
404 

TABLE II 

EXTRACTION RECOVERIES OF AMBENONIUM FROM SERUM SAMPLES 

Concentration Recovery 
added (mean&SD, 

(ns/ml) n=6) 

(%) 

25 977+44 
10 0 1000+29 

peak Under the above conditions, a maximum and constant recovery (97- 
100%) was obtamed (Table II). 

We tested the addition of several quaternary ammomum compounds to serum 
(1 pg/ml) using the proposed method: methylbenactyzium bromide, oxapmm 
iodide, domiphen bromide, propanthlme bromide, clocapramme hydrochlo- 
ride, benzethonmm chloride, benzalkonium chloride, neostignnne bromide, 
distigmme bromide and prahdoxime iodide Of these compounds, only the peak 
of methylbenactyzmm bromide was near that of AMBC The retention time 
was 12 mm, so it did not mterfere with the determmation of AMBC Drugs 
given concomitantly to patients with MG, such as predmsolone and atropme 
sulphate, did not interfere 

Several quaternary ammonmm compounds that had ester structures were 
exammed as possible internal standards, but they are not recommended be- 
cause of their mstabihty m serum or aqueous solutions Timepidmm bromide 
was very stable under the conditions adopted and the recovery was good, so it 
was selected as the internal standard. 

We determmed AMBC concentrations m patients’ serum by the proposed 
method after oral admmistration of the drug. Serum concentration-time pro- 
files were obtamed in two mstances (Fig 5). Patient A was given an oral dose 
of 10 mg of AMBC and patient B was given two doses of 40 and 30 mg m the 
sampling period. Patients A and B received previous doses of 10 mg at 4 h and 
5 mg at 14.5 h before the beginning of samplmg, respectively The profile of 
patient A showed a peak serum concentration (C,,,) immediately after oral 
admnnstration That m patient B also showed a C,,, after the first dose, but 
not after the second The reason for the absence of a C,,, was not elucidated 
The time to reach C max was almost the same m both mstances (l-l.5 h) C,,, 
normalized with a dose was different m the two mstances, being 0 84 ng/ml.mg 
in patient A and 0 20 ng/ml*mg m patient B Only one report of human serum 
AMBC concentrations has been published Bloch et al. [ 41 reported C,,, val- 
ues of about 20 and 40 ng/ml with oral doses of 5 and 10 mg, respectively 
However, the concentration of AMBC in serum from patients was not as high 
m our study 
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Fig 5 Serum ambenonmm concentration-time profiles m two patients with myasthema graves 
under multiple oral therapy Patlent A (. ) received 10 mg of AMBC Patlent B (o ) received 40 
and 30 mg at the Interval shown Each value 1s the average of duplicate determmatlons Patlent 
A (C K ), female, age 33 years, height 149 cm, weight 65 kg, dally dose 50 mg, patlent B (N T ), 
female, age 42 years, height 158 cm, weight 55 kg, dally dose 80 mg 

The correlation between dose and serum concentration was mvestlgated m 
patients who had received AMBC under a diet or under fasting (Fig. 6) AMBC 
concentration was determined m serum collected 3 h after dosing, and dose 
was normalized with body weight We could not obtain a clear correlation m 
either group because of a large inter-mdrvldual variablhty of the serum con- 
centrations The effect of diet before admnnstratlon was investigated when 
the serum AMBC concentration was normalized with dose versus body weight 
The mean value + standard deviation was 0.126 -t 0 164 ng/mg* kg (n = 10) un- 
der a diet and 0 295-tO 214 ng/mg*kg (n=17) under fasting In view of the 
low bioavallablhty of reversible cholmesterase mhlbltors, the serum concen- 
tration of AMBC was affected by various factors, mvolvmg mgestlon of food 
and comedlcatlons [l] These effects remam to be confirmed by more studies 

Pharmacokmetlc studies may be advanced by the more intensive determl- 
nation of serum concentrations of AMBC, and the proposed method should be 
useful for such studies 
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Fig 6 RelatIonshIp between serum ambenonmm chloride concentration and normahzeddose with 

body weight (mg/kg) The blood was collected 3 h after oral admmlstratlon of ambenomum chlo- 

ride under a diet ( l ) or fasting ( o ) Regression line A, under a diet (y= 3 7632x + 0 3035, r=O 2407, 

n = lo), regresslon line B, under fasting (y = 3 5880x + 1 5846, r= 0 0950, n = 17) Patients under 

diet number, ten (five male, five female), age, 45 9 +- 14 0 years, body weight, 55 5 in 8 4 kg, study 

dose, 6 0 i 2 1 mg, serum concentration, 0 73 + 0 83 ng/ml Patients under fasting number, sev- 

enteen (eight male, tune female), age, 42 7 & 14 0 years, body weight, 58 4+ 11 2 kg, study dose, 

7 4 + 2 6 mg, serum concentration, 2 04 ? 1 61 ng/ml 
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SUMMARY 

A thin-layer chromatographlc screenmg procedure for some basic, neutral and acldlc drugs was 
developed using 3 ml of horse plasma Chloroform-2-propanol (95 5, v/v) was used as the ex- 
traction solvent The drugs were Identified by a high-performance thin-layer chromatographlc 
plate and spraying successively with some deteckon reagents In this study, the extraction recov- 
ery rates and the detection hmlts were determined at the same time 

INTRODUCTION 

The advantages of thin-layer chromatography (TLC ) as a sensltlve, simple 
and rapid method for the rdentlficatlon of orgamc compounds are well known 
Our laboratory has been applymg it as a test of drugs on urme of racehorses 
[ 1 ] and we screen ca. 86 000 urme samples annually. 

As m the case with other methods, various improvements have been mtro- 
duced to such high-performance TLC (HPTLC) plates [2] and TLC plates 
with a concentratmg zone [3] Also, there are many reports of new types of 
TLC chamber. [ 41 

This paper describes a simple TLC screening method for the detectlon of 
thirty-four neutral and basic drugs and eighteen acldlc drugs m horse plasma 

0378-4347/89/$03 50 0 1989 Elsevler Science Publishers B V 
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EXPERIMENTAL 

Reagents and equipment 
The reagent-grade solvents and chemicals were used without further purl- 

fication. The drugs were commercial products, and each was confirmed by TLC 
to be free of impurities before they were used m the experiments. 

Thin-layer plates (10 cm x 10 cm) were coated with silica gel 60 FZh4 with a 
concentrating zone (HPTLC plate, E. Merck). Before use, some gel was scraped 
off the plate using a thick needle to make slits at 5mm and 3-mm intervals so 
that thirteen samples could be applied per plate A developmg chamber for 10 
cmx 10 cm glass plates, with two solvent tanks (Camag), was used A UV 
detector (Model C-70G, Ultra Violet Products, U S.A.) was used, set at 254 
and 365 nm. 

Horse blood samples were collected from the Jugular vein using heparunzed 
tubes (Nippro Neo-Tube, NT-HE 1000 Nipro, Japan) Immediately after col- 
lection, the samples were centrifuged for 5 mm at 3000 g to obtain plasma. The 
plasma was frozen until use 

Preparatcon of standard solutzons 
Each drug was dissolved m ethanol at a concentration of 5 pg/ml Each 

ethanol solution was used as it was or after dllutlon to an appropriate 
concentration. 

Extra&on of drugs from horse plasma 
Thirty-four alkali-extractable drugs and eighteen acid-extractable drugs were 

added each to horse plasma sample at a concentration of 1 pug/ml, and extrac- 
tion was performed m accordance with one of the followmg methods. 

AZkaZz extraction A 3-ml volume of plasma was placed in a centrifuge tube 
(115 mmx 16 mm) with a universal stopper, and 0.2 ml of a 20% potassium 
carbonate solution and 4 ml of chloroform-2-propanol (95 5, v/v) were added 
followed by shaking for 5 mm The mixture was centrifuged at 3000 g for 5 min 
at 5°C The aqueous layer was aspirated off and the orgamc layer was trans- 
ferred to a tapered test-tube (110 mmx 16 mm) through a filter paper on a 
glass funnel Two drops of a 5% acetic acid m ethyl acetate solution were added 
to this test-tube to protect low-bollmg-pomt basic drugs from evaporating off, 
and the extract was evaporated to dryness under a stream of nitrogen gas The 
residue was dissolved m 0 1 ml of ethanol and applied to the TLC plate. 

Acrd extractron A 3-ml volume of plasma was placed m the centrifuge tube, 
and 0.2 ml of 0 25 M sulphurlc acid and 6 ml of chloroform-2-propanol (95 5, 
v/v) were added. Extraction was performed as for alkali extraction, and the 
residue was dissolved in 0 1 ml of ethanol and applied to the TLC plate. 



Thm-layer chromatography 
A&x&extracted drugs_ The entire volume of the sample (0.1 ml) was applied 

to the plate using a microsynnge, and the plate was dried at room temperature 
The plate was developed to a herght of ca. 6 cm usmg chloroform-methanol- 
ammonia (90 10 0 5, v/v) and dried at room temperature, and the spots were 
vlsuahzed under UV light at wavelengths of 254 and 365 nm. Next, nmhydrm 
reagent was sprayed, and the plate was heated at 100’ C for 5 min and cooled 
to room temperature. Then Simon reagent, concentrated sulphurlc acid, io- 
doplatmate reagent and Dragendorff reagent were sprayed, m that order. 

Acad-extracted drugs The sample was applied to the plate as for the alkah- 
extracted drugs and developed using ethyl acetate-methanol-ammonia 
(100 18 0.5, v/v). After visualization at 254 and 365 nm, 0.1% drphenylcar- 
bazone m ethanol, 1% mercurous nitrate m 1% nitric acid, Mandelm reagent 
and Dragendorff reagent were sprayed successively 

Detect&on reagents 
Nznhydrzn reagent This consisted of 0.5% ninhydrm m butanol. 
Srmon reagent Solution A was 28% sodmm carbonate solution, and solutron 

B was 1% sodium nitroprusslde solution. Solutions A and B were sprayed suc- 
cessively on the plate, which was then placed m a chamber saturated with 
acetaldehyde vapour. 

Iodoplatznate reagent This reagent was made by addmg 1 g of platinic chlo- 
ride m 10 ml of water to IO g of potassium Iodide in 250 ml of water. The 
mixture was diluted to 500 ml with water. 

Dragendorffreagent A 1.5-g amount of bismuth subnitrate in 4.5 ml of con- 
centrated hydrochloric acid was added to 9 g of potassium lodrde m 30 ml of 
water. The mixture was diluted to 150 ml with water. 

Recovery studtes 
A l-pug amount of each drug was added to 3 ml of horse plasma in order to 

examine the efficiency of the extraction procedure. The recovery of drugs was 
determined by gas chromatography or high-performance liquid chromato- 
graphy. The mean recovery was the average value from five spiked samples. 

Detectzon lrmrt 
An aliquot of each drug solution m ethanol was added to horse plasma and 

diluted stepwise by blank horse plasma. After the extraction, the extracts were 
applied to the TLC plate. The detection limit was determined from five posi- 
tive results on five spiked samples. 
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RESULTS AND DISCUSSION 

Extra&on 
The pH of horse plasma separated from the blood collected m heparnnzed 

tubes was 8.25 + 0.30 (n= 190) It was decided to adJust the pH to 10 for alkah 
extraction and 5 for acid extraction, since extensive emulsion formation oc- 
curred at strongly acidic pH. Therefore, a study was made to find appropriate 
buffers. As a result, it was found that addition of 0.2 ml of 20% potassium 
carbonate to 3 ml of plasma for alkali extraction and 0 2 ml of 0 25 M sulphuric 
acid to 3 ml of plasma for acidic extraction would brmg the pH to 10.23 + 0.12 
(n=190) and 5.44?0 31 (n=33), respectively Pentz and Shutt [5] used a 
chloroform-acetomtrile-ethyl acetate solution (4 3 2) for both alkali and acid 
extraction of drugs m human plasma, and analysed the extracts by gas chro- 
matography. When this solvent was used for horse plasma, plasma components 
interfered with the detection of drugs by TLC for both the alkah and acid 
extracts. Thus, other solvents were tested, and chloroform-2-propanol (95 5, 
v/v) was selected. The amount of solvent added to 3 ml of plasma was optl- 
mized, with the purpose of establishing a simple and rapid analytical method 
To do this, the volume of the test-tube, the centrifugatlon time and the recov- 
ery were studied, and the volume of solvent was fixed at 4 ml for alkali extrac- 
tion and 6 ml for acid extraction. 

Recovery 
The recoveries of drugs from horse plasma are shown m Tables I and II. 
In the case of alkali extraction, caffeine, cocame and methylephedrine showed 

high recoveries of 97 0,97.2 and 97.9%, respectively. The recovery was 514% 
for ephedrine, 32.8% for theobromine and only 6 4% for theophyllme. The 
recovery of morphine was also low, 6.9%. This is because the pH range suitable 
for its extraction IS narrow and its optimal extraction pH is 9. The low recovery 
of 8 9% for dyphylline is thought to be due to its high water solublhty 

In the case of acid extraction, the recoveries of barbiturates were all 60% or 
higher except for metharbital (36.0% ). These recoveries are close to those re- 
ported by Bailey and Kelner [6], who carried out diethyl ether extractions 
from human plasma at pH l-2. Since our method does not use diethyl ether, 
it is thought to be safe and useful as a routine method. Flufenamic acid and 
mefenamic acid, both anti-inflammatory drugs, showed 79.6 and 79.2% recov- 
ery, and phenylbutazone exhibited a 65.2% recovery Theophylline, which gave 
a low recovery in the alkali extraction, showed a better recovery of 58 1% m 
the acid method 

Thm-layer chromatography 
There have been many studies [ 7-111 of developing solvents and detection 

reagents for TLC of neutral, basic and acidic drugs. The solvent systems were 
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TABLE I 

RECOVERIES OF ALKALI-EXTRACTABLE DRUGS FROM HORSE PLASMA 

Dw Recovery DNg Recovery 
(meanfSD,n=5) (mean*S D , n=5) 
(So) (SD) 

Ammopyrme 838&l 1 Morphme 69+06 
Ankpyrme 93 7?80 Nlcotme 928+84 
Caffeme 970+15 Nlkethamlde 911?46 
Chlorpromazme 480&13 Oxyethyltheophyllme 422?14 
Chlorpromazme- 724k51 Oxypropyltheophylhne 828+12 

sulphoxlde Pentazocme 82 1230 
Cocaine 972kO8 Phenacetm 362f09 
Dlbucame 887t53 Procame 830_+17 
Dyphylhne 89*08 Promazme 964i19 
Ephedrine 514i26 Strychnine 878F41 
Lldocame 705225 Tetracame 533&67 
Methamphetamme 811i16 Theobromme 328+54 
Methapynlene 819?36 Theophylhne 64+05 
Methylephedrme 979?38 

TABLE II 

RECOVERIES OF ACID-EXTRACTABLE DRUGS FROM HORSE PLASMA 

Drug 

Allobarbltal 
Amobarbltal 
Barbital 
Cyclobarbltal 
Flufenamlc acid 
Hexobarbltal 
Mefenamlc acid 
Mephobarbltal 

Recovery Drug Recovery 
(meaniS D , n=5) (mean?SD,n=5) 
(%I (%) 

606?11 Metharbltal 360?3 2 
787+32 Pentobarbltal 723&22 
667+30 Phenobarbital 938+2 1 
665+20 Phenylbutazone 652+19 
796+22 Prlmldone 480?18 
834tl7 Secobarbltal 878+2 1 
792i30 Theophylhne 581+24 
686123 Thlopental 878&2 1 

studied for their abihty to separate each drug from other drugs and to separate 
each drug from plasma components Our investigations led to the use of the 
solvent systems chloroform-methanol-ammoma (90 10 0 5, v/v)and ethyl 
acetate-methanol-ammonia (100 18 0.5, v/v) for alkah-extracted and acid- 
extracted drugs, respectively. 

A 3-pg amount of each drug was applied to the TLC plate, and after devel- 
opment the spots were detected by UV light and by an overspray method con- 
sistmg of a combmatlon of detection reagents Tables III and IV show RFvalues 
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TABLE III 

RF VALUES, UV ABSORPTION, REACTION TO SPRAY REAGENTS AND DETECTION LIMITS 

OF THE ALKALI-EXTRACTABLE DRUGS IN TLC 

Drug RF Detectlox? DetectIon 

(X100) limit 
uv Color of spot (n=5) 

(&ml) 
Nmhydnn Slmon Iodoplatmate Dragendorff 

Ammopyrme 

Amphetamme 

Antlpynne 

Atropme 

Brucme 

Caffeine 

Chlorpromazme 

Chlorpromazme 

sulphoxlde 

Cocaine 

Dlbucame 

Dyphylhne 

Ephedrine 

Lldocame 

Methamphetamme 

Methapynlene 

Methylephedrme 

Methylphemdate 

Morphine 

Nlcotme 

Nlkethamlde 
Oxyethyltheophylhne 

Oxypropyltheophylhne 

Pentazocme 

Pentetrazol 

Phenylbutazone 

Phenacetm 

Plpradrol 

Procaine 

Promazme 

Scopolamme 

Strychnine 

Tetracame 

Theobromme 

Theophyllme 

56 

24 

41 

6 
34 

67 

50 

25 

76 

60 

21 

5 
81 

20 

54 

12 

59 

13 

57 

71 

36 

46 

32 

73 

43 

52 

52 

46 

45 

44 

30 

56 

48 

36 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 

Pink 

Light pmk 

Light pmk 

Purple 

Purple 

Purple 

Purple 

Purple 

Purple 

Light pmk Blue 

Purple 

Purple 

Blue 

Purple 

Pmk Purple 

Blue 

Purple 

Purple 

Purple 

Purple 

Orange 

Orange 

Orange 

Orange 

Orange 

Orange 

Orange 

Orange 

0 05 

0 90 

0 05 

0 10 

0 10 

0 05 

0 05 

0 05 

Orange 0 30 

Orange 0 10 
Orange 0 80 
Orange 0 05 

Orange 0 50 

Orange 0 05 
Orange 0 10 
Light orange 0 20 
Orange 0 30 
Orange 0 90 
Orange 100 

Orange 0 30 
Orange 0 05 
Orange 0 05 
Orange 0 20 
Yellow-orange 3 00 

Orange 100 

0 10 

Orange 0 50 
Orange 100 
Orange 0 05 

Orange 0 20 
Orange 0 10 
Orange 150 
Orange 0 30 
Orange 0 10 

“A 3-pg amount of each drug was applied to the plate UV detectlon was at 254 and 365 nm 

m alkali-exobtained with each solvent system. These developing systems led 
to RF values larger than 0 2, except for atropme, ephedrine, morphme and 
methylephedrme m alkali-extracted drugs and flufenamlc acid and mefenamlc 
acid m acid-extracted drugs. Drugs were also separated from plasma compo- 
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TABLE IV 

&VALUES, UV ABSORPTION, REACTION WITH SOME SPRAY REAGENTS AND DETECTION 
LIMITS OF THE ACID-EXTRACTABLE DRUGS IN TLC 

Drug RF Deteckon” Detection 

( x 100) hmlt 

Allobarbltal 75 
Amobarbltal 77 

Barbital 71 
Cyclobarbltal 73 
Flufenamlc acid 19 
Hexobarbltal 78 
Mefenamlc acid 20 
Mepbobarbltal 79 
Metharbltal 78 
Pentobarbltal 77 
Phenobarbital 69 
Phenylbutazone 33 
Prlmldone 59 
Secobarbltal 80 
Theobromme 41 
Theophyllme 24 
Thlamylal 74 
Thlopental 83 

uv 

W 
W 
W 
W 
+ 
W 
+ 
W 
W 
W 
W 
+ 
W 
W 
+ 
+ 
W 
W 

Colour of spot (n=5) 

(pglml 1 
DPC + HgNOab Mandehn Dragendorff 

Pmk 0 05 
Pmk 0 10 
Pmk 0 10 
Pmk 0 10 
Blue Blue 0 10 
Pink 5 00 
Blue Blue 0 10 
Pmk 0 50 
Pmk 2 00 
Pmk 0 20 
Pmk 0 10 
Blue Yellow-orange 100 
Pmk 5 00 
Pmk 0 10 
Blue Orange 0 10 
Blue Orange 0 10 
Pmk 100 
Pmk 0 50 

“Amounts applied were 10 & per spot for hexobarbltal and pnmldone and 3 ,ug per spot for others UV 
detection at 254 and 365 nm W represents weak UV absorption 
*Dlphenylcarbazone reagent followed by HgNO, reagent 

nents, many of which stay at the baselme The RF value of each drug changed 
slightly from day to day owing to small differences m the solvent composition 
and the activity of TLC plates. The values given m the tables are representative 

Many alkali-extractable drugs could be detected under UV light, but basic 
drugs such as atropme, cocame, ephedrine, methamphetamme, methylephed- 
rme, methylphemdate, pentazocme, pentetrazol and scopolamine, could not 
be detected under UV light m this amount Almost all these drugs absorb weakly 
at this wavelength. An overspray technique, consistmg of successive sprays of 
nmhydrm reagent, Simon reagent, iodoplatmate reagent and Dragendorff re- 
agent, resulted m specific colouration of each drug (Table III) In this study, 
chlorpromazme and morphme did not react with ninhydrm reagent, but Dutt 
and Teng Poh [ 71 reported that colouration was observed when 10 pg of chlor- 
promazme hydrochloride and 5 pg of procame hydrochloride were used After 
successive overspraymg of Simon reagent and Dragendorff reagent, we sprayed 
concentrated sulphuric acid This is because we expected enhancement of the 
colouration to mcrease the sensitivity of the detection 
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Of the acid-extracted drugs, barbiturates showed the weakest absorptions of 
UV light at these amounts. However, by overspraying with 0.1% diphenylcar- 
bazone in ethanol, 1% mercurous mtrate m 1% nitric acid, concentrated sul- 
phuric acid and Dragendorff reagent, we achieved specific colouration of each 
drug That is, 0.1% diphenylcarbazone reagent and 1% mercurous nitrate re- 
agent caused barbiturates to turn pink and blue with flufenamic acid and me- 
fenamic acid, and subsequent spraying of Dragendorff reagent caused no re- 
action m the colour of these drugs. 

Barbiturates migrated to the same narrow range between RF values 0.6 and 
0.8, so only poor separation was achieved. However, the chemical classification 
of barbiturates can be established on the basis of the characteristic colour re- 
action. Therefore, this procedure is thought to be useful for screenmg these 
drugs m horse plasma. 

Detectton hut 
The detection limits of drugs from horse plasma are also shown m Tables 

III and IV. The detection limits for alkali-extracted drugs were 0 OS-O.1 pg/ml 
for seventeen drugs, 0.2-0.5 pg/ml for nine drugs and 0 8-l 0 fig/ml for five 
drugs. The detection hmlts of tetracaine and pentetrazol were 1 5 and 3.0 ,ug/ 
ml, respectively. The poor detection hmit of tetracame might be due to hy- 
drolysis by cholmesterase in plasma. Kalow [ 121 and Foldes [ 131 reported that 
the ester-type local anaesthetic agents were hydrolysed relatively rapidly by 
plasma cholmesterase Thus the relationship between tetracaine and the plasma 
choline&erase m horse plasma should be studied. The case of pentetrazol might 
be also considered, since it has poor sensitivity to both UV hght and locating 
reagents. 

In the case of acid-extracted drugs, the detection hmlt was 5 0 pug/ml for 
hexobarbital and primldone, 2 0 pg/ml for metharbital and 10 pg/ml or lower 
for the other drugs The limit of detection was 0.1 pg/ml for both theobromme 
and theophyllme The limit of detection of theobromine was improved by the 
acid-extraction method. 

Using this procedure, we successfully established a rapid and simple testing 
method, which does not require any special purification This method may be 
useful to test for drugs m racehorses. 
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