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Abstract

Ibuprofen is a nonsteroidal anti-inflammatory drug that is commonly used for its analgesic, antipyretic and anti-inflammatory
effects worldwide. However ibuprofen comes with serious unavoidable adverse effects on various organs when used for long
duration or overdosed. Trichopus zeylanicus is a medicinal plant endemic to India owning various beneficial properties and is
been used in treating various ailments. Therefore, the objective of this study was to evaluate the ameliorative effect of aqueous
leaves’ extract of Trichopus zeylanicus against ibuprofen-induced hepatic toxicity and enteropathy in rats. Overall in this study
30 male albino rats were used, which were divided into five groups (six in each group). Group-I was normal control, Group-1I
was ibuprofen (400 mg/kg/day) inebriated group, Group-III was silymarin (25 mg/kg/day) pretreated + ibuprofen (400 mg/
kg/day), Group-IV was ALETZ (1000 mg/kg/day) pretreated + ibuprofen (400 mg/kg/day), and Group-V was ALETZ alone
(1000 mg/kg/day) group. The duration of the administration was for five days, followed by scarifying rats on the sixth day.
Later the rats were assessed for liver and intestine enzyme markers, antioxidant parameters along with histopathological
changes. In addition the pro-inflammatory markers such as TNF-a, IL-6 and IL-1p as well as anti-inflammatory cytokine
IL-10 levels were measured using ELISA. Lastly the expression pattern of apoptotic signaling markers such as caspase-3,
caspase-8 and Bcl-2 was evaluated using western blot. The results obtained from this study showed changes in levels of
aforesaid parameter which presented the toxic effect of ibuprofen on liver and small intestine. Pre-treatment of ALETZ in
ibuprofen-inebriated group was able to normalize the adverse effect caused due to ibuprofen. The conclusion of the study
deduces that pre-treatment with ALETZ alleviates by modulating oxidative stress, inflammation, and apoptosis in ibuprofen
inebriated rats, indicating its protective mechanism.
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are a prom-
inent class of pharmaceuticals that are increasingly utilized
across the world (Zappavigna et al. 2020). They have been
authorized by the Food and Drug Administration (FDA) for
use as anti-inflammatory, analgesic and antipyretic medica-
tions (Bertolini et al. 2001; Bozimowski 2015; Kadusevicius
2021). Statistics show that approximately 30 million people
use NSAIDs every day since so many are available without
a prescription, i.e. over the counter (OTC) (Kim et al. 2021).
In spite of extensive therapeutic benefits, NSAIDs if used for
long term are involved in several toxicities as reported by
myriad of pharmacoepidemiological investigations (Moore
et al. 2019).

Ibuprofen, which is derivative of propionic acid, is one
of most common NSAIDs that was originally made avail-
able in 1969 (Rainsford 2009). Ibuprofen (800-1200 mg/
day) is used to treat minor aches and pains, such as head-
aches, muscle aches, fever, backaches and dysmenorrhea
(Bushra and Aslam 2010). However, it is utilized for the
long-term treatment of rheumatoid arthritis, osteoarthritis

@ Springer

and numerous other chronic pain conditions at larger
doses (1800-2400 mg/day) (Ward 1984; Bushra and
Aslam 2010). Ibuprofen has relatively fast absorption
in the upper gastrointestinal tract, which is followed by
metabolism in liver and clearance via kidneys, leading to
short plasma elimination half-life. The main enzymes in
metabolism of ibuprofen in the human liver are CYP2C8
and CYP2C9, which are responsible for its stereo selec-
tive hydroxylation (Johansson et al. 2014). Additionally,
the in vitro studies have reported uridine 5" diphospho-
glucuronosyltransferase (UGTs) which are predominantly
expressed in gut and are also involved in metabolism of
ibuprofen. Ibuprofen mainly inhibits the cyclooxygenases
(COX) enzymes (COX-1 & COX-2) in non-selective man-
ner (Prusakiewicz et al. 2009; Liu et al. 2020). The COX
inhibition ultimately leads to reduction in prostaglandin
production, which is key player in inflammation. The
prolonged use of ibuprofen has been reported to cause
metabolomics changes in blood via elevating the levels
of alanine transaminase (ALT) and aspartate aminotrans-
ferase (AST) signifying the atrocious liver damage (Kim
et al. 2021). Additionally, ibuprofen has been deliberated
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to cause various serious toxicities such as cardiovascular,
hepatic, renal and gastrointestinal at therapeutic dosage
if used for longer duration (Hall et al. 1986; Hunter et al.
2011; Sriuttha et al. 2018; Kim et al. 2021). Besides there
are no therapeutic interventions that can prevent or protect
the ibuprofen inebriated toxicities.

The traditional uses of plant-based medicines have led to
the discovery of numerous new potent therapies which are
been utilized in treating various diseases. Several decades
of the studies on medicinal plants and bioactive compounds
have revealed their role as anti-inflammatory (Khan et al.
2020; Uddin Chy et al. 2021), anti-microbial (Hossain et al.
2021), anti-fungal (Hemamalini et al. 2020) and antinoci-
ceptive (Freitas et al. 2021). Additionally, they have been
said to possess anti-cancer (Ahmed et al. 2020; Sinan et al.
2021; Agagiindiiz et al. 2022), anti-proliferative (Akkol et al.
2021), anti-diarrheal (Jahan et al. 2022), neuro-protective
(Gongalves et al. 2020; Vieira et al. 2020; Farooq et al. 2021;
Goni et al. 2021; Islam et al. 2021), cardio-protective (Fahad
et al. 2021) and gastrointestinal (Martinez et al. 2020) pro-
tective properties. Recently there was report on polyphenols
present in green tea have effective role in management of
COVID-19 (Tallei et al. 2021). In addition there are reports
on nanoparticles which have been synthesized from plant
sources to have shown properties like anticancer, antimi-
crobial, antileishmanial, etc. (Igbal et al. 2020). Therefore
the growing popularity and efficacy of Ayurveda and natural
remedies in the treatment of a variety of illnesses prompted
researchers to consider how well they would work against
drug-induced organ damage. Numerous research showing
the effectiveness of natural remedies in reducing the toxicity
of drugs have been conducted to date (Jerin Peter and Evan
Prince 2018; Simon et al. 2019).

Trichopus zeylanicus is a medicinal plant endemic to
Agastya hills, the extreme end of Western Ghats mountain
range of south India. It is well known as “Arogayapacha”
means “the greener of health” amongst the indigenous Kani
tribes of Agastya hills (Pushpangadan et al. 1988). A speck-
led spectrum of pharmacological properties such as anti-
fatigue, anti-stress, antioxidants, anti-microbial, analgesic,
anti-inflammatory, aphrodisiac, anti-diabetic, anti-ulcer,
anti-hyperlipidemic and hepatoprotective of Trichopus zey-
lanicus have been reported (Biju et al. 2019). A range of
phytochemicals, including flavonoids, tannins, terpenoids,
steroids and saponins, have been detected in Trichopus
zeylanicus (aqueous, ethanol, and methanol) extracts after
phytochemical screening. In previous study the protective
potentials of the leaf extract of Trichopus zeylanicus against
paracetamol-induced hepatotoxicity has shown remark-
able protective effect (Subramoniam et al. 1997; Rajani
et al. 2014; Majee et al. 2019). However, considering all
the aforementioned facts, in this study we have evaluated
ameliorative potentials of aqueous leaf extract of Trichopus

zeylanicus (ALETZ) against ibuprofen-instigated hepatotox-
icity and enteropathy in Wistar albino rats.

Material and methods
Extract preparation

The fresh leaves of the Trichopus Zeylanicus were collected
from Agastya hills of Kerala, India, which was authenticated
and certified by the Prof. Jayaraman, Director of Institute of
Herbal Botany, Plant Anatomy Research Center, Chennai,
Tamil Nadu, India. The certified number of the authenticated
plant specimen was PARC/2022/4710. The fresh leaf sam-
ples were properly cleaned using water to remove dirt resi-
dues and was air dried at room temperature (27 +3 °C) for
30 days. Later the samples were pulverized into fine powder
using mortar and pestle. The obtained fine powder was then
macerated in distilled water (dH,O) in the ratio of 1:2 (w/v)
and was soaked for 24 h. After 24 h of soaking the mixer was
filtrated by Whatman Filter paper (number 1). The filtrate
was then dried using water bath which yielded 10% (w/w)
of the aqueous leaves extract that was used in performing
further experiments.

Phytochemical profiling of Trichopus Zeylanicus
leaves

To analyze the chemical composition of the Trichopus Zey-
lanicus leaves’ extract, Gas chromatography-mass spectrom-
etry (GC-MS) was used. The leaf samples were injected into
the GC column. And the operation was programmed to start
at 60 °C for 2.5 min, additionally, the ramp temp was set
from 10 °C/min to 300 °C, the hold was for 6 min and end
set at 215 °C for 2.5 min. The temperature of the injector
was set to 215 °C while the temp for detector was set to 260
°C. Later, 1 pL of sample was loaded into the GC-MS (GC
trace ultra-version 5). The separation procedure of Trichopus
Zeylanicus leaves was done using MS-thermo DSQ II GC
column (30.0 mx 250 pm) via helium gas as carrier and
was adjusted to column velocity flow of 1.0 ml/min. The
mass spectral scan range from 40 o 600 (m/z) was used and
later to identify the compound the peak was compared with
The National Institute of Standards and Technology (NIST)
research library.

Chemicals and drugs

The ibuprofen tablets were obtained commercially from
Abbot India Limited., Verna Salcette, Goa, India. Chemi-
cal structure of ibuprofen has been represented in (Fig. 1A).
The Silymarin tablet was procured from Micro lab Pvt, Ltd,
Solan, Himachal Pradesh, India. Both of these tablets were
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Fig. 1 Effect of ALETZ on experimental rats body weight and liver
index. A The typical image depicts the molecular structure of ibupro-
fen. B Experimental flowchart representing the in-vivo study time-
line, and treatment schedule of IBU, ALETZ and SLY. C Represents
the change in body weight of experimental rats throughout the study
period. D Change in liver index of experimental rats. IBU-Ibuprofen,

dissolved in sterile water and administered. All the other
chemicals used were obtained and were of high analytical
grade.

Experimental animals

Thirty male wistar albino rats, approximately 8—10 weeks
old, and weighing 150-180 g were obtained from the ani-
mal house facility, Vellore Institute of Technology, Vellore,
Tamil Nadu, India. All rats were maintained under the stand-
ard conditions (12 h light/dark cycle at 27 +3 °C, 35-50%
humidity) and were housed six per cage. Rats was fed regu-
larly with standard pellet diet and water ad libitium. The rats
were acclimatized to above mentioned condition for 7 days
prior to the commencement of the experiments. The usage
of the rats in this study was approved by the Institutional
Animal Ethical committee Vellore Institute of Technology,
Vellore (VIT/IAEC/21/Dec) as per CPCSEA guidelines.
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ALETZ- Aqueous leaves extract of Trichopus zeylanicus and SLY-
Silymarin. (*) represents Normal Control vs IBU, ALETZ+IBU,
SLY+IBU and ALETZ; (+) represents IBU vs ALETZ+IBU,
SLY +1IBU and ALETZ; ($) represents SLY +1BU vs ALETZ+IBU
and ALETZ; (#) represents ALETZ+IBU vs ALETZ. (*+$#)
“P <0.05 delineates the results statistically significant

Scheme of experiment

The animals were divided into mainly five groups and each
group contained six animals. The groups was divided as fol-
lows and shown in (Fig. 1B):

Group 1: Normal control group (Normal Saline)

Group 2: Ibuprofen alone (400 mg/kg. b.w. /day,
p.o.) was given for 5 days

Group 3: Ibuprofen (400 mg/kg. b.w. /day, p.o.) for
5 days + Silymarin (25 mg/kg. b.w./ day, p.o.) before two
hrs of ibuprofen treatment for 5 days.

Group 4: Ibuprofen (400 mg/kg. b.w. /day, p.o.) for
5 days+ALETZ (1000 mg/kg. b.w/day, p.o.) before two
hrs of ibuprofen treatment for 5 days.

Group 5: ALETZ alone (1000 mg/kg b.w/day, p.o)
was given for 5 days.

After the 5 days of treatment period, rats were allowed
to fast for 12 h, after the last dosage. Later on 6th day all
rats were killed using ether anesthesia. The cardiac punc-
ture was introduced in rats using 5 ml syringe with a 23G1
needle to obtain blood. Later the serum was separated
from blood using centrifugation procedure (2000 rpm for
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10 min) for antioxidant assays. Later, liver and intestine
were collected using surgical procedure for histopathologi-
cal analysis.

Weight assessment

The weight of the rats was measured twice daily first before
the drug administration and second after 6 hrs of drug
administration until the day of killing. The change in the
body weight in experimental rats (i.e. Increase or Decrease),
for all 6 days, was represented in terms of statistical signifi-
cance (P <0.05). After killing all rats the liver weight was
gauged. The liver index was examined using the following
formula: (Liver index = (Liver weight/body weight) x 100%).

Biochemical assessment

The protective activity of Trichopus Zeylanicus leaves was
deliberated by examining serum markers such as albumin,
total bilirubin, direct bilirubin, gamma glutamyl trasapepti-
dase (GGT), asparatate amino transferase (AST), alanine
amino transferase (ALT), Alakaline phosphatase (ALP),
high-density cholesterol (HDL), low-density cholesterol
(LDL), triglycerides and total cholesterol. All kits were
procured commercially from AutoSpan diagnostics, Ltd.,
Bangalore, India. The analysis for all test was performed as
per the standard protocols given by manufacturers.

Antioxidant activity assessment

The small sections of the liver and intestine were obtained
from experimental rats and homogenized using heparin-
induced platelet activation assay (HIPA). The homogenized
liver and intestine samples were then used for analyzing
antioxidant parameters such as catalase (CAT), superoxide
dismutase (SOD) (Marklund and Marklund 1974), reduced
glutathione (GSH) (Sinha 1972), glutathione peroxidase
(GPx) (Rotruck et al. 1973) and malondialdheyde (MDA).

Myeloperoxidase assay

The myeloperoxidase (MPO) can be used as indirect marker
for small intestine inflammation as it is present in neutro-
phils. For this assay the intestine tissue was homogenized in
10 mM phosphate buffer with pH 6. The samples were then
centrifuged for 10 min at 13,000g, and supernatant obtained
was discarded and the tissue homogenate was resuspended
in 0.5% hexadecyltrimethyl ammonium bromide. Later the
samples was vortexed and recentrifuged for 2 min at 5000g.
Last o-dianisidine was added to supernatant and absorbance
was recorded at 450 nm.

Cytokine levels assessment

The supernatant obtained from homogenized liver and intes-
tine tissues of experimental rats was used for measuring the
level of Tumor necrosis factor-o (TNF-ar), Interleukin-6 (IL-
6), Interleukin-1p (IL-1p) and Interleukin-10 (IL-10) using
enzyme-linked immunosorbant assay (ELISA) kits. The
ELISA kits were procured from the Sigma-Aldrich, India,
and procedures for carrying out this analysis was performed
according to the manufacturer’s protocol.

Histopathological assessment

For morphological analysis, the liver and intestine sample
obtained from experimental rats was fixed in the fixative
made [ethanol absolute (85 ml), glacial acetic acid (5 ml)
and 40% formaldehyde (10 ml)]. Once the tissue samples
were dehydrated they were fixed in paraffin to prepare block
for microtomy. Later for analysis the tissue sections of size
4-5 um were obtained with microtome, stained with Hae-
matoxylin—Eosin (H&E) and observed under an optical
microscope at 10x and 40 X. Histological parameters were
examined using photographs obtained with the same mag-
nification and camera settings. The subsequent histological
scoring pattern such as 0: no changes, 1: mild changes, 2:
moderate changes, 3: severe change was used for assessing
tissue architectural damage.

Western blotting

Using the radioimmunoprecipitation assay (RIPA) buffer,
proteins extracts from liver and intestinal tissues were pre-
pared. The protein extract was then separated by sodium
dodecyl sulfate—polyacrylamide gel electrophoresis gels and
then transferred to polyvinylidene difluoride membranes
(Millipore, USA). Later the membrane was blocked with
5% BSA for 1 h followed by probing with primary anti-
body BCL2, Caspase-3 and Caspase-8 (Santa Cruz Biotech-
nology Inc., Dallas, TX; 1:1,000) incubation overnight at
4 °C. After overnight incubation of primary antibodies the
membrane was incubated with secondary HRP conjugated
antibodies (1:10,000) for 1 h. Protein bands were imaged
using the Bio-Rad Gel imaging system and intensity was
examined. All the protein bands were then normalized to
that of the vinculin protein and graphs were plotted.

Data display and statistical analysis
The statistical significance between the experimental

groups was calculated using one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test using GraphPad
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Prism v8.0 (San Diego, CA, USA) software. The results of
the analysis were expressed as mean (+) standard deviation.
P-values of less than 0.05 was considered as significant.

Results
Profiling of Trichopus Zeylanicus leaves extract

The Trichopus Zeylanicus leaf powder was subjected to
appropriate solvent and was allowed to dissolve, later the
solutions was filtered using nylon membrane mainly used
for GC-MS analysis and the chromatogram was obtained as
shown in (Fig. S1). The chromatogram was analyzed and list
of phytochemical was made as shown in the (Table S1). The
phytochemicals with highest concentrations reported were as
follows: Farnesol (23.5%), Lupeol acetate (19%), Butylated
hydroxytoluene (17.8%), Squalene (7.8%), Lupenone (6.8%),
Iridojaponal A (5.9%), p-sitosterol (5.2%), etc.

Effect of ALETZ on liver index & body weight

The body weight of the experimental rats was assessed
throughout the course of experiment as shown in Fig. 1C.
The results of this evaluation showed that the body weight
of the ibuprofen-inebriated group reduced significantly

mg/dL,

mg/dl.

&

(P <0.05) from that of the normal control group. Whereas
in ALETZ pretreated group, a slight reduction in weight was
observed for day 1 and day 2. And from day 3 the gain of
weight was observed which continued till the last day of the
experiment. Additionally, a significant (P <0.05) decrease
in the liver index was observed in the ibuprofen-inebriated
group, compared to the normalcontrol group. While ALETZ
pretreated and ALETZ alone treated groups showed similar
liver index that of the normal control group (Fig. 1D).

Effect of ALETZ on liver functional markers

To access the protective effect of ALETZ on ibuprofen-
induced hepatotoxicity various functional marker levels
was examined. Results obtained represented that there was
significant increase (P <0.05) in the levels of ALP, AST,
ALT, GGT, total bilirubin and direct bilirubin in serum
obtained from ibuprofen-inebriated group when compared
to control group. Hence this elevated level of markers sig-
nified the hepatic cell damage caused due to ibuprofen in
ibuprofen-inebriated group. However, the ALETZ pretreated
and ALETZ-alone treated groups retained the levels of these
markers near to normal levels (Fig. 2A, B). In addition the
levels of albumin and total protein was also evaluated in all
the groups, which exhibited substantial decrease of these
markers in ibuprofen-inebriated group when compared to
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Fig.2 Effect of ALETZ on biochemical analysis. A Hepatic func-
tional marker. B Protein profile. C Lipid profile. D Intestinal func-
tional marker (MPO). IBU-Ibuprofen, ALETZ-Aqueous leaves
extract of Trichopus zeylanicus,and SLY-Silymarin. (*) represents
Normal Control vs IBU, ALETZ+IBU, SLY +IBU and ALETZ;
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(+) represents IBU vs ALETZ+IBU, SLY +IBU and ALETZ; ($)
represents SLY +1BU vs ALETZ+IBU and ALETZ; (#) represents
ALETZ+1BU vs ALETZ. (* + $#) P <0.05 delineates the results sta-
tistically significant
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control. Whereas the ALETZ pretreated group maintained
the normal range of albumin and total protein, compared to
the silymarin pretreated group, stating its better potency.
Furthermore, the levels of HDL, LDL, total cholesterol and
triglycerides were examined. This analysis presented a sig-
nificant (P <0.05) raised levels of LDL, total cholesterol,
and triglycerides, besides the lower levels of HDL in the
ibuprofen-inebriated group. Whereas in ALETZ pretreated
group the levels of these markers were observed close to
normal than that of the silymarin pretreated group. Addi-
tionally, the ALETZ alone treated group maintained normal
levels of these markers as seen in the normal control group
(Fig. 2C).

Effect of ALETZ on MPO activity

The MPO activity was evaluated to determine the neutrophil
infiltration in the intestine. The results obtained showed a
significant raise in neutrophil infiltration in ibuprofen-ine-
briated group when compared to control group. Moreover, a
noteworthy reduction in the levels of MPO was observed in
ALETZ-treated groups. This signifies the ALETZ is capable
of decreasing the activity of MPO released by the neutro-
phils (Fig. 2D).

Effect of ALETZ on oxidative stress in liver
and intestine

The effect of ibuprofen, ALETZ and silymarin on antioxi-
dant activities in the liver and intestine was assessed using
SOD, CAT, GSH and GPx. The results obtained showed that
the ibuprofen-inebriated group had notably lower levels of
antioxidants as compared to the control group. The reason
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behind this might be the antioxidants were utilized in com-
bating the toxins produced due to overdosage of ibuprofen.
Moreover, the antioxidant levels in ALETZ and silymarin
pretreated groups retained their levels to normal signifying
the protective mechanism against ibuprofen toxicity. Later
the MDA analysis was performed to assess the fatty acid
peroxidation in the cells. The outcome from this analysis
showed that there was significant rise in the levels of MDA
in liver and intestine tissue homogenate obtained from
ibuprofen-inebriated group when compared with normal
control. Moreover the levels of MDA were nearly normal
in ALETZ and silymarin pretreated groups. The ALETZ
alone group has normal level of MDA which was similar
to the normal control (Fig. 3A, B). However to examine the
morphological changes in liver and intestine the histopatho-
logical analysis was carried out.

Effect of ALETZ on histology of liver and intestine

The histological examination was executed for liver and
intestine of all the experimental rats used. The histologi-
cal morphology of the normal control liver showed normal
central vein, with sinusoidal spaces, hepatocytes nucleus
and Kupffer cell’s nucleus. In contrast, the liver architec-
ture disruption in the ibuprofen-inebriated group was seen,
along with portal inflammation, inflammatory cell infiltra-
tion, hepatocyte degeneration with central vein congestion,
and neutrophil infiltration. The ALETZ and silymarin pre-
treated groups represented mild inflammation along with
activation of Kupffer cells. Additionally, they were able to
alleviate the inflammation caused by ibuprofen. The ALETZ
alone treated group represented the normal liver histological
morphology akin to the normal control group (Fig. 4A, B).
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Fig.3 Effect of ALETZ on antioxidant levels and lipid peroxida-
tion. A Liver antioxidant levels. B Intestine antioxidant levels. /BU
IBU-Ibuprofen, ALETZ-Aqueous leaves extract of Trichopus zey-
lanicus and SLY-Silymarin. (*) represents Normal Control vs IBU,
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ALETZ+IBU, SLY+IBU and ALETZ; (+) represents IBU vs
ALETZ+1BU, SLY +1IBU and ALETZ; ($) represents SLY +IBU vs
ALETZ+1BU and ALETZ; (#) represents ALETZ +1BU vs ALETZ.
(*+$#) P <0.05 delineates the results statistically significant
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The histological architecture for the small intestine was
examined to assess protective effect of ALETZ on ibupro-
fen instigated enteropathy. In the normal control group the
microvilli, the crypt, goblet cell, enterocyte, and lamina
propria of mucosa were intact representing the normal
intestinal morphology. Whereas in the ibuprofen-inebriated
group inflammatory infiltration, goblet cell depletion, crypt
loss, and microvilli disruption were observed, signifying
the damage caused by ibuprofen. The silymarin pretreated
group represented the mild inflammation and mild reduc-
tion in the size of villi. However the ALETZ pretreated
group and ALETZ alone treated group exhibited the nor-
mal intestinal histological morphology similar to normal
control group (Fig. 4C, D). Later the anti/pro inflammatory
cytokines levels was examined to confirm the occurrence
of inflammation.

Effect of ALETZ on anti/ pro-inflammatory cytokines
levels

The raised levels of pro-inflammatory cytokines such as
TNF-a, IL-6, and IL-1p in the liver and intestine tissue
homogenates, were observed in the ibuprofen-inebriated

Liver (H&E) 100x

=
3
S
3
g
K
=z
=

Fig.4 Histological assessment. A Represents the H&E staining
of liver tissues. B Histological score of liver tissue. C Represents
the H&E staining of intestine tissues. D Histological score of intes-
tine tissue. CV-central vein, Kn-kupffer cell nucleus, Hn-hepatic
cell nucleus, SS-Sinusoidal space, PV-portal vein, BD-bile duct,
MYV-micro villi, EC-enterocyte, GC-goblet cells, LP-lamina pro-
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group. However, normal levels of these cytokines were
observed in ALTEZ pretreated group. The silymarin pre-
treated group also demonstrated a reduction in the levels
of TNF-a, IL-6 and IL-1p cytokines. Additionally, anti-
inflammatory cytokine IL-10 levels were measured in all
five groups. The results from this analysis demonstrated that
IL-10 levels were significantly low in the ibuprofen-inebri-
ated group. However, the silymarin and ALETZ pretreated
group were shown to have higher levels of IL-10 than the
ibuprofen-inebriated group. Moreover, the ALETZ alone
treated group had shown to have normal levels of TNF-a,
IL-6, IL-1p, and IL-10 (Fig. 5A, B). In addition the effect
of ALETZ modulating effect on apoptosis was carried out
liver and intestine.

Effect of ALETZ on apoptotic signaling in liver
and intestine

The expression of apoptotic signaling markers such as cas-
pase-8, caspase-3 and Bcl-2 was assessed to investigate
the protective mechanism of ALTEZ against ibuprofen
induced liver and intestinal toxicities. Hence the results
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pria, IBU-Ibuprofen, ALETZ-Aqueous leaves extract of Trichopus
zeylanicus,and SLY-Silymarin. (*) represents Normal Control vs
IBU, ALETZ+IBU, SLY +1IBU and ALETZ; (+) represents IBU vs
ALETZ+1BU, SLY +1IBU and ALETZ; ($) represents SLY +IBU vs
ALETZ+1IBU and ALETZ; (#) represents ALETZ+1BU vs ALETZ.
(*+ $#) P <0.05 delineates the results statistically significant
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Fig.5 ALETZ modulates the cytokine levels. A Represents the
effect of ALETZ on pro-inflammatory makers such TNF-a, IL-6,
IL-1P and anti-inflammatory maker such as IL-10 of liver. B Repre-
sent the effect of ALETZ on pro-inflammatory makers such TNF-a,
IL-6, IL-1p and anti-inflammatory maker such as IL-10 of Intes-
tine. IBU-Ibuprofen, ALETZ-Aqueous leaf extract of Trichopus zey-

obtained exhibited the significant decrease in expression of
anti-apoptotic marker Bcl-2; however, there was increase
in levels of pro-inflammatory cytokines such as caspase-8
and caspase-3 in ibuprofen-inebriated group. In the ALETZ
pretreated group the expression of Bcl-2, caspase-3 and cas-
pase-8 was equal to normal which signified the ALETZ role
in regulating the ibuprofen induced protein expression via
reducing hepatocyte injury due to ibuprofen administration.
When compared to silymarin pretreated group the ALETZ
pretreated group showed better result. ALTEZ alone treated
group showed normal levels of Bcl-2, caspase-3 and cas-
pase-8. The histograms of fold change over control group
for all the five groups have been represented in (Fig. 6A, B).

Discussion

NSAIDs are the most widely used medications in the world
because of their effectiveness and accessibility. However,
this success of NSAIDs is accompanied by very severe,
unavoidable side effects that account for more than 30% of
hospital admissions for overdose (Simon and Evan Prince
2017). Since NSAIDs are accountable for serious side effects
medical professionals have expressed great concern about

= SLY +IBU

Hm ALETZ +1BU mE ALETZ

lanicus, and SLY-Silymarin. (*) represents Normal Control vs IBU,
ALETZ+IBU, SLY+IBU and ALETZ; (+) represents IBU vs
ALETZ+1BU, SLY +IBU and ALETZ; ($) represents SLY +IBU vs
ALETZ+I1IBU and ALETZ; (#) represents ALETZ+1BU vs ALETZ.
(*+$#) P <0.05 delineates the results statistically significant

using them. After aspirin, one of the most well-known and
widely used NSAIDs is ibuprofen, which is sold without
a prescription (Rainsford 2009). An overdose of ibuprofen
causes mitochondrial stress, idiosyncratic reactions, and the
generation of reactive oxygen species.

At high dose ibuprofen is capable of depleting the GSH
conjugation, which causes reduction in the levels of antioxi-
dants along with accumulation of toxic metabolites in the
cell (Cazanave et al. 2008; Pinnen et al. 2011). This results
in peroxidative damage to the cell membrane by disrupt-
ing the mitochondrial transmembrane. This transmembrane
damage causes a diminution of ATP production which stim-
ulates cell necrosis (Ayala et al. 2014). Therefore, here we
appraised the protective mechanism of ALETZ against ibu-
profen induced hepatic and intestinal toxicity via modulating
the oxidative stress, inflammation and apoptotic signaling. In
this study, the bodyweight of all the experimental rats was
recorded daily, and the results showed that the body weight
of the ibuprofen inebriated group decreased significantly
(P <0.05), indicating the ibuprofen's toxic effects. Ibupro-
fen might have caused gastrointestinal tract ulcers in rats,
which made it difficult for them to eat, resulting their body
weight to drop. Moreover, the ALETZ alone treated group
gained weight for all five days, same as a normal control
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Fig.6 ALETZ modulates the apoptotic signaling. A Represents the
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group. Whereas the ALETZ pretreated group showed a
slight decrease in weight for the first 2 days and then from
3 day they started to gain weight which signifies ALETZ's
capabilities in restoring the damage caused by ibuprofen.
Ibuprofen overdose contributes to hepatocyte damage by
increasing cellular permeability, which raises serum levels
of ALT, ALP, AST, GGT, total bilirubin and direct biliru-
bin( Shahnazarian et al. 2018). The elevation in the hepatic
enzyme markers might be due to leakage of these markers in
circulation which signifies the hepatic injury. However the
levels of albumin and total protein levels were significantly
reduced in ibuprofen inebriated group when compared to
normal control group. Furthermore, the ibuprofen-inebriated
group had lower HDL levels and higher levels of LDL, total
cholesterol, and triglyceride, which indicated dyslipidemia.
In contrast the ALETZ pretreated group was observed to
restore the levels of HDL, LDL, total cholesterol and tri-
glycerides near to normal control group. This implied the
ALETZ's ability to protect against ibuprofen-induced dyslip-
idemia. The intestine plays a very vital role in digestion and
nutrition assimilation, therefore damage to the intestine may
lead to serious ailments (Sensoy 2021). Therefore to exam-
ine the intestinal damage caused due to ibuprofen we meas-
ured the levels of MPO. The results observed represented
the significant rise in the levels of MPO in the ibuprofen-
inebriated group which signified the neutrophil infiltration.
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zeylanicus, and SLY-Silymarin. (*) represents Normal Control vs
IBU, ALETZ+1BU, SLY +1BU and ALETZ; (+) represents IBU vs
ALETZ+1BU, SLY +IBU and ALETZ; ($) represents SLY +IBU vs
ALETZ+1IBU and ALETZ; (#) represents ALETZ+1BU vs ALETZ.
(*+ $#) P <0.05 delineates the results statistically significant

Athwart the levels of MPO were restored to the normal in
ALETZ pretreated group which inferred that it prevents the
intestinal damage caused due to ibuprofen.

Ibuprofen overdosage causes the alteration in the SOD,
CAT, GSH, and GPx antioxidants levels in various organs
(Zoubair 2016; Kim et al. 2021). In this study the antioxi-
dant levels in ibuprofen -inebriated group was found to be
decreased in the liver and intestine. The SOD is one of the
vital antioxidant enzymes that catalyzes the conversion of
O, — (superoxide anion) into O (molecular oxygen) or H,O,
(hydrogen peroxide) which are important in scavenging the
ROS (Fukai and Ushio-Fukai 2011). Therefore, reduction
in the levels of SOD in ibuprofen inebriated group causes
decline in SOD ability to scavenge ROS. Furthermore the
ALETZ pretreated group maintained the SOD levels to
normal and nearly similar result was observed in silyma-
rin pretreated and ALETZ alone treated group. The CAT is
one of important enzyme that prevents cells from oxidative
damage; hence decrease in its level might lead cells to oxi-
dative damage. Thus, a decrease in CAT levels was seen in
the ibuprofen-inebriated group, suggesting that ibuprofen
may be able to cause oxidative damage to cells via mod-
ulating CAT levels. The group that received ALETZ pre-
treatment had levels of CAT that were normal and showed
no signs of oxidative damage. Moreover, the lipid peroxi-
dation was observed by assessing the MDA levels in the
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ibuprofen-inebriated group which indicated the increased
levels of MDA that signified excess of ROS production and
subsequently causing membrane and tissue damage (Ayala
et al. 2014; Naji et al. 2021). In ALETZ pretreated the MDA
levels were similar to the normal control group which pre-
sented no membrane or tissue damage. The reduce levels
of GSH was seen in the ibuprofen-inebriated group that
indicated reduction in the ability of the cell to prevent cel-
lular damage caused due to ibuprofen. In contrast the normal
levels of GSH was maintained by ALETZ pretreated group
that connoted the reduction in cellular damage. Collating the
outcomes obtained from aforementioned analysis, we could
infer ALETZ pretreatment safeguards liver and intestine
against free radical mediated oxidative stress by scaveng-
ing ROS besides restraining lipid peroxidation and averting
antioxidant depletion.

The histopathology analysis of liver and intestine tis-
sues from all five groups interestingly replicated these
observations, confirming the ALETZ protective mecha-
nism against ibuprofen toxicity. The pretreatment of
ALETZ was able to revert the hepatocyte damage and
inflammation triggered due to ibuprofen. However, ibu-
profen-inebriated group presented swollen hepatocytes,
pyknotic nuclei in hepatocytes with portal inflammation.
The ALETZ treated group maintained the normal hepatic
architecture and the almost similar result was observed in
silymarin pretreated group with some Kupffer cell acti-
vated. Additionally the histological analysis of intestine
presented degenerative changes like crypt loss, goblet cell
reduction and inflammatory infiltration in lamina propria
of ibuprofen-inebriated group. In contrast the ALETZ pre-
treated group showed normal morphology as of normal
control group. Besides, the silymarin pretreated group
showed some inflammatory cells in micro villi. Whereas
normal intestinal architecture was observed in ALETZ
alone treated group. As was mentioned previously, the
decrease in GSH levels results in oxidative stress, which
in turn causes mitochondrial oxidative stress. This causes
activation of pro-inflammatory cytokines such TNF-a,
IL-6 and IL-1p (Dauletbaev et al. 2010; Ahmadi et al.
2022). The IL-6 is active mediator of acute phase response
which plays a vital role in controlling the levels of IL-10
an anti-inflammatory cytokine (Kothari et al. 2014). The
TNF-a and IL-6 are known to be elevated during the
course of stress and inflammation. IL-1p plays important
role in mediating the cellular inflammation, differentiation
and apoptosis. IL-1f raised levels have been reported to
act as autocrine growth factor in various cancers. In this
study we observed the raised levels of TNF-«, IL-6 and
IL-1p cytokines along with decrease in the levels of IL-10
in ibuprofen-inebriated group. This observation signified
ibuprofen imbalances the levels of pro and anti-inflamma-
tory cytokines making liver and intestine more susceptible

to the inflammation. Additionally in ALETZ pretreated
group the levels of TNF-a, IL-6, IL-1f and IL-10 were
retained to normal control group. Considering the results
obtained, the ALETZ indicated to possess the anti-inflam-
matory effect protecting against ibuprofen-induced hepatic
and intestinal toxicity.

Ibuprofen has been reported to cause DNA fragmenta-
tion via activation of caspases (Berns et al. 2009). Hence
in this study, the modulatory effect of ibuprofen on apop-
totic signaling markers such as initiator caspase-8, effec-
tor caspase-3 and Bcl-2 was assessed in liver and intes-
tine using western blotting technique. The caspase-3 is
known to be activated during the time of cell death or
if any injury caused to cell. Therefore, significant eleva-
tion of caspase-3 was observed in the ibuprofen-inebriated
group which demonstrated ibuprofen caused cellular dam-
age. It also implied ibuprofen modulates the mitochondria
mediated apoptosis via elevating the levels of caspase-3
in ibuprofen-inebriated group. The caspase-8 is cysteine
protease that plays important role in extrinsic apoptotic
signaling via death receptors. In this study the raised level
of caspase-8 besides Bcl-2, an anti-apoptotic marker lev-
els, was observed to be reduced in ibuprofen inebriated
group. Whereas the levels of caspase-3, caspase-8, and
Bcl-2 were presented to the normal in ALETZ pretreated
group. This signifies that ALETZ alleviated apoptosis in
the liver and intestine via reducing the levels of caspase-3
and caspase-8. Moreover, it also maintains the level of
Bcl-2 as that of the normal control group.

Accumulating evidence has suggested that ibuprofen
overdose generates free radical which ultimately causes
oxidative stress, activates inflammatory machinery and
increases apoptosis. Therefore, this was the first study
to have observed that ALETZ pretreatment reducing the
oxidative stress caused due to overdosing of ibuprofen in
liver and intestine. Moreover, ALETZ pretreatment was
able to exert downregulation of inflammatory mediators,
via increasing the liver and intestine antioxidant defense
machinery. Besides, our study also demonstrated that
ALETZ pretreatment alleviated the pro-apoptotic marker
levels (Fig. 7). Therefore, we conclude that use of ALETZ
significantly shows a protective mechanism against ibu-
profen induced liver and intestine toxicity via modulation
of oxidative stress, pro/anti-inflammatory cytokines and
apoptosis signaling.

Conclusion
To conclude, the result obtained from the study demon-
strated the ALETZ (1000 mg/kg b.w) pretreatment was

capable of attenuating the ibuprofen-inebriated hepatic
and small intestine toxicity via modulating the oxidative
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stress, inflammation and apoptotic signaling. Additionally,
ALETZ was found to restore the levels of liver and intes-
tine enzyme markers, antioxidant and histological archi-
tecture. It also retained the levels of TNF-a, IL-6, IL-1p
and IL-10 cytokine. The protein expression of Caspase-3,
Caspase-8 and Bcl-2 was observed to be near to normal in
ALETZ treated group. Additionally ALETZ alone treated
group has not shown any signs of toxicity. Thus study con-
ducted concluded the beneficial effect of ALETZ against
ibuprofen induced hepatotoxicity and enteropathy in wistar
albino rats. In the future, it will be important to identify
and evaluate potential active molecules derived from
Trichopus zeylanicus against ibuprofen persuaded toxici-
ties. Hence, further studies are obligatory to elucidate the
mechanisms of action of these pharmacological activities.
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