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Abstract: The methodological studies on biopharmaceutical analysis of drugs and their metabolites by liquid and gas 
chromatography with various detectors have been reviewed. Research articles were selected from well known journals 
published in the People's Republic of China between January 1991 and March 1993. The applications of these methods in 
bioavailability, pharmacokinetics, therapeutic drug monitoring and metabolic studies have also been discussed. 
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Introduction 

The present review is a survey of biopharma- 
ceutical analysis as published in articles from 
the leading journals edited by the colleges of 
pharmacy, medical universities, national 
medical institutes and Chinese Pharmaceutical 
Association. From the methodological point of 
view, Tables 1, 2 and 3 are listed in the order of 
the separating means: reversed-phase high- 
performance liquid chromatography (R-P 
HPLC) and gas chromatography (GC), and the 
detecting systems: UV, DAD, FLU; FID, 
ECD, NPD, MSD and MS, so as to elucidate 
the recent advance of drug analysis in bio- 
logical matrices. 

Reversed-phase HPLC 
The chromatographic conditions of the 

established R-P HPLC methods were listed in 
Table 1. In most cases, Cis hydrocarbon was 
introduced on a support by the action of 
octadecylchlorosilane, ODS, i.e. a bonded 
phase, to serve as the stationary phase [1-28], 
whereas the mixtures of water and methanol in 
various proportions were employed as the 
reversed mobile phase solvent systems [9-13, 
29]. In some cases, the use of acetonitrile- 
water mixture offered an additional degree of 
selectivity [1, 8, 20, 21]. In order to optimize 
the solvent system, methanol with phosphate 

buffer at certain pH were selected in many 
cases [2-5, 7, 11-12, 14-16, 19, 26, 27, 30]. 

Among the detecting systems connected 
with HPLC, the conventional variable ultra- 
violet detector was the most commonly 
adopted [1-20, 29-31,32-36]. The photodiode 
array detector (DAD) was used in several 
cases to examine the purity of chromatographic 
peak and for the sake of accurate identification 
of analyte [12, 20-24, 37]. According to the 
chemical structure of the drugs, the fluor- 
escence [25-27] and electro-chemical detectors 
(ECD) [28] were also selected. 

For the evaluation of the reliability and the 
overall performance of the proposed R-P 
HPLC methods, parameters involved in 
linearity, limit detection, recovery and pre- 
cision were considered in the majority of the 
published papers. 

HPLC column switching technique was used 
in several cases [32-34, 38], (Table 2) for rapid 
determination of drug concentration in plasma 
or serum and in urine by direct injection. The 
column switching system was equipped with a 
precolumn for on-line cleanup and an analyt- 
ical column for separation. The plasma or 
serum sample was treated with acetonitrile 
[32], percholoride [33] or trichloroacetic acid 
[34] to precipitate the protein, the supernatant 
to be analysed was either injected directly, 
treated with methanol and ultrasonated [38], 
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Table 3 
GC determination of drugs and their metabolites in biological fluids 

Drugs 
(metabolite) Biological fluids C o l u m n  Detector Ref. no. 

Oxysophocarpine 

lsoniazide 
(acetylhydrazine) 

p-(3,3-Dimethyl-l-triazneo) 
Benzoic acid 
Nifedipine 
Timolol, butofilolol 

(their metabolites) 
Codeine 

(metabolits) 
Nitrendipine 
Oxprenolol, proprenolol, alprenolol 

(their metabolites) 
Anileridine, levorphanol, nalbuphine, ethanmivan 

their metabolites) 
Beta-blockers 

their metabolites) 
Dehydro-chloromethyl-testosterone 

metabolites) 
Boldenone 

metabolites) 
Norethandrolone 

metabolites) 
Metandienone 

metabolites) 
Anabolic steroids 

their metabolites) 
Testosterone and epi-testosterone 

Plasma 
(rabbit) 
Plasma 
(rats) 
Plasma 
(mouse) 
Plasma 
Urine 

Urine 

Plasma 
Urine 

Urine 

Urine 

Urine 

Urine 

Urine 

Urine 

Urine 

Urine 

FID 42 

FID 43 

Capillary FID 44 

Capillary ECD 14, 45 
MSD 46 

Capillary MSD 47 

Capillary MSD 56 
Capillary NPD, MSD 49 

Capillary NPP, MSD 57 

Capillary MSD 48 

Capillary MS 50 

Capillary MS 51 

Capillary MS 52 

Capillary MS 53 

Capillary MS 54 

Capillary MS 58 

or simply diluted with acetic acid [34] or water 
[36] and injected directly onto HPLC 
precolumn. 

The use of micellar HPLC - -  the direct 
plasma injection technique was established 
[39]. 

The internal surface reversed-phase (ISRP) 
for HPLC analysis in the presence of protein 
was successfully applied to determine drug 
concentration in body fluid [40]. 

The applications of R-P HPLC methods 
listed in Table 1 and 2 for the simultaneous 
determination of drugs and their active or 
major metabolites were reported [7-10, 24]. A 
method for screening the metabolites from the 
microsomal incubation system was used to 
study the metabolism of homoharringtonine in 
vitro (25). 

Most of the R-P HPLC methods were widely 
applied to therapeutic drug monitoring, clinical 
pharmacological research [7-9, 29] as well as 
bioavailability [4, 20, 25, 31] and pharmaco- 
kinetic studies [7, 9, 11, 12, 14-19, 23, 25, 26, 
29-31, 39-41]. The related parameters were 
reported in several papers [1-16, 23, 26, 31]. 

A highly sensitive, simple, rapid and repro- 

ducible R-P HPLC method for the detection of 
drug both in plasma and saliva was introduced 
[29]. The correlation betwen the drug concen- 
tration in serum and saliva and their corre- 
sponding pharmacokinetic parameters were 
studied and compared [13]. 

A R-P HPLC screening procedure for the 
rapid determination of drugs (belonging to 
different pharmacological groups) was devel- 
oped. The urinary excret ion- t ime curves of 
some drugs were reported [37]. 

In some cases, R-P HPLC method was found 
to be much simpler and less expensive than 
that of G C - M S  [10]. 

Gas chromatography and gas chromatography- 
mass spectrometry 

The reviewed papers of G C - F I D ,  G C -  
ECD,  G C - M S D ,  G C - N P D / M S D  and G C -  
MS methods for biopharmaceutical analysis 
were collected in Table 3. G C - F I D  [42, 43], 
capillary G C - F I D  [44] and G C - E C D  [45] 
methods for the determination of drugs and 
metabolites in plasma (rabbit, rat and mouse) 
were applied to study their pharmacokinetics 
in detail. Parameters were also reported. 
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G C - M S D  [46-48] and G C - N P D / M S D  [49] 
methods for analysis of beta-blockers and their 
metabolites in urine were estabilished. The 
procedure of the extraction and derivatization 
were suitable for screening and confirmation of 
beta-blockers in dopine control. The method 
[49] had also been accepted by the Inter- 
national Olympic Committee to test the urine 
samples of athletes. 

G C - M S  methods for the analysis of steroids 
and their metabolites in human urine were 
investigated [50-54]. The structure of meta- 
bolites were elucidated [50, 52] and the meta- 
bolic pathway of steroids [50, 54] were pro- 
posed on the basis of G C - M S  feature of their 
metabolites. 

In addition to R-P HPLC and GC analysis, a 
simple radioreceptor  assay for drugs in serum 
was introduced [55]. The assay is sensitive to a 
concentration as low as 5 ng ml -~ and the 
method had been employed to determine the 
serum concentra t ion- t ime profile after i.v. 
administration of the drug to mice. 
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