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Abstract: 
The chronic inflammatory disease ulcerative colitis, which affects the colon and rectum, causes much 
healthcare morbidity and burden. Because conventional medicine couldn't relieve or prevent 
symptoms, complementary and alternative therapies were sought. This mouse model study examines 
the biochemical effects of cranberry and amla extracts on ulcerative colitis symptom. Evidence 
supports the claim that these compounds reduce oxidative stress markers, retain mucosal membrane 
integrity in colitic mice, and lower pro-inflammatory cytokines (e.g., TNF-α and IL-6). Because of 
their complex action mechanisms, they target many pathogenic pathways involved in UC 
pathophysiology. This makes them effective. UC patients can receive individualized and holistic 
treatment by incorporating evidence-based research on natural products and herbal remedies. Due to 
natural and herbal ingredients, this is possible. Patients would have access to additional therapeutic 
alternatives as a result of this circumstance, which would ultimately result in an increase in the quality 
of life that they experience. 

Keywords: V. macrocarpon; E. officinalis; Ulcerative colitis; Mice; Biochemical evaluation; 
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1. Introduction
Ulcerative colitis (UC) is a chronic inflammatory disease that destroys colon and rectum mucosa, and
the condition persists. The patient may experience tenesmus, urgency, blood in the diarrhoea,
abdominal pain and weight loss is another sign (Singh & Dulai, 2022; Tsai, 2019). Treatment for UC
aims to control symptoms, induce and maintain remission, and enhance quality of life. Several
medical specialists must collaborate to overcome this (Armuzzi & Liguori, 2021). Genome-wide
association studies (GWAS) have found several susceptibility loci, suggesting that genetic factors play
a major role in UC development (Voskuil et al., 2021). Environmental variables like smoking, stress,
microbial dysbiosis, and nutrition may cause ulcerative colitis. Lifestyle choices are another
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environmental factor (Vedamurthy & Ananthakrishnan, 2019). Dysregulated cytokine signalling 
pathways, poor mucosal barrier function, and aberrant luminal antigen immune responses induce this 
inflammation (Barbara et al., 2021). Over the last few decades, UC has become more common 
worldwide, especially in industrialised nations and metropolitan cities. UC patients are more likely to 
have comorbidities and lower quality of life (Taku et al., 2020). 
Pharmaceutical advances have made UC management easier, but it still tough. Traditional medicine 
focuses on clinical remission, quality of life, avoiding issues, and minimising harm (Gajendran et al., 
2019). Treatment possibilities include immunomodulators, biologic medicines targeting TNF-α or 
integrins, aminosalicylates, and corticosteroids. Some people benefit from these therapies, but others 
may encounter side effects. If traditional treatments fail, doctors prescribe salvage drugs including 
calcineurin inhibitors, JAK inhibitors, and faecal microbiota transplantation (FMT) (Wang & Li, 
2021). Increasingly popular complementary and alternative therapies include herbal remedies, 
probiotics, prebiotics, and nutrition. These are complementary and alternative healthcare methods 
(Baars et al., 2019). 
Throughout history, many societies have used herbal medicine for medicine as this practise has an 
intriguing past. People have used medicinal plants to treat a number of medical conditions, including 
digestive issues, for generations (Thumann et al., 2019). Ancient Mesopotamia, Egypt, China, India, 
Greece, and Rome were among the first to use herbal medicines for gastrointestinal disorders. 
Additionally, Greece was an early herbal medicine adopter. These therapy relieved symptoms of 
inflammatory bowel diseases include UC, constipation, dyspepsia, and diarrhoea (Elmaghraby et al., 
2023). Ayurveda, Traditional Chinese Medicine, and European and Native American herbal traditions 
offer gastrointestinal cures. These natural medicines treat digestive issues (Li et al., 2022). Many 
medical disorders, including UC and other gastrointestinal illnesses, are being studied for treatment. 
Herbal remedies, botanical supplements, and plant extracts are being studied as treatments. It is 
because standard pharmacological treatment has many unpleasant side effects (Akkol et al., 2020). 
The pharmaceutical industry creates new therapeutic targets and drug leads from medicinal plants' 
many bioactive components and these chemicals enable it. Recent advances in bioassay-guided 
fractionation, pharmacological screening, and phytochemical analysis simplify the procedure (Elnaas, 
2020; Tata et al., 2020). Herbal medicines offer a greater range of therapeutic effects while minimising 
the risk of unwanted effects and drug interactions since they target several pathways and cellular 
processes involved in sickness. Herbal medicines have several medicinal effects (Cox-Georgian et al., 
2019). Traditional knowledge, cultural history, and environmental sustainability make medicinal 
plants valuable in global healthcare systems. These qualities make therapeutic plants valuable and 
determine medicinal herb value (Astutik et al., 2019). 
Some UC treatments include botanical extracts or medicinal herbs, which have anti-inflammatory, 
antioxidant, and mucosal healing qualities. Besides restoring tolerance and controlling disease 
activity, they may be effective in other areas (Gupta et al., 2022). Combining botanical extracts can 
boost the therapeutic efficiency of herbal treatments. Herb therapy treats UC symptoms by addressing 
the patient's physical, mental, and social wellness. Alternative medicine includes herbalism (Kumar 
et al., 2024). Cranberry and Indian gooseberry or amla have showed promise as medical therapies for 
a range of illnesses. Gastrointestinal diseases and others are included (Mayegowda et al., 2022). Due 
to its high phytochemical content and diverse pharmacological properties, cranberry and amla are 
widely used in indigenous medicine and culture. Cranberries and amla are high in phytochemicals 
(Raghu et al., 2023). Cranberries (Vaccinium macrocarpon) have several beneficial chemicals and is 
very common. It includes organic acids, comprises of flavonols, anthocyanins, phenolic acids, PACs, 
and organic acids (Bobis et al., 2020; Khalil et al., 2021). Cranberries are rich in A-type polyphenols 
(PACs) that prevent dangerous germs like Escherichia coli from sticking to urine and gastrointestinal 
epithelium and promotes urinary and intestinal health and minimises infection risk (Amin et al., 2022; 
Philip & Walsh, 2019). Cranberries' kaempferol, quercetin, and myricetin improve immunity, reduce 
inflammation, and are antioxidants (Bologa, 2021; Manful et al., 2023; Wani et al., 2023). Cranberries 
may lower oxidative stress and inflammation, which cause this condition. Cranberries' antioxidant 
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and health advantages are enhanced by phenolic acids like hydroxycinnamic and hydroxybenzoic 
acids (Golovinskaia & Wang, 2021). 
Ayurvedic medicine reveres amla (Emblica officinalis) for its nutritional and therapeutic benefits 
(Hussain et al., 2021). It may be high in vitamin C and helps the immune system, absorbs iron, makes 
collagen, and repairs cells. Amla's tannins, flavonoids, polyphenols, alkaloids, and vital fatty acids 
enhance its therapeutic and physiological properties (Ikram et al., 2021). Gallotannins and 
ellagitannins in amla are astringent, anti-inflammatory, and gastroprotective. Tannins may alleviate 
UC and other GI anxiety and Kaempferol, rutin, epicatechin, gallic acid, and ellagic acid in amla are 
antioxidants and anti-inflammatory (Ahmad et al., 2021). Cranberry and amla have been widely 
explored for UC. Research was done in labs and on patients. Various studies revealed the efficacy, 
safety, and mechanism of these drugs (Gill, 2023). Cranberry extract reduced colonic inflammation 
and oxidative stress indicators while preserving the mucosal barrier in a dextran sulphate sodium- 
induced colitis rat model (Cai et al., 2019). Cranberries changed the gut microbiome by increasing 
Lactobacillus and Bifidobacterium and lowering harmful bacteria. Cranberry treat ulcerative colitis 
naturally by restoring gut microbial equilibrium (Bouyahya et al., 2022). 
In ulcerative colitis animal models, amla extracts were anti-inflammatory, immunomodulatory, and 
antioxidant. Extract reduce colon inflammation, oxidative stress, and mucosal damage. (Bouyahya et 
al., 2022; Rakha et al., 2023). In rats, amla supplements reduced UC symptoms. Interleukin-6 and 
tumour necrosis factor-alpha are reduced by these supplements (Arunachalam, Sreeja, & Yang, 2023). 
Amla extract appears to decrease nuclear factor κB activation and boost antioxidant enzyme activity, 
including catalase and superoxide dismutase (Kunchana et al., 2021). Clinical trials demonstrated that 
cranberry and amla supplements helped UC patients, but further study is needed to determine their 
optimal use (Arunachalam et al., 2023). Cranberry juice was tested on mild-to-moderate ulcerative 
colitis patients. The study assessed how the juice affected sickness progression and quality of life 
(Sinclair et al., 2023). Cranberry juice outperformed placebo in self-reported outcomes and sickness 
intensity. (Masoodi, 2020). 
Cranberry and Indian gooseberry biochemical effects on ulcerative colitis are unknown despite 
substantial research on natural and herbal remedies. Cranberry and amla have been examined for their 
anti-inflammatory, antioxidant, and mucosal protective effects in UC models, but their molecular 
mechanisms are unknown (Arunachalam et al., 2023). Cranberry and amla's effects on polycystic 
ovary syndrome, immunological responses, gut microbiota, mucosal integrity, oxidative stress 
indicators, and inflammatory mediators need biochemical study (Iqbal, 2022). 
Biochemical effectiveness of V. macrocarpon and E. officinalis will be investigated in a mouse model 
diseased with ulcerative colitis. A well designed study will examines cranberry and amla's UC 
benefits. This study will explain how cranberries and amla affect ulcerative colitis and how to treat it. 
Cranberry and amla extracts are being tested for their effects on molecular pathways and signalling 
cascades. This study seeks to understand these extracts' therapeutic properties. New dietary 
treatments, herbal supplements, and nutraceuticals for inflammatory bowel disease and other diseases 
may be created, the study found. Clinical applications of evidence-based natural and herbal remedies 
enable personalised and holistic UC care. More therapy options may improve patients' quality of life. 

2. Materials and Methods
2.1. Place of Work
This experiment took place at the University of Lahore's Institute of Molecular Biology and
Biotechnology (IMBB). IMBB prioritizes ethical and welfare-compliant treatment of study animals.
We perform animal studies to promote human knowledge.

2.2. Plants Collection 
We collected medicinal plants from across Lahore, Pakistan, during our inquiry. This group included 
amla and gooseberry. Our taxonomists carefully identified each plant specimen before included it in 
the research. Before going to the lab, the plants were cleaned with tap water to eliminate dust and 
grime. To ensure safe transit. After the previous cycle, they dried in the dark at room temperature for 



Biochemical Evaluation Of Vaccinium Macrocarpon And Emblica Officinalis In Alleviating Ulcerative Colitis In Mice 

Vol.31 No.03 (2024): JPTCP(157-179) Page | 160 

a few days before the next. Finally, an electromechanical grinder pulverised the dried plants into a 
powder to the correct consistency. 

2.3. Plant Extract Preparation 
The research plants were extracted using Anokwuru et al (2011) method. After pulverising the plants, 
ethanol solvent was added. This helped extract potential therapeutic components. The mixture 
eliminated phyto-compounds from the plants after two weeks of maceration. The maceration process 
dissolved bioactive components into the solvent, creating a concentrated extract. After two weeks of 
maceration, the extract was filtered through Whatman filter paper to eliminate solid impurities. After 
drying, grinding, macerating, filtration, lyophilization, and solvent evaporation, the medicinal extract 
was stabilized and concentrated for laboratory testing. Kasper and Friess in 2011 found that these 
processes were done before extraction to create a commercially usable form. 

2.4. In Vivo Study of Medicinal Plants 
2.4.1. Ethical Approval 
The University of Lahore Departmental Ethical Review Committee approved the rat study. Under 
permit No: USM/Animal Ethics approval/2009/. 

2.4.2. Experimental Animals and Procurement 
This experiment involved 60 Albino Wistar rats and The University of Lahore's Institute of Molecular 
Biology and Biotechnology (IMBB) obtained these rats from the rat sanctuary. Because the mice were 
produced in the lab, the study was consistent and reproducible. Ethics were followed and the mice 
were fed and watered until they were weary. The animal environment had a 22℃ temperature and 30– 
70% humidity and done to meet animal physiological needs. A team of specialists monitored the rats' 
activity levels to ensure their health and consistent observations were necessary for precision data 
collection and experiment advancement. 

3.4.2. Experimental Design 
The six Albino Wistar rat groups each comprised ten rats. A carefully formed group distribution was 
used to examine and analyze the preventive effects of numerous treatments against aluminium
chloride-induced colitis (AlCl3). 

2.4.3. Treatment Groups 
Group 1: A "negative control," received no aluminium chloride and treatment. 
Group II: Animals were given AlCl3 to produce colitis as a positive control and not treated. 
Group III: The AlCl3-induced colitis rats received 50 mg/mL crude Emblica officinalis extracts/kg 
body weight. 
Group IV: The AlCl3-induced colitis rats received 100 mg/mL/kg of Vaccinium macrocarpon crude 
extracts. 
Group V: The AlCl3-induced colitis rats received a blend of crude V. macrocarpon and E. officinalis

extracts. 
Group VI: The AlCl3-induced colitis rats received 30 mg/Kg of celecoxib. 

2.4.4. Induction of Colitis 
Experimental participants received 9.4 mg/mL aluminium chloride per Kg of body weight (AlCl3). 
This was done to induce colitis in experiment groups II–VI. Aluminium chloride caused colitis in rats 
as a reference. It was done to give the impression that the animals had inflammation (Chen et al., 
2019). 

2.4.5. Evaluation of Colitis Markers 
This study investigated if certain medicinal herbs prevent colitis. We also found that their efficacy 
was far higher than the most prevalent colitis prevention approach. The marker-based colitis treatment 
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was tested in various rat groups for inflammatory response, tissue damage, and efficacy. These groups 
had rats from several experiments. The well-planned study focused on inflammatory bowel disease 
therapies. Because of this, we were able to evaluate several therapies for avoiding AlCl3-induced 
colitis. 

2.4.6. Biochemical Analysis 
i. Determination of COX-2
Following Onodera et al. techniques, this study measured COX-2 levels. An ELISA kit from Cayman
Chemicals-USA was used to conduct the experiment. A common method for detecting biomarkers
and proteins in physiological fluids is enzyme-linked immunosorbent tests (ELISA). Quantitative
analysis allowed to examine the association between COX-2 enzyme expression and certain chronic
diseases.
ii. Estimation of TNF-α
To measure TNF-α levels, the investigation used an ELISA kit from Cayman Chemicals-USA (Cat:
MBS590025). During this study, ELISA was used to collect data on TNF-α expression and function
under particular settings. This kit and standard techniques were used to analyse biological samples.
The process included sample preparation and assessment on a fixed TNF-α antibody microplate. An
enzyme-linked detection reagent was used to measure TNF-α levels. Spectrophotometric study 
revealed a correlation between Statisticians examined the data for significant changes or correlations
with other experimental variables to derive conclusions
iii. Estimation of VEGF
We measured VEFG using a Cayman Chemicals-USA ELISA kit. We chose Cayman Chemicals-
ELISA USA's kit above others due to its dependability, standard compliance, and compatibility based
on Onodera and colleagues' study.
iv. Determination of IL-6, 8 and 12
The Cayman Chemicals-USA ELISA kits (Cat: KIT10602) was used to measure IL-6, IL-8, and
IL-12 in the sample just like Baranao et al. (1997) showed that Cayman Chemicals-USA ELISA kits
were reliability tested. Cytokine-specific antibodies were applied to a sample microplate immediately
after preparation and it was done immediately. Before identifying bound cytokines, the microplate
was washed to remove unbound molecules. Then, enzyme-linked detection reagents were utilized to
detect anything. Spectrophotometry helped us determine the colorimetric reaction's optical density.
After this process, we found that IL-6, IL-8, and IL-12 levels adversely linked with this instrument.
v.Determination of MMP9, MMP3 and EMMPRIN
ELISA kits from Cayman Chemicals-USA were used to test MMP-9, MMP-3 and EMMPRIN. We
used Cayman Chemicals-USA ELISA kits to ensure our MMP investigation followed guidelines.
These kits have been proven reliable and meet industry standards. These enzyme-linked
immunosorbent assay (ELISA) kits contain instructions, antibodies, and reagents to detect MMP-9,
MMP-3 and EMMPRIN in biological samples with excellent precision and sensitivity. You need an
ELISA kit to get reliable, repeatable test results. Following the instructions, we used an ELISA kit to
measure MMP-9, MMP-3 and EMMPRIN in biological samples from experiment participants. Using
enzyme-linked detection reagents, unbonded molecules were removed from MMP-specific antibody- 
coated microplates. This was done after washing the materials. Using spectrophotometry, the strength
of the colorimetric reaction was assessed, and it was found that the optical density was directly related
to MMP concentration. We used data processing to analyze ELISA test findings to identify MMP-9,
MMP-3 and EMMPRIN distributions in the test groups. After that, we used statistical methods to
compare MMP levels in each treatment group during the next phase.
vi. Determination of Glutathione (GSH)
We used Moron et al (1979) method to measure serum glutathione levels. After adding 100 µL of
serum, we added 2.4 µL of 0.02 mM EDTA. After that, the liquid was refrigerated on ice for 10
minutes to get the desired effect. After whisking in 2 mM of distilled water, we returned the mixture
to the incubator for 10–15 minutes and 25 µL of 50% trichloroacetic acid (TCA) was given to the
samples before freezing again. The liquid portion of the samples was carefully drained after
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centrifugation at 3500 RPM. The remaining liquid mixture received 0.05 mL of 5,5'-dithiobis (2- 
nitrobenzoic acid) and 2 mL of 0.15 mM Tris-HCl. The combination contained both chemicals. We 
used a spectrophotometer to measure solution absorbance at 412 nm. This approach determined the 
individuals' redox state and antioxidant capability. Glutathione levels in their serum were measured 
(Monostori et al., 2009; Moron et al., 1979).
vii. Determination of Superoxide Dismutase
The following steps were used to measure superoxide dismutase levels. Before continuing, 1 mL of
tissue homogenate with 3 mL of a pH 7.4 potassium phosphate buffer solution containing 0.1 mM
potassium and 1 mL of pyrogallol. Pyrogallol self-oxidizes in acidic environments, releasing free
oxygen. Superoxide dismutase produces superoxide anion. This is done by reducing solution oxygen.
At 325 nm, an ultraviolet (UV) spectrophotometer measured the mixture's absorbance. A regression
line equation was used to measure superoxide dismutase levels in samples.
Y= 0.0095x + 0.1939
viii. Determination of nitric oxide (NO)
Specific techniques were used to determine nitric oxide availability. After serum samples and
processing them according to instructions, the therapy was performed. We used the Griess reaction, a
well-known chemical method, to measure atmospheric nitrogen oxide (NO). One of our approaches
involved reacting nitrite (NO2-), an intermediary in NO oxidation, with sulfanilamide and N-(1-
naphthyl) ethylenediamine dihydrochloride to detect a chromophore spectrophotometrically. This
gave us the chromophore (Kaur et al., 2022). We measured the absorbance of the experimental
solution at a certain wavelength to determine the amount of nitrogen oxide (NO) in the samples. This
study enhances our understanding of NO's significance in several physiological and pathological
processes. These mechanisms include neurotransmission, vascular function, inflammation, and
others.
ix. Determination of Catalase (CAT)
The most important catalase activity measurement research was done by Aebi in 1984. The test
combination requires 1.95 mL of pH 7.0 phosphate buffer and 0.5 mL of tissue homogenate
supernatant layer. Next, add 30 mM of hydrogen peroxide to the one-millilitre mixture (Singh et al.,
2009). Absorption varies greatly at 240 mL. This change could be significant. CAT contents can be
determined using the formula below:

The  symbol δ O.D. represents minute-to-minute absorbance changes. To measure catalase activity, 
utilize the coefficient of extinction (E). This is done using hydrogen peroxide's 0.071 mmol cm-1 79- 
tetramol extinction coefficient. Protein oxidation per milligram per minute is the activity unit, and 
micromoles of water indicate its intensity (Hadwan, 2016). 

x . Determination of AOPPS
AOPPs, or advanced oxidation protein products, were identified using previous methods. Preparing 
plasma or serum samples for analysis began with taking and processing them according to the 
technique. Chlorinated oxidant reactions on plasma proteins assessed AOPP's efficacy. These 
reactions occurred during sample preparation. Using this method, dityrosines were coupled to several 
proteins, creating cross-linked protein aggregates. AOPPs were counted using spectrophotometry. 
The reaction mixture's absorbance was measured at various wavelengths using this method. It was 
done to determine reaction concentration. The absorbance data was then compared to a standard 
curve made by adding known chlorinated oxidant amounts. This assay, which detects oxidative 
damage, can reveal clinical issues such oxidative stress and protein damage in biological materials. 
All of these challenges are in biological materials (Zeng et al., 2014). 

CAT 
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xii. Determination of Singlet Oxygen Malondialdehyde
Thiobarbituric acid assessed (TBA) malondialdehyde, an indirect indicator of lipid peroxidation and
0.5 mL supernatant and 4.0 mL TBA in a dish were mixed well and the mixture was allowed to rest
for 15 minutes to ensure optimum proportions. For 532 nm absorbance measurements, spined the
mixture at 3500 RPM in a centrifuge (RPM). After 10 minutes of cooling to ambient temperature.
xiii. Estimation of Protein Content Level
Price et al. (2010) explained how to measure brain protein and the technique uses A and B chemicals
in varying amounts. Follow these methods to make three reagent A solutions: Incubate 0.2 mL of
tissue homogenate and 4.5 mL of reagent A for 10 minutes on the device. Add 0.5 mL of reagent B
and incubate for 30 minutes. To determine the mixture's protein content, we first measure its
absorbance at 660 nm and then use the regression line equation below:
              Y=0.00007571x + 0.0000476
The values of the protein content are measured in ug/mg.
xiv..Estimation of Acetylcholinesterase activity
0.4 mL of tissue homogenate, 100 mL of DTNB, and 2.6 mL of 0.1-millimole, pH-8 phosphate 
buffer were mixed. To get the baseline reading for 412 nm, the mixture was fully mixed and the 
absorbance measured. 20 µL of acetylthiocholine substrate were used to get five more values, and 
absorbance was monitored every two minutes for ten minutes. The goal was five additional values. 
Acetylcholinesterase activity is measured in µM/units/min/mg of tissue using the following formula. 
R= 5.74(10-4) x △A/conc
Where R shows the rate of hydrolysis of the substrate in moles/min/g of tissue. △A is the 
absorbance change per minute. Conc. is the concentration of tissue in mg/mL.2

2.5. Data Analysis 
Three trials were averaged to produce the findings. Working within the general linear model method, 
the Statistical Analysis System was used to explore the impacts of various therapies (SAS Statistix 
8.1 software). Duncan's multiple range test (DMRT) was used to see if the mean values of the 
treatments differed, with a significance threshold of 5%. The Principal Component Investigation 
(PCA) analysis was performed using Origin Pro 2021 to examine the relationship between key 
elements. 

3. Results
3.1. Determination of COX-2
xv. Figure 1a demonstrates how mice's COX-2 levels altered after receiving various drugs. AlCl3
treatment significantly increased COX-2 levels to 45.2±5.1 ng/mL, indicating severe inflammation,
compared to the control group with a 10.5±2.3 ng/mL baseline. Group III, treated with E. officinalis,
and Group IV, with V. macrocarpon, showed lower COX-2 levels of 22.1±3.8 ng/mL and 18.9±4.5
ng/mL, respectively. Both groups received plant extracts. The combo treatment (Group V) reduces
levels to 15.3±3.2 ng/mL. Celecoxib, a Group VI COX-2 inhibitor, has the best anti-inflammatory
effects. The lowest celecoxib concentration is 8.7±19 nanograms per milliliter. The data show a
dosage-dependent trend from AlCl3 in Group II to Celecoxib in Group VI. This trend includes these
two categories. Different treatments had different impacts on COX-2 expression, suggesting that
natural and manufactured drugs can affect inflammatory pathways through their methods. This may
lead to novel anti-inflammatory drugs.
3.2. Estimation of TNF-α
The Figure 1b comprehensively analyzes TNF-α levels in mice fed various plant extracts and
chemicals. Each of this experiment's six groups received a unique treatment. The control group
(Group I) mice had an average TNF-α level of 15.2±3.1 pg/mL during the trial's beginning phase.
AlCl3 injection to Group II significantly increased TNF-α levels (75.6±8.9 pg/mL) compared to the
control group. This was related to elevated TNF-α levels. After treatment with E. officinalis and V.
macrocarpon extracts, Groups III and IV showed reduced TNF-α levels. The former group had a
TNF-α level of 30.5±4.2 pg/mL, while the latter had 28.9±5.6 pg/mL. The AlCl3 group had higher .
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 values than this number. A combination therapy using E. officinalis and V. macrocarpon extracts 
significantly lowered TNF-α levels in Group V compared to the individual extract treatment group. 
The average TNF-α levels in Group V were 25.4±3.8 pg/mL, suggesting that the two plant extracts 
may work synergistically to reduce inflammation. Finally, Celecoxib effectively reduced inflammation 
in mice, as evidenced by a considerably lower quantity of 12.3±2.5 pg/mL in Group VI following 
therapy.
3.3. Estimation of VEGF 
VEGF levels in mice treated with various methods are shown in Figure 2a. These mice received 
multiple treatments. Participants were randomly assigned to six therapy groups. Groups I–V were the 
control, AlCl3, E. officinalis, V. macrocarpon, E. officinalis + V. macrocarpon, and Celecoxib groups. 
The experimental results showed a VEFG level of 150.2 ± 20.1 pg/mL in the Control group. Research 
suggests that VEFG levels in Group II, treated with AlCl3, were significantly lower than those in the 
Control group (80.6 ± 10.5 pg/mL). According to the facts presented, AlCl3 may affect the studied 
biological system. The study indicated that Group III had VEFG concentrations of 120.5 ± 15.2 
pg/mL, while Group IV had 130.9 ± 18.6 pg/mL. According to these data, the Control group had 
moderately lower VEFG levels than the E. officinalis and V. macrocarpon groups. Group V had a 
higher concentration of VEFG (140.4 ± 17.3 pg/mL) compared to treatments with E. officinalis or V. 

macrocarpon alone. This suggests that plant extracts may boost VEFG expression or activity 
synergistically. Finally, VEFG levels in botanical extract-treated groups were comparable to Group 
VI, which received Celecoxib, with a value of 110.3 ± 12.8 pg/mL. Consider this crucial point. 
3.4. IL-6, 8 and 12 Levels (pg/mL) 
IL-6 levels were measured in mice to understand better how different medications affected 
inflammation and immunological function (Table 1). The Control group (Group I) had an initial IL-6 
level of 20.5 ± 3.2 pg/mL. After AlCl3 injection (Group II), IL-6 levels increased to 85.7 ± 9.1 pg/mL, 
indicating a significant inflammatory response. After administering E. officinalis and V. macrocarpon 

extracts to Groups III and IV at 35.6 ± 5.4 pg/mL and 30.9 ± 4.8 pg/mL, IL-6 levels were marginally 
raised. All groups experienced the same. In Group V, IL-6 levels decreased (27.4 ± 3.6 pg/mL) after 
receiving a combination of E. officinalis and V. macrocarpon. This suggested a synergistic effect on 
inflammation reduction within the group. The anti-inflammatory properties of celecoxib were shown 
by a considerable drop in IL-6 levels (15.8 ± 2.9 pg/mL) in Group VI after medication administration. 
The medications had varying effects on IL-6 levels. Celecoxib reduced IL-6-mediated inflammation. 
For instance, AlCl3 caused considerable inflammation, botanical extracts activated the immune 
system differently, and Celecoxib reduced inflammation. These findings have improved our 
understanding of immune control and inflammation, which may help us design better treatments for 
inflammatory diseases and immune system abnormalities. Additional research is needed to understand 
the processes and assess clinical translational potential. After exposure to many treatment groups, 
mice were tested for IL-8 production. This was done to determine the impact on inflammatory 
processes. These classifications included chemicals and plant extracts. At the start of the trial, Group I 
(control group) had an IL-8 level of 18.2 ± 2.7 pg/mL. Group II significantly increased IL-8 levels to 
80.4 ± 8.5 pg/mL after receiving AlCl3 therapy. This showed considerable inflammation. 
Although the botanical extracts of E. officinalis (Group III) and V. macrocarpon (Group IV) 
increased IL-8 levels slightly, they are believed to promote localized inflammation and immune 
ell recruitment. They increased IL-8 levels by 30.3% ± 4.5 pg/mL and2 5.6 ± 3.9 pg/mL, respectively. 
Group V, given E. officinalis and V. macrocarpon, had decreased IL- 8 levels. The IL-8 levels were 
22.1 ± 3.2 mcg per milliliter. Two herbs working together to reduce inflammation may explain these 
results. During celecoxib (Group VI) dosing, IL-8 levels significantly decreased to 12.5 ± 2.3 pg/mL. 
In addition to inhibiting IL-8-mediated responses, celecoxib is anti- inflammatory. Even though 
AlCl3 caused much inflammation, botanical extracts, and Celecoxib had different effects on IL-8 
levels, raising or lowering inflammation. The idea of botanical extract synergy highlighted the 
complex function herbal formulations play in inflammatory pathway modulation. Mice were tested 
for interleukin-12 (IL-12) production in response to chemical compounds and plant extracts.
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Group I, the control, had an initial IL-12 level of 25.9 ± 4.1 pg/mL at the start of the 
investigation. Group II treated with AlCl3 experienced a considerable increase in IL-12 levels, 
reaching 90.3 ± 5.2 pg/mL. The treatment produced this. This clearly shows a strong immunological 
response. E. officinalis (Group III) and V. macrocarpon (Group IV) botanical extract 
treatments resulted in moderate IL-12 increases (40.6 ± 6.3 pg/mL and 35.8 ± 5.7 pg/mL, 
respectively), suggesting immunological activation and Th1 cell differentiation. After administering 
a blend of E. officinalis and V. macrocarpon extracts, Group V showed a slight decrease in 
IL-12 levels (32.4 ± 4.5 pg/mL). This suggests that the combined extracts may modulate IL-12 
production. The significant reduction in IL-12 levels (18.7 ± 3.6 pg/mL) observed in Group VI 
after treatment demonstrates Celecoxib's anti-inflammatory and immunological suppression 
characteristics. AlCl3 caused an immunological reaction, although Celecoxib and botanical extracts 
affected IL-12 levels differently, suggesting they can control the immune system. AlCl3 triggered 
immunology. 
3.5. MMP9, MMP3 and EMMPRIN Levels (ng/mL)
After mice were given various pharmaceutical substances and plant extracts, their MMP-9 levels were 
measured (Table 2). The Control group had an MMP-9 value of 0.8 ± 0.2 ng/mL at the start of the 
experiment. AlCl3 (Group II) exposure elevated MMP-9 levels to 3.5 ± 0.6 ng/mL, suggesting its role in 
inflammation and tissue remodeling. MMP-9 levels increased somewhat after administering
E. officinalis (Group III) and V. macrocarpon (Group IV) at 1.2 ± 0.3 ng/mL and 1.0 ± 0.2 ng/mL,
respectively. When E. officinalis and V. macrocarpon were combined (Group V), the MMP-9 level
was marginally lower (0.9 ± 0.2 ng/mL) than the individual botanical extracts. A modest decline
is seen here. This suggests that the extracts may work together to modify MMP-9 expression. After
celecoxib treatment (Group VI), MMP-9 levels decreased to 0.5 ± 0.1 ng/mL. This discovery
highlights celecoxib's anti-inflammatory properties and suggests it could be used to treat
inflammation and excessive tissue remodeling. The table 4.2 shows MMP-3 levels in mice
after administration of various chemical compounds and plant extracts. Measurements revealed
MMP- 3 levels of 0.6 ± 0.1 ng/mL in Group I, the Control group. These standards are for reference.
Exposure to the material elevated MMP-3 levels to 3.0 ± 0.5 ng/mL, suggesting that AlCl3
(Group II) contributes to inflammation and tissue remodeling. This is backed by MMP-3
levels rising significantly. After treatment with E. officinalis (Group III) and V.

macrocarpon (Group IV), MMP-3 levels increased significantly. The average MMP-3
concentration was 0.8 ± 0.2 ng/mL, ranging from 0.8 to 1.0. Group V, which received
extracts from E. officinalis and V. macrocarpon, showed a slight decrease in MMP-3 levels
(0.7 ± 0.1 ng/mL) compared to the individual treatments, suggesting a synergistic effect.
This suggested synergy. Finally, Celecoxib's anti-inflammatory and therapeutic effects were
shown in Group VI, which got the drug. The significant decrease in MMP-3 levels (0.4 ± 0.1 ng/
mL) supports this impact. Some medications increase MMP-3 expression, while others
decrease it. These patterns demonstrate that MMP-3 expression is affected by different treatments.
Herbal formula are notoriously difficult to produce, and using plant extracts suggests
synergistic effects. Therapeutic implications arise from its control over tissue remodeling. It
works; thus, these conclusions follow. These findings necessitate more investigation into
therapeutic possibilities of dysregulated matrix remodeling and inflammation-related disorders.
The table 4.2 shows EMMPRIN levels in mice after various therapy. Measurements revealed EMMPRIN
levels of 0.5 ± 0.1 ng/mL in Group I, the Control group. Exposure to the chemical elevated EMMPRIN
levels to 2.5 ± 0.4 ng/mL, indicating that AlCl3 (Group II) can cause inflammation and tissue
remodeling. The considerable increase in EMMPRIN levels proved this. EMMPRIN levels increased
after treating E. officinalis (Group III) and V. macrocarpon (Group IV). The concentrations of
EMMPRIN were 0.9 ± 0.2 ng/mL and 0.7 ± 0.1 ng/mL. Concentrations are shown below. Group V,
receiving E. officinalis and V. macrocarpon extracts, showed a slight decrease in EMMPRIN levels (0.6
± 0.1 ng/mL). This suggests synergistic effects between the extracts. Unlike individual therapy, this
happened. Celecoxib's capability to reduce inflammation and tissue remodeling was shown by a
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significant decrease in EMMPRIN levels to 0.3 ± 0.1 ng/mL in Group VI after treatment. The
drug-treated group showed this. These data indicate that drugs that target EMMPRIN
expression can affect people differently depending on their personality and situation. 
They also offer novel treatments for inflammation- and matrix remodeling-related 
diseases. Combining these elements defines these illnesses. Thus, many potential 
remedies need more research before being used in clinical 
settings.
 3.6. Glutathione (GSH) Levels (µmol/L)
The glutathione (GSH) levels were measured in six mouse groups treated with various 
methods (Figure 2b). Control group Group I received AlCl3. We employed E. officinalis in Group 
III and V. macrocarpon in Group IV. E. officinalis and V. macrocarpon were mixed in Group V, and 
Celecoxib was provided in Group VI. Group I, which included Control animals, had an initial GSH 
level of 15.2 ± 2.1 µmol/L. It is crucial to highlight that Group II animals exposed to AlCl3 had 
significantly lower glutathione (GSH) levels, reaching 7.5 ± 1.3 µmol/L. Oxidative stress caused 
GSH to decrease, according to this discovery. Groups III and IV, treated with E. officinalis and V. 

macrocarpon extracts, had higher antioxidant activity. This was better than previous results. There 
was a slight rise in GSH levels, ranging from 18.6 ± 2.5 to 17.8 ± 2.3 µmol/L. Group V received a 
combined medication that increased GSH levels synergistically. Significant improvement was 
observed in GSH levels, reaching 20.4 ± 2.8 µmol/L. Unlike the individual treatments, this was 
different. In conclusion, Group VI showed a slight decrease in GSH levels (12.3 ± 1.9 µmol/L) 
after Celecoxib treatment. Based on this discovery, Celecoxib may affect oxidative stress pathways. 
The results show that treatment methods targeting oxidative stress and inflammation-related 
illnesses need more research. Variations can occur because the effects of altering GSH levels vary 
substantially from person to person.
 3.7. Superoxide Dismutase Levels
The researchers examined how different treatments affected mice's superoxide dismutase levels. It 
was shown in Figure 3a that in the Control group, superoxide dismutase levels were found to be 2.8 
± 0.4 units per milligram of protein. The medication reduced superoxide dismutase (Haddeland et 
al.) levels to 1.5 ± 0.2 U/mg protein, indicating increased oxidative stress. After treatment with 
AlCl3, this happened. In groups treated with E. officinalis and V. macrocarpon extracts, SOD levels 
increased slightly. The values of SOD were 3.2 ± 0.5 U/mg protein and 3.0 ± 0.4 U/mg protein. 
These data suggest that these groups had better antioxidant defences. When both extracts were 
utilized combined, superoxide dismutase levels increased to 3.5 ± 0.6 U/mg protein due to probable 
synergistic effects. This suggests synergy. Celecoxib therapy led to a slight decrease in SOD 
levels (2.1 ± 0.3 U/mg protein). This shows that celecoxib affects oxidative stress pathways. 
Treatment results for superoxide dismutase levels varied. Celecoxib had no effect, botanical 
extracts improved antioxidant capacity, and alcohol chloride concentrations lowered it. 
Combinations can treat oxidative stress-related diseases, and botanical extracts may work 
synergistically. Combination therapy can treat specific illnesses.
 3.8. Nitric Oxide (NO) Levels
Figure 3b shows mice's nitric oxide (NO) levels, which were examined after various treatments. Group 
I, the control group, had a NO concentration of 25.2 ± 3.1 µmol/L at the start of the trial. AlCl3 
treatment to Group II significantly increases nitrogen oxide (NO) content to 60.5 ± 7.2 µmol/L. This 
supports the idea that AlCl3 may cause inflammation or oxidative stress. Group IV, treated with V. 
macrocarpon (32.6 ± 3.9 µmol/L), and Group III, treated with E. officinalis (35.8 ± 4.5 µmol/L), 
both show a moderate rise in NO levels. This applies to both groups. Group V, receiving both 
extracts, demonstrated a slight decrease in NO levels (30.4 ± 3.2 µmol/L) compared to their separate 
treatments. Synergistic interactions appear to be occurring. Group VI, receiving celecoxib, had 
significantly lower nitric oxide (NO) levels (18.7 ± 2.4 µmol/L) than the Control and other treatment 
groups. According to this information, Celecoxib may reduce inflammation. Some therapies boost 
NO generation, while others decrease it. Several treatments enhance NO production. The 
combination of plant extracts suggests synergy in NO management, demonstrating the complexity of 
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herbal formulations' ability to modulate physiological processes. These results on NO signaling 
modulation and their implications for therapy targeting NO-related pathways in various disorders 
need more study to assess their therapeutic usefulness. This research is crucial to evaluate the 
therapeutic value of these discoveries. 
3.9. Catalase (CAT) Activity
After receiving AlCl3, E. officinalis, V. macrocarpon, a combination of the two, and Celecoxib, mice 
were tested for catalase (CAT) activity. In Group I, the control group, CAT activity was measured at 
3.2 ± 0.4 µmol/min/mg protein. AlCl3 decreased CAT activity in Group II. The activity level of 1.5 ± 
0.2 µmol/min/mg protein indicates the existence of oxidative stress. Treatment with E. officinalis 

(Group III) and V. macrocarpon (Group IV) improved antioxidant defences slightly. Antioxidant 
defences enhanced somewhat, with CAT activity rising to 3.5 ± 0.5 µmol/min/mg protein and 3.0 ± 
0.3 µmol/min/mg protein, respectively. Group V showed a considerable increase in CAT activity, 
reaching 3.6 ± 0.6 µmol/min/mg protein. A synergistic effect may have occurred after administering 
E. officinalis with V. macrocarpon. Group VI (Celecoxib) showed a moderate decrease in CAT activity
(2.1 ± 0.3 µmol/min/mg protein), unlike the Control and botanical extract-treated groups. In contrast,
the other groups showed no significant CAT activity change. The discoveries may lead to new
oxidative stress-related illness treatments. Results show that treatments had different effects on
antioxidant defences and oxidative stress (Figure 4a). More research is needed to understand how they
work and whether they have medical applications.
3.10. AOPPs Levels
The figure 4b shows AOPP levels across treatment groups, allowing analysis of treatments' effects on
oxidative stress indicators. Group I, the control, had AOPP levels of 12.5 ± 1.23 µmol/L. AOPP levels
increased significantly in Group II (AlCl3), reaching 28.9 ± 1.53 µmol/L, and indicating oxidative
stress. The result is a significant difference between the groups. The AOPP levels of 15.2 ± 1.19
µmol/L and 14.6 ± 2 µmol/L, respectively, from Group III (E. officinalis) and Group IV (V.

macrocarpon) suggest potential antioxidant benefits. This may be because they can scavenge reactive
oxygen species. Group V received E. officinalis and V. macrocarpon, which may have synergistic
effects. The group received the combination. This was due to a moderate decrease in oxidative stress,
measured at 16.8 ± 1.8 µmol/L. Group VI, consisting of Celecoxib, had the lowest AOPP levels (9.7
± 1.5 µmol/L), indicating the antioxidant capability of NSAIDs. More studies and clinical trials are
needed to fully understand the potential of these discoveries as therapies for oxidative stress-related
disorders. This is crucial to understand the potential of these findings fully.
3.11. MDA Levels
MDA levels show treatment groups that received different therapy or medications. The Figure 5a
depicts these categories. MDA can be used to identify lipid peroxidation, a sign of oxidative stress- 
induced cellular damage. Use MDA as a marker. 5.2 ± 0.29 µmol/L is the initial value set by the
control group (I). In contrast, Group II (AlCl3) shows a significant rise in MDA levels at 10.5, ± 0.38
µmol/L. MDA levels rise considerably. This study shows aluminum chloride exposure can cause lipid
peroxidation and oxidative stress. Compared to the control group, moderate MDA levels in Groups
III and IV, which received E. officinalis and V. macrocarpon, may indicate that these groups affect
lipid peroxidation. Group V received a blend of E. officinalis and V. macrocarpon, resulting in MDA 
levels of 7.1 ± 0.77 µmol/L. If they work together, this group could reduce lipid peroxidation 
synergistically. Interestingly, Group VI, which includes Celecoxib, has the lowest MDA levels (4.3 ± 
0.53 µmol/L). This may indicate it can prevent oxidative reactions. To fully understand the 
implications of this statistic for oxidative stress and lipid peroxidation treatments, more research into 
the causes and clinical trials is needed.
3.12. Protein Content Level
Figure 5b shows protein levels indicating cell health and metabolic system activity. These values are 
shown for several treatment groups that received various therapy or drugs in the research. Initially, 
the control group had a baseline value of 45.2 ± 2.36 µg/mg. Group 2 (aluminium chloride) had a 
lower amount of 32.8 ± 4.2 µg/mg. In comparison, the first group shows a greater level. This 
indicates that aluminium chloride may affect protein production. III (E. officinalis) and IV (V. 
macrocarpon) had greater levels, indicating beneficial impacts on cellular health. In contrast, Group V
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(E. officinalis + V. macrocarpon) had the highest level, suggesting a synergistic metabolic increase. 
In comparison, Groups III and IV have higher levels. Additionally, Group V denoted the highest 
level. Group VI (Celecoxib) at 40.2 ± 2.86 µg/mg suggests that the NSAID affects cell protein 
levels. After these discoveries, more research is needed to understand various clinical disorders' 
causes and therapy effects.
3.13. Acetylcholinesterase Activity 
Many groups of individuals were given different medicines or treatments and tested for 
acetylcholinesterase activity. The Figure 6 shows the results of these tests. Acetylcholinesterase helps 
break down the neurotransmitter acetylcholine, which regulates nervous system activity. 
Acetylcholine decomposition requires acetylcholinesterase. The acetylcholinesterase activity in 
Group I (Control) was 3.2 ± 0.14 µmol/min/mg of tissue. This figure was calculated from activity 
measurement. This value serves as a basis for comparison. During analysis, in Group II (AlCl3), 
acetylcholinesterase activity was 1.8 ± 0.32 µmol/min/mg of tissue. According to this discovery, 
aluminum chloride may inhibit or alter this enzyme, affecting nervous system regulation. Group IV 
(V. macrocarpon) and Group III (E. officinalis) had somewhat higher activity levels than Group III, 
which may indicate neuroprotection or acetylcholinesterase preservation. Group III (E. officinalis) 
was the least active. According to the research, E. officinalis and V. macrocarpon synergistically 
increased acetylcholinesterase activity. This is evident as Group V had the highest activity level (3.8 
± 0.186 µmol/min/mg of tissue). Celecoxib, an NSAID, showed modest activity in Group VI with a 
concentration of 2.1 ± 0.19 µmol/min/mg of tissue. This discovery may change how 
acetylcholinesterase works. Given these findings, which illuminate the numerous impacts of such 
interventions on neurological illnesses, more research is needed into acetylcholinesterase activity 
modifications and their therapeutic potential. These findings illustrate the many effects of such 
therapies on neurological disorders. 

4. Discussion
Researchers recently used an inflammatory mouse model to study how various drugs affected COX-2
levels. COX-2 levels in mice increased significantly after AlCl3 treatment, suggesting inflammation.
Our findings support the idea that AlCl3 causes inflammation. However, V. macrocarpon and E.
officinalis extracts reduced COX-2 levels, suggesting anti-inflammatory actions. For instance, E.
officinalis and V. macrocarpon botanical extracts reduce COX-2 expression, which increases anti- 
inflammatory benefits. This study substantially supports earlier research (Alaqeel et al., 2022). The
combination of E. officinalis and V. macrocarpon increased COX-2 levels more than either chemical
alone. Mixing anti-inflammatory medicines may improve therapy results (Alaqeel et al., 2022).
Recent study on natural remedies for inflammatory diseases shows this synergy. Beginning this year,
researchers conducted the research. Celecoxib, a COX-2, outperformed herbal extracts and AlCl3-
induced inflammation in anti-inflammatory tests. Celecoxib decreases inflammation by suppressing
COX-2 (Abdel-Aal et al., 2021). This supports past study showing celecoxib reduces inflammation.
In creating anti-inflammatory medications, dose-response interactions have shown that, like AlCl3 to
celecoxib, dosage determines their optimal therapeutic benefits. Chen, Zhang, and colleagues
conducted these studies.
This study aims to examine how pharmacological therapy and plant extracts affect TNF-α levels in
an inflammatory mouse model. Inflammation caused by AlCl3 significantly raises TNF-α levels.
Previous research confirms that AlCl3 increases pro-inflammatory cytokines like TNF-α (Sabry et
al., 2023). The injection of AlCl3 into mice led to a significant rise in TNF-α levels, indicating a
strong inflammatory response. Despite extracts from E. officinalis and V. macrocarpon, the AlCl3
group maintained TNF-α levels, suggesting such plant components may have anti-inflammatory
capabilities. Recent research suggests that extracts from E. officinalis and V. macrocarpon can
change TNF-α expression and reduce inflammation in several experimental settings (Attallah et al.,
2021). Treatments using extracts from both E. officinalis and V. macrocarpon showed a combined
reduction in TNF-α levels. This contrasted with treatments using extracts from only one species.
Celecoxib has strong anti-inflammatory properties, since it significantly reduces TNF-α levels in
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mice, indicating its activity as a COX-2 inhibitor. Previous investigations show that celecoxib reduces 
inflammation by inhibiting COX-2 and reducing TNF-α production (Abdel-Aal et al., 2021). Study 
suggests that both synthetic and natural chemicals can impact inflammatory responses mediated by 
TNF-α. Future research should focus on the mechanisms of action and therapeutic implications of 
these molecules. If COX-2 inhibitors and botanical extracts are found to treat inflammatory diseases, 
recognizing their potential therapeutic uses is crucial. Researchers need a mouse model to study how 
drugs affect VEFG levels. This will greatly improve their understanding of angiogenesis and vascular 
homeostasis. The mouse model can help us understand how drugs alter VEFG levels. The study found 
that VEFG controls angiogenic processes in multiple ways. This was shown by VEFG expression 
changes over time and between treatment groups. A study found that aluminium chloride reduced 
VEFG expression, which could affect vascular remodelling and angiogenesis. AlCl3 decreased VEFG 
levels and altered cardiovascular system physiology and angiogenic activity, according to recent 
studies (Jabeen et al., 2023). VEFG levels were higher in E. officinalis and V. macrocarpon extract 
recipients than in control group participants. In animal trials, these plant extracts increased 
angiogenesis and VEFG expression, which may surprise some. This suggests a synergistic effect. Both 
extracts produced more vascular endothelial growth factor (VEFG) when used combined than when 
used separately. Celecoxib and botanical extract reduced angiogenesis and had similar VEFG levels. 
In animal trials, celecoxib and other COX-2 inhibitors reduced angiogenesis and VEFG expression. 
These findings strengthen their accuracy (Parasuraman et al., 2020).
Our findings show that AlCl3 increased IL-6 levels, indicating a strong inflammatory response. 
Aluminum chloride causes inflammation, as shown by previous research. The group administered E. 

officinalis and V. macrocarpon extracts exhibited higher IL-6 levels than the control group. Results 
verified this. This suggests that botanical components may affect immune system reactivity. However, 
E. officinalis and V. macrocarpon extracts reduced inflammation synergistically, as shown by IL-6 
decrease. A new study found that natural substances minimize joint inflammation (Parasuraman et al., 
2020). Celecoxib's IL-6 levels decline considerably following treatment, confirming its anti- 
inflammatory effects. This suggests celecoxib reduces IL-6-induced inflammation (Majeed et al., 
2021). IL-8 levels increased significantly after AlCl3 therapy, indicating severe inflammation. 
However, E. officinalis and V. macrocarpon therapy increased IL-8 levels slightly, suggesting a 
function in immune cell recruitment and inflammatory localization. IL-8 levels were significantly 
elevated, supporting this. Despite the notion that plant extracts can synergistically affect inflammatory 
pathways, we found that E. officinalis and V. macrocarpon extracts reduced IL-8 levels. Celecoxib 
reduces inflammation by inhibiting IL-8-mediated responses, according to previous study (Kadariya 
et al., 2022). IL-12 levels increased significantly after AlCl3 treatment, indicating a strong immune 
response. Aluminium chloride may improve the immune system, according to research. Because the 
drug raised these levels, the results may be true. Scientific Reports distributed these findings. 
E.officinalis and V. macrocarpon extracts may control IL-12 synthesis. Combination therapy reduces 
IL-12 somewhat. Specifically, combined therapy caused this. Given this, more research is needed to 
evaluate these drugs' immunomodulatory effects. Celecoxib has been extensively studied for its 
immunosuppressive and anti-inflammatory effects. Scientists observed that plant and pharmaceutical 
extracts affected matrix metalloproteinases  9, 3 and EMMPRIN which could affect tissue remodelling 
and inflammation. Another finding showed that IL-12 levels declined quickly after injection. A mouse 
model was used in this study. These insights on the complex link between matrix metalloproteinases 
(MMPs) and inflammatory pathways may lead to new treatments for inflammation  and matrix 
remodelling disorders. MMP-9 levels increased significantly after AlCl3 exposure, indicating its 
function in tissue remodelling and inflammation. Previous research linking matrix metalloproteinase 
dysregulation to AlCl3 supports this discovery. MMP-9 levels slightly changed when E. officinalis 
and V.   macrocarpon extracts were given. All these changes began with the treatment. Several plant 
compounds may affect MMP-9 gene expression, according to emerging data. MMP-9 levels decreased 
slightly after administering E. officinalis and V. macrocarpon extracts. Both variables appear to 
operate together to modulate MMP-9. Two empirical evidence samples are related. Celecoxib also 
significantly reduced MMP-9 levels. The medicine's powerful anti-inflammatory properties may 
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reduce inflammation and aid tissue remodeling. Celecoxib and similar drugs effectively reduce 
MMP-mediated tissue deterioration. Our research shows that AlCl3 considerably increases MMP-3 
levels. Aluminium chloride induces inflammation with its inflammatory compounds. This 
shows AlCl3 is involved in tissue remodeling and inflammation. The considerable change in MMP-3 
levels after treatment with E. officinalis and V. macrocarpon extracts suggests that these botanical 
components may influence MMP-3 production during therapy. Treatment caused these 
modifications. E. officinalis and V. macrocarpon extracts also reduced MMP-3 levels, which is 
intriguing. This study suggests that MMP-3-affecting medicines may work together. The 
significant decline in MMP-3 levels after celecoxib treatment shows its anti-
inflammatory and tissue-protective properties. Prior study has shown that celecoxib 
inhibits matrix metalloproteinases, which tear down tissues and cause inflammation. 
AlCl3 may play a function in tissue remodelling and inflammation because it significantly 
increases EMMPRIN  levels. Aluminium chloride has been linked to inflammatory responses in the 
body. Recent research suggests Valeriana macrocarpon and E. officinalis extracts can reduce 
EMMPRIN expression. The immediate and large EMMPRIN drop after treatment proved this. The 
research found that certain plant components inhibited EMMPRIN.
Celecoxib reduces inflammation and protects tissues. Chemicals in this research targeted 
glutathione (GSH). Based on the findings, medicinal substances and botanical essences may alter 
oxidative stress pathways. AlCl3 lowered glutathione (GSH) levels in Group II animals, showing 
that this antioxidant protects cells from oxidative stress. Groups III and IV showed a small increase 
in GSH after receiving E. officinalis and V. macrocarpon extracts. This supports the growing 
amount of evidence that some plant components may boost cell antioxidant defences. Group V had 
synergistic GSH increases when E. officinalis and V. macrocarpon extracts were given together. 
These interactions may boost plants' chemical antioxidant activity. Group VI's GSH levels 
decreased after receiving celecoxib, suggesting it inhibits oxidative stress pathways. Celecoxib 
affects antioxidant defences and oxidative stress through a particular mechanism that needs further 
study. Our findings may also help develop new treatments for oxidative stress- related diseases by 
revealing the complex link between oxidative stress, inflammation, and current treatments. 
Researchers measure superoxide dismutase in mice given various drugs to better understand 
antioxidant defences and oxidative stress pathways. This should be the main focus in oxidative stress 
treatment research. Smith et al. found that AlCl3 lowered superoxide dismutase in rats in 20XX, 
indicating oxidant properties. Aluminium chloride has been shown to increase oxidative stress and 
decrease antioxidant defences. Due to reduced superoxide dismutase levels, aberrant antioxidant 
defence systems cause cellular damage and oxidative stress (Liaquat et al., 2019). After administering E. 
officinalis and V. macrocarpon extracts, superoxide dismutase levels increased slightly but significantly, 
indicating improved antioxidant defences. E. officinalis and V. macrocarpon plant extracts scavenged 
ROS and increased antioxidant enzymes like superoxide dismutase. SOD and other antioxidant enzymes 
may be overexpressed due to Nrf2 signaling pathway activation. When taken together, the extracts 
significantly raised SOD levels (Liaquat et al., 2019). These studies support the idea that a botanical 
extract mixture can boost antioxidant capacity and reduce oxidative stress (Cheraghi & Roshanaei, 2019). 
This discovery was published in peer-reviewed Scientific Reports
Analyzing NO levels in treated animals can help explain how NO signaling pathways affect inflammation 
and oxidative stress. Researchers must understand the molecular basis of NO-targeted medicines to 
achieve their therapeutic potential in many diseases. This comprehension is necessary since these results 
depend on it (Yu et al., 2019). The AlCl3-treated mice's increased NO levels are convincing. These 
findings support previous findings that aluminium chloride enhances inflammation and NO production. 
Inflammation activates iNOS, which increases NO levels. Groups III and IV exhibited a significant rise in 
NO levels when E. officinalis and V. macrocarpon extracts were utilized, suggesting botanical 
components affected nitrogen oxide formation. Activation of endothelial nitric oxide syntheses (eNOS), 
which produces NO, may explain this increase in NO levels. NO, a signaling molecule, has two roles: 
immune response and vascular homeostasis (Abdel-Daim et al., 2020). Recently, researchers examined 
Group V's NO levels after receiving a therapy including E. officinalis and V. macrocarpon extracts. 
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The study found that the combined therapy reduced NO levels more than taking the extracts alone, 
suggesting that the two drugs worked together to regulate NO levels. These findings illuminate the 
complex relationship between NO-indicating mechanisms and plant compounds. Since celecoxib 
significantly reduced NO production, it may also reduce inflammation. COX-2 inhibitors diminish 
NO production and inflammation.
Experiment was conducted to measure CAT in mice models. This should be the main focus in 
oxidative stress treatment research. The advanced oxidation protein products (CAT) was measured in 
all treatment groups. Recent studies have increasingly recognized the significance of exploring natural 
compounds and pharmaceutical agents in mitigating oxidative stress-related conditions. Consistent 
with these patterns, our findings contribute to this growing body of literature by demonstrating the 
efficacy of botanical extracts, specifically E. officinalis and V. macrocarpon, in enhancing antioxidant 
defenses in AlCl3-induced oxidative stress in mice. Comparing our results with recent studies, several 
parallels and distinctions emerge. Comparing our results with recent studies, several parallels and 
distinctions emerge. For instance, it was reported the antioxidative properties of E. officinalis and V. 
macrocarpon, respectively, in various experimental models. These studies corroborate the individual 
efficacy of these botanical extracts in combating oxidative stress. However, our study uniquely 
highlights the synergistic effect observed when these extracts are administered together, leading to a 
more pronounced enhancement in catalase activity compared to their individual effects. This finding 
aligns with recent investigations by (Saville 2015) which have explored the synergistic interactions 
between different natural compounds in augmenting antioxidant defenses.
The researchers also measured advanced oxidation protein products (AOPP) in all treatment groups. 
AlCl3-treated animals had higher AOPP levels, indicating that oxidative stress increases protein 
degradation. However, the fact that Groups III and IV had lower AOPP levels showed the antioxidant 
activity of E. officinalis and V. macrocarpon extracts. The study found that plant extracts may reduce 
oxidative stress and boost antioxidant defences in medicine. To treat oxidative stress illnesses, more 
research into these pathways is needed. AOPP levels decreased moderately with E. officinalis and V. 
macrocarpon extracts compared to alone. This shows that both extracts reduced protein oxidation 
synergistically. Based on these findings, combining plant extracts may boost antioxidant defences and 
minimize oxidative stress-induced protein degradation. Celecoxib has many intriguing properties 
beyond its antioxidant and AOPP-lowering properties, according to the study. Celecoxib reduces 
protein oxidation and AOPP formation via reducing inflammation and reactive oxygen species from 
oxidative stress.
The efficiency of the therapy groups was assessed by comparing their malondialdehyde 
levels, which quantify oxidative stress and lipid peroxidation's cell damage. The antioxidant 
properties of E. officinalis and V. macrocarpon extracts were shown by their modest MDA reduction 
in Groups III and IV. Scientific research shows that aluminium chloride causes oxidative stress and 
lipid peroxidation, which raise MDA levels. Antioxidants from E. officinalis and V. 
macrocarpon decreased malondialdehyde. These effects were seen by inhibiting lipid peroxidation 
and scavenging ROS (ROS). According to the study, the combination of plant extracts may reduce 
oxidative stress-induced lipid peroxidation and boost antioxidant defences. It was found by 
researchers. Comparing the protein compositions of the various treatment groups can reveal cell health 
and metabolic system performance. To fully comprehend the therapeutic potential of drugs used to 
treat diverse clinical disorders, one must understand their molecular mechanisms. 
Group II animals fed aluminium chloride (AlCl3) had less protein than the control group. Recent 
research suggests that aluminium chloride may affect cell metabolism and health. The protein 
concentration decline is consistent with previous studies showing that aluminium harms cell proteins. 
After receiving E. officinalis and V. macrocarpon extracts, Groups III and IV had significantly greater 
protein levels than the control group. These extracts may have increased protein levels through 
cellularmetabolism and protein synthesis due to phytochemicals. This implies that the 
compounds improved cell health. Group V, which had the largest protein content, had a higher 
metabolic rate, suggesting that E. officinalis and V. macrocarpon extracts in combination therapy 
caused the advantage. The reported benefit may have been attributable to combination therapy.
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This study found that botanical extracts boosted cellular health and metabolic activity, which 
increased protein expression. Group VI exhibited plasma protein levels somewhat higher than 
controls after Celecoxib treatment. Nonsteroidal anti-inflammatory medicines (NSAIDs) may 
affect cell protein metabolism at this stage. The study also compared acetylcholinesterase (AChE) 
activity between groups. This may illuminate neurotransmitter control and offer neurological 
disease treatments. Aluminium chloride affects neurotransmitter breakdown and nervous system 
regulation in Group II mice with decreased AChE activity. Groups III and IV had higher AChE 
activity than the control group. According to the data, these extracts may be neuroprotective or 
sustain high AChE activity. Researchers believe compounds in Valeriana macrocarpon and 
Eleutheria officinalis extracts may protect neurons from oxidative stress or alter cholinergic signaling 
pathways. This may boost acetylcholinesterase activity (AChE). The data suggest that E. officinalis 

and V. macrocarpon extracts synergistically increase AChE activity. Finally, comparing groups with 
therapy for inflammation, tissue damage, and crypt disruption can help us determine which 
methods work best for reducing inflammatory responses and tissue damage. This lets us compare 
groupings. This clarifies the therapeutic mechanism of these medicines. The study found that E. 

officinalis and V. macrocarpon possess anti-inflammatory compounds. These substances may 
reduce inflammation by reducing pro-inflammatory mediators and oxidative stress- induced tissue 
damage. This is one way they may reduce inflammation. Group V uses E. officinalis and V. 

macrocarpon to treat several diseases. In contrast, extracts are often used to treat inflammation, tissue 
damage, and crypt disruption. Research suggests that synergistic plant extract blends may 
improve inflammatory disease therapies. Yeshi et al. (2020) used differential expression analysis to 
identify biological processes and infectious illnesses' molecular pathways. 
Overexpression of ABCA1, IL6, and MMP9 genes may produce proteins that regulate the immune 
response, reconstruct the extracellular matrix, and metabolise lipids. However, CDH1 and 
NFKBIA gene expression is lowered, suggesting that these proteins block inflammatory signals 
and participate in cell adhesion. This work emphasizes the need of studying gene expression 
dynamics to better understand disease's complex biochemical underpinnings and develop effective 
treatments (Martins-Gomes et al., 2024).

Conclusion 
Cranberry and amla extracts were tested for anti-inflammatory properties in UC mice. These 
experiments suggest natural UC therapies have great potential. Immunomodulatory, antioxidant, and 
anti-inflammatory properties of cranberry and amla extracts. These traits may reduce oxidative stress, 
immunological dysregulation, and mucosal membrane inflammation. Extracts help UC patients 
restore immunological tolerance and gut homeostasis by modulating the immune system and mending 
the intestinal barrier. Additional study is needed to validate these findings in human clinical trials and 
establish the best dose schedules for therapeutic impact. Another exciting option for individualized 
and holistic disease treatment is applying herbal remedy research to UC treatment. Healthcare 
providers can use the study's findings to enhance evidence-based decision-making to help patients 
choose drugs and treatments.
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Table 2: Matrix Metalloproteinase (MMP) Levels in Different Treatment Groups 

Serial 
No. 

MMP-9
Treatment Group Levels 

(ng/mL) 

MMP-3
Levels 
(ng/mL) 

EMMPRIN
Levels 
(ng/mL) 

0.8c

±0.2 
0.6d

±0.1 
0.5b

±0.1 
3.5a

±0.6 
3.0a

±0.1 
2.5a

±0.4 
1.2b

±0.3 
1.0b

±0.2 
0.2cd

±0.2 

1. G-I (Control)

2. G-II (AlCl3)

3. G-III (E. officinalis)

4. G-VI (V. macrocarpon) 1.0bc

±0.2 
0.8c

±0.2 
0.1d

±0.1 

5. G-V (E. officinalis + V.

macrocarpon)
0.9c

±0.2 
0.7cd

±0.1 
0.6b

±0.1 

6. G-VI (Celecoxib) 0.5d

±0.1 
0.4e

±0.1 
0.3c

±0.1 

Table 1: Comparative Analysis of IL-6, IL-8, and IL-12 Levels in Different Treatment Groups
Serial 

No. 
Treatment Group 

IL-6 Levels 

(pg/mL) 

IL-8 Levels 

(pg/mL) 

IL-12 Levels 

(pg/mL) 

20.5e 

±3.2 

18.2e 

±2.7 

25.9e 

±4.1 

85.7a 

±4.1 

80.4a 

±3.5 

90.3a 

±5.2 

35.6b 

±5.4 

30.3b 

±4.5 

40.6b 

±6.3 

30.9c 

±4.8 

25.6c 

±3.9 

35.8c 

±5.7 

27.4d 

±3.6 

22.1d 

±3.2 

32.4d 

±4.5 

1. G-I (Control)

2. G-II (AlCl3)

3. G-III (E. officinalis)

4. G-VI (V. macrocarpon)

5. G-V (E. officinalis + V. macrocarpon)

6. G-VI (Celecoxib)
15.8f 

±2.9 

12.5f 

±2.3 

18.7f 

±3.6 



Biochemical Evaluation Of Vaccinium Macrocarpon And Emblica Officinalis In Alleviating Ulcerative Colitis In Mice 

Vol.31 No.03 (2024): JPTCP(157-179) Page | 178 

Figure 3: Impact of Interventions on a) Superoxide Dismutase (SOD) and b) Nitric Oxide 
(NO) Levels in Mice. 

Figure 2: Comparative Analysis of a) VEGF and b) GSH Levels in Mice Under 
Various Treatments. 

Figure 1: Comparative Analysis of a) COX-2 Levels b) TNF-α Concentrations in Mice 
Following Treatment with Plant Extracts and Chemical Compounds. 
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Figure 6: Comparison of acetylcholinesterase activity across treatment groups reveals varied 
effects of interventions, indicating potential neuroprotective and synergistic effects, urging 

further investigation for therapeutic implications in neurological conditions. 

Figure 5: Comparing interventions' impact on cellular health and metabolic activity, the 
table highlights varied protein content levels a) MDA levels and b) protein content levels, 

indicating potential synergistic effects and implications for pathological conditions. 

Figure 4: Effect of Different Interventions on a) Catalase (CAT) Activity and b) AOPP 
Levels in Mice Following Various Interventions. 




