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ABSTRACT

Background and Objectives: The instructions of the manufacturer showed that metroni-
dazole infusion solution (5mg/mL) is incompatible with few drugs. This study aimed to de-
termine the physical and chemical compatibilities of metronidazole infusion with commonly
used intravenously administered physiological solutions.

Methods: Metronidazole injection in a commercially available concentration of 5mg/mL
was mixed with 0.9% sodium chloride, 5% glucose saline or Ringer's solution in the infused
bottle or during simulated Y-site injection. metronidazole was examined physically by visual
inspection and chemically by ultraviolet-visible spectrophotometer analysis. Adsorption of
metronidazole to intravenous administration sets without inline filters was also studied. Fur-
thermore, the compatibility of metronidazole with some drugs related to beta-lactams was
studied. Physical incompatibility was determined by visual inspection against a black-and-
white background, and chemical incompatibility was measured by a stability-indicating UV-
visible spectrophotometer assay for metronidazole.

Results: The absorbance magnitude (O.D.) recorded by UV-visible spectrophotometer
showed differences in respect to the infused solutions as well as to the admixed physiologi-
cal solutions. Moreover, metronidazole is incompatible with Co-amoxicillin and clavulanic
acid, and cefepime.

Conclusions: It is concluded that metronidazole infusion should be separately infused, not
admixed with physiological solutions and avoided its combination with beta lactams.
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INTRODUCTION:

5- nitroimidazoles included metronidazole,
tinidazole, ornidazole and secnidazole are
used in the treatment of anaerobic proto-
zoan parasitic infections’. Metronidazole is
active against a wide range of pathogenic
microorganisms, notably species of bacter-
oides, fusobacteria, clostridia, eubacteria,
anaerobic cocci, and Gardnerella vaginalis
as well as protozoa. Metronidazole and
metronidazole HCI are stable in air but it
may darken upon exposure to light but it
was degraded in solution by photolysis us-
ing ultraviolet-B light in presence of hydro-
gen peroxide exhibiting pseudo-first order
reaction kinetics®. It is undergone reduction
reaction, and its reduced form does not

absorb at the same max of the pure met-
ronidazole®. The instructions of the manu-
facturer showed that Metronidazole infu-
sion solution (5mg/mL) is incompatible with
cefamandole nafate, cefoxitin sodium,
penicillin G potassium, dextrose 10% and
sodium lactate injection. Metronidazole is
incompatible with aztreonam when ad-
mixed in a phosphate citrate buffer* and
ciprofloxacin lactate, acyclovir during simu-
lated Y- injection under fluorescent lighting
at room temperature®®. In general B-
lactam antibiotics containing the 2-
aminothiazole moiety are incompatible with
metronidazole. These antibiotics react in
acidic media with the nitrite ion contributed
by metronidazole producing diazotized
molecule’. This study is aimed to show the
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compatibility of metronidazole in physiologi-
cal solutions using UV-Visible spectroscopy
determinant.

MATERIALS AND METHODS:

This study was conducted in Department of
Pharmacology, College of Medicine, Uni-
versity of Al-Mustansiriya in Baghdad, Iraq
during 2009. The pharmaceutical prepara-
tion of metronidazole intravenous infusion
(500 mg/100 mL) in plastic bottle, beta lac-
tam drugs and physiological solutions were
purchased from the local sources. The in-
gredients of metronidazole intravenous in-
fusion include citric acid monohydrate (22.9
mg), sodium chloride (790 mg) and anhy-
drous disodium hydrogen phosphate (47.6
mg), pH 5.5 (4.5-7.0). Physiological solu-
tions included sodium chloride (0.9 % con-
tained 150 mmol/L sodium and 150 mmol/L
chloride), glucose saline (dextrose 5% wi/v
and sodium chloride 0.9% contained 150
mmol/L sodium, 150 mmol/L chloride, the
osmolality 586 mOsm/L) and Ringer's solu-
tion (contained 147.5 mmol/L sodium, 4.0
mmol/L potassium, 156 mmol/L chloride
and 2.25 mmol/L calcium, the total osmo-
lality 310 mOsm/L). In the first series of ex-
periments, an equal volume (100 mL) of
each physiological solutions; sodium chlo-
ride , glucose saline or Ringer's was drawn
and replaced with 100 mL metronidazole
and let the fluid run under gravity via intra-
venous fluid tubing system ended with in-
travenous canula. Then the fluid was ob-
tained from the bottle, at the end of tubing
system and that run from canula. The vis-
ual incompatibility in term of cloud, change
in color, evolution of gas and the appear-
ance of precipitates was checked. The pH
of the obtained fluid was recorded and di-
luted with the same physiological solution
to get a final concentration of 10ug/mL and
the UV-spectra of metronidazole was re-
corded using UV-visible spectrophotome-
ter. In the second series of experiments,
metronidazole solution was injected as
pulses into canula of each running physio-
logical solution, then the admixed solution
was collected and the optic density was

recorded as mentioned above. In the third
series of experiments, both physiological
solution and metronidazole solution were
run via Y-assembly connection. The optic
density was recorded as mentioned above.
In the fourth series of experiments, 100 mL
metronidazole (500 mg/100mL) was mixed
with 400 mL of sodium chloride diluted to
1/3 and 2/3 strength or glucose saline di-
luted to 1/5, 2/5,3/5,4/5 strength. Then the
optic density of each solution was recorded
as mentioned above. In the fifth series of
experiments, metronidazole solution was
dissolved in 25, 50, 75 and 100 mmol po-
tassium chloride obtaining a final concen-
tration of 10ug/mL and the optic density
was recorded as above. In the sixth series
of experiments, equal volume metronida-
zole solution (5mg/mL) was mixed with
each of beta lactam drugs; ampicillin,
amoxicillin, Co-ampicillin and cloxacillin,
Co-amoxicillin and clavulanic acid, cefa-
toxime, ceftriaxone and cefepime. The vis-
ual appearance of the mixture was ob-
served up to 30 minutes.

RESULT:

There is no evidence of visual incompatibil-
ity and the pH was 4.9, 4.5 and 4.7 for met-
ronidazole admixed in 0.9% sodium chlo-
ride, glucose saline and Ringer's solution
respectively. Figure(1) shows that the peak
absorbance (O.D.) of metronidazole ad-
mixed in the plastic bottle of sodium chlo-
ride (0.9%) solution (0.539 at A320 nm) is
higher than running plastic tube (0.316 at
A315 nm) or canula (0.286 at A317 nm).
The peak absorbance (O.D) of metronida-
zole admixed in plastic bottle of glucose
saline solution did not differ from that ad-
mixed in the container of sodium chloride
(0.9%) solution (0.539 vs 0.522 at at A320
nm respectively) but the differences were
observed in the running tube and canula
(Figure.2). Metronidazole's peaks obtained
from admixing metronidazole with Ringer's
solution whether in plastic bottle, running
tube or canula were differed from those
observed with sodium chloride (0.9%) or
glucose saline solution (Figure.3). In the
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second series of experiments, the metroni-
dazole absorbance peaks (at A320.5-321
nm) were 0.234, 0.272 and 0.286 when
metronidazole  solution is injected as
pulses into the canula of sodium chloride
(0.9%), glucose saline and Ringer's
solution infusions respectively. In the third
series of experiment the highest peak of
metronidazole absorbance was observed
when metronidazole solution was run via
Y-assembly connection with glucose saline
(0.546 at A320) compared with sodium
chloride (0.456 at A320) or Ringer's solution
(0.412 at A320.5). Table (1) shows that any
change in the strength of sodium chloride

(0.9%) or glucose saline solution by dilu-
tion with distilled water resulted in obvious
incompatibility of metronidazole in term of
changes in the magnitude of metronidazole
peak. Metronidazole dissolved in different
concentrations of potassium chloride solu-
tions showed higher magnitude of absorb-
ance peak (0.549) at A320 nm when dis-
solved in 25 mmol/L and the lowest (0.524)
at A320 nm when dissolved in 50 mmol/L
potassium chloride solution (Figure. 4).
Table 2. shows that metronidazole is
incompatible with Co-amoxicillin  and
clavulanate and cefepime.

Table 1: The effect of different strengths of physiological solution on the absorbance (O.D.)

of metronidazole (10 pg/mL).

Physiological solution Peak wave- Absorbance (0.D.)
length (nm)
1/3 strength sodium chloride 321.6 0.511
2/3 strength sodium chloride 319.5 0.455
Full strength sodium chloride 320.0 0.539
1/5 strength glucose saline 320.0 0.488
2/5 strength glucose saline 320.9 0.603
3/5 strength glucose saline 320.2 0.493
4/5 strength glucose saline 319.5 0.510
Full strength glucose saline 320.0 0.522

Table 2: Visual incompatibility of metronidazole admixed with some drugs related to beta

latams.

Drug Appearance of admixture | Compatibility
Ampicillin Clear Yes
Amocillin Clear Yes
Co-ampicillin and cloxacillin Clear Yes
Co-amoxicillin and clavulanic acid | Dark yellow color No
Cefotaxime Clear Yes
Ceftriaxone Clear Yes
Cefepime Precipitates No

69




Physical and chemical compatibility of intravenous .....

Zanco J. Med. Sci., Vol. 14,(Special issue 1), 2010

DISCUSSION:

There is no doubt that metronidazole
showed incompatibility with physiological
solutions. The causes of metronidazole in-
compatibility are multifactorial. The differ-
ences in UV spectra of metronidazole dis-
solved in different physiological solutions
that obtained from plastic bottle, plastic tub-
ing system and canula are related either to
the tonisity, pH or ingredients of each
physiological solution or to the adsorption
of metronidazole to the plastic material.
Most antibacterial agents are stable when
admixed in physiological solutions e.g.
doripenem®. Metronidazole showed incom-
patibility when combined with some drugs
e.g. aztreonam , ciprofloxacin in 5% dex-
trose®'®. On the other hand, degradation of
cefotaxime in tinidazole glucose injection is
reported'’. Although the pH of metronida-
zole is changed when admixed in physio-
logical solution but it remained within the
acceptance range of stability. It seems to
be the buffer capacity of each physiological
solution did not affect the stability of met-
ronidazole because the pH of admixtures
whether the physiological solutions with low
(sodium chloride or glucose saline) or high
(Ringer's solution) buffer capacity are ap-
proximated. Previous study showed that
the incompatibility of metronidazole with
ciprofloxacin based on pH changes of more
than 1 unit °. The results reported herein
show that the metronidazole instability is
related to the some drugs related to the
beta lactam as with Co-amoxicillin and cla-
vulanic acid or cefepime or presence of po-
tassium salts as with Ringer's solution.
Compatibility of drug pairs (nitroimidazoles,
macrolides and omeprazole) in their binary
mixtures was found but ternary mixtures
show somewhat larger interactions'?. The
possibility of adsorbing property of metroni-
dazole on the inner surface of the plastic
materials also contributed in the metronida-
zole instability. There is an evidence that
drug incompatibility had been observed
with calcium salts as with ceftriaxone with
calcium chloride™, and this evidence may

explain the low value of metronidazole's
absorbance when admixed in Ringer's so-
lution. Therefore, The best way would be to
inject the metronidazole separately with
100 mL prepared infusion solution to avoid
the physiochemical reactions related to the
preservatives and additives™.

CONCLUSION:

It is concluded that metronidazole infusion
should be separately infused, not admixed
with physiological solutions and avoided its
combination with beta lactams.
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