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Abstract
Background and Objective: Arnebia  hispidissima  (F. Boraginaceae) has been found to have cardiac and febrifuge properties. It has long
been used in traditional system of medicine for the treatment of heart ailments, headache and fever. This study aimed to investigate the
protective effect of Arnebia  hispidissima  extract (AHE) on carbon tetrachloride (CCl4)-induced  cardiotoxicity  and  nephrotoxicity.
Materials and Methods: Adult rats were divided into five groups and medicated as follows: (1) The control group received the vehicles
(olive oil; 1 mL kgG1, i.p.+3% Tween 80; 1 mL kgG1, p.o.). (2) CCl4 group of animals was administered with 20% CCl4 in olive oil (1 mL kgG1,
p.o.). (3) Silymarin group was co-administered with CCl4  plus silymarin (50 mg kgG1, p.o.). (4) CCl4  plus AHE (200 mg kgG1, p.o.). (5) CCl4
plus AHE (400 mg kgG1, p.o). Rats received vehicle, CCl4, silymarin or AHE twice a week for 8 weeks. Serum AST (aspartate transaminase),
LDH (lactate dehydrogenase), CK (creatine kinase), CK-MB (creatine kinase-MB isoenzyme) and cTnI (cardiac troponin) were measured
to assess the heart damage markers. Serum levels of creatinine, urea, uric acid and BUN (blood urea nitrogen) were measured as markers
of the renal function. Markers of oxidative stress in the cardiac and renal tissues were estimated by determining the levels of SOD
(superoxide dismutase), GPx (glutathione peroxidase), CAT (catalase), GSH (reduced glutathione) and MDA (malondialdehyde). Heart and
kidney tissues were investigated for histopathological changes. Results: Administration of CCl4 significantly increased the levels of cardiac
and renal damage markers. Co-administration of CCl4 plus AHE significantly relieved the adverse effect of CCl4  in rat and reduced the
increased serum levels of cardiac and renal damage markers. AHE compensated the deficits in the antioxidant defense mechanisms (SOD,
GPx and CAT) and suppressed LPO (lipid peroxidation) in rat heart and kidney resulting from CCl4 administration. Moreover,
histopathological changes induced with CCl4 in heart and kidney tissues of rat were also reduced with the co-administration of AHE.
Conclusion: In this study, we have found that oral administration of AHE prevented CCl4-induced cardio- and nephrotoxicity by
accelerating heart and kidney antioxidant defense mechanisms and down regulating the LPO near to the normal levels.
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INTRODUCTION

The heart is an excessively vigorous organ with
characteristic properties that allow it to meet the desire of the
body. Unlike other types of cells, the heart cells are not
capable of broad cellular regeneration. Cardiotoxicity involves
a wide range of cardiac changes from small alterations in
blood pressure and arrhythmias to cardiomyopathy. The
kidney is an important organ that performs different functions
including the maintenance of homeostasis, detoxification and
excretion of toxic material and drugs1. Therefore, the kidney
can be considered as a major target organ for exogenous
toxicants. Nephrotoxicity is a kidney-specific feature in which
excretion does not go smoothly owing to toxic chemicals or
drugs.

Considerable reports have showed that exposure to CCl4
induces tissue damage in many organs including brain,
kidney, testis, heart and lung2. CCl4-induced heart and kidney
damage was connected with the generation of free radicals3.
The elevation of free radicals in tissues can induce LPO in
addition to oxidative breakdown of membrane
polyunsaturated fatty acids and dependent changes in the
permeability of cell membrane4. 

In addition, many documents have showed the protective
effect of some plants against CCl4-induced cardio- and
nephrotoxicity5. Arnebia  hispidissima  (Lehm.) DC., which
belongs to the family Boraginaceae, is a medicinally and
pharmaceutically important plant. It is widely distributed in
the northern Africa area, through Egypt, to northern India6.
The Generic name Arnebia  originates from the Arabic name
Sagaret-el-Arneb7. It is well known in the Arab region as Kaha,
Al-Hamra or Arabian primrose. The roots  of A.  hispidissima
are considered to be useful in the treatment of headache,
fever and diseases of the tongue and throat as well as cardiac
disorders8. Plants of Arnebia spp. have antifungal, anti-
inflammatory and wound-healing properties9. Moreover, the
AHE exhibited antibacterial and antitumor activities which
were attributable to the presence of naphthoquinones,
triterpenoids    and   pyrrolizidine   alkaloids10.   The   roots  of
A. hispidissima  yield a red pigment (dl-alkannin or shikonin)
which has several medicinal properties. Alkannin has an
applicable pharmacological effect as an anti-inflammatory,
antimicrobial and antioxidant11. Moreover, alkannin is well
known for its uses in the medication of ulcers and boils and as
a colouring material in food, cosmetic and textiles industries12.
A. hispidissima flowers produced some flavonoids namely
vitexin, apigenin, cyanidin, kaempferol, luteolin and
quercetin12. 

In the Indian system medicine, extracts of the entire plant
are used for the management of kidney and breathing
problems8. This study was planned to assess the possible
cardio-nephro protective effects of AHE in a rat model of heart
and kidney damages caused by CCl4.

EXPERIMENTAL

Plant material: The herbs of A.  hispidissima  were collected
near Al-kharj Region of Saudi Arabia in the month of March
2015. Using the morphological features, the samples were
authenticated by Dr. Osman Almekki and the voucher
specimen from the plant was deposited in the Herbarium,
College of Pharmacy (PSAU-CPH-2-2015) Prince Sattam bin
Abdulaziz University, Al-Kharj, KSA. The whole plants were
washed,    shade  dried  and  grinds  to  make  powder  and
then it was labelled and stored for further studies. For the
cardioprotective and nephroprotective activites, suspension
of A.  hispidissima  extract doses (250 and 500 mg kgG1  body)
was   prepared  in  the  normal saline. Powder  of  the  whole
A.  hispidissima  plant was macerated with methanol for 24 h
and filtered by  using  filter  paper  (Whatman  No.  1).  The
clear filtrate was dried using a rotary evaporator (Equitron,
Roteva-8763 RV). Preliminary phytochemical screening, total
phenol contents and in vitro antioxidant activity were
preformed using the dry extract.

Animals: Adult male wistar rats weighing 180-200 g were
obtained from the animal care unit of the college of pharmacy,
Prince Sattam Bin Abdulaziz University, Al-Kharj, Kingdom of
Saudi Arabia. Animals  were  provided  with  food  and  water
ad  libitum   and kept at 21±2EC on a 12 h light-dark cycle.
The   study   protocol   was   approved   by   the  Research
Ethics Committee of College of Pharmacy, PSAU, Al-Kharj,
Saudi Arabia.

Acute toxicity study: Acute toxicity of AHE was studied
following    the   guidelines   of  the  Organization  for
Economic Co-operation and Development13. The rats were
kept  on  fasting  overnight,   being   provided  only  water
prior to oral dosing of OLE at different dose levels (0.1, 1, 2 and
4 g kgG1 b.wt.). Rats were allowed food and water  ad  libitum 
and were kept under observation for symptoms of toxicity
and/or mortalities during the first 0.5 h and periodically during
24 h, then daily for a total of 14 days.

Experimental design: The cardio- and nephroprotective
activities of AHE were evaluated in rats by using CCl414. A total
of 30 animals were divided into 5 groups of 6 rats as follow:
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Group I: Received olive oil (1 mL kgG1) plus 3% tween
80 (1 mL kgG1) and kept as control group

Group II: CCl4-control group, received 20% CCl4 in olive
oil (1 mL kgG1) plus 3% tween 80 (1 mL kgG1)

Group III: Reference group, co-treated with 20% CCl4 in
olive oil plus silymarin (50 mg kgG1)

Group IV and V: Treatment groups, co-treated with 20% CCl4
in olive oil plus AHE (200 and 400 mg kgG1,
respectively)

Dosing of CCl4 (1 mL kgG1) was intraperitoneally (i.p.) twice
a week for 8 weeks. Concurrently, animals were medicated
individually with the vehicle (Groups 1 and 2), silymarin
(Group 3) and AHE (Groups 4 and 5) orally twice a week for
eight weeks.

Serum preparation: At the end of the experimental period,
rats were  weighted  and  blood  was  collected  from  the
retro-orbital plexus of each rat under mild ketamine
anesthesia. Serum was prepared by centrifugation of blood
samples at 4000 rpm for 15 min and stored at -70EC for further
biochemical assays. 

Serum biomarkers of cardiotoxicity: The activities of AST,
LDH, CK and CK-MB were estimated in serum by kinetic
methods using standard respective kits (Sigma-Aldrich, USA)
and UV spectrophotometer (Model-150-200, Hitachi, Japan).
Serum cTnI was measured by using rat specific cTnI kits (Life
Diagnostics Inc, West Chester, USA).

Estimation of cardiac hypertrophic index: Cardiac
hypertrophic index represented as heart weight (HW)/body
weight (BW) ratio. At the end of the study, each animal’s heart
weight (mg)/body weight (g) weight ratio (cardiac
hypertrophic index) was calculated.

Serum biomarkers of nephrotoxicity: The serum levels of
urea, uric acid and BUN were estimated using commercially
available standard assay kits.

Tissue preparation: After collecting of blood, the animals
were euthanized and the heart and kidneys were separated
from the surrounding tissues. A part of each organ was frozen
(at -70EC) for biochemical analysis and the other part was fixed
in 10% formalin solution for histopathology. 

Preparation of tissue homogenates: The first portion from
each organ was weighed then  homogenized  (10%  w/v) in

ice-cold, 1.15% KCl-0.01 M sodium, potassium phosphate
buffer (pH 7.4). heart and kidney homogenates were
centrifuged individually at 10,000 rpm, for 15 min at 4EC. The
obtained supernatants were collected and stored at -80EC for
further biochemical assays.

Biochemical estimations of oxidative stress-related markers
in  heart  and  kidney  tissues:  The  activities  of the
enzymatic antioxidants (SOD, GPx and CAT) and the levels of
non-enzymatic antioxidants (GSH) in addition to the measure
of lipid peroxidation (MDA) were estimated in heart and
kidney tissue homogenates of rats according to the instructor
manual of commercially available kits from Sigma-Aldrich
(USA).

Histopathological examination: Other portions of heart and
kidney were fixed in 10% formaldehyde solution. The fixed
tissues were embedded in paraffin and then serial sections of
5 µm thickness were cut. The sections of the hearts and
kidneys were stained with hematoxylin and eosin (H and E)
and evaluated for the pathological changes of cardiotoxicity
and nephrotoxicity, respectively.

Statistical analysis: To explain the in  vivo  effects between
the groups of animals, one-way analysis of variance (ANOVA)
was carried out by computer software Graph Pad Prism 5.01.
Level of significance (p<0.05) among the various treatments
was determined by Dunnett's multiple comparison test.

RESULTS

Acute toxicity study: No toxicity symptoms and mortality
were recorded for a period of 14 days at doses up to 4 g kgG1.
Accordingly, the LD50 value of AHE could not be calculated as
no mortalities were observed up to 4000 mg kgG1. One-tenth
of the maximum tolerated AHE dose was chose as therapeutic
high dose (400 mg kgG1) and half of this high dose was
considered as lowest dose (200 mg kgG1) for this study.

Effects on CCl4-induced cardiotoxicity
Effect on cardiac damage markers in serum: Table 1
represented the effects of CCl4  and AHE on serum biomarkers
of cardiotoxicity. Levels of AST, LDH, CK, CK-MB and cTnI were
increased in the serum of CCl4-treated group (215.2, 317.3,
373.5, 21.6 U LG1 and 2.5 ng mLG1, respectively) as compared
to the vehicle control rats (96.7, 160.0, 232.1, 12.7 U LG1  and
1.2 ng mLG1, respectively). Co-treatment with CCl4 plus
silymarin or CCl4  plus  AHE (200 and 400 mg kgG1) significantly
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Table 1: Effect of AHE on the serum levels of cardiac marker enzymes in rats with CCl4- induced cardiotoxicity
Treatment AST (U LG1) LDH (U LG1) CK (U LG1) CK-MB (U LG1) cTnI (ng mLG1)
NC 96.7±6.50n 160.0±9.32n 232.1±16.89n 12.7±0.83n 1.2±0.11n

CCl4 control 215.2±7.54‡ (122.54%) 317.3±8.17‡ (98.31%) 373.5±19.79‡ (60.92%) 21.6±0.77‡ (70.07%) 2.5±0.19‡ (108.33%)
CCl4+silymarin (50 mg kgG1) 117.5±7.85n (-45.39%) 183.5±9.72n (-42.16%) 275.5±17.03n (-26.23%) 14.7±1.14n (-31.94%) 1.4±0.08n (-44.00%)
CCl4+AHE (200 mg kgG1) 165.4±9.18‡n (-23.14%) 241.8±16.33‡n (-23.79%) 317.5±19.83‡n (-14.99%) 16.8±0.92‡n (-22.22%) 1.9±0.11‡n (-24.00%)
CCl4+AHE (400 mg kgG1) 122.7±9.96n (-42.98%) 198.3±15.81n (-37.50%) 281.8±16.73n (-24.55%) 15.2±1.08n (-29.62%) 1.6±0.15n (-36.00%)
Values are expressed as Mean±SEM (n = 6). ‡Significance compared to normal control (NC) group at p<0.05 (Dunnett's test). nSignificance compared to CCl4 control
group at p<0.05 (Dunnett's test). Values between brackets means % changes

Table 2: Effect of AHE on heart weight and cardiac hypertrophic index of rats
with CCl4-induced cardiotoxicity

Cardiac hypertrophic
Treatment Heart weight (g) index (mg gG1)
NC 1.12±0.07n 4.15±0.39n

CCl4 control 1.65±0.06‡ (47.32%) 6.72±0.46‡ (61.92%)
CCl4+silymarin (50 mg kgG1) 1.22±0.04n (-26.06%) 5.52±0.49n (-17.85%)
CCl4+AHE (200 mg kgG1) 1.35±0.04‡n (-18.18%) 6.15±0.35‡n (-8.48%)
CCl4+AHE (400 mg kgG1) 1.27±0.03n (-23.03%) 5.62±0.54n (-16.36%)
Values are expressed as Mean±SEM (n = 6). ‡Significance compared to normal
control (NC) group at p<0.05 (Dunnett's test), nSignificance compared to CCl4
control group at p<0.05 (Dunnett's test), Values between brackets means %
changes

reduced the levels of AST, LDH, CK, CK-MB and cTnI compared
to the CCl4 only-treated group. It is worth noting that the
treatment with CCl4 plus silymarin or AHE (400 mg kgG1) did
not show any significant changes in serum biomarkers of
cardiotoxicity in comparison with the normal rats.

Cardiac hypertrophy index: Table 2 presented the effect of
CCl4 exposure either alone or in combination with AHE on the
cardiac hypertrophy index in rats. Administration of CCl4  alone
to rats significantly increased the heart weight (1.65 g)  and
the cardiac hypertrophy index (6.72 mg gG1) as compared to
the control group (1.12 g and 4.15 mg gG1, respectively). On
co-treatment with CCl4  plus  silymarin and  CCl4  plus  AHE
(200 and 400 mg kgG1) for a period of 8 weeks, a protective
effect was observed: cardiac hypertrophy index was
significantly   ameliorated   in   comparison  with  the  CCl4
only-treated group. The cardiac hypertrophy index of animals
co-treated   with   CCl4  plus  silymarin  and  CCl4  plus  AHE
(400 mg kgG1) were not significantly different from the normal
control. 

Effect   on  markers  of   oxidative  stress  in  heart:  The 
effect of AHE on SOD, GPx, CAT, GSH and MDA levels in heart
homogenate of normal and CCl4-induced rats is presented in
Table 3. Our findings indicate that SOD, GPx, CAT and GSH
levels were lower in the cardiac homogenate of CCl4-treated
rats (30.5, 1.3, 7.5 U mgG1 and 5.4 µmol gG1, respectively) as
compared to the normal control group (58.3, 4.1, 14.2 U mgG1

and 10.5 µmol gG1, respectively). Co-administration of  CCl4
plus silymarin resulted in 62.95, 84.21, 68.00 and 72.22%

higher SOD, GPx, CAT and GSH levels, respectively as
compared to CCl4 control group. Co-medication with CCl4 plus
AHE (200 mg kgG1) and CCl4 plus AHE (400 mg kgG1) resulted
in significantly higher levels of SOD (29.83 and 55.73%,
respectively), GPx (52.63 and 68.42%, respectively), CAT (36.00
and 57.33%, respectively) and GSH (51.85 and 62.96%,
respectively) in comparison with CCl4 control group. 
Table 3 showed the effect of  AHE  on  the  amount   of

LPO product, MDA in  heart  homogenate  of  normal  and
CCl4-induced rats. Cardiac MDA levels were  significantly
higher (4.29 nmol gG1 tissue) in  CCl4  control  rats  as
compared to normal group (1.87 nmol gG1 tissue). However,
the level of MDA was 50.34% lower following CCl4 plus
silymarin co-treatment as compared to CCl4 control rats.
Cardiac  MDA  levels  were  21.91  and  43.82% lower in rats co-
treated with CCl4 plus 200 mg kgG1 and CCl4 plus 400 mg kgG1

AHE, respectively as compared to CCl4 control rats.

Assessment of heart histopathology: As shown in Fig. 1a,
normal control rats showed normal cardiac histology. In this
group, heart tissue showed normal structure of myofibrils with
striations, branched appearance and continuity with adjacent
myofibrils. Cardiac sections of CCl4-exposed animals showed
characteristic aspect of cardiotoxicity as represented by
degenerative changes of myocytes in addition to intracellular
oedema (Fig. 1b). Rats exposed to CCl4 plus silymarin showed
no histopathological changes (Fig. 1c). Co-administration of
CCl4 plus 200 mg kgG1 showed mild congestion of some
myocardial blood vessels (Fig. 1d), while 400 mg kgG1 AHE
showed no histopathological changes (Fig. 1e).

Effects on CCl4-induced nephrotoxicity
Effect on kidney damage markers in serum: The
nephroprotective effects of AHE against CCl4-induced kidney
injury are shown in Table 4. Exposure to CCl4 alone impaired
the renal function, as characterized by marked elevation in
serum levels of creatinine (228.73%), urea (199.38%), uric acid
(174.89%) and BUN (132.98%) and a significant decrease in
serum level of albumin (52.19%) when compared to normal
group.     The    co-treatment   with   CCl4   plus   AHE   (200   or
400 mg kgG1) for 8  weeks  showed  significant  decrease in the
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Fig. 1(a-e): Photomicrographs    of   rat   heart   (H   and   E   X400),   (a)   Normal   control   group,   (b)   CCl4-cardiotoxic   group,
(c) Silymarin+CCl4, (d) AHE (200 mg kgG1)+CCl4 and (e) AHE (400 mg kgG1)+CCl4

Table 3: Effect of AHE on cardiac antioxidant profile and lipid peroxidation (MDA) in the heart homogenate of CCl4-exposed rats
Treatment SOD (U mgG1 protein) Gpx (U mgG1 protein) CAT (U mgG1 protein) GSH (µmol gG1 tissue) MDA (nmol gG1 tissue)
NC 58.3±3.95 4.1±0.31n 14.2±0.94n 10.5±0.86n 1.87±0.11n

CCl4 control 30.5±1.22‡ (-47.68%) 1.9±0.05‡ (-53.65%) 7.5±0.38‡ (-47.18%) 5.4±0.22‡ (-48.57%) 4.29±0.46‡ (129.41%)
CCl4+silymarin (50 mg kgG1) 49.7±3.13n (62.95%) 3.5±0.10n (84.21%) 12.6±0.81n (68.00%) 9.3±0.71n (72.22%) 2.13±0.15n (-50.34%)
CCl4+AHE (200 mg kgG1) 39.6±1.70‡n (29.83%) 2.9±0.12‡n (52.63%) 10.2±0.57‡n (36.00%) 8.2±0.49‡n (51.85%) 3.35±0.27‡ (-21.91%)
CCl4+AHE (400 mg kgG1) 44.5±3.25n (55.73%) 3.2±0.29n (68.42%) 11.8±0.75n (57.33%) 8.8±0.62n (62.96%) 2.41±0.23n (-43.82%)
Values are expressed as Mean±SEM (n = 6), ‡Significance compared to normal control (NC) group at p<0.05 (Dunnett's test), nSignificance compared to CCl4 control
group at p<0.05 (Dunnett's test), Values between brackets means % changes

Table 4: Effect of AHE on the serum levels of kidney function markers in rats with CCl4- induced nephrotoxicity
Treatment Creatinine (mg dLG1) Urea (mg dLG1) Uric acid (mg dLG1) BUN (mg dLG1)
NC 0.87±0.07n 24.45±1.69 2.35±0.22 16.28±1.47n

CCl4 control 2.86±0.19‡ (228.73%) 73.20±3.49‡ (199.38%) 6.46±0.25‡ (174.89%) 37.93±1.86‡ (132.98%)
CCl4+silymarin (50 mg kgG1) 1.12±0.09n (-60.83%) 32.22±2.92n (-55.98%) 3.20±0.32n (-50.46%) 20.47±1.79n (-46.03%)
CCl4+AHE (200 mg kgG1) 1.85±0.16‡n (-35.31%) 46.15±2.09‡n (-36.95%) 5.50±0.19‡n (-14.86%) 30.73±2.25‡n (-18.98%)
CCl4+AHE (400 mg kgG1) 1.19±0.13n (-58.39%) 34.07±3.96n (-53.45%) 3.30±0.38n (-48.91%) 22.10±2.19n (-41.73%)
Values are expressed as Mean±SEM (n = 6), ‡Significance compared to normal control (NC) group at p<0.05 (Dunnett's test), nSignificance compared to CCl4 control
group at p<0.05 (Dunnett's test), Values between brackets means % changes

elevated serum levels of creatinine, urea, uric acid and BUN as
compared to CCl4-treated group. Levels of creatinine, urea, uric
acid and BUN in serum of rats treated with CCl4 plus silymarin
and CCl4 plus AHE at 400 mg kgG1 were not significantly
different from the normal group. 

Effect on markers of oxidative stress in kidney: Table 5
showed   the   effect   of   CCl4   exposure   either   alone   or  in

combination with  AHE  on  biochemical  variables  indicative
of renal oxidative stress in rats. Levels of the enzymatic
antioxidants (SOD, GPx and CAT) showed a significant
decrease in the kidney homogenate of CCl4 exposed rats
(33.26, 50.87 and 47.27%, respectively) relative to the normal
group. GSH as non-enzymatic antioxidants was also decreased
in the kidney homogenate of CCl4-treated group (52.06%),
while  the  LPO   level   significantly   increased   (186.08%). The
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Fig. 2(a-e): Photomicrographs  of  rat  kidney  (H   and   E   X400),   (a)   Normal   control   group,   (b)   CCl4-nephrotoxic   group,
(c) Silymarin+CCl4, (d) AHE (200 mg kgG1)+CCl4 and (e) AHE (400 mg kgG1)+CCl4

Table 5: Effect of AHE on renal antioxidant profile and lipid peroxidation (MDA) in the kidney homogenate of CCl4-exposed rats
Treatment SOD (U mgG1 protein) GPx (U mgG1 protein) CAT (U mgG1 protein) GSH (µmol gG1 tissue) MDA (nmol gG1 tissue)
NC 50.2±2.84n 5.7±0.42n 16.5±0.92n 12.1±0.97n 1.15±0.10n

CCl4 control 33.5±1.14‡ (-33.26%) 2.8±0.11‡ (-50.87%) 8.7±0.64‡ (-47.27%) 5.8±0.37‡ (-52.06%) 3.29±0.31‡ (186.08%)
CCl4+silymarin (50 mg kgG1) 46.2±1.09n (37.91%) 4.8±0.30n (71.42%) 14.8±0.93n (70.11%) 11.2±0.83n (93.10%) 1.62±0.15 (-50.75%)
CCl4+AHE (200 mg kgG1) 38.4±1.25‡n (14.62%) 3.9±0.29‡n (39.28%) 12.1±0.68‡n (39.08%) 8.8±0.56‡n (51.72%) 2.38±0.21‡n (-27.65%)
CCl4+AHE (400 mg kgG1) 43.5±1.46n (29.85%) 4.5±0.37n (60.71%) 13.6±0.99n (56.32%) 9.7±0.88n (67.24%) 1.95±0.18 (-40.72%)
Values are expressed as Mean±SEM (n = 6), ‡Significance compared to normal control (NC) group at p<0.05 (Dunnett's test), nSignificance compared to CCl4 control
group at p<0.05 (Dunnett's test), Values between brackets means % changes

co-treatment with  CCl4  plus  AHE  (200 and 400 mg kgG1) for
8 weeks showed a significant increase in SOD (14.62 and
29.85%, respectively), GPx, (39.28 and 60.71%, respectively),
CAT (39.08 and 56.32%, respectively) and GSH (51.72 and
67.24%, respectively) levels in the kidney homogenate as
compared to CCl4-treated group. Further, co-exposure of rats
to CCl4 plus AHE (200 and 400 mg kgG1) was capable of
decreasing the elevated MDA level in the kidney, when
compared to CCl4-exposed rats. There were no evident
differences in the renal enzymatic and non-enzymatic
antioxidant levels between the groups treated with CCl4 plus
silymarin and CCl4 plus AHE (400 mg kgG1) and the normal
control group.

Assessment of kidney histopathology: Nephroprotective
effect of AHE on the histological architecture induced with
CCl4 is shown in Fig. 2. Normal group showed common

architecture of glomerulus encapsulated in bowmen’s capsule
and normal tubular cells (Fig. 2a). Administration of CCl4 to rats
induced severe injuries to Bowman's capsules, cytoplasmic
vacuolization of epithelial lining  renal  tubules  and
congestion of intertubular blood capillaries (Fig. 2b). Silymarin
co-treatment showed amelioration of tubular damage
induced by CCl4 (Fig. 2c). In groups co-treated with CCl4 along
with AHE at 200 mg kgG1 (Fig. 2d) or 400 mg kgG1 (Fig. 2e)
effectively reduced these injuries. The nephroprotective effect
was more evident with higher dose (400 mg kgG1) of AHE.

DISCUSSION

CCl4 has been reported to cause heart and kidney damage
in various  animal  species14,15.  The present study deals with
the effect of AHE on CCl4-induced cardiotoxicity and
nephrotoxicity.    Exposure   to   CCl4   causes   cellular   damage

1015

   
   

   
   

 

 

(a) (b) (c) 

(d) (e) 



Int. J. Pharmacol., 14 (7): 1010-1019, 2018

through activation of ROS (reactive oxygen species), such as
hydrogen peroxide, hydroxyl radicals and other radicals
liberated during abundant metabolic reactions16. Reactive
oxygen species are thought to be a leading reason of tissue
injury. 

The activity of AST, LDH, CK and CK-MB enzymes and the
level of cTnI in serum are biomarkers used to detect and
evaluate the presence of myocardial damage17. AST was the
initial heart injury biomarker to be used. It is found in the
skeletal muscles, heart, kidney, liver andbrain18. Due to its lack
of specificity to the heart muscle, it is no longer used alone for
diagnosis of cardiac damage. LDH level was estimated for
myocardial necrosis, as it was a good indicator of heart injury19.
CK is an another enzyme that is found in the skeletal muscle
and cardiac muscle. CK has 3 isoenzymes: BB,  MM  and  MB.
CK-BB is the brain fraction, CK-MM is the skeletal muscle
fraction and CK-MB is the cardiac muscle fraction of the total
CK20. The myocardial enzyme; CK-MB determines the degree
of heart damage that’s why WHO accepted CK-MB as gold
standard indicator of myocardial injury21. WHO recommended
the panel of AST, LDH and CK for diagnosis of heart injury18. In
this study, CCl4 induces marked cardiotoxicity which was
demonstrated by increase in AST, LDH, CK and CK-MB
activities. These observations  suggest  myocardial injury due
to CCl4 cardiotoxicity. According to previous studies, CCl4
cardiotoxic effect may occur through direct cardiac
endothelial injury and devastation of heart cells14. As a result,
cardiac enzymes are liberated into blood circulation and serve
as biomarkers for heart damage. In the current study, CCl4
exposure caused marked elevation of cardiac enzymes (AST,
LDH, CK and CK-MB) in serum of rats. These results are in
accordance with previous studies showing significant
elevation in cardiac biomarkers in animals exposed to CCl422.
Recently, El-Wakf et al.23 demonstrated that treatment with
different plant extracts normalized the cardiac enzymes and
improved the cardiac morphology in rats treated with CCl4. In
agreement, this study showed that co-administration of either
200 mg kgG1 AHE or 400 mg kgG1 AHE to CCl4-exposed rats
caused significant decrease in serum levels of cardiac
enzymes, indicating strong protective effect of the extract,
probably through maintaining membrane integrity and/or
permeability thereby preventing leakage of the cardiac
biomarkers into the blood.

Troponins are a complex of 3 protein subunits namely
troponin I (TnI), troponin T (TnT) and troponin C, located on
the thin filaments of the cardiac and skeletal muscles. Cardiac
troponin I (cTnI) and troponin T (cTnT) are cardiac regulatory
proteins that control the calcium mediated interaction
between actin and myosin24. Estimation of serum  cTnI  is more

sensitive and more specific in the diagnosis of cardiac muscle
damag25. Elevated serum levels of cardiac troponin are now
accepted as the standard indicator for diagnosis of heart
damage26. It has been reported that loss of membrane
integrity due to cardiac myocytes injury could be the main
reason for the cardiac troponin release in the blood stream27.
In the present study, CCl4-exposed animals showed marked
elevation in serum level of cTnI. The co-administration of CCl4
plus AHE showed significant decrease in CCl4-induced
elevated serum cTnI level. This decrease in cTnI level assure
that AHE is responsible for conservation of normal structural
of heart muscle, so reducing the release of cTnI.

The HW/BW ratio serves as an index of cardiac
hypertrophy27. In this study, CCl4-exposed rats were found to
exhibit increased HW and HW/BW ratio. Cardiac hypertrophy
usually accompanies fibrosis, which is characterized by
accumulation of extracellular matrix proteins such as collagen
type I and fibronectin28. CCl4-induced cardiac enlargement was
attenuated by co-treatment with AHE (400 mg kgG1). Our
results confirmed that AHE induces cardioprotection against
CCl4 toxicity in rats as evidenced by decrease in HW and
decreased levels of biomarker enzymes.

CCl4, besides exerting its adverse effect on hepatic tissues,
also reportedly gets deposited at higher levels in the kidney
than in the liver29. The mechanism of CCl4 renal toxicity is
almost like that of liver, but CCl4 manifests higher affinity to
the cortical tissues of the kidney that predominantly contains
cytochrome P-45030. The renal function markers include
creatinine, urea, uric acid and BUN31. This investigation
showed that CCl4 exposure induced severe deterioration in
kidney function. Levels of creatinine, urea, uric acid and BUN
in serum were significantly elevated in CCl4-treated rats that
indicates the outspread disturbance of the structure and
function of the kidney. Creatinine is a breakdown outcome of
creatine phosphate in muscle32. It is usually used as an
indicator of kidney function. Serum creatinine elevation was
caused by CCl4 due to disturbed renal function. 

Urea is the major nitrogenous end product of protein
catabolism that represents one of the waste products of the
body that is passed into blood stream to be eliminated
through kidney33. The most frequently estimated clinical
indicators for determining renal function depends on serum
level of urea. Nephrotoxicity induced by CCl4 was significantly
improved  by  co-treatment  with  CCl4  and  AHE  (200  and
400 mg kgG1). Co-treatment reduced the elevated serum levels
of these markers toward normal, which suggests that AHE
possibly protects renal tissues against injuries induced by CCl4
and indicates maintenance of renal function. Previous reports
have also mentioned that some plants improved the kidney
injuries induced following CCl4  exposure34.
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It is widely accepted that excessive generation of ROS and
induction of oxidative stress play a central role in CCl4-induced
pathogenesis35. It has been observed that the toxicity of CCl4
probably depends on the formation of the trichloromethyl
radical (CCl3), which forms the more toxic CCl3O2 in the
presence of oxygen2. Among the various antioxidant enzymes,
SOD, GPx and CAT act as important enzymes in the elimination
of free radicals. As support, current data demonstrated
increased oxidative stress, evidenced by significant reduction
in enzymatic antioxidants (SOD, GPx and CAT) in heart and
kidney of rats exposed to CCl4 for 8 weeks, suggesting
imbalanced redox state in the myocardial and renal cells
following CCl4 exposure. Theco-administration of CCl4 plus
AHE (200 and 400 mg kgG1) exhibited marked  effect  and
block the reduction of SOD, GPx and CAT levels in the heart
and kidney tissues dose dependently. Improvement in the
activities of these enzymes does provide evidence that AHE
protects against the oxidative stress and/or overproduction of
ROS by CCl4.

GSH is the major non-enzymatic antioxidants of the cells.
It is known to protect cells against oxidative damage and free
radicals formed by biotransformation of xenobiotics36. In cases
of oxidative stress, GSH is depleted and transformed to
glutathione disulfide, leading to lipid peroxidation and tissue
injury. Thus, GSH is considered as a significant marker for the
assessment of oxidative stress37. In this investigation, CCl4
produced 48.57 and 52.06% GSH depletion of heart and
kidney homogenates of rats, compared to normal rats. The
present results are in accordance with some previous reports
as sulfhydryl levels were markedly exhausted in different
organs of rats, when exposed toCCl438. Depletion of cellular
GSH leaves the cell vulnerable to oxidative stress. On the other
hand, concomitant administration of CCl4 and AHE (200 and
400 mg kgG1) replenished GSH level in heart and renal
homogenates as compared with CCl4 only treated animals.
Therefore, it seems that the protective mechanism of AHE on
CCl4-induced cardiac and renal injury is mediated, at least in
part, via preserving GSH.

The level of MDA is measured to estimate LPO. It is known
that CCl4 is metabolically activated by CYP2E1 to
trichloromethyl free radical (CCl3•) that interacts with lipids
and proteins of the cells in the presence of oxygen to induce
LPO3. The increased level of MDA is an indirect indicator for
cell membrane LPO and cell damage39. In this investigation,
there were marked elevations in LPO in heart and kidney
homogenates of CCl4-exposed rats, as measured by MDA
formation. The elevated level of MDA  indicates  the inability
of the antioxidant defense system to protect against the
production   of   excessive   free    radicals.    In    addition,    AHE

ameliorated the increased heart and kidney MDA contents of
CCl4-exposed rats toward normalcy. The decreased amount of
MDA in addition to the increased level of GSH in the heart and
kidney homogenates of groups administered AHE further
confirms its antioxidant capacity. The antioxidant property of
AHE could be related to its phytoconstituents. Singh and
Sharma40 demonstrated that AHE is a well-known source of
naphthoquinones including derivatives of alkannin and
shikonin that show powerful antioxidant activities. In addition,
phenolic metabolites and triterpene are among the chemical
constituents identified in AH plant10. Phenolic metabolites and
triterpenes have been reported to exert several actions
including antioxidant activities41. Therefore, we believe that
the possible mechanism of cardio- and nephroprotection
offered by AHE is due to its phyto-components as
naphthoquinones, phenolic metabolites and triterpenes.

Histopathological observations of heart and kidney
supported the biochemical results. Histopathological study
revealed that heart and kidney of rats in the CCl4  control
group showed various degrees of injuries that might be due
to the production of free radicals by CCl4  and subsequent LPO.
Concurrent treatment with AHE (200 and 400 mg kgG1)
exhibited considerable cardiac and renal protections in a
dose-dependent pattern, which confirmed the results of
biochemical studies.

CONCLUSION

The present results indicate that administration of AHE
resulted in cardio- and nephroprotection against the injury
induced by CCl4  in rats. The protective effect might arise from
the antioxidant activity of the phytochemical constituents
present in the plant. Further studies are required to fully
characterize the active principles in AHE, which are
responsible for these effects.
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