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A B S T R A C T  

The pre sent work aims to char ac ter ize the chem i cal pro file of phe no lic com pounds and some bi o log i cal ac tiv i - 
ties of As tra galus gomb i formis . The bu tano lic frac tions of five aer ial or gans (stems, flow ers, leaves, pods and 
seeds) were quan ti fied and iden ti fied by LC – MS analy sis. The re sults were re vealed the pres ence of 13 phe no - 
lic com pounds (quinic acid, p - coumaric acid, trans frulic acid, Hy per o side (quercetin - 3 - o - galactoside, 
Quercetrin (quercetin - 3 - o - rhamonoside), Ape genin - 7 - o - glucoside, kam pherol, Narin genin, Ape genin, Lu te olin, 
Cir sil iol, Cir si li neol and Acacetin. In terms of bi o log i cal ac tiv i ties, the an tiox i dant,α - amylase in hibitory and 
an ti cholinesterase were de ter mined. The bu tano lic ex tract from flow ers showed the high est an tiox i dant ac tiv - 
ity in DPPH and ABTS (IC50: 16, 43  ±  0, 46 and 16, 13  ±  0, 35  μg/ mL) very closer with stan dards tested and 
week ac tiv ity with Galvi noxyl rad i cal (GOR) (IC50: 583, 95  ±  2, 20  μg/ mL), while other or gan's ex tract ex - 
hib ited mod er ate an tiox i dant ac tiv ity. The leaves ex tract was found to ex hibit the high est in hibitory ef fect 
against BChE (IC50: 165,54  ±  3,49  μg/ mL) com pared by the other parts which give a weak in hibitory ef fect 
at 200  μg/ mL. A sig nif i cant al pha - amylase in hibitory ac tiv ity was dis played by seeds, leaves, pods and stems 
ex tracts (IC50:76.41  ±  3.72; 74.61  ±  3.68; 88.13  ±  1.81 and 83.81  ±  1.74  μg/ mL) more the stan dard used. 
Based on these re sults, it is right to con clude that A. gomb i formis is im por tant source of the nat ural anti - 
diabetic, an tiox i dants and anti - Alzheimer′s dis ease. 

1 . Introduction 

Dur ing the past few years, in creas ing in ter est has fo cused in nat - 
ural prod ucts from med i c i nal plants that rep re sent im por tant source 
of bioac tive com pounds for treat ing var i ous hu man dis eases ( Ak and 
Gulç; in, 2008 ; Gulç; in, 2009 ; Gulç; in, 2010 ; Gulç; in, 2012 ; Gulç; in, 
2020 ). With mul ti ple bi o log i cal ac tiv i ties, many plants con tain nat ural 
an tiox i dants com pounds at tracts the at ten tion of sev eral re search 
teams for its role against nu mer ous ill ness. The As tra galus genus is 
mem ber of the Fabaceae fam ily, is com monly used as for age for live - 
stock and by wild an i mals as well as in food and med i cines ( Ríos and 
Waterman, 1997 ; Zarre - Mobarakeh, 2000 ). In china, the roots of 
A.mem branaceus have a long his tory in tra di tional chi nese med i cine 

( Yin et al., 2006 ) and es pe cially for an tidi a betic treat ments ( Kojo et 
al., 2013 ). More over, leaves and roots of A.gly cy phyl los are widely 
used to their pu ri fy ing, re fresh ing, di uretic and many other prop er ties 
( Ionkova, 2008 ; Pistelli, 2002 ; Gođevac et al., 2008 ; Guarino et al., 
2008 ).In Ana to lia, A.tro janus aque ous ex tract is tra di tion ally used 
against leukemia ( Bedir et al., 2001 ). Many re searches on As tra galus 
genus have been demon strated the pres ence of dif fer ent sec ondary 
metabo lites such as A. tro janus, A. mi cro cephalus, A. zahlbruck neri 
( Calis et al., 2001 ; Bedir et al., 1998 , 1999 ). In the frame work of val - 
oriza tion of the Al ger ian nat ural sur face and to de velop new prod ucts, 
we are in ter ested in this work by As tra galus gomb i formis Pomel that 
be longs to the legu mi nosae plant ob tained from arid zoon (El Oued - 
Al ge ria).In or der to have an over all pic ture of dis tri b u tion, iden ti fi ca - 
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tion and quan tifi ca tion of phe no lic com pounds pre sent in dif fer ent 
areal or gans from A.gomb i formis and fur ther elu ci date the sim i lar i ties 
and dif fer ences in their chem i cal con stituents us ing liq uid chro matog - 
ra phy mass spec trom e try analy sis (LC - MS), and also to de ter mine their 
an tiox i dant po ten tial, α - amylase in hibitory as say and bu - 
tyrycholinesterase in hibitory ac tiv ity. 

2 . Material and methods 

2. 1 . Plant material 

The aer ial parts of A.gomb i formis plants were col lected from the sa - 
ha ran re gion (EL Oued - Algeria) in april 2019  at the end of flow er ing 
phase and be gin ning of fruit ing phase (pod for ma tion).The sam ples 
were cleaned, dried and ground thane stored un til it is used. 

2. 2 . Extraction 

The ex trac tion was re al ized ac cord ing to Bensouici et al. (2019) 
method. Each part of A.gomb i formis was ex tracted with ethanol – water 
(70:30, v/ v).Af ter con cen tra tion un der re duced pres sure, the residue 
was sus pended in wa ter and ex tracted suc ces sively with pe tro leum 
ether and bu tanol re spec tively. The bu tano lic frac tions were the ob - 
jec tive of our study. 

2. 3 . Total phenolic content (TPC) 

The to tal phe no lic con tent of the bu tano lic frac tions was de ter - 
mined fol low ing the Folin – Ciocalteu method ( Le et al., 2007 ) the re - 
sults was ex pressed as mi cro grams of gal lic acid equiv a lents per mil - 
ligrams of ex tract (μg GAE/ mg) ( Bursal et al., 2019 ; Gulcin et al., 
2019 ; Taslimi et al., 2020a, 2020b ). 

2. 4 . Total flavonoids content (TFC) 

The quan tifi ca tion of to tal flavonoids con tent was per formed by 
Tel et al. (2013) method and the re sults was ex pressed as mi cro grams 
quercetin equiv a lents per mil ligram of ex tract (μg QE/ mg). ( Türkan et 
al., 2020 ; Gülçin et al., 2019 , Gülçin et al., 2020 ). 

2. 5 . Method of phenolic compounds quantification BY LC - MS techniques 

The analy sis for phe no lic com pounds was per formed on a Shi - 
madzu UFLC XR sys tem (Ky oto, Japan), equipped with a SIL - 20AXR 
auto - sampler, a CTO - 20 AC col umn oven, a LC - 20ADXR bi nary pump 
and a quadri pole 2020 de tec tor sys tem. This in stru ment was equipped 
with a In ert sil ODS - 4 C18 3  μm col umn (L150  ×  3.0  mm i.d.). The 
col umn tem per a ture was set at 40  °C and the in jec tion vol ume was 
20  μl with a flow rate of 0.5  mL/ min Eau95%+MeOh5%+0.2% 
Acetic acid and 50%ACN+50%H2O+0.2%Acetic acid were used as 
mo bile phases A and B, re spec tively. The analy sis was per formed us - 
ing a lin ear gra di ent pro grammed as fol lows: 0,01 – 14  min, from 10% 
to 20% B; 14 – 27  min, 0 from 20% to 55% B; 27 – 37  min, from 55% to 
100% B; 37 – 45  min, 100% B; 45 – 50  min 10% B. Des solv ing line tem - 
per a ture was 275  °C, neb u liz ing gas flow 1,50  L/ min, the dry ing gas 
was set at 15,00  L/ min and Tem per a ture of Heat block was 450°c. LC - 
ESI (−) MS mass spec tra [MH] - were ac quired us ing Lab So lu tions soft - 
ware. Phe no lics were iden ti fied by com par i son with re ten tion time of 
the stan dards of phe no lic com pounds. The lab stan dards were LGC 
and Sigma Aldrich. 

2. 6 . Determination of antioxidant activity 

2. 6. 1 . DPPH free radical - scavenging assay 
The an tiox i dant ac tiv ity of dif fer ent areal parts of A.gomb i formis 

was eval u ated fol low ing Blois (1958) method us ing the free rad i cal 
DPPH (2,2 - diphenyl - 1 - picrylhydrazyl). The re sults were given as 50% 
in hi bi tion con cen tra tion (IC50) and com pared with the an tiox i dant 
stan dards (BHA, BHT, α - Tocopherol, Ascor bic acid and Tan nic acid). 

2. 6. 2 . ABTS cation radical assay 
The ABTS scav eng ing ac tiv ity was de ter mined ac cord ing to the 

method de scribed ear lier ( Re et al., 1999 ). The re sults were given as 
50% in hi bi tion con cen tra tion (IC50). 

2. 6. 3 . GOR scavenging assay 
The Galvi noxyl rad i cal (GOR) scav eng ing as say ac tiv ity was de ter - 

mined ac cord ing to Shi et al. (2001) method. 

2. 7 . Enzymatic inhibitory assay 

2. 7. 1 . The α - amylase inhibitory assay 
The α - amylase in hibitor ac tiv ity was in ves ti gated us ing the method 

de scribed else where ( Behvar et al., 2018 ). Acar bose was used as a 
stan dard to com pare our re sults ( Taslimi et al., 2017 ; Taslimi and 
Gulçin, 2017 ; Gulçin et al., 2018 ; Taslimi et al., 2018 ). 

2. 7. 2 . Anti - Alzheimer activities 
Bu tyryl cholinesterase in hibitory of the areal parts of A.gomb i formis 

was eval u ated us ing the spec tropho to met ric method de vel oped by 
Ellman et al. (1961) . The bu tyrylth io choline chlo ride was used as en - 
zyme sub strates and galan thamine was used as stan dard com pound 
and the re sults were given as 50% in hi bi tion con cen tra tion (IC50). 
( Taslimi and Gulçin, 2018 ; Cakmak et al., 2019 ; Taslimi et al., 2020a, 
b ). 

2. 8 . Statistical analysis 

All de ter mi na tions were car ried out in trip li cate of each sam ple. 
The re sults re ported as mean  ±  stan dard de vi a tion (SD) were cal cu - 
lated from the data ob tained. The analy sis of vari ance of bioas says 
were the sub ject of one - way analy sis of vari ance (ANOVA) us ing the 
PRISM GRAPH PAD V: 5.00 (Trial) fol lowed by Tukey test. The level 
of sig nif i cance was fixed at p  <  0.05. 

3 . Results 

3. 1 . Total phenolic and flavonoids content 

Based on ob tained re sults, the to tal phe no lic con tent (TPC) of the 
bu tano lic ex tracts was es ti mated ac cord ing to the cal i bra tion curve 
pre pared from gal lic acid (y  =  0,0034x  +  0, 1044, R 2  =  0,997), 
while the to tal flavonoids con tent (TFC) was cal cu lated fol low ing the 
cal i bra tion curve pre pared from quercetin (y  =  0,0048×, 
R 2  =  0,997).As shown in Figs. 1 and 2 , there is a large vari a tion in 
TPC con tent in dif fer ent parts ex am ined. The av er age val ues of all 
parts of A.gomb i formis s howed that flavonoids rep re sented more than 
50% of the phe no lic com pounds (TPC: 71, 19) (TFC:50,592). The TPC 
of bu tano lic ex tract from the flow ers (110, 56  ±  19,62  μg GAE/ mg) 
was found to be higher than the other part's ex tracts, fol lowed by 
leaves, stems, seeds and pods with val ues of (92, 52  ±  7, 90; 83, 
21  ±  15, 34; 52, 23  ±  2, 29 and 17, 43  ±  3, 38  μg GAE/ mg, re spec - 
tively). The same trend was ob served with re gard to TFC dis tri b u tion, 
the high est TFC was reg is tered in bu tano lic ex tract of flow ers 
(94,65278  ±  10,43401  μg QE/ mg), fol lowed by leaves, stems, seeds 
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Fig. 1 . To tal phe no lic con tent (TPC) of areal parts of A.gomb i formis . 

Fig. 2 . To tal flavonoids con tent (TFC) of areal parts of A.gomb i formis . 

and pods by val ues of 58,33  ±  2,80; 40,20  ±  4,30; 33,47  ±  2,65 and 
26,31  ±  1,27  μg QE per mg). 

3. 2 . Identification and quantification of phenolic and flavonoids contents 

The quan ti ta tive analy sis re sults of ma jor phe no lic com pounds 
iden ti fied in dif fer ent plan t's parts of A.gomb i formis are sum ma rized in 
Table 1 . Fol low ing the to tal phe no lic and flavonoids con tent re sults, 
the LC - MS analy sis con firms that flavonoids con tents in this plant rep - 
re sent more than 50% of the polyphe no lic frac tion. The Cir sil iol or 
Dimethoxyflavone (DMF) is rep re sented the ma jor flavonoids in this 
plant. The high est con cen tra tion of this metabo lite is fawned in flow - 
ers by a value of 64.768  ppm, fol lowed by leaves stems seeds and 
pods (62, 337; 38,774; 24,915 and 11,538. As shown in Fig. 3 , 
dimethoxyflavone is flavone sub sti tuted by methoxy groups at po si - 
tions 6 and 7 and hydroxy groups at po si tions 5, 3′ and 4′ re spec - 
tively. 

By com par ing the re sults of LC - MS analy sis with the ref er ence 
com pounds re fer ring to their re ten tion times, the char ac ter i za tion of 
phe no lic com pounds of A.gomb i formis re vealed 13 com pounds. Five 
com mon phe no lic com pounds [ quercetin - 3 - o - rhamonoside (18) , 
Kam pherol (22) , Cir sil iol (29) , p - coumaric acid (9) , Hy per o side 

(12) ] were pre sented by var ied con cen tra tion in dif fer ent or gans. The 
high est con tent of quercetin - 3 - o - rhamonoside (18) , Kam pherol (22) 
and Cir sil iol (29) was de tected in flow ers (8.352; 1.53 and 
64.768  ppm,re spec tively). Whereas p - coumaricacid (9) was de tected 
in seeds and Hy per o side (12) in leaves (4.744; 7.341  ppm). 

More over, this analy sis showed the pres ence of quinic acid (1) in 
stems and pod (2.268 and 3.859  ppm), Ape genin - 7 - o - glucoside (19) 
in leaves, flow ers, seeds and pod (0.873; 0.977; 0.376 and 
1.281  ppm), Ape genin (27) in stems, flow ers, seeds and pod (0.357; 
0.335; 0.101 and 0.463  ppm) and Lu te olin (28) in flow ers, seeds and 
pod (0.872; 1.326; 0.776  ppm). All this re sults are sig nif i cant dif fer - 
ence in con cen tra tions (p  <  0.05). More over, Trans frulic acid (11), 
Narin genin (27) , Cir si li neol (30) , Acacetin (31) were found as traces 
with low est con cen tra tion com pared with the other com pounds de - 
tected. 

3. 3 . Antioxidant properties 

In our study, the bu tano lic frac tions of areal part of A.gomb i formis 
was tested for its an tioxy dante ac tiv ity with more than one method 
(DPPH scav eng ing, ABTS rad i cals scav eng ing ac tiv i ties and Galvi noxyl 
rad i cal (GOR) scav eng ing as say) and com pared the re sults with sev - 
eral ref er ence stan dards with the aim to achieve more in for ma tive 
and ar guably nec es sary re sults. The re sults are shown in Table 2 . 

The re sults of DPPH scav eng ing show that bu tano lic ex tract of the 
flow ers was ex hib ited the high est an tiox i dant ac tiv ity (IC50: 16, 
43  ±  0, 46  μg/ mL) closer ac tiv ity to that of BHT, α - tocopherol and 
ascor bic acid (IC50: 12.99  ±  0.41, 13.02  ±  5.17 and 
13.94  ±  2.81  μg/ mL) re spec tively, and less than BHA and Tan nic acid 
(IC50: 6.14  ±  0.41 and7.74  ±  0.19  μg/ mL), fol lowed by the leavs 
(IC50: 147.82  ±  0.28  μg/ mL). But the stems, seeds and pods ex tracts 
demon strated a week ac tiv ity at 200  μg/ mL (IC50: 219.12  ±  4.14; 
244, 63  ±  1, 94 and 306.43  ±  2.48  μg/ mL). Sim i larly, The analy sis 
data of the ABTS as say showed that the same frac tion of flow ers of 
A.gomb i formis give the best ac tiv ity (IC50: 16, 13  ±  0, 35) com pared 
with stan dards, very closer with α - tocopherol (IC50: 7.59  ±  0.53  μg/ 
mL) and mod er ate ac tiv ity com pared with BHA, BHT, ascor bic acid 
and tan nic acid (IC50:1.81  ±  0.10, 1.29  ±  0.30; 1.74  ±  0.10 and 
1.01  ±  0.16  μg/ mL, re spec tively) fol lowed by leaves seeds stems and 
pods (IC50 : 143,45  ±  4,06; 241,87  ±  1,33; 257,55  ±  3,96; 
266,95  ±  2,26  μg/ mL). Fur ther more, a weak ac tiv ity of all parts 
tested of A.gomb i formis was ob served with galvi noxyl rad i cal (GOR) 
by val ues rang ing from 489,23  ±  1,09 to 655,51  ±  1,92  μg/ mL. 

3. 4 . α - amylase inhibitory assay 

The eval u a tion of A.gomb i formis ef fect against α - amylase in hibitory 
as say was not in ves ti gated be fore in world wide. For this ob jec tive, the 
anti - diabetic ac tiv ity of this plant will be of ma jor im por tance. As 
shown in Fig. 4 , bu tano lic ex tracts of the five parts of A.gomb i formis 
were tested with 4  mg/ mL, the high half max i mal in hibitory con cen - 
tra tion were reg is tered in flow ers and Leaves (76.41  ±  3.72 and 
74.61  ±  3.68), no sig nif i cant dif fer ence be tween the both or gans 
(p  <  0.005). Fol lowed by pods and stems by value of 88.13  ±  1.81 
and 83.81  ±  1.74, these re sults are founded to be higher than As car - 
bose (IC50: 275.43  ±  1.00) used as a stan dard. 

3. 5 . Butyrycholinesterase inhibitory activity 

This study eval u ated the ca pac ity of A.gomb i formis as in hibitors en - 
zyme of cholinesterase fam ily that used as a con trol and treat ment to 
fight against Alzheimer's dis ease. ( Hebert et al., 1995 ). As pro vided in 
Table 3 , the re sults of frac tions tested was com pared by the pos i tive 
con trol (galan thamine).The bu tano lic ex tract ob tained from the leaves 
ex hib ited the high est in hibitory ef fect against BChE (IC50: 

https://pubchem.ncbi.nlm.nih.gov/compound/dimethoxyflavone
https://pubchem.ncbi.nlm.nih.gov/compound/dimethoxyflavone
https://pubchem.ncbi.nlm.nih.gov/compound/flavone
https://pubchem.ncbi.nlm.nih.gov/compound/hydroxy
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Table 1 
LC - MS analy sis of dif fer ent or gans of A.gomb i formis . 

Analyte Retention time ([M - H] - ) Butanolic fractions 
Concentration (ppm) 

    TPC: 38.5 
Seeds 

TPC:46.176 
Stems 

TPC: 99.304 
Flowers 

TPC:28.419 
Pods 

TPC:78.355 
Leavs 

1 quinic acid 2.017 191.00 2.268 a N.D. (Peak) N.D. (Peak) N.D. (Peak) 3.859 b 

2 Gallicacid – 169.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
3 protocatchuic acid – 153.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
4 Catechin (+) – 289.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
5 caffeic acid – 179.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
6 syringic acid – 197.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
7 1,3 - di - O - caffeoyquinic acid – 515.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
8 Epicatechin – 289.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
9 p - coumaric acid 22.283 163.00 4.370 b 2.039 a 5.082 db 7.341 c 6.069 db 

10 Rutin – 609.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
11 trans frulic acid 24.550 193.00 N.D. (Peak) 0.578 a N.D. (Peak) N.D. (Peak) 0.217 a 

12 Hyperoside (quercetin - 3 - o - galactoside 25.829 463.00 4.744 c 0.698 a 2.622 b 1.002 a 1.221 a 

13 Luteolin - 7 - o - glucoside – 447.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
14 3,4 - di - O - caffeoyquinic acid – 515.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
15 Naringin – 579.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
16 Rosmarinic acid – 359.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
17 4,5 - di - O - caffeoyquinic acid – 515.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
18 Quercetrin (quercetin - 3 - o - rhamonoside) 28.050 447.00 0.684 a 0.285 a 8.352 c 5.454 b 0.629 a 

19 Apegenin - 7 - o - glucoside 28.028 431.00 N.D. (Peak) 0.873 a 0.977 a 0.376 a 1.281 b 

20 o - coumaric acid – 163.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
21 Salviolinic acid – 717.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
22 kampherol 33.350 285.00 0.006 a 2.159 d 1.531 c 0.291 ab 0.781 ab 

23 quercetin – 301.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
24 trans cinnamic – 147.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
25 Silymarin 35.398 481.00 N.D. (Peak) N.D. (Peak) 14.765 N.D. (Peak) N.D. (Peak) 
26 Naringenin 35.083 271.00 0.269 a 0.277 a N.D. (Peak) 0.268 a N.D. (Peak) 
27 Apegenin 35.717 269.00 0.357 a N.D. (Peak) 0.335 a 0.101 a 0.463 b 

28 Luteolin 36.283 285.00 N.D. (Peak) N.D. (Peak) 0.872 a 1.326 b 0.776 a 

29 Cirsiliol 36.975 329.00 24.915 b 38.774 c 64.768 c 11.538 a 62.337 c 

30 Cirsilineol 40.139 343.00 1.187 N.D. (Peak) N.D. (Peak) N.D. (Peak) N.D. (Peak) 
31 Acacetin 42.117 283.00 N.D. (Peak) N.D. (Peak) N.D. (Peak) 0.722 a 0.722 a 

Dif fer ent cap i tal let ters rep re sent sig nif i cant vari a tions (P  <  0.05) be tween the con cen tra tions. 

Fig. 3 . Chem i cal struc ture of ma jor flavonoids iden ti fied in A. gomb i formis 
(Cir sil iol: dimethoxyflavone ). 

Table 2 
An tioxy dants ac tiv ity of bu tano lic ex tracts of A.gomb i formis by DPPH, ABTS 
Re duc ing, Galvi noxyl rad i cal (GOR). 

DPPH 
IC50μg/mL 

ABTS  IC50μg/mL GOR 
IC50μg/mL 

Pods 306  ±  2.48 a 266  ±  2.26 a 578  ±  4.01 b 

Leavs 147  ±  0.28 b 143  ±  4.06 b 655  ±  1.92 c 

Seeds 244  ±  1.94 c 241  ±  1.33 c 603  ±  0.09 d 

Stems 219  ±  4.14 d 257  ±  3.96 d 489  ±  1.09 a 

Flowers 16.43  ±  0.46 e 16.13  ±  0.35 e 583  ±  2.20 b 

BHA 6.14  ±  0.41 1.29  ±  0.30 5.38  ±  0.06 
BHT 12.99  ±  0.41 1.81  ±  0.10 3.32  ±  0.18 
α - Tocopherol 13.02  ±  5.17 7.59  ±  0.53 NT 
Ascrobic acid 13.94  ±  2.81 1.74  ±  0.10 NT 
Tannicacid NT 1.01  ±  0.16 NT 

IC50 val ues are ex pressed as means  ±  SD of three par al lel mea sure ments 
(P  <  0.05) Dif fer ent cap i tal let ters rep re sent sig nif i cant vari a tions (P  <  0.05) 
be tween va ri eties. Ref er ence com pound: BHA buty lated hy doxy lanisole, BHT 
buty lated hy drox yl toluene, α - Tocopherol As cro bic acid Tan nic acid NT: not 
tested. 

Fig. 4 . Al pha - amylase in hibitory as say of dif fer ent or gans of A.gomb i formis . 

165,54  ±  3,49) com pared by the other parts. More over, a weak in - 
hibitory ef fect was de tected by the stems, flow ers, pod and grains 
(IC50: <200μg/ mL). 

4 . Discussion 

In the pre sent work, we in ves ti gated the chem i cal con sti tu tion of 
phe no lic frac tion from five or gans of A.gomb i formis. The in hi bi tion of 
al pha - amylase and bu tyryl cholinesterase as well as the an tiox i dant ac - 
tiv ity were re ported with a view to prospect for pos si ble bioac tive 
com pounds with an tidi a betic, anti - alzheimer and an tiox i dant prop er - 
ties. Phe no lic com pounds are one of the widest groups of sec ondary 

https://pubchem.ncbi.nlm.nih.gov/compound/dimethoxyflavone
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Table 3 
An ti cholinesterase ac tiv ity (BchE) of bu tano lic ex tracts ob tained from stems, flow ers, leaves, Pods and seed of A.gomb i formis . 

BchE Inhibitory activity 

 3.125  μg 6.25  μg 12.5  μg 25  μg 50  μg 100  μg 200  μg IC50 μg/mL 

seeds NA NA NA NA NA 5.69  ±  1,45 40.80  ±  3,53 > 200 
Leavs NA NA NA NA 1.96  ±  2.91 39.72  ±  1.45 57.10  ±  2,08 165.54  ±  3.49 
pod NA NA NA NA NA 19.47  ±  0.95 44.16  ±  3.94 > 200 
Stems NA NA NA NA NA 4.97  ±  4.15 38.41  ±  1.45 > 200 
Flowers NA NA NA NA NA 4.83  ±  1.05 34.78  ±  0.96 > 200 
Galantamine 1 35.9  ±  2.28 43.8  ±  0.0 68.5  ±  0.31 80.7  ±  0.41 85.8  ±  1.63 91.8  ±  0.20 94.8  ±  0.34 6.27  ±  1.15 

IC50 val ues is de fined as the con cen tra tion of 50% in hi bi tion per cent ages and cal cu lated by linerar re gres sion analy sis and ex pessed es Mean  ±  SD (n  =  3) NT: 
not ab sorbance. b: ref er ence com pounds. 

metabo lites de scribed in the lit er a ture they are ubiq ui tous in plants 
with broad di ver sity in struc ture ( Havsteen, 2002 ).The As tra galus 
genus is well known by its rich ness in phe no lic com pounds and 
flavonoids ( Jing et al., 2011 ).The phe no lic com pounds and flavonoids 
were quan ti fied in the bu tano lic ex tracts of the dif fer ent or gans. Re - 
gard ing the con tent of to tal phe nol of leaves and flow ers ex tract, our 
re sults are higher than that ob tained by Bronislava et al. (2018) from 
leaves and flow ers ex tract of A.gly cy phyl los (25.99 and 23.71  mg 
GAE/ g). More over, our find ings of TFC are rel a tive higher when com - 
pared with flavonoids con tent from leaves and flow ers ex tract of 
A.gly cy phyl los (21.00 and 16.71  mg RE/ g) ( Bronislava et al., 2018 ). It 
is not nec es sar ily to com pare our data di rectly with the re sults of lit er - 
a ture due to the dif fer ences of species, ma tu rity, plant part and the 
het ero gene ity of the plant tested. Over all, we can con clude that dis tri - 
b u tion of TPC and TFC are or gan - dependent, and the vari a tion of re - 
sults due to sev eral fac tors, such as eco log i cal con di tion and cli mate, 
geno typic and en vi ron men tal stress within ge o graph i cal po si tions of 
herbal tested ( Lobanova, 2011 ). 

On the other hand, the iden ti fi ca tion and quan tifi ca tion of phe no - 
lic com pound and flavonoids were well doc u mented in pre vi ous stud - 
ies ( Yasinov and Khaitov, 1988 ; Yasinov et al., 1983 ) as well as their 
iso la tion was car ried out by chem i cal and spec tro scopic chro mato - 
graphic meth ods in or der to elu ci date their struc ture. Pre vi ous ex per i - 
ments on As tra galus have shown the pres ence of ma jor sim i lar phe no - 
lic com pounds ob tained from our study such as hy per o side, narin - 
genin, quercetin, kaempferol, api genin, p - coumaric acid, ros marinic 
acids from A. schizopterus methanol ex tract ( Haşimi et al., 2017 ). 
Many pa pers re ported a sim i lar phe no lic and flavonoid com pounds 
such as kaempferol, quercetin, rutin, ros marinic acid, ca ly - 
cosin,ononin, for mononetin which de tected in As tra galus species by 
us ing HPLC - DAD and HPLC - MS/MS. ( Qi et al., 2008 ; Yunfei et al. 
(2008) ; Montoro et al. (2012) ; Zhang et al.,. 2013 . Our find ings are in 
agree ment with Sevil and Onur (2019) who found al most same com - 
pounds from As tra galus taxa such as rutin, chloro geni cacid, 
kaempferol, fer ulic acid and sy ringic acid. Any way, Jun et al. (2012) 
also has doc u mented the pres ence of thirty phe no lic com pounds in 
A.mem branaceus by us ing the high per for mance liq uid chro matog ra phy 
(HPLC). So ac cord ing to lit er a ture and also based on our re sults, we 
may con sider A.gomb i formis a po ten tial source of bioac tive mol e cules 
with dual ac tion in the phar ma co log i cal de vel op ment. How ever, the 
vari a tion in chem i cal com po si tion de pended to plan t's part, plants 
species of the var i ous As tra galus spp. within the ma tu rityand veg e ta - 
tion pe riod ( Lobanova, 2011 ). Platikanov et al. (2005) . 

The an tiox i dant po ten tial of five phe no lic frac tions of A.gomb i - 
formis has been as sessed by us ing three dif fer ent meth ods based on 
dif fer ent prin ci ples in or der to take in con sid er a tion the na ture of 
bioac tive mol e cules through their var i ous mech a nisms ac tions and the 
ca pac ity of rad i cal scav eng ing ( Li et al., 2008 ).Bu tano lic ex tract ob - 
tained from flow ers was found to ex hibit the best an tiox i dant ac tiv ity 
by scav eng ing free rad i cals, which ap pears to be strongly cor re lated 
with to tal phe no lic con tent in al most all tests. Based in our re sults, 
the high est ac tiv ity in flower and leaves us ing DPPH method are in 

agree ment with study pre vi ously re ported by Bronislava et al. 
(2018) , As tra galus. ci cer leaves ex hib ited a par tic u larly high an tiox i - 
dant ac tiv ity (128.6  μmol/ g) close to our re sults of leaves ex tract 
(IC50: 147.82  ±  0.28  μg/ mL).More over, our half max i mal in hibitory 
con cen tra tion reg is tered in ABTS as say of flow ers was founded to be 
low est com pared by methano lic ex tract from flow ers of A.mem - 
branaceus var. mong holi cus (22.02  μg/ mL) ( Yuan et al., 2019 ).In con - 
trary, A.ci cer seeds re vealed a strong an tiox i dant ca pac ity with 67.2% 
in hi bi tion com pared with our re sults (306.43  ±  2.48; 266,95  ±  2, 
26), due to the ac tion and the dif fer ent con cen tra tion of an tiox i dant 
metabo lites pre sent in the cor re spond ing med i c i nal plants ( Bronislava 
et al., 2016 ).In deed, leaves and flow ers ex tracts which are richer with 
these com pounds were gen er ally more ac tives. Sim i larly, Tepavcević 
al. (2010) have doc u mented that the DPPH scav eng ing ac tiv ity cor re - 
lated well with to tal polyphe no lic con tent, Ac cord ing to lit er a ture, 
Many re searchers have found that the med i c i nal plants with high 
amounts of flavonoids and phe nols have po tent an tiox i dant ac tions 
( da Silva et al., 2006 ; Ksouri et al., 2009 ; Falleh et al., 2011 ; Dehshiri 
et al., 2013 ). 

Di a betes mel li tus is one of the chronic dis eases caused by meta - 
bolic dis or ders ( Pallavi et al., 2015 ) which are char ac ter ized by high 
lev els of glu cose in the blood re sult ing from the poor pro duc tion and 
ac tion of in sulin ( kojo et al., 2013 ). This dis ease is treated ei ther by 
in ject ing in sulin or by oral anti - diabetic drugs. ( Cheribet et al., 2019 ). 
The al pha amy lase in hibitor com pounds are con sid ered as ac tives 
prin ci ple in oral an tidi a betic drugs, they cause de lay in the re lease of 
d - glucose from com plex car bo hy drates as well as glu cose ab sorp tion 
which caus ing re duced of plasma glu cose level. In cur rent re search on 
anti - diabetic drugs, plant med i cine has played an im por tant role to 
dis cover many plants with a high po ten tial against al pha - amylase. 
Any way, good ac tiv ity were founded by A.gomb i formis ex tract against 
al pha - amylase in hibitor as say. Sim i larly to our re sults, A.pon ti cus.pall 
re ported a high α - amylase and α - glucosidase in hibitory po ten tial in 
leaves and roots ex tract ( Arumugam et al. (2019) .From lit er a ture, 
Kojo et al. (2013) and Zanget al. (2011) have been well noted that 
A.mem branaceus have a long his tory for the treat ment of di a betic, the 
de coc tion of this herb re duce fast ing blood glu cose and home o sta tic 
model as sess ment (HOMA) lev els in type 2 di a betes mel li tus pa tients. 
On the other hand, only the seeds ex tract did n't ex hib ited any α - 
amylase in hibitory ac tiv ity at 400  μg/ mL, this find ing may be ex - 
plained by the pres ence of other bioac tive com pounds in flow ers, 
leaves, stems and pods that dis tin guished by strong α - amylase in - 
hibitory and were not iden ti fied in our study. Ac cord ing to our lit er a - 
ture sur vey, sev eral re searches doc u mented that poly sac cha rides, 
saponins in A stra galus are the ma jor chem i cal con stituents demon - 
strat ing bi o log i cal ac tiv ity to di a betes mel li tus ( WHO, 1999 ; Thorone, 
2003 ),which re in forces and con firms the hy poth e sis of pres ence of 
other com pounds which have not been de tected by LC - MS. 

Alzheimer's dis ease (AD) or de men tia dis ease, that af fects around 
10% of the pop u la tion over the age of 65 - year old, is caused by al ter - 
ation of neu rons which cause in de creas ing of the neu ro trans mit ter 
lev els and lead to block the cholin er gic trans mis sion and de cline in 
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cog ni tive func tion in pa tients ( Choi et al., 2012 ). The in hibitors of 
cholinesterase fam ily are the ma jor ad vances in the treat ment of 
Alzheimer's dis ease ( Ezio, 2004 ; Melkinova, 2007 ). Through our study 
which also re ported the ef fect of bu tano lic frac tions from five dif fer - 
ent or gans of A.gomb i formis against bu tyryl cholinesterase (BChE), only 
the leaves frac tion was showed a con sid er able ac tiv ity, this ob ser va - 
tion sug gest the im pli ca tion of other bioac tive mol e cules than phe no - 
lic com pounds in the in hi bi tion of these en zymes, and their in ter ac - 
tion with sec ondary metabo lites in ex tract as well as their con cen tra - 
tions. Ac cord ing to our lit er a ture sur vey, A.schizopterus did not ex hibit 
any en zyme in hibitory ac tiv ity against AChE and BChE ( Haşimi et al., 
2017 ), while A.lep or i nus Boiss. var. hir su tus ex ctact showed strong in - 
hibitory by a val ues of IC50: 46.96  ±  4.06 and 66.15  ±  4.08 against 
acetyl - and bu tyryl - cholinesterase. Fur ther more, Hassen et al. (2013) 
doc u mented that A.gomb i formis grow ing in Tunisia ex hib ited a high 
an ti cholinesterase ac tiv ity with an IC50 of 110  μg/ mL. 

5 . Conclusion 

For the first time, our study de scribed the com par a tive chem i cal 
analy sis of phe no lic com pounds as well as the an tiox i dant, al pha amy - 
lase and an ti cholinesterase ac tiv i ties of five or gans from A.gomb i formis 
plant grow ing in Al ge ria. A to tal of 13 phe no lic com pounds were 
iden ti fied of which the ma jor con stituents with high con cen tra tion 
were flavonoids. The flower part of this herbal was found to have the 
high est con cen tra tion of the phe no lic com pounds witch as sure the 
strongest an tiox i dant ac tiv ity ob vi ously trough scav eng ing sev eral 
rad i cal. There is a grow ing in ter est to in cor po rate the A.gomb i formis 
ex tracts into food prod ucts to re place food ad di tives such as BHA and 
BHT in or der to avoid their side ef fects. There fore, the anti - diabetic 
po ten tial of A.gomb i formis sug gest this species as anat trac tive sub sti - 
tute for di a bet ic's man age ment as rec om mended in the lit er a ture. The 
iso lated bioac tive mol e cules from As tra galus gomb i formis ex tracts may 
pro vide more in for ma tion nec es sary for de sir able phar ma co log i cal. 
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