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Abstract 

___________________________________________________________________________________________________________________ 

The analysis of drugs is a priority in public health, particularly antibiotics which develop resistance 
due, among other things, to bad dosages or poor-quality of the active substance. In this study, we 
evaluated eight antibiotics available in health centers in Djibouti through qualitative and quantitative 
analysis. The tests were based on high-purity reference products. In qualitative analysis by HPLC, only 
amoxicillin presented two impurity peaks. This observation is found in the dosage of this active 
ingredient with a value of 83 ±0.6 mg instead of the 500 mg indicated on the label. It will be necessary 
to diversify the sample’s provenance to seek the origin of this degradation. 

Keywords: analysis; antibiotic; djibouti; HPLC; spectrophotometer; TLC 

 

*Address for Correspondence:   

Abdirahman Elmi Fourreh & Fatouma Mohamed Abdoul-LATIF, Medicinal Research Institute, Centre d’Etudes et de Recherche de Djibouti, IRM-CERD, Route de 

l’Aéroport,Haramous B.P. 486, Djibouti City 77101, Djibouti 

 

1. INTRODUCTION 

Quality control of medicines is essential to ensure the 
drug-quality because a medicine of a lower quality can either 
reduce or even cancel the therapeutic effectiveness of the 
product or constitute a danger to the health of the patient. 

A non-compliant medicine can be detected in three steps. 
Two can be done by field control officers: traceability and 
careful visual inspection. In collaboration with the customs 
services and the medicines department of the Djiboutian Health 
Ministry, we wish to complete this anti-counterfeiting arsenal 
of medicines with qualitative and quantitative techniques: 
chemical analysis. The latter is based on protocols defined in 
different pharmacopeias such as the United States 
Pharmacopeia (USP), the European Pharmacopoeia (European 
Pharmacopoeia or Ph.Eur.), or the WHO International 
Pharmacopoeia. 

The chemical fingerprint is observed using spectroscopy 
techniques which make it possible to obtain an initial 
indication of the product composition and to compare it to the 
reference characteristics, stored in the internationals 
databases. These three steps allow, in the vast majority of 
cases, to found out quickly whether or not a drug is counterfeit. 

Antibiotics are under greater scrutiny due to the 
development of resistance throughout the world1. In Africa 
where this problem is more worrying, the availability of 
counterfeit or poor-quality medicines is among the plausible 
causes of multi-resistant strains proliferation2,3. The 
establishment of technical platforms in laboratories and 
efficient control bodies could limit these risks. 

In our study, eight antibiotics from different sources were 
analyzed. Based on USP standards and publications in the field, 
protocols for identifying and dosing active ingredients have 
been put in place. 

http://jddtonline.info/
http://dx.doi.org/10.22270/jddt.v13i12.6318
https://crossmark.crossref.org/dialog/?doi=10.22270/jddt.v13i12.6318&amp;domain=pdf
https://orcid.org/0000-0002-5270-7425
https://orcid.org/0000-0001-7213-4700
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2. MATERIALS AND METHODS 

2.1. Materials 

2.1.1. Drugs analyzed 

In this study, we analyzed eight antibiotics, five of which 
were injectable (three powders and two liquids), two in tablet 
form, and one capsule. These medications were collected from 
community health centres in Djibouti city (Scheme 1-6). 

Ceftriaxone 

Ceftriaxone is a synthetic bactericidal antibiotic of the 
third-generation cephalosporin class, belonging to the 

beta-lactam family4. It is a penicillin sulfone, structurally 
related to sulbactam. Being a beta-lactamase inhibitor, it acts 
synergistically with many drugs such as penicillins and 
cephalosporins.  

We were interested in its formulation intended for injections 
and three commercial brands were targeted: 

- Unacefin produced in Turkey (1 g per 10 ml of sterile 

water); 

- NCPC produced in China (250 mg); 

- Injxone produced in India (1 g per 10 ml of sterile water).

-  

   

(A) (B) (C) 

Scheme 1. (A) Unacefin (Marque Yavuz ilaç -Turquie); (B) Marque NCPC-China; (C) Injxone (marque ICP-Inde). 

Ciprofloxacine 

Ciprofloxacin (1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1- 
piperazinyl)-3-quinolone carboxylic acid) is a synthetic 
fluoroquinolone antimicrobial agent. It presents an activity In 
vitro against most Gram-negative and many Gram-positive 
pathogenic bacteria, many of which are resistant to a wide 
range of antibiotics5.  

 

Scheme 2. Ciprofloxacine injectable 200 mg/ 100 mL ( 
marque POM- Kenya). 

Gentamycine 

Gentamycin belongs to the aminoglycoside antibiotic 
family. It is used for the treatment of serious infections caused 
by aerobic Gram-negative bacteria. 

 

Scheme 3. Gentamycine sulphate injectable (CROWN HEALTH 
CARE- China). 

Amoxicilline 

Amoxicillin, marketed as a generic drug, is a bactericidal 
β-lactam antibiotic of the aminopenicillin family indicated in 
the treatment of bacterial infections with sensitive germs6. 
Amoxicillin is the most commonly used antibiotic, especially in 
children. 

Its dosage form is a capsule produced by a Chinese 
laboratory and available in all health centres in Djibouti. 

 

Scheme 4. Ammoxicilline, capsule 500 mg (marque 
HM-china). 

Mébendazole 

Mebendazole (trade name Vermox) is an antihelmintic of 
the benzimidazole class, used in infestations by roundworms 
such Ascaris lumbricoides and Enterobius vermicularis. An 
anthelmintic is a class of antiparasitic medicine that helps 
eradicate parasitic worms, particularly gastrointestinal worms 
in humans. 

Its dosage form is a tablet produced by an Indian 
laboratory and available in all health centres in Djibouti. 



Fourreh et al                                            Journal of Drug Delivery & Therapeutics. 2023; 13(12):15-21 

ISSN: 2250-1177                                [105]                                 CODEN (USA): JDDTAO 

 

Scheme 5. Mébendazole, comprimé 100mg 
(Pharmalink-India). 

Métronidazole 

Metronidazole is an antibiotic and antiparasitic 
belonging to the nitroimidazoles. It inhibits nucleic acid 
synthesis and is used for the treatment of infections related to 
anaerobic bacteria as well as protozoa. 

Its dosage form is a tablet produced by an Indian 
laboratory and available in all health centres in Djibouti. 

 
Scheme 6. Métronidazole, tablet (Medopharm-India). 

2.1.3. Analysis materials 

The equipments used in this study were installed in the 
chemistry laboratory of the Institute of Medicinal Research 
(IRM) within the Center for Studies and Research of Djibouti 
(CERD). This is an Agilent 1260 HPLC; DU 800 
Spectrophotometer; High precision balance; MEMMERT oven; 
dark room and chromatographic plate and its accessories. 

2.1.4. Solvants and pharmaceuticals standards 

The organic solvents and the USP pharmaceutical 
references were purchased from Sigma Aldrich, Germany. 

2.2. Analyse qualitative 

2.2.1. Thin layer chromatography (TLC) 

Thin layer chromatography is a valuable tool in drug 
analysis, as it allows for obtaining information on the 
pharmaceutical product’s composition, identifying possible 
impurities, and controlling their quality. It is widely used in 
the pharmaceutical industry and drug quality control 
laboratories. 

In this present study, this analysis allows us to have the 
first elements to rule on the conformity of targeted antibiotics. 
In TLC, we analyzed three active ingredients which are 
Ciprofloxacin, Ceftriaxone, and Gentamicin. The protocols 
were adapted from the literature (Table 1).

 

 

Table 1. Mobile phases used in TLC analysis of Ciprofloxacin, Ceftriaxone and Gentamicin. 

Médicament Phase mobile Réference 

Ciprofloxacine Dichloromethane-Methanol-Ammonia 30 :60 :10 7 

Ceftriaxone Methanol:Chloroform: Triethylamine: Distilled water 5:5:0.2:0.4 8 

Gentamicine methanol-water-concentrated ammonium hydroxide 7:3:10 9 

 

2.2.2. Spectrophotometric profile 

The characteristic absorbance curve of a compound at 
different wavelengths is a unique absorption signature, 
making it a common identification method. We dissolved the 
standards and drugs in the same condition and performed a 
scan of their UV and visible absorbances using a DU 800 
spectrophotometer. 

2.2.3. Profil HPLC  

We performed the HPLC profile of three active 
ingredients: Amoxicillin, Mebendazole, and Metronidazole. 
The programming details of this analysis are collected in Table 
2.

 

Table 2. Procedure for HPLC analysis of Amoxicillin, Mebendazole and Metronidazole. 

Médicament Phase mobile Débit (min) longueur d’onde Réference 

Amoxicillin Phosphate de potassium-Acetonitrile 96-4 1.5 230 nm 10 

Mebendazole Methanol-Acetonitrile 90-10 0.5 100 nm Adapted from 11 

Metronidazole Methanol-pure water 40-60 1 250 nm 12 
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2.3. Analyse quantitative 

2.3.1. Assay by spectrophotometry 

The dosage of Ciprofloxacin is carried out according to 13 
with some modifications. The ciprofloxacin standard was 
prepared at a concentration of 1 mg/ml then gradually diluted 
to 50, 20, 10, 5, and 2 μg/ mL. The absorbance was measured 
in a 1 cm cuvette using a UV-VIS spectrophotometer at the 
maximum absorbance wavelength of 275 nm. 

For Ceftriaxone, the calibration curve was carried out 
with the standard of this molecule at concentrations of 70, 50, 
20, and 10 μg/ mL. The absorbance measurement wavelength 
is 241 nm14. 

Finally, 10 mg of accurately weighed gentamycin 
standard was transferred to a volumetric flask and added 
enough water to make 50 ml. Four dilutions of 100, 50, 25 and 
10 μg/mL were made from 200 μg/mL of the standard 
gentamicin solution previously prepared. The maximum 
wavelength (λmax) at 202 nm was adopted for absorbance 
measurement15. 

2.3.2. Dosage by HPLC 

The analysis programming characteristics are the same 
as those used in qualitative analysis by HPLC (see Section 2.2). 

2.4. Statistical analysis 

The analyses were carried out in triplicate and the 
statistical processing (mean, standard deviation) was done 
with Excell. The linearity of the calibration curves is evaluated 
with the squared correlation factor (only R2 ≥ 0.98 is 
considered in the calculation of contents)16. 

For the tablet dosage form, the results relate to 10 
different tablets. 

3. RESULTS AND DISCUSSIONS 

3.1. Qualitative analysis 

From the label indications, we verified the presence of 
the active ingredient ceftriaxone using thin layer 
chromatography (TLC) and a USP-grade pure cefriaxone 
standard purchased from Sigma Aldrich. TLC is recommended 
for assessing possible degradation of this pharmaceutical 
compound, whatever its dosage form17. Three commercial 
brands (NCPC1, Unacefin, and Injxone) were tested (TLC 1).  

We observe a single spot for all samples (drugs and 
standard) which has a frontal ratio of 0.8. We do not detect 
impurities in this analysis condition. Also, the absorbance 
profiles of the three injectables are similar to that of the 
standard for this active ingredient (Figure 1).

 

 

TLC 1. The profile of three ceftriaxone antibiotics and their standard (St). 

 

Figure 1. Spectrophotometric profile of ceftriaxone (standard and three drugs). 
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Likewise, the TLC 2 plate containing the drug 
ciprofloxacin injection (M) and the pure standard 
ciprofloxacin USP quality shows a single blue-colored spot 
under UV at 356 nm. The frontal ratio of this spot is 0.35. A 
study using a similar protocol detected impurity products 
(ethylenediamine, desfluoro, and fluoroquinolonic acid) with 

detection limit of between 10 and 44 ng18. We can therefore 
confirm the absence of these impurities. 

The comparison with the standard was also carried out 
by scanning the absorbance as a function of wavelengths. The 
two profiles overlap (Figure 2).

 

 

TLC 2. Ciprofloxacine injectable (M) and standard (St) under UV at 365 nm. 

 

Figure 2. Spectrophotometric profile of Ciprofloxacin (standard and drug). 

Gentamycin injection and the USP quality standard have 
a single dark spot in TLC under UV at 356 nm and under 
daylight (TLC 3a-b). The frontal ratio of this spot is 0.8. We do 

not observe any impurities and the medicine appears to 
contain only one active ingredient which is gentamycin. This 
molecule is very sensitive to heat and UV light19.
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TLC 3. Injectable and standard gentamycin under 356 nm (a) and under daylight (b). 

For the three active ingredients amoxicillin, 
mebendazole, and metronidazole, we verified their presence 
or not by HPLC. This identification was carried out with its 
standard and by comparison of retention times. 

Many HPLC methods for the determination of drugs in 
formulations have been reported and are applicable for most 
dosage forms20.  

In the case of amoxicillin, most of the analyses in the 
literature were carried out using an HPLC system21. In this 
study, the reference molecule is detected at 4.2 min and we 
find this same peak in the injection of the drug (Figure 3). 
However, two other peaks at 3.4 and 3.9 min are also 
recorded. The analysis is repeated three times and changing 

the column to eliminate any further contamination. It is 
therefore clear that these peaks correspond to impurities 
present in the amoxicillin drug analyzed. This may involve the 
degradation of the principal molecule during the 
manufacturing process or storage22.  

For mebendazole and metronidazole, a single main peak 
is recorded at 4.2 and 1.9 min respectively (Figures 4 and 5). 
These two retention times correspond exactly to those 
obtained for the two standards. It appears that these two 
drugs contain only the active ingredients indicated on the 
label without detectable impurities. According to23, 
mebendazole is very stable even under stressful conditions 
(acid-base, heat, humidity and photolytic).

 

 

Figure 3. Agilent HPLC chromatogram of capsule and standard amoxicillin. 

 

Figure 4. Agilent HPLC chromatogram of tablet and standard mebendazole. 
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Figure 5. Agilent HPLC chromatogram of tablet and standard metronidazole. 

3.2. Quantitative Analysis 

Quantitative analysis is carried out with a DU 800 spectrophotometer for ceftriaxone, ciprofloxacin, and gentamycin. 

Calibration curves with the respective standards are established (graph S1-S3). The active ingredient contents in drugs are 
determined from the linear relationship obtained with USP standards.  

The results of the content evaluation are summarized in Table 3. 

Table 3. Result of quantification of antibiotics measured by spectrophotometry. 

Antibiotics Mass determined in mg (for 1 mL) Label mass in mg (for 1 mL) 
Compliance 

interval in mg 
(±15%) 

Compliance 

(Difference ≤ 
15%) 

NCPC 25,6 25 21.25-28.75 Passed 

Unacefin 103,61 100 85-100 passed 

Injxone 99,21 100 85-100 passed 

Ciprofloxacine 1,52 2 1,7-2,3 failed 

Gentamycine 43,45 30 25,5-34,5 failed 

 

For the active ingredient ceftriaxone, all three antibiotics 
are in compliance with the USP pharmacopoeia, with values 
within the acceptability range of ±15% (Table 3). Our 
calibration curve has a very good proportionality coefficient 
R2 (0.98) for concentrations between 10 to 70 μg/ mL, very 
close to the value of which obtained R2 at 0.99 in the 
concentration range 0 to 48 μg/ mL24. 

On the other hand, for the ciprofloxacin content, the 
determined content is 1.52 mg which corresponds to a 
difference of -23.8%, beyond the acceptability interval of 
±15%. This injection bottle is non-compliant (Table 3). The 
instability of the injectable form and its high cost make the 
oral form more attractive, according to new assessments25. 

Likewise, gentamycin where the determined content is 
higher than the label 43.45 and 30 mg respectively. The 
difference between these two contents is 30.95%, beyond the 
acceptability interval of 15%. This injection bottle is also 
non-compliant. Powdered injectables are more stable than 
those already constituted in a liquid26. 

Exceeding the active dose is a major health problem 
worldwide, whether due to self-medication or faulty drug 

manufacture27. Under dosing also has its drawbacks and is 
more frequent than overdosing28. 

For the other active ingredients, the quantitative analysis 
was carried out with HPLC. 

With the same protocol as the qualitative analysis, we 
established calibration curves of the amoxicillin (graph S4), 
mebendazole (graph S5), and metronidazole (graph S6) using 
USP standards. 

For amoxicillin where in analysis mode we obtained 
three peaks, this affects its content. We obtained the 
amoxicillin content at 83.3 mg, far from the 500 mg indicated 
on the label (table 4). This determined value is even beyond 
the acceptability interval of ±15%. 

For metronidazole, we obtained a slight overdose at 
664.83±0.2 mg (Table 4). 

Finally, for mebendazole, the content of 99.91±0.8 mg is 
almost identical to the label of this medication indicating a 
dose of 100 mg per tablet.
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Table 4. Result of quantification of the active ingredient of theamoxicillin, mebendazole andmetronidazole by HPLC. 

Active ingredient Label mass -15% (mg) Label mass +15% (mg) Determined mass(mg) 

Amoxicilline 425 575 83,33±0,6 

Mébendazole 85 115 99,91±0,8 

Métronidazole 425 575 664,83±0,2 

 

In this study, we have set up two types of analysis: qualitative 
analysis identifies the components present in a drug sample 
and quantitative analysis determines the specific amounts or 
concentrations of those components. Both are crucial for 
ensuring the safety, efficacy, and quality of pharmaceutical 
products. These analyses are essential for products from 
countries that do not have strict control policies. The latter are 
very competitive in price and in this period of high inflation; 
they are very popular with Djiboutian patients. 

4. Conclusion 

In this present study, we evaluated the quality of the 8 
antibiotics used in Djibouti. 

Different analysis methods have been implemented such 
as thin-layer chromatography, spectrophotometry, and HPLC. 

To our knowledge, this is the first study to evaluate the 
quality of medicines in Djibouti. We detect some defects 
(presence of impurities, under or overdose). 

It is urgent to characterize the impurities and multiply 
the samples analyzed for efficient monitoring. 
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5. Annexes 

 

Graphe S1. Ceftriaxone calibration curve. 

 

Graphe S2. Ciprofloxacin calibration curve. 

 

Graphe S3. Gentamicin calibration curve. 

 

Graphe S4. Amoxicillin calibration curve. 

 

Graphe S5. Mebendazole calibration curve. 

 

Graphe S6. Metronidazole calibration curve. 
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