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الخالصة 
مستحضراته  بهيئته النقية وفي ترانيكزاميكوصفت طريقة طيفية وحساسة لتقدير حامض 

نايترو أنيمين وحامض -الطريقة عمى اقتران كل من الكاشفين المؤزوتين بارا اعتمدت .الصيدالنية
امتصاص عند  لتكوين صبغة ازو برتقالية محمرة لها أقصى ترانيكزاميكالسمفانيميك مع حامض 

الموالرية مممتر واالمتصاصية /ممايكروغرا (0.1-7.5)وكانت حدود قانون بير بين  نانوميتر 520
لها أقصى  صبغة االزو صفراء في حين كانت نايتروانيمين-البارا مع 1-سم 1-مول.لتر 104×4.2

 مممتر/مايكروغرام  (10-0.5)بين  حدود قانون بيرو نانوميتر 420امتصاص عند 
أظهرت النتائج . مع حامض السمفانيميك 1-سم 1-مول.لتر 103×3.3 والريةالم واالمتصاصية

الصيدالنية وطبقت الطريقة  عدم حدوث تداخل في الطريقة المطورة من قبل بعض المضافات
في المستحضرات الصيدالنية بشكل أقراص وحقن ووجد ان  ترانيكزاميكح في تقدير حامض بنجا

وكذلك مع طريقة اإلضافة لممستحضرات الصيدالنية  الطريقة متفقة مع المحتوى األصيل
   .القياسية

         

Abstract 
A simple and sensitive spectrophotometric method was developed 

for the determination of tranexamic acid in bulk and pharmaceutical 

preparations.The method is based on the coupling of each of diazotised   

p-nitroaniline and diazotised sulphanilic acid with tranexamic acid to 

form a reddish-orange azo-dye which absorbs maximally at 520 nm with 

diazotised p-nitroaniline. Beer’s law was obeyed within (0.1-7.5) ppm 

with a molar absorptivity 4.2×10
4
 l.mole

-1
.cm

-1
 and yellow azo-dye which 

absorbs maximally at 420 nm with diazotised sulphanilic acid.Beer’s law 
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was obeyed within (0.5-10) ppm with a molar absorptivity 3.3×10
3
  

l.mole
-1

.cm
-1

. All variables were studied to optimise the reaction 

conditions. No interference was observed in the presence of common 

pharmaceutical excipients. The validity of method was tested by 

analyzing tranexamic acid in its pharmaceutical preparations and good 

recoveries were obtained.  

 

Introduction 
Tranexamic acid [(trans)-4-(aminomethyl)cyclohexane-1-

carboxylic acid], a synthetic lysine analog, is a competitive inhibitor of 

plasmin and plasminogen (1). Prophylactic administration of tranexamic 

acid decreases blood loss and blood transfusion requirements in cardiac 

surgery patients(2,3).
 
The drug reduces postoperative blood losses and 

transfusion requirements in a number of types of surgery, with potential 

cost and tolerability advantages over aprotinin, and appears to reduce 

rates of mortality and urgent surgery in patients with upper 

gastrointestinal hemorrhage (4). Several methods have been reported for 

the determination of tranexamic acid including capillary electrophoresis 

(5), HPLC (6-12), liquid chromatography (13-15), atomic absorption 

spectrometry (16), gas chromatography (17), fluorometry (18) and 

spectrophotometry (19-27). Among the various methods available for the 

determination of the drug, spectrophotometry continues to be very 

popular, because of its simplicity, specificity and low cost. To the best 

knowledge, there are no spectrophotometric methods for tranexamic 

determination via diazotisation reaction described in the literature to date. 

Therefore, this study presents new spectrophotometric methods for the 

determination of tranexamic acid in pure and pharmaceutical preparation. 

The methods based on the coupling of tranexamic acid in basic medium 

with two diazotised reagents, p-nitroaniline and sulphanilic acid to form 

colored azo-dye measured spectrophotometrically.    

 

Experimental 
Apparatus 

All spectral and absorbance measurements were carried out on a 

shimadzu UV-Visible digital double beam spectrophotometer with 1-cm 

matched quartz cells. 

 

Reagents  

All chemicals used were of analytical grade and used without further 

purification. 

Standard solution of tranexamic acid (100 µg/ml) was prepared by 

dissolving 0.01g of pure drug in distilled water and then diluted to the 

mark in a 100ml volumetric flask. 
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Sodium hydroxide solution (1N) was prepared by dissolving 4g of 
sodium hydroxide (Fluka) in distilled water and then diluted to the mark 
in a100ml volumetric flask. 
 
Diazotised sulphanilic acid solution (30mM) was prepared by 
dissolving 0.519g of sulphanilic acid (Fluka) in 75ml distilled water then 
1.35 ml of concentrated HCl (Fluka) was added and the solution is 
heated. The mixture is transferred to a 100ml volumetric flask and cooled 
to ≈5 ْ C.A 0.207 g of sodium nitrite (Fluka) is added and volume 
completed to 100 ml with addition of cooled distilled water. This solution 
is stored in the darkness over ice and used after 15 minutes. This solution 
when kept in the refrigerator is stable for at least 3 days (28). 

 
Diazotised p-nitroaniline solution (20mM) was prepared by dissolving 
0.276g of p-nitroaniline (Fluka) in 75ml distilled water then 1.35 ml of 
concentrated HCl was added and the solution is heated. The mixture is 
transferred to 100ml volumetric flask and cooled to ≈5c. A 0.138 g of 
sodium nitrite is added and the mixture is stirred for 5 minutes and the 
volume completed to 100 ml with addition of cooled distilled water. This 
solution is stored in the darkness over ice and used after 15 minutes. This 
solution when kept in the refrigerator is stable for at least 3 days (29). 

    
Aminocaprol tablets solution ten tablets of aminocaprol were weighed 
and finally powdered using a mortar.A weighed amount of the powder 
equivalent to 500 mg of the pure drug was dissolved in 10 ml of ethanol 
and made up to 100 ml with distilled water into a volumetric flask.The 
resulting solution was shaked well and filtrated. A sample of 100µg ∕ml of 
aminocaprol was taken and the measurement was carried out as described 
under recommended procedure.     
 

Exacyl injection the contents of five ampoules (each one contains 500mg 
per 5 ml) were mixed and a 5 ml was accurately transferred into a 100 ml 
volumetric flask and diluted to the mark with distilled water. An accurate 
volume was appropriately diluted to get 100 µg ml

-1
 of tranexamic acid 

solution and treated as described under the recommended procedure. 
 

Recommended Procedure for Calibration Curve with Diazotised 
Sulphanilic Acid 

     Aliquots of working tranexamic acid standard solution containing 
(12.5-250)µg were transferred into a series of 25 ml volumetric flasks. To 
each flask, 2 ml of (30mM) diazotised sulphanilic acid and 2 ml of (1N) 
sodium hydroxide were added and the mixture was diluted to the mark 
with distilled water and mixed well. The absorbance values were 
measured at 420 nm after 5 minutes from final addition against a reagent 
blank which was treated similarly Fig.1 shows the calibration curve 
which indicates that Beer's law is obeyed over the concentration range 
(0.5-10)µg /ml.                       
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Fig. 1. Calibration graph for the determination of tranexamic acid with 

diazotised sulphanilic acid 
 
 

Recommended Procedure for Calibration Curve with Diazotised 
p-nitroaniline         

Aliquots of working tranexamic acid standard solution containing 
(2.5-187.5) µg were transferred into a series of 25ml volumetric flasks. 
To each flasks, 3 ml of (20mM) diazotised p-nitroaniline and 2.5 ml of 
(1N) sodium hydroxide were added and the mixture was diluted to the 
mark with distilled water and mixed well. The absorbance values were 
measured at 520 nm after 10 minutes from final addition against a reagent 
blank which was treated similarly. Fig.2 shows the calibration curve 
which indicates that Beer's law is obeyed over the concentration range       
(0.1-7.5) µg /ml. 
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Fig. 2. Calibration graph for the determination of tranexamic acid with 

diazotised p-nitroaniline 
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Optimization of Variables 
For the subsequent experiments, 25 µg of tranexamic acid was taken 

in 25 ml final volumes and absorbance measurements were performed at 
420,520 nm.   

 

Effect of diazotised reagent concentration 
The effect of varying concentration of diazotised sulphanilic acid 

and diazotised p-nitroaniline was investigated. It was found that 
diazotised sulphanilic acid (30mM) and diazotised p-nitroaniline (20mM) 
showed highest values of absorbance for the azo-dye formed (Table 1). 
Therefore, these concentrations were recommended for all subsequent 
measurements. 

 
Table 1. Effect of diazotised reagent concentration 

Absorbance/mM of diazotised p-nitroaniline  
25 mM 20 mM 15 mM 10 mM 5 mM 

A A A A A 
0.155 0.181 0.169 0.165 0.151 

Absorbance/mM of diazotized sulphanilic acid 
50 mM 40 mM 30 mM 20 mM 10 mM 

A A A A A 

0.150 0.150 0.155 0.121 0.092 

 
Effect of base.     
    The preliminary experimental investigations have shown that 
diazotised sulphanilic acid and diazotised p-nitroaniline gave colored dye 
of high intensity with tranexamic acid in alkaline medium,therefore the 
coupling reaction has been carried out with different bases and the results 
show that sodium carbonate and sodium bicarbonate gave colored blank 
reagent with sulphanilic acid and unstable azo-dye with p-nitroaniline, 
whereas (2.5,2) ml of (1N) sodium hydroxide solution gave highest value 
of absorbance with diazotised p-nitroaniline and diazotised sulphanilic 
acid, respectively for the azo-dye formed [Tables (2,3)]. Therefore, 2 and 
2.5 ml of (1N) sodium hydroxide for each diazotised sulphanilic acid and 
diazotised p-nitroaniline were recommended for all subsequent 
measurements.  

 
      Table 2. Effect of base with diazotised sulphanilic acid       

pH Range 
Absorbance / ml of base used 

Variable Base used (1N) 
3.0 2.5 2.0 1.5 1.0 

11.56-12.12 
0.155 0.161 0.173 0.161 0.155 A 

NaOH 
134 135 136 133 135 nmλ∆ 

11.79-
12.24 

0.105 0.132 0.154 0.140 00.141 A 
KOH 

82 100 115 120 123 nm λ∆ 

 
The blanks were colored A 

Na2CO3 
     nmλ∆ 

 
The blanks were colored A 

NaHCO3 
     nmλ∆ 
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Table 3. Effect of base with diazotised p-nitroaniline 

pH Range 
Absorbance / ml of base used 

Variable Base used (1N) 
3.0 2.5 2.0 1.5 1.0 

11.77-12.15 
0.200 0.216 0.210 0.195 0.181 A 

NaOH 
135 140 137 132 129 nmλ∆ 

11.79-12.29 
0.170 0.176 0.177 0.81 0.180 A 

KOH 
120 128 127 125 127 nm λ∆ 

 
Unstable azo dye A 

Na2CO3 
     nmλ∆ 

 
Unstable azo dye A 

NaHCO3 
     nmλ∆ 

 

Effect of diazotised reagent amount 
The effect of various amounts of diazotised sulphanilic acid and 

diazotised p-nitroaniline were investigated. It was found that 2 ml of 
30mM of diazotised sulphanilic acid and 3 ml of 20mM of diazotised  p-
nitroaniline showed the highest value of absorbance for the azo-dye 
formed (Table 4). Therefore, these amounts were recommended for all 
subsequent measurements. 

 
Table 4. Effect of diazotised reagent amount 

 
Absorbance 

 

Ml of diazotised    p-
nitroaniline(20mM) 

Absorbance 
Ml of diazotised 
sulphanilic acid 

(30mM) 
0.215 1 0.173 1 
0.222 2 0.179 2 
0.231 3 0.170 3 
0.227 4 0.165 4 
0.221 5 0.164 5 

 
Effect of time on color development 
     The effect of time on the development and stability period of the 
colored dye was investigated under the optimum conditions. From the 
experimental data, it has been noticed that the azo-dye with diazotised 
sulphanilic acid reached maximum absorbance after final addition and 
remains stable at least for 70 minutes, whereas the azo-dye with 
diazotised p-nitroaniline reached maximum absorbance after 5 minutes, 
but remains stable for another 80 minutes (Table 5). 

 
Table 5. Effect of time on color development 

Tranexamic acid with diazotised sulphanilic acid 

90 80 70 60 50 40 30 20 10 5 0 
Minute/ 
standing time 

0.19 0.190 0.198 0.199 0.201 0.199 0.200 0.201 0.200 0.200 0.179 Absorbance 

Tranexamic acid with diazotised p-nitroaniline 

90 80 70 60 50 40 30 20 10 5 0 
Minute/ 
standing time 

0.260 0.268 0.270 0.269 0.269 0.270 0.269 0.270 0.270 0.269 0.231 Absorbance 
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Effect of surfactant 
The results indicated that addition of different types with different 

amount, of surfactants gave no useful effect. Therefore, it has been 

recommended to eliminate their use in the subsequent experiments. 

         
Order of addition reagents 

To obtain optimum results, the order of addition of reagents should be 

followed as given under the general procedure, otherwise a loss in color 

intensity was observed.   

 

Final absorption spectra 
When tranexamic acid is treated according to the recommended 

procedure, the absorption spectra for the dyes from diazotised sulphanilic 

acid and diazotised p-nitroaniline with tranexamic acid show maximum 

absorptions at 420 nm and 520 nm, respectively [Fig.(3,4)]. The reagent 

blanks practically show negligible absorbances at these wavelengths. 
 

 
Fig 3. Absorption spectra of 3 µ g ml

-1
 of tranexamic acid measured  

against reagent blank (A) and the reagent blank measured against distilled water 

(B) with diazotised sulphanilic acid 
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Fig. 4. Absorption spectra of 3 µ g ml
-1

 of tranexamic acid measured against 

reagent blank (A) and the reagent blank measured against distilled water (B) 

with diazotised p-nitroaniline 

  
Accuracy and precision 

Two different concentrations of tranexamic acid are used with 
diazotised sulphanilic acid and diazotised p-nitroaniline in the 
determination of the accuracy and precision of the calibration curve,the 
results shown in (Table 6) indicate that the calibration curve has good 
accuracy and precision.  

 
Table 6. Accuracy and precision  

RSD(℅) 

 

Recovery(℅)٭ 

 

Amount of tranexamic 
acid taken µg/ml with 

PNA 

1.27 103.38 1 

0.57 97.72 3 

RSD(℅) Recovery(℅)٭ 
Amount of tranexamic 

acid taken µg/ml with 

sulphanilic acid 

2.10 95.7 4 

1.91 102.14 6 

Average of five determinations ٭ 

 
Nature of the dye product.  
The stoichiometry of the reaction was studied applying Job's method of 
continuous variations (30). The result obtained [fig.(5,6)] show that a 1:1 
drug to the two analytical diazotised  reagents were formed.  
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Therefore, the formation of yellow dye with sulphanilic acid and reddish 

dye with p-nitroaniline may probably occur as shown in the following 

reaction scheme(31): 

 

+
N2 X + HOOC CH2 NH2

OH 
-

X N N NH CH2 COOH + H2O

Diazotised reagent

x = HSO3 or -NO2  
 

     

 

Interference 

     The effect of some excipients which often accompany pharmaceutical 

preparations was studied by addition of three different amounts to 2 ppm 

tranexamic aid. Experimental results showed that there was no 

interference from foreign compounds up to 100 fold excess. Typical 

results are given in (Table 7). 
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Fig. 5.Job's plot of tranexamic acid 

with diazotised sulphanilic acid  

Fig. 6. Job's plot of tranexamic acid with 

diazotized p-nitroaniline 
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Table 7: Effect of foreign compounds 
 

Recovery(℅) Foreign 

compound with 

diazotised p-

nitroaniline 

Recovery(℅) Foreign 

compound with 

diazotised 

sulphanilic acid 

100 

Fold 

excess 

10 Fold 

excess 

100 

Fold 

excess 

10 Fold 

excess 

95.1 95.0 Glucose 95.0 95.5 Glucose 

96.1 96.2 Starch 96.2 97.2 Starch 

95.5 96.5 Lactose 96.2 96.0 Lactose 

95 95.5 Acacia 97.1 98.1 Acacia 

99.5 99.2 Sodium Chloride 99.2 99.2 Sodium Chloride 

 

 

Analytical applications 
    The present method was evaluated by analyzing commercial 

formulation of tranexamic acid and comparing the results obtained with 

those obtained by standard addition procedure [Fig. (7,8)]. Satisfactory 

agreement between results was obtained with an acceptable range of error 

[Tables (8,9)].  
 

Table 8. Assay of tranexamic acid in pharmaceutical preparations 

with diazotised sulphanilic acid 
Drug 

Content 

Found 

(mg) 

Average 

Recovery 

 ( ℅) 

Recovery
a
 

( ℅) 

Amount 

Present 

µg/ml 

Certified 

value(mg) 

Pharmaceutical 

preparation 

481.25 

99.79 

96.25 4 500 mg 
Aminocaprol

b
 

tablets 

516.65 103.33 6 500 mg/ml Exacyl
c
 injection

 

a
. average of three determinations. 

b
. marked by Al Shahba Pharmaceutical Labs.– Aleppo-Syria 

c
. marked by Sanofi-Synthelabo-France  

 

 Table 9. Assay of tranexamic acid in pharmaceutical preparations with 

diazotised p-nitroaniline 

Drug 

Content 

Found 

(mg) 

Average 

Recovery 

 ( ℅) 

Recovery ( ℅) 

Amount 

Present 

µg/ml 

Certified 

value(mg) 

Pharmaceutic

al preparation 

525 

101.66 

105.00 1 500 mg 
Aminocaprol 

tablets 

491.65 98.33 3 500 mg/5ml 
Exacyl     

injection 
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Fig. 7. Assay of tranexamic acid in pharmaceutical preparations with sulphanilic 

acid by standard addition method 

▲ Standard addition method of 4 µg ml
-1

 using injection with diazotised sulphanilic 

acid. 

■  Standard addition method of 6 µg ml
-1

 using tablets with diazotised sulphanilic 

acid. 

 

 
Fig. 8. Assay of tranexamic acid in pharmaceutical preparations with p-

nitroaniline by standard addition method 
 

▲ Standard addition method of 1 µg ml
-1

  using injection with diazotised p-

nitroaniline.   
■   Standard addition method of 3 µg ml

-1
  using tablets with diazotised p-nitroaniline.  
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Conclusion 
 A simple, rapid and sensitive spectrophotometric method for the 

determination of trace amounts of tranexamic acid has been developed. 

The method was based on the coupling of tranexamic acid with two 

diazotised sulphanilic acid and p-nitroaniline in basic medium to form 

mono azo-dye that is water soluble and stable. The proposed method was 

applied successfully to some pharmaceutical preparation (tablet, 

injection). 
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