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Abstract. Diabetes mellitus is a chronic disease that negatively effects daily life. Synthetic drugs, which are in-
hibitors of a-glucosidase and o-amylase enzymes, are used in its treatment. These drugs may have adverse re-
action on organs such as the liver. Therefore, it is important to include plants that inhibit these enzymes in the
diet in the treatment of Diabetes mellitus. Gundelia tournefortii L. (Kenger) is an edible wild natural plant that
is widely used as traditional food. In this study, biochemical characterization of the Gundelia tournefortii L.
(Kenger) extracts was performed. The inhibition effect of the extract on a-amylase and a-glycosidase enzymes
was also investigated. Total phenolic content, antioxidant activity and chemical composition of Gundelia
tourneforti L. extracts were determined. Chemical composition of extracts was determined by using GC/MS
technique. ICs, values of a-amylase and a-glucosidase enzymes of the Gundelia tournefortii L. ethanolic ex-
tracts of stalk were determined as 4.18 + 0.08 mg/mL and 9.77£1.2 mg/mL, respectively. The results showed
that Gundelia tournefortii L. could be used as a supplementary food in the treatment of Type 2 diabetes.
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Introduction

Diabetes mellitus is a chronic disease with in-
creased risk of lipid and lipoprotein metabolism, insu-
lin resistance and cardiovascular, which causes damage
in various organs and systems (1). Hyperglycemia in
diabetic patients increases the formation of free radi-
cals. Oxidative stress causes the balance between free
radicals and antioxidants to deteriorate in favor of free
radicals (2). Patients go through a difficult process
regarding diabetes complications and transformation
of lifestyle changes into behavior. In this context, pa-
tients can often turn to complementary therapies in
addition to medical treatments. Natural products (es-

pecially herbs) are known to be important therapeutics
in chronic diabetes, as they lower blood sugar and hy-
perlipidemia (3).

There are many compounds, both primary and
secondary, in plants. They also contain complex com-
binations of many secondary compounds that act syn-
ergistically to elicit their beneficial effects, and the
medicinal effects of herbs can be very different as these
combinations are different for each plant variety (3-
4). Secondary compounds can be classified as phenolic
compounds (such as phenylpropanoids, flavonoids,
catechins, tannins), terpenoids (such as mono and ses-
quiterpenes, saponins, iridoids) and polysaccharides.
All these primary and secondary compounds can cause
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some medical effects in humans. Examples include
antimicrobial effect, antidiabetic effect, antidepressant
effect, muscle relaxant and sedative effect (5-6).

Gundelia tournefortii L., a specific medicinal plant,
grows in temperate regions of Asia, Egypt, Iran, Is-
rael, Jordan, Turkey, Azerbaijan and Turkmenistan (7).
Known by different names such as kenger, flint, thorn,
the flowers bloom in May. Kenger grass is veined,
whitish hairy, and stem leaves are sessile. It has red to
purple flowers. Its flowers, leaves, seeds and stalks are
widely used as a food source from past to present.

The aim of this study is to investigate antidiabetic
activity of Gundelia tournefortii L. grown in Turkey’s
mountainous regions. For this purposes ethanolic
and aqueous extracts from different parts of the plant
were prepared. The inhibitory effect of these extracts
on a-amylase and a-glucosidase enzymes was deter-
mined. These two enzymes have key role in carbohy-
drate metabolism and they are the first target in the
treatment of Type 2diabetes mellitus.

Materials and Methods
Preparation of Plant Extract

Gundelia tournefortii L. was freshly collected in
2019.The roots and stalks of plant are air dried. 10 g of
both parts of the plant were weighed and grounded and
extracted separately with ethanol at room conditions
for 24 hours and then sonicated for 2 hours (ultra-
sonic Elma Schmidbauer GmbH, Germany). Then the
mixtures were filtered and evaporated. (IKA-Werke,
Staufen, Germany). The residue was dissolved in mini-
mum volume of ethanol and stored at 4 ° C. The same
procedures were repeated for the aqueous extracts.

Determination of Total Phenolic Content

Total phenolic content of the extracts was deter-
mined using the Folin—Ciocalteu method (8-9). Cali-
bration curve was obtained by using gallic acid (GA)
standard, the results were expressed as mg GAE/100g.

Determination of Total Flavanoid Content

The total flavonoid content was determined ac-
cording to Fukumoto and Mazza (2000). Quercetin
(QE) was used as a standard. Results were expressed

as mg QE/100g (10).

Determination of the Chemical Composition of
the Extracts

The chemical composition of Gundelia tournefortii
L. extracts was determined using GC/MS technique.
For this purpose, Agilent 7890A GC system HP5-MS
capillary column (30 m * 0.25 mm * 0.5 mm) were
used. The relative proportions of the components were
determined using the Wiley library (6).

Determination of Ferric Reducing Power
Antioxidant Activity

The FRAP method is the most commonly used
method for determining the antioxidant capacity of
natural products, and it is a method based on the re-
duction of iron (III) ion in the Fe(III)-TPTZ complex
by antioxidants (11). Fe(III), which is reduced by the
antioxidant substances in the solution, gives absorb-
tion at 593 nm. Results for FRAP activity were ex-
pressed as mM Fe/mL.

DPPH Radical Scavenging Activity

DPPH - radical (2,2-diphenyl-1-picrylhydrazyl)
is a commercially available radical. 100 pM methanolic
solution of this purchased radical was used in the tri-
als. The extracts of the samples were diluted with their
own solvents and prepared in different concentrations.
Equal volume (750 uL) of DPPH * solution and sam-
ple solutions were mixed and left at room temperature
for 50 minutes. At the end of this period, absorbances
were read at 517 nm, at which DPPH gives maxi-
mum absorbance. By drawing the concentration graph
against the absorbances read, ICs, values are calculated

and expressed as mg/mL (12).
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Enzyme Inhibition Studies
o~ Amylase Enzyme Inhibition

While determining the enzyme activity, equal
volume of enzyme solution was added onto 300 pL 1%
of starch as substrate. This mixture was incubated at
the 37 °C for 30 minutes. At the end of this period, an
equal volume of DNS solution was added. Then, the
tubes were placed in a boiling water bath for 5-10 min
for color production. Later, tubes were cooled in an ice
bath. After the temperature of the tubes reached the
room temperature, their absorbance against blank was
measured at 550 nm. Blank tube contained distilled
water instead of enzyme solution. For the inhibition
study, extracts in five different concentrations were
added into the reaction medium and enzyme activity
was calculated and dose response curve was generated
for ICs, determination. Acarbose was used as reference
inhibitor (13).

o~ Glucosidase Enzyme Inhibition

a-glucosidase activity was performed according
to the method described by Gholamhoseinian (14).
Enzyme reaction was carried out in 0.1 M pH 6.8
phosphate buffer using p-nitrophenyl-

a-D-glucopyranoside as substrate. 5 pL. of sub-
strate, enzyme solution (0.1 U) and 900 pL of phos-
phate buffer (50mM) were mixed. The mixture was

incubated at 37 °C and the absorbance values at 405
nm were recorded (14). For the inhibition study, ex-
tracts in five different concentrations were added into
the reaction medium and enzyme activity was calcu-
lated and dose response curve was generated for I1Cs,
determination.

Results

In this study, ethanolic and water extracts were
prepared from Gundelia tournefortii L. and biochemi-
cal characterization of the prepared extracts were per-
formed. Than, the inhibition effect of the plant extracts
on oa-amylase and o-glucosidase enzymes, which are
important in the treatment of Diabetus mellitus, were
determined (Table 1). Chemical characterization of
plant extracts were performed using GC/MS and the
results were presented in Table 2.

Discussion

Studies show the relationship of diabetes and dia-
betes complications with reactive oxygen species em-
phasize that nonenzymatic glycation, metabolic stress
caused by changes in energy metabolism, sorbitol
pathway activity, hypoxia and tissue damage caused by
ischemia-reperfusion increase free radical production
and change the antioxidant defense system (15). It has

Table 1. Biochemical and enzyme inhibition properties of Gundeliatournefortii L.extract

0- Glucosi-
Total Phenolic | Total Flavonoid | Ferric reducing DPPH | 0- Amylase dal;ZOSI
Content mg Content mg Activity (FRAP) I1C, (& IC
GAE/100g qe/100 g mM Fe/mL mg/ml. mg/mL ¥
mg/mL
Stalk (EtOH) 145.6+0.9 22.3+0.2 0.58+0.14 1.5520.05 4.18+0.8 9.77+1.2
Roots (EtOH) 194.3+1.2 50.8+0.3 0.96+0.12 1.43+0.06 3.35:0.8 9.18+1.3
Stalk
102.4+1.1 14.2+0.1 0.33+0.12 1.63+0.06 5.17x0.9 10.18+1.2
(Water)
Roots (Water) 115.2+0.7 9.8+0.1 0.37+0.12 1.60+0.06 4.76x1.0 10.13+1.4
Acarbose 3.21x0.7 3.56x0.8
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Table 2. Chemical composition of Gundeliatournefortii L.

Compounds Stalk (EtOH) Roots (EtOH)
RT Area (%) RT Area (%)

Octane 3.487 0.15 3.486 0.26
O-pinene 6.103 0.09 6.103 0.18
Decane 6.821 0.42 6.820 0.27
Dodecane 10.042 1.63 10.044 2.16
Hexadecane 11.766 0.20 11.765 0.43
Benzene, 4-ethyl-1,2- dimethyl 13.383 1.83 13.384 2.51
Pentadecane 14.782 0.36 14.782 0.27
0-Farnesene 16.696 0.40 16.695 0.58
Lauric acid 17.671 12.20 17.672 17.52
Linalool 19.353 0.65 19.352 0.73
Undecane, 4-cyclohexyl 19.432 2.02 19.432 2.28
Oleic acid 19.766 0.23 19.767 0.51
Caryophyllene oxide 19.931 1.28 19.930 1.04
Myristic acid 20.300 3.86 20.301 5.40
1-Hexadecanol, 2-methyl 20.760 3.77 20.762 3.94
Hexahydro farnesyl acetone 21.229 1.68 21.227 2.47
Pentadecanoic acid 21.485 2.51 21.485 3.08
Palmitic acid 23.633 14.11 23.632 17.26
Octadecane 27.257 2.57 27.258 3.11
Eicosane 29.598 0.15 29.598 0.38
Phenol, 2,4-bis(1- phenylethyl) 31.220 1.34 31.221 2.67
Heneicosane 33.379 2.18 33.378 3.45

been suggested that free radical formation increases
and radical binding systems decrease in diabetes and
it has been argued that diabetics may need more anti-
oxidants (16). Oxidative stress plays an important role
in the pathogenesis of diabetes and subsequent com-
plications in diabetics (17). Increased DNA, protein
and lipid peroxidation products are indicators of high
oxidative stress in diabetics. The etiology of oxidative
stress in diabetes is caused by many different mecha-
nisms. For example, with the autoxidation of glucose,
glycosylated proteins and antioxidant enzymes can-
not detoxify oxygen radicals, increasing oxygen radical
production. In addition to these mechanisms, there are
two other mechanisms responsible for the production
of oxygen radicals in diabetes. The first is that high
glucose levels stimulate cytochrome P450-like activity

through increased NADPH level as a result of glu-
cose metabolism. The other is the ketosis which is the
distinctive feature of Type 1 diabetes, increases oxygen
radical production in diabetic patients (18). Pharma-
cological treatment of Diabetes mellitus is based on hy-
poglycemic drugs and insulin. Due to the side effects
of these therapeutic agents, interest in herbal treatment
methods as supportive therapy is increasing. In search
of new antidiabetic drugs with less side effects, there
has been a great interest in herbal sources for treat-
ment methods. Herbal medicine treatment approach
is seen as a practical and low cost approach. With this
approach, determining the inhibitory effects of plants
used as food in daily life on important enzymes such as
a-amylase and o-glycosidase also reveals supplemen-
tary foods that can be used in diabetic patients (19).
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In 2019, Dalar et al., investigated the effect of
Gundelia species on several clinically important en-
zymes. In their study, they investigated the biop-
harmaceutical potency and bioactive compounds of
Gundelia rosea seed. Antioxidant activity findings re-
vealed that the ethanol extract contained high levels
of total phenolics (55.3 mg of Gallic acid Equal/g ex-
tract) and had high reduction capacities (1683 pmol
Fe2 + and 214.1 mg Trolox Equal/g extract for FRAP
and CUPRAGC, respectively). Free radical scavenging
and total antioxidant properties were also reported.
The inhibitory ability of the extracts against selected
isolated enzymes revealed that the ethanol extract
had pronounced inhibitory activities on amylase (0.61
mmol Acarbose Equivalent), glucosidase (11.91 mmol
Acarbose Equivalent). The findings of mentioned
study confirm the traditional use of Gundelia rosea
and could be a candidate for a new biopharmaceuti-
cal agent for public health issues (20). Coruh et al.,
(2007) determined antioxidant activities of both the
above ground parts and seeds of Gundelia tournefortii;
They investigated antioxidant activity by using both
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scav-
enging and lipid peroxidation inhibition method. The
seeds were found to have higher antioxidant potential
than the above-ground parts, with ICs, values of 0.073
mg/mL for DPPH scavenging. In addition, the total
phenolic contents of Gundelia tournefortii L. extracts,
particularly seed extracts, correlate with high antioxi-
dant activity, with 105.1 + 8.7 pg gallic acid equivalent
(GAEs) per mg seed extract (21).

Farhang et al., 2007, in their study, identified the
chemical components of Gundelia Tournefortii L. in
some habitats in the Central Zagros region of Iran.
For this purpose, Gundelia tournefortii L. was collect-
ed from some of its natural habitats in the region and
air dried. The chemical composition of the plant was
illuminated using GC / MS. Accordingly, the main
components were reported as palmitic acid (12.48%),
lauric acid (10.59%), alpha ionene (6.68%), myris-
tic acid (4.45%), 1-hexadecanol, 2-methyl (3.61%),
phytol (3.6%) and beta turmeron (3.4%) (6). Kadan
et al., 2018, in their in vitro study tested the chemi-
cal composition, cytotoxicity and antidiabetic activity
of two different extracts of Gundelia Tournefortii L.
It was reported that Gundelia tournefortii L. contained

palmitic acid, glycerol, linoleic acid (22). In another
study Konak et al., (2017) determined the total phe-
nolic content and antioxidant capacity of Gundelia
tournefortii collected from the Diyarbakir region.
Folin-Ciocalteu method was used to determine the
total phenolic content and DPPH method was used
for the determination of antioxidant capacity. The total
extractable phenolic content of the stalk parts of the
plant was reported to be 700.21 mg GAE / 100g. In
their study, researchers stated that the plant Gundelia
tournefortii L. was a potential source of antioxidants
and could be consumed daily as a natural antioxidant
source (7). The findings of present study are correlated
with the literature datas.

Conclusion

Diabetes mellitus (Type 2) is a disease that can oc-
cur due to eating habits. It is possible to control this
disease by eating antioxidant-rich foods regularly. In
this study, biochemical characterization of Gunde-
lia tournefortii L. extracts were performed. o-amylase
and a-glucosidase enzyme inhibition properties were
determined The data obtained show that Gundelia
tournefortii L. could be used as a supplementary food
in the treatment of Diabetes mellitus (Type 2).

Acknowledgement: We would like to thank to head of the
Department of Chemistry, Faculty of Science and Art, Bilecik Seyh
Edebali University, Bilecik, Turkey for the support of this study.

Research Funding: This work was supported by the Bilecik Seyh
Edebali University Scientific Research Project (Project No: 2019-
02.B EU.12-01).

Conflict of Interest: There is no conflict of interest between the
authors.

References

1. Kahn CR, Weir GC, King GL, Jacobson AM, Moses AC,
Smith RJ: Joslin’s Diabetes Mellitus. 14.th Edition. Lippin-
cott Willams-Wilkins, 2005.



Progress in Nutrition 2021; Vol. 23, N. 4: 2021163

10.

1

—_

12.

13.

. Singleton VL, Orthofer

. Blair M. Diabetes mellitus review. Urologic Nursing. 2016;

36(1): 27-36.

. Rios JL, Francini F, Schinella GR. Natural products for the

treatment of type 2 diabetes mellitus. Planta medica. 2015;
81: 975-994. DOI: 10.1055/s-0035-1546131

. Daglar N, Dagdeviren HN. Geleneksel ve Tamamlayict

Tip Uygulamalarinda Fitoterapinin Yeri. Eurasian journal of
family medicine. 2018; 7(3):73-7.

. Can Z, Baltas N, Keskin S, Yildiz O, Kolayh S. Proper-

ties of antioxidant and anti-inflammatory activity and phe-
nolic profiles of evketi Bostan (Cnicusbenedictus L.) cul-
tivated in Aegean Region from Turkey. Turkish Journal of
Agriculture-Food Science and Technology. 2017; 5(4):308-314.
DOI:10.24925/turjaf.v5i4.308-314.1054

. Farhang, H. R., Vahabi, M. R., & Allafchian, A. R. Chemi-

cal compositions of the essential oil of Gundelia tournefortii
L.(Asteraceae) from Central Zagros, Iran. Journal of Herb-
al Drugs (An International Journal on Medicinal Herbs),
2016; 6(4), 227-233.

Konak M, Ates M, ahanY. Yenilebilir yabani bitki Gundelia
tournefortiinin antioksidan 6zelliklerinin belirlenmesi. Uludag
Universitesi Ziraat Fakiiltesi Dergisi. 2017; 31(2): 101-108.

. Singleton VL, Rossi JA. Colorimetry of total phenolics

with phosphomolybdic-phosphotungstic acid reagents.
Amer ] Enol Viticult. 1965;16:144-158.
R, Lamuela-Raventos RM.
Analysis of Total Phenols and Other Oxidation Substrates
and Antioxidants by Means of Folin-Ciocalteu Reagent.
Methods in Enzymology. 1999; 299:152-178. DOI: 10.1016/
S0076-6879(99)99017-1

Fukumoto LR, Mazza G. Assessing antioxidant and
prooxidant activities of phenolic compounds. Journal Agri-
culture Food Chemistry. 2000;48:3597-3604. DOI: 10.1021/
000220w

. Benzie IF, Strain JJ. The ferric reducing ability of plasma

(FRAP) as a measure of antioxidant power: the FRAP assay.
Analytical biochemistry. 1996; 239(1): 70-76. DOI: 10.1006/
abio.1996.0292.
Cuendet M, Hostettmann K, Potterat O. Iridoid gluco-
sides with free radical scavenging properties from Fagraea
blumei. Helvetica Chimica Acta. 1997; 80:1144-1152. DOI:
10.1002/hlca.19970800411

Keskin , Ertunga NS. Purification, immobilization and
characterization of thermostable a-amylase from a thermo-
philic bacterium Geobacillus sp. TF14. Turk J Biochem. 2017,
42(6): 637-646. DOI: 10.1515/tjb-2016-0123

14. Gholamhoseinian A, Fallah H, Sharifi-far F, Mirtajaddini
M. The inhibitory effect of some Iranian plants extracts on
the alpha glucosidase. Iranian Journal of Basic Medical Sci-
ences. 2008;11(1): 1-9. DOI: 10.22038/ijbms.2008.5190

15. Aksoy H, Bingsl Ozakpinar O. Yara iyilesmesi ve oksidatif
stress. Marmara Pharmaceutical Journal. 2014; 3: 153-158.
DOI: 10.12991/mpj.2014187243

16. Halifeoglu I, Karatas F, Colak R, Canatan H, Telo S.Tip
2 Diyabetik Hastalarda Tedavi Oncesi ve Tedavi Sonrast
Oksidan ve Antioksidan Durum. Firat Tip Dergisi. 2005;
10(3): 117-122.

17. Demir E, Yilmaz O. The effect of pine oil on the some al-
terations in liver tissue of experimental diabetes. Turkish
Bulletin of Hygiene and Experimental Biology. 2014; 71(3):
113-1. DOLI: 10.5505/TurkHijyen.2014.45822

18. Matough FA, Budin SB, Hamid ZA, Alwahaibi N, Mo-
hamed J. The role of oxidative stress and antioxidants in
diabetic complications. Sultan Qaboos University Medical
Journal. 2012; 12(1): 5. DOI: 10.12816%2F0003082

19. Ontiirk H, Ozbek H. Deneysel diyabet olusturulmas: ve
kan seker seviyesinin olgiilmesi. Gene! Tip Dergisi. 2007,
17(4): 231-6.

20. Dalar A, Zengin G, Mukemre M, Bengu AS, Isler S. Gun-
deliarosea seed: Evaluation of biopharmaceutical potential
and bioactive composition. South African Journal of Botany.
2019; 125:505-510.

21. Coruh N, Celep AS, Ozgékge F, Iscan M. Antioxidant ca-
pacities of Gundeliatournefortii L. extracts and inhibition
on glutathione-S-transferase activity. Food Chemistry. 2007,
100(3):1249-1253. DOI: 10.1016/j.foodchem.2005. 12.008

22.Kadan S, Sasson Y, Saad B, Zaid H. Gundelia tournefortii
Antidiabetic Efficacy: Chemical Composition and GLUT4
Translocation. Evidence-Based Complementary and Alterna-
tive Medicine. 2018; 8p.

Correspondence

Merve Keskin

Vocational School of Health Services, Bilecik Seyh Edebali
University, Bilecik, Turkey

Department of Chemistry, Faculty of Science and Art, Bilecik
Seyh Edebali University, Bilecik, Turkey

Email: merveozdemirkeskin@gmail.com



