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Luteolin and its derivatives as potential antidiabetic drug ingredients

Abstract: Luteolin is a flavone class natural product that occurs as a free or as in glycoside form in nature 
and is often derived from plant sources. Though it is reported as a natural antioxidant like other flavonoids, 
many studies found it as a potent ingredient for diabetic management. Its antidiabetic activities both in vitro 
and in vivo are reviewed from recent works of literature found from the articles searched in PubMed, Sci-
enceDirect and Google Scholar. Luteolin and its derivatives were studied for their potential anti-bacterial, 
anti-fungal, anti-inflammatory, antioxidant, anti-apoptotic, anti-allergic along with its anti-hyperglycemic 
activities. The antidiabetic effect of luteolin was supported by different mice model experiments, enzyme 
inhibitory assays and molecular docking studies. The review suggests further clinical studies with a larger 
sample size for the determination of appropriate doses and synergistic actions.
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Introduction 

Luteolin (C15H10O6) is found in many edible 
and medicinal plants, such as pepper, onion, 
apple, artichoke, cabbage, celery, carrot, and 
spinach. Many phytochemical studies have 
reported the presence of luteolin as aglycone 
or in glycoside form in plants belonging to 
different families such as Asteraceae, Rosaceae, 
Leguminosae, Cyperaceae, Gentianaceae, 
Scrophulariaceae, Clusiaceae, Lamiaceae, 

Caprifoliaceae, Passifloraceae, Plantaginaceae 
and Polygonaceae [1]. Luteolin possesses strong 
antioxidative, anti-inflammatory and potential 
anti-cancer activities as reported by earlier 
works of literature [2,3]. Studies have also 
claimed the enhancement of insulin resistance 
in diabetic mice was due to the bioactivity 
of luteolin [4,5]. The biological activities of 
luteolin (Fig 1) have been attributed due to the 
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position of hydroxyl (-OH groups) moieties and 
the C2= C3 double bond in ring B [6].

The plant secondary metabolites like phenolics 
and flavonoids are of pharmacological 
importance as they are the ingredients for many 
drugs, functional foods and preservatives [7]. 
Several studies reported the flavonoids from 
different food materials could control lipid 
profile, glucose metabolism, regulate enzyme 
functions and thus can protect the human 
body from oxidative stress, obesity, diabetes, 
inflammations and other complications [8]. 
The flavone, luteolin has an array of biological 
functions as an anti-oxidant,  anti-tumorigenic, 
anti-mutagenic, anti-apoptotic, anti-allergic, 
anti-inflammatory and anti-estrogenic [1,3]. 
Luteolin, when administered, maybe in free 
form or glucuronide form while it circulates in 
the plasma. Luteolin has been reported to act as 

a therapeutic agent for many nervous system 
disorders and mediates the modification of 
different signaling systems (e.g.  AKT/GSK 3β, 
and AKT/PKB pathway) [9]. 

Materials and methods

The biological activities of luteolin were 
searched from different search engines like 
PubMed, ScienceDirect and Google Scholar. The 
keyword luteolin was searched in combination 
with antidiabetic activity, natural α-glucosidase 
inhibitor, anti-hyperglycemic drug, flavonoid 
activities in the management of diabetes, 
biological activities and pharmacological 
importance. Among the searched literature, 
the relevant publications of luteolin activities 
relating to anti-diabetic properties were 
reviewed. 

Compounds studied Biological activity Reference

Luteolin

Antidiabetic, Anti-inflammatory and anti-
oxidative effects [5]
Antioxidant activity, antibacterial activity 
and hypoglycemic effect [31]

Effective in ameliorating ethanol-induced 
hepatic steatosis and injury in mice. [18]

Protection against the development of 
diabetic nephropathy [4]

Inhibition of α-glucosidase and α-amylase [21]
Antimicrobial activity against S. aureus 
and L. monocytogenes. [32]

Antioxidant, anti-inflammatory and anti-
allergic activities [3]

Cardiovascular protective effect [20]

Potential anticancer activities [33]

5-hydroxy-3′,4′-dimethoxyflavone-7-O-(rhamnoside) and 
5-hydroxy-3′-methoxyflavone-4′-O-(penthenyl-4-one)-7-O-
(2″-(rhamnosyl) rhamnoside)

Antibacterial activity against Gram-
positive bacteria [34]

Luteolin-7-O-glucoside Antidiabetic, Anti-inflammatory and anti-
oxidative effects [5]

Luteolin-7-O-glucoside
Antibacterial activity against Salmonella 
typhimurium and antifungal activity 
against Alternaria alternate.

[35]

Table 1. Reported biological activities of luteolin and its derivatives
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Fig. 1. Structure of Luteolin

Results and Discussion

Flavonoids in glucose homeostasis

Several in vitro and in vivo studies revealed the 
potential bioactivities of flavonoids in managing 
diabetes and improving insulin secretion and 
sensitivity. Flavonoids also can alter metabolic 
pathways of glucose homeostasis [10]. Some 
reports also claim that flavonoids exhibit 
inhibitory activities against amylase, glucosidase 
and other sugar hydrolyzing enzymes [11–13]. 
Aldol reductase converts glucose to sorbitol 
and excess sorbitol causes osmotic imbalance 
leading to the development of cataracts, 
nephropathy and neuropathy. Flavonoids are 
potential inhibitors of aldol reductase and 
thus, can work for controlling diabetes. The 
flavonoids such as quercetin and taxifolin have 
been extensively studied and reviewed for their 
various biological activities, particularly anti-
diabetic properties [14,15]. The present review 
makes an effort to outline the anti-diabetic 
studies of luteolin and its derivatives as these 
compounds are widely distributed in nature in 
plants of several families.

Antidiabetic activity of luteolin

Luteolin and its derivatives or glycosides have 

been studied by various research groups for 
its important biological activities and disease 
suppression potential (Table 1). Diabetes can 
be due to the oxidative injury to pancreatic 
islet cells by Reactive Oxygen Species 
(ROS) or excess free radicals [16]. Luteolin 
possesses ROS scavenging activity to protect 
the components of physiological systems and 
the pancreas [17].  Along with its antioxidant 
activity, it also promotes insulin secretion 
[5,9,18]. Activation of the nitric oxide synthase 
pathway and enhancement of superoxide 
dismutase (SOD) activity was also regulated 
by the luteolin molecule and thus it can prevent 
free radical-mediated injury [5,19,20].

Inflammation and diabetes are correlated as the 
insulin resistance is induced by the reduction 
of beta-cell (β-cell) function by inflammatory 
cytokines.Luteolin can minimize inflammation-
induced diabetes. The flavonoid exerts its 
protective effect against inflammatory markers 
[5,21,22]. The anti-inflammatory activity of 
luteolin has a large impact on the reduction of 
insulin resistance in rat model experiments [9]. 
Diabetes treatment is being carried out with oral 
anti-hyperglycemic drugs and insulin injection 
Common drugs used in oral administration are 
commercially available anti-hyperglycemic 
drugs, such as glycosidase inhibitors, 
sulfonylureas, biguanides, and thiazolidinedione 
derivatives. These types of medications have 
specific toxic and adverse effects leading to 
other disorders and reduced insulin receptor 
sensitivity [23,24]. Administration of 
flavonoids may exert antioxidant, antimicrobial, 
anticancer, antitumor, anti-inflammatory and 
cardiovascular actions inside the human body 
[1,11,13]. Recent in vivo, in vitro and in silico 
studies have greatly supported the anti-diabetic 
properties of some flavonoids like quercetin, 
taxifolin and luteolin [6,9,12,14,25].

In vivo anti-hyperglycemic activities of 
luteolin
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Diabetic nephropathy is due to alterations in 
specific renal morphology and functions. High 
glucose-induced renal injury can be stimulated 
by ROS [26]. Wang et al suggested that the 
intracellular ROS also leads to the pathogenesis 
of diabetes or diabetic nephropathy [4]. In this 
context, the luteolin action can change the 
(SOD) activity, the malondialdehyde (MDA) 
level and the Heme Oxygenase-1 expression 
via antioxidative properties. Wang et al studied 
the streptozotocin (STZ) induced diabetic mice 
where the blood glucose level (BGL) of the 
STZ induced mice were measured before and 
after diabetes induction. After confirmation of 
diabetes, luteolin was fed at a dose of 200 mg/
kg. After eight weeks when a high BGL was 
confirmed in controlled mice, the blood samples, 
urine samples and kidneys were collected and 
biochemically analyzed with the due procedure 
[4].

The results showed that in the diabetic group 
the BGL reached more than four times higher 
compared to that of the control group after 48 
h of incubation. After 8 weeks there was no 
significant change in BGL in the diabetic group. 
The luteolin-treated diabetic group showed a 
decrease in BGL (from 21.73 to 13.66 mmol/L) 
within 8 weeks. Luteolin also protected the 
rats from bodyweight loss. Administration of 
luteolin at 200 mg/kg brought back the Blood 
urea nitrogen (BUN), creatinine and 24-h urea 
protein to close to the normal values which 
were increased in STZ-induced diabetic rats.  
The levels of serum triacylglycerol (TG), total 
cholesterol (TC), and low-density lipoprotein 
(LDL) were increased in STZ-induced diabetic 
rats while the respective values increased 
in the luteolin-treated group of rats. The 
level of high-density lipoprotein (HDL) was 
significantly increased in the luteolin-treated 
group of rats. A significant enhancement in 
SOD activity and reduction in MDA level in 
the kidney homogenate sample was observed 
due to luteolin treatment. The histological 

study showed an improvement in the damaged 
glomerulus and tubulointerstitial lesions. The 
western blot analysis also showed an elevation 
of the expression of cytoprotectant enzyme 
Heme Oxygenase-1. Luteolin improved nerve 
blood flow and thus improves nerve conduction 
velocity. These effects of luteolin treatment 
prevented diabetic nephropathy and retinal 
neurodegeneration [27]. 

Luteolin reportedly improves insulin sensitivity 
when it influences the AKT2 kinase.  Luteolin 
also maintains normal levels of fasting blood 
glucose to prevent lipolysis. This helps in 
maintaining the TG and TC levels in reference 
limits. Diabetic cardiomyopathy via the AKT/
GSK 3β pathway is also regulated by luteolin 
treatment and the diabetic hearts are protected 
by activating the nitric oxide synthase pathway 
preventing oxidative injury [4,28].

Zang et al studied the antidiabetic properties of 
luteolin and luteolin-7-O-glucoside using KK-Ay 
mice [5]. The mice were divided into 3 groups: the 
control group (CON group); the luteolin treated 
group (LU group) and luteolin-7-O-glucoside 
treated group (LUG group). Equimolar luteolin 
and luteolin-7-O glucoside were added in the 
respective diets. In their experiment, the mice 
were anesthetized after regular food intake for 
28 days. Then by cardiac puncture, the blood 
was collected for analysis. The BGL, serum 
HbA1c, HOMA-IR index, and insulin levels 
in KK-Ay mice were found to be significantly 
lower in the LU and LUG groups than those 
in the CON group indicating the reduction in 
hyperglycemia and hyperinsulinemia. LU has 
shown to have stronger antidiabetic activity than 
LUG though both were showing a reduction in 
BGL. The TC and TG levels were decreased 
and HDL levels improved in both serum 
and liver by administration of LU and LUG. 
Inflammation and oxidative stress are related 
to the pathogenesis of diabetes. TNF-α, which 
affects the β-cell function and induces insulin 
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resistanceis a pro-inflammatory cytokine [29]. 
A decrease in the serum TNF-α, liver TBARS, 
TNF-α mRNA expression was observed in 
the LU and LUG groups. The overall result 
indicated that LU and LUG can be effective 
drug ingredients against diabetes and LU 
activity was better than LUG.

Based on these results, it is envisaged that 
luteolin may be treated as a drug ingredient 
to enhance the redox balance and prevent the 
damage of the physiological components due 
to diabetes mellitus. The high antioxidant 
activity of luteolin may have a pronounced 
effect on prevention of the diabetic nephropathy 
progression.

In vitro enzyme inhibition studies

Luteolin and its derivatives such as 
amentoflavone, luteolin 7-O-glucoside, and 
daidzein were strong inhibitors of α-amylase 
and α-glucosidase as reported by Kim et al  [21]. 
The in vitro enzyme inhibition assay was 
performed with a standard procedure where 
the inhibitor was tested for its inhibitory 
potential against α-amylase where starch was 
taken as substrate. The inhibitory potential 
against α-glucosidase was tested by taking 
PNPG (4-Nitrophenyl α-D-glucopyranoside) 
as substrate [7,21,24]. Luteolin showed 36% 
inhibition against α-glucosidase at 0.5 mg/mL 
and was shown to be a better inhibitor than 
acarbose (the most widely prescribed drug). 
The result suggested that luteolin may suppress 
postprandial hyperglycemia in patients. Luteolin 
also inhibited α-amylase but with less potent 
than acarbose. Earlier reports claim that that 
the catechol system on the ring B, the presence 
of C2=C3 double bond and the ketonic group 
at C4 position altogether enhances bioactivity, 
particularly the antidiabetic effects [30]. The 
double bond position and the substituent position 
were also studied theoretically in molecular 
docking and kinetics experiment. Along with 

the C2=C3 double bond the position of the 
substituent on B-ring (carbon no. 3’ and 4’) and 
A-ring (carbon no.5 and 7) of any flavonoid 
have an important role in α-glucosidase 
inhibition kinetics [6,12]. Luteolin exhibited 
α-amylase with IC50 value 78 µM and was 
observed to show a competitive inhibition [6]. 
Structure-activity relationship studies were 
performed for varieties of flavonoid compounds 
and were found that many flavonoids have the 
potential to be used as an alternative to the 
widely prescribed drug, acarbose. The structure 
of flavonoids, number and position of -OH 
groups determine the intended properties of 
the flavonoids [12]. Luteolin showed better 
α-glucosidase inhibiting potential (IC50 value 
46 µM) compared to acarbose (IC50 value 607 
µM). Hence potentially effective flavonoids 
like quercetin, taxifolin, luteolin and others can 
be used as drug ingredients for type-II diabetes 
therapeutics. Dong et al [31] synthesized 
luteolin–manganese(II) complex and performed 
glucose digestion assay in HepG2 cell line. The 
complex has Mg(II) ion bonded to the chelation 
sites of 5-hydroxy and 4-carbonyl in two luteolin 
molecules. It was observed that the complex had 
a higher anti-hyperglycemic effect than luteolin. 
Even the antioxidant and antibacterial activities 
were improved after complexation.

Conclusion

Luteolin has many beneficial effects proved 
in experimental disease models in vitro and in 
vivo to support luteolin and its derivatives as 
an alternative to the commonly administrated 
α-glucosidase inhibitors for diabetic 
management along with potential antioxidant, 
antimicrobial, anti-allergic and cardiovascular 
protective effects. Protecting the physiological 
components and maintaining the desired level of 
BGL, TC, TG, LDL, HDL, and SOD activities 
in mice model experiments set the benchmark 
of the antidiabetic potential of luteolin. The 
antioxidant and enzyme inhibition potential of 
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luteolin and its derivatives were reproduced in 
different experimental researches and supported 
by in silico studies as well. Significant anti-
hyperglycemic activity of luteolin in both 
animal and enzyme models suggested its 
pharmacological importance as a natural 
antidiabetic drug ingredient. More clinical 
studies are required with a larger sample size to 
explore the synergistic effects and future drug 
prospective of luteolin.

Conflict of interests

The author declares that there is no conflict of 
interest

Abbreviations:

BGL: Blood glucose level; HDL:  High-
density lipoprotein; HOMA-IR: Homeostatic 
Model Assessment of Insulin Resistance; 
HbA1c: Hemoglobin A1c; LDL: Low-density 
lipoprotein; MDA: Malondialdehyde; PNPG: 
4-Nitrophenyl α-D-glucopyranoside; ROS: 
Reactive Oxygen Species; SOD: Superoxide 
dismutase; STZ: Streptozotocin; TBARS: 
Thiobarbituric acid reactive substances; TC: 
Total cholesterol; TG: Triglycerides; TNF-
α:Tumor necrosis factor-alpha

References

1. M. Lopez-Lazaro, Mini Rev Med Chem., 2009, 9, 31–59.
2. Y. Lin, R. Shi, X. Wang, and H.-M. Shen, Curr Cancer 

Drug Targets, 2008, 8, 634–646.
3. G. Seelinger, I. Merfort, and C. M. Schempp, Planta Med., 

2008, 74, 1667–1677.
4. G. G. Wang, X. H. Lu, W. Li, X. Zhao, and C. Zhang, Evid.-

Based Complementary Altern. Med., 2011, 2011, 1-7.
5. Y. Zang, K. Igarashi, and Y. Li, Biosci. Biotechnol. 

Biochem., 2016, 80, 1580–1586.
6. C. Proença, M. Freitas, D. Ribeiro, S. M. Tomé, E. F. T. 

Oliveira, M. F. Viegas, A. N. Araújo, M. J. Ramos, A. M. S. 
Silva, P. A. Fernandes, and E. Fernandes, J Enzyme Inhib 
Med Chem., 2019, 34, 577–588.

7. S. Ayusman, P. Duraivadivel, H. G. Gowtham, S. Sharma, 
and P. Hariprasad, Food Biosci, 2020, 35, 100544.

8. Y.-J. Zhang, R.-Y. Gan, S. Li, Y. Zhou, A.-N. Li, D.-P. Xu, 

and H.-B. Li, Molecules, 2015, 20, 21138–21156.
9. Z. Deqiu, L. Kang, Y. Jiali, L. Baolin, and L. Gaolin, 

Biochimie, 2011, 93, 506–512.
10. P. V. A. Babu, D. Liu, and E. R. Gilbert, J. Nutr. Biochem, 

2013, 24, 1777–1789. 
11. R. Vinayagam and B. Xu, NutrMetab (Lond), 2015, 12, 60.
12. C. Proença, M. Freitas, D. Ribeiro, E. F. T. Oliveira, J. L. 

C. Sousa, S. M. Tomé, M. J. Ramos, A. M. S. Silva, P. 
A. Fernandes, and E. Fernandes, J Enzyme Inhib. Med. 
Chem., 2017, 32, 1216–1228.

13. Y. Jia, Y. Ma, G. Cheng, Y. Zhang, and S. Cai, J. Agric. 
Food Chem., 2019, 67, 10521–10533.

14. G.-J. Shi, Y. Li, Q.-H. Cao, H.-X. Wu, X.-Y. Tang, 
X.-H. Gao, J.-Q. Yu, Z. Chen, and Y. Yang, Biomed. 
Pharmacother., 2019 109, 1085–1099.

15. H. Su, Y.-T. Ruan, Y. Li, J.-G. Chen, Z.-P. Yin, and Q.-F. 
Zhang, Int. J. Biol. Macromol., 2020, 150, 31–37.

16. S. K. Panigrahy, R. Bhatt, and A. Kumar, J. Drug Target., 
2017, 25, 93–101.

17. U. Wölfle, P. R. Esser, B. Simon-Haarhaus, S. F. Martin, J. 
Lademann, and C. M. Schempp, Free Radic. Biol. Med., 
2011, 50, 1081–1093.

18. G. Liu, Y. Zhang, C. Liu, D. Xu, R. Zhang, Y. Cheng, Y. 
Pan, C. Huang, and Y. Chen, J Nutr, 2014, 144, 1009–1015.

19. M. Li, Q. Li, Q. Zhao, J. Zhang, and J. Lin, Int J Clin Exp 
Pathol, 2015, 8, 10112–10120.

20. Y. Luo, P. Shang, and D. Li, Front. Pharmacol., 2017, 8.
21. J.-S. Kim, C.-S. Kwon, and K. H. Son, Biosci. Biotechnol. 

Biochem., 2000, 64, 2458–2461.
22. R. K. Ambasta, R. Gupta, D. Kumar, S. Bhattacharya, A. 

Sarkar, and P. Kumar, Brief Funct Genomics, 2019, 18, 
230–239.

23. K. C. Chinsembu, J Herb Med, 2019, 15, 100230.
24. A. Swain and P. Hariprasad, Asian J. Chem., 2020, 32, 

1235–1242.
25. A. K. Shetty, R. Rashmi, M. G. R. Rajan, K. Sambaiah, and 

P. V. Salimath, Nutr Res., 2004, 24, 373–381.
26. H. Ha and H. B. Lee, Kidney Int., 2000, 58, S19–S25.
27. H. Lu, Y. Chen, X.-B. Sun, B. Tong, and X.-H. Fan, RSC 

Adv., 2015, 5, 4898–4904.
28. Y. Zhang, X.-Q. Tian, X.-X. Song, J.-P. Ge, and Y.-C. Xu, 

Biomed Res, 2017, 28(3).
29. N. K. Agrawal and S. Kant, World J Diabetes, 2014, 5, 

697–710.
30. M. N. Sarian, Q. U. Ahmed, S. Z. Mat So’ad, A. M. 

Alhassan, S. Murugesu, V. Perumal, S. N. A. Syed 
Mohamad, A. Khatib, and J. Latip, BioMed Res. Int., 2017, 
1–14.

31. H. Dong, X. Yang, J. He, S. Cai, K. Xiao, and L. Zhu, RSC 
Adv., 2017, 7, 53385–53395.

32. W. Qian, M. Liu, Y. Fu, J. Zhang, W. Liu, J. Li, X. Li, Y. Li, 
and T. Wang, Microb. Pathog., 2020, 142, 104056.

33. K. A. Kang, M. J. Piao, Y. J. Hyun, A. X. Zhen, S. J. Cho, 
M. J. Ahn, J. M. Yi, and J. W. Hyun, Exp Mol Med, 2019, 



Chemistry & Biology Interface Vol. 11 (3), May - June 2021115

51, 1-14.
34. A. Shafaghat, F. Pirfarshi, and M. Shafaghatlonbar, Ind 

Crops Prod, 2014 62, 533–536.
35. K. K. Chiruvella, A. Mohammed, G. Dampuri, R. 

G.Ghanta, and S. C. Raghavan, Int J Biomed Sci, 2007, 
3, 269–278.

Chemistry & Biology Interface, 2021, 11, 3, 109-115


