Bull. Yamaguchi Med. School, Vol. 8, No. 2, 1961 173

VARIATIONS OF THE VITAMIN
B, CONTENTS OF VARIOUS
TISSUES IN THE COURSE OF
EMBRYONIC AND FETAL
DEVELOPMENT

HI-TAL KIM, M. D.

Department of Obstetrics and Gynecology
Chonnam University, Medical School
Chonnam, Kwangju, KOREA

(Received March 20, 1961)

It has been well established recently that vitamin B, plays a vital role in the
nutrition of man, other animals and certain micro-organisms. Actually, vitamin By
is considered to be implicated in some of the biochemical reactions, such as methyl
group synthesis, desoxyriboside synthesis, activation of sulfhydryl enzymes and pro-
tein synthesis. =%, 1t is thus one of the essential growth factor in human nutrition
® and in the maintenance of normal health, ® in addition to its antipernicious
anemia activity.

However, the bacteria is known to be the chief source of vitamin Bi,, whereas
higher plants and animals are generally unable to synthesize it. The works of Chun
® and others "9 on the maternal and fetal serum at parturition suggest, however,
that certain animal tissues may have this ability; and activifies of vitamin Bj; in
tissues of different origin during efnbryonic and fetal development would pose an
interesting problem.

It appears therefore that, by analogy, conditions might be favorable for the syn-
thesis of vitamin B;; in the developing chick embryo. And it must be noted that
embryonic and fetal development implies a problem of cellular and tissue synthesis
and the need for facilitation of all mechanisms involved in such synthesis is pressing.
Vitamin Bj; is known to be one of the vitamins which are involved in this pheno-
menon @0,

Because the pregnancy forces its abnormal demands on maternal metabolism, it
would be quite logic to consider that the available stores of the vitamin are brought
into circulation to continue this state and to further fetal development. But there
has been a minimum of data to elucidate the whole pictures involved, though
numerous studies on the metabolic role of vitamin B, have been reported.

In the present study, an experiment was designed to follow up the viariation of
the vitamin B;, contents in the various organs of embryo and fetus through-out their
developmental courses.
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EXPERIMENTAL
MATERIALS

Experimental animals used in the present investigation comprise as follows, white
leghorn eggs, human fetus, pigs and rabbits. ,

The eggs were from the white leghorn hens fed on a mixed diet contaning animal
protein. They were incubated in a forced-draught incubator at 100°F and with suit-
able relative humidity, turning their position three times a day until the fifth day
from beginning and twice, thereafter. The eggs were examined on the fifth day of
incubation-whether they were fertilized, excluding unfertilized, and dead ones.

The incubated eggs were then frozen at —50°C after 12, 14, 16, 18 and 20 days
of incubation periods for making no further development and for complete com-
minution of all tissues. The 12-day incubated group consisted of 10 eggs, 14-day
of 8, 16-day of 6, 18-day of S, and 20-day of 8 eggs respectively.

Human fetuses were obtained from the abortive cases of pregnant women hospi-
talized at the Obstetrical ward, University Hospital, Medical school, Chonnam Uni-
versity. They are 10 cases in total; one 5-month, 6-month, four 8-month and three
10-month abortive and still birth cases. Aborted fetus of .each case were immediate-
ly subjected to operation to their livers and kidneys, which were kept frozen for
further sample preparation and analysis.

Pregnant pig of unknown species, the body-weight of which was 168 kg. at the
time of expected day, was purchased for the present investigation. On the expected
day after pregnant period (normal: 105 days), the pregnant pig was killed, and 13
fetal pigs were obtained by immediate operation. Various tissues from mother pig
and fetal pigs were kept frozen immediately as did in other cases for analysis.
~ Two pregnant rabbits of unknown species were also purchased and sacrificed on
their expected day (normal 30 days) and their further treatment was the same as
described for the pregnant pig. However, the tissues of the fetal rabbits was unfor-
tunately spoiled by an accident, for which the author feels greatly discouraged.

METHOD

Preparation of tissue homogenates: The determination of By, in organs was made
on tissue homogenates prepared with carefully measured amounts of distilled water,
either in a Waring Blender or the Potter-Elvehjem homogenizer. Unless examined
immediately, the homogenates were kept frozen. For preparing these homogenates,
the shells of incubated eggs of various stages were removed, followed by separation
of liver, heart and lung. Since the small quantities of every organ in a chick embryo
permit no separate analysis, same tissues of each group were pooled together to
eliminate possible errors to be encountered. Therefore, the values obtained by tri-
plicated analysis on these pooled samples were given with their mean values in the
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results.

Tissues from human fetus, pigs and rabbits were blotted on the filter paper after
perfusing with distilled water, and the tissues of same group were all pooled for
triplicated analysis, let alone the tissues of chick embryo in order to avoid bio-stati-
stical errors.

Microbiological assay: Vitamin B;, was determined microbiologically by the
Lactobacillus leichmannii assay originally described by Skeggs et al. “» The reasons
for the choice of this method have been appeared elsewhere , but additional com-
ment may be in order. Both Lactobacillus leichmannii and Euglena gracilis have
been widely used as the test organisms for vitamin B;, assay, and both have been
criticized on the basis of their growth responses to factors other than vitamin By,
notably thymidine and desoxyribosides. Recently Ochromonas malhamensis has been
reported to be free of this criticism » and the results obtained with it may be a
true measure of vitamin B;.. But this method requires longer culture with frequent
shaking. Though differential responses of the various organisms are known, the a-
mount of thymidine and desoxyribosides in the samples were less significant. Ac-
cordingly, the Lactobacillus leichmannii method was chosen for present investiga-
tion.

The stock cultures were prepared with a tomato juice yeast extract agar (AOAC,
1955) "9 in which the test organism, Lactobacillus leichmannii, was cultured; and
for the broth subcultures of the organism the same medium except the agar was
used. The assay medium of the organism was prepared after the commercial vitamin
B, assay broth described in the U. S. P., modified in 1951 @4,

In order to prepared the inoculum for assays, the 24-hour subcultures of the test
organism were subjected to centrifugation, after which the residue was washed three
times with the normal saline. Adjusting the turbidity of the suspension of this cells
to 70% light transmission, one drop was introduced by a 10-ml. syringe into each
assay tube at the time of inoculation. The assay tubes utilized were 16 x 150 mm.
in size and graduated with careful calibration. :

One ml. of tissue homogenates was added to 10 ml. of acetate buffer, pH 4.5,
prepared by mixing equal volume of 0.1 N acetic acid and 0.1 N sodium acetate,
and autoclaved at 100°C. for 30 minutes in the presence of a trace amount of pbtas—
sium cyanice. Portions of the extracts were clarified by centrifugation, neutralized
with 0.15 M potassium phosphate and brought to appropriate volume by diluting
20 times. The diluted aliquots were used for each triplicated assay.

As the standard, the vitamin By solution (50r/ml.) purchased from the American
Pacific Laboratory was used, diluting it appropriately to bring the working concen-
tration 0.02mr/ml. Together with a setries of this standard solution of varying con-
centrations, samples and blanks were set up in triplicate, one not being inoculated
and two others being inocluated. All tubes of assay series (standard, samples and
blanks) made up to a definite volume with distilled, sterilized wathe were cotton-
plugged and autoclaved for 5 minutes under the pressure of 15 pounds, allow to
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stand a while for cooling, inoculated and finally incubated for 24 hours at 37°C.

Responded growths of the test organism were determined turbidimetrically using
the Coleman spectrophotometer at 525 mu, setting uninoculated blank at 100%
transmission, and expressed as vitamin B, activities.

RESULTS

As already mentioned, standard determinations of varying concentrations were
parallelly performed with each series of sample assay to avoid possible fluctuations
of the standard curve. Several series of the standard curves per se for each assay
were in good accord with each other and with that obtained by Berman et al. “%

All the assay data did not vary by more than +5% as compared to respective
mean values as they appear in the Table 1 through Table IV.

Table 1 shows the triplicated analytical values with their means for vitamin Bi,
in the liver, heart and lung of the eggs at 12, 14, 16, 18 and 20 days’ incubation.
Throughout the course of 20 days’ incubation, Table 1 reveals a substantial increase
during the development of the embryo; liver from 88 my/gm. to 192.2 my/gm.,
heart from 52.0 my/gm. to 86.2 mvy/gm., and lung 78.8 my/gm. to 140.0 my/gm.
And, in general, it may be clearly noted that the vitamin B;, contents per gm. tissue
is the highest in the liver, second in the lung and the lowest in the heart in any group

incubated, through the pattern of gradual increase during embryonic development
shapes up some appreciable differences among them (Fig. 1).

The Vitamin By, content in the heart of 12 days incubated chick embryos shows
60% increase at the end of more successive incubation of 8 days, while that in the
Table 1 Triplicated analytical values and their means of the

vitamin By, contents (my/gm.) of developing hen’s eggs.
Incubation piriouds

. 12-days 14-days 16-days 18-days 20-days
Materials (10)* ®* ©) ) ®
89.4 117.4 121.5 138.6 190.0
85.5 122.7 118.0 143.0 194. 5
Liver 89.0 122.0 122.5 138.5 192.0
88.0 120.0 120.3 140.0 192.2
50.0 73.0 75.8 85.0 84.5
53.2 75.0 77.5 79.8 88.0
Heart 52.9 74.5 77.0 80.0 87.0
52.0 74.5 76.8 81.6 86.2
77.8 110.0 121. 8 139.8
79.5 109.0 118.0 141.0
Lung 79.0 105.0 120.3 139.1
78.8 108.0 120.0 140.90

* The numbes of individual hen’s egg is shown in parenthesis.
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lung does approximately 80% and that in the liver does almost as much as 120%.
Table II shows the results of same observation made on the human fetus during

development.

In the human fetus as shown in Table II and Fig. 2, the trend of -

variations in the course of fetal development is exactly comparable to that observed
in the chick embryos. ‘

Liver contents of vitamin B, from 5-month through 10-month old fetus are 135.5
mr/gm. to 170.6 mr/gm. while kidney contents are 128.0 mr./gm. to 150.1 mr/gm.
with an exception of slight decrease in 6-month old kidneys.
ment in the quantities of the vitamin B, in both organs is not so much clear-cut as
observed in the developing chick embryo.

However, the incre-

Table II Tripincated analytical values and their means of vitamin By, contents (my/gm.)
of the human fetus during development.

Intra-uterine periods

. 5-month 6-month 8-month 10-month
Materials ()* Q) (4yx By
130.0 155.0 168.0 176.7
130.0 151.0 160. 0 168.0
Liver 137.6 160.0 152.0 167.2
135.5 155.3 160.0 170.6
118.5 124.0 136.0 152.0
148.0 119.5 139.5 148.0
kidney 116.5 118.0 132.5 150.4
128.0 120.5 136.0 150. 1

* The number of fetus in each aborcive case is indicated in parenthesis.
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Table III Comparison of triplicated analytical and mean values of the vitamin B, contents in
various tissues of maternal pig and fetal pigs. (my/gm.)

. Fetus Mothe . Fetus Moth
Material (13)% (1)* * Material (163;( a)fr
252.5 672.6 69.0 81.8
247.5 679.0 69.0 79.0
Pancreas 250.0 688.5 Stomach 72.0 79.3
250.0 680.0 70.0 80.0
100.0 495.0 18.4 72.4
86.9 495.7 15.0 64.0
Liver 102.0 497.3 Tongue 17.0 65.2
9.3 496.0 16.8 67.2
336.5 29.0 64.5
335.2 29.0 63.0
Spleen 336.3 Heart 26.0 70.0
336.3 28.0 65.8
70.0 322.1 36.7
69.0 322.0 37.5
Lung 70.8 328.0 Esophagus — 37.5
70.0 324.0 37.2
) 142.6 19.0 35.0
143.2 18.8 34.0
Placenta — 140.0 Muscle 19.8 38.0
145.6 19.2 35.6
38.5 141.2 25.8
35.6 135.7 27.0
Large intestine 35.0 136.0 Bladder — 32.0
36.4 137.6 | 28.3
49.5 143.3 | 24.0
49.5 139.5 24.0
Small intestine 49.8 130.0 ‘ Ureter — 24.0
49.6 137.6 | 24.0
43.5 114.0 5.4
42.5 108.0 5.0
Brain 40.0 107.6 Cord 6.3 —_
42.0 109.9 5.6
68.8 80.0
70.0 77.7
Kidney 70.5 82.3
70.1 80.0

* The number in parentesis indicate either the number of maternal pig and fetal pigs,
the same tissue of which are pooled.

It may well be said that the difference of vitamin B;, increament between the
chick embryo and human fetus could possibly ascribable to the different growth rate.
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It is, however, noted that there is no appreciable difference between them with regard
to their liver contents of vitamin Bi,.

In the Table III, the results of vitamin B;; assay on various organs of mother pig
and her 13 fetus, are presented for comparison. Fig. 3 presents the paired values
of tissue vitamin By, for mother pig and fetus. As one can notice apparently in
Table III and Fig. 3, the vitamin By, contents of the maternal tissues is consistently
and considerably higher than that of fetal tissues. Most drastic differences between
maternal and fetal contents of vitamin B, are those observed in liver, lung and
tongue,. the ratio of maternal to the fetal contents being 5.1, 4.6 and 4.0 respectively.
_ Whatever the difference between them may be, the contents of vitamin B in
various organs are the highest in pancrease, liver, spleen, lung, placenta, large in-
testine, small intestine, brain, kidney, stomach, tongue, heart, esophagus, muscle,
bladder, ureter, and cord in the decreasing order in both maternal and fetal tissues,
with the exceptions of fetal kidney and stomach (Fig. 3). Among fetal tissues, 250.0
my/gm. for pancreas is strikingly higher than all the contents of the rest tissues; and
among maternal tissues, 680.0 mr/gm. for pancreas, 496.0 mr/gm. for liver, 336.3
mr./gm. for spleen and 324.0.mr./gm. for lung are also remarkably higher than
others.

Table IV presents the vitamin B, contents of various tissues of two pregnant rab-
bits. The mean vitamin B, contents of the various tissues in decreasing order are
as follows; kidney, liver, heart, uterus, pancreas, ovary, stomach, lung, large in

Table IV Triplicated assay data and their mean values of the vitamin By, contents (mr/gm.)
in various organs of the pregnant rabbit.

Materials Tr{f;iﬁ%ged Means Materials Tr{;);ﬁaetsed Means

587.0 158.5

Kidney 612.0 600. 0 Stomach 164.0 160.0
601.0 157.5
370.0 9.5

Liver 389.8 374.2 Lung 92.0 93.5
362.7 94.0
360.0 93.5

Heart 367.0 360.0 Large intestine 95.0 93.5
352.5 92.0
235.0 - 89.0

Uterus 218.5 225.2 Brain 86.5
222.0 87.0
219.0 7 73.5

Pancreas 215.5 220.0 Small intestine 75.5 75.0
225.5 76.0
188.0 67.5

Ovary 179.5 185.8 Muscle 65.5 66.5
190.0 66.5




VARIATIONS OF THE VITAMIN B;, CONTENTS 181

estine, brain, small intestine and muscle. Only kidney, unlike that of pigs, has the
remarkably higher content of vitamin B;z as much as 600.0 mr/gm. than do the rest
tissues.

DISCUSSION

As to the variations of the vitamin B, contents of incubated eggs, Fischer et al.
(16), using the Lactobacillus leichmannii as the test organism, found that the mean
values per egg increased from 0.12 pg/at 0 days to a maximum of 0.4 ug. at 14
days’ and then decreased to 0.12 ug. at 20 days’ incubation. Skarz’ynski et al. 7
also reported that the vitamin By, activities per egg for Euglena gracilis increased
progressively during incubation (0.88 ug. to 3.62 ug. per egg), while the activities
for Ochromonas malhanmensis showed no sign of increase.

The increasing trend of mean values obtained by Fischer et al. is essentially the
same as the author’s results quoted in Table I, though their determinations were
done on the whole embryonated egg. Skarz’ynski et al ‘" explained, pointing out
that Fischer’s value are considerably lower than theirs, that the lowered values of
the latter are resulted because cyanide was not used when preparing the samples
for assay. They have gone so far as to say that, if the low values, as seems likely,
found by Fischer et al were due to incomplete extraction of the vitamin from their
egg samples, their conclusion about changes in the vitamin B;, contents of embry-
onated eggs during incubation are open to doubt. So far as the cyanide adding is
concerned, Denton & Kellogg ‘® have already shown that the value for the vitamin
B:; contents is several times higher when cyanide is used. However, increasing
trends of their data per se, regardless the absolute activities of vitamin B, was in
good agreement with the author’s value (Fig. 1). But Coats and Porter !9 suggest-
ed, referring the Fischer’s higher values observed at the later stages of incubation as
mentioned above that they may have been caused by unspecific growth factors, for
which they did not show any reasonable evidences. But in the author’s opinion, it
is widely open to question to discuss the increase of the vitamin Bj, activities dur-
ing incubation on the whole egg alone, since the activities in the yolk are decreas-
ing as the incubation proceeds as observed by Fischer et al ‘® and Skarz’ynski et al
" themselves. Therefore, it might be more logic to postulate that the vitamiin B;s
would presumably transferred to individual developing tissues from the stored vita-
min By, in yolk fraction. The vitamin B, in the yolk was found actually to be
greatly reduced by 12 or 14 days of incubation, associated with a decrease in the
total amount of yolk. *® By the 12th day significant amounts of the vitamin are
present in the yolk sac and 50% of the total vitamin in the egg has been transferred
to the embryo.

The same assumption is said to be true of the cases observed in the human fetus
during their intrauterine life presented in Table II and Fig. 2. That is, those trends
of increase in the vitamin Bi, activities appeared both in chick embryo and in hu-
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man fetus could possibly ascribable to the suggested fact that vitamin B;, stored in
the maternal tisses is transferred to fetal tissues through the placenta and that those
stored in yolk fraction to individual embrycnic tissues through blood circulation.

This unique property of the fetus to concentrate vitamin B, reported previously
@ 9 20-25)  Chow *® reported on account of this trend; where radioactive vitamin
B2 was injected into pregnant rats about 2 weeks before parturition, and in rela-
tion to the body weight, a large portion of the injected radioactivity, taken as a
measure of vitamin B, was found in the fetus. Choi and 0 © recently confirmed
this on 40 parturient mother and their fetus analyzing the vitamin B;; contents in
the serum. Boger et al. ®* also reported their study on 96 paired serum samples
from mothers and infants (umbilical cord blood) and demonstrated that the average
serum vitamin B;, concentration of the infant is approximately twice as that of the
mother.

As can be seen in Fig. 2 in the present investigation, until the full term intraute-
rine life, liver and kidney of the human fetus concentrate the vitamin B;, progres-
sively as the fetal development proceeds. There are still others besides vitamin By,
known to be concentrated in the offspring in' a manner similar to vitamin B;;, namely
ascorbic acid ®7, folic acid ® and pyridoxine ©®. B

Quite recently, Helleger and Okuda ®% demonstrated an increased absorptxon of
orally administered vitamin By, in pregnant human and pregnant rat as compared
to a series of non-pregnant controls. The inference was made that the fetus is the
main beneficiary of the increased absorption. This assumption was primarily based

upon the above-mentioned observations and those obtained in rat experiments which
showed not only an increased vitamin B;,; absorption in pregnancy, but also a re-
duced activities of vitamin By, in ‘maternal target organs (liver and kidney). There-
fore, it was considered that such findings were best explained by the hypothesis of
selective placental activity whereby fetal demand for the vitamin could be satisfied.
By the previous confirmation done on the serum vitamin Bj; activities by Choi and
0 ©® and the author’s present results, it is apparent that pregnancy set forth an ab-
normal demands on the maternal pattern of metabolism and the fetus has to grow
on excess nutrients as it is the main beneficiary in the body of mother.

As pregnancy exacts an overwhelming demand on the vitamin B;. store and pre-
sumably thereafter the fetus draws the vitamin from the maternal circulation, the
author think confirmed that each tissue of the developing chick embryo draws vita-
min By, from the stored contents in the yolk as incubation takes place and vascu-

larization throughout the yolk sac develops widely and diffusely; the more it draws
the more it develops.

For futher confirmation for this assumption, another evidence reported by Wagle
etal ® is very much suggestive; uniformly lobelled glucose and beta-labelled serine
were administered to young vitamin B, deficient rats and pigt, and the incorpora-
tion of C™* was followed in TCA precipitated liver protein. Precipitates obtained
from the vitamin By, deficient animals were found to contain less radioactivity than
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similar preparations obtained from the adequately vitamin-B;, supplemented animals.
This means, of course, vitamin Bi, is one of the factors to accomodate protein
biosynthesis, which casts a clue for understanding of fetal increase in the content of
vitamin B;, in the developing fetus and chick embryo.

Moreover, since a dominant factor in embryogenesis of the chick appears to be a
high rate of cell division and accumulation of DNA ©%, and the growth of the vita-
min By, deficient embryo as measured by dry weight or total nitroten is significantly
retarded at 18 and 21 days of age, V) the observed results of the present investiga-
tion as to the increase of the vitamin B;» contents in various embryonic and fetal
tissues during their development are thought to be direct consequence resulted from
developmental needs.

As it is apparent, on the other hand from Table III and F1g 3 that the absolute
contents of vitamin Bi, in various tissues of pregnant pigs just before delivery were,
generally much higher than those of its fetus; the ratio of maternal over fetal con-
tents being 5.1 the highest in liver, 4.6 in lung, 4.0 in tongue, 3.7 in large intestine,
2.7 in both pancreas and small intestine, 2.6 in brain, 2.3 in heart, 1.8 in muscle,
and 1.1 in both kidney and stomach. As Fig. 3 reveals, particularly higher contents
on the maternal side were observed in pancreas, liver and spleen, which also exhibit
the higher contents in fetal side; and this parallelism appeared consistent in every
tissue compared, except for the kidney and stomach.

Comparing the contents of vitamin B;s in various tissues of pregnant pig and rab-
bits (Table III and IV), discrepances in the contents and their relative order of vita-
min By, activities are noted. In the pregnant rabbits, kidney shows the highest value,
almost as much as two fold of the other tissues. Though numerous studies so far
presented with regard to the vitamin Bj, contents of various tissues of domestic
animals, none of them appeared to be in good identity in their quantities with each
other. The vitamin B, activities of rabbit liver, kidney and spleen, however, have
been reported as comparable to those of chick ©%3% but the similarity is not sub-
stantiated in more recent reports ®*, Liver and kidney tissues from rabbit, cattle
and sheep also appear to contain similar concentrations of the vitamin By ©¢%.

On the other hand, beef liver may contain 10 to 20 times more vitamin B;; activ-
ity than rat liver ®®. Differences of vitamin B activities in the tissues from dif-
ferent animals may be attributed to species differences ©”, but a comparison of re-
ports for tissues of the same species indicates a wide variation which has not been
adequately studied. For example, Pitney et al ®® report 0.28 pg vitamin Byz/gm.
while Swenseid et al. % report an average of 0.70 sg/gm for the human liver while
Cooperman et al % reported 0.072 ug/gm. for dog’s liver. They also presented
varying vitamin B;; concentrations of pituitaries of different species; 0.491 pg/gm.
for rabbit’s, 0.42 pg/gm. for dog’s, 0.27 for rat’s and 0.203 ug/gm. for human in-
fant.

Moreover, dietary intake is, in part, reflected in the concentration of vitamin By,
in tissues “V. Therefore, it is almost impossible to compare the vitamin By, activities
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of different species of animals. Paticularly it is uncomparable when the animals are
pregnant as is apparent in the present investigation.

However, the vitamin By, contents of all tissues in maternal pig are distinctly
higher than the contents of its offsprings’ tissues. As far as the following organs
concerned, kidney, liver, heart, pancreas, stomach, lung, large and small intestine,
brain and and muscle; it is apparent that kidney, heart and stomach contents of
vitamin B;; appeared to be higher in pregnant rabbit than those of pregnant pig,
and that the rest of the organs listed above are higher in pregnant pig than in preg-
nant rabbit in their vitamin Bi, activities.

Therefore, it would be of interest to determine whether the amount of vitamin
B;, concentration of a tissue is related to the mitochondrial density of the cell where
the vitamin B;; is located or to the particular metabolic rate or function of the
tissue.

SUMMARY

By the microbiological assay, utilizing Lactobacillus leichmannii as a test organism,
variations of the vitamin B;, contents of various tissues in the course of development
of chick embryo and the human fetus are observed. A comparison between the vita-
min B;, contents in various tissues of maternal pig and its fetus, along with an ob-

servation on the vitamin B;, contents in various tissues of pregnant rabbits are also
made.

(1) The vitamin B;, contents in liver, heart and lung of the chick embryo in-
creased progressively from 12 days’ to 20 days’ incubation as the embryonic de-
velopment proceeds; liver contents being the highest, lung the second and heart the
. lowest throughout the incubation periods.

(2) The vitamin By, contents in liver and kidney of the human fetus increase
gradually from five-month through ten-month intra-uterine life; liver contents being
higher than kidney contents throughout the developing periods.

(3) The vitamin B, contents in various tissues of maternal pig are all higher
than those of its fetus.

(4) The vitamin By, contents in various tissue of pregnant rabbit are determined.

(5) Probable reasons for the increase in the vitamin By, contents of the various
tissues of developing chick embryo and human fetus are discussed.
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