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ABSTRACT 

Clomiphene Citrate tablet available strength in market are 25 mg and 50mg, used for the treatment of PCOS (Polycystic 

ovary syndrome). According to ICH method validation is defined by establishing documented evidence which proves a 

high degree of assurance that a specific activity will consistently produce a desired result or product meeting its 

predetermined specification and quality characteristics. Need for the development of method and validation by HPLC 

Method for Clomiphene Citrate for better accuracy, precision and higher sensitivity and recovery rate from human 

plasma sample.  The drug candidate Clomiphene citrate API purchased from Chemland Ind Vapi,Gujarat. HPLC Model 

Shimadzu 2030, Column: Shim-pack NT-ODS, Software: Cromalion 7.2, Analytical balance: Shimadzu, pH meter: 

Toshcon Industries and LC-MS: Sciex QTRAP 4500 used for the entire research work. Optimization of chromatography 

in HPLC Method for clomiphene citrate using Mobile Phase as Methanol: Milli Q Water: Triethylamine (55:45:0.3 

v/v/v) any many trials has been taken for variation in mobile phae, flow rate and other parameters till the optimized 

chromatogram was observed, both Extraction Technique SPE and LLE completed and observed mean value 47700.00, 

SD value 91.92 and % RSD were found 0.19 for 100 mg tablet. System Suitability Mean value 3.355, 1.950, 1.750 and 

SD 0.06193, 0.0063, 0.0063 for area Ratio, analyte RT and ISTD RT found respectively. Bench Top stability in plasma 

at ambient temperature as % stability 101.4, 99.0, 92.3 and 96.0 for LQC and HQC at 4 hours and 6 hours found 

respectively. The Regression Statistics data LOD was 0.312 ng/ml and LOQ found 2.31 ng/ml The Regression Statistics 

data LOQ found 2.31 ng/ml so the sensitivity of developed methods was very high rather than other available methods. 

The recovery rate for the LLOQ was found 99.53%.  
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INTRODUCTION 

Pharmaceutical analysis determines the quality of drug 

products via analytical chemistry. This will introduce 

areas such as method validation, handling of raw materials 

and finished products, documentations, inspections that 

impact the development of pharmaceutical products. 

Throughout this, critical cGMPs regulations, FDA 

guidance and ICH quality guidelines will be discussed 

specially emphasizing procedures to help individuals to 

maintain a high level of compliance that rounds the 

laboratory environment. Importance of pharmaceutical 

analysis- Identify of the drug in formulated product, 

Determination of active ingredient or additional 

impurities, Stability of the drug, Rate of drug from its 

formulation  Identify and purity of pure drug that meet 

specification, Concentration of specified impurities 

Concentration of drug in plasma or biological fluids, 

Determine pka values partition coefficients, solubilities 

and stability of drug under development. According to 

ICH method validation is defined by establishing 

documented evidence which proves a high degree of 

assurance that a specific activity will consistently produce 

a desired result or product meeting its predetermined 

specification and quality characteristics. 

The Validation parameters like Response function, 

Sensitivity, Precision, Accuracy,  Limit of detection 

(LOD) Limit of quantification (LOQ), Robustness, 

Stability, System suitability all the parameter must be 

comply with the methods. 

The drug candidate belongs to Polycystic ovary syndrome 

is a condition where you have few, unusual or very long 

periods. It often results in having too much of a male 

hormone called androgen. Many small sacs of fluid 

develop on the ovaries. They may fail to regularly release 

eggs. A condition marked by infertility, enlarged ovaries, 

menstrual problems, high levels of male hormones, excess 

hair on the face and body, acne, and obesity. Women with 

polycystic ovary syndrome have an increased risk of 



Bioanalytical Method Development and Validation for Clomiphene Citrate Tablet by LC-MS 

 
                                                         IJPQA, Volume 15 Issue 4, October - December 2024                                 Page 2406 

diabetes, high blood pressure, heart disease, and 

endometrial cancer. Basic need for the work was to extract 

the drug molecule from the human plasma by different 

extracted methods like SPE and LLE and obtained the 

accurate higher sensitivity method. 

 

MATERIALS AND METHODS: 

Materials: The drug candidate Clomiphene citrate API 

purchased from Chemland Ind Vapi, Clomiphene citrate 

tablet mfg. by Cipla purchased from medical store. 

Methanol, Mili Q water in-house, triethylamine, 

acetonitrile and ammonium acetate from chemdyes 

corporations Gujarat. Instruments used during the research 

work as  HPLC Model Shimadzu 2030, Column: Shim-

pack NT-ODS, Software: Cromalion 7.2, Analytical 

balance: Shimadzu, pH meter: Toshcon Industries and LC-

MS: Sciex QTRAP 4500. 

Methods: Optimization of chromatography in HPLC 

Method for Clomiphene  Citrate: 

Mobile Phase:  Methanol: Milli Q Water: Triethylamine 

(55:45:0.3 v/v/v) Adjustment of pH with 0.1% TFA pH to 

2.5 (+-0.05). 

Standard Stock Solution:  

Weigh accurately about 50 mg of Clomiphene Citrate 

standard API and transfer into a 100 mL volumetric flask 

add about 70 mL of Mobile phase, and sonicate to 

dissolve. Make up to the mark with the Mobile phase and 

mix well.  

Clomiphene Related Compound A Stock Solution:  

Weigh accurately about 1.197 mg of Clomiphene Related 

Compound A and transfer into a 20 mL volumetric flask 

add about 14 mL of Acetonitrile, and sonicate to dissolve. 

Make up to the mark with Acetonitrile, and mix well.   

System Suitability Solution:  

Dilute 1.7 mL of Clomiphene Related Compound A Stock 

Solution and 5.0 mL of Standard Stock Solution to 50 mL 

with Mobile phase and mix well. Standard solution: Dilute 

5.0 mL of Standard Stock Solution to 50 mL with Mobile 

phase and mix well.  

Sample stock solution:  

Weigh accurately about 50 mg of Clomiphene Citrate 

sample and transfer into a 100 mL volumetric flask add 

about 70 mL of Mobile phase, and sonicate to dissolve. 

Table 1: Optimization of chromatography 

condition 

Sr 

No. 

Chromatography 

parameter 

Condition 

1 Mobile phase Methanol: Mili Q 

Water: 

Triethylamine(55:

45:0.3 v/v/v) 

2 Column 4.6mm×25cm 

3 Flow Rate 1 mL/min 

4 Column Temperature 25°C 

5 Run time 30 min 

6 Injection Volume 50ml 

7 L26 detector 233nm 

Table 2:  Trials for Optimization Chromatography 

Sr. No Retention Time 

(ml/min) 

Column  Mobile Phase  Remark 

1 2.3 min C18 MG column (100 mm × 

4.6 mm, 5 μm)   

Methanol : ammonium 

acetate (65:35, v/v)  

No peak observed. 

2 1.5 min C18(50mm×4.6mm, 5μm)  Formic acid : Acetonitrile 

(10:90,v/v) 

Peak was observed 

but separation not 

good. 

3 12min C18(50mm×4.6mm, 5μm) 

  

Ammonium Acetate : 

Acetonitrile (20:80 v/v)   

No peak observed. 

4 4.95 min C18(4.6 mm ×2.5 mm ) Methanol: Milli Q Water: 

Triethylamine (55:45:0.3 

v/v/v) 

Proper peak was 

observed.  

Table 3:  Optimization of chromatography 

condition: 

Sr. 

No 

Chromatography 

Parameter 

Condition 

1 Column Biphenyl 

Kinetic 

(150mm×4.6m

m,5.0µm) 

2 Mode MRM mode 

3 Flow rate 0.5 mL/min 

4 Injection Volume 10µL 

5 Column Temperature 35°C 

6 Auto Sampler 

Rinsing Volume 

1500µL 

7 Auto Sampler 

sampling speed 

5µL/sec 

8 Autosampler 

Temperature 

10°C 

9 Auto Sampler 

Rinsing Volume 

35µL/sec 

10 Auto Sampler needle 

Stock 

48mm 

11 Run Time 20 min 

Table 4:  Gradient Program 

SR 

NO 

Time 

(min) 

Module %A 

Mobile 

Phase 

% B Mobile 

Phase 

1 0.01 Pumps 95 5 

2 4.00 Pumps 85 15 

3 9.00 Pumps 60 40 

4 12.00 Pumps 15 85 

5 15.50 Pumps 95 5 

6 20.00 Pumps 95 5 

7 20.01 Pumps 95 5 
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Make up to the mark with the Mobile phase and mix well.  

Sample solution:  

Dilute 5.0 mL of Sample stock solution diluted to 50 mL 

with Mobile phase and mix well. 

Extraction Technique: SPE  

• Arranged the pre-labeled unfilled tubes as per the lot 

order and added 50μl of ISTD working solution, except 

in STD Blank. 

 
Figure 1: Typical gradient graph chart 

 

 
Figure 2: Typical FTIR Chromatogram of Clomiphene Citrate 

 
Figure 3: Linearity graph of clomiphene Citrate by LC-MS 

0
10
20
30
40
50
60
70
80
90

100

0.01 4 9 12 15.5 20 20.01 (min)

Sum of %A Mobile Phase

Sum of % B Mobile Phase

y = 637.62x + 206.06

R² = 0.9991

y = 637.62x + 206.06
R² = 0.9991

0

10000

20000

30000

40000

50000

60000

70000

80000

0 20 40 60 80 100 120

P
ea

k
 A

re
a

Concentration



Bioanalytical Method Development and Validation for Clomiphene Citrate Tablet by LC-MS 

 
                                                         IJPQA, Volume 15 Issue 4, October - December 2024                                 Page 2408 

• Transferred 300μl of plasma from Step-1 into altogether 

tubes and vortexed for about 10 seconds. Then added 

200μl of HPLC grade water into all the tubes and 

vortexed for around 5 seconds.  

• Arranged the mandatory number of OASIS HLB 

cartridges (30 mg/1ml, 1CC) on solid phase extraction 

manifolds. Conditioned the cartridges with 1 ml of 

methanol, then 1 ml of HPLC grade water at low 

manifold pressure.  

• Loaded about 500μl of prepared samples on conditioned 

cartridges carefully Then Washed the cartridges with 1 

ml of HPLC grade water.  

 
Figure 4: HPLC chromatogram of Mobile Phase- Methanol: ammonium acetate (65:35, v/v) 

 
Figure 5: HPLC chromatogram of Mobile Phase -Formic acid: Acetonitrile (10:90, v/v) 

 
Figure 6: HPLC Chromatogram of Mobile phase -Ammonium Acetate: Acetonitrile (20:80 v/v) 

 
Figure 7: HPLC Chromatogram Mobile Phase - Methanol: Milli Q Water: Triethylamine (55:45:0.3 v/v/v) 
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• Dried at high manifold pressure for 2 min. Eluted the 

contents with 1.000 ml of Acetonitrile and collected the 

elution into prelabelled vials. 

•  Evaporated all the samples to aridness beneath nitrogen 

gas at 40 ± 5°C. Added 200μl of reconstitution solution 

to all the samples and vortexed for around 1 minute. 

Transferred proper measurements of the reconstituted 

solution into pre-labelled autosampler vials and injected 

into LC-MS/MS. 

Extraction Technique: LLE 

• Arranged the pre-labeled unfilled tubes as per the group, 

added 50μl of (100 ng/ml) ISTD working solution, 

excluding STD Blank. 

•  Transferred 200 μl of plasma from Step-1 into tubes 

comprising ISTD Working Solution and vortexed for 

about 5 seconds.  

• Then added 2.5 ml of ethyl acetate for 15 mins on 

rotaspin at 40 rpm. Then plasma mix was centrifuged at 

4500 rpm, at 4±1°C for 5min.  

• Then transferred about 2.0 ml of supernatant into pre-

labeled tubes and evaporated the supernatant solutions to 

dryness under nitrogen at 40 ± 5 °C.  

• Then added 500μl of reconstitution solution to all tubes 

and vortexed it for about 60 seconds. 

•  Moved appropriate volume into pre-labeled autosampler 

vials, and injected 10μl into LC-MS/MS. 

 

BIOANALYTICAL METHOD VALIDATION:  

Accuracy 

Accuracy should be measured using a minimum of 3 

concentrations and 5 determinations per concentration. 

The mean value should be within 15% of the nominal 

value except at lower limit of quantification (LLOQ, see 

below), where it should not deviate by more than 20%. 

The deviation of the mean from the nominal value 

(relative error) serves as the measure of accuracy. 

Recovery  

Recovery should be performed by comparing analytical 

results for extracted samples at three concentrations (low, 

medium and high) and three replicates with un-extracted 

standards that represents 100% recovery. Recovery of 

analyte need not to be 100%, but extent of recovery of an 

  
 

Figure 8: Typical LC-MS Chromatogram of Clomiphene Citrate Standard and sample solution in Blood Plasma 

Table 4:  Recovery at Different Levels 

Sr. No Recovery at 

25% LLOQ 

(18.75ng/ml) 

Recovery at 

100%MQC 

(75 ng/ml) 

Recovery at 

150%ULOQ 

(112.5ng/ml) 

1 12654 47894 71510 

2 12761 48121 71721 

3 12802 48283 71956 

4 12781 48106 71723 

5 12799 48321 71821 

6 12697 47954 71696 

Means 12749.00 48113.17 71737.83 

SD 60.34 170.60 147.43 

% RSD 0.47 0.35 0.21 

Mean 

Accuracy% 

99.53% 99.63% 99.79% 

Table 5: Clomiphene Citrate API 

Sr. No Precision  Intermediate Precision 

1 47894 46984 

2 48121 45892 

3 48283 47952 

4 48106 45951 

5 48321 46111 

6 47954 47346 

Means 48113.17 46706.00 

SD 170.60 851.59 

% RSD 0.35 1.82 
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analyte and of ISTD should be consistent, precise, and 

reproducible. 

Precision 

Precision should be measured using a minimum of 3 

concentrations and 5 determinations per concentration. 

The imprecision determined as coefficient of variation 

(CV) at each concentration level should not exceed 15% 

except for the LLOQ (see below), where it should not 

exceed 20%. Precision is further subdivided into – Within-

day precision, which assesses precision during a single 

analytical run, and – Between-day precision, which 

measures precision with time and may involve different 

analysts, equipment, reagents.  

System Suitability 

System suitability experiment is performed to check 

whether system is suitable or not to carry out experiments. 

System suitability was performed by injecting six 

consecutive injections using aqueous MQC1 at least once 

in a day. Acceptance criteria: % CV of retention time (Rt) 

and area ratio should be ≤ 4.00%. 

System Performance 

System performance experiment is carried out to check 

that system is capable to perform as per its predetermined 

specifications or not. For system performance extracted 

STD BL, ULOQ and LLOQ samples are processed and 

injected for determination of % interference in blank and 

% carryover effect of system. System performance is 

carried out before each batch experiment. 

Linearity 

Linearity is determined by using mean of two calibration 

curve standards and it includes STD BL, standard zero, 

and at least six calibration standards. R2 value should be ≥ 

0.98%. 

Short term working solution stability (STWSS) 

Stability of drug and ISTD working solution should be 

evaluated for at least 06 hours. For STWSS working 

solution are stored in refrigerator for minimum of 06 

hours and after stability period retrieve it and make 

ULOQ, LLOQ vial from drug stock and ISTD dilution 

vial from ISTD stock solution. Inject aqueous ULOQ; 

LLOQ and ISTD dilution vial compare it with freshly 

prepared aqueous ULOQ, LLOQ and ISTD dilution. 

Acceptance Criteria: % CV for each stability level should 

be within 15 % and % mean accuracy should be within ± 

10 % from their actual concentration. 

Long term working solution stability (LTWSS) 

Stability of drug and ISTD working solution should be 

evaluated for relevant time period. For LTWSS working 

solution are stored in the refrigerator for 35 days and after 

stability period retrieve it and make aqueous ULOQ, 

LLOQ vial from drug stock and ISTD dilution vial from 

ISTD stock solution. Inject ULOQ and ISTD dilution vial 

compare it with freshly prepared aqueous ULOQ, LLOQ 

and ISTD dilution. Acceptance Criteria: % CV for each 

stability level should be within 15 % and % mean 

accuracy should be within ± 10 % from their actual 

concentration. 

Bench top stability (BT) 

It should be performed at higher quality control and lower 

quality control level for six replicates. Prepare spiked 

sample of HQC and LQC and stored at room temperature 

for a specific time period. Generally, time period is about 

time required from spiking of sample to transfer in to 

vials. Use freshly spiked calibration curve and quality 

control standard for determination of stability samples. For 

BT kept spiked HQC and LQC for 06 hours at room 

temperature. BT stability samples were analyzed along 

with freshly spiked CCs and freshly prepared QCs 6 

replicates of each LQC and HQC samples as per 

procedure. Acceptance criteria: Back - calculated 

concentrations of all LQC and HQC samples must be 

within 85.00 - 115.00 % of their nominal concentration. % 

Mean stability must be within ± 15.00 %. At least 67.00 % 

of quality control samples must fall within above-

mentioned criteria at each LQC and HQC levels. 

 

RESULTS AND DISCUSSION 

Table 8: System Suitability 

 Sr. 

No

. 

Analyte 

Respons

e 

ISTD 

Respons

e 

Area 

Ratio 

Analyt

e RT 

ISTD 

RT 

1 514921 154480 3.333 1.950 1.750 

2 515604 153394 3.361 1.960 1.760 

3 505731 153818 3.288 1.950 1.750 

4 512425 153000 3.349 1.950 1.750 

5 496895 149259 3.329 1.940 1.740 

6 512874 147766 3.471 1.950 1.750 

Mean 3.355 1.950 1.750 

SD 0.0619

3 

0.0063 0.006

3 

% CV 1.85 0.32 0.36 

 

 

Table 6: Standard Stock solution 

Sr. No Standard SST Standard CAL 

1 48213 48962 

2 48564 48771 

3 48612 - 

4 48372   

5 48466   

6 47321   

Means 48258.00 48866.50 

SD 480.67 135.06 

% RSD 1.00 0.28 

Table 7: Clomiphene Citrate Tab (100mg) 

Sr. No Tablet Area 

1 47635 

2 47765 

Means 47700.00 

SD 91.92 

% RSD 0.19 
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CONCLUSION 

Need for the development of method and validation by 

HPLC Method for Clomiphene Citrate for better accuracy, 

precision and higher sensitivity and recovery rate from 

human plasma sample Clomiphene Citrate tablet available 

strength in market are 25mg and 50mg used for the 

treatment of PCOS (Polycystic ovary syndrome). 

Extraction Technique SPE and LLE completed and 

observed mean value 47700.00, SD value 91.92 and % 

RSD were found 0.19 for 100 mg tablet. System 

Suitability Mean value 3.355, 1.950, 1.750 and SD 

0.06193, 0.0063, 0.0063 for area Ratio, analyte RT and 

ISTD RT found respectively. Bench Top stability in 

plasma at ambient temperature as % stability 101.4, 99.0, 

92.3 and 96.0 for LQC and HQC at 4 hours and 6 hours 

found respectively. The Regression Statistics data LOD 

was 0.312 ng/ml and LOQ found 2.31 ng/ml The 

Regression Statistics data LOQ found 2.31 ng/ml so the 

sensitivity of developed methods was very high rather than 

other available methods. The recovery rate for the LLOQ 

was found 99.53%.  
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