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ABSTRACT

PREPARATION OF ACYCLOVIR-ISONICOTINAMIDE COCRYSTAL BY SOLVENT
EVAPORATION METHOD WITH METHANOL AND ISOPROPANOL. Acyclovir is a nucleoside synthetic
analog antiviral group used in the treatment of Herpes simplex virus (HSV-1 & HSV-2) and Varicella zoster
virus (VZV). Acyclovir has low water solubility, so it needs to be modified in the form of cocrystal with
isonicotinamide. This study aims to obtain the physical characteristics produced by acyclovir-isonicotinamide
cocrystal (1:1) made through the solvent evaporation method with methanol and isopropanol. The crystalline
formed is characterized by DSC, PXRD, FT-IR and SEM. The characterization results showed the presence of
new crystals that formed between acyclovir-isonicotinamide in methanol and isopropanol solvents. Thermograms
showed sharp exothermic peaks at 183.31°C and 186.24°C. The diffractogram showed a new peak at 2θ = 5.19
and 5.82. The spectrum showed a shift in wavelength in the cocrystal formed. The cocrystal has a different
morphology compared with parent drug and coformer on analysis using SEM. This research shows that
acyclovir can form cocrystal with isonicotinamide by solvent evaporation method with methanol and isopropanol.
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ABSTRAK

PEMBENTUKAN KOKRISTAL ASIKLOVIR-ISONIKOTINAMIDA DENGAN METODE
PENGUAPAN PELARUT MENGGUNAKAN PELARUT METANOL DAN ISOPROPANOL. Asiklovir
adalah nukleosida sintetik yang merupakan analog kelompok antivirus, digunakan dalam pengobatan penyakit
akibat virus Herpes simplex (HSV-1 dan HSV-2) dan Varicella zoster (VZV). Asiklovir memiliki kelarutan
dalam air yang rendah sehingga memerlukan modifikasi bentuk kristal dengan bantuan isonikotinamida. Penelitian
ini bertujuan untuk mendapatkan karakteristik fisika kokristal asiklovir-isonikotinamida (1:1) yang dibuat
menggunakan metode penguapan pelarut dengan metanol dan isopropanol. Padatan kristalin dikarakterisasi
menggunakan instrumen DSC, PXRD, FT-IR dan SEM. Termogram memperlihatkan puncak eksotermik tajam
pada temperatur 183,31oC dan 186,24oC. Difraktogram menunjukkan puncak baru pada sudut 2? = 5,19o dan
5,82o. Spektra infra merah mengilustrasikan pembentukan padatan kristal baru melalui pergeseran bilangan
gelombang. Kokristal menggambarkan perbedaan morfologi bila dibandingkan dengan asiklovir dan isonikotinamida
tunggal menggunakan SEM. Dapat disimpulkan bahwa asiklovir dapat membentuk kokristal bersama dengan
isonikotinamida pada perbandingan 1:1 menggunakan metode penguapan pelarut dengan metanol dan
isopropanol.
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INTRODUCTION

Acyclovir is an antiviral that is widely used for
herpes therapy caused by HSV-1 and HSV-2 and in
varicella zoster virus therapy. Acyclovir has a specific
mechanism of action so that it has low toxicity [1,2].

Acyclovir is a drug included in class 4 BCS
(Biopharmaceutics Classification System) because
it has low bioavailability and solubility. The oral
bioavailability of acyclovir is 10-30% and has a water
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solubility of 1.3 mg/mL at 25°C [3,4]. Some efforts
that can be done to improve the solubility and
bioavailability of drugs in the body include micronization,
solubilization, making salt form, making complex
with polymer, prodrug and derivatization,
cocrystallization [5].

Cocrystal formation is a method that can be used
to improve the solubility and bioavailability of a drug.
Any form of drug can potentially be used as cocrystal.
Cocrystal is the formation of bonds between active
ingredients and coformer which are suitable through non-
covalent bonds such as hydrogen, phi, and Van der Walls
bonds [6,7]. Cocrystal formation can change the
composition of a material in a molecular manner and can
improve the physicochemical properties of drug
ingredients without changing the intrinsic properties of
a material [6,8].

In this study, the formation of acyclovir cocrystal
using isonicotinamide (1:1) as a coformer by the solvent
evaporation method with methanol and isopropanol.
Isonicotinamide has electron donor groups and acceptor
groups that can hold hydrogen bonds [9], [10]. A study
on dexlansoprazole which is made into cocrystal with
isonicotinamide (1:1) has a higher solubility than pure
dexlansoprazole [10]. In addition, the dielectric constant
values of methanol and isopropanol are 32,8 and 18,3,
respectively [11]. The difference in dielectric constant
of the solvent can affect the physical characteristics of
the resulting cocrystal.

Based on the above, it is very important to prepare
cocrystal between acyclovir and isonicotinamide, so it
can improve physicochemical characteristics of
acyclovir. The crystalline obtained will be characterized
by PXRD (Powder X-Ray Diffraction), DSC (Differential
Scanning Calorimetry), FT-IR (Fourier-Transform
Infrared Spectroscopy), and SEM (Scanning Electron
Microscopy).

EXPERIMENTAL METHOD

Materials and Instruments

The materials used in this study are acyclovir
(Sigma Aldrich®.US), Isonicotinamide (Sigma
Aldrich®,US ), methanol and isopropanol, Emsure®

(Merck, Germany).

Method and Procedure

Preparation of Binary System Acyclovir and
Isonicotinamide.

Acyclovir and isonicotinamide were sieved to get
the same particle size. Acyclovir and isonicotinamide
are weighed based on molar ratio (10: 0; 9: 1; 8: 2; 7: 3; 6:
4; 5: 5; 4: 6; 3: 7; 2: 8; 1: 9; 0 : 10) then mixed physically in
the mortar. The melting point at each comparison is

determined using DSC then used to make the phase
diagram of the acyclovir - isonicotinamide binary  system.

Preparation of Cocrystal Acyclovir–
Isonicotinamide By Solvent Evaporation

225 mg of acyclovir and 112 mg of
isonicotinamide (ratio 1:1) are then dissolved into each
solvent (methanol). Acyclovir and isonicotinamide
solutions are mixed into a cup and stirred using a magnetic
stirrer overnight at room temperature until crystals form.
The crystals that are formed are collected and then put
into vials and stored under conditions of low humidity
(~40%). The formed crystals used for physical
characterization. The same method for isopropanol
(solvent).

Differential Scanning Calorimetry (DSC)

Thermal analysis is carried out using DSC to
determine the melting and crystallization points.
Samples were weighed 5-7 mg then analyzed using
DSC (Mettler Toledo DSC 1 Star®System, Switzerland)
in the temperature range of 30-300 ° C with an increase
of 5°C/min.

Powdered X-Ray Diffraction (PXRD)

The crystal structure was analyzed using
PXRD (Philip X’Pert, Netherland) with the target
conditions Cu, filter Kα, voltage 40kV, 15-30mA carried
out at 2θ 5-40 ° at 25 ° C.

Fourier Transformed Infrared (FT-IR)

Samples were mixed with KBr (potassium
bromide) in a ratio of 1% w / w. the mixture was analyzed
using FTIR (Jasco FT-IR/5300, Japan) at a wavelength
of 400-4000/cm.

Scanning Electron Microscopy (SEM)

The sample is placed in the sample container and
coated with gold aluminum with a thickness of 10 nm.
Samples were observed at various magnifications using
SEM (FEI Inspect 550, USA) which was regulated with a
voltage of 20kV and 12 mA.

RESULT AND DISCUSSION

DSC is thermal analysis method to evaluate
changes in thermodynamic properties that occur when
the material supplied heat energy. Changes can be
observed in the process of melting, recrystallization or
solid phase transformations indicated by endothermic
or exothermic peaks [11].

zz
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Figure 1. Figure 1. DSC thermogram comparison of acyclovir (A), isonicotinamide (B), physical mixture
of acyclovir-isonicotinamide (1: 1) (C), and two cocrystal with methanol (D), and isopropanol (E)
solvent.

Thermogram (Figure 1) shows different
peaks between acyclovir, isonicotinamide, physical
mixture, and cocrystal. Sharp exothermic peaks
were formed of methanol and isopropanol cocrystal
at 183.31 ° C and 186.24 ° C. This exothermic peak is
caused by decomposition in the form of oxidation
from cocrystal [12]. While the endothermic peak
in methanol cocrystal and isopropanol cocrystal

at 107.09°C and 109.10°C is caused by crystalline
water that evaporates at that temperature or dehydration
occurs [13,14]. The difference in melting point
between the acyclovir, isonicotinamide, physical
mixture and cocrystal indicates the formation of
new crystals.

The diffractogram in Figure 2 indicated new peaks
in cocrystal methanol at 2θ = 5.19; 14.05; and 14.91. While

Figure 2. Diffractogram of acyclovir (A), isonicotinamide (B), physical mixture of acyclovir-
isonicotinamide (1:1) (C), cocrystal of acyclo-vir-isonicotinamide (1:1) (methanol) (D), and cocrystal
of acyclovir-isonicotinamide (1:1) (isopropanol) (E).
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in isopropanol, cocrystal are at 2θ = 5.82. Both cocrystal
had new diffractogram peaks which were not present on
the diffractogram of acyclovir, isonicotinamide, and
physical mixture (1:1). The presence of a new
diffractogram and the loss of several existing
diffractograms on acyclovir, isonicotinamide, and
physical mixture indicate that cocrystal is formed [7],
[14,15].

FTIR spectrum readings were carried out in the
wavelength range of 4000-400/cm and can be seen in
Figure 3. There is a shift of primary N-H and secondary
N-H from cocrystal with methanol or isopropanol
as a solvent when compared with pure acyclovir
crystals. The primary N-H of acyclovir is from 3441 cm-1

shifted to 3353 cm-1 in cocrystal with methanol and
3351 cm-1 in cocrystal with isopropanol. The secondary
N-H group shifted from 3313 cm-1 to 3167 cm-1 in
cocrystal with methanol as a solvent and 3168 cm-1 in
cocrystal with isopropanol. The existence of N-H
shift indicates the formation of hydrogen bonds as
result of the formation of cocrystal. This hydrogen
bonding occurs because of an interaction between
the hydrogen donor and the hydrogen acceptor of
the active ingredient and the coformer. Whereas in
the physical mixture the N-H and C=O peaks were
not observed because the pellets that were read in
the FT-IR underwent a process of pressing up to

2 times. The pressing process will energize the
physical mixture so that it can affect readings on the
FT-IR spectrum [7,16,17].

The photomicrograph analysis (SEM) in
Figure 4 showed a change in the shape of the acyclovir,
isonicotinamide, physical mixture and cocrystal.
The crystalline form of acyclovir is long, thin, and
resembles a knife with sharp angles. Isonicotinamide
has a column shape, visible particles long, wide, with a
rough surface and has rounded corners. The physical
mixture is the form of acyclovir and on the surface of
acyclovir is shaped like a blade, there are small particles
attached to the surface. Photomicrographs showed
no significant differences in cocrystal with methanol
and isopropanol solvents. Cocrystal with methanol
as a solvent has a long column (needle shape) of
crystalline shape with an angular tip, while in the use of
isopropanol, the column is shorter than methanol
cocrystal. In another study using isopropanol as a
solvent to form dipivoxyl-saccharin cocrystal also gave
a needle-shaped crystals. The crystal habit change may
affect their mechanical properties, which is worthy of
further studies [18].

The acyclovir-isonicotinamide (1:1) cocrystal
with methanol gave more new diffractogram peaks
compared to isopropanol and it is more homogenous in
terms of crystal composition.

Figure 3. Infrared spectrum of acyclovir (A), isonicotinamide (B), physical mixture of acyclovir-isonicotinamide (C) and
two types of cocrystal with methanol (D), and isopropanol (E) solvent.
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CONCLUSION

Based on the results, it can be concluded
that acyclovir-isonicotinamide (1:1) cocrystal can
formed using methanol and isopropanol solvents
through the solvent evaporation method. Cocrystal is
formed from this study supported by characteri
zation using DSC, PXRD, FTIR, and SEM. The formed
cocrystal of acyclovir-isonicotinamide showed
different physicochemical characteristics compared
to the constituent materials. Cocrystal which were
prepared by using methanol gave more new diffractogram
peaks compared to isopropanol and it is more
homogenous in terms of crystal composition. For further
research, it is possible to carry out solubility test to
show that the cocrystal formed has a good bioavailability.
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