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The pyrrolizidine alkaloids (PAS) produce 
quite diverse effects on the tissues of experi- 
mental animals (1, 2 ) .  However, these alka- 
loids are chemically inert and become toxic 
only after being metabolized (3).  They are 
metabolized by hydrolysis of the ester group 
(4), by formation of N-oxide ( S ) ,  and by 
dehydrogenation to pyrrole metabolites (3, 
6 ) .  Indications are that the pyrrole metabo- 
lites are primarily responsible for the toxico- 
logical changes produced by the pyrrolizi- 
dine alkaloids (7 ,  8) .  Following in vitro in- 
cubation of the PAS lasiocarpine or helio- 
trine with rat liver microsomes, dehydroheli- 
otridine ( 6,7-dihydro-7~~-hydNroxy- 1 -hydroxy- 
methyl-5H-pyrrolizine) has been isolated 
and identified as the major pyrrole metabo- 
lite (9).  

I n  the present study, the identification 
and toxicological effects of dehydroretrone- 
cine ( 6,7-dihydro-7/3-hydroxy- l-hydroxy- 
methyl-SHTyrrolizine) , the major pyrmle 
metabolite of monocrotaline, is presented. 
This metabolite is found in large quantities 
in the liver, blood, and urine of rats given 
monocrotaline. When dehydroretronecine is 
administered, i t  produces toxic effects in the 
liver of rats similar to those caused by the 
parent PA. 

MateriaEs and Methods. A number of sepa- 
rate experiments were required for identifica- 
tion and evaluation of dehydroretronecine. 
Dehydroretronecine was prepared from 
monocrotaline (S. B. Penick and Co., New 
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York, NU) by barium hydroxide hydrolysis 
of monocrotaline to retronecine ( 10). Retro- 
necine was then converted to dehydroretrone- 
cine by dehydrogenation with chloranil ( 11). 

For the identification of dehydroretrone- 
cine in the urine, monocrotaline (100 mg in 
1 ml aqueous solution, pH 7 ) ,  was injected 
subcutaneously into four 450-g Sprague- 
Dawley rats which were housed in metabolic 
cages. Urine was collected during the subse- 
quent 24 hr, saturated with K2C03, and ex- 
tracted with chloroform (40 ml X 3) .  The 
combined chloroform extract was dried over 
anhydrous sodium sulfate and evaporated to 
dryness with a flash evaporator. The residue 
as well as a known sample of dehydroretrone- 
cine were separately dissolved in 1 ml of 
chloroform and applied on a silica gel plate. 
The plates were developed in a solvent con- 
taining CHC13: MeOH : NH3 (85 : 14 : 1 ). Pyr- 
role derivatives were detected by spraying 
with Ehrlich's reagent (1 2 ) .  

In order to evaluate the presence of de- 
hydroretronecine in liver and blood, 6 rats 
weighing 450 g received 7 5  mg/kg body 
weight phenobarbital subcutaneously daily 
for 4 days followed on the fifth day by 200 
mg/kg body weight of monocrotaline. This 
pretreatment regime has been shown to en- 
hance hepatic microsomal enzymes and 
thereby increase the metabolism of mono- 
crotaline (13). The rats were decapitated 1.5 
hr after the monocrotalinle injection when 
pyrrole levels were at  a maximum level in 
the blood and tissues (13). Five milliliters 
of blood and fourteen grams of liver were 
obtained from each animal and blended sepa- 
rately with 3 vol of acetone, A clear acetone 
extract was obtained after centrifugation and 
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was evaporated at  40" to 3-5 ml. The latter 
was then saturated with potassium carbo- 
nate and extracted with chlorofo'rm ( 5  ml X 
3 ) .  After removing moisture with anhydrous 
sodium sulfate, the combined chloroform ex- 
tracts were evaporated to a dry residue and 
transferred to a test tube by washing with 
acetone. The volume of acetone was reduced 
to 0.3 ml by blowing with nitrogen gas. An 
aliquot of this solution and a known stan- 
dard was subjected to thin layer chroma- 
tography. 

The acute toxic effects of dehydroretrone- 
cine were evaluated on 8 rats weighing 90- 
100 g. The rats were injected subcutaneously 
with 110 mgJkg body weight of dehydroret- 
ronecine (60 mg/ml phosphate buffer, pH 7). 
Four control animals were given a similar 
injection of phosphate buffer. Fourteen 
hours after injection, a partial hepatectomy 
was performed (14). Thirty-two hours fol- 
lowing surgery, the rats were given 1 mg/kg 
body weight of colchicine subcutaneously 
and killed 6 hr later. Portions of the re- 
generative liver were placed in Carnoy's 
fixative and subjected to an acetocarmine 
squash procedure for evaluation of mitotic 
index ( 15) .  At  least 3,000 hepatocytes from 
each liver sample were observed in succes- 
sive high-power microscopic fields in order to 
determine the number of colchicine-arrested 
metaphases present per 1,000 hepatic cells. 

In order to establish the subacute effects, 
14 rats weighing 70-90 g were injected sub- 
cutaneously with 70 or 90 mg/kg body 
weight of dehydroretronecine weekly for 6 
successive weeks. Another 10 rats served as 
controls and received similar injections of 
phosphate buffer. After 12 weeks, the sur- 
viving rats were partially hepatectomized 
and treated in a manner similar to that de- 
scribed above for evaluation of mitobic in- 
dex. 

A complete necropsy was performed on all 
rats. Tissues from all organs including surgi- 
cal and regenerative liver were placed in 
neutral formalin, embedded in paraffin, sec- 
tioned, and stained with hematoxylin and 
eosin. 

ResuEts. Dehydroretronecine was shown to 
be the major detectable pyrrole metabolite in 
the liver, blood, and urine of rats injected 

with the retronecine-based PA monocrotaline 
(Fig. 1 ) .  While no Ehrlich-positive pyrrole 
spot was present a t  the origin or at  Rf values 
below 0.2, a relatively strong unidentified 
spot with an R, value about 0.7 was ob- 
served in the urine samples. 

The acutely intoxicated rats became list- 
less and inactive shortly after receiving 110 
mg/kg body weight of dehydroretronecine. 
The hepatic mitotic indices of the experimen- 
tal group were approximately 1/30th the 
value of the control animals (Table I).  At 
necropsy, the stomach was markedly distend- 
ed with a large quanbity of watery fluid in 
all of the treated animals. Microscopically, 
there was marked edema of the gastric sub- 
mucosa. Reduced spermatogenesis and a 
marked decrease in the size and weight of 
the thymus an'd spleen were present in all 
of the treated rats. Microscopically, it was 
determined that the decreased size of the 
thymus and spleen resulted from reduced 
numbers of cortical thymocytes and regres- 
sion of the splenic lymphoid nodules. Changes 
in the hepatic tissue obtained at  the time of 
surgery were limited to a moderate infiltra- 
tion of fat into parenchymal cells. Grossly 
and microscopically, other body organs were 
unaltered. 

In  the subacute experiment, the dehydro- 
retronecine-treated rats experienced a slight- 
ly reduced rate of growth. Seven rats which 
had received 90 mgJkg body weight of de- 
hydroretronecine died within 30 days of the 
initial injection. Mlultiple areas of focal ulcer- 
ation and hemorrhage in the glandular por- 
tion of the stomach were present in these ani- 
mals (Fig. 2 ) .  No other gross abnormalities 
were observed a t  necropsy in the animals 
that died or those sacrificed at  12 weeks. 
However, microscopic examination of the 
liver revealeld widely dispersed megalohepato- 
cytes and focal areas of subcapsular scarring. 
Regenerative hepatic mitotic indices were ap- 
proximately 1/13th that of the control ani- 
mals (Table I ) .  

Discussion. In  the past i t  was somewhat 
perplexing that a highly stable compound 
such as a PA could be so toxic. It has been 
clearly demonstrated that a number of sub- 
stances such as dimethylnitrosamine ( 16) 
and methylated aminoazo dyes (17) which 



83 6 TOXIC EFFECTS OF DEHYDRORETRONECINE 

FIG. 1. Thin layer chrombtography of urine ( A ) ,  liver ((B), and blolod (C) samples from rats 
treated with monocrotaline. The samples were prepared as outlined in the text. A l ,  B1, and C1 
are chromabograms of standard dehydroretronecine. A2, B2, and C2 are coch'romabograms of 
dehydroretronecine and urine, liver, and blood samples. A3, B3, and C3 are chromatograms of 
urine, liver, land blood samples. Arrow indicates where samples were applied. 

are harmless in themselves may be convert- known as metabolic pyrroles, have been 
ed to toxic metabolites. Such a mechanism shown to be responsilble for the toxicity ( 7 ,  
apparently accounts for the toxicity of the 8) .  
PAS. Many metabolites of these alkaloids Chemically prepared monocrotaline and 
have been identified (4, 1 2 )  ; however only retronecine pyrrole inhibit mitosis and pro- 
the Ehrlich's reagent-positive metabolites, duce lung and liver lesions similar to those 

TARTlE I. Inhibition of Cell Division in  Regenerntiiig Liver of Dehydroretronecine-Injected 
Rats. 

-~ 

Cumulative mitotic index 

Experiment Control Treated 

ACUTE : sacrificed 52 hr after receiving 110 mg/kg 
SUBACUTE: sacrificed 1 2  weeks after receiving iiiitial dose 

72.4 16.9 (4) 2.5 i- 3.1" (4)b 
67.6 f 5.6 (6) 4.9 k 2.5" (5) 

" Analysis u8iiig Student's t test demonstrated tha t  the difference between group means is 
statistically significant ( p  < 0.001). 

Numbelr i n  paremtheses indicates number of rats evaluated. 
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FIG. 2 .  Petechial hemorrhages (left) and ulceration (arrow) seen in the glandular portion of the 
stomach in a rat 8 days after receiving 90 mg per kg ibody weight of dehydnoretroaecine. S 
and P indicate squamous and lpyloric polrtions loif the stomach, respectively. 

of the parent alkaloid (18, 19). These 
chemically prepared pyrroles are dlifferent in 
their optical absorption spectra from the in 
vivo pyrrolic metabolites and have not yet 
been demonstrated to exist in the body. 

The precise means by which monmrota- 
line is converted in vivo to dehydroretrone- 
cine is not known. However, it seems likely 
that it is first dehydrogenated to form mono- 
crotaline pyrrole and subsequently hydro- 
lyzed to dehydroretronecine (9).  Even though 
dehydroretronecine is not as toxic as mono- 
crotaline pyrrole, it is the major detectable 
pyrrole metabolite and has been shown to be 
capable of producing lesions in the liver that 
are similar to those caused by the parent alka- 
loid. 

Peterson and colleagues reported the toxi- 
cological effects of dehydroheliotrine (20). 
This metabolite is an enantiomer of dehydro- 
retronecine and is capable of producing wide- 
spread toxic effects in experimental anlimals. 
However, the lesions produced differ consider- 
ably from those observed in dehydroretrone- 
cine-treated rats. While acute ulceration and 
hemorrhage of the gastric mucosa predomi- 
nated in the animals given dehydroretrone- 
cine, similar tissue changes were inapparent 

in the dehydroheliotridi'ne-treated rats. Alo- 
pecia, focal necrosis of the salivary glands, 
and abnormal development of the teeth were 
features only of dehydroheliotridine toxicity. 
Reduced hsepatic mitosis, thymic regression, 
splenic hypoplasia, and inhibition of sper- 
matogenesis were seen in animals treated 
with either of the PA metabolites. 

The consistent production of gastric ulcers 
and hemorrhage in the stomach of rats given 
dehydroretronecine is an interesting previous- 
ly unreported lesion. Preliminary studies have 
demonstrated that subcutaneously injected 
radioactive 'dehydroretronecine localizes in 
the stomach wall quite rapidly and persists 
a t  a level greater than other organs for an 
indefinite period. The most logical explana- 
tion for the localization of dehydroretrone- 
cine is related tco the acid pH of the gland- 
ular partion of the stomach wall. Perhaps 
this compound is precipitated or activated in 
an acid environment, thereby concentrating 
the metabolite a t  this site. Once localized 
in sufficient concentration, it is probably ca- 
pable of producing the tissue necrosis that 
invariably occurs in the stomach wall of de- 
hydrore tronecine-in toxica ted rats. 

Summary. The major detectable pyrrole 
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metabolite of the pyrrolizidine alkaloid, 
monocrotaline, present in the liver, blood, 
and urine of rats, has been identified as de- 
hydroretronecine. The subcutaneous inject’ ion 
of this metabolite into rats produces ulcer- 
ation and hemorrhage of the stomach wall. 
Inhibition of hepatic parenchymal cell mito- 
sis in regenerating liver was recorded within 
52 hr following its administration and per- 
sisted for a t  least 6 weeks. 
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