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Hibiscus sabdariffa Linn extract possesses potential to ameliorate
chlorpyriphos-induced haemotoxicity in rats
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Introduction: Several plants species are reported to have wealth of nutraceuticals that can be used to mitigate the
detrimental effects of exposure to environmental contaminants. This study assessed the effect of Hibiscus
sabdariffa (HS) on haematological changes from sub-chronic chlorpyriphos (CP) administration in male Wistar
rats.

Methods: Forty-two adult male Wistar rats divided into six groups: 1 (DW), 1l (S/oil), 11l (AEHS) and IV (CP)
were dosed with distilled water (2 ml/kg), soya oil (2 ml/kg), high aqueous extract of H. sabdariffa (HAEHS)
(500 mg/kg) only and chlorpyriphos (10.6 mg/kg ~1/8™ of the LDx), respectively. Group V (LAEHS + CP) was
pre-treated with a low dose of AEHS (250 mg/kg) before exposure to CP (10.6 mg/kg) while group VI (HAEHS
+ CP) rats were prior treated with a high dose of AEHS (500 mg/kg) and then exposed to CP (10.6 mg/kg). All
groups were made up of seven rats each. The regimens were administered once daily via gavage for eleven weeks.
Blood samples collected from each rat were analysed for packed cell volume (PCV), erythrocyte count,
haemoglobin (Hb), leucocytes (total and absolute differential), platelets and erythrocytic indices. Erythrocyte
lysate was also used to determine erythrocytes malondialdehyde (MDA) concentration.

Results: The study shows that prior treatment with H. sabdariffa mitigated the alterations in haematological and
lipoperoxidation changes induced by sub chronic CP exposure in Wistar rats.

Significance: Hibiscus sabdariffa possess detoxifying and antidotal potential to CP and could be used if properly

Hibiscus sabdariffa,

Wistar rats explored and refined.

@ 2021 Faculty of Veterinary Medicine, University of Ilorin, Nigeria. All rights reserved.

Introduction

Chlorpyriphos (CP) is a chlorinated organophosphate (OP)
insecticide with an expansive range use for the control of
agricultural and non-agricultural pests (Srivastav et al., 2017;
Ubaid Ur Rahman et al., 2021). Chlorpyriphos is ubiquitous in
the environment, thus exposure and toxicity to man and animals
is on the increase (Supreeth and Raju, 2017). Irreversible
blockade of acetylcholinesterase (AChE) is the primary
mechanism of toxicity of CP and its metabolite, thus causing
cholinergic crisis in different organs system (Shittu et al., 2012;
2021). However, additional mechanisms outside AChE inhibi-
tion have been described (Burke et al., 2017), thus, generation
of oxidative stress from increased free radical formation
and alterations in antioxidant status has received considerable
attention (Shittu et al., 2012). Anaemia is a common and
attendant sign of repeated CP toxicity (Ambali et al., 2010a).
Ambali et al. (2010b) have observed increased erythrocyte fra-
gility from oxidative harm to the erythrocyte layers may be
partly involved in the pathophysiology of pallor seen in
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of pallor seen in CP toxicity. In another previous study, it was
observed that many antioxidant molecules mitigate toxicity
evoked by CP in animal models (Shittu et al., 2014; Shittu et al.,
2021). Therefore, the use of plants with antioxidant potentials
may likely mitigate CP-induced toxicity. The use of traditional
plants as nutraceuticals has grown in recent times in areas where
they exist naturally (Veeresham, 2012; Mahomoodally, 2013).
Although many plants have been labelled as safe for use
(Abubakar et al., 2020), their potentials as remedy to pesticide-
related toxicity are not utilized maximally due to lack of enough
research to give credence to their exploration, exploitation and
purification.

Hibiscus sabdariffa Linn (H. sabdariffa) commonly known as
the roselle plant is nature generosity to mankind. The claimed
healing usefulness of H. Sadariffa might be credited to the
anthocyanins, which are the coloured products of the flavonoid
pathway (Niloufer et. al., 2007; Ologundudu et al., 2009).
Hibiscus sabdariffa exhibits its antioxidant action via impeding
lipid peroxidation (by disabling lipooxygenase), mopping up free
radicals and reactive oxygen species, inhibiting the breakdown
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of hydrogen peroxide and binding heavy metals ions (Anokwuru
et al., 2011). The aim of this study was to evaluate the
ameliorative effect of H. sabdariffa on haemotoxicity induced by
sub chronic exposure to CP in male Wistar rats.

Materials and methods

Experimental animals

Matured male Wistar rats (N=42) were acquired from the Animal
Holding Facility of Department of Veterinary Pharmacology and
Toxicology, Ahmadu Bello University, Zaria, Nigeria. They
were held in cages in the Toxicology Research laboratory of the
Department. They fed pellets made from commercial feed (Vital
feeds® Ltd, Nigeria) with water provided ad libitum. The animals
were acclimatised for fourteen days before starting study. The
procedures involved in the handling of the laboratory animals
followed the Departmental undergraduate project guide for the
Care and Use of Laboratory Animals of Ahmadu Bello
University.

Chemical acquisition and preparation

A twenty percent emulsifiable concentrate of CP (Termicot®,
Sabero Organics, Gujarat, India), was bought from a reputable
Agrochemical Store in Zaria. It was reconstituted in soya oil
(Grand Cereals and Oil Mills Ltd., Jos, Nigeria) to a 1% working
solution.

Plant collection and identification

Dried calyces of H sabdariffa obtained from Zaria, Kaduna,
Nigeria was taxonomically identified and authenticated at the
Herbarium, Department of Biological Sciences, Faculty of Life
Sciences, Ahmadu Bello University, Zaria, Nigeria with voucher
number (No. 1802). The voucher specimen was deposited in the
Department of Veterinary Pharmacology and Toxicology,
Ahmadu Bello University, Zaria.

Preparation of the extract

The dried calyces of H. sabdariffa were ground to powder using
pestle and mortar. The powdered calyces were extracted in
distilled water for 72 hours on the bench. It was then filtered and
the filtrate concentrated in a hot water bath at 56°C using
evaporating dish to yield the residue called extract. The extract
was labelled aqueous extract of H. sabdariffa (AEHS) and stored
in a refrigerator at -4°C until required for use.

Determination of median lethal dose of the extract

Median Lethal dose (LDsg) on the extract was carried out as a
basis to determine the dose to be administered. This was
conducted using method of Lorke (1983). The LDsy was
thereafter determined based on the dose-response as described
by Lorke (1983).

Sub chronic haemotoxicity study

The rats were divided randomly into six groups of 7 rats in each
group. Group 1 (DW; 2 ml/kg) received distilled water only;
group Il (S/oil; 2 ml/kg) received soya oil while group IlI
(AEHS; 500 mg/kg) received the extract only, group IV (CP;
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10.6 mg/kg - 1/8™ of the LDso (Ambali, 2010b]) was exposed to
CP only, group V (LAEHS + CP) was prior treated with a low
dose of the extract of H. sabdariffa (250 mg/kg) and then
administered CP (10.6 mg/kg), while group VI (HAEHS + CP)
was prior treated with a high dose of the extract of H. sabdariffa
(500 mg/kg) and then administered CP (10.6 mg/kg) 45 minutes
later. The regimens were administered by gavage once daily for
11 weeks. During this period, the rats were observed for signs of
toxicity and death. The study was conducted under international
guidelines for animal welfare.

Evaluation of haematological parameters

At the termination of the treatment period, the rats were
sacrificed by jugular venesection after light chloroform
anaesthesia (Shittu et al., 2021). Two millilitres of blood from
each rat were collected into heparinised sample bottles. This was
used to evaluate packed cell volume (PCV), haemoglobin (Hb)
concentration, erythrocyte counts, mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH), mean corpus-
cular haemoglobin concentration (MCHC) (Ambali et al.,
2011b), total leucocytes count (WBC), total platelets and
absolute differential WBC count, using an automatic
haematological analyser (Adevia 60 Haematology system; Bayer
Diagnostics Europe Ltd, Ireland) while the neutrophil-
lymphocyte ratio was calculated (Ambali et al., 2011b).

Evaluation of red blood cell MDA concentration

Erythrocyte malondialdehyde (MDA) concentration, as a
measure of lipid peroxidation, was determined using the
double-heating method of Draper and Hadley (1990), while the
haemoglobin concentration was determined as described by
Dacie and Lewis (1991).

Data Analysis

All data are expressed as mean + standard error of the mean
(S.E.M). One-way ANOVA with Tukey’s posthoc test was
performed using Graph Pad Prism version 4.0. Level of
significance was considered as p < 0.05.

Results

Median lethal dose (LDso) of Hibiscus sabdariffa

There was no death recorded in animals treated with aqueous
extract of H. sabdariffa at 10, 100 and 1000 mg/kg within 72 h
post-treatment. Similarly in phase Il, there was also no death
72 h after treatment with 1600, 2900 and 5000 mg /kg of the
extract.

Clinical signs

There were no apparent signs of toxicity in rats given DW, S/oil
and AEHS throughout the test period. Rats in CP group showed
hyperexcitability, rough hair coat, bilateral ocular congestion
and serous discharges, hurdling and lethargy. Signs recorded in
the LAEHS + CP and HAEHS + CP groups included initial
ocular congestion and rough hair coat, which disappeared
subsequently.
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Packed Cell Volume

There were no significant differences (p > 0.05) among the
groups. However, the PCV in the CP group was comparatively
lower by 17% (DW), 19% (S/oil), 18%% (AEHS), 15%
(LAEHS +CP) and 17% (HAEHS + CP), respectively (Table 1).

Total Red Blood Cell Counts

Although the mean RBC did not differ (p > 0.05) among the
groups, however, the RBC count in the CP group was lower
compared with those in the DW (16 %), S/OIL (18 %) and AEHS
(17 %) groups. The RBC count in the LAEHS + CP (15%) was
comparably same; while that of the HAEHS + CP (18%) groups
was higher, respectively, compared to that of the CP group
(Table 1).

Haemoglobin Concentration

A decrease (p < 0.05) in haemoglobin concentration in the CP
group was recorded in contrast to that in the DW, S/oil, AEHS,
LAEHS + CP and HAEHS + CP groups (Table 1).

Erythrocytes MDA Concentration

The concentration of MDA in the erythrocytes was higher (p <
0.01) in the CP group proportionate to that of the DW, S/oil,
AEHS, LAEHS + CP, HAEHS + CP groups, respectively
(Table 1).

Mean corpuscular volume

A significant (P < 0.05) decrease in mean MCV of the CP group
was recorded when respectively compared to that of DW, S/oil,
AEHS, LAEHS + CP and HAEHS + CP groups (Table 2).

Mean corpuscular haemoglobin
The mean corpuscular haemoglobin value was higher in the CP
group in contrast to that of DW (P < 0.01), S/oil (P< 0.01) AEHS
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(P<0.01), LAEHS + CP (P <0.01) and HAEHS + CP (P < 0.05)
groups, respectively (Table 2).

Mean corpuscular haemoglobin concentration

The mean MCHC are not significant (P > 0.05) among the
groups. However, lowered MCHC concentration was recorded
in CP group compared to that of DW (16%), S/oil (17%), AEHS
(16%) and HAEHS + CP (18%) groups, respectively. In
addition, a higher (P < 0.05) mean MCHC value was recorded in
LAEHS+CP group in contrast to that of CP group (Table 2).

Total and absolute differential leucocyte counts

White blood cell counts were significantly lowered (P < 0.05) in
the CP group compared to that of DW, S/oil, LAEHS + CP and
HAEHS + CP groups (Table 3).

There were no changes (P > 0.05) in mean neutrophil counts
among the groups. However, CP group had lowered mean neu-
trophil counts relatively to that of the LAEHS + CP and HAEHS
+ CP groups (Table 3).

There was a significant decrease (P < 0.05) in the mean lympho-
cyte counts in the CP group compared to that of the DW, S/oil,
AEHS, LAEHS +CP and HAEHS + CP groups (Table 3).

Platelet counts

An increase (P < 0.05) in the mean platelets counts was recorded
in the group exposed to CP compared to S/OIL, AEHS,
LAEHS+CP and HAEHS + CP groups (Table 3).

Neutrophil: Lymphocyte’s ratio (NLR)

A non-significant decrease (P > 0.05) in the mean NLR was rec-
orded in group exposed to CP comparably to that of DW, AEHS,
LAEHS + CP and HAEHS + CP groups (Table 3).

Table 1: Effect of treatments on mean and standard error of mean of pack cell volume (PCV), red blood cell (RBC), haemoglobin (Hb)

and MDA concentrations in male Wistar rats (n=7).

Parameters DW S/oil AEHS CP LAEHS +CP  HAEHS + CP
PCV (%) 56 +1.3 64 +4.1 60+52 503+46 508+13 58.3+ 1.4
RBC count (x10%/L) 8.8+04  99+04  91+06 7.9+09  82+02 9.7+0.4

Hb con (g/dI) 155+05 17.6+09 172+07 143+05 149+04 17.8+0.4
Erythrocyte MDA 1.8840.23  1.93+0.10  1.6+0.07  3+0.04° 1.63+0.06 1.85+0.10

(nmol/mg tissue)

Hb con: P < 0.05 versus DW, S/oil, HAEHS, LAEHS+CP and HAEHS+CP groups Erythrocyte MDA: 2P < 0.01 versus DW, S/oil, HAEHS, LAEHS+CP and

HAEHS+CP groups.
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Table 2: Effect of treatments on mean erythrocyte indices in male Wistar rats (n=7).

Parameters DW S/oil AEHS CP LAEHS+CP HAEHS+CP
MCV (fL/cell) 544+19 548+1.1 57.2+0.8 458 +2.22 62.1+19 60.6 + 2.3
MCH (pg/cell) 17.7£0.3 179+0.2 179+0.6 20.9 + 0.6% 176 £0.3 18.4+0.6
MCHC(g/dL) 19.9+£05 215+0.8 202+13 18.1£0.52 23311 225+17
MCV: ?P < 0.05 Versus DW, S/oil, AEHS, LAEHS+CP and HAEHS+CP groups
MCH: 2P < 0.01 Versus DW, S/oil, AEHS, LAEHS+CP groups; P < 0.05 Versus HAEHS+CP group.
MCHC: #P < 0.05 Versus LAEHS+CP group.
Table 3: Effect of treatments on mean absolute and differential leucocyte counts in male Wistar rats (n=7).
Parameter DW Sloil AEHS CP LAEHS +CP  HAEHS + CP
WBC (x10%L) 10.63+ 0.38 10.88+ 0.32  9.50+ 0.65 7.50+£0.61*  10.48 £0.25 9.75+ 0.48
Neutrophil count 2.75+0.48 3+0.41 2.50+0.29 2+0.41 2.50£0.65 2.50+0.87
(x10%L)
Lymphocyte counts 96+0.71 96.25+0.63  96.25+0.48 91+ 1.002 97.25+0.65 97.25+0.75
(x10%L)
Platelet’s count (x10%/L) 592+ 20.33 524+ 49.95  557+43.28 7294£20.79% 559+ 21.24 547+51.13
N:L ratio 0.03+0.004 0.03+0.004  0.03+0.003 0.02+£0.004 0.02+ 0.006 0.03+0.009

2P < 0.05 Versus DW, S/oil, AEHS, LAEHS+CP and HAEHS+CP groups.

Discussion

The LDsp above 5000 mg/kg for H. sabdariffa calyx extract in
rats suggests that the extract is practically non-toxic. Therefore,
the calyx of H. sabdariffa may be safe for consumption
(Onyenekwe et al., 1999; Badreldin et al., 2005).

The clinical signs manifested in rats exposed to CP confirmed
the capacity of the insecticide to induce a cholinergic crisis, a
phenomenon well documented in OP poisoning (Felippe et al.,
2020). The huddling might be due to the compensatory approach
of the animal to take care of the hypothermic response induced
by the insecticide (Leon, 2008). Although the mechanism
responsible for the hypothermia is not completely understood,
Gordon (1994) postulated the response to be facilitated via
stimulation of cholinergic muscarinic receptors which initiate
heat loss pathways in thermoregulatory centres of the CNS. It
was further reported that OP-induced hypothermia may be as a
result of suppression of thermo effectors due to decrease in
cholinergic stimulation (Gordon, 2010). The ocular discharges
have been demonstrated as part of the muscarinic signs seen with
exposure to OP insecticides. The decreased signs of toxicity in
rat’s prior treated with aqueous extract of H sabdariffa (HS)
showed that HS has the potential of alleviating toxicity induced
by CP exposure. But postulations could be made that HS could
alter the pH of the milieu of gastrointestinal tract to influence the
dynamics of absorption of the xenobiotic. Also, its mitigation

effect might be due to its rich content of tannins, which could
coat the mucosal lining and precipitate proteins, acting as an
astringent.

The low PCV recorded in the CP group showed that sub chronic
CP exposure causes anaemia. This agreed with the work of Goel
et al, (2006) and Elsharkawy et al. (2013). A previous study has
also showed that repeated exposure causes anaemia in rats (Uzun
and Kalendar, 2013). However, this contradicted the findings of
Ambali et al. (2007) in mice that reported anaemia observed
from high PCV in mice. This was attributed to
haemoconcentration with occasional diarrhoea from exposure to
CP. The anaemia may also be attributed to OP compound-
induced decreased tissue iron concentration, interfere with
haemoglobin synthesis and induce shortening of RBC life span
(Patil and Govindwar, 2003; Goel et al., 2006) or increase
erythrocytes fragility (Ambali et al., 2010 a, b). The improved
PCV value observed in the rat’s prior treated with HS
demonstrated the ability of this plant to protect against
CP-induced anaemia. This may be attributed to antioxidants
contained in the plant. Hibiscus sabdariffa contains high amount
of ascorbic acid (Riaz and Chopra, 2018; Shalini et al., 2020)
and also rich in vitamins B2 and B3, calcium and iron (Qi et al.,
2005; Riaz and Chopra, 2018). The ascorbic acid contained in
this plant helps to increase the gut uptake of iron (Igba et al.,
2004; Riaz and Chopra, 2018) by reducing oxidized iron. This
increases serum concentration of iron, essential for haem
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synthesis. The increase in the PCV in the prior treated group
could be as a result of the erythropoietic capability of antioxidant
compounds in the plant. Hibiscus sabdariffa contains
anthocyanins, which are recognized as inducers of production as
well as release of erythropoietin by the kidney (Tazoho et al.,
2016). The reduction in the total RBC count observed in rats
exposed to CP has also been reported previously (Goel et al.,
2006; Ambali et al., 2010a). The lowered RBC count observed
in rats exposed to CP might be as a result of induction of lipid
peroxidation and oxidative stress. Goel et al. (2006) had shown
that CP decreases serum concentration of iron which is essential
for haem synthesis through interference with iron absorption.
The lack of haem synthesis will result in low haemoglobin
synthesis, and subsequently reduced RBC production. The
apparent restoration of RBC count observed in the group’s prior
treated with HS has shown that the extract has ameliorated
haemotoxicity caused by sub chronic exposure to CP. This
alleviation might be a result of the antioxidant property of the
plant. The reduction in the haemoglobin concentration observed
in CP exposed rats agreed with previous studies (Goel et al.,
2006; Ambali et al., 2010a). Ambali et al. (2007) however
observed high haemoglobin concentration in mice exposed to
CP, which was attributed to haemoconcentration arising from
diarrhoea. A study by Goel et al, (2006) showed that CP
decreases serum concentration of iron by interfering with its
absorption. Therefore, the lack of haem synthesis might have
been responsible for the low Hb concentration that was observed
in the group administered CP. The improvement in Hb value in
the groups prior treated by HS demonstrated an ameliorative
effect of the extract on sub chronic CP-induced
hypohaemoglobinaemia in a dose-reliant fashion. This might
partially be due to the ability of the flavonoid content of the plant
to prevent oxidative damage as a result of their free radical
scavenging property (Galati et al., 2002) and metal chelating
properties (Pedrielli and Skibsted, 2002). HS has also been
reported to contain ascorbic acid and iron. It may also be
attributed to the action of ascorbic acid and iron contained in the
plant by providing iron (Qi et al., 2005). This may have
contributed to an improvement in the serum iron concentration
essential for haem synthesis. The decrease MCV value in the
group exposed to CP may attributed to iron deficit. CP has been
implicated in direct reduction in the serum concentration of iron
and also interferes with its absorption from the gut (Goel et al.,
2006). The apparent normalization of the MCV in the HS prior
treated group indicates that extract of the plant to restore iron
deficits induced by CP. The significant increase in MCH value
in group exposed to CP in this study agrees with the finding of
Ambali et al (2011b). This signifies high amount of haemoglobin
in this group. The increase may be related to body response to
tissue oxygen demand as a result of reduced red blood cells in
circulation. Prior treatment with HS has led to the restoration of
the MCH value. The decrease in MCHC manifested in the CP
group shows that haemoglobin concentration is lower in the CP
group. Juxtaposed with the low MCV, CP has been shown in this
study to cause microcytic hypochromic anaemia. Prior treatment
with HS ameliorated the deficit induced by CP. The reduction in
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WBC counts observed in group treated with CP in the present
study agreed with the findings of Goel et al. (2006) and Ambali
et al. (2010a). Obaineh and Mathew (2009) also reported that
sublethal exposure to CP and methidathion in young chickens
causes a reduction in total WBC counts, heterophils and
lymphocyte counts. Immunotoxic effects of OPs from inhibition
of serine hydrolases or esterases in the components of the
immune system, oxidative injury to immune organs, or via
modulating signalling pathways regulating immune functions
had previously been documented (Galloway and Handy, 2003).
The improvement in the total WBC counts noticed in the groups
prior treated with HS shows that the agent can ameliorate toxicity
prompted by sub chronic exposure to CP. This might be because
of the antioxidant effect of the HS, which stabilizes the WBC
membranes and prevent it from CP-induced damage. The ability
of antioxidants to inhibit apoptosis (Laskar and Mazumder,
2020) may have contributed to the alteration of the toxicity to
WBC. The neutropenia observed in this study in rats treated with
only CP is in consonant with previous study (Ambali, 2009).
However, Ambali et al. (2010a) reported neutrophilia in mice.
The reason for this variation is not fully understood, but may be
partly due to differences in the duration of exposure (28 days),
the relatively higher dose of the CP and the species used in the
latter. The neutropenia may be related to the role played by
neutrophils in free radicals-induced damage by prompting
extracellular discharge of superoxide plus other free radicals
(Terada, 2006). This also leads to neutrophil destruction
resulting in their decrease in the peripheral circulation. The
restoration of the neutrophils in HS prior treated groups may be
related to the antioxidants effect of HS. Apart from its flavonoid
rich secondary metabolites, Bako et al. (2009) observed that HS
contains ascorbic acid and vitamin E, which have improved their
antioxidant effect. The lymphopenia observed in this study in the
group exposed to only CP shows that sub chronic exposure to CP
can cause immunotoxicity. This agreed with the findings of
previous works (Goel et al., 2006; Ambali et al., 2007). The
lymphopenia observed in the group exposed to CP only may be
due to a decrease in the rate of synthesis or removal due to rapid
destruction. Earlier studies have shown that immune cells are
especially susceptible to oxidative stress because of elevated
content of polyunsaturated fatty acid (PUFA) in their plasma
membranes and increased generation of ROS (Knight, 2000). CP
exposure has been associated with abnormality of the immune
system including depression of T-lymphocytes (Navaei-Nigjeh
et al., 2015). Supplementation with HS had ameliorated
CP-induced lymphopenia. Antioxidant’s content of HS might
have prevented CP-induced oxidative damage to the
lymphocytes, in addition to inhibiting apoptosis (Laskar and
Mazumder, 2020). Ascorbic acid contained in HS (Bako et al.,
2009) was reported to boost immune response through various
mechanisms, comprising lymphocyte propagation
(Izquierdo-Vega et al., 2020). The low neutrophil: lymphocyte
ratio observed in the group treated with CP contradicted that re-
ported by Ambali et al. (2011b). This disparity might not be cat-
egorically explained and deserves further study. NLR is an indi-
cator of inflammatory status in patients (Halazun et al., 2008)

12



Shittu et al

and has been utilized as a prognostic factor clinically and in
conditions of intensified stress or inflammation (Papa et al.,
2008; Dundar et al., 2014). The elevated platelets count in CP
treated group shows that sub chronic CP exposure causes
thrombocytosis. This finding agrees with those previously
reported (Szabo et al., 1988; Ambali et al., 2010a). However,
this finding was not in line with the previous findings of Ambali
et al. (2011a), they reported thrombocytopenia following
subchronic exposure to a combination of CP with lead. The
consequences of thrombocytosis in rats exposed to CP sub
chronically cannot be categorically explained but could be
connected with coagulopathic perturbations characterized by
widespread clotting in the tissues, which might cumulate to
sequelae as embolism, tissue ischemia and organ damage. CP has
been shown to increase activation of reactive oxygen species
(ROS) in various systems. ROS has been demonstrated to ease
platelet activation (Essex, 2009). HS has been shown in this
study to ameliorate thrombocytosis induced by subchronic
exposure to CP. The mechanism responsible for this is not
clearly comprehended, but might partially be due to the
antioxidant effect of HS resulting in lowered ROS activation.
The high erythrocyte MDA concentration recorded in the CP
group indicating lipoperoxidation agrees with previous findings
(Ambali et al., 2010a, 2011b; Mansour and Mossa, 2009). MDA
is a key oxidation product of PUFAs, and an increased
concentration is a vital indicator of lipid peroxidation (Ayala et
al., 2014). Lipid peroxidation is a process that is determined by
the degree of peroxide-deforming free radical mechanism on the
PUFA (Tuzmen et al., 2008) and it involves the uptake of oxygen
and the readjustment of the double and unsaturated lipids,
resulting in a range of by-products that ultimately destroy
membrane lipids (Dattani et al., 2010). The RBC is susceptible
to lipoperoxidation due to its direct relationship with molecular
oxygen, high amounts of metal ions catalysing oxidative
reactions and availability of PUFA, which are susceptible to lipid
peroxidation. The lack of capability to restore membrane
following damage and inadequate antioxidant defence systems
of the plasma medium in which they are suffused are among
elements that facilitate the susceptibility of the RBC to lipid
peroxidation (Etlik and Tomur, 2006). Secondary products of
lipid peroxidation cause deep modifications in the architectural
arrangement and functions of the cell membrane comprising
diminished membrane fluidity, augmented permeability,
inhibition of membrane-bound enzymes and loss of essential
fatty acids (Van Ginkel and Sevanian, 1994). Lipid peroxidation
seen in CP-induced results from its interaction with cellular
plasma membranes (Hazarika et al., 2003). The whole effect of
these on the RBC is decline in fluidity of membrane and
compromise in its integrity and life span. The significantly low
erythrocyte MDA concentration observed in the AEHS prior
treated group shows the ability of HS to ameliorate the
CP-induced lipoperoxidation damage partly due to its
antioxidant property. The presence of flavonoid and antioxidant
vitamins such as vitamins C and E (Bako et al., 2009) may have
scavenged CP-induced reactive oxygen species (Galati et al.,
2002). Flavonoids have also been shown to have metal chelating

Savannah Veterinary Journal, 4(2021) 8-15

properties (Pedrielli and Skibsted, 2002) thereby inhibiting the
generation of free radicals through Fenton reaction. Ascorbic
acid and tocopherol have also been demonstrated to raise the
activity of paraoxonase, the enzyme involved in the
detoxification of OP compounds.

Conclusion

In conclusion, the study has shown that haemotoxic effects
induced by subchronic exposure to chlorpyriphos are partially
interceded via the generation of oxidative stress. H. sabdariffa
mitigated CP-induced adverse clinical and haemodynamic
changes through its antioxidant effect. This may be due to the
high contents of flavonoids, vitamin C and tocopherol present in
the HS extract. It is therefore recommended that H. sabdarffa
may be used to protect against haemotoxicity from CP and
possibly other OP insecticides in individuals at risk of
occupational or environmental exposure.
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