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ABSTRACT

Medicinal plants contain a diverse range of bioactive compounds that contribute to overall health and well-being.
These natural constituents, including flavonoids, alkaloids, polyphenols, and terpenoids, exhibit antioxidant, anti-
inflammatory, and antimicrobial properties. Their biological activity is primarily linked to their ability to regulate
oxidative stress, support immune function, and influence key cellular pathways. Research suggests that these
compounds may help in reducing the risk of various chronic conditions, including metabolic and degenerative
disorders(Shah et al., 2024). With increasing interest in plant-based health solutions, these bioactive compounds are
being explored for use in functional foods and nutraceuticals. This review provides an overview of their mechanisms
of action and their role in promoting health and disease prevention, highlighting their potential for future scientific
and therapeutic advancements.
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INTRODUCTION

Medicinal plants have been widely utilized in traditional healing systems for centuries due to their rich composition of
bioactive compounds. These natural constituents, including flavonoids, alkaloids, polyphenols, terpenoids, and saponins,
are known for their diverse pharmacological activities such as antioxidant, anti-inflammatory, antimicrobial, and anticancer
properties. Their ability to interact with biological systems makes them valuable in promoting health and preventing
diseases (Pan et al., 2013).

The development of chronic diseases such as cardiovascular disorders, diabetes, neurodegenerative conditions, and cancer
is often associated with oxidative stress and persistent inflammation. Bioactive compounds from medicinal plants help
counteract these effects by modulating key cellular pathways, reducing free radical damage, and enhancing immune
responses (Ganesan & Xu, 2017). For instance, polyphenols, abundant in medicinal plants, have been found to support
heart and brain health by scavenging free radicals and regulating inflammatory markers (Scalbert et al., 2005).

With the growing interest in plant-based therapeutic approaches, bioactive compounds are increasingly being incorporated
into functional foods and nutraceuticals. These advancements offer promising solutions for disease prevention and overall
well-being. Understanding the mechanisms through which these compounds exert their beneficial effects is essential for
their optimal application in healthcare and nutrition. This review focuses on the pharmacological properties of key bioactive
compounds in medicinal plants, their mechanisms of action, and their role in disease prevention.

MATERIALS AND METHODS

Plant Material Collection and Preparation

Medicinal plant samples were collected from authenticated sources and identified by a botanist. A voucher specimen was
deposited in the institutional herbarium for future reference. The collected plant materials were thoroughly washed with
distilled water and shade-dried at room temperature for 10-15 days to retain their phytochemical integrity. The dried
samples were finely ground using an electric grinder and stored in airtight containers at 4°C until further analysis.

Extraction of Bioactive Compounds

The extraction of bioactive compounds was carried out using solvent extraction techniques with ethanol, methanol, and
aqueous solvents. Approximately 50 g of powdered plant material was macerated in 500 mL of solvent and subjected to
continuous agitation for 48 hours at room temperature. The extract was then filtered through Whatman No. 1 filter paper,
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and the solvent was evaporated using a rotary evaporator under reduced pressure at 40°C. The resulting crude extract was
stored at 4°C for further phytochemical and bioactivity analysis.

Phytochemical Screening

A qualitative phytochemical analysis was performed to detect the presence of major bioactive compounds, including
flavonoids, alkaloids, tannins, saponins, terpenoids, and phenolic compounds. Standard phytochemical tests were used:
Alkaloids: Detected using Mayer’s and Wagner’s tests.

Flavonoids: Identified using the Shinoda test.

Phenols and Tannins: Confirmed using the Ferric chloride test.
Saponins: Assessed using the Foam test.

Terpenoids: Verified using the Salkowski test.

Quantification of Bioactive Compounds
The total phenolic and flavonoid content was estimated using spectrophotometric methods:

Total Phenolic Content (TPC): Determined using the Folin-Ciocalteu reagent and expressed as mg gallic acid equivalents
(GAE)/g of extract.

Total Flavonoid Content (TFC): Measured by the aluminum chloride colorimetric method and expressed as mg quercetin
equivalents (QE)/g of extract.

Evaluation of Antioxidant Activity

The antioxidant capacity of the extracts was assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging
assay. Different concentrations of the extract (10-100 pg/mL) were mixed with 1 mL of 0.1 mM DPPH solution and
incubated in the dark for 30 minutes. Absorbance was recorded at 517 nm using a UV-Vis spectrophotometer. The radical
scavenging activity was calculated using the following formula:

where Ao represents the absorbance of the control and A: represents the absorbance of the sample.
. - (Ap—A;)
Scavenging activity (%) = = x 100

Assessment of Anti-inflammatory Activity

The protein denaturation inhibition assay was used to evaluate the anti-inflammatory potential of the extracts. The reaction
mixture consisted of bovine serum albumin (BSA) and different concentrations of the extract (50-200 pg/mL), incubated at
37°C for 20 minutes, followed by heating at 60°C for 5 minutes. The absorbance was measured at 660 nm, and the
inhibition of protein denaturation was calculated using the formula:

Statistical Analysis

All experiments were conducted in triplicate, and the results were expressed as mean + standard deviation (SD). Statistical
significance was determined using one-way ANOVA followed by Tukey’s post hoc test, with p < 0.05 considered
statistically significant. The data were analyzed using GraphPad Prism 9.0 software.

Inhibition(%) = St —amst) 100

RESULTS

1. Phytochemical Composition of Medicinal Plant Extracts
The qualitative phytochemical analysis revealed the presence of various bioactive compounds across different plant
extracts. Alkaloids, flavonoids, tannins, saponins, terpenoids, and phenols were detected in all tested samples, though their
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intensity varied among different extracts. The ethanol and methanol extracts exhibited a higher abundance of these
compounds compared to aqueous extracts (Table 1).

Table: Phytochemical Composition of Selected Medicinal Plant Extracts

Phytoch Ethanol Methano | Aqueous
emical Extract | Extract Extract
Compou

nd

Alkaloid +++ ++ +

s

Flavonoi | +++ +++ ++

ds

Tannins ++ ++ +
Saponin +++ ++ =5

s

Terpenoi ++ +++ EE

ds

Phenols +++ +++ ++

(+++ = High presence, ++ = Moderate presence, + = Low presence)

Total Phenolic and Flavonoid Content

The total phenolic content (TPC) and total flavonoid content (TFC) varied significantly among extracts. The ethanol extract
exhibited the highest TPC (168.3 £ 4.2 mg GAE/g) and TFC (95.7 + 3.8 mg QE/qg), followed by the methanol extract (152.6
+ 3.9 mg GAE/g and 87.2 + 3.5 mg QE/qg, respectively). The aqueous extract showed the lowest values (98.4 + 2.7 mg
GAE/g and 65.3 + 2.1 mg QE/qg, respectively).

Table 1, Figure 1: Total Phenolic and Flavonoid Content of Extracts

Table 1: Total Phenolic and Flavonoid

Content of Extracts Total Phenolic and Flavonoid Content
= TPC (mg GAE/g)
160 = TFC (mg QE/g)
Extract Type | Total Total 140
Phenolic Flavonoid 120
Content Content § Y6
(TPC) (mg | (TFC) (mg £ o
GAE/q) QE/qg) 5 o
Ethanol 168.3+4.2 |957+3.8 40
Methanol 152.6+3.9 |87.2+3.5 *

Ethanol Methanol Aqueous
Extract Type

Aqueous 98.4+2.7 65.3 +2.1

Antioxidant Activity (DPPH Assay) The antioxidant potential of the extracts, measured by the DPPH radical scavenging
assay, demonstrated a concentration-dependent effect. The ethanol extract exhibited the highest scavenging activity (89.5%
at 100 pg/mL, ICse = 37.2 pg/mL), followed by the methanol extract (82.7% at 100 pg/mL, ICso = 42.8 pg/mL). The
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aqueous extract showed the lowest scavenging potential (72.1% at 100 ng/mL, ICso = 55.6 pg/mL). These results indicate
that ethanol and methanol extracts possess significant antioxidant capacity.

Table 1, Figure 2: DPPH Radical Scavenging Activity of Extracts

Table 2: DPPH Radical Scavenging DPPH Radical Scavenging Activity
Activity (%) of Extracts at Different 90 [ —e— Ethanol Extract
Concentrations —8— Methanol Extract
—— Aqueous Extract
r v 380
Concent Ethanol Methano | Aqueous 9;
ration Extract 1 Extract Extract ‘;‘
(ug/mL) | (%) (%) (%) g 19
10 45.2 40.8 + 30.5 = -geo
1.3 1.4 0.9 =
— 4
25 61.3 = 57.6 + 45.2 + §50
2.1 1.8 1.4 =
&
50 78.4 + 72.1 = 60.7 + & 40l
2.7 2.3 2.0
75 85.6 + 80.4 = 68.3 + 30 i i i i i
3.0 2.6 2.2 20 40 60 80 100
— — Concentration (ug/mL)
100 89.5 + 82.7 + 72.1 =
3.5 2.9 2.5

Anti-inflammatory Activity (Protein Denaturation Inhibition Assay)

The anti-inflammatory effect was evaluated using the protein denaturation inhibition assay. The ethanol extract exhibited
the highest inhibition (88.6% at 200 pg/mL), followed by the methanol extract (81.9% at 200 pg/mL). The aqueous extract
demonstrated lower inhibition (68.5% at 200 pg/mL). The results suggest that the ethanol and methanol extracts effectively
prevent protein denaturation, which is a key mechanism in inflammation suppression.

Table 3, Figure 3: Anti-inflammatory Activity of Extracts

Table 3: Anti-inflammatory Activity

(Protein Denaturation Inhibition) of Anti-inflammatory Activity (Protein Denaturation Inhibition)

Extracts at Different Concentrations W Ethanol Extract
B Methanol Extract
80| Aqueous Extract
Concent | Ethanol Methano | Aqueous
ration Extract | Extract | Extract
(vg/mL) | (%) (%) (%) < 60}
i 0
50 55.2.+ 50.1 * 40.3 + g
1.8 1.5 1.3 £
. 2 40}
100 68.7 + 63.4 + 54.7 + £
2:3 1.9 157
[ 20F
150 79.3 75.2 + 60.8 +
2.8 2.4 2.0
3.2 2,7 2.4 Concentration (pg/mL)

Statistical Analysis

Statistical comparisons using one-way ANOVA revealed a significant difference (p < 0.05) in bioactive compound levels,
antioxidant activity, and anti-inflammatory effects among different extracts. Post hoc Tukey’s test confirmed that ethanol
and methanol extracts were significantly more effective than aqueous extracts.
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DISCUSSION

The findings of this study highlight the presence of diverse bioactive compounds in medicinal plant extracts and their
significant antioxidant and anti-inflammatory potential. The phytochemical screening confirmed the presence of alkaloids,
flavonoids, tannins, saponins, terpenoids, and phenols, with ethanol and methanol extracts showing a higher abundance of
these compounds compared to aqueous extracts. This is consistent with previous research indicating that ethanol and
methanol efficiently extract bioactive compounds due to their higher polarity and ability to dissolve both polar and nonpolar
phytochemicals (Dai & Mumper, 2010).

The total phenoalic content (TPC) and total flavonoid content (TFC) varied significantly across extracts, with ethanol extract
showing the highest values. Phenolic compounds and flavonoids are known for their strong antioxidant activity,
contributing to their role in neutralizing free radicals and preventing oxidative stress-related diseases (Gulcin, 2020). The
strong correlation between phenolic content and antioxidant activity observed in this study aligns with previous reports on
medicinal plants’ antioxidant potential (Kumar et al., 2019).

The DPPH radical scavenging activity assay further confirmed the potent antioxidant activity of the extracts, with ethanol
extract demonstrating the highest free radical inhibition. This suggests that these extracts could play a significant role in
protecting against oxidative stress-induced diseases, such as neurodegenerative disorders, cardiovascular diseases, and
cancer (Lobo et al., 2010). The ICso values of ethanol and methanol extracts were lower than that of aqueous extracts,
indicating their superior ability to neutralize free radicals.

The anti-inflammatory assay (protein denaturation inhibition test) demonstrated that ethanol and methanol extracts
exhibited significant inhibitory effects, suggesting their potential in managing inflammatory conditions. Protein
denaturation is a key mechanism in inflammation, contributing to chronic diseases such as arthritis, diabetes, and
cardiovascular disorders (Chandra et al., 2012). The results support existing literature, which suggests that flavonoids and
phenolic compounds act as natural anti-inflammatory agents by inhibiting pro-inflammatory mediators (Saleem et al.,
2020).

The statistical analysis (ANOVA and post hoc Tukey’s test) confirmed that ethanol and methanol extracts had significantly
higher bioactive compound content, antioxidant activity, and anti-inflammatory effects compared to aqueous extracts (p <
0.05). These findings highlight the importance of solvent selection for maximizing the extraction of bioactive compounds.

CONCLUSION

This study confirms that medicinal plant extracts contain a variety of bioactive compounds, with ethanol and methanol
being the most effective solvents for extraction. The higher total phenolic and flavonoid content in these extracts
contributed to their superior antioxidant and anti-inflammatory activities. The results suggest that these extracts have
potential applications in disease prevention, particularly in conditions linked to oxidative stress and inflammation, such as
cardiovascular diseases, arthritis, and neurodegenerative disorders.

Further research is recommended to explore in vivo models, determine the exact molecular mechanisms, and evaluate the
therapeutic potential of these extracts in clinical applications. Additionally, identifying the specific active compounds
responsible for the observed effects will provide valuable insights into their medicinal properties.
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