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Abstract 
In traditional medicine Microtea debilis is used against proteinuria. In ligand-binding studies extracts of 
Microtea debilis have been shown to inhibit the binding of [3H] 1,3-dipropyl-8-cyclopentylxanthine 
([3H]DPCPX) to adenosine-Al receptors in rat forebrain membranes. Subsequently, cirsimarin, a flavonoid, 
was isolated as the active component and was shown to function as adenosine antagonist at the adenosine-A, 
receptor in-vitro. In this study we have investigated the adenosine-A2 receptor activity of cirsimarin the in-vivo 
inhibition of the effects of adenosine by cirsimarin in rats, the absorption of cirsimarin and the inhibition of the 
binding of 13H]DPCPX to the adenosine-Al receptor by urine samples obtained after oral administration of 
crude extract of Microtea debilis, cirsimarin or cirsimaritin to rats. 

Cirsimarin inhibited the binding of [3H]5'-N-ethylcarboxamidoadenosine (pH]NECA) to adenosine-A2 
receptors in rat striatum with an inhibition constant, Ki, of 6.5 f 0.3 pM. The decrease of heart rate and blood 
pressure induced by adenosine was significantly inhibited by cirsimarin. After oral administration of 8 and 
80 mg kg-' cirsimarin, the compound could not be detected in either plasma or urine, but the presence of 
cirsimaritin was established. By use of fl-glucuronidase, glucuronides of cirsimaritin were also detected in the 
urine. The concentrations of cirsimaritin in the plasma were 0,126 f10.04, 0.138 40.015, and 
0.120f0.022 pM, respectively, 2, 5 and 12 h after administration of 8 mg kg- cirsimarin. The concentra- 
tions of cirsimaritin in the urine at the same times after administration of the same dose were 2.05 f 1.86, 
5.05 f 2.6 and 2.06 f 0.09 pM, respectively. The inhibition of the binding of [3H]DPCPp to the adenosine-A, 
receptor by urine samples collected 2, 5 and 12 h after oral admipistration of 8 mg kg- cirsimarin or a crude 
extract of Microtea debilis containing approximately 8 mg kg- cirsimarin and 2.8 mg kg-' cirsimaritin, or 
6.8 mg kg-' cirsimaritin, was not significantly different from that of urine samples collected from untreated 
rats, in contrast with urine samples collected 1 and 2 days after oral administration of 80 mg kg- cirsimarin. 
Approximately 3% of the cirsimarin was excreted in the urine as cirsimaritin. 

The results indicate that in the kidney and urinary tract the concentrations of cirsimaritin produced after 
ingestion of more than 8 mg kg-' cirsimarin can be high enough to inhibit the interaction of adenosine with its 
receptors; this might explain the effectiveness of Microtea debilis preparations against proteinuria in traditional 
medicine. 

Flavonoids have many pharmacological activities which have 
mainly been investigated in-vitro. However, evidence exists 
that the in-vivo beneficial effects of many natural products 
(e.g. cardiovascular, liver and gastrointestinal protective 
activity) are a result of the presence of flavonoids (Middleton 
& Kandaswami 1994; Formica & Regelson 1995) yet despite 
all this evidence very little scientific research has been con- 
ducted to confirm that the effects observed in organisms can be 
attributed to the presence of flavonoids. The wide distribution 
and the relatively large amounts of flavonoids in plants provide 
arguments for their systemic effects. In addition, because little 
is known about the fate of flavonoids, it is not possible to 
designate any effect observed after use of natural products to 
flavonoids or their metabolites. In recent years many efforts 
have been made to rationalize the bioactivity and the impor- 
tance of flavonoids (Middleton & Kandaswami 1994). It is 
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obvious that the more data that are available the better will be 
the understanding of the in-vivo activity of the flavonoids. 

One activity recently discovered is the influence on the 
actions of adenosine (Okajima et a1 1994; Ji et a1 1996; Hasrat 
et a1 1997a). Besides interactions of flavonoids with adenosine 
deaminase and tyrosine kinase, direct interaction with adeno- 
sine receptors has been reported (Koch et a1 1992; Okajima et 
al 1994). Moreover, other activities of flavonoids such as the 
scavenging property and calcium-complex formation (Middle- 
ton & Kandaswami 1994) might contribute to the influence of 
flavonoids on the actions of adenosine. The cardiovascular 
effects of flavonoids might in part be explained by these 
properties. 

One application in traditional medicine that provides evi- 
dence for the influence of flavonoids on adenosine receptors is 
the use of extracts of Microtea debilis against proteinuria. 
There are enough data available to establish the role of ade- 
nosine in renal processes. It has been established that adeno- 
sine can induce many effects in the kidney through interaction 
with several adenosine receptors (McCoy et a1 1993). More- 
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over, adenosine-Al antagonists have been shown to attenuate 
the effects of adenosine in acute renal failure (Schnermann et 
al 1990; Knight et a1 1991; Mizumoto et a1 1993; Schnermann 
& Briggs 1993; Osswald et a1 1995). The effects of adenosine 
on the kidney, reduction of glomerular filtration rate and fil- 
tration fraction, imply that adenosine might cause proteinuria. 
The proteinuria (myoglobinuria), as in rhabdomyolysis, against 
which adenosine antagonists are effective precedes acute renal 
failure, in which process adenosine plays an essential role. 

Because Microtea debilis preparations are used against 
proteinuria in traditional medicine in Surinam (Hasrat et a1 
1997b), extracts of the plant were screened on different 
receptors and shown to interact potently with adenosine 
receptors (Hasrat et a1 1997b). The flavonoid cirsimarin was 
isolated as the active component inhibiting the binding of 
[3H]DPCPX to the adenosine-Al receptors in rat forebrain 
(Hasrat et a1 1997a). Subsequently it was shown that cirsimarin 
has adenosine antagonistic properties at the adenosine-Al 
receptor (Hasrat et a1 1997a). These findings might yet explain 
the use of Microtea debilis preparations in proteinuria. How- 
ever, because cirsimarin is a glycoside, it is unlikely it will be 
absorbed after oral administration, as was found for other 
flavonoid glycosides (Formica & Regelson 1995; Fuhr & 
Kummert 1995). Therefore, an explanation of the efficacy of 
cirsimarin against proteinuria might be found in the formation 
of active metabolites, one of which could be its aglycone, 
cirsimaritin (Fig. 1). For this reason the presence of both cir- 
simarin and cirsimaritin was determined in urine and plasma 
after oral administration of the crude extract of Microtea 
debilis and cirsimarin. In addition, it was necessary to establish 
whether concentrations of both compounds in body fluids, 
especially in the kidney, were sufficient to inhibit the action of 
adenosine. It has been established that flavonoids are rapidly 
excreted, mostly as glucuronides in the urine, and so the 
possibility that these or other metabolites might produce 
adenosine receptor inhibitory activity cannot be excluded. 
Consequently, biological analyses were also performed on 
urine treated with 8-glucuronidase. To assess whether there is 
any inhibition of adenosine receptors after administration of 
cirsimarin in ligand-binding-studies, the inhibition of the 
binding of [3H]DPCPX to adenosine-Al receptors in rat fore- 
brain membranes by collected urine samples was investigated. 

Although, flavonoids showed no selectivity towards adeno- 
sine-receptor subtypes (Ji et a1 1996; Karton et al 1996), the 
inhibition by cirsimarin of the binding of [3H]5’-N-ethylcar- 
boxamidoadenosine ( [3H]NJXA) to adenosine-A2 receptors in 
rat striatum was examined to establish the adenosine-A2 
receptor activity of cirsimarin. Moreover, cirsimarin or its 
metabolites might also influence the effects of adenosine by 
interaction with adenosine-A2 receptors present in the kidney. 

To confirm the observed in-vitro adenosine receptor activity 

R = H  Cirsirnaritin 
R=glucosyl Cirsirnarin 

FIG. 1.  The structures of cirsimarin and cirsimaritin. 

of cirsimarin, in-vivo experiments were performed to deter- 
mine the adenosine antagonistic activity of the product. The 
effects of adenosine on the cardiovascular system are reduc- 
tions of heart rate and blood pressure via the adenosine-Al and 
adenosine-A* receptors, respectively (Mullane & Williams 
1990; Barret et a1 1992). Adenosine was therefore adminis- 
tered to anaesthetized rats under certain conditions immedi- 
ately after administration of cirsimarin to measure the 
inhibition of the adenosine-induced decrease of blood pressure 
and heart rate. 

Materials and Methods 

R-N6-(2-phenyl- 1 -methylethyl)adenosine, N 6-cyclopentylade- 
nosine, adenosine and 8-glucuronidase were purchased from 
Boehringer Mannheim (Germany), isoproteronol bitartrate 
from Sigma, atenolol from ICN and genistein from Roth 
(Germany); [3H]NECA (36 Ci mmol-’) and [3H]DPCPX 
(107 Ci mmol-’) were from Amersham, UK. 

Chromatography was performed with two model 303 
pumps, an 802 C manometric module, a model 81 1 dynamic 
mixer and a model 621 data module, all from Gilson (Mid- 
dleton, USA), a Rainin Instruments Company (USA) Dynamax 
model W - 1  absorbance detector and a Rheodyne (USA) 
Model 7125 injector. The chromatographic system was con- 
trolled by means of a Gilson 714 V1.l HPLC System Con- 
troller. 

Inhibition of the binding of [3H]5’-N-ethylcarboxamidoadeno- 
sine ([3H]NECA) to adenosine-Az receptors 
Rat striata dissected by a neuroanatomist were used in these 
experiments. Membranes from the striata were prepared by 
homogenizing the tissue in Tris-Mg buffer (a mixture of Tris- 
HCl (50 m; pH 7.7) and MgC12 (10 m)) with an Ultra 
Turrax for 15 s. The homogenate was centrifuged at 30000 g 
for 10 min and the pellet then re-suspended in Tris-Mg buffer 
with an Ultra Turrax for 15 s and then centrifuged once again 
at 30000 g for 10 min. The pellet was then washed twice (by 
re-suspension and centrifugation as above) with Tris-Mg buf- 
fer and the final pellet re-suspended in Tris-Mg buffer and 
incubated for 30 min with 2 units mI-’ adenosine deaminase 
at 37°C. Membrane suspensions were frozen in liquid nitrogen 
and stored at -80°C until used. 

Protein concentrations were determined as described pre- 
viously (Hasrat et al 1997a). 

Ligand-binding adenosine-A2 assays were performed 
according to Bruns et a1 (1986) with minor modifications. 
Briefly, rat striatum membranes were incubated for 60 min at 
25°C with 4 n~ [3H]NECA and competitor in a final volume 
of 200 ,uL Tris HCl (50 m ~ ;  pH 7.4). At the end of the 
incubation the samples were filtered under reduced pressure 
through a glass-fibre filter and rapidly washed with ice-cold 
buffer. Specific binding to the A2 receptors was calculated by 
subtracting non-specific binding, obtained in the presence of 
0.1 m N6-cyclopentyladenosine, from total binding. 

The amount of radioligand remaining on the filters was 
determined by liquid-scintillation counting. 

Radioligand-inhibition curve 
Radioligand-inhibition curves were obtained by the use of 
increasing doses of cirsimarin. The inhibition constant (Ki) 
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value was calculated according to Cheng & Prusoff (1973). 
Dimethylsulphoxide (DMSO) was used to increase the 

solubility of the compounds. The DMSO concentration did not 
exceed 1% in the test tube. 

In-vivo experiments: antagonism of cardiovascular effects of 
adenosine 
Preparation of animals. Two Wistar rats, 294 g (female) and 
276 g (male), were anaesthetized with sodium pentobarbital 
(60 mg kg-', i.p.); anaesthesia was maintained by bolus 
administration (3 mg kg-', i.v.) when required. A trache- 
otomy was performed and a tracheal tube inserted, through 
which the animals breathed room air spontaneously. Catheters 
containing heparinized (50 units mL-') saline were inserted 
into the right carotid artery and the right external jugular vein 
for blood-pressure measurement and intravenous administra- 
tion of drugs, respectively. The arterial catheter was connected 
to a Gold P23 ID pressure transducer and mean arterial blood 
pressure was measured directly. The heart rate was captured 
from the blood pressure. The cervical vagal nerves were 
isolated and bilaterally sectioned. The recording of heart rate 
and blood pressure was started when both were stable. 

Experimental protocol. Section of the vagal nerves was fol- 
lowed by a period of stabilization. After one administration the 
next was performed when both heart rate and blood pressure 
returned to approximately baseline values and after a period of 
stabilization. First isoproterenol (0.07 n ~ o l  i.v.) was adminis- 
tered, then atenolol (37.5 pmol kg-'; i.v.) followed by the 
same dose of isoproterenol. Hereafter, in every rat adenosine 
(360 pg) was administered three times, followed by adminis- 
tration of cirsimarin (3 mg) plus adenosine (360 pg). The 
volume administered did not exceed 200 pL. Except for 
cirsimarin, which was dissolved in 15% DMSO in 0.1 M 
NaOH, the drugs were dissolved in sterile saline. 

Determination of cirsimarin and cirsimaritin. In the first 
experiment cirsimarin (20 mg in 1 mL 15% DMSO and 
0.1 M NaOH) or vehicle (1 mL 15% DMSO and 0.1 M 
NaOH) was administered into the stomach via the mouth by 
use of a syringe. Rats were individually housed in metabolic 
cages for the collection of urine and faeces for four successive 
days. 

In the second experiment cirsimarin (2 mg in 1 mL 5% 
DMSO and 0.1 M NaOH), crude extract of Microtea debilis 
(1 mL in water, containing approximately 2 mg cirsimarin and 
0.7 mg cirsimaritin) or cirsimaritin (1.7 mg in 1 mL 15% 
DMSO and 0.1 M NaOH) were administered as described in 
the first experiment. Rats were individually housed in meta- 
bolic cages for the collection of body specimens. Two and five 
hours after administration of 2 mg cirsimarin, urine and blood 
(renal; after an abdominal midline incision under diethyl ether 
anaesthesia) were collected from three rats on each occasion. 
The stomach and the small and large intestines were dissected 
and the faeces present were collected. Twelve hours after 
receiving cirsimarin, crude extract of Microtea debilis or cir- 
simaritin urine, blood and faeces were collected from two rats 
for each administration. 

Quantification and measurement of cirsimarin and cirsimaritin. 
Detection of cirsimarin and cirsimaritin was performed in 

the crude extract of Microtea debilis, in urine, in urine after 
pre-treatment with /3-glucuronidase, and in plasma, faeces, 
stomach, and small and large intestine. 

Crude extract of Microtea debilis was prepared by adding 
the air-dried whole plant (5 g)  to boiling water, boiling 80% 
ethanol and room temperature 80% ethanol for 30 min. Urine 
samples were prepared both by evaporation of the water to 
dryness under reduced pressure at 40°C and re-dissolving the 
residue in the same volume of methanol, and by extraction 
with ethyl acetate. Plasma samples were prepared by extraction 
with ethyl acetate. Faeces and the contents of the stomach, and 
small and large intestine were prepared by suspension in hot 
methanol. 

Urine was pre-treated for 24 h at room temperature with 
an equal volume of a solution of /3-glucuronidase in 1 M 
NaH2P04 (pH 5) with an enzyme activity of 20000 
units d-'. 

Calibration curves were constructed by dissolving appro- 
priate amounts of cirsimarin and cirsimaritin in both methanol 
and blank samples. For measurement of concentration by 
HPLC, 50 pL of redissolved sample was injected on to a 
reversed-phase semi-preparative Nucleosil- 100 Al3 7-pm col- 
umn which was eluted with a gradient from 10 to 70% 
methanol. Detection was performed at 330 n ~ .  Typical chro- 
matograms are shown in Fig. 2. A linear correlation between 
detector response and concentration was observed between 
0.1 pM and 370 p~ for cirsimarin and cirsimaritin dissolved in 
methanol and for cirsimaritin dissolved in urine samples 
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FIG. 2. HF'LC determination of cirsimarin and cirsimaritin in urine 
samples (A) without and (B) with b-glucuronidase treatment. Cirsi- 
marin retention time 41.4 min; cirsimarin glucuronides retention times 
25 to 32 min. 
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(r > 0.99 for all calibration curves). The minimum concentra- 
tion detected was 30 nM. 

Total amount of cirsimaritin excreted in the urine. The total 
mount  of cirsimaritin excreted in the urine was determined as 
the sum of the calculated amount in the urine during the four 
successive days of the experiment described above after oral 
administration of 80 mg kg-' cirsimarin. 

Inhibition of the binding of [3H]DPCPX by urine samples. 
Ligand-binding studies were performed as described elsewhere 
(Hasrat et a1 1997a). Where possible, two concentrations of 
each urine sample were used in the ligand-binding studies. The 
first concentration was that of the uwodified urine and the 
second was prepared by concentrating the collected urine 
threefold. Methanol and ethyl acetate fractions were subse- 
quently treated with p-glucuronidase. 

Results 

Inhibition of the binding of [3H]5'-N-ethylcarboxamidoadeno- 
sine (13H]NECA) to adenosinedz receptors 
Cirsimarin interacts with adenosine-A2 receptors, because the 
product inhibited the binding of [3H]NECA to adenosine-A2 
receptors in striata (Fig. 3). In these experiments the IC50s of 
cirsimarin and genistein, a flavonoid with adenosine antag- 
onistic properties (Okajima et a1 1994), were 6.5 f 0.3 and 
1 1  f 0.7 pM, respectively. 
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+ adenosine (360pg) 

50 
+---I 

2 rnin 

Rc. 4. Reduction by cirsimarin of the blood pressure decrease 
induced by adenosine. The decrease in blood pressure induced by 
adenosine, administered immediately after cirsimarin, was significantly 
inhibited and the blood pressure returned more quickly to baseline 
values with the absence of the slight secondary decrease. 

Antagonism of cardiovascular effects of adenosine 
Determination of the antagonistic action of cirsimarin on the 
binding of adenosine to adenosine receptors in-vivo showed 
that both blood-pressure and heart-rate effects of adenosine 
were reduced, indicating interaction of cirsimarin with adeno- 
sine-A2 and -Al receptors respectively (Fig. 4). In both rats the 
effect of adenosine on blood pressure was characterized by a 
rapid, short decrease followed by a rapid increase, then a slight 
decrease and finally a slower increase to baseline values. 
Administration of cirsimarin immediately before that of adeno- 
sine resulted in a significant reduction of the decrease in blood 
pressure and heart rate induced by adenosine (Fig. 4 and 
Table 1). The influence of cirsimarin showed typical features. 
When the blood pressure returned to the starting value, the 
slight decrease was not observed and the increase thereafter 
was much faster. 

Determination of cirsimarin and cirsimaritin 
The results of the determination of plasma concentrations of 
cirsimarin and cirsimaritin showed that cirsimarin was never 
detectable whereas cirsimaritin plasma concentrations 2, 5 and 
12 h after administration of 8 mg kg-' cirsimarin were 
0.126f0.04, 0.138f0.015 and 0.120f04X!2 pM, respec- 
tively. Cirsimarin was also not detectable in the urine. The 
recorded HPLC retention times of cirsimarin and cirsimaritin 
dissolved in methanol were 34.7 f 0.1 and 41.4 f 0.1 min, 

Table 1. 
adenosine. 

Antagonism by cirsimarin of the cardiovascular effects of 

10-10 10-9 10-8 10-7 10-6 10-5 10-4 10-3 

Concn (M) 

FIG. 3. Adenosine-A2 activity of cirsimarin. The radioligand-inhibi- 
tion curves of cirsimarin (W) and genistein (A), a flavonoid with 
established adenosine-A2 activity, were obtained by incubation of rat 
striatum membranes for 60 min with [3H]5'-N-ethylcarboxamidoade- 
nosine and increasing concentrations of the compounds at 25°C in 
a mixture of 50 m~ Tris HCI (pH 7.4) and 10 mmol MgCk; non- 
specific binding was measured in the presence of 0.1 mM N -cycle- 
pentyladenosine. K, was calculated according to the method of Cheng 
& h s o f f  (1973). 

Blood pressure Heart rate 
(mm Hg) (beats min-') 

Adenosine (360 pg) 102f18 180f45  
Cirsimarin (3 mg) +adenosine (360 pg) 57 f 6* 84 iz 16* 

Rats under ether anaesthezia, vagotomized and treated with atenolol 
(37.5 pmol kg- '; i.v.), received intravenous adenosine and cirsimarin 
followed immediately by administration of adenosine. In each rat this 
procedure was repeated three times. The values, mean & s.e. are the 
results from experiments on two rats. Statistical analysis: Student's t- 
test, paired two samples for means. *P < 0.05, significantly different 
compared with result for adenosine alone. 
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FIG. 5.  The amount of cirsimaritin excreted in the urine of individual 
rats after administration of 80 mg kg-' cirsimarin. Urine was col- 
lected for four successive days and samples (filled symbols) were 
treated with B-glucuronidase. A. Individual data; B. Mean f s.e. 

respectively. After HPLC of urine of untreated and treated rats, 
a compound with the retention time of cirsimarin was detected, 
whereas no compounds were recorded with the retention time 
of cirsimaritin. Although treatment of urine with j3-glucuro- 
nidase did not change the amount of compound with the same 
retention time as cirsimarin, the amount of cirsimaritin recor- 
ded changed significantly (Fig. 2). The concentrations of cir- 
simaritin in the urine 2, 5 and 12 h after oral administration 
of 8 mg kg-' cirsimarin were 2.05 f 1.86, 5.05 f 2 . 6  and 
2.06 f 0.09 PM respectively. 

Of the administered cirsimarin (80 mg kg- ') approximately 
3% only could be recovered from the urine as cirsimaritin (Fig. 
5). In distinct urine samples collected until two days after 
administration of cirsimarin, the mean cirsimaritin concentra- 
tions in urine samples treated with j3-glucuronidase were not 
significantly different from those in untreated urine samples. 

Inhibition of the binding of [3H]DPCPX by urine samples 
Experiments performed to determine the influence of urine 

45 I 
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RG. 6. Inhibition, by rat urine samples, collected after oral admin- 
istration of 80 mg kg - cirsimarin, of the binding of [3H] 1,3-dipropyl- 
8-cyclopentylxanthine ([3H]DPCPX) to the adenosine-Al receptor in 
rat forebrain membranes. Where possible two concentrations of each 
urine sample was used. The first concentration (0, *) was the 
unmodified urine; the second concentration (A, A, 0,O) was prepared 
by threefold concentration of the urine. Methanol (0, 0) and ethyl 
acetate (0, +, A, A) fractions were subsequently treated with 8- 
glucuronidase. The methanol and ethyl acetate fractions were not 
tested in the same experiments. The mean values of results from two 
experiments (both in triplicate), expressed as the percentage of the 
radioligand still bound to the receptor, are plotted. (The mean 
values f s.e. are listed in Table 2.) 

samples, collected after administration of 80 mg kg-' cirsi- 
marin, on the binding of [3H]DPCPX to adenosine-Al recep- 
tors in rat forebrain membranes showed that a significant 
increase of inhibition occurred (Fig. 6 and Table 2). The 
inhibition of binding of [3H]DPCPX to adenosine-Al receptors 
by urine samples collected after administration of 8 mg kg-' 
cirsimarin, a crude extract of Microtea debilis, and 
6.8 mg kg-' cirsimaritin is shown in Table 3. The increased 
inhibition measured for urine samples treated with j3-glucur- 
onidase was not significant. 

Discussion 

The inhibition by cirsimarin of the binding of [3H]NECA to 
adenosine-A2 receptors in rat striatum indicates interaction 
with these receptors with an affinity (6.5 PM) slightly less than 
that for the adenosine-Al receptor (3.2 PM). Adenosine-A2 
receptors are present in the kidney and mediate many of the 
effects of adenosine, for example vasodilation of the post- 
glomerular arterioles and calcium re-absorption (Edlund & 
Sollevi 1993; McCoy et a1 1993); this might be important in 
the pathophysiology of acute renal failure. Adenosine 
antagonists at adenosine-A2 receptors might attenuate the 
noxious effects of adenosine in acute renal failure. 

The in-vivo attenuation by cirsimarin of adenosine-induced 
decreases of blood pressure and heart rate provided evidence 
that cirsimarin can have adenosine-antagonistic effects after 
absorption. However, after oral administration of cirsimarin 
and crude extract of Microtea debilis, cirsimarin was not 
detected in plasma or in urine. It has already been reported that 
flavonoid glycosides cannot be detected after oral administra- 
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Table 2. 
binding of [3H] 1,3-dipropyl-8-cyclopentylxanthine ([3H]DPCPX) to rat forebrain membranes. 

Inhibition, by rat urine samples, collected after oral administration of 80 mg kg-' cirsimarin, of the 
1155 

Procedure Day 0 Day 1 Day 2 Day 3 Day 4 

Ethyl acetate extract of dilute urine 
without b-glucuronidase treatment 2 6 f 8  7 f 0  1 3 f 2  2 9 f 7  3 0 f 0  
Ethyl acetate extract of dilute urine 
with /?-glucuronidase treatment 2 6 f  10 4 f 1  6 f 1  3 2 f l  2 8 f 2  
Ethyl acetate extract of concentrated 

Ethyl acetate extract of concentrated 

Methanol extract of concentrated urine 
without /?-glucuronidase treatment 3 5 f 3  9 f  1 1 8 f 2  3 9 f 3  3 8 f 2  
Methanol extract of concentrated urine 
with /?-glucuronidase treatment 3 8 f 2  5 f l  1 8 f 2  41 f 3  3 5 f 2  

urine without b-glucuronidase treatment 2 8 f 6  5 f O  8f0 1 3 6 2  l O f O  

urine with b-glucuronidase treatment 1 6 f  1 3 f O  6 %  1 1 6 f O  11 f O  

Membranes were incubated with 0.4 nM [3H]DPCPX and the urine preparation at 25°C in 50 m~ Tris HCI (pH 
7.4); non-specific binding was measured in the presence of 5 pM R-N6-(2-phenyl-l-methylethyl)adenosie. Urine was 
collected for four successive days and urine samples were either dried and redissolved in methanol or extracted with 
ethyl acetate. Where possible two concentrations of each urine sample were used, unmodified urine and urine 
concentrated threefold. Methanol and ethyl acetate fractions were subsequently treated with /?-glucuronidase. The 
methanol and ethyl acetate fractions were not tested in the same experiments. The values are means f s.e. of results 
from two experiments (both performed in triplicate) and are expressed as the percentage of the radioligand still bound 
to the receptor. 

Table 3. Inhibition, by rat urine samples collected after oral administration of cirsimarin (8 mg kg-I), crude extract 
(8 mg kg-I) or cirsimaritin (6.8 mg kg-I), of the binding of [3H]1,3-dipropyl-8-cyclopentylxanthine to rat forebrain 
membranes. 

Cirsimarin 

Crude extract Chimaritin 
O h  2 h  5 h  1 2 h  12 h 1 2 h  

Ethyl acetate extract of dilute urine 
without b-glucuronidase treatment 2 6 f 8  2 8 f 2  2 9 f 9  2 4 f l  - - 
Ethyl acetate extract of dilute urine 

Ethyl acetate extract of concentrated 
urine without b-glucuronidase treatment 28 f 6 - 3 9 f 2  3 1 f 3  28 f 7  
Ethyl acetate extract of concentrated 

- with b-glucuronidase treatment 264110 1 8 f l  1 7 f 5  2 0 f 4  - 

- 

urine with b-glucuronidase treatment 1 6 f l  - - l l f l  1 2 f 3  1 0 f 2  

Urine, collected 2, 5 and 12 h after administration of cirsimarin, and 12 h after administration of crude extract or 
cirsimaritin, was extracted with ethyl acetate. Where possible two concentrations of each urine sample were used, 
unmodified urine and urine concentrated threefold. Ethyl acetate fractions were subsequently treated with b- 
glucuronidase. The values are the mean f s.e. of results from two experiments (both performed in triplicate) and 
are expressed as the percentage of the radioligand still bound to the receptor. 

tion (Formica & Regelson 1995; Fuhr & Kummert 1995), and 
that only the aglycones can be absorbed; these are then rapidly 
metabolized in the liver. Determination of cirsimaritin, the 
aglycone of cirsimarin, has shown that it was present in plasma 
and urine. However, the plasma concentrations of cirsimaritin 
obtained after administration of a low dose of cirsimarin 
(8 mg kg-') were not high enough ( < l o p 6  p ~ )  to produce 
systemic effects, because to produce adenosine antagonistic 
effects a much higher concentration of cirsimaritin 
( > 5 x p ~ )  is needed. Of the cirsimarin ingested only 3- 
5% was excreted in the urine as cirsimaritin or glucuronides of 
cirsimaritin; similar results have been obtained for other fla- 
vonoids (Fuhr & Kummert 1995). 

The conversion of cirsimarin to cirsimaritin is assumed to 
take place in the gastrointestinal tract, as was found for other 
glycosides (Formica & Regelson 1995; Fuhr & Kummert 
1995). Bacteria in the intestine might be responsible for this 

conversion, although in a pilot study (results not shown) it was 
observed that after oral administration of cirsimarin cirsimar- 
itin and cirsimarin were detected in the stomach 2 h later. 
Therefore, it seems that the conversion of cirsimarin into cir- 
simaritin occurs even in the stomach. 

Although, with a low dose of cirsimarin effective con- 
centrations might not occur in the plasma, it is possible that 
during passage of the filtrate in the nephron higher con- 
centrations might build up in the kidney, resulting in adeno- 
sine-antagonistic effects, especially when higher doses are 
used. The inhibition of the binding of [3H]DPCPX to the 
adenosine-A, receptor by urine samples collected after 
administration of a high dose of cirsimarin indeed indi- 
cated that adenosine-antagonistic effects can occur in the 
kidney. 

The ethyl acetate and methanol extracts of urine of untreated 
rats induced relatively high inhibition of the binding of 
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[3H]DPCPX to the adenosine-A1 receptor. This inhibition 
should not be ascribed to excreted adenosine, because the 
incubation was performed in the presence of adenosine dea- 
minase. 

In summary, these results demonstrate that cirsimarin is not 
absorbed from the gastrointestinal tract and that it must first be 
converted to cirsimaritin to produce systemic effects. It is, 
however, hard to envisage the occurrence of adenosine- 
antagonistic effects with preparations containing low amounts 
of this flavonoid, i.e. amounts comparable with the lower dose 
used in this study. 

It might still be argued that for several reasons extracts 
of Microtea debilis containing these amounts of cirsimarin 
might show adenosine antagonistic effects in the kidney 
and consequently against (some types of) proteinuria. 
Because flavonoids generally show no adenosine-receptor 
subtype selectivity and, moreover, cirsimaritin is active at 
both adenosine-Al and -AZ receptors (Ji et a1 1996), in 
the kidney adenosine-mediated tubuloglomerular feedback 
and vasodilation of efferent arteries might be inhibited. In 
addition, interaction of cirsimaritin with both receptors might 
lead to inhibition of adenosine-induced sodium and calcium 
transport, respectively, both of which might subsequently 
attenuate the tubuloglomerular feedback response (Schner- 
mann et a1 1990; Knight et a1 1991; Edlund & Sollevi 1993; 
McCoy et a1 1993; Schnermann & Briggs 1993; Haysleft et a1 
1995). Because both calcium and adenosine are involved in 
acute renal failure (Deray et a1 1990), cirsimaritin might have a 
beneficial effect on this disorder. Moreover, cirsimaritin-cal- 
cium complex formation might further attenuate the effects of 
calcium. 

In conclusion, potentiation of adenosine-antagonistic effects 
might occur through these distinct mechanisms of action of 
cirsimaritin, thus explaining the effectiveness of Microtea 
debilis preparations against proteinuria. 
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