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ABSTRACT

A Simple and sensitive spectrophotometric method has been described for the assay of Gentamicin in pure form
and pharmaceutical products. The proposed method was based on the oxidation of the studied drug by a known
excess of cerium (IV) sulfate in acidic medium and estimating the unreacted oxidizing agent by adding a known
amount of methyl orange in the same acid medium and measuring the absorbance of the resulted solution at Amax =
500 nm. Different variables affecting the reaction were studied and optimized. Beer’s law is obeyed in the
concentration range of 10-250 pug/mL (R? = 0.9999). The limit of detection (LOD) and limit of quantification
(LOQ) were 2.52 pg/mL and 7.63 pg/mL respectively. The method was validated, with percentage recovery
ranging from 99.26% to 101.34% and a relative standard deviation (RSD) of 3.07%. Precision was evaluated both
intra-day and inter-day (over three days), yielding relative standard deviations (RSDs) of 2.11% and 2.16%,
respectively. The robustness of the method was assessed, and percentage recovery ranged from 98.73% to 102.51%,
with an RSD not exceeding 4.50%. Recovery of gentamicin from pharmaceutical formulations was investigated.
The amount of added reference standard was determined using the developed method, and recovery was close to
100%, with a relative standard deviation (RSD) not exceeding 3.30%. The method was successfully validated and
can be applied to the determination of Gentamicin in several Syrian pharmaceutical products.

KEYWORDS: Visible Spectrophotometry, Gentamicin determination, Cerium (IV), methyl orange, Method
validation.

1- INTRODUCTION

Gentamicin is an antibiotic belonging to the
aminoglycoside class, known for its efficacy against
Gram-negative and certain Gram-positive bacteria.
Gentamicin was first isolated in 1963 from the bacterium

via injection, though it is also available as ointments and
creams for skin infections, and as eye drops for ocular
infections.

The chemical name for Gentamicin C1 (one of the major

Micromonospora purpurea, it has since served as a key
agent in combating severe bacterial infections.

Gentamicin is a complex mixture of related compounds
most notably gentamicin C1, C2, and Cla which differ in
their methyl groups; this variation influences the drug's
pharmacological efficacy and pharmacokinetics.

Gentamicin is used to treat respiratory tract infections,
urinary tract infections, and peritonitis. It is administered

components) is.
(2R,3R,4R,5R)-2-[(1S,2S,3R,4S,6R)-4,6-diamino-3-
[(2R,3R,6S)-3-amino-6-[(1R)-1-
(methylamino)ethyl]oxan-2-yl]oxy-2-
hydroxycyclohexyl]oxy-5-methyl-4-
(methylamino)oxane-3,5-diol

Its molecular formula is C21H43N507, and its
molecular weight is 477.6 g-mol™ and its structural
formula is as follows.
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Figure (1): Structural formula of gentamicin.

2- Research Significance and Objectives

a— Investigating the suitability of the new
spectrophotometric method for the determination of
gentamicin.

b— Applying the new method to determine gentamicin in
certain Syrian pharmaceutical preparations.

3- Materials and Equipment Used

3-1 Materials Used

- Gentamicin sulfate (98.8% purity), manufactured by
Sichuan Long March Pharmaceutical (China).

- Sulfuric acid (H2S04): molecular weight 98 g/mol,
98% purity, density 1.835 g/mL; manufactured by
The British Drug Houses (UK).

- Ammonium cerium sulfate
((NH4)4Ce(S04)4-2H20): molecular weight 632.56
g/mol, 98% purity; manufactured by The British
Drug Houses (UK).

- Methyl orange: manufactured by Riedel-de Haén
(Germany) (95% purity).

3-2 - Instruments and Tools

- Jasco-V630 UV-Vis spectrophotometer
(Manufactured in japan).
- Sartorius (Manufactured in  Germany) high-

precision electronic analytical balance (sensitivity:
+0.01 mg).

- Ultrasonic bath (DIGITAL PRO).

- Variable-volume micropipettes, volumetric flasks,
and other laboratory glassware.

- Whatman 3 filter paper (Manufactured in UK) and all
necessary glassware for sample preparation and
conducting the research.

3-3- Preparation of standard mother solutions

a- Gentamicin sulfate standard solution: A gentamicin
sulfate standard solution with a concentration of 1000
pg/mL was prepared by weighing 101.21 mg of the
gentamicin sulfate raw material (accounting for purity)
and dissolving it in 50 mL of double-distilled water. The
resulting solution was transferred to a 100 mL
volumetric flask, and the volume was made up to the
mark with double-distilled water to obtain a solution
with a concentration of 1000 pg/mL.

b-  Ammonium cerium sulfate standard solution: An
ammonium cerium sulfate standard solution (molecular
weight: 632.56 g/mol) with a concentration of 2 x 1073
M was prepared by weighing 129.10 mg of ammonium

cerium sulfate (accounting for purity) and dissolving it in

50 mL of double-distilled water. The resulting solution

was transferred to a 100 mL volumetric flask, and the

volume was made up to the mark with double-distilled
water.

c- Methyl orange standard solution: A methyl orange
standard solution with a concentration of 0.5 g/L
was prepared by weighing 0.05 g of methyl orange
and dissolving it in 50 mL of double-distilled water.
The resulting solution was transferred to a 100 mL
volumetric flask, and the volume was made up to the
mark with double-distilled water. d- Standard
sulfuric acid solution: A 5 M standard sulfuric acid
solution was prepared by transferring 13.63 mL of
concentrated sulfuric acid into a 50 mL volumetric
flask containing double-distilled water, then diluting
to the mark with double-distilled water.

3-4- Preparation of pharmaceutical sample solutions
a- Medico Gentamicin drops: No stock solution was
prepared from the drops; instead, a fixed volume of 0.3
mL (at a concentration of 3 mg/mL) was taken directly
from the drops and used in the subsequent stages of the
proposed method.

b- Asia Gentamicin ampoule: Transfer 1 mL of the
product (batch no. 77153), with a concentration of 80
mg/2 mL, into a 100 mL volumetric flask and make up
the volume with double-distilled water to achieve a final
concentration of 0.4 mg/mL.

c- Obari Gentamicin ampoule: Transfer 1 mL of
the  product (batch no. A3943), with a
concentration of 80 mg/2 mL, into a 100 mL volumetric
flask and make up the volume with double-distilled
water to achieve a final concentration of 0.4 mg/mL.

d- Gentocil 80: Transfer 1 mL of the product
(LOT: 246025), with a concentration of 80 mg/2
mL, into a 100 mL volumetric flask and make up the
volume with double-distilled water to achieve a final
concentration of 0.4 mg/mL.

e- Gentalina ointment: Weigh 10 g of the ointment
(concentration 3 mg/g; batch no. 120) equivalent to 30
mg of gentamicin and dissolve it in a chloroform-water
(1:40, v/v). Shake well until completely dissolved and
allow the mixture to stand until the aqueous and organic
layers separate. Collect the aqueous layer, filter it into a
100 mL volumetric flask, and make up the volume to the
mark with distilled water to obtain a gentamicin
solution with a concentration of 0.3 mg/mL.

4- Procedure

Transfer an appropriate volume (depending on the
concentration to be studied) of a 1000 pg/mL gentamicin
solution into a 10 mL volumetric flask. Add 4.5 mL of 5
M sulfuric acid, followed by 1 mL of 2 x 103 M
ammonium cerium sulfate. Place the flask in a water
bath at 80°C for 15 minutes. Afterward, cool the
solution to room temperature, add 0.3 mL of 0.5 g/L
methyl orange, and dilute to the mark with double-
distilled water. Finally, measure the absorbance at a
wavelength of 500 nm.
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5- RESULTS AND DISCUSSION

5-1-Validation of Method

a- Linearity

By applying the optimal conditions established in
previous research, we determined the linear range for
gentamicin adherence to the Beer-Lambert law.
Increasing volumes of a 1000 pg/mL gentamicin
standard solution were added to 10 mL volumetric flasks,
followed by the addition of 1 mL of 2x107% M cerium
(V) sulfate and 4.5 mL of 5 M sulfuric acid to each.
After heating to 80°C, cooling to room temperature,
adding 0.3 mL of 0.5 g/L methyl orange, and diluting to
the mark with distilled water, the absorbance of the
added methyl orange was measured at the wavelength of
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maximum absorption (500 nm). The method exhibited
excellent linearity over the concentration rang of 10-250
pg/mL, with a relative standard deviation (%RSD) not
exceeding 2.13%.

b- Limit of Detection (LOD) and Limit of
Quantification (LOQ)

The Limit of Detection (LOD) and Limit of Quantitation
(LOQ) for gentamicin were determined by calculating the
standard deviation (SD) from replicate calibration curves
based on five standard concentrations within the linear
range, with each concentration measured five times. The
LOD was found to be 2.52 pg/mL and the LOQ was 7.63
pg/mL, as shown in Figure (2).
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Figure (2): Calibration curves for added methyl orange at the wavelength of maximum absorption (Amax = 500

nm) for various gentamicin concentrations.

1) 10 pg/mL; 2) 50 pg/mL; 3) 100 pg/mL; 4) 150 pg/mL; 5) 200 pg/mL; 6) 250 pg/mL
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c- Accuracy
Five standard solutions of gentamicin were prepared, and
their relative percentage measurements were calculated.

Table (1) shows the results of the relative percentage
measurements, where the relative percentage deviation
did not exceed 3.07%.

Table (1): Validation Results for the Proposed Method for Determining Gentamicin.
*Craken, Ng/ML | *Croung pg/mL | SD, pg/mL | RSD % | RM%

10.00 10.11 0.31 3.07 101.1

50.00 49.63 1.02 2.06 99.27

100.00 99.43 1.08 1.09 99.43

150.00 152.01 1.56 1.03 101.34

200.00 199.65 2.68 1.34 99.83

250.00 249.63 4.08 1.63 99.85
*n=5
d- Precision preparation at three times on the same day, then at a two-
The precision of the method is expressed by hour interval (n=5), and intra-days on three consecutive
the relative standard deviation (RSD %) of the days (n=5), with the sample re-prepared for each

results obtained using the proposed method. Precision
was evaluated through intra-day and inter-day studies.
Intra-day by taking measurements immediately after

Table 2: Intra-day precision results.

measurement. The results are presented in Tables 2 and
3.

Prepared Concentration* Specific Concentration* pg/mL
pg/mL TimeI™ | Precision | TimeIl” | Precision | TimeIll” | Precision
50 50.63 1.89 49.33 211 49.58 1.92
100 101.53 1.36 101.22 1.47 99.78 1.82
150 152.44 1.55 149.36 1.78 151.82 1.32
*n=5
Table 3: Inter-day precision results.
Prepared Concentration* Specific Concentration* pg/mL
pg/mL Day 1~ | Precision | Day II" | Precision | Day I" | Precision
50 50.45 1.65 49.36 1.98 49,71 2.16
100 99.69 1.72 100.77 2.03 101.24 2.09
150 150.85 1.45 149.15 1.66 151.29 1.52

*n=5

e- Robustness

We prepared three standard solutions with concentrations
of (50.00, 100.00, 150.00) pug/mL, and adjusted the slit
width by 1 nm on the spectrophotometer used. The
absorption spectra were recorded at both slow and fast
scan speeds, while also varying the wavelength at which

absorbance was measured (500 = 2 nm).

Table (4) shows the results of the robustness of the
proposed method, where the relative percentage
measurement fell within the range (98.73-102.51) %, and the
relative standard deviation did not exceed 4.50 %.

Table 4: Assessment of the Robustness of the Proposed Method for Determining Gentamicin.

Parameter Mef_isu_red *Ctaken | RSD perv *Ctaken | RSD pers *Ctaken | RSD per

deviation (ug/mL) % (ug/mL) % (ug/mL) %
Slitrang 1 2nm 50 2.14 | 101.66 100 1.30 | 100.52 150 1.24 | 101.66
nm 1nm 50 242 | 99.26 100 1.18 | 99.30 150 0.66 | 101.11
Scan speed Fast Slow 50 4.01 | 101.28 100 2.24 | 102.51 150 1.21 | 102.14
fast 50 4.21 | 100.30 100 1.94 | 101.23 150 1.74 | 100.91
Wavelength | +2 nm 50 450 | 100.46 100 1.86 | 101.46 150 1.50 | 100.86
500 nm -2 nm 50 430 | 98.94 100 145 | 98.73 150 142 | 99.28
*nN=5

f- Recovery of Gentamicin
products

To validate the proposed method, and to ensure the

suitability, reliability, and accuracy of the method and

in  pharmaceutical

results, we studied the recovery of Gentamicin in Syrian
pharmaceutical preparations by adding three standard
concentrations—at levels of approximately 80%, 100%,
and 120% to a fixed concentration of each preparation:
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Gentamicin Medico 3 mg/mL (Medico), Gentamicin
Asia 80 mg/2 mL (Asia), and Gentamicin Obari 80 mg/2
mL (Obari), Gentosil 80 80 mg/2 mL (Alpha), and
Gentalina 3 mg/g (Delta).

The results validated the proposed method, as the drug
substance recovery results in the studied pharmaceutical

preparations were close to 100%, with a relative standard
deviation not exceeding 3.30%, The recovery was
performed using the standard addition method due to the
effect of excipients.

Table 5: Results of Gentamicin Recovery in the Studied Pharmaceutical Preparations Using the Standard

Addition Method.

Sample Added Determined *Recovery | **SD Average
Product Dose Concentration | Concentration* | Concentration* Y o **RSD% R %
0 0 ecoveryvo
pg/mL pg/mL pg/mL
Gentamicin 3 76.80 174.47 102.17 1.15 1.13
Medico mg/mL 96.00 96.00 192.66 100.69 0.95 0.94 101.65
Drops 115.20 213.60 102.08 1.72 1.68
Gentamicin 80 32.00 72.35 101.09 1.62 1.60
Asia mg/2mL 40.00 40.00 80.70 101.75 3.02 2.97 100.70
Ampoule 48.00 87.65 99.27 2.07 2.09
Gentamicin 80 65.80 149.17 102.08 1.52 1.49
obari mg/2mL 82.00 82.00 165.56 101.90 243 2.38 101.69
Ampoule 98.40 181.46 101.08 211 2.09
Gentocel 80 64.00 145.31 102.05 1.92 1.88
80 Liquid mg/2mL 80.00 80.00 161.54 101.93 1.47 1.44 101.80
Vial 96.00 177.37 101.43 1.33 1.31
Gentalina 48.00 106.97 97.85 1.89 1.93
Ointment 3mg/g 60.00 60.00 119.54 99.23 1.75 1.76 98.80
72.00 131.52 99.33 3.28 3.30

*Average of five replicates, **Calculated for recovery.

5-2- Applications of the method

The proposed method was applied to the determination
of gentamicin in the following Syrian pharmaceutical
products: Gentamicin Medico 3 mg/mL (manufactured
by Medico), Gentamicin Asia 80 mg/2mL (manufactured
by Asia), Gentamicin Obari 80 mg/2mL (manufactured by

Obari), Gentocil 80 80 mg/2mL (manufactured by
Alpha), and Gentalina 3 mg/g (manufactured by Delta)

As an application of the new method, as illustrated in
Table (6).

Table (6): Results of gentamicin determination in Syrian pharmaceutical preparations.

Product Sample_ specmc_ SD RSD% | Percentage%o
concentration | concentration
Gentamicin Medico 3.00 3.19 0.0921 2.89 106.33
mg/mL mg/mL mg/mL
. . 80 80.58 0.2871
Gentamicin Asia mg/2mL mg/2mL mg/2mL 0.36 100.73
. . 80 82.30 0.5896
Gentamicin Obari my/2mL mg/2mL my/2mL 0.72 102.88
. 80 80.58 0.3652
Gentocil 80 mg/2mL mg/2mL mg/2mL 0.45 100.73
Gentalina 3.00 3.05 0.09 2.95 101.67
mg/g mg/g mg/g
5-3- Comparison of Results presents the obtained results; the calculated t-test

To verify the validity of the proposed analytical method,
we compared its results with those of a reference method
(fluorometric determination).*”? A statistical comparison
was conducted by calculating the t-test value as a
criterion for assessing the method's accuracy (trueness)
and the F-test as a criterion for assessing the method's
precision relative to the reference method. Table (7)

representing the statistical difference between the two
methods was 0.08, well below the tabulated value of
2.776 (at a 95% confidence level), indicating the validity
of the proposed method. Similarly, the calculated F-test
reflecting the statistical agreement between the methods
was 4.51, below the tabulated value of 6.39 (at the same
confidence level), demonstrating the precision of the
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proposed method. The mean recovery and standard confidence level; this supports the adoption and use of
deviation values were calculated from the results the proposed method for determining gentamicin in both
summarized in Table (6). the raw material and its pharmaceutical formulations.

The results indicate no significant difference between the
two methods regarding validity and precision at the same

Table (7): Results of the t-test and F-test.

Recovery* % + SD*

Preparation Proposed Method

Reference Method [17]

100.70 + 2.24
Gentamicin Asia t=0.08
F=451

100.62 £ 1.05

*Average of five trials with four degrees of freedom and a 95% confidence level, where the tabulated t-value is 2.776

and the tabulated F-value is 6.39.

6- CONCLUSIONS AND RECOMMENDATIONS
The proposed method is simple, rapid, sensitive, and 9.
cost-effective, yielding satisfactory results for the
determination of gentamicin; its suitability and
applicability for determining gentamicin in Syrian
pharmaceutical preparations have been demonstrated. 10.

REFERENCES

1. Dabaa M. N., Abu Saleh M., 2026 - A New Visible
Spectrophotometric Method for Determination of
Gentamicin in Pure Form Using Cerium(lV). 11.
Journal of Research of Aleppo University, Basic
Sciences Series, (189):Accepted for publication
under number 502.

2. Szaniszl6 B., luga C., Bojtia M., 2011- Indirect
determination of gentamicin by derivative 12.
spectrophotometry, Acta Medica Marisienssis
p.516-518.

3. El-Didamony A. M., Amin A. S., Ghoneim A. K.,
Teleban A. M., 2006- Indirect spectrophotometric
determination of gentamicin and vancomycin 13.
antibiotics based on their oxidation by potassium
permanganate, Central European Journal of
Chemistry, 4(4): 708-722.

4. Fraihat S., 2015- Kinetic spectrophotometric
methods for the determination of gentamicin in 14,
pharmaceutical forms. International Journal of
Pharmacy and Pharmaceutical Sciences, 7(6):
302-305. 15.

5. Fraihat, S. M., 2015- New extractive colorimetric
method for the assay of gentamicin and
streptomycin using ion-pair association complexes,
Eurasian J Anal Chem, 10(3): 180-186.

6. Naveed, S. Shah S. N, Qamar F., Waheed N., Nazeer
S., 2014- Simple UV spectrophotometric method for 16.
the assay of Gentamycin, International Journal of
Applied Pharmaceutics, 6(4): 407-410.

7. LiuQ., MuH., Sun C., Duan J., 2016- High specific
determination of gentamicin by induced collapse of
Au-lipid capsule, RSC Advances, p. 1-28.

8. Gukowsky J. C., Tan C., Han Z.,, He L., 2018-
Cysteamine-modified gold nanoparticles as a 17.
colorimetric sensor for the rapid detection of
gentamicin, Journal of Food Science, 83(6):

1645-1652.

Frutos P., Torrado S., Pérez-Lorenzo M. E., Frutos,
G, 2000- A validated quantitative colorimetric assay
for gentamicin, Journal of Pharmaceutical and
Biomedical Analysis, 21(6): 1149-1159.

Vaikosen, E. N., BUNU S. J., DODE E., EFIDI R.
P., 2023- Spectrophotometric determination of
aminoglycosides after derivatization with ninhydrin
reagent, International Journal of Chemical
Research, 7(3): 5-10.

Omar M. A,, Nagy D. M., Hammad M. A., Aly A.
A, 2013- Validated spectrophotometric methods for
determination of certain aminoglycosides in
pharmaceutical formulations, Journal of Applied
Pharmaceutical Science, 3(03): 151-161.

Sharma M., Gulati D., Kamboj A., Arora S, 2023- A
validated UV visible spectroscopic method for the
simultaneous  estimation of  Curcumin and
Gentamicin sulphate, Biomedical and Pharmacology
Journal, 16(4): 2283-2291.

Ivkovic B., Milutinovic 1., Cudina O., Markovic B.,
2023- A new simple liquid chromatographic assay
for gentamicin in presence of methylparaben and
propylparaben, Acta Chromatographica, 35(1):
81-87.

Anhalt J. P., 1977- Assay of gentamicin in serum by
high-pressure liquid chromatography, Antimicrobial
Agents and Chemotherapy, 11(4): 651-655.
Manyanga V., Grishina O., Yun Z., Hoogmartens J.,
Adams E., 2007-Comparison  of  liquid
chromatographic methods with direct detection for
the analysis of gentamicin, Journal of
Pharmaceutical and Biomedical Analysis, 45(2):
257-262.

Baietto L., D'Avolio A., De Rosa F. G., Garazzino
S., Michelazzo M., Ventimiglia G., Di Perri G.,
2010- Development and validation of a simultaneous
extraction procedure for HPLC-MS quantification of
daptomycin, amikacin, gentamicin, and rifampicin in
human plasma, Analytical and Bioanalytical
Chemistry, 396(2): 791-798.

Al-Majed A. A., Belal F., Abounassif M. A., Khalil
N. Y. 2003- Fluorimetric determination of
gentamicin in dosage forms and biological fluids

www.wiahr.com | Volume 10, Issue 11,2026 | ISO 9001:2015 Certified Journal | 185



Dabaa et al. World Journal of Advance Healthcare Research

through derivatization with 4-chloro-7-nitrobenzo-2-
oxa-1,3-diazole (NBD-CI): Journal of Fluorescence,
13(1): 1-6.

18. Burg M., Titretir Duran S., Gingér O., Karagozler,
A. E., 2024- Determination of gentamicin by using
square wave anodic stripping voltammetry with
poly(B-cyclodextrin-p-toluene sulfonic acid)
modified glassy carbon electrode, Polymer Bulletin,
81(8): 7349-7379.

19. Peng G. W., Gadalla M. A. F., Peng A., Smith V.,
Chiou W. L., 1977-High-pressure liquid-
chromatographic method for determination of
gentamicin in plasma, Clinical Chemistry, 23(10):
1838-1844.

20. Manyanga V., Kreft K., Divjak B., Hoogmartens J.,
Adams E., 2008- Improved liquid chromatographic
method with pulsed electrochemical detection for
the analysis of gentamicin, Journal of
Pharmaceutical and Biomedical Analysis, 46(3):
514-519.

21. Isoherranen N., Soback S., 2000- Determination of
gentamicins C,, C4a, and C, in plasma and urine by
HPLC, Clinical Chemistry, 46(6): 837-842.

22. HARVEY D., 2000- Modern Analytical Chemistry,
Mc GrawHill Higher Education, p. (215-223, 369-
388).

www.wijahr.com | Volume 10, Issue 11, 2026 ISO 9001:2015 Certified Journal 186



