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Abstract 
Cilostazol is a selective inhibitor of type 3 phosphodiesterase. 5-(3-Chloro-
propyl)-1-cyclohexyl-1H-tetrazole, used as an intermediate in the synthesis of 
cilostazol, has a primary alkyl chloride group, a well-known alerting function for 
genotoxic activity. Upon request from a regulatory agency, a limit test in 
accordance with ICH Q2(R1) added with the accuracy of a recovery test of  
5-(4-chlorobutyl)-1-cyclohexyl-1H-tetrazole in cilostazol was developed and 
validated. The application of the method highlighted the need to optimize the 
purification process to ensure levels of this potential genotoxic impurity in the 
final active pharmaceutical ingredient below the established limit. Also, the 
analytical method was suitable to determine the amount of the impurity in 
samples of the commercially available drug product, which showed the levels to 
be above the established threshold of toxicological concern (TTC). 
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Introduction 
Studying and monitoring the presence of impurities in Active Pharmaceutical Ingredient(s) 
(API(s)) is a central topic in drug production. In order to ensure proper quality levels in the 
manufactured products, consistent efforts are made to characterize, quantify, and monitor 
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all the possible impurities present in the finished product. The limits of each impurity in the 
produced APIs are the subject of specific guidelines published by international agencies 
[1]. In the last several years, growing importance has been given to the quantification of 
potential genotoxic impurities [2–6], i.e. those which could cause DNA damage involving 
genetic mutations [7]. In order to make a preventive evaluation of the potential genotoxic 
activity of a given impurity, lists of alerting functions have been compiled on the basis of 
the structure of known genotoxic compounds and their mechanism of action [8, 9]: 
impurities bearing one or more alert functions have to be considered as potential genotoxic 
compounds if no toxicological data are available, and their limit has to be calculated 
according to specific guidelines [10, 11].  

Cilostazol is a selective inhibitor of type 3 phosphodiesterase which is indicated for the 
improvement of the maximal and pain-free walking distance in patients with intermittent 
claudication [13]. Cilostazol can be produced according to the synthesis reported in 
Scheme 1 [14]. 
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Sch. 1.  Synthetic process 

As can be appreciated, the last intermediates are characterized by the presence of a 
primary alkyl chloride, a well-known alerting function for genotoxic activity [5, 8]. Thus, 
concerns arise about the presence of these compounds as residual impurities in 
production batches of cilostazol, as well as in the formulated drug. Since chloride 3 is the 
last intermediate of the synthesis, it is the one with the higher risk of carry-over into the 
final product. Indeed, samples of cilostazol produced according to the reported synthetic 
scheme were analyzed and resulted to contain compound 3 in variable amounts, ranging 
from 10 to 125 ppm. These results provided a clear indication that the carry-over of 
compound 3 in the finished API is not only a theoretical concern, but a real issue. 
Surprisingly, even if the majority of the industrial processes used for the production of 
cilostazol over the years present compound 3 as the last intermediate, to the best of our 
knowledge, no data are available in the literature about the potential genotoxicity of this 



 Cilostazol: HPLC/MS Method for a Potential Genotoxic Impurity 271 

Sci Pharm. 2015; 83: 269–278 

compound. Moreover, no methods for the quantification of compound 3 are available in the 
literature. Also, the US Pharmacopoeia [12] does not provide any issue for the 
quantification of this alerting compound. For this reason, the problem of the carry-over of 
compound 3 had to be faced both from a regulatory and from an analytical point of view. 

From a regulatory point of view, in order to assess the potential genotoxicity of 3, a pure 
sample of compound 3 was subjected to the bacterial gene mutations test known as the 
Ames test [15]. However, the results of the Ames test did not bring forth any reliable 
conclusion regarding the genotoxic potential of compound 3. Indeed, in the tests 
performed by an independent company, increases in the number of revertant colonies 
were found only for one out of the five bacterial strains tested, and only at the highest 
dosage level. These results precluded making a definite judgement about the mutagenicity 
of compound 3, thus the study was considered inconclusive. For this reason, in the 
absence of reliable biological data, compound 3 had to be considered as a potential 
genotoxic impurity, for which limits can be calculated based on the Threshold of 
Toxicological Concern (TTC) approach [10]. Based on this approach, a limit of 7.5 ppm for 
potential genotoxic impurities should be calculated. However, a limit of 2.5 ppm for 
compound 3 was agreed upon with the involved regulatory agency. The choice of a lower 
limit took into account the possible carry-over of other potential genotoxic impurities 
related to the specific synthetic process, such as other intermediates or reagents used for 
the synthesis. 

On the other hand, from an analytical point of view, the US Pharmacopoeia [12] describes 
the use of a high-performance liquid chromatography-ultraviolet (HPLC-UV) (254 nm) 
method which, unfortunately, is not sensitive enough to quantify 3 in the ppm range. Since 
the quantification of impurities in such a low amount is not routine in the conventional 
analysis of APIs, the development of a specific method for the quantification of chloride 3 
in such a low amount was thus needed. The use of HPLC associated with mass 
spectrometry (MS) was chosen as the suitable analytical technique. Moreover, the use of 
single ion monitoring (SIM) as the detection method was expected to ensure sufficient 
sensitivity and specificity. 

Results and Discussion 
Method Development 
In order to develop a suitable and convenient limit test method for compound 3 in 
cilostazol, HPLC associated with a UV detector, as described in the US Pharmacopoeia 
[12], was first tried due to its simple and widespread use in common quality control 
laboratories. However, as foreseen, this technique proved not sensitive enough for the 
quantification of 3 in the ppm range. The option of injecting a highly concentrated solution 
of cilostazol was precluded by its solubility limits in both the dissolution and elution phases. 
Thus, in order to get a higher sensitivity, the HPLC system with triple quadrupole and 
electrospray ionization (ESI) was chosen as the ionization technique. In the view of 
analyzing the complex mixtures such as those derived from formulated drugs, a method 
with high specificity was also desirable. The acquisition of the Total Ion Current (TIC) was 
considered not specific enough for the analysis of complex matrices. Thus, the Single Ion 
Monitoring (SIM) mode was chosen as the acquisition mode by monitoring the ion with m/z 
= 243 in positive ion mode, i.e. the ion generated by the simple protonation of 3.  
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Method Validation 
The validation performed was a limit test in accordance with ICH Q2(R1) with the addition 
of the accuracy of recovery [16] of 5-(4-chlorobutyl)-1-cyclohexyl-1H-tetrazole 3 in 
cilostazol. The parameters monitored in the validation study were specificity, accuracy, 
limit of detection (LOD), limit of quantification (LOQ), and the accuracy of recovery at the 
LOQ concentration.  

 
Fig. 1.  +ESI SIM chromatogram of a blank solution (row a); +ESI SIM chromatogram of 

a solution of compound 3 (row b); +ESI SIM chromatogram (row c); and HPLC-
UV chromatogram (row d) of a solution of cilostazol 



 Cilostazol: HPLC/MS Method for a Potential Genotoxic Impurity 273 

Sci Pharm. 2015; 83: 269–278 

In order to demonstrate the specificity of the developed method, a blank, a solution of  
5-(4-chlorobutyl)-1-cyclohexyl-1H-tetrazole 3 (25 ng/mL), and a solution of cilostazol 
(10 mg/mL) were prepared and analyzed. As a result, cilostazol eluted after 14.0 min while 
compound 3 eluted after 16.3 min. Thus, the SIM chromatogram was recorded from  
15.0 to 18.0 min. No relevant interferences were observed around 16.3 min in the SIM 
chromatogram, the peak of compound 3 was the only one observed. Additionally, no 
relevant interferences were observed in the analysis of the blank sample (Figure 1).  

In order to demonstrate the accuracy of the method, a solution of 5-(4-chlorobutyl)-1-
cyclohexyl-1H-tetrazole 3 (25 ng/mL) was injected six times and the relative standard 
deviations (RDS%) were found to be 3.81%, which complies with the acceptance criteria of 
<5%. Moreover, the matrix solution was injected three times in order to evaluate the 
capability of the method’s recovery. The average area result was 186.1, with the RSD = 
1.80%. With this value in hand, the capability of recovering compound 3 in the presence of 
cilostazol was verified through spiked recovery experiments: compound 3 was spiked into 
10 mg/mL solutions of cilostazol (matrix) in triplicate at three levels, in the range of 50, 
100, and 150% of the nominal concentration of 2.5 ppm (TTC-based limit). The average 
recovery resulted in the adequate range of 90–110%, with the RSD < 5% (Table 1). 

Tab. 1.  Results of the injections of the matrix solution spiked with 50%, 100%, and 
150% of the nominal concentration of compound 3 (2.5 ppm) for the evaluation 
of the accuracy of recovery of the method 

Accuracy of recovery 

Preparation Conc. compound  
3 mcg/mL Range %  

recovery 
1 0.0125 

50% 
97.1 

2 0.0125 98.8 
3 0.0125 96.7 
1 0.0250 

100% 
97.1 

2 0.0250 97.5 
3 0.0250 97.1 
1 0.0375 

150% 
107.1 

2 0.0375 106.9 
3 0.0375 105.3 

Statistics 
Average 100.4 
Standard deviation 4.58 
RSD% 4.57 

 

For the determination of the LOD and the LOQ concentration, the visual method of ICH 
Q2(R1) was adopted. A concentration of 0.102 ppm was selected as the LOD and a 
concentration of 0.34 ppm was selected as the LOQ. Both the LOD and the LOQ solutions 
were prepared and injected six times. The results obtained demonstrate that the LOD 
concentration is visible and that the LOQ concentration is quantifiable, with an RSD = 
2.39 %. 
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Additionally, the accuracy of the recovery of compound 3 in cilostazol at the LOQ 
concentration was evaluated, by spiking 0.34 ppm of compound 3 into the matrix. The 
accuracy of recovery at the LOQ concentration was within the acceptance criteria of 90-
110%, with the RSD < 5% (Table 2). 

Tab. 2.  Results of the injections for the evaluation of the accuracy of the recovery of 
compound 3 at the LOQ concentration 

Accuracy of recovery 

Preparation Conc. Compound  
3 mcg/mL Range %  

recovery 
1 0.0034 

100% 
96.1 

2 0.0034 93.0 
3 0.0034 93.3 

Statistics 
Average 94.2 
Standard deviation 1.70 
RSD% 1.81 

 

The linearity of the method was also evaluated. The evaluation of the linearity of the 
method was not requested by ICH Q2(R1) for the validation of a limit test method, but was 
necessary for the quantification of compound 3 in the first batches of cilostazol analyzed 
and for the development of suitable purification conditions. Since the amount of compound 
3 in cilostazol was initially unknown, compound 3 was injected at three different 
concentrations (2.54 ppm, 253.9 ppm, and 507.9 ppm) and the SIM peak area was plotted 
against the concentration. In the linearity correlation equation in the form Y = aX + b, 
where Y is the SIM peak area and X is the concentration of 3 in ppm, a resulted in 212.07 
and b resulted in 572.52. The correlation coefficient (R2) = 0.9998 demonstrated the good 
linearity of the method. The validation of the limit test method in accordance with ICH 
Q2(R1) added with the accuracy of the recovery test was acknowledged by the involved 
regulatory agency. 

Sample Analysis 
Since in preliminary analyses the levels of compound 3 in cilostazol resulted far above the 
set limit of 2.5 ppm, a specific optimization of the purification conditions was mandatory in 
order to bring the amount of compound 3 consistently below this value. After extensive 
efforts focused on the optimization of the purification process, 10 consecutive industrial 
batches of cilostazol were produced and analyzed in triplicate. As can be appreciated, in 
all cases the amount of compound 3 was found to be below the limit value of 2.5 ppm 
(Table 3). 
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Tab. 3.  Amount of compound 3 in industrial batches of cilostazol produced via the 
optimised process 

Amount of compound 3 (ppm) 
Sample Injection 1 Injection 2 Injection 3 Average RSD% 
1 1.04 1.02 1.02 1.03 1.12 
2 0.54 0.53 0.52 0.53 1.89 
3 0.39 0.38 0.42 0.40 5.25 
4 0.44 0.44 0.46 0.45 2.59 
5 0.96 0.98 0.97 0.97 1.03 
6 0.81 0.79 0.83 0.81 2.47 
7 0.53 0.50 0.53 0.52 3.33 
8 0.67 0.69 0.68 0.68 1.47 
9 < LOQ < LOQ < LOQ – – 
10 1.26 1.23 1.28 1.26 2.00 

 

These results additionally support the fact that the carry-over of compound 3 in the final 
cilostazol is a real concern and they demonstrate that effective purification conditions are 
needed to ensure low amounts of this potential genotoxic impurity. 

Subsequently, samples of commercially available cilostazol (tablets, 100 mg) were ana-
lyzed to check if the developed analytical method is suitable to detect compound 3 in the 
formulated product. No information was available about the synthetic process and the 
purification conditions used for the production of these formulations. Three tablets from the 
same batch were analyzed in triplicate. The results are reported in Table 4. 

Tab. 4.  Amount of compound 3 in formulated cilostazol 

Amount of compound 3 (ppm) 
Sample Injection 1 Injection 2 Injection 3 Average RSD% 
1 39.0 39.9 40.0 39.63 1.39 
2 38.4 37.4 37.6 37.80 1.40 
3 36.1 35.4 35.3 35.60 1.22 

 

As can be appreciated, compound 3 was detected in all of the samples in an amount much 
higher than the established threshold of 2.5 ppm. These results suggest that a high level of 
compound 3 in the API can directly reflect the high amounts in the formulated drug.  

Experimental 
Materials 
HPLC grade acetonitrile and HPLC grade methanol were purchased from CARLO ERBA 
Reagents srl (Milan, Italy), formic acid was purchased from Sigma-Aldrich (Milan, Italy), 
water was obtained by using a Milli-Q system. 5-(4-Chlorobutyl)-1-cyclohexyl-1H-tetrazole 
3 and cilostazol were supplied by Dipharma Francis srl (Mereto di Tomba, Italy).  
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Chromatographic Separation 
An Agilent Infinity 1200 Series high-performance liquid chromatography instrument was 
utilized for the chromatographic separation. It was equipped with a 1260 ALS autosampler, 
a 1290 thermostat, a 1260 Quant Pump VL, a 260 VWD detector, and a triple quadrupole 
6420. The column was a Waters Sunfire 250 x 4.6 mm – 5 µm. One hundred percent 
acetonitrile was selected as solvent A, 0.1% formic acid in water (v/v) was selected as 
solvent B, and 100% methanol was selected as solvent C. The following reversed-phase 
gradient was used for a total of a 35 min sequence: start at (A:B:C 20/70/10) and increase 
to (A:B:C 70/20/10) in 15 min, hold at (A:B:C 70/20/10) for 10 min, lower back down to 
(A:B:C 20/70/10) in 1 min, and hold at (A:B:C 20/70/10) for 9 min. The column temperature 
and the flow rate were set, respectively, to 40°C and 0.8 mL/min, and the injection volume 
was set to 3 µL. 

Mass Spectrometry 
The QQQ mass spectrometer was set on the single ion monitoring scan type (MS2 SIM) in 
positive ion mode. The monitored m/z value was 243±1. The voltage applied to the exit 
end of the capillary was 135 V with a collision cell accelerator voltage (CAV) of 7 V. The 
selected source parameters were: gas temperature 300°C, gas flow 13 L/min, nebulizer 20 
psi, and capillarity 4900 V+. 

Standard Solutions and Sample Preparation 
The sample was dissolved in a dissolution phase (DP) consisting of acetonitrile:water 
80/20. For the preparation of a standard solution of compound 3 (2.5 ppm), 25 mg of 
compound 3 were weighed in a 100-mL volumetric flask and brought to volume with DP. 
One mL of the resulting solution (0.25 mg/mL) was diluted to 100 mL with DP. 1 mL of the 
resulting solution (0.0025 mg/mL) was diluted again to 100 mL with DP. For the 
preparation of the test solutions, 100 mg of cilostazol were weighed in a 10-mL volumetric 
flask and brought to volume with DP. 

Conclusion 
5-(4-Chlorobutyl)-1-cyclohexyl-1H-tetrazole 3 was identified as a potential genotoxic 
impurity in cilostazol due to the presence of a well-known alerting function, i.e. a primary 
alkyl chloride. Since the Ames test did not bring forth any reliable conclusion regarding the 
genotoxic potential of compound 3, it had to be considered as a potential genotoxic 
impurity. The validation of the HPLC/MS limit test method in accordance with ICH Q2(R1) 
together with the accuracy of recovery test for 3 in cilostazol were performed. Also, the 
linearity of the method was evaluated. The validation of this method was accepted by the 
involved regulatory agency. The method quantified compound 3 in industrial batches of 
cilostazol. As a result, the need to change the production method became evident in order 
to bring the amount of 3 below the established TTC limit of 2.5 ppm. Also, the application 
of this method to commercially available, formulated cilostazol allowed us to find 
compound 3 above 2.5 ppm. The application of this HPLC/MS method for compound 3 can 
help producers of cilostazol to ensure low amounts of this potential genotoxic impurity in 
the finished API. 
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