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RESEARCH ARTICLE

Gabapentin–saccharin co-crystals with enhanced physicochemical properties and
in vivo absorption formulated as oro-dispersible tablets

Iman I. Solimana, Soha M. Kandilb and Ebtsam M. Abdoub,c

aDepartment of Pharmaceutics and Industrial Pharmacy, Faculty of Pharmacy, Cairo University, Cairo, Egypt; bDepartment of Pharmaceutics and
Industrial Pharmacy, Faculty of Pharmacy, Modern University for Technology and Information (MTI), Giza, Egypt; cDepartment of Pharmaceutics,
National Organization of Drug Control and Research (NODCAR), Giza, Egypt

ABSTRACT
The physicochemical properties and in vivo absorption of a drug can be altered through cocrystallization
with a suitable coformer. The aim of this study was to prepare and characterize Gabapentin
(Gaba)–saccharine (sacch) sweet cocrystals for improvement of Gaba physicochemical properties, stability
and in vivo absorption in addition to masking its taste. The prepared cocrystals were incorporated into
oro-dispersible tablets as an attractive dosage form for pediatrics and adults. Gaba–sacch sweet cocrystals
were prepared and characterized using FTIR, DSC, XRD and SEM analysis. They enhanced Gaba solubility
and particle size distribution. Oro-dispersible tablets of the sweet cocrystals were prepared and evaluated
in comparison to tablets prepared by Gaba–sacch physical mixture (PM). The tablets prepared by the coc-
rystals had lower wetting and disintegration time with enhanced drug release than those prepared with
the physical mixture. The optimized formulation was evaluated for Gaba pharmacokinetics in rabbits in
comparison to Gaba–sacch PM tablet and Gaba commercial oral capsules. This formulation had enhanced
in vivo drug absorption through significant higher Cmax and AUC0–24 with shorter Tmax. The prepared
Gaba–sacch sweet cocrystals oro-dispersible tablets, in addition to its enhanced in vitro and in vivo per-
formance, can also enhance patient compliance through its palatable taste and ease of administration.
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1. Introduction

Enhancing the physicochemical properties of the drug such as
solubility, dissolution rate, melting point, moisture sorption
tendency, compressibility, taste modification, and bioavailability
through cocrystallization of the drug with a solid carrier is a
promising challenge in the pharmaceutical industry (Duggirala
et al. 2014; Sarkar and Rohani 2015). The FDA guidance defines
cocrystals as crystalline materials composed of two or more
molecules within the same crystal lattice (FDA 2013). When
cocrystallization of an API is done by using a coformer which is
one of effective artificial sweeteners fit for human use such as
saccharin, aspartame, acesulfame and sucralose, they are called
sweet co-crystals (Ebtsam 2018).

Sacch has been widely used as a coformer for preparing
pharmaceutical cocrystals (Banerjee et al. 2005), it can be used to
alleviate the problem of delivering bitter, or other unpleasant
tastes of drugs especially to non-compliant patients such as
infants and young children.

Gabapentin (Gaba), 1-(aminomethyl)cyclohexaneacetic acid, is
an antiepileptic and analgesic drug used in treatment of the
neuropathic pain which is caused by diseases affecting the
somatosensory system (Dembla et al. 2015). It is thought to exert
its anticonvulsant action through alterations in brain amino acids
(Taylor 1994). Gaba is well tolerable drug with favorable pharma-
cokinetic profile, absence of drug interaction and convenient
dosing in patients with renal disease (Honarmand et al. 2011;
Haig et al. 2001). On the other side, Gaba has limited and variable
bioavailability which may be related to its poor permeability and

its dependence on a low-capacity amino acid transporter
expressed in a limited region of the upper small intestine (Shinde
2014). So, changes in the solid state structure of Gaba through
cocrystallization can have marked influence on the physiological
absorption characteristics resulting in improving the limited
bioavailability of the drug (Cundy et al. 2004; Reddy et al. 2009).

Although till now there is no official pediatric use of Gaba in
children, there are several studies which demonstrated the suc-
cessful use of Gaba in children for treatment of neuropathic pain
(Akkurt et al. 2015; Edwards et al. 2016) and postoperative pain
(Mayell et al. 2014; Amani and Abedinzadeh 2015).Unfortunately
due to absence of commercial pediatric dosage forms, Gaba is
extemporaneously prepared as a suspension for pediatric adminis-
tration in the hospital pharmacies using Gaba capsules which may
have serious adverse effects due to presence of soluble and in-
soluble excipients (Iman et al. 2014). In addition, Gaba is unstable
in aqueous solutions as it undergoes an intramolecular dehydra-
tion reaction yielding the lactam (Kearney et al. 1992).

Orally disintegrating tablets (ODTs), oro-dispersible tablets, are
those which dissolve in the mouth in just a few seconds with
small amounts of saliva without need of water (Muhammad et al.
2016). They are one of the most attractive dosage forms for pedi-
atric and adult as they represent many advantages such as ease
of swallowing and elimination of need of water. In addition, they
have potential increased bioavailability as they allow the drug to
be absorbed in the mouth, pre-gastric, gastric, and throughout
the gastrointestinal tract along with faster absorption over con-
ventional tablets (Badgujar and Mundada 2011).
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The aim of this study was to prepare and characterize
Gabapentin–saccharin (Gaba–sacch) sweet cocrystals for improve-
ment of Gaba physicochemical properties and stability along with
masking its taste. Also, this study aimed to incorporate the pre-
pared Gaba–sacch cocrystals into oro-dispersible tablets as an
attractive dosage form for pediatrics as well as adults to enhance
Gaba bioavailability and facilitate its use in children.

2. Methodology

2.1. Materials

Gabapentin (Gaba) (USP powder, Lot # GP0610815, CAS # 60142-
96-3) was obtained as a gift from Pfizer Company, Cairo, Egypt.
Saccharin (sacch) (Sigma-Aldrich, Cairo, Egypt). Crospovidone (CP)
(Techno Pharmchem, Bahadurgarh, India). Mannitol (LOBA CHEMIE
PVT. LTD, Mumbai, India). Ethanol, methanol and other analytical
reagents were of HPLC reagent grade (Romil, London, UK).

2.2. Gaba HPLC determination

A modified previously developed method for HPLC determination
of Gaba in pharmaceutical preparations was used (Gujral and
Haque 2009). The mobile phase consisted of methanol - potas-
sium dihydrogen orthophosphate (3.811 g KH2PO4 in 800ml dis-
tilled water) in a ratio of 20:80 v/v at a flow rate of 1ml/min with
the final pH of the mobile phase adjusted to 6.2 by 10% NaOH.
An HPLC system (Agilent 1200 series, Waldbronn, Germany) con-
sisting of HPLC solvent delivery pump (model M-6000a), a sample
injector (Model U6K) and a UV detector with an 8-mL flow cell and
254 nm filter (Model 440), the drug was detected at 211 nm. C18,
5 lm Waters column (150mm � 4.6mm) was used. Serial stock
solutions of Gaba in water, 0.1 N HCL and phosphate buffer pH
6.8 were prepared, injected into the HPLC system and the peak
area was determined. Calibration curves were constructed by plot-
ting the peak-area of the drug against its concentration. All assays
were performed in triplicate.

2.3. Preparation of Gaba–sacch cocrystals

Preliminary studies including screening of cocrystal formation
were done using different solvents (chloroform, ethanol, ethyl
acetate, and acetone) and different reaction conditions. Cocrystal
formation was investigated under polarized light microscope
(JEM-100S, Jeol Ltd., Tokyo, Japan). The cocrystals were prepared
by the following method: Equal molar ratios of Gaba (171.3mg)
and sacch (183.2mg) were added to15ml of ethanol in a conical
flask, and heated for 10min in water bath up to 40 �C to aid dis-
solution. The solution was left to cool and ethanol was allowed to
evaporate slowly for 48 h at room temperature in a controlled
fume hood (temperature 25 �C, air flow 0.55m/s) (Srinivas et al.
2008; Jonathan et al. 2016).The obtained cocrystals were collected,
stored in a desiccator until evaluation. For comparative purposes,
physical mixture of Gaba and sacch (Gaba–sacch PM) was pre-
pared using the same equal molar ratios through gentile mixing.

2.4. Characterization of the prepared Gaba–sacch cocrystals

2.4.1. Scanning electron microscope (SEM)
Gaba–sacch cocrystals were examined using scanning electron
microscope (Jeol JSM 5200, Tokyo, Japan) at an accelerating volt-
age of 25 kV and a working distance of 20mm. Each sample was
sprinkled on a double-sided carbon tape and sputter coated with
a thin layer of gold before examination.

2.4.2. Fourier transform infrared (FTIR) spectroscopy
Gaba, sacch, Gaba–sacch cocrystals, and Gaba–sacch PM were
examined using FTIR spectrophotometer (Shimadzu IR-345-U-04,
Tokyo, Japan). Samples were mixed separately with 100mg KBr
(1% w/w) and scanned at wave length ranged from 400
to 4000 cm�1.

2.4.3. Differential scanning calorimeter (DSC)
Thermal characterization of Gaba, sacch, Gaba–sacch cocrystals,
and Gaba–sacch PM was obtained through thermal analyzer
(Shimadzu, Kyoto, Japan) which was calibrated before use.
Samples were heated into non-hermetically aluminum pans at the
rate of 20 �C/min over the temperature range from 50 to 300 �C.

2.4.4. X-ray diffraction (XRD)
The XRD pattern of Gaba, sacch, Gaba–sacch cocrystals, and
Gaba–sacch PM was recorded using X-ray diffractometer (XRD,
X’pert pro, Pan Analytical, Almelo, The Netherland) in comparison to
those of Gaba and sacch. The following conditions were used: CuKa
radiation; current, 20mA; voltage, 45 kV; scanning rate, 2�/min;
scanning angle, 2h; scanning range, 5–60�.

2.4.5. Solubility study
Solubility of free Gaba powder, Gaba–sacch cocrystals, and
Gaba–sacch PM was studied in water, 0.1 N HCL, and phosphate
buffer pH 6.8 by using the Flask-shake method (Abolghasem
2009). Excess amounts of Gaba, Gaba–sacch cocrystals, and
Gaba–sacch PM were dissolved separately in 10ml of each solv-
ent. The mixtures were shaken on water bath shaker (Thermo
ScientificTM TSSWB15/EMD, Waltham, MA) at 37 �C ± 0.5 for 24 h.
After that, they were centrifuged at 3000 rpm (Remi Laboratory
Centrifuge R32A, Remi Equipment, Bombay, India), filtered
through a 0.45 filter membrane (PVDF, Millipore, County Cork,
Ireland), 2ml were taken from each supernatant and measured for
Gaba content using the previously reported the HPLC method.
Experiments were done in triplicates and results were reported as
the average± SD.

2.4.6. Particle size determination
Particle size of Gaba powder and Gaba–sacch cocrystals was
determined using laser particle size analyzer (LA-960 Laser Particle
Size Analyzer, Horiba, Japan). Samples, 100mg, were suspended
into n-hexane and measured for their particle size and size distri-
bution. The experiment was done three times and the mean
diameter (D), median, D (10%), (50%), and (90%) were determined.
The span was calculated from the following equation:

Span ¼ D 90%ð Þ�D ð10%Þ
D ð50%Þ

2.5. Formulation of Gaba–sacch sweet cocrystals and
Gaba–sacch PM oro-dispersible tablets

Gaba–sacch sweet cocrystals and Gaba–sacch PM were used to
prepare oro-dispersible tablets using crospovidone (CP) as super-
disintegrant and mannitol as filler, Table 1. All ingredients for
each formulation, except magnesium stearate, were gently
blended in a glass mortar for 5min and sieved through sieve #
60. Magnesium stearate was added and the mixture was com-
pressed by direct compression using Manesty single-punch tablet
press machine (Liverpool, UK). Compression force was kept con-
stant for all formulations (�40 KN).
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2.6. Evaluation of the prepared oro-dispersible tablets

2.6.1. Thickness, diameter, hardness, and friability
Ten tablets from each formulation were selected randomly for
measuring their thickness and diameter using Erweka tablet tester
(Heusenstamm, Germany). Hardness of six tablets from each
formulation was measured using Erweka hardness tester
(Heusenstamm, Germany). For determination of tablets friability,
20 tablets from each formulation were weighted (initial weight),
placed in tablet friability tester (Roche friabilator (Heusenstamm,
Germany) and were rotated at 25 rpm for 4min. The tablets were
removed from the apparatus, brushed, and the final weight was
determined. Friability % was calculated by the following equation:

Friability% ¼ ðinitialweight� finalweight=initialweightÞ � 100

The percentage friability should not exceed 1%. Results for all
tests were recorded as the average± SD.

2.6.2. Wetting time (WT)
WT of the prepared tablets was determined by placing one tablet
in the middle of a petri dish containing double folded tissue
paper and 6ml water containing erosin (water soluble red dye).
The time, in seconds, taken by the dye to develop red color on
the surface of the tablet was recorded (Kumar and Babu 2014;
Vivek et al. 2017). The experiment was done three times for each
formulation and the results were recorded as the average ± SD.

2.6.3. Disintegration time (DT)
The DT of the prepared tablets was determined using disintegra-
tion tester (BIOBASE, BJ-1, Shandong, China (Mainland)). Six
tablets from each formulation were placed individually into each
tube and immersed into a beaker containing 900ml distilled
water at 37 ± 1 �C as disintegration medium. The time in seconds
for each tablet for complete disintegration was recorded and
results were expressed as average ± SD.

2.6.4. In vitro drug release studies
Gaba release profile from the prepared oro-dispersible tablets was
tested using a dissolution apparatus II (USP dissolution tester,
apparatus II (Hanson Research, SR8 plus, Dissolution test Station,
Chatsworth, CA). The dissolution medium was 900ml of phos-
phate buffer, pH 6.8 at 37 ± 0.5 �C stirred at 50 rpm. Samples
(5ml) were withdrawn every minute up to 10min and replaced
by pre-warmed fresh medium (Jujjuru and Raghavendra 2018).
The samples were filtered through a 0.45 filter membrane (PVDF,
Millipore, County Cork, Ireland) and injected into the HPLC system
for determination of the amount of drug released. Six vessels
were used for each formulation and results were expressed as
the average ± SD.

2.6.5. FTIR, DSC, and XRD analysis
The oro-dispersible tablet formula (F2) was gently crushed and
the powder was subjected to FTIR, DSC and XRD analysis in the
same methods just as mentioned above.

2.6.6. Taste scoring
Taste enhancement of Gaba through complexation with sacch
was estimated by taste panel method previously reported by
Kapil et al. (2014). This study was done according to the guide-
lines of the Research Ethical Committee of the National
Organization for Drug Control and Research (NODCAR, Cairo,
Egypt) and in accordance to the ethical procedures and policies
approved by Ethical Research Committee of Faculty of Pharmacy,
Cairo University. All volunteers signed a written informed consent.

Ten healthy human volunteers (50% male and 50% female),
25–30 ages, avoiding those with chronic drug treatment schedule,
were included. Two formulations were evaluated, Gaba–sacch coc-
rystal tablet (F2) and Gaba–sacch PM tablet (F4) in reference to
Gaba solution. The volunteers were divided into two groups and
the order of testing of the two formulations was counter-balanced
in order to avoid adaptation of the bitter taste. Volunteers were
asked to put the first formulation onto their tongues until com-
plete disintegration and pass it from side to side over the tongue
for 30 s by slight rolling of the tongue. Taste was assessed by vol-
unteers and a bitterness score was assigned between 0 and 4.
After taste evaluation, the volunteers were asked to spit out and
wait for 1min followed by rinsing of the mouth with distilled
water many times and wait for 30min (to neutralize the bitter
taste in the mouth) before starting evaluation another formulation
using the same method.

2.6.7. In vivo and pharmacokinetic studies in rabbits
For in vivo studies, animal handling was in accordance to the
guidelines of the Research Ethical Committee of the National
Organization for Drug Control and Research (NODCAR, Cairo,
Egypt) and in accordance to the ethical procedures and policies
approved by Ethical Research Committee of Faculty of Pharmacy,
Cairo University, Cairo, Egypt, and complied with the Guide for the
Care and Use of Laboratory Animals (ILAR, 1996), ILAR (Institute of
Laboratory Animal Resources) (1996) Guide for the Care and Use of
Laboratory Animals, and NIH Publication No. 85-23 (revised 1996).
National Academy Press, Washington, DC. (Available from www.
nap.edu/openbook.php?record_id/5140).

Animals and dosing: 24 healthy adult male New Zealand rab-
bits weighing 1800–2000 g were used. Animals were allowed free
access to standard diet and tap water ad libitum and were housed
at room temperature and natural light/dark conditions for 1week
before experiment. They were fasted overnight before the day of
the experiment.

Experimental design: The rabbits were randomly allocated into
three groups as following:
Group 1: control group with no treatment.
Group 2: treated with the oro-dispersible Gaba–sacch sweet
cocrystals tablet formulation (F2); the rabbits were positioned on
a table with the lower jaw supported in a horizontal position
and the tablet formulation was carefully placed on the rabbit
tongue. The mouth was kept fixed and closed for 2min to avoid
chewing or swallowing of the tablet. After 2min, 2mL of water
was administered.

Table 1. Composition and physicochemical characterization of Gabapentin oro-dispersible tablets.

Gaba–sacch cocrystals Gaba–sacch PM CP (mg) WT (sec) DT (sec) %drug released after 5min

F1 Equivalent to 100mg Gaba – 50 17 ± 0.58 12 ± 1 92.67 ± 1.92
F2 Equivalent to 100mg Gaba – 75 9 ± 1.53 7.67 ± 1.53 98.62 ± 1.92
F3 – Equivalent to 100mg Gaba 50 77.33 ± 1.53 50.67 ± 2.5 37.52 ± 2.13
F4 – Equivalent to 100mg Gaba 75 72 ± 3 44 ± 1.53 49.63 ± 2.98

Each tablet formulation contains 2.5mg magnesium stearate as a lubricant and mannitol up to 500mg as filler.

PHARMACEUTICAL DEVELOPMENT AND TECHNOLOGY 229

http://www.nap.edu/openbook.php?record_id/5140
http://www.nap.edu/openbook.php?record_id/5140


Group 3: treated with oro-dispersible tablet formulation (F4) in
the same method as above.

Group 4: treated with the commercial product of Gaba (GaptinVR

100mg). The capsule content was suspended into 2mL water
and administered to the rabbits via gastric tube.

Blood samples were collected from all groups from the mar-
ginal vein into heparinized tubes at different time intervals up to
24 h after dosing. The collected blood samples were centrifuged
at 4000 rpm for 15min, the plasma was separated, and kept
frozen until analysis. The pharmacokinetic parameters of Gaba
were determined using non-compartmental pharmacokinetic
analysis. Cmax (ng/mL) and tmax (hour) were determined. The AUC
(ng h mL�1) from time zero to 24 h (AUC0–24) was calculated by
the trapezoidal method.

2.6.8. Gaba HLPC determination in plasma
Gaba concentrations in plasma were determined using a previously
developed and validated method described by Tjandrawinata et al.
(2014). The mobile phase consisted of acetonitrile: acetate buffer:
methanol (28:50:22) solution at a flow rate of 1ml/min. HPLC system
(Agilent 1200 series, Waldbronn, Germany) consisting of HPLC solv-
ent delivery pump (model M-6000a), a sample injector (Model U6K)
and a UV detector with an 8-ml flow cell and 254nm filter (Model
440) the drug was detected at 240nm. The column used was
SunfireTM Column C18 5lm, 4.6� 150mm with column tempera-
ture set at 45 �C. Baclofen, as an internal standard, and methanol as
organic solvent were added to each plasma sample. The samples
were vortexed and centrifuged and the organic phase was trans-
ferred to a vial, evaporated to dryness and the residue was dissolved
in acetonitrile: water (2:7). This solution was vortexed, and then
injected (50mL) into the HPLC system. Standard calibration curve of
Gaba in plasma was constructed. All assays were performed in
triplicates.

2.6.9. Statistical analysis
Data of all the experiments were expressed as the mean
value ± SD. Statistical data were analyzed by one-way analysis of
variance (ANOVA) and p< 0.05 was considered to be significant
with 95% confidence intervals.

3. Results and discussion

Gaba–sacch cocrystals were prepared using slow evaporative
crystallization method which is simple and rapid method. SEM,
FTIR, DSC, and XRD methods were used to characterize the
prepared cocrystals.

3.1. Gaba HPLC determination

The lower limit of Gaba quantification was 0.1 mg/mL and a linear
relation between peak-area and drug concentration was obtained
across the concentration range between 1 and 100 mg/mL
(r2> 0.999) for the three tested media. The analysis of quality
control samples showed a precision below 10% relative standard
variation and accuracy below 5% relative standard deviation for
intra-batch analysis.

3.2. Scanning electron microscope (SEM)

SEM micrographs of Gaba–sacch cocrystals are illustrated in
Figure 1. The prepared cocrystals showed definite shape with
crystalline composition.

3.3. Fourier transform infrared (FTIR) spectroscopy

Sacch molecule has (C¼O) bond which acts as strong hydrogen
bond acceptor and (N–H) bond which acts as strong donors.
Presence of these two bonds gives the molecule the ability to
form an imide homodimer through cocrystal formation with other
molecules (Wardell et al. 2005). Gaba molecule contains carboxylic
functional group which acts as strong hydrogen bond acceptor.
This carboxylic group is likely to form bond with the strong
hydrogen donor (N–H) of sacch to form carboxylic acid imide het-
erosynthon as previously seen in indomethacin–sacch cocrystals
(Basavoju et al. 2008; Qiao et al. 2011) and in levoxacin–sacch
cocrystals (Suresh et al. 2017).

FTIR spectra of the tested samples are shown in Figure 2. FTIR
spectrum of sacch showed different characteristic bands, the
bands were at 3092 and 1720 cm�1 corresponding to the cyclic
imid N–H bond and C¼O bond of the secondary amine respect-
ively. Also, there was band of asymmetric and symmetric stretches

Figure 1. SEM micrographs of Gaba–sacch cocrystals.
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at 1333 and 1173 cm�1 of the SO2 group (Kafa et al. 2014). Gaba
spectrum showed characteristic bands at 3370 and 1710 cm�1 cor-
responding to the carboxylic O–H and C¼O bonds, respectively,
in addition to bands in the range from 2100 to 2200 cm�1 corre-
sponding to C–N stretching vibrations.

Spectrum of the prepared Gaba–sacch cocrystals showed shift-
ing and broadening of the carboxylic O–H of Gaba from 3370 to
3324 cm�1 and shifting of the cyclic N–H imide bond of sacch
from 3092 to 3136 cm�1. Also, there was shift in the C¼O bond
of sacch from 1720 to 1737 cm�1 and shifting of the carboxylic
C¼O of Gaba from 1710 to 1683 cm�1. These changes are
suggesting formation of strong hydrogen bond between sacch
and Gaba during formation of the cocrystals. On the other hand,
the spectrum of the physical mixture of Gaba and sacch was just
additives of the peaks of the two substances with no change of
the characteristic ones.

FTIR spectrum of Gaba–sacch cocrystals tablets was similar to
that of the Gaba–sacch cocrystals indicating that the tablet com-
pression didn’t affect the integrity of the cocrystals. It is worthy
here to note the absence of any characteristic bands of Gaba lac-
tam (3202, 2928, and 1699 cm�1) in all spectra. The lactam is the
only degradation product known for Gaba which is toxic and the
USP specification for maximum allowable limit for lactam is 0.4%
in any dosage form (Ranjous and Hsian 2013). So, it can be con-
cluded that neither cocrystallization nor compression affected
Gaba stability or led to its degradation.

3.4. Differential scanning calorimeter (DSC)

DSC thermograms of Gaba, sacch, Gaba–sacch cocrystals,
Gaba–sacch PM, and Gaba–sacch cocrystals oro-dispersible tablet
are shown in Figure 3.

Gaba showed an endothermic peak at 165.53 �C. Sacch showed
endothermic peak at 230 �C which is attributed to its melting
point in agreement with its reported thermal behavior (Matos
et al. 2005). Similar thermal behavior for the drug and
the coformer, sacch, was obtained from the physical mixture.

For Gaba–sacch cocrystals, the DSC thermogram showed a single
peak at 189.56 �C showing difference in the melting point com-
pared to the pure drug and the coformer. This suggests formation
of new crystalline phase which was stable until melting. The same
peak was observed at the DSC thermogram of the oro-dispersible
tablet of Gaba–sacch cocrystals indicating stability of these crys-
tals and their ability to withstand the compression. Other peaks in
the DSC thermogram of the oro-dispersible tablet of Gaba–sacch
cocrystals are related to the other components of the tablet.

3.5. XRD analysis

The XRD patterns of Gaba, sacch, Gaba–sacch PM, Gaba–sacch
cocrystals, and their tablets are shown in Figure 4. The pattern of
Gaba was found to be similar to that of Gaba- polymorph form II
which is recorded by Cambridge Structural Database (CSD) under
the refcodes of QIMKIG01 (Ananda et al. 2003) which is the
anhydrous commercial form (Hsu et al. 2010). For both the
Gaba–sacch cocrystals and their tablet, sharp peaks in the range

Figure 2. FTIR spectra of Gaba, sacch, Gaba–sacch cocrystals, Gaba–sacch PM,
and Gaba–sacch cocrystals tablets.

Figure 3. DSC thermograms of Gaba, sacch, Gaba–sacch cocrystals, Gaba–sacch
PM, and Gaba–sacch cocrystals tablet.

Figure 4. XRD of Gaba, sacch, Gaba–sacch PM, Gaba–sacch cocrystals, and
Gaba–sacch cocrystals oro-dispersible tablets.
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of 5–45 2Ѳ were found with more sharpness and intensity than
those of Gaba alone or its physical mixture with sacch suggesting
higher crystallinity due to cocrystals formation.

3.6. Solubility study

Cocrystallization is known to be a simple technique that can
improve different physicochemical characters of the drug such as
solubility. It has been used widely to enhance solubility of differ-
ent drugs such as simvastatin (Iyan et al. 2017), lornoxicam
(Dasharath et al. 2014), and fluoroquinolone antibiotics such as
norfloxacin, ciprofloxacin, ofloxacin, and enrofloxacin (Carolina
et al. 2009; Iman et al. 2013).

Table 2 shows solubility studies results of Gaba, Gaba–sacch
PM, and Gaba–sacch cocrystals in different solvents with different
pH values. To compare like with like, Gaba solubility from the coc-
rystals was compared not only to the free Gaba, but also to its
physical mixture with sacch to counteract any impact effect of
the coformer on the cocrystal solubility (Karimi-Jafari et al. 2018).

Non-significant difference (p value <0.05) was found between
Gaba solubility from its powder, physical mixture or cocrystals
with Sacch in 0.1 N HCl which might be related to the weak acidic
nature of both Gaba and sacch that decrease the dissociation of
the cocrystals into its components in the acidic media and, thus,
cocrystals do not impart significant Gaba solubility enhancement
in the acidic media.

On the other hand, statistical analysis showed that cocrystalli-
zation of Gaba with sacch has significantly (p value < 0.05)
increased its solubility in both phosphate buffer 6.8 and water
over both the drug powder and the physical mixture.

The measured cocrystal solubility depends on the release of
solute molecules from the crystal lattice (lattice energy) and the
solvation of the released solute molecules (solvation energy).
Gaba solubility enhancement by cocrystallization with sacch in
these media (water and phosphate buffer 6.8) may be related to
decrease in the energy of crystal lattice (Lattice energy) by the
cocrystal formation and due to the altered underlying crystal
structure. It also may be related to the increase of the affinity of
the solvent towards Gaba in the presence of sacch (decrease in
solvation energy) (Alhalaweh et al. 2012). Also, it may be attrib-
uted to the pH changes that can lead to the formation of a
formed stable ion that is more soluble in a water environment
(Iyan et al. 2017).

3.7. Particle size analysis

For particle size analysis, not only the mean diameter is important
to be measured but uniform size distribution, the width of the
distribution (Span) is an important indicator to provide the basis
to assess the homogeneity of the particles and their distribution
in fractions of different sizes. Lower span values correspond to
less scattering particle size and volume (Svetla et al. 2016).
Particle size distribution of the measured samples is represented
in Figure 5. The mean diameter of the prepared Gaba–sacch coc-
rystals was found 139.88mm with a span value of 0.77 versus
22.72 mm with a span value of 1.45 for the Gaba powder.

Decrease in span value for the cocrystals indicates that cocrystalli-
zation of Gaba has enhanced its size distribution and decreased
size variation. Small particle size of the Gaba powder may increase
the rate of cocrystallization as it was reported previously that
rapid increase in cocrystallization rate was observed in the case of
the small particle size distribution of 20� 45lm, where no buried
eutectic or amorphous intermediate phase was detected (Ibrahim
et al. 2011).

3.8. Evaluation of the prepared oro-dispersible tablets

The prepared Gaba–sacch sweet cocrystals oro-dispersible tablets
showed homogenous surface with diameter and thickness vari-
ation as well as weight variation within the acceptable limits for
uncoated tablets as per USP. The measured hardness of the pre-
pared tablets was in the range from 5.8 ± 0.95 to 6.8 ± 1.13 kp and
the friability was in the range from 0.018 to 0.033%. The hardness
and friability studies reveal that the tablets possess good mechan-
ical resistance.

3.8.1. WT, DT, and drug release studies
Non-official methods were used for testing the prepared tablets for
their wetting time, disintegration time and dissolution testing as
there are no official pharmacopeial testing methods that simulate
the unique characteristics of the fast disintegrating (oro-dispersible)
tablets. For example, the US Pharmacopeia (USP) dissolution
method that is recommended for most fast disintegrating tablets
uses apparatus 2 (Paddle), 900ml of water or 0.1N HCL, and 50
rotations per minute (rpm), all these conditions do not accurately
mimic the physiological conditions that the fast disintegrating tab-
lets are subjected to. So, this type of tablets requires more specific
official pharmacopeial and compendial testing methods.

WT, DT, and % drug release after 5min of the prepared tablets
are collected in Table 1, while their drug release profiles are illus-
trated in Figure 6. Increasing the CP ratio from 10 to 15% has sig-
nificantly (p value <0.05) decreased both of the WT and DT and
increased % drug release for all formulations. It is known that CP
as a superdisintegrant uses a combination of swelling and wicking
to facilitates wicking of liquid into the tablet particles and swells
rapidly in water without gelling to generate rapid wetting and
disintegration (Mohanachandran et al. 2011; Parind et al. 2016).
So, higher CP ratio results in faster tablet wetting and disintegra-
tion. There was highly significant difference (p value <0.05)
between the WT, DT and % drug release between tablets pre-
pared using Gaba–sacch cocrystals (F1 & F2) and those prepared
using Gaba–sacch PM with the same ratio of CP (F3&F4, respect-
ively). The only difference is the use of Gaba–sacch cocrystals
which have higher solubility and higher wetability over the parent
drug as it was stated that the dissolution rate of the cocrystals is
directly proportional to its solubility (Cao et al. 2018). So, higher
solubility of Gaba–sacch cocrystals over Gaba–sacch PM means
higher dissolution rate. Although the cocrystals have larger par-
ticle size, but at high solubility rates the particle size is not an
effective factor in drug solution. Different release profile of tablets
containing the cocrystals from those containing the physical mix-
ture can emphasize that the cocrystals could maintain its integrity

Table 2. Gaba–sacch cocrystals solubility in different media.

Solubility (mg/mL)

0.1 N HCL (pH ¼ 1.2) Phosphate buffer (pH ¼ 6.8) Water (pH ¼ 7)

Gaba powder 1.52 ± 0.05 0.89 ± 0.04 5.43 ± 0.42
Gaba–sacch PM 1.54 ± 0.06 0.86 ± 0.12 5.61 ± 0.23
Gaba–sacch cocrystals 1.43 ± 0.20 2.31 ± 0.14 9.52 ± 0.48
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after tablet compression in such way that they can affect the
drug release from the tablets.

3.8.2. Taste scoring
Bitterness scores for different Gaba tablet preparations showed
the ability of sacch to improve the bitter taste of Gaba either
when it was used as a physical mixture or as a coformer in the
cocrystals with some advantages for the cocrystals over the phys-
ical mixture, Table 3. It is known that saccharin is widely used arti-
ficial safe sweetening agent which is five hundred times sweeter
than sugar and it is used for masking of the bitter taste especially
in pediatric and diabetic patients due to its non-glycogenic char-
acteristic (Tayebi and Mortazavi 2011). Moreover, mannitol has
been reported to enhance mouth feel as it produces cooling sen-
sation due to its negative heat of solution (Shinde et al. 2010;
Kalyankar et al. 2015). Slightly higher improvement of the taste
was obtained with tablets formulated with Gaba-sacch cocrystals
due to the effect of cocrystallization which have been claimed to
be potential alternative for masking the bitter taste of the drugs

(Aitipamula et al. 2018). It is worthy here to mention that both
the two tablet formulations exhibited bitter aftertaste action due
to the inherent bitter aftertaste of the sweetener saccharin.

3.9. In vivo and pharmacokinetic studies

A validate HPLC method for Gaba determination in the plasma
was used. The lower limit of detection was 50 ng/mL and a linear
relation between peak-area and drug concentration was obtained
across the concentration range between 50 and 4000 ng/mL (r2 >

0.999). The analysis of quality control samples showed a precision
below 10% relative standard variation and accuracy below 5%
relative standard deviation for intra-batch analysis.

Different pharmacokinetic parameters of Gaba in rabbits after
administration of the prepared oro-dispersible tablet of Gaba-
sacch sweet cocrystals formulation (F2), Gaba-sacch PM tablet (F4)
and Gaba commercial product are collected in Table 4 and their
time-plasma concentrations are represented in Figure 7. The aim
of this study was to develop fast release dosage form of Gaba
that may be suitable for pediatric and elderly patients as well.
The oro-dispersible tablet of Gaba-sacch cocrystals (F2) has been
characterized in vitro by its low wetting and disintegration time
as well as its fast rate of dissolution. This may be the reason for
being (F2) has significantly higher Cmax and AUC0–24 and shorter
Tmax than both the PM tablet and the commercial product.
Enhanced bioavailability of (F2) over the commercial product is
related to enhanced Gaba in vitro and in vivo solubility and dissol-
ution resulting in higher bioavailability. It is known that Gaba is a
hydrophilic drug which has low permeability, recent studies

Figure 5. Particle size distribution of (a) Gaba powder and (b) and Gaba–sacch cocrystals.

Figure 6. Gaba release profile from the prepared oro-dispersible tablets.

Table 3. Taste enhancement of the prepared Gaba–sacch sweet co-crystals oro-
dispersible tablets.

Formulation

Number of volunteers which score as
Avg.

bitterness0 1 2 3 4

Gaba solution 0 0 0 0 10 4
Gaba–sacch PM tablet 0 5 4 1 0 1.6
Gaba–sacch cocrystal

tablet
1 8 1 0 0 1
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showed that cocrystals not only can enhance the in-vitro physico-
chemical properties of the drug but also they can improve its dif-
fusion and membrane permeation properties (Sanphui et al. 2015;
Dai et al. 2016), thus, increase its absorption through the gastro-
intestinal tract and enhance its bioavailability over its physical
mixture tablets or the commercial capsules. Enhancing drug bio-
availability through its cocrystallization was also reported by Pinki
et al. (2016) and Yanting et al. (2014).

As Gaba displays dose-dependent absorption with systemic
bioavailability decreasing with increasing doses due to active and
saturable transport mechanism (Stewart et al. 1993) as well as
age-dependent absorption especially in pediatrics (Haig et al.
2001), more bioavailability and clinical studies are required to
determine the advisable dose and dose regimen for achievement
of the optimum bioavailability.

4. Conclusion

Gaba–sacch sweet cocrystals were successfully prepared and char-
acterized through SEM, FTIR, DSC and XRD. They could enhance
Gaba physicochemical properties such as solubility and particle
size distribution. Among the prepared tablets, F2 formulation con-
taining 15% Cp as superdisintegrant and Mannitol as a filler,
showed the shortest wetting and disintegration time, the highest
drug release and enhanced taste palatability. In vivo studies of
the selected formula in rabbits in comparison to tablets prepared
by the Gaba-sacch PM and commercial capsules revealed the
enhanced bioavailability of the formulation showing higher Cmax,

AUC0-24 and shorter Tmax. The prepared oro-dispersible tablets
using Gaba–sacch sweet cocrystals, in addition to its enhanced
bioavailability, can also enhance patient compliance through its
palatable taste and ease of administration thus can be used for
pediatric and elderly patients as well.
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