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Abstract: The development of a spectrofluorimetric method for the determination of trimethoprim according

to the reaction between O-phthalaldehyde (OPA) in highly alkaline media, and 2-mercaptoethanol (2ME) and

this reaction gives fluorescent product measured at (458) nm when excited at (342) nm. The optimization of

the analytical parameters that influence intensity was investigated. The intensity of fluorescence of the formed

product was linearly related to the concentration of trimethoprim in the (100-1200) ng mL−1 range. The limit

of detection and limit of quantification were estimated to be (22.54) ng mL−1 and (75.15) ng mL−1 respectively.

The utility of the proposed methods was successfully verified by analysis of trimethoprim in pure and real

pharmaceutical preparations with high accuracy, the recovery percentages Re%, were found to be (100.5) %

and (99.76) % for pure drug and pharmaceutical preparations respectively.
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1. Introduction

Trimethoprim (TMP)1 (2,4-diamino-5-(3,4,5-trime-

thoxybenzyl) pyrimidine is an antibiotic used to treat

and prevent urinary tract infections and treat ear

infections caused by certain bacteria.2 It is also used

in combination with sulfamethoxazole to treat several

infections, including those of the gastrointestinal

tract, respiratory tract, and urinary tract. The chemical

formula of TMP is C14H18N4O3 molar mass 290.32 g

mol−1.3,4 (Fig. 1) shows the structural formula of TMP. 

The determination of TMP in pharmaceutical pre-

parations including spectrophotometric methods,5,6

spectrofluorometric methods,7 liquid chromatography,8

HPLC,9,10 Micellar electrokinetic capillary chromato-

graphy,11 voltammetry,12 Continuous wavelet trans-

forms,13 Electrochemical14 and ion-selective electrode

(ISE).15 This study used the spectrofluorometric method

for the determination of trimethoprim according to

the reaction with O-phthalaldehyde and 2-mercap-

toethanol in alkaline media to form a labeling fluorescent

product at λexc = 342 nm and λem.= 458 nm. In com-

parison to several other methods, which require costly

hazardous solvents and sample pretreatment, this

method is characterized by simplicity, rapidity, and

reproducibility, allowing them to be used in routine

analysis of trimethoprim in pharmaceutical formu-

lations.
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The limitations of this study are the inability to

estimate trimethoprim in the presence of other primary

amino compounds since those compounds may produce

fluorescent chemical compounds that interfere with

the fluorescence spectrum of OPA-2ME-TMP fluoro-

phore. In this case, a method must be followed to

resolve this overlap in order to the determination of

trimethoprim, such as the H-point standard addition

method, derivative spectrophotometric method, etc.

Also, this reaction cannot be carried out in acidic or

neutral media because OPA reacts with 2ME and

TMP to form a stable isoindole ring only in alkaline

media (pH 8-12).

2. Experimental

2.1. Apparatus

Fluorescence spectra were collected by using a

Shimadzu (RF-5301 PC, Kyoto, Japan) equipped with

a 150 W xenon lamp and a photomultiplier tube. Slit

width set at 5 nm for both excitation and emission

monochromatic. All pH measurements were made

with a digital pH meter (in-lab pH 720, Germany).

Sensitive digital balance (BP 3015, Sartorius Germany).

2.2. Chemicals and reagents

A stock solution of Trimethoprim (TMP) (100 μg·

mL−1) was prepared by dissolving 10 mg of TMP in

100 mL of distilled water. The working standard

solutions were prepared by suitable dilution with

distilled water to the appropriate concentration. O-

phthalaldehyde (OPA) (0.1 w/v%) was prepared by

dissolving (100) mg of (OPA) in 100 mL of methanol.

2-mercaptoethanol (2ME) (1 v/v%) was prepared by

pipetting 1 mL of 2-mercaptoethanol into 100 mL

volumetric flask and completing the volume with

methanol. Boric acid (0.2 mol·L−1) was prepared by

accurately weighed of 1.237 g, and dissolved in 100 mL

of distilled water. Borate buffer solution was prepared

from 0.2 mol·L−1 boric acid and 1.00 mol·L−1 sodium

hydroxide. The sodium hydroxide solution was added

drop by drop to the boric acid solution, with stirring,

until a pH of (9.4) was reached.

2.3. Recommended procedure

Aliquots of TMP working standard solutions were

quantitatively transferred using a micropipette into

sets of 10 mL volumetric flasks to prepare a TMP

concentration within the range of (100-1200 ng mL−1).

Then, 2 mL of 0.2 molq·L−1 borate buffer solution at

(pH = 9.8) together with 1 mL of 1 %v/v 2-ME were

added for each flask and mixed well. The reaction

mixture was allowed to stand for 4 min. Thereafter,

2.5 mL of 0.1 % w/v OPA was added and mixed

gently. The reaction mixture was left again for 40 min at

room temperature. The solution in each flask was

made up to the mark by methanol solvent. The intensity

of the resulting solution is measured at λem 458 nm

when excited at λexc 342 nm.

3. Results and Discussion

The O-Phthalaldehyde (OPA) is a most popular

fluorogenic agent that is widely used for the detection

of a nanogram of compounds with primary amine

moiety. Primary amines such as TMP form a highly

fluorescent compound when they react with OPA

and a thiol compound (like 2-mercaptoethanol) through

condensation reaction under basic condition. The

reaction is essentially complete within 5.0-40.0 minutes.

The reaction product intensity is attributed to the

formation of the isoindole group which triggers the

compound to give fluorescence intensity as shown in

(Fig. 2). The fluorescence spectrum of OPA-2ME-

TMP fluorophores using drugs concentration 300 ng

mL−1 was shown in (Fig. 3). The formed fluorophores

exhibit an excitation wavelength of 342nm with

emission wavelengths of 458 nm.

Fig. 1. Structural formula of TMP.
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3.1. Optimization of conditions

The experimental parameters of the proposed method

that effect on fluorescence intensity of OPA-2ME-

TMP fluorophore were estimated and optimized.

3.1.1. Effect of pH and buffer's volume

To investigate the impact of PH value on the

formation of the fluorescent compound, a series of

buffer solutions were used in the pH range (6.5-

11.5). The fluorescent intensity of the formed OPA-

2ME-TMP fluorophore increases as a function of

solution pH until it reaches a maximum value at pH=

10.0 and no longer increases. Otherwise, it decreased

gradually due to may be of background compound

formation. The influence of borate buffer volume in

the range of (0.5-4.0 mL) on the fluorescent intensity

of the formed fluorophore was studied at (pH = 9.8),

the maximum fluorescent intensity was reached at

2 mL which was selected as the optimal buffer volume.

As observed in (Fig. 4(a)).

3.1.2. Effect of OPA volume

The effect of different volumes of OPA reagent on

the formation of the fluorescent complex has been

studied. Fig. 4(b) shows that (2.5) mL of 0.1 % w/v

OPA was optimized and selected for subsequent

experiments.

3.1.3. Effect of 2-mercaptoethanol volume

Different volumes of 2-ME 0.5 % w/v within the

range (0.1-2.0 mL) were used. Hence, 1 mL of 2-

mercaptoethanol was selected as the optimal volume

as shown in (Fig. 4(c)).

3.1.4. Effect of time after addition of 2-mercap-

toethanol

The effect of time after the addition 2-mercaptoe-

thanol on the fluorescence intensity of the fluorescent

compound was tested. As shown in (Fig. 4(c)). Five

minutes was selected as the optimal time to formation

of thiolate ion.

Fig. 2. The suggested reaction between TMP and OPA reagent.

Fig. 3. Fluorescence spectrum of OPA-2ME-TMP fluorophores.
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3.1.5. Effect of reaction time

The time required for the reaction completion was

investigated. The results indicated that (40) min is

sufficient to complete the reaction as observed in

(Fig. 4(c)).

3.1.6. Solvents effect 

To select a more suitable solvent that obtains the

highest fluorescence intensity of the formed fluorophore

different solvents were tested, such as acetone,

acetonitrile, methanol, butanol, ethyl acetate, DMSO,

ethanol, DMF and distilled water. It was found that

Fig. 4. Effect of various experimental parameters on the fluorescence intensity of the OPA-2ME-TMP fluorophore.

Fig. 5. Calibration curve of TMP drug.
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the dilution of the reaction mixture with methanol

gives maximum fluorescent intensity.

3.2. Method validation

3.2.1. Calibration curve

The values of the fluorescence intensity at 458 nm

were plotted vs TMP concentration to obtain a

calibration curve whose linear In concentration range

(100-1200) ng·mL−1 as shown in (Fig. 5). The regression

parameters were illustrated in Table 1. 

3.2.2. Accuracy

The suggested approach accuracy was verified by

measuring the fluorescence intensity of TMP-2ME-

OPA by selecting three concentration levels within

the calibration curve (500, 800, and 1000) ng·mL−1)

by repeating the experiment five times for each

concentration. As shown in (Table 2). The percent

recovery (Re%) was obtained by analyzing the results.

The Re% values indicate that the proposed method is

highly accurate.

3.2.3. Precision

Three concentrations of TMP (300, 600 and 900

ng·mL−1) were prepared and analyzed to verify the

precision of the suggested method. The R.S.D% of

the results was less than 2 indicating acceptable

precision as shown in Table 3.

3.2.4. Robustness

To verify the robustness of the proposed method,

three experimental variables (OPA volume, pH, and

2-ME volume) were slightly altered in this study.

The slight alterations in conditions of the experiment

did not effect on the determination of TMP by

suggested method. As shown in Table 4.

3.3. Application

Trimethoprim has been successfully estimated by

the proposed method in its pharmaceutical tablets as

shown in Table 5. The results of the suggested method

have been statistically compared with those obtained

Table 1. Analytical parameters of the suggested approach

Parameter Suggested method

λexc (nm) 342 nm

λem (nm) 458 nm

Concentration range (ng mL−1) 100-1200 ng·mL−1

Slope 0.3135

Determination coefficient (r2) 0.9982

Correlation coefficient (r) 0.9991

Intercept 24.995

SD of slope 0.0122

SD of intercept 2.0570

LODa (ng mL−1) 22.54

LOQb(ng mL−1) 75.15

LODa: Limit of detection. LOQb: Limit of quantitation

Table 2. Accuracy data of the suggested spectrofluorimetric
method

Sample Concentrations ng·mL−1  Rec%*± SD

1 500 101.2+2.65

2 800 101.31+2.54

3 1000 98.97+3.05

*Mean of five determinations

Table 3. Precision of the proposed method

Concentrations 

ng·mL-1

Intra-day precision Inter-day precision

Rec%* R.S.D % Rec%* R.S.D %

300 101.76 1.89 101.43 1.79

600 101.03 1.78 100.95 1.34

900 100.95 1.69 99.30 1.22

*Mean of five determinations

Table 4. Robustness evaluation for the proposed approach

Experimental parameters Rec%* ± R.S.D.%

OPA volume (mL)

1.8 101.67±1.750

2 101.58±1.648

2.2 101.49±1.653

Buffer PH

9.6 99.42±1.482

9.8 101.24±1.341

10 101.75±1.527

2-ME volume (mL)

0.9 98.97±1.78

1 101.65±0.983

1.1 101.77±1.418

*Mean of five determinations.
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by the official methods. Table 6 shows that the ttest

and Ftest values of the proposed method were less

than theoretical ones, which indicates that the suggested

approach can be effectively used to determination of

TMP in a real pharmaceutical preparation (Tablets).

The results reported by many published methods for

the determination of TMP are given in Table 7. As

can be seen, the lowest detection limit was obtained

for the determination of TMP by the proposed

method.

4. Conclusions

The spectrofluorimetric method has been proposed

for the estimation of TMP in pure and pharmaceutical

dosage forms according to the reaction of TMP with

OPA in highly alkaline media in the presence of 2-

mercaptoethanol and this reaction gives fluorescent

product measured at (458) nm when excited at (342) nm

Table 5. Determination of TMP in different pharmaceutical preparations

Drug 

company

Concentration of TMP (ng.mL-1)
Re*% SD R.S.D%

Present Found

Crescent 

200 202.6 101.3 0.6999 0.778

500 497.8 99.56 0.6925 0.379

800 802.5 100.31 1.2650 0.461

Activas 

200 198.2 99.1 0.5160 0.585

500 503.5 100.7 0.8490 0.460

800 797.5 99.68 1.2650 0.455

*Mean of five determinations

Table 6. Statistical comparison between the proposed and
official method

Proposed method Official method16

Re% mean 100.39 99.8

N 5 5

ttest 0.452 ((2.447)

Ftest 0.972 (9.277)

Table 7. The most important methods used for the determination of TMP

Method Linear range R.S.D % Rec % LOD LOQ Ref.

Spectrophotometric

10-60 µg mL–1 1.40 99.22 - - 5

3-18 µg mL–1 2.75 102.2 - - 6

10-75 µg mL–1 1.70 100.76 - - 17

10-100 µg mL–1 0.75 100 0.028 µg mL–1 - 18

1.25-10.71 µg mL–1 0.902 99.96 0.154 µg mL–1 0.513 µg mL–1 19

HPLC

0.5-10 µg mL–1 - 70.8 15 ng.mL–1 - 20

0.11-690 µmol. L−1 - 99.8 - - 21

0.05-10 µg mL–1 - 97.9 25 ng.mL–1 - 22

LC
0.1-92.4 ng. mL–1 2.3 98.3 5 ng.mL–1 13.8 µg mL–1 23

0.5-20 µg mL–1 1.56 79.6 0.1 µg mL–1 0.5 µg mL–1 24

Electrochemical 0.4-1.1 µmol L−1 0.970 97.4 0.6 µmol.L−1 - 25

Ion-selective 

electrodes

6.0×10−6-1.0×10−2 mol L−1 0.98 96.56 3.0×10−6 mol L−1 - 26

2.3×10−6-10−2 mol L−1 - 99.8 - - 27

Charge-Transfer 0.2-0.4 µg mL–1 0.7407 - 0.0104 µg mL–1 0.0316 µg mL–1 28

Flow injection

10-70 µg mL–1 1.40 99.7 0.6 µg mL–1 2.0 µg mL–1 29

0.5-5 µg mL–1 - 104 0.008 µg mL–1 - 30

25-150 µg mL–1 1.1 101.4 - - 31

Spectrofluorimetric 100-1200 ng.mL-1 1.45 100.5 22.54 ng.mL–1 75.15 ng.mL–1 This work
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within a concentration range (100-1200) ng.mL–1

and low detection limit (22.54) ng·mL–1.

The proposed method can determine the unknown

concentration of analyte giving a heightened precision

and accuracy, where the value of R.S.D% is less than

2 % and the recovery percentage is equal to 100.5 %

and 99.76 % for the determination of TMP in pure

and real pharmaceutical formulations respectively.
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