
Iridoid glycosides represent a large group of cyclopen-
tano[c]pyran monoterpenoids which are known to be associ-
ated with diverse biological activities including choleretic,
purgative, liver protective, vasoconstrictive, antimicrobial,
analgesic, antitumor, sedative and anti-inflammatory activi-
ties.1,2) Nevertheless, the chemical bases that lie under these
interesting characteristics of iridoids have not yet been well
explained. Generally, iridoid glycosides are unstable to acid
and b-glucosidases,2) generating the corresponding hemiac-
etal, which is in equilibrium with the dialdehyde (Chart 1).
Other reactions can generate a number of possible intermedi-
ates, such as Schiff bases resulting from reaction with the
amino groups of proteins, while the presence of functional
groups on the cyclopentane ring may increase the number of
intermediates that can be formed.2) All these changes are in-
fluenced by the pH of the medium.

Lipoxygenases (EC 1.13.11.12) are widely distributed in
plants and animals, which catalyze the incorporation of
dioxygen molecules into polyunsaturated fatty acid contain-
ing one or several cis,cis-pentadiene systems, and leads to
the formation of hydroperoxides.3,4) In mammals, three major
types of lipoxygenases have been identified, inserting dioxy-
gen at C-5, C-12 and C-15 positions of arachidonic acid, re-
spectively.5) Due to the proposed role of lipoxygenase-de-
rived metabolites (leukotriences and lipoxines) in a number
of pathophysiological processes such as asthma, psoriasis,
cancer metastasis and atherosclerosis,6—8) there is a consider-
able interest in searching for compounds that can prevent the
formation of these mediators through the lipoxygenase path-
way in the arachidonate cascade.9)

On the other hand, hyaluronidases (EC 3.2.1.35) are en-
zymes capable of hydrolyzing hyaluronic acid, one of the
most abundant constituents of the extracellular matrix, which

is ubiquitously distributed in body tissues.10) These enzymes
have been implicated to many biological functions, including
allergy,11) inflammation,12—16) migration of cancer cells,17)

and permeability of the vascular system.18) Therefore, the
modulation of hyaluronidases by suitable inhibitors will be
useful for normal homeostasis in the body.

As part of a study on Malaysian medicinal plants, we ex-
amined the effects of 14 iridoids (saprosmosides A, D, E and
G, asperulosidic acid, paederosidic acid, 6-epi-paederosidic
acid, methylpaederosidate, 6a-hydroxygeniposide, asperulo-
side, paederoside, macrophylloside, gardenogenins A and B)
previously isolated from Saprosma scortechinii,19,20) and
Rothmannia macrophylla21) on the in vitro lipoxygenase and
hyaluronidase activities. These plants have been employed in
the traditional medicinal system to treat fever, and as a con-
traceptive agent, respectively. In the present study, the possi-
ble involvement of iridoid aglycons in the enzyme inhibition
and the activation by the presence of nitrogenous compounds
were evaluated, while the chemical bases underlying these
biomimetic reactions are also discussed.

MATERIALS AND METHODS

Chemicals and General Materials The iridoid gluco-
sides were isolated from the methanol extracts of Saprosma
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Chart 1. Proposed Hydrolysis Products of Iridoid Glucoside



scortechinii and Rothmannia macrophylla as described previ-
ously19—21) (Chart 2). Lipoxygenase (soybean, type 1-B),
linoleic acid, hyaluronidase (bovine testes, type 1-S),
hyaluronic acid (human umbilical cord, sodium salt), bovine
serum albumin, and ammonium acetate were purchased from
Sigma Chemical Co. Almond b-glucosidase, boric acid,
fisetin, L-lysine, L-leucine, and L-glutamic acid were pur-
chased from Wako Chemical Co. Apigenin was obtained
through acid hydrolysis of apiin, which was isolated from
parsley.

Lipoxygenase Assay This assay was performed accord-
ing to the procedure described by Sigma, with slight modifi-
cations. Enzyme activity was measured spectrophotometri-
cally using a JASCO UV-VIS spectrophotometer, in borate
buffer (0.2 M, pH 9.0) by the increase in absorbance at
234 nm, 25 °C, between 90 and 210 s after addition of lipoxy-
genase (167 U/ml, final concentration), using linoleic acid
(134 mM) as substrate. The enzyme solution was kept in ice,
and controls (100% enzyme activity) were measured before
the test samples. For the test, the enzyme solution was prein-
cubated with the test sample for 5 min at 25 °C, followed by
addition of substrate solution and borate buffer to the final
volume of 1.5 ml. The enzyme activity was calculated as the
rate of change of absorbance per unit time. The enzyme in-
hibitory activity was expressed as the percentage ratio of the
difference in enzyme activity between the test sample and
control vs. enzyme activity in the control experiment. Sam-
ples were tested at maximum concentration of 200 mM in the
final volume of assay mixture. The concentration reducing
enzyme activity by 50% with respect to the control was esti-

mated from graphic plots of a concentration dependent study
and was defined as IC50 expressed in mM. The values were
presented as mean�S.D. of at least two or three determina-
tions in duplicates. Fisetin was employed as positive control
and added as dimethyl sulfoxide (DMSO) solution.

Hyaluronidase Assay The assay was performed accord-
ing to the Sigma protocol with slight modifications. The
assay medium consisting of 1.00—1.67 U hyaluronidase in
100 m l 20 mM sodium phosphate buffer pH 7.0 with 77 mM

sodium chloride and 0.01% BSA was preincubated with 5 m l
of the test compound (in DMSO) for 10 min at 37 °C. Then
the assay was commenced by adding 100 m l hyaluronic acid
(0.03% in 300 mM sodium phosphate, pH 5.35) to the incuba-
tion mixture and incubated for a further 45 min at 37 °C. The
undigested hyaluronic acid was precipitated with 1 ml acid
albumin solution made up of 0.1% bovine serum albumin in
24 mM sodium acetate and 79 mM acetic acid, pH 3.75. After
standing at room temperature for 10 min, the absorbance of
the reaction mixture was measured at 600 nm. The ab-
sorbance in the absence of enzyme was used as the reference
value for maximum inhibition. The inhibitory activity of test
compound was calculated as the percentage ratio of the ab-
sorbance in the presence of test compound vs. absorbance in
the absence of enzyme. The enzyme activity was checked by
control experiment run simultaneously, in which the enzyme
was preincubated with 5 m l DMSO instead, and followed by
the assay procedures described above. In this case, the per-
centage ratio of the absorbance in the presence of enzyme vs.
that in the absence of enzyme was in the range of 15—20%.
The performance of the assay was verified using apigenin as
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Chart 2. Chemical Structures of Iridoid Glucosides and Reference Compounds



a reference under exactly the same experimental conditions.
Compounds were tested at a maximum concentration of
50�102 mM in the final reaction mixture. The results were ex-
pressed as mean of the IC50 values �S.D. of three separate
experiments measured in triplicates.

Activation of Iridoids towards the Inhibitory Activities
on Lipoxygenase and Hyaluronidase with the Presence of
bb-Glucosidase, Amino Acids or Ammonium Acetate As-
perulosidic acid or paederosidic acid was dissolved in 0.1 M

sodium acetate buffer, pH 5.0, or 0.1 M sodium phosphate
buffer, pH 7.0 (20 mg/ml) containing b-glucosidase
(2 mg/ml), or amino acid (10 mg/ml), or both, or in 10% am-
monium acetate solution (20 mg/ml) containing b-glucosi-
dase (2 mg/ml), and incubated at 37 °C for 6 h. On the other
hand, mixture of gardenogenins A and B was dissolved in the
buffer containing amino acid, or in 10% ammonium acetate
solution, and incubated under similar experimental condi-
tions described above. At intervals, 5 m l from each incuba-
tion mixture was tested for the effect on lipoxygenase or
hyaluronidase activity using the assays described above, and
the results were presented as mean of the percentage in-
hibitory activities �S.D. of two or three determinations in
duplicates for the former, and mean�S.D. of three indepen-
dent experiments performed in triplicates for the later. The
concentrations of asperulosidic acid, paederosidic acid and
mixture of gardenogenins A and B in the final volume of
assay mixture were calculated as 167.0, 144.0 and 275.0 mM

for lipoxygenase assay, and 12.2, 10.5 and 20.2 (�102) mM

for hyaluronidase assay, respectively.

RESULTS AND DISCUSSION

Previous studies on the leaves of Rothmannia macro-
phylla, and the leaves and stems of Saprosma scortechinii
have resulted in the isolation of a total of 37 iridoids.19—21) In
this study, we examined the enzyme inhibitory activities of
14 available iridoids using two in vitro assay systems with
lipoxygenase and hyaluronidase. Most of the iridoids did not
show any inhibitory activity, except for the bis-iridoids;
saprosmosides A, D, E, and G, which inhibited lipoxygenase
activity with their IC50 values of 164.0, 157.2, 174.5 and
154.2 mM, respectively (Table 1). However, these IC50 values
were higher than those of the known lipoxygenase inhibitor,
fisetin (Table 1). In contrast, all the iridoids tested did not
show any hyaluronidase inhibitory activity at concentrations
up till 5 mM.

It is believed that the biological activities of iridoids are at-
tributable to their aglycons, which readily transform into re-
active intermediates in the presence of b-glucosidase or
acid.2) There were a few reports where iridoids with a gluco-
sidic or acetal ester linkage at C-1 are less active than the
corresponding compounds with a free hydroxyl at C-1.2) De-
spite such reports on activities such as antitumor,22,23) antimi-
crobial,24) and antiviral,25,26) there was no report on the 
effects of these intermediate species on the lipoxygenase and
hyaluronidase activities. This prompted us to conduct the
second part of this study to investigate whether asperulosidic
acid, paederosidic acid and mixture of gardenogenins A and
B could inhibit these enzyme activities after hydrolysis with
b-glucosidase or in the presence of a nitrogenous compound.
For this purpose, the iridoid glucosides asperulosidic acid

and paederosidic acid were structurally modified by enzy-
matic hydrolysis of b-glucosidase and with the presence of a
nitrogenous compound (L-lysine, L-leucine, L-glutamic acid
or ammonium acetate). In the case of the non-glucosidic iri-
doid, structural modification of the epimers, gardenogenins A
and B was achieved by direct incubation with the nitrogenous
compound mentioned as above.

Asperulosidic acid and paederosidic acid were obtained as
two of the major iridoid glucosides present in the leaves and
stems of Saprosma scortechinii of the family Rubiaceae,19,20)

which has been employed to treat fever by the native commu-
nities in Malaysia. The latter contains an unusual S-methyl-
carbonate function, which is easily hydrolyzed by an enzyme
released from bruised plant tissue, and is responsible for 
the unpleasant odor of methyl mercaptan. Similarly, gar-
denogenins A and B were the major non-glucosidic iridoids
present in Rothmannia macrophylla, isolated as an insepara-
ble epimeric mixture.21) These four iridoids did not show any
lipoxygenase or hyaluronidase inhibitory activity in their pre-
sent forms (Table 1). However, mixtures containing asperulo-
sidic acid or paederosidic acid preincubated with b-glucosi-
dase, or b-glucosidase and amino acid or ammonium acetate
exhibited lipoxygenase inhibitory activity (Fig. 1, I and II).
The inhibitory activities were higher in the presence of cer-
tain nitrogenous compound than that of b-glucosidase alone.
The presence of leucine was observed to cause a higher in-
hibitory effect of asperulosidic acid on the lipoxygenase ac-
tivity. For paederosidic acid, higher lipoxygenase inhibition
was observed with lysine, leucine or ammonium acetate. In
the case of mixtures of gardenogenins A and B, lipoxygenase
inhibition was shown only with the presence of lysine (Fig. 1,
III). These results showed that the formation of hemiacetals
together with presence of 3,4 unsaturation in the aglycons of
the b-glucosidase treated asperulosidic acid or paederosidic
acid were essential for demonstrating the enzyme inhibitory
activities, since mixtures of gardenogenins A and B, which
also contained hemiacetal function but lacked of the double
bond did not show any inhibitory activity. Additionally, the
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Table 1. Lipoxygenase (Lox) and Hyaluronidase (Hya) Inhibitory Activi-
ties of Iridoids

IC50 (mM)
Compounds

Loxb) Hyac)

Saprosmoside A 164.0�2.8 NA
Saprosmoside D 157.2�4.5 NA
Saprosmoside E 174.5�6.7 NA
Saprosmoside G 154.2�1.8 NA
Asperulosidic acid NA NA
Paederosidic acid NA NA
6-epi-Paederosidic acid NA NA
Methylpaederosidate �200 NA
6a-Hydroxygeniposide �200 NA
Asperuloside NA NA
Paederoside NA NA
Macrophylloside NA NA
Gardenogenins A and B NA NA
Fisetina) 124.0�8.0 —
Apigenina) — 510�20

NA, Inhibitory activity �20% at concentrations up to 200 mM (Lox), and 5�103 mM

(Hya). a) Positive control. b) Values were presented as the mean�S.D. of two or
three independent experiments performed in duplicates. c) Values were presented as
the mean�S.D. of three independent experiments performed in triplicates.



hemiacetals of the iridoid aglycons can react with nitrogen
donors to form intermediate species which are more potent
as lipoxygenase inhibitors.

In terms of hyaluronidase inhibition, asperulosidic acid
and paederosidic acid were shown to exhibit different in-
hibitory patterns as compared to that observed for lipoxyge-
nase under similar experimental conditions (Fig. 2, I and II),
while none of the mixtures of gardenogenins A and B
showed hyaluronidase inhibitory activity above 10% (Fig. 2,
III). Asperulosidic acid was shown to exhibit about 30% in-
hibitory activity only with the presence of b-glucosidase at
pH 5.0 during the 6 h incubation period. Paederosidic acid
incubated with b-glucosidase alone at pH 5.0 or 7.0 was
shown to exhibit the highest inhibitory activity, followed by
mixtures containing b-glucosidase and glutamic acid, b-glu-
cosidase and 10% ammonium acetate, and b-glucosidase and
leucine. Mixture containing b-glucosidase and lysine did not
show any hyaluronidase inhibition in contrast to that ob-
served for lipoxygenase inhibition. These results indicated
that the formation of intermediate species between the 
nitrogen donors and the aglycons did not improve the
hyaluronidase inhibitory activity of asperulosidic acid and
paederosidic acid, when compared to their aglycons, which
was contrasting to that observed for lipoxygenase inhibition.
Therefore, some degrees of selective enzyme inhibition were
shown by these intermediate species.

In terms of the pH of the medium, pH 7.0 was able to
maintain the enzyme inhibitory activity of the mixture, over a
period of 24 h (data not shown). In the case of pH 5.0, the en-

zyme inhibitory activity decreased after 24 h, which sug-
gested that the bioactive species generated were more stable
in the neutral than in the acidic condition. Iridoid glucosides
incubated in the buffer alone, or with amino acid alone did
not affect the enzyme activities (data not shown).

The mixture containing asperulosidic acid or paederosidic
acid with b-glucosidase gradually changed color from yellow
to brown, and finally a brown precipitate was formed after
6 h incubation, while those containing both b-glucosidase
and lysine, leucine or glutamic acid, or ammonium acetate
were observed to produce gradual darkening which pro-
gressed with prolong incubation to ultimately form different
shades of deep blue coloration, not observed with the iridoid
glucoside incubated alone. The mixture containing gar-
denogenins A and B incubated with lysine was observed to
react spontaneously to give a purple coloration, while the re-
actions were slow in the presence of leucine, glutamic acid or
ammonium acetate. This observation indicated that the rate
of formation of intermediate species from the reaction be-
tween the iridoid aglycons and the nitrogen donors were dif-
ferent among L-lysine, L-leucine, L-glutamic acid and ammo-
nium acetate, and this could play a crucial role in the enzyme
inhibitory activities of the different reaction mixtures. The
formation of pigments from reaction of certain iridoid agly-
cons with amino acids have been reported previously and
were used as valuable food colorants or dyes.27—30) Recently,
blue pigments derived by condensation of glycine with
genipin and mussaenoside showed anti-inflammatory and
analgesic effects much stronger than that of the iridoidal
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Fig. 1. Lipoxygenase Inhibitory Activity of Iridoids, (I) and (II) in the Presence of b-Glucosidase and a Nitrogenous Compound, and (III) in the Presence
of a Nitrogenous Compound Alone at 0, 3 and 6 h Intervals

(A) pH 5.0; (B) pH 7.0; (1) buffer alone; (2) L-lysine; (3) L-leucine; (4) L-glutamic acid; (5) 10% ammonium acetate. Bars represent mean�S.D. of two or three experiments per-
formed in duplicates.

Fig. 2. Hyaluronidase Inhibitory Activity of Iridoids, (I) and (II) in the Presence of b-Glucosidase and a Nitrogenous Compound, and (III) in the Presence
of a Nitrogenous Compound Alone at 0, 3 and 6 h Intervals

(A) pH 5.0; (B) pH 7.0; (1) buffer alone; (2) L-lysine; (3) L-leucine; (4) L-glutamic acid; (5) 10% ammonium acetate. Bars represent mean�S.D. of three experiments performed
in triplicates.



compounds.31) Our results demonstrated that the pigments
formed in the reaction mixtures may be responsible for the
lipoxygenase and hyaluronidase inhibition.

As a conclusion, this is the first study to report on the 
inhibitory activities of asperulosidic acid, paederosidic 
acid and gardenogenins A and B on lipoxygenase and
hyaluronidase through hydrolysis with b-glucosidase, or in
the presence of amino acid or ammonium acetate. Whether
the observed pattern of inhibition is representative of that oc-
curring in vivo remains speculative, but the results do sup-
port the hypothesis that the biological activities of iridoid
glucosides in vivo is partly attributable to their aglycons
through a glutaraldehyde-like protein cross-linking mecha-
nism.32—35) The two subject species, Saprosma scortechinii
and Rothmannia macrophylla contain iridoids as their major
constituents. Therefore, the results of this study may indicate
that some of these iridoids could play a role in the prevention
against lipoxygenase or hyaluronidase mediated reactions in
the body, through their hydrolysis products, or when these in-
termediates coexist with some nitrogenous compounds in the
body. Further exploration on these iridoids may be useful and
could lead to new paradigms of anti-inflammatory agents.
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