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ABSTRACT 

	Aims: Zanthoxylum gilletii is a widely distributed medicinal plant traditionally recognized for its therapeutic applications, largely attributed to its rich varieties of secondary metabolites.
In this study, the antimicrobial activities of crude extract and isolated compounds were determined.
Study design:  Experimental studies.
Place and Duration of Study: Sample: Zanthoxylum gilletii stem bark was collected from Mabira Forest Reserve (0°23′54″N 33°0′59″E), Buikwe District, Uganda on 17th June 2022. The experiments were performed at the Department of Chemistry, Kyambogo University, between June 2022 and July 2023.
Methodology: 
[bookmark: _Hlk226108347]Stem barks were shade dried, powdered, and extracted using Maceration technique with a mixture of methanol and dichloromethane (ratio 1:1) solvent. The extract was subjected to open column chromatography and identified using NMR spectroscopy and compared with literature information. Antimicrobial activity of crude extract and also the isolated compounds were assessed via disk diffusion against five bacterial and two fungal strains. 
Results: In this study, four known compounds: lupeol (1), stigmasterol (2), α-amyrin cinnamate (3) and α-amyrin acetate (4) were isolated from stem bark extracts of Zanthoxylum gilletii. This is the first-time compound 4 is reported in Zanthoxylum genus. The compounds had antimicrobial activities against Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Enterobacter cloacae, Candida albicans and Aspergillus fumigatus. The extract and the compounds displayed inhibition against the microorganisms with diameters measuring 3.0±0.0 mm to 19.0±0.0 mm. The minimal inhibitory concentrations (MICs and MFCs) for active strains ranged from 6.25 to 150 mg/mL.
Conclusion: The observed activities support the traditional use of this plant in treating various ailments by Ugandan communities. 
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1. INTRODUCTION 

Zanthoxylum gilletii (De Wild.) P.G.Waterman (1975), synonymously known as Fagara macrophylla or F. tessmanii, is an important African medicinal plant belonging to the Citrus family-Rutaceae (Kokwaro, 2009; Gaya, Kawaka, Muchugi, and Ngeranwa, 2013). Commonly known as African satinwood, Zanthoxylum gilletii (Z. gilletii henceforth) occurs in Central and Western Africa (Guinea, Nigeria, Ghana, Cameroon, Benin, Democratic Republic of Congo, Central African Republic and Sierra Leone), Eastern Africa (Kenya, Sudan and Uganda), and Southern Africa (Angola, Malawi, Mozambique, Zambia and Zimbabwe) (Agyare, Mensah, and Osei-Asante, 2006; Okeyo, 2008; Okeyo, Ochoudho, Muasya, and Omondi, 2011; Gaya et al., 2013; Sinan, Zengin, Bene, and Mahomoodally, 2019; Dzouemo et al., 2023). Root and stem barks, roots, fruit pulp, leaves and whole Z. gilletii plants has been used by local communities as a food condiment and for treatment of diseases such as toothache, venereal diseases, cancer, tuberculosis, pleurisy, inflammation (boils), madness, gonorrhoea, bilharzia, chest pains, cell anaemia, cough, malaria, microbial infections, afterbirth troubles in women and snake envenomation (Agyare et al., 2006; Kokwaro, 2009; Zirihi, N’guessan, Etien, and Serikouassi, 2009; Orwa, Mutua, Kindt, Jamnadass, and Anthony, 2009 ; Gaya et al., 2013; Japeth, Josphat, and John, 2014; Orsot, oro, Kone, and Zirihi, 2016; Nyaboke et al., 2018). In Eastern Africa, this species is used for fishing, making arrow poisons or driving away persons with ‘evil eyes’ or ill intentions (Orwa et al., 2009).

In regards to phytochemistry, detailed investigation of aliphatic and aromatic amides in Z. gilletii roots, stem and root barks found arnottianamide, chelerythrine, dihydrochelerythrine, skimmianine, nitidine, fagaramide, 9-ethoxychelerythrine, xanthofagaripe, l-hydroxy-2,3-dimethoxy-l0-methyl-acridan-9-one, angoline, and angolinine. Later, fagaramide, sesamin, 8–acetonyldihydrochelerythrine and lupeol (1) were identified for the first time along with dihydrochelerythrine, and norchelerythrine in MeOH/DCM extract of Z. gilletii stem bark from Kenya (Omosa and Okemwa, 2017). Sesamin and the crude plant extract exhibited appreciable antiplasmodial activities against chloroquine-sensitive and resistant strains of P. falciparum (IC50 = 5.4–9.1 μM and 1.43–2.52 μg/mL respectively) (Omosa and Okemwa, 2017). Phytochemical characterization of MeOH extract of Z. gilletii bark led to the identification of thirteen (13) phytoconstituents: sesamin, lupeol (1), stigmasterol (2), 5-hydroxynoracronycine, decarine, trans- and cis-fagaramide, scoparone, scopoletin, fridelin, erythrodiol-3-O-palmitate, vanillic acid and stigmasterol-3-O-β-D-glucopyranoside. Some of the compounds had inhibition of 51.89 to 54.69% against P. falciparum 3D7. Studying the roots of Z. gilletii, the same group (Dzouemo et al., 2023) identified 9 compounds: sesamin, lupeol (1), arnottianamide, β-sitosterol, daucosterol, angoline, oxychelerythrine, hesperidin and neohesperidin. The last two compounds were identified for first time in Z. gilletii. Indeed, several other compounds have been reported in this species (Kaigongi and Lukhoba, 2021). 
Thus, the leaves, roots, root and stem bark of Z. gilletii contain mainly lignans, sterols, pentacyclic triterpenoids, alkaloids and glycosylated flavonoids. However, the compounds associated with the claimed antimicrobial potential of Z. gilletii stem bark in Ugandan traditional medicine remains unknown. Herein we report the presence of four known compounds: lupeol (1), stigmasterol (2), α-amyrin cinnamate (3) and α-amyrin acetate (4) from Z. gilletii stem bark extract.  


2. material and methods 

2.1 Instrumentation and Solvents
Silica gel 60 (0.40–0.0630, 230–400 mesh, Merck) and Sephadex® LH-20 (Pharmacia) were used for column chromatography. For NMR analysis, the isolated compounds were dissolved in deuterated chloroform (CDCl3) and analyzed on Bruker AV-500 MHz NMR spectrometer.
The chemical surroundings of various protons and carbon atoms in the molecule were determined using a proton nuclear magnetic resonance (1H NMR) and a carbon nuclear magnetic resonance (13C NMR), respectively. Using the NMR Solvent Data Chart from Cambridge Isotope Laboratories, the solvent peaks were located on the 1H-NMR spectrum and 13C-NMR spectrum. COSY was used to ascertain the correlation between the protons that were related to one another and, consequently, the connected carbon atoms. The methyl (-CH3), methylene (-CH2), and methine (-CH-) groups were identified using the HSQC spectrum, which uses carbon and hydrogen correlation to determine which protons are related to a particular carbon atom. The general connectivity inside a molecule was ascertained using HMBC to determine proton-carbon and heteroatom bond correlation over 2 and/or 3 bonds. MestreNova research was used to analyse the obtained spectra. The results were compared with information from the literature that has been published. The peak multiplicities were recorded (m, t, d, and s) in coupling constant (J) in Hz, and the chemical shifts were reported in ppm relative to the TMS signal.
2.2 Plant material
Zanthoxylum gilletii stem bark was collected from Mabira Forest Reserve (0°23′54″N 33°0′59″E), Buikwe District, Uganda on 17th June 2022. It was authenticated by a taxonomist at Makerere University Herbarium (Kampala) where a voucher specimen (accession no. 51160) was deposited.
2.3 Extraction and isolation
The air-dried stem bark (3.2 kg) was pulverized and exhaustively extracted by cold percolation at room temperature using a mixture of MeOH and DCM (1:1, v/v) for 72 hrs, with occasional stirring. It was filtered using cotton wool and then Whatman No. 1 filter paper. Finally, the filtrate was concentrated using rotary evaporator at 40 ℃. The mass (36.5 g) of the brown gummy crude extract obtained was kept at 4 ℃ for further analysis.
Chromatographic separation was done using 100% n-hexane (to remove fats and oils for two days) and then serially with solvent systems of increasing polarity. Initially, 2%, 5 %, 10%, 15 %, 20 %, 25%, 30%, 40% up to 100% ethyl acetate in hexane by collecting 200 mL each giving 150 fractions. The fractions were concentrated on a rotary evaporator and spotted on analytical TLC plates. Fractions with similar TLC profiles were combined. Fractions 1-10 (yellowish), eluted with 2% ethyl acetate, were combined to form fraction A. Fractions 11-24 (white crystals) were combined to give fraction B which was then loaded into a smaller column for further separation and purification using increasing polarities (0 to 8%) of ethyl acetate in hexane. A total of 100 sub fractions were obtained and fraction 20 gave a single spot in 9:1 and 8:2 (hexane: ethyl acetate); it was packed for NMR analysis and resulted into compound 2 (stigmasterol). Fractions 34-36 from the major column eluted at 5% EtOAc were combined, washed with MeOH and subjected to NMR analysis. This fraction, labelled EN02B, gave compound 1 (lupeol). Fractions 37-43 from the main column eluted at 10% ethyl acetate gave white crystals, which upon combining gave 11 mg of fraction EN03C. Fractions 55-62 from the major column were combined and loaded in Sephadex LH 20 column with 50% MeOH in DCM leading to isolation of 30 mg of a white amorphous solid (compound 3; α-amyrin cinnamate). On the other hand, fractions 67-69 from the main column gave yellowish crystals which were combined and loaded in a smaller column for further separation. It resulted in 20 sub fractions being collected (E1-E20). Sub fractions E4-E7 was combined to give 43 mg of compound 4 (α-amyrin acetate).
2.4 Antimicrobial activity assessment 
The antimicrobial activity of crude extract and isolated compounds was carried out using the disc-diffusion (6 mm diameter) assay method against Escherichia coli, Staphylococcus aureus, Enterobacter cloacae and Pseudomonas aeruginosa. Bacterial strains (American Type Culture Collection) were obtained from the Department of Biological Sciences, Kyambogo University, Uganda. These bacterial cultures were then maintained on nutrient agar slants for about a day after incubation at 37 . They were stored at 4  as stock cultures for further antibacterial activity. The antimicrobial activity was determined after incubation by measuring the inhibition zone diameters. The fungal cultures used were Aspergillus fumigatus and Candida albicans. The antifungal activities were carried out using 100 mg/mL of suspension containing a culture of fungi on potato dextrose agar incubated at 25  for 72 hrs. The activity of the crude extract and pure compounds were determined by measuring the diameter of zones of inhibitions around the well. Dimethyl sulfoxide (DMSO) and distilled water were used as negative controls and tetracycline as a positive control for bacteria and Nystatin for fungi. Utilizing the broth-dilution procedure, organisms with the highest sensitivity to the extracts and isolated compounds were used for minimum inhibitory concentration (MIC) and minimum fungal concentration (MFC). The test sample was serially diluted in sterile Mueller Hinton broth by a factor of 2 to 4 in a volume of 300 mg/mL for crude extract and 100 mg/mL for pure compounds. In sequence of increasing dilution, 300 mg/mL of the test organism were aseptically added to each of the four tubes containing the sample. The dilutions were in series of 300, 150, 75, 38, 19, 9.5 µL. The tubes were then incubated for 24 hrs at 37  and turbidity was used to look for growths.
After the incubation time has passed, the MIC measurement using the broth dilution procedure, in sequence of increasing dilution (300, 150, 75, 38, 19 and 9.5 mg/mL), 4 mL of solution from each of the four tubes containing the ethyl acetate extract were inoculated on Mueller Hinton agar and incubated at 37  for 24 hrs. The minimum fungicidal concentration (MFC) was defined as the maximum dilution that demonstrated microbial/fungal growth.


2.5 Statistical analysis 

All experimental data were subjected to statistical analysis using Microsoft excel software. The results were presented as the mean of three replicates and expressed as mean values with their corresponding standard deviation (SD), and the level of significance was set at p≤ 0.05.	

3. results and discussion

[bookmark: _Toc138870877][bookmark: _Toc139580414][bookmark: _Toc140671525]3.1 Isolated compounds from Z. gilletii stem bark
3.1.1 Compound 1 (lupeol)
[bookmark: _Hlk226103891][bookmark: _Hlk226103031]Compound 1 was isolated as white a solid. The 1H NMR spectrum displayed seven methyl singlet peaks at chemical shifts of ẟH 1.02, 0.96, 0.80, 0.94, 0.82, 0.89, and 1.68 attached to the methyl carbon C-23 and C-28 while vinylic proton at ẟH 1.68 was attached to C-30. The two distinguished singlets at ẟH 4.68 and 4.56 were associated with olefinic character of the methylene group at C-29a and C-29b (Figure 1a and Supplementary file: Table S1).
The 13C NMR spectrum displayed thirty carbon atoms for a triterpene characteristic with oxygenated carbon which is highly deshielded at ẟC 79.1 and was numbered C-3. The spectrum also displayed signals at ẟC 151.2, which was assigned to quaternary carbon C-20. Another signal at ẟC 109.3 was attached to one of the olefinic carbon C-29. The 13C NMR spectrum also displayed quaternary carbons at ẟC 37.4, 39.1, 41.0, 43.0, 43.4 which were assigned to C-10, C-4, C-8, C-14 and C-17, respectively. The carbon peaks at ẟC 18.5, 22.6, 25.7, 31.6, 27.6, 31.8, 34.4, 35.6, 38.6, and 40.4 were attached to methylene carbons at C-6, C-11, C-12, C-2, C-15, C-21, C-7, C-16, C-1 and C-22, respectively. The seven methyl peaks at ẟC 14.8, 14.5, 16.3, 16.2, 18.4, 19.5 and 18.5 were assigned to C-27, C-24, C-25, C-26, C-28, C-30 and C-23, respectively (Figure 1b and Supplementary file: Table S1).

 a


 b

Figure 1. (a) 1H NMR (500 MHz, CDCl3) and (b) 13C NMR (125 MHz, CDCl3) of Compound 1
By comparing the spectral data with published literature (Dzouemo et al., 2022), compound 1 was confirmed to be lupeol (1). This compound has been previously reported in extracts of Z. gilletii stem bark and roots (Omosa and Okemwa, 2017; Nyaboke et al., 2018; Dzouemo et al., 2022; Dzouemo et al., 2023) and Zanthoxylum flavum Vahl roots (Ross, Krishnaven, Radwan, Takamatsu, and Burandt, 2008).
[bookmark: _Toc140671526][bookmark: _Toc139580415]3.1.2 Compound 2 (Stigmasterol)
[bookmark: _Hlk226103700]Compound 2 was isolated as white needle like solid. The 1H-NMR spectrum displayed a multiplet centred at ẟ 3.53, which is characteristic of a proton geminal to a hydroxyl group at C-3 of a steroid. It also showed a doublet at ẟ 5.35, suggesting an olefinic proton. The remaining protons ranged had six methyl peaks at ẟ 0.69 (3H, H-18), 0.82(3H, H-26), 0.91 (3H, H-21), 0.92 (3H, H-19), 1.01(3H, H-29), 1.20(3H, H-27). The 13C-NMR spectrum had twenty-nine signals, suggesting that it had a steroid skeleton. Four of the signals at ẟc 140.7, 121.74, 138.36, 129.31 ppm showed olefinic character of carbon atoms with carbon-carbon double bonds (Figure 2a, 2b and Supplementary file: Table S2).
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Figure 2. (a) 1H NMR (500 MHz, CDCl3) and (b) 13C NMR (125 MHz, CDCl3) of Compound 2
The proton resonating at δH 1.65 showed correlations with δC 19.9(H-26), 19.0(H-27) and 23.1(H-28). With comparison of its NMR spectral data (Supplementary file: Table S2) with literature data (Mining, 2008; Sekandi et al., 2023), compound 2 was identified as a stigmasterol. This compound has been previously identified in the root bark extract of Zanthoxylum paracanthum Kokwaro (Kaigongi et al., 2020) and Zanthoxylum flavum (Ross et al., 2008).

[bookmark: _Toc139580418][bookmark: _Toc140671529]3.1.3. Compound 3 (α-amyrin cinnamate)
Compound 3 was isolated as a white powder. The 1H- NMR spectrum (CDCl3, 500 MHz) had seven methyl peaks at ẟH = 0.98, 0.90, 0.96, 0.88, 0.82, 0.91, 1.03 which indicated the presence of a pentacyclic triterpenoid skeleton. The signals in the downfield region of the 1H-NMR spectrum were a doublet at ẟH 4.67 (J = 6.1, 14.6Hz) and a triplet at ẟH 5.15 (J = 3.4 Hz) which were assigned to the acyl-bearing methine carbon-3 and to the carbon-12 vinylic proton, respectively. The 1H-NMR spectrum showed two doublets at ẟH 6.48 (J = 16.1 Hz) and ẟH 7.68 (J = 16.3 Hz). Also, the signals of a mono substituted benzene ring were ẟ 7.40 (m, H-3’, H-4’, H-5’) and ẟ 7.54 (m, H-2’, H-6’) which are typical chemical shifts of a 3β-O-cinnamoyl moiety. Thus, the compound was deduced to be α-amyrin cinnamate. (Figure 3a, 3b and Supplementary file: Table S3). 
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[bookmark: _Toc139580419][bookmark: _Toc140671530]Figure 3. (a) 1H NMR (500 MHz, CDCl3) and (b) 13C NMR (125 MHz, CDCl3) of Compound 3
3.1.4. Compound 4 (α-amyrin acetate)
The 1H-NMR spectrum of compound 4 indicated the presence of seven methyl singlets as well as two methyl doublets. The methyl singlet appearing downfield at δH 2.04 indicated the presence of acetate moiety which was confirmed by the presence of carbonyl carbon at δC 171.3. The appearance of two methyl doublets suggested the presence of ursane-type triterpenoid. The compound also showed an olefinic character at δH 5.13 attached to H-12 and an oxygenated proton at δH 4.50 assigned to H-3 (Figure 4 and Supplementary file: Table S4).
The compound’s 13C-NMR spectrum revealed 32 carbon atoms to have notable carbon resonances. The tertiary methyls were responsible for the up-field resonance at δC 28.3, 16.9, 16.2, 17.8, 23.4, 29.1, 17.8, and 21.7 ppm while the carbon of the methyl acetate group was represented by the signal at 21.5 ppm. The peak at δC 81.5 in the downfield region was attributed to the carbon containing acetate at position 3. The acetate's carbon resonated at δC 171.3, and its terminal methyl at δC 21.5. The chemical shift of C-2, which resonated at δC 23.9, revealed the presence of the acetate at C-3. For the carbons C-5 and C-18, two single protonated carbons showed different signals at δC 55.6 and δC 59.2, respectively. The signal at δC 124.5 was attributed to C-12 and that at δC 139.7 was assigned to C-13. The chemical shifts of C-12 and C-13. The position and orientation of the methyl groups at positions C-29 and C-30 were revealed by the chemical shifts of C-12 and C-13. This is given by the resonance of the 19 p-methyl at δC 39.80 at the equatorial position, which is near to the double bond (Supplementary file: Table S4).


Figure 4. 1H NMR (500 MHz, CDCl3) of Compound 4
By comparison with published data (Okoye et al., 2014; Nnamonu, Tor-Anyiin, Ugbenyo, and Anyam, 2016), compound 4 was identified as α-amyrin acetate. This compound is hereby reported for the first time from Zanthoxylum species but has been previously isolated from stem bark extracts of Alstonia boonei and Ficus exasperata (Vahl) (Okoye et al., 2014; Nnamonu et al., 2016).Therefore, there were four (4) compounds which have been isolated from Z. gilletii stem bark (Figure 5).
[image: ]
Figure 5: Structure of compounds 1–4 isolated from Z. gilletii stem bark

3.2 Antibacterial and antifungal activities of crude and isolated compounds
The extract and the compounds displayed inhibition against the microorganisms with diameters measuring 3.0±0.0 mm to 19.0±0.0 mm (Table 1). The crude extract showed the highest MIC of 150 mg/mL for S. typhi which indicated the lowest activity and 75 mg/mL for both P. aeruginosa and S. aureus as well as moderate MIC of 25 mg/mL for E. coli and MFC of 37.5 mg/mL for C. albicans, respectively (Table 2). 
For the compounds, compound 1 had MIC of 50 mg/mL against S. aureus, C. albicans and P. aeruginosa. It also had MIC of 25 mg/mL for S. typhi and A. fumigatus, 12.5 and 6.25 mg/mL for E. coli and E. cloacae, respectively. On the other hand, compound 2 had the lowest MIC of 6.25 mg/mL for A. fumigatus. Its MIC was 12.5 mg/mL against S. aureus, E. cloacae and C. albicans. On the other hand, the MBC and MFC (Table 2) almost doubled the MIC values. For example, the MBC of compound 3 against S. aureus was 25 mg/mL, which was twice its MIC. 
[bookmark: _Toc138870875]The antimicrobial effect of compound 1 isolated from the stem bark of Dehaasia cuneate against Serratia marcescens and E. coli was previously reported (Rosandy, Ishak, Sabri, Ahmad, and Al Muqarrabund, 2021). Further, compound 1 from Grewia lasiocarpa stem bark displayed high antibacterial activity against S. typhi and E. coli (Akwu et al., 2020), although the MIC values were not determined. At 200 µg/mL, compound 1 was effective against Penicillium chrysogenum causing 90% growth inhibition. It also inhibited growth of germ tube of Fusarium verticillioides by 82% at 50 mg/mL (Javed et al., 2021). Similarly, compound 2 isolated from extracts of Albizia gummifera stem bark and Zanthoxylum paracanthum root bark showed significant inhibition of S. typhimurium, S. flexneri (Ayele, Gurmessa, Abdissa, Kenasa, and Abdissa, 2022) and S. aureus (MIC = 62.50 µg/mL) and E. coli (MIC = 15.63 µg/mL) (Kaigongi et al., 2020). Similarly, compound 3 α-amyrin acetate isolated from Strobilanthes callosus elicited good antimicrobial activity against E. coli  and A. niger (Singh, Sahu, and Sharma, 2002). α-amyrin acetate was active against C. albicans with MIC of 30 µg/mL (Johann, Soldi, Lyon, Pizzolatti, and Resende, 2007). This compound isolated from Enicostemma littorale was reported to be active on both B. subtilis and P. aeruginosa with inhibition zones of 13±0.9 mm and 13±0.24 mm respectively (Pillai et al., 2020).




[bookmark: _Toc134529632][bookmark: _Toc138872456][bookmark: _Toc140663548]Table 1. Showing antimicrobial activity of the crude extract and isolated compounds
	Strains 
	Inhibition zones of samples (mm)
	Controls

	
	Extract
	1
	2
	3
	4
	DMSO
	Tetracycline
	Nystatin 

	E. coli
	15.1±0.2
	10.0±0.8
	17.0±0.0
	18.1±0.0
	14.5±0.1
	–
	22.0±0.0
	ND

	S. aureus
	8.0±0.3
	14.2±0.5
	10.1±0.2
	11.0±0.2
	19.0±0.0
	–
	18.0±0.0
	ND

	P. aeruginosa
	9.1±0.6
	12.8±0.4
	15.0±0.6
	13.7±0.5
	16.3±0.7
	–
	19.0±0.0
	ND

	S. typhi
	3.0±0.0
	9.0±0.3
	12.4±0.3
	14.6±0.1
	11.5±0.4
	–
	20.0±0.0
	ND

	E. cloacae
	12.0±0.1
	13.2±0.2
	7.3±0.4
	10.0±0.0
	18.0±0.3
	–
	18.0±0.0
	ND

	A. fumigatus
	17.0±0.3
	12.0±0.6
	19.0±0.1
	11.0±0.4
	8.0±0.7
	-
	ND
	11±0.5

	C. albicans
	18.0±0.7
	11.2±0.4
	16.0±0.1
	13.2±0.2
	12.2±0.2
	-
	ND
	12.3±0.3


The Zone of inhibition values are represented as the mean ± SD
Note: – means not active, and ND means not determined

Table 2. MIC and MFC of Z. gilletii stem bark against Bacterial and Fungal Strains (mg/mL).
	Sample
	Bacterial strains (MIC)
	Fungal strains (MFC)

	
	E. coli
	S. aureus
	P. aeruginosa
	S. typhi
	E. cloacae
	A. fumigatus
	C. albicans

	Extract
	25.0±0.2
	75.0±0.5
	75.0±0.2
	150.0±0.6
	75.0±0.4
	150.0±0.1
	37.5±0.2

	1
	12.5±0.0
	50.0±0.2
	50.0±0.1
	25.0±0.0
	6.25±0.1
	25.0±0.5
	50.0±0.5

	2
	75.0±0.1
	12.5±0.1
	75.0±0.8
	18.75±0.1
	12.5±0.4
	6.25±0.5
	12.5±0.1

	3
	75.0±0.1
	25.0±0.4
	150.0±0.3
	75.0±0.0
	12.5±0.6
	150.0±0.2
	50.0±0.4

	4
	25.0±0.8
	25.0±0.1
	150.0±0.1
	37.5±0.2
	75.0±0.0
	150.0±0.7
	50.0±0.1             


The values are represented as the mean ± SD; MIC – Minimum inhibitory concentration; MFC– Minimum fungicidal concentration

4. Conclusion

In the current study, the bioactive components of Z. gilletii stem bark crude extract and the isolated compounds have been investigated for antimicrobial activities. Through extensive spectroscopic studies, four bioactive compounds (1-4). Compound 2 showed good activity on both bacteria S. aureus and fungi C. albicans, suggesting that it is both antifungal and antibacterial. The observed activities lend credence to the traditional use of this plant in treating microbial and fungal infections across Ugandan communities. Therefore, additional in vitro and in vivo in-depth studies are necessary to validate these findings. 

[bookmark: _Hlk218867759]Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
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Supplementary Material

Table S1. NMR data of compound 1 (lupeol)
	Carbon
	δH in ppm (mult, J in Hz)
	ẟH (H, m, J in Hz) Experiment
	Experimental ẟC
	Literature δC

	1
	0.99 (m) 
	1.66
	38.8
	38.4

	2
	1.62 (m)
	1.52 (2H, m)
	31.6
	25.1

	3
	4.47 (dd, J = 5.3, 11.3 HZ)
	3.20 (1H, m, J=5.4Hz, 11.2Hz)
	79.1
	81.0

	4
	
	
	39.1
	38.0

	5
	0.80 (m) 
	0.69 (1H, s)
	55.4
	55.4

	6
	1.52 (m), 1.42 (m)
	1.38
	18.5
	18.2

	7
	1.49 (m), 1.38 (m)
	1.38
	34.4
	34.2

	8
	
	
	41.0
	40.8

	9
	1.30 (m)
	1.27
	50.6
	50.3

	10
	
	
	37.4
	37.1

	11
	1.42 (m), 1.23 (m)
	1.26
	22.6
	20.9

	12
	1.91 (m), 1.63 (m)
	1.42
	25.7
	23.7

	13
	1.66 (m)
	1.61
	38.6
	37.8

	14
	
	
	43.0
	42.8

	15
	1.69 (m), 1.01 (m)
	1.68
	27.6
	27.4

	16
	1.49 (m), 1.36 (m)
	1.53
	35.6
	35.6

	17
	
	
	43.4
	43.0

	18
	1.37 (m)
	1.36
	48.2
	48.3

	19
	2.39 (m)
	2.37 (1H, s)
	48.5
	48.0

	20
	
	
	151.8
	150.9

	21
	1.93 (m), 1.34 (m)
	1.82
	31.8
	29.8

	22
	1.39 (m), 1.20 (m)
	1.40
	40.4
	40.0

	23
	0.88 (,s)
	0.97 (3H, s)
	28.4
	28.0

	24
	0.86 (,s)
	0.89 (3H, s)
	14.5
	16.5

	25
	1.05 (,s)
	0.82 (3H, s)
	16.2
	16.2

	26
	0.85 (,s)
	1.02 (3H, s)
	16.1
	16.0

	27
	0,95 (,s)
	0.94 (3H, s)
	14.8
	14.5

	28
	0.80 (,s)
	0.80 (3H, s)
	18.4
	18.0

	29
	1.70 (,s)
	4.71 (1H, s)
	109.4
	19.3

	30
	4.70 (s, 29a), 4.59 (s, 29b)
	1.68 (3H, s)
	19.5
	109.4





[bookmark: _Toc138872459][bookmark: _Toc134529633][bookmark: _Toc140663553]Table S2. NMR data of compound 2 (Lupeol)
	Carbon position
	H (H, m, J in Hz)
	c Experimental
	Literature c  
	HMBC (2J, 3J)

	1
	1.83 (H, s)
	37.4
	37.6
	

	2
	1.86 (H, dd, J = 3.8)
	32.0
	32.1
	

	3
	3.53 (H m, J = 6.7 Hz)
	71.9
	72.1
	C-1,2,4,

	4
	2.31 (dd, J = 5.9Hz)
	42.3
	42.4
	

	5
	
	140 q
	141.1
	

	6
	5.35 (H, d, J =7.2 Hz)
	121.6
	121.8
	

	7
	1.50 (H, s, J = 3.5 Hz)
	31.7
	31.8
	C- 6, 9, 14

	8
	1.44 (H, d, J =4.7 Hz)
	31.9
	31.8
	 

	9
	0.93
	50.1
	50.2
	

	10
	
	36.9
	36.6
	

	11
	
	21.2
	21.5
	

	12
	1.16
	39.8
	39.9
	C- 11, 14,17

	13
	2.26 (H, d, J = 6.4)
	42.3
	42.4
	

	14
	0.99
	56.8
	56.8
	

	15
	1.56 (s)
	24.4
	24.4
	C- 13, 16,

	16
	1.85
	28.2
	29.3
	

	17
	1.11 (s)
	56.0
	56.2
	

	18
	0.69 (3H, s)
	11.9
	11.8
	

	19
	0.91 (3H, s)
	19.3
	19.4
	

	20
	1.35
	36.1
	36.1
	

	21
	0.90 (3H, s)
	18.8
	18.7
	

	22
	5.14 (H, dd, J = 12.5 Hz)
	138.4
	138.0
	

	23
	5.02 (H, dd, J = 11.7 Hz)
	129.4
	129.1
	C- 20, 17,24

	24
	0.92
	45.8
	45.8
	

	25
	1.65
	29.3
	29.1
	C-26,27, 28

	26
	0.82 (3H, s)
	19.9
	19.8
	

	27
	1.25 (3H, s)
	19.0
	19.0
	

	28
	1.01
	23.1
	23.0
	

	29
	1.03(3H, s)
	11.9
	11.9
	



[bookmark: _Toc140663556][bookmark: _Toc138872463]Table S3. NMR data for compound 3 (α-amyrin cinnamate)
	Carbon
	COSY
	ẟH (H, m, J in Hz)
	ẟC (ppm)
	HMBC (2J, 3J)

	1
	1.68
	1.14(s)
	38.6
	

	2
	
	1.72 (s,2H)
	23.8
	

	3
	1.72
	4.67 (H, d, J = 6.1, 14.6Hz)
	80.9
	C-1, 2,4,5, C-1’

	4
	
	
	37.9
	

	5
	1.97
	0.89 (H, d, J = 6.0Hz)
	55.5
	

	6
	1.38
	1.56
	18.2
	C-7,8

	7
	
	1.55
	32.4
	

	8
	
	
	39.3
	

	9
	
	1.58
	47.8
	

	10
	
	
	38.8
	

	11
	
	1.92 (2H,
	23.7
	

	12
	1.92
	5.15 (H, t, J = 3.4Hz)
	124
	C-9,11,14,18

	13
	
	
	139.8
	

	14
	
	
	42.0
	

	15
	1.83
	0.99
	26.5
	C-14,16,17

	16
	
	1.96
	28.4
	

	17
	
	
	32.8
	

	18
	
	1.94
	47.5
	

	19
	
	1.60
	47.0
	

	20
	
	1.33
	39.8
	

	21
	1.26
	1.40
	31.2
	C-19,

	22
	
	1.29
	41.6
	

	23
	
	0.95
	28.2
	 

	24
	
	0.97( 3H, s)
	16.9
	

	25
	
	1.03(3H, s)
	15.6
	

	26
	2.22
	1.04(3H, s)
	16.8
	

	27
	
	1.10(3H, s)
	23.4
	

	28
	
	0.82(3H, s)
	28.7
	C-21,22

	29
	1.38
	0.81(d, J = 6.0Hz)
	17.7
	

	30
	
	0.93(3H,s)
	21.4
	

	1׳
	
	
	168.5
	

	2׳
	
	7.68 (d, J = 16.0Hz)
	144.6
	

	3׳
	
	6.48 (d, J = 16.0Hz)
	118.6
	

	4׳
	
	
	134.5
	

	5׳ 
	
	7.54
	128.3
	

	6׳
	
	7.40
	128,6
	

	7׳
	
	7.40
	130.2
	

	8׳
	
	7.40
	128.6
	

	9׳
	
	7.54
	128.3
	




Table S4. NMR data of compound 4 (α-amyrin acetate)
	[bookmark: _Toc138870880] Carbon 
	[bookmark: _Toc138870881]δH (H, m, J in Hz)
	[bookmark: _Toc138870882]δC experimental
	δC literature 
	[bookmark: _Toc138870883]2J, 3J

	[bookmark: _Toc138870884]1
	
	[bookmark: _Toc138870885]38.7
	38.46
	

	[bookmark: _Toc138870886]2
	[bookmark: _Toc138870887]1.63
	[bookmark: _Toc138870888]23.9
	23.45
	[bookmark: _Toc138870889]C-2, 3

	[bookmark: _Toc138870890]3
	[bookmark: _Toc138870891]4.51(H, dd, J = 9.6, 5.3, H-3)
	[bookmark: _Toc138870892]81.5
	81.03
	[bookmark: _Toc138870893]C-1, 4, 23, 24

	[bookmark: _Toc138870894]4
	
	[bookmark: _Toc138870895]38.0
	37.78
	

	[bookmark: _Toc138870896]5
	[bookmark: _Toc138870897]0.86
	[bookmark: _Toc138870898]55.6
	55.33
	[bookmark: _Toc138870899]C-4, 6, 10,

	[bookmark: _Toc138870900]6
	[bookmark: _Toc138870901]1.56
	[bookmark: _Toc138870902]18.6
	18.32
	

	[bookmark: _Toc138870903]7
	
	[bookmark: _Toc138870904]33.2
	32.94
	

	[bookmark: _Toc138870905]8
	
	[bookmark: _Toc138870906]40.5
	39.72
	

	[bookmark: _Toc138870907]9
	[bookmark: _Toc138870908]1.58
	[bookmark: _Toc138870909]47.8
	48.08
	

	[bookmark: _Toc138870910]10
	
	[bookmark: _Toc138870911]36.8
	36.86
	

	[bookmark: _Toc138870912]11
	[bookmark: _Toc138870913]1.92
	[bookmark: _Toc138870914]23.8
	23.45
	

	[bookmark: _Toc138870915]12
	[bookmark: _Toc138870916]5.14 (1H, t)
	[bookmark: _Toc138870917]124.5
	124.39
	[bookmark: _Toc138870918]C-9, 11, 14,18

	[bookmark: _Toc138870919]13
	
	[bookmark: _Toc138870920]139.7
	139.70
	

	[bookmark: _Toc138870921]14
	
	[bookmark: _Toc138870922]42.3
	42.14
	

	[bookmark: _Toc138870923]15
	
	[bookmark: _Toc138870924]28.3
	28.15
	

	[bookmark: _Toc138870925]16
	
	[bookmark: _Toc138870926]27.0
	26.68
	

	[bookmark: _Toc138870927]17
	
	[bookmark: _Toc138870928]33.9
	33.82
	

	[bookmark: _Toc138870929]18
	[bookmark: _Toc138870930]1.30
	[bookmark: _Toc138870931]59.2
	59.13
	

	[bookmark: _Toc138870932]19
	[bookmark: _Toc138870933]1.36
	[bookmark: _Toc138870934]39.80
	39.72
	[bookmark: _Toc138870935]C-18, 20

	[bookmark: _Toc138870936]20
	[bookmark: _Toc138870937]1.99
	[bookmark: _Toc138870938]39.85
	40.8
	

	[bookmark: _Toc138870939]21
	
	[bookmark: _Toc138870940]31.5
	31.33
	

	[bookmark: _Toc138870941]22
	
	[bookmark: _Toc138870942]42.0
	41.6
	

	[bookmark: _Toc138870943]23
	[bookmark: _Toc138870944]0.86(s,3H)
	[bookmark: _Toc138870945]28.3
	28.15
	[bookmark: _Toc138870946]C-3, 4,5,24

	[bookmark: _Toc138870947]24
	[bookmark: _Toc138870948]0.85(s,3H)
	[bookmark: _Toc138870949]16.9
	16.05
	

	[bookmark: _Toc138870950]25
	[bookmark: _Toc138870951]0.96(s, 3H-25)
	[bookmark: _Toc138870952]16.2
	16.26
	

	[bookmark: _Toc138870953]26
	[bookmark: _Toc138870954]0.99(s, 3H-26)
	[bookmark: _Toc138870955]17.8
	16.83
	[bookmark: _Toc138870956]C-7, 8, 9, 14

	[bookmark: _Toc138870957]27
	[bookmark: _Toc138870958]1.05(s, ,3H-27)
	[bookmark: _Toc138870959]23.4
	19.32
	[bookmark: _Toc138870960]C-8, 13, 14, 15

	[bookmark: _Toc138870961]28
	[bookmark: _Toc138870962]0.79(s, 3H-28)
	[bookmark: _Toc138870963]29.1
	28.83
	[bookmark: _Toc138870964]C-16, 17, 18, 22

	[bookmark: _Toc138870965]29
	[bookmark: _Toc138870966]0.82(d, J = 6.0 Hz)
	[bookmark: _Toc138870967]17.8
	17.59
	[bookmark: _Toc138870968]C-18, 19, 20

	[bookmark: _Toc138870969]30
	[bookmark: _Toc138870970]0.84(d)
	[bookmark: _Toc138870971]21.7
	21.49
	[bookmark: _Toc138870972]C-19, 20, 21

	[bookmark: _Toc138870973]1′
	
	[bookmark: _Toc138870974]171.3
	171.07
	

	[bookmark: _Toc138870975]2′
	[bookmark: _Toc138870976]2.04 (3H, s)
	[bookmark: _Toc138870977]21.5
	21.49
	[bookmark: _Toc138870978]1՛
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GI-80K * ca.100mg i. 0.65ml CDCl3 * 13C * NEO500

1

4

.

6

2

1

5

.

8

4

1

5

.

8

6

1

6

.

0

9

1

6

.

1

5

1

6

.

3

1

1

6

.

7

8

1

6

.

9

6

1

6

.

9

7

1

7

.

0

3

1

7

.

6

2

1

7

.

7

9

1

8

.

1

1

1

8

.

3

0

1

8

.

3

3

1

8

.

3

6

2

1

.

4

1

2

1

.

5

2

2

3

.

3

2

2

3

.

3

5

2

3

.

4

8

2

3

.

8

0

2

5

.

8

6

2

6

.

7

0

2

8

.

1

2

2

8

.

1

3

2

8

.

1

6

2

8

.

1

9

2

8

.

2

4

2

8

.

8

6

2

9

.

9

2

3

1

.

3

5

3

2

.

9

5

3

2

.

9

7

3

3

.

8

4

3

4

.

9

2

3

5

.

6

7

3

6

.

8

7

3

6

.

9

1

3

6

.

9

2

3

7

.

2

0

3

7

.

7

9

3

7

.

8

8

3

8

.

0

4

3

8

.

1

2

3

8

.

1

3

3

8

.

1

7

3

8

.

5

7

3

9

.

7

0

3

9

.

7

5

4

0

.

1

0

4

0

.

1

2

4

0

.

9

5

4

1

.

6

4

4

2

.

1

6

4

2

.

9

2

4

3

.

0

8

4

7

.

7

3

4

8

.

0

9

4

8

.

3

7

5

0

.

4

2

5

0

.

4

3

5

1

.

3

7

5

3

.

5

2

5

5

.

3

4

5

5

.

3

9

5

5

.

4

6

5

5

.

5

0

5

9

.

1

3

5

9

.

1

4

8

1

.

0

0

8

1

.

0

3

8

1

.

0

7

8

1

.

1

0

1

1

8

.

9

2

1

1

8

.

9

5

1

2

4

.

4

0

1

2

4

.

4

2

1

2

5

.

2

1

1

2

8

.

1

3

1

2

8

.

9

3

1

3

0

.

2

2

1

3

4

.

6

4

1

3

9

.

7

1

1

4

4

.

3

7

1

4

4

.

3

9

1

6

6

.

8

8


oleObject6.bin

image7.emf
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

f1 (ppm)

NEO500_2023-0228_ig.120.fid

GI-80L * ca.100mg i. 0.65ml CDCl3 * 1H * NEO500

6

.

2

0

1

8

.

0

0

1

2

.

1

8

6

.

0

5

8

.

0

6

1

.

0

9

1

.

0

8

0

.

8

6

0

.

8

8

0

.

8

9

0

.

8

9

0

.

9

0

0

.

9

0

0

.

9

2

0

.

9

3

0

.

9

3

0

.

9

3

0

.

9

4

0

.

9

5

0

.

9

6

0

.

9

7

0

.

9

7

0

.

9

8

0

.

9

8

1

.

2

5

1

.

2

7

1

.

2

9

1

.

2

9

1

.

3

0

1

.

3

0

1

.

3

1

1

.

3

2

1

.

5

8

1

.

6

0

1

.

6

0

1

.

6

1

1

.

6

3

1

.

9

6

1

.

9

7

1

.

9

8

1

.

9

9

2

.

0

3

2

.

0

3

2

.

0

4

2

.

0

4

2

.

0

5

2

.

0

6

2

.

0

8

2

.

0

9

2

.

3

2

2

.

3

4

2

.

3

5

5

.

1

0

5

.

1

0

5

.

1

1

5

.

1

2

5

.

1

2

5

.

1

3

5

.

1

3


oleObject7.bin

image8.png




