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Pentose Monophosphate Shunt Dehydrogenases and Fatty Acid Synthesis in Late Rat Pregnancy 

The weight gained by the pregnant mother is due to an 
accumulation of her own stores as well as to the weight of 
the conceptus 1. The stored fuel consists largely of lipids 2, 3 • 

To understand the mechanisms of lipid accumulation by 
the mother, we have measured the activity of the pentose 
monophosphate shunt dehydrogenases which supply 
about half of the NADPH necessary to lipogenesis 4. 

Methods. Experiments were conducted on pregnant pri
mipara (19 day of gestation) and age-matched virgin fe
male rats at age 65-75 days, handled as previously de
scribed 6 • Glucose-6-phosphate dehydrogenase (G-6-PD) 
(EC 1.1.1.49) and 6-phosphogluconate dehydrogenase 
(6-PGD) (EC 1.1.1.44) activity were measured in 8% 
sucrose homogenates of liver 6 or lumbar adipose tissue 7 • 

Lipogenesis was estimated in lumbar fat pieces incubated 
in Krebs-Ringer bicarbonate containing 5 mM glucose
U-14C and 2 mg/ml albumin. Details of the incubation, li
pid extraction and protein determination were as pre
viously reported 6 • 

Results and discussion. The activity of G-6-PD was 
significantly increased in the liver and adipose tissue of 
fed pregnant rats (Table). A similar trend toward in
creased activity was observed for 6-PGD but was not 
statistically significant. After a 48 h fast, the activity of 
each enzyme fell almost identical percentage in pregnant 
and virgin tissues which suggests that pregnancy does not 
measurably affect the half-life of shunt dehydrogenase 
degradation in liver or adipose tissue 8 • Accordingly, after 
a 48 h fast, the activity of G-6-PD and 6-PGD in liver 
and adipose tissue of pregnant rats remained elevated 
above the virgin controls (Table). 

These results suggest that a greater capacity for glu
cose carbon flux exists in the pentose cycle in the liver and 
adipose tissue of 19 day pregnant rats. However, the rate 
of pentose shunt· activity appears to be limited by other 
variables such as energy utilization and NADp+ availabil
ity so that glucose flux proves to be only fraction of that 
calculated from maximum enzyme velocity 4 , 9. Therefore, 
the importance to lipogenesis of increased shunt dehydro
genase activity in pregnancy cannot be assessed without 
kinetic measurements of fatty acid synthesis. 

Measurements of rates of fatty acid synthesis in the 
pregnant rat liver are available from the literature 10 , 11 

and the data indicate that hyperlipogenesis persists in the 
liver in late rat gestation and are consistent with the ob
served elevations in pentose shunt dehydrogenases. 

Interpretation of the elevated shunt enzymes in preg
nant rat adipose tissue is more difficult. In previous work 
we have shown that adipose tissue from 19 day pregnant 
rats is subjected to a primary lipolytic stimulus 6, despite 
an elevated plasma insulin 12. Under these conditions in 
pregnancy, the formation of fatty acids in vitro from glu
cose-1-14C and glucose-6-14C was not different from the 
virgin control 6 • Because the fates of glucose carbons 1 and 
6 may differ from that of glucose as a whole, the experi
ment was repeated utilizing glucose-U-14C. These data are 
shown in the Table and again, no meaningful increase 
was found in the formation of fatty acids from glucose in 
the adipose tissue of 19 day pregnant rats. 
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Effect of pregnancy on hexose monophosphate shunt enzymes in liver and adipose tissue and on the formation of labelled fatty acids from 
glucose-U-14C by adipose tissue in the rat• 

RATS FED 48 h fasted 

Virgin Pregnant p Virgin Pregnant p 

Liver 
G-6-P dehydrogenase (L'.I E340/mg protein) 0.050 ± 0.005 0.099 ± 0.007 <0.001 0.030 ± 0.005 0.053 ± 0.010 <0.05 
6-PG dehydrogenase (Ll E 340/mg protein) 0.036 ± 0.006 0.043 ± 0.009 N.S. 0.020 ± 0.004 0.023 ± 0.005 N.S. 

Adipose tissue 
G-6-P dehydrogenase (L'.I E340/mg protein) 0.126 ± 0.021 0.203 ± 0.029 <0.05 0.092 ± 0.011 0.153 ± 0.009 <0.01 
6-PG dehydrogenase (L'.I E 340/mg protein) 0.023 ± 0.002 0.034 ± 0.006 N.S. 0.012 ± 0.001 0.016 ± 0.001 <0.05 
Formation of 14C-fatty acids (nmoles of 
glucose carbon/mg protein/h) 7.68 ± 1.45 11.08 ± 1.59 N.S. 0.19 ± 0.07 0.13 ± 0.07 N.S. 

•Details of incubation procedure and other methods are described in the text. The results are given as means± S.E.M. of 6-8 rats/group. P 
denotes the significance of the differences between the values for virgin and pregnant animals. 

The consistent absence of an increment in adipose tissue 
fatty acid formation is probably due to the overall decline 
in lipogenesis that occurs in late gestation. It has been 
found that both adipose tissue fatty acid synthesis 1 , 11 and 
lipoprotein lipase 13 are elevated in midgestation and de
cline to subnormal levels by term, and that the 19th day 
of gestation is an intermediate time where lipogenesis in 
pregnant and virgin rats is transiently equal. Since ma
ternal lipogenesis in both liver and adipose tissue are ma
ximal in midgestation, could the shunt dehydrogenases be 
induced at this time and then persist at an elevated level 
through day 19? Our experiments with fasted. rats sup
port this possibility. As shown in the Table, glucose con
version to fatty acids is almost nil in adipose tissue of both 
pregnant and virgin rats fasted 49 h. Since shunt dehydro
genase induction is unlikely without significant lipogene
sis, the persistent elevation of the enzymes in pregnancy 
after a 48 h fast must reflect their prior induction in the fed 
state. 

If rat pregnancy is viewed as a whole, a good correlation 
exists between increased food intake 14, plasma hyperin
sulinism 12 , and accumulation of fat stores 3 on the one hand, 
and heightened pentose shunt dehydrogcnase activity and 
lipogencsis in liver and adipose tissue on the other. In this 
respect, pregnancy is similar to other maneou vres that pro
mote lipogenesis such as fasting and refeeding 15 , 18, insulin 
treated alloxan diabetes 17 , 18 and meal eating 19• 

In pregnancy the maximum stimulus to lipogenesis 
occurs in midgestation and declines as term approaches. 
Thus at day 19 the elevated shunt dehydrogenases are 
somewhat out of keeping with the fall in lipogenesis, par
ticularly in adipose tissue. W c suspect that the enzymes 
are induced earlier in gestation and that an increment 
over the control levels can persist through day 19 just as 
after a 48 h fast. A rate of enzyme degradation that is 
identical with the virgin control, and is probably slow as 
well, can account for these observations. 

Resumen. Se estudiaron las actividades de glucosa-6-
fosfato dehidrogenasa y 6-fosfogluconato dehidrogcnasa 
en higado y tejido adiposo de ratas prefiadas, al dia 19 de 
gestacion, alimentadas y en ayunas de 48 h, relacionando 
los resultados obtenidos con la velocidad de sintesis de 
acidos grasos en el tejido adiposo de los mismos animales. 
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