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Abstract

:

The authors developed a 1H qNMR test procedure for identification and quantification of impurity A present in gabapentin active pharmaceutical ingredient (API) and gabapentin products. The validation studies helped to determine the limit of quantitation and assess linearity, accuracy, repeatability, intermediate precision, specificity, and robustness of the procedure. Spike-and-recovery assays were used to calculate standard deviations, coefficients of variation, confidence intervals, bias, Fisher’s F test, and Student’s t-test for assay results. The obtained statistical values satisfy the acceptance criteria for the validation parameters. The authors compared the results of impurity A quantification in gabapentin APIs and capsules by using the 1H qNMR and HPLC test methods.
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1. Introduction


Gabapentin (2-[1-(aminomethyl) cyclohexyl] acetic acid) is a synthetic and non-benzodiazepine analogue of γ-aminobutyric acid. Gabapentin (GP) is usually used for epilepsy, symptoms of peripheral neuropathic pain, postherpetic neuralgia, diabetic peripheral neuropathy, acute alcohol withdrawal syndrome, and multiple sclerosis treatment [1,2,3]. Through intramolecular cyclization in solution, GP can form impurity A (ImpA)-2-azaspiro [4,5] decan-3-one, which is a European and American pharmacopoeias classification [4]. ImpA formation from crystalline GP rate depends on its polymorphic modification, temperature, moisture, shredding rate, and presence of some excipients [5,6,7]. Temperature and pH of medium can influence the GP cyclization. Since ImpA demonstrate some toxicity rate (LD50 = 300 mg/kg, white mice [5]), its content should be measured in GP drugs and substances. Identification and quantification of ImpA in GP during the pharmacopoeial analysis are carried out using the HPLC method [8]. HPLC is a highly sensitive and selective method, but the results of HPLC measurements are relative and indirect by nature. HPLC determination of ImpA requires generation of a calibration curve using a pharmacopoeial reference standard for ImpA (which accounts for the relative nature of measurements). The measurement by the HPLC method has a combined uncertainty (which accounts for the indirect nature of measurements). Sources of the total standard uncertainty are the peak area measurement in the chromatogram, the test and standard samples weighing, and solvent volumes measurement. Therefore, it would be practical to use an absolute and direct method, for example, qNMR for ImpA quantification. Absolute methods of quantitative analysis are based on known functional relationships and do not require the generation of a calibration curve using a reference standard. qNMR is considered as an absolute method for measuring the molar ratio of the analytes in a test sample, as well as the weight content of one component relative to another component, because the functional relationships between the analytes and the measurands (integrated intensities) are well-known: the molar ratio of the components in a mixture is equal to the ratio of the normalized integrated intensities of the signals of these components. qNMR quantification of an impurity relative to the main component is considered a direct method because of the direct measurement of the ratio of integrated intensities of the main component and impurity signals. Uncertainty of the test result relies only on the uncertainty of the integral intensities ratio measurement [9,10]. The aim of this article is to develop and validate an identification and quantification method of ImpA determination in GP drugs and APIs.




2. Results and Discussion


2.1. Specificity


GP and ImpA have a similar structure (Figure 1).



Although the structures of GP and ImpA are similar, signal overlap on the 1H spectrum can only observed be in the cyclohexane fragment range (1.25–1.70 ppm). Methylene group signals are differentiated: CH2-N δ = 3.02 ppm (GP) and 3.24 ppm (ImpA); CH2-C=O δ = 2.45 ppm (GP) and 2.28 ppm (ImpA). It should be noted that signals of the ImpA do not overlap with 13C satellites of GP signals (Figure 2).



GP drugs of different manufacturers have nonequal set of excipitents in their content. For example, capsules I (300 mg GP dose) have calcium hydrogen phosphate dihydrate, potato starch, magnesium stearate, and PEG in their content. The content of capsules II with the same active substance dose includes lactose monohydrate, corn starch, talc, and magnesium stearate. It should be noted that signals of water-soluble excipients lie outside of the methylene GP and ImpA protons range. They do not prevent ImpA identification and quantification, as can be seen in Figure 3 and Figure 4.



In this way, signal 2.28 and 3.24 ppm are characteristic signals of ImpA. These signals help to identify the impurity presence in GP drugs and substances.



In the qNMR spectroscopy, the mass of the analyte A can be determined from a known mass of the analyte B [9]:


   m A  =    I A     I B    ×    N B     N A    ×    M A     M B    ×  m B  × P  



(1)




where mA and mB are the mass of the analytes A and B;




	
MA and MB are the molar mass of the analytes A and B;



	
NA and NB are the number of nuclei generating the corresponding signal;



	
P—purity of the analyte B.








Therefore, the ImpA content in the test sample (mImpA) and its weight % (w %) relative to GP can be determined using the following formulas:


mImpA = 0.901(IImpA/IGP) mGP; w % = 0.901(IImpA/IGP)100



(2)




where 0.901 is the relation of ImpA and GP molar masses;




	
IImpA is the integral intensity of any characteristic ImpA signals (2.28; 3.24 ppm) or their mean;



	
IGP is the integral intensity of any characteristic GP signals (2.45; 3.02 ppm) or their mean;



	
mGP is the GP content in the test sample.









2.2. Limit of Quantification


In the experimental conditions of qNMR, the limit of quantitation (LOQ) of ImpA is 10 µg/mL (0.025 weight % relative to GP content). At this concentration of ImpA, the signal-to-noise ratio is 10.3.




2.3. Linearity and the Analytical Range


The analytical range of the development method is 10–253 µg/mL or 0.025–0.63 weight % relative to GP. It corresponds to 0.25% from nominal content of ImpA in GP APIs (0.1 w %) and 158% from nominal content of ImpA in the GP drug (0.4 w %). In this range were identified validation characteristics of method. The integral intensity of signals δ 3.24 ppm (ImpA) and 3.02 ppm (GP) is used in quantification measurements. Results of linearity evaluation are shown in Table 1.



Based on data shown in Table 1, we built a dependency graph of IImpA from ImpA content in model mixtures (Figure 5). Statistical characteristics of the established linear regression are shown in Table 2.



As follows from the data in Table 2, the procedure meets all linearity requirements: the correlation coefficient r ≥ 0.990, and the value a does not exceed its confidence interval.




2.4. Accuracy


The results of accuracy evaluation are given in Table 3.



The following acceptance criteria are used in method validation:




	
The systemic fault must not exceed its confidence interval (criteria of statistical insignificance);



	
The confidence interval must include 100% of the extraction coefficient value.








It follows from the data in Table 3 that the procedure being validated has acceptable accuracy, as 100% is included in the confidence interval, and the bias is statistically indistinguishable from zero (0.63 ≤ 0.82).




2.5. Repeatability and Intra-laboratory Precision


Results of relation spiked-and-recovery (Zi) measurements obtained in repeatability and intra-laboratory precision conditions and their statistical processing are presented in Table 4.



Acceptance of intra-laboratory precision can be evaluated by the Fisher (F) and Student (t) statistical criteria by counting and comparing their actual t and F values with table values-maximal values of criteria with influence of random factors, current degrees of freedom, and given levels of significance. The data presented in Table 4, show a statistical insignificance of difference between means and standard deviations of two operators measures at a significance level of 95%, so the table F and t values substantially exceed their actual values.




2.6. Robustness


The study provided experimental evidence of the insensitivity of the procedure being validated to minor changes in the qNMR test conditions. Varying of the pulse angle, relaxation time, sample temperature, and addition of excipients do not change the position of the chemical shifts of GP and ImpA signals. The integral intensity ratio of GP and ImpA remains unchanged.




2.7. Comparative Analysis of the ImpA Content Determining by qNMR and HPLC


Results of the ImpA content in GP APIs and capsules determination, using qNMR and HPLC methods, are shown in Table 5.



It should be noted that content of ImpA in API test samples is lower than the LOQ of qNMR methods (0.025 w %) and HPLC methods (0.5 w %). The content level of lactam in capsules is more than the LOQ. ImpA content values in GP drugs, obtained by qNMR and HPLC methods, are close to each other, which is additional evidence of the accuracy of the validation method.





3. Materials and Methods


3.1. Materials


The following materials were used in the qNMR procedure development and validation: certified reference standards for GP and ImpA, manufactured by the European Pharmacopoeia (the assigned values of reference standards are 100%, the uncertainty of the assigned values is not stated), gabapentin APIs by Divis Laboratories Limited Hyderabad, India (A), gabapentin APIs by PIQ-PHARMA, Belgorod, Russia (B), gabapentin capsules by Canonpharma production PJSC, Moscow, Russia (I), and gabapentin capsules by Pharmstandard-Leksredstva JSC, Volginskiy, Russia (II). Deuterated dimethylsulfoxide (DMSO-D6, 99.90% D) and water (99.93% D) by Cambridge Isotope Laboratories, Inc. (St. Louis, MO, USA) were used in the NMR experiments.



HPLC measurements were carried out using ammonium dihydrogen phosphate, phosphoric acid, ACS grade perchloric acid, and sodium perchlorate (Sigma-Aldrich, St. Louis, MO, USA). ACS grade potassium dihydrogen phosphate was purchased from JT Baker (Philipsburg, NJ, USA). Methanol and HPLC grade acetonitrile were purchased from Fisher Scientific (Fairlawn, NJ, USA). HPLC ready 18 MΩ water was obtained, in-house, from a Milli-Q Integral 3 water purification system, Merck Millipore Corp. (Burlington, MA, USA). Syringe filters were used with PTFE membranes of 0.45 µm from Thermo Scientific Nalgene (Rochester, NY, USA).




3.2. NMR Spectroscopy Method


3.2.1. Model Solutions


GP stock solution I of 100 mg/mL was prepared by placing 501.1 mg of GP reference standard in a 5-mL flask and diluting with D2O to volume. ImpA stock solution II (c = 2.026 mg/mL) was prepared by placing 10.13 mg of ImpA reference standard in a 5-mL flask and diluting with D2O to volume. Solution III (c = 506.5 μg/mL) was obtained by fourfold dilution of Solution II with D2O. Model solutions of GP and ImpA mixtures were prepared by combining different volumes of Solutions I and III and different volumes of solvents (Table 6). Trace amounts of DMSO-D6 were added as internal standards for the chemical shift scale calibration.




3.2.2. Sample Preparation


API: 20 mg of substance (an accurate amount is optional) was placed into an NMR flask, followed by adding 0.5 mL of D2O and 10 µL of DMSO-D6, and shaking intensively to obtain a fully diluted sample.



Capsules: 1.5 mL of D2O was added to 1/2 of capsule content (200 mg, accurate amount is optional) and shaken intensively within 10 min. We obtained suspension filtered using a membrane filter, put 0.5 mL of filtrate in an NMR flask, and added 10 µL of DMSO-D6.




3.2.3. Instrumentation and Experiments Conditions


1H spectra were collected on the Agilent DD2 NMR System 600 NMR spectrometer equipped with a 5 mm broadband probe and a gradient coil (VNMRJ 4.2 software). Parameters of the experiments: temperature 27 °C, spectral width 6009.6 Hz, observe pulse 90°, acquisition time 5.325 s, relaxation delay 10 s, number of scans 256, the number of analog-to-digital conversion points 64 K, exponential multiplication 0.3 Hz, zero filling 64 K, automatic linear correction of the baseline of the spectrum, manual phase adjustment, calibration of the δ scale under DMSO in D2O (δ = 2.71 ppm) [11]. The manual mode was also used for the signal integration. The general rule for choosing the integration limit (64 time the half-with of a Lorentzian shape NMR signal) was not followed due to the GP 13C satellites interfering effect. We took as the integration limit for ImpA the doubled distance between the center of its signal and GP 13C satellites. The integration limit for GP signal was equal to the distance between the13C satellites signals (without the 13C satellites). The relaxation delay value was estimated by an inversion-recovery experiment: T1 are equal 1.54 s (ImpA) and 0.89 s (GP). It was found that the experiment conditions did not affect the stability of GP: additional signals of ImpA were not detected in the spectrum of GP stock solution I.





3.3. Method Validation


Three independent experiments were run for each model solution and three values were obtained for the integral intensity of the signal. For validation, the mean value was used. Validation characteristics (specificity, linearity, accuracy, precision, limit of quantitation, range, and robustness) and validation criteria carried out according to methodological documents of GMP and US Pharmacopoeia guidance about validation of analytical procedure by qNMR [12,13]. Statistical parameters (mean value, standard deviation, coefficient of variation, significance interval, coefficient of determination, and actual and tabulated values for Fisher’s F test and Student’s t test) were determined at a significance level of p = 0.05 using MS Excel 2007.



3.3.1. Specificity


Specificity was confirmed by demonstrating absence of overlap of individual GP and ImpA signals in the 1H spectrum.




3.3.2. Limit of Quantitation


The limit of quantitation (LOQ) of the procedure was determined from the signal-to-noise ratio (S/N = 10) using VNMRJ software, version 4.2.




3.3.3. Analytical Range


Range of the application method was determined by experimental value LOQ and the US Pharmacopoeia recommendation to nominal content of ImpA in GP APIs (0.1 w %) and in its marketed products (0.4 w/w %) [4,14,15].




3.3.4. Linearity


Graphic dependence of the integral intensity of signal ImpA versus its concentration was treated by linear least square regression analysis with 10 model solutions over a concentration range of 0−253 µg/mL for ImpA.




3.3.5. The Accuracy


The accuracy of the method was evaluated using the experimental data obtained from the linearity studies. Extraction coefficients were determined for all model solutions, i.e., the spiked-recovery ratio (Zi), for which the systematic error (δ), standard deviation (s), coefficient of variation (RSD), and significance interval (Δ) were determined.




3.3.6. Precision


Precision was evaluated at the level of convergence and intralaboratory precision (different operators, different days). Convergence and intra-laboratory precision of the method under validation was evaluated using three model solutions with low (10 µg/mL), intermediate (100 µg/mL), and high (250 µg/mL) ImpA contents.




3.3.7. Robustness


The reliability of an analytical measurement was evaluated by analyzing of the result stability after varying observe pulse (45 and 90°), relaxation delay (±10%), probe temperature (±2 °C), possible interfering species—water soluble excipients from marketed products (polyethylenglycol 6000).





3.4. Reference Measurement with HPLC Method


3.4.1. Preparation of Solution


Diluent, a system suitability test solution, buffer solution, teste solution of samples A–D, reference solutions, and mobile phase were prepared according to USP methods [4,14].




3.4.2. Instrumentation and Chromatographic Conditions


The HPLC system consists of an Agilent Infinity 1260 series (Agilent Technologies, Wilmington, DE, USA). Data collection and analysis were performed using ChemStation software. Chromatographic conditions: column Zorbax RX-C-18 250 mm × 4.6 mm × 5 µm (Agilent Technologies, Santa-Clara, CA, USA); column temperature 40 °C; elution mode isocratic; flow rate 1 mL/min; detector UV 215 nm; injection volume 20 μL; Run time no less than 50 min.






4. Conclusions


The developed 1H qNMR spectroscopy method of ImpA identification and quantification in GP APIs and GP drugs were validated by using the main parameters. It was established that the developed method is specific and has an acceptable linearity, repeatability, accuracy, precision, and robustness. Also, a limit of quantitation of developed method was established. This method can be used for carrying out GP APIs and drugs analysis.







Author Contributions


Conceptualization, N.E.K. and S.V.M.; Data curation, N.E.K. and S.V.M.; Formal analysis, N.E.K., S.V.M., and M.D.K.; Investigation, N.E.K. and S.V.M.; Methodology, N.E.K. and S.V.M.; Project administration, A.I.L.; Supervision, N.E.K. and A.I.L.; Visualization, S.V.M. and M.D.K.; Writing—original draft, N.E.K.; Writing—review & editing, S.V.M., M.D.K., and A.I.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Ministry of Health of Russia [research project No. 056-00005-21-00, R&D public accounting No. 121021800098-4]. The APC was funded by the Scientific Centre for Expert Evaluation of Medicinal Products.




Data Availability Statement


The data that support the findings of this study are available from the corresponding author upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




Sample Availability


Samples of gabapentin APIs, gabapentin capsules, reference standards for gabapentin and Impurity A are available from the authors.




References


	



Celikyurt, I.K.; Mutlu, O. Gabapentin, A GABA analogue, enhances cognitive performance in mice. Neurosci. Lett. 2011, 492, 124–128. [Google Scholar] [CrossRef] [PubMed]

	



Hiom, S.; Patel, G.K. Severe postherpetic neuralgia and other neuropathic pain syndromes alleviated by topical gabapentin. Br. J. Dermatol. 2015, 173, 300–302. [Google Scholar] [CrossRef] [PubMed]

	



Burns, M.L.; Kinge, E. Pharmacokinetic variability, clinical use and therapeutic drug monitoring of antiepileptic drugs in special patient groups. Acta Neurol. Scand. 2019, 139, 446–454. [Google Scholar]

	



USP43-NF38. Gabapentin. 2057. Available online: https://online.uspnf.com/ (accessed on 8 November 2020).

	



Zong, Z.; Qiu, J. Kinetic model for solid-state degradation of gabapentin. J. Pharm. Sci. 2012, 101, 2123–2133. [Google Scholar] [CrossRef] [PubMed]

	



Ranjous, Y.; Hsian, J. Improvement in the Physical and Chemical Stability of Gabapentin by Using Different Excipients. Int. J. Pharm. Sci. Rev. Res. 2013, 23, 81–86. [Google Scholar]

	



Braga, D.; Grepioni, F. Polymorphic gabapentin: Thermal behaviour, reactivity and interconversion of forms in solution and solid-state. New J. Chem. 2008, 32, 1788–1795. [Google Scholar] [CrossRef]

	



Ciavarella, A.B.; Gupta, A. Development and application of a validated HPLC method for the determination of gabapentin and its major degradation impurity in drug products. J. Pharm. Biomed. 2007, 43, 1647–1653. [Google Scholar] [CrossRef] [PubMed]

	



Malz, F.; Jancke, H. Validation of quantitative nuclear magnetic resonance. J. Pharm. Biomed. 2005, 38, 813–823. [Google Scholar] [CrossRef] [PubMed]

	



Kuz’mina, N.E.; Moiseev, S.V. Possibilities of NMR spectrometry in determining trace components of mixtures. Russ. J. Anal. Chem. 2014, 69, 1052–1060. [Google Scholar] [CrossRef]

	



Gottlieb, H.E.; Kotlyar, V. NMR Chemical Shifts of Common Laboratory Solvents as Trace Impurities. J. Org. Chem. 1997, 62, 7512–7515. [Google Scholar] [CrossRef] [PubMed]

	



WHO. A WHO Guide to Good Manufacturing Practice (GMP) Requirements, Part 2; Validation, WHO/VSQ/97.02; WHO: Geneva, Switzerland, 1999; Available online: https://apps.who.int/iris/bitstream/handle/10665/64465/WHO_VSQ_97.02.pdf;sequence=2 (accessed on 8 November 2020).

	



USP43-NF38. <761> Nuclear Magnetic Resonance. 6984. Available online: https://online.uspnf.com/ (accessed on 8 November 2020).

	



USP43-NF38. Gabapentin Capsules. 2058. Available online: https://online.uspnf.com/ (accessed on 8 November 2020).

	



USP43-NF38. Gabapentin Tablets. 2060. Available online: https://online.uspnf.com/ (accessed on 8 November 2020).








[image: Molecules 26 01656 g001 550] 





Figure 1. Chemical structures of Gabapentin (GP) and impurity A (impA). 
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Figure 2. 1H spectrum of GP and ImpA mixture (GP 40.09 mg/mL, ImpA 0.20 mg/mL). * 13C satellites of GP signals. 






Figure 2. 1H spectrum of GP and ImpA mixture (GP 40.09 mg/mL, ImpA 0.20 mg/mL). * 13C satellites of GP signals.



[image: Molecules 26 01656 g002]







[image: Molecules 26 01656 g003 550] 





Figure 3. 1H spectrum fragment of GP drug (capsules I). 
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Figure 4. 1H spectrum fragment of GP drug (capsules II). 






Figure 4. 1H spectrum fragment of GP drug (capsules II).
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Figure 5. Dependence graph of ImpA measured integral signal intensity from its content in the sample. 
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Table 1. Results of the linearity evaluating of the validated method.






Table 1. Results of the linearity evaluating of the validated method.





	Content of ImpA, µg/mL

(w % Relative to GP)
	IImpA
	Mean Value IImpA
	Content of ImpA, µg/mL

(w % Relative to GP)
	IImpA
	Mean Value IImpA





	0.0

(0.0)
	0.00
	0.00
	50.65

(0.126)
	1.40

1.41

1.41
	1.41



	10.13

(0.025)
	0.28

0.29

0.27
	0.28
	101.30

(0.253)
	2.74

2.69

2.71
	2.71



	20.26

(0.051)
	0.57

0.57

0.58
	0.57
	151.95

(0.379)
	4.33

4.35

4.31
	4.33



	30.39

(0.076)
	0.84

0.86

0.84
	0.85
	202.60

(0.505)
	5.68

5.70

5.74
	5.71



	40.52

(0.101)
	1.14

1.13

1.14
	1.14
	253.25

(0.632)
	7.03

7.05

7.01
	7.03
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Table 2. Statistical Characteristics of Linear Regression.






Table 2. Statistical Characteristics of Linear Regression.





	Statistical Characteristic
	Result





	Slope (b)
	0.028



	Segment on ordinate (a)
	−0.0052



	Significance interval (p = 95%)
	−0.06 ÷ 0.05



	Correlation coefficient (r)
	0.9997










[image: Table] 





Table 3. Results of the Accuracy Studies of the method.






Table 3. Results of the Accuracy Studies of the method.





	
ImpA Added, µg/mL

	
ImpA Found, µg/mL

	
Zi, %

	
ImpA Added, µg/mL

	
ImpA Found, µg/mL

	
Zi, %






	
10.13

	
10.11

	
99.80

	
101.30

	
98.94

	
97.67




	
10.47

	
103.36

	
97.13

	
95.88




	
9.75

	
96.25

	
97.85

	
96.59




	
20.26

	
20.58

	
101.58

	
151.95

	
156.35

	
102.90




	
20.58

	
101.58

	
157.07

	
103.37




	
20.94

	
103.36

	
155.63

	
102.42




	
30.39

	
30.33

	
99.80

	
202.60

	
205.09

	
101.23




	
31.05

	
102.17

	
205.82

	
101.59




	
30.33

	
99.80

	
207.26

	
102.30




	
40.52

	
41.16

	
101.58

	
253.25

	
253.84

	
100.23




	
40.80

	
100.69

	
254.56

	
100.52




	
41.16

	
101.58

	
253.12

	
99.95




	
50.65

	
50.55

	
99.80

	

	

	




	
50.91

	
100.51

	

	




	
50.91

	
100.51

	

	




	
Mean (  Z ¯  ), %

	
100.63

	




	
Systematic error (δ), %

	
0.63

	




	
Standard deviation (s), %

	
2.067

	




	
Coefficient of variation (R.S.D.), %

	
1.86

	




	
Significant interval (Δ), %

	
±0.82
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Table 4. Results of convergence and intralaboratory precision studies of the method being validated.
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ImpA Added, µg/mL

	
Operator 1

	
Operator 2




	
Found, µg/mL

	
Zi, %

	
Found, µg/mL

	
Zi, %






	
10.13

	
10.11

	
99.80

	
10.11

	
99.80




	
10.47

	
103.36

	
10.11

	
99.80




	
9.75

	
96.25

	
9.39

	
92.69




	
50.65

	
50.55

	
99.80

	
51.27

	
101.22




	
50.91

	
100.51

	
50.19

	
99.09




	
50.91

	
100.51

	
50.91

	
100.51




	
253.25

	
253.84

	
100.23

	
253.48

	
100.09




	
254.56

	
100.52

	
253.12

	
99.95




	
253.12

	
99.95

	
253.84

	
100.23




	
Mean (  Z ¯  i), %

	
100,103

	
99.264




	
Systematic error (δ), %

	
0.103

	
0.736




	
Standard deviation (s), %

	
1.809

	
2.532




	
Coefficient of variation (R.S.D.), %

	
1.807

	
2.551




	
Significant interval, % (Δ, p = 95%)

	
±1.391

	
±1.946




	
Combined mean (   Z ¯  ), %

	
99.684




	
Combined standard deviation, %

	
2.20




	
Combined coefficient of variation, %

	
2.207




	
Combined significant interval, %

	
±1.555




	
Fisher’s F test (Ftab = 3.44)

	
Ffact = 0.51




	
Student’s t test (ttab = 2.12)

	
tfact = 0.81
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Table 5. Results of the ImpA content in GP APIs and capsules determination.






Table 5. Results of the ImpA content in GP APIs and capsules determination.





	
Sample

	
Content of ImpA, w %




	
NMR

	
HPLC






	
API A

	
Not found

	
Not found




	
API B

	
BQL

	
BQL




	
Capsule I

	
0.10 (RSD 5.6%)

	
0.13 (RSD 4.9%)




	
Capsule II

	
0.08 (RSD 7.5%)

	
0.07 (RSD 7.2%)
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Table 6. Preparation of model solutions of GP and ImpA mixtures.






Table 6. Preparation of model solutions of GP and ImpA mixtures.





	№
	V I

mL
	V III

µL
	V DMSO-D6

µL
	V D2O

µL
	C GP

mg/mL
	C ImpA

µg/mL
	w % ImpA Relative to GP





	1
	0.4
	0
	10
	590
	40.09
	0
	0



	2
	0.4
	20
	10
	570
	40.09
	10.13
	0.025



	3
	0.4
	40
	10
	550
	40.09
	20.26
	0.051



	4
	0.4
	60
	10
	530
	40.09
	30.39
	0.076



	5
	0.4
	80
	10
	510
	40.09
	40.52
	0.101



	6
	0.4
	100
	10
	490
	40.09
	50.65
	0.126



	7
	0.4
	200
	10
	390
	40.09
	101.30
	0.253



	8
	0.4
	300
	10
	290
	40.09
	151.95
	0.379



	9
	0.4
	400
	10
	190
	40.09
	202.60
	0.505



	10
	0.4
	500
	10
	90
	40.09
	253.25
	0.632
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