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and in lactating, pregnant rats carrying 6 or 
fewer fetuses. It would appear, however, 
that the mammary glands of the lactating, 
pregnant rat do not respond to the stimulus 
of pregnancy, and may begin to involute as 
nutrient requirements increase, due either to 
fetal size or numbers. 

Summary. Concurrent pregnancy signifi- 
cantly enhanced mammary DNA and RNA 
in rats lactating 18 days when compared 
with non-pregnant rats lactating 18 days, 
but the RNA/DNA ratio was not changed. 
Concurrent pregnancy in rats lactating 2 1, 
24, and 28 days produced, respectively, no 
change, significant decrease, and no change 
in nucleic acid content when compared with 
lactating, non-pregnant rats. Within days 24 
and 28 of lactation, nucleic acid content de- 
creased markedly with advancing pregnancy. 

Standardization of gestation length showed 
that glands of rats with 7 or more fetuses 
contained highly significantly less DNA and 
RNA than glands of lactating, non-pregnant 
rats. 
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Deoxyribonucleic acid (DNA) and ribonu- 
cleic acid (RNA) content have been used to 
estimate mammary gland cell numbers and 
protein synthetic activity, respectively ( 1 ,2, 
3 ) .  Kuramitsu and Loeb(4) and Hesselberg 
and Loeb (5)  observed in the guinea pig that 
ligation of one teat, with continued suckling 
of the contralateral, intact teat, resulted in 
rapid involution of the ligated gland, but the 
suckled gland continued to secrete milk. 
Selye( 6)  and Selye and McKeown( 7 ) ,  how- 
ever, were of the opinion that the cause of 
mammary involution following litter removal 
in rats and mice was the absence of the suck- 
ling stimulus rather than the accumulation 
of milk. Griffith and Turner(8) found signi- 

ficantly less DNA in suckled glands than in 
non-suckled glands of the same rat, and sug- 
gested that some component of DNA was 
present in milk. 

The present experiments were designed to 
estimate, in lactating rats, the effects of an 
increasing non-suckling interval on the DNA 
and RNA content and RNA/DNA ratio of 
suckled and non-suckled mammary glands. 

Methods. Litters were separated from 
mothers on 13th to 14th day of lactation for 
0, 3, 6, 9, or 12  hours (non-suckling inter- 
val). At the end of this separation mothers 
were anesthetized with sodium pentobarbital 
(Nembutal-30 mgJkg body wt),  and all 
teats, except 3 abdominal-inguinal teats, 
were taped to prevent suckling. One inter- 
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jection intraperitoneally. Twenty minutes 
after the last oxytocin injection mothers were 
sacrificed. The 3 suckled and 3 non-suckled 
abdominal-inguinal glands were removed for 
nucleic acid analyses. The 60-minute suck- 
ling interval, allowed litters to remove milk 
from suckled glands, was constant in all 
groups and, therefore, was not included as 
part of the non-suckling interval in the sta- 
tistical analysis. Long-term effects of a 12- 
hour non-suckling interval on nucleic acid 
content were estimated in 11 rats whose lit- 
ters were removed for 12 hours on the eve- 
ning of day 13 of lactation and replaced on 
the morning of day 14. Mothers were sacri- 
ficed on the 18th day of lactation. Nucleic 
acid content of mammary glands was deter- 
mined as previously outlined (9 ) .  

Results. In  every instance non-suckled 
glands were of greater weight than contra- 
lateral, suckled glands, and this difference in- 
creased with each increase in suckling inter- 
val (Table I) .  These observations confirmed 
the success of the experimental procedures in 
causing more milk to accumulate with ad- 
vancing non-suckling intervals. 

The difference in total mammary DNA 
content between suckled and non-suckled 
glands increased with the length of time lit- 
ters were separated from mothers prior to 
replacement for a 60-minute suckling inter- 
val. The DNA content in non-suckled glands 
was highly significantly greater (P<O.Ol) 
than that in suckled glands and the linear 
regression of differences in total mammary 
DNA between suckled and non-suckled 
glands on the non-suckling interval was sig- 
nificant (P<O.O5). There were no obvious 
trends in RNA content between suckled and 
non-suckled glands with increasing non-suckl- 
ing intervals (Table I ) .  

Since total RNA was constant and total 
DNA was greater in non-suckled than in 
suckled glands, regardless of the length of 
the non-suckling interval, the RNA/DNA 
ratio was lower, except a t  the zero-hour in- 
terval, in non-suckled glands than in suckled 
glands. There were no apparent trends in 
RNA/DNA ratios of suckled glands as the 
non-suckling interval increased. RNA/DNA 
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ratios, however, of non-suckled glands were 
decreased with increasing lengths of the non- 
suckling interval. 

Mammary glands of rats separated from 
their litters for 12 hours, followed by re- 
placing the litters and then sacrificing the 
mothers 4 days later, contained 10.67 mg of 
DNA per 100 g of body weight, 25.81 mg 
of total DNA, 69.69 mg of total RNA, and 
a RNA/DNA ratio of 2.70. These averages 
were not significantly different (P>O.O5) 
from the nucleic acid content of glands of 
normal rats lactating 18 days(3). 

Discussion. The differences in DNA con- 
tent between suckled and non-suckled glands 
within lactating rats increased in a linear 
manner as the non-suckling interval in- 
creased from 0 to 12 hours. RNA was not 
influenced by the presence or absence of 
milk; therefore, the RNA/DNA ratios in- 
versely reflected the trends and changes of 
the DNA content. The number of mammary 
epithelial cells per se was not influenced by 
a prolonged non-suckling interval, because 
separation of litters followed by replacing 
litters and sacrificing the mothers 4 days 
later caused no changes in DNA content 
when compared to glands of lactating rats 
whose litters were not removed. 

It is suggested that the difference in DNA 
content between suckled and non-suckled 
glands was probably due to leucocytes in 
milk which were removed from suckled 
glands. Increased mammary DNA occurred 
during the first 48 hours following weaning, 
when glands contain very large amounts of 
milk, and this increase has been at  least par- 
tially explained by increased numbers of leu- 
cocytes ( 10). Furthermore, leucopenia has 
been observed during active suckling, and the 
passage of leucocytes into the mammary 
gland was well correlated with blood changes 
(11). Leucocyte numbers doubled in the 
blood of mice 24 hours after removal of lit- 
ters, and the number decreased to its former 
level when the young were returned (12). 

Leucocytes in mouse mammary lumina 
contained abundant amounts of RNA shortly 
after parturition, but no RNA at  post- 
weaning( 13). These results indicated that 

older degenerating cells, such as one might 
find in milk of mid-lactation, contained little 
RNA, which would explain why in the pres- 
ent study the RNA content was constant in 
suckled and non-suckled glands with increas- 
ing non-suckling intervals. 

Since, with increasing intervals, total RNA 
in suckled and non-suckled glands did not 
change it would seem that the mammary 
gland has the potential to secrete milk pro- 
teins a t  a constant rate up to 12 hours. I t  is 
suggested that this potential decreased be- 
tween a non-suckling interval of 12 and 24 
hours, since total RNA declined significantly 
in 1-day post-lactational glands when com- 
pared to glands of 2 1-day lactating rats( 14). 
It should be recognized, however, that two 
different stages of lactation were compared, 
and it is not yet known whether the mam- 
mary glands of rats secrete milk proteins in 
the same manner at  different stages of Iac- 
tat ion. 

Summary. Within rats lactating 13 to 14 
days, non-suckled mammary glands contained 
significantly more DNA than suckled glands, 
and this difference increased in a linear man- 
ner as the non-suckling interval increased 
from 0 to 12 hours. It is suggested that in- 
creased numbers of leucocytes account for 
this difference. The presence or absence of 
milk did not affect RNA content, and it is 
suggested that the rat mammary gland has 
the potential to secrete milk proteins a t  a 
constant rate up to 12 hours. 

1. Kirkham, W. R., Turner, C. W., PROC. SOC. 

2. Greenbaum, A. L., Slater, T. F., Biochem. J . ,  

3. Tucker, H. A., Reece, R. P., PROC. SOC. E n .  

4. Kuramitsu, C., Loeb, L., Am. J .  Physiol., 1921, 

5. Hesselberg, C., Loeb, L., Anat. Rec., 1937, v68, 

6. Selye, H., Am. J .  Physiol., 1934, v107, 535. 
7 .  Selye, €I., McKeown, T., Anat. Rec., 1934, v60, 

8. Griffith, D. R., Turner, C. W., PROC. Soc. E n .  

9. Tucker, H. A., Reece, R. P., ;bid., 1962, v l l l ,  

EXP. BIOL. AND MED., 1953, v83, 123. 

1957, v66, 155. 

BIOL. AND MED., 1963, V112, 409. 

v56, 40. 

103. 

323. 

BIOL. AND MED., 1959, v102, 619. 

639. 



890 NUTRITIVE VALUE OF NAVY BEANS 

10. Slater, T. F., Arch. Intern. Physiol. et  Biochim., 

11. Emmel, V. E., Weatherford, H .  L., Streicker, 

12. Gardner, W. U., Dougherty, J. H., Anat .  Rec., 

1944, v88, 432. 
1962, v70, 167. 

M. H., Am. J .  Anat., 1926, v38, 1. 

13. Okada, M., Tohoku J .  Agr. Res., 1957, v8, 121. 
14. Tucker, H. A., Reece, R. P., PROC. SOC. EXP. 

BIOL. AND MED., 1963, v112, 1002. 
Received Octcber 1, 1963. P.S.E.B.M., 1964, v115. 

Effect of Methionine, Vitamin BI2 and Antibiotics Supplementation 
on Protein Nutritive Value of Navy Beans." (29067) 

M. L. KAKADE AND ROBERT JOHN EVANS (Introduced by R. W. Luecke) 
Department of Biochemistry, Michigan State University, East Lansing 

The effectiveness of methionine, Vitamin 
BIZ and antibiotics supplementation in im- 
proving the nutritive value of soybean pro- 
tein has been reported by a number of in- 
vestigators ( 1,2,3,4,5). Borchers (6) observed 
an apparent increased requirement for me- 
thionine in rats fed raw soybean meal. Barnes 
et aZ(7) suggested that the growth inhibitor 
in raw soybean specifically interferes with 
tissue utilization of methionine. This would 
explain why supplementary methionine is 
necessary for proper utilization of raw soy- 
bean protein. The role of Vit. B12 may be 
attributed to its methionine sparing action as 
suggested by Liener and Schultze (8).  How- 
ever, the mode of action of antibiotics in 
overcoming the growth depression of rats fed 
raw soybean meal is not known. Since raw 
navy beans fed to rats have a low protein 
quality, similar to raw soybean, this study 
was undertaken to determine the effectiveness 
of methionine, Vit. BI2 and antibiotics sup- 
plementation in overcoming growth inhibi- 
tion of rats fed raw navy beans(9). 

Experimental. Navy beans of the Sanilac 
varietyt were ground into fine flour. Heated 
samples were prepared by autoclaving the 
finely ground beans in shallow pans a t  a 
thickness not exceeding 1.0 cm at  121°C for 
5 minutes after this temperature was reached. 
After autoclaving the samples were placed 
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before a fan and allowed to dry a t  room tem- 
perature. 

Preparation of diet. The percentage com- 
position of the basal diet was as follows: su- 
crose, 30; corn oil, 6 ;  Hegsted salt mixture,: 
4 ;  vitamin diet fortification mixture,§ 2. Raw 
or autoclaved navy beans or vitamin free 
casein$ was incorporated into the basal diet 
to provide a level of 10% protein (N X 
6.25). The chemical composition of navy 
beans is presented in Table I. The essential 
amino acid values for navy beans are given 
elsewhere ( l o ) .  Corn starch$ was added to 
make the total to 100. 

TABLE I. Chemical Composition of Navy Beans." 

(expressed in g per 100 g of beans) 

Moisture 
Ash 
Crude fiber 
Carbohyclra te 
Proteiii (N  X 6.25) 
F a t  (ether extractable) 
Calcium 
Phosphorus 
Iron 

8.96 
3.71 
4.18 

58.07 
24.00 

1.02 
.15 
.46 
.007 

* Detcriiiinetl according to staiiclard procedures 
recomnicnded by A.O.A.C.( 21) .  

: Obtained from Nutritional Biochemicals Corp., 
Cleveland, Ohio. 

0 Purchased from Nutritional Biochemicals Corp., 
Cleveland,Ohio. Supplies the following vitamins in 
mg/100 g of diet: Vit. A concentrate (200,000 units 
per g), 9.0; vit. D concentrate (400,000 units per g ) ,  
0.5; alpha tocopherol, 10.0; ascorbic acid, 90.0; in- 
ositol, 10.0; choline C1, 150.0; menadione, 4.5; P- 
aminobenzoic acid, 10.0 ; niacin, 9.0 ; riboflavin, 2 .O ; 
pyridoxine HCl, 2.0; thiamine HC1, 2.0; Ca pantothe- 
nate, 6.0; biotin, 0.04; folic acid 0.18; vit, BIZ, .0027. 


