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/BslRKr 

A reversed phase, ion-pairing liquid chrunatographic method was developed for 
the analyses of physostignine-containing pharmaceuticals in the presence of its 
decarposition products, eseroline and rubreserine, and preservatives methyl- and 
pmpylparaben. A satisfactory resolution for the peaks for these conpounds was 
obtained with this isocratic method. All peaks were eluted in less than 12 
minutes. The capacity factors of  these CarpOLBlds ranged fm 1.50 to 9.27. The 
linearity and rvpeatability o f  this method were examined. The a’s o f  retention 
times of all carpolp7ds ranged f m  0.87 to 1.81%, and the CV of physostignine peak 
areas was 2.17%. 

A gradient-elution, ion-pairing HPLC method was developed for the analyses of 
pharmaceutical preparations containing’ physostignine, eserol ine, nrbreserine, and 
h z y l  alcohol as an antibacterial agent. The capacity factors of these c m s  
ranged f m  2.75 to 10.51. The CV of retention times ranged f m  0.79 to 1.27%. 
This method i s  also suitable for the sinultaneous quantitation of benzyl alcohol. 

I m I m  
Fhysostignine is a cholinesterase inhibitor and has been used in the t r w M  

of glaucana for the reduction o f  intrwcular tension. It is used also as an 
antidote in the treatmmt of anticholinergic intoxication. Ophthalmic solutions 
and iaections o f  physostignine salts may contain presewatiws. kthylpardm awl 
propylparaben were reported to be the preservatives in physostignine-containing 

*Author to ~ correspondence should be addressed. This paper was presented in 
part at the First National Meeting of  the American Association o f  Pharmaceutical 
Scientists in Washington, DC, 1986, and fulfills in part the rqriverents far R.D. 
dqme at Auburn lhiversity. 
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YANG AND WILKEN 1062 

physostigmine 

( c 1  SH21 N3°2) 

eserol ine 

(C13H18N20 

rubreserine 

( C 1 3 H 1 6 N 2 0 2 )  

FIGXRE 1 
Decarposition of phystignine. 

ophthalmic solutions (1). Benzyl alcohol, a preservative often fand in paren- 
terals (2), is used in the physostignine-containing injectables listed in FUR (3). 

The stability of phymstignine in solution has been stldid by wias arthcrs 
(4-10). Sane results obtained by diffemt wrkers are not in agreement, this may 
be due to the unreliability or ncmspecificity of the analytical rrethods erplcyxl in 
sane of  the early studies. An acceptable analytical method should be h s t r a t e d  
to be stability-indicating, Aich means separating and detectirg the intact chg in 
the presence of  its decarposition products and other carprtlents in the p.epavaticn. 
The failure to do so is the most canmn flw in stability studies (11). 

The decarposition products of physostignine were reported to be esemline, 
rubreserine, sh0w-1 in Figure 1, and other less knam carpands produced through 
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HPLC DETERMINATION OF PHYSOSTIGMINE 1063 

further oxidation of rubreserine (12-14). Separation and determination of 
physostignine in the presence of other interfering carpourls by W nechcds h l d  
be sinpler and more m a t e  than most other analytical methods reported. Using 
HPLC, Yamazoe et al. (15) separated physostignine fran rubmserine and an u n b  
decarposition c e .  Somani et al. (16) separated physostigrrine fra eseroline. 
Wlpton (17) separated physostignine fran rubreserine but resolution between 
physostignine and eseroline was not good. Yang et al. (la) sqxratd migrrine 
fran eseroline and nrbreserine with adequate resolution. Kneuke (1) separated 
physostignine fran pilocavpine, rubreserine, methylparaben and propylparaben, but 
the total elution requires 26 minutes. 

The objective of this stuciy is to develop the HPLC procedures for detecting 
physostignine in the presence of eseroline, rubreserine, and preservatives in a 
reasonable time period. Both the isocratic and gradient elution methods were 
enployed. 

WTERIALS PN) MEMODS 
Earimt - The liquid chrunatograph was a mDdular system consisting of a 
Micmritics (Norcross, GA) Model 750 Solvent Delivery System and a Model 752 
Gradient Programner, a wleodyne (Cotati, CA) Model 7125 injector, a Varian (Walnut 
Creek, CA) Model W-50 detector, a Varian Model CDS 111 data system and a Varian 
Model 9176 recorder. The injected smples were measured with a 20 pl loop on the 
injector. 
Reaqents and Chemicals - Sodiun Phosphate Monobasic USP was obtained fran 
Mallinckmdt (St. Louis, MI). Wiun salt of 1-heptanesulfonic acid (HPLC grade), 
methanol (HPLC grade), acetanitrile (HPLC grade), m i u n  acetate (certified 
A.C.S.), benzyl alcohol (certified) and benzaldehyde (certified) were purrhad 
fran Fisher Scientific (Fairla, NJ). Sodiun salt of 1-octanesulfonic acid was 
purchased fran KDdak (RJxhester, NY). Glacial acetic acid of HPLC grade was 
obtained fran J.T. Baker (Phillipsburg, Fu). Physostignine Salicylate USP and 
Prupylparaben NF were obtained fran Anmd (Iwingtm, Fu). Methylparaben USP was 
fran Ruger (Irvingtm, NJ). physostignine sulfate was obtained fran Signa (St. 
Louis, MI). W l e  distilled water was used for the preparation of all aqmus 
solutions. 

Eseroline and rubreserine were prepared in this laboratory according to the 

methods of Ellis (19) and were confirmed by melting points and elenental (C,H,N) 
analyses (Atlantic Microlab, Inc., Atlanta, (4). The absorption spectnm for 
rubreserine coincided with that reported by Ellis (19). 
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1064 YANG AND WILKEN 

chrunatm& ic Conditions - A colurn (250 x 4.1 mn) of reversed phase Versapack 
C18 packing (particle size 10 pn) obtained f m  Alltech Assoc. (Deerfield, IL), 
preceded by a guard colum (70 x 2.1 mn) containing a similar packing but with 40 
pn particle size (%atman, Clifton, W), was used for all separations. The 
detector was set at 247 rin kich is for physostignine. The f l c w  rate was 2 
ml/min and the recorder chart sped was 0.5 an/min. 

Isocratic, ion-pairing elution was enployed for the sirmltmxus sqwaticn of 
physostignine, esemline, rubreserine, methylparabm and prupylpardzn. ?he eile 
phases were prepared by mixing aqueous solutions containing &sic sodiun 
phosphate and sodiun heptanesulfonate of various strengths with methanol at 
different ratios, and degassed under vacuun. The linearity of the detector 
response was examined by injecting 20 pl each of solutions of h concentrations 
of physostignine. Linear regression was performed an the ped< areas canted by the 
integrator versus the anwnts of physostignine injected. The correlation 
coefficient thus obtained indicates the closeness of the fit of the points to a 
straight line. The repeatability of the physostignine peak areas was determined 
f m  6 replicates of the injections of the same anwnt of physostignine. The 
repeatability of the retention times of all carpands was also examined similarly 
through replication of the injections and the calculation of coefficient of 
variability (CV). 

The mobile phase for the gradient elution consisted of Solvent A and Solvent 
6. Solvent A was prepared by mixing an aqueous solution of 0.01M mmobasic sodiun 
phosphate and 0.034 sodiun heptanesulforlate with acetonitrile (70:30 vb). %l& 
B was prepared by mixing a similar aqueous solution with acetonitrile (85:15 v/v). 
The aqueous solutions and aceknitrile were &gassed uder vacuun separately prior 
to mixing. Solvent A and B were further degassed by mication and stirring. The 
initial condition for gradient elution was o f  Solvent 6, the final condition 
was loo"/. of Solvent A. The linear gradient was O-loO"/o of Solvent A in 10 minutes. 

Isocratic Elution - The chrunatographic conditions reported by Hsieh et al. (20) 
were enployed in early preliminary wrk but the physostignine peak shape thus 
obtained was not satisfactory. Therefore, ion-pairing techniques were included in 
this study. Such techniques are widely used for the separation of organic ions in 
reversed-phase pruc&dures (21). 

The mobile phase consisting of 0.0094 sodiun Octanesulfonate, 0.0091 mxnbasic 
sodiun phosphate and 1% v/v acetic acid in a mixtux? of batw awf ndmml (6D:40), 

RESULTS PN) DISCUSSICN 
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HPLC DETERMINATION OF PHYSOSTIGMINE 1065 

as reported by Sanani et a1 . (16), was tested for the separation of physostignine 
fran its decarposition products and the preservatives. The relatively lcw pH of 
such mobile phase (about 3.1) resulted in a peak of salicylic acid frun physo- 
stignine salicylate, since salicylate is predaninantly non-protmated at this pH. 

This peak overlaps with the peaks of rubwserine and mthylparaben. The sodiun 
salt of heptanesulfonic acid was tested also under the sane diticns to ckkrmine 
the effects of chain length of cmterion on k‘ (capxity fxtm). The results ~ Y P  

s h  in Table 1 and Figure 2. 
The capacity factor, k’, is calculated as: 

to 
vhre is th? retentii time 
of the peak of uracil, a nonretained cmpoml. 

Increasing the chain length of  the mterion by cne catm allrcst cbbld the 
retention times for eseroline and physostignine because of the increased hydro- 
phobicity of the ion pairs. The other carpouncls do not fwm impairs ad their k’ 
values were only slightly affected. Figure 2 indicates that both chranatographic 
conditions were suitable for determining physostignine, but unsuitable for 
sirmltaneous determination of the preservatives. O r  preliminary findings s h a d  
that methylparaben did decarpose in aqueous solution at mbient tenperature. 
Therefore, it may be inportant for the assay method to separate and quantify the 
preservatives. Further investigations in this wrk were dinxted at this goal. 

The effects of acetic acid (1% v/v) in the mobile phase on the retention of 
these carpwnds were examined. Great reductions in k’ were observed for both 
physostignine and eseroline in the presence of acetic acid in the file m, ad 
resulted in sanekhat less resolution than the same mobile phase without acetic 
acid. The results are s h  in Table 2 and Figure 3. 

Awing 1% (v/v) acetic acid into the mobile phase reduced the pH fran 4.8 to 
3.1. Both eseroline and physostignine are predaninantly pvntoMted at th?se ~IKI p 
levels. Changes in their retention times under these conditions cannot be 

attributed to the pH change of the mobile phase. The duction in their retention 
tims as indicated by k’ values may be due to the canpetition o f  acetate with 
heptanesulfonate for ion-pair formation with eseroline and physostignine. Such 
carpetitive effects were discussed by Karger et al. (22). 

is the retention time of the peak of inter& ad 
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1066 YANG AND WILKEN 

TPBLE 1 

Effects o f  Chain Length o f  Ion-Pairing m t s  i n  M i l e  phasea on k' Values 

.. 
car(wxnds odanesul fonate heptanesul f m t e  

nbreserine 0.38 0.21 
sal icy1 ate 0.38 0.36 
mthylparaben 0.54 0.55 
eseml ine 1.01 0.49 
physostignine 2.02 1.17 
propylparaben 4.18 3.84 

%.005M WWq, 0.0034 ion-pairing agent and 1% v/v acetic acid i n  a solvent 
mixture o f  water and methanol (60:40 v/v). 

TABLE 2 

Effects o f  1% v/v Acetic Acid i n  Mobile Phasea on k' Values 

n 

with acetic acid without acetic acid 

nrbreserine 0.26 0.31 
sal i cyl ate 0.49 0 
mthyl par- 0.65 0.68 

physost igni ne 1.31 4.47 
PropYlpa* 4.24 4.35 

eseml ine 1.58 1.97 

plixtures o f  aqueous solution o f  0.005M NaH2pO4, 0.005M sodim heptanesulfmte, 
and methanol (60:40 v/v), with or without 1% v/v acetic. 

TABLE 3 

Effects o f  Concentration o f  Methanol i n  Mobile Phasea on k' and Rs 

K 

Methanol % physost igni ne propylparaben RS 

45.0 
42.5 
40.0 

5.13 6.83 1.06 
6.83 8.72 1.18 
8.81 11.45 1 .oo 
0 
heptanesul fonate. 
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HPLC DETERMINATION OF PHYSOSTIGMINE 1067 

a b  

L 

A 

e 

A 

a 

C 
d 

b 

B T 
0.001 A.U. 

1 

f 

1 I I I L 1 I 1 
4 8 12 0 4 8 12 0 

MINUTES MINUTES 

FIGWE 2 

A, Sodiun salt of octanesulfonic acid as the annterion in the nubile phase; B, 
sodiun salt of heptanesulfmic acid as the comterion i n  the nubile phase. peaks: 
a, nhserine; b, salicylic acid; c, methylparaben; d, eseroline; e, ptvso- 
stignine; f, propylparaben. 
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1068 YANG AND WILKEN 

e 

A 

a 

8 

1 1 1 

0 4 8 12 

MINUTES 

T 
0.OOlA.U. 

b 

0 4 8 12 16 

MINUTES 

1 

FIGLRE 3 

A, lhe nubile phase amtained E v/v acetic acid; By a similar ncbile 
acetic acid. 
esemline; e, physostignine; f, propylparaben. 

without 
a, nhserine; by salicylic acid; c, methylparah; d, peaks: 
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HPLC DETERMINATION OF PHYSOSTIGMINE 
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1069 

A 

i b 

(1 

T 
1 

0.001 AU 

C 

a 

I 1 
I 1 1 1 1 I I I 1  1 

0 4 a 12 0 4 a 12 0 4 a 12 

MINUTES 

F I W  4 

A, The nubile phase contained 40% methanol; B, the nubile phase contained @.We 
methanol; C, the nubile phase contained 4% methanol. Wcs: a, mignine;  b, 
Propylparaben. 

As mentioned by Karger et al. (B), manipulation of the anaentraticn and t .  
of organic phase can be a significant control on selectivity. Methanol was chosen 
because the salts are more soluble in methanol than mst other organic solvents. 
Attenpts of optimizing the resolution by adjusting methanol concentrations were 
made and the results are ShaMl in Table 3 and Figure 4. The resolution (Rs) is 
calculated as: 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1070 YANG AND WILKEN 

*re tl and t2 are the retention times for capunds 1 and 2, 
peak widths at base in terms of time for CarpaDds 1 and 2. 
results, a methanol concentration of 42.% was selected for continued studies. 

The effects of counterion concentration on the retention of physostignine are 
sham in Table 4. The rapid decrease in retention with increasing counterion 
umcentrations may be due to the formation of  micelles or agglanerates frun the 
mterion as suggested by Knox et al. (24). Therefore, it was decided that the 
mterion concentration not e x d  .02M. Further modification of the salt 
concentrations were conduded in order to inprove resolution. The mobile phase 
consisting of an aqueaus solution of 0.015M each of mmobasic sodiun phosphate and 
sodiun salt of heptanesulfonic acid, and methanol (57.5:42.5 v/v) resulted in the 
greatest RS value (1.50). A chrunatogrm of the sinultaneous separation of 
physostignine fran its degradation carpapds, mettylparaben and propylparaben, by 
this mobile phase is h in Figure 5. The eluticn of all mpcuds wbs aorpleted 
within 12 minutes. 

The presence of nheserine, in addition to physostignine, in an aqueous 
solution of physostignine sulfate s t o d  at roam tarperature for five months after 
its preparation was under similar chranatographic conditions. No other 
peaks were detectable. 

The linearity of the detector respcnse to physostignine was determined by 
linear regression and a very high correlation coefficient of 0.9994 was obtained. 
The repeatability of the physostignine peak area was expressed as CV for 6 
replicate injections. CV was calculated as: 

and are the 
In view of these 

S 

Y 
a = -  

*re S is standard deviation and Y is the mean value. The CV for physostignine 
peak areas was 2.17%. The k' and the CV for retention times are sham in Table 5. 
Gradient flution - Attenpts at sinultaneous separation of  physostignine fran 
eseroline, nrbreserine and benzyl alcohol by isocratic elution were not successful 
because of the wide range of relative retention or the c;pacity faztm (@ mlues) 
of these carpouds. A nubile phase with lw solvent stmgth is neoessayy in mkr 
to separate the peaks for benzyl alcohol and nrbreserine. l3ut such a solvent will 
result in a prolonged retention time and broadened eluting band for physostignine. 
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HPLC DETERMINATION OF PHYSOSTIGMINE 1071 

C 

D 

T 
0.001 A.U. 

E 

MlNU T ES 

FIaRE 5 

Separatim of a mixture of physostignine salicylate 20 &l, nb.eserine P m l ,  
eseroline 8 &l, methylparaben 0.1 wml and prupylparaben 0.1 ml. Mectiion: 
W, 247 nn. I&ctim volm: 20 pl. peaks: A, salicylic acid; B, rubreserine; 
C, methylparaben; D, esemline; E, physostignine; F, propylparaben. 
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1072 YANG AND WILKEN 

TPBLE 4 

Effects of Concentration of Sodiun Heptanesulfonate in Mobile phasea on k' 

Sodiun k' 
heptaneSu1fonat.e physostignine 

0.m 
0 . M  
0.m 

5.23 
3.43 
3.40 

% aquews portion contained 0.005M Nat+po4 in addition to heptanesulfonate and 
was mixed with methanol (50:s v/v). 

TPBLE 5 

The k' and CV of Retention Times Calculated fran Six Chranatographic Determinations 

carpouds k' CV (%I 

h s e r i n e  1.50 1.03 
2.33 0.87 
3.38 1.48 

EthYlParaben 
eseml ine 
physostignine 5.77 1.81 
PropylPa* 9.27 1.33 

Therefore, solvent-programing or gradient elution is a good app& to separate 
such a mixture. Figure 6 shws the sinultaneous separation o f  a mixture  of benzyl 
alcohol, rubreserine, eseroline and physostignine uder the gradient-elution 
conditions as described. 

The selection of Solvent A and Solvent B was based on their imratic elution 
of initial bands and late-eluting bands, respectively. They differ only by 15 % 

v/v acetunitrile, so the problems generated f m  inadequate mixing *ich arises 
f m  the use of two solvents with disparate solvent strengths can be avoided. 

The CV of the peak areas for physostignine obtained fm 6 replicate 
injections is 1.1%. Both the resolution, Rs and kg in gradient elution can be 
defined exactly as for isocratic separation (25). The betwaen the w i g n i n e  
peak and the adjacent eseroline peak calculated frun these replicates is 3.12. lhe 
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HPLC DETERMINATION OF PHYSOSTIGMINE 

E T 

B 

1 D 

1073 

0.002 AU 

~~ ~~~ 

0 4 8 12 16 
MINUTES 

F I W  6 

Separation o f  a mixture of  ptysostiynine salicylate 20 W l ,  nLresgine 40 e l ,  
esemline 8 pg/ml and benzyl alcohol 200 Mml with gradient elution. Detedion: 
247 m. k&s: A, salicylic acid; B, benzyl alcohol; C, nkmserine; D, 
esemline; E, physostignine. 
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B 

A 

YANG AND WILKEN 

T 
0.002 A U  

1 I I 1 1 
0 4 8 12 16 

MINUTES 

FIGURE 7 

Separation of  an aged solution of physostignine sulfate 0.2 d m 1  with gradient 
elution. Detection: 292 n. peaks: A, dnserine; B, physostignine. 
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D 

C 

1075 

T 
0.002 AU 

MINUTES 

F I G W  8 

Separation of a mixture of  physostignine, rubreserine, eseroline ad -1 alCd.01 
with isocratic elution. Detection: 247 rm. Peaks: A, salicylic acid; B, benzyl 
alcohol and h s e r i n e ;  C, esemline; D, physostignine. 
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TABLE 6 

YANG AND WILKEN 

The kg and CV of Retention limes 

carpounds ks CV (%I 
benzyl alcohol 2.75 1.03 
rubreserine 3.31 1.13 
benzaldehyde 5.61 
eseml ine 7.93 0.79 
physostigni ne 10.51 1.27 

kg and CV for the retention times obtained frwn these replicates are sunnarized in 
Table 6. Benzaldehyde, hich mqy be an inpurity frwn benzyl alcohol, is eluted 
betwen rubreserine and esemline, with kg of 5.61. The Rs values are 4.26 and 
3.80 bebeen rubreserine and benzaldehyde, and betwen benzaldehyde and esemline, 
respectively. Figure 7 is a chrunatogrm obtained fran an aged solution of 
physostignine sulfate, hich was stored at 25'C for 7 nmths, with th ckkctm set 
at 292 m hi& is the Xmax for rubreserine. 

The chmtographic conditions described in the Second Supplmt of USP 
XXI/NFxvI (26) were tested also for the separation of a mixture of physostignine, 
esemline, rubreserine and benzyl alcohol. The resulting- chrunatogrm is sttam in 
Figure 8. The peaks for benzyl alcohol and rubreserine ccmpletely overlap, no 
inprovement in resolution was obtained by a4justing the pH of the aqueous portion 
of the mobile phase. The degradation of benzyl alcohol was reported (27). If the 
quantitation of beryyl alcohol in the preparations is also desired, then this 
official analysis is not appropriate due to the possible presence of rubreserine. 

S u W w Y  PN) CONCLUSIONS 
A reversed-phase, ion-pairing HPLC method was developed for assaying 

physostignine-containing preparations in hich methylparaben and propylparaben are 
the presewatives. The decarposition pmdwts of physostignine, esemline and 
rubreserine, were sttam not to interfere with the detection o f  physostignine by 
this method. The ccmplete separation of methylparaben and propylparaben enables 
the sinultaneous determination of these preservatives. Elution was canpleted in 
less than 12 minutes. 

A gradient-elution, ion-pairing HPLC method was also rqmtd in this wxk for 
the assay of physostignine-containing preparations in the presence of esemline, 
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rubreserine and benzyl alcohol. Since an adequate resolution for  the peaks o f  

benzyl alcohol and rubreserine was obtained with this nethcd, bmyl a l a f d  m be 
quantified s im l  tanewsly. 
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