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Abstract 
A review dealing with the use of flow injection technique (FIA) in the drug analysis is presented. Comments 

on the application of automated FIA systems in the quality control of pharmaceuticals and in pharmaceutical 
research are involved in the survey. Part I. comprises papers using spectrophotometry and chemiluminescence as 
detection techniques. 
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1. Introduction 

In recent years more and more strict regulations 
related to the quality control of pharmaceuticals led 
to increasing demands on the automation of 
analytical assays carried out in appropriate control 
laboratories. At the same time, during twenty-five 
years of its existence, the FIA technique [ l ]  became 
a versatile instrumental tool that contributed 
substantially to the development of automation in 
pharmaceutical analysis. This can be well 
documented by a number of reviews on the use of 
FIA in the analysis of drugs. In the field of flow 
injection in pharmaceutical analysis several reviews 
were published by our group [2-41. The latest 
reviews on this topic appeared, to our best 
knowledge, in 1990 [5] (125 references) and 1992 
[6,7] (88 references) and the most recent monograph 
devoted to the application of FIA in pharmaceutical 
control was published in 1996 [8]. 

The objective of this paper is to present an 
overview of FIA papers concerning the analysis of 
drugs that were published between 1997 and 2000 
and thus to implement and update the information 
provided earlier in the sources cited above [5-81. In 
order to facilitate better orientation of the reader in 
the respective matter we decided to adopt the scheme 
of sorting the F1A methods according to the type of 
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detection as the major classification feature (see [6] ) 
regardless of auxiliary on-line procedures employed 
within the FIA scheme, such as solvent extraction, 
dialysis, solid-phase pre-concentration, photolysis, 
use of packed-bed enzyme reactors or 
immunosorbents, etc. 

2. Comments on the application of automated 
FIA procedures in the quality control of 
pharmaceuticals and in pharmaceutical research 

A) Pharmacopoeia! assays 
It is obvious that in the quality control of drugs as 

bulk substances the inherent advantage of FIA, i.e. 
high sample throughput, is generally not required in 
conventional control laboratory; hence in this 
instance there is no need for FIA to compete with the 
established official methods. On the other hand, the 
regulations concerning quality control of 
pharmaceutical formulations (especially solid dosage 
forms) require to carry out content uniformity tests 
with large sets of individual tablets and to examine 
the liberation of the active substance from the 
formulation (dissolution tests for tablets or 
ointments). These tasks may be solved by an 
automated FIA with its excellent reagent economy 
and capacity of sampling frequencies close to 
100 h". Application of multi-sensing devices (UV- 
VIS diode-array detectors, FT-IR detection, multi- 
channel electrochemical detection with electrode 



Table 1: FIA assays with W I S  spectrophotometric detection 

I-. 

amoxyciIiin p h a r m a c e u t i c a l s ~ p h a s e ~ ~ ~  
ascorbic acid (L-) 480 cu3+ 5 - 40 pM 0.3 pM 80 15 
ascorbic acid (L-) 265 ion pairs 10- lOOpM 2 p M  30 16 
ascorbic acid pharmaceuticals 528 Rhodamine 6G 0.1 - 4  80 nglml 100 17 
ppp - - 
ascorbic acid vitamin tablets 525 KMn04, upto200ppm 7 18 
ascorbic acid pharmaceuticals 267 solid phase detection 0.2 - 20 0.02 19 
benzocaine biological fluids 510 dinitrobenzofuroxan 0.08 - 5.0 0.04 20 
novocain derivatives 0.05 
benzodiazepine human urine 550,600 NaNO*, naphtol 2.5 - 15 pM 0.3-1 pM 2 1 
bismuth ~harmaceuticals 363, 505 tetraphenylarsonium 2.3 pM -0.15 mM 1.5 LM 40 22 . . 
busulphan tablets 570 dissolution 4 -24  23 
caffeine pharmaceuticals 220 - 300 diode-array 24 
acetylsalicylic acid 1 1 1 1 1 1 1 
paracetamol 
caffeine pharmaceuticals 245 - 3 10 multivariate 2 5 
dimenhydrinate calibration 

pp 

cefadroxil pharmaceuticals 600 phenylenediamine, 80-320 --- 40 26 
cephalosporines human urine 330 pd2' 5 - 60 2 27 
chlorhexidine pharmaceuticals extraction 10 - 100 uM 40 28 

isoprenaline 10 - 300 1 
etambutol tablets 420 dissolution 50 - 300 20 37 
fluticasone solution 0-phtalaldehyde 38 
furosemide tablets 410 pd2' 20 -400 WM 55 WM 50 39 
sulphathiazole 50 - 300 LM 14 LM 
glycine pharmaceuticals 235 immobilised CuC03 50 pM - 1 mM 40 



drug matrix reagents1 technique 

iron drugs 360 1 - 10 pM 0.22M - .--- 4 8 
lactate pharmaceuticaIs 562 ferrozine 0.3 -90 50 ndml 30 49 
mimxidil pharmaceuticals 282 solid phase 0.05 - 7 6 nglml 50 
morphine solution 480 NaN02 2-40 0.6 5 1 
neostigmine pharmaceuticals 6 I0 extraction 0.1-0.5pM 18nM 48 52 
nitroglycerine 1 tablets 1 61 8 1 stopped flow 1 2 - 80 mg/l 1 1 1 5  1 5 3  
isosorbide dinitrate a 
P 

paracetamol pharmaceuticals 264 0.5 - 8,O 0.022 40 54 
paracetam01 pharmaceuticals 240 - 350 simultaneous 55 
caffeine determination 
acetylsalicylic acid 
paracetamol pharmaceuticals 300 solid phase 0.104 36 56 
salicylamide 0.35 
peroxide pharmaceuticals 350 acetic acid, propanol up to 300 nM 5 7 
hydro peroxide 
phenothiazines tablets 500 Mn02 5 - 250 5 8 
phenothiazines pharmaceuticals 526 ~ e ~ +  250 - 500 8 5 9 
pindolo1 solution 635 ~ e ~ '  5 -  120 30 60 
~romazine iniections 512 ~ e ~ ' .  ~henantroline 2 - 12 D D ~  0.1 D D ~  163 6 1 
pyridoxine 1 pham~aceuticals 1 450 1 cetylpyridinium 1 up to I mM 1 50 pM 1 60 1 62 
tenoxicam 1 pharmaceuticals 1 540,355 1 methanolic medium 1 7 - 320 1 63 

I 
- 

1 1 HCl medium 1 0.5 -8.5 1 1 1 
theophylline solution 270 solid phase extraction 1 - 100 0.5 64 
thiamine tablets, ampoules 420 hirbidimetry 50 -3mpM IOpM 90 65 

Table 2: FIA assays with chemiluminescence detection 

isoprenaline 0.04 - 2 16 n2ml 
amidopyrine injections KMn04, 0.1 -80 30 7 1 

formaldehyde 
amidopyrine solution KMn04, 0.1 - 80 mM 30 pM 72 

formaldehyde 
amitriptyline pharmaceuticals Ru(~~PY);  1 - 400 pM 0.09 - 0.3 1 73 
chlorpromazine 
analgin solution Rhodamine 6G 0.4 - 10 0.15 74 
analgin phamaceuticals Rhodamhe @Z Ce" 0.05 - I0 0.02 7 5 
ascorbic acid (L-) tablets H202, luminol 0.02 - 40 pM 8.6 nM 76 



drug matrix reagents1 linear range detection ST ref. 
technique limit 

penicillin G hexacyanoferrate 60 
beta-lactam pharmaceuticals luminol 0.2 - 200 ng 60 pg - 4.5 82 
antibiotics hexacyanoferrate ng 
chIoramphenicol pharmaceuticals lummol, co2* up to 0.3 pM 3 nM 60 83 
chlorpromazine solution H202, luminol 0.01 - 10 mM 84 
chlorotetracycline solution, urine Hz02 4OnM-4 pM 85 
ciprofloxacine tablets, capsules ce3+ 1-20 0.27 86 
clavu!anic acid pharmaceuticals H202 0.1 - 150 0.05 8 7 - - 

sulbactam blood serum luminol 0.01 - 12 0.0 1 
codeine pharmaceuticals R u ( ~ ~ P Y ) ~  50 pM 8 8 

mefenamic acid biological fluids 0.05 - 6.0 0.21 pM 
fluoroquinolones pharmaceuticals ce4', sulphite 0.04 - 30 0.016 98 
fohc acid tablets KMn04 0.1 10 WM 24 nM 99 

gentamycin 1 pharmaceuticals 1 co3+ 1 0.01 -80 1 5 ng/ml 1 I 101 
hydrochlorothiazide solution, tablets ce4+, rhodamine 0.33 - 130 pM 7.5 pM 102 
imipramine tablets KMn04 40 nglml- I I2 ng/ml 103 
isoniazid solution Mn2+, luminol 0.1 -10 30 ng/rnl 104 
isoniszid ~harmaceuticals ~ n ~ '  0.1 - I0 0.003 105 - 

isoniazid pharmaceuticals hypobromite 0.02 - I 7 ng/ml 60 106 
isoniazid pharmaceuticals hypocbiorite 10 nM - 1 pM 6 ~ I M  107 
mercaptoethane- 1 pharmaceuticals 1 ce4*, quinine 1 0.29 - 2.21 ng 1 0.21 ng 1 1 108 



drug matrix reagents1 ST ref. 
technique 

ST - sample throughput 

arrays and combination of two or more serial or 
parallel detectors in a single FIA manifold) offers 
possible solution of the selectivity problems that may 
occur when analysing multicomponent formulations. 

l3) Pharmaceutical research and industry 
FIA with its capability of automated analytical 

data collection represents a method of choice in drug 
discovery activities (screening of potential drugs, 
namely in vitroiin vivo monitoring of their biological 
effects reflected in specific chemical changes of 
examined systems in real time) in pharmacological 
drug testing (in addition to conventiona! 
pharrnacokinetic and drug-protein binding studies 

also examination of responses of cells, tissues, 
isolated organs and biological membranes to the 
effect of drugs) and in pharmaceutical tecl~nology 
(e.g., optimisation and monitoring of technological 
processes in drug production i~~cluding 
biotransfonnations in biotechnology). 

C) Comments on tables 
The above tables cover the period 1997-2000. 

Because of a large number of methods using FIA in 
pharmaceutjcal applications, they have been divided 
according to the detection technique used. The Part 1. 
includes main optical detection methods that are 
often applied in pharmaceutical assays. Table 1 



describes spectrophotometric detection in U V  and P O I  
VIS region. Table 2 shows FIA applications with 
chemilumjnescence mode that was  widely used for I2l] 
pharmaceutical analyses. The  foliowing Part 11. will 
comment other optical and mostly electrochemical Pa 
detection techniques. 
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