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Abstract

The present paper is the third biannual review in succession to the author’s previous publications (Z.L. Qin,
Advances in biopharmaceutical analysis in the People’s Republic of China: 1991-1993, J. Pharm. Biomed Anal. 13,
1995, 1-7 and Z.L. Qin, Advances in biopharmaceutical analysis in the People’s Republic of China: 1993-1995, J.
Pharm. Biomed. Anal. 14, 1996, 1395-1403), regarding the methodological study and progress in biopharmaceutical
analysis by RP-HPLC, GC and GC-MS selected from relative journals between April 1995 and March 1997 in P.R.
China. The published methods were widely adopted in pharmacokinetic and metabolic studies. Investigation on drug
metabolism were conducted more deeply, both in vitro and in vivo, for searching the structure of metabolites and
drug metabolic pathways. The use of high performance CZE as a new trend for the analysis of drugs and metabolites
in biofluids was also reported. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction systems. The applications of the established meth-
ods are discussed in detail.
This review describes recent advances in bio-
pharmaceutical analysis of drugs and their

metabolites during the period indicated. Method- 2. Reversed-phase HPLC

ological studies are classified under two main

sections: the reversed phase HPLC and the CG From the papers published during April 1995
and GC-MS, accompanied with two tables listing to March 1997, RP-HPLC with UV detector [1—
the chromatographic conditions and the detecting 14,20-52,54,55] remain the most popular tech-

niques adopted by biopharmaceutical analysts,
* Present address: Room 6, House 2, 1664 Xie Tu Road, although DAD [15,53], FLU [16—19] and EC [71]
Shanghai, 200032, PR China. were also used occasionally.
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In addition to the detailed chromatographic
conditions such as column, mobile phase and
detector listed in Table 1, internal standards, the
important factor for bioanalysis, are also indi-
cated. Applications of the RP-HPLC methods are
summarized below.

Methodological studies on the determination of
drug concentrations in serum or plasma were
reported for finding simple, rapid, sensitive and
accurate methods [3—16]. Necessary parameters
for evaluation and validation of the designed
methods were presented in most papers.

Pharmacokinetic studies [17-38] were devel-
oped rapidly during the reviewed period. In depth
research work in human or animal were carried
out to elucidate the absorption, distribution,
metabolism and excretion of drug in the body.
The pharmacokinetic parameters were used in
clinical treatments to optimize dosage regime in
different patients to ensure safety and efficacy of
drugs. For instance, in the case of adriamycin,
intra-arterial infusion was found to be more effec-
tive and less toxic than the intravenous infusion
[18]; in renal failure patients with very slow excre-
tion, cefizoxime was given in smaller dose or
longer interval between administrations [25].
Pharmacokinetics studies on sustained release
tablets [24,26] were also reported.

Bioavailability and bioequivalent studies [39-
47] were made on drugs in various dosage forms
or from diverse origins. The pharmacokinetic
parameters obtained from blood concentration-
time curve were compared to show the relative
bioavailability of certain formulations.

Metabolic studies [48—55] on the determination
of major and active metabolites of drugs [48—50]
in human or rabbit serum and plasma were re-
ported for use in drug monitoring or pharmacoki-
netic studies. Besides the isolation and analysis of
drug metabolites further studies on metabolism
were discussed [51-55]. Structures of metabolites
were identified and confirmed by means of UV,
IR, MS or NMR to elucidate the pathway of
biotransformation [52,54]. The incubation of rat
liver microsomes in vitro was used to study the
metabolic transformation of 6-chlorobutyl ph-
thalide (CBP) [53], and the major metabolites of
CBP were identified.

3. GC and GC-MS

Methodological studies on GC and GC-MS
techniques [56—70] selected from research papers
published in the past 2 years were displayed in
Table 2, listing biosamples, internal standards,
capillary columns with length and inner diameter,
detectors and applications in the following
aspects.

3.1. Pharmacokinetic and bioavailability studies

GC-ECD [56,57] were used for analysis of
atenolol [56] and bromhexine HCI capsules [57].
GC-MS/SIM methods [64-66] were applied to
study pharmacokinetic parameters of morphine
[64] controlled release tablets, buspirone [65] and
pravastatin [66].

3.2. Toxicological analysis and emergent
intoxicated cases

Solid phase extraction [58—-62] connected with
GC using different detectors were employed to
isolate and analyse groups of drugs in biofluids
and tissues: GC-NPD for 5 tricyclic anti-depres-
sant drugs (TCAs) [58], GC-FID for screening 24
sedative, hypnotic and anticonvulsant drugs [59],
and for eight acidic and basic drugs [60], GC-FID
and GC-MS for 34 basic drugs [61] and seven
barbiturates [62]; GC-MS, for secobarbital and its
four metabolites [63].

3.3. Study of drug metabolism in vitro and vivo
by GC-MS

Six metabolites of penbutolol [67] were isolated
from human urine, and the predicted possible
structures were confirmed by MS data. The
metabolism of n-butylphthalide (NBP) [68] was
investigated. NBP and its four oxidative metabo-
lites were determined in rat urine. The metabolic
pathway of NBP in vivo was found to be agree-
able with the results obtained in vitro. Metabolic
study on biotransformation (in vitro) of 6-
methoxy butyl phthalide (MBP) [69] was carried
out by GC-MS and GC-MS with TMS derivatiza-
tion using phenobarbital induced rat liver micro-
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somes, where as the study on MBP in vivo [70]
was done by hydrolysis of rat urine sample with
f-glucuronidase. The results of metabolic bio-
transformation of MBP in vivo well coincided
with those in vitro, and the main metabolic path-
way of MBP in vivo was discussed in detail.

High performance capillary zone electrophore-
sis (HPCZE) were used as new techniques in
biopharmaceutical analysis recently. A direct as-
say of cephalexin [72] in human plasma without
any pretreatment was reported. A method for
separation of warfarin enantiomers in serum was
established [73]. Through the metabolic transfor-
mation of the racemic warfarin in vivo the clear-
ance of S(—) warfarin was faster than that of
R(+) warfarin, thus the peak heights of S(—)
and R(+) warfarin could be identified.

Acknowledgements

I would like to thank my dear wife, Wei-Yu
Chen, for her help in the completion of the
present review.

References

[1] Z.L. Qin, Advances in biopharmaceutical analysis in the
People’s Republic of China: 1991-1993, J. Pharm.
Biomed. Anal. 13 (1995) 1-7.

[2] Z.L. Qin, Advances in biopharmaceutical analysis in the
People’s Republic of China: 1993-1995, J. Pharm.
Biomed. Anal. 14 (1996) 1395-1403.

[3] Y.P. Qin, Y.G. Zou, G.X. Rao, Determination of
metronidazole in serum by HPLC, West Chin. J. Pharm.
Sci. 27 (1996) 114-116.

[4] H.D. Li, X.H. Yan, Q. Wu, L.X. Zou, Determination of
estazolam and triazolam in serum by RP-HPLC, Chin. J.
Pharm. Anal. 17 (1997) 5-8.

[5] X.H. Yan, H.D. Li, S.G. Zhang, Y.L. Liu, K.Y. Xiao,
Simultaneous HPLC determination of three antiepileptic
drugs in serum, Chin. J. Pharm. Anal. 16 (1996) 3-5.

[6] H.D. Li, X.H. Yan, Y.H. Ou, RP-HPLC determination
of meclobemide in serum, Chin. J. Pharm. Anal. 17 (1997)
3-5.

[7] F. Qian, X.T. Jiang, A.W. Wang, Determination of dex-
tro-methorphan hydrobromide in plasma by reversed
phase HPLC, Chin. J. Pharm. Anal. 16 (1996) 147-149.

[8] H.Y. Sun, Z.S. Sun, RP-HPLC determination of midazo-
lam in plasma, Chin. J. Pharm. Anal. 16 (1996) 222-225.

[9] K. Li, F.L. Zhao, Y.H. Yuan, L. Tan, Determination of
dicofenac sodium in human plasma by RP-HPLC, Chin.
J. Pharm. Anal. 15 (1995) 17-19.

[10] L.Q. Gao, A.H. Liu, W.Y. Liu, Determination of tenoxi-
cam in plasma by RP-HPLC, J. Chin. Pharm. Univ. 26
(1995) 160-162.

[11] J.S. Zhang, X.Z. Ren, A high-performance liquid chro-
matographic method for the determination of ery-
thromycine in plasma, J. Chin. Pharm. Univ. 27 (1996)
165-168.

[12] D.K. Wang, F. Fang, S.N. Miao, J.X. Ren, J. Qi, A
HPLC method to determine pantoprazole plasma concen-
tration, J. Shenyang Pharm. Univ. 13 (1996) 246-250.

[13] X.J. Xu, Q.D. Zhu, D. Zhang, Determination of Iprifi-
avone (TC-80) in dogs plasma by RP-HPLC, J. Chin.
Pharm. Univ. 27 (1996) 235-238.

[14] D.H. Yu, L.T. Wan, Y.Q. Lou, Methodological study on
the determination of naftopidil concentration in biologi-
cal samples by HPLC, Acta Pharm. Sin. 30 (1995) 286—
290.

[15] C.L. Feng, Y.T. Liu, Y. Luo, High performance liquid
chromatographic analysis of tricyclie antidepressants in
blood samples, Chin. J. Chromatogr. 14 (1996) 282-284.

[16] G.Q. Sun, Y. Zhu, L. Gu, Q.N. Ping, Determination of
tramadol hydrochloride in serum by HPLC with fluores-
cence detector, J. Chin. Pharm. Univ. 27 (1996) 476-479.

[17] Z.Q. Zhang, S.L. Yuan, J.Z. Qiao, Determination of
bisoprolol in plasma by HPLC, Chin. J. Pharm. Anal. 16
(1996) 78-80.

[18] F. Wei, J.T. Wang, M.Y. Gu, G. Lin, N.S. He, Determi-
nation of concentration of ADM in blood by RP-HPLC,
Chin. J. Pharm. Anal. 15 (1995) 16-19.

[19] K.C. Ma, M. Wang, Y.H. Zheng, Chronopharmacokinet-
ics of salbutamol in rabbits, J. Shenyang Pharm. Univ. 13
(1996) 177-181.

[20] W. Lu, J.Z. Wang, G.L. Zhao, Y.H. Sun, HPLC determi-
nation of nimodipine in human plasma, Chin. J. Pharm.
Anal. 15 (1995) 3-6.

[21] B.C. Qian, M. Wang, Z.F. Zhou, K. Chen, R.R. Zhou,
Pharmacokinetics of tablet huperzien A in six volunteers,
Acta Pharmacol. Sin. 16 (1995) 396-398.

[22] F.L. Zhao, N. Luo, Y.S. Yuan, Determination of acy-
clovir in human plasma by ion-pair RP-HPLC and its
pharmacokinetics study, J. Chin. Pharm. Univ. 27 (1996)
674-676.

[23] Z. Hong, Y.S. Wang, N. Xu, H.M. Zhang, D.R. Liang,
Pharmacokinetics of ciprofloxacin injection in healthy
volunteers, West Chin. Univ. Med. Sci. 26 (1995) 315—
318.

[24] Y. Qin, Y.P. Cao, L. Xie, G.Q. Liu, HPLC determination
of pseudoephedrine in plasma and its pharmacokinetics in
man, J. Chin. Pharm. Univ. 27 (1996) 544-546.

[25] P. Li, Q. Cai, S. Gao, G.L. Liu, Pharmacokinetics of
ceftizoxime in renal failure patients without dialysis, Acta
Pharmacol. Sin. 16 (1995) 402—404.

[26] L. Xie, X.D. Liu, Y.S. Zhou, J. Wang, HPLC measure-
ment of verapamil in human plasma using a silica
column, J. Chin. Pharm. Univ. 26 (1995) 347-349.



Z.-l. Qin /J. Pharm. Biomed. Anal. 17 (1998) 183—192 191

[27] X.Q. Liu, Y.P. Cao, L. Tan, L.F. Yu, Simultaneously
pharmacokinetic modeling of verapami and its major
metabolite in healthy volunteers, J. Chin. Pharm. Univ.
27 (1996) 601-604.

[28] X.Z. Zhang, Y.A. Zhou, Y. Peng, H.S. Cai, Determina-
tion of tinidazole in saliva by high performance liquid
chromatography (HPLC), Chin. J. Chromatogr. 14 (1996)
127-128.

[29] Z.X. Zeng, D.Y. Bao, X.K. Liu, Y. Xiao, Pharmacoki-
netic study on norfloxacin injection in rabbits, West Chin.
J. Pharm. Sci. 12 (1997) 4-5.

[30] D.F. Zhong, R.D. Chen, X.Q. Li, W.J. Qin, J.K. Gu,
High performance liquid chromatographic determination
of Z-47 in rabbit plasma and its application to a prelimi-
nary pharmacokinetic study, J. Shenyang Pharm. Univ.
13 (1996) 201-206.

[31] J. Ma, J.W. Xie, Z.P. Jia, L. Song, S.Y. Xu, D.H. Zhao,
Pharmacokinetics of m-nifedipine in rabbits after intra-
venous injection, Acta Pharmacol. Sin. 17 (1996) 109—
111.

[32] A.D. Wen, X. Huang, Y.P. Jiang, Y.X. Fan, High-perfor-
mance liquid chromatographic determination of free fer-
ulic acid in serum of rabbits with blood stasis, Acta
Pharm. Sin. 30 (1995) 762-767.

[33] Z.Y. Qian, J. Fu, Y. Pan, The pharmacokinetics of
crocin-I in rats, J. Chin. Pharm. Univ. 27 (1996) 755-757.

[34] J.LF. Liu, Y. Zhang, Determination of n-demethyldi-
azepam and its metabolite oxazepam in plasma by HPLC
and their pharmacokinetics in rats, Acta Pharm. Sin. 30
(1995) 655-661.

[35] C. Yu, H. Zhang, Y.C. Hong, C.Y. Bao, Z.Y. Wu, X.C.

Ding, Determination of the progesterone antagonist lilo-

pristone in serum by RP-HPLC, Acta Pharm. Sin. 30

(1995) 449-453.

Z.P. Jian, L.T. Xu, D.M. Wang, J.W. Xie, HPLC deter-

mination of 4-[4"-(2",2",6",6"-tetramethyl-1"-piperidiny-

loxy)amino]-4’-demethylepipodophyllotoxin in rat plasma

and studies of its pharmacokinetics, Acta Pharm. Sin. 30

(1995) 768-772.

[37] Y.Y. Gang, Z.X. Zhang, S.Q. Zhang, X.D. Liu, D.K. An,
Pharmacokinetics and disposition of triptonide in rats,
Acta Pharm. Sin. 31 (1996) 901-905.

[38] Q.Z. Li, C.L. Zhang, The pharmacokinetics and pharma-
codynamics of cefotaxime in experimental diabetic rats,
Acta Pharm. Sin. 30 (1995) 495-499.

[39] L. Xie, X.D. Liu, X. Gao, G.Q. Liu, Determination of
flunarizine in human plasma by HPLC and its pharma-
cokinetics in man, J. Chin. Pharm. Univ. 26 (1995) 300—
303.

[40] L. Xie, X.D. Liu, X.J. Gong, G.Q. Liu, Pharmacokinetics
and relative bioavailability of tamoxifen in healthy volun-
teers, J. Chin. Pharm. Univ. 26 (1995) 84-86.

[41] X. Luo, F.D. Zeng, HPLC method for determination of
lorcainide hydrochloride in human serum, Acta Pharm.
Sin. 30 (1995) 605-609.

[42] L. Tan, J.H. Zhou, K. Li, N. Luo, Y.S. Yuan, Pharma-
cokinetics and bioavailability of captopril in Chinese

[36

healthy volunteers, J. Chin. Pharm. Univ. 27 (1996) 274—
276.

[43] D. Zhang, J.Z. Zeng, Y. Jiang, J.D. Chao, T. Li, Deter-
mination and pharmacokinetics study of gliclazide in
human plasma by HPLC, Chin. J. Pharm. Anal. 16 (1996)
157-160.

[44] X.Q. Liu, X.J. Chen, Z. Song, Q.G. Zhou, Z.H. Dou,
Assessment on relative bioavailability and bioequivalence
of glipizide, J. Chin. Pharm. Univ. 26 (1995) 311-313.

[45] X.H. Qi, X.D. Tu, Studies on tranilast sustained-release
capsules and their pharmacokinetics in healthy volun-
teers, J. Chin. Pharm. Univ. 27 (1996) 528-530.

[46] P. Wang, X.J. Chen, Pharmacokinetics and relative
bioavailability of cyclosporin pearls in healthy volunteers,
J. Chin. Pharm. Univ. 27 (1996) 338-340.

[47] J.B. Cui, N.Z. Xi, X.G. Jiang, Studies on HPLC method

for determination of 4-methylaminoantipyrine and rela-

tive bioavailabilities of analgin nasal drops in human

volunteers, Acta Pharm. Sin. 32 (1997) 65-68.

L. Tan, S.R. Yang, X.Q. Liu, Y.S. Yuan, Simultaneous

determination of verapamil and its major metabolite in

human plasma by high performance liquid chromatogra-

phy, Acta Pharm. Sin. 30 (1995) 689-693.

[49] J.P. Wang, X.B. He, HPLC determination of sulindac
and its sulphone and sulphide metabolites in serum, Chin.
J. Pharm. Anal. 15 (1995) 7-9.

[50] Z.Y. Wang, R.B. Chao, L.M. Wang, X.H. Meng, Deter-
mination of analginum and its main active metabolites in
rabbit plasma by RP-HPLC, Chin. J. Pharm. Anal. 15
(1995) 10-12.

[51] D.F. Zhong, J.K. Gu, R.D. Chen, X. Luo, Study on
major metabolites of 3H-1,2-dihydro-2-(4-methylpheny-
lamino)-methyl-1-pyrrolizinone in rabbits, Acta Pharm.
Sin. 31 (1996) 855-860.

[52] G. Fu, S.N. Dong, S.W. Sun, Y.P. Ma, Study on metabo-
lites of 5-ethyl-5-(para-fluorobenzoylpropyl) barbituric
acid in rabbits, Acta Pharm. Sin. 30 (1995) 610-614.

[53] S.H. Peng, Y.Y. Cui, T.H. Zhou, Studies on metabolism
of 6-chloro butyl phthalide by rat liver microsomes, Acta
Pharm Sin. 31 (1996) 466-471.

[54] X. Chen, S.N. Dong, Studies on the metabolites of te-
tramethylpyrazine in rabbits, Acta Pharm. Sin. 31 (1996)
617-621.

[55] D.F. Zhong, X.Y. Chen, R.D. Chen, X. Luo, A study on
the major metabolite of etofesalamide in rabbits, J.
Shenyang Pharm. Univ. 13 (1996) 240-245.

[56] J.H. Peng, T.S. Tu, J.D. Xin, Determination of atenolol
in human plasma by gas chromatography, J. Chin.
Pharm. Univ. 26 (1995) 344-346.

[57] P. Nadongo, J. Chen, X.D. Tu, Studies on formulation
and pharmacokinetics in man of bromhexine hydrochlo-
ride capsules, J. Chin. Pharm. Univ. 27 (1996) 83-86.

[58] S.Z. Feng, J. Sun, Y. Liu, Y.L. Li, F.L. Wang, Solid
phase extraction of five tricyclic antidepressant drugs
from whole blood and tissue samples followed by capil-
lary gas chromatography with NPD, Chin. J. Pharm.
Anal. 16 (1996) 75-89.

[48



192 Z.-l. Qin /J. Pharm. Biomed. Anal. 17 (1998) 183—192

[59] F.H. Qiu, L. Liu, L. Guo, Y. Luo, Y.Q. Lu, Study on the
application of solid-phase extraction in rapid screening of
sedative, hypnotic and anticonvulsant drugs in human
plasma using X-5 resin as adsorbent, Chin. J. Pharm.
Anal. 16 (1996) 12-18.

[60] F.H. Qiu, L. Liu, Y. Luo, Y.Q. Lu, A double column
double pH solid phase extraction and capillary GC/FID
method for rapid simultaneous determination of acidic
and basic drugs in human plasma, Acta Pharm. Sin. 31
(1996) 205-208.

[61] F.H. Qiu, L. Liu, Y. Luo, F. Liu, Y.Q. Lu, Systematic
analysis of basic drugs in plasma using X-5 solid-phase
extraction GC-FID and GC-MS, Acta Pharm. Sin. 31
(1996) 296-299.

[62] F.H. Qiu, L. Liu, L. Guo, Y. Luo, Y.Q. Lu, Rapid
identification and quantitation of barbiturates in plasma
using solid-phase extraction combined with GC-FID and
GC-MS method, Acta Pharm. Sin. 30 (1995) 372-377.

[63] X.Y. Hu, Y. Luo, J.L. Feng, Analysis of secobarbital and
its metabolites in biological sample, Chin. J. Chromatogr.
13 (1995) 178-181.

[64] K.H. Cai, B.Y. Tan, Z.W. Li, H.Y. Chen, Pharmacoki-
netic studies of controlled release tablets of morphine by
GC-MS, Chin. J. Pharm. Anal. 16 (1996) 89-92.

[65] J.Z. Qiao, S.L. Yuan, Z.Q. Zhang, Determination of
buspirone in human plasma by GC-MS, Chin. J. Pharm.
Anal. 16 (1996) 370-372.

[66] K.H. Cai, B.Y. Tan, Z.Y. Feng, ZW. Li, M. Huang,
X.L. Zhao, The quantitative method of pravastatin in
plasma by gas chromatography/mass spectrometry, Chin.
J. Chromatogr. 14 (1996) 121-123.

[67] L. Shen, Y.X. Xu, C.J. Zhang, Y. Wu, S. Wang, K.R.
Cui, Analysis of penbutolol and its metabolites in human
body fluid by gas chromatography-mass spectrometry,
Acta Pharm. Sin. 30 (1995) 702-705.

[68] S.H. Peng, T.H. Zhou, Investigation on in vivo
metabolism of n-butyl phthalide, Acta Pharm. Sin. 31
(1996) 780-784.

[69] S.H. Peng, Y.Y. Cui, T.H. Zhou, Studies on metabolism
of 6-methoxy butyl phthalide by rat liver microsomes,
Acta Pharm. Sin. 31 (1996) 539-542.

[70] S.H. Peng, T.H. Zhou, Investigation on in vivo
metabolism of 6-methoxy n-butyl phthalide, Acta Pharm.
Sin. 31 (1996) 950-954.

[71]1 H. Li, Z.H. Ge, N. Wang, Determination of naloxone
hydrochloride and naltrexone hydrochloride in plasma by
HPLC with electrochemical detector, Chin. J. Pharm.
Anal. 16 (1996) 18-22.

[72] F.H. Sun, L. Wang, Y.Y. Yang, Y.K. Zhang, Direct

assay of cephalexin in human plasma by high perfor-

mance capillary zone electrophoresis, Chin. J. Chro-

matogr. 14 (1996) 132-133.

T. Liang, K.Y. Zhou, H. Ding, G.X. Ling, Determination

of warfarin enantiomers in serum by capillary elec-

trophoresis, J. Chin. Pharm. Univ. 28 (1997) 36-38.

[73



