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not appear to predispose the animals to spon-
taneous infection in the abnormal kidney.
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Previous studies by Nemeth(1) and Weber
and Cantero(2) have demonstrated an ab-
sence of glucose-6-phosphatase activity in fe-
tal guinea pig and rat liver. This enzyme is
also absent or of low activity in Von Gierke’s
disease and is believed to be the primary en-
zymatic defect which leads to glycogen stor-
age and hypoglycemia characteristic of this
disease(3). Since glucose-6-phosphatase ac-
tivity is not found in fetal liver of 2 species
examined the suggestion has been made that
Von Gierke’s disease may represent a pro-
longation of the fetal state(1). On 3 occa-
sions we were able to examine specimens of
human fetal liver obtained by therapeutic
abortion during the fourth to fifth months of
gestation. In all cases appreciable glucose-6-
phosphatase activity was found. These studies
have prompted an investigation of embryonic
development of hepatic gluconeogenesis and
hepatic glucose formation. Since the avian
embryo develops as an isolated system with-
out a constant supply of glucose from the
maternal circulation, it seemed possible that
glucose-6-phosphatase activity would appear
early in embryonic development. In the pres-
ent study the onset and extent of glucose-6-
phosphatase activity during development of
the chicken embryo has been investigated.
The activity of B-glucuronidase was also de-
termined since both glucose-6-phosphatase
and B-glucuronidase are localized in the mi-
crosomal subcellular fraction of liver. The
overall metabolic potential of embryonic liver
for gluconeogenesis and glucose formation was
investigated. Liver slices were incubated
with pyruvate-2-C'* and incorporation of la-
beled carbon into glucose, glycogen, fatty
acids and CO», was determined.

Materials and methods. Chicken embryos
of one to 7 days of development were rapidly
separated from the yolk sac and chorioallan-
toic membrane and homogenized in water.
After the seventh day of incubation the liver
was large enough to be quantitatively removed
from the embryo. Livers were frozen in a
dry ice bath, weighed and homogenized with
water, 1 ml/100 mg of tissue. Microsomes
were prepared from pooled samples of livers
from several dozen 13- to 15-day chicken em-
bryos, homogenized in cold 0.25 M sucrose,
and the microsomal fraction collected in the
Spinco Ultracentrifuge (Model L) according
to the method of Hogeboom et al.(4). The
microsomal fraction was resuspended in iso-
tonic KCI to make a final volume equivalent
to 1.0 to 1.5 ml/g of liver. Enzyme assays.
Glucose-6-phosphatase activity was assayed
by release of inorganic phosphate from glu-
cose-6-phosphate incubated in citrate buffer,
pH 6.5 as previously described(5). Glucu-
ronidase activity was determined using phe-
nolphthalein glucuronide as a substrate and
acetate buffer, pH 5.0 according to the meth-
od of Fishman and Bernfeld(6). Liver incu-
bations. Approximately 500 mg (wet wt.) of
tissue slices were incubated with 5 ml of
Hastings medium(7) containing pyruvate-2-
C!t (40 mM) as added substrate. All flasks
were gassed for 5 minutes with 95% oxygen:
5% carbon dioxide and incubated for 90 min-
utes at 38°. The incubation medium was
analyzed initially and finally for glucose(8)
and pyruvate(9) and the tissue slices ana-
lyzed for glycogen(10) and fatty acids(11).
For radioassay pyruvate was plated and
counted as the dinitrophenylhydrazone, glu-
cose as phenylglucosazone, CO. as barium
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FIG. 1. Glucose-6-phosphatase and g-glucuroni-
dase activity in developing chicken embryos. Curve
A, glucose-6-phosphatase; 1 unit equals amount of
enzyme which will split 1 uM of substrate in 20
min. Curve B, liver wt. Curve C, glucuronidase; 1
unit equals amount of enzyme that splits 0.1 M of
substrate in 60 min,
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carbonate and fatty acids plated directly on
lens paper(11).

Results. Glucose-6-phosphatase activity is
present in chicken embryo of 60 or more hours
of age (Fig. 1). Since development of the
liver begins around the 48th hour it is pre-
sumed that the appearance of glucose-6-phos-
phatase activity is more or less coincident with
development of liver cells. That the activity
observed in the early embryos was localized
in the liver is suggested by the observation
that no appreciable glucose-6-phosphatase ac-
tivity was found in 7-day embryos from which
the liver was removed.

Liver glycogen and fat content as well as
B-glucuronidase and glucose-6-phosphatase
activities of embryonic and adult livers are
compared in Table I. Glycogen content of
the liver increases during 6th to 21st days of
incubation, but markedly decreases during
hatching. Fat content of the liver appears to
remain relatively constant during the process
of embryonic development. Glucose-6-phos-
phatase and B-glucuronidase activities per g
wet liver remain relatively constant, although
total activity of both enzymes is increased in
proportion to the increase in liver weight.
That 2 microsomal enzymes of presumably
quite different function increase in direct pro-
portion to liver mass suggests that the hepatic
cells formed may be fully functional.

Properties of microsomal glucose-6-phos-
phatase. To determine whether the micro-
somal glucose-6-phosphatase activity from
embryonic chicken liver was similar in prop-
erties to enzyme found in human and rat liver,
pH optimum, substrate specificity and inac-
tivity at pH 5 were studied. The pH activity
curve (Fig. 2) and substrate specificity (Ta-
ble IT) of chick embryo glucose-6-phosphatase
was found to be the same as that observed in
human and rat(12) liver.

FIG. 2. pH activity curve—Glucose-6-phospha-
tase activity of embryonic liver of mierosomal frae-
tion expressed as uM of inorganiec phosphate (P;)
liberated during a 20 min. assay is plotted as a
funetion of pH.

FIG. 3. pH inactivation of glucose-6-phosphatase
from chicken embryo liver microsomes. Aectivity,
expressed as uM of inorganie phosphate (P;) liber-
ated in a standard assay (pH 6.5) has been plotted
as a function of time after preincubation of homog-
enates at pH 6.5 and 5.0,
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TABLE I. Glycogen, Fatty Aecid, Glucose-6-Phosphatase and g-Glueuronidase Content of Em-
bryo and Adult Chicken Liver.
e Liver N
Fatty Glucu-
No. Age, Embryo Liver Glycogen, acids, ronidase, G-6-Pase,
obs. days wt, g wt,mg L/E X 100 umoles/g mg/g mg/g umoles Py/g
4 6- 7 8 +0 8+ 1 1.09=+.15 52+ 2.7 612 +114
4 8- 9 21+ .1 31+ 3 149 x.12 187+ 56 27.7+ 5.8
4 910 29+ .1 35+ 2 119306 513+ 40 314+ 7.0
3 1213 68+ .1 125+ 9 184-+10 220+ 63 470+ 47 35x.3 365+ 2
5 1314 95+ .5 170+ 9 1.80=+.07 73.0+103 394+ 15 437 355=x15
4 1415 126+ .9 238428 188 +.11 81.2+133 366+ 21 44+.1 32316
4 1516 148 +11 293 +23 1.98+.07 1600+ 7 412+ 29 47+.8 28610
5 16-17 20.3 +1.4 402 +27 1.98 +.04 158.0 20 357+ 1.5 34+.7 300x12
2 21-22  43.7 +2.9% 635 + 7* 1.46 +.11* 46.5 + 5.5% 32.2 + 1.6* 4.5 = 2% 307 &+ 51%
4 Adult 80839 16800 2.08+.07 141.0+16 33.0 = 1.8 251 +- 15
=+ 500

* Spread instead of stand. error.

Since glucose-6-phosphatase activity of rat
liver microsomes is rapidly destroyed below
pH 5.5(13), this process was used to separate
activity of glucose-6-phosphatase from that
of acid phosphatase. When embryonic
chicken liver microsomes are preincubated at
TABLE II. Relative Rates of Hydrolysis of Vai-
ious Substrates by Liver Microsomes. Conditions
used for hydrolysis of all substrates were the same
as those described for glucose-6-phosphate in text.
Rates of hydrolysis of various substrates are ex-

pressed in relation to glucose-6-phosphate hydroly-
sis, arbitrarily expressed as 100.

Substrate Rate
Glucose-6-phosphate 100
Galaetose-6- 7 28

”

Glucose-1- 5
B-Glycerol 7 4

pH 5 there is a rapid loss of phosphatase ac-
tivity (Fig. 3), thus eliminating the possible
contribution of acid phosphatase to activity
measured at pH 6.5.

Utilization of C* pyruvate. Pyruvate is
readily utilized by embryo liver (Table III)
and labeled carbon from this substrate is in-
corporated into glycogen, glucose, fatty acids
and CO,. These data demonstrate the ability

of embryo liver to form glucose both by gly-
cogenolysis and gluconeogenesis. The ap-
pearance of radioactivity in CO. suggests the
presence of an active citric acid cycle and
respiratory enzymes. The slight incorpora-
tion of C'* into fatty acids is not too surpris-
ing when one considers that the yolk which
serves as the energy store for the embryo is
primarily lipid.

These studies suggest that early in develop-
ment the chicken embryo liver is functionally
complete with respect to the various parame-
ters measured and probably is capable of re-
leasing glucose with the appearance of the
first hepatic cells.

Summary. Hepatic glucose-6-phosphatase
activity appears in developing chicken em-
bryo almost simultaneously with appearance
of first hepatic cells. Glucose-6-phosphatase
and B-glucuronidase activity of embryo in-
crease in direct proportion to liver weight.
Properties of embryonic liver glucose-6-phos-
phatase are similar to those found in adult
liver of other species. Studies with liver slices
indicate that the embryo liver is capable of
glycogenolysis and glucose formation.

TABLE III. Incorporation of Carbon from Pyruvate into Glycogen, Glucose, Fatty Acids and
CO, by Liver Slices from Embryonic Chickens.

Age of ——Glyeogen: N - Glucose \ Pyruvate to
embryo, No. Pyruvate Pyruvate Pyruvate
days obs. utilized Net change to Net change to F.A. CO,
13 4 1117 141+ 5 9.1 26 + 2 18 +1 2 183 +.6
15 8 96 =9 -55 +4 4 54 + 6 34+3 2 14 o 2%

All values as ymoles/g wet liver/90 min.
* Avg of 4 determinations,.

Values with + sign are mean and S.E.
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Cortisone acetate produced cleft palate in
offspring of treated pregnant mice(1), in vari-
ous frequencies depending on genetic and cer-
tain non-genetic variables involved(2,3,4).
Supplemental treatment with riboflavin, folic
acid, protein, or carbohydrate did not influ-
ence the incidence of the defect(3). The fol-
lowing study was undertaken to investigate
the effect on fetal development of restricted
daily food intake and smaller doses of corti-
sone than have usually been used in the past.

Materials and methods. Mice were young
adult B6AF1 females, from the cross C57BL/
6] 9 xA/J . They were bred to A/J males
and put into individual cages upon observa-
tion of a vaginal plug, a sign to indicate that
74 day had passed since conception. Females
were weighed at this time and divided into 5
groups of approximately similar weight com-
position. The groups were treated as follows:
Group 1, 0.5 mg, Group 2, 1 mg, cortisone
acetate/day for 4 consecutive days, beginning
1134 days after conception (called 0.5 and 1
mg cortisone, respectively). Group 3, given a
pellet of 2.5 g food/day for 5 consecutive days,

* Supported in part by grants from Nat. Inst.
Health, US.P.H.S. (RG-7107) and Nat. Vit. Fn,,N.Y.

beginning 1014 days after conception (called
restricted diet). Group 4, 0.5 mg cortisone -
restricted diet. Group 5, 1 mg cortisone -
restricted diet. Cortisone (Merck) was ad-
ministered intramuscularly in the thigh. The
food, Purina Lab Chow, was fed ad lib. at all
times, except to females when on restricted
diet. Fresh tap water was available always.
Females were killed at 1734 days after con-
ception, i.e., about 2 days prepartum, resorp-
tion sites counted, and young removed, dried,
weighed to nearest hundredth of g, and exam-
ined.

Results. Fig. 1 shows mean weights of 5
groups of females during pregnancy. Females
treated only with cortisone continued gaining
weight throughout treatment period, but mice
fed the restricted diet lost weight early in
treatment period, then became stabilized in
weight, until ad lib. feeding was resumed, and
animals given both treatments concur-
rently lost more weight and for a longer period
than those of Group 3. The Fig. also shows
that females given the restricted diet attained
at time of sacrifice about the same weight as
those given cortisone alone, but that animals
given combined treatments did not catch up
(mean weight in g, at 1754 days after concep-



