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Qualitative Analysis of Some Antidiabetic
- Drugs by Spectroscopic Measurements
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Diabetes mellitus is an age-old disease plaguing mankind even today.
Many oral antidiabetic drugs are available now-a-days to control the
metabolic disorder in diabetes. The aim 'of the present work is to make a
spectral investigation on some antidiabetic drugs, namely, glibenclamide
and rosiglitazone maleate. The infrared, Raman and UV-Vis spectroscopic
methods are’ employed for the qualitative analysis of these antidiabetic
drugs. The different functional groups present in the compounds are iden-
tified and assigned satisfactorily using FTIR and FT Raman spectra. The
UV-Vis spectral measarements carried out on the compounds identify the
wavelength maxima. Using FTIR and UV-Vis - ‘spectral measurements,
comparison between the set of mternal standards arrived at for the drugs
stored in suitable storage conditions and exposed to environmental hazards
is made. ,

Key Words: Vibrational spectra, ‘UV-Vis spectm, Antidiabetic drugs,
Glibenclamide, Rosiglitazone maleate, Qualitative analysis.

INTRODUCTION

Diabetes mellitus is a metabolic dlsorder affecnng all age groups irrespective
of the sex. It is arising due to the disorder of carbohydrate metabolism caused by
the deficiency of insulin. Consequently, the blood sugar level either increases
(hyperglycemia) or decreases (hypogﬁy(:emia) from the normal level. Under
clinical terminology, diabetes can be categorized as (i) Type 1: Insulin dependent
diabetes mellitus (IDDM) (ii) Type 2: Non-insulin dependent diabetes mellitus
(NIDDM). The World Health Organization (WHO) had predicted 3 years ago that
nearly 150 million people worldwide are suffering from diabetes and the number
will be doubled by the end of this year. This disease is a silent killer being
asymptomatic till an advanced stage and cripples the vital organs of the human
body. Since a large number of people are suffering from this disorder, great

interest is taken in the study of these drugs: In NIDDM, the build up of sugar in
the blood is due not to a lack of insulin, but to the body’s inability to make proper
use of it. Now-a-days oral anndlabenc drugs are used to treat NIDDM because
; they are effective, non-toxic and correct the basic metabolic disorder in diabe-
es®>. Current therapy for the treatment of hyperglycemia of type 2 diabetes
mclndes the following groups of OHAs (oral hypoglycemic agents) sulfonylureas,
biguanides, 0--glucosidase inhibitors, meglitinides and thiazolidinediones®.
Glibenclamide (C,3H,3CIN;05S) is of sulphonylurea category and is chemically
described as 1-[[4-[2-[(5- chloro 2—methoxy benzoyl) amino) ethyl] phenyl] sul-
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ph@nyl]}-3-cyclohexylurea5 .Itis a white crystalline powder, practically insoluble in
water, soluble in ethanol, methanol, chloroform and dilute solutions of alkali
hydroxides®. Glibenclamide works primarily by stimulating pancreatic insulin
secretion, which in turn reduces hepatic glucose output and increases peripheral
glucose disposal. It is a potassium channel blocker whose effect on the pancreatic
p-islet cells is to allow an influx of calcium into the cell, which causes an increase
in the release of insulin®. It is available in the form of tablets and should be stored in

tightly closed hght resistant containers™ ¢, B

[
‘CHZCHoNHG

Glibenclamide

Rosighitazorie maleate

Fig 1. Molecular structures of. ghbenclam1de and rosiglitazone maleate

Romghmwm maleate belongs to thiazolidinediones, a new class of oral
“antidiabetic agents, commercnally known as ghtazones This drug was introduced
in the year 1999 in the international market*, Within a short span of time after
the launch, the drug has been prescribed for a number of type-2 diabetes patients
as it reduces cardiac risk factors and blood pressure’. This drug does not stimulate
the pancreas to produce more insulin, but decreases insulin resistance by
increasing glucose uptake and metabolism in muscle and fat*. It reduces plasma
glucose, lipid and insulin in twice daily dosage It can be used as monotherapy
or with sulphonylurea, biguanide and insulin®. Rosiglitazone maleate is chemi-

- cally described as 5- [[4 [2-(methyl-2-pyridinyl amino) ethoxy] phenyl] methyl]-

2,4-thiazolidine dione®. Its molecular formula is CygH;gN3;03S and molecular
- weight is 357.4. Also it is a white to off-whlte solid which should be stored in
airtight, hght-resxstant containers.

- An extensive research work has been carried out by several investigators with
different oral hypoglycemlc pharmaceuﬂcal compounds4 10-12 . During the course
of investigation on these drugs, our attention has been turned towards antidiabetic
- drugs namely ghbenclam1de and rosnghtazone maleate.
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EXPERIMENTAL

High-grade pure samples of glibenclamide and rosiglitazone were procured
from a reputed pharmaceutical company, Sun Pharmaceutical Industries Limited,
Mumbai, India and were used as such. The FTIR spectra were recorded in the
range 4000-400 cm™ " using Brucker IFS 66 v spectrophotometer in the solid state
and the FT Raman spectra were observed using Brucker FRA 106 FT Raman
spectrophotometer at Sophisticated Analytical Instruomentation Facility, IIT,
Chennai, Indna The FT-IR module has globar and mercury vapour lamp as the
soirces and the interferometer chamber has KBr and Mylar beam spitters. The
sampling technique used was KBr pellet method. Both the FTIR and FTR
spectrometers have a resolution of 0.1 cm™. They have the facilities of signal
averaging, signal enhancement, baseline correction and other spectral manipula-
tions are also possible Wlth muhltaskmg OPUS software on the dedicated
PC/INTEL-4.

UV-Vis spectral measurements of the drugs were carried out using Elico SL
159 UV-Visible spectrophotometer at Spectrophysics Research Laboratory,
Pachaiyappa’s Coﬂege Chennai, India. The sources that produce ultrawolet rays
in the spectrometer were deuterium and tungsten halogen lamps with the
monochromator as Czerny-Turner type with 1200 lines/mm holographic grating.
The detector had a wide range of photodiodes with greater efficiency and stray
light loss is about 0.1% at 220 nm with Nal 10 g/L. The scanning range capability
of the device was 200-1000 nm with an accuracy of + 0.5 nm. Quartz cuvettes
of 10 mm path length were used. The one normal solution of the drugs under
investigation was prepared initially and by successive dilution, the other concen-
trations were got. Methanol was used as solvent. The amount of absorption of
UV-Vis radiation was measured for each concentration at the characteristic
wavelength maximum A,,,. ‘ ~

RESULTS AND DISCUSSION

' Vibrational spectral analysis: The infrared spectrum of a compound is
essentially the superposition of the absorption bands of specific functional groups.
The structures of the drugs chosen, viz., glibenclamide and rosiglitazone are
presented in Fig. 1. The functional groups present in the drugs were identified
and a satisfactory vibrational band assignment was made by observing the nature,
shape and intensity of the vibrational bands in the FTIR and FT Raman spectra.
~The vibrational band assignments of glibenclamide and rosiglitazone maleate are

presented in Tables 1 and 2 respectively.
A detailed discussion on the vxbratlonal frequenmes is given as follows:

(1) Glibenclamide

N——H Vibration: For primary amldes two sharp bands of medium intensity
are observed due to the asymmetric and symmetric stretching vibrations at about
3500-3300 cm".'* ' In the case of primary aromatic amines, N—H stretching
vibrations are of medium mtensnty in the region 3520-3350 ¢cm™".1° In the solid
phase, primary sulphonamides'® have strong bands due to their N—H stretching
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vibrations in the region 3390-3245 c¢cm™. Also N-mono-substituted sulphona-
mides have their N—H stretching vibrations at 3320-3250 cm™!. The strong band -
observed at 3315 cm™! in the FTIR spectrum is assigned as N—H stretching
vibration. This band is present in the Raman spectrum as a weak band at 3314
em™. SR :
o "TABLE-1 - :
VIBRATIONAL SPECTRAL ASSIGNMENT OF GLIBENCLAMIDE

Frequency (em™)

; Asvsikgmnem Component group
FTIR ET Raman : of structure

3315 3314w N-—H stretching Amine

2930 m 2937w C—H asynﬁnetric stretching Cyclohexane
2839 w C—H symmetric stretching ' Cyclohexane
1715 ’vs 1719m  C=0 stretching S Urea
1617 vs ‘ C=0 stretching/C==C streiching  Urea/Benzene
1591 m : ' C=Cstretching "+ Benzene
1524 Vs 1524 m - Ce=C stretching ‘ Benzene
1479 s N—C~=N asymmetric stretching ‘ Uréa
1459 s » N—C—N asymmetric stretching - Urea

1342 1352m SO, asymmetric stretching Sulphonyl group
1277 s - C—H in-plane deformation Benzene
1245 m 1255 s C—H in-plane deformation Benzene
1158 vs ~ 1162s - S0, symmetric stretching , - Sulphonyl group
1123 m 1100 w  C—C stretching Cyclohexane
1012 m : NeC—=N symmetric stretching/ ' Urea/Cyclohexane

C—-C stretching
905 m 912 w C—H— out-of-plane deformation Benzene
820 m , C—H out-of-plane deformation Benzene
685 m | C—H out-of-plane deformation  Benzene
573s C—C skeletal ~stretching/]{n-plane Cyclohexane/Sulphonyl

L , 50, deformation group
541s 548w C— skeletal strétching Cyclohexane

Ring Vibrations: The band due to C—H asymmetric stretching vibrations
of cyclohexane!’ usually occurs in the region 2940-2915 cm™.'® In view of this,
the absorption band of medium intensity occurring at 2930 cm™ and a weak band
at 2839 cm™ in the FTIR spectrum are assigned as C—H asymmetric and
symmetric stretching vibrations respectively. The C—H asymmetric stretching
band occurs at 2937 cm™ as a weak band in the FT Raman spectrum.

Cyclohexane derivatives'® have bands of variable intensity in the region 1055
950 cm™ and 570-435 cm™ for the C—C skeletal stretching vibrations. The bands
of weak intensity due to C—C stretching occur at 1055-950 cm ™! and the bands of
strong intensity due to the same vibration occur at 570435 ¢cm™. In the FTIR
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spectrum, the bands of medium intensity at 1123, 1094 and 1012 cm™" and the bands
of strong intensity at 573 and 541 cm™! are due to C—C skeletal stretching of the
cyclohexane group. The same bands occur as weak bands at 1100 and 548 cm™ in
the FT Raman spectrum of glibenclamide confirming the presence of cyclohexane -
functional group. : ‘

TABLE- 2
VIBRATIONAL SPECTRAL ASSIGNMENT OF ROSIGLITAZONE MALEATE

Frequency

Assiphment i Component group
FTIR  FTRaman of structure
3107w 3110w Aromatic C—H stretching Pyridine
1749 s 1755 m  C==0 stretching Imide group
1700 vs 1724 m  ~ C==0 stretching ‘ | Imide group
1645 m 1686 w  C==C stretching Pyridine
1622 s 1618 w  C==C stretching : Pyridine
1589 s 1552w C=C stretching Pyridine
1510 vs ' - C==N stretching k ‘ Pyridine
1361 s C-—N stretching Imide group
1332m 1341m  C—N stretching ~ Imide group
1264 m 1268m  C—Hin-plane deformation’ Benzene
1237 s C—H in -plane deformation Benzene
1166 m 1155w C~H in-plane deformation - Pyridine
1142m . C—H in-plane deformation Pyridine
864 m C—H out-of-plane deformation =~ Benzene
842 w 833w C—H out-of-plane deformation  Benzene
764 s 747 m C—H out-of-plane deformation  Pyridine
604 w 613'm In-plane ring deformaﬂon Pyridine

The fundamental studnes on benzene vibrations have the characteristic skeletal
stretching modes of the carbon-carbon bonds leadmg to the appearance of bands of
stmng intensity between 1650 and 1450 cm™. For di- and tri-substituted benzene
n‘mgs , strong bands due to C==C stretching occur at 16251590 and 1525-1480

! In the present investigation, the bands of very strong intensity at 1617, 1524
cm™ and bands of strong intensity at 1591 and 1479 cm™! in the FTIR spectrum of
glibenclamide are due to C=C stretchmg vibrations. These vibrations occur as
medium intensity bands at 1534 cm™ in the FT Raman spectrum.

For 1,4-disubstituted benzenes'S, the aromatic C—H in-plane deformation
occurs in the range 1270-1125 cnf1 and the bands will be of strong to medxum
intensity. A strong band at 1277 cm™ and amedium intensity band at 1245 cm™ are
due to C—H in-plane deformation vibration in the FTIR spectrum of glibenclam-
ide, which is present in FT Raman spectrum at 1255 cm ™ as a strong band.
~ The out-of-plane C—H defomnat10n14 occurs in the range 900-675 cm™ !and
the bands,exhibited at 905, 820 and 685 ¢cm™! in the FTIR spectrum are allotted
as C—H out- of-plane deformations and they are confnrmed by FT Raman bands.



320 Gunasekaran ef al. | | Asian J. Chem,

SO, Vibrations: In the solid phase, sulphonamides have a very strong, broad
absorption band at 1360-1315 cm™, which is due to asymmetric stretching
vibration of the SO, group'’. '

In solution, this band is about~10—'-20 cm™! higher. Also, a very strong band
‘due to symmetric stretching vibration of the SO, group occurs at 1180-1140

~cm™ when in the solid phase. The medium intense band observed at 1342 cm™

in the FTIR spectrum of the compound has been considered to be due to SO,
asymmetric stretching. The very strong band at 1158 cm™ is due to SO,
symmetric stretching. A strong intensity band due to in-plane SO, deformation
vibration occurs in the frequency range 610-565 cm™.!% '3 In the FTIR spectrum
of glibenclamide, this vibration occurs at 573 cm™ as a strong intensity band.

C==0 Vibrations: Ketones and aldehydes show a strong C=0 stretching
absorption band in the region 18701540 cm™.'” The band due to the stretching
of the carbonyl group of urea'® ' occurs at 1705-1635 cm™. Its relatively
constant position, high intensity and relative freedom from interfering bands make
this one of the easiest bands to recognize in the infrared spectra. Also the presence
of ring strain and strongly electron accepting groups on the nitrogen tend to
increase the frequency of these vibrations. The bands of strong intensity in the
FTIR spectrum of glibenclamide at 1715 cm™ and 1617 cm™ are thus assigned
as (C==0) vibrations. This band is in FT Raman spectrum at 1719 cm™ as a
medium intensity band. ; o !

N--C=-N Vibrations: Ureas have a strong, characteristic band at 1490-
1465 cm™ due to the asymmetric stretching vibration of the (N—C—N) group’’
and the band due to symmetric stretching vibration being of medium intensity
occurs at about 1010 cm™. The strong and medium intense bands at 1479, 1459
and 1012 cm™ in the FTIR spectrum of glibenclamide are due to the (N—C—N)
asymmetric and symmetric stretching vibrations. The same bands are present in
the FT Raman spectrum at 1534 and 1100 em™ as medium and weak intensity
bands. : : -

(i) Rosiglitazone maleate

C=0 Stretching: A stmng:abs}orption band due to C==0 stretching occurs
in the region 1850-1550 c¢m™. Because of high intensity and the relatively
~interference free region in which it occurs, this band is easy to identify?®. Also
the carbonyl bands of the imide group'® are strong bands at 1750-1730 cm™. The
band of very strong intensity at 1749 cm™ in the FTIR spectrum of rosiglitazone
1s assigned as C==0 stretching and the very same vibration is present in the FT
Raman spectrum at 1755 cm™ as a medium intensity band. ’

C—N Vibrations: Strong bands occur in the region 1360~1250 cm™ due to
C—N stretching vibrations for primary aromatic amines absorb the infrared
radiation strongly in this frequency;rangez,,l, Also the C—N stretching vibrations
of imides produce strong and medium intensity bands in the range 1365-1340
cm."® The strong and medium intense bands at 1361 cm™ and 1332 cm™ in the
FTIR spectrum are assigned as C—N stretching whereas the same band is present
as a medium intense band at 1341 em™ in the FT Raman spectrum. ,

Ring Vibrations: The aromatic C—H stretching vibrations of nitrogen het-
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- erocyclic aromatic compounds glve rise to a band at 3100-3010 cm™." Being a
compound having snx -membered heterocycllc pyridine ring, the weak bands at
3107 and 3110 cm™ in the PTIR spectmm of rosiglitazone are assigned as C—H
_stretching vibration.

The spectral region 1615-1575 cm™ s occuplecl by a number of strong to
medium intensity C==C stretching vibrations. Interactions between ring C=C and
C==N stretchmg v1brauons result in two strong to medjum intensity absorptions
‘ about 100 cm™ apart®’. These absorptions occur at 1615-1575 and 1520-1465

1 the lnghgr frequency band often has another medmm intensity band onits low
frequency side, which is found at 1590-1555 cm™. As a result, the strong to
medium intense bands occurring at 1645, 1622 and l589 cm™ in the FTIR spectrum
and the bands at 1618, 1552 cm ™! in the FT Raman spectrum are assngncd as C=C
stretching vibrations. The very strong band occurring at 1510 cm™ in the FTIR
 spectrum is due to C==N stretching. ~

The spectral region 1290—1000 cm™ is occupied by a number of C—H in-plane
deformation vibrations'* which are sharp and weak to medium in intensity. The
bands present at 1264, 1237, 1166, 1142, 1059, 1044 and 1038 cm™! in the FTIR
spectrum of rosiglitazone are allotted to be due to C—H in-plane deformations.
These vibrations occur at 1268, 1213, 1155 and 1044 cm™! as weak intensity bands
in the FT Raman spectrum of the drug.

Strong bands are observed in the region 850600 cm - due toC—H out—of—planc
deformations of pyridine ring'”. In the FTIR spectrum of the compound the strong
to medium intense bands at 842, 764, 717, 654 and 604 cm™ are due to C—H
out-of-plane deformation and these are present in FT Raman spectrum at 833, 747
and 613 cm™ as medium and weak intensity bands.

Thus a qualitative analysis on the vibrational bands in the FTIR and FT Raman
spectra of glibenclamide and rosi ghtazone have been made for different functional
groups present and the results obtained have been briefly discussed.

Qualitative analysis on the dmgs by internal standard calculations

The pharmaceutical activity of a drug is solely dependent on the preservative
environmental condition; FTIR spectroscopic investigation being a powerful tool
for qualitative analysis is used in pharmaceutical industry to study the stability of
the drugs under different storage conditions. FTIR spectra of the drugs glibenclam-
ide and rosiglitazone exposed to sunlight for a stipulated period of 6 h were
recorded and the quality of the drugs was analyzed by comparing the sets of internal
standards that were arrived at from absorbance ratlos of the sample kept at suitable
storage conditions at specific modes of v1bratlon with those of the samples
exposed to sunlight.

‘ Fig. 2 represents the normahzed overlay FTIR spectra of glibenclamide and

rosiglitazone at different storage conditions. Table-3 provides the internal standards
calculated for glibenclamide and rosiglitazone at specific modes of vibration. From
the bar diagrams in Fig. 3, it is observed that the internal standard of glibenclamide
exposed to environmental hazards shows marked changes from that stored at
suitable storage conditions. Also, no peaks are detected in the FTIR spectrum of
exposed rosiglitazone. This undoubtedly explains the complete decomposntlon of
the drug when lt is exposed to envnronmemal hazards
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Fig. 2. FTIR oveﬂay spectra of glibenclamide and rosiglitazone maleate

TABLE-3
INTERNAL STANDARDS AT SPECIFIC MODES OF WBRAT]{ON

Internal standards at speciﬁc modes of vibration of glibenclamide

-Conditions

OF EXPOSUIe 3315/1524 2031/1524 1524/1524 1246/1524 1159/1524 906/1524 686/1524 5421524
LRC 216 2415 1 2415 1204 2736 2.56 1.954
Sunlight - 1.025 1133 1 091 0621 0.686 1214 09
Conditions Internal standards at speéiﬁc modes of vibration of rosiglitazone maleate

of exposure n93g/864 1750/864 1622/864 1238/364 864864  T17/864  654/864  542/8364

k LRC 1.555 0.629 S 0.6£§3 1 1.223 1.4 2.333
Sunlight 0.1 0,075 0.1 204 . 0075 0.1 0.125 0.1

The UV-Visible spectroscoplc - measurements  of glibenclamide and
rosiglitazone have been made over the region 200-400 nm for different concentra-
tions and hence the light absorption characteristics of the wavelength maxima for
these drugs have been analyzed The Wavelength maxima for glibenclamide were
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Fig. 3. Bar diagrams répreSenting internal standards using FTIR specira

observed at around 274 nm and 301 nm> ¢, Similarly, for the drug rosiglitazone,
there were 3 A, observed in the UV-Vis spectrum at 250 nm, 279 nm and 316
nm’ and the spectra of the two samples are presented in Fig. 4.
~ Table-4 summarizes the absorbance values obtained in the UV-Vis spectral
‘measurements for the samples at different storage conditions and it also gives the
ratio of absorbance among the peaks of the A, of the drugs. The constancy of
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the internal standard assures the stability of the drug under suitable storage
conditions. A graph of concentration vs. {absorption at Ay is drawn (Fig. 5) and
the slopes of the straight lines are calcuiated and used as a quality-checking factor
for the compounds. The absorbance ratio varxes markedly when the drugs were
exposed to environmental hazards. '
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TABLE-4
LIGHT ABSORPTION CHARACTERISTICS OF GLIBENCLAMIDE AND
ROSIGLITAZONE MALEATE AT DIFFERENT STORAGE CONDITIONS

~ Wavelength maxima (nm)
Conditions of L 2748 3012

exposure of Concentration | - 21 4 , Absorbance ratio
gﬂi&ncﬂmnide ™ Absorbance (A) AvAg
‘ <Ay Y

Suitable storage condition 0.00008 | 0721 - 1.443 0.4997
" 0.00007 0.603 1.279 0.4715
0.00006 | 0.532 1.142 0.4658

0.00005 | 0428 0.988 ; 0.4433

000004 | 0352 0826 0.4261

0.00003 0.269 0.607 0.4432

000002 - | 0170 0.384 0.4427

Sunlight exposed kk 0.00008 0338 0.651 ] 0.519

0.00007 | 0317 0601 0.527

~ Wavélength maxhna (m)'

Conditions of Exposurek Concentration| 250 279 316.5 Absorbance ratio
of rosiglitazone | N) | Absorbance (A) !
1o AL Ay As |AJAz AYAy Ai/As
Suitable storage condition|  0.00009 | 0.582 0294  1.067 |1.9796 02755 0.5455
10.00008 10505 0236 0.954 {2.1398 0.2474 0.5294
0.00007 | 0482 0212 0841 |2.2736 02521 0.5731
-0.00006 00415  0.208 - 0.704 |1.9952 0.2955 0.5894
0.00005 10292 0.152 0589 [1.9211 0.2580 0.4958

- Conclusion

A satisfactory vibrational band assignment has been made for the drugs
~ glibenclamide and rosiglitazone using FTIR and FT Raman spectroscopy. The
overlay spectra clearly show that the absorbance of the drugs exposed to
environmental hazards changes to a greater extent than the drugs stored in the
‘ hght resistant containers. Though the internal standards of specific modes of
vibration at all wavenumbers were calculated, only two sets each for one drug
are focussed here in the bar diagrams. From the FTIR spectral studies of
glibenclamide and rosiglitazone maleate, it can be concluded that glibenclamide
“is more stable than rosiglitazone, when the drugs are exposed to environmental
hazards. There was a complete degradation of ros&ghtazone when it was exposed
to sunlight. Evidently, no peaks were detected in the FTIR spectrum of the
sunlight-exposed sample.

In the UV-Vis spectral studies, the theoretlcally linear relauonshlp between the
concentration of the absorbing species in the light path and the absorbance, known
as Beer-Lambert law is obeyed by both glibenclamide and rosiglitazone maleate
for their Ay, values. As the efficacy of the drugs was lost when they were exposed
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to different storage conditions, the law is violated. Also the ratio of absorbance
for two Ay, at various concentrations was found to be a constant only at the
suitable storage conditions. The ratio was not a constant for the drugs exposed to
environmental hazards. Thus UV-Vis spectral results are found well in accordance
with the FTIR spectral interpretations.

It is seen that the efficacy of the drugs is lost when they are not stored properly.
From the comparative study, it is suggested that keeping these drugs in light-
resistant, airtight containers may help in retaining their pharmaceutical properties.
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