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A sensitive liquid chromatography/tandem mass spectrometry (LC/MS/MS) method was developed

to determine carbocysteine in human plasma using 2-pyridylacetic acid as the internal standard

(IS). The method employed derivatization with 10 M hydrochloric acid/methanol, which signifi-

cantly improved the ionization efficiency of carbocysteine. After methanol-induced protein preci-

pitation of plasma samples, carbocysteine and the IS were derivatized and subjected to LC/MS/MS

analysis using atmospheric pressure chemical ionization. The method has a lower limit of quanti-

tation of 20 ng/mL for a 0.2-mL plasma aliquot. The intra- and inter-day precision (RSD), calculated

from quality control (QC) samples, was less than 7%. The accuracy, determined using QC samples,

was within � 1%. The method offered increased sensitivity, selectivity and speed of analysis over

existing methods. The method was utilized to support clinical pharmacokinetic studies of carbocys-

teine in volunteers following oral administration. Copyright # 2002 John Wiley & Sons, Ltd.

Carbocysteine, S-(carboxymethyl)-L-cysteine (SCMC), is a

mucolytic agent widely used in the treatment of disorders

of the respiratory tract associated with excessive or viscous

mucus. SCMC is usually administered orally in combination

preparations with pseudoephedrine or promethazine.1–3

SCMC is very polar, and lacks UV absorption. Several

liquid chromatographic methods have been reported for the

determination of SCMC in biological specimens, which

depend on reagents with sufficient UV absorption or

fluorescent functional groups for sensitive detection.4–10 A

gas chromatographic method has been reported to quantify

SCMC in plasma, relying on the detection of its volatile

derivatives.11 Recently, a liquid chromatographic/mass

spectrometric method has been used to determine SCMC in

human plasma without any derivatization step.12 These

reported methods required either a long chromatographic

separation time (>10 min) to eliminate possible interference

from endogenous substances, or large plasma volumes

(>1 mL) to achieve a lower limit of quantitation (LLOQ) of

200 ng/mL.

This paper describes a more rapid, sensitive and selective

liquid chromatographic/tandem mass spectrometric (LC/

MS/MS) method to determine carbocysteine in human

plasma, using a derivatization reaction to increase ionization

efficiency of the analyte. The method was demonstrated to be

sufficiently sensitive for pharmacokinetic studies of carbo-

cysteine using only 0.2-mL plasma samples.

EXPERIMENTAL

Materials
Carbocysteine was purchased from the National Institute

for the Control of Pharmaceutical and Biological Products

(Beijing, China). 2-Pyridylacetic acid hydrochloride (internal

standard, IS) was purchased from Kasel Kogyo Co. (Tokyo,

Japan). Methanol and acetonitrile were of HPLC-grade, and

other chemicals used were of analytical grade. Distilled

water, prepared from demineralized water, was used

throughout the study.

Preparation of stock and sample solutions
A stock solution of SCMC was prepared by dissolving the

accurately weighed reference compound in 10 M hydrochlo-

ric acid/methanol (1:100, v/v) to give a final concentration of

400 mg/mL. The solution was then serially diluted with

methanol to achieve standard working solutions at concen-

trations of 16 000, 12 000, 8000, 4000, 1600, 640, 200, 80 and

40 ng/mL for SCMC. A 10 mg/mL internal standard working

solution was prepared by diluting the 400 mg/mL stock solu-

tion of 2-pyridylacetic acid with methanol. Structural formu-

lae of SCMC and the internal standard are shown in Fig. 1. All

the solutions were stored at 48C and were brought to room

temperature before use.

For preparation of standard curves or for quality control

samples, the standard working solutions of SCMC (100 mL)

were used to spike blank plasma samples (0.2 mL), both in

prestudy validation and during the pharmacokinetic study.

Extraction and derivatization procedure
To a 0.2-mL aliquot of plasma were added 100mL of 10mg/mL

IS solution and 300 mL of methanol. The sample mixture was
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vortex-mixed for 1 min and centrifuged at 2000 g for 5 min to

remove the precipitate. A 200-mL aliquot of the supernatant

was transferred into a glass tube and evaporated to dryness

under nitrogen in a TurboVap evaporator (Zymark, Hopkin-

ton, MA, USA) at 408C. The residue was derivatized by treat-

ing with 100 mL of mixture of 10 M hydrochloric acid/

methanol (10:90, v/v) and heated at 708C for 15 min. The reac-

tion solution was cooled and 200 mL of water were added,

then vortex-mixed. A 20-mL aliquot of the mixture solution

was injected onto the LC/MS/MS system.

LC/MS/MS conditions
LC/MS/MS analyses were performed using a Shimadzu LC-

10AD pump (Kyoto, Japan) and a Finnigan TSQTM triple

quadrupole tandem mass spectrometer (San Jose, CA,

USA). Chromatographic separation was achieved using a

Zorbax Eclipse XDB C8 column (150� 4.6 mm i.d., 5 mm par-

ticle size; Agilent, Wilmington, DE, USA) at 228C. The mobile

phase consisted of methanol/water/formic acid (30:70:1,

v/v/v), delivered at a flow rate of 0.5 mL/min. Mass spectro-

metric analysis was performed in the positive atmospheric

pressure chemical ionization (APCI) mode with the corona

discharge current set at 4mA. Nitrogen was used as the sheath

gas (70 psi) and the auxiliary gas (3 L/min) to assist with neb-

ulization. The interface capillary was heated to 2508C. The

vaporizer temperature was 4508C. Collision-induced disso-

ciation (CID) studies were performed using argon with a col-

lision cell gas pressure of 1.4 mTorr. Collision energies of 15

and 22 eV were used for SCMC and the IS, respectively.

Quantitation was performed using selected reaction monitor-

ing (SRM) of the transitionsm/z 208! 191 for the SCMC deri-

vative, and m/z 152 ! 92 for the IS derivative, with a dwell

time of 0.3 s per transition. The peak widths of precursor

and product ions were maintained at �0.8 Th at half-height

in the SRM mode. Data acquisition was performed with Xca-

libur 1.1 software (Finnigan). Peak integration and calibra-

tion were performed using Finnigan LCQuan software.

RESULTS AND DISCUSSION

LC/MS/MS optimization
Atmospheric pressure ionization (including APCI and ESI)

MS is a proven technique for the rapid and sensitive determi-

nation of drugs and metabolites. Its sensitivity depends on

the nature of the analyte and the mobile phase composition.

SCMC is an amino acid analog. When a solution of SCMC

(10 mg/mL dissolved in the mobile phase) was injected into

the MS by syringe pump, a poor MS signal was observed, pre-

sumably due to the counter ion effect between the carboxyl

and amino groups of the molecular structure. (A zwitterion

is electrically neutral and gives no signal in MS.) Although

an LC/MS method has been developed to directly determine

plasma concentrations of SCMC, it provided an LLOQ of 200

ng/mL and required long chromatographic times (16 min) to

remove interferences.12 To overcome these problems, chemi-

cal derivatization can be used to alter the MS and LC proper-

ties of the analyte. Butyl ester derivatization combined with

the MS/MS method has been successfully applied to deter-

mine blood concentrations of amino acids for screening of

inborn errors of metabolism,13,14 in which chromatographic

separation was not needed when stable-isotope-labeled ami-

no acids were used as the internal standards to eliminate the

matrix effects on ionization. A stable-isotope-labeled SCMC

was not available in our case. Therefore, another amphoteric

compound, 2-pyridylacetic acid, was utilized as internal

standard. A chromatographic separation is necessary to

minimize ion suppression effects from endogenous compo-

nents of the plasma. To reduce chromatographic run-time,

methylation instead of butylation was employed here

because methylated derivatives are more polar than their

butylated homologues.

SCMC contains two carboxylic acid groups, which can be

esterified to form mono-methylated derivatives (two iso-

mers) or one bis-methylated derivative. We first confirmed

the form of the SCMC derivatives using the same LC/MS

conditions. The full-scan Q1 mass spectrum of a derivatized

solution of the SCMC standard is shown in Fig. 2(A); the

protonated molecule [MþH]þ of the bis-methylated deriva-

tive of SCMC was observed as the base peak (m/z 208), while

the [MþH]þ ion of the mono-ester derivatives (m/z 194) was

of less than 10% relative abundance, and the [MþH]þ ion of

SCMC (m/z 138) was not observed at all.

Figure 1. Structures of carbocysteine (SCMC) and 2-pyr-

idylacetic acid (internal standard, IS).

Figure 2. Full-scan Q1 mass spectra of a derivatized

solution of SCMC using a mobile phase of (A) methanol/

water/formic acid (30:70:1, v/v/v), or (B) acetonitrile/water/

formic acid (30:70:1, v/v). M1, mono-methylated SCMC; M2,

bis-methylated SCMC.
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To obtain higher sensitivity and specificity, SRM mode was

used to detect methylated derivatives of SCMC and the IS.

The CID behavior of the [MþH]þ ion of SCMC bis-methyl

ester is strongly dependent on the collision energy. A major

fragment ion at m/z 191 was formed using 10–15 eV collision

energy (Fig. 3(A)). When higher collision energy was used,

this ion was further fragmented, as shown by the data

reported in Table 1. The absolute intensities of these product

ions were considerably lower than that of the ion at m/z 191

obtained using the lower collision energy; the peak area

obtained using the m/z 208! 117 transition at 20 eV was

about 2.5 times lower than that obtained using the m/z

208! 191 transition at 15 eV. Thus, SRM was performed by

monitoring the transition of [MþH]þ!m/z 191 for SCMC

bis-methyl ester using 15 eV collision energy. The ion at m/z

191 was formed by loss of neutral NH3 from the [MþH]þ ion,

different from the fragmentation previously reported for

amino acid butyl esters.13,14

The methylated derivative of the IS showed the [MþH]þ

ion at m/z 152 as the base peak in the full-scan Q1 mass

spectrum. The product ion spectrum of [MþH]þ showed a

major fragment ion at m/z 92 (Fig. 3(B)). Therefore, the SRM

transition m/z 152 ! 92 was selected. The loss of 60 Da for the

IS was proposed to be methyl formate. During the early stage

of method development, attempts were also made to use ESI

as an alternative ionization method for the derivatives of

SCMC and IS. Full-scan Q1 and CID spectra were identical to

those obtained using APCI. When LC/SRM/MS analysis

was performed, ESI gave unfavorable sensitivity and

reproducibility compared with APCI. Therefore, APCI was

chosen for the analysis of these derivatives in this work.

The chromatographic conditions were optimized with

respect to peak symmetry and peak responses. When

acetonitrile was employed as the organic additive in the

mobile phase, the most abundant peak was the solvent

clustered ion [MþHþCH3CN]þ of the bis-methylated deri-

vative of SCMC, while the [MþH]þ ion showed only a weak

signal (Fig. 2). However, by using methanol as the organic

additive in the mobile phase, no solvent clustered ion was

observed. It was also found that formic acid in the mobile

phase shortened the chromatographic time of the analyte and

the IS, but had no marked effect on the sensitivity of the

analytes under APCI conditions. To achieve symmetrical

peak shapes and short chromatographic cycle times, and to

minimize the matrix effect, a mobile phase consisting of

methanol/water/formic acid (30:70:1, v/v/v) was used.

During sample preparation, it was necessary to dilute the

reaction solutions further with water, which ensured that the

organic content of the sample was approximately equal to

that of the mobile phase to avoid chromatographic peak

distortion.

Pretreatment of plasma sample and derivatization
The preparation of the methyl ester derivative of SCMC from

plasma samples consisted of a simple precipitation of pro-

teins, sample evaporation (only 200 mL supernatant), and

the derivatization procedure, and required about 1.5 h for a

bath of 60 samples.

During the early stage of method development, the

derivatization/ester formation reaction was optimized using

a SCMC standard solution (10 mg/mL). The reaction was

monitored using LC/MS/MS by monitoring the [MþH]þ ion

at m/z 180 for SCMC, m/z 194 for its mono-methyl ester, and

m/z 208 for bis-methylated derivative, to estimate the

conversion of SCMC to ester derivatives. The ratio of peak

areas for SCMC before and after derivatization was used to

estimate the efficiency of the esterification. The derivatization

experiment was performed at two reaction temperatures (65

and 708C) and monitored at three time points (0, 15 and 20

min). The results showed that increasing temperature

improved the yield of the bis-methylated derivative, but

extending the time had no significant effect on the yield. The

relative abundance ratio of bis/mono-methylated deriva-

tives in the total ion current (TIC) mass spectrum of the

reaction mixture increased from approximately 1:1 to 10:1 at

65 and 708C, respectively. Based on the peak area of SCMC,

the esterification was at least 90% efficient. The derivatization

with methanol significantly increased the ionization effi-

ciency (�100 times) of SCMC by comparing the peak area of

Figure 3. Product ion spectra of (A) bis-methylated SCMC

and (B) methylated 2-pyridylacetic acid (IS) with each

protonated molecule [MþH]þ as precursor ion.

Table 1. Effect of collision energy on the formation of fragment ions of bis-methylated SCMC in product ion scan mode

Collision energy (eV) Fragment ions (relative abundance)

15 m/z 191 (100), 163 (14), 148 (10), 131 (16)
20 m/z 191 (78), 163 (36), 148 (27), 131 (100), 117 (85), 103 (75)
25 m/z 191 (5), 148 (9), 131 (53), 117 (100), 103 (69), 88 (17), 74 (16)
30 m/z 191 (3), 148 (2), 131 (33), 117 (100), 103 (67), 88 (28), 74 (45)
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SCMC obtained before reaction with that of the bis-

methylated derivative after reaction.

The absolute recoveries of SCMC at three QC concentration

levels were determined by comparing the peak area ratios of

the analyte to IS obtained from plasma samples with the

analyte spiked before protein precipitation to those spiked

after protein precipitation. The internal standard was added

after precipitation of the protein in both cases. The absolute

recovery of the internal standard was determined in a similar

way using a medium level QC sample as a reference. The

analyte recoveries (%) under these experimental conditions

were 98.9� 2.8, 97.4� 3.6 and 97.2� 7.0 at concentrations of

40, 800 and 6000 ng/mL, respectively. The recovery of the

internal standard averaged 99.4% in human plasma.

Assay specificity
The LC/SRM/MS method has high specificity because only

ions derived from the analytes of interest are monitored.

Comparison of the chromatograms for the blank and spiked

human plasma matrices (see Fig. 4) indicated no significant

interferences at the retention times of the analyte and the IS.

The nominal retention times for the derivatives of the IS and

SCMC were 2.7 and 3.1 min, respectively.

Ion suppression effects from ‘unseen’ co-eluting endogen-

ous substances or co-administered drugs provide another

possible source of problems regarding assay specificity. The

ion suppression effect was evaluated by comparing the peak

area ratios of the derivatives of SCMC and the IS prepared

from six different SCMC-free plasma samples with those of

the derivatives of the corresponding standard solutions. The

SCMC-free plasma samples were obtained from subjects who

were administered 60 mg pseudoephedrine hydrochloride

and 30 mg dextromethorphan hydrobromide. The peak area

ratios from the six reconstituted samples had a coefficient of

variation of 5.1% and relative error of 7.2% compared with

those for standard solutions, indicating that no co-eluting

‘unseen’ compounds including pseudoephedrine, dextro-

methorphan and their metabolites could significantly influ-

ence the ionization of the derivatives of SCMC and IS.

Linearity of calibration curves and lower limit
of quantitation
The calibration range was based on the concentration

expected in the plasma samples to be analyzed. The concen-

tration range up to 8000 ng/mL proved to be sufficient for

analysis in human plasma after an oral administration of

500 mg of SCMC. During prestudy validation, the calibration

curves were defined in three runs based on triplicate assays of

the spiked plasma samples. Excellent linearity was obtained

over the concentration range of 20–8000 ng/mL. A typical

equation of calibration curves was:

y ¼ 1:747 � 10�3 þ 1:456 � 10�4x; r ¼ 0:9978:

The lower limit of quantitation (LLOQ) for determination

of SCMC in plasma, defined as the lowest concentration

analyzed with an accuracy within� 15% and a precision

�15%, was 20 ng/mL. These limits are already sufficient for

pharmacokinetic studies, although a lower LLOQ for SCMC

could still be achieved.

Precision and accuracy
Precision and accuracy of the assay were determined by repli-

cate analyses (n¼ 6) of QC samples at three concentrations

(see Table 2), by performing the complete analytical proce-

dure on the same day and also on three consecutive days.

The data from these QC samples were examined by a one-

way analysis of variance (ANOVA). The intra-day precision

Figure 4. Typical SRM chromatograms of derivatized

SCMC and IS in human plasma. (A) blank plasma sample;

(B) plasma sample spiked with SCMC (20 ng/mL) and IS

(5 mg/mL); and (C) plasma sample from a volunteer 4.0 h after

an oral administration of 500 mg SCMC in combination with

60 mg pseudoephedrine hydrochloride and 30 mg dextro-

methorphanhyrobromide.

Table 2. Precision and accuracy results for SCMC in human plasma (n¼ 3 days, 6 replicates per day)

Added C (ng/mL) Found C (ng/mL) Intra-day RSD (%) Inter-day RSD (%) Relative error (%)

20.0 39.9 6.7 0.5 �0.3
800.0 798.8 4.3 4.7 �0.1
6000 6013 5.0 2.5 0.2
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was less than 7% for each QC level of bis-methylated SCMC.

The inter-day precision was less than 5% for each QC level.

The accuracy, determined from QC samples, was within

� 1% for each QC level. The results are summarized in Table 2.

Analyte stability
The stability of the derivatives of SCMC and the IS was eval-

uated. Processed QC samples, which had been analyzed by

LC/MS/MS, were left at room temperature for 24 h and

then reanalyzed. The ester derivatives of SCMC and the IS

were found to be degraded by about 30% after 24 h, but the

peak area ratios (SCMC/IS) were shown to be stable (RE

within � 10%) under these storage conditions.

Application of the analytical method
to pharmacokinetic studies
To investigate the potential of the validated method for clin-

ical studies, it was applied to determine SCMC concentra-

tions in plasma samples after an oral administration of

500 mg SCMC in combination with 60 mg pseudoephedrine

hydrochloride and 30 mg dextromethorphan hydrobromide

to 20 healthy volunteers. Blood samples were drawn at 0, 0.33,

0.67, 1.0, 1.5, 2, 3, 4, 6, 8, 10, 12 and 24 h after oral administra-

tion, and were immediately centrifuged to separate the plas-

ma fractions. Figure 5 shows the mean plasma concentration-

time curve of SCMC after the oral administration. The drugs

co-administered with SCMC did not interfere with the deter-

mination of SCMC.

CONCLUSIONS

SCMC has been quantitated in human plasma by derivatiza-

tion combined with LC/MS/MS. This simple derivatization

procedure, combined with protein precipitation, allowed

quantitation of SCMC in plasma for concentrations ranging

from 20 to 8000 ng/mL using 0.2 mL plasma. The short chro-

matographic cycle time (3.5 min) allowed high-throughput

analysis with minimal matrix interference. More than 140

samples could be assayed daily, including sample prepara-

tion, data acquisition and processing. The quantitative meth-

od was validated with respect to linearity, precision and

accuracy, and analysis of real samples was demonstrated.

The method proved to be superior with respect to sensitivity,

selectivity and speed of analysis, compared with the analyti-

cal methods reported previously.

Acknowledgements
This work was supported by Grants #39930180 and

#30070879 from the National Natural Science Foundation of

China.

REFERENCES

1. Grillage M, Barnard-Jones K. Br. J. Clin. Pract. 1985; 39: 395.
2. Brown DT. Drug Intell. Clin. Pharm. 1988; 22: 603.
3. Allegra L, Cordaro CI, Grassi C. Respiration 1996; 63: 174.
4. Aiache JM, Borel JP, Kantelip JP. Biopharm. Drug Dispos.

1982; 3: 275.
5. Bron J. Pharm. Weekbl. Sci. 1986; 8: 134.
6. Dubruc C, Hermann PH, Haddouche A, Badarani MM,
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