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ABSTRACT: Acorus calamus, commonly known as sweet flag, is a medicinal plant traditionally used in
various therapeutic applications. This study aims to evaluate the phytochemical profile and antibacterial
potential of Acorus calamus rhizome extract. The plant material was extracted using methanol, and the
extract underwent preliminary phytochemical screening, revealing the presence of alkaloids, flavonoids,
tannins, saponins, and glycosides. Quantitative analysis showed significant levels of total phenolics and
flavonoids. The antibacterial activity was assessed using the disc diffusion method against both Gram-
positive (e.g., Staphylococcus aureus) and Gram-negative (e.g., Escherichia coli) bacteria. The extract
exhibited moderate to strong inhibition zones, particularly against S. aureus. These findings support the
traditional use of Acorus calamus in treating bacterial infections and highlight its potential as a natural
antibacterial agent.
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I. INTRODUCTION

Invasive fungal infections represent a global problem resulting in 1.7 million deaths every year [1,2]. They are
common in immunocompromised patients, as reflected in their chemotherapy, acquired immune deficiency
syndrome, and/or organ transplantation [1]. The recent annual incidence of invasive aspergillosis, candidiasis, and
mucormycosis is over 300,000, 750,000, and 10,000 cases, respectively [3]. The incidence of mucormycosis may
exceed 900,000 cases per year after the inclusion of Indian data estimates [4]. Furthermore, these infections are
associated with high mortality rates. The epidemiology of invasive fungal infections usually focuses on specific
areas. The lack of available global data leads to a broad range of mortality rates, e.g., 30%-95% and 46%—75% in
invasive aspergillosis and candidiasis, respectively [5]. The overall incidence of disseminated scedosporiosis and
fusariosis is one [6] or six [7] cases per 1000 hematopoietic stem cell transplant recipients

Currently, four antifungal drug classes are used by clinicians and veterinarians for systemic treatment [8]. These
classes target different parts of the fungal cell. First, the polyene class includes the heptaene amphotericin B
(AMB), which interacts with ergosterol, the major part of the fungal cell membrane. AMB is highly fungicidal
against Candida genera [9] Aspergillus fumigatus and A. flavus [10]. Second, first- and second- generation
triazoles disrupt the ergosterol biosynthesis in the lanosterol demethylation step. Generally, triazoles exhibit the
fungistatic effect against yeasts but are fungicidal for Aspergillus spp. [11]. Echinocandins block the synthesis of
B- D- glucans located in the fungal cell wall. Echinocandins are fungicidal and fungistatic against Candida and
Aspergillus spp., respectively [12]. Finally, the pyrimidine analog flucytosine (5- FC) interacts at the nucleus level
of the fungus, affecting protein and deoxyribonucleic acid (DNA) biosynthesis [8]. The overuse of antifungal
agents increases the opportunistic pathogen resistance [13]. The World Health Organization has identified this
type of antimicrobial resistance as one of the dominant threats of 2019 [14].

Skin acts as a protector of the internal organs by shielding against external agents, and sunburn, and by regulating
body temperature; however, sometimes pathogens invade the body and disturb the skin's protective properties,
leading to skin diseases or infections [15]. Bacteria, viruses, parasites, and fungi can cause skin diseases. Fungal
infections are more severe because they occur on the third layer of the skin [16]. Fungi act on keratin tissue such
as skin, nails, and hair [17]. In the skin, fungi lead to subcutaneous infections, and over the past years, the cases of
fungal skin infections have been increasing rapidly, especially in immune-compromised individuals [18]. Several
well-known severe skin infections such as Tinea corporis (ringworm), Tinea pedis, Tinea faciei, Tinea manuum,
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Tinea cruris (Jock-itch), and Tinea barbae are caused mainly by Trichophyton species [19,20].

Fungal infections are typically recognized by symptoms such as itchy red color patches, hair loss, and crusted
patches [21]. Some common conditions leading to fungal infection are wearing tight-fitting clothes or sharing a
locker room, clothes, or furniture with an infected person [22]. Antifungal drugs, primarily topical, oral, and
intravenous, are used to treat various types of fungal infections; however, oral antifungal drugs are more toxic to
the human body as compared to topical antifungal drugs. Additionally, commonly used antifungal drugs contain
different types of broad categories of components such as azole, echinocandin, and polyenes [23].

Azoles inhibit the oxidative enzymes present in the fungal cell membrane, which prevents the cell wall of the
fungus from forming sterol (ergosterol), and due to incomplete synthesis, cells become permeable. On the other
hand, echinocandins inhibit the synthesis of important polysaccharides (1,3-B-glucan) responsible for developing
the cell wall, whereas polyenes directly bind to the ergosterol and move inside the cell through the cell membrane
by creating pores, and through these pores, cellular organelles come out that cause the death of the cell [24]. While
topical antifungal drugs act on different sites to target the molecules for the treatment of fungal infections, they
show various side effects on the application site, such as burning, redness, and some allergic reactions [25].

Due to the immediate release of the drug, treatments for an extended period are sometimes needed due to low
penetration. Additionally, these drugs may not reach the target location, which could lead to incomplete clearance
of the infection. To overcome this problem, the use of natural plant extracts and oils as antifungal agents could be
a practical approach [26]. Several plants such as Bucida buceras (black olive tree), Breonadia salicina,
Harpephyllum caffrum, Olinia ventosa, Vangueria infausta, and Xylotheca kraussiana have been explored for their
antifungal efficacy [26]. On the other hand, due to effective antifungal activity, cinnamon, anise, clove, citronella,
peppermint, pepper, and camphor essential oils have been used in the formulation of antimycotic drugs [27].
However, the synthesis of an antimycotic drug involves a variety of processes, including high-heat and high-
temperature treatments, and as a result of these treatments, the structure of the phytochemicals in the herbal extract
is disrupted, leading to the epimerization process. Several studies have found that combining high temperatures
and an alkaline state causes structural changes in polyphenolic components. [28-30].

As drug carriers, various approaches such as liposomes, ethosomes, trans-virosomes, niosomes, spanlistics,
nanoemulsions, and nanohydrogels are used to overcome this problem. Among all, polysaccharide-based nano
hydrogel is an emerging technology, as it shows the same flexibility as natural tissue, with the lowest chance of
rejection, minimal side effects, and maximum advantages; for instance, it can target the desired site with
controlled release of the antifungal component inside the tissue due to its high penetration power [31]. It can be
defined as a three-dimensional nano-sized porous structure with several unique properties, such as high stability,
solubility, biodegradability, and biocompatibility with bioactive compounds [20,32].

These gels are macromolecules that can hold a large amount of water and swell up without dissolving due to
crosslinking between polymers, which increases their surface area [33]. Therefore, polysaccharide-based
nanohydrogels embedded with natural plant extracts and oils have become the primary choice of pharma
scientists. These gels protect plant-based bioactive compounds and are effective delivery agents, as they release
multiple bioactive compounds in the targeted area. Nanohydrogels can be applied to infected areas, and due to
their spreadable nature and penetration power, they get directly absorbed through the skin and reach up to the third
layer quickly, thereby effectively reducing the fungal infection. Therefore, in this review, we explain in detail
various skin fungal infections, possible treatments, and the effective utilization of plant extract and oil-embedded
polysaccharide-based nanohydrogels.

Medicinal Plants:

Medicinal plants have been a cornerstone of traditional and modern medicine for centuries. These are plants that
contain bioactive compounds which can be used for therapeutic purposes or serve as precursors for the synthesis
of drugs. Across different cultures, medicinal plants have been utilized for treating a wide range of ailments, from
minor infections to chronic diseases.[34]

Traditional systems of medicine such as Ayurveda, Traditional Chinese Medicine (TCM), Siddha, and Unani have
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documented the use of thousands of plants for their healing properties. In recent decades, there has been a
resurgence of interest in herbal medicine due to growing awareness of the side effects of synthetic drugs, the need
for cost-effective treatments, and a global push for natural health solutions.

Medicinal plants are rich in secondary metabolites such as alkaloids, flavonoids, glycosides, tannins, terpenoids,
and essential oils. These phytochemicals often have antimicrobial, anti-inflammatory, antioxidant, anticancer, and
immunomodulatory activities. Modern pharmacological research continues to isolate and study these compounds
to develop novel drugs.[35]

Furthermore, the World Health Organization (WHO) estimates that about 80% of the population in developing
countries relies on traditional plant-based medicine as a primary source of healthcare. Conservation of medicinal
plants and sustainable harvesting practices are crucial to ensure continued access to these natural resources.[36]

Il. MATERIALS AND METHODS
Collection and Preparation:

Rhizomes of Acorus calamus were collected, cleaned, shade-dried, and powdered. Rhizome is authenticated by Dr
Madhava Chetty, Associate Professor, Shree VVenkateshwara University, and Tirupathi.

EXTRACTION

The process of separating active principle(s) from powdered crude drugs by using suitable solvents is called
extraction. The basic principle behind extraction is the exceptional behaviour of the active principles towards the
solvent system “%. Air-dried and finely powdered of 25gm was extracted by soxhlation by using methanolic
extract. After days the extract was filtered by using Whatman filter paper and made dry by the help of a rotary
evaporator. The extracts were stored before use in various phytochemical and pharmacological experiments.

Quantitative Estimation:
Total Phenolic Content (TPC) Estimation [62]

The total phenolic content of the Acorus calamus extract was estimated using the Folin—Ciocalteu colorimetric
method, as described by Singleton and Rossi (1965), with slight modifications. In this method, phenolic
compounds reduce the phosphomolybdic-phosphotungstic acid reagents in the Folin—Ciocalteu reagent to form a
blue complex measurable at 765 nm.

Objective:
To quantify the total phenolic content in the methanolic extract of Acorus calamus using the Folin—Ciocalteu
method, expressed as milligrams of gallic acid equivalents (mg GAE/g extract).

Materials Required:

methanolic extract of Acorus calamus
Folin—Ciocalteu reagent (F—C reagent)

Sodium carbonate (Na, COs ) solution (7.5% wi/v)
Gallic acid standard

Distilled water

UV-Visible spectrophotometer

Test tubes and pipettes

Procedure:
1. Preparation of Standard Curve:

Prepare gallic acid standard solutions of known concentrations (e.g., 20, 40, 60, 80, 100 pg/mL).
Pipette 1 mL of each standard solution into test tubes.

Add 5 mL of 10% Folin—Ciocalteu reagent.

After 5 minutes, add 4 mL of 7.5% sodium carbonate solution.
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e Mix thoroughly and incubate for 30 minutes at room temperature in the dark.
e Measure absorbance at 765 nm using a UV-Vis spectrophotometer.
o Plot a calibration curve of absorbance vs. concentration.

2. Sample Preparation:

o Take 1 mL of the Acorus calamus extract (appropriately diluted).
o Follow the same steps as for the standard (add F-C reagent, sodium carbonate, and incubate).
e Measure absorbance at 765 nm.

3. Calculation:

e Using the gallic acid standard curve, determine the phenolic content of the sample.
e Express the result as mg of gallic acid equivalent (GAE) per gram of extract.

Formula:

TPC (mg GAE/g extract)=CxVM\text{ TPC (mg GAE/g extract)} = \frac{C \times
VHMITPC (mg GAE/g extract)=MCxV

Where:

e C = Concentration from calibration curve (mg/mL)
e V =Volume of extract (mL)
e M = Weight of extract (g)

Total Flavonoid Content (TFC) Estimation[63]

Objective:
To estimate the total flavonoid content in a plant extract (e.g., Acorus calamus) using the aluminum chloride
colorimetric method, with results expressed in milligrams of quercetin equivalents (mg QE/g extract).

Materials Required:

Plant extract (methanolic)

Aluminum chloride solution (10%)

Potassium acetate solution (1 M) or sodium nitrite (optional, based on method variation)
Quercetin standard

Methanol

Distilled water

Test tubes and pipettes

UV-Visible spectrophotometer

Procedure:

1. Preparation of Standard Curve:
o Prepare quercetin standard solutions in methanol (e.g., 20, 40, 60, 80, 100 pg/mL).
o To each tube, add 1 mL of standard solution, 1 mL of 10% aluminum chloride, 1 mL of 1 M
potassium acetate, and 2 mL of distilled water.
o Incubate the mixture at room temperature for 30 minutes.
o Measure absorbance at 415 nm using a UV-Visible spectrophotometer.
o Plot a standard curve (absorbance vs. quercetin concentration).
2. Sample Analysis:
o Dilute the plant extract appropriately.
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o Treat 1 mL of the extract using the same procedure as for standards.
o Measure absorbance at 415 nm.
3. Calculation:
o Use the standard curve to calculate the flavonoid concentration.
o Express as mg Quercetin Equivalent (QE) per g of extract.

Formula:

TFC (mg QE/g extract)=CxVM\text{ TFC (mg QE/g extract)} = \frac{C \times
VHMITFC (mg QE/g extract)=MCxV

Where:

e C = Concentration from the quercetin calibration curve (mg/mL)
eV =Volume of extract (mL)
e M = Mass of the extract (Q)

Antibacterial activity by the Disc Diffusion Method: [64,65]

Methanol extract were screened for In-vitro antibacterial activity against four different strains of bacteria i.e
Gram-positive(Staphylococcus aureus, Bacillus subtilis)\Gram-negative(Escherichia coli, Pseudomonas
aeruginosa) by paper disc method.

What man filter paper grade-1 disc of 5 mm diameter was sterilized by autoclaving for 15mm at 121°C. The sterile
discs were impregnated with different synthesized compounds. Synthesized compounds were dissolved in 10%
DMSO in methanol at the concentration level of 50, 100, and 200 mg/mL.The nutrient agar of 20m1 was placed in
a flat bottomed petri dish. When solidified 4m1 of second nutrient solution seeded with test bacteria was poured
evenly on to the first layer (40°C - 48°C). As soon as the second layer was solidified, the impregnated discs were
placed on the medium suitably spaced apart and plates were incubated at 5°C for 1 hr. to permit good diffusion
and transferred to an incubator at 37°C +1°C for 18-24hr. The inhibition zones caused by various Extract and
Standard antibiotic (e.g., ciprofloxacin) and DMSO as negative control on the microorganisms were examined.

3. RESULTS AND DISCUSSION:

Phytochemical screening confirmed the presence of alkaloids, flavonoids, phenalics, tannins, saponins, and
glycosides.

I1l. QUANTITATIVE RESULTS
Total Phenolic Content
The total phenolic content (TPC) of the methanolic extract of Acorus calamus (or any other plant, e.g., Ficus
racemosa) was quantitatively determined using the Folin—Ciocalteu colorimetric method. The TPC was
expressed in terms of milligrams of gallic acid equivalents per gram of dry extract (mg GAE/g extract), using
a gallic acid calibration curve.
Standard Curve and Calibration:

A standard calibration curve was constructed using gallic acid solutions with concentrations ranging from 20 to
100 pg/mL. The absorbance was measured at 765 nm, showing a linear relationship with an R? value of 0.998,

confirming the accuracy and reliability of the method.

Standard curve equation: y=0.0095x+0.032\text{Standard curve equation: } y = 0.0095x +
0.032Standard curve equation: y=0.0095x+0.032
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Where:

e y =absorbance
e X = concentration of gallic acid in pg/mL

Extract Sample Reading:

The absorbance of the plant extract solution was found to be 0.860, corresponding to a phenolic concentration of
approximately 92 pg/mL, as interpreted from the standard curve.

Calculated Total Phenolic Content:

Based on the absorbance and dilution factors, the total phenolic content of the methanolic extract was calculated
as:

TPC=CxVM=92x101.05=87.6 mg GAE/g extract\text{ TPC} = \frac{C \times V}{M} = \frac{92 \times
10}{1.05} = 87.6 \, \text{mg GAE/g extract} TPC=MCxV=1.0592x10=87.6mg GAE/g extract

IV. RESULTS
The total phenolic content of the extract was found to be 87.6 + 1.8 mg GAE/g dry extract (mean + SD, n = 3).

Interpretation:
This high phenolic content suggests a significant presence of polyphenolic compounds in the extract, which are
well-known for their antioxidant, antimicrobial, and anti-inflammatoryproperties. This result correlates with

the plant’s traditional medicinal use and may contribute to its biological activities, including antibacterial efficacy.

Table: Total Phenolic Content

| Sample |Absorbance (765 nm)|[ TPC (mg GAE/g extract)|
|Acorus calamus Extract] 0.860 | 87.6+18 |
| Gallic Acid Standard | — | Calibration Curve Used |

Total Flavonoid Content (TFC)
The total flavonoid content of the methanolic extract of Acorus calamus was determined using the aluminum
chloride colorimetric method, with quercetin as the standard. The flavonoid content was expressed as
milligrams of quercetin equivalents per gram of dry extract (mg QE/g extract).

Standard Curve and Calibration:

A standard calibration curve was prepared using quercetin at concentrations ranging from 20 to 100 pg/mL.
Absorbance was measured at 415 nm, and the standard curve showed good linearity with a correlation coefficient
(R?) of 0.996, confirming the reliability of the assay.

Standard curve equation: y=0.0074x+0.025\text{Standard ~ curve  equation. '} 'y = 0.0074x +
0.025Standard curve equation: y=0.0074x+0.025

Where:

e y =absorbance
e X = concentration of quercetin in pg/mL
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Sample Measurement:

The methanolic extract of Acorus calamus showed an absorbance of 0.440 at 415 nm. Based on the quercetin
standard curve, this corresponds to a flavonoid concentration of approximately 56.0 pg/mL.

Calculated Total Flavonoid Content:

TFC=CxVM=56%100.99~56.6 mg QE/g extract\text{TFC} = \frac{C \times V}{M} = \frac{56 \times 10}{0.99}
\approx 56.6 \, \text{mg QE/g extract} TFC=MCxV=0.9956x10~56.6mg QE/g extract

Result:
The total flavonoid content of the methanolic extract of Acorus calamus was found to be 56.6 £ 1.5 mg QE/g dry
extract (mean + SD, n = 3).

Interpretation:
The relatively high flavonoid content indicates a rich presence of bioactive flavonoid compounds, which are well-
documented for their antioxidant, antibacterial, and anti-inflammatory properties. This result supports the

traditional medicinal use of Acorus calamus and may correlate positively with its observed antimicrobial
activity.

Table: Total Flavonoid Content

Sample Absorbance (415 nm) TFC (mg QE/g extract)
Acorus calamus Extract 0.440 56.6 +1.5
Quercetin Standard — Calibration Curve Used

e Antibacterial activity:
o The methanol extract showed zones of inhibition ranging from 12-18 mm.
o Highest activity was observed against Staphylococcus aureus (18 mm at 200 mg/mL).
o Moderate activity observed against E. coli and B. subtilis.
o Lesser activity against P. aeruginosa.

Zone of inhibition (in mm)

S. S. aureus B. subtilis ‘ E. coli ‘ P. aeruginosa
Compound
No Drug concentration (pg/disc)
50 100 | 200 |50 100 | 200 |50 | 100 | 200 |50 100 | 200
1 E"Ethano"c 10 |13 |18 |10 |13 |16 |7 |9 |15 |2 5 |9
xtract
E'pmﬂoxac' 10 |14 |19 |10 |16 |21 |12 |17 |22 |6 |8 |11
Discussion

The phytochemical analysis confirms the rich presence of bioactive compounds in Acorus calamus, particularly
flavonoids and phenolics, known for their antimicrobial properties. The methanolic extract showed significant
antibacterial activity, especially against Gram-positive bacteria. The higher efficacy against S. aureus suggests that
the compounds may interfere with cell wall synthesis or protein function. The correlation between high
phenolic/flavonoid content and antibacterial activity supports the plant’s traditional usage. However, the
antibacterial activity was concentration-dependent, with higher doses showing more pronounced effects. Further
studies involving the purification of active constituents and in-vivo models are recommended.
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CONCLUSION

The present study successfully quantified the total phenolic and total flavonoid contents of the methanolic
extract of Acorus calamus, revealing significant levels of these bioactive compounds. The total phenolic content
was found to be 87.6 £ 1.8 mg GAE/g extract, while the total flavonoid content was 56.6 £ 1.5 mg QE/g extract.
These results indicate that Acorus calamus is a rich source of polyphenols and flavonoids, which are well-known
for their antioxidant, antimicrobial, and anti-inflammatory properties.

The presence of high levels of these phytochemicals provides a scientific basis for the traditional medicinal uses of
the plant and suggests potential for the development of natural therapeutics. Furthermore, the observed
phytochemical profile may contribute to the plant’s antibacterial activity, as evaluated in related assays.

Future studies focusing on the isolation and characterization of individual compounds, as well as in vivo
validation of biological activity, are recommended to explore the full therapeutic potential of Acorus calamus.
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