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Abstract

Terminalia L. is the second-largest genus of the Combretaceae family. Numerous species of Terminalia were identified to possess antioxidant
and antimicrobial properties. This study aimed to evaluate the antioxidant and antimicrobial activities of fractions derived from Terminalia
laxiflora and Terminalia myriocarpa n-hexane and hydromethanolic leaf extracts and to analyze the phytoconstituents responsible for these
activities. The percentage of the antioxidant activity (AA%) of each test fraction was determined using the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical scavenging assay. Additionally, the antimicrobial activity of each test fraction was evaluated in-vitro by the agar well
diffusion method against five microbial strains. The minimum inhibitory concentrations (MICs) of the test fractions were determined using
the broth macrodilution method. The constituents of each fraction that showed antioxidant and/or antimicrobial potential were tentatively
identified using GC-MS and UPLC-ESI-MS techniques. The results showed that all the tested fractions possess antioxidant and antimicrobial
capabilities. Twenty-five and twenty-three compounds were identified in Terminalia laxiflora leaf fractions using GC-MS and UPLC-ESI-
MS, respectively. Similarly, twenty-nine and twenty-six compounds were identified in Terminalia myriocarpa leaf fractions using GC-MS
and UPLC-ESI-MS, respectively. Some of these constituents were reported to display antioxidant and antimicrobial properties, which could
explain the observed effects of the fractions.
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Introduction

Terminalia L. (Combretaceae) comprises about 250 species of medium to large trees distributed in tropical and subtropical
Africa, southern Asia, the Himalayas, Madagascar, and Australia [1]. About thirty native Terminalia species are thought to
exist in Africa [2]. Natural antioxidants are essential for maintaining human health because they prevent cell damage by
oxidative stress [3]. They exert prophylactic effects against a range of ailments, including neurodegenerative diseases, cancer,
diabetes, and inflammatory bowel syndrome [3,4]. Many Terminalia species were formerly found to possess antioxidant
properties [1]. For instance, ellagic acid and terchebulin, isolated from T. laxiflora wood, showed a DPPH radical scavenging
activity close to that of (+)-catechin [5]. In addition, it was found that the antioxidant properties of T. myriocarpa and T.
muelleri leaf extracts match those of rutin, iron sulphate, and gallic acid [6].

Compounds derived from natural sources are also renowned for their antimicrobial properties against a wide array of
pathogens [7]. Several components isolated from Terminalia species were discovered to have antimicrobial properties against
a range of microbes [1]. For example, terchebulin and flavogallonic acid dilactone, isolated from T. laxiflora methanolic
wood extract, exhibited antibacterial effects against Propionibacterium acnes and Streptococcus sobrinus, respectively [5,8].
Also, the extracts of T. laxiflora stem bark, stem wood, and roots were reported to possess antibacterial activity against
Staphylococcus aureus, Staphylococcus epidermidis, Micrococcus luteus, and Pseudomonas aeruginosa [9]. Moreover, the
root extract of T. laxiflora showed an inhibitory potential against Mycobacterium smegmatis [10]. However, another study
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reported that the total methanolic extract of T. laxiflora leaves exhibited no antibacterial action against Staphylococcus
aureus, Staphylococcus epidermidis, Escherichia coli, or Pseudomonas aeruginosa [11].

Previous reports on the antioxidant and antimicrobial potential of different fractions derived from T. laxiflora and T.
myriocarpa leaf extracts are rather rare. The investigation of fractions rather than crude extracts helps to benefit from the
improved constituent resolution in these fractions and to establish a correlation between the observed bioactivities of each
fraction and its relative qualitative and quantitative composition. This prompted the current assessment of the DPPH
scavenging activity of the fractions derived from T. laxiflora and T. myriocarpa n-hexane and hydromethanolic leaf extracts,
as well as their antimicrobial potential against the gram-positive bacteria Bacillus subtilis (NRRL B-543) and Staphylococcus
aureus (NRRL B-313), gram-negative bacteria Escherichia coli (NRRL B-210) and Klebsiella pneumonia (NCIMB 10341),
as well as the yeast Candida albicans (NRRL Y-477). The study also aimed at the tentative characterization of the
constituents accounting for the DPPH scavenging and antimicrobial effects of the investigated fractions by GC-MS and
UPLC-ESI-MS techniques.

1. Results and Discussion

1.1. DPPH scavenging activity

The DPPH scavenging assay showed that all the tested T. laxiflora and T. myriocarpa leaf fractions possess antioxidant
capabilities (Table I and Figure 1). Among T. laxiflora leaf fractions, the ethyl acetate (LE) and n-butanol (LB) fractions
exhibited comparable antioxidant effects (Antioxidant activity = 77 + 0.14 and 76 + 0.34 %, respectively) to that of L-
ascorbic acid (Antioxidant activity = 88 + 3.68 %). Concerning T. myriocarpa leaf fractions, the ethyl acetate (ME) fraction
exerted a more potent antioxidant effect (Antioxidant activity = 92 + 0.08 %) than that of L-ascorbic acid (Antioxidant
activity = 88 + 3.68 %).

Table I: Percentages of antioxidant activity (AA%) of T. laxiflora and T. myriocarpa leaf fractions estimated by DPPH
radical scavenging assay

Sample Percentage of antioxidant activity
(100 pg/mL) (AA%)
LH 8+0.04
MH 11 +0.09
LD 21+0.06
MD 80+0.13
LE 77+0.14
ME 92 +0.08
LB 76+0.34
MB 84 +0.12
L-Ascorbic acid 88 + 3.68

LH, MH: Unsaponifiable matters of T. laxiflora and T. myriocarpa leaves, respectively. LD, MD: Dichloromethane fractions
of T. laxiflora and T. myriocarpa leaves, respectively. LE, ME: Ethyl acetate fractions of T. laxiflora and T. myriocarpa
leaves, respectively. LB, MB: n-Butanol fractions of T. laxiflora and T. myriocarpa leaves, respectively.
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Fig. 1. Percentages of antioxidant activity (AA%) of T. laxiflora and T. myriocarpa leaf fractions estimated by DPPH
radical scavenging assay
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Table I1: Inhibition zone diameters produced by T. laxiflora and T. myriocarpa leaf fractions using agar well diffusion
method

LH, . Microoraganism inhibition zone diameter (mm) MH:
Fraction Gram +ve bacteria Gram -ve bacteria Fungi
(e L) Bacillus | Staphylococcus | Escherichia | Klebsiella Candida
LH 10+0.5 | 17+£0.85 0 14+0.7 13+
MH 0 16 +0.8 0 13 £0.65 12+£0.6
LD 12+0.6 | 13+0.65 0 12+0.6 14+0.7
MD 0 10+0.5 0 0 0
LE 12+06 | 11+£0.55 12+£0.6 12+£0.6 14+£0.7
ME 13+ 16 +0.8 12+0.6 13 +0.65 13+
LB 11+ 0 12+£0.6 13 £0.65 13+
MB 15+ 10+£0.5 0 13+ 0.65 16+£0.8
Ciprofloxacin | 28+1.4 | 3015 25+1.25 33+£1.65 0
Fluconazole 0 0 0 0 30+15

Unsaponifiable matters of T. laxiflora and T. myriocarpa leaves, respectively. LD, MD: Dichloromethane fractions of T.
laxiflora and T. myriocarpa leaves, respectively. LE, ME: Ethyl acetate fractions of T. laxiflora and T. myriocarpa leaves,
respectively. LB, MB: n-Butanol fractions of T. laxiflora and T. myriocarpa leaves, respectively.

1.2. Antimicrobial activity

All the tested T. laxiflora and T. myriocarpa leaf fractions exhibited antimicrobial properties, as opposed to the previously
reported lack of antibacterial activity of T. laxiflora crude methanolic leaf extract [11]. This might be explained by the fact
that the fractions contained higher amounts of metabolites with antibacterial potential than the crude extract. The LE and ME
fractions showed antimicrobial potential against all the examined gram-positive bacterial, gram-negative bacterial, and fungal
strains (Table Il and Figure 2). Furthermore, the MIC values acquired using the broth macrodilution method correlated well
with the observed diameters of inhibition zones, where the fractions exhibiting the largest diameters of inhibition zones also
had the lowest MIC values (Table 111 and Figure 3). The n-butanol fraction of T. myriocarpa leaf extract (MB) exhibited the
strongest inhibition against Bacillus subtilis and Candida albicans with MICs equal to 6.7 + 0.34 and 6.7 = 0.33 mg/mL,
respectively. Meanwhile, the most potent inhibition of Staphylococcus aureus was exhibited by the unsaponifiable matter of
T. laxiflora leaves (LH) and the ME fraction with MICs of 6.42 + 0.32 and 6.35 + 0.32 mg/mL, respectively. Also, the most
potent inhibition of Klebsiella pneumonia was exhibited by the LH and ME fractions with MICs of 12.83 + 0.64 and 12.7 +
0.64 mg/mL, respectively. The results also showed that the LE fraction exhibited the strongest anti-Escherichia coli activity
with MIC equal to 13.15 + 0.65 mg/mL.

Table 111: MIC of T. laxiflora and T. myriocarpa leaf fractions against the test microorganisms

MIC (mg/mL)
Sample Gram +ve bacteria Gram —ve bacteria Fungi
Bacillus subtilis Staphylococcus Escherichia coli Klebsiella Candida albicans
LH 25.6+1.28 6.42+0.32 51.35+2.57 12.83 + 0.64 12.83 £0.64
MH 56.85+2.84 7.11 £0.35 56.85+2.84 1422 +£0.71 28.42 +1.42
LD 25.15+1.26 12.6 £0.63 50.3+25 25.15+1.26 12.57 +0.63
MD 52.6 +2.63 26.3+1.32 52.6 +2.63 25.4+1.27 52.6 £2.63
LE 27.75+1.39 27.75+1.39 13.15+0.65 13.15+0.68 13.15+0.66
ME 12.7+0.63 6.35+0.32 254 +1.27 12.7+0.64 12.7+0.63
LB 279+1.39 559+2.8 27.9+1.39 279+14 279+1.39
MB 6.7 £0.34 27+1.35 54.05+2.70 13.5+0.68 6.7 £0.33
Ciprofloxacin 1.12+0.06 0.78 +£0.04 1.56 £0.08 0.13+0.007 -ve
Fluconazole -ve -ve -ve -ve 1.56 + 0.08

LH,' MH: Unsaponifiable matters of T. laxiflora and T. myriocarpa leaves, respectively. LD, MD: Dichloromethane fractions
of T. laxiflora and T. myriocarpa leaves, respectively. LE, ME: Ethyl acetate fractions of T. laxiflora and T. myriocarpa
leaves, respectively. LB, MB: n-Butanol fractions of T. laxiflora and T. myriocarpa leaves, respectively.
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Fig. 2. Inhibition zone diameters of the unsaponifiable matters, dichloromethane, ethyl acetate, and n-butanol
fractions of T. laxiflora and T. myriocarpa leaves against five microbial strains
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Fig. 3. MIC values of the unsaponifiable matters, dichloromethane, ethyl acetate, and n-butanol fractions of T.
laxiflora and T. myriocarpa leaves against five microbial strains

1.3. Characterization of the chemical constituents

Identification of the components of each fraction that could account for its observed antioxidant and/or antimicrobial effects
was carried out. The constituents of the unsaponifiable matters of T. laxiflora and T. myriocarpa leaves (LH and MH,
respectively) were analyzed by GC-MS leading to the tentative identification of twenty-five and twenty-nine constituents,
respectively, after comparing their fragmentation patterns with those reported in the Wiley library (Table 1V, Figures 4 and
5). As for the more polar fractions, namely the dichloromethane, ethyl acetate, and n-butanol fractions of T. laxiflora leaf
extract (LD, LE, and LB, respectively), as well as the dichloromethane, ethyl acetate, and n-butanol fractions of T.
myriocarpa leaf extract (MD, ME, and MB, respectively), the identification of their constituents was performed by comparing
their ESI-MS spectra, obtained using the negative ion acquisition mode, with those reported for the compounds previously
identified from Terminalia species. This resulted in the tentative identification of twenty-three and twenty-six constituents in
T. laxiflora and T. myriocarpa leaf fractions, respectively (Tables V and VI, Figures 6 and 7). However, isomeric structures
with the same masses but different substituent locations or stereochemistry could not be unambiguously distinguished.
Moreover, the identity of several compounds was established after their chromatographic isolation and spectral
characterization via extensive 1D and 2D NMR analyses, as indicated by the authors in previous studies [12,13].

1.3.1. Characterization of the constituents of the LH and MH fractions

The LH and MH fractions contained significant amounts of hydrocarbons reaching up to 32.07 and 53.57 %, respectively.
These were predominated by squalene in the LH fraction, representing 23.13 % of its total composition, and by
tetratriacontane in the MH fraction, representing 9.43 % of its total composition. Also, several aliphatic alcohols and ketones
were identified in the LH and MH fractions, collectively representing 23.83 and 15.82 %, respectively, of their total
composition. Phytol and 9-hexadecen-1-ol predominated this group in the LH and MH fractions, respectively, with 5.26 and
4.82 % of their overall composition. The LH and MH fractions also contained phenols that represented 0.92 and 1.03 %,
respectively, of their total content. Moreover, sterols were identified in the LH and MH fractions, constituting 11.43 and 6.74
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%, respectively, of their total composition, with S-sitosterol being the most prevalent sterol in both fractions (8.05 and 4.57 %,
respectively, of their overall composition). Additionally, triterpenoids were identified in the LH fraction constituting 15.32 %
of its composition, with lupeol being the predominant terpenoid accounting for 13.03 % of the total LH content. In contrast,
no triterpenoids were detected in the MH fraction.

Table 1V: Results of GC/MS analysis of the LH and MH fractions

No. (mRi;L) Identified components M* '\;Ig.!i‘:ﬂ:gr (ﬁl‘n 0(;:_?
1 6.77 2,5-Dimethylnonane 156 Ci1Hz4 n.d. 1.66
2 6.96 2-Methylundecane 170 CioHo6 n.d. 1.21
3 7.41 4,8-Dimethylundecane 184 CiaHog n.d. 2.73
4 7.50 2,6,7-Trimethyldecane 184 CiaHog n.d. 1.54
5 7.57 Dodecane 170 CioHog n.d. 2.19
6 7.76 2,6,10-Trimethyldodecane (Farnesane) 212 CisH3p n.d. 2.65
7 7.99 4,5-Dimethylnonane 156 Ci1Ho4 n.d. 1.04
8 8.17 4,6-Dimethylundecane 184 CiaHyg n.d. 1.26
9 8.21 4-Ethyloctane 142 CioHa2 n.d. 1.39
10 8.57 2,4-Dimethyldecane 170 CioHzs n.d. 1.54
11 8.63 1,2,4,5-Tetramethylbenzene (Durene) 134 CioH1s 1.05 n.d.
12 9.59 1,2,3,4-Tetramethylbenzene 134 CioH14 0.71 n.d.
13 10.72 1-Dodecene 168 CioHaa n.d. 1.06
14 17.25 1-Tetradecene 196 CiaHos n.d. 3.59
15 20.00 1-Dodecanol 186 Ci1oH60 4.14 n.d.
16 20.94 2-Tertbutyl-4-isopropyl-5-methylphenol 206 C14H2,0 n.d. 1.03
17 23.02 1-Tridecanol 200 C13H250 3.74 n.d.
18 23.37 9-Hexadecen-1-ol 240 Ci16H3,0 n.d. 4.82
19 28.93 1-Octadecanol 270 C1H30 n.d. 4.38
20 28.96 Eicosane 282 CooHa2 0.86 n.d.
21 30.14 6,10,14-Trimethyl-2-Pentadecanone 268 C1gH360 1.66 n.d.
22 33.95 1-Docosene 308 CooHay n.d. 4.00
23 36.62 3,7,11,15-Tetramethyl--2-hexadecen-1-ol (Phytol) 296 CooH400 5.26 3.65
24 38.54 1-Nonadecene 266 CioH3g n.d. 2.33
25 40.73 Heneicosane 296 Co1Has 0.94 n.d.
26 42.75 1-Tetracosanol 354 Cy4H500 n.d. 1.96
27 44.79 Pentacosane 352 CosHs) 0.82 n.d.
28 46.67 Octacosanol 410 CagHss0 n.d. 1.01
29 46.72 Hexacosane 366 CosHs4 0.77 n.d.
30 48.58 Nonacosane 408 CagHgo 1.40 n.d.
31 48.74 Tetratetracontane 618 CasHgg n.d. 5.05
32 50.47 Heptacosane 380 Co7Hsg n.d. 2.30
33 50.59 Squalene 410 CaoHso 23.13 2.57
34 52.13 Hentriacontane 436 Ca1Heg4 2.39 n.d.
35 52.43 2,6,10,15,19,23-Hexamethyl-1,6,10,14,18,22-tetracosahexaen-3-ol 426 CzoH500 3.18 n.d.
36 52.50 1-Hexacosene 364 CaeHs: n.d. 4.20
37 5061 2,2—Dimethyl—3—(3,7,12,16,20—penta£1(?rt2r¥;—3,7,11,15,19—heneicosapentaenyl)— 426 CaoHs0 103 nd.
38 52.82 3,7,11,15-Tetramethyl-2,6,10,14-hexadecatetraen-1-ol 290 CyoH3,0 1.33 n.d.
39 53.56 Geranylgeraniol 290 CyoH3,0 1.30 n.d.
40 53.74 1-Heptatriacontanol 536 C37H760 2.09 n.d.
41 53.83 Pentatriacontane 492 CasHzp n.d. 1.83
42 55.64 1-Heptacosanol 396 C,7H560 1.13 n.d.
43 55.73 Tetratriacontane 478 CasH7o n.d. 9.43
44 55.89 a-Tocopherol 430 CyoHs00, 0.92 n.d.
45 57.77 Stigmasta-5,22-dien-3-ol (Stigmasterol) 412 CuoHagO n.d. 1.18
46 | 5880 S“?ﬁmgfttoit:r%so' 414 CasHs0 8.05 457
47 59.26 a-Amyrin 426 CsoHs00 1.43 n.d.
48 60.16 Lupeol 426 CsoHs00 13.03 n.d.
49 60.74 24-Methylene-9,19-cyclolanost-24-en-3-ol 440 C31Hs5,0 3.38 0.99
50 63.97 Olean-12-en-3-one 424 C3oHs0 0.86 n.d.

Total % of identified components 84.8 77.16
Total number of identified components 25 29

R Retention time, M*: Molecular ion peak, LH, MH: Unsaponifiable matters of T. laxiflora and T. myriocarpa leaves,
respectively. n.d.: Not detected.
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1.3.2. Characterization of the constituents of the LD, LE, LB, MD, ME, and MB fractions

1.3.2.1. Characterization of tannins

As for T. laxiflora leaf fractions, tannins were detected only in the LE and LB, accounting for 8.13 and 20.58 % of their
composition, respectively. A total of nine tannins were detected. These included simple acids, gallate esters, gallotannins, and
ellagitannins. Among these, corilagin and chebulagic acid were isolated from the LB fraction, and their structures were
elucidated by comparing their *H- and **C-NMR spectral data to those in the literature [12]. On the other hand, three methyl
esters of tannins were detected in the MD fraction, constituting 8.52 % of its composition. In addition, a total of ten tannins
were detected in the ME and MB fractions, accounting for 20.51 and 20.05 %, respectively, of their composition. Most
gallotannins provided [M-H-169]" and [M-H-152] fragment ions, suggesting the loss of gallic acid and galloyl moieties,
respectively. Moreover, other fragment ions, including [M-H-169-169]", [M-H-152-152]", and [M-H-152-301]" were observed
due to the sequential loss of gallic acid, galloyl, and hexahydroxydiphenoyl (HHDP) moieties. Also, the observation of
fragment ions at m/z 169 and 301 confirmed the presence of gallic acid and HHDP fragments, respectively [14]. In addition,
the molecular ion [M-2H]* characteristic for ESI mass spectra was also observed [15]. Furthermore, the identified
ellagitannin, viz.,ellagic acid hexoside, produced [M-H-162] fragment ion, indicating the loss of a hexose sugar moiety [14].

1.3.2.2. Characterization of flavonoid glycosides

Concerning T. laxiflora leaf fractions, flavonoid glycosides were exclusively detected in the LB fraction and represented 3.19
% of its composition. The two flavonoid glycosides rutin and orientin were identified. The base peaks of their mass spectra
were found to be the [M-H] ions. Additionally, the cleavage of the aglycone moiety of rutin (flavonoid-O-glycoside) was
evident from the fragment ion observed at m/z 301 [16], while the aglycone cleavage did not occur in the case of orientin as
expected for a flavonoid-C-glycoside [17]. Meanwhile, a total of three flavonoid-C-glycosides were identified in the ME and
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MB fractions, representing 4.5 and 13.21 %, respectively, of their composition. Among the detected flavonoid glycosides,
rutin and isovitexin were formerly isolated from T. laxiflora and T. myriocarpa leaf extracts, respectively, and identified by
the comparison of their *H- and *C-NMR spectral data to literature values [11,13].

1.3.2.3. Characterization of triterpene glycosides

Among the fractions of T. laxiflora leaves, triterpene glycosides were found only in the LB fraction. This group included three
compounds and made up 1.16% of the fraction. From this group, arjunglucoside Il and chebuloside Il were isolated by the
authors from the hydromethanolic leaf extract, and their structures were elucidated after the comparison of their *H- and *3C-
NMR spectral data to literature values [12]. In contrast, triterpene glycosides were discovered to be more prevalent in T.
myriocarpa leaves, where they constituted 10.33, 33.84, and 12.75 %, respectively, of MD, ME, and MB composition. Some
of the identified compounds, viz. nigaichigoside F1, quadranoside 1V, and rosamultin, were also isolated from the ME fraction
and identified by comparing their *H- and **C-NMR spectral data to literature reports [13]. Interestingly, all the triterpene
glycosides gave the adduct [M+formic acid-H] " as their base peaks, in accordance with literature reports [15,16].

2.3.2.4. Characterization of lignan glycosides

Two dibenzylbutane lignan glucosides, namely laxilignans B and C, were recognized in the LE and LB fractions, accounting
for 1.03 and 0.55 %, respectively, of their composition. According to a prior investigation by the authors, the identity of these
lignan glucosides was determined following their chromatographic separation and spectral characterization using
comprehensive 1D and 2D NMR analyses [12]. Pseudo-molecular ion peaks [M-H]™ matching the masses of laxilignans B and
C were observed. Furthermore, the molecular ion adducts [2M-H] and [M+formic acid-H]", which are frequently detected in
the negative ionization ESI mass spectra [15], were also found. However, no lignan glycosides were detected in T.
myriocarpa leaf fractions.

2.3.2.5. Characterization of lignans

The LD fraction was found to contain three lignans representing 2.48 % of its composition. One tetrahydrofuran lignan and
two dibenzylbutane lignans were identified based on the pseudo-molecular ion peaks [15]. These were also isolated from the
fraction and identified based on their NMR spectral data [12]. On the other hand, only termilignan B was detected in the MD
fraction, accounting for 2.08 % of its composition, whereas the ME and MB were found to contain no lignans.

2.3.2.6. Characterization of triterpene acids

Four peaks that were observed in the UPLC chromatograms of the LD, LE, and LB fractions were assignable for triterpene
acids constituting 8.33, 3.99, and 5.31 %, respectively, of their composition. Of these, asiatic and arjunolic acids were
previously isolated as a mixture from the LE fraction and identified based on their *H- and *C-NMR spectral data [12].
Similarly, six peaks in the UPLC chromatograms of the MD, ME, and MB fractions were attributed to triterpene acids, where
they constituted 15.92, 9.11 , and 8.24 %, respectively, of their composition. Among these, 19a-hydroxyasiatic, asiatic, and
arjunic acids were isolated from the ME fraction, and alphitolic acid was isolated from the MD fraction, followed by
structural elucidation by comparing their *H- and **C-NMR spectral data to literature values [13]. The [M+formic acid-H]"
adducts were observed in the mass spectra of all the identified triterpene acids [15], albeit in much lower abundances than
those of the [M-H]  ions.

Table V: Constituents identified by UPLC-ESI-MS analysis in the LD, LE, and LB fractions using the negative ion
acquisition mode

[2M-
e Area% ) H]/ @
2 c [M_ [M- e Exact . §
< g H] 2HT/ Identified Molecula mass Fragment ions 3]
< = (m/z [M+FA compound r formula (g/mol) (m/z) kS
“l | Le| ]| ) T &
(m/z)
I. Tannins
633 [M-H-G],
nd/ Digalloyl 635, 636, 481
18 | 6.1 | 785. e HHDP 786.09 | [M-H-2GJ, 331
1 0.78 n.d 7 2 2 322d5/ glUCOSG C34H26022 2 [M-H-G- [14]
e isomer I? HHDP], 169
[GA-H]
313 [M-H-
n.d./ Monogalloyl ,
0.8 | 331 332.07 | H.0J, 297, 267,
2 ) 099 | nd. | nd. 1 5 r:]?j/ ig(l)trj]:grs?a C13H16010 4 203, 173, 169 [18]
- [M-H-GIc],
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Table V: continued
133,113
1.9 0.9 169 nd./ 170.02
3| 104 | nd | = : | nds Gallic acid® C7He0s ' 129 [11]
4 3 1 nd 2
313 [M-H-
n.d./ Monogalloyl
0.9 331. 332.07 | H,0], 297, 267,
4 | 1.06 | nd. | nd. 3 1 r;](é/ igol:lj’lcg‘slela C13H16010 4 173, 169 [M-H- [18]
B Glc], 133, 113
0.9 183 nd./ Methyl 184.03
51306 | nd | 0 |nd| ] r:].%./ qallate? CeHsOs 7 179 [11]
1.6 9.7 633 n.d./ 634.08 [12
6 [ 533 | nd. : p ’ n.d./ Corilagin® Cz7H22018 ’ 432,431 '
5 | 4 2 nd 1 14]
787, 786, 785
nd./ . [M-H-GAT,
71 613 Lng | 95 | 13| 953 | 476 Chebl_Jlgglc CarHzOr 954.09 616, 615 [M-H- [12,
3 3 2 acid 7 A 14]
n.d. 2GAYJ,
487, 392, 329
Digalloyl 713, 617, 616,
nd./ 615 [M-H-GAT,
8 | 627 | nd. Oé“ 053 725' 392.2/ Fﬂgg’e CatHasOs 78‘;‘09 609, 492, [14]
nd. isgomer I° 301 [M-H-G-
GA-Glc]
nd./ o 449, 301 [M-H-
o | 651 | nd | & | O3 | 463 | gy | EMegicacid o on | #6405 | hexoside] 241, | [9]
3 7 2 hexoside 9
n.d. 173
1. Flavonoid glycosides
10 | 447. | "9/ 448.10
10 | 599 | nd. | nd. l 3' n.d./ Orientin® CH20011 1' 371, 305 [16]
n.d.
n.d./ 475, 431,
11| 637 | nd | na | 21| %% | nas Rutin® | CuMoOss | 2101 | 301 [M-H-Gle- | [11]
8 3 3 )
n.d. Rha]
I11. Triterpene glycosides
n.d./ - .
03 Arjunglucosid 666.39 | 512,503 [M-H- | [19,
12 7.71 n.d. n.d. 6 n.d. n.d./ el CasHs011 8 GlC]_, 476, 303 20]
711.6
n.d./ .
0.3 Chebuloside 666.39 579, 551, 431, [12,
13 9.01 n.d. n.d. 3 n.d. 7n1(11/ “b C36H53011 8 388, 179 21]
.6
n.d./ . .
14 | 948 | nd. | nd 04 nd. nd/ Ar]unglbll)COSId CasHs010 650.40 575, 535, 431, [12,
7 ell 3 327 20]
695.7
IV. Lignan glycosides
979.5/
15 | 809 | nd. oée 055 429' nd/ | Laxilignan C® | CasHsOm 4991'18 445 [12]
535.3
947.6/
16 ] 908 | nd | %3 | nd | 43 | nd/ | LaxilignanB® | CasHeOs | 47418 nd. [12]
S 3 | 5103 °
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Table V: continued

V. Lignans
623.4/
17| 1921 %7 I nd | nd | 8112 | nd/ | Laxilignan A’ | Cuko0s | 213 299 [12]
357.2
139 | 06 A/ Termitomenin 300.13
18 ; i nd. | nd. | 299.3 n.d./ b Ci18H2004 y 181, 179, 177 [12]
7 5 C
345.3
149 | 1.0 n.d./ Termilignan 294.12
19 5' 4 nd. | nd. || 293.3 n.d./ Bbg Ci9H1503 ' 265, 135 [12]
n.d.
VI. Triterpene acids
975.8/ | Asiatic acid®
20 B 03 ] M Y agrs | nas and/or CaoHiOs | 4883 311 [2122]
5335 | ajunolic acid”
976.1/ .
o1 | B3| L5 g | nd | 4875 | nds | Mitereene o be0s | 48835 | 310,300,194 | [23]
3 3 acid isomer |
533.5
943.9/ Triterpene
15.9 4.1 1.2 3.8 K 472.35 431, 310, 309, [22,
22 4 8 5 3 4715 n.d./ ) acid R C3oH4g04 295,289, 174 24]
517.5 isomer 11
944.3/ Triterpene
23 16.1 2.2 13 | 03 4715 nd/ acid isomer CaoHaOs 472.35 430, 312, 311, [22,
4 8 1 8 5175 m 293 24]

®Previously reported in the genus Terminalia, Plsolated from T. laxiflora hydromethanolic leaf extract, LD, LE, LB:
Dichloromethane, ethyl acetate, and n-butanol fractions of T. laxiflora hydromethanolic leaf extract, respectively. FA: Formic
acid, G: Galloyl moiety, HHDP: Hexahydroxydiphenoyl moiety, Glc: Glucosyl moiety, GA: Gallic acid moiety, Rha:

Rhamnosyl moiety, n.d.: Not detected.

Table VI: Constituents identified by UPLC-ESI-MS analysis in the MD, ME, and MB fractions using the negative ion
acquisition mode

Area% [2M-H]
o = - - Q
§ E [l\(]l Zmz_ / Identified Molecular i:(:scst Fragment ions §
§ E:: MD | ME MB | (mi2) | [M+FA- compound formula (g/mol) (m/z) 2
. 14
H]
(m/z2)
I. Tannins
636, 635, 633
n.d./ Digalloyl [M-H-GT, 483,
1 0.78 | nd. | 3.42 nd. | 785.2 392.7/ HHDP glucose | CasH60,, || 786.092 | 482, 481 [M- [14]
n.d. isomer? H-2GJ,
169 [GA-H]
963.2/ 377, 331 [GG-
' HHDP glucose HJ, 219, 217,
2 0.80 | n.d. n.d. 495 | 481.2 n.d./ isomer I° CyoH1g014 | 482.07 169 [GA-H], [25]
n.d.
163
963.4/ 332, 331 [M-
3099 | nd | nd | 08l |4812| 2393 H"i's?)':ng:‘ﬁbose CooHiOw | 482.07 | H-GI. 173, | [25]
n.d. 169 [GA-H]
339.1/
4 1.02 | nd. | 552 n.d. 169.1 n.d./ Gallic acid® C;HgOs5 170.022 n.d. [25]
n.d.
n.d/ Di-HHDP %f][“’égq
5 1.39 | nd. n.d. 4.76 | 783.1 | 391.3/ | glucose isomer | Cs4H»0,, | 784.076 . ) [14]
nd 2 542, 541, 470,
- 469 [M-H-G-
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Table VI: continued
GlcT, 279
n.d./ Di-HHDP
6 193 || nd. n.d. 2.05 || 783.3 n.d./ glucose isomer | CzH,405 || 784.076 | 634, 633, 541 [14]
n.d. 1?
367.2/ Methyl
7 276 | 045 | 7.89 n.d. 183.2 n.d./ b CgHgOs5 184.037 n.d. [25]
nd. gallate
n.d./ Digalloyl 431, 421, 323,
8 554 | n.d. n.d. 1.46 | 483.2 n.d./ glucose isomer | CyH,0014 | 484.085 | 247,179 [M- [26]
n.d. 12 H-2GJ, 113
967.2/ Digalloyl
o | 568 | nd. | 267 | 257 | 4832 | nd/ | glucoseisomer | CaoHpOu | 484.085 | 3¢ 5;%55 293, 1 126]
n.d. 1#
10| 995 | 440 | nd. | nd. | 3204 23; Dimethyl | 1 0s | 330038 | SOLIM-H- | o
' ' - - ' nd ellagic acid® 1617108 ' 2Me]
nd/ Methyl
11 | 17.06 | 3.67 | 1.01 345 | 4834 n.d./ fl y b | CoH1043 || 484.027 433 [25]
nd. avogallonate
1. Flavonoid glycosides
895.4/
12 | 5.97 n.d. n.d. 2.05 | 447.2 n.d./ Orientin® Cx1H»04; || 448.101 441, 305 [16]
n.d.
895.4/
13 | 6.08 n.d. n.d. 0.79 | 447.2 n.d./ Isoorientin® C,y1Hy00q; | 448.101 | 441, 403, 305 [16]
n.d.
863.4/
14 | 6.30 | nd. | 450 | 10.37 | 4313 n.d./ Isovitexin® C,1H20010 | 432.106 301 [13]
n.d.
I11. Triterpene glycosides
n.d./ L
15| 764 | nd | 410 | 200 | nd. | nay | Nioachigoside | o oo | 666.308 | 283 525461 | 14
F1 351
711.6
n.d./ Quadranoside
16 | 9.15 | 219 | 11.19 | 2.89 | n.d. n.d./ [V CqHss01 | 650.403 599, 215 [13]
695.6
n.d./
17 | 936 | 7.74 | 17.64 | 7.00 | nd. n.d./ Rosamultin® | CaHsgO1o | 650.403 596, 361 [13]
695.6
nd/ 554, 553, 549,
- Triterpene 533, 531, 503,
18 | 11.60 | 0.40 | 0.91 0.77 n.d. 6n7.c7i.£5 acid hexoside? Cs6H5609 | 632.392 469 [M-H- [28]
' Glc], 179
1V. Flavonoids
n.d./
19 | 10.21 | 1.83 | n.d. nd. | 287.4 n.d./ Eriodictyol® CysH1,06 | 288.063 229, 179 [29]
n.d.
V. Triterpene acids
n.d./ 190-Hvdrox 461, 355, 288,
20 | 1029 | 0.22 | 0.8 1.07 | 503.5 n.d./ 1Y by CyoH4gOs | 504.345 | 287,229,209, | [13]
asiatic acid
549.5 179
975.9/
21 || 1250 | 0.60 | 1.43 133 | 4875 n.d./ Asiatic acid® C3oH405 | 488.350 315, 309 [13]
533.5
975.9/
22 | 1292 | 6.17 | 513 | 253 | 4875 | n.d/ Arjunic acid® | CgoHOs | 488.350 n.d. [13]
533.5
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_ Table VI: continued

94391 | Alphitolic

23 | 1538 | 495 | 0.86 | 2.73 | 4715 n.d./ acid® CaoHss04 || 472.355 291 [13]
5175
943.9/

24 | 15.78 | 2.65 | 0.89 | 0.58 | 4715 n.d./ Maslinic acid® | CsoHs04 | 472.355 311, 309 [24]
517.5
912.4/ Triterpene

25 | 1891|133 | nd. | nd. | 4555 | n.d/ acid? CaoHsgO3 | 456.360 435, 339 [29]
501.5

VI. Lignans
n.d/ Termilignan

26 | 14.83 | 2.08 | n.d. nd. | 2934 n.d./ B CioH1803 || 294.126 265 [12]
n.d.

3previously reported in the genus Terminalia, Plsolated from T. myriocarpa hydromethanolic leaf extract, MD, ME, MB:
Dichloromethane, ethyl acetate, and n-butanol fractions of T. myriocarpa hydromethanolic leaf extract, respectively, FA:
Formic acid, Glc: Glucosyl moiety, HHDP: Hexahydroxydiphenoyl moiety, GA: Gallic acid moiety, G: Galloyl moiety,
GG: Galloyl glucose moiety, Me: Methyl moiety, n.d.: Not detected.

Fig. 6. Base peak UPLC-ESI-MS chromatograms of the (a) dichloromethane fraction, (b) ethyl acetate fraction, and
(c) n-butanol fraction of the hydromethanolic extract of T. laxiflora leaves in the negative ion acquisition mode

Fig. 7. Base peak UPLC-ESI-MS chromatograms of (a) dichloromethane fraction, (b) ethyl acetate fraction, and (c) n-
butanol fraction of the hydromethanolic extract of T. myriocarpa leaves in the negative ion acquisition mode
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2.4. Correlation between the antioxidant potential of the fractions and their chemical composition

The antioxidant capability of the LE and LB fractions could be explained by the reported antioxidant activity of their
identified tannin and triterpene acid constituents, viz., monogalloyl HHDP glucose isomer [30], chebulagic acid [30], asiatic
acid [31], and arjunolic acid [32]. Also, the antioxidant activity of the ME fraction might be referred to the significant
antioxidant potential of the constituents identified therein which included gallic acid, methyl gallate [30], methyl
flavogallonate [33], asiatic acid [31], and maslinic acid [34]. The antioxidant capacity of tannins and triterpene acids could be
ascribed to their hydrogen-donor hydroxyl groups [30]. The superior antioxidant potential of the ME fraction, compared to
that of the LE and LB fractions, could be ascribed to its large content of gallic acid and methyl gallate which made up 13.41
% of the fraction’s composition versus 2.87 and 0.93 % of the LE and LB fractions, respectively. Gallic acid and methyl
gallate might have augmented the antioxidant activity of ME owing to their high density of hydroxyls over molecular volume,
high molecular mobility, and good 3D accessibility of hydroxyl groups that enhance their molar DPPH scavenging capacities
compared to other polyphenolic compounds [30].

2.5. Correlation between the antimicrobial potential of the fractions and their chemical composition

The inhibition of Bacillus subtilis by the LB fraction could be explained by the anti-Bacillus subtilis activity of rosamultin
[35] and asiatic acid [36] detected therein. As revealed by a previous study, the antibacterial action of asiatic acid depends on
the presence of a hydroxyl group at C-23 [37].

The inhibitory effect of the ME fraction against Staphylococcus aureus might be attributed to its phenolic constituents viz.,
gallic acid [38], methyl gallate [39] as well as its triterpenoidal constituents, namely asiatic acid [36], and maslinic acid [40].
Plant phenolics are believed to exert different mechanisms of antibacterial action from those of conventional antibiotics. They
have the ability to hinder the formation of biofilms, decrease host ligand adherence, neutralize bacterial toxins, decrease
bacterial membrane fluidity, prevent the synthesis of bacterial cell walls and nucleic acids, and inhibit bacterial energy
metabolism [41]. The antibacterial activity of phenolic compounds and their interactions with cell membrane structures are
significantly influenced by the location of their hydroxyl groups. The presence of hydroxyl groups in delocalized electron
systems is assumed to cause cytoplasmic membrane destabilization and collapse of the proton motive force which ultimately
results in microbial death. Additionally, phenolic hydroxyl groups can form hydrogen bonds with microbial enzyme active
sites, diminishing the catalytic activity of the enzymes [41].

The anti-Staphylococcus aureus effect of the LH fraction could be ascribed to a-amyrin [42], lupeol [43], squalene [44], S-
sitosterol [45], a-tocopherol [46], 1-dodecanol [47], geranylgeraniol, and phytol [48] identified therefrom. Of these, squalene,
found abundantly in the LH fraction (23.13% of its composition) was reported to inhibit staphyloxanthin production in
Staphylococcus aureus. Staphyloxanthin is a carotenoid expressed by Staphylococcus aureus to protect the pathogen from
reactive oxygen species (ROS) damage. The reduction of Staphyloxanthin synthesis brought about by squalene renders
Staphylococcus aureus more vulnerable to the damage caused by ROS [49].

The inhibitory activity exhibited by the LE fraction against Escherichia coli could be attributed to the synergistic anti-
Escherichia coli effects of gallic acid [50], corilagin [51], asiatic acid, and arjunolic acid [37], identified threrein. Contrary to
the common belief that Gram-negative bacteria are more resistant to antibacterial drugs than their Gram-positive counterparts,
the LE fraction notably showed lower MIC values against Gram-negative bacteria as compared to Gram-positive ones. Gram-
negative bacteria have an outer membrane that combines a highly hydrophobic lipid bilayer with pore-forming proteins that
have size-exclusion features, acting as selective barriers. This membrane is thought to be the reason behind the bacteria’s
resistance to antibiotics [52]. Due to their hydrophobic nature, arjunolic acid and asiatic acid most likely utilize the lipid-
mediated route to pass through the outer membrane of Escherichia coli and exhibit their antibacterial effects [52]. Gallic acid
was observed to significantly reduce the capacity of Escherichia coli to survive by causing damage to both its outer and inner
membranes and by inhibiting the mRNA expression of the membrane permeability-related genes acrA, acrB, tolC, acrD, and
acrF [50]. Corilagin possibly inhibited the Escherichia coli growth by interfering with the permeability of their membranes
[51].

The anti-Klebsiella pneumonia activity of the the ME fraction could be attributed to its gallic acid content [53]; whereas that
of the LH fraction might be ascribed to both squalene [44] and f-sitosterol [45], identified therein. The inhibition of Klebsiella
pneumonia by f-sitosterol could be explained by the ability of g-sitosterol to disrupt the microbial cell membrane [45].

The inhibitory action exerted by the MB fraction against Candida albicans could be justified by its antifungal metabolic
components viz., nigaichigoside F1 [35], rosamultin [35], asiatic acid [54], and maslinic acid [55]. This agrees with previous
studies that have revealed that triterpene acids elicit an antifungal effect through the alteration of the membrane lipid
composition, change of the membrane permeability, inhibition of the drug efflux pump, accumulation of reactive oxygen
species (ROS), and inhibition of the hyphal growth [54,56].
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2. Experimental

2.1. Plant material

The leaves of T. laxiflora Engl. and T. myriocarpa Van Heurck & Miill. Arg. were collected from Al-Zohriya Botanical
Garden, Zamalek, Cairo, Egypt, and the Zoo Garden, Giza, Egypt, respectively, in March 2020. The plant material was
identified by Ms. Therese Labib, the consultant taxonomist at Al-Orman and Al-Qubba Botanical Gardens. Voucher
specimens of T. laxiflora and T. myriocarpa leaves bearing the identification M166 and M165, respectively, were placed in
the herbarium of the National Research Centre, Giza, Egypt.

2.2. Preparation of the leaf extracts and fractions

A portion of the air-dried powdered leaves of of T. laxiflora and T. myriocarpa (50 g, each) was, separately, extracted by
maceration with n-hexane (3 x 0.5 L, each) yielding 2.46 and 0.97 g of lipoidal matter, respectively. Refluxing each of the
obtained n-hexane extracts with 25 mL of 5 % (w/v) alcoholic potassium hydroxide for 5 hours led to saponification of their
saponifiable constituents. After the saponified samples were vacuum-evaporated, the residues were suspended in 50 mL of
distilled water and extracted multiple times using dichloromethane (50 mL x 4). The combined dichloromethane fractions
were extensively washed with distilled water until they became alkalinity-free, dried over anhydrous sodium sulphate, and
vacuum-evaporated to yield 0.85 and 0.29 g of T. laxiflora and T. myriocarpa unsaponifiable matter residues (LH and MH),
respectively [57].

In the meantime, another portion of the air-dried powdered leaves of each of T. laxiflora (3 kg) and T. myriocarpa (2.2 kg)
was, separately, exhaustively extracted at room temperature using 100 % methanol and then 70 % methanol in distilled water.
Each combined extract was vacuum-dried giving 410 and 258 g of T. laxiflora and T. myriocarpa hydromethanolic leaf
extracts, respectively. A portion of each extract (100 g) was then, separately, suspended in distilled water (1 L) and partitioned
with dichloromethane (1 L x 5), ethyl acetate (1 L x 5), and water-saturated n-butanol (1 L x 5), in succession. This
partitioning afforded the combined dichloromethane fraction (LD) (9 g), ethyl acetate fraction (LE) (25 g), and n-butanol
fraction (LB) (34 g). On the other hand, the partitioning of T. myriocarpa hydromethanolic leaf extract yielded the combined
dichloromethane fraction (MD) (6 g), ethyl acetate fraction (ME) (9 g), and n-butanol fraction (MB) (11 g).

2.3. Evaluation of the antioxidant activity

The percentage of the antioxidant activity (AA%) of each fraction was assessed using the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical scavenging assay. This technique has been widely utilized to predict antioxidant activity due to its quick
turnaround time for analysis. The reduction of DPPH concentration due to its scavenging by the antioxidant compounds was
monitored by the decrease of deep violet color intensity (Amax = 517 nm). Each reaction mixture was prepared by adding 0.5
mL of the test sample (760 pg/mL), 3 mL of absolute methanol, and 0.3 mL of DPPH in methanol (0.5 mM). After incubating
the reaction mixtures for 100 minutes, their absorbances were measured at 517 nm. A blank was prepared by adding 3.3 mL
of methanol to 0.5 mL of the test sample. The negative control was prepared by mixing 3.5 mL of methanol with 0.3 mL of
DPPH solution, while the positive control contained 3.5 mL of L-ascorbic acid in methanol (109 pg/mL) and 0.3 mL of DPPH
solution. Results were obtained as means of three replicates + standard deviations [58].

The percentage of DPPH scavenging (AA %) was determined according to the following formula [59]:

AA % = 100 — [(Absorbance sampie/ Absorbance yegative contror) X 100]

2.4. Evaluation of the antimicrobial activity

The antimicrobial activity of the test fractions was evaluated in-vitro by the agar well diffusion method. Suspensions of
Bacillus subtilis (NRRL B-543), Staphylococcus aureus (NRRL B-313), Escherichia coli (NRRL B-210), Klebsiella
pneumonia (NCIMB 10341), and Candida albicans (NRRL Y-477) were prepared from fresh slants in 3 mL sterile saline
solution. The suspensions were then adjusted to 0.5 McFarland (1-2 x 108 cfu/mL) and inoculated uniformly (5 drops) in
nutrient agar plates for the bacterial strains and Sabouraud dextrose agar (SDA) medium plates for the fungal strain. A cork
borer was used to create 7 mm-diameter holes in the agar. Each studied fraction (0.1 mL) was added to a hole at a
concentration of 100 mg/mL in dimethylsulfoxide. As a negative control, a dimethylsulfoxide-filled hole was utilized. As a
positive control, a standard antibiotic drug, namely ciprofloxacin (100 pg/mL), and a standard antifungal drug, namely
fluconazole (100 units/mL), were utilized for the antibacterial and antifungal activities, respectively. The plates were pre-
incubated for 1 hour at room temperature to allow diffusion of the applied solutions and reduce the impact of variation in the
time of application of the different solutions. The plates were then incubated for 24 hours at 35 °C, followed by the
measurement of the inhibition zone diameters. Results were obtained as the mean value of three independent experiments +
standard deviation [60].

3.5. Determination of the minimum inhibitory concentrations

The minimum inhibitory concentrations (MICs) of the test fractions and control drugs against the relevant bacterial and fungal
strains were determined using the broth macrodilution method. At 35 °C, the bacterial strains were grown aerobically
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overnight on nutrient agar, while the fungal strain, viz., Candida albicans, was grown aerobically for 48 hours on SDA.
Afterward, suspensions of the bacterial and fungal strains were prepared in 3 mL sterile saline solution and adjusted to 0.5
McFarland (1-2 x 108 cfu/mL). Stock solutions of the test fractions in dimethylsulfoxide were prepared at a concentration of
100 mg/mL. Then, each stock solution was serially diluted in the corresponding culture medium (nutrient broth for the
antibacterial assay and Sabouraud dextrose broth for the antifungal assay) in test tubes to achieve concentrations ranging from
5 to 100 mg/mL. Finally, the different strains were inoculated at final concentrations of 5 x 10° cfu/mL. After the tubes had
been incubated aerobically for 24 hours at 35 °C, the turbidity was visually assessed to determine the MICs. The MIC was
identified as the concentration at which there was no turbidity at all following the designated incubation period.
Dimethylsulfoxide was used as a negative control, whereas ciprofloxacin and fluconazole were used as positive controls in
bacteria and fungi experiments, respectively. Results were obtained as the mean value of three independent experiments +
standard deviation [61].

3.6. Gas Chromatography-Mass Spectrometry (GC-MS) analysis

The GC-MS analyses of the LH and MH fractions were carried out using helium as a carrier gas at a flow rate of 1.0
mL/minute and a split ratio of 1:10. The temperature used was 55 °C for 1 minute, rising at 5 °C/minute to 300 °C, then held
for 15 minutes. The injector and detector were held at 280 °C. A portion of each fraction (150 mg) was dissolved in hexane (1
mL), filtered to remove any insoluble material, diluted in hexane (1:10, v/v), and injected (0.2 pL) into the GC apparatus.
Mass spectra were obtained by electron ionization (El) at 70 eV, using a spectral range of m/z 35-550. The Wiley mass
spectral library collection was used to identify the compounds by comparing their spectral data.

3.7. Ultra-performance Liquid Chromatography-Electrospray lonization-Mass Spectrometry (UPLC-ESI-MS) analysis

An aliquot (1 mg) of each of the LD, LE, LB, MD, ME, and MB fractions was, separately, dissolved in 1 mL of 100 %
methanol. The resulting solutions underwent a 2-minute sonication, a 3-minute centrifugation at 13,000 rpm to exclude
insoluble material, and an injection of the supernatants into the UPLC apparatus. The UPLC analysis was carried out on an
ACQUITY UPLC system using a BEH column of octadecyl silica gel (ODS-C18 silica gel, 1.7 um) eluted with a gradient
mixture of water containing 0.1% formic acid and acetonitrile containing 0.1 % formic acid (9:1 - 0:1), at a flow rate of 0.2
mL/min. The UPLC system was hyphenated to a Waters XEVO TQD triple quadruple mass spectrometer (Waters, Milford,
USA).

3. Conclusion

The different fractions derived from T. laxiflora and T. myriocarpa leaf extracts contain constituents with DPPH scavenging,
antibacterial, and antifungal capabilities. These capabilities could be further investigated by studying these fractions to
evaluate their safety and efficacy in-vivo. This might lead to the introduction of safe natural antioxidant and antimicrobial
drug candidates.
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