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Abstract

Purpose: Calabash chalk consumption has been reported to cause various systemic alterations, which may affect
some homeostatic mechanisms in the body. This study aimed to demonstrate the effect of chronic consumption of
calabash chalk on oxidative stress markers and lipid profile.

Methods: Ten Wistar rats weighing 160-180 g were divided randomly into 2 groups of 5 rats each. Group one
was the control group and received 1 ml of distilled water daily, while group two served as the test group and
received 1 ml of calabash chalk suspension orally daily. In addition, all animals were given food and water ad
libitum. The experiment lasted for 28 days, followed by animal sacrifice; oxidative stress markers- {superoxide
dismutase (SOD), catalase (CAT), malondialdehyde (MDA) and glutathione peroxidase (GPx)}, lipid profile-
{triglycerides (TG), total cholesterol (TC), very low-density lipoproteins (VLDL), high-density lipoproteins
(HDL), and low-density lipoproteins (LDL)}, cardiac risk ratio, and atherogenic index of plasma (AIP) were
studied.

Results: SOD, CAT, and GPx concentrations were significantly lower (p<0.01) in the test group compared to the
control. Conversely, MDA concentration was significantly higher (p<0.01) in the test group compared with the
control, while serum TG, HDL, VLDL, and TC concentrations were not significantly different between the 2
groups. However, LDL, AIP, and cardiac risk ratio were significantly increased compared with the control.
Conclusion: Chronic consumption of calabash chalk reduces the efficiency of antioxidant defenses, leading to
increased oxidative stress.
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INTRODUCTION

Calabash chalk is a naturally occurring substance found in
West African countries. It is also known as kaolin, edible
clay, and marble chalk. Due to migration, this West
African substance has been carried worldwide. It is known
as “La-Craie” in French, “White dirt” or “White clay” in
the United States of America, “Mabele” in Congo, and
“Nzu” in Nigeria, amongst others.*

Chalk is not a food substance but is readily consumed by
numerous people in different parts of the world.? This is a
form of geophagy and Pica.® The practice of geophagy is
usually associated with pregnant women. Calabash chalk is
largely consumed by females, especially during
pregnancy.” It helps to prevent morning sickness and
excessive salivation in pregnant and breastfeeding women."
Oxidative stress is a phenomenon caused by an imbalance
between the production and accumulation of oxygen
reactive species (ROS) in the cells and tissues and the
ability of a biological system to detoxify these reactive
products (excess free radicals and insufficient antioxidants
in the body, resulting in cell damage, i.e., cell membrane,
cytoplasmic proteins, lipids, and nucleic acids).” Research
has shown that oxidative stress is one of the factors
responsible for the onset and/ or the progression of several
chronic  and  degenerative  diseases, including
Cardiovascular disease, Parkinson's disease, Alzheimer’s,
Rheumatoid arthritis, Barrett's esophagus, and kidney
disease.” Some known causative factors of oxidative stress
include environmental pollution, smoking and other uses of
tobacco, heavy metals, ionizing radiation, over-exposure to
the sun, excessive consumption of alcohol, and stress.’
Reactive oxygen species (ROS), superoxide anions (O2-),
hydrogen peroxide (H,O,), hydroxyl radical (*OH), and
reactive nitrogen species (RNS), like nitric oxide (NO) and
peroxynitrite (ONOO"), are produced by the mitochondria
during both physiological and pathological conditions and
by endothelial and inflammatory cells.® ROS produced
under normal conditions has a protective effect. They are
involved in processes such as protein phosphorylation,
apoptosis, activation of specific transcriptional factors, and
differentiation. They can also modulate immune-mediated
responses against extrinsic pathogens and activate
protective signaling pathways to counter inflammation.®
The overproduction of ROS, leading to their accumulation
under abnormal conditions, can contribute to the immediate

activation of the inflammatory process. This can explain
why ROS plays key roles in the pathogenesis of numerous
chronic  inflammatory  disorders, including reflux
esophagitis, Barrett's esophagus, Helicobacter pylori (H.
pylori)-induced gastritis, and inflammatory bowel diseases
such as ulcerative colitis and Crohn's disease. '

Superoxide dismutase (SOD), a key antioxidant defense in
most living cells exposed to oxygen, is produced during
oxygen metabolism.™ It catalyzes the dismutation of the
superoxide anion radical into oxygen and hydrogen
peroxide. There are three types of SOD present in humans;
SOD1, in the cytoplasm; SOD2 in the mitochondria; and
SOD3, which is extracellular."
Decrease/inactivation/mutation of SOD leads to high levels
of free radicals, which result in cellular damage and
disease.”

Catalase (CAT) is a common enzyme that catalyzes the
breakdown of hydrogen peroxide to water and oxygen in
most living organisms exposed to oxygen. It is key in
protecting the cells from reactive oxygen species."
Malondialdehyde (MDA), a dialdehyde, is a by-product of
lipid peroxidation. It is widely used as a biomarker to
assess lipid oxidative damage and oxidative stress in
biological samples.™ It is highly reactive and interacts with
proteins, lipoproteins, DNA, and RNA."

Glutathione peroxidase (GPx) is an enzyme family that
reduces lipid hydroperoxides to alcohols and free hydrogen
peroxide to water and oxygen.'®

A lipid profile, or panel, is a group of blood tests used to
detect abnormalities in lipid levels. They include tests for
low-density lipoproteins, high-density lipoproteins, total
cholesterol, and total triglycerides. These tests can indicate
risks for cardiovascular diseases and other diseases.

MATERIALS AND METHODS

Preparation of kaolin suspension

Blocks of non-salted Calabash chalk were purchased from
Watt Market in Calabar South, Calabar, Cross River State,
Nigeria. The calabash chalk was ground to a powder using
a manual grinder. A 40 g portion of the ground powder was
dissolved in 1 liter of distilled water, yielding a suspension
with a concentration of 40 mg/ml. The concentration of the
suspension was calculated as follows:
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Mass of chalk (mg)
Volume of water (mL)

_40><1000mg_40 L
= To00mL  _ tome/m
This concentrate/suspension was filtered with Whatman

filter paper to remove all impurities. The suspension was
stored in a plastic jug in a cool, dry place.

Concentration (mg/mL) =

Lethal effect of Calabash chalk

Research has shown that no mortality was recorded after
oral treatment with calabash chalk, even at a concentration
of 5000 mg/kg."’

Ethical Approval

Ethical approval (234PHY3823) for the research was
obtained from the Animal Research Ethics Committee of
the Faculty of Basic Medical Sciences, University of
Calabar, Cross River State, Nigeria.

Experimental animals

Ten (10) adult albino male rats of the Wistar strain
weighing between 160 and 180 g were used for these
experiments. They were housed in the animal facility of the
Physiology Department, University of Calabar, at a
temperature of 28 + 2 0C and 12/12 hours of light and dark
cycles. The animals were allowed to acclimatize for two
weeks before the onset of the experiments. The animals
were fed with standard feed pellets and were allowed
access to food and water ad libitum. Five animals were
kept in each cage (wooden cages with wire net covers), and
the cages were always kept clean.

Experimental design

The animals were randomly divided into 2 groups of 5 rats
each. Group 1 served as the control group and was
administered 1 ml of distilled water every morning for 28
days, while group 2 served as the test group and was
administered 1 ml of calabash chalk suspension every
morning for 28 days.”® The calabash chalk and distilled
water were administered via the orogastric route. Food and
water intake were determined daily, and their body weights
were taken before and after the experiment. The rats were
humanely sacrificed using chloroform on day 29.

Assay of Catalase (CAT)

Catalase activity was assayed using the UV
spectrophotometric method, which depends on monitoring
the change of 240 nm absorbance at high levels of
hydrogen peroxide solution (>30mM).*

A 20% homogenate was prepared in phosphate buffer
(0.067 M, pH 7.0), and the homogenate was employed for
the assay. The samples were read against a control without
homogenate but containing the H,O,-phosphate buffer. To
the experimental cuvette, 3.0 ml of H,0,-phosphate buffer
was added, followed by the rapid addition of 40 pl enzyme
extract, and mixed thoroughly. The time interval required
for a decrease in absorbance by 0.05 units was recorded at

240 nm. The enzyme solution containing H,O,-free
phosphate buffer served as the control.

One enzyme unit was calculated as the amount of enzyme
required to decrease the absorbance at 240 nm by 0.05
units.

Assay of Malondialdehyde (MDA)

Malondialdehyde was assayed using the thiobarbituric acid
(TBA) test, which involves reacting MDA with TBA to
form a pink-colored adduct, which is measured
spectrophotometrically.

Into two test tubes labeled “test” and “blank” were added
10 pl of serum and 10 pl of distilled water, respectively.
Then, 0.5 ml of 25% TCA (trichloroacetic acid) and 0.5 ml
of 1% TBA (thiobarbituric acid) in 0.3% NaOH were
added. The mixture was boiled for 40 minutes in a water
bath (HH-S4 Water bath, Jiangsu Jinyi Instrument Tech.
Co., Ltd, China) and cooled in cold water. Then, 0.1 ml of
20% sodium dodecyl sulfate (SDS) was added to the
cooled solution and mixed properly. The absorbance was
taken at wavelengths of 532 nm and 600 nm against the
blank.

Assay of superoxide dismutase (SOD)

Superoxide dismutase uses the photochemical reduction of
riboflavin as an oxygen-generating system and catalyzes
the inhibition of NBT (Nitro blue Tetrazolium) reduction,
the extent of which can be assayed
spectrophotometrically.””  The incubation  medium
contained a final volume of 3.0 ml, 50 mM potassium
phosphate buffer (pH 7.8), 45 M methionine, 5.3 mM
riboflavin, 84 M NBT, and 20 M potassium cyanide. The
amount of homogenate added to this medium was kept
below one unit of enzyme to ensure sufficient accuracy.
The tubes were placed in an aluminum foil-lined box
maintained at 25°C and equipped with 15W fluorescent
lamps. Reduced NBT was measured
spectrophotometrically at 600 nm after exposure to light
for 10 minutes. The maximum reduction was evaluated in
the absence of the enzyme. One unit of enzyme activity
was defined as the amount of enzyme giving a 50%
inhibition of the reduction of NBT (Sigma Aldrich, USA).
The values were calculated as units/mg protein.

Assay of glutathione peroxidase (GPx)

Glutathione peroxidase catalyzes the following reaction:
Se-GPx

2 GSH + H202 — GSSG + 2H20

Glutathione was assayed by its reaction with DTNB (5, 5’-
dithiobis-(2-nitrobenzoic acid)) to give a compound that
absorbs at 412 nm. To 0.4 ml of buffer (Sigma Aldrich,
USA), 0.2 ml of EDTA, 0.1 ml of sodium azide (Sigma
Aldrich, USA), 0.2 ml of reduced glutathione (Sigma
Aldrich, USA), and 0.1ml of H,O, were added to two test
tubes labeled as “test” and “control”. To the test 0.2 ml of
sample was added, and to the control 0.2 ml of water was
added. The contents were mixed well and incubated at
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37°C for 10 mins; the reaction was arrested with the
addition of 0.5 ml of 10% TCA. To determine the
glutathione content, 1.0 ml of supernatant was removed by
centrifugation, and that to, 3.0 ml of buffer and 0.5 ml of
Ellman’s reagent (Sigma Aldrich, USA) were added. The
color developed was read at 412 nm. Standards in the range
of 40-200 ug were taken and treated similarly. The activity
was expressed in terms of pg of glutathione
consumed/min/mg protein.”

Lipid profile

Determination of the serum cholesterol (TC)

The cholesterol was determined after enzymatic hydrolysis
and oxidation. The indicator quinoneimine was formed
from hydrogen peroxide and 4-aminoantipyrine in the
presence of phenol and peroxidase.”

Cholesterolester + H20 — Cholesterol + Fattyacids
Cholesterol + 02 — Cholesterol-3-one + H202
2H,0, + phenol + aminoantipyrine—~Quinoneimine + 4H,0
Two test tubes were labeled “test” and “blank” then, 10 pl
of the standard reagent and 10 pl of distilled water were
added to them, respectively. 10 pl of the sample was added
to another test tube. Then, 1000 pl of reagent R1 was added
to each test tube and mixed, then, incubated for 10 minutes
at 37 0C. The absorbance of all the cuvettes was read and
recorded at 546 nm.

CHOL conc (mg/dl) = change in Abs sample x conc of
standard change in Abs standard.

Determination of serum triglycerides (TAG)

Serum triglyceride concentration was determined using the
enzymatic colorimetric method based on the hydrolysis of
triglycerides to glycerol and free fatty acids by lipoprotein
lipase. The liberated glycerol is subsequently
phosphorylated by adenosine triphosphate (ATP) in the
presence of glycerol kinase to form glycerol-3-phosphate
and adenosine diphosphate (ADP). Glycerol-3-phosphate is
then oxidized by glycerol phosphate oxidase to

dihydroxyacetone phosphate and hydrogen peroxide (H,0,).

In the presence of peroxidase, the hydrogen peroxide reacts
with 4-aminophenazone and 4-chlorophenol to form a
quinoneimine dye, the intensity of which is directly
proportional to the triglyceride concentration in the sample
and is measured spectrophotometrically®.

About 5 pl of distilled water was added into a test tube
labeled “blank”, 5 ul of the standard reagent was added into
another test tube and 5 ul of the sample was added into
another test tube. Then, 500 ul of reagent R1 was added
into each test tube and mixed. This was incubated for 5
minutes at 37 0C. The absorbance of all the cuvettes was
read and recorded at 546 nm.

TAG (mmol/l) = change in Abs sample x standard conc.
change in Abs standard

Determination of serum lipoproteins (HDL)
High-density lipoprotein cholesterol (HDL-C) was
determined using a Biosystems® commercial diagnostic

kit based on the precipitation method. The principle of the
assay is that very low-density lipoproteins (VLDL) and
low-density lipoproteins (LDL) in serum are precipitated
by phosphotungstate in the presence of magnesium ions,
leaving HDL in the supernatant. After centrifugation,
cholesterol in the HDL-containing supernatant was
quantified enzymatically by the cholesterol oxidase-
peroxidase = (CHOD-PAP) method and measured
spectrophotometrically.?

Briefly, 100 pL of serum sample (and standard) was
pipetted into centrifuge tubes, followed by addition of 500
uL of diluted precipitation reagent (R1). The mixture was
gently mixed and allowed to stand for 10 min at 25°C, then
centrifuged at 3500 rpm for 15 min. Thereafter, 50 pL of
the supernatant (HDL fraction) was transferred into test
tubes labelled “test”, “standard” and “blank”. Subsequently,
500 pL of cholesterol reagent (CHOL) was added to each
tube and incubated for 10 min at 25°C. Absorbance was
read at 500 nm against reagent blank. HDL-C
concentration (mg/dL) was calculated using the kit formula:
AAbssample

HDL-C =
AAbsstandard

X Concstandard

Very low-density lipoprotein cholesterol (VLDL-C) and
low-density lipoprotein cholesterol (LDL-C) were not
directly measured but were calculated from triglycerides
(TG), total cholesterol (TC) and HDL-C using the
Friedewald equations. 2* VLDL-C was estimated as TG/5
(mg/dL), while LDL-C was derived as TC — HDL-C —

VLDL-C, as shown below:

TG

VLDL-C = =

LDL-C = TC — HDL-C — VLDL-C

The Friedewald approach is widely applied for lipid profile
estimation in both experimental and clinical studies,
particularly where triglyceride levels fall within acceptable
limits for the validity of the equation. 2*

Determination of Atherogenic Index (AI)
The atherogenic index (Al) was calculated from serum
lipid parameters to assess the tendency for atheroma
formation. It was determined using the formula:

LDL-C

~ HDL-C

where LDL-C is low-density lipoprotein cholesterol and
HDL-C is high-density lipoprotein cholesterol, expressed
in mg/dL.25

Determination of Cardiac Risk Ratio (CRR)
Cardiac risk ratio (CRR), also referred to as Castelli’s Risk
Index-I, was calculated as an index of cardiovascular risk
using total cholesterol and HDL cholesterol values. It was
computed using the formula:

TC

HDL-C

CRR =
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where TC represents total cholesterol and HDL-C
represents high-density lipoprotein cholesterol (mg/dL).?6

Determination of Glutathione Peroxidase (GPx)
Activity

Glutathione peroxidase (GPx) activity was determined
spectrophotometrically using a commercial assay kit (or
standard laboratory protocol) based on the principle that
GPx catalyzes the reduction of hydrogen peroxide (or
organic hydroperoxides) by reduced glutathione (GSH),
producing oxidized glutathione (GSSG). In the presence of
glutathione reductase (GR) and NADPH, GSSG is
converted back to GSH with concomitant oxidation of
NADPH to NADP*. The decrease in absorbance due to
NADPH consumption was monitored at 340 nm and GPx
activity was expressed as U/L (or U/mg protein), according
to the manufacturer’s instructions.?”

Statistical analysis

The results are presented as mean + SEM. Independent t-
test analysis was used to compare the two means of the
groups. P<0.05 was taken to be statistically significant.
Computer Software, Graph Pad Prism, SPSS, and Excel
Analyzer were used for the analysis.

RESULTS AND DISCUSSIONS

Antioxidant enzymatic families, including Catalases
(CAT), Superoxide Dismutases (SOD), and Glutathione
Peroxidases (GPx), work cooperatively to protect cells
from excessive reactive oxygen species (ROS) derived
from endogenous metabolism.*®
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FIG 1: Comparison of Superoxide dismutase (SOD) concentration
between the control and test group.
Values are mean = SEM, n = 5. **p< 0.01 vs control

Superoxide dismutase is a key antioxidant. Its
physiological importance is highlighted by the severe
pathologies seen in mice genetically engineered to lack

these enzymes, e.g., hepatocellular carcinoma. Mice
lacking SOD2 die several days after birth amid massive
oxidative stress.”® In this study, its concentration was
significantly reduced in the test group and could have led
to oxidative stress. Among the defense systems operating
against reactive oxygen species, catalase is the most potent
antioxidant enzyme; it is known to catalyze the
decomposition of hydrogen peroxide into water and
oxygen in an energy-efficient manner in cells exposed to
oxidative stress.” In most living organisms, hydrogen
peroxide is a potentially dangerous by-product of oxygen
metabolism. According to Allain," in this study, chronic
consumption of calabash chalk significantly reduced
catalase concentration in the test group. This indicates that
chronic consumption of calabash chalk significantly
reduced/slowed down the decomposition of hydrogen
peroxide by catalase, resulting in oxidative stress.
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FIG 2: Comparison of Catalase (CAT) concentration between the
control and the test group.
Values are mean £ SEM, n = 5. **p< 0.01 vs control

In the test group, malondialdehyde concentration was
significantly increased. A high concentration of
malondialdehyde indicates increased oxidative imbalance
and lipid peroxidation, which is a significant biological
consequence of oxidative cellular damage in humans.*
Glutathione peroxidase (GPx) was significantly reduced in
the test group. Thus, its function to reduce lipid
hydroperoxides and hydrogen peroxide was significantly
impaired, leading to oxidative stress (GPx3).
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FIG 3: Comparison of serum cholesterol concentration between
the control and the test group. Comparison of serum triglyceride
concentration between the control and the test group.

Values are mean + SEM, n = 5, p> 0.05 vs control. NS: not
significant.

From the results obtained, serum triglyceride and
cholesterol concentrations of the test group's animals were
higher than the control group. However, the concentrations
were not significantly different. This is indicative of
hyperlipidemic or cardiotoxic activity from the chronic
consumption of calabash chalk because an increase in
serum or plasma levels of triglycerides or cholesterol has
been considered to increase the risk of developing
atherosclerosis and other cardiovascular diseases. ****
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FIG 4: Comparison of serum triglyceride concentration between
the control and the test group.

Values are mean =+ SEM, n = 5, P> 0.05 vs control. NS: not
significant.
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FIG 5: Comparison of the serum LDL-c concentration between
the control and the test group.
Values are mean + SEM, n = 5. * p< 0.05 vs control.

The low-density lipoprotein (LDL) of the test group was
significantly higher compared to the control group.
Similarly, the very low-density lipoprotein (VLDL)
concentration of the test group was higher than that of the
control group, though not significantly. Both LDL and
VLDL are regarded as “bad cholesterol” and are associated
with an increased risk of cardiovascular disease. They are
commonly associated with diabetes, hypertension,
hypertriglyceridemia, and atherosclerosis.** Also, they can
increase the risk of blood clots in the arteries and the
formation of a thrombus, which can predispose a subject to
stroke or heart attack.
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FIG 6: Comparison of serum HDL-c concentration between the
control and the test group.
Values are mean = SEM, n = 5. NS: not significant.

The high-density lipoprotein (HDL) in the test group was
low compared to the control group, though not
significantly. HDL plays a vital role in reverse cholesterol
transport, in which excess cholesterol is removed from the
peripheral vessels and transported back to the liver for
disposal.® It has several other beneficial biological
properties, including antioxidative, anti-inflammatory,
endothelial/vasodilatory, antithrombotic, and
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cytoprotective functions.®® The reduction of HDL can be
considered to be cardiotoxic.
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FIG 7: Comparison of the serum VLDL-c concentration between
the control and the test group.
Values are mean = SEM, n = 5. NS: not significant.

The cardiac risk ratio is a screening tool used to assess the
risk of developing cardiovascular diseases. The higher the
ratio, the higher the risk of developing cardiovascular
diseases. The cardiac risk ratio was significantly higher in
the test group compared to the control group. A risk ratio
greater than 4.5 is considered a high risk for cardiovascular
diseases.®” The cardiac risk ratio in the test group was
higher than 4. This result is supported by the low
concentration of HDL and high concentrations of LDL,
serum cholesterol, and triglycerides in the test group.®
Chronic consumption of calabash chalk increases the
cardiac risk ratio and may predispose to cardiovascular
disease.
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FIG 8: Comparison of the atherogenic index of plasma between
the control and the test group.
Values are mean + SEM, n = 5. * p< 0.05 vs control.
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FIG 9: Comparison of the cardiac risk ratio between the control
and the test group.
Values are mean + SEM, n = 5. * p< 0.05 vs control.
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FIG 10: Comparison of Glutathione Peroxidase (GPx)
concentration between the control and the test group.
Values are mean = SEM, n = 5. **p< 0.01 vs control.

The atherogenic index of plasma (AIP) is a logarithmically
transformed ratio of molar concentrations of triglycerides
to HDL cholesterol. The strong correlation may explain the
high predictive value between the atherogenic indexes of
plasma with lipoprotein particles.*® As observed from the
result, the atherogenic index of plasma in the test group
was significantly increased compared with the control
group. From this result, it could be deduced that chronic
consumption of calabash chalk has the potential to increase
the risk of cardiovascular diseases.
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FIG 11: Comparison of Malondialdehyde (MDA) concentration
between the control and the test group.
Values are mean + SEM, n = 5. **p< 0.01 vs control

The mechanism by which this occurs is largely unknown.
The exposure to lead, arsenic, barium, and other toxic
heavy metals in calabash chalk might be responsible for
this outcome. This is corroborated by the reports of the
American Health Association (2018).%

CONCLUSION

In conclusion, this study found that a prolonged use of
calabash chalk causes oxidative stress and lipid metabolism
in Wistar rats. The considerable decrease of antioxidant
enzymes (SOD, CAT, and GPx) and an increase in
malondialdehyde are signs of poor antioxidant defense and
high rates of lipid peroxidation. Though it did not influence
the total cholesterol and triglycerides, the high LDL,
cardiac risk ratio, and atherogenic index indicate that there
is a greater risk of cardiovascular dysfunction. Toxic
elements like lead and arsenic contained in calabash chalk
are likely to cause these effects. It should not then be used
on a regular basis, and more research is required to
understand the underlying molecular pathway.
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