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Urinary Free Amino Acid Excretions During Successive Pregnancies. 
(21023) 

VERA RUTTINGER, SOL MILLER, MARY E. ANDRECOVICH, AND GRACE 31. PERDUE. 
(Introduced by I. M. Hoobler.) 

Detroit, Mich. 
From the Research Laboratory, Children’s Fund of Michigan, and the Women’s Hospital, 

Investigators( 1-9) have shown that there is 
little correlation between the quality or quan- 
tity of protein ingested and the amounts of 
amino acids excreted. Wallraff ( lo) reported 
that the free, rather than the total amino 
acids are excreted in significantly higher 
amounts during pregnancy. A study in this 
laboratory of 15 women during the reproduc- 
tive cycle( 11) disclosed that the excretion of 
specific free amino acids may be used as an 
index of physiological adaptation of the ma- 
ternal body to the growth and development of 
the products of conception. In the investiga- 
tion reported here, 24-hour collections of urine 
from one woman during 3 successive repro- 
ductive cycles were analyzed for free threo- 
nine, histidine, lysine, tryptophan, phenylala- 
nine, isoleucine, valine, leucine, arginine, and 
met hionine . 

The subject of study is a 
white American woman 5 feet, 7 inches tall 
and weighing approximately 150 lb, who was 
studied while she was 23 to 25  years old. Her 
blood type is B, Rh negative. Before preg- 
nancy she had a basal metabolic rate of -23 
and between the second and third pregnancies, 
the rate was +l.  Frequent medical examina- 
tions before and throughout the study showed 
her to be in good physical health. For the 
subject, ranges of weight, blood pressure, 
hemoglobin, red and white blood counts dur- 
ing the 30-month study period are given in 
Table I. Estimated length of gestation and 
the infants’ birth weights also are included. 
Carefully-checked dietary history and food in- 
takes recorded for each 24-hour period in 
which urine samples were collected indicated 
that the subject’s dietary habits were good. 
Eighteen 24-hour urine samples were collected 
for amino acid analysis. One sample was 
obtained when the woman was nulligravid; 8 
samples were collected at  approximately 
monthly intervals during her first pregnancy, 

Experimental. 

the first in the second month (44 days after 
the last menstrual period), and a sample was 
procured during lactation, 47 days post- 
partum; 6 samples were obtained during the 
second reproductive cycle, one 6 months post- 
partum when the subject was not lactating; 
and during the third pregnancy, urine samples 
were collected in the second and fourth 
months. All samples were preserved with 
small amounts of glacial acetic acid stored 
at  -20°C pending analysis. Microbiological 
methods reported previously( 12) were used in 
determining the 10 free amino acids. The 
organisms used were Lactobacillus plantarum 
for leucine, isoleucine, and valine ; Leucon- 
ostoc mnesenteroides for histidine, lysine, me- 
thionine, and phenylalanine ; and Streptococ- 
cus faecalis for arginine, threonine, and trypto- 
phan. Total assay volume was 3 ml and 
growth responses were measured turbidimetri- 
cally. Amino acid values reported are aver- 
ages of 2 or more assays in which determina- 
tions were run in duplicate at  5 levels. Dupli- 
cate assays which did not check with t S %  
were repeated. 

Results. The quantities of free amino acids 
excreted by the subject in the 24-hour collec- 
tions of urine obtained during the 3 reproduc- 
tive cycles are given in Table 11. 

Compared to nulligravid values for the sub- 
ject, gravida I excretion of each of the 10 
amino acids was augmented. Increases are 
evident from levels in the second month for all 
of the amino acids except methionine. De- 
creases in levels of excretion for each amino 
acid occurred in the fourth or fifth month 
except for threonine and methionine. From 
the sixth to the ninth months, excretion levels 
of most of the amino acids increased slightly 
or remained fairly constant. Excretion of 
threonine continued to increase as gestation 
progressed, while that of methionine fluctuated 
slightly from the nulligravid value. 
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TABLE I. Clinical Observations during Consecutive Pregnancies. 

1st pregnancy" 2nd pregnancy" 3rd pregnancy" 
--I--___- 

Wt, lb 150-1 73 149-165 149-157 
Hemoglobin, g/100 ml 11.5 (7thmo) 14.2 (7thmo) 13.9 
Red cell sount 4.16( " ) 4.60( " ) 4.62 
White cell count 8900 (8%h mo) 8100 
Blood pressure 100/60 t o  128/70 100/60 110/70 to 124/60 

* First pregnancy resulted in birth at term of a living male weighing 7 lb 9 0 2 ;  second 
pregnancy concluded by birth of a living premature male infant (7  mo), weighing 3 lb 12 02;  
third pregnancy hays n8& terminated. 

_____________- 

When gravida 11, the subject's excretions 
showed a pattern similar to that of her first 
pregnancy, but the levels of excretion of most 
of the amino acids were higher in the second 
month and lower in the third and fourth 
months. Of the 10 amino acids determined, 
only the excretion of threonine and leucine 
were as high during the second as during the 
first pregnancy. The second pregnancy term- 
inated after 7 months. While trends of amino 
acid excretion were similar in the first two 
pregnancies, the quantities excreted in rela- 
tion to duration of gestation were different. 

The two samples collected and analyzed 
when the mother was gravida I11 showed in- 
creased amino acid excretions early in gesta- 
tion similar to levels in the 2 preceding preg- 
nancies. 

The 10 amino acids were excreted during 
lactation in quantities not only smaller than 
during gestation, but also less than those 
found in the nulligravid state. Threonine, 
histidine, lysine, and tryptophan which dur- 
ing pregnancy showed the greatest increases 
in excretion over the nulligravid state also 
showed the greatest decreases in lactation. 

In the postpartum urine sample obtained 
from the subject when not lactating, quanti- 
ties of threonine, histidine, lysine, and phenyl- 
alanine were similar to those found when she 
was nulligravid. The other six amino acids 
however, were being excreted a t  levels lower 
than when she was nulligravid and approxi- 
mating those found during lactation. 

Discussion. The excretion of individual 
amino acids is affected differently by the 
metabolic alterations in response to the in- 
creased nutritive demands of reproduction. Of 
the 10 amino acids studied, the excretions of 
threonine, histidine, lysine, and tryptophan 
were most affected. Fig. 1 illustrates for the 

4 amino acids, the relationships a t  different 
intervals in the reproductive cycle between 
levels of excretion and the initial non-pregnant 
values. Only threonine showed an increasing 
ratio of excretion throughout gestation which 
reached maxima of 11- and 12-fold in the 
first and second pregnancies, respectively. 
Histidine, lysine and tryptophan reached 
maximum ratios of 5- ,  4- and 3-fold increases, 
respectively, during the first trimester. In 
general, during the first pregnancy amino acids 
in the urine tended to decrease during the 
second and increase during the third trimester; 
in the second pregnancy which terminated 
prematurely, the increase occurred in the fifth 
and sixth months. Leucine, isoleucine, valine, 
methionine, phenylalanine and arginine 
showed patterns similar to that of lysine, but 
the changes in their excretion only varied 
about 2-fold during the entire reproductive 
period. 

Biochemical changes and physiological 
adaptation of the maternal body are known 
to be initiated as early as the second month 
in gestation and are demonstrated by in- 
creased urinary excretion of the 10 free indis- 
pensable amino acids ( 11). The products of 
conception also are alleged to alter the hor- 
monal balance( 13) ; change the basal meta- 
bolic rate of 13% or more in excess of that 
conditioned by the gross increase in body 
weight ( 14) ; modify the distribution of plasma 
proteins ( 15) ; and vary the concentrations of 
hemoglobin, sera vit. C ,  vit. A, carotenoids, 
and alkaline phosphatase ( 16)-all of these 
changes occurring to accommodate the ma- 
ternal organs and tissues to the increased 
nutritive needs and functions necessary for 
the growth of the mother and fetus( 17). The 
maternal dietary requirements for protein, 
minerals and vitamins also are increased by 

. 



110 URINARY FREE AMINO ACID EXCRETIONS 

TABLE 11. 24-Hour Urinary Excretion of Free Amino Acids in  mg during the Reproductive Cycle. 

Amino Grar- Pre- ,- Nonth of gestation Lac- Non-lac- 
Postpartum 

\ 
9 tating tating 

___-- acid iclity gral-id 2 3 4 5  6 7 8 

TIN eoniiie 

Histicliiie 

Lgsiiie 

Tryptophan 

Phenyl- 
alaniiie 

Isoleucine 

Valine 

Leuciiie 

...rginiiie 

lf e tliioiiine 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 
0 
1 
2 
3 
0 
1 
2 
3 

0 
1 
2 
3 

18.3 

115 

55.1 

15.1 

10.8 

6.7 

8.5 

11.1 

8.4 

3.1 

39.3 118 119 163 156 180 199 1 8 i  
49.3 78.8 88.1 201 218 
30.9 i4.2 

291 570 627 581 548 556 527 5.52 
349 520 41.5 494 572 
340 45 7 

131 249 183 217 1 6 i  168 212 204 
126 192 125 157 173 
165 186 

29.7 50.3 44.7 43.4 41.5 48.6 53.5 45.2 
32.4 40.1 32.2 44.9 48.2 
24.2 30.8 

16.1 17.0 22.0 21.3 19.4 18.8 21.8 16.1 
19.5 18.1 1'7.1 14.8 19.0 
14.9 14.9 

9.3 16.5 11.3 10.5 8.6 8.0 11.1 10.5 
8.8 7:i 5.5 7.2 7.4 
6.2 5.5 

11.2 18.2 13.5 13.7 12.7 12.0 14.8 14.5 
15.6 17.8 10.1 10.0 14.2 
10.6 10.4 

14.5 25.8 20.0 23.4 17.5 15.6 20.7 23.0 
27.8 16.4 10.1 10.4 13.6 
12.5 13.0 

9.7 10.1 10.9 10.2 8.5 9.0 9.7 10.2 
9.8 9.6 5.6 9.4 
8.5 9.4 

2,.7 3.5 3.8 3.8 3.8 3.0 3.7 2.8 
3.3 1.6 1.4 2.3 3.4 
2.6 2.5 

14.5 

68.9 

2,1.8 

6.1 

4.4 

4.6 

6.3 

8.3 

4.4 

1.1 

22.4 

112 

64.2 

11.8 

5.2 

3.9 

4.9 

4.8 

5.0 

1.2 

needs for the metabolic and physiologic func- 
tioning of the developing fetus and for the nu- 
tritional conditioning ( 18) , or reconditioning 
(19-2 l ) ,  of the maternal body in preparation 
for labor, parturition, and lactation. 

The changed levels in urinary excretion of 
free amino acids during pregnancy is one of 
many manifestations of biochemical trans- 
formations that accompany physiological 
stress ( 2 2 )  and increased metabolism. Only 
for free threonine does increased urinary ex- 
cretion persist throughout gestation, the other 

9 amino acids seem to be conserved after the 
third month of pregnancy. The physiological 
economy of the maternal body during the re- 
productive cycle is one of intricate biochemi- 
cal balance in the coordination of the physio- 
logical functions and demands of the maternal, 
fetal, and placental structures in sharing the 
nutrients available from the maternal diet. 
The decrease in amino acid excretion during 
lactation may be the result of the increased 
demand by the mammary glands for amino 
acids to synthesize protein for milk. This 
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FIG. 1. Comparison ,of intensities of ehange of excretory levels of 4 amino acids based upon 
ratio 'of periods during reproductive cycle t o  the non-gravid state. Reproduetive cycle is des- 
ignated by numbers of months of gestation: L, lactating period; N, non-pregnant, postpartim 

gravida I1 period. 

decrease may also be an effort on the part of 
the body to replace the amino acids lost dur- 
ing parturition. 

Present methods for studying healthy 
mothers during pregnancy do not reveal what 
proportion of the maternal urinary excretion 
of free amino acids are contributed through 
the metabolic activity of the placenta, the 
fetus, or the mother. The growth rates of the 
placenta and fetus do not parallel one 
another (23). The metabolic activity of 
the embryonic protoplasmic mass increases 
throughout interuterine life, whereas the 
oxygen consumption of the placenta hias 
been shown to decrease as early as the tenth 
or twelfth week of gestation(24), or as 
soon as the fetal organs begin to func- 
tion. The organogenesis of the human fetus 
is completed during the first trimester of 
pregnancy. The early alteration in the dis- 
tribution of maternal amino acid excretion 
during gestation therefore, coincides with a 
rise in maternal metabolism, an increase in 
active placental and embryonic protoplasmic 
mass, stimulated hormonal activity, and fetal 
kidney function. 

The excretion patterns for each amino acid 
during each of the three reproductive cycles 

for this woman were similar in trend to the 
pattern established by the median values in 
the cross-sectional study of 15 women. 

While amino acid patterns during pregnancy 
are similar to and coincide with many physio- 
logic changes, there is need for study of more 
subjects to evaluate the biochemical changes 
in reproduction and lactation. 

Summary. 1. Eighteen 24-hour urine 
samples collected from one woman during 
nulligravid, gravid and lactating periods, were 
analyzed for the free indispensable amino 
acids-leucine, isoleucine, valine, his tidine, 
lysine, methionine, phenylalanine, arginine, 
threonine and tryptophan. The excretion 
level for each amino acid increased from the 
nulligravid to the gravid state, evident as 
early as the second month of gestation. Ex- 
cretion of threonine continued to increase 
during gestation while methionine fluctuated 
slightly from the non-pregnant value. The 
other 8 amino acids showed a decreased ex- 
cretory level during the fourth and fifth 
months of gestation. From the sixth to the 
ninth months, excretion levels of most of the 
amino acids increased slightly or remained 
fairly constant. 2. During lactation, the ex- 
cretion level for each amino acid is less than 
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that for pregnancy or non-pregnancy. 3. 
Threonine, histidine, lysine and tryptophan 
showed the greatest changes from one phase 
of the reproductive cycle to another. 4. While 
trends of amino acid excretion were similar 
from one pregnancy to another, the quantities 
excreted in relation to duration of gestation 
were different. 
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Production of Protective Antigens by Pastewella pestis in a Synthetic 
Medium. (21024) 

SIDNEY J. SILVERMAN,* KIYOSHI HIGUCHI, AND EDWARD MEYERS. 
(Introduced by Riley D. Housewright.) 

From Chemical Corps Biological Laboratories, Camp Detrick, Frederick, Md. 

Wright et al. (1) have reported the produc- 
tion of immunogenic substances by Bacillus 
anthracis in a synthetic medium. It is the 
purpose of this note to report preliminary ob- 
servations of a similar nature with Pasteurella 
pestis. 

Materials and methods. The avirulent 

* Present address: Army Medical Service Graduate 
khool,  Walter Reed Army Medical Center, Wash- 
ington, D.C. 

strain A-12 of P. pestis, a single colony isolate 
of strain A- 11 2 2 of Jawetz and Meyer (2), was 
cultivated in a synthetic medium based on 
that developed by one of us (K.H.). The 
formula for the medium is given in Table I. 
The amino acids were dissolved in the salt 
solution by heating and, after cooling, the 
mixture was adjusted to pH 7.5 with 10 N 
NaQH. The medium was distributed in 234 
ml amounts into 2.8 1 Fernbach flasks and 


