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ABSTRACT

Objective: The current study was designed to estimate the potential protective role of the aqueous extract of rosemary (AER) (Rosmarinus officinalis)
against trichloroacetic acid (TCA)-created hepatotoxicity in male albino rats.

Methods: Forty male albino rats were separated into four groups of ten: Group I served as control; Group II was given AER (200 mg/kg/day) by
gavage; Group III received TCA at the dose 50 mg/kg/day, and Group IV was treated with AER (200 mg/kg/day) and received TCA (50 mg/kg/day).
The experiment was carried out for 2 months.

Results: The toxicity of TCA for rats was revealed by an elevation in liver marker enzymes activities (gamma-glutamyl transferase [GGT], alkaline phosphatase
[ALP], aspartate transaminase [AST], alanine aminotransferase [ALT]) and conjugated bilirubin (CB) level, and a decrease in albumin and total protein (TP)
levels. The TCA administration also caused a significant increase in the activities of catalase (CAT), glutathione peroxidase (GPx) and superoxide dismutase
(SOD), and also malondialdehyde (MDA) level in liver tissues. These biochemical effects were accompanied by histological indicators of liver damage.
Treatment with AER recovered the liver damage instigated by TCA, as showed by perfection of liver enzyme markers (GGT, ALT, AST, ALP), CB, TP and
albumin; as well as antioxidant parameters (CAT, SOD, GPx) and lipid peroxidation (MDA) and amelioration of histopathology changes in the liver tissues.

Conclusion: It could be concluded that AER supplementation for 2 months in TCA-induced toxicity in rats benefited hepatic antioxidant status and
improved liver injury and damage in male albino rats exposed to TCA.
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INTRODUCTION

Liver is a very important organ in the human body because it plays an
important role in growth, fighting diseases, and supplying by nutrients
and energy [1]. The role of the liver is not limited to its physiological
functions but extends to other important ways of protecting against
the risks and side effects of drugs and various chemicals that enter the
body of the organism. Despite the great advances in medical sciences,
liver disease remains a major challenge throughout the world, so the
search for new treatments for the liver is still underway. At present, a
number of compounds derived from natural sources are used to combat
various liver disorders. Therefore, many researches are looking for
plant natural products to use it in protect liver cells [2,3].

The presence of quantities of trichloroacetic acid (TCA) in various water
sources has been detected and is also formed as a by-product during
chlorination of water [4]. Various studies point to the multiplicity of
sources of human exposure and are a source of TCA such as tap water,
vegetables, fruits, and also cooking water [5,6]. In our bodies, the
cytochrome P-450 enzymes are sharing reductive dechlorination for
TCA, resulting in different free radicals such as reactive oxygen species
(ROS) [7]. The risk of the presence of ROS is that it leads to the lipid
peroxidation, which in turn oxidative damage in lipids, proteins, and
DNA and eventually leads to organ toxicity [8]. Several studies have
indicated that the liver is very sensitive to TCA toxicity, which causes
many manifestations of liver cell damage such as; increased liver
weight, changes in lipid and carbohydrate balance, liver cell cirrhosis,
and hepatocyte necrosis [9-11].

Recently, it has been suggested that the use of natural foods as
antioxidants, especially foods that are high in antioxidant vitamins

(such as Vitamin C) as well as foods rich in phenolic compounds and
flavonoids, which is characterized by its ability to fight free radicals.
Rosmarinus officinalis L. which is known in English as rosemary is
an evergreen plant cultivated in Egypt and many other countries
across the world. It has been used in folk medicine as a medicinal
plant to fight many diseases (anemia, diabetes, flu, and cold) [12,13].
Rosemary contains important phytochemicals which act as a natural
antioxidant and anti-inflammatory agents such as rosmarinic acid,
carnosol, and caffeic acid [14,15]. Since the rosemary plant contains
many antioxidants, it protects the human body from free radicals and
its harmful effects on different cells and tissues. The present study
is aimed to estimate the hepatoprotective and antioxidant activity of
water extract of rosemary against TCA-induced hepatotoxicity in rats.
Furthermore, the phytochemical constituents and antioxidant activity
of this extract were determined.

METHODS

Plant material

Fresh leaves of rosemary were collected from Haraz store for
medicinal plants. The plants have been identified by the Department of
Horticulture, Faculty of Agriculture, Menoufia University, Egypt.

Aqueous extract preparation

The rosemary leaves were dried under environmental temperature
and powdered using a grinder. About 100 g of dried, ground
rosemary were soaked in distilled water (1 L) for 72 h and stirred
every 24 h by a glass rod. The final extract was filtrated through
Whatman filter paper No. 1. The final filtrates were concentrated on
a rotary evaporator at 40°C (under vacuum) then stored at 4°C for
further use.
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Chemicals and reagents

Sodium carbonate, Folin-Ciocalteu, gallic acid, aluminum chloride,
potassium acetate, quercetin, potassium ferricyanide, TCA, ferric
chloride, ascorbic acid, and sodium chloride were obtained from El-
Gomhoria Company, Cairo, Egypt. Phenolic compounds standards,
methanol and acetonitrile high-performance liquid chromatography
(HPLC) grade from (Sigma) were obtained from Egyptian International
Import Center, Nasr city, Egypt.

Phosphate buffer and Kkits of the lipid peroxidation end product
malondialdehyde (MDA), catalase (CAT), superoxide dismutase (SOD), and
glutathione peroxidase (GPx) were obtained from Spinreact Co., Girona
(Spain) and kits for conjugated bilirubin (CB), total protein (TP), albumin
and alanine aminotransferase (ALT), aspartate transaminase (AST)
enzymes activity were obtained from Diamond Company, Cairo, Egypt.

Antioxidant activity in vitro

The amount of phenolic compounds in aqueous extract of rosemary
(AER) was determined with Folin-Ciocalteu reagent according to
Spanos and Wrolstad [16]. Aluminum chloride colorimetric method
was used for flavonoids determination using the method of Aiyegoro
and Okoh [17]. The reducing power of AER was determined according
to Ebrahimzadeh et al. [18].

Identification of phenolic compound by HPLC

Phenolic compounds were fractionated and determined by HPLC
Hewlett-Packard (series 1050) equipped with autosampling injection
and ultraviolet detector set at 280 nm and quaternary HP pump (series
1050). A column was Alltima C18, 5 mm (150 mmx4.6 mm). The column
temperature was maintained at 35°C. Gradient separation was carried
out with methanol and acetonitrile as a mobile phase at flow rate of
1 mL/min. Phenolic compounds standards from Sigma Company were
dissolved in a mobile phase and injected into HPLC. Retention time and
peak area were used to calculate phenolic compounds concentration by
the data of Hewlett-Packard software.

In vivo study
Experimental animals and experimental design

Forty male albino Wistar rats weighing between 180 and 200 g each
were used for this experiment. They were procured from the Research
Institute of Ophthalmology, Giza, Egypt.

All experimental procedures were processed according to the ethical
guidelines of International Association for the Study of Pain [19].
Rats were housed in stainless steel cages placed in a well-ventilated
rat house, maintained for 2 weeks as acclimatization period under
standard laboratory conditions on free supply of food and water
provided ad libitum and subjected to 12 h natural light and dark cycles.
After the period of acclimatization, rats were divided randomly into four
groups, 10 animals in each. The animal experiments were conducted
for 2 months. Group I was received daily 0.5 mL of saline solution
(0.9% NaCl) orally for 2 months and was used as control group (CG);
Group II was administrated orally with AER (200 mg/kg body weight)
by gavage reperfusion group (RG); Group III was received TCA at dose
50 mg/kg/day triglycerides (TG); Group IV was received the rosemary
(200 mg/kg/day) and receive TCA at dose 50 mg/kg/day radioisotope
thermoelectric generator (RTG).

Hepatoprotective activity was calculated according to the formula of
Singh et al. [20].

Hepatoprotective activity (%) = 1-[(RTG-CG)/(TG-CG)]=x100

Serum collection and tissue preparation

The rats were anesthetized and sacrificed after the examination period
(2 months), the blood samples were collected from a cardiac puncture
and put immediately into glass tubes and centrifuged at 3000 rpm for
20 min at 4°C to separate serum samples which stored in aliquots at
-20°C till used. The livers were immediately removed, washed with
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normal saline solution (0.9%, w/v), blotted, and weighed. Small pieces
were fixed in 10% neutral buffered formalin for routine histopathology,
and the remaining part was homogenized in ice-cold Tris-buffered
saline, pH 7.4, and centrifuged at 3000 rpm for 10 min at 4°C. The
homogenate was collected in aliquots, stored at -20°C until use.

Measurement of biochemical parameters

Serum AST and ALT activities were determined according to Reitman
and Frankel [21]. CB level and alkaline phosphatase (ALP) activity
were determined according to Malloy and Evelyn and Kind and King
[22,23], respectively. Serum TP level was determined by Biuret method
Lubran [24] while that of albumin level was determined by bromocresol
green according to Waterborg [25]. The lipid peroxidation end product
MDA level was measured according to Ohkawa et al. [26]. Furthermore,
CAT activity was determined as described by Aebi [27], SOD activity
was measured using the method of Nishikimi et al. [28] and kinetic
determination of GPx activity was done according to the method of
Paglia and Valentine [29].

Histopathology of the rat livers

The liver tissues prepared for histopathological examination by light
microscope according to the method of Carleton [30], through the
following steps: First, dehydration using serial dilutions of methyl and
absolute ethyl alcohols, second, samples embedded in paraffin, third
prepared paraffin bees wax tissue blocks and sectioned at 4 p by sledge
microtome, and finally tissue sections were collected on glass slides,
deparaffinized and stained by hematoxylin and eosin stains.

Statistical analysis

The values were expressed as mean*standard deviation. The data were
analyzed by one-way analysis of variance and Student’s t-tests using the
SPSS Version 11.5. p<0.05 was considered statistically significant.

RESULTS

Phytochemical and antioxidant activity of AER

Phytochemical analysis using HPLC and spectrophotometric assays
provided qualitative insights the bioactive components of AER. Table 1
shows AER containing 18 mg gallic acid equivalents/100 g dry matter
(DM) of total phenolics content and 8.6 mg quercetin equivalent/100 g
DM of total flavonoids content.

A total of six phenolic compounds (caffeic acid, ferulic acid, apigenin,
luteolin, gallic acid, and gallic acid methyl ester) were characterized by
HPLC. Luteolin and caffeic acid were present in high levels (3.96 and
3.24 mg/100 g DM, respectively). Traces of ferulic acid, apigenin, gallic
acid, and gallic acid methyl ester were also detected.

Fig. 1 showed the dose-response curves for the reducing powers of
the AER compared with ascorbic acid; the reducing powers of AER
increased by increasing the extract concentration. At the highest
concentration (800 pg/mL), AER showed highest activity (0.856). Fig. 1
also indicates that Vitamin C has a higher reducing power than the AER
at all concentrations.

Effects of TCA on biochemical liver markers

The results tabulated in Table 2 revealed that the treatment with TCA in TG
induced a significant increase in serum enzyme activities of ALT, AST, and ALP
as compared with normal rats (CG); while the treatment only with AER (RG)
did not cause any significant changes compared with CG. Treatment with AER
in rats treated with TCA in drinking water RTG allowed these parameters
to significantly reduce and come near the CG values. In another way, the
supplementation with TCA (TG) increased the levels of CB and reduction
the albumin TP levels as compared with CG; however, supplementation with
ARE moderated these alterations and reestablished it close to the normal
values for control rats or those supplemented with AER only.

Expressed in percentage of liver protection provided, AER was

hepatoprotective as calculated by the formula of Singh et al. [20]. Fig. 2
presents the results of our calculations of liver protection as provided
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by AER in TCA-induced hepatotoxicity in rats. Fig. 2 showed the ratio
of protection resulting from treatment with AER on each of the AST
(21.09%), ALT (56.1%), ALP (52.56%), and CB (46.08%).

Enzymatic antioxidant status and MDA levels in liver

Rats in TG (treated with TCA) showed a significant increase in SOD, CAT,
and GPx activities as compared with CG (Table 3). TCA also induced a
significant elevation in the MDA content in liver tissues as compared
with CG. Oral supplementation with 200 mg/kg/day of AER against TCA
treatment (RTG) caused a significant decreased in all antioxidant enzymes
(SOD, CAT, and GPx) activities compared with rats treated with TCA only
(TG). Moreover, AER regulation alleviated lipid peroxidation prompted by
TCA treatment and significantly improved MDA levels in liver (Table 3).

Histopathology of rat liver tissue

Microscopic screening of the liver in CG and RG groups showed normal
structure and cellular architecture for liver cells (Fig. 3a and b). In
contrast, supplementation of TCA for 2 months prompted damage to
the liver cells with disarrangement of liver strands. The liver sections
in TG group showed vacuolation of hepatocytes with hydropic
degeneration (Fig. 3¢). However, treatment with AER (RTG) has greatly
improved the deterioration of liver cells (Fig. 3d). Based on the liver
histopathological changes, we can confirm that the treatment of TCA
caused hepatotoxicity, while the water extract of rosemary showed a
protective effect against this toxicity, resulting in liver cell protection.

DISCUSSION

Hepatotoxicity has been specified as the most notable effect of TCA that
are created in rodents [31,32].

The hepatotoxicity resulting from TCA treatment can be explained
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the liver tissues of mice treated with TCA [8,33,34]. Dietary intake of
different plant extracts (which contain polyphenolics and flavonoids)
grants repressing effects versus oxidative damage in animals [35]
and humans [36]. In this context, the current study affirms that AER
modulates significantly the liver functions against the harmful effects
of TCA.

Our results showed that AER was rich in total phenolic compounds
and total flavonoids (Table 1) that contributed to its antioxidant
activity to scavenge free radicals. This result is in harmony with many
authors [12,37,38] who found that rosemary is rich in different phenolic
compounds and flavonoids. There is a close relationship between the
reducing power and the antioxidant activity of the various extracts,
which is considered to be an expression of the efficacy of these extracts
as antioxidants [39]. In this study, main polyphenolic compound in AER
was luteolin (3.96+0.01 mg/100 g DM) which showed high antioxidant
activity when tested by reducing power assay compared with butylated
hydroxytoluene [40]. Flavonoids with a hydroxyl group in their structure
(such as luteolin) have antioxidant properties as they donate hydrogen
to a free radical [41]. On the other hand, the second important phenolic
compound in AER is caffeic acid (3.24+0.06 mg/100 g DM) which
also showed high antioxidant activity because of caffeic acid has two
hydroxyl groups and therefore has good antioxidant properties [42].
The antioxidant effect of AER may be related to its various phenolic
compounds content, which is characterized by redox properties, making
them act as hydrogen donor, and put out singlet oxygen radicals [43].

Table 3: Effects of rosemary aqueous extract on the activity of
SOD, CAT, GPx, and MDA content in rat liver in different groups

by the production of ROS, which have been observed to increase in Groups CG RG TG RTG
Parameters
Table 1: Phytochemical composition of AER SOD 19.42+2.01a 18.47+1.92a 41.75+2.2c 31.58+2.6b
Phytochemical parameters Amounts w/ mg
protein)
TPC mg GAE/100 g DM 18+0.53 CAT 91.83+1.8a  89.42+2.85a 118.4+3.2c  102.9+1.9b
TFC mg QE/100 g DM 8.6+0.22 (U/mg
Polyphenolic compounds (mg/100 g DM) protein)
Luteolin 3.96£0.01 GPx 14.87+1.73a 15.17+2.32a 32.83+1.78c 21.85%1.6b
Caffeic acid 3.24+0.06 (U/mg
Apigenin 0.81+0.03 protein)
Ferulic acid 0.684+0.07 MDA 45.08+2.46a 44.75+2.83a 76.67+1.72c 60.5+1.45b
Gallic acid 0.378+0.02 (nmol/g
Gallic acid methyl ester 0.306+0.04 tissue)

Data are reported as the mean+SD of three replicates. AER: Aqueous extract of
rosemary, TPC: Total phenolics content, GAE: Gallic acid equivalents, DM: Dry
matter, TFC: Total flavonoids content, QE: Quercetin equivalent, SD: Standard
deviation

Table 2: Effect of aqueous rosemary extract on serum liver
functions in different groups

Groups CG RG TG RTG
Parameters

AST (U/]) 17.92+1.43a 18.17+1.36a 41.25+1.5¢c 36.33+1.4b
ALT (U/]) 33.17+1.37a 35.25%+2.42a 53.67+1.08c 42.17+1.5b
ALP (U/D) 113.08+2.3a 114.7+2.09a 134.2+1.72c 123.1+2.5b
CB (mg/dl) 0.423+0.02a 0.427+0.03a 0.64+0.025c 0.54+0.02b
TP (g/dl) 6.21+0.89¢  6.24+0.75¢  4.85+0.29a 5.34+0.3b
Albumin 4.19+0.11c  4.22+0.13c  3.73+0.08a 4.06+0.07b
(g/d1)

Data are expressed as means+SD (n=10 rats per group). Comparison between

groups was made using Student’s t-tests. Values in the same columns not sharing
a common letter (a-c) differ significantly at P<0.05. AST: Aspartate transaminase,
ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, CB: Conjugated
bilirubin, TP: Total protein, CG: Control group, RG: Aqueous extract of rosemary
group, TG: TCA group, RTG: Aqueous extract of rosemary + TCA group

Data are expressed as means+SD (n=10 rats per group). Comparison between
groups was made using Student’s t-tests. Values in the same columns not
sharing a common letter (a-c) differ significantly at P<0.05. SD: Standard
deviation, SOD: Superoxide dismutase, CAT: Catalase, GPx: Glutathione
peroxidase, MDA: Malondialdehyde, CG: Control group, RG: Aqueous extract of
rosemary group, TG: TCA group, RTG: Aqueous extract of rosemary + TCA group
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Fig. 1: Reducing ability of aqueous extract of rosemary compared
with ascorbic acid at various concentrations
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Fig. 2: Hepatoprotective activity of aqueous extract of rosemary
in trichloroacetic acid-induced hepatotoxicity in rats. Data are
expressed as meansstandard deviation (n=10 rats per group).
Comparison between groups was made using Student’s t-tests at
p<0.05

Fig. 3: Liver histopathology in different groups. (a) Control group
showed hepatic lobules showing central veins surrounded by
columns of normal hepatocytes having abundant eosinophilic

cytoplasm, central rounded nuclei separated by blood sinusoids;

(b) reperfusion group showed normal histological structure,
mild hydropic degeneration, hepatocytes were rounded with
granular eosinophilic cytoplasm with central rounded nuclei;
(c) triglycerides showed central vein congestion, hepatocytes
were rounded with granular eosinophilic cytoplasm with central
rounded nuclei; (d) radioisotope thermoelectric generator
showed mild tubular necrosis with regenerated tubular cells
(H and E, x40)

The treatment with TCA (0.5 g/Lin drinking water) caused liver enzymes
(ALT, AST, and ALP) to exit from the liver cells into bloodstream; it also
results in lower levels of albumin in serum, which is consistent with the
recognition that TCA is a known hepatotoxin that is used extensively for
the induction of hepatotoxicity in animal models [44]. The occurrence
of these changes in the biochemical evidence is a strong indicator
of significant malfunction in the various liver functions [45]. In the
present study, oral treatments with 200 mg/kg/day of AER for 60 days
significantly reversed the altered serum liver function parameters in
the TCA-treated rats. The hepatoprotective effects of AER can be linked
to the phenolic compounds and flavonoids, which are characterized
by an antioxidant activity; that can fight the oxidative stress caused by
TCA [46-49].

The biochemical biomarkers of liver functions in serum supported
the histopathological damages in liver cells in the current work. These
observations confirmed significant histological changes in the liver
cells as a result of TCA treatment. It might be due to its toxic impact by
the generation of free radicals causing destroy to the various membrane
components of the liver cells. Similar results have been recorded
in previous studies, which have led to significant histopathological
changes in liver cells as a result of the treatment of TCA [50].
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On measuring free radical-induced oxidative stress, enzyme markers
such CAT, SOD, GPx, and for lipid peroxidation, catabolite such as MDA
are widely accepted and used [51]. To evaluate the effect of AER on TCA-
induced oxidative stress and activities of antioxidant enzymes CAT, SOD,
GPx, and MDA level were measured.

The present study showed that TCA induced a significant increase in the
activity of SOD, CAT, and GPx compared with normal CG; these results
are agreement with El Arem et al.; Hassoun and Cearfoss [52,53], who
confirmed the increase in these enzymes activity in the serum when
animals treated with TCA. TCA treatment resulted in an increase in SOD
and CAT activities suggesting a partial role of SOD-CAT in protection
against cellular toxicity and the contribution of superoxide anion and
H,0, to the previously observed oxidative cellular damage associated
with TCA treatment [53].

In rats treated with AER and TCA (RTG), we found that the activities
of these enzymes have returned to approximate the normal values of
the CG.

Levels of MDA in different tissues are a primary indicator of the degree
of lipid peroxidation as it is the final product of polyunsaturated fatty
acid peroxidation. Our results showed that the liver content of MDA was
significantly elevated in TCA-treated rats. This elevation might have
resulted from an elevation of ROS as a result of the stressful conditions
in the rats exposed to TCA. The significant decreased of MDA levels in
rats treated with AER (RTG) may be due to inhibitory action of this
extract on lipid peroxidation that may be related by the antioxidant
activity which helps in the protection of membrane integrity.

The ability of the AER to recover SOD, CAT, and GPx activities and MDA
levels to normal levels of animals treated with TCA might be attributed
to antioxidant properties and the free radical scavenging of rosemary
aqueous extract since antioxidants appear to confront disease by
increasing the activities of antioxidant enzymes and reduced lipid
peroxidation [54].

Thus, this results strongly further suggests antilipoperoxidation
activity of AER. The antioxidant activity and hepatoprotective effect of
AER could be attributed to its high content from phenolic compounds
and flavonoids as these phytocomponents have been widely reported to
possess antioxidant and antilipoperoxidative activities [55].

CONCLUSION

The present study suggests that AER has a potent antioxidant and
hepatoprotective activity in TCA-induced hepaticinjury in rats. Rosemary
may possess both antioxidant and antilipoperoxidative activities by
inhibiting and scavenging free radicals generated by TCA. These findings
provide biochemical and histological data supporting folkloric use of
rosemary in the local treatment of some hepatic disorders.
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