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Thyroid Hormone and Lactation in the Rat." (24559) 

CLARK E. GROSVENOR~ AND CHARLES W. TURNER 
Dept. of Dairy Husbandry, l'nivcrsity of Missouri, Columbia 

Maximum lactation presumably occurs only 
when each hormone involved in secretion and 
evacuation of milk is present in adequate 
quantities. Similarly. any hormone. if pres- 
ent in inadequate amounts. may limit inten- 
sity of response though mammary gland 
growth and other hormone levels may be ade- 
quate. This has been shown clearly with re- 
qard to osytocin in which adniiiiistration of 
adequate levels to lactating rats resulted in 
significantly increased milk yields. \\-hen 
cornlined with growth hormone (GH).  a fur- 
ther increase occurred with marked reduction 
in variability of response among members of 
the population ( 1  ) . These data surrqested GH 
also may be a limiting factor i n  mill; secretion 
in this species. Extensive reqearch. conducted 
mainly with large animals. has demonstrated 
that intensitv of mill; secretion i.; controlled to 
come estent by thyroid hormones and that a 
niild hvperth\.roidism is ceiierallv beneficial 
to milk production(2). -4q it has been oli- 
served that milk vield 1.3) and thvroid hor- 
mone output (4) varied considerably amonq 
individual lactating: rats. we have attern1,ted 
in the present investication to determine what 
effect administration of thvroyine alone. and 
in combination with GH and ou-tocin. have 
w o n  milk vielcl. Tn this wn*, the eKtent to 
which thyroid hormones limit iiiten4tv of milk 
secretion in lactatinz rats wa< estimated. 

Mnterinls and iitrthods. Xinet!. priniinar- 
ous lactating rats of the Sprarrue-Dawlev- 
Ralfsnieyer strain which had reached growth 
stasis were housed in individual caces under 
conditions of uniform temi)erature (78 -r- 
1 O F )  in a room artificially illuminated durinrc 
davliqht hours. Thev werp fed l'urina La11 
Chow and water /id / i h h v w .  Shortly after 
hirth each litter was adjusted to 6 voiing aiitl. 
w h enever 1 )ass i ble . were eq 11 :i 11 v d i t r i 1) u t ed H 5 
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to sex. Each lactating rat was injected subc. 
daily from days 7-13 postpartum with 3.0 pg/  
100 g 1-thyroxine. Thirty received, in addi- 
tion. GH: subc. a t  a dose of 1 mg/day over a 
similar period. On day 14, each litter was 
isolated from their mother for 10 hours, after 
which mother and young were reunited and 
permitted to nurse 30 minutes. A few minutes 
before nursing 30 lactating rats which were 
treated with thyrosine and 30 treated with 
thyrosine plus GH were injected subc. with 
1 USP unit oxytocinS to insure masimum milk 
withdrawal. Tmmediately after nursing each 
litter was removed. weighed, killed by decapi- 
tation and stomach contents removed and 
weighed to the nearest .1 g. Each mother also 
was killed shortly after nursing and her 
adrenal and pituitary glands rapidly removed, 
blotted to remove surface moisture and 
veighed to the nearest .I mg. Daily body 
weights of each mother and her litter were re- 
corded. 

Rcsults. \\'eight of milk, expressed as per- 
cent litter body weight, obtained on day 14 
postpartum by litters of 30 lactating rats in- 
jected from days 7-13 with 3.0 p g 3 0 0  g/day 
I-thyrosine. averaqed 5.2y0, an increase of 
37% over normal average yield of 3.8% 
(Table T ) .  Tnjection of 1 USP unit oxytocin 
before nursing on day 14 resulted in a 19% 
greater average milk yield (6.2%). That ob- 
tained with aid of osytocin from rats injected 
with I-thyrosine plus 1 mg GH daily from 
days 7-13 averaged 6.6% which represents a 
total increase in milk yield of 73.7743 over un- 
treated controls. Progressive reduction in 
variability among individual vitlues also was 
obtained with addition of each hormone 
though in each case some overlap with control 
values occurred. Tncreased milk yield result- 
ing from I-thyroxine. alone, and in combina- 
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TABLE I. Effect of 1-Thyroxine Alone, aiicl iii Coiiibiiiatioii with Oxytocin and GH, upon Milk 
Removal by Litters of 6 Young on Day 14 Postpartum. 30 lactating rats in each group. - Avg w t  of \ 

Milk 

Milk 1,ittcv Littcr Motlicr Pituitiiry Adrenal 
Trc:itincii t (R) (9) (56 )  (R) r-- (11%/100 9) -7 

Control" 6.20 l(i3.6 3.8 2 .2!Y 303.5 3.30" 23.41') 
3 pg/100 g/day I-tlipwsiiic subcut. 9.55 182.4 5.2 .2Y2 285.ij 

I d e ? ~ ,  then 1 USP osgtociil subcut. 11.00 176.f; 6.2 & .14'{ 301.8 3.817 28.23 
clays 7-13 

on day 14 

7-23, then 1 USP osytocin on 
Idern + 1 nlg G H / C I ~ ~  subcut. ci~~ps: 11 .!H 181.4 (i.(i 2 . I  ;I' 300.5 3 . 4 ~  sii.31'~ 

day 14 

' Milk yield data froiii Grosvciior i l l i t1 Tiii*uw( I ). St,u(leiit's " t " F'mbiibility 
1 -2,:;. 4 .oo I 
2-3.4 .001 
:I 4 .06 
-5 6.7 .001 
.5. 8 .1 
9- 1 0  . O 1  

tion with GH were not reflected in significant 
increases in litter growth as analyzed by per- 
cent weight gain from days 6-14 postpartum. 
Body weights of mothers were similarly un- 
altered (Table 11). Thyroxine caused a sig- 
nificant increase in wet weight of maternal 
pituitary gland. This did not occur, however, 
in rats treated with thyroxine plus GH (Table 
I ) .  Adrenal gland weight was significantly in- 
creased in lactating rats injected with thy- 
roxine plus GH but was unaffected by thyrox- 
ine alone (Table I ) .  

Discussion. It has been suggested that if 
less than an optimal rate of thyroxine is se- 
creted by dairy cattle, milk production may 
be depressed below the potential capacity of 

the animal. By increasing the level of circu- 
lating thyroid hormone in such animals, inten- 
sity of milk secretion may be increased ( 2  ) . 
However, as thyroid hormones are general 
metabolic stimulants, it is important that lev- 
els are administered which stimulate milk se- 
cretion maximally without causing undue 
stress to the animal. In the present investiga- 
tion daily administration of thyroxine at  a 
level equal to the highest thyroxine secretion 
rate (TSR) (3.0 pg/lOO g )  previously ob- 
served in our rats during mid lactation (4) did 
not adversely affect mother body weight in- 
dicating that the level employed did not pro- 
duce severe hyperthyroidism, yet evoked a 
377% increase in milk yield. In a previous 
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study 1 mg GH/day for same period of time 
evoked a similar increase in milk yield and 
when combined with oxytocin greater and 
more uniform milk yields were obtained than 
with GH or oxytocin alone. This suggested 
GH and oxytocin were limiting factors in milk 
secretion intensity in lactating rats( 1 ) .  The 
combination of GH. oxytocin and thyrosine 
employed in the present investigation elicited 
still greater average milk yield with pro- 
nounced uniformity among individual values. 
These data suggest suboptimal thyroxine se- 
cretion may he limiting intensity of milk se- 
cretion in many lactating rats. However. in- 
crease in milk secretion as a result of thy- 
roxine administration was not reflected in 
significant increase in litter weight as re- 
ported by Desclin( 5). I t  has been questioned 
whether. in intact healthy rats. more intense 
milk secretion can produce litter growth i n  
excess of the inherent capacity of the species 
( 1 ) . Maternal adrenal gland weight per 100 
g was not affected by thyroxine. or, in a pre- 
vious study by GH( 1 ) .  A combination of 2 
hormones. however, produced a significant in- 
crease. The observation that thyrosine nulli- 
fied the GH-induced increase in body weight 
previously reported for lactating rats( 1 ) sug- 
gests heightened glucocorticoid secretion may 
occur in the enlarged adrenals. Similar effects 
of thyroxine and GH upon adrenal function 
have been reported in non-lactating rats ( 6  ) . 
Wet weight of the maternal pituitary was in- 
creased significantly as a result of thyrosine 
treatment presumably due to blockage of thy- 
rotropin discharge and subsequent accumula- 
tion of the hormone. Combined treatment of 
thyroxine with GH resulted in no increase over 
untreated controls. Experiments conducted 
after those described in the present study dem- 
onstrated GH caused significant elevations in 
TSR and rate of thyroidal P1 release in lac- 
tating rats( 7). Thus the thyrotropin-blocking 
close of 3.0 &lo0 g 1-thyroxine for normal 
lactating rats employed in the present inves- 
tigation might not be sufficient. a t  least in  
some instances, to block release of the hor- 
mone in animals treated with GH. The possi- 
bility also exists that elevation of milk yield 
of the GH-thyroxine-oxytocin treated group 

in the present study, over those treated with 
thyroxine and oxytocin may partially be due 
to elevated thyroid hormone output in excess 
of that exogenously administered. 

Sumnzary. We have investigated effects of 
1-thyroxine alone: and in combination with 
osytocin and growth hormone (GH) upon lac- 
tation in the rat. -4mount of milk obtained by 
a litter of 6 during 30 minutes nursing on day 
14 postpartum. expressed as percent litter 
body weight. was used as the index of re- 
sponse. 

1. 3.0 pg’100 g/day 1-thyroxine. a level 
equal to the highest daily thyroid secretion 
rate previously observed. injected daily from 
clays 7-13. increased average milk yield 37%. 
That obtained with aid of oxytocin, to insure 
maximum milk removal, in rats injected for 
7 days with 1-thyroxine alone, or with 1 mg 
GH/day. was increased 63.2 and 73.776, re- 
spectively. With addition of each hormone 
there resulted also a progressive reduction in 
variation among individual milk yields. T t  is 
suggested suboptimal thyroid hormone secre- 
tion may limit intensity of milk secretion in 
many lactating rats. 2.  Increased milk secre- 
tion. obtained with 1-thyroxine with or with- 
out GH was not reflected in significant in- 
creases in litter growth as analyzed by percent 
weight gain during period of treatment. Thy- 
roxine had no adverse effect on maternal body 
weight. Tncrease in maternal weight due to 
GH was offset by simultaneous treatment with 
thyroxine. 3, Thyroxine induced a significant 
increase in maternal pituitary gland weight 
which was offset when administered with GH. 
Adrenal gland weight was significantly in- 
creased in lactating rats injected with l-thy- 
rosine plus GH but was unaffected by l-thy- 
rosine alone. 
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Previous work ( 1,2,3) has demonstrated the 
presence of a desulfurase enzyme system in 
E .  coli which cleaves ,%mercaptopyruvate to 
free sulfur and pyruvate a t  pH 7.4. This sys- 
tem appears to be similar to that found in 
liver although comparison of the properties 
of the bacterial and mammalian enzymes has 
not been reported. The present work shows 
that E .  coli extracts incubated with P-mercap- 
topyruvate at  pH 8.0 or above do not release 
free sulfur but transfer it to an acceptor in 
the environment in a manner analogous to 
the liver system(4). When cyanide is pres- 
ent, the transferred sulfur readily reacts to 
produce thiocyanate. 

Materials and methods. Escherichia coli 
(wild type) was grown in the liquid medium 
of Monod and Williams(5) with addition of 
1 g of yeast extract per liter. Ten liters of 
this medium were inoculated with 100 ml of a 
2-day culture and the mixture was incubated 
at  room temperature with vigorous aeration. 
After 36 hours the cells were collected in a 
Sharples centrifuge, washed once with dis- 
tilled water and lyophilized. 

Two g of 
dried cells and 20 g of alumina were ground 
in a ball mill for 4 hours a t  room temperature. 
One hundred ml 0.01 XI K2HP04 were then 
added and grinding continued an additional 
30 minutes. The creamy mixture was centri- 
fuged at 3000 x g to remove the alumina and 
larger particles and then at  20,000 x g for 1 
hour. The supernatant liquor was diluted to 
100 ml with distilled water and 5 ml of M 
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MnCla were added to remove nucleic acids. 
The resulting precipitate was removed by 
centrifugation; excess Mn++ was removed 
by passing the supernatant through a column 
of Dowex 50 cation exchange resin, NH4+ 
form. This preparation was without thiosul- 
fate transsulfurase activity. 

Rat liver preparation. A lyophilized en- 
zyme preparation, made from rat liver ace- 
tone powder by the method of Meister et al. 
( l ) ,  was purified as described by Kun(6). 
This material exhibited both thiosulfate and 
P-mercaptopyruvate transsulfurase activities. 
Ammonium p-mercaptopyruvate. This sub- 
strate was prepared by the method of Parrod 
as modified by Kun(7). Pyruvate assay. 
Pyruvic acid, enzymatically produced from 
,8-mercaptopyruvate, was determined by the 
method of Friedmann and Haugen (8). Stand- 
ard enzyme assay. The enzyme (0.3 ml) was 
mixed with 0.5 ml of substrate (84 pmoles) 
and one ml of 0.2 M “Bis”$ buffer was added 
to give a final pH of 9.1. This mixture was 
incubated for 15 minutes a t  37”.  Two-tenths 
ml of KCN solution (28 pmoles) were added 
and incubation continued for another 15 min- 
utes. Enzyme action was stopped with 0.5 
ml of 40% formaldehyde and the volume was 
made up to 5 ml with water. One ml of Gold- 
stein’s reagent(9) was added and the color 
produced was determined photometrically. 
The substrate for determination of thiosulfate 
transsulfurase was Na2S203 and for P-mercap- 
topyruvate transsulfurase was NH4 P-mercap- 
topyruvate. 

Results. The E .  coli enzyme system was 
found to be relatively stable a t  100” for 5 

$ Bis = bis(hydroxymethy1)aminomethane or 2- 
amino-2 -methyl-1,3 propanediol. 


