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ABSTRACT

It has been observed that a commercial product of
phenylhutazone cream {o‘w type) shaows gritty appeara-
nce. Large Crystals up to 1000 pm in diameter have been
isolated from unexpired hatches. New batches from the
same product show crystal size up to 150 um in diameter.

Investigation of the physical characters of the isolated

*For Correspondance.

1967

Copyright © 1986 by Marcel Dekker, Inc. 0363-9045/86/1211-196753.50/0

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/22/12

For personal use only.

1968 SALLAM, SALEEM, AND ZARU

crystals have been done in comparison with a pure pheny-
lbutazone sample (99.5%). UV-Spectrophotometric analysis
of the isolated crystals indicates phenylbutazone content
of 90%. However, TLC examination and UV, IR and NMR
Spectra examinations indicate the absence of decampo-
sition products. Oily material has been separated from the
isolated crystals by phosphate buffer solution (pH.

6£.90).

DSC examinations of the isolated crystals show two
endothermic peaks at 76°C and 100.2°C and one exothermic
peak at 81°C. The endothermic peak at 76°C is interpreted
as a result of the interaction between phenylbutazone and
the oily material.

The examination of the isolated crystals before and
after isothermal transformation and during melting by
both hot stage microscope, ESM, (IR) and D50 indicates
that the presence of phenylbutazone in the crystals is
not a mechanical entrapment. It suggests that phenyl-
butazone interacts with the fatty base on the molecular

level and both crystallise out from the cream.
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POLYMORPHISM AND CRYSTAL GROWTH OF PHENYLBUTAZONE. I 1969

Phenylbutazone is 4-butyl-1,2-diphenylpyrazolidine-
3,5-dione. The drug has analgesic and anti-inflammatory
effect (1). It is formulated as tablets, injections,
suppositories and creams.

Phenylbutazone has a well-known polymorphic beha-
viour as reported by many studies (2-10). These studies
have dealt with the mechanism and kinetics of transfor-
mation, dissclutiaon characters and compression bhehaviours
af phenylbutazone polymorphs. Recent studies carried on
phenylbutazone suppositories (11 and 12) have reported
crystal growth of drug particles on storage which is
dependent on the temperature of the productiaonr.

The palymorphic form of the drug is one of the
ma jor parameter which is considered during the farmu-
lation of pharmaceutical dosage forms, bBecause it has
a significant effect on the physicochemical characters
and biosvailability of the dosage form (13 and 14). A
recent study shows that the absorption of phenylbutacone
in dogs is dependent on the polymorphic form of the
drug (15).

In semisolid preparations, the use of improper
polymorphic form and improper preparation technigue may
lead to polymorphic changes and crystal growth of drug
particles. Conseguently, both the physical appearance
and bioavailability of the preparation will be substanti-

ally affected (13 and 16).
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It has been observed that a commercial product of
phenylbutazone cream (o/w type) currently marketed in
Jordan shows gritty appearance. Large crystals up to
1000 gm in size have been isolated from unexpired batches.
The new batches of the same product show crystal size up
to 150 um in diameter. Thus, the first part of this study
investigates the physicochemical characters of these

isolated crystals.

EXPERIMENTAL

Materials

Twenty four tubes of phenylbutazaone containing
(5% w/w)cream from the same manufacturer (Imported
Product) have been purchased locally. Pure phenylbutazaone
pouder is obtained from A.P.M. (Jordan). Solvents are
spectroscopic (Merck, W. Germany) and analytical grade

(May and Baker, UK) reagents.

Methods

1- Isolation of phenylbutazone crystals from creams:

Wet sieving technigue has been used in order to
separate phenylbutazone crystals fraom creams after
dilution with distilled water. Vacuum has been applied
ta speed up the filtration process. Washing with large
amount of distilled water is done to remove other in-

gredients of cream. Cleanliness of the isclated crystals
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POLYMORPHISM AND CRYSTAL GROWTH OF PHENYLBUTAZONE. T 1971

is cthecked hy microscopical examinaticn. ThHe isolated
crystals have been dried by keeping in vacuum oven at
900 m bar at room temperature for 2 days. Drying at

GDDB induces some degree of transformation.

?- UVU-Spectrophotometric Examinations:

UV spectra of solutions of isolated crystals in
0.1N sodium hydroxide and ethancl have been obtained
by using Uvikon 810 specirophotometer (Montron, Switzer-
land). Spectra of phenylbutazone standard solutions are
obtained at the same time. Calibhration curve s constru-
cted and the content of phenylbutazone in isolated

crystals is determined.

3~ TLC Examinations:

Two systems have been empolyed to check =hes presence
of decomposition products in the isolated crystals.

First System (17): TLC Plate 20x20 cm with silica gel

G (0.25 mm thickness). Sample solution: 1% in 2N acetic
acid. Solvent: Strong ammonia solution: methanol(1.5:100).
Time of run, 30 minutes. Spraying rteacent: Potassium
permanganate solution.

Second System (18): TLC Plate 20x20 cm with silica gel

GF (Merck), 0.25 mm thickness. Sample =olution:Chloroform.
Solvent: Cyclaohexarme-chloroform-metharcl and clacial
acetic acid (60:30:5:5). Detection: Stert-wavelength UV

light.
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L- Nuclear Magnetic Resonance Examination:

The NMR spectra of isclated phenylbutazone crystals
and pure phenylbutazaone powder have been recorded
using Varian T60 NMR Spectrometer (Varian Analytical
Instrument Division, USA). The setting conditions are:
Spectrum amplitude 1.6x10, Sweep time 250 sec., Sweep
width 500 Hz, Filter 1, Salvent CDCl3 containing 1%

tetramethylsilane as internal standard.

5- Elemental Analysis:

Elemental analysis (G, H, N and 0) of isolated
phenylbutazone crystals and pure phenylbutazone powder
has been carried out by Mikrpanalytisches Labor Pascher

(Buschstr. 54, D-5300 Bonn 1, W. Germany).

- [C-13 NMR Examination:

The spectra of C-13 NMR of isclated phenylbutazone
crystals and pure phenylbutazone powder have been done
at Eidgenossische Technische Hochschule, Pharmazeutisches
Institut, Zenmtrum, EH-8092 Zurich using 75 MH13C-NMR,

Sruker Instrument.

7- Thermal Amnalysis:

Differential scanning calorimetry (DSC) examinations
have been performed using Mettler TA3000, DSC 20 unit
(Mettler, Switzerland) calibrated with pure indium (m.p

155°C). The samples are heated in covered pans.
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POLYMORPHISM AND CRYSTAL GROWTH OF PHENYLBUTAZONE. T 1973

Isothermal treatment has been dane by heating the
isolated phenylbutazone crystals in DSC cell at 51°¢C
for 10 minutes.

Thermogravimetric analysis of the isplated phenyl-
butazone crystals is also performed using Mettler TA3000,
TGS50 unit (Mettler, Switzerland) by heating at a rate of
0% /min. in the range of 35°-120°C.

Purity of phenylbutazone powder (AFM) has been
determined by D3C method at heating rate of 5°K/min.
Effect of compression on the isolated phenylbutazone
crystals has been studied by compressing crystals using
IR ¥Br disc preparation Kit and hydraulic press at
compression force of 10 tons for 15 minutes. The comp-

ressed crystals are then examined by DSC.

8- Infrared Spectrophotogmetric Examinatiaon:

Nujol mulls of the powdered isolated crystals and
pure phenylbutazone have bheen examined and the spectra
determined using a double beam infrared spectrophotometer
(Jasco IR810-3Japan Spectroscopic Co.bttd),with % T mode,
scan speed 2 and slit M. Isothermally treated sample
(See TA Examination) and compressed isolated crystals
(10 tons for 15 minutes by IR KBr disc hydraulic press)

Rave been examined similarly.

9- X-ray Powder Diffraction Examination:

The powder diffraction patter of isolated

phenylbutazone crystals and pure phenylbutazone powder
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is recorded by Philips PM 3920/05 X-ray diffractometer
(Philips, The Netherlands). Experimental conditions
are: 25 mA, 30KV, 1°8lit width, Ka Cu radiation with

Nickel filter and scan speed 2 theta per minute.

10- Electron Scanning Microscopy Examination:

ESM Photomicrographs have been made using Lietz
1000A, AMR electron scanning microscope (Lietz,W.Germany).
The samples have heen coated with gold using a direct

sputter coating technigue.

11- Hot-Stage Microscopy Examination:

A stereomicroscope (0lympus, Japan) equipped with
a hot-stage has been employed. Appearance changes during
theating up the isclated phenylbutazone crystals have
been examined. Isothermal treatment at approximately
81°C has been applied to examine any transformation

stages.

RESULTS AND DISCUSSION

1- Purity of the standard phenylbutazone powder obtained
from APM (Jordan) has been determined by DSC and found to
be 99.54% Mol. for 9 replicates with standard deviation
of + 0.303. Thus, the drug powder is considered pure
enough to carry out determinations reguired for the

current study.
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POLYMORPHISM AND CRYSTAL GROWTH OF PHENYLBUTAZONE. 1 1675

2- UV spectra of the isolated phenylbutazone crystals
and pure drug powder in 0.1N NaOH and ethanol are shown
in Fig.1. The spectra are identical with respect to the
absorbing moieties rather than to the concentrations.
The maximum wavelengths in 0.1N NalOH and ethanocl solut-
ions are 264 nm and 240 nm which are identical to the
reported data (5). The guantitative determination of
phenylbutazone in isolated crystals 1is found to be
89-93.8% w/w. The spectra in 0.1N NaOH and ethanol in-
dicate sbsence of foreign absorbing moieties and decom~

position products.

3- The TLC result of the first system shows one main
spot at the same retention time for both isolated cry-
stals and pure phenylbutazaone powder. Houwever, the
secand system which is reported to be characteristic
for separation of decomposition products (18) shows
two spots for each sample solution whether contains
isolated crystals or pure drug powder. A major spot

at Rf value 0.680 indicates phenylbutazone and a very
faint small spot at Rf value 0.59 indicates possible
decomposition product have been ohserved for hoth

isolated crystals and pure drug powder.

L- N.M.R. spectra are shown in Fig.2. The doublet and
multiplet peaks at 0.95-2 ppm in the spectrum of pure

drug are indicative to the protons of n-butyl rest of
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Fig, 1 . UV Spectra of the isolated crystals
and pure phenylbutazone .
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OF PHENYLBUTAZONE. I
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pure phenylbutazone powder (PBz).
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phenylbutazone molecule. Isoclated crystals spectrum
shows similar peaks. However, the peak at 1.33 ppm
indicates presnce gf higher protan number. This higher
proton number may be interpreted as an indicatian aof
the presence of extra EH2 groups. The triplet peaks at
3.35 ppm in both spectra are due ta proton at Ba posi-
tion in phenylbutazone molecule. The multiplet peaks
at 7.30 ppm are assigned for aromatic phenyl protons
in phenylbutazone molecule as shown in both spectra.
The spectrum of the pure drug is in a good agreement

with the reported data in literatures (5).

5- 13C-NMR spectra are shown in Fig.3 and 4. The

assignments are given in Tables 1 and 2.

The results obtained from UV-spectra, TLC, NMR
spectra and 13C-NMR spectra all indicate that the
isolated phenylbutazone crystals donot contain any
decomposition products. Moreover, the phenylbutazone
molecules donot have any sort of chemical combinations
with the unknown material present in the isolated

crystals.

6- Elemental analysis results for C,H,N and O of the
isolated crystals and pure phenylbutazane are given in
Table 3. If the decompasition products are present,

the percentage of N is expected to he approximately
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Fig.3. 13C NMR Spectrum of pure phenylbutazone powder.

the same. The percentage of N is less by 1.1% in the
isolated phenylbutazone crystals. Consequently, the
amount of approximately 10% w/w in the isoclated crys-

tals is due to molecules which are not containing N
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atoms. These molecules are composed mainly of G,H and 0.
7- ESM photomiecrographs of the isolated phenylbutazone
crystals (Fig.%) show that the crystals are not aggre-

gates of small crystals. The crushed crystals of fres-
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Fig.4. 13C NMR Spectrum of the isolated phenylbutazone
crystals.

hly ispolated and vacuum dried sample indicate that the
body af the crystals is a haomocgeneous mass. The crystal

size isolated from old unexpired batch is large up to
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1 mm in length as shown in Fig.5 and 6. While the
crystal size isolated from recently manufactured bat-
ches is smaller approximately 150-200 pm in length
(Fig.7). However, it is much larger than the size of

the pure phenylbutazone crystals (Fig.6).
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Taple 1. Assignments of 13C-NMR spectrum of pure

phenylbutazone.

Chemical Shift Assignment
ppm.
170.29 Carbonyl group.
135.88 Quatermary carhon of
aromatic ring.
128.79-122.709 Ortho, meta and para
carbons of phenyl group.
LB.0L Carbon at position 4.
27.85-5.27 n-butyl rest.

Table 2. Assignments of 13C-NMR spectrum of the isclated

phenylbutazone crystals.

Chemical Shift. Assignment.
ppm.
170.32 Carbonyl group.
135.80 Quaternary carhon of
araomatic ring.
128.88-122 ., 44 Ortho, meta and para
carbons of phenyl group.
67.22 Carbon attached to
electron withdrawing
group
L. 16 Carben at position &
27.86, 25.02, 22.42 Carbons of n-butyl rest.
and 13.62

Table 3. LC,H,N and U Elemental Analysis of the isoclated

crystals and pure phenylbutazone.

Sample %
G H N 0

Pure drug. 74,34 6.61 9.21 10.3
Isolated 74L.29 7.09 8.11 11.0
Crystals(1)

Isclated 73.94 7.07 8.11 10.9
Crystals(2)
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Fig.5. E5M Photomicrographs of the isclated phenylbutazone
crystals before (a) and after crushing (h).
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Fig.6. ESM Photomicrographs of the isclated crystals
(a and b) after iscthermal treatment at 81°C for 10 min.
and pure phenylbutazone powder (c).
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Fig.7. a. Photomicrographs of the isclated crystals(neuw
bagch) before(1) and after(2) isothermal treatment at
81°C for 10 minutes.

hotomicrographs of the isolated crystals
vernight.

Fig.7. b.
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POLYMORPHISM AND CRYSTAL GROWTH OF PHENYLBUTAZONE. I 1985

The presence of approximately 10% w/w of non
phenylbutazone content in the isolated crystals changes
significantly the size and the shape of these crystals
(Fig.5,6 and 7). Conseguently, it is expected that the
behaviour of the crystals under thermal treatment will

he different.

8- Thermogravimetric analysis indicatesthe absence of
solvates. The weight of isolated phenylbutazone crystals
has not been changed significantly at a heating rate aof

10%"/min. in the range of 35° _12p°C.

9- X-ray powder diffraction patterns of the isolated
crystals and pure phenylbutazone powder which represents
the most stable polymorph are shown in Fig.8. The diff-
raction patterns are different which suggests that the

two samples have different crystalline structures.

10- DSC examimnation of the isolated phenylbutazaone
crystals shows two endothermic peaks even at a high
heating rate of 30°K/min. When the sample is heated at
BDH/min. two endothermic peaks appear at 76°C and
100.2°C and one exothermic peak at 81°C as shown in
Fig.9. The pure phenylbutazone which represents the
most stable polymorph exhibits one endothermic peak at
106.5°C when heated at 5K°/min. as shown in Fig. 9.

The examination under microscope eguipped with hot

stage, on heating it reveals that the crystals start to
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Fig.8. Powder X-ray diffraction patterns of the
isplated crystals (IC) and pure phenylbutazone powder
(PB2z).
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POLYMORPHISM AND CRYSTAL GROWTH OF PHENYLBUTAZONE.
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I

1987

106.5 C

Fig.9. DSC Thermograms. Heating rate 54”/min. a-Isolated
crystals. b- Isolated crystals after isothermal treatment
at 81°C for 10 min. c- Pure phenylbutazone paowder.

soften without melting at 75°C and transform to needle

shape crystals before melting at approximately 100°c.

When anaother sample of ecrystals is heated at a constant

temperature 80”-81°C  which corresponds to the exoth-

ermic peak temperature of DSC thermogram,

the crystals
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are transformed to aggregate of needle shape crystals as
shown in Fig.6. and Fig.7. This behaviour indicates that
the isolated crystals are sensitive to heat. Samples
which are dried at 60°C overnight show some degree of
transformation particularly on the surface of ecrystals
(Fig.7).

When the isclated crystals are treated in DSC cell
under isothermal condition at 81°C for 10 minutes the
crystals as pointed cut before, are transfurmed to agg-
regates of needle shape crystals (Fig.6 and 7). Sub-
sequent heating of these crystals at 5°K/min (35%-120°C)
the DSC thermogram exhlbits one endothermic peak at
98.5°C (100.4°C) as shown in Fig.9. This peak corresponds
to the second endothermic peak in the thermogram of un-
treated sample. The crystals are transformed, most prob-
ably to the most stable polymorph. The depression in the
melting point is due to the presence of approximately

10% w/w component other than phenylbutazone.

11- The examination of IR spectra of pure drug pouwder,
isglated phenylbutazone crystals and isocthermally treated
crystals results in interpretation of the thermal behavi-
our of isaolated crystals. The IR spectra are shown in
Fig.10 and 11. The characteristic peaks of phenylbutazone
are present in IR spectra of pure drug and isclated

crystals as follows:
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POLYMORPHISM AND CRYSTAL GROWTH OF PHENYLBUTAZONE. I
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1- Characteristic stretching vibrations of carbonyl
groups at frequencies 1720 and 1755 em™ .

2- C[Characteristic band of dioxopyrazolidine compounds
at freguency 1300 em .

3- Bands of monosubstituted phenyl at freguencies 760-
695 cm™ .

However, there are differences in IR spectrum of
the isplated crystals as indicated by arrows in Fig.10.
which may be due to the difference in crystal structure.
After isothermal treatment of the isolated crystals
the IR spectrum (Fig.11) exhibits extra peak which
appears at a freguency 1740 cm_q. This peak 1is character-
istic for ester carbonyl group. The IR spectra of isolated
crystals before and after compression at 10 tons for 15 min.
donot exhibit any difference which indicates that the iso-
lated crystals are only sensitive to the effect of heat.
Extraction of phenylbutazone from isolated crystals
by shaking gently ,for 24 hours with phosphate bhuffer
(pH 6.90) at 37°C leaves oily droplets. The IR spectrum
as shown in Fig.711 exhibits the following freguencies:
1- A one single peak appears at frequency 1740 cm_q
which is charagteristic for ester carbonyl functional
group.
2- A sharp strong bands at freguencies 1110 and 1160

cm are characteristic for C-0 bending fregquencies.
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Thus, the peak at freguency 1740 Cm_1 which appears after
isgthermal treatment corresponds to the liheration of the
pily material. The oily material is liguid at 37°C.

The isolated crystals are containing oily material
in association with phenylbutazone rather than as a
mechenical entrapment. This association is indicated by
the Tirst endothermic peak at 76°C. However, this sort
of association is broken down by heat and the bpily
material is liberated as pointed out before. Further
investigations are undertaken to study the chemical
nature of the oily material and to study the type of
interaction or association which exists between the

0olly material and phenylbutazone.

CONCLUSTION
The isolated crystals from commercially available
phenylbutazone creams are composed of phenylbutazone as
a major component and fatty material as a minor component.
The presence of both components in the crystals is not a
mechanical entrapment. The fatty component interacts with
phenylbutazone and both together crystallise out from

creams.
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