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ABSTRACT  

 

Inflammation is a common ailment that could develop into a chronic disease such as cancer, 

diabetes and rheumatoid if not cured early. Commonly, synthetic drugs such as aspirin are used to 

cure inflammation. However, synthetic drugs could have adverse side effects with long-term 

consumption. This study investigates the anti-inflammatory activities of Christia vespertilionis 

protease (CVP) and palm tocotrienol-rich fraction (TRF) in carrageenan-induced BALB/c paw 

oedema. Carrageenan was injected into the left hind paw of BALB/c mice, generating an acute 

inflammatory response due to the induction of neutrophils. Inflammatory mediators such as tumour 

necrosis factor-alpha (TNF-α), interleukin-6 (IL-6) and free radical nitric oxide (NO) were 

determined by enzyme-linked immunosorbent assay (ELISA). All parameters of inflammation 

such as paw size (%), amount of TNF-α (pg/mg), amount of IL-6 (pg/mg) and level of nitric oxide 

(µM), decreased through the treatments of CVP, TRF, a combination of CVP and TRF 

(CVP+TRF) and aspirin. The treatments were shown to be effective against inflammation, 

particularly CVP+TRF compared to aspirin, which could provide a novel therapeutic approach to 

inflammatory diseases. 
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1.0 Introduction  

Inflammation is a common disease but can 

cause death at a chronic stage. Three out of 

five people worldwide die from chronic 

inflammatory diseases such as stroke, 

chronic respiratory disease, heart disorders, 

cancer, obesity and diabetes (1-3). 

Inflammation can be described as an 

infection or the irritation of living cells or 

tissues produced by an injury and their 

immune response (4). The body automatically 

releases cytokines, chemokines, prostaglandins 

and histamine as a natural defence called the 

chemotaxis mechanism (5). The injured 

tissue increases vascular permeability, 

enhances protein denaturation and builds 

membrane alteration. As blood vessels 

become dilate and permeable, neutrophils 

and macrophages migrate to the affected area 

to engulf and destroy foreign particles like 

pathogens, as well as to repair the damaged 

tissues (6).  

     Non-steroidal anti-inflammatory drugs 

(NSAIDs) and steroids are two types of drugs 

currently being used clinically to treat 

inflammation. However, these drugs produce 

adverse side effects such as gastric intestinal 

mucosa, heart illness and kidney disorders 

(7). Furthermore, drugs such as aspirin and 

steroids are only effective for one-time 

consumption in relieving symptoms (8). 

Thus, plant-derived drugs used as medicine 

since time immemorial can be alternative 

treatments. Christia vespertilionis, or 

butterfly wing, or ‘daun rama-rama’ as it is 

commonly called in Malaysia, has been 

reported for its anti-cancer and anti-

inflammatory properties (9). This plant has 

widely used as medicinal purposes for a 

number of diseases. By crushing the leaves, 

it is reported to treat tuberculosis, scabies, 

snake bites and bone fissures. The plant also 

can be consumed by mixing the leaves with water 

to treat bronchitis, cold muscle weakness, 

tonsils inflammation and to enhance blood 

circulation. These practices have been 

applied by local community or cultural group 

in decades for treating various health 

conditions (10). This plant believes to having 

various medicinal values and emerging well 

to this date which the significant reasons for 

choosing this plant (11).  

     Numerous investigations have demonstrated 

that C. vespertilionis contains phytochemical 

substances such as phenols, alkaloids, 

triterpenes, fatty acids, alkanes and long-

chained alcohols (12, 13). Flavonoid also 

most of the common compound found in C. 

vespertilionis extract that has been proven its 

anti-inflammatory properties that can 

decrease the activity of cytokines, chemokines and 

inflammatory enzymes (10, 14). In addition to 

these compounds, protease enzymes found in 

C. vespertilionis may further contribute to 

reducing inflammation by breaking down 

pro-inflammatory proteins and modulating 

immune responses. Proteases are enzymes 

that break down proteins into smaller 

peptides by catalysing the hydrolysis of 

peptide bonds. Protease is important for 

biological functions, including infection and 

physiological processes. It has proven from 

previous study that protease decreased paw 

oedema size significantly in carrageenan-

induced acute inflammation model, which 

success to treat inflammation (15). In 

extracting protease from C. vespertilionis, the 

common technique to use is SDS-PAGE 

(sodium dodecyl sulphate polyacrylamide gel 

electrophoresis) by separates proteins based 

on their size alongside known protein 

standard (16). Subsequently measure activity 

assay of the protease and determine if the 

observed activity can be attributed solely to 

the protease of interest. By employing these 

techniques, the purity of a purified protease 

would ascertain and obtain as protease 
enzymes are the target product to combat 

inflammatory diseases (17).   
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     Purified compounds are often study 

because they can interact synergistically with 

other compound to produce therapeutic 

effects (18). Thus, another plant that used for 

this study is palm tocotrienol-rich fraction. 

This plant's phytochemical components have 

been researched and it contains vitamin E 

which is comprises of tocotrienols and 

tocopherols. Tocotrienol and tocopherol are 

vitamins E, which consist of four different 

isomers. These isomers are primarily found 

in vegetable oils, palm oil, rice bran oil, 

wheat germ, barley, seeds, nuts and grains. 

However, tocotrienol with a complete 

isoform, known as a tocotrienol-rich fraction 

(TRF), can only be found in palm oil initially 

extracted from the fruit of Elaeis guineensis 

(19). Studies have shown that TRF possesses 

antioxidant (20), anti-cancer (21) and anti-

inflammatory (22, 23) activities. TRF has 

been explored for their biological activities 

including anti-inflammation and anti-oxidant 

(22, 24), and the outcome promises that more 

can be discovered about its therapeutic 

mechanisms. 

     Proteases derived from plants, such as 

bromelain from pineapples and papain from 

papayas, have been widely researched for 

their anti-inflammatory effects. These plant 

proteases reduce inflammation by breaking 

down pro-inflammatory molecules and 

modulating immune responses, effectively 

inhibiting pro-inflammatory cytokines and 

mediators like NF-κB and TNF-α. They have 

been used to treat conditions such as arthritis, 

muscle pain and inflammatory bowel 

diseases, offering a natural method for 

managing inflammation (17). Similarly, protease 

extracted from Christia vespertilionis (CVP) has 

shown notable anti-inflammatory activity. 

The CVP was optimised for purification and 

tested on LPS-stimulated RAW264.7 cells, 

where it demonstrated a 45.6% reduction in 

inflammation with an IC50 value of 19.24 

μg/mL. This confirms its potential as an anti-

inflammatory agent (25). Comparatively, 

tocotrienol-rich fraction (TRF) also exhibits 

significant antioxidant and anti-inflammatory 

properties. It highlights their roles in preventing 

and treating chronic diseases by reducing 

inflammation and oxidative stress (26). Both 

CVP and TRF represent promising candidates 

for developing natural anti-inflammatory 

treatments, given their ability to modulate 

inflammatory mediators effectively. 

     Inflammatory mediators can be a signal of 

the severity level of the inflammation. 

Tumour necrosis factor alpha (TNF-α), 

interleukin-6 (IL-6), and free radicals of 

nitric oxide (NO) are part of these mediators 

in pathogenesis inflammation (27). These 

inflammatory responses against pathogens 

such as bacteria, viruses, fungi and parasites 

during inflammation involve various 

pathophysiological processes such as 

neuronal communication, vasodilatation and 

neurotoxicity (28-31). Therefore, the level of 

these inflammatory mediators was also 

examined in inflammation models, the 

carrageenan-induced BALB/c paw oedema. 

The reason for using BALB/c is because this 

mouse model is believed to have similar 

immune response as humans, and it is widely 

used for animal inflammation testing (32, 

33). Carrageenan-induced BALB/c paw 

oedema is a simple method of determining 

anti-inflammatory activities and evaluating 

inflamed paws (34). Carrageenan is a 

polymer derived from red seaweeds, 

particularly Chondrus crispus, and was used 

in this study as an activator of neutrophils, 

which produce acute inflammatory 

mediators. Previous study show that atrial 

natriuretic peptide (ANP) inhibits 

inflammation in the carrageenan-induced 

paw oedema model by reducing pro-

inflammatory cytokines (IL-1, IL-6, TNF-α 

and PGE2) through the GC-A/NPRA 

modulated signalling pathway (6). C. 

vespertilionis has been confirmed to be an 
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anti-inflammatory agent when it has an 

inhibitory effect on monocyte adherence to 

endothelial cells (23, 35). Tocotrienol-rich 

fraction also suppressed pro-inflammatory 

cytokines, nitric oxide synthase (iNOS) and 

cyclooxygenase-2 (COX-2) in human 

monocytic (THP-1) cells (22, 36). Thus, the 

present work aims to examine the anti-

inflammatory activities of C. vespertilionis 

protease and palm TRF in carrageenan-

induced BALB/c paw oedema. 

2.0 Materials and methods  

 

2.1 Plant sample 

 

Christia vespertilionis was bought from 

Floranika Nursery Sungai Buloh, Selangor, 

Malaysia. Its voucher specimen was certified 

by Dr. Yong Kien Thai from the Plant 

Taxonomy Department, Rimba Ilmu, 

Universiti Malaya. The voucher specimen 

(KLU 50026) was placed at the herbarium of 

Universiti Malaya. 

 

2.2 Chemicals and reagents 

 

Analytical grade ammonium sulphate and 

sodium phosphate were acquired from R&M 

Chemicals (Malaysia). TRF was obtained 

from Gold Tri.E 70 (Sime Darby, Malaysia) 

in the form of α-tocopherol (209.7 mg/g), α-

tocotrienol (182.3 mg/g), β-tocotrienol (18.5 

mg/g), γ-tocotrienol (231.9 mg/g) and δ-

tocotrienol (66.1 mg/g), extracted from palm 

fruit (Elaeis Guineensis). Carrageenan and 

aspirin were purchased from Sigma-Aldrich 

(Germany). A radioimmunoprecipitation 

buffer was acquired from Solarbio Life 

Sciences (China). TNF-α and IL-6 were 

obtained from R&D Systems (USA). 

Chemicals and reagents for nitric oxide (NO) 

determination were purchased from Sigma-

Aldrich. 

 

2.3 Protease extraction and purification from 

C. vespertilionis leaf extract 

 

Based on Sharmila et al. (2012) (37) with 

some modifications, fresh leaves (20 g) were 

washed thoroughly with tap water and 

ground with 500 ml of pre-chilled 0.1 M 

sodium phosphate buffer at pH 7. The crude 

extracts were filtered through cheesecloth to 

remove the suspension. Then it was 

centrifuged at 9000 rpm at 4°C for 15 min to 

remove impurities. The supernatant was 

collected and stored at 4°C while awaiting 

further tests. 

     With some modifications, the ammonium 

sulphate precipitation method was performed 

using the method of Park et al. (2015) (38). 

Ammonium sulphate precipitation was 

performed as follows. In total, 34.85 g of 

ammonium sulphate and 50 ml of crude 

extract were stirred together overnight at 4°C 

until homogenous. Then centrifugation was 

done at 9000 rpm for 15 min at 4°C. The 

pellet was collected and resuspended in 10 ml 

pre-chilled 0.1 M sodium phosphate buffer at 

pH 7.  

     Next, dialysis was performed by pipetting 

the mixture into a dialysis membrane placed 

in a beaker containing 300 ml of pre-chilled 

0.1 M sodium phosphate buffer (pH 7) which 

was stirred by a magnetic stirrer. The buffer 

was changed every 2 hr for 4 hr and dialysis 

was run overnight to ensure complete 

removal of ammonium sulphate salt. The 

purified sample was centrifuged at 9000 rpm 

for 15 min at 4°C and the supernatant was 

collected and kept at 4°C. 

 

2.4 Preparation of palm TRF and aspirin 

 

Palm TRF, an amber viscous liquid (0.072 

ml), was diluted with 5 ml of soya oil to be 

used as a stock of 10 mg/ml. Aspirin (0.1g) 

was diluted with 10 ml of distilled water. 
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2.5 Experimental animals 

 

The experiments were conducted according 

to the ethical norms approved by the 

Institutional Animal Care and Use 

Committee, Universiti Malaya (UM IACUC) 

(Approval no: S/19052022/07122021-02/R). 

The animals used in the experiments were 

female BALB/c mice (n=18) supplied by the 

Laboratory Animal Centre, Animal House, 

Ladang Mini, Institute of Biological 

Sciences, Universiti Malaya, Kuala Lumpur. 

A total of 18 female BALB/c mice were 

equally divided into six groups. According to 

new research by Rutherford (39), female 

mice have higher levels of the pain receptor 

Tlr7, which may have distinct immune 

responses of inflammation. The animals were 

acclimatized for two weeks in a controlled 

environment of 20-25ºC and 12-hr light/12-

hr dark cycle and provided with commercial 

pellets (Altromin, Germany) and water. The 

groups were presented as non-carrageenan, 

carrageenan (control), aspirin, C. vespertilionis 

protease (CVP), palm TRF and a combination of 

CVP and TRF (CVP+TRF). 

 

2.6 Acute toxicity study 

 

Acute toxicity studies are essential in 

assessing the potential adverse effects of 

substances intended for therapeutic use. 

Following the guidelines of the Organisation 

for Economic Co-operation and 

Development (OECD) Test Guideline 425 

(2008) (40), this study evaluated the acute 

toxicity of purified Christia vespertilionis 

protease (CVP), palm tocotrienol-rich 

fraction (TRF), their combination 

(CVP+TRF) and aspirin in BALB/c mice. 

Over a two-week period, mice were 

administered doses ranging from 100 to 200 

mg/kg body weight orally, while a control 

group received distilled water. The chosen 

dose range of 100 to 200 mg/kg body weight 

was selected to assess the acute toxicity of 

aspirin, CVP, TRF and CVP+TRF, ensuring 

a broad spectrum that covers potentially 

therapeutic to higher, potentially toxic levels, 

allowing for a comprehensive evaluation of 

safety margins. Throughout the study, 

observations focused on mortality rates, 

abnormal behaviour and changes in body 

weight. These findings contribute valuable 

insights into the safety profile of these 

substances which is crucial for further 

pharmacological investigations.  

 

2.7 Carrageenan-induced paw oedema 

 

The carrageenan-induced paw oedema model 

is a widely known method for evaluating the 

anti-inflammatory effects of treatments in 

experimental animals. Based on the method 

by Gokcen et al. (2021) (41), this model 

involves inducing acute inflammation in the 

left hind paw of BALB/c mice using 

carrageenan. Treatments including purified 

Christia vespertilionis protease (CVP), palm 

tocotrienol-rich fraction (TRF) and their 

combination (CVP+TRF) were administered 

orally prior to carrageenan injection to assess 

their inhibitory effects on paw oedema. Paw 

thickness measurements were taken at 

regular intervals post-injection to monitor 

inflammation progression, with decreases 

indicating potential anti-inflammatory 

activity. 

     In this study, the left hind paw BALB/c 

mice were injected by intraplantar with 50 µl 

of 1 % (w/v) carrageenan to induce paw 

oedema. The animals were anaesthetised 

with ketamine (80 mg/kg) and xylazine (10 

mg/kg) through intraperitoneal (IP) injection. 

Carrageenan group act as control was given 

100 µl distilled water, while other treatment 

groups including 100 mg/kg aspirin, 200 

mg/kg CVP, 200 mg/kg TRF and 100 mg/kg 

CVP+TRF were administered through oral 

gavage one hour before the carrageenan 



Zambari et al./Int. J. Pharm. Nutraceut. Cosmet. Sci. (2024) Vol 7(2) 89-106 
 

 

 

   

94 
 

injection. The carrageenan group was given 

100 µl of distilled water as a control because 

it has no active effects. This ensures that any 

changes seen in the treatment groups are 

caused by the substances being tested, not the 

water itself. Additionally, a separate group 

without carrageenan injection was included 

to assess the effects of the treatments under 

non-inflammatory conditions. The thickness 

of the left hind paw was measured using a 

vernier calliper before the carrageenan 

injection and at intervals of 1, 2, 3, 4 and 5 h 

post-injection. The decrease in paw oedema 

size indicated anti-inflammatory activity. 

The percentage of increase in paw oedema 

size was calculated according to the formula 

below: 

 

(𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑝𝑎𝑤 𝑜𝑒𝑑𝑒𝑚𝑎 𝑠𝑖𝑧𝑒, %) =
𝑎 − 𝑏

𝑎
× 100 

 
a = thickness of left hind paw after carrageenan 

injection 

b = thickness of left hind paw before carrageenan 

injection 

 

     The animals were then euthanised with 

ketamine (240 mg/kg) and xylazine (30 

mg/kg) through intraperitoneal (IP) injection. 

The carrageenan-induced left hind paw 

oedema feet were dissected and stored in 

liquid nitrogen before the amount of pro-

inflammatory cytokines, which is tumour 

necrosis factor-alpha (TNF-α), interleukin-6 

(IL-6) and free radicals of nitric oxide (NO), 

were measured. 

 

2.8 Extraction of paw tissue 

 

The paw tissue was hardened with liquid 

nitrogen and crushed into pieces using mortar 

and pestle. A total of 1g of tissue was 

homogenized with 10 ml of the 

radioimmunoprecipitation buffer. The 

mixture was mixed well with a vortex and 

incubated on ice for 30 min. The samples 

were then centrifuged at 3000 rpm for 20 min 

at 4ºC. The supernatant was collected and 

kept at -20ºC. 

 

2.9 Measurement of TNF-α and IL-6 

 

The levels of pro-inflammatory mediators, 

specifically tumour necrosis factor-alpha 

(TNF-α) and interleukin-6 (IL-6), are critical 

indicators of inflammation. Evaluating the 

effect of treatments on these cytokines helps 

in understanding their potential anti-

inflammatory properties. This test was done 

to determine the ability of CVP, TRF, a 

combination of CVP+TRF and aspirin to 

inhibit the production of TNF-α and IL-6 

using a commercially available ELISA kit 

R&D Systems, (Minneapolis, USA). 100 µl 

capture antibodies for TNF-α and IL-6 were 

seeded overnight at room temperature in a 

96-well plate. After 24 hours, a second set of 

biotinylated antibodies was incubated with 

paw tissues and standard antigens before 

adding streptavidin. The colour of the 

reaction changed from purple to yellow, and 

the absorbance was recorded at 450 nm using 

a Biotek Synergy H1 microplate reader 

(California, United States). The 

concentration of TNF-α and IL-6 was 

expressed as picogram per milligram (pg/mg) 

of protein for cytokine concentration. 

 

2.10 Measurement of nitric oxide 

 

Nitric oxide (NO) is a key inflammatory 

mediator and its measurement can provide 

insights into the anti-inflammatory effects of 

various treatments. In this study, NO levels 

were measured using the Griess assay with 

some modifications (42, 43). Tissue 

supernatants from samples treated with CVP, 

TRF, a combination of CVP+TRF and aspirin 

were analysed. A total of 100 µl tissue 

supernatants were plated in 96 well plate and 

incubated at 37ºC with 5% carbon dioxide 
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(CO2) for 24 hours. The supernatants were mixed 

with a 1:1 ratio of N-(1-naphthyl)ethylenediamine 

dihydrochloride and sulfanilic acid with nitrite as 

standard and then incubated for 30 min. The 

absorbance was measured at 540 nm using a 

Biotek Synergy H1 microplate reader 

(California, United States). The nitric oxide 

(NO) data were plotted based on the nitrite 

standard curve. All experiments were 

performed in triplicates. 

 

2.11 Statistical analysis 

 

The Graph Pad Prism (version 8.0.2 for Windows, 

GraphPad Software, San Diego, California, USA) 

was used for the data analysis. All data were 

expressed as mean ± standard deviation. The 

statistical significance/comparative analysis 

between control and treated groups was 

analysed using a one-way analysis of 

variance (ANOVA) followed by the Holm-

Sidak multiple t-test and Dunnett’s test. P < 

0.05 was considered statistically significant. 

 

3.0 Results  

 

3.1 Protease purification from Christia 

vespertilionis leaf extract  

 

The purification of the protease involved 

several steps, each marked by changes in total 

protein content, volume of buffer, protein 

concentration, total activity, specific activity, 

fold purity and activity yield. As shown in 

Table 1, the crude extract served as the 

baseline for comparison, with initial 

measurements of protein concentration, 

activity and purity. At 100% saturation, there 

was a notable increase in total protein and 

enzyme activity, leading to a higher specific 

activity, fold purity, and a decrease in activity 

yield. The final dialysis step further concentrated 

the protease, significantly increasing its purity and 

activity, demonstrating successful purification 

and concentration of the enzyme. Overall, the 

process significantly increased the specific 

activity from 2.37 U/mg in the crude extract 

to 14.33 U/mg after dialysis, demonstrating 

effective enrichment and purification of the 

protease. Despite some losses in activity yield 

during intermediate steps, the final product 

exhibited high purity and activity, validating 

the efficacy of the purification method. 

 

3.2 Acute toxicity and body weights of all 

treatments of BALB/c mice 

 

BALB/c mouse was used for this study due 

to similarity of immunological response to 

human being and commonly used to testing 

treatments for various diseases. BALB/c was 

used to test anti-inflammatory effects of 

Christia vespertilionis protease (CVP), palm 

tocotrienol-rich fraction (TRF) and combination 

(CVP+TRF) by induced the carrageenan in the 

paw oedema. First, BALB/c mice were 

administered orally with the respective treatment 

each day for 2 weeks along the measurement 

of body weight each week in 2 weeks 

observation. Based on Table 2, six groups of 

treatment were non-carrageenan, 

carrageenan (control), aspirin, CVP, TRF and 

CVP+TRF. The weight for each group 

increased by week. During week 1, the 

weights varied slightly across the different 

groups. By week 2, an overall increase in 

weight was observed across all groups. The 

results indicated an overall increase in body 

weight across all groups, suggesting that the 

treatments did not adversely affect the mice's 

appetite or health. Furthermore, the study 

confirmed that the lethal dose (LD50) for all 

treatments was greater than 100 mg/kg, 

highlighting their safety at the administered 

doses. This study not only contributes to the 

understanding of the anti-inflammatory 

properties of CVP and TRF but also 

establishes their safety profile in BALB/c 

mice, paving the way for potential 

therapeutic applications in humans. 
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Table 1: Summary of total protein, total activity, specific activity, fold purity and activity yield at 

different purification steps of Christia vespertilionis protease (CVP) 

Purification steps 

Total 

protein 

(mg) 

Volume of 

buffer 

(mL) 

Protein 

concentration 

(mg/mL) 

Total 

activity 

(U) 

Specific 

activity 

(U/mg) 

Fold 

purity 

Activity 

yield (%) 

Crude 2.62 10 0.262 6.2 2.37 1.00 100.00 

Ammonium sulphate 

(100%) 

19.33 10 1.933 23.31 12.06 5.09 37.39 

Dialysis 23.19 10 2.319 33.24 14.33 6.05 53.33 

 
Table 2: Body weights comparison across experimental groups of BALB/c mice 

 

Group 

Dose 

(mg/kg) 

Weight (g) 

Before treatment 
After treatment 

Week 1 Week 2 

Non-carrageenan - 15.97 ± 0.24 16.27 ± 0.46 17.61 ± 1.15* 

Carrageenan  - 16.61 ± 0.40 16.87 ± 0.42 18.38 ± 0.33* 

Aspirin 100 17.18 ± 0.04 17.32 ± 0.22 18.64 ± 0.90* 

CVP 200 17.03 ± 0.17 17.89 ± 0.88 19.34 ± 0.53* 

TRF 200 17.20 ± 0.06 17.37 ± 0.33 18.71 ± 1.21* 

CVP+TRF 100 18.07 ± 0.60 18.61 ± 0.82 20.19 ± 1.17* 

Values are expressed in mean ± SD (n=3); it indicates the body weight of treated groups compared to control and was 

statistically analysed by one-way analysis of variance (ANOVA) followed by Holm-Sidak multiple t-test, *P < 0.05 

considered as a significant. 

 

3.3 The paw oedema size after carrageenan 

injection 

 

Carrageenan-induced paw oedema is a 

standard model for inducing acute 

inflammation in research. Carrageenan, when 

injected into the paw of a rodent, causes 

localised inflammation characterised by 

increased paw size (oedema), redness and 

pain. This model is widely used to evaluate 

the anti-inflammatory properties of various 

compounds. The treatments of purified 

Christia vespertilionis protease (CVP), palm 

tocotrienol-rich fraction (TRF) and their 

combination (CVP+TRF) were compared 

against a carrageenan control and aspirin, a 

standard anti-inflammatory drug in BALB/c 

mouse model. Figure 1 shows the comparison 

of the paw images before and after 

carrageenan injection, and also after the 

treatment with CVP and TRF. It shows a 

clear visual representation of inflammation 

through observable changes in swelling, 

redness and texture. Before the injection the 

paw appears normal in size, shape and colour 

with a smooth surface. After the injection, the 
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paw is noticeably larger, indicating 

significant swelling and shows a marked 

increase in redness. This redness is due to 

increased blood flow, a common inflammatory 

response. Additionally, the post-injection paw 

appears more tense and possibly shinier, indicating 

fluid accumulation (oedema) under the skin. 

These visual differences effectively 

demonstrate the inflammatory response 

induced by carrageenan. The treatment with 

CVP and TRF (CVP+TRF) resulted in a 

reduction in swelling and redness compared 

to Figure 1(b), suggesting that the treatment 

effectively mitigated the inflammatory 

response. Reduction in oedema is an indication of 

the anti-inflammatory effects of CVP and TRF, 

which may act by modulating key inflammatory 

pathways involved in carrageenan-induced 

inflammation.  

     Figure 2 and Table 3 show the paw 

oedema size as a percentage over time, 

measured in hours, for different treatment 

groups. The treatments include a control 

group (carrageenan only), aspirin, CVP, TRF 

and a combination of CVP and TRF. The y-

axis represents the percentage increase in 

paw size (oedema), while the x-axis shows 

the time in hour after the carrageenan 

injection. The carrageenan control group 

exhibited a gradual increase in paw oedema 

over time. In contrast, treatment with CVP 

resulted in a notable reduction in paw oedema, 

showing a consistent anti-inflammatory effect. 

TRF treatment also demonstrated a reduction in 

oedema, particularly at later time points. The 

combination of CVP and TRF (CVP+TRF) 

produced significant anti-inflammatory effects, 

reducing oedema further. Aspirin, used as a 

positive control, consistently reduced paw 

oedema throughout the study, comparable to 

the treatment groups. The control group 

(carrageenan only) shows the highest and most 

sustained level of paw oedema over the 5-hour 

period. Aspirin, a well-known anti-inflammatory 

drug, significantly reduces paw oedema, 

showing a faster decline in oedema size. Both 

CVP and TRF treatments also reduce the paw 

oedema size like aspirin. CVP and TRF show 

similar patterns, with a moderate reduction in 

oedema size compared to the control. The 

combination of CVP and TRF shows the 

most significant reduction in paw oedema 

size, even more than aspirin, suggesting a potential 

synergistic effect when these two compounds are 

used together. This combination exhibits the 

lowest percentage and fastest decline in 

oedema size. The result indicates that all 

treatments (aspirin, CVP, TRF and CVP+TRF) 

reduced paw oedema to varying degrees, with 

CVP+TRF being the most effective. This 

suggests that combining these compounds 

could be a promising synergistic interaction 

and better approach for managing 

inflammation. 

 

3.4 Effect of Christia vespertilionis protease 

(CVP) and palm tocotrienol-rich fraction 

(TRF), single and combination treatment, on 

tumor necrosis factor-alpha (TNF-α) and 

interleukin-6 (IL-6) in carrageenan-induced 

paw oedema 

 

Tumour necrosis factor-alpha (TNF-α) and 

interleukin-6 (IL-6) levels are essential to 

compare each treatment group to the non-

carrageenan control (baseline) and the 

carrageenan group (inflammation benchmark). As 

shown in Figure 3, TNF-α and IL-6 were 

measured as indicators of inflammation, with 

significant increases observed in the carrageenan 

group, confirming successful induction of 

inflammation. Treatments with aspirin, CVP, TRF 

and the combination of CVP+TRF effectively 

reduced TNF-α and IL-6 levels, demonstrating 

their anti-inflammatory effects. Notably, the 

combination of CVP and TRF resulted in the 

most substantial reduction, particularly in 

TNF-α, suggesting a synergistic effect 

between the two treatments. These findings  
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Figure 1: BALB/c’s paw a) before carrageenan injection, b) after carrageenan injection, and c) after the treatment with CVP and TRF (CVP+TRF) 

 

 
Figure 2: Effect of treatments in carrageenan-induced paw oedema BALB/c mice in terms of the paw oedema size within 5 hours after carrageenan 

injection. Values are expressed in mean ± SD (n=3); it indicates the paw oedema size of treated groups compared to control and was statistically 

analysed by one-way analysis of variance (ANOVA) followed by Holm-Sidak multiple t-test, *P < 0.05 considered as significant. 

 

a) b) c) 
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Table 3: Effect of treatments on paw oedema size (%) over time in carrageenan-induced inflammation 
Group Replicate Paw oedema size (%) 

1 hr 2 hr 3 hr 4 hr 5 hr 

Carrageenan A 70.59 77.57 67.03 63.53 69.54 

B 76.47 85.05 75.38 74.60 70.53 

C 68.88 76.00 72.01 74.96 64.20 

Average ± SD 71.98 ± 3.98 79.54 ± 4.83 71.48 ± 4.20 71.03 ± 6.50 68.09 ± 3.41 

Aspirin A 56.97 56.97 56.88 58.66 40.56 

B 80.11 86.18 70.68 61.37 40.56 

C 93.09 94.68 90.38 87.54 36.94 

Average ± SD 76.72 ± 18.30 79.27 ± 19.78 72.65 ± 16.84 69.19 ± 15.94 39.35 ± 2.09* 

CVP A 69.97 75.31 69.79 67.21 44.75 

B 51.31 57.02 45.05 34.43 44.75 

C 58.42 61.90 45.05 45.05 53.27 

Average ± SD 59.90 ± 9.42 64.75 ± 9.47 53.30 ± 14.28 48.90 ± 16.73* 47.59 ± 4.92* 

TRF A 72.29 73.56 66.46 59.71 30.82 

B 77.09 86.07 73.85 73.35 32.54 

C 73.48 83.87 69.06 60.66 36.42 

Average ± SD 74.29 ± 2.50 81.16 ± 6.68 69.79 ± 3.74 54.80 ± 22.08 33.26 ± 2.87* 

CVP+TRF A 71.98 83.00 72.21 62.22 44.57 

B 90.70 90.85 87.64 85.20 30.92 

C 79.41 80.63 73.35 68.09 42.62 

Average ± SD 80.70 ± 9.43 84.83 ± 5.35 77.73 ± 8.60 71.83 ± 11.94 39.37 ± 7.38* 
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Figure 3: Effect of treatments in carrageenan-

induced paw oedema at 5 hours on a) tumour 

necrosis factor-alpha (TNF-α) and b) interleukin-

6 (IL-6). Each value represents mean ± SD, *P < 

0.05 considered as a significant compared to 

control, #. The difference between groups were 

statistically analysed by one-way ANOVA, 

Dunnett’s test. 

 

highlight the relative effectiveness of each 

treatment in reducing inflammation.  

 

3.5 Effect of Christia vespertilionis protease 

(CVP) and palm tocotrienol-rich fraction 

(TRF), single and combination treatment, on 

nitric oxide (NO) production in carrageenan-

induced paw oedema 

 

Nitric oxide (NO) production, a marker of 

inflammation, was measured to assess the  

 

 
Figure 4: Effect of treatments in carrageenan-

induced paw oedema on nitric oxide (NO) 

production in paw tissue at 5 hours. Each value 

represents mean ± SD, *P < 0.05 considered as a 

significant compared to control, #. The difference 

between groups were statistically analysed by 

one-way ANOVA, Dunnett’s test. 

 

 

effectiveness of anti-inflammatory 

treatments. Based on the Figure 4, the 

carrageenan group showed elevated NO 

levels, indicating inflammation, while the 

non-carrageenan control represented baseline 

conditions. Treatments with aspirin, CVP, 

TRF and their combination significantly 

reduced NO levels, demonstrating anti-

inflammatory effects. TRF showed greater 

effectiveness individually compared to 

aspirin and CVP, and the combination of 

CVP and TRF resulted in the most significant 

reduction, suggesting a synergistic effect in 

reducing NO production and inflammation. 

 

4.0 Discussion 

 

Carrageenan was used to induced oedema in 

the left hind paw of BALB/c mice, as an 

activator of neutrophils that produce 

inflammatory mediators which can be 

indicator of the level severity of the 
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inflammation. Therefore, this study revealed 

anti-inflammatory activity of purified 

Christia vespertilionis protease (CVP) and 

palm tocotrienol-rich fraction (TRF), single 

and combination treatment in carrageenan-

induced BALB/c paw oedema model. Based 

on the results from the two-week study on 

BALB/c mice, the administration of oral 

doses of non-carrageenan, carrageenan, 

aspirin, CVP, TRF and the combination of 

CVP and TRF did not adversely affect the 

mice's body weight or indicate signs of 

toxicity. Throughout the study period, there 

was a consistent increase in body weight 

across all treatment groups, suggesting that 

none of the treatments led to significant loss 

of appetite or adverse health effects. 

Additionally, the mice showed no signs of 

distress, abnormal behaviour, or visible 

physical symptoms such as fur loss, lethargy, 

or swelling, further supporting the safety of 

the administered doses. These observations, 

alongside the increase in body weight, 

suggest that the treatments were well-

tolerated and that the lethal dose (LD50) for 

all compounds exceeded 100 mg/kg, as 

reported by Ahmad Sayuti et al. (2021).  

     Upon injecting carrageenan into the paw, 

pro-inflammatory mediators such as 

histamine, nitric oxide, prostaglandins and 

cytokines are released. These mediators 

influence inflammation, pain, and the overall 

inflammatory condition (44). Administration 

of carrageenan into the left hind paw can 

induce a painful response through acute 

inflammation. The process of inflammatory 

response starts once carrageenan is inducted 

into the left hind paw, which leads to 

hyperalgesia (response to painful stimuli) and 

allodynia (a painful response to non-painful 

stimuli) through the production of histamine, 

serotonin and bradykinins (44, 45-47). 

Prostaglandins are then released to maintain 

the inflammatory process and account for the 

effect of the inflammatory progress (44, 47). 

Subsequently, pro-inflammatory cytokines 

such as TNF-α, IL-6 and nitric oxide are 

released. These mediators were also 

previously studied in the carrageenan-

induced paw oedema with various treatments 

(48, 49). The results highlight the significant 

anti-inflammatory effects of aspirin, CVP, 

TRF and CVP+TRF on carrageenan-induced 

paw oedema in a BALB/c mice model. 

Aspirin, a well-known anti-inflammatory 

drug, consistently reduced paw oedema size, 

confirming its efficacy (44). Both CVP and 

TRF also demonstrated notable reductions in 

inflammation, particularly after 5-hour of the 

experiment. However, the combination of 

CVP and TRF (CVP+TRF) was the most 

effective treatment, showing the greatest 

reduction in paw oedema size and suggesting 

a synergistic interaction between the two 

compounds. This combination surpassed the 

efficacy of each compound alone and even 

outperformed aspirin, after 5-hour of the 

experiment.  Several studies, such as those by 

Brox and Hackstein (2021) (50), have shown 

that aspirin significantly reduces 

inflammatory markers, therefore support 

aspirin’s well-established anti-inflammatory 

effects across various models. 

     Recent studies have demonstrated that the 

CVP and TRF are effectively inhibit the 

inflammatory process by affecting different 

inflammatory mediators and cytokines 

including inducible nitric oxide, TNF-α and 

IL-6. These mediators have been acted as 

indicator for the inflammatory effects in 

carrageenan-induced paw oedema and the 

severity of inflammation can be easily 

discovered (44). Tumour necrosis factor-

alpha (TNF-α) and interleukin-6 (IL-6) are 

cytokines that shows a significant increased 

indicating inflammation in the carrageenan 

group. Treatments like aspirin, CVP, TRF 

and in combination (CVP+TRF) reduced 

cytokines levels, with CVP+TRF showing 

the greatest reduction. Combining CVP and 
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TRF may enhance their anti-inflammatory 

effects, suggesting a synergistic mechanism. 

CVP and TRF are rich in polyphenols and 

tocotrienols, may exert their effects by 

reducing oxidative stress, indirectly 

decreasing cytokine production through 

modulation of NF-κB signalling pathways 

(51). The combination of CVP and TRF 

appears to have a synergistic effect, further 

enhancing these anti-inflammatory 

outcomes, as shown by the significantly 

lower cytokine levels of TNF-α and IL-6 in 

the combination group compared to 

individual treatments. This supports previous 

studies suggesting that combined 

antioxidants and anti-inflammatory 

compounds can be effectively reduced 

inflammation, providing valuable insights 

into potential therapeutic strategies (52). 

Investigating NO levels will provide further 

insights into the anti-inflammatory 

mechanisms to treat inflammation. Nitric 

oxide (NO) is implicated in the early phase of 

the acute inflammatory response following 

the injection of carrageenan into the hind paw 

(47). The significant reduction of NO levels 

by CVP suggests its potent anti-inflammatory 

activity. Previous studies on proteases from 

medicinal plants indicate that protease can 

modulate inflammatory pathways, 

potentially by inhibiting the activity of pro-

inflammatory cytokines or by directly 

degrading inflammatory mediators (53). 

TRF, a rich source of tocotrienols, 

demonstrates an even more substantial 

reduction in NO levels. Tocotrienols are 

known for their antioxidant and anti-

inflammatory properties can scavenge free 

radicals, suppress the expression of pro-

inflammatory mediators, inhibit the 

activation NF-κB, and downregulate the 

expression of pro-inflammatory genes 

including iNOS (54). The potent effect of 

TRF may be attributed to its ability to 

modulate these pathways more effectively 

than CVP alone. CVP+TRF results in the 

lowest NO level, indicating a possible 

synergistic effect. Synergy in anti-

inflammatory treatments often arises from 

the complementary mechanisms of action of 

different agents (55). In this case, CVP's 

protease activity may enhance the 

bioavailability or effectiveness of 

tocotrienols from TRF, while TRF's 

antioxidant properties could reduce any 

oxidative stress induced by proteolytic 

activity. Additionally, the combined effects 

on multiple inflammatory pathways may lead 

to a more comprehensive suppression of 

inflammation (56). Aspirin, a well-known 

non-steroidal anti-inflammatory drug 

(NSAID), reduces NO levels and other 

mediators by inhibiting cyclooxygenase 

(COX) enzymes and reducing the production 

of prostaglandins. The greater efficacy of 

CVP and TRF compared to aspirin in this 

study suggests that targeting multiple 

inflammatory pathways such as proteolysis 

by CVP, antioxidant and gene modulation by 

TRF may offer superior anti-inflammatory 

effects than targeting a single pathway like 

COX inhibition by aspirin.  

     The plausible mechanism of action for 

CVP+TRF in this study likely involves the 

combined anti-inflammatory and antioxidant 

properties of both components. Christia 

vespertilionis protease (CVP) may reduce 

inflammation by modulating cytokine 

production, such as lowering TNF-α and IL-

6 levels, while also inhibiting pro-

inflammatory pathways. Palm tocotrienol-

rich fraction (TRF) likely enhances this effect 

by providing potent antioxidant activity, 

reducing oxidative stress, and further 

suppressing inflammatory mediators like 

nitric oxide (NO). Together, CVP and TRF 

may act synergistically to dampen 

inflammation more effectively than either 

compound alone, targeting both cytokine and 

oxidative stress pathways. 
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5.0 Conclusion  

 

The present study demonstrates the potential 

of using natural compounds like CVP and 

TRF as alternatives or complements to 

conventional anti-inflammatory drugs. Their 

ability to significantly reduce inflammatory 

mediators and free radicals’ production 

suggests that they could be effective in 

managing inflammatory conditions with 

fewer side effects than NSAIDs. Future 

research should focus on elucidating the 

precise molecular mechanisms of CVP and 

TRF, as well as conducting clinical trials to 

validate their effectiveness and safety in 

humans. In conclusion, the treatments 

significantly reduced TNF-α, IL-6 and nitric 

oxide levels in the carrageenan-induced paw 

oedema, with the combination of CVP and 

TRF showing greater effectiveness than 

aspirin. These findings align with previous 

studies on the anti-inflammatory mechanisms 

of proteases and tocotrienols and suggest that  

the combination may offer enhanced 

therapeutic benefits through synergistic 

interactions.  

 

Authorship contribution statement 

 

IFZ: Data analysis, Methodology, Formal 

analysis, Writing–original draft. NAM: Writing–

review & editing. SRAH: Resources, Draft 

corrections. MAMA, IN, NI: Supervision. 

 

Acknowledgment 

 

Special thanks to the laboratory staff of Laboratory 

Animal Center, Animal House, Universiti Malaya 

and Product Development & Advisory Services 

Division, Malaysian Palm Oil Board. 

 

Conflict of Interest  

 

The authors declare that there is no conflict 

of interest. 

Funding 

 

This research was funded by Universiti 

Malaya for financial support of the research 

project through Faculty Programme Grant 

Scheme (GPF006B-2018). 
 

References 

1. Barcelos IPD, Troxell RM, Graves JS. 

Mitochondrial dysfunction and multiple 

sclerosis. Bio (Basel) 2019;8:1-17. 

2. Deepak P, Axelrad JE, Ananthakrishnan AN. 

The role of the radiologist in determining 

disease severity in inflammatory bowel 

diseases. Gastrointest Endosc Clin N 2019;29: 

447-470. 

3. Tsai DH, Riediker M, Berchet A, Paccaud F, 

Waeber G, Vollenweider P, et al. Effects of 

short and long-term exposures to particulate 

matter on inflammatory marker levels in the 

general population. Environ Sci Pollut Res 

2019;26:19697-19704. 

4. Amazu LU, Azikiwe CCA, Njoku CJ, Osuala 

FN, Nwosu PJC, Ajugwo AO, et al. Anti-

inflammatory activity of the methanolic extract 

of the seeds of Carica papaya in experimental 

animals. Asian Pac J Trop Med 2010;3:884-

886. 

5. Ruiz-Ruiz JC, Matus-Basto AJ, Acereto-

Escoffié P, Segura-Campos MR. Antioxidant 

and anti-inflammatory activities of phenolic 

compounds isolated from Melipona beecheii 

honey. Food Agric Immunol 2017;28:1424-

1437. 

6. Kalaiarasu LP, Babu AA, Krishnan K, 

Dhanusu S, Vellaichamy E. Atrial natriuretic 

peptide (ANP) suppress λ-carrageenan-induced 

acute paw edema by modulating pro-

inflammatory genes in Swiss Albino mice. Int 

J Pept Res Ther 2022;28:138-152. 

7. De Groot AS, Scott DW. Immunogenicity of 

protein therapeutics. Trends Immunol 2007; 

28:482-490. 



Zambari et al./Int. J. Pharm. Nutraceut. Cosmet. Sci. (2024) Vol 7(2) 89-106 
 

 

 

   

104 
 

8. Debnath T, Park SR, Kim DH, Jo JE, Lim BO. 

Antioxidant and anti-inflammatory activity of 

Polygonatum sibiricum rhizome extracts. 

Asian Pac J Trop Dis 2013;3:308-313. 

9. Chassagne F, Hul S, Deharo E, Bourdy G. 

Natural remedies used by Bunong people in 

Mondulkiri province (Northeast Cambodia) 

with special reference to the treatment of 11 

most common ailments. J Ethnopharmacol 

2016;191:41-70.  

10. Ibrahim FS, Amom Z, Dasiman R, Anuar N. A 

review on pharmacological properties of 

Christia vespertilionis. Malaysian Journal of 

Medicine and Health Sciences 2022;18(5): 

200-207.  

11. Dar RA, Shahnawaz M, & Qazi PH. General 

overview of medicinal plants: A review. J 

Phytopharmacol 2017;6(6):349-351.  

12. Bunawan H, Bunawan SN, Baharum SN. The 

red butterfly wing (Christia vespertilionis): A 

promising cancer cure in Malaysia. Int Pharm 

Pharm Sci 2015;7(8):5. 

13. Ariff MAM, Tukiman S, Razak NAA, Osman 

MS, Jaapar J. Optimisation of supercritical 

fluid extraction of Mariposa Christia 

vespertilionis leaves towards antioxidant using 

response surface methodology. Journal of 

Physics: Conference Series 2019;1349(1):1-8.  

14. Al-Khayri JM, Sahana GR, Nagella P, Joseph 

BV, Alessa FM, Al-Mssallem MQ. Flavonoids 

as potential anti-inflammatory molecules: A 

review. Molecules 2022;27(9):2901.  

15. Viswanatha Swamy AHM, Patil PA. Effect of 

some clinically used proteolytic enzymes on 

inflammation in rats. Indian J Pharm Sci 2008; 

70(1):114-117.  

16. Nowakowski AB, Wobig WJ, Petering DH. 

Native SDS-PAGE: High resolution electrophoretic 

separation of proteins with retention of native 

properties including bound metal ions. 

Metallomics: Integrated Biometal Sci 2014; 

6(5):1068-1078.  

17. David Troncoso F, Alberto Sánchez D, Luján 

Ferreira M. Production of plant proteases and 

new biotechnological applications: An updated 

review. ChemistryOpen 2022;11(3): 

e202200017.  

18. Vaou N, Stavropoulou E, Voidarou CC, 

Tsakris Z, Rozos G, Tsigalou C, et al. 

Interactions between medical plant-derived 

bioactive compounds: Focus on antimicrobial 

combination effects. Antibiotics (Basel, 

Switzerland) 2022;11(8):1014.  

19. Durani LW, Hamezah HS, Ibrahim NF, 

Yanagisawa D, Nasaruddin ML, Moria M, 

Azizan KA, Ahmad H, Damanhuri, Makpol S, 

Wan Ngah WZ, Tooyama I. Tocotrienol-rich 

fraction of palm oil improves behavioral 

impairments and regulates metabolic pathways 

in APP/PS1 mice. J Alzheimer’s Dis 2018;64: 

249-267.  

20. Teo CWL, Png SJY, Ung YW, Yap WN. 

Therapeutic effects of intranasal tocotrienol-

rich fraction on rhinitis symptoms in platelet-

activating factor induced allergic rhinitis. 

Allergy Asthma Clin Immunol 2022;18:1-10.  

21. Conte C, Floridi A, Aisa C, Piroddi M, Floridi 

A, Galli F. Gammatocotrienol metabolism and 

antiproliferative effect in prostate cancer cells. 

Ann N Y Acad Sci 2004; 1031: 391-394.  

22. Wu SJ, Liu PL, Ng LT. Tocotrienol-rich 

fraction of palm oil exhibits anti-inflammatory 

property by suppressing the expression of 

inflammatory mediators in human monocytic 

cells. Mol Nutr Food Res 2008;52:921-929.  

23. Zaida Z, Shahrim Z, Abdul Hafid SR. Gamma-

tocotrienol from palm oil for arthritis 

(12MY39) My. Pat. No. 2011005682 (2013).  

24. Sien TT, Rahman MFS, Ismail SS, Mohamad 

NN, Mustaffa AH, Gunasekaran G, Zulkefli 

SB, Aan GJ. Effect of the tocotrienol-rich 

fraction (TRF) on the healthspan of 

Caenorhabditis elegans. Sains Malays 2021; 

50:429-436.  

25. Zambari IF, Abdul Hafid SR, Muhamad NA. 

Optimisation of protease purification from 

Christia vespertilionis leaves and its anti-

inflammatory activity. Sains Malays 2023; 

52(5):1371-1381. 



Zambari et al./Int. J. Pharm. Nutraceut. Cosmet. Sci. (2024) Vol 7(2) 89-106 
 

 

 

   

105 
 

26. Khor BH, Tiong HC, Tan SC, Wong SK, Chin 

KY, Karupaiah T, et al. Effects of tocotrienols 

supplementation on markers of inflammation 

and oxidative stress: A systematic review and 

meta-analysis of randomized controlled trials. 

PloS One 2021;16(7):e0255205.  

27. Salvatore C, Emanuela M, Laura D, Ivana S, 

Antonio C, Tommaso C, et al. Protective 

effects of n-acetylcysteine on lung injury and 

red blood cell modification induced by 

carrageenan in the rat. FASEB J 2001;15:1187-

1200.  

28. Bogdan C, Rollinghoff M, Diefenbach A. The 

role of nitric oxide in innate immunity. 

Immunol Rev 2000;173:17-26.  

29. Moncada S, Palmer RM, Higgs EA. Nitric 

oxide: Physiology, pathophysiology, and 

pharmacology. Pharmacol Rev 1991;43:109-

142.  

30. Nakagawa T, Yokozawa T. Direct scavenging 

of nitric oxide by green tea.Food Chem Toxicol 

2002; 40:1745-1750.  

31. Joo T, Sowndhararajan K, Hong S, Lee J, Park 

SY, Kim S, Jhoo JW. Inhibition of nitric oxide 

production in LPS-stimulated RAW 264.7 cells 

by stem bark of Ulmus pumila L. Saudi J Biol 

Sci 2014;21:427-435.  

32. Xu Z, Zhou J, Cai J, Zhu Z, Sun X, Jiang C. 

Anti-inflammation effects of hydrogen saline 

in LPS activated macrophages and carrageenan 

induced paw oedema. J Inflamm 2012;9:1-8.  

33. Wu W, Wang F, Gao X, Niu T, Zhu X, Yan X, 

Chen H. Synergistic effect of κ-carrageenan on 

oxazolone-induced inflammation in BALB/c 

mice. BMC Gastroenterol 2016;16:1-13.  

34. Sini JM, Yaro AH, Ayanwuyi LO, Aiyelero 

OM, Mallum SM, Gamaniel KS. 

Antinociceptive and antiinflammatory 

activities of the aqueous extract of the root bark 

of Combretumsericeum in rodents. Afr J 

Biotechnol 2010;9:8872-8876.  

35. Mohd Fauzi N, Tan JN, Jubri Z, Husain K, 

Jantan I, Buang F. Christia vespertilionis 

extract inhibits monocyte adherence to 

endothelial cells through inhibition of pro-

atherogenic adhesion molecules expression. 

Curr Trends Biotechnol Pharm 2021;78:2230-

7303.  

36. Zambari IF, Muhamad NA, Abdul Hafid SR. 

Optimisation of extraction method and 

phytochemical compounds of green Christia 

vespertilionis leaves using GC-MS. Int J Pharm 

Sci Rev Res 2021;70:1-8.  

37. Sharmila S, Jeyanthi Rebecca L, Das MP, 

Saduzzaman M. Isolation and partial 

purification of protease from plant leaves. J. 

Chem. Pharm. Res. 2012;4(8):3808-3812.  

38. Park SR, Lim CY, Kim DS, Ko K. 

Optimization of ammonium sulfate 

concentration for purification of colorectal 

cancer vaccine candidate recombinant protein 

GA733-FcK isolated from plants. Front Plant 

Sci 2015;6:1-7.  

39. Rutherford, G. (n.d.). New research suggests 

chronic pain is different for males and females. 

Folio, University of Alberta. 2024 January 24. 

Available from: 

https://www.ualberta.ca/en/folio/2024/01/new

-research-suggests-chronic-pain-is-different-

for-males-and-females.html 

40. Test Guideline No. 425 Acute Oral Toxicity: 

Up-and-Down Procedure. OECD Publishing, 

Paris. 2022 June 30. Available from: 

https://doi.org/10.1787/9789264071049-en.  

41. Gokçen T, Inci K, Serdar U. The effects of 5-

hydroxytryptophan on carrageenan-induced 

mouse paw oedema. Nutr Rev 2021;34:1-7.  

42. Yam ML, Abdul Hafid SR, Cheng HM, 

Nesaretnam K. Tocotrienols suppress 

proinflammatory markers and cyclooxygenase-

2 expression in RAW264.7 macrophages. 

Lipids 2009;44:787-797.  

43. Chen M, Qin Y, Ma H, Zheng X, Zhou R, Sun 

S, Huang Y, Duan Q, Liu W, Wu P, Xu X, 

Sheng Z, Zhang K, Li D. Downregulating NF-

kappaB signaling pathway with triterpenoids 

for attenuating inflammation: In vitro and in 

vivo studies. Food Funct 2019;10:5080-5090.  

44. Tandoh A, Danquah CA, Benneh CK, Adongo 

DW, Boakye-Gyasi E, Woode E. Effect of 

https://www.ualberta.ca/en/folio/2024/01/new-research-suggests-chronic-pain-is-different-for-males-and-females.html
https://www.ualberta.ca/en/folio/2024/01/new-research-suggests-chronic-pain-is-different-for-males-and-females.html
https://www.ualberta.ca/en/folio/2024/01/new-research-suggests-chronic-pain-is-different-for-males-and-females.html


Zambari et al./Int. J. Pharm. Nutraceut. Cosmet. Sci. (2024) Vol 7(2) 89-106 
 

 

 

   

106 
 

diclofenac and andrographolide combination 

on carrageenan-induced paw edema and 

hyperalgesia in rats. Dose-response 2022;20:1-

15.  

45. Barrot M. Tests and models of nociception and 

pain in rodents. Neurosci 2012;211:39-50.  

46. Gregory NS, Harris AL, Robinson CR, 

Dougherty PM, Fuchs PN, Sluka KA. An 

overview of animal models of pain: Disease 

models and outcome measures. J Pain 2013; 

14:1255-1269.  

47. Necas J, Bartosikova L. Carrageenan: A 

review. Vet Med 2013;58:187-205.  

48. Tsai DS, Huang MH, Tsai JC, Chang YS, Chiu 

YJ, Lin YC, et al. Analgesic and anti-

inflammatory activities of Rosa taiwanensis 

Nakai in mice. J Med Food 2015; 18:592-600.  

49. Zeng B, Wei A, Zhou Q, Yuan M, Lei K, Liu 

Y, Song J et al. Andrographolide: A review of 

its pharmacology, pharmacokinetics, toxicity 

and clinical trials and pharmaceutical 

researches. Phytother Res 2021;24:336-364.  

50. Brox R, Hackstein H. Physiologically relevant 

aspirin concentrations trigger immunostimulatory 

cytokine production by human leukocytes. 

PloS one 2021;16(8):e0254606.  

51. Lee JJ, Yazan LS, Kassim NK, Che Abdullah, 

CA, Esa N, Lim PC, Tan DC. Cytotoxic 

activity of Christia vespertilionis root and leaf 

extracts and fractions against breast cancer cell 

lines. Molecules 2020;25(11):2610.  

52. Mucha P, Skoczyńska A, Małecka M, Hikisz P, 

Budzisz E. Overview of the antioxidant and 

anti-inflammatory activities of selected plant 

compounds and their metal ions complexes. 

Molecules Annual, 2021;26(16):4886.  

53. Mohd Fauzi N, Tan JN, Jubri Z, Husain K, 

Jantan I, Buang F. Christia vespertilionis 

extract inhibits monocyte adherence to 

endothelial cells through inhibition of pro-

atherogenic adhesion molecules expression. 

Curr Trends in Biotechnol Pharm 2021;2230-

7303. 

54. Kuhad A, Chopra K. Attenuation of diabetic 

nephropathy by tocotrienol: involvement of 

NFkB signaling pathway. Life Sci 2009;84(9-

10): 296-301.  

55. Caesar LK, Cech NB. Synergy and antagonism 

in natural product extracts: when 1 + 1 does not 

equal 2. Nat Prod Rep. 2019;36(6):869-888.  

56. Zhao J, Wei K, Jiang P, Chang C, Xu L, Xu L, 

Shi Y, Guo S, Xue Y, He D. Inflammatory 

response to regulated cell death in gout and its 

functional implications. Front Immunol, 2022; 

13: 888306.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


