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Abstract 

A rapid, specific and accurate proton quantitative Nuclear Magnetic Resonance spectroscopic (1H qNMR) and also a 

reversed phase derivatization HPLC method have been developed to quantify a toxic, UV-visible inactive and non-volatile 

impurity N,N-Dimethylamine hydrochloride (DMA∙HCl) in Metformin Hydrochloride (MF∙HCl), an Active 

Pharmaceutical Ingradient. The method is based on proton quantitative NMR spectroscopy (1H qNMR) using Glycine as 

internal standard and deuterium oxide (D2O) as diluent. Both the methods have been validated as per the parameters of ICH 

guidelines and are found to be comparable.The advantages of the proposed 1H qNMR method are that no certified reference 

standard of DMA∙HCl is required for quantification, the method is specific, non-destructive and can be applied for 

quantification of DMA∙HCl in process, quality control for the manufacturing of Metformin hydrochloride as well as 

commercial dosage form products. 
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1. INTRODUCTION 
Metformin hydrochloride [1] 1,1-Dimethy-

lbiguanide hydrochloride [2] is a biguanide 

hypoglycaemic agent commonly used for the 

treatment of type II diabetes [3]. Although MF∙HCl 

was developed decades ago it is still used widely 

for the treatment of diabetes either alone or in 

combination with other drugs. From the analytical 
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 چکیده
ندازه ی فاز معکوس جهت اقو دقیق بر اساس اسپکتروسکوپی روزنانس مغناطیسی هسته پروتون کمی به همراه روش کروماتوگرافی مایع با کارآیی بالا مشتاختصاصی  ،یک روش سریع

نانس مغناطیسی روز روش اسپکتروسکوپیمی باشد. در فعال  یهیدروکلرید ماتریکس دارویدر متفرمین هیدرو کلرید ارایه گردید. متفرمین  هیدروکلرید نیآم لیمت یدN,N گیری 
سنجی شدند و مشخص اعتبار  ICHدو روش به وسیله دستورالعمل های هر  د.یسین و دوتریم اکسید به ترتیب به عنوان استاندارد داخلی و رقیق کننده استفاده شهسته پروتون از گل

 نیآم لیمت یدN,N عبارتند از اینکه این روش اختصاصی و غیر تخریبی بوده و هیچ ماده مرجعی از  HNMR ی روش او سودمندی ه دها قابل مقایسه می باشآنشد نتایج 
متفرمین در خط تولید این دارو و همچنین در سایر محصولات دارویی تجاری مورد استفاده دارویی در نمونه  نیآم لیمت یدN,N در تعیین این روش می تواند را نیاز ندارد. بنابراین 

 قرار گیرد.
 

 هاي کلیديواژه

 .H qNMR4 طیف سنجی ؛نیسیگل؛ نیآم لیمت یدN-N؛ دیدروکلریه ینمتفرم
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point of view several techniques [4-7] such as 

HPLC [8-9], Capillary Electrophoresis [10], NIR 

[11] and LC-MS-MS [12] for its determination in 

dosage form and biological fluids have been 

reported [13]. N,N-Dimethylamine hydrochloride 

(DMA∙HCl) is a non volatile, colourless, 

crystalline secondary amine, which has low 

melting point. It is highly hygroscopic in nature 

and is also a precursor to several industrially 

significant compounds [14]. The solvents  viz., 

dimethyl formamide (DMF) and dimethyl 

acetamide are derived from N,N-dimethyl amine 

hydrochloride. It is a raw material for the 

production of many agrochemicals, pharma-

ceutical intermediates and finished products. The 

German cockroach utilizes dimethylamine as a 

pheromone for communication and DMA 

undergoes nitration under weak acid conditions to 

give dimethyl nitrosoamine. This animal 

carcinogen has been detected and quantified in 

human urine samples [15]. The manufacturing 

process of Metformin hydrochloride (MF∙HCl), an 

active pharmaceutical ingredient (API), by using 

different routes of synthesis has always resulted 

into formation of a nonvolatile, UV-visible 

inactive (no chromophore) residual organic 

impurity [16-17], viz DMA∙HCl, which is a 

residual solvent having specific higher limit by 

batch analysis data and the maximum daily dose 

capacity of MF∙HCl pharmaceutical products. By 

considering the DMA∙HCl as equivalent toxic  

solvent with organic residual impurity 

triethylamine, a permitted daily exposure (PDE) of 

3.2 mg/day giving a limit of 320 ppm (for 10 g 

daily dose) was calculated for the organic base 

triethylamine  from repeated dose toxicity and 

reproductive toxicity data [18]. In order to control 

the limit of DMA∙HCl in Metformin hydrochloride 

below the PDE, there is a need for separate 

quantitative method which can directly identify 

and quantify it at ppm level. However, none of the 

reported methods for the determination of 

DMA∙HCl in MF∙HCl have been found to be 

stability indicating. Therefore, it is considered 

important to develop a stability indicating method, 

which can be employed in routine in-process and 

quality control analysis. (Fig. 1) 
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Fig. 1. Structure of drug substance (1), Analyte (2) and 

Internal standard (3). 

 

Nuclear magnetic resonance (NMR) spectroscopy 

is a quantitative spectroscopic tool because the 

intensity of a resonance line is directly  

proportional to the number of resonant nuclei 

(spins). This fact enables accurate and precise 

determinations of the amount of substance  needed. 

NMR has been used for quantitative determination 

of pharmaceutical compounds in different 

matrices. Quantitative measurement by NMR 

spectroscopy (1H qNMR) was first described in 

1963 for the determination of drugs [19-20]. 

Despite limited accuracy, proton quantitative 

NMR spectroscopy (1H qNMR) finds application 

in various fields of science [21-31]. Lack of 

absorbing chromophores for UV-visible detection 

and the need for special chromatographic detectors 

as well as the difficulties in establishing highly 

efficient solid or liquid phase extraction 

procedures have made NMR a suitable alternative 

for biological sample analysis of many drugs [32-

35]. To the best of our knowledge, no official 

method has been reported for the quantification of 

DMA∙HCl by using 1H qNMR. Hence the present 

study has been undertaken. The aim of this work is 

to develop advantageous and competitive selective 

proton quantitative NMR spectroscopic (1H 

qNMR) method for the determination of 

DMA∙HCl in in-process, quality control, API and 

in formulation samples that complies well with the 

validation requirements in the pharmaceutical 

industry. Apart from this, a new  derivatization 

HPLC method [36-39]  has also been developed.  

In 1H qNMR method glycine has been used as 

internal standard (IS), by means of which simult-

aneously 1,1-dimethyl hydrochloride (DMA∙HCl) 

can be identified as well as quantified.  This 

method is rapid, specific, simple and equivalent 

method to HPLC derivatisation method developed. 

Both the methods have been validated by assessing 

their specificity, linearity, range, precision, 

accuracy, limit of detection (LOD), limit of 

quantification (LOQ), ruggedness and robustness 

[40-41].  

 

2. EXPERIMENTAL 
2.1. Chemical and reagents 

High purity analytical and ICH grade materials 

were used throughout the study. Metformine·HCl 

BP was provided by Sun Pharmaceuticals 

IndustriesLtd  (Vadodara, India). Glycine was 

purchased from Merck, Germany (99.9 %). N,N-

dimethylamine hydrochloride (DMA∙HCl) was 

purchased from Aldrich, Germany  (99.9 %). 

Deuterium Oxide (D2O) diluent was purchased 

from Merck, Germany (99.96 % D). 

The following materials were used in HPLC 

method: Acetonitrile HPLC grade (Merck), MilliQ 

water (from Milli-q system, Meck Millipore), 

Triethylamine HPLC grade (Merck), 

Orthophosphoric acid analytical reagent grade 
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(Merck) and 1-Fluoro-2,4-dinitro benzene (FDNB)  

analyical reagent grade (Merck). 

 

2.2. 1H qNMR experiments and methodology 

All the 1H qNMR spectra were recorded on a 

Bruker  BioSpin AV-III 500MHz (11.7 T ) 

spectrometer operating at proton frequency 500.13 

MHz., using 5 mm Broad Band Observe 

probehead. All data were processed using Bruker`s 

Topspin 2.1 software. For all 1H-NMR 

measurements carried out for method 

development, accurately 600 µL  solution of 400 

ppm concentration of DMA∙HCl  in pure D2O 

solvent was taken in a 5 mm NMR tube. For 

generating 1H NMR spectra, 16 scans were 

collected into 32 k data points over a spectral width 

of 9014.42 Hz., with a transmitter offset in the 

centre of the spectrum. The acquisition time was 

9.49 min, followed by a relaxation delay of 35 s. 

All spectra were recorded at 295 K using a flip 

angle 90°.  An exponential line broadening 

window function at 0.50 Hz was used in the data 

processing and baseline corrections were done 

automatically while phasing was always 

performed manully. 

For accurate quantitative NMR analysis, the proper 

value of relaxation delay  (d1) was generally set at 

more than or equal to five times the value of the  

longest spin-lattice relaxation time (T1) of the 

integrated resonance signals in order to ensure full 

relaxation of the corresponding protons. The T1 

relaxation time of MF∙HCl, DMA∙HCl and IS were 

measured by using NMR inversion-recovery pulse 

sequence, the maximum T1 relaxation time values 

so obtained were maximum with 6.80s for 

DMA∙HCl protons at δ 2.6 ppm, where as MF∙HCl 

having methyl and glycine having methylene 

protons, T1 relaxation time was 2.96 s at δ 2.92 

ppm and 3.90s at δ 3.43 ppm, respectively. (Fig. 2) 
 

 
Fig. 2. NMR spectrum of MF·HCl with DMA·HCl 

along with Internal Standard (IS) as Glycine in D2O. 

 

2.3. Sample preparation for 1H qNMR method 

Diluent: Deuterium oxide (D2O) 

Stock solution (Internal Standard solution): 

Glycine (IS), 125 mg was taken in a 250 mL 

volumetric flask and volume was made up with 

diluent. Standard solution: DMA.HCl, 4 mg was 

dissolved in 1 mL of IS solution. 

Sample preparation: 100 mg of Metformin.HCl 

was accurately weighed and dissolved in 5 mL of 

IS. 

 

2.4. Chromatographic conditions 

The quantitative derivatization gradient HPLC 

method for analysis of DMA∙HCl in MF∙HCl was 

performed on a Waters 2695 separation module 

equipped with  dual wavelength detector 2487, 

using Empower 2.0 software, with a reverse phase 

column packed with octadecyl silane (C18) 

chemically bonded phase particles with following 

optimal chromatographic conditions: Two mobile  

phases [Mobile phase A: 0.1% v/v 

orthophosphoric  acid in water (buffer solution); 

Moblile phase B: 100% acetonitrile] were 

employed to run a gradient condition from 40%B 

to 55%B in 10 min, from 55%B to 75%B in 1 min, 

stay at 75%B for 4 min,  from 75%B to 40%B in 

0.5 min and stay 40%B till 20 min. Other optimal 

chromatographic conditions are listed in  Table 1. 

The method was validated in accordance with the 

International Conference on Harmonization (ICH) 

guidelines for validation of analytical procedures. 
 

Table 1. Optimal Chromatographic condtions. 

Aspect Description 

Detection wave length 380 nm 

HPLC Column Inertsil ODS 3V  

(150 x 4. 6 mm ,5µm) , 

Make-GL Science, Japan 

Flow rate 1.5mL/min. 

Injection volume 20µL 

 

2.5. In-situ derivatization process for N,N-

Dimethylamine hydrochloride  

A solution of 1.0 g of 2,4-dinitrofluorobenzene and 

equimolar amount of N,N-dimethylamine 

hydrochloride in acetonitrile was heated at 60°C 

for 30 min. The formed intermediate mixture of 

N,N-dimethyl-2,4-dinitrobenzene  was neutralized 

using triethylamine as base to form the N,N-

dimethyl-2,4-dinitrobenzene (UV-Vis active), salt 

of triethylammonium chloride and triethylamm-

onium fluoride (Fig. 3). 
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2.6. Standard and system suitability preparation 

1-Fluoro-2,4-dinitro benzene (FDNB) solution 

was prepared by thoroughly mixing 1 mL of FDNB 

and small amount of acetonitrile solution in a 100 

mL volumetric flask. This solution was thoroughly 

mixed and made up to the mark with acetonitrile 

and always prepared fresh just prior to use. 

Dimethylamine hydrochloride (36.2 mg, 

equivalent to 20 mg of dimethylamine) was 

dissolved in a small amount of diluent in 100 mL 

volumetric flask and made upto the mark with the 

diluent. 2.5 mL of this solution was further diluted 

to 100 mL with the same diluent. 1 mL of this 

diluted solution was mixed thoroughly with 5 mL 

acetonitrile, 100 µL triethylamine and 1 mL of 

FDNB solution in 10 mL of volumetric flask. The 

mixture so prepared was heated at 60 ºC for 30 min 

and allowed to cool to attain room temperature and 

volume was made upto the mark with acetonitrile 

to give 0.5 ppm solution of dimethylamine. 
 

2.7. Sample preparation 

A 1000 ppm solution of MF∙HCl was prepared by 

weighing 10 mg of the sample mixing thoroughly 

with 5 mL acetonitrile, followed by 100 µL triethyl 

amine and 1 mL of FDNB solution   in 10 mL 

volumetric flask. The solution was heated at 60 ºC 

for 30 min and allowed to cool to attain room 

temperature and made  upto the mark with 

acetonitrile. This solution was centrifuged at 3000 

rpm for 5 min. in order to completely derivatize all 

DMA∙HCl solvent present in MF∙HCl. 

 

3. RESULTS AND DISCUSSIONS 

3.1 1H  qNMR method development 
1H NMR spectrum of sample is shown in Fig.2. 

The signals at (δ)  3.4 ppm and  2.6 ppm (calibrated 

with chemical shift (δ) of HOD signal from D2O at 

4.6 ppm) are due to IS (Glycine) and N,N-

Dimethylamine∙HCl. The integral values of both 

the 1H signals are found to be directly and 

quantitatively proportional to the number of nuclei 

and weight of the sample. 

The DMA content was determined by using the 

Equation 1. given below. 

𝑊𝑥=
𝐼𝑥
𝐼𝑠𝑡𝑑
×
𝑁𝑠𝑡𝑑
𝑁𝑥
×
𝑀𝑥
𝑀𝑠𝑡𝑑

×𝑊𝑠𝑡𝑑                 (1) 

where Wx = weight of DMA∙HCl , Ix = area of 

DMA∙HCl methyl signal, Istd = area of IS, Nstd = 

number of nuclei involved in signal for standard,  

Nx = number of nuclei involved in signal for 

DMA∙HCl, Mx is  molecular weight of DMA∙HCl ,  

Mstd is the molecular weight of IS and Wstd weight 

of IS in sample solution. The 1H qNMR method 

was validated in accordance with ICH gudelines 

through a study of linearity, method precision, 

LOD, LOQ, ruggedness, robustness, solution 

stability and recovery. The LOD and LOQ were 

calculated by the standard deviation of the 

response ‘σ’ and the slope ‘s’ of the calibration 

curve (Fig. 3) obtained from the linearity results by 

using Equation LOD=
3.3 𝜎

𝑆
 and Equation LOQ=

10 𝜎

𝑆
 , respectively. 

     

3.2 1H qNMR method validation 

3.2.1. Linearity 

The linearity was evaluated and established by 

triplicate analysis of standard solution of 

DMA∙HCl. The integrated NMR signal area 

obtained with respect to IS was plotted against the 

corresponding concentration to generate 

calibration curve (Fig. 4). Good linearity was 

evident (r2 = 0.9991) over the examined 

concentration range of 1 ppm to 1000 ppm with 

equation y = 0.7524x ± 0.8303.  
 

 
Fig. 4. Linearity plot of DMA∙HCl content by 1H qNMR. 

 

3.2.2. Method precision, Ruggedness and 

Robustness study 

Precision of the method, evaluated as repeatability, 

was studied by calculating the relative standard 

deviation (% RSD) of the peak areas of DMA∙HCl 

for six determinations under the same experimental 

conditions. The %RSD of DMA∙HCl integrated 

signal area obtained by 1H qNMR method is 

2.56%, which is well within the limit of not more 

than 10%. Ruggedness study was performed by 

applying analyst change, variation of sample 

depth, magnetic field (400 MHz instrument instead 

of 500 MHz instrument, Bruker Biospin AV-III, 

400 MHz) and using different probe head (QNP-

F), under the same acquisition parameters and data 

processing. The % RSD of DMA∙HCl signal area 

obatained by 1H qNMR method was 2.81% which 

is well within acceptable limit of not more than 10 

%.  Similarly, method robustness was determined 

by analyzing the same sample at normal operating 

conditions and also by changing some of the 

acquisition parameters of the instrument, viz., 

number of scans (ns), recycle delay time(d1), 

sweep width(sw),  pulse width (p1), off-set (o1p), 

spinning rate (ro), and sample temperature. By 

changing only one operating parameter and 

keeping all the other acquisition parameters intact, 
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the sample was run for different number of scans 

and with optimum recycle delay, changing of 

sweep width, off-set value and spinning rate. In 

each case, the results obtained were close to the 

results obtained with normal instrumental 

condtions. 

 

3.2.3. Accuracy and Recovery 

According to ICH guidelines, additional proof of 

accuracy was obtained  by three replicate 

determinations of three different concentration 

solutions of DMA∙HCl  in IS solution in presence 

of MF∙HCl API containing 200ppm, 400ppm and 

600ppm of DMA∙HCl., corresponding to 50 %, 

100% and 150% of the analytical concentrations, 

respectively. The obtained concentration values, 

when compared to the nominal values, produced 

accuracy of 101.5 %, 107.9 % and 111.7 % for the 

concentrations 50%, 100% and 150%, 

respectively, with an average %RSD value of 0.72 

%, 2.51 % and 0.80 % respectively (Table 2, Table 

3 and Table 4).  

 
Table 2. Recovery at 50% level of DMA∙HCl by 1H 

qNMR 

Sr. 

No. 

Ix Wx % 

Recovery 

Mean 

(%) 

% 

RSD 

1 215.00 1.95 100.82 101.5 0.72% 

2 217.33 1.97 101.91 101.5 0.72% 

3 217.00 1.97 101.74 101.5 0.72% 

Table 3.  Recovery at 100% level of DMA∙HCl by 1H 

qNMR 

Sr. 

No. 

Ix Wx % 

Recovery 

Mean 

(%) 

% 

RSD 

1 420.67 3.81 109.37 107.9 2.51% 

2 420.67 3.81 109.37 107.9 2.51% 

3 404.33 3.66 105.02 107.9 2.51% 

Table 4. Recovery at 150% level of DMA∙HCl by 1H 

qNMR 

Sr. 

No. 

Ix Wx % 

Recovery 

Mean 

(%) 

% 

RSD 

1 618.00 5.60 110.80 111.7 0.80% 

2 627.33 5.68 112.50 111.7 0.80% 

3 623.33 5.64 111.77 111.7 0.80% 

 

The results of the method were obtained within 

limit of accuracy 80 % to 120 % and % RSD not 

more than 10 %.  Solution stability was checked 

for 96.0 hour by 1H qNMR method (Table 5) and 

results were obtained to be very close to the content 

of DMA.HCl values obtained with freshly 

prepared sample. 

 

3.2.4. Derivatisation HPLC method validation 

The chromatogram of blank solution was obtained 

with run-time of 20 min as shown in Fig. 5. The 

peaks eluted at approximate retention times of 6.0, 

9.0, 12.0, 13.0 and14.0 min are due to derivatized 

solutions, where as the peak with retention time of  

7.4 min is due to DMA. (Fig. 6). 
 

Table 5.  Solution stability of DMA∙HCl by 1H qNMR 

analysis 

 

 
Fig. 5. Blank Chromatogram of HPLC derivatiza-

tion method 
 

 
Fig. 6.  Typical Chromatogram of DMA∙HCl by HPLC 

derivatization method 

 

The DMA content was determined using equation 

2 given below. 

𝐷𝑀𝐴 𝑐𝑜𝑛𝑡𝑒𝑛𝑡=
𝑅𝑡−𝑅𝑜

𝑅𝑠−𝑅𝑜
×
𝐶𝑠

𝐶𝑡
×
45.05

81.55
×𝑃             (2) 

where Rt,  Rs  and Ro = detector response for DMA 

in sample solution, standard solution and blank 

solution respectively, Cs = concentration(in ppm) 

of DMA∙HCl in standard solution, Ct = 

concentration (in ppm) of sample solution, P = 

Potency of dimethylamine hydrochloride, 45.05 

and 81.55  are molecular weight of DMA and 

DMA∙HCl, respectively. 

 

3.2.5. Linearity 

The linearity was evaluated and established by 

triplicate analysis of standard solution of 

DMA∙HCl. The obtained peak areas were plotted 

against the corresponding concentration to 

generate calibration curve. (Fig. 7) Good linearity 

was evident (r2 = 0.9999) over the examined 

Sr. No. Time interval 

(hr) (h) 

Wx Difference 
1 0.0 3.25 N/A 
2 12.0 3.24 0.01 
3 24.0 3.23 0.02 
4 48.0 3.24 0.01 
5 72.0 3.22 0.03 
6 96.0 3.21 0.04 
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concentration range of 0.015 ppm to 0.75 ppm with 

equation y = 307998.47 x ± 266.34.  
 

 
Fig. 7  Linearity plot of DMA∙HCl by HPLC method 

 

3.2.6. Method precision  

The precision of the method, checked as the 

repeatability, was determined by calculating the 

relative standard deviation (% RSD) of the peak 

areas of DMA∙HCl for six determinations made on 

the same day and under the same experimental 

condition. The % RSD of DMA∙HCl peak area 

obtained by HPLC method is 0.99 % which is 

within limit not more than 10 %.  

 

3.2.7. Accuracy and Recovery 

 According to ICH guidelines additional proof of 

accuracy was obtained by three replicate 

determinations of three different concentration 

solutions of DMA∙HCl in IS solution in presence 

of MF∙HCl API corresponding to 50 %, 100 % and 

150 % of the analytical concentrations, 

respectively. Recovery studied by HPLC 

derivatization method, the obtained concentration 

values when compared to the nominal values 

produced accuracies of 100.67 %, 101.53 % and 

100.12 % for the concentrations 50 %, 100 % and 

150 % respectively , with an average % RSD value 

0.71 %. The results of the method are within limit 

of accuracy 80 % to 120 % and % RSD not more 

than 10 %.  Solution stability was checked for 42 

hour by HPLC method and results were found to 

be very close to the result obtained with freshly 

prepared sample. 

 

3.2.8. Comparison data of both techniques 

The validation and performance characteristics of 

quantification of DMA∙HCl obtained by 1H qNMR 

were also compared with reversed phase 

derivatization HPLC techniques (Table 6) and the 

results of HPLC method are not much different 

from those of 1H qNMR method. 

 

3.2.9. Limitation with GC method 

N,N-Dimethylamine (DMA) is a secondary amine. 

It is basic in nature with highly available non-

bonding pair of electrons due to presence of 

dimethyl group, hence it interacts with the 

stationary phase of non-polar GC column which 

causes peak broadening, affecting the sensitivity. 

The conversion of DMA∙HCl to DMA, which is 

volatile in nature, in presence of a base, for GC 

analysis can be considered but it degrades the 

active pharmaceutical ingredient MF∙HCl which 

also generates DMA. So it is very difficult to 

quantify the DMA∙HCl content in MF∙HCl matrix 

by using GC technique as it shows much higher 

percentage of recovery than expected. Also, 

quantification by GC is laborious and time 

consuming which can be overcome by the 

proposed 1H qNMR and derivatization HPLC 

techniques 

Table 6.  Performance characteristics of 1H qNMR 

and HPLC method 

Sr. 

No. 

Study parameter 1H 

qNMR  

HPLC  

1 Correlation 

coefficient (r2) 

0.9991 0.9999 

2 Slope 0.7524 307998.47 

3   Intercept 0.8303 -266.34 

4 Limit of 

Detection (LOD) 

4 ppm 0.037 ppm 

5 Limit of Quantification 

(LOQ) 

11 ppm 0.075 ppm 

 

.3.2.10.Analysis of commercial sample  

Samples from three different production batches 

(two batches, S-1 and S-2 form Sun 

Pharmaceutical Industries Limited, Vadodara, 

India, and one batch, W-1 from Wanbury Limited, 

Hyderabad, India) of MF∙HCl were analyzed for 

the estimation of DMA∙HCl by the proposed 

derivatization HPLC and 1H qNMR methods and 

the observed results are given in Table 7.  

 
Table 7.  Commercial samples DMA∙HCl content 

in MF∙HCl by 1H qNMR and HPLC. 

Sample 

No. 

Batch No. 1H qNMR 

(ppm) 

HPLC 

method 

(ppm) 

1 S-1 72 65 

2 S-2 24 19 

3 W-1 60 52 

 

The results show that both the methods are 

equivalent. Among the two, NMR method is 

simpler and quicker than HPLC method and can be 

easily adapted for the estimation of organic 

residual solvent DMA∙HCl in MF∙HCl for quality 

control and in-process analysis. 

 

4. CONCLUSIONS 

The 1H qNMR method developed for the 

quantification of DMA∙HCl in Metformin herein 

proved to be rapid as well as easy to perform. The 

method satisfies various performance criteria such 

as linearity, precision and accuracy. It offers an 

attractive choice over previously described 
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procedures and can be used for in-process, routine 

quality control for API and formulation analysis of 

Metformin hydrochloride tablets. Analysis can be 

carried out on any modern NMR equipment 

operating at a field of 400 MHz or more, equipped 

with suitable software for processing of data as per 

the protocol developed. Assay results obtained by 
1H qNMR have been confirmed by comparing 

them with a newly developed derivatization HPLC 

method, which has also been validated. 
1H qNMR method has a high potential in analysis 

of pharmaceutical products due to the simplicity, 

reliability, simultaneous identification and 

quantification, and the fact that there is no need of 

reference compound.  
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