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ABSTRACT 

A pH sensitive hydrogel using Carbopol-PEG 400 combination was prepared and loaded with 

amoxicillin trihydrate drug to study its sustained release. The hydrogel prepared was of physical 

nature. Two types of hydrogel were prepared with and without drug. The drug used was 

amoxicillin trihydrate. This drug is used to treat peptic ulcer in gastrointestinal tract. This drug 

becomes unstable in acidic environment of stomach. A pH sensitive hydrogel can be designed 

which can retain the drug in the polymer core at low pH values and release it at high pH value 

environment like gastrointestinal tract. Characterization of the hydrogel was done by SEM and 

FTIR and performance was studied by swelling method and in vitro drug release. FTIR studies 

gave the backbone structure of hydrogel carrying the drug. The surface morphology study by 

SEM showed that the prepared hydrogel was porous in nature. The swelling studies showed that 

the hydrogel swelled more in basic medium as the components were anionic in nature. The 

release profile showed 83.93% sustained drug release after 10hours. The carbopol-PEG400 

hydrogel is suitable for the delivery of amoxicillin trihydrate as the drug is not stable in the 

stomach and can be delivered satisfactorily to the intestine where the pH is favourable. 

Keywords: Carbopol 934P, PEG-400(Polyethylene glycol), Hydrogel, Intestinal drug delivery, 

sustained release 
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INTRODUCTION 

In a simple binary system of a polymer and a liquid, a sol is formed when the polymer–liquid 

interaction are more favoured, than both polymer–polymer and liquid–liquid interactions. If the 

polymer is hydrophilic and the liquid is water, the product of the polymer–liquid interaction is 

called a hydrosol. A cross-linked hydrosol is called a hydrogel and can only swell in the 

surrounding liquid to a certain swelling ratio, depending on the number of crosslinks, i.e., the 

crosslinking density. The terms gels and hydrogels are used interchangeably by food and 

biomaterials scientists to describe polymeric cross-linked network structures.
1
 The term hydrogel 

describes three-dimensional network structures obtained from a class of synthetic and/or natural 

polymers which can absorb and retain significant amount of water. These hydrogels can swell, or 

deswell in response to changes in pH, temperature, ionic strength, and electromagnetic 

radiation.
2
 

Carbopol is made of carbomers. Carbopol polymers are acrylic acid cross-linked with 

polyalkenyl ethers or divinyl glycol. Carbomers readily absorb water, get hydrated and swell. In 

addition to its hydrophilic nature, its cross-linked structure and it’s essentially insolubility in 

water makes Carbopol a potential candidate for use in controlled release drug delivery system. 

Carbomer polymers are cross-linked together and make a microgel structure that makes them 

optimal to be used as a drug vehicle for dermatological purposes. They can be used in cases 

when drug delivery in a controlled manner is desired. The microgel structure makes it possible 

for these systems to tolerate the physical movement of the body and shape themselves after the 

application area movement.
3
 

Polyethylene glycol is known as hydrophilic monomer which provides distinct advantage in both 

fabrication and application of hydrogels. PEG is known for its stealth properties, that is once its 

attached to certain formulations, it allows slow release of the formulation, thus enabling 

controlled release, as well as reduce uptake of harmful immunoglobins. PEG is non-toxic, thus 

ideal for biological applications, and can be injected into the body without adverse effects. It is 

also an FDA approved materials for use in humans.
4
 Poly(ethylene glycol) (PEG) is also used in 

many biomedical applications due to of its outstanding physico-chemical and biological 

properties such as hydrophilicity, biocompatibility, and lack of toxicity.
5
 

pH dependent hydrogels exhibit swelling behaviour as they contain ionisable side or pendant 

groups like carboxylic acid(acidic) and amine(basic). In a medium of optimum pH and ionic 

strength, the pendant groups ionize and develop fixed charges on the gel and also swelling force 

http://www.ajphr.com/


Rathod et al., Am. J. Pharm Health Res 2015;3(2)     ISSN: 2321-3647 

www.ajphr.com  174 

 

in the gel. This swelling force increases in the gel due to localization of fixed charges on the 

pendant group and as a result, the mesh size of the network changes with small change in pH.
6
 

The drug used in the current study was amoxicillin trihydrate. This drug is unstable in the acidic 

environment of stomach and so there is need to protect the drug and release in the later part of 

gastrointestinal tract. For this purpose, we prepared and evaluated a pH sensitive hydrogel of 

Carbopol-PEG400. 

MATERIALS AND METHODS  

Carbopol 934 was obtained from Shreeji Pharma International, Baroda. Polyethylene glycol 

(PEG) 400 was obtained from Pharmacy department of M.S.University of Baroda. Amoxicillin 

Trihydrate was purchased in API form commercially from Vadodara. All other reagents used 

were of analytical grade. 

Preparation of hydrogels 

1% (w/v) hydrogel was prepared by taking 1gm of carbopol in 100ml of distlled water. This 

mixture was stirred for 24hours but the hydrogel didn’t form. Only lumps were observed. Then a 

2% (w/v) hydrogel was prepared by mixing 0.6gram of carbopol 934P in 30ml of distilled water. 

This solution was stirred on magnetic stirrer. Then 3ml of PEG400 was added and this solution 

was stirred for 24hours. After 24hours, a highly viscous solution was formed. This viscous 

solution was poured on petridish and was placed in vacuum dryer for one day and a thin film of 

carbopol-PEG was obtained. A 3% (w/v) hydrogel was prepared by taking 0.9gm of carbopol 

and 45ml of water in quantities and above procedure was repeated. But again only lumps were 

formed. Another hydrogel was prepared in the same manner but it was loaded with 500mg of 

amoxicillin trihydrate during stirring process. So a hydrogel with drug was obtained. The dried 

hydrogel was crushed and used for further studies. 

Table 1: Formulation chart of hydrogel with and without amoxillicin trihydrate 

Sr.No. Ingredient Hydrogel 

without drug 

(1% w/v) 

Hydrogel 

with 

drug(2%w/v) 

Hydrogel 

without 

drug(2%w/v) 

Hydrogel 

without 

drug(3%w/v) 

1. Carbopol 934P 1gm 0.6gm 0.6gm 0.9gm 

2. Water 100ml 30ml 30ml 45ml 

3. PEG - 3ml 3ml - 

4. Amoxicillin 

trihydrate 

- 500mg - - 

Swelling Studies 

The pH dependent swelling property of the hydrogels was studied in both 1.7pH of 0.1N HCl 

acidic medium and 7pH of distilled water basic medium. 20mg of hydrogel without drug was 
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placed in 30ml solution of HCl and water for time interval of 10mins till 1hour. At every 

10minute interval, the hydrogels were removed and excess surface liquid was removed by 

blotting paper and their weights were recorded. Another study was carried out by taking 39mg of 

hydrogel without drug and the same process was repeated with 1 hour of time interval for 

5hours. 

The percentage swelling (S) was determined by the following equation, 

S = 
 

hydrogelswollenofweight

hydrogeldryofweighthydrogelswollenofweight 100
 

Drug Content 

Amoxicillin trihydrate (100mg) was dissolved in 100ml volumetric flask with 0.1N 

HCl(1mg/ml). Here, 0.1N HCl is taken as standard medium. This solution is taken as stock 

solution. This stock solution (100µg/ml) was further diluted with 0.1N HCl to obtain solution of 

50 to 300(µg/ml). By withdrawing 0.5ml stock solution and volume makeup upto 10ml with 

0.1N HCl in 10ml volumetric flask, it produced 50(µg/ml) solution.After that, the absorbance is 

measured in Perkin Elmer’s LAMBDA 25 UV/Vis spectrometer, and the spectra is scanned 

between 200-800nm. The characterization peak of amoxicillin trihydrate is found at 272nm. 

Same procedure was done to obtain solution of 100,150,200,250,300 (µg/ml) and their 

absorbance was found respectively. 

In vitro drug release studies 

Drug release profiles were evaluated in vitro using a dissolution test apparatus (electro lab TDT-

08L).The USP paddle method was selected to perform the dissolution profiles of amoxicillin 

trihydrate contained in hydrogel from UV spectrophotometer. Here 0.1 N HCl is taken as a 

dissolution medium.The same test for the formulation was carried out in 900 ml of 0.1N HCl, 

maintained at 37 ± 0.5°C at a paddle rotation speed of 50 rpm constantly.10ml sample was 

withdrawn at every 1hour interval up to 10 hours and the progress of the dissolution was 

monitored. Sample volume was replaced by fresh dissolution medium. Then the absorbance of 

sample solution up to 10 hours was measured by using uv-spectrometer Perkin (UV/Vis, Lambda 

25).The sample solutions were analysed for amoxicillin trihydrate by UV absorbance at 272 nm 

using a Spectrophotometer Perkin (UV/Vis, Lambda 25). The amount of drug present in the 

sample was calculated from calibration curve constructed from the standard solution of 

amoxicillin trihydrate. Then, cumulative percentage of drug release was calculated. 

RESULTS AND DISCUSSION 

Scanning electron microscopy of hydrogel 
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The scanning electron microscopy was carried out to study the morphology,texture and porosity 

of hydrogel. The SEM images (Fig.1 and Fig.2) show the porosity of hydrogel and how the drug 

filled these pores.Even homogeneity of hydrogel with drug can be observed. 

 

Figure.1: SEM photograph of hydrogel without drug in 100X. 

 

Figure.2: SEM photograph of hydrogel with drug in 100X. 
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FT-IR analysis 

FTIR studies were carried out for hydrogel with and without drug. Hydrogen bonding has a 

significant influence on the peak shape and intensities,generally causing peak broadening and 

shifts in absorption to lower frequencies. On analyzing the graphs of hydrogel with and without 

drug, we determine the backbone structure of hydrogel with drug. (Fig.3 and Fig.4) 

 

Figure.3: FT-IR spectra of hydrogel with drug 

 

Figure.4: FT-IR spectra of hydrogel without drug 

Swelling studies 

It can be seen from the graphs (Fig.5 and Fig.6) hydrogel in water swells more compare to HCl, 

because carbopol is self - acidic and water is basic medium compare to HCl. The polymer used 

in this hydrogel is anionic. It will swell more in basic medium compared to acidic medium. In 
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case of 0.1N HCl, the hydrogel swelling pattern shows an instant increase in swelling then a 

constant pattern. It was observed that hydrogel kept in distilled water showed same weight after 

24hours e.g. (1.034gms) in table 3 from which we can conclude that there is no deswelling till 

the initial weight even after 24hours. Same was observed in case of 0.1N HCl. By comparing the 

tables 2 and 3, it can be seen that 0.02gms of hydrogel in 0.1N HCl has swelling ratio 650 after 

1hour and 0.039gms of same hydrogel has swelling ratio of 802.5 after 1hour. Same was 

observed for distilled water. This shows that there is no difference in swelling ratios by weight 

change.  Most of the pH sensitive hydrogels swell at high pH values and collapse at low pH 

values.  

Table 2: Swelling studies of hydrogel of 10minute interval 

Time Weight obtained Swelling ratio% 

 0.1N HCl Distilled water 0.1N HCl Distilled water 

After 10mins 0.12 0.699 500 3350 

20 0.14 0.744 600 3620 

30 0.15 0.875 650 4275 

40 0.16 0.982 700 4810 

50 0.14 0.990 600 4850 

60 0.15 1.023 650 5015 

Table 3: Swelling studies of hydrogel of 1hour interval 

Time Weight obtained Swelling ratio% 

 0.1N HCl Distilled water 0.1N HCl Distilled water 

After 1hour 0.352 1.01 802.5 2489.7 

2 0.376 1.36 864.1 3387.17 

3 0.379 1.55 871.7 3874.35 

4 0.319 1.69 717.9 4233.33 

5 0.372 1.95 853.8 4900 

 

Figure. 5: Graph showing percentage swelling of hydrogel with 10minute time interval 
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Figure.6: Graph showing percentage swelling of hydrogel with 1hour time interval 

In Vitro Release Study 

The cumulative drug release with respect to time can be seen in the graph (Fig.7). Here, starting 

from 1hour, the percentage is gradually increasing up to 10 hours. At the end of 10 hours the 

cumulative drug release was found to be 83.93%. This showed that the hydrogel can perform 

sustained release of drug for long duration. 

 

Figure.7: Graph showing percentage cumulative drug release for 10hours 
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CONCLUSION 

From the results obtained, it may be concluded that PEG400 acts as surfactant. Carbopol 934P is 

having a cross-linked structure. Carbopol is anionic. A 2%(w/v) hydrogel can be prepared. By 

decreasing or increasing this w/v %, we were unable to prepare the hydrogel. Morphology 

analysis shows that hydrogel becomes a carrier for amoxicillin trihydrate since the porous nature 

of hydrogel holds the drug. The swelling of hydrogel was high in basic medium compared to 

acidic medium. Drug release studies showed sustained release of drug from hydrogel upto 

83.93%. Thus hydrogel can be prepared using carbopol and PEG 400 as basic components and 

can be used to deliver amoxicillin trihydrate in sustained manner in the intestine and this 

hydrogel can be studied for compatibility with other drugs to sustain them in acidic environment 

of stomach and release in the intestine. 
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