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ABSTRACT  

Objective: The main objective of the current research study was to investigate the effect of 

various permeation enhancers on the skin permeation of Ziprasidone for transdermal therapeutic 

systems (TTS).  

Methods: A part of pre-formulation studies was performed to authentication of the drug by 

determining the melting point, solubility, partition coefficient (PC), attenuated total reflection-

Fourier transform infrared, differential scanning calorimetry, and its purity by reversed-phase 

high-performance liquid chromatography. Ex vivo permeation kinetic study for Ziprasidone 

alone and with 5% concentration of permeation enhancers’ hyaluronidase, dimethylsulfoxide 

(DMSO), groundnut oil, and tween 80 was conducted in modified Franz diffusion cell through 

rat abdominal skin as a barrier. The receptor phase containing 20% polyethylene glycol 400 in 

normal saline was maintained at 37°C. The steady-state flux was obtained to calculate 

permeability coefficient, enhancement ratio (ER), and the cumulative amount of drug permeated 

at 12 h.  

Results: The pre-formulation study results indicated that the received pure drug was authentified 

as Ziprasidone and its purity at par with official pharmacopeia. The PC of the drug was found to 

be 1.916±1.07, indicated that the drug to be lipophilic. The ex vivo permeation study results 

showed that the enhancement effect of some permeation enhancers on Ziprasidone was as 

follows: Hyaluronidase>DMSO>groundnut oil>tween 80. Hyaluronidase has high permeation 

enhancing activity with the highest permeation flux of 12.038 μg/cm
2
/h, and the cumulative 

amount of drug permeated was 212.760 μg/cm
2
. The ER of hyaluronidase was 3.69 folds higher 

than control.  

Conclusion: The results of the present research study attributed that hyaluronidase was a 

potential permeation enhancer which would be included in the TTS of Ziprasidone.  
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INTRODUCTION  

The total surface area of the skin is about 1.858 m
2 

and is the biggest body organ. The delivery of 

the drug through the skin portal to systemic circulation at a predetermined rate and maintain 

clinically the effective concentrations over a prolonged period [1]. Transdermal patches are a 

common route of administration for hormonal therapy, narcotic analgesia, neurological 

disorders, and hypertension [2], and they need prolonged administration of drugs to keep up drug 

concentration at a therapeutic level. Presently, more than 35 transdermal patches have been 

approved for sale in the United States, and globally more than 16 active pharmaceutical 

ingredients are approved for use [3, 4].  

 Transdermal therapeutic systems (TTS) provide many potential advantages, non-invasive 

route of administration, avoidance of hepatic first-pass effect, elimination of gastrointestinal (GI) 

irritation, decreased toxicity, fewer side effects as well as greater patient compliance [5]. The 

major disadvantage of TTS is the barrier property of the skin and low permeability of some 

drugs. Hence, the greater challenge to develop TTS is to make improved permeability of drugs to 

the skin [6]. Several techniques have been considered to enhance the permeation of drugs [7]. 

Permeation enhancers are one of the most convenient methods and show relatively strong effects 

than other enhancement techniques [8].  

 Permeation enhancers are agents that enhance the skin permeability of low permeable 

compounds by altering the characteristics of skin or barrier to achieve desired flux. In our study, 

four different permeation enhancers were used; they are hyaluronidase, dimethylsulfoxide 

(DMSO), groundnut oil and tween 80, at 5% concentrations on the permeation of Ziprasidone. 

Permeation enhancers are incorporated into a formulation to improve the diffusivity and 

solubility of drugs through the skin that would reversibly reduce the barrier resistance of the skin 

[9]. Enhance the permeation of drugs by the combination of mechanisms including disruption of 

the lipid bilayer, fluidization, and extraction of stratum corneum lipids [10] thus allows the drug 

to penetrate the viable tissues and enter the systemic circulation.  

 The atypical antipsychotic drug, Ziprasidone belongs to benzisoxazole derivative and is a 

metabolite product of risperidone [11]. Ziprasidone is formulated as oral and parenteral dosage 

forms for the treatment of schizophrenia and schizoaffective disorder [12], which is incompletely 
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absorbed from GI tract with oral bioavailability of 28%. Besides, it has a low dose of 1.5–9 mg/d 

with high oral side effects [13]. Lead to the selection of drug to formulate as TTS. This current 

research work was to investigate the feasibility of Ziprasidone for TTS and to test the effect of 

various permeation enhancers that would be incorporated into a TTS consisting of Ziprasidone.  

MATERIALS AND METHODS  

Materials  

Chemicals  

Ziprasidone working standard and pure drug (active pharmaceutical ingredient) were received as 

a gift sample from BAL Pharma Ltd., Bengaluru, Karnataka, India. Methanol, acetonitrile, and 

DMSO were purchased from Merck Specialists Pvt., Ltd., Mumbai. Hyaluronidase was 

purchased from Shreya Life Sciences Pvt. Ltd., Bengaluru. Tween 80 (HiMedia), polyethylene 

glycol (PEG) 400, groundnut oil, and sodium chloride were procured from a local supplier, 

Bengaluru. High-performance liquid chromatography (HPLC) grade water and distilled water 

were prepared using Milli-Q® Millipore water purification system. 

Animals 

Albino rats of either sex weighing 100–200 g (age 8–12 weeks) were used in ex vivo skin 

permeation study. Rats were received from the animal house, Department of Pharmacology, 

Shanti College of Pharmacy, Chhatarpur. For this study, the approval was obtained from the 

IAEC (Institutional Animal Ethics Committee), Shanti College of Pharmacy, Chhatarpur (IAEC 

Reference No.: SCOP/GCP/20/E.C/ADM/2022-23). Before the experiment started, the animals 

were fed food and water ad libitum. 

 

Methods 

Authentication of Ziprasidone  

Melting point 

The melting point of Ziprasidone was determined using MR-VIS visual melting range apparatus 

(Labindia Analytical Instruments Pvt., Ltd., India) by the capillary method. 

Solubility study 

The solubility of Ziprasidone in different solvents was determined. In this method, the saturated 

solutions of Ziprasidone were prepared by adding an excess amount of drug into 10 ml of 
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solvents. The saturated solutions were sonicated in a temperature-controlled water bath for 6 h at 

25±0.5°C. After the specified period, the saturated solutions were filtered through a 0.45 μm 

Whatman nylon membrane filter [14]. The concentration of the drug in the solvents was 

determined by making suitable dilutions and analyzed using reversed-phase-HPLC (RP-HPLC) 

(n=3). 

Partition coefficient (PC) 

The PC of the Ziprasidone was determined by taking an equal portion of n-octanol (organic 

phase) and water (aqueous phase) in a separating funnel by a shake-flask method. The pre-

saturation was achieved by thorough mixing of both the phases for 10 min at room temperature 

and then let them stand long enough to allow the phases to achieve the saturation state. 10 mg of 

the drug was added, and it was shaken for 45 min and allowed for 1 h to separate two distinct 

phases. Finally, aqueous and organic layers were separated. Centrifuged at 1000 rpm for 5 min, 

the concentration of the drugs in each separated phase was determined by making suitable 

dilutions and analyzed by RP-HPLC at 237 nm after passing through 0.45 μm Whatman nylon 

membrane filters [15]. The PC (Log o/w) of Ziprasidone was calculated by the following 

formula: 

PC = Co/Cw 

Where Co is the concentration of the drug in n-octanol and Cw is the concentration of the drug in 

water. 

 

Attenuated total reflection-Fourier transforms infrared (ATR-FTIR) analysis 

ATR-FTIR spectroscopy studies were performed in Shimadzu IR Affinity-1S (Shimadzu 

Corporation, Japan). The Ziprasidone drug was directly placed on the germanium prism and 

FTIR spectra were recorded in the scanning measurement range of 600–4000/cm [16]. 

Differential scanning calorimetry (DSC) analysis 

1–3 mg of Ziprasidone sample was placed in aluminum pans and pans were closed by crimping 

the lids. Filled aluminum pans and empty sealed pan were placed in a sample holder where 

empty pan acts as a reference. The thermal behavior of the drug sample was investigated under 

nitrogen purging at a scanning rate of 10°C/min [17], covering the temperature range of 30–

350°C and the samples were analyzed using DSC-8000 (PerkinElmer Inc. Germany). 
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Purity determination 

RP-HPLC analysis 

Assay purity of received drug was confirmed by RP-HPLC. The analysis of Ziprasidone was 

determined by RP-HPLC using an in-house developed and validated method. A typical 

chromatographic condition for the determination of the content of Ziprasidone in the pure drug 

consisted of Shimadzu-LC-20AD Prominence (Shimadzu Corporation, Japan). The separation 

was achieved on a Gemini NX C18 column (Phenomenex-150 mm×4.6 mm, 5 μm) eluted with a 

mobile phase composing of methanol:acetonitrile:buffer solution (pH 6.0) in the ratio of 

50:20:30 v/v. The flow rate of 1.0 ml/min, UV detection wavelength 237 nm and injection 

volume 20 μl, filtered through 0.45 μm finer porosity nylon membrane filter and degassed before 

use. Methanol was used as a diluent. The typical retention time was 3.2 min and the total run 

time was 7 min. Peak area was used to estimate the Ziprasidone concentration against the 

working standard peak area. 

Ex vivo permeation kinetics study 

Apparatus 

Ex vivo permeation studies were carried out using modified Franz diffusion cells (slight 

modifications in the Franz diffusion cell), made up of borosilicate glass, with 3.462 cm
2
 

diffusional surface area. The donor and receptor compartments were held together using spring. 

The content of receptor cells was stirred by placing the diffusion cells on 10 channel magnetic 

hotplate stirrer (DLab MS-H-S-10, LabCon, USA) using a star head-shaped magnetic bead 

(Serwell instruments, India) rotating at 100 rpm. The temperature of the content of the receptor 

compartment was maintained at 37±0.5°C by circulating hot water through the jacketed receptor 

compartment by a peristaltic pump. 

Preparation of rat skin 

The full thickness of the abdominal skin was obtained from albino rats. The rat was anesthetized 

using chloroform, and long hairs were cut with the help of scissors and shaved [17]. Using scalp 

vein the abdominal skin was removed, and the skin was freed from adhering subcutaneous fat by 

dipping in hot water at 55°C for 30 s than using fresh distilled water. The skin was washed and 

immersed in a receptor fluid for 5 min after the skin was thoroughly inspected visually for its 

integrity and stored at −20°C until it is used [18]. 
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Experiment 

The ex vivo skin permeation kinetics of Ziprasidone were studied with the drug alone and with 

hyaluronidase, DMSO, groundnut oil, and tween 80 as permeation enhancing agents. The 

permeation study was conducted in a modified Franz diffusion cell. The barrier used was the 

prepared rat skin after bringing the temperature form D Lab -20°C at room temperature by 

placing the skin in a 20% PEG 400 in normal saline which acts as a receptor medium for 1 h. 

The receptor compartment was filled with a receptor medium. The prepared skin was placed 

between the receptor and the donor compartment considering the stratum corneum facing the 

donor compartment. The donor compartment containing a 5 ml drug solution (0.5 mg/ml) was 

placed on the skin with the dermal side in contact with the receptor phase. To achieve the sink 

condition, the content of the receptor compartment was stirred at rpm of 100, and fresh medium 

was replaced by the volume of aliquots removed from the receptor compartment. 1.5 ml of 

aliquots was withdrawn at predetermined intervals of 1, 2, 3, 4, 5, 6, 7, 8, and 12 h from the 

sampling port [19]. Care must be taken during the withdrawal of aliquots no air bubble formation 

in the receptor compartment which would reduce the effective permeation area. After appropriate 

dilution, the samples were analyzed by RP-HPLC (n=3). 

Data analysis 

Steady-state flux (Jss) was obtained by plotting the cumulative amount of drug alone and along 

with permeation enhancer’s permeated (μg/cm
2
) against time in h and slope was considered as a 

steady-state flux (mass/area/time). To get permeability coefficient (Kp), the steady-state flux was 

divided by the concentration of drug in donor compartment at time zero, which is an indication 

of the velocity of drug permeated through the barrier in cm/h. The permeation enhancing effect 

of permeation enhancer was calculated based on Kp in terms of enhancement ratio (ER). The Jss, 

Kp, and ER are calculated using the Equations 1, 2, and 3, respectively [20]:  

Jss = Q/(A−t) (1) 

Where, Q is the quantity of drug traversing the skin membrane in time t, and A is the area of 

exposed skin in cm
2
.  

Kp = Jss/C (2) 

Where, C is the concentration of drug in the donor compartment at time zero. 

ER = Kp with permeation enhancer/Kp without permeation enhancer (3) 
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RESULTS AND DISCUSSION 

Melting point 

The melting point of Ziprasidone was found to be 182.8°C which is compared with the available 

data in the standard literature [21] and also complied with official standard data that are in the 

range of 181°C–186°C. 

 

Solubility studies of Ziprasidone 

The solubility of Ziprasidone in water was found to be 0.032 mg/ml, indicates poor solubility. 

The solubility of Ziprasidone observed in 0.1 N HCl, methanol, PEG 400, DMSO, and tween 80 

was found to be 5.053±0.87, 2.888±1.81, 0.622±0.51, 2.142±0.77, and 0.052±0.67 mg/ml, 

respectively. These values are compared with the available data in the standard literature. Among 

the solvents tested, methanol and PEG 400 could be a better choice of co-solvent in the medium 

[22, 23]. 

 

PC 

The PC value of Ziprasidone in n-octanol and water system was found to be 1.916±1.07. The 

reported value is within the limits of −1 to 4 as required for the transdermal permeation [24]. 

The obtained value suggested that the drug possesses enough lipophilic property, which meets 

the requirements to formulate it into a transdermal therapeutic system. 

ATR-FTIR analysis 

The ATR-FTIR spectra of Ziprasidone are shown in Fig. 1. The Ziprasidone exhibited sharp 

characteristic peaks at 864.11 cm
−1

 for C-H (aromatic) bend, 956.69 cm
−1

 for C-O stretch, 

1132.21 cm
−1

 for C-F stretch, 1340.53 cm
−1

 for C-N stretching, 1406.11 cm
−1

 for C-H bend, 

1527.62 cm
−1

 for C=N stretch, 1620.21 cm
−1

 for C=O stretch, and 3294.42 cm
−1

 for C-OH 

stretching. All these characteristic peaks were also found in the working standard spectra and 

available data in standard literature [21]. 
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Fig. 1: Attenuated total reflection-Fourier Transform infrared spectra of Ziprasidone  

 

DSC analysis 

The DSC thermogram of Ziprasidone is shown in Fig. 2 a sharp endothermic peak at 185.52°C. 

The DSC thermogram of Ziprasidone peak value determined was concurrent with standard 

literature value [21, 25]. 

 Based on the above results obtained from the ATR-FTIR and thermal analysis (melting 

point and DCS) techniques, it can be indicated that the received drug was authentified as 

Ziprasidone. 

 

 

 

Fig. 2: Differential Scanning Calorimetry Thermogram of Ziprasidone 
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Determination of drug purity by HPLC analysis 

The purity of Ziprasidone was determined by an in-house developed and validated RP-HPLC 

method. The purity of Ziprasidone was found to be 99.84% on the dried basis, its purity at par 

with working standard assay purity value and USP (acceptance criterion: NLT 98.0% and NMT 

102.0% of Ziprasidone, calculated on the dried basis). A typical HPLC chromatograph of 

Ziprasidone is shown in Fig. 3. 

 

Fig. 3: A typical high-performance liquid chromatography chromatograph of Ziprasidone  

 

Ex vivo permeation kinetics study 

Ex vivo permeation studies of the Ziprasidone was performed using modified Franz diffusion cell 

through rat abdominal skin. The cumulative amount of Ziprasidone permeated alone and with 

some permeation enhancers is shown in Fig. 4. The Jss, Kp, ER, and the cumulative amount of 

drug permeated at 12 h are summarized in Table 1. The steady-state flux and permeability 

coefficient of Ziprasidone was found to be 3.264 μg/cm
2
/h and 1.306×10

−2
 cm/h, respectively. 

The enhancement effect of some permeation enhancers on Ziprasidone through rat abdominal 

skin was found in the increasing order as follows: Hyaluronidase>DMSO>Groundnut oil>Tween 

80. The ER of pure drug and with enhancers is shown in Fig. 5. The addition of permeation 

enhancers has increased the rate of skin permeation compared to pure drug. Hyaluronidase has 

got high permeation enhancing activity than other permeation enhancers, with the highest 

permeation steady-state flux of 12.038 μg/cm
2
/h and permeation enhancement rate was 3.69 

folds higher than the control (no enhancer) indicating hyaluronidase is to be better permeation 

enhancer. 
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Fig. 4: Cumulative amount of drug permeated, alone and with some permeation enhancers 

 

 

 

Fig. 5: Enhancement ratio of Ziprasidone alone and with some permeation enhancers 

Table 1: Data for steady-state flux, permeability coefficient, ER, and CADP at 12 h in the 

absence and presence of the permeation enhancers (5%) 

Name of 

permeation 

enhancers 

Steady-state flux 

(μg/cm2/h) 
Permeability 

coefficient (cm/h) 

× 10-2 

Enhancement 

ratio 

CADP at 12 h 

(μg/cm2) 

Pure drug 3.264±0318 1.306±0.127 1.00 67.500 

Hyaluronidase 12.038±0.370 4.815±0.148 3.69 212.760 

DMSO 10.527±0.717 4.211±0.285 3.23 207.900 

Groundnut oil 10.164±0.502 4.066±0.201 3.11 193.320 

Tween 80 8.426±0.716 2.380±0.292 2.59 174.960 
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Values are expressed as mean ± SD (n=3). SD: Standard deviation, CADP: Cumulative amount 

of drug permeated, DMSO: Dimethyl sulfoxide, ER: Enhancement ratio 

Effect of permeation enhancers 

Tween 80 

Tween 80, also known as polysorbate 80, is a nonionic surfactant and emulsifier used in food and 

cosmetics industry. Tween 80 is widely used in topical preparations as a solubilizer and skin 

permeation enhancers. In general, nonionic surfactants possess the least toxicity and have the 

potential to irritate the skin [26]. The enhancement ability of non-ionic surfactant may be 

through interaction with the stratum corneum by increasing local water concentration with 

successive swelling and expansion skin thickness is frequently accompanied by the curling of 

membrane edges [27]. The permeation enhancing activity of the non-ionic surfactant tween 80 

was attributed may be due to increased fluidity and later solubility and extract of lipid 

components of stratum corneum by penetration of tween 80 into the intercellular space of 

stratum corneum. The other mechanism by which permeation enhancing the activity of tween 80 

is disruption of the lipid arrangement on the stratum corneum by penetration into the intercellular 

matrix results in interaction and binding with keratin filaments. It also increases the moisture 

content of the protein in stratum corneum. This effect is attributed to their amphiphilic nature, 

where the surfactant hydrophilic groups interact with the keratin domains and their bound water 

affect aqueous filled spaces that ultimately affect the drug partitioning [28]. In this study, results 

showed that the Ziprasidone flux significantly increased by the addition of tween 80. The ER of 

tween 80 was 2.59 folds higher than the control; this may be due to a synergistic effect of PEG 

400 and tween 80. The same effect was observed in skin permeation study of diazepam and 

lorazepam in presence of tween 80 [14,29]. 

Groundnut oil 

Groundnut oil is a mild-tasting vegetable oil derived from peanuts. The major component of 

groundnut oil are oleic acid (43%), linoleic acid (21%), palmitic acid (10%), capric acid, lauric 

acid, stearic acid, arachidic acid, etc. [30] and other fatty acid esters. Oleic acid is the major fatty 

acid content of the groundnut oil, which increases the skin permeation by acting selectivity on 

the extracellular lipids by lipid fluidization and lipid phase separation mechanism. Oleic acid 

appears to decrease the viscosity of lipid at only superficial layers without modifying the 

conformational order of stratum corneum lipids. Oleic acid also causes lipid phase separation 
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where solid and fluid states coexist, results in improved skin permeability [31] and their esters 

like isopropyl myristate [32]. Percutaneous enhancing activity of drugs is more effective in 

unsaturated fatty acids than saturated fatty acids [33]. The lag time of the drug molecule was 

reduced in a formulation containing vegetable oils as a permeation enhancing agent, which may 

be attributed due to a decrease in diffusional path length of the molecule due to changes in 

stratum corneum [34, 35]. 

DMSO 

DMSO an aprotic polar solvent and is miscible in both polar and non-polar solvents. It is one of 

the earliest and most widely used chemicals in the pharmaceutical formulation as a penetration 

enhancer as demonstrating the favorable safety and toxicity profile at low concentration over the 

past three decades [36]. The ability of DMSO to increase the permeability of both hydrophilic 

and hydrophobic molecules through the cell membrane is due to change of its position from 

polar lipid head region to the non-polaric hydrocarbon chain region, and this shift is facilitated 

by the formation of pores through the skin barrier attributed to enhanced permeation. The other 

mechanism involved in the enhanced permeation by DMSO is either changing the configuration 

of the protein structure of the stratum corneum reversibly or by enhancing the thermodynamic 

activity of the drug [37]. The presence of DMSO in stratum corneum allows the formation of 

channels due to the swelling in the stratum corneum facilitated decreased diffusional resistance 

thereby enhancing the permeation [38]. DMSO enhances the drug permeability may be due to 

the extraction of skin lipids or denaturation of stratum corneum proteins or the formation of 

hydrogen-bonded complexes with stratum corneum lipids and the distortion [39]. 

Hyaluronidase 

Among the permeation enhancers tested, an enzyme hyaluronidase impressively enhanced the 

flux of the Ziprasidone than other permeation enhancers. It has been approved by USFDA for 

cosmetic use as an enhancement of SQ absorption [40]. The high spreadability nature of 

hyaluronidase could be the reason for permeation enhancement of Ziprasidone. The spreading 

factor of this enzyme causes local tissue damage, and it is due to the degradation of hyaluronic 

acid makes a loss of integrity in the extracellular matrix of soft connective tissue leading to 

enhanced diffusion. The ability of the degraded product of hyaluronic acid to decrease the 

viscosity of body fluids is also responsible for faster diffusion [41, 42]. Hyaluronic acid is a 

linear polysaccharide and is biosynthesized in situ in humans, and other animals found 
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abundantly in the extracellular matrix due to its biocompatibility, biodegradability, less toxic, 

and non-irritant [43]. It has been extensively used in TTS as a permeation enhancer. 

CONCLUSION 

The present research study comprises evaluation of various permeation enhancers which would 

be used for the preparation of TTS of Ziprasidone. The received pure drug was identified, and its 

purity was determined and is at par with the official pharmacopeial limits. The permeation 

enhancers included in the present study were hyaluronidase, DMSO, groundnut oil, and tween 80 

and ex vivo skin kinetic permeation experiments were performed with pure drug alone and along 

with the individual permeation enhancers to obtain steady-state flux which interim gives 

permeability coefficient, ER and the cumulative amount of drug permeated at 12 h. The results 

of these parameters suggested that the permeation enhancing activity of permeation enhancers 

included in the study was in the order: Hyaluronidase>DMSO>Groundnut oil>Tween 80. Based 

on this preliminary study results conclude that hyaluronidase would be the suitable permeation 

enhancing agent for the transdermal therapeutic system of Ziprasidone. 
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