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Avrticle Info Abstract

Geophagia, the practice of consuming geophagic clay, is an uncommon
Keywords:Hepatotoxicity, behavior observed in various cultures worldwide. However, extended
geophagia, geophagic clay, or excessive exposure to specific clay types can negatively impact
oxidative stress, Ubiaja.. health, due to the presence of heavy metals in geophagic clay. Our

study focused on examining the effects of geophagic clay consumption
on the liver considering its central role in managing and processing the
substances absorbed from geophagic clay. To conduct the study, we
used thirty-six female albino Wistar rats, dividing them into six groups.
The control group received only distilled water, while the other five
groups were administered geophagic clay at varying concentrations
(250, 500, 1000, 1500, and 2000 mg/kg bw) daily for forty-two days.
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https://doi.org/10.5281/zenodo.8229695 We assessed oxidative stress parameters such as superoxide dismutase

(SOD), catalase (CAT), glutathione reductase (GPx), reduced
ISSN-2682-5821/© 2023 NIPES Pub. glutathione (GSH), and malondialdehyde (MDA) in the liver tissues of
All rights reserved. the Wistar rats. The results showed increased levels of antioxidant

enzymes [SOD (1000-1500 mg/kg bw), CAT, GPx (1000 mg/kg bw)]
accompanied by a notable reduction in GSH (1000-1500 mg/kg bw)
concentration, and a significant rise in MDA (1000-2000 mg/kg bw)
levels, indicating oxidative stress. Additionally, microscopic
examination of liver tissue sections stained with haematoxylin and
eosin revealed slight changes in hepatocellular architecture,
particularly in rats treated with higher concentrations of geophagic
clay (1500-2000 mg/kg bw), aligning with our previous results. The
study suggests that exposure to Ubiaja geophagic clay may lead to
potential liver toxicity through oxidative stress mechanisms. Thus,
emphasizing the importance of educating consumers regarding the
possible risks linked to geophagic clay consumption.

1.0. Introduction

The consumption of non-nutritive substances usually seen as an aberration to normal behavioral
patterns is known as pica [1]. When pica involves the ingestion of clay or other soil materials, it is
known as geophagy [2]. Across racial and cultural boundaries, there have been reports on the
engagement of humans in this practice. Notably, in African settings, it is usually a habit associated
with pregnant women, children, and sometimes men [3, 4]. Various reasons for its consumption,
including its perceived benefits in supporting gestation, reducing pregnancy-induced nausea, and
aiding placenta delivery have been documented [2, 5]. However, geophagic clays may contain both
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beneficial and harmful metals due to geological and anthropogenic influences, raising concerns
about potential toxicities associated with their consumption [6, 2].

In our initial investigation, on the elemental composition of the Ubiaja geophagic clay, we identified
the presence of cadmium, lead, and chromium in the clay [7]. The identification of these heavy
metals in the geophagic clay raises critical concerns regarding potential implications for human
health due to the established toxicological implications of theses metals. When ingested, these heavy
metals can accumulate in the body over time and lead to a range of health problems [8]. It is
relatable, that these metals may be responsible for certain reported toxicities associated with
geophagic clay consumption [9]. Of concern is the fact that undue exposure to these metals on
consumption of this clay material may pose certain consequences to the health of its consumers [5].
The digestive tract serves as the entry point for the absorption of cadmium and mercury. However,
it is within the liver that both of these substances are subsequently metabolized [10]. The liver plays
a crucial role in detoxification and protection against xenobiotics, but exposure to high
concentrations of toxicants can disrupt liver function and induce oxidative stress, leading to liver
diseases and systemic complications [11]. Xenobiotics that can produce ROS in excess will cause
an imbalance in the body's homeostatic state [12]. This phenomenon is recognized as a crucial
mechanism contributing to the onset and advancement of different liver conditions.

Exposure to substances containing toxicants in high concentrations can be damaging to the liver as
the natural mechanisms which protect the liver including the presence of antioxidants may be
compromised [13]. When there is an alteration in the normal oxidative state of the human system it
causes a stress condition known as oxidative stress [14]. Systemic oxidative stress that may arise
concerning the development of liver disease may lead to the damage of extra-hepatic organs,
including kidney failure and brain damage [15]. Consequently, it becomes imperative to conduct a
biochemical assessment of the antioxidants in the liver of individuals consuming geophagic clay to
determine whether exposure to these substances leads to any deviation from the normal antioxidant
levels.

Carrying out this assessment will give useful information on the extent of toxicity that could be seen
on exposure to this xenobiotic. This can also help in explaining the proposed mechanism of action
of the xenobiotic. Many authors have assessed different geophagic clays from different study
locations in Nigeria [16, 17, 18, 19], but there is only a scanty information available concerning
geophagic clay materials sourced specifically from Ubiaja, Edo State.

Therefore, the primary objective of this research is to investigate the impact of geophagic clay,
sourced from Ubiaja, in Edo State, on the liver. The findings from this study will offer essential
guidance regarding its consumption as it may be a predisposing factor to the onset of varying
diseases. The study involved the evaluation of antioxidant enzymes in female Wistar rats, which
were exposed to various concentrations of the geophagic clay. Additionally, comprehensive
histopathological examinations were conducted to detect any possible changes in liver structure,
providing valuable insights into the effects of Ubiaja geophagic clay on liver health.

2.0. Materials and Method

Reagents

Chloroform, picric acid, normal saline, distilled water, hydrochloric acid, carbonate buffer, sodium
hydroxide, pyrogallol, phosphate buffer, adrenaline, hydrogen peroxide, potassium permanganate,
sulphuric acid (H2S0s), thiobarbituric acid (TBA), trichloroacetic acid (TCA), formaldehyde and
Ellman's reagent, sulfanilic acid, dimethylsulfoxide, sodium nitrite, adrenaline solution, distilled
water, 30 mM phosphate buffer, hydrogen peroxide, 0.01 M KMnOsa.

2.1. Method
The samples were sourced from Ubiaja, Esan South East Local Government Area of Edo State,
South-South, Nigeria, from open-source market stalls. Six representative samples of the geophagic
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clay (‘eko’) were purchased and were carefully sealed in zip-lock bags to ensure complete protection
from any potential contamination. They were later pulverized under aseptic conditions before the
analysis.

2.2. Experimental design

Thirty-six (36) female rats were used in this study; they were separated according to weight into six
(6) different groups. Five (5) of the groups were the treatment groups, while one group was taken
as the control. Geophagic clay sample was administered orally to animals using a gavage, at
concentrations of 250, 500, 1000, 1500, and 2000 mg/kg bw, and designated as groups I, 2, 3, 4,
and 5 respectively. The concentration of stock was 10%. A single dose of the treatment was given
every 24 hours for 42 days. Stock concentration was made by dissolving 10 g of geophagic clay in
90 ml of distilled water. Volumes administered were calculated using the formula:

Volume = dose x weight/ Conc. of stock Q)

2.3. The sacrifice of experimental animals

The animals were handled according to the guidelines for the treatment of laboratory animals. After
six (6) weeks of administration of the geophagic clay sample, the animals were sacrificed after an
overnight fast. This was done to ensure that all the rats were in the same metabolic state. The rats
were humanely euthanized through cervical dislocation. Subsequently, their livers were carefully
dissected, harvested, and then washed with ice-cold 1.15% KCI buffer.

2.4. Tissue sample preparation

A potter-Elvehgen homogenizer was employed in homogenizing the weighed organ after placing it
in a 0.1 M phosphate buffer pH 7.4. Centrifugation was done at 10,000 g for 10 min in a cold
centrifuge at a temperature of 4 °C. The supernatant obtained were subjected to further analytical
procedures using standard methods for the different markers of oxidative stress. Standard
procedures [20] were also employed in fixing sections of the liver for histopathological examination
using the hematoxylin and eosin stain.

Superoxide dismutase (SOD)
Superoxide dismutase (SOD) was estimated using the method described by [21].

Catalase (CAT)
The method of [2] was used.

Glutathione peroxidase (GPx)
The activity of the Glutathione peroxidase enzyme was determined using the method described by
(23).

Reduced glutathione (GSH)
Reduced GSH was determined using the method described by [24].

Malondialdehyde (MDA)
This assay was carried out using the method by [25].

2.5. Statistical analysis

The data underwent analysis using the SPSS statistical tool. For presentation, bar charts were
utilized, showing the values as mean + SEM (standard error of the mean). To determine significance,
the threshold was set at P < 0.05, with 95% confidence intervals.

35



Edene, O. A & Onoagbe, I. O./NIPES Journal of Science and Technology Research
5(3) 2023 pp. 33-43

3.0. Results and Discussion

3.1. Effect of geophagic clay on some oxidative stress parameters in liver of albino Wistar rats.
A major mechanism for the pathogenesis of diseases is oxidative stress. It is a major mechanism of
action for most disease conditions [26]. The principal culprit in oxidative stress is the reactive
oxygen species which are free radicals that possess the ability to attack cellular molecules [27]. The
human system comprises a mechanism responsible for maintaining an oxidative balance, which
consists explicitly of antioxidant enzymes [superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx)], and non-enzymatic molecule, reduced glutathione (GSH), capable
of mopping up these free radicals [28]. Assessment of the state of these antioxidants provides
information on the responses of the different organs, to the introduction of xenobiotics [29].
Geophagic clay which is the xenobiotic used in this study, is composed majorly of metal elements
[16, 17, 18, 19]. Some of these elements have been reported to elicit some level of toxicity in
exposed organisms [30, 31]. The liver being the first point of detoxification is highly susceptible to
possible attacks from components of this clay material [9].

3.2. Effects of geophagic clay consumption on superoxide dismutase (SOD) in the Liver of
adult female Wistar rats
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Figure 1: Effects of geophagic clay consumption on SOD activity in Liver of adult female Wistar
rats.

Data were presented as Mean = SEM (n=6); *Significant as compared with control; (P < 0.05),
**More significant; (P < 0.05).

The liver is a major organ susceptible to attack by reactive oxygen species [32]. Increased
production of ROS triggers the release of cytokines, which can lead to inflammation and initiate
varying disease pathways associated with the liver [33]. SOD is an enzyme that is activated in
response to increased production of radicals. It serves as a first line of defence in response to the
upsurge in radicals as a result of exposure to xenobiotics [34]. An increase in the activity of SOD
enzyme is an indication of oxidative stress. The results shown in figure one revealed that there was
an increase in the activity of SOD enzyme in groups 3 and 4 which were administered 1000 and
1500mg/kg of geophagic clay. A decline in the activity of this enzyme in the group administered
2000mg/kg of geophagic clay may be as a result of a depletion in the enzyme concentration as it is
being used up in response to increased free radical production. Some other publications have also
reported similar patterns in the activity of SOD on exposure to toxicants when treatments were
compared with the control group [35, 36]. A contrary result was presented in the study by [37] in
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which concentrations of SOD remained unaltered when modified-geophagic clays at concentrations
between 250-1000 mg/kg bw were administered to Wistar rats. The differences seen may be
attributed to the modifications made in their studied clay. Though in our study we observed a similar
trend in the groups administered lower concentrations (250- 500 mg/kg bw) of the Ubiaja geophagic
clay.

3.3.Effects of geophagic clay consumption on catalase (CAT) activity in Liver of adult female
Wistar rats.

The activity of catalase enzyme can be described as one that acts as a second line of defense against
the production of free radicals. Its activity is somewhat supplementary to that of the glutathione
peroxidase enzyme [38]. In this study catalase activity was elevated significantly in the group
administered 1000 mg/kg bw of geophagic clay. This may be an adaptive response to the generation
of free radicals which may be produced by the enzyme SOD in acting as a first line of defense. The
presence of some heavy metals in the clay may be responsible for the free radical generation [30].
Although there was a slight elevation in catalase activity in group 4 (1500 mg/kg), it was not
significant when the treatment group was compared with the control. The decrease in catalase
activity seen in the treatment group administered the highest dose may be the reason for increased
oxidative damage as seen in the liver histology (Plate 1), as reduction in the activity of catalase
enzyme will cause an accumulation of H>O: in the system accounting for more oxidative stress and
lipid peroxidation. This result is similar to results of exposure to heavy metals in which a decrease
in catalase and superoxide dismutase activity at higher exposure to heavy metals was reported [39].
The significant increase seen in the group administered 1000 mg/kg of geophagic clay is similar to
the results of [31] who reported significant increase in catalase activity in rats fed 1.0% and 8.0%
clay compared to control (0 clay), thus signifying an oxidative response.
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Figure 2: Effects of geophagic clay consumption on CAT activity in Liver of adult female Wistar
rats.

Data were presented as Mean + SEM (n=6); *Significant as compared with control; P<0.05, **More
significant; p<0.05.

3.4. Effects of geophagic clay consumption on glutathione peroxidase (GPx) activity in Liver
of adult female Wistar rats.

Glutathione peroxidase-1 (GPx-1) is an essential intracellular antioxidant enzyme responsible for
enzymatically converting hydrogen peroxide into its less harmful form, water, thereby maintaining
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oxidative balance [13]. The study results indicate a significant increase (P<0.05) in GPx enzyme
activity in group 3 (1500 mg/kg bw) compared to the control group. However, in the groups exposed
to higher doses of geophagic clay, a decrease in GPx activity was observed, but this decrease was
not statistically significant (P>0.05) when compared to the control group.

The reduction in GPx activity among the groups exposed to higher doses of geophagic clay suggests
potential risk, as there might be an inability to effectively break down hydrogen peroxide into its
less toxic form (H20), leading to its accumulation in the system. Consequently, this accumulation
could initiate damage to macromolecular structures within the liver cells. Previous studies have
reported increased GPx activity in organisms exposed to high concentrations of toxic substances,
but a reduction in the enzyme activity was observed at much higher doses [40]. In a similar study
GPx activity was said to be unaltered on administration of nanoclay materials to Wister rats [41].
This finding is similar to that seen in our study in the groups administered lower concentrations of
geophagic clay (250-500 mg/kg bw).
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Figure 3: Effects of geophagic clay consumption on GPx activity in Liver of adult female Wistar
rats. Data are presented as Mean + SEM (n=6); *Significant as compared with control; p<0.05,
**More significant; p<0.05.

3.5. Effects of geophagic clay consumption on Reduced Glutathione (GSH) levels in Liver of
adult female Wistar rats.

Reactive oxygen species which can be generated on exposure to foreign substances need to be
mopped up from the system [42]. One of the most powerful antioxidant present in the human system
for this task is the reduced glutathione (GSH) [43]. In its reduced form, it has the ability to donate
reducing equivalents which emanates from the thiol groups present in the cysteine moiety of its
structure, this donation confers stability on the reactivity of generated free radicals such as H.O>
[44]. This it does with the help of the antioxidant enzyme GPx, leading to the formation of oxidized
glutathione (GSSG). A depletion in the concentration of GSH with increased formation of GSSG is
indicative of oxidative stress [45]. Results from this study indicated a reduction in the concentration
of GSH, in a dose dependent manner. The observed depletion was significant (P<0.05) in groups 3
(1000 mg/kg bw) and 4 (1500 mg/kg bw). This result indicated that GSH content of the liver was
being used up in response to the free radical generation on exposure to geophagic clay. Similarly, a
depletion in the concentration of GSH in testis of rats exposed to cadmium was reported by [46] in
their study. The implication of this outcome suggests that exposure to geophagic clay may illicit the
generation of free radicals which has the ability to deplete GSH concentrations in liver cells.
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Figure 4. Effects of geophagic clay consumption on GSH activity in Liver of adult female wistar
rats.

Data are presented as Mean £ SEM (n=6); *Significant as compared with control; p<0.05, **More
significant; p<0.05.

3.6. Effects of geophagic clay consumption on Malondialdehyde levels in Liver of adult female
Wistar rats.

The substance Malondialdehyde (MDA\) is a result of lipid peroxidation and is known to contribute
to cellular toxicity, commonly serving as a biomarker for oxidative stress [47]. In this study, there
was an increase in the levels of MDA with higher concentrations of geophagic clay exposure. MDA
is associated with lipid peroxidation, thus, a rise in MDA levels indicates an attack on the liver's
lipid membranes, leading to peroxidation of the cellular lipid membrane. The increase in MDA
concentration was found to be statistically significant (p<0.05) in groups 3 (1000 mg/kg bw), 4
(1500 mg/kg bw), and 5 (2000 mg/kg bw). Similarly, Agomuo et al. 2019 in their study reported,
slight elevations in MDA levels during pregnancy in Wistar rats which were greatly elevated with
clay beverage intake [50]. Similar trends of increased MDA levels have been observed in other
studies involving exposure to specific toxicants [48, 46, 49]. Based on these findings, the present
study suggests that exposure to geophagic clay may trigger oxidative responses in the liver, which
could have detrimental effects on its health.
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Figure 5: Effects of geophagic clay consumption on MDA levels in liver of adult female Wistar
rats. Data are presented as Mean = SEM (n=6); *Significant as compared with control; p<0.05,
**More significant; p<0.05.
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3.7. Photomicrographs of Haematoxylin and Eosin stained Liver sections exposed to geophagic
clay at different concentratlons .

concentratlons of geophagic clay. A) CONTROL.: Normal histological appearance of liver in the
control group with a well fenestrated sinusoid. B) 250 mg/kg: Destructed portal trial and disarranged
hepatocytes of liver parenchyma. C) 500 mg/kg: destructed portal trial, distorted sinusoids, slight
congestion in portal triad. D) 1000 mg/kg: distorted portal trial and disarranged hepatocytes of liver
parenchyma E) 1500 mg/kg: Wall of portal triad thickened and enlarged, with mild steatosis F)
2000 mg/kg: Appearance of focal cellular degeneration, distorted and congested sinusoids, and
steatosis.

Accompanying elevated MDA levels, photomicrographs of the hematoxylin and eosin stained liver
sections revealed cellular degeneration and steatosis in the groups administered higher
concentrations of the geophagic clay, D-F (1000-2000 mg/kg bw). In groups B and C (250-500
mg/kg bw), the changes seen in the liver architecture were mild when compared with the control
(A) group. This is indicative of damage to the cells of the liver as there were visible alterations in
the architectural make-up of the liver tissue, different from the normal liver architecture in the
control organisms. Nwauche et al. (2021) had similar results as they reported mild periportal and
intraparenchymal inflammation in their treated rats fed edible clay at the highest dose administered
(8.0%) (31). Similarly, Mahajan et al. (2018), reported alterations in the hepatic cells in imidacloprid
and arsenic exposed Wistar rats [51]. This is a clear indication of the damage done on exposure to
their administered toxicant. Putting our findings together, the results suggests that exposure to
Ubiaja geophagic clay may illicit possible toxicity in the liver via the oxidative stress mechanism.
Consequently the effects seen in this study can be traceable to the elemental makeup of the
geophagic clay [52].

4.0. Conclusion

Overall, this study highlighted that exposure to geophagic clay from Ubiaja in Edo, State, may illicit
some toxic responses in an oxidative inducing manner, by increasing concentrations of MDA and
depletion in GSH concentration. These are causative factors for oxidative stress and puts strain on
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the enzymatic antioxidants especially on exposure to the geophagic clay at high concentrations.
Some of the responses seen are an adaptive response, on exposure to this geophagic material. In
view of this, attention should be drawn to undue consumption of this clay material as it may have
debilitating effects on the liver of exposed individuals.
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