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Abstract - -The newly identified plant-derived flavone-glycoside hypolaetin-8-glucoside, which has anti- 
inflammatory and gastric ulcer protective properties, and its corresponding aglycone, hypolaetin, were 
tested for effects on prostaglandin biosynthesis and degradation. They were compared with four other 
flavonoids, viz. rutin and its corresponding aglycone, quercetin, and the aglycones isoscutellarein and 
kaempferol. Over the range 10-1000 ~ the glycosides rutin and hypolaetin-8-glucoside stimulated 
prostaglandin formation by sheep seminal vesicle microsomes incubated with radiolabelled arachidonic 
acid; the other compounds were essentially inactive. O~er 5-5000 #M rutin and hypolaetin-8-glucoside 
enhanced the release of prostacyclin (and other prostanoids) from fragments of rat caecum incubated 
in the absence of additional arachidonic acid; the four aglycones compounds did not stimulate prostacyclin 
release but some reduced it at 5000/AVl. However, the glycosides did not affect the enzymatic inactivation 
of radiolabelled prostaglandin F2~ by semi-purified bovine lung prostaglandin 15-hydroxydehydrogenase 
(PGDH) or in 100,000 g supernatants prepared from homogenised rat stomach. Three of the four 
aglycones (quercetin, kaempferol, isoscutellarein, in descending order of potency) were inhibitory to 
PGDH with IDs0 values in the range 130-2100/AVI. The results show that the capacity of flavonoids to 
enhance prostaglandin formation is associated with the presence of glycosidic substitution, whereas 
PGDH inhibition requires its absence. The relevance of this biochemical profile of hypolaetin-8-glucoside 
to its anti-inflammatory gastroprotective effects in vivo is discussed. 

Previous studies by Villar and co-workers have 
shown that extracts of the Spanish herb Sideritis 
mugronensis exert anti-inflammatory, analgesic and 
gastroprotective actions in the rat [1, 2], and that 
this may be ascribed to at least two constituents, 
diterpenoids [3] and ftavonoids [4]. More recently, a 
novel flavonoid (hypolaetin-8-glucoside) was iso- 
lated from S. mugronensis [5] and was shown to 
possess these properties [6]. These findings may pro- 
vide a scientific basis for the use of decoctions of this 
plant as an antirheumatic and digestive agent in 
Spanish folk medicine. The previous studies did not 
address the question of the mechanism of action of 
the plant extracts or of the hypolaetin-8-glucoside 
component. However, there is a considerable 
interest in the role of the cyclo-oxygenase and 
lipoxygenase products of arachidonic acid metab- 
olism in both acute [7, 8] and chronic [9] inflam- 
matory diseases and as cytoprotective and anti- 
secretory agents in the stomach [10, 11], and a num- 
ber of recent studies have suggested that flavonoids 
may interact directly with the prostaglandin system. 
Thus, various flavonoids have been shown both to 
inhibit and to substitute as cofactors for prosta- 
glandin generation [12, 13], to inhibit arachidonate 
lipoxygenation [14, 15] and to inhibit enzymes 
involved with inactivation or biotransformation of 
prostagtandins [16]. 

* Present address: Department of Pharmacognosy and 
Pharmacodynamics, Faculty of Pharmacy, Avenida Blasco 
Ibanez 13, Valencia-10, Spain. 

The present paper describes an investigation of 
the actions of hypolaetin-8-glucoside and its cor- 
responding aglycone, hypolaetin, on prostaglandin 
biosynthesis and inactivation in a number of test 
systems. For comparative purposes, rutin (quercetin- 
3-rutinoside) and its aglycone, quercetin, as well as 
the aglycones isoscutellarein and kaempferol were 
also tested. 

MATERIALS AND METHODS 

Drugs. The [1-14CJarachidonic acid (sp. act. 
58 mCi/mmole) and [~H-9/3]-prostaglandin F2a (sp. 
act. 14.8 Ci/mmole) were obtained from Amersham 
International (U.K.). Reduced glutathione, NAD +, 
arachidonic acid, prostaglandin F2~, rutin and quer- 
cetin were from Sigma London Ltd. (Poole, Dorset, 
U.K.), and kaempferol was obtained from Sarsyntex 
(Bordeaux, France). Hypolaetin-8-glucoside, hypo- 
laetin and isoscutellarein were purified from S. 
mugronensis in the Department of Pharmacognosy 
and Pharmacodynamics, University of Valencia, 
Spain. 

Effects of drugs upon sheep seminal vesicle cyclo- 
oxygenase activity. Portions of frozen sheep seminal 
vesicle (1-4 g), obtained from Northeast Biomedical 
Labs. Ltd. (Uxbridge, U.K.), were allowed to thaw, 
homogenised in 4 vol. pH 7.4 50 mM Tris-HC1, and 
the 100,000g pellet prepared as described [17]. 
Resuspended microsomes were incubated in 0.2 ml 
final volume (1.3 - 0.3 mg microsomal protein per 
tube) w i t h  10/~g/ml arachidonic acid containing 
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0.02/~Ci 14C-arachidonic acid (0.1/~g), 3 mM 
reduced glutathione and appropriate amount of 
flavonoids for 60 min at 37 °, after which conversion 
to prostaglandins was assayed by radio-t.l.c, after 
extraction of the reaction mixture [18]. A total of 13 
sets of experiments were performed and the extent 
of conversion of arachidonic acid to prostaglandin- 
like material (mainly PGE2 on account of the pres- 
ence of GSH) ranged from 20.3 to 85.0% with a 
mean value of 59.0 --- 5.7%. In the Results section, 
the effects of drugs on prostaglandin biosynthesis 
have been normalised and are expressed in terms of 
per cent of the control value obtained in each reac- 
tion set; each drug was tested in quadruplicate at 
each concentration and on several different micro- 
somal preparations. 

Effect of drugs upon release of prostaglandins by 
fragments of rat caecum. Fragments of rat caecum 
weighing 15-70 mg (mean 33.7 - 0.8, N = 274) were 
cut from thawed rat caecum that had been cleaned 
and stored frozen, and were placed in 0.4ml vol. 
of appropriate concentrations of drugs dissolved in 
pH 7.5 50 mM Tris-HC1 buffer. After preincubation 
for 60 min at 4 °, the fragments were transferred to 
fresh tubes containing the same drugs and incubated 
for 15 min at 37 ° with occasional shaking. The cae- 
cum fragments were then withdrawn, blotted and 
weighed, and the solutions kept at - 20  ° for sub- 
sequent radioimmunoassay for 6-keto PGFI~, the 
stable hydrolysis product of prostacyclin. This was 
achieved using 1-3 ~1 aliquots of the solutions taken 
in triplicate without extraction (the presence of drugs 
did not interfere with the assay), adding them to 
100/.el pH 6.8 50 mM Tris diluent containing 1.0 g/1 
gelatine and 0.1 g/1 sodium azide, and subjecting the 
samples to a double antibody procedure as described 
[19]. In the present experiments the inter-assay coef- 
ficient of variation for 6-keto-PGFl~ radioimmuno- 
assay was 14.4%, the intra-assay coefficient of vari- 
ation for triplicate samples was 14.9% and the cross- 
reactivity with the other measured prostaglandins 
was: thromboxane B2 1.4%, PGE2 4.0%, PGF2~ 
1.1%. Five sets of experiments were performed using 
caeca obtained from 24 animals; in control tubes the 
amount of prostacyclin formed ranged from 1.14 to 
2.94ng/mg tissue/15 min (as immunoassayable 6- 
keto PGFI~) with a mean value of 2.1 +-- 0.4 ng/mg/  
15 min. Radioimmunoassays for thromboxane B2, 
prostaglandin E2 and prostaglandin F2~ were also 
performed on certain selected samples. Results are 
normalised and expressed as percent of control as 
indicated in the section above describing experiments 
on cyclo-oxygenase activity. 

Effects of drugs upon prostaglandin F2~ inacti- 
vation. Semi-purified bovine lung prostaglandin 15- 
hydroxydehydrogenase (PGDH) was obtained from 
B.D.H. (Dagenham, U.K.), and had an activity of 
75mU/ml (1.9mU/mg).  Rat stomach 100,000g 
supernatants were prepared in pH 7.5 50 mM phos- 
phate buffer containing 1 mM cysteine and 1 mM 
EDTA as described previously [17]. These prep- 
arations were incubated for 75 min at 37 ° with 10/zg/ 
ml prostaglandin F2~ containing 0.1 ~Ci 3H-prosta- 
glandin F2~ (2.4 ng) and 5 mM NAD ÷ together with 
appropriate amounts of drugs in a volume of 0.2 ml. 
After extraction, the extent of prostaglandin F2~ 

inactivation was measured by radio-t.l.c. [17]. As 
before, results are normalised and expressed as per 
cent of control as indicated above for experiments on 
cyclo-oxygenase activity. Seven sets of experiments 
were performed using bovine lung PGDH and inac- 
tivation of prostaglandin F2~ ranged from 23.0 to 
49.3% (mean 35.2 --- 3.7%); six sets of experiments 
were performed using rat stomach 100,000 g super- 
natants and inactivation of prostaglandin F2~ ranged 
from 52.4 to 76.2% (mean 62.6 -+ 3.7%). 

Statistical treatment of data. Differences between 
drug-treated and control values were calculated from 
the mean of each quadruplicate control and test 
drug value within each reaction set, and the overall 
differences for the whole group were then obtained 
and subjected to Student's paired t-test, taking 
P < 0.05 as significant. 

RESULTS 

The structures of the six flavonoids used in this 
study are given in Fig. 1 which is arranged to dis- 
tinguish the flavonols (-OH at position 3) from the 
flavones (no substituent at position 3), and the gly- 
cosides from the aglycones. Similarly, the results 
shown in Tables 1 and 2 are arranged to distinguish 
the flavonols from the flavones. 

The two glycoside flavonoids, rutin and hypo- 
laetin-8-glucoside, both stimulated prostaglandin 
formation from exogenous arachidonic acid in the 
sheep seminal vesicle microsomal system (Table 1). 
Stimulation of cyclo-oxygenase was progressive as a 
function of dose, and greater at the largest dose 
tested (1000/~M). The aglycone flavonoids had little 
effect, except that at 1000 p2Vl both quercetin and 
kaempferol slightly but significantly inhibited prosta- 
glandin biosynthesis. 

This pattern of results was confirmed using a sys- 
tem in which the tissue is essentially intact and no 
exogenous arachidonic acid is provided. It has been 
shown previously that the generation of prostacyclin 
by fragments of rat caecum incubated in Tris buffer 
at pH7.5 and 37 ° is dependent upon the activity 
within the tissue of cyclo-oxygenase which can be 
inhibited by aspirin-like drugs or enhanced by phe- 
nolic cofactors [20]. In the present experiments both 
rutin and hypolaetin-8-glucoside augmented the gen- 
eration of prostacyclin (measured by RIA as 6-keto- 
PGFI~), but the dose-effect relationships were dif- 
ferent (Table 1). Rutin produced a monophasic pat- 
tern of stimulation, reaching a x 3.7-fold increase at 
5000pM, whereas the effect of hypolaetin-8-glu- 
coside peaked at 500/~M (increase over non-drug 
treated levels of x 2.3) but was less at 5000/~M. No 
stimulation of prostacyclin generation occurred in 
the presence of 5-5000 #M of the other four aglycone 
flavonoids, although quercetin and kaempferol both 
significantly inhibited prostacyclin production at 
5000/.dVl. Similar conclusions were drawn when 
selected incubation sets were subjected to radio- 
immunoassay for other less abundant cyclo-oxy- 
genase products, i.e. thromboxane B2, prostaglandin 
E2 and prostaglandin F2,~. Control rates of release of 
these substances were 0.18 -+ 0.03, 0.24 --- 0.02 and 

-4- 0 . 2 8 -  0.03ng/mg/15min,  respectively (6-keto- 
÷- PGFI~ control rate was 2 . 1 -  0.4ng/mg/15min).  
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Fig. 1. Structures of the six flavonoids used in these experiments. 

Output of all three prostaglandins was considerably 
augmented by rutin (at 5000/~M increases of x 2.3, 
x 12.1 and x 21.4, respectively) and by hypolaetin- 
8-glucoside at 500/.dVl (increases of x 2.4, x 4.7 and 
x 3.1, respectively). However, at 5000 ~ hypo- 
laetin-8-glucoside, the output of prostaglandin E2 
was not as large, although the elevated levels of 
thromboxane B2 and prostaglandin F2~ persisted (cf. 
6-keto-PGFl~, Table 1). 

The six compounds were also tested in two PGDH 
systems, i.e. semi-purified bovine lung PGDH and 
the 100,000g cytosolic supernatant prepared from 
homogenised rat stomach. The results in the two 
systems were essentially similar. The glycosides rutin 
and hypolaetin-8-glucoside were inactive and did not 
demonstrate any dose-related effects. The same was 
true for the aglycone hypolaetin. In contrast, quer- 
cetin and kaempferol produced dose-related inhi- 
bition of P G D H  in both test systems, whereas iso- 
scutellarein was active only in the rat stomach 
preparation. The results for the three aglycones in 
the rat stomach cytosolic preparation are given in 
Table 2, and yield approximate IDs0 values of 130 paM 

for quercetin, 200 ~ for kaempferol and 2100 
for isoscutellarein. 

DISCUSSION 

The present results demonstrate that flavonoid 
compounds have varied actions on prostaglandin 
biosynthesis and degradation, and show that quali- 
tatively different properties occur in glycoside vs 
aglycone flavonoids. The data also show that the 
novel anti-inflammatory anti-ulcer flavonoid, hypo- 
laetin-8-glucoside, has characteristic stimulatory 
effects on prostaglandin synthesis but is inactive 
against PGDH. 

Our data on quercetin and rutin in Table 1 comp- 
lement those of Baumann et al. [12] who studied 
the ability of various phenolic substances to act as 
"cofactors" or "activators" in an "incomplete" 
prostaglandin E generating system in rat renal med- 
ulla homogenates incubated with labelled arachi- 
donic acid in the presence of reduced glutathione 
(i.e. similar conditions to those used in the present 
experiments). They showed that rutin acted as an 
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Table 1. Effect of flavonoids on prostaglandin biosynthesis from sheep seminal vesicle 
microsomes (SSV) and release of prostacyclin from fragments of rat caecum 

SSV microsomes Rat caecum fragments 
~tM % of control /~M % of control 

Flavonols 

Rutin 
(glycoside) 

Quercetin 
(aglycone) 

Kaempferol 
(aglycone) 

Flavones 
Hyplaetin- 

8-glucoside 
(glycoside) 

Hypolaetin 
(aglycone) 

Isoscutellarein 
(aglycone) 

~0 95 ± 11 5 114 ± 31 
100 143 ± 22* 50 158 ± 37 

1000 182 ± 27** 500 273 ± 62* 
5000 375 ± 49* 

10 8 8 ± 1 2  5 8 6 ± 2 6  
100 105 ± 15 50 104 ± 39 

1000 73 ± 15" 500 73 ± 19 
5000 26 ± 14" 

10 111 ± 11 5 74 ± 19 
100 110 ± 13 50 110 ± 11 

1000 75 ± 7* 500 98 ± 20 
5000 41 ± 15" 

10 87 - 10 5 118 --+ 18 
100 131 --- 17" 50 162 ± 32 

1000 156 - 22** 500 235 - 31" 
5000 125 ± 21 

10 101 ± 5 5 110 ± 12 
100 106 ± 8 50 115 ± 32 

1000 117 ± 15" 500 129 - 19 
5000 71 ± 9* 

10 109 - 9 5 101 ± 6 
100 115 ± 10 50 80 ± 4 

1000 119 - 11" 500 131 -+ 9 
5000 not tested 

Results show mean -+ S.E.M. for 12-28 determinations on three to seven reaction sets 
(SSV) or four to 16 determinations (rat caecum) and are expressed as per cent of control. 
*P < 0.05, **P < 0.01. 

effect ive cofactor ,  wi th  similar  activity to adrena l ine  
or p -hyd roxybenzo i c  acid, bu t  t ha t  querce t in  was 
inhibi tory .  H o w e v e r ,  in tha t  s tudy [12] the  f lavonoids 
were  only  tes ted  at  a single concen t r a t i on  (1 m M )  so 
it was no t  possible  to  d e t e r m i n e  re la t ive  potenc ies  
or to check  t ha t  the  concen t r a t i on -e f f ec t  curves  were  
monophas ic .  Similar  effects of ru t in  (s t imula tory)  
and  querce t in  ( inhib i tory)  were  also n o t e d  for  prosta-  
g landin b iosynthes is  in de l ip ida ted  bov ine  semina l  
vesicle mic rosomes  [16]. 

Fu r the r  compar i sons  wi th  the  work  of B a u m a n n  et 
al. are  possible.  O u r  resul ts  showing cyclo-oxygenase 
s t imula t ion  by the  two glycosides rut in  and  hypo- 
laet in-8-glucoside are in accordance  with the i r  

suggest ion [12, 13] tha t  this  p roper ty  depends  u p o n  
the  p re sence  in a p h e n o l  of  a polar  s ide-chain in 
e i the r  me ta -  or para-  posi t ions.  This  condi t ion  is 
satisfied by  the  two glycosides but  no t  by the  o the r  
four  f lavonoids t ha t  we tested.  In our  expe r imen t s  
on  sheep  semina l  vesicle cyclo-oxygenase,  querce t in  
and  kaempfe ro l  were  b o t h  inh ib i to ry  at  1000/~M 
(Table  1), as shown  for  the  same c o m p o u n d s  in the  
ra t  renal  medu l l a  assay [12, 13]. These  two f lavonoids 
possess the  ortho-hydroxyl group  (pyroca tech in ) ,  
pos tu la ted  as necessary  for cyclo-oxygenase inhi-  
b i t ion  in the  f lavonoid series [21]. 

W e  ob t a ined  addi t iona l  ev idence  for  the  ability of 
the  two glycosides to e n h a n c e  p ros tag land in  gen- 

Table 2. Inhibition of rat stomach cytosolic PGDH activity by aglycone flavonoids 

Concentration PGF2~ inactivation Concentration PGF2~ inactivation 
(/~M) (per cent of control) (~M) (per cent of control) 

Quercetin 25 76.2 ± 6.0 Hypolaetin 10 73.2 -+ 9.0 
Quercetin 250 40.8 ± 7.0* Hypolaetin 100 79.5 ± 4.0* 
Quercetin 2500 8.6 ± 5.1"* Hypolaetin 1000 89.5 +- 4.5 

Kaempferol 10 76.5 ± 7.0 Isoscutellarein 10 89.0 -- 10.0 
Kaempferol 100 58.0 ± 3.0* Isoscutellarein 100 71.0 ± 4.0** 
Kaempferol 1000 38.7 ± 5.0** Isoscutellarein 1000 57.3 +- 5.6* 

Results show mean -+ S.E.M., four determinations from experiments performed on one to four 
occasions. *P < 0.05, **P < 0.01 with respect to control tubes lacking flavonoids. Flavonols on left 
side of Table, flavones shown on right side (see Fig. 1 for structures). 
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eration by using the rat caecum fragment assay. This 
simple technique has the advantage that the tissue is 
essentially intact (although clearly traumatised) and 
that there is no requirement for cofactors or exogen- 
ous substrate. This latter point is important,  since in 
a number of systems exogenous arachidonic acid 
appears to be handled in a different manner to 
endogenously released substrate (perhaps by a dif- 
ferent pool of cyclo-oxygenase enzyme), and there is 
also evidence that alterations of exogenous substrate 
concentrations can cause marked differences in the 
product profile and in the sensitivity to drugs. In 
essence, our results with the caecum assay (Table 1) 
confirmed the stimulatory effect of the glycosides 
and showed also that at the highest dose tested 
(5000 #M), quercetin, hypolaetin and kaempferol 
were inhibitory. Furthermore,  we have also found 
that the flavone glycoside naringin enhances the out- 
put of prostacyclin and other prostanoids from rat 
caecum in vitro, whereas the aglycone naringenin 
was inactive*. 

Again, the simplest explanation for this data is 
that the stimulatory glycosides enhance prostacyclin 
formation by acting as cofactors. An alternative 
explanation, namely that the compounds favour 
redirection away from other prostanoids towards 
prostacyclin, can be discounted because we showed 
that the three other principal prostanoids (prosta- 
glandins E2 and F2~ and thromboxane B2) are quan- 
titatively minor in this tissue and that their formation 
was also enhanced in the presence of the glycosides. 
Other phenolic substances have been shown to 
enhance caecum prostacyclin formation by mech- 
anisms thought to depend upon their ability to scav- 
enge free radicals [20, 22], thus protecting cyclo- 
oxygenase from self-inactivation [23]. Since flavon- 
oids are known to act as free radical scavengers 
[13, 24], it will be relevant to assess the compounds 
used in this study as scavengers of peroxy systems 
relevant to arachidonate metabolism. 

Selective effects of the flavonoids on enzymes 
involved in prostaglandin inactivation were also 
observed, in that the two glycosides were inactive 
whereas among the aglycones, the flavonols were 
more active inhibitors than the flavones. Previous 
work has established that rutin and quercetin inhibit 
rabbit kidney prostaglandin 9-hydroxydehydrogen- 
ase but are not active against rat renal prostaglandin 
9-hydroxydehydrogenase or rabbit colon prosta- 
glandin 15-hydroxydehydrogenase [16]. 

Our results may also be relevant to the beneficial 
actions of hypolaetin-8-glucoside in vivo. It was pre- 
viously shown in the rat that this novel flavonoid 
exerts an acute anti-inflammatory effect comparable 
to phenylbutazone in that at similar doses it sup- 
pressed the early phase of adjuvant-carrageenan- 
induced inflammation (although it had less effect 
on the prolonged phase) and reduced carrageenan- 
induced abscesses [6]. However,  unlike phenyl- 
butazone, there was no evidence of gastric damage. 
In fact, hypolaetin-8-glucoside proved to protect 
against cold stress-induced ulcers in the same species, 
with a potency only 2.4 times less than cimetidine. 
It seems reasonable to suggest that the capacity of 

* J. R. S. Hoult, unpublished experiments. 

hypolaetin-8-glucoside to enhance prostaglandin 
production could be a basis for the gastroprotective 
effects since prostaglandins, notably prostacyclin and 
prostaglandin E2, are formed in gastric tissue and 
have anti-secretory, anti-ulcer and cytoprotective 
properties [10, 11]. 

This type of explanation does not apply to the 
anti-inflammatory effects of hypolaetin-8-glucoside 
because in acute inflammatory episodes prosta- 
glandins enhance the signs and symptoms [7, 8], even 
though they may have anti-inflammatory effects in 
chronic inflammation [9, 25] and may also modulate 
humoral immune mechanisms [26]. Thus hypolaetin- 
8-glucoside may owe its anti-inflammatory effect to 
a different mechanism, independent of interactions 
with prostaglandins. It will therefore be important 
to assess the effectiveness of interactions of hypo- 
laetin-8-glucoside with other pro-inflammatory bio- 
chemical pathways so that the mode of action of this 
new type of anti-inflammatory drug can be clarified. 
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