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Abstract

Secnidazole (hydroxy-2-propyl)-1-methyl-2-nitro-5-imidazole) is an antimicrobic agent. This drug has pharmacological activity
against intestinal and hepatic amebiasis, giardiasis and vaginal trichomoniasis. This paper shows the physicochemical parameters
of secnidazole determined during a preformulation study. The determination of the apparent partition coefficient and the profile
of solubility in dependence of pH demonstrate the basic characteristic of the drug. The dissolution assay was performed to
evaluate its behavior in water. For this purpose, a new spectrophotometric method, which was linear from 5 to 15 pg/ml, sensitive,
precise, accurate and selective, was validated to assay the bulk drug. The evaluation of higroscopicity revealed that the drug is
unstable above 54% of relative humidity. Rheological properties, such as porosity, tapped and bulk densities and percentage of
compressibility were calculated. Results show a bad rheological characteristic for this drug. DSC curves do not show any physical
interaction between the drug and the excipients in the compatibility studies. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

Secnidazole (I) (a,2-Dimethyl-5-nitro-1H-imidazole-
1-ethanol; Fig. 1) is structurally related to the com-
monly used 5-nitroimidazoles metronidazole and
tinidazole. These drugs share a common spectrum of
activity against anaerobic microorganisms and they ap-
pear particularly effective in the treatment of amebiasis,
giardiasis, trichomoniasis and bacterial vaginosis. Sec-
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Fig. 1. Chemical structure of secnidazole.
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nidazole is rapidly and completely absorbed after oral
administration and has a longer terminal elimination
half-life (17-29 h) than commonly used drugs in this
class [1]. In these cases, the treatment with I is shorter
and significantly more effective than the treatment us-
ing other imidazole drugs and the adverse effects are
not very drastic [2].

Prior to the preparation of one of the known dosage
forms of a drug, it is important to determine certain
physicochemical, molecular and other related properties
of the bulk drug [3]. These characteristics have not been
previously reported for I. For this reason, the aim of
this paper is to show the results of a study carried out
to establish the main properties of I, which will be of
great utility for the preparation of an appropriate oral
solid dosage form.

In the preformulation study it is necessary to have an
analytical technique for the quantitative determination
of the drug. Previously, a technique was reported to
determine 5-nitroimidazole drugs using gas chromatog-
raphy [4]. Several selective HPLC techniques have been
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published for the determination of I in finished phar-
maceutical preparations and human plasma [5-7]. A
spectrophotometric method has been used for the deter-
mination of I in a pharmaceutical dosage form [§],
whereas the spectrophotometric determination of I in
bulk drugs is described by its reduction to the amino
derivative followed by the coupling reaction with 3-
methyl-2-benzothiazolinone hydrazone in the presence
of ceric ammonium sulfate and measurement of the
absorbance at 640 nm [9]. In this work, a new spec-
trophotometric technique was developed and validated
for the quantitative determination of I in bulk drugs.

2. Material and methods
2.1. Materials and reagents

Secnidazole bulk drug (purity: 100.27%; water con-
tent: (5.21 +1.26)%), supplied by Chemos S.A.
(Switzerland), was used to determine physicochemical,
molecular and other related properties of the secnida-
zole bulk drug. Secnidazole supplied by Farchemia
S.r.l. (Italy) was used as working reference standard
(purity: 101.07%; water content: (5.40 +0.76)%). The
quality control of these products is guaranteed and
certified by its producers, using control tests for identifi-
cation (UV and IR spectrophotometry), purity (acid—
base titration) and water content (method of K.
Fischer).

Monobasic and dibasic potassium phosphate, sodium
hydroxide, hydrochloric acid, chloroform of analytical
grade and potassium bromide of spectroscopic grade
were from Merck (G-Darmstadt, Germany).

2.2. Analytical method

The UV spectrum of I 'in a 10 pg/ml aqueous solution
(PC controlled Pharmacia LKB BioChrom 4060 spec-
trophotometer) was performed from 200 to 400 nm and
absorption maximum was obtained at 319 nm (see Fig.
2). The maximum at this wavelength, also found in the
UV spectra of I recorded in buffered solutions (pH
1.00, 4.00, 6.88, 9.00 and 10.00), did not shift when pH
changed.

Five diluted aqueous standard solutions of I (5, 7, 10,
13 and 15 pg/ml) in a range from 50 to 150% of a
theoretical concentration of 10 pg/ml were prepared
twice a day during three days from a matrix solution of
5 mg/ml. The absorbance values of these solutions,
prepared twice a day during three days, were measured
at 319 nm. The obtained experimental data were used
to determine the required analytical parameters such as
linearity, sensitivity, precision and accuracy [10], fol-
lowing reported procedures [11]. Selectivity was carried
out comparing the data obtained from pure substance
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Fig. 2. UV spectrum of secnidazole in aqueous solution of 10 pg/ml.
and spiked samples with excipients.
2.3. Physicochemical characterization

2.3.1. FT-IR spectrophotometry

A sample was prepared and the FT-IR spectrum was
recorded on a Bruker IFS 8 FT-IR spectrophotometer
by means of a KBr disk containing a few mg of L

2.3.2. X-ray diffraction analysis

Crystals used for X-ray analysis were grown from
available bulk drug (see Section 2.1) by slow evapora-
tion from a buffer solution of sodium tetraborate and
sodium hydroxide (pH 10.4).

The X-ray powder diffraction pattern was obtained
with a Philips P.W. 1710 diffractometer in the 26 range
between 2 and 90° using Ni-filtered Cu Ko radiation;
1.5406 A (40 kV; 30 mA and 1° min~! scanning rate).

Single crystal data were measured on a Nonius
CAD4 automatic four-circle diffractometer using Ni-
filtered Cu Ko radiation (4= 1.5406 A). The unit cell
dimensions were obtained by a least-squares fit of 50
centered reflections (20 range: 22-32°).

2.3.3. Solubility measurements

Solubility of I bulk drug in aqueous solutions was
determined from equilibrated suspensions of saturated
solutions (10 ml) at different pH values (1.64, 2.31,
3.42, 4.59, 143, 8.5, 9.2, 10.41 and 12.29). The solu-
tions were prepared adding different volumes of HCI
0.1 M or NaOH 0.1 M to a phosphate buffer. All pH
values were measured using a calibrated pH meter
Methrom 682 (Switzerland).

The samples, prepared in duplicate, were shaken in a
mechanical shaker to 50 rpm at 27°C. After a week,
they were filtered through 0.45 pm pore size Millipore
filters. The filtrates were analyzed spectrophotometri-
cally and the solubility values were determined accord-
ing to the diluted factors.
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2.3.4. Determination of pK,

The method proposed by Albert and Serjeant [3] was
used for the determination of the pK,. The data from
the solubility at different pH values have been used.
The intrinsic solubility of I (solubility in NaOH 0.1 N
aqueous solution) was determined as described above
(Cy). The solubility at pH 1.6 has been considered as
saturated solubility (C,). The pK, value was determined
according to the following equation:

C,— C
pK, = pH + log —=——

0

2.3.5. Apparent partition coefficients

Chloroform (2 ml) was added to 25 ml of aqueous
solutions of different pH values (2.31, 4.59, 7.45 and
8.5). These systems were shaken in a magnetic stirrer.
After 24 h, they were centrifuged during 15 min at 4000
rpm (HERMLE, Z 320, Germany) and the phases were
separated. A 10 mg amount of I was added to 5 ml of
the aqueous phases and its concentration was deter-
mined spectrophotometrically (aqueous phase 1).
Aqueous solutions of I were then prepared and equal
volumes of chloroform were added. These systems were
magnetically stirred. After 24 h, they were centrifuged
and the final two phases were separated. The concentra-
tion of I in the aqueous solution was determined spec-
trophotometrically  (aqueous solution 2). The
concentration of I in the organic phase was determined
by the difference between the initial and the final con-
centration in the aqueous solutions. The apparent parti-
tion coefficients were determined from the ratio
between the organic and the aqueous concentration of
the drug. Chloroform was chosen as partitioning sol-
vent because it is an acidic solvent that partitions most
strongly than n-octanol, an amphoteric solvent, in the
case of weak bases [3].

2.3.6. Dissolution efficiency

A granulometric assay was performed to obtain dif-
ferent particles sizes of I. 10 mg from collected fractions
of (100-125), (125-250), (250-500) and (500-1000)
um were subjected to a dissolution assay [10] in the
apparatus Eureka DT6. Water was selected as a disso-
lution medium, the temperature was set to (37 + 0.5)°C
by means of a water bath and the mechanical stirring
was set to 75 rpm. Fractions of each 3 ml of the vessel
content were taken after each 5, 10, 15, 25, 35, 40, 50
and 60 min. This assay was performed twice and dis-
solved quantities of I were determined spectrophoto-
metrically. Dissolution efficiency was determined at 15,
30 and 60 min [12].

2.4. Solid-state physical properties

2.4.1. Morphology and particle size

An optical microscope with an objective of 100 x
and an ocular of 10 x (unit of the scale of 1 um) was
used to determine morphological properties and parti-
cle size of 1. For this purpose, a suspension of I in
liquid petrolatum was prepared. The mean value of
diameter by number (d,), diameter by weight (d,), and
diameter of surface volume (d,,) were determined using
Eqgs. (1)-(3), respectively:

2.

d,= (1)
Yon
Y nd*

d, = nd? @
Y nd?

dy= (3)

Y nd?

2.4.2. Rheological properties

2.4.2.1. Apparent bulk density. An approximated quan-
tity of I was put into a 100 ml graduated cylinder up to
50 ml mark. The cylinder was then weighed to know
the mass of the added bulk powder. The apparent bulk
density was calculated from the volume occupied by the
solid.

2.4.2.2. Apparent tapped density. The bulk drug submit-
ted to a procedure as described in Section 2.4.2.1, was
submitted to three series of 500 percussions. The tapped
density was determined from the final volume.

2.4.2.3. True density. The powder of I was subjected to
a high compression pressure (10 ton) during 3 s with a
plane die of 13 mm. The obtained tablets were analyzed
by means of its mass (), radii and heights (/) (with a
micrometer of 0.05 mm). This assay was replicated five
times and the true density (p) was calculated using Eq.

(4).

m

p 4)

TXr’xh

2.4.2.4. Haussner’s index, compressibility and porosity
determination. The Haussner’s index (H.I.), the percent-
age of compressibility (%C) and the porosity (¢) were
determined using Egs. (5)—(7), respectively

tapped density

H.I= bulk density

)
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tapped density — bulk density

% C = 6

4 tapped density ©

e < - bulk dens.ity> )
true density

2.5. Higroscopicity analysis

Three desiccators with 54, 86 and 100% of relative
humidity (R.H.) were used to determine the behavior of
I in presence of water steam. Amounts of 300 mg of
dehydrate I were weighed and exposed to the desired
R.H. The gain in weight of I was then determined up to
the saturation humidity.

2.6. Compatibility with excipients

Thermal analysis was used to study compatibility of
I with excipients. Binary mixtures of 1:1 ratio of I,
Emcompress®, Acdisol®, Aerosil 200 V®, talc, magne-
sium stearate, and Explotab® were screened by differen-
tial scanning calorimetry (Mettler TA 3000 differential
scanner calorimeter). Powder samples of approximately
10 mg were weighed in pierced aluminum pans. The
heat measurements were performed under static air
atmosphere, at a heating rate of 10°C/min and temper-
ature range from 35 and 350°C.

3. Results and discussion
3.1. Spectrophotometric technique

The simple regression analysis was performed using
the experimental data obtained in the range of the
calibration curve (from 5 to 15 pg/ml). The equation of
the fitted model is y =0.0089 + 46.72x. The positive
coefficient of correlation obtained (0.9995) shows a
relatively strong relationship between the analyte con-
centration and the absorbance (with a probability
higher than 99.9%). The coefficient of determination
(r>=10.999) shows that the analyte concentration ex-
plains the 99.9% of the total variance of absorbance.
The coefficient of variation (CV) from the slope of the
regression line was lower than the required 2% value
[13] and the confidence limits (C.L.) do not include
zero. Within C.L. of the intercept, the zero value is
included for a 95% of probability. This means that in
the concentration range studied, the technique follows
the Lambert—Beer law. Since the probability value for
lack-of-fit in the ANOVA test is greater than 0.10, the
model appears to be adequate for the observed data.

The molar extinction coefficient (¢) corresponding to
the slope of the regression curve is 8899.28 1
mol ~'em ~! (aqueous solution, pH 5.0).

This technique is precise because of the low values
obtained for the RSD in the repeatability (within-day

repeatability, RSD = 0.4%) and the intermediate preci-
sion assay (day to day repeatability, RSD = 2.6% for 5
pg/ml; 1.5% for 10 pg/ml and 1.3% for 15 pg/ml).

The Student’s ¢-test, performed to compare the true
concentration with those experimentally obtained,
shown that the technique is able to determine accu-
rately the concentration of I.

No differences were found when the absorption spec-
tra of I were compared with those, obtained from
spiked samples of I within excipients. This explains why
the technique is selective to determine I in presence of
those compounds.

3.2. Physico-chemical characterization

3.2.1. FT-IR spectrum

In the FT-IR spectrum of I (Fig. 3), the characteristic
peaks corresponding to an OH group (3509.8 cm 1), a
NO, group (1527.6 and 1358.3 cm ~! for the asymmet-
ric and the symmetric bends, respectively), a CH; group
(1466.4 cm—! for asymmetric bend), a CH, group
(1489.0 cm~—! for scissors bend) and C-N groups
(1271.8 ¢cm '), were identified. This spectrum did not
change after dehydration.

3.2.2. X-ray diffraction analysis
X-ray powder diffraction pattern of secnidazole (Fig.
4), show that I is a well defined crystalline phase.
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Fig. 3. FT-IR spectrum of secnidazole.
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Fig. 4. X-ray powder pattern.
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Table 1
Apparent partition coefficient of secnidazole at different pH values

pH Apparent partition coefficient
2.31 0.22
4.59 0.28
7.45 0.38
8.50 0.40

Single crystals were obtained by slow evaporation
from a buffer solution of sodium tetraborate and
sodium hydroxide (pH 10.4), Crystal data for
C;H1N;0;.1/2H,0; monoclinic:  space group P2,/c
(No. 14); a=12424(2), b=12.18712) A, p=
100.09(3)°, ¥'=993.1(3) A%, Z=4; D, =1299(2), cell
weight: 772.75 g, MM: 194.20 g/mol.

The crystallographic study shows the presence of
water molecules in the crystal structure. The molecules
are held together forming dimers by means of a hydro-
gen bond between the OH group and a water molecule
having a crystallographic occupation site factor of 0.5
[14], this compounds can be assumed as an hemi-
hydrate.

Residues of solvents from the precipitation process
can become molecular additions to the crystal and
change its habit. The formation of hydrates and sol-
vates have been confused with true polymorphism and
led to the term of pseudopolymorphism [3]. Because the
experimental powder pattern of the anhydrous form
and a calculated pattern from the structure determina-
tion (single crystal) of the hemi-hydrate form are simi-
lar, we conclude that I exhibits pseudopolymorphism
[15]. From these results it is deduced that basic aqueous
solution should be avoid as recrystallizing solvent to
obtain the pseudopolymorph, and the dehydrated
product is unstable when is stored in a humid
environment.

3.2.3. Solubility

The obtained solutions at different pH values were
slightly yellow colored and needle crystals were grown
by slow evaporation of solvent. The solubility of I
clearly increased at low pH values (see Fig. 5). This is
due to an increase in the concentration of the ionized
species of the drug and a decrease of the unionized
form. This behavior is explained by the weak base
properties of I, which forms a hydrochloride salt in the
acid medium.

The high solubility of I in aqueous solution can be
explained by the presence in the chemical structure of
polar groups (OH and NO,) (see Fig. 1), which are
classified as highly and slightly hydrophilic groups,
respectively. X-ray crystallography studies also shown
that I can crystallize having solvent water molecules in
the crystal lattice, as described in Section 3.2.2 [14].

44
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Fig. 5. Solubility diagram of secnidazole in aqueous solutions at
different pH values.

The solubility of I ( ~33.9 mg/ml at 27°C) is referred
to the unionized form and is appropriate to predict a
good biodisponibility of the drug.

3.2.4. pK, calculations

As it was previously mentioned, one method for
calculating the pK, value consists in the application of
equation for pH values lower than 11 [3]. Furthermore,
the C, corresponding to these pH values should not
exceed 0.1 in order to avoid the effects of the salt’s
lattice energy. The obtained pK, value was 1.13 +0.09

3.2.5. Apparent partition coefficient

The hydrophilic behavior of I and its characteristics
of weak base, with predominant unionized form in
basic medium, is shown by the slight increase of the
apparent partition coefficient with the increasing of the
pH (see Table 1). From these results it is also important
to note that the additional presence of a positive charge
on the molecule (especially at low pH) does not change
the hydrophilicity to a large extent. This is probably
due to the interaction of ionized form of I with chloro-
form, which is an acidic solvent. However, according to
these results an acceptable absorption for this drug can
be predicted.

The intrinsic partition coefficient obtained was 0.27.
It was calculated from measurements at different pH
values by plotting the inverse of apparent partition
coefficients against the inverse of the hydrogenionic
concentration.

3.2.6. Dissolution efficiency

During the granulometric assay, the formation of
agglomerates was observed in the powder. This fact is
due to the presence of electrostatic forces between the
particles. Nevertheless, it was interesting to perform the
dissolution assay with the different fractions to evaluate
its dissolution behavior. Table 2 shows a trend from
small to large granulometric fractions. For the fraction
corresponding to 100—125 um it is observed an anoma-
lous effect due to the decrease of the dissolution effi-
ciency, when it should be expected an increase. This
effect is caused by the high superficial energy among
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Table 2
Dissolution efficiency of secnidazole at different times as a function
of particle size

Ey (%)
Granulometric fractions (pm) 15 min 30 min 60 min
100-125 74.1 75.8 79.0
125-250 94.0 96.0 97.0
250-500 82.0 83.0 85.0
500-1000 68.0 76.0 83.0

particles, which provokes the formation of agglomerates
with a relative size larger than the measured originally
and therefore diminishes the dissolution efficiency.

This assay demonstrated that I has good dissolution
properties in water, because almost all the bulk drug
was solubilized within 60 min. The best dissolution was
obtained with the granulometric fraction of (125-250)
pum, resulting in a 97% dissolution of the bulk drug in
60 min, whereas the fraction of (100—125) um showed
the worse dissolution behavior. This is due to the
formation of agglomerates, which retards the
dissolution.

3.3. Physical properties of the solid state

3.3.1. Morphology and particle size

Fig. 6 is a SEM micrograph of secnidazole. Most
particles of T have rectangular form rounded at the ends.

Table 3 shows the parameters obtained in the deter-
mination of particle size using optical microscopy.

The mean size of the particles of I is in the range of
(10-30) pum. The distribution of frequencies is close to
the normal distribution (see Fig. 7).

The mean value of the geometric diameter of I,
obtained from the additive distribution (see Fig. 8), was
16.7 pm.

3.3.2. Rheological properties

Table 4 shows the rheological parameters determined
for L

The high value of porosity indicates the existence of
relatively large empty spaces (72%) among particles.
This is due to their rectangular forms (Section 3.3.1).
During experiments static currents were noted in the
powder. This result explains the low value of the density
obtained. As it was expected, a descending order in
value was observed for true, tapped and bulk densities
[16].

The capacity of I to form a compact mass under the
action of an external force is moderate (see compress-
ibility value in Table 4).

Because of the value obtained for the Haussner’s
index (greater than 1.5) [3], it was concluded that the
bulk drug has bad flowing properties.

Fig. 6. SEM micrograph of secnidazole.

Table 3
Morphology and particle size of secnidazole determined using optical
microscopy

Parameter Value

Diameter by number (pum) 23.40

Diameter by weight (um) 44.88

Standard error of weight diameter (%) 1.52

Diameter of surface volume (um) 38.30
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Fig. 7. Histogram of frequencies obtained in the determination of
morphology and particle size of secnidazole.

Considering these results, some properties should be
improved by adding a gliding agent to the formulation.

3.4. Higroscopicity analysis

It was demonstrated that under conditions of relative
humidity (R.H.) of 25 and 54% the bulk drug does not
gain weight, whereas at 86% the absorbed water in-
creased (see Fig. 9). Fig. 10 shows the percentage of
saturation humidity as a function of the R.H.
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These results predict that I is physically stable in an
atmosphere up to 54% of R.H. at 25°C. This is particu-
larly of interest in countries with tropical climate, where
the R.H. is relatively higher than 80% most of the year.

3.5. Compatibility with excipients

Differential scanning calorimetry is particularly valu-
able in studying the beginning of melting of a com-
pound. The temperature at which the suspected melting
endothermic peak begins (first deviation from baseline
in the thermogram) is considered to be the beginning of
melting. The typical thermogram of I is shown in Fig.
11. The calculated melting point was 69.3°C. No addi-
tional endotherms were observed from this ther-
mogram, therefore this compound does not give rise to
the formation of solvates. This result confirms the one
obtained by X-ray experiments shown above.

Basically, the thermal properties of a physical mix-
ture are the sum of the individual components [3]. No
change in the melting point, peak shape and area of I
was observed in the DSC thermograms, obtained from
spike samples of I in binary 50% mixtures with excipi-
ents (69.1°C). For this reason, it was demonstrated that
no physico—chemical interactions occurred among I
and selected excipients.

Table 4
Rheological properties of secnidazole

Parameter Mean values + SD
Porosity (%) 72.2 +1.68
Bulk density (g/ml) 0.35+0.01
Tapped density (g/ml) 0.53 +0.007
True density (g/ml) 1.27 +0.01
Compressibility (%) 33.96 +0.02
Haussner’s index 1.51+0.04
Crystal density (X-ray diffraction) (g/cm?) 1.299 +0.002
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Fig. 8. Additive distribution of the experimental data obtained in the
determination of morphology and particle size of secnidazole using
optical microscopy.
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Fig. 9. Plot of gain in weight of secnidazole while it was exposed to
different R.H. atmospheres.
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Fig. 10. Plot of percentage of saturation humidity versus relative
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Fig. 11. Typical thermogram of secnidazole bulk drug.

4. Conclusions

The spectrophotometric technique developed is lin-
ear, sensitive, precise, accurate and selective for the
quantitative determination of the bulk drug, and it is
also appropriated for the intended analytical applica-
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tions. The solubility values and apparent partition co-
efficients demonstrated that I is a hydrophilic and water
soluble drug, which has chemical properties of a weak
base. The rheological parameters indicate that this drug
does not posses suitable flowing properties and there-
fore, this should be improved in the formulation
process.

The compatibility between the drug and formulation
excipients assayed gave satisfactory results.
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