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Abstract: Antimicrobial drug resistance (AMR) is a growingpbhl concern associated with the overuse
abuse of antimicrobial agents in clinical settinlygany developing countries like Eswatini still lack
adequate mechanism of checking the quality of pasehpharmaceuticals which perpetrates the spre.
substandard or counterfeit drug products. The dithie study is to evaluate the quality of thre#eadent
brands of ceftriaxone in Mbabane retail outletstitthese drugs high rate of cliniagse, there is a need
evaluate its compliance with stipulated standangdhiarmacopoeia for quality assurance. The thffsreht
brands of Ceftriaxone sodium were tested with hgitisical tests (pH, expiry date, label, colour, wdl
packaging matrial) and biological test (susceptibility testidetermine their quality. The three brands pa
both the physical and biological tests. None ofdhegs were found to be out of the stipulated dinds of
the different Pharmacopoeias. The brands\étten the acceptable quality. Based on the resadtained, th
brands tested meet the quality requirements basédeoquality standards in the Pharmacopoeias.
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1. Introduction

Quality control and assurance of medicinal prodigts very vital necessity of pharmaceutical prasluc
[1,2]. With the recent high rise of Ceftriaxoneihitic use in Eswatini, retail pharmacies in tloaiatry have
fallen under the expectation of FDA standards éadf regulation as there is no government estaluisffece
for Good Manufacturing practice (GMP), or qualitynérol and assurance of drugs being imported inéo t
country [3]. Ceftriaxone Sodium is a 3rd genermati®ephalosporin antibiotic with the chemical forewoff
C18H16N8Na207S33.5H20 and chemical name (6R, #R}2-Amino-4thiazolyl)glyoxylamido]-8-oxo-3-
[[(1,2,5,6-tetrahydro-2-methyl-5,6-dioxo-as-triad3ryl)- thio]jmethyl]-5-thia-1-azabicyclo[4.2.0Jo&-ene-2-
car-boxylicacid,72-(Z)-(Omethyloxime), disodium tsaes-quaterhydrate[4,5]. It has a calculated oubde
weight of 661.60 and the following structural foria{i7].

structural formula:

NHp
A,

s~ ~:T

C—CO-NH——+" 1 N

N N,

\ ~ NZ N ‘;‘\'N' ‘\;r'O .
OCH;s [o) CHy 35H0

COO-Na*

Ceftriaxone Sodium has a broad spectrum of antohial action that includes the majority of the
clinically significant microorganisms: Gram-pos#ivGram-negative, aerobic, anaerobic, and bludspaidus
[8]. It is resistant with respect to most betadathses of Gram-positive and Gram-negative bactergaused
for peritonitis, sepsis, meningitis, cholangitisnghysema of the gall bladder, pneumonia, lung asess
pyelonephritis, infections of the bones, jointdnskoft tissues, abdominal and gynaecologicalcidas, and
for infected wounds and burns. The main synonyhisfdrug is rocefin [6,9]. Ceftriaxone is charaized by
in-vitro action against both gram positive and gnaggative aerobic and anaerobic bacteria. The teicke
activity of Ceftriaxone results from inhibition o&ll wall synthesis. Cephalosporins exert bactgaicactivity
by interfering with bacterial cell wall synthesisica inhibiting cross-linking of the peptidoglycanh&
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cephalosporins are also thought to play a rolaéractivation of bacterial cell autolysins whichyntantribute
to bacterial cell lysis. Saturable plasma proteimding within the therapeutic range (the free fi@ttof

ceftriaxone remaining relatively constant at apprately 5 to 10 percent at ceftriaxone plasma cotraéons
of less than 200 mcg/mL, and increasing to appraséty 40 percent at 650 mcg/mL) [10]. No activereton

by renal tubules, and approximately 55 percentlrelivaination and 45 percent excretion through lhiary

pathway. Ceftriaxone is 95% protein bound witteltmination half-life at 8.8 hours and penetrate ithe CSF
in sufficient concentration.

Following intramuscular injection, mean peak plasreftriaxone levels are approximately half those
observed after intravenous administration of anvedent dose [11]. The maximum plasma concentradfter
a single dose of 1g is about 81 mg/l and is readhe®3 hours after administration. After intraveso
administration of ceftriaxone 1g, the mean pealsmla levels is 200mg/l. after intravenous infusidn o
ceftriaxone 1g, plasma levels are approximately mg@. The volume of distribution of ceftriaxone742 L.
concentrations well above minimal inhibitory conrations of most relevant pathogens detected Buéis
including lung, heart, and tonsil, prostatic andayial fluid. 8-15% increase in peak plasma conegiun is
seen on repeated administration and steady stegadhed in most cases within 48-72 hours deperatirthe
route administration. Ceftriaxone penetrates thainges [11]. Penetration is greatest when the ngasiare
inflamed. Mean peak ceftriaxone concentrations@t@h patients with bacterial meningitis are repdro be
up to 25% plasma levels compared to 2% of plasweldén patients with uninflamed meninges. Ceftoiae
crosses the placental barrier and is excretedeiitbast milk at low concentration [11].

Ceftriaxone is used in the treatment of the follogvinfections when caused by susceptible strairkeof
designated microorganisms: Lower Respiratory Tirettions caused by E. coli, H. influenzee, K. pmeniae
and species, Staph. aureus, Strep. pneumonia@aciés (excluding enterococci) [6]. Urinary Tratfelctions
(complicated and uncomplicated) caused by E. stébsiella species, P. mirabilis and P. vulgariact®rial
Septicemia caused by E. coli, H. influenzae, K. pm&niae, Staph. aureus and Strep. pneumoniae, ¢knglu
enterococci). Skin and Skin Structure Infectionasesl by K. pneumoniae and species, P. mirabilaptst
aureus, Staph. epidermidis and Streptococcus sp@oieluding enterococci). Bone and Joint Infeticaused
by Staph. aureus, Strep. pneumonia and Streptos@mecies (excluding enterococci) [6]. Intra-Abdoahi
Infections caused by E. coli and K. pneumoniae. iktgtis caused by H. influenzae, N. meningitidisg &trep.
pneumoniae. Ceftriaxone Injection, USP should retubed for the treatment of meningitis caused by L.
monocytogenes. Ceftriaxone is the drug of choiceafoforms of gonorrhoea and for severe forms wine
disease [6].

2. Materialsand M ethods

2.1. Materials

Three different generic brands of ceftriaxone smdampoules were collected from different approved
Retail Pharmacies in Mbabane. The different bramel® Mvsef, Scotxone and Generics Plus, each wihd
a strength of 1g. Nutrient Agar, distilled watderge saline in 2-ml tubes, 0.5 McFarland stand&vtiatman
Filter paper 2, Mueller-Hinton agar plates 100 nsterile Swabs, sterile saline and bacterial Iselate
Staphylococcus aureus were purchased from locapanynSigma Aldrich.

2.2. Testing Methods

To confirm the safety, quality and efficacy andeeffveness of the three brands of Ceftriaxone sodiu
ampoule, (each was labelled according to brand heand quality evaluation test was performed andexh
out in this study. Quality evaluation test for Cieftone injection includes physical tests, efficaegts
(susceptibility). The tests for quality of Ceftr@e sodium ampoule, USP and Pharmacopoeia wereagsed
standard for the evaluation of this study.

2.3. General appearance of ampoule (Physical test)

Testing of general appearance involves measureshiatitibutes such as; Production date and exjaity,d
packaging material, shape and dimensions of ampoaleur and Odor, quality of sealing, pH valuedb®
determined by pH meter.
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2.4. Microbiological Assay

Antibiotic susceptibility assays were conductedhanthree brands of ceftriaxone using cultured onedi
Muller Hinton Agar plates, containing direct colosyyspension that was equivalent to 0.5 McFarlaaddztrd
for the bacterial isolate Staphylococcus aureysciad with ceftriaxone and incubation at %5 for 16-18
hours. The diameter of the Zones of growth intdlifproduced by the different brands were measur2di3].

2.5. Negative Testing (Control)

For Quality control S. aureus ATCC 25923 is usedegmtive control with culture media and water veher
it shows no development of zone of inhibition.Héte was microbial growth on the control test,diNd mean
that the sample was not sterilized properly.

3. Reaults

3.1. Physical Test Results

Table 1. Result of the physical tests conductetherdifferent samples.

Test Product Sample
Generics Plus Mvsef Scotxone
Date of 03/23 04/23 06/23
Manufacture
Expiry Date 05/26 05/26 03/26
Colour Yellow Pale Powder with Yellow Pale Yellow Pale Powder
Powder with with
Clear Sterilized wate Clear Sterilized wate Clear Sterilized wate
Light yellow to clear Light yellow toclear | Lightyellow to clear colour
colour mixture after colour mixture after mixture after mixing
mixing mixing
Odour Mild Mild Mild
pH 6.88 6.72 6.84
Quality of Sealing |Plastic ~ —Water Plastic ~ —Water Plastic —~Water container and
container and container and ([Transparent Bottle with
Transparent Bottle with  |Transparent Bottle with |no visible
no visible no visible impurities
impurities impurities
No evidence of being No evidence of being No evidence of being
tampered with tampered with tampered with

3.2. Biological Test Results

Table 2. Result of the biological tests conductedhe different samples

Day 1

Generics Plus Mvsef Scotxone
Readings 25 mm 24 mm 24 mm
Day 2

Generics Plus
Readings 23 mm 22 mm 23 mm
Day 3

Generics Plus Mvsef Scotxone
Readings 23 mm 30 mm 27 mm
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Table 3. Show the antimicrobial susceptibility itegt— zone size interpretative chart, based ontsesbtained
using Mueller Hinton agar [14].

Lone Size Interpretative Chart (as per CLSI & EUCAST)

Antimicrobial Susceptibility Testing - Zone Size Interpretative Chart"
Based on Results obtained using Muelle Hinton Agar
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Fig. 1. Day 1 Susceptibility results, showing tliaes of inhibition on day one.

Fig. 2. Day 1 Susceptibility results, showing tlemes of inhibition on day one.

Fig. 4. Showing the control with no zone of inhidnit after day three.

4, Discussion

Itis expected that every country that has pharuoigzad products should have quality control andiesssce
department to ensure the precise production ofrpheeutical medicines. Unfortunately, Eswatini cotlse
lacks the incentives of both quality control andumance. This puts the nation to a high risk ofuinfof
counterfeit and sub-standard drugs which has noagtee the safety, purity, efficacy, and qualithisTstudy
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used information obtained from pharmacopeia to querfquality evaluation of three different brands of
Ceftriaxone Sodium ampoule 1gm obtained from loetil pharmacy in Mbabane, Eswatini. The threfedst
brands of Ceftriaxone sodium ampoules were obtaimexbllected, each with a strength of 1gm. The cutgs
were randomly purchased from different selectedlilrpharmacy outlets in Mbabane and they were witheir
expiry date. The brand names were used to diffetenthem. Data for physical testing and biologiesting
were collected from the experiments performed asdlts were presented in tabular format.

4.1. Physical test

Data for physical testing were collected from tixpeiments performed and results were presented in
tabular format as shown in table 3.1. The Pharmaiebstandards, such as those set by the UnitegsSta
Pharmacopoeia and European Pharmacopoeia stiptiatas seal integrity, upon visual inspection: pauales
should be inspected visually for any sign of craaksps, or defects in glass that could comprortiigeseal.
Drug container was transparent bottle with no Wsitmpurities. The Packaging material was acceptabl
according to the USP as the quality of sealingliofhaee ceftriaxone ampoules were intact and withany
evidence of tampering which could alter the corgefihe colour of the Ceftriaxone powder before mixivas
yellow pale powder which also had clear sterileen#br the three ceftriaxone was acceptable acagrtti the
Indian and US pharmacopoeia. Also after mixingdbfriaxone powder with the sterile water, a lightlow
solution was observed which signifies that it pagbe USP stipulation. Additionally, both the Imdiand US
Pharmacopoeia stipulates that Ceftriaxone solusibould have a pH range 6.07.0. The study showed the
different brands pH as follows; Generics Plus (p8B%, Mvsef (pH 6.72) and Scotxone (pH 6.84). Htisws
that the brands were within the stipulated guidsdjrtherefore pH was as approved.

4.2. Biological test

Table 2 shows biological test results. To obtaerdsults for biological testing, the microbes wgnawvn
in a suitable media (with nutrient agar) and prgpsterilized using an autoclave as per requiresientUSP.
The medium adhered to the stipulated guidelineg fEsults in Table 2 are susceptibility test rasafter
measuring the Zone of Inhibition. The table shdwvet the zones of inhibition for the three brand glasiwere
as follows;

Table 4. Outlines the interpretation chart of thsults.
Generics Plus Zone of inhibiti
Day 1 (25 mm), Day 2 (23 mm) and Day 3 (23) shovéngverage of 23.7 nn
Mvsef Zone of inhibitio
Day 1 (24 mm), Day 2 (22 mm), Day 3 (30 mm), shapén average of 25.3 n
Scotxone Zone of inhibitic
Day 1 (24 mm), Day 2 (23 mm), Day 3 (27 mm) showangaverage of 24.7 n

It stipulates that for Ceftriaxone susceptibilibosild be 21 mm or more, Intermediate 14 mm- 20 mch a
Resistant should be 13 mm or less [14]. Resultgdatity control limits for Staphylococcus aureus@25923
strain should be between 22 mm -28mm. The resbitsieed from this study shows that Generics Plughvh
had an average of 23.7 mm, was susceptible. Mveafhwhad an average zone of inhibition of 25.3 masw
also susceptible. Scotxone which had an average aionhibition of 24.7 mm was highly susceptibseveell.
This susceptibility results implies that GeneridasP Mvsef and Scotxone were approved as per Ch8l a
EUCAST standards, therefore passes the test @geffiand are within the quality control limits [1Hesult
of the control medium is shown by Figure 4 in whitiere was no Zone of Inhibition around the disk
impregnated with sterilized water. This means thatmedium was sterile, it had no contaminantd. iftie
analysis on physical tests and biological test eftriaxone samples met the established pharmadopeia
standards, indicating that they are suitable fimiadl use.

5. Conclusion

Quality assurance guarantees drug safety and ieaess. The quality assessment of Ceftriaxone
showed significant insights into its pharmaceutigedperties including efficacy, purity and stalyilit
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Ceftriaxone antibiotic is listed amongst the classiedrugs listed as essential medicines in Eswdtj.
According to the finding of this study of qualitgsessment of different brands of Ceftriaxone sodtum
can be concluded that three brands of ceftriaxandyzts are equivalent and are of good quality. The
findings of this study highlights the importance auality control measures in the production and
distribution of pharmaceutical products. Incongistantibiotic quality can lead to treatment failure
multidrug resistance and adverse patient outcofite=refore, ensuring that all ceftriaxone producégin
stringent quality standards is critical for safeglirrg public health.

Conflictsof Interest: The author has no conflict of interest relatechis study to disclosure.
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