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Abstract

Background: As a result of high percentage of women infected with urinary tract infection (UTI) annually, many rural dwellers use Adansonia digitata fruit pulp as herbal cure. Adansonia digitata L. (Malvaceae) is one of the great trees idolised in Africa because of its therapeutic properties.

Aim: This study aimed at identifying chemical compounds in the ethylacetate fraction of the baobab fruit pulp and indicated their biological activities to justify its use for the folkloric treatment of UTI.

Methods: The crude extract from Baobab fruit pulp was partitioned and ethylacetate extract was used for assay. Gas chromatography-mass spectrometry (GC–MS) analysis was performed to identify the bioactive compounds in the ethylacetate fraction, antioxidant activity was evaluated using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP) assays whilst the total phenolic and flavonoid contents were determined by already adopted protocols. The antibacterial properties were tested against some urinary tract pathogens using macro broth dilution method.

Results: A total of 36 bioactive compounds were identified by GC–MS analysis, most of them have been reported as antibacterial, antioxidant, antidiabetic, antiasthma, antifungal, anti-inflammatory and anti-cancer agents. The extract exhibited highest activity against Pseudomonas aeruginosa American Type Culture Collection (ATCC) 19582 (1.22 mg/mL) whilst Escherichia coli ATCC 8739 (˃ 8.6 mg/mL) displayed high level of resistance amongst the five bacterial isolates used in this study.

Conclusion: These findings indicated that the extract contained bioactive compounds of therapeutic importance with significant antioxidant and antibacterial potentials and justify the folkloric use of this fruit in the treatment of UTIs by many African dwellers.
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Introduction

Adansonia digitata L. (Malvaceae) is one of the eight species of Adansonia genus that is indigenous to sub-Sahara African. The leaves, seeds and fruit pulp are edible and are consumed majorly by rural dwellers because of the cultural and religious beliefs of the consumers. Almost every part of the tree is valuable. Whilst some even consider the tree as sacred (Muthai et al. 2017) baobab leaves, bark and fruit are used for nutraceutical purposes in many African countries. As a result of the antihistamine and anti-hypertension potentials of the leaves, dry powdered leaves are used as an anti-asthmatic agent (Abiona, Adedapo & Suleiman 2015). Datsugwai and Yusuf (2017) indicated that the extract from the stem was capable of inhibiting some urinary tract pathogens such as Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis and Staphylococcus species. Abdallah and Ali (2018) reported that the leaf extracts were significantly potent against some enteric pathogens. Lisao, Geldenhuys and Chirwa (2017) reported that the leaves were used as a healing therapy for cough in northern Namibia. Kehlenbeck, Padulosi and Alercia (2015) reported that the presence of high concentration of essential amino acid in the seed makes it a good source of protein and hence it is roasted and consumed as snacks in some African countries. Its application in folk medicine cannot be underestimated as Sodimu et al. (2020) further indicated the effectiveness of Baobab in the treatment of infections in traditional Africa communities. The oil extracted from the seed has been reported to be widely used in chemotherapy and in the cosmetic industries because of the presence of palmitic, linoleic and oleic acids (Komane et al. 2017).

Baobab fruits are large gourd-like structures with wooden velvety skin (Sundarambal, Muthusamy & Radha 2015). The gourd contains many seeds surrounded with white powdery pulp having a high content of vitamin C almost 10 times higher than that from citrus orange (Kehlenbeck et al. 2015). The powdery pulp is used in local beverage preparation and local candies (De Caluwé, Halamová & Van Damme 2010). Some researchers considered it as a food supplement and recommended for daily consumption to give energy, carbohydrates and proteins especially to children and pregnant women. In African traditional medicine, the pulp is utilised locally as an antipyretic, anti-dysenteric, diaphoretic, immunostimulant, anti-inflammatory, analgesic and probiotic agent (Braca et al. 2018). The pulp exhibits numerous medicinal properties such as antioxidant activity (Tembo, Holmes & Marshall 2017), hepatoprotective effect (Hanafy et al. 2016), cardioprotective effect (Ghoneim et al. 2016) and antidiabetic and anti-cholesterol potential (Ebaid et al. 2019). Although the pulp is relatively low in protein content (Chadare et al. 2008), it could also serve as a good source of amino acids and a low glycaemic index food because of its low sugar content as well. Despite numerous reports on the nutritional and chemical composition of Baobab fruit pulp, there is a dearth of information on its different chemical compounds elucidated by gas chromatography–mass spectrometry (GC–MS) analysis and the biological activities of each compound contributing to rationale for its recognition as a functional food and as curative agent for urinary tract infection (UTIs) in folk medicine in some local villages in Nigeria. This study therefore investigated the bioactive compounds in the ethylacetate fraction of baobab pulp and its biological activities.

Materials and methods

Collection of plant samples

The entire gourd of healthy and disease-free samples of Adansonia digitata L. fruit was collected from the wild in Michika local government area of Adamawa state, Nigeria in April 2019. It was identified ethnobotanically and confirmed by a medicinal plant specialist in the University of Lagos, Lagos and the voucher number is LUH: 8772. Michika, a Local government in Adamawa state, is located in the north eastern part of Nigeria. Its geographical coordinates are 10° 37’ 5” north, 13° 23’ 22” east.

Chemical reagents

All chemical reagents used for this investigation were of analytical grade. Reagent such as 2, 2-diphenyl-1-picrylhydrazyl, ferrous chloride, ferrozine, sodium sulfate, gallic acid, trolox (6-hydroxy-2, 5, 7, 8-tetramethylchroman-2- carboxylic acid), TPTZ (2, 4, 6-tripyridyl-s-triazine), iron (III) chloride hexahydrate (FeCl3.6H2O) and Folin–Ciocalteau were purchased from Sigma-Aldrich (Germany). Sodium acetate trihydrate (C2H3NaO2), sodium hydroxide (NaOH), methanol, acetone, acetic acid glacial, chloridric acid and sodium carbonate were purchased from Synth (Brazil) and gallic acid was purchased from Vetec (Brazil).

Extraction of baobab pulp and preparation of extracts

This was carried out by method described by George, Saewan and Ali (2019) with slight modifications. Gourds were broken and the white powdery pulp was collected before being pounded with cleaned mortar and pestle to separate the seeds from the powdery substance. A total of 80 g of pulverised baobab fruit pulp was dispersed into 640 mL of 70% methanol and was continuously agitated with rotary shaker (Stuart Scientific Orbital Shaker, United Kingdom) for 72 h for proper digestion before being filtered through a Whatmann No. 1 filter paper. The filtrate was concentrated with a rotary vacuum evaporator (Laborota 4000-efficient, Germany) at 40 °C under pressure. The semisolid crude extract was dried in an oven and stored at 4 °C for further use.

Solvent–solvent partitioning

Solvent–solvent partitioning was carried out on the crude extract by adopting the method designed by Emran et al. (2015) and with slight modification. Briefly, a stock solution was prepared by dissolving 2 g of the crude extract in 10% methanol and was partitioned by three solvents based on the order of their increasing polarities in a separating funnel. The solvents used include n-hexane, ethylacetate and water.

n-Hexane partition

The nonpolar compounds were separated by dissolving 1 g of the hydro methanolic extract of Adansonia digitata fruit pulp in 20 mL of distilled water and 20 mL of 100% n-hexane was added to the extract in a separating funnel. The n-hexane layer was collected and concentrated under vacuum in a rotary evaporator. Ethylacetate partitioning was carried out to the aqueous layer obtained from the n-hexane partitioning procedure. The same process carried out for the n-hexane was repeated by adding 10 mL of 100% ethylacetate, the layer was collected and stored. The aqueous layer was also collected and concentrated like the previous one and stored for further use.

Gas chromatography–mass spectrometry analysis

The GC–MS analysis of the ethylacetate fraction of the fruit extract was carried out in a (QP 2010 Plus SHIMADZU) instrument at 70 eV. One microlitre (1uL) of the extract was injected into the GC–MS using a micro syringe and the scanning was performed for 24 min.

Determination of minimum inhibitory concentrations

Bacteria isolates used for this work include E. coli ATCC 8739, K. pneumoniae ATCC 10031, Pseudomonas aeruginosa ATCC 19582, Acinetobacter calcaoceuticus UP and Staphylococcus aureus ATCC 6558. These test isolates were obtained from Department of Microbiology, Babcock University, Ilisan Remo, Ogun State, Nigeria. All isolates were inoculated in nutrient broth and incubated at 37 °C for 24 h before being used for antimicrobial activities. The extract was redissolved in 1% dimethylsulfoxide (DMSO). The reconstituted extract was assessed for sterility by dispensing 2 mL of the extract into 10 mL of sterile nutrient broth before incubating at 37 °C for 24 h. After the incubation period, a clear extract without turbidity showed that the extract was sterile. The method of Olajuyigbe and Afolayan (2012) was adopted. Briefly, 1 mL of the stock solution of the crude extract and the antibiotics (positive control) at concentrations ranging between 1 mg/mL and 70 mg/mL for the extract and 0.00488 µg/mL and 5 µg/mL for ciprofloxacin used as standard drug were prepared by serial dilution in double strength Mueller Hinton broth. In addition, the turbidity of overnight broth cultures of the organisms was adjusted to 0.5 McFarland standards and 100 µL of the different organisms were dispensed into all the test tubes containing serially diluted extract and ciprofloxacin antibiotics except the control after the standardisation. The test tubes were incubated for 18 h – 24 h at 37 °C. The test tubes were observed for any visible growth or turbidity in the culture. The lowest concentrations that showed no visible growth or turbidity were taken as the minimum inhibitory concentrations (MICs).

Determination of antioxidant activity

Two different antioxidant assays, DPPH and ferric reducing antioxidant power (FRAP) were carried out to determine the antioxidant activity of the ethylacetate fraction of the hydro methanol extract of the fruit pulp.

2, 2-diphenyl-1-picrylhydrazyl radical scavenging method

The method of Goswami and Chatterjee (2014) was adopted for DPPH scavenging. Briefly, five different concentrations (1 mL) of the ethylacetate extract were thoroughly mixed with 0.2 mM of DPPH in an ethanol solution. The samples were incubated in a dark room for half an hour after vigorous shaking and the absorbance was measured at 517 nm. Gallic acid was used as a standard and ethanol as a control. The scavenging potential of the extract was calculated as the percentage inhibition of absorbance by applying the following formulae: Scavenging activity (%) = (Ac-As)/Ac × 100. Where Ac is the absorbance of the control and As is absorbance of the sample.

Determination of total phenolics

To evaluate the total phenolic content (TPC) of the sample, the method of Folin–Ciocalteu was adopted (Santos-Sánchez et al. 2019). Ethylacetate extract of 1 mL was dispensed in a test tube and was thoroughly mixed with 1 mL of Folin–Ciocalteu reagent (initially diluted 6-fold with water). This was followed by adding 2 mL of 20% (w/v) of sodium carbonate. The mixture was kept in a dark room for 30 min and absorbance was measured by a ultraviolet visible spectrophotometer (UV-Vis) (Jascov-530) at a wavelength of 765 nm. Gallic acid was used as a standard. The assay was carried out in triplicate and results were expressed as milligrams gallic acid/gram of the dried extract.

Ferric reducing antioxidant power

The FRAP assay was carried out using the method described by Benzie and Devaki (2018). Briefly, the FRAP reagent was prepared by mixing 100 mL of acetate buffer at 30 mM, 10 mL of a 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mM hydrochloric acid (HCl) and 10 mL of FeCl3.6H2O at 20 mM. Then, 3 mL of freshly prepared FRAP solution was vigorously mixed with 100 µL of the ethylacetate extract. There was formation of blue colour complex when ferric tripyridyl triazine (Fe3+ TPTZ) complex was turned to ferrous (Fe2+) form after incubating for 30 min at 37 °C and the absorbance was measured at 593 nm. A freshly prepared working solution of FeSO4 was used for calibration. All determinates were carried out in triplicates and expressed as gallic acid equivalents (GAE) in mg per gram dry weight.

Determination of the total flavonoid content

Flavonoids, with potentials depending on the number and position of free hydroxyl (OH) groups, are phytochemicals with antioxidant activity. The total flavonoid content of the ethylacetate extract was measured by the aluminum chloride colorimetric assay for quantitative determination. Briefly, 2.8 mL of double distilled water was mixed with 1 mL of the crude extract and with 0.1 mL of 1 mg/mL potassium acetate solution. Then, 0.1 mL of 10% aluminum chloride was added to this solution, it was allowed to stand for 30 min and the absorbance was measured at 415 nm by using a ultraviolet visible spectrophotometer (Shimadzu). The total flavonoid content was expressed as GAE in milligram/gram dry weight. All determinants were carried out in triplicates.

Statistical analysis

Statistical comparisons were performed with one-way analysis of variance and p-values < 0.05 were regarded as significant. Correlation coefficients (R) to determine the correlation among DPPH, FRAP assay, TPC and total flavonoid contents (TFC) were evaluated by MS Excel software (CORREL statistical function).

Results

The ethyl acetate fraction was analysed with GC–MS to have insight into the compounds present in the fraction. The GC–MS chromatogram of these chemical compounds is presented in Figure 1 and their composition percent, name of compounds, chemical structure and their biological activities are represented in Table 1. From the GC–MS analysis, 37 identified compounds were expressed as percentages of the composition relative to the total composition. Compounds with greater than or equal to 1.0% composition were identified as the prominent chemical compounds. The prominent chemical compounds are longifolenaldehyde (1.04%), 4H-pyran-4-one, 2,3-dihydro-3,5-dihydrox (1.82%), beta-D-glucopyranose (1.93%), alpha-D-glucopyranoside (1.97%), campesterol (3.74%), vitamin E (4.58%), stigmasterol (5.56%), 2,5-furandione, dihydro-3-methylene- (7.86%), 5-hydroxymethylfurfural (8.59%), 5.beta.,7.beta.H,10.alpha.-eudesm-11-en-1 (13.03%), gamma.-sitosterol (9.47%), beta.-sitosterol (13.54%) and 4,4,6a,6b,8a,11,11,14b-octamethyl-,4,4a,5,6,6a,7,8,8a,9,10,11,12,12a,14,14a,14b,-octadecahydro-2H-picen-3-one (16.22%). The pharmacological activities of 4,4,6a,6b,8a,11,11,14b-octamethyl-,4,4a,5,6,6a,7,8,8a,9,10,11,12,12a,14,14a,14b,-octadecahydro-2H-picen-3-one with the percentage composition and those of other chemical compounds have been reported as being of therapeutic importance whilst those of 6-octen-2-one, (Z)- (0.1%), 3-hexanol, 3-ethyl- (0.31%) and adenosine, N6-phenylacetic acid (0.71%) with lower composition percentages, having no reported pharmacological activities are as shown in Table 1.
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The potential of the ethylacetate extract of A. digitata extract to inhibit the growth of the test organisms was as shown in Table 2. The result showed the potential to inhibit the growth of the bacterial isolates at varied concentrations. Pseudomonas aeruginosa ATTC 19582 was the most susceptible at MIC of 1.22 mg/mL. Whilst K. pneumoniae ATCC 10031, Staphylococcus aureus ATTC 6558 and Acinetobacter calcaoceuticus UP had the same MIC of 2.43 mg/mL, Escherichia coli ATCC 8739 showed some level of resistance with MIC greater than 8.6 mg/mL and the MIC of ciprofloxacin was used as control against the bacterial isolates ranged between 0.0195 µg/mL and 1.25 µg/mL.
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The ethylacetate fraction exhibited the highest DPPH scavenging activities at 71.31 µg/mL compared with the standard (gallic acid) whose value was at 84.62 µg/mL. Ferric reducing antioxidant power was carried out to determine the antioxidant properties of ethyl acetate fraction based on its ability to reduce ferric (III) to ferrous (II). The ethylacetate fraction showed maximum activity with FRAP value at 233.59 µg/mL. The total phenolic and flavonoid content of the ethylacetate fraction was assessed and compared with that of the standard (gallic acid). The value obtained showed that the ethylacetate fraction has the higher phenolic and flavonoid content of 438.68 and 154.01 (µgGAE/mL), respectively.

To show that a relationship existed between the TPC, TFC, radical scavenging activities (DPPH) and FRAP of the fractions, a statistical analysis was performed to find the correlation coefficient (R) of the fraction. From the analysis of the relationship, the radical scavenging activities and the TPC was R = 0.9113. The R value between the FRAP and phenolic content was R = 0.952. Such high R value between the DPPH radical scavenging activities and TPC could be used to predict the antioxidant potential of a sample. It was observed that the significant correlations existing between the total antioxidant capacities and TPCs and TFCs of the fractions show that the antioxidant potentials of the extracts are embedded in the phenolic and flavonoids contents.

Discussion

In recent years, there has been increase in demand for medicinal plants in the treatment of many infections including UTI. Although several antibiotics have been prescribed to patients, but because of development of antibiotics resistance, which is a major challenge being faced in the healthcare sectors globally, it is inevitable to seek and optimise a ‘non-antibiotic’ alternative for curative purposes (Daswani 2019). This has necessitated the application of bioactive compounds with therapeutic potentials in the treatment of urinary tract pathogens. Several studies showed that plants’ bioactive compounds could play significant role in the discovery of current and potent drugs being used (Adeoye-Isijola et al. 2021; Olajuyigbe et al. 2018). They have potent antioxidant potentials attributed to the quantity of phenolic content they possessed and act as antioxidant agents.

In this study, the high radical scavenging activities, FRAP and the high phenolic and flavonoid contents in the ethylacetate extract of Baobab fruit pulp could be attributed to the polarity of the solvent enabling the solvent to extract semi-polar and non-polar constituents. This is in agreement with Arowora et al. (2019) who earlier observed a good antioxidant potential in 70% ethylacetate fraction of extract from Baobab fruit pulp. The high flavonoid content could have contributed to the high exploitation of the fruit pulp in the treatment of many diseases in folk medicines. This is also in agreement with Rathee et al. (2009) who reported that flavonoids are the most common secondary metabolites in fruits and have the ability to prevent bacteria adherence and inhibit enzymes activities. Furthermore, whilst a significant correlation exists between the antioxidant and TPC in the ethylacetate fraction, the flavonoid exhibited excellent relationship with the DPPH and FRAP activities. Thus, the antioxidant potential of this fraction was because of the presence of phenolic compounds. This report corroborates the findings of Khorasani Esmaeili et al. (2015) indicating that a strong correlation existed between scavenging potential and phenolic content of extracts from different plant origin.

Furthermore, the antibacterial activities of the ethylacetate fraction correlated with its high antioxidant activities. This was also in agreement with Olajuyigbe, Olajuyigbe and Coopoosamy (2020) indicating that the antibacterial activities of medicinal plants could result from the ability of the plant to generate reactive oxygen species as plant extracts do not only function as antioxidant agents.

In addition, pharmacological activities of the compounds identified from the GC–MS showed that the pulp has potential novel compounds that could be isolated for therapeutic purposes. Irrespective of the percentages of the identified chemical compounds, scientific reports showed that each of the compounds possesses significant therapeutic potentials. The most prominent compound included 4,4,6a,6b,8a,11,11,14b-octamethyl-1,4,4a,5,6a,7,8,8a,9,10,11,12,12a,14,14a,14b,-octadecahydro-2H-picen-3-one (16.22%), beta-sitosterol with a content of about (13.54%), 4,4,6a,6b,8a,11,11,14b-octamethyl-1,4,4a,5 (10.74%), gamma-sitosterol (9.47%) and 5.beta. 7. beta. H,10.alpha.-eudesm-11-en-1 (9.46%), 5-hydroxymethylfurfural (8.59%), 2,5-furandione, dihydro-3-methylene- (7.86%) and Stigmasterol (5.56%) with several biological activities reported. Awonyemi, Abegunde and Olabiran (2020) reported that the compound with highest composition percentage has antioxidant, antifungal and anti-inflammatory potentials whilst Shamma et al. (2018) also documented its anti-neoplastic potential. The beta-sitosterol, a type of plant sterol, promotes the cytotoxic activities of killer cells by activating T-helper cells (Bin Sayeed et al. 2016). In this study, the tested organisms could have been inhibited by this extract because of the presence of beta-sitosterol and other compounds, which have been reported to have antimicrobial potentials although their real mode of action on microorganisms is not yet clearly understood. Whilst Elfadil et al. (2015) that showed that beta-amyrone possessed antimicrobial potential, this study corroborates the findings of Saeidnia et al. (2014) indicating that E. coli, K. pneumoniae and P. aeruginosa were inhibited by beta-sitosterol and 4,4,6a,6b,8a,11,11,14b-octamethyl-1,4,4a,5,6a,7,8,8a,9,10,11,12,12a,14,14a,14b,-octadecahydro-2H-picen-3-one, also known as beta-amyrone, which is the most abundant compound found in this fraction and first reported to be found in baobab. The activities of the ethylacetate extract reported in this study could, however, have depended on the quality and quantity of the identified chemical profile.

Other compounds in the extract possessed various therapeutic potentials as indicated in the pharmacological section of the result. For instance, several researches have reported on the antimicrobial, antioxidant, antiproliferative and antibiofilm activities of 5-hydroxymethylfurfural (Rajkumari et al. 2019). Menthol, 1’-(butyn-3-one-1-yl)-, 1R, 2S, 5R has been reported to possess numerous pharmacological activities. Nageeb and Azeiz (2018) reported on its anticancer potential. Jamal et al. (2017) documented its antibacterial potential and Abdelgawad et al. (2018) reported its antioxidant and allelopathic activities. Adenosine, N6-phenylacetic acid, 6-octen-2-one, (Z)-, 1-di (tert-butyl) silyloxydodecane and 3-hexanol, 3-ethyl had no reported pharmacological activities from literature search. This could mean that these are new compounds not previously identified in medicinal plants. The various pharmacological activities of each compound identified in this extract, however, it is worth being considered holistically in further research activities.

Conclusion

In conclusion, this study showed that baobab fruits extract contained chemical compounds of therapeutic importance. The extract also exhibited good ferric antioxidant reducing potential, radical scavenging and antimicrobial activities, which may depend on the presence of the quality and/or quantity of these compounds in the extract. The chemical profile of compounds identified in the ethylacetate fraction justifies the use of this fruit in treating UTI in folkloric medicine as the compounds have been reported to show diverse pharmacological activities whilst further researches to isolate prominent compounds from the extract is ongoing in our lab to further isolate the bioactive compounds and test their bioactivities.
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TABLE 2: Minimum inhibitory concentration of ethylacetate fraction of
Adansonia digitata extract on the bacterial isolates.

Test organisms Ethylacetate extract MIC  Ciprofloxacin MIC
(mg/mL) (ug/mL)

Klebsiella pneumoniae ATCC 2.43 0.0195

10031

Pseudomonas aeruginosa ATCC 122 0.0195

19582

Staphylococcus aureus ATCC 6538 2.43 0.0391

Acinetobacter calcaoceuticus UP 2.43 1.2500

Escherichia coli ATCC 8739 >8.6 0.0195

MIC, minimum inhibitory concentration; ATCC, American Type Culture Collection.
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TABLE 1: Chemical compounds in ethylacetate extract of Adansonia digitata identified by gas chromatography—mass spectrometry.

Peak number Composition (%) Name Chemical structure Structu Molecular weight_Biological activities

1 786 2,5-Furandione, dihydro-3- CHO, 112 Antimicrobial, antioxidant

methylene-

2 055 2,4-Dihydroxy-2,5-dimethyl- CHO, 144 Antioxidant, anti-proteus activity

3(2H)furan-3-

3 0.46 2H-Pyran-2,6(3H)-dione CHO, 112 Antibacterial, antifungal and
phytotoxic activities

4 0.6 Methyl 2-furoate CHO, 126 Biofilm inhibitors, antibacterial

5 084 Butanedioic acid, methylene-, CH0, 160 Antioxidant and antimicrobial

dimethyl ester activities

6 025 Butanedioic acid, hydroxy-, CH,0, 162 Enzymes inhibitor

dimethyl ester

7 04 Alylisovalerate CH,0, 142 Flavouring agent

8 182 4H-Pyran-d-one, 2,3-dihydro- CHO, 130 Antibacterial, anticancer and

3,5-dihydrox antioxidant activities

] 059 Allyl heptanoate CoH,O, 170 Flavouring agent, insecticidal

10 0.87 Benzofuran, 2,3-dihydro- 0 ) 120 Antifungal antibacterial,
antifungal, antiviral, antioxidant,
anti-inflammatory and anticancer
activities

1 859 5-Hydroxymethylfurfural CHO, 126 Antioxidant antimicrobial and
antiproliferative, antibiofilm

12 01 6-Octen-2-one, (2)- CH,0 126 -

ij/\/\/

13 0.14 Ascaridole epoxide oy, 184 Anti-inflammatory, anti-
asthmatic, anti-arithritis,
antimalarial

14 073 DL-Proline, 5-oxo-, methyl ester CHNO, 143 Antifungal

15 014 2.Ethyl-3-methoxy-2- CHO, 140 Antimicrobial and antioxidant

cyclopentenone
(0]

16 0.06 1-Di(tert-butyl)silyloxydodecane CH,0Si 328 -

17 031 3-Hexanol, 3-ethyl- Hoi/i CH,0 130 -

18 071 Adenosine, N6-phenylacetic CHN.O, 401 -

acid /@j/
HN
o
19 193 beta-D-Glucopyranose, o CH,O, 162 Biomarker for smoke exposure
1,6-anhydro- HO
o
HO

20 0.05 11-(2-Cyclopenten-L-yl) CHy0; 252 Antimicrobial, antioxidant

undecanoic acid, (+

21 197 alpha.-D-Glucopyranoside C.H,0, 504 Promote the keratinocyte
migration.

22 0.68 Stigmasta-5,22-dien-3-0l, C,H,,0, 454 Antibacterial agent

acetate, (3 beta.)-

23 039 Eicosanoic acid CH,0, 312 Antimicrobial and antifungal

2 047 5-(7a-Isopropenyl-4,5-dimethyl- C H,.0 288 Antimicrobial and antioxidant

octahydroi

25 458 Vitamin £ CH,0, 430 Powerful antioxidant and
hepatoprotective

26 0.42 2H-3,92-Methano-1-benzoxepin C.H,0 22 Antitumour and antifungal

27 374 Campesterol CH, 0 400 Anti-inflammatory

HO
28 556 Stigmasterol : CoH,0 412 Antitumor, anti-nociceptive and
) antidiabetic
Py P
29 0,69 Menthol, 1'-(butyn-3-one-1- 0, 22 Antibacterial and Antioxidant
yI)- (1R 25,5R o
30 1303 5beta,7.beta.H,10.alpha- C.H,0 22 Insecticidal, larvicidal and
Eudesm-11-en-1. antimicrobial

31 1354 betaSitosterol CoH,,0 414 Anti-inflammatory antimicrobial,
anti-helminthic, anti-mutagenic
anticancer, hepatoprotective and
diuretic

HO
32 9.47 gamma-Sitosterol C H,0 414 Antimicrobial and anticancer
agent
HO~

33 1622 4,463,6b83,11,11, CoH 42 Anti-cancer, antioxidant,

146-Octamethyl-1,4, antifungal and

42,5,6,62,7,8,82,9,10,11,12,12a hypocholesterolemic

,14,143,14b, ‘octadecahydro-

2H-picen-3-one

o

34 062 2-Isopropenyl-4,4,7a-trimethyl- 0, 22 Antifouling

245677
35 104 Longifolenaldehyde C.H,0 220 Antifungal activities

o]
7

36 054 Ergosta-7,22-dien-3-0l, CH,0 398 Antitumor and antioxidant

(3.beta.,22€)-

HO

2846,
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FIGURE 1: Gas chromatography—mass spectrometry chromatogram of the bioactive compounds in the ethyl acetate extract of Adansonia digitata.






