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ABSTRACT. Erythrocyte transketolase activity and thia-
min pyrophosphate effect were examined in the offspring
of streptozotocin-diabetic rats. Thiamin reserve was found
to be significantly reduced in litters of untreated diabetic
rats as compared to control and to insulin-treated diabetic
rats. Supplementation of the untreated diabetic dams
throughout pregnancy with oral thiamin was associated
with a significantly improved thiamin status of the litters.
We conclude that, due to enhanced fetal glucose turnover
during diabetic gestation, a fetal thiamin deficiency state
may evolve; this condition can be remedied with maternal
thiamin supplementation. (Pediatr Res 23: 574-575, 1988)

Abbreviations

RBC-TK, erythrocyte transketolase activity
TPP, thiamin pyrophosphate effect

In a normal pregnancy, the fetal thiamin status is independent
of maternal status (1). It has been shown to be adequate even in
the face of thiamin deficiency in the mother (1, 2), thanks
apparently to an ability of the fetus to sequester thiamin (3). In
a diabetic pregnancy, the fetal thiamin situation is bound to be
different. During a diabetic gestation, the intrauterine hypergly-
cemic milieu may induce fetal hyperinsulinism and acceleration
of fetal glucose metabolism (4); the overutilization of thiamin
that accompanies accelerated glucose turnover (5) might then
lead to fetal/neonatal thiamin deficiency. To our knowledge, this
association has not been hitherto studied.

We examined the thiamin status of the offspring of diabetic
rats, using RBC-TK assay and the TPP as the expression of
thiamin reserve (6).

MATERIALS AND METHODS

Adult virgin female Sprague-Dawley rats (200-250 g) with
normal RBC-TK and TPP were rendered diabetic by an intra-
venous injection of streptozotocin (Sigma Chemical Co., St.
Louis, MO), 35 mg/100 g body weight. Thirty h after the
injection, blood glucose levels ranged between 350 and 460 mg/
dl, and there was copious glycosuria. A control group of rats was
injected with normal saline (group 1); their blood glucose levels
ranged between 68 and 87 mg/dl, and there was no glycosuria.
Forty-eight h after the injection, groups of three rats were placed
in cages with a male rat, kept in the dark overnight (1800-0700
h), and examined each morning for the presence of a vaginal
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plug as evidence of mating having occurred. Mated rats were
placed in individual cages. Thirteen of 20 controls and 44 of 100
diabetic rats became pregnant. The diabetic rats were randomly
grouped to receive daily a subcutaneous injection of insulin lente
(Novo Industri A/S, Copenhagen, Denmark), 1 U (group 2; n =
15), or normal saline (group 3; n = 15). In the insulin-treated
rats, blood glucose levels ranged between 86 and 117 mg/dl, and
there was only occasional glycosuria. Another group of diabetic
rats (group 4; n = 14) received no antidiabetic treatment, but
was given a daily oral thiamin supplement of 5 mg. Blood glucose
levels were measured every 3 days throughout gestation and were
found to range as follows (mg/dl): controls 72-97; insulin-treated
diabetics 83-112; and untreated diabetics 196-388. The mean
weight over pregnancy increased in the control rats by 33 + 2%,
in the insulin-treated rats by 34 = 1.6%, and in the untreated
diabetic rats by 29 + 2%, which suggests that they behaved
metabolically as “mild diabetics,” despite markedly elevated
blood glucose measurements.

Six to 8 h after delivery the pups were decapitated; a pooled
sample of blood obtained from the whole litter was examined
for glucose and insulin concentrations and assayed for RBC-TK
and TPP. Maternal blood was examined for glucose concentra-
tion and RBC-TK.

Blood glucose was measured by a glucose oxidase method
(ASTRA Analyzer, Beckman Instruments, High Wycombe,
Bucks, England). Serum insulin was measured by radioimmuno-
assay (7). RBC-TK and TPP were determined by the micro-
method described by Brin (6). Statistical analysis was performed
by Student’s ¢ test.

RESULTS

Number of pups per litter. The mean litter sizes of the control
rats (group 1) and of the insulin-treated diabetic rats (group 2)
were similar: 9.3 + 0.8 and 8.8 + 0.5 pups, respectively. The
mean litter size of the untreated diabetic rats (groups 3 and 4)
was significantly smaller: 6.1 + 0.2 (p < 0.05).

Litter weight. There was no significant difference between the
weights of litters from control rats (group 1) and those from
insulin-treated rats (group 2). The mean weight of the offspring
of the noninsulin-treated diabetic rats (groups 3 and 4) was
significantly greater than that of the other two groups: 8.22 +
0.49 versus 6.50 £ 0.53 g (p < 0.02).

Blood glucose. Blood glucose levels in the pups from group 2
were no different from those of the controls. In the litters from
groups 3 and 4, blood glucose levels were significantly lower than
in group 2 (p < 0.05); they were also lower than in those of
group 1, although the difference did not attain statistical signifi-
cance (p = 0.058).

Serum insulin. Serum insulin concentrations in the litters from
groups 3 and 4 were significantly higher (p < 0.02 and 0.05,
respectively) than in those from groups 1 and 2.
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Table 1. Biochemical findings in diabetic rats and their offspring (mean = SD)

Serum
Blood glucose (mg/dl) insulin RBC-TK (U/ml) TPP (%)
(#U/ml)
Group Maternal Litter Litter Maternal Litter Litter
1. Control (n = 13) 79 + 13 67 =11 48+1.3 66.2 = 8.0 68.4+ 7.6 11+2
2. Diabetic + insulin Rx (n = 15) 86 + 14 72+ 8 63+138 580+ 11.1 560+ 7.1 14+ 1
3. Diabetic (n = 15) 286 + 43 39 + 6* 11.2 £ 2.6% 550+ 4.7 32.0 £5.0% 26 + 3%
4. Diabetic + thiamine Rx (n = 14) 279 =65 42 £ 9* 9.8 + 1.7F 63.0 +10.3 53.9 = 10.1 14 +£2

* p < 0.05 versus group 2.
+ p < 0.05 versus groups 1 and 2.
i p <0.001 versus groups 1, 2, and 3.

Erythrocyte transketolase activity. RBC-TK was similar in the
dams of all four groups. RBC-TK of the pups from groups 1 and
2 was similar to that of the dams from all the groups. RBC-TK
in the pups from group 3 was significant lower than in the pups
from groups 1, 2, and 4 (p < 0.001). In the pups from the diabetic
rats that were untreated but supplemented with oral thiamin
(group 4), RBC-TK was no different from that of the pups from
the controls (group 1) and from the insulin-treated diabetic rats
(group 2).

Thiamin pyrophosphate effect. TPP was significantly higher in
the litters from group 3 than in those from groups 1, 2, and 4
(p < 0.001). TPP in pups from group 4 was no different from
that found in pups from groups 1 and 2.

A histologically normal pancreas was observed in the pups
from groups 1 and 2. Beta-cell hyperplasia was found in the
pancreatic islets of the pups from groups 3 and 4. The main
biochemical findings are summarized in Table 1.

DISCUSSION

Thiamin plays a pivotal role in a variety of metabolic processes
and is a key participant in carbohydrate metabolism (5, 8). The
requirements of thiamin are proportional to the rate of carbo-
hydrate metabolism; increase of glucose turnover will enhance
the utilization of thiamin (5), which may exhaust thiamin re-
serves and carry dire consequences (9). Such an association may
be operative in the fetus of a diabetic pregnancy.

Herein, we found evidence of a reduced thiamin reserve in the
newborn litter of rats with untreated diabetes. Akin to what is
observed in infants of diabetic mothers (4, 10), these pups had
pancreatic B-cell hyperplasia, significantly higher serum insulin
concentrations than the controls, and lowered blood glucose
levels 6-8 h after birth. We also found that, perhaps in association
with a reduced litter size, the pups from the diabetic dams were
also heavier than their counterparts from the control group and
from the insulin-treated group. This constellation is indicative of
intrauterine hyperinsulinism and increased glucose turnover.
The significantly lower RBC-TK and higher TPP in the offspring
of untreated diabetic dams suggest that there had also been a
concurrent overuse of thiamin, eventually leading to a state of

deficiency. However, untreated diabetic dams that received thia-
min supplementation during pregnancy produced offspring with
a normal thiamin status.

Deficiency of thiamin may exert a damaging influence, either
subtle or outspoken, particularly at critical periods of develop-
ment. The salient feature of the basically metabolic cardiac
involvement in infants of diabetic mothers (11, 12) resembles
that of infantile beriberi (13, 14). It thus becomes tempting to
speculate that fetal/neonatal thiamin deficiency might play a
role in the “infant of diabetic mother” syndrome. Our findings
warrant a clinical study to investigate the thiamin status of
mother and infant in pregnancies with poor control.
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