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16 Abstract 
17 Staphylococcus aureus (S. aureus) skin infections remain a prevalent public health concern 

18 worldwide, posing ongoing challenges in treatment. Uvaria chamae roots has demonstrated 

19 significant effectiveness against S. aureus. This study aimed to propose a dermal formulation 

20 based on Uvaria chamae for treating bacterial skin infections.  The antibacterial activity was 

21 first confirmed. Tests including the time-kill test, the erythromycin outer membrane 

22 permeability test, and the ATPase/H+ proton pump inhibition test were conducted to explore 

23 the antibacterial mode of action. A cream was prepared using the phase inversion technique and 

24 subjected to quality control and senso-rheological testing. The cream was tested for 

25 antibacterial activity and skin toxicity (OECD guideline 404). The in vivo antibacterial effect 

26 and wound-healing potential of the Uvaria chamae cream were then assessed on Wistar rat. 

27 The ethanolic extract of Uvaria chamae root exhibited bactericidal effects on the tested S. 

28 aureus strains. In combination with erythromycin, the extract enhanced the permeability of S. 

29 aureus's outer membrane while inhibiting ATPase/H+ proton pumps. The pharmaceutical 

30 quality of the produced cream revealed acceptable macroscopic conditions and satisfactory 

31 homogeneity. Antibacterial activity evaluation showed significant activity at low 

32 concentrations. The cream's healing properties indicated a significant decrease in wound 

33 diameter (p<0.05) over time, culminating in complete healing on day 13 for the treated group, 

34 with a retraction percentage of 99.99%. These findings support the safe use of Uvaria chamae 

35 extracts in managing S. aureus skin infections and pave the way for pre-clinical testing and 

36 potential market introduction of this cream.

37

.CC-BY 4.0 International licensemade available under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 28, 2024. ; https://doi.org/10.1101/2024.06.28.601194doi: bioRxiv preprint 

https://doi.org/10.1101/2024.06.28.601194
http://creativecommons.org/licenses/by/4.0/


38 Introduction

39 Skin infections remain one of the most widespread public health problems globally, continually 

40 presenting treatment challenges [1]. Bacterial infections, a common type of dermatological 

41 condition, result from the proliferation and harmful activity of bacteria on the skin [2,3]. 

42 Notably, S. aureus and Streptococcus pyogenes are frequent culprits behind these infections 

43 [4,5].

44 The treatment of bacterial skin infections depends on the infection type, severity, and the 

45 bacteria involved. Often, topical or oral antibiotics are administered to eliminate the responsible 

46 bacteria [6]. However, the inappropriate and uncontrolled use of antibiotics has led to a 

47 concerning increase in antimicrobial resistance, resulting in therapeutic failures, more severe 

48 infections, and higher healthcare costs, thus posing a significant public health issue [7]. The 

49 rising prevalence of antibiotic resistance among skin pathogens underscores the urgent need to 

50 discover new antimicrobial compounds [1]. Plants are emerging as one of the most promising 

51 sources for new antibacterial agents [8,9]. Consequently, recent years have seen extensive 

52 research into the antimicrobial activity of African flora, particularly the flora of Benin. Among 

53 the most frequently cited plants for their antimicrobial properties is Uvaria chamae [10]. Uvaria 

54 chamae, a plant with notable medicinal properties, is becoming a potential source for new 

55 antimicrobial solutions [11]. Common in tropical Africa, its edible fruits and roots are renowned 

56 worldwide for their medicinal, cosmetic, and nutritional properties [12]. Several studies have 

57 identified various bioactive compounds in this plant that exhibit antimicrobial properties against 

58 numerous pathogenic microorganisms, including antibiotic-resistant bacteria, thus broadening 

59 its therapeutic applications [13]. Research has shown that ethanolic extracts of Uvaria chamae 

60 roots contain chalcones and dihydrochalcones, bioactive compounds that impart antimicrobial 

61 activity against a range of multi-resistant gram-positive bacteria at lower concentrations than 

62 conventional antibiotics [11,14]. Consequently, Uvaria chamae, with its well-established 
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63 medicinal properties, emerges as a promising candidate for treating skin infections. 

64 Nonetheless, a detailed understanding of its mode of action and antimicrobial potential, 

65 particularly concerning skin infections, warrants further investigation [1].

66 In phytotherapy for skin infections, various preparation methods, including infusions and 

67 poultices, are being explored [15]. While poultices can be beneficial, they also pose risks, such 

68 as phytophotodermatoses [16]. Therefore, developing a Uvaria chamae-based cream is a 

69 commendable initiative, presenting low risks and offering a practical, easy-to-apply 

70 formulation that is compatible with the skin. This context forms the basis of the present study, 

71 which aimed to propose a dermal formulation based on Uvaria chamae for treating S. aureus 

72 skin infections.

73 Materials and Methods

74 Ethical consideration 

75 The research protocol received approval from the Ethics Committee of the Research Unit in 

76 Applied Microbiology and Pharmacology of Natural Substances at the University of Abomey-

77 Calavi in Benin (Approval No. 0043/2022/CE/URMAPha/UAC). All procedures were carried 

78 out following the guidelines of the National Institute of Health (NIH) for the care and use of 

79 laboratory animals.

80 Collection, identification, and processing of plant material

81 Fresh Uvaria chamae roots were sourced from herbalists in the Abomey-Calavi commune and 

82 authenticated at the National Herbarium of the University of Abomey-Calavi (NH-UAC) under 

83 the number AA6687/HNB. Once authenticated, the roots were dried at room temperature in the 

84 Research Unit of Applied Microbiology and Pharmacology of Natural Substances 

85 (URMAPHA) at the University of Abomey-Calavi (UAC). The dried roots were then ground 

86 into a powder using a dedicated mill.
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87 Animal material 

88 Female Wistar albino rats weighing between 180 and 200 g were used. These rats came from 

89 the animal house of the Applied Microbiology and Pharmacology of natural substances research 

90 unit. They were randomly assigned to standard cages with ad libitum access to food and water. 

91 Throughout the study, the rats were housed in an environment maintained at a constant 

92 temperature of 22°C, with a regular 12-hour light/dark cycle.

93 Microorganisms

94 Five strains of Gram-positive cocci and five strains of Gram-negative bacilli, including both 

95 reference and clinical strains, were provided by the URMAPHA at the UAC. These strains 

96 included Escherichia coli ATCC 25922, Escherichia coli Extended-Spectrum Beta-Lactamases 

97 (ESBL), Klebsiella pneumoniae ESBL, Salmonella spp, Pseudomonas aeruginosa, S. aureus 

98 ATCC 25923, S. aureus ATCC 6835, cefoxitin-resistant S. aureus, MecA-resistant S. aureus, 

99 and vancomycin-resistant Enterococcus faecalis.

100 Extract preparation

101 The study utilized ethanolic extracts based on the study of Koudokpon et al. [11, 17] on Gram-

102 positive cocci. The extract was prepared following the protocol by Koudokpon et al. [11,17]. 

103 Briefly, 200 g of Uvaria chamae root powder was dissolved in 2000 ml of 96° ethanol and 

104 continuously stirred for 72 hours. The mixture was then filtered through No. 2 and 4 filter paper. 

105 The filtrate underwent dry evaporation using a Rotavapor at 600 rpm at 45°C, and the remaining 

106 mixture was oven-dried at 45°C for 24 hours to yield a dry extract. This extract was stored at 

107 4°C and reconstituted for various tests.

108

109
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110 Direct in vitro antibacterial activity of Uvaria chamae 
111 hydroethanolic extract
112 A 0.5 McFarland bacterial suspension from an 18-hour culture of each strain was prepared 

113 according to CASFM guidelines [18]. Each suspension was swabbed onto Mueller-Hinton agar, 

114 and two 6 mm-diameter wells were drilled using the sterile tip of a Pasteur pipette. One well 

115 received 50 μl of the sterile extract solution, while the other received a 10% DMSO solution as 

116 a negative control. Positive controls included conventional antibiotic discs of vancomycin (5 

117 µg) and ciprofloxacin (5 µg) for Gram-positive cocci, and imipenem (10 µg) and fosfomycin 

118 (200 µg) for Gram-negative bacilli. Petri dishes were left at room temperature for one hour for 

119 pre-diffusion, then incubated at 37°C for 18 hours. Inhibition diameters were measured and 

120 compared to standards [19]

121 Determination of Minimum Inhibitory Concentration (MIC) and 
122 Minimum Bactericidal Concentration (MBC)

123 MIC determination followed the microwell method described by Dougnon et al. [20]. Each well 

124 received 100 µl of the initial extract solution (5 mg/ml) and 100 µl of Mueller-Hinton broth, 

125 followed by serial dilution. After adding 100 µl of bacterial suspensions, microplates were 

126 incubated at 37°C for 18 hours. Tetrazolium solution was added, and after 20 minutes of dark 

127 incubation, red coloration indicated viable bacteria. MIC was the lowest concentration with no 

128 red wells. Non-red wells were plated on Mueller-Hinton agar and incubated at 37°C for 24 

129 hours to determine BMC. The BMC/MIC ratio indicated whether the extract was bacteriostatic 

130 (≥4) or bactericidal (<4).

131 Kinetic Time-Kill Test

132 The kinetic study of the ethanolic extract was conducted using the method described by Djague 

133 et al. [21] with modifications. Bacterial suspensions at various MIC multiples (1x, 2x, 4x) were 

134 incubated at 37°C, and optical density was measured at 600 nm at intervals (0, 2, 4, 6, 8, 24 
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135 hours). Ciprofloxacin served as the positive control, and MHB with bacterial strain as the 

136 growth control. The test was repeated three times, and growth curves were plotted.

137 Erythromycin outer membrane permeability test

138 The effect on outer membrane permeability was assessed using the method by Ekom Tamokou 

139 and Kuete et al. [22] with modifications. In a 96-well microplate, 50 µl of Mueller-Hinton broth, 

140 50 µl of erythromycin solution, and various concentrations of the ethanolic extract were 

141 combined with 50 µl of bacterial suspension. After 24 hours of incubation at 37°C, bacterial 

142 growth was measured at 450 nm.

143 Evaluation of the extract's effect on bacterial H+-ATPase proton 

144 pumps

145 The ethanolic extract's ability to inhibit H+-ATPase proton pumps in S. aureus ATCC 6835 

146 was evaluated by monitoring medium acidification, following Guefack Fofack et al. [23] with 

147 modifications. Bacterial cultures underwent glucose starvation, pH adjustment, and incubation 

148 with extract at MIC and 2x MIC. Glucose addition initiated medium acidification, and pH was 

149 measured every 10 minutes for 60 minutes.

150 Preparation of cream based on ethanolic extract of Uvaria chamae

151 Following Zinsou et al. [24] with modifications, the cream was prepared under hygienic 

152 conditions to ensure microbiological quality. The active ingredient was the ethanolic extract of 

153 Uvaria chamae roots, with sunflower oil as the main excipient, using phase inversion 

154 emulsification. Various tests were performed to assess cream quality.

155 Evaluation of acute irritant and corrosive effect on skin

156 Dermal toxicity of the cream was assessed according to OECD guideline 404 [25]. After 

157 applying 0.5 g of cream to the skin of test rats for four hours, signs of erythema and edema were 

158 observed and scored at intervals (1, 24, 48, 72 hours) post-removal, using the Draize scale.
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159 In vivo evaluation of antibacterial effect and wound-healing 

160 potential

161 Wistar albino rats, acclimatized for two weeks, were divided into five batches (n=3). S. aureus-

162 infected lesions were induced and treated with Uvaria chamae cream, following Dougnon et 

163 al. [26].

164 Lesion induction

165 Rats were anesthetized with ketamine hydrochloride (80 mg/kg), and a 2.25 cm² wound was 

166 excised on the left flank.

167 Lesion infection

168 A bacterial suspension of 10⁶ CFU/ml was applied to the lesions. Infected wounds were 

169 confirmed by swabbing and culturing on Chapman agar.

170 Treatment with Uvaria chamae cream

171 Treatment started 48 hours post-infection and continued daily for 21 days. Batches were treated 

172 as follows:

173 Batch 1: Negative control (no infection, no treatment)

174 Batch 2: Infected, untreated

175 Batch 3: Infected, treated with 0.5 g fucidin 2% cream

176 Batch 4: Uninfected, treated with 0.5 g experimental cream

177 Batch 5: Infected, treated with 0.5 g experimental cream

178 Evaluation of parameters

179 Wounds were swabbed and cultured on Chapman agar every four days to monitor bacterial 

180 presence. Lesion progression was recorded photographically and by tracing on transparent 

181 paper. Wound retraction percentage was calculated using the formula by Kongstad et al. [27].

182 Wound retraction (%) = (Initial diameter-healed wound diameter)/(Initial diameter)×100
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183

184 Statistical analysis

185 The results of the antibacterial and wound-healing tests were analyzed using STATA 11 

186 software. Quantitative variables were presented as mean ± standard deviation. Additionally, the 

187 means and standard deviations of the inhibition diameters for the extract were compared with 

188 those of the reference discs, using a significance level of 5%. Curves were generated using 

189 Microsoft Excel.

190 Results

191 Antibacterial properties of ethanolic extracts of Uvaria chamae

192 The study of the antibacterial activity of ethanolic extracts of Uvaria chamae demonstrated 

193 effectiveness solely against Gram-positive cocci strains. Activity was observed in all Gram-

194 positive cocci strains tested, with average inhibition diameters ranging from 24 mm to 30 mm. 

195 The extract exhibited the highest activity against clinical strains of Enterococcus faecalis and 

196 methicillin-resistant S. aureus. The extract showed a significantly higher inhibition diameter 

197 than vancomycin for S. aureus strains ATCC 6835; S. aureus ATCC 25923; 43/SARM; 

198 67/SARM; 04/ E. faecalis (p < 0.05). Similarly, the inhibitory effect of this extract was 

199 significantly better than that of ciprofloxacin for the 04/ E. faecalis strain (p < 0.05) (Fig 1). 

200 The minimum inhibitory concentration (MIC) was con-sistent across all bacterial strains tested 

201 at 0.125 mg/ml, while the minimum bactericidal concentrations (MBC) ranged from 0.125 to 

202 0.25 mg/ml. With a potency index (PA) varying between 1 and 2, the ethanolic extract of Uvaria 

203 chamae roots exhibited bactericidal activity against the tested strains (Table 1).

204 Fig 1. Inhibition diameter of the ethanolic extract of Uvaria chamae and reference 
205 antibiotics on bacterial strains 

206
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207 Table 1I. MIC, MBC and AP of the ethanolic extract of the roots of Uvaria chamae on 
208 the bacterial strains.

Bacterial strains MIC (mg/ml) MBC (mg/ml) AP

S. aureus ATCC6538 0.125 0.125 1 Bactericidal effect

S. aureus ATCC 25923 0.125 0.125 1 Bactericidal effect

S. aureus Méti R 0.125 0.25 2 Bactericidal effect

E. faecalis Van A 0.125 0.25 2 Bactericidal effect

209 MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration; AP: 
210 Antibiotic power
211

212 Exploration of the mode of action of ethanolic extracts of Uvaria 
213 chamae on the bacterial membrane  
214

215 The results of the Time Kill Kinetic Test indicated that, in the absence of treatment (negative 

216 control), the bacteria experienced exponential growth over 24 hours. However, the presence of 

217 the ethanolic extract resulted in a reduction in bacterial growth, proportional to the 

218 concentration of the extract. At various concentrations, the lag phase lasted 2 hours, followed 

219 by a stable bacterial count until the 8th hour (for MIC and 2MIC) and the 6th hour (for 4MIC). 

220 After 24 hours, the bacterial count in the medium became very low, comparable to the positive 

221 control. These findings confirm the bactericidal effect of the ethanolic extract of Uvaria chamae 

222 root (Fig 2).

223 Fig 2. Effect of the ethanolic extract of the root of Uvaria chamae on the growth curve of 
224 S. aureus
225 The study on the permeability of the outer membrane to erythromycin revealed that the 

226 ethanolic extract of Uvaria chamae root affected bacterial growth in the presence of 

227 erythromycin. At reduced concentrations, erythromycin exhibited a partial inhibitory effect on 

228 bacterial growth. When combined with the extract, the inhibitory activity of erythromycin on 

229 the outer membrane of S. aureus was enhanced, increasing bacterial sensitivity to erythromycin. 
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230 These results suggest that the Uvaria chamae root extract disrupts outer membrane permeability 

231 (Fig 3).

232 Fig 3. Effect of the ethanolic extract of the root of Uvaria chamae in combination with 
233 erythromycin on the permeability of the outer membrane of S. aureus

234

235 The effect of the ethanolic extract of Uvaria chamae on the bacterial H+-ATPase proton pumps 

236 of S. aureus ATCC 6538 showed that, during the experiment, pH values changed from 6.32 to 

237 5.72 in the presence of 3% DMSO. However, when exposed to the extract at 2MIC, pH values 

238 slightly increased from 6.32 to 6.44, while at MIC, they remained relatively stable, varying 

239 from 6.32 to 6.37. Lowering pH values promotes bacterial growth, whereas increasing pH 

240 values inhibits the growth of the studied bacteria (Fig 4).

241 Fig 4. Impact of ethanolic extract of Uvaria chamae roots on bacterial H+-ATPase 
242 mediated by proton pumps of S. aureus ATCC 6538
243

244 Macroscopic and physicochemical characteristics of the cream 
245 based on ethanolic extract of Uvaria chamae.
246 The cream formulated with ethanolic extract of Uvaria chamae was evaluated for its 

247 macroscopic and physicochemical properties. The results indicated that the cream had an acidic 

248 pH, good homogeneity, and a thick, smooth, shiny appearance with a soft and silky texture, 

249 making it easy to spread (Table 2). Microscopic evaluation 24 hours after formulation showed 

250 a homogeneous distribution of small oil globules, confirming the cream's homogeneity and 

251 stability. The centrifugation test at different temperatures (4°C, 25°C, and 40°C) showed no 

252 separation after centrifugation, and the cream remained stable over 7 days of observation. 

253 Macroscopic observation of the cream kept at room temperature in the laboratory for several 

254 weeks showed no signs of instability (Table 3). Sensoro-rheological tests confirmed these 

255 findings, with participants noting a characteristic odor, soft color, fine texture, and ease of 

256 spreading (Table 4).

257 Table 2. Physico-chemical characteristics of the cream
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Settings Features

Color Brown
Smell Characteristic

Spreading Easy
Texture Creamy, thick, smooth appearance, shiny with a soft and silky 

touch

Consistency Soft

Homogeneity Good

pH 5

Viscosity 29,035.41 mPa.s

258
259
260 Table 3. Study of the stability of the cream

Stability test Parameters Results

1500rpm Stable

3000rpm Stable

Centrifugation speed

Creaming index 0

4 oC Stable

25 oC Stable

Temperatures

40 o C Unstable

261
262 Table 4. Results of the sensoro-rhelogical test 

Features Appreciation Response frequency

Other -Smell

Features 100%

Other -Color

Brown 100%

Consistency Compact 12.5%
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Soft 87.5%

Grainy -Texture

Fine 100%

Difficult -Spreading

Easy 100%

+ 87.5%Sticky effect

- 12.5%

+ 100%Skin irritation

- -

263

264 Antibacterial activity against S. aureus and skin toxicity of cream 
265 formulated with Uvaria chamae
266 The cream's antibacterial activity was tested against S. aureus ATCC 3835. At a 10% 

267 concentration, the cream produced an inhibition diameter of 8 mm. Skin toxicity tests indicated 

268 that the cream was non-irritating; none of the test rats showed signs of erythema or edema, and 

269 all survived the 14-day observation period without any significant weight differences compared 

270 to the control group (Fig 5). No significant difference was observed between the weight of the 

271 rats before application of the cream and 14 days afterwards between the rats in the control group 

272 and the rats in the test group. (p>0.05) (Table 5). The in vivo antibacterial activity study showed 

273 that after 9 days of treatment, no bacterial growth was observed in wounds treated with the 

274 experimental cream, while the positive control group treated with commercial Fuscidin cream 

275 showed similar results after 13 days (fig 6). The negative control group remained positive for 

276 bacterial presence until healing. The treated group's wound diameter significantly decreased 

277 over the days, achieving complete healing by the thirteenth day with a shrinkage percentage 

278 estimated at 99.99% (Fig 7 ; Table 6).
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279 Fig 5. Photographic images of control and test rats in the skin toxicity test.

280 Fig 6. Evolution of the bacterial load of S. aureus ATCC 6835 as a function of time.

281 Fig 7. Photographic images showing impact of the cream on the surfaces of excised 
282 wounds.
283 Table 5. Evolution of body weight of rats

Control rat Rat test P value

Shaving weight (g) 174.5 ± 60.10 189 ± 33.05

Weight on day 14 ( g) 188 ± 48.08 200.33 ± 32.01

0.7586

284

285 Table 6. Impact of the cream on the refraction rate (%) of excised wounds

Day 1

%

Day 5

%

Day 9

%

Day 13

%

Negative control 0 58.63 ± 3.61 91.85 ± 1.05 100

Batch processed 0 58 ± 11.26 94.97 ± 0.43 100

P value - 0.8810 0.0174 -

286

287 Discussion
288 Skin infections remain one of the most prevalent public health problems worldwide, presenting 

289 constant challenges in terms of treatment [1]. In this context, continued research to identify 

290 effective and safe antimicrobial agents is crucial for improving therapeutic strategies. The 

291 present work aims to propose a dermal formulation based on Uvaria chamae for the treatment 

292 of S. aureus skin infections. 

293 Evaluation of the antimicrobial activity of the ethanolic extract of Uvaria chamae roots showed 

294 antibacterial activity according to the standards described by Tsirinirindravo and Andrianarisoa 

295 [19]. Activity was observed exclusively on the Gram-positive cocci strains tested, with an 

296 average inhibition diameter ranging between 24 mm and 30 mm. These results are consistent 

297 with the findings of Koudokpon et al. [11], who demonstrated that the selectivity of the extract 
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298 towards Gram-positive cocci is due to the presence of chalcones and dihydrochalcones, which 

299 exhibit significantly higher activity on Gram-positive cocci compared to Gram-negative bacilli 

300 [28]. The bactericidal activity of the extract was demonstrated by the inhibition of bacterial 

301 growth of S. aureus ATCC 6538 in the presence of the extract. The antibacterial effect of the 

302 extract can be explained by the disruption of the permeability of the outer membrane of Gram-

303 positive cocci, which are generally more sensitive because of the structure of their outer layer, 

304 rich in peptidoglycans [30]. Indeed, the outer membrane permeability test with erythromycin 

305 showed that erythromycin, at a reduced concentration, partially inhibits bacterial growth. 

306 However, the presence of the extract enhanced the permeability of the outer membrane of S. 

307 aureus, thereby increasing their sensitivity to erythromycin. These results are consistent with 

308 previous studies on the methanolic extract of Persea americana [31], which showed that the 

309 antibacterial activity of the extract on S. aureus was due to the disruption of the permeability 

310 of the outer membrane.

311 The effect of the extract on bacterial H+-ATPase proton pumps is crucial for understanding the 

312 underlying mechanisms of its antibacterial activity. H+-ATPase proton pumps are essential 

313 components of the bacterial membrane, playing a central role in maintaining intracellular pH 

314 and regulating membrane potential [30]. When impaired or inhibited, these pumps can disrupt 

315 ionic homeostasis, leading to devastating consequences for bacterial survival and function [32]. 

316 In the present study, the extract, at a concentration of 2MIC, caused a slight increase in pH from 

317 6.32 to 6.44. This effect is concentration-dependent, and at higher concentrations, the effect 

318 would be more pronounced. These results can be explained by the fact that certain constituents 

319 of the extract could interact with the bacterial membrane, modifying its structure and indirectly 

320 affecting the integrity and function of the proton pumps [27]. Similar results were reported by 

321 Ekom and Kuete [22], who showed that the bacteriostatic and bactericidal activities of the 
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322 methanol extract of Capsicum annuum fruits are due to the inhibition of ATPase/H+ proton 

323 pumps.

324 Evaluating the physicochemical characteristics of a cream is of paramount importance in the 

325 development and use of dermal products. These characteristics provide crucial information 

326 about the stability, effectiveness, and safety of the product. Texture, viscosity, dispersion, and 

327 thermal stability are physicochemical parameters that directly influence the quality and user 

328 experience of the cream [33]. The test results to assess the pharmaceutical quality of the cream 

329 are encouraging, showing excellent macroscopic parameters and satisfactory homogeneity. The 

330 pH of the cream is 5, which complies with cosmetic standards suitable for skin application [34]. 

331 The uniform distribution of oil globules and the stability test confirm the stability of the cream 

332 at 4°C and 25°C, in agreement with the results reported by Banerjee et al [35]. Sensory 

333 evaluations carried out with volunteers confirmed the marketability of the cream, highlighting 

334 characteristics such as pleasant consistency, characteristic color, pleasant odor, and a 

335 homogeneous, creamy, fine, and smooth appearance.

336 Evaluating the antibacterial activity of a cream is a critical step to ensure its therapeutic 

337 effectiveness in treating skin infections. The antibacterial effectiveness of the formulated cream 

338 was studied at different concentrations, showing a dose-dependent effect with an inhibition 

339 diameter of 8 mm at 10%. However, vancomycin incorporated into the base cream exhibited 

340 significant antibacterial activity at lower concentrations, revealing dose-dependent efficacy like 

341 that reported by Bene et al. [36]. Tolerance to a product refers to the ability of an individual, 

342 system, or organism to accept or tolerate that product without experiencing harmful or 

343 undesirable effects [31]. The skin tolerance of the cream was evaluated, and no irritant reaction 

344 was observed according to the Draize scale. This can be attributed to the non-irritating nature 

345 of the base cream and previous studies demonstrating the non-cytotoxicity of Uvaria chamae 

346 extracts to human cells [37–40].
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347 Healing, defined as the shrinkage of an injured area [29], was experimentally confirmed by the 

348 cream containing the ethanolic extract of the root of Uvaria chamae, exhibiting remarkable 

349 healing activity. The cream induced a significant increase in the refraction rate of the wound 

350 (94.97% on the 9th day) and resulted in complete elimination of the infection (CFU of S. 

351 aureus) after five days of treatment. These results suggest that the ethanolic extract of Uvaria 

352 chamae root improves wound healing in addition to its antibacterial properties. This healing 

353 action is attributed to the phytochemicals present in the extract, such as flavonoids, polyphenols, 

354 and tannins, as reported in previous studies [11,14,41]. These results validate the use of Uvaria 

355 chamae extracts in the management of S. aureus skin infections without adverse consequences. 

356 These findings pave the way for the preclinical trial phase with a view to placing this cream on 

357 the market, offering promising prospects for its potential effectiveness in the treatment of skin 

358 infections.

359 This study demonstrated the antibacterial and wound-healing efficacy of the ethanolic extract 

360 of Uvaria chamae roots. The extract showed bactericidal activity against Gram-positive cocci, 

361 enhanced the permeability of erythromycin, and inhibited bacterial ATPase/H+ proton pumps. 

362 The cream formulation displayed excellent physicochemical properties and stability, confirmed 

363 by sensory evaluations. It showed significant antibacterial activity and remarkable wound-

364 healing properties, making it a promising candidate for treating skin infections. Further clinical 

365 studies are recommended to confirm its efficacy in real-life applications.

366 Conclusion
367 This study highlights the potential of Uvaria chamae as a valuable resource in the management 

368 of S. aureus skin infections. The ethanolic extract of Uvaria chamae roots has shown significant 

369 antibacterial properties against a range of S. aureus strains, demonstrating bactericidal effects 

370 by permeability of the bacterial membrane. The formulation of a cream based on this extract 

371 proved stable, with favorable physicochemical characteristics and excellent sensory appeal. The 
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372 cream showed significant antibacterial activity against S. aureus, while demonstrating non-

373 irritant properties in skin toxicity tests. In addition, the cream accelerated wound healing, 

374 demonstrating its dual efficacy in fighting infection and promoting tissue repair. These results 

375 not only contribute to the growing body of evidence supporting Uvaria chamae antimicrobial 

376 potential, but also underline its suitability for topical application in the treatment of bacterial 

377 skin infections.
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