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DETERMINATION OF a-AMANITIN I N  SERUM BY HPLC 

F l a v i o  Be1 l i a rdo ,Graz ie l l a  Massano" 

Laborator io  d i  R.M.N. e Spet t roscopie app l i ca te  a l l a  Toss ico log ia 
F a c o l t l  d i  Farmacia-Universita d i  Tor ino 

cso Raffaello,31-10125 T u r i n , I t a l y  

*Centro An t i ve len i  

cso Bramante ,88/90-10126 Turin, I t a l y  
Ospedale Maggiore d i  S .  Giovanni B a t t i s t a  e d e l l a  C i t t l  d i  Tor ino 

ABSTRACT 

A reverse-phase high-performance l i q u i d  chromatographic method f o r  the quant i -  
t a t i v e  determinat ion o f  a-amanit in i n  serum o f  poisoned pa t i en ts  i s  described 
and discussed.The methodology developed i s  simple and r a p i d  w i t h  a minimum o f  
sample preparat ion steps required.Detection i s  very  sensi t ive,a l lowing quant i -  
t a t i o n  o f  25 ng o f  a-amanitin/ml o f  serum.The technique described i s  a use fu l  
t o o l  t o  determine the s e v e r i t y  o f  Amanita phaZZoides i n t o x i c a t i o n  du r ing  the  
f i r s t  24 h a f t e r  i nges t i on  o f  poisonous mushrooms. 

INTRODUCTION 

Even today, le tha l  poisoning from mushrooms i s  s t i l l  very frequent.Approxi- 

mately 95% o f  a l l  f a t a l  mushroom i n t o x i c a t i o n  i s  almost exc lus i ve l y  a t t r i b u t a -  

b l e  t o  members o f  t he  genus Amanita which inc ludes a few species o f  h igh  t o x i -  

c i t y  (1,2,3). 

I n  Centra l  Europe,in France and i n  I t a l y  the  predominant k ind  o f  Amanita 

i s  t he  o l ive-green Amanita pha2Zoide.s V a i l l .  ex Fr .  ,but there are a l so  repo r t s  

o f  poisoning by the wh i te  Amanita verna Lamb. ex Fr. 

A .  pha1Zoide.s grows from J u l y  t o  the  end o f  October i n  damp woods,associa- 

t ed  w i t h  deciduous t r e e s , p a r t i c u l a r l y  w i t h  beeches and sweet chestnuts. 

Th is  mushroom (and i t s  autumnal wh i te  form,A. phaZZoides var .  aZba ( 4 )  ) 

i s  very  f requen t l y  confused w i t h  the TrichoZoma equestr is  (L inn. )  Quelet and 

PsaZZiota arvensis ( V i  t t a d .  ) Fr. 
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552 BELLIARDO AND MASSANO 

Three f a m i l i e s  o f  t o x i c  compounds have been i s o l a t e d  from A. phuZZoides, 

t he  amatoxins,the pha l l o tox ins  and the  p h a l l o l y s i n s  (1 ,5) .A l l  t h ree  groups 

have i n t e r e s t i n g  b i o l o g i c a l  and s t r u c t u r a l  propert ies.The amatoxins are b i cy -  

c l i c  octapeptides con ta in ing  amino ac ids (hydroxy lated i so leuc ine  and 6-hydroxy 

tryptophan).The octapept ide r i n g  i s  br idged through the s u l f u r  atom o f  t he  s u l -  

fox ide form o f  cys te ine  t o  the 2 p o s i t i o n  o f  t he  i n d o l e  r ing.The pha l l o tox ins  

are b i c y c l  i c  heptapeptides con ta in ing  several unusual hydroxy lated amino ac ids 

and a molecule o f  cys te ine  br idged t o  tryptophan by a th ioether .The p h a l l o l y s i n s  

are h igh molecular weight p ro te ins .  

O f  these three groups,the amatoxins a re  c l e a r l y  the most toxic,and a re  consi -  

dered main ly  responsib le  f o r  f a t a l  human Amunita i n t o x i c a t i o n  ( 6 ) .  

Amatoxins cause death by des t roy ing  l i v e r  c e l l s , v i a  i n h i b i t i o n  o f  DNA-dependent 

RNA polymerase 11,and damaging the  sec re to ry  c e l l s  o f  t he  convoluted tubules i n  

the kidney ( 7 , 8 , 9 ) .  

I n  the case o f  human i n t o x i c a t i o n  by A.  phuZZoidesthe long la tency  pe r iod  

between ea t ing  a d i s h  o f  mushrooms and the f i r s t  gas t roen te r i c  symptoms i s  a usefu l  

t o o l  f o r  diagnosis,but i s  enough f o r  the p o s i t i v e  i d e n t i f i c a t i o n  o f  Amunitu p o i -  

soning.Mycologica1 i d e n t i f i c a t i o n  o f  A. phaZtoides spores i n  f resh  mushrooms,in 

cooked mushrooms,in g a s t r i c  washing o r  from feces requ i red  a s p e c i a l i s t  u s u a l l y  

n o t  present i n  the hospital.On the  o the r  hand i d e n t i f i c a t i o n  o f  Amunita po isoning 

should be made as q u i c k l y  as possible,to s t a r t  immediate treatment i n  order  t o  

minimize the exposure t ime o f  t he  parenchymatous organs, e x p e c i a l l y  the l i v e r ,  

t o  the tox ins .  

The development o f  a rap id ,spec i f i c  and s e n s i t i v e  method f o r  the determi- 

na t i on  o f  t he  concentrat ion o f  amatoxins i n  body f l u i d s  (b lood,ur ine and i n  

gastro-duodenal asp i ra te )  i s  t he re fo re  impor tant  and des i rab le .  

Several chromatographic procedures f o r  q u a l i - q u a n t i t a t i v e  determinat ion 

o f  amatoxins p rov id ing  a vary ing degree o f  s e n s i t i v i t y  have been published 

(10,11,12).Radioimmunoassay measurements o f  amatoxins i n  the b i o l o g i c  f l u i d s  

o f  poisoned pa t i en ts ,w i th  a l i m i t  o f  de tec t i on  near t o  10 ng/ml ( u r i n e )  were 

r e c e n t l y  repor ted ( 1  3 ) .  
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a-AMANITIN IN SEKUM 553 

The approach taken i n  t h i s  study i s  t o  develop a system which e x p l o i t s  

the HPLC method t o  de tec t , i n  the  nanomole range,a-amanitin i n  the serum o f  

poisoned pa t i en ts .  

MATERIALS A N D  METHODS 

Blood specimens were obtained from poisoned pa t i en ts  16-48 h a f t e r  eat -  

i n g  a d i s h  o f  mushrooms con ta in ing  A .  p h d t o i d e s .  

Serum was separated from whole b lood by centr i fugat ion.To 2 m i  o f  serum 

10 m l  o f  MetOH were added,shaken f o r  1 minute and then cen t r i f uged  f o r  8 min. 

(4000 r.p.m.).The upper methanolic l a y e r  was c a r e f u l l y  removed,and the res idue 

was resuspended i n  3 m l  o f  MetOH and again extracted.The combined methanolic 

phases were evaporated t o  dryness under reduced pressure i n  a r o t a r y  evapora- 

t o r  (45 "C).The residues were red isso lved i n  3 m l  o f  MetOH,if necessary c e n t r i -  

fuged ( 5  min. a t  2000 r .p .m.) ,carefu l ly  t rans fe r red  i n t o  a 5 ml v i a l  and the 

organic so lvent  evaporated under a stream o f  n i t rogen  (40  "C).For HPLC ana lys i s  

the e x t r a c t  was red i sso l ved  i n  200 ~1 o f  MetOH,LiChrosolv(Merck,Darmstadt F.R.G.) 

a-amanit in (Cal bochem-Behring,San Diego,CA,U.S.A.) o f  known p u r i t y  (g rea te r  

then 95%) was used wi thout  f u r t e r  pu r i f i ca t i on .The  stock s o l u t i o n  o f  0.1 m g h l  

was prepared by d i s s o l v i n g  1 mg o f  a-amanit in,exactly weighed,in MetOH and 

d i l u t i n g  t o  volume i n  a 10 m l  vo lumetr ic  f1ask.A 1 ml volume o f  stock so lu-  

t i o n s  was q u a n t i t a t i v e l y  d i l u t e d  t o  10 m l  w i t h  MetOH ( s o l u t i o n  2),and a con- 

venient  working standard was prepared by d i l u t i n g  0.5 m l  o f  s o l u t i o n  2 t o  

10 m l  w i t h  MetOH.Use o f  10 p1 o f  t h i s  s o l u t i o n  l e d  t o  acceptable peak he igh t  

when the U.V. detector  a t tenua t ion  was 0.02 AUFS. 

A standard curve was obta ined by us ing  four methanolic d i l u t i o n s  o f  so lu-  

t i o n  2.Although standard so lu t i ons  are s tab le  a t  4 "C,fresh working standard 

must be made weekly. 

HPLC analyses were run on a Perkin-Elmer Ser ies 3B (Norwal k,Connecticut, 

U.S.A.) l i q u i d  chromatograph; the e lu ted  components were monitored w i t h  a 

LC-75 v a r i a b l e  wavelength de tec to r  (160-600 nm) equipped w i t h  a LC-75 Auto- 

control.The columns used were a Hibar-LiChrosorb RP 18 10 

I.D.;Merck,Darmstadt,F.R.G.) and a Po lygos i l  60-10 

(25 x 0.4 cm 

C 18 (25 x 0.4 cm I.D.; 
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55 4 BELLIARDO AND MASSANO 

Macherey-Nagel ,Duren,F.R.G.) .The separations reported were achieved under 

the following conditions: mobile phase 40% MetOH (LiChrosolv,Merck) i n  water 

purified by a Water I (Gelman Sciences,Michigan,U.S.A.);flow rate,l ml/min.; 

temperature,25 "C;wavelength,303 nm;chart speed,0.5 cm/min. Graphs were gene- 

rally obtained with an attenuation setting corresponding to 0.08 AUFS on a 

10 mV Perkin-Elmer mod. 561 recorder. 

RESULTS AND DISCUSSION 

Figure 1 shows a chromatogram and the U.V. spectrum obtained for a stan- 

dard solution of a-amanitin.The overall precision o f  the retention time was 

FIGURE 1 

HPLC chromatogram of a s o l u t i o n  of a - a m a n i t i n  s t a n d a r d  and its U.V. s p e c t r a .  
Co1umn:Hibar-Lichrosorb RP 18 10 pm ( 2 5  x 0.4 cm 1.D. l :mobi le phase,MetOH:H20 

[40/601:f low r a t e  1 rnl/rnin.:wavelength,303 nm;temperature,25 C;char t  speed,0.5 
crn/min. The U.V. spectrum was r e c o r d e d  i n  A-SCAN MOO€ f rom 230 t o  340 nm. 
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6 4 2 0 m i n .  

FIGURE 2 

HPLC chromatogram i l l u s t r a t i n g  t h e  s e p a r a t i o n  of  a -amani t in  i n  a sample of hu- 
man serum f o r t i f i e d  w i t h  a-arnanitin s t a n d a r d  ( 5 0  ug of a-amanitin/rnl  of serum). 
I n j e c t i o n  volume: 15  1.11 ( 7 5  ng of a -aman i t in l .  
Chromatographic c o n d i t i o n s  a s  i n  F ig .1  
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55 6 BELLIARDO AND MASSANO 

0.004 A.U. 

d 

I 

8 6 4 2 0 rnin. 

FIGURE 3 

HPLC chromatogram 
des. Chromatographic  c o n d i t i o n s  as i n  F i g . ? .  

o b t a i n e d  f rom t h e  serum o f  a p a t i e n t  i n t o x i c a t e d  by A .  phaZ7,oi- 
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a-AMANITIN IN SERUM 557 

s t u d i e d  w i t h  r e s p e c t  t o  run - to - run  prec is ion ,day- to -day  p r e c i s i o n  and o v e r a l l  

column-to-column r e p r o d u c i b i l i t y . T h e  run - to - run  p r e c i s i o n  f o r  t e n  runs  w i t h i n  

a s i n g l e  day averaged 1.15% ( r e l a t i v e  s tandard  deviat ion,RSD),whi le t h e  

day-to-day p r e c i s i o n  over  3-week p e r i o d  u s i n g  a s i n g l e  column (H ibar -L iChro-  

so rb )  averaged s l i g h t l y  h ighe r ,a t  about  1.9% (RSD).The r e s u l t s  o f  t h e  column- 

to-column r e p r o d u c i b i l i t y  s t u d i e s  show t h a t  t h e  abso lu te  r e t e n t i o n  t ime  f o r  

t h e  a -aman i t i n  averaged about  5% (RSO).The two columns used f o r  t h i s  comparison 

were a t  d i f f e r e n t  stages o f  t h e i r  u s e f u l  l i f e t i m e , r a n g i n g  f rom f a c t o r y  f r e s h  

t o  used f o r  about  100 runs  o f  serum samples ( P o l y g o s i l ) .  

The c a l i b r a t i o n  cu rve  o f  peak area  ( o r  peak h e i g h t )  a g a i n s t  q u a n t i t y  o f  

a -aman i t i n  i n j e c t e d  was cons t ruc ted  f o r  t r i p l i c a t e  i n j e c t i o n s  o f  f o u r  s tandard  

s o l u t i o n s  o f  a-amanit in,and i t  was found t o  be r e c t i l i n e a r  ove r  a 0.05-5.0 pg  

range (y=0.9569x t 0.0032).For r o u t i n e  q u a n t i t a t i v e  determinat ion,peak h e i g h t s  

were measured t o  t h e  base l i ne  e x t r a p o l a t e d  f rom t h e  l e a d i n g  edge o f  t h e  peak. 

F i g u r e  2 shows a chromatogram o f  a serum f rom a normal donor f o r t i f i e d  w i t h  

50 pg/ml o f  serum o f  a -amani t in .A  t y p i c a l  chromatogram ob ta ined  f rom t h e  serum 

o f  a p a t i e n t  i n t o x i c a t e d  by  A.  phaZZoides (18  h a f t e r  e a t i n g  the  mushrooms) i s  

i l l u s t r a t e d  i n  F igu re  3.  

Human serum poo l  c o n t a i n i n g  a -aman i t i n  showed a recove ry  i n  t h e  range o f  

87-92% w i t h  an average recove ry  o f  90,5%.The minimum d e t e c t a b i l i t y , w i t h  i n s t r u -  

ment s e n s i t i v i t y  o f  0.02 AUFS,is 20-25 ng;below t h i s  l e v e l  b a s e l i n e  d e t e c t o r  

n o i s e  exceeded peak h e i g h t .  

C O N C L U S I O N  

The HPLC methodology here  i s  s imp le  and p r e c i s e  w i t h  a minimum o f  sample 

p r e p a r a t i o n  s teps  requ i red .The method desc r ibed  a l l o w s  t h e  q u a n t i t a t i o n  o f  

a -aman i t i n  i n  p a t i e n t ' s  b lood  w i t h  a s u i t a b l e  p r e c i s i o n  o n l y  i f  t h e  b lood  spe- 

cimens a re  taken d u r i n g  t h e  f i r s t  24 h a f t e r  t h e  i n g e s t i o n  o f  mushroom. 

The e x c r e t i o n  o f  t h e  c i r c u l a t i o n  t o x i n s  b y  t h e  k idneys  i s  a v e r y  r a p i d  p ro -  

cess (amatoxins which a r e  n o t  bound t o  serum albumin,and have a mo lecu la r  

we igh t  o f  about  900 da l ton ,a re  e a s i l y  d ia l ysab le ) ,and  a f t e r  30 h t h e  serum 

c o n c e n t r a t i o n  o f  a -aman i t i n  f a l l s  t o  below t h e  l i m i t  od d e t e c t i o n .  
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BELLIGRDO AND MASSAN0 558 

The application of the HPLC method to the quantitation o f  a-amanitin in 

the urine of poisoned patient is currently in progress in our laboratories. 
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