Pooled with-
in stage of lactation correlation coefficients
were 0.45 (p<0.01) for RNA and 0.35
(#<0.01) for DNA. The total correlations for
RNA, DNA, and LWG, disregarding stage of
lactation, were 0.55, 0.48, and 0.41, respec-
tively (p<0.01).

Discussion. The mean resting level of plas-
ma corticosterone (10.6 ug/100 ml) for vir-
gin rats killed at metestrus was in close
agreement with resting levels reported by
Guillemin ez al. (13). These results suggested
that the management procedures used in
this experiment resulted in “resting” levels of
plasma corticosterone.

Holzbauer (14) observed that the quantity
of adrenal cortical hormones in the adrenal
gland was related to the secretory activity of
the adrenal. Consequently, the results of the
present study suggested that corticosterone
secretion increases markedly from the nonlac-
tating state to early lactation. However, as
lactation advanced, the secretion rates of cor-
ticosterone declined to the point at 32 days
where they were comparable to those found
at metestrus.

During lactation the resting levels of plas-
ma corticosterone were about 629 greater
than levels at metestrus. This agrees with
other reports (7). However, there were no
significant changes in peripheral plasma
levels of corticosterone that reflected a de-

917

crease in adrenal secretion rate as lactation
advanced. If the adrenal secretion rate of
corticosterone is greater at day 16 of lacta-
tion, then the increased amount of secreted
corticosterone may be utilized by the body
target tissues. The mammary gland is a tissue
that has an apparent corticoid requirement
to initiate and maintain lactation (2, 15, 16).
Consequently, the mammary tissue (as well
as other tissues) may utilize the additional
corticoid secreted at the peak of lactation.
This may explain why we failed to detect a
significant decrease in circulating levels of
corticosterone with advancing lactation.

The within-stage correlation coefficients be-
tween total adrenal corticosterone content
and mammary gland RNA, DNA, and LWG
were largest at day 16 of lactation, a time
when adrenal corticosterone content was
greatest and the mammary gland was stimu-
lated maximally. Decreased adrenal secretion
at days 24 and 32 of lactation may be asso-
ciated with a general decrease in the respon-
siveness of the mammary tissue. Such a de-
crease in mammary gland responsiveness may
account for the absence of significant with-
in-stage correlations between adrenal corti-
costerone content and the mammary gland
traits measured at these two stages of lacta-
tion. Since the pooled and total correlations
were significant, the declines in adrenal corti-
costerone content may be related to the de-
crease in mammary gland function as lacta-
tion advanced.

Gala and Westphal (17) reported that
CBG activity is depressed during lactation,
but at four days postweaning it rises to a
level comparable to that found in the virgin
rat. In the present experiment, higher CBG
activity at day 32 of lactation, as compared
with days 16 or 24, may reflect an increase in
binding activity during advanced lactation.
If the CBG activity is greater at day 32 of
lactation, then the amount of free plasma
corticosterone may be less regardless of the
peripheral blood levels.

Adrenal cortical secretions may be rate
limiting to milk synthesis during prolonged
lactation because pituitary ACTH (1) and
adrenal corticosterone content decrease dur-
ing this time. Furthermore, CBG activity of
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the plasma increases, (although total circulat-
ing levels of corticosterone did not decrease
significantly) and declines in lactational per-
formance can be prevented with exogenous
corticoids (2, 3).

Summary. Adrenal corticosterone content
and concentration decreased linearly from
days 16 to 32 of lactation. Peripheral plasma
concentrations of corticosterone in lactating
rats were higher than the resting levels mea-
sured in virgin rats. However, corticosterone
concentrations in plasma did not change sig-
nificantly between days 16 and 32 of lacta-
tion. Rats killed at day 32 of lactation had a
greater plasma corticoid binding globulin
(CBG) activity than rats killed at days 16
and 24. Adrenal corticosterone content was
correlated significantly with mammary gland
RNA, DNA and litter weight gain. The data
support the concept that adrenal secretions
may be rate limiting to milk synthesis during
prolonged lactation.
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