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Abstract

‘ ‘The c'rfcct‘of the medicinal herb Rosemary (Rosmarinus officinalis) with or without
trichloroacetic acid (TCA) on the histological structure of liver of Swiss albino mice znd cn
some liver function tests was investigated.

' Eighty female mice 20-26gm were divided into 4 groups; control group, Zroup treated
with TCA 500 mg/kg body weight in drinking water, group treated by oral gavage with 6.1
ml aqueous extract of Rosemary 60 mg/kg and group treated with TCA and Rosmarinus

officinalis for 3 weeks.
Mice treated with TCA showed loss of appetite, loss of body furs and decreased
activity. These alterations decreased in mice administrated Rosmarinus officinalis and TCA.
Final body weight of mice treated with TCA exhibited a significant decrease m
comparison with control group. An improvement in weight was recorded in mice treated
with Rosmarinus officinalis and TCA.

Treatment with TCA, led to 2 significant increases in serum alanin aminotransferas
(ALT) and insignificant increase in aspartate aminotransferase (AST) and total protem.
Administration of Rosmarinus officinalis with TCA inhibited the elevation of ALT but not
the elevation of AST or total protein.

Liver sections of TCA treated group illustrated congestion of central veins with
hemolysis and loss of normal architecture with prominent Kupffer cells. Some hepatocytes
exhibited slight hypertrophy. Focal necrotic areas associated with inflammatory cells
infiltration and vacuolation of hepatocytes WETC obvious. Histochemical examination
revealed increased reactivity of hepatocytes with periodic acid Schiff technique (PAS). In
mice treated with Rosmarinis officinalis and TCA; most pathological lesions disappeared

and hepatocytes showed reactivity to PAS close to that of control group.

Key words: Rosmarinus officinalis, trichloroacetic acid, hepatotoxicity histopathological

changes, histochemical.

Introduction
Rosemary (Rosmarinus officinalis) belonging to the family Lamiaceae, is best
appreciated as a medicinal plant, Traditionally, Rosemary has been used as a tonic
and stimulant, analgesic, antirheumatic, carminative, diuretic, expectorant, anti-
epileptic, anti-spasmodic in renal colic, dysmenorrhoea, relieving respiratory
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According to the World Health Organiz.aFion (WHO) in 2008, abouyt 80% of
world's population relies on traditional medicine for their primary healthcare n the
(Pierangeli, 2009). In fact, phytotherpay has been widely used because of theﬁledS
cost and the easy availability of medicinal plants (Salah et al., 2011).Patients who o
self-medicated with herbs for preventive and therapeutic purposes may assume t;re
these products are safe because they are natural. Nevertheless, some of th em cat
cause adverse effects or have the potential to interact with other medications (Erog
et al., 2009). !

TCA is a colorless to white crystalline solid with a sharp, pungent o4,
(NIOSH, 2003). It is formed from organic material during water chlorination (Ipcg
2000) and has been detected in groundwater, surface water distribution systems, ané
swimming pool water (US. EPA, 2000). It was also detected in vegetables, fruits.
and grains. Therefore, human exposure to TCA can also occur via food consumptiep
(Reimann et al.,, 1996). Oral half lethal dose (LD50) of 4970 mg/kg of body weight
for TCA have been reported in mice (Woodard et al., 1941).

Liver is the primary organ of drug metabolism. It plays a key role as
detoxification agency in the body. Any damage to this organ may cause serious
disorders in the form of various diseases which can be observed in the form of
histopathological and biochemical lesions(Soyal et al.,2007).Therefore, this study
aimed to evaluate the protection afforded by Rosemary against TCA -induced liver
damage in mice. ,

Materials and Methods :

Apparent healthy adult female Swiss albino mice (Mus-musculus) 8 to 10
weeks old and weighing 22 +4 gm were obtained from the Animal Breeding House
of faculty of veterinary medicine, Omar El-Mukhtar University, Albayda ,Libya .
They were housed in the laboratory animal room in clean plastic cages under
controlled conditions of temperature (20 £ 2)°C and photoperiod (14h light: 10h
dark) cycle. The animals were maintained on standard commercial pellet diet and
clean drinking water. They were acclimatized for one week prior to the start of
experiments.

Rosemarinus officinalis were purchased from a local herb grocery in Algabal
Alakhder-Libya. The plant was authenticated by Department of Botany, Faculty of
Agriculture, Omar El- Mukhtar University, Al Bayda-Libya. The plant was cleaned
and air-dried. Leaves powder of 15 gm were mixed with 100 ml boiling distilled
water and steeped in boiled water in a closed vessel for few min. The crude extracts

were filtered by a piece of gauze.
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_Sox‘nc mice were given Trichloroacetic acid (TCA) (Sigma Co., Germany) in
drinking water: as an example of environmental pollutants, by the dose 500mg/kg
for 3 weeks. '

7
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Fig.(1): Rosemarinus officinalis

Experimental design:

The experiment included 80 female mice ranged from 20-26gm, divided into 4
groups of 20 mice each. Group I (control group); received distilled water at dose
level 4 mU/kg by oral gavage. Group II(TCA treated group); received TCA at dose
level of 500 mg/kg body weight in drinking water (Doses were estimated based on
default drinking water intake values for mice).Group Il (Rosemarinus officinalis
treated group); treated orally by oral gavage with 0.1 ml aqueous extract of
Rosemarins officinalis at dose level 60 mg/kg bw. as used in traditional medicine (
equivalent to dose used by a human weighing 70 kg). This dose was determined
according to Paget and Barnes(1964). Group IV (Rosemarinus officinalis and TCA
treated group); treated with TCA and the aqueous extract of Rosemarinus officinalis
for 3 weeks.

Body weight:

Body weights of mice in all groups were measured weekly and at the
beginning and the end of the experimental period using electronic balance. The
mean gain in body weights between the successive intervals were estimated
according to Titiincii er al (2010).

Biochemical studies:
Twenty four hours after the end of experimental period, unanesthetized mice

from both control and experimental groups were sacrificed by slaughtering.
Peripheral blood samples were collected from the neck blood vessels into free
anticoagulated containers, centrifuged at 3000 rpm for 10 minutes and the
supernatant serum was collected in eppendorf. Serum activities of alanine
aminotransferas (ALT) and asparatate aminotransferease (AST) were determined
calorimetrically according to the methods of Reitmans and Frankel (1957). Total
protein was measured according to Lowry et al. (1951) using commercial available

31

CamScanner



Protective effects of R"’”'g—’l'ﬂlLLQ[ﬂmL
aQ,

disergdids — R,

Biotechnologies(Germany) and automated hiochcm'
|

kits from Analyticon '
analvzer photomeler.

: ical studices: . . |
Y ver was removed immediately. Pieces of the iver

“\ﬁcl v l( “Lh | gu ‘

; . Secti - hick were cut with the rotary microtom .
araffin wax. Sections of 5-7 um t ‘ ‘ ¢ (L
}2123“125) and stained with Harries haecmatoxyline and eosin (H&E) and pCriOdciz
1£id Schiff (PAS) according to Bancrofi& Gamble (2008). Histological Sectiop,

were examined by light microscope with digital camera (Nikon Eclipse E400),

Statistical analysis:

All data were expressed as Mean £ S.E.M. The results were analyzeq
statistically by one-way analysis of variance (ANOVA) followed by Duncan's test,
Excel programs were used for analysis the results and draw the figures.

Results

From daily observations, it was found that there were no unusual behavi,
or change in the externai features of animals treated with Rosemarinus officinalis
However, slight decrease in food intake was recorded. On the other hand, mice
treated with TCA showed loss of appetite, loss of body furs and rough coat. In
addition, decreased activity in some individuals was noticed. These alterations
decreased in mice administrated Rosemarinus officinalis and TCA. However, No
deaths were recorded during the 3 weeks of the experiment period in the control or

the treated animals.
Statistical analysis revealed that there was insignificant changes in the initial

body weight of control and all experimental groups. The body weight increased
gradually in the control group through the experimental period. The final body
weight gain of mice in control group increased by 15.4% above the initial body
weight. Administration of TCA alone induced marked decrease in the mean body
weight gain. The final body weight decreased by 1.4 % from the initial body weight.
It was also found that the final body weight showed significant decrease in
comparison with the control group. An improvement in the final body weight was
noticed in mice treated with aqueous extract of Rosemarinus officinalis and TCA
comparing to TCA only treated group. The final body weight increased by 0.98 %
above the initial body weight in mice treated with Rosemarinus officinalis and TCA.
A slight and insignificant increase in the final body weight was demonstrated in
mice received Rosemarinus officinalis only. The final body weight increased by 3.5
% above the initial body weight in mice treated with Rosemarinus officinalis only.
It was found that Rosemarinus officinalis only inhibited the significant decrease in
the mean of final body weight gain comparing to control group (Table 1) and

represented in (Fig.2).

Table (1):Effect of aqueous extract of Rosems vinus officinalis with and without
TCA on body weight gain of mice.
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Time l\::?tli‘n(l,f ani l;iod}' ~ Mean  Mean of final  The mean
weight body body weight '
Groups body afterone  weight  (gm) afier oirnc::(';ge
\\((g‘l'fl;lf week after two  three weeks wcigh{
~ — weeks o
Control 201 0.1°  21.9%04° 23.1£0.5° 232006 154%;)
20, 5.4 %
TCA Onl_\' 20.9 % 0-2’ 20.7 + 0.4.b 21.] :}: 20 l + 0 5: l 4 0/
' ' =1 o
0.6"
Aqueous extract 200+ 0.2  20.0+0.6" 207 +
of Rosemarins 0';. 20.7+£0.9"  35%
officinalis '
Aqucous extract 20,4 % 0.3 21.0+0.8% 20.1 + :
of Rosemarins 0.5 20.6=0.6" 098 %
officinalis & :
TCA

Each v’alue represent the mean =S.E. of body weight of survival animals in each
group. Values ,within raw and colum with no common superscripts are statistically

significant at P< 0.05.
—
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Fig.(2): Effect of Rosemarinus officinalis with and without TCA on body weight

gain of mice.

al studies:-
lone or with Rosemarinus officinalis alone led to a

significant (p< 0.05) increase in serum alanin aminotransferas (ALT). While,
administration of Rosemarinus with TCA inhibited the elevation of ALT (Table 2)
and (Fig.3).However, insignificant ‘p> 0.05) increase
aminotransferase (AST) activity and total protein occurred in animals tre
TCA only, Rosemarinus alone and those animals treated with Rosemarinus and

TCA(Table 2) and (F igs.4 and 5).

Physiological and biochemic
Treatment with TCA &
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Fig.(3): Influence of aqueous extract of Rosemarinus officinalis with and without
trichloroacetic acid(TCA) on Alanin aminotransferas ALT (IU/L).
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Fig.(4):Inf
k (tzicmlizzzzl?f aq}x GOuf extract of Rosemarinus ofﬁcinalis with and without
ic acid(TCA) on Aspartate aminotransferase AST (IU/L)
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Fig.(5):Influence of aqueous extract of Rosemarinus officinalis with and without

trichloroacetic acid(TCA) on total protein (g/dl).

Histological and histochemical observations:

Sections of liver of control mice showed normal lobular architecture with
central vein and radiating cords or plates of hepatocytes, separated by hepatic
sinusoids (Fig.6). On staining of the hepatic tissues with periodic acid Schiff (PAS)
technique, there was a moderate reactivity of some hepatocytes and weak reactivity

of others (fig.7).

In mice given TCA, many liver sections showed congestion of central veins
with intravascular hemolysis of red blood corpuscles. Loss of normal histological
architecture with stenosis of hepatic sinusoids in some areas associated with
prominent Kupffer cells were noticed. Dilatation of sinusoids in other regions were
also observed. Moreover, some hepatocytes were characterized by more acidophilic
cytoplasm, while, other hepatocytes exhibited slight hypertrophy. In addition to
these hepatocellular alterations, vacuolation of hepatocytes became a prominent

feature in this group. Necrosi
karyorrhexis or karryolysis 0
in some sections, the area 0
inflammatory cells and more
histochemical examination of
most hepatocytes were filled w
PAS technique (fig.11).
Histological sections 0
Rosemarinus officinalis ¢
hepatocytes (fig.12).In addition,
recognized. However,

s of some hepatocytes with pyknosis of their nuclei and
£ other nuclei were also noticed(figs8and.9). However,
f focal necrosis was associated with infiltration of
dilated hepatic sinusoids (fig.10). Furthermore, the
liver sections of mice treated with TCA revealed that
ith cytoplasmic granules that severely reacted with

f livers of mice treated with the aqueous extract of
«hibited some intracytoplasmic vacuoles in some
dilatation of a branch of the portal vein were also
the same group showed moderate reactivity of some liver

cells and weak reaciivity of others with PAS stain especially in the periportal area

(fig.13).

In the group of mice treated with Rosemarinus officinalis along with TCA;

most of the pathological lesions which previously appeared in the group intoxicated
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Fig.(6):A section of liver of female mouse of the control group showing normal
architecture of liver tissues with central vein(C) and radiating plates of hepatocytes,
separated by hepatic sinusoids(S) (H&E stain, x400).
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Fig.(7):A section of liver of female mouse of control group showing moderate

reactivity o1 some hepatocytes and weak reactivity of others with periodic acid Schi
(PAS stain, x400).
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Flg.(?.):{\ section of liver of mouse treated with TCA showing congestion of central vein
with certain hemolysis (H), vacuolation of hepatocytes(V) hypertrophied hepatocytes(T) and

necrosis(N) of hepatocytes (H&E stain, x400).
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Fig.(9):A section of liver of mouse treated with TCA indicating loss of hepatic architecture

and necrosis(N) of hepatocytes and stenosis of sinusoids with prominent Kupffer
cells(Arrows) (H&E stain, x400)
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Fig.(11):A section of Liver of mouse treated with TCA showing sever reactivity of most
hepatocytes with periodic acid Schiff (PAS stain, x400).
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Fig_.(lJ):A section of li.ve.r of mouse treated with aqueous extract of Rosemarinus officinalis
showing querate'reacﬂvxt:f of some liver cells and weak reactivity of others with periodic acid
Schiff. Notice the dilatation of a branch of the portal vein (P) (PAS stain, x400).

d aqueous extract of Rosemarinus

uite improvement of liver tissues exposed to TCA. but there is still
olation (H&E stain, x400).

er of mouse treated with TCA an
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persistent hepatocytic vacu
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Fig.(15):A section of liver of mouse treated with TCA and aqueous extract of R
officinalis showing moderate reactivity of some hepatocytes and weak
with periodic acid Schiff (PAS stain, x400).
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Discussion

The present study showed that there were no unusual behavior or changeg
in the external features of animals treated with Rosemarinus officinalis, but g s]{ém
decrease in food intake was recorded. On the other hand, mice treated with TCA
showed loss of appetite, loss of body furs, rough coat and decreased activity in some
individuals. In general it was found that Rosemarinus officinalis lessened the
undesired behavior and the changes in the external features resulted from TCA
administration. Similarly, no abnormal signs, behavioral changes, significant
differences in food and water consumption were noted during the 2-week
observation period conducted in rats treated orally with Rosemarinus officinalis
extracts at a single dosage of 2.000 mg/kg of body weight (Anadon et al.,2008). This
plant has been shown to be safe in toxicity studies in animal models, when added as
antioxidant to food (Schuler, 1990). These results are in agreement with Garima and
Goyal (2007) who reported that no toxic effects in terms of sickness were observed
in Swiss albino mice treated with Rosmarinus officinalis leaf extract (at a dose of
100, 200, 400, 800, 1000, 1500 and 2000 mg/kg body weight by oral gavage for$
days), and also these doses did not show any change in urination and defecation
pattern. Moreover, there was no changes in the behavior and external features could
be detected in rabbits treated with rosemary comparing to control group (Alzergy ¢
al., 2010). On the contrary, Nusier et al. (2007) suggested that the ingestion of
Rosemarinus officinalis extract at dose level 250 and 500 mg/ kg body wt for 63
days may impose toxic effects on fertility in male rats. .
No deaths were recorded during the 3 weeks of the experiment perio.d in thf
control and treated animals. Similar finding had been previously described _b)
Garima and Goyal (2007) who reported that there was no mortality in Swiss albin®
mice treated with Rosemarinus fficinalis leaves extract at different doses up t‘i
2000 mg/kg body weight by oral gavage for 5 days. This was found to be consnst:eﬂn
with other studies where no mortality were observed during the 2-week ObS‘"‘"‘ma
period conducted in rats treated orally with Rosemarinus officinalis ~ extracts o
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single dosage_ of 2000 mg/kg of body weight. Therefore, rosemary extracts appear to
have a low risk of acute toxicity according to Anadon et al. (2008) Howcgltc):r the
present results of TCA were in agreement with that of DeAngelo et 'aI (2008) 'who
stated that no decrease in animal survival was found in mice exposeéi to TCA in
drinking water at dose level up to 5g/L for 60 or 104 weeks.

The present study revealed .that the administration of TCA induced a marked
decrease md the mean body weight gain and the final body weight ~showed
significant decrease in comparison \.wth _the control group. De Angelo et al.(2008)
recorded a decreased in the body weight in mice exposed to TCA in drinking water
at dose leyel 5g/L. for 60 weeks_ relative to the control. This was consistent with
other studies where the body weight was decreased in young male rats exposed to
TCA in drinking water at dose level 3.8 mg/kg-day for 10 weeks (Acharya et
al,1995). The reduction in body weight gain may be due to the oxidative stress
(Mansour and qusa,ZOlO and Saafi et al.,2011) and/or due to the increased
degradation of lipids and proteins as direct effects of toxic compound exposure
(Heikal and Soliman ,2010; Goel et al.,2005 and Mossa et al,, 2011).

In the present work an insignificant increase in the final body weight was
demonstrated in mice received aqueous extract of Rosemarinus officinalis. An
improvement in the final body weight was noticed in mice treated with
Rosemarinus officinalis and TCA comparing to TCA only treated group. However,
Garima and Goyal (2007) reported an insignificant differences in the body weight in
mice treated with Rosemarinus officinalis leaf extract at different doses up to 2000
mg/kg body weight by oral gavage for 5 days. Similar results were recorded by
Nusier et al., 2007 in male rats treated orally with Rosemarinus officinalis extract at
dose level 250 and 500 mg/ kg body weight for 63 days. Moreover, this finding was
also supported by Anadon et al.(2008) in rats treated orally with Rosemarinus
officinalis extracts at a single dosage of 2000 mg/kg of body weight when compared
with those of the control group.

Treatment with TCA, led to a significant increase in ALT and insignificant
increase in AST and total protein. The increase in the serum levels of AST and ALT
was reported to be associated with liver damage (Kaneko, 1985 and Bush, 1991).
Moreover, It is conceivable that TCA, as a toxicological agent, might interact
primarily with liver tissue cell membranes, resulting in structural damage and
changes in metabolism of the constituents (Demiir and Eliikk, 2006).However,
administration of Rosemary with TCA in the present study inhibited the elevation of
ALT but not the elevation of AST or total protein. Nusier et al. (2007) found that
AST, and ALT levels were not altered in male rats fed orally with Rosmarinus
officinalis at dose level 250 and 500 mg/ kg body wt for 63 day_s. Abd El Ka@er et al.
(2012) reported that the liver enzymes ALT and AST activities were significantly
reduced in rats pre-treated by aqueous extract of rosemary at dose 1000 mg/kg by
gastric intubation for 5 days followed by intraperitoneal injection of lead acetate
when compared to lead acetate only treated group. The same authors speculated that
the pretreatment with aqueous extract of rosemary significantly elevated the activity
of antioxidant enzymes in hepatic tissue when compared with lead acetate only
treated group.
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ays showed focal hepatocellular

enlargement and intracellular hepatic swelling. Bull ef al .(1990) confirmed that
TCA is capable of inducing hepatic tumors in mice. Moreover, an increase in
incidence of benign and malignant liver tumors was observed in mice orally
administered TCA(IARC,1995). Acharya et al.(1997) also mentioned that,
hypertrophy of hepatocytes was a characteristic feature in the liver of TCA treated
r of female mice treated with 2, 6.6,

rats. TCA increased cell proliferation in the live
7 or 20 mmol/L TCA in drinking water for 5 days was stated by

Pereira(1996).Moreover, hepatocellular neoplasia was noticed in male mice exposed
or 60 week (De Angelo et al., 2008).

to TCA in drinking water at dose level 5g/L fi
The severe reactivity of hepatocytes with periodic acid Schiff technique in the
d with TCA may indicate that the

present study in the group of mice intoxicate
intracytoplasmic ~ vacuoles resulted  from  accumulation  of neutral

mucopolysaccharides which may be glycogen. Bull et al.( 1990) noticed that TCA
produce small increase in cell size and much a more modest accumulation of
glycogen. Mather et al. (1990) also recorded that male rats received TCA in
drinking water at 36.5 or 355 mg/kg of body weight per day for 90 days showed
hepatic swelling and increased glycogen accumulation. However, Carlton & Mc

Gavin (1995) confirmed that glycogen degeneration or glycogen storage disease is

characterized by excessive hepatic accumulation of glycogen.
) who observed that liver

Our results are in agreement with Alzergy et al. (2010
of rabbits treated with Rosemarinus officinalis showed some intracytoplasmic
vacuoles. Moreover, Anadon et al. (2008) reported that Rosemarinus officinalis
extracts appear to have low acute toxicity. On the other hand, this plant had been
shown to be safe in toxicity studies in animal models, when added as antioxidant to
food (Schuler, 1990), Moreover, Leaves of Rosemarinus officinalis have been
shown to be safe and antitoxic in animal tests (Lamaison et al., 1991)

In mice treated with Rosmarinus officinalis and TC,A; mo.st pathological

lesions disappeared and hepatocytes showed reactivity to PAS close to that of the
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control group. Similarly, Singletary and Rokusek(1997
of rosemary e;;t;:;c)tfhavz t::e potential to protect m
ahim et al. (1 ound that rosemary ethanolic extr i

fats for 3 weeks showed hepatoprotective effects attl:(t:)tljgcllstg()/ ]t(l)::g uld gl
relatively high percentage of phenolic compounds with high antioxg:s:nce'of :
Furthermore, Rosmarz:nus‘ofﬁcinalis has been also reported to prevent on *:tCthlt)'-
decrease in tissue antl‘-ox1daf1t enzymes in different animal models and rtoa ovide
cellular protection against oxidative stress (Amin & Hamza, 2006 and Prenes?'mwie
2007). Rosmarinus oﬁ‘ici_nalis has some therapeutic value in the 'treatm]eeia y
prevention of disorders like inflammatory diseases, hepatotoxicity and canc];r (a:
stated by Valenzuc‘ala et al. (2004) and Katerinopoulos et al.(2005). This plant also
possesses 2 vasodilator prqperties of essential oils which can enhance blood flow
(Frishman et al., 2004). This character may explain the disappearance of congestion
of blood vessels; that previously appeared in the group intoxicated with TCA, after
Rosemarinus officinalis treatment in the present study. :

) indicated that components
ouse liver from toxic agents,

Conclusion:

The present investigation demonstrates that the aqueous extract of
Rosemarinus officinalis at dose consumed in the traditional medicine (60 mg/kg
body weight) for 3 weeks could ameliorate the toxic effects of trichloroacetic aciz
which was reflected on the liver structure and function. This effect may be related to
the antioxidant constituents in this plant. Although administration of Rosemarinus
officinalis alone did not cause either any lethality or changes in the general behavior,
it causes some histopathological alterations and some adverse effects on the
hematological parameters. Therefore, medicinal plants should not be taken
haphazard for long periods and must be taken under medical supervision.
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