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ABSTRACT -. 

Certain chemicals belonging t o  dif ferent groups of pharma- 

ceutical adjuvants such as antioxidants, chelating agents, tonicity 

adjustors, photoprotective agents, buf fer salts and preservatives 

were evaluated as stabi l izing agents against photodegradation of 

physostigmine sulfate solutions in acetate bu f fe r  o f  pH 4.5. Of 

the materials studied, sodium benzoate appeared t o  be most effec- 

tive, followed by potassium acid phthalate and then tartar ic acid. 

Ur ic  acid, sodium thiosulfate and glycer in were less effective. On 

the other hand, bor ic acid and sodium metabisulfite demonstrated 

the least photostabiliz ing action. 

*To whom inquir ies should be directed, 
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INTRODUCTION 

ASKER AND HARRIS 

Physostigmine and i t s  salts a re  known t o  b e  l ight-sensi t ive 

(1).  Several ant ioxidants have been used t o  p reven t  o r  minimize 

oxidat ion o f  physostigmine salts. 

o f  0.1% has been repor ted  t o  p revent  oxidat ion o f  physostigmine 

hydrobromide fo r  6 months under  normal condit ions o f  storage. 

However, a pale b rown  color developed owing t o  the  oxidat ion o f  

ascorbic acid ( 2 ) .  Sodium metabisulf i te has also been recommended 

by several authors.  Swallow ( 2 )  used 0.1% sodium metabisulf i te 

which was found t o  be  less ef fect ive than  0.1% ascorbic acid. In 

another repo r t  (3), discolorat ion of physostigmine sal icylate on 

heat ing was prevented by the  addi t ion of 0.1 % 

fite. In t h e  s tudy  by Fletcher and  Davies (4), 0 . 5 %  of sodium 

metabisulf i te was found t o  improve the  s tab i l i t y  o f  physostigmine 

sulfate solutions towards gamma irradiat ions.  

eye drops  of the  B.P.C. ( 5 )  contains 0.2% sodium metabisulf i te as 

a stabi l izer. 

Ascorbic acid in a concentrat ion 

sodium metabisul- 

Physostigmine sul fate 

Solutions of physostigmine salts have been repor ted  t o  b e  

fa i r l y  stable if the  p H  i s  not above 6 (6). 

was found t o  be  most stable in aqueous solut ion a t  p H  3.6 a t  25O 

(7). 

gamma irradiat ions was found t o  b e  independent o f  t h e  p H  o f  t h e  

solut ion over  the  p H  range o f  1 .5 -7  (4).  

Physostigmine sal icylate 

The  degradat ion of physostigmine sulfate o n  exposure t o  

Physostigmine in solut ion has been repor ted  t o  undergo decom- 

position. I t s  urethane g roup ing  i s  f i r s t  lost and a colorless com- 
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PHOTOSTABILITY OF PHYSOSTIGMINE SULFATE 735 

pound termed eseroline i s  formed. Subsequent oxidat ion leads t o  

rubreser ine,  a r e d  quinone, which i s  later converted t o  eserine 

blue o r  eserine brown (8) .  

ven t  t h e  decomposition, but merely converts the  r e d  oxidat ion 

produc ts  to substances which a re  colorless in a n  acid pH ( 6 ) .  

Hemsworth and  West (9) reported tha t  hyd ro l ys i s  o f  physostigmine 

may occur o n  ster i l izat ion o f  the  eye drops  by heating, resu l t i ng  

in the  formation of the  less act ive colorless compound, eseroline, 

before the  appearance o f  the  pink oxidation produc t ,  rubreser in .  

Thus, solutions o f  physostigmine may be  colorless, but re la t i ve ly  

inactive. 

t o  b e  pharmacologically less act ive than  the  pa ren t  compound (9,lO). 

Hemsworth and  West (10) emphasized tha t  lack o f  colorat ion o f  phy- 

sostigmine does not necessarily indicate. full antichol inestrase ac t i v i t y  

because a colorless produc t  of hydro lys is ,  eseroline, possesses l i t t l e  

or no antichol inestrase ac t iv i t y .  

The addi t ion o f  su l f i te  does not pre- 

A l l  degradation p roduc ts  o f  physostigmine were repor ted  

In view o f  t he  photosensi t iv i ty o f  physostigmine sulfate solut ions 

and the  fact t ha t  the degradation produc ts  a re  less pharmacologically 

act ive than physostigmine, it appeared worthwhi le t o  invest igate 

some pharmaceutical adjuvants as potential photostabi l izing agents 

for physostigmine sul fate solution in acetate b u f f e r  o f  p H  4.5. 

EXPERIMENTAL 

Materials: 

acid, t a r ta r i c  acid; potassium acid phthalate, bo r i c  acid, sodium 

Physostigmine sulfate, sodium acetate, acetic acid, u r i c  

metabisulf i te, sodium thiosulfate, sodium benzoate, g lycer in,  lact ic 
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736 ASKER AND HARRIS 

acid, sodium n i t r i te  and ammonium sulfamate were obtained from 

commercial sources in pharmaceutical o r  reagent grade and were 

used without fur ther  purification. 

spectrophotometric grade. 

Equipment: The following were used : a l ight-stabi l i ty cabinet 

equipped w i t h  two 30-inch, 40-watt Sylvania flourescent lamps to 

serve as the light source; Orion digital pH meter; a Spectronic 20 

spectrophotometer. 

Exposure to  Light: 

solutions to be exposed to  light were kept 7 cm from the light 

source. The light intensity was maintained at  1350 foot-candles. 

Procedure: 

Volumes o f  0.125% w l v  physostigmine sulfate in acetate bu f fe r  of 

p H  4.5 5 0.05 prepared with and without the various adjuvants 

were placed in 10 x 100 mm spectrophotometer tubes, covered w i t h  

parafilm and exposed to the light source. Samples were withdrawn 

a t  designated time intervals and assayed for physostigmine content 

by the stability-indicating method developed by Fletcher and Davies 

(4) as follows: 

Chloroform was obtained in 

The spectrophotometer tubes containing the 

The typical experimental procedure was as follows: 

A l -m l  sample of physostigmine sulfate solution was pipeted 

from each tube into a 3 0 4  separatory funnel. 

lactic acid solution was added followed by 1 ml o f  1% sodium n i t r i te  

solution. The mixture was shaken for 30 seconds and allowed to 

stand for 30 minutes. One gram of ammonium sulfamate was then 

added and allowed to  dissolve by shaking. 

Ten mil l i l i ters o f  20% 

The yellow nitroso- 
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PHOTOSTABILITY OF PHYSOSTIGMINE SULFATE 737 

compound formed was then ex t rac ted  w i th  7, 4, 4, 4 and  4 ml 

al iquots o f  chloroform. The combined chloroformic ex t rac t  was 

collected i n to  a 25-ml volumetric f lask and completed to volume 

w i t h  chloroform. The  absorbance o f  t he  chloroform solut ion was 

determined a t  417 nm on  the  Spectronic 20 Spectrophotometer. 

determination was in duplicate, t he  resu l ts  averaged and  used t o  

calculate t h e  percentage o f  physostigmine in t h e  sample by reference 

t o  a Beer-Lambert p lot .  T h e  di f ference between duplicates was 

usual ly 0- 1.7%. 

Each 

Th is  stabi l i ty- indicat ing method o f  assay was used to  monitor 

s tab i l i t y  o f  physostigmine sulfate solutions exposed t o  gamma i r r a -  

diat ions o r  heat ( 4 ) .  Concentrat ions of t he  var ious adjuvants used 

were 0.2% sodium metabisulfate, 0.05% sodium thiosulfate, 5 mg% 

u r i c  acid, 20 w l v  glycer in,  1% potassium acid phthalate 1% ta r ta r i c  

acid, 2 %  bor ic  acid and 0.2% sodium benzoate. Because o f  t he  

poor solubi l i ty  o f  u r i c  acid, a 25 mg% solut ion in g l yce r in  was pre-  

pared w i t h  the  aid o f  heat. 

DISCUSSION OF RESULTS 

Effect o f  Ant ioxidants : 

It can be  seen from F igure  1 and Table 1 tha t  t h e  incorpora- 

t ion  o f  0.2% sodium metabisulf i te o r  0.05% o f  sodium thiosul fate into 

physostigmine sulfate solution, enhanced t h e  photostabi l i ty  o f  the  

drug. 

stabi l izing ef fect  than sodium metabisulfite. 

Sodium thiosul fate appeared to demonstrate a be t te r  photo- 

T h e  add i t ion  o f  su l f i te  
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738 ASKER AND HARRIS 
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FIGURE 1 

Effect o f  antioxidants o n  photodegradation of physostigmine sulfate 
solution. K e y :  Q solution of physostigmine sulfate, solution o f  
physostigmine sulfate + 0.2% sodium metabisulfite, 6, solution o f  
physostigmine sulfate + 0.05% sodium thiosulfate. 
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PHOTOSTABILITY OF PHYSOSTIGMINE SULFATE 739 

TABLE 1 

Ef fec t  o f  Certain Addi t ives on  t h e  Photostabi l i ty of 
Physostigmine Sulfate in Acetate B u f f e r  o f  p H  4.5 

Solut ion % D r u g *  Color o f  Solut ion* 

D r u g  38.0 Very  d a r k  p i n k i s h  b rown  

D r u g  + 0.2% sodium 49.3 Yellow 
metabisulf i te 

D r u g  + 0.05% sodium 63.3 Light Pink 
thiosulfate 

D r u g  + 20% g l yce r in  61.8 Light p ink i sh  brown 

D r u g  + 1% ta r ta r ic  acid 70.8 Light yel lowish pink 

D r u g  + 2 %  bor ic  acid 47.0 Very  dark p i n k i s h  b rown  

D r u g  + 1% potassium 83.8 Light pink 
acid phthalate 

D r u g  + 5 mg% u r i c  acid 64.9 P ink ish  b rown 
+ 20% g l yce r in  

D r u g  + 0.2% sodium 90.6 Light pink 
benzoate 

*Af te r  exposure t o  f luorescent light fo r  80 hours.  

has been repor ted  t o  have no effect  on  prevent ion  o f  oxidat ion o f  

the  drug, but to  conver t  t he  r e d  oxidat ion produc ts  t o  substances 

which are  colorless a t  an  acid p H  (6). 

Ef fect  o f  Chelat ing Agents : 

Chelat ing agents include substances such as EDTA and  i t s  

sodium salts, t a r ta r i c  acid and g l yce r in  ( 1  1). EDTA or  i t s  diso- 

dium salts were found to  increase the  degradat ion ra te  o f  physo- 
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7 40 ASKER AND H A R R I S  

stigmine ( 1 2 ) .  

effect of a lycer in and tartar ic acid on the photostability of the 

physostigmine sulfate solution. 

Therefore, it appeared worthwhile to  investigate the 

Figure 2 and Table 1 shows tha t  the incorporation o f  20% w l v  

glycerin o r  1% tartaric acid enhanced the photostability of physo- 

stigmine sulfate solution. 

s l ight ly better stabilizing effect t han  glycerin. 

Effect o f  Tonicity Adjustor and Buf fer  Salt: 

Tartar ic acid appeared to  demonstrate a 

A 2% boric acid solution is a common vehicle for opthalmic solu- 

tions. Boric acid is also used as a tonicity adjustor in these solu- 

tions. It can be seen from Figure 3 and Table 1 that the incorpo- 

rat ion of  2 %  boric acid in to  physostigmine sulfate solution produced 

a relat ively low photostabilizing effect. Rae (13)  reported that 

storage in the dark o r  the addition o f  2% boric acid did not prevent 

the development of  color in solutions of  physostigmine sulfate. 

Potassium acid phthalate is  a buf fer ing salt whose 0.05M aqueous 

solution a t  25O has a pH of 4.005 (14). Figure 3 and Table 1 shows 

that the addition o f  1% potassium acid phthalate appreciably enhanced 

the photostability o f  physostigmine sulfate solution. 

physostigmine sulfate solution containing 1% potassium acid phtha- 

late was found to be 3.85 which is close to  the value of 3.6 that  

has been reported to be desired for maximum stabi l i ty ot solutions 

of physostigmine salts (5 ,7 ) .  Morch (3 )  reported that the inclu- 

sion of 2% sodium acid c i t rate was suff icient to buf fer  solution o f  

The pH of  
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PHOTOSTABILITY OF PHYSOSTIGMINE SULFATE 741 
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FIGURE 2 

Effect of chelating agents on photodegradation of physostigmine 
sulfate solution. Key: CJ solution of physostigmine sulfate, 0 solu- 
tion of physostigmine sulfate + 20 w / v  glycercin, A solution of 
physostigmine sulfate + 1% tartaric acid. 
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742 ASKER AND HARRIS 

\'@ 

\ Q 

20 40 60 80 0 

Exposure Time (Hours) 

FIGURE 3 

Effect of boric acid and potassium acid phthalate on photoclegrada- 
tion of physostigmine sulfate solution. Key: d Solution o f  physo- 
stigmine sulfate, 0 Solution of physostigmine sulfate t 2% boric acid 
A Solution of physostigmine sulfate t 1% potassium acid phthalatb. 
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PHOTOSTABILITY OF PHYSOSTIGMINE SULFATE 743 

0 20 40 60 80 

Exposure Time (Hours) 

FIGURE 4 

Effect of ur ic  acid and sodium benzoate on photodegradation of  
physostigmine sulfate solution. Key : 0 Solution of physostigmine 
sulfate, Solution of physostigmine sulfate + 0.230 sodium benzoate, 
A Solution of  physostigmine sulfate + 5 mg% ur ic  acid. 
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7 44 ASKER AND HARRIS 

physostigmine salicylate t o  p H  5 and such solut ion showed a loss 

o f  1 to  2% wi th  no discolorat ion on  heat ing at  100' f o r  15 minutes. 

Ef fect  o f  U r i c  Acid and Sodium Benzoate: 

U r i c  acid solut ion in g lycer in  has been repor ted  t o  b e  an  

ef f ic ient  photoprotective agent fo r  solutions o f  FDEC Blue No. 2 

(15,  16). 

mg% u r i c  acid in presence o f  20% w / v  g lycer in  as a solvent f o r  u r i c  

acid, enhanced the  photostabi l i ty  o f  physostigmine sulfate solut ion 

t o  a s l igh t ly  greater ex ten t  than tha t  produced by 20% w / v  of gly- 

ce r in  alone. 

F igu re  4 and Table 1 show tha t  t he  incorporat ion o f  5 

Sodium benzoate has been extensively used as a p reserva t ive  

f o r  food and pharmaceutical preparations, F igu re  4 and Table 1 

show tha t  t h e  incorporat ion o f  0.2% sodium benzoate resul ted in a 

substantial photostabi l iz ing ef fect  for physostigmine sulfate solution. 

T h e  percentage o f  physostigmine sulfate remaining in solut ion a f te r  

exposure to  light fo r  80 hours  was 90.6%, which i s  t he  highest 

value among those obtained for t he  var ious adjuvants studied as 

seen from Table 1. Benzoic acid der ivat ives such as p-aminobenzoic 

acid and p-dimethyl aminobenzoate have been used as u l t rav io le t  

absorbers and photoprotect ive agents (17, 18). Therefore, the 

photostabi l izing effect o f  sodium benzoate could be  due  t o  i t s  u l t ra -  

violet-absorbing propert ies.  However, f u r t h e r  studies a r e  needed 

before a f inal  conclusion can be made. 
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PHOTOSTABILITY OF PHYSOSTIGMINE SULFATE 745 

CONCLUSIONS 

The results o f  th is  study show that photodegradation o f  phy- 

sostigmine sulfate in acetate buf fer  of pH 4.5 could be retarded by 

the incorporation o f  certain adjuvants. Sodium benzoate appeared 

to  be most effective followed by potassium acid phthalate and then 

tartar ic acid. Ur ic acid, sodium thiosulfate and g lycer in  were less 

effective, while bor ic acid and sodium metabisulfite demonstrated 

the least photostabilizing effect. 
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