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A B S T R A C T  

When castor meal is detoxified by treatment with 
ammonia to destroy ricin and various allergens the 
amount of ricinine, a toxic pyridone normally present 
in castor, is also reduced by about 25%. It was shown 
that the majority of ricine loss can be accounted for 
by the production of 4-amino-3-cyano-N-methyl- 
2-pyridone, a product formed by displacement of the 
original methoxyl group of ricinine with ammonia. In 
vitro enzymatic studies have demonstrated that 
neither th iscompoundnor  ricininesignificanfly affects 
lactate dehydrogenase. Another possible derivative of 
ricinine formed from ammoniation, 4-amino-3- 
carboxamido-N-methyl-2-pyridone, which was not 
found in ammoniated castor meal, did inhibit lactate 
dehydrogenase. 

I N T R O D U C T I O N  

Castor pomace, the product remaining after expression 
of castor oil from the seed, contains 30-36% protein (1) and 
should therefore be suitable as an animal feed. Nevertheless 
extensive use of this material has not  taken place because of 
its content of the toxic protein, ricin (2), a highly effective 
allergen (3-5) and a moderately toxic alkaloid, ricinine (I), 
the structure of which corresponds to 3-cyano-4-methoxy- 
N-methyl-2-pyridone (6). Several methods for detoxifica- 
tion of castor meal have been proposed ( 1,7), one of which 
(7) involves treatment of the meal with ammonium 
hydroxide at elevated temperatures. Treated pomace is 
nonallergenic and no longer contains active ricin; a/so we 
have observed that the ricinine content  of such meal is 
reduced. In an effort to determine why this loss of ricinine 
occurs we treated pure ricinine with aqueous ammonia (under 
conditions considerably more severe than those employed 
in meal treatment). Three products were identified as 
shown in the equation below: an amino-nitrile (II), an 

OCHa NH z NH2 OH 
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amino-amide (III) and ricininic acid (IV). Of these materials 
only the amino-nitrile (II) and ricininic acid were found to 

1W, Market. Nutr. Res, Div., ARS, USDA. 

TABLE I 

Inhibition of  Lactate Dehydrogenase 

Added compound,  mg/ml Activity, % 

None 100 
Ricinine 

0.33 105 
Amino amide derivative (III) 

0.045 35 
0.09 6 
0.18 2 

Amino nitrile derivative (ll) 
0.28 96 
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be present in ammoniated pomace. Syntheses, characteriza- 
tion and properties of these products are reported in this 
communication including a study of inhibitor effect upon 
one enzyme system. 

E X P E R I M E N T A L  P R O C E D U R  ES 

Syntheses 

Ricinine (I): Into a 250 ml flask equipped with stirrer, 
condenser and drying tube were placed 150 ml dry, freshly 
distilled dimethyl sulfoxide (DMSO) and 33 .9g  (197 
mmoles) sodium ricininate prepared by the method of 
Schroeter et al. (8). When solution was complete, methyl 
iodide, 25 ml (57 g, 400 mmoles), was added in one portion 
after which the mixture was allowed to stir 2 hr at room 
temperature. The solution was then poured, with stirring, 
into 500 mt ether to give a sticky precipitate which was 
separated from the majority of DMSO by decantation of 
the etheral mixture followed by washing with an additional 
300 ml portion of ether. The remaining semisolid material 
was taken up in 200 ml hot water; after the pH was 
adjusted to 11 with solid sodium carbonate, the solution 
was treated with activated charcoal and filtered. Upon 
storage overnight at 5 C, crystals formed which were 
collected by suction and washed successively with 150 ml 
cold water, 250 ml 95% ethanol and 150 ml ether. After 
drying in vacuum overnight at room temperature, 21.2 g 
(129 mmoles, 65.6%) ricinine, mp 198-201 C (lit. m p =  
199-201 C [8] )was obtained. The NMR spectrum of ricinine 
(DMSO-D 6) shows the following signals: ~ 3.45 (s, 3H 
N-CH3), 3.99 (s, 3H, 0-CH3) , 6.42 (d, J = 8Hz, 1H, ringj3), 
and 8.08 (d, J = 8Hz, 1H r inga) .  The IR spectrum (KBr) 
shows absorptions at 2220 (-CH), 1640 (a-pyridone) and 
1600 cm -1 (C = C, ring). The fluorescence spectrum (H20) 
shows an excitation peak at 308 nm and an emission peak 
at 366 nm. 

Acidification of the aqueous residue gave, upon filtra- 
tion and drying, 6.2 g (41 mmoles, 21%) recovered ricininic 
acid. 

4-Amino-3-cyano-N-methyl-2-pyridone (II): Into a 300 
ml stainless steel rocking bomb (American Instrument Co.) 
were placed 11.1 g (67.5 mmoles ricinine and 150 ml dry 
methanol containing 24 g (1.4 moles) anhydrous ammonia. 
The mixture was first wanned to 230 C with agitation over 
a 2 hr period and then cooled to room temperature. The 
crystals which had separated from solution were collected, 
and the methanolic filtrate was concentrated to 100 ml, 
stored at 5 C overnight then filtered to give an additional 
crop of product. The total weight of amino-nitrile was 
6.85 g (46.0 mmoles, 68%). Crystallization from water, 50 
ml/g, gave material of mp 249-251 C. Analysis calculated 
for C7H7N30: C, 56.37; H, 4.73; N, 28.17. Found: C, 
56.4, H, 4.68 ; N, 27.8. 

The NMR spectrum of II (DMSO-D 6) consisted of 
signals at 6 3.28 (s, 3H, N-CH3) , 5.81 (d, J = 8Hz, 1H, ring 
/3), 7.17 (broad s, 2H,-NH2) and 7.53 (d, J = 8Hz, 1H, 
ring or). Its IR spectrum (KBr) showed absorptions at 
3200-3400 (-NH2) , 2220 (-CN), 1660 (a-pyridone) and 
1600 cm-1 (C = C, ring). The mass spectrum, demonstrating 
a parent ion at m/e = 149, was consistent with the result of 
elemental analysis. UV max: (H20), 282 nm (e = 1.5 x 
104). The fluorescence spectrum exhibited an excitation 
peak at 291 nm and an emission peak at 385 nm in 5.86 M 
H3PO 4. In water the excitation peak was at 290 nm and 
the emission at 258 nm. 
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TABLE II 

Fluorescence Properties of Ricinine and Its Derivatives 

Compound 

Fluorescence 
intensity at ~ max 
arbitrary units 

~k Max (nm) 

Excitation Emission 

Ricinine (I) 
In H20 67.5 308-310 366 
In 2 N HC1 67.5 308-310 366 

Amino nitrile (II) 
In 1-120 20 290-293 360 
In 2 N HCI 38 290-293 388-390 
In 0.95 M H3PO 4 157 290-293 388-390 

Amino-amide (III) 
In H20 3 --- 360 
In 2 N HCI 57 290-292 395 
In 0.98 M H3PO 4 87 288-290 390 

Ricininic acid (IV) 
In H20 20.7 316-318 350 and 363 
In 0.048 N HCI 40.5 303 360 
In 0.1 N NaOH 0 . . . . . .  

4-Amino-3-carboxamido-N-methyl-2-pyridone (III)." I n t o  
a 100 ml flask equ ipped  wi th  s t i r rer  and  c o n d e n s e r  were 
placed 35 ml  water ,  2.0 g mois t  I R A - 4 0 0  ion exchange  resin 
in the h y d r o x i d e  form (9),  and 0 .50  g (3.35 m m ole s )  II 
f rom the  above  p repa ra t ion .  Af te r  r e f l u x i n g w i t h  s t i r r ing for  
4 days,  the  hydro lys i s  was judged  to be essent ia l ly  comple t e  
by t h in  layer  c h r o m a t o g r a p h y  (TLC) (vide infra).  The  ion 
exchange  resin was r e m oved  by f i l t ra t ion  wi th  the  aid of  
Celite to  en t ra in  fine part icles.  E v a p o r a t i o n  of  the  f i l t rate 
t hen  a f fo rded  0 .50 g solid. Crys ta l l iza t ion  f rom water ,  5 ml ,  
gave 0.26 g (1 .56  mmoles ,  46%)  near ly  pure  amide,  which  
u p o n  f u r t h e r  c rys ta l l i za t ion  f rom 10 ml of  w a t e r  exh ib i t ed  
a m p  of  219-222  C. Analysis  ca lcu la ted  for  C T H 9 N 3 0 2 :  C, 
50 .30;  H, 5 .43;  N, 25.14.  F o u n d :  C, 50 .5 ;  H, 5 .23;  N, 25.2. 

The N M R  s p e c t r u m  (DMSO-D 6)  cons i s ted  o f  signals at  6 
= 3 .32 (s, 3H, N-CH3),  5.85 (d, J = 8Hz,  1Hz, ring /3), 
6 .7-7.4 (d, broad ,  2H, -NH2),  7 .36 (d,J = 8Hz, IH ring c0 
and  10. 0 (s, b road ,  2H -CONH 2). I ts  I R s p e c t r u m  (CHC 13) 
showed  abso rp t i ons  at  3 5 0 0  and 3 3 0 0  (NH 2 and CONH2)  
and  at 1660 cm -1 (-CONH 2 and  a - p y r i d o n e )  wi th  absence  
of  a b s o r p t i o n  in the  2 2 0 0  cm -1 region.  The mass  spec t rum 
gave rise to  a p a r e n t  ion at  m / e  = 167, c o n s i s t e n t  wi th  the  
p roposed  formula .  The  uv s p e c t r u m  ( H 2 0 )  d e m o n s t r a t e d  a 
m a x i m u m  at 285 n m  (e = 1.0 x 104). F luo re scence  
s p e c t r u m  ( 2 N  NC1) s h o w e d  an  exc i t a t i on  peak  at  292  n m  
and  an emiss ion  peak  at  395 nm.  

Thin Layer Chromatography 

E a s t m a n  C h r o m o g r a m  sheets  of  silica gel (No.  6060)  or  
a lumina  (No.  6063)  c o n t a i n i n g  f luorescen t  i n d i c a t o r  were 
used.  Two  so lvent  sys tems were e m p l o y e d  a n d  were 
c o m p o s e d  on  a vo lume  basis as follows: so lvent  A: 

t o l u e n e - i s o p r o p a n o l - a c e t i c  acid-water ;  10:5:  1: I;  and  sol- 
ven t  B: 1 ,2 -d ich lo roe thane-ace ton i t r i l e ;  1:4. A f t e r  develop-  
m e n t  of  the c h r o m a t o g r a m ,  v isual iza t ion of  spots  was 
accompl i shed  by i l l umina t ing  the  strip wi th  sho r t  wave- 
l eng th  ( 2 5 4  n m )  UV light  w h e r e b y  c o m p o u n d s  o f  in te res t  
became  visible as dark  spots  on an orange background .  
Add i t iona l ly  i t  was f o u n d  t ha t  sp ray ing  the  deve loped  
c h r o m a t o g r a m  wi th  5.86 M p h o s p h o r i c  acid caused  the  
amino-ni t r i le  ( I I )  to  exh ib i t  charac te r i s t i c  v io le t  f luores- 
c e n c e  u n d e r  254 n m  i r rad ia t ion .  

E l ec t rophore t i c  separa t ions  were also accompl i shed  on  
silica gel c h r o m o g r a m  sheets  in a so lu t ion  o f  0.2 M 
NaH2PO 4. Thus  r ic ininic  acid cou ld  be separa ted  and  
visual ized as above.  

Ammonia Treatment 

In a p re l imina ry  e x p e r i m e n t  2 g r ic inine and  80  ml  8 M 
aqueous  a m m o n i a  were placed in a stainless steel b o m b  and  
h e a t e d  to  150-160  C for  19 hr.  U p o n  analysis  by  TLC and  
i so la t ion  by f rac t iona l  c rys ta l l i za t ion  of  p r o d u c t s  fo rmed ,  i t  
was observed  t h a t  b o t h  the  amino-n i t r i l e  ( I I )  and  amino-  
amide  ( l i d  were fo rmed ,  and  t h a t  all r ic inine was con-  
sumed.  

A m m o n i a t e d  p o m a c e  cons i s ted  of  cas to r  meal  t r ea ted  at  
80  C in a pressure t ight  c o n t a i n e r  wi th  6 M a m m o n i u m  
h y d r o x i d e  for  45 min  (7).  

Extraction and Analysis of Castor Meal 

I n t o  a Soxh l e t  e x t r a c t o r  were p laced  12.5 g g round  
cas to r  meal ,  and  e x t r a c t i o n  w i th  m e t h a n o l  was e f fec ted  
over  an 8-13 h r  per iod.  Af te r  evapora t ion  to  d ryness  the  
ex t r ac t  was t a k e n  up  in 13 ml h o t  water ,  coo led  to  room 

TABLE III 

Rf Values of Ricinine, Its Derivatives, and Castor Meal Extracts a 

Rf 
Solvent A Solvent B 

Material or compound Silica gel Alumina Silica gel 

Ricinine 0.19 0.40 0.73 
Ricininic acid 0.07 0.02 0.01 
Amino nitrile 0.12 0.19 0.63 
Amino  amide 0.27 0.33 0.42 
Untreated meal extract 

Presumed ricinine spot 0.20 0.38 0.72 
Ammoniated meal extract 

Presumed ricinine spot 0.21 0.43 0.80 
Presumed amino nitrile 0.14 0.23 0.66 

aln a separate experiment the presumed spots cochromatographed with the authentic 
compounds they were presumed to be, 
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TABLE IV 

Analysis of Castor Meal Extracts 

Component analyzed 

Analysis a, mmoles/l O0g 

Untreated meal Ammoniated meal 

Ricinine (I) 1.42 1.08 
Amin o-nitrile (II) 0 0.22 
Ricininic acid (IV) 0 ca. 0.013 b 
Total 1.42 1.31 

aAnalyses were performed by fluorometric determination on 
material obtained from thin layer chromatography separations. 

bApproximate analysis was obtained on material eluted from 
thin layer electrophoresis separations. 

temperature and washed with four 10 ml portions of ether. 
The ether extract was discarded, and the remaining aqueous 
suspension was evaporated to dryness. The gummy residue 
was repetitively triturated with acetonitrile until examina- 
tion by TLC showed that no ricinine or ricinine-derived 
material remained. 

Fluorometric analyses of  these compounds were ac- 
complished with a G.K. Turner Model 210 Spectrophoto- 
fluorimeter. Ricinine was analyzed in 0.083 N NaOH solution 
using an excitation wavelength of 320 nm. The difference 
between fluorescence emission at 365 nm and at 445 nm 
was determined and was correlated with the amount of 
ricinine present by use of a standard curve. Analysis of 
amino-nitrile (II) was done in 4.88 M H3PO 4 using an 
excitation wavelength of 270 nm. The quantity present was 
determined from the difference between the emission at 
390 nm and 365 nm. The excitation wavelengths for these 
analyses was deliberately displaced from the maxima (308 
nm for ricinine and 295 nm for II) to minimize interference 
from the fluorescence of contaminants. Error from light 
scattering was minimized by taking the difference between 
two emission wavelengths to subtract out baseline variation. 

Ricininic acid in 0.093 N NaOH solution was excited at 
320 nm. The difference in fluorescence intensity at 350 nm 
before and after addition of  H3PO 4 to a concentration of 
0.39 M was used to determine the amount present. 

In the study of lactate dehydrogenase (Lqactate-NAD 
oxidoreductase, E.C. No. 1.1.1.27) inhibition, the rate of 
NADH consumption was measured by observation of UV 
absorption at 340 nm. Because ricinine (at the concentra- 
tions used in these experiments) absorbs strongly at 340 nm, 
NADH oxidation had to be observed at 345 nm when this 
compound was used. Control experiments without ricinine 
were also determined at 345 nm so that comparison of 
activities with and without ricinine would be valid. The 
reaction mixtures (3 ml in volume) were 3.3 x 10-3 M in 
lithium pyruvate and contained 0.2 mg NADH in 0.33 M 
phosphate buffer (pH 7). Inhibitors were added from stock 
solutions to make up the concentrations shown in Table I, 
and the reactions were initiated by addition of the enzyme 
(0.096-0.144 I.U.B. units). 

RESULTS AND DISCUSSION 

The proposed structures II and III are consistent with 
the data obtained through IR, NMR, mass spectrometry 
and chemical analysis. The IR bands expected for amino 
and nitrile or amide groups are present in the appropriate 
compound while the respective NMR spectra confirm that 
ring substitution pattern remains unchanged. The amino- 
amide most likely exists in the strongly internally 
hydrogen-bonded form V, below. Several factors support 
this structural arrangement: the lower melting point  with 
respect to the amino-nitrile (ca. 222 vs. 251 C for the nitrile 
II) suggests that intermolecular association is reduced in 
contrast to the situation usually experienced with amides 

(cf. nicotinamide, mp 129-131 C vs. nicotinonitrile, mp 
50-51 C). Also the solubility in relatively nonpolar organic 
solvents was greater for the amide than for the nitrile. The 
NMR spectrum of the amino-amide shows broadening and 
splitting of the amino-proton peaks and a signal of two 
rather acidic protons appears at 6 = 10.0 ppm. These 
observations may be explained by the intramolecularly 
hydrogen bonded structure V. 

H ~  N/H ,,,°% 

H 

I 
CI-I 3 

X 

Both the UV absorption and the fluorescence properties 
of these two compounds are similar. Acidification of their 
solutions enhances the fluorescence intensities with that of 
the amide increasing 20-fold and that of the amino-nitrile 
by a factor of two in 2 NHC1 (Table II). Increase of 
fluorescence is somewhat more pronounced in phosphoric 
acid solution. In acidified media the excitation wavelengths 
remained stationary while emission maxima shifted about 
30 nm toward the red. The fluorescence characteristics can 
be used to distinguish the two compounds from ricinine 
whose intensity, excitation wavelength and emission peaks 
are invarient upon acidification. Ricininic acid (IV) under- 
goes approximate doubling of fluorescence intensity in 
acidified solution while basic solutions exhibit no fluores- 
cence. These properties have been utilized in the develop- 
ment of  analytical procedures described in the experimental 
section. 

Of the two amino-bearing compounds, the amide (III) is 
more likely to interfere with the activity of pyridine 
nucleotide containing enzyme systems, a possible mode of  
toxicity. As seen from Table I, it inhibited the activity of 
lactate dehydrogenase, an enzyme widely distributed in 
heart, liver and muscle tissues, almost completely at 
concentrations where the nitrile (II) or ricinine itself had no 
significant effect. Significantly however the amino-amide is 
not  found in ammoniated castor meal. Its absence may be 
inferred from the fact that no spot corresponding to this 
material was found on TLC of extracts employing either of 
the two solvent systems with both adsorbents used. 

Extracts of both nontreated and ammonium hydroxide- 
treated castor meal (same original lot) were shown to 
contain ricinine which in the raw meal amounted to about 
0.23% in reasonable agreement with reported values (10). 
Ricinine in the extracts was identified by cochromatog- 
raphy with authentic material using solvent A with both 
silica gel and alumina adsorbents and with solvent B using 
silica gel according to the procedure described for TLC. 
Table III expresses these results. In addition the fluorescent 
properties of  ricinine extracted from meal were identical to 
those of the standard. As judged from the results of  TLC 
experiments, no amino-nitrile was present in the raw meal. 
Extracts of ammoniated pomace, however, contained this 
material (Table IV). Identification of  this compound as II 
was based on both its chromatographic behavior and the 
observed fluorescence properties of material obtained by 
elution of the appropriate spot on the chromatogram. 

Electrophoretic examination of meal extracts revealed 
that although material from both treated and nontreated 
sources showed substances migrating similarly to authentic 
ricininic acid, only the latter extract contained that 
material. Fluorescence measurements in acid solution on 
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mater ia l  i so la ted  f rom the  TLC str ip c o n f i r m e d  the  pres- 
ence o f  f icininic acid in t ha t  case. The a m o u n t  of  this  
mater ia l  was e s t ima ted  to  be less t han  1% of  to t a l  r ic inine 
ini t ial ly presen t .  

A p p r o x i m a t e l y  16% of  the  f ic inine in cas to r  meal  was 
c o n v e r t e d  to the  amino-n i t r i l e  der ivat ive  dur ing  a m m o n i a  
t r e a t m e n t  wi th  a b o u t  92% of  s ta r t ing  r ic inine a c c o u n t e d  
for. I t  is ev iden t  f rom the  results  of  these  e x p e r i m e n t s  t h a t  
all r ic in ine  p resen t  in  the  meal  could  be c o m p l e t e l y  
des t royed  by p ro longed  t r e a t m e n t  or  by  use o f  h igher  
t empe ra tu r e .  However  i t  c a n n o t  be assumed t h a t  even this  
would  r e n d e r  the  meal  i nnocuous ,  as i t  r ema ins  to  be 
d e m o n s t r a t e d  t h a t  the  f ic in ine-der ived mater ia l  is less tox ic  
t han  is r ic inine .  E x p e r i m e n t s  are cu r r en t l y  u n d e r w a y  in o u r  
l a b o r a t o r y  to  evaluate  the  e f fec ts  o f  the  amino-n i t r i l e  ( I I )  
u p o n  whole  organisms.  
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