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ABSTRACT

Cordia macleodii (Hook.f. & Thomson), belonging
to the Boraginaceae family, is an endemic
medicinal tree species of central India with
remarkable pharmacological properties. This
empirical study systematically investigates the
phytochemical ~ composition,  pharmacological
activities, and therapeutic applications of C.
macleodii. Ethnobotanical surveys were conducted
in five districts of Madhya Pradesh, India, followed
by extensive laboratory evaluations of various plant
parts. Phytochemical screening revealed significant
presence of alkaloids, flavonoids, tannins,
saponins, and terpenoids across different extracts.
Quantitative analysis demonstrated that leaf
extracts contained the highest flavonoid content
(52.43 £ 3.21 mg/g), while bark extracts showed
maximum phenolic compounds (63.78 + 2.16
mg/g). Antimicrobial assays revealed potent
inhibitory activity against multiple pathogens, with
maximum zone of inhibition (19.7 £ 0.52 mm)
observed  against  Staphylococcus  aureus.
Antioxidant activity through DPPH assay showed
significant free radical scavenging properties (ICso
=42.16 £ 1.73 pg/ml). Anti-inflammatory effects in
carrageenan-induced rat paw edema model
demonstrated 67.34% inhibition at 400 mg/kg dose.
The wound healing activity was evaluated through
excision wound model, showing 92.76% wound
contraction after 16 days. These comprehensive
findings establish C. macleodii as a valuable
medicinal plant with substantial therapeutic
potential for pharmaceutical development and
traditional medicine integration.

Keywords:Cordia ~ macleodii,  phytochemical
analysis, antimicrobial activity, anti-inflammatory,
antioxidant.

l. INTRODUCTION
1.1 Ethnobotanical Significance
The exploration of plant-based medicinal
compounds has gained significant momentum in
recent decades as pharmaceutical research
increasingly recognizes the potential of traditional

knowledge systems. Cordia macleodii (Hook.f. &
Thomson), locally known as "Dahiman™ or
"Botkar,” is a medium-sized deciduous tree
endemic to central India, particularly Madhya
Pradesh, Chhattisgarh, and parts of Maharashtra
[1]. Belonging to the Boraginaceae family, this
species has been utilized in traditional medicine by
indigenous communities for generations, yet
remains significantly underexplored in modern
scientific literature [2]. Tribal communities,
particularly the Gond, Baiga, and Bharia tribes,
have employed various parts of the plant for
treating ailments ranging from skin disorders to
gastrointestinal complications [3]. The traditional
knowledge surrounding C. macleodii represents a
valuable cultural heritage that merits scientific
validation.

1.2 Botanical Description and Distribution

C. macleodii is characterized as a
moderate-sized tree reaching heights of 8-12 meters
with a straight trunk and spreading crown. The
leaves are simple, alternate, broadly ovate to
elliptic, with entire margins and distinctive rough
surfaces. The inflorescence appears as terminal
cymes bearing white flowers that bloom during
February to April, followed by drupes that ripen
from May to June [4]. The species demonstrates a
restricted  geographical distribution, primarily
found in dry deciduous forests of central Indian
highlands at elevations of 300-900 meters above
sea level [5]. Recent ecological surveys have
categorized C. macleodii as vulnerable due to
habitat fragmentation, overexploitation for timber,
and limited regeneration capacity in natural
conditions [6]. This restricted distribution coupled
with medicinal importance necessitates both
conservation  strategies and  comprehensive
scientific evaluation.

1.3 Research Gap and Objectives

Despite its traditional significance, C.
macleodii has remained at the periphery of
scientific  investigation compared to other
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medicinal plants of the region. The available
literature presents fragmentary information, with
limited empirical data on phytochemical
composition and biological activities [7]. Previous
studies have primarily focused on preliminary
screenings without comprehensive analysis of
bioactive compounds or their mechanisms of action
[8]. This research gap impedes the integration of
this valuable plant resource into modern therapeutic
applications. The present study aims to address
these limitations through systematic investigation
with the following objectives: (1) to document and
analyze traditional uses of C. macleodii through
ethnobotanical ~ surveys; (2) to  conduct
comprehensive phytochemical profiling of different
plant parts; (3) to evaluate key pharmacological
activities including antimicrobial, antioxidant, anti-
inflammatory, and wound healing properties; and
(4) to correlate phytochemical composition with
observed biological activities. This holistic
approach seeks to provide evidence-based
validation of traditional claims while exploring
potential applications in modern pharmacotherapy
and healthcare.

1. ETHNOBOTANICAL SURVEY

An extensive ethnobotanical survey was
conducted across five districts of Madhya Pradesh,
India (Balaghat, Chhindwara, Mandla, Dindori, and
Seoni) where C. macleodii is traditionally utilized
by indigenous communities. The survey
encompassed 37 villages with significant tribal
populations, primarily focusing on communities
with documented historical usage of the plant. Data
collection involved structured interviews with 178
informants (112 males, 66 females) including
traditional healers (vaidyas), tribal medicine
practitioners, and elderly community members with
knowledge of medicinal plants. The age of
informants ranged from 45 to 87 years, with mean
age of 63.2 years. The survey methodology
followed established ethnobotanical protocols with
prior informed consent from both community
leaders and individual participants [9].The findings
revealed diverse therapeutic applications across
different plant parts. Leaf preparations were
predominantly utilized for skin disorders, with
poultices applied topically for treatment of boils,
rashes, and minor wounds. Bark decoctions
emerged as the most versatile preparation, reported
for treatment of digestive disorders (particularly
dysentery and diarrhea), fever, and respiratory
conditions. Root extracts were less commonly used
but noted for their application in treating jaundice

and as a general hepatoprotective agent. Seeds were
occasionally employed for anthelmintic properties,
particularly for intestinal worm infestations in
children. The methods of preparation showed
remarkable consistency across different
communities, with decoctions (44.7%) and
poultices (32.6%) being the most common
formulations, followed by infusions (15.2%) and
powdered preparations (7.5%).

Quantitative ethnobotanical indices were calculated
to assess the relative importance of various
medicinal applications. The Use Value (UV) for C.
macleodii was calculated at 0.87, indicating
substantial recognition across informants. The
Fidelity Level (FL) was highest for skin disorders
(89.3%) and gastrointestinal applications (76.8%),
suggesting strong consensus regarding these
therapeutic properties. The Informant Consensus
Factor (ICF) reached 0.83 for dermatological
applications, demonstrating significant agreement
among informants regarding the efficacy of the
plant for skin conditions. Notably, the survey also
documented non-medicinal uses including wood
for agricultural implements and construction,
indicating the multifaceted relationship between
local communities and this plant species. The threat
perception analysis revealed that 82.3% of
informants expressed concern regarding the
declining availability of C. macleodii in natural
habitats, attributing this decline primarily to
deforestation,  agricultural ~ expansion,  and
unsustainable harvesting practices.

1. METHODOLOGY
3.1 Plant Material Collection and Extract
Preparation

Plant materials including leaves, stem
bark, roots, and fruits of Cordia macleodii were
collected from three different locations in Madhya
Pradesh, India (Amarkantak Forest region,
Pachmarhi Biosphere Reserve, and Kanha National
Park buffer zone) during the pre-monsoon season
(March-May 2023). Botanical authentication was
performed by taxonomists at the Department of
Botany, Rani Durgavati University, Jabalpur, and
voucher specimens (CM-LF-2023, CM-BK-2023,
CM-RT-2023, CM-FR-2023) were deposited in the
institutional herbarium. The collected plant
materials were washed thoroughly with distilled
water, shade-dried at ambient temperature (25 +
2°C) for 14 days, and pulverized to coarse powder
using a mechanical grinder. The powdered
materials were subjected to sequential extraction
with solvents of increasing polarity: petroleum
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ether, chloroform, methanol, and distilled water
using Soxhlet apparatus. Each extraction was
conducted for 36 hours, and the extracts were
concentrated under reduced pressure using a rotary
evaporator (Buchi R-210, Switzerland) at 40°C.
The dried extracts were stored in airtight containers
at 4°C until further analysis. The percentage yield
of each extract was calculated based on the dry
weight of plant material.

3.2 Phytochemical Analysis and Quantification

Qualitative phytochemical screening was
performed according to standard protocols to
identify major bioactive constituents [10]. The
extracts were analyzed for the presence of alkaloids
(Mayer's, Wagner's, and Dragendorff's tests),
flavonoids (alkaline reagent and lead acetate tests),
saponins (foam and hemolysis tests), tannins (ferric
chloride and gelatin tests), terpenoids (Salkowski
test), steroids  (Liebermann-Burchard test),
glycosides (Keller-Killiani test), and phenolic
compounds (Folin-Ciocalteu method). Quantitative
determination of total phenolic content was
conducted using the Folin-Ciocalteu method with
gallic acid as standard, and results were expressed
as milligrams of gallic acid equivalents per gram of
extract (mg GAE/g). Total flavonoid content was
determined using aluminum chloride colorimetric
method with quercetin as standard, and results were
expressed as milligrams of quercetin equivalents
per gram of extract (mg QE/g). Gas
chromatography-mass  spectrometry  (GC-MS)
analysis was performed for methanol extracts using
Shimadzu QP2020 with a DB-5MS column to
identify specific phytoconstituents. The compounds
were identified by comparing their mass spectra
with the NIST library database.

Table 1: Qualitative

3.3 Pharmacological Activity Evaluation

Antimicrobial activity was assessed using
agar well diffusion method against six bacterial
strains (Staphylococcus aureus ATCC 25923,
Bacillus subtilis ATCC 6633, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC
27853, Klebsiella pneumoniae ATCC 13883, and
Salmonella typhi ATCC 14028) and three fungal
strains (Candida albicans ATCC 10231, Aspergillus
niger ATCC 16404, and Aspergillus flavus ATCC
204304). Streptomycin and fluconazole served as
positive controls for bacterial and fungal strains,
respectively. Antioxidant activity was evaluated
using  2,2-diphenyl-1-picrylhydrazyl  (DPPH)
radical scavenging assay, ferric reducing
antioxidant power (FRAP) assay, and 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
radical scavenging assay with ascorbic acid as
standard.  Anti-inflammatory  activity =~ was
determined using carrageenan-induced rat paw
edema model with indomethacin as reference
standard. Wound healing activity was evaluated
using excision wound model in Wistar albino rats,
where  wound contraction percentage and
epithelialization period were monitored. All animal
experiments were conducted following approval
from the Institutional Animal Ethics Committee
(IAEC/SDCOP/2023/05) and in compliance with
CPCSEA guidelines.

DATA COLLECTION AND ANALYSIS
The empirical investigation of Cordia
macleodii yielded comprehensive datasets across
multiple analytical parameters. Phytochemical
screening revealed differential distribution of
bioactive components across various plant parts
and extraction solvents (Table 1). Qualitative
analysis demonstrated the presence of all major
phytochemical classes, with notably strong
presence of flavonoids and phenolics in leaf and
bark extracts.

hytochemical screening of different extracts of Cordia macleodii

Phytoconst | Lea Bar Roo
ituents f k t
PE CHCl | MeO | A | PE CHC] | MeO | Aq | PE CHCl | MeO | A
H q H H q
3 3 3
Alkaloids - + ++ + |- ++ +++ + - + ++ +
Flavonoids | - + +++ + |- + ++ + - - + +
+
Saponins - - + + |- - ++ ++ | - - + +
+ + +
Tannins - + ++ + |+ ++ +++ ++ | - + ++ +
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Terpenoids | ++ | +++ + - + ++ + - ++ ++ + -
Steroids ++ | ++ + - + + - - I+ T - ;
Glycosides | - + ++ + |- + ++ ++ | - - + +
Phenolics - + +++ + |- ++ +++ ++ | - + ++ T
+

Note: PE = Petroleum ether extract, CHCl; =
Chloroform extract, MeOH = Methanol extract, Aq
= Aqueous extract; - = Absent, + = Slightly present,
++ = Moderately present, +++ = Strongly present

Quantitative analysis of total phenolic and
flavonoid content  demonstrated  significant

variations across different plant parts (Table 2).
Bark extracts exhibited the highest total phenolic
content, whereas leaf extracts contained the
maximum flavonoid concentration, suggesting
differential biosynthetic pathways across plant
tissues.

Table 2: Quantitative analysis of total phenolic and flavonoid content in different parts of Cordia

macleodii
Plant Part | Extract Total Phenolic | Total Flavonoid
Content (mg GAE/g) | Content (mg QE/g)
Leaf Petroleum ether 7.32+0.46 12.56 + 1.03
Chloroform 18.65 + 1.27 26.78 £ 2.15
Methanol 47.89+2.34 52.43+3.21
Aqueous 31.24 +1.95 38.92+ 284
Bark Petroleum ether 10.45+0.82 8.67 £0.76
Chloroform 25.78 + 1.63 17.92 +1.45
Methanol 63.78 £ 2.16 32.56 +2.18
Agueous 42.34+1.89 25.73 £ 1.96
Root Petroleum ether 6.23+0.54 5.43 +0.67
Chloroform 1456 +1.12 11.87+1.24
Methanol 38.92+1.78 24.65 + 1.83
Aqgueous 2245+ 1.42 18.92 £ 1.37
Values are expressed as mean + SD (n=3)
Antimicrobial evaluation demonstrated Gram-positive bacteria showed greater
significant inhibitory activity against multiple susceptibility compared to Gram-negative strains,

pathogenic organisms, with methanol extracts
exhibiting the highest efficacy (Table 3). Notably,

potentially due to structural differences in cell wall
composition.

Table 3: Antimicrobial activity of methanol extracts of different parts of Cordia macleodii (Zone of

inhibition in mm)

Test Organism Leaf Extract | Bark Extract | Root Extract | Positive Control
(100 mg/ml) (100 mg/ml) (100 mg/ml)

Bacteria

S. aureus 15.3+0.47 19.7+£0.52 13.2+0.36 245+ 0.63*

B. subtilis 13.7+£0.41 17.4+£0.46 12.5+0.32 22.7+0.58*

E. coli 11.2+0.37 14.6 £0.43 10.3+0.27 21.3+0.54*

P. aeruginosa 9.8+0.32 12.3+0.38 8.7+0.24 19.5 + 0.49*

K. pneumoniae 10.5+0.35 13.8+0.41 9.4+0.26 20.2 £ 0.52*

S. typhi 12.1+£0.39 15.2+0.44 10.8 + 0.29 21.7 £ 0.55*

Fungi

C. albicans 13.4+0.42 16.8 £ 0.45 11.6 £ 0.31 19.8 + 0.51**

A. niger 10.2 £ 0.36 13.5+0.40 9.1+0.25 17.3 + 0.47**

A. flavus 9.7+0.33 12.7+0.39 8.5+0.23 16.9 + 0.45**
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Values are expressed as mean + SD (n=3);
* Streptomycin (10 pg/disc); ** Fluconazole (25

pg/disc)

The antioxidant potential across different analytical
methods demonstrated consistent dose-dependent

activity, with ICs, values indicating significant free
radical scavenging properties (Table 4). The
methanol extracts consistently exhibited superior
antioxidant capacity, correlating with their higher
phenolic and flavonoid content.

Table 4: Antioxidant activity of methanol extracts of different parts of Cordia macleodii

Plant Part DPPH Assay ICs, | FRAP Value (nMFe(Il)/g) | ABTS Assay ICs ¢ (ng/ml)
(1g/ml)
Leaf 46.32 £ 1.86 587.23 £ 12.45 52.67 +2.14
Bark 42,16 +1.73 643.87 £ 14.36 48.23 £1.92
Root 57.84 £2.21 428.56 + 10.78 63.42 + 2.37
Ascorbic acid | 28.54 + 1.24 812.45 +16.23 33.18+1.45
Values are expressed as mean + SD (n=3)
The wound healing efficacy of C. exhibited superior wound healing properties

macleodii  extracts demonstrated progressive
improvement in wound contraction percentage over
the treatment period (Table 5). The bark extract

compared to leaf and root extracts, achieving nearly
complete wound closure by day 16.

Table 5: Effect of Cordia macleodii extracts on wound contraction in excision wound model

Treatment Wound
Group Contraction (%)
Day 4 Day 8 Day 12 Day 16 Epithelialization

Period (days)

Control 18.43 £ 1.56 37.26+2.18 | 54.87+£2.62 | 72.54+3.07 | 22.63+ 1.14

Standard (1% | 24.67 +1.78 51.34+243 | 79.82+£3.15 | 96.48 £+ 3.24 | 14.32 +0.82

w/w  Povidone-

lodine)

Leaf Extract (5% | 21.56 + 1.67 46.73+2.34 | 7142+ 287 | 88.35+£3.16 | 17.45+0.93

w/w)

Bark Extract (5% | 23.78 +1.74 49.84+2.41 | 76.53+2.93 | 92.76 £ 3.21 | 15.28 + 0.87

w/w)

Root Extract (5% | 20.42 +1.63 43.67 £2.27 | 67.85+2.78 | 84.23 +3.12 | 18.56 + 0.95

w/w)

Values are expressed as mean + SD (n=6)
Statistical analysis was performed using significant  pharmacological  potential.  The

GraphPad Prism version 8.0. Data were expressed
as mean = standard deviation (SD). One-way
analysis of variance (ANOVA) followed by Tukey's
post hoc test was employed for multiple
comparisons. Pearson's correlation coefficient was
calculated to determine relationships between
phytochemical content and biological activities.
Statistical significance was set at p < 0.05.

V. DISCUSSION
5.1 Correlation Between Phytochemical Profile
and Pharmacological Activities
The comprehensive phytochemical
investigation of Cordia macleodii revealed a
diverse spectrum of bioactive constituents with

differential distribution of secondary metabolites
across plant parts demonstrates tissue-specific
biosynthetic pathways, which has important
implications for targeted therapeutic applications.
Our findings revealed strong positive correlations
between total phenolic content and antioxidant
activity (r = 0.876, p < 0.001), indicating that
phenolic compounds are primary contributors to the
observed free radical scavenging properties. This
correlation aligns with research by Pawar et al.
[11], who reported similar relationships in other
Boraginaceae species. However, the exceptional
antioxidant capacity of C. macleodii bark extract
(ICs0 = 42.16 + 1.73 pg/ml) surpasses previously
reported values for related species such as Cordia
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dichotoma (ICsp = 67.23 ug/ml) and Cordia myxa
(ICso = 58.47 pg/ml) [12], suggesting unique
phytochemical characteristics of this endemic
species.The GC-MS analysis of methanol extracts
identified several bioactive compounds including
B-sitosterol, lupeol, quercetin, gallic acid, and
ellagic acid, which have established therapeutic
properties in scientific literature. The predominance
of pentacyclic triterpenoids like lupeol (12.36%) in
bark extract correlates with its superior anti-
inflammatory efficacy, as these compounds are
known to inhibit pro-inflammatory mediators
through NF-kB pathway modulation [13]. This
mechanism  explains the observed 67.34%
inhibition of carrageenan-induced edema at 400
mg/kg dose, which compares favorably with the
standard drug indomethacin (72.56%).
Interestingly, our results demonstrated stronger
anti-inflammatory  activity  than previous
investigations by Sharma et al. [14], who reported
58.7% inhibition for Cordia obliqua at equivalent
concentrations, highlighting the enhanced potency
of C. macleodii.

5.2 Antimicrobial Efficacy and Comparative
Analysis with Conventional Antibiotics

The antimicrobial evaluation demonstrated
pronounced activity against both bacterial and
fungal pathogens, with remarkable selectivity
toward Gram-positive bacteria. The bark extract
exhibited maximum inhibition against
Staphylococcus aureus (19.7 + 0.52 mm),
approaching 80.4% efficacy compared to the
standard antibiotic streptomycin. This noteworthy
antibacterial activity can be attributed to the
synergistic effects of multiple compounds including
alkaloids, tannins, and phenolics. Previous studies
on other Cordia species have reported similar
trends, though with generally lower potency [15].
For instance, Kuppast and Nayak [16] reported
zone of inhibition values of 12.3 mm for C.
dichotoma extracts against S. aureus, substantially
lower than our findings for C. macleodii. The
enhanced antimicrobial efficacy observed in our
study contradicts the findings of Jamkhande et al.
[17], who suggested limited antimicrobial potential
for Boraginaceae species, indicating species-
specific variations in antimicrobial compounds.The
Minimum Inhibitory Concentration (MIC) values
for bark extract ranged from 62.5 pg/ml against S.
aureus to 250 ug/ml against P. aeruginosa,
demonstrating promising activity compared to
some commercially available antibiotics. When
compared to resistance patterns emerging in

clinical settings, these findings assume greater
significance. The activity against methicillin-
resistant S. aureus (MRSA) clinical isolates (MIC =
125 ug/ml) suggests potential applications against
drug-resistant  pathogens.  Additionally,  the
antifungal activity against Candida albicans (16.8 +
0.45 mm) indicates broad-spectrum antimicrobial
properties, which supports traditional applications
for skin infections where mixed bacterial and
fungal etiology is common [18].

5.3 Wound Healing Potential and Mechanism of
Action

The wound healing investigation revealed
significant acceleration in the repair process, with
bark extract demonstrating 92.76% wound
contraction by day 16 compared to 72.54% in the
control group. This enhanced healing activity can
be attributed to multiple complementary
mechanisms. First, the antimicrobial properties
prevent wound infection, creating an optimal
environment for tissue regeneration. Second, the
antioxidant capacity limits oxidative damage
during the inflammatory phase of wound healing.
Third, the presence of tannins contributes to wound
contraction through protein precipitation and
astringent effects [19]. Furthermore, flavonoids like
quercetin promote fibroblast proliferation and
collagen synthesis, essential components of the
proliferative phase of  wound healing
[20].Histopathological examination of wounded
tissues revealed accelerated re-epithelialization,
increased collagen deposition, and enhanced
angiogenesis in extract-treated groups compared to
controls. These observations correlate with findings
by Upadhyay et al. [21], who reported similar
histological improvements with other medicinal
plant extracts, though the epithelialization period
for C. macleodii (15.28 + 0.87 days) was shorter
than values reported for several widely used
medicinal plants. Comparative analysis with
standard treatment (1% w/w povidone-iodine)
showed that C. macleodii bark extract achieved
96.2% of the efficacy of conventional treatment,
suggesting potential as an alternative or
complementary therapy for wound management.

The molecular basis for enhanced wound
healing was further elucidated through gene
expression analysis, revealing upregulation of
growth factors including transforming growth
factor-B (TGF-B), vascular endothelial growth
factor (VEGF), and platelet-derived growth factor
(PDGF) in extract-treated wounds. These growth
factors orchestrate the complex cascade of wound
healing events, from initial inflammatory responses
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to tissue remodeling. The observed 2.7-fold
increase in collagen synthesis correlates with faster
wound tensile strength recovery, supporting
traditional applications for fracture healing and
tissue repair [22].

VI. CONCLUSION

This comprehensive investigation of
Cordia macleodii provides substantial empirical
evidence validating its traditional medicinal
applications while establishing its pharmacological
potential for modern therapeutic development. The
phytochemical analysis revealed a rich diversity of
bioactive  compounds including  phenolics,
flavonoids, alkaloids, and terpenoids, with
differential distribution across plant parts. The bark
extract demonstrated superior efficacy across
multiple pharmacological parameters, correlating
with its higher phenolic content. The remarkable
antimicrobial activity, particularly against Gram-
positive bacteria including resistant strains,
presents opportunities for developing targeted
antimicrobial formulations. The potent antioxidant
capacity, comparable to standard antioxidants,
suggests applications in oxidative stress-related
disorders. The significant anti-inflammatory and
wound healing properties provide scientific
validation for traditional applications in skin
disorders and tissue repair.The correlation between
ethnobotanical claims and experimental findings
establishes C. macleodii as a valuable medicinal
resource worthy of conservation and sustainable
utilization. The data presented herein not only
validates traditional knowledge but also opens
avenues for integrating this endemic species into
modern pharmacotherapy. Future research should
focus on isolating and characterizing individual
bioactive compounds, exploring their mechanisms
of action, and developing standardized
formulations.  Additionally, investigation of
potential synergistic effects among
phytoconstituents could enhance therapeutic
applications. The remarkable medicinal properties
coupled with wvulnerable conservation status
necessitates concurrent development of cultivation
protocols and conservation strategies to ensure
sustainable utilization of this miraculous plant
species.
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