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ABSTRACT 

Background: Besides being the most widely consumed drug, 

paracetamol is also the leading cause for hepatic failure in many of the 

western countries. According to the USFDA acute overdoses of 

paracetamol can cause potentially serious liver damage. Objective: 

This study aimed toward designing and evaluating a safer analog (in 

terms of hepatotoxicity) of paracetamol in the form of a prodrug. The 

prodrug was evaluated for the proverbial therapeutic effects of 

paracetamol i.e. analgesic & antipyretic, together with gastric lesion 

healing and hepatotoxicity studies. Prodrug was given to animals in a 

dose molecularly equivalent to that of paracetamol. The dose was  

calculated using molecular weight of paracetamol and the prodrug. Methodology: 

Paracetamol prodrug was synthesized by esterification between carboxyl group of amino acid 

and hydroxyl group of paracetamol. Analgesic, antipyretic, ulcer healing and hepatotoxic 

activities were performed in this study. Results: Prodrug showed a 36% inhibition in 

writhings as compared to 53.3% of paracetamol. Maximum antipyretic effect was observed 3 

hours after the drug administration. Fever reduction was greater in paracetamol group. 

Prodrug showed excellent gastroprotective effects as it reduced the gastric lesions by 20.3%. 

The prodrug exhibited a hepatoprotective effect by preventing the rise in liver enzymes 

(SGOT, SGPT and bilirubin). The most notable effect of prodrug was in preventing the fall of 

hepatic glutathione (GSH) levels as it is one of the major antioxidant of our body. 

Conclusion: Prodrug showed excellent hepatoprotective and gastroprotective effects, 

although it’s therapeutic efficacy was compromised. 
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INTRODUCTION  

When it comes to pain and fever, paracetamol is the most widely consumed medicine, and 

because of this it has also been one of the most widely studied in many fields of 

pharmaceutical sciences, especially in toxicology, pharmacokinetics and drug metabolism.
[1]

 

Paracetamol, the drug we consider safe, is the leading cause of acute liver failure in the 

United States, the United Kingdom, Australia and New Zealand. 
[2,3,4,5,6]

 The recommended 

dose of paracetamol is believed to be safe, although in few cases liver toxicity in pediatric 

patients has been reported even after a single paracetamol dose of 120- 150 mg/kg of body 

weight. 
[7, 8]

 But of utmost concern, is the overdosage that leads to potential toxic effects 

varying from upper gastrointestinal complications such as stomach bleeding to liver failure. 

USFDA states that paracetamol can cause serious liver damage if more than directed is used. 

[9] 
According to the American Association of Poison Control Centers, more than 127,000 

exposures involving paracetamol were reported in 2003. There were 214 deaths involving 

overdose of an analgesic agent. In 62 of these cases, Paracetamol was solely responsible 

agent.
 [10,11,12]

 The toxic effects of paracetamol are attributed to formation of a toxic 

metabolite N-acetyl-p-benzoquinoneimine (NAPQI), which is detoxified by reaction with 

glutathione leading to glutathione depletion and cell death. [13,14] Using prodrug as combat 

strategy could prove helpful. In this context, phenol drugs are attractive targets for prodrug 

designing because the OH group is very convenient to attach a wide range of promoieties. 
[15]

 

Majority of the work on phenols for prodrug designing has focused on corresponding ester or 

ether. 
[16, 17, 18, 19]

 Since amino acids are normal dietary constituents and are non-toxic in 

moderate doses as compared to other promoieties, their incorporation as promoiety might 

serve beneficial in overcoming the toxic effects of paracetamol. Paracetamol was given in the 

recommended therapeutic doses and so was the prodrug, except for the hepatotoxicity studies 

where the prodrug was given in molecular equivalent amount of paracetamol that induces 

hepatotoxicity. 

 

METHODOLOGY 

Synthesis of Prodrug (Fig 1): Synthesis comprised of a three step process involving amino 

acid protection, reaction with paracetamol and finally the deprotection. All the chemicals 

used were purchased from Loba Chemie except for trifluoroacetic acid (TFA) and 

dichloromethane (DCM) which were purchased from Fisher scientific. In order to synthesize 

the ester prodrug, first of all the amino group of amino acid was protected so that it could not 

react with the paracetamol molecule. This was achieved by use of phthalic anhydride by a 
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process known as phthaloylation. In this process alanine was fused with phthalic anhydride. 

The second step included the reaction of protected amino acid with paracetamol. This 

reaction required use of special catalysts like N, N-dicyclohexylcarbodiimide (DCC) and 4-

dimethylaminopyridine (DMAP). Both of these catalysts are used in peptide synthesis 

mostly. The phthalic group was removed in the third step using TFA and DCM. 

 

Physiochemical characterization 

Characterization and identification of prodrug was done using various methods like TLC, UV 

spectroscopy and IR spectroscopy. 

 

In Vivo analysis (20) 

Wistar rats and Balb/c mice of either sex were used in this research. Study consisted of a 

control group that received saline (0.9% NaCl) or propylene glycol, a Standard group that 

received paracetamol and a test group that received alanine prodrug in a dose molecularly 

equivalent to paracetamol (e.g.: ten molecules of prodrug for ten molecules of paracetamol). 

All the experiments were conducted in the animal house of VNS Faculty of Pharmacy, 

approved by the Committee for the Purpose of Control and Supervision of Experiments on 

Animals (CPCSEA) (Regd no. 778/PO/a/03/CPCSEA). 

 

Analgesic activity (Writhing test): Acetic acid (0.1 ml of 0.6% v/v) intraperitoneally (i.p) was 

used to induce pain in mice. Control group received 0.9% w/v NaCl. Standard group received 

100 mg/kg paracetamol and test group received 186 mg/kg of prodrug which is molecularly 

equivalent to that of paracetamol given to standard group. 

 

Antipyretic activity (Brewer’s yeast induced hyperpyrexia method): Pyresis was induced 

using a 20% suspension of Brewer’s yeast (Loba Chemie) in 0.9% saline at a dose of 10 

mg/kg) by subcutaneous administration. 
[21]

 Body temperature was monitored before injecting 

brewer’s yeast suspension rectally. Post 18hrs brewer’s yeast injection, the vehicle, standard 

drug and test drugs were administered to different groups. Propylene glycol at dose of 5 

ml/kg was administered orally to the control groups of animals and Paracetamol at dose of 

150mg/kg was administered orally to standard group of animals. Test group received 222 

mg/kg of Alanine prodrug. Rectal temperature was recorded by clinical thermometer at 0, 1, 

2 and 3hrs after drug administration. Anti-Ulcer activity (Aspirin induced gastric lesions 

method):   Amino acids have a healing effect on gastric lesions. 
[22]

 Each group received 300 

mg/kg of aspirin orally to produce gastric lesions. The animals fasted 24 h before the 
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experiment, but had free access to water. The test-substances were administered 30 min 

before Aspirin (300 mg /kg) Paracetamol was given at its therapeutic dose for fever i.e. 150 

mg/kg orally. Test group received 222 mg/kg of Alanine prodrug. 

 

Hepatotoxicity: Paracetamol is a potent hepatotoxic agent. Standard group received 

paracetamol at a dose of 2000 mg/kg or 2 gm/kg, which is reported to produce hepatic tissue 

injury. Test group received 2.94 gm/kg of alanine prodrug, which is equivalent dose to that of 

paracetamol. After 3 hours of fasting they were treated with drugs orally. Hepatic parameters 

like SGOT, SGPT, bilirubin and glutathione (GSH) levels were analysed using biochemical 

autoanalyser. 

 

Statistical Analysis 

Statistical Analysis Values were represented as mean ± SEM. Data was analyzed using one-

way analysis of variance (ANOVA) and group means were compared using the Dunnett's 

multiple comparison test using GraphPad prism v5.03 software. P < 0.05 was considered 

significant. 

 

Results (Fig 2) 

Paracetamol was more effective in reducing the number of writhings and hence showed better 

analgesic activity than its prodrug. Maximum antipyretic of all drugs was achieved 3hours 

after treatment. Antipyretic effect of paracetamol was greatest, while the prodrug showed a 

lesser effect. As expected, the prodrug showed a good ulcer healing activity. Surprisingly, 

paracetamol, instead of being a NSAID didn’t increase the severity of gastric lesions. In 

terms of hepatotoxicity, prodrug significantly protected the rise in hepatic enzymes. But most 

importantly, the prodrug prevented the depletion of glutathione levels in liver as compared to 

paracetamol. 

 

DISCUSSION  

Paracetamol showed better pharmacological activities than its alanine prodrug. The prodrug 

scored in the field of ulcer healing and hepatoprotective effects. Most notable effect was with 

the levels of glutathione (GSH). Alanine-paracetamol prodrug significantly protected the 

depletion of GSH levels as compared to its parent drug. To summarize, alanine-paracetamol 

prodrug was of low therapeutic benefit. Further studies are required in this direction using 

multiple amino acid sequence in different combinations to yield a much better and safer 

prodrug of paracetamol.  
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Figures 

 

Figure 1: Synthesis of prodrug. It involved three steps viz a) amino group protection of 

amino acid using phthaloylation, b) reaction of paracetamol with protected amino acid 

and c) removal of the amino group protection (deprotection).  
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Fig 2: In-vivo activities performed for the screening of alanine-paracetamol prodrug. 

First row (left to right) analgesic activity, antipyretic activity (post 3 hr), ulcer healing 

activity, SGOT and SGPT. Second Row (left to right) ALP, total bilirubin, direct 

bilirubin and Glutathione (GSH). N = 6 wistar rats per group, tabular value represents 

mean ± SEM, *: significantly different with p < 0.05, **: significantly different with p < 

0.01, ***: significantly different with p < 0.001, ns: insignificant different with p > 0.05. 
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CONCLUSION 

Prodrug showed excellent hepatoprotective and gastroprotective effects, although it’s 

therapeutic efficacy was compromised. This research opens new doors in designing safer 

analogs of paracetamol. Continuous efforts will someday lead to emergence of a non toxic 

and therapeutically active form of paracetamol. 
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