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Abstract 

Lisofylline (LSF) is an anti-inflammatory and immunomodulatory agent with proven 

therapeutic benefit in Type 1 diabetes. Its high solubility and rapid rate of metabolism along 

with a high interconversion rate to its metabolite Pentoxifylline (PTX), results in poor oral 

bioavailability and short half-life, thus limiting its widespread clinical utility.  

Our goal is to improve its physicochemical and pharmacokinetic (PK) properties by 

conjugating the hydrophilic LSF with a hydrophobic fatty acid; linoleic acid (LA). In this work, 

LSF-LA conjugate containing a hydrolysable ester linkage was synthesized and found to self-

assemble into micelles (LSF-LA SM) without any surfactant. LSF-LA SM exhibited potent 

activity and efficacy in in vitro and in vivo experiments at a reduced dose and dosage frequency 

mainly attributed to reduced (~50 %) interconversion of LSF to its inactive metabolite PTX by 

blocking free hydroxyl group in the side chain of LSF.  

LSF-LA SM was found to be non-toxic, boosted the insulin production and also 

protected insulin secreting MIN6 cells in the presence of pro-inflammatory cytokines. It also 

suppressed the proliferation of activated peripheral blood mononuclear cells and reduced the 

production of inflammatory cytokines from them.  PK studies revealed that the synthesized 

conjugate markedly improved PK parameters (~5 folds) in comparison to free LSF. The 

significant improvement in PK parameters was reflected in improved efficacy of LSF-LA 

conjugate in streptozotocin (STZ) induced T1DM rat model at a reduced dose (~15 mg/kg of 

LSF, once daily) as compared to ~25 mg/kg, twice daily dose of free LSF.  

LSF-LA SM is the first reported injectable nanoformulation of LSF which made its 

sustained delivery possible for a variety of autoimmune disorders. LSF-LA SM, when tested 

by oral route of administration showed a very low bioavailability due to the ease of cleavage 

of ester linkage between LSF and LA in the GIT before reaching the systemic circulation.   
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As LSF-LA SM was unable to show appreciable oral bioavailability, a polymeric 

delivery system of the synthesized LSF-LA conjugate was designed which could exhibit oral 

bioavailability and thus enhance the potential for its clinical translation. LSF was encapsulated 

in the form of its ester conjugate (LSF-LA) into biodegradable self-assembling polymeric 

micelles (LSF-LA PLM) of methoxypoly(ethylene glycol)-b-poly(carbonate-co-L-lactide) 

(mPEG-b-P(CB-co-LA) block copolymer. LSF-LA PLM was found to be equally effective as 

LSF-LA conjugate in cell culture studies in MIN6 cells and showed excellent stability in 

simulating biological fluids and plasma.  

PK of LSF-LA PLM (10 mg/kg dose) revealed significant improvement in oral 

bioavailability of LSF (74.86%; 3.3 fold increase in comparison to free LSF). Shielding the 

ester bond between LSF and LA against cleavage in GIT by encapsulating it in a polymeric 

carrier not only demonstrated equivalent therapeutic activity by oral and parenteral route but 

also decreased the interconversion of LSF to PTX substantially in STZ induced T1DM rat 

model. 

Further, few additional experiments were performed to understand commercial 

feasibility of LSF-LA PLM. So, LSF-LA PLM formulation was prepared in scale-up batches 

and its lyophilization was also optimized at large scale. To further facilitate its delivery and 

ensure patient compliance, LSF-LA PLM in lyophilized form was directly compressed into 

tablets and evaluated for intestinal permeability (SPIP) and efficacy in PK studies.  

It can be concluded that LSF-fatty acid conjugate and its oral nanoformulation were 

successfully designed and evaluated. The proposed method of preparation was simple and 

reproducible which has scope for commercialization. In-vitro and in-vivo performance of 

designed formulation proved their potential to regulate glucose levels and to minimize dose 

and the frequency of dosing. 
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