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SUMMARY 

A procedure is reported for the thin-layer chromatographic (,TLC) separation 
and identification of thiazide diuretics and other antihypertensive drugs. Several new 
solvent systems and a variety of possible detection reagents were examined. Twenty 
thiazides used routinely in theraDv were successf~~ll~ separated and identified. Use 
of the TLC systems ani combina%ns of the 
useful for the identification of these drugs in 
forms. 

---._-- _-__-..- ..- _..- _.- ._.__. 

INTRODUCTION 

detectiig tnethods described should be 
biological fluids and in various dosage 

_. _ _ ___.. ._____... __. ._ . . -. -_ . - 

The thiazide diuretics are most useful in the management of edema of chronic 
cardiac decompensation. They are also useful in treating edema due to chronic hepatic 
or renal disease as well as hypertensive diseases with or without edema’. Ethucrynic 
acid and furosemide are effective in all types of edema’. No comprehensive methods 
have been reported for the thin-layer chromatographic (TLC) separation and identifi- 
cation of thiazide diuretics and other antihypertensive drugs used routinely in therapy. 
Adams and Lapibre” achieved poor separation of twelve thiazides on alumina plates 
developed with ethyl acetate and on silica gel plates developed with ethyl acetate or 
ethyl acetate-benzene (8:2), Duchene and Lapierej subsequently examined the TLC 
separation of several additional diuretics on Alumina GF 254 plates (Merck) and silica 
gel DSFS plates (Camag) developed with ethyl acetate or ethyl acetate containing up 
to 3 % water. Kiger and Kiger* reported on the TLC separation of a large number of 
sulfonamides which included acetazolamidc, buthiazide and methyclothiazide. Flinn 
and Smiths concentrated polythiazide extracted from tablets on SilicAR 7GF plates 
developed with methylene chloride-methanol (90:2), but reported no RI: values. Sohn 
et al.” reported the column extraction and subsequent TLC of bendroflumethiazide, 
cyclothiazide, furosemide, hydrochlorothiazide and hydroflunlethiazide; ethyl acetate 
was used to extract the thiazides which were developed on silica gel G plates with 
ethyl acetate-benzene (8:2). Recently Agarwal et N/,’ resolved seven thiazides into es- 
sentially two groups using ethyl acetate as the developing reagent. 
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The most common detection methods employed to date have been ultraviolet 
light2*3, iodine4, Bratton-Marshal1 reagent”, p-dimcthylaminobenzaldehyde reagent6, 
and several metal ion containing reagents’. 

We have separated twenty thiazide diuretics and antihypertensive drugs by 
TLC. using several new solvent systems and examining a variety of possible detection 
reagents. 

EXPERIMENTAL 

The following is a list of the drugs that were investigated with the source from 
which they were obtained : cyclothiazide (Eli Lilly), methyclothiazide (Abbott 
Labs.), hydrochlorothiazide (Abbott Labs.), acetazolamide (Lederle Labs.), quin- 
ethazone (Lederle Labs.), benzthiazide (A. H. Robins Research Labs.), trichlorome- 
thiazide (Schering), hydroflumethiazide (Bristol Labs.), polythiazide (Pfizer), bendro- 
flumethiazide (E. R. Squibb & Sons), chlorothiazide (Merck, Sharp & Doll&), 
chlorthalidone (USV Pharmaceutical) ethacrynic acid (Merck, Sharp & Dohme), 
triamterene (Smith Kline’& French Labs.), furosemide (Hoechst Pharmaceuticals), 
diazoxide (Schering), propranolol (Ayerst Labs.), hydralazine (CIBA Pharmaceutical), 
reserpine (CIBA Pharmaceutical), and metolazone (Pennwalt). 

All chemicals were analytical grade. The coating material for the TLC plates 
was silica gel G (EM Reagents, Art. No. 7731). The developing solvents used were: 
methyl ethyl ketone (MEK)-n-hexane in the ratios 1 :I, 2:l and 3:2, and chloroform- 
acetone-triethanolamine (5O:SO:l.S). The RF values for the various drugs in each of 
these systems are given in Table I. 

The following spray reagents were employed: Dragendorff’s reagents, 50% 
sulfuric acid with heat, alkaline p-dimethylaminobenzaldehyde (DMAB) with heat”, 
anisaldehyde reagent with heatg, 1 “/” potassium permanganate in water, chloroplatinic 
acid solution, 0. I “/” diphenylcarbazone in chloroform, mercurous nitrate solution, 
and Bratton-Marshall reagent (BMR) with and without hydrolysi@. Dragendorff’s 
reagent was prepared from two solutions: .solution A consisted of 1.7 g bismuth sub- 
nitrate in 100 ml water-acetic acid (80:20); solution B contained 40 g potassium iodide 
in 100 ml water. The spray reagent was a freshly prepared mixture of 5 ml solution 
A, 5 ml solution B, 20 ml acetic acid and 70 ml water”. Alkaline DMAB consisted of 
2 gp-dimethylaminobenzaldehyde in 75 ml 80% acetone and 25 ml cont. ammonium 
hydroxide; it should be freshly prepared G. The inisaldehyde reagent was prepared 
with 0.5 ml anisaldehyde, 1 .O ml sulfuric acid and 50 ml acetic acidg. The chloropla- 
tinic acid solution consisted of 2 g potassium iodide in 100 ml water with 4 ml 5% 
platinum chloride solution added. The mercurous nitrate solution contained 0.50 ml 
0.G N HN03 with 1.0 g HgN03 in 100 ml water. The Bratton-Marshall reagents are 
sprayed in the following order: (a) 1% (w/v) sodium nitrite in 1% sulfuric acid, freshly 
prepared: (b) 5% (w/v) ammonium sulfamate, stored in a refrigerator; (c) 2% (w/v> 
N-(1-naphthyl)-ethylene diamine dihydrochloride in 95 % ethanol stored in a brown 
bottle in a refrigerator 6. Hydrolysis was accomplished by spraying the developed 
plates with 10 I? HCI and heating them for 10 min at 100” in an oven. The colors noted 
are reported in Table II. 

The sensitivity limits for the detection reagents were approximately: 5 ,ug for 
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TABLE I 

R,: VALUES OF THIAZIDES USING VARIOUS SOLVENT SYSTEMS 
Each value rcprcsents the average of at lcast three determinations. 
_---._- ___. .-. ..__ ___._ _ ._____ ______ _.__ _. . . .._ --_.. -.-_. ._. . . . . -.... ~. 

RF valne 
.____- __..__.__. _ _._....... _ __._ ___-._..__ ..___.___. -.- .._--__. - __..._ 
Mcfl~yl dtyf i~crotre-II-lIcxoile Clrforofornr-nceforre- 
- .__-._._. -. ..- ..__--_...__ -- 
I:f 2:/ 3:1 

I~~i~tlrcrnolartlirre 
(50:50:1.5) 

.-_. -._ _._ __. ._ _, _, ____- ._.. ___ . . .._ _ ___.. ____ _. .____-.. _ ._._-_.._.._-_._ ._.... . . . . ,_ - _... --.. . .._........._ -__. 
Cyclothiazide 
Methyclothiazidc 
Hydrochlorothiazidc 
Acctazolamide 
Quinethazonc 
Benzthiazidc 
Trichloromctlliazidc 
Hydroflumethiazide 
Polythiazide 
Bendroflumethiazide 
Chlorot hiazidc 
Et hacrynic acid 
Chlorthalidonc 
Triamtercne 
Furosemide 
Diazoxidc 
Propranolol 
Hydralazinc 
Reserpinc 
M ctolazone 
. __._. _,_ _.. __. -_._ 

0.41 
0.36 
0.22 
0.18 
0.13 
0.45 
0.50 
0.32 
0.46 
0.57 
0. IG 
0.14 
0.21 
0.12 
0.30 
0.12 
0.00 
0.72 
0.10 
0.3 I 

_.. 

0.63 
O.GO 
0.47 
0.42 
0,33 
O.GO 
0.69 
0.56 
0.67 
0.68 
0.39 
0.37 
0.50 
0.19 
o,s7 
0.19 
0.00 
0062 
0,2s 
0.60 

. 

0.63 
0.54 
0.37 
0.40 
0.29 
0.53 
0.59 
0.53 
0.70 
0.69 
0.36 
0.40 
0.38 

. 

Olil 
0.50 
0.42 
0.00 
0.00 
0.05 
0.50 

._ _ . . - 

00G2 
0.56 
0.40 
0.39 
0.30 
0.56 
0.57 
0.46 
O.GS 
0,GG 
0.3 I 
0.06 
0.43 
0,3G 
0.10 
0.23 
0.00 
0.68 
0.63 
0.63 

_ . . 
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Dragendorff’s reagent and mcrcurous nitrate; 2 ,ug for anisaldehyde. chloroplatinic 
acid and diphenylcarbazone reagents; 1 pg for alkaline DMAB and potassium per- 
manganate; and OS ,ug for the Bmtton-Marshall reagent. 

Preparatith of thidayer plates 
The silica gel G (30 g) was shaken vigorously with 65 ml water for GO-90 set 

and the slurry was spread over five 20 x 20 cm glass plates to a thickness of 250 ,um 
with a Kensco (Kensington Scientific) apparatus. The coated plates were air-dried 
at room temperature, then activated for 1 h at 110” and stored in a desiccator. 

Procedure 
Clean. dry chromatography tanks were prepared with each of the developing 

solutions. The tanks were allowed to equilibrate by covering one wall of each tank 
with a sheet of Whatman No. 1 filter paper and allowing the solvents to stand in the 
tanks for 24 h at room temperature. The materials to be chromatographed were rou- 
tinely spotted approximately 1 cm apart and 1,s cm from the bottom of the plate. 
The solutions of the drugs used were prepared in methylene chloride-methanol 
(3 :2) at 2 mg/ml, except quinethazone, which was dissolved in chloroform-methanol- 
dimethylsulfoxide (1 : I :l). Aliquots of IO-20 ,ul were applied to the plates. The plates 
were developed once to the top of the plate in a solvent system, and allowed to air 
dry before spraying with one of the detecting systems, 
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RESULTS 

By using any one of the four solvent systems reported. it is possible to separate 
most of the twenty drugs. By developing one plate in one of the MEK-/r-hexane sys- 
tems and a second plate in the chloroform-acetone-triethanolamine system, sepa- 
ration and identification of all of the drugs can be achieved. 

Of all the detecting reagents examined, the alkaline DMAB and the BMR with 
hydrolysis gave the greatest variety of colors and therefore proved to be most useful. 
The diphenylcarbazone gave purple spots with most thiazides, while the potassium 
permanganate and. mercurous nitrate yielded white spots with most of the drugs. 
Sulfuric acid with heat is not useful. Chloroplatinic acid can aid in identification of 
most of the drugs, but does not detect bendroflumethiazide, chlorothalidone, pro- 
pranolol and hydralazine. Dragendorfff reagent will detect all of these latter com- 
pounds. The DMAB reagent failed to detect propranolol and reserpine, while the 
BMR with hydrolysis would not visllalize bendroflumethiazide and furosemide. 

The above systems and combinations of the detecting methods will be most 
useful in studies on the identification of thiazides and antihypertensive drugs in bio- 
logical fluids and in various dosage forms. 
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