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229999901024 Synopsis

Title: Formulation, Evaluation and Standardization of Phytopharmaceutical
Dosage Form with Anti-Infective Activity

Abstract

The current global health landscape is increasingly defined by the escalation of
antimicrobial resistance, necessitating the transition from empirical traditional
medicine to evidence-based, regulated phytopharmaceuticals. This research
investigates the therapeutic potential of Kigelia africana fruit extract, addressing the

critical gap between ethnobotanical utility and modern pharmaceutical standardization.

The study’s methodological rigor is anchored in the development of validated High-
Performance Thin-Layer Chromatography (HPTLC) methods for the simultaneous and
precise quantification of four key markers: verbascoside, caffeic acid, ferulic acid, and
coumaric acid. To optimize extraction efficiency, a 3*> full factorial Design of
Experiments (DOE) was implemented to analyze the synergistic effects of solvent
composition and duration. The optimized extract, was rigorously screened via
Headspace-Gas Chromatography (HS-GC) to ensure residual ethanol remained well
below the minimum inhibitory concentration (MIC) for relevant pathogens. This
ensures that the observed antimicrobial efficacy is intrinsic to the phytochemical profile
rather than the solvent. This systematic approach transforms extraction from a simple

preparation step into a strategic determinant of therapeutic quality.

The subsequent development of a topical gel utilized a Quality by Design (QbD)
framework, systematically linking material attributes to Critical Quality Attributes
(CQAs). The resulting dosage form demonstrated significant in-vitro activity against
Staphylococcus aureus and Escherichia coli. Accelerated stability studies conducted
under ICH Q1A(R2) guidelines confirmed the formulation’s physical and chemical
integrity, supporting a projected shelf life of three years.

This thesis offers a sophisticated scientific framework for the translational development
of plant-derived anti-infective. By integrating advanced analytical validation with
engineering-driven optimization, it provides a scalable, standardized pathway for

botanical medicines to address the therapeutic void left by failing synthetic alternatives.
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Brief description of state of art of the research topic

Phytopharmaceuticals, are plant-derived therapeutic agents that must meet the same
rigorous standards of quality, safety, and efficacy as conventional new drugs. Their
development bridges traditional knowledge with modern regulatory frameworks,

offering opportunities to generate evidence-based botanical medicines.

The modern day medicine available for fungal and bacterial skin disorders have and are
becoming resistant to anti-infective (anti-fungal and antibacterial) drugs being
prescribed. Usage of traditional medicines have more prone pharmacological actions
with lesser side effects, adverse reactions and no toxicological implications. Combining
traditional medicines with the modern synthetic chemicals as a new drug, establishing
their safety, efficacy and activity carve out some new alternative medicine pathways.
They have sufficient reliability ensuring patient safety and minimum side effects,
adverse reactions and below par toxicological implications. Hence, regulatory agencies
around the globe have been publishing guidelines for industrial standards for botanical
origin. This makes it crystal clear that an alternative medicine pathway in underway
wherein traditional medicines being used in specific regions can be linked to scientific

knowledge and be commercialized.

Analytical methods have been developed and validated for the estimation and
quantification of markers present in Kigelia africana fruit extracts. Our findings during
optimization of the extraction process reveal a nuanced relationship between the
investigated factors and the concentration of each marker. In vitro activity against
relevant fungal and bacterial strains has been established, demonstrating the potential

of the formulation as an effective topical anti-infective agent.

The proposed project stands out because it directly addresses two intersecting gaps: the
global rise of fungal and bacterial resistance, and the underutilization of
phytopharmaceuticals within regulated drug frameworks. While antifungal resistance
has been identified as a growing global health threat, few research initiatives explore
topical phytopharmaceuticals as credible therapeutic options. Most plant-based
formulations remain confined to traditional or alternative medicine, without systematic
validation against modern regulatory standards. This project moves beyond

ethnobotanical claims by subjecting a topical gel to rigorous physical, chemical, and

Page 2 of 27




229999901024 Synopsis

pharmacological evaluation aligned with the Drugs and Cosmetics Act. That
combination of traditional knowledge, pharmaceutical development, and regulatory

compliance gives the study a distinctive edge.

The novelty also lies in its translational potential. Preliminary in-vitro findings already
suggest promising antimicrobial activity, but the project does not stop at laboratory
validation. By designing a dosage form with regulatory approval in view, it creates a
pathway from bench to bedside, something rare in phytomedicine research, which often
stalls at the proof-of-concept stage. The project’s focus on a standardized, safe, and
effective gel, positions it as more than an academic exercise: it offers a realistic, scalable
product that could eventually fill a therapeutic gap in managing resistant fungal and

bacterial infections.
Definition of the problem

Bacterial and fungal diseases affect hundreds of millions worldwide and contribute
substantially to illness and premature death. Yet they remain under-recognized
compared to bacterial or viral infections. With resistance to current antifungals
increasing and only a handful of effective drugs available, there is an urgent demand

for new approaches grounded in both safety and accessibility.

Healthcare practitioners have a tremendous dilemma in choosing anti-fungal agents as
the prevalence of fungus infections rises alarmingly. Resistance happens when a
medicine used to treat a fungal infection is no longer effective. Some fungal species are

inherently resistant to being treated with specific antifungal medications.

Traditional medicinal plants represent an under-explored reservoir of therapeutic
compounds. Many have a long history of cultural use that suggests acceptable safety,
but their potential as standardized phytopharmaceuticals has not been fully evaluated.
Bioactive plant-derived molecules are known to disrupt microbial growth and

pathogenic mechanisms, offering a rational basis for targeted anti-infective action.
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Objectives and scope of work

Aim: To develop formulation, standardize, & evaluate phytopharmaceutical dosage

form with anti-infective activity.

Objectives:

[EEN

. To develop a suitable analytical method for estimation of selected markers.

N

. To perform optimize the extraction process using design of experiments.

w

. To evaluate the optimized extract for its chemical constituents and in vitro activity.

SN

. To develop topical dosage form containing optimized extract of K. africana.

5. To evaluate the optimized formulation for its physicochemical properties and in vitro

activity.
Scope of work

The developed topical phytopharmaceutical gel can be used for topical skin infections.
This project focuses on the formulation, evaluation and standardization of a
phytopharmaceutical dosage form formulated from K. africana with documented
antimicrobial properties. The formulation is a gel intended for external application,
designed to provide targeted delivery at the site of infection while minimizing systemic

exposure and associated adverse effects.

Original contribution by the thesis

The entire work in this synopsis and thesis is original. Literature review showed the
better use of ethnopharmacological traditional use of an African native plant into
modern medicine for fighting against anti-microbial resistance for topical skin

infections.

More than one billion people worldwide suffer from fungus-related illnesses. Fungal
infections affect over one billion people annually worldwide, with an estimated
3.8 million deaths reported in 2023-24. The developed topical gel is advantageous as

an adjuvant therapy at the moment.

The analytical methods developed and validated benefit in quality control of K. africana
and also in fingerprinting. the optimization extraction process for herbal materials is not

merely a preparative technique but critical determinant of product quality, efficacy, and
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sustainability. An optimized extraction protocol tailored to the specific phytochemical

profile of the plant material is essential for producing high-value herbal formulations.
Methodology of research, results/comparisons

1) Analytical methods

Standardisation is a cornerstone of phytopharmaceutical development, ensuring
reproducibility and quality. For Kigelia africana, four marker compounds are
particularly significant: verbascoside (VBS), caffeic acid (CA), ferulic acid (FA), and
coumaric acid (COA). Verbascoside, a phenylethanoid glycoside, exhibits potent
antioxidant, anti-inflammatory, and antimicrobial activities. Its well-defined chemical
structure and ease of detection via HPTLC methods make it an ideal marker. Caffeic
acid, a hydroxycinnamic acid, has recognised antimicrobial and antioxidant effects, and
serves as a useful indicator of phenolic content. Ferulic acid and coumaric acid,
structurally related cinnamic acids, contribute to free radical scavenging, enzyme

inhibition, and microbial suppression.

Analytical methods have been developed and validated for these markers, enabling
quantification and quality control of Kigelia extracts. Simultaneous separation of all
four target biomarkers proved unsuccessful. This was primarily due to the high polarity
of VBS, in contrast to the structural and chemical similarity among the remaining three
markers. Preliminary chromatographic trials did not reveal a single set of conditions
suitable for concurrent resolution of all four compounds. Two distinct chromatographic
methods: Method 1 for the estimation of VBS, and Method 2 for the simultaneous
estimation of CA, COA, and FA.

Method-1 provided resolved and symmetric bands for VBS (Rr 0.15).
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Figure 1 TLC photograph of VBS

The densitogram of standard solution showing the separated peaks using
chromatographic conditions (Figure 2). Respective Rr value of VBS was found to be

similar in the densitograms obtained from standard and sample solutions.

0.30

0.28
0.26 | VBS
0.24
0.22
0.20
0.18
o 0.16
< 014
0.12-
0.10
0.08
0.06 -
e dard
002 Standar
0.00——— T T T T l T T T T 3
0.0 0.1 02 03 0.4 05 06 07 0.8 09| 1.0
RF
0.18 -
016 VBS
0.14 |
0.12
10|
2 0.10
0.08 |
0.06 |
0.04 |
0.02] Sample
0.00 0 | T l T T T l l T 1
0.0 0.1 02 0.3 0.4 05 0.6 07 0.8 0.9 1.0

RF

Figure 2 Densitogram of standard and sample VBS solution by method-1

The validation parameters for Method -1, i.e. precision was < 2 % RSD and linear (1> >
0.98) and specific.

Method -2 was developed and validated for estimation of CA, COA and FA.
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Figure 3 TLC Photograph of CA, COA and FA

Respective Rrvalues of CA, COA and FA were found to be similar in the densitograms

obtained from standard and sample solutions (Figure 4).
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Figure 4 Densitogram of standard and sample solutions by method-2

The developed and validated method -2 for estimation of CA, COA and FA had RSD <

2 % for the validation parameters.

2) Optimization of extraction process
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Extracting bioactive compounds from plant materials involves navigating a complex
interplay of factors that significantly influence the yield and quality of the final extract.
The extraction process is a fundamental step in the recovery and purification of bioactive
compounds from herbal materials and has a direct impact on the pharmacological
efficacy, stability, and formulation of herbal products. Phytochemicals present in herbs
are part of complex matrices and are often sensitive to heat, light, and oxidation. Hence,
extraction procedures must be designed to maximize yield while preserving chemical
integrity and biological activity.

The complexity of herbal matrices necessitates a nuanced approach to solvent selection
and process conditions. Optimizing the solvent selection is essential to achieving high
extraction yields while preserving the integrity and potency of the extracted bioactive
compounds. The varying composition of solvents, such as ethanol, water mixtures,
affects the selectivity and yield of bioactive compounds with antimicrobial and
antioxidant properties. Sufficient extraction time is essential to enable the complete
dissolution and diffusion of the target compounds from the plant matrix into the solvent
medium.

DOE empowers the development of models which provide quantitative relationships
between input parameters and desired outputs, facilitating precise process control and
optimization. In the context of herbal extractions, DOE plays a crucial role in fine-tuning
key parameters like solvent composition, temperature, extraction time, and solid-to-
liquid ratio to enhance yield and bioactivity.

To optimize the extraction process, a 32 full factorial design with four responses was
employed through Design-Expert® software which generated experimental runs and
analyses was done in triplicates enabling systematic evaluation of the main and
interactive effects of two critical process parameters: Factor A- solvent composition (%
ethanol, three levels: 50%, 75% and 100%) and Factor B - extraction time (three levels:
18 h, 36 h and 54h). These experimental runs were performed using soxhlet extractor.
Common design space for all responses was generated graphically wherein each
response criteria were set at certain limits depending upon the RSM graphs obtained and
as to get a maximum concentration response for each and the combined overlay plot
was generated which was validated. The robust validation of the predictive models,
evidenced by correlation coefficients exceeding 0.99 between predicted and actual

values, attests to the high accuracy and reliability of this experimental design approach.
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Factor Coding: Actual
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Figure 5 Overlay plot of the design

The application of DOE minimizes the experimental burden while maximizing the
generation of actionable insights, thereby enabling the precise tuning of extraction
processes to augment yield, enhance bioactivity, and improve overall operational
efficiency. The validated optimized extract (ethanol 90 % and time 30 hrs) was to be
taken as a raw material for topical formulation, hence it was evaluated on certain
parameters

3) Evaluation of optimized extract

The optimized extract was evaluated on three parameters which form as a crucial basis
for topical formulation as a raw material. The three parameters; Ethanolic content of the

extract, In-vitro activity of the extract and Assay of the extract.
3.1) Ethanolic content of optimized extract

Headspace-Gas Chromatography (HS-GC) is predominantly used to determine the
volatile contents present in a sample. Ethanol being volatile in nature, HS—-GC was, by
default, used to estimate it in dried optimized extract. The ethanolic content of the
optimized extract analyzed by HS—GC was found to be under the minimum inhibitory
concentration (MIC) limits reported in the literature review. Ethanol’s MIC against E.
coli and S. aureus is reported to be 8.75 %. The optimized extract’s ethanolic content

was calculated and found to be 6.8 %.

Page 9 of 27




229999901024 Synopsis

Table 1 Ethanolic content results

Sample RT Area  Ethanol
(min) (%)

Ethanol (Standard) 4.386  2617.96 100

Optimized extract  4.390 34877.59 6.8

3.2) In-vitro activity of the optimized extract

In-vitro activity results of the optimized extract and ethanol (6.8%) as a control obtained
against E. coli and S. aureus showed that the optimized extract was effective against
both the species. Gentamicin as a standard, blank (sterile water) as a control were used
in the study. The results display the effectiveness of the optimized extract against both
the species.

3.3) Assay of the optimized extract

Method - 1 was used to dried optimized extract to determine the VBS contents. The
dried optimized extract was found to contain 130.5 pcg/mL (0.12 % w/w) of VBS.
Method-2 was applied to dried optimized extract to determine the CA, COA and FA
contents. The dried optimized extract was found to contain 236.8 pg/mL (0.22 % w/w)
of CA, 21.4 pg/mL (0.19 % w/w) of COA and 197.7 pg/mL (0.182 % w/w) of FA.

Evaluation of the optimized extract bridges the gap between essential characteristics
required for extract as a raw material and the topical dosage form. The optimized extract
point can now be taken as a raw material for development, evaluation and

standardization of the phytopharmaceutical topical dosage form.

4) Formulation

The development of topical gels involves multiple product and process-related
variables, each of which can significantly affect the safety, efficacy, and overall quality
of the final formulation. Quality by Design (QbD) represents a systematic, science-
based, and risk-oriented approach to pharmaceutical development. Its central principle
is that product quality should not be tested into the final product but must instead be

built into the design from the earliest stages of development.
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In the present study, the QbD approach was employed for the development of
phytopharmaceutical gel. By systematically identifying the QTPP, CQAs, CMAs, and
CPPs, and applying risk assessment, the study sought to establish a well-optimized
formulation with consistent quality attributes. This methodology ensures that the final
product achieves the desired therapeutic outcomes while maintaining regulatory
compliance.

5) Stability studies

The stability of the gel formulation was studied in a stability chamber under accelerated
conditions with temperature (40 + 2 °C) and humidity (75 £ 5 %) following the
guidelines of ICH Q1A (R2) guidelines. This study was carried out to investigate the
stability of the formulation and predict the shelf life. Gel formulation was subjected to
accelerated conditions for a period of 6 months, with analysis points at 0, 3 and 6
months by the HPTLC methods. Physical stability; pH, viscosity, adhesiveness,

cohesiveness and chemical stability; assay were the paramters evaluated.

Table 2 QTPP for topical gel

Sr. QTPP Target Justification
no.
1 Dosage form Gel Topical site of action
2 Amount in jar 30g --
3 | Route of administration Topical Infections  occur  top

layers of skin, local
action can be achieved.

4 Dosage strength 10 % Basing on in-vitro studies
5 pH 6.8-7.2 Compatible with skin
6 Therapeutic use Anti-microbial | Anti-infective activity
7 | Physical Colour Colour, odour,
attributes appearance and
Odour | No unpleasant | spreadability are  not
odour considered as critical, as
Appearance | Transparent gel | these are not directly
Spreadability | Acceptable linked to the efficacy and
spreadability the safety of dosage form
for application

8 | Assay of the optimized | VBS : NLT 10 | Drug content or Assay is
extract pug/mL an important parameter
COA: NLT 021 | for safety and efficacy of
ug/mL the formulation. Material
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CA: NLT 20 |attributes and process
pg/mL parameters can affect the
FA: NLT 18 |assay of the formulation.
Hg/mL
9 | Container closure Round jar Container closure system
system
10 | Stability Stable for 6 | Asper ICH Q1A(R2)
months
Table 3 CQAs for topical gel and their justification
Quality Target Is this CQA? Justification
Attributes
Colour Acceptable to the|No | Color, shape and
. patient appearance are not
Ph)is1cal directly linked to safety
Attributes | Odour No unpleasant odour |No |, 3 offica ¢y. Therefore,
Appearance |Acceptable to the|No they are no.t critical.
patient The target.ls set to
ensure patient
acceptability.
Assay |VBS : NLT Yes Assay is for safety and
10 pg/mL efficacy of the
formulation. It is
COA: NLT important for product
0.21 pg/mL performance. Material
CA: NLT 20 attributes and process
ug/mL parameters can affect
the assay of the
FA: NLT 18 formulation.
pg/mL

Stability |Stable for 6 Yes The gel should be

months stable, as it affects
patient compliance and
affects physical and
chemical stability and
efficacy.

Viscosity |Should have Yes Measuring viscosity is
adequate crucial for controlling
viscosity as a the texture, stability,
gel. and application

properties of gels.
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Table 4 Formulation table for gel

Sr. No. Ingredient Strength Usage
1) Extract 10 % Active Ingredient
2) Carbopol (974) 1 % Gelling agent
3) Acacia 1 % Binder
4) Propylene glycol 5% Solubilizing agent
5) Preservatives
a) Methyl Paraben 0.1 % Storage
b) Propyl Paraben 0.1 %
6) Water g.s. up to 100 mL Solvent
7) Triethanolamine q.-S pH balancer
Table 5 Accelerated Stability data
Sr. Test Results
No.
0 month 3 month 6 month
1 | Organoleptic Has a good | Has a good | Has a good
evaluation appearance and non- | appearance and non- | appearance and
gritty. gritty. non-gritty
2 | Colour Brown Brown Brown
3 | Weight variation | - 1% 1.5%
4 |pH 7.05 6.99 6.96
5 | Viscosity (cP) 40.169 39.872 39.303
6 | Adhesiveness 0.94 0.93 0.93
(mJ)
7 | Cohesiveness 0.86 0.85 0.83
8 | Spreadability 6.3 6.2 6.1
9 | Homogeneity Excellent Excellent Excellent
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10 | Phase separation | No No No
11 | Assay
VBS (pg/mL) 12.16 11.99 11.87
COA (pg/mL) 2.385 2.35 2.32
CA (pg/mL) 24.99 24.65 24.40
FA (ug/mL) 23.99 23.66 23.42

* From the data obtained of stability studies, shelf life for individual marker was
calculated. The studies show the rate constant is different for individual marker which

makes a difference in their degradation pattern and hence variable shelf lives.

= However, shelf life is never solely dependent on chemical stability of a drug product.
Physical stability of a drug product also plays an important role in determining shelf
life. In our phytopharmacetuical gel, physical and organoleptic evaluation did not

display any change in accelerated conditions whilst in stability studies.

= The Ayurvedic Pharmacopeia of India had a gazette notification released in 2016 on
shelf life of Ayurvedic, Unnani, Siddha and homeopath medicines where in Malahar
(gel) have been given a shelf life of 3 years.

= Therefore, the expected shelf life of our gel formulation is 3 years.

Achievements with respect to objectives

e Validated HPTLC analytical methods quantified four key phytochemical markers
(verbascoside, caffeic acid, coumaric acid, ferulic acid), establishing a robust quality
control framework essential for reproducibility and regulatory compliance.

e A 32 full factorial Design of Experiments (DOE) effectively optimized the extraction
process, identifying solvent composition and extraction time as critical factors for
maximizing marker yield, while ensuring ethanol content remained below antimicrobial
thresholds.

e The optimized extract was evaluated for its ethanolic content and in-vitro activity
against anti-bacterial species. The ethanolic content was found to be less than required

for activity and the optimized extract was effective against S. aureus and E. coli.
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e The formulated gel showed favorable physicochemical attributes (viscosity,
spreadability, stability) and presents a promising alternative to synthetic topical agents,
addressing a pressing need for safer, plant-based therapeutics in the face of rising
antimicrobial resistance.

e This study successfully formulated and standardized a topical phytopharmaceutical gel
derived from Kigelia africana fruit extract, demonstrating significant in-vitro anti-

infective activity against S. aureus and E. coli.
Conclusion

= The accurate, precise and sensitive HPTLC methods verified, developed and validated
serve as foundation for estimation of markers in K. africana plant. It aids in laying down

for chromatographic fingerprinting of the plant.

= An optimized extraction protocol tailored to the specific phytochemical profile of the
plant material is essential for producing high-value herbal formulations. The
optimization of extraction protocols systematically dissects for the individual and
synergistic effects of solvent concentration and extraction time on the yields of critical

marker compounds exemplified by K. africana.

= Optimizing the extraction process moves it from a preparation step to a strategic lever

for enhancing the quality, therapeutic efficacy, and sustainability of herbal products.

= The evaluation of the optimized extract bridged the gap between essential

characteristics required for extract as a raw material and the topical dosage form.

= The gel formulation developed, standardized and evaluated showcased a robust, stable
and effective formulation against E. coli and S. aureus. The gel’s shelf life calculated

through stability studies is expected to be 3 years.

Publications

1) Bodiwala Kunjan, Banker Nancy, Lalwani Rahul, Shah Mamta, Gajjar Anuradha.
Quality control methods for fruit extracts of Kigelia africana using high
performance thin layer chromatography. Natural Product Research, 39(15), 4409—
4417.

Page 15 of 27




229999901024 Synopsis

2) Lalwani Rahul, Bodiwala Kunjan, Gajjar Anuradha. High-performance thin-layer
chromatography method for the quantitative assessment of caffeic acid, coumaric
acid, and ferulic acid in ethanol extracts of Kigelia africana fruits. Journal of Planar

Chromatography 38, 147—-154 (2025).

3) Gajjar Anuradha, Gohel Nisha, Lalwani Rahul, Bodiwala Kunjan. Instrumental
thin-layer chromatography method for the simultaneous estimation of gabapentin
and nortriptyline hydrochloride in tablet dosage form. Journal of Planar
Chromatography. 38, 611-622 (2025).

4) Jani Harshil, Ranch Ketan, Lalwani Rahul, Patel Yash, Bodiwala Kunjan, Gajjar
Anuradha. Sensitive HPLC Method to Support Pre-Formulation Studies and to
Determine Critical Quality Attributes of Therapeutic Contact Lenses Containing
Dorzolamide Hydrochloride. Current Pharmaceutical Analysis. 2024;20(9):994-
1004.

Patents (if any): Yes, a provisional patent has been filed.
Patent no: 20252106956. Date of filing: July 21, 2025.

References

1. Nabatanzi A, M. Nkadimeng S, Lall N, Kabasa JD, J. McGaw L. Ethnobotany,
Phytochemistry and Pharmacological Activity of Kigelia africana (Lam.)
Benth,2020,9(6):753.

2. Agbo M, Ezeonu I, Eze C, Emencheta S. In vitro Antibacterial Activity and Wound
Healing Properties of Ethanol Extract of Kigelia africana Fruit in Rats. 2022;783-8.

3. Vaidegi NM, Padmapriya N, Poonguzhali TV. Phytochemical Screening and
Antimicrobial Activities of Ethanol Extract Of Kigelia Africana (Lam) Benth., World
Journal of Pharmaceutical Research, 2018,7(1):12.

4. Sidjui L, Kouipou R, Menkem E, Mbouna C, Mahiou-Leddet V, Herbette G,
Antibacterial Activity of the Crude Extracts, Fractions and Compounds from the Stem

Barks of Jacaranda mimosifolia and Kigelia africana Pharmacologia, 2016,7:22-31.

Page 16 of 27




229999901024 Synopsis

10.

11.

12.

13.

Owolabi OJ, Omogbai EKI, Analgesic and anti- inflammatory activities of the ethanolic
stem bark extract of Kigelia africana (Bignoniaceae), African Journal of

Biotechnology, 2007, Vol. 6 (5), 582-585

Kamau J, Nthiga P, Mwonjoria M, JIN N, Ngugi M, Anti-Inflammatory Activity of
Methanolic Leaf Extract of Kigelia Africana (Lam.) Benth and Stem Bark Extract of
Acacia Hockii De Wild in Mice, Journal of Developing Drugs, 2016,13(5),156.

Patrizia Picerno, Giuseppina Autore , Stefania Marzocco , Marisa Meloni , Rokia
Sanogo and, Rita P. Aquino, Anti-inflammatory Activity of Verminoside from Kigelia
africana and Evaluation of Cutaneous Irritation in Cell Cultures and Reconstituted

Human Epidermis, ACS Publications, American Chemical Society; 2005.

Agyare C, Dwobeng AS, Agyepong N, Boakye YD, Mensah KB, Ayande PG, et al.
Antimicrobial, Antioxidant, and Wound Healing Properties of Kigelia africana (Lam.)
Beneth. and Strophanthus hispidus DC, Advances in Pharmacological and

Pharmaceutical Sciences, 2013.

Nabatanzi A, Nkadimeng SM, Lall N, Kabasa JD, McGaw LJ. Antioxidant and Anti-
Inflammatory Activities of Kigelia africana (Lam.) Benth. , Evidence-Based

Complementary and Alternative Medicine,2020

Swarnalatha K, Kishore Babu CHV, Hari Babu B,Phytochemical Screening, Anti-
diabetic And Antioxidant Activities Of Kigelia africana (Lam.) and Sterculia foetida L,
2019,12(02):907-14.

Gbadamosi IT, Erinoso SM. A review of twenty ethnobotanicals used in the
management of breast cancer in Abeokuta, Ogun State, Nigeria, African Journal

Pharmacy & Pharmacology, 2016, 10(27):546—64.

Chivandi E, Cave E, Davidson BC, Erlwanger KH, Moyo D, Madziva MT. Suppression
of Caco-2 and HEK-293 Cell Proliferation by Kigelia africana, Mimusops zeyheri and
Ximenia caffra Seed Oils. In Vivo 2012 , 26(1):99-105.

Atolani O, Olatunji GA, Adeyemi OS. Cytotoxicity of Lapachol and Derivatized
Analogues from Kigelia africana (Lam.) Benth. on Cancer Cell Lines, Arab Journal

for Science & Engineering, 2021,46(6):5307-12.

Page 17 of 27




229999901024 Synopsis

14.

15.

16.

17.

18.

19.

20.

21.

22.

Obianagha N, Okafor C, Chukwuani U, Obeagu E, Ogundahunsi O, Ogbonnia S, et al.
Effect of Extracts of Kigelia Africana Fruit and Sorghum Bicolor Stalk on the
Biochemical Parameters of Alloxan-Induced Diabetic Rats, Journal of Pharmaceutical

Research International,2021,33:86-97.

Koné MC, Kpan BW, Kandé¢ I, Kouakou RK, Koman RS, Konan Y, Effect of Different
Parts of Kigelia africana Fruit Aqueous Extracts on Sperm Parameters and Testis,

Advances in Reproductive Sciences, 2021 ,9(3):171-88.

Micheli V, Sanogo R, Mobilia MA, Occhiuto F, Effects of Kigelia africana (Lam.)
Benth. fruits extract on the development and maturation of the reproductive system in

immature male rats, Natural Product Research,2020 34(1):162—6.

Anaduaka E, Effect of methanol leaf and fruit extracts of Kigelia africana on some

biochemical paramters of normal albino rats, 2014, 31(6).

Oyelade Waheed Abimbola, Olaleye M T, Oyebode, Joseph Ademola, Fajilade Temilade
Olawande. Effects of methanolic leaf extract of Kigelia africana on hemodynamic
parameters and redox status of normotensive wistar rats, World J Adv Res Rev, 2021,

11(2),010

Fagbohun OF, Awoniran PO, Babalola OO, Agboola FK, Msagati TAM. Changes in the
biochemical, hematological and histopathological parameters in STZ-Induced diabetic

rats and the ameliorative effect of Kigelia africana fruit extract, 2020,6(5).

Swarnalatha K, Kishore Babu CHV, Hari Babu B, Phytochemical Screening, Anti-
diabetic And Antioxidant Activities Of Kigelia africana (Lam.) and Sterculia foetida L,
2019,12(02):907-14.

Gaiuson WY, Solomon NE, Yaduma N, Samaila IM, Thagriki D. Preliminary
Evaluation of Hepatorenal Protective Potentials of Kigelia africana Ethanolic Leaf

Extract on Carbon Tetrachloride Induced Toxicity in Adult Male Wistar Rats, American

Journal of Plant Sciences,2020,11(09):1345.

Srivastava S, Singh AP, Singh Rawat AK. A HPTLC method for the identification of
ferulic acid from Lycopodium clavatum, Asian Pacific Journal of Tropical

Biomedicine, 2012.

Page 18 of 27




229999901024 Synopsis

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Biesaga M, Pyrzynska K. Analytical Procedures for Determination of Quercetin and its
Glycosides in Plant Material, Critical Reviews in Analytical Chemistry,2009,39(2):95—
107.

Bodede O, Kuali M, Prinsloo G, Moodley R, Govinden R. Anti-Pseudomonas
aeruginosa activity of a Cl6-terpene dilactone isolated from the endophytic fungus

Neofusicoccum luteum of Kigelia africana (Lam.). Sci Rep, 2022,12(1):780.

Grace OM, Light ME, Lindsey KL, Mulholland DA, van Staden J, Jager AK.
Antibacterial activity and isolation of active compounds from fruit of the traditional
African medicinal tree Kigelia africana, South African Journal of Botany, 2002,
68(2):220-222.

Ghosh P, Katiyar A. Densitometric HPTLC analysis of juglone, quercetin, myricetin,
rutin, caffeic acid, and gallic acid in Juglans regia L, Journal of Planar

Chromatography - Modern TLC, 2012,25(5):420-5.

Imran 1Z, Elusiyan CA, Agbedahunsi JM, Omisore NO. Bioactivity-directed evaluation
of fruit of Kigelia africana (Lam.) benth. Used in treatment of malaria in Iwo, Nigeria,

Journal of Ethnopharmacology,2021, 268.

Fatima I, Khan T, Rafay M, Akram M, Bano S, Shabbir S. Evaluation of Antioxidant
activity of leaves and fruits extracts of five medicinal plants, Pakistan Journal of

Pharmaceutical Sciences,2017,1625—-1628.

Arena K, Rigano F, Mangraviti D, Cacciola F, Occhiuto F, Dugo L, et al. Exploration
of Rapid Evaporative-lonization Mass Spectrometry as a Shotgun Approach for the
Comprehensive  Characterization  of  Kigelia  Africana  (Lam)  Benth.

Fruit,2020,25(4):962.

Jabeen B, Riaz N. Isolation and Characterization of Limonoids from Kigelia africana.

Zeitschrift fiir Naturforschung B, 2013, 68(9):1041-1048.

[lmiawati A, Anggraini D, Syahbirin G, Rahayu DUC, Sugita P, Methyl ferulate from
methanol extract of Indonesian sausage fruit Kigelia africana. AIP Conference

Proceedings, 2020.

Priya B, Menkudale A, Gahlot M, Joshi P, Agarwal M, Pharmacognostical Study,
Phytochemical Analysis And Phenolic Content Of Kigelia Africana Leaves.

Page 19 of 27




229999901024 Synopsis

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Sidjui LS, Melong R, Leddet VM, Herbette G, Tchinda AT, Ollivier E, et al. Triterpenes
and Lignans from Kigelia africana, Journal of Applied Pharmaceutical Sciences, 2015,

1-6.

Maglam T, Shayoub M, Osman Z, Osman B. Formulation and evaluation of
antibacterial herbal formulations containing the aquatic ethanol extract of Kigelia

africana fruits,2019, 53-60.

Alao I, Oyekunle I, Iwuozor K, Emenike E. Green synthesis of Copper Nanoparticles

and Investigation of its Antimicrobial Properties,2022.

Providence BA, Chinyere AA, Ayi AA, Charles OO, Elijah TA, Ayomide HL. Green
synthesis of silver monometallic and copper-silver bimetallic nanoparticles using
Kigelia africana fruit extract and evaluation of their antimicrobial activities,

International Journal of Physical Sciences, 2018, 13(3):24-32.

Bhramaramba R, Chowdary MHV, Lova KB, Nagarjuna A. Formulation and Evaluation
of Herbal Gel Containing Kigelia africana(lam.) Benth. Fruits Extract, Journal of
Advance Research in Applied Science, 2015 2(4):08—12.

Gupta AK, Jain A. Phyto-chemical and therapeutic briefing of Kigelia africana (Lam.)
Benth. Indian Journal of Pharmaceutical and Biological Research, 2019, 7(01):14-22.

Mohseni-Motlagh Sf, Dolatabadi R, Baniassadi M, Baghani M. Application Of The
Quality By Design Concept (QbD) In The Development Of Hydrogel-Based Drug
Delivery Systems. Polymers. 2023 Jan;15(22):4407.

Robertson Oh, Appel Em, Puck Tt, Lemon Hm, Ritter Mh. A Study Of The Bactericidal
Activity In Vitro Of Certain Glycols And Closely Related Compounds. Journal Of
Infectious Diseases. 1948 Sep 1;83(2):124-37.

Sauerbrei A. Bactericidal And Virucidal Activity Of Ethanol And Povidone-lodine.
Microbiology open. 2020 Sep;9(9):E1097.

Piau Jm. Carbopol Gels: Elastoviscoplastic And Slippery Glasses Made Of Individual
Swollen Sponges. Journal Of Non-Newtonian Fluid Mechanics. 2007 Jun;144(1):1-29.

Masaadeh. Determination Of The Antibacterial Efficacy Of Common Chemical Agents
In Cleaning And Disinfection In Hospitals Of North Jordan. American Journal Of
Applied Sciences. 2009 May 1;6(5):811-5.

Page 20 of 27




229999901024 Synopsis

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Ingram Lo, Buttke Tm. Effects Of Alcohols On Micro-Organisms. Advances In
Microbial Physiology. Elsevier; 1985. P. 253-300.

Man A, Gaz As, Mare Ad, Berta L. Effects Of Low-Molecular Weight Alcohols On
Bacterial Viability. Revista Romana De Medicina De Laborator. 2017. Oct
26;25(4):335-43.

Ingram Lo. Ethanol Tolerance In Bacteria. Critical Reviews In Biotechnology. 1989

Jan;9(4):305-19.
Price Pb. Ethyl Alcohol As A Germicide. Arch Surg. 1939 Mar 1;38(3):528.

Bhramaramba R, Chowdary Mhv, Lova Kb, Nagarjuna A. Formulation And Evaluation
Of Herbal Gel Containing Kigelia Africana(Lam.) Benth., Fruits Extract. Journal Of
Advance Research In Applied Science. 2015 Apr 30;2(4):08—-12.

Harrington C, Walker H. The Germicidal Action Of Alcohol. The Boston Medical And
Surgical Journal. 1903 May 21;148(21):548-52.

Morton He. The Relationship Of Concentration And Germicidal Efficiency Of Ethyl
Alcohol. Annals Of The New York Academy Of Sciences.1950 Aug;53(1):191-6.

Tas C, Ozkan Y, Savaser A, Baykara T. In Vitro And Ex Vivo Permeation Studies Of
Chlorpheniramine Maleate Gels Prepared By Carbomer Derivatives. Drug
Development And Industrial Pharmacy. 2004 Jan;30(6):637-47.

Sissons Ch, Wong L, Cutress Tw. Inhibition By Ethanol Of The Growth Of Biofilm And
Dispersed Microcosm Dental Plaques. Archives Of Oral Biology. 1996 Jan;41(1):27—
34.

Mazzola Pg, Jozala Af, Novaes Lcdl, Moriel P, Penna Tcv. Minimal Inhibitory
Concentration (Mic) Determination Of Disinfectant And/Or Sterilizing Agents.
Brazilian Journal of Pharmaceutical Sciences. 2009 Jun;45(2):241-8.

Safitri Fi, Nawangsari D, Febrina D. Overview: Application Of Carbopol 940 In Gel:
In: Proceedings Of The International Conference On Health And Medical Sciences

(Ahms 2020). Atlantis Press; 2021.

Quality By Design For Andas: An Example For Immediate-Release Dosage Forms.
2012.

Page 21 of 27




229999901024 Synopsis

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Bodiwala K, Banker N, Lalwani R, Shah M, Gajjar A. Quality Control Methods For
Fruit Extracts Of Kigelia Africana Using High Performance Thin Layer
Chromatography. Natural Product Research. 39(15):4409-4417.

R. Varges P, M. Costa C, S. Fonseca B, F. Naccache M, De Souza Mendes Pr.
Rheological Characterization Of Carbopol® Dispersions In Water And In
Water/Glycerol Solutions. Fluids. 2019 Mar;4(1):3.

Slam Mt, Rodriguez Hornedo N, Ciotti S, Ackermann C. Rheological Characterization
Of Topical Carbomer Gels Neutralized To Different pH. Pharm Res. 2004 Jul
1;21(7):1192-9.

Jain S, Patel N, Madan P, Lin S. Formulation And Rheological Evaluation Of
Ethosome-Loaded Carbopol Hydrogel For Transdermal Application. Drug
Development And Industrial Pharmacy. 2016 Aug 2;42(8):1315-24.

Badhwar R, Singh R, Popli H. Implementation Of Quality By Design (QbD) Approach
In Development Of Qct-Smedds With Combination Of AgNPs For Diabetic Foot Ulcer
Management. Indian Journal Of Pharmaceutical Education And Research. 2021;55(4).

Robertson OH, Appel EM, Puck TT, Lemon HM, Ritter MH. A Study of the
Bactericidal Activity In Vitro of Certain Glycols and Closely Related Compounds.
Journal of Infectious Diseases. 1948 Sep 1;83(2):124-37.

Carbopol gels: Elastoviscoplastic and slippery glasses made of individual swollen

sponges. Journal of Non-Newtonian Fluid Mechanics. 2007 Jun;144(1):1-29.

Orabi MA, Ibrahim N, Gad HA, Choucry MA. Comparative study of the antioxidant
and cytotoxicity activities of organs of Kigelia africana and their topoisomerase I

inhibitory activities. South African Journal of Botany. 2023 Nov 1;162:838-46.

Masaadeh. Determination of the Antibacterial Efficacy of Common Chemical Agents
in Cleaning and Disinfection in Hospitals of North Jordan. American Journal of Applied
Sciences. 2009 May 1;6(5):811-5.

Ingram LO. Ethanol Tolerance in Bacteria. Ethnobotany, Phytochemistry and
Pharmacological Activity of Kigelia africana (Lam.) Benth.(Bignoniaceae). Critical

Reviews in Biotechnology. 1989 Jan;9(4):305-19.

Page 22 of 27




229999901024 Synopsis

66.

67.

68.

69.

70.

71.

72.

73.

74.

Formulation and Evaluation of Herbal Gel Containing Kigelia africana(lam.) Benth.,
Fruits Extract. Journal of Advance Research in Applied Science. 2015 Apr 30;2(4):08—
12.

M. Murray P, Bellany F, Benhamou L, Bucar DK, B. Tabor A, D. Sheppard T. The
application of design of experiments (DoE) reaction optimisation and solvent selection
in the development of new synthetic chemistry. Organic & Biomolecular Chemistry.

2016;14(8):2373-84.

Nair RS, Rahman H, Kong MX, Tan XY, Chen KY, Shanmugham S, et al. Development
and Rheological Evaluation of DEET (N,N-DiethyL-3-Methylbenzamide)
Microparticles Loaded Hydrogel For Topical Application. Turkish Journal of

Pharmaceutical Sciences.2021.

Adamiak-Giera U, Gackowski M, Szostak J, Osmalek T, Malinowski D, Nowak A, et
al. Evaluation of the In Vitro Permeation Parameters of Topical Diclofenac Sodium

from Transdermal Pentravan® Products and Hydrogel Celugel Through Human Skin.
Pharmaceuticals. 2025. June;18(6):810.

Liu M, Sharma M, Lu G, Zhang Z, Song W, Wen J. Innovative Solid Lipid
Nanoparticle-Enriched Hydrogels for Enhanced Topical Delivery of L-Glutathione: A
Novel Approach to Anti-Ageing. Pharmaceutics. 2025 Jan;17(1):4.

Namjoshi S, Dabbaghi M, Roberts MS, Grice JE, Mohammed Y. Quality by Design:
Development of the Quality Target Product Profile (QTPP) for Semisolid Topical
Products. Pharmaceutics. 2020. Mar;12(3):287.

Yadav K, Kumar Sahu K, Ohlan S, Yadav R, Raza W, Minz S, et al. A complex
molecular landscape to drug delivery concept for achieving precise therapy in psoriasis.

Medicine in Drug Discovery. 2024;22.

Sengani M, Chakraborty S, Balaji MP, Govindasamy R, Alahmadi TA, Al-Obaid S, et
al. Anti-diabetic efficacy and selective inhibition of methyl glyoxal, intervention with

biogenic Zinc oxide nanoparticle. Environmental Research. 2023;216

Rao PTSRKP, Rani UN. Anticancer Potential of Gold doped ZnO Nanoparticles
Fabricated using Root Extract of Kigelia africana (Lam.) Benth. against Lung (A549),

Page 23 of 27




229999901024 Synopsis

75.

76.

77.

78.

79.

80.

81.

82.

&3.

Melanoma (A375) and Epidermoid (A431) Cancer Cells. Asian Journal of Chemistry.
2024;36(3):586-92.

Sharma N, Bakshi A, Kaur M, Kaur I, Nagpal AK. Assessment of air pollution tolerance
potential of selected dicot tree species for urban forestry. Environmental Monitoring

and Assessment. 2023;195(12).

Jubilee R, Komala M. Docking Techniques for Unravelling the Molecular Mechanisms
of Specioside of Kigelia africana Fruits. International Journal of Pharmaceutical

Quality Assurance. 2023;14(4):879-81.

Poongavanam P, Vigneswaran VS, Sivalingam V, Ramalingam R, Kim SC, Ramkumar
V. Enhancing heat transfer performance of automotive radiator with H>O / activated

carbon nanofluids. Journal of Molecular Liquids. 2023;371.

Rani UN, Ramanjaneyulu R, Pavani P, Lakshmi SL. GREEN SYNTHESIS OF Nio-
SnO, Nanocomposite using Fruit Extract of Kigelia Africana (LAM.) Benth. and
Evaluation of its Electrochemical performance as electrode material for

supercapacitors. Indian Drugs. 2024;61(12):28-36.

Darra Wadhwani B, Nunia V, Joshi K, Mali D, Vyas P, Kumar T, et al. Identification of
Potent Antitubercular Secondary Metabolites from Kigelia africana: An In-Silico

Investigation. Chemistry Select. 2023;8(37).

Yadav A, Saraswat M, Singh SP, Murti Y, Agrawal KK. In vitro Anti-urolithiatic activity
of Kigelia Africana (L.). Indian Drugs. 2024;61(12):70-2.

Rani UN, Ramanjaneyulu R, Pavani P, Lakshmi SL. Isotherm and Kinetic Studies on
Adsorption of Yellow Azo Dyes (Sunset Yellow, Tartrazine) using Kigelia africana
(Lam.) Benth., Leaf Extract Mediated Iron Nanoparticles. 7oxicology International.
2024;31(1):19-32.

Manogar P, Vijaya Prabhu S, Durairaj P, John Abel MM, Prakash N, Jayanthi S.
Molecular Docking Interaction of Bioactive Molecules from Kigelia Africana (Lam.)
Benth., revealed Potential Inhibitors of Penicillin-binding Protein 2 (PBP2). Aspects of
Molecular Medicine. 2024:4.

Puneeth NPN, Rajkumar K, Soundarya A, Kaushik SD, Lee YS, Park S, et al. Nano-

graphitic crystallites effect on the improved K-ion intercalation properties of Kigelia

Page 24 of 27




229999901024 Synopsis

84.

85.

86.

87.

88.

&9.

90.

91.

Africana fruit-derived hard carbon for potassium-ion batteries. Chemical Engineering

Journal. 2024;480.

Neduvel Annal U, Arunodhaya A, Sahadevan R. Optimum production of Biodiesel by
Ultrasonication from novel candidature Kigelia africana seeds: A comparison of RSM
and ANN expert systems. Energy Sources, Part A: Recovery, Utilization and
Environmental Effects. 2023;45(2):6343-55.

Jain R, Sharma G, Kumar S, Dubey A, Gakhar N, Ghosh C. Potential of Plant Mediated
Biosynthesis of Iron Nanoparticles and their Application in Dye Degradation Process.
Journal of the Air and Waste Management Association. 2023;73(6):490-501.

Raina M, Kumar R, Kaul V. Potential Seed Dispersal Mechanism of Kigelia Africana
(Lam.) Benth. in an Urban Habitat. Botany Letters. 2023;170(1):89-98.

Venkatesan D, Umasankar S, Mangesh VL, Santhana Krishnan PS, Tamizhdurai P,
Rajendran R, et al. Removal of Toluidine blue in Water using Green Synthesized

Nanomaterials. South African Journal of Chemical Engineering. 2023;45:42-50.

Satish Kumar TS, Shalini S, Roy TA, Prasanna S, Balasundaraprabhu R, Sundaram S.
Solvent selection for Anthrocyanin Dye Extraction from Kigelia Africana and Hibiscus
sabdariffa for dye sensitized solar cells. Journal of Photochemistry and Photobiology.
2024;20.

Rajesh Y, Boricha H, Suryavanshi A, Gajare A, Jain S, Suresh K. Synthesis,
Characterization and Adsorption studies on Activated Carbon Adsorbent Synthesized
from Kigelia Africana for removal of Acid blue 113 dye from Synthetic solution.
2023.69-717.

Annam Renita AA, Magesh N, Rathi BS. The Box-Behnken Experimental approach of
Emerging contaminant-Ciprofloxacin antibiotic removal from Aqueous 95) Chauhan
PRS, Sarvanan K, Agrawal N. LC-MS/MS and Antioxidant Activity of Extracts of
Kigelia africana fruit. Res Journal of Pharmaceutical Technology. 2025;18(8):4032-7.

Tamilselvi Y, Muruganandham M, Sivasubramanian K, Srikanthan P, Deenan J, Pillai
P, et al. Physicochemical Characterisation and Antimicrobial—anticancer efficacy of
Zinc Nanoparticles Synthesised using Kigelia africana. Analytical Chemistry Letters.
2025.

Page 25 of 27




229999901024 Synopsis

92.

93.

94.

95.

96.

97.

98.

99.

Samuel AJ, Sasikumar S, Chandraprabha MN, Sambasivam R, Prakash M, Arun L, et
al. Sepals of Kigelia africana—derived Activated Carbon as Electrode Materials for

High-Performance Flexible Supercapacitors. Material Technology. 2025;40(1).

Mosaffa E, Ramsheh NA, Patel D, Oroujzadeh M, Banerjee A. Textile Industrial
Wastewater Treatment using Eco-friendly Kigelia fibrous Biochar: Column and batch

approaches. Process Saf Environ Prot. 2025;194:555-71.

Kumar KV, Nidhi B, Neetu A. Utilizing Environmentally Friendly Synthetic
Nanomaterials to eliminate Toluidine Blue from Water. Res J Chem Environ.

2025;29(3):84-94.
Isotherm studies. Discover Applied Sciences. 2024;6(7).

Abbas Z, Mustafa S, Khan MF, Khan MA, Massey S, Dev K, et al. Therapeutic
importance of Kigelia Africana subsp. africana: an Alternative Medicine. Natural

Product Research. 2024;38(23):4208-22.

Sultana Z, Mallick T, Swarnakar A, Sarkar S, Begum NA, Rahaman CH. Au
Nanoparticles, Green Synthesized by Plants of Bignoniaceae Family: Antioxidant
Powerhouses with DNA Damage Mitigation Activity. Applied Biochemistry
Biotechnology. 2025

Singhal P, Dobhal P. Ethnomedicinal Plants Used for Skin Care in Sirmour District of
Himachal Pradesh (India). Journal of Herbal Medicine. 2025;50.

Gomathi M, Vasugi N. In vitro Investigation for Valorization of Kigelia africana (Lam.)
Benth. Fruit Fibre Extraction Hydrolysate as a Potential Bioactive Finishing Agent for
Diabetic Foot Ulcer Wound Dressing. Waste Biomass Valoris. 2025.

Page 26 of 27




