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Background: Diabetes mellitus is a common metabolic disorder characterized by chronic high
blood sugar levels due to impaired insulin secretion or action. Existing diabetic medications
have limitations, including high costs and the risk of hypoglycemia. Aim: To overcome these
challenges, researchers are exploring advanced treatments, and one potential path is studying
plants and natural sources. Many plants include green tea (Camellia sinensis), rich in catechin
derivatives, particularly epigallocatechin-3-gallate (EGCG), have shown promising effect
because this agent may enhance beta cell proliferation, so it can produce dramatic response in
management of diabetes mellitus and it is expected to reduce complication of this disease.
Thorough data searching from September 2021 to June 2023 was used to conduct this study.
The key terms diabetes mellitus, herbal treatment of diabetes, DYRKI1A inhibitor,
Epigallocatechin-3-gallate, and beta cell proliferation were concomitantly searched in Google
Scholar, Web of Science, and PubMed in order to find relevant material. The publications that
are presented here were published between 2014 and 2023. Conclusion: Collectively EGCG
properties as a DYRK1A inhibitor may enhance B cell proliferation that is promising effects in

diabetes mellitus treatment.
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1. Introduction

Diabetes mellitus is a prevalent metabolic disorder
characterized by chronic hyperglycemia resulting from
impaired insulin secretion, insulin action, or both (1). Type
I, type II, and gestational diabetes are the three primary
types of the disease. Known also as insulin-dependent
diabetes, type I diabetes mellitus is characterized by a
considerable loss of pancreatic cells. Non-insulin-dependent
diabetes mellitus, often known as type II diabetes mellitus
(Type II DM), is associated with dysfunctional insulin
signaling and/or inadequate insulin production. Obesity,
lack of exercise, and genetic susceptibility all have a role in
the development of Type II DM. Diabetes-related chronic
hyperglycemia can cause a number of secondary illnesses,
such as macro and microvascular problems, which, if left
untreated, can have serious complications (2, 3).
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Adopting a healthy diet, regulating your weight, and
engaging in regular physical activity are the first stages in
treating T2DM. Alongside these lifestyle changes, insulin
and various medication categories, such as metformin,
sulfonylureas, thiazolidinediones, glucagon-like peptide 1
(GLP-1) analogues, glucose-dependent insulinotropic peptide
(GIP) and GLP-1 receptor co-agonists, dipeptidyl peptidase-
IV (DPP-1V) inhibitors, sodium-glucose co-transporter 2
(SGLT2) inhibitors, and synthetic insulin, are employed as
treatments for diabetes (4). Despite being a primary
treatment option, insulin has certain limitations, such as its
expensive cost, potential for weight gain, risk of
hypoglycemia, and inconvenient method of administration
(5). Moreover, the synthetic treatments, however, frequently
cost a lot of money and are difficult for people in rural and
underdeveloped regions to get. They also have a number of
undesirable side effects, such as obesity, hepatic and renal
diseases, hypoglycemia, and gastrointestinal abnormalities
(4).

Recent data indicate that diabetes treatment expenses
worldwide are 673$ billion, or nearly 12% of all healthcare
expenditures. Finding new medications to control type II
diabetes is essential because there is presently no optimum
treatment for the disease or its persistent and dangerous
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consequences (62). To address these limitations: The
escalating incidence of diabetes , its associated

complications and its medication drawbacks necessitate the
exploration of innovative therapeutic interventions (6, 7) and
researchers are dedicating considerable efforts to study
plants and other natural sources to discover new treatments
for diabetes mellitus (8, 9). Medicinal plants have been used
since ancient times in local communities to treat various
diseases owing to their numerous health benefits(10). Many
of these plants may contain promising therapeutic agents so
the studying of active constituents of such plants can open
new perspectives for management of diabetes mellitus.

One of these studied plants is Green tea (Camellia
sinensis) dried leaves which contain a variety of catechin
derivatives, The most abundant catechin in green tea is
epigallocatechin-3-gallate (EGCG) which is a polyphenolic
substance (11). EGCG constitutes about 50% to 80% of all
catechins (12). Additionally, it can be derived from a variety
of natural sources, including fruits and vegetables (13).

The three aromatic rings (A, B, and D) in flavanol, which
builds the chemical structure of EGCG, are connected by a
pyran ring (C) (14), as shown in Figure 1, EGCG interacts
with phospholipids and proteins of the plasma membrane.
Additionally, EGCG is carried to intracellular locations such
as the nucleus, cytoplasm, mitochondria, and lysosomes,
where it mediates numerous biological processes. These
diverse outcomes depend on the type of cells, and the EGCG
concentrations (15).
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Figure 1. Chemical structure of EGCG (16)
1.1 Diabetes mellitus and herbal treatment

A collection of metabolic conditions known as diabetes
mellitus (DM) are characterized by hyperglycemia brought
on by inadequate insulin production, insulin action, or both
(17). According to the International Diabetes Federation
(IDF), in 2021, there were 537 million individuals living with
the disease (18). Many investigations have been carried out
to determine the function of herbal remedies in the
treatment of DM (19). Researchers from all around the world
are now paying considerably greater attention to
formulations made from medicinal plants (20), since natural
medicine can be considered as important source for getting
new lead compounds (21). Over 800 plants were identified
based on traditional medicinal data as having anti-diabetic
effects and having positive impacts on the treatment or
prevention of diabetes problems.
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The medicinal herbs provide their anti-diabetic effects
mainly by restoring the activity of pancreatic  cells that
increase insulin secretion or by decreasing dietary glucose
absorption (21). These plants include: Acacia nilotica,
Adonsonia digitate, Allium cepa, Balanites aegyptiaca,
Brassica oleracea, Camellia sinensis and many other plants
(22).

Camellia sinensis (Green tea) phenolic constituents have
antidiabetic effects by inhibiting a-glucosidase, preventing
oxidative stress (23), Moreover, they work by altering the
activity of dipeptidyl peptidase (24). The majority of the
plant's catechins is EGCG, and it may be the cause of some
of green tea's effects (25).

EGCG has effects on type I and type II DM. In type I DM
by limiting reactive oxygen species (ROS) and inflammatory
factors in vitro or by suppressing the production of inducible
nitric oxide synthase (an enzyme that produces nitric oxide)
(26), EGCG may protect the function of pancreatic  cells.
Moreover, in the case of mice with iron-loaded pancreas,
green tea was also able to encourage [ cells to release more
insulin by about 2 folds (27). In type II DM, EGCG improves
insulin sensitivity (28) by phosphorylating the insulin
receptor substrate-1 (IRS-1) as a result of EGCG causing the
S'-adenylic acid-activated protein kinase pathway to override
the insulin stress signaling pathway closure (29).

By increasing the number of insulin-signaling proteins in
insulin-resistant rats, it may be possible to outperform the
sensitivity of insulin. By inhibiting ROS, which can block
insulin signal transduction and prevent IRS-1 from binding
to the insulin receptor by lowering c-jun NH2-terminal
kinase (JNK) phosphorylation, EGCG can reduce insulin
resistance (30).

EGCG at a concentration of 6 mg/liter of water is effective
in considerably lowering fasting blood sugar, according to
research on streptozotocin-induced hyperglycemic zebrafish
(81). According to research on tissue, EGCG decreases the
synthesis of  glucose via suppressing hepatic
gluconeogenesis by downregulating the expression
hepatocyte nuclear factor’s gene and activating activated
protein kinase. Moreover, EGCG can reduce the synthesis of
glucose by boosting the insulin receptor and controlling the
genes that code for gluconeogenic enzymes (32).

These findings demonstrated that EGCG action resemble
insulin action by upregulating the tyrosine phosphorylation
of the insulin receptor, insulin receptor substrate-1,
phosphoinositide 3-kinase, and mitogen-activated protein
kinase activity and downregulating the expression of the
gene encoding the phosphoenolpyruvate carboxykinase (33).
Also, it was shown that EGCG decreased plasma glucose
levels in diabetes via inhibiting of salivary a- amylase (34)
preventing a-glucosidase activity that inhibit starch’s
hydrolysis (35-37). Additionally, EGCG has the ability to
reduce the inhibition of the insulin signaling pathway
brought on by TNF-a (38).

During the cell culture study, it was observed that EGCG
effectively stimulates the secretion of Glucagon-like peptide
1 (GLP-1) with a significant p-value of 0.0001(39). Moreover,
catechin might aid in adipocyte differentiation and improve
insulin sensitivity by strongly activating the PPAR-y (30).
EGCG can help with obesity, which is a contributor factor to
type II diabetes through a modulation involving different
organs such as adipose tissue or the liver and also noted
that EGCG consumption inhibits pancreatic lipase in vitro
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and suppresses postprandial serum triglycerides in a dose-
dependent manner (40, 41). Additionally, EGCG's ability to
interfere with the enzymes glucosidase and amylase may
help in weight reduction (42).

1.2 Role of EGCG as a DYRKI1A blocker in beta cell
proliferation

Beta cell proliferation: Insulin levels in the blood are
determined by the mass of beta cells (§ cells) and the activity
of insulin secretion. The determinant of 3 cell mass is beta
cell proliferation. The mechanism that controls the number
of B cells in the body has yet to be discovered (43). In recent
years, there has been significant interest in a new strategy
in diabetes treatment that involves increasing p cells
multiplication while decreasing ( cells death (44). When it
comes to type II diabetes, B cell mass dramatically decreases
during the course of the disease, falling by more than 54%
in people with more than 15 years of diabetes (45). In recent
years, scientists discovered that DYRK1A inhibitors have an
effect on B cells replication, indicating that their efforts to
promote [ cells replication were successful (46).

The calcineurin-NFAT-DYRK1A pathway is involved in
cell proliferation. When intracellular calcium (Ca?*) level is
risen due to glucose or medicines (sulfonylureas) or any
other stimulator that result in activation of Calmodulin
(CAM), causes the calcineurins A (Cn A) and B (Cn B) to be
activated (CnB). The dephosphorylation of the the nuclear
factor of activated T cells (NFAT) family transcription factors
by these phosphatases (CnA and CnB) results in NFAT
translocation to the nucleus. In this case, NFAT activates
the promoters of cyclins E and A, as well as cyclin-
dependent kinase 1 (CDK1), while inhibiting the promoters
of cell cycle inhibitor genes CDKN2A, CDKN2B, and
CDKNI1C, resulting in cell cycle entrance and proliferation
(47, 48).
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DYRKI1A: It is a protein kinase enzyme that belongs to
the dual-specificity tyrosine phosphorylation-regulated
kinase 1 A (DYRK1A) family. Five isoforms in this family,
divided into two groups, DYRKI1A belongs to class I (49). It is

involved in the etiology of Down syndrome and has
important biological activities. In addition, DYRKIA
mutations in mammals cause problems in neuroblast

proliferation and aberrant brain growth development (43).
DYRKI1A causes the buildup of amyloid beta (A) peptides,
which  leads to Tau  hyperphosphorylation and
neurodegeneration. In addition, changes in DYRKIA
expression have been linked to cancer and diabetes (50). The
function of DYRKIA in the P cells’ proliferation, as
illustrated in Figure 2, is to rephosphorylate NFAT factors,
export them back to the cytoplasm, and stop the
proliferation of  cells (51). The fact that DYRK1A inhibitors
allow B cell growth is of pharmaceutical importance (52).
The studies of DYRKI1A inhibitors activity have increased
dramatically in recent years (50).

DYRKI1A inhibitor: According to Dirice E. study, a 5-
iodotubercidin, “ a DYRK1A inhibitor” was able to causes a
substantial and specific increase in human beta-cell
proliferation both in vitro and in vivo (53).Wang. P. found
that regeneration of beta cell mass was substantially more
rapid in the harmine-treated mice than in the controls,
reaching near-normal values in only fourteen days. In vitro
and in vivo, Harmine and INDY stimulated human beta cells
to enter the cell cycle, with beta cell labeling indices that are
similar to those seen in people during the first year of life
(54). Harmine, Torin and other DYRKI1A inhibitors found to
promote the activity and proliferation of B cell during study
of their effects on cell culture (55). Harmine increased {8 cell
mass and regeneration in a mice model and improved
glycemic control and  cell proliferation in vivo in two
additional typical human islet transplant models, one
euglycemic and one diabetic (54).

Cytoplasm
DYRK1A Inhibitors
+ Harmine and analogues (1, 7,8,and 9)
+ INDY (2)
_ « 54T (3)
« CC401(4)
* Leucettine (5 and 6)
* 1,3,4-thiadiazine (10 and 12)
GNF7156 (14), GNF4487 (16), GNF 2133 (21)
1,5 naphthridine (23, 24 and 25)

ﬁ‘ cMyc, Cdk 1,
Cyclins AE, Fox'M

‘ p57, p15, p16

ell Proliferation

Nucleus

Figure 2. Mechanism of DYRK1A-NFAT mediated human B-cell proliferation: Ca+2, calcium. VDCC, voltage-dependent calcium channel. CAM,
calmdulin. NAFT, Nuclear factor of activated T-cells. CnA and CnB, calcineurins (47)

EGCG as DYRKI1A inhibitor: EGCG is known to inhibit DYRK1A
(ICs0 0.33uM) (56). DYRK1A is a key factor in the phenotypic of Down
syndrome. Mice overexpressing DYRK1A in certain chromosomal

mutations condition has shown cognitive deficits, which has been
thought to be improved by EGCG through inhibition of DYRK1A (57,
58). In an animal study conducted on Down syndrome mice, the
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relationship between EGCG and DYRK1A was investigated. The mice
were administered EGCG for a period of one month, and the
effectiveness of EGCG on DYRKI1A was assessed by measuring the
biomarker homocysteine, there is a correlation between the plasma
level of homocysteine and DYRK1A expression. The study revealed a
significant effects on homocysteine level and DYRKI1A expression
(p<0.01), indicating notable effects of EGCG on DYRK1A activity (59).
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Studies on the effects of EGCG on diabetes mellitus include one by
Wenru Li (2020), which discovered that a high dose of EGCG
influenced glycated hemoglobin (HbAlc) and fasting blood sugar that
is equal to or higher than that of metformin. With metformin or
EGCG administration, the number and density of § cells increased,
indicating that EGCG and metformin therapies had similar effects
(60). Zhu T, conducted a study on diabetic rats with different doses
of EGCG for ten weeks and compared their effects to that of
metformin. They found significant effects of 50 and 100 mg/kg/day
on fasting, postprandial blood glucose, fasting serum insulin (FSI)
and homeostasis model assessment of insulin resistance (HOMA-IR)
(61).

Even though there are numerous instances of EGCG's impacts as a
DYRKI1A inhibitor, it has a number of issues with oral uptake, such
as low permeability, instability,
biotransformation (62, 63).

chemical and metabolic

1.3 EGCG pharmacokinetic properties and improving strategies

EGCG is unstable in both neutral and alkaline conditions, rapidly
degrades via the protonation of hydroxyl groups, then undergoes
several biotransformation processes before losing its biological
activity. As a result, EGCG is poorly stable and has a low
bioavailability (64). The limited bioavailability of EGCG is also related
to several reasons, such as EGCG conversion to different methylated,
glucuronidated, and sulfate metabolites and active removal of
numerous polyphenolic compounds by the multidrug resistance-
associated protein 2 (MRP2). According to studies, plasma EGCG
concentrations can be as high as 2% of the amount consumed.
Therefore, it is necessary to create a plan that can boost EGCG's
bioavailability and stability (65).

The chemical stability issues of EGCG are associated with
epimerization and oxidation that is related to temperature and pH.
The most effective method to prevent EGCG from degrading is to
synthesize chemical derivatives that cover some or all of the hydroxyl
groups in EGCG with acyl groups through ester bonds (66). While
molecular alteration, co-administration with certain additional
bioactive substances, and the use of nanostructure-based drug
delivery methods can all help to enhance EGCG's poor permeability
(67).

2. Conclusion

In conclusion, EGCG has been shown to effectively inhibit DYRK1A
and can enhance [ cell mass. Additionally, in diabetes-related
research, EGCG exhibits promising effects on glycated hemoglobin
and fasting blood sugar levels comparable to metformin, suggesting
potential therapeutic value. However, despite its beneficial properties
as a DYRKI1A inhibitor, EGCG faces challenges with oral uptake due
to issues such as low permeability, chemical instability, and
metabolic biotransformation. Addressing these concerns could
enhance its clinical utility and efficacy as a potential treatment
option for diabetes mellitus.

3. References

1. Patil S, Bahadure S, Patil S. Formulation of canagliflozin
hemihydrate-loaded bilosomes for the treatment of Type-2
diabetes mellitus: In vitro, in vivo and in silico molecular docking
studies. Journal of Drug Delivery Science and Technology.
2023:104630.

2. Hannan J, Nipa N, Toma FT, Talukder A, Ansari P. Acute Anti-
Hyperglycaemic Activity of Five Traditional Medicinal Plants in
High Fat Diet Induced Obese Rats. Frontiers in Bioscience-
Scholar. 2023;15(2):5.

171

10.

11.

12.

13.

14.

15.

16.

17.

18.

Iragi Journal of Pharmacy 20(2) (2023), 168-173

Yedjou CG, Grigsby J, Mbemi A, Nelson D, Mildort B, Latinwo L,
et al. The management of diabetes mellitus using medicinal
plants and vitamins. International Journal of Molecular Sciences.
2023;24(10):9085.

Le P, Bui TC, Abramowitz J, Herman WH, Misra-Hebert AD,
Rothberg MB. Trends in Use of High-Cost Antihyperglycemic
Drugs Among US Adults with Type 2 Diabetes. Journal of
General Internal Medicine. 2023;38(1):49-56.

Arista DM, Amelia R, Fitriani D, Khotimah H, Ratnaningrum SD,
Irwanto Y, et al. Gestational Diabetes Mellitus: An overview and
its potential treatment with herbs. GSC Biological and
Pharmaceutical Sciences. 2023;23(3):261-73.

Taheriazam A, Entezari M, Firouz ZM, Hajimazdarany S,
Heydargoy MH, Moghadassi AHA, et al. Eco-friendly chitosan-
based nanostructures in diabetes mellitus therapy: Promising

bioplatforms with versatile therapeutic perspectives.
Environmental Research. 2023:115912.
Chhetri D, Amarnath RN, Samal S, Palaniyandi K,

Gnanasampanthapandian D. Diabetes Mellitus and iPSC-Based
Therapy. Advances in Diabetes Research and Management:
Springer; 2023. p. 225-46.

Mohammed A. Hypoglycemic Potential of African Medicinal
Plants in Diabetic and Non-Diabetic Human Subjects: A Review.
Clinical Complementary Medicine and Pharmacology.
2023:100081.

Chinsembu KC. Diabetes mellitus and nature’s pharmacy of
putative antidiabetic plants. Journal of herbal medicine.
2019;15:100230.

Salmerén-Manzano E, Garrido-Cardenas JA, Manzano-Agugliaro
F. Worldwide research trends on medicinal plants. International
journal of environmental research and public health.
2020;17(10):3376.

Nagle DG, Ferreira D, Zhou Y-D. Epigallocatechin-3-gallate
(EGCG): chemical and biomedical perspectives. Phytochemistry.
2006;67(17):1849-55.

Upputuri RTP, Kulandaivelu K, Mandal AKA. Nanotechnology-
based approach for enhanced bioavailability and stability of tea
polyphenols—a review. Studies in Natural Products Chemistry.
2016;50:399-410.

Janabi AHW, Kamboh AA, Saeed M, Xiaoyu L, BiBi J, Majeed F,
et al. Flavonoid-rich foods (FRF): A promising nutraceutical
approach against lifespan-shortening diseases. Iranian Journal
of Basic Medical Sciences. 2020;23(2):140.

Ferrari E, Bettuzzi S, Naponelli V. The Potential of
Epigallocatechin Gallate (EGCG) in Targeting Autophagy for
Cancer Treatment: A Narrative Review. Int J Mol Sci.

2022;23(11):6075.
A review.

Bartosikova L, Necas J. Epigallocatechin gallate:
Veterinarni medicina. 2018;63(10):443-67.

Min K-j, Kwon TK. Anticancer effects and molecular mechanisms
of epigallocatechin-3-gallate. Integrative medicine research.
2014;3(1):16-24.

Wal P, Singh P, Sinha A. A Detailed Review of Various Herbal
Treatment Options for Potentially Curing or Ameliorating Pain in
Diabetic Neuropathy. Current Traditional Medicine. 2023;9(2):1-
18.

Ong KL, Stafford LK, McLaughlin SA, Boyko EJ, Vollset SE,
Smith AE, et al. Global, regional, and national burden of diabetes
from 1990 to 2021, with projections of prevalence to 2050: a



Doaa Khalid Ibrahim al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

systematic analysis for the Global Burden of Disease Study 2021.
The Lancet. 2023.

Ortega S. The Role of Herbal Medicines in Central American
Indigenous Communities; Improving Accessibility to Type 2
Diabetes Mellitus Treatment. 2023.

Malode LL, Manwar JV, Panchale WA, Bartere SA, Bakal RL.
Potential of medicinal plants in management of diabetes: An
updates. GSC Advanced Research and Reviews. 2021;8(1):149-
59.

Matalgah SM, Al-Tawalbeh DM. Medicinal plants potential
against diabetes mellitus. Diabetes. 2025;9(10):11.

Ojetunde A. Antidiabetic effects of medicinal plants. 2021.

Pavlovié MO, Staji¢ M, Gasié¢ U, Duleti¢-Lausevié¢ S, Cilerdzié J.
The chemical profiling and assessment of antioxidative,
antidiabetic and antineurodegenerative potential of Kombucha
fermented Camellia sinensis, Coffea arabica and Ganoderma
lucidum extracts. Food & Function. 2023;14(1):262-76.

Choi C, Han J, Son Y, Joo S, Kwon S, Lee Y-H. Green tea extract
exhibits antidiabetic effects partly through regulating dipeptidyl
peptidase-4 expression in adipose tissue. The Journal of
Nutritional Biochemistry. 2023;111:109173.

Messire G, Serreau R, Berteina-Raboin S. Antioxidant Effects of
Catechins (EGCG), Andrographolide, and Curcuminoids
Compounds for Skin Protection, Cosmetics, and Dermatological
Uses: An Update. Antioxidants. 2023;12(7):1317.

Mariadoss AVA, Subramanian SA, Kwon Y-M, Shin S, Kim SJ.
Epigallocatechin gallate protects the hydrogen peroxide-induced
cytotoxicity and oxidative stress in tenocytes. Process
Biochemistry. 2023.

Koonyosying P, Uthaipibull C, Fucharoen S, Koumoutsea EV,
Porter JB, Srichairatanakool S. Decrement in cellular iron and
reactive oxygen species, and improvement of insulin secretion in
a pancreatic cell line using green tea extract. Pancreas.
2019;48(5):636.

Golovinskaia O, Wang C-K. The hypoglycemic potential of
phenolics from functional foods and their mechanisms. Food
Science and Human Wellness. 2023;12(4):986-1007.

Zhou Y, Suo W, Zhang X, Yang Y, Zhao W, Li H, et al. Targeting
epigenetics in diabetic cardiomyopathy: Therapeutic potential of
flavonoids. Biomedicine & Pharmacotherapy. 2023;157:114025.

Chaudhary P, Mitra D, Mohapatra PKD, Docea AO, Myo EM,
Janmeda P, et al. Camellia sinensis: insights on its molecular
mechanisms of action towards nutraceutical, anticancer
potential and other therapeutic applications. Arabian Journal of
Chemistry. 2023:104680.

Jamir A, Longkumer S, Pankaj PP. Epigallocatechin Gallate
Improves Caudal Fin Regeneration in the Streptozotocin-Induced
Diabetic Zebrafish Model. Journal of Pharmaceutical Negative
Results. 2023:1264-70.

Li X, Li S, Chen M, Wang J, Xie B, Sun Z. (-)-Epigallocatechin-3-
gallate (EGCQG) inhibits starch digestion and improves glucose
homeostasis through direct or indirect activation of PXR/CAR-
mediated phase II metabolism in diabetic mice. Food & function.
2018;9(9):4651-63.

. Kim Y-J, Kim K-S, Lim D, Yang DJ, Park J-I, Kim KW, et al.

SMILE inhibits
Antioxidants.

Epigallocatechin-3-gallate
STAT3-mediated hepcidin
2020;9(6):514.

(EGCG)-inducible
gene  expression.

172

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Iragi Journal of Pharmacy 20(2) (2023), 168-173

Mittal A, Singh A, Benjakul S. a-amylase inhibitory activity of
chitooligosaccharide from shrimp shell chitosan and its
epigallocatechin gallate conjugate: kinetics, fluorescence
quenching and structure-activity relationship. Food Chemistry.
2023;403:134456.

Al Hroob AM, Abukhalil MH, Hussein OE, Mahmoud AM.
Pathophysiological mechanisms of diabetic cardiomyopathy and
the therapeutic potential of epigallocatechin-3-gallate.
Biomedicine & Pharmacotherapy. 2019;109:2155-72.

Guo Y, Li L, Yao Y, Li H. Regeneration of Pancreatic B-Cells for
Diabetes Therapeutics by Natural DYRKIA Inhibitors.
Metabolites. 2023;13(1):51.

Okaiyeto K, Kerebba N, Rautenbach F, Singh SK, Dua K,
Oguntibeju OO. UPLC-ESI-QTOF-MS phenolic compounds
identification and quantification from ethanolic extract of Myrtus
communis ‘Variegatha In vitro antioxidant and antidiabetic
potentials. Arabian Journal of Chemistry. 2023;16(2):104447.

Xu H, Gan C, Xiang Z, Xiang T, Li J, Huang X, et al. Targeting
the TNF-a-TNFR interaction with EGCG to block NF-xkB signaling
in human synovial fibroblasts. Biomedicine & Pharmacotherapy.
2023;161:114575.

Song W-Y, Aihara Y, Hashimoto T, Kanazawa K, Mizuno M. (-)-
Epigallocatechin-3-gallate induces secretion of anorexigenic gut
hormones. Journal of Clinical Biochemistry and Nutrition.
2015;57(2):164-9.

Ou K, Zhang S, Song J, Fang L, Xia S, Huang J, et al. Prenatal
EGCG consumption causes obesity and perturbs glucose
homeostasis in adult mice. The Journal of Nutritional
Biochemistry. 2023;111:109179.

Beyaz S, Ozlem G, Aslan A. The therapeutic effects and
antioxidant properties of epigallocatechin-3 gallate: A new review.
International Journal of Secondary Metabolite. 2022;9(2):125-36.

Aloo S-O, Ofosu FK, Kim N-H, Kilonzi SM, Oh D-H. Insights on
Dietary Polyphenols as Agents against Metabolic Disorders:
Obesity as a Target Disease. Antioxidants. 2023;12(2):416.

Duchon A, Herault Y. DYRKI1A, a dosage-sensitive gene involved
in neurodevelopmental disorders, is a target for drug
development in Down syndrome. Frontiers in behavioral
neuroscience. 2016;10:104.

Wang H. GRP94 is an IGF-1R Chaperone and Regulates Beta Cell
Death in Diabetes. 2023.

Li F, Liu R, Negi V, Yang P, Lee J, Jagannathan R, et al. VGLL4
and MENIN function as TEAD1 corepressors to block pancreatic
B cell proliferation. Cell reports. 2023;42(1).

Shen W, Taylor B, Jin Q, Nguyen-Tran V, Meeusen S, Zhang Y-Q,
et al. Inhibition of DYRK1A and GSK3B induces human (-cell
proliferation. Nature communications. 2015;6(1):8372.

Kumar K, Suebsuwong C, Wang P, Garcia-Ocana A, Stewart AF,
DeVita RJ. DYRK1A inhibitors as potential therapeutics for p-cell
regeneration for diabetes. Journal of Medicinal Chemistry.
2021;64(6):2901-22.

Karakose E, Ackeifi C, Wang P, Stewart AF. Advances in drug
discovery for human beta cell regeneration. Diabetologia.
2018;61:1693-9.

Yang Y, Fan X, Liu Y, Ye D, Liu C, Yang H, et al. Function and
Inhibition of DYRK1A: emerging roles of treating multiple human
diseases. Biochemical Pharmacology. 2023:115521.



Doaa Khalid Ibrahim al.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Liu T, Wang Y, Wang J, Ren C, Chen H, Zhang J. DYRKI1A
inhibitors for disease therapy: Current status and perspectives.
European journal of medicinal chemistry. 2021:114062.

Pucelik B, Barzowska A, Czarna A. DYRKI1A inhibitors
leucettines and TGF-B inhibitor additively stimulate insulin
production in beta cells, organoids, and isolated mouse islets.
Plos one. 2023;18(5):€0285208.

WANG P, KUMAR K, LIU H, WOOD O, KARAKOSE E, CHOLEVA
L, et al. 349-OR: Selected DYRK1A Inhibitors Simultaneously
Drive Both Human Beta-Cell Proliferation and Differentiation.
Diabetes. 2023;72(Supplement_1).

Dirice E, Walpita D, Vetere A, Meier BC, Kahraman S, Hu J, et
al. Inhibition of DYRK1A stimulates human B-cell proliferation.
Diabetes. 2016;65(6):1660-71.

Wang P, Alvarez-Perez J-C, Felsenfeld DP, Liu H, Sivendran S,
Bender A, et al. A high-throughput chemical screen reveals that
harmine-mediated inhibition of DYRKIA increases human
pancreatic beta cell replication. Nature medicine.
2015;21(4):383-8.

Barzowska A, Pucelik B, Pustelny K, Matsuda A, Martyniak A,
Stepniewski J, et al. DYRK1A Kinase inhibitors promote B-cell
survival and insulin homeostasis. Cells. 2021;10(9):2263.

Bain J, McLauchlan H, Elliott M, Cohen P. The specificities of
protein kinase inhibitors: an wupdate. Biochemical Journal.
2003;371(1):199-204.

Zuhra K, Petrosino M, Gupta B, Panagaki T, Cecconi M,
Myrianthopoulos V, et al. Epigallocatechin gallate is a potent
inhibitor of cystathionine beta-synthase: Structure-activity
relationship and mechanism of action. Nitric Oxide.
2022;128:12-24.

Ortega M, De Toma I, Fernandez-Blanco A, Calder6n Moruno A,
Barahona L, Trullas R, et al. Proteomic profiling reveals
mitochondrial dysfunction in the cerebellum of transgenic mice
overexpressing DYRK1A, a Down syndrome candidate gene.
Front Mol Neurosci 2022 Dec 15; 15: 1015220. 2022.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Iragi Journal of Pharmacy 20(2) (2023), 168-173

De la Torre R, De Sola S, Pons M, Duchon A, de Lagran MM,
Farré M, et al. Epigallocatechin- 3- gallate, a DYRK1A inhibitor,
rescues cognitive deficits in D own syndrome mouse models and
in humans. Molecular nutrition & food research. 2014;58(2):278-
88.

Li W, Zhu C, Liu T, Zhang W, Liu X, Li P, et al. Epigallocatechin-
3-gallate ameliorates glucolipid metabolism and oxidative stress
in type 2 diabetic rats. Diabetes and Vascular Disease Research.
2020;17(6):1479164120966998.

Zhu T, Li M, Zhu M, Liu X, Huang K, Li W, et al
Epigallocatechin-3-gallate alleviates type 2 diabetes mellitus via
B-cell function improvement and insulin resistance reduction.
Iranian Journal of Basic Medical Sciences. 2022;25(4):483.

Araldi GL, Hwang Y-W. Design, synthesis, and biological
evaluation of polyphenol derivatives as DYRK1A inhibitors. The
discovery of a potentially promising treatment for Multiple
Sclerosis.  Bioorganic & Medicinal Chemistry Letters.
2022;64:128675.

Wang L, Li P, Feng K. EGCG adjuvant chemotherapy: Current
status and future perspectives. European Journal of Medicinal
Chemistry. 2023:115197.

Sang S, Lambert JD, Ho C-T, Yang CS. The chemistry and
biotransformation of tea constituents. Pharmacological research.
2011;64(2):87-99.

Ramesh N, Mandal AKA. Pharmacokinetic, toxicokinetic, and
bioavailability studies of epigallocatechin-3-gallate loaded solid
lipid nanoparticle in rat model. Drug development and industrial
pharmacy. 2019;45(9):1506-14.

Sahadevan R, Singh S, Binoy A, Sadhukhan S. Chemico-
biological aspects of (-)-epigallocatechin-3-gallate (EGCG) to
improve its stability, bioavailability and membrane permeability:
Current status and future prospects. Critical Reviews in Food
Science and Nutrition. 2022:1-30.

Cai Z-Y, Li X-M, Liang J-P, Xiang L-P, Wang K-R, Shi Y-L, et al.
Bioavailability of tea catechins and its improvement. Molecules.
2018;23(9):2346.

dle 5l 15 Sud) 42 1 2 DYRK1AS kiss Epigallocatechin-3-gallate (EGCG) < dxadlall cilyilsay)

AaMAl)

Cans (5 Sl Onbiaall 53 g sall 350Y) (el addlad pae 5l o i1 38 QiR A aall b Sl il siaad (e Jall YL aay @l umal il jlaal s (5 Sl (ia s dadiall
Dl 5 il A 3 o Aerial) Jundl (G (ap cadiiall Cila el Bl e () ginlall o g ccibpantll o3 o Clill peiagh) anll b Sl (5 e b Gl Cagin g allall A e ca 5l
Gk oe Sl G e e A Aldiag Ladle N5k (EGCG) wle-3-0pdilSsllas) lld (8 Loy (0ppliall) clliiiio Al  puind¥) (L3 Lgias s il (g dpaall < jelal Zmlal)
& Al 5 3 o) aY 2023 O G 2021 Jsbd cpe Ul e Jalll Ganidl Aot o5 g pall 13 lieLine WS 8 005 L) (5% 85 (0l 5D 200 e ALl Uiy LA i
Web 5 Google Scholar & "s Wa <" sEpigallocatechin-3-gallate” s« DYRK1IA Lasia s ¢ (5 ,Sull (o al Glie Yl &Ml 5 ¢ (Sl el daw ) clallaadll e il
S e 038 5 Uil LA IS5 DYRKILA L€ EGCG paibad a8 ol JS g liiu) 2023 52014 (sle o desidl @y siiall = e la o3 PubMed s of Science

173

S Sall e ple Jisacl

Ll LA ¢ Sl (a ya (DYRKIA ¢Sl sdpalidal) cilaldlf



