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Section “Medicine”

Abstract. The emergence of antimicrobial resistance has necessitated the
search for novel therapeutic agents from natural sources. This study
evaluated the phytochemical composition of Ficus globosa latex and
assessed its antimicrobial activity against selected pathogenic
microorganisms. Latex was collected, authenticated, and processed
through acetone precipitation followed by drying at 60°C for three weeks.
Both fresh and dried latex samples underwent phytochemical screening
using standard methods, revealing abundant quantities of resins, steroids,
and terpenoids; moderate levels of flavonoids; and trace amounts of fats,
oils, and hydrolysable glycosides. Antimicrobial activity was evaluated
using the agar well diffusion method against eight pathogenic
microorganisms. The dried latex demonstrated significant antimicrobial
activity with minimum inhibitory concentrations (MICs) of 3.89 mg/mL
against Bacillus subtilis, 14.79 mg/mL against Staphylococcus aureus, and
8.13 mg/mL against Aspergillus niger. In contrast, fresh latex showed
activity only against B. subtilis. F. globosa latex exhibits promising
antimicrobial activity, particularly against gram-positive bacteria,
warranting further investigation for therapeutic applications. The presence
of multiple bioactive compounds suggests potential mechanisms for its
antimicrobial effects.

Keywords: Ficus globosa; latex; antimicrobial activity; phytochemical
screening; minimum inhibitory concentration.
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INTRODUCTION

The global healthcare landscape faces an unprec-
edented crisis in antimicrobial resistance, with
traditional antibiotics increasingly failing against
common pathogens. Current projections indicate
that by 2050, antimicrobial-resistant infections
could cause 10 million deaths annually, with asso-
ciated healthcare costs exceeding $100 trillion
globally [1]. This crisis, compounded by a signifi-
cant decline in new antibiotic development, has
created an urgent need to explore novel therapeu-
tic approaches, particularly from natural sources
that may offer unique mechanisms of action.

Natural products historically represent the foun-
dation of pharmaceutical discovery, contributing
to approximately 60% of currently approved
therapeutic agents [2-4]. Their complex molecu-
lar architectures, evolved over millions of years,
often provide sophisticated mechanisms of action
that synthetic compounds rarely achieve. Plant-
derived substances, in particular, frequently
demonstrate multiple therapeutic effects through
diverse biochemical pathways, potentially offer-
ing solutions to combat antimicrobial resistance
through multi-target approaches.

The genus Ficus, encompassing approximately
800 species and 2000 varieties within the Mora-
ceae family, represents an extensive yet largely
untapped reservoir of potential therapeutic com-
pounds [5-7]. These plants have adapted to di-
verse ecological niches across tropical and sub-
tropical regions, developing unique chemical de-
fences that could translate into novel therapeutic
strategies. Traditional medical systems world-
wide have utilised various Ficus species for treat-
ing conditions ranging from infectious diseases to
inflammatory disorders, providing valuable eth-
nopharmacological data to guide modern drug de-
velopment efforts [8-10].

Among these species, Ficus globosa stands out as
a particularly promising candidate for therapeutic
development [11]. This climber or hemi-epiphytic
shrub, native to Southeast Asian regions including
Myanmar, Thailand, Sumatra, Peninsular Malay-
sia, Singapore, Borneo, and Java, produces copious
white latex with potential therapeutic applica-
tions. The species' adaptation to diverse habitats,
from lowland forests to mangrove swamps at ele-
vations up to 1,200 meters, suggests the develop-
ment of unique secondary metabolites that could
offer novel solutions to current therapeutic chal-
lenges.
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Translating traditional botanical knowledge into
modern therapeutic agents requires addressing
several critical challenges in the drug develop-
ment pipeline [12]. These include establishing
standardised collection and processing methods,
identifying and characterising active compounds,
developing suitable pharmaceutical formulations,
and conducting comprehensive safety and effi-
cacy evaluations. The polymeric nature of fig latex
presents additional complexity, requiring innova-
tive approaches to overcome solubility, stability,
and bioavailability issues.

Despite its widespread traditional use, systematic
investigation of F. globosa's antimicrobial poten-
tial has been lacking, representing a significant
gap in translational research. The latex's complex
physical properties and chemical composition ne-
cessitate careful consideration of pharmaceutical
development parameters, from initial processing
to final formulation strategies. Understanding
these characteristics is crucial for developing
standardised preparations suitable for clinical ap-
plications.

This research adopts a comprehensive transla-
tional approach, investigating F. globosa latex
from initial characterisation through potential
therapeutic development. The study specifically
addresses key questions in the therapeutic devel-
opment pipeline: the establishment of standard-
ised collection and processing protocols suitable
for pharmaceutical development, comprehensive
phytochemical profiling focusing on therapeuti-
cally relevant compounds, evaluation of antimi-
crobial activity against clinically significant patho-
gens, assessment of concentration-dependent ef-
fects relevant to therapeutic dosing, and compari-
son of fresh versus processed latex preparations
to guide formulation development.

These investigations aim to bridge the gap be-
tween traditional knowledge and modern thera-
peutic applications, providing a scientific founda-
tion for developing novel antimicrobial agents
from F. globosa latex. The findings from this study
will contribute to our understanding of natural
product-based therapeutics and provide crucial
insights for future drug development efforts in ad-
dressing the global challenge of antimicrobial re-
sistance.

METHODS

Plant Material Collection and Authentication.
Latex samples were collected from F. globosa
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trees on the University of Nigeria campus during
the rainy season (July 2016). Collection occurred
between 0600 and 0800 hours to maximise latex
flow. The plant species was authenticated by Mr A.
Ozioko, a taxonomist at the International Center
for Ethnomedicine and Drug Development
(INTERCEDD), Nsukka, with voucher specimens
deposited in the centre's herbarium.

Latex Processing and Sample Preparation

Fresh Latex Collection: Stem incisions (approxi-
mately 5 cm long and 2 mm deep) were made us-
ing sterilised stainless steel blades. The exuding
latex was collected in sterile borosilicate glass
containers, with approximately 100 ml obtained
from multiple trees. The collected latex was im-
mediately divided into two portions for phyto-
chemical analysis and antimicrobial studies.

Dried Latex Preparation: The latex designated for
drying underwent acetone precipitation using a
1:1.4 ratio of latex to acetone. The precipitated
material was separated into small lumps and
dried in a temperature-controlled oven at 60 °C
for three weeks. This temperature was specifically
chosen to preserve thermolabile compounds
while achieving the necessary physical properties
for subsequent testing.

Phytochemical Analysis. Comprehensive phyto-
chemical screening employed standardised pro-
tocols to detect major classes of bioactive com-
pounds. All tests were performed in triplicate to
ensure reliability.

Carbohydrate Analysis: Molisch's test was per-
formed using a-naphthol solution in ethanol, with
concentrated sulfuric acid carefully added to form
a layer. The interface was observed for the char-
acteristic violet ring formation.

Alkaloid Detection: Multiple confirmatory tests
were employed using Mayer, Dragendorff, Wag-
ner, and Hager reagents. Samples underwent acid
extraction followed by alkalinisation and re-ex-
traction to ensure accurate results.

Glycoside Analysis: A comprehensive glycoside
screening protocol included tests for: Reducing
sugars (pre- and post-hydrolysis); Cardiac glyco-
sides (Keller-Killiani test); Cyanogenic glycosides
(sodium picrate paper method); Anthraquinone
glycosides (Borntrager's and modified Bon-
trager's tests).

Additional Component Analysis. The systematic
screening included tests for: Saponins (frothing
and hemolysis tests); Tannins (ferric chloride and
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lead sub-acetate tests); Flavonoids (ammonia and
aluminium chloride tests); Resins (precipitation
test); Proteins (Millon's and xanthoproteic tests);
Steroids (Liebermann-Burchard test); Terpenoids
(Salkowski test).

Antimicrobial Studies

Test Microorganisms: Eight pathogenic microor-
ganisms were selected for antimicrobial screen-
ing: 1) Gram-positive bacteria: Staphylococcus
aureus, Bacillus subtilis; 2) Gram-negative bacte-
ria: Escherichia coli, Pseudomonas aeruginosa,
Salmonella typhii, Klebsiella pneumonia; 3) Fun-
gal species: Candida albicans (yeast), Aspergillus
niger (mold).

All strains were obtained from the Department of
Pharmaceutics and Pharmaceutical Microbiology,
University of Nigeria, Nsukka, and maintained
through regular subculturing.

Culture Media Preparation: Nutrient agar (for bac-
teria) and potato dextrose agar (for fungi) were
prepared according to manufacturer specifica-
tions. The media were sterilised by autoclaving at
121°Cfor 15 minutes under 15 psi pressure. Qual-
ity control included sterility testing and pH verifi-
cation.

Standardisation of Microbial Suspensions: Micro-
bial suspensions were standardised using the
McFarland 0.5 turbidity standard, approximately
equivalent to 1.5 x 108 CFU/ml. Serial dilutions
achieved final working concentrations of
104 CFU/ml for testing.

Antimicrobial Activity Assessment

1) Fresh Latex Testing: The agar well diffusion
method employed 6 mm diameter wells in seeded
agar plates. Fresh latex (0.2 ml) was applied di-
rectly to wells, and 15 minutes were allowed for
diffusion before incubation. Plates were incu-
bated at 37°C for 24 hours (bacteria) or 25°C for
48 hours (fungi).

2) Dried Latex Testing: Stock solutions
(100 mg/ml) were prepared from pulverised
dried latex. Serial dilutions produced 50, 25, 12.5,
and 6.25 mg/ml concentrations. Activity assess-
ment followed the same well diffusion methodol-
ogy used for fresh latex.

3) Determination of Minimum Inhibitory Concen-
tration: MIC values were determined through the
graphical method, plotting the square of inhibi-
tion zone diameters (IZD?) against the logarithm
of concentration. The antilogarithm of the x-inter-
cept provided the MIC value. Confirmatory tests
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included extended incubation periods to distin-
guish between bacteriostatic and bactericidal ef-
fects.

4) Statistical Analysis. All experiments were per-
formed in triplicate, with results expressed as
mean * standard deviation. Statistical significance
was determined using one-way ANOVA followed
by Tukey's post-hoc test, with p < 0.05 considered
significant.

RESULTS AND DISCUSSION

Phytochemical Analysis. Comprehensive phyto-
chemical screening revealed a distinct profile of
secondary metabolites in F. globosa latex, as seen
in Table 1. This table summarises the phytochem-
ical components detected in Ficus globosa latex
through a comprehensive screening process.

Table 1 - Phytochemical Profile of Ficus globosa Latex Based on Comprehensive Screening

Component Major (+++)

Moderate (++) Minor (+) Absent (-)

Resins +++

Steroids +++

Terpenoids +++

Flavonoids

++

Fats and oils

Hydrolysable glycosides

Carbohydrates

Alkaloids

Cardiac glycosides

Cyanogenic glycosides

Anthracene glycosides

Saponins

Tannins

Proteins

The table highlights the presence levels of various
secondary metabolites, categorised as major
(+++), moderate (++), minor (+), or absent (-). Ma-
jor components include resins, steroids, and ter-
penoids, while flavonoids are present at moderate
levels, and fats, oils, and hydrolysable glycosides
are detected at minor levels. Notably, carbohy-
drates, alkaloids, cardiac glycosides, and other
glycosides are absent. This phytochemical profile
provides insights into the bioactive compounds
responsible for the latex's observed antimicrobial
properties.

Antimicrobial Activity

Fresh Latex Activity Profile: Fresh latex demon-
strated selective antimicrobial activity, showing
effectiveness only against B. subtilis with an inhi-
bition zone diameter of 10 mm (Figure 1a, b). No
activity was observed against other test organ-
isms.

Section “Medicine”

Sensitivity Test of Fresh Latex (F. globosa)
Aspergillus niger - Not Sensitive
Candida albicans |- Not Sensitive
Pseudomonas aeruginosa| Not Sensitive
Klebs. pneumonia Not Sensitive

Bdm”us subt‘I‘S_ s

Salmonella typhii[ Not Sensitive

Test Organism

Staph. aureus | Not Sensitive

Escherichia coli Not Sensitive

Not Sensitive Sensitive
Activity (1 = Sensitive, 0 = Not Sensitive)

Figure 1a — Antimicrobial Activity of Fresh Latex
Against Test Microorganisms

Notes: the sensitivity of fresh Ficus globosa latex was
evaluated using the agar well diffusion method. The
results are presented as 'Sensitive' (green) or ‘Not Sen-
sitive' (red) based on the presence or absence of inhi-
bition zones. Among the tested microorganisms, only
Bacillus subtilis exhibited sensitivity to the fresh latex,
while all others showed no activity).
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Antimicrabial Activity of Fresh Latex (F. globosa)

W First IZD (mm)

2 I Second ZD {mm)
Control [ZD (mm)

Organism

Figure 1b - Antimicrobial Activity of Fresh Latex
Against Test Microorganisms

Notes: the antimicrobial activity of fresh Ficus globosa
latex was evaluated using the agar well diffusion
method. The inhibition zone diameters (IZDs) were
measured for sensitive microorganisms, compared to
the standard control (amoxicillin and clavulanate, 30
ug/ml). Only Bacillus subtilis showed sensitivity to the
fresh latex, with inhibition zones recorded for two rep-
licates.

Dried Latex Activity Profile: Table 2 summarises
the inhibition zone diameters (IZD), their

corresponding squares (IZD?), and the logarith-
mic concentrations of dried Ficus globosa latex
against susceptible microorganisms.

The data highlight the varying sensitivity of mi-
croorganisms to the latex, with specific values de-
termined at different concentrations. At 100
mg/ml concentration, the antimicrobial activity of
dried Ficus globosa latex was evaluated against
three microorganisms. The maximum inhibition
zone diameters (IZD) and the minimum inhibitory
concentrations (MIC) were determined for each
organism, as shown in Table 2. The dried latex
demonstrated the highest activity against Bacillus
subtilis, with a maximum IZD of 15 mm and a MIC
of 3.89 mg/ml. Aspergillus niger showed moderate
susceptibility with a maximum IZD of 17 mm and
a MIC of 8.13 mg/ml.

In comparison, Staphylococcus aureus exhibited
an IZD of 13 mm and a MIC of 14.79 mg/ml. The
MIC values were determined graphically by plot-
ting IZD? against the logarithmic concentration of
the dried latex. Figure 2 shows this relationship
for the three microorganisms, with x-axis inter-
cepts used to calculate MIC values of 3.89 mg/ml
for B. subtilis, 8.13 mg/ml for A. niger, and
14.79 mg/ml for S. aureus.

Table 2 - Antimicrobial Activity of Dried Ficus globosa Latex

Microorganisms of t(lzl(érii:):ré:g/nml) IZD (mm) I(fnggj(r)rrlll():. [ZD? (mm?)
Staphylococcus aureus 6.25 - 0.796 -
Staphylococcus aureus 12.50 - 1.097 -
Staphylococcus aureus 25.00 7 1.398 49
Staphylococcus aureus 50.00 10 1.699 100
Staphylococcus aureus 100.00 13 2.000 169
Bacillus subtilis 6.25 - 0.796 -
Bacillus subtilis 12.50 7 1.097 49
Bacillus subtilis 25.00 9 1.398 81
Bacillus subtilis 50.00 12 1.699 144
Bacillus subtilis 100.00 15 2.000 225
Aspergillus niger 6.25 8 0.796 64
Aspergillus niger 12.50 9 1.097 81
Aspergillus niger 25.00 11 1.398 121
Aspergillus niger 50.00 13 1.699 169
Aspergillus niger 100.00 17 2.000 289

Notes: Antimicrobial activity of dried Ficus globosa latex assessed by inhibition zone diameter (IZD) and logarith-

mic concentrations for susceptible microorganisms.
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Graph of IZD? (mm?) against Log Concentration (mg/ml)
300

Staphylococcus aureus
—#— Bacillus subtilis
—— Aspergillus niger

250

50

o v v Log Concentlr.:ticn{mgfmlj e e e
Figure 2 - Graph of 1ZD? (mm?) against Log
Concentration (mg/ml) for Dried Ficus globosa Latex

Notes: This graph illustrates the relationship between
the logarithmic concentration of dried Ficus globosa
latex (mg/ml) and the squared inhibition zone diame-
ter (1ZD?) for Staphylococcus aureus, Bacillus subtilis,
and Aspergillus niger. The intercepts on the x-axis, de-
termined by extrapolating the straight lines to where
IZD? equals zero, are used to calculate each microor-
ganism's minimum inhibitory concentration (MIC) val-
ues.

Table 3 summarises the intercept values derived
from the logarithmic concentration versus 1ZD?
(mm?) plot and their corresponding antiloga-
rithms, which represent the MIC (minimum inhib-
itory concentration) values of dried Ficus globosa
latex against Staphylococcus aureus, Aspergillus ni-
ger, and Bacillus subtilis. The MIC values, ex-
pressed in mg/ml, highlight the sensitivity of each
microorganism to the dried latex, with Bacillus
subtilis showing the highest sensitivity (lowest
MIC value).

Table 3 - Minimum Inhibitory Concentration (MIC) of
Dried Ficus globosa Latex Against Corresponding
Susceptible Microorganisms

Microorganism Staph. Asper. | B.sub-
aureus niger tilis
Intercept on x-axis 1.17 0.91 0.59
Antilog of intercept = | 14.79 8.13 3.89
MIC (mg/ml)

As shown in Figure 3a, the antimicrobial activity
of dried Ficus globosa latex was selective, showing
no activity against Escherichia coli, Pseudomonas
aeruginosa,  Salmonella typhii, Klebsiella

Section “Medicine”

pneumonia, and Candida albicans. Also, compara-
tive testing using the standard antibiotic colistin
sulphomethate (200 pug/ml) revealed inhibition
zone diameters of 23 mm for Bacillus subtilis,
18 mm for Staphylococcus aureus, and 12 mm for
Aspergillus niger (Figure 3b). These findings un-
derscore the specificity of F. globosa latex in tar-
geting certain pathogens while suggesting its po-
tential role as a selective antimicrobial agent.

Sensitivity Test of Dried Latex (F. globosa) at 100 mg/ml
Aspergillus niger Sensitive
Klebsiella pneumonia - Net Sensitive
Candida albicans | Mot Sensitive

Bacilus 5Ub(ms_ s

Salmonella typhii - Not Sensitive

Test Organism

Pseudomonas aeruginosa - Not Sensitive

Escherichia coli - Not Sensitive

Staphylococcus aureus Sensitive

Not Sensitive Sensitive
Activity (1 = Sensitive, 0 = Not Sensitive)

Figure 3A — Minimum Inhibitory Concentration (MIC)
of Dried Ficus globosa Latex Against Corresponding
Susceptible Microorganisms

Notes: This figure represents the sensitivity test of
dried Ficus globosa latex at a concentration of
100 mg/ml

1ZD of Colistin Sulphomethate (200 pg/mL) Against Microorganisms

(mm)

Microorganism

Figure 3b — Minimum Inhibitory Concentration (MIC)
of Dried Ficus globosa Latex Against Corresponding
Susceptible Microorganisms

Notes: This bar graph represents the inhibition zone di-
ameters (IZD) of colistin sulphomethate (200 pg/ml)
against various microorganisms. The data highlights
the comparative effectiveness of the antimicrobial
agent, with Bacillus subtilis showing the largest IZD of
23 mm.
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12D? of Colistin Sulphomethate (200 pg/mL) Against Microorganisms

500

w =
=] =
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3 d

Microorganism

Figure 3¢ — Minimum Inhibitory Concentration (MIC)
of Dried Ficus globosa Latex Against Corresponding
Susceptible Microorganisms

Notes: This bar graph represents the squared inhibi-
tion zone diameters (1ZD?) of colistin sulphomethate
(200 pg/ml) against the same microorganisms. The
IZD? values provide a squared-area representation of
antimicrobial activity, with Bacillus subtilis having the
largest value of 529 mma2.

The comprehensive investigation of F. globosa la-
tex reveals significant potential for therapeutic
development, particularly in addressing the grow-
ing challenge of antimicrobial resistance. The phy-
tochemical analysis demonstrated a complex pro-
file dominated by nonpolar constituents, explain-
ing the observed solubility characteristics and the
biological activity patterns.

The abundance of resins, steroids, and terpenoids
suggests multiple potential mechanisms of action,
a characteristic increasingly valued in modern an-
timicrobial therapy [13-15]. The moderate pres-
ence of flavonoids adds particular interest, as
these compounds are known for their antioxidant
and anti-inflammatory properties, potentially of-
fering synergistic therapeutic benefits beyond di-
rect antimicrobial activity [16]. The relative ab-
sence of polar constituents such as alkaloids, sap-
onins, and tannins distinguishes F. globosa latex
from other studied Ficus species, suggesting
unique evolutionary adaptations that may trans-
late to novel therapeutic applications.

The solubility challenges encountered during this
study highlight important considerations for
pharmaceutical development. The latex's nonpo-
lar nature necessitated specific processing ap-
proaches, including high-temperature drying and
careful solvent selection. These findings provide
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valuable insights for future formulation develop-
ment, suggesting that lipid-based delivery sys-
tems may be particularly suitable for therapeutic
applications [17].

The differential activity observed between fresh
and dried latex preparations offers intriguing in-
sights into potential activation mechanisms. Fresh
latex demonstrated selective activity against B.
subtilis, while the dried preparation showed
broader antimicrobial effects. This suggests that
the drying process may enhance the bioavailabil-
ity or activation of certain compounds [18, 19],
which warrants further investigation to optimise
therapeutic preparations.

The MIC values reveal a stronger antimicrobial ef-
fect of F. globosa latex, particularly against B. sub-
tilis (3.89 mg/ml) and A. niger (8.13 mg/ml).
These values place the latex within a range con-
sidered promising for drug development, even as
a crude preparation. The observed lower MIC for
B. subtilis highlights its exceptional susceptibility
and underscores the potential of F. globosa latex
as a targeted therapeutic for gram-positive bacte-
ria.

The antifungal activity against A. niger also shows
potential for applications in treating fungal infec-
tions, particularly in topical formulations, given its
intermediate MIC of 8.13 mg/ml. The MIC against
S. aureus (14.79 mg/ml) further confirms the
broad-spectrum potential of the latex, making it a
promising candidate for addressing bacterial in-
fections.

These findings support the hypothesis that sec-
ondary metabolites, particularly terpenoids and
steroids, may interact with unique components of
microbial cell walls [20], thereby contributing to
the observed selectivity for gram-positive bacte-
ria [13]. This aligns with the broader understand-
ing of terpenoid-rich natural products as potent
antimicrobial agents [21, 22].

The MIC values also emphasise the importance of
optimising the drying and processing methods to
preserve or enhance the bioavailability of active
compounds. The enhanced activity seen in dried
latex underscores the role of processing in activat-
ing or concentrating specific bioactive compo-
nents [23].

Future research should focus on isolating and
characterising the active compounds responsible
for the observed antimicrobial effects. Detailed
studies on the mechanisms of action and potential
synergistic effects with other antimicrobial agents
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will be crucial for advancing F. globosa latex to-
ward clinical applications. Furthermore, explor-
ing formulation techniques to improve its bioa-
vailability and stability will be vital for its devel-
opment as a therapeutic agent.

CONCLUSIONS

This comprehensive study establishes F. globosa
latex as a promising candidate for therapeutic de-
velopment, particularly in antimicrobial applica-
tions. The research provides several key findings
that will guide future development efforts. First,
the complex phytochemical profile, dominated by
nonpolar constituents, suggests unique mecha-
nisms of action that may help address the chal-
lenge of antimicrobial resistance. Second, the
demonstrated activity against bacterial and fungal
pathogens, with promising effects against gram-
positive bacteria, indicates potential systemic and
topical therapeutic applications.

The processing challenges encountered and solu-
tions developed provide valuable insights for fu-
ture pharmaceutical development. Enhancing an-
timicrobial activity through specific processing
methods suggests opportunities for optimising
therapeutic preparations. Selective activity
against certain pathogens may offer advantages in
reduced disruption of normal microbiota and de-
creased likelihood of resistance development.

Future research directions should focus on sev-
eral key areas. Isolation and characterisation of
specific active compounds will be essential for un-
derstanding mechanisms of action and optimising
therapeutic effects. Detailed toxicological studies
will be needed to establish safety profiles for dif-
ferent routes of administration. The development
of standardised formulations suitable for clinical
application will require careful consideration of
the physical and chemical properties identified in
this study. Clinical trials will ultimately be needed
to establish efficacy and safety in human popula-
tions.

The findings from this study contribute signifi-
cantly to our understanding of F. globosa latex as
a potential therapeutic agent and provide a strong
foundation for future development efforts. As the
global challenge of antimicrobial resistance con-
tinues to grow, natural products with novel mech-
anisms of action, such as those identified here,
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may play an increasingly important role in thera-
peutic strategies.
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