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 الملخص
 تحضةيرومباشةر  و  تحتةال لوطةوات  وحساسةة بسيطة طيفيةطريقة  تطويرتم 

با عتمةةاد المضةةغوطات بيتافاسةةتاتيا الكالسةةيوم بشةةكلي اليقةة  وفةة  لتحديةةد تراكيةة  سةةابقة 
 كاشةةا البرومةةوكري وق اارجةةواي و المةةاد  الدوائيةةة  بةةياعلةةت تشةةكيق معقةةد لصةةفر اللةةوا 

، حيةةك كةةاا للمعقةةد المتشةةكق امتصاصةةية علمةةت عيةةد طةةوق فةة  وسةةط مةةا الكلوروفةةورم
المةثثر  فة  تشةكق المعقةد ومةا ، وقد تم دراسة تأثير العوامةق الموتلفةة  nm 406الموجة

ثم اوتيار الشروط المثلت للتفاعق. وتم تحديد يسب ا رتباط بةيا بيتافاسةتاتيا الكالسةيوم 
وكاشةةةةا البرومةةةةوكري وق اارجةةةةواي  واقتةةةةرال اليةةةةة التفاعةةةةق الحاصةةةةق لتشةةةةكيق المعقةةةةد 

 غيةر المسةتمر، حيةك تبةيا مةا وةة قبا عتمةاد علةت طريقةة اليسةب الج يئيةة وطريقةة الت
الطةةةةريقتيا لا كةةةةق ج يئةةةةة مةةةةا بيتافاسةةةةتاتيا كالسةةةةيوم تةةةةرتبط مةةةة  جةةةة يئتيا مةةةةا  هةةةةاتيا

               المجةةاقتةةراول المجةةاق الوطةة  لع قةةة بييةةر  مبةةرت للمعقةةد المتشةةكق ضةةما  الكاشةةا.
µg/mL (2-28) ا يحةةةدار وكةةةةاا معامةةةةق R

2
ومعامةةةةق ا متصةةةةا   0.9995 =

x 10 5.66422 الج يئةة 
4
 L/mol.cm    وحساسيي ساسييا 𝜇g cm

ا2−
وحةةد  .0.016

كمةا تةم علةت الترتيةب   µg/mL 1.27و  µg/mL 0.42 الكشا وحةد التحديةد الكمة  
التأكةةةةةةد مةةةةةةا صةةةةةة حية الطريقةةةةةةة وتطبيق ةةةةةةا فةةةةةة  تحديةةةةةةد بيتافاسةةةةةةتاتيا الكالسةةةةةةيوم فةةةةةة  

المتةةةةوفر  محليةةةةاك وكايةةةةت كميةةةةة المةةةةاد  الدوائيةةةةة المحةةةةدد  ضةةةةما الشةةةةروط المضةةةةغوطات 
 مقبولة.الدستورية 

  شاردي-،  ولبيتافاستاتيا كالسيوم، بروموكري وق لرجواي ، طريقة طيفيةالكلمات المفتاحية: 
 19/2/2020ورد البحك للمجلة بتاريخ ةا 
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Abstract 

 A simple, sensitive and direct spectrophotometric method 

without pretreatment has been developed and applied for the 

determination of Pitavastatin calcium (PTV) in raw material and 

tablets formulations.     

This Spectrophotometric method is based on the formation of 

yellow colored ion-pair complex of drug and Bromocresol Purple 

(BCP) in chloroform. The complex has maximum absorptivity at 406 

nm. The variable factors affecting the reaction such as solvents, time, 

temperature and reagent concentration were studied and optimized to 

achieve the best results. Molar ratio method and Job plot of continuous 

variation method indicated the ratio (1: 2) of PTV-BCP. 

Beer's law is obeyed over concentration ranges (2 – 28) µg/mL. 

Regression analysis showed a good regression coefficient R
2 

= 0.9995. 

The molar absorptivity was to be 5.66422 x 10
4
 L/mol.cm with 

corresponding Sandell’s sensitivity value of 0.016 𝜇g cm
−2

. The limit 

of detection (LOD) and limit of quantification (LOQ) were 0.42 

µg/mL and 1.27 µg/mL respectively. The proposed method was 

successfully applied to commercial tablet products available in local 

markets, and the results showed good accuracy and precision without 

interference with common excipients. 

 
Keywords:اPitavastatin calcium, Bromocresol purple, Spectrophotometric method, 

ion-pair. 
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1 Introduction 
Pitavastatin calcium (PTV) is Monocalcium bis{(3R,5S,6E)-7-

[2-cyclopropyl-4-(4-fluorophenyl) quinolin-3-yl]-3,5-dihydroxyhept-6-

enoate} with molar mass 880.98 g/mole [1]. The structure of PTV is 

shown in figure (1, a). 

It is a novel statin compound. Like the other members in this 

class, it is an inhibitor of HMG-CoA reductase, the enzyme which 

catalyzes the first step of cholesterol synthesis. (PTV) is used for 

hypercholesterolemia treatment; it lowers total cholesterol and low 

density lipoprotein (LDL), and therefore, it is used for prevention of 

cardiovascular diseases (CVDs), [2,3]. 

A review of the literature revealed that several methods have 

been reported for the analysis of PTV in tablets like indirect visible 

spectrophotometric methods by using ferric chloride [4], acidic 

potassium permangana [5], 7,7,8,8-tetracyanoquinodimethane (TCNQ) 

[6], acid dyes [7,8] and bromate-bromide mixture [9], in 

spectrofluorometric method [10], UV spectrophotometric method [11], 

chromatographic methods [12-16], indirect titrimetric assay [17] and 

electrochemical methods [18,19].  

Most of the above visible spectrophotometric methods suffer 

from one or more of disadvantages such as use of expensive reagents, 

use of heating step, poor sensitivity, liquid-liquid extraction step, and 

close pH control. 

Many studies have been done using Bromocresol purple (figure 

(1, b)) for estimation of several drugs in their bulk and pharmaceutical 

dosage forms. [20-22] 

In this research, a simple direct extractive-free 

spectrophotometric method was developed by using Bromocresol 

purple for the estimation of PTV in raw material drug and in tablets of 

pharmaceutical preparations. 
 



 كششياا ،د.سركيس، د.ليطكل 

 4 

 (b) 

Figure 1: the chemical structure of: a- (PTV) and b- (BCP). 

2 Aim and Goal of Study  
An attempt was made to develop a direct, simple, sensitive, 

rapid and extraction-free validated visible- method for the 

determination of Pitavastatin calcium in the tablets formulations and 

raw materials. 

3  Experimental 
3.1 Apparatus  

All spectral measurements were carried out using a T80+ UV/V 

spectrophotometer instrument Ltd (UK) connected to computer, with 

quartz cells 1 cm., ultrasonic bath (Powersonic, model 405, Korea), 

adjustable micro pipette covering a volume range from 100 to 1000 µL 

(LABGILLS, Germany), and analytical balance (Sartorius, model 

2474, Germany).   

3.2 Chemical reagents:  

Chloroform Emsure (Merck, Germany), Dichloromethane 

(Riedel-de Haën, Germany), Methanol (Merck, Germany), Ethanol 

(Eurolab, UK), Bromocresol Purple from (Merck, Germany), 

Pitavastatin calcium raw material (Ultra Medica Pharmaceutical 

Industeries), and Ezitemibe raw material (Barakat pharmaceutical 

industries). 

3.3 Tablets pharmaceutical preparations:  

The listed tablets’ commercial products were subjected to 

analytical procedure: 

 Londalop tablets, Ultramedica Pharmaceutical company, 

Damascus- Syria, (2018/2021), labeled 2, 4 mg/tab of Pitavastatin as 

(calcium) with batch No. H1458 and H2221 respectively. 

 Lipid Free tablets, Ibn-Roshed pharmaceutical company, 

Aleppo- Syria, (2018/2022), labeled 2, 4 mg/tab of Pitavastatin as 

(b) 

(a) 
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(calcium) with Bbtch No. 3 for both products. 

3.4 Pitavastatin calcium stock solution:  

Stock solution of (1mg /mL) of Pitavastatin calcium 99.5 % 

was prepared by dissolving (25.1) mg raw material equivalent to 25 

mg (after taking the purity in consideration) of Pitavastatin calcium in 

25 mL of chloroform in volumetric flask. Then 1 mL of the solution 

was taken to volumetric flask 10 mL and diluted with Chloroform to 

give concentration (0.1 mg /mL). 

Pitavastatin calcium stock solution is stable for a period of 3 

days when refrigerated (4 - 8°C). It was concluded after absorbance 

measurement of the solution over 3 days, and RSD % which was less 

than 2% was calculated. 

3.5 Bromocresol purpule stock solution: 

Stock solution of reagent BCP was prepared with a 

concentration of (1 x 10
-3

 M) by dissolving suitable weight of the 

reagent (0.0135) g and diluting to mark with chloroform in 25 ml 

volumetric flasks. 

3.6 Preparation of solutions of optimizing reaction conditions: 

First, we compare the absorptivity of the complex in different 

medium of organic solvents in which the drug and the dye were 

dissolved and the chloroform selected. To study the effect of reagent 

concentration on the colored complex solution, we made a series of 5 

mL of separated volumetric flasks, by adding 1 mL of Pitavastatin 

calcium 1×10
-4

 M, added between (0.2 - 2 mL) of (BCP) 1 ×10
-3

 M, 

equivalent to (40 - 400 µM), and completed to 5 mL by chloroform to 

have drug concentration equivalent to 20 µM. After we determined the 

optimal concentration, we studied the effect of the time and the 

temperature. 

3.7 Preparation of working standard solutions: 

The working standard solutions of the raw material were 

prepared by taking appropriate volumes of the stock solution among 

(100 - 1400) 𝜇L and diluting them with chloroform in 5 mL volumetric 

flasks that contain optimum volume of BCP which is equivalent to 

1.13 x 10
-3 

M (CBCP =10 CPTV). Working standard solutions contained 

(2 - 28) μg/ml of Pitavastatin calcium. 

3.8 Preparation of pharmaceutical sample solutions: 

 20 tablets were powdered and mixed accurately. An amount of 

average weight of 20 tablets was taken which is theoretically 

equivalent to labeled content (2.09 mg or 4.18 mg) of Pitavastatin 

calcium, dissolved in 25 ml of chloroform, and sonicated for 20 
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minutes. Then a sample was filtered by using Büchner funnel. After 

that, further dilutions were made to obtain an appropriate 

concentration. Accordingly, 1 ml was taken and diluted to 10 mL. We 

theoretically obtained concentrations of 8.36 μg/mL and 16.72 μg/mL 

respectively.  

3.9 Procedure for stoichiometric relationship: 
To study the Stoichiometric Relationship between Pitavastatin 

calcium and the dye, the stock solutions of the drug and dye were 

prepared under the same concentration (1 x 10
-3

M) in 25 mL 

volumetric flasks. For molar ratio method, a series of solutions was 

prepared in 10 mL volumetric flask in which the ratio of the drug to 

dye changed. Whereas for Jobs method for continuous variation, a 

series of solutions was prepared in which the total volume of PTV and 

dye was kept at the same value. The drug and dye solutions were 

mixed in various complementary proportions and completed as 

directed under the recommended procedures to have a resultant 

concentration of ([PTV] + [BCP] = 40 μM). The absorbance of the 

resultant ion-pair complex was measured at 406nm. 

4 Results: 
4.1 Spectrophotometric optimal conditions: 

The different experimental parameters affecting the 

spectrophotometric determination of Pitavastatin calcium through ion-

pair complex formation with (BCP) were studied in order to determine 

the optimal conditions for the drug determination. 

4.1.1 Effect of organic solvents: 

According to (PTV) and (BCP) solubility, few solvents 

(Acetone, Chloroform, Dichloromethane, Ethanol and Methanol) were 

studied to select the best one which exhibits both high molar 

absorptivity coefficient and negligible blank absorption. As a result, 

chloroform was the preferred solvent to be used. Figure 2 shows the 

spectra of the PTV-BCP complex and BCP blank in medium of 

chloroform. 
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Figure 2: Spectra of: a-PTV-BCP complex in chloroform, b-BCP blank in 

chloroform 

4.1.2 Effect of dye concentration: 
It was found that the completed colored complex formation was 

when adding 1 mL of (BCP) solution as it is shown in figure 3. The 

best concentration addition of (BCP) was 200 µM with ten times of 

Pitavastatin calcium concentration. 

 
Figure 3: Effect of BCP concentration 

4.1.3 Effect of temperature: 

Studies showed that the temperature has a negligible effect on 

the formation of PTV: BCP complex in the range of (20 - 30
o
C) as 

shown in figure 4. 

0.6

0.8

1

1.2

1.4

0 100 200 300 400 500

A

 

 CBCP (µM) 



 كششياا ،د.سركيس، د.ليطكل 

 8 

 
Figure 4: Effect of temperature on PTV-BCP complex formation 

4.1.4 Effect of reaction time and stability: 

It was found that the formation of PTV: BCP complex was 

direct after the mixing of drug and reagent. The absorbance of the 

complex was stable for 24 hours.   

4.2 Stoichiometric ratio: 

The stoichiometric ratio of PTV-BCP complex formation was 

determined by applying two methods; molar ratio and Jobs’ continuous 

variation methods (figures 5 and 6). 
4.2.1 Molar ratio method: 

In this method, the concentration of the reagent was constant       

20 μM, and the drug concentrations were variable between the range      

(5 - 35) μM. 

 
Figure 5: Molar ratio plot for PTV-BCP 

4.2.2 Job’s continuous variation method: 

In order to study the stoichiometric ratio of complex formation, 

continuous variation volumes were taken from drug and reagent to 
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have a resultant concentration of ([PTV] + [BCP] = 40 μM) in 10 mL 

volumetric flasks using chloroform for diluting. 

 
Figure 6: Job’s method plots for PTV-BCP complex 

4.2.3 Mechanism of reaction: 

 Anionic reagents like sulfonephthaleins dyes form ion-pair 

complexes via electrostatic reaction between positively charged 

nitrogen of PTV and negatively charged sulfonic group of the BCP. 

Accordingly, we summarized that 2 Pitavastatin moles or 1 mole of 

Pitavastatin calcium react with 2 moles of the dye. So we can say that 

the molar stoichiometric ratio is (2:2) for Pitavastatin or (1:2) for 

Pitavastatin calcium. 

4.3 Method validation: 

The proposed method was validated for linearity, sensitivity, 

precision (reported as RSD %), accuracy (reported as recovery 

percentage), robustness and specificity according to International 

Conference on Harmonization guidelines (ICH) [23] 

4.3.1 Linearity: 

We studied the linearity of Pitavastatin calcium concentrations 

at the optimal conditions where we made a series of 5 mL volumetric 

flasks; each flask contained equivalent volumes of (BCP) 1.13 x 10
-3 

M 

and (PTV) 1.13 x 10
-4 

M, then the volume was made up to the mark 

with chloroform. The absorbance of yellow colored complex was 

measured at 406 nm against the blank of BCP in chloroform. Figure 7 

presents PTV-BCP complex spectra,اand the linearity range of Beer 

law was obeyed to be (2-28) 𝜇g/mL as shown in figure 8. 
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Figure 7: spectra of (PTV-BCP): 

C1: 2 𝜇g/mL, C2: 4 𝜇g/mL, C3: 8 𝜇g/mL,       

C4 : 12 𝜇g/mL, C5: 16 𝜇g/mL, C6: 20 𝜇g/ 

mL, C7: 24 𝜇g/mL, C8: 28 𝜇g/ mL. 

Figure 8: Calibration curve for 

(PTV-BCP), 

 n = 5 for each concentration. 
 

4.3.2 Detection limit, quantitation limit and sensitivity Sandell’s: 

The mean molar absorptivity ε, Sandell’s sensitivity, limit of 

detection (LOD) and limit of quantification (LOQ) were calculated to 

estimate the sensitivity of the developed method. The values are 

presented in table 1: 
Table 1: Statistical data for calibration graphs of Pitavastatin calcium 

Parameter Value  

λ max (nm) 406  

Beer’s law range (μg/mL) 2 - 28 

Stability of the complex 24 

Temperature of solution, °c 25 ±5 

Solvent Chloroform 

CBCP: CPTV, M 10 

Molar absorptivity, ε (L/mol.cm) 5.66422  x 10
4 

Sandell’s sensitivity SS (µg/cm
2
) 0.016 

Slope (b) 0.0633 

Intercept (C) 0.0015 

R
2
 0.9995 

Correlation coefficient (r) 0.9997 

LOD* (µg/mL) 0.42 

LOQ* (µg/mL) 1.27  

*LOQ = 10 × SD/m     LOD = 3.3 × SD/m 

Where SD is the standard deviation of y-intercepts (a) of regression 

lines and (b) is the slope of the equitation of calibration curve, y = a + 

b x. 

y = 0.0633x - 0.0015 
R² = 0.9995 
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4.3.3 Precision and accuracy:   

To determine the precision and accuracy of the proposed 

method, three replicates per day were carried out on three different 

concentrations of standards (PTV) over three different days. The 

results of this study are summarized in table 2. The relative standard 

deviation (RSD%) values were ≤1.89 % (intra-day) and ≤2.33% (inter-

day), indicating the good precision of the proposed method. The 

accuracy was assessed as the percentage of mean concentration, and it 

demonstrates the high accuracy as the results shown in tables 2 and 3.  
Table 2: Intraday accuracy and precision for PTV determination 

PTV taken 

(𝜇g/mL) 

PTV found ± CL 

(𝜇g/mL) 
Percent*(%) SD (𝜇g/mL) RSD (%) 

8 7.95 ± 0.35 99.37 0.14 1.76 

16 15.85 ± 0.74 99.06 0.30 1.89 

20 20.17 ± 0.82 100.85 0.33 1.64 

Table 3: Inter-day accuracy and precision for PTV determination 

PTV taken 

(𝜇g/mL) 

PTV found ± CL 

(𝜇g/mL) 
Percent* (%) SD (𝜇g/mL) RSD (%) 

8 7.98 ± 0.42 99.75 0.17 2.13 

16 15.87 ± 0.92 99.19 0.37 2.33 

20 19.65 ± 0.45 98.25 0.18 0.92 

*Percent (%) = (found concentration / taken concentration) ×100. 

4.3.4 Recovery: 

The recovery was studied by three addition standards at levels (80%-

100%-120%) for Londalop 2 and Lipid Free 2 products. Table 4 

presents the recovery study results for the two Syrian trademark drugs. 
Table 4: Recoveries study for accuracy estimation 

Product 
Sample 

(µg/mL) 

Added 

(µg/mL) 

Total found 

(µg/mL) 

Recovery 

% 
SD  

RSD 

% 

Recovery 

average % 

Londalop 

2  
6.29 

5.00 11.37 101.60 2.02 1.99 

100.76 6.30 12.55 99.37 1.02 1.01 

7.55 13.94 101.32 0.93 0.92 

Lipid 

Free 

2  

6.20 

5.00 11.19 99.80 0.70 0.70 

99.73 6.20 12.43 100.48 1.46 1.45 

7.44 13.56 98.92 1.88 1.90 

Five separate determinations were performed and the mean was 

calculated. 

Recovery% = (total found concentration – sample 
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concentration)/added concentration ×100 

4.3.5 Robustness: 

In order to demonstrate the robustness of the developed 

method, three replicates were carried out on two different 

concentrations (8, 20 µg/mL) changing variable parameters of 

measurement such as wavelength, scanning interval and scanning 

speed. The changes had a negligible impact on the results, as revealed 

by the small intermediate precision values expressed as %RSD (≤
1.95%). The obtained results are presented in table 5: 

Table 5: Robustness study results 

Parameter Change PTV  (μg/mL) RSD % Per % 

λ max 

(406 nm) 

+2nm 
8.03 0.90 100.38 

19.85 0.86 99.25 

-2 nm 
8.03 0.98 100.38 

19.66 0.33 98.30 

Scanning 

Interval 

1 nm 
8.17 1.03 102.13 

20.05 0.74 100.25 

2 nm 
8.21 0.38 102.63 

19.70 0.46 98.50 

Scanning 

Speed 

Fast 
8.09 1.89 101.13 

20.05 0.74 100.25 

Slow 
8.08 1.95 101.00 

19.63 0.29 98.15 

4.3.6 Specificity: 

To assure that the developed method was specific for (PTV) 

determination in pharmaceutical products without interfering of the 

excipients in these formulations, the method was applied to Syrian 

tablets products and the obtained results were compared with a 

validated reference method [11]. The results showed that no 

interference was exhibited by excipients as shown in tables 6 and 7.  

Ezitemibe (EZT) has synergistic effect with statins in treating 

dyslipidemia and it is suggested to develop fixed dose combination in 

future. Accordingly, we had studied Ezitemibe interaction with the 

reagent BCP and in combination with pitavastatin. As it is shown in 

(figure 9), Ezitemibe did not react with the reagent, did not 

demonstrate the yellow color of the complex formation, and did not 

interfere in Pitavastatin determination when it is in ratio (2:5) for 

Pitavastatin and Ezitemibe respectively [24]. 
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Figure 9: Overlay of PTV-BCP complex (c= 20µg/mL) and mix of PTV-BCP 

(C= 20µg/mL) and EZT 50 µg/mL 

4.4 Application of the proposed method for (PTV) estimation in 

two Syrian brands: 

The developed method was applied for the quantitative 

determination of (PTV) in different Syrian tablets formulation drugs. 

The samples were prepared as described in the section of samples 

preparation and then they were analyzed. Quantitative analysis was 

done by using calibration curve. The results are shown in tables 6 and 

7: 
Table 6: Estimation of (PTV) in Londalop (2 and 4) 

*n=5 

The value of 𝑡 (critical) at 95% confidence level and for four degrees 

of freedom is 2.78. 

The value of 𝐹 (critical) at 95% confidence level and for four degrees 

of freedom is 6.39. 

 

 

Londalop 2 

Claim Amount 

(µg/mL) 

Average recovery ± SD (%( 

t- test F-test Reference 

method[11] 

Developed 

method 

8.36 104.67 ± 0.72 104.09 ± 1.141 0.96 2.50 

Londalop 4 

Claim Amount 

(µg/mL) 

Average recovery ± SD (%) 

t- test F-test Reference 

method[11] 

Developed 

method 

16.72 101.94 ± 0.36 101.56 ± 0.62 1.19 2.92 

a

A 
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Table 7: Estimation of (PTV) in Lipid Free (2 and 4). 

Lipid Free 2 

Claim Amount 

(µg/mL) 

Average recovery ± SD(%)  
t- test F-test 

Reference method[11] 
Developed 

method 

8.36 97.75 ± 1.85 97.67 ± 2.36 0.04 1.63 

Lipid Free 4 

Claim Amount 

(µg/mL) 

Average  recovery ± SD(%) 

t- test F-test 
Reference method[11] 

Developed 

method 

16.72 102.70 ±1.85 102.76 ± 1.74 0.05 1.10 
*n = 5 

The value of 𝑡 (tabulated critical) at 95% confidence level and 

for four degrees of freedom is 2.78. 

The value of 𝐹 (tabulated critical) at 95% confidence level and 

for four degrees of freedom is 6.39. 

The results obtained by the proposed method were compared to 

those of the reference method [11] by applying Student’s 𝑡-test for 

accuracy and 𝐹- test for precision. The results (Tables 6 and 7) showed 

that the Student’s 𝑡- and 𝐹-values at 95% confidence level did not 

exceed the tabulated critical values, which confirmed that there is a 

good agreement between the results obtained by the proposed method 

and the reference method with respect to accuracy and precision. 

The dosages of (PTV) were conformed to JP legislation. [1] 

(The tablets must contain no less than 95.00% and no more than 

105.00 % of labelled amount). 

5 Conclusion: 
In this research, simple extractive free method was developed 

and validated to be applied directly in room temperature without 

previous treatments. A comparison study between the developed 

method and previous visible spectrophotometric methods was done. It 

has been concluded that the proposed method is simpler than the 

reported methods because it does not require adjusting pH or heating; 

the used medium of reaction was a cheap solvent available in quality 

control laboratories. The method was direct and not time-consuming. 

The linearity range of Beer law was (2 – 28) µg/mL which was better 

than the previous methods, and the molar absorptivity coefficient (Ɛ) of 

the formed yellow complex in chloroform was 5.66422 x 10
4
 

L/mol.cm higher than the other methods, and that means it is a more 

sensitive method. We summarized some of these comparison points in 

table 8: 



 2020لعام   139مجلة بحوث جامعة حلب           سلسلة العلوم الطبية          العدد 

15 

 
Table 8: Comparison between the developed method and some visible 

spectrophotometric methods. 

Method 

Reagents / 

Reference 

Methodology 

Remarks 
Solvent 

Linearity 

range 

(µg/ml)  

λmax 
(nm) 

Molar 

absorptivity 

(L/mole/cm) 

Permanganate 

[5] 

Indirect, less 

sensitive 

method, 

required pH 

control, 

narrow 

linearity 

range 

Water-

acetic Acid 

8.0 – 

18.0 
550 NA 

BTB [7] 

Required pH 

control and 

involved 

extraction 

step 

Chloroform 20-100 420 NA 

BCP [8] 

More 

expensive 

solvents, less 

sensitive 

method 

DMF: 

acetonitrile 

(1:1) 

20-90 601 9820 

BTB [8] 

More 

expensive 

solvent, less 

sensitive 

method 

DMSO 20-80 637 12000 

BCP 

(Developed 

Method) 

Direct Chloroform 2-28 406 566422   
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