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Summary. The metabolic basis for glycogen accumulation in 
the placenta of rats with diabetes induced by streptozotocin 
on day 12 of pregnancy was studied on days 15 and 20. On 
day 15 glycogen content of the placenta was 1.5-fold higher in 
the diabetic than in the control rats and this difference in- 
creased to > fivefold on day 20 of gestation whether calcu- 
lated per g tissue or per total placenta. Accumulation of gly- 
cogen was associated with increased specific activities of both 
glycogen synthase and phosphorylase. The activities of these 
enzymes regulating synthase and phosphorylase activities and 
the activity of acid a-glucosidase were not significantly affect- 
ed by diabetes. Glucose-6-phosphate concentration of the pla- 
centa was 67 and 23 nmol/g in diabetic and control rats, re- 
spectively. Incubation of placental homogenates with glucose 
increased the rate of inactivation of phosphorylase and activa- 

tion of glycogen synthase. These results indicate that the en- 
hanced glucogenesis in diabetes is not due to changes in the 
activities of these enzymes, as measured in vitro under stand- 
ard conditions. The factors promoting glycogen accumulation 
in vivo are related to the abundance of glucose and glucose-6- 
phosphate as substrates for glycogen synthesis, which may al- 
so cause an increase in the activity ratio glycogen synthase a / 
phosphorylase a. In addition, the high intracellular glucose-6- 
phosphate concentration is likely to enable glycogen synthase 
b to contribute to glycogen synthesis. 

Key words: Rat placenta, rat glycogen, pregnancy, diabetic hy- 
perglycaemia, glycogen synthase, phosphorylase, a-1,4 glu- 
cosidase, glucose-6-phosphate. 

An increase in placental glycogen content has been re- 
ported in diabetic women [1-2], as well as in rats with 
experimental diabetes [3-5], however the biochemical 
events leading to placental glycogen accumulation in 
diabetes have not yet been clarified. 

The rate limiting enzymes of glycogen synthesis and 
degradation, glycogen synthase and glycogen phospho- 
rylase, are present in the placenta, as in other tissues, in 
two interconvertible forms a and b [6]. Huang and Rob- 
inson [7, 8] identified and purified the inactive b form of 
glycogen synthase from human term placenta and also 
demonstrated the existence of phosphatase and kinase 
activities, responsible for the activation or inactivation 
of glycogen synthase. Yarimagan and Bor [9] showed 
that adrenaline, via cyclic AMP, activates phosphoryl- 
ase and inactivates glycogen synthase in the placenta, as 
in other tissues. 

Conflicting reports exist on the effect of insulin on 
placental glycogen metabolism. Demers et al. [6] sug- 
gested that insulin accelerates the synthesis of glycogen 
in the placenta, as in muscle or liver, but Szabo and Gri- 

maldi [10] found no support for this contention. There is 
no clearcut evidence that placental metabolism or glu- 
cose transport are facilitated by insulin. Conversely, 
diabetes is not associated with changes in insulin- 
dependent enzyme activities in the placenta, as it is in 
liver or adipose tissue [5]. 

In the diabetic state only few investigations on the 
activities of glycogen synthase and phosphorylase in the 
placenta are available. Gabbe et al. [2] observed in term 
placenta of diabetic women an increase in the activity of 
phosphorylase a and b and a decrease of glycogen syn- 
thase a. Abramovici et al. [4] found a marked reduction 
of both forms of glycogen synthase activity, but no ap- 
preciable change in those of phosphorylase, in the pla- 
centa of rats with preconception diabetes. Such changes 
in enzyme activities would not be expected to promote 
placental glycogen deposition. 

In view of the incomplete information on the pla- 
cental metabolism of glycogen in diabetes and the fact 
that numerous placental enzyme activities decrease 
with the progress of pregnancy [11, 12], the activities of 
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enzymes  and  concen t ra t ions  o f  metabol i tes  with regula-  
to ry  impl ica t ions  on  g lycogen  synthesis and  b r e a k d o w n  
were  s tudied at two points  o f  t ime dur ing  gesta t ion in 
the rat. 

Materials and Methods 

Animals and Tissue Preparation 

Female and male albino rats of the Hebrew University strain, weigh- 
ing 200-250 g, were caged together for one night from 17.00 to 09.00 h. 
Diabetes was induced on day 12 of pregnancy by IP injection of strep- 
tozotocin (65 mg/kg, freshly dissolved in 5 mmol/1 citrate buffer, pH 
4.5). 

On day 15 or 20 of pregnancy the animals were decapitated and 
blood was collected. Fetal blood was collected into glass capillaries 
from an incision of the carotid artery and pooled for each litter within 
3 min after decapitation. Serum glucose was determined by a hexoki- 
nase method, triglycerides by a kinetic, fully enzymatic lipase - gly- 
cerokinase spectrophotometric procedure, non-esterified fatty acids 
(NEFA) by a radiochemical assay [13] and insulin by a double-anti- 
body radioimmunoassay kit (Amersham Radiochemical Centre, 
Bucks, UK). The enzymatic determinations were carried out with re- 
agents from Boehringer (Mannheim, FRG) and procedures adapted 
to the Centrifichem centrifugal analyzer (Union Carbide, Rye, NY, 
USA). 

The placenta were washed, weighed and homogenized in 4 vol- 
umes of 50retool/1 Hepes buffer (N-2-hydroxyethylpiperazine-N- 
ethanesulfonic acid), pH 7.4, containing dithioerythreitol (2 retool/l). 
The homogenates were centrifuged at 6000 x g for 20 rain and the su- 
pernatant fluid used as the enzyme source. Maternal and pooled fetal 
livers were also taken for determination of glycogen content. 

Determination of Glucose-6-Phosphate (G-6-P) 
and Glycogen 

Glycogen was determined enzymatically [14] after digestion of the tis- 
sues in 30% (w/v) KOH and precipitation of the glycogen at 60% (v/v) 
ethanol. For the determination of G-6-P content, the placentas were 
quickly frozen in liquid air. Tissue extracts were prepared by depro- 
teinisation of the frozen tissue with HC104, (0.6 tool/l), and neutrali- 
sation with K2CO3. The extracts were then concentrated by ly- 
ophilisation and G-6-P was determined by the method of Lowry et al. 
[15]. 

Assay of Enzymes of Glycogen Metabolism 

Glycogen synthase activity a was determined by following the incor- 
poration of glucose from UDP-[14C] glucose into glycogen. The reac- 
tion mixture (60p.l), contained 1.6mmol/1 UDP-[U-14C]-glucose, 
0.25 Ci/mol (Radiochemical Centre, Amersham, Bucks, UK), Hepes 
buffer, pH 8.0 (80 mmol/1) shellfish glycogen (1%) and placental ho- 
mogenate (10 .al). For the determination of total glycogen synthase ac- 
tivity (a + b), G-6-P (5 mmol/1) was added. Incubation lasted 15 min 
at 30 ~ and was terminated by application of the assay mixture 
(50 lxl) to Whatman ET 31 filter paper [16]. 

Phosphorylase a and total phosphorylase (a + b) activities were 
determined by the method of Tan and NuttaU [17]. The reaction mix- 
ture (50 ~xl), contained 60 mmol/1 [14C] glucose-l-phosphate, 0.2 Ci/ 
tool (Radiochemical Centre, Amersham, Bucks, UK), MES (2[N-mor- 
pholino] ethane sulfonic acid) buffer pH 6.1 (60 retool/l), shellfish 
glycogen (1%) and NaF (100 mmol/1). For the determination of phos- 
phorylase (a + b) activities 5-AMP (2 mmol/1) was added. The activi- 
ties of glycogen synthase and phosphorylase were defined as nmol/ 

min  of [14C]-glucose incorporated into glycogen from UDP-glucose or 
glucose-l-phosphate, respectively, per mg of homogenate protein. 
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The activities of glycogen synthase phosphatase (conversion of b 
to a form) and phosphorylase phosphatase (conversion from a to b 
form) were determined in the placental homogenates incubated at 
30 ~ C for 30 min. Samples were removed at 5 min intervals and assay- 
ed for glycogen synthase and phosphorylase activity as described 
above. The activity changes were read from the linear portion of the 
activity/incubation time curves and expressed as nmol. min -~. mg -~ 
homogenate protein. 

Glycogen synthase and phosphorylase kinases were measured by 
following the activities of glycogen synthase a and phosphorylase a, 
at 30 s intervals, during the incubation of placental homogenates in 
the presence of ATP (5 mmol/1), MgC12 (10 mmol/1) and 3', 5' dibuty- 
ryl cyclic AMP (0.5 mmol/1). 

Acid a-l,4-glucosidase activity was measured fluorometrically 
[18]. The reaction mixture (0.2 ml), contained 4-methyl umbelliferyl- 
a-D glucoside (0.2 mmol/1), acetate buffer, pH 4.3 (50 mmol/1) and 
20 ~1 of placental homogenate. After incubation for 10 rain at 30 ~ 
the reaction was terminated by addition of 2.8 ml of glycine buffer, 
pH 10.3 (1 mol/1). 

The homogenate protein content was determined with Ponceau 
red [19]. Statistical evaluations were done by the Student's t-test for 
non-paired groups. 

Results 

Glucose ,  insulin, N E F A  and  tr iglyceride levels in fetal 
and  materna l  rat se rum are shown  in Table  1. O n  bo th  
days  15 and  20 o f  gestat ion,  3 -8  days after the onset  o f  
diabetes,  there was an  app rox ima te ly  f ivefold increase 
in materna l  se rum glucose.  Fetal  se rum glucose,  deter- 
m i n e d  on  day  20 o f  p regnancy ,  was also cons iderab ly  
increased.  The  materna l  p l a sma  conten t  o f  tr iglycerides 
and  N E F A  rose markedly ,  attesting to the severity o f  
diabetes.  

Placental Glycogen Content 

O n  day  15 o f  p regnancy ,  3 days after the induc t ion  o f  
diabetes,  the concen t ra t ion  o f  g lycogen  in the p lacenta  
was a l ready elevated (Table 2). The  g lycogen  c o n t e n t / g  
tissue decreased  with gestat ion bo th  in control  and  dia- 
bet ic  animals ,  but  the rate o f  decrease  was more  pro-  
n o u n c e d  in the control  rats (fivefold versus twofold) ,  so 
tha t  the difference in g lycogen  content  b e c a m e  consid-  
erably  greater  on  day  20 o f  p regnancy .  Since the placen-  
tal weight  increased with gestat ion there was some  
c o m p e n s a t i o n  for  the specific g lycogen  loss, bu t  the dif- 
ference  persisted. W h e n  expressed per  total  p lacenta ,  
the g lycogen  conten t  actual ly  rose with gestat ion in dia- 
bet ic  rats, while it fell in control  rats. 

Table  2 also shows that  the accumula t i on  o f  glyco-  
gen  in the p lacenta  o f  diabet ic  rats was  in contras t  to the 
d i sappea rance  o f  g lycogen  f rom materna l  liver, in the 
face o f  mate rna l  hypo insu l inaemia  (Table 1). O n  the 
o ther  hand,  the hepat ic  g lycogen  o f  the fetuses o f  dia- 
bet ic  rats, c o m p a r e d  with fetuses o f  control  rats, s h o w e d  
a small bu t  s ignif icant  increase which  was associated 
with fetal hype rg lycaemia  (Table 1). Fetal  se rum insulin 
levels were  increased in c o m p a r i s o n  with materna l  se- 
rum,  bu t  no  signif icant  difference be tween  fetuses f rom 
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Rats Ma tema l  serum 

Glucose  (retool/l) Triglycerides 
(mmol/1)  

Fetal se rum 

N E F A  (ttmol/1) Insul in  ( m U / l )  Glucose  (mmol/1) Insul in (m U/ l )  

Day  15 o f  
p regnancy  

Control  4.9 + 0.4 9.8 + 1.2 
Diabetic 22.5 _+ 1.9 29.1 _+ 2.8 

Day  20 of  
p regnancy  

Control  4.7 _+ 0.3 20.5 _+ 2.1 
Diabetic 23.5 _+ 1.6 46.1 _+ 3.4 

515 + 62 64 _+ 7 
890 __ 105 11 +_ 4 

648 + 48 58 + 6 
1115 _+ 118 15 ___ 3 

1.5 _+ 0.2 93 +_ "10 
13.5_+ 0.5 102_+ 8 

Values are expressed as m e a n  + SEM for 12-14ra t s  

Table 2. Glycogen content  o f  placenta,  maternal  and  fetal liver in con- 
trol and  diabetic rats 

Rats Placental Glycogen content 
weight 
(rag) Placenta Placenta Maternal Fetal 

(mg/g) (rag, total) liver liver 
(rag/g) (mg/g) 

Day 15 
Control 158 _+ 11 12.7 +_ 0.9 2.0 _+ 0.I 53.8 -+ 4.3 
Diabetic 162 _+ 24 19.2 _+ 2.0 ~ 3.1 _+ 0.2 a 13.6 + 2,1 a 

Day 20 
Control 402 _+ 17 2.3 _+ 0.3 0.9 +_ 0.1 39.8 + 3,5 
Diabetic 475 _+ 18 ~ 11,2 + 0.7 a 5.3 -+ 0.2* 12.5 • 1.8 a 

53.1 _+ 3.5 
65.5 _+ 4.0 a 

Values are expressed as mean _+ SEM for 12-14 rats. Each glycogen determina- 
tion and placental weight represents an average of three placenta from each lit- 
ter. Fetal liver was a pool of all livers from the litter, aStatistically significant dif- 
ference (Student's t-test) at p z 0.05 (diabetes versus control) 

diabetic and control rats, which could be related to the 
placental or hepatic glycogen increases, was evident. 

Placental Enzymes of Glycogen Metabolism 

The total activity of glycogen synthase (a + b) was 
about 1.5-fold higher in the diabetic compared with 
control rats both on days 15 and 20 of gestation 

(Table 3). The percentage of the active form (a/a + b) 
ranged from 15-19% of the total and did not vary ap- 
preciably between the control and diabetic animals. 
With respect to the effect of the duration of pregnancy it 
should be noted that the specific activity of glycogen 
synthase remained stable between days 15 and 20 in 
control or diabetic rats. However, due to increase in 
placental size, a two- to threefold increase in glycogen 
synthase capacity occurred, when expressed per total 
placenta and the difference between control and diabet- 
ic rats became even more significant. 

The specific activity of placental glycogen phospho- 
rylase (a + b) also increased as a result of diabetes, 
slightly on day 15 and about 1.7-fold on day 20 of preg- 
nancy (Table 3). The percentage of active form (a/a + 
b) was lower in the diabetic rats. It was about 71 and 
46% of the total on days 15 and 20 of pregnancy, com- 
pared with 80 and 66%, respectively, in the control rats. 
The specific activity of placental glycogen phosphoryl- 
ase tended to decrease during the gestation both in con- 
trol and diabetic rats, in contrast to glycogen synthase, 
but this decrease was compensated by the increase in 
total capacity, when expressed per placenta. 

Table 3 also shows the activity of acid-c~-glucosi- 
dase, an enzyme of lysosomal origin, participating in 

Table 3. Activity of  placental  glycogen synthase,  phosphory lase  and  acid c~-glucosidase in control and  diabetic rats 

Rats Glycogen synthase  Glycogen  phosphory lase  

(a) ( a + b )  ( a + b )  (a) ( a + b )  ( a + b )  

( n m o l . m i n - t .  mg .  1) Total (nmol .  min  1. r ag - l )  Total Acid c~ 
placenta  placenta  glucosidase 
( n m o l / m i n )  ( n m o l / m i n )  (nmo 1. m i n - ~  g - l )  

Day  15 o f  p regnancy  
Control  1.8 + 0.2 9.6 _+_ 0.5 1.5 _+ 0.1 25.2 _+ 2,0 31.0 _+ 2.3 4.9 _+ 0,4 0.42 _+ 0.02 
Diabetic 2.0 _+ 0.2 13.5 _+ 1.1 a 2.2 + 0.2 a 26.8 _+ 3.7 38.4 _+ 2.2 6.2 _+ 0,6 0.40 + 0.02 

Day  20 o f  p regnancy  
Control  1.5 + 0.2 8.5 _+ 0.4 3.4 _+ 0.2 13.6 + 1.9 20.8 _+ 0.9 8.4 + 0.4 0.44 + 0.05 
Diabetic 2.2 _+ 0.3 !3.1 _+ 1,:! a 6.2 _+ 0.4 a 15.0 + 2.3 32.6 _ 3.6 ~ ~5.5 _+ "1.2 ~ 0.49 + 0.04 

Values expressed as m e a n  + S E M  for 10 rats. aStatistically significant difference (Student 's  t-test) at p z 0.02 (diabetes versus control). For pla- 
cental weights see Table 2 
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Fig. 1. Effect of glucose on glycogen synthase activation (conversion b 
to a) and phosphorylase inactivation (conversion a to b) in the pres- 
ence of 1.5 mmol/l  (A) and 8 mmol (�9 of glucose. Measurements 
were made in whole placental homogenates at 30 ~ (see Methods) 

glycogen degradation in liver, muscles and other tissues 
and lacking in Type II glycogen storage disease [20]. 
The values in Table 3 indicate that the specific activity 
of this enzyme in the placenta remained stable between 
days 15 and 20 of gestation and there was no significant 
change as a result of diabetes. 

The interconversion of the two forms of glycogen 
synthase and phosphorylase is dependent on the rela- 
tive activities of their respective phosphatases and ki- 
nases. The activity of these enzymes in placental ho- 
mogenates were calculated from multiple point kinetics 
of synthase activation or phosphorylase inactivation. 
The results of a representative experiment show that on 
day 15 of pregnancy the activities of glycogen synthase 
phosphatase and kinase were similar in diabetic and 
control rats (4.7 versus 5.1 and 17.4 versus 17.0 nmol. 
rain -1 .rag -1, respectively). The activities of phospho- 
rylase phosphatase and kinase were also similar (10.8 
versus 12.5 and 41.1 versus 39.1 nmol-min -1. mg -a, re- 
spectively). On day 20 of pregnancy the activities of 
glycogen synthase phosphatase and kinase slightly rose 
but again without significant difference between diabet- 
ic and control rats (5.2 versus 7.0 and 18.4 versus 
21.7 nmol. min- t ,  mg-1, respectively). The activities of 
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phosphorylase phosphatase and kinase rose more 
markedly with gestation, but were not appreciably dif- 
ferent in the diabetic and control rats (17.2 versus 14.6 
and 67.7 versus 73.4 nmol. min - t -  mg -t,  respectively). 
Diabetes did not seem, therefore, to affect these placen- 
tal enzymes. 

Effect of  Hyperglycaemia on Glycogen Metabolism 

Since the placenta of diabetic rats was exposed to hy- 
perglycaemia on both maternal and fetal sides, we ex- 
plored the effect of elevated glucose concentration in 
vitro on the activity of glycogen phosphorylase a and 
glycogen synthase a in placental homogenates. Figure 1 
shows that the rates of activation of glycogen synthase 
(conversion of b to a form) and of inactivation of gly- 
cogen phosphorylase (conversion of a to b form) were 
enhanced by increasing the concentration of glucose in 
the homogenates of placenta from control rats. The ef- 
fect of glucose on the activitiy of these enzymes in the 
homogenates from diabetic animals was of similar mag- 
nitude (results not shown). 

The intracellular concentration of G-6-P is also de- 
pendent on the ambient glucose concentration and 
plays a significant role in the regulation of the activities 
of glycogen and phosphorylase [21, 22]. Determination 
of cellular G-6-P concentration showed a threefold in- 
crease in the placenta of diabetic rats on day 20 of preg- 
nancy (67.0 4- 5.9 versus 23.0 _+ 3.3 nmol/g, mean _+ 
SEM for six rats). The association constant (Ka) of gly- 
cogen synthase toward G-6-P remained unchanged 
(0.30 versus 0.28 mmol/1 in diabetic and control rats, re- 
spectively). 

The Relationship of  Fat Substrate Availability 
to Placental Glucose Metabolism 

The plasma of diabetic animals is rich in NEFA and 
triglycerides (Table 1) and the triglyceride content in the 
placenta of diabetic rats was found to be elevated [23]. 
Therefore, the possibility was explored that the exces- 
sive availability of fatty acids and their increased utili- 
zation by the placenta may cause an inhibition of gly- 
colysis by products of their oxidation, which in turn 
may contribute to the increase in G-6-P levels and pro- 
mote the channeling of glucose into glycogen. In several 
experiments, placenta from control rats on day 20 of 
gestation were incubated for 2h  in Krebs-Ringer 
bicarbonate buffer containing [u-lgC]-glucose (10 
mmol/l) and 2% bovine albumin. The incorporation of 
glucose carbons to glycogen, triglycerides, carbon di- 
oxide and lactate was measured. The addition of citrate 
at concentrations _ 1 mmol/1 or palmitate at concen- 
trations z 0.64 ~tmol/ml (molar ratio NEFA/albumin 
> 2) did not effect a significant change in the relative 
rates of incorporation of glucose carbons or their dis- 
tribution among the various products (results not 
shown). 
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Discussion 

The accumulation of glycogen in the placenta of diabet- 
ic rats was accompanied by an increase in glycogen syn- 
thase and phosphorylase acitivities. Other enzymes 
which could have affected the rate of synthesis or deg- 
radation of glycogen, such as the phosphatases and ki- 
nases regulating glycogen synthase and phosphorylase 
activity, or acid-a-glucosidase remained virtually unaf- 
fected. In our rat model diabetes was induced on day 12 
of pregnancy in order to avoid the placental deteriora- 
tion, fetal resorption and malformations often seen in 
rats with preconception diabetes [24, 25]. Abramovici et 
al. [4], who have used the latter model, found no 
changes in the activity of phosphorylase and a marked 
decrease in the activity of glycogen synthase on day 20 
of pregnancy. Demers et al. [6] found an increase in 
phosphorylase and a decrease in glycogen synthase ac- 
tivities in term placenta from diabetic women. Abra- 
movici et al. [4] also found a threefold increase in the ac- 
tivity of a-glucosidase. Although some of these obser- 
vations differ from ours, particularly with regard to gly- 
cogen synthase and ~-glucosidase, none of the re- 
corded diabetes-induced activity changes are conducive 
towards enhanced glycogenesis. 

A diabetes-related increase in the availability of glu- 
cose as substrate and activator and subsequent changes 
in the concentration of G-6-P and other intracellular 
regulatory metabolites are, therefore, more likely to be 
responsible for the accumulation of placental glycogen 
in diabetes. Glucose and G-6-P affect glycogen syn- 
thase and phosphorylase in several ways. Glucose binds 
to phosphorylase a, thereby promoting its conversion to 
the inactive b form and reducing the affinity of the en- 
zyme for its substrate [26, 27]. On the other hand, glu- 
cose was demonstrated to stimulate the conversion of 
liver glycogen synthase b to the a form; this conversion 
is inhibited by phosphorylase a, whereas glucose re- 
lieves this inhibition by promoting the inactivation of 
phosphorylase a [28]. G-6-P is an important activator of 
glycogen synthase b in vitro. However, the magnitude of 
the in vivo effect of  this ligand on the contribution of 
synthase b to glycogenesis is unclear since the affinity of 
glycogen synthase b for G-6-P is modulated by the con- 
centrations of phosphate, magnesium or manganese 
ions and of adenine nucleotides [7, 8]. An effect of G- 
6-P on the b to a conversion of glycogen synthase has 
been demonstrated in several tissues, such as spleen [29] 
and adipocytes [22]. The glucose-induced activation of 
glycogen synthase and inactivation of phosphorylase in 
placental homogenates, together with the pronounced 
increase in cellular G-6-P shown here, point to hyper- 
glycaemia as the main causative factor for the accumu- 
lation of placental glycogen. As mentioned in the Re- 
sults, citrate or NEFA do not promote placental glyco- 
gen synthesis from glucose in vitro, in contrast to the 
rise in muscle glycogen related to the inhibition of gly- 
colysis in a situation of enhanced NEFA utilisation [30]. 

This failure may be due to the role of glycolysis as the 
main energy supply pathway in the placenta as inferred 
from its low oxidative capacity (production of carbon 
dioxide from glucose is only one tenth that of lactate) 
[31], as well as from the low rate of carbon dioxide pro- 
duction from palmitate [32] compared with liver or mus- 
cle. This situation may preclude the build-up of fatty 
acid oxidation products, sufficient to inhibit pyruvate 
dehydrogenase or phosphofructokinase, even when 
NEFA are available in excess. Placental rise in G-6-P 
seems to result, then, from the hyperglycaemia-aug- 
mented glucose uptake rather than from the inhibition 
of G-6-P metabolism. 

The activities of placental enzymes of several meta- 
bolic pathways (e. g. pyruvate kinase, NADP-malate de- 
hydrogenase and alanine aminotransferase) have been 
shown to decrease with gestation at different rates [33]. 
We have noted no changes in the activities of glycogen 
synthase and ~-glucosidase and only a small decrease 
in that of phosphorylase between days 15 and 20 of ges- 
tation, both in control and diabetic rats. These observa- 
tions support the previous conclusions that the changes 
in enzyme activities should be ascribed to specific fac- 
tors determining the decay kinetics of individual en- 
zymes rather than to general placental aging [33]; these 
factors seem unaffected by diabetes. 

Diabetes enhanced the activities of both glycogen 
synthase and phosphorylase in the placenta, although 
their activities in liver, muscle and adipose tissue are 
well known to decrease in this condition. It is possible 
that the hyperglycaemia-related accumulation of gly- 
cogen may have a stabilizing action on these enzymes, 
which are normally attached to the glycogen particles in 
the cell [34]. This possibility is supported by recent ob- 
servations on liver phosphorylase kinase-deficient rats 
(gsd/gsd), in which glycogen storage is accompanied by 
increased levels of glycogen synthase [35]. The involve- 
ment of insulin has also to be considered, as glycogene- 
sis is insulin-dependent in liver, muscle and adipose tis- 
sue. However, glycogen accumulation in the placenta, 
in the face of maternal insulin deficiency and with hy- 
perinsulinaemia on the fetal side being not more 
marked in diabetic than control rats, indicates that insu- 
lin has no direct influence on glycogen metabolism in 
this tissue. It is pertinent that, in analogy, there is no ef- 
fect of diabetes on several insulin susceptible enzymes 
in the placenta [5]. In this respect, the placenta resem- 
bles other insulin-independent tissues, in which the ac- 
tivity of glycogen synthase and glycogen content are ei- 
ther unaffected, or increased in diabetes, such as adre- 
nal gland [36], kidney [37], intestine [38] and leucocytes 
[39]. 
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