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ABSTRACT 

This study focused on the design and development of atorvastatin (ATR) hydrogel using natural polymers like 

xanthan gum, guar gum and synthetic polymer used was carbopol-940. Twelve formulations were prepared and 

evaluated for spreadability, consistency, drug content and drug release study. By comparing all the evaluation 

parameters, F9 was chosen as best formulation which has good homogeneity, spreadability, drug content and drug 

release profile i.e., 84.15%. Then in F9 formulation different penetration enhancers (PE) were added such as 

camphor, menthol and thymol with varying concentration from 1-5%. Total 9 formulations were prepared. Then 

evaluation parameters of hydrogel were carried out repeatedly. Based on this study TF1 formulation was chosen as 

best which has 93.04% drug release with good homogeneity and spreadability. Skin penetration efficiency study, ex- 

vivo study and deposition study were carried out for both F9 and TF1 formulations. And this study showed the 

superiority of ATR-loaded with enhancer over ATR hydrogel and this concludes that ATR with PE is capable of 

permeating drug in deeper layers of skin. 
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INTRODUCTION 

The principle function of skin is to defend it from 

surrounding environment additionally it behave as 

barrier for absorption of drugs. Skin structure mainly 

contains three layers i.e epidermis, dermis and 

hypodermis. Stratum corneum (SC) is the outermost 

layer of epidermis and it act as barrier for drug 

penetration There are different penetration enhancers 

used in topical and transdermal delivery are physical 

enhancer,   chemical   enhancer,   natural   penetration 

enhancer and miscellaneous enhancer used to increase 

the drug penetration by modifying the stratum corneum 

properties.1,2
 

Penetration enhancers are also called as accelerants or 

sorption promoters. Penetration enhancers such as 

terpenes, obtained from natural sources have gaining 

much importance in pharmaceutical and cosmetic 

formulation.3 Because it has many advantages such as 

safe to use, high enhancement effect and at 1-5% 

concentration it has minimal irritation.4 
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Permeability enhancement is required to treat chronic 

disease like arthritis, as desired amount of drug may not 

reach to the desired site at desired rate with presently 

available therapy. 

In the world around 18 million people are affected by 

rheumatic arthritis. The prevalence of rheumatic 

arthritis (RA) in India is ranging from 0.28-0.7%. It is 

an autoimmune disease results in destruction of joints 

and synovial hyperplasia. The most affected site in RA 

is wrist. RA is more common in women as compared to 

men. The different inflammatory mediators play 

principal function in development of the disease 

includes tumor necrosis factor-alpha (TNF-α), C- 

reactive protein (CRP), IL-18 and IL-12(interleukins), 

monocyte chemoatrractant protein-1(MCP-1), RANKL 

(receptor activator of nuclear factor-kB ligand), 

fractalkine, MMP-9(matrix metalloproteinase-9) along 

with molecules of adhesion. 

The currently available treatment for RA includes 

NSAID’S (non-steroidal anti-inflammatory drugs), 

corticosteroids, DMARDs (disease modifying anti- 

rheumatic drugs), and biologics. The continued use of 

these agents has many adverse effects like osteoporosis, 

ischemic necrosis, muscle disease, impaired wound 

healing, gastric ulcers, candidosis, pancreatitis and 

infections like bacterial or fungal. These drugs are 

administered as oral formulation such as tablet, capsule 

and suspension by oral route which has many 

disadvantages like ineffective drug delivery at synovial 

joint, GI disturbances, toxicity and expensive treatment. 

Hence now a day’s topical gels are used frequently 

because it has many qualities such as easy to remove, 

systemic drug absorption, diminished dose, inexpensive 

treatment, reduced side effects and it has controllable 

action.5, 6,7
 

Statins along with their antilipidaemic effect 

also  has  immunomodulatory  and  anti-inflammatory 

effect. Atorvastatin is classified under statin group and 

it will inhibit the production of cytokines, interkeukin- 

2(IL-2), interkeukin-12,  TNF-α.Treatment using 

atorvastatin decreases the production of  pro- 

inflammatory cytokines and chemokines. Atorvastatin 

partially prevent the release of TNF-α which is a central 

cytokine in mediating inflammatory pain. Atorvastatin 

also   regulates   the   MHC-class   II   expression   in 

endothelial cells and show immunomodulatory effect.8, 9 

The  purpose  of  the  study  was  to  formulate 

atorvastatin hydrogel loaded with penetration enhancers 

 

to  improve  the  permeation  of  atorvastatin  in  deeper 

layers of skin. 

 
MATERIAL AND METHOD 

Material 

Atorvastatin (drug), xanthan gum (XG) and guar gum 

(GG) were purchased from Yarrochem, Mumbai, 

Carbopol-940 and camphor (Loba chemie, Mumbai), 

thymol and menthol (Flora laboratory Mumbai), sodium 

benzoate (Milton chemicals, Mumbai), triethanolamine 

and rhodamine 6G (SD fine-chem Ltd, Mumbai), 

methanol (Fischer scientic,Mumbai). 

Instruments 

Brookfield viscometer (CAP 2000+ Brookfield 

Engineering Laboratories, MA, USA), UV-Vis 

spectrophotometer (Model UV 1800 Shimadzu 

Corporation, Japan), Franz Diffusion Cell (Local 

manufacturer, India), Magnetic stirrer (Servewell 

instruments pvt.ltd.), Digital pH meter (Servewell 

instruments pvt.ltd.). 

Preformulation studies 

Preformulation testing is the first step in the 

analytical development of dosage  forms. 

Preformulation research looks into the physical and 

chemical properties of a drug-both alone and when 

combined with excipients.10
 

Identification of pure drug 

Determination of melting point 

Thiel’s tube was used to determine the melting point 

of a drug sample. Take capillary tube which is sealed at 

one end in which small quantity of sample was placed 

and kept in thiel’s tube and the melting temperature of 

drug sample was noted.11
 

FTIR spectroscopy 

The IR spectrum is used for the analysis of pure drug 

samples. 

Method- A few milligrams of solid sample was mixed 

with dry KBr (10-200mg). The mixture is pulverized 

using mortar and pestle in an evacuated dye and the 

mixture was subjected to a pressure. The combination 

sinters, resulting in a clear, translucent disc. In the mid- 

infrared band the potassium bromide employed was 

entirely transferent.12, 13
 

Determination of λmax 

The   λmax   of   atorvastatin   was   determined   using 

phosphate buffer solution (pH-6.8) which was scanned 

in UV spectrophotometer at 200-400 nm.14 

Compatibility studies of pure drug and excipients 

FTIR spectroscopy 
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FT-IR graph aid in the identification of drug and 

detection of drug-excipient interactions. Shimadzu 

fourier transform infrared spectrometer was used to 

access the compatibility of drug sample along with 

polymers. 

Differential scanning calorimetry 

Differential scanning calorimetry was used to 

investigate the drug-excipient interaction. The 

compounds to be tested were placed in a standard 

aluminium pan, and a scan in the range of 100 degrees 

per minute. Each sample weighed between 10 and 12 

mg. Each scan includes a substraction of a scan taken 

with the reference sample as a baseline (water/buffer).12,
 

13 
 

FORMULATION DEVELOPMENT 

Preparation of atorvastatin hydrogels 

Total 12 formulations of atorvastatin hydrogels were 

prepared by varying concentration of XG (xanthan 

gum), GG (Guar gum) and carbopol-940 as per table 

no. 1. The polymers were soaked in distilled water 

overnight. The polymer was distributed in the water 

based drug solution using magnetic stirrer at medium 

speed. Then add sodium benzoate in it. In the carbopol- 

940 gel triethanolamine was added to adjust the pH.15
 

       Table no.1 Preparation of atorvastatin gel 
 

 

 

Formulation 

code  

ATR(mg) 

 

•• • • 

   XG     

   (mg) 
 GG 

(mg) 

 

••• •• 

••  

C-940 

(mg)  
Sodium 

benzoate(mg

) 

 

•• • • 

 D/W 

(ml) 

• 

•••••• 

•• 

F 1  250 300 - - 0.025  10  

F 2   250 400  - - 0.025 10  

F 3  250  500  - - 0.025 10 

F 4  250  600 - - 0.025 10  

F 5  250  - 150  - 0.025 10  

F 6  250  - 200  - 0.025 10  

F 7  250 - 250 - 0.025 10 

F 8  250  - 300  - 0.025 10 

F 9  250  - - 100 0.025 10 

F10 250  - - 150 0.025 10 

F 1 1  250 - - 200  0.025 10 

F12 250  - - 250  0.025 10 
 

All formulations were made for 10gm. 

Preparation of atorvastatin gel using terpenes     

From   F1-F12   formulations,   F9   formulation   was 

selected as best formulation. In this formulation various 

terpenes such as camphor, thymol and menthol with 

different concentrations were  added  by  dissolving  in 

small amount of ethanol. Add sodium benzoate in it as

 
         Table no. 2 Preparation of atorvastatin gel with terpenes 
 

 

•• 

   
 

 
 
 
 
 
 
 

 

       The formulations were made for 10gm. 
 

  Evaluation parameters of atorvastatin gel without   

terpenes 

1. Appearance and colour 

The prepared hydrogels were placed in the container 

and visually inspected for their colour.16, 17
 

2. Homogeneity 

Homogeneity of the formulations was tested.16, 17
 

3. Grittiness 

Prepared formulations were tested using optical 

microscope for the appearance of any grits.16, 17
 

4. pH determination 

A digital pH meter was used to determine the 

formulation's pH. 1gm of gel was distributed in 100ml 

of D/W (distilled water). Then electrode was inserted 

into this solution and note down the reading. Before the 

pH was measured, the pH meter was calibrated using 

buffer solutions 4, 7, and 10. 16, 17
 

5. Consistency 

A Brookfield viscometer with spindle number 6 was 

used to measure the gel's consistency. 

On the center of the viscometer plate, the necessary 

quantity of gel was applied. At rotation speed 10 rpm 

and temperature 25˚c was maintained, the viscosity of 

the preparation was tested.18
 

6. Determination of spredability 

On a pre-marked glass plate required amount of 

hydrogel was putted inside the circle (diameter 2cm), 

onto which the alternative glass plate was placed over 

this 500gm weight was placed for 5mins. An increase in 

spreading area of hydrogel was recorded. The 

percentage spread by area was determined using the 

equation [1]. 

 Percentage spread by area =
Af

Ai
× 10                 Eq.1

  shown  in  table  no.2.  The  formulations  were  stirred 
using magnetic stirrer at medium speed. Finally add 

triethanolamne (TEA) to adjust the pH of formulation.15
 

 Where Ai = initial diameter (2cm), Af = final area after 

spreading.19, 20
 

7. Drug content determination 

Specified  quantity  of  gel  was  added  in  10ml  of 

volumetric flask containing methanol (stock solution- 

        
   Formulation  
c   code 

 
 ATR 
 (mg) 

 C-940 

(mg) 

Camphor 

(mg) 

Menthol 

(mg) 

Thymol 

(mg) 

 
Sodium 
benzoate 

(mg) 

•• • • 

D/W 

(ml) 

  TF1 250 100  0.1 - - 0.025 10 

  TF2 250  100 0.3 - - 0.025  10 

  TF3 250  100  0.5 - - 0.025  10 

  TF4 250  100  - 0.1 - 0.025  10 

  TF5 250  100  - 0.3 - 0.025  10 

  TF6 250  100  - 0.5 - 0.025  10 

  TF7 250  100 - - 0.1 0.025  10 

  TF8 250 100  - - 0.3 0.025  10 

  TF9 250  100   - 0.5 0.025  10 
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A). From stock solution-A 1ml of solution was pipetted 

off, and make up the volume 10ml using phosphate 

buffer solution and sonicated for few minutes (stock 

solution-B). From stock solution-B, 1ml solution was 

pipetted out and diluted with phosphate buffer solution. 

A UV-visible spectrophotometer was used to measure 

absorbance in order to estimate the drug content.15
 

8. In vitro diffusion study 

The hydrogel's in vitro diffusion study was conducted 

using a Franz diffusion cell. A dialysis membrane was 

 

receptor compartment and replaced with an equivalent 

volume of PBS. The withdrawan solutions were 

estimated spectrophotometrically at 238nm.21, 22 Flux, 

permeability coefficient (Kp) and enhancement 

ratio(ER) were calculated using the following equations. 
  
 

 

   clamped between the diffusion cell's donor and receptor 
  

compartments. The receptor chamber was filled with 

20ml of Phosphate buffer solution (PBS). The diffusion 

cell was kept on hot plate at temperature 37˚c, and the 

PBS existing in receptor chamber was agitated 

constantly at 100rpm with the help of magnetic stirrer. 

 

  

    

    Skin deposition study

The donor compartment contained the prepared 

hydrogel. At regular intervals, 1ml of the sample was 

removed from the receptor compartment and replaced 

with an equivalent volume of PBS. The absorbance of 

the sample was then measured using a UV 

spectrophotometer.21
 

Evaluation parameters of atorvastatin gel with 

terpenes 

Appearance, colour, homogeneity, grittiness, pH, 

consistency, spredability, drug content and in vitro 

diffusion study of the gel with terpenes were performed 

as previously described for the hydrogel formulation 

without terpenes. 

Ex vivo permeation studies 

Rat skin preparation - 

Male Sprague rat was purchased from the Maratha 

Mandal’s Nathajirao G. Halgekar Institute of Dental 

Sciences and Research Centre Animal House. Rat hair 

removed using electric cliper and skin fat, debris were 

removed. Fresh rat skin was used for experiment. It has 

been approved by the IAEC committee. 

Rat skin and Franz diffusion cell were used in the ex 

vivo permeation investigations. The skin was cut into 

proper size and mounted in such a way that SC of the 

skin is faced the donor cell and dermis towards the 

receiver compartment. In receptor compartment 25ml of 

PBS was kept and in the donor chamber 250mg of 

hydrogel was placed. The ex vivo studies were carried 

out for both formulations without terpenes (control) and 

with terpenes. The Franz diffusion cell was kept on 

magnetic stirrer and agitated with the help of magnetic 

bead at a temperature 37±2˚c for 24hrs. Then, at regular 

intervals,  1ml  of  the  sample  was  removed  from  the 

Skin   deposition   experiments   are   conducted   to 

determine drug deposition on skin after permeation 

studies are finished. To get rid of extra formulation, the 

treated skin was gently cleaned with methanol after a 

24-hour treatment. The skin was divided into smaller 

pieces, homogenized with methanol, and sonicated for 

60 minutes in an ultrasonic bath. The solution was 

centrifuged for 10min at 100rpm. The obtained solution 

was filtered using nylon membrane filter and diluted 

with phosphate buffer solution. The amount of 

atorvastatin deposited into skin was determined using 

UV visible spectrophotometer.23
 

Skin penetration efficiency study 

Fluorescence microscopy was utilized to analyze the 

permeation ability of terpenes through skin layers. The 

rat skin mounted on the Franz diffusion cell was treated 

for eight hours with the TF1 formulation loaded with 

rhodamine 6G (Rh 6G). Following treatment, the skin 

was separated from the diffusion cell and thoroughly 

cleaned with water to remove any remaining 

formulation After being treated, the skin sample was 

divided  into  smaller  pieces  and  preserved  in  10% 

buffered formalin. Following fixation, the skin samples 

were put in paraffin wax and sliced with a microtome 

into sections that were 4.5 μm thick. The obtained thin 

tissue section was kept on glass slide and that were 

inspected   under   fluorescence   microscope   for   the 

appearance of fluorescence in skin layers. The same 

procedure was followed for F9 formulation.23, 24 

Stability study 

Stability test was conducted for the gel formulation at 

40 ±2˚C and 75 ±5% relative humidity for 90 days in 

accordance   with   ICH   recommendations.   The   drug 
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content, drug release study, and physical appearance are 

monitored on a regular basis.18
 

 
RESULT AND DISCUSSION 

Total 21 formulations were prepared, where F1-F12 

were prepared as plain gel without terpenes and TF1- 

TF9 were prepared using different terpenes. 

Preformulation studies 

Melting point of atorvastatin was found to  be 

163.77˚c, which is nearer to reported melting point that 

confirms the purity of sample. Atorvastatin λmax was 

observed at 238nm shown in fig.1. The physical 

mixture's FTIR spectra showed no peaks or the 

elimination of existing peaks, indicating that 

atorvastatin and excipients are not interacting; this 

showed that the atorvastatin is compatible with each of 

the polymer used in the formulation shown in fig.2. 

The DSC curve of ATR shows exothermic peak at 

163.77˚c, near to its melting point at 160.64˚c, thus 

indicates crystalline nature shown in fig.3. 

 

 

 
Fig. 1: UV spectrum of atorvastatin in PBS (pH 6.8). 
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Fig.2: FTIR Spectra of A. Atorvastatin, B. 

Physical mixture (ATR, C-940, Sodium benzoate), 

C. ATR, GG, Sodium benzoate, D. ATR, XG, 

Sodium benzoate. 

 
                             Fig. DSC of ATR 
 

    Evaluation of hydrogel 

Findings from the visual examination of 21 

hydrogels showed that all the formulation are white in 

colour, except F5-F8 which contains guar gum are 

opaque in colour. The prepared hydrogel has good 

homogeneity, smooth texture with no clumps. The 

physicochemical characteristics of all formulation 

without and with terpenes are given in Table no.3 and 

4respectively. pH of all formulations is similar to the 

skin pH, this shows that formations are compatible with 

skin pH. All formulations showed good content 

uniformity. As the polymer concentration increases 

viscosity increases and spredability decreases and vice 

versa. 

                        Table no. 3 Evaluation of atorvastatin hydrogel 

 

Formulation 

code 

     pH  
Viscosity 

(cP±SD)  

Spredabili ty  

(%)±SD    Drug content 

(%)±SD 

F 1    5.78±0.017 966±0.014  323.33±2.88 96.45±0.046 

F 2   5.61±0.015 1275±0.022  311.66±2.88 92.52±0.04 

F 3  5.52±0.005 2381±0.018  270±5 93.48±0.10 

F 4   5.53±0.015 2766±0.016  253.33±2.88 89.02±0.02 

F 5   5.67±0.015 834±0.02 323.33±2.88 91.56±0.069 

F 6  5.66±0.005   863±0.032 303.33±2.88 93.42±0.046 

F 7  5.87±0.005 1209±0.019  286.66±2.88 88.65±0.046 

F 8  5.62±0.005 2287±0.020  260±2.88 87.02±0.046 

F 9   5.21±0.015 797±0.011 315±5 99.12±0.069 

F 1 0  5.19±0.005 1453±0.025  278.33±2.88 81.42±0.046 

F11 5.14±0.011 1725±0.013  263.33±2.88 86.38±0.100 

F12 5.03±0.01 2353±0.023 240±5 87.52±0.069 

n=3 

 

Table no.4 Evaluation of hydrogel with terpenes 
 

  Formulation 

code 

      pH   Viscosity 

 (cP±SD) 

Spredabili ty  

(%)±SD 

Drug 

content(%) 

   ••• ••• ••  •• ••• •• • •• ••• ••   TF1 6.09±0.017 1025±0.022 293.33±2.88  97.36±0.069  

 TF2 6.03±0.015  1214±0.014 310.66±2.88  96.68±0.200  

 TF3 6.01±0.005  1532±0.0133  353.33±2.88  97.49±0.046  

 TF4 6.30±0.015  2135±0.032 278.33±2.88  95.06±0.023  

 TF5 6.07±0.015  2149±0.023 286.66±2.88  9 4 . 3 6 ±0.21  

 TF6 6.13±0.005  2263±0.07  286.66±2.88  97.24±0.042  

 TF7 6.48±0.005  2019±0.024 258.33±2.88  9 7 . 6 9 ±0.04  

 TF8 6.50±0.005  2307±0.022 263.33±2.88  9 6 . 3 2 ±0.06  

 TF9 6.40±0.015 2357±0.019 243.33±2.88  9 5 . 5 0 ±0.04  

        n=3 

In vitro diffusion study 

Drug release of atorvastatin from preparation 

containing xanthan gum are given in following order 

F1>F2>F3>F4 and for guar gum based hydrogel, the 

release profile was given in following order 

F5>F6>F7>F8. Similarly formulation containing 

carbopol-940, the order of release was ranked as 

F9>F10>F11>F12 as shown in figures: 4 and 5. Drug 

release profiles of all 12 formulations were studied. F9 

formulation was chosen as best preparation which has 

highest drug release i.e 84.69% for 8hrs. The drug 

release of the F9 formulation with carbopol-940 was 

high because there was less interparticular cross-linking 

between the drug and C-940. Additionally, the low 

polymer concentration caused low viscosity and 

reduced flow resistance, which increased the rate of 

drug release.25
 

In selected F9 formulation different penetration 

enhancer such as camphor, thymol, menthol with 

various concentration like 1%, 3% and 5% were added 

for preparation of hydrogel. Total nine formulations 

(TF1-TF9) were prepared and evaluated. TF1 

formulation contains thymol-1% was selected as best 

formulation because it has highest drug release i.e 

93.04% as shown in the figure: 6. 

Previous research demonstrated that lipophilic 

terpenes increase the penetration of hydrophobic drugs 

while hydrophilic terpenes, such menthol, promote the 

penetration of hydrophilic pharmaceuticals. Therefore, 

high lipophilicity of terpene is necessary to boost the 

penetration of lipophilic drugs. So, the TF1 formulation 

has highest drug permeation contains thymol, has log P 
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value-3.28 is greater as compared to menthol and 

camphor has log P value 3.2, 2.13 respectively. In 

earlier research, it was stated that the menthol and 

camphor has no or slight effect on penetration of 

lipophilic drugs. Hence ATR is lipophilic drug, menthol 

and camphor decreases the drug release. Structure of 

enhancer also influences the drug permeation. Bulkier 

PE is less active than smaller PE. Hence thymol is a 

monocyclic phenol monoterpene and camphor is a 

bicyclic ketone monoterpene, so terpenes containing 

ketone group decreases the permeation of ATR [26, 27, 

28]. By considering all this aspects, TF1 formulation 

was selected as best. Further ex vivo permeability study, 

skin deposition study and skin penetration study were 

performed for both TF1 and F9 formulation. 

Ex vivo permeation study 

Using Franz diffusion cell, the ex vivo skin penetration 

of the TF1 formulation across the rat skin was assessed 

and contrasted with that of the F9 formulation as a 

control. The cumulative amount of ATR permeated for 

24hrs from hydrogel containing PE (17.94 mg/cm²) was 

higher compared to that of hydrogel without PE 

(16.036mg/cm²). The permeation flux of ATR  from 

TF1 0.238mg/cm²/h was greater than F9 formulation 

(0.212mg/cm²/h). The permeability coefficients of TF1 

and F9 formulations were found to be 3.80×10-2 and 

3.40×10-2cm/h respectively. The enhancement ratio of 

TF1 was found to be 1.118. This represents that PE 

successfully increased the permeation of ATR. 

By studying all the aspects the study found that better 

penetration of hydrogel which containing penetration 

enhancer as compared to gel without enhancer. The 

study found that the drug release using rat skin was less 

as compared to cellulose membrane, because of the 

complex composition of skin which provides greater 

hindrance for drug molecules for penetrating at the time 

of diffusion process. 

Skin deposition study 

For better understanding of the drug retention behavior 

inside the skin layers, the skin deposition study is 

conducted. The total drug retained into the skin via 

control formulation (0.122mg/cm²) was slightly higher 

as compared to that of formulation containing PE 

(0.0781mg/cm²). The possible reason could be that, 

terpene used as penetration enhancer, increase the 

percutaneous absorption of compounds by various 

mechanisms such as altering the lipid composition of 

SC or by making the drug more diffusible in SC or by 

increasing drug partitioning into SC [29]. Due to this 

 

the skin deposition of control formulation is more 

which do not contain PE. 

Skin penetration efficiency study 

The penetrating capacity of terpene is demonstrated 

using fluorescence microscopy in contrast to  the 

control, Rh-6G F9 hydrogel. Rh 6G hydrogel exhibited 

fluorescence restricted only to the superficial SC layer. 

But in Rh 6G-TF1 hydrogel with terpene, consistent 

strong fluorescence was seen across the sc, epidermis 

and dermis. The significant increase in fluorescence 

intensity suggests that Rh 6G TF1 hydrogel with 

terpene is effectively delivered to deeper skin layers 

and has the potential to improve permeability of skin 

and transfer the drug molecule deeper into the skin 

layers shown in figure;7. 

Stability study 

Stability study was performed for best preparation TF1. 

The preparation was reserved in packed container for 3 

months at 40˚c and 75% relative humidity. The 

formulation was evaluated at different time intervals for 

90 days. The colour, pH, drug content and drug release 

of the formulation remain unchanged. This shows that 

the formulation is physically and chemically stable even 

after 3 months. 

The diffusion exponents N for F9 and TF1 formulation 

were 0.715 and 0.7319, less than 1 represents non- 

fickian mechanism. 
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             Fig .5: In vitro drug release profiles of hydrogels from F7-F12 
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      Fig.6: In vitro drug release profiles of hydrogels with terpenes  
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CONCLUSION 

In the present study, atorvastatin hydrogels were 

formulated with and without penetration enhancers with 

an intension to increase the permeability of the drug 

across the skin where it can be achieved better 

treatment for rheumatic arthritis. The ATR hydrogel 

loaded with penetration enhancer showed an improved 

in vitro drug release compared to hydrogel without PE. 

The ex vivo permeation study of ATR gel loaded with 

enhancer was significantly greater as compared to plain 

hydrogel. Results of fluorescence microscopy showed 

the ability of penetration enhancer to improve skin 

penetration and effectively transport the drug molecules 

to the deeper skin layers. 

ABBREVIATIONS 

ATR- Atorvastatin, PE- Penetration enhancer, RA- 

Rheumatic arthritis, FTIR- Fourier-transform infrared 

spectroscopy, DSC- Differential scanning calorimetry, 

SC- Stratum corneum, TNF-α- Tumor necrosis factor- 

alpha, CRP- C-reactive protein, IL-18- Interleukin-18, 

IL-12- Interleukin-12, MCP-1- Monocyte 

chemoattractant protein-1, RANKL- Receptor activator 

of nuclear factor-kB ligand, MMP-9- Matrix 

metalloproteinase-9, NSAID’S- Non-steroidal anti 

inflammatory drugs, DMARDs-Disease modifying anti 

rheumatic drugs, XG-Xanthan gum, GG- Guar gum, C- 

940-Carbopol-940, KBr- Potassium bromide, TEA- 

Triethanolamine, PBS- Phosphate buffer solution, cp - 

Centipoise, IAEC- Institutional Animal Ethics 

Committee, Rh 6G- Rhodamine 6G, µm- Micrometer, 

ICH- International Council for Harmonization of 

Technical Requirements for  Pharmaceuticals  for 

Human Use. 
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  Fig.7: Fluorescence photomicrographs of rat skin after 8h application of (A) 

Rhodamine-6G F9 hydrogel without terpene, and (B)  Rhodamine-6G-TF1 

loaded terpene.  
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