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ABSTRACT

An ameliorating effect of Ocimum sanctum on the toxic effect of meloxicam, a new non-steroidal anti-inflammatory
drug was studied by evaluating haemato-biochemical parameters, oxidative stress, gross and histopathological
changes in various organs of Wistar rats. A total of thirty-six male rats were divided in six experimental groups
each comprising of six rats and numbered from G, to G.. Meloxicam toxicity was induced by oral feeding of
meloxicam at 1.2 mg/kg and 2.4 mg/kg body weight in G, and G, respectively for 28 days. Group G, and G, were
fed with 1.2-mg/kg body weight and 2.4-mg/kg body weight of meloxicam along with 200 mg/kg body weight of
aqueous extract of Ocimum sanctum. Group G, serve as control while group G, was kept as treatment control
and fed only aqueous extract of Ocimum sanctum at 200 mg/kg body weight. Clinical finding showed mild
diarrhea from 23™ day onwards in-group treated with 2.4-mg/kg body of meloxicam. Significant reduction of
hemoglobin and packed cell volume (PCV) was observed in both the group treated with 1.2 mg/kg and 2.4-mg/
kg body wt. of meloxicam. Ocimum sanctum could restore the hemoglobin and PCV value in-group treated
with meloxicam at low dose level. Serum alkaline phosphatase, serum glutamic pyruvic transaminase, Serum
glutamic oxaloacetic transaminase and total bilirubin were found elevated in meloxicam treated groups and
indicated hepatotoxic activity of meloxicam. Ocimum sanctum could reduce hepatotoxic activity of meloxicam
in group G4 receiving meloxicam at lower dose rate along with Ocimum sanctum failed to regulate creatinine
level in meloxicam treated groups. In meloxicam toxicity elevated Lipid peroxidation values was noticed in liver
and kidneys, while superoxide dismutase and glutathione did not revealed any change. Stomach and intestine
revealed hemorrhagic gastroenteritis and ulcers. Perivascular necrosis with infiltration with inflammatory cells
was evident in liver. Interstitial nephritis, myocardial necrosis and spongiform encephalopathy were important
lesions. The Ocimum sanctum could only counteract the toxic effect of meloxicam in liver and gastrointestinal
tract.
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I  INTRODUCTION

Quick Response Code: Website:
Meloxicam, a new non-steroidal anti-inflammatory drug
(NSAID) is widely used in humans, cattle, buffalo, goats
DOI: and dogs. Meloxicam is a COX-2 (cyclo-oxygenase) inhibitor
10.4103/0971-6580 84265 at its lowest therapeutic dose and is an anti-inflammatory
by inhibiting prostanoid synthesis in inflammatory cells™.
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Meloxicam inhibits COX-2 about 12 times more selectively
than COX-1.*! Meloxicam is reported to be safer as it produce
significantly lower incidence of gastrointestinal adverse
effects as compared to diclofenac sodium.?®! Most NSAIDs
are absorbed well from gastric and intestinal mucosa. They
are bound to plasma albumin and distributed all over the
body evenly. Most NSAIDs are metabolized in the liver by
oxidation and converted to inactive metabolites, which are
then typically excreted in the urine while some drugs are
partially excreted in bile. Meloxicam, as NSAID, cither alone
or with antimicrobial drugs, is indicated for use in ruminants
for the treatment of pneumonia, pleuritis, laminitis, myositis,
sprain, mastitis, prolapse of uterus, premature labour etc. The
principle side effect of meloxicam is gastrointestinal irritation
(vomiting, diarrhea and ulceration). Rare but important side
effects include liver and kidney toxicity!*l.

The plant Ocimum sanctum belongs to family “Labitae” and
is a well-known pot herb regarded as sacred by Hindus.
Ocimum sanctum (Tulsi) is a medicinal plant commonly
grown in India. Different parts of this plant have been
reported to exhibit several medicinal properties.[s) Ocimum
sanctum has been reported to possess antihepatotoxicity
property,[®and two triterpenes from the leaves have been
shown to possess hepatoprotective effect against carbon
tetrachloride induced damage in rats.[”? The present study
is formulated to study sub acute toxicity of meloxicam in
Wistar rats. An attempt is also made to evaluate protective
property of Ocimum sanctum during meloxicam toxicity.

MATERIALS AND METHODS

Chemicals

Meloxicam pure base powder was obtained from M/s.
Cadila Pharmaceutical Ltd., Dholka and Sodium Carboxy
Methyl Cellulose pure base powder was obtained from
M/s Fischer scientific, Mumbai. All the biochemical kits
and chemicals used in the study were of analytical grade.

Herbal medicine

Aqueous extract of dried leaves of Ocimum sanctum was
prepared as follows and was used as herbal medicine. The
leaves of Ocimum sanctum were collected from neighborhood
and identified based on morphological characters. The leaves
were dried in shadow at room temperature and powered. The
powder was stored in glass bottle in cool and dry place away
from direct sunlight and used for preparation of aqueous
extract. The aqueous extract was prepared by the method
described earlier.® The extractability percentage was 6.25 and
extract was dark brown in color. Extract was finally stored
in desiccators in a cool and dry place.

Experimental animals

Thirty-six male Wistar rats were divided into six groups
of 6 animals each. All the animals were maintained in

polypropylene cages, (47 x 34 x 18 cm). The maximum
number of animals in each cage was six. Dried rice husk
was used as a bedding material. Bedding material was
changed every alternate day. All the animals were kept under
standard managemental conditions as per the norms of
Committee for the purpose of control and supervision on
experiments on animals (CPCSEA), and were maintained
under a controlled environment with temperature at 23 +
2°C, relative humidity at 55 + 5%, and a 12-hours/12 hours
light/dark cycle throughout the experiment. The animals
were fed on a standard pellet diet. The pellet diet consisted
of 22.02% crude protein, 4.25% crude oil, 3.02% crude
fiber, 7.5% ash and 1.38% sand silica. They were given
ad-lib feed and wholesome drinking water throughout
the experiment. The necessary Institute Animal Ethical
committee approval was obtained.

Design of experiment

The rats were acclimatized for 15 days to the environment,
before the start of the experiment. Each group of rat was
given separate identification mark by using picric acid. A
total of thirty-six male rats, were divided in to six groups
(G,,G,,G,, G4’G5 and G ) with six rats in each group.
Group ‘G |’ served as control and was treated with vehicle,
0.5 per cent sodium carboxy methyl cellulose at 1 ml. Group
‘G, and ‘G, which received meloxicam at 1.2 mg/kg body
weight. and 2.4 mg /kg body weight, respectively. Group
‘G, and G received meloxicam at 1.2 mg/kg body weight
and 2.4 mg /kg body weight, respectively along with 200
mg/kg of aqueous extract of Ocimum sanctum and Group
G, was treated with 200 mg of aqueous extract of Ocimum
sanctum per oral. Vehicle used for diluting meloxicam to
obtain the desired concentration was 0.5 per cent Sodium
Carboxy Methyl Cellulose in distilled water.

Collection of material for hematological and
biochemical parameters

The rats from all experimental groups were sacrificed on 28*
day of experiment. Prior to sacrifice the rats were fasted for
12 hours. Blood was collected on the day of sacrifice (28*
day) from retro orbital plexus with the help of capillary tube
in two vials, one coated with Ethylenediaminetetraacetic
acid (EDTA) as an anticoagulant and in second vial without
anticoagulant, later used for serum separation. Haematology
parameters like Hemoglobin (Hb), PCV, Total Erythrocyte
Count (TEC), Total Leukocyte Count (TLC), Differential
Leukocyte Count (DLC) and haematocrit values were
studied by standard routine procedures.’! Blood samples
collected in vials without anticoagulant and were kept
undisturbed. The serum was separated and stored at —20°C
for subsequent analysis. SGOT, SGPT, ALP, Glucose, Total
Protein, Albumin, Globulin, Creatinine, Cholesterol and
Triglyceride estimations were carried out by analytical
kits supplied by RFCL, Haridwar, Uttarakhand, India on
clinical chemistry semi auto analyzer.
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Animals were sacrificed by cervical dislocation at the end
of experiment. A detailed post mortem examination was
carried out. The representative tissues - liver, kidney, heart
lung, spleen, brain and spinal cord were fixed in 10%
buftered formalin immediately on removal. They were
subjected for histopathological examination following
standard procedure. "I Tissues such as liver and kidney were
collected in ice cold containers for studying oxidative stress
and lipid peroxidation parameters viz. LPO,!""! Reduced
glutathione (GSH)*?'and SOD.*3!

Statistical analysis

The data generated was analyzed with one way analysis of
variance (ANOVA).["*! The level of significance was set at
P < 0.05.

RESULTS AND DISCUSSION

Clinical observations

The rats from group G, receiving 1.2 mg/kg of meloxicam
did not exhibit any clinical symptoms up to the end of
experiment, while the rats receiving 2.4 mg/kg body
weight of meloxicam showed mild diarrhea on 23 day of
experiment which continued till the end of experiment. The
group G, and G; receiving 1.2 mg/kg and 2.4-mg/kg body
weight of meloxicam respectively, along with aqueous extract
of Ocimum sanctum did not show any clinical symptom.
Group G; also remained normal throughout the period of
experiment. The gastrointestinal disorder due to subacute
meloxicam toxicity has been reported earlier,** which could
be the outcome of gastroenteritis as observed in present study.

Hematological parameters

Hematological parameters like Hb concentration, TLC,
PCV and TEC were estimated in control and treatment
groups and are presented in Tables 1 and 2. The significant
reduction in hemoglobin values of rats receiving of
meloxicam indicated deleterious effect of meloxicam on
blood cells. PCV values showed significant decrease in G,
and G, group as compared to control. There was marked
elevation in neutrophils count of rats from G,, G, and G
groups. Lymphocytes count showed relative decrease in-
group G2, G* and G® as a result of neutrophilia in these
groups. The monocyte and eosinophils fluctuated within
the normal range. Further, it was observed that the Ocimum
sanctum could counteract untoward effect of meloxicam
up to 1.2 mg/kg body weight. When meloxicam was fed
orally at 2 mg/kg for 16 days, Alencar, et al.l'%! reported
anemia in meloxicam intoxicated dogs and substantiated the
findings of present experiment. The increase in leucocyte
count recorded in the present study could be attributed to
ulcerogenic effect of meloxicam as observed in present study
and as reported earlier.") Ocimum sanctum supplementation
indicated protective role of Ocimum sanctum at low dose
toxicity of meloxicam in the rats.

Serum biochemical parameters

The serum biochemical parameter studied during the
present experiment is presented in Table 3. The observations
revealed that the rats treated with 1.2 mg (G,) and 2.4 mg
(G,) of meloxicam resulted in two-fold elevation of alkaline
phosphatase value, significantly increased serum bilirubin,
serum creatinine when compared with control group. The
group G, and G; receiving meloxicam and Ocimum sanctum
showed relatively reduced values as compared to group

Experimental Hb TEC PCV WBC

groups (g/dl) (10%/cumm) (%) (10%/cumm)
G, 13.16°+0.35 8.84+£0.16 44.5°0.88 8.63 +0.69
G, 9.80°+0.57 7.680.71 36.5°+0.71 10.33+1.43
G, 9.63°+0.28 7.02+0.72 35.832+1.27 12.08 +0.49
G, 11.36°+0.44 8.73+0.25 42.33*+0.84 8.72+0.95
G, 9.80°+0.35 7.68+0.71 37.65°+ 0.65 10.05+1.57
G 12.16+0.57 8.14 £ 0.35 42.33°+1.20 9.06 £ 0.81

6

Values are mean + S.E. for 6 rats in each group. Values not sharing a common superscript in a column differ significantly (P<0.05).

Experimental groups Neutrophils Lymphocytes
G, 25.52+2.15 68.66°+ 2.48
G, 55.5¢+2.43 38.00°+ 3.09
G, 60.5°+4.26 33.332+3.98
G, 37.66°+4.16 51.66"+ 6.84
G, 61.16°+3.72 31.00°+ 3.08
G 33.5% +2.07 59.00+ 2.9

5

Monocytes Eosinophils Basophils
3.50+0.61 2.33+0.49 0.00 £ 0.00
3.66+0.76 3.00+1.54 0.00 +0.00
4.50+1.11 1.66 +0.91 0.00 £ 0.00
6.50+1.38 4.16 +3.02 0.00 £ 0.00
3.50+0.88 433+149 0.00 +0.00
4.66 +0.61 2.83+1.07 0.00 + 0.00

Values are mean + S.E. for 6 rats in each group. Values not sharing a common superscript, in a column differ significantly (P<0.05).
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Experimental SGPT SGOT

groups (IU/L) (IU/L)

G, 81.53+8.26 162.22 +15.17
G, 87.37 +£15.19 24590+11.71
G, 84.34 £16.33 231.09 + 14.47
G, 85.99+8.10 238.06 +41.75
G, 70.63£3.2 210.16 + 14.37
G 79.20 £ 3.98 183.83 + 25.40

5

Total bilirubin Alkaline phosphatase Creatinine
(TU/L) (TU/L) (IU/L)

0.322+003 62.31°+3.52 0.372+0.02
0.66°° + 0.06 114.82°+28.74 0.44°+0.08
1.00* £ 0.29 142.55°+ 26.99 0.86°+0.13
0.64* + 0.02 65.87*+£14.91 0.30°+0.05
0.68%* + 0.05 67.26° £ 9.37 0.41°+0.09
1.12¢+0.21 57.56° £ 6.91 0.36°+0.04

Values are mean + S.E. for 6 rats in each group. Values not sharing a common superscript in a column differ significantly (P<0.05).

Experimental

Lipid peroxidase

groups (Nmoles of MDA/g tissue)
Liver Kidney

G, 38.20°£ 3.06 39.61+7.12
G, 113.14°+27.88 72.82°+11.00
G3 119.87 <+ 28.47 91.15°+26.27
G, 46.53°°+8.4 52.69 2 +9.40
G, 63.842%+14.0 60.06 ** + 5.34
G 59.03 2%+ 10.35 34.41°+1.78

5

Values are mean = S.E. for 6 rats in each group. Values not sharing a common
superscript in a column differ significantly (P<0.05).

treated with meloxicam alone. The elevated levels suggests
hepatotoxic and nephrotoxic effect of meloxicam. Similar
serum biochemical changes in case of a female patient
with rheumatoid arthritis who developed acute cytolytic
hepatitis due to meloxicam was reported earlier.l'”) Dogs
treated with meloxicam at 1 mg and 2-mg/kg body weight
had elevation of serum creatinine!*® and is in agreement
with the present findings. Serum biochemical parameters
of Ocimum sanctum treated rats were not elevated, in turn
indicating its protective action.

The values of parameters like LPO, GSH and antioxidant
enzymes like SOD, activities of experimental rats were
shown in Tables 4 and 5. The values of LPO in liver and
kidney in G2 and G, groups were found significantly
elevated as compared with control group showed significant
difference. Present observation is in accordance with
Villages et al.,l'”) who also observed elevation in oxidative
stress parameters at higher dose of meloxicam (15 mg/kg)
in rats. The other parameters studied did not showed any
significant difference between the groups. However, there
was an increase in the glutathione content and SOD values
of meloxicam toxicated rats.

Gross findings

Grossly, rats from group G, showed congestion of glandular
stomach. The mucus membrane of intestine was thickened
and become rough. Rats from group G, showed hemorrhages
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in glandular stomach [Figure 1], congestion and subserosal
hemorrhages in intestine [Figure 2]. Congestion and small
necrotic area was seen on liver surface. Similar changes
were also recorded in-group G, Group G, did not show any
detectable macroscopic lesion. Control groups G, and G
also did not show any gross pathological lesions.

Microscopic findings

Liver from group G, revealed varied degree of changes from
granular degenerative changes to necrosis of hepatocytes
[Figure 3]. Infiltration of inflammatory cells and fibrous
tissue in perivascular, perilobular and periportal areas of liver
was seen [Figure 4]. Liver from group G, revealed granular
degenerative changes and necrosis of hepatocytes from
perivascular areas. Mild congestion in liver and proliferation of
Kupfter cell was pronounced in the liver from group G,and G,

Stomach from Group G, revealed intact mucosal epithelium
with mild infiltration of round cells in between the glands.
Stomach from group G, showed ulceration, hemorrhages
and desquamation of mucosal epithelium at many places
[Figure 5]. Stomach from group G, and G; revealed similar
changes as that of group G,. Intact intestinal mucosa with
mild submucosal infiltration was seen in rats from group
G, [Figure 6], while intestine group G, showed hydropic
degenerative changes in intestinal epithelium, hemorrhages
and desquamation of the epithelial mucosa|Figure 7]. The
group G, and G; did not show any detectable abnormality
in intestine. Kidney from group G, showed granular
degenerative changes in the tubular epithelium, while kidneys
from group G, revealed extensive degenerative changes
of tubular epithelium and interstitial nephritis [Figure 8],
Hemorrhages were the prominent findings. The kidneys from
G, rats did not show any changes other than mild degenerative
changes of tubular epithelium. In-group G, severe granular
degenerative changes were observed in tubular epithelium
leading occlusion of tubular lumen. Glomerular tuft of
kidney from group G, showed hemorrhages. The section
of brain from group G, showed perivascualr edema, gliosis
[Figure 9], and necrosis of neurons. Section of brain from
other groups did not reveal any histological abnormalities.
Focal myocardial necrosis and infiltration of inflammatory
cells in between the cardiac muscles was evident in hear of
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Experimental Reduced glutathione Super oxide dismutase

groups (Mmoles/g of wet tissue) (Units/mg protein)

Liver Kidney Liver Kidney
G, 2.05+1.39 1.46 £0.09 11.92 £+ 0.58 8.58+1.63
G, 3.26+9.53 2.44+0.33 153.27 +58.70 49.63 +6.49
G, 2.67+7.8 2.72+0.64 152.65 £ 62.54 118.24 £ 67.40
G, 3.71+1.40 1.66 £0.19 171.63 £58.02 115.94 £ 68.21
G, 3.82+7.73 1.94+0.21 160.36+ 59.80 279.65 +119.10
G 2.13+2.16 1.17+0.14 80.49+ 7.42 60.89 £ 14.08

6

Values are mean = S.E. for 6 rats in each group. Values not sharing a common superscript in a column differ significantly (P<0.05).

Figure 1: Hemorrhagic spot in the glandular stomach of meloxicam
treated group G,

Figure 3: Section of liver (Group G,) showing vacuolar degenerative
changes and necrosis of hepatocytes (H and E, x 200)

rats from group G, [Figure 10]. Section of heart from other
groups did not reveal any histological abnormalities.

Histomorphological observations from group G, indicated
hepatoprotective role of Ocimum sanctum against meloxicam
toxicity at low dose level and confirms the findings of
hepatoprotective action of Ocimum sanctum as reported

Toxicology International Jul-Dec 2011/ Vol-18 / Issue-2

Figure 4: Section of liver (Group G,) showing infiltration of inflammatory
cells and fibrous tissue in perivascular, perilobular and periportal areas
of liver. (H and E, x 200)

carlier.?” The findings of gastric hemorrhages and intestinal
ulceration due to meloxicam toxicity is reported earlier!']
and confirmed the findings of present study. Castro, et
al.1211 also reported mononuclear infiltration in stomach of
meloxicam treated dogs. The stomach and intestinal sections
from groups receiving meloxicam and extract of Ocimum
sanctum did not show any microscopic lesions in the stomach

134



Mahaprabhu, et al.: Effect of O. sanctum on meloxicam toxicity

Figure 5: Section of glandular stomach (Group G,) showing ulcer (H
and E, x100)

Figure 7: Section of intestine (Group G,) showing hydropic degeneration
in mucosal epithelium of intestine and sloughing (H and E, x100)

Figure 9: Section of brain (Group G,) showing gliosis and perivascualr
edema (H and E, x100)
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Figure 6: Section of intestine (Group G,) showing infiltration of
inflammatory cells and hydropic degeneration in mucosal epithelium
(H and E, x100)

: &"fm{ﬁﬁ'. i 0 Ll o o
Figure 8: Section of kidney (Group G,) showing interstitial nephritis
and hemorrhages (H and E, x100)

Figure 10: Section of heart (Group G,) showing myocardial infarct (H
and E, x100)
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and intestine. This points out towards a protective action
of Ocimum sanctum, which confirms the earlier findings of
Mandal ez al.?*'who reported anitulcerogenic properties of
Ocimum sanctum 1n rats induced by aspirin. Inhibition of
gastric secretion and ulceration in albino rats by Ocimum
sanctum was reported earlier,??! and could be the possible
mechanism of protection by Ocimum sanctum. Khan et al.**]
reported interstitial nephritis and nephritic syndrome as side
effect of NSAIDs due to transient interference in electrolytic
homeostasis. The Ocimum sanctum could not counteract
nephrotoxic effect of meloxicam in present experiment.
Sections of heart from group G, revealed focal myocardial
necrosis and infiltration of inflammatory cells, which could
be the outcome of sub acute meloxicam toxicity. Group G
revealed myocardial infarcts and focal necrotic area in the
section of heart which might be due to cumulative toxic
action of meloxicam on cardiac muscle.

From the present study we could conclude that Meloxicam at
both dose levels causes anemia, hepatotoxicty, nephrotoxicity
and produces lesion in GI tract. The lesions can also be
noticed in the heart and brain. Supplementation with
Ocimum sanctum could counteract the toxic effect only
at lower dose level. Even though many previous studies
observed the toxicity of meloxicam, the basic mechanism
of the toxicity is not understood thoroughly. A further
detailed study at molecular level is needed to know the
exact mechanism of meloxicam toxicity, and the protective
mechanism of Ocimum sanctum could be explored.
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