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ABSTRACT 

A h i g h  performance l i q u i d  chromatographic [HPLCI procedure 
f o r  t h e  a n a l y s i s  o f  p y r i d o s t i g m i n e  i n  plasme has been developed. 
Only 0.5 m l  o f  plasma i s  r e q u i r e d  f o r  t h a  a n a l y s i s .  The clean-up 
procedura i n v o l v e s  a p r o t e i n  p r e c i p i t e t i o n  s t e p  and a column 
e l u t i o n  s t e p  p r i o r  t o  s e p a r a t i o n  by  HPLC. The assay i s  q u i t e  
s e n s i t i v e  w i t h  a d a t e c t i o n  l i m i t  o f  1.37 ng/mL f o r  p y r i d o s t i g m i n e  
i n  plasma. V a r i a b i l i t y  o f  r e s u l t s  ranged f rom 3 t o  14% on evalue- 
t i o n s  o f  assay p r e c i s i o n .  Accuracy o f  r e s u l t s ,  eva lua ted  u s i n g  
b l i n d  samples i n  t h e  range o f  0 - 50 ng/mL, d i f f e r e d  between 6 and 
12% f rom b l i n d  sample values. S t a b i l i t y  W 8 6  SlSO determined f o r  
p y r i d o s t i g m i n e  i n  plesma a t  -2OOC and -8OOC. The r e s u l t s  showed 
no degrada t ion  f o r  p y r i d o s t i g m i n e  a t  -8OOC f o r  up t o  f o u r  months. 
I n  a p r e l i m i n a r y  s tudy  w i t h  one humen v o l u n t e e r ,  t h e  drug c o u l d  be 
d e t e c t e d  up t o  1 2  hours  f o l l o w i n g  o r a l  syrup s o l u t i o n  doses o f  
between 0.4 and 0.9 mg/kg. T h i s  assay i s  s u i t e b l e  f o r  pharmacoki- 
n e t i c  s t u d i e s  i n v o l v i n g  p y r i d o s t i g m i n e  i n  human s u b j e c t s .  
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2232 YTURRALDE ET AL. 

INrRODUCTION 

P y r i d o s t i g m i n e  [ F i g .  I), an a c e t y l c h o l i n e s t e r a s e  i n h i b i -  

t o r ,  i s  used e x t e n s i v e l y  i n  anes thes io logy  t o  reve rse  non-depolar- 

i z i n g  neuromuscular b lockade l  and i n  t h e  t rea tmen t  o f  myasthenia 

g r a v i s ,  a neuromuscular d i so rde r .2  Py r idos t i gm ine ,  g i v e n  prophy- 

l a c t i c a l l y ,  has a l so  been considered a p romis ing  means o f  p ro tec -  

t i o n  a g a i n s t  organophosphate p o i ~ o n i n g . ~  R e g u l a t i o n  o f  o r a l  a n t i -  

c h o l i n e s t e r a s e  doses t o  p a t i e n t s  i s  u s u a l l y  e m p i r i c a l ,  depending 

t o  a l a r g e  e x t e n t  on t h e  p a t i e n t ' s  o b j e c t i v e  response. The l a c k  

o f  r e l i a b l e  and s e n s i t i v e  methods f o r  t h e  assay o f  t h e  an t i cho -  

l i n e s t e r a s e s  has been t h e  l i m i t i n g  f a c t o r  i n  pharmacologic  and 

pharmacokinet ic  i n v e s t i g a t i o n s  o f  these drugs. 

Most e f f o r t s  i n  t h e  a n a l y s i s  o f  t h e  qua te rna ry  ammonium 

compounds, such a6 neost igmine and p y r i d o s t i g m i n e ,  have been 

d i r e c t e d  a t  assay ing a c e t y l c h o l i n e  u s i n g  b ioassay methods.4,5,6 

These methods a r e  q u i t e  s e n s i t i v e  b u t  o f  ques t i onab le  s p e c i f i c i t y .  

S p e c i f i c  gas chromatographic methods a r e  a l s o  a v e i  t ab le .  One 

techn ique  uses p y r o l y s i s  o f  t h e  sample and subsequent a n a l y s i s  by 

mass ~ p e c t r o m e t r y . ~ r *  I n  a second method, t h e  qua te rna ry  ammonium 

compound i s  i s o l a t e d  f rom b i o l o g i c a l  f l u i d s  as i t s  i o d i d e  s a l t  and 

then  t h e r m a l l y  degraded t o  r e l e a s e  m e t h y l i o d i d e  upon i t s  i n j e c t i o n  

on to  t h e  gag chromatographic  c o l ~ m n . ~  Both methods, however, a r e  

t e d i o u s  and u n s u i t a b l e  f o r  most l a b o r a t o r i e s .  A h i g h  p ressu re  

l i q u i d  chromatographic [HPLC) method,1° which i n v o l v e s  i on -pa i r  

e x t r a c t i o n  and reversed-phase, i on -pa i r  l i q u i d  chromatography, has 

C1. 9 3  

fdrophonrum Chloride P y r i d o s t i g m i n e  Bromide 

F i g u r e  1: Mo lecu la r  s t r u c t u r e  o f  p y r i d o s t i g m i n e  bromide and t h e  
i n t e r n a l  s tandard,  edrophonium c h l o r i d e  
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PYRIDOSTIGMINE IN PLASMA 2233 

been r e p o r t e d  f o r  t h e  de te rm ina t ion ,  wi th a s e n s i t i v i t y  o f  5 

ng/ml, o f  qua te rna ry  a c e t y l c h o l i n e s t e r a s e  i n h i b i t o r s .  A s i m i  l e r  

HPLC method i s  a l s o  r e p o r t e d  f o r  t h e  i s o l a t i o n  and d e t e r m i n a t i o n  

o f  p y r i d o s t i g m i n e  i n  u r i n e  and blood.l l  T h i s  r e p o r t  desc r ibes  a 
reversed-phase, ion-pai r l i q u i d  chrometographic method wi th  UV 

a b s o r p t i o n  d e t e c t i o n  a t  208 nm f o r  t h e  a n a l y s i s  o f  p y r i d o s t i g m i n e  

i n  plasma. The clean-up procedure i n v o l v e s  a p r o t e i n  p r e c i p i t a t i o n  

s t e p  and a column e l u t i o n  s t e p  p r i o r  t o  s e p a r a t i o n  by i on -pa i r  

HPLC. The assay i s  q u i t e  s e n s i t i v e  w i th  a d e t e c t i o n  l i m i t  o f  1.37 

ng/ml f o r  p y r i d o s t i g m i n e  i n  a 0.5 m l  plasma sample. 

MATERIALS AND METHODS 

Reagents 

A c e t o n i t r i  Le [CHsCN, HPLC g rade ]  was purchased f rom J.T. 

Beker Chemicals [Ph i  l l i p s b u r g ,  N J  088651, whi l e  t h e  sodium l a u r y l  

s u l f a t e  [SDS, 99% p u r i t y ]  and tetramethylammonium c h l o r i d e  

[TMA'CL-I were ob ta ined  f rom F l u k a  Chem. Go. [Hauppague, NY 

117871. P y r i d o s t i g m i n e  bromide [ B o t t l e  no. BK 578381 we6 f u r -  

n i shed  by t h e  Wa l te r  Reed Army I n s t i t u t e  o f  Research and t h e  

i n t e r n a l  s tandard,  edrophonium c h l o r i d e ,  [F ig .  1 I wes ob ta ined  

f rom Roche L a b o r a t o r i e s  [Nu t ley ,  NJ 071101. Standerds o f  py r idos -  

t i g m i n e  bromide were prepared i n  water ,  w i t h  t h e  p y r i d o s t i g m i n e  

c o n c e n t r a t i o n  o f  t h e  work ing s tandard  e t  0.68 mg/ml. 

Instrumentation 

A Waters Assoc ia tes  Model 6000A l i q u i d  chrometograph pump 

[Waters Assoc ia tes ,  M i  l f o r d ,  Ma 071571, a Kra tos  Spec t ro f l ow  773 

absorbance d e t e c t o r  [K ra tos  A n a l y t i c a l  I ns t rumen ts ,  Ramsey, NJ 

074461 and a Waters I n t e l l i g e n t  Sample Processor  Model 7108 were 

used. The d e t e c t o r  was opera ted  a t  208 nm w i th  t h e  s e n s i t i v i t y  

s e t  a t  0.004. Separa t i ons  were c a r r i e d  o u t  on an A l t e x  U l t r a -  

sphere O c t y l  column, 5 microns,  4.6 mm x 25 cm, [Beckmen I n s t r u -  

ments Inc . ,  Be rke ley ,  CA 947101. The mob i l e  phase c o n s i s t e d  o f  
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2234 YTURRALDE ET AL. 

a c e t o n i t r i  le/water [30:701, 0.1% sodium l a u r y l  s u l f a t e  [ w t / v o l l ,  

0.1% H3PO4 [ v o l / v o l l ,  and 0.0025 M tatramethylammonium c h l o r i d e .  

The f l o w  r a t e  was 1.0 m l / m i n .  

Sample Preparat ion 

Plasma sample [0.5 m l l  p r o t e i n s  ware p r e c i p i t a t e d  w i th  2 

m l  o f  CH$N Con ta in ing  t h e  i n t e r n a l  s tanderd,  edrophonium HCL [20 

ng/mll.  A f t e r  a sample was vo r texed  10 sec and c e n t r i f u g e d  a t  

3000g f o r  10 min, t h e  r e s u l t i n g  supernatant  [500 mgl we6 poured 

on to  a C-2 Bond ELut c a r t r i d g e  [Analy t ichem I n t e r n a t i o n a l  Inc., 

Harbor  C i t y ,  CA 907101. Since p y r i d o s t i g m i n e  and t h e  i n t e r n a l  

s tandard  do n o t  e l u t e  from t h e  C-2 Bond E l u t  w i t h  CHaCN alone,  

undes i red  endoganous substances wera washed f rom t h e  Bond ELut 

w i t h  2 m l  water  and 2 m l  o f  100% a c e t o n i t r i l e .  Than, t h e  Bond 

E l u t  was washed w i th  1 m l  o f  95% CHaCN c o n t a i n i n g  0.1% SDS and 

0.05% TMA+Cl-, and subsequantly, t h e  sample was e l u t a d  wi th  3 m l  

o f  95% CH$N c o n t a i n i n g  0.1% SDS and 0.05% TMA'CL-. The e l u t i o n  

f r a c t i o n  con ta ined  p y r i d o s t i g m i n e  and t h e  i n t e r n a l  s tandard.  T h i s  

f r a c t i o n  waa c o l l e c t e d  end evaporated undar N2 t o  dryness and 

r e d i s s o l v e d  i n  30% CHaCN (200 p l ] .  Two-th i rds o f  t h e  r e s u l t i n g  

s o l u t i o n  we6 d e l i v e r e d  on to  t h e  HPLC system u s i n g  t h e  au to  

i n j e c t o r .  

RESULTS 

Separation 

F i g u r e  2 i l l u s t r a t e s  t y p i c a l  chromatograms f o r  a b l a n k  

plasma; a sample s p i k e d  wi th  p y r i d o s t i g m i n e  and t h e  i n t a r n e l  

s tandard,  edrophonium c h l o r i d e ;  and a plasma sample taken  12 hr  

a f t e r  en o r a l  dose o f  0.90 mg/kg o f  p y r i d o a t i g m i n e  bromide syrup. 

P y r i d o s t i g m i n e  e l u t e d  a t  22 m i n  and t h e  i n t e r n a l  s tanderd  e l u t e d  

a t  30 min. F l u s h i n g  t h e  column w i t h  a c e t o n i t r i l e / w a t e r  [50:501 a t  

t h e  end o f  each a n a l y s i s  day r e s t o r e d  column r e s o l u t i o n  and 

inc reased  column l i f e .  
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L i n e a r i t y  

Tab le  1 d e p i c t s  t h e  l i n e a r  r e l a t i o n s h i p  between t h e  drug 

plasma c o n c e n t r a t i o n  and t h e  peak h e i g h t  r a t i o  o f  p y r i d o s t i g m i n e  

t o  i n t e r n a l  s tandard.  L i n e a r  r e g r e s s i o n  o f  t h e  peek h e i g h t  r a t i o  

versus c o n c e n t r a t i o n  gave a c o e f f i c i e n t  o f  d e t e r m i n a t i o n  [r2] o f  

0.9987, wi th  a s l o p e  o f  0.0337 and a Y- in te rcep t  o f  0.0097. 

P r e c i s i o n  and Accuracy 

P r e c i s i o n  o f  t h e  method ove r  t h e  e n t i r a  work ing range was 

detarmined by  a n a l y z i n g  r e p l i c e t a  s p i k e d  samples. I n  T a b l e  2, t h e  

i n t a r d a y  and i n t r a d a y  p r a c i s i o n  r e s u l t s  o f  plasma samples sp i ked  

w i th  p y r i d o s t i g m i n e  t o  3.42, 10.3, 27.3 and 47.8 ng/ml a r a  pre-  

sented. The ranges o f  CV f o r  t h e  method were f rom 3 t o  6% f o r  

i n t r a d a y  and 4 t o  14% f o r  i n t e r d a y  measurements. The accuracy o f  

t h e  method f o r  plesma c o n c e n t r a t i o n  measurements was determined by  

t h e  a n a l y s i s  o f  b l i n d ,  sp i ked  plasma samples p r o v i d e d  by t h e  

Wa l te r  Reed Army I n s t i t u t e  o f  Research. The b i a s  was between 2 

and 12% f o r  c o n c e n t r a t i o n s  between 2.89 and 29.9 ng/ml. 

Recovery 

Recovery was datarmined by comparing t h e  d i f f e r e n c e  be- 

tween p y r i d o s t i g m i n e  sp i ked  i n  plasma end i n  water. Each sample 

was prepared as desc r ibed  above, except  t h a t  t h e  i n t e r n a l  s tandard  

was n o t  added u n t i l  a f t e r  t h e  Np evapora t i on  s t e p  end t h e  sp i ked  

water  was n o t  passed th rough  a C-2 Bond E l u t  c a r t r i d g e .  Recovery 

o f  p y r i d o s t i g m i n e  was determined f o r  each sample as: 

peak h e i g h t  r a t i o  o f  p y r i d o s t i g m i n e  i n  plasma 

peak h e i g h t  r a t i o  o f  p y r i d o s t i g m i n e  i n  wa te r  
% recove ry  = ------------------- 

Recover ies ranged f rom 73 t o  87% f o r  c o n c e n t r a t i o n s  between 3.42 

and 47.8 ng/ml. 

S t a b i  L i t y  

pLasma was seen f o r  up t o  four months e t  -8OoC [Tab le  31. 

No a p p r e c i a b l e  deg rada t ion  o f  p y r i d o s t i g m i n a  i n  f r o z e n  

Consi- 
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PYRIDOSTIGMINE IN PLASMA 2237 

INTAADAY I NTEROAY 

SPIKEO [n = 61 [n = 6 )  
- CONC. 

[ng/mtl MEAN t SO %C.V. MEAN If: SO %C.V. 
[ng/mll  [ ng/m 1 I 

3.42 3.25 0.11 3.40 3.71 0.52 14.0 

10.3 10.4 0.67 6.50 9.85 0.50 5.10 

27.3 27.7 1.47 5.30 27.2 1.24 4.60 

47.8 46.3 2.45 5.30 47.5 2.14 4.50 
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~~ ~~ -~ ~~ - 

TABLE 3: STABILITY OF PYRIDOSTIGMINE WEN STORED AT -BO°C 

SPIKE 
DAY 0 

1 

2 

3 

6 

13 

20 

29 

57 

99 

135 

MEAN f SD 

3.43 ng/ml 

4.25 

3.16 

3.57 

3.70 

2.81 

3.77 

3.50 

3.16 

4.08 

2.54 

4.21 

3.52 f 0.56 

10.3 ng/ml 

11 .I 

10.4 

10.4 

10.2 

9.60 

9.88 

10.4 

10.0 

12.6 

8.64 

10.8 

10.4 f 0.98 

27.3 ng/ml 

26.6 

25.8 

24.4 

26.6 

26.9 

24.5 

24.8 

28 .I 

29.8 

26.2 

29.3 

26.6 f 1.82 

47.8 ng/ml 

43.5 

46.0 

46.6 

47.8 

49.6 

44.9 

44.3 

48.4 

49.3 

43.8 

45.3 

46.3 f 2.18 

TABLE 4: STABILITY OF PYRIDOSTIGHINE WHEN STORED AT -20% 
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K '  

14 

12 

8 

6 

4 

2 

m 

30 % CH3CN 

0 

0 

40% CH$N 

0.0025 0.005 0.0075 0.01 (M) 

TMA+CI- 

FIGURE 3: R e l a t i o n s h i p  between capac i ty  f a c t o r s  [K'l and 
tetramathy Lammonium ch Lori  de [TMA'CL-I. Concentrat ion 
i n  so lvent  system: CHQCN as i n d i c a t e d ,  0.2% SOS, 0.1% 
H3P04. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2240 YTURRALDE ET AL. 

d e r a b l e  deg rada t ion ,  however, was no ted  when t h e  samples were 

s t o r e d  a t  -2OoC, as shown i n  Tab le  4. 

DISCUSSION AND CONCLUSION 

P r e l i m i n a r y  exper iments revea led  t h a t  p y r i d o s t i g m i n e  would 

n o t  e l u t e  f rom t h e  A l t e x  U l t r a s p h e r e  O c t y l  column w i t h  ace ton i -  

t r i  le /water  m i x t u r e s  un less  SDS o r  TMA+CL- was added t o  t h e  mobi Le 

phase. These obse rva t i ons  may b e  exp la ined  by t h e  i r r e v e r s i b l e  

a d s o r p t i o n  o f  t h e  drug t o  r e s i d u a l  s i l a n o l  groups and t h e  d e a c t i -  

v a t i o n  o f  a d s o r p t i o n  s i t e s  by TMA'CL- and SDS.lo The c a p a c i t y  

r a t i o  o f  p y r i d o s t i g m i n e  c o u l d  be r e g u l a t e d  b y  e l t e r i n g  the concen- 

t r a t i o n  o f  TMA+Cl- i n  t h e  mob i l e  phase [F ig .  31. Presence o f  

TMA'CL- has a pronounced e f f e c t  on t h e  appearance o f  t h e  chromato- 

gram by reduc ing  peak t a i l i n g  and t h e  r e t e n t i o n  t i m e  o f  t h e  

p y r i d o s t i g m i n e  peak [F ig .  41 .lo The e f f e c t  o f  c o u n t e r i o n  concen- 

t r a t i o n  [SDS] i n  t h e  mob i l e  phase on t h e  chromatography o f  

p y r i d o s t i g m i n e  was eva lua ted  f rom 0.05 t o  0.2%, w h i l e  m a i n t a i n i n g  

a l l  o t h e r  v a r i a b l e s  cons tan t .  The i n f l u e n c e  o f  c o u n t e r i o n  concen- 

t r a t i o n  on t h e  c a p a c i t y  f a c t o r s  IK'I and p l a t e  counts  a re  shown i n  

F i g u r e s  5 and 6. I n  genera l ,  t h e  r e t e n t i o n  t i m e  o f  and p l a t e  

count  f o r  p y r i d o s t i g m i n e  inc reased  as t h e  percentage o f  SDS 

increased.  The percentage o f  HaPo4 i n  t h e  mob i l e  phase showed 

v e r y  l i t t l e  i n f l u e n c e  on K' between 0.05 and 0.2%, however, a 

s i g n i f i c a n t  i nc rease  i n  t h e  p y r i d o s t i g m i n e  peek h e i g h t  was no ted  

a t  0.05% [F ig .  7) .  The e f f e c t  o f  v a r i a t i o n  i n  t h e  mob i l e  phase pH 

on t h e  chromatogram was a l s o  eva lua ted  f o r  t h e  pH range f rom 2.0 

t o  5.0. We found t h e  e f f e c t  o f  pH n e g l i g i b l e  an b o t h  K '  and p l a t e  

count  f o r  p y r i d o s t i g m i n e ,  which i s  t y p i c a l  f o r  qua te rna ry  amines. 

By p r o p e r l y  a d j u s t i n g  t h e  percentages o f  CHaCN, SOS and 

TMAk l - ,  t h e  peak shape and t h e  c a p a c i t y  f a c t o r  o f  p y r i d o s t i g m i n e  

bromide on t h e  chromatogram c o u l d  be improved. We a l s o  m o d i f i e d  

t h e  above f a c t o r s  t o  a d j u s t  t h e  r e t e n t i o n  t i m e  o f  p y r i d o s t i g m i n e ,  

ao t h a t  t h e  drug c o u l d  be separated f rom endogeneous compounds i n  

t h e  b i o l o g i c a l  sample. 
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li 
l i m e  [minl 

A 

b 
1 

15 ( 

B 

1 

FIGURE 4: Comparison of peak shapes [ a ]  from d i r e c t  i n j e c t i o n  o f  
8 10 ng sample o f  pyr idost igmine bromide [ A )  without 
TMA+Cl- and [B] w i t h  0.0025 M TMA+CL- i n  t h e  mobile 
phase [40% CHsCN, 0.1% SOS, 0.1% H3P041. 
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K'  

16 

14 

12 

10 

a 

6 

4 

2 

B 
30% CH3CN 

0 0 
0 
40% CH$N 

0 

I I 1 I 
0.05 0.7 0.15 0.2 

% SDS 

FIGURE 5: R e l a t i o n s h i p  between capac i ty  f a c t o r s  [ K ' I  and % SOS i n  
CH$N as i n d i c a t e d ,  0.1% H3PO4, 0.0025 so lvent  system: 

M TMA'CL-. 
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4000 

2000 

30% CH3CN 

a 
40% CH3CN 

0 

I I 1 I I 
a as 0.1 0.15 0.2  

FIGURE 6: Rete t ionsh iD  between o l e t e  counts and % SDS i n  so lvent  
system: CH$CN as i n d i c a t e d ,  0.1% H3P04, 0.0075 M 
TMA+C L-. 
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a 

L 
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a 

t 

A 
Time lrninl 

B 

FIGURE 7: Comparison o f  peak shapes [ a ]  from a 10 ng 
pyridost igmine bromide i n j e c t i o n  ( A 1  w i t h  0.2% Hap04 
and [ B I  w i t h  0.05% H3PO4 i n  t h e  mobi le phase (35% 
CH3CN, 0.1% SOS, 0.005 M TMA+CL,-l. 
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d 4 f! d l'0 1'2 114 116 
1 

0.40 mgkg (phase 1) _t____ 

0.57 mg/kg Cphase 2) - - - -.- - - - 
0.73 mg/kg (phase 3) c__._.__- A--- 

0.90 mg/kg (phase 4) . ............ *. 

Time'hrs* ) 

FIGURE 8: Plesme p y r i d o s t i g m i n e  c o n c e n t r a t i o n :  Time p r o f i l e  o f  a 
human v o l u n t e e r  g i v e n  p y r i d o s t i g m i n e  bromide 6s syrup 
so l u t i o n  o r a l  l y  . 

I n  conc lus ion ,  by  u s i n g  adequate e l u t i o n  procedures toge- 

t h e r  wi th  a low wavelength s e t t i n g  [208 nml, t h e  s e n s i t i v i t y  i n  

d e t e c t i n g  p y r i d o s t i g m i n e  i n  b i o l o g i c a l  samples i nc reases  th ree -  

f o l d .  T h i s  method i s  so s e n s i t i v e ,  accurate,  and p r e c i s e  t h a t  

r e  l i a b  l e  measurements o f  p y r i d o s t i g m i n e  c o n c e n t r a t i o n s  i n  plasma 

mey b e  o b t a i n e d  fo r  up t o  8 hours  f o l l o w i n g  s i n g l e  o r e l  doses in 

humans o f  0.4, 0.57, 0.73, end 0.90 mg/kg [F ig .  81. The HPLC 

method desc r ibed  h e r e  has s i g n i f i c a n t  advantages ove r  o t h e r  

techniques desc r ibed  p r e v i o u s l y  f o r  measuring t h e  presence o f  

p y r i d o s t i g m i n e  i n  plasma. 
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