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1. Introduction

Liver is the first organ to metabolize foreign compounds
and hence it is susceptible to many different diseases. Some

ABSTRACT

Objective: To study the protective effects of the ethanolic extract of lettuce (Lactuca sativa L. var.
longifolia) leaves against the toxicity caused by carbon tetrachloride (cCl,) in reproductive system
of rats.

Methods: Lettuce leaves were dried and extracted with ethanol (plant: solvent, 1:10, w/v). The
extract was filtered and evaporated to yield dried lettuce extract. Animals were divided into
seven groups and treated with CCl, and different concentrations of lettuce extract. At the end of
the experimental period, the animals were sacrificed and blood was collected and centrifuged
for serum separation. Body weights, testis size, histopathology of testis and liver, catalase (CAT)
activity, superoxide dismutase (SOD) activity, peroxidase (POD) activity, reduced glutathione (GSH),
glutathione peroxidase activity (GSH-Px), thiobarbituric acid reactive substances (TBARS), nitrite
level, and serum hormones were determined.

Results: Oxidative stress induced by ccl, 2 mlL/kg body weight) in rat decreases the increase in
body weight and relative testis weight. It also markedly increases the level of TBARS and nitrites
along with corresponding decrease in reduced glutathione and various antioxidant enzymes
in testis (i.e., CAT, POD, SOD and GSH-Px). Serum level of testosterone, luteinizing hormone and
follicle stimulating hormone was decreased while estradiol and prolactin were increased during
CCl, treatment. Histopathology of cCl,—treated rats indicated the partial degeneration of germ and
leydig cells along with deformities in spermatogenesis. Supplementation of lettuce extract (100,
150, 200 mg/kg body weight orally) once a week for 10 weeks results in decrease of TBARS and
nitrite, while increase in antioxidant enzymes; CAT, POD, SOD, GSH-Px and GSH contents. Serum
level of testosterone, luteinizing hormone, follicle stimulating hormone, estradiol, prolactin,
histology, body weight and relative testis weight was also concomitantly restored to near normal
level by lettuce extract supplementation to CCl,—intoxicated rat.

Conclusions: The results clearly demonstrate that lettuce extract treatment augments the
antioxidants defense mechanism against €Cl,—induced toxicity and provides evidence that it may
have a therapeutic role in free radical mediated diseases.
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Lettuce, Lactuca sativa, CCl,, Superoxide dismutase, TBARS, Testosterone, Estradiol, Rats

are rare but some diseases such as hepatitis, cirrhosis,
alcohol-related disorders and liver cancer are common. A
major cause of these disorders is due to exposure to different
environmental pollutants and xenobiotics e.g., paracetamol,
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carbon tetrachloride, thioacetamide, alcohol, etc. These
toxicants mainly damage liver by producing reactive oxygen
species ROS)I1L. The liver plays a crucial role in metabolisms of
endogenous and exogenous substances, and the hepatic injury
is associated with distortion of these functions. Liver function
is generally impaired by xenobiotics or infections. Chronic
or excessive exposure of xenobiotics is finally terminated to
cirrhosis or malignant lesions in untreated cases. Nowadays,
many people are suffering from hepatic damage induced by
alcohol, chemicals and infections. Thus, acute and chronic
liver diseases continue to be serious health problems in
the world. Some natural compounds, such as silymarin and
glyeyrrhizin are demonstrated to have a protective role against
liver diseasesl2-51. Hence, there has been considerable interest
in role of naturally originated agents for the treatment of liver
diseases.

Reactive oxygen free radicals have been known to produce
tissue injury through covalent binding and lipid peroxidation
and have been shown to augment fibrosis as seen from
increased collagen synthesisl6.7]. Scavenging of free radicals by
antioxidants could reduce the fibrosis process in the tissues[8.9].
Free radicals may also be a contributory factor in a progressive
decline in the function of immune systeml10l. Cooperative
defense systems that protect body from free radical damage
include the antioxidant nutrients and enzymes. The antioxidant
enzymes include superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPx). Their role as protective enzymes is
well-known and has been investigated extensively with in vivo
models.

Carbon tetrachloride (cCl,), an industrial solvent, is an
extensively used xenobiotic to induce chemical liver injury.
ccl, is metabolized by hepatic microsomal cytochrome p450 to
trichloromethyl—free radical. Trichloromethyl, hepatotoxic toxic
metabolite of CCl,, can react with sulthydryl groups (glutathione
and protein thiols) and antioxidant enzymes such as CAT and
SOD. Over production of trichloromethyl—free radicals initiate a
membrane lipid peroxidation, eventually leading to various liver
pathological processes, such as steatosis, fibrosis or cirrhosis.
The studies using antioxidants indicated the role of oxidative
stress in CCl,—induced liver injuryl2.11]. Furthermore, some
studies revealed that natural products, containing antioxidant,
protect the liver against lipid peroxidation and impairment
in antioxidant status induced by €cl3.121. These free radicals
such as trichloromethyl radical (.CCl,) and proxy trichloromethyl
radical (.00CCL) were metabolized products derived from ccl, by
cytochrome P4502E1[13.14].

Epidemiological studies have suggested an inverse relation
between the consumption of polyphenol-rich foods and
beverages and the risk of degenerative diseases, particularly
cancers and cardiovascular diseasesl15]. In this regard,
there has been a great deal of interest in the screening and
characterization of novel potential therapeutic of compounds
and polyphenol-rich extracts from foods and medicinal
plants(16l. The antioxidant properties of polyphenols and their
ability to modulate the activity of various enzymes have been
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demonstrated in in vitro studies and are believed to be a
primary mechanism for their biological effectsl17l. However, the
question remains that whether these properties demonstrated in
in vitro studies are relevant to protect against oxidative damage
in vivo, where polyphenols are at a very low concentrations
depending on bioavailability and metabolism.

Fresh vegetables and fruits are associated with lower risk of
cancer and cardiovascular diseases. Epidemiological studies
have also demonstrated the relationship between dietary habits
and disease risk. Lactuca sativa var longifolia (L. sativa) called
romaine lettuce or cos lettuce, belongs to the botanical family
of Asteraceae. As a healthier foods, lettuce is an important leafy
vegetable that is consumed fresh or in salads(18-21]. Lettuce
varieties have been investigated and reported to contain
phenolic compounds with antioxidant activities|22]. Studies have
shown the health impacts of lettuce in preventing cardiovascular
diseases in rats and humans|23.24]. Anticonvulsant and
sedative—hypnotic effects have been mentioned for the leaves
of this plant25]. Sayyah et al. repoted that seeds extract had
analgesic and anti—inflammatory activity in rats(26l. Lettuce
methanol extract has high phenolic contents and shows strong
radical scavenging activity. It was effective against some Gram
negative bacteria (Escherichia coli, Klebsiella pneumoniae,
Enterobacter cloacae, Serratia marcescens, Acinetobacter
baumannii) and Gram positive bacteria (Bacillus subtilus,
Staphylococcus aureus, Enterococcus faecalis, Enterococcus
Jaecium and Corynebacterium spp.). Moreover, methanol and
aqueous extracts exhibited antiviral activity against HCMV and
Cox—B3 viruses|27]. The health—promoting benefits of lettuce
have been attributed to the presence of vitamin C, phenolics
and fibrel(19.23.28]. Llorach et al. recently identified quercetin and
luteolin rhamnosyl-hexosides in lettuce(221.

An experiment has been designed on rat model to evaluate
the protective effects of the ethanolic extract of L. sativa against
the toxicity caused by Ccl, in reproductive system of rats.

2. Materials and methods
2.1. Chemical

Lettuce leaves have been obtained from a local Egyptian
markets. CCl, was purchased from Merck (Darmstadt, Germany).
All other chemicals were of analytical grade and solvents were
purchased from Sigma chemical Co. St. Louis, MO, USA).

2.2. Preparation of lettuce extract

Lettuce leaves were air—dried at 40 °C for 7 d. Ten grams of
powdered leaves were extracted using 100 mL of 40% ethanol
(plant:solvent, 1:10, w/v) under reflux for 30 min. After cooled,
the extracts were filtered and evaporated under reduced
pressure yielding a dry residue. The supernatant being the
lettuce extract was decanted and kept at 4 °C until used.
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2.3. Animals

This study was carried out on healthy male albino rats
weighing 250-260 g. Seventy rats were obtained from the
Central Animal House, Faculty of Veterinary Medicine, Zagazig
University, Egypt. The animals were housed in conventional
cages with free access to water and food at (212) °C with a 12
h light—dark cycle, 50% humidity and (25+3) °C. Rats received
standard pellet diet comprised of 20% crude protein, 5% fat, 4.5%
crude fiber, 8% ash, 29 calcium, 0.6% phosphorus, 3.4% glucose,
29 vitamins and 55% nitrogen free extract and water ad libitum.

2.4. Experimental design

Animals were divided into seven groups of 7 rats each.
Treatment of rats with CCl, was carried out according to Gonzales
et al. with some modifications to establish the reversible
cirrhosisl29l. Treatment of different groups was as follows.

Group I: remained untreated.

Group II: Olive oil (5 mI/kg body weight orally once a week) +
DMSO (5 ml/kg body weight after 72 h of olive oil once a week)
for 10 weeks.

Group III: lettuce extract (200 mg/kg body weight orally,
dissolved in DMSO) once a week for 10 weeks.

Group IV: ccl, 2 mL/kg body weight in olive oil once a week,
intraperitoneally) for 10 weeks.

Group V: ccl, 2 ml/kg body weight in olive oil once a week,
intraperitoneally) for 10 weeks + lettuce extract (100 mg/kg body
weight orally, dissolved in DMSO after 72 h of cCl, treatment)
once a week for 10 weeks.

Group VI: ccl, 2 mI/kg body weight in olive oil once a week,
intraperitoneally) for 10 weeks + lettuce extract (150 mg/kg body
weight orally, dissolved in DMSO after 72 h of ccl, treatment)
once a week for 10 weeks.

Group VII: ccl, 2 ml/kg body weight in olive oil once a week,
intraperitoneally) for 10 weeks + lettuce extract (200 mg/kg body
weight orally, dissolved in DMSO after 72 h of CCl, treatment)
once a week for 10 weeks.

2.4.1. Preparation of serum, plasma and tissue homogenate

At the end of the experimental period, the animals were
sacrificed by cervical decapitation. Blood was collected and
centrifuged for serum separation. For plasma, blood was
collected with anticoagulant and centrifuged (2000 g for 20 min)
to separate plasma. The tissues were dissected out, weighed and
washed using ice cold saline solution. Tissues were minced and
homogenized (10% w/v) in Tris—HCI buffer 0.1 mol/L; pH 7.4) and
centrifuged at 3000g for 20 min at 4 °C. The resulting supernatant
was used for various biochemical assays.

2.5. Determination of body weights
Body weight of all animals in each group was recorded and is

considered as the initial body weight. At the end of experiment
after 10 weeks before dissection, body weight was again
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recorded for all animals in each group. Percent increase in body
weight was calculated as compared to the initial weight for all
animals.

2.6. Assessment of testis size

At the end of the 10-week experiment, abdomen of each rat
was incised to remove both the testis. Each testis was then
washed with normal saline to separate the surrounding fat and
connective tissues. After drying the surface with filter paper,
weight of the testis was recorded and average was determined
for each animal. Relative testis weight was calculated as the
weight of testis to that of the final body weight for each rat.

2.7. Histopathology of testis and liver

The left testicle of each rat was serially sectioned and fixed in
Bouin solution for 48 h. The specimens were then dehydrated
through a gradual series of alcohol and cleared in three changes
of xylene before embedded in paraffin. Serial sections, each of
4 um thickness, were made and stained with hematoxylin and
eosin according to standard method. Histological assessment
was performed under light microscope in terms of the changes
in different groups as compared to control group. Likewise the
histology of liver from the CCl, group of rats was also performed.

2.8. Biochemical studies

About 100 mg of testis (right) tissue was homogenized in
10 volume of 100 mmol/L KH,PO, buffer containing 1 mmol/L
ethylene diamine tetraacetic acid (EDTA), pH 7.4 and centrifuged
at 12000 g for 30 min at 4 °C. The supernatant was collected and
used for the following experiments as described below. Protein
concentration of the supernatant of testis tissue was determined
by using crystalline bull serum albumin as standard.

2.8.1. CAT activity

The enzyme CAT catalyzes the conversion of H,0, into water.
A volume 3 mL of CAT reaction solution contained 50 mmol/
L phosphate buffer (pH 7.0), 5.9 mmol/L H,0,, and 0.1 mL of
enzyme exiract. The reaction was initiated by adding the
enzyme extract. Changes in absorbance of the reaction solution
at 240 nm were noted after every 30 s. One unit CAT activity was
defined as an absorbance change of 0.01 unit per min.

2.8.2. SOD activity

The activity of SOD was assayed by measuring its ability to
inhibit the photochemical reduction of nitroblue tetrazolium
(NBT). The reaction solution (3 mL) contained 50 pmol/L
NBT, 1.3 umol/L riboflavin, 13 mmol/I, methionine, 75 nmol/
L EDTA, 50 mmol/L phosphate buffer (pH 7.8), 20-50 uL
of enzyme extract. The test tubes containing the reaction
solution were irradiated under a light (15 W florescent lamps)
at 78 pumol/m/s for 15 min. The absorbance of solution
was noted at 650 nm. One unit of SOD activity was defined
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as the amount of enzyme, which caused 509 inhibition of
photochemical reduction of NBT.

2.8.3. Peroxidase (POD) activity

The POD activity was assayed by using the guaiacol oxidation
method. The 3 mL POD reaction solution contained 50 mmol/L
phosphate buffer (pH 5.0), 20 mmol/L. guaiacol, 40 mmol/L H,0,,
and 0.1 mL of enzyme extract. Changes in absorbance of the
reaction solution at 470 nm were noted after every 20 s. One unit
POD activity was defined as an absorbance change of 0.01 units/
min.

2.8.4. Reduced glutathione (GSH)

GSH content in liver was measured spectrophotometrically by
using Ellman’s reagent as a coloring reagent. The absorbance
was read at 412 nm with a spectrophotometer. A standard graph
was drawn using different concentrations of a standard GSH
solution and GSH contents were calculated as nmol/L per mg of
tissue protein.

2.8.5. Glutathione peroxidase (GSH-Px) activity

Glutathione peroxidase activity was assayed by the method
of Mohandas et all30]. The reaction mixture consisted of 1.49 mL
phosphate buffer 0.1 mol/L, pH 7.4), 0.1 mL EDTA (1 mmol/L), 0.1
mL sodium azide (1 mmol/L), 0.05 mL glutathione reductase (1
pU/mL), 0.05 mL GSH (1 mmol/L), 0.1 mL NADPH (0.2 mmol/T), 0.01
mL H,0, (0.25 mmol/T) and 0.1 mL 10% PMS in a total volume of
2 mL.. The disappearance of NADPH at 340 nm was recorded at 25
°C. Enzyme activity was calculated as umol/L NADPH oxidized/
min/mg protein using molar extinction coefficient of 6.22x10° M/
cm.

2.8.6. Thiobarbituric acid reactive substances (TBARS)

Lipid peroxidation level in the liver was measured
as thiobarbituric acid reactive substances (TBARS). The
absorbance was read at 532 nm. The concentration of
TBARS was expressed as pg of TBARS per mg of tissue using
1,1,3,3—tetramethoxypropane (TMP) as standard.

2.8.7. Estimation of nitrite level

Nitrite assay was conducted by using Griess reagent.
Five hundred microlitre of Greiss reagent (1:1 solution

Table 1
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of 1% sulphanilamide in 5% phosphoric acid and 0.1%
naphthaylamine dihydrochloric acid in water) was added to 100
uL of deproteinated homogenate and absorbance was measured
at 546 nm. Nitrite concentration was calculated using a standard
curve for sodium nitrite.

2.9. Serum level of hormones

Serum level of testosterone, luteinizing hormone (LH), follicle
stimulating hormone (FSH), estradiol and prolactin was estimated
by methods of Santos AM, et al31]. Standards, samples and
controls were analyzed in duplicate in a single batch. In all
assays, the coefficient of intra— and inter—assay variability was
below 10%.

2.10. Statistical analysis

Parametric data, expressed as mean and standard error of the
mean (SEM), were analyzed through one way ANOVA, followed by
the post hoc Fisher least significant difference for comparison
of various treatments using the SPSS 13.0. Differences were
considered statistically significant when P<0.05.

3. Results
3.1. Body and testis weights

As shown in Table 1, the treatment of male rats with ccl,
for 10 weeks caused a significant (P<0.0001) loss in the final
body, testicular weights (P<0.0001) and relative testis weights
(representing the ratio between the mean body and testicular
weights) compared with the control group. In the cCl,+lettuce
extract—treated groups the percent increase in body, testicular
and relative testicular weights increased in a dose dependent
manner (Table 1). At the lowest dose of lettuce extract (100 mg/kg
bw), percent increase in body, testicular and relative testicular
weights were statistically not different from the ccl,~treated
group. By contrast, body, testicular and relative testicular
weights were increased significantly (P<0.01 or <0.0001) at
higher doses of lettuce extract as compared to the CCl,—treated
group. Administration of lettuce extract only did not change the

Protective role of lettuce extract on body and testicular weight (Mean+SE, n=7).

Groups Treatment Initial body weight ~ Final body weight ¢ increase  Absolute testis weight ~ Relative testis We.ight
® © (mg) as () of body weight

I Control 266.50+2.83 373.00£2.99 40.61+1.84" 2032.10+18.60" 0.540£0.006"

I Vehicle 268.90%2.73 372.20%2.54 38.16+1.66" 2028.5020.70" 0.540£0.006"

i} lettuce extract 200 mg/kg 267.4043.41 374.00£2.70 39.86+2.31" 2083.30+22.50” 0.55020.008"

v ccl, 2 ml/kg 271.70+2.26 338.0022.50 24.471.35" 1468.40+14.00° 0.420+0.003"

v CCl+lettuce extract 100 mg/kg — 266.802.45 347.70+2.86 30.35+1.34" 1510.80%16.70" 0.420+0.006"

VI CCl+lettuce extract 150 mgrkg 264.20+1.92 354.10+3.60 34.10+1.84" 1654.8024.20" 0.460£0.006™

VII  CCl+ettuce extract 200 mg/kg  266.50+2.72 374.50+2.80 40.65+1.71" 1880.30226.70" 0.490:£0.009"

Significance from control group A, P <0.01, B, P < 0.0001.

Significance from CCl, group  a, P <0.01, b, P < 0.0001.
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final body weight, testicular and relative testicular weights as
compared with that in the control group.

3.2. Effect of lettuce extract on testicular histopathology

There were no marked changes in testicular histology relative
to controls in the vehicle as well as lettuce extract treated
groups. Thus, normal spermatogenesis, well preserved Sertoli
cells and well delineated tubular basement membrane were
observed in Group I, Group II and Group III. The interstitium
between tubules and leydig cells was also intact. However, in
the cCl,—treated group, differences were observed in histology of
testis. Complete atrophy of seminiferous tubules was exhibited
while in other areas of the section the tubular basement
membranes of seminiferous tubules were identified, but most of
the germ cells were degenerated, especially the ones involving
highly differentiated germ cells along with deformed sperms.
Partially the ground substance within the interstitium also
disappeared and replaced by fibroblast and inflammatory cells.
In the cCl+lettuce extract—treated groups, toxic effects were
ameliorated in a dose dependent manner (Figure 1).

A B

Figure 1. Effect of lettuce extract on testicular histopathology.

A: Section from testis of control rat showing intact seminiferous
tubules. B: Section from testis of CCl,~treated rat showing atrophy of
seminiferous tubules, infiltration of fibroblast and degeneration of
basement membrane. C: Section from testis of CCl,+lettuce extract
200 mg/kg showing the germinal layers and presence of basement
membrane.

3.3. Affirmation of cirrhosis in liver

Thin sections of liver from the CCl, treated group of rat showed

Table 2
Protective role of lettuce extract on antioxidant enzymes (Mean=SE, n=7).
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the centrilobular necrosis, fatty degeneration of hepatocytes,
constriction of capillaries and structural disruption of the lobule
(Figure 2).

Figure 2. Representative section of liver from CCl,~treated group of
rat showing centrilobular necrosis, fatty degeneration and structural
disruption of the lobule (H & E stain).

3.4. Effect of lettuce extract on CCl~induced changes in the
enzymes aclivity

Effects of the lettuce extract on CAT, POD, SOD activity for all
experimental groups are given in Table 2. Treatment of rats with
ccl, significantly decreased the activities of CAT, POD, SOD and
GSH-Px enzymes in testis tissue homogenates as compared to
the control group. This reduction was improved significantly
by the treatment with lettuce extract and the enzyme activities
were increased as compared to the CCl,~treated group in a dose
dependent manner.

3.5. Effect of lettuce extract on lipid peroxidation

The results are shown in Table 3. TBARS contents were
increased while reduced glutathione (GSH) level decreased
significantly in CCl,—induced toxicity group against the control
group. Treatment with lettuce extract erased the effects of CCl,
intoxication and TBARS contents decreased whereas GSH level
was significantly increased in the testis homogenate.

3.6. Effect of lettuce extract on nitrite concentration

Carbon tetrachloride treatment for 10 weeks significantly

Groups Treatment SOD (U/mg protein) CAT (U/min) POD (U/min) GSH-Px (umol/L/mg protein)
I Control 89.9+ 1.1 4.30£0.13 3.180.13 23.16+0.65
II Vehicle 90.7+2.6 4.00%0.12 3.19£0.11 23.10£0.77
1 lettuce extract 200 mg/kg 86.2+1.1 3.90+0.13 3.15+0.14 22.50+065
v CCL 2 mL/kg 43.1£1.6 1.80£0.13 1.500.06 13.28+0.46
\% CCL + lettuce extract 100 mg/kg 50.7+1.4 2.10+0.10 1.94+0.10 15.87+0.46
VI CCl, + lettuce extract 150 mgrkg 64.7£1.7 2.80£0.13 2.38+0.11 17.87+0.51
VI CCL + lettuce extract 200 mg/kg 79.1+2.0 3.80+0.16 2.93+0.11 21.040.66

Significance from control group A, P<0.05, B, P<0.01, C, P<0.0001.

Significance from CCl, group a, P<0.01, b, P<0.0001.
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increased nitrite concentration in testis tissue homogenate as
compared with the control group. Administration of lettuce
extract ameliorated the effects of CCl, toxicity and significantly
decreased nitrite contents in a dose dependent manner (Table
3).

3.7. Effect of lettuce extract on pituitary—gonadal axis

The mean values of the serum hormones, testosterone,
luteinizing hormone and follicle stimulating hormone are
shown in Table 4. After treatment of rats with CCl, for 10 weeks,
the mean values of testosterone (P<0.01), luteinizing hormone
(P<0.0001) and follicle stimulating hormone (P<0.0001) were
decreased as against the control group. In the ccCl,+lettuce
extract treated groups, the level of testosterone, luteinizing
hormone and follicle stimulating hormone was increased in a
dose dependent manner. Testosterone level did not change at
lower dose of lettuce extract (100 mg/kg bw), however, it was
increased significantly (P<0.0001) at the higher doses of lettuce
extract (150 and 200 mg/kg body weight) as compared to the CCl,—
treated group. Serum level of luteinizing hormone with lettuce
extract treatment did not differ from the ccl,~treated group.

Table 3
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Mean values of follicle stimulating hormone did not change at
the doses of 100 and 150 mg/kg body weight, by contrast, it was
increased significantly at the dose of 200 mg/kg body weight
compared with that in the ccl,~treated group. Although an
increase in the mean values of testosterone, luteinizing hormone
and follicle stimulating hormone in the lettuce extract treatment
alone occurred, it was not statistically significant compared
with the control group.

After the treatment of rats with ccl, for 10 weeks the mean
values of estradiol and prolactin increased significantly
(P<0.01) as compared to that of control group (Table 4). Lettuce
extract treatment co—administered with ccl, for 10 weeks
lowered the mean values of estradiol and prolactin in a dose
dependent manner. At the lower dose of lettuce extract (100
mg/kg body weight) the mean values of estradiol and prolactin
did not change (P>0.05), while the mean values were increased
significantly (P<0.05 and P<0.01) at the higher doses of lettuce
extract, i.e., 150 and 200 mg/kg body weight, respectively. In
the lettuce extract group of rats, the mean values of estradiol
and prolactin were reduced, but these were not statistically
significant (P>0.05) as compared with the control group.

Protective role of lettuce extract on lipid peroxidation and nitrite (MeanSE, n=7).

Groups Treatment TBARS . CSH g Nitrite g
pg/mg protein umol/L/mg protein umol/L/mg protein

1 Control 35.4+1.05 30.2%1.13 74.7+0.86
1T Vehicle 34.8+1.13 29.5+1.43 74.0+0.76
1 lettuce extract 200 mg/kg 35.8+1.25 30.2+1.41 72.5+0.82
v cCl, 2 mL/kg 60.5+2.30 13.141.12 99.0+1.54
A CCl+lettuce extract 100 mg/kg 55.3+1.80 17.1+1.03 96.2+1.53
VI CCl+lettuce extract 150 mg/kg 44.6%2.16 20.1£1.15 86.5+1.10
VI CCl+lettuce extract 200 mg/kg 37.9+1.72 23.9+1.46 77.8+1.44
Significance from control group A, P<0.05, B, P<0.0001.
Significance from CCL, group  a, P<0.01, b, P<0.0001.
Table 4
Protective role of lettuce extract on reproductive hormones (Mean=SE, n=10).

Testosterone Luteinizing hormone  Follicle stimulating hormone  Estradiol Prolactin
Groups Treatments

(ng/mlL) (ng/mlL) (ng/mlL) (ng/mL) (ng/mlL)

1 Control 3.11+0.16 1.76+0.10 20.03+0.34 13.07+0.14 23.06+0.19
1T Vehicle 3.16+0.08 1.74%0.12 19.98+0.44 13.28+0.22 23.00£0.31
11 lettuce extract 200 mg/kg 3.31£0.07 1.79%0.07 21.15+0.36 12.79£0.18  22.81+0.23
v CCl4 2 m[/kg 1.50+0.09 1.16+0.07 17.1240.24 18.33+0.18 28.2440.45
v CCl4 + lettuce extract 100 mg/kg 1.66+0.08 1.21+0.03 17.43+0.20 17.59+0.18  27.58+0.61
VI CCl4 + lettuce extract 150 mg/kg 1.88+0.06 1.22+0.02 17.64+0.21 16.80+1.19 26.20+0.34
VII CCl4 + lettuce extract 200 mg/kg 2.28+0.08 1.33+0.03 18.00+0.24 15.74+0.98 24.45+0.37

Significance from control group A, P<0.05, B, P<0.0001.
Significance from CCl, group  a, P<0.01, b, P<0.0001.

4. Discussion

Our study, focused on investigating the effects of lettuce
extract against CCl,—induced toxicity in rats, showed that lettuce
extract played an important role as a protective factor for cCl,—
induced toxicity. A number of chemicals including various
environmental toxicants and even clinically useful drugs can

cause severe cellular damages in different organs of the body
through metabolic activation to highly reactive substances such
as free radicals/321.

¢cCl,—induced toxicity as experimental models was well
characterized. Tt has been extensively used for inducing free
radical damages. It is bioactivated by cytochrome—P450 into
free radicals leading to deleterious effects on liver due to lipid
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peroxidation/33]. From the present study, it has been observed
that cCl,—induced significant decrease in CAT, POD, SOD, and
GSH-Px activities, depleted the GSH contents and enhanced lipid
peroxidation (TBARS) in testis. It has been reported that CAT,
POD, SOD and GSH-Px constitute a mutually supportive team of
defense against ROS. Because of the low activity of antioxidant
enzymes in the testis and decreased content of GSH, the CCl,—
induced oxidative stress turn to severe; the inbuilt mechanism
of body fails to alleviate the damage. The decreased activity of
SOD in testis in CCl,—treated rats may be due to the enhanced
lipid peroxidation or inactivation of the antioxidant enzymes.
Decrease in GSH-Px activity during CCl, toxicity might be due to
the decreased availability of GSH resulted during the enhanced
lipid peroxidation. Lin et al. studied the effects of ccl, on lipid
peroxidation and enzyme activities of SOD, CAT and GSH-PxI11.
They observed increased lipid peroxidation in liver and kidneys,
while antioxidant enzyme activities were decreased in these
organs similar to the present study. Co—administration of lettuce
extract ameliorated the decrease in the activities and levels of
antioxidant enzymes CAT, POD, SOD, GSH-Px, the reduction in
the GSH levels and the increase in lipid peroxidation in testis. Tt
is possible that the antioxidant properties of the lettuce extract
could be due to the presence of flavonoids and saponins in the
extract.

cCl,—induced testis injuries have been associated with
enhanced nitrite production. Nitric oxide (NO) is a water—
and lipid—soluble free redical synthesized in the vascular
endothelium from L-arginine by the action of NO synthase
enzymes. It plays an important role in the regulation of blood
flow in normal and pathologic situations. There could be two
reasons for the elevation of tissue NO levels after exposure
to CCl,—treatment: increased synthesis because of the injury
of the vascular endothelium, or the activation of neutrophils
in damaged testicular tissue, leading to the synthesis of NO.
Muriel reported that nitrite is produced in the liver of treated
rats with CCl,34l. Nitrites can turn into NO in acidic pH.
Peroxynitrite anions have been generated by the reaction of
NO and superoxide anion. These peroxynitrite anions oxidize
biomolecules, which finally lead to lipid peroxidation observed
increased level of nitrite in liver and kidneys during chronic
administration of CCL[35]. Unilateral testicular torsion of rats
resulted in higher level of nitrite contents in the testicular
tissues[36l. Oral treatment of rats with dimethyl ether decreased
the nitrite level in this study. Scavenging ability of lettuce
extract may be involved in this protective effect against CCl,
toxicity. This plant contains the active constituents (flavonoids
and saponins) which directly or indirectly scavenge the
oxidative damage to different cells and organs while normalizing
their function.

During the present study, low dose of cCl, was administered
for a longer period of time to establish the liver cirrhosis in rat.
Intraperitoneal administration of CCl, to rats at a lower dose
and for longer period of time allowed the development of liver
cirrhosis in all the treated animals29l. Exposure of rats to CCl,
in this study indicated the disruption of lobules and hepatocyte
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injuries, i.e., including structural disruption of the lobule,
centrilobular necrosis, fatty degeneration and constriction of
capillaries. Different reactive compounds generated through
ccl, metabolism singly per se is not considered the ultimate
cause of CCl—induced cell death; it is by cooperation that they
achieve a fatal outcome, provided the toxicant acts in a high
single dose, or over longer periods of time at low doses. The
dose of ccl, 2 mI/kg body weight once a week for 10 weeks)
administered to rats in this study is found optimal for inducing
reversible cirrhosis.

Spermatogenesis is a sophisticated and complex differentiation
process. Degeneration of spermatogenesis is an integral
and important part of normal spermatogenesis. However,
spermatogonial degeneration can result from exposure to toxic
chemicals. The toxic effects of CCl, on testicular histology were
confirmed. In the ccl,~treated group seminiferous tubules and
germ cells were degenerated, interstitium partially disappeared
and replaced by fibroblast and inflammatory cells in some
of the areas of testis. Presence of saponins and flavonoids in
lettuce extract might be involved in ameliorating the effects
of ccl,—induced toxicity and concomitantly near to normal
histology was seen in lettuce extract treated groups.

The successful and complete male germ cell development
is dependent on the balanced endocrine interplay of
hypothalamus, pituitary and the testis. Gonadotropin releasing
hormone secreted by the hypothalamus elicits the release
of gonadotropins, i.e., FSH and LH from the pituitary gland.
FSH binds with receptors in the Sertoli cells and stimulates
spermatogenesis. LH stimulates the production of testosterone
in leydig cells, which in turn may act on the Sertoli cells and
peritubular cells of the seminiferous tubules and stimulates
spermatogenesis(37l. In the present study, CCl, treatment
decreased the serum level of testosterone, FSH and LH. Secretion
of testosterone is probably impaired due to excessive oxidative
stress and the degeneration of leydig cellsi311. Metabolites of the
testosterone reciprocally depress FSH and LH secretion. Injuries
in germinal epithelial caused with CCl, treatment can stimulate
spermatogenesis partially that may occur due to less production
of androgen binding proteins. Toxic effects of CCl, may result in
the failure of pituitary to secrete FSH and LH and that will result
in testicular dysfunction leading to infertility.

In the present study, estradiol and prolactin serum level
appeared to be positively associated in the control and all
the treated groups but probably the direct stimulation of the
pituitary by estradiol is the only one of the factors determining
prolactinemia, with hypothalamic dysfunction being
associated, as observed in hypogonadism. This mechanism
may be considered partly responsible for the central origin of
hypogonadism in our study.

Treatment of rats with CCl+lettuce extract ameliorated the
toxic effects of ¢cl, and the level of testosterone, FSH and LH
were increased, by contrast the serum level of estradiol and
prolactin was decreased in a dose dependent manner. This plant
contains the active constituents (flavonoids and saponins) which
directly or indirectly scavenge the oxidative damage to different
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cells and organs while normalizing their function. In addition,
treatment of rats with lettuce extract alone, slightly increases
the serum level of testosterone, FSH and LH, while reduce the
level of estradiol and prolactin. It might be considered that
aside from its scavenging activity it might directly vitalize
the central nervous system. Our data suggest that the ability
of lettuce extract to ameliorate CCl,—induced testis injury is
associated with its antioxidant and ROS scavenging properties.
Our data also support the use of lettuce (L. sativa) in secondary
infertility.
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Comments

Background

Liver is the vital organ which metabolises most of
the drugs and chemicals, it plays important role in the
detoxification of chemicals and drugs. Liver is the first organ
to metabolize foreign compounds and hence it is susceptible
to many different diseases. Some diseases are rare but a few,
including hepatitis, cirrhosis, alcohol-related disorders and
liver cancer are common. Changing lifestyle is increasing
liver injury and causes altered liver functions. Therefore,
there is need of new and potent hepatoprotective agents all
over the world.

Research frontiers

Treatment of rats with cCl,+L. sativa (lettuce extract)
ameliorated the toxic effects of ccl, and the level of
testosterone, FSH and LH were increased, by contrast the
serum levels of estradiol and prolactin were decreased in
a dose dependent manner. L. sativa contains the active
constituents (flavonoids and saponins) which directly or
indirectly scavenge the oxidative damage to different cells
and organs while normalizing their function. In addition,
treatment of rats with lettuce extract alone, slightly increases
the serum level of testosterone, FSH and LH, while reduce the
level of estradiol and prolactin. Tt might be considered that
aside from its scavenging activity it might directly vitalize
the central nervous system.

Related reports
ccl, was reported to cause hepatic necrosis due to
formation of free radicals. The folklore medicine has
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evidence of effectiveness of vegetables in treating various
liver disorders.

Innovations & breakthroughs

The results suggest that the ability of lettuce extract to
ameliorate CCl,—induced testis injury is associated with its
antioxidant and ROS scavenging properties. In the present
study, authors have demonstrated the hepatoprotective
activity of L. sativa in CCl, rat models.

Applications

From the literature review it has been found that L. sativa
is a promising vegetable for humans. This scientific study
supports and suggests the use of this plant as an adjuvant
along with commonly used hepatoprotective agent. L. sativa
was found to be a promising hepatoprotective agent in CCl,
rat models. The results support the use of lettuce (L. sativa)
in secondary infertility.

Peer review

This is a promising research work in which authors have
demonstrated the hepatoprotective activity of L. sativa in
ccl,—induced liver damage in rats. The activity was assessed
based on biochemical parameters, antioxidant enzyme levels
in liver homogenate and histopathological observations. L.
sativa was found to be a promising hepatoprotective agent in
CCl, rat models.
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