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SCIENTIFIC REVIEW

BBiiooaavvaaiillaabbiilliittyy  FFiillee::  MMeettrroonniiddaazzoollee

Evren H. TURGUT*, Mine ÖZYAZICI*°

BBiiooaavvaaiillaabbiilliittyy  FFiillee::  MMeettrroonniiddaazzoollee  
SSuummmmaarryy
Metronidazole is an antimicrobial nitroimidazole derivative,
which was originally introduced to treat Trichomonas vagina-
lis but nowadays is used for the treatment of anaerobic and
protozoal infections. Metronidazole is bactericidal through to-
xic metabolites, which cause deoxyribonucleic acid (DNA)
strand breakage. It has a bioavailability of more than 90% af-
ter oral administration. The drug is metabolized by the liver
and the hydroxy-metabolite has also a therapeutic effect. In
this review, the physicochemical structure, assay methods,
pharmacological and pharmacokinetical properties, and bioa-
vailability of metronidazole are summarized.
KKeeyy  WWoorrddss:: Metronidazole, bioavailability, pharmacokinetics,

pharmacology, drug interactions.
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BBiiyyooyyaarraarrllaann››mm  DDoossyyaass››::  MMeettrroonniiddaazzooll

ÖÖzzeett

Metronidazol ilk olarak Trichomonas vajinalis tedavisi için ç›-

kar›lm›fl, ancak günümüzde anaerobik ve antiprotozoal enfek-

siyonlar›n tedavisinde kullan›lan antimikrobiyal bir nitroimida-

zol türevidir. Metronidazol, deoksiribonüleik asit (DNA) zinci-

rinin k›r›lmas›na sebep olan toksik metabolitleriyle bakterisidal

özellik gösterir. Oral yolla verildi¤inde % 90‘dan fazla biyoya-

rarlan›m göstermektedir. Karaci¤erde metabolize olur ve ilac›n

hidroksi metaboliti de terapotik etkiye sahiptir. Bu derlemede,

metronidazolün fizikokimyasal yap›s›, miktar tayini yöntemleri,

farmakolojik ve farmakokinetik özellikleri ile biyoyararlan›m›

özetlenmifltir.

AAnnaahhttaarr  kkeelliimmeelleerr:: Metronidazol, biyoyararlan›m, farmakoki-

netik, farmakoloji, ilaç etkileflimleri.

IINNTTRROODDUUCCTTIIOONN

Metronidazole was introduced in 1959 for the treat-
ment of patients with Trichomonas vaginalis and it
has since been evaluated in the treatment of infecti-
ons caused by anaerobic bacteria1. It is a member of
the 5-nitroimidazole antimicrobials class, especially
fatal on some protozoa2. It has been used success-
fully in the treatment of vaginal infections, antibi-
otic-associated pseudomembranous colitis, tricho-
moniasis and symptomatic amebiasis3,4. It is a drug
of first choice in the infections of Helicobacter pylo-
ri5-7. It has also been reported to be of value in
Crohn’s disease8-10.

It is usually absorbed well (80-90%) by oral route.
The principal route of elimination is hepatic oxidati-
on and glucuronidation11. Metronidazole has com-
mon adverse effects like nausea, diarrhea, anorexia,
vomiting and urticaria, although it is widely used12.
The carcinogenic potential and effects on spermato-
genesis are under investigation13. 

PPhhyyssiiccoocchheemmiiccaall  PPrrooppeerrttiieess

Metronidazole is named as 2-methyl-5-nitroimida-
zole-1-ethanol or 1-(2-hydroxyethyl)-2-methyl-5-nit-
roimidazole. Its formula is C4H9N3O and the chemi-
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AAnnaallyyttiiccaall  MMeetthhooddss

Metronidazole can be determined with microbiolo-
gical techniques, spectrophotometric methods, thin
layer (TLC), gas (GC) and high-pressure liquid chro-
matography (HPLC)22-25. Early detection of metro-
nidazole was based on bioassay and gas-liquid chro-
matography. These methods were time consuming
and failed to determine the concentrations of the
metabolites. UV (ultraviolet) and IR (infrared) spect-
rophotometry and HPLC, especially for analysis
from biological fluids, were preferred with the deve-
lopment of the other techniques26-31. HPLC has
many advantages over the other methods as an ac-
curate and sensitive method. It was reported that
HPLC method has sensitivity at ng/g level to detect
drug content from vaginal tissue32 and as little as 5
ng of the drug was detectable from serum33. HPLC
methods are able to determine hydroxy and acetic
acid metabolites. Detection is usually carried out at
320 nm34.

PPhhaarrmmaaccoollooggyy

Metronidazole and nitroimidazoles are thought to
produce their bactericidal activity through four pha-
ses.

1 - entry into bacterial cell
2 - nitro group reduction 
3 - action of the cytotoxic by products
4 - production of inactive end products

The selective toxicity of nitroimidazoles depends on
two factors. The first is the reduction of nitroimida-
zoles2,35,36. Since metronidazole is a small, lipophilic
molecule that cannot ionize, it can easily enter into
the microorganism cell with passive diffusion. Nit-
roimidazole sensitive cells are commonly anaerobic
and include low redox potential proteins with a role
in electron transfer. The second mechanism is to
turn the nitro group of nitroimidazoles into interme-
diary toxic metabolites with the reduction caused by
non-enzymatic chemical reactivity.

This toxic metabolite interacts with DNA, RNA (ri-
bonucleic acid) or intercellular proteins, but the ma-
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cal formula can be seen in Figure 1. Molecular we-
ight is 171.2.

FFiigguurree  11.. The chemical structure of metronidazole.

It is white to pale yellow, odorless and in crystal or
crystalline powder form, melting between 159-
162˚C. It is sparingly soluble in water, alcohol or
chloroform and slightly soluble in ether14-16. Its pKa
was detected as 2.517 

Metronidazole was reported to undergo hydrolysis
in aqueous media due to the presence of photolyti-
cally generated hydroxyl radicals. Light irradiation
has more effect on the degradation of metronidazo-
le in solution than irradiation with sonic energy.
Wang et al.18 studied the degradation kinetics under
various conditions such as pH, total buffer concent-
ration, ionic strength, temperature, light exposure
and cosolvent system. The results indicated pseudo-
first-order degradation kinetics for metronidazole in
aqueous solution. In the pH range between 3.9 and
3.6, metronidazole was more stable than in other pH
regions. There was not enough degradation in a 50-
day period for both light-exposed and light-protec-
ted samples. However, UV irradiation did accelera-
te the degradation processes of metronidazole in the
light-exposed samples. The effect of gamma rays on
metronidazole was investigated and it was found
that gamma irradiation of metronidazole produced
free radicals19. In another study, metronidazole was
found to become biologically inactive when it was
impregnated into solid sensitivity discs and then ex-
posed to light. The effect of light on parenteral solu-
tions of metronidazole caused a fall in pH, an incre-
ase in nitrite ion concentration and formation of am-
ber discoloration20.

From a thermodynamic study, it was concluded that
aqueous suspensions of the anhydrous form of met-
ronidazole benzoate were metastable and that stora-
ge of such suspension at temperatures lower than
38˚C leads to hydrate formation accompanied by
crystal growth21.



jor effect appears with the breakage of the DNA
strand. Therefore, the inhibition of DNA synthesis
causes the death of the cell. The therapeutic dose of
the drug affects the lymphocytical DNA2-37. Anot-
her mechanism is the self-reduction potential of nit-
roimidazoles that destroys intercellular electron
transfer and depresses of NADH (nicotinamide ade-
nine dinucleotide) and NADPH (nicotinamide ade-
nine dinucleotide phosphate). As a result, the ener-
gy formation is inhibited2. Both clinical and microbi-
ological resistance has been demonstrated rarely.
However, the study of Edwards et al.38 has shown
that microorganisms like E. coli, Proteus and Klebsi-
ella absorb metronidazole in the treatment of T. va-
ginalis. Therefore, the concentration of active subs-
tance in vaginal fluid has been decreased.

The minimum effective concentration of metronida-
zole has been determined as 0.1-8 µg/ml, and gene-
ral oral doses for 5 to 10 day treatment periods very
between 400-800 mg. Serum concentration and dose
range should be adjusted for newborns and child-
ren. The adjustment has been made according to
body weight (35-50 mg/kg), because of the simila-
rity of the clearance as in adults. There is no need to
change the dose during pregnancy since there is not
a significant difference in pharmacokinetics. The
drug can be administrated by intravenous infusion
with a rate of 5 mL/min. every 8 hours (h), if the oral
route is not available. Metronidazole can be admi-
nistered rectally 1 g, 3 times a day for 3 days16,39-41.
The oral dose in acute ulcerative gingivitis is 600 mg
per day. The drug can be given at a dose of 500 mg
for 7 days vaginally. Solutions of 1% and gels at dif-
ferent ratios have also been used. It has been repor-
ted that 500 mg metronidazole can be effective topi-
cally, once or twice a day14.

AAddvveerrssee  EEffffeeccttss

The adverse effects of metronidazole are generally
dose-related. The most common untoward effects
are nausea, diarrhea, anorexia, epigastric distress
and abdominal cramps. Urticaria, pruritus, flushing,
dry mouth, dry vulva and vagina, feeling of pelvic
pressure, vertigo, headache, ataxia and insomnia oc-
cur occasionally. The urine sometimes becomes dark
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in color14,39. These adverse effects involve the gast-
rointestinal tract and nervous system especially
with high doses33. Reduction of side effects while
prolonging its action by using controlled release of
oral dosage forms is highly desirable. Several natu-
ral and synthetic polymers like HPMC (hydroxy
propyl methyl cellulose) can be used to modify the
drug release42.

Metronidazole is mutagenic to some bacteria speci-
es. In large doses administered to rodents, metroni-
dazole interferes with spermatogenesis and is carci-
nogenic1. Metronidazole passes through the placen-
ta and has the risk to affect the fetus. There are pa-
pers recommending that the drug not be used du-
ring pregnancy3,43. In one study, at the maximum
concentration of metronidazole that can dissolve in
water (10 mg/ml), no toxicity was detected in rabbit
and human sperm44. It has been reported that altho-
ugh metronidazole itself may not be carcinogenic,
its effects on DNA can accelerate carcinogenicity.
Unfortunately there are no studies yet reporting pa-
tients treated with metronidazole who were follo-
wed for a sufficient period of time; the available da-
ta suggests it would take 20 years to determine if
metronidazole is carcinogenic45.

PPhhaarrmmaaccookkiinneettiiccss  aanndd  BBiiooaavvaaiillaabbiilliittyy

AAbbssoorrppttiioonn  

The absorption of metronidazole has been studied in
a variety of dosage forms including oral tablets, in-
fusions, vaginal-rectal suppositories, and topical gel.
The oral absorption of metronidazole is excellent,
with bioavailability often reported as >90%46-48. The
peak plasma drug concentration (Cmax) after a sing-
le dose of 500 mg is approximately 8 to 13 mg/L,
with a corresponding time (tmax) of 0.25 to 4 h49,50.
The correlation between Cmax and tmax can be seen
from the plasma concentration-time graphic of four
healthy males given a single dose of 500 mg metro-
nidazole (Fig. 2).

The suspension of benzyl metronidazole, equivalent
to 400 mg or 2 g metronidazole, was given to male
volunteers. The obtained peak plasma concentration



was 4.6 mg/L for 400 mg and 17 mg/L for 2 g, and
tmax was found as 3.2 and 5.1 h, respectively. The bi-
oavailability of this formulation was 20%, low when
compared to metronidazole, and Cmax was 45% dec-
reased46.

Serum concentrations of metronidazole have been
evaluated in healthy female volunteers who rece-
ived a single dose of 2 g metronidazole orally. Cmax
and tmax were found as 40 mg/L and 1-2 h, respec-
tively51. A group of 121 women undergoing elective
gynecologic surgery were evaluated for the potenti-
al of prophylactic use, after receiving oral metroni-
dazole, intravenous metronidazole and placebo.
This study revealed that the incidence of postperati-
ve infections could be reduced with the use of met-
ronidazole. The blood levels of metronidazole sho-
wed that the oral use of drug is as effective as intra-
venous use (Table 1)52.

TTaabbllee  11.. Post- and intra-operative blood concentration values of

metronidazole given for prophylactic purpose by oral

and iv route for three days

PPoosstt--ooppeerraattiivvee

AAddmmiinniissttrraattiioonn IInnttrraa--ooppeerraattiivvee 11sstt ddaayy 22nndd ddaayy 33rrdd ddaayy

rroouuttee ((mmgg//LL)) ((mmgg//LL)) ((mmgg//LL)) ((mmgg//LL))

IV 22.1 ± 0.9 15.2 ± 0.8 1.5 ± 0.2 0.3 ± 0.1

Oral 17.9 ± 1.3 3.4 ± 0.3 0.3 ± 0.1 0

In one previous study Flagyl suspension and test
suspension were compared as fractions absorbed
from various parts of the gastrointestinal system
(Fig. 3). It was determined that the absorption of
drug was sensitive to permeability; however, it was
not affected by the transit time through small intes-
tine53.

Pharmacokinetic characteristics of metronidazole
were studied in 19 pregnant women. All patients re-
ceived 250 mg or 1 g metronidazole orally in a sing-
le or in multiple doses for 10 days. Serum concentra-
tions were found as 4.6 and 17.4 mg/L, respecti-
vely54.

Although metronidazole is generally given orally
the use of vaginal and rectal suppositories is an al-
ternative route, especially when local effect is requ-
ired. Suppositories prepared with Witepsol H15,
containing 500 mg metronidazole, were studied qu-
antitatively. The serum concentration of drug was
evaluated every 8 h and compared to the intraveno-
us route. It was claimed that the suppositories were
as effective as infusions of the drug55. When 500 mg
metronidazole was administered rectally, Cmax and
tmax reached 4-5.5 mg/L and 0.5-1h. The absorption
of metronidazole released from the suppositories
through the rectum was found as 67-82%56 (Fig. 4).

Turgut, Özyaz›c›
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FFiigguurree  22.. The plasma concentration-time graphic of four healthy

volunteers who received 500 mg metronidazole as an

oral single dose.

FFiigguurree  33.. % Fraction of metronidazole absorbed from different

parts of gastrointestinal tract.

FFiigguurree  44.. The serum concentration time graphic of 500 mg met-

ronidazole after rectal (l ) and intravenous (ll ) administration.
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In one study, the vaginal suppositories of 500 mg
metronidazole show a bioavailability between 20-25
%57. In another the vaginal bioavailability was fo-
und as 56% when compared to 500 mg intravenous
dose58.

In the study of Fredericsson et al., the blood level of
metronidazole administered orally and vaginally
was found closer to the level obtained after intrave-
nous injection59. It is known that since the diffusion
rate of dissolved drug from the diffusion membrane
is a rate-limiting factor, intravaginal absorption is
variable depending on the base used in the formula-
tion60. When the biodistribution of vaginal supposi-
tories of technetium-99m labeled metronidazole
prepared with Witepsol H15 was investigated with
gamma camera, 25% of the drug was found in the
urinary bladder 2.5 h after administration61. When 5
g gel containing 0.75% metronidazole was adminis-
tered, a value of 0.2-0.3 mg/L for Cmax and 8.3-8.5 h
for tmax were observed. Cmax and tmax values gained
from vaginal suppositories and inserts containing
500 mg drug were 1.1-1.9 mg/L and 7.7-20 h, respec-
tively57,62,63. In another study it was concluded that
vaginal application of 500 mg metronidazole daily
for seven days is equally effective as oral administ-
ration in the treatment of bacterial vaginosis46. The
determined metabolites of the drug delivered vagi-
nally were less when compared to iv and oral admi-
nistration. However, the two metabolites show a
constant ratio62. A slight systemic absorption was
reported from the topical application of metronida-
zole. The serum concentration was found as 66
mg/L 24 h after the application of 1 g gel containing
0.75% metronidazole in adults64. 

DDiissttrriibbuuttiioonn

Metronidazole has generally been reported to have
good penetration into the cerebrospinal fluid (CSF)
and central nervous system (CNS). A patient with
Fusobacterium meningitis had CSF concentrations
of 13.9 and 11 mg/L at 2 and 8 h, respectively, after
oral administration of 500 mg doses twice daily65.

Protein binding of metronidazole is less than
20%50,66,67. The reported volumes of distribution

(Vd) in various studies have ranged from 0.65 to 0.71
L/kg in newborn infants, to 0.51 to 1.1 L/kg in
adults. Single dose studies with oral and intraveno-
us 500 mg metronidazole have determined the area
under the serum concentration-time curve (AUC) to
be approximately 100-159 mg/L.h47,48,68. Pregnant
women tend to have AUCs that also fall in this ran-
ge, but children and infants may have higher AUCs
depending on the dose utilized49,69,70. Sixteen preg-
nant women prepared for cesarean sections received
a single intravenous dose of metronidazole 500 mg.
Arterial cord blood concentrations at the time of ce-
sarean ranged from 8.9 to 16.4 mg/L. Placental tis-
sue concentrations have been reported as being rela-
tively low compared with serum concentrations71.
Concentrations of metronidazole as single 400 mg
oral doses or 4 x 400 mg doses given every 8 h were
administered to 30 women who required hysterecto-
mies. Serum and tissue samples from the fallopian
tubes and uterus were obtained 3-4 h after administ-
ration. The concentration in the uterus and fallopian
tubes were 94% and 97.3%, respectively72. Thirty
women undergoing laparoscopy received metroni-
dazole 500 mg intravenously as part of prophylaxis
regimen. The average time elapsed from infusion of
metronidazole until simultaneous sampling of peri-
toneal fluid and blood was 55 minutes. The avera-
ged serum concentrations were 10.7 mg/L and peri-
toneal fluid concentration was 7.2 mg/L73. When
the rate and extent of transvaginal absorption and
the disposition of 14C labeled metronidazole were
compared after 6 h intravaginal application to rab-
bits, the levels of labeled drug were highest in the
urinay bladder, liver and kidney74.

The pancreatic tissue concentration of drug in eight
patients with pancreatitis and pancreatic carcinoma
after 500 mg iv administration was 5.1 mg/L75.
Twelve patients with necrotizing pancretitis had se-
rum and necrotic tissue samples obtained to deter-
mine tissue penetration. The penetration of metroni-
dazole was 99% with a concentration of 8.4 µg76.
Twelve patients undergoing colorectal surgery rece-
ived 1 g iv metronidazole for prophylactic purpose.
Concentration of colonic mucosa and abdominal
wound closure were found as 0.94 and 0.7677. Se-
venteen patients under going the same operation re-
ceived 1.5 g iv metronidazole and the concentrations
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of serum and tissue samples (colon, peritonum, ile-
um, muscle, omentum, appendix and subcutaneous
fat) were determined for 72 h. Concentrations of
metronidazole and hydroxy metabolite were assa-
yed. The mean value of drug in the various tissues
was in the 10-30 mg/g range78. Metronidazole con-
centrations were estimated in four human volunte-
ers after a single dose of 750 mg taken orally. Samp-
les of blood, saliva and gingival fluid were collected
and Cmax for saliva and plasma were in the same
range79. 

MMeettaabboolliizzaattiioonn

Metronidazole is metabolized in the liver into two
major metabolites. These are (1-(2-hydroxy-ethy)-2-
hydroxy-methyl-5-nitroimidazole)) hydroxy-metro-
nidazole and 2-methyl-2-nitroimidazole-1- acetic
acid. The acetic acid metabolite is only found in uri-
ne and does not possess any pharmacological acti-
vity. However, hydroxy-metronidazole has an anti-
microbial potency approximately 30% that of metro-
nidazole against certain strains of bacteria and can
be detected readily in the systemic circulation80,81.
The acetic acid metabolite has only 5% of the activity
of the parent drug and is only detectable in patients
with renal dysfunction. Glucuronide and sulfate
conjugates and an oxidation product have also been
detected82. The metabolization tract and chemical
formulas can be seen in Figure 5.

EElliimmiinnaattiioonn

The main routes for the elimination of metronidazo-
le are hepatic oxidation and glucuronidation. Its low
molecular weight, trivial protein binding and relati-
vely high renal clearance argue against significant
biliary excretion12. The therapeutical plasma con-
centration for metronidazole is approximately 5
µg/mL. An average of 71.1% of an intraduodenal or
intravenous dose of 14C labeled metronidazole was
excreted in 24 h, 23.9% in bile and 47.6% in urine,
over 5 days67. 5% of the drug was turned into carbon
dioxide with the breakage of the imidazole ring by
gut flora83. 7-12% of the dose was found unchanged
in urine84. 14-24.1% of the applied dose was found
as hydroxyl and 9.6-12% as acid metabolite46,85. The
total clearance of metronidazole from serum has be-
en reported to range from 2.1 to 6.4 L/h/kg body
weight86,87. Metronidazole shows dose-dependent
clearance between 250-2000 mg. The half-life of the
drug (t1/2β) ranges from 6-10 h. Many studies report
t1/2β as 8 h in adults and 22 h in newborn25,88,89. Thi-
ercelin et al.90 noted that metronidazole taken 500
mg orally every 8 h resulted in AUC values 51% hig-
her than the same dosage administered intraveno-
usly, even though the t1/2β was 6 h for both routes.
There are two explanations for this:

1-Metronidazole inhibits its own metabolism by gut
microsomal monooxygenases.

2-Oral administration leads to excessive glucuroni-
dation with resulting entero-hepatic circulation.

The t1/2β of the hydoxy metabolite is longer than
that of metronidazole and is between 8.5-19.2h90. A
single dose (500 mg) of intravenous metronidazole
was administered to six patients with CLCR £ 0.6
L/h because of acute renal failure, for four days. The
distribution value (Vd) was 0.65 L/kg, t1/2β was 9.9
h, total plasma clearance was 55.5 ml/min. and non-
renal clearance was 54.0 ml/min91. In a similar
study, 29 patients with renal insufficiency were gi-
ven a single intravenous dose of 500 mg metronida-
zole, and plasma and urinary concentrations of the
drug and two major metabolites were determined.

FFiigguurree  55.. The metabolization pathway of metronidazole in hu-
mans and chemical structure of metabolites.

VI: metronidazole V: 1-(2-hydroxyethyl)-2-hydroxymethyl-5-nit-
ro-imidazole; IV: 1-(2-hydroxyethyl)-2-carboxylic acid-
5 nitro-imidazole; III: 1-acetic acid-2-methyl-5-nitro-
imidazole; I and II are glucuronide conjugates.



45

FABAD J. Pharm. Sci., 29, 39-49, 2004

The pharmacokinetic parameters were not signifi-
cantly affected by renal failure of any degree92. The
patients with creatinine clearance (CLCR)  ≤ 1.8 L/h
had to be kept under control;  metronidazole must
not be administered to patients with CLCR ≤ 0.6 L/h
because of the accumulation of the metabolites of
the drug93.

The influence of hemodialysis has also been evalu-
ated for metronidazole and its metabolites. 500 mg
of the drug was administered intravenously to five
volunteers with normal renal function, four patients
with renal failure and five patients requiring hemo-
dialysis. The t1/2β was 6.13-6.8 h, Vd was 1.29-1.44
L/kg, and CLCR was 9.1-11.02 L/h for all groups,
but metabolite concentrations increased three-fold
in the group with renal failure94. The pharmacokine-
tic parameters of metronidazole were determined in
patients with liver disease. It was observed that liver
disease did not markedly influence the disposition
of single oral doses of metronidazole95. The bioava-
ilability was very good in Crohn’s disease and ulce-
rative colitis. There was no difference in half-life, Vd
or plasma clearance96.

FFoooodd  aanndd  DDrruugg  IInntteerraaccttiioonnss

Metronidazole, which does not interact with other
drugs, may provoke a disulfiram-like reaction with
ethanol in some individuals73,87. The synergistic ef-
fect of proton pump inhibitors and antimicrobial
subtances has been investigated. Single doses of 400
mg metronidazole were administered intravenously
to 24 healthy men while taking placebo or omepra-
zole. Omeprazole had no influence on the plasma ki-
netics of metronidazole. However, metronidazole
AUC was reduced in gastric juice and Cmax was dec-
reased. These results indicate that low pH ionizes
metronidazole and hyroxy metabolite, leading to
high concentrations in gastric fluid that are reduced
when gastric pH is lowered by omeprazole97.

The possible influence of food intake on the bioava-
ilability of metronidazole was examined in 10 he-
althy volunteers by administration of a single dose
of drug, on an empty stomach, or with a standardi-

zed breakfast. It was considered that food intake did
not significantly alter the bioavailability of metroni-
dazole. Metronidazole can be taken with and betwe-
en meals safely. Bioavailability is not under the inf-
luence of food intake but absorption can be dela-
yed14.

TTaarrggeettiinngg  SSttuuddiieess

Matrix tablets of metronidazole were prepared
using guar gum as a carrier to develop colon targe-
ted delivery systems. The release studies were con-
ducted in stomach and small intestine. The minimal
release of drug in the first five hours provided the
local action required in the colon98. Two types of al-
ginate gel beads capable of floating in the gastric ca-
vity were prepared using metronidazole as a model
drug. The release properties have shown that algina-
te gel beads were suitable not only for sustained re-
lease of drugs, but also for targeting the gastric mu-
cosa99.

RREESSUULLTTSS  

Metronidazole is the first-choice drug in the treat-
ment of anaerobic infections because of its pharma-
codynamics and pharmacokinetics, acceptable ad-
verse effect profile and undiminished antimicrobial
activity. The other advantages in using metronida-
zole are its availability in many dosage forms, good
tissue penetration and low expense. Although ne-
wer agents have curtailed the use of metronidazole,
it still has a role in treatment of various infections.
The new combinations did not show any therapeutic
advantage over metronidazole. Therefore, many cli-
nicians consider metronidazole as the gold standard
antibiotic with its anaerobic activity. However, to
obtain an effect at the desired region without getting
involved with systemic circulation is still the main
goal in pharmaceutical design of the drugs. The mo-
dified release formulations appear to be a promising
vehicle for delivering the drugs to the desired regi-
on and reducing the adverse effects. These modifica-
tions, like sustained release, delayed release, etc.,
may be beneficial for metronidazole use in infecti-
ons like Crohn’s disease, in which a specific drug
delivery regimen should be considered.
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