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fed animals had significantly lower Km’ val- 
ues than from glucose fed animals. This was 
noticeable in both the whole homogenate and 
isolated microsomal fraction. K,,,’ values ob- 
tained from diabetic animals were signifi- 
cantly higher than those from normal animals. 
All other treatments increasing the liver glu- 
cose-6-phosphatase activity produced no sig- 
nificant changes in the kinetic properties of 
this enzyme. 
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Aldosterone and Corticosterone in Maintenance of Lactation in 
Adrenalectomized Rats.*+ (28231) 

R. R. ANDERSON AND C. W. TURNER 
Department of Dairy Husbandry, University of Missouri, Columbia 

Earlier investigations have established that 
rats adrenalectomized early in lactation are 
unable to lactate sufficiently to support young 
( 1,2). Maintenance of normal lactation in 
rats adrenalectomized on day 4 of lactation 
has been accomplished with daily subcutane- 
ous injections of 500 p g  hydrocorticosterone 
acetate plus 2 501 pg desoxycorticosterone ace- 
tate (3 ) .  However, the predominant secre- 
tions of the adrenal cortex of the rat are al- 
dosterone and corticosterone (4). Cowie and 
Tindal( 5 )  found that 50 pg aldosterone per 
day maintained lactation in adrenalectomized 
rats a t  approximately 70% of normal. Cor- 
ticosterone alone or in combination with other 
adrenal steroids has not been tested for main- 
tenance of lactation. This investigation was 
designed to determine minimal levels of these 
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steroids which would maintain lactation in 
adrenalectomized rats when injected subcu- 
taneously each day. 

Materials and methods. Pregnant Sprague- 
Dawley-Rolfsmeyer rats were maintained in 
individual litter cages with free access to pel- 
leted feed and water. The animal room tem- 
perature was maintained at  78 1: 1°F. A to- 
tal of 105 lactating rats was used in this 
study. On day 4 of lactation the mothers 
were adrenalectomized or adrenal-ovariecto- 
mized in a single operation and litters were 
standardized to 6 pups. Injections were made 
subcutaneously each day beginning on day of 
operation. 

Aldosterone-2 1-acetate$ was dissolved in 
sesame oil and injected in a volume of 0.1 ml 
per day. Corticosterone-2 1-acetate was sus- 
pended in physiological saline with the aid of 
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gum arabic in a concentration of 1 mg per 0.1 
nil carrier. ;\lothers and pups were weighed 
daily. 

R4ilk I)roduction was estimated on  day 14 
of lactation. The mother was isolated from 
her pups for 10 hours, then reunited and 
given 2 x 1 I.U. of oxytocin intraperitoneally 
to aid in milk removal. Loss in body weight 
o f  the dam and gain in body weight of the 
pups after a 30-minute period of nursing were 
averaged to obtain an estimate of milk pro- 
duction, 

On the day when all pups in the litter had 
succumbed or on day 20 of lactation, the 
mother was sacrificed and autopsied to deter- 
mine completeness of adrenalectomy and to 
remove 6 posterior mammary glands for sub- 
sequent determination of desoxyribonucleic 
acid (DKA) .  Mammary gland DKA was de- 
termined as described previously( 6) .  Stu- 
dent’s “t” test was used in statistical treat- 
ment of the data. 

Results. Aldosterone injected daily a t  12.5 
pg  was unable to support lactation (Table I ) ,  
while 25  pg  aldosterone per day resulted in no 
loss of pups. However, the pups were ex- 
tremely small, and growth was curtailed 
sharply between days 14 and 20 of lactation. 
Corticosterone alone at  1 mg per day was not 
able to support lactation as shown by 47% 
mortality on day 20. M l k  production on day 
14 was 65% of normal while the litter growth 
index was 61 3 of normal. The combination 
of 12.5 pg aldosterone and 1 mg corticoster- 
one per day resulted in loss of 53% of the 
pups. However, when 2 5  pg aldosterone and 
1 mg corticosterone were used, the loss of 
pups by day 20 was only 17%. Furthermore, 
milk production on day 14 was 81% of nor- 
mal and litter growth index was 817& of nor- 
mal. Litter weights on day 14 averaged 93% 
of normal and 82% of normal on day 20. 

In three groups of lactators both adrenal 
glands and ovaries were removed on day 4. 
One group received no treatment. By day 14 
of lactation all pups were dead in this group. 
The group maintained on 2 mg of corticos- 
terone per day lost only 14% of the pups to 
day 20 of lactation. Litter weights averaged 
78 and 74F) of normal on days 14 and 20, 
respectively, while milk production on day 14 

was 60y and litter growth index was s l y )  of 
normal. The doubly-operated group which 
received 2 5  pg aldosterone and 1 mg corticos- 
terone had 2 7 v  pup mortality. 1,itter weights 
were 94‘/1 and 9 1 y  of normal on day 14 and 
20: milk production on day 14 was 94% of 
normal while litter growth index was only 
73% of normal. 

Body weight of the dams increased gener- 
ally with aldosterone treatment provided i t  
was at  least 25  pg per day, and decreased 
slightly when corticosterone was given alone. 

On day 20 of lactation, normal mammary 
glands had 11.1 mg Dr\;A/100 g B.W. This 
was significantly greater than in adrenalec- 
tomized groups receiving 12.5 pug aldosterone 
or 1 mg corticosterone per day and adrenal- 
ovariectomized group receiving no treatment. 

Discussion. Previous studies using hydro- 
cortisone acetate and desoxycorticosterone 
acetate to support lactation in adrenalecto- 
mized rats revealed that 250 pg desoxycorti- 
costerone acetate plus 500 pg hydrocortisone 
acetate per day in subcutaneous injections ad- 
ministered once daily maintained lactation at 
a level similar to normal(3). The present 
study indicates that single daily injections of 
25  pg aldosterone-21-acetate plus 1 mg corti- 
costerone-2 1-acetate maintain lactation in the 
adrenalectomized or adrenal-ovariectomized 
lactating rat at approximately 80% of nor- 
mal. 

Lactation in adrenalectomized rats of this 
strain terminates a t  the 12th to 15th day of 
lactation when adrenal extirpation is per- 
formed on day 4. If both adrenals and ovar- 
ies are removed on day 4, lactation will cease 
several days sooner than if the ovaries are 
left intact. This has been shown by Cowie 
(7 )  and repeated in this experiment. Such 
a finding suggests the ovaries are contributing 
to maintenance of lactation to a slight degree 
by production of steroid hormones. Possibly 
the progesterone of the ovary can be con- 
verted to desoxycorticosterone in the absence 
of the adrenal. Cowie and Tindal(5) found 
that 50 pg aldosterone acetate maintained lac- 
tation at  approximately 70% of normal in 
the adrenalectomized rat. This was based on 
the “litter growth index”(8). The present 
study suggests that 2 5  pug aldosterone acetate 



TABLE I. Criteria of L:tct:ition;rl Perforiiiaiice ill ,idl.eii:ilcc.toiiiized or ,4clreiial-O~ariectoiiiized Rats Receiving Daily Rq~lacement of Aldosterone and 
/or Co r tic o s t er o lie. 

Total 
Milk Titter DUA (mg/ 

A-0. Gf Wt of dams (g) Wt of litter (g) proc1 (g j gron-tl, "'1' lllort"'it?- 10; g B.K.) 
Gr o up Cl3 111 ?r Uiiy 4 Day 14 Day 20 Ih:-4 Da;v 14 Day20 Day 14" index' Day 14 Dap 20 Day SO" 

) 
A-orln:~l control I" 293.7(12)L 283(12) 2ii(12) 50.8 ( 12) 150.9 (12) 21 1.9 ( 12) 8.8(12) 11.9(12) - 7 ll.l(l2) 

So treatinent 13 2.59(1.3) 248(13) - .53.4( 15) 87.0(13) t All dead 2.0(13) t 3.9(1.5) t 16 100 - 
8dr.r: dny 4 lrictntion 

1'7.5 pg a11-lo 8 26i( S) 233( 5) 235( 1) 52.2( 8) 78.3( 4)t " " 0.0( 4) t 4.8( 5) t 63 100 6.4( 6) t 
23.0 " .' 5 267( S) 290( 5) 295( 5 49.G( 5) 128.0( 5)* 135.4( 5)t 3.9( 5)" i.2( .5) t 0 0 10.7( 5) 
1 iiig vortico 13 275(13) 256(12) 261( 9) 3.3.3(13) 121.0(12)t 156.6( 8)" 5.7(12)t 7.3(12)+ 1:; 47 9.5(12)* 

1 nig cortico 

1 iiig cortico 

,4dr.x, ovat*.~ tla!~ 4 

12.5 ,.g aldo > 274( 5) 2i2( 3) 302( 2, .X.ti( 3) 130.2( 5) 154.@( 3) 6.0(5)* 9.4(.51 10 3:: 10.3(4) 

2.7.0 pg aldo I 261( 7) 285( 7, 300( (i) .?2.7( 7) 140.3( 7) li3.0( 6) 7.1( 7) 9.6( 7)' 0 17 9.T( 7) 

1 n c t ri 1 io )i 
6.9(li)t - 3i.4 ( 1 i ) All dead - - 32(10)t 1011 - So trc:itnirwt 17 2i:3(17) - 

2 nig cortico 15 2.58(15) 235(15) 235(13, 34.9(15) 118.3(15)t 155.9(13)t 5.2(15)t i.3(15)+ 0 14 11.4(15) 
25.0 pg altlo 8 2i6( 8) 297( 8) 308( 6) 57.1( 8) 137.4( 7) 193.0( 6) 8.3( i) 8.6( S)* SO 27 9.7( 8) 
1 nig cortico 

c1 So. of dnins or litters used to obtain mean. * Significantly less than normal control (P<.05 1. 
t 

7 11 19 71 
" (P<.01). I, Dams were isolated from pups for 10 hr, then reunited and given 

2 X 1 I.U. oq-tocin to aid in milk removal. Loss in weight of mother 
and gain in weight of litter after 30 inin of nursing were averaged to 
determine milk production. A4drx A4dre~121ec toinizecl 

"Litter growth index" is defined as mean daily gain in weight 
per litter over the 5-day period from 6th to 11th clays (Cowic :ind 
Folley, J. Endocrinol., 1947, 6, 9. 

Dams were sacrificetl on clay 20 of lactation or day when all pup 
in litter had succumbed. 

Ovarx = Ovariectoniized 
Aldo = Aldosteroiie-21-Acetate 
Cortico = Corticosterone-21-Acetate 
I)= Day of lactation 
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maintains lactation a t  60% of normal, based 
on the litter growth index plus several addi- 
t ional indices. 

It is not possible to measure a daily secre- 
tion rate of a hormone by the technique of 
gland extirpation and single daily injection 
of the hormone that is normally being secreted 
constantly from that gland. However, this 
method does provide an estimate of the rela- 
tive value of the hormone and the levels re- 
quired for maintenance of a particular physio- 
logical function, lactation in this case. 

This study suggests that daily requirements 
of aldosterone and corticosterone in mainte- 
nance of normal lactation in the rat exceed 
2 5  pg per day for aldosterone and 1 mg per 
day for corticosterone. The combination of 
the 2 adrenal steroids acting synergistically 
appears to be obviously better than either 
hormone alone. 

Summary. Lactating albino rats were 
adrenalectomized or adrenal-ovariectomized 
on day 4 of lactation and maintained on al- 
dosterone and/or corticosterone by daily suh- 

cutaneous injection until day 20. Criteria of 
lactational performance, including litter 
weights on days 14 and 20, milk production 
on day 14, and litter growth index, indicated 
that 25 pg aldosterone acetate and 1 mg cor- 
ticosterone acetate per day maintained lac- 
tation at  approximately 807% of the normal 
level. 
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Failure of Secretin or Ihodenal Acidification to Inhibit Ethanol-Induced 
HCl Secretion by Heidenhain Pouches." (28232) 

NEIL K. THOMFORD, JOSEPH A. KENNEDY A N D  GEORGE A. HALLENBECK 
III n y o Clinic n 8 1  d .A4 a y o F o 11 tt da t io n,  Roc h es t P r ,  M in n P S  o 1 a 

Acidification of duodenal contents is a po- 
tent stimulus for liberation of secretin which 
in turn stimulates the pancreas to secrete. 
Intravenous administration of commercially 
prepared secretin inhibits the response of Hei- 
denhain pouches to a meal of meat ( 1 ), an in- 
hibition not influenced by removal of the pan- 
creas( 2 ) .  Since acidification of the duodenum 
can inhibit gastric secretion ( 3 ) ,  the sugges- 
tion has been made that secretin may medi- 
ate the inhibitory effects of acidification of 
the duodenum on gastric secretion ( 1 ) . The 
following tests were done to determine 
whether acidification of the duodenum and in- 
travenous administration of secretin have sim- 

* This investigation was supported in part by Re- 
search Grants from Nat. Inst. Health. 

ilar effects on the gastric secretory response 
to ethanol. 

Methods. Vagally denervated (Heiden- 
hain) gastric pouches were prepared in 6 
mongrel dogs. Two dogs underwent a second 
operation in which the pylorus was divided, 
the duodenal stump was closed, a metal can- 
nula was placed in the duodenum, and the 
open end of the gastric antrum was anasto- 
mosed to the side of the upper part of the je- 
junum. Tests of secretory function were be- 
gun 3 or more weeks after operation when 
the animals were eating well and were in ex- 
cellent condition. 

The dogs were fasted for 24 hours before 
each experiment. In  all tests gastric secre- 
tion was stimulated by instillation into the 




