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ABSTRACT
Background: We evaluated ameliorative effects of Jamun seed and orange peel extracts on liver
toxicity in cypermethrin exposed rat.
Methods: Rats were given following treatments daily for 30 d:
Group A: Control
Group B: Rats received cypermethrin
Group C: These rats received cypermethrin and Jamun seed extract simultaneously
Group D: These rats received cypermethrin and orange peel extract simultaneously
Group E: Rats received orange peel extract
Group F: Rats received Jamun seed extract
In respective groups dose of cypermethrin, Jamun seed and orange peel extract were 25 mg/ kg
body wt, 200 mg/kg body wt and 200 mg/kg body wt, respectively. Liver was fixed for light and
electron microscopic studies.
Results: After 15 d cypermethrin or cypermethrin+JSE or cypermethrin+OPE treatment hepatocytes
exhibited increased cell size, nuclei became more hyperchromatic and hypertrophied. Degeneration
of nuclei and dilatation of sinusoids have been noticed. After 30 d cypermethrin treatment
hepatocytes exhibit more pronounced hypertrophy with hyperchromatic nuclei. Few hepatocytes
exhibit nuclei with irregular boundaries. Hepatocytes show foamy cytoplasm and few vacuoles. Focal
necrosis visible at certain places. Binucleated cells are also encountered. In cypermethrin+JSE and
cypermethrin+OPE treated rats, hepatocytes exhibit hypertrophy, hyperchromatic nuclei and
dilatation of sinusoids. Degeneration of hepatocytes are seen at some places, however, focal
necrosis is not seen in these groups. No noticeable histological alterations are seen in orange peel
extract (group E) and jamun seed extract (group F) treated rats.
Conclusion: Cypermethrin induced hepatic toxicity can be protected by treatment with Jamun seed
and orange peel extract.
Keywords: Cypermethrin, Hepatocytes, Pyrethroid, Jamun Seed Extract, Liver, Orange Peel
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INTRODUCTION
Pesticides are used to eradicate pests, but their
use provoked adverse effects in non-target
organisms. Pyrethroids are synthetic analogues of
natural pyrethrins which occur in Chrysanthemum
cinerariaefolium and related species [1].
In recent years synthetic pyrethroids are most
commonly used insecticides and preferred over
organochlorines, organophosphates, and carbamates
because of possessing high effectiveness against
vide range of insects, rapid biodegradation and low
toxicity to non-target organisms [2]. Cypermethrin

is a common synthetic pyrethroids used to control
pests including moths in cotton, fruits and vegetable
crops as well as in public and animal health
programmes [1, 2]. Although cypermethrin has
been considered as non-toxic to mammals
cypermethrin affects physiological, biochemical
and histopathological alterations in experimental
organisms [2-6].
Plants including fruits, herbs, spices, and
vegetables
are
rich
source
of
phytonutrients/phytochemicals. In recent years,
phytonutrients have been reported to lessen the
threat of pesticides as these phytonutrients have
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been
associated
with
their
antioxidant
characteristics as they scavenge free radicals.
Jamun, botanically named as Syzygium cumini
belongs to family Myrtaceae. Jamun fruits and
seeds contain antioxidant compounds i.e.
flavonoids, phenolic acids and anthocyanins [7, 8].
Citrus, Citrus sinensis is important fruit crop having
rich source of phytochemicals such as flavanones,
polyphenols, anthocyanins and hydroxycinnamic
acids. The peel of citrus fruit contains abundant
flavanones and polymethoxylated flavones which
are very rare in other plants. Orange peel extract has
been reported to possess antioxidative potential [9,
10]. Although few studies have been performed to
evaluate the liver toxicity after cypermethrin
exposure in mammals [4-6] there is lack of
information regarding the protective effects of
Jamun seed and orange peel extracts on liver
toxicity induced by cypermethrin. Hence, in the
present study, we evaluated the ameliorative effects
of Jamun seed and orange peel extracts on the liver
toxicity in cypermethrin exposed rat.

MATERIALS AND METHODS
Male Wistar rats weighing approximately 115130 g were used in this study. The animals were
housed in polypropylene cages under natural
photoperiod. Food and tap water were given during
the study period. All treatments were started after
almost 2 wk of acclimatization of the rats in the
laboratory. Rats were maintained on the standard
laboratory feed and water ad libitum throughout the
acclimation and experimental periods. The animals
were randomly divided into six groups -- A, B, C,
D, E, and F, each consisting of 20 animals.
Following treatments were given daily to these
groups at 08:00 each day throughout the experiment
(30 d):
Group A: Control
Group B: Cypermethrin-treated: Rats received
daily cypermethrin (25 mg/ kg body wt)
Group C: Cypermethrin+jamun seed extract:
These rats were given daily cypermethrin (25 mg/
kg body wt) and jamun seed extract (200 mg/kg
body wt) simultaneously
Group D: Cypermethrin+orange peel extract:
These rats were given daily cypermethrin (25 mg/
kg body wt) and orange peel extracts (200 mg/kg
body wt) simultaneously
Group E: Orange peel extract: Rats received daily
orange peel extract (200 mg/kg body wt)
Group F: Jamun seed extract: Rats received daily
Jamun seed extract (200 mg/kg body wt)
The seeds of Jamun, Syzygium cumini were
purchased from commercial supplier (M/S SVM
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Naturals, Tamilnadu, India). The fruits of orange,
C. sinensis were purchased locally and peels were
separated. The jamun seeds and orange peels were
washed thoroughly with water and dried in hot air
oven at 40 °C. After drying, these were crushed to
small pieces and powdered. Powdered Jamun seeds
and orange peels were mixed with 90% ethanol in
1:20 ratio (w/v) and kept on an orbital shaker for 48
h. Then the samples were filtered with Whatman
grade No.1 filter paper. The filtrates were dried in
rotary evaporator at 40 °C. The dried residue was
weighed and kept at -20 °C for further use. Soxhlet
extraction was not used in this extraction process to
prevent denaturation of heat-labile compounds
present in Jamun seeds and orange peels. For use,
the dried residues of Jamun seeds and orange peels
were reconstituted with ethanol to provide desired
dose to be given to rats. Rats (10 from each group)
from all the groups were sacrificed 24 h after last
dose on 15th and 30th day after initiation of the
experiment under light ether anesthesia Animals
were fasted overnight before sacrifice.
Animal handling and sacrifice were carried out
following the guidelines provided by Ethics
Committee of the University.
Liver was fixed in Bouin’s fluid for light
microscopy. These fixed tissues were dehydrated in
an ethanol gradient, treated with a clearing agent,
infiltrated and embedded in paraffin, sectioned at 6
μm, floated on a heated water bath and mounted to
glass slides. After drying overnight, paraffin was
removed with a clearing agent; tissue was
rehydrated in an ethanol gradient and then stained
with hematoxylin and eosin (HE) for light
microscopic examination. Photomicrographs were
taken with the aid of Olympus CH 20i microscope
and Olympus E 420 camera.
For Electron Microscopic studies, small pieces of
liver were fixed in paraformaldehyde and
glutaraldehyde mixture for 4 h at 4 °C. Then these
tissues were washed with phosphate buffer and
stored at 4 °C.
These tissues were processed at Sophisticated
Analytical Instrument Facility, All India Institute of
Medical Sciences, New Delhi, India.

RESULTS
The liver of control rats is composed of cords
which extend from the central vein to the portal
triads. Cords are separated from each other by
sinusoids. Cords contain hepatocytes which are
polygonal cells with a large centrally located
spheroid nucleus having chromatin structure and a
distinct nucleolus (Figs. 1, 2). The cytoplasm of
hepatocytes is faintly granular (Fig. 1).
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Figure1. Liver of control rat. Hematoxylin-eosin X
500.
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Figure 3. Hypertrophy of hepatocytes (broken
arrows) and hyperchromatic nuclei (arrows) in 15 d
cypermethrin treated rats. Hematoxylin-eosin X
500.

Figure 2. Electron micrograph of liver of control
rat.
After 15 d cypermethrin (group B) or
cypermethrin+JSE (group C) or cypermethrin+OPE
(group D) treatment hepatocytes exhibited
increased cell size. In these groups, nuclei became
more hyperchromatic and hypertrophied (Fig. 3).
Moreover, degeneration of nuclei has been
encountered (Figs. 4, 5). Dilatation of sinusoids has
been noticed. In group E and group F, no noticeable
histological changes are observed.
After 30 d exposure to cypermethrin (group B),
the hepatocytes exhibit more pronounced
hypertrophy (Fig. 6) with hyperchromatic nuclei
(Fig. 7). There are noticed hepatocytes having
nuclei with irregular boundaries (Fig. 6, 8). The
hepatocytes are seen having foamy cytoplasm (Fig.
9) and few vacuoles. Mitochondrial swelling is
more pronounced (Fig. 10). Sinusoids are more
dilated (Fig. 11) and filled with glycogen at few
places. Degeneration of hepatocytes is more thus
focal necrosis is seen at certain places (Fig. 12).
Binucleated cells are also encountered (Fig. 13). In
cypermethrin+JSE
(group
C)
and
cypermethrin+OPE (group D) treated rats, the
hepatocytes exhibit hypertrophy, hyperchromatic
nuclei, and dilatation of sinusoids. Degeneration of
hepatocytes are seen at some places, however, focal
necrosis is not seen in these groups. No noticeable
histological alterations are seen in orange peel
extract (group E) and jamun seed extract (group F)
treated rats.

Figure 4. Degeneration of hepatocytes (arrows) in
15 d cypermethrin treated rats. Hematoxylin-eosin
X 500.

Figure 5. Electron micrograph of hepatocyte of 15
d cypermethrin treated rat showing nuclear
degeneration.

Figure 6. Pronounced hypertrophy of hepatocytes
(arrows) in 30 d cypermethrin treated rat. Also note
degenerating cells showing irregular boundaries
(broken arrows). Hematoxylin-eosin X 500.
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Figure 7. Hyperchromatic nuclei (arrows) in 30 d
cypermethrin treated rat. Hematoxylin-eosin X 500.

Figure 11. Sinusoidal dilatation in the liver of 30 d
cypermethrin treated rat. Hematoxylin-eosin X 100.

Figure 8. Electron micrograph of hepatocytes of 30
d cypermethrin treated rat showing irregular nuclear
boundary and degeneration.

Figure 12. Focal necrosis (arrow) in liver of 30 d
cypermethrin treated rat. Note the infiltration of
inflammatory cells in necrotic tissue. Hematoxylineosin X 100.

Figure 9. Foamy cytoplasm in hepatocytes (arrows)
in 30 d cypermethrin treated rat. Hematoxylin-eosin
X 500.

Figure 13. Binucleated hepatocytes (arrows) in 30
d cypermethrin treated rat. Hematoxylin-eosin X
500.

DISCUSSION

Figure 10. Electron micrograph of hepatocytes of
30 d cypermethrin treated rat exhibiting
mitochondrial swelling.

Cypermethrin
provoked
histopathological
changes in liver of rats which are hyperchromatic
and hypertrophied nuclei, degeneration of
hepatocytes, nuclear degeneration, hepatocytic
vacuolation, sinusoidal dilation and focal necrosis.
Hypertrophy of hepatocytes and hyperchromatic
and hypertrophied nuclei has also been noticed after
treatment either with cadmium (rats – [11]) or
chlorpyrifos (rats – [12]).
Cytoplasmic vacuolation and degeneration of
hepatocytes have been noticed in cypermethrin
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challenged rats. This derives support from the
studies of other workers reported similar findings
from toxicants treated mammals [4, 11-19], birds
[20], amphibia [21] and fish [ 22, 23]. Few
investigators have not observed changes in liver
after exposure to chlorpyrifos [24] and FYROL
[25]. Mild changes in liver of rats have been
reported by exposure to alpha-cypermethrin [26]
and diazinon [27]. Liver vacuolization points
towards an imbalance between the rate of synthesis
of substances in parenchymal cells and rate of their
release into circulation [28].
Sinusoidal dilatation noticed in cypermethrin
challenged rats is in accordance with the reports of
Suput [29] and Tripathi and Srivastav [11, 12] also
observed similar change in liver of toxicant exposed
animals.
In cypermethrin treated rats focal necrosis was
observed. In past few workers were noticed focal
necrosis in liver of toxicant treated animals [11, 12,
30-32]. Binucleated cells in liver were encountered
in cypermethrin challenged rats. This derives
support from the observations of other investigators
reported similar findings from different animals by
using various toxicants [11, 12].
In the present study foamy cytoplasm was
noticed in the liver of cypermethrin treatment to
rats. The presence of porous/foamy cytoplasm in
liver cells of rats was noticed after treatment with
alpha-cypermethrin [26]. Vacuoles of different sizes
and lipid-like bodies were present in empty spaces
[26]. Lipid infiltration of liver cells was noticed
after dichlorvos treatment [33]. Foamy cytoplasm in
liver cells was encountered in rats after treatment
with chlorpyrifos [11] and cadmium [12].
Degenerative changes were noticed in the liver of
cypermethrin+jamun
seed
extract
and
cypermethrin+orange peel extract treated rats.
However, these changes were less pronounced as
compared to cypermethrin challenged rats. In
cypermethrin+jamun
seed
extract
and
cypermethrin+orange peel extract treated rats, no
focal necrosis has been noticed which is indicative
that treatments with Jamun seed extract and orange
peel extract protected the liver to some extent as
compared to severe changes noticed in
cypermethrin exposed rats. These extracts possess
the ability to neutralize the free radicals produced
by cypermethrin treatment.
In present study, there are no noticeable
alterations in the liver histology of Jamun seed
extract and orange peel extract treated rats.
However, ballooning degeneration of hepatocytes,
focal necrosis, and lymphocytic infiltration was
reported in Eugenia jambolana seed extract
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exposed rats [34]. Alloxan-induced diabetic rats
when exposed to seed extract of Syzigium cumini
for 15 d, exhibited hydropic degeneration in liver,
however, after 30 d the liver became normal [35].
High level of blood sugar was noticed in these rats.

CONCLUSION
This study confirms the risk of organisms to
cypermethrin as this pesticide induced severe
histological lesions in liver-shrunken nuclei,
degeneration of hepatocytes, obliteration of
sinusoids, infiltration of inflammatory cells, focal
necrosis, and mitochondrial swelling. Cypermethrin
can provoke environmental stress and may pose a
potential health hazard to including human via
drinking water and/or food chains.

ACKNOWLEDGEMENTS
One of the authors (AKS) is thankful to
University Grants Commission, New Delhi for
providing funds for this study (Emeritus Fellowship
--F.6-6/2015-17/EMERITUS-2015-16-GEN-5155/
SA-II). Authors are thankful to Prof. Tapas Chandra
Nag, Mr. Meharban Singh, Mr. Anurag Singh, Mr.
Pradeep Kumar and Mr. Raj Girish Mishra of
Sophisticated Analytical Instrument Facility, All
India Institute of Medical Sciences, New Delhi for
their help in electron microscopic studies. The
authors declare that there is no conflict of interests.

REFERENCES
1. Richterova Z, Machova J, Stara A, Tumova J, Velisek
J, Sevcikova M, Svobodova Z. Effects of a
cypermethrin based pesticide on early life stages of
common carp (Cyprinus carpio L.). Vet Med 2015;
60: 423-31.
2. Sharma P, Huq AU, Singh R. Cypermethrin-induced
reproductive toxicity in the rat is prevented by
resveratrol. J Hum Reprod Sci 2014; 7: 99-106.
3. Hussain S, Khan MZ, Khan A, Javed I, Asi MR.
Toxico-pathological effects in rats induced by
concurrent exposure to aflatoxin and cypermethrin.
Toxicon 2009; 53: 33-41.
4. Abdou HM, Hussien HM, Yousef MI. Deleterious
effects of cypermethrin on rat liver and kidney:
protective role of sesame oil. J Environ Hlth 2012;
47: 306-14.
5. Bhusan B, Saxena PN, Saxena N. Biochemical and
histological changes in rat liver caused by
cypermethrin and beta-cyfluthrin. Arh Hig Rada
Toksikol 2013; 64: 57-67.
6. Abdul-Hamid M, Moustafa N, Alla Asran AEM,
Mowafy L. Cypermethrin-induced histopathological,
ultrastructural and biochemical changes in liver of
albino rats: the protective role of propolis and
curcumin. Beni-Suef Univ J. Basic Appl Sci 2017; 6:
160-73.

29
http://www.ijt.ir; Volume 12, No 4, July-August 2018

Iranian Journal of Toxicology
7. Benherlal PS, Arumughan C. Chemical composition
and in vitro antioxidant studies on Syzygium cumini
fruit. J Sci Food Agricul 2007; 87: 2560-9.
8. Raza A, Butt MS, Iahtisham-Ul-Haq, Suleria HAR.
jamun (Syzygium cumini) seed and fruit extract
attenuate hyperglycemia in diabetic rats. Asian
Pacific J Tropical Biomed 2007; 7: 750-4.
9. Park JH, Minhee L., Park E. Antioxidant activity of
orange flesh and peel extracted with various
solvents. Prev Nutr Food Sci 2014; 19: 291–8.
10. Hegazy AE, Ibrahim MI. Antioxidant activities of
orange peel extract. World Appl Sci Journal 2012;
18: 684-8.
11. Tripathi S, Srivastav Ajai K. Toxico-pathological
alterations in the liver of cadmium treated rats. Int J
Toxicol Pharmacol Res 2011; 3: 1-6.
12. Tripathi S, Srivastav Ajai K. Liver profile of rats
after long-term ingestion of different doses of
chlorpyrifos. Pesticide Biochem Physiol 2010;
97:60-5.
13. Satar S, Satar D, Tap O, Koseoglu Z, Kaya M.
Ultrastructural changes in rat liver treated with
pralidoxime following acute organophosphate
poisoning. Mt Sinai J Med 2004; 71: 405-10.
14. Brzoska MM, Moniuszko-Jakoniuk J, PilatMarcinkiewicz B, Sawicki B. Liver and kidney
function and histology in rats exposed to cadmium
and ethanol. Alcohol Alkoholism 2003; 38: 2-10.
15. Afshar S, Farshid AA, Heidari R, Llkhanipour M.
Histopathological changes in the liver and kidney
tissues of Wistar albino rat exposed to fenitrothion.
Toxicol Indus Hlth 2008; 24: 581-6.
16. Muthuviveganandavel V, Muthuraman P, Muthu S,
Srikumar K. A study on low dose cypermethrin
induced histopathology, lipid peroxidation and
marker enzyme changes in male rat. Pesticide
Biochem Physiol 2008; 91: 12-6.
17. Al-Sultan EYA, Al-Majeed MIA, Abbas AAK.
Study of physiological and histological effects under
very low concentration of cyanobacterial toxin MCLR on lab. Mice (Mus musculus). Res J Pharma Biol
Chem Sci 2015; 6: 1064-72.
18. Srivastava BD, Srivastav Ajai K. Hepatoprotective
effects of extracts of Syzygium cumini seeds and
Citrus sinensis peels in microcystin LR-induced
toxicity in rat. Intern J Zool Invest 2017; 3: 95-105.
19. Karimi O, Hesaraki S, Mortazavi SP. The effects of
cadmium on the ultrastructure and metallothionein
levels in the liver and kidneys of Japanese quail. Iran
J Toxicol 2018; 12: 21-5.
20. Chishti MA, Rotkiewicz T. Hepatic and renal
ultrastructural changes in cockerels exposed to
cadmium chloride and subsequent interaction with
organophosphate insecticide. J Environ Pathol
Toxicol 1993; 12: 35-45.
21. Sakr SA, Hijji AM. Sumithion induced hepatic
injury in the toads Bufo tibamicus. Pak J Biol Sci
2000; 10: 1705-7.
22. Anildevi Kunjamma KP, Philip B, Bhanu SV, Jose J.
Histopathological
effects
on
Oreochromis

Babita Deep Srivastava et al
mossambicus (tilapia) exposed to chlorpyrifos, J Env
Res Develop 2008; 2: 553-9.
23. Velisek J, Svobodova Z, Piackova V. Effects of
acute
exposure
to
bifenthrin
on
some
haematological, biochemical and histopathological
parameters of rainbow trout (Oncorhynchus mykiss).
Veterinarni Medicina 2009: 54: 131-7.
24. Wang HP, Liang YJ, Long DX, Chen JX, Hou WY,
Wu YJ. Metabolic profiles of serum from rats after
subchronic exposure to chlorpyrifos and carbaryl.
Chem Res Toxicol 2009; 22: 1026-33.
25. Katz AC, Turnier JC, Zwicker GM, Sprague, GL.
Hepatic changes in rats following subchronic
administration of FYROL 6, an organophosphorus
ester flame retardant, J Toxicol Environ Hlth 1988;
23: 295-301.
26. Luty S, Latuszynska J, Halliop J, Tochman A,
Obuchowska D, Przylepa E, Korczak E. Toxicity of
dermally applied alpha-cypermethrin in rats. Ann
Agric Environ Med 1998; 5: 109-16.
27. Gokcimen A, Gulle K, Demirin H, Bayram D,
Kocak A, Altuntas I. Effects of diazinon at different
doses on rat liver and pancreas tissues. Pesticide
Biochem Physiol 2007; 87:103-8.
28. Molina R, Moreno I, Pichardo S, Jos A, Moyano R,
Monterde JG, Camean A. Acid and alkaline
phosphatase activities and pathological changes
induced in Tilapia fish (Oreochromis sp.) exposed
subchronically to microcystins from toxic
cyanobacterial blooms under laboratory conditions.
Toxicon 2005; 46: 725-35.
29. Suput D. effects of microcystins, cyanobacterial
toxins, on mammalian cells and organs. Acta Chim
Slov 2011; 58: 708-16.
30. Jee LH, Masroor F, Kang JC. Responses of
cypermethrin-induced stress in haematological
parameters of Korean rockfish, Sebastes schlegeli
(Hilgendorf). Agri Res 2005; 36: 898-905.
31. Ayoola SO, Ajani EK. Histopathological effects of
cypermethrin on juvenile African catfish (Clarias
gariepinusi). World J Biol Res 2008; 1: 1-14.
32. Sanad SM, Gamaal MAA, Hemmaid DK.
Histopathological changes in the liver of the Nile
fish Oreochromis niloticus fed on the blue-green
algae Microcystis aeruginosa under laboratory
conditions. Intern. Conf. Biol. Civil Environ.
Engineering Feb 3-4, 2015; Bali (Indonesia): 80-93.
33. IARC Working Group. Dichlorvos: IARC
Monographs on the evaluation of the carcinogenic
risk of chemicals to humans. 1991;53: pp 267-307.
34. Rasheed S, Tahir M, Sami W, Munir B. histological
effects of Eugenia jambolana seed extract on liver of
adult albino rats. J Ayub Med Coll Abbottabad 2009;
21: 148-51.
35. Singh N, Gupta M. Effects of ethanolic extract of
Syzygium cumini (Linn) seed powder on pancreatic
islets of alloxan diabetic rats. Indian J Expt Biol
2007; 45: 861-7.

30
Volume 12, No 4, July-August 2018; http://www.ijt.ir

