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The flavonoids are a group of naturally occurring low 
molecular weight benzo-~,-pyrone derivatives, ubiquitous 
in plants [1]. Their pharmacological and pharmaceutical 
functions have been reviewed by Havsteen [1]. The effects 
exerted by flavonoids on animal systems include anti- 
inflammatory and anti-allergic activity, lipid peroxidation, 
RNA, DNA and protein synthesis, antiviral activity, capil- 
lary fragility and inhibition of tumour promotion [2, 3]. 

Hyaluronidases (EC 3.2.1.35) are enzymes which depoly- 
merize or hydrolyse hyaluronic acid presumably by splitting 
giucosaminidic bonds to yield oligosaccharides [4]. This 
enzyme was earlier claimed to be involved in allergic effects 
[5], migration of cancer cells [6], inflammation, petechial 
haemorrhages following its injection in mesentery prep- 
arations and also the increase in permeability of the vascular 
system [5-7]. 

Tu and Hendon [8] reported that hyaluronidase plays a 
definite role in the penetration of venoms through tissues 
of a victim and can be considered as a spreading factor. 
The mechanism of malignant invasiveness was reported to 
be dependent upon the continuous release of lysosomal 
glycosidases (hyaluronidases) [6]. Further postulations 
were made that if a method of inhibiting tumour cell glyco- 
sidases (hyaluronidases) were found, it would be possible 
not only to restrain malignant invasiveness but also to 
retard malignant cell proliferation [6]. This information 
initiated our interest to investigate the effects of flavonoids 
on hyaluronidase. Bovine testis hyaluronidase, an easily 
available enzyme was employed as the model for our inves- 
tigation. There have been a limited number of earlier 
reports describing the effects of a few flavonoids on the 
action of hyaluronidase in vivo and in vitro [9-11]. 
However, the present study was designed to investigate the 
structure-activity relationship and effects of a series of 31 
flavonoids in vitro on bovine testis hyaluronidase. The 
kinetic studies of several potent flavonoids were further 
examined. 

In view of the important role played by hyaluronidase in 
the aetiology and/or development of diseases [5--8] it would 
be very useful to find potent inhibitors of this enzyme for 
they could be used to develop new therapeutic agents. 

Materials and Methods 

Bovine testis hyaluronidase (sp. act. 290 National For- 
mulary Unit/mg protein); human umbilical cord hyaluronic 
acid and hexadecyltrimethylammonium bromide (Cetri- 
mide) were purchased from the Sigma Chemical Co. (St 
Louis, MO, U.S.A.). Flavonoids were obtained from 
Extrasynthese (Genay, France) and Sigma. Condensed tan- 
lain was supplied by Dr L. Butler, Purdue University, 
U.S.A. Other chemicals used were of the best analytical 
grade available. 

Flavonoids were dissolved either in absolute ethanol or 
dimethylsulfoxide (100% DMSO). Stock solution (freshly 
prepared for each assay) had 25/tmo[/mL for each 
flavonoid. Aliquots (10/zL) of the flavonoid solution were 
used in the assay mixture to give a final concentration of 
250/tM. 

Hyaluronidase activity was determined by the modified 
method of Xu et aL [12]. The assay system contained 
hyaluronic acid (100/~g), the enzyme (15/zg) and test com- 
pound (10/~L) in 1.0 mL of 0.2 M acetate buffer, pH 5.0 
containing 0.15 M NaCI. Hyaluronidase (15/tg/mL) was 
preincubated with flavonoids (250 gM) for 15 min at 37 ° 
and the volume was made up to 900/~L with acetate buffer. 
Control tubes contained the enzyme plus 10 gL of either 
absolute ethanol or 100% DMSO and buffer in a final 
volume of 900 gL. After preincubation, the assay was com- 
menced by adding hyaluronic acid (100 #L) to each tube 
and incubated for 45 rain. All incubations were carried out 
in triplicate. Reactions were terminated by the addition of 
2 mL of cetrimide (2.5% w/v) in 2% (w/v) NaOH solution 
('stop reaction' solution). The percentage of inhibition was 
calculated as follows: 

Inhibition (%) = 

Activity of control - Activity in the presence of flavonoids 

Activity of control 

x 100%. 
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Table 1. Inhibition of bovine testis hyaluronidase by flavonoids 

Activity % 
hyaluronic 

Polyphenolic Hydroxylation acid % 
compounds Class pattern Substitution hydrolysed Inhibition 

Control (nil) containing ethanol (solvent used) 47.8 -+ 1.1 
Condensed tannin Proanthocyanidin Flavan-3-ol polymer 0.9 -+ 0.9* 100 
Luteolin Flavone 5,7,3',4' 11.5 +- 0.8* 76 
Kaempferol Flavonol 3,5,7,4' 21.0 - 0.4* 56 
Silybin Silymarin 24.8 +-- 0.6* 48 
Myricetin Flavonol 3,5,7,3',4',5' 31.5 -+ 1.9" 34 
Morin Fiavonol 3,5,7,2',4' 33.0 + 0.8* 31 
Quercetin Flavonol 3,5,7,Y,4' 33.9 -+ 0.7* 29 
Butein Chalcone 3,4,4',6' 37.8 -+ 0.7 21 
Hesperetint Flavanone 5,7,3' R ~ O C H 3  40.6 + 0.7 15 
Taxifolinl" Flavanonol 3,5,7,Y,4' 40.5 - 0.8 15 
Phloretin Chalcone 4,2',4',6' 41.1 +- 0.9 14 
Flavanonet Flavanone 41.6 -+ 1.0 13 
Fisetin Flavonoi 3,7,3',4' 42.0 +-- 1.0 12 
Catechin~t Flavan-3-ol 3,5,7,3',4' 42.5 + 0.8 11 
Epicatechin~: Flavan-3-ol 3,5,7,3',4' 42.6 -+ 0.6 11 
Naringenint Flavanone 5,7,4' 43.0 -+ 0.7 10 
Flavone Flavone 46.9 + 0.7 0 
Chrysin Flavone 5,7 48.0 - 0.8 0 
Dihydrofisetint Flavanonol 3,7,3',4' 47.6 -+ 0.8 0 
Rutin Flavonol 5,7,3',4' R ~ R u t i n o s e  40.5 +-- 1.0 15 
Isoquercitrin Flavonol 5,7,3',4' R~-----Glucose 42.1 --- 0.9 12 
Hesperidint Flavanone 5,3' R~Rhamno-glucose  43.5 - 1.1 9 

R4---~-OCH 3 
Quercitrin Flavonol 5,7,3',4' R ~ R h a m n o s e  43.9 +- 0.9 8 
Naringint Flavanone 7,4' R~Rhamno-glucose  46.7 + 1.0 2 
Phloridzin Chalcone 4,2' ,4' R4~----/~-D-glucose 47.4 - 0.7 0 

Control (nil) containing DMSO (solvent used) 45.6 +-- 1.2 
Apigenin Flavone 5,7,4' 15.0 +- 1.1" 67 
Diosmetin Flavone 5,7,3' R ~ O C H 3  41.0 +-- 2.9 10 
Diadzein Isoflavone 7,4' Ring B attached to C3 42.4 -+ 2.1 7 
Apiin Flavone 5,4' R~Apiose-glucose 40.1 - 3.0 12 
Luteolin-7-glucoside Flavone 5,3',4' R ~ - G l u c o s e  39.2 -+ 1.8 14 
Diosmin Flavone 5,3' R~Rutinose R4~OCH3 44.8 -- 1.3 0 

The assays were carried out as described in Materials and Methods. Condensed tannin was present at approximately 
50 #M whilst all the other flavonoids were present at 250 #M concentrations. Results are means +- SE of three experiments. 

* Statistically different from control, P < 0.01 (Student's t-test). 
t Flavonoids without double bond between C~. 3. 
¢ Flavonoids without carhonyl group at C4 and double bond between C~.3. 
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Fig. 1. Effect of (A) condensed tannin, (B) luteolin, (C) 
apigenin, (D) kaempferol and (E) sflybin on kinetics of 
hyaluronidase activity. Hyaiuronidase (15/~g) was pre- 
incubated with different concentrations of flavonoids (0, 5, 
10, 50, 125, 250 ttM) for 15 rain prior to addition of hyal- 
uronic acid. Methods are described in the text. Data for a 
single experiment are represented graphically by the double 
reciprocal method. Similar results were obtained for three 
independent experiments. The lines of best fit were deter- 

mined by the method of least squares. 
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In the kinetic studies, activity (o) was expressed as #g/mL/ 
min hyaluronic acid hydrolysed. The O.D. of the various 
'standard' incubations i.e. assay tubes which did not contain 
the enzyme was plotted against the corresponding initial 
amount of substrate added. Amount of substrate hydrolsed 
was determined from this standard curve. 

Results and Discussion 
Thirty-one ttavonoids (Table 1) were examined for their 

effects on bovine testis hyaluronidase. The percentage inhi- 
bition of each of the flavonoids was determined with respect 
to control assays run simultaneously. The amount of etha- 
nol or DMSO used in the assay system did not cause any 
significant inhibition of the enzyme (result not shown). 
The IDs0 for most of the flavonoids tested could not be 
determined as their activity at 250 #M was very low, and 
their solubilities were poor at higher concentrations. 

Condensed tannin (a polymer of ttavan-3-ols), luteolin, 
apigenin, kaempferoi and silybin inhibited hyaluronidase 
in a concentration-dependent manner with varying potency 
over the range of 0 to 250 #M (results not shown). Con- 
densed tannin showed 100% inhibition at a concentration 
of approximately 50 #M. This was followed by luteolin, 
apigenin, kaempferol and silybin with inhibitions of 76.1, 
66.5, 56.1 and 47.4%, respectively, at a concentration of 
250 #M. Myricetin, quercetin, morin and butein, showed 
inhibitions within the range of 20 to 30% whilst the other 
flavonoids studied exhibited less than 15% inhibition 
(Table 1). 

Luteolin, apigenin and quercetin were at least two-fold 
more potent in their inhibitory effects on the bovine testis 
hyaluronidase than their corresponding glycosides, lut- 
eolin-7-ghicoside, apiin, quercitrin and rutin, respectively 
(Table 1). Similar effects were also reported for a few other 
enzymes [13, 14]. 

The C2.3 double bond flavonoids (flavones, ttavonols) 
exhibited higher potency than those flavonoids lacking the 
double bond (flavanones, flavanonols and flavan-3-ols) (see 
Table 1). This laboratory has reported that such structure 
also confer upon the flavonoid potent antiperoxidative 
properties [15]. 

Hydroxyl substituents at positions 5, 7 and 4' contributed 
to a more potent inhibitory effect for the flavonoids luteo- 
lin, apigenin, kaempferol, myricetin, quercetin and morin. 
Our earlier report has shown that flavonoids having 5,7- 
dihydroxyl substituents can bind to the active site of the 
cytochrome P450 and that the inhibition potency may arise 
from their different binding affinity to this enzyme [16]. 
Luteolin, hesperetin and diosmetin are very similar in struc- 
ture except that the latter two compounds have methoxy 
substitution in position 4'. As a result, diosmetin and hes- 
peretin exhibited reduced inhibitory activity (Table 1). The 
4'-methoxy substitution was reported by Ferriola et al. [17] 
to cause steric hindrance in the essential structural feature 
of the flavonoid molecule that is required for inhibitory 
activity on rat brain protein kinase C. 

Rodney et al. [10] reported that 3',4'-dihydroxyl sub- 
stitutions confer greater inhibitory properties than those 
singly hydroxylated type of flavonoids. Our present findings 
however, showed that the 3'-hydroxylation was not of 
significant importance because kaempferoi and apigenin, 
which lacked such hydroxylation pattern could exert 56.1 
and 66.5% of inhibition, respectively (see Table 1). It must 
be pointed out that Rodney et al. [10] had based their 
observation on eriodictyol and narigenin which are fla- 
vanone group of compounds. The 3-hydroxyl substitution 
in ring C was shown to be unimportant because hiteolin and 
apigenin were potent inhibitors whilst the 3-hydroxylated 
flavones (flavonols) exerted lower inhibitions (Table 1). 

Five most potent inhibitors, namely condensed tannin, 
luteolin, apigenin, kaempferol and silybin, were selected 
for further enzyme kinetic studies. Lineweaver-Burk plots 
(Fig. 1A-E) were used to determine the mode of inhibition, 

with least squares lines fitted to the data. The results 
were consistent with Miehaelis--Menten kinetics for these 
flavonoids. Within each compound there were no stat- 
istically significant differences in the maximal enzyme vel- 
ocities (Vm~) determined at each inhibitor concentration. 
This showed the inhbition was for all cases a competitive 
o n e .  

Low molecular weight compounds have been shown to 
effectively inhibit hyaluronidase, primarily because of their 
capability to associate in solution [4]. An acidic function 
(hydroxyl, carboxyl, phosphate or sulphate) is essential for 
the formation of the effective unit (aggregate or micelle) 
with multiple negative charge [4]. Further investigation is 
required to ascertain the possibility of aggregate formation 
by low molecular weight flavonoids to function as effective 
inhibitory units. 

Heparin is well known to be a competitive inhibitor of 
hyaluronidase [18]. In our present study, heparin was also 
used (results not shown) and it exhibited only 30% inhi- 
bition within the same concentration range as the other 
compounds studied. Heparin has been suggested to act as 
a competitive inhibitor by virtue of its chemical structural 
similarity to the natural substrate hyaluronic acid [4]. Simi- 
lar explanation was given for the inhibitions observed for 
sulfated hyaluronic acid, acetylated and nitrated hyaluronic 
acid and various other hyaluronic acid which like heparin 
were strongly bound to but not depolymerized by hyal- 
uronidase [4]. 

However, in contrast, it is interesting to note that con- 
densed tannin and the monomeric flavonoids used in the 
present study having no structural similarities to the sub- 
strate could also exert competitive inhibition on hyal- 
uronidase. Asquith and Butler [19] reported that proteins 
with high contents of proline and other hydrophobic amino 
acids have high affinity for tannin. It has been shown that 
biological effects of tannin are due to its propensity for 
binding proteins, involving hydrogen bonding and hydro- 
phobic interactions [20]. Considering the numerous ben- 
zene rings and hydroxyl groups present in the condensed 
tannin structure (Table 1), it is pertinent to suggest that the 
inhibitory effect may have resulted through conformational 
change or denaturation of the enzyme, caused by hydrogen 
bonding and/or hydrophobic interactions between the 
enzyme and the condensed tannin. 

In summary, the order of decreasing potency for five 
most potent flavonoids as inhibitors of hyaluronidase was 
found to be: condensed tannin < luteolin < apigenin < 
kaempferol < silybin. Kinetic studies of these inhibitors 
showed that their mode of inhibition was competitive. 
Aglycones were stronger inhibitors than their corre- 
sponding glycosides. The following flavonoid structure con- 
ferred potent inhibitory effect: a double bond between 
carbons 2 and 3, unsubstituted hydroxyl groups at positions 
5, 7 and 4' and a ketone group at position 4. 

Acknowledgements--The authors wish to thank the 
National University of Singapore for the research scholar- 
ship awarded to U.R. Kuppusamy and also Dr L. Butler, 
Purdue University, U.S.A. for kindly supplying the con- 
densed tannin. This project was supported by a National 
University of Singapore research grant. 

Laboratory of Flaoonoid 
Research 

Department of Biochemistry 
Faculty of Medicine 
National University of 

Singapore 
Kent Ridge Crescent 
Singapore 0511 

U. R. KUPPUSAMY 
H. E. KHOO 
N. P. DAS* 

* To whom correspondence should be addressed. 



Short communications 401 

REFERENCES 

1. Havsteen B, Flavonoids, a class of natural products of 
high pharmacological potency. Biochem Pharmaco132: 
1141-1148, 1983. 

2. Harborne JB, Nature, distribution and function of plant 
flavonoids. In: Plant Flavonoids in Biology and Medi- 
cine: Biochemical, Pharmacological and Structure- 
Activity Relationships (Eds. Cody V, Middleton E and 
Harborne J), pp. 15-24. Alan R. Liss, New York, 1986. 

3. Ferrel JE, Peter DG, Chong Sing, Leow G, King R, 
Mansour JM and Mansour TE, Structure/activity 
studies of tiavonoids as inhibitors of cAMP PDE and 
relationship to quantum chemical indices. Mol Phar- 
macol 16: 556-568, 1979. 

4. Mathew MB and Dorfman A, Inhibition of hyal- 
uronidase. Physiol Rev 35: 381-402, 1955. 

5. Kakegawa H, Matsumoto H and Satoh T, Inhibitory 
effects of hydrangenol derivatives on the activation of 
hyaluronidase and their antiallergic activities. Planta 
Medica 54: 385-389, 1988. 

6. Cameron E, Pauling L and Leibovitz B, Ascorbic acid 
and cancer: a review. Cancer Res 39: 663-681, 1979. 

7. Meyer K, The biological significance of hyahironic acid 
and hyaluronidase. Physiol Rev 27: 335-359, 1947. 

8. Tu AT and Hendon RR, Characterization of lizard 
venom hyalurouidase and evidence for its action as a 
spreading factor. Comp Biochem Physiol 76B: 377- 
383~ 1983. 

9. Beiler JM and Martin GJ, Inhibition of hyalurouidase 
action by derivatives of hesperidin. J Biol Chem 174: 
31-35, 1948. 

10. Rodney G, Swanson AL, Wheeler LM, Smith GN and 
Worrel CS, The effect of a series of flavonoids on 
hyalurouidase and some other related enzymes. J Biol 
Chem 183: 739-741, 1950. 

11. Kakegawa H, Matsumoto H, Endo K, Satoh T, Nonaka 
GI and Nishioka I, Inhibitory effects of tannins on 

hyaluronidase activation and on the degranulation from 
rat mesentery mast cells. Chem Pharm Bull 33: 5079-- 
5082, 1985. 

12. Xu X, Wang X, Xi X, Liu J, Huang J and Lu Z, 
Purification and partial characterization of hyal- 
uronidase from five pace snake (Angkistrodon acutus) 
venom. Toxicon 20: 973-981, 1982. 

13. Beretz A, Anton R and Cazenove J, The effects of 
flavonoids on cyclic nucleotide phosphodiesterase. In: 
Plant Flavonoids in Biology and Medicine: Biochemi- 
cal, Pharmacological and Structure-Activity Relation- 
ships (Eds. Cody V, Middleton E and Harborne J), pp. 
281-296. Alan R. Liss, New York, 1986. 

14. Vernet A and Siess MH, Comparison of the effects 
of various flavonoids on ethoxycoumarin deethylase 
activity of rat intestinal and hepatic microsomes. Fd 
Chem Toxic 24: 857-861, 1986. 

15. Ratty AK and Das NP, Effects of flavonoids on non- 
enzymatic lipid peroxidation: structure-activity 
relationship. Biochem Med Metab Bio139: 69-79, 1988. 

16. Moochhala SM, Loke KH and Das NP, Spectral per- 
turbation of human microsomal cytochrome P-450 by 
flavonoid binding. Biochem lnt 17: 755-762, 1988. 

17. Ferriola PC, Cody V and Middleton Jr E, Protein 
kinase C inhibition by plant flavonoids. Kinetic mech- 
anisms and structure-activity relationships. Biochem 
Pharmacol 38: 1617-1624, 1989. 

18. Mathews MB, Enzymes of complex saccharide util- 
ization. Animal mucopolysaccharides. In: Methods in 
Enzymology (Eds. Colowick SP and Kaplan NO), Vol. 
8, pp. 654-662. Academic Press, New York, 1966. 

19. Asquith TN and Butler LG, Interactions of condensed 
tannins with selected proteins. Phytochemistry 25: 
1591-1593, 1986. 

20. Butler LG, Riedl DJ, Lebryk DG and Blytt HJ, Inter- 
action of proteins with Sorghum tannin: mechanism, 
specificity and significance. JAOCS 61: 916-920, 1984. 


