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ABSTRACT
Background and Aims: Finding new therapeutic enzyme inhibitors by investigating especially medicinal plants is an impor-
tant research area. The fruits and leaves of Sorbus domestica (service tree) are used as food and folk remedies due to astrin-
gent, antidiabetic, diuretic, antiinflammatory, antiatherogenic, antidiarrhoeal, vasoprotective, and vasorelaxant activities, 
and also used commercially as a vitamin and antioxidant. In this study, the therapeutic effect of S. domestica against diabetes, 
Alzheimer’s disease, aging, and hyperuricemia was investigated.
Methods: α-Glucosidase, α-amylase, acetylcholinesterase (AChE), butyrylcholinesterase (BChE), elastase and xanthine 
oxidase (XO) inhibitory activities of the fruit extract from S. domestica were measured.
Results: The extract showed inhibitory activity against α-glucosidase, α-amylase, BChE, elastase, and XO whereas AChE 
inhibitory activity of the extract could not be determined. Moreover, the inhibition effects of the extract against α-glucosidase 
and elastase were more effective than the standard drugs acarbose and ursolic acid, respectively.
Conclusion: S. domestica can be evaluated as a potential source for a new therapeutic agent.
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INTRODUCTION

The discovery of enzyme inhibitors is an active area of research in biochemistry and pharmacology. There are many drugs that 
act as reversible/irreversible enzyme inhibitors (Balbaa & Ashry, 2012). α-Amylase (EC 3.2.1.1) and α-glucosidase (EC 3.2.1.20) are 
carbohydrate-processing enzymes present in the gastrointestinal tract. Postprandial hyperglycemia could be decreased through 
the inhibition of these enzymes. Therapeutic inhibitors of α-glucosidase such as acarbose have been used for the management 
of hyperglycemia in diabetes patients (Oboh, Ogunsuyi, Ogunbadejo, & Adefegha, 2016). Acetylcholinesterase (AChE; EC 3.1.1.7) 
and butyrylcholinesterase (BChE; EC 3.1.1.8) are enzymes that catalyze the hydrolysis of acetylcholine into choline and acetic acid, 
an essential process for the regeneration of the cholinergic neurotransmission. Cholinesterase inhibitors increase the synaptic 
level of the neurotransmitter and therefore are used in the symptomatic treatment of Alzheimer’s disease, which is the most 
common reason for dementia (Gülçin et al., 2016; Türkan, Huyut, Taslimi, & Gülçin, 2019). Elastase (EC 3.4.21.36) is a member of 
the proteases, which is responsible for the breakdown of elastin as well as collagen, fibronectin, and other extracellular matrix 
proteins providing elasticity to connective tissues (Azmi, Hashim, Hashim, Halimoon, & Majid, 2014; Shukla, Park, Park, Lee, & Kim, 
2017). The inhibitors of elastase have the potential to be cosmetic ingredients in combating skin aging due to their usefulness 
in preventing the loss of skin elasticity and sagging (Azmi et al., 2014). Xanthine oxidase (XO; EC 1.2.3.2) catalyzes the oxidation 
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of hypoxanthine, and this reaction is terminated by the forma-
tion of uric acid. The overproduction or underexcretion of uric 
acid leads to hyperuricemia ending as gout. The use of XO in-
hibitors is one of the medications to cure gout by blocking the 
formation of uric acid (Harrad & Amine, 2016).

Plants are perfect sources to find new inhibitor compounds 
for the treatment of diseases (Balbaa & Ashry, 2012). Sorbus ge-
nus (Rosaceae) comprises more than 250 species and spread 
throughout the various parts of the World (Olszewska & Michel, 
2009). S. domestica is a tree that opens white flowers in May-June 
and usually 5-10 m in length (Baytop, 1999). The fruit of S. domes-
tica is a pome 2-3.5 cm long and has greenish-yellow color (Brus, 
Ballian, Bogunić, Bobinac, & IdžOjtić, 2011). The leaves and fruits 
of S. domestica are used in traditional medicine for the treatment 
of various diseases due to their astringent, antidiarrheal, diuretic, 
anti-inflammatory, anti-atherogenic, vasoprotective, vasorelax-
ant, and antidiabetic effects, as well as used in food industry (as 
antioxidant agents in beverages production and sweet/jam pro-
duction) (Baytop, 1999; Ölschläger, Milde, Schempp, & Treutter, 
2004; Termentzi, Kefalas, & Kokkalou, 2006; Kültür, 2007; Olsze-
wska & Michel, 2009). In Turkey, the edible fruits are called “üvez” 
and “börtlücen” (Kültür, 2007). Previous studies have demonstrat-
ed the inhibitory potential of some Sorbus species (S. torminalis 
and S. aucuparia) on different enzymes (McDougall, Kulkarni, & 
Stewart, 2009; Boath, Stewart, & McDougall, 2012; Ivanov, Gar-
buz, Malfanov, & Ptitsyn, 2013; Hasbal, Yilmaz-Ozden, & Can, 
2015; Hasbal, Yilmaz-Ozden, & Can, 2017; Olszewska et al., 2019). 
Also, limited studies have shown that S. domestica inhibits the 
aldose reductase, lipoxygenase, and hyaluronidase (Termentzi, 
Kefalas, & Kokkalou, 2008; Matczak et al., 2018). In this study, the 
inhibitory activity of the water extract from S. domestica fruits on 
α-glucosidase, α-amylase, AChE, BChE, elastase, and XO was ex-
amined for the first time.

MATERIAL AND METHODS

Chemicals
3,5-dinitrosalicylic acid (DNS), 5,5’-dithiobis(2-nitrobenzoicacid) 
(DTNB), α-amylase, α-glucosidase, acarbose, acetylthiocholine 
iodide (ATChI), AChE, BChE, butyrylthiocholine iodide (BTChI), 
elastase from porcine pancreas, galantamine hydrobromide, 
p-nitrophenyl α-D-glucopyranoside (pNPG), N-succinyl-Ala-Ala-
Ala-p-nitroanilide (STANA), starch, xanthine, and xanthine oxi-
dase (XO) were purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). All other chemicals were analytical grade.

Preparation of the plant extract
Fruits of S. domestica were collected from Bartın in the Black Sea 
region of Turkey (ISTE 95595). The fruits were air-dried and cut 
into small pieces. The extraction was performed by the decoc-
tion method. Fifteen g of the fruits were refluxed with distilled 
water for 3 hours. The extract was filtered and the solvent was 
evaporated (Buchi, Switzerland) to dryness under reduced 
pressure, then stored in -20°C until needed. For the biochemi-
cal assays, the extract was dissolved in distilled water.

α-Glucosidase inhibitory activity
The α-glucosidase inhibitory effect of the extract was inves-
tigated according to the procedure of Bothon et al., (2013). 

Twenty-five μL of the fruit extract were mixed with 75 μL 
of sodium phosphate buffer (0.1 M; pH 6.8). Then, 50 μL of 
α-glucosidase solution (1 U/mL) were added, and the mix-
ture was preincubated at 37°C for 10 minutes. Thereafter, 50 
μL of pNPG solution (5 mM) were added, and the absorbance 
change was measured at 405 nm. Acarbose was used as a 
standard, and the control was prepared without inhibitor. The 
percent inhibition of the enzyme was calculated according to 
the following formula:

α-Amylase inhibitory activity
The inhibition of α-amylase was assayed using the DNS meth-
od (Ali, Houghton, & Soumyanath, 2006). Ten μL of the fruit ex-
tract were incubated with 50 µL of α-amylase solution (3 U/mL) 
and 40 μL of sodium phosphate buffer (0.1 M; pH 6.8) at 25°C 
for 10 minutes before adding the substrate solution. The reac-
tion was initiated by adding 50 µL of starch solution (0.75%). 
After 5 minutes, the reaction was stopped by adding 75 µL of 
DNS color reagent (96 mM DNS and 5.31 M potassium sodi-
um tartarate in 2 M NaOH). The mixtures were heated at 85°C 
for 15 minutes. After cooling, the mixture was diluted 4-fold 
with distilled water, and absorbance was measured at 540 nm. 
Acarbose was used as a standard and the control was prepared 
without an inhibitor. The percentage inhibition of the enzyme 
was calculated by the following equation:

Cholinesterase inhibitory activity
The inhibitory activities of the extract on AChE and BChE were 
determined using the method of Ellman, Courtney, Andres, & 
Featherstone, (1961) with slight modifications. Twenty µL of 
the extract and 220 µL of Ellman solution (318 mM DTNB, and 
955 mM ATChI/BTChI in phosphate buffer; pH 7.5) were mixed, 
then 10 µL of AChE/BChE solution (0.5 U/mL) were added, 
and the absorbance change was monitored at 412 nm. Galan-
tamine was used as a standard and the control was prepared 
without an inhibitor. The percent inhibition of the AChE/BChE 
was calculated by the following formula:

Elastase inhibitory activity 
The elastase inhibitory activity of the extract was determined 
according to the method of Moon, Yim, Song, Lee, & Hyun, 
(2010) with slight modifications. Fifty μL of the extract were 
preincubated with 50 µL of elastase solution (0.16 U/mL) and 
900 μL of Tris-HCl buffer (0.2 M; pH 7.8) at 37°C for 15 minutes 
before adding the substrate solution. Then, 50 µL of STANA 
solution (5 mM) were added, and the mixture was incubated 
at 37°C for 30 minutes. The release of p-nitroaniline was mea-
sured at 410 nm. Ursolic acid was used as a standard and the 
control was prepared without an inhibitor. The percentage in-
hibition of elastase was calculated by the following formula:
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XO inhibitory activity
XO inhibitory activity of the extract was assayed by the method 
of Kalckar & Shafran (1947) with slight modifications. One mL of 
the extract was preincubated with 0.1 mL of XO solution (0.04 U/
mL) and 2.9 mL of sodium phosphate buffer (50 mM; pH 7.5) at 
25°C for 15 minutes before adding the substrate solution. Then, 2 
mL of xanthine solution (150 mM) were added, and the mixture 
was incubated at 25°C for 30 minutes. The reaction was stopped 
by adding 1 mL of HCl solution (1 N), and the absorbance was 
measured at 290 nm. Allopurinol was used as a standard and 
the control was prepared without an inhibitor. The percentage 
inhibition of the enzyme calculated with the equation:

Statistical analysis
All samples were analyzed in triplicate. Results are given as 
means ± standard deviation (SD). The results were evaluated 
using unpaired t-test with NCSS statistical computer package 
and differences were considered significant at p<0.05. The half-
maximal inhibitory concentration (IC50) values were calculated 
from dose-response curves using Microsoft Excel. 

RESULTS AND DISCUSSION 

Medicinal plants used in folk medicine are currently being 
investigated for pharmaceutical, food and nutraceutical 
preparations (Fotakis et al., 2016). In the present study, we 
have investigated the inhibitory activity of S. domestica ex-
tract on α-glucosidase, α-amylase, AChE, BChE, elastase and 
XO activities in order to find a new compound as an enzyme 
inhibitor.

Previous research suggests that fruit and vegetable-rich di-
ets are associated with a reduced incidence of type 2 diabe-
tes. Also, the leaves and fruits of S. domestica are traditionally 
used against diabetes in many countries as well as in Turkey 
(Baytop, 1999; Termentzi et al., 2006; Kültür, 2007). The results 
showed that the extract of S. domestica exhibited a strong 
α-glucosidase and weak α-amylase inhibitory property com-
pared with acarbose (Table 1). The results obtained from this 
study coincide with the traditional use of S. domestica in diabe-
tes. α-Glucosidase and α-amylase inhibitory activities of some 
Sorbus species have also been demonstrated in limited studies 

(Boath et al., 2012; Hasbal et al., 2017; Broholm, Gramsbergen, 
Nyberg, Jäger, & Staerk, 2019).

Enzyme inhibitory approaches are recognized as one of the 
most efficient strategies for Alzheimer’s disease (Balkan et al., 
2018). The Food and Drug Administration approved cholinester-
ase inhibitors, tacrine, rivastigmine, galantamine, and donepezil 
as the main drugs for the therapy of early and moderate stages 
of Alzheimer’s disease (Vafadarnejad et al., 2018). S. domestica 
water extract showed a weak ability to inhibit BChE whereas the 
extract did not show AChE inhibitory activity (Table 1). However, 
the anti-AChE activity of S. aucuparia and S. torminalis have been 
reported previously (Hasbal et al., 2015; Mrkonjć et al., 2017; Oz-
soy, Yilmaz-Ozden, Serbetci, Kultur, & Akalin, 2017). 

Degradative enzymes such as elastase, responsible for the 
structural changes in the skin are the target of the novel strat-
egies to delay the symptoms of aging (Boran, 2018). One of 
the most important functions of elastase in combination with 
matrix metalloproteinases is to provide tissue repair under 
normal conditions after the wounding process (Azmi et al., 
2014). The inhibitory activity of S. domestica water extract on 
elastase is shown in Table 1. The results revealed that the water 
extract possesses a remarkable inhibitory activity on elastase 
compared with ursolic acid. In the literature survey, no previ-
ous report has been found about elastase inhibitory activities 
of the Sorbus species.

XO inhibitors are used for the treatment of conditions associ-
ated with hyperuricemia such as gout (Wang, Zhang, Pan, & 
Gong, 2015). In this study, the water extract of S. domestica ex-
hibited inhibitory activity against XO similar to allopurinol. On 
the other hand, Olszewska et al., (2019) reported that flower ex-
tracts of S. aucuparia showed no inhibitory effects towards XO.

CONCLUSION

In this study, α-glucosidase, α-amylase, AChE, BChE, elastase 
and XO inhibitory activities of S. domestica fruits were evaluat-
ed for the first time. Our results showed that the water extract 
from S. domestica showed strong inhibitory activity against 
α-glucosidase and elastase, suggesting that S. domestica may 
be a potential source of natural compounds for the treatment 
of type 2 diabetes and skin disorders.

Table 1. α-Glucosidase, α-amylase, AChE, BChE, elastase and XO inhibitory activities of S. domestica water 
extract and respective standards 

Inhibitory activity (IC50 mg/mL)

α-Glucosidase α-Amylase AChE BChE Elastase XO

S. domestica 0.417±0.024* 8.768±0.247* ND 26.907±1.605* 0.100±0.001* 0.007±0.001*
Acarbose 0.548±0.021 0.120±0.023
Galantamine 0.008±0.001 0.094±0.003
Ursolic acid 0.131±0.009
Allopurinol 0.001±0.001

Data are presented as the mean of three replicates ± standard deviation. *Significant difference p<0.05 versus the respective control sub-
stances. IC50; The inhibitory concentration of the extract or standards required to inhibit the activity of the enzyme by 50%. IC50 values were 
calculated from dose-response curves using Microsoft Excel. AChE; Acetylcholinesterase, BChE; butyrylcholinesterase, XO; xanthine oxidase.



31

Hasbal et al. In vitro investigation of Sorbus domestica as an enzyme inhibitor

Acknowledgement: The authors are thankful to Professor Sükran Kül-
tür from the identification of S. domestica (L.).

Peer-review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study- A.C., R.Y., T.Y.O., 
G.H.; Data Acquisition- A.C., R.Y., T.Y.O., G.H., M.S.; Data Analysis/Interpre-
tation- A.C., R.Y., T.Y.O., G.H., M.S.; Drafting Manuscript-T.Y.O., G.H.; Critical 
Revision of Manuscript- A.C., R.Y., T.Y.O., G.H..; Final Approval and Ac-
countability- A.C., R.Y., T.Y.O., G.H., M.S.

Conflict of Interest: The authors have no conflict of interest to de-
clare.

Financial Disclosure: This study was funded by Scientific Research 
Projects Coordination Unit of Istanbul University. Projects number: 
4522 and UDP-19071.

REFERENCES

•	 Ali, H., Houghton, P. J., & Soumyanath, A. (2006). α-Amylase inhibi-
tory activity of some Malaysian plants used to treat diabetes; with 
particular reference to Phyllanthus amarus. Journal of Ethnophar-
macology, 107(3), 449–455. 

•	 Azmi, N., Hashim, P., Hashim, D. M., Halimoon, N., & Majid, N. M. 
N. (2014). Anti-elastase, anti-tyrosinase and matrix metallopro-
teinase-1 inhibitory activity of earthworm extracts as potential 
new anti-aging agent. Asian Pacific Journal Tropical Biomedicine, 
4, 348–352. 

•	 Balbaa, M., & El Ashry, E. S. H. (2012). Enzyme inhibitors as thera-
peutic tools. Biochemistry and Physiology, 1(2), 1–8. 

•	 Balkan, İ. A., Doğan, H. T., Zengin, G., Colak, N., Ayaz, F. A., Gören, 
A. C., ... & Yeşilada, E. (2018). Enzyme inhibitory and antioxidant 
activities of Nerium oleander L. flower extracts and activity guided 
isolation of the active components. Industrial Crops and Products, 
112, 24–31. 

•	 Baytop, T. (1999). Therapy with medicinal plants in Turkey past and 
present (2nd ed.). Istanbul, Turkey: Nobel Tıp Kitapevi. 

•	 Boath, A. S., Stewart, D., & McDougall, G. J. (2012). Berry compo-
nents inhibit α-glucosidase in vitro: Synergies between acarbose 
and polyphenols from black currant and rowanberry. Food Chem-
istry, 135(3), 929–936. 

•	 Boran, R. (2018). Investigations of anti-aging potential of Hyperi-
cum origanifolium Willd. for skincare formulations. Industrial Crops 
and Products, 118, 290–295. 

•	 Bothon, F. T., Debiton, E., Avlessi, F., Forestier, C., Teulade, J. C., & 
Sohounhloue, D. K. (2013). In vitro biological effects of two anti-
diabetic medicinal plants used in Benin as folk medicine. BMC 
Complementary and Alternative Medicine, 13(1), 51. 

•	 Broholm, S. L., Gramsbergen, S. M., Nyberg, N. T., Jäger, A. K., & 
Staerk, D. (2019). Potential of Sorbus berry extracts for manage-
ment of type 2 diabetes: Metabolomics investigation of 1H NMR 
spectra, α-amylase and α-glucosidase inhibitory activities, and in 
vivo anti-hyperglycaemic activity of S. norvegica. Journal of ethno-
pharmacology, 242, 112061. 

•	 Brus, R., Ballian, D., Bogunić, F., Bobinac, M., & IdžOjtić, M. (2011). 
Leaflet morphometric variation of service tree (Sorbus domestica 
L.) in the Balkan Peninsula. Plant Biosystems, 145(2), 278–285. 

•	 Ellman, G. L., Courtney, K. D., Andres Jr, V., & Featherstone, R. M. 
(1961). A new and rapid colorimetric determination of acetylcho-
linesterase activity. Biochemical Pharmacology, 7(2), 88–95. 

•	 Fotakis, C., Tsigrimani, D., Tsiaka, T., Lantzouraki, D. Z., Strati, I. F., 
Makris, C., ... & Zoumpoulakis, P. (2016). Metabolic and antioxidant 
profiles of herbal infusions and decoctions. Food Chemistry, 211, 
963–971. 

•	 Gülçin, İ., Scozzafava, A., Supuran, C. T., Akıncıoğlu, H., Koksal, 
Z., Turkan, F., & Alwasel, S. (2016). The effect of caffeic acid 
phenethyl ester (CAPE) on metabolic enzymes including ace-
tylcholinesterase, butyrylcholinesterase, glutathione S-trans-
ferase, lactoperoxidase, and carbonic anhydrase isoenzymes I, 
II, IX, and XII. Journal of Enzyme Inhibition and Medicinal Chem-
istry, 31(6), 1095–1101. 

•	 Harrad, L., & Amine, A. (2016). Amperometric biosensor based on 
prussian blue and nafion modified screen-printed electrode for 
screening of potential xanthine oxidase inhibitors from medicinal 
plants. Enzyme and Microbial Technology, 85, 57–63. 

•	 Hasbal, G., Yilmaz-Ozden, T., & Can, A. (2017). In vitro antidiabetic ac-
tivities of two Sorbus species. Eurpean Journal of Biology, 76(2), 57–60. 

•	 Hasbal, G., Yilmaz-Ozden, T., & Can, A. (2015). Antioxidant and 
antiacetylcholinesterase activities of Sorbus torminalis (L.) Crantz 
(wild service tree) fruits. Journal of Food and Drug Analysis, 23(1), 
57–62. 

•	 Ivanov, S. A., Garbuz, S. A., Malfanov, I. L., & Ptitsyn, L. R. (2013). 
Screening of Russian medicinal and edible plant extracts for an-
giotensin I-converting enzyme (ACE I) inhibitory activity. Russian 
Journal of Bioorganic Chemistry, 39(7), 743–749. 

•	 Kalckar, H. M., & Shafran, M. (1947). Differential spectrophotom-
etry of purine compounds by means of specific enzymes. 1. De-
termination of hydroxypurine compounds. Journal of Biological 
Chemistry, 167, 429–443. 

•	 Kültür, Ş. (2007). Medicinal plants used in Kırklareli Province (Tur-
key). Journal of Ethnopharmacology, 111(2), 341–364. 

•	 Matczak, M., Marchelak, A., Michel, P., Owczarek, A., Piszczan, A., 
Kolodziejczyk-Czepas, J. ... & Olszewska, M. A. (2018). Sorbus do-
mestica L. leaf extracts as functional products: Phytochemical 
profiling, cellular safety, pro-inflammatory enzymes inhibition 
and protective effects against oxidative stress in vitro. Journal of 
Functional Foods, 40, 207–218. 

•	 McDougall, G. J., Kulkarni, N. N., & Stewart, D. (2009). Berry poly-
phenols inhibit pancreatic lipase activity in vitro. Food Chemistry, 
115(1), 193–199. 

•	 Moon, J. Y., Yim, E. Y., Song, G., Lee, N. H., & Hyun, C. G. (2010). 
Screening of elastase and tyrosinase inhibitory activity from Jeju 
Island plants. Eurasian Journal of Biosciences, 4(4), 41–53. 

•	 Mrkonjić, Z. O., Nađpal, J. D., Beara, I. N., Aleksić-Sabo, V. S., 
Četojević-Simin, D. D., Mimica-Dukić, N. M., & Lesjak, M. M. (2017). 
Phenolic profiling and bioactivities of fresh fruits and jam of Sor-
bus species. Journal of the Serbian Chemical Society, 82(6), 651–664. 

•	 Oboh, G., Ogunsuyi, O. B., Ogunbadejo, M. D., & Adefegha, S. A. 
(2016). Influence of gallic acid on α-amylase and α-glucosidase 
inhibitory properties of acarbose. Journal of Food and Drug Analy-
sis, 24(3), 627–634.

•	 Olszewska, M. A., Kolodziejczyk-Czepas, J., Rutkowska, M., Magiera, 
A., Michel, P., Rejman, M. W., ... & Owczarek, A. (2019). The effect of 
standardised flower extracts of Sorbus aucuparia L. on proinflam-
matory enzymes, multiple oxidants, and oxidative/nitrative dam-
age of human plasma components in vitro. Oxidative Medicine and 
Cellular Longevity, 2019, https://doi.org/10.1155/2019/9746358. 

•	 Olszewska, M. A., & Michel, P. (2009). Antioxidant activity of inflo-
rescences, leaves and fruits of three Sorbus species in relation to 
their polyphenolic composition. Natural Product Research, 23(16), 
1507–1521. 

•	 Ozsoy, N., Yilmaz-Ozden, T., Serbetci, T., Kultur, S., & Akalin, E. (2017). 
Antioxidant, anti-inflammatory, acetylcholinesterase and thioredox-
in reductase inhibitory activities of nine selected Turkish medicinal 
plants. Indian Journal of Traditional Knowledge, 16(4), 553–561.

•	 Ölschläger, C., Milde, J., Schempp, H., Treutter, D. (2004). Polyphe-
nols and antioxidant capacity of Sorbus domestica L. fruits. Ange-
wandte Botanik, 78(2),112–116.



32

Istanbul J Pharm 50 (1): 28-32

•	 Shukla, S., Park, J., Park, J. H., Lee, J. S., & Kim, M. (2017). Develop-
ment of novel Meju starter culture using plant extracts with re-
duced Bacillus cereus counts and enhanced functional properties. 
Scientific Reports, 7(1), 11409. 

•	 Termentzi, A., Kefalas, P., & Kokkalou, E. (2006). Antioxidant activi-
ties of various extracts and fractions of Sorbus domestica fruit at 
different maturity stages. Food Chemistry, 98(4), 599–608. 

•	 Termentzi, A., Kefalas, P., & Kokkalou, E. (2008). LC-DAD-MS (ESI+) 
analysis of the phenolic content of Sorbus domestica fruits in rela-
tion to their maturity stage. Food Chemistry, 106(3), 1234–1245. 

•	 Türkan, F., Huyut, Z., Taslimi, P., & Gülçin, İ. (2019). The effects of some 
antibiotics from cephalosporin groups on the acetylcholinesterase 
and butyrylcholinesterase enzymes activities in different tissues of 
rats. Archives of Physiology and Biochemistry, 125(1), 12–18. 

•	 Vafadarnejad, F., Mahdavi, M., Karimpour-Razkenari, E., Edraki, N., 
Sameem, B., Khanavi, M. ... & Akbarzadeh, T. (2018). Design and 
synthesis of novel coumarin-pyridinium hybrids: In vitro cholines-
terase inhibitory activity. Bioorganic Chemistry, 77, 311–319. 

•	 Wang, Y., Zhang, G., Pan, J., & Gong, D. (2015). Novel insights into 
the inhibitory mechanism of kaempferol on xanthine oxidase. 
Journal of Agricultural and Food Chemistry, 63(2), 526–534.


