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ABSTRACT: Cornus capitata, commonly known as the Himalayan strawberry, is a dogwood species from the family
Cornaceae. Dogwood plants have been used extensively to practice conventional medicine due to their biological
activities; however, the mechanisms behind these activities, particularly in C. capitata, remain largely unexplored.
This study focuses on the preliminary phytochemical screening, antioxidant activity, anti-diabetic potential, and
antimicrobial profiling of different extracts (i.e., leaves, bark, and fruit) from C. capitata to evaluate its potential pharma-
ceutical and medicinal applications. The in-vitro antioxidant activity was evaluated using 1,1-diphenyl-2-picrylhydrazyl
(DPPH) scavenging assay, Ferric-reducing antioxidant power (FRAP) assay, and Superoxide Anion Scavenging assay.
The anti-diabetic potential was assessed using a-Glucosidase, a-Amylase, and Pancreatic lipase inhibition assay. The
anti-microbial activity was evaluated using the Kirby-Bauer method and Minimal Inhibitory Concentration (MIC).
According to the quantitative investigation, the most substantial quantities of flavonoids and phenolic compounds were
identified in the leaves of C. capitata. Antioxidant activity results corroborated this conclusion, demonstrating that
methanolic leaf extract had strong antioxidant activity, with the lowest ICso values recorded for the DPPH (32.4 +
0.19 pg/mL) and Superoxide Radical Scavenging (3710 + 0.21 ug/mL) assays. Furthermore, the methanolic leaf extract
displayed the highest a-Glucosidase inhibitory potential (IC5o = 6.09 + 0.52 ug/mL), while the methanolic bark extract
exhibited the highest a-Amylase inhibitory activity (ICso = 49.10 + 0.38 pg/mL). Regarding antimicrobial potential, the
paper disc diffusion assay showed that none of the extracts demonstrated antibacterial effects against E. coli. However,
the MIC assay revealed that the leaves and bark extracts exhibited antibacterial properties with MIC values of 80 and
500 pg/mL against E. coli, respectively. The paper disc diffusion assay against C. albicans indicated the antimicrobial
potency of all three extracts. The crude methanolic extract of C. capitata shows strong antioxidant and antidiabetic
potential, highlighting its therapeutic value. This is the first comparative investigation of leaf, bark, and fruit extracts
of C. capitata to orchestrate the phytochemical profile and evaluate the antioxidant, antidiabetic, and antimicrobial
activities. Nevertheless, further studies are needed to understand its biological implications.
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1 Introduction

Plants have been used as medicines for centuries across various cultures worldwide. They have long
been the foundation of conventional medicine and have led to the discovery of numerous naive metabolites
with remarkable pharmacological effects [1]. Nevertheless, there is insufficient scientific data regarding the
chemical components and biological attributes of the various natural resources employed in traditional
medicine. It is widely acknowledged that plants might include various bioactive substances, including vita-
mins, terpenoids, nitrogen compounds, phenolic compounds, and some other endogenous metabolites [2]
that may be utilized for disease prevention and health maintenance [3]. For instance, phenolic compounds
have been documented to exhibit diverse biological implications owing to their antioxidant properties [4].
Their redox characteristics are primarily responsible for this action, which can be crucial in absorbing and
mitigating free radicals, absorbing singlet or triplet oxygen, and splitting down peroxides [5]. Numerous
naturally existing plant-based antioxidants, whether in crude extract or dietary supplements, have been
researched for their potential to treat inflammatory disorders, antibacterial properties, and diabetes. Natural
suppliers of antimicrobials are medicinal plants and their metabolites. Secondary metabolites prevalent in
many plant species can ward off pathogenic microbes. These substances include alkaloids, terpenes, tannins,
steroids, glycosides, saponins, and flavonoids [6] that exhibit remarkable pharmacological potential, making
them pivotal in drug discovery and therapeutic applications. Alkaloids, such as morphine and vinblastine,
are renowned for their analgesic, anticancer, and antimicrobial properties [7]. Interestingly, terpenes like
taxol and limonene demonstrate anticancer, antiviral, and anti-inflammatory activities [8]. Tannins, effective
as antioxidants and antimicrobials, also aid in wound healing and glucose regulation [9]. Moreover,
steroids, including corticosteroids and phytosterols, are critical in managing inflammation, cholesterol levels,
and hormonal balance. Glycosides like digoxin and stevioside are essential in cardiology and diabetes
management [10]. Saponins possess immunomodulatory, anticancer, and antioxidant properties [11], while
flavonoids, including quercetin and kaempferol, offer cardioprotective, anti-inflammatory, and anticancer
benefits [12].

Microbial infections, encompassing bacterial, fungal, and viral pathogens, present significant global
health challenges, particularly with the rise of antibiotic-resistant strains. Several studies have documented
the use of plant-derived chemicals against bacterial infections, including food-borne diseases [13]. Recent
studies have highlighted the potential of plant-based extracts as alternative antimicrobial agents. For instance,
a study on Amazon rainforest plants demonstrated inhibitory effects against various human pathogens,
suggesting a rich source of bioactive compounds [14]. Additionally, a study evaluated the antibacterial
activity of leaf extracts from Calpurnia aurea, indicating effectiveness against multiple bacterial strains [15].
These findings underscore the promise of plant-derived substances in combating microbial infections and
addressing antibiotic resistance. Traditional healing practices usually use a single plant species to treat
multiple illnesses or infections [16].

Interestingly, the bioactive substances from these plants are believed to act synergistically, which
could be particularly beneficial in treating long-lasting, multifaceted conditions involving distinct signaling
pathways. Diabetes is a chronic metabolic disorder characterized by elevated blood sugar levels due to
impaired insulin secretion or action. Key enzymes such as alpha-amylase and alpha-glucosidase play vital
roles in carbohydrate digestion and glucose absorption, making them important targets for managing
diabetes. Inhibiting these enzymes can delay glucose absorption and help control blood sugar spikes after
meals [17]. Plant extracts like fenugreek, bitter melon, and ginseng have been shown to exhibit alpha-amylase
and alpha-glucosidase inhibitory effects, offering a natural alternative to improve glycemic control [17,18].
Combined with conventional treatments, these natural compounds hold promise for managing diabetes and
preventing related complications. Studies have suggested a significant involvement of oxidative stress in the
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pathophysiology of diabetes; however, the precise mechanisms remain unclear given oxidative stress’s dual
function as both a signaling molecule and a damaging agent in biological systems [19].

Cornus capitata, a member of the genus Cornus, commonly known as the Himalayan dogwood, has
long been used in conventional medicine, particularly in Asia. Extensive research on other species within
the Cornus genus suggests that these plants possess significant medicinal potential, warranting further
investigation for their potential in treating various diseases. The Cornus fruits are traditionally employed to
manage gastrointestinal disorders like diarrhoea and dysentery due to their astringent properties, while the
leaves are used for fever reduction and wound healing [20]. The bark has antibacterial and anti-inflammatory
effects, making it useful for treating skin infections and inflammatory conditions [21]. The roots are believed
to treat digestive issues and respiratory ailments. Comparing the different parts of the plant helps identify
the most potent bioactive constituents responsible for its medicinal properties and validate its traditional
uses. This approach not only supports ethnobotanical applications but also provides a scientific basis for
the plant’s therapeutic potential [22]. To uncover prospective new treatments, extracts from plants with an
extended history of traditional use should be assessed for their ability to treat human illnesses utilizing
contemporary technologies. Therefore, pharmacological studies and therapeutic investigations on diverse
Cornus species have been in demand recently. C. mas and C. officinalis are the two widely explored species of
the genus Cornus that have reported various biological activities against diseases, for instance, antidiabetic,
antimicrobial, and anti-inflammatory [22,23]. Among the various species of the Cornus genus, Cornus
capitata remains relatively unexplored in terms of its biological potential. The research addresses the lack of
comparative data on the biological properties of the different plant parts. To the greatest of our knowledge,
this represents the first study to compare the biological activity of C. capitata’s leaves, bark, and fruits and
discuss potential medical uses for each.

Our primary goal is to quantify the total phenolic and flavonoid content in the methanolic extracts from
the leaves, bark, and fruits of C. capitata. Additionally, we aim to assess their antioxidant, antidiabetic, and
antimicrobial activities.

2 Material and Methodology
2.1 Collection of the Plant Material

Cornus capitata plants were sampled from the Khirsu region (latitude-30.182082°, longitude-
78.880982°) of Pauri Garhwal, Uttarakhand. Plant verification was done at the Botanical Survey of India
(BSI), Dehradun, Uttarakhand (Reference number: BSI/NRC. Herb (Ident.)/2023-24/489).

2.2 Preparation of the Samples

The different plant parts-leaves, bark, and fruit were thoroughly washed using distilled water before
dried in the shade for three weeks at room temperature. These shade-dried plant parts were coarsely pow-
dered. Three different solvent systems (Petroleum ether, Methanol and water) were used for the extraction.
60 ml of each solvent was added to 30 g of the plant material’s coarse powder in a Soxhlet thimble separately.
The apparatus was operated for 24 h with continuous monitoring. The extract of each separate solvent was
subsequently centrifuged to eliminate the particles or suspensions mixed during extraction for 15 min at
2795x g. After collecting the supernatant, the solvent was removed with a rotary evaporator, resulting in a
final volume that was one-fifth of the initial volume. Before being used, each concentrated component from
various solvent systems was kept at -20°C.
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2.3 Preliminary Screening of the Phytochemicals

C. capitata extracts were screened for the phytochemicals performed as per the method employed by
Gusain et al. in 2023 [24] such as proteins, carbohydrates, alkaloids, flavonoids, phenolics, saponins, tannins,
terpenoids, and anthocyanins. The brief description is as follows:

Test for Carbohydrates

Anthrone’s Test: To 2-3 mL of extract, a few drops of anthrone reagent (20 mg of Anthrone in 10 mL
of concentrated H,SO,) were added and mixed thoroughly. The mixture was then heated in a boiling water
bath for 10 min and then cooled to room temperature. The appearance of a bluish-green color indicated the
presence of carbohydrates.

Test for Proteins and Amino Acids

Millon’s Test: To 3 mL of extract, 5 mL of Millon’s reagent was added. A white precipitate formed, which,
upon warming, either turned brick-red or dissolved to yield a red-coloured solution, confirming the presence
of proteins.

Test for Amino Acids

Ninhydrin Test: To 3 mL of extract, 3 drops of 5% Ninhydrin solution were added. The mixture was
heated in a boiling water bath for 10 min. The development of a purple or bluish colour indicated the presence
of amino acids.

Test for Saponins
Froth Test:

To 2-3 mL of extract, 5 mL of distilled water was added, and the mixture was vigorously shaken for
about 2 min. The formation of a stable, persistent froth indicated the presence of saponins.

Test for Alkaloids:

Wagner’s Test:

Two drops of Wagner reagent were added to 2 mL of extract and mixed well. The appearance of a reddish
colour indicates the presence of alkaloids.

Test for Glycosides

Borntrager’s Test (Anthraquinone Glycosides):

To 3 mL of the extract, 3 mL of dilute sulfuric acid was added, and the mixture was boiled for 5 min, then
cooled and filtered. The filtrate was shaken with 3 mL of chloroform, and the chloroform layer was separated
and shaken with an equal volume of dilute ammonia. The appearance of a pink, red, or violet color in the
ammoniacal layer confirmed the presence of anthraquinone glycosides.

Test for Phenolic Compounds

a) Ferric Chloride Test:

To 2-3 ml of the extract, a few drops of 5% ferric chloride solution were added. The appearance of a
deep blue-black colouration confirmed the presence of phenolic compounds.

b) Lead Acetate Test:

A small amount of the extract was mixed with 3 mL of 1% lead acetate solution. The formation of a bulky
precipitate indicated the presence of phenolic compounds.
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Test for flavonoids
Alkaline reagent test:

To 0.5 mL of the extract, 2-3 drops of sodium hydroxide were added. The appearance of a deep yellow
color indicated the presence of flavonoids. This coloration was decolorised upon the addition of acid.

Test for tannins
Braymer’s test:

To the 1 mL of extract, 2-3 drops of 0.1% ferric chloride solution were added. The formation of a
brownish-green or blue-black precipitate indicated the presence of tannins.

Test for terpenoids
Salkowski’s test:

3 mL of the extract was mixed with 2 mL of chloroform. Subsequently, 3 mL of concentrated sulfuric acid
was added carefully to form a layer. The appearance of a reddish-brown coloration at the interface indicated
the presence of terpenoids.

2.4 Total Content of Phenolics

The total content of phenolics was quantified employing the Folin-Ciocalteu procedure, using gallic
acid as the standard [24]. A final concentration of 1.0 mg/mL was obtained by dissolving plant extracts in
DMSO. 0.5 mL of each extract and standard solution, 2.5 mL of diluted 1:10 Folin-Ciocalteu reagent, and
4 mL of a 7.5% Na,COjs solution were all added into separate test tubes. Following a 60-min incubation
period at room temperature, the tubes were covered. Afterwards, a UV-visible spectrophotometer was used to
measure absorbance at 760 nm. Following calculation, the total phenolic content was reported as milligrams
of gallic acid equivalents (GAEs) per gram of extract. The experiment was performed in triplicate for
each concentration.

2.5 Total Content of Flavonoids

Using quercetin as the standard for comparison, the colourimetric technique utilising aluminium
chloride was employed to calculate the total amount of flavonoids [25]. A final concentration of 1.0 mg/mL
was obtained by dissolving plant extracts in DMSO. In distinct test tubes, 0.5 mL of each standard and extract
solution was combined with 1 mL of 10% AICls, incubated for 6 min, and mixed with 1 mL of IM CH; COOK
solution. The final volume was then adjusted to 5 mL using distilled water after adding 2 mL of a 4% NaOH
solution. Absorbance was measured with a UV-visible spectrophotometer at 520 nm. Milligrams of quercetin
equivalents (QEs) per gram of extract denote the total flavonoid concentration. For every concentration, the
experiment was conducted in triplicate.

2.6 DPPH Radical Scavenging Analysis

The free radical scavenging activity of the plant extract against 1,1-diphenyl-2-picrylhydrazyl (DPPH)
was assessed using a standard method [25] with slight modifications. The extracts ability to donate hydrogen
atoms was assessed by observing the decolourisation of a methanol solution of DPPH, which appears
violet/purple and transitions to yellow in the presence of antioxidants. In brief, a stock solution of the plant
extract was made in methanol at 1 mg/mL. Serial dilutions were then made for both the plant extract (ranging
from 50 to 1000 pg/mL) and the positive control, ascorbic acid.

For each sample, 0.1 mL of the solution was combined with 0.2 mL of 0.1 mmol/L DPPH solution in a
96-well plate and incubated in the dark at 37°C for 30 min. Following incubation, absorbance was measured
at 490 nm using a microplate reader (iMark, BioRad) to assess the extent of DPPH radical reduction. The
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results were expressed as ICs( values (mg/mL), representing the concentration required to inhibit 50% DPPH
radicals. Deionized water was used in place of the sample solution to serve as a control. The percentage of
inhibition compared to the control was used to compute the radical scavenging activity. ICso values were
derived using GraphPad Prism 6 software and reported in mg/mL.

% Inhibition = (ACOntrol - ATest/ACOntrol) %100 (1)
Ares; denotes the absorbance of plant extract, and Acontrol stands for the absorbance of control.

2.7 Ferric-Reducing Antioxidant Power (FRAP) Analysis

The FRAP assay, with certain modifications, was employed to assess the antioxidative activity of
methanolic plant extracts [26]. 0.04 mL of 0.2 M sodium phosphate buffer (pH 6.6) and 0.05 mL of 1%
K,Fe(CN)s [potassium ferricyanide] solution were mixed with 10 pl of different stocks of the methanolic
plant extract (50 to 1000 ug/mL) and positive control Ascorbic Acid. For 20 min, the reaction mixture was
then incubated at 50°C in the dark. Subsequently, the test tubes were centrifuged at 3000 rpm for 10 min
after adding 0.5 mL of 10% trichloroacetic acid. A mixture of 0.5 mL of ferric chloride (0.1% w/v) and
2.5 mL of distilled water was prepared using roughly 2.5 mL of the supernatant. The absorbance was noted at
750 nm using a microplate reader (iMark, BioRad). The reaction mixture’s increased absorbance evidenced
the plant extract’s substantial reducing power.

2.8 Superoxide Radical Scavenging Analysis

The superoxide radical scavenging assay evaluated the extract’s capacity to prevent formazan formation
by inhibiting the reduction of nitroblue tetrazolium (NBT) radicals, which are generated by superoxide
radicals in the riboflavin-light-NBT system [27]. Different concentrations of methanolic plant extract (50-
1000 pg/mL) were mixed with the riboflavin solution and were incubated for 30 min under light at room
temperature. After incubation, the reaction mixture (potassium pyrophosphate bufter, PMS, NBT, and GSH)
was added to the above-incubated mixture and mixed thoroughly. Gallic acid at various concentrations (1-
50 ug/mL) served as a positive control. Absorbance was recorded using an Elisa plate reader (iMark, Biorad,
USA) at 560 nm. The inhibition percentage was calculated using Eq. (1) and ICso using Software Graph Pad
Prism 6.

2.9 Inhibition of a-Glucosidase

The analysis of the a-glucosidase inhibition potential of extracts was done as per the standard procedure
with minor alterations [28]. In a 96-well plate, the reaction mixture contained 50 pl of phosphate buffer
(100 mM, pH 6.8), 10 pl of a-glucosidase (1 U/ml), and 20 pl of varying concentrations of extract (10 to
1000 pg/ml) was preincubated at 37°C for 15 min. Subsequently, 20 pl of p-nitrophenyl-a-D-glucopyranoside
(p-NPG, 5 mM) was mixed as a substrate and incubated at 37°C for 20 min. The reaction was terminated
by the addition of 50 pL of sodium carbonate (Na, COs, 0.1 M). The released p-nitrophenol was assessed by
recording the absorbance at 405 nm using a microplate reader (iMark, Biorad, USA). Acarbose at various
concentrations (0.1-0.5 mg/mL) served as a positive control. Each investigation was conducted in triplicate,
with a separate control setup devoid of the test substance. Using the following formula, the results were
reported as a percentage of inhibition:

% Inhibition = (1 - As/Ac) x 100

As = absorbance in the presence of the test substance, Ac = absorbance of the control. ICs, values were
calculated with the help of Graph Pad Prism 6 software.
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2.10 Inhibition of a-Amylase

The inhibition of a-amylase activity by the extracts was assessed using a standard procedure with minor
changes [28]. A reaction mixture comprising 50 uL of phosphate buffer (100 mM, pH 6.8), 10 pL of a-amylase
(2U/mL), and 20 pL of extract at different concentrations (10 to 1000 pg/mL) was preincubated in a 96-well
plate for 20 min at 37°C. Subsequently, as a substrate, 20 puL of 1% soluble starch (made in 100 mM phosphate
buffer, pH 6.8) was added, and the mixture was incubated for an additional half-hour at 37°C. 100 uL of the
DNS colour reagent was added after the mixture had been incubated, and it was then boiled for ten minutes.
A microplate plate reader was used to measure the absorbance of the resultant solution at 540 nm (iMark,
Biorad, USA). Acarbose served as a positive control in a range of concentrations (0.1-0.5 mg/mL). Each
experiment was conducted in triplicate, with a parallel control setup lacking the test extracts. The following
formula was used to compute the percentage inhibition of the results:

% Inhibition = (1 - As/Ac) x 100

As = absorbance in the presence of the test substance, Ac = absorbance of the control. ICsy values were
calculated with the help of Graph Pad Prism 6 software.

2.11 Inhibition of Pancreatic Lipase

The potential of the C. capitata methanolic extracts to hinder the porcine pancreatic lipase action was
employed to assess their lipase inhibitory efficacy [29] with slight modifications. Varying concentrations of
methanolic plant extract, ranging from 10 to 1000 ug/mL, were prepared in lipase reaction buffer. In a 96-
well plate, 10 uL of pancreatic lipase solution containing 1 mg/mL enzyme was poured into the desired well.
After adding 10 pL of C. capitata methanolic extract, the mixture was incubated for ten minutes. A control
comprised the reaction mixture devoid of extract. After adding 80 uL of p-nitrophenyl palmitate to each
reaction mixture, the plate was incubated for five minutes at room temperature. At 415 nm, the absorbance
was recorded with a microplate reader (iMark, BioRad). An inhibitor called orlistat (50 pg/mL) served as a
positive control.

% inhibition was computed employing Eq. (1).

2.12 Antimicrobial Potential
2.12.1 Kirby-Bauer Method

The zone inhibition approach (Kirby-Bauer method) was used to evaluate the antibacterial activity.
After spreading 100 pL of bacterial culture (E. coli MTCC452) adjusted to 0.5 McFarland Units, or roughly
1.5 x 10° CFU/mL, onto the MHA (Mueller-Hinton Agar) plates, the discs containing 10 L of various
concentrations (0 to 100 mg/mL) of the methanolic plant extract dissolved in DMSO were placed. To obtain
the required load on the disc, 10% of each extract was taken and serially diluted in DMSO. The Ciprofloxacin
disc (10 ug) was used as the positive control, while one disc in each plate was filled with DMSO as a vehicle
control. The plates were then incubated at 37°C for twenty-four hours. The disc’s surrounding clear zones
were measured to the nearest millimeter using a ruler and noted [30].

Likewise, 100 pL of fungal culture (C. albicans MTCC 854) tailored to 0.5 McFarland Units, or an
approximate density of 1.5 x 108 CFU/mL, was spread out on SDA (Sabouraud Dextrose Agar) plates to
inoculate for antifungal activity. A disc containing 10 ul of various concentrations (0 to 50 mg/mL) of the
samples was subsequently placed. As a vehicle control, one disk in each plate was filled with DMSO only,
while the positive control was an Amphotericin B disc containing 50 pg. The C. albicans plates were incubated
for twenty-four hours at 48°C. The disc’s surrounding clean zones were evaluated and reported.
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2.12.2 MIC

Minimal inhibition concentration (MIC) values were determined for bacterial (E. coli - MTCC 452)
and fungal strains (C. albicans - MTCC 854) used in this study. The broth microdilution method was used
to determine the MIC [31]. Various concentrations of the methanolic extract were prepared using serial
dilutions directly in a 96-well microtiter plate containing Mueller Hinton Broth (MHB) and Sabouraud
Dextrose Broth (SDB). Standard dilution of microbes (0.5 McFarland) was employed for the analysis. 100 pl
of the diluted log cultures of bacterial (E. coli) and fungal strain (C. albicans) were added to the microtiter
plate containing 5 pL of diluted plant extract of different concentrations (10 to 1000 ug/mL) and incubated
for 24 h and 48 h, respectively. After incubation, turbidity was measured at 630 nm by Elisa Plate Reader
(iMark Biorad). Ciprofloxacin (10 pg) and Amphotericin B (50 pg) provided positive controls for E. coli and
C. albicans.

2.13 Statistical Analysis

All the experiments were performed in triplicate. Each sample of the extracts was tested in triplicate
in three independent experiments. The results are expressed as a mean + SD. Statistical analysis and 1Csg
were calculated using Software Graph Pad Prism 6. Microsoft Excel 2007 was used to calculate Pearson’s
correlation coeflicient. Statistical significance was depicted as p-values below 0.05.

3 Results and Discussion
3.1 Preliminary Screening of the Phytochemicals

A range of bioactive compounds, like flavonoids, phenols, tannins, saponins, and anthocyanins were
identified in the various extracts of Cornus capitata leaves, bark, and fruit (Table 1). These phytochemicals
are frequently found in various plants and are widely recognised for their therapeutic benefits. Given
that C. capitata comprises such compounds, it may be valuable in treating several ailments. Among the
different extracts tested, the methanolic extract showed promising results, leading to its selection for further
in-depth analysis.

Table 1: Qualitative evaluation of phytochemicals in various solvent extracts of C. capitata leaves, bark, and fruit

Tests MEL MEB MEF PEL PEB PEF CFL CFB CFF AQL AQB AQF

Detection of terpenoids

Salkowski’s test  + + + + + + + + + - - _

Detection of phenolics, flavonoids and tannins

Ferric chloride + + + - - - - - - + - _
test
Braymer’s test + + + - - - - - - + - -
Alkaline + + + - - - - - - - - _
reagent test
Lead acetate + + + - - - - - - + - _
test
Test for - - - - - - - - - - _ _
glycosides

(Continued)
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Table 1 (continued)

Tests MEL MEB MEF PEL PEB PEF CFL CFB CFF AQL AQB AQF

Detection of alkaloids

Wagner'’s test - - - - - - - . - - _ _
Detection of saponins
Froth test + + + + + + - - - + - _
Detection of carbohydrates
Anthrone test + + + + - - + - + + - _
Detection of proteins and amino acids

Millons test + + - - + + - + - + + _
Ninhydrin test - - - - - - - - - - _ _

Note: ME (methanolic extract), CF (chloroform extract), PE (petroleum ether extract), and AQ (aqueous extract), L
(Ieaf), B (bark), and F (fruit), + (Presence), — (Absence).

Similar findings have been reported in other Cornus species. For example, Cornus officinalis is known
for its high content of iridoid glycosides, flavonoids, and triterpenoids, which contribute to its use in
traditional Chinese medicine for treating liver and kidney ailments [32]. Likewise, Cornus mas has been
extensively explored for its antioxidant and anti-inflammatory potential, attributed mainly to its phenolic and
anthocyanin-rich content [33]. These findings across the Cornus genus highlight the potential of C. capitata
for further exploration in pharmaceutical applications, as it shares a similar phytochemical profile with other
medicinally valuable species.

3.2 Total Content of Phenolics

According to the quantitative analysis, C.capitata’s leaves have the highest quantities of phenolic com-
pounds (12.28 mg GAE/gm), followed by the bark (10.06 mg GAE/gm). On the other hand, the fruits had the
lowest amounts of phenolics (7.01 mg GAE/gm). These outcomes are consistent with earlier studies [34,35],
which demonstrated that various plant parts, including leaves, flowers, bark, and fruits, tend to have different
phytochemical profiles. In a similar study, Cornus officinalis leaves were also reported to have higher phenolic
content than the fruit and bark. The phenolics in C. officinalis have been documented to account for their
antioxidant and anti-inflammatory potential, making the leaves a particularly rich source of therapeutic
compounds [36]. Likewise, Cornus mas has been found to possess a higher concentration of phenolics in its
leaves compared to its fruits [37], which aligns with the findings for C. capitata (Table 2).

Table 2: Total phenolic and flavonoid content in various parts of C.capitata

Sample Total phenolic content (mg GAE/gm)  Total phenolic content (mg GAE/gm)
Leaves 12.28 + 0.12%° 8.28 +0.727"

Bark 10.06 + 0.14 *¢ 3.28 + 0.21°

Fruit 7.01 + 0.41° 5.78 £ 0.32%

Note: Total phenolic content:? p < 0.05 Leaves vs. Bark;® p < 0.05 Leaves vs. Fruit,© p < 0.05 Bark vs. fruit. Total flavonoid
content: * p < 0.05 Leaves vs. Bark; # p < 0.05 Leaves vs. Fruit,® p < 0.05 Bark vs. fruit. At p < 0.05, distinct letters denoted
statistically significant variations among samples.
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3.3 Total Content of Flavonoids

Quantitative analysis demonstrated that the leaves of C. capitata contained the highest concentra-
tion of flavonoids (8.28 mg GAE/g), a value comparable to the phenolic content. In contrast, the fruit
showed a higher flavonoid content (5.78 mg GAE/g) than the bark, which had the lowest concentration
(3.28 mg GAE/g). This pattern of flavonoid distribution aligns with findings in other Cornus species. For
instance, Cornus mas have also exhibited higher flavonoid concentrations in their leaves compared to their
fruits and bark. Studies have shown that the flavonoid content in C. mas leaves is notably high, contributing
to its strong antioxidant properties, while the fruits, though rich in flavonoids, contain comparatively lower
amounts [38]. Similarly, in Cornus officinalis, the leaves displayed significantly higher concentrations of
flavonoids than other plant parts, reinforcing that leaves are often the richest source of flavonoids in Cornus
species [39].

These consistent findings across different species of Cornus suggest that leaves are a critical repository
of bioactive phenolics and flavonoids, which play a crucial role in the plant’s antioxidant and medicinal prop-
erties. Therefore, the elevated flavonoid content in C. capitata leaves underscores its potential therapeutic
value, paralleling the medicinal benefits of other species within the genus.

3.4 DPPH Radical Scavenging Analysis

A standard method for measuring antioxidant activity in intricate biological systems is the DPPH test.
The % inhibition and ICsy (ug/mL) values of three distinct extracts from C. capitata’s leaves, bark, and fruits
indicate their antioxidant activity.

The DPPH radical scavenging analysis of C. capitata (leaves, bark, and fruit) methanolic extracts at
different concentrations is shown in Fig. 1. The methanolic leaves and bark extracts demonstrated significant
scavenging activity at 100 ug/mL concentrations, with inhibition rates of 94.41% and 86.35%, respectively.
In contrast, the fruit sample exhibited a linear increase in DPPH radical scavenging with increasing
concentrations, reaching a maximum inhibition of 83.16% at 500 pg/mL. The documented ICs, values for
various extracts are mentioned in Table 3.
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Figure 1: DPPH radical scavenging analysis on different plant parts of C. capitata. p < 0.05 leaves vs. bark (at 100 pg/mL
and beyond); p < 0.05 leaves vs. fruit (at all the studied concentrations), p < 0.05 Bark vs. fruit (at all the studied
concentrations)
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Table 3: ICs, (pug/mL) values of the extracts of various parts of C. capitata against antioxidant assays

Sample DPPH scavenging activity Superoxide radical scavenging activity
Leaves 36.39 £ 0.19° 3710 + 0.21°*
Bark 38.09 + 0.21° 53.51 + 3.21'
Fruit 203.47 +15.29 %P 425.81 + 31.21%
Ascorbic acid 10 + 0.98 -
Gallic acid - 19.63 + 1.01

Note: DPPH Scavenging Activity: Non-Significant (NS) Leaves vs. Bark; ® p < 0.05 Leaves vs. Fruit, ® p < 0.05 Bark vs.
fruit. Superoxide Radical Scavenging Activity: * p < 0.05 Leaves vs. Bark; * p < 0.05 Leaves vs. Fruit, ® p < 0.05 Bark vs.
fruit. At p < 0.05, distinct letters denoted statistically significant variations among samples.

A good correlation (R*) between TPC and DPPH scavenging potential was documented, demonstrating
that phenolics are significantly responsible for antioxidant action [40,41]. Studies in other Cornus species
have also shown a strong correlation between phenolic content and antioxidant potential, with the leaves
showing higher antioxidant activity than the fruits owing to their higher phenolic concentrations. This
relationship between phenolic content and antioxidant activity coincides with those findings [38].

3.5 FRAP Assay

The reduction of the Fe* to Fe** ion in a complex of the 2,4,6-tri(2-pyridyl)-1,3,5-triazine (TPTZ)
radical with the Fe’* ion is the foundation for the spectrometric approach known as the FRAP method [24].
With increasing concentration, the extract’s and standards’ reducing power—directly correlated with
absorbance—increased. Plant extracts have a high reducing capacity, which indicates their potential antioxi-
dants. The highest FRAP value was observed in bark (A750 = 1.08 absorption units), followed by fruit (A750 =
0.42 absorption units) and leaves (A750 = 0.321 absorption units) (Fig. 2). A significant difference (p < 0.05)
between bark vs. leaves and fruit samples was documented. However, there was no significance between the
leaves and fruit samples. The positive control Ascorbic acid demonstrated significantly highest absorbances
among the three plant extracts. These results align with findings from other Cornus species, where the bark
extract also showed higher FRAP values than leaf and fruit extracts, reinforcing that the bark tends to possess
superior antioxidant capacity in various Cornus species [42,43].
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Figure 2: FRAP Assay of different plant parts of C. capitata. p < 0.05 Leaves vs. Bark (at all the studied concentrations);
Leaves vs. Fruit (Non-Significant), p < 0.05 Bark vs. fruit (at all the studied concentrations)
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3.6 Superoxide Radical Scavenging Analysis

The presence of antioxidant compounds leads the absorbance at 560 nm to decrease in the superoxide
(SO) scavenging assay, which signifies that the reaction mixture’s produced superoxide anion has been
quenched. The plant extract’s phenolic and tannin components can scavenge the superoxide radicals.
Likewise, the natural antioxidant enzyme superoxide dismutase (SOD) may inhibit the effects of superoxide
radicals. The results demonstrated that C. capitata methanolic leaves, bark, and fruit extracts effectively
removed superoxide radicals.

The superoxide radical scavenging potential of C. capitata methanolic extracts at different concentra-
tions is shown in Fig. 3. The methanolic leaves and bark extracts demonstrated significant scavenging activity
at100 pg/mL, with 86% and 71% inhibition, respectively. In contrast, the methanolic fruit extract documented
a maximum inhibition of 50% at 1000 pg/mL. The ICs, values for various extracts are mentioned in Table 3.
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Figure 3: Superoxide radical scavenging analysis on different plant parts of C. capitata. p < 0.05 Leaves vs. Bark (at 100
pg/mL and beyond); p < 0.05 Leaves vs. Fruit (at all the studied concentrations), p < 0.05 Bark vs. fruit (at all the studied
concentrations)

Extracts with the greatest amounts of phenolic compounds exhibit considerable antioxidant activity,
as evidenced by comparing their phenolic content and antioxidant activity [40]. These findings indicate
that all three C. capitata methanolic extracts showed phenol concentration-dependent scavenging activities,
although the leaf extract had the highest antioxidant activity.

3.7 Inhibition of «-Glucosidase

Inhibiting a-glucosidase has been used to treat several illnesses since it is one of the enzymes that aids in
the breakdown of complex carbohydrates (such as starches) into simpler sugars, mostly glucose. By delaying
the breakdown of carbohydrates, inhibition of the a-glucosidase enzyme can lower blood glucose levels.
This study tested the potential of C. capitata methanolic extracts (leaves, bark, and fruit) as an a-glucosidase
inhibitor using an antidiabetic bioassay for the first time.

The a-Glucosidase inhibition activity of C. capitata in different methanolic extracts is depicted in Fig. 4.
A remarkable percentage of inhibition at 50 ug/mL was observed in leaves, fruit, and bark, with inhibition
percentages of 41%, 47%, and 49%, respectively. There was a concentration-dependent increase in inhibition
of a-glucosidase on further doses. The corresponding ICsy value is given in Table 4. Statistical analysis
revealed insignificant differences among the bark and fruit extracts. Nonetheless, these extracts and leaf
extracts differed statistically significantly (p > 0.05). Prior research on a-amylase and a-glucosidase inhibitors
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derived from medicinal plants indicates that many of these inhibitors are members of the flavonoid class,
which is known for its potential to inhibit a-amylase and a-glucosidase activities [44,45].
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Figure 4: Percentage Inhibition of a-Glucosidase against different extracts of C. capitata. p < 0.05 Leaves vs. Bark (at
all the studied concentrations); p < 0.05 Leaves vs. Fruit (at all the studied concentrations), Non-significant (NS) Bark
vs. fruit

Table 4: ICs( values (ug/mL) of the different extracts from C. capitata for the inhibition of a-glucosidase, a-amylase
and Pancreatic Lipase

Sample a-Glucosidase a-Amylase Pancreatic lipase
Leaves 6.09 + 0.52? 64.89 + 0.62°% 80.09 + 0.98d¢
Bark 40.08 + 0.29%° 49.10 + 0.38%" 103.06 + 8.234f
Fruit 722 £ 0.67° 70.94 + 0.68% 167.86 + 11.64 ¢f
Acarbose 1.96 + 0.12 0.97 £ 0.11 -
Orlistat - - 0.82 +0.09

Note: a-Glucosidase activity:® p < 0.05 Leaves vs. Bark; Non-Significant (NS) Leaves vs. Fruit,® p < 0.05 Bark vs. fruit.
a-Amylase Activity: * p < 0.05 Leaves vs. Bark; * p < 0.05 Leaves vs. Fruit,  p < 0.05 Bark vs. fruit. Pancreatic Lipase
activity: 4 p < 0.05 Leaves vs. Bark; ¢ p < 0.05 Leaves vs. Fruit, ! p < 0.05 Bark vs. fruit.

3.8 Inhibition of a-Amylase

The inhibitory action of C. capitata extracts towards a-amylase was investigated to further evaluate
their possible significance in regulating polysaccharide digestion. The percentage inhibition of a-amylase
by C. capitata’s different methanolic extracts showed a concentration-dependent increase in percentage
inhibition, as depicted in Fig. 5. At a concentration of 50 ug/mL of different extracts, i.e., leaves, bark and
fruits, the reported inhibition percentages were 60%, 57%, and 53%, respectively, which further increased
in a concentration-dependent manner. The corresponding ICs, value is given in Table 4. Like the results
of a-Glucosidase inhibition, statistical analysis revealed no significant differences among the bark and fruit
extracts. However, there was a significant statistical difference between these extracts and leaf extract (p >
0.05). The primary antioxidant substances, polyphenols, are responsible for the observed a-amylase activity.
They have been shown to have beneficial effects in managing diabetes mellitus because they regulate the
metabolism of carbohydrates, increase insulin production, and alter fat metabolism [44,46].
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Figure 5: Percentage inhibition of a-Amylase against different extracts of C. capitata. p < 0.05 Leaves vs. Bark (at 500
pg/mL and beyond); p < 0.05 Leaves vs. Fruit (at 100 ug/mL and beyond), p < 0.05 Bark vs. fruit (at 100 ug/mL and
beyond)

Moreover, a similar study on Cornus mas reported that methanolic extracts exhibited significant a-
glucosidase and a-amylase inhibition. The results indicated that extracts rich in flavonoids were responsible
for the observed inhibitory activity [47,48], similar to the findings in C. capitata. This reinforces the idea
that C. capitata, like C. mas, may offer valuable bioactive compounds that can contribute to managing
postprandial glucose levels. Notably, the conventional inhibitor acarbose was a more potent inhibitor of
a-glucosidase and a-amylase activity than all examined extracts derived from C. capitata.

It is pertinent to note that Inhibiting enzymes like alpha-amylase and alpha-glucosidase is a key strategy
in managing diabetes, particularly for controlling postprandial blood sugar levels by decreasing glucose
absorption and improving glycemic control [17]. Plant-based compounds have shown the potential to inhibit
these enzymes, offering natural alternatives for diabetes management [48].

3.9 Inhibition of Pancreatic Lipase

The pancreatic lipase inhibition of the C. capitata methanolic extracts was investigated at different
concentrations. Orlistat was the positive control for the study. An essential digestive enzyme for the
conversion and absorption of triglycerides into monoglycerides and free fatty acids is pancreatic lipase. The
concentration of total cholesterol decreases when the lipase enzyme is suppressed. This is one of the possible
mechanisms for the treatment of obesity. Orlistat works by decreasing the absorption of fat because it is a
lipase inhibitor. However, the quest for alternative lipase inhibitors has been prompted by the fact that orlistat
is linked to several severe adverse effects, such as flatulence, cramping in the abdomen, and greasy stools [49].

Thelipase inhibition activity of different C. capitata methanolic extracts are depicted in Fig. 6. More than
50% inhibition was reported at 100 pg/mL, where 54% inhibition in the leaf extract was reported, followed by
bark extract at 51%; in contrast, the fruit extract exhibited an inhibition of 51% at 250 pug/mL. Table 4 depicts
the corresponding ICs values; all the extracts demonstrated statistically significant results when compared
to each other (p < 0.05) at 500 pg/mL of extract and beyond. Nevertheless, the Lipase inhibitor orlistat was
more active than any studied extracts (ICso = 0.82 + 0.09 ug/mL).

Supporting evidence from other Cornus species highlights the potential of these plants in managing
obesity management; studies have shown that C. mas and C. officinalis exhibited significant lipase inhibition,
with inhibition rates of approximately 52% and 55% at respective concentrations of 100 and 200 pg/mL,
which were linked to their flavonoid and phenolic content [47,50]. The lipase inhibition activity of C. capitata
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extracts may be attributed to secondary metabolites such as terpenoids and phenolics, previously reported
for their lipase inhibitory effects [51].
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Figure 6: Percentage Inhibition of Pancreatic lipase against different extracts of C. capitata. p < 0.05 Leaves vs. Bark (at
500 pg/mL and beyond); p < 0.05 Leaves vs. Fruit (at 100 pg/mL and beyond), Non-Significant (NS) Bark vs. fruit

3.10 Anti-Microbial Activity
3.10.1 Kirby-Bauer Method

Phytochemicals derived from plants have few adverse effects and an efficient therapeutic impact against
microorganisms. Antimicrobial susceptibility tests were first conducted to ascertain the inhibitory impact
of the plant extracts. The antibacterial screening activity of various C. capitata extracts was tested using
cultures of the fungus Candida albicans (MTCC 854) and the gram-negative bacterium E. coli (MTCC
452). Methanolic extracts from the leaves, bark, and fruits of C. capitata were tested for antibacterial
activity employing paper disc-diffusion method, which uses an inhibitory zone of >10 mm in diameter to
signify significant antimicrobial activity [52]. The methanolic leaf extract showed insignificant anti-microbial
activity in the range of 6 mm diameter against the E. coli bacterial strain, compared to other extracts (i.e.,
bark and fruit) that were completely insignificant. The leaf extract demonstrated fungistatic properties at 50
and 125 ug/mL extract concentration, whereas comparably higher for fruit extract, i.e., 250 and 500 pg/mL
dose. However, the extract was not diffused in agar gel at higher concentrations. Hence, no clear zone was
formed around the disk. Conversely, the bark extract showed the fungicidal properties at lower doses of 50
& 125 pg/mL. The fungistatic and Fungicidal activity was confirmed by subculturing the fungal strain from
the inhibition zone; in the former case (leaf and fruit extract), the fungus grew on the fresh plate. Hence, the
extract was fungistatic. In the bark extract, the fungus did not grow on the fresh plate; therefore, the extract
was fungicidal.

3.10.2 MIC

Anti-microbial properties against E. coli were observed only in the leaves and bark extracts. Leaves
extract was found to be most active (ICsp = 578.7 ug/mL, and MIC = 80 pg/mL), while bark extracts exhibited
less antibacterial activity (ICso = >1000 ug/mL, and MIC= 500 pg/mL) against E. coli. In contrast, fruit extracts
showed no anti-microbial activity against E. coli ( Fig. 7).

It was observed that fruit extracts exhibited significant anti-microbial activity against C. albicans (I1Cs =
1.081 pg/mL and MIC = Approx 0.07 pg/mL), followed by bark (ICs = 368.1 ug/mL and MIC = Approximately
40 pg/mL) and leaf extract (ICso = 757.3 ug/mL and MIC = Approximately 50 pg/mL).
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Figure 7: MIC values of methanolic extracts of different plant parts of C. capitata against E. coli (p < 0.05 Leaves vs.
Bark) and C. albicans (p < 0.05 Leaves vs. Bark; p < 0.05 Leaves vs. Fruit, p < 0.05 Bark vs. fruit)

As per the paper disc diffusion method, none of the extracts demonstrated antibacterial activity against
E. coli, whereas in the case of MIC assay, leaves and bark extracts exhibited antibacterial properties against
the same. Similarly, the paper disc diffusion assay against C. albicans showed the antimicrobial potential Bark
> Leaf > Fruit, whereas MIC results documented it in the order of Fruit > Bark > Leaf. The disparity between
disc diffusion and MIC usually occurs because disc diffusion relies on drug diffusion through agar, while
MIC tests directly measure concentration in a broth. Variations in diffusion rates, environmental factors,
and test conditions can cause discrepancies in the observed antimicrobial activity. When discrepancies are
noted, the MIC is generally considered the more accurate measure of the drug’s effectiveness [53].

Supporting evidence from other Cornus species highlights similar trends in antimicrobial activity. For
example, studies have shown that Cornus mas extracts displayed no activity against E. coli in disc diffusion
assays but exhibited antibacterial effects in MIC assays, aligning with findings in C. capitate [47]. In Cornus
officinalis, both disc diffusion and MIC assays demonstrated significant antifungal activity against Candida
species, with varying results depending on the method used, echoing the findings seen with C. capitata
extracts [50].

These variations underscore the importance of employing multiple testing methods to comprehensively
understand plant extracts’ antimicrobial potential.

4 Correlation: Total Phenolic Content vs. Scavenging Percentage of Antioxidants

Fig. 8a and b demonstrates the relationship between total phenolic content and DPPH and SOD
scavenging capacities. The computation of correlation coefficients (R*) is typically impacted by the range of
parameter values and the quantity of tested samples. For C. capitata, there was a positive and statistically
significant linear connection between total phenolic content and antioxidant activity overall. Total phenolic
content and SOD had the highest coefficient of determination (R* = 0.963), followed by total phenolic content
and DPPH activity (R? = 0.919). According to the strong correlations, phenolic chemicals are the main
contributors to the C. capitata extracts’ antioxidant properties.
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Figure 8: Correlation between total phenolic content and (a) DPPH radical scavenging analysis of the extracts.
Coefficient of determination, R? = 0.919. (b) Superoxide scavenging assay of the extracts. Coefficient of determination,
R® =0.963

4.1 Correlation: Total Phenolic Content and Total Flavonoid Content vs. Anti-microbial Activity

Fig. 92 and b demonstrates the relationship between total phenolic and flavonoid content vs. anti-
microbial activity. A positive and statistically significant linear connection existed between total phenolic
content and anti-microbial activity with the coefficient of determination (R?) (R? = 0.953). However, total
flavonoid content and anti-microbial activity exhibited a low correlation with the coefficient of determination
(R? =0.090). This was in accordance with the quantitative data of flavonoids vs. antimicrobial activity, where
a disparity was observed in the flavonoid levels and antimicrobial profiles of the leaf, bark, and fruit samples.
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Figure 9: Correlation between Minimal inhibitory concentration and (a) Total phenolic content of the extracts.
Coefficient of determination, R? = 0.9531. (b) Total Flavonoid Content of the extracts. Coeflicient of determination, R?
=0.0904

5 Conclusion

The therapeutic potential of medicinal plants is attributed mainly to their phytochemical composition
and antioxidant properties, which play a crucial role in preventing and treating various diseases. To
comprehensively evaluate a plant’s antioxidant capacity, it is essential to analyze the bioactive constituents
across different plant parts, such as leaves, bark, roots, fruits, and flowers [53].
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The present study examined methanolic extracts from the leaves, bark, and fruits of C. capitata were
examined. The leaves were found to have the highest concentrations of phenolic and flavonoid compounds,
exhibiting significant free radical scavenging activity. A strong correlation was observed between antioxidant
activity and total phenolic content, indicating that C. capitata is a rich source of antioxidants with potential
therapeutic applications in combating oxidative stress-related diseases. Furthermore, polyphenols in C.
capitata demonstrated potent inhibitory activity against a-glucosidase and a-amylase, with a-glucosidase
inhibition being more pronounced. All extracts also inhibited pancreatic lipase, suggesting C. capitata’s
potential in obesity management. Additionally, antimicrobial activity was observed, with leaf and bark
extracts exhibiting antibacterial effects against E. coli and antifungal activity against C. albicans. This study
provides a comprehensive assessment of the antioxidant, antidiabetic, and antimicrobial properties of C.
capitata, representing a novel contribution to the literature. Our upcoming research aims to examine
the effects of extracts on the modulation of cytokines involved in inflammation which contribute to the
development of oxidative illnesses.
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