
Introduction
The recent research reveals that most of the systems 

available for the post intestinal tract get their efficiency reduced 
by the acidic medium of gastric tract especially by proteolytes 
of the stomach and absorption in initial part of small intestine. 
The sensitivity of hydrogels towards various stimuli such 
as pH, temperature etc. has provided a way to overcome the 
problems while targeting colon part of gastro intestinal tract 
[1-3]. But the drug release mechanism of the fabricated system 
still requires attention of researchers [4,5]. The LCST (32 oC) 
of Poly (N-isopropylacrylamide) (PNiPAAm) based hydrogels 
is very close to the human body temperature (32 oC), so have 
a considerable weight age regarding controlled drug delivery 
system [6,7]. In fact, the LCST of these gels is considered to be 
tuned by adjusting the hydrophobic and hydrophilic ratio in the 
gel systems to get the required therapeutic effect of the drug 
administered.

Experimental Section
The controlled drug delivery systems was fabricated 

using N-isopropylacrylamide (NiPAAm), acrylic acid (AA) and 
methacrylate (MA) as monomers, chemically cross-linked 
with EGDMA and DEGDMA. To avoid any interference by the 
dissolved oxygen, nitrogen gas was bubbled through all the 
reaction mixtures. The free radical polymerization process was 
carried out using various buffers and temperatures keeping in a 
thermostat. Details of heating scheme have been published [8]. 
After characterization, the hydrogel samples were loaded with 
Tramadol HCl to be used as a sample drug and the mechanism 
was studied in detail. Following equations and models were 
applied for study of swelling behavior, drug loading and drug 
release mechanisms of the fabricated hydrogels:

Swelling percentage S%=mt-mo/mo×100

Fick’s model ln(Wt/We)=ln k+n ln t
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Abstract

The research work was planned to fabricate N-isopropylacrylamide based hydrogels to incorporate dual-sensitivity to control the drug 
delivery in the post intestinal tract. The necessary mechanical strength was attained introducing methacrylate (MA) whereas the swelling 
control was achieved using acrylic acid (AA) as a hydrophilic component. Using Benzoylperoxide (BPO) as an initiator and Ethylalcohol as 
a solvent, the polymerization was carried out through free radical method. Diethylene glycol dimethacrylate (DEGDMA) and ethylene glycol 
dimethacrylate (EGDMA) worked as chemical cross linking agents. Applying the Flory-Rehnerequation, the network parameters such as 
mesh size (ξ), molecular weight between the cross-links (Mc) and crosslink density (q) were determined under various pH and temperature 
conditions. The swelling mechanism was found to be the non-Fickian, for most of the hydrogel systems. The characterization of the synthesized 
hydrogels was carried out using FTIR (Fourier Transform Infrared) spectres copy and TGA/DSC (Thermogravimetric Analysis/Differential 
Scanning Calorimetery). The LCST (lower critical solution temperature) was found to be increased by 2oC. Tramadol HCl was loaded in specific 
concentration and its release mechanism and order was investigated applying different models. Ultimately, it was observed that these systems 
have a great potential to be used as controlled drug delivery system in the alkaline pH of the post intestinal tract. 
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Schott’s model t/W=1/ks We
2+1/Wet

Absorbency (Q)=(C1V1-C2V2)/mo

Zero order equation Qt=ko.t 

First order equation ln(100-Qt)=ln100-k1t

Higuchi’s equation Qt=kH.t1/2 

Hixson-Crowell model (100-Qt)1/3=1001/3-kHC.t 

Qt/Qe=kKP.tn

Results and Discussion

Figure 1: Representative DSC/TGA diagram indicating the 
increase in LCST of NiPAAm hudrogels.

Thy hydrogels were prepared using slow heating rates. 
The characteristic peaks obtained in FTIR spectrums indicated 
the successful synthesis of hydrogel systems. Thermal studies 
carried out by DSC/TGA revealed the shifting of LCST of the 
fabricated hydrogels by 2 oC. The morphological analysis by 
Scanning electron microscopy pointed out the presence of a 
variety of pores on the surface of the hydrogel disks, owing to 
the incorporation of many monomers while fabricating the 
hydrogels. During swelling studies, it was observed that the gels 
underwent a favorable swelling in basic media and prevented 
from the drug release in the acidic pH of solution (Figure 1). 
It was considered that the acrylic acid content was having 
pendant carboxylic groups which were responsible not only 
for increasing the swelling process by controlling the network 
parameters but also controlling the drug release behavior of 
gels. Network parameters like polymer mesh size (ξ) (23.78 to 
820Å), molecular weight between the cross-links (Mc) (970-
356096 gmol-1) and crosslink density (q), (0.0928 to 0.00025) 
calculated at various pH using the Flory-Rehner Theoryalso 
strengthened the deduction that basic medium is supporting the 
process of swelling. The drug was loaded in vitro to prevent from 
any interaction of the reaction mixture with the active agent if 
it is loaded in situ. The drug release studies revealed that the 
initial concentration of the drug in the loading solution and 
the concentration of AA in the gel network structure are highly 
effective for controlling the release mechanism (Figure 2). This 
is, perhaps, due to the concentration gradient developed between 

the drug system and the release medium and the osmotic 
pressure developed by the hydrophilic component respectively 
(Figure 3).

Figure 2: Effect of pH on swelling percentage and equilibrium 
swelling of the poly (MA-co-NiPAAm-co-AA) cross-linked with 
DEGDMA.

Figure 3: Influence of amount of Tramdol HCl (A, B, C, D and E 
with increasing concentration of the drug loaded) in the matrix 
on the release rate for the hydrogel NiPAAm-1 at pH 8.0.

Conclusion
It is concluded that the fabricated hydrogels can be tuned 

by adjusting the hydrophilic and hydrophobic ratio in the gel 
structure. The increased value of LCST supports the idea that 
the hydrophilic component has a great influence for controlling 
its behavior according to the application. The hydrogels resisted 
against the acidic medium so may be proved successful to 
accommodate the acidic pH of the stomach. The disks maintained 
their shapes in acidic medium so it can be supposed to offer 
resistance against the peristaltic movements of the stomach 
because of having necessary mechanical strength owing to the 
hydrophobic component and the chemical cross linking agent 
used during their synthesis.
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