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Abstract

Aim
Kaempferol and Myricetin alone have promising bene�ts on diabetes and related complications, yet the
effectiveness of cotreating the two compounds on diabetes have not been studied. The existing
investigation was to study the combined anti-diabetic effect of kaempferol and myricetin in
streptozotocin (STZ)-activated diabetes in rats.

Methods
To evaluate the antidiabetic activity, 36 Wistar rats were segregated into six groups; Normal, 50 mg/kg
STZ-induced diabetes, and four (50 mg/kg kaempferol, 50 mg/kg myricetin, 25mg/kg kaempferol + 
myricetin, and 5mg/kg glibenclamide) compound-treated diabetic groups. The effects of co-treatment on
parameters, glucose, insulin, lipid pro�le, liver enzymes, antioxidant biomarkers, and in�ammatory
cytokines were measured.

Results
The study revealed that combined treatment restored the assessed parameters including glucose levels,
insulin levels, in�ammatory cytokines, oxidative markers, and lipid and liver enzymes in diabetic rats.

Conclusion
The results indicate that cotreatment of kaempferol and myricetin has bene�cial role against diabetes
suggesting that cotreatment of these compounds can be used therapeutically in treating diabetes.

1. Intrduction
Diabetes, a chronic metabolic condition is classi�ed into types: Type I which is caused due to insu�cient
pancreatic production of insulin, and Type II diabetes which develops due to impaired glucose secretion
(12). In total, 10% of cases are of type I diabetes and 90% populated affected by type II diabetes (3). The
affected population has been found with visible symptoms such as hunger, intense thirst, frequent
urination, unusual weight loss/weight gain, bruises and cuts which are di�cult to heal, fatigue, tingling,
and numbness in feet and hands, sexual dysfunction in male (4). Diabetic patients have low antioxidant
markers because of increased oxidative cell injury and tissue damage (5). Long-term hyperglycemia may
damage and fail the vital organs including kidney, heart, eyes, and blood vessels which may lead to
complicated disorders such as diabetic neuropathy/ nephropathy, cardiovascular diseases, and
retinopathy (6 7).
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Streptozotocin (STZ), a nitrosourea analogue is cytotoxic for pancreatic ß-cell causing a hyperglycaemic
condition in rats. Exposure of STZ methylates the DNA proteins which ultimately is responsible for ß-cell
death and functional de�cits (8). STZ is a highly selective agent when administered as a single dose
cause ß-cell necrosis and induction of diabetes within 48hrs (9). It targets the GLUT2 receptors which are
present in ß-cells and also in the liver and kidney, so the destruction of ß-cell impairs the liver and kidney
functions (10). Thus, the STZ model has been chosen for the induction of diabetes in rats.

Diabetes is currently treated with oral Hypoglycaemic drugs which may help in regulating the glucose
levels but have undesirable long-term side effects (11). So, exploration towards natural therapeutic agents
is an alternative option for the management of diabetes and also has comparatively less/ no side effects.
Traditional herbs have a tremendous medicinal value which is because of the phytochemicals present
exerting their actions. Kaempferol is a bioactive �avonoid, present in several plants and foods derived
from such as beans, kale, broccoli, spinach, and tea. Kaempferol is known to have a potential antioxidant,
anti-in�ammatory, and antidiabetic activity (12 13). Kaempferol also reduced the oxidative damage
produced by STZ, although weak absorption, high metabolic rate, and a fast systemic elimination restrict
the pharmacological potency of the compound (14).

Myricetin is a polyphenol compound that belongs to the �avonoid family, with prominent antioxidant
potential. It is obtained from common food sources which include tomatoes, oranges and other fruits, tea,
berries, and nuts. Myricetin also possesses several pharmacological actions including antioxidant, anti-
in�ammatory, hypoglycaemic ability (15 16).

Kaempferol and myricetin have a very strong traditional background for effectiveness against diabetes
and related complications. It has been shown that Kaempferol and myricetin together work synergically
and have increased the antioxidant potential compared to alone (17). So, the current study was aimed to
examine the combined effect of kaempferol and myricetin in STZ generated diabetes.

2. Materials And Methods

2.1 Chemicals
Glibenclamide, kaempferol, myricetin, STZ and other chemicals were purchased from local vendor and
were of standard analytical range.

2.2 Animals
Adult, healthy, male Wistar rats 6–7 weeks-old weighing around 150-200g were procured. The rats were
separated into groups and kept in standard cages under controlled environment with the temperature set
at (22˚C ± 3˚C), relative humidity 60–75% and light (14:10 h dark and light cycle). The animals were fed
with pellet diet with surplus amount of water. The research study was permitted by the Institutional
Animal Ethical Committee (IAEC- TRS/PT/021/009) followed under the direction of the CPCSEA.
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2.3 Initiation of diabetes in rats
STZ was used for inducing diabetes in rats. The animals were starved for 15 h before to the induction
time. STZ was freshly made in citrate buffer which was intraperitoneally (i.p.) injected at dose of 50
mg/kg b.wt (18 19). After injection, the animals received glucose (5%) overnight to control drug-related
hypoglycaemia. The induction of diabetes was checked by recording the glucose level 72 h after STZ
injection and then treatment was started for the next 28 days.

2.4 Study protocol
A total of 36 rats were randomly acclimatized-allocated in different groups of six (n = 6) for 28 days. (Fig.
1)

Group-I: Normal Control group (NC), wistar rats received 10ml/kg 0.1% sodium carboxymethylcellulose
(SCMC) per oral (p.o) for 28days.

Group-II: Diabetes Control (DC), STZ was injected as intraperitoneal dose of 50 mg/kg b.wt and then
continued receiving 10ml/kg/p.o SCMC for 28 days.

Group-III: STZ- activated animals received 50 mg/kg p.o kaempferol daily for 28 days (20).

Group-IV: STZ- activated animals received 50 mg/kg p.o myricetin daily for 28 days (21).

Group-V: STZ- induced animals received kaempferol and myricetin 25 mg/kg p.o daily for 28 days.

Group-VI: STZ- induced animals received oral dose 5mg/kg Standard Glibenclamide daily for 28 days (22

23).

After induction with STZ, the animals displayed diabetes-like symptoms such as polyuria, dyspepsia,
bodyweight within 48hrs. The blood glucose was measured after 72hrs of STZ injection. The rats which
showed a glucose level of more than 250mg/dl were con�rmed diabetic and further preferred for
treatment. On 29th day, blood was collected from all the groups and euthanized under high anaesthesia.
The liver and pancreas were collected immediately and stored under formalin solution (10%) for
biochemical estimation.

2.5 Measurement of bodyweight
The animals were recorded for basal bodyweight (start of the study) and �nal bodyweight at the
completion of the study before euthanization.

2.6 Measurement of blood glucose
The glucose levels were collected by tail vein puncture and a drop was placed on one- time glucose strip
by using an electronic ACCU-CHEK glucometer on day 0, 7th, 14th, 21st, and 29th day (24).

2.7 Estimation of serum insulin
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The serum insulin level was estimated by commercial Rat ELISA insulin kit as per the standard provided
method in the assay protocol.

2.8 Estimation of serum amylase
Serum amylase activity was estimated colorimetric method by using 3,5-dinitrosalicylic acid as a
substrate.

2.9 Determination of hepatic glycogen
Liver glycogen was measured by following anthrone method (25). The homogenate was prepared by
homogenizing liver tissue in 1 mL of 5% potassium hydroxide which was boiled for 35 min. Then, 5 mL
ethanol was added for glycogen precipitation. The tubes were centrifugated for 10 mins. Finally, after
addition of anthrone reagent produced green colour which was recorded at 620 nm.

2.10 Determination of lipid levels and liver markers
The collected blood was centrifugated at 2000 × g for 20 mins and the supernatant was separated for
further estimation. The lipid levels such as total cholesterol (TC), triglycerides (TG), and high-density
lipoprotein (HDL) were assessed spectrophotometrically by following standard assay protocols. The
protein was estimated by performing the biuret colorimetric method (26).

The biomarkers for liver include aspartate transaminase (AST), alanine transaminase (ALT), which were
assessed by standard assay kits. The enzymes serve as a biomarker for hepatic injury that determines
the enzyme concentration that draws into the systemic circulation.

2.11 Biochemical estimation
Preparation of homogenate

The pancreas was excised, collected, washed with cold saline, and then homogenized in a homogenizing
vessel at 700 rpm with 0.1M tris-HCL to obtain 10% w/w homogenate. The homogenate was
centrifugated at 2000 × g for 15 mins at 4˚C. The separated layer was further utilized for the estimation
of antioxidant markers.

2.11.1 Estimation of Superoxide dismutase (SOD)

The reaction mixture contained 0.5ml homogenate sample, ethanol (2ml), and chloroform (1ml, the tubes
were shaken and centrifugated. The mixture included 1 ml sodium pyrophosphate buffer, 0.1ml N-methyl
dibenzo pyrazine methyl sulphate, 0.3ml nitroblue tetrazolium (NBT), 0.2ml reduced nicotinamide
adenine dinucleotide (NADH) and were incubated for 10 mins, and the reaction was ceased by adding of
glacial acetic acid. The mixture was mixed by adding n-butanol. The chromogen was measured
spectroscopically at 560nm. One enzyme unit is de�ned as 50% inhibition of NBT reduction produced in 1
minute. The activity was presented as unit/min/mg of protein (27 28).
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2.11.2 Determination of reduced glutathione (GSH)

The procedure was performed by following the method given by the Ellman method. The reaction tube
contained 1ml homogenate sample and 2ml trichloroacetic acid (TCA) which was centrifugated to collect
the supernatant. To the supernatant, 1ml Ellman’s reagent and disodium hydrogen phosphate were
mixed. The colour produced was measured by a UV spectrophotometer at 412nm. The GSH activity was
presented as µmol/mg protein for tissues (29 30).

2.11.3 Determination of lipid peroxidation (MDA)
To the supernatant, 0.2ml sodium lauryl sulphate, 1.5ml acetic acid, 1ml thiobarbituric acid (TBAR) was
added and heated for upto 1hr. On cooling 5ml of n-butanol and pyridine was mixed into the enzyme
solution. The mixture was then centrifugated at 4000rpm for 15mins. The absorbance was measured by
separating the organic phase at 532nm spectrophotometrically. The MDA activity was presented as nM
MDA/mg protein of tissue (31 32).

2.11.4 Determination of Catalase (CAT)

Catalase assay was based on the decomposition of hydrogen peroxide by catalase enzyme. To 0.5ml
sample solution, potassium phosphate (50mM), and 0.1ml hydrogen peroxide (H2O2) in phosphate buffer
(50mM) were added. The H2O2 decomposition was recorded at 240nm at 15- sec intervals. The activity

was calculated as nmol/mg protein of tissue (33 34).

2.12 Determination of in�ammatory cytokines
The level of IL-6, IL-1β, and TNF-α were quanti�ed by immunoassay kit. The separated protein was used
to coat the antibody ELISA wells. The amount of enzyme marker was determined by following the assay
procedure.

2.13 Statistical analysis
The results were presented as mean ± SEM. The data were estimated by using both one-way following
Tukey’s comparison test and two-way ANOVA following Bonferroni’s test using Graph pad prism software.
One-way ANOVA was used for calculating the difference between the two groups by setting criteria of
signi�cance at P < 0.05.

3. Results
Change in body weight
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The basal body weight of rats before starting the study was compared with the body weight which was
measured on the 29th day. The STZ-induced group showed a marked decrease in the body weight (P < 
0.001) while the treatment groups i.e., kaempferol and myricetin treated groups showed a marked
amelioration (P < 0.01) and combined treatment (kaempferol and myricetin) showed a signi�cance of P < 
0.001. (Fig. 2)

Effect on blood sugar level

The blood glucose level remarkably raised (P < 0.001) from day 7th to 21st in STZ group. While on day
29th, the blood glucose was markedly reduced (P < 0.05) in all treatment groups including kaempferol,
myricetin, combined kaempferol + myricetin group and glibenclamide treated group. (Fig. 2)

Effect on serum insulin level

The diabetic group displayed a noticeable decline (p < 0.001) in the insulin levels when correlated to
controls. When treated with kaempferol and myricetin group, a signi�cant rise in the insulin level was
observed having P < 0.05 signi�cance while in kaempferol + myricetin group and glibenclamide treated
group also elevated the insulin level (P < 0.01) when correlated to the diabetics. (Fig. 3)

Effect on serum amylase

The STZ group displayed a marked elevation (P < 0.001) in the amylase activity compared to the controls.
The treatment groups i.e., kaempferol and myricetin -treated rats (P < 0.05), co-treatment group (P < 0.01),
and glibenclamide (P < 0.001) displayed a marked decline in the amylase activity when correlated to the
diabetic group. (Fig. 4)

Effect on glycogen levels

The STZ group showed a considerable rise (P < 0.001) in the glycogen level when correlated to the
controls. The treatment groups i.e., kaempferol and myricetin -treated rats (P < 0.01), kaempferol + 
myricetin- treated rats (P < 0.001), and glibenclamide (P < 0.001) displayed a pronounced reduction in the
glycogen level when correlated to the diabetic controls. (Fig. 5)

Effect on lipid pro�le and liver enzymes

A remarkable increase (P < 0.001) in the TG and triglyceride levels and decline in the HDL and total protein
was observed in STZ group when correlated to the controls. The treatment groups i.e., kaempferol and
myricetin rats (P < 0.01), kaempferol + myricetin - treated rats (P < 0.01) and std glibenclamide (P < 0.001)
showed a marked decline in the cholesterol and triglyceride level. While a considerable rise in the HDL
and total protein was examined in treatment groups i.e., kaempferol and myricetin- treated rats (P < 0.05),
kaempferol + myricetin - treated rats (P < 0.05, P < 0.01) and glibenclamide (P < 0.05 and P < 0.01)
respectively as correlated to the diabetic controls. (Fig. 6)
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Both AST and ALT were markedly elevated (P < 0.001) in diabetic group as correlated to the normal rats.
Treatment groups: kaempferol and myricetin -treated rats (P < 0.05), kaempferol + myricetin rats (P < 
0.001) and glibenclamide (P < 0.001) remarkably decreased the liver enzymes in comparison to diabetic
group. (Fig. 7)

Effect on antioxidant enzymes

The STZ group showed a marked decline (P < 0.001) in the CAT, SOD, and GSH levels as correlated to the
controls. The treatment groups i.e., kaempferol and myricetin -treated rats (P < 0.01 and P < 0.05),
kaempferol + myricetin - treated rats (P < 0.001, P < 0.01 and P < 0.05) and glibenclamide (P < 0.001, P < 
0.001 and P < 0.05) showed a marked decline in the CAT, SOD and GSH activity respectively when
correlated to the diabetic controls. The MDA level was markedly elevated in the STZ group when
corelated to the normal while the treatment groups i.e., kaempferol -treated rats (P < 0.01), myricetin -
treated rats (P < 0.001), kaempferol + myricetin - treated rats (P < 0.001), and std glibenclamide (P < 0.001)
displayed a marked downfall in the MDA levels in comparison to the diabetic rats. (Fig. 8)

Effect on pro-in�ammatory cytokines

The diabetic group presented a remarkable rise (P < 0.001) in the IL-6, IL-1β, and TNF-α when correlated to
the normal control. The treatment groups displayed a sharp decline in the IL-6, IL-1β, and TNF-α levels
especially the cotreatment group (kaempferol + myricetin) in comparison to the diabetic controls. (Fig. 9)

4. Discussion
Hyperglycemia involves excessive production in hepatic glycogenolysis and gluconeogenesis and
depletion in the utilization of tissue glucose which leads to cause hepatic and renal failure (35 36). The
increasing threat of diabetes leads to the search of medicinal plants which are more e�cacious and safer
for long-term use. Among them, kaempferol and myricetin are natural phytochemicals belonging to the
�avonoid group. They possess pharmacological actions, including anti-oxidant, anti-in�ammatory,
neuroprotective, antidiabetic properties (37 38).

Individual treatment of kaempferol and myricetin have shown curative effects on type-II diabetes in vivo
by improving glucose level, antioxidant, lipid, and liver enzymes (39 40). Both kaempferol and myricetin
work synergistically when cotreated and their combined treatment has not been studied in diabetics. So,
the current study focuses on the anti-diabetic actions of kaempferol and myricetin and its cotreatment
using STZ model in rats.

We examined whether kaempferol and myricetin alone or in combination could decrease the glucose,
glycogen, and insulin levels in diabetic controls. Previous �ndings displayed that STZ elevated the
glucose level, reduced the glycogen and plasma insulin levels in rats which were in line with the current
study (41 42). The current investigation revealed that co-treatment with kaempferol and myricetin
normalized the glucose level, increased the glycogen and insulin levels near to normal compared to
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treatment with kaempferol and myricetin alone indicating cotreatment helped in the restoration of
destructed pancreatic ß-cells. Serum amylase activity was signi�cantly increased in STZ-induced
diabetes which was in-line with the previous studies (43). Treatment with kaempferol and myricetin
markedly ameliorated the level of amylase, which con�rmed better glycaemic control by cotreatment
compared to treatment alone.

Diabetic dyslipidemia is a risk aspect for related complications which includes cardiovascular disorders,
nephrotoxicity, atherosclerosis. Earlier studies found that STZ increased cholesterol, triglyceride, and
reduced HDL and protein levels which were similarly observed in current study (44 45). Our investigation
displayed that kaempferol and myricetin treatment lowered the serum lipid levels (TC, TG) and elevated
the HDL levels. Co-treatment with kaempferol and myricetin effectively enhanced these levels than
treatment with one of the compounds did alone.

The liver plays a major role in glycogenolysis but in diabetic conditions, the liver conversion increases
leading to overproduction of glucose causing hyperglycemia (46). The study indicated that the glucose
regulating hepatic enzymes were impaired in STZ-induced rats which was in-line with the previous
studies (47 48). The treatment displayed a marked decrease in the liver enzymes (AST, ALT) especially
cotreatment with kaempferol and myricetin. The hypoglycaemic activity of drugs in diabetic rats was
may be due to the restoration of liver markers.

Oxidative stress results in increased tissue lipid peroxidation leading to overproduction of free radicals
and inactivation of membrane-bound antioxidant enzymes. Previous investigations were in line with the
present study which showed that STZ-induced group suppressed the antioxidant enzymes causing
de�ciency (49 50). Cotreatment with kaempferol and myricetin effectively restored the antioxidant enzymes
(SOD, CAT, GSH, and MDA) than treated alone.

Long-term innate system activation may lead to in�ammation resulting in diabetic complications and
disease progression. Overproduction of cytokines cause functional damage to the tissues. Consistent
with the �ndings, our study showed increased cytokine production in diabetic rats (51 52). While
cotreatment with kaempferol and myricetin in diabetic rats signi�cantly decreased the cytokine level near
to standard glibenclamide when correlated to the alone treated group.

Conclusion
In conclusion, the investigation revealed that kaempferol, myricetin, and their combination have the
potentiality to repair hyperglycemia, glucose dysfunction, oxidative stress, in�ammatory cytokines, and
dyslipidemia in STZ-activated diabetes. Our study proved that cotreatment with kaempferol and myricetin
at a dose of 25mg/kg can be therapeutically used for the management of diabetes.

Declarations



Page 10/19

Contradictions

F.A.A.-A. designed, interpreted and wrote manuscript. I.K. performed work.

Compliance with ethical standards

Declaration of competing interest

The author reports no con�ict of interest

Ethical Approval

The research study was permitted by the Institutional Animal Ethical Committee (IAEC- TRS/PT/021/009)
followed under the direction of the CPCSEA.

Acknowledgements

This work was funded by General Program, Deanship of Scienti�c Research (DSR), King Abdulaziz
University, Jeddah, Saudi Arabia (G:1441-130-231).

References
1. Salim B. Diabetes mellitus and its treatment. Published online 2005:111-134.

2. American Diabetes Association. Diagnosis and Classi�cation of Diabetes Mellitus. Diabetes Care.
2009;32(Supplement_1):S62-S67. doi:10.2337/dc09-S062

3. Oviedo S, Contreras I, Bertachi A, et al. Minimizing postprandial hypoglycemia in Type 1 diabetes
patients using multiple insulin injections and capillary blood glucose self-monitoring with machine
learning techniques. Comput Methods Programs Biomed. 2019;178:175-180.
doi:10.1016/j.cmpb.2019.06.025

4. Seehusen DA, Fisher CL, Rider HA, et al. Exploring patient perspectives of prediabetes and diabetes
severity: a qualitative study. Psychol Health. 2019;34(11):1314-1327.
doi:10.1080/08870446.2019.1604955

5. Niedowicz DM, Daleke DL. The role of oxidative stress in diabetic complications. Cell Biochem
Biophys. 2005;43(2):289-330. doi:10.1385/CBB:43:2:289

�. Sen S, Roy M, Chakraborti AS. Ameliorative effects of glycyrrhizin on streptozotocin-induced diabetes
in rats. J Pharm Pharmacol. 2011;63(2):287-296. doi:10.1111/j.2042-7158.2010.01217.x

7. Alam U, Asghar O, Azmi S, Malik RA. Chapter 15 - General aspects of diabetes mellitus. In: Zochodne
DW, Malik RA, eds. Handbook of Clinical Neurology. Vol 126. Diabetes and the Nervous System.
Elsevier; 2014:211-222. doi:10.1016/B978-0-444-53480-4.00015-1

�. Lenzen S. The mechanisms of alloxan- and streptozotocin-induced diabetes. Diabetologia.
2008;51(2):216-226. doi:10.1007/s00125-007-0886-7



Page 11/19

9. Furman BL. Streptozotocin-Induced Diabetic Models in Mice and Rats. Curr Protoc Pharmacol.
2015;70(1):5.47.1-5.47.20. doi:10.1002/0471141755.ph0547s70

10. Wu J, Yan LJ. Streptozotocin-induced type 1 diabetes in rodents as a model for studying
mitochondrial mechanisms of diabetic β cell glucotoxicity. Diabetes Metab Syndr Obes Targets Ther.
2015;8:181. doi:10.2147/DMSO.S82272

11. Kerru N, Singh-Pillay A, Awolade P, Singh P. Current anti-diabetic agents and their molecular targets: A
review. Eur J Med Chem. 2018;152:436-488. doi:10.1016/j.ejmech.2018.04.061

12. Yimer EM, Tuem KB, Karim A, Ur-Rehman N, Anwar F. Nigella sativa L. (Black Cumin): A Promising
Natural Remedy for Wide Range of Illnesses. Evid Based Complement Alternat Med.
2019;2019:e1528635. doi:10.1155/2019/1528635

13. Askari G, Rouhani MH, Ghaedi E, Ghavami A, Nouri M, Mohammadi H. Effect of Nigella sativa (black
seed) supplementation on glycemic control: A systematic review and meta-analysis of clinical trials.
Phytother Res. 2019;33(5):1341-1352. doi:10.1002/ptr.6337

14. Salarbashi D, Bazeli J, Fahmideh-Rad E. Fenugreek seed gum: Biological properties, chemical
modi�cations, and structural analysis– A review. Int J Biol Macromol. 2019;138:386-393.
doi:10.1016/j.ijbiomac.2019.07.006

15. Gupta G, Siddiqui MA, Khan MM, et al. Current Pharmacological Trends on Myricetin. Drug Res.
2020;70(10):448-454. doi:10.1055/a-1224-3625

1�. Wang ZH, Ah Kang K, Zhang R, et al. Myricetin suppresses oxidative stress-induced cell damage via
both direct and indirect antioxidant action. Environ Toxicol Pharmacol. 2010;29(1):12-18.
doi:10.1016/j.etap.2009.08.007

17. Hidalgo M, Sánchez-Moreno C, de Pascual-Teresa S. Flavonoid–�avonoid interaction and its effect
on their antioxidant activity. Food Chem. 2010;121(3):691-696. doi:10.1016/j.foodchem.2009.12.097

1�. Kumar A, Ilavarasan R, Jayachandran T, et al. Anti-diabetic activity of Syzygium cumini and its
isolated compound against streptozotocin-induced diabetic rats. :4.

19. Chang KJ. Effect of Taurine and β-Alanine on Morphological Changes of Pancreas in Streptozotocin-
Induced Rats. In: Della Corte L, Huxtable RJ, Sgaragli G, Tipton KF, eds. Taurine 4: Taurine and
Excitable Tissues. Advances in Experimental Medicine and Biology. Springer US; 2002:571-577.
doi:10.1007/0-306-46838-7_61

20. Al-Numair KS, Chandramohan G, Veeramani C, Alsaif MA. Ameliorative effect of kaempferol, a
�avonoid, on oxidative stress in streptozotocin-induced diabetic rats. Redox Rep. 2015;20(5):198-
209. doi:10.1179/1351000214Y.0000000117

21. Ying X, Chen X, Wang T, Zheng W, Chen L, Xu Y. Possible osteoprotective effects of myricetin in STZ
induced diabetic osteoporosis in rats. Eur J Pharmacol. 2020;866:172805.
doi:10.1016/j.ejphar.2019.172805

22. Kamble S, Rambhimaiah S. Antidiabetic Activity of Aqueous Extract of Cinnamomum cassia in
Alloxan- Induced Diabetic Rats. Biomed Pharmacol J. 2015;6(1):83-88.



Page 12/19

23. KIM JD, KANG SM, PARK MY, JUNG TY, CHOI HY, KU SK. Ameliorative Anti-Diabetic Activity of
Dangnyosoko, a Chinese Herbal Medicine, in Diabetic Rats. Biosci Biotechnol Biochem.
2007;71(6):1527-1534. doi:10.1271/bbb.70058

24. Gupta RK, Kesari AN, Murthy PS, Chandra R, Tandon V, Watal G. Hypoglycemic and antidiabetic
effect of ethanolic extract of leaves of Annona squamosa L. in experimental animals. J
Ethnopharmacol. 2005;99(1):75-81. doi:10.1016/j.jep.2005.01.048

25. Soni LK, Dobhal MP, Arya D, Bhagour K, Parasher P, Gupta RS. In vitro and in vivo antidiabetic activity
of isolated fraction of Prosopis cineraria against streptozotocin-induced experimental diabetes: A
mechanistic study. Biomed Pharmacother. 2018;108:1015-1021. doi:10.1016/j.biopha.2018.09.099

2�. Parvin R, Pande SV, Venkitasubramanian TA. On the colorimetric biuret method of protein
determination. Anal Biochem. 1965;12(2):219-229. doi:10.1016/0003-2697(65)90085-0

27. Senthilkumar M, Amaresan N, Sankaranarayanan A. Estimation of Superoxide Dismutase (SOD). In:
Senthilkumar M, Amaresan N, Sankaranarayanan A, eds. Plant-Microbe Interactions: Laboratory
Techniques. Springer Protocols Handbooks. Springer US; 2021:117-118. doi:10.1007/978-1-0716-
1080-0_29

2�. Sun Y, Oberley LW, Li Y. A simple method for clinical assay of superoxide dismutase. Clin Chem.
1988;34(3):497-500. doi:10.1093/clinchem/34.3.497

29. Yassa HD, Tohamy AF. Extract of Moringa oleifera leaves ameliorates streptozotocin-induced
Diabetes mellitus in adult rats. Acta Histochem. 2014;116(5):844-854.
doi:10.1016/j.acthis.2014.02.002

30. Pari L, Murugan P. Tetrahydrocurcumin Prevents Brain Lipid Peroxidation in Streptozotocin-Induced
Diabetic Rats. J Med Food. 2007;10(2):323-329. doi:10.1089/jmf.2006.058

31. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid
reaction. Anal Biochem. 1979;95(2):351-358. doi:10.1016/0003-2697(79)90738-3

32. Oyenihi OR, Brooks NL, Oguntibeju OO. Effects of kolaviron on hepatic oxidative stress in
streptozotocin induced diabetes. BMC Complement Altern Med. 2015;15(1):236.
doi:10.1186/s12906-015-0760-y

33. Bera TK, De D, Chatterjee K, Ali KM, Ghosh D. Effect of Diashis, a polyherbal formulation, in
streptozotocin-induced diabetic male albino rats. Int J Ayurveda Res. 2010;1(1):18.
doi:10.4103/0974-7788.59939

34. Aebi H. [13] Catalase in vitro. In: Methods in Enzymology. Vol 105. Oxygen Radicals in Biological
Systems. Academic Press; 1984:121-126. doi:10.1016/S0076-6879(84)05016-3

35. McLellan AC, Thornalley PJ, Benn J, Sonksen PH. Glyoxalase System in Clinical Diabetes Mellitus
and Correlation with Diabetic Complications. Clin Sci. 1994;87(1):21-29. doi:10.1042/cs0870021

3�. Zhou B, Zou H, Xu G. Clinical Utility of Serum Cystatin C in Predicting Diabetic Nephropathy Among
Patients with Diabetes Mellitus: a Meta-Analysis. Kidney Blood Press Res. 2016;41(6):919-928.
doi:10.1159/000452593



Page 13/19

37. Jeong HY, Sung GH, Kim JH, et al. Syk and Src are major pharmacological targets of a Cerbera
manghas methanol extract with kaempferol-based anti-in�ammatory activity. J Ethnopharmacol.
2014;151(2):960-969. doi:10.1016/j.jep.2013.12.009

3�. Song X, Tan L, Wang M, et al. Myricetin: A review of the most recent research. Biomed Pharmacother.
2021;134:111017. doi:10.1016/j.biopha.2020.111017

39. Liu IM, Liou SS, Lan TW, Hsu FL, Cheng JT. Myricetin as the Active Principle of Abelmoschus
moschatus to Lower Plasma Glucose in Streptozotocin-Induced Diabetic Rats. Planta Med.
2005;71(7):617-621. doi:10.1055/s-2005-871266

40. Alshehri AS. Kaempferol attenuates diabetic nephropathy in streptozotocin-induced diabetic rats by a
hypoglycaemic effect and concomitant activation of the Nrf-2/Ho-1/antioxidants axis. Arch Physiol
Biochem. 2021;0(0):1-14. doi:10.1080/13813455.2021.1890129

41. Gothandam K, Ganesan VS, Ayyasamy T, Ramalingam S. Antioxidant potential of thea�avin
ameliorates the activities of key enzymes of glucose metabolism in high fat diet and streptozotocin
– induced diabetic rats. Redox Rep. 2019;24(1):41-50. doi:10.1080/13510002.2019.1624085

42. Fathiazad F, Hamedeyazdan S, Khosropanah MK, Khaki A. Hypoglycemic Activity of Fumaria
parvi�ora in Streptozotocin-Induced Diabetic Rats. Adv Pharm Bull. 2013;3(1):207.
doi:10.5681/apb.2013.034

43. Adaramoye O, Amanlou M, Habibi-Rezaei M, Pasalar P, Ali MM. Methanolic extract of African
mistletoe (Viscum album) improves carbohydrate metabolism and hyperlipidemia in streptozotocin-
induced diabetic rats. Asian Pac J Trop Med. 2012;5(6):427-433. doi:10.1016/S1995-
7645(12)60073-X

44. Bacanlı M, Anlar HG, Aydın S, et al. d-limonene ameliorates diabetes and its complications in
streptozotocin-induced diabetic rats. Food Chem Toxicol. 2017;110:434-442.
doi:10.1016/j.fct.2017.09.020

45. Nogueira FN, Carvalho AM, Yamaguti PM, Nicolau J. Antioxidant parameters and lipid peroxidation in
salivary glands of streptozotocin-induced diabetic rats. Clin Chim Acta. 2005;353(1):133-139.
doi:10.1016/j.cccn.2004.11.004

4�. Kurukulasuriya R, Link JT, Madar DJ, et al. Prospects for Pharmacologic Inhibition of Hepatic
Glucose Production. Curr Med Chem. 2003;10(2):99-121. doi:10.2174/0929867033368547

47. Rodríguez V, Plavnik L, Tolosa de Talamoni N. Naringin attenuates liver damage in streptozotocin-
induced diabetic rats. Biomed Pharmacother. 2018;105:95-102. doi:10.1016/j.biopha.2018.05.120

4�. Abolfathi AA, Mohajeri D, Rezaie A, Nazeri M. Protective Effects of Green Tea Extract against Hepatic
Tissue Injury in Streptozotocin-Induced Diabetic Rats. Evid Based Complement Alternat Med.
2012;2012:e740671. doi:10.1155/2012/740671

49. Mohan Y, Jesuthankaraj GN, Ramasamy Thangavelu N. Antidiabetic and Antioxidant Properties of
Triticum aestivum in Streptozotocin-Induced Diabetic Rats. Adv Pharmacol Sci. 2013;2013:e716073.
doi:10.1155/2013/716073



Page 14/19

50. Modi K, Santani DD, Goyal RK, Bhatt PA. Effect of coenzyme Q10 on catalase activity and other
antioxidant parameters in streptozotocin-induced diabetic rats. Biol Trace Elem Res. 2006;109(1):25-
33. doi:10.1385/BTER:109:1:025

51. Ojha S, Alkaabi J, Amir N, et al. Withania coagulans Fruit Extract Reduces Oxidative Stress and
In�ammation in Kidneys of Streptozotocin-Induced Diabetic Rats. Oxid Med Cell Longev.
2014;2014:e201436. doi:10.1155/2014/201436

52. Sivakumar S, Palsamy P, Subramanian SP. Attenuation of oxidative stress and alteration of hepatic
tissue ultrastructure by D-pinitol in streptozotocin-induced diabetic rats. Free Radic Res.
2010;44(6):668-678. doi:10.3109/10715761003733901

Figures

Figure 1

Experimental protocol
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Figure 2

Effect of kaempferol and myricetin on bodyweight in streptozotocin-induced rats. All values are oresented
as mean ± SEM. Corelation amid the groups was done using Bonferroni post comparison test by two-
way ANOVA.

Figure 3
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Effect of kaempferol and myricetin on glucose in streptozotocin-induced rats. All values are presented as
mean ± SEM. Corelation amongst the groups was done using Bonferroni post comparison test by two-
way ANOVA. 

Figure 4

Effect of kaempferol and myricetin on amylase in streptozotocin-activated rats. All values were indicated
as mean ± SEM. Corelation amid the groups was done using Tukey’s post comparison test by one- way
ANOVA.

P value < 0.5, 0.01, 0.001 was expressed as *, **, *** when correlated to diabetic group

# Signi�es comparison to control group (P<0.001)
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Figure 5

Effect of kaempferol and myricetin on amylase in streptozotocin-induced rats. All values are presented as
mean ± SEM. Corelation amid the groups was done using Tukey’s post comparison test by one- way
ANOVA.

P value < 0.5, 0.01, 0.001 was expressed as *, **, *** when correlated to diabetic group

# Signi�es correlation with control group (P<0.001)

Figure 6

Effect of kaempferol and myricetin on lipid pro�le A. Total cholesterol, B. HDL, C. Triglycerides, and D.
Total protein in streptozotocin-induced rats. All values are presented as mean ± SEM. Corelation amid the
groups was done using Tukey’s post comparison test by one- way ANOVA.

P value < 0.5, 0.01, 0.001 was expressed as *, **, *** when correlated to diabetic group

# Signi�es correlation with control group (P<0.001)
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Figure 7

Effect of kaempferol and myricetin on liver enzymes A. AST, and B. ALT in streptozotocin-induced rats. All
values are presented as mean ± SEM. Corelation amid the groups was done using Tukey’s post
comparison test by one- way ANOVA.

P value < 0.5, 0.01, 0.001 was expressed as *, **, *** as correlated to diabetic group

# Signi�es comparison to control group (P<0.001)

Figure 8

Effect of kaempferol and myricetin on antioxidant enzymes A. Catalase, B. GSH, C. SOD, and D. Lipid
peroxidation (MDA) in streptozotocin-induced rats. All values are presented as mean ± SEM. Corelation
amid the groups was done using Tukey’s post comparison test by one- way ANOVA.

P value < 0.5, 0.01, 0.001 was expressed as *, **, *** when correlated to diabetic group

# Signi�es comparison to control group (P<0.001)

Figure 9

Effect of kaempferol and myricetin on in�ammatory cytokines A. IL-6, B. IL-1β, and C. TNF-α in
streptozotocin-induced rats. All values are presented as mean ± SEM. Corelation amid the groups was
done using Tukey’s post comparison test by one- way ANOVA.

P value < 0.5, 0.01, 0.001 was expressed as *, **, *** when correlated to diabetic group

# signi�es comparison to control group (P<0.001) 
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