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Comparative Evaluation of the Anti-Inflammatory Properties of
Methanol and Aqueous Crude Extracts of apical leaves of Sida

cuneifolia; An Ethnomedicinal Plant

ABSTRACT

Aims: This study evaluated and compared the yield, phytochemical composition and anti-inflammatory
properties of methanol and aqueous crude extracts of the apical leaves of Sida cuneifolia.

Study design: analytical study design was used for yield and phytochemical composition while
experimental study design was used for anti-inflammatory evaluation studies.

Place and Duration of Study: department of pharmacy laboratory Mbarara University of Science and
Technology between August 2022 to September 2023.

Methodology: The yields of the extracts were determined and a qualitative phytochemical screening test
was carried out to establish their composition. Acute dermal toxicity to determine the toxicity level of the
ointment extract using the OECD guidelines No. 402. Anti-inflammatory activities were evaluated using
the HRBC membrane stabilization model and carrageenan induced paw inflammatory model in vitro and
in vivo respectively.

Results:

Aqueous extract had a higher percentage yield of 10.1% compared to the methanol extract (4.7%).
Alkaloids, phenolic compounds, steroids, tannins, cardiac glycosides were present in methanol extract
while alkaloids and cardiac glycosides were missing in aqueous extract

Methanol and aqueous extracts at different concentrations of (0.5. 1.0, 2.0 mg/mL) showed dose
dependent significant P=.05 stabilization towards HRBC membranes of (54.6%, 59.9% 66.5%), and
(3.85%, 12.57%, 17.10%) respectively. The percentage of protection for the concentration of methanol
extract at 2.0mg/mL was the highest (66.5%) among the extract dose levels, but lower than that of the
standard. (76.66%)

The Sida cuneifolia ointment extracts of (0.5%, 2.5% and 5.0%) w/w showed significant (P=.05)
reductions in mice paw volume with percentage inhibitions of 86.33%, 91.4% and 91.4%. Dose levels (2.5
% and 5%) w/w showed more potent activity of 91.4% compared to that of the reference standard;
Diclofenac gel 0.1%. (79.41%). Both the dose level of extract ointments (2.5% and 5.0%) w/w exhibited
identical levels of percentage inhibition of (91.3%) at the end of 4 hours

Conclusion: The study provides scientific evidence for the ethno-medical use of apical leaves of S.
cuneifolia, and this can be in the transformative development of ethnomedicine.
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1. INTRODUCTION

Sida cuneifolia is a small shrubby herb with yellow mallow flowers, five distinct petals, and five sepals. The leaves are
notched at the top and the fruit consists of mericarps. S cuneifolia belongs to the family of malvacae. S. cuneifolia belong



to the family of malvacae and the genus Sida which has about 200 species distributed in the tropical and subtopical
regions of the world. [1]

Sida cuneifolia is an important in the plant in the preparation of indigenous drug in African herbal treatment. [2], [3]. itis a
folk medicine in Uganda and other parts of Africa. Given its importance, there is no research to validate its use. [4]—[8]
Although some studies exist on antibacterial, antifungal activity and Phyto chemical analysis of leaves of Sida cuneifolia
there are no reports on anti-inflammatory activity of the ‘apical leaves’ the plant part used in herbal preparations.

This study aims to evaluate the anti-inflammatory activity of the apical leaves of Sida cuneifolia. The findings of this study
will contribute information to the development of anti-inflammatory drugs.

2. MATERIAL AND METHODS

2.1 Plant material
The plant was collected from Sekajja institute of traditional medicine in Buyijja Mpigi district. The plant vochure specimen
was prepared and identified as Sida cuneifolia Roxb. 1k/2023/001 by a plant taxonomist at the department of Biology
Mbarara University of Science and Technology.
Ethical clearance was obtained from the Uganda National Council of science and technology NS659ES.

2.2 Preparation of plant extract
The apical leaves were excised at 0.5 cm of the harvested branch shoots that were about 10cm long. They were then
washed for 10minutes with running water to remove foreign matter then left to dry at 24*c for 1 hour in well ventilated
room.
Extraction was done using blender maceration/blender extraction vertical method with distilled water for the agueous
extract and methanol 99% for methanol extract a ratio of 1.10 weight / volume. An industrial blender Philips HR2041
model was used. The fresh leaf aqueous extract and the methanol extracts were prepared by sieving using surgical
cotton wool in a glass funnel to remove the tacky particles then through filter paper Whatman’'s no1 England. The
aqueous extracts were freeze-dried using freeze drier bench top model FD-1LC to obtain dry extract while the methanol
extract was oven dried at 40*C to obtain dry extract. Percentage yield was calculated using the formula;

Percentage of extraction = (weight of extract (g)/weight of plant material) x 100
The dry extract was stored in an air-tight container and stored in a refrigerator below 10*c for subsequent experiments.

2.3 Chemical and Instruments
Analytical grade chemicals used in this study were purchased from Abak chemical supply limited Kampala Uganda.
Reference standard Acetyl salicylic acid and diclofenac gel 0.1% were purchased from Wilbert Pharmaceutical Limited
Mbarara Uganda. DU-8200 single beam UV/VIS spectrometer was used for the in vitro study.

2.4 Animal selection
Wister Albino mice of either sex aged 10 to 12 weeks and weighing between 20-35g were acquired from the animal facility
of the Department of Pharmacy, Mbarara University of Science and Technology. Animals were kept under laboratory
conditions 25 +/- 2, 12 h light, standard cages with a floor area of 228 square inches housing 6 mice each.

Animals were provided with standard rodent diet; rodent pellets and water ad libitum. After 7 days, the animal was
randomly selected for the different experimental groups and used for the acute dermal toxicity test and the in vivo
determination of anti-inflammatory activity. At the end of the experiment, the animals were sacrificed with one dose of
Ketamine 80/kg and Xylazine 10 mg / kg intraperitoneally using a 25-gauge needle and a 1 ml size syringe size. And
disposed for incineration. (Uganda National Council for Science and Technology, 2021; Govindaraghavan and Sucher,
2015)

2.5 Acute Dermal Toxicity
Acute dermal toxicity was performed as per Organization for Economic Cooperation and Development's [11], [12] and the
European Union Reference Laboratory for Alternatives to Animal Testing's EURL ECVAM guidance on the "Acute Toxicity
— Dermal" test method (2017). A single ointment dose of 2000mg/kg body weight was administered to skins of the adult
Wister albino mice observed for signs of toxicity such as changes in behaviour, body weight, clinical signs, and mortality
half hourly for the first 6 hours, then once every hour for the first 24 hours, and then at once daily for 14days

2.6 Establishment of anti-inflammatory activity

2.6.1 Invitro anti-inflammatory activity



HRBC membrane stabilization method was used was used to estimate anti-inflammatory activity as Sida cuneifolia an
apical leaf. [13]-[15]. Blood was collected from a healthy volunteer and was mixed with equal with equal volumes of
Alsevers solution. This blood solution was centrifuged at 3000 rpm and the packed cells were separated, then washed
with isosaline solution and a 10% v/v suspension was made with isosaline. The HRBC suspension was used for the
estimation of anti-inflammatory property. Different concentration of the extract, reference sample and control were
separately mixed with 1ml of phosphate buffer,2ml of hyposaline, 0.5ml of HRBC suspension, all the assay mixtures were
incubated at 37*C for 30minutes and centrifuged at 300rpm. The supernatant liquid was decanted and the hemoglobin
content was estimated by a spectrophotometer at 560nm. Percentage protection was determined using the formula below;
Percentage Inhibition = [(OD_control - OD_sample)/OD_control] x 100

Where; OD_control - optical density of the control (in the absence of the test compound) OD_sample- optical density of
the sample (in the presence of the test compound)

2.6.2 Development of formulation.

The base was petroleum jelly as it is potent in skin permeability, considered inert / excipient carrier of the bioactive
compound / extract. [16]-[19]. Olive oil was mixed with petroleum jelly and heat up to 40°% melted Bees wax added. It
was allowed to cool to 27° C and titrated into containers with different proportions of the extract as shown in Table 1,
stirred to thoroughly mix and left to cool and solidify. It was then stored at 8 c in the dark for subsequent use in the
experiments

Table 1. Base composition and formulated dose levels
Base composition Extract/base dose levels
Petroleum jelly 10g 0.5mg/g (0.5%w/w),
Olive oil (vegetable | 2.5g 1mg/g (1% wiw),
oil)
Beeswax 0.5¢g 2.5mg/g (2.5%w/w),

2.6.3 Anti-inflammatory activity of Sida cuneifolia apical leaves using the Carrageenan induced Acute
Paw Oedema in mice

The assay followed previous work described in literature by [20]-[22]

anti-inflammatory activity of Sida cuneifolia was evaluated using carrageenan induced mice paw oedema. The mice were
divided into five groups (n = 6); acute inflammation was induced by sub plantar administration of 0.1 ml of 1% (w/v)
carrageenan in normal saline to the right hind paw of each mouse.

Oedema was expressed as the increment in paw thickness due to carrageenan administration.

After 15 minutes, the negative control and positive control groups received normal saline 0.9%and Diclofenac gel 1%,
respectively, the experimental groups received their respective group ointment extract dose levels. ;0.5%, 2.5%, 5.0%
w/w. The paw volume measured (in ml) at 1h, 2h, 3h and 4h after application of the respective treatments by mercury
displacement method using a plethysmometer and data recorded. Oedema was expressed as the increment in paw
thickness due to carrageenan administration. The oedema volume was obtained as the difference between the thickness
of the paw (at respective time point) and before(baseline)of the injection of carrageenan

The percentage inhibition of the volume of oedema between the treated and control group was calculated as follows;
Percentage inhibition = [(Vc- Vt) / Vc] x100

where, Vc and Vt represented mean increase in paw volume in control treated group, respectively.

2.6.4  Statistical analysis
The values are expressed as mean +/- SEM. Statically analysis was performed using one-way analysis of variance
(ANOVA), followed by Dennett’s t-test to compare the treatment groups with the negative control group. P =.05 was
considered significant.

3. RESULTS AND DISCUSSION

3.1. Extraction yields
Aqueous extract had a better percentage yield of 10.1% compared to the methanol extract (4.7%)



3.2 Phyto chemical composition of Sida cuneifolia apical leaves
Preliminary phytochemical analysis revealed that both extracts have a variety of phytochemicals. However, the methanol
extract had more Phyto chemical compounds than the than the aqueous as presented in the table

Table 2. Phytochemical present in aqueous and methanol extracts of S. cuneifolia apical leaves
Phyto-constituents IMethanol  [Aqueous

1.Alkaloids + -

2.cardiac Glycosides + -

3.Saponins +/- +

4. Steroids + -

6.Fixedoils/ fats - -

7.Phenolic compounds + +
8.Flavonoids - -
9.Proteins - -
10.Gums & mucilage + +
11.Carbohydrates + +
12. Tannins + +

+Presence of phytochemicals, - Absence of phytochemical

3.3. In vitro anti-inflammatory activity

The methanol and aqueous extracts at different concentrations (0.5. 1.0, 2.0 mg/mL) showed significant stabilisation
towards HRBC membranes. Methanolic extracts had better protection compared to the aqueous extracts with similar
concentrations. Increase in dose level resulted in increased percentage protection

Table 3. In vitro anti-inflammatory activityOf apical leaf extract of the concentration of S. cuneifolia
Treatment /dose | Volume Mean Abs Percentage
level +/-SEM inhibition
ASA/standard 100ul .124+/-.001* 76.66
0.5mg/ml

M1 2.0mg/ml 100ul .210+/-.003* 66.5

M2 (1mg/ml) 100ul .173+/-.001* 59.9
M3(0.5mgml) 100ul .235+/-.002* 54.6
AQ10-0.5mg/ml 200ul .493+/-.001* 3.85
AQ21mg/ml 200ul A47+/-.002* 12.57

AQ3 2mg/mi 200ul 425+/-.001* 17.10

*P=.05 with control

3.4. In vivo anti-inflammatory activity



The ointment extracts of Sida cuneifolia showed significant reductions in in mice paw volume and percentage inhibitions.
Dose levels (2.5 % and 5%) w/w showed potent activity compared to the reference standard diclofenac gel of reference
0.1%. results were tabulated in table 1 and changes in percentage in inhibition presented in graph 1
Histopathological examination of representative animal paw tissue in the control, standard and treatment group of highest
dose level (5%w/w ointment extract) showed marked infiltration of inflammatory cells (Mast cells, polymorphonuclear cells,
plasma cells, and lymphocytes) and oedema as shown in Figure 2. Inflammatory cell infiltration was less dense in the
treatment group sample compared to the standard (diclofenac gel 0.1%) specimen as shown in figure 2

Table 4. Anti-inflammatory activity by S. cuneifolia ointment extract in induced paw oedema
Experimental group Percentage
(mean+/- SEM) Time (Hours) 'r:':l:?;t'on at4
15 min after
carrageenan
Before injection (0) |1 2 3 4
Negative cont. (NS 0.9%) 0.56+/ 0.70+/-0.001 |-
0'001' 0.61+/-.001 |0.65+/-.001 |0.69+/-.001 [0.68+/-.001
Positive cont. (Diclofenac 0.62+/-.001 |0.59+/-.001 |0.55+/-.001 |0.50+/-.001* |79.14
gel 0.1% wiw)
0.40+/-
0001 0.59+/-.001
Treatment group 1038+/ 0.50+/-.001 [0.47+/-.001 |0.44+/-.001* |0.41+/-.001* (86.33
extract (0.5%w/w . ) :
(0.5%wi/w) 0.001 0.53+/-.001
Treatment group 2041+/ 0.55+/-.001 [0.51+/-.001 |0.46+/-.001* |0.43+/-.001* (91.37
2.5%w/w : ) :
(2.5%w/w) 0.001 0.61+/-.001
Treatment  group 3 0.55+/-.001 |0.51+/-.001* |0.4+/-.0017* |0.44+/-.001* |91.37
(5%wiw) 0424 los5H-001

*P=.05 with control paw volumes significant from normal control, * P < 0.05;

Mean + S.E.M = Mean values + Standard error of means of six experiments
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Figure. 1. Percentage inhibitions of ointment extract dose level (0.5%, 2.5%, 5.0%) w/w at a one hourly time
interval up to 4 hours

g Diffuse infiltration 'y

Minimal infiltration

3.5. Figure 2. Histological sections of paw tissues; Photomicrograph ‘a’ control, b*- standard,‘c’-ointment
extract
4, Discussion

Various plant parts that contain biologically active chemical components are employed in the treatment, or control of
various disease conditions.[23]-[27]. Sida cuneifolia apical leaves are used in folk medicine to manage inflammatory by
topical application [6], [28]

In this study the phytochemical composition and anti-inflammatory properties of S. cuneifolia apical leaves were evaluated
based on folk lore information using the HRBC membrane stabilization model and carrageenan induced paw inflammatory
model in vitro and in vivo respectively.



Two solvents water and methanol with different forms of polarities were used to obtain extracts from fresh apical leaves of
Sida cuneifolia. Water extracted higher amount of yield compared to methanol. On the one hand, the high yield lessens
plant destruction and promotes protection of the species, however, qualitative phytochemical screening. alkaloids,
phenolic compounds, steroids, tannins, cardiac glycosides were present in methanol extract while alkaloids and cardiac
glycosides were missing in aqueous extract; a disparity which can be attributed to the solvent nature, yet these were
present in methanol extract to the variation in polarity of the solvent which influence the nature of compounds that are
extracted. A similar difference was observed in phytochemical preliminary studies on leaves of Sida cuneifolia

Inflammation is a common phenomenon and it is a reaction of living tissue towards injury.

The HRBC membrane stabilisation method was chosen because erythrocyte membrane is an analogue to the lysosomal
membrane [14], [14], [15] and its stabilisation implies that the extract can also stabilize lysosomal membranes.
Stabilization of lysosomal membranes is important in limiting the inflammatory response by preventing release of
lysosomal constituents of activated neutrophil, such as bacterial enzymes and proteases which cause further tissue
inflammation and damage upon extracellular release. [13], [29] . Though the exact mechanism of membrane stabilisation
is not known yet, hypotonicity- induced hemolysis may arise from cell shrinkage due to osmotic loss of intracellular
electrolytes and fluid components. the extract may inhibit the processes which may stimulate od enhance the efflux of
these intracellular components. [27], [30], [31]

The results indicate that the apical leaf extract have at various concentrations has significant anti-inflammatory property
and that methanolic extract were most potent at a concentration of 2.0mg/mL with a percentage inhibition of 66.5% hence
on that basis qualified to be the candidate for the in vivo study

Development of edema in paw of the mice after injection of the carrageenan is due to release of histamine, serotonin,
prostaglandin, and the like (georgewill, anti-inflammatory 2010) winter 1962, it is well known that carrageenan induced
paw edema is characterized by biphasic events with involvement of different of inflammatory mediators. In the first phase
(2h after carrageenan injection) histamine and serotonin play a role, while in the second phase 3-4hafter injection kinin
and prostaglandins are involved. [30], [32]-[35]

Our results revealed that the administration of the ointment extract inhibited edema from the first hour and during all
phases of inflammation. Two treatment dose levels of the extract ointment produced anti-inflammatory effect (91.3%)
surpassing that of standard control diclofenac gel 0.1%. Diclofenac is a well-established NSAID and its efficacy in
reducing inflammation is widely recognised; the finding suggests that the extract ointment has anti-inflammatory
properties. [26]

The significant inflammatory effect may be due to the inhibition of different aspects and chemical mediators of
inflammation like cytokines (IL-1) and prostaglandins (PGE-2)) by phytochemical compounds; glycoside steroid,
polyphenols and tannins contained in the extract. [26], [36]

In addition, natural extract like this S. cuneifolia extract ointment could possess antioxidant properties which help mitigate
oxidative stress associated with inflammation. and at the same time influence immune cell behavior such as macrophage
and neutrophil migration during acute phase of inflammation leading a reduction of inflammatory cell infiltration into the
tissues. [35]

Both extract ointments 2.5%w/w and 5.0% w/w exhibited identical levels of percentage inhibition (91.3%). These
observations suggest potential saturation effect, when increasing the dose beyond a certain point may not yield significant
additional reduction in oedema. [37]

This histological evidence aligns with the quantitative data, further strengthening the conclusion that the ointment extract
has anti-inflammatory properties.

5. CONCLUSION

It is concluded that Methanol apical leaf extracts possess significant anti -inflammatory activity in the HRBC membrane
stabilization test and carrageenan-induced paw oedema in mice

These findings authenticate the folk use lore information on the anti-inflammatory properties of the apical leaf properties of
Sida cuneifolia.

Further studies are recommended to isolate the bioactive compounds responsible for this property and identify their
possible mechanism of action.



CONSENT

All authors declare that written informed consent was obtained from the individual who voluntarily donated 5ml blood that
was used in the invitro study. An approved copy of the consent by Mbarara university REC. is attached to this document is
available for review by the Editorial office/Chief Editor/Editorial Board members of this journal.

ETHICAL APPROVAL

All authors hereby declare that "Principles of laboratory animal care" (NIH publication No. 85-23, revised 1985), as well
as Uganda national guidelines on animal use and teaching were followed. All experiments have been examined and
approved by the appropriate ethics committee”

The research Proposal and consent form for a blood donor was approved by Mbarara University of Science and
Technology Research Ethics Committee under reference No. MUST-2022-728.

The protocols for experiments involving animal use were approved by the Institution Animal Care and Use Committee of
College of Veterinary Medicine, Animal Resources and Biosecurity Makerere University. Kampala Uganda under
reference No. under reference No. SVAR_IACUC/ 134/2022

A research permit from Uganda National Council of science and Technology was issued under No. NS659ES

REFERENCES

[1] K. Vollesen, ‘The Sida cuneifolia-Complex (Malvaceae) in Africa’, Kew Bulletin, vol. 41, no. 1, pp. 91-98, 1986, doi:
10.2307/4103035.

[2] B.Dinda, N. Das, S. Dinda, M. Dinda, and I. SilSarma, ‘The genus Sida L. — A traditional medicine: Its
ethnopharmacological, phytochemical and pharmacological data for commercial exploitation in herbal drugs
industry’, Journal of Ethnopharmacology, vol. 176, pp. 135-176, Dec. 2015, doi: 10.1016/j.jep.2015.10.027.

[83] F.C.Rodrigues and A. F. M. de Oliveira, ‘The genus Sida L. (Malvaceae): An update of its ethnomedicinal use,
pharmacology and phytochemistry’, South African Journal of Botany, vol. 132, pp. 432—-462, Aug. 2020, doi:
10.1016/j.sajb.2020.04.030.

[4] F.A. Hamill et al., ‘Traditional herbal drugs of Southern Uganda, II: literature analysis and antimicrobial assays’, J
Ethnopharmacol, vol. 84, no. 1, pp. 57-78, Jan. 2003, doi: 10.1016/s0378-8741(02)00289-1.

[5] S.F.van Vuuren and A. M. Viljoen, ‘The in vitro antimicrobial activity of toothbrush sticks used in Ethiopia’, South
African Journal of Botany, vol. 72, no. 4, pp. 646-648, Nov. 2006, doi: 10.1016/j.sajb.2006.03.009.

[6] P.Ssegawa and J. M. Kasenene, ‘Medicinal plant diversity and uses in the Sango bay area, Southern Uganda’,
Journal of Ethnopharmacology, 2007.

[71 S.V.Okello, R. O. Nyunja, G. W. Netondo, and J. C. Onyango, ‘Ethnobotanical study of medicinal plants used by
sabaots of Mt. Elgon Kenya.’, African Journal of Traditional, Complementary and Alternative Medicines, vol. 7, no. 1,
Art. no. 1, 2010, doi: 10.4314/ajtcam.v7i1.57223.

[8] R. Nalubega, S. A. Nyanzi, J. L. Nakavuma, and M. Kamatenesi-Mugisha, ‘ETHNOBOTANICAL USES OF
LANTANA TRIFOLIA L. AND SIDA CUNEIFOLIA ROXB. IN MUKUNGWE AND WABINYONYI SUB-COUNTIES OF
CENTRAL UGANDA', journal of intercultural ethnopharmacology, vol. 2, no. 3, pp. 155-0, 2013.

[9] ‘Uganda National Council for Science and Technology'. Accessed: Oct. 12, 2023. [Online]. Available:
https://www.uncst.go.ug/details.php?option=smenu&id=13&Downloads.html|

[10] S. Govindaraghavan and N. J. Sucher, ‘Quality assessment of medicinal herbs and their extracts: Criteria and
prerequisites for consistent safety and efficacy of herbal medicines’, Epilepsy Behav, vol. 52, no. Pt B, pp. 363-371,
Nov. 2015, doi: 10.1016/j.yebeh.2015.03.004.

[11] ‘Test No. 402: Acute Dermal Toxicity | en | OECD’. Accessed: Oct. 12, 2023. [Online]. Available:
https://www.oecd.org/env/test-no-402-acute-dermal-toxicity-9789264070585-en.htm

[12] ‘sccs_o 224 0.pdf. Accessed: Oct. 24, 2023. [Online]. Available: https://health.ec.europa.eu/system/files/2019-
02/sccs_o_224 0.pdf

[13] U. A. Shinde, A. S. Phadke, A. M. Nair, A. A. Mungantiwar, V. J. Dikshit, and M. N. Saraf, ‘Membrane stabilizing
activity — a possible mechanism of action for the anti-inflammatory activity of Cedrus deodara wood oil’, Fitoterapia,
vol. 70, no. 3, pp. 251-257, Jun. 1999, doi: 10.1016/S0367-326X(99)00030-1.



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

S. Sharma, K. Kota, and P. Ragavendhra, ‘HRBC Membrane Stabilization as a study tool to explore the Anti-
Inflammatory activity of Alliumcepa Linn. —Relevance for 3R’, Journal of Advanced Medical and Dental Sciences
Research, vol. 6, no. 6, 2018.

S. Yesmin et al., ‘Membrane stabilization as a mechanism of the anti-inflammatory activity of ethanolic root extract of
Choi (Piper chaba)’, Clin Phytosci, vol. 6, no. 1, p. 59, Aug. 2020, doi: 10.1186/s40816-020-00207-7.

R. Petrilli and R. F. V. Lopez, ‘Physical methods for topical skin drug delivery: concepts and applications’, Braz. J.
Pharm. Sci., vol. 54, p. e01008, Nov. 2018, doi: 10.1590/s2175-97902018000001008.

W.Y. Jeong, M. Kwon, H. E. Choi, and K. S. Kim, ‘Recent advances in transdermal drug delivery systems: a
review’, Biomater Res, vol. 25, no. 1, p. 24, Jul. 2021, doi: 10.1186/s40824-021-00226-6.

Y.-Q. Yu, X. Yang, X.-F. Wu, and Y.-B. Fan, ‘Enhancing Permeation of Drug Molecules Across the Skin via Delivery
in Nanocarriers: Novel Strategies for Effective Transdermal Applications’, Frontiers in Bioengineering and
Biotechnology, vol. 9, 2021, Accessed: Oct. 24, 2023. [Online]. Available:
https://www.frontiersin.org/articles/10.3389/fhioe.2021.646554

D. Ramadon, M. T. C. McCrudden, A. J. Courtenay, and R. F. Donnelly, ‘Enhancement strategies for transdermal
drug delivery systems: current trends and applications’, Drug Deliv. and Transl. Res., vol. 12, no. 4, pp. 758-791,
Apr. 2022, doi: 10.1007/s13346-021-00909-6.

‘Carrageenin-Induced Edema in Hind Paw of the Rat as an Assay for Antiinflammatory Drugs - Charles A. Winter,
Edwin A. Risley, George W. Nuss, 1962’. Accessed: Oct. 12, 2023. [Online]. Available:
https://journals.sagepub.com/doi/abs/10.3181/00379727-111-27849

C. J. Morris, ‘Carrageenan-Induced Paw Edema in the Rat and Mouse’, in Inflammation Protocols, P. G. Winyard
and D. A. Willoughby, Eds., in Methods in Molecular Biology. , Totowa, NJ: Humana Press, 2003, pp. 115-121. doi:
10.1385/1-59259-374-7:115.

J. Okokon and P. A. Nwafor, ‘Anti-inflammatory, analgesic and antipyretic activities of ethanol root extract of Croton
zambesicus’, Pakistan journal of pharmaceutical sciences, vol. 23, pp. 385-92, Oct. 2010.

J. H. Doughari, P. A. Ndakidemi, I. S. Human, and A. S. Benade, ‘Curtisia dentata: Ethnopharmacological
application’, 2011, doi: 10.5897/JMPR.

V. Fadipe, N. Mongalo, and A. Opoku, ‘In vitro evaluation of the comprehensive antimicrobial and antioxidant
properties of Curtisia dentata (Burm.f) C.A. Sm: toxicological effect on the Human embryonic kidney (HEK293) and
Human hepatocellular carcinoma (HepG2) cell lines’, EXCLI J, vol. 14, pp. 971-983, Aug. 2015, doi:
10.17179/excli2015-351.

K. P. Ingle, A. G. Deshmukh, D. A. Padole, M. S. Dudhare, M. P. Moharil, and V. C. Khelurkar, ‘Phytochemicals:
Extraction methods, identification and detection of bioactive compounds from plant extracts’, J Pharmacogn
Phytochem, vol. 6, no. 1, pp. 32-36, 2017.

A. Serrano, G. Ros, and G. Nieto, ‘Bioactive Compounds and Extracts from Traditional Herbs and Their Potential
Anti-Inflammatory Health Effects’, Medicines, vol. 5, no. 3, Art. no. 3, Sep. 2018, doi: 10.3390/medicines5030076.
O. S. Soyingbe, N. I. Mongalo, and T. J. Makhafola, ‘In vitro antibacterial and cytotoxic activity of leaf extracts of
Centella asiatica (L.) Urb, Warburgia salutaris (Bertol. F.) Chiov and Curtisia dentata (Burm. F.) C.A.Sm - medicinal
plants used in South Africa’, BMC Complement Altern Med, vol. 18, no. 1, p. 315, Nov. 2018, doi: 10.1186/s12906-
018-2378-3.

R. Nalubega, S. A. Nyanzi, and J. L. Nakavuma, ‘Comparative study of in-vitro antimicrobial activity and
phytochemical composition of Sida cuneifolia fruits, leaves, and stem bark extracts’, 2014, Accessed: Oct. 04, 2023.
[Online]. Available: https://nru.uncst.go.ug/handle/123456789/6224

P. Parameswari, R. Devika, and P. Vijayaraghavan, ‘In vitro anti-inflammatory and antimicrobial potential of leaf
extract from Artemisia nilagirica (Clarke) Pamp’, Saudi Journal of Biological Sciences, vol. 26, no. 3, pp. 460—463,
Mar. 2019, doi: 10.1016/j.sjbs.2018.09.005.

V. Kumar, Z. A. Bhat, D. Kumar, N. Khan, and I. Chashoo, ‘Evaluation of anti-inflammatory potential of leaf extracts
of Skimmia anquetilia’, Asian Pacific Journal of Tropical Biomedicine, vol. 2, no. 8, pp. 627—630, Aug. 2012, doi:
10.1016/S2221-1691(12)60109-9.

S. Banerjee, A. Chanda, A. Adhikari, A. K. Das, and S. Biswas, ‘Evaluation of Phytochemical Screening and Anti
Inflammatory Activity of Leaves and Stem of Mikania scandens (L.) Wild’, Annals of Medical and Health Sciences
Research, vol. 4, no. 4, Art. no. 4, 2014.

C. Serhan, N. Chiang, and T. Van Dyke, ‘Resolving inflammation: dual anti-inflammatory and pro-resolution lipid
mediators’, Nature reviews. Immunology, vol. 8, pp. 349-61, Jun. 2008, doi: 10.1038/nri2294.

S. Bhattacharyya, L. Xue, S. Devkota, E. Chang, S. Morris, and J. K. Tobacman, ‘Carrageenan-Induced Colonic
Inflammation Is Reduced in Bcl10 Null Mice and Increased in IL-10-Deficient Mice’, Mediators of Inflammation, vol.
2013, p. €397642, May 2013, doi: 10.1155/2013/397642.

D. R. Germolec, K. A. Shipkowski, R. P. Frawley, and E. Evans, ‘Markers of Inflammation’, in Immunotoxicity
Testing: Methods and Protocols, J. C. DeWitt, C. E. Rockwell, and C. C. Bowman, Eds., in Methods in Molecular
Biology. , New York, NY: Springer, 2018, pp. 57-79. doi: 10.1007/978-1-4939-8549-4 5.



[35] C. Pinto, D. M. Giordano, L. Maroni, and M. Marzioni, ‘Role of inflammation and proinflammatory cytokines in
cholangiocyte pathophysiology’, Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease, vol. 1864, no. 4,
Part B, pp. 1270-1278, Apr. 2018, doi: 10.1016/j.bbadis.2017.07.024.

[36] H.-R. Lee et al., ‘Tannic acid, an IL-1B-direct binding compound, ameliorates IL-1B-induced inflammation and
cartilage degradation by hindering IL-1B-IL-1R1 interaction’, PLOS ONE, vol. 18, no. 4, p. e0281834, Apr. 2023, doi:
10.1371/journal.pone.0281834.

[37] C.K.S.Ong, P.Lirk, C. H. Tan, and R. A. Seymour, ‘An Evidence-Based Update on Nonsteroidal Anti-Inflammatory
Drugs’, Clin Med Res, vol. 5, no. 1, pp. 19-34, Mar. 2007, doi: 10.3121/cmr.2007.698.

DEFINITIONS, ACRONYMS, ABBREVIATIONS
HRBC: human Red blood Cell
REC; Research Ethics commit






