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Quercetin attenuates thermal hyperalgesia and cold allodynia in 
STZ-induced diabetic rats 
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Neuropathic pain is one of the important microvascular complications of diabetes. Oxidative stress and superoxide play a 
criti cal role in the development of neurovascular complicat ions in diabetes. Aim of the present study was to eva luate the 
effect of quercetin, a bionavonoid on thermal nocicepti ve responses in streptozotoci n (STZ)- induced diabeti c rats assessed 
by tail-immersion and hot plate methods. After 4-weeks of a single intravenous STZ injecti on (45 mg/kg body wei ght), 
diabetic rats exhibited a significant thermal hyperal gesia and cold all odynia along with increased plasma glucose and 
decreased body weights as compared with control rats. Chronic treatment with quercetin (I 0 mg/kg body weight; p.o) for 4-
weeks starting from the 4'11 week of STZ-injection significantly attenuated the cold all odyni a as well as hypera lges ia. Results 
indicate that quercetin, a natural anti ox idant , may be helpful in diabetic neuropathy. 
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Neuropathic pain is one of the most common 
complications in diabetes mellitus. Jt is mostly 
characteri zed by hyperal ges ia and allodynia. Clinical 
and experimental studies have revealed that reactive 
oxygen species (ROS) play a significant role in 
pathophysiology of neuropathic pain in diabetes . 
Quercetin (3, 5, 7, 3 ', 4'-pentahydroxyflavone) is a 
phenolic compound widely distributed in the plant 
kingdom . [t is found in many frequently consumed 
foods, including apples, onion, tea, berries and 
brassica vegetables. Renewed interest has been 
observed in recent years on multipk activities of 
novel biofl avonoids. They are reported t•) have many 
beneficial effects on human health, including 
cardiovascular protection, anticancer activity, anti
ulcer effects , anti-allergic activity , cataract 
prevention , antiviral activity and anti-inflammatory 
e ffects I. 2 . There are sporadic reports on the analgesic 
activity of certain flavonoids such as hydroxy ethyl 
rutoside3 and gossypin4

. Recently it has been reported 
that quercetin has analgesic activity5 in naive animals 
tested in few test systems6

. Moreover, quercetin has 
been reported to inhibit oxidative damage in various 
tissues of STZ-induced diabetic rats7

. 
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Based on analgesic and antioxidant properties of 
quercetin, the present study has been aimed to 
evaluate the effect of quercetm on thermal 
hyperalgesia and cold allodynia, the indices of 
diabetic neuropathic pain in rats. 

Materials and Methods 
Animals-Male Sprague-Dawley rats (200-250 g) 

bred in Central Animal House fac ilities of Panjab 
University were housed under optimal laboratory 
conditions. Animals were acc limatized to laboratory 
conditions before the experiments that were carried 
out between 0900 and 1700 hr. Approval of 
Institutional Animal Ethics Committee was obtained. 

Treatment schedule-After a basal reading at 4'h 
week of STZ injection, control and diabetic rats were 
randomly selected and divided in three groups of 6-7 
animals each. i.e. control, diabetic control and 
diabetic group treated with quercetin . Starting from 
the 4'" week till 8'" week, the control and diabetic 
control groups received vehicle of quercetin and 
another diabetic treated group received suspension of 
quercetin (10 mg/kg body weight/day) orally. 
Quercetin (Sigma Chemical , St.Lo ... is , MO, USA) 
suspension was prepared in 0 .5 % carboxy methyl 
cell ulose solution. All the drugs were administered in 
a constant volume of 0 .5 mil I OOg body weight of rat. 

Induction and assessmellt of diabetes-A single 
dose of 45-mg/kg body weight STZ (Sigma Chemical , 
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St.Louis, MO, USA) prepared in citrate buffer (pH 
4.4, 0.1 M) was injected through tail vein8

. The age 
matched control rats received citrate buffer and used 
along with diabetic animals. Diabetes was confirmed 
after 48 hr of STZ injection, the blood samples were 
collected through tail vein and plasma glucose levels 
were estimated by enzymatic GOD-PAP (glucose 
oxidage peroxidase) diagnostic kit method (Span 
Diagnostic Chemicals, lndiaf The rats having plasma 
glucose levels more than 250 mg/dl 10 were selected 
and used for the present study. Body weight and 
plasma glucose level were also measured before and 
at the end of experiment to see the effect of quercetin 
on these parameters. 

Assess111ent of thermal hyperalgesia and cold 
allodynia-Tail-immersion (warm water) test: Tail of 
rat was immersed in a warm water (47° ± 1°C) bath 
until tail withdrawal (flicking response) or signs of 
struggle were observed (cut-off 15 sec). Shortening of 
the tail-withdrawal time indicates hyperalgesia. 

Tail-immersion (cold water) test-The procedure 
was same as warm water test but the temperature of 
water was set at I 0° ± 0.5°C, a temperature that is 
normally innocuous". The shortened duration of tail 
immersion indicates allodynia. The cut-off time 
was 15 sec. 

Hot plate test--Jn this test, animals were 
individually placed on a hot plate (Eddy's Hot Plate) 
with the temperature adjusted to 55° ± 1 °C. The 
latency to the first sign of paw licking or jump 
response to avoid heat pain was taken as an index of 
pain threshold and the cut-off time was kept 10 sec in 
order to avoid damage to the paw. 

Statistical analysis-The nociceptive threshold 
(latency in seconds) to thermal noxious and non
noxious stimuli was measured and expressed as mean 
± S.E. The hyperalgesic and allodynia responses were 
analysed by ANOVA followed by Tukey's t test. P < 
0.05 was considered as significant. Student's t test 
was used to compare the values from two groups. 

Results 
Blood glucose and body weights-Diabetic rats 

exhibited significantly increased plasma glucose 
levels compared to control rats (?<0.001). There was 
a marked decrease in the body weight of STZ-injected 
rats as compared to control rats (?<0.001). These 
parameters were unaffected by quercetin treatment. 

Effect of chronic quercetin treatment on diabetic 
pain threshold in tail-immersion (warm water) 

tests-At the end of 4th week, diabetic animals 
exhibited significant decrease in pain threshold from 
noxious stimuli as compared to control rats 
(P<O.OO 1 ). Quercetin administration from the 4th 
week to gth week significantly increased the tail 
withdrawal latencies from 4th to gth week compared to 
control diabetic rats (P<O.OO 1, Fig. 1 A). 

Effect of chronic quercetin treatment on diabetic 
pain threshold in tail-immersion (cold water) 
tests-At the end of 4th week, diabetic animals 
exhibited significant decrease in pain threshold from 
non-noxious stimuli as compared to control rats 
(?<0.001). Quercetin administration from the 4th 
week to gth week significantly increased the tail 
withdrawal latencies from 4th to gth week compared to 
control diabetic rats (P<O.OOI, Fig. 1B). 

Effect of chronic quercetin treatment Oil diabetic 
pain threshold in. hot plate tests-At the end of 4th 
week, diabetic animals exhibited significant decrease 
in pain threshold as compared to control rats 
(?<0.05). Quercetin administration from the 4th week 
to gth week significantly increased the tail withdrawal 
latencies from 4th to gth week compared to control 
diabetic rats (P<O.OO 1, Fig. 1 C). 

Discussion 
The markedly decreased nociceptive thresholds in 

STZ-injected diabetic rats as compared with control 
rats indicated development of significant thermal 
hyperalgesia and cold-allodynia. Mechanical 
hyperalgesia, thermal allodynia and formalin-evoked 
flinching in STZ-rats have been demonstrated 
previously 12

' 
13

• The hyperalgesic response in the tail
withdrawal test is generally attributed to central 
mechanisms '4• 

15
, whereas the hyperalgesic response 

on the hot plate is considered to result from a 
combination of both central and peripheral 
mechanisms 15 

Generation of superoxide due to oxidative stress in 
diabetes may be responsible for vascular and neuronal 
complications of painful neuropathy 16

. Present study 
on the tail-immersion and hot plate methods indicates 
that quercetin prevents the both spinal and supraspinal 
neuropathy in diabetic mice. This is in agreement with 
the reports where glutathione (GSH) and alpha-lipoic 
acid, well known, antioxidants significantly prevented 
thermal and mechanical hyperalgesia 17

·
18

• It is also 
reported that dimethylthiourea, a hydroxyl scavenger, 
also prevented the development of mechanical 
hyperalgesia in the diabetic rats 19

. The mechanism by 
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Fig. !-Effect of chronic treatment of quercetin on pain threshold values in STZ-injected diabetic rats subjected to the tail immersion test 
in (A) hot water (47° ± I °C), (B) cold water (10° ± 0.5 °C) and (C) the hot plate test (55° ± I °C). [Values are in mean± S.E. P values; 
•<0.00 I as compared with control rats at before and respective week; b<O.OO I as compared with control diabetic rats at before and 
respective week ; c<O.OO l as compared with controls at first week and d<0.05 as compared with control diabetic rats at respective week] 

which quercetin, a natural antioxidant, inhibits lipid 
peroxidation by blocking the enzyme xanthine 
oxidase20, chelating iron21 and directly scavenging 
hydroxyl, peroxy and superoxide radicals 1 reveals its 
antioxidative properties. Quercetin also protects 
antioxidative defence mechanism by increasing the 
absorption of vitamin C22. Quercetin has been shown 
to inhibit structural damage to proteins23 , the release 
and the production of oxidative products generated by 
the respiratory burst in phagocytes24. Hydroxyl 
radicals generated from decomposition of peroxy
mtnte or via transitiOn metal-catalyzed Fenton 
reaction play a potential role in neurovascular dysfun
ction in diabetes. Quercetin has recently shown to be 
an iNOS inhibitor, resulting in reduced nitric oxide 
(NO) and peroxynitrate generation25. Moreover, it is 
an effective metal chelator thereby preventing the 
Fenton reaction. 

Impaired blood flow also seems to contribute to 
noxious stimulus hypersensitivity. Vasodilator 

treatment has been demonstrated to reduce allodynia 
in diabetic rats26. Oxidative stress related reduction in 
perfusion is thought to play a part in cardiac auto
nomic dysfunction27. Similar mechanism could be 
operating in small fiber sensory neuropathy. Impaired 
perfusion of neuronal cell bodies could contribute to 
autonomic dysfunction by restricting the energy 
supply for synthesis and transport of molecules 
essential to maintain axonal integrity and neurotrans
mission18. Thus, quercetin may have improved 
neuronal blood flow through reactive oxygen species 
scavenging or by its direct vasorelaxant properties28. 

In conclusion, the use of antioxidants as quercetin 
may constitute a potential therapeutic approach to 
diabetic neuropathic pain and vasculopathy. 

Acknowledgement 
M. Anjaneyulu thanks CSIR, New Delhi for the 

Senior Research Fellowship. 



ANJANEYULU & CHOPRA: DIABETIC PAIN & QUERCETIN 769 

References 
I De Whalley C V, Rankin J F & Rankin S M, Flavonoids 

inhibit the oxidative modification of low-density 
lipoproteins, Bichem Pharmacal, 39 (1990) 1743. 

2 Kaul T N, Middleton E & Jr Ogra P L, Antiviral effect of 
flavonoids on human viruses, J Med Viral, 15 (1985) 71. 

3 Ramaswamy S, Padmanabha P, Gopalakhrishan V, Parmar N 
S & Gosh M N, Analgesic effect of 0-(~-Hydroxy Ethyl) 
rutoside in mice, Indian J Exp Bioi, 23 ( 1985) 219. 

4 Yiswanathan S, Sambantham P T, Kannappa R & 
Kameswaran L, Gossypin-induced analgesia in mice, Eur J 
Pharmacal, 98 ( 1984) 289. 

5 Song B W, Tian W, Liu Y X, Chen Z W, MaC G & Fang M, 
Studies on the analgesia of quercetin , J Anlwi Med Uni, 29 
( 1994) 168. 

6 Anjaneyulu M & Chopra K, Reversal of lipopolysaccharide
induced thermal and behavioural hyperalgesia by quercetin , 
Drug Dev Res, 58 (2003) 248. 

7 Sanders R A, Rauscher F M & Watkins J 8 III. Effects of 
quercetin on antioxidant defence in streptozotocin-induced 
diabetic rats, J Biochem Mol Toxicol, 15 (2001) 143. 

8 Murali B & Goyal R K, Effect of chronic treatment with 
losartan on streptozotocin induced diabetic nephropathy, Clin 
Exp Hyper/ens 23 (200 I) 513. 

9 Schmidt F H, Methodon der harn-und blutzuckerbestrim 
mung 1!: Handbuch Des, Diabetes Mellitus, 2 (1971) 938. 

10 Anjaneyulu M & Ramarao P, Studies on gastrointestinal tract 
functional changes in diabetic animals, Methods Find Exp 
Clin Pharmacal, 2 (2002) 71. 

11 Attal N, Jazat F, Kayser V & Guilbaud G, Further evidence 
for pain-related behaviours in a model of unilateral 
peripheral mononeuropathy, Pain , 41 (1990) 235. 

12 Calcutt N A, Jorge M C, Yaksh T L & Chaplan S R. Tactile 
allodynia and formalin hyperalgesia in streptozotocin
diabetic rats: Effects of insulin, aldose reductase inhibition 
and lidocaine, Pain , 68 (1996) 293. 

13 Ahlgreen S C & Levine J D. Mechanical hyperalgesia in 
streptozotocin-diabetic rats, Neuroscience, 52 (1993) 1049. 

14 Ramabadran K, Bansinath M, Turndorf H & Puig M M, The 
hyperalgesic effect of naloxone is attenuated in STZ-diabetic 
mice, Psychopharmacology ( Berl), 97 ( 1989) 169. 

15 Kannan SA, Saade N E, Haddad J J, Abdelnoor AM, Atweh 
S F, Jabbur S J & Garabedian B S, Endotoxin-induced local 
inflammation and hyperalgesia in rats mince, a new model 
for inflammatory pain, Pharmacology, 66 ( 1996) 373. 

16 Coopey L J, Gellett J S, Davidson E P, Dunlap J A, Lund D 
D & Yorec M A. Effect of antioxidant treatment of 
Streptozotocin-induced diabetic rats in endoneuria! blood 

flow, motor nerve conduction velocity, and vascular 
reactivity of epineurial arterioles of the sciatic nerve, 
Diabetes, 50 (200 I) 1927. 

17 Ueno Y, Kizaki M, Nakagiri R, Kamiya T, Sumi H & 
Osawa T. Dietary glutathione protects rats from diabetic 
nephropathy and neuropathy, J Ntar, 132 (2002) 897. 

18 Cameron N E, Jack A K & Cotter M A. Effect of a-lipoic 
acid on vascular responses and nociception in diabetic rats, 
Free Raclic Bioi Mali, 31 (200la) 125 . 

19 Cameron N E, Tuck Z, MeCabe L & Cotter M A, Effect of 
the hydroxyl radical scavenger, dimethylthiourea, on 
peripheral nerve tissue perfusion, conduction velocity and 
nociceptive in experimental diabetes, Diabetologia, 44 
(200lb) 1161. 

20 Cheng L E & Breen K, On the ability of four flavonoid s, 
baicilein, luteolin, naringenin and quercetin to suppress the 
fentone reaction of the iron-ATP complex, Biometals, 13 
(2000) 77. 

21 DaSilva El, Piskula M K, Yamamoto N, Moon J-H & Tero 
J, Quercetin metabolites inhibit copper ion-induced lipid 
peroxidation in rat plasma, FEBS Leu. 430 (1998) 405. 

22 Vinson J A & Bose P, Comparative bioavailability to humans 
of ascorbic acid alone or in a citrus extract, Am J Clin Nt.lfr, 
48 (1988) 601. 

23 Salvi A, Carrupt P, Tillement J & Testa B, Structural damage 
to protein and influence of protein binding, Biochem 
Pharmacal, 61 (2001) 1237. 

24 Zielinska M, Kostrzewa A & Lgnatowicz E, Antioxidative 
activity of flavonoids in stimulated human neutrophils, Folia 
Histoch em Cytobiol, 38 (2000) 25. 

25 Autore G, Rastrelli L, Lauro M R, Marzocco S, Sorrentino R 
& Sorrentino U. Inhibition of nitric oxide synthase 
expression by a methanolic extract of Crescentia alata and its 
derived flavonols, Life Sci, 70 (200 I) 523. 

26 Jarvis M F, Wessale J L, Zhu C Z, Lynch J J, Dayton B D, 
Calzadilla S V, Padley R J, Opgenorthe T J & Kowaluk FA, 
ABT-627, an endothelin ETA receptor-selective antagonist, 
attenuates tactile allodynia in a diabetic rat model of 
neuropathic pain, Eur J Pharmacal, 388 (2000) 29. 

27 Ziegler D, Schatz H, Gries F A, Ulrich H & Reichel G, 
Effect of treatment with the antioxidant a-lipoic acid on 
cardiac autonomic neuropathy in NIDDM patients. A 4-
month randomized controlled multicenter trial (DEKAN 
Study), Diabetes Care, 20 (1997) 369. 

28 Chan E C, Pannangpeth P & Woodman 0 L, Relaxation to 
flavones and flavonols in rat isolated thoracic aorta: 
Mechanism action of action and structure act1vtty 
relationship, J Cardiovasc Pharmacal, 35 (2000) 326 


