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IntRoductIon
Flavonoids are the largest group of naturally occurring poly 
phenolic compounds present almost in all parts of flowering plants. 
Flavones have reported to have interesting  pharmacological action 
such as antinociceptive [1], anti-inflammatory [2] anti-oxidant 
[3],  antihepatotoxic [4], anti-hypertensive [5], antiulcerogenic [6], 
antiallergic [7], anti-platelet [8]  anti-microbial, anti-fungal, antiviral 
[9], anti-rhinovirus [10], antimalarial [11] and anticarcinogenic [12]. 
The combination of multiple pharmacological properties in a single 
nucleus is quite interesting. 

Inflammation is a protective response intended to eliminate the 
initial cause of the cell injury as well as the necrotic cells and tissues 
resulting from insult. Inflammation is divided into two types, Acute 
inflammation is of relatively short duration, lasting from a minutes to 
days and it is characterized by fluid exudation. Chronic inflammation 
is of relatively long duration, lasting from days to years and 
associated with vascular proliferation and scarring [13].  One of the 
earliest therapeutic applications of flavonoids is in the treatment of 
some inflammatory diseases. The beneficial effects of flavonoids in 
rheumatoid arthritis [14] and in gingival inflammatory conditions [15] 
are some of the earliest reports in this regard. Subsequently, many 
flavonoid compounds have been reported to possess significant 
anti-inflammatory activity in several animal models of acute and 
chronic inflammation; taxifolin [16], gossypin [17] , hesperidin [18], 
naringin [19]  and silymarin [20].  

From the literature review it was concluded that certain 
dihydroxyflavones (3, 3'- dihydroxyflavone, 5, 6- dihydroxyflavone, 
3, 7- dihydroxyflavone and 6, 3'- dihydroxyflavones) are proven 
to have significant anti-inflammatory activity [21]. With this view in 
minds four new dihydroxyflavone derivatives (2’,3’- dihydroxyflavone 
and 2’, 4’ -dihydroxyflavones, 5, 3’- dihydroxyflavone and   7, 3’ 
dihydroxyflavones) which were not subjected to any anti inflammatory 
studies have been selected. In a previous study done by the the 
authors, it has been proven that the selected dihydroxyflavones 
have potent antinociceptive action [22]. In the present study, the 
dihydroxyflavones were investigated for their effect on inflammation 
using carragenan induced paw oedema model.

 

MatERIals and MEthods 

2.1 animals
Male wistar albino rats weighing between120-150 g were used for 
the study. The animals were housed in a controlled temperature 
(25°) with free access to pellet feed (Gold Mohar Ltd., Bangalore) 
&  water and maintained under 12:12 h light:dark cycle. The 
experimental procedure was approved by the Institutional Animal 
Ethical Committee.(Sri Ramachandra Medical College and Research 
Institute).

2.2 dihydroxyflavones
The dihydroxyflavones used in the present study;- 7, 3’ 
dihydroxyflavone, 2’,3’- dihydroxyflavone , 2’, 4’ -dihydroxyflavone 
and  5, 3’ dihrdroxy flavone were synthesized using standard 
procedures at Research Organics, Chennai, India. The authenticities 
of these compounds were done with melting points and UV 
method.

2.3 toxicity studies
According to Organisation for economic cooperation and 
Development - OECD guidelines 423, acute toxicity studies were 
carried out for all the four dihydroxyflavones.  After acclimization of 
the animal for 5 -7 days, study was conducted on healthy, young 
adult wistar albino male rats. The acute toxicity study was done 
by administering single dose 2000mg/kg of respective drugs. After 
drug administration, animals will be observed at 1, 2, 4 and 6 h 
on day 1 and then for the period 14 days for any clinical signs and 
mortality.

2.4 carrageenan Induced hind Paw oedema in Rats
The anti-inflammatory effect was evaluated on the basis of 
carrageenan induced hind paw oedema method in rats [23]. Paw 
oedema was induced by subcutaneous injection of 0.1ml (1% 
solution) of Carrageenan  into the plantar surface of the right hind paw 
of the rat. Selected dihydroxyflavones were administered in doses 
of 5, 10 and 50 mg/kg in different groups of animals, 30 min prior 
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Background: The mechanism of inflammation is attributed, to 
release of reactive oxygen species from activated neutrophils 
and macrophages.  Over production of reactive oxygen species 
may result in tissue injury by damaging macromolecules. 
Flavones are the polyphenolic compounds with antioxidant 
property. This antioxidant property of flavones may have 
beneficial effect against inflammation.

aim: To study the anti-inflammatory effect of selected 
dihydroxyflavones (DHF) in albino rats. The prime objective 
of the present study is to identify safe and effective agents 
to treat inflammation from among the selected DHF group of 
compounds.

Materials and Methods: The present study was designed 
to investigate the anti-inflammatory action of four selected 
dihydroxyflavone derivatives; 2’,3’- dihydroxyflavone and 
2’, 4’ -dihydroxyflavones, 5, 3’- dihydroxyflavone and   7, 3’ 
dihydroxyflavone. The anti-inflammatory activity of selected 
DHF was studied in rats by carrageenan induced hind paw 
oedema method. 

Results: All the selected dihydroxyflavone derivatives showed 
dose and time dependent inhibition of carrageenan induced 
paw oedema. 
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to carageenan injection. Doses of selected dihydroxyflavones were 
chosen based on the antinociceptive results reported earlier [22].  
Diclofenac (10 mg/kg i.p.) was used as a standard antinflammatory 
drug which was administered 30 min prior to carrageenan injection. 
Animals were divided into 14 groups (n = 6) as follows 

Group -- I - Control - treated with vehicle (carboxy    
  methyl cellulose)

Group --  II   -  Standard  drug – Diclofenac

Group  – III to V - 2’,3’- dihydroxyflavone  were    
  administered in doses of 5, 10 and 50 mg/kg    
  respectively.

Group – VI to VIII    - 4’,3’- dihydroxyflavone  were administered in  
  doses of 5, 10 and 50 mg/kg respectively

Group – IX to XI - 5,3’- dihydroxyflavone  were administered in   
  doses of 5, 10 and 50 mg/kg respectively

Group – XII to XIV - 7,3’- dihydroxyflavone  were administered in   
  doses of 5, 10 and 50 mg/kg respectively

Paw diameters were measured immediately before the administration 
of the Carrageenan and thereafter every hour upto five hours using 
a plethysmograph. The results obtained with the selected DHF were 
compared with control group. The percentage inhibition of paw 
inflammation produced by selected DHF was calculated by using 
following formula:

  % inhibition = C-T/ C X 100

C= Paw volume (ml) in vehicle treated group

T= Paw volume (ml) in drug treated group

REsults
No mortality was observed up to the maximum dose of 2g/kg s.c for 
all four selected flavones.

In vehicle (carboxy methyl cellulose) treated animal, carrageenan 
administration in the hind paw resulted in an increase in the paw 
volume 0.42 ± 0.01 ml after one hour. The paw volume was 
progressively increasing in these animals and a maximum of 0.76 ± 
0.01 ml was noticed at third hour. This was declining afterwards and 
a volume of 0.66 ml was recorded after five hours. In diclofenac (10 
mg/kg) pretreated animals, the volume of paw oedema remained 
very minimal during the entire period of observation. When compared 
to vehicle treatment a significant reduction in paw oedema was 
observed in the animals at all observation time. Diclofenac treated 
animal showed nearly 54% inhibition of inflammation at first hour 
and which was increased progressively to 97% at fifth hour. All the 
selected dihydroxy flavonoes showed significant dose and time 
dependent reduction in paw oedema.  2’, 3’  – dihydroxyflavones  in 
doses of 5, 10 and 50 mg produced  nearly 2.4%,  28.6%, 40.5%  
inhibition of inflammation during the first hour of observation and 
it increased progressively with time and reached a maximum  of 
15.2, 62.1 and 84.8% inhibition respectively during the fifth hour of 
observation period [Table/Fig-1].

When compared to vehicle treatment 2’, 4’ dihydroxyflavone in a 
dose of 5 mg/kg produced a mild but significant reduction in the 
volume of paw oedema when measured at various time intervals. 
But in doses of 10 and 50 mg/kg a marked reduction in paw 

oedema was evidenced during the entire period of observation and 
showed a maximum percent inhibition of inflammation of 67 and 88 
respectively during the fifth hour of observation [Table/Fig-2].

5, 3’ – Dihydroxyflavones in a dose of 5 mg/kg a maximum inhibition 
of 46% was noticed during the second hour of observation which 
started declining afterwards. However, in doses of 10 and 50 mg/
kg it produced a progressive reduction in the paw oedema with a 
maximum inhibition of 73% and 85% respectively during the fourth 
hour of observation [Table/Fig-3].

A significant dose and time dependent reduction in paw oedema 
was evident after treatment with 7, 3’ –DHF. In a dose of 5 mg/kg 
nearly 50 % inhibition was recorded at second hour of observation, 
but the response was gradually declining afterwards. However, a 
sustained inhibition in paw oedema was very obvious in doses of 10 
and 50 mg/kg during all periods of observation. A maximum of 74% 
and 84% of inhibition were noticed in the above doses respectively 
when compared to 97% inhibition in Diclofenac treated animals 
during fifth hour of observation [Table/Fig-4].  

dIscussIon
Inflammation is a very complex and regulated sequence of events 
acting as the primary line of protection by restricting the tissue 
damage [24]. The activities of a number of regulatory enzymes 
(e.g. protein tyrosine kinases, protein kinase C, phosphodiesterase, 
phospholipase A2, lipoxygenases, and cyclooxygenase) are 
essential to inflammation and the immune response. These enzymes 
are central to the activation of endothelial cells and numerous other 
specialized cells involved in inflammation, and it is with their inhibition 
of these enzymes [25] Carrageenan-induced inflammation is useful 
in determining orally active anti-inflammatory agents. Oedema 
formation due to carrageenan in the rat paw is a biphasic event. 
Initial phase is attributed to the release of histamine and serotonin. 

[table/Fig-1]: Effect of 2,3’ dihydroxyflavones on rat paw edema  in three different 
concentration

[table/Fig-2]: Effect of 2,4’ dihydroxyflavones on rat paw edema  in three different 
concentrations

[table/Fig-3]: Effect of 5,3’ dihydroxyflavones on rat paw oedema in three different 
concentrations

[table/Fig-4]: Effect of 7, 3’ dihydroxyflavones on rat paw oedema in three different 
concentrations
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The oedema produced at the peak (180 min) is thought to be due 
to the release of kinin-like substances, especially of bradykinin. The 
second phase of oedema is due to the release of prostaglandins, 
protease and lysosome. The second phase is known to be sensitive 
to most clinically effective anti-inflammatory drugs [24].

The DHF selected for the present anti-inflammatory study exhibited 
the antinociceptive effect in inflammatory models of pain. Earlier 
studies on anti inflammatory activity of mono methoxy flavones, 
mono hydroxy flavones reveals that hydroxy derivatives of flavones 
were potent anti-inflammatory agents than their corresponding 
methoxy derivatives. Since the earlier studies indicated marked 
anti-inflammatory activity for monohydroxy flavones, the higher 
homologous series, the dihydroxyflavones were selected for the 
present study. 

The compounds were screened for their effect on acute inflammation 
using carageenan induced paw oedema, a well-established animal 
model. Oedema represents the early phase of inflammation and 
the above method is the simplest and most widely used model 
for studying the anti-inflammatory activity of new compounds. 
Treatment with 2’,3’- dihydroxyflavone,  2’,4’- dihydroxyflavone, 5, 3’- 
dihrdroxy flavone and 7, 3’ dihydroxyflavone  showed  dose and time 
dependent reduction in paw oedema.  All the four dihydroxyflavones 
produced nearly 81-88% inhibition of inflammation when employed 
in a dose of 50mg/kg.  

Thus they can be considered as equally effective in their anti-
inflammatory activity. It is well known that Flavonoids are effective 
anti-inflammtory agent [26]. In an earlier study, monohydroxy 
flavones like 2’- hydroxy flavone and 4’ -hydroxy flavone showed 
less than 50% inhibition of paw oedema [27]. Treatment with 5, 6 
-dihydroxyflavone, 3, 7- dihydroxyflavone and 6, 3’ dihydroxyflavone  
showed nearly 60% inhibition of inflammation [21].

All the four DHF subjected for present study produced nearly 81-
88% inhibition. However, 2’, 4’- DHF investigated in the present 
study inhibited rat paw oedema to the maximum extent of 88%. In 
general the anti-inflammatory efficacy of dihydroxyflavones appear 
to be greater than monohydroxy flavones. 

conclusIon                                                                   
The findings of the present study have shown all the selected 
Dihydroxyflavones;  2,3’- dihydroxyflavone , 2, 4’ -dihydroxyflavone,  
5, 3’- dihydroxyflavone and 7, 3’ dihydroxyflavone  have significant  
antinflammatory activity at the dose of  50mg/kg. The efficacy of 
anti inflammatory activity for the selected DHF was found to be 
in the order of 2, 4’ -dihydroxyflavones , 2, 3’ -dihydroxyflavones, 
5,3’ -dihydroxyflavone and 7,3’ -dihydroxyflavones. The novel 
anti-inflammatory activity of dihydroxyflavones coupled with their 
antinociceptive property has enormous therapeutic applications. 
Future plan is to investigate the effect of selected dihydroxyflavones 
on the inflammatory mediators like Cyclooxygenase-1(COX-1), 
Cyclooxygenase-2(COX-2), Tumour necrosis factor (TNF-α) and 
Interlukin (IL-6).
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