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SUMMARY

T The separatlon and guantitative determination of dlgzta.hs glycosides by high-
- performance liquid chromatography following derivatization with 4-nitrobenzoyl-

chloride (4-,NBC1) is described. The compounds of primary interest were the digitalis
“glycosides and aglycones of the pharmaceutically important A, B and C series. The
‘derivatization step results in higher extinction values at a. more favourable wave-
_ length (260 nm), which permits the use of low-cost ultraviolet detectors. Detection
Timits are below 20 ng/ml for ali of the glycosxdes tested. The chromatographic proper-
- ties are also improved by reducing the polarity without a decrease in selectivity. The
use of low-polarity. and low-viscosity solvent systems on silica gel adsorbents permits
* rapid isocratic separations of complex mixtures as they usua]ly occur in pharmaceu-
“tical ‘products and extracts.

" _'The quantitative potentlal of this method was demonstrated by analyzing
:ampoule solutions containing desacetyl lanatoside C as the active compound. The
active substance, by-products and degradation products were determmed aown to
- 0. 1‘7 of the total glycosuie concentration in one ampoule

'__”INTRODUCI‘ION

The determmanon of low concentrations of dxgxsahs glyc051des by high--
T p::tformance hqmd chromatography (HPLC) is to some extent a detection. problem
./ as the only’ u_travmlet (UV) absorption maximum at 220 nm, due to the e,f-unsatu-.
~.rated Iactone ting, is relatively ‘weak. The relatively high ‘polarity and the. widely.
: dsﬁ'enng solubilities also place some restrictions on the chromatographic pc)ssxfzuhtu:s1 '
1. “The'methods known so far for the determination of digitalis glycosides are
, usu&.y assecxated w1th thm—layer chromatography I LC) and involve the formatxon

: ’ To whommpondence should be addr&ssed




- HPLC

L Recently, estenﬁcatlon of ‘these’ alycosxdes with Lm&obenzoyt.honde has'{;
. beea developed io give denvatxves with more desirable detection’ and chromatogzaphxcl'
- properties’®. The quantxtatxve denvat:zatxon mvolves all OH groups on the sugar and
" also the steroid portion; except for:the 14—0H group. The g!ycosxde remains intact.
~-The reaction conditions and resultmg products have. ‘alsa been. mve:stlg,atedb This -
- method opens new possﬂ:ﬂmes for the analys;s of ttus phatmaceutzcaliy mterestmg .

“and to develop an HPLC method smtab!e for the quantxtatxon of dxg;tahs gi}coszdes'
’ and aﬂycones in pharmaceutxcaj prenaratxons _

'E((PERIMENTAL ‘
—,Reagents o ' R ' :
-4-NBCl (analytxcal grade, Fluka Buchs, Smtzerland), was recrystalhzed once
from light petroleum (b.p. 60-70°, Riedel de Haen, Seelze-Hannover, G.F.R.). The
melting point should be between 71 and 73°. Ana!ytxml—grade pyridine (Fluka) was
refluxed for 3 h with sodium hydroxide (analjtical grade, E.. Merck Darmstadt :
G.F.R.), distilled and stored over sodium hydroxide (b.p. 115-116°). :
4-D1methyla1mnopyndme (purum, Fluka) and acetonitrile (Uvasol quahty, ’
Merck) were used. All other reagents and solvents were of analytical grade (Merck).
- The digitalis glycosides and aglycones (see Table [) were provxded by Sandoz (Basle
Swn.zetland)
‘ Merckosorb SI 60 sdlca gel of average partxcle size 5 ,um was employed for

Instruments - B
, " The HPLC was camed out on a Hewlett-Packard UFC—IOOO chromatogtaph
ecuipped with a DuPont 842 UV detector (254 nm) and on a Slemens S200 mstru—
ment eqmpped w1th a Zeiss PM-4 spectm'nemc detector (260 nm) :

Darzvanzatzon ! ' ' )
- A fresh reagent solution has to be prepared every day. A IOO-mg amount of
4-NBCl was dissolved _per. millilitre of pyridine with gentle warmmg - :
The glycosides were- also dissolved in pyrldxne The reaction was camed out in
stoppered. 10-mt centnfuge tubes. To 50 ulofa g!yc051de solution contaxmng not more.
than 0.5 mg of the glycoside, 150 ui of reagent solution were added and the mixture
- was well shaken’ ‘and allowed to react for 10 min at room temperamre “After this.
period, the reaction was’ shown to be quantltatlve by TLC. ‘The centnfuge tubes were

_embedded in a beaker filled with sand ata temperature of. 50" “This " sand—bath was

- placed in_a-desiccator’ and the- pyndme removed by a water suction vacuum mthm _
-10 min. The centrifuge tubes were flushed with a stream of air or nitrogen and 2 ml
of 5% sodium carbonate solution which also contained 5 mg of d—d:methylammo-' )

- pyridine were added. “Theexcess of réagent was hydroiyzed after 5 min of shaking or

" treatment in an nltrasomc bath A b!ank trea.ted sxmultaneousl should yerd a clear '




. Hpi_cbféb;crf@rs' GLYCOSIDES . - = = - 298
© CHEMICAL’ S'!'RUCI'URES OF THE DIGITALIS. GLYCOSIDES AND AGLYCONES IN-
VESTIGATED -

Compound

2- 14 16 R

Digitoxigenin H CH H H
Digitoxigenin monodigitoxaside K OH H D-
Digitoxigenin bisdigitoxaside B OH H D-D-
Digitoxin i H OH H D-D-D-
Acetyldigitoxin H OH H AcD-D-D-
Lanatoside A H OH H G-AcD-D-D-
Desacetyl lanatoside A H OH H G-D-D-D-
Gitoxigenin H OH OH H
Lapnatcside B H OH OH G-AcD-D-D-
Desacetyl lanatoside B H OH OH G-D-D-D-
Digoxigenin OH OH H H
Digoxigenin monodigitoxoside OH OH H D-
Digexigenin bis-digitoxoside OH OH H D-D-
Digoxin OH OH H D-D-D-
Acetyldigoxin OH OH H AcD-D-D-
Lanpatoside C OH OH H G-AcDh-D-D-
Desacetyl lanatoside C OH OH H - G-D-D-D-
Lanpatoside D OH OH OH G-AcD-D<D-
Diginatigenin OH OH OH H
Diginatin OH OH OH D-D-D-

ﬁ)
Lanatoside E H OH -0-C-H G-AcD-D-D-

O

il
Gitaloxigenin H OH -O-CH H

ﬁ
Gitaloxin H CH -O-C-H D-D-D-

* D = digitoxose; AcD = acetyldigitoxose; G = glucose.

solution (the derivatives are poorly soluble in water and give turbid solutions). The
“derivatives were then extracted with 2 ml of chloroform and treated with 2 ml of
5% sodium hydrogen carbonate solution and twice with 3 ml of 0.05 N hydrochloric
acid containing 59 of sodium chioride.

. This procedure gives quantitative isolation of the derivatives and complete
exclusion of excess of reagent and pyridine.

Extracqian of an ampoule selutian )
To the contents of one ampoule {2 ml) were added 15 ml of 2% sodium hy-
drogen carbonate solution. The solution was extracted five times with 10 ml of



oration to dryness, the resldue was transferted mto a. R}oml cenmfuge tub.; w1th twoi o
I-mi volum&e of chloroform—pyndme (10 1) and the so!sfent evaporatedat ;50" on -
‘the sand—bath The reagent was added dJrecﬂv to this resxdue- The use of al YOl rl
; 01 reagent is recommended for the denvatzzatxon :

_ HPLC of the dematues : T Sl e R

" The: columus were packed with: the N"erckosorb SI 6{) smca eel by a bataneeé
slurry: techmque" The columns were 15 or 20 cot: long and of 3mm LD. The. mobﬂe'_

- phase consisted’ of the following three-component mlxtures )] n—hexane—chloro-
 form—methanol; 2). n~hexane—chloroform—acetom and (3) n—hexane-meﬂ*ylene
: c}ﬂonde—acetommle
- The: chloroform exiract contammg the aenvatwes was mjected du-ecﬂy on ‘to
" the column with a Sxemens injector (10 ul), a Valco loop injector (25 £h-or a Rheo-

- dyne 7105 universal injection system (10—100 2l). Separatlons were carried out at

amblent temperatures (20-23°), thermostating - bemg unnece*sary The detaxls are’
ngen separately with each chromatoszram : .

RESULTS AND DISCUSSION*

i Chramatograpl‘y ) : :
- Of all the solvent systems tested the best separauons were aemeved thh th.. o
above three—component solvent systems. )
- -Systems containing acetonitrile ‘showed the best selectlwty, ether-contammg
phases were unstuitable.
: The &’ values of the derivatives of some 1mportant dsgltahs glycosxdes usmc
_ salvent system 1 with different propomons of the components are given in ‘Table IL.
Atflow-ratés of 1. 5—2.0 ml/min the &’ values were constant. Chloroform and methanol
exhibited different selectivities. The separatlon of the 4-NB-derivatives of gltoxxgen;n{ :
- and digoxigenin was unproved with an increase in chloroform content. Gitoxigenin -
was eluted first and - oveijlapped with dlgxtoxxgenxn using n—hexane—ehlo oform—
meﬂ:anol (10:3:0.5).. With an increase in the methanol content, g]toxmemn was
shifted in the direction of digoxigenin. Good separations were aiso aclneved between :
A acetyldxgltomn and’ dlcxtoxm and acetyldxgoxm znd digoxin. o
Soivent system i was not suitable for the separatwn of . the Ianatoszdes.,Ae
‘separation of five di gltahs components of the digitoxin series as thexr 4—NB dernatwes o
is shown -in Fig. 1. The complete separauon takes:11 min. . . - -
- - More complex mixtures can be separat\.d suceessfullv w;th soivent systems 2
and 3 The &' values of a number of der;vatxves af gl ;coczdes and. aglycones are given
~-in Table TIL It is possable 10 separate 1socratxcaily the entire- po!anty range from the™
~.aglycones'to ‘the lanatosides and desacetyl Ianatosxdes. Ttis: interesting that the order
- of separation does not necessarily follow the order of polarities. monosubsntutedg{_e
”;d_gztongenm fcr example always appears after the 'correspondma disubstituted .-




Yk usdeterm.ned from ﬁveseparate chromatograms Apparams SxemensSZOO',-
. —260nm, column, SIGQ Sym, 20cm X 3mm ID., ﬁow-ra:e i 520"

: Pz-oportrans in lz—hexarxe—ehlarojbrm—-methmza! mzxtwe L
A 10.1‘0.5 10.2.0_5' + 10:3:0.5 10 :1

.Dtgltongenm ST 401 o 268 183 ~'2.42-
Gitoxigenin - - - 5630 - . 308:  195. 319
“Digoxigenin -~ ¢ -7 6719 - 419 274 .. 348
'Dlgxtongemnmeno- : S e
' digitoxoside- . 804 - 380 241 3.89
. Digitoxigenin b;s-' N : o )
digitoxeside .~ . 144 577 299 - 5.83
Ace‘yldxgltox1n - 18.1 6.59 - 3.26 6.73
. ngitokﬁi S .- 250 8.50 385 8.57
Acetyldzgoxm > 25 ‘ -9.52 444 - . 9.38
‘Digoxin~ " -~ .. >25 120 516 ° 11.9
LanatosideA .. . >2§ - 233 817 23.9
" Lanatoside B N > 25 - > 25 8.61 > 25
Lanatoside C . =35 > 25 11.4 > 25

" Desacetyl lanatosidGe C > 25 > 25 . >20 > 25

',’f.‘..,""o—' - [ "J L :
- F:g. I HPLC of somc dxgxtahs givcosxde4—NB denvatwes of the d:gxtoxm grcup 1 = ngxtoxxgemn,

2= dlgltox;ﬂenm mcnod:gnoxoszde- 3= dxgxtengenm bxsdxgxtoxosnde, 4 = acetyldxﬂtoxm, 5=

.- digizoxin. The peaks:in froat are’ from. m:purms of reagents and chloroform. Solvent system: n-
'-"hexs.ne—ch‘ommrm—methanol (30:1:0.5}, Column: SE69, Spin) 20cm X 3mm LD, Flow-rate: -
=1 5 mlfmm, =100 atin. Injectton volume'vz{) pi Appe.tatus Sxemms S 200 wrth Zexss PM~4 UV

_;detectossett0260nm. ST o : kS



' TABLEIII . e e :
RETENTIOV DATA FOR DERIVATiZED DIGITAL;S GLYCOSIDES ‘VFFH’ SOLVEN'fl_
: _SYSTEI\{S 2 AND 3 - : .
- Values -given . are’ % values dﬂcrmmed ﬁ-om ﬁve separate ch:cmatograms Apparatus Hew!ett— :
~ Packard UFC 1060; detectm Du?ent 842, 1 254nm, coiumn, SE 60 Sym, 15cmx: 3 mmI.D.,‘
;ﬁow—rate 1. 35—14ml/rmn RN : : , R :

£NB a"envanve R " . Proportions in’salv'er.t .'sﬁs‘iem LR s
- n-Hexwze—-methern,, clz’orzde— s ‘n-Hexane—cldarojbrnL- :
N ace‘omtrde NS ’ 'acetamtrzie S
L ) , : 910‘3.5‘2.5 (30} 10’3:3 {3b) 7‘-10’10'9 (2}
_Digitoxigenin “ 74,68 - COo38T T .07
Gitoxigenin - - : .. U3ss. 3090 oo R 2T72
Digoxkigenin S S0 2741 - - .5.66 G &7T
. Diginatigenin . - ) - 442 ) 373 o352
-Gitaloxigenin .- - T 8.06. B 619 - - 501
Digitoxigenin monodlgltoxosxde 6.55- - 5.19 BT X )
Digitoxigenin bisdigitoxoside 9.17 . - 6.92 . S 583
Digoxigenin moncdigitoxoside “9.36 , 696 - c 640
Digoxigenin bisdigitoxoside . 130 . -9.08 LT 84
Acetyldigitoxin : [ 3 T 813 . - 693 .~
Digitoxin o 128 .. 914 S B15 -
_Gitoxin . - - HEECERS | Y- TR U A7 & S 751 -
Acetyldigoxin 165 107 L 990 . . -
Digoxin © 183 o119 S 114
Diginatin -~ , 124 . 8.77 - ) S - 916 -
Gitaloxin - o211 139 . 129
“Lanatoside A S 327 T Y 154
LanatosideB S 27.6 160 CI68
Lanatoside C o 46.0 - 24.6 . © 256
Lanatoside D' T 321 : 180 0.1
Desacetyl lanatoside A = . - 395 - o228 231
Desacetyl lanatoside B . 323 .. 193 - 210
Desacetyl lanatosideC -~ 555 . 289 T 322

, cltoxxgenm W’ 1th system 3b even the tnsubstltuted dlomatlgemn appears bnfore dlgl-. :
toxigemin. o
: Using system 2, the crder of elution of dxgmatleenm and dlgztoxxgemn is t:e-,‘
“versed and the separatlon is much improved. The selectivity for the acetylated and
‘ ,desacetylated glycosuies is also 1mproved with system 2. The selectivity factor for the
- pair dxgoxm—acetyldlcoxm is a=1.11 wnth solvent syatem ab and o= I 15 wuth» ’
: system 200 s : :
'i'he three-component mtxturea used for the mvestlgatxons are near!y saturated '
Vsystema. This 'is - particularly true: for” the - mixture. n-hexane—methylene chioride- -
* acetonitrile (10:3:3) (3b) whicl: at about . 20° comes very close 1o the saturation -
, pomt It is therefor concexvable that the partition mechamsm i these segaratlon'f
- processes is- similar to those postulated by Huber.e? al2s and Hesseand Hov..rmann‘s_ :
" The mxxtures dxscussed here are éasier to handle, howe&er. : : :
.. . Fig.2 shows the separatxon of seven- compounds of thefC-senes thh solvent—
system 3b. Thé chromatograms for three compounds cach of the A, B C D and E
 series areshown in Fig. 3 obtamed using solvent system2' R T S A St
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Fig. 2. HPLC of some digitalis glycoside 4-NB derivatives of the C series. 1 = Digoxigenin; 2 = di-
goxigenin monodigitoxoside; 3 = digoxigenin bisdigitoxoside; 4 = acetyldigoxin; 5 = digoxin;
6 = unknown by-product of 8; 7 = lanatoside C; & = desacety!l lznatoside C. Solvent system:
m-hexane-methylene chloride-acetenitrile (10:3:3). Column: SI60, Sgm, 15cm X 3mm LD.
Flow-rate: 1.5 ml/min; p = 120 atm. Apparatus: Hewlett-Packard UFC 1008 equipped with a Du-
Pont 842 UV detector (4 = 254 nm). Injection: Rheodyne 7105 injection sysiem; 20l injection
volume in chloroform.

_ The selectivity of the 4-NB derivatives of similar glycosides is improved con-

" siderably with an increase in the size of the sugar moiety (higher degree of substitu-

w

tion). A typical example is the separation of the pair gitaloxin—digoxin in comparison
with the pair gltaloxlgenm—dxgoxxgenm. The only exception is the- pair gitoxin-

digitoxin.

. By studymg other combinations of the solvent systems one can find the re-
quired selectivity for any glycoside combination. An example is given in Fig. 4. The
five aglycones digitoxigenin, gitoxigenin. digogigenin, gitalcxigenin and diginatigenin
were separated with the four-component mixture n-hexane-methyiene chloride—
acetonitrile—methanol 35:6:2.5:1. One can see that the order of elutlon has changed

- m companson with solvent system 2.



tfeie] . . .
Fig. 3. HPLC of three 4-NB denvatlv&s aach of the A B C D and E series’ of dlgu:ahs glycosxds )
1' = Gitoxigenin; 2 — digitoxigenin; 3 = diginatigenin; 4 = digoxigenin; 5 = gitaloxigenin; 6 =
gitoxin; 7 = digitoxin; 8 = diginatin; 9 = digoxin; 10 = gitaloxin; 11 = lanatoszdeB 12 = lana-
toside A; 13 = [anatosxleD 14 = lanatoside C; 15 = lanatostdeE Solvent system' n-hexan&-
chloroform—acefomtrﬂe (.:0 10 9) othﬂr condxtxons as in Fig. 2.-

Lumts of detectzon : R : ' o
The 4-NB-derivatives pOasms hxgh extinction co\.ﬁiaents‘-" The solvents used
for the separation  do not have any apprecxable uv: absorptlon at 260 nm, which ~
_results in an excellent signal-to-noise ratio and enhances the sensmvxty Another’ pos- .
sibility for improving the detection limits is to- increase: the volume- mjected Upto
- 100 gl were injected by means ofa Rheodyne 7105 mjectxon system with little loss in -
_resolution. The detection Emits for. some representatwe glycosides are given in Table
-IV. The Vaico loop injector was used for 25-pl injection volumes and the Rheodyne .
system for 100 #1. The values are reported at a- s:gnal—to—nome ratio of 3:1. It can be
“scen that only with &' values below 10 a small band- broadenmg is. eﬁ‘ecnve. _'rms is-
ths reason why at & <10 thei mp:ovement in detection limit is slightly below the théo- -
_ retical muluphcatxon factor of 4. A major advantage of the derivatization techmque. -
is ‘also that-the detection limits ‘do’ not become mferxot for strongly tetained: denv-}' .
* .atives.  The Jast’ eluted “compounds_have ‘the I:ugb.mt degree of. substxtuuon, €8
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- Flg. 4. HPLC _of the 4-NB derivatives of five aglycones. 1 = Digitoxigenin; 2 = gitoxigenin; 3 =
- grtaloxlgemn 4 = dxgoxxgemn, 5 == diginatigenin. Solvent system: r-hexane-methylene chloride—-
_-aeetomtrﬂe—methano[ (35:6:2.5:1). Flow-rate: 1.75 ml/min; p = 120 atm. Other conditions as in
”Hgl»q'r . .

‘ desacetyl lanatosde C is 8-fold substltuted in contrast to digitoxigenin, which is only
) monosubstltuted Calibration functions have been studied previously® and the graphs
" ‘'were observed to be linear down to the lower nanogram concentratlon region and
: all pa._sed through the ongm. . » :

) 'Applzcatwn to plzarmaceutzca! preparatzans S ’

- “The m\.t.hod ‘was- apphed to the: determmatxon of desacetyl Ianat051de C and
-fthree of its accompanymg glycosxdes in ampoule solutions (Table V). The derivatiza-

..tion of the ampoule extract is described under Experimental section. The injection of
) the sampies was eﬁ'ected via a Ioop with a 25-;41 vohnne. The solvent rmxture n-
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TABLE i¥ ‘ : : - - T
DETECTION LIMITS FOR SO'viE DIGITALIS GLYCOSIDE 4—‘1’3 DERIVATIVES TAK__N
AT A 31 SIGNAL-TO-NQOISE RATIO - 7
(I} Volume 23 gl, Valco valve; (2) volume ICO pl‘, Rheodyne 7105 injection system.” (1)[(2),;Factor
for the increase in seasitivity due fo the 4-fold increase in injection votume. Conditions: solvent,
n-hexane-methylene chloride-acetonitrile (10:3:3); flow-rate, 1.5 mi/min; column, SI60, Sum,

1Scm x 3 mm I.D. Apparatus: Hewlett-Packard UFC 1000; detector, DuPont 842, }. 254 am;
maximum amplification. .

4-N3 4NB I Detection limit (2 .
derivative groups {ng{mi} :
(1) (2)

Digitoxigenin 1 3.87 424 134 3.16
Digoxigenin 2 566 26.0 7.3 3.56
Digitoxin 4 914 456 11.1 4.11
Digoxin 5 119 42.8 11.0 3.89
Lanatoside A 6 19.1 64.8 158 4.10
LanatosideC 7 246 7890 123 4.04
Deesacetyl

o]

lanatoside C 289 784 19.6 4.0

TABLE V

ACTIVE SUBSTANCE AND DEGRADATION PRODUCTS IN ONE AMPOULE

1009 = 400 g of desacetyl lanatoside C (declared amount). Conditicns: solvent, r-hexane—
methylene chloride-acetonitrile (10:3:3); ﬁow—rate, 1.5 ml/min; column, SI 60, 5 #m, 1S cm X 3mm
1.D.

Compound Concentration per ampoule
' ug % (calculated as desacety! lanatoside C}*
Digoxigenin i4.56 8.77
Digoxigenin monodigitoxoside 10.61 4.79
Digoxigenin bisdigitoxoside 14.38 5.19
Desacetyl lanatoside C 3049 76.2

* Each value is the average of two determinations.

hexane-methylene chloride-acetonitrile (10:3:3) was used at a flow-rate of 1.5 mi/min.
The active compound desacetyl lanatoside C was analyzed _i'n seven ampoules of the
same batch, and 94.89 of the declared amount was found with a relative standard
deviation of 2.29(. QOne separation took 15 min. The same batch was als¢ apalyzed
by TLC followed by extraction and reaction with picric acid?. The result for 15 am-
poules was 9597 desacetyl lanatoside C. The agreement between the two methods is
reasonable but the HPLC technique offers conaxderable savings in time and sample.
The analysis of accompanying glycosides was carried out on the same batch.
Diesacetyl Tanatosides A and B and Ianatoside C were of inferest. The chromatography
was carried out as described above and 50-zl injection volume was used. The amplifi-
cation was fncreased 8-fold. Calibration was effected by external standardization.
The foffowing vafues were found for a set of seven analyses: desacetyl [anatoside B,
2.01 pg, relative standard deviation 5.0 % (0.5% of the declateq active substance); .
desacetyl fanatoside A, 0.80 pg, refative stamfatcf deviafion 10.6% (0.2% of the de-



 ‘clared active’ substanoe) The concentratxon of Ianatoszde C was bclow 0. % of the‘
'l'-'concemratxon 'of the actwe substanoe desaoetyl lauatosxde C ' :

, »CONCLUSION'

_ The stable 4—mtrobenzoates of the dlgztahs glycoszdes are suxtable for the trace"
'ana!ysns of these pbarmaceutxcaliy mterestmg group of compounds The separation’
' properties are improved by the derivatization step. The polarities are reduced and the
. . solubilities become more similar without a decrease in selectivity. This effect offers the
- possnblhty of carrying out rapid isocratic separations of complex mixtures as they are
' usually encountered in giycosxde extracts-and pharmaceutical products. With silica
“gel as the stationary phase, relatively low-viscosity, low-polarity solvents can be used.
. The high extinction coefficients of the derivatives and the favourable wavelength of
- - the absorption maximum permits convenient and sensitive detection. Detection limits
are below 20 ng/m! provided that an optimal injection volume of 100 gl is used.

As a practical application, it has been shown that the active substance can be
analyzed reliably in one ampoule. The major advantage, however, is the sensitivity
of the method, which easily permits the determination of by-p:oducts and degrada-
tion products down to 0.1 % of the totai glycoside concentration in a single ampoule.
Applications to solid pharmaceutical forms and dry extracts were also very promising.
The time needed for derivatization and extraction is less than 1 h and the separation
takes less than 15 min, which makes this method particularly advantageous for serial
ana.lysxs. .
The 4-NBCl denvatnzatlon techmque should be applicable to other groups of
compounds such as sugars, amino sugars and alcohols, which are not UV absorbing.
Such investigations are currently in progress.
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