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Abstract In the present study, simultaneous improve-
ment in dissolution profile and content uniformity of La-
futidine (LAF) has been achieved through co-inclusion in
urea. LAF, a recently reported histamine H, receptor an-
tagonist used in the treatment of peptic ulcer, exhibits low
aqueous solubility and dissolution rate limited absorption
leading to its poor bioavailability. LAF is a potent and
normally non-complexing substituted cyclic organic com-
pound. Urea, a well known host for forming inclusion
complexes with linear organic compounds was successfully
employed for co-inclusion of LAF in the presence of
readily complexing guest (RCG). The modified Zimmer-
schied calorimetric method was employed for the estima-
tion of the minimum amount of RCG required for co-
inclusion of lafutidine in urea. The formation of lafutidine
urea co-inclusion complexes (LUCIC) was confirmed by
DSC, FTIR, XRD and "H-NMR studies. LUCIC complexes
containing varying proportions of guests were prepared and
subjected to thermal analysis using DSC. The thermal data
was subjected to the regression analysis to study the in-
fluence of the relative molar proportion of RCG on the heat
of decomposition of LUCIC. Study revealed good content
uniformity of lafutidine in LUCIC. In vitro dissolution rate
studies demonstrated steep improvement in dissolution
profile of LAF—a BCS class II drug. The resulting disso-
lution data was subjected to various release kinetic models.
Studies reveal that urea co-inclusion complex formation
may be a promising technique for the formulation of potent
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poorly soluble drugs into immediate release products with
improved content uniformity.
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Introduction

Ulcer is caused by imbalance between digestive fluids in
the region of stomach and duodenum. Ulcer is the result of
excessive use of painkillers i.e. anti inflammatory drugs in
muscular pains and arthritis. It is also caused by infection
with bacterium Helicobacter pylori leading to painful sores
and inflammation in stomach [1, 2]. H, receptor antagonists
are the category of drugs used in treatment of peptic ulcer
and gastro-esophageal reflux disease by blocking the action
of histamine on parietal cells in the stomach and sup-
pressing acid production [3, 4]. Numerous drugs such as
cimetidine, famotidine, nizatidine, ranitidine, roxatidine
and lafutidine (LAF) are currently available in the market
for treatment of ulcer and for preventing acid related gas-
trointestinal diseases.

Lafutidine, 2[2(furyl) sulfinyl]-N-[(2Z)-4-{(4-(piperidin-
1-yl methyl) pyridine-2yl) oxy} but-2-en-1-yl) acetamide
(Fig. 1a) is a newly developed second generation histamine
H,-receptor antagonist having antiulcer and gastro protec-
tive activity [5]. LAF is used in treatment of duodenal
ulcers, peptic ulcers and gastro-esophageal reflux disease,
gastric mucosal lesions associated with acute gastritis and
before general anaesthesia to reduce the occurrence of
aspiration pneumonia [6—8]. LAF is mainly absorbed from
the small intestine and it reaches gastric cells through
systemic circulation [9]. LAF ameliorates peptic ulcer
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Fig. 1 Chemical structures of
a Lafutidine as NNCG b Urea

as host ¢ Oleic acid as RCG 1
2
1
(a) Lafutidine (LAF)
(b) Urea
(¢) Oleic acid

disease simply by blocking the attachment of H. pylori
with gastric cells [10]. LAF displays antisecretory action
through direct binding with the gastric cell histamine H,
receptors, hindering the stimulation of cAMP and sup-
pressing daytime (post prandial) as well as night time
gastric acid production [11-13]. LAF exhibits gastro pro-
tective action by inducing calcitonin gene related peptide
release which stimulates nitric oxide (NO) production in
endothelial cells [14-17]. Resulting NO diminishes mu-
cosal inflammation by promoting/regulating gastric mu-
cosal blood flow through vasodilation in gastric vasculature
and stimulates mucin biosynthesis resulting in gastro pro-
tection [18-20].

LAF is a yellowish white, slightly bitter crystalline
powder that is practically insoluble in water and poorly
absorbed from the gastro-intestinal tract. Therefore, it is
naturally of utmost significance to attempt an effective
approach for enhancing the dissolution profile of LAF so
as to improve its bioavailability. LAF is a potent BCS
class II histamine H, receptor antagonist drug and its
dissolution is considered to be a rate-determining step in
its absorption from gastrointestinal fluids. Improvement of
dissolution profile of LAF has been recently attempted
through inclusion in cyclodextrins [21] or by employing
solid dispersion in water soluble carriers [22, 23]. In
current study, another attempt has been made for steep
improvement of dissolution profile of LAF through co-
inclusion of LAF in urea using a modified technique [24—
26].
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In supramolecular chemistry, host guest chemistry de-
scribes the complexes formed by two or more molecules
bonded together in structural relationship by forces other
than covalent bonds. Host—guest chemistry has been ob-
served in clathrates, intercalation compounds and inclusion
compounds. Inclusion compounds are defined as com-
plexes formed by inclusion of one kind of molecules,
called guest molecules into cavities of crystalline frame-
work of another kind called host molecules without form-
ing any specific chemical bond between guest and host
[27]. Common host molecules reported in literature are
urea, cyclodextrins, thiourea, porphyrins, deoxycholic acid,
hydroquinone, zeolites, calixarenes, tri-o-thymotide, cryp-
tophanes, crown ethers etc. for forming inclusion com-
plexes [28].

Bengen, in 1940, while working on behaviour of milk
proteins in presence of urea found by chance that urea can
form an inclusion complex with n-octanol. Ever since that
accidental discovery of urea complexes, the chemistry of
urea inclusion complexes has attracted much attention and
is a subject of continuing interest [29]. This small molecule
is quite versatile, biologically important and has gained
commercial and industrial utility. However, considerable
research involving urea has been undertaken during past
few decades due to capacity of urea to form inclusion
complexes with a large variety of organic materials. Urea is
commercially used as a component of fertilizer providing a
relatively cheap source of fixed nitrogen to promote growth
of plants [30]. Urea is included in beef cattle diets to
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economically replace a portion of protein content and is
used as an inexpensive protein source in ruminants feed
[31]. Urea occurs physiologically in nature as the major
nitrogen containing end product of protein in mammals
which excrete urea in urine. It is synthesized in the liver by
urea cycle and is then secreted into blood stream (normal
blood urea level: 3.3—6.7 mmol/L) and is taken up by the
kidneys for excretion in urine. The adult human body
discharges about 25-35 g of urea daily in urine. [32]. Thus,
amongst numerous host molecules, urea being highly sol-
uble, safe, non-toxic, stable, biocompatible, cheap and
easily available was chosen as a host in the current study.

Urea (Fig. 1b) is a white crystalline material revealing a
tetragonal structure with extensive hydrogen bonding at
room temperature. The urea lattice consists of ribbons of
molecules linked in a head-to-tail fashion along the te-
tragonal axis. Urea is reported to form hexagonal helical
structure surrounding a canal like void space in the pres-
ence of straight chain hydrocarbons. Urea host structure
comprises of a hexagonal structure with non-intersecting,
linear and parallel tunnels at ambient temperature. The
diameter of the urea tunnel varies between 0.55 and
0.58 nm. Urea inclusion complexes are characterized by
urea molecules bonded to one another by extensive hy-
drogen bonds between the nitrogen and oxygen atoms. The
interlinked urea molecules are orderly arranged in a distinct
pattern of honey-comb network forming long tunnel cav-
ities in which guest molecules are incorporated. [33-37].

Urea is well known host for forming complexes with
linear long chain organic compounds. In general, mole-
cules having benzene and cyclohexane rings do not form
inclusion complexes because these structural components
are too bulky to engulf inside the narrow urea tunnels.
However, urea forms inclusion complexes with guest
molecules having a sufficient long alkyl chain and only a
limited degree of substitution of this chain is allowed [38-
40]. The guest molecules interact partially with the tunnel
walls and show vibrational and translational motion along
tunnel axis. Also, 3-methyl heptane, a normally non-com-
plexing guest (NNCG) exhibits complex formation with
urea only in the presence of a slender hydrocarbon e.g.
n-paraffin, a readily complexing guest (RCG) which
functions as a “pathfinder” [41, 42]. Cyclic guests pos-
sessing a sufficiently long anchor length (i.e. n-alkane
chain) are rapidly included in urea channels and known as
RCG while sufficiently substituted cyclic guests with bulky
aromatic rings are named as NNCG [43-45].

Recently, the steep improvement in dissolution profile
of amiloride hydrochloride, glipizide, enalapril maleate,
cis-retinoic acid and simvastatin—potent NNAG drugs
through co- inclusion in urea has been achieved [46-50]. In
the current study, an attempt has been made for the en-
hancement of dissolution profile of substituted potent

organic compound, LAF (NNCG) by the inclusion of the
drug in urea lattice in the presence of a suitable RCG [25,
26]. A variety of long straight chain linear compounds such
as fatty acids, alkanes, alkenes, amino acids, alcohols,
monoesters and diesters can be utilized as RCG. However,
dimerization of fatty acid complexes in hexagonal urea
network leads to improved stability of fatty acid—urea in-
clusion complex as compared to r-aliphatic compounds.
Moreover, oleic acid as a formulation ingredient is already
included in Generally recognized as safe list notified by
FDA and is reported to increase the bioavailability of hy-
drophobic drugs [51]. Hence, oleic acid (Fig. 1c) was used
as the RCG for co-inclusion of LAF in urea. LAF is sig-
nificantly substituted cyclic organic compound and is not
known to form complex with urea under any known con-
ditions. However, using a modified technique LAF can be
readily co-included in urea in the presence of oleic acid or
any other suitable RCG.

Materials and methods
Materials

Lafutidine, manufactured by Emcure Pharmaceuticals Ltd,
India, was supplied as a gift sample by Akums Drugs and
Pharmaceuticals Ltd, New Delhi, India. Urea crystals
(CDH, India), methanol AR grade (Rankem, India) and
oleic acid (CDH, India) were utilized. All other chemicals
used in the study were of analytical grade.

Methods

Preparation of urea co-inclusion complexes of LAF
with RCG

LAF of 0.5 g was dissolved in 25 ml methanol containing
5 g urea by gentle heating. Subsequently, 0.5 g of oleic
acid was incorporated as RCG to the above solution lead-
ing to the immediate precipitation of the crystals of urea
co-inclusion complex. The solution was allowed to stand
for 2-3 h at room temperature. The crystals were separated
from the mother liquor by filtration, dried and suitably
packed [24-26].

Characterization of urea co-inclusion complexes

FTIR analysis The FTIR spectra of urea, urea/oleic acid
complex (UOAC), LAF and lafutidine urea co-inclusion
complex (LUCIC) were obtained using IR Affinity-1
Fourier transform infrared spectrophotometer (Shimadzu
02205 model) using KBr disc technique (KBr Press Model
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M-15, Techno Search Instruments) and all samples were

scanned over a range of 400-4000 cm ™.

Differential scanning calorimetry Thermal analysis of
urea, UOAC, LAF and LUCIC was conducted using Dif-
ferential scanning calorimeter (Perkin Elmer, Germany
Model—DSC 4000 serial no. 520A2031904). The DSC
analysis of each sample was carried out by heating the
sample (~5 mg) in a crimped aluminium pan at a scanning
rate of 10 °C/min from ambient temperature to 350 °C in
an atmosphere of nitrogen gas by passing gas at a flow rate
of 20 ml/min. An empty aluminium pan was employed as
the reference pan.

Powder X-ray diffraction studies X-ray diffractograms of
the urea, LAF and LUCIC crystals were obtained using
Philips X-ray diffractometer type PW1710 having Cu
based tube anode and the UOAC using Xpert-Pro X-ray
diffractometer type PW3050/60. Experimental settings
employed were: Nickel filtered Cu-Ko radiations [wave-
length (M) o; = 154056 A and wavelength ()
oy = 1.54439 A], current 20 mA, generator tension 40 kV,
divergence slit 1¢, intensity ratio 0.500, and scanning rate
2°/min over a 20 range of 0°-50°.

Proton nuclear magnetic resonance studies The "H-NMR
spectra of urea and UOAC were recorded in Bruker FT-
NMR spectrometer (400 MHz) using DMSO (8y =
2.5 ppm) as the reference compound. The 'H-NMR spectra
of LAF, oleic acid and LUCIC were conducted in Bruker
Avance II 400 NMR spectrometer (400 MHz) using
DMSO (8y = 2.5 ppm) as the reference compound.

Determination of minimum ratio of RCG and LAF
for formation of co-inclusion complexes with urea

Phase 1

Determination of stoichiometric ratio between urea and
RCG A calorimetric method reported by Zimmerschied
et al. was employed using oleic acid as RCG in urea for the
determination of stoichiometric ratio between urea and
RCG [52]. A small mouthed silvered Dewar flask with
rubber stopper bearing a thermocouple system, capable of
reading up to 0.01 °C, served as the calorimeter. Hence,
12 g of urea dissolved in 70 ml methanol was shaken
gently in the calorimeter until an equilibrium temperature
was attained. The increments of 1.6 mmol (0.5 ml) of oleic
acid were successively incorporated into the calorimeter
using thistle funnel. The calorimeter was shaken after each
addition to facilitate an early attainment of the equilibrium
temperature. A plot showing an increase in temperature
following incremental addition of oleic acid in millimoles

@ Springer

to methanolic solution of urea was obtained to calculate the
minimum amount of RCG needed for the inclusion in the
urea lattice. The initial and final curves of rise in tem-
perature were extrapolated for obtaining a point of inter-
section for determining the amount of oleic acid required
for inclusion with a given quantity of urea.

Phase 11

Determination of minimum ratio of RCG and LAF for
formation of urea co-inclusion complexes The minimum
amount of RCG required for the formation of co-inclusion
complexes of LAF and RCG in urea was determined using
modified Zimmerschied calorimetric method based on
measurement of temperature increase following addition of
RCG to methanolic solution of urea containing excess of
normally non-complexing guest (NNCG) [24-26]. Hence,
12 g urea and 3 g LAF were dissolved in 70 ml methanol
and shaken gently in the calorimeter until an equilibrium
temperature was obtained. The initial increments of
0.63 mmol (0.2 ml) and subsequently of 1.6 mmol
(0.5 ml) of oleic acid (RCG) were successively incorpo-
rated into the calorimeter. The calorimeter was gently
shaken after each addition and the equilibrium temperature
was noted after each addition. The plot of increase in
temperature versus the amount of RCG added in millimoles
to methanolic solution of urea and LAF was obtained
showing the events in the following sequence i.e., an initial
increase in temperature, followed by an intermediate
transition phase, subsequent second temperature rise curve
leading to attainment of a final temperature. The initial and
intermediate transition phase curves of temperature were
extrapolated for obtaining a point of intersection for de-
termining the minimum amount of oleic acid needed for
co-inclusion with a given amount of LAF in urea [46-50].

Preparation of urea co- inclusion complexes
containing varying proportions of LAF and RCG

A variety of urea LAF-RCG co- inclusion complexes
containing varying proportions of LAF and RCG (Table 1)
were prepared by adding 2 g of guests to 30 ml methanol
containing 10 g urea. The solutions were kept for 2-3 h at
room temperature and resulting crystals were separated
from the mother liquor by filtration, dried and packed
suitably. All these urea inclusion complexes were subjected
to DSC analysis from ambient temperature to 350 °C.

Assay procedure
Lafutidine was estimated by ultraviolet—visible (UV-Vis)

spectrophotometric method using Labindia UV/Vis spec-
trophotometer UV 3000. Both urea and oleic acid did not
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Table 1 Composition and values for area, peak height and heat of decomposition (for low temperature endotherm) for different urea co-

inclusion complexes containing varying proportions of RCG & LAF

Product Weight fraction Molar fraction Onset (°C) Peak (°C) Final (°C) Area (mJ) Peak height Heat of
of RCG in guests of RCG in guests (mW) decomposition (J/g)
LUCIC1 043 1.52 117.08 121.06 124.46 35.938 2.6426 5.9897
LUCIC 2 0.50 1.77 115.93 120.83 124.07 72.509 4.4450 12.0849
LUCIC 3 0.60 2.12 115.70 120.79 124.43 88.146 5.4387 14.6909
LUCIC 4 0.67 2.35 115.14 120.44 123.71 101.819 6.2493 16.9699
LUCIC 5 0.75 2.65 114.93 120.42 124.05 198.798 11.1524 33.1329
LUCIC 6 0.80 2.83 116.43 121.28 124.86 228.594 14.2777 38.0990
LUCIC 7 0.84 2.95 115.79 121.22 124.90 351.311 20.0907 58.5518
UOAC 1.00 3.54 117.34 125.32 130.09 349.059 13.8746 58.1766

show interference in the estimation of LAF at 268 nm in
methanol and at 274 nm in phosphate buffer. The ab-
sorbance was recorded on UV/Vis spectrophotometer of
various dilutions of LAF at A ,,,, of 268 nm in methanol
for content uniformity studies and at A ., of 274 nm in
phosphate buffer (pH 6.8) for performing dissolution rate
studies [53, 54].

Content uniformity studies

For the determination of content uniformity and for checking
compliance with the JP requirements, exactly weighed
quantities of ten randomly drawn samples of LAF-RCG-
urea co-inclusion complexes (LUCIC) containing quantity
equivalent to 10 mg of LAF were dissolved in methanol and
suitably diluted. The drug contents were determined at
268 nm in methanol spectrophotometrically [55].

Dissolution rate studies

The in vitro dissolution rate studies were performed in
900 ml of phosphate buffer (pH 6.8), maintained at
37 £ 0.5 °C at a speed of 50 rpm using USP dissolution
apparatus II (Lab India Dissolution Test paddle appara-
tus—DS 8000).The quantity equivalent to 10 mg of LAF in
co-inclusion complex (LUCIC-2) was added to dissolution
medium. 5 ml of the samples were withdrawn at prede-
termined time intervals (2, 5, 10, 20, 30, 45 and 60 min)
with volume replacement. The samples were filtered and
assayed spectrophotometrically at 274 nm. Other co-in-
clusion complexes, LUCIC-3, LUCIC-4 and LUCIC-5
were similarly analyzed for dissolution profile. All the
experiments were performed in triplicate. The in vitro
dissolution drug release data of LUCIC-2 and LUCIC-4
was analyzed using dissolution model software (KinetDS
version 3.0, 2010) for various release kinetics model i.e.
Zero-order, First-order, Korsmeyer Peppas and Hickson
Crowell model [55].

Results and discussion

In the present study, an attempt was made for enhancement
of dissolution profile through formation of co-inclusion
complexes of LAF in urea in the presence of a suitable
RCG. LAF is normally non complexing highly substituted
cyclic organic compound and is presumably too wide to
accommodate inside the narrow urea tunnels. However,
using a modified technique, LAF was co-included in urea
in the presence of oleic acid acting as RCG. Hence, the
addition of small amount of oleic acid as RCG to a
methanolic solution of urea and LAF led to an immediate
precipitation of crystals of LAF-RCG-urea co-inclusion
complex (LUCIC). The formation of inclusion complexes
of LUCIC was confirmed by FTIR, DSC, XRD and
'H-NMR.

FTIR spectrometry

The FTIR spectra of UOAC, pure drug LAF and LUCIC
crystals are depicted in Fig. 2. The FTIR spectrum of
UOAC exhibits skeletal out-of-plane bending vibrations at
795 cm ™!, symmetric C-N frequency at 1015 cm™', NH,
rocking vibrations at 1157 cm ™', C-N vibration frequency
at 1481 cm™', absorption bands due to combination of NH,
bending and C = O stretching vibrations at 1597 and
1659 cm™ !, out-of-phase NH, vibrations at 3383 cm 'and
in-phase NH, vibrations at 3225 cm ™!, which are charac-
teristic peaks of the hexagonal form of urea [50]. The
similar vibrations in FTIR spectrum of urea indicative of
the characteristic peaks of tetragonal form of urea are ob-
tained at 787, 1003, 1150, 1458, 1620, 1674, 3429 and
3325 cm™'. These results indicate conversion of uncom-
plexed tetragonal urea to hexagonal structure of urea in
UOAC IN presence of oleic acid [50]. The FTIR spectrum
of LAF shows the bands of LAF, the important one at
1034 cm™' (S =0 sulfoxides stretching  vibration);
1007 cm ™' (=C-H vinyl vibration); 1296 and 1354 cm™'
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Fig. 2 FTIR spectra of urea,
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(C-O ether stretching vibration); 1477 cm™! (CH,

methylene bending vibration); 1400 cm™'(C-N stretching
vibration); 1549 cm™'(N-H secondary amine bending vi-
bration); 1609 cm™' (C = C alkene vibration); 1659 cm™'
(C = O-NH amide stretching vibration); 2847 and
2931 cm_l(C—H alkane stretching vibration);
3283 cm™ '(N-H secondary amide stretching vibration)
[22]. The FTIR spectrum of LUCIC crystals indicates out-
of-phase vibrations at 3383 cm™'and in-phase vibrations at
3229 cm ™', which are important peaks of the hexagonal
structure of urea [56]. Similarly, the existence of bands at
1628 and 1597 cm™' (due to NH, bending and C = O
stretching vibrations), slight raising of the skeletal out-of-
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phase bending frequency at 791 cm™ " NH, rocking vi-
brations at 1165 cm™" symmetric C-N frequency at
1015 cm ™" indicate characteristic peaks of hexagonal form
of urea [57]. These results indicate the conversion of te-
tragonal urea to channel like hexagonal form of urea in
LUCIC. Moreover, the FTIR spectrum of LUCIC crystals
also exhibit certain absorption bands of LAF at 1069 cm™"
(sulfoxides S = O stretching vibrations); 1292 and
1346 cm™! (ether C-O stretching vibrations); 1485 cm -1
(methylene -CHjbending vibration); 1628 cm ™! (amide
C = O-NH stretching vibrations); 2855 and 2928 cm™!
(alkane C-H stretching vibrations) [22] indicating the in-
clusion of the guest moiety (LAF) in LUCIC complex.
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Differential scanning calorimetry

Figure 3 exhibits the thermograms of UOAC, pure LAF
and crystals of co-inclusion complexes of LAF (LUCIC).
The thermogram of urea alone displays melting onset
temperature at 134.31 °C with a sharp melting endotherm
at 141.0 °C. The UOAC thermogram shows that urea melts
in two steps, a characteristic of hexagonal form of com-
plexed urea. The first step (117.34 °C) is attributed to the
collapse of the hexagonal form of the UOAC to yield the
tetragonal solid urea, while the second step (134.83 °C)
involves melting of tetragonal urea [50]. Pure LAF reveals
a melting endotherm in the temperature range of
99.94-107.66 °C with a sharp melting endothermic peak at
104.95 °C [22]. LUCIC thermogram shows that the urea
crystal melts incongruently in two steps. The first step
(115.70 °C) involves the decomposition of the hexagonal
form of urea inclusion complex to yield the guest moiety
(LAF) and the tetragonal solid urea while the second step
(134.34 °C) is attributed to the melting of tetragonal urea.
The disappearance of a sharp melting endotherm of LAF at
104.95 °C indicates the inclusion of the drug (LAF) into
the urea lattice and the presence of LAF in an amorphous
state in LUCIC complex [58-61].

Powder X-ray diffraction studies

The powder X-ray diffractograms of UOAC, pure LAF and
urea co-inclusion complex of LAF with RCG (LUCIC) are
illustrated in Fig. 4. The X-ray powder diffractograms of
urea reveals characteristic interplanar spacings correspond-
ing to tetragonal form of urea at 2.4368, 2.5419, 2.8294,
3.0528, 3.6144 and 4.0198 A [62, 63]. The XRD diffrac-
togram of UOAC exhibits interplanar spacings indicative of
hexagonal form of urea at 3.2637, 3.3858, 3.4089, 3.5920,
3.8481, 4.1031 and 7.0769 A. These results indicate the
transformation of uncomplexed tetragonal urea to hexagonal
structure of urea in UAOC [50]. Pure LAF exhibits a highly
crystalline nature indicated by the sharp and intense
diffraction peaks, the important ones at interplanar spacings
15.6151, 10.4677, 8.3864, 5.2205, 4.5369, 4.2318, 4.0533,
3.9191, 3.5484, 3.3262 and 3.1862 A [22]. However, the
diffractograms of crystals of LUCIC co-inclusion complexes
reveals the important peaks at interplanar spacings 3.2823,
3.4088, 3.5814, 3.8661, 4.1738 and 7.2725 A, which are
characteristic peaks of the hexagonal form of urea. The
complete absence of major peaks of LAF indicates the fact
that guest molecules are trapped and isolated from one an-
other in the honey-comb network of urea and do not con-
tribute towards crystallinity of LAF. These results clearly
reveal conversion of LAF from crystalline nature to amor-
phous state following the formation of inclusion complex
with urea in the presence of RCG [64, 65].

Proton nuclear magnetic resonance studies

The "H-NMR spectra of UOAC, oleic acid, pure drug LAF
and LUCIC crystals are depicted in Fig. 5.The '"H-NMR
spectrum of pure urea exhibits a peak of N—H proton (singlet)
at oy = 5.51 ppm. The conversion from tetragonal urea to
hexagonal structure of urea in UOAC is represented by shift
of N-H proton from tetragonal urea oy = 5.51 to
Oy = 5.32-5.51 ppm in UOAC indicating H-bonding be-
tween urea and oleic acid (RCG) [50]. The complete en-
gulfing of LAF and oleic acid in LUCIC inclusion complex is
exhibited by many changes in the'H-NMR spectrum. The
transformation of tetragonal urea to hexagonal form of urea
in LUCIC is shown by shift of N-H proton from 5.51 to §
u = 5.43-5.56 ppm with high prominence due to interaction
between (-NH,) group of urea and (-COOH) group of oleic
acid. Moreover, O—H proton from carboxylic function of
oleic acid at dy= 11.82 ppm nearly deplete in LUCIC com-
plex indicating that oleic acid is included as a guest in LUCIC
complex. Also, CogH = C,(H protons of oleic acid showing
peak at Oy 5.27-5.35 appeared at 5.27-5.37 ppm, C3H,
protons at 1.51-1.54 appeared at &y = 1.51-1.53 ppm in
LUCIC indicating inclusion of oleic acid in LUCIC. More-
over, 20 protons of oleic acid at C3—C; and C,,—C;¢ at
1.26-1.28 appeared at Oy = 1.25-1.27 ppm in LUCIC;
CgH, and C,H, protons of oleic acid at 1.95-2.05 appeared
at 1.96-2.04 ppm and C;gH; at 0.85-0.89 appeared at
Oy = 0.84-0.88 ppm in LUCIC indicating complete incor-
poration of oleic acid in LUCIC complex [66—68]. Most of
the exposed protons of LAF e.g. C,H; at 1.39-1.42 appeared
at 1.41-1.42 ppm in LUCIC; C,H,, C,H, at 1.49-1.54 ap-
peared at 1.49-1.53 ppm in LUCIC; C;H,, C3H, at 2.32,
2.51-2.53 appeared at 2.37 and 2.68-2.75 ppm; C4H, at
3.88-3.91 appeared at 3.89-3.92 ppm in LUCIC; C¢H, at
6.70 appeared at 6.71 ppm; CgH, at 7.63-7.64 appeared at
7.62-7.63 ppm; CoH at 6.89-6.90 appeared at
6.91-6.92 ppm; CjoH, at 4.88-4.90 appeared at
4.89—4.90 ppm; C{H = C,,H protons of LAF at 5.55-5.61
and 5.73-5.79 appeared at 5.59-5.61 and 5.72-5.81 ppm in
LUCIC; C5H; and CsH, at 4.33-4.37 and 3.71-3.74 ap-
peared at 4.35-4.39 and 3.71-3.77 ppm; C,cH, at 4.15-4.19
appeared at 4.18-4.22 ppm; C;gH, C;oH at 6.44-6.46 ap-
peared at 6.46-6.47 ppm; CyoH at 8.04-8.06 appeared at
8.05-8.07 ppm and NH proton of LAF at 8.49-8.51 ap-
peared at 0y = 8.59-8.62 ppmin LUCIC. The integration of
NMR data was considered to ascertain the composition of
protons in LUCIC. The digitized integral values for integrals
printed below the peaks in NMR spectrum of LUCIC com-
plex were observed to calculate the total area (602.92 mm)
and dividing the total area by total number of hydrogen atoms
to determine the actual number of protons in the complex.
Thus, 28 protons of LAF, 33 protons of oleic acid and 4
protons of urea appeared in LUCIC complex indicating the
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Fig. 3 DSC thermograms of
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complete incorporation of guest moieties (oleic acid and
LAF) in LUCIC complex. [22].

Minimum ratio of RCG and LAF for inclusion of LAF

in urea

The calorimetric method involving the addition of suc-
cessive small increments of RCG (oleic acid) to a mixture
of urea and methanol until the temperature ceases to rise
was employed [52]. The initial rise curve and final curve in
Fig. 6a were extrapolated for obtaining the intersection
point to calculate the minimum amount of RCG needed for
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inclusion in urea. The minimum amount of oleic acid
calculated in terms of millimoles (mM) required for in-
clusion in 0.20 mol of urea was found to be 10.55 mmol of
oleic acid. The amount expressed in terms of mole fraction
was 0.05 mol fractions of oleic acid for 0.95 mol fraction
of urea.

The Fig. 6b exhibited temperature rise on addition of
successive small increments of oleic acid to a methanolic
solution of urea and LAF. The initial rate of temperature
rise curve and intermediate transition phase curve of tem-
perature rise were extrapolated to obtain the intersection
point for obtaining the minimum amount of RCG required
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Fig. 4 X-ray diffraction of
urea, urea/oleic acid complex
(UOACQ), lafutidine (LAF) and
LUCIC

UVOAC

for inclusion of LAF in urea [25, 26]. The minimum
amount of oleic acid calculated in terms of mmol (mM)
required for co-inclusion in 6.95 mmol of LAF was found
to be 7.68 mmol of oleic acid. The minimum ratio of RCG:
LAF calculated in terms of mmol (mM) required per
2.32 mmol of LAF for co-inclusion in urea was 2.54 mmol
of oleic acid. The amount expressed in terms of mole
fraction was 0.52 mol fractions of oleic acid for 0.48 mol
fractions of LAF [24, 46-50].

The curve plotted for addition of oleic acid to
methanolic solution of urea had a smooth sigmoid shape
(Fig. 6a) but the same curve in the presence of the drug
LAF revealed the following sequence of events, that is, an
initial temperature rise, followed by an intermediate

O

transition phase, subsequently second temperature rise
curve and then attainment of a final temperature. The
second stage of temperature rise is due to the displace-
ment of LAF (NNCG) with RCG as demonstrated by the
fact that the overall temperature rise is almost similar to
that of RCG alone. This phenomenon is in consonance
with earlier studies [46-50]. The optimum formulation
ratio of RCG: LAF calculated in terms of molar ratio
required per mole of LAF for co-inclusion in urea was
found to be 1.10:1.0 (0.72:1 g/g). After determining the
minimum ratio of RCG: LAF, the urea co-inclusion
complexes containing varying molar proportions of RCG
in guests (listed in Table 1) were prepared and utilized for
further investigations.
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Fig. 5 "H-NMR spectra of UrE A
urea, urea/oleic acid complex
(UOAC), oleic acid, LAF and

LUCIC
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Thermal analysis of urea co-inclusion complexes

Thermal analysis of urea co-inclusion complexes con-
taining varying proportions of RCG and LAF was per-
formed using DSC. Figure 7 presents the overlay of DSC
thermograms of co-inclusion complexes containing
varying proportions of RCG and LAF. In all these
thermograms, a low temperature endotherm was observed
corresponding to the collapse of the complexed urea and
to the release of guest molecule and the solid tetragonal
form of urea. The disappearance of the melting en-
dotherm at 104.95 °C indicates the absence of crystalline

@ Springer
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form of LAF and the inclusion of the drug into the host
lattice.

The Fig. 8 shows the plot of heat of decomposition
against the molar proportion of RCG in guests in LUCIC
co-inclusion complexes. The results for heat of decompo-
sition of urea co-inclusion complexes of LAF (LUCIC) and
UOAC are presented in Table 1. Thermal data pertaining to
the influence of the relative proportion of RCG on the heat
of decomposition was subjected to regression. Resulting
relationship is as per the following:

AH = 29.70 R — 43.44(r>= 0.886).
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Fig. 5 continued
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where AH is the heat of decomposition of LAF urea co-
inclusion complex (LUCIC) and R is the relative molar
proportion of RCG in guests.

The plot indicates that an increase in molar proportion
of RCG in the complex leads to corresponding enhance-
ment in the heat of decomposition of the resulting urea co-
inclusion complex and makes it more stable. Since, urea
inclusion complex formation is exothermic in nature;
therefore, its stability is directly linked to the heat of de-
composition [49]. This indicates that an increase in the
molar proportion of RCG in the urea co-inclusion complex
leads to increase in heat of decomposition with consequent

: vavm
improved physical stability of the co-inclusion complex.
The heat decomposition curve shows an increase in the heat
of decomposition value (J/G) in various LUCIC complexes
containing increasing molar proportions of RCG and clearly
exhibits signs of saturation from LUCIC-7 onwards to
UOAC complex without LAF. The saturation level in curve
reveals that heat of decomposition value of the complex
LUCIC-7 is similar to the value of UOAC complex without
LAF. Since LAF is an aromatic bulky molecule with sub-
stitutions, it is presumably too wide to accommodate inside
the hexagonal tunnel formed by urea lattice. However, in the
presence of the RCG, LAF is co-included along with RCG in
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Fig. 6 Plot showing increase in temperature following addition of
successive increments of RCG to a methanolic solution of urea and
b methanolic solution of urea and LAF

urea. This inclusion of bulky guest moiety would in turn, lead
to distortion of the urea tunnel structure in the vicinity of
cyclic ring, the extent of steric strain on the host lattice
corresponding to the proportion of NNCG incorporated in
the urea co-inclusion complex [61].

Content uniformity analysis

Content uniformity test listed in JP [55] is performed to
establish homogeneity and uniformity of low dose
drug(s) in a batch. If the batch fails to meet with content
uniformity test, it results in under-dosage or over-dosage of

Fig. 7 DSC thermograms of
LAF-RCG-urea co-inclusion -

Molar fraction of RCG in guests

Fig. 8 Plot showing relationship between heat of decomposition and
molar fraction of RCG in guests in LAF-RCG-urea co-inclusion
complexes

Table 2 Content uniformity data for different LAF-RCG urea co-
inclusion complexes

Product RCG:LAF % Drug claimed®
LUCIC-1 0.75:1 99.995 + 1.34
LUCIC-2 1.0:1 99.55 £ 1.73
LUCIC-3 1.5:1 98.245 £+ 1.56
LUCIC-4 2.0:1 97.195 £+ 1.65
LUCIC-5 3.0:1 96.895 £+ 1.58
LUCIC-6 4.0:1 94.95 £+ 1.31
LUCIC-7 5.0:1 93.15 £ 1.09

* Mean + SD for ten randomly drawn samples of LUCIC urea co-
inclusion complexes

potent drug in the formulated products which is highly
objectionable. In order to meet the JP criterion of content
uniformity, the formulation must contain 85-115 % drug
of the label claim. The data of content uniformity analysis
for different LUCIC urea co- inclusion complexes con-
taining varying RCG to drug ratios are listed in Table 2.
From the experimental data, it is apparent that the mean
drug content of LAF in various co-inclusion complexes is
not significantly different and the low dose drug is

complexes containing varying
proportions of LAF and RCG

LUCIC 2

Faat F ko ko Do (i)
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uniformly distributed in the complexes [55]. Hence, co-
inclusion complexes of drug in urea lattice reveal good
content uniformity and can be utilized for the development
of potent drug formulations.

Dissolution rate studies

Figure 9 exhibits the dissolution profiles obtained from the
experimental values of pure LAF and its urea co-inclusion
complexes LUCIC-2, LUCIC-3, LUCIC-4 and LUCIC-5 in
phosphate buffer (pH 6.8). The dissolution profiles were
calculated by the dissolution percentage (DP) at 2 and
5 min. The dissolution percentage reveals the percentage of
drug dissolved in the dissolution medium. The extent of the
pure LAF released was found to be quite low showing drug
release as DP>,~24 % and DPs~32.5 %. However, co-
inclusion of LAF in urea resulted in an immediate and
almost complete release of drug as represented in Table 3
by release of contents DP;~91 % and DPs~ 100 %
(LUCIC-2 and LUCIC-3); DP~87 % and DPs~95 %
(LUCIC-4); DP,~81.5 % and DPs~90 % (LUCIC-5).
The dissolution behaviour of various urea co-inclusion
complexes (LUCIC-2, LUCIC-3 and LUCIC-4) was found
to be almost similar. The release data of LUCIC-2 and
LUCIC-4 were subjected to kinetic treatment to know the
pattern of drug release. The regression (R* value) for var-
ious models was calculated for LUCIC-2 and LUCIC-4 and
found in the order Korsmeyer Peppas > Hickson Crow-
ell > first order > zero order represented in Fig. 9. The
Korsmeyer Peppas model explained the drug release ki-
netics of LAF in the most fitting manner [50, 55].

The drug release from urea co-inclusion complexes of
LAF (LUCIC) was very rapid and exhibited steep rise in
dissolution rate as compared to pure drug LAF. The urea
co-inclusion complexes of LAF presented superior disso-
lution profile showing an almost instantaneous release of
drug in comparison to the pure drug. Urea co-inclusion
complexes of LAF when come in contact with an aqueous

Fig. 9 Dissolution profile of 120

pure drug LAF and LUCIC co-

inclusion complexes 100 -
80 -

% of drug released

0 —

dissolution medium, the urea lattice dissolves rapidly and
results in an instantaneous release of the incorporated drug
present at the molecular level. The co-inclusion of a NNCG
drug along with RCG in urea hexagonal tunnels leads to
weakening of urea host lattice and facilitates further dis-
solution enhancement. However, this immediate release of
the drug was followed by a subsequent decrease in drug
contents in solution and DPg, was found to be ~83 %.
Moreover, as the amount of RCG in the inclusion complex
is increased, heat of decomposition value gets increased
showing improved stability of the co-inclusion complex
and subsequent decrease in the drug release rate (LUCIC-
5) due to improved stability of distorted urea lattice.
However, as LAF has limited aqueous solubility, the ini-
tially released drug molecules subsequently tend to crys-
tallize out in excess of the solubility. This may be caused
by non-sink conditions of the dissolution medium. Since,
LAF is a BCS class II drug having low aqueous solubility
and rapid permeability, therefore, the drug molecules re-
leased may rapidly permeate through biological barriers
in vivo and the built- up of concentration at the site of
dissolution may not actually occur [47, 50]. Thus, urea co-
inclusion complex formation can be exploited as a valuable

Table 3 Dissolution profile of pure LAF and LUCIC co-inclusion
complexes

Time (min) Amount of drug released (mg) in dissolution medium
LAF LUCIC-2 LUCIC-3 LUCIC4 LUCIC-5
0 0 0 0 0
2.4 9.15 9.05 8.70 8.15
325 10.05 10.00 9.50 9.00

10 4.05 9.95 9.80 9.95 9.50

20 5.20 9.40 9.35 9.75 9.8

30 5.65 9.10 8.90 9.20 9.15

45 6.05 8.95 8.55 8.80 8.60

60 6.45 8.30 8.20 8.35 8.10

Dissolution Regression (R”) value
Kinetics LUCIC-2 | LUCIC-4
Model
Zero order | 0.0706 0.0897

—o— LAF First order | 0.1537 0.1547
Hickson

—@= LUCIC-2 | crowell 0.1248 0.1331
Korsmeyer

Lucic-3 Peppas 0.9835 0.9841
== LUCIC-4
==je= LUCIC-5

0 5 101520253

0 35 40 45 50 55 60 65

Time (min)
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technique for the development of immediate release phar-
maceutical formulation of LAF.

Conclusion

In the current study, Lafutidine, a BCS class II potent
substituted cyclic organic compound, was successfully in-
corporated in urea in the presence of RCG. The formation
of lafutidine urea co-inclusion complexes was confirmed
by DSC, FTIR, XRD and '"H-NMR studies. The regression
studies depicted that an increase in the molar proportion of
RCG in the urea co-inclusion complex leads to increase in
heat of decomposition with consequent improved physical
stability of the co-inclusion complexes. Content uniformity
studies revealed that LAF being a low dose drug was
uniformly distributed and co-inclusion complexes of LAF
were found to show good content uniformity. In vitro
dissolution rate studies demonstrated steep enhancement in
dissolution profile of LAF having poor aqueous solubility.
The urea co-inclusion complexes of LAF (LUCIC) exhib-
ited far superior dissolution profile as compared to that of
pure drug. The Korsmeyer Peppas model exhibited drug
release kinetics in the most fitting manner while analyzing
the dissolution data by various release kinetic models. Si-
multaneous improvement in content uniformity and disso-
lution rate offer urea co-inclusion complexes a vast
potential for formulation of low dose poorly soluble drug
candidates into immediate release products with reduced
processing time and minimal cost.
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