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ABSTRACT

Background and Objective: Inflammation is a natural defense response to tissue damage brought on
by toxic substances and physical trauma. Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) are the most
widely used medications for the treatment of inflammatory disorders; nevertheless, they have several side
effects, particularly stomach irritation, which can result in the development of gastric ulcers. The in vitro
anti-inflammatory potential of herbal mixture of Carica papaya, Azadirachta indica and Allium sativa was
investigated in the present research. Materials and Methods: The collected plant materials were rinsed
in clean water air-dried at room temperature under the shade to constant weight and pulverized into
powder. The herbal formulation was made by combining the pulverized samples of Carica papaya,
Azadirachta indica and Allium sativa parts in the ratios (1:1:1, 2:1:1, 1:2:1 and 1:1:2 w/w), respectively to
obtain four permutations of the herbal mixture. Exactly 500 g of each of the herbal formulated ratio was
extracted in 2.5 L of absolute ethanol and evaluated for membrane stabilization activity and inhibition of
albumin denaturation at different concentrations, 100, 200, 300 and 400 pug/mL. Results: The results of
in vitro anti-inflammatory potential revealed that the various ratios of the herbal formulation perform
relatively close in both egg albumin denaturation and heat induced membrane stability ability. Although,
C-2:1:1 ratio at 400 ug/mL has higher protein denaturation percent (78.53%) while B-1:1:2, C-2:1:1 and
D-1:2:1 were at pal in the heat induced membrane stability potential (79.78, 79.34 and 80.82, respectively).
Conclusion: The herbal mixtures containing Carica papaya, Azadirachta indica and Allium sativa
at different ratios and concentrations displayed reasonable inhibition of SRBC hemolysis and
albumin denaturation that marked anti-inflammatory potential comparable to the standard anti-
inflammatory drug (diclofenac). Therefore, the various herbal mixture ratios can be utilized against
inflammation.
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INTRODUCTION

Since ancient times, plants have been generally acknowledged as a significant source of unique
therapeutic chemicals for the treatment of a variety of ailments. This has been documented in African
traditional medicine systems, Latif and Nawaz'. They may be utilized as supplements or adjuncts in
combination with other compounds’. However, the therapeutic properties of natural-based mixtures need
to be carefully investigated to determine their pharmacological effects on biological systems®.

Carica papaya, Azadirachta indica and Allium sativa have been reported as an effective medication with
potential pharmacological and restorative effects’. Carica papaya (papaya) is noted for its high nutritional
value and a range of medicinal uses. Various parts of the plant, including the leaves, fruit, and seeds,
contain compounds like papain, chymopapain, and other antioxidants. These have been investigated for
their potential anti-inflammatory, digestive aid, and even anti-cancer effects’. Azadirachta indica (neem)
is a cornerstone of Ayurvedic medicine. Virtually every part of the neem tree (leaves, bark, seeds, and oil)
contains active compounds (such as azadirachtin) with significant antibacterial, antifungal, antiviral, and
anti-inflammatory properties. It is often used in skincare and dental hygiene products®. Allium sativum
(garlic) is used globally as both a culinary spice and a therapeutic agent. Its active sulfur-containing
compounds, particularly allicin, are associated with a broad spectrum of health benefits, including
cardiovascular protection, immune system modulation, and potent antimicrobial activity®.

Inflammation is a typical defense response to tissue damage brought on by toxic substances and physical
trauma’. Non-Steroidal Anti-Inflammatory medicines (NSAIDs) are the most widely used medications for
the treatment of inflammatory disorders, which have various adverse effects, especially gastric irritation,
leading to the formation of gastric ulcers®. The rich wealth of the plant kingdom represents a novel
compounds with significant anti-inflammatory activities’. However, the most of these plant resources have
not yet undergone chemical, pharmacological, and toxicological studies to investigate their bioactive
compounds'.

SBiological activities of plants are usually caused by phytochemicals like alkaloids, saponins,
steroids, tannins, flavonoids, amino acids, and trigonillin'. Plant seeds and leaves have long been
used to make powders and concentrations for medicinal purposes'®. The inhibition of hypotonic-induced
SRBC membrane lysis has been utilized as a metric to assess the anti-inflammatory properties of plant
extracts since sheep red blood cell (SRBC) membranes resemble the liposomal membrane component®™.
Allium sativa, Azadirachta indica, and Carica papaya have been found to produce several significant
secondary metabolites and essential oils'*'>. Numerous intriguing investigations utilizing Allium sativa,
Azadirachta indica, or Carica papaya demonstrated strong anti-inflammatory and antioxidant

properties™.

The phytochemical components of medicinal plants are responsible for their therapeutic qualities.
Alkaloids, flavonoids, tannins, and glycosides are general phytochemicals that considerably improve
human health care™. Several phytochemicals, including tannins, alkaloids, flavonoids, terpenoids, and
glycosides, were found in the phytochemical screening of Carica papaya, Azadirachta indica, and
Allium sativa'®". According to a different study, these plants contained phytochemicals like alkaloids,
phenol, tannins, flavonoids, amino acids, quinines, and terpenoids. According to reports, Carica papaya,
Azadirachta indica, and Allium sativa are effective against a variety of neurological conditions and
have antimicrobial, skin infection, antifungal, larvicidal, and anti-inflammatory properties. The in vitro
anti-inflammatory property of a herbal mixture of Carica papaya, Azadirachta indica, and Allium sativa was
evaluated in the present report.
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MATERIALS AND METHODS

Study area: The study was conducted at Federal University Wukari, Taraba State. Wukari is a town and
Local Government Area (LGA) in the Southeastern part of Taraba State, Nigeria, situated along the Katsina-
Ala road, near the Benue River Basin, known as a historic Jukun kingdom center. It is approximate
coordinates are 7°51' N Latitude and 9°47' E Longitude. This study was conducted over a period
of 5 months, from July to November 2025.

Collection and identification of plant materials: Matured and healthy-looking leaves of Carica papaya
(Pawpaw), Azadirachta indica (Neem), and Allium sativa (garlic) bulbs were collected within Wukari, Taraba
State, Nigeria. The plants were identified and authenticated at the University of Agriculture, Makurdi,
Benue State, where a voucher was deposited.

Preparation and extraction of the herbal formulation: The collected plant materials were rinsed in
clean water and air dried at room temperature under the shade to constant weight. The dried leaves were
pulverized into powder using a Thomas-Wiley laboratory mill (model 4) before being extracted by cold
maceration. The herbal formulation was made by combining the pulverized samples of Carica papaya,
Azadirachta indica, and Allium sativa parts in the ratios (1:1:1, 2:1:1, 1:2:1, and 1:1:2 w/w), respectively, to
obtain four permutations of the herbal formulation.

Exactly 500 g of each of the herbal formulated ratios was suspended in 2.5L of absolute ethanol,
and the solution was left standing for 72 hrs in large amber bottles with intermittent shaking. At the end
of the extraction, the crude ethanol extract was filtered using Whatman No. 1 filter paper (1Tmm mesh size)
and concentrated using a water bath maintained at 45°C until a dark residue was obtained. The
concentrated ethanol extract was stored in an air-tight sample container in a refrigerator for further
analysis.

Evaluation of in vitro anti-inflammatory activity: The anti-inflammatory activities of the ethanol
extracts were assayed by the sheep red blood cell (SRBC) membrane stabilization method and the
inhibition of egg albumin denaturation assay.

Membrane stabilization method: The membrane-stabilizing activity was determined as described by
Shinde et al.’® and Leelaprakash et al.”®. Stabilization of SRBC by heat- or hypotonicity-induced.

Hypotonicity-induced hemolysis of SRBC membrane: Blood samples were withdrawn from a healthy
human volunteer who had not taken any NSAIDs for 14 days before the experiment, and centrifuged at
700xg for 5 min, and the supernatant was removed. The packed blood corpuscles (cells) were washed with
isotonic saline, and a suspension (10%) was made. Isotonic solutions (in PBS) of herbal mixtures of 100,
200, 300 and 400 pg/mL concentrations were separately mixed with 2 mL hyposaline solution (0.36%) and
0.5 mL SRBC suspension. The mixtures were incubated for 10 min at room temperature and centrifuged
for 5 min at 2800 g, and the absorbance of the supernatant was measured at 540 nm using a
spectrophotometer. The reference standard was diclofenac at concentrations of 100, 200, 300, and
400 pg/mL. The SRBC membrane stabilization or protection percentage was calculated by the following
formula':

OD,-0D, .00 )

Inhibition of hemolysis (%) =1-—2——
OD, - 0D,

where, OD1 = test sample in isotonic solution, OD2 = test sample hypotonic solution and OD3 = control
sample in hypotonic solution.
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Heat-induced hemolysis of the SRBC membrane: The assay mixture comprised 1 mL of test sample
(herbal mixtures/diclofenac as standard) at 100, 200, 300, and 400 pg/mL concentrations in isotonic PBS
and 1 mL of 10% RBC suspension. The reaction mixtures were then incubated at 54°C for 20 min in a water
bath and centrifuged for 5 min at 2800 g, and the absorbance of the supernatant was measured using a
spectrophotometer at 540 nm. The percent inhibition of hemolysis was calculated according to the
following Eq. 1.

Egg albumin denaturation assay: To evaluate the inhibition of egg albumin denaturation, a reaction
mixture of 5 mL consisting of 0.2 mL of egg albumin (from fresh hen’s egg) and 2.8 mL of phosphate
buffer saline (PBS, pH 6.4) including 2 mL of herbal mixtures solutions of different concentrations
(100, 200, 300 and 400 pg/mL) in isotonic PBS was prepared. Distilled water with a similar volume was
used as a control. The reaction mixtures were then incubated at 37°C in an incubator for 15 min,
followed by heating at 70°C for 5 min. The absorbance was measured after cooling by using a
spectrophotometer at 660 nm. Diclofenac was used as a reference standard drug at concentrations
of 100, 200, and 400 pg/mL and treated similarly for absorbance determination. The inhibition percentage
of hemolysis was enumerated according to the equation®.

oD, -OD,

Inhibition of denaturation (%) = 1-
OD, - 0D,

x100 2)

where, OD1 = test sample in isotonic solution, OD2 = test sample hypotonic solution, and OD3 = control
sample in hypotonic solution.

Statistical analysis: Data were expressed as mean+SD of triplicate experiments. Statistical differences
were analyzed using one-way ANOVA, and p<0.05 was considered significant.

RESULTS

Hypotonicity-induced hemolysis of SRBC membrane of herbal formulation of Carica papaya,
Azadirachta indica and Allium sativa (A-1:1:1, B-1:1:2, C-2:1:1 and D-1:2:1): Figure 1 illustrates the
inhibitory effect of the herbal formulations on hypotonicity-induced hemolysis of the SRBC membrane,
showing a clear dose-dependent increase across all samples. Formulations C (2:1:1) and D (1:2:1)
demonstrated comparatively higher membrane stabilization than A and B, particularly at higher
concentrations. Diclofenac showed the highest inhibition at all tested concentrations. At 400 ug/mL,
maximum inhibition was observed, indicating enhanced membrane protection with increasing
concentration.

Heat-induced hemolysis of the SRBC membrane of herbal formulation of Carica papaya,
Azadirachta indica, and Allium sativa (A-1:1:1, B-1:1:2, C-2:1:1, and D-1:2:1): The results shown in
Fig. 2 of the anti-inflammatory activity of herbal mixtures at various concentrations protected the human
RBC membrane against heat-induced lysis, as shown by the high percentage inhibition of RBC membrane
hemolysis. At 400 ug/mL (higher) concentration, A-1:1:1, B-1:1:2, C-2:1:1, and D-1:2:1 exhibited 65.88.,
79.78, 79.34 and 80.83% inhibition of SRBC hemolysis, respectively, compared with 96.23% inhibition
produced by the same concentration of standard diclofenac.

Egg albumin denaturation assay of herbal formulation of Carica papaya, Azadirachta indica,
and Allium sativa (A-1:1:1, B-1:1:2, C-2:1:1 and D -1:2:1): Figure 3 demonstrates the inhibitory
effect of the herbal formulations on albumin denaturation, showing a concentration-dependent
increase across all samples. Formulations C (2:1:1) and D (1:2:1) exhibited higher inhibition
compared to A and B. At400 pg/mlL, all formulations showed marked activity, with diclofenac exhibiting
the highest inhibition. These findings indicate effective prevention of protein denaturation by the herbal
mixtures.
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Fig. 1: Percentage inhibition of hypotonicity-induced hemolysis of the SRBC membrane by herbal mixtures
of Carica papaya, Azadirachta indica, and Allium sativa

Values are meanztstandard of triplicate readings; Carica papaya, Azadirachta indica and Allium sativa parts were combined
in 4 ratios (1:1:1, 2:1:1, 1:2:1 and 1:1:2 w/w). DA = denaturation assay and MSA = membrane stabilizing ability
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Fig. 2: Percentage inhibition of heat-induced hemolysis of the SRBC membrane by herbal mixtures of
Carica papaya, Azadirachta indica and Allium sativa

Values are meanztstandard of triplicate readings; Carica papaya, Azadirachta indica and Allium sativa parts were combined
in 4 ratios (1:1:1, 2:1:1, 1:2:1 and 1:1:2 w/w). DA = denaturation assay and MSA = membrane stabilizing ability
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Fig. 3: Percentage inhibition of albumin denaturation by herbal mixtures of Carica papaya, Azadirachta
indica and Allium sativa
Values are meanztstandard of triplicate readings; Carica papaya, Azadirachta indica and Allium sativa parts were combined

in 4 ratios (1:1:1, 2:1:1, 1:2:1 and 1:1:2 w/w). DA = denaturation assay and MSA = membrane stabilizing ability
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DISCUSSION

In the investigation, the sheep Red Blood Cell (SRBC) method was utilized to evaluate in vitro
anti-inflammatory property of the herbal formulations since erythrocyte membrane is similar to the
lysosomal membrane, thus, its stabilization will imply that the herbal formulations may also stabilize
lysosomal membranes®’. The stabilization of the lysosomal membrane is critical for limiting the
inflammatory response because it prevents the extracellular release of lysosomal contents of
activated neutrophils which induce further tissue inflammation and damage. The present
investigation showed that the herbal formulations have considerable anti-inflammatory properties
demonstrated by the inhibition of SRBC membrane hemolysis. Generally, lysosomal membrane damage
results in the release of phospholipase A2, which catalyzes the hydrolysis of phospholipids to generate
inflammatory mediators®’. On a contrary, the cell membrane stability prevents cell lysis and the release
of cytoplasmic contents, thereby limiting tissue damage and mitigating inflammatory response.
Consequently, compounds with membrane stabilization-enhancing activity are anticipated to significantly
(p<0.05) protect the cellmembrane against releasing such cell-damaging substances?', Anti-inflammatory
agents can mediate this mechanism and prevent increasing membrane permeability? as this could be the
case in the present study since the herbal formulations showed appreciable inhibitory percentage
in both heat- and hypotonic-induced stability.

Furthermore, protein denaturation can be avoided, thereby reducing inflammatory situations. The present
study showed that the herbal formulations possess in vitro anti-inflammatory effect by decreasing protein
denaturation as observed. According to Kpemissi et al.”, the presence of flavonoids and phenolic
chemicals in plant extracts cause protein denaturation inhibition.

The inflammatory response is typically a difficult condition that is closely linked to discomfort during injury
and pathogenic attack. It includes processes such as increased protein denaturation and cellular
membrane rupture®*®*. Many of the body's defense cells are activated when tissue cells are destroyed
because signaling chemicals, including kinins, prostaglandins, and histamine are released. The efficacy of
medicinal plants has already been tested in a number of studies involving protein denaturation associated
with inflammatory processes®. The loss of tertiary and secondary structures brought on by a stressor such

t?” causes denaturation

as heat, an organic solvent, a strong basic or acid, or a concentrated inorganic sal
of proteins, which results in a loss of functionality®®. Therefore, any substance that can stop protein
denaturation has the potential to dramatically lower inflammation®. Furthermore, the primary cause of
inflammatory and arthritic conditions is protein denaturation, which leads to the production of
auto-antigens, which can start an auto-immune response and ultimately result in rheumatic arthritis®**".
Changes in disulfide, hydrogen, and electrostatic hydrophobic bonding are likely to result from the

production of auto-antigens brought on by thermally induced protein denaturation®.

The potential of the herbal formulations to suppress protein denaturation in the current study was
investigated and the results demonstrated that the herbal formulations considerably reduced protein
denaturation (egg albumin). The ability of the herbal formulations to inhibit thermal and hypotonic protein
denaturationis an indication its anti-inflammatory properties.The current finding supports a study by Joshi
and Bharkatiya®, which found that a polyherbal formulation combining Allium sativa, Moringa oleifera,
and Tinosporia cordifolia is an excellent source of physiologically active chemicals with potential
anti-inflammatory properties. According to the study, the substantial presence of phenolic substances
such as alkaloids, flavonoids, tannins, and steroids may be responsible for the anti-inflammatory
properties. In vitro hemolysis was significantly inhibited by C. papaya extracts from partially developed
leaves, according to Ranasinghe et al®. At relatively lower concentrations (37.5 pg/mL), crude
extracts of C. papaya leaves demonstrated an inhibitory action that was comparable to that of common
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anti-hemolysis drugs like aspirin and indomethacin. According to this experimental data, C. papaya leaf
extracts may be useful in treating diseases that cause cellular membranes to become unstable. In a similar
vein, Azadirachta indica lignocaine gel showed strong anti-inflammatory action in a variety of in vitro tests,
successfully stabilizing proteins and cell membranes in a dose-dependent manner®.

Although no report was found on the herbal formulation of Carica papaya, Azadirachta indica, and
Allium sativa, nevertheless, there are reports on in vitro anti-inflammatory potentials of the individual
components (Carica papaya, Azadirachta indica, and Allium sativa) of the formulations.

CONCLUSION

The polyherbal mixtures of Carica papaya, Azadirachta indica, and Allium sativa demonstrated significant
in vitro anti-inflammatory activity through inhibition of SRBC hemolysis and albumin denaturation. The
effects were concentration-dependent, with formulations C (2:1:1) and D (1:2:1) showing comparatively
higher efficacy. Although the activity was slightly lower than the standard drug (diclofenac), the results
confirm the therapeutic potential of these herbal combinations. These findings support the possible use
of such formulations as natural anti-inflammatory agents, warranting further in vivo and mechanistic
investigations.

SIGNIFICANCE STATEMENT

This study shows that herbal mixture of Carica papaya, Azadirachta indica and Allium sativa possess in
vitro ant-inflammatory activity. The present investigation reveals that the herbal mixture of Carica papaya,
Azadirachta indica and Allium at different ratios and concentrations can be used to ameliorate membrane
instability and protein denaturation in biological system.
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