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Abstract

Context: Cordia sebestena fruits are traditionally used to treat wounds,
boils, tumors, gout, ulcer, flu, fever, asthma, menstrual cramps,
dysentery, diarrhea, headache, snakebite and liver disorders. However,
information on hepatoprotective potential of Cordia sebestena fruit has
not been reported in the research.

Aims: To evaluate the hepatoprotective effect of the ethanolic extract of
Cordia sebestena fruit (CSFE) against simvastatin-induced hepatotoxicity
in rats.

Methods: After authentication of fruit, its ethanolic extract was collected.
Hepatotoxicity = was induced by simvastatin in  rodents.
Hepatoprotective potential of CSFE was evaluated at 200 and 400
mg/kg, body weight by determining the altered levels of biochemical
parameters like serum glutamic oxaloacetic transaminase (SGOT),
serum glutamic pyruvic transaminase (SGPT), cholesterol, bilirubin,
urea, albumin, total protein and hematological indices including red
blood cells (RBC), white blood cells (WBC), hemoglobin (Hb), platelets,
and lymphocytes along with the impact on body and liver weight of
treated rats.

Results: The treatment with CSFE at 200 mg/kg and 400 mg/kg,
significantly at (p<0.05, p<0.001) and dose-dependently reversed
simvastatin-induced altered level of SGOT, SGPT, cholesterol, urea, total
bilirubin and restored the total protein and albumin level in rodents.
Hematological indices also were significantly ameliorated at both the
doses of CSFE. Histopathological study revealed the regeneration of
hepatocytes.

Conclusions: The Cordia sebestena fruit extract (CSFE) at dose of 400
mg/kg reversed liver deteriorations induced by simvastatin in rats,
therefore manifesting its traditional use as hepatoprotector. Future
studies should be performed for isolating biologically active
phytoconstituents.
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Resumen

Contexto: Las frutas de Cordia sebestena se utilizan tradicionalmente para
tratar heridas, foranculos, tumores, gota, tlcera, gripe, fiebre, asma,
calambres menstruales, disenteria, diarrea, dolor de cabeza, mordedura
de serpiente y trastornos hepaticos. Sin embargo, no se ha investigado
sobre el potencial hepatoprotector de esta fruta.

Objetivos: Evaluar el efecto hepatoprotector del extracto etanélico de
fruta de Cordia sebestena (CSFE) contra la hepatotoxicidad inducida por
simvastatina en ratas.

Meétodos: Después de la autenticacién de la fruta, se realizé su extracto
etandlico. La hepatotoxicidad fue inducida por simvastatina en
roedores. El potencial hepatoprotector de CSFE se evalué a 200 y 400
mg/kg, peso corporal determinando los niveles alterados de parametros
bioquimicos como transaminasa oxaloacética glutdmica sérica (SGOT),
transaminasa piruvica glutdmica sérica (SGPT), colesterol, bilirrubina,
urea, albimina, proteina total e indices hematolégicos, incluidos los
glébulos rojos (RBC), glébulos blancos (WBC), hemoglobina (Hb),
plaquetas y linfocitos, junto con el impacto en el peso corporal y
hepatico de las ratas tratadas.

Resultados: El tratamiento con CSFE a 200 mg/kg y 400 mg/kg, revertié
significativamente, y de manera dependiente de la dosis, los niveles
alterados de SGOT, SGPT, colesterol, urea, bilirrubina total inducidos
por simvastatina, restaurado los niveles totales de proteina y albimina
en roedores. Los indices hematolégicos también mejoraron
significativamente (p<0.05, p<0.001) en ambas dosis de CSFE. El estudio
histopatolégico revel6 la regeneracién de los hepatocitos.

Conclusiones: El extracto de fruta de Cordia sebestena (CSFE) a una dosis
de 400 mg/ kg protegié del deterioro hepético inducido por simvastatina
en ratas, manifestando asi su uso tradicional como hepatoprotector. Se
deben realizar estudios futuros para aislar fitoconstituyentes
biol6égicamente activos.

Palabras Clave: colesterol; Cordia sebestena; hepatotoxicidad; transaminasa

oxaloacetic transaminase; serum glutamic pyruvic transaminase; glutamica oxaloacética sérica; simvastatina; transaminasa pirtvica
simvastatin. glutdmica sérica.
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INTRODUCTION

Plant derived drugs have imperative vicinity in
both traditional and modern medicine (Mohamed
and El-Shorbagi, 1993; Abdel-Moty et al., 1998;
Chaudhary and Pal, 2011; Chaudhary et al.,
2016a;b; Chaudhary et al., 2018). The World Health
Organization (WHO) reported that 80% of the
global inhabitants trust primarily on traditional
medicines for their primary health care interven-
tions, and significantly traditional therapy is asso-
ciated with the use of plant extracts or their active
phytoconstituents (Akerele, 1993; Aboul-Fadl and
El-Shorbagi, 1997; Chaudhary and Kumar, 2014;
El-Shorbagi et al., 2018). Relatively, 7000 natural
compounds are presently used in novel medicines;
predominantly of these had been pre-owned in
traditional use. The universal market value of
plant derived products exceeds 100 billion dollars
annually (Sofowora et al., 2013).

Despite of augmentation in developing bioac-
tive agents to treat protracted illness, the applica-
bility of herbal products for treatment of chronic
diseases resumes to flourish (Chaudhary et al.,
2010; El-Shorbagi et al., 2015; Chaudhary et al.,
2016a;b; El-Shorbagi et al., 2019; Soliman et al.,
2019).

Liver is the vivid organ, involved in detoxifica-
tion of chemicals and metabolism of drugs and
food in the body. It secrets bile and enforce protein
synthesis essential for blood clotting and other
vital functions (Gupta et al., 2012; Chaudhary et
al., 2018; El-Toumy et al., 2019). Globally, liver
disease is documented for comparatively two mil-
lion deaths annually, one million due to complexi-
ty of cirrhosis and one million due to viral hepati-
tis and hepatocellular carcinoma. The specific liver
diseases accommodate alcohol-associated liver
disease (AALD), non-alcoholic fatty liver disease
(NAFLD), hepatitis A, B, C, D, and E, autoimmune
hepatitis, hepatocellular carcinoma (Eddouks et
al., 2014; Farghali et al., 2015; Asrani et al., 2019,
Gupta et al., 2019). Extensive research on liver dis-
eases, concluded in development of numerous
hepatoprotective drugs. It has been reported that
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more than one hundred plants with 58 compounds
classified into appropriate chemical groups were
addressed. Therefore, these plants are attractive
targets for future studies, and the identification of
their active constituents will probably lead to new
therapies for liver disease (Farghali et al., 2015).

Cordia sebestena L., popularly termed as Geiger
tree, is a flowering plant belonging to the family
Boraginaceae. Around 300 species are located
broadly in East Africa, Mexico, West Indies, Cen-
tral America, Sri Lanka, India, and Nigeria. The
majority of the species of the genus Cordia have
been used to treat wounds, boils, tumors, gout,
ulcer. Traditionally, the decoction of leaves of sev-
eral species is used in the treatment of flu, fever,
cough, cold, asthma, menstrual cramps, dysentery,
diarrhea, headache, snakebite and as tonic. Bark is
used as an astringent and liver stimulant. The root
decoction is used to treat tuberculosis, bronchitis,
and malaria. The fruits of the trees from the same
genus are used as demulcent and blood purifier
(Oza and Kulkarni, 2017; Chaudhary et al., 2019).
The present research determined the hepatoprotec-
tive potential of its fruit extract (CSFE) employing
simvastatin induced hepatotoxicity in rodents.

MATERIAL AND METHODS

Chemicals

All the chemicals and reagents used were of la-
boratory reagent grade, purchased from Himedia
Laboratories Private Limited, Mumbai, India.

Collection and authentication of fruit

Fresh and matured fruits were collected from
the roadside garden of College of Pharmacy, Uni-
versity of Sharjah, Sharjah, United Arab Emirates
(25°18'18.5"N 55°29'09.9"E). Prof. Sudhansu Ranjan
Swain, Director, Department of Pharmacognosy,
Moradabad Educational Trust, Group of Institu-
tions, Faculty of Pharmacy, Moradabad, Uttar
Pradesh, India, attained identification and authen-
tication. The voucher specimen number (HGFOP
225) was submitted for future reference.
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Extraction

Fresh and matured (500 g) fruits of Cordia
sebestena were dried and powdered at room tem-
perature (25-28°C). The powdered plant fruit ma-
terial was macerated in petroleum ether (3 x 1000
mL) at room temperature for 1 days, the marc was
exhaustively extracted with ethyl alcohol for 3
days. The extract was dried by rotatory evaporator
(Buchi, U.S.A) under reduced pressure and pro-
cured in desiccator for further pharmacological
investigation. The percentage yield was estimated
to be 0.72%.

Animals

Wistar albino rats (150-170 g) of either sex were
procured from animal house of Moradabad Educa-
tional Trust Group of Institutions, Faculty of
Pharmacy, Moradabad, Uttar Pradesh, India. They
were kept in departmental animal house in well
cross ventilated room at 22 + 2°C with light and
dark cycles of 12 h for 1 week before and during
the experiments. The experiment was carried out
in accordance to the guidelines mentioned in the
CPCSEA, and Institutional Animal Ethical Com-
mittee, India (Reg. No. 1867/PO/RE/S/16/
CPCSEA).

Acute oral toxicity study

The acute toxicity of CSFE was figured out at
doses of 5, 50, 300, 500, and 2000 mg/kg, conced-
ing the OECD 423 guidelines (2002) (Chaudhary et
al., 2016a;b), and dose of 2000 mg/kg illustrated
lethal manifestations. Therefore, in agreement
with OECD guideline 423 (2002), it is represented
as a LDso cutoff value. Doses 200 and 400 mg/kg,
body weight, were preferred for pharmacological
investigation by fixed-dose methods (Chaudhary
et al, 2018).

Systematizing of animals for hepatoprotective
studies

Wistar albino rats (150-170 g) of either sex were
divided into five different groups, each group hav-
ing 6 rats. Group-I rats, termed as normal control
received distilled water for 30 days, orally. Group-
IT rats, termed as toxicant control were adminis-
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tered with simvastatin (20 mg/kg, p.o.) alone for
30 days orally. Group-III and IV rats received
simvastatin along with CSFE, 200 mg/kg and 400
mg/kg, p.o. respectively for 30 day as these doses
represented no lethal manifestations and Group-V
rats, termed as standard control received simvas-
tatin along with silymarin (20 mg/kg, p.o.) for 30
days. On the 31st day, blood samples were collect-
ed, and all the animals were sacrificed by cervical
dislocation under mild ether anesthesia and liver
sample were harvested, rinsed in saline and stored
at -80°C for further hematological analysis (Gupta
et al., 2018).

Assessment of hepatoprotective activity

The collected blood sample was allowed to clot
and serum was separated by centrifugation in a
refrigerated table top centrifuge at 2500 rpm for 15
min and the biochemical parameters like serum
glutamic oxaloacetic transaminase (SGOT, U/L),
serum glutamic-pyruvic transaminase (SGPT,
U/L) (Shakeel and Jabeen, 2016), cholesterol (CHL,
mg/dL) (Janckila and Yam, 2009), urea (mg/dL),
bilirubin (mg/dL) (Malloy and Evelyn, 1937), total
protein and albumin were determined (Lowry et
al., 1951; Verma et al., 2011).

Assessment of hematological components

Hematological indices like red blood cells
(RBC) counts, Hemoglobin (Hb), platelets (PLT)
counts, White blood cells (WBC) counts, and %
lymphocytes counts were determined using hema-
tology analyzer SB21, New Delhi, India.

Body weight and liver weight in rats

On 31st day of study, all the animals were sacri-
ficed by cervical dislocation under mild ether an-
esthesia and liver was dissected out and weighed
using analytical balance (ME54T, Mettler Toledo
India Private Limited, Mumbai, India).

Histopathology

For histopathological studies, the liver tissues
were affixed with 10% phosphate buffered neutral
formalin, dehydrated in graded (50-100%) alcohol
and embedded in paraffin. Fine sections (5 pM)
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were cut using rotatory microtome (AMR 400,
Amos Scientific, Australia) and stained with rou-
tine hematoxylin and eosin (H&E). The liver sec-
tions were investigated for photo microscopic
analysis (Nikon Eclipse E400 microscope with dig-
ital camera, USA).

Statistical analysis

The statistical comparison between the groups
were made by one-way ANOVA, followed by
Student-Newman-Keul's test using Graph Pad
Prism 5.0 Software. The value p<0.05 was consid-
ered statistically. The values were represented as
mean + SEM for six rats.

RESULTS

Outcome of acute oral toxicity study

The ethanolic CSFE did not show any sign of
mortality up to a dose of 400 mg/kg p.o. in exper-
imental animals. Hence, doses of 200 mg/kg and
400 mg/kg body weight were used for hepatopro-
tective studies.

Outcome of CSFE on serum hepatic status

The results (Table 1) narrated that CSFE at dose
of 400 mg/kg, body weight treated rats exhibited
the significant escalation of liver serum markers
like the SGOT, SGPT, cholesterol (CHL), bilirubin
(BLB), urea levels while downturn in the total pro-
tein (TP) and albumin (ALB) level. The rats treated
with CSFE at 200 mg/kg and CSFE at 400 mg/kg
demonstrated, the significant depreciation in the
SGOT, SGPT, CHL, bilirubin (BLB), urea levels
while enhanced the level of total protein and al-
bumin in dose dependent manner. The effect two
different doses of CSFE were studied on serum
marker enzymes and total bilirubin in simvastatin
intoxicated animals. Hepatic injury induced by
simvastatin caused significant transformation in
marker enzyme as SGOT by 160.75%, SGPT by
95.10%, CHL by 129.06%, BLB by 227.11%, urea by
45.26%, ALB by 33.43%, and total protein by
72.55% as compared to Group-l. The percentage
protection in the marker enzyme of treated group
at CSFE 200 mg/kg, for SGOT was 9.51 (p<0.05),
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SGPT 20.39 (p<0.01), CHL 13.31 (p<0.001), BLB
1295 (p<0.01) urea 8.66 (p<0.001), ALB 4.52
(p<0.01) and for total protein was 79.06 (p<0.001)
compared to Group-II. The pre-eminent percent-
age protection in marker enzymes was noticed at
the dose of CSFE 400 mg/kg, and silymarin (20
mg/kg) as SGOT 30.29 (p<0.001), 40.41 (p<0.001),
SGPT 29.03 (p<0.001), 44.77 (p<0.001), CHL 23.22
(p<0.001), 47.74 (p<0.001), BLB 47.66 (p<0.001),
59.06 (p<0.001), urea 23.05 (p<0.001), 28.68
(p<0.001), ALB 34.84 (p<0.001), 45.24 (p<0.001),
and total protein 131 (p<0.001), 141.08 (p<0.001)
respectively, which is almost comparable to the
Group-V.

Outcome of CSFE on hematological parameters
in rats

Table 2 enclosed the outcome of CSFE at 200
mg/kg and 400 mg/kg, along with standard drug
on hematological parameters of simvastatin in-
duced hepatotoxicity in rodents. The significant
devaluation in the levels of RBC, Hb, PLT and ele-
vation in the levels of WBC and % lymphocytes
was discovered in Group-Il. CSFE at both doses
significantly intensified the levels of RBC, Hb, PLT
and the level of WBC’s and % lymphocytes was
significantly maintained to normal range.

Outcome of CSFE on body weight and liver
weight in rats

The outcome of CSFE at 200 mg/kg and 400
mg/kg, was inspected on body weight and liver
weight of experimental rats. The results in Table 3,
demonstrated that in Group-lI, the body weight
was depreciated by 2.81% while liver weight was
enhanced by 39.42% compared to Group-I. Rats
treated with CSFE at the doses of 200 mg/kg and
400 mg/kg significantly boost the body weight by
1.07% (p<0.05), 2.02% (p<0.05) and liver weight
was declined by 514% (P<0.01) and 22.62%
(p<0.001), respectively compared to Group-II. The
results also expressed that % ratio of liver weight
to body weight was elevated in toxicant control
(Group-II) as compared to normal control (Group-
I), However, pretreatment with CSFE at 200
mg/kg and 400 mg/kg, offered significant protec-
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tion against simvastatin induced hepatic damage
by reversing the % ratio of liver to body weight.

Histopathological studies

The liver section of Group-I (Fig. 1A) exhibited
normal histology with conventional hepatocytes.
The liver section of Group-II (Fig. 1B) presented
hydropic degeneration, necrosis and cellular infil-

Hepatoprotective activity of Cordia sebestena fruit

tration around central vein. The liver section of
Group-1III (Fig. 1C) displayed less fatty degenera-
tion of hepatocytes and modest dilation of sinus-
oids. The liver section of Group-Ill (Fig. 1D)
demonstrated relatively normal histoarchitecture,
infinitesimal cellular infiltration around central
vein and regeneration of hepatocytes. The liver
section of Group-1V (Fig. IE) showed natural cellu-
lar architecture of hepatocytes.

Table 1. Consequence of CSFE on serum enzymes and biochemical indices against simvastatin induced liver toxicity in rats.

Groups SGOT (U/L) SGPT (UL) CHL(mg/dL) BLB(mg/dL)  UREA (mg/dL) ALB(mg/dl) TP (mg/dL)
Group-I 3420+18 2634+13 101.50 + 3.4 059 +0.03 6.12+0.01 332+0.01 470 +0.02

Group-II 8923431t  51.39+1.7t 232,50 + 4.2t 1.93 +0.09t 8.89 + 0.05" 221 +0.04t 1.29 +0.03t
Group-III 80.74+25  4091+2.1 201.50 + 5.6¢ 1.68 +0.06° 8.12+0.08 2.31+0.08° 231 +0.04¢
Group-IV 6220+31c 3647 +23 17850 + 4.6¢ 1.01 +0.03¢ 6.85 % 0.07¢ 2.98 +0.04¢ 298 +0.01¢
Group-V 49.60+24c  2838+24c 12150 +3.6¢ 0.79 + 0.04< 6.34 % 0.04¢ 3.21+0.03 3.11+0.03¢

Values are mean * S.E.M. of 6 rats in each group, n: non-significant. P values: t<0.001 compared with respective control group (Group-I). P values: 2<0.05, <0.01,
¢<0.001 compared with (Group-II). SGOT: serum glutamic oxaloacetic transaminase; SGPT: serum glutamic-pyruvic transaminase; CHL: cholesterol; BLB:
bilirubin; ALB: albumin; TP: total protein; Group-I: normal control received distilled water; Group-II: simvastatin 20 mg/kg; Group-III: simvastatin plus CSFE
200 mg/kg; Group-IV: simvastatin plus CSFE 400 mg/kg; Group-V: simvastatin plus silymarin 20 mg/kg. All treatments were administered p.o. for 30 days.

Table 2. Consequence of CSFE on the hematological indices in rats.

Parameters Group-I Group-I1 Group-III Group-IV Group-V
RBC (x10'?) 7.60 +0.01 598 £0.02 6.09 £ 0.03° 8.40 £ 0.02¢ 7.90 £0.04¢
Hb (g/dL) 13.01 +0.20 10.34 + 0.01* 10.98 + 0.02¢ 12.07 + 0.03¢ 12.78 + 0.04<
PLT (x10°/L) 613.20 +5.60 542.70 + 4.70% 562.60 + 3.20° 598.70 + 4.30¢ 601.50 +5.10¢
WBC (x10%) 8.30£0.10 13.70 + 0.60* 11.98 + 0.40° 9.20 £ 0.30¢ 9.04+0.20¢
Lymphocytes (%) 42.60 £2.20 68.35 +3.20f 61.68 + 3.40ns 54.37 £2.90¢ 42.26 +3.10¢

Values are mean * S.E.M. of 6 rats in each group, ns: non-significant. P values: 1<0.001 compared with respective control group (Group-I). P values: 2<0.05, <0.01,
¢<0.001 compared with (Group-II); ns: non-significant. RBC: red blood cells; Hb: hemoglobin; PLT: platelets; WBC: white blood cells counts. Group-I: normal
control received distilled water; Group-II: simvastatin 20 mg/kg; Group-III: simvastatin plus CSFE 200 mg/kg; Group-IV: simvastatin plus CSFE 400 mg/kg;
Group-V: simvastatin plus silymarin 20 mg/kg. All treatments were administered p.o. for 30 days.

Table 3. Consequence of CSFE on body weight and liver weight against simvastatin induced liver toxicity in rats.

Treatment Body weight (g) Liver weight (g) Liver/body weight ratio (%)
Group-I 152.6 +0.03 2.79£0.01 1.82£0.02

Group-II 148.3 + 0.04t 3.89 +0.04t 2.62 +£0.01t

Group-III 149.9 + 0.06 3.69 + 0.06Y 246 +0.012

Group-IV 151.3 + 0.04> 3.01 £0.03¢ 1.98 +0.03v

Group-V 151.9 £ 0.06¢ 291 +0.02¢ 1.91 £0.02¢

Values are mean * S.E.M. of 6 rats in each group, P values: 1<0.001 compared with respective control group (Group-I). P values:
a<0.05, v<0.01, ¢<0.001 compared with (Group-II). Group-I: normal control received distilled water; Group-II: simvastatin 20 mg/kg;
Group-III: simvastatin plus CSFE 200 mg/kg; Group-IV: simvastatin plus CSFE 400 mg/kg; Group-V: simvastatin plus silymarin 20

mg/kg. All treatments were administered p.o. for 30 days.
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Histopathology was performed by mean of H&E stained sections of liver at 100x. CV: Central vein; CI: Cellular infil-
tration; N: Necrosis; FC: Fatty changes. Group-I: normal control received distilled water; Group-II: simvastatin 20
mg/kg; Group-III: simvastatin plus CSFE 200 mg/kg; Group-IV: simvastatin plus CSFE 400 mg/kg; Group-V: simvas-
tatin plus silymarin 20 mg/kg. All treatments were administered p.o. for 30 days.

Figure 1. Histopathology of liver cells.

(A) The liver section of Group-I displayed normal
histology with regular hepatocytes around the central
vein and central nucleus. (B) The liver section of
Group-II exhibited hydropic degeneration,
hepatocellular necrosis, cellular infiltration around
central vein, sinusoidal congestion of hepatocytes
including loss of cellular boundaries and
inflammation. (C) The liver section of Group-III
showed minor fatty degeneration of hepatocytes and
slight dilation of hepatic sinusoids. (D) The liver
section of Group IV demonstrated almost near to
normal histoarchitecture with least cellular infiltration
and inflammation around central vein in conjugation
with regeneration of hepatocytes. (E) The liver section
of Group-V showed normal cellular architecture of
hepatocytes.

DISCUSSION

Simvastatin (HMG-CoA) reductase inhibitor
has been proclaimed to cause acute hepatotoxicity,
the projected mechanism for this cause depends on
the outcome on cytochrome P-450 system, im-
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pairment of bile acid transport process, immune
mediated inflammatory response to drug or its
metabolites, and oxidative stress caused by intra-
cellular damage (Bharadwaj and Chalasani, 2007;
Gupta et al., 2018). The enzymes SGOT and SGPT
catalyze the transfer of a-amino group from aspar-
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tate and alanine to a-keto group of ketoglutamic
acid to generate oxaloacetic and pyruvic acids, that
are vital contributors to TCA cycle (citric acid cy-
cle). Liver injury, either acute or chronic, ultimate-
ly resulted in an increase in serum concentrations
of SGOT and SGPT enzymes that conclusively
leads to high serum cholesterol level causing pri-
mary biliary cirrhosis (PBC). The maximum infla-
tion occurs in severe viral hepatitis, drug or toxin
induced hepatic necrosis and circulatory shock.
Therefore, the increased levels of SGOT and SGPT
along with serum cholesterol justified the hepatic
cellular destruction and liver cirrhosis. Bilirubin is
the product of hemoglobin catabolism within the
reticuloendothelial system. Heme breakdown de-
termines the formation of unconjugated bilirubin,
which is further transported to liver. In the liver,
UDP-glucuronyltransferase conjugates the water
insoluble unconjugated bilirubin to glucuronic
acid, and conjugated bilirubin is further excreted
into bile. The level of bilirubin may increase be-
cause of augmented bilirubin production or de-
creased hepatic uptake or conjugation, normally
bilirubin level is increased in hepatobiliary dis-
ease. Albumin is the most crucial protein in plas-
ma synthesized by the liver and is helpful indica-
tor of liver function. The hepatic synthesis of al-
bumin contributes to decrease during the liver
disease (Giannini et al., 2005; Thapa and Walia,
2007). In our study, the results (Table 1) illustrated
that the administration of simvastatin in rats re-
sulted in an escalation in levels of SGOT, SGPT,
cholesterol, bilirubin, urea in Group-II relative to
Group-I animals and the same resulted in depreci-
ation in the levels of albumin and total protein.
The animals treated with CSFE at 400 mg/kg, sig-
nificantly reduced SGOT, SGPT, cholesterol, bili-
rubin and urea levels while increased the total
protein and albumin levels in dose dependent
manner as compared to simvastatin along with
silymarin treated animals (Group-V).

The abnormalities in hematological indices are
frequent in hepatic cirrhosis. Anemia, thrombocy-
topenia, and leukopenia are affiliated with liver
disease. Liver performs a vital role both in hema-
topoiesis with hemostasis, it is a storage organ for
vitamin B> and folic acid, which are essential for
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the maturation of RBC’'s and WBC's. It secretes
transferrin, which is required for transport of iron
from the site of absorption to bone marrow for the
synthesis of heme and RBC’s production (Qamar
and Grace, 2009). CSFE at 400 mg/kg, resulted in
significant increase in the RBC’s, and hemoglobin
levels as compared to control, therefore a patient
may consume Cordia sebestena fruit in anemic state.
This outcome of Cordia sebestena fruit may be cred-
ited to the initiation of the haemopoietic pathway
due to the stimulation of erythropoietin hormone,
which is released by the kidney and this hormone
stimulate the pluripotent stem cell of red bone
marrow. Liver is responsible for synthesis of
thrombopoietin, a hematopoietic growth factor
that effect platelet count, liver disease contributes
to decline thrombopoietin levels that ultimately
resulted to cause thrombocytopenia (Marks, 2013).
CSFE at dose of 400 mg/kg, significantly increased
the platelets counts and it may be due to stimula-
tion of thrombopoietin hormone, which was pro-
duced by kidney and liver and is claimed to pos-
sess hemostatic aptitude. Hence, Cordia sebestena
fruit can be practiced to treat dengue as well. Im-
mune system is the defense mechanism of the
body against toxic agents facilitated by lympho-
cytes, during a pathogenic attack its level is in-
creased, the elevated levels of WBC’s and lympho-
cytes suggested that CSFE challenge the immune
system of the animals.

In our research, the comparison between body
weight and liver weight of treated and untreated
rats was performed to figure out the toxicological
outcome of the test drugs. The results in (Table 3)
revealed that the body and liver weight differed
significantly in simvastatin treated group and
normal control group. Pre-treatment with CSFE at
200 mg/kg and 400 mg/kg has reversed signifi-
cantly the increased liver to body weight ratio.
Liver histopathological images validated that
CSFE declined the hepatocellular necrosis largely
and minimized inflammatory cells infiltration; this
may be attributed to its liver protective outcome.
Nevertheless, additional future investigations are
required to conclude the accurate mechanism for
hepatoprotective effect of Cordia sebestena fruit.
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CONCLUSIONS

This research established that CSFE principally
at 400 mg/kg dose was competent in reversing
liver deteriorations resulted by simvastatin in-
duced hepatotoxicity in rats. Further studies of the
extract isolation of the biologically active phyto-
constituents is extremely suggested.
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