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ABSTRACT 

A quite a large number of plant components have lipophilic properties, 

and many attempts have been made to overcome this. The 

administration of biologically active phytochemical compounds via the 

transdermal route is a possible solution to above mentioned problem. A 

transdermal patch is used to deliver medication through the skin. An 

adhesive patch containing medication is placed onto the skin, and a 

specified dose is then absorbed through the skin and into the 

bloodstream. Pharmaceutical scientists explore several strategies for 

the formation and stabilization of transdermal patches in modern 

medicines and they can be applied to polyherbal formulations too. In 

this paper, a matrix diffusion transdermal drug delivery system was 

designed and developed for extended delivery of Ayurgreen Natura Pain Gel ANPG 

polyherbal formulation using various combinations of polyvinyl pyrrolidine- K30 (PVP) and 

poly vinyl alcohol (PVA) and to their crosslinked form because of ease of fabrication. The 

ANPG matrix patches were tested for their physiochemical characterization by Fourier 

transform infrared spectroscopy (FTIR), UV-Vis spectroscopy, differential scanning 

calorimetry (DSC), and X-ray diffraction (XRD). The characterizations showed the 

homogeneous patches without the crystal form of the phytochemical constituents in matrix 

patches. The weight of transdermal patches of ANPG (2 cm
2
; 0.4 g/patch) and was found to 

be 0.235+0.001 gm and its thickness was found to be satisfactory with high drug content. 
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1. INTRODUCTION 

Traditional medicine is one of the centuries-old traditions that has been helping people 

fighting disease and live healthy lives for a very long time. It is difficult to give a single 

description to the wide variety of traditional medicine's traits and components, yet having one 

in place is essential. This leads to the conclusion that traditional medicines use a variety of 

health methods, methodologies, understandings, and beliefs, including medications derived 

from plants, animals, and minerals, spiritual therapies, manual methods, and exercises used 

singly or in combination to maintain health as well as treat, assess, or cure diseases. In 

traditional medicine, the use of herbal remedies for the treatment of ailments is often quite 

common. Herbal medicine has a number of active substances to treat a range of illnesses, but 

formulations must be made with the right understanding (Formulations, 2014).
[1]

 Due to the 

presence of active phytochemicals, polyherbal formulations have great efficacy and may even 

have increased potency as a result of the synergistic interactions between the active 

components of several plants.
[2–4]

 A novel anti-inflammatory polyherbal formulation named 

Ayurgreen Natura Pain Gel (ANPG) were reported by Zakariya et.al
[2]

, which was prepared 

using specified plant parts of dried aloe vera and fresh aloe vera pulp, frankincense, myrrh, 

ferula asafetida with natural binders like magnesium silicate and a clay mineral. The 

phytochemistry of ANPG has been evaluated using a liquid chromatography-mass 

spectrometer and revealed the presence of 40 phytoconstituents contains a variety of chemical 

compounds including phenolics, flavanones, furans, gallotannin, glucoside, oligosaccharide, 

acids.
[2]

 

 

These medications can be administrated through various routes and techniques including oral, 

inhalation, transdermal etc., Transdermal drug delivery system (TDDS) has been used for the 

drug administration via the skin for both local therapeutic effects as well as for systemic 

delivery. These include the ability to avoid issues with gastric irritation, pH and emptying 

rate effects, avoid hepatic first-pass metabolism thereby increasing the bioavailability of 

drug, and reduce the risk of systemic side effects by a minimum of 50%.
[5]

 To administer a 

particular amount of medication via the skin and into the bloodstream, a transdermal patch is 

employed. Transdermal patches products were first approved in 1981 by FDA.
[6]

 

Scopolamine (hyoscine) for motion sickness, clonidine and nitroglycerin for cardiovascular 

illness, fentanyl for chronic pain, and nicotine to help smokers quit are all now available in 
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transdermal administration systems.
[6]

 Transdermal delivery allows for continuous infusion of 

medications with short biological half-lives, eliminates pulsed entrance into the systemic 

circulation, and enables regulated, consistent drug administration. On the other hand, certain 

transdermal drug delivery systems are made for percutaneous drug delivery, which does not 

use the skin as the target. In this situation, the medication has to penetrate the skin's dermis 

and epidermis, namely the stratum corneum barrier that contains sweat glands, sebaceous 

glands, and hair follicles and and pass into deeper dermal layers to reach the systemic blood 

circulation. Drug in matrix systems or drug in adhesive systems are two different types of 

delivery methods. The medication is bonded to an adhesive layer that comes in touch with the 

skin and is disseminated or dissolved in a polymer matrix. The polymer matrix may 

occasionally act as the adhering layer due to controlling drug release, delivering active 

pharmaceutical ingredients (APIs) site-specifically, and enhancing drug stability. A control of 

the rate of distribution is provided by polymer matrix layers and/or an additional adhesive 

layer.
[7]

 Despite the usefulness of many of the polymers that are already on the market, there 

is a need for materials with enhanced properties and performance. The introduction and usage 

of novel polymers is severely constrained because to the substantial safety testing necessary 

for new excipient licencing. The limits of individual polymers can be solved by the blending 

of existing approved polymers, which is a beneficial option. When two or more polymers are 

combined, the features and functionality are enhanced, added to, or tailored. This can have a 

substantial positive impact on drug delivery applications.
[8]

 

 

In this work, a matrix diffusion transdermal drug delivery system was designed and 

developed for extended delivery of ANPG polyherbal formulation using various 

combinations of polyvinyl pyrrolidine- K30 (PVP) and poly vinyl alcohol (PVA) because of 

ease of fabrication. The choice of polymers used to fabricate the polymer matrix for drug 

loading in the transdermal patch has a significant impact on swelling, elasticity, and 

mechanical properties, as well as skin permeation of the drug. According to earlier reports, 

poly(vinyl alcohol) (PVA) and poly (vinyl pyrrolidone) (PVP) may be readily cross-linked 

and mixed to create desired matrix with enhanced elasticity and flexibility due to the addition 

of cosolvent. Additionally, the interaction between the hydroxyl group of PVA and the 

carbonyl group of PVP will result in interchain hydrogen bonds, which strengthen the 

network stability. This network of polymers will incorporate the phytochemical constituents 

in the polyherbal formulation of ANPG.
[9]

 As we now, ANPG polyherbal formulation is 

abundant with small and large phytochemicals with desired anti-inflammatory activities. The 
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ANPG matrix patches were tested for their physiochemical characterization by Fourier 

transform infrared spectroscopy (FTIR), UV-Vis spectroscopy and X-ray diffraction (XRD). 

 

2. MATERIALS AND METHODS 

2.1. Materials 

The polyherbal formulation (Ayurgreen Natura Pain Gel-ANPG) was collected from the 

manufacturing unit of Ayurgreen Ayurveda hospital, Edappal, India. Polymers including 

poly(vinyl pyrrolidine)- K30 and poly(vinyl alcohol) were purchased from Sigma Aldrich 

with 99.9 % purity. All other chemicals and solvents used were of analytical grade. 

 

2.2. Preparation of Ayurgreen Natura Pain Gel (ANPG) 

A mixture of frankincense and dried aloe vera is boiled with juice of aloe vera to form a melt. 

All other ingredients including myrrh, magnesium silicate, ferula asafetida, fuller’s earth and 

aloe vera were grinded to form fine powder and added to the melt while stirring to form a 

homogeneous mixture as shown in Figure 1. The stirring will be continued for 2 -3 days 

without having fermentation and contamination. 

 

 

Fig. 1: Graphical representation of ingredients in the prepared polyherbal formulation 

of Ayurgreen Natura Pain Gel. 
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2.3. Preparation of ANPG extract 

The extract of polyherbal formulation (Ayurgreen Natura Pain Gel) was prepared by standard 

solvent extraction procedure to attain the therapeutically desired portion and to eliminate the 

inert material. About 20 gm of ANPG was mixed with 200 ml ethanol and stirred using a 

magnetic stirrer for overnight without temperature. The extract was dried in a hot air oven as 

shown in Figure 2. 

 

 

Fig. 2: The sketch of preparation of ethanol extract of ANPG polyherbal formulation. 

 

2.4. Preparation of films with polymer blend and drug 

The polymers like polyvinyl pyrrolidine- K30 (PVP) and poly vinyl alcohol (PVA) were used 

to make the polymer blend. The polymers were taken in 1:1 ratio and dissolved in water 

separately and stirred for 2 hrs using a magnetic stirrer. The different concentration of ANPG 

extract (0.1gm, 0.2gm, 0.3gm, and 0.4gm) was also dissolved in water and added to the 

polymer blend solution. Then the whole mix were stirred for another 3 hrs until a 

homogenous mixture was formed. The solution casting technique was employed to develop 

films with varying concentrations (0.1gm, 0.2gm, 0.3gm, and 0.4gm) of extract as depicted in 

Figure 3. 

 

 

Fig. 3: The graphical representation of preparation of films with polymer blend and 

drug evaluation parameters of transdermal patches. 
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Weight Variation Test 

An analytical weighing balance (Shimadzu) was used to determine the weight of each patch. 

The film's mean weight and departure from the mean were determined, and the data was 

recorded. 

 

Folding Endurance 

The folding endurance was measured manually for the prepared patches. The patches were 

repeatedly folded at the same place till it broke. The number of times the patches could be 

folded at the same place without breaking gives the accurate value of folding endurance. 

 

Thickness 

The thickness of patches was determined using Screw Gauge (Lab world, Scientific Utilities). 

The mean thickness was measured at five different points of film. 

 

Patch Test 

In this, the tiny piece of the prepare films were plastered on the surface of the hand and the 

effects have been observed for irritancy and itchiness caused by formulation. 

 

Stability Test 

The prepare films were stored for some time under different temperatures (30
o
C and 37

o
C) 

and humidity conditions, and the change in the physical properties were observed. 

 

Spectroscopic Characterization 

Fourier Transform Infrared Spectroscopy 

The attenuated total reflectance-Fourier transform infrared (ATR-FTIR) spectra of the 

prepared patches were recorded by JASCO spectrometer at room temperature in the range of 

4000 to 500 cm
−1

.
[10–13]

  

 

UV-Visible Spectroscopy 

The electronic spectrum of the prepared patches was recorded on a model JascoV-550 UV-

Vis spectrometer at a wavelength ranging from 200 to 800 nm with films dimension 

approximately 1×1 cm
2
. 
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XRD analysis 

XRD patterns of the prepared patches were recorded using X-ray diffractometer (Rigaku 

powder diffractometer) with CuKα radiation (λ=1.5418 Å) in the Bragg angle (2θ) range 

from10 to 60°. 

 

RESULT AND DISCUSSION 

Transdermal patches of varying concentrations (0.1gm, 0.2gm, 0.3gm, and 0.4gm) of ANPG 

extract were prepared using PVP-K30 and PVA polymer blends as shown in Figure 4. The 

polymers were selected on the basis of their significant impact on swelling, elasticity, and 

mechanical properties, as well as skin permeation of the drug. It was already reported that 

PVP and PVA are easily blended and cross-linked by strong interaction between carbonyl 

group of PVP and hydroxyl group of PVA leading to the formation of interchain of hydrogen 

bonding and enhances the network stability. The polyherbal formulation extract will be 

loaded across this polymer network with enhanced elasticity and flexibility of film. Though 

PVA-PVP blend have improved water uptake capacity, possess high elasticity and soft 

consistency that led to enhanced mechanical strength.
[9] 

 

 

Fig. 4: Images of prepared films with varying concentrations (0.1gm, 0.2gm, 0.3gm, and 

0.4gm) of ANPG extract. 



www.wjpr.net     │    Vol 11, Issue 14, 2022.     │     ISO 9001:2015 Certified Journal    │ 

Sakkariya et al.                                                                   World Journal of Pharmaceutical Research 

568 

Physicochemical Characterization 

The physical characteristics of the films were evaluated by means of weight variation, folding 

endurance, thickness, drug content study, patch and stability analysis. All the parameters 

were tabulated in Table 1 and found that all the parameters were within the limit. 

 

Tab. 1: Physiochemical properties of transdermal patches of ANPG. 

Parameters 
Transdermal patches of ANPG 

(2 cm
2
, 10 mg/patch) 

 0.1 gm 0.2 gm 0.3 gm 0.4 gm 

Weight variation 

test 
0.173+0.001gm 0.249+0.001gm 0.215+0.001gm 0.235+0.001gm 

Folding endurance >50,000 >50,000 >50,000 >50,000 

Thickness 
0.1gm-0.44 

mm 

0.2gm- 0.43 

mm 

0.3gm- 0.39 

mm 

0.4gm-0.36 

mm 

Drug content 67% 78% 86% 97% 

Patch Test 

Swelling Nil Nil Nil Nil 

Redness Nil Nil Nil Nil 

Irritation Nil Nil Nil Nil 

Stability Test 

Change in Colour Nil Nil Nil Nil 

Change in Odour Nil Nil Nil Nil 

Change in Texture Nil Nil Nil Nil 

Change in 

Smoothness 
Nil Nil Nil Nil 

 

The films were evaluated for their physical characteristics, such as weight variation, folding 

endurance, thickness, drug content study, patch and stability analysis. The physicochemical 

properties viz. Weight variation test, folding endurance, thickness, and drug content of 

transdermal patches were palpable [Table 1]. 

 

FTIR Spectroscopy 

From the FTIR spectra of all developed transdermal patches, it was clearly evident that there 

were no interactions of the extract of ANPG with the polymers. The spectra of ANPG and all 

developed films were depicted in Figure 5 and their wave numbers corresponding to their 

characteristic peaks were tabulated in Table 2. The characteristic peaks in the spectrum of 

ethanol fraction of ANPG were retained in the all developed transdermal patches without 

showing any substantial difference when ANPG fraction was combined with polymers of 

PVP-K30, PVA and the blend of PVP-PVA. 
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Tab. 2: Harmonic vibrations of prepared transdermal patches with varying 

concentrations (0.1gm, 0.2gm, 0.3gm, and 0.4gm) of ANPG extract obtained from ATR-

FTIR and their assignments. 

Wavenumbers(cm
-1

) 

Bond 

Assigned
[14][15][16]

 

Functional 

groups 
ANPG 

 

PVP+PVA+ 

ANPG 

(0.1 gm) 

PVP+PVA+ 

ANPG 

(0.2 gm) 

PVP+PVA+ 

ANPG 

(0.3 gm) 

PVP+PVA+ 

ANPG 

(0.4 gm) 

3391 3315 3264 3286 3317 O-H(v) Polysaccharide 

2927 2911 2932 2917 2940 

C-H(S) 

O-H(S) 

CH2(sv) 

Carboxylic 

acid, alkane 

and aldehyde 

   2350 2362   

1638 1642 1644 1649 1642 

O-H(S) 

N-H(V) 

C=O(S) 

Aromatic ring 

1551       

 1430 1429 1429 1427 CH2(b)  

1392       

1254 1281 1287 1287 1286 
C-O-C(S) 

CH(deformation) 

Alcohol and 

ether 

1087 1082 1082 1075 1085 C-O(S), C-C 
Carbohydrate, 

Alcohol 

914 919 919 905 930 
O-H(S) 

P-OR esters 
Alcohol, ether 

826 835 824 834 829 
C-C-O 

C-O-C 
 

 727 727  735 C-C skeleton vibration  

624 622 629 657 647 C-H wagging vibration  

 

FT-IR spectrum of ANPG extract and ANPG polymer formulation were depicted in the 

figure2. The important peaks of ANPG were 3391 cm
-1

, 2927 cm
-1

, 1638 cm
-1

, 1254 cm
-1

, 

1087 cm
-1

, 914 cm
-1

, 826 cm
-1

 and 624 cm
-1

. Blending of ANPG extract with PVA-PVP 

blend resulted a shift in harmonic vibrations; O-H vibration from 3264 cm-1 to lower 

wavenumbers 3264 cm
-1

 - 3317cm
-1

 and C-H stretching vibrations shifted from 2927 cm
-1

 

into 2911 cm
-1

 – 2940 cm
-1

. Interestingly, two peaks were merged at 1551 cm
-1

 and 1392 cm
-

1
, this may indicate a functional group sharing of extract and polymers and a new peak were 

aroused at 1429cm
-1

 due to due to CH2 bending. Regardless of this there were no new bands 

observed in drug polymer matrices, which confirms that no new chemical bonds were formed 

between extracts and polymers. 
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Fig. 5: FTIR spectra of a) PVA+PVP+0.1gm extract b) PVA+PVP+0.2gm extract c) 

PVA+PVP+0.3gm extract d) PVA+PVP+0.4gm extract. 

 

UV-Visible Spectroscopy 

 

Fig. 6: UV- Visible spectra of a) PVA+PVP+0.1 gm extract b) PVA+PVP+0.2 gm extract 

c) PVA+PVP+0.3 gm extract d) PVA+PVP+0.4 gm extract. 

 

The absorption spectra of various concentrations of (0.1, 0.2, 0.3 and 0.4) ANPG: PVA/PVP 

blend polymer films were shown in Figure 6. It was observed that maximum absorption 

peaks of ANPG were found in the region of 232 nm and 268 nm. The absorption at 232 nm 

may be ascribed to the primary oxidation products like conjugated dienes with Rich p orbitals 

primed for electronic transition in the formulation and 218nm may be due to double bonds 

C=C, C=O and N=N of the aromatic or unsaturated components of humic substances present 
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in the ANPG . Coming to the blend films, the empirical optical absorption edge at 218 nm in 

0.1, 0.2 concentrations of ANPG is due to the semi crystalline nature of the polymers, which 

is well evidently confirmed from XRD. and also reported for pure PVA/PVP blend polymer 

by Salma et.al.
[17]

 Interestingly, it was observed that the absorptions due to ANPG were 

unveiled on increasing concentration of the sample with a shift towards lower frequency side 

(higher wavelength). This shift of absorption peas towards 230nm to 350nm indicates less 

demand of energy for drug (active chemical compounds) release. 

 

XRD 

The Figure 7 explains the XRD of pure PVA, pure PVP, PVA/PVP blend and PVA/PVP 

blend with ANPG in different concentrations. The diffraction pattern of PVA shows a 

diffraction peak at 19.4◦. This band can be apportioned to the partially crystalline nature of 

PVA polymer molecules. The pure PVP scan shows very broad diffraction peaks around 22◦ 

and 11◦ which confirm the amorphous nature of the prepared polymer film. For PVA/PVP 

blend the three peaks that were observed at 2θ = 20
◦
, 23

◦
 and 42

◦
 which confirms the polymer 

blend formation and the intensity of the peaks decreased and became broader. This indicates 

that the addition of PVP to PVA increases its amorphous fraction and the PVA/PVP blend 

has semi-crystalline nature. 

 

 

Fig. 7: UV- Visible spectra of a) PVA+PVP+0.1 gm extract b) PVA+PVP+0.2 gm extract 

c) PVA+PVP+0.3 gm extract d) PVA+PVP+0.4 gm extract. 
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Biochemical Evaluation 

Anti-inflammatory 

 

Fig. 8: NO scavenging assay of a) PVA+PVP+0.2 gm extract b) PVA+PVP+0.3 gm 

extract c) PVA+PVP+0.4 gm extract. 

 

Nitric oxide is a free radical produced in mammalian cells, involved in the regulation of 

various physiological process including neurotransmission, vascular homeostasis, 

antimicrobial and antitumor activities. However, excess production of NO is associated with 

several diseases. It would be interesting to develop potent and selective inhibitors of NO for 

potential therapeutic use. The toxicity of NO increases greatly when it reacts with superoxide 

radical, forming the highly reactive peroxynitrite anion (ONOO-). The nitric oxide generated 

from sodium nitroprusside reacts with oxygen to form nitrite. The poly herbal extract inhibits 

nitrite formation by directly competing with oxygen.
[13]

 The present study proved that the 

extract and its patches studied have a potent nitric oxide scavenging activity and the graph 

(Figure8) showed that the scavenging activity was linearly correlate with the concentration of 

poly herbal extract. 

 

CONCLUSION 

A transdermal drug delivery system was designed and developed for extended delivery of an 

anti-inflammatory polyherbal formulation Ayurgreen Natura Pain Gel ANPG using various 

combinations of two biocompatible polymers namely, polyvinyl pyrrolidine- K30 (PVP) and 

poly vinyl alcohol (PVA) and to their crosslinked form because of ease of fabrication. The 
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ANPG matrix patches were tested for their physiochemical characterization by Fourier 

transform infrared spectroscopy (FTIR), UV-Vis spectroscopy, differential scanning 

calorimetry (DSC), and X-ray diffraction (XRD). The characterizations showed the 

homogeneous patches without the crystal form of the phytochemical constituents in matrix 

patches. The weight of transdermal patches of ANPG (2 cm
2
; 0.4 gm/patch) and was found to 

be 0.235+0.001 gm. and its thickness was found to be satisfactory with high drug content. 
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