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The objective of the present research is to develop a reliable, sensitive, and robust stability-indicating

RP-HPLC method to quantify doravirine along with its impurities (IMP-A, IMP-B). The separation was ac-

complished on a Inertsil ODS C18 (250 � 4.6 mm, 5 �m) column at 216 nm using 0.1% orthophosphoric acid

and acetonitrile at a flow rate of 1 mL/min eluted with a retention time of IMP-A, IMP-B, and doravirine of

2.52 min, 3.96 min, and 8.74 min respectively. The optimized method was validated in terms of accuracy, pre-

cision, linearity, specificity, system suitability, and robustness as per International Council for Harmonization

guidelines. The optimized method showed linearity within the concentration range 10–200 �g/mL,

0.7–14 �g/mL, and 0.5–10 �g/mL for doravirine, IMP-A, and IMP-B respectively. The method was found to

be precise at %RSD < 2 and accurate with percentage recovery for doravirine, IMP-A, and IMP-B of

100.46%, 100.2%, and 99.2% respectively. The optimized method proved to be sensitive, robust, and specific.

This optimized method can be routinely employed in quality control laboratories for the quantification of

doravirine along with its impurities.
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1. INTRODUCTION

Doravirine, a pyridinone non-nucleoside transcriptase in-

hibitor chemically called 3-chloro-5-[1-[(4-methyl-5-oxo-

1H-1,2,4-triazol-3-yl)methyl]-2-oxo-4-(trifluoromethyl)pyri

din-3-yl]oxybenzonitrile (Fig. 1). Doravirine is used alone or

along with other antiretroviral drugs for human immunodefi-

ciency virus (HIV) infection in older patients with no history

of prior antiretroviral treatment [1]. Doravirine exhibits ac-

tion against HIV by inhibiting non-nucleoside reverse tran-

scriptase (NNRT) enzyme. HIV generates complementary

DNA (cDNA) to its RNA genome with the aid of a NNRT

enzyme and inserts this cDNA into the host cell genome,

where it can be transcribed into viral RNA for replication

purposes [2, 3].

The development and production of quality drugs is a

major challenge for pharmaceutical industries. During the

formulation of various dosage forms, there may be a chance

for the presence of unwanted chemicals entering through raw

material or forming during production, or developing during

storage, which may influence the quality, safety, and efficacy

of pharmaceutical products [4–8]. Thus, it always requires

the development of various analytical methods to determine

and quantify the various impurities, even at trace level, using

various analytical instruments such as spectroscopic, electro-

chemical, and chromatographic such as HPLC, LC-MS, and

GC-MS [9].

The International Council for Harmonization (ICH) has

developed various guidelines on impurities in new drug sub-

stances (ICH Q3A), new drug products (ICH Q3B), and in

residual solvents (ICH Q3C) [10–12]. The US FDA has clas-

sified impurities and recommended the guidance prepared

according to ICH guidelines. In the literature review, few

RP-HPLC methods are available for the quantification of

doravirine alone as a single entity [13, 14], combination with

other antiretroviral agents [15–17], and an LC-MS method

for the quantification of doravirine along with its impurities

[18]. However, until now, there has been no RP-HPLC

method available for quantification of doravirine along with

its impurities. Two process-related impurities were found in

doravirine and the present study includes the spiking of the

doravirine pure drug with two of its impurities at a certain
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level, named IMP-A and IMP-B. The chemical names of im-

purity A (IMP-A) is 4-(trifluoromethyl)-1-((4,5-dihydro-

4-methyl-5-oxo-1H-1,2,4-triazol-3-yl)methyl)-3-hydroxypyr

idin-2(1H)-one and impurity B (IMP-B) is 3-chloro-benz-

onitrile. The chemical structures are shown in Fig. 1.

The main aim of the present work is to develop a simple,

economical, rapid, reproducible, and sensitive RP-HPLC

method to quantify doravirine along with impurities even at

low concentrations in the bulk and pharmaceutical dosage

form.

2. EXPERIMENTAL

2.1. Chemical and Reagents

Doravirine drug (99.98%) and reference standards of

IMP-A (98.97%) and IMP-B (99.12%) were supplied by

Merck Life Science pvt lmtd, Mumbai, India.

Orthophosphoric acid (OPA; HPLC grade, Merck),

acetonitrile (HPLC grade, Merck), and Milli Q water were

also obtained.

2.2. Instrumentation

The present study was conducted on an HPLC system

consisting of a Waters 2695 separation module (Waters Cor-

poration, USA) furnished with a column thermostat,

autosampler, and a Waters 2998 PDA detector. Separation

and quantification of doravirine along with its impurities

were done using an Inertsil ODS C18 (250 � 4.6 mm, 5 �m)

column at 216 nm. Empower 2 software was employed for

data collection and integration.

2.3. Preparation of Solution

The 0.1% OPAwas prepared by dissolving 1 mL of OPA

in 1 L of HPLC grade water and the resulting solution was

filtered through a 0.45-�m membrane filter.

2.4. Preparation of Standard Solution

One milligram per milliliter, 0.07 mg/mL, and

0.05 mg/mL stock solutions of doravirine, IMP-A, and

IMP-B were prepared respectively by weighing 10 mg of

doravirine, 0.7 mg of IMP-A, and 0.5 mg of IMP-B in three

10-mL volumetric flasks separately and the volume was

made up by using a mixture of acetonitrile and 0.1% OPA

(40:60, v/v) as diluent. One milliliter of each solution from

the above solutions was taken into a 10-mL volumetric flask

and diluted to get a final concentration of 100 �g/mL,

7 �g/mL, and 5 �g/mL of doravirine, IMP-A, and IMP-B.

2.5. Preparation of Sample Solution (Doravirine)

Twenty tablets of Pifeltro were crushed to a fine powder

form and powder equivalent to 10 mg of doravirine was

taken in a 10-mL volumetric flask containing 7 mL of dilu-

ent, sonicated for 30 min to dissolve the contents, and made

up to the mark with diluent.

2.6. Preparation of Spiked Sample Solution

One milliliter of unspiked sample solution and 1 mL of

impurity solution containing 0.07 mg and 0.05 mg of IMP-A

and IMP-B respectively were taken in a 10-mL volumetric

flask, dissolved, and made up to the mark with diluent.

2.7. Method Validation

Validation of the optimized method was carried out by

analyzing parameters such as system suitability, linearity, ro-

bustness, accuracy, precision, limit of detection, and limit of

quantification as per ICH guidelines [19].

2.7.1. System Suitability

A system suitability test determines and ensures the suit-

ability of the chromatographic system preceding use. System

suitability was analyzed by six injections of a standard solu-

tion containing 100 �g/mL of doravirine, 7 �g/mL of IMP-A,

and 5 �g/mL of IMP-B and was assessed in terms of theoreti-

cal plates, tailing factor, and selectivity.

2.7.2. Specificity

Specificity was analyzed by injecting the standard solu-

tion, sample solution, and spiked sample solution into the

chromatography system. The resulting chromatograms were
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Fig. 1. Chemical structures of (A) doravirine, (B) IMP-A, and (C) IMP-B.



compared to check for any interference at the retention times

of doravirine, IMP-A, and IMP-B.

2.7.3. Linearity and Range

Linearity was checked for standard solutions of

doravirine and respective impurities at concentrations of

10% to 200% of standard concentration. Relevant aliquots of

doravirine, IMP-A, IMP-B are prepared within the range 10

to 200 �g/mL, 0.7 to 14 �g/mL, and 0.5 to 10 �g/mL respec-

tively. Linearity was analyzed by plotting a graph of peak

area vs concentration. Intercept, slope, and correlation coef-

ficient were calculated to confirm the linearity.

2.7.4. Precision

Precision is measured in terms of method precision and

intermediate precision. Precision is determined by injecting

the six spiked sample solutions containing doravirine

(100 �g/mL), IMP-A (7 �g/mL), and IMP-B (5 �g/mL) and

the response was recorded. Intermediate precision was

checked by injecting six solutions of standard concentration

for 3 successive days. Precision was checked at each level by

calculating assay, standard deviation, and % relative standard

deviation (RSD).

2.7.5. Accuracy

Accuracy was measured by preparing and injecting trip-

licates of three determinations at standard concentration lev-

els of 50%, 100%, and 150%. Percentage recovery and

%RSD were calculated for all nine determinations.

2.7.6. Limit of Detection and Limit of Quantification

Limit of detection (LOD) and limit of quantification

(LOQ) were determined based on signal-to-noise ratio of 3:1

and 10:1 respectively.

2.7.7. Robustness

The robustness of the method was assessed by small, in-

tentional changes in chromatography conditions such as flow

rate and mobile phase composition. These alterations were

checked for assay and %RSD. Robustness confirms that the
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TABLE 1. Trials performed during method development

Trials Column used Chromatographic conditions Results Conclusion

Trial 1 X-Bridge phenyl C18

(150 � 4.6 mm, 3.5 �)

Acetonitrile: 0.1% formic acid (80:20, v/v)

(pH 4.0 adjusted with OPA)

Only two peaks observed Method rejected

Trial 2 Acetonitrile: 0.1% formic acid (65:35, v/v)

(pH 4.0 adjusted with OPA)

First peak plate count was

not within the limits

Method rejected

Trial 3 Waters X-terra C18

(250 � 4.6 mm, 3.5 µ)

Acetonitrile: 0.1% trifluoro acetic acid

(50:50, v/v)

Only two peaks observed Method rejected

Trial 4 Acetonitrile: 0.1% trifluoro acetic acid

(60:40, v/v)

Tailing factor and resolu-

tion were not within limits

Method rejected

Trial 5 Inertsil ODS C18

(250 � 4.6 mm, 3.5 µ)

Acetonitrile: 0.1% OPA (60:40, v/v) Three Symmetrical peaks

were observed

Method accepted

for validation

OPA = orthophosphoric acid

Fig. 2. Chromatogram showing the separation of doravirine, IMP-A, and IMP-B.



method is reliable and stable to intentional changes in

method parameters.

2.7.8. Forced Degradation

A forced degradation study was carried out for the spiked

sample solution to confirm the stability-indicating nature of

the developed method. Spiked sample solution was subjected

to acidic, alkaline, oxidative, reductive, thermal, and

photolytic degradation [16]. A forced degradation study was

conducted for the sample solution containing 1000 �g of

doravirine, 0.07 mg of IMP-A, and 0.05 mg of IMP-B under

conditions 1N HCl, 1N NaOH, 30% H
2
O

2
, and 30%

NaHSO
4
.

Acidic degradation was performed by transferring 1 mL

of the above sample solution into a round bottom flask of

50-mL capacity. Then, 1 mL of 1N HCL was added and

refluxed for 1 h at 60°C and neutralized with 1N NaOH. Ba-

sic degradation was performed by adding 1 mL of 1N NaOH

separately to a round bottom flask containing 1 mL of sam-

ple solution. The resulting solution was refluxed for 1 h at

60°C and neutralized with 0.1N HCL. Oxidative degradation

was conducted by adding 1 mL 30% H
2
O

2
to a round bottom

flask containing 1 mL sample solution and refluxed for

30 min at 60°C. Reductive degradation was conducted by

adding 30% of NaHSO
4
to 1 mL sample solution contained

in a round bottom flask and refluxed for 30 min at 60°C. Af-

ter the reflux resulting refluxed solutions are transferred into

separate volumetric flasks of 10 mL capacity and made up to
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TABLE 2. Results of system suitability, linearity, and sensitivity

Parameter IMP-A IMP-B Doravirine

Retention time (min) 2.522 3.967 8.745

USP tailing factor 1.04 1.05 1.03

USP plate count 3683 3414 6105

Resolution - 7.44 17.74

Optimal concentration range (�g/mL) 0.7–14 0.5–10 10–200

Regression equation 235530.98X+28514.99 282065.16X+23933.47 146861.97X+269607.21

Correlation coefficient 0.999 0.999 0.999

LOD (µg/mL) 0.21 0.15 3

LOQ(µg/mL) 0.7 0.5 10

USP = United States Pharmacopeia

Fig. 3. Calibration curves of (A) doravirine, (B) IMP-A, and (C) IMP-B.

TABLE 3. Method precision

Sample solu-

tion

Doravirine (% as-

say)
IMP-A (% assay) IMP-B (% assay)

1 99.8 100.2 99.2

2 100.6 100.6 99.5

3 99.5 99.8 99.7

4 101.0 100.3 100

5 101.6 100.7 98.8

6 100.3 100.5 99.1

Mean 100.46 100.35 99.3

SD 0.77 0.33 0.43

%RSD 0.77 0.32 0.44

RSD = relative standard deviation



mark with diluent. A photolytic degradation study was con-

ducted by exposing sample to sunlight for 3 h. Sample solu-

tion (100 �g of doravirine 7 �g of IMP-A, and 5 �g of

IMP-B) was prepared from that solution. The resulting solu-

tion was injected at 12 h, 18 h, and 24 h into the chromato-

graphic system.

2.7.9. Stability

To assess the stability of the solution, the sample solution

was held at room temperature, 2 – 8°C and injected at 6 h,

12 h, 18 h, and 24 h. The resulting chromatograms were cal-

culated for percentage assay. The assay results were com-

pared with the calibrated results.

3. RESULTS AND DISCUSSION

Various columns including X-bridge C18

(150 � 4.6 mm, 5 �m), Waters X-Terra C18 (250 � 4.6 mm,

5 �m), Inertsil ODS C18 (250 � 4.6 mm, 5 �m) and various

mobile phases such as acetonitrile and 0.1% formic acid at

(80:20, v/v) and (70:30, v/v), 0.1% TFA:ACN (50:50, V/V),

(40:60, v/v), (30:70, v/v), and 0.1% OPA:ACN at (40:60,

v/v), (45:55, v/v), (50:50, v/v), and (60:40, v/v) were tried to

determine doravirine and its related impurities in bulk and in

pharmaceutical dosage form. Finally, a mixture of 0.1%

OPA:ACN (40:60, v/v) on an Inertsil ODS C18

(250 � 4.6 mm, 5 �m) at a flow rate of 1 mL/min with a

runtime of 12 min at 216 nm, produced symmetrical peaks

with good resolution. The retention times of doravirine,

IMP-A, and IMP-B were 2.52 min, 3.96 min, and 8.74 min

respectively. A chromatogram for the optimized method is

shown in Fig. 2 and the developed conditions are tabulated in

Table 1.

3.1. Method Validation

3.1.1. System Suitability

System suitability was analyzed in terms of resolution,

theoretical plates, and tailing factor. All the parameters were

found to be within the acceptance criteria (resolution 2, tail-

ing factor <2, plate count >2000) as shown in Table 2.

3.1.2 Linearity and Range

The optimized method was found to be linear for

doravirine, IMP-A, and IMP-B within the range

10–200 �g/mL (r
2
=0.999), 0.7–14 �g/mL (r

2
=0.999), and

0.5–10 �g/mL (r
2
=0.999) respectively (Fig. 3).The method

was found to be sensitive. LOD and LOQ values of IMP-A,

IMP-B, and doravirine are tabulated in Table 2.
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TABLE 4. Intermediate precision

Sample solution Doravirine (% assay) IMP-A (% assay) IMP-B (% assay)

Day 1 Day2 Day3 Day 1 Day2 Day3 Day 1 Day 2 Day 3

1 99.5 99.7 99.8 100.4 99.8 100.2 99.2 100 99.2

2 99.5 99.9 100.6 99.7 100.1 100.6 100 99.8 99.5

3 100.1 100.2 99.5 100.5 100.6 99.8 100 99.9 99.7

4 100.3 99.7 101.0 100.1 99.9 100.3 100.1 100.1 100

5 99.1 100.6 101.6 100.8 100.3 100.7 100.2 99.8 98.8

6 99.6 99.5 100.3 99.7 100.2 100.5 100.2 100.3 99.1

Mean 99.68 99.9 100.4 100.2 100.1 100.3 99.95 99.9 99.3

SD 0.44 0.40 0.77 0.44 0.29 0.33 0.37 0.19 0.43

%RSD 0.44 0.40 0.77 0.44 0.29 0.32 0.37 0.19 0.44

RSD = relative standard deviation

TABLE 5. Percentage recovery

Compound Level %
Concentration

added (�g/mL)

Concentration

recovered

(�g/mL)

*Recovery

(w/w, %),

%RSD

Doravirine 50 92 91.6 99.7, 0.96

100 184 101.03 101, 0.79

150 276 99.9 99.9, 1.35

IMP-A 50 0.0245 99.2 99.2, 0.76

100 0.049 100.4 100.5, 1.30

150 0.0735 99.8 99.8, 0.57

IMP-B 50 0.0125 100.7 100.7, 0.61

100 0.0250 99.3 99.3, 0.76

150 0.0375 100.3 100.3, 1.16

* Mean of three determinations



3.1.3. Precision

Percentage RSD for intraday precision was found to be

0.77, 0.32, and 0.44 for doravirine, IMP-A, and IMP-B re-

spectively. %RSD calculated for interday precision on 3 con-

secutive days was found to be within acceptable limits,

which proves that the method is precise (Tables 3, 4).

3.1.4. Accuracy

Percentage recovery calculated by applying the standard

addition method for doravirine, IMP-A, and IMP-B was

100.46 %, 100.2%, and 99.2% respectively. All experimental

results are within the acceptable criteria. Hence, the devel-

oped method proved to be accurate. (Table 5)

3.1.5. Robustness

The robustness of the method was assessed by applying a

�0.2 mL/min change in flow rate and a �5% change in the

composition of the mobile phase. The consequent effect of

variation was found by determining the assay and %RSD for

the recovery of triplicate injections and comparing the tailing

factor and theoretical plates with those of the optimized

method. All results were found to be within acceptable lim-

its. Hence, the optimized method proved to be robust and

susceptible to deliberate variations in parameters (Table 6).

3.1.6. Specificity

Specificity was analyzed by peak purity analysis (Fig. 4)

by comparing the chromatograms of standard solution,

spiked and unspiked samples. It was observed that the purity

angle of doravirine, IMP-A, IMP-B were less than the re-

spective purity threshold, which shows that the peak purity

test was passed (Table 7). The developed method was proved

to be specific as no eluting peaks at the retention times of

drugs and impurities in the spiked sample chromatogram.
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TABLE 6. Robustness data

Parameter Condition

Doravirine IMP-A IMP-B

*Assay�SD,

%RSD

Tailing f

actor

Theoretical

plates

*Assay�SD,

%RSD

Tailing fac-

tor

Theoretical

plates

*Assay�SD,

%RSD

Tailing

factor

Theoretical

plates

Flow rate 0.8 99.34�1.48,

1.49

1.11 6092 98.8�0.94,

0.95

1.01 3707 96.9�1.12,

1.16

1.16 3481

1.0 101.0�0.802,

0.79

1.07 6073 100.5�1.305,

1.30

1.03 3675 99.3�0.75,

0.76

1.08 3432

1.2 98.46�0.47,

0.48

0.98 6125 100.6�1.55,

1.54

1.01 3627 99.0�0.26,

0.26

0.99 3436

Mobile

phase com-

position

55:45 102.08�1.56,

1.53

1.15 6057 117.9�0.94,

0.8

1.05 3624 100.0�0.90,

0.90

1.12 3451

60:40 101.0�0.802,

0.7

1.07 6073 99.5�0.77,

1.30

1.03 3675 99.3�0.75,

0.76

1.08 3432

65:35 98.2�2.02,

2.06

1.07 6029 99.9�1.26,

1.26

1.11 3649 101.6�2.01,

1.97

1.12 3414

RSD = relative standard deviation

* Mean of three determinations

Fig. 4. Purity plots of doravirine.



3.2. Forced Degradation Study

To assess the stability-indicating nature, the method was

further utilized for forced degradation study by subjecting

the dosage form to various stress conditions to discover the

percentage degradation. Both the drug and impurities have

shown degradation under stress conditions (Table 8). In
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Fig. 5. Chromatograms of forced degradation study at (a) acidic, (b) alkaline, (c) peroxide, (d) reductive, (e) hydrolytic, and (f) photo degrada-

tion.

TABLE 7. Specificity data

Com-

pound
Rt Peak area

Plate

count

Peak

tailing

Purity

angle

Purity

threshold

Doravirin

e

8.745 15345698 6098 1.12 14.071 33.423

IMP-A 2.522 1401354 3683 1.04 2.637 8.005

IMP-B 3.967 1423395 3414 1.05 0.961 2.774

Rt = Retention time

TABLE 8. Forced degradation study

Degradation conditions Degradation, %

Doravirine IMP-A IMP-B

HCl (1 N) 19.1 13.5 14.5

NaOH (1 N) 17.2 14.7 12.3

H2O2 (30%) 16.6 14.5 11.0

Na2CO3 (30%) 10.6 12.4 9.6

Hydrolytic (H2O2) 12.1 10.8 10.4

Sun light (24 h) 13.9 17.9 11.8



acidic and basic degradations, two small peaks were ob-

served at 24 h with retention times of 5.117 min and

6.76 min. In the peroxide degradation, one degradant peak

was observed at a retention time of 4.279 min. Another

degradant peak was observed at 7.061 min in photo degrada-

tion. No degradant peak was observed in reductive and

hydrolytic degradation. All the degradant peaks well re-

solved from the drug and impurity peaks confirm the stabil-

ity-indicating nature of the method. Chromatograms of the

forced degradation study are shown in Fig. 5.

3.3. Stability

Results of the stability studies were compared with the

calibrated results. The results proved that the sample solution

was stable at room temperature and at 2–8°C for 24 h (Ta-

ble 9).

4. CONCLUSION

To quantify doravirine along with IMP-A and IMP-B, a

RP-HPLC method was successfully developed with remark-

able resolution. This method helps in the easy separation of

impurities from the parent drug, doravirine. The optimized

method was validated as per ICH guidelines and was found

to be precise, accurate, robust, sensitive, and reproducible.

As there are to our knowledge no RP-HPLC methods avail-

able for the quantification of doravirine along with its impu-

rities, this developed method can be practiced successfully

for the determination of doravirine and its related impurities

in bulk and pharmaceutical dosage forms.
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TABLE 9. Stability study data

Stability

#Assay, %RSD

Doravirine IMP-A IMP-B

Initial (RT) 99.91, 0.068 100.4, 0.005 100.7, 0.073

Initial (2–8°C) 99.9, 0.116 100.4, 0.069 100.6, 0.057

6 h (RT) 95.9, 0.032 96.7, 0.035 97, 0.103

6 h (2–8°C) 96.4, 0.047 96.5, 0.037 96.5, 0.155

12 h (RT) 95.7, 0.009 96, 0.004 96.4, 0.016

12 h (2–8°C) 95.8, 0.052 96.3, 0.042 95.8, 0.023

18 h (RT) 95.7, 0.009 95.5, 0.031 95.6, 0.087

18h (2–8°C) 95.7, 0.012 95.8, 0.06 95.6, 0.08

24 h (RT) 94.8, 0.066 95.5, 0.051 95.4, 0.033

24 h (2–8°C) 94.9, 0.087 95.6, 0.028 95.6, 0.166

RT = room temperature, RSD = relative standard deviation
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