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ABSTRACT 

Rebamipide at 80 mg/kg oral twice daily was previously found effective against a hemiparkinson’s model 

in rats. However, the high dose and frequency limit its advantages. Therefore, for the first time, a novel 

dosage form of rebamipide as transdermal patches was formulated, characterized and evaluated againt 

a rodent model of Parkinson’s disease. Four different transdermal formulations containing rebamipide 

were prepared using the solvent casting method (4 mg rebamipide/patch). Transdermal patches were 

observed to be uniform in terms of physicochemical characteristics. Rebamipide was administered 

through both the oral (80 mg/kg twice daily) and transdermal route (one patch daily) from Day-4 to Day-

27 after unilateral intrastriatal injection of 6-hydroxydopamine (6-OHDA) in male rats. Patches increased 

levels of dopamine, dopamine transporters, tyrosine hydroxylase, and glucocerebrosidase enzymatic 

activity and decreased α-synuclein pathology and motor deficits in 6-OHDA-infused rats. All the animal-

related parameters include 6 rats per group, and behavioral studies include 12 rats per group. Repeated 

measures of two-way ANOVA was used for the analysis of behavioral parameters and ex vivo permeability. 

Remaining in vivo parameters, physicochemical characteristics (weight, thickness, folding endurance, 

surface pH, swelling, moisture loss and drug content uniformity) and skin irritation studies were analyzed 

by one-way ANOVA. Rebamipide concentration using HPLC was analyzed by an unpaired t test. The effects 

of rebamipide patches and oral groups against 6-OHDA toxicity were similar and the concentration 

of rebamipide in plasma and cerebrospinal fluid of both groups was also observed to be the same. 

These preclinical findings suggest that a low rebamipide dose administered once daily through a newly-

prepared transdermal patch (4 mg drug/patch) showed similar potential as a high oral rebamipide dose 

(80 mg/kg) administered twice daily in rats against 6-OHDA toxicity. Further studies including detailed 

pharmacokinetic and mechanistic data are required in order to translate the information successfully 

from animal to clinical studies. 

KEYWORDS: rebamipide; transdermal patches; 6-hydroxydopamine; Parkinson’s disease; glucocerebrosidase. 
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1. Introduction 

The drug rebamipide is clinically approved and has been 

being used for the treatment of gastritis, gastro duodenal 

ulcers and peptic ulcers from a very long time in Asian 

Countries as 100 mg tablets three times a day [1, 2]. 

Rebamipide at 80 mg/kg oral twice daily (at every 12 hour) 

was found to be effective against 6-OHDA-induced 

Parkinson’s disease (PD) model in rats [3]. PD, one of the most 

widely spread neurodegenerative disorders is a fatal 

and several drugs are being studied for their neuroprotective 

efficacy in PD [4]. Rebamipide is poorly absorbable and its 

plasma protein binding is high (98.4-98.6%) [5]. After oral 

administration once, only 71% and 41% radioactivity of 14C-

labeled rebamipide was observed in the brain of rats when 

compared to blood and plasma levels [6]. The low 

permeability and low aqueous solubility may be responsible 

because according to the USFDA (United States Food & 

Drug Administration), rebamipide is classified as BCS 

(Biopharmaceutics Classification System) Class-IV agent [7, 

8]. Solubility is the most important rate-limiting parameter 

for orally administered drugs to achieve the required 

bioavailability and elicit pharmacological response [9]. 
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Lipid-made cell surface, such as blood brain barrier is 

penetrated by lipophilic drugs rapidly compared to hydrophilic 

drugs [10], whereas hydrophilic drugs are absorbed faster 

through the gastrointestinal membrane [11]. The absorption 

is found to be slower for drugs having poor water solubility 

which is responsible for their inadequate bioavailability [9]. 

Rebamipide is highly lipophilic and hydrophobic drug [8, 12], 

due to which it may not be well absorbed over 

gastrointestinal membrane through passive diffusion [11, 

13], but is able to permeate the blood brain barrier [14]. 

This is the reason that the drug has low oral bioavailability 

(4.8 ± 1.4%) [15] and it is found to be neuroprotective in PD, 

but only in high doses (80 mg/kg oral. twice a day) [3]. 

Therefore, the prime objective of the present study is 

to prepare such a formulation which can decrease the required 

dose and frequency of rebamipide against PD model in rats. 

Among the newer methodologies for administration 

of drugs is the use of transdermal approaches. Transdermal 

drug delivery has advantage over other routes because 

transdermal patches deliver drugs directly into the circulatory 

system, bypassing the gastrointestinal system. Therefore, 

this route may require low dose to achieve the desired 

pharmacological effect [16]. Transdermal patches have been 

designed as the therapeutics of neurodegenerative disorders, 

such as Alzheimer’s and Parkinson’s disease [16, 17]. Drug is 

loaded inside a patch in a relatively high dosage and the 

patch is directly applied on the skin for the relatively longer 

period. Skin consists of epidermis (100-150 µm thick) as outer 

layer with no blood flow. The outermost layer of epidermis, 

namely stratum corneum, plays important role in transdermal 

drug delivery. Dermis is present beneath the epidermis 

and contains group of capillaries for blood transportation 

throughout the body. Therefore, drugs having ability 

to penetrate stratum corneum, may reach blood stream 

directly through passive diffusion process [18]. Stratum 

corneum layer of epidermis is chemically inert, but viable 

epidermal layers may display enzymatic activity to some 

extent, indicating not much loss of drug during absorption 

[19, 20]. The diffusion of drug will be continued into the blood 

for longer duration due to higher concentration of drug 

in the patch compared to blood, maintaining constant drug 

concentration in blood flow [18]. Currently, several drugs 

are available as transdermal patch systems for neurologic 

and other disorders in adults, including rotigotine, 

lidocaine, rivastigmine, diclofenac and capsaicin [21]. 

Rotigotine (DA agonist), highly lipid soluble and poorly 

water-soluble drug is available in market as transdermal 

patches which are applied only once a day in human 

for symptomatic treatment of PD [22]. Topical rotigotine is 

also reported to improve locomotor activity up to 48 hrs 

against MPTP-lesioned marmoset. However, rotigotine 

when given through I.P. and oral route once a day, it could 

improve locomotor activity in the same model only up to 

2 hrs [23]. Therefore, transdermal route is helpful in 

reducing the dose frequency as required in present study. 

Drugs having poor oral absorption, short half-life and low 

tolerability of the oral formulation may be administered 

through transdermal delivery [21]. There are some ideal 

properties of drug candidate for transdermal delivery. 

Rebamipide also fulfills the criteria, such as log P (partition 

coefficient between water and 1-octanol) should range from 

1-4 (rebamipide = 2.4) [24, 25]; molecular weight should be 

< 600 dalton (rebamipide = 370.786 dalton) [26]; lipophilicity, 

an important parameter for transdermal administration 

because lipid solubility is responsible for systemic 

absorption of topically-administered drugs [27]; half-life 

should be 10 h or less (rebamipide=7.48 ± 0.92 h) [25, 28]; 

low oral bioavailability (rebamipide = 4.8 ± 1.4%) [15, 25]; 

hydrophobic drug with aqueous solubility >1mg/mL (water-

solubility of rebamipide = 0.03 mg/mL) [29, 30]. Having 

these properties except aqueous solubility range, 

rebamipide is an ideal candidate for transdermal 

administration. Many drugs with low aqueous solubility 

(<1 mg/ml) including furosemide have been successfully 

developed into transdermal formulations by using suitable 

solubilizers and permeation enhancers [31]. Polyethylene 

glycol 400 and propylene glycol were also reported to increase 

solubility of rebamipide [32]. Therefore, if given through 

transdermal route and by using suitable permeation 

enhancers and solubilizers, the desired pharmacological 

effects of rebamipide may be obtained with low doses 

[compared to high oral dose (80 mg/kg twice a day)]. 

Hence, novel dosage form of rebamipide was prepared. 

Considering the pharmacotherapeutic benefit of rebamipide, 

various formulations have been prepared earlier in order 

to enhance its oral bioavailability which include but not 

limited to solid dispersion system, nanocrystal tablets, lipid 

nanoemulsions, bilayer tablet consisting of nanosuspension 

and colloidal nanoparticles [8, 33-36]. However, nothing 

reaches to clinical picture yet. Formulating a transdermal 

patch for rebamipide introduces a novel route tailored to 

enhance therapeutic consistency, maintain steady plasma 

levels, and improve patient adherence- especially in long 

term therapies. Therefore, rebamipide-loaded transdermal 

patches were prepared for the first time using different 

polymers and permeation enhancers. These were evaluated 

for their physicochemical characteristics and ex vivo 

permeation. Thereafter, the transdermal patches were 

observed for their potential against 6-OHDA-induced 

hemiparkinson’s rat model. 

2. Materials and methods 

2.1. Animals 

If necessary, subsections must be used [2]. Adult albino 

male rats (250-300 g) of Charles-Foster strain were 

procured from Central Animal House, Institute of Medical 

Sciences, Banaras Hindu University. All the experiments 

performed during the light phase (9:00 and 16:00 h) 

on the basis of guidelines of National Institutes of Health 

Guide for the Care and Use of Laboratory Animals (NIH 

Publications No. 8023, revised 1978). Experimental 

protocols were approved by Institutional animal 

ethical committee, Banaras Hindu University 

(Dean/2016/CAEC/33; dated 7th May, 2016). 

2.2. Materials 

Rebamipide was obtained as a gift sample from Akums 

Drugs & Pharmaceuticals Ltd., New Delhi, India. The reagents 

used were of analytical and high-performance liquid 

chromatography (HPLC) grades. 

2.3. Preparation of backing membrane 

Transdermal patches are used to deliver a specific dose 

of drug for extended period of time through the skin, which 

goes into the bloodstream. Solvent casting method was 

used to prepare rebamipide-loaded transdermal patches. 

Backing membrane was prepared using aqueous solution 

of polyvinyl alcohol (PVA, 6% w/v). Distilled water (100 mL) 
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was taken in beaker and allowed to heat at 60 ℃. PVA 

(6 gm) was added to the beaker and constantly stirred 

on a magnetic stirrer at 100 rpm. Stirring was continued 

for 30 minutes to attain the homogenous solution without 

bubble-formation. Homogenous solution (5 mL) was poured 

into the surface of petridish covered with aluminium foil. 

The rate of solvent evaporation should be controlled; 

therefore funnels were kept inverted over the petri dish 

which were placed at 60 ℃ for 6h to attain transparent, 

smooth and uniform backing membrane [37]. 

2.4. Formation of patches over the backing membrane 

Rebamipide is classified as BCS Class-IV agent due to its 

low aqueous solubility and low permeability [7, 8], therefore 

permeation enhancers and solubilizing agents were added 

to prepare the transdermal patches. Four different 

formulations were made by altering the ratio of permeation 

enhancers and polymer. Patches were prepared using 

solvent casting method [38]. HPMC-METHOCEL K100LV was 

used as polymer due to its suitability for low solubility-drugs 

[39]. Firstly, polymer (HPMC-METHOCEL K100LV) was 

dissolved in solvent by adding in smaller proportions (500 mg 

at a time) to the beaker gradually and stirred constantly 

at 500 rpm on a magnetic stirrer at 50 ℃ [37, 40]. 

The composition of patches is shown in Table 1. 

Weighed  amount of drug [4.0 mg/patch] was dissolved in 

dimethylformamide (DMF, penetration enhancer) [41] and 

added in the beaker, followed by isopropyl myristate (IPM, 

permeation enhancer) [42]. PEG400 (solubilizer, plasticizer, 

penetration enhancer) [32, 43, 44] and sodium lauryl 

sulphate (penetration enhancer) [45] were added, followed 

by propylene glycol (PG; plasticizer and penetration 

enhancer) [43, 46]. Tween 80 (surfactant) [47] and transcutol 

(solubilizing agent, penetration enhancer) [43, 48] were 

added to the mixture. The contents were continuously 

stirred with magnetic stirrer for 20 minutes in order to get 

homogenous mixture. The homogenous mixture was casted 

on the prepared backing membrane placed in petri dish, and 

allowed to dry for 24 h at room temperature [37, 46]. 

The complete evaporation of solvent resulted into the 

formation of uniform and flat patches of rebamipide (2.5 cm 

diameter). Aluminum foil was used to wrap the dried 

patches which were stored in silica gel-containing desiccator 

for further characterization. 

2.5. Physicochemical evaluation of transdermal patches 

Rebamipide content was analyzed using UV 

spectrophotometric method. A 100 µg/mL standard stock 

solution of rebamipide was prepared by dissolving 1 mg 

of drug in 10 mL of 40% v/v PEG400- phosphate buffer 

(pH 7.4) mixture. Scanning of the stock solution was 

performed at the UV range (190 to 400 nm) to obtain λmax. 

Serial dilutions ranging from 2 μg/mL to 20 μg/mL of 

rebamipide were prepared by diluting stock solutions. 

The absorbance values of each dilution were taken at λmax 

(230 nm) against 40% v/v PEG400- phosphate buffer (pH 

7.4) mixture taken as the blank, and calibration curve was 

plotted. Three patches were taken randomly from each 

formulation to calculate the weight, thickness, folding 

endurance, surface pH, drug content uniformity, swelling 

behavior and percent moisture loss [49-53]. Results were 

shown as mean ± SD. FTIR spectroscopy was employed to 

analyze the pure drug rebamipide as well as drug-

containing transdermal patches. This was performed to 

investigate any incompatibility between drug and polymer 

of patches in the frequency range of 4000-600 cm-1 at room 

temperature. The spectra of prepared samples were 

recorded by directly placing the samples in the 

instrument [51]. Surface morphology of patches was 

visualized using scanning electron microscope (SEM, EVO LS 

10, Carl Zeiss, Germany) at an acceleration voltage of 10 kV. 

2.6. Ex vivo drug permeation studies 

Drug permeation studies were carried out using the skin 

of adult albino male rats of Charles-Foster strain. Skin was 

excised from the dorsal region of rat after killing them 

by cervical dislocation. The skin samples were washed 

using normal saline. Adhering fat and connective tissue 

were removed using blunt-end forceps. The skin was placed 

in normal saline solution at 40 ℃ for 6 h. The skin was 

shaved carefully and hairs were removed. Drug permeation 

studies were performed using Franz diffusion cells [52]. 

Drug-containing transdermal patches were kept adhered 

to the stratum corneum of the skin in the donor 

compartment of diffusion cell. 20 mL Pof EG400- 

phosphate buffer (40% v/v, pH 7.4) mixture was filled in 

the receptor compartment of the diffusion cell. 

The temperature of the assembly was constantly 

maintained at 37 + 0.5 ℃ and stirred with small magnetic 

spin bar (50 rpm). Samples (1 mL aliquots) were withdrawn 

at predetermined time points (0.5, 1, 2, 3, 4, 6, 8, 10, 12, 

14, 16, 18 and 24 h) from the receptor compartment, and 

replaced with an equal volume of fresh medium (40% v/v 

PEG400 - phosphate buffer (pH 7.4) mixture) to maintain 

the receptor phase volume to 20 mL. The samples 
collected from the receptor compartment were analyzed 

by using UV spectrophotometer (λmax 230 nm) to measure 

the concentration of rebamipide [38]. 

Table 1. Formulation of transdermal patches. 

S.No Formulation 

code 

Solvent 

[Ethanol:Water] 

[1:2] 

DMF:IPM [1:9] Tween 80 SLS Transcutol HPMC-

METHOCEL 

K100LV 

PEG400 PG 

1 A As required [~25 mL] 10% [0.1:0.9 mL] 5% [0.5 mL] - 10% [1 mL] 55% 5.5 gm] 10% [1 mL] 10% [1 mL] 

2 B As required [~25 mL] 10% [0.1:0.9 mL] 5% [0.5 mL] - 10% [1 mL] 25% [2.5 gm] 40% [4 mL] 10% [1 mL] 

3 C As required [~25 mL] 10% [0.1:0.9 mL] 2.5% [0.25mL] 5% [0.5 gm] 7.5% [0.75 mL] 25% [2.5 gm] 40% [4 mL] 10% [1 mL] 

4 D As required [~25 mL] 10% [0.1:0.9 mL] 2.5% [0.25mL] 5% [0.5 gm] 7.5% [0.75 mL] 55% 5.5 gm] 10% [1 mL] 10% [1 mL] 

DMF: Dimethylformamide (Penetration enhancer); IPM: Isopropyl myristate (Permeation enhancer); HPMC: Hydroxypropyl Methylcellulose 

(Polymer); LV: Low Viscosity; PEG: Polyethylene Glycol (Plasticizer, Solubilizer, Penetration enhancer); PG: Propylene Glycol (Solubilizer, 

Plasticizer); SLS: Sodium lauryl sulphate (Penetration enhancer): Tween 80: Surfactant; Transcutol: Solubilizing agent, Penetration enhancer. 
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2.7. Skin irritation studies 

The study was performed by using healthy adult albino 

male rats of Charles-Foster strain (weighing 250-300 g, n = 6 

in each group) by the observer blinded to the groups. Their 

dorsal abdominal skin was shaved carefully avoiding any 

peripheral damage at 24 h before conducting the study. 

The hairless skin was cleaned with warm water 

and the transdermal patch was applied using medical 

adhesive tape USP type. Rats were randomly divided into 

4 groups, namely, control (which were left untreated), 

adhesive tape USP type (rats were applied with adhesive 

tape), formalin (rats were applied with standard skin irritant 

formalin, aqueous solution 0.8% v/v), rebamipide patch  

(R-patch, rats were applied with drug-loaded patches). 

Patches were removed after 48 h using alcohol swab. 

Skin irritation was evaluated on the basis of scoring method 

[54]. Rats were scored from 0 to 4 based on the severity of 

erythema. Erythema scale: score 0, none; score 1, very slight 

(light pink); score 2, well-defined (dark pink); score 3, 

moderate (light red); score 4, severe and scar formation 

(dark red) [55].  

2.8. In vivo studies 

2.8.1. Experimental design 

Rats were randomly divided into six groups (twelve rats 

in each group), namely control, sham, 6-OHDA, 6-OHDA + 

Selegiline, 6-OHDA + R-Oral (rebamipide at 80 mg/kg twice 

daily oral), 6-OHDA + R-Patch (one transdermal patch of 

rebamipide daily). 6-OHDA intrastriatal injection was given 

to rats on day-1 (D-1) into the left striataum (A/P +1.0, 

L/M +3.0, D/V -5.0 relative to the bregam and dura), except 

control and sham groups. 6-OHDA was prepared as 5 µg/µL 

solution in 0.2 mg/mL ascorbic acid-normal saline and 4 µL 

(20 µg 6-OHDA) was injected into rats. Ascorbic acid-normal 

saline solution (4 µL) was injected to the rats of sham group. 

Selegiline was given as 10 mg/kg orally and used as positive 

control in present study [3]. Rebamipide (80 mg/kg) was 

administered orally twice daily at every 12 hour. 

Rebamipide suspension was prepared in 0.5% 

carboxymethylcellulose (CMC). CMC (0.5%) was given 

to control group orally [3]. Once the motor deficits are 

observed from D-4, rats were administered with respective 

drugs up to D-27. To confirm 6-OHDA-induced motor 

deficits, apomorphine-induced head rotation test was 

conducted on D-4. The hair of dorsal abdominal skin was 

shaved carefully avoiding any peripheral damage at 24 h 

before applying the transdermal patches. On D-4, the hairless 

skin was cleaned with warm water and the rebamipide-

loaded transdermal patch was applied. Medical adhesive 

tape USP type was used to fix the patch on dorsal nude skin 

[56]. The oral bioavailability of rebamipide is reported to be 

4.8% [15]. Therefore, daily absorbed oral dose of rebamipide 

will be ~8 mg/kg, when given 80 mg/kg orally twice daily, 

the transdermal patches were planned to be prepared as 

8 mg/kg dose. For rats weighing 300 g, 80 mg/kg oral 

dose of rebamipide twice a day will be equivalent to 2.4 

mg rebamipide-containing transdermal patches once a 

day.  Since stratum corneum layer of epidermis is 

chemically inert, but viable epidermal layers may display 

enzymatic activity to some extent, indicating not much 

loss of drug during absorption [19, 20]. Various solubility and 

penetration enhancers were added in the formulation to 

support maximum penetration across the skin. Also, a drug 

should be present in a relatively high dose inside the patch, 

which is applied on the skin for the longer period of time 

[18]. Therefore, patches were prepared as 4.0 mg 

rebamipide/ patch, each having 2.5 cm diameter. Rats 

were applied with new patch daily on dorsal abdominal 

nude skin up to D-27 after 6-OHDA intrastriatal infusion, by 

removing the previous patches with the help of alcohol 

swab. Behavioral studies were conducted every week. 

After 12 hours of last oral dose administration of 

rebamipide, blood samples (0.25 mL) were taken in pre-

labeled heparin-coated sampling tubes at D-28 through 

retro-orbital plexus (6-OHDA+ R-Oral and 6-OHDA+ R-Patch 

groups; n=6). Rats were given equal volume of normal 

saline through intraperitoneal route after each blood 

withdrawal. Blood-containing tubes were centrifuged at 

4000 rpm for 10 min at 40 ℃. Plasma was collected and 

stored at -80 ℃ until analysis [57].  

On D-28, cerebrospinal fluid (CSF) was also collected. 

Plasma and CSF samples were extracted by taking sample 

aliquots (100 µL) in microcentrifuge tubes and mixed with 

similar amount of methanol. Mixture was shaken in the 

vortex mixer for 30 s and centrifuged at 12000 rpm for 10 min 

at 4 ℃. The supernatant was collected and transferred into 

chromatographic vials for further HPLC analysis (in-vivo 

pharmacokinetics). All the animals were killed by cervical 

dislocation on D-28. Nigral and striatal tissues from 

ipsilateral hemispheres were microdissected [58] and 

stored at -80 ℃. TH levels, α-synuclein concentration and 

GCase activity were measured in nigral tissues (n = 6). 

Striatal tissues were used to measure DA and DAT levels 

(n = 6). Experimental design is depicted in Fig. 1.  

2.8.2. Behavioral parameters 

Rotarod test, apomorphine-induced head rotation, bar 

catalepsy and grip strength tests were performed [59-65]. 

2.8.3. Measurement of dopamine (DA), tyrosine 

hydroxylase (TH), dopamine transporters (DAT) and 

soluble α-synuclein levels 

Commercially available kits were used to measure 

the levels of TH and α-synuclein in ipsilateral nigral tissues 

and DAT along with DA in ipsilateral striatal tissues. 

2.8.4. Measurement of GCase activity 

GCase activity was estimated in ipsilateral nigral 

tissues (~5 mg) of rat using earlier described protocol with 

slight modifications [66]. 
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Fig. 1. Experimental design for in vivo studies. 

 

2.8.5. Quantification of rebamipide (HPLC analysis) 

The analyses were carried out using high-performance 

liquid chromatography (HPLC-Agilant 1260 infinity II 

Quaternary LC). Quaternary pump with flow rate set at 

1 mL/min was used to deliver isocratic mobile phase, which 

included water as phase A, acetonitrile as phase B and 

methanol as phase C in ratio of 5:3:2. Samples (5 µL) were 

injected into the HPLC column through auto sampler. DAD 

HS G7115A (diode-array detector) was used at 230 nm for 

detecting rebamipide in plasma and CSF. Agilent ZORBAX 

Eclipse plus C8 column (5 µm, 4.6 × 250 mm) was used [67, 

68]. The concentration of drug was calculated using 

standard curve [69]. 

2.9. Statistical analysis 

Repeated measures of two-way ANOVA was used for the 

analysis of behavioral parameters and ex vivo permeability. 

Bonferroni post hoc test was further utilized. Remaining in 

vivo parameters, physicochemical characteristics (weight, 

thickness, folding endurance, surface pH, swelling, moisture 

loss and drug content uniformity) and skin irritation studies 

was analyzed by one-way ANOVA followed by Student-

Newman-Keuls post-hoc test. Rebamipide concentration 

using HPLC was analyzed by unpaired t test. Results were 

denoted as mean + standard deviation (SD). p < 0.05 was 

considered significant throughout the analysis. 

3. Results 

3.1. Physicochemical characterization 

3.1.1. Preformulation studies 

As shown in absorption spectra of rebamipide (Fig. 2), 

the λmax was obtained at wavelength of 230 nm (Table 2). 

Calibration curve of rebamipide at λmax 230 nm is shown in 

Fig 3. 

 

Fig. 2. Absorption spectra of rebamipide. 

 

Table 2. Absorbance values of rebamipide solution 

at different wavelengths, obtained from absorption 

spectra (Fig. 2). 

S. No. Wavelength Absorbance 

1 363.20 0.010 

2 328.40 0.091 

3 270.60 0.089 

4 230.60 0.508 

5 203.00 0.264 

 

Fig. 3. Calibration curve of rebamipide. 
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Table 3. Physicochemical parameters (thickness, folding endurance, surface pH and drug content) of the formulated patches 

containing rebamipide. 

S. No. Formulation code Patch thickness (mm) Folding endurance Surface pH Drug content uniformity(%) 

1 A 00.58±0.02 295 ± 10 5.43 ± 0.12 5.65 ± 3.11 

2 B 00.46±0.06 306 ± 8 5.51 ± 0.08 93.97 ± 2.43 

3 C 00.51±0.08 291 ± 6 5.49 ± 0.06 98.41 ± 2.92 

4 D 00.45±0.03 310 ± 11 5.67 ± 0.10 94.85 ± 3.39 

All values are mean + SD; n = 3. 

3.1.2. Uniformity of thickness, folding endurance, surface 

pH and drug content 

Four different formulations were made by altering 

the ratio of permeation enhancers and polymer. All the patches 

were observed for their physical parameters and found to be 

smooth, flexible and uniform (Table 3). All the four types 

of formulations were observed to be uniform in their folding 

endurance, thickness, surface pH and drug content with lower 

SD values. Thickness of the patches ranges from 00.43 

to 00.59 mm (±0.02 to ±0.08) (Table 3). The surface pH was 

observed as 5.43 to 5.67 (±0.06 to ±0.12). The SD values are 

minimal, indicating the minimum intra batch variability, 

uniformity and reproducibility. The folding endurance value 

was observed to be 291-310 (±6 to ±11), showing flexible 

with good tensile strength enough to withstand 

the mechanical pressure. It also indicates that patches when 

applied on the skin will be able to maintain the integrity with 

skin folding [38]. Nearly uniform drug content was observed 

for the patches, which ranges from 93.97% to 98.41%. 

Minimum SD values also assured that the procedure used to 

formulate the patches have the potential to generate 

reproducible results with nearly constant drug content 

showing minimum variability. 

3.1.3. Weight and swelling behavior 

Weight of patches varied from 43.12 mg to 59.46 mg 

(±0.35 to ±0.51). All the patches were significantly different 

from each-other in terms of weight due to different 

composition of polymers. One-way ANOVA revealed 

significant differences in weight [F (3, 8) = 768.2; p < 0.05] 

and swelling behavior [F (3, 8) = 17.51; p < 0.05] among 

formulations as shown in Table 4. Swelling behavior 

of transdermal patches is essential to get uniform patches 

with prolonged drug release and also for appropriate skin 

adhesion. Empty spaces are formed within the patch due 

to water-uptake and make the structure of less resistant 

to mechanical stresses [37]. Swelling behavior of the patches 

ranges from 61.55±2.76% to 73.28±2.11%. The considerable 

swelling ability shows the hydrophilic nature of used polymer. 

The swelling of formulations A and D is significantly high due 

to presence of increased concentration of polymer compared 

to formulations B and C. Increased swelling behavior 

increase the surface wettability, followed by water 

penetration within the matrix [37]. 

3.1.4. Moisture loss 

Formulated patches were evaluated for stability under 

standard conditions. The results show 2.01 to 3.42% 

moisture loss. Formation C reflected lowest moisture loss. 

One-way ANOVA revealed significant differences in % 

moisture loss [F (3, 8) = 661.2; p < 0.05] among 

formulations as shown in Table 4. All the patches are 

significantly different to each-other in terms of % moisture 

loss. However, formulations B and C which were prepared 

with high amount of PEG400 had significantly less moisture 

loss compared to the other patches. PEG400 acts as 

plasticizer, indicating the role of plasticizer behind the 

stability of formulation during long term storage. 

3.1.5. Ex vivo drug permeation studies 

Ex vivo permeation and release profile is a significant 

tool to predict the behavior of drug in vivo in terms of duration 

and rate of drug action [43, 46]. The drug permeation in 

24 h as cumulative percentage was observed to be 

satisfactory for all the formulation and drug permeation 

ranged from 66.06% (formulation A) to 91.46% (formulation C). 

Repeated measures of two-way ANOVA showed significant 

differences in cumulative drug permeated among different 

formulations [F (3, 120) = 80.09; p < 0.05], time [F (14, 120) = 

260.8; p < 0.05] and an interaction [F (42, 120) = 1.590; 

p < 0.05] between formulations and time (Fig. 4). 

Rebamipide was observed to permeate through the skin 

membrane in 24 h. The release profile of formulation A 

with formulations B and D were not found to be 

significantly different at any time point. Nearly 50% drug 

of formulations C and D was released up to 8 h which is 

equivalent to half-life of rebamipide (7.48 ± 0.92 h) in rats 

[28]. However, the overall drug permeation release of 

formulation C at 24 h was found to be significantly highest 

(91.46%; zero-order kinetics) compared to all other 

formulations (A 66.06%, B 69.61%, and D 75.68%). The 

improved drug release profile of formulation C may be due 

Table 4. Physicochemical parameters (weight, swelling and moisture loss) of the formulated patches containing rebamipide. 

S.No. Formulation code Patch weight (mg) Swelling (%) Moisture loss (%) 

1 A 51.52 ± 0.51 70.81 ± 2.48 3.42 ± 0.01 

2 B 43.12 ± 0.35a 64.53 ± 1.41a 2.34 ± 0.04a 

3 C 48.87 ± 0.39a,b 61.55 ± 2.76a 2.01 ± 0.03a,b 

4 D 59.46 ± 0.43a,b,c 73.28 ± 2.12b,c 3.04±0.07a,b,c 

All values are mean + SD; n = 3; ap< 0.05 compared to formulation code A,bp< 0.05 compared to formulation code B, and 

cp< 0.05 compared to formulation code C [one-way ANOVA followed by post hoc Student Newman-Keuls test].
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Fig. 4. Ex vivo drug permeation profile of formulations 

(rebamipide-loaded transdermal patches) A, B, C and D 

through rat skin (mean ± SD; n = 3). 

 

to the lower concentration of polymer, high concentration of 

plasticizer (PEG400) and addition of multiple permeation 

enhancers compared to other formulations.  

The enhanced matrix system due to high concentration 

of polymer (HPMC-METHOCEL K100LV) results into enhanced 

resistance to the drug release from the patches. PEG400 

being hydrophilic plasticizer not only increases mechanical 

strength of the patches but also weakens the matrix 

structure against aqueous medium [56]. Therefore, 

the polymer was hydrated easily, swelled and results into 

faster and extended release of drug. 

3.1.6. Fourier transform infrared (FTIR) spectroscopy 

The pure drug in its FTIR spectrum showed characteristic 

sharp peaks at 1725.46 cm-1 due to aldehydes (C=O) stretch 

which confirms the intact aldehydic functionality of 

rebamipide. The same peak is observed in the patch also 

indicating no hydrogen bonding or any interaction strong 

enough to change the vibrational frequency. 

Another spectral peak at 1642.98 cm-1 due to C=O-NH 

stretching in pure drug has also been observed in the patch 

spectrum showing unaltered amide linkage of rebamipide 

and no significant interaction with polymer. Stretching 

vibrations were also observed due to primary and secondary 

amine at 1594.06 cm-1 and 1542.31-1505.13 cm-1 in pure 

drug. No significant peak shifts in the patch spectrum 

supports the conclusion that no bonding or significant 

interactions occurred between these groups and polymer 

matrix.  Vibrations for –C-H rock alkanes and –C-H bend 

alkanes stretching were observed at 754.11 cm-1 (associated 

with long chain aliphatic compounds) and 1428.70 cm-1 

(typical of methylene scissoring vibrations) respectively 

[Fig. 5. (a)] for pure drug. Both these vibrations remain 

unchanged in position and shape in patch spectrum further 

confirm structural integrity of drug. Additionally, no novel 

significant peaks were observed in the drug-loaded 

transdermal patches [Fig. 5. (b)], confirming the absence 

of any new chemical bond or no strong intermolecular 

interaction between the drug polymers. The characteristic 

peaks of rebamipide appeared with no significant 

shifting in the FTIR spectra of rebamipide-loaded 

transdermal patch, indicating drug stability. Overall, the 

presence of all major functional group peaks in the FTIR 

spectra of transdermal patch confirm that the molecular 

structure of rebamipide remains intact. This altogether 

validates that HPMC-METHOCEL K100LV - based 

transdermal patch is non-reactive which maintains the 

pharmacological properties of rebamipide. 

3.1.7. Surface Morphology 

Photomicrographs depict the SEM images of pure drug 

and patches at different magnifications (Fig. 6.). 

Elongated, plate- like crystals with sharp edges and 

uniform size distribution indicates well–defined crystalline 

structure of rebamipide (Fig. 6a and 6b) which suggests its 

high purity and low amorphous content. The densely 

packed crystals may play important role in hindering the 

drug dissolution. However, emergence of smooth, 

continuous surface with loss of distinct crystals suggests 

homogenous film formation, good miscibility of drug and 

excipients which my play a significant role in increasing 

the permeability and long-term stability. Its amorphous 

nature may also enhance solubility and bioavailability of 

drug (Fig. 6c and 6d). 

3.1.8. Skin irritation studies 

Formulation C was tested on rats and none of the group 

was shown to demonstrate severe erythema, except 

for the standard formalin group. One-way ANOVA revealed 

significant differences in erythema scores [F (3, 20) = 

401.8; p < 0.05] among groups as shown in Table 5. The 

erythema scores due to rebamipide patches were found to 

significantly different than control, adhesive tape USP type 

and formalin groups. The erythema scores due to adhesive 

tape USP type and rebamipide patches were observed as 

0.29 ± 0.06 and 0.94 ± 0.11, respectively, which indicates 

very slight erythema. This suggests non-irritant and non-

allergenic profile of the developed transdermal patches. 

Absence of any noticeable irritation on the rat skin indicates 

skin compatibility of drug and polymer matrix. 

Table 5. Visual observation for skin irritation test on 

rat skin. 

S.No. Groups Erythema Score 

1 Control 0.00 ± 0.00 

2 Adhesive tape USP type 0.24 ± 0.06 

3 R-patch 0.94 ± 0.11a,b 

4 Formalin (0.8% v/v) 3.81 ± 0.41a,b,c 

All values are mean + SD; n = 6; ap< 0.05 compared to Control, 

bp< 0.05 compared to Adhesive tape USP type, and cp< 0.05 

compared to R-patch (one-way ANOVA followed by post hoc 

Student Newman-Keuls test). 
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Fig. 5. FTIR Spectra of pure drug rebamipide (a), and rebamipide-loaded transdermal patch formulation C (b).  
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Fig. 6. SEM images of pure rebamipide (a, b), and transdermal patches (formulation C) containing rebamipide (c, d) at 

different magnifications. 

 

3.2. Rebamipide containing transdermal patches attenuated 

6-OHDA-induced motor deficits in rats 

Motor deficits dominate the clinical picture of PD [70]. 

Repeated measures of two-way ANOVA revealed significant 

differences in rotational and cataleptic behavior as well as 

rotarod retention time and grip strength scores in rats among 

groups ([F (5, 330) = 133.5; p < 0.05], [F (5, 330) = 139.8; 

p < 0.05], [F (5, 330) = 164.8; p < 0.05] and [F (5, 330) 

= 121.6; p < 0.05] respectively), time ([F (4, 330) = 60.17; 

p < 0.05], [F (4, 330) = 114.8; p < 0.05], [F (4, 330) = 151.2; 

p < 0.05] and [F (4, 330) = 120.7; p < 0.05] respectively) 

and an interaction ([F (20, 330) = 24.78; p < 0.05], [F (20, 

330) = 34.21; p < 0.05], [F (20, 330) = 20.41; p < 0.05] 

and [F (20, 330) = 19.24; p < 0.05] respectively) between 

group and time (Table 6). 6-OHDA increased apomorphine-

induced rotational behavior from D-7 (38%) and cataleptic 

behavior from D-14 (60%) compared to sham group. 6-OHDA 

decreased grip strength scores (72%) and rotarod retention 

time (48%) from D-7. The motor deficits caused by 6-OHDA were 

found to be progressive. No significant differences were observed 

between control and sham groups. Both the rebamipide-oral 

(80 mg/kg twice daily) and rebamipide-patch (4 mg drug/patch 

daily) groups significantly attenuated 6-OHDA-induced 

motor deficits from D-21 in cataleptic behavior (38% and 31% 

respectively), rotarod retention time (31% and 26% 

respectively), and grip strength scores (56% and 53% 

respectively) and from D-14 in rotational behavior (22% and 

16% respectively). Rebamipide-patch group (4 mg drug/patch 

daily) was not found to be significantly different than 

rebamipide-oral group (80 mg/kg twice daily), indicating 

high potency of patches against 6-OHDA toxicity for motor 

behavior. 

3.3. Rebamipide-containing transdermal patches 

inhibited 6-OHDA-induced reduction in nigral TH 

and striatal DA levels in rats 

Tyrosine hydroxylase (TH) is reported to be less in PD 

patients and takes part in the biosynthesis of DA [71]. One way 

ANOVA revealed significant differences in nigral TH [F (5, 30) 

= 29.46; p < 0.05] and striatal DA levels [F (5, 30) = 52.62; 

p < 0.05] among groups, as depicted in Fig. 7a and 7b. 

No significant difference was observed between control and 

sham. TH and DA levels were significantly reduced (58% and 

66% respectively) by 6-OHDA compared to sham group. 

Rebamipide both in oral (80 mg/kg twice daily) and 

transdermal (4 mg drug/patch daily) administration 

increased the TH levels (50% and 54% respectively) and DA 

levels (53% and 48% respectively) against 6-OHDA-infused 

groups without any significant difference between them.  
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Table 6. Effects of rebamipide (oral and transdermal) on 6-OHDA-induced alterations in motor functions as assessed 

by apomorphine-induced rotations, latency in cataleptic behavior, grip strength score and rotarod retention time in rats. 

All values are mean + SD; n = 12; ap< 0.05 compared to sham, bp< 0.05 compared to 6-OHDA, and cp<0.05 compared to 6-

OHDA+Selegiline (Repeated measures of two-way ANOVA followed by Bonferroni test). 

  

Groups Apomorphine-induced 

rotations (Counts/5 min) 

Cataleptic Behavior (sec) Grip Strength Score Retention Time in Rotarod 

Test (sec) 

DAY 0 

Control 

Sham 

6-OHDA 

6-OHDA+Selegiline 

6-OHDA+R-Oral 

6-OHDA+R-Patch 

 

5.17 ± 0.95 

5.30 ± 1.26 

5.06 ± 0.96 

5.34 ± 1.25 

5.31 ± 0.56 

5.40 ± 0.98 

 

1.69 ± 0.46 

1.75 ± 0.44 

1.52 ± 0.39 

1.71 ± 0.40 

1.83 ± 0.49 

1.90 ± 0.45 

 

4.05 ± 0.88 

3.97 ± 0.82 

4.09 ± 0.65 

4.03 ± 0.75 

3.95 ± 0.71 

3.90 ± 0.76 

 

180.12 ± 14.03 

181.12 ± 13.82 

177.87 ± 18.87 

179.09 ± 15.93 

178.70 ± 15.49 

175.89 ± 15.93 

DAY 7 

Control 

Sham 

6-OHDA 

6-OHDA+Selegiline 

6-OHDA+R-Oral 

6-OHDA+R-Patch 

 

5.61 ± 1.01 

5.07 ± 0.45 

8.20 ± 1.47a 

8.21 ± 0.89a 

7.81 ± 1.58a 

7.89 ± 1.22a 

 

1.59 ± 0.42 

1.76 ± 0.36 

1.81 ± 0.20 

1.70 ± 0.23 

1.91 ± 0.51 

1.77 ± 0.44 

 

3.96 ± 0.67 

3.81 ± 0.71 

1.06 ± 0.20a 

1.22 ± 0.23a 

1.19 ± 0.15a 

1.28 ± 0.19a 

 

180.52 ± 10.30 

168.03 ± 8.26 

86.37 ± 25.47a 

88.06 ± 28.17a 

79.65 ± 22.12a 

85.88 ± 22.79a 

DAY 14 

Control 

Sham 

6-OHDA 

6-OHDA+Selegiline 

6-OHDA+R-Oral 

6-OHDA+R-Patch 

 

5.24 ± 1.08 

5.38 ± 0.87 

10.84 ± 0.92a 

9.35 ± 0.75a,b 

8.40 ± 1.51a,b 

9.06 ± 1.03a,b 

 

1.49 ± 0.39 

1.54 ± 0.40 

3.86 ± 0.89a 

2.79 ± 0.72a,b 

3.63 ± 0.68a,c 

3.92 ± 0.71a,c 

 

3.83 ± 0.68 

3.74 ± 0.89 

0.99 ± 0.27a 

2.64 ± 0.35a,b 

1.15 ± 0.18a 

1.05 ± 0.14a 

 

181.62 ± 11.30 

169.53 ± 10.00 

78.32 ± 18.98a 

119.17 ± 13.69a,b 

88.32 ± 11.92a,c 

92.96 ± 17.38a,c 

DAY 21 

Control 

Sham 

6-OHDA 

6-OHDA+Selegiline 

6-OHDA+R-Oral 

6-OHDA+R-Patch 

 

5.29 ± 0.75 

5.43 ± 0.69 

12.72 ± 0.98a 

5.86 ± 0.58b 

7.16 ± 1.64a,b,c 

8.27 ± 1.10a,b,c 

 

1.72 ± 0.44 

1.77 ± 0.35 

5.64 ± 0.92a 

1.87 ± 0.34b 

3.51 ± 0.55a,b,c 

3.86 ± 0.62a,b,c 

 

3.89 ± 0.84 

3.77 ± 0.96 

1.20 ± 0.24a 

3.85 ± 0.72b 

2.73 ± 0.52a,b,c 

2.54 ± 0.30a,b,c 

 

180.02 ± 14.02 

171.13 ± 13.64 

92.07 ± 24.09a 

165.33 ± 12.34b 

132.89 ± 21.67a,b,c 

124.18 ± 24.57a,b,c 

DAY 28 

Control 

Sham 

6-OHDA 

6-OHDA+Selegiline 

6-OHDA+R-Oral 

6-OHDA+R-Patch 

 

5.61 ± 0.83 

5.67 ± 1.04 

13.30± 2.05a 

5.92 ± 0.48b 

5.90 ± 1.95b 

4.86 ± 1.23b 

 

1.81 ± 0.34 

1.76 ± 0.34 

5.29 ± 0.51a 

2.04 ± 0.32b 

2.09 ± 0.17b 

2.40 ± 0.32a,b 

 

3.83 ± 0.94 

3.84 ± 0.71 

1.09 ± 0.26a 

3.87 ± 0.47b 

3.74 ± 0.79b,c 

3.44 ± 0.29b,c 

 

179.82± 15.31 

171.13 ± 14.11 

85.31 ± 22.70a 

163.86 ± 13.58b 

161.70 ± 12.15b 

150.85 ± 23.28a,b 
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Both the patches (4 mg drug/patch daily) and oral dose 

(80 mg/kg twice daily) showed same pharmacological 

efficacy. Patches were more potent due to low amount of 

dose used. 

 

Fig. 7. Effect of rebamipide (oral and transdermal 

patches) on 6-OHDA-mediated loss of TH (a) and DA levels 

(b) in ipsilateral nigral and striatal tissues of rats 

respectively. All values are mean + SD; n = 6; ap< 0.05 

compared to sham, bp< 0.05 compared to 6-OHDA, and 

cp<0.05 compared to 6-OHDA+Selegiline [One-way ANOVA 

followed by Student Newman-Keuls Post-hoc test]. 

 

3.4. Transdermal patches of rebamipide inhibited  

6-OHDA-induced alterations in GCase activity and 

soluble α-synuclein concentration in nigral tissues of 

rats 

One way ANOVA revealed significant differences in GCase 

enzymatic activity [F (5, 30) = 19.60; p < 0.05] and soluble 

concentration of α-synuclein [F (5, 30) = 27.19; p < 0.05] 

among groups. Control and sham groups were not reported 

to be significantly different as shown in Fig. 8a and 8b.  

6-OHDA significantly decreased nigral GCase activity (72%) 

and soluble concentration of α-synuclein (67%) compared 

to sham groups. Rebamipide both in oral (80 mg/kg twice 

daily) and transdermal patches (4 mg drug/patch daily) 

increased GCase activity (68% and 62%, respectively) 

and soluble α-synuclein concentration (51% and 58% 

respectively) up to similar extent against 6-OHDA group, 

suggesting high potency of patches. 

 

Fig. 8. Effect of rebamipide (transdermal patches and 

oral) on 6-OHDA-induced alterations in GCase enzymatic 

activity (a) and soluble α-synuclein protein 

concentration (b) in ipsilateral nigral tissues of rats. All 

values are mean + SD; n = 6; ap< 0.05 compared to sham, 

and bp< 0.05 compared to 6-OHDA [One-way ANOVA 

followed by Student Newman–Keuls Post-hoc test]. 

 

3.5. Rebamipide-containing transdermal patches 

inhibited 6-OHDA-induced reduction in striatal 

DAT levels in rats 

One-way ANOVA showed significant differences among 

groups in striatal DAT levels [F (5, 30) = 20.19; p < 0.05]. 

6-OHDA decreased the striatal DAT levels (50%) compared 

to sham group, indicating decreased viability of dopaminergic 

cells and imbalance in extracellular DA concentration 

(Fig. 9) [72, 73]. Rebamipide patches (4 mg drug/patch 

daily) increased DAT levels (40%) up to similar extent as  
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Fig. 9. Effect of rebamipide (transdermal patches and 

oral) on 6-OHDA-mediated loss of DAT levels in ipsilateral 

striatal tissues of rats. All values are mean + SD; n = 6; ap< 

0.05 compared to sham, bp< 0.05 compared to 6-OHDA and 

cp< 0.05 compared to 6-OHDA+Selegiline [One-way ANOVA 

followed by Student Newman-Keuls Post-hoc test]. 

 

rebamipide-oral (80 mg/kg twice daily) administration (45%) 

against 6-OHDA-induced toxicity. Control and sham groups 

were found to be significantly indifferent. 

3.6. Quantification of rebamipide (HPLC analysis) 

Rebamipide concentration was measured in plasma and 

CSF at the last day of experimental protocol in both the R-Oral 

(80 mg/kg  twice daily) and R-Patch (4 mg drug/patch daily) 

groups. As analyzed by unpaired t test, no significant 

difference was observed between both the groups, neither in 

plasma nor in CSF (Table 7). This suggests that concentration 

of rebamipide obtained in plasma by applying 4 mg 

rebamipide-containing transdermal patches once a day was 

same as obtained by administering 80 mg/kg rebamipide 

oral twice a day. Same is the case with drug concentration 

in CSF also, suggesting the high potency of patches 

compared to oral dose.  Drug quantification was carried out 

using a calibration curve exhibiting excellent linearity (R² = 

0.9966). The method demonstrated consistent analytical 

response across the tested concentration range. All 

measurements were conducted under controlled and 

reproducible conditions. The representative chromatograms of 

plasma samples, and CSF samples have been included 

in Appendix (Fig. A1). 

Table 7. Plasma and CSF concentration of rebamipide. 

S.No

. 

Groups Plasma Conc 

(ng/mL) 

CSF Conc 

(ng/mL) 

1 6-OHDA+R-Oral 

(80mg/kg twice daily) 

413.95 ± 

68.40 

339.60 ± 

131.02 

2 6-OHDA+R-Patch (4 

mg drug/patch daily) 

417.62 ± 

68.74 

354.05 ± 

97.77 

All values are mean ± SD; n = 6. 

4. Discussion 

The present study showed the formulation of novel 

dosage form of rebamipide as transdermal patches along 

with its characterization and evaluation against 6-OHDA 

model of Parkinson’s disease. For the first time, 

rebamipide - loaded transdermal patches were prepared 

containing varying ratio of polymer and permeation 

enhancers, and their high potency compared to oral dose 

against PD model in rats. The study fulfills the purpose 

of reducing the need of high dose and frequency 

of rebamipide for desired pharmacological effects against 

PD model in rats. The effect of high amount of oral dose 

of rebamipide (80 mg/kg twice a day) is found equivalent 

to comparatively very low dose of drug in transdermal 

patches (4 mg drug/patch daily) against 6-OHDA toxicity. 

It indicates that patches were found to be more potent 

than oral dose, thereby reducing the need of high dose 

and frequency for desired effects which makes the patches 

economical along with high patient compliance.  

Transdermal patches of rebamipide (4 mg drug/patch daily) 

attenuated motor deficits, α-synuclein pathology along 

with the deficiency of DA, GCase and DA cell markers TH 

and DAT against 6-OHDA-induced hemiparkinson’s rat model, 

indicating its high potent nature compared to oral dose. 

The drug concentration in plasma and CSF was also found 

to be similar for oral (80 mg/kg twice a day) and patch 

groups (4 mg drug/patch daily). 

Transdermal route is mostly preferred with high 

patient compliance rate over oral due to various 

applications, such as to avoid swallow dysfunction, 

nausea/vomiting, independence of meals, sleeping 

patient, less caregiving efforts, high absorption [74]. The 

compliance is also increased in older patients having 

chronic conditions, such as PD and Alzheimer’s disease 

[21]. In the present study, transdermal patches of 

rebamipide were prepared by solvent casting technique to 

administer once a day. Solvent casting method was 

selected due to its economically sound nature and good 

content uniformity [37]. Four types of formulations were 

prepared by using varying concentrations of polymers and 

permeation enhancers. The patches were evaluated in 

terms of thickness, folding endurance, surface pH, weight, 

swelling and moisture loss. The combination of substantial 

swelling (61-71%) and low moisture loss (2-3.4%) suggests 

that the patches may function as semi-occlusive systems 

with partial water vapor exchange and strong moisture 

retention which may favor sustained drug delivery while 

minimizing skin maceration. Alkaline or acidic pH may lead 

to irritation to the skin mucous membrane, which may also 

affect the degree of polymer-hydration, followed by skin 

adhesion. Therefore, the surface pH of the prepared 

patches was measured in order to optimize the drug 

permeation and skin adhesion [37]. The surface pH was 

found to be within the range of skin pH, avoiding the 

possibility of any skin irritation when applied. The drug 

content in patches with minimum SD values indicates the 

uniform dispersion of drug throughout the patch. The 

patches were found to be uniform with low intra-batch 

variability in physicochemical characteristics, suggesting 

that the employed method to prepare the transdermal 

patches was reproducible with good quality. The ex vivo 

permeability was performed for all the formulations and 

found to be satisfactory. However, high permeation (91%) 
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was achieved in 24 h for formulation C probably due to 

presence of multiple permeation enhancers, high volume of 

plasticizer and low amount of polymer. Therefore, 

formulation C was selected for further characterization 

and in vivo studies. Surface morphology indicates that the 

patches were obtained as homogenous film with smooth 

surface. Due to absence of any significant shifting in the 

FTIR spectra of formulation C compared to the pure drug, 

it is proved that the purity of rebamipide was maintained 

in the patches without any significant interaction between 

drug polymers. The patches were found to be skin-compatible 

and no irritation and allergy was observed. 

Motor deficits, such as tremor, bradykinesia, gait, muscular 

rigidity and loss of grip strength dominate the clinical 

picture of PD [75, 76]. For in vivo studies, behavioral 

parameters include grip strength, apomorphine-induced 

head rotation, catalepsy and rotarod tests were performed 

on rats. 6-OHDA intrastriatal injection caused motor deficits, 

which were attenuated in a progressive manner by the daily 

administration of rebamipide-loaded transdermal patches 

(4 mg drug/patch daily) up to the same extent as rebamipide 

oral administration (80 mg/kg twice a day), indicating 

the efficacy and potency of transdermal patches against  

6-OHDA toxicity. Motor deficits results due to the loss of 

DA in nigrostriatal region [77], 6-OHDA caused 

the reduction in striatal DA content [3] which was increased by 

rebamipide patches, suggesting its DA protective effect. 

TH plays a major role in DA biosynthesis [71, 78]. 6-OHDA-

induced TH-deficiency was attenuated by rebamipide 

patches, indicating protection of dopaminergic cell [79]. 

DAT, a determinant of extracellular DA concentration and 

specific for dopaminergic neurons is observed to be reduced 

in PD patients [72, 73]. Rebamipide patches also increased 

striatal DAT levels in 6-OHDA-infused rats, indicating 

viability of dopaminergic cells. Another factors involved in 

the pathogenesis of PD includes GCase enzymatic deficiency 

and α-synuclein pathology [80]. GCase, a lysosomal enzyme 

is reported to be deficient in the brains of PD patients [81, 

82] and cause the reduction of α-synuclein oligomeric 

aggregates [83].  GCase deficiency cause the accumulation of 

its substrate glucocerebroside (GC) in lysosome which acts 

as scaffold for α-synuclein oligomers to develop [84].  

α-synuclein in its monomeric form is found to be water-

soluble. However during aging and toxic conditions, it turns 

water-insoluble and forms oligomers [85].  In the present 

study, 6-OHDA-induced decrease in water-soluble 

concentration of α-synuclein indicates the accumulation of 

α-synuclein oligomeric aggregates as reported previously [3, 

85, 86]. 6-OHDA also caused deficiency in GCase enzymatic 

activity in nigral tissues of rats [3]. Both the GCase 

deficiency and α-synuclein pathology is inhibited by the 

administration of rebamipide-loaded transdermal patches 

in 6-OHDA-infused rats. The protective effects of transdermal 

patches of rebamipide (4 mg drug/patch daily) were found 

to be similar to rebamipide oral administration (80 mg/kg 

twice a day) against 6-OHDA toxicity. Rebamipide 

concentration was also found to be similar in plasma of 

both the R-Oral and R-Patch groups. Similarly, drug 

concentration in CSF was also same for both the groups. This 

altogether proves that rebamipide-loaded transdermal 

patches having low drug dose (4 mg drug/patch daily) is 

effective against 6-OHDA induced toxicity and the same is 

equivalent to high oral dose of rebamipide (80 mg/kg twice 

a day).

5. Conclusions 

The study introduces the preparation of novel dosage 

form of rebamipide as transdermal patches having varying 

ratios of polymers and permeation enhancers. The results 

suggest that transdermal delivery of rebamipide have 

potential applications in PD therapeutics offering advantages 

compared to oral dose in terms of decreased dose, non-

invasive characteristics, economic nature, low dosing 

frequency and simple termination of therapy. The animals 

study proved that desired effects of rebamipide against  

6-OHDA toxicity can be obtained with low drug dose when 

given through transdermal route compared to oral 

administration. Both showed similar pharmacological efficacy 

but patches were found to be more potent than oral dose. 

Overall, our results support the efficacy and high potency 

of novel dosage form of rebamipide as transdermal patches 

against PD model which reduced the need of high dose and 

frequency of rebamipide for desired effects. 

6. Limitations 

The study consists of basic physiochemical properties, 

ex-vivo permeation studies as proof of concept and in vivo 

studies to observe the therapeutic effects of novel formulated 

rebamipide transdermal patches (4 mg drug/patch once 

daily) compared to oral rebamipide dose (80 mg/kg twice 

daily) against 6-OHDA toxicity. Potential interactions 

between rebamipide and the excipients within the final 

transdermal formulation was assessed using FTIR to 

observe no ambiguity in peak shifts. However, small shifts 

in peak position, changes in intensity, or band 

broadening can also indicate interactions. Hence, 

exhaustive comparison of the full overlaying spectra (drug, 

polymer, physical mixture, and final patch is further 

required to conclude that there is no drug–polymer 

interactions. Detailed pharmacokinetic data including ADME 

and other parameters at different time points in preclinical 

settings in various animal species is further required 

considering the differences in pharmacokinetics between 

rats and humans. The study involves the stereotaxic 

injections of 6-OHDA to mimic PD condition in rats. 

Exhaustive mechanistic data is further needed in order 

to translate all the parameters successfully from animal 

to clinical studies and with real life PD patients.  
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Appendix 

 

Fig. A1. The representative chromatograms of plasma samples: Oral (a), Transdermal Patch (b) and CSF samples Oral (c), 

Transdermal Patch (d). 

  



Prospects in Pharmaceutical Sciences, 24(2), 113–130. https://doi.org/10.56782/pps.650 

 

 
- 127 - 

Author Contributions: AM and SK conceptualized and 
designed the study. AM collected the data. SK and AM 
analyzed, interpreted, drafted and finalized the data for 
intellectual content and context. SK did the final approval 
and takes overall responsibility of the published work. 

Funding: This research did not receive any specific grant 
from funding agencies in the public, commercial, or not-for-
profit sectors. 

Acknowledgments: The present work was supported by 
teaching assistantship to Akanksha Mishra from Indian 
Institute of Technology (Banaras Hindu University), 
Varanasi-221005, U.P., India. The authors wish to 
acknowledge Akums Drugs & Pharmaceuticals Ltd., New 
Delhi, India for providing the gift sample of rebamipide 
(active pharmaceutical ingredient). 

Conflicts of Interest: AM and SK are inventors on an 
Indian patent application “Rebamipide Loaded Transdermal 
Patch For Neurodegenerative Disease” (201911039568, 
30/Sep/2019). 

 

References  

1. Kim G.H.; et al. Efficacy and Safety of Rebamipide versus 

Its New Formulation, AD-203, in Patients with Erosive 

Gastritis: A Randomized, Double-Blind, Active Control, 

Noninferiority, Multicenter, Phase 3 Study. Gut Liver, 

2021, 15(6), 841-850. DOI: 10.5009/gnl20338 

2. Kak, M. Rebamipide in gastric mucosal protection and 

healing: An Asian perspective. World J. Gastrointest. 

Pharmacol. Ther. 2025, 16(1), Art. No: 101753. DOI: 

10.4292/wjgpt.v16.i1.101753 

3. Mishra, A.; Krishnamurthy, S., Rebamipide Mitigates 

Impairments in Mitochondrial Function and Bioenergetics 

with α-Synuclein Pathology in 6-OHDA-Induced 

Hemiparkinson’s Model in Rats. Neurotox. Res. 2019, 

35(3), 542-562. DOI: 10.1007/s12640-018-9983-2 

4. Stocchi, F.; Olanow, C.W. Obstacles to the Development of 

a Neuroprotective Therapy for Parkinson's Disease. Mov. 

Disord. 2013, 28(1), 3-7. DOI: 10.1002/mds.25337 

5. Naito, Y.; Yoshikawa, T. Rebamipide: a gastrointestinal 

protective drug with pleiotropic activities. Expert Rev. 

Gastroenterol. Hepatol. 2010, 4(3), 261-270. DOI: 

10.1586/egh.10.25 

6. Shioya, Y.; et al. Metabolic fate of the anti-ulcer agent,(±)-

2-(4-chlorobenzoylamino)-3-[2(1H)-quinolinon-4-yl] 

propionic acid (OPC-12759): Absorption, distribution, and 

excretion in rats and dogs. Iyakuhin Kenkyu 1989, 20, 

522-533. 

7. Stojančević, M.; et al. Application of bile acids in drug 

formulation and delivery. Front. Life Sci. 2013, 7(3-4), 

112-122. DOI: 10.1080/21553769.2013.879925 

8. Pradhan, R.; et al. Development of a rebamipide solid 

dispersion system with improved dissolution and oral 

bioavailability. Arch. Pharm. Res. 2015, 38(4), 522-533. 

DOI: 10.1007/s12272-014-0399-0 

9. Savjani, K.T.; Gajjar, A.K.; Savjani J.K. Drug solubility: 

importance and enhancement techniques. ISRN Pharm. 

2012, 2012, Art. No: 195727. DOI: 10.5402/2012/195727 

10. Alavijeh, M.S.; et al. Drug metabolism and 

pharmacokinetics, the blood-brain barrier, and central 

nervous system drug discovery. NeuroRx 2005, 2(4), 554-

571. DOI: 10.1602/neurorx.2.4.554 

11. Ashford, M Gastro intestinal tract–physiology and drug 

absorption. In Aulton's Pharmaceutics, 6th ed.; Aulton, 

M.E.; Taylor, K. M.; Elsevier Limited: China, 2017, p. 300 

12. Ngo, L.; et al. Population pharmacokinetic analysis of 

rebamipide in healthy Korean subjects with the 

characterization of atypical complex absorption 

kinetics. J. Pharmacokinet. Pharmacodyn. 2017, 44(4), 

291-303. DOI: 10.1007/s10928-017-9519-z 

13. Huang, B.B.; et al. Permeabilities of rebamipide via rat 

intestinal membranes and its colon specific delivery 

using chitosan capsule as a carrier. World J. 

Gastroenterol. 2008, 14(31), 4928-4937. DOI: 

10.3748/wjg.14.4928 

14. Fukui, K.; et al. Rebamipide reduces amyloid-β 1–42 

(Aβ42) production and ameliorates Aβ43-lowered cell 

viability in cultured SH-SY5Y human neuroblastoma 

cells. Neurosci. Res. 2017, 124, 40-50. DOI: 

10.1016/j.neures.2017.05.005 

15. Shin, B.S.; et al. Oral absorption and pharmacokinetics 

of rebamipide and rebamipide lysinate in rats. Drug Dev. 

Ind. Pharm. 2004, 30(8), 869-876. DOI: 10.1081/ddc-

200034577 

16. Isaac, M.; Holvey, C. Transdermal patches: the emerging 

mode of drug delivery system in psychiatry. Ther. Adv. 

Psychopharmacol. 2012, 2(6), 255-263. DOI: 

10.1177/2045125312458311 

17. Kalaria, D.R.; Singhal, M.; Patravale, V.; Merino, V.; 

Kalia, Y.N. Simultaneous controlled iontophoretic 

delivery of pramipexole and rasagiline in vitro and in 

vivo: Transdermal polypharmacy to treat Parkinson’s 

disease. Eur. J. Pharm. Biopharm. 2018, 127, 204-212. 

DOI: 10.1016/j.ejpb.2018.02.031 

18. Sheth, N.S; Mistry, R.B. Formulation and evaluation of 

transdermal patches and to study permeation 

enhancement effect of eugenol. J. Appl. Pharm. Sci. 

2011, 1(3), 96-101. 

19. de Szalay, S.; Wertz, P. Protective Barriers Provided by 

the Epidermis. Int. J. Mol. Sci. 2023, 24, Art. No: 3145. 

DOI: 10.3390/ijms24043145 

20. Lau, N.; Phan, K.; Mohammed, Y. Role of skin enzymes 

in metabolism of topical drugs. Metab. Target Organ 

Damage 2024, 4, Art. No: 32. DOI: 

10.20517/mtod.2024.17 

21. Farlow, M.R.; Somogyi, M. Transdermal patches for the 

treatment of neurologic conditions in elderly patients: a 

review. Prim. Care Companion CNS Disord. 2011, 13(6), 

Art. No: PCC.11r01149. DOI: 10.4088/PCC.11r01149 

22. Waters, C. The development of the rotigotine transdermal 

patch: a historical perspective. Neurol. Clin. 2013, 

31(3), S37-S50. DOI: 10.1016/j.ncl.2013.04.012 

23. Löschmann, P.A.; et al. Stereoselective reversal of 

MPTP-induced parkinsonism in the marmoset after 

dermal application of N-0437. Eur. J. Pharmacol. 1989, 

166(3), 373-380. DOI: 10.1016/0014-2999(89)90348-8 

24. Obae, K.; Yoshida, N.; Kajihara, K. Transdermal absorption 

enhancer and transdermal absorption enhancement aid. 

2017, U.S. Patent Application No. 15/519,246. 

https://patents.google.com/patent/JP2001002591A/e

n. Accessed on 12 March, 2025 

25. Chandrashekar, N.; Rani, R.S. Physicochemical and 



Prospects in Pharmaceutical Sciences, 24(2), 113–130. https://doi.org/10.56782/pps.650 

 

 
- 128 - 

pharmacokinetic parameters in drug selection and loading 

for transdermal drug delivery. Indian J. Pharm. Sci. 2008, 

70(1), 94-96. DOI: 10.4103/0250-474X.40340 

26. Shabbir, M.; et al. Formulation Considerations and Factors 

Affecting Transdermal Drug Delivery System-A Review. 

Int. J. Pharm. Integr. Life Sci. 2014, 2, 20-35. 

27. Prausnitz, M.R.; Langer, R. Transdermal drug delivery. 

Nat. Biotechnol. 2008, 26(11), 1261–1268. DOI: 

10.1038/nbt.1504 

28. Cooper, D.L.; et al. Pharmacokinetic interactions between 

rebamipide and selected nonsteroidal anti-inflammatory 

drugs in rats. Eur. J. Pharm. Sci. 2014, 53, 28-34. 

DOI: 10.1016/j.mex.2014.06.002 

29. Naik, A.; Kalia, Y.N.; Guy, R.H. Transdermal drug delivery: 

overcoming the skin’s barrier function. Pharm. Sci. 

Technol. Today. 2000, 3(9), 318-326. DOI: 10.1016/s1461-

5347(00)00295-9 

30. Jang, D.J.; et al., The Development of Super-Saturated 

Rebamipide Eye Drops for Enhanced Solubility, 

Stability, Patient Compliance, and Bioavailability. 

Pharmaceutics 2023, 15(3), Art. No: 950. DOI: 

10.3390/pharmaceutics15030950 

31. Muzib, Y.I.; Mannam, R.; Yellamelli, R. Drug In Adhesive 

Transdermal System Of Furosemide: In Vitro In Vivo 

Evaluation. Int. J. Appl. Pharm. 2023, 15(4), 106-113. 

DOI: 10.22159/ijap.2023v15i4.47681 

32. Ha, E.S.; Lee, S.K.; Jeong, J.S.;  Sim, W.Y.; Yang, J.I.; 

Kim, J.S.; Kim, M. S. Solvent effect and solubility 

modeling of rebamipide in twelve solvents at different 

temperatures. J. Mol. Liq. 2019, 288, Art. No: 111041. 

DOI: 10.1016/j.molliq.2019.111041 

33. Guo, Y.; Wang, Y.; Xu, L. Enhanced bioavailability of 

rebamipide nanocrystal tablets: Formulation and in 

vitro/in vivo evaluation. Asian J. Pharm. Sci. 2015, 10(3),   

223-229. DOI: 10.1016/j.ajps.2014.09.006  

34. Narala, A.; Guda, S.; Veerabrahma, K. Lipid 

Nanoemulsions of Rebamipide: Formulation, 

Characterization, and In Vivo Evaluation of 

Pharmacokinetic and Pharmacodynamic Effects. AAPS 

PharmSciTech. 2019, 20(1), Art. No: 26. DOI: 

10.1208/s12249-018-1225-7 

35. Jin, G.; et al. Design and evaluation of in vivo 

bioavailability in beagle dogs of bilayer tablet consisting 

of immediate release nanosuspension and sustained 

release layers of rebamipide. Int. J. Pharm. 2022, 619, 

Art. No: 121718. DOI: 10.1016/j.ijpharm.2022.121718 

36. Kawano, Y.; et al. Preparation and Evaluation of 

Rebamipide Colloidal Nanoparticles Obtained by Cogrinding 

in Ternary Ground Mixtures. Colloids Interfaces. 2020, 

4(4), Art. No:  43. DOI: 10.3390/colloids4040043 

37. Malaiya, M.K.; et al. Controlled delivery of rivastigmine 

using transdermal patch for effective management of 

alzheimer's disease. J. Drug Deliv. Sci. Technol. 2018, 45, 

408-414. DOI: 10.1016/j.jddst.2018.03.030 

38. Nair, R.S.; et al. Matrix type transdermal patches of 

captopril: Ex vivo permeation studies through excised rat 

skin. J. Pharm. Res. 2013, 6(7), 774-779. DOI: 

10.1016/j.jopr.2013.07.003 

39. Phadtare, D.G., Phadtare, G.N., Nilesh, B.S., Asawat, M., 

Hypromellose - A Choice Of Polymer In Extended Release 

Tablet Formulation. World J. Pharm. Pharm. Sci. 2014, 

3(9), 551-566. 

40. Mustafa, M.A.; et al. Design, Fabrication and 

Characterization of Transdermal Patches Using 

Different Natural Polymers Containing Caffeine and 

Ibuprofen for Long-Term Management of Migraine. 

Int. J. Pharm. Invest. 2024, 14(4), 1192-1200. DOI: 

10.5530/ijpi.14.4.130 

41. Williams, A.C.; Barry, B.W. Penetration enhancers. 

Adv. Drug Deliv. Rev. 2004, 56(5), 603-18. DOI: 

10.1016/j.addr.2003.10.025 

42. Parhi, R.; Padilam, S. In vitro permeation and stability 

studies on developed drug-in-adhesive transdermal 

patch of simvastatin. Bull. Fac. Pharm. Cairo Univ. 

2018, 56(1), 26-33. DOI: 10.1016/j.bfopcu.2018.04.001 

43. Chessa, M.; et al., Effect of penetration enhancer 

containing vesicles on the percutaneous delivery of 

quercetin through new born pig skin. Pharmaceutics 

2011, 3(3), 497-509. DOI: 10.3390/pharmaceutics3030497 

44. Singh, A.; Bali, A. Formulation and characterization of 

transdermal patches for controlled delivery of 

duloxetine hydrochloride. J. Anal. Sci. Technol. 2016, 

7(1), Art. No: 25. 10.1186/s40543-016-0105-6 

45. Som, I.; Bhatia, K.; Yasir, M. Status of surfactants as 

penetration enhancers in transdermal drug delivery. J. 

Pharm. Bioallied Sci. 2012, 4(1), 2-9. DOI: 

10.4103/0975-7406.92724 

46. Prabhakara, P.; et al. Preparation and evaluation of 

Transdermal patches of Papaverine hydrochloride. Int. 

J. Res. Pharm. Sci. 2010, 1(3), 259-266. DOI: 

10.1016/j.ijpharm.2009.12.050 

47. Gannu, R.; et al. Enhanced bioavailability of lacidipine 

via microemulsion based transdermal gels: formulation 

optimization, ex vivo and in vivo characterization. Int. 

J. Pharm. 2010, 388(1-2), 231-241. DOI: 

10.3109/03639045.2011.641564 

48. Censi, R.; et al. Permeation and skin retention of 

quercetin from microemulsions containing Transcutol® 

P. Drug Dev. Ind. Pharm. 2012. 38(9), 1128-33. DOI: 

10.3109/03639045 

49. Kusum Devi, V.; et al., Design and evaluation of matrix 

diffusion controlled transdermal patches of verapamil 

hydrochloride. Drug Dev. Ind. Pharm. 2003, 29(5), 495-

503. DOI: 10.1081/ddc-120018638 

50. Raghuraman, S.; et al., Design and evaluation of 

propranolol hydrochloride buccal films. Indian J. Pharm. 

Sci. 2002, 64(1), 32-36. 

51. Parhi, R.; Suresh, P. Transdermal delivery of Diltiazem 

HCl from matrix film: Effect of penetration enhancers 

and study of antihypertensive activity in rabbit model. 

J. Adv. Res. 2016, 7(3), 539-550. DOI: 10.1208/s12249-

008-9167-0 

52. Ammar, H.; et al. Polymeric matrix system for prolonged 

delivery of tramadol hydrochloride, part I: 

physicochemical evaluation. AAPS PharmSciTech. 2009, 

10, 7-20. DOI: 10.1208/s12249-008-9167-0. 

53. Ubaidulla, U.; et al. Transdermal therapeutic system of 

carvedilol: effect of hydrophilic and hydrophobic matrix 

on in vitro and in vivo characteristics. AAPS 

PharmSciTech. 2007, 8(1), Art. No: 2. DOI: 



Prospects in Pharmaceutical Sciences, 24(2), 113–130. https://doi.org/10.56782/pps.650 

 

 
- 129 - 

10.1208/pt0801002 

54. Draize, J.H.; Woodard, G.; Calvery, H.O. Methods for the 

study of irritation and toxicity of substances applied 

topically to the skin and mucous membranes. J. 

Pharmacol. Exp. Ther. 1944, 82(3), 377-390. 

55. Sarkar, G.; et al., Taro corms mucilage/HPMC based 

transdermal patch: an efficient device for delivery of 

diltiazem hydrochloride. Int. J. Biol. Macromol. 2014, 66, 

158-165. DOI: 10.1016/j.ijbiomac.2014.02.024 

56. Ramadan, E.; et al., Design and in vivo pharmacokinetic 

study of a newly developed lamivudine transdermal 

patch. Future J. Pharm. Sci. 2018, 4(2), 166-174. DOI: 

10.1016/j.fjps.2018.03.002 

57. Muddana, N.R.; et al. Neuro-pharmacokinetics based 

prediction of p-glycoprotein liability in early drug 

discovery. Drug Metab. Rev. 2014, 2014, 45, 111-112. 

Informa Healthcare Telephone House, 69-77 Paul Street, 

London EC2A 4LQ, England. 

58. Paxinos, G.; Watson, C. The Rat Brain Stereotaxic Co-

Ordinates, 6th ed.; Elsevier Academic Press: San Diego, 

2007, p. 456. 

59. Rozas, G.; Guerra, M.; Labandeira-Garcıa, J. An 

automated rotarod method for quantitative drug-free 

evaluation of overall motor deficits in rat models of 

parkinsonism. Brain Res. Brain Res. Protoc. 1997, 2(1), 

75-84. DOI: 10.1016/s1385-299x(97)00034-2 

60. Fernandez, A.; De La Vega, A.G.; Torres-Aleman, I. 

Insulin-like growth factor I restores motor coordination in 

a rat model of cerebellar ataxia. Proc. Natl. Acad. Sci. USA 

1998, 95(3), 1253-1258. DOI: 10.1073/pnas.95.3.1253 

61. Ungerstedt, U. Postsynaptic supersensitivity after 6‐

hydroxy‐dopamine induced degeneration of the nigro‐

striatal dopamine system. Acta Physiol (Oxf). 1971, 

82(S367), 69-93. DOI: 10.1111/j.1365-201x.1971.tb11000.x 

62. Sanberg, P.R.; et al., The catalepsy test: its ups and 

downs. Behav. Neurosci. 1988, 102(5), 748-759. DOI: 

10.1037//0735-7044.102.5.748 

63. Geed, M.; et al. Silibinin pretreatment attenuates 

biochemical and behavioral changes induced by 

intrastriatal MPP+ injection in rats. Pharmacol. 

Biochem. Behav. 2014, 117, 92-103. DOI: 

10.1016/j.pbb.2013.12.008 

64. Takeshita, H.; et al. Modified forelimb grip strength test 

detects aging-associated physiological decline in skeletal 

muscle function in male mice. Sci. Rep. 2017, 7, Art. No: 

42323. DOI: 10.1038/srep42323 

65. Meyer, O.A., et al. A method for the routine assessment 

of fore-and hindlimb grip strength of rats and mice. 

Neurobehavior. Toxicol. 1979, 1(3), 233-236. 

66. Rocha, E.M.; et al. Sustained systemic glucocerebrosidase 

inhibition induces brain α-synuclein aggregation, 

microglia and complement C1q activation in mice. 

Antioxid. Redox Signal. 2015, 23(6), 550-564.  DOI: 

10.1089/ars.2015.6307 

67. Shi, Y.; et al. A potent preparation method combining 

neutralization with microfluidization for rebamipide 

nanosuspensions and its in vivo evaluation. Drug Dev. Ind. 

Pharm. 2013, 39(7), 996-1004. DOI:  

10.3109/03639045.2012.689765 

68. Manglani, U. R.; Khan, I. J.; Soni, K.; P. Loya, P.; Saraf, 

M. N. Development and validation of HPLC-UV method 

for the estimation of rebamipide in human plasma. 

Indian J. Pharm. Sci. 2006, 68(4), 475-478. DOI: 

10.4103/0250-474X.27821 

69. Cooper, D.L.; Harirforoosh, S. A simple high 

performance liquid chromatography method for 

determination of rebamipide in rat urine. MethodsX 

2014, 1, 49-55. DOI: 10.1016/j.mex.2014.06.002 

70. Jeter, C.B.; Rozas, N.S.; Sadowsky, J.M.; Jones, D.J.  

Parkinson's Disease Oral Health Module: 

Interprofessional Coordination of Care. MedEdPORTAL 

2018, 14, Art. No: 10699. DOI: 10.15766/mep_2374-

8265.10699 

71. Haavik, J.; Toska, K. Tyrosine hydroxylase and 

Parkinson's disease. Mol. Neurobiol. 1998, 16(3),  285-

309. DOI: 10.1007/bf02741387 

72. Nutt, J.G.; Carter, J.H.; Sexton, G.J. The dopamine 

transporter: importance in Parkinson's disease. Ann. 

Neurol. 2004, 55(6), 766-773. DOI: 10.1002/ana.20089 

73. Gainetdinov, R.R.; Jones, S.R.; Fumagalli, F.; 

Wightman, R.M.; Caron, M.G. Re-evaluation of the role 

of the dopamine transporter in dopamine system 

homeostasis1. Brain Res. Rev.  1998, 26(2-3), 148-153. 

DOI: 10.1016/S0165-0173(97)00063-5 

74. Sieb, J.P.; Themann, P.; Warnecke, T.; Lauterbach, T.; 

Berkels, R.; Grieger, F.; Lorenzl, S. Caregivers’ and 

physicians’ attitudes to rotigotine transdermal patch 

versus oral Parkinson’s disease medication: an 

observational study. Curr. Med. Res. Opin. 2015, 31(5), 

967-974. DOI: 10.1185/03007995.2015.1030376 

75. Carrozzino, D.; Morberg, B.M.; Siri, C.; Pezzoli, G.; 

Bech, P. Evaluating psychiatric symptoms in Parkinson's 

Disease by a clinimetric analysis of the Hopkins Symptom 

Checklist (SCL-90-R). Prog. Neuropsychopharmacol. 

Biol. Psychiatry 2018, 81, 131-137. DOI: 

10.1016/j.pnpbp.2017.10.024  

76. Vervoort, G.; Bengevoord, A.; Strouwen, C.; Bekkers, 

E.M.; Heremans, E.; Vandenberghe, W.; Nieuwboer, A. 

Progression of postural control and gait deficits in 

Parkinson's disease and freezing of gait: a longitudinal 

study. Parkinsonism Relat. D. 2016, 28, 73-79. DOI: 

10.1016/j.parkreldis.2016.04.029 

77. Rodriguez-Oroz, M.C.; Jahanshahi, M.; Krack, P.; Litvan, 

I.; Macias, R.; Bezard, E.; Obeso, J.A. Initial clinical 

manifestations of Parkinson's disease: features and 

pathophysiological mechanisms. Lancet Neurol. 2009, 

8(12), 1128-1139. DOI: 10.1016/s1474-4422(09)70293-5 

78. Zhu, Y.; Zhang, J.; Zeng, Y. Overview of tyrosine 

hydroxylase in Parkinson's disease. CNS Neurol. Disord.-

Drug Targets. 2012, 11(4), 350-358. DOI: 

10.2174/187152712800792901 

79. Voutilainen, M.H.; De Lorenzo, F.; Stepanova, P.; Bäck, 

S.; Yu, L.Y.; Lindholm, P.; Pörsti, E.; Saarma, M.; 

Männistö, P.T.; Tuominen, R.K.  Evidence for an 

additive neurorestorative effect of simultaneously 

administered CDNF and GDNF in hemiparkinsonian rats: 

implications for different mechanism of action. eNeuro 

2017, 4(1), Art. No: e0117-16.2017. DOI: 

10.1523/eneuro.0117-16.2017 



Prospects in Pharmaceutical Sciences, 24(2), 113–130. https://doi.org/10.56782/pps.650 

 

 
- 130 - 

80. Di Maio, R.; Barrett, P.J.; Hoffman, E.K.; Barrett, C.W.; 

Zharikov, A.; Borah, A.; Hu, X.; McCoy, .; Chu, C.T.; 

Burton, E.A.; Hastings, T.G.; Greenamyre, J.T. α-

Synuclein binds to TOM20 and inhibits mitochondrial 

protein import in Parkinson’s disease. Sci. Transl. Med. 

2016, 8(342), Art. No: 342ra78. DOI: 

10.1126/scitranslmed.aaf3634 

81. Migdalska‐Richards, A.; Schapira, A.H. The relationship 

between glucocerebrosidase mutations and Parkinson 

disease. J. Neurochem. 2016, 139(S1), 77-90. DOI: 

10.1111/jnc.13385 

82. Gegg, M.E.; Burke, D.; Heales, S.J.; Cooper, J.M.; Hardy, 

J.; Wood, N.W.; Schapira, A.H. Glucocerebrosidase 

deficiency in substantia nigra of parkinson disease brains. 

Ann. Neurol. 2012, 72(3), 455-463. DOI: 

10.1002/ana.23614. 

83. Cleeter, M.W.; Chau, K.Y.; Gluck, C.; Mehta, A.; Hughes, 

D.A.; Duchen, M.; Wood, N.W.; Hardy, J.; Cooper J.M., 

Schapira, A.H. Glucocerebrosidase inhibition causes 

mitochondrial dysfunction and free radical damage. 

Neurochem. Int. 2013, 62(1), 1-7. DOI: 

10.1016/j.neuint.2012.10.010 

84. Mazzulli, J.R.; Xu, Y.H.; Sun, Y.; Knight, A.L.; McLean, 

P.J.; Caldwell, G.A.; Sidransky, E.; Grabowski, G.A.; 

Krainc, D.; Gaucher disease glucocerebrosidase and α-

synuclein form a bidirectional pathogenic loop in 

synucleinopathies. Cell 2011, 146(1), 37-52. DOI: 

10.1016/j.cell.2011.06.001 

85. Yulianti, A.B.; Sumarsono, S.H.; Ridwan, A.; Yusuf, A.T.  

Increase of Oxidative Stress and Accumulation of α-

Synuclein in Wistar Rat's Midbrain Treated with Rotenone. 

ITB J. Sci. 2012, 44A(4), 317-332. DOI: 

10.5614/itbj.sci.2012.44.4.3 

86. Gu, X.S.; Wang, F.; Zhang, C.Y.; Mao, C.J.; Yang, J.; 

Yang, Y.P.; Liu, S.; Hu, L.F.; Liu, C.F. Neuroprotective 

Effects of Paeoniflorin on 6-OHDA-Lesioned Rat Model of 

Parkinson’s Disease. Neurochem Res. 2016, 41(11), 2923-

2936. DOI: 10.1007/s11064-016-2011-0 

 


