
European Journal of Chemistry 11 (4) (2020) 280-284 

 

European Journal of Chemistry 
ISSN 2153-2249 (Print) / ISSN 2153-2257 (Online) – Copyright © 2020 The Authors – Atlanta Publishing House LLC – Printed in the USA.  

This work is published and licensed by Atlanta Publishing House LLC – CC BY NC – Some Rights Reserved. 
http://dx.doi.org/10.5155/eurjchem.11.4.280-284.2010 

 
 

 

 

European Journal of Chemistry 
 

   

 
View Journal Online  
View Article Online  

Effect of inclusion of citric acid and Lutrol® F-68 on ziprasidone and  
β-cyclodextrin complexation: Characterization, solubility and dissolution 
studies 
 
Vaishali Yogesh Londhe  * and Sreevidya Ramesh Krishnan   
 

Department of Pharmaceutics, Shobhaben Pratapbhai Patel School of Pharmacy and Technology Management, SVKM’s NMIMS, Vile Parle West, Mumbai, 
Maharashtra 400056, India 
vaishali.londhe@nmims.edu  (V.Y.L.), sreevidya.ramesh@yahoo.in (S.R.K.) 
 
* Corresponding author at: Department of Pharmaceutics, Shobhaben Pratapbhai Patel School of Pharmacy and Technology Management, SVKM’s NMIMS, Vile 
Parle West, Mumbai, Maharashtra 400056, India.  
e-mail: vaishali.londhe@nmims.edu (V.Y. Londhe). 

 
 

  

   

   

 
 10.5155/eurjchem.11.4.280-284.2010 

 
Received: 22 July 2020 
Received in revised form: 03 September 2020 
Accepted: 14 September 2020 
Published online: 31 December 2020 
Printed: 31 December 2020 

 
Ziprasidone (ZPR) is an antipsychotic agent having less solubility. It is used for the treatment 
of schizophrenia. Complexation of hydrophobic drugs with cyclodextrins leads to enhanced 
solubility and dissolution. In this study, inclusion complexes were prepared by different 
methods, using ZPR, β-cyclodextrin (β-CD), and different auxiliary agents like hydrophilic 
polymer and hydroxy acid (1:1:0.5) to improve the aqueous solubility. The characterization 
of the ternary complexes was carried out using solubility study, Differential scanning 
calorimetry (DSC), Powder X-ray diffraction (PXRD), Fourier transformation infrared 
spectroscopy (FT-IR) and in vitro dissolution studies. DSC, XRD, and FT-IR studies showed 
interaction in drug, cyclodextrin, and auxiliary agents which are confirmed by enhancement 
of solubility and dissolution. Spray-dried dispersion showed less crystallinity and higher 
solubility as compared to the kneading method for both citric acid and Lutrol® F-68. Thus, 
the investigation concludes that the presence of the auxiliary agent has a synergistic action 
on complexation with cyclodextrin, which helps to modify the physicochemical properties 
of the drug. 
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1. Introduction 
 

The solubility of a drug is an important parameter for the 
safe and effective delivery of a dosage form. Moreover, to 
exhibit its therapeutic activity, a drug needs to possess some 
amount of water solubility and to permeate through the 
biological membrane via passive diffusion. Thus, only those 
drugs are absorbed which are in the solubilized form at its site 
of action. However, more than 90% of the new chemical entities 
in the pharmaceutical industry are poorly water-soluble [1]. 

The solubility of drugs can be enhanced using surfactants, 
co-solvents, polymers, particle size reduction, and cyclo-
dextrins (CDs), etc. [2,3]. CDs are oligosaccharides which can 
accommodate the hydrophobic drug molecules within their 
cavity to form inclusion complexes. Inclusion complexes have 
gained importance in the pharmaceutical field due to their 
ability to modify chemical, biological, and physical charac-
teristics of drug molecules. These modifications have an 
imperative role in drug delivery due to an increase in solubility 
[4-7]. It has been realized that a large amount of CD is required 
for the solubilization of a small amount of drug due to its low 

complexation efficiency. The addition of third agent i.e. 
auxiliary agent was found to increase complexation efficiency 
and thus to improve the solubilization process [8-21]. Hydroxy 
acids [13,14], hydrophilic polymers [8-12], and amino acids 
[7,15] were found as AAs to improve the complexation 
efficiency thus solubility of hydrophobic drugs. Water-soluble 
polymers showed synergistic action with inclusion complexes 
to improve their solubility [15,16]. Hydroxy acids modify the 
intramolecular hydrogen bond system involving the secondary 
hydroxy groups of CDs and/or affect their interaction with 
surrounding water molecules [17,18]. High concentrations of 
citric acid have been reported to increase the aqueous solubility 
of β-cyclodextrin [14,18,19]. Amino acids, meglumine were also 
used as auxiliary agents to enhance the solubility of drug-
cyclodextrin complexes [20,21]. 

Ziprasidone is a benzothiazolyl piperazine derivative that 
belongs to a typical class of antipsychotics for the treatment of 
schizophrenia [22]. It is the new atypical antipsychotic drug 
that acts as a selective monoaminergic antagonist with high 
affinity for the serotonin Type-2 (5HT2), dopamine Type-2 
(D2), 1 and 2 adrenergic, and H1 histaminergic receptors. ZPR 
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has a pKa value of 6.5 and it is poorly water-soluble (0.007 
mg/mL at 37 °C) and highly lipophilic [23]. Many researchers 
have tried different methods to improve the solubility of ZPR by 
modifying the physicochemical characteristics like nanocrystal 
approach by the process of media milling [23,24], solid 
dispersion technique using carriers like soluplus, pluronic, 
hydroxypropyl β-CD, sulfobutyl ether β-CD, β-CD [24-28] and 
self-nano emulsifying pellets [29]. 

In the present study, the effect of a hydrophilic polymer and 
hydroxy acid on the solubilization and dissolution of β-
cyclodextrin with ziprasidone was investigated and these 
complexes were further characterized using different techni-
ques. 
 
2. Experimental 
 
2.1. Materials 
 

Ziprasidone hydrochloride with 99.7% purity was a gift 
sample from Macleods Pharma (Mumbai, India). β-Cyclodextrin 
and Lutrol® F-68 were procured from Gangwal Chemicals 
(Mumbai, India) and BASF, India, respectively. Citric acid, 
tartaric acid, and PEG 6000 were purchased from S.D. Fine 
(Mumbai, India). Kolllidon® 30 and HPMC E5 were obtained as 
gift samples from BASF, India and Dow Pharma Solutions, 
respectively. Milli-Q water was used in the research. All the 
other reagents used were of analytical grade. 
 
2.2. Methods 
 
2.2.1. Screening of hydrophilic polymers and acids [15] 
 

Saturation solubility study of ZPR was carried out in 0.1-0.5 
% solutions of hydrophilic polymers, namely, Kollidon-30, 
Lutrol® F-68, HPMC E5, and PEG 6000 and organic acids, 
namely citric acid and tartaric acid. UV spectrophotometer was 
used to analyze the solubility of the drug (Shimadzu UV 1800, 
Japan). 
 
2.2.2. Phase solubility study 
 

Higuchi and Connors’s method was followed to carry out 
the phase solubility study [30]. For the phase solubility study of 
a ternary system, ZPR was added in excess to the series of β-CD 
aqueous solutions (3-15 mM) with 0.5% Lutrol® F-68 and citric 
acid separately. Lutrol® F-68, and citric acid are considered as 
AAs. The solutions were kept on a rotary shaker for 48 h at 25 
°C. After equilibration, solutions were filtered using a 0.45 μ 
membrane filter. Furthermore, these were diluted appro-
priately. These solutions were analyzed at 316 nm using a UV 
spectrophotometer.  

The same study was also performed in the absence of AA. 
The graphs of ziprasidone concentration and cyclodextrin 
concentration (with and without AA) were plotted. The 
apparent stability constants (Kc) of the binary (ZPR: β-CD) and 
ternary complexes (ZPR: β-CD: AA) were calculated from the 
phase solubility diagrams using the Equation (1), 
 
Kc = Slope/ S0 (1-Slope)    (1) 
 
where S0 is the intrinsic solubility of the drug in water in the 
absence of AA. 

It has been stated that for the selection of complexation 
conditions, it is more convenient to obtain complexation 
efficiency (CE) values for CDs [5,15]. Thus, the CE was also 
calculated according to the Equation (2), 
 
CE = Slope /1-Slope    (2) 
 

2.3. Preparation of inclusion complexes 
 

Ternary complexes were prepared by kneading, spray 
drying, and physical mixing methods using ZPR: β-CD: AA in the 
ratio of 1:1:0.5% as described below [15,31].  
 
2.3.1. Physical mixture (PM)  
 

The physical mixture (PM) was prepared by geometric 
mixing of ZPR, β-CD, and Lutrol® F-68. Furthermore, this 
mixture was passed through the #40 sieve. 
 
2.3.2. Kneading method (KN)  
 

The accurately weighed quantities of ZPR, β-CD, and 
Lutrol® F-68 were mixed geometrically and transferred to a 
mortar. A small portion of water: methanol (1:1, v:v) solution 
was added to this mixture and triturated for 1 hour to form a 
homogenous paste. The paste was dried at 45 °C in an oven. The 
dried mass was pulverized and passed through the #40 sieve.  
 
2.3.3. Spray drying (SD)  
 

The weighed amount of a drug along with β-CD and Lutrol® 
F-68 was dissolved in water:methanol (1:1, v:v) mixture with 
sonication and further spray dried. Spray drying was carried 
out using Lab Spray Dryer Model LU-222 Advanced (Labultima, 
Mumbai, India) with the drying capacity of 1 L/h. Parameters of 
spray drying were: inlet temperature 60 °C, outlet temperature 
55 °C, aspirator flow 53 Nm3/h and the flow rate was 2 mL/min. 
The spray-dried mass was passed through the #40 sieve. 

PMLutrol, KNLutrol and SDLutrol are ternary complexes of 
drug, β-CD and Lutrol F-68 prepared by physical mixing, 
kneading and spray drying, respectively. Similarly, ternary 
complexes were prepared using citric acid instead of Lutrol® F-
68 by above three methods. PMCA, KNCA and SDCA are ternary 
complexes of drug, β-CD and citric acid prepared by physical 
mixing, kneading and spray drying, respectively. All these 
mixtures were characterized as follows: 
 
2.4. Characterization of inclusion complexes 
 

Saturation solubility studies, Fourier transform infrared 
spectroscopy, differential scanning calorimetry, powder X-ray 
diffractometry were performed to characterize the complexes 
as per the protocol mentioned in literature [31]. 
 
2.4.1. Assay (Percentage of drug content) 
 

A UV spectrophotometric method was developed to 
estimate the concentration of ZPR in prepared complexes. The 
complex equivalent to 10 mg of ZPR was dissolved in 10 mL 
methanol to examine the drug content. Furthermore, suitable 
dilution was obtained using methanol. This solution was then 
filtered using a 0.45 µ membrane filter and the concentration of 
ZPR was determined by a previously developed UV analytical 
method to calculate percent drug content. 
 
2.4.2. Dissolution testing  
 

In vitro dissolution studies were performed in triplicate by 
taking a complex equivalent to 20 mg of pure ZPR. Dissolution 
studies on the formulations were performed in 900 mL of 
phosphate buffer (pH = 6.4) with 2% sodium lauryl sulphate 
(SLS) using the United States Pharmacopeia (USP) type II 
paddle-type dissolution apparatus at 37±0.5 °C and stirred at 
75 rpm. At predetermined time intervals, aliquots of 10 mL 
were withdrawn and filtered through the Whatman filter paper.  
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Figure 1. Solubility of the drug in different polymers and hydroxy acids. 
 

 
 
Figure 2. Phase solubility curves of binary and ternary systems. (Binary: ZPR: β-Cyclodextrin, Ternary LF68: ZPR: β-Cyclodextrin and Lutrol® F-68, Ternary 
CA: ZPR: β-Cyclodextrin and citric acid). 

 
The sink conditions were maintained by replacing equal 

amounts of fresh media. Furthermore, samples were analyzed 
spectrophotometrically. The graph of percent drug release of 
ZPR against time (minutes) was plotted. 
 
3. Results and discussion 
 
3.1. Screening polymers and acids to be used for 
complexation 
 

For optimization of the concentration of hydrophilic 
polymers and hydroxy acids to be used for ternary comp-
lexation, saturation solubility of ZPR was carried out at three 
different concentrations in water. Maximum solubility was 
obtained by using Lutrol® F-68 as polymer and citric acid as 
hydroxy acid at a concentration of 0.5% as shown in Figure 1, 
so they were selected as AAs. It was also observed that as the 
concentration of the AA increases, the solubility of the drug also 
increases as shown in Figure 1. 
  
3.2. Phase solubility studies 
 

Phase solubility analysis is the primary crucial evaluation 
test in the development of CD-based inclusion complexes of the 
drugs. The phase solubility curves of ZPR in aqueous β-CD 
solutions with and without the addition of different AAs were 
carried out. As shown in Figure 2, a linear increase in ZPR 

concentration was observed with an increasing β-CD 
concentration in the presence as well as the absence of AAs, 
indicating AL-type diagram. As reported in literature, AL-type 
diagram represents first order dependency of the interaction on 
the β-CD concentration and the water-soluble complex 
formation without precipitation in binary and ternary systems 
[28]. 

The slope was found less than unity and the stability 
constant was found between 50 and 2000 M-1 as shown in Table 
1 indicating a 1:1 ratio for complexation. Intrinsic solubility was 
found increased due to the presence of AA. The presence of 
citric acid enhanced solubility 1.5 times more as compared to 
Lutrol® F-68. Lutrol® F-68 showed marginal improvement in 
intrinsic solubility. Complexation efficiency (CE) with citric acid 
improved 2.5 times as compared to Lutrol® F-68, and binary 
system. The higher CE value indicate the formation of a more 
stable complex. Kim et al. have shown an increase in apparent 
intrinsic solubility which led to an increase in complexation 
efficiency in the presence of hydroxypropyl β-CD and sulfobutyl 
ether β-CD due to formation of salts [26]. The marginal increase 
in complexation efficiency is found in the presence of Lutrol® F-
68. Co-complexes or aggregates showing higher stability 
constant (Kc) values were observed as a result of polymer 
interaction with the outer surface of CDs and with drug-CD 
complexes. The developed aggregates are capable of 
solubilizing drugs and other hydrophobic molecules [4]. 
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Table 1. The phase solubility parameters for the effect of citric acid and Lutrol® F-68. 
System * AA Slope Intrinsic solubility (µg/mL) Kc [1/M] Complexation efficiency 
Binary - 0.318 1.36 343.1 0.46 
Ternary Lutrol® F-68 0.322 1.66 349.9 0.48 
Ternary Citric acid 0.555 2.12 917.7 1.25 
* Binary: ZPR:β-Cyclodextrin (1:1), Ternary: ZPR:β-Cyclodextrin:AA (1:1:0.5%). 
 
Table 2. Drug content and saturation solubility for drug and ternary complexes *. 
System  Method Solubility (µg/mL) Drug content (%) 
ZPR - 1.070±0.66 - 
ZPR + β-CD + Lutrol® F-68 Physical mixture 4.23±0.88 99.24±0.22 
ZPR + β-CD + Lutrol® F-68 Kneaded dispersion 17.05±0.76 100.78±0.49 
ZPR + β-CD + Lutrol® F-68 Spray-dried 39.59±0.36 100.36±0.91 
ZPR + β-CD + Citric acid Physical mixture 6.99±0.27 99.53±0.88 
ZPR + β-CD + Citric acid Kneaded dispersion 18.60±0.19 99.02±0.34 
ZPR + β-CD + Citric acid Spray-dried 45.69±0.15 97.97±0.56 
* Results are the mean of three determinations (n=3) ± standard deviation (SD). 
 
Table 3. % Dissolution from drug and inclusion complexes *. 
Auxiliary agent  Lutrol® F-68 Citric acid 
Parameter 
(% drug release at end of) 

Drug Physical  
mixture 

Kneaded  
dispersion 

Spray-dried Physical  
mixture 

Kneaded 
dispersion 

Spray-dried 

15 min  1.9±0.3 31.6±1.2 73.1±1.5 75.4±0.1 43.5±0.3 59.8±0.5 80.5±0.1 
30 min  8.6±1.0 81.6±0.8 84.8±0.6 87.8±0.9 81.1±0.2 86.2±1.2 91.3±0.4 
* Results are the mean of three determinations (n=3) ± relative standard deviation. 
 
3.3. Saturation solubility of inclusion complexes 
 

The results of the saturation solubility testing of ZPR, 
physical mixtures, and inclusion complexes in water are 
represented in Table 2. The improved water solubility of ZPR 
resulted due to the formation of ternary inclusion complexes of 
ZPR with β-CD. SD showed 40 folds increase as compared to the 
plain drug for both AAs. Citric acid showed a comparable 
increase in solubility when compared with Lutrol® F-68. The 
general trend in the increase in solubility was Spray-dried > 
Kneaded dispersion > Physical mixture for both AAs.  
 
3.4. Assay (Percentage of drug content) 
 

Percent drug content was found between 90-110 % for all 
complexes as shown in Table 2. As per any Pharmacopeia, assay 
should be 100%. Similar results are reported by Dua et al. for 
acceclofenac β-CD complexes [32].  
 
3.5. Fourier transformation infrared spectroscopy 
 

FT-IR is a useful methodology to estimate a possible guest 
(drug)-host (cyclodextrin) solid-state interaction. The 
characteristic peaks due to various functional groups in the 
guest molecule were affected due to an interaction between 
guest and host molecule [28]. The FT-IR spectrum of ZPR 
showed the presence of characteristic bands at 3421 (OH 
stretch), 3197 (Aromatic C-H stretch), 1713 (C=0 stretch), 1630 
(C=N stretch), 2927 (C-H stretch), 972 (C-N) and 742 cm-1 (C-Cl 
stretch). The FT-IR spectrum of β-CD exhibited bands at 3300-
3500 cm-1 due to O-H stretching vibrations and the bands due 
to CH and CH2 groups appear in 2800-3000 cm-1 region. The IR 
spectra obtained for ternary inclusion complexes using Lutrol® 
F-68 and citric acid showed a shift in IR bands, reduction in 
intensity, and/or disappearance of some characteristic bands of 
ZPR. The significant shift characteristic peaks of ZPR suggest 
the interaction of ZPR with β-CD, Lutrol® F-68, and citric acid.  
 
3.6. Differential scanning calorimetry 
 

The DSC thermal analytical technique can be used to study 
the interaction between drug (guest) and host molecule. ZPR 
showed a broad endotherm for the presence of water and the 
characteristic endothermic peak corresponding to its melting 
point at 300 °C with decomposition [33]. DSC graph of β-CD 
showed a broad endotherm at 60-122 °C indicating the 

presence of water. DSC graphs of ternary inclusion complexes 
containing Lutrol® F-68, and citric acid showed the intensity of 
the endothermic peak of ZPR at its melting point is considerably 
reduced compared to their PMs. The endotherm of ZPR was also 
found to shift in all inclusion complexes indicating the 
interaction of drugs, β-CD, and AA. The disappearance of 
endotherm was observed for SD complexes of both AAs 
reflecting strong interaction.  
 
3.7. Powder X-Ray Diffraction 
 

X-ray powder diffraction (PXRD) study was carried out to 
confirm the formation of a new solid system. The diffraction 
pattern of ZPR showed several sharp high-intensity peaks at 
diffraction angles (2θ) of 10.6, 12.2, 16.3, 24.2, 25.2, and 27.1° 
indicating its crystalline nature [25]. The X-ray diffractograms 
of β-CD also showed several intense peaks due to its crystalline 
nature. The intensity of diffractograms of inclusion complexes 
was compared with that of the plain drug to understand the 
interaction. The intensity of some characteristic diffraction 
peaks of ZPR was significantly reduced in spray-dried and 
kneaded ternary complexes as compared to their physical 
mixtures. Reduction in intensity and sharpness was consi-
derably observed in SD complexes with both AAs indicating 
amorphous nature resulting in a considerable increase in 
solubility as seen in Table 2. 
  
3.8. In vitro dissolution study 
 

The dissolution profile of pure drug and complexes (PM, 
KN, and SD) with both AAs is shown in Figure 3. An increase in 
the dissolution rate was achieved with all complexes. Table 3 
gives a % drug release at the end of 15 and 30 min. As shown in 
Figure 3 and Table 3, the faster release was obtained with citric 
acid as compared to Lutrol® F-68 in all types of complexes. 
Dissolution was found faster for SD complexes as compared to 
KN for both AAs indicating better interaction which is also 
supported by XRD, DSC studies. PMs for both AAs showed 
slower dissolution as compared to KN and SD. These results are 
in tune with those reported in literature [31,34].  
 
4. Conclusion 
 

Ziprasidone has low solubility in water. The inclusion 
complexes of the drug were prepared using β-CD and citric acid, 
Lutrol® F-68 as AA.  
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Figure 3. Dissolution studies for ziprasidone and its complexes. (Drug: 
Ziprasidone, PMLutrol, KNLutrol, SDLutrol: Physical mixture, Kneaded, 
Spray-dried ternary complex with Lutrol® F-68, respectively, PMCA, KNCA, 
SDCA: Ternary complexes with citric acid prepared by Physical mixing, 
kneading, and spray drying, respectively) 

 
The apparent stability constant was considerably increased 

in the presence of citric acid as compared to Lutrol® F-68. DSC, 
XRD, FT-IR studies showed an interaction between 3 
components for both AAs. Saturation studies showed an 
increase in solubility in the following order: Spray dried > 
Kneaded > Physical mixture > drug, but not much difference 
was observed between citric acid and Lutrol® F-68. The 
dissolution studies showed a considerable increase due to the 
presence of citric acid as compared to Lutrol® F-68 which is due 
to pH-dependent solubility of the drug forming a stable 
complex. Thus, the use of polymer or hydroxy acid increases the 
dissolution of the drug as a result of enhanced solubility.  
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