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Abstract
Background and Objective: Carissa edulis (CE) (Apocynaceae) is distributed in tropical Africa and Asia and commonly used in folk
medicine to treat many diseases such as headache, cough, rheumatism and fever. The purpose of this study was to evaluate the protective
role of ethanolic extract of CE, a medicinal plant locally called "Al-Arm" in Yemen, against liver injury induced by dimethoate (DM)
intoxication in male guinea pigs. Materials and Methods: Animals were divided randomly into 5 groups and kept at 5 animals per group.
The first group was served as a control group and administered with vehicle orally; the group II administered with DM (14 mg kgG1;
1/25 LD50) orally. Animals of group III, IV and V were administered with 100 mg kgG1 of CE extract, 200 mg kgG1 of CE extract and
100 mg kgG1 Liv-52 orally half hour before DM administration, respectively. All the previous administrations were repeated daily for
21 days. Data were analyzed by one-way ANOVA using SPSS. Results: The DM caused a statistically significant increase in the serum level
of liver enzymes (AST, ALT, ALP) when compared to control animals, whereas CE and Liv-52 pre-treatment to the DM-intoxicated animals
resulted in a significant normalization of the activities of enzymes. Similarly, a significant increase in lipid peroxidation (LPO) level, while
induced significant decreases in the activities of liver catalase (CAT) and glutathione-S-transferase (GST). In contrast, co-administration
of CE and Liv-52 to DM-treated animals restored most of these biochemical parameters to nearly normal levels. Histopathological
examination of intoxicated animals showed many tissues alterations such as; vasodilation, hemorrhage, cytoplasmic vacuolization,
inflammation and nuclear pyknosis indicating liver damage, while the animals received CE or Liv-52 showed less pathological effects when
compared to animals treated with DM alone. Conclusion: The biochemical and histological results confirmed the hepatoprotective effect
of ethanolic extract of CE against DM-induced hepatotoxicity in male guinea pigs.
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OPs-induced toxicity32 which exert their biological effects

INTRODUCTION

through an attack on cellular constituents of hepatic and
A natural product is a substance produced by living

brain tissues33 through generation of reactive oxygen

organisms such as plants, animals and other micro-organisms

species (ROS)34. In addition, there are many organs and

1

by primary and secondary metabolism . Medicinal plants are

systems that could be affected by OPs pesticides such as;

used to treat several diseases by the oldest traditional

liver30, kidney35, brain36, gonads31,37, pancreas38 and immune

medicine. The use of these natural products increases all over

system39. Moreover, it was reported that OPs pesticides have

2

the world especially in developing countries . These plants are

been shown to produce ROS during neuronal damage and

also the sources of many traditional drugs such as morphine

seizures40. Among OPs pesticides and dimethoate (DM) were

3

and vincristine and play an important role in human and

the most commonly reported pesticide to be used on farms in

animal health care4. Many plants have been documented to

Yemen to protect crops and qat farms41. A recent study42 has

have antinociceptive and anti-inflammatory activities, but

shown that chronic exposure to DM caused hepatotoxicity

out of the 250,000-500,000 plant species on earth, only 1-10%

and increased liver marker enzymes. Hence, the present study

has been studied for their potential medicinal values5.

aimed to investigate the protective activity of CE ethanol

Carissa edulis (CE) belongs to the family Apocynaceae, which

leaves extract administration for 21 days

consists of about 250 genera and 2000 species and is

biochemical and histopathological parameters intoxicated

distributed in tropical Africa and Asia6. It is locally called

with sub-chronic doses of DM in male guinea pigs.

on

some

"Al-Arm" in Yemen7,8. It is a spiny, branched, small tree or
shrub, with a height up to 5 m and milky sap. The leaves are

MATERIALS AND METHODS

ovate to ovate-elliptic, opposite and flowers are white tinged
with purple, red or pink and its fruits are edible, ovoid and

Location and total time duration of research work: The

red-black containing 2-4 flat seeds6. This genus is a rich

whole study research is taken 6 months (from September,

source of different natural classes of compounds such as;

2018 until February, 2019) and all experiments were carried

sesquiterpenes, cardiac glycosides, phenolic compound,

out at Department of Biology, Faculty of Science, Ibb

flavonoids, lignans and chlorogenic acid derivatives9-12. The

University, Yemen.

chemical constituents of CE in the literature review indicated
the isolation of lignans, flavonoids, phenolic compounds and

Chemicals: Dimethoate 40 EC was purchased from local

sesquiterpene9,11-15. The CE is a medicinal plant naturally

market as a commercial emulsifiable concentrate formulation

growing at different geographical areas in Yemen with

containing 40% active ingredient. Liv-52 was obtained from

widespread use in traditional medicine and it has been used

Himalaya Drug Company, Bangalore, India. Both the DM and

7

in different provinces as an oral hypoglycemic agent . It is

Liv-52 were reconstituted appropriately in 0.5% carboxy

commonly used in folk medicine to treat many diseases such
as headache, cough , rheumatism , fever, sickle cell anemia,

methyl cellulose (CMC) for the final concentration immediately

syphilis, helminthiasis and rabies12,18-20. In pharmacological

prior to use.

16

17

studies CE showed antiviral activity21,22, anticonvulsant20,23,
antiplasmodial10,24,25, antimicrobial26, analgesic19, diuretic18, as

Plant material: The leaves of CE were collected from Jeblah

well as hypoglycemic activity27. Although, there is no

district, Ibb Governorate, Yemen. The plant was authenticated

adverse effect reported on CE herbal medicines . The

by comparison with reference specimens preserved at the

use of chemical pesticides in qat production in

Yemen,

Herbarium of Biology Department, Ibb University, Yemen.

has been increasing dramatically . So, the farmers use

Voucher specimens were kept in the Herbarium for future

these chemicals in agriculture to enhance food production

references.

12

28

29

by eradicating unwanted insects and disease vectors .
Organophosphorus (OPs) compounds are the most widely

Preparation of the ethanol extract: The powdered material

used class of pesticides in agriculture and medicine30,31. The

of leaves (2000 g) were macerated with 70% ethanol by

primary effect of OPs pesticides is the inhibition of

continuous stirring at room

acetylcholinesterase activity29. In addition, it has been

evaporated to dryness under reduced pressure and finally

demonstrated that lipid peroxidation (LPO) mediated by

yield at 25%. The dried extracts were dissolved in 0.5% CMC

free radicals is one of the molecular mechanisms involved in

and administrated orally when experiments were performed.
300

temperature

and then
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Animals maintenance: Adult male guinea pigs (600±200 g)

Estimation of antioxidant enzymes:

were obtained from the animal house of Biology Department,

activity

Faculty of Science, Ibb University, Yemen and kept for one

Glutathione-S-transferase (GST) activity was measured

week on a commercial diet in environmentally controlled

spectrophotometrically by the method of Habig et al.49. The

conditions with free access to diet and water ad libitum. The

total protein content of kidney homogenate was determined

experimental procedure was performed in accordance with

by the method of Lowry et al.50. A detailed description of

the national and international guidelines and regulations

the LPO measurement was previously listed in previously

approved by the ethical committee of Ibb University. In

published article47.

was

measured

by

the

Catalase

(CAT)

method of Aebi48.

addition, all administrative approvals were taken and the Ibb
University approval paper will be attached.

Histopathological examination: Animals of control and
treated groups were put under light ether anesthesia,

Experimental design: Animals were randomly divided into

dissected as quickly as possible and then pieces of livers and

5 groups of five animals each. The control group was given

kidneys were removed and fixed in 10% neutral formalin for

0.5% CMC suspension by gastric gavage. The animals of

24 h, then washed by the running tap water and stored in 70%

1

groups II were given oral administration of 14 mg kgG DM

ethyl alcohol, until further processing. Small blocks of about

(1/25 LD50) dissolved in 0.5% CMC. The animals of groups III

5×5 mm size were dehydrated, cleared and embedded in

1

were given oral administration of 100 mg kgG CE ethanol

paraffin wax. Finally, paraffin sections of 5 microns thickness

leaves extract plus 14 mg kgG1 DM. Animals of group IV were

were cut using rotary microtome (Leica, Germany) and stained

given oral administration of 200 mg kgG1 CE plus 14 mg kgG1

with hematoxylin and eosin.

DM. Animals of group V were given oral administration of
100 mg kgG1 Liv-52 plus 14 mg kgG1 DM. All the previous

Microscopy and photomicrography: Microscopic slides of

administrations were repeated daily for 21 days. At the end of

liver and kidney were examined carefully under a compound

the treatment, the animals of each group were anesthetized

light microscope at Biology Department, Faculty of Science,

with ether and blood was collected directly from the portal

Ibb University. Slides from the different treated groups were

vein. The blood sample of animals in each group was divided

evaluated for any toxic insult compared to slides from the

in two tubes, one of them mixed with heparin to prevent

control group. Photomicrographs of selected slides were taken

coagulation and the other was allowed to clot at room

by using (Sony HD, Japan) built-in digital photo camera.

temperature for 1 h and then centrifuged at 3000 rpm and 4EC
for 15 min to obtain sera. The separated serum was sampled

Statistical analysis: Results of the biochemical estimations

into clean tubes and kept in a deep-freezer at -24EC for

were reported as mean±SD. To analyze current data, SPSS

biochemical analysis.

software

version 20 was used. Total variation, present in

a set of data was estimated by one-way analysis of
Estimation

of

aminotransferase

liver

function:

Serum

aspartate

and

serum

alanine

(AST)

variance (ANOVA) and follow up test (LSD). Differences with a
p-value was considered as statistically significant at p<0.05.

aminotransferase (ALT) were determined using Spinreact
Diagnostics Kits (Spain) according to the method of Tietz43.

RESULTS

While the activity of serum alkaline phosphatase (ALP) was
determined using Reactivos GPL Diagnostics Kits (Spain)

Results of liver function: The ethanol extract of CE was

according to the method of King44. The enzyme activity was

evaluated for its hepatoprotective potential in guinea pigs

expressed as U LG1. Glucose concentration was determined

with

using diagnostic kits of Spinreact (Spain) according to the

(14 mg kgG1) to male guinea pigs for 21 days increased the

method of Tietz45.

serum activities of AST (58.6±4.1 U LG1), ALT (94.2±6.5 U LG1)

DM-induced liver damage. Administration of DM

and ALP (81.6±6.9 U LG1) significantly (p<0.001). These values
Measurement of lipid peroxidation: Lipid peroxidation (LPO)

were 35.2±3.8, 68.0±5.6 and 54.8±4.9 U LG1 in normal

was determined based on that of Ohkawa et al.46. A detailed

control guinea pigs, respectively (Table 1). The activity of these

description of the LPO measurement was previously listed in

enzymes was stimulated by 66, 39 and 49%, respectively after

previously published article47.

DM-intoxication compared with that of the controls. The
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Table 1: Activities of AST, ALT and ALP enzymes (Mean±SD), stimulation (%)

Results of antioxidant enzymes: The CAT activity was also

and inhibition (%) in control and different treated group

found to be inhibited (3.16±2.60 µmol min mgG1 protein)

Liver marker enzyme (U LG1)

significantly (p<0.01) by 58% in DM treated group as

-----------------------------------------------------------------------AST

ALT

ALP

compared to that of the control group (7.48±2.38 µmol

Control

35.2±3.8a

68.0±5.6a

54.8±4.9a

DM

58.6±4.1b***

94.2±6.5b***

81.6±6.9b***

min mgG1 protein). However, the activity of CAT was

S% versus control

66

39

49

100CE+DM

46.8±5.6c*

81.6±4.7c*

69.4±5.7c*

protein,

4.83±0.91 µmol min mgG1 protein) by 26, 50 and 53% in

Treated groups

I% versus DM

20

13

15

200CE+DM

41.8±5.5c**

70.8±7.1c**

60.6±6.5c**

I% versus DM

29

25

26

significantly (p<0.05) elevated (3.97±1.51 µmol min mgG1
4.74±1.02

µmol

min mgG1 protein and

animals which received DM along with the CE (100 and 200)

100 Liv-52+DM

40.2±5.0 **

69.2±7.7 **

61.0±5.8 **

and Liv-52, respectively) as compared to the DM treated group

I% versus DM

31

27

25

alone (Table 2). The activity of GST was significantly (p<0.01)

c

c

c

Each value represents the mean±SD, n = 5. Values marked with asterisks differ

inhibited (25.24±10.15 µmol min mgG1 protein) by 37% in DM

significantly from control animals: p<0.05, those marked with the same letter

administered group as compared to the control animals

differ insignificantly from control group: p>0.05. *p<0.05, **p<0.01 compared

(40.02±10.88 µmol min mgG1 protein). However, the

with control, respectively

activity
Table 2: Means±SD of lipid peroxidation, activities of catalase and glutathione-

GST

in

animals

that

received

DM

administration along with CE (100 and 200) and Liv-52 was

S-transferase, stimulation (%) and inhibition (%) in the liver enzymes of

significantly (p<0.05) elevated (33.01±7.54 µmol min mgG1

control and different treated group

protein,

-------------------------------------------------------------------------

41.42±8.56 µmol min mgG1 protein) by 31, 50 and 64%,

LPO

CAT

GST

1.68±0.33a

7.48±2.38a

40.02±10.88a

b

b

b

37.75±9.80

µmol min mgG1 protein

Antioxidant enzyme (µmol min mgG1 protein)
Treated groups
Control

of

and

respectively as compared to controls (Table 2).

DM

3.03±0.73 **

3.16±2.60 **

25.24±10.15 **

S% versus control

80

58

37

Results

100CE+DM

2.17±0.34c*

3.97±1.51c*

33.01±7.54c*

I% versus DM

28

26

31

animals of the control group showed a uniform pattern of the

200CE+DM

1.82±0.39c**

4.74±1.02c**

37.75±9.80c**

histopathological

examination:

Livers

from

polyhedral hepatocytes. They form cords of hepatocytes

I% versus DM

40

50

50

around the central vein with normal sinusoidal vessels

100 Liv-52+DM

2.05±0.58c**

4.83±0.91c**

41.42±8.56c**

(Fig. 1a). After 21 days of DM administration, many

I% versus DM

32

53

64

histopathological changes were observed in the liver sections.

Each value represents the mean±SD, n = 5. Values marked with asterisks differ

These changes were cytoplasmic vacuolization, dilated and

significantly from control animals: p<0.05, those marked with the same letter
differ insignificantly from control group: p>0.05. *p<0.05, **p<0.01 compared

congested blood vessels with hemorrhage, ballooning

with control, respectively

hepatocyte, infiltration with inflammatory cells, nuclear
pyknosis, karyorrhexis and sometimes karyolysis indicated

results also showed that CE extract (100 and 200 mg kgG1) was

liver damage (Fig. 1b and c). The liver sections of the guinea

able to retain the liver marker enzymes toward the normal

pigs treated with 100 mg kgG1 ethanol leaves extract of CE

levels (20, 13 and 15% and 29, 25 and 26%), respectively

co-administered with DM for 21 days showed little histological

(Table 1). Similar results were recorded with Liv-52 and DM

changes when compared to animals of DM treated group such

co-administration (Table 1).

as; vacuolization, cellular infiltration and nuclear pyknosis
(Fig. 1d and e). The examination of liver sections obtained

Results of lipid peroxidation: Levels of LPO were increased
1

from guinea pigs co-administered with DM and 200 mg kgG1

protein) significantly (p<0.01) by

CE ethanol extract and/or Liv-52 treated group for 21 days

80% in the liver homogenates of DM-treated guinea pigs as

showed normal view with just little vacuolization and nuclear

compared to control animals (1.68±0.33 nmol mgG1 protein).

pyknosis compared to DM group (Fig. 1f and g).

(3.03±0.73 nmol mgG

However, it was observed that the LPO levels were decreased
DISCUSSION

(2.17±0.34 nmol mgG1 protein, 1.82±0.39 nmol mgG1 protein
and 2.05±0.58 nmol mgG1 protein by 28, 40 and 34% in the
groups which received DM along with CE (100 and 200) and

The OPs pesticides are widely used throughout the

Liv-52, respectively). The inhibition in LPO levels was

world especially in developing countries like Yemen. There

statistically significant (p<0.05) as shown in Table 2.

are recent studies that indicated the incidence of acute
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(a)

(b)

(c)

(d)

(e)

(f)

(g)

Fig. 1(a-g): Composite image showing hepatoprotective effect of Carissa edulis (CE) against DM-induced hepatotoxicity in
male guinea pigs. Liver sections were stained with H and E, (a) Control animal showing hepatocytes (H) around central
vein (CV) with normal sinusoidal spaces (S), Kupffer cells (K) and nucleus (N), (b and c) DM-treated animals showing
vacuolization with ballooning hepatocytes (BH), dilatation of the portal vein (DV), congestion (C), nuclear pyknosis
(arrows), karyorrhexis (R) and karyolysis (L), (d and e) CE (100 mg kgG1 b.wt.)+DM showing the same histopathological
alteration seen in DM group, but with little appearance, (f) CE (200 mg kgG1 b.wt.)+DM showing normal view with little
histopathological changes and (g) Liv-52 (100 mg kgG1 b.wt.)+DM showing normal architecture with little
histopathological changes. Magnification 400X
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occupational pesticide poisoning among male farmers in
Asian countries including Yemen28,51,52. The acute effects of
OPs pesticides exposure are well known42,53, but the chronic
or long-term effects are still unclear54. OPs pesticides
produced oxidative stress in many tissues through the
formation of ROS55,56. All the major macromolecules such as;
nucleic acids, proteins and lipids may be attacked by ROS, but
lipids are probably the most susceptible57. The oxidative
destruction of lipids molecules is known as lipid peroxidation
and malondialdehyde (MDA) as an end product of lipid
peroxidation56. The current study, investigated the possible
protective effect of CE ethanolic extract against oral
subchronic administration of DM, an OPs pesticide, on male
guinea pigs. The DM treatment caused a significant increase
in the liver marker enzymes which are well known good
indicators of liver function and routinely used as biomarkers to
evaluate the probable toxicity of drugs and xenobiotics58,59.
Normally, destruction to the liver parenchymal cells will result
in an increase of these enzymes in the blood60. These results
were in consistence with previous published works 42,47,53 and
other related articles61-66. The co-administration of CE ethanol
extract and Liv-52 with DM to guinea pigs resulted in
normalization and restoring of these liver enzymes to normal
levels. The present findings complemented the other studies
on this plant extract19,20,26,67-70 and other plants61,64,65 which is
already in common use in the traditional medicine for the
management of several diseases and toxins. So, these findings
suggested that administration of ethanol leaves extract of CE
reduced significantly the hepatotoxicity induced by DM in
guinea pigs. This significant reduction in liver marker enzymes
suggested the hepatocellular protection of the plant
extract70. On the other hand, the lipid peroxidation levels in
liver homogenate were increased significantly in DM-treated
animals. There are several published articles that indicated the
elevation of LPO and oxidative stress during OPs pesticides
poisoning33,62,71-73. In addition, many proposed mechanisms
have been reported to explain the oxidative stress induced by
DM during liver injury, such as; lipid peroxidation and
interaction with membrane molecules resulting from ROS
attack on biological tissues74. Antioxidants represented the
primary defense system that controls the toxicity associated
with ROS75. Furthermore, DM induced oxidative damage by
producing ROS and decreasing the biological activities of
some liver antioxidant enzymes, such as; CAT and GST. The
present results were in consistence with previous studies
which have shown that the acute and subchronic exposure to
DM alters the antioxidant status of several tissues in different
experimental animals33,63,64,73,76-79 . Histopathological studies
provide supportive evidence for biochemical observations.

Animals that intoxicated with DM treatment showed a great
impairment in the architecture of the hepatocytes and liver
constituents as illustrated in Fig. 1. These observations were in
agreement with previous report63 which demonstrated that
rats exposed to DM showed histological changes due
interaction of DM with cellular membranes that cause damage
and releases of their enzymes into the circulation80. Also,
another study81 reported that DM caused histopathological
and histochemical changes in the testes of albino rats.
Moreover, light microscopic analyses revealed that the
DM-treated animals which received CE extract and/or Liv-52
co-administration exhibit little morphological changes
compared with that seen in the livers of the DM-treated
group. Thus, CE could ameliorate and alleviate the liver
damage induced by DM intoxication. There are several
reports supported the role of antioxidants in attenuating
the toxicity of some pesticides and toxins in experimental
animals. For example, a synthetic antioxidant “acetyl gallate
derivative” (SAC) showed protective capacity against hepatic
oxidative stress and brain DNA damage induced by DM in
male rats33. In addition, antioxidant quercetin showed
protection against DM-induced oxidative stress in human
lymphocytes by decreasing lipid peroxidation, protein
oxidation and increasing superoxide dismutase and
catalase activities82. Also, previous investigation revealed a
histopathological change in liver tissue of guinea pigs treated
with DM and the severity of these lesions was reduced by
administration of a combination47 of vitamin C and vitamin E.
Furthermore, the wide range of biological activities of many
medicinal plants extract may be due to the presence of
different biologically active components such as; flavonoids,
saponins, tannins and cardiac glycosides69,83,84. Present study
adopted the 21 days toxicity study to assess the toxicity of
DM, which is a well-accepted method for eliciting any toxicity
on long term administration of drug85. The present findings
were in agreement with the results of previous acute and/or
chronic toxicity studies in rat70,86 and mice67,87. These findings
illustrated the possible protective capacity of CE extract in
mitigating the toxicity induced by DM, but further studies are
recommended to explain the exact molecular mechanism by
which the plant extract showed its hepatoprotective capacity.
CONCLUSION
According to the presented results of this study, it can be
concluded that DM toxicity induced LPO and generation of
free radicals in liver tissue leading to oxidative stress and
hepatotoxicity. In addition, the combined treatment with CE
and/or Liv-52 showed a significant protective effect against
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DM-induced liver injury at the biochemical and histological

11. Wangteeraprasert, R. and K. Likhitwitayawuid, 2009. Lignans

level which provide evidence of the beneficial effect of CE

and a sesquiterpene glucoside from Carissa carandas stem.
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extract in mitigating the subchronic DM intoxication in male
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biological studies of the aerial parts of Carissa edulis growing
in Saudi Arabia. Biosci. Biotechnol. Res. Asia, 7: 635-646.

SIGNIFICANCE STATEMENT

13. Achenbach, H., R. Waibel and I. Addae-Mensah, 1983. Lignans
and other constituents from Carissa edulis. Phytochemistry,

This study discovered the hepatoprotective role of CE

22: 749-753.

ethanol extract against DM-induced hepatotoxicity in male

14. Achenbach, H., W. Reiner and I. Addae-Mensah, 1985.

guinea pigs that can be beneficial to overcome the toxicity

Sesquiterpenes

and side effect associated with liver disorder due to pesticide

24: 2325-2328.

from Carissa edulis. Phytochemistry,

intoxication. This study will help the researcher to identify the

15. Al-Youssef, H.M. and W.H.B. Hassan, 2014. Phytochemical and

exact mechanism by which the CE extract ameliorates the

pharmacological aspects of Carissa edulis Vahl: A review.

hepatotoxicity. Thus, a new idea on the use of CE extract to

Int. J. Curr. Res. Chem. Pharm. Sci., 1: 12-24.

manage pesticide toxicity may be achieved.

16. Bentley,

M.D., S.R. Brackett and A. Chapya, 1984.

2-hydroxyacetophenone: Principal root volatile of the
East African medicinal plant, Carissa edulis. J. Nat. Prod.,

REFERENCES

47: 1056-1057.
1.

Chintoju, N., P. Konduru, R.L. Kathula and R. Remella, 2015.

17. Giday, M., 2001. An ethnobotanical study of medicinal

Importance of natural products in the modern history. Res.

plants used by the Zay people in Ethiopia. CBM:s Skriftserie,
3: 81-99.

Rev.: J. Hosp. Clin. Pharm., 1: 5-10.
2.

18. Nedi, T., N. Mekonnen and K. Urga, 2004. Diuretic effect of the

Mahady, G.B., 2001. Global harmonization of herbal health

crude extracts of Carissa edulis in rats. J. Ethnopharmacol.,

claims. J. Nutr., 131: 1120S-1123S.
3.

Sofowora, A., 2008.

Medicinal

95: 57-61.

Plants and Traditional

19. Ibrahim, H., E.M. Abdurahman, M. Shok, N. Ilyas, K.Y. Musaand

Medicine in Africa. 3rd Edn., Spectrum Books, Ibadan,

and I. Ukandu, 2007. Comparative analgesic activity of the

ISBN-13: 9789780298814, Pages: 436.
4.

WHO., 2000. General Guidelines for Methodologies on

root bark,stembark fruits and seeds of Carissa edulis VAHL.

Research

Apocynaceae. Afr. J. Biotechnol., 6: 1233-1235.

World
5.

and
Health

Evaluation

of

Organization,

Traditional
Geneva,

Medicine.

20. Ya'u, J., A.H. Yaro, M.S. Abubakar, J.A. Anuka and I.M. Hussaini,

Switzerland,

ISBN-13: 9780119869354, Pages: 71.

2008. Anticonvulsant activity of Carissa edulis (Vahl)

Verpoorte, R., 2000. Pharmacognosy in the new millennium:

(Apocynaceae) root bark extract. J. Ethnopharmacol.,
120: 255-258.

Leadfinding and biotechnology. J. Pharmacy Pharmacol.,

21. Tolo,

52: 253-262.
6.

7.
8.

W. Njue et al., 2006. Anti-viral activity of the extracts of a

Orwa, C., A. Mutua, R. Kindt, R. Jamnadass and A. Simons,
2009. Agroforestry database: A tree reference and selection

Kenyan medicinal plant Carissa edulis against herpes simplex

guide version 4.0. World Agroforestry Centre, Nairobi, Kenya.

virus. J. Ethnopharmacol., 104: 92-99.
22. Tolo, F.M., G.W. Rukunga, F.W. Muli, J.M. Ochora and

Bazeeb, A.S., 1991. The Medicinal Plants in Yemen. 1st Edn.,
El-Ershad Press, Sana'a, Yemen.

B.N. Irungu et al., 2010. The antiviral activity of compounds

Aqlan, E.M.K., 2008. Studies on the flora of Ibb governorate,

isolated from Kenyan Carissa edulis (Forssk.) Vahl. J. Med.

Republic of Yemen. M.Sc. Thesis, Department of Biology,

Plants Res., 4: 1517-1522.
23. Jawaid, T., S. Argal and S. Singh, 2011. Botanicals and herbs:

Faculty of Science, Sanaa University.
9.

F.M., G.M. Rukunga, F.W. Muli, E.N. Njagi and

A traditional approach in treatment of epilepsy. J. Pharm. Res.,

Raghwendra, P., D.K. Kulshreshtha and R.P. Rastogi, 1975.
A

4: 1138-1140.

new lignan from Carissa carandas. Phytochemistry,

24. Kebenei, J.S., P.K. Ndalut and A.O. Sabah, 2011. Anti-

14: 2302-2303.

plasmodial activity of nortrachelogenin from the root bark of

10. Kirira, P.G., G.M. Rukunga, A.W. Wanyonyi, F.M. Muregi and
J.W. Gathirwa et al., 2006. Anti-plasmodial activity and toxicity

Carissa edulis (vahl). Int. J. Applied Res. Nat. Prod., 4: 1-5.

of extracts of plants used in traditional malaria therapy in

25. Koch, A., P. Tamez, J. Pezzuto and D. Soejarto, 2005.

meru and kilifi districts of Kenya. J.

Evaluation of plants used for antimalarial treatment by the

Ethnopharmacol.,

Maasai of Kenya. J. Ethnopharmacol., 101: 95-99.

106: 403-407.

305

Pak. J. Biol. Sci., 22 (6): 299-308, 2019
26. Ibrahim, H., E.M. Abdurahman, M. Shok, N. Ilyas and R. Bolaji,
2005. Preliminary phytochemical and antimicrobial studies of
the leaves of Carissa edulis. Chem. Class J., 2: 15-18.
27. El-Fiky, F.K., M.A. Abou-Karam and E.A. Afify, 1996. Effect of
Luffa aegyptiaca (seeds) and Carissa edulis (leaves) extracts
on blood glucose level of normal and streptozotocin diabetic
rats. J. Ethnopharm., 50: 43-47.
28. Date, J., N. Tanida and T. Hobara, 2004. Qat chewing and
pesticides: A study of adverse health effects in people of the
mountainous areas of Yemen. Int. J. Environ. Health Res.,
14: 405-414.
29. Dhouib, I.B., M.M. Lasram, M. Abdeladhim, N. Gharbi,
M.B. Ahmed and S. El-Fazaa, 2014. Immunosuppression and
oxidative stress induced by subchronic exposure to
carbosulfan in rat spleen: Immunomodulatory and
antioxidant role of N-acetylcysteine. Toxicol. Mech. Methods,
24: 417-427.
30. Lasram, M.M., I.B. Douib, K. Bouzid, A. Annabi and
N. El Elj et al., 2014. Effects of N-acetyl-L-cysteine, in vivo,
against pathological changes induced by malathion. Toxicol.
Mech. Methods, 24: 294-306.
31. Selmi, S., H. Tounsi, I. Safra, A. Abdellaoui, M.R. Rjeibi,
S. El-Fazaa and N. Gharbi, 2015. Histopathological,
biochemical and molecular changes of reproductive function
after malathion exposure of prepubertal male mice. RSC Adv.,
5: 13743-13753.
32. Heikal, T.M., H.Z. Ghanem and M.S. Soliman, 2011. Protective
effect of green tea extracts against dimethoate induced DNA
damage and oxidant/antioxidant status in male rats.
Biohealth Sci. Bull., 3: 1-11.
33. Heikal, T.M., A.H. Mossa, G.A.M. Nawwar, M. El-Sherbiny and
H.Z. Ghanem, 2012. Protective effect of a synthetic
antioxidant acetyl gallate derivative against dimethoate
induced DNA damage and oxidant/antioxidant status in male
rats. J. Environ. Anal. Toxicol., Vol. 2.
34. Martínez-Morcillo, S., M. Pérez-López, F. Soler-Rodríguez and
A. González, 2019. The organophosphorus pesticide
dimethoate decreases cell viability and induces changes in
different biochemical parameters of rat pancreatic stellate
cells. Toxicol. In Vitro, 54: 89-97.
35. Al-Attar, A.M., 2015. Effect of grapeseed oil on diazinoninduced physiological and histopathological alterations in
rats. Saudi J. Biol. Sci., 22: 284-292.
36. Astiz, M., M.J.T. de Alaniz and C.A. Marra, 2009. Effect of
pesticides on cell survival in liver and brain rat tissues.
Ecotoxicol. Environ. Saf., 72: 2025-2032.
37. Kaur, S. and C.K. Dhanju, 2005. Biochemical effects of some
organophosphorus pesticides on the ovaries of albino rats.
Indian J. Physiol. Pharmacol., 49: 148-152.
38. Kamath, V., A.K.R. Joshi and P.S. Rajini, 2008. Dimethoate
induced biochemical perturbations in rat pancreas and its
attenuation by cashew nut skin extract. Pestic. Biochem.
Physiol., 90: 58-65.

39. Díaz-Resendiz, K.J.G., G.A. Toledo-Ibarra and M.I. Girón-Pérez,
2015. Modulation of immune response by organophosphorus
pesticides: Fishes as a potential model in immunotoxicology.
J. Immunol. Res., Vol. 2015. 10.1155/2015/213836.
40. Pearson, J.N. and M. Patel, 2016. The role of oxidative stress in
organophosphate and nerve agent toxicity. Ann. N. Y. Acad.
Sci., 1378: 17-24.
41. El-Zaemey, S., L. Fritschi and J. Heyworth, 2013. Occupational
pesticide exposure among Yemeni women. Environ. Res.,
122: 45-51.
42. Al-Awthan, Y.S., M.A. Al-Duais, A.A. Hazeb and W.A. Alril, 2017.
Protective role of Achillea biebersteinii pretreatment on
dimethoate induced oxidative stress in Guinea pigs liver.
Pak. J. Biol. Sci., 20: 403-409.
43. Tietz, N.W., 1982. Fundamental of Clinical Chemistry.
W.B. Saunders Co., Philadelphia, pp: 674.
44. King, J., 1965. The Hydrolases-Acid and Alkaline
Phosphatases. In: Practical Clinical Enzymology, King, J. (Ed.).
Van Nostrand Company Limited, London, UK., pp: 191-208.
45. Tietz, N.W., 1995. Clinical Guide to Laboratory Tests. 3rd Edn.,
WB Saunders Co., Philadelphia, USA., ISBN-10: 072165035X,
pp: 1096.
46. Ohkawa, H., N. Ohishi and K. Yagi, 1979. Assay for lipid
peroxides in animal tissues by thiobarbituric acid reaction.
Anal. Biochem., 95: 351-358.
47. Al-Awthan, Y.S., M.A. Al-Duais, G.H. El-Sokkary and E.M. Aqlan,
2012. Dimethoate-induced oxidative stress in guinea pig liver
and the protective effect of vitamin C and E. Asian J. Biol. Sci.,
5: 9-19.
48. Aebi, H., 1984. Catalase in vitro. Meth. Enzymol., 105: 121-126.
49. Habig, W.H., M.J. Pabst and W.B. Jakoby, 1974. Glutathione
S-transferases: The first enzymatic step in mercapturic acid
formation. J. Biol. Chem., 249: 7130-7139.
50. Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. Randall, 1951.
Protein measurement with the Folin phenol reagent. J. Biol.
Chem., 193: 265-275.
51. Balali-Mood, M., K. Balali-Mood, M. Moodi and B. Balali-Mood,
2012. Health aspects of organophosphorous pesticides in
Asian countries. Iran. J. Public Health, Vol. 41.
52. Lee, W.J., E.S. Cha, J. Park, Y. Ko, H.J. Kim and J. Kim, 2012.
Incidence of acute occupational pesticide poisoning
among male farmers in South Korea. Am. J. Ind. Med.,
55: 799-807.
53. Al-Awthan,
Y.S., S.M. Hezabr, A.M. Al-Zubairi and
F.A. Al-Hemiri, 2014. Effects of aqueous extract of
Withania somnifera on some liver biochemical and
histopathological parameters in male Guinea pigs. Pak. J. Biol.
Sci., 17: 504-510.
54. Hung, D.Z., H.J. Yang, Y.F. Li, C.L. Lin, S.Y. Chang, F.C. Sung
and S.C. Tai, 2015. The long-term effects of
organophosphates poisoning as a risk factor of CVDs: A
nationwide population-based cohort study. PLoS One,
Vol. 10. 10.1371/journal.pone.0137632.

306

Pak. J. Biol. Sci., 22 (6): 299-308, 2019
68. Jamilu, Y., A.H. Yaro, M.S. Abubakar, I.M. Hussaini and
J.A. Anuka, 2007. Studies on anticonvulsant activity of
fractions of hydroalcoholic root bark extract of Carissa edulis
(vahl). Niger. J. Pharm. Sci., 6: 61-66.
69. Ya'u, J., S.M. Abdullahi, M.G. Magaji, A.H. Yaro, J.A. Anuka and
I.M. Hussaini, 2010. Behavioral studies on the ethanol
root bark extract of Carissa edulis. J. Pharmacol. Trop. Ther.,
1: 31-34.
70. Ya'u, J., B.A. Chindo, A.H. Yaro, S.E. Okhale, J.A. Anuka and
I.M. Hussaini, 2013. Safety assessment of the standardized
extract of Carissa edulis root bark in rats. J. Ethnopharmacol.,
147: 653-661.
71. Banerjee, B.D., V. Seth and R.S. Ahmed, 2001. Pesticideinduced oxidative stress: Perspectives and trends. Rev.
Environ. Health, 16: 1-40.
72. Akhgari, M., M. Abdollahi, A. Kebryaeezadeh, R. Hosseini and
O. Sabzevari, 2003. Biochemical evidence for free
radicalinduced lipid peroxidation as a mechanism for
Subchronic toxicity of malathion in blood and liver of rats.
Hum. Exp. Toxicol., 22: 205-211.
73. Sivapiriya, V., Jayanthisakthisekaran and S. Venkatraman,
2006. Effects of dimethoate (O,O-dimethyl S-methyl
carbamoyl methyl phosphorodithioate) and Ethanol in
antioxidant status of liver and kidney of experimental mice.
Pestic. Biochem. Physiol., 85: 115-121.
74. Stohs, S.J. and D. Bagchi, 1995. Oxidative mechanisms in the
toxicity of metal ions. Free Radic. Biol. Med., 18: 321-336.
75. Pincemail, J., K. Bonjean, K. Cayeux and J.O. Defraigne, 2002.
Mecanismes physiologiques de la de' fense antioxydante.
[Physiological action of antioxidant defences]. Nutr. Clin.
Metabol., 16: 233-239.
76. Sharma, Y., S. Bashir, M. Irshad, S.D. Gupta and T.D. Dogra,
2005. Effects of acute dimethoate administration on
antioxidant status of liver and brain of experimental rats.
Toxicology, 206: 49-57.
77. Sharma, Y., S. Bashir, M. Irshad, T.C. Nagc and T.D. Dogra,
2005. Dimethoate-induced effects on antioxidant status of
liver and brain of rats following subchronic exposure.
Toxicology, 215: 173-181.
78. Sayim, F., 2007. Histopathological effects of dimethoate on
testes of rats. Bull. Environ. Contam. Toxicol., 78: 479-484.
79. Al-Awthan, Y.S., M.A. Al-Duais, G.H. El-Sokkary and E.M. Aqlan,
2014. Protective effects of vitamins C and E on dimethoateinduced nephrotoxicity in male guinea pigs. Ann. Res. Rev.
Biol., 4: 4023-4033.
80. Ajani, E.O., B.A. Salau, E.W. Olooto, O.L. Adebayo and
G.A. Adenuga, 2011. Toxicological implications of continuous
administration of aqueous leaves extract of hydrocotyl
bonariensis in rats. Arch. Applied Sci. Res., 3: 471-478.
81. Ibrahim, S.A., 2014. Dimethoate induced-histopathological,
histochemical and immunohistochemical changes in testes
of albino rats. Egypt. J. Exp. Biol. (Zool.), 10: 99-105.

55. Al-Othman, A.M., K.S. Al-Numair, G.E. El-Desoky, K. Yusuf,
Z.A. Al Othman, M.A. Aboul-Soud and J.P. Giesy, 2011.
Protection of "-tocopherol and selenium against acute
effects of malathion on liver and kidney of rats. Afr. J. Pharm.
Pharmacol., 5: 1263-1271.
56. Vidyasagar, J., N. Karunakar, M.S. Reddy, K. Rajnarayana,
T. Surender and D.R. Krishna, 2004. Oxidative stress and
antioxidant status in acute organophosphorous insecticide
poisoning. Ind. J. Pharmacol., 36: 76-79.
57. Gupta, A., A. Gupta and G.S. Shukla, 1998. Effects of neonatal
quinalphos exposure and subsequent withdrawal on free
radical generation and antioxidative defenses in developing
rat brain. J. Applied Toxicol., 18: 71-77.
58. Rahman, M.F., M.K. Siddiqui and K. Jamil, 2001. Effects of
Vepacide (Azadirachta indica) on aspartate and alanine
aminotransferase profiles in a subchronic study with rats.
Hum. Exp. Toxicol., 20: 243-249.
59. El Hilaly, J., Z.H. Israili and B. Lyoussi, 2004. Acute and chronic
toxicological studies of Ajuga iva in experimental animals.
J. Ethnopharmacol., 91: 43-50.
60. Tian, Z., H. Liu, X. Su, Z. Fang, Z. Dong, C. Yu and K. Luo, 2012.
Role of elevated liver transaminase levels in the diagnosis of
liver injury after blunt abdominal trauma. Exp. Ther. Med.,
4: 255-260.
61. Attia, A.A. and H.M. Nasr, 2009. Dimethoate-induced changes
in biochemical parameters of experimental rat serum and
its neutralization by black seed (Nigella sativa L.) oil. Slovak
J. Anim. Sci., 42: 87-94.
62. Abu El-Saad, A.M. and M.S.A. Elgerbed, 2010. Dimethoateinduced hepatotoxicity in rats and the protective roles of
vitamin e and n-acetylcysteine. Egypt. J. Exp. Biol. (Zool.),
6: 219-230.
63. Saafi, E.B., M. Louedi, A. Elfeki, A. Zakhama M.F. Najjar,
M. Hammami and L. Achour, 2011. Protective effect of date
palm fruit extract (Phoenix dactylifera L.) on dimethoate
induced-oxidative stress in rat liver Exp. Toxicol. Pathol.,
63: 433-441.
64. Kwape, T.E., P. Chaturvedi, J.M. Kamau and S. George, 2013.
Hepato-protective potential of methanol extract of leaf of
Ziziphus mucronata (ZMLM) against dimethoate toxicity:
Biochemical and histological approach. Ghana Med. J.,
47: 112-120.
65. Kwape, T.E., P. Chaturvedi, M. Kamau and R. Majinda, 2013.
Anti-oxidant and hepatoprotective activities of Ziziphus
mucronata fruit extract against dimethoate-induced toxicity.
J. Pharmacopuncture., 16: 21-29.
66. Lone, Y., A. Chaurasia, A. Bhat, R. Ahmad and R.K. Koiri, 2017.
Dimethoate induced alteration in serum biochemical
parameters in Rattus rattus. World J. Pharm. Res., 6: 603-613.
67. Ibrahim, H., F.E. Williams, K.M. Salawu and A.M. Usman, 2015.
Phytochemical screening and acute toxicity studies of crude
ethanolic extract and flavonoid fraction of Carissa edulis
leaves. Biokemistri, 27: 39-43.

307

Pak. J. Biol. Sci., 22 (6): 299-308, 2019
85. Bidhe, R.M. and S. Ghosh, 2004. Acute and subchronic
(28-day) oral toxicity study in rats fed with novel surfactants.
AAPS PharmSci, 6: 7-16.
86. Osseni, R., S. Akoha, M. Adjagba, S. Azonbakin and
L. Lagnika et al., 2016. In vivo toxicological assessment
of the aqueous extracts of the leaves of Carissa edulis
(apocynaceae) in wistar rats. Eur. J. Med. Plants,
15: 1-10.
87. Jothy, S.L., Z. Zakaria, Y. Chen, Y.L. Lau, L.Y. Latha and
S. Sasidharan, 2011. Acute oral toxicity of methanolic
seed extract of Cassia fistula in mice. Molecules,
16: 5268-5282.

82. Gargouri, B., R.B. Mansour, F.B. Abdallah, A. Elfekih,
S. Lassoued and H. Khaled, 2011. Protective effect of
quercetin against oxidative stress caused by dimethoate in
human peripheral blood lymphocytes. Lipids Health Dis.,
Vol. 10. 10.1186/1476-511X-10-149.
83. Amos, S., E. Kolawole, P. Akah, C. Wambebe and K. Gamaniel,
2001. Behavioral effects of the aqueous extract of Guiera
senegalensis in mice and rats. Phytomedicine, 8: 356-361.
84. Jorum, O.H., A.K. Machocho and N.M. Piero, 2016. Effects of
dichloromethane-methanolic leaf extracts of Carissa edulis
(forssk) vahl on serum lipid profiles in normal rat models.
J. Hypertens, Vol. 5. 10.4172/2167-1095.1000217.

308

