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In the course of an investigation upon the ascorbic 
acid content of the liver in mice (1),  in which 121 
females were examined, some high values in pregnant 
animals were noted, and this matter has been made 
the subject of a further inquiry comprising 109 female 
mice, of which 53 were pregnant. 

Old series, nonpregnant C57 Buff MRC 
New series, nonpregnant C57 CBA 

New series, pregnant Brown C57 
MRC 

METHODS 

The mice were drawn from stock and MRC breeds, 
the characters of which are described in the previous 
paper (1) ,  and from the pure lines C57, CBA, C3H, 
and dba. As far as was possible a pregnant and a 
nonpregnant  mouse of any one breed, of similar age, 
were examined on the same day, as a safeguard 
against any variations due to the season of the year 
or to changes in the quality of the foodstuffs. The 

stant change in the magni tude  of the results for 
concentration of ascorbic acid in the liver (Table I) ;  
in some strains the mean is greater, in some less, in 
the new series. The order of the means is, for the 
4 pure lines, the same in the old and new series. Thus 
the ascending order of all the means runs as follows: 

Stock 
Buff MRC 

Stock 

CBA C3H dba 
Brown C3H Stock dba 
MRC 
Buff MRC CBA C3H dba 

As regards the absolute amounts, the chief disparity 
in the pure lines is that between the old and new 
figures for C3H (322 and 274 ,/ per gm.) ,  but the 
new series consisted of only 7 much younger  mice. 

A S C O R B I C  A C I D  IN T H E  L I V E R  

The results summarized in Table I show that the 
mean concentration of ascorbic acid in the liver is 
higher in the pregnant mice in each of the 7 strains. 

] 'ABLE I:  ASCORBIC ACID AND GLUTATHIONE 1N LIVER 

A s c o r b i c  acid in l iver ,  m e a n  
A 

q' per  gin.  l i ve r  
A r 

g 

N u m b e r  II 

o ~ o ~ 2Z 
S t r a i n  Z ~ ~ ~ 

Stock 6 5 295 345 117 0.35 
Brown MRC 11 10 258 307 119 ~0.05 
Buff MRC 5 4 252 351 139 ~0.05 
C57 10 9 216 336 156 <0.01 
CBA 13 13 242 389 161 <0.01 
C3H 7 9 274 410 150 ~0.01 
dba 4 3 336  509 151 <0.05 

Total 56 53 
"~ B o d y  w e i g h t  i nc ludes  w e i g h t  of fe tuses .  

pe r  gm.  
body  w e i g h t  T ~ a l ,  

15.2 18.3 416 728 
13.7 16.8 352 561 
14.0 19.8 402 745 
13.3 19.3 285 604 
12.7 21.6 227 608 
16.2 22.2 273 613 
19.6 29.9 354 803 

P r e v i o u s  
se r i e s  ( 1 ) ,  

n o n p r e g n a n t  
G l u t a t h i o n e .  ~ , 

M e a n  ce. 
iod ine  N / 1 0 0  
p e r  gin. l i v e r  ~ ~ 

I .  

o v ~ ~ . 

1.09 0.92 7 224 
0.98 0.82 . . . . .  
0.89 0.87 21 188 
0.75 0.82 7 175 
0.91 0.85 37 257 
0.98 0.91 30 322 
0.95 0.89 4 467 
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analyses were made, by visual titration, in the manner  
already described (1),  except that a mechanical dis- 
integrator was used in place of gr inding by hand. 
This change in technic has not produced any con- 

* Because of the difficulties of international communication 
the authors have not read proof of this article. 

If this concentration in the nonpregnant  mice is repre- 
sented by 100, then in the corresponding pregnant  
series this figure ranges from 117 to 161. The  differ- 
ence is not s ignif icant  in the stock ( P = 0 . 3 5 ) ,  is 
probably significant in the Brown and Buff MRC and 
dba (P < 0.05), and is highly significant in the C57, 
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CBA and C3H (P < 0.01). No distinction between 
the strains of high (dba, C3H) and those of low 
mammary cancer incidence (C57, CBA) is seen in 
this respect. Unfortunately our stock of the RIII 
high-cancer strain has been too small to yield adequate 
material; the one pregnant mouse of this strain ex- 
amined showed the highest concentration of ascorbic 
acid that we have ever found in the liver of a mouse, 
namely 641 ), per gin. 

The means of the ages (range 67 to 788 days) in 
Table II show that the endeavor to make the two 
series comparable was fairly successful except in the 
case of the stock and MRC strains, in which mice of 
similar ages were not available. The position in regard 
to body weights is less satisfactory; the mean weight of 

of the ascorbic acid content to the stage of pregnancy 
reached; a much more elaborate investigation by the 
vaginal-plug method would be required for this pur- 
pose. Some indication of the stage of pregnancy was 
given by the total and mean weights of the fetuses, 
which were recorded in almost all cases. The smaller 
fetuses cannot be weighed accurately, owing to the 
difficulty of separation from the membranes. The 
value of the mean weight is of course affected by 
the very wide range of size often seen in a single 
litter in utero in the mouse. In the small series 
of C3H and dba mice the concentration of ascorbic 
acid is by far the smallest in the 2 mice in which the 
amounts of fetus could not be weighed, but elsewhere 
in the records, the publication of which would re- 

TABLE II:  RATIO OF LIVER WEIGHT TO BODY WEIGHT 

Mean weight, gin. 

Body 
Mean age, days - ~ . IAver 

.- Body minus �9 .~' ., 
S t ra in  'Nonpreg. Preg~ Nonpreg. Preg. fetus Nonpreg. Preg. 

Stock 217 123 28.2 39.7 37.9 1.42 2.09 
Brown MRC 538 230 25.9 34.2 30.7 1.37 1.85 
Buff MRC 364 195 28.9 38.7 33.6 1.62 2.11 
C57 257 264 21.0 30.8 28.2 1.27 1.82 
CBA 152 196 18.2 28.6 25.2 0.97 1.58 
C3H 127 128 17.2 25.1 23.0 1.01 1.48 
dba 148 172 17.9 26.5 26.5 1.05 1.55 

* Body weight includes weight of fetuses. 

Mean liver weight, per cent of 
2, r 

Weight  
Body weight of body 

- A �9 minus  
Nonpreg. Preg.* fetuses 

5.41 5.34 5.90 
5.29 5.45 6.05 
5.58 5.57 6.33 
5.98 5.91 6.48 
5.31 5.60 6.13 
5.91 5.94 6.43 
5.86 5.95 6.45 

the pregnant mice after removal of the fetuses was 
still 7 gin. greater than that of the nonpregnant mice. 
This may be due to (a) increase in weight of the 
uterus (with the addition of the placenta), mammary 
gland, liver (see below), and possibly of other organs 
as well, in pregnancy; and (b) the natural tendency 
to select the most robust-looking mice for breeding. 
However, this difference in the mean weights of the 
two series should not invalidate the comparison made 
here, since the full records from the nonpregnant mice 
show no regular relation between body weight and 
concentration of ascorbic acid in the liver. 

The sexual history of each mouse used had been 
recorded; the nonpregnant animals were classified as 
virgin, mated, and 1-, 2-, 3 - . . . .  up to 7-parous. 
Sexual conditions other than pregnancy do not appear 
to have any constant effect upon the concentration of 
ascorbic acid in the liver. Thus in the stock series the 
highest and lowest figures (176 and 432 y per gm.) 
were given by two 3-parous mice. In the earlier series 
also "No constant differences were found between mice 
that  had had no, or from one to five, litters" (1). 
The majority of the pregnant mice used were preg- 
nant for the first time, but no constant difference 
was found between these and others that had had up 
to 6 previous litters. 

We can present no exact data showing the relation 

3 

quire too much space, no simple relation between these 
2 quantities can be found. 

G L U T A T H I O N E  

The mean concentrations of glutathione (estimated 
by titration with iodine after the titration of itscorbic 
acid) are in 6 of the 7 series lower in the pregnant 
than in the nonpregnant mice (Table I). This pro- 
vides evidence, additional to that presented in the 
two earlier papers (1, 2), that under various biological 
conditions glutathione and ascorbic acid do not behave 
in the same way. 

RATIO OF LIVER W E I G H T  TO BODY W E I G H T  

The averages in Table II show that in pregnancy 
the ratio of the weight of the liver to that of the 
body (i.e., body+fetuses) is approximately the same 
as the ratio in the nonpregnant female. Presumably 
this constancy of the ratio is maintained by growth 
of the liver proportional to that of the fetuses, and, 
in view of the very short gestation period in the mouse, 
this adjustment must be brought about quickly. If a 
mouse weighing 25 gm. produced 10 gm. of fetuses 
in 20 days, and the liver throughout this period made 
up 5.5 per cent of the whole, the liver must, if no 
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other factors are involved, maintain a mean daily 
gain of 0.0275 gm, 

DISCUSSION 

These results suggest inquiries as to the source, and 
function, of the additional ascorbic acid in the liver 
of the pregnant  mouse . .Th ree  tissues associated with 
pregnancy, namely those of the fetus, of the placenta, 
and of the corpus luteum, suggest themselves as pos- 
sible sources, and the last is known to be rich in 
ascorbic acid. Neither transference from the fetus to 
the mother,  nor from the mother  to the fetus, seems 
very well adapted to explain an increase by 50 per 
cent in the concentration in the liver. 

Dur ing  recent years a considerable amount  of data 
has appeared on the destruction of estrogens in the 
liver, but we do not know whether  ascorbic acid is 
concerned in this process nor whether  increased 
amounts of estrogens are in circulation in the preg- 
nant mouse. In the human body the effect of preg- 
nancy in increasing the capacity to detoxicate synthetic 
estrogens seems to be considerable (3).  

SUMMARY 

The concentration of ascorbic acid in the liver has 
been compared in pregnant  and nonpregnant  mice, 
and in the pregnant condition an increase was found 
that was significant in 3, and probably significant in 
3 more, of the 7 strains examined.. 

We are indebted to Dr. F. L. Warren for the examination by 
statistical methods of the material presented here. Mr. P. J. 
Ewers has provided an essential part of the data in the life 
histories of the mice under his care. This investigation has been 
assisted by generous financial grants from The British Empire 
Cancer Campaign and The Anna Fuller Fund. 

REFERENCES 

1. KENNAWAY, E. L., KENNAWAY, N. M., and WARREN, F. L. 
The Ascorbic Acid Content of the Liver in Mice. Cancer 
Research, 4:245-250. 1944. 

2. K~NNAWAY, E. L., KENNAWAY, N. M., and WARREN, F. L. 
The Effect of Aromatic Compounds upon the Ascorbic 
Acid Content of the Liver in Mice. Cancer Research, 
4:367-376. 1944. 

3. ZONDEK, B., and BROMBE~tG, Y. H. Autodetoxication of 
Stilbcestrol during Pregnancy. Lancet, 1:381-382. 1942. 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2405472/crs0040110704.pdf by guest on 19 M

ay 2023


