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Abstract
Background and Objective: Previous studies demonstrated the toxicity of cypermethrin, a commonly used insecticide in vector control
and agriculture in Cameroon. Medicinal plants such as Bersama  engleriana (B.  engleriana) are considered as potential source remedy
in local medicine. This study aimed at evaluating the protective effects of B.  engleriana  extracts on cypermethrin toxicity on
haematological and biochemical parameters in male guinea pigs. Materials and Methods: Eighty animals were divided into 8 groups,
which received daily distilled water (2 mL kgG1), cypermethrin alone (137.5 mg kgG1) or co-administered cypermethrin and B.  engleriana
aqueous/ethanol  extract  at  the  doses  50, 100 and 200 mg  kgG1.  The  products  were  administered  orally  for  13  weeks  and  the
animal body weight recorded weekly. At the end of the treatment, blood was collected for determination of haematological and
biochemical parameters and differences between groups were  determined  using one way ANOVA followed by the Duncan’s test.
Results: Cypermethrin increased (p<0.05) the total white blood cells and lymphocytes number and moderately decreased red blood cells.
The cypermethrin-induced changes on blood cells count were prevented when the pesticide was co-administered to the animals with
either aqueous or ethanol extract of B. engleriana. Moreover, impairment of liver and kidney parameters observed in the animals exposed
to the pesticide was alleviated with B.  engleriana treatment. Conclusion: This study concluded the beneficial effects of B. engleriana in
alleviating alteration of haemato-biochemical parameters induced by cypermethrin. The B.  engleriana extract can be considered as a
valuable remedy in prevention of pesticide induced toxicity.
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INTRODUCTION

The global population is rapidly increasing. It was
estimated 7.35 billion in 2015 and will reach 8.5 billion in
20301. In addition to the increase of population, food
production capacity faces falling ratio of arable land available
to population. Therefore, to provide adequate food supply to
such population remains a challenge for many countries and
institutions2. Sustained and intensive agricultural production
then uses pesticides to prevent, control or destroy pests in
order to increase crop  production  and maximize yield.
Besides this role, pesticides are also useful in elimination of
vector-borne diseases2,3. Pesticides are classified into
organochlorines, organophosphorus, carbamates, pyrethrin
and pyrethroids. Pyrethroids are among the latest developed
pesticide groups because of the ban of long lasting
organochlorine pesticides4.

Cypermethrin is one of the highly common synthetic
pyrethroids with high insecticidal activity. It is used to control
many pests including moth pests of cotton, fruit and
vegetable crops and it is available as an emulsifiable
concentrate or wettable powder5. Cypermethrin is also used
for environmental and hygienic purposes such as control of
insect pests in stores, industrial buildings, houses, laboratories
and means of transports6. Because of such large utilization,
this pesticide may get into the human system or non-intended
animal through direct or indirect exposure. Interestingly,
cypermethrin residues have been found in many food
commodities including fresh vegetables, water sources and
aquatic animals7-9. 

In vertebrates and invertebrates, cypermethrin acts
mainly on the nervous system. Cypermethrin is a stomach
poison and a contact insecticide6. Mechanistically it can
induce damage to the voltage-dependent sodium channel,
causing sodium channels to stay open much longer than
normal and inhibits ATPase enzymes involved  in movement
of ions against a concentration gradient which are regulated
by active transport10. These molecular disturbances may
prompt certain toxicity of cypermethrin at the macroscopic
level  in  living  organism.  Cypermethrin  has  also  been
shown to negatively affect various blood parameters in
mammals  including  red  blood  cells (RBCs),  total  white
blood cells (WBCs), haemoglobin, lymphocytes, neutrophiles,
eosinophils, monocytes and platelets11-14.

In general, toxicity due to chemical exposure is difficult to
clearly assess and devised treatments are not always effective.
An accent is therefore, laid on different measures that may
help to reduce and prevent the toxicity15. Different plants and
herbal products are  locally  used  not  only  as  remedy but

also   for    prophylaxis    purposes   for    different   ailments16-18.
Bersama  engleriana  is  a tree used in many areas including
the West region of  Cameroon  in  the  management  of
various health problems such as gastrointestinal disorders,
malaria, yellow fever, rheumatism,   sexual weakness, diabetes,
anorexia,  epilepsy,  haemorrhoids  and   cancers19,20.  Such
local uses   hypothesize   a   certain  pharmacological  potential 
of   B.  engleriana.  In  fact,  previous  studies  reported  the
anti-haemorrhoid, hypoglycaemic, aphrodisiac and ejaculatory
benefits, anti-malarial, anti-tumoral, antimicrobial and
antioxidant properties of B. engleriana19-22. Though humans
population is largely exposed to agrochemicals such as
cypermethrin23-25, which may likely affect the haematological
parameters, no or very few studies have been directed
towards finding proper therapeutic or preventive options for
such toxicity. This study then aimed to evaluate potentials of
B. engleriana extracts to prevent cypermethrin-induced
toxicity on haematological and biochemical parameters of
male Guinea pigs.

MATERIALS AND METHODS

Experimental animals: Guinea pigs (Cavia porcellus)
weighing 357.91±15.18 g were accommodated in the animal
house of the Laboratory of Animal Health and Physiology of
the University of Dschang (Cameroon), where the study was
carried out from March-August, 2016. Animals were identified
at the  ear  and  housed  in  identical  cages  of  dimensions
100 cm×80 cm×60 cm (length, width and height) under
standard conditions with 12 h photoperiod and had free
access to water and food. Pigs were handled according to
ethical guidelines of the Cameroonian National Veterinary
Laboratory as reference by the certificate of approval and
health control No. 001/17 CCS/MINEPIA/DR-O/DD-ME/SSV.

Plant material and extracts: Bersama engleriana
(Melianthaceae) leaves were collected in Bagang locality
(Bamboutos division, West region of Cameroon) in March,
2016 and  identified  at  the  National  Herbarium  of
Cameroon under the voucher number of 32427/HNC. The
leaves were dried at room  temperature  and  grinded  into
fine powder. A portion (250 g) of the plant powder was
macerated in 1 L of distilled water for 48 h, the mixture filtered
using Whatman filter paper No. 3 and the filtrate evaporated
at 50EC to yield a solid paste which  constitutes  the  aqueous 
extract.  Another portion  (200 g) of the powder was
macerated in 1 L of 70% ethanol for 72 h, filtered and the
extraction solvent evaporated at 60EC to yield the ethanol
extract.
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Chemicals: Cypermethrin on the common name Cigogne
manufactured by Louis Dreyfus Commodities (Bonaberi,
Cameroon) was obtained from the local market. Kits for
biochemical analyses were purchased from Chronolab
(Barcelona, Spain).

Experimental design: Eighty adult male Guinea pigs were
distributed into 8 groups of 10 animals each, comparable in
body weight. One group received the vehicle (distilled water,
2 mL kgG1) while 7 groups were administered 137.5 mg kgG1 of
cypermethrin. The dose 137.5 mg kgG1 of the toxicant was
chosen based on the effects observed in authors previous
study. The latter dose induced liver and kidney toxicity and
altered blood cells count26. Six of the 7 groups exposed to the
pesticide were divided in 2 sets, which  also  received either
the aqueous or ethanol extracts of  B.   engleriana  at  the
doses of 50, 100 and 200 mg kgG1. Animals were administered
the products by gastric intubation and every day for 13 weeks.
The animal body  weight  was  recorded  weekly  and the
doses of products  to  administer  adjusted accordingly.
Twenty four hours after the last gavage, animals were
anesthetized using ether vapours and blood collected by
cardiac puncture for analysis of haematological and
biochemical parameters.

Measurement of haematological parameters: Blood samples
were collected by cardiac puncture in capillary tubes coated
with Ethylenediaminetetraacetic acid (EDTA). The blood
parameters were analyzed immediately in different samples
using automated hematimeter Sysmex apparatus of the type

8999. The analyzed parameters included: WBCs, lymphocytes
(LYM),    monocytes    (MON),     granulocytes     (GRAN),     RBCs,
haemoglobin (Hb), hematocrit (Hct), mean cell volume (MCV),
mean corpuscular haemoglobin (MCH), mean corpuscular
haemoglobin concentration (MCHC), red cell distribution
width (RDW), platelets (PLT), mean platelet volume (MPV) and
platelets distribution width (PDW). MCV and MCHC values
were calculated from RBCs count, Hb and Hct.

Determination of biochemical parameters of toxicity: The
parameters of cellular toxicity including creatinine, alanine
transaminase (ALT), aspartate transaminase (AST), urea,
proteins, direct bilirubin and total bilirubin, were determined
in the serum using kits from Diagnostic Omega (Barcelona,
Spain) according to supplier instructions.

Statistical  analysis:  Results  were  expressed  as
mean±standard deviation. Differences between groups were
assessed using one way ANOVA followed by the Duncan’s test
at 5% significance. All analyses were performed using the SPSS
20.0 software.

RESULTS

Animal body  weights: In general, the relative body weights
of all experimental  animals increased  continuously  during
the 13 weeks follow-up period. However, comparison
between groups did not revealed any significant difference
related   to   cypermethrin   and/or  B.   engleriana  extracts
(Fig. 1).

Fig. 1: Variation  in  body  weight  of  Guinea  pigs  throughout  the treatment period
AEBe: Aqueous extract of B. engleriana, EEBe: Ethanol extract of B. engleriana, Cyp: Cypermethrin
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Table 1: Haematological parameters of male Guinea pigs exposed to cypermethrin and/or B. engleriana extracts
AEBe (mg kgG1) EEBe (mg kgG1)

Haematological Cyp ---------------------------------------------------------------- -----------------------------------------------------------------
parameters Control (137.5 mg kgG1) 50 100 200 50 100 200
WBCs (103 µLG1) 8.70±2.79ab 12.07±2.45a 7.10±2.14b 10.30±4.24ab 11.53±2.01ab 8.90±2.10ab 8.72±3.44ab 9.15±1.61ab

Lymph (103 µLG1) 4.05±1.14b 7.62±2.39a 4.20±0.94b 5.97±1.68ab 7.13±1.25ab 4.86±1.24ab 5.10±1.54ab 5.35±1.35ab

Mono (103 µLG1) 0.95±0.45 1.15±0.31 0.72±0.35 1.06±0.15 1.06±0.23 0.94±0.21 0.82±0.33 1.00±1.63
Granul (103 µLG1) 3.70±0.98 3.30±1.65 2.17±0.91 3.26±1.58 3.33±0.81 3.10±1.61 2.80±0.87 2.80±0.29
RBCs (106 µLG1) 4.82±0.81ab 4.20±1.14b 4.59±0.43ab 4.83±0.44ab 5.73±1.22a 5.09±0.40ab 4.94±0.47ab 4.80±0.08ab

Hgb (g dLG1) 14.45±1.98 16.40±0.43 14.15±1.63 16.00±1.60 14.57±2.23 15.74±0.80 15.30±1.15 15.17±0.47
HCT (%) 33.35±10.69 36.32±10.57 33.40±6.48 34.00±12.26 46.73±11.49 42.36±5.05 38.47±3.01 37.35±0.96
MCV (fl) 82.77±9.98 77.92±3.72 77.00±3.12 81.23±2.62 81.20±3.64 83.14±5.37 78.77±3.59 77.82±2.02
MCH (PG) 37.37±4.75 37.10±4.34 32.95±3.15 41.77±7.05 26.73±2.67 31.68±1.48 31.22±0.54 31.55±1.03
MCHC (g dLG1) 45.20±8.00 47.45±11.10 42.87±4.75 52.03±11.98 33.00±8.30 38.38±4.49 39.72±1.60 40.60±1.83
RDW (%) 14.30±0.90 16.22±1.70 15.57±1.70 16.00±0.87 16.46±1.61 13.98±1.52 15.10±2.04 15.32±1.04
Plat (103 µLG1) 134.00±44.24 139.75±40.18 121.25±37.50 115.67±27.53 136.00±36.94 133.40±22.04 124.25±36.00 145.00±38.99
MPV (fl) 12.22±1.60 12.20±0.34 13.32±2.46 12.26±1.10 12.53±0.47 11.16±1.81 12.80±1.04 12.02±1.44
PDW (fl) 8.52±0.45 7.60±0.74 7.07±0.34 7.26±1.17 7.97±1.84 8.02±1.16 7.22±0.79 7.17±1.03
Different letters for the same parameter mean significant difference (p<0.05). AEBe: Aqueous extract of B.  engleriana, Cyp: Cypermethrin, EEBe: Ethanol  extract  of
B. engleriana, Granul: Granulocytes, HCT: Hematocrit, Hgb: Haemoglobin, Lymp: Lymphocytes, MCH: Mean corpuscular haemoglobin, MCHC: Mean corpuscular
haemoglobin concentration, MCV: Mean corpuscular volume, MPV: Mean platelets volume, Mono: Monocytes, Plat: Platelets, PDW: Platelets  distribution  width, RBCs:
Red blood cells, RDW: Red cells distribution width, WBCs: White blood cells

Table 2: Biochemical parameters of toxicity in male Guinea pigs exposed to cypermethrin and/or B.  engleriana  extracts
AEBe (mg kgG1) EEBe (mg kgG1)

Biochemical Cyp --------------------------------------------------------------- -------------------------------------------------------------
parameters Control (137.5 mg kgG1) 50 100 200 50 100 200
Creatinine (mg dLG1) 0.24±0.03a 0.61±0.10b 0.19±0.08a 0.51±0.11cb 0.40±0.10cd 0.22±0.09a 0.48±0.05cd 0.34±0.08ac

Urea (mg dLG1) 70.00±11.25a 114.29±21.70b 107.86±10.47b 88.57±28.19ab 101.79±23.60ab 113.57±15.41b 98.21±21.14ab 89.29±24.70ab

Direct bilirubin (mg dLG1) 0.59±0.06a 0.86±0.09b 0.90±0.19b 0.74±0.09ab 0.75±0.10ab 0.91±0.12b 0.63±0.09ab 0.74±0.08ab

Total bilirubin (mg dLG1) 1.96±0.15a 2.44±0.28b 2.41±0.28b 1.51±0.25a 1.54±0.36a 1.89±0.43ab 1.84±0.11a 2.04±0.21ab

ALT (IU LG1) 13.80±1.40a 23.10±3.15b 30.66±4.44b 16.19±3.53ab 18.38±2.82ab 19.03±2.40b 17.94±1.91ab 13.91±1.09a

AST (IU LG1) 16.72±3.12a 30.43±4.04b 23.80±5.11ab 16.15±3.58a 20.56±2.61a 17.88±4.31ac 19.28±4.21ac 18.73±3.41ac

Serum proteins (mg dLG1) 3.43±0.91a 2.42±0.71b 3.46±0.68ab 3.28±0.65ab 3.23±0.82ab 2.57±0.95b 4.05±0.34a 3.15±0.84ab

Different letters for the same parameter mean significant difference (p<0.05). AEBe: Aqueous extract of B.  engleriana, ALT: Alanine transaminase, AST: Aspartate
transaminase, Cyp: Cypermethrin, EEBe: Ethanol extract of B.  engleriana

Hematologic parameters: As shown in Table 1, cypermethrin
treatment significantly increased (p<0.05) the total WBC
number and lymphocytes while it moderately decreased RBCs
when compared to the control pesticide of unexposed
animals. Co-administration of cypermethrin with either
aqueous   or   ethanol   extracts   of   B.  engleriana  significantly
prevented the increase of total WBCs and lymphocytes as
compared to the control group. The other blood parameters
were  not  significantly  affected  by  pesticide  alone   or   in
co-administration with the extracts. 

Biochemical parameters of toxicity: With the exception of
serum protein levels, cypermethrin treatment significantly
increased (p<0.05) all investigated biochemical parameters of
toxicity as compared  to  insecticide  unexposed animals
(Table 2). The lowest dose (50 mg kgG1) of either aqueous or
ethanol extracts of B. engleriana significantly prevented
creatinine increase (p<0.05) with levels comparable to the
control group not exposed to pesticide. Co-treatment of the

animals with the plant extracts (100 and 200 mg kgG1)
significantly prevented fluctuations in the levels of urea,
bilirubins (direct and total) and the activity of
aminotransaminase (ALT, AST). Indeed, the latter parameters
remain close  to  those  of  the  control  group  not  treated
with the pesticide cypermethrin. The aqueous and  ethanol
extracts  of  B.  engleriana  normalized   animal   serum
proteins  as  compared  to  the  vehicle   control  group.

DISCUSSION

In this study, cypermethrin administration resulted into
increased WBCs and lymphocytes in male Guinea pigs. WBCs,
help the body to fight infections and external agents.
Cypermethrin has been largely used as insecticide in
Cameroon for crop protection and yield optimization in
agriculture23-25. In humans, pesticide exposure has been linked
to various health problems including alteration of biochemical
and blood parameters27,28.
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Inflammation or affection of the system or other blood
diseases can cause changes in the percentage and total
numbers of WBCs. In fact the WBC count, also known as
immune cells, leukocyte count or differential blood count
(DBC), is an indicator of different health problems29. The
increase of WBC number in the Guinea pigs treated with
cypermethrin is therefore, an indication of the affection of the
animal system by the pesticide. WBCs comprise granulocytes,
monocytes and lymphocytes30. In mammals, lymphocytes
represent about 20% of total WBC count. An increase in
lymphocytes known as lymphocytosis has been associated
with exposure to smoking and chemicals31. Cypermethrin
treatment also resulted into decreased RBCs count in male
Guinea pigs. This observation corroborates with previous
findings following exposure of rodents (rats and mice) to the
pesticide12,13. Cypermethrin toxicity on RBCs may cause
hypoxia as the RBCs highly serve transport function of blood
gas carrying around 98% of oxygen throughout the system30,32.
The adverse effect of pesticides on  WBCs  and  RBCs in
humans has been documented33. Through affecting the
different  blood  parameters,  cypermethrin could then
weaken the immune system of exposed population and
therefore, render them sensitive to different affections and
infections.  Such  observations  are  consistent  with  the
clinical signs such as dizziness and fatigue experienced by
farmers in authors localities who have been exposed to
pesticides  including  cypermethrin25.  Alteration   of  blood
and biochemical parameters in the animals exposed to
cypermethrin also corroborates the  increased  urea, creatinine
and total bilirubin, total leukocyte count (TLC) and decreased
hemoglobin  (Hb),  total  erythrocytic count (TEC) in rabbits
and male  rats treated with cypermethrin (24 or 25 mg kgG1)
for 12  weeks   and  28  days,  respectively34-36.  The  decrease
in    TEC    and   Hb    concentration   and   increase   in   TLC
and  lymphocyte  concentration   was   also   observed   in
adult mice  intraperitoneally  treated  with  cypermethrin
(0.10-0.25 mL kgG1) every week for 28 consecutive days12.
Similarly, Shah et  al.37  reported elevated TLC, lymphocytes
and MCV in female rabbits intraperitoneally exposed to
cypermethrin (25-75 mg kgG1) for 17 days. However, the
results from this study contrasted with the observation from
Faokunla et al.14, who reported increased RBCs, white blood
cells (WBC), lymphocytes (LYMP) and decreased the
concentrations of the mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin concentration (MCHC) and
mean corpuscular volume (MCV) in adult male rats following
oral administration of cypermethrin in for 28 days. The
discrepancy in the effect of cypermethrin on red blood cells or

erythrocytes concentration points the fact that the action of
this toxicant on the present cell types could vary from an
animal species to another.

Co-administration of cypermethrin with  either aqueous
or ethanol extracts of B. engleriana extracts significantly
prevented alteration of the different blood cells. This
protective   effect   of   B.   engleriana   could   be  attributed  to
bioactive compounds such as phenols and flavones that are
found in this plant19. Similar protective effects against
cypermethrin- induced toxicity on haematological parameters
have been reported with other plant extracts and derived
compounds including alpha-lipoic acid, piperine (a main
component of Piper longum L. and Piper nigrum L.) and
leucovorin and the methanolic extract from Jatropha
gossypifolia in rodents (mice and rats)14,36,38. For further
understanding of the effect of the plant extracts on
cypermethrin toxicity, biochemical markers of liver and kidney
functions were evaluated including aminotransferases,
bilirubin, urea and creatinine. 

Because of the central role it plays in metabolism of
xenobiotics, the liver is particularly susceptible to injury
following systemic exposure to the xenobiotics39.
Administration of cypermethrin resulted into significant
increase of ALT and AST activities and bilirubin levels.
Elevations of these parameters is indicative of hepatocellular
injury and impairment of biliary excretion, respectively40,41.
Similarly, cypermethrin administration to Guinea pigs
increased creatinine and urea which are both biochemical
markers of the kidney function. The insecticide may alter
kidney function, especially the glomerular filtration42.
Interestingly, co-administration of the toxicant with either
aqueous or ethanol extract of B. engleriana, enabled
normalization of liver and kidney parameters, suggesting a
protective effect of the plant extracts. B. engleriana is rich in
secondary metabolites (flavonoids, phenolics) with
antioxidant properties which are well known for their
protective effects against liver or kidney damages19,43,44.
Elevated  biochemical toxicity markers such as serum urea and
creatinine were shown to be normalized by administration of
green tea, vitamin C and cinnamon in adult male rats and
female mice45,46. In the same line oral administration of a
natural alkaloid, piperine along with cypermethrin significantly
alleviated cypermethrin-induced changes in transaminase
activities, blood urea, creatinine and blood parameters35,36.
Similar protective effects of plant and derived products such
as vitamin C, cinnamon and green tea were observed in rats,
Guinea pigs and mice exposed to cypermethrin45,46. The
hepatoprotective  and  reno-protective  effects  observed  with
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B.  engleriana  in this study could be attributed to the presence
of such bioactive compounds in the plant, which may be
identified and studied further for elucidation of their mode of
action. The studied extracts, therefore, exert protective and/or
preventive effects against cypermethrin-induced toxicity,
suggesting the presence of active substances in the plants,
which could alleviate pesticide toxicity.

CONCLUSION

Altogether, the results demonstrated the protective
effects of B. engleriana extracts on haematological, hepatic
and renal integrity/function. The findings sustain a certain
positive pharmacological effect of B. engleriana in prevention
of chemical toxicity, especially cypermethrin-induced toxicity
on   blood,  liver  and  renal  parameters.  The  B.  engleriana
can be considered as a valuable source of remedy, in the
development of therapy against pesticide induced toxicity.
Further studies would help to better define the bioactive
compounds responsible for protective effect of B.  engleriana
extracts.

SIGNIFICANCE STATEMENT

The  study  evaluates  the  possible  preventing effect of
B. engleriana on hematological and biochemical parameters
in cypermethrin exposed Guinea pigs and discovered that it
reduces the toxicity of cypermethrin by alleviating toxicity in
liver and by maintaining the kidney function integrity. Thus,
this study would help the researchers in evaluating the
mechanism of B.  engleriana  as therapeutic medicine against
cypermethrin-induced toxicity. But the best theory on it may
be arrived at.

REFERENCES

1. United Nations, 2015. Department of economic and social
affairs, population division. World Population Prospects: The
2015 Revision, Key Findings and Advance Tables. Working
Paper No. ESA/P/WP.241.

2. Saravi, S.S.S. and M. Shokrzadeh, 2011. Role of Pesticides in
Human Life in the Modern Age: A Review. In: Pesticides in the
Modern World-Risks and Benefits, Stoytcheva, M. (Ed.). In
Tech, USA., pp: 4-11.

3. Aktar, M.W., D. Sengupta and A. Chowdhury, 2009. Impact of
pesticides use in agriculture: Their benefits and hazards.
Interdisciplin. Toxicol., 2: 1-12.

4. Nicolopoulou-Stamati, P., S. Maipas, C. Kotampasi, P. Stamatis
and L. Hens, 2016. Chemical pesticides and human health:
The urgent need for a new concept in agriculture. Front.
Public Health, Vol. 4. 10.3389/fpubh.2016.00148.

5. European Commission (DG Environment), 2011. Technical
support for the impact assessment of the review of priority
substances under directive 2000/60/EC substance:
Cypermethrin. Entec UK Limited. https://circabc.europa.eu/
webdav/CircaBC/env/wf/dlibrary/framework_directive/the
matic_documents/priority_substances/supporting_substa
nces/substance_impacts/Cypermethrin.pdf

6. Palmquist, K., J. Salatas and A. Fairbrother, 2012. Pyrethroid
Insecticides: Use, Environmental Fate and Ecotoxicology,
Insecticides-Advances. In: Integrated Pest Management,
Perveen, F. (Ed.). InTech, New York, ISBN: 978-953-307-780-2,
pp: 251-278.

7. Bhattacharjee,  S.,  A.N.M.  Fakhruddin, M.A.Z. Chowdhury,
M.A. Rahman and M.K. Alam, 2012. Monitoring of selected
pesticides residue levels in water samples of paddy fields and
removal of cypermethrin and chlorpyrifos residues from
water  using  rice  bran.   Bull.   Environ.   Contam.   Toxicol.,
89: 348-353.

8. Choudhury,  B.H.,  B.K.  Das   and   P.   Chutia,   2013.
Evaluation    of    pesticide    residues    in    fish   tissue
samples    collected   from  different  markets  of  Jorhat
district     of    Assam,    India.    Int.    J.    Scient.    Eng.     Res.,
4: 2286-2299.

9. Debbab, M., S. El-Hajjaji, A.H. Aly, A. Dahchour, M. El Azzouz
and A. Zrineh, 2014. Cypermethrin residues in fresh
vegetables:  Detection  by  HPLC and LC-ESIMS and their
effect   on   antioxidant   activity.   J.   Mater.    Environ.    Sci.,
5: 2257-2266.

10. Singh, A.K., M.N. Tiwari, O. Prakash and M.P. Singh, 2012. A
current review of cypermethrin-induced neurotoxicity and
nigrostriatal dopaminergic neurodegeneration. Curr.
Neuropharmacol., 10: 64-71.

11. Abbassy, M.A. and A.T.H. Mossa, 2012. Haemato-biochemical
effects of formulated and technical cypermethrin and
deltamethrin insecticides in male rats. J. Pharmacol. Toxicol.,
7: 312-321.

12. Islam, S.M. and M.M. Hoque, 2015. Clinico-haematological
and  histopathological  features  of  the Swiss albino mice
Mus musculus L. in response to chronic cypermethrin
exposure. Sch. Acad. J. Biosci., 3: 421-428.

13. Das, T., A. Pradhan, A. Paramanik and S.M. Choudhury, 2016.
Ameliorative role of zinc on cypermethrin-induced changes
in haematological parameters and oxidative stress
biomarkers  in rat erythrocytes. Toxicol. Environ. Health Sci.,
8: 234-246.

14. Faokunla,  O.,  O.  Akinloye,  R.  Ugbaja  and  A. Adeogun,
2017.  Comparative    effects   of   Jatropha   gossypifolia   leaf
and  alpha-lipoic  acid  on   the   hematological   profile   of
rats   exposed   to   cypermethrin.   Int.    J.   Healthcare   Sci.,
4: 2148-2157.

15. Lichterman  J.,  H.  Brown-Williams,  L.  Delp,  M.  Quinn  and
J. Quint, 2010. Preventing toxic exposures: Workplace lessons
in safer alternatives. Perspectives, 5: 1-10.

24



J. Pharmacol. Toxicol., 13 (1): 19-26, 2018

16. Nantia,        E.A.,     P.F.     Moundipa,     T.K.     Monsees      and
S.  Carreau,   2009.   Medicinal   plants   as  potential  male
anti-infertility    agents:   A    review.    Basic    Clin.    Androl.,
19: 148-158.

17. Eddouks, M., D. Chattopadhyay, V. De Feo and W.C. Cho, 2012.
Medicinal plants in the prevention and treatment of chronic
diseases. Evid. Based Complement. Altern. Med.,
10.1155/2012/458274.

18. Rafieian-Kopaei, M., 2012. Medicinal plants and the human
needs. J. HerbMed Pharmacol., 1: 1-2.

19. Amit,  L.,  G.  Vikas,  T.  Vaibhav,  K. Vikash, G. Siddhartha and
A. Lather, 2010. Phytochemistry and pharmacological
activities of Bersama engleriana Guerke-An overview. Int. Res.
J. Pharm., 1: 89-94.

20. Watcho, P. and M. Carro-Juarez, 2009. Evaluation of the
excopula ejaculatory potentials of Bersama engleriana in
spinal male rats. Asian J. Androl., 11: 533-539.

21. Watcho, P., G.H.J. Achountsa, U.C. Mbiakop, M. Wankeu-Nya,
B.T. Nguelefack, N.T. Benoit and K. Albert, 2012.
Hypoglycemic and hypolipidemic effects of Bersama
engleriana leaves in nicotinamide/streptozotocin-induced
type 2 diabetic rats. BMC Complement. Altern. Med., Vol. 12.
10.1186/1472-6882-12-264.

22. Watcho,   P.,   U.C.   Mbiakop,   H.G.A.   Jeugo,   M.  Wankeu,
T.B. Nguelefack, M. Carro-Juarez and A. Kamanyi, 2014. Delay
of ejaculation induced by Bersama engleriana in
nicotinamide/streptozotocin-induced type 2 diabetic rats.
Asian Pac. J. Trop. Med., 7: S603-S609.

23. Manfo,  F.P.T.,  P.F.  Moundipa,  H.  Dechaud,  A.N.   Tchana,
E.A. Nantia, M.T. Zabot and M. Pugeat, 2012. Effect of
agropesticides  use on male reproductive function: A study
on   farmers   in   Djutitsa    (Cameroon).   Environ.   Toxicol.,
27: 423-432.

24. Nantia,  E.A., T.F.P. Manfo, J. Sonchieu, T.A. Choumessi and
R.H. Bopuwouo et al., 2017. Effect of agrochemicals use on
total phenolic compounds and flavonoid content in aromatic
fresh  herbs  from  Santa  (Cameroon).  Acad.  J.  Agric.   Res.,
5: 18-27.

25. Sonchieu,       J.,     M.B.     Ngassoum,     A.E.     Nantia     and
P.S.  Laxman,  2017.  Pesticide applications on some
vegetables cultivated and health  implications  in Santa,
North   West-Cameroon.   SSRG   Int.   J.  Agric.  Environ.  Sci.,
4: 39-46.

26. Vemo,  B.N.,  A.  Kenfack,   F.   Ngoula,   E.A.   Nantia   and
C.C.N. Ngaleu et al., 2018. Toxicity and reproductive
parameters  impairment  of  cypermethrin  in  male Guinea
pig    (Cavia   porcellus).   Turk.   J.  Agric.-Food  Sci.  Technol.,
6: 130-135.

27. Aroonvilairat,  S.,  W.  Kespichayawattana,  T.  Sornprachum,
P. Chaisuriya, T. Siwadune and K. Ratanabanangkoon, 2015.
Effect of pesticide exposure on immunological, hematological
and  biochemical  parameters  in  Thai  orchid  farmers-a
cross-sectional   study.  Int.  J.  Environ.  Res.  Public  Health,
12: 5846-5861.

28. Garcia-Garcia,  C.R.,  T.  Parron,  M.  Requena,  R.    Alarcon,
A.M. Tsatsakis and A.F. Hernandez, 2016. Occupational
pesticide  exposure  and  adverse  health effects at the
clinical,   hematological  and  biochemical  level.  Life  Sci.,
145: 274-283.

29. Liu, Z., J. Liu, X. Xiao, H. Yuan, X. Li, J. Chang and C. Zheng,
2015. Segmentation of white blood cells through nucleus
mark watershed operations and mean shift clustering.
Sensors, 15: 22561-22586.

30. Bain, J.B., 2017. Structure and function of red and white blood
cells. Medicine, 45: 187-193.

31. Abd Elmageed, A.E.E., 2010. Determination of hematological
parameters among homeless children exposed to chemical
intoxication in Khartoum state. Masters Thesis, Medical
Laboratory Science, Sudan University of Science and
Technology, Khartoum, Sudan.

32. Jensen, F.B., 2009. The dual roles of red blood cells in tissue
oxygen delivery: Oxygen carriers and regulators of local blood
flow. J. Exp. Biol., 212: 3387-3393.

33. Corsini, E., M. Sokooti, C.L. Galli, A. Moretto and C. Colosio,
2013. Pesticide induced immunotoxicity in humans: A
comprehensive review of the existing evidence. Toxicology,
307: 123-135.

34. Yousef, M.I., F.M. El-Demerdash, K.I. Kamel and K.S. Al-Salhen,
2003. Changes in some hematological and biochemical
indices of rabbits induced by isoflavones and cypermethrin.
Toxicology, 189: 223-234.

35. Sankar, P., A.G. Telang and A. Manimaran, 2011. Effect of
piperine on cypermethrin-induced oxidative damage in rats.
J. Vet. Sci. Technol., Vol. 2. 10.4172/2157-7579.1000104.

36. Sankar, P. and K. Ramya, 2017. Protective effects of piperine
on cypermethrin induced haematological toxicity in rats. Int.
J. Sci. Environ. Technol., 6: 2971-2974.

37. Shah, M.K., A. Khan, F. Rizvi, M. Siddique and Sadeeq-Ur-
Rehman, 2007. Effect of cypermethrin on clinic-
haematological     parameters    in    rabbits.    Pak.    Vet.   J.,
27: 171-175.

38. Nishal, K.P., C. Manjusha, S. Itishri and D. Sirisha, 2012.
Protective effect of leucoverin on cypermethrin-induced
toxicity in mice. J. Bio. Innov., 1: 33-40.

39. Gu, X. and J.E. Manautou, 2012. Molecular mechanisms
underlying  chemical  liver  injury.  Expert  Rev.  Mol.  Med.,
Vol. 14. 10.1017/S1462399411002110.

40. Gowda, S., P.B. Desai, V.V. Hull, A.A.K. Math, S.N. Vernekar and
S.S. Kulkarni, 2009. A review on laboratory liver function tests.
Pan Afr. Med. J., Vol. 3. 10.11604/pamj.2009.3.17.125.

41. Boyer, L.J., 2013. Bile formation and secretion. Compr.
Physiol., 3: 1035-1078.

42. Gowda, S., P.B. Desai, S.S. Kulkarni, V.V. Hull, A.A.K. Math and
S.N. Vernekar, 2010. Markers of renal function tests. N. Am. J.
Med. Sci., 2: 170-173.

25



J. Pharmacol. Toxicol., 13 (1): 19-26, 2018

43. Zhang, Y., Z. Gao, J. Liu and Z. Xu, 2011. Protective effects of
baicalin and quercetin on an iron-overloaded mouse:
Comparison of liver, kidney and heart tissues. Nat. Prod. Res.,
25: 1150-1160.

44. Manfo, T.F.P., E.A. Nantia and V. Kuete, 2014. Hepatotoxicity
and Hepatoprotective  Effects  of  African  Medicinal  Plants.
In: Toxicological Survey of African Medicinal Plants, Kuete, V.
(Ed.)., 1st Edn., Elsevier, New York, pp: 223-256.

45. Sakr, S.A. and A.Y. Albarakai, 2014. Effect of cinnamon on
cypermethrin-induced nephrotoxicity in albino rats. Int. J.
Adv. Res., 2: 578-586.

46. Manzoor,  S.,  K.  Mehboob and A.K. Naveed, 2016.
Comparison   of   protective   effect  of  green  tea  and
vitamin   C   against   cypermethrin   induce   nephrotoxicity
in        mice.       J.       Ayub.       Med.       Coll.       Abbottabad,
28: 241-244.

26


	jpt.pdf
	Page 1


