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FLUORIMETRIC DETERMINATION
OF AMINOGLYCOSIDE ANTIBIOTICS
IN PHARMACEUTICAL PREPARATIONS
AND BIOLOGICAL FLUIDS

Y. El-Shabrawy

Anal. Chem. Dept., Faculty of Pharmacy,
University of Mansoura, Mansoura, 35516, Egypt

ABSTRACT

2-Hydroxyl-1-naphthaldehyde has been utilized as a fluori-
genic reagent for the determination of four aminoglycoside
antibiotics namely: neomycin, tobramycin, amikacin and
kanamyecin, in pure form, in some pharmaceutical prepara-
tions and in biological fluids. The method is based on the
reaction of the reagent with aminoglycosides through their
amino groups. The method is thus selective for those ami-
noglycosides which contain primary amino groups(s). The
reaction products exhibit a maximum fluorescence intensity at
434 nm after excitation at 366 nm. A linear relationship was
found between the fluorescence intensity and concentration
over the range, 0.5 to 5 ug/mL for neomycin and tobramycin,
and 0.25 to 4 ug/mL for amikacin and kanamycin. Percentage
recoveries range from 99.67% to 100.26% with standard de-
viations ranging from 4+ 1.32 to+1.69, and a limit of detec-
tion (S/N=2) of 10 ng/mL for all drugs. The optimum
reaction conditions were studied and the results obtained
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compared favorably with a published fluorimetric method
using fluorescamine reagent.

Key Words: Fluorimetry; Aminoglycoside antibiotics; 2-
Hydroxyl-1-naphthaldehyde; Pharmaceutical analysis; Biolo-
gical fluids

INTRODUCTION

Aminoglycosides are one of the most important broad spectrum an-
tibiotics'. They are active against Gram positive and Gram negative bac-
teria. Due to the wide application of aminoglycosides for human uses and in
poultries, their determination in pharmaceuticals and in biological fluids is
an important goal for pharmacists and chemists. Numerous proecedure are
available for their determination such as spectrophotometric >, densito-
metric®, fluorimetric>®, polarographic’, gas chromatographic®, radio-
immunoassay’, HPLC'*'"', MS'?, capillary electrophoresis'®> and NMR .
Many of these method have been reviewed'>~'”. The official methods usually
involve microbiological procedures'®!?.

2-Hydroxyl-1-naphthaldehyde (HNA) has been successively used as a
sensitive chromogenic and fluorogenic reagent for the determination of
hydrazine derivatives 2%

The aim of this work is to study the reaction of HNA with ami-
noglycosides is an attempt to develop a sensitive method for the determi-
nation of this important class of antibiotics in pharmaceutical preparations
and biological fluids.

EXPERIMENTAL
Apparatus
An amino-Browman model J4-8969 spectrogluorimeter was used with

the excitation and emission slit controls set at 5 nm. The measurements were
performed using a 1-cm quartz cell.

Materials and Reagents

Neomycin sulphate, tobramycin sulphate, amikacin sulphate and
kanamycin sulphate were obtained from Sigma Chemical Company. The 2-
Hydroxyl-1-naphthaldehyde was obtained from Aldrich Chemical Company.
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All chemicals were of Analytical Reagent grade. The following solu-
tions were prepared:

1) Stock solutions of aminoglycosides were freshly prepared as
1 mg.mL in deionized water, then serially diluted as appropriate.

2) 2-Hydroxyl-1-naphthaldehyde solution (5 mg HNA in 100 mL)
was prepared in acetone; the solution was kept in a refrigerator.

3) Borate buffer was prepared by adjusting 0.2 M boric acid solution
with 0.4 M sodium hydroxide solution to the required pH.

4) Trichloroacetic acid (10% w/v) aqueous solution.

PROCEDURE
Calibration

An aliquot volume of standard aminoglycosides antibiotic solution
equivalent to 5—50 ug neomycin sulphate and tobramycin sulphate;
2.5—40 ug amikacin sulphate and kanamycin sulphate was transferred into a
10 mL calibrated flask. 1 mL of HNA solution and and 5 mL of borate
buffer solution of pH 6.3+0.2 were added. The solution was heated in a
water bath at 80°C for 30 minutes, cooled and brought to volume with the
same buffer solution. The relative fluorescence intensity was measured at
434 nm (excitation at 366 nm). Calibration graphs were constructed. Al-
ternatively, the regression equations were calculated.

Applications of the Proposed Method
For Injections

An accurate measured volume of the mixed contents of 5 vials, or
ampoules, equivalent to 10 mg of drug was transferred into a 100 calibrated
flask then brought to volume with deionized water. 10 mL of this solution
was transferred to another 100 mL calibrated flask and brought to volume
with deionized water. 2 mL of this solution was assayed as described under
calibrated lines.

For Tablets

Weigh and pulverize twenty tablets. To a quantity of powder equiva-
lent to 10 mg add 10 mL of deionized water then sonicate for 20 minutes
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filter into a 100 mL calibrated flask, wash the powder three times each with
5 mL of water. The combined filtrates were mixed well and brought to vo-
lume with deionized water. Complete as described under calibration lines.

Assay of Drugs in Spiked Human Serum

To 5 mL of human serum add a solution of the studied compounds
within the concentration range cited in Table 1. Add 5 mL of 10% (w/v)
trichloroacetic acid for deproteination. Blend on a vortex mixer and cen-
trifuge at 3000 rpm at 15 minutes transfer 1 mL of the protein free super-
natant into a 10 mL calibrated flask and bring to volume with deionized
water. Complete the procedure as described under calibration line.

Assay of Drugs in Spiked Human Urine

To 5 mL of human urine add a solution of one of the studied com-
pounds within the concentration range cited in Table 1. Add 5 mL of me-
thanol then blend on a vortex and centrifuge at 1500 rpm for 3 minutes.
Transfer 1 mL of the supernatant into a 10 mL calibrated flask and bring to
the volume with deionized water. Complete the procedure as described
under calibration line.

RESULTS AND DISCUSSION

The aminoglycosides possessing primary amino group were found to
react with HNA to produce highly fluorescent products (Fig. 1). The

Table 1. Regression Data, Correlation Coefficients, and Concentration Ranges of
Aminoglycosides Antibiotics by the Proposed Method

Regression Data*

Aminoglycoside Conc Range
Sulphate Salt a b r Ug/mL
Neomycin —0.2838 19.9806 0.9994 0.50—5
Tobramycin —0.8898 18.8370 0.9999 0.25—4
Amikacin 0.0679 21.8617 0.9998 0.25—4
Kanamycin 0.8285 20.5676 0.9997 0.25—4

Where a is the intercept, b is the slope, r is the correlation coefficient.
*Average of at least seven triplicate determinations within the concentration range.
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Figure 1. Fluorescence spectrum of neomycin-2-hydroxy-1-napthaldehyde reaction
products (2.5 pg-ml™).

products are proposed to be Schiff’s base. Studying the experimental factors
affecting the reaction revealed that 1 mL of the reagent solution in a total
volume of 10 mL gave the maximum fluorescence intensity (Fig. 2).
Increasing the reagent concentration decreased the fluorescence intensity
probably due to the quenching effect of the reagent.

Effect of Buffer and pH

Figure 3 shows that the reaction of aminoglycosides with HNA is pH
dependent and must be controlled between pH 6 and 6.5 using borate buffer.
Acidic buffers like acetate, phosphate, MOPS, MES and THAM buffer
systems at the same pH value produced a little fluorescence intensity, so,
they were not suitable in such study. At pH values below 4.5 a sudden de-
crease in the fluorescence intensity was observed due to competition between
the proton and aldehyde group of the reagent to the amino group of the
aminoglycoside and consequent decrease of the formation of Schiff’s bases.
At pH values above 8 a similar decrease in the intensity was also observed,
the same observation was also reported with hydrazines '*~2.
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Figure 2. Effect of 2-hydorxy-l1-napthaldehyde on the reaction product of
2.5 pg-ml~' neomycin sulphate.

Effect of Time, Temperature, and Light

Stable fluorescence intensity readings were observed after heating in a
water bath at 80°C for 20 minutes. The reaction products formed between
HNA and aminoglycoside were stable for at least 24 hrs. Light has no effect
of fluorescence intensity and stability of the reaction products.

Effect of Ionic Strength

Ionic strength is a factor that sometimes cannot be neglected. The
effect of ionic strength on the fluorescence intensity was studied by varying
the concentration of the background electrolyte, sodium chloride. The
choice of sodium chloride was based on the fact that Na™ ion is very weakly
bound, if at all, to the aminoglycoside binding sites, and C1~! ion acts as a
counter ion. Three different concentrations corresponding to 0.1, 0.1 and 0.1
M sodium chloride were added as background electrolyte. The addition of
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Figure 3. Effect of pH on the fluorescence intensity of the reaction products of
2.5 pg-ml™' neomycin sulphate.

background electrolyte was found to have no effect on the fluorescence in-
tensity of reaction products.

PERFORMANCE CHARACTERISTICS

Table 1 shows regression data, correlation coefficients, and con-
centration ranges of aminoglycosides using the proposed method. As
compared with conventional fluorescent probes using fluorescamine, the
proposed method offers several advantages. It is highly selective for the
determination of aminoglycosides that have a free NH; group. In addition,
the reaction products have an exceptionally wide Stok’s shift, over 70 nm
while with fluorescamine it is about 50 nm.

Table 2 shows the assay results of aminoglycosides by the proposed
method and fluorescamine fluorimetric methods® as a reference one. The
proposed method, when compared to the official microbial assays, offers
advantages with regards to rapidity, simplicity and precision, so, these

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



03: 09 30 January 2011

Downl oaded At:

ORDER k REPRINTS

106 EL-SHABRAWY

Table 2. Assay Results of Aminoglycoside Antibiotics in Bulk Using the Proposed
Method and a Reference Method

Aminoglycoside % Recovery*, £SD

Sulphate Salt Proposed Method Reference Method**

Neomycin 100.26 £ 1.54 100.04 +1.48
t=0.731 (2.179)* F=1.079 (4.28)"

Tobramycin 99.67 +1.69 99.68 +2.28
t=0.005 (2.179)* F=1.820 (4.28)"

Amikacin 100.09 £1.45 97.82+2.27
t=1.060 (2.179)" F=3.366 (4.28)"

Kanamycin 100.10 £1.32 99.14 +2.49
t=0.482 (2.179)* F=3.558 (4.28)"

* Average of at least seven triplicate determinations.
** Fluorometric determination of aminoglycosides using fluorescamine’.
T Values in parenthesis are theoretical values of t and F at P=0.05.

results were compared with the fluorimetric method using fluorescamine.
The calculated student’s t test and Variance ratio F test were less than the
respective tabulated ones at p=0.05, indicating that the results obtained by
the proposed method is in good agreement with those obtained by the
reference fluorimetric method. Regarding the sensitivity the proposed
procedure is as sensitive as the fluorescamine fluorimetric method. However
the proposed method is simpler, and the reaction products are more stable
than the conventional fluorimetric methods.

Results of the determination of aminoglycosides in different dosage
forms by both the proposed method and the fluorescamine fluorimetric
method are presented in Table 3. Ingredients other than aminoglycosides
such as additives, stablilizers and antioxidants of tablets and ampoules did
not interfere with the recommended method.

Aminoglycosides are poorly absorbed from gastrointestinal tract and
are excreted through the kidney. These drugs are mainly administered by
intravenous and intramuscular routes. Oral administration of 3 gm of
neomycin produces peak plasma concentration of 1—4 ug/mL. The peak
plasma concentrations of other aminoglycosides ranged from 5—20 ug/mL
after administration of the recommended therapeutic doses*. Such plasma
concentrations of aminoglycosides are within the determinable concentra-
tion ranges. The proposed procedure was applied for the analysis of human
serum and urine samples spiked with the neomycin as a model example. It is
found that percentage recoveries were 94.34 and 96.72 with standard
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Table 3. Assay Results of Aminoglycoside Antibiotics in Some Pharmaceutical
Preparations by the Proposed Method and a Reference Method®

% Recovery*, +SD

Drug Proposed Method Reference Method**
Neomycin Tablets 500 mg 100.37 £0.56 99.49 £1.18
(Memphis Co., Egypt) t=0.953 (3.306)" F =4.433 (6.39)"
Nebcin Amp. 20 mg Tobramycin 101.87 +1.07 100.03 £1.93
(Lily France S.A. France) t=1.348 (3.306)" F=3.253 (6.39)"
Amikin Amp. 1 g Amikacin 99.79 +1.21 99.75+0.91
(Bristol Co., USA) t=0.037 (3.306)" F=1.768 (6.39)*
Kanamycin vial, 1 g per vial 100.92 £ 0.86 98.92+1.53
(Misr Co., Egypt) t=1.612 (3.306)" F=3.165 (6.39)*

* Average of at least three triplicate determinations, calculated relative to nominal
content.

** Fluorometric determination of aminoglycosides using fluorescamine’.

¥ Values in parenthesis are theoretical values of t and F at P =0.05.

deviations of +1.89 to £2.63, respectively for the human serum and urine
sample respectively. Moreover, no interferences arose from endogenous
compounds. Thus, the proposed procedure can be used for routine analysis
and quality control of aminoglycosides in pharmaceutical preparations and
in spiked biological fluids.

CONCLUSION

From the foregoing discussion fluorimetric technique using 2-
Hydroxy-naphthaldehyde succeeded for the determination of four amino-
glycosides in pure form, in pharmaceutical preparations and in biological
fluids. Urine, blood contents and other additives like DTA, sodium citrate,
phenol and other injection and tablet additives did not interfere with the
assay. The method is selective, highly sensitive with reasonable accuracy and
precision.

REFERENCES

1. Shargel, L.; Mutnick, A.H.; Souney, P.; Swanson, L.N.; Block, L.H.
Comprehensive Pharmacy Review, 3rd Ed., 1997.

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



03: 09 30 January 2011

Downl oaded At:

108

W

WX

10.

1.

12.

13.
14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

ORDER | _=*_[Il REPRINTS

EL-SHABRAWY

Evangelista, R.C.; Schapoval, E.E.S. Rev. Cienc. Farm. 1983, 5,
21-27.

Nashaat A. Zakhari. Anal. Lett. 1990, 23, 1843—1865.

Breilnger, M.; Paulus, H.; Weigrebe, W. Dtsch. Apotch. Zth. 1980,
120, 1699.

Kusnir, J.; Barna, K. Z. Anal. Che. 1974, 271, 288.

Alyokov, N.M. Zh. Anal. Khim. 1982, 36, 1387.

Ayad, M.M.; Yousef, M. Analyst 1985, 170, 963.

Tsuji, K.; Robertson, J.H. Anal. Chem. 1970, 42, 1661.

Thompson, S.G.; Burd, J.F. Antimicrob. Agents Chemother. 1980, /8,
264.

Barends, D.M.; Van der Sandt, J.S.; Hulshoff, A. J. Chromatogr.
Biomed. Appl. 1980, &, 201.

Gambardella, P.; Punziano, R.; Gionti, M.; Guadalupi, C.; Mancini,
G.; Mangia, A. J. Chromatogr. 1985, 348, 299—240.

Rozynov, B.V.; Zhdanovich, Yu.V.; Kuzovkov, A.D.; Elizabeth,
R.N.; Tikhonova, A.S. Antibiotiki 1980, 25, 652.

Flurer, C.L. J. Pharm. Biomed. Anal. 1995, /3, 809—816.

Reuter, N.P.; Hawke, A.C.; Lewis, E.; Alexander, T.G.; Mazzola, E.;
Aszalos, A. J. Assoc. Off. Anal. Chem. 1982, 65, 1413.

Claes, P.J.; Dubost, M.; Vanderhaeghe, H. Analytical Profile of Drug
Substances; Florey, K., Ed.; Academic Press: London, 1977; 6, 259.
Atwart, N.W.; Chafetz, L.; Bishara, R.; Kho, B.T.; Brewer, G.A. Jr.;
Leemann, H.G.; Rudy, B.C. Analytical Profile of Drug Substances;
Florey, K., Ed.; Academic Press: London, 1979; 8, 399.

Monteleone, P.M.; Muhammad, N.; Brown, R.D.; McGrory, J.P.;
Hanna, S.A. Analytical Profile of Drug Substances; Florey, K., Ed.;
Academic Press: London, 1983; 12, 37.

The United States Pharmacopoeia XXIII - national Formulary XVIII,
Rockville, MD, 1995.

British Pharmacopoeia, Her Majesty’s Stationery Office, London, 1993.
Pous-Miralles, G.; Garcia-Domenech, R.; Manes-Vinuesa, J.; Mari-
Buigues, J. J. Pharm. Biomed. Anal. 1993, /1, 647—650.
Mari-Buigues, J.; Manes-Vinuesa, J.; Garcia-Domenech, R.; Pous-
Miralles, G. J. Pharm. Sci. 1991, 80, 690—692.

Manes, J.; Mari, J.; Garcia, R.; Font, G. J. Pharm. Biomed. Anal.
1990, 8, 795—798.

Manes, J.; Campillos, P.; Molto, J.C.; Font, G. Quim. Anal. 1989, 8,
69—73.

Manes, J.; Gimeno, M.J.; Molto, J.C.; Font, G. J. Pharm. Biomed.
Anal. 1988, 6, 1023—1027.

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



03: 09 30 January 2011

Downl oaded At:

ORDER | _=*_[Il REPRINTS

AMINOGLYCOSIDE ANTIBIOTICS 109

25. Rizk, M.; El-Shabrawy, Y.; Zakhari, N.A.; Toubar, S.; Carreira, L.A.
Talanta 1995, 42, 1849—1856.

26. Gilman, A.G.; Rall, t.W.; Nies, A.S.; Taylor, P. Goodman and Gilman’s
The Pharmacological Basis of Therapeutics, 8th Ed.; Maxwell,
Macmillan Pergmon Publishing Co.: New York, 1991.

Received November 9, 1999
Accepted August 15, 2001

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



Downl oaded At: 03:09 30 January 2011

Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at

http://www.dekker.com/serviet/product/DOI/101081SL. 120013136


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=SL&title=FLUORIMETRIC+DETERMINATION+OF+AMINOGLYCOSIDE+ANTIBIOTICS+IN+PHARMACEUTICAL+PREPARATIONS+AND+BIOLOGICAL+FLUIDS&offerIDValue=18&volumeNum=35&startPage=99&isn=0038-7010&chapterNum=&publicationDate=03%2F04%2F2002&endPage=109&contentID=10.1081%2FSL-120013136&issueNum=1&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+11%3A29%3A10&publisherName=dekker&orderBeanReset=true&author=Y.+El-Shabrawy&mac=BRaH3TA800jtrrHHTdGvIg--

