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INTRODUCTION

The compound N-m ethylscopolam ine bromide (Pamine) i s  a 

p arasy m p ath o ly tic  drug which produces th e  a n tis e c re to ry  a c t io n s  

c h a r a c te r i s t i c  of a n tic h o lin e rg ic  drugs (1 ) . I t  d i f f e r s  from 

a tro p in e  in  th a t  i t  has a g re a te r  s e l e c t i v i t y  in  b locking  v a g a l 

nerve im pulses concerned w ith  g a s t r i c  s e c re t io n .  I t  i s  m arketed
<B)

in  s e v e ra l  fo rm u la tio n s  under th e  tr a d e  name BIOSOL and i s  designed  

fo r  use in  dogs, c a ts ,  and l iv e s to c k  to  p rev en t and t r e a t  b a c t e r i a l  

e n te r ic  in fe c t io n s  and b a c te r i a l  d ia r rh e a s ,  e sp e c ia lly  when accom­

panied by h y p e rm o tility  and h y p e rse c re tio n  (2 ) . I t  i s  fo rm ulated  

w ith  th e  a n t ib io t i c  neomycin s u l f a t e .

The fo rm u la tio n  has been c l a s s i f i e d  as an old drug by th e  

FDA fo r  many y e a rs , bu t a re c e n t  p o lic y  change has occu rred . The 

FDA has r e c la s s i f i e d  a l l  a n t ib io t i c s  as  new drugs and s in c e  Pamine 

i s  fo rm ula ted  w ith  an a n t i b i o t i c ,  i t  may f a l l  in to  the same c a teg o ry

(3 ) . As a r e s u l t ,  a t is s u e  re s id u e  method may be re q u ire d . The 

ta rg e t  s e n s i t i v i t y  fo r  such a method would be 0 .1  ppm.

The s t r u c tu r e  o f Pamine i s  s im ila r  to  th a t  of a tro p in e . I t  

d i f f e r s  from a tro p in e  in  th a t  i t  i s  a qua tern ary  ammonium brom ide 

s a l t  r a th e r  than a t e r t i a r y  amine and i t  has an epoxide a t  th e  

6, 7 p o s i t io n s  of th e  a tro p in e  r in g .  The s t ru c tu re  of Pamine i s  

shown in  F ig u re  1.

The compound has a m olecu lar w eight o f 398.31 and i s  p re ­

pared by th e  a c tio n  of methyl brom ide on the  scopolamine b a se .

1
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FIGURE 1 

S tru c tu re  o f Pamine

Br

I t  decomposes a t  214-217°C (4 ) .  The U nited  S ta te s  Pharm acopeia 

s ta n d a rd  p rocedure  fo r  th e  a ssa y  o f  th e  drug i s  a t i t r i m e t r i c  

m ethod, t i t r a t i n g  w ith  0 .1  N p e rc h lo r ic  a c id  to  a c r y s t a l  v io l e t  

end p o in t (5 ) .

The method used in  th e  d e te rm in a tio n  o f Pamine in  fo rm u la tio n s  

was o r ig in a l ly  a "dye t e s t ” where bromothymol b lu e  formed a  complex 

w ith  th e  q u a te rn ary  ammonium p o r t io n  o f  th e  Pamine m olecu le  (6) . 

T h is  p rocedu re  req u ired  s e p a ra tio n  o f in te r f e r in g  components by 

column chromatography p r io r  to  th e  fo rm ation  of th e  complex. A 

newer m ethod, based on re v e rse d  phase io n  p a ir  h ig h  speed l iq u id  

chrom atographic  s e p a ra tio n  and d e te c t io n  by UV absorbance of 

Pam ine, i s  p re s e n tly  in  u se . Because o f th e  low dosage le v e l  (50 pg 

Pam ine/ kg o f  body w eight) th e  above method would n o t be  con­

s id e re d  s a t i s f a c to r y  as  a  r e s id u e  m ethod.

The purpose of t h i s  work was to  f in d  a s u i ta b le  d e te c t io n  

system  and to  develop a r e s id u e  method fo r  Pamine in  anim al t i s s u e

2
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s e n s i t iv e  to  0 .1  ppm. The m ajor problem  w ith  t h i s  work was to  

f in d  a d e te c t io n  method which would g iv e  th e  s e n s i t i v i t y  needed 

fo r  a  r e s id u e  method. A h ig h ly  s p e c i f ic  d e te c t io n  method would 

be d e s i r a b le ,  h u t u n lik e ly  fo r  Pam ine. Thus a chrom atographic 

p rocedu re  w i l l  p robab ly  be re q u ire d  to  e lim in a te  in te r fe re n c e  

from n a tu r a l  components o f th e  t i s s u e s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



EXPERIMENTAL 

Methods Of D e te c tio n .

S ev e ra l d e te c tio n  methods s u i ta b le  fo r  m onito ring  th e  e f f lu e n t  

from a chrom atographic column w ere t r i e d  in  an a ttem pt to  d e te r ­

mine th e  b e s t  method fo r  Pamine.

O p tic a l r o ta r y  d isp e rs io n

An aqueous s o lu tio n  of Pamine was p repared  and analyzed on a 

Cary Model 60 S p e c tro p o la rim e te r . The r e s u l t s  a re  summarized in  

T able 1 .

T able 1 

Summary of ORD R esu lts

A(nm) Molar R o ta tio n  ( [$ ] )  M illid e g re e s  R o ta tio n  (R)

260

233 (mip) 

212

-5 ,200

-15,000

+26,000

-5

-15

+27

The r e s u l t s  o f th e  ORD a n a ly s is  in d ic a te d  th a t  th e re  i s  only  

a r e l a t i v e l y  sm all r o ta t io n  as  compared to  a b so rp tio n . 

Amperometric d e te c tio n

K is s in g e r  (7 , 8) has s u c c e s s fu lly  used h is  amperometric 

d e te c to r  in  a  h igh  speed l iq u id  chrom atographic (HSLC) system  to  

d e te c t  compounds which were n o t e a s i ly  d e te c te d  by con v en tio n al 

m eans. The p r in c ip le  behind am perom etric d e te c t io n  i s  e le c t r o -

4
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5

chem ical a c t i v i t y .  The d e te c to r  i s  a w orking e le c tro d e  in s e r te d  

in  th e  e f f lu e n t  from a column. The e le c tro d e  i s  he ld  a t  a f ix e d  

p o te n t ia l  designed  to  o x id ize  o r reduce  components passing  by.

An a u x i l ia ry  e le c tro d e  and a re fe re n c e  e le c tro d e  a re  in se r te d  

downstream to  se rv e  as background re fe re n c e s .  A p re re q u is i te  

fo r  am perom etric d e te c tio n  i s  th a t  th e  compound must undergo 

some type  o f e lec tro ch em ica l o x id a tio n  o r re d u c tio n . T ests 

u sing  a  P rin ce to n  A pplied Research Model 174A P olargraph in d i­

ca ted  th a t  Pamine does no t undergo e i th e r  o x id a tio n  or re d u c tio n  

over th e  p o te n t ia l  range a v a ila b le  to  th e  amperometric d e te c tio n  

system ( -2 .0  to  +1.0  V v s . SCE).

M icroadsorp tion  D etec tio n

A nother means of d e te c tin g  compounds using  a HSLC system 

is  a m ic ro ad so rp tio n  d e te c to r  (9 ) . The p r in c ip le  o f o p e ra tio n  

i s  d e te c t io n  o f the  h ea t em itted  due to  th e  ad so rp tio n  of a com­

pound onto  an ad so rben t packed w ith in  a chamber in  th e  d e te c to r .

A second chamber w ith in  the  d e te c to r  i s  f i l l e d  w ith  a non-adsorb ing  

packing and a c ts  as a re fe re n ce  chamber. The d e te c to r  used was 

a V arian  m ic roadso rp tion  d e te c to r  a tta c h e d  to  a V arian Model 4000 

l iq u id  chrom atograph. The d e te c to r  was in s e r te d  in  a  p la s t i c  bag 

( to  a c t  as a tem peratu re  b u ffe r)  and then  th e  bag was in s e r te d  in  

a Lauda K-2/R C onstant Temperature Bath (Brinkman In s tru m e n ts ) .

A r e s t r i c t o r  column was used in  o rd e r to  determ ine the  s e n s i t i v i t y  

o f th e  d e te c to r  w ith  v a rio u s  ad so rb en ts  to  Pamine. The a d so rb en ts  

were: s i l i c a  g e l ,  b a s ic  alum ina, Dowex 50, n e u tra l  alum ina,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6

Sephadex G-10, acidi<c. alum ina, Bio-Rex 70 (hydrogen f o a ) , b i s -  

(2 -eth y lh ex y l)h y d ro g en  phosphate suspended on s i la n iz e d  C e l i te  and 

d io c ty l  a c id  pyrophosphate s im ila r ly  su p p o rted . The b e s t adso rben t 

was Bio-Rex 70 , w ith  a 0 .01 M Pamine s o lu t io n  g iv in g  a peak resp o n se  

o f 18 mm. T h is d e te c t io n  system la ck s  th e  s e n s i t i v i t y  req u ired  

fo r  a  r e s id u e  method.

Gas chrom atograph d e te c tio n

Pohlman and Cohen (10) have developed a gas chrom atographic 

method fo r  th e  d e te rm in a tio n  of q u a te rn ary  ammonium compounds.

T heir p rocedure  in v o lv es  conversion  to  q u a te rn a ry  ammonium io d id es  

and subsequent decom position to  th e i r  r e s p e c t iv e  a lk y l io d id e s .

The decom position ta k e s  p lace  in  th e  in je c t io n  p o r t  a t  a tem p era tu re  

o f 350°C. The a lk y l  io d id es  formed in  th e  in je c t io n  p o rt a re  sep­

a ra te d  on column and d e tec te d  by 63Ni e le c tro n  c a p tu re . The 

method, a s  i t  s ta n d s , could no t be used as  a  re s id u e  method because 

in  a  p h y s io lo g ic a l media th e re  may be s e v e ra l  q u a te rn ary  ammonium 

compounds which m ight form methyl io d id e s , a s  would Pamine, causing  

in te r fe re n c e  in  th e  l a t t e r ' s  d e te c tio n . The method could be made 

a p p lic a b le  i f  th e  Pamine io d id e  m olecule could  be sep ara ted  by gas 

chrom atography i n t a c t .  A fte r s e p a ra tio n  was ach ieved , a p o st column 

h e a te r  could be used to  genera te  th e  a lk y l  io d id e s  and d e te c tio n  by 

e le c tro n  c ap tu re  could g ive  th e  needed s e n s i t i v i t y .

The gas chrom atograph used in  t h i s  a ttem p t a t  Pamine s e p a ra tio n  

and d e te c t io n  was a Micro Tek (Tracor I n d u s t r ie s ,  Baton Rouge, 

L ou isiana) Model 220 equipped w ith  bo th  a flam e io n iz a tio n  d e te c to r

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7

(FID) and a 63Ni e le c tro n  cap tu re  (EC) d e te c to r .  The column used 

was a  4 f t  3% OV-17 on Gas Chrom Q and th e  column tem peratu re  was 

215°C. A ttem pts to  p re p a re  Pamine io d id e  acco rd in g  to  the  procedure 

o f Pohlman and Cohen (10) f a i l e d .  However, a 1000 ppm aqueous 

s o lu tio n  o f Pamine brom ide when in je c te d  on column (5 p i)  gave a 40 

mm peak a s  determ ined  by FID. A sm all p rep eak  was observed , b u t no 

o th e r peaks, w ith  th e  ex cep tio n  o f th e  s o lv e n t peak appeared. Decom­

p o s it io n  may have been o c cu rrin g , b u t th e  p ro d u c t observed appeared 

to  be one m ajor component. No peaks were observed  a t  tem peratures 

below 215°C. I t  would appear th a t  Pamine brom ide o r some decom position 

product can be sep a ra te d  on column, b u t th e  l im i t  o f d e te c tio n  using  

the FID i s  250 ppm making i t  unaccep tab le  as  a d e te c to r  in  a re s id u e  

method.

A p o s t column h e a te r  was a tta ch e d  and th e  one inch  space in  th e  

column surrounded by the  h e a te r  was packed w ith  copper f i l i n g s  to  a id  

in  th e  g e re ra t io n  o f m ethyl bromide. The column was a tta ch ed  to  an EC 

d e te c to r  and th e  column tem peratu re  was a d ju s te d  to  215°C and th e  p o s t 

column h e a te r  s e t  a t  400°C. Severa l problem s were encountered in  

th i s  d e te c t io n  system . The only so lv e n t in  which Pamine i s  reaso n ab ly  

so lu b le  i s  w a te r . I t  i s  n o t a good s o lv e n t fo r  EC d e te c t io n , g iv in g  

a broad t a i l i n g  so lv e n t peak. The peaks observed  were d i f f i c u l t  to  

r e l a t e  to  the  q u a n tity  o f Pamine in je c te d  on column. The in je c t io n  

of 5 mg on column produced th re e  peaks w ith  r e te n t io n  tim es o f 3 .6  

m inutes, 4 .7  m in u te s , and 9 .0  m inutes w ith  th e  9 .0  m inute peak being  

the l a r g e s t .  I n je c t io n  o f 500 pg on column a ls o  gave th re e  peaks

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



8

w ith  th e  second peak being  th e  l a r g e s t .  In je c t io n  of 50 pg on 

column gave only  two peaks w ith  r e te n t io n  tim es o f 3 .5  and 4 .6  

m inutes w ith  th e  second peak again  being the  l a r g e s t .  I n je c t io n  of 

5 pg on column gave on ly  one peak a t  a r e te n t io n  tim e o f 4 .6  

m inutes and peak h e ig h t o f 10 mm. The la ck  of l i n e a r i t y  over th e  

range te s te d  was ty p ic a l  o f EC d e te c tio n  and p robab ly  over a sm alle r 

ran g e , th e  resp o n se  would be l i n e a r .  The m ajor problem  was th e  lack  

of s e n s i t i v i t y .  A te n - fo ld  in c re a s e  in  s e n s i t iv i ty  would be re q u ire d  

to  ach ieve  th e  t a r g e t  s e n s i t i v i t y  o f 0 .1  ppm. The decom position  

p roducts  were no t as  s e n s i t iv e  to  EC d e te c tio n  as was o r ig in a l ly  

expected

HSLC ion  p a i r  s e p a ra tio n  and co u n ter ion d e te c tio n

Pamine should  be sep a ra b le  by HSLC but d e te c tio n  rem ains th e  

problem . I t s  low m olar a b s o r p t iv i ty  (about 189 a t  257 nm, Xmax) 

would y ie ld  low s e n s i t i v i t y .  S ince Pamine i s  a q u a te rn a ry  ammonium 

compound, i t  should  e a s i ly  form an ion  p a ir  w ith  v a r io u s  a n io n s .

I f  an anion could be chosen which had high UV a b s o r p t iv i ty ,  th e  

d e te c to r  s e n s i t i v i t y  to  Pamine could  be enhanced c o n s id e ra b ly  by 

such ion  p a i r  fo rm atio n . S evera l in v e s t ig a to r s  have s tu d ie d  th e  

a p p lic a t io n  o f io n  p a i r  chrom atography to  p h a rm aceu tica l a n a ly s is  

(11-15). The b a s is  fo r  th e  s e p a ra tio n , as they  d e s c r ib e  i t ,  i s  the  

p a r t i t io n in g  of an io n  p a i r  between a s ta t io n a r y  aqueous p hase , in  

which the  p a i r  i s  d is s o c ia te d ,  and an o rgan ic  m obile p h ase , in  which 

th e  ions rem ain p a ire d .  The co u n te r ion  which forms th e  ion  p a ir  

w ith  the  compound o f i n t e r e s t  i s  loaded on th e  s ta t io n a r y  phase as
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th e  sodium s a l t  in  a h igh  c o n c e n tra tio n  th u s  s h i f t in g  th e  aqueous 

e q u ilib r iu m  to  favo r p a ir in g . The io n  p a .ir , being more hydrophobic 

th an  th e  in d iv id u a l io n s , p a r t i t i o n s  back in to  th e  m obile p h ase . The 

m obile  phase i s  s a tu ra te d  w ith  th e  co u n ter io n  s a l t  to  p rev en t 

s t r ip p in g  o f th e  s ta t io n a ry  phase . The a s s o c ia t io n  and d is s o c ia t io n  

o f th e  io n  p a i r  r e s u l t s  in  th e  p a r t i t i o n  between th e  m obile and 

s ta t io n a r y  phases thus g iv ing  th e  s e p a ra t io n . Eksborg, e t  a l ,  (11-13) 

used p i c r a te  and 3-naphthalene s u lfo n a te  as coun ter ions and c e l lu lo s e  

as  th e  su p p o rt. K arger, e t  a l ,  (14 , 15) used p e rc h lo ra te  as  th e  

c o u n te r  io n  and s i l i c a  g e l as  th e  column su p p o rt. K a rg e r 's  method 

gave b e t t e r  r e s o lu t io n  o f th e  compounds because sm aller p a r t i c l e  

s iz e s  and h ig h e r p re ssu re s  were used w ith  s i l i c a  g e l .  C e llu lo se  

c o lla p s e s  a t  h ig h e r p re s su re s , th u s  la rg e r  p a r t i c l e  s iz e s  must be 

used so  h ig h e r p re ssu re s  could be avo ided . N eith er in v e s t ig a to r  

used th e  co u n te r ion  to  in c re a se  th e  s e n s i t i v i t y  to  th e  compound o f 

i n t e r e s t  as  t h e i r  compounds of i n t e r e s t  were a lread y  good UV a b so rb e rs . 

T h e ir u se  o f th e  coun ter ion  was m erely  to  ach ieve  a chrom atographic 

s e p a ra t io n .

S a n t i ,  Huen and F re i  (16) developed an ion  p a ir  method which 

s u c c e s s fu l ly  used th e  p ic r a te  co u n te r ion  to  enhance th e  d e te c to r  

s e n s i t i v i t y  to  scopolam ine, hyoscyamine and ergotam ine. Scopolamine 

and hyoscyam ine a re  very  s im ila r  in  s t r u c tu r e  to  Pamine, d i f f e r in g  

in  t h a t  th ey  a re  t e r t i a r y  r a th e r  th an  q u a te rn ary  ammonium compounds 

and hyoscyam ine does no t have an  epoxide group.

Most in v e s t ig a to r s  have used e i th e r  p e rc h lo ra te  or p ic r a te  as
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co u n te r io n s  to  o b ta in  th e i r  chrom atographic se p a ra tio n s . Bromo- 

thymol b lu e  has been used a s  a  complexing agent w ith  Pamine in  th e  

o r ig in a l  fo rm u la tio n  assay  p rocedure  (6 ) . Methyl orange h as  been 

used a s  a  complexing agen t w ith  a tro p in e  in  a c o lo r im e tr ic  a ssa y  (17) .

In  t h i s  work, a l l  o f th e  above m entioned coun ter io n s , w ith  th e

ex cep tio n  o f p e rc h lo ra te  which i s  UV tra n s p a re n t ,  were used in  th e  

p re p a ra t io n  o f chrom atographic colum ns. The optimum pH f o r  th e  

s ta t io n a r y  phase was determ ined by b a tch  e x tra c tio n  o f th e  io n  p a i r .

The column was prepared  by slow a d d itio n  of s i l i c a  g e l (Reeve

A ngel, 20 m icron) to  a 2 .3  mm ID X 25 cm s ta in le s s  s t e e l  o ne- 

e ig th  in ch  tub ing  which had been p re v io u s ly  washed w ith  s e v e ra l  

p o la r  and n o n -p o la r so lv e n ts . The s id e  o f th e  column was tapped 

d u rin g  th e  column packing procedure  and th e  ends of th e  column 

were plugged w ith  q u artz  wool. The column was loaded w ith  th e  

s ta t io n a r y  phase accord ing  to  th e  method of Karger (1 5 ). The column 

was washed w ith  100 ml o f ace to n e  and then  loaded by p a ss in g  an 

a ce to n e : s ta t io n a r y  phase , 1 :3  s o lu t io n  through the column. The 

column was e q u il ib ra te d  w ith  th e  m obile  phase (s a tu ra te d  w ith  th e  

s ta t io n a r y  phase) u n t i l  th e  b a s e l in e  s ta b i l i z e d .  A pre-colum n 

was p rep a red  in  a s im ila r  manner and p o s itio n e d  b efo re  th e  in je c t io n  

p o r t .  A ll samples were in je c te d  on column as ion  p a ir s  w ith  th e  

a p p ro p r ia te  coun ter io n . The column and pre-column were ja c k e te d  

and m ain ta in ed  a t  25°C ± 0 , l eC d u rin g  each ru n . A summary o f  th e  

r e s u l t s  i s  shown in  Table 2.
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T able  2

Summary o f  C ounter Ion  S e p a ra tio n

C ounter
Ion

pH Column 
Loading (M)

M obile
Phase

Pamine
on
Column

R eten tio n  
Time (min)

Peak
H eight (mm)

m ethyl
orange

5 .5 5X10"6 55:45
p en tan o l
ch2c i 2

200 ng 2 .9 20

m ethyl
orange

5 .5 5X10~5 55:45
p en tan o l
CH2C12

320 ng 1 .7 51

bromothymol
b lu e

6 .0 0.005 CH2Cl2 2 yg no peaks obs erved

p ic r a te 8 .0 0.04 5% p en tan o l 
in  CH2C12

50 yg 8 .4 13

p ic r a te 8 .0 0.04 10% p en tan o l 
in  CH2C12

50 yg 1 .0 95



M ethyl orange produced th e  b e s t  r e s u l t s  and achieved c lo se  to  

th e  re q u ire d  s e n s i t i v i t y ,  h u t th e  peak was somewhat broad and 

a tte m p ts  to  sharpen th e  peak caused  th e  r e te n t io n  tim e to  d e c rea se  

to  th e  p o in t where i t  would be u s e le s s  as  a  s e p a ra tio n  te ch n iq u e .

The b road  peaks were in d ic a t iv e  o f  poor c o l umn e f f ic ie n c y . A 

sh a rp e r peak may have been a t ta in e d  i f  th e  s i l i c a  g e l p a r t ic le ,  s iz e s  

cou ld  have been reduced to  5-10 pm. T h is would have re q u ire d  a 

n e u t r a l  d e n s ity  s lu r r y  packing te ch n iq u e  to  p ro p e rly  pack a column; 

a somewhat more d i f f i c u l t  p ro ced u re , b u t one which i s  n ecessa ry  when 

u s in g  such sm all p a r t i c l e s .

HSLC io n  p a i r  s e p a ra tio n  and Pamine d e te c t io n

The f i n a l  method t r i e d  was s im i la r  to  t h a t  p re s e n tly  in  u se  

fo r  fo rm u la tio n  assays o f Pamine. I t  i s  a  rev e rsed  phase p a ire d  

io n  chrom atographic techn ique  developed by W ittm er, e t  a l  (18 , 1 9 ) . 

The method u ses  a  rev ersed  phase C is perm anently  bonded column 

a v a i l a b le  from Dupont In s tru m en ts  (W ilm ington, D elaw are); a column 

in  which o c tad ecy l a lk an e  i s  ch em ica lly  bonded to  s i l i c a  g e l p a r ­

t i c l e s .  The m obile phase i s  g e n e ra l ly  0.005 F heptane su lfo n a te  

in  aqueous m ethanol w ith  a sm all amount o f  a c e t ic  a c id  to  main­

ta in  th e  sample in  an io n ic  s t a t e .  H eptane s u lfo n a te  forms an io n  

p a i r  w ith  th e  compound o f i n t e r e s t  which i s  p a r t i t io n e d  in to  th e  

hydrophobic s ta t io n a r y  phase. In  th e  s ta t io n a r y  phase, th e  io n  

p a ir  d is s o c ia te s  and i s  p a r t i t io n e d  back in to  th e  aqueous m obile  

p h ase ; th u s  a ffo rd in g  a s e p a ra t io n . For Pamine, th e  co n d itio n s  

e s ta b l is h e d  were somewhat d i f f e r e n t .  The m obile phase was 0 .01  F
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heptane s u lfo n a te  in  9 :1  (V/V) CH3CN:H20 a c id i f ie d  w ith  1.25% 

g la c ia l  a c e t ic  a c id .  Pamine, in je c te d  on column under th e se  

c o n d itio n s , gave a  peak w ith  a  r e te n t io n  tim e of approxim ately  10 

m inu tes. The s e n s i t i v i t y  was poo r, r e q u ir in g  one microgram on 

column to  g iv e  a  20 mm peak a t  a s e n s i t i v i t y  s e t t in g  of 0.005 

absorbance u n i t s  f u l l  s c a le  (AUFS). The d e te c tio n  l im i t  fo r  Pamine 

under th e se  c o n d itio n s  thus i s  100 ppm, b u t through sample con­

c e n tr a t io n ,  th e  re q u ire d  s e n s i t i v i t y  may be ach ieved .
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Concentration And Separation

I n i t i a l l y ,  a ttem p ts  were made to  e x t r a c t  Pamine ou t o f an 

aqueous s o lu tio n  w ith  two d i f f e r e n t  c o u n te r  io n s , ^ n a p h th a le n e  

s u lfo n a te  and 1 -hep tane  s u lfo n a te .  N e ith e r  e x tra c te d  Pamine from 

th e  aqueous phase, due to  t h e i r  low e x tr a c t io n  c o n stan t fo r  Pamine.

A compound which i s  h ig h ly  so lu b le  in  o rg a n ic  s o lu tio n s  was found 

r e a d i ly  to  e x tra c t  Pamine. The compound i s  d inony lnaph tha lene  

s u lfo n ic  ac id  (DNNS). The compound i s  com m ercially a v a i la b le  from 

R. T. V an d e rb ilt, In c . (New York) as  a 36% s o lu t io n  in  hep tan e . I t s  

ex ac t isom eric  s t r u c tu r e  i s  n o t known. The g e n e ra l s t r u c tu r e  i s  

g iven  a s :

A nalysis  o f DNNS s o lu t io n  by HSLC (see  HSLC c o n d itio n s  on 

page 19) on a re v e rse  phase C18 column, gave fo u r se p a ra te  peaks.

The peaks, probably  re p re se n tin g  fo u r d i f f e r e n t  isom eric  s t r u c tu r e s ,  

were is o la te d  by s i l i c a  g e l column chrom atography. The is o la te d  

peaks were te s te d  fo r  e x tr a c t io n  e f f ic ie n c y  f o r  Pamine. The peak 

which was th e  most e f f i c i e n t  a t  e x tr a c t in g  Pamine was th e  fo u r th  

peak , as id e n t i f ie d  by HSLC. The fo u r th  peak showed a s l ig h t ly  

b e t t e r  a b i l i t y  to  e x t r a c t  Pamine th an  th e  o r ig in a l  s o lu t io n , b u t not 

s u f f i c i e n t ly  b e t te r  to  j u s t i f y  th e  e x tra  tim e in  se p a ra tin g  th e  d i f ­

f e r e n t  isom ers. Hence, a l l  e x tra c t io n s  w ere c a r r ie d  o u t w ith  th e

14
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commercial m a te r ia l  w ith o u t f u r th e r  c le a n -u p . E x tra c tio n  of 

Pamine from an aqueous s o lu t io n  in to  0,005 M DNNS in  m ethylene 

c h lo r id e  re s u l te d  in  a  95% e x tr a c t io n .  However, a s ta b le  em ulsion 

formed which sep a ra ted  o n ly  on o v e rn ig h t s tan d in g  or by fre e z in g  

and thaw ing. I n je c t io n  o f  th e  o rg an ic  e x t r a c t  on column (see  HSLC 

c o n d itio n s , page 19) produced a  chromatogram in  which th e  Pamine 

peak was on th e  t r a i l i n g  edge o f one o f th e  DNNS peaks. H igher 

c o n c e n tra tio n  o f th e  e x tr a c ta n t  would r e s u l t  in  th e  Pamine peak 

being  com pletely  obscured by th e  DNNS p eaks. To p rev en t t h i s ,  th e  

Pamine needed to  be sep a ra ted  from i t s  co u n te r io n , DNNS, To do 

t h i s ,  th e  o rgan ic  ion  p a i r  s o lu t io n  was e x tra c te d  w ith  an aqueous 

s o lu t io n  o f tetrabutylam m onium  a c e ta te  (TBAA). The te t r a b u ty l -  

ammonium (TBA) ion  d isp la c e d  Pamine and formed an io n  p a ir  w ith  

DNNS, le av in g  Pamine f r e e  to  be e x tra c te d  in to  th e  aqueous phase.

A s e r ie s  o f e x tra c t io n s  w ith  v a ry in g  c o n c e n tra tio n s  o f TBA were 

perform ed on a 1000 ppm Pamine-DNNS ion  p a i r  m ethylene c h lo r id e  

s o lu t io n . The r e s u l t s  a re  shown in  T able 3.

The c o n c e n tra tio n  o f th e  TBAA was c r i t i c a l  in  th e  d isp lacem ent 

o f Pamine. To g iv e  a good e x tr a c t io n ,  TBAA had to  be p re se n t in  

n o t le s s  than  equal m olar amounts .as DNNS, b u t n o t g re a te r  th an  in  

a  two fo ld  ex cess . I f  p re se n t in  l e s s  th an  equal m olar amounts, 

e x tra c t io n  e f f ic ie n c y  dropped o f f .  I f  p re s e n t in  g re a te r  th an  a two 

f o ld  ex cess , th e  r e te n t io n  tim e o f th e  Pamine peak d ecreased , 

g iv in g  a f a l s e  peak h e ig h t and cau sin g  an o v e rlap  w ith  o th e r peaks 

p re se n t in  th e  chromatogram. I n i t i a l  a tte m p ts  a t  e x tra c t io n  o f a
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Table 3 

TBA D isplacem ent o f Pamine

TBA
C o n cen tra tio n  CM)

Peak
H eight (mm)

R eten tio n  
Time (min)

% ex trac ted *

0 .1 148 9 .9 192.2

0.05 109 10,8 141.6

0.02 97 11.4 126.0

0.01 92 11.5 119.5

0.005 83 11.6 107.8

0.0025 14 12.4 18.2

0 0 11.6 -

* r e la t iv e  to  peak h e ig h t o f  aqueous Pamine s tan d a rd

f o r t i f i e d  l i v e r  sam ple f a i le d  due to  th e  fo rm ation  o f a s ta b le  emul­

s io n  du rin g  th e  a tte m p t a t  d isp lacem ent o f  Pamine by th e  TBA io n . To

h e lp  p reven t th e  fo rm atio n  o f th e  em ulsion , a h e x a n e /a c e to n i t r i le  

p a r t i t i o n  was added. The p a r t i t i o n  re s u l te d  in  th e  e x tra c t io n  o f th e  

Pamine-DNNS ion  p a i r  com pletely  by th e  a c e to n i t r i l e  phase, leav in g  

most of th e  excess DNNS in  th e  hexane phase to  be d isca rd e d . The d i s ­

placem ent o f Pamine w ith  TBA s t i l l  r e s u l te d  in  th e  fo rm ation  o f an 

em ulsion. A s e r i e s  o f o rg an ic  so lv e n ts  were te s te d  to  f in d  one which 

would n o t form an em ulsion d u ring  th e  TBA disp lacem ent p ro cedu re . The 

so lv e n ts  te s te d  w ere; hexane, to lu e n e , m ethylene c h lo r id e , i s o - o c tan e  

and e th y l  a c e ta te .  E thy l a c e ta te  was th e  only one which d id  n o t g iv e

16
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an em ulsion problem . W ith th e  e x tra c tio n  procedure worked o u t , 

a  method was developed f o r  th e  a n a ly s is  of Pamine in  l i v e r ,
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Determination of Pamine in Liver
Reagents

M ethylene c h lo r id e , e th y l a c e ta te ,  a c e to n i t r i l e  and ace to n e , 

d i s t i l l e d  in  g la ss  (Burdick and Jackson, Muskegon, M ichigan); 

d inony lnaph tha lene  su lfo n ic  a c id , 36% in  hep tane  (T. J .  V an d erb ilt 

Company, I n c . ,  New York, New York); g la c i a l  a c e t ic  a c id  (M allinckrod t 

Chemical Company, S t. L ouis, M isso u ri) ; tetrabutylam m onium  hydroxide,

10% aqueous s o lu tio n , and hep tane su lfo n ic  a c id , sodium s a l t  (Eastman 

O rganic Chem icals, R ochester, New Y ork).

P rocedure

A 50 g a l iq u o t of swine l i v e r  was p laced  in  a W aring B lendor and 

was f o r t i f i e d  w ith  an aqueous s o lu tio n  o f Pamine. A 300 ml q u a n tity  

o f ace tone  was added to  the  b le n d e r . I t  was b lended a t  low speed fo r  

one m inute. The homogenate was f i l t e r e d  through a  s in te r e d  g la s s  f in e  

p o ro s ity  Blichner fu n n e l, in  which had been p laced  approx im ate ly  20 g 

o f C e l i te  545 to  a c t  as  a f i l t e r  a id . The b len d er was r in s e d  th re e  

tim es in to  the fu n n e l w ith  sm all q u a n t i t ie s  of a ce to n e . The homogenate 

was f i l t e r e d  under vacuum u n t i l  the  re s id u e  was d ry . The f i l t r a t e  was 

tr a n s fe r r e d  to  a 500 ml r . b .  f la s k  and evaporated  to  d ryness on a 

h ig h  e f f ic ie n c y  ro ta ry  evapo ra to r (b a th  tem p e ra tu re , 40°C) (20 ). The 

re s id u e  was taken  up in  50 ml of d e ion ized  w ater and q u a n t i ta t iv e ly  

t r a n s fe r r e d  to  a  250 ml se p a ra to ry  fu n n e l. The aqueous phase was ex­

tr a c te d  once w ith  50 ml of 0.005 M DNNS in  m ethylene c h lo r id e . The 

em ulsion which formed was allow ed to s tan d  o v e rn ig h t to  f a c i l i t a t e  

phase s e p a ra tio n . The aqueous la y e r  was e x tra c te d  tw ice  more w ith  50 ml

18
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of m ethylene c h lo r id e  and a l t e r  each e x tr a c t io n  were allow ed to  

s e p a ra te  o v e rn ig h t. The o rg an ic  e x tra c ts  were combined and evaporated  

to  d ry n ess . The re s id u e  was tak en  up in  5 ml o f hexane and e x tra c te d  

th re e  tim es w ith  a c e t o n i t r i l e .  The combined a c e t o n i t r i l e  e x t r a c ts  

were evapo ra ted  to  d ry n ess . The re s id u e  was ta k en  up in  5 ml e th y l  

a c e ta te .  The e th y l a c e ta te  phase was e x tra c te d  th re e  tim es w ith  3 ml 

a l iq u o ts  o f  0 .01  M tetrabutylam m onium  hydrox ide  p re v io u s ly  a d ju s te d  

to  pH 3 .5  w ith  g la c ia l  a c e t ic  a c id . The aqueous e x tra c ts  were com­

bined  in  a  15 ml screw cap tu b e  and d i lu te d  to  10 ml w ith  d e io n ized  

w ater and analyzed  by HSLC.

HSLC c o n d itio n s

HSLC -  Model 4200 (V arian A erograph, Walnut C reek , C a l i fo rn ia ) .  

D e tec to r -  Model 440, s in g le  w avelength , TJV absorbance (W aters 

A sso c ia te s , M ilfo rd , M assach u se tts ) .

Column -  ODS, 5 m icron Cjs  BOndapak (Dupont In s tru m e n ts , W ilm ington, 

D elaw are).

S olvent -  0 .0 1  F heptane s u lfo n a te  in  9 :1  (V/V) CH3CN:H20 a c id i f ie d  

w ith  1.25% g la c ia l  a c e t ic  a c id .

Flow r a t e  -  60 m l/h r .

D e tec to r s e n s i t i v i t y  -  0,005 absorbance u n i t s  f u l l  s c a le  (AUFS),

C hart sjjeed -  0.25 in /m in .

Method e v a lu a tio n

The method was ev a lu a ted  by th re e  s e p a ra te  a n a ly s is  a t  s ix  

d i f f e r e n t  l e v e l s  of Pamine, F i f ty  gram a l iq u o ts  o f l i v e r  were f o r t i ­

f ie d  a t  0 , 20 , 40, 60, 80, and 100 ppm o f Pamine and were p rocessed
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accord ing  to  th e  p rocedure  o u tlin e d  on pnge 18, A s e t  o f s ix  aqueous 

s tan d a rd s  of 100, 200, 40Q, 600., 80Q, and 1000 ppm Pamine was analyzed 

a long  w ith  th e  f o r t i f i e d  l i y e r  sam ples to  g e n e ra te  a s tan d a rd  curve 

from which th e  sample c o n c e n tra tio n s  could be de term ined .

R e su lts  and d is c u s s io n

The response  o f  th e  d e te c to r  was found to  be l i n e a r ,  as  i s  in ­

d ic a te d  by th e  l i n e a r  re g re s s io n  a n a ly s is  o f th e  s tan d a rd  peak h e ig h ts  

v s , c o n c e n tra tio n  o f  Pamine. The r e s u l t s  o f th e  l in e a r  re g re s s io n  

a n a ly s is  o f th e  th r e e  ru n s  a re  shown in  Table 4 .

Table 4

L in ea r R egression  A n a ly sis  o f Pamine: C o n cen tra tio n  v s .  Peak Height

Run 1 Run 2 Run 3

C o rre la tio n  C o e f f ic ie n t  

Slope

Y -in te rc e p t

S tandard d e v ia t io n  o f th e  e s tim a te

0.9995

29.95

0.4466

1.824

0.9980

30.53

-1 .5 4 0

3.743

0.9998

32.40

-6.381

1.099

The c o r re la t io n  c o e f f ic ie n t s  a re  eq u al to  o r h ig h e r th an  0 .998 , in -  . 

d ic a t in g  a  l in e a r  d e te c t io n  re sp o n se .

The r e s u l t s  o f th e  e v a lu a tio n  a re  summarized in  F ig u re  2 . L inear 

re g re s s io n  a n a ly s is  o f ppm added v s .  ppm found showed th e  recovery  to  

be a l in e a r  fu n c tio n  o f th e  c o n c e n tra tio n  o f Pamine w ith  a c o r re la t io n  

c o e f f ic ie n t  of 0 .9789 . The reco v ery  was found to  be 29,4% w ith  a 

p o s i t iv e  b ia s  o f 3 .7 1  ppm. The l in e a r  a n a ly s is  of ppm found i s  shown 

in  Table 5.
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Table 5

Linear Regression A nalysis; ppm Added v s , ppm Round

C o rre la t io n  c o e f f ic ie n t 0,9789

Slope 0,2941

Y -in te rc e p t 3.710

S tandard d e v ia t io n  o f th e  e s tim a te ±2.110
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SUMMARY AND CONCLUSION

The d e te c t io n  methods t r i e d ,  in c lu d in g  ORD, m ic roadso rp tion  and 

am perom etric d e te c t io n  a l l  su ffe re d  from e i th e r  lack  of s e n s i t iv i ty  

or la c k  o f a c t i v i t y  tow ard Pamine. The gas chrom atographic method 

looked p rom ising , hav ing  a h igh  degree  of s e n s i t iv i ty  to  many com­

pounds. The la c k  of s e n s i t i v i t y  to  th e  decom position p ro d u c ts  of 

Pamine was d is a p p o in tin g , b u t could p o s s ib ly  be improved w ith  a b e t te r  

EC d e te c to r .  The problem  encountered  w ith  w ater as a so lv e n t could 

p o ss ib ly  be overcome by an ion  p a ir  e x tr a c t io n  w ith  DNNS, as  done in  

th e  f i n a l  ion p a i r  method; prov ided  th e  DNNS or i t s  decom position 

p ro d u c ts  d id  n o t i n t e r f e r e  w ith  th e  d e te c t io n  o f Pamine.

Enhancement o f Pamine d e te c tio n  by io n  p a ir in g  w ith  a h ig h ly  UV 

abso rb ing  co u n ter io n  would have given a h ig h ly  s e n s i t iv e  method 

provided  a column could  have been p rep ared  which would have given a 

h ig h e r s e p a ra tio n  e f f ic ie n c y .  A more s e n s i t iv e  v a r ia b le  w avelength 

d e te c to r  (most o f th e  work was c a r r ie d  ou t a t  0 .1  AUFS) or a counter 

ion  absorb ing  c lo s e r  to  254 nm would have to  be chosen to  achieve the 

re q u ire d  s e n s i t i v i t y  fo r  th e  method even w ith  a column capab le  of 

h ig h e r s e p a ra tin g  e f f i c i e n c i e s .  Crommen (21) developed a method f o r  

the  d e te rm in a tio n  o f many p rim ary , secondary , and t e r t i a r y  amines 

w ith  l i t t l e  o r no UV absorbance by u s in g  0 -naph tha lene  su lfo n a te  as 

the  co u n ter io n .

The re v e rse  phase io n  p a ir  s e p a ra tio n  and UV d e te c tio n  of Pamine 

seemed to  work w e ll in  th a t  a d e f in i te  l in e a r  r e la t io n s h ip  was 

e s ta b lis h e d  between peak h e ig h t and f o r t i f i c a t i o n  le v e l .  Recovery,

23
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however, was somewhat d is a p p o in tin g , being only  29.4% over th e  range  

te s t e d .  Two a d d it io n a l  e x t r a c t io n s  w ith  0,005 M DNNS in  m ethylene 

c h lo r id e  r a th e r  than  w ith  on ly  m ethylene c h lo r id e , may have helped  

th e  i n i t i a l  ion  p a ir  e x tra c t io n .  P a r t  o f th e  problem w ith  th e  r e ­

covery was p robably  due to  th e  d i f f i c u l t y  in  se p a ra tin g  th e  two p h ase s . 

O ther o rg an ic  so lv e n ts  should be t r i e d  in  an a ttem p t to  m inim ize th e  

em ulsion problem .

The r e p ro d u c ib i l i ty  and accu racy  o f th e  a n a ly s is  i s  a cc e p tab le  

fo r  a re s id u e  method, b u t th e  d e te c t io n  l im i t  i s  much too h ig h , be ing  

20 ppm. I f  a  more s e n s i t iv e  v a r ia b le  w avelength d e te c to r  were a v a i l ­

a b le , a  s l i g h t  in c re a se  in  s e n s i t i v i t y  could be achieved by in c re a s in g  

th e  d e te c to r  w avelength to  257 nm, th e  I\max fo r  Pamine. A lso , th e  

sample cou ld  be f u r th e r  c o n c e n tra te d , b u t t h i s  would a lso  c o n c e n tra te  

o th e r  components of th e  f i n a l  e x t r a c t .  I t  i s  h ig h ly  d o u b tfu l th a t  a 

200 fo ld  in c re a s e  in  s e n s i t i v i t y  could be achieved w ithou t an in ­

o rd in a te  amount of sample c lea n  up .
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