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ABSTRACT

Erythromycin, a macrolide antibiotic produced by strain of
Saccharopolyspora erythreas is effective against gram-positive and
gram-negative bacteria by inhibiting protein synthesis. They exist as
tablet, capsule, or suspension, injectables, ophthalmic solution and
ointments. They are one of the most frequently prescribed second-line
antibiotics in Nigeria for the treatment of respiratory tract infections.
Due to availability of adulterated and substandard drugs, antimicrobial
resistance (AMR) is on the rise, particularly in the sub-Saharan region.
Weight uniformity test, disintegration test, dissolution test, UV
spectroscopy, and microbiological assay were used to examine five
different brands of erythromycin stearate tablets. The weight
uniformity test was done using analytical balance to compare their

respective weights. The disintegration test was done using

disintegration apparatus and distilled water as the medium. The dissolution test was done

using dissolution apparatus and 0.1 N HCI as the medium. The microbiological assay was

tested with the following bacteria using the Agar well diffusion method: Escherichia coli,

Staphylococcus aureus, Pseudomonas aeruginosa, and Bacillus subtilis. Both disintegration

test and weight uniformity test were passed by all brands. Except for E4, all brands passed

dissolution test. All brands had percentage purity levels within the allowed range for the

chemical analysis. For the microbiological assay, against E. coli, all brands have high

antibacterial activity except E3 with intermediate antibacterial activity. Against S. aureus, all
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brands had intermediate antibacterial activity. Against P. aeruginosa, all brands had high
antibacterial activity except E4 with intermediate antibacterial activity. Against B. subtilis, all

brands had high antibacterial activity.
KEYWORD: Erythromycin, AMR, disintegration, dissolution, UV spectroscopy.

INTRODUCTION

The macrolide antibiotic erythromycin was first discovered in 1952 and is made by a strain of
Saccharopolyspora erythreas.?'] They are used to treat infections of the skin and soft
tissues, and the respiratory system, chlamydia infections, pelvic inflammatory disease, and
syphilis.2'™ They are effective against both gram-positive and gram-negative bacteria.”
They are bacteriostatic and prevent the synthesis of proteins by attaching to the human-absent
23S ribosomal RNA molecule in the bacterial ribosome's 50S subunit.”! Additionally, they
have immunomodulatory and anti-inflammatory effects."! There are Erythromycin A, B and
C of which Erythromycin A is the most common and the IUPAC name is
(3R,4S,5S,6R,7R,9R,11R,12R,13S,14R)-6-{[(2S,3R,4S,6R)-4-(Dimethylamino)-3-hydroxy-6-
methyloxan-2-ylJoxy}-14-ethyl-7,12,13-trihydroxy-4-{[(2R,4R,5S,6S)-5-hydroxy-4-
methoxy-4,6-dimethyloxan-2-ylJoxy}-3,5,7,9,11,13-hexamethyl-1-oxacyclotetradecane-2,10-
dione with a molecular weight of 733.937 g/mol’1 and molecular formula Cs7Hg;NO;3.[

Below is the chemical structure.
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Figure 1: Structure of Erythromycin.
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Enteric-coated tablets, slow-release capsules, oral suspensions, ophthalmic solutions,
ointments, gels, non-enteric-coated tablets, non-enteric-coated capsules, and injections are all
forms of erythromycin that are available.” They can be found as salts in various
formulations. They may come in the forms of stearate, ethyl succinate, and estolate for tablets
and oral suspension. Regarding capsules, it might be estolate or base, and erythromycin base

is also present in eye ointment. Gluceptate and lactobionate are the injectable salts.!?!

Antimicrobial resistance (AMR), a global issue that is estimated to be responsible for
700,000 deaths each year, will likely result in the loss of 10 million lives and US $100 trillion
annually by 2050 if no appropriate action is takenM"" 8 \ith a death rate of 27.3 per
100,000 people, Sub-Saharan Africa has the highest AMR mortality.’! AMR is said to
happen when microorganisms like bacteria, fungi, viruses, and parasites change in response
to antimicrobial drugs, according to the World Health Organization (WHO).! Antibiotics,
antifungals, antivirals, antimalarials, and anthelmintics are examples of antimicrobial
medications.*” Drugs lose their effectiveness, infections linger in the body, and the
likelihood that they will infect others rises.l'” The likelihood that antibiotics will be able to
treat common infectious diseases is decreasing due to the frequent development of new
resistance mechanisms by microorganisms, which is leading to prolonged illness, disability,
and even death.’® Major medical procedures, such as organ transplantation, cancer
chemotherapy, diabetes management, Caesarean section, etc., may be high risk without
effective antimicrobials for the prevention and treatment of infectious diseases.™® The
likelihood of achieving the Sustainable Development Goals and the Millennium Development
Goals is therefore low.™ Although microorganisms can become resistant to antibiotics, our
actions can also promote the spread of resistance.'! These could occur due to overuse of
antibiotics by medical professionals, patient non-compliance with prescriptions, poor
hygiene, inadequate prevention methods, lack of control, and international travel 1012
Another factor contributing to AMR, particularly in LMIC, is the entry of fake and
adulterated medications onto the drug market. Due to the development of drug resistance by
the microorganisms, therapeutic success is compromised when the bacteria are exposed to
sub-therapeutic doses of the medication."*M*M%] There is also the issue of unregulated
supply chains and the accessibility of antimicrobials without a prescription™*'*%] where 80%
of those handling the drugs have no knowledge of drug dispensing.**M 1181 High
temperatures and humidity in Africa's weather can have an impact on the quality of

antimicrobial drugs while they are being stored, in addition to poor storage
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conditions.M19M2 Assay of antibiotics is mainly carried out by microbiological screening
however this test lack specificity hence chemical and instrumental methods are used for
analysis./?) For the chemical analysis of erythromycin, a few techniques have been used,
including electrochemistry, spectroscopy, and chromatography.”! A popular technique for
analysis by separation from other components and detection by a UV detector is high-
performance liquid chromatography (HPLC).?22® Mahmoudi and Boukhechem created a
novel HPLC method for erythromycin evaluation in human urine using an end capped ODB
RP18 column as the stationary phase and acetonitrile -2-methyl-2-propanol-
hydrogenphosphate buffer, pH 6.5, with 1.5 percent triethylamine (33:7: up to 100, v/v/v) as
the mobile phase.*”! Erythromycin has been separated from erythromycin stearate tablets and
erythromycin estolate suspension using silica gel on Thin Layer Chromatography
(TLC).1?°M%%] ysing a TLC plate coated with Kieselgel GF254, erythromycin A, B, C, and D
were separated from one another.”®’?”) Erythromycin has been quantified and separated
using gas chromatography using flame-ionization detection in erythromycin tablets, 21281 |¢
has also been reported that pyrolysis-gas chromatography can be used to quantify the amount
of erythromycin in erythromycin ethyl succinate capsules,®!?*I with erythromycin dissolved
in the running buffer at various concentrations ranging from 0.1 to 10 mM and three different
Background Electrolytes (BGEs), sodium phosphate pH 3.0 and 7.0 and sodium borate pH
9.2, the chiral selection of erythromycin has been separated using capillary zone
electrophoresis.®® Erythromycin in pharmaceutical formulations has been examined using
direct UV and first derivative measurements at wavelengths of 285 and 300 nm,
respectively.BY42 Using transmission Fourier Transform Infrared (FT-IR) spectroscopy, a
straightforward and economically viable analytical method was developed to quantify
erythromycin in tablet formulation.”®’3 FTIR is used for the quality control analysis of
erythromycin and its impurities. It is based on the measurement of an object's infrared
radiation transmission or absorption.B¥! The chemical makeup of erythromycin and its
derivatives can be thoroughly analyzed using nuclear magnetic resonance (NMR)
spectroscopy. For instance, the conformational blend of new members of a series of
erythromycin A derivatives in Chloroform-D solution was predicted using *H and **C NMR
chemical shift data.®” NMR spectroscopy was also used to investigate the acid-catalyzed
degradation of clarithromycin and erythromycin B.B! Other analytical techniques have been
used in conjunction with mass spectroscopy (MS). Erythromycin and Tylosin in honey were
subjected to quantitative analysis using solid-phase extraction and mass spectrometry.*®!

Liquid chromatography analysis using electrospray ionization mass spectrometry was used to
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quantitatively analyze erythromycin.BMB8B%  For  the analysis of erythromycin,
electroanalytical ~ techniques such as  amperometrict*M #3042 yoltametric3H44],
coulometric®!, and potentiometric detectiont*®! have been used. Comparing the inhibition of
microorganism growth caused by known antibiotic concentrations allows us to gauge an
antibiotic's potency.® Analysis of erythromycin can be carried out by microbiological assay
and comparing their respective zone of inhibition diameter to kirby-Bauer (Antibiotic
Sensitivity) guideline charts.l*’! The use of agar diffusion agar method has been used in the

validation of erythromycin microbiological assay.[*8!

MATERIAL

Apparatus

UV model Spectrum Lab 752 Pro MMMs Spectrophotometer, Ohaus Adventurer Pro
Analytical balance, Veego VDA-6DR USP Standard tablet dissolution apparatus, Veego USP
Standard disintegration apparatus, Autoclave, Funnel, Pipette, Beakers, Volumetric flask,
Conical flask, filter paper, measuring cylinder, syringe, Mueller Hinton agar, Petri dish,

Reagents
Distilled Water, Methanol, 0.1N HCL.

Micro-organism
Bacteria (Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus
subtilis).

Drug sample

Five brands were purchased from retail pharmacy in the state capital, Yenagoa and were
coded E1, E2, E3, E4 and E5. All the brands were imported, and none were expired as at
when analysis was carried out and only E1 was registered with the drug regulatory body in

Nigeria.

METHOD

Weight uniformity test

Twenty tablets of E1 were randomly selected and weighed individually using an analytical
balance and their respective weights recorded. The procedure was repeated for the remaining

brands and their respective means and standard deviations were calculated.™™
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Dissolution Rate Test

A 0.1 N HCI was utilized as the dissolution medium and one tablet from each brand of the
erythromycin tablet was inserted in the dissolution apparatus set at temperature of 37 °c. This
was carried out at 50 rpm and 5 ml of the various brands was withdrawn at different time
intervals.® The concentration was determined via UV Spectrophotometer at absorbance of

285 nm along with the blank sample.

Disintegration Rate Test

Six tablets of each brand were placed into the tubes of the disintegration apparatus and
suspended in the beaker with distilled water as medium. The time at which the drug samples
disintegrated was recorded.l*”

Analysis of Erythromycin tablets

The standard solution containing reference standard was prepared to obtain various
concentration of 10 pg/ml, 20 pg/ml, 30 pg/ml, 40 pg/ml, 50 pg/ml, and 60 pg/ml using
methanol. They were all scanned through UV-Visible wavelength of 200 — 400 nm. A 20
pg/ml concentration of the different brands were prepared and scanned to determine the
amounts of erythromycin present in the samples.

Microbiological Assay

The Mueller Hinton agar was prepared according to the manufacturer instructions, and all
material required for this procedure was autoclaved at 121° for 15 mins. The prepared agar
was poured into the petri dish and allowed to cool. The microbiological assay of all the
brands was determined by evaluating the susceptibility of the various bacterial clinical
isolates to the different brands. A 1 ml of the inoculates was withdrawn from the stock with a
sterile syringe and transferred into the petri dish containing the Mueller Hinton agar, and
even distributed on the surface of the agar plate. A sterile cork-borer was used to bore five
holes in the agar plate. The holes were inoculated with 15 mcg/ml of the sample prepared
using methanol as solvent. The agar plate containing the various brands were incubated at

37 for 24 hours and their respective zone of inhibitions was observed and measured.

www.wipr.net | Vol 12, Issue 7,2023. | 1SO 9001:2015 Certified Journal | 850



Dode et al. World Journal of Pharmaceutical Research

RESULTS
Table 1: Showing uniformity mean weight, number of tablets deviated and Percentage
purity.

Sample Mean Number.of Percentage Purity
weight (g) | tablets deviated (Yow/w) + SD
El 1.020 Nil 97.4 +0. 001
E2 0.831 Nil 98.0 £ 0.004
E3 0.603 Nil 99.7 £ 0.003
E4 0.861 Nil 96. 3+ 0.004
E5 0.905 Nil 100.5 + 0.002

*SD = Standard deviation

Calibration curve of Erythromycin stearate tablets
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Figure 2: Showing the calibration curve for Erythromycin Stearate tablets.

Table 2: Disintegration Time in Water.

Sample | Mean time (mins) + SD | CV (%)
El 58+04 7.6
E2 209+15 6.9
E3 11.4+0.7 6.0
E4 13.7+5.1 37.3
E5 89+1.0 10.6

*SD = Standard Deviation, CV = Coefficient of Variation

Dissolution test
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Figure 3: The dissolution test for the various brand of Erythromycin stearate tablets.
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Table 3: Zone of inhibition measurement for different brands of erythromycin stearate
tablets.

Diameter (mm)
E1|E2|E3|E4|E5
P. aeruginosa 23 | 24 | 26 | 18 | 23

Micro-organisms

E. coli 28 127|121 |25 | 26
B. subtilis 29 | 28 | 26 | 27 | 27
S. aureus 22 122120 |22 |21

DISCUSSION

According to Table 1, the mean weights of the different brands are 1.020 g for E1, 0.831 g for
E2, 0.603 g for E3, 0.861 g for E4, and 0.905 g for E5. Since there were no brands with any
tablets whose percentage deviation was greater than 5 %, all brands reportedly passed the
weight uniformity test.

A stock solution of the reference standard was prepared through serial dilution to obtain
various concentrations. These concentrations were then scanned between 200 and 400 nm,
with the Anmax Seen at 285 nm. This data was used to create the calibration curve, which was
then used to extrapolate the concentrations of the various brands. The erythromycin UV
spectroscopy calibration curve (Figure 2) demonstrates that the medication complies with
Beer-Lambert law. With the regression equation y = 0.0082x + 0.0134, the graph is linear.
The correlation between the absorbance values and the drug concentration is 99.13 %, as
shown by the regressions square R? = 0.9913. As it is less than 0.05, the p-value of 0.000348
indicates a strong correlation between absorbance and concentration and excludes chance.
The measurements are accurate, as evidenced by the standard error having a low value of
0.014029, and the regression line offers a reliable approximation of the true value. The
statistical results for the calibration curve of Erythromycin stearate tablets' UV spectroscopy
demonstrate the calibration curve's accuracy, dependability, and reproducibility in estimating
the drug concentration in a sample based on its absorbance value. The calibration curve for
Erythromycin stearate tablets obtained for UV spectroscopy is therefore suggested to be
sufficiently precise, accurate, and reliable in predicting the drug's concentration in samples
based on its absorbance value by the values of R? p-value, and standard error. The
percentage purity and standard deviation of the various brands E1, E2, E3, E4 and E5 are
97.4 £ 0. 001 g, 98.0 £ 0.004 g, 99.7 + 0.003 g, 96. 3 £ 0.004 g, and 100.5 + 0.002 g
respectively as shown in Table 1. All brands fall within the stipulated range for percentage

purity, which is defined by the official compendia as being between 96 and 102 %w/w. All
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brands have very low standard deviations, which means that there is little variation between

them.

The mean disintegration time (minutes) for the five brands with their standard deviation E1,
E2,E3, E4,and E5are 5.8 £ 0.4,20.9 £ 1.5, 11.4 £ 0.7, 13.7 £ 5.1 and 8.9 + 1.0 respectively
as shown in Table 3. According to this, E1 is the brand with the shortest mean disintegration
time, so it dissolves first. E5 is next, followed by E3, E4, and E2, with the longest
disintegration time. E4 has the highest standard deviation value, indicating that there is more
variability or inconsistent behavior compared to others, while E1 has the lowest value. The
coefficient of variation represents the relative variability of brands to their means with the
highest value of 37.3% for E4 which suggests that its disintegration behaviour is more
variable when compared to other brands. All samples passed the disintegration test according
to the BP Pharmacopoeia because they all disintegrated in less than 30 minutes, between 5

and 20 minutes, on average.

To determine the dissolution profiles of the five brands over a period of 60 minutes, a graph
of the percentage of drugs released over time (Figure 3) was plotted. The graph demonstrates
how the percentage of drugs released rises over time for all brands, with E3 releasing the
most drugs (68.18%) and E4 releasing the least amounts (11.38%) at the five-minute mark.
E4 had the lowest drug release at 60 minutes, at 79.91 %, and E5 had the highest drug release
at 108.1 %. All brands met the dissolution test standard except for E4 (79.91 % at 60
minutes), which did not dissolve at least 80% of the drugs in accordance with the BP

specification.?®!

Antibiotics' antibacterial activity against various microbes is measured by the Zone of
Inhibition. According to Table 4, the samples have varying degrees of activity against various
microorganisms. The zone of inhibition interpretative standard for erythromycin at a
concentration of 15 mcg/ml against microorganisms with a diameter of 13 and below is
resistant, intermediates 14 to 22, and 23 and above are susceptible, according to the Kirby-
Bauer (antibiotic sensitivity) test. For P. aeruginosa, the diameter reveals that all brands,
except for E4, have high antibacterial activity, while E4 has an antibacterial activity of 18
which is intermediate antibacterial activity. The brand with the highest antibacterial activity
is E3, which has the highest diameter of 26 among all brands. For E. coli, the diameter shows
that all brands have high antibacterial activity against the organism except for E3 which has

diameter of 21, meaning it has intermediate antibacterial activity. E1 has the highest
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antibacterial activity with 28, followed by E2 with 27, E5 26 and E4 with 25. For B. subtilis,
E1 has the highest value of 29 making the organism most susceptible to E1 and the lowest 26
for E3 making it the least effective. As a result, E1 has the highest level of antibacterial
activity and E3 has the lowest level of antibacterial activity against the bacteria. The diameter
of S. aureus reveals that all brands have intermediate antibacterial activity toward the
organism, with E1, E2 and E4 being the most effective with a diameter of 22 and E3 being

the least effective with a diameter of 20.

CONCLUSION

All brands of erythromycin stearate tablets passed the weight uniformity test. From the
percentage purity, all brands passed the test as their percentage purity was within the
stipulated range. All brands disintegrated in less than 30 minutes hence they all passed the
disintegration test. Except for E4, which had a dissolution percentage of 79.9 % in the
dissolution test, all brands were dissolved to 80 percent in 60 minutes. They were to varying
degrees susceptible to all brands for the antimicrobial screening. Against E. coli, all brands
had high antibacterial activity except E3 with diameter of 21, which possess intermediate
antibacterial activity. E1 had the highest antibacterial activity. All brands had intermediate
antibacterial activity against S. aureus, with E1, E2, and E4 being the most effective. Against
P. aeruginosa, all brands had high antibacterial activity except E4 with diameter of 18, which
possess intermediate antibacterial activity. Against B. subtilis, all brands exhibited high

antibacterial activity with the most effective been E1.
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