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Diosmin pretreatment affects bioavailability of metronidazole
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Abstract Objective: To screen for inhibitory effects of
diosmin on cytochrome P450-mediated metabolism of
metronidazole in healthy volunteers. Design: Before/
after non-blinded investigation conducted in healthy
male volunteers.
Methods: After an overnight fast, metronidazole (two
400-mg tablets) was administered to 12 volunteers, either
alone or after a 9-day pretreatment period with a once-
daily dose of diosmin 500-mg tablets under direct
observation. Serum concentrations of metronidazole up
to 48 h postdose and urinary concentrations of
metronidazole and its two major metabolites up to 24 h
postdose were measured using reversed-phase high-
performance liquid chromatography.
Results: Metronicazole plasma AUC(0–¥) and Cmax were
significantly higher after diosmin pretreatment by
(mean) 27% and 24%, respectively. However, time to
reach peak concentration (tmax) was not affected signif-
icantly. Urinary excretion of acid and hydroxy metab-
olites in urine was decreased significantly, while
excretion of unchanged metronidazole was increased.
Conclusion: Diosmin pretreatment significantly altered
the metabolism of metronidazole, as demonstrated by
changes in plasma pharmacokinetics as well as by
urinary recovery of both parent drug and its major
metabolites. This may be caused by the inhibition of
cytochrome P450 enzymes.
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Introduction

Diosmin (3’, 5, 7-trihydroxy-4’-methoxyflavone 7-ruti-
noside) is a flavone (Fig. 1) [1] used for the treatment of
haemorrhoids and of chronic venous insufficiency of the
lower limbs [2]. A pure synthetic diosmin (Venex) was
used in the study. Diosmin and diosmetin are natural
dietary agonists of the aryl hydrocarbon receptor
(AhR), causing a potent increase in CYP1A1 tran-
scription and its activity; however, only diosmetin is
capable of inhibiting CYP1A1 enzyme activity [3]. In
pharmacokinetic studies on diosmin and diometin, both
flavonoids were rapidly metabolised, diosmetin was
partly excreted in bile as the glucuronide and sulphate,
and diosmin was partly excreted in bile as such and as
the glucuronide conjugate. Both the parent compounds
were completely absent in urine. Diosmetin had a long
plasma elimination half-life ranging from 26 h to 43 h
[4, 5].

Flavones and flavonols are in general more potent
enzyme inhibitors specifically for CYP1A1 and CYP1A2
than flavanones, isoflavones and chalcones [6]. The in-
hibitory effects of tangeretin, green tea flavonoids and
other flavonoids on CYP1A, CYP2B, CYP2E1 and
CYP3A enzymes were examined in rat and human liver
microsomes [7]. Specifically, flavones or flavonoids that
contain C5, C7 and C4’ hydroxyl groups were potent
inhibitors of CYP1A1 and 1A2 activity [8]. Further-
more, naturally occurring plant flavonoids may acutely
upregulate the apparent activity of P-glycoprotein (P-
gp), while flavonoids like quercetin, rutin, galangin,
kaempferol, genistein and daidzein inhibited the P-gp
pump efflux activity [9]. Thus, in general, flavones have
the potential to alter the pharmacokinetics of drugs by
at least two mechanisms.

Metronidazole, a nitroimidazole derivative (1-hy-
droxy-ethyl-2-methy-5-nitroimidazole), is widely used
for the treatment of protozoan and anaerobic bacterial
infections. Metronidazole is metabolised primarily in
the liver by CYP 3A4 and CYP 2C9, the two major
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metabolites being 1-(2-hydroxyethy)-2-hydroxymethy-5-
nitroimidazole (hydroxymetronidazole) and 2-methyl-5-
nitroimidazole-1-acetic acid (acid metabolite). The acetic
acid metabolite is only found in urine and does not
possess any pharmacological activity [10, 11].

As metronidazol is an important antibacterial with
widespread use, especially in developing countries, ad-
ministration in patients receiving long-term therapy with
diosmin may occur. It is thus important to consider the
effect of diosmin-mediated enzyme inhibition on the
pharmacokinetics of metronidazole. Metronidazole is
metabolised by the CYP3A4 and CYP2C9 in liver mi-
crosomal enzymes. Flavonoids and flavones are well-
known inhibitors of both enzymes, but there is no report
available on the effect of diosmin-mediated enzyme in-
hibition on the pharmacokinetics of metronidazole. In
the present study, we examined the hypothesis that the
flavone diosmin might interact with the metabolism of
metronidazole in vivo.

Materials and methods

Drugs and chemicals

Diosmin (800 mg, Venex) was obtained from Elder pharmaceuti-
cals Ltd. (Mumbai, India), metronidazole tablets (400 mg, Flagyl)
from RhonePoulene (Mumbai, India) and metronidazole pure
substance from Aristo Phamaceutical Ltd. (Mumbai, India). All
other chemicals and solvents were of highest analytical grade
available and purchased from Sd. Fine chemicals Ltd.(Mumbai,
India). They were used without further purification.

Study population

Twelve healthy male volunteers with a mean ±SD age of
24.3±3.3 years (range 20–30 years), a mean height of 172.4±
5.0 cm (range 165–180 cm) and mean body weight of 61.8±6.6 kg
(range 54–70 kg) participated in the study after undergoing a
thorough physical examination. All volunteers were briefed about
the study and written informed consent was obtained. The invest-
igational protocol was approved by the institutional ethics com-
mittee (University College of Pharmceutical Sciences, Kakatiya
University). All subjects fasted for 12 h before the administration
of metronidazole. They had to avoid nicotine, alcohol, caffeine and
citrus fruit products for 1 week before and throughout the study
period. Study drugs were taken in the morning with 100 ml tap
water just after voiding.

Study protocol

The first part of the study consisted of oral administration of two
400-mg tablets of metronidazole alone, and blood was sampled

from an antecubital vein. Blood samples were drawn predose and
0.5, 1, 2, 4, 6, 8, 12, 24, 36 and 48 h postdose, and urine was
collected during 0 to 4, 4 to 8, 8 to 12 and 12 to 24-h intervals,
respectively, after the administration of metronidazole. The second
part of the study was conducted after a wash-out period of 4 days
(about ten metronidazole half-lives). Diosmin (500 mg) was ad-
ministered daily for 9 days. On the 10th day, metronidazole
(2·400 mg) tablets were administered. Blood and urine samples
were collected as described above. Blood samples were centrifuged
at about 1200 g for 15 min. Serum samples and 5-ml aliquots of
urine were stored at 80�C until analysis.

Analytical method

Metronidazole in serum samples was estimated using a modified
reversed-phase, high-performance liquid chromatography (HPLC)
method [12]. The system (Shimadzu, Japan) consisted of LC-8A
solvent delivery module and a SPD-10AVP UV-visible spectro-
photometric detector. The mobile phase consisted of acetonitrile:
5 lM potassium dihydrogen orthophosphate buffer, pH 3.0 (15:85)
with a flow rate of 1 ml/min. The column used was Hichrom C-18
(stainless-steel column of 25 cm length and 4.6 mm internal di-
ameter packed with porous silica spheres of 5 lm diameter, 100 A
pore diameter), and UV absorption of the eluent was monitored at
313 nm. Sensitivity was set at 0.001 a.u.f.s. To 250 ll of serum 5 ll
tinidazole (1.0 mg/ml) was added as internal standard and vortexed
for 2 min. An equal volume (250 ll) of 5% trichloroacetic acid was
added only to serum samples for protein precipitation and mixed
on a cyclo-mixer for 1 min and centrifuged at about 1200 g for
8 min using a Biofuge Fresco (Heraeus, Germany). Urinary me-
tabolite levels were estimated by taking 100 ll urine and diluting
the samples five times with deionised water. The supernatant (20 ll;
both serum and urine) was injected onto the column. A linear
calibration curve in the range of 2–36 lg/ml was established
(r2=0.999) in serum matrix. The lower limit of quantification was
50 ng/ml. Interassay variability at 2, 10 and 30 lg/ml gave with
coefficients of variation of 7.2, 5.0 and 3.0%, respectively.

Calculation of pharmacokinetic parameters

The pharmacokinetic parameters peak serum concentration (Cmax)
and time to reach peak concentration (tmax) were directly obtained
from concentration–time data. In the present study, AUC0–t refers
to the AUC from 0 h to 8 h which was determined using linear
trapezoidal rule and AUC0–¥ refers to the AUC from 0 to infinity.
The AUC 0–t value is more than 90% of the AUC0–¥ in the present
study and hence the extrapolation to ¥ is valid. AUC0–¥ was cal-
culated using the formula AUC0–t + (Clast/Kel), where Clast is the
concentration in milligrams per litre at the last time point and Kel is
the elimination rate constant.

Statistical analysis

Analysis of variance on log-transformed AUC0–t, AUC0–¥ and
Cmax data was performed, and 90% confidence intervals were cal-
culated for the ratios after/before diosmin pretreatment for these
parameters. Student’s t-test (paired data) was applied to t1/2, tmax

and urinary excretion data. A value of p<0.05 was considered to
be statistically significant.

Results

Diosmin pretreatment showed a significant effect on all
pharmacokinetic parameters of metronidazol examined
except tmax. Metronidazole plasma concentrations
were increased by approximately 25%, while urinary

Fig. 1 Chemical structure of diosmin
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excretion of metronidazole was decreased and that of the
metabolites was increased to a similar extent. The
mean±SD serum concentrations of metronidazole at
different time points before and after diosmin pretreat-
ment are shown in Fig. 2, and the pharmacokinetic pa-
rameters of metronidazole are presented in Table 1. The
mean±SD of urinary recovery of metabolites (acid- and
hydroxy-metronidazole) and unchanged metronidazole
during 0–24 h are given in Table 2. Metabolic ratios of
acid metabolite and of hydroxy metabolite over me-
tronidazole are shown in Fig. 3 and Fig. 4, respectively.
The 90% confidence intervals calculated for the ratios of
metronidazole AUC0–t, AUC0–¥ and Cmax values after
pretreatment with diosmin over the values obtained
without diosmin pretreatment were 1.18–1.37, 1.19–1.38
and 1.13–1.35, respectively. All three lie beyond the

0.80–1.25 range, indicating that differences between
periods are of practical relevance.

Discussion

Our results suggest that diosmin pretreatment caused a
decreased metabolism and/or transport of metronidazole

Fig. 2 Serum metronidazole log
concentration–time profiles
before and after pretreated with
diosmin. Before treatment
(circles), after treatment
(squares)

Table 1 Pharmacokinetic parameter values of metronidazole in human volunteers before (B) and after (A)pretreatment with diosmin

Vol. code Cmax tmax AUC0–t AUC0–¥ t1/2
(mg/l) (h) (mg h/l) (mg h/l) (h)

B A A/B B A A/B B A A/B B A A/B B A A/B

1 12.5 20.1 1.60 1 1 1 185 342 1.84 188 350 1.86 9.0 8.2 0.91
2 19.0 21.0 1.10 1 1 1 305 352 1.15 326 376 1.15 12.8 11.4 0.89
3 20.3 21.0 1.03 1 1 1 325 365 1.12 338 380 1.12 10.7 8.7 0.81
4 22.3 21.3 0.95 0.5 1 2 199 224 1.12 199 224 1.12 1.1 5.06 4.60
5 19.3 22.1 1.14 1 0.5 0.5 301 343 1.14 306 357 1.16 6.8 9.1 1.33
6 23.4 29.3 1.25 1 1 1 391 478 1.22 409 513 1.25 8.4 10.8 1.28
7 15.2 19.4 1.27 2 2 1 209 282 1.34 212 285 1.34 6.2 4.8 0.77
8 20.4 21.1 1.03 1 1 1 270 316 1.17 272 324 1.19 4.9 7.9 1.61
9 16.2 19.7 1.21 2 1 0.5 209 257 1.22 209 260 1.24 1.5 5.3 3.53
10 15.9 24.3 1.52 2 1 0.5 214 266 1.24 215 267 1.24 5.1 5.5 1.07
11 17.4 21.4 1.22 1 1 1 170 260 1.52 170 265 1.55 2.1 7.4 3.52
12 8.7 13.9 1.59 1 0.5 0.5 145 182 1.25 145 183 1.26 2.1 7.5 3.57
Mean 17.5 21.2 1.24 1.2 1 0.9 244 306 1.27 249 315 1.29 5.7 7.6 1.99
S.D. 4.1 3.5 0.22 0.4 0.3 0.4 71 75 0.28 80 88 0.20 4.1 2.2 1.38

Table 2 Urinary excretion of metronidazole and its metabolites
(mean±SD, n=12) collected over 24 h

Parameters (moles) Before After P value

Acid metabolite 0.49±0.19 0.37±0.15 <0.005
Hydroxy metabolite 0.59±0.30 0.46±0.24 <0.001
Metronidazole 0.67±0.20 0.83±0.27 <0.002
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as both AUC and Cmax showed a significant increase
probably owing to decreased clearance, and urinary
excretion changed towards a decreased ratio of metab-
olites over parent compounds. These changes may be
due to a decreased activity of CYP2C9 and/or CYP3A4
in liver/ intestine, and/or decreased P-gp-mediated
exsorption into the intestines.

Metronidazole is extensively metabolised by the liver
into five metabolites, and oxidative metabolic enzymes

(CYP2C9/3A4) are responsible for formation of the
major hydroxy and acetic acid metabolites [10]. Phar-
macokinetic interactions of a broad spectrum of drugs
often occur as a result of a change in drug metabolism
mediated by CYP3A4. The location of CYP3A4 in small
bowel and liver permits an effect on both presystemic
and systemic drug disposition. It was reported that citrus
phytochemicals such as diosmin, naringin, naringenin,
quercetin or rutin inhibited the metabolic activation of

Fig. 3 Metabolic ratios of acid
metronidazole in moles. Before
treatment (open bars), after
treatment (closed bars)

Fig. 4 Metabolic ratios of
hydroxy-metronidazole in
moles. Before treatment (open
bars), after treatment (closed
bars)
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tobacco-specific nitrosamine by inhibiting cytochrome
P450 enzymes including 1A1, 1A2, 2B1, 2D6 and 2E1
[13]. Diosmin exhibited inhibition of alkoxyresorufin-O-
dealkylase reactions selective for various cytochrome
P450 enzymes [14]. Diosmetin, the metabolite of diosmin,
had a protective effect on lipid peroxidation and in-
creased glutathione content [15]. This is evidence that
diosmin and diosmetin indeed are substances with the
capability of affecting drug metabolism.

The assumption about a possible role of P-gp in the
higher concentrations of metronidazole after diosmin
pretreatment was based on a previous report [16]
where genistein, quercetin and daidzein were found to
increase the accumulation of daunorubicin, whereas the
substances decreased accumulation of rhodamine-123 (a
p-gp substrate) in cell lines with high expression of
multi-drug resistance (MDR) protein. If diosmin inhibits
P-gp activity within the intestinal epithelium, the
absorption and oral bioavailability of P-gp substrates
might be increased. This, however, requires further
experimental evidence.

From the literature, it is evident that metronidazole,
the prototype drug of the nitroimidazoles, is able to
inhibit carbamazepine metabolism and elevate plasma
carbamazepine concentrations to potentially toxic levels
by inhibiting CYP3A4 [17]. Metronidazole is also
known to inhibit CYP2C9 and elevate phenytoin con-
centrations [18]. These reports suggest that under stea-
dy-state conditions inhibition of metronidazole
metabolism by diosmin may be amplified, to some ex-
tent, by the self-inhibition of these enzymes by metron-
idazole.

In summary, diosmin pretreatment increases me-
tronidazole concentrations in vivo, most probably by
inhibition of CYP3A4 and/or CYP2C9. Based on bio-
equivalence criteria, the extent of effect may be of clin-
ical relevance. Taking the metronidazole single dose
setting and the fixed sequence design of this study into
account, further studies are required for final judgement.
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