Maternal Geophagy of Calabash Chalk on
Foetal Cerebral Cortex Histomorphology
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Abstract

Background: Calabash chalk, a kaolin-base substance is a common geophagic material
mostly consumed by pregnant women. This study investigated its effect on the histomorphology of
the foetal cerebral cortex.

Methods: Twelve gestating Wistar rats were divided equally into groups 1 and 2. On pregnancy
day seven (PD7), group 2 animals were administered 200 mg/kg body weight of calabash chalk
suspension, while group 1 animals served as the control and received 1 ml of distilled water, by oral
gavages and for 14 days (PD7-PD20). On PD21, the dams were sacrificed, and the foetuses removed,
examined for gross malformations, weighed and culled to two foetuses per mother. Their whole
brains were excised, weighed and preserved using 10% buffered formalin, and routinely processed
by haematoxylin and eosin, and Luxol fast blue methods.

Results: The foetuses showed no morphological change, but their mean body weights was
higher (p=0.0001). Histomorphological sections of the cerebral cortex showed hypertrophy and
hyperplasia of cells in all the cortical layers, with less demonstrated Nissl and higher (p=0.001)

cellular population compared with the control group.
Conclusion: Calabash chalk cause body weight increase and histomorphological changes in

the cerebral cortex of foetuses.
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Introduction

Calabash chalk geophagy, a common practice
in Nigeria and some other sub-saharan African
countries (1), is also practiced in developed
countries (2). The chalk which is a mixture of
clay and chalk is mostly consumed by women
and children, with pregnant and postpartum
women craving more for it due to their emotional
states; usually attributed to feelings of misery,
homesickness, depression and alienation (3).

Calabash chalkis also known as calabash clay,
Calabar stones, poto, la craie or argile in French,
nzu in Igbo and ndom in Efiks/Ibibios of Nigeria,
and mabele in Lingala of Congo. It is naturally
occurring, but there are artificially formulated
forms as well (4). The naturally occurring forms
is chiefly made up of fossilised seashells, while the
artificial forms may be prepared from clay and
mud, which may be mixed with other ingredients

including sand, wood ash and sometimes salt. The
resulting product is moulded and then heated to
produce the final product (4).

Calabash chalk is generally made up of
aluminium silicate hydroxide, a member of the
kaolin clay group, with the formula: Al, Si, O_OH,
(5). It also contains several other substances which
could be poisonous to the body depending on their
bioavailability (5—9). These includes; metals,
metalloids and persistent organic pollutants (5,9).

There are limited reports on the biological
effects of calabash chalk. Some reports on
rat model revealed sinusoidal enlargements
and fragmented liver parenchyma, as well as
depletion of red blood cells population (10—12).
Reports by Ekong et al (13,14) showed oedema
and haemorrhages in the mucosa of the stomach,
acanthosis, hyperkeratosis and koilocytic changes
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in the mucosa of the oesophagus, as well as de-
mineralisation in the femur bone and alteration of
the animals’ growth rate. Another report show that
the chalk causes cerebral cortical changes in dams
(15), this is despite the reported lethal dose (LDSO)
that is greater than 5000 mg/kg body weight (9).
These reports presents a disturbing trend that
may also affect the foetus. Hence, this study was
to investigate the effect of maternal geophagy of
calabash chalk on the histomorphology of the
foetal cerebral cortex.

Materials and Methods

Eighteen mature Wistar rats consisting of
12 females and 6 males were used. The female
rats were divided into groups 1 and 2 of 6 rats
each; group 1 was the control, while group 2
was the test group. The male rats only serve for
mating purpose, and this was allowed during
the proestrous phase of the female rats’ oestrous
cycle.

Two blocks of non-salted calabash chalk
was obtained from a local market in Calabar,
Nigeria. They were chopped into small pieces
and grounded into fine powder with the aid
of a manually operated grinder. Forty g of the
calabash chalk powder was dissolved in 1000 ml
of distilled water in a glass jar. Since the calabash
chalk was partially miscible with water, it was
administered as a suspension, stirred prior to
the administration. Two hundred mg/kg body
weight of the calabash chalk suspension was
administered to the gestating rats in group 2
(chalk group), while those in the control group
were administered distilled water. All treatments
which were by oral gavages were carried out on
pregnancy days 7—20.

All the dams (six per group) were sacrificed
on pregnancy day 21 (PD21). The foetuses were
removed, examined for gross malformations,
and weighed. The foetuses were then culled to

Table 1: Comparison of the body weights of the
foetuses

Group (n = 12) Foetus (g)

Control group 0.000328014+99.9752%

Chalk group 0.000612142+99.9388%*
(200 mg/kg of

calabash chalk)

two foetuses per mother rat, making a total of
12 foetuses per group. Their whole brains were
excised, weighed and preserved using 10% neutral
buffered formalin.

Forty eight hours after fixation, the cerebral
cortex from each foetus was excised from the whole
brain and routinely processed for histological
observations using the haematoxylin and eosin
(H & E), and the Kluver’s luxol fast blue for Nissl
substance and myelin. The cellular population in
the H & E stained sections were quantified using
ImageJ™ software.

Statistical analysis using Mann-Whitney
rank-test sum was applied by means of Primer of
Biostatistics (version 3.01) software. All results
were regarded as significant at p < 0.05.

Results

There were no morphological changes on the
foetuses in both experimental groups. The mean
body weights of the foetuses in the chalk group
whose mothers were administered 200 mg/kg
body weight of calabash chalk suspension was
significantly (p < 0.001) higher than the body
weights of the foetuses in the control group (Table
1).

Histomorphologic sections of the cerebral
cortex in the control group showed a varying
population of prominent neurons and glia, and
these were less distinct from each other in all the
six cortical layers. Layer one, the outer marginal
layer, showed sparse population of small-
sized cells. Layer 2, the cortical plate, showed a
dense population of slightly larger-sized cells.
Layer 3, the subcortical plate, showed a sparse
population of cells with their sizes similar in
appearance to those of the cortical plate. Layers
4—6 (intermediate, subventricular and ventricular
zones) whose cell sizes were similar in size to
the cortical and subcortical plates were not
easily distinguishable (Figure 1). The section of

Table 2: Comparison of the cellular population
of the cerebral cortical sections

Group (n = 12) Cellular density

Control group 3.69801e-07+100%

Chalk group 1.61282e-05+99.9984%
(200 mg/kg of

calabash chalk)

Results are presented as median + interquartile range; U =
128; z = 3.23316; p < 0.001
*Significantly different from control group at p < 0.05
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Results are presented as median + interquartile range; U =
144; 7 = 4.15692; p < 0.001
*Significantly different from control group (1) at p < 0.05
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Figure 1: Ctr (1a) - Section of the foetal cerebral

cortex of the control group showing six
cortical layers: Mz (marginal layer),
Cp (cortical plate), Sp (subcortical
plate), Iz (intermediate plate),
SVz (subventricular zone), and Vz
(ventricular zone) (H. & E. A~400).

Figure 3: Ctr (2a) - Section of the foetal cerebral

cortex of the control group showing
six cortical layers: Mz (marginal
zone), Cp (cortical plate), Sp
(subcortical plate), Iz (intermediate
plate), SVz (subventricular zone),
and Vz (ventricular zone). The Nissl
substance was deeply demonstrated
throughout the entire layers (Luxol
Fast Blue. A~400).

Figure 2: G2 (1b) — Section of the foetal cerebral

cortex of the chalk group whose
mothers received 200 mg/kg of
calabash chalk suspension showed
hyperplasia and hypertrophy of cells
in all the layers, especially in the
cortical plate (H. & E. A~400).

Figure 4: G2 (2b)- Section of the foetal cerebral

cortex of the chalk group whose
mothers received 200 mg/kg of
calabash chalk suspension showed
less deeply demonstrated Nissl
substance throughout the entire
layers compared with the control
group (Luxol Fast Blue. A~400).
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the cerebral cortex in the chalk group showed
hyperplasia and hypertrophy of cells in all the
cortical layers. In this section, layers 1—3 were
prominent, but layers 4—6 were indistinguishable.
There was higher cellular density in the molecular,
cortical and subcortical plates. The intermediate,
subventricular, and ventricular zones blended
imperceptibly, compared with the control group
(Figure 2).

The Nissl substances were deeply and densely
demonstrated throughout the entire section,
though myelin staining was not prominent
(Figure 3). The Nissl substances were less deeply
demonstrated with less intervening myelin
especially at the deeper layers compared with the
control group (Figure 4). The cellular population
density of the section of the foetal cerebral cortex
of group 2 was significantly (p < 0.001) higher
than the control group (Table 2).

Discussion

Calabash chalk is reported to contain several
adverse elements (5,9), which are known to be
detrimental to health. Pregnant women have a
predilection for consuming it especially in Nigeria
and other sub-Saharan African countries. Thus,
this study investigated the effect of maternal
calabash chalk consumption on the developing
foetus and the histomorphology of its cerebral
cortex.

The results revealed that the mean foetal
body weight was higher in the chalk group whose
mothers were administered the calabash chalk
suspension compared with the control group,
and this may be attributed to the elemental
composition of the calabash chalk. Elements such
as calcium, potassium, magnesium, aluminium
and iron amongst others have been reported as
constituents of calabash chalk (5,9,16). Most of
these elements are known to cross the blood-
placental membrane (17), thus, having access to
the developing foetus and may influence their
metabolism and development. This could be a
possible reason for the higher foetal body weights
in the test group of this study.

Other elements such as lead and arsenic
contained in the calabash chalk (5,9) are known
to cross the blood-placentral membrane, and
accumulates throughout gestation, usually
resulting in adverse effects (18). Adverse effects
such as neurological and visual alterations in the
developing nervous system (19), and decline in
children’s IQ scores have been ascribed to lead
(20). Arsenic on the other hand, causes damage
to many tissues and organ systems including
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the nervous system (21). Thus, the higher body
weight in the test group of this study may not be
beneficial.

Histomorphologically, the foetuses in the
chalk group whose mothers received 200 mg/
kg of calabash chalk showed hypertrophy and
hyperplasia of cells of the cerebral cortex, which
was significant compared to the control group.
Cellular hypertrophy and hyperplasia are usual
mechanisms by which tissues cope with trauma
initiated physically or by chemical reaction
(22). The result suggests that calabash chalk
or its constituents were able to cross the blood-
placental membrane (23—25), as already reported
in the body weight increase, and to initiate trauma
to the developing cerebral cortex. The invasion of
this brain area by the elemental constituents of
calabash chalk, could pose a threat to the integrity
of the developing brain. However, as neurons are
not known to proliferate when traumatised except
in specific areas of the brain, astrocytes and
microglia may be the likely cells involved, as they
proliferate when the brain tissue is traumatised
(26,27).

There was less Nissl substance staining in
the chalk group compared with the control group,
an indication that the calabash chalk effect may
also alter the neuronal integrity. Nissl substances
are large granular bodies found in neurons (28),
which are the rough endoplasmic reticulum
and are the site of protein synthesis (28-30).
Nissl substances show changes under various
physiological and pathological conditions, hence
in injured neurons, chromatolysis may result
(31,32). Alterations in the distribution pattern
of Nissl substances influence their metabolic
activities (33,34), as well as protein synthesis.

The cerebral cortex is the outermost part
of the cerebrum of the mammalian brain that
develops from the most anterior part of the
neural plate, after it folds and closes to form
the neural tube (35). The cortex plays a key role
in memory, attention, perceptual awareness,
thought, language and consciousness (36). Thus,
cortical changes as seen in this study may affect
these functions, which may lead to severe body
impairment and/or other health challenges.

In conclusion, calabash chalk may cause
body weight increase and histomorphological
changes in the cerebral cortex of foetuses.
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