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Do drugs really expire beyond the expiry date? evaluation of 
expired (30 years from the manufacturing date) acetaminophen 
suspension and captopril tablet preparations
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Abstract
Background: Medicinal products are not supposed to be used beyond their expiry date. A few studies indicate that expired medicinal products still 
retain active pharmaceutical ingredients (API) and hence, efficacy. There is a dearth of literature evaluating the medicinal products that have expired for 
several decades and particularly, with liquid dosage formulations. Objective: To evaluate the quantities of API and degradation products in the expired 
acetaminophen suspension and captopril tablets that expired around 30 years ago. Methods: Unused acetaminophen suspension with the expiry date 
October 1994, and captopril tablets with the expiry date January 1992 were evaluated. Quantification of active ingredients (acetaminophen in the 
suspension and captopril in the tablets) and degradation products (4-aminophenol and 4’-Chloroacetanilide in the suspension, and captopril disulphide in 
the tablets) was carried out using high-performance liquid chromatography adhering to United States Pharmacopoeia (USP) standards. A dissolution test 
was done for captopril tablets as per US Pharmacopoeia to determine in vitro bioavailability of the active ingredient. The quantities of active ingredients 
were considered acceptable if they fell within 90 to 110% of the standard preparations. The quantity of degradation products was evaluated according to 
the following USP limits: captopril disulphide (not more than 3%), 4-aminophenol (not more than 0.1%) and 4’-chlorocetanilide (not more than 10 parts 
per million). The limit for Dissolution of Captopril was NLT 80%(Q) dissolved in 20 minutes. Results: We evaluated the quantity of active ingredients and 
key degradation products in the expired acetaminophen suspension and captopril tablets. Active ingredients in the expired acetaminophen suspension and 
captopril tablets were 97.21 and 96.12%, respectively. Captopril tablets meet the requirement of Dissolution test as per US Pharmacopoeia with average 
value of 104.84%. Regarding degradation products for acetaminophen, only 4-aminophenol was detected and was within the acceptable limit. However, 
the quantity of captopril disulphide exceeded by 19.3% compared to the USFDA recommended limits. Methyl paraben was also present at 93.7% of stated 
claim in the acetaminophen suspension. Conclusion: We observed acceptable quantities of active ingredients in the expired acetaminophen suspension 
and captopril tablets even after 30 years past their expiry date. The degradation products were observed to be present within the specified limits in 
the acetaminophen suspension but exceeded by 19.3% in the captopril tablet. The pharmaceutical companies shall consider extending the shelf life of 
medicinal products and guidelines from the concerned regulatory agencies on this regard is urgently needed.
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US saved around 23 million USD in the financial year – 1997.4 It 
is surprising that FDA regulations do not require determination 
of how long medications remain potent after that, allowing 
manufacturers to arbitrarily establish expiration dates without 
determining actual long-term drug stability.5 The accumulation 
of pharmaceutical waste imposes ecological, economic, and 
social/ethical burdens as an opportunity for using expired 
drugs has been missed.6 Analysis of donations of the medicines 
to the voluntary organizations revealed that the median times 
to expiry when shipment by the organizations were 550 days; 
about 30% of shipment items had a year or less of shelf-life, 
and about 6% had less than 100 days of shelf-life.7 Further, 
medicine donations to low- and middle-income countries 
have been observed to cross their expiry dates.8 It is an ethical 
dilemma in such cases on whether to use or not to use such 
expired drugs in situations where many people are affected by 
disaster and needing medicines and only the expired drugs are 
available. A study from New Zealand revealed that only one-
fourth of the public returned the expired medicines to the 
pharmacy; while another study from the region (Saudi Arabia) 
revealed this to an extent of only 5%.9,10 Hence, there is a risk 
of either accidental consumption or intentional use of expired 
medicine by consumers. Interestingly, even the estimates 

INTRODUCTION
Expiry date of drugs ensure that the drug’s potency (and 
consequently the effect) is maintained until that timeframe 
when stored properly.1 Manufacturers put an estimated 
shelf-life for drugs, and it is usually 2 to 3 years from the 
manufacturing date as it is hardly profitable to use drugs 
beyond that timeframe.2 In the United States, ciprofloxacin, a 
commonly stockpiled antibiotic for responding to an anthrax 
attack, with a manufacturer-assigned shelf life of 3 years, was 
investigated under the shelf-life extension program and after 
testing, it was recommended that an average of 10 years can 
be added to the shelf life of ciprofloxacin, for a total shelf life 
of 13 years.3 Using drugs past their expiry date has been shown 
to reduce the financial burden of procuring new drugs and the 
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are not different amongst nursing and pharmacy students in 
proper disposal of expired medicines.11 It is also not uncommon 
to find expired medicines in hospital set-ups as a study from 
the primary health care centers reported to an extent of 
36%.12 Zilker et al in a systematic review have concluded 
that it is reasonable to extend the expiry dates of the drugs 
beyond five years.13 The guidelines recommend that the active 
pharmaceutical ingredient should be present between 95% and 
105% of its labeled value according to ICH Q1A(R2) guideline.14

A few studies have explored the potency of expired drugs from 
dissolution tests. Regarding the toxicity of the degradation 
products in the expired drugs, it has been observed that such 
products from a drug belonging to analgesic class (diclofenac) 
resulted in varying toxicities.15 Only one report has been 
published relating the occurrence of Fanconi syndrome with 
consumption of degraded tetracycline almost five decades 
ago.16 However, it is currently unknown whether this is 
applicable in the contemporary world given the advances in 
pharmaceutical manufacturing technologies.

There is clearly a lack of adequate literature evaluating the 
potencies and effects of drugs that have expired several 
decades ago. Furthermore, amongst the available fewer 
studies, there is hardly any that has explored the potency 
of oral liquid preparations. The present study is intended to 
evaluate acetaminophen syrup in addition to captopril tablets. 
Considering the above gaps in the evidence, we carried out the 
present study with the primary objective of evaluating the in 
vitro bioequivalence of the expired medicinal products of oral 
liquid dosage form of acetaminophen and oral solid dosage 
form of captopril. Additionally, we also tried to identify the 
presence of degradation products from the expired medicinal 
formulations.

METHODS 

Study ethics

We obtained approval from the Institutional Ethics Committee 
before initiating the study. We adhered to the latest Declaration 
of Helsinki guidelines.

Study site

The analyses of the active pharmaceutical ingredients in the 
expired medicinal products were carried out in the Drug Quality 
Assurance Laboratory, under the Ministry of Health, Kingdom 
of Bahrain that handles around 500 pharmaceutical samples 
for drug testing annually.

Details of expired medicinal products and reference standards

Liquid preparation of acetaminophen (Figure 1) from the 
Wellcome Foundation Ltd. (Calpol® suspension) with the batch 
number A 8370; manufactured date October 1991; expiry 
date October 1994; and each 5 ml of the syrup contains 120 
mg acetaminophen with 5 mg methylparaben was used in the 
present study. Tablet Capoten® 25 (Figure 2) containing 25 
mg captopril manufactured by Squibb with the batch number 
8A0141; manufactured date January 1988; and expiry date 
January 1992 was also used in the present study.

Regarding acetaminophen, the following compounds were 
evaluated as degradation products as per United States 
Pharmacopeia: USP Acetaminophen Related Compound J RS 
N-(4-Chlorophenyl) acetamide (p-chloroacetanilide) (C8H8CINO, 
MW-169.61) and USP 4-Aminophenol RS (C6H 7NO, MW- 109.13 
[18, 19]. For captopril tablets, USP Captopril Disulfide RS [ 
L-Proline, 1,1’- [dithiobis(2-methyl-l-oxo-3, 1- propanediyl)]
bis-[S-(R*,R*)]-(C18H28N206S2 MW-432.55) was evaluated as 
the degradation product. The reference standards used in 
the present study were purchased from Sigma-Aldrich that 
were according to the United States Pharmacopeia and were 
as follows: Acetaminophen (Lot number: R16510), captopril 
(Lot number: R069U0), acetaminophen related compound J 
(LRAC9456), acetaminophen related compound K (LRAD1744), 
captopril disulphide (Lot number: R14420) and methylparaben 
(EP standard batch 5).

Acetaminophen and related degradation products 

Waters® HPLC (PCM/515) was used with Rheodyne injector 
and Waters® UV 486 detector at 245 nm for determination of 
Paracetamol,4- Aminophenol & 4- chloroacetanilide. We used 

Figure 1. Expired acetaminophen suspension
 

 

Figure 2. Expired captopril tablets
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Zorbax SB® columns [C8 columns (150 x 4.6 mm) with 5 µm 
particle size, (P. No. 883975-906) at 35°C. Isocratic pump mode 
was used. A mobile phase as follows: 250 ml methanol; 1.15 
gm Tetrabutylammonium hydroxide (40%) solution; 375 ml of 
0.05M sodium dihydrogen orthophosphate; and 375 ml of 0.05M 
disodium hydrogen orthophosphate in water. The following 
retention times were observed for each of the compounds: 
acetaminophen (3.8 minutes), 4-aminophenol (2.5 minutes), 
methyl paraben (32.8 minutes) and 4’-chlorocetanilide (43.5 
minutes). 

Captopril and captopril disulphide 

Waters® HPLC (PCM/515) was used with Rheodyne injector 
and Waters® UV 486 detector at 220 nm. We used Water’s 
Symmetry C18 column (250 x 4.6 mm) with 5-µm particle size 
P. NO. WAT 054275 at 25°C]. Isocratic pump mode was used. A 
mobile phase consisting of 550 ml of HPLC Methanol and 450 
ml of water containing 0.50 ml of Phosphoric acid was used. 
The following retention times were observed for each of the 
compounds captopril (4.1 minutes), captopril disulphide (7.19 
minutes).

In vitro content analysis, dissolution tests, and degradation 
products 

In vitro analyses of acetaminophen, 4-aminophenol, 
and 4’-chlorocetanilide was carried out according to the 
recommendations by the British Pharmacopoeia, while United 
States Pharmacopoeia was adhered to for the assessment of 
captopril and captopril disulphide.

For the assay of paracetamol, weighed quantities of the expired 
medicinal product (1 ml of acetaminophen suspension diluted 
with 175 ml mobile phase and sonicated for 5 minutes, then 
diluted to 200 ml with mobile phase and reference standard 
(25 mg) diluted with mobile phase to a final concentration 
of 0.024 mg/ml). The standard and sample were injected (50 
µl) after filtration with 0.2-micron pore size Millipore syringe 
filters.

Regarding 4- aminophenol, 0.00012% w/v of the reference 
standard and acetaminophen reference standard were used. 
Similarly, for 4’-chlorocetanilide, 0.0000012% w/v of the 
reference standard was used.

All dilutions were done in Mobile phase using Class A certified 
volumetric glassware. 

For the estimation of methyl paraben, the reference standard 
(16 mg) was diluted mobile phase to achieve a final solution 
containing 0.048 mg/ml. Acetaminophen suspension (5 ml) 
was diluted with mobile phase in 100 ml volumetric flask and 
both the reference standard and suspension were injected (50 
µl) after filtration with 0.2-micron pore size Millipore syringe 
filters .

Captopril was assayed with four expired captopril tablets (25 mg 
each) dissolved in 80 ml mobile phase and made up to volume 
of 100 ml in volumetric flask and the reference standard (20 
mg) dissolved in 15 ml diluent and made up to a volume of 
20 ml to have concentration of 1 mg/ ml. The final solutions 

were filtered using 0.2-micron pore size Millipore syringe filters 
before injection.

Captopril disulphide was assayed diluting the reference 
standard in mobile phase to achieve a concentration of 10 µg/
ml. regarding the expired medicinal product, 2 tablets (25 mg 
each) were diluted with 25 ml mobile phase to have a final 
concentration of 2 mg/ ml of captopril. The final solutions were 
filtered using 0.2-micron pore size Millipore syringe filters.

Dissolution test for captopril tablets 

Dissolution test for Captopril tablets was done as per USP using 
900 ml 0.01N Hydrochloric acid as the medium (deaerated to 
minimize exposure of Captopril to air and analyzed the samples 
immediately. Medium was maintained at a temperature of 37 
±0.5°C.

USP Apparatus was 1 (Basket) at 50 RPM was used. One 
tablet was introduced to each of 6 vessels and apparatus was 
operated as per above stated conditions for 20 minutes. 20 
ml samples were withdrawn from each vessel as per standard 
practice from midway between top of liquid media and basket 
and at least 1 cm away from vessel wall. Reference Standard 
was made up in dissolution medium to contain about 0.014 mg 
/ml. Test solution was filtered using 0.20-micron millex filters 
and diluted with dissolution media to a concentration like 
standard dilution. Content of captopril was estimated by UV- 
Visible spectrophotometer @ 205 nm.

Microbiological examination of the acetaminophen suspension 
was carried out as per microbial limit test in United States 
Pharmacopoeia standards.17

Statistical analysis

Area under the peak was used to identify the quantity of 
standard and test compounds. The analyses were repeated 
three times and the average value of the area under the peak 
was estimated. The percentage of the labeled amount of the 
test compounds (present in the expired medicinal preparation) 
were evaluated as follows: 

(Ru /Rs) x (Cs/Cu) x 100 

Ru = peak response of test compound from the sample solution 
(expired preparation). 

Rs = peak response of reference compounds from the standard 
solution.

Cs = concentration of reference compounds from the standard 
solution (mg/mL) 

Cu =nominal concentration of test compound from the sample 
solution (mg/mL). 

The quantity of active ingredients (acetaminophen and 
captopril) in the expired medicinal products were considered 
acceptable if they fell within 90 to 110% of the standard 
preparations.18 Dissolution test meets the requirement if each 
unit is more than (Q +5%) The quantity of degradation products 
was evaluated according to the following USP limits: captopril 
disulphide (not more than 3%),19 4-aminophenol (not more 
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than 0.1%) and 4’-chlorocetanilide (not more than 10 parts per 
million).20

RESULTS
Active pharmaceutical ingredients in the expired medicinal 
products

The mean-area under the peak for the acetaminophen 
reference standard was observed to be 5440907 compared 
to 5043726 for the same compound from the expired 
acetaminophen suspension (Figures 3 and 4). The product label 
of Calpol® suspension claims 120 mg/5 ml and the estimated 
quantity (in 5 ml) in the expired medicinal product was 116.653 
mg (97.21% of the claimed quantity) (Electronic Supplementary 
Material – Sheet 1).

The mean-area under the peak for the captopril reference 
standard was observed to be 10235134 compared to 9902741 
for the same compound from the expired captopril tablets 
(Figures 5 and 6). The product label of Capoten 25® claims 
25 mg per tablet and the estimated quantity in the expired 
medicinal product was 24.03 mg (96.12% of the claimed 
quantity) (Electronic Supplementary Material – Sheet 2).

Dissolution of captopril tablets

The captopril tablets released between 96.70 to 110.86% 
(Average of six tablets -104.84%) of contents in 20 minutes. 
Regarding the dissolution of captopril tablets, USP limits are 
that each of six tablets release NLT 85 % (Q+5%) of contents in 
20 minutes S1 stage.

Degradation products in the expired medicinal products

The mean-area under the peak for 4-aminophenol reference 
standard was observed to be 112852 compared to 39252 
for the same compound from the expired acetaminophen 
suspension (Figures 7 and 8). The quantity of 4-aminophenol 
in the expired suspension was observed to be 0.0433 mg/5 ml 
contributing to 0.0361% (Electronic Supplementary Material – 
Sheet 1). 4’-chloroacetanilide was not detected in the expired 
medicinal product. 

The mean-area under the peak for the captopril disulphide 
reference standard was observed to be 168875 compared to 
1244215 for the same compound from the expired captopril 
tablets (Figures 9 and 10). The quantity of captopril disulphide 
in the expired tablets was observed to be 0.913 mg contributing 
to 3.58% (Electronic Supplementary Material – Sheet 2).

Methyl paraben in the expired acetaminophen suspension

The mean-area under the peak for the methyl paraben reference 
standard was observed to be 11064667 compared to 10581474 
for the same compound from the expired acetaminophen 
suspension. The product specification of Calpol® suspension 
claims 5 mg/5 ml and the estimated quantity (in 5 ml) in the 
expired medicinal product was 4.685 mg (93.7% of the claimed 
quantity) (Electronic Supplementary Material – Sheet 1).

Further, the expired acetaminophen suspension did not reveal 
any microbial growth (Aerobic and anaerobic microorganisms) 
were detected in the microbial limit test. A pH of 4.07 was 
observed for the suspension. 

 
Figure 3. Chromatogram of acetaminophen reference standard
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 Figure 4. Chromatogram of the active ingredient from the expired acetaminophen suspension

Figure 5. Chromatogram of captopril reference standard
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Figure 6. Chromatogram of captopril from the expired tablet

Figure 7. Chromatogram of 4-aminophenol from the reference standard
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Figure 8. Chromatogram of 4-aminophenol from the expired acetaminophen suspension

Figure 9. Chromatogram of captopril disulphide reference standard

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/


www.pharmacypractice.org (eISSN: 1886-3655 ISSN: 1885-642X)
© the Authors

Sridharan K, Jain SK. Do drugs really expire beyond the expiry date? evaluation of expired (30 years from the manufacturing date) 
acetaminophen suspension and captopril tablet preparations. Pharmacy Practice 2024 Jan-Mar;22(1):2906.

https://doi.org/10.18549/PharmPract.2024.1.2906

8

 
Figure 10. Chromatogram of captopril disulphide from the expired captopril tablets

DISCUSSION
Key findings of the present study

We evaluated the quantity of active ingredients and key 
degradation products in the expired acetaminophen suspension 
and captopril tablets with the expiry dated October 1994 and 
January 1992, respectively. Active ingredients in the expired 
acetaminophen suspension and captopril tablets were 97.21 
and 96.12%, respectively. Regarding the degradation products 
for acetaminophen, only 4-aminophenol was detected and 
was within the acceptable limit. However, the quantity of 
captopril disulphide exceeded by 19.3% compared to the 
USFDA recommended limits. Methyl paraben was also present 
at 93.7% of stated claim in the acetaminophen suspension.

Comparison with the existing studies

There are very few studies that have quantified the active 
ingredients and impurities in medicinal preparations that have 
expired beyond 30 years. Zilker et al21evaluated the active 
ingredients of epinephrine, etilefrine, synephrine, caffeine 
and procaine, caffeine and sodium salicylate, dipyridamole, 
furosemide, and metamizole in ampoules that expired 40 years 
ago and observed that only five out of nine had contents within 
the specified limits. Similarly, Cantrell et al5 have evaluated 
oral tablets and capsules that expired 28 to 40 years before 
the analysis and observed that 12 out of 14 compounds were 
present in the defined limits. In the present study, we have 
evaluated the presence of active ingredients in an expired liquid 
preparation (suspension) used in the pediatric population. 
Pediatric liquid dosage formulations are usually flavored and 
contain sweeteners for enhancing the taste for improving the 

compliance to therapy. Liquid, non-sterile medicinal products 
are susceptible to microbial contamination. The results of the 
present study are encouraging wherein no microbial growth 
was detected as well as the pH of the expired suspension was 
low. Further, methyl paraben has anti-microbial properties22 

and was also observed to be present within the specified 
limits. Regarding the expired captopril tablets, we observed 
that the key degradation product was present at 19% more 
than the specified limit. It is most probable that at the time of 
manufacturing this tablet, there were no regulations specifying 
the maximum quantities of degradation product. 

Our results recommend extending the shelf life of the medicinal 
products by the pharmaceutical companies considering the 
economic burden resulting from disposing the expired but 
still retaining potency/efficacy. Tufts Medical Center disposes 
expired medicines worth 200,000 USD annually.23 The expiry 
dates usually range between two to five years and are 
chosen arbitrarily based on the stability data submitted by 
the pharmaceutical company.24 Until now, there has been no 
regulation requiring the pharmaceutical companies to continue 
assessing the stability of the medicinal preparations beyond 
their duration of expiry. It is high time that the Drug regulatory 
authorities insist periodic (annual) evaluation of stability of 
medicinal products including their impurities throughout 
the lifespan of the drugs. This may pave way for revising the 
expiry dates of medicinal products resulting in the reduction of 
hospital expenses. 

Strengths and limitations

The present study has evaluated medicinal products that 
expired around 3 decades ago. Particularly, we have evaluated 
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the suspension formulation which has not been explored 
before. Further, the quantification of compounds has been 
carried out in a dedicated national drug testing laboratory in 
the Kingdom. However, the study is limited in not evaluating 
the in vitro/in vivo bioequivalence as well as evaluating their 
therapeutic and adverse effects. 

CONCLUSION
We observed acceptable quantities of active ingredients in the 
expired acetaminophen suspension and captopril tablets even 
after 30 years past their expiry date. The degradation products 
were observed to be present within the specified limits in the 
acetaminophen suspension but exceeded by 19.3% of accepted 
limit in the captopril tablet. The pharmaceutical companies 
shall consider extending the shelf life of medicinal products 
and guidelines from the concerned regulatory agencies on this 
regard is urgently needed.
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