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AbstrAct

clinical studies have shown that several classes of antibiotics are evidenced in drug induced liver injury. 
the combination of amoxicillin with clavulanic acid is commonly cited in such cases. Accordingly, the pres-
ent study investigated the potential hepatoprotective and in vivo antioxidant efficacy of sage essential oil in 
co-amoxiclav induced hepatotoxicity in rats. sage essential oil was hydrodistilled from the aerial parts of 
Salvia officinalis L. and its compositional analysis was characterized by Gas chromatography-Mass spec-
troscopy. rats were treated singly or concomitantly with co-amoxiclav and sage essential oil for a period 
of seven days. The major components of sage oil as identified by GC-MS were 1,8-cineole, β-pinene, cam-
phor, β-caryophyllene, α-pinene and α-caryophyllene comprising 26.3%, 14.4%, 10.9%, 7.8%, 6% and 2.5% 
respectively. the in vivo exposure of rats to co-amoxiclav resulted in hepatotoxicity biochemically evidenced 
by the significant elevation of serum AST, ALT, ALP, γ-GT, total bilirubin and histologically conveyed by 
hydropic, inflammatory and cholestatic changes in rats’ liver. Oxidative stress mediated the hepatic injury 
as indicated by the significant escalation in lipid peroxidation, as well as, the significant depletion of both 
glutathione level and glutathione dependent enzymes’ activities. The concomitant administration of sage 
essential oil with Co-amoxiclav exerted a hepatoprotective effect via inducing an in vivo antioxidant defense 
response eventually regressing, to some extent, the hepatoarchitectural changes induced by co-amoxiclav. 
results suggest that sage essential oil is a potential candidate for counteracting hepatic injury associating 
Co-amoxiclav and this effect is in part related to the complexity of its chemical composition. (Int J Biomed Sci 
2016; 12 (2): 71-78)
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INTRODUCTION

Medicinal plants have been priced for their medicinal, 
flavoring and aromatic qualities for centuries. As per the 
World Health Organization estimates, more than 60% of 
people in developing countries rely on plants for their pri-
mary health needs and a recent survey showed that more 
than 60% of patients use vitamins and phytomedicines in 
some stage of their therapy (1). Recently, it has been re-
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ported that nearly half of the agents used in liver therapy 
are either natural products or their derivatives (2). Sage 
plant is one of the widest break spread members of the 
Labiatae family and features prominently in the Pharma-
copeias of many countries throughout the world. It has 
been used as a medication against perspiration and fever, 
as a carminative, spasmolytic, wound healing agent and 
in treating mental conditions (3). A range of the pharma-
cological properties of sage have been purported to its es-
sential oil content (4). 

Liver is an imperative organ that plays a crucial role 
in the metabolism of foreign substances rendering it not 
only the most important organ for detoxification but also 
a major target for their toxicity as well (5). Drug induced 
hepatotoxicity is one of the major concerns in medical 
practice and recent epidemiological data suggests that 
approximately 20 new cases of drug induced liver injury 
per 100000 persons occur each year. According to various 
registries and retrospective studies in European countries 
and the United States, antibiotics are the most common 
agents incriminated in the incidence of drug induced liver 
injury with Co-amoxiclav being cited as one of the lead-
ing causes of hospitalization for adverse hepatic events 
and accounting for 13-23% of drug induced hepatotoxicity 
cases (6-8). 

Several lines of evidence suggest that oxidative stress 
plays a central role in the pathogenesis of drug induced 
liver injury and its induction significantly correlates with 
drug induced liver injury risk. In consensus with the resur-
gence of interest in natural products, screening of plants 
essential oils from chemical and pharmacological investi-
gations to therapeutic aspects daunts researchers to visual-
ize plants as potential sources of hepatoprotective agents. 
In view of the lacking evidence in relating the antioxidant 
competence of sage essential oil with hepatoprotective 
properties; the present study aimed at investigating the 
hepatoprotective and in vivo antioxidant potential of sage 
essential oil in Co-amoxiclav induced hepatotoxicity. 

MATERIALS AND METHODS

chemicals
Co-amoxiclav was obtained from GlaxoSmithKline®, 

Egypt. 5,5’-dithiobis nitro benzoic acid (DTNB), 1-chlo-
ro-2,4-dinitrobenzene (CDNB), oxidized glutathione 
(GSSG), NADPH, thiobarbituric acid (TBA) and cumene 
hydroperoxide were obtained from Sigma-Aldrich, St. 
Louis, MO, USA. All other reagents and solvents were of 
analytical grade.

Plant material
Salvia officinalis L. (common sage) was obtained from 

the department of medicinal and aromatic plants, Horti-
culture Research Institute, Egypt.

Extraction and characterization of sage essential oil
Dried aerial parts of sage were subjected to hydrodis-

tillation for 4 hrs using Clevenger type apparatus (9). The 
obtained essential oil was collected, dried over anhydrous 
sodium sulphate and stored in sealed vials at 4oC. The 
chemical composition of the extracted oil was identified 
using thermo scientific GC-MS version 5 system. Five 𝜇L 
essential oil was diluted to 1mL with dichloromethane af-
ter which 2 𝜇L was injected on splitless mode for 1min, 
followed by a split flow with a ratio of 1:10. The GC oven 
temperature was programmed from 60oC to 280oC at 3oC/
min using helium as a carrier gas. Both the interface and 
injection temperatures were adjusted at 250oC. The ioniza-
tion voltage was 70 eV with a mass range of 40-800 m/z. 
Identification of the oil constituents was done on the basis 
of their retention indices and by comparison of their mass 
spectral fragmentation patterns with those of MS library 
database (NIST and WILEY) (10). Quantitative analysis 
of each oil component, expressed in relative percentages 
of area, was carried out by peak area normalization mea-
surements.

Animals and treatment
Forty male albino rats weighing 150 ± 200 g obtained 

from the animal house of the Faculty of Medicine, Alex-
andria University were used for the current study. The lo-
cal committee approved the experimental design and the 
protocol conforms to the guidelines of the National Insti-
tute of Health (NIH). The rats were housed in standard 
laboratory cages, under a 12-h light dark cycle at a con-
stant ambient temperature (23oC) and humidity (30-60%) 
and were allowed free access to standard pellet diet and 
water ad libitum. After four weeks of acclimatization, the 
animals were assigned into four groups of ten rats each. 
The first group served as the control and received dimethyl 
sulphoxide as a vehicle, the second (Co-amoxiclav) group 
was given Co-amoxiclav orally at a dose of 30 mg/kg, the 
third (SEO) group was treated orally by sage essential oil 
dissolved in dimethyl sulphoxide at a dose of 0.052 ml/
kg and the fourth group (SEO + Co-amoxiclav) received 
Co-amoxiclav and sage essential oil at the same dose and 
schedule as the second and third groups. After 7 consecu-
tive days of treatment, rats were sacrificed and blood and 
liver specimens were collected. Blood samples were col-
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lected into plain vacutainer tubes and serum was obtained 
by centrifugation of blood at 3000 xg for 5 min. Liver tis-
sues were washed with cold phosphate buffered saline and 
S9 fraction was prepared after homogenizing liver tissue 
in 0.01 M phosphate buffered solution (pH 7.4) and cen-
trifuging at 10000xg for 20 min. Both serum and hepatic 
S9-fractions were stored at -80oC till subsequent analyses.

serum markers of hepatic toxicity 
Liver function was analyzed by assessing serum as-

partate aminotransferase (AST), alanine aminotransferase 
(ALT), alkaline phosphatase (ALP) and gamma-glutamyl 
transferase (γ-GT) activities, as well as, total bilirubin 
levels using Spectrum diagnostic kits (Spectrum®, Han-
nover, Germany). All analyses were done in duplicates 
based on the well-established spectrophotometric methods 
according to the kits’ manuals supplied.

Hepatic oxidative stress analysis
To examine the occurrence of oxidative damage in the 

liver, malondialdehyde (MDA) and reduced glutathione 
(GSH) levels, as well as, activities of the antioxidant en-
zymes; glutathione peroxidase (GPx), glutathione reduc-
tase (GR) and glutathione-S-transferase (GST) were as-
sessed in hepatic S9 fraction of treated animals. 

The extent of lipid peroxidation was estimated by deter-
mining the level of MDA using the method of Tappel and 
Zalkin (12). The content of GSH in liver was determined 
by the reaction with DTNB, according to the method of 
Mitchell et al (13). The activities of GPx, GR and GST 
were determined following the methods of Chiu et al (14), 
David and Richard (15) and Chi-Yu et al (16) respectively. 

Western blot analysis of hepatic GST and GPx 
A total of 20 µg of protein per sample was separated 

on a 10% SDS-polyacrylamide gel and electroblotted on 
Hybond-C nitrocellulose membranes (Amersham, U.K.) 
Membranes were blocked with 5% BSA in Tris buffered sa-
line and then probed with the primary antibodies for 3 h at 
room temperature. Antibodies used were specific monoclo-
nal rabbit anti- GST π antibody or anti-GPx3 antibody (di-
lution 1:1000; Abcam UK). After incubation with primary 
antibody, the blot was washed three times in Tris buffered 
saline, followed by incubation for 30 min with anti-rabbit 
horseradish peroxidase IgG (dilution 1:10000; Bio Rad). 
The blot was then washed in Tris buffered saline, and an-
tigen-antibody complexes were visualized after incubation 
for 1 min with enhanced luminescence reagent at room tem-
perature, followed by exposure to Kodak XAR-5 film.

Liver histological analysis
Slices of rats’ liver lobe were cleaned, dried and fixed 

in a solution of 10% buffered formalin. For histopathologi-
cal examination, livers were processed by embedding in 
paraffin and sections were cut by rotatory microtome and 
mounted on glass slides. The sections were stained by con-
ventional Hematoxylin and Eosin (H&E) stain and exam-
ined by light microscope (17).

statistical analysis 
The data were expressed as mean ± standard error of 

the mean of n=10 rats per group. The statistical analysis 
was evaluated by one-way analysis of (ANOVA) using 
SPSS version 17 (SPSS, Inc, Chicago, IL) and the indi-
vidual comparisons were done by Duncan’s multiple range 
test (DMRT). Values were considered statistically signifi-
cant when p˂0.05.

RESULTS

The compositional analysis of the extracted sage oil 
by GC-MS revealed that 1,8-cineole, β-pinene and cam-
phor were the major oil components constituting 26.28%, 
14.41% and 10.85% of the total essential oil composi-
tion. Other chemical components constituting the hy-
drodistilled oil were the terpene hydrocarbons; α-pinene, 
α-caryophyllene and β- caryophyllene comprising 5.99%, 
2.53% and 7.84% correspondingly. Moreover, the alco-
holic terpene “borneol” and the ketonic terpene “thujone” 
constituted 3.57% and 1.76% of the extracted essential oil 
as shown in Figure 1 and Table 1. 

Table 1. Chemical composition of the extracted sage essential 
oil as identified by GC-MS

compound retention time Relative %

α-pinene 6.05 5.99

β-pinene 7.34 14.41

1,8-cineole 9.26 26.28

Thujone 11.72 1.76

Camphor 13.17 10.85

Borneol 14.84 3.57

Bornyl acetate 20.32 1.30

β-caryophyllene 22.67 7.84

α-caryophyllene 23.70 2.53
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Treatment of rats with Co-amoxiclav for the designated 
period induced hepatic injury of mixed pattern, where both 
hepatocellular (AST and ALT) and hepatobiliary injury 
(ALP, γ-GT and total bilirubin) biomarkers significantly 
increased in Co-amoxiclav group. Meanwhile, hepatic in-
jury was alleviated when sage essential oil was concomi-
tantly administered with Co-amoxiclav as inferred by its 
restorative capacity on hepatic biomarkers to normal or 
near normal levels, although treatment of rats with sage 
essential oil alone insignificantly affected hepatic function 
biomarkers (Table 2). 

The effect of sage essential oil and/or Co-amoxiclav on 
oxidative status of the liver varied. Exposure of rats to Co-
amoxiclav significantly increased MDA level, a secondary 
product of lipid peroxidation, and significantly depleted 
GSH level, as well as, glutathione dependant enzymes ac-
tivities (GR, GPx and GST) (Figures 2 and 3). Supporting 

Figure 1. GC-MS chromatogram of the extracted sage essential oil.

Figure 2. Changes in levels of malondialdehyde and reduced 
glutathione in livers of rats treated orally with Co-amoxiclav, 
sage essential oil and their combination.

Table 2. Changes in serum levels of hepatic biomarkers after treatment of rats with sage essential oil, 
Co-amoxiclav and their combination as a single daily dose for seven consecutive days

Parameter
Groups

control co-amoxiclav SEO SEO + Co-amoxiclav

AST (IU/L) 99.4 ± 0.6c 106.1 ± 0.4a 101.8 ± 0.5c 103.1 ± 0.6b

ALT (IU/L) 80.9 ± 0.7c 106.6 ± 0.4a 81.9 ± 1.1c 99.1 ± 0.5b

ALP (IU/L) 152.5 ± 0.8c 185.7 ± 0.5a 159.3 ± 0.9c 163.4 ± 0.7b

γ-GT (IU/L) 2.28 ± 1.13b 3.5 5± 1.95a 2.14 ± 0.82b 2.06 ± 1.17b

Total bilirubin (mg/dl) 0.49 ± 0.06b 1.53 ± 0.07a 0.38 ± 0.12b 0.61 ± 0.11b

Values are expressed as mean ± SEM for 10 rats in each group. a,b,cValues not sharing a common superscript letter in the same row differ 
significantly at p<0.05 (DMRT).

Bars with different superscript letters (a,b) differ significantly at p<0.05 (DMRT)
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the present perturbations in antioxidant defense param-
eters, protein expression of both GST and GPx was inhib-
ited after treatment of rats with Co-amoxiclav (Figure 4). 
Sole treatment of rats with sage essential oil did not pro-
voke any oxidative changes in the liver, where MDA level 
was insignificantly different from the control, however, the 
activities of glutathione dependant enzymes (GR, GPx and 
GST) increased significantly in sage essential oil group. 

Conversely, Co-administration of sage essential oil with 
Co-amoxiclav alleviated the oxidative damage induced 
by the antibiotic as conveyed by the decrease in escalated 
lipid peroxidation and compensation for the antioxidant 
deficits inflicted by Co-amoxiclav (Figures 2 and 3). 

Histological examination of liver section of different 
treatment groups demonstrated that control rats exhibited 
normal hepatic architecture with no signs of inflammation, 
necrosis, fibrosis or cholestasis (Figure 5a). Likewise, liver 
of rats treated solely with sage essential oil did not exhib-
it any significant histological changes (Figure 5b). Rats’ 
exposure to Co-amoxiclav provoked histoarchitectural 
changes manifested by hydropic changes, central vein ne-
crosis and congestion, as well as, mild inflammatory and 
cholestatic changes (Figure 5c), whereas treatment of rats 

Bars with different superscript letters (a,b,c) differ significantly at p<0.05 (DMRT)

Figure 3. Changes in the activity of antioxidant enzymes in 
hepatic S9-fractions of rats treated orally with Co-amoxiclav, 
sage essential oil and their combination.

Figure 4. Western immunoblotting analysis showing protein 
expression of GST π and GPx3 isozymes. Lanes 1, 2, 3 and 4 
represent the pooled protein of matched control, Co-amoxiclav, 
SEO and Co-amoxiclav+SEO treated rats.

Figure 5. Photomicrograph of liver sections of rats from differ-
ent treatment groups. (a) control (b) SEO (0.052 ml/kg BW) (c) 
Co-amoxiclav (30 mg/kg BW) (d) Co-amoxiclav+SEO (H&E 
stain ×200).
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with sage essential oil in conjunction with Co-amoxiclav 
reversed, to some extent, the histopathological changes in-
duced by Co-amoxiclav as is conveyed from the decrease 
in cholestatic changes and central vein congestion in liver 
of rats treated concomitantly with sage essential oil and 
Co-amoxiclav (Figure 5d).

DISCUSSION

Essential oils are natural, complex multicomponent 
systems constituted by terpenes and their oxygenated de-
rivatives. Many official monographs limit the content of 
essential oil, as well as, the specific limits of their major 
components as one of the characteristic specifications of 
these phytodrugs (18). In literature, the chemical compo-
sition of sage essential oils varies widely. The dominant 
constituents in many sage essential oils are cis-thujone 
(≤65.5%), 1,8-cineole (≤59%), camphor (≤45.7%), trans-
thujone (≤40.1%), α-caryophyllene (33.7%) and linalool 
(≤35%). Furthermore, the German Drug Codex regulates 
the amounts of several constituents in sage essential oils as 
≤20% for thujone, 14-37% for camphor, 6-16% for 1,8-cin-
eole, ≤5% for borneol and ≤5% for bornyl acetate (19). In 
the present study, 1,8-cineole, camphor, thujone, α-pinene, 
β-pinene, α-caryophyllene, β-caryophyllene, borneol and 
bornyl acetate accounted for nearly 75% of the total sage 
essential oil composition. Qualitative rather than quantita-
tive composition of the presently hydrodistilled sage oil is 
consistent with those described in other studies and en-
tailed in some Pharmacopeias (18-20). The variability in 
chemical composition of essential oils amongst different 
studies is ascribed to several factors comprising genetic 
and environmental factors, climatic conditions in addition 
to extraction techniques (21).

Hepatotoxic compounds produce a wide variety of 
biochemical and histopathological outcomes and antibiot-
ics in particular are associated with hepatic injury of dif-
ferent presentations and patterns (22). In the current in-
vestigation, the significant increments in the activities of 
serum AST and ALT, as well as, the concurrent increase 
in hepatobiliary injury biomarkers (ALP, γ-GT and to-
tal bilirubin) signify that Co-amoxiclav is a hepatotoxin, 
producing damage of mixed pattern (Table 2). Moreover, 
Co-amoxiclav exposure not only evoked hepatic injury 
but also induced oxidative stress in liver tissue, which was 
manifested by the significant elevation of MDA, as well as, 
the significant depletion in both non-enzymic (GSH) and 
enzymic antioxidants (GR, GPx and GST). 

Changes in the activities of antioxidant enzymes can 

be considered as biomarkers of the antioxidant response 
(24). A common feature of most of the implicated enzymes 
is their function sequestering reactive oxygen species and/
or maintaining the cell and cellular components in their 
appropriate redox state (24). Glutathione peroxidase cata-
lyzes GSH oxidation to GSSG at the expense of H2O2 or 
other peroxides, and GR recycles oxidized glutathione 
back to reduced glutathione; therefore, their activities are 
essential for the intracellular quenching of cell damaging 
peroxide species and the effective recovery of the steady-
state concentration of reduced glutathione (25). It has been 
reported that reactive oxygen species generation along 
with mitochondrial damage and intracellular glutathione 
depletion are the most important indicators of hepatotoxic-
ity (26). Accordingly, in the current study, the decrease in 
the activity of antioxidant enzymes observed in Co-amox-
iclav treated rats clearly indicates a negative response of 
the cell defense system to face oxidative insult induced 
and disruption of the antioxidant defense may account 
for the pathological process of exposure. Furthermore, 
the histopathological changes accrued in Co-amoxiclav 
treated group (Figure 5) may be related to the influence 
of oxidative stress and lipid peroxidation induction which 
disrupts membrane lipids inducing hydropic changes and 
eventually leads to leakage of liver enzymes into the blood 
stream. The presently evidenced biochemical and histo-
logical changes are in accordance with clinical studies in 
the context of hepatic damage pattern (27,28) and are in 
line with pharmacovigilance studies reporting that hepa-
totoxicity prevalence is higher for Co-amoxiclav rather 
than amoxicillin alone (29,30). Moreover, occasioning of 
oxidative stress in Co-amoxiclav treated rats is consistent 
with previous research reports contesting the main role 
of oxidative stress in cytological injury induced by Co-
amoxiclav (31-33). 

Natural antioxidants specially phytochemicals have 
gained popularity worldwide and have been proposed 
as agents to counteract liver damage (34). In the current 
study, sage essential oil exhibited an in vivo antioxidant 
potential against Co-amoxiclav induced oxidative stress 
implicated in hepatic injury induced by the antibiotic. As 
depicted in Figure 2, the escalated lipid peroxidation was 
restored to normal levels and the depleted non-enzymic 
(GSH) and enzymic (GST, GPx and GR) antioxidants were 
significantly increased in rats treated concurrently with 
sage essential oil and Co-amoxiclav. The ex vivo antioxi-
dant potential of sage has been documented in literature 
(3), however few in vivo studies addressed the antioxidant 
potential of sage essential oil or sage extracts. The cel-
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lular antioxidant activity of Salvia officinalis has been 
demonstrated on freshly isolated rat hepatocytes, where 
sage essential oil showed a protective effect against the ox-
idative compound tert-butyl hydroperoxide (35). Another 
study revealed an antioxidant capacity for sage tea on rat 
hepatocytes in primary culture and for sage methanolic 
extract against oxidative damage induced by tert-butyl hy-
droperoxide on HepG2 cells (35, 36). Taking into account 
the present results, it can be conceived that sage essen-
tial oil evoked an antioxidant effect against Co-amoxiclav 
induced oxidative stress as evidenced by the significant 
decrease in escalated lipid peroxidation and compensa-
tion for endogenous antioxidant deficits. Intriguingly, 
when sage essential oil was administered to rats alone, it 
resulted in a significant increase in the activities of anti-
oxidant enzymes without inducing lipid peroxidation. A 
noteworthy feature of the biological system is its heteroge-
neity, where the antioxidants are localized in the aqueous 
and lipid phase of the cell. The lipophilic antioxidants are 
distributed in the lipophilic compartments, whereas the 
hydrophilic antioxidants reside and scavenge radicals in 
the aqueous phase of the cell (37). In this context, sage 
essential oil is privileged with the lipophilic characteristic 
that gives it advantage over aqueous or alcoholic sage ex-
tracts. The endowed lipophilicity and antioxidant capacity 
of essential oils probably enhances their distribution in li-
pophilic compartments of the cells retarding peroxidative 
reactions and augmenting the role of endogenous antioxi-
dant defense system. 

The chemical composition of essential oils and the va-
riety of chemical structures of their constituents are re-
sponsible for a wide range of biological activities many 
of which are of significance in different contexts of hu-
man health (38). Given the complexity of their chemical 
composition, it is suggested that their mode of action is 
complex, and it is difficult to rule out the chemical con-
stituent that contributes to their biological activity or to 
identify the molecular pathway of their action. The hepa-
toprotective activity exerted by the presently investigated 
essential oil may be attributed to 1,8-cineole, as the major 
component of sage essential oil. This monoterpene was re-
ported to have various pharmacological effects including 
anti-inflammatory, antioxidant and antinociceptive activi-
ties (39). In an in vivo murine model of septic shock that 
is characterized by lysis of hepatocytes, 1,8-cineole sup-
pressed the elevation in serum transaminase activity and 
prevented the necrosis and haemorrhage associating the 
septic shock to an extent greater than dexamethasone (40). 
The mono terpenoid, 1,8-cineole was also reported to ex-

ert a hepatoprotective effect via activating the antioxidant 
defense system against the oxidative damage induced by 
the environmental contaminant 2,3,7,8-tetrachlorodiben-
zo-p-dioxin (41). Besides 1,8-cineole, an in vivo antioxi-
dant capacity was also reported for β-pinene (42), a mono-
terpene that is present in the currently investigated sage oil 
in a relatively high amount (14.4%) implying that the major 
components constituting essential oils may contribute to 
their exhibited biological activities. 

CONCLUSION

Conclusively, the present results demonstrated that ad-
ministration of sage essential oil exerted beneficial effects 
in alleviating Co-amoxiclav induced hepatotoxicity in rats 
by limiting the extent of lipid peroxidation and hence cell 
membrane injuries. Considering the significant impact of 
sage on the examined antioxidant enzymes, it can be pro-
posed that sage essential oil mediates its hepatoprotective 
effect through activation of antioxidant defense mecha-
nisms. Meanwhile, the contribution of various essential 
oil components to the effect exerted by sage essential oil 
and their specific mechanism of action are still to be elu-
cidated.
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