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Summary 1. The effects of thiamin deficiency during pregnancy
and/or lactation on brain cholinergic system in rat pups were studied.
Dietary rehabilitation for a period of 5 weeks from the 28th day was
instituted to study possible ‘catch-up’ in the brain acetylcholine levels.

2. Brain acetylcholine level was found to be significantly decreased on
the 21st and 28th days in pups of the dams fed thiamin deficient diet
during gestation and lactation, whereas it was decreased on the 28th day in
pups of the dams fed thiamin deficient diet during lactation. Activities of
cholinergic enzymes remained unaltered in both the deficient groups.

3. Subsequent dietary rehabilitation was found to reverse the deficits in
brain acetylcholine levels.
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Beriberi or thiamin deficiency was an important public health problem in the
Far East countries till the late sixties according to a Joint WHO/FAQO Expert
Group (/). Endemic beriberi was also not uncommon in the rice eating population
of Andhra Pradesh and Tamil Nadu in India (2). However, recent studies suggest
that the situation has improved and thiamin deficiency is no more a serious public
health problem (3). Nevertheless, a subclinical or moderate thiamin deficiency has
been reported in pregnant women in Malaysia (4) and Germany (5); in school
children in U.S.A.(6) and in adults in U.S.A.(7), Australia (§) and Canada (9).

Thiamin deficiency has been associated with specific lesions of the central
nervous system (10, 11). It is also associated with significant biochemical alterations
in the rat brain (/2). Encephalopathy due to thiamin deficiency is believed to involve
an impairment of cholinergic neurotransmitter function. This has been attributed to
the observed decrease in thiamin phosphate availability which might interfere with
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acetylcholine (ACh) synthesis by virtue of decreased production of acetyl-CoA or
by altered ATP synthesis(/3) resulting from decreased activity of thiamin de-
pendent enzyme pyruvate dehydrogenase (14).

Several studies have revealed that brain ACh levels are significantly lowered in
thiamin deficiency induced by feeding thiamin deficient diet or by administration of
thiamin antagonists to adult rats(/5—17). Thiamin deficiency, however, was not
found to have any effect on activities of the cholinergic enzymes, acetylcholine
esterase (AChE) and choline acetylase (ChAc), in the adult rat brain (17). There is
no report of the study on the effects of early thiamin deficiency on the cholinergic
system in the developing rat brain. A critical study of the early deficiency deserves
immediate attention due to two main reasons. Firstly, rat brain is well known to be
vulnerable to nutritional insults during the first 3 weeks of life (/8). Secondly,
beriberi occurs in infants breast-fed by mothers who consume a diet and secrete
milk with low thiamin content (/9). These considerations prompted us to study the
effects of maternal thiamin deficiency during gestation and/or lactation on ACh
levels and the activities of AChE and ChAc in the developing brain of suckling rat
pups. Nutritional rehabilitation of the deficient pups was also attempted and the
effects on the brain ACh levels were investigated.

METHODS

Adult female albino rats of proved fertility, weighing 180-200g (bred at
Haffkine Institute), were used for the study. They were divided into four groups,
each of which received specific dietary regimen from the 7th day of gestation:

1. GTL™ group: 209, protein diet without thiamin during gestation and
lactation.

2. PFC-1 group: 209, protein diet with normal thiamin levels, pair-fed to
G~L™ group.

3. G*L~ group: 20% protein diet with normal thiamin during gestation and
without thiamin during lactation.

4. PFC-2 group: 209, protein diet with normal thiamin levels, pair-fed to

G*L~ group.
From the 22nd day onward the pups were individually fed on the respective diet.
Rehabilitation regimen was initiated from the 29th day by feeding 209, protein diet,
with thiamin, ad /ibitum. Water was provided ad lib. to all rats. The composition of
the diet was same as described earlier (20). The deficient diet was analysed for
thiamin content by thiochrome method and was found to contain trace amounts of
thiamin (21).

Pups were sacrificed by decapitation on the 7th, 14th, 21st, 28th or after
rehabilitation on 65th day. The whole brain including olfactory lobes was removed,
processed further and ACh levels were estimated by frog rectus abdominus bioassay
as described earlier (23, 24). AChE activity was measured by the method of Ellman
et al. (25). ChAc activity was measured by the method of Fonnum (26) using 1-1*C-
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sodium acetate with a specific activity of 47.69 mCi/mol (obtained from Bhabha
Atomic Research Centre, Bombay). Protein levels in the brain were measured by the
method of Lowry et al. (27). The results are expressed as mean + SEM and statistical
significance was assessed by Student’s t-test (28).

RESULTS

Effects of thiamin deficiency during gestation and lactation

Maternal thiamin deficiency during gestation and lactation periods (G™L")
was found to result in significant body weight deficits from the 14th day onwards as
compared to the pair-fed controls (PFC-1) (Table 1). The deficits in the body weight
at 28th day was 259%;. Brain weight was found to be unaltered in the deficient pups.
Significant changes in the levels of ACh were noticed only at the age of the 21st and
28th day in the deficient group. It is clear from Table 1 that thiamin deficiency
during gestation and lactation resulted in the marked decrease to the extent of 24
and 399, in ACh levels at the age of 21 and 28 days respectively. This, however, did
not cause any change in the activities of the cholinergic enzymes (Fig. 1).

Effects of thiamin deficiency during lactation
Maternal thiamin deficiency during lactation period (G*¥L™) was found to
result into a significant deficit in the body weight from the 14th day onwards to the

Table 1. Effects of maternal thiamin deficiency during gestation and lactation and
subsequent dietary rehabilitation on brain acetylcholine levels of the rat progeny.®

Acetylcholine (ug)

Age Dietary Body weight  Brain weight
(days) regimen (®) ® Per brain Per g brain
7 PFC-1 8404 0.525+0.015 0.7540.05 1.43+0.04
G'L~ 7+04 0.498 +0.012 0.7140.06 1.4140.08
14 PFC-1 13+0.8 0.83240.027 1.26+0.12 1.4840.12
G'L™ 10+ 1.0* 0.746 4+ 0.032 1.02+0.14 1.35+0.13
21 PFC-1 20+2.4 1.17540.040 1.79+0.17 1.5140.12
G L™ 16+ 0.9* 1.093+0.032 1.25+0.17* 1.1540.09*
28 PFC-1 27+2.7 1.27540.049 2.1640.23 1.68+0.12
G'L~™ 21+ 1.7* 1.15240.062 1.20+0.16* 1.03+0.08**
56 PFC-1R* 124+5.6 1.500 +0.030 3.37+0.37 2.204+0.21

GLR* 114+9.4 1.440 +0.035 2.95+0.20 2.02+0.13

2Dams were fed 209, protein diet without thiamin (G™L~) from 7th day of gestation
till weaning, thereafter pups were individually fed. The controls were pair-fed (PFC-1)
similarly. Rehabilitation (R*) was initiated from 29th day. Each group consisted of 8
pups. For ACh estimation two brains were pooled. Values marked with asterisks are
significantly different from the controls: * p <0.05; ** p <0.01.
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Fig. 1. Effects of maternal thiamin deficiency during gestation and lactation on the
activities of AChE (umol acetylthiocholine iodide hydrolyzed per min) and ChAc
(umol of '*C-acetylcholine formed per hr) in the developing brain of the pups. @,
controls; A, deficient. Each point represents mean + SE of at least 6 observations.

extent of 359, on the 28th day (Table 2). However, brain weight was not altered as
compared to the pair-fed controls (PFC-2). Brain ACh levels were significantly
lowered on the 28th day. The deficit in ACh level was 249 as compared to the PFC-
2 group. The activities of both the cholinergic enzymes remained unaltered in the
G*L"™ group (Fig. 2).

Effects of rehabilitation

Dietary rehabilitation of the pups of the G™L~ group was attempted to study
whether the deficits in ACh levels could be reversed. The deficits in body weight and
brain ACh level on the 28th day of age was 20 and 399 respectively in the GTL~
group. At the end of 5 weeks of dietary rehabilitation, body weight deficit was
reduced to 89 and brain ACh levels were found to be similar to that of the controls
(Table 1).

DISCUSSION

Reduced gain in the body weight of rats from the G™L~ group could be due to
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Table 2. Effects of maternal thiamin deficiency during lactation on brain acetylcholine
of the rat progeny.*

Age Dietary Body weight  Brain weight Acetylcholine (ug)

(days)  regimen (2 (®

Per brain Per g brain

7 PFC-2 9+0.50 0.5534+0.014  0.83+0.03 1.50+0.05 (4)

G*L~ 9+0.40 0.545+0.014  0.81+0.04 1.4940.04 (4)

14 PFC-2 15+0.90 0.87740.022  1.41+0.14 1.5840.10 (4)

G*L~ 12+ 1.00* 0.838+0.014  1.28+0.05 1.5240.08 (4)

21 PFC-2 39+1.30 1.310+0.016  2.23+0.07 1.70+0.04 (8)

G*L~ 25+ 1.50%*  1.24040.016  1.90+0.18 1.5340.10 (8)

28 PFC-2 59+1.20 1.432+0.016 2.48+0.11 1.734£0.09 (8)
G*L~ 38+1.50%*  1.364+0.008  2.014+0.05%* 1.47+0.03** (8)

2Dams were fed thiamin deficient (G*L ™) diet from the 1st day postpartum and the
controls (PFC-2) were pair-fed with G*L™ group. Number in parenthesis indicates
number of observations. Each group consisted of 8 pups per dam and two brain samples
were pooled in some cases. Values marked with asterisks are significantly different from
the pair-fed controls: * p<0.05; ** p <0.01.
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Fig. 2. Effects of maternal thiamin deficiency during lactation on the activities of
AChHE and ChAc in the developing brain of the pups. Refer to footnote of Fig. 1 for
further details.
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earlier depletion of maternal thiamin stores and consequently lesser transfer of the
same to the fetus. The body weight profiles in the G"L~ group are comparable to
the profiles observed by Trostler et al. (28). Thiamin deficiency during gestation and
lactation is known to depress lactose levels in milk of the deficient dams after 18
days of parturition (29). Whereas substantial decrease in percentage of thiamin
transfer to pups takes place after the 14th day postpartum(29). These two
alterations in milk composition of the deficient dams might contribute to a marked
decrease in growth of the pups in the G™L~ group when compared to that of the
G*L"~ group. The similar alterations in milk composition of G*L~ dams may take
place much later and thus spare its effect on initial growth period.

Dams of the G™L ™ group consumed less food from the 15th day of pregnancy,
i.e. following about 13 days of thiamin restriction in the diet. Whereas dams of the
G*L~ group showed a decrease in their food intake at around the 14th day
postpartum. This difference in the reduced food intake at different time schedules in
the experiment has also contributed to obvious differences in the growth patterns of
the pups of the deficient groups. Typical signs of thiamin deficiency as reported
earlier (30) were apparent by the 22nd day after commencement of feeding thiamin
deficient diet. Significant decrease of thiamin levels in liver and also various brain
regions were also noticed (30). The latter in conjunction with the present obser-
vations suggests that thiamin deficiency seems to affect body weight gain but not the
brain weights in spite of the reduced levels of the vitamin in different organs
including the brain. Similar observations have also been made by other
workers (28, 29).

Brain ACh levels were reduced at an earlier age in the G"L™ group as
compared to that in the G*L~ group. This can be explained on the basis of earlier
precipitation of thiamin deficiency in the G™L~ group as elaborated in the case of
difference in the body weight gain of both the deficient groups. Early post-natal
thiamin deficiency is known to reduce levels of phospholipids, gangliosides, cere-
brosides and cholesterol in the brain of 14 day old rats (28, 31). Presently thiamin
deficiency was studied during gestation and lactation and hence it is not possible to
conclude whether the brain lipids would be affected in the pups of the dams
subjected to thiamin deficiency during lactation period alone.

Brain cholinergic enzyme activity was not altered in the thiamin deficient
animals. Heinrich et al. also reported unaltered activities of the cholinergic enzymes
in the symptomatic thiamin deficient rats(77).

There have been recent reports suggesting unaltered ACh levels in brains of
thiamin deficient animals (32-35). However, thiamin deficiency is known to reduce
brain ACh release and utilization (35). Moreover, inhibition of pyruvate dehy-
drogenase activity is also known to decrease incorporation of '#C-label from
pyruvate to brain ACh (36). Rat brain ChAc is reported to be undersaturated with
acetyl CoA in normal animals(37-39). Any further depletion of acetyl-CoA
availability may prove to be detrimental to normal ACh synthesis. Susceptibility of
neurotransmitter synthesis to the availability of precursors is suggested to be mainly
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dependent upon the rate limiting biosynthetic enzymes which require better
saturation of their substrates (40, 41). The question of such phenomenon occurring
in the case of ACh synthesis, particularly in thiamin deficiency, should be most
closely looked into.

In conclusion, our observations suggest that maternal thiamin deficiency
during gestation and lactation precipitates deficits in brain ACh levels of the rat
progeny at an earlier age as compared to maternal deficiency during lactation
period alone. The brain ACh deficits in the pups are reversed following dietary
rehabilitation for a period of 5 weeks.

We wish to thank Dr. A. J. Baxi for valuable discussions throughout the course of these
studies. This research was partly supported by Nutrition Society of India, Grant-in-Aid
Award (79-60) to Dr. A. B. Kulkarni.
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