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Presents the results of application of different particle size reduction approaches to the drug
substances — aciclovir and nefopam, namely, wet milling, ultrasonic (US) dispergation, US
crystallization and US antisolvent precipitation. All ultrasonic experiments were performed at
two operation frequencies — 22 and 44 kHz. It was shown that the crucial parameters in US
processes were US output power and sonication time, while the US frequency had a minor effect
within the studied power range. US antisolvent precipitation showed the best results among the
applied techniques yielding micron-sized particles of aciclovir, which makes this method a very
promising technique in nanocrystallization area. The obtained study results provide an opportu-
nity to choose the optimal particle reduction technique depending on the necessary particle size
of drug substance suitable for a particular dosage form.
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IIpuBenensl pes3yabTATHL HCCIEAOBAHUS 9D(MEKTUBHOCTY IPUMEHEHNA PA3INYHBIX METOI0B —
MEeXaHUIECKOr0 M3MEJIbUCHHUS B JKUIKHUX Cpelax, YJIbTPasBYKOBOI'O IHUCIIEPIHPOBAHKSA, YJILTPA-
3BYKOBOIl M30TMIPHUUYECKOll KPHCTAIMI3AIUNN U YJIbTPA3BYKOBON KPHUCTAIM3ALUKU C 3aMEHON
PACTBOPUTENS — [JI IOJYYCHUS MEJIKOIUCIEPCHBIX JEKAPCTBEHHBIX CYOCTAHIIMIN AIlMKJIOBHPA
u mHedomama. Bce yabTpasByKOBbIE SKCIEPMMEHTHI OCYIIIECTBISAINCH ¢ IPHMEHEHUEM JBYX Uac-
ToT — 22 n 44 KI'n. ITokasaHo, UTO KJIIOUEBBIMU IIAPAMETPAMH B YJIbTPASBYKOBBIX SKCIEPHMEH-
Tax, BIUSIOIAMYA HA KOHEUHBLIA PesSyJbTAT, SBJISIOTCA MOIIHOCTb YJIBTPASBYKA U BpeMsd 00JIyde-
HU, B TO BPpeMsA KaK YacTOTa He OKAa3bIBAeT CYIIeCTBEHHOI'O BJIMUSHUA B IPEesiaX HN3YYEHHOTO
nuanasona. Hawnyuiiye pesysbTaThl MOKASAIN 9KCIIEPUMEHTHI IO YJIbLTPA3BYKOBOM KPHCTAJIIN-
3aIiY ¢ 3aMEHO! PACTBOPHUTEJNSA, B PE3YJIbTATE KOTOPBIX ObLIM ITOJIYyUYEHbl YACTUUKN AIIMKJIOBHUDA
MUKPOHHOTO pasMepa, UTO JeslaeT MAHHBIA MeTO[ IPECIIeKTUBHBIM AJA IIPUMEHEHUS B 00JacTu
HAHOKPHUCTALIN3AuA. [oydyeHHbIe Pes3yJbTaThl JAI0T BO3MOMKHOCTD BBIGMPATH OITUMAJIBHBINA
MEeTO[ ITOJYYEeHHUS MeJIKOIVCIEPCHBIX CYOCTAHIIUII B 3aBUCHMOCTH OT TpeGyeMoro pasmepa dac-
THUL AJd IPUTOTOBJICHUS KOHKPETHOH JIEKAPCTBEHHON (POPMBI.

Bnuaus pisHHX MeTOXiB 3MEHIIEHHS PO3MIPYy YAaCTOK HA IPAHYJOMETPMYHHUII CKJIAJ
Hedonamy i ammraosipy. H.O.Ilinuyrosea, M.O.Janynos, O.I1.Besyzna, O.J0.Bosouikro,
O.M.J1anynos, M.O.Mepro, B.A.UeGanos.

Haseneno pesyabpTaru gociimxenHsa epeKTHBHOCTI 3acTOCYBaHHSA PisHMX METOIIB — Me-
XaHIUYHOro moApibHeHHA y PiAKOMY cepegoBUIli, YVJIbTPa3BYKOBOI'O ANCIIEPryBaHHS, YJAbBTPA-
3BYKOBOI isorigpmumol Kpucraiisamii Ta Kpucramaisamii is 3aMiHOIO pPO3UMHHUKA — IJIA

oTpUMAaHHSA APiOHOIMCIEPCHUX JiKapCchbKUX CyOCTAHIIIN amuKJIOBipy Ta Hedomamy. Bei yabr-
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PasBYKOBi eKcmepuMeHTH 3AificHoOBaNUcsa Ha ABoX yactoraXx — 22 i 44 kI'n. ITokasawno, mio
KJIIOUOBUMM NapaMeTpaMU B YJIbTPa3BYKOBUX eKCIepUMeHTaX, IO BIJMWBAKTL Ha KiHIeBUH
pe3ynbTaT, € IMOTY:KHICTL YJBTPAsBYKYy Ta dac ONPOMiHIOBaHHsS, B TOM uvac fAK YacToTa He
BILIBAE 3HAYHOIO MipoOI0 yV MerKax mAociaimskenoro miamasomy. Cepenm ycix mertomis Hafikparri
Pe3yJbTATH IOKa3aJl eKCIIePUMeHTU 3 YJbTPa3BYKOBOI KpHMCTanisarlil amukJaoBipy i3 saminoio
POSUMHHWKA, B AKUX OyJO OTPUMAHO YAaCTKU MiKPOHHOTO PO3MIpy, IO POOUTHL Il MeTox
TMEPCIEKTUBHUM 3 TOUKU 30pPY 3acTOCYBaHHA y chepi Hamokpuctamiszaiii. Orpumani pesysbTaTi
JAIOTh MOKJMBICTL OOMPATH ONTUMAJLHUE METON Ofep:KaHHA APiOHOoAMCcHepcHUX cyOCcTaHIiil B
3aJIE}KHOCTI Bif pO3Mipy YACTOK, MOTPIOGHOTO IJIA BUTOTOBJEHHS KOHKPETHOI JiKapchKoi dopmu.

1. Introduction

Particle properties of drug substances, in
particular, mean particle size and particle
size distribution (PSD), are very important
for medicinal products due to a great effect
on their quality, effectiveness and safety.
Due to much larger surface area of micron-
ized substances as compared to conventional
powders the saturation solubility is in-
creased (Ostwald-Freundlich equation [1])
and dissolution kinetics is accelerated
(Noyes-Whitney equation [2]) [3]. Enhanced
solubility allows faster drug release, and,
thus, higher drug concentration is reached
at the absorption site. Since about 40 per
sent of the marketed drugs have low water
solubility [4] this effect is especially impor-
tant for such drugs.

Successful particle size reduction is de-
termined by physicochemical properties of
drug substances and in a great measure by
the applied technology. Nowadays a variety
of techniques has been developed to achieve
micro- and nano-sized powders [5-11],
among which one of the most conventional
ones is wet (media) milling. However, this
technique have limitations in its particle
size reduction performance, such as long
production times and the risk of overheat-
ing leading to re-crystallization of the drug
substance, as well as the risk of lower sta-
bility due to the formation of undesirable
impurities [3, 12, 13]. To achieve homoge-
neous PSD, the micronization process
should be strictly controlled. In this respect
ultrasound (US) appears to be a good alter-
native to the conventional "mechanical”
milling, being distinguished by higher effi-
ciency and process controllability.

The effects produced by US are attrib-
uted to the cavitation phenomenon [14], al-
lowing its various applications. The benefits
provided by US are well known and are
widely exploited, e.g. for powders disper-
sion, surface cleaning, as well as in sono-
chemistry and sonocrystallization. It has
been shown that crystallization induced by
US results in the formation of finer parti-
cles along with higher reproducibility of the
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results due to reduction of the induction
time, narrowing metastable zone width
(MZW) and lowering supersaturation level
[14]. The mechanisms leading to the re-
markable results obtained with US, are ac-
tively discussed in literature. For example,
the US nucleation model was proposed in
accordance with the heterogeneous nuclea-
tion mechanism, suggesting that the crys-
tals nuclei were formed on the foreign sur-
faces of the cavitation bubbles, thus result-
ing in the reduction of the nucleation work
[15]. John Dodds et al. offered the hypothe-
sis based on the segregation in a liquid mix-
ture by pressure gradients induced by cavi-
tation bubbles [16]. The authors suggested
that cavitation bubbles produced the drastic
segregation effect in the surrounding liquid
and, thus, promoted nucleation by acting as
a cluster attachment reactor. At the same
time, the enhanced diffusion due to ultra-
sonic waves was claimed to have a minor
effect on the nucleation mechanism. In any
way, the use of US allows better control
over crystallization due to regulation of nu-
cleation-crystal growth balance [17].

Generally, the typical equipment used in
US crystallization is operated at frequencies
ranging from 20 to 300 kHz. However,
Jeroen Jordens et al. reported better results
for lower frequencies, viz. 41 kHz, at which
higher reduction degrees of MZW and lim-
ited degradation of the processed substance
were observed as compared to higher fre-
quencies [18].

In this work the influence of different
techniques of drug substances microniza-
tion, viz. wet milling, US dispergation and
US crystallization, on the mean particle
size, shape and PSD of nefopam and aci-
clovir, were studied.

Nefopam ((RS)-5-methyl-1-phenyl-1,3,4,6-
tetrahydro-2,5-benzoxazocine) and aciclovir
(2-amino-9-[(2-hydroxyethoxy)methyl]-1,9-d
ihydro-6H-purin-6-one) are active pharma-
ceutical ingredients that are included in the
formulations of various approved medicinal
products. Although they are representatives
of different chemical classes, these sub-
stances were selected for this study because
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they both are poorly soluble in water and
can be presented in the composition of fin-
ished medicinal products in the form of sus-
pension (nefopam is used for suppositories
and aciclovir — for cream). The solubility
of these drug substances was examined in a
variety of liquid media, and the applied
methods were validated as appropriate. In
US dispergation and crystallization experi-
ments the influence of US power, frequency
and sonication time on the particle charac-
teristics was studied. The comparison of dif-
ferent particle size reduction techniques
was made in terms of mean particle size,
and PSD and proposals concerning the
method choice with respect to the drug sub-
stances were given as well.

2. Experimental

Materials

Nefopam (Anhui Wanhe Pharmaceutical
Co. Ltd, PRC) and aciclovir (Quimica Sin-
tetica, Spain), both of pharmaceutical
grade, were used in the experiments. Pro-
pylene Glycol (PG) and Polyethylene Glycol
400 (PEG 400) both of pharmaceutical
grade were purchased from BASF, Ger-
many. Ethanol, iso-propanol and all other
chemicals and reagents were of analytical
grade and purchased from Merck, Germany.
Purified water (Ph. Eur.) was used for all
experiments (if necessary).

Solubility determination

Solubility of nefopam and aciclovir in
various solvents in a wide temperature
ranges was studied prior to the performing
milling and crystallization experiments in
order to select the most suitable solvents
for crystallization or as dispersion media.

Solubility of nefopam was studied in PG,
water, PEG 400, and mixed solvent PG —
PEG 400 (6:4) in the temperature range
from 12°C to 60°C. Solubility of aciclovir
was studied in PG and mixed solvent PG —
water (4:6). The choice of PG, PEG 400 and
mixed solvents is explained by their pres-
ence in the composition of finished medici-
nal products — nefopam suppositories and
aciclovir cream.

The concentrations of the saturated solu-
tions were determined by method of absorp-
tion spectrophotometry (UV-vis) with help
of spectrophotometer "Shimadzu UV-Phar-
maSpec-1700" (Japan). The following proce-
dure was applied to both drug substances:
the surplus of the substance was placed in
the flask with a sealing plug, the appropri-
ate solution was added and the mixture was

kept at the set temperature with £0.1°C ac-
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curacy, with periodical stirring until the
thermodynamic equilibrium was achieved.
Periodically samples of the supernatant so-
lutions were taken and their absorbance was
measured. The thermodynamic equilibrium
was considered to be achieved when the ab-
sorbance of two successive samples was the
same. Then the mixture was allowed to stay
over 3—4 h at the set temperature and the
sample was taken again. The total satura-
tion time made up from 10 to 100 h depend-
ing on the solvent used. Prior to measure-
ments the saturated solution was diluted
with 0.1 M hydrochloric acid so that the
absorbance was within 0.3 to 1.5 range.

The absorbance of nefopam and aciclovir
solutions were measured at 266 nm and
255 nm, respectively, the wavelengths corre-
sponding to their maximum absorption values.

The concentration of the substance (C, %)
was calculated by the formula C =A - r/E,,
where A is the measured absorbance of the
solution, r is dilution, and E,, is the spe-
cific absorbance of the dissolved substance.

The methods were validated as appropri-
ate to meet requirements, laid down in the
State Ukrainian Pharmacopeia and interna-
tional guides [19-21].

Particle size distribution measurements

PSD was measured by Laser Diffraction
Particle Size Analyzer SALD-2201 (Shi-
madzu, Japan) with using iso-propanol and
ethanol as liquid media for nefopam and
acyclovir, respectively. The measurements
were performed at least three times to en-
sure reproducibility of the results, which
were recorded and processed using the ap-
propriate software.

Wet milling

The suspension of the studied drug sub-
stance was prepared in the appropriate sol-
vent in the required drug : solvent ratio.
Wet milling experiments were performed
using rotor-stator dispergator with high
shear rates — Megatron MT 1-50 SHS F/2
(Kinematica AG, Switzerland). Various rota-
tion speeds were applied, and the kinetics of
suspension heating was monitored. Based on
the results, the optimal rotation speed and
process time with cooling mode were deter-
mined, allowing avoiding overheating of
suspension.

Ultrasonic dispergation, crystallization
and antisolvent precipitation

US dispersing was performed using US
probe dispergator UZD 22/44 (Sumy-Pribor,
Ukraine) operated at 22 kHz and 44 kHz
with maximal US power output of 400 W.
To adequately compare the results of me-
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chanical milling and US dispergation the
drug-liquid ratio was kept the same for both
methods. The US probe with a tip diameter
of 10 mm was immersed in the suspension
by 0.5-1 cm. Ice-water mixture was used as
a cooling agent to prevent suspension over-
heating. The temperature was controlled by
means of a temperature probe. Prior to and
during US sonication the samples were
taken with 5 min intervals to perform PSD
measurements.

The same equipment was used as for US
dispersing experiments. Water and the mix-
ture of PG — water (9:1) were used as sol-
vents for nefopam and aciclovir sonocrystal-
lization, respectively. During the experi-
ments the saturation concentrations were
determined for both substances. For this
purpose the weighed amount of the sub-
stance was added to the measured amount
of the solvent, heated to 55°C and kept at
this temperature for 80 min. If any undis-
solved particles of the drug substance were
observed, the solvent was gradually added
until all the substance was dissclved. If any
foreign particles were observed in the ob-
tained solution, the latter was filtered
through filter paper. Then the MZW was
determined by slow cooling of the obtained
solution. The MZW corresponded to the
temperature drop between the saturation
temperature and the one at which the first
crystals of the substance appeared in the
solution. Then the solutions were subjected
to sonication. US generator was switched on
at the temperature 5°C higher than the
crystallization temperature. Simultaneous
cooling and agitation were applied during
sonication to ensure better mass and heat
transfer.

US precipitation was performed by pre-
paring the saturated solution of the sub-
stance in the appropriate solvent, and pour-
ing the obtained solution into the antisol-
vent being ultrasonicated, with
simultaneous cooling and agitation of the
suspension.

3. Results and discussion

The choice of the dispersion medium for
wet milling and US dispergation

In order to select the most appropriate
solvent as the dispersion media for wet mill-
ing and US dispergation, the solubility of
nefopam and aciclovir in different liquids
was studied. The solubility diagrams of ne-
fopam in water, PG, PEG 400 and mixed
solvent PG-PEG 400 (6:4) are demonstrated
in Fig. 1.
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Fig. 1. Solubility of nefopam in different liquid
media vs. temperature.

It was established that the most appro-
priate dispersion medium, in which nefopam
solubility was the lowest among the exam-
ined liquids, was PEG 400 (Fig. 1). More-
over, the solubility rises insignificantly
with increasing the temperature which is
favorable, since the risk of the substance
dissolution and re-crystallization as the re-
sult of overheating is minimal.

Similarly, the dispersion medium for aci-
clovir was selected among the PG and mixed
solvent PG — water (4:6), which corre-
sponds to composition of dispersion medium
of cream emulsion base (w/o) (Fig. 2a).

The solubility of aciclovir in PG rises
with temperature, though even at 70°C it is
as low as 0.62 % (Fig. 2b). The solubility in
the mixed solvent PG — water is higher
than that in PG. However, the amount of
the substance that can undergo re-crystal-
lization in this case does not exceed
0.25 %. Thus, the uncontrolled crystal-
lization leading to large particles can be
successfully avoided when PG is used as a
suspending medium. To determine the opti-
mal composition of the dispersion medium,
the solubility of aciclovir was studied in the
mixtures PG — water with PG concentra-
tions ranging from 0 to 100 per cent. It was
found that the solutions containing from 60
to 90 per cent of PG were unsuitable as
dispersion media, since the solubility of aci-
clovir in them was higher than that in the
dispersion medium of cream emulsion base
(w/0) (Fig. 2b).

The most suitable concentration ranges
were found to be below 60 per cent or close
to 100 per cent. Though the solubility of
aciclovir decreases with lowering PG con-
centration, however, the PG was finally se-
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Fig. 2. Solubility of acyclovir: (a) in PG and
mixed solvent PG — water vs. temperature;
(b) in water — PG mixtures depending on the
PG concentration. Red horizontal line indi-
cates aciclovir solubility in the dispersion me-
dium of cream emulsion base (w/0).

lected as the dispersion medium because of
its better wetting ability.

Nefopam dispergation

The nefopam (sample of commercial drug
substance obtained after conventional cool-
ing crystallization) used in the dispergation
experiments had the mean particle size of
65.3 um and wide PSD, moreover, they
have irregular crystal shape and cannot be
directly used for production of supposito-
ries. Therefore, two approaches were ap-
plied for particles micronization purposes -
wet milling and US dispergation.

Wet milling of nefopam was performed
using dispergator Megatron with PEG-400
as dispersion medium taken in 1:4.5 ratio.
Two rotation speeds were examined and the
optimal milling mode preventing suspension
heating over temperature 40°C was found.

Decreasing the mean particle size of ne-
fopam from 65 um to 43 um was achieved
by wet milling, however considerable
amount of large particle (>100 um) were
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found as well, and the wide PSD was still
observed.

US dispergation of nefopam was carried
out with the use of US probe dispergator at
two operation frequencies — 22 kHz and
44 kHz. For comparability of the results the
same drug substance/liquid ratio was ap-
plied for both mechanical and US ap-
proaches. It has been established that the
influence of US frequency is minor within
the studied range, whereas the US power
has considerable effect on the particle sizes
(Fig. 3a). Thus, the mean particle size de-
creases from 35 um in average to 24 um
when increasing the output power from
200 W to 380 W, the linear dependence of
the particle size on the US power being ob-
served. The influence of the sonication time
on the particle size was also studied, and
the optimal value amounting to 15 min for
both frequencies was obtained (Fig. 8b).
Further sonication was not efficient with
regard to decrease of the particle size.

Evidently, further increase in US power
would result in smaller particles, however,
in our experiments we were limited by the
maximal power capacity of the used US
equipment. Thus, the best results with US
dispergation lead to the particles smaller by
half as compared to wet milling. Apart
from smaller size, the crystals obtained
after US dispergation were much more
regular and uniform by the shape.

The explanation of such a difference in
the results obtained with wet milling and
US dispergation is, obviously, in the com-
pletely different particle size reduction
mechanisms: in case of wet milling the driv-
ing force of the process is the mechanical
pressure developed between the rotor and
stator of the milling device, and the particle
size reduction degree depends on the shear
stress defined by the rotor speed, which
should be very high to attain micron-sized
particles. On the other hand, some part of
mechanical energy dissipates in the form of
heat, resulting in undesirable overheating
of the suspension despite simultaneous cool-
ing process. So, the optimal rotation speed
preventing suspension overheating is not al-
ways sufficient to achieve fine particles.
Moreover, the wide PSD indicates that the
shear stress created in the milling device is
not uniform throughout the working vol-
ume. In contrast, US dispergation proceeds
due to cavitation induced by shock waves
propagating in the dispersion medium. Par-
ticle size reduction degree in this case is
dependent on the shock wave force. It can
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Fig. 4. PSD of the nefopam samples obtained by various techniques: 1) commercial drug substance;
2) US crystallization; 3) US dispergation; 4) wet milling.

also be assumed that the wave attenuation
can be neglected in the incompressible liq-
uid medium, therefore, the pressure pro-
duced by the shock waves may be considered
uniform throughout the bulk volume. Thus,
the homogeneous energy distribution
throughout the bulk volume results in uni-
form micronization, yielding more regular
particles and narrower PSD in comparison
with conventional milling or crystallization,
wherein such homogeneity can hardly be
reached.

Based on the obtained results the follow-
ing US dispergation parameters were deter-
mined: US frequency 44 kHz, power output
380 W, and sonication time 15 min.

Nefopam crystallization

Though US dispergation yielded much
smaller particles than mechanical milling,
crystallization experiments with US initia-
tion were performed to obtain particles ap-
proaching to micron-sized powders. It is
known that crystallization initiated by US
results in reduction of particle size due to
the decreased nucleation order, reduction of
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MZW and decrease of the supersaturation
limit [14]. Between PEG-400 and water, the
latter was selected as a solvent, since the
solubility of nefopam in water is almost
8 times higher than in PEG-400 (Fig. 1). In
contrast to the ordinary cooling crystal-
lization, which had given the average parti-
cle size ca. 65 um, crystallization initiated
by US led to much better results yielding
particles with the average size of 11.6 um,
i.e. 6-fold smaller.

The summary diffraction pattern demon-
strating PSD of the nefopam samples ob-
tained by different techniques is shown in
Fig. 4.

The best results were obtained with US
crystallization, leaving far behind other
particle size reduction methods. US disper-
gation rates second in this line, giving
twice as large particles, though with narrow
PSD, being comparable with US crystal-
lization. Wet milling proved to be the least
efficient technique among the micronization
methods applied.

Functional materials, 22, 4, 2015
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Fig. 5. PSD of the aciclovir samples obtained by various techniques: 1) ordinary crystallization; 2)
US antisolvent precipitation; 8) US crystallization; 4) US dispergation; 5) wet milling.

It should be noted, however, that in spite
of the outstanding results achieved with US
crystallization, the ultimate choice be-
tween this method and US dispergation
should be made only after comprehensive
additional studies of the dosage forms. If
both US crystallized and US dispersed
drug substances can be used with equal
profit, the choice should obviously be
made in favor of US dispergation tech-
nique due its relative simplicity. On the
other hand, the final decision should
take into account the cost of the method
and its applicability for industrial scale.

Aciclovir dispergation

Wet milling of aciclovir was per-
formed using PG as a medium for sus-
pension taken in 1:5 weight ratio. Pri-
mary average particle size obtained after
ordinary crystallization was 58 um which
after the milling was reduced to
11.5 pum, i.e. almost by 5 times (Fig. 5).

US dispergation was performed with
the same dispersion medium, taken in the
same ratio, as in the wet milling experi-
ments. The frequency and US power were
selected based on nefopam dispergation ex-
periments, i.e. 44 kHz and 380 W, respec-
tively. The average particle size of 5.3 um
was obtained after US dispergation which
was twice smaller that obtained after wet
milling (Fig. 5). It is noteworthy that with
the same US sonication mode applied for
nefopam and aciclovir dispergation, their
particles sizes differ considerably (24 pum
and 5.3 um, respectively; Fig. 4 and 5).
This difference can be explained, first of
all, by the differences in crystal structure
and hardness of the substances, and, sec-
ondly, to a lesser extent, by different liqg-
uid media used for dispergation of ne-
fopam and aciclovir.

Functional materials, 22, 4, 2015

Aciclovir crystallization

Comparative crystallization experiments
with aciclovir were also carried out to ob-
tain the particles as small as possible. The
mixed solvent PG — water (9:1) was se-
lected on the basis of the solubility studies
(Fig. 2b). Interestingly, that the particles
obtained after US dispergation were even
smaller than those obtained after US crys-
tallization (the average particle sizes being
5 um and 6.9 um, respectively), which can
be presumably explained by the difference in
particles concentration — in US disperga-
tion experiments the drug substance/liquid
ratio was much lower than in crystallization
ones (1:5 and 1:25, respectively). Thus, the
US dispergation in case of aciclovir may be
considered the optimal particle size reduc-
tion technique outperforming wet milling
and US crystallization.

The overwhelming results were obtained
with US antisolvent precipitation (Fig. 5),
yielding the average particle size 1.3 um.
For this purpose dimethyl sulfoxide (DMSO)
was taken as a solvent and water as an
antisolvent. However, in spite of the dra-
matic effect produced by the US precipita-
tion, it should be taken into account that
some troubles could occur during isolation
and purification of the precipitant. Since
DMSO is a foreign substance, which is not
constituent of aciclovir cream, it should be
completely removed from the substance af-
terwards. Moreover, the isolation and dry-
ing of micron-sized powders is an individual
challenging task requiring additional study.
Therefore, the final decision on the prefer-
able technique should be made after evalu-
ation of the necessary particle size of the
drug substance, suitable for the particular
dosage form, as well as after conducting
other required studies.
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4. Conclusions

The effect of various particle size reduc-
tion techniques, namely, wet milling, US
dispergation, US crystallization and US an-
tisolvent precipitation, on the mean particle
size and PSD of two drug substances —
nefopam and aciclovir — was studied. The
study results revealed the following find-
ings:

US dispergation of drug substance sus-
pensions gives on the average twice smaller
particles and narrower PSD as compared to
the wet milling technique performed with
the use of a rotor-stator dispergator. US
crystallization outperforms US dispergation
with regard to the mean particle size and
PSD due to controllable nucleation and crys-
tal growth. US-assisted antisolvent precipi-
tation has been shown to be the most effi-
cient particle size reduction  technique
technique giving micron-sized drug parti-
cles, which is 4—5 times less than with US
crystallization. However, in this case isola-
tion and purification of the drug substance
poses a challenging task, therefore applica-
tion of this technique should be justified.
The performed studies provide an opportu-
nity to choose the optimal particle size re-
duction technique depending on the neces-
sary particle size of the drug substance,
suitable for the particular dosage form.
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