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Abstract
Introduction: Poor-quality medicines remain a public health challenge in Nigeria, despite the 
efforts of the National Agency for Food and Drug Administration and Control (NAFDAC). The 
quality of medicines intended for use in children is not known, as there are no studies on this area. 
The pharmacological management of cardiovascular disease in children is also an understudied 
research area. The aim of this study was to explore the quality of furosemide tablets intended for the 
extemporaneous preparation (compounding) of children's cardiovascular medicine in Nigeria. 

Methods: The study used the mystery shopper approach to obtain samples of furosemide tablets from 
pharmacies purposively and conveniently selected in Bayelsa State, Lagos State and Abuja, Nigeria. 
Rationale for locations included states with public healthcare facilities providing paediatric 
cardiovascular care. At these locations, the major pharmacies within one-hour's drive from these 
facilities were surveyed. Furosemide samples were assessed for quality by packaging inspection 
using registration by NAFDAC and chemical analysis for potency using the British Pharmacopoeia 
(BP) specification for Percent Label Claim (PLC). 
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Samples that met the specified PLC of 95-105% were defined as being of quality, for compounding 
purposes.

Results: The majority, 90% (9/10) of the four brands of furosemide tablets samples were not 
registered by NAFDAC. The PLC of all samples was 100.2 ± 1.6% (mean ± SD). 

Conclusion: Samples met official potency standards for quality (while other pharmacopoeial 
specifications were not checked), but the majority were not registered by NAFDAC. Regular multi-
site post-marketing screening for medicine quality is needed in Nigeria. 
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Introduction
Poor-quality medicines are prevalent in 
Low- and Middle-Income Countries 
(LMICs). The World Health Organization 
(WHO)'s recent estimate of the global 
prevalence of poor-quality, or Substandard 
and Falsified (SF) medicines, is 10.5%, based 

1mainly on studies from Africa.  Nigeria, the 
largest country in Africa, stands out as 
regulatory model to containing the public 
health challenge of SF medicines through the 
activities of its regulatory body, the National 
Agency for Food and Drug Administration 

2and Control (NAFDAC).  However, this 
threat is ever present. In the wake of COVID-
19, there has been increased incident of SF 
medicines including putative curative 

3medicines and vaccines.

Furosemide is a high-ceiling diuretic 
classified as an essential medicine. It is 
included in the WHO Essential Medicines 
Lists for Adults and Children with 
indications for oedema and heart failure for 
use from birth, emphasizing its clinical 

4importance. Cardiovascular diseases 
(CVDs), including heart failure, and other 
Non-Communicable Diseases (NCDs) 
account for 70% of global mortality, with an 

5over  representat ion from LMICs.  
Cardiovascular diseases are also a 
significant burden in children. Global 
estimates of the incidence of CVDs in 
children is 8/1000 births, but may be higher 

6
in LMICs.  Medicines for CVDs are 
commonly compounded  for young children 
less than 5 years old who usually cannot 
safely swallow conventional sized (8-10mm) 

7tablets.  In Nigeria, furosemide constituted 
15% (n=2845) of medicines compounded 

8into oral liquids for children.  In Ghana, this 
9rises to 31.2% (n=622).  Furosemide is also 

10frequently compounded in Kenya.  These 
studies highlight the lack of suitable 
furosemide formulations for pediatric use in 
these countries, despite its public health 
significance. 

However, there are knowledge gaps on the 
quality of furosemide in the supply chain, 
and of any potential impact of the use of SF 
furosemide in the management of CVDs in 
children. Most medicine quality studies in 
N i g e r i a  f o c u s  o n  m e d i c i n e s  f o r  
communicable diseases or antimicrobials – 
antibacterial and antimalarials. Previous 
studies on NCD medicines either do not 

11,12include furosemide,  or are limited to one 
13study site.

The aim of this project, as part of a broader 
project on access to age-appropriate 

8,14medicines for children,  was to investigate 
the quality of furosemide tablets in 
circulation in Nigeria with a focus on 
pharmacies in close proximity to public 
health facilities providing specialized 
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pediatric CVDs care. With the frequent 
stock-outs in public facilities, patients often 
obtain prescribed medicines from private 
pharmacies.

Materials and Methods
The study was designed as a multi-site 

medicines quality survey using the 
mystery-shopper approach. Reporting 

15
followed the MEDQUARG guidelines. . 
Researchers posed as mystery-shoppers.
Locations were conveniently selected based 
on the presence of health facilities 
providing pediatric cardiovascular care 

and geographical dispersion, as previously 
14

described . Three locations, out of 37 
administrative units in Nigeria, were 
selected as: Bayelsa State, Lagos State, and 
the Federal Capital Territory (FCT). These 
are, respectively, in the South-South, South-
West, and North-Central geo-political 
zones (Figure 1). Of these, Lagos and the 
FCT provide  spec ia l i s t  pediatr ic  

16
cardiovascular care in public hospitals.  
Bayelsa State, a peri-urban location without 
a specialized care facility at the time, was 
included as a “control” to account for any 
rural-urban effects. At these locations, 
private pharmacies were then purposively 
selected to include those within 10km from 
these public hospitals in the capitals of 
Lagos and the FCT, and the first tertiary 
hospital in Yenagoa – the capital of Bayelsa 

State.  As this was designed as a rapid, 
exploratory study, sample size calculations 
were not performed. As with some other 
medicine quality audits, ethical approval 

17
was not sought 

S a m p l e s  w e r e  c o l l e c t e d  u s i n g  a  
“prescription” written out by the 
researchers, as is common in Nigeria 
(unreported data). Hospitals with a stock-
out of medicines sometimes do this so that 
patients can obtain these medicines from 
private pharmacies. At each pharmacy, one 
pack of furosemide, of at least 20 tablets (to 
last three weeks, at a presumed dose of one 
40mg tablet daily), constituting one sample, 
was requested over the counter. Samples 
were collected in December 2016 and 
analyzed in January 2017.
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D a t a  c o l l e c t e d  w e r e :  t y p e  
(branded/generic); country of origin; 
N A F D A C ' s  r e g i s t r a t i o n  n u m b e r ;  
manufacturers' authentication technology, if 
any; expiry date; and batch number.  

The quality of the samples was assessed 
using packaging inspection and potency 
assessments by UV-Vis spectroscopy at 
University College London.

Packaging inspection used the registration 
status by NAFDAC as a sign of quality. The 
presence or absence of a NAFDAC number 
indicates, respectively, licensing or non-
licensing by NAFDAC. The manufacturer's 
seal of quality, hologram, or other mobile-
authentication technology was also noted if 
present, as another indicator of quality. 

Chemical assay of active ingredient content 
for potency was performed as contained in 

18the British Pharmacopeia (BP) 2017.  Briefly, 
20 tablets of furosemide per sample were 
weighed, crushed and aliquots containing 
0.2g of furosemide dispersed in 0.1 M 
sodium hydroxide solution by shaking with 
a magnetic stirrer for 10 minutes. The 
suspension produced was filtered using a 
0.45 µm syringe filter, diluted 1:20 with 0.1 M 
sodium hydroxide and assayed at 271 nm 
(Cary 100 UV-Vis spectrophotometer, 
Agilent, UK). Replicate measurements were 
made for samples with >20 tablets. Assay, 
per force, was not blinded to packaging. 
Absorbances were compared to the A (1%, 1 
cm) value to obtain the amount of active 
ingredient in the sample. The Percentage 
Label Claim, PLC, was determined as: PLC = 
(Amount of active ingredient/label claim) x 
100%   
                
Data was de-identified. Data analysis for 
packaging inspection was by descriptive 
statistics (%). Medicine quality was defined 
by the chemical assay. Thus, medicines that 

met the BP quality standard in terms of the 
PLC, irrespective of the presence or absence 
o f  a  N A F D A C  n u m b e r  a n d / o r  
authentication technology, were said to be of 
quality, if the PLC was between 95-105% of 
the labelled strength. Poor-quality 
medicines, by extension, were defined as 
those failing to meet the BP's specifications 
for potency. 

Results
The pharmacies surveyed were licensed 
premises – owned or managed by 
pharmacists. All visited pharmacies had 
only one type (brand/generic form) of 
furosemide. None had the child-friendly 
formulation, with some pharmacists 
unaware  that  furosemide  i s  a l so  
commercially available as a liquid form for 
children. All but one sample were in their 
original primary and secondary packaging. 
In all, 10 samples were collected from 10 
different pharmacies across the three study 
locations (Table 1).

Samples: Across locations, samples were 
four  brands  of  furosemide  40mg 
tablet(Table 1). The most prevalent was the 
originator brand by Manufacturer A (50%, 
5/10) ,  fo l lowed by  a  gener ic  by  
Manufacturer B (30%, 3/10).  

Packaging inspection: All but the local brand 
(90%, 9/10) were not registered by 
NAFDAC (Table 1).  None had an 
authentication technology on the packaging. 
Most of the samples were stated as either 
manufactured in Turkey (50%, 5/10) or the 
United Kingdom (40%, 4/10). One brand 
was stated as manufactured in India with a 
Nigerian license holder (10%, 1/10). None of 
the medicines were expired during 
collection or analysis. 

Chemical analysis: All 10 furosemide 
samples met the BP's PLC specification, with 
a mean of 100.2±1.6% (Table 2).
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Table 1 Packaging assessment for quality of 10 furosemide 40mg tablet samples collected from select 
pharmacies in Lagos State, Bayelsa State and FCT in Nigeria (2016)

NAFDAC No.  No  No  No  No  No  No  Yes No No No

Brand/generic  Generic  Brand  Brand  Brand  Brand  Generic  Generic Generic Generic Brand

Manufacturer
 

A
 

B
 

B
 

B
 

B
 

A
 

C D A B

Country of 
origin

 UK
 

Turkey
 

Turkey
 

Turkey
 

Turkey
 

UK
 

India/Nigeria UK UK Turkey

Expiry date
 

5.2019
 

12.2017
 

10.2018
 

4.2019
 

5.2018
 

5.2019
 

11.2017 11.2017 10.2019 12.2017

Location

 

Abuja

 

Abuja

 

Abuja

 

Abuja

 

Abuja

 

Yenagoa

 

Yenagoa Lagos Lagos Lagos 

Table 2 Potency of 10 furosemide 40mg tablet samples collected from select pharmacies in Lagos 
State, Bayelsa State and FCT in Nigeria (2016)

Sample ID 1 2 6  10  13  24  25*  29  31 38

Sample weight (20 tablets), 
mg

3289.3 3258.1 3251.3  3220.1  3184  3308  4545.1  3274.9 3284.2 3253.5

Aliquot, mg 828.3
 

815.3
 

813
 

804.8
 

796.3
 

828.9
 

1137
 

819.1 823.9 815.4

Absorbance (271nm) #1
 

0.476
 

0.47
 

0.476
 

0.463
 

0.459
 

0.4848
 

0.48
 

0.465 0.464 0.465

Absorbance (271nm) #2⁋
 

-
 

-
 

-
 

-
 

-
 

0.483
 

-
 

-
 

0.465 0.466

Average of absorbance 
readings

0.476
 

0.47
 

0.476
 

0.463
 

0.459
 

0.4839
 

0.48
 

0.465 0.4645 0.4655

Sample content of 
furosemideⱡ, mg

 
205

 

203

 

205

 

200

 

198

 

209

 

207

 

200

 

200 201

Percent Label Claim3

 

102

 

101

 

103

 

100

 

99

 

104

 

103

 

100

 

100 100

Inference Pass

 

Pass

 

Pass

 

Pass

 

Pass

 

Pass

 

Pass

 

Pass

 

Pass Pass

Notes: 
*Sample dispensed into plastic envelopes. Details of manufacturer was 
requested. The researcher expressed concern about the sample being in a hospital 
pack and asked to see more details including NAFDAC registration.
⁋ 
Duplicate measurements of absorbance were made only where sample size was 

more than 20 tablets. 
ⱡ
Rounded to the nearest integer/whole number.

11Niger Delta Journal of Medical Sciences ISSN: (Online) 2756 4002ISSN: (Print) 2736 0202 URL: https://www.ndjms.org

Orubu S.F. Ebiowei An Exploratory Medicine Quality Survey of Furosemide Tablets... et al: NDJMS Vol. 3 Issue 3, June 2021



Discussion
This assessment, the first of such multi-site 
investigations, for furosemide in Nigeria 
provides information on the quality of 
furosemide in selected pharmacies around 
healthcare facilities providing specialized 
cardiovascular care for children. 

All furosemide samples were compliant 
with official potency specifications. In this, 
our results differ from the findings of a 
multi-state survey conducted in 10 African 
countries (excluding Nigeria) assessing the 
quality of several cardiovascular medicines 
in circulation that found a mean SF 

19
furosemide prevalence of 12.5%.  They also 
differ from a localized study in Port 
Harcourt, Nigeria, that found that one out of 
five registered brands of furosemide did not 
comply with official (US Pharmacopeial) 
standard, which, with an allowed range of 
90-110 PLC, is slightly different from the BP 

13standard used here.  Our findings were 
similar with the results from a survey in 
Ethiopia, with respect to assay of active 
ingredient, which found five brands of 

20
furosemide to be of quality  Nevertheless, 
together, these studies indicate the need for 
continuous post-marketing surveillance of 
the quality of medicines in circulation in 
Nigeria. 

This relatively simple official (BP, 2017) UV-
Vis method could be used for the routine 
screening of procured furosemide tablets 
before compounding in hospitals in 
Nigeria, possibly integrated into a proposed 
3-level medicine quality assurance 

21protocol.

The majority (90%, 9/10) of the samples 
were not registered. This very high 
proportion of medicines unlicensed by 
NAFDAC is surprising. Medicine quality 
surveys from Nigeria report much lower 
proportions of unlicensed chloroquine 

(25%, 5/20), metformin (13%, 2/15), quinine 
(33%, 6/18), with NAFDAC reporting 68% 

22–25in 2001 . In the past, the absence of a 
NAFDAC registration number was a sign 
not to buy a product from a medicine outlet 
or pharmacy during the “Operation Shine 
Your Eyes” campaign to eliminate SF 

2
medicines in Nigeria . There is the need to 
strengthen regulatory inspections at ports 
of entry and for more regular post-
marketing surveillance activities to ensure 
that all medicines in the supply chain in 
Nigeria are licensed by NAFDAC. This 
would need substantial investment in 
capacity building and strong political will. 

One l imitat ion of  these f indings,  
considering the complex medicine supply 
chain in Nigeria is that they may not be 
generalizable. However, the specialized 
nature of furosemide use in children means 
that they are more likely to be purchased in 
pharmacies in close proximity to the 
healthcare facilities providing specialist 
cardiovascular medicines such as the ones 
surveyed, where these specialist hospitals 
experience stock-outs. Also, it is to be noted 
that dissolution studies, an important 
quality specification for medicines meant to 
be swallowed intact, were not conducted in 
this study as these medicines are usually 
compounded, or crushed and dispersed in a 
liquid for administration to young children 
– obviating the need for dissolution testing 
as a sign of quality. 

Conclusion
The majority of furosemide in circulation 
among selected pharmacies close to 
l o c a t i o n s  p r o v i d i n g  s p e c i a l i z e d  
cardiovascular care for children met official 
potency standards for quality, though other 
pharmacopoeial specifications were not 
checked, but they were not registered by 
NAFDAC. There is an urgent need to secure 
the supply chains, include more frequent 
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regulatory inspections and routine post-
marketing screening for medicine quality 
in Nigeria.
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