
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: cheikh.sall@univ-thies.sn, csall41@gmail.com; 

 
 

International Research Journal of Pure & Applied Chemistry 
 
22(9): 1-8, 2021; Article no.IRJPAC.77260  
ISSN: 2231-3443, NLM ID: 101647669 

 
 

 

 

Antioxidant and Anti α-amylase Activities of Polar 
Extracts of Mitracarpus hirtus and Saba 

senegalensis and the Combinason of their Butanolic 
Extracts 

 
Ousmane Faye a, Cheikh Sall a*, Awa Ndong b, Madieye Sene c,  

Mbaye Diaw Dioum a, Matild Cabral b, Gata Yoro Sy c and Fatou Bintou Sarr a 
 

a
 UMRED, Health Training and Research Unit, University of Iba Der Thiam of Thies, BP 967, Thies,  

Senegal. 
b 
Laboratory of Toxicology and Hydrology, FMPOS, UCAD, PB 5005 Dakar Fann, Senegal. 

c
 Laboratory of Pharmacology FMPOS, UCAD, PB 5005 Dakar Fann, Senegal. 

 
Authors’ contributions 

 
This work was carried out in collaboration among all authors. Author CS designed and supervise the 
work. Authors CS and OF wrote the protocol and wrote the first draft of the manuscript. Authors OF, 

AN, MS, MDD, FBS, MC and GYS managed the literature searches and corrected the manuscript. All 
authors read and approved the final manuscript. 

 
Article Information 

 
DOI: 10.9734/IRJPAC/2021/v22i930429 

Editor(s): 
(1) Dr. Farzaneh Mohamadpour, University of Sistan and Baluchestan, Iran. 

Reviewers: 
(1) K.Latha, Anna University, India. 

(2) Dileep Singh Baghel, Lovely Professional University, India. 
Complete Peer review History, details of the editor(s), Reviewers and additional Reviewers are available here: 

https://www.sdiarticle5.com/review-history/77260 

 
 

Received 01 October 2021  
Accepted 02 December 2021 
Published 08 December 2021 

 
 

ABSTRACT 
 

Diabetes mellitus is a major public health disease, and it affects all segments of the population 
around the world. The progression of this disease is worrying, 460 million in 2019, the number of 
diabetics is estimated in 2045 at 700 million worldwide. The antioxidant and antidiabetic activities of 
the ethyl acetate (EA) and Butan-1-ol (But-ol) fractions of M hirtus and Saba senegalensis are 
studied in this work. The results revealed that the fractions possessed flavonoid, tannins, terpenes 
and sterols; and exhibit potent radical scavenging activity using DPPH as substrate. The butanolic 
fractions exhibited more significantly α-amylase inhibitory activities than the ethyl acetate fractions. 
The IC50 values of butanolic fractions are 0.099 and 0.41 mg/ml respectively for M hirtus and S 
Senegalensis versus 0.44 and 1.45mg/ml ethyl acetate fractions. The combined butanol fractions 
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of the two plants do not lead to the expected synergetic activities. Thus, it could be concluded that 
due to the presence of antioxidant components in the plant, extracts have well prospective for the 
management of diabetes and the related condition of oxidative stress.  
 

 
Keywords: Diabetes; Mitracarpus hirtus; Saba senegalensis; antioxydant; antidiabetes. 
 

1. INTRODUCTION 
 
Diabetes mellitus is one of the most common 
systemic diseases in the world and it occurs 
when the body becomes resistant to insulin or 
doesn't make enough insulin. As described by 
the World Health Organization, diabetes mellitus 
of all types has exponentially grown in the past 
decades across the globe [1]. According to the 
International Diabetes Federation (IDF), in 2019, 
a total of 463 million people is estimated to be 
living with diabetes, representing 9.3% of the 
global adult population (20–79 years). This 
number is expected to increase to 578 million 
(10.2%) in 2030 and 700 million (10.9%) in 2045 
[2]. Among the people living with diabetes, half 
(50.1%) are unaware of their condition.  In this 
number, higher proportions of undiagnosed 
diabetes were found in low- and middle-income 
countries, accounting for 84.3% of all 
undiagnosed people with diabetes worldwide. 
Diabetes mellitus has become an enormous and 
fast developing health problem and is an 
increasing economic burden hampering the 
social and economic development of many 
countries. The characteristic symptoms of 
diabetes are pruritus, polydipsia, weight loss, 
polyphagia, wasting, blurred vision, polyuria, 
tachycardia and hypotension. Eventually, as 
results of these, severe complications were 
created in both types of diabetes mellitus such as 
nephropathy, retinopathy, neuropathy, 
dyslipidemia and cardiovascular diseases [3]. 
Currently available therapy for diabetes includes 
insulin and various oral hypoglycemic agents 
such as sulfonylureas, metformin, glucosidase 
inhibitors, troglitazone, etc. But these are 
reported to produce serious adverse side effects 
such as liver problems, lactic acidosis and 
diarrhea [4]. The distressing statistics of damage 
that diabetes could cause, necessitate to identify 
and explore new avenues for diabetes 
management from natural products having fewer 
side effects. Indeed, the use of plants in the 
management of several pathologies such as 
diabetes no longer needs to be demonstrated 
[5,6]. According to Saravanan et al, traditional 
Medicine preparations could be a potential 
source of novel antidiabetic compounds or 
phytomedicines supplements. For example, 

Metformin (a biguanide) is a primary line drug 
currently used to control diabetes mellitus in 
Biomedicine which was developed from galegine 
(a guanidine) isolated from Galega officinalis [7]. 
The described mechanisms of action of plants on 
diabetes are numerous. Among these there is on 
the one hand the inhibition of α-glucosidase and 
α-amylase activity and on the other hand the 
inhibition of oxidative agents. According to 
Banerjee et al, the α-glucosidase enzyme is 
responsible for the breakdown of oligo- and/or 
disaccharides to monosaccharides. The 
inhibitory action of these enzymes leads to a 
decrease of blood glucose level, because the 
monosaccharides are the form of carbohydrates 
which is absorbed through the mucosal border in 
the small intestine. Another effective method to 
control diabetes is to inhibit the activity of a-
amylase enzyme which is responsible for the 
collapse of starch to more simple sugars (dextrin, 
maltotriose, maltose and glucose) [8]. In addition, 
other authors have described that the 
inflammation and oxidative stress encountered 
during diabetes are directly associated with the 
body's insulin resistance [9]. Natural antioxidants 
can protect the human body from free radicals 
and retard the progress of many chronic 
diseases. This manuscript aims to study the 
antioxidant and anti α-amylase activity in vitro of 
polar extracts from two plants of the Senegalese 
flora, traditionally used in the management of 
diabetes in Senegal and the combinaison of their 
most polar active fraction. 
 
The first one is Mitracarpus hirtus L., which is a 
common weed belonging to the Rubiaceae 
family. It is widely distributed as it easily spreads 
in gardens, farms and fields in neotropical and 
tropical regions [10]. In Senegal this plant is 
seasonal and only grows in the wild during the 
rainy season. It is among other things 
traditionally used in the treatment of skin 
diseases, antibiotic and antidote for insect stings 
and bites. The second studied plant in this 
manuscript is Saba senegalensis. It belongs to 
the family of Apocynaceae, a wild plant that is a 
large woody liana with white latex and can reach 
more than 40 m high. The interest of Saba 
senegalensis in feeding and treating numerous of 
diseases in rural populations is widely 
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recognized [11]. In traditional medicine, this plant 
is used against constipation, scleroderma, 
parasitic infections, headaches and food 
poisoning. It is also used in the treatment of 
urinary schistosomiasis and as an antiemetic 
[12]. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 
2.1.1 Plant materials 
 
The leaves of Mitracarpus hirtus and Saba 
senegalensis used in this work were purchased 
from respectively « Sagne » a village in Fatick 
area and in « Keur Madaro » in Thiès area in 
Senegal. The identification was carried out at the 
laboratory of pharmacognosy of the medicine, 
pharmacy and odontology faculty at Cheikh Anta 
Diop University of Dakar. The leaves were dried 
under sunlight and powdered well to fine powder 
using a Brabender mill. 
 
2.1.2 Chemistry and biochemistry products 
 
Chemical and biochemical products used in this 
work were procured from different suppliers: 
Methanol (Sigma Aldrich), hexane (Sigma 
Aldrich), DPPH (Sigma Aldrich) ; DNSA (Acros 
organic), Na2H2PO4 (Acros organic), NaH2PO4 
(Acros organic), potassium sodium tartrate 
(Acros organic) ; α-amylase (mpbio) ; Ethyl 
acetate (Labkem), butan-1-ol (Labkem), 
Dichloromethane (Labkem). All solvents were 
freshly distilled before use. 
 

2.2 Methods 
 
2.2.1 Extraction of leave powders with polar 

solvents 
 
For each plant, 40g of leaves powder were 
macerated in 400 ml of methanol at room 
temperature for 48 hours. The macerated matter 
was filtered and the filtrate evaporated to dryness 
using the vacuum rotary evaporator. The crude 
methanol extract obtained was liquid-liquid 
fractionated using first ethyl acetate and butan-1-
ol. The fractions from each plant are stored in 
refrigerator at 4 °C until use.  
 
2.2.2 Phytochemicals screening 
 
In this part, we looked for the presence of 
flavonoids, alkaloids, saponins, tannins, 
antracenoids, terpenoids and steroids in the 

polar fractions, using the qualitative technics 
described by Nabil and Kazeem [13,14]. 
 
2.2.3 Determination of antioxidant activity by 

the DPPH radical scavenging method 
 
Measurement of the antiradical activity of polar 
extracts from Saba senegalensis and 
Mitracarpus hirtus leaves was performed by the 
2,2'-diphenyl-1picrylhydrazyle (DPPH) test in 
accordance with the method described in our 
previous study [15]. The activity of the polar 
extracts was evaluated by determining the IC50 of 
the samples which was compared to the IC50 of 
Ascorbic acid, used as reference sample. The 
percentage of trapping of the DPPH radical was 
calculated by the following formula. 
 

     
           

     
  

 
Where: %I: inhibition percentage; Ac: control 
absorbance; Ae: extracts absorbance. 
 
It is possible to deduced from IC50 values, the 
efficient concentration (EC50) and the Antiradical 
Power (ARP). Indeed, the EC50, efficient 
concentration at 50%, is defined as the amount 
of antioxidant required to decrease the initial 
concentration of DPPH by 50%. The EC50, 
expressed in grams of extract per mole of DPPH 
was calculated according to the following 
formula, from the IC50. « EC50 = IC50 (µg / mL) / 
MDPPH (µmol / mL) » MDPPH = molarity of the 
DPPH solution. The antiradical power (ARP) 
corresponds to the inverse of the efficient 
concentration « ARP = 1 / EC50 ». It measures 
the anti-radical efficient of the concerned 
product. The higher its value, the greater the 
antiradical power of the product.  
 
2.2.4 Anti-α-amylase activities of polar 

extracts 
 

The anti α-amylase activity of polar extracts was 
carried out using a modified procedure of Al 
Waleed et al. [13]. A total of 250 µL of the polar 
fractions (1.25 – 10 mg/ml) was placed in a tube 
and 250 µL of 0.02 M sodium phosphate buffer 
(pH 6.9) containing α-amylase solution (0.5 
mg/ml) was added. The content of the tubes was 
pre-incubated at 25°C for 10 mins, after hitch 
250 µL of 1 % starch solution in 0.02 M sodium 
phosphate buffer (pH 6.9) was added at timed 
intervals. The reaction mixtures were incubated 
at 25°C for 10 min. The reaction was terminated 
by adding 500 µL of dinitrosalicylic acid (DNS) 
reagent and further incubated in boiling water for 
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5 min and cooled to room temperature. The 
content of each test tube was diluted with 5 ml 
distilled water and the absorbance measured at 
620 nm using Elisa plate reader (Thermo 
scientific multiskan fc). A control was prepared 
using the same procedure except that the 
fraction was replaced with distilled water. The α-
amylase inhibitory activity was calculated as in 
the following equation. 
 

Inhibition (%)
[Abs 620 (control) - Abs 620 (extract)] * 100

Abs 620 (control)
=

 
 

The IC50 values were determined from plots of 
percent of inhibition versus concentration of polar 
fractions and were calculated by the equation of 
linear regression. All tests were performed in 
triplicate. 

 
3. RESULTS 
 
The obtained results from the phytochemical 
composition, the anti-oxidant activities and the 
anti- α-amylase activities during this study are 
given respectively below. 

3.1 Phytochemical Composition of the Studied Polar Fractions 
 

Table 1. Compounds present in the polar extracts of M hirtus and S senegalensis 
 

 M hirtus S senegalensis 

 EA But-ol EA But-ol 

Flavonoids + + + + 
Alkaloids + + - - 
Saponins - - + - 
Tannins + + + + 
Antracenoids - - nd nd 
Sterols and terpenes + + + + 

EA = Ethyl acetate; But-ol =Butane-1-ol; + = Presence; - absence; nd = non determined 

 

3.2 Antioxidant Activities of the Studied Fractions 
 
The IC50 values were determined from plots of percent inhibition versus concentration of polar 
fractions and were calculated by the equation of linear regression. Ascorbic acid was used as the 
reference. All tests were performed in triplicate. 
 

 
 

Fig. 1. Linear regression equations which permit to calculate the IC50 of the antioxidant 
activities of EA and But-ol fractions M hirtus 
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Fig. 2. Linear regression equations which permit to calculate the IC50 of the antioxidant 
activities of EA and But-ol fractions of S senegalensis 

 

3.3 Anti α-amylase Activity of the Studied Polar Extracts of M hirtus and S 
senegalensis 

 

 
 

Fig. 3. Linear regression equations which permit to calculate the IC50 of the anti α-amylase 
activities of EA and But-ol fractions of M hirtus and S senegalensis 
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Fig. 4. Linear regression equations of antioxidant (left) and anti α-amylase (right) activities of 
the but-ol combinaison of M hirtus and S senegalensis which permit to calculate the IC50 

 
Table 2. Summary of the antioxidant and anti α-amylase activities of the studied fractions 

 

Studied M. hirtus S. senegalensis A acid Comb 

Parameters EA But-ol EA But-ol   

IC50 ao 2.46 1.50 2.89 0.94 0.47 1.53 
ARP 0.016 0.026 0.014 0.042 0.087 0.026 
EC 61.50 37.50 72.25 23.50 11.50 38.25 
IC50 aa 0.44 0.099 1.45 0.41  0.38 
Comb = combined but-ol of M hirtus and S senegalensis; IC50 aa = anti alpha amylase; IC50 ao = antioxydant 

 

4. DISCUSSION 
 
In the phytochemical characterization of the 
studied plants (Table 1), we found almost the 
same chemical groups sought in the polar 
extracts of the two plants. Indeed, the flavonoids 
the tannins; sterols and terpenes are present in 
all studied fractions. While alkaloids are only 
found in polar extracts of Mirtracarpus hirtus. 
Sarr et al in their study also did not find alkaloids 
in Saba senegalensis leaves [16]. However, 
Nassirou et al described the presence as a trace 
of alkaloid in the leaves of Saba senegalensis 
using the two methods of alkaloids determination 
[17]. Showing that the leaves of this plant are 
poor in alkaloids. The Saponins absent in 
Mitracarpus hirtus are only found in the ethyl 
acetate extract of Saba senegalensis. The 
antracenoid compounds ares not found in the 
polar extracts of Mitracarpus hirtus.  
 

The polar fractions of the two studied plants 
exhibit inhibitory activity on the DPPH radical. In 
both cases the butanolic fractions were found to 
be more active than those of ethyl acetate. The 
IC50 values are respectively 1.5 and 0.9 mg / ml 
for M hirtus and S senegalensis against 2.49 and 
2.89 mg / ml for the ethyl acetate fractions (Table 

2). While ascorbic acid used as reference to an 
IC50 of 0.47 mg / ml. In their studies on the fruits 
of S senegalensis, Sarr et al. [11] showed a high 
content of vitamin C, this could partly explain the 
greater activity of the Butanolic fraction of this 
plant. The activity obtained in the ethyl acetate 
fraction of S senegalensis leaves is greater than 
that obtained by Belemlilga et al who found an 
IC50 of 12.24 ug / ml for the same extract of S 
senegalensis [18]. The antiradical activity of 
combination of the two butanolic fractions (1.53 
mg / ml) did not lead to an expected synergistic 
effect of the fractions. This activity is less 
important than that of the two fractions tested 
separately. We can imagine that in one of these 
fractions, compounds could inhibit the activity of 
other active molecules. Very few studies have 
been done on M hirtus, the only one found so far 
and which was published very recently [19] 
attributes the antioxidant activity of this plant to 
the presence of polar compounds such as 
rosmarinic acid, rutin and coumarin derivatives. 
In diabetes mellitus, it was described that the 
pain experienced is strongly related to the 
production of reactive oxygen species (ROS), 
oxidative stress and inflammatory factors. 
Antioxidants are one of the most important 
biological molecules that protect the body against 
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the dangers of endogenous and exogenous 
oxidants [20]. The use of these plants in the 
management of diabetes could help to prevent 
the dangerous consequences of oxidants in 
diabetes disease. 
 

The percentage inhibition at the concentrations 
1.25 to 10 mg/mL of polar fractions from the 
studied plants on a-amylase showed a 
concentration dependent on reduction in 
percentage inhibition. The calculated IC50 

showed that anti α-amylase activities of the 
butanolic fractions are more actives than those of 
ethyl acetate from the two plants. They are 
respectively 0.09 and 0.41 for M. hirtus and S. 
senegalensis while the ethyl acetate fractions are 
0.44 and 1.41 mg/ml in the same order. The 
combination of the two butanolic fractions of 
these two plants exhibits an IC50 of 0.38 mg / ml. 
Here also the desired synergistic effect is not 
observed in relation to the combined fractions. 
The  -amylase and  -glucosidase are key 
carbohydrate hydrolyzing enzymes responsible 

for breaking  -1-4 bonds in disaccharides and 
polysaccharides, liberating glucose. The glucose 
surge observed a few minutes after ingestion 
contributes to hyperglycemia, the hallmark of 
diabetes mellitus [21]. The antidiabetic effect of 
the studied polar fractions of M. hirtus and S. 
senegalensis might attribute to its inhibitory effect 
against α-amylase that retarding the digestion of 
carbohydrate to delay the postprandial rise in 
blood glucose.  
 

5. CONCLUSION 
 

In this manuscript, we investigated the 
antioxidant and anti-α-amylase activity in vitro of 
polar fractions of Mitracarpus hirtus and Saba 
senegalensis. The results showed that the ethyl 
acetate and butanol extracts from the leaves of 
these two plants exhibit valuable activities. 
However, the butanol fractions remain 
significantly more active than those of ethyl 
acetate. The combination of the butanolic 
fractions of these two plants did not give the 
expected synergistic effect. The active 
compounds such as flavonoids, tannins, 
alkaloids terpens and steroids contained in these 
fractions would play an important role in the 
management of diabetes and oxidative stress. 
However, it will be necessary in future steps to 
isolate and characterize the active compounds 
responsible for the activities observed.  
 

DISCLAIMER 
 

The products used for this research are 
commonly and predominantly use products in our 

area of research and country. There is absolutely 
no conflict of interest between the authors and 
producers of the products because we do not 
intend to use these products as an avenue for 
any litigation but for the advancement of 
knowledge. Also, the research was not funded by 
the producing company rather it was funded by 
personal efforts of the authors. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Agrawal S, Samanta S, Deshmukh SK. 
The antidiabetic potential of endophytic 
fungi: Future prospects as therapeutic 
agents, Biotechnol. Appl. Biochem; 2021.  
DOI: 10.1002/bab.2192 

2. Saeedi P, et al. Global and regional 
diabetes prevalence estimates for 2019 
and projections for 2030 and 2045: Results 
from the International Diabetes Federation 
Diabetes Atlas, 9th edition, Diabetes Res. 
Clin. Pract. 2019;157:107843.  
DOI: 10.1016/j.diabres.2019.107843 

3. Olabiyi F, Oguntibeju O. The role of 
nutrition in the management of diabetes 
mellitus the role of nutrition in the 
management of diabetes mellitus, 
Reseach Gate. 2016;2013.  
DOI: 10.5772/48782 

4. Ahad Hussain S, Greeshma Namilikonda 
M, Karan Chandra T, Arif Pasha M. A 
Review on Medicinal Plants With Anti-
Diabetic Activity, Int. J. Adv. Res. 
2020;8(3):902–917.  
DOI: 10.21474/ijar01/10705 

5. Mannii A, Diabetic INA. Anti-diabetic 
activity of aqueous extract of leaves and 
stem of, no; 2020. 

6. Faye O, Sall C, Kane O. Antidiabetic 
activity of 40 plants of the senegalese 
flora, an important therapeutic diversity for 
populations, Asian J. Appl. Chem. Res. 
2020;7(2):15–32.  
DOI: 10.9734/ajacr/2020/v7i230178 

7. Sathasivampillai SV, Rajamanoharan PRS, 
Munday M, Heinrich M. Plants used to 
treat diabetes in Sri Lankan Siddha 
Medicine – An ethnopharmacological 
review of historical and modern sources, J. 
Ethnopharmacol. 2017;198:531–599.  
DOI: 10.1016/j.jep.2016.07.053 

8. Banerjee A, Maji B, Mukherjee S, 
Chaudhuri K, Seal T. In vitro antidiabetic 



 
 
 
 

Faye et al.; IRJPAC, 22(9): 1-8, 2021; Article no.IRJPAC.77260 
 

 

 
8 
 

and anti-oxidant activities of methanol 
extract of tinospora sinensis, J. Appl. Biol. 
Biotechnol; 2017.  
DOI: 10.7324/jabb.2017.50311 

9. Lee J, Noh S, Lim S, Kim B. Plant extracts 
for type 2 diabetes: From traditional 
medicine to modern drug discovery, 
Antioxidants. 2021;10(1):1–42.  
DOI: 10.3390/antiox10010081 

10. Pansuksan K, Sangthong R, Nakamura I, 
Mii M, Supaibulwatana K. Tetraploid 
induction of Mitracarpus hirtus L. by 
colchicine and its characterization 
including antibacterial activity, Plant Cell. 
Tissue Organ Cult. 2014;117(3):381–391.  
DOI: 10.1007/s11240-014-0447-y 

11. Sarr MG, et al. &lt;i&gt;Saba 
senegalensis&lt;/i&gt;: Key Features and 
Uses, Food Nutr. Sci. 09, 2018;09:1099–
1111.  
DOI: 10.4236/fns.2018.99080 

12. Mamadou D, Adama C, Ousmane C, 
Doudjo S, David NJ. Potential anti-diabetic 
property of the aqueous extract of the 
leaves of Saba senegalensis Pichon 
(apocynaceae) in mice, Int. J. Pharmacol. 
Toxicol. 2020;8(1):65. 
DOI: 10.14419/ijpt.v8i1.30635 

13. HWNQM AH M. algabr3 H. R. S. Waleed 
Aboshora, In vitro and in vivo evaluation of 
antidiabetic activity of leaf essential oil of 
pulicaria inuloides-asteraceae, J. Food 
Nutr. Res.  2016;4(7):461–470.  
DOI: 10.12691/jfnr-4-7-8 

14. Kazeem MI, Adamson JO, Ogunwande IA. 
Modes of inhibition of α-amylase and α-
glucosidase by aqueous extract of morinda 
lucida benth leaf, Biomed Res. Int. 
2013;2013.  
DOI: 10.1155/2013/527570 

15. Gueye RS, Faye B, Thiam CO. 
Phytochemical Screening, Evaluation of 
antioxidant and anti-sickling activities of 
two polar extracts of combretum 

glutinosum leaves. Perr. ex DC. 2017;19: 
1–11.  
DOI: 10.9734/BJAST/2017/31563 

16. Sarr SO, et al. Evaluation de l’ activité 
antioxydante des extraits des feuilles de 
Aphania senegalensis (Sapindaceae) et de 
Saba senegalensis (Apocynaceae) 
Antioxidant activity of leaves extracts of 
Aphania senegalensis (Sapindaceae) and 
Saba senegalensis (Apocy). 2015;9:2676–
2684,. 

17. Nassirou RS, Ibrahim ML, Ilagouma AT. 
Évaluation in vitro de l’ activité 
antiplasmodiale d’ extraits de plantes 
issues de la pharmacopée traditionnelle du 
Niger. 2015;8291–8299. 

18. Belemlilga MB, et al. Evaluation of 
antioxidant, anti-inflammatory and 
analgesic activities of leaves of Saba 
senegalensis (A.DC) Pichon 
(Apocynaceae), European J. Med. Plants. 
2019;1–12.  
DOI: 10.9734/ejmp/2019/v27i330116 

19. Etienne OK, et al. Chemical 
characterization, antioxidant and enzyme 
inhibitory effects of Mitracarpus hirtus 
extracts, J. Pharm. Biomed. Anal. 2021; 
194(xxxx). 
DOI: 10.1016/j.jpba.2020.113799 

20. Martirosyan D, et al. Study of the effect of 
gallic acid and cold plasma on the levels of 
inflammatory factors and antioxidants in 
the serum sample of subjects with type 2 
diabetes mellitus, Bioact. Compd. Heal. 
Dis. 2021;4(8);167.  
DOI: 10.31989/bchd.v4i8.824 

21. Picot CMN, Subratty AH, Mahomoodally 
MF. Inhibitory potential of five                 
traditionally used native antidiabetic 
medicinal plants on α-amylase, α-
glucosidase, glucose entrapment, and 
amylolysis kinetics in vitro, Adv. 
Pharmacol. Sci. 2014;2014.  
DOI: 10.1155/2014/739834 

_________________________________________________________________________________ 
© 2021 Faye et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/77260 

http://creativecommons.org/licenses/by/4.0

