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MATOGRAPHY AND ULTRAVIOLET SPECTROPHOTOMETRY. 

A. R. ROGERS and G. SMITH 

Dcpartment of Pharll/acJ'. Hcrlot-Watl Ull/vcrsll)'， Edlllbllrgl， EHl 2HJ (Great Brltall/) 
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SUMMARV 

Physostigmine has been separated from its degradation products by thin-Iayer 
chr-omatogrnphy on aluminn， with chloroform-acetone (5 :4) QS thc solvent for dc-
velopment. The alkaloid was eluted with methanolic hydrochloric acid and deter-
mined by ultraviolet spectrophotometry. Two methods were used for the correction 
of irrelevant absorbance: a di町'erentialmethod in which absorbance measurements 
were made at three wavelengths， and a method in which orthogonal functions were 
applied to absorbance measurements at a set of nine wavelcngths 

INTRODUCT(ON 

Physostigmine (1) inhibi阻 theactivity of cholinesterase and is used in ophthal-
molog:y as a miotic and to decrease intra-ocular pressure in glaucoma; for this purpose 
it is usually instil1ed into the eye as an aqueous solution containing U1) to 1% ofphy-
sostigminc salicylate or sulphate. In aqueous so]ution. physostigmine hydrolyses to 
form a colourless phenoJic compound， eseroline (11); this compound is subsequently 
oxidised to rubreserine (111) and other coloured compounds. The anticholinesterase 
activity of the drug resides in the methyJcarbamate side-chain. 

Jqoc台:同町
• This 'Yiork forms part of a thcsis submittcd by G. Smith for a Ph.D. dcgrce of thc Hcriot-

Watt Univcrsity 
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126 A. R. ROGERS， G. SMITH 

Bergt separated physostigmine (RF=O.74) from eseroline (RF=O.Sl) and ru-
breserinc (RF=O.5S) by thin-Iayer chromatography (TLC) on silica gel with chloro-
form-acetone-33% (w/v) dimethylamine in ethanol (S :4: 1) QS thc solvcnt for dcvcl-
opment. The physostigmine was eluted wjth 0.1 N sodium hydroxide and the ru・
breserine formed by hydroJysis and oxidation was determined co1orimetricalty at 480 
nm. Berg attempted to elute the alkaloid with various or且anicsolvents but the re-
coveries were low. 
The method of Berg was criticised by SmithZ who reported that rubreserine 

reacted with dimethylamine within 10 min to form a yel10w product with an Rp (0.73) 
c10se to that ofphysostigmine. Smith separated physostigmine (RF=O.61-O.67) from 
esero1ine (RF=O.42-O.4S) and rubrescrine (RF=O.33-O.36) by TLC on alumina， with 
chloroform-acetone (S: 4) as the solvent for development At a high or a low relative 
humidity， the Rp value for rubrcscrine was less than 0.1 and “阻i1ing"was appreciabl。
It was found necessary to store the alumina plates over a saturated solution of sodium 
bromide (relative hurnidity=S80/0) for 3 days before use. After separation of phy-
閥抗igminefrom i白 degradationproducts. Smith determined the alkaloid by direct-
re伺ectancespectrophotometry i the coe冊cientof variation of 2S spots on 5 plates 
was 5.81%. 
The objective of the p問sentwork was to develop an elution teclmiq田 forthe 

determination of physostigmine from thin・layerchromatograms. 

MATERIALS AND EQlJ【PMENT

Materials 
Acetone. 8.S. 509; alumina G (Type E)， Merck; chloroform. AnalaRi hydro-

chloric acid， laboratory reagent grade; methanol， spectroscopic gTade; physostigmine 
sulphate. B.P.C.; sodium bromide.laboratory reagent grade. Methanolic hydrochloric 
acid. B.P.C.. 1968. Appendix 7 

Equipmellt 
Ccntrifuge， Simplex (Martin Chris的 MicrometerSyringe， Agla【Burroughs

Wel1come). Spectrophotometers. S.P. 500 and S.P. 800 (Pye Unicam). with a matched 
pair of 1・cmsilica cells. Whirlimixer (vortex mixer) (Fisons Scienti自cApparatus). 
Calculations were made with the aid of a desk.top computer， the Programma 

101 (British Olivetti) 

EXPERIMENTAL AND RESULTS 

Developmem 01 the elutio17 metllOd 
Alumina was spread in 0.25・mmlayers on glass plates (20 x 20 cm) and activated 

for 1 h llt 1100: the plates were stored over a saturated solution of sodium bromide 
for 3 days. To each plate. three 20-，u1 samples of a 0.5% aqueous solution of phy-
sostigmine sulphate were applied as short streaks， by means of a micrometer syringe 
After dcvelopment with chloroform-acetone (5:4) and Jocation of the spots under 
screened ultraviolet (UV) radiation at 366 nm， areas (4 x 2 cm) of the alumina con-
talnlng the physostigrninc were removed wlth a razor-blade and transferred into 10 ml 
ofthe solvent in a test.tube; the contents orthe tube were mixed for 2 min in a vortex 
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mixer and clarified by centrifu即時(11∞xg)forSm問.The absorbance of the de~ 
can臼dsolution was measured from 220 to 360 nm. A spcctrophotometric blank 
soIution wns prepored by removing n bJank nrea (4)( 2 cm) of thc odsorbcnt at a 
location corresponding to the Rp value of physostigmine. and treating this blank 
adsorbent in a similar manner to the adsorbent containing the drug. The di宵erence
between the ahsorbance at 244 nm (maximun吟andthat at 267 nm (minimum) was 
taken as a measure of the amount of physostigmine 
1n preliminary experiments. four solvents were used to clutc physostigmine. Of 

these solvents， water (recovery 40-64%)， 0.1 N hydrochloric acid (rccovery 58-87%)， 
and methanol (recovery 61-84%) all gave results t11at were Jow and erratic. The 
solvent of chojce W8S methanolic hydrochloric acid for which the recovcry of physo-
stigmine W8S 89-103%. 
A po日ibJesou四eof variation in the absorbance of elu同ddrug， especially at 

wavelengths lower than 250 nm. was variation in the absorbance of the blank. In an 
attempt to reduce this irrelevant absorbance. plates were prepared with alumina that 
had been washed盟国twjt}可chloroform-acetone(5:4)， then witb methanoJJ and finally 
with boiling water to remove traces of the organic solvents. The alumina was thcn 
filtercd through sintered glass and was:hed repeatedly with cold watcr before prepara-
tion of the pJates. The results of this treatment are given in Table I. 
The treatment of the alumina considerably reduced the absorbance ofthe blank 

but the results were stilJ variable. Jn aD attempt to further reduce the absorbance of 
the blank， various membrane創tcrswe問 usedto clarify曲esolution (Spencer and 
Beggs3) but these制le目 wereunsatisfactory. Millipore GS (cellulose esters)， Celotate 
(ceJJulose acetatc). and Duralon (nyJon) werc aJJ attacked by the methanolic hydro-
chloric acid， The pore size of Polyvic (polyvinyl chJoride) and MiterσTFE) was 10。
Jarge for the removal of the aJumina particles. Repeated centrifuging of the eluted 
solution did not reduce the absorbance of the blank 
Consideration was then given to the possibiJity that variation in the absorbance 
。r曲ebJanks could be due partly to impurities from the solvent used for development 
of the plates. The absorbance of blanks at locations corresponding to the RF of 
physostigmine was determined for由開edeveloped pIates and for three undeveloped 
plates. The mean absorbances at 221. 244 and 267 nm are given in Table 11 
From the resul 

TLC AND UV SPECTROPHOTQMETRY OF PHYSOSTIGMINE 

TABLEI 

EFFECTS OF WASHING THE ALUMINA ON THE ABSORBANCE OF BLANK SOLU-
TIONS 
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at 244 nm. Measure the absorbancc at 221， 244 and 267 nm of a 0.001% solution of 
physostigmine sulphate in methanolic hydrochloric acid， and calculate the rccovery 
of physost唱mincfor cnch snmplc 
This method was applied to three 20-，μ1 samples of a 0.5% solution of physo-

TLC AND UV SPECTROPHOTOMETRY OF PHYSOSTIGMINE 

TABI，;E III 

ABSORBANCE OF PHYSOSTlGMINE SULPHATE DETBRMINED BY ELUTlON FROM 
THIN-LAYER CHROMATOGRAMS・

Rcco阿 ryof 
pltysosl/gmlnc (%) 

Absorbollcc 01 p"ysosllgml"e slIlpllale 
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Fig. 1. PJ叫。rabsorbancc against wavclcngth for a 0.001 % solu!ion of physos!igminc sulphatc 
and for two blank solutions.ーーー.Physoulgminc sUlphatc;ーーーIblanks 
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