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ABSTRACT  

The pharmacokinetic study of a newly developed sustained-release 

dextromethorphan hydrobromide tablet was studied in six healthy 

human volunteers after single oral administration and compared with 

an immediate release tablets (IR) in randomized three-period crossover 

design. A sensitive and rapid HPLC method was developed and 

validated for the quantitative determination of dextromethorphan 

hydrobromide in human plasma. The compound and the internal 

standard (I.S.) (Losartan Hydrochloride) were extracted from the 

plasma samples by solid phase extraction. The extracts were analyzed 

by a reversed-phase HPLC with 0.5% triflouro acetic acid: acetonitrile 

(45:55, v/v) as the mobile phase. The calibration curves were linear in 

the range between 110.00 to 3000.00 ng/mL. The overall precision 

(expressed as R.S.D.) of quality controls were within 15%. The method was successfully 

applied to the pharmacokinetic study of dextromethorphan hydrobromide in the three 

formulations. The Cmax of sustained-release tablet (SR) was significantly lower than that of 

the IR and the Tmax was significantly longer than that of the IR.  
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INTRODUCTION 

Dextromethorphan (DM), the d-isomer of the opiate agonist Levorphanol, is a highly 

effective and widely used antitussive drug. This drug has been used from 1960s and it has 

been in use for more than 40 years.
[1-2]

 It is a non-competitive receptor antagonist of the N-

methyl- d-aspartate (NMDA) type of excitatory amino acid receptors that are involved in 

neuronal development and migration. The usual doses of dextromethorphan are 10–20 mg 

every 4 h or 30 mg every 6–8 h with a maximum of 120 mg daily. It is well-known non-

narcotic antitussive agent, is generally used as an ingredient in cough and cold remedies. The 

dosage of the drug is usually three to four times a day because of its short half-life.
[3]

 

Therefore, sustained release dosage forms were developed to avoid repeated administrations 

and increase patient compliance. Sustained release (SR) delivery systems for oral dosing are 

effective in achieving optimal therapy with drugs that have a narrow therapeutic range of 

blood concentration or eliminate rapidly. SR products are designed to bring the blood level of 

a drug immediately to therapeutic concentrations by means of an initial dose portion and then 

sustain this level for a certain pre determined time with the maintenance portion.
[4-6]

 At 

present there are no sustained release dextromethorphan matrix tablets available in India. A 

sustained release dextromethorphan tablet can lead to the reduction of the number of doses 

administered; less of a chance of overdose, and it is good dosage form for asthma patients in 

the night time cough. Several methods have been reported for quantification of DM in 

biological fluids.
[7-17]

 

 

In this paper we describe a simple, rapid, sensitive and specific method was developed for the 

pharmacokinetics study of dextromethorphan in the newly-developed sustained-release tablet 

(SR). HPLC with UV detection was employed. Compared with the published HPLC method 

described above, we have developed a sensitive procedure. The validation of the HPLC 

method, the time-profile of plasma concentrations of dextromethorphan hydrobromide in 

human and the pharmacokinetics parameters of the SR were evaluated and compared with 

those of regular immediate-release formulation. 

 

EXPERIMENTAL 

Reagents and Chemicals 

Dextromethorphan Hydrobromide (DM) (purity 99.8%) was kindly provided by Divi`s 

laboratories Hyderabad, India. The internal standard Losartan potassium (LP) was purchased 

from the Cadila pharmaceuticals, Gujarat, India. HPLC-grade acetonitrile was provided by 
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Merck (Germany). Trifluroacetic acid analytical grade chemicals from S.D.fine chemicals, 

Mumbai. Purified water from a Milli-Q system (Millipore, Bedford, MA, USA) was used 

throughout. Pharmaceutical products used in the pharmacokinetic study were DM (tablets 

containing 15 mg DM produced by Roche Pharma) as the reference preparation (immediate 

Release), and DM (tablets containing 60 mg DM produced by In-house as the test 

preparations (Slow and fast sustained release). 

 

Instrumentation and Chromatographic Conditions 

Analysis was performed on a Shimadzu Scientific Instruments (Kyoto, Japan) liquid 

chromatographic system composed of a LC-10ADVP pump, a SPD-10ADVP variable 

wavelength detector, a CTO-10ADVP column oven and a SIL-10ADVP auto-sample 

injector. The analytical column employed was a VYDAC Monomeric C18 reversed-phase 

column (250 × 4.6 mm i.d., 5 μm particle size). The mobile phase consisted of 0.5% 

trifluoroacetic acid: acetonitrile (45:55, v/v). The analyses were conducted at 40°C, flow rate 

1.0 mL/min and detection wavelength 280 nm. 

 

Preparation of Standards 

Stock solutions and DM and LP (internal standard, IS) were prepared with acetonitrile 

solution to a final concentration of 1.0 mg/mL and stored at −20°C. A set of eight non-zero 

calibration standards, ranging from 110.00 to 3000.00 ng/mL was prepared by spiking blank 

drug free human plasma with an appropriate amount of DM. The quality control (QC) 

samples at four concentration levels [110 ng/mL (LLOQ), 590 ng/mL (low), 1400 ng/mL 

(medium) and 3000 ng/mL (high)] were prepared in a similar manner to the calibration 

standards. Blank human plasma was tested before spiking to ensure that no endogenous 

interference was found around retention times of DM and IS. 

 

Preparation for Plasma Samples 

Calibration standards, validation QC samples and healthy volunteer plasma samples were 

prepared by adding 0.5 mL plasma to Eppendorf tube followed by adding 10.0 μL internal 

standard solution (100.0 μg/mL). All samples were mixed by vortexer for 30 s. After these 

procedures, Samprep SPE Columns C18 (50µm, 70A) 100mg/1mL solid phase extraction 

cartridge was conditioned with methanol, water sequentially. To this load the above sample. 

The cartridge was washed with 2.0 ml of water. The drug and internal standard was eluted 

from the cartridge using 0.5ml of mobile phase. The resulting solution used for the analysis. 
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Method Validation 

A calibration curve (n = 8) and QC samples were prepared by spiking blank human plasma 

with standard solution of DM. The low limit of quantification (LLOQ) was the smallest 

analytical concentration of dextromethorphan with a coefficient of variation of less than 20%. 

The specificity of the method was verified by using six different blank plasma samples 

obtained from healthy volunteers not taking dextromethorphan tablet. These samples were 

prepared according to the sample procedure except for the addition of the dextromethorphan 

and IS. To evaluate the inter-assay accuracy and precision, validation QC samples at 

concentrations of 110.00, 590.00, 1400.00, and 3000.00 ng/mL were analyzed together with 

one independent calibration standard curve for three consecutive days, while intra-assay 

accuracy and precision were evaluated in the same concentration QC samples in replicates of 

five on the same day. The analytical recovery was calculated by comparing chromatographic 

area ratios of extracted samples and unextracted standard samples at three different 

concentrations (590.00, 1400.00 and 3000.00 ng/mL; n = 5) after the volume correction of 

extracted samples.  

 

Stability 

It is necessary for a reliable method to exploit the stability of analytes during analysis time 

and also upon storage for a limited time. The stability of dextromethorphan hydrobromide 

was assessed by placing QC samples of three concentration levels at room temperature for 24 

h. The freeze– thaw stabilities of dextromethorphan hydrobromide were also evaluated by 

analyzing QC samples undergoing four freeze thaw cycles at ±20°C. The freeze stability of 

analyte was estimated by placing QC samples at ±20°C for one month. The samples were 

brought under room temperature to thaw and measured after 30 days. 

 

Pharmacokinetic study 

Six healthy male volunteers (aged 18–30 years) were included in the study, after having 

undergone a thorough medical examination. The Bioavailability was performed in 

accordance with the guidelines set by the World Medical Assembly (Declaration of Helsinki). 

All volunteers gave written informed consent to participation in the study, after having been 

informed of the nature and implications of the study. A total of 6 male healthy subjects 

completed this study. There were no dropouts. Their mean age was 24.8±3.8 years (range 21–

30 years), their mean weight was 72.4±7.3 kg (range 64–84 kg) and their mean height was 

180.6±6.7 cm (range 167–192 cm). All cardiovascular measurements and laboratory values at 
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screening were within prescribed limits. The study was an open, randomized, three-period, 

three-group crossover trial with an 7-day washout interval. During the first period, volunteers 

from group A received a single 15 mg dose of immediate release Dextromethorphan tablets 

from ROCHE PHARMA, S.A (Reference, Romilar), while volunteers from group B received 

a single 60 mg dose of slow sustained-release tablets (Test, In house, India). While volunteers 

from group C received a single 60 mg dose of fast sustained-release tablets (Test, In house, 

India). During the second and third period, the procedure was repeated on the groups in 

reverse. The tablets were administered to the volunteers in the next morning after an 

overnight fast, with 250 ml of water. Volunteers received standard lunch and supper, 

respectively, 4 and 10 h after drug administration. Volunteers did not ingest any alcoholic 

drink coffee or other xanthine-containing drinks during the trial. Furthermore, they did not 

take any other drug, 2 weeks before the study and during the execution. Blood samples were 

taken at pre-dose (0 h) and 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0, 8.0, 12.0 and 24 h. During each 

hospitalization period, the subjects remained under constant medical surveillance by a 

physician. During the three study sessions, the subjects maintained daily contact with the 

clinical investigator and reported any adverse events, whether related or not to the ongoing 

drug treatment in his opinion. An indwelling catheter was used for blood sampling during day 

1, remaining blood samples were obtained by puncture of a forearm vein. The 5mL of blood 

were collected in evacuated polypropylene tubes containing sodium citrate solution 3.8% 

w/v. immediately after blood collection, the tubes were centrifuged for 10 min at 4000 rpm. 

After centrifugation, at least 2mL plasma were rapidly transferred into two polypropylene 

tubes and stored in appropriately labeled freeze resistant bags at −70◦C until sent to the 

analytical laboratory.  

 

Pharmacokinetics and statistical analysis 

All pharmacokinetic parameters of dextromethorphan were calculated using non-

compartment methods: Cmax (maximum plasmatic concentration of DM) and Tmax (the 

time to reach Cmax) were obtained directly from the concentration– time curve. AUC0–t 

(area under the plasma concentration– time curve of dextromethorphan from zero to the last 

measurable sample time) was calculated using the linear trapezoidal method. Kel was 

calculated by applying a log–linear regression analysis to at least the last three concentrations 

of dextromethorphan. T1/2 (the terminal half-life) was calculated as 0.693/Kel (Ritschel, 

1992). 
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RESULTS AND DISCUSSION 

Specificity 

The method exhibited excellent chromatographic specificity with no endogenous plasma 

interference at the retention time of dextromethorphan hydrobromide and IS. Representative 

chromatograms of human blank plasma and human plasma spiked with dextromethorphan 

hydrobromide (110 ng/mL) and IS, Low limit of quantization and Dextromethorphan 

hydrobromide in human plasma at 3 h after a single oral dosage of 60 mg are shown in Fig. 1, 

2, 3 & 4. Dextromethorphan hydrobromide and IS were well resolved with good symmetry 

with respective retention times of 6.242 and 9.783 minutes and a total analytical time of less 

than 10 minutes. 
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Fig. 1: Chromatogram of blank human plasma. 

 

Minutes

0 1 2 3 4 5 6 7 8 9 10 11 12

V
o
lt
s

0.00

0.05

0.10

0.15

0.20

(D
E

X
T

R
O

M
E

T
H

O
R

P
H

A
N

 H
Y

D
R

O
B

R
O

M
ID

E
)   

 

(I
N

T
E

R
N

A
L
 S

T
A

N
D

A
R

D
)   

 

 

Fig. 2: Low limit of quantization chromatogram of Dextromethorphan hydrobromide in 

human plasma (110.0 ng/mL). 
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Fig. 3: Chromatogram of Dextromethorphan hydrobromide spiked in blank human 

plasma (0.0 μg/mL). 
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Fig. 4: Chromatogram of Dextromethorphan hydrobromide in human plasma at 3 h 

after a single oral dosage of 60 mg Dextromethorphan hydrobromide from a health 

volunteer. 

 

Linearity and Range 

Calibration standards containing 110-3000 ng/mL were prepared from working solutions of 

dextromethorphan hydrobromide and blank plasma. The calibration curve was constructed by 

plotting the peak area ratio of dextromethorphan hydrobromide to I.S. against the 

dextromethorphan hydrobromide concentration in plasma. A weighted linear regression 

method with a weight factor of 1/x was employed. 
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Precision, Accuracy and Recovery of the Method 

Both the intra- and inter-day precision and accuracy of the method were determined by 

analysis of replicates (n = 5) of QC samples containing known concentrations of 

dextromethorphan hydrobromide. The precision of the method was described as relative 

standard deviation (RSD) among each assay. The accuracy of the method was evaluated by 

analysis of human plasma after administration of analyte spiked with standard solutions. The 

accuracy was described as a percentage error of measured concentrations versus nominal 

concentrations, recovery and the RSD, respectively. Precision and accuracy were calculated 

at each concentration. The results are shown in Tables No. 1. As can be seen from Table No. 

I, the method showed very good precision and accuracy. In this assay, the intra-day 

precisions (RSD) were within 3.38% and inter-day precisions were less than 3.72%. The 

intra-day accuracies (MRE) were within 5% and inter-day accuracies were less than 5%. This 

is satisfactory for the pharmacokinetic study. 

 

Table No. 1: Accuracy Precision study of the HPLC method for determining 

concentrations of Dextromethorphan hydrobromide in human plasma. 

 

 

Stability Study 

Dextromethorphan hydrobromide was stable under conditions of storage and in the course of 

processing. Table No. II shows the results of stability. The QC plasma samples were stable 

for 24 h at room temperature (Table No. II). In the long-term stability study, the plasma 

samples spiked with the QC plasma samples also showed no loss of the analyte when they 

were stored for 30 days at ±20°C (Table No. 2). The stock solutions were stable for at least 1 

month in the refrigerator. The final stability test was demonstrated after four freeze-thaw 

cycles. No significant deterioration of the analyte was observed under any of these 

conditions. 
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Table No. 2: Stability data for Dextromethorphan hydrobromide of quality control 

sample in human plasma (n=5) 

 

 

Pharmacokinetic study 

The pharmacokinetic study was performed in six humans after administration of 

dextromethorphan hydrobromide at a single oral dose of 60 mg. Plasma concentration-time 

curves of dextromethorphan hydrobromide after oral administration of DM are shown in 

Fig.5.  
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Fig. 5: Mean plasma concentration –time profile of Dextromethorphan hydrobromide 

in human plasma after oral administration of test and reference tablets (n=6). 
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The mean values of pharmacokinetic parameters and statistical moment parameters of SR and 

ST are summarized in Table 3. The Cmax of IR was significantly lower than that of SR and 

the Tmax was significantly longer, which suggested that the new SR possessed good 

sustained release properties. 

 

Table 3: The mean pharmacokinetic parameters of Dextromethorphan hydrobromide 

in healthy human volunteers. 

 

 

CONCLUSION 

The HPLC method presented here fulfils the general requirement for bioanalytical assays and 

is suitable for the pharmacokinetic study of dextromethorphan hydrobromide during 

preclinical drug development. The newly-developed SR of dextromethorphan hydrobromide 

with markedly lower peak plasma concentrations could improve its safety profile and allow 

for a more convenient dosing regimen. 
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