DE DE GRUYTER
OPEN

G Acta Medica Marisiensis 2016;62(1):95-100

DOI: 10.1515/amma-2015-0104

RESEARCH ARTICLE

Internal Structure Quality Control of Solid
Pharmaceuticals. A Comparative Study

Imre Silvia'", Haidu Timea, Ponta Oana?, Vancea Szende’, Vari Camil-Eugen’, Tero-Vescan Amelia’

1 University of Medicine and Pharmacy Tirgu Mures, Faculty of Pharmacy, Romania
2 "Babes-Bolyai” University, Faculty of Physics & Interdisciplinary Research Institute on Bio-Nano-Sciences, Cluj-Napoca, Romania

Objective: The aim of the study was a comparative investigation by spectral and thermal analysis in order to asses a number of characteris-
tics of different varieties ofrawmaterials of ursodeoxycholic acid and ibuprofen. The different dissolution behavior of two ursodeoxycholic acid
pharmaceutical product by crystallinity pattern was investigated. Methods: Raw materials of ursodeoxycholic acid and ibuprofen were used.
IR spectroscopy, differential scanning calorimetry and X-Ray Diffraction Analysis were applied. Results: The results show no crystallinitydif-
ferences for different batches of the tested drugs. No solid solid transition was proved during sample preparation for transmission IR analysis.
Conclusions: A combination of two more affordabletests by IR spectrometry and differential scanning calorimetry lead to the same results as
X-Ray diffraction analysis for crystallinity similarity assessment of the studied substances. The dissolution differences of test drugs were not

related to the polymorphism of the raw materials.
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Introduction

In the pharmaceutical world the fact that active substances
can exist in more than one crystal form (polymorph) can
be considered today as a common knowledge. Each poly-
morph has different physical and physico-chemical proper-
ties in solid state such as crystal form, colour, dissolution
rate, melting point, etc. In case of oral administration of
solid pharmaceutical forms, one of the factors that influ-
ence the absorption of drug and therefore its therapeutic
quality, is dissolution which is often strongly related to the
polymorphism property. The differences between the phys-
ical properties of polymorphic systems are very important
in developing a drug because the behavior of polymorphs
can lead to implications in manufacturing, formulation
and bioavailability.

In general, drug polymorphism research follows two
main strategies: obtaining, characterisation and stabil-
ity investigation of the pure substance and stability stud-
ies under pharmaceutical formulation conditions. The
polymorphs stability relates to solid solid transition and
it has to be divided further in stability during processing
(technological or quality control processes) and long term
stability under storage conditions. Few aspects related to
polymorphs analysis in current pharmaceutical practice are
given below.

It is a prerequisite now that quality control of solid phar-
maceutical substances used for solid pharmaceutical for-
mulations includes internal structure investigation in order
to get the corresponding polymorph or amorph state. The
analytical methods used for this reason include thermal
analysis, X-ray diffraction spectrometry (XRD), infrared
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(IR) solid state spectrometry, Raman spectrometry, nuclear
magnetic resonance (NMR) spectrometry etc. However
different aspects have to take into consideration such as
the sensibility and specificity of the analytical method for
polymorhism investigation, polymorph conversion during
sample preparation for analysis and so on. As an example,
grinding and compressing before IR analyis could generate
solid-solid transition.

Storage condition of pharmaceuticals can influence their
crystallinity. Therefore the stability of a given polymorphic
structure under storage conditions has to be very well un-
derstand when decision after the quality control results
analysis has to be done.

The influence of salts formulation of drugs is another
issue which has to be take into consideration for
polymorphism investigation. The salt formation modi-
fies the chemical properties of an active pharmaceutical
ingredient such as log P, pKa or melting point and, con-
sequently, the parent drug behavior in the body due to the
modifications of drug solubility, dissolution and chemical
stability [1  Different pharmaceutical companies changed
the nature of the counter ion for the same drug in order
to treat different indications or alter the drug’s pharmaco-
kinetics. This practice is often encounterd for poor soluble
acidic drugs. Ibuprofen is an example for which sodium or
alkyl amine salts are reported.

The aim of the study was to highlight specific differen-
ces in crystalline structure between different batches with
the same chemical nature of two acidic structures, urso-
deoxcholic acid (UDO) and ibuprofen (IB), respectively
(Figure 1). Crystalline pattern is influenced by the versa-
tility of hydrogen bond formation, in particular carboxyl
compounds being more susceptible due to the possibility
of dimer or salt formation [2-3].
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Fig. 1. Ursodeoxycholic acid (I) and ibuprofen (Il) structures

The steroids belong to the general gonan chemical class
with multiple biological effects, having endogeneous or
nonendogeneous origin. There are more than 60 years of
polymorphism research on steroid structure like substanc-
es, this property being often encountered in this chemical
class. Ursodeoxycholic acid has a steroid structure with a
carboxyl acidic group and it has an interesting behavior.
It becomes X-ray amorphous following grinding or mill-
ing as indomethacin, an acidic compound, or digoxin, a
substance with a gonan core [4-5].

Ibuprofen is a nonsteroidal anti-inflammatory drug
(NSAID) derivative of propionic acid which was intensive-
ly studied not only from pharmacological point of view
but also for pharmaceutical formulations improvement,
including polymorphism investigations [6-9].

DSC and IR spectrometry were chosen being common
analysis technique in quality control laboratory and XRD
spectrometry was performed as reference analysis. Com-
parative analysis of several batches of ursodeoxycholic acid
was started in order to find the cause of various dissolution
profiles of pharmaceutical products of the same type but
obtained with different raw materials of active substance.
The identification of the studied samples was done by IR
spectroscopy on the basis of pharmacopoeial previsions by
electronic comparison with reference spectra to highlight
the advantages and disadvantages of this method. In addi-
tion, we wanted to check whether in the case of the studied
substances crystalline transformations may occur during
the compression into potassium bromide tablets for analy-
sis by IR spectrometry by comparison the results with those
obtained through attenuated total reflectance IR analysis.

Methods

Materials

Three different batches of ursodeoxycholic acid samples
(UDO-P1, UDO-P2, UDO-P3)and two different samples
of ibuprofen raw materials (IB 38 and IB 40) were avail-
able from the different manufacturers. For sample prepara-
tion to FTIR analysis, potassium bromide for spectroscopy
produced by Merck was used.

Instruments
IR analysis was carried out on a Nicolet 380 FTIR spec-
trometer from Thermo Electron Corporation using Omnic

software. ATR-IR analysis was performend on a 470 Plus
spectrometer by Jasco using the Spectra Manager software.
Differential scanning calorimetry (DSC) was carried out
on a DSC 60 produced by Shimadzu Corp. The diffrac-
tion analysis was performed with a Shimadzu XRD—6000
diffractometer.

Samples for IR analysis were prepared in the follow-
ing way: for transmittance analysis, 10 mg sample of
pure substance was mixed with 100 mg of dried potas-
sium bromide for spectroscopy (Merck) and compressed
into tablets with a hand press; for reflectance analysis, an
appropriate amount of sample material was introduced
in the ATR device’s slot. Recording of IR spectra was
made in the 4000-400 cm! interval at 4 cm'! resolution.

For DSC analysis 2-6 mg sample of pure substance
was introduced in a capsule and pressed into tablets. The
temperature range was 30-250° C, for ursodeoxycholic
acid, and 25-100° C, for ibuprofen. The temperature rate
was 5° C/min.

The diffraction analysis was performed by using Cu
Ka (k =1.5405 A) radiation, at a scan speed of 2 gr/min.

Dissolution tests were accomplished following the pre-
visions of Pharmacopoeia.

Results and discussions

X-ray diffractometry is the best technique for the study of
polymorphs and solvatomorphs, by single-crystal x-ray dif-
fraction, not suitable for routine analysis, or by X-ray pow-
der diffraction which is more useful. However the costs for
equipment aquisition and staff training keep the generic
pharmaceutical manufacturer far from this type of analysis.
Thus, FTIR spectra and thermal analysis are often used to
evaluate the type of polymorphism that exists in a drug
substance and there are common determinations in phar-
maceutical industry, being aware of their limitations [10].

Taking in account to these facts, the quality control
study started with structure identification of the raw ma-
terials. According to official previsions [11-12], identifica-
tion of a raw material by IR spectrometry can be made by:
comparison with a spectrum of reference obtained on a
substance in identical conditions; comparison with a refer-
ence spectrum from a database; highlighting intense char-
acteristic vibration bands, oftenassigned to those atomic
groups on which’s level degradation reactions can be in-
duced relatively easily.

Considering the comparative representation of the spec-
tra of different batches of raw materials we can claim that
identification by IR spectrometry of the analysed samples
of UDO and IB raw materials allowed the confirmation
of structures by comparison with reference spectra available
in the electronic library of the equipment for IB and on
paper print for UDO. The electronic spectral comparison
method by assigning a score or similarity factor, available in
Omnic software, is suitable as long as the spectra compen-
sation of false contribution of CO, and water vapours from
the atmosphere are corrected. Otherwise, using only the
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similarity factor, we could falsely infirm the structural iden-
tity. With no atmosphere interferences compensation, ibu-
profen obtained a similarity score over 93%. On the other
hand, in case of ursodeoxycholic acid, without electronic
reference spectrum, the 56% similarity score to cholic acid
indicates it’s affiliation to the bile acids structural class.
Next, starting from the dissolution data, we decided to
test whether the investigated raw materials, used to obtain
different batches of ursodeoxycholic acid test pharmaceu-
ticals, belong or not to the same crystalline or amorphous
class because of the major behavioral differences observed
at dissolution test at pH 8 (Figure 2). The literature con-

tains studies which, through thermal analysis, highlight
the fact that the amorphous structure of ursodeoxycholic
acid may be assigned to several states with similar solubility
but with different forms of solid particles [13].

As shown by IR spectra (Figure 3) and XRD spec-
tra (Figure 4), the three raw materials of ursodeoxycho-
lic acid show the same spectral pattern which indicates
identical crystalline arrangements. The samples had the
same endothermic peak at 206 °C in DSC curves. In
conclusion, the differences of dissolution behavior are
not due to different states of internal arrangement of the
molecules in the solid powder.
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Fig. 2. Comparative dissolution curves of the two tested batches of pharmaceutical products versus reference product. Similarity factors

are 77,4 and 28,9, respectively
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Fig. 3. IR spectra of the three batches of ursodeoxycholic acid UDO_P2, UDO_P3, UDO_P1 (from top to bottom)
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Fig. 4. XRD patterns of the three ursodeoxycholic acid samples UDO P1, UDO P2, UDO P3 (from top to bottom)
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Fig. 5. a - IR and b - XRD pattern of ibuprofen raw material sample IB 50
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Proceeding in the same way we can conclude that the
two batches of ibuprofen have the same polymorphic
form, with identical IR, XRD spectra (Figure 5) and the
same endothermic peak at 77° C in DSC curves.

Regarding the possible influence of sample preparation
for IR analysis of polymorphs, the recorded IR spectra of
studied raw materials by the method of KBr compression
and also by direct analysis of the powder by attenuated to-
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tal reflectance show that there is no phase transition of the
internal state of the solid powder during sample prepara-
tion by trituration and compressing (Figure 6). Possible
differences for ursodeoxycholic acid were expected because
it was proved that by milling processessolid transition oc-
curs with different proportion of amorphous state depend-
ing on milling time [5].
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Fig. 6. IR spectra of ursodeoxycholic acid sample UDO P3: a - KBr sample preparation; b - ATR analysis
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Conclusions

The similarity of the internal structure of the tested batch-
es with the same substance was revealed by two more
affordable tests in drugs quality control, IR spectra and
DSC curves analysis, and confirmed by XRD spectrom-
etry. Therefore, the different dissolution behavior of the
test pharmaceutical products with ursodeoxycolic acid is
not due to the polymorphic differences of the active in-
gredient.

The influence of sample preparation on IR spectra of
the studied substances was investigated by comparison of
spectra obtained by compression method with those by
attenuated total reflectance method. The results demon-
strated that there is no phase transition during sample
processing.
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