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Abstract

The present study aimed to investigate the protective effect of aqueous extracts of ginger (GE) and rosemary (RE), both
individually and in combination, on carbon tetrachloride (CCly)-induced liver injury in adult male rats. CCl, induced significant
increase in liver enzymes, bilirubin, triglycerides, and total cholesterol while total protein, albumin, and globulin were signifi-
cantly decreased. Also, the activity of cytochrome P4s9 (CYP) and oxidative stress markers were found to be elevated with a
concomitant decrease in the activity of antioxidant enzymes in hepatic tissue. Supplementation with extracts of ginger or
rosemary effectively relieved most of the CCly-induced alterations when administered singly. The joint therapy of the two
extracts was more effective. The histological investigation strongly confirmed the highly protective effect of the two plant
extracts in the hepatocytes. These findings suggest that rosemary and ginger extracts are effective in improving both the function
and structure of the hepatocytes through their potent antioxidant effect and point out to the possibility of using a combination of

both as an adjunct therapy in liver diseases.
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Introduction

Carbon tetrachloride (CCly) is a well-recognized hepatotoxin
that is routinely used to induce rapid liver injury (Lee et al.
2008). The development of CCl, toxicity involves cytochrome
P4s0 (CYP)-mediated metabolic biotransformation and forma-
tion of highly reactive metabolites which initiate oxidation of
cellular structures and macromolecules (Abdelaziz and Ali
2014). Despite the great advances in understanding the molec-
ular mechanisms implicated in the pathogenesis of liver injury,
there are only restricted hepatoprotective remedies.
Complementary and alternative medicine is one of the promis-
ing treatments for liver ailments to replace the currently used
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drugs. The use of medicinal plants may be an approach in this
area because of their high content of valuable therapeutic phy-
tochemicals. Many plants and their extracts have been reported
to protect the liver against damage induced by various toxicants
(Zhang et al. 2013; Shahbazi et al. 2015).

Ginger (Zingiber officinale) has been used effectively as a
herbal medicine for treatment of a variety of disorders and has
reported to possess several beneficial pharmacological effects,
including gastroprotective, antimicrobial, antiviral, antidiabet-
ic, cardioprotective, anticancer, and chemopreventive (Ali
et al. 2008). It contains high level of flavonoids and phenolic
compounds which are responsible for its high antioxidant ac-
tivity (Ghasemzadeh et al. 2010). Several studies pointed out
to the protective effect of ginger against the hepatotoxicity
induced by various xenobiotics including alcohol (Shati and
Elsaid 2009), heavy metals (Khaki and Khaki 2010), and
bromobenzene (El-Sharaky et al. 2009).

Similar to ginger, rosemary has been recognized to have
several notable pharmacological activities including antidia-
betic, antimicrobial, antioxidant, antiproliferative, anti-inflam-
matory, and antidepressant (Ribeiro-Santos et al. 2015).
Furthermore, the protective effect of rosemary has been re-
ported in several experimental models of liver injury
(Raskovic¢ et al. 2014; Hasanein and Sharifi 2017). Most of
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the pharmacological effects of rosemary are attributed to its
vast arrays of chemical constituents with powerful antioxidant
activity such as carnosol, carnosic acid, rosmarinic acid,
caffeic acid, and diterpenes, in addition to the essential oil
components (Raskovi¢ et al. 2014).

Given these beneficial biological effects of ginger and rose-
mary, this study aimed to evaluate the protective effect of GE
and RE when administered singly against liver injury induced
by CCl, in male rats. In addition, we aimed to examine the
effect of the joint therapy of both extracts in order to assess the
possible synergism between them and compare their effect
together with respect to each monotherapy.

Materials and methods
Chemicals

Carbon tetrachloride (99% purity) and olive oil (laboratory
grade) were obtained from Sigma chemicals (St Louis, Mo,
USA). All other chemicals and reagents used in this study were
of analytical grade and were purchased from Biodiagnostic
Company (Egypt). The aqueous extracts of ginger and
rosemary were prepared based on the methods of Kumari
et al. (2014) and Dorman et al. (2003), respectively.

Experimental design

Fifty-six healthy adult male albino rats of 160-180 g were
used in the current study. They were kept under observation
for 1 week before the beginning of the experiment to be ac-
climatized. The animals were housed in wire bottomed cages
under standard condition of illumination (12:12 h light:dark
cycle) and temperature (22-24 °C) and had free access to
balanced rat diet and tap water. The animal care and the han-
dling methods of the study were in accordance with the guide
for care and use of laboratory animal approved by The
Institutional Animal Care and Use Committee (IACUC) of
Menoufia University, Egypt, Approval No MNSP155. The
animals were randomly divided into eight groups of seven rats
each. Animals of the first group received 0.5 ml olive oil
intraperitoneally (ip) and served as untreated controls. The
second group of animals (GE group) administered orally with
120 mg/kg of GE. The third group (RE group) received
440 mg/kg of RE orally. The fourth group (GE-RE group)
received the same doses of both GE and RE. The fifth group
(CCly group) was given CCly (0.5 mL/kg diluted 1:1 (v/v) in
olive oil, ip). The sixth group (CCly-GE group) received
0.5 mL/kg CCly and 120 mg/kg GE. The seventh group
(CCl4-RE group) received 0.5 mL/kg CCl, and 440 mg/kg
RE. The eighth group (CCl4-GE-RE group) received
0.5 mL/kg CCly, 120 mg/kg GE, and 440 mg/kg RE. Doses
of CCly, GE, and RE were selected based on previous reports

(Eidi et al. 2012; Kamtchouing et al. 2002; Dorman et al.
2003, respectively). These doses were administered twice a
week for 6 consecutive weeks.

Biochemical analysis

After 6 weeks of treatment, rats from control and treated
groups were fasted overnight and sacrificed under anesthesia.
Blood samples were collected from dorsal aorta into dry glass
centrifuge tubes and left to clot, then centrifuged at 3500 rpm
for 15 min in a Beckman Model T-6 refrigerated centrifuge.
Serum was separated and used for biochemical analysis. The
activities of alanine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP), and the level
of total bilirubin were determined in serum using the available
assay kits according to the manufacturer’s protocol. The levels
of'total protein, albumin, globulin, triglycerides, and total cho-
lesterol were also determined in serum using the assay kits
according to the manufacturer’s protocol.

Assessment of lipid peroxidation, enzymatic
antioxidants, and CYP

Liver homogenate was prepared from animals of different
groups and used for determination of the level of lipid perox-
idation (measured as malondialdehyde, MDA) according to
the method of Ohkawa et al. (1979) and the activity of the
antioxidant enzymes glutathione peroxidase (GPx) (Paglia
and Valentine 1967), glutathione-S-transferase (GST) (Habig
et al. 1974), superoxide dismutase (SOD) (Kakkar et al.
1984), and catalase (CAT) (Aebi 1984). Also, the activity of
CYP was determined according to the method of Estabrook
and Werringloer (1978).

Histological study

For histological study, small pieces of liver were quickly ex-
cised from rats in different groups, fixed in 10% buftered
formalin solution, and processed routinely for paraffin embed-
ding. Sections at a thickness of 4 um were stained with hema-
toxylin and eosin (H&E) (Bancroft and Gamble 2002) and
examined under light microscope (Nikon 80i, Japan).

Statistical analysis

Results are expressed as mean =+ standard error for each group
(n= 7). Statistical analysis was performed by one-way analy-
sis of variance (ANOVA) followed by least significance dif-
ference (LSD) post-hoc test using Statistical Package for
Social Sciences (SPSS) software version 15.0 for Windows.
P <0.05 was considered statistically significant.
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Results
Biochemical results

The effect of GE, RE, and their combination on indices related
to liver injury in CCly intoxicated rats are illustrated in
Table 1. Rats administered CCl, had significantly higher
levels of serum ALT (158.2%), AST (148.2%), ALP
(164.5%), and total bilirubin (77.8%) compared to the normal
control group. The levels of these parameters were significant-
ly (P<0.05) improved upon treatment with extracts of GE
and/or RE.

According to Table 2, CCly elicited a significant (P <0.05)
decrease in the level of total protein (34.3%), albumin
(30.1%), and globulin (41.7%), while triglycerides and total
cholesterol levels were significantly increased (65.1 and
42.3%, respectively) when compared to the control group.
Treatment with GE or RE singly after CCly intoxication par-
tially improved the protein synthetic capacity of the liver,
while a combination of both extracts completely restored the
normal value of the protein content. Moreover, supplementa-
tion with GE and/or RE completely improved the measured
lipid parameters and recovered the normal value of triglycer-
ides and total cholesterol. Notably, the intake of GE and RE,
both individually and in combination, did not significantly
affect the metabolic function of the liver in normal rats.

Changes in the activity of CYP in hepatic tissue

Administration of CCly resulted in a significant (P < 0.05)
increase in the activity of CYP by 291.8% compared to the
control group. Supplementation with GE or RE or both col-
lectively to CCly intoxicated rats decreased the high activity of
CYP (by 67.1, 71.3, and 72.7%, respectively) compared to the
CCly group. Normal rats treated with GE or RE or both
showed no marked changes in the activity of CYP (Table 3).

Changes in oxidant/antioxidant status in liver tissue

Administration of CCly induced significant (P < 0.05) in-
crease of 242.3% in the level of hepatic LPO (measured as
MDA) compared to the control group (Table 3). Treatment
with GE, RE, and a combination of both significantly (P <

0.05) reduced the elevation in MDA level (72.4, 72.8, and
74.5%, respectively). The enzymatic antioxidant activity of
the liver was significantly suppressed upon administration of
CCl, (Table 3). It significantly reduced the activity of GPx
(43.3%), GST (48.4%), SOD (57%), and CAT (56.4%) com-
pared to the normal control group. The suppressed activities of
GST, SOD, and CAT were partially recovered upon treatment
with GE and RE individually while the activity of GPx was
recovered to almost normal level of the control. Notably, there
was no statistically significant difference in MDA level or in
the activity of antioxidants in rats treated only with GE and/or
RE compared to the control group.

Histopathological results

Liver sections from untreated rats showed normal lobular ar-
chitecture with normal hepatocytes forming hepatic strands
arranged around the central vein and separated by clear blood
sinusoids (Fig. 1a). Treatment with CCly results in the loss of
normal liver architecture and induced obvious histopatholog-
ical changes including deformed hepatocytes with atrophied
densely stained nuclei, intense infiltration of inflammatory
cells, dilatation and congestion of blood vessels, and collapsed
blood sinusoids with more dense Kupffer cells (Fig. 1b, ¢).
Swelling hepatocytes and hepatocytes with cytoplasmic
vacuolization and karyolytic nuclei were also recorded.
Administration of GE to CCly-intoxicated rats conspicuously
weakened most of the destruction in the hepatic lobular archi-
tecture (Fig. 1d). Rats treated with both CCl, and RE showed
preservation of hepatic lobular structure with some cellular
infiltrations (Fig. le). Animals intoxicated with CCl, and

Table 1 Effect of CCly, GE, and

RE both individually and in Groups ALT (U/L) AST (U/L) ALP (U/L) Bilirubin (mg/dl)

combination on the activity of

ALT, AST, ALP, and the level of  Control 39.0*+5.31 71717 £4.91 31.71%%°+2 .68 0.36°+0.05

bilirubin in the serum of male rats GE 37.29*+4.25 68.86"+4.30 29.29°+3.23 0.36°+0.11
RE 37.86%+5.38 70.71% +7.66 29.14°+3.0 0.35°+0.11
GE-RE 38.29°+4.05 70.0°+3.03 30.14%¢+4.74 0.35°+0.11
CcCly 100.71°+4.92 178.0°+19.56 83.86*+4.85 0.64*+0.06
CCl,-GE 50.0%°+5.93 88.14*¢+3.38 41,0442 31 0.44*°£0.13
CCl,-RE 57.43°+£4.67 119.57°+£9.15 49.29° +6.24 0.47*4+0.08
CCly-GE-RE 48.43%°+2.75 84.0%°+4.11 42.29%°+£3.62 0.35°+0.09

Each value represents the mean + standard error for each experimental group (n= 7). Means within the same
column not sharing the same superscripts (a—d) are significantly different, p < 0.05

GE, ginger extract; RE, rosemary extract; CCl,, carbon tetrachloride; ALT, alanine aminotransferase; AST, aspar-
tate aminotransferase; ALP, alkaline phosphatase
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Table 2  Effect of CCly, GE, and RE both individually and in combination on the level of total protein, albumin, globulin, triglycerides, and total

cholesterol in the serum of male rats

Groups Total protein (mg/dl) Albumin (mg/dl) Globulin (mg/dl) Triglycerides (mg/dl) Total cholesterol (mg/dl)
Control 7.24°+0.21 4.49%+0.24 2.76°+0.19 30.71*+3.42 58.712+6.16
GE 7.19°+0.24 434°+0.35 2.84%+0.17 29.0°+4.69 58.14°+7.74
RE 7.17°+0.24 437°+0.30 2.80%+0.20 28.29%+2.68 57.71°+9.14
GE-RE 7.26+0.18 4.43*+0.29 2.83%+0.21 29.29*+5.74 57.43%+8.73
CCly 476°+0.36 3.14°+0.39 1.61°+£0.53 50.71°+4.36 83.57°+7.52
CCl4-GE 546°+0.17 3.54*°+027 1.91%°+0.33 37.43*+7.95 58.86%+6.32
CCI4-RE 5.36°°+0.20 3.424°+0.84 1.93*%+0.42 36.0°+2.79 62.57°+3.19
CCl,-GE-RE 7.24*+0.16 438%+0.29 2.78%+0.36 35.14*+2.90 63.57%+2.08

Each value represents the mean + standard error for each experimental group (n = 7). Means within the same column not sharing the same superscripts

(a—c) are significantly different, p < 0.05
GE, ginger extract; RE, rosemary extract; CCl,, carbon tetrachloride

treated with both GE and RE showed a marked degree of
tissue recovery (Fig. 1f). Hepatocytes appeared with improved
nuclei, less vacuolated cytoplasm, and defined outline.
Normal central vein and blood sinusoids were also recorded.

Discussion

Oxidative stress is identified as a key contributor in patho-
physiological changes associated with many liver diseases
(Rolo et al. 2012). Natural antioxidant products, especially
phytochemicals, have gained interest due to their safety and
ability to strengthen the endogenous antioxidants defenses. In
the current study, we aimed to evaluate the antioxidant and the
protective effect of GE and RE, both individually and collec-
tively, using CCly-induced liver injury in rats as an experimen-
tal model.

According to the data of our study, administration of CCl,
significantly enhanced the level of ALT, AST, ALP, and total

Table 3
the liver of male rats

bilirubin in the serum which agrees with the context of liver
injury. These results correlate with those of Eidi et al. (2012),
Wu et al. (2017), and Fu et al. (2018). Elevation in the serum
level of ALT and AST indicates hepatocellular necrosis (Chen
et al. 2015). Also, elevation in the level of ALP and bilirubin
provides an evidence of liver injury and indicates an interrup-
tion of bile flow from the liver (Ranawat et al. 2010). The
development of CCly-induced liver injury may be a secondary
event to the generation of free radicals which initiate LPO
reactions and destroy the membranes of hepatocytes finally
leading to the release of their cytosolic enzymes into the blood
(Kyung et al. 2007).

Hepatotoxicity is always associated with perturbations in
the synthesis and metabolism of proteins and lipids. In our
study, a significant increase was observed in the serum level
of triglycerides and total cholesterol after administration of
CCly. These results coincide with those of Essawy et al.
(2012) and Abdel-Moneim et al. (2015). CCly can stimulate
lipid synthesis from fatty acid, triglyceride, and cholesterol

Effect of CCly, GE, and RE both individually and in combination on the level of MDA and the activity of GPx, GST, SOD, CAT, and CYP in

Groups MDA (nmol/g protein) GPx (U/g protein) GST (U/g protein) SOD (U/g protein) CAT (U/g protein) CYP (nmol/mg protein)
Control 10.14*+0.30 52.14°+1.93 57.29% +8.74 63.43%+2.29 51.43%+£4.29 0.73*+0.10
GE 11.29%+1.82 51.71%+£4.62 57.14*+6.28 62.57%+4.55 50.0°+4.27 0.68*+0.10
RE 12.43%+1.46 50.71%+3.20 56.57°+2.83 61.57°+6.23 49.0° +4.09 0.65*+0.09
GE-RE 10.29%+1.86 51.57%+5.05 56.0°+6.02 63.14%+6.27 50.86%+1.90 0.71*+0.10
CCly 34.71°+6.46 29.57°+3.56 29.56°+4.05 27.29°+3.36 22.43°+2.76 2.86°+0.36
CCl4-GE 9.57*+2.51 43.0*+1.76 45.57*°+2.10 51.14*°+£2.99 44.86™°+2.77 0.94%+0.19
CCl4-RE 9.43*+1.97 43.57°+1.53 39.43%€+£4.29 56.43*£4.63 35.43°+4.88 0.82°+0.08
CCl-GE-RE  8.86°+1.82 44.86*+4.51 45.0*°+125 52.28%+2.1 47.14°+2.32 0.78*+0.08

Each value represents the mean =+ standard error for each experimental group (n = 7). Means within the same column not sharing the same superscript (a—

c) are significantly different, p < 0.05

GE, ginger extract; RE, rosemary extract; CCl,, carbon tetrachloride; MDA, malondialdehyde; GPx, glutathione peroxidase; GST, glutathione S-
transferase; SOD, superoxide dismutase; CA7, catalase; CYP, cytochrome Pys
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Fig. 1 Photomicrographs ofrat liver sections (H&E stain). a Control liver
showing normal and binucleated hepatocytes (dashed-circle) arranged in
hepatic strands radiating from a central vein (CV) and separated by blood
sinusoids (BS) with their kupffer cells (arrow). b, ¢ Sections of liver from
rats treated with CCly. In b, loss of the normal liver architecture, dilatation
and congestion of portal vein (PV) with detached endothelial lining (ar-
row), hepatocytes with cytoplasmic vacuolization (dashed-circle), and

@ Springer

infiltration of leucocytes (white star). In ¢, hepatic necrosis associated
with degenerated nuclei (black star), swelling of hepatocytes (dashed
arrow), infiltration of leucocyte (long arrow), and lipid droplets accumu-
lations (short arrow). d, e Photomicrographs of liver sections from rats
treated with CCly-GE and CCl4-RE, respectively, showing less hepatic
injury compared to b and c¢. f Liver section from rat treated with CCly,
GE, and RE, showing more or less normal hepatic architecture
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through enhancing the transport of acetate into the liver cells,
resulting in increased substrate availability (Soni et al. 2008).
CCly-induced oxidative stress may enhance the non-essential
fatty acids which in turn, elevate the level of cholesterol and
triglyceride (Andritoiu et al. 2014). Diminution in protein
content is a feature of liver damage and its subsequent fall in
the capacity of the liver to synthesize proteins. In the present
work, CCly induced a significant decline in the serum level of
total protein, albumin, and globulin which affirms liver
damage. These results go in parallel with Ali et al. (2010)
and Huo et al. (2011). Also, CCly-induced cellular damage
may be responsible for a decrease in the number of hepato-
cytes which in turn affect the hepatic protein synthesis (EI-
Shenawy and Abdel-Nabi 2006).

Cytochromes Pys( is a superfamily of enzymes localized
mainly in the liver. They are involved in oxidative biotrans-
formation of xenobiotic including medications, environmental
toxins, and carcinogens into their metabolites (Zanger and
Schwab 2013). It is well established that the metabolism of
CCly into reactive hepatotoxic metabolites is mediated
through CYP (Zangar et al. 2000). Our results revealed a
significant increase in the activity of CYP which further pro-
vides an evidence for the correlation between CCl, and over-
expression of CYP. These results agree with Weber et al.
(2003) and Xie et al. (2012). The catalytic activity of CYP
isozyme has been reported to be correlated with enhanced
generation of reactive oxygen species (ROS) and deterioration
of antioxidant defense system (Dadkhah et al. 2015).

It is well established that generation of ROS and induction
of oxidative stress are major steps in many chemical-induced
liver injuries (Banerjee et al. 2016). These mechanisms are
strongly involved in the development of CCl, hepatotoxicity
which seems to be an example of free radical-mediated injury
(Williams and Burk 1990). In our study, administration of
CCl, significantly enhanced the level of MDA which indicates
enhanced LPO. These results are in concert with to the find-
ings of Abdel-Moneim et al. (2015) and Wu et al. (2017).
CCly undergoes reductive metabolism by CYP and is bio-
transformed into highly reactive metabolites such as
trichloromethyl (CCls") and trichloromethylperoxy
(CC1;00°). These radicals can attack polyunsaturated fatty
acids and initiate a cascade of reactions leading to peroxida-
tion of membrane lipids and disruption of membrane integrity,
ultimately leading to necrosis of hepatocytes (Weber et al.
2003; Khan et al. 2012). Cells have their own antioxidant
defense system to scavenge or inhibit the formation of the
reactive species. In our study, a remarkable decline in the
activity of GPx, GST, SOD, and CAT was reported in the
hepatic tissue upon administration of CCly. These results are
in agreement with Sreelatha et al. (2009), Abdel-Moneim et al.
(2015), and Lee et al. (2017). The depletion in antioxidant
enzymes with concomitant enhancement in LPO indicates that
these enzymes are being used in detoxification of the reactive

metabolites of CCly. The observed change in the hepatic
oxidant/antioxidant status clearly indicates the development
of oxidative stress following CCl, administration which may
be the main reason behind the observed disturbance in the
liver function.

Ginger is a commonly used flavoring agent and has been
recognized to possess various pharmacological effects. In the
current work, administration of GE modulated the CCly-in-
duced hepatotoxicity and recovered the proper function of
the liver. This was indicated by the significant decrease in liver
function markers ALT, AST, ALP, and total bilirubin. The
disturbance in lipid profile, protein content, and CYP induced
by CCly was also significantly ameliorated. Furthermore, the
redox status of the liver was greatly improved upon treatment
of CCly-intoxicated rats with GE as indicated by a significant
reduction in the hepatic MDA level and the significant in-
crease in the activity of the major hepatic enzymatic antioxi-
dants. These results are in concert with previous studies that
revealed a similar protective effect for GE against different
hepatotoxicants (El-Sharaky et al. 2009; Khaki and Khaki
2010). The observed protective effect of GE is mediated, at
least in part, through modulating the hepatic redox status.
Several studies have shown that ginger reduces oxidative
stress through inhibiting LPO and enhancing the activity of
the antioxidant enzymes (Mallikarjuna et al. 2008). All of the
essential phenolic compounds of ginger including zingerone,
zingibrene, gingerols, and shogaols are reported to possess
potent antioxidant activities and subsequently contribute to
the hepatoprotective effects (Ghasemzadeh et al. 2010).
Ginger may also exert its protective effect through inhibition
of CYP. The major components of ginger were found to sup-
press the major CYP isozymes which are responsible for the
metabolism of most xenobiotics (Li et al. 2013). This was
confirmed in our study by the marked reduction in the activity
of CYP when compared with the hepatotoxic group which
subsequently inhibits the initiation and propagation of a cas-
cade of reactions leading finally to CCl, hepatotoxicity.

Rosemary is one of the plants rich in different phytochem-
ical derivatives including flavonoids, polyphenols, and
triterpenes. In our study, oral supplementation with RE miti-
gated the CCly-induced hepatotoxicity and restored the proper
function of the liver as indicated by the improvement in ALT,
AST, ALP, and total bilirubin. It also restored the normal ca-
pacity of the liver to synthesize lipids and proteins and im-
proved the level of CYP. Furthermore, RE improved the redox
status of the liver as indicated by suppression of LPO and
restoration of the enzymatic antioxidant capacity. Dietary sup-
plementation with RE has been reported to stabilize mem-
brane and enhance the structural integrity of hepatocytes and
to prevent liver damage induced by CCl, (Botsoglou et al.
2009; Raskovi¢ et al. 2014). The protective effect of rosemary
is largely attributed to its antioxidant, radical scavenging, and
electron donation properties against different reactive oxygen
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and nitrogen species (Ban et al. 2016; Hasanein and Sharifi
2017). Phytochemical screening of RE revealed the presence
of active ingredients such as polyphenols, diterpenes, and fla-
vonoids which have been reported to possess strong antioxi-
dant activities (Moreno et al. 2006). These phytochemicals
have the ability to donate electrons to reactive radicals, mak-
ing them non-reactive and more stable species, therefore
preventing them from interacting with biomolecules, such as
polyunsaturated fatty acids, lipoproteins, and DNA (Raskovi¢
etal. 2014). The protective action of rosemary can alternative-
ly be mediated through the induction of detoxification en-
zymes. Rosemary or one of its constituents may act as a co-
factor in the synthesis of endogenous antioxidants such as
GST and quinine reductase (Singletary 1996). Furthermore,
rosemary may affect the activity of CYP (Letelier et al.
2009) and therefore interferes with the biotransformation of
CC(l, into its reactive metabolites. It is worth to mention that a
combined therapy of both extracts maximizes the protection
against CCly-induced liver injury which can be a flawless
combination for therapeutic approaches when compared to
each individual therapy. These results suggest a synergistic
and/or additive protective effect of phytochemicals present
in the extracts of both ginger and rosemary.

The histopathological results recorded in the present study
supported the obtained biochemical results and indicated that
CCly induced severe histological alterations in the hepatic
tissue as mentioned in the result section. Similar changes were
recorded by other investigators (Eidi et al. 2012; Abdel-
Moneim et al. 2015; Wu et al. 2017). The massive degenera-
tive changes induced by CCly are primarily attributed to the
generation of free radicals. Furthermore, the histopathological
examination confirmed the protective effect of GE and RE.
Most of the observed CCly-induced damage in liver tissue was
greatly improved upon treatment with GE and RE which
points out to their ability to scavenge free radicals. The com-
bination of both extracts maximizes the protective effect
against hepatotoxicity of CCl, possibly due to their synergistic
or additive effect.

Conclusion

Aqueous extracts of ginger and/or rosemary alleviated the
CCly-induced hepatotoxicity in rats especially when adminis-
tered in combination. The protective effect could be attributed,
at least in part, to their bioactive ingredients which possess the
ability to scavenge and/or inhibit the formation of free radicals
during the metabolism of CCl,. They may also enhance the
endogenous detoxifying enzymes and/or inhibit CYP. The po-
tency of the plant extracts under investigation may open new
fields for developing safe and cheap protective remedies for
treatment of liver diseases.
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