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ABSTRACT ARTICLE HISTORY

A new sesquiterpene (Prosoterpene, 1) and eleven reported com- Received 22 February 2022
pounds (2-12) of several classes, such as flavonoids, alkaloids, Accepted 1 April 2022
phenolic acids, and long-chain alcohols, were isolated from the

BuOH extract of Prosopis africana (Guill. & Perr) Taub.  KEYWORDS
Compounds 2-10 were reported for the first time from this plant.  Frosopis africana;
Isomers 11 and 12 were separated for the first time. Extensive str?eu_'tedsf;et’inrf;_)g?;e_[_
spectroscopic techniques and literature comparisons were used to fham’ngside; anti-glycation
characterise their structures. Furthermore, compounds 3, 5-8, and

10-12 were performed for anti-glycation and cytotoxicity activ-

ities. Compound 3 (quercetin-3-O-a-L-rhamnoside) exhibited mod-

erate anti-glycation activity. All tested compounds were non-

cytotoxic against MCF-7 (breast cancer), NCI-H460 (lung cancer),

Hela (cervical cancer), and BJ (normal human fibroblast) cell lines.
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Prosoterpene

Prosopis africana (Guill. & Perr.) Taub.

1. Introduction

The genus Prosopis belongs to the family Leguminosae, generally known as the leg-
ume, bean, or pea family. In 1976, this genus was fully described taxonomically
(Pedersen 1980). Till now, 63 plants have been recognised as accepted species in this
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genus (http://www.worldfloraonline.org/). Most species of Prosopis genus are natural-
ised in African countries like Sudan, Senegal, Ethiopia, Mali, Guinea-Bissau, and Nigeria,
growing as trees or shrubs (Choge et al. 2007; Sharifi-Rad et al. 2019).

Prosopis africana (Guill. & Perr.) Taub. is a woody tree growing in semi-arid/arid pla-
ces (Achi & Okolo 2004). Traditionally, P. africana has been used for treating various
diseases. The extract of the bark and leaves are used for tooth pain, ophthalmias, skin
infections, intestinal worms, dysentery, malaria, rheumatism, vertigo, migraine, wounds,
and burn-related problems (Ayanwuyi et al. 2010; Diarra et al. 2015; Catarino et al.
2016). Besides, P. africana also has great economical values, for instance, it is used for
tanning leather as it contains red dyes. It is also a source of low-cost protein, and its
fermented seeds are used for food seasoning. With respect to phytochemistry, till
now, only eight compounds have been reported from this plant, including a dihydro
flavonoid (EImezughi et al. 2013), and seven alkaloids (Khuong-Huu et al. 1972a)
(Khuong-Huu et al. 1972b). From the pharmacological aspect, methanol extract of P.
africana stem bark showed analgesic and anti-inflammatory effects (Ayanwuyi et al.
2010). Ethyl acetate extract of the stem bark displayed antimicrobial activity against
Mycobacterium aurum and Staphylococcus aureus, and anti-cancer activity against ZR
75 (Breast cancer cell) (ElImezughi et al. 2013). Due to the limited research progress of
this species, it was selected to perform phytochemistry investigation and biological
evaluation. Finally, a new sesquiterpene (1), named Prosoterpene, as well as eleven
known compounds (2-12) were isolated and elucidated. Besides, quercetin-3-O-o-L-
rhamnoside (3) was found to be active against the glycation, and all tested com-
pounds were non-cytotoxic.

2. Results and discussion

Compound 1 (Figure 1) was obtained as an oily liquid. HR-FAB-MS showed [M - H] ~
at m/z 295.1182 (calcd. for CysH,906 295.1182), indicating the molecular formula is
CqisHy006, Wwith six degrees of unsaturation. In the 'H NMR spectrum (CDsOD,
500 MHz), three methyl groups were observed at dy 2.01, 1.33, and 1.06, three olefinic
protons were shown at oy 7.87, 6.26, and 5.87, and an oxymethine signal at d4 3.83
also existed. The presence of fifteen carbons was identified from the '>*C NMR spec-
trum (CDs0D, 500 MHz). They can be categorised into four quaternary carbons, four
methines, two methylenes, three methyl, and two carbonyl carbons based on the
DEPT spectrum. All signals of 1 resemble monaspilosuslin (Figure 1 and Table S1)
(Cheng et al. 2010), except for one more carbonyl carbon (6c 181.0) appearing in 1,
and a hydroxymethyl (6c 77.3, oy 3.70, 3.81) is only present in monaspilosuslin. In
HMBC spectrum of 1, CHs-12 (dy 1.06) showed correlations with C-1 (d¢ 53.5), C-2 (dc
41.0), C-6 (0c 82.9), and the carbonyl carbon at dc 181.0. Simultaneously, H-2 (64 1.73)
displayed a correlation with the carbon at ¢ 181.0. This evidence supported the pres-
ence of a carboxylic group (d¢ 181.0) at C-1 (Figure S1). Moreover, another methyl at
doy 1.33 exhibited correlations with C-4 (¢ 42.3), C-5 (6¢ 90.0), and C-6 (5c 82.9), and
its carbon at 6c 18.5 found in HSQC also correlated with H-4 (64 2.25) in HMBC, indi-
cating the location of this methyl (64 1.33) at C-5 (Figure S1). Therefore, the different
signals compared with monaspilosuslin were assigned.
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Figure 1. Structures of compounds 1, monaspilosuslin, 11, and 12.

In the COSY spectrum, correlations were observed between H-2 (64 1.89 and 1.73),
H-3 (04 3.83), and H-4 (64 2.25 and 1.85). Meanwhile, the olefinic protons at H-7 (o4
6.26) and H-8 (oy 7.87) also correlated with each other. In HMBC spectrum, long-range
correlations of CHsz (64 2.01) with C-8 (¢ 134.1), C-9 (6c 144.0), and C-10 (6¢ 126.7)
were observed. All these correlations proved the similarity of the remaining part of
the structure with monaspilosuslin. Moreover, the presence of an ether bond (C-O-C)
between C-5 and C-6, which is different from monaspilosuslin, was confirmed by the
molecular weight, unsaturation degree, along with the typical peak at 1267cm™' in
the IR spectrum. Another carbonyl carbon at C-15 (5¢ 171.8) was very weak in the '3C
NMR spectrum, and the long-range correlation between H-10 (6y 5.87) and C-15 was
also not clearly visible in the HMBC spectrum. However, the conjugated system includ-
ing the o,B-unsaturated acid at C-9, C-10, and C-15, plus one more double bond at C-
7 and C-8 have contributed the maximum UV absorption at 253 nm, indicating the
presence of the carboxyl at C-15.

The coupling constant of H-7 (64 6.26, d, J=16.0Hz) and H-8 (o4 7.87, d,
J=16.0Hz) revealed the transposition of the double bond. The coupling constant of
H-3 (0y 3.83, tt, J=10.5, 7.0Hz) indicated its axial configuration. H-2 (dy4 1.73, dd,
J=13.5, 11.0Hz) and 4 1.89 (ddd, J=13.5, 7.5, 1.0Hz) indicated the axial and equa-
torial configurations of them, respectively. Similarly, H-4 (64 1.85, dd, J=14.0, 10.0 Hz)
and Jy 2.25 (ddd, J=14.0, 7.0, 1.0Hz) confirmed the axial and equatorial configuration
these two germinal protons, respectively. In the NOESY spectrum, H-7 (o4 6.26)
showed correlations with H,-4 (54 1.85) and H,-2 (dy 1.73), indicating the axial orienta-
tion of the side chain at C-6. CH3-13 (64 1.33) correlated with H,-4 (0 1.85) and H.-4
protons (dy 2.25), but not H-3 (o4 3.83), showing the equatorial-orientation of CHs-13.
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Similarly, CHs-12 (64 1.06) at C-1 correlated with Hz-2 (04 1.73) and He-2 protons (4
1.89), but not H-3 (dy 3.83), confirming the equatorial-orientation of CH3-12 and axial-
orientation of the carboxylic group at C-1 (Figure S2). As a result, the structure of com-
pound 1 was identified as shown in Figure 1 and given the name Prosoterpene.

Compounds 2-12 were elucidated by comparison with reported data. They are
quercetin (2) (Leena and Aleykutty 2016), quercetin-3-O-a-L-rhamnoside (3) (Ma et al.
2005), p-coumaric acid (4) (Lee et al. 2013), protocatechuic acid (5) (Szewczyk et al.
2019), vanillic acid (6) (Liu et al. 2015), 2S,3S,4S-trihydroxypentanoic acid (7) (Agnihotri
et al. 2008), pinitol (8) (Duquesnoy et al. 2008), stearyl alcohol (9) (Kanya et al. 2007),
elaidyl alcohol (10) (Glazer & Goddard 1950), isoprosopinine A (11), and isoprosopinine
B (12) (Khuong-Huu et al. 1972b). Compounds 2-10 were obtained and elucidated
from this species for the first time. Having similar structures with the same molecular
weight, compounds 11 and 12 were identified as a mixture in 1972 from this plant. In
this study, two compounds were successfully separated and purified as pure compo-
nents for the first time. Therefore, the NMR and EI-MS data are also provided (S 3.3.1
and S 3.3.2)(Khuong-Huu et al. 1972b).

The Anti-glycation activity of compounds 3, 5-8, and 10-12 was evaluated by the
in vitro BSA (Bovine serum albumin)-glucose glycation model. Compound 3 (quercetin-
3-O-a-L-rhamnoside) showed a moderate anti-glycation activity with 1Csg
433+0.013 uM, while standard reference rutin (quercetin-3-O-rutinoside) had ICsy as
31+0.1 uM. Flavonoids have been shown therapeutic potential for diabetes (Johari
et al. 2014). Having a similar structure to the standard (rutin), quercetin-3-O-a-L-rham-
noside has been reported to possess moderate inhibition on a-glucosidase (Lee et al.
2019) and the Maillard reaction (lida et al. 2007). This is the first time to further prove
its anti-glycation activity by the BSA-glucose glycation model.

Compounds 3, 5-8, and 10-12 were also performed for anti-cancer activity against
MCF-7 cell (breast cancer), NCI-H460 (lung cancer), Hela (cervical cancer), and cytotox-
icity against normal human cell line BJ, which were obtained from a cell culture bio-
bank (PCMD, ICCBS) of American Type Culture Collection (ATCC), previously described
MTT assay was used for this activity (S 3.5) (Choudhary et al. 2017). All of them were
observed to be non-cytotoxic with inhibition < 50% at 50 uM.

3. Experiment
3.1. General experiment procedures

The Bruker AMS-400 and AMX-500 were used to record NMR spectra. For LR-FAB-MS
and LR-EI-MS, JEOL MS Route JMS 600H mass spectrometer was used, and for HR-FAB-
MS, JEOL JMS-HX110 mass spectrometer was used. A UV/Visible spectrophotometer
was used to accomplish the UV/Visible method. The optical rotations were done on
the p-2000 Polarimeter, and the IR (Infrared) spectra were recorded on the FTIR8900
(Fourier Transform Infrared Spectrophotometer) in the KBr disc. For fractionation by
column chromatography, normal silica gel (E. Merck, type 70-230 Mesh) was utilised.
C18 (Wakogel, 38-63 Mesh), Sephadex LH-20, and normal and reverse-phase HPLC
was employed for purification. The purity of the sample was confirmed using normal
and reverse-phase pre-coated TLC. UV light at 254 nm was used to evaluate TLC plates.
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Dragendroff, ceric sulfate, and vanillin were among the chemicals employed to visual-
ise the spots on TLC plates.

3.2. Plant material

The clean and dry fruits of Prosopis africana (Guill. & Perr.) Taub. were brought to
Pakistan by the collaboration of Mr. Kayode Muritala Salawu, Lecturer grade |,
Department of pharmacognosy and Drug Development, University of llorin, Nigeria.
The plant components were taken at the University of llorin in Kwara State, Nigeria, in
July 2017. Then the materials were identified and authenticated at the Forest
Herbarium Ibadan (FHI), which is part of the Forestry Research Institute of Nigeria
(FRIN), where voucher specimens were deposited, and a voucher number (FHI 111954)
was provided.

3.3. Extraction, isolation, and purification

Fruits of P. africana were dried and crushed into powder (5.2 kg), then extracted with
80% MeOH (3 x 20L) under reflux. Extracts were combined and concentrated using a
high-vacuum rotary, yielding a dark brown color residue (580 g). The residue was sus-
pended in water and extracted with n-hexane (3 x4L), dichloromethane (3 x 4L),
EtOAc (3 x4L), and n-BuOH (3 x 4L), sequentially. The n-BuOH extract (102g) was
obtained and processed to silica gel column chromatography (CC) (EtOAc: EtOH
100:0-0:100) to obtain 14 fractions (F;-F;4). F; (4.29) was again performed by silica
gel CC (Hexane: EtOAc, gradient) to get subfractions F,;—F;_,4. Subfraction F,_s and F.
¢ were purified by NP-HPLC (Hexane: EtOAc 88:12, Rt = 38 min) to get compounds 9
(3.0mg) and 10 (3.4 mgq), respectively. Subfractions F,_;; and F,.;3 were combined to
run on Sephadex LH-20 (DCM: MeOH 50:50), and compound 2 (4.4 mg) was obtained.
Subfraction F;;9 and F;,, were combined to run on Sephadex LH-20 (DCM: MeOH
30:70) to get further three subfractions, among which the second subfraction was sub-
jected to C18 (Water: MeOH, gradient) to get compound 4 (3.1 mg). Similarly, F;_5; was
run on Sephadex LH-20 (Water: MeOH 30:70) to get four further subfractions, among
which the second and third fractions were subjected to RP-HPLC (MeOH: Water =
35:65) to get three compounds 7 (2.7mg, Rt = 25min) and 5 (4.0mg, Rt = 33 min)
from the same injection, and 6 (5.0mg, Rt = 39 min), respectively. Fraction F, (4.29)
was performed on a silica gel CC (DCM: MeOH, gradient) to obtain subfractions F,_;-F,.
g Subfraction F,; (590mg) was purified by Sephadex LH-20 (DCM: MeOH 40:60) to
get six subfractions (F,.;.1—-F,_76), among which F,,, (114mg) was performed on a
pencil silica gel CC and then further purified by NP-HPLC (DCM: MeOH 92:8, Rt =
40 min) to get new compound (1) (2.5mg). Similarly, by series of sequential steps on
subfraction F, ;¢ (430mg) and RP-HPLC (MeOH: Water 57:43, Rt = 36 min) was used
to purify compound 3 (3.2 mg). Compound 11 (7.0 mg) was obtained from fraction Fg
(951 mg) using a gradient system (MeOH: Water) by the C-18 column. Compound 8
(8.0mg) was obtained as pure crystals from Fy using silica gel CC (DCM/MeOH
Gradient). While compound 12 (7.0 mg) was obtained from a subfraction Fg_4 (88.4 mg)
by using silica gel pencil CC (DCM: MeOH gradient)
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3.3.1. Prosoterpene (1)

An oil (2.5 mg); Molecular formula: C;5H00s, [oz]é4 : —1.14 (c 0.08, MeOH). UV Apnax NM.
IR max 3331, 2959, 1721, 1639, 1538, 1267cm™'. CD [nm (mdeqg)]: 432 (~1.27), 350
(1.49), 312 (-0.52), 288 (4.21), 270 (0.46), 208 (17.3);"H NMR (CD50D, 500 MHz): oy, 1.73
(1H, dd, Jy3-0¢ = 13.5Hz, J,,.3 = 11.0Hz, H-2a), 1.89 (1H, ddd, Jrc.2a = 13.5Hz, Joe3 =
7.0Hz, Jyese = 1.0Hz, H-2e), 3.83 (1H, tt, J3.95.4a = 10.0Hz, J35¢.4¢ = 7.0Hz, H-3),1.85
(1H, dd, Jsa.4e = 14.0Hz, J453 = 10.0Hz, H-4a), 2.25 (1H, ddd, Jse.sa =14.0Hz, Jse3 =
70Hz, Jsee = 1.0Hz, H-4e), 6.26 (1H, d, J;3 = 16.0Hz, H-7), 7.87 (1H, d, J;.3 =
16.0Hz, H-8), 5.87 (1H, s, H-10), 1.06 (3H, s, H-12), 1.34 (3H, s, H-13), 2.01 (3H, s, H-14);
13C NMR (CD50D, 125 MHz) d¢ 53.5 (C-1), 41.0 (C-2), 65.3 (C-3), 42.3 (C-4), 90.0 (C-5),
82.9 (C-6), 129.1 (C-7), 134.1 (C-8), 144.0 (C-9), 126.7 (C-10), 181.3 (C-11), 14.6 (C-12),
18.5 (C-13), 20.6 (C-14), 171.8 (C-15). FAB-MS [M - H] = m/z 295.1; HR-FAB-MS [M - H]~
m/z 295.1182 (calcd. for C;5sH,904™ 295.1182).

3.4. Anti-glycation activity

The anti-glycation effect was performed by BSA (Bovine serum albumin)-glucose glyca-
tion model in vitro. Glucose (0.5M), BSA (10mg/mL), and sodium azide (NaNs)
(0.1 mM) were dissolved in sodium phosphate buffer (pH 7.4) as the reaction reagent
to perform with or without tested sample. The test compounds, and rutin as a stand-
ard reference, were dissolved in 10% DMSO. BSA without a glycating agent was used
as a negative control. All samples were initially screened at 1 mM concentration. The
assay was performed in triplicates, and a final reaction volume of 200 uL was main-
tained in each well of a 96-well plate. The reaction mixture was incubated at 37°C for
7days in a dark sterile condition. The fluorescence was measured (excitation 340 nm,
and emission 440 nm) by using Varioskan Lux microtitre plate reader (Thermo Fisher
Scientific, Waltham, Massachusetts, USA).
The percent (%) inhibition was calculated by using the following formula:

Inhibition (%) of fluorescence = (1 - Fluorescence of test compound/Fluorescence of
glycated BSA) x 100.

The compounds that exhibited more than 50% inhibition were processed for 1Csq.
The two-fold dilution was made, and multiple concentrations (1, 0.5, 0.25, 0.125, 0.06,
and 0.03 mM) of compound 3 and standard rutin were incubated with BSA-glucose at
37°C for 7 days. The fluorescence was measured, and the 1C5q (uM) was calculated by
using EZ-FIT Enzyme Kinetics Program (Perrella Scientific Inc.,, Amherst, USA).

4, Conclusion

An undescribed sesquiterpene, named Prosoterpene (1), was discovered from the
BuOH fraction of P. Africana. Nine known compounds (2-10) were obtained for the
first time from this plant. Besides, two isomer compounds (11 and 12) were success-
fully separated from each other. Among compounds 3, 5-8, 10-12, only compound 3
(quercetin-3-O-a-L-rhamnoside) showed anti-glycation activity. All tested compounds
were non-cytotoxic against MCF-7, NCI-H460, Hela cancer cell lines, and normal human
cell line BJ. Based on the limited research progress on this species, this study provided
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a valuable reference and more knowledge for the phytochemistry and pharmacology
properties of the Prosopis genus and P. africana. According to the medicinal uses of
this plant, further study is also required to discover more bioactive components
from it.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

The authors are very grateful for the support from Higher Education Commission, Pakistan for
support to the NRPU 2021 # 17603. We acknowledge the National Administration of Traditional
Chinese Medicine, P. R. China, and Health & Population Welfare Department, Government of
Sindh, Pakistan, for the support to ‘Sino-Pakistan Cooperation Center on Traditional Chinese
Medicine (No. GZYYGJ2020023)' located at the International Center for Chemical and Biological
Sciences, University of Karachi, Pakistan. Higher Education Commission (HEC), Pakistan.

ORCID

M. Igbal Choudhary http://orcid.org/0000-0001-5356-3585
Yan Wang http://orcid.org/0000-0001-9786-7492

References

Achi OK, Okolo NI. 2004. The chemical composition and some physical properties of a water-sol-
uble gum from Prosopis africana seeds. Int J Food Sci Tech. 39(4):431-436.

Agnihotri VK, EISohly HN, Khan SI, Smillie TJ, Khan IA, Walker LA. 2008. Antioxidant constituents
of Nymphaea caerulea flowers. Phytochemistry. 69(10):2061-2066.

Ayanwuyi LO, Yaro AH, Abodunde OM. 2010. Analgesic and anti-inflammatory effects of the
methanol stem bark extract of Prosopis africana. Pharm Biol. 48(3):296-299.

Catarino L, Havik PJ, Romeiras MM. 2016. Medicinal plants of Guinea-Bissau: therapeutic applica-
tions, ethnic diversity and knowledge transfer. J Ethnopharmacol. 183:71-94.

Cheng MJ, Wu MD, Chen IS, Yuan GF. 2010. A new sesquiterpene isolated from the extracts of
the fungus Monascus pilosus-fermented rice. Nat Prod Res. 24(8):750-758.

Choge SK, Pasiecznik NM, Harvey M, Wright J, Awan SZ, Harris PJC. 2007. Prosopis pods as
human food, with special reference to Kenya. WSA. 33(3):419-424.

Choudhary MI, Siddiqui M, Atia-tul-Wahab Yousuf S, Fatima N, Ahmad MS, Choudhry H. 2017.
Bio-catalytic structural transformation of anti-cancer steroid, drostanolone enanthate with
Cephalosporium aphidicola and Fusarium lini, and cytotoxic potential evaluation of its metabo-
lites against certain cancer cell lines. Front Pharmacol. 8:900.

Diarra N, Klooster CVT, Togola A, Diallo D, Willcox M, Jong JD. 2015. Ethnobotanical study of
plants used against malaria in Sélingué subdistrict, Mali. J Ethnopharmacol. 166:352-360.

Duquesnoy E, Castola V, Casanova J. 2008. Identification and quantitative determination of car-
bohydrates in ethanolic extracts of two conifers using '>C NMR spectroscopy. Carbohydr Res.
343(5):893-902.

Elmezughi J, Shittu H, Clements C, Edrada-Ebel RA, Seidel V, Gray A. 2013. Bioactive natural com-
pounds from Prosopis africana and Abies nobili. J Appl Pharm Sci. 3(3):40-43.

Glazer J, Goddard ED. 1950. 667. Monolayer properties of elaidyl alcohol. J Chem Soc.
:3406-3408.



8 (&) R ALIETAL

lida N, Inatomi Y, Murata H, Inada A, Murata J, Lang FA, Matsuura N, Nakanishi T. 2007. A new
flavone xyloside and two new flavan-3-ol glucosides from Juniperus communis var. depressa.
Chem Biodivers. 4(1):32-42.

Johari A, Moosavi-Movahedi AA, Amanlou M. 2014. Computational investigation of inhibitory
mechanism of flavonoids as bovine serum albumin anti-glycation agents. Daru. 22(79):79.

Kanya TCS, Rao LJ, Sastry MCS. 2007. Characterization of wax esters, free fatty alcohols and free
fatty acids of crude wax from sunflower seed oil refineries. Food Chem. 101(4):1552-1557.

Khuong-Huu Q, Ratle G, Monseur X, Goutarel R. 1972a. Alcaloides piperidiniques Il. Structures de
la prosopine et de la prosopinine, alcaloides du Prosopis african (Guill. et Perr.)Taub. Bull Soc
Chim Belges. 81(1):425-442.

Khuong-Huu Q, Ratle G, Monseur X, Goutarel R. 1972b. Alcaloides piperidiniques lll. Nouveaux
alcaloides du Prosopis africana (Guill. et Perr.) Taub: Isoprosopinines A et B, prosophylline, pro-
safrine et prosafrinine. Bull Soc Chim Belges. 81(1):443-458.

Lee SY, Ismail IS, Ang EL, Abas F. 2019. Antioxidant, a-glucosidase inhibitory activities, and HPLC
quantitative analysis of phenolic compounds isolated from Neptunia oleracea Lour. Int Food
Res J. 26(2):679-688.

Lee YG, Cho JY, Kim CM, Lee SH, Kim WS, Jeon T, Il, Park KH, Moon JH. 2013. Coumaroyl quinic
acid derivatives and flavonoids from immature pear (Pyrus pyrifolia Nakai) fruit. Food Sci
Biotechnol. 22(3):803-810.

Leena PN, Aleykutty NA. 2016. Isolation and spectral identification of quercetin fron the alco-
holic root extract of Clerodendrum paniculatum. Int J Pharma Sci Res. 7(01):47-50.

Liu L, Guo J, Zhang R, Wei Z, Deng Y, Guo J, Zhang M. 2015. Effect of degree of milling on
phenolic profiles and cellular antioxidant activity of whole brown rice. Food Chem. 185:
318-325.

Ma X, Tian W, Wu L, Cao X, Ito Y. 2005. Isolation of quercetin-3-O-L-rhamnoside from Acer trun-
catum Bunge by high-speed counter-current chromatography. J Chromatogr A. 1070(1-2):
211-214.

Pedersen BO. 1980. A note on the genus Prosopis. Int Tree Crop J. 1(2-3):113-123.

Sharifi-Rad J, Kobarfard F, Ata A, Ayatollahi SA, Khosravi-Dehaghi N, Jugran AK, Tomas M,
Capanoglu E, Matthews KR, Popovi¢-Djordjevic J, et al. 2019. Prosopis plant chemical compos-
ition and pharmacological attributes: Targeting clinical studies from preclinical evidence.
Biomolecules. 9(12):777.

Szewczyk K, Sezai Cicek S, Zidorn C, Granica S. 2019. Phenolic constituents of the aerial parts of
Impatiens glandulifera Royle (Balsaminaceae) and their antioxidant activities. Nat Prod Res.
33(19):2851-2855.



	Abstract
	Introduction
	Results and discussion
	Experiment
	General experiment procedures
	Plant material
	Extraction, isolation, and purification
	Prosoterpene (1)

	Anti-glycation activity

	Conclusion
	Disclosure statement
	Funding
	Orcid
	References


