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Introduction: One of the most common methods of forced ripening of fruits involves the use of calcium carbide
(CaC,). Commercial grade CaC, contains impurities with the potential to cause harmful effects to exposed
individuals. This study was conducted to determine the effect of exposure to CaC, on some haematological and
biochemical parameters in rats.

Methods: Adult male Wistar rats (n=20) were divided into four equal groups. Animals in Groups I (control), I,
111 and IV were respectively administered distilled water (2 mL/kg), 125, 250 and 500 mg/kg calcium carbide,
orally, by gavage, before feeding, daily for 28 days. The erythrogram, leucogram and plasma total protein were
determined, while changes in serum and brain biomarkers of oxidative stress (superoxide dismutase (SOD)
activity and malondialdehyde (MDA) concentration) were assessed. Weight changes at the beginning and at the
end of the exposure period (28 days) and signs of toxicity daily, were recorded.

Results: The findings revealed significantly (p<0.05) lowered levels of red blood cells count (RBC count),
haemoglobin and total white blood cells count (TWBC) in the rats exposed to CaC,. However, the packed cell
volume (PCV) was not significantly (p>0.05) lowered. Furthermore, there was an increase in MDA concentration
but a decrease in SOD activity in the brain and serum of the experimental animals.

Significance: Exposure to CaC, induced adverse heamatobiochemical changes in rats which could signal danger
to humans using this agent for fruit ripening.

Malondialdehyde
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Introduction

Balanced diet is important and fruits have a significant place in
both human and animal’s nourishment by providing the
essential growth-regulating factors: sustaining good health
(Asif, 2012). There is an increasing emphasis on food safety
and health security worldwide. In developing countries, several
programmes are intended to address malnutrition (Siddiqui and
Dhua, 2010). There are challenges such as rapid increase in
population, the dear love for fruits, market competition and
dynamics in Gross Domestic Product (GDP), among others.
The use of different chemicals as additives for artificial
ripening of fruits became common (Islam et al., 2016). The
United States Environmental Protection Agency specified that
plant growth regulators may be used at appropriate times and
amounts as approved if required (Giacomini, 2012). Numerous
health hazards may arise from indiscriminate use of these
chemicals for artificial ripening of fruits (Pooja et al., 2015).
The nutritional benefits of fruits in the maintenance of health
could be endangered by use of chemicals in ripening of fruits
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(Osakue and Okungbowa, 2018). Normally, fruits mature via the
influence of ethylene, a ripening hormone that is formed by
majority of fruits at maturity (Barry and Giovannoni, 2007). It is
long known that exposing fruits to ethylene directly could also
trigger the ripening process (Asif, 2012).

Fruit ripening is a very coordinated genetically encoded
permanent process, comprising a sequence of physiological,
biochemical and organoleptic modifications that eventually
result in the formation of a sugary, flavoured, coloured and soft
palatable fruit with aroma and desired eating quality (Asif,
2012). During this process, changes such as chlorophyll
degradation, synthesis of carotenoids and anthocyanins
(powerful antioxidants) and formation of aroma constituents take
place (Islam et al., 2016). Ethylene acts in conjunction with
auxin, cytokinin and abscisic acid to bring about those changes
at maturity and during senescence (Igbal et al., 2017).

In recent times, the fruit ripening has been improved to provide
for the increasing need for fruits (Osakue and Okungbowa,
2018). Frequently used ripening agents include calcium carbide,
acetylene, ethylene, glycol, propylene and ethanol (Asif, 2012).
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In advanced nations, ethylene gas is the agent used while CaC,
use is banned. In numerous developing nations, due to non-
availability of ethylene gas, local farmers use CaC, which
produces acetylene gas, as an alternative (Osakue and
Okunghbowa, 2018).

Calcium carbide harbours trace amounts of arsenic and
phosphorus, which are known to be hazardous and potentially
carcinogenic agents, able to produce immediate and lasting
health complications (lyare et al., 2020). Poisoning from calcium
carbide exposure through consumption of artificially ripened
fruits is a public health concern, especially in children, most
notably in developing countries (Asif 2012) among which is
Nigeria.

There is paucity of information on the health implications and
hazards of calcium carbide from artificially ripened fruits. This
study was intended to appraise the effect of subacute oral
exposure to CaC,, on some haematological and biochemical
parameters, by evaluating the erythrogram, leucogram and
plasma total protein, as well as assessing changes in serum and
brain biomarkers of oxidative stress (superoxide dismutase
(SOD) activity and malondialdehyde (MDA) concentration) in
male Wistar rats.

Materials and methods

Chemicals and reagents

Industrial grade calcium carbide (TYWH, 001-2500, Tianjin,
China), distilled water, 10% buffered phosphate solution (BPS)
were obtained from a reputable store in Zaria, Kaduna State,
Nigeria.

Sample preparation

Suspension of calcium carbide was prepared by adding distilled
water (25 mL) to 6 g of CaC in a capped Pyrex conical flask to
properly mix the chemical to make a 250 mg/mL suspension and
trap the acetylene gas in the mixture.

Experimental animals

Adult male Wistar rats (N = 30) were acquired from the
Department of Pharmaceutical Sciences, Ahmadu Bello
University, Zaria. The animals ranged in weight between 95 and
115 g. The animals were housed in the general laboratory of the
Department of Veterinary Pharmacology and Toxicology,
Ahmadu Bello University, Zaria. The animals were kept in metal
cages, in groups of 4, at room temperature under fluorescent light
for 12 h and alternate 12 h darkness, daily. The beddings used
were wood shavings, replaced twice a week. The rats were
nourished with a commercial poultry feed (Chikun Grower
Mash®, Olam International, Kaduna, Nigeria) and water
provided ad libitum. The study was approved by the
Undergraduate Research Committee of the Department of
Veterinary Pharmacology and Toxicology, Ahmadu Bello
University, Zaria. The animals were acclimatized over 14 days
prior to the initiation of the experiment.

Experimental protocols

Savannah Veterinary Journal, 4(2021) 21-28

Determination of median lethal dose of calcium carbide

The median lethal dose (LDso) for calcium carbide was decided
using the up and down method (Bruce, 1985). Six rats were
divided into three groups labelled P1, P2, and P3 respectively.
Calcium carbide (6 g in 25 mL of distilled water) was prepared
and 2000, 4000 and 5000 mg/kg was administered to the rats at
24 h intervals in ascending order of the dosages. The animals
were monitored over 24 h for signs of toxicity or and death.

Subacute exposure of rats to calcium carbide

Adult male Wistar rats (n=20) were arbitrarily placed in four
equal groups. The CaC, suspension was administered orally by
gavage daily before feeding for 28 days. Signs of toxicity were
observed daily for 28 days . Animals in Groups I (control), I1, 111
and IV were administered 2 mL/100g distilled water, 125, 250
and 500 mg/kg suspension of calcium carbide, respectively.

Evaluation of haematological parameters

At the completion of the exposure period, the animals were
weighed and blood (3 mL) was collected, via jugular
venesection, in plain sample bottles and allowed to stand inclined
for 15 mins. This was centrifuged at 1,509 x g for 15 minutes.
Serum was collected into Eppendorf tubes for evaluation of brain
and serum SOD activity as well as MDA concentrations.

One millilitre of blood was sampled in EDTA bottle for
assessment of packed cell volume (PCV), red blood cell count,
haemoglobin concentration, total white blood cell count and total
plasma protein.

Determination of the erythrogram

The erythrogram was evaluated as described. Briefly, well
labelled capillary tubes were 75% filled with blood (from the
blood in EDTA bottle) and was centrifuged for 5 minutes at
4,300 x g using the Saitexiangyi TG12MX® Micro-haematocrit
centrifuge machine and the PCV was estimated using a
haematocrit reader. The RBC count was determined by viewing
the thin blood smear under a binocular light microscope at x40
magnification of the objective lens. The haemoglobin
concentration was deduced by dividing the PCV of each rat by
3. Mean Corpuscular Haemoglobin (MCH), Mean Corpuscular
Haemoglobin Count (MCHC) and Mean Corpuscular VVolume
(MCV) were determined manually as described by Esievo
(2017).

Determination of the leucogram

The leucogram was evaluated using an improvised Neubauer
counter. Briefly, the TWBC count was carried out manually by
viewing and counting from well labelled thin blood smears of
each rat made from the blood in the EDTA bottle under a light
microscope at x40 magnification of the objective lens. The
differential count analysed were neutrophils, lymphocytes,
monocytes, eosinophils and basophils (Badole and Kotwal,
2015).

Evaluation of total plasma protein
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The total plasma protein was determined using hand
refractometric method (Sirios, 1995). By breaking the plasma
portion of the haematocrit tube above the buffy coat, drops of
plasma were smeared on the glass surface of the hand
refractometer. The refractometer was then held against light,
viewed and read.

Evaluation of oxidative stress biomarkers

The brain and serum level of MDA as well as the activity of the
antioxidant enzyme; SOD were evaluated using commercial Kits.
Slices of the brain were homogenized in ice-cold phosphate-
buffered solution (PBS) to make 10% homogenates. The
homogenates were centrifuged at 7,826 g for 15 mins at 4°C and
the aliquots were separated and preserved in a refrigerator before
the assay.

Superoxide dismutase activity

Superoxide dismutase activity in the brain and serum was
estimated using NWLSS™ SOD activity assay kit (Northwest
Life Science Specialities, LLC, Vancouver, WA). The analysis
is centred on observing the ratio of auto-oxidation of hae-
matoxylin as originally described by Martin et al. (1987), with
modifications to improve robustness and dependability.

Briefly, 230 uL assay buffer was added. Thereafter, 10 pL of
assay buffer (for blank) or 10 pL for sample was added. The
contents were shaken and incubated for 2 min. Hematoxylin
reagent (10 pL) was introduced and mixed quickly to begin the
reaction. The absorbance was quantified, at 560 nm at 10 sec
intervals, over 5 min, with a Microplate Reader (RT-6000, Rayto
Life and Analytical Sciences, China).

Malondialdehyde concentrations

The concentration of malondialdehyde in the brain was estimated
with the aid of MDA assay kit (K-MDAO1®, Northwest Life
Science Specialties, LLC, Vancouver, WA). The assay is
centred on the reaction of MDA and thiobarbituric acid (TBA);
to form an MDA-TBAZ2 adduct, which absorbs strongly at 532
nm. The reaction mixtures were transferred to a cuvette and the
absorbance read, at 450 nm, with a microplate reader (RT-6000,
Rayto Life and Analytical Sciences, City, China). The protein
concentrations were evaluated using the Lowry method (1951).

Data analysis

Values obtained were recorded as mean + standard error of the
mean (SEM). One-way analysis of variance (ANOVA) was the
statistical tool used in the analysis. This was followed by Tukey's
posthoc test which was used to test differences in the parameters
evaluated between experimental groups. Statistical Package for
Social Science (SPSS) for Windows version 16.0 was used. p
value was set at < 0.05 for statistical significance.
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Results

Determination of acute toxic effect of CaC;in rats

In rats administered with 5000 mg/kg CaC,, one rat died, while
no mortality was recorded in rats administered 2000 and 4000
mg/kg. Using the up-and-down method as described by Bruce
(1985), the median lethal dose (LDso) of CaC, was calculated as

4500 mg/kg.
No clinical signs of toxicity were apparent in the control rats.
Rats in Groups Il, 111 and IV showed transient signs of toxicity

including piloerection, muscle tremor, arched back, huddling,
weakness, wheezing, inflamed buccal cavity and reduced appe-
tite.

Effect of CaC, on haematological parameters

The total plasma protein (TPP) reduced significantly (p < 0.05)
in groups Il and IV. Also, the reduction in the TPP in groups 111
and 1V (250 and 500 mg/kg, respectively) was significant (p <
0.05) relative to group Il (125 mg/kg) (Fig. 1).

There was no difference (p > 0.05) in the PCV between animals
exposed to the different doses of CaC- (groups I, 11 and 1V)
and the control as depicted in Figure 2.

There was a significant (p < 0.05) decrease in the total RBC
count in group 1V (500 mg/kg). In addition, the reduction in the
TRBC in group IV was significant (p < 0.05) relative to groups
Il and 111 (Fig. 3).

The haemoglobin concentration significantly (p < 0.05)
diminished in groups Il and 1V (250 and 500 mg/kg,
respectively) when related with the control rats. Moreover, the
decrease in the Hb concentration was significantly (p < 0.05)
higher in groups I11 and IV relative to group 11 (125 mg/kg) (Fig.
4).

There was a significant (p < 0.05) decrease in the total white
blood cell count (TWBC) in all the exposed animals. Moreover,
there was a significant (p < 0.05) decrease in TWBC in group IV
(500 mg/kg) relative to groups Il and Il (125 and 250mg/kg
respectively) (Fig. 5).

Effect of CaC2 on biomarkers of oxidative stress

There was a significant (p < 0.05) elevation of MDA
concentration in the brain of animals exposed to 125, 250 and
500 mg/kg (Groups I, 111 and 1V, respectively) (Table 1).

The effect of treatment on brain SOD activity is shown in Table
1. There was a significant (p < 0.05) reduction in SOD activity
in the brain of rats exposed to 500 mg/kg (Group 1V).

In the serum of rats exposed to 250 and 500 mg/kg CaC,, there
was a significant (p < 0.05) elevation of MDA concentration
(Table 2). Table 2 shows the effect of treatment on serum SOD
activity. There was a significant (p < 0.05) reduction in SOD
activity in the serum of animals exposed to 500 mg/kg.
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Figure 4. Effect of calcium carbide on haemoglobin (g/dl) in male Wistar rats following oral exposure for 28 days.
ab denotes significant difference (p < 0.05).
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Figure 5. Effect of calcium carbide on total white blood cells (x10%L) in male Wistar rats following oral exposure for 28 days.
Different alphabetical letters denote significant difference (p < 0.05).

Table 1. Effect of calcium carbide on serum oxidative stress biomarkers in exposed Male Wistar rats

Parameter Grp l/control Grp Il (125mg/kg) Grp 111 (250mg/kg) Grp IV (500mg/kg)
Brain MDA 60 +9.29 394.8 £ 44.53* 561.2 + 19.01* 646.5 £ 0.5*
Brain SOD 5.73+0.22 5.34+0.15 5.24 +0.22 43+0.1*%

Brain MDA p < 0.05 versus control (D/W), groups 11, (125 mg/kg), 111 (250 mg/kg) and 1V (500 mg/kg).
Brain SOD: p < 0.05 versus control (D/W), groups I1, (125 mg/kg), 111 (250 mg/kg) and 1V (500 mg/kg).
* indicates statistical significance (p<0.05)
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Table 2. Effects of calcium carbide on serum oxidative stress biomarkers in Male Wistar rats.

Parameter Group | (Control) Group 11 Group 111 Group IV
Serum MDA 92.20 +8.35 94.6 £ 4.50 104.6 + 9.33* 568 + 6.0*
Serum SOD  6.20 £ 0.32 6.08 £0.35 6.0+ 0.26 3.65 £ 0.65*

Serum MDA: p < 0.05 versus control (D/W), groups 11, (125mg/kg), 111 (250mg/kg) and IV (500mg/kg).
Serum SOD: p < 0.05 versus control (D/W), groups 11, (125mg/kg), 111 (250mg/kg) and 1V (500mg/kg).

* indicates statistical significance (p<0.05).

Discussion

The median lethal dose (LDso) for oral toxicity of 4500 mg/kg
obtained for CaC; in the present study indicates that CaC; is
slightly acutely toxic. Substances with an oral LD50 in the range
500 — 5000 mg/kg are generally considered slightly toxic
(Loomis and Hayes, 1996). Signs such as piloerection, muscle
tremor, arched back, huddling, weakness, inflamed buccal cavity
and reduced appetite were further manifestations of the toxicity
of CaC; or and the accompanying impurities. Commercial grade
CaC:; is known to be associated with severe health hazards with
exposure, especially as it contains impurities including arsenic
(lyare et al., 2020).

The toxicant appeared to induce significant (p < 0.05) decrease
in plasma total protein in the rats treated with the higher
concentrations of CaC, after four weeks exposure. In our study,
CaC; probably interfered with protein synthesis in the liver. The
mechanism by which calcium carbide lowers blood protein was
not investigated. In contrast to our finding, Bini et al. (2019)
reported significantly (p < 0.01) elevated total protein, albumin
and urea levels following subacute exposure of rats to low doses
of CaC; after 30 days. They also reported elevated TWBC and
platelet counts. This was probably due to differences in doses
administered since their study similarly utilized industrial grade
calcium carbide or some other unknown factor.

The findings in the present study revealed significantly lowered
levels of RBC, Hb and TWBC, in the rats exposed to CaC,.
However, the PCV was not significantly affected. Exposure of
adult male rats to CaC, was previously shown to negatively alter
TWBC and RBC count (Osakue and Okungbowa, 2018), which
our findings seem to re-affirm. Relatively lesser white blood
cells were documented in the rats exposed to different amounts
of CaC,. Relatively lesser white blood cells in rats treated with
CaC; have similarly been reported (Osakue and Okungbowa,
2018). However, Igbinaduwa and Aikpitanyi-lduitua (2016)
reported greater leucocyte count and augmented percentage
lymphocyte count following treatment with CaC, in rats.
Decrease or even rapid increase in the number of leucocytes may
signify a crisis in the body, since these are cells involved in
immune defenses.

Adhikari et al. (2004) and Ogbuagu et al. (2016) noted that
haematological indices are indicators of the pathophysiological
status of the entire organism. Alimba et al., (2009) indicated that
an alteration in cellular constituents of blood is a pointer of
immune-toxic potentials of chemicals, principally in rodents.
The lowered concentration of haemoglobin might be due to a
slowing effect on erythropoiesis brought about by a decrease in

erythropoietin produced in the Kkidney. Igbhinaduwa and
Aikpitanyi-lduitua (2016), had observed greater amount of
creatinine, attributed to a diminished glomerular filtration level
in animals treated with CaC, probably due to kidney injury. This
study however did not assay for creatinine as a marker for kidney
injury. A similar lowered concentration of Hb has been described
by Osakue and Okungbowa (2018), who speculated that calcium
carbide probably suppressed haematopoiesis.

In this study, there was a rise in concentration of MDA in the
brain and serum of rats orally exposed to calcium carbide. This
is indicative of production of reactive oxygen species (ROS) in
the brain and serum as a result of exposure to calcium carbide.
Otite-Douglas and Fadairo (2019), had similarly reported an
increase in lipid peroxidation products (MDA) in plasma of rats
exposed to calcium carbide ripened banana. Generation of ROS
in calcium carbide toxicity is possibly from excessive energy
utilization together with stoppage of oxidative phosphorylation.
Arsenic, a contaminant in calcium carbide, impedes pyruvate
dehydrogenase and by opposing phosphate it unfastens oxidative
phosphorylation, consequently impeding energy-associated
reduction of NAD*, mitochondrial respiration, and ATP
synthesis. Therefore, there is an amplified release of glucose via
stimulation of glycogenolysis in the liver and consequent release
of ATP to provide the body's energy needs. For this purpose, too
much guantity of ROS might be formed in tissues comprising the
brain and blood as manifested in the rats exposed to calcium
carbide in this study. The reaction of ROS with tissue is lipid
peroxidation, which finally results in morphological and
functional alterations (Su et al., 2019). MDA, a derivative of
lipid peroxidation, is created as a consequence of the reaction of
ROS with polyunsaturated fatty acids in membrane
phospholipids and is capable of damaging proteins and DNA (Su
et al., 2019). Alterations in MDA levels in most cases are an
index of lipid peroxidative damage (Shittu et al., 2012;
Surajudeen et al., 2014). The development of oxidative stress in
multiple tissues by calcium carbide could be a plausible pathway
for toxicity and damage to different tissues in the body.

This study showed a reduction in SOD activity in the brain and
serum of male rats orally exposed to calcium carbide.
Superoxide is the principal ROS formed from a range of sources;
and, therefore its dismutation by SOD is of crucial significance
to each cell (Birben et al., 2012). SOD is in general believed to
serve as a bulk scavenger of O, as it catalyses its dismutation to
H-0,, and in conjunction with catalase is the primary antioxidant
defence in the body (Shittu et al., 2012; Umosen et al., 2012).
The SOD mediates in the earliest transformation by dismuting
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the superoxide radicals (O2") to form hydrogen peroxide (Dorval
et al., 2003; Nair et al., 2017). The decreased action of SOD in
the brain of rats orally exposed to calcium carbide could be due
to diminished production or augmented degradation as a result
of increased oxidative challenge or even its complete
inactivation.

Conclusion

In conclusion, oral exposure of rats to calcium carbide has been
shown to be detrimental to some haematobiochemical
parameters in male Wistar rats. Oxidative stress was involved in
the calcium carbide toxicity. Therefore, the ingestion of calcium
carbide in ripened fruits may be associated with adverse health
effects.
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