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Abstract
The study focused on the preparation and in vitro characterization of sustained release polymeric systems or solid disper-
sions for highly water-soluble drugs. Several polymeric composites were fabricated with ethyl cellulose (EC), Eudragit S100 
(E-S100) or Eudragit RS100 (E-RS100) in conjunction with hydroxypropyl methylcellulose (HPMC) using 5-fluorouracil 
(5-FU) as a model drug. The solvent-evaporated composites were evaluated for in vitro release of the drug. In this respect, 
various mathematical models were applied to assess the release kinetics. Further characterization was accomplished by X-ray 
diffraction (XRD) analysis, differential scanning calorimetry (DSC) and scanning electron microscopy (SEM). Formulations 
comprising 5-FU/HPMC/(EC, E-S100 or E-RS100) at the weight ratio of 1/1/3 (formulations III, V and VI) significantly 
reduced the burst effect in vitro as compared to the plain drug powder. In particular, EC provided better sustained release 
effect compared with E-S100 and E-RS100 (~ 70% versus 85–87% in 8 h). The effect of higher quantity of EC on drug release 
was tested with a formulation containing 5-FU/HPMC/EC at the weight ratio of 1/1/4 (formulation IV). The drug was pre-
sent in the amorphous state of all the above formulations. Thus, these formulations, in particular formulation IV, might be 
promising delivery systems to circumvent the burst effect caused by highly water-soluble drugs.
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Introduction

Drugs of high aqueous solubility which rapidly traverse the 
cell membranes are placed in class I of biopharmaceutics 
classification system (BCS). After administration through 
the oral route, such a drug goes into the solution state in 

the aqueous-based gastrointestinal (GI) fluid immediately 
and permeates through the GI–blood barrier very quickly. 
Thus, the titer of the drug reaching the blood stream is prone 
to go across the maximum safe concentration (MSC) and 
minimum toxic concentration (MTC) levels, and might enter 
the severe toxicity zone very swiftly. This phenomenon is 
usually known as ‘burst effect’ of a drug [1]. Burst effect 
becomes a very severe problem when the minimum effec-
tive concentration (MEC) and MTC levels of a drug are very 
close to each other (narrow therapeutic index). That is why 
therapeutic drug monitoring (TDM) is necessary for such a 
drug. Burst effect can be overcome by controlling the release 
of the drug from the delivery system by making certain 
modifications in the makeup and/or design of the system. 
Accordingly, the most popular way to circumvent the burst 
effect is to load the drug in a suitably designed sustained 
release system. The purpose of such a system is to liberate 
the drug at a customized rate to keep the concentration of 
the drug in the serum between MEC and MTC for a specific 
period of time with minimal side effects [2].

Izza Tariq and Abid Mehmood Yousaf contributed equally to this 
work.

 * Abid Mehmood Yousaf
abidyousaf@cuilahore.edu.pk; abid.ucp@hotmail.com

1 Faculty of Pharmacy, University of Central Punjab, 
Lahore 54000, Pakistan

2 Drug Delivery Research Group, Department of Pharmacy, 
COMSATS University Islamabad, Lahore Campus, 
Lahore 54000, Pakistan

3 Punjab University College of Pharmacy, University 
of the Punjab, Lahore 54000, Pakistan

4 Department of Pharmaceutics, Faculty of Pharmaceutical 
Sciences, Government College University, Faisalabad 38000, 
Pakistan

https://link.springer.com/article/10.1007/s13726-019-00741-3

http://orcid.org/0000-0001-7866-9474
http://crossmark.crossref.org/dialog/?doi=10.1007/s13726-019-00741-3&domain=pdf



