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An investigation was started at the National Insti tutes of Health in 1961 into 
the question whether the seed of Cycas circinalis L., indigenous to Guam, possessed 
a neurotoxin which might explain the high frequency of certain neurologie diseases 
on tha t  island. Interest  in this particular plant came about through personal 
observations by WgITINc who had studied the use of the plant as a source of food 
by the inhabitants and her subsequent familiarity with the literature on its toxic 
properties. The reader is referred to her review on toxicity of cycads which covers 
the period up to 1963 (WgI~I~Q). 

While searching for evidence of neurotoxie effects in rats fed dried and ground 
seed of Cycas circinalis from Guam, it was noted that  such material possessed 
marked hepatotoxie properties and that  the degree of liver injury paralleled its 
concentration in the diet. The nature of the acute and subaeute alterations in the 
liver suggested, furthermore, the possibility tha t  the toxin in the crude material 
might be carcinogenic as well. This was confirmed in preliminary experiments in 
rats permitted to live sufficiently long for neoplasms to develop. The results of 
these early studies showed tha t  neoplasms occurred predominantly in liver and 
kidneys in the majori ty of the rats which had been fed the crude cycad seed 
material over long periods of t ime [LAQUEC~ et al. (1)]. 

Further  search into the chemistry of cycads revealed that  glycosides had been 
isolated from various members of the family of "cycadaeeae" which were azoxy- 
glycosides differing only in the sugar component. In  cycasin, the glycoside isolated 
from Cycas circinalis and Cycas revoluta, the sugar was glucose, its chemical 
formula being fl-D-glucosyl-oxyazoxymethane [NIs~IDA et al. (1), RIGGS]. 

Subsequent studies showed that  both the acute and long-term effects of the 
crude material could be reproduced as readily with the crystalline cycasin, 
suggesting that  the effects of the crude material were essentially due to its content 
of cycasin [LAQUEUR (2)3. 

Further experiments in rats with the unstab]e aglycone of cycasin, methylazoxymethanol 
(MAM), isolated from cycad seed showed that it produced liver tumors and hyperplastic 
lesions in renal tubules (MATSV~OTO and S~O~G). Earlier studies revealed that the aglycone 
produced hcpatotoxic effects even after intraperitoneal administration, a route which was 
found ineffective in the case of cycasin [NIs~D.4 et al. (2), KOBAYAS~ and MATSVMOrO (2)]. 

* Dedicated to Professor Dr. Dr. h. c. CA~L KRAUSl~E on the occasion of his 70th birthday. 
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The aglycone acetate recently synthesized by MATSV~OTO et al. (2) is considerably more 
stable than the aglycone itself and is presently being tested for its carcinogenic activity 
in germfree rats using various routes of administration. 

While the major i ty  of toxic, biologic and carcinogenic effects of cycasin or the 
aglycone were similar to those described with d imethyln i t rosamine  (DMN) []VIAGEE 
and  B A ~ E s  (1, 2), MArlin and  SCI~OENTAL (3)], there was one notable  exception 
in t ha t  neoplasms of the intest ines developed with cycad materials  bu t  not  with 
DMN. I t  is the purpose of this report  to summarize our observat ions on in tes t inal  
neoplasms in  rats  fed the crude cycad mater ia l  or cycasin and  in  rats  given 
int raper i toneal  injections of the aglyeone. The discussion concerns the possible 
significance of these observations in  relat ion to eycasin metabol ism and  future  
studies. 

Material and Methods 
The rats used in the majority of experiments were of the 0sborne-Mendel (OM) and 

Sprague-Dawley (SD) strains maintained at NIH and obtained at weanling age. They were 
fed the basal diet until 30 days old when they were started on the experimental diets. Two 
groups were started on the experiment at 54 and 90 days respectively, to examine the effect 
of onset and established sexual maturity on the development of tumors. The pertinent data 
covering age, dose levels and duration of exposure are given in the accompanying Table 1. 

Cycad meal (the crude ground and dried seed of Cycas circinalis) was prepared at the 
Institute from fresh seeds shipped from Guam. The dried material contained 2.3 gm of cycasin 
per 100 gm and was fed to the rats at a concentration of 1.0, 1.5 and 2.5 percent respectively. 

Cycasin, isolated in crystalline form by the Department of Biochemistry of Kagoshima 
University, Kagoshima, Japan, was mixed with the basal diet at concentrations of 20, 40, 60, 
100 and 400 mg per 100 gm diet 1. The rats chronically exposed to the carcinogen in the diet 
were kept in the Department of Nutrition at Michigan State University and were shipped 
after autopsy to our laboratory 2. Because of the long exposure, the total amount of cyead 
meal or cycasin consumed by these animals was not recorded (groups I to VIII of Table 1). 

The rats exposed for short periods (groups IX to XV) were housed at NIH. Food intake 
was measured daily and the total amount of eycasin consumed was available for each rat, 
30 days old at the start of the experiment and for the rats fed for 2 days only (group XV). 
Attempts to measure the food intake in the rats started at 90 days were abandoned because 
of spillage of food by the majority. The rats were housed individually and had free access to 
tap water at all times. 

Methylazoxymethanol, the aglycone prepared from cycasin by Dr. MATSVMOTO, was 
injected at 3 dose levels intraperitoneally into 6 female Fischer rats averaging 210 gm in body 
weight (Table 2). The tissues obtained at autopsy were forwarded for pathologic studies to 
our laboratory. 

At autopsy, the tissues were fixed in buffered (pH 7.0) 10 per cent formalin. Selected 
areas were prepared for histologic examination by routine dehydration and paraffin-embedding 
procedures. Special staining techniques included WILD~g'S reticulum stain, the periodic acid 
leukofuchsin reaction with diastase controls for glycogen and mueins supplemented by the 
muciearmine stain, the Weigert-van Gieson and the ferrocyanide reaction of Perls (methods 
outlined by LmLIE). 

Results 
The results of the various experiments  with crude cycad meal  and  eyeasin are 

summarized in  Table 1 with respect to the occurrence of in tes t ina l  tumors.  These 
neoplasms ranked  in  relative frequency nex t  to tumors  of the liver and  kidneys 

Cycasin used in this study was obtained through the courtesy of Drs. KVnLAND and 
W~TINa of NINDB, NIH. 

Dr. OLAF MICKELSE~r Department of Nutrition, Michigan State University, generously 
provided the rats after long-term exposure to cycad meal and cycasin, and Dr. HmoMv M~TSU- 
~oTo the rats injected intraperitoneally with the aglycone for inclusion in 'this study. 
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[LAQUEUtr (2)]. Since neoplasia was not  observed at  any site in rats  exposed o 

the carcinogen for less than  six months,  the number  of rats  alive six months  after  

the first contac t  wi th  the agent  are listed in column VII .  Differences in number  

of rats  between columns VI  and V I I  are due to several factors such as h l te reurrent  

incidental  diseases, tox ic i ty  of the compound (see group X I I I  in which only 9 out  

of 45 rats surv ived  longer than  six months) ,  and early sacrifice of two groups 

of rats  to de termine  acute  changes in the l iver  at  certain dose levels (groups XI ,  

X I I  and X I I I ) .  Column V I I I  gives the number  of rats  which had neoplasms in 

ei ther liver, kidneys or intestines. The difference between colunms V I I  and V I I I  

indicates, therefore,  the number  of rats, six months  or older, wi thout  neoplasm. 

Both  Sprague-Dawley and Osborne-Mendel rats  developed sufficient numbers  

of intes t inal  tumors  to exclude strain differences at  least for these two strains. 

Careful macroscopic and microscopic examinat ions  of 110 control  rats  of equal  or 

older age in both strains failed to reveal  a single neoplasm of the small or large 

Table 1 
Summary o/pertinent in/ormation on various experimental groups treated with cycad materials 

Groups 

I II III IV 

Age at 
Strain* Sex start Compound 

in days fed 

S.D. 
S.D. 
S.D. 
S.D. 

S.~). 
S.D. 
S.D. 
S.D. 

30 
9 30 

30 
30 

30 
30 

c? 30 
30 

V 

Duration 
of feeding 

VI 

Initial 
nos. of 
rats 

Chronic exposure 

1% e.m.** 
1.5 % c.m. 
200ppm*** 
400 ppm 

1% e.ITI. 
1.5% c.m. 
200 ppm 
400 ppm 

6--9mos. 20 
6--9mos. 20 
6--9 mos. 20 
6--9 mos. 20 

80 

6--9mos. 20 
6--9mos. 20 
6--9 mos. 20 
6--9mos. 20 

80 

I 
II 

III 
IV 

Total 

V 
VI 

VII 
VIII 
Total 

VII VIII IX X 

Classi- 
fication of 

Rats P~ats ltats intestinal 
surviv- with with tumors 

ing neo- intes- 
! plasms 6 tinal -~ 

months atsiteany tumors I <~ ~ ~'2~ ~'~ 

20 
20 
20 
14 
74 

18 
18 
19 
15 
70 

18 
20 
16 
14 
68 

12 
18 
12 
13 
55 

1 
2 
4 
3 

10 

3 2 ! 1  
7 9 3 
9 6 6 
8 10 3 

27 27 13 

0 1 1 
1 2 3 
4 1 5 
3 1 4 
8 5 13 

3 
12 
12 
13 
40 

IX O.M. 
X O.M. 

XI O.M. 
XII  0.Sf. 

XII I  O.M. 
XIV O.M. 
XV S.D. 
Total 

3 
3 
3 

30 
90 
30 
30 
30 
90 
54 

Short exposure 

2.5% c.m. 
2.5% c.m. 
400 ppm 
600 ppm 
1000 ppm 
1000 ppm 
4000 ppm 

13 days 20 
21 days 25 
13 days 30 
13 days 40 
13 days 45 
21 days 25 
2 days 12 

197 

17 
23 
14 
16 
9 

23 
12 

114 

* S.I). = Sprague-Dawley; O.iV[. = Osborne-Mendel. 
** c.m. = cycad meal, lot 3662, containing 2.3 % cycasin. 

*** ppm = cyeasin, parts per million. 

16 
19 
12 
16 
9 

20 
7 

99 

5 
7 
0 
2 
3 2 
9 7 
3 2 

29 21 

1 

0 0 
1 2 

3 
5 
2 

16 

5 
8 
0 
3 
5 

12 
4 

37 
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intestine. A benign gastric polyp arising from the prepyloric region in an Osborne- 
Mendel male rat, 423 days old at death, was the only neoplastic lesion of the 
entire digestive tract among the controls. 

Without exception, all intestinal neoplasms occurred distal to the ileocecal valve ; 
the great majority were in the proximal one-half of the colon. A few were noted 
in the cecum and an occasional one as low as the recto-sigmoid. All tumors included 
in the table were seen grossly and were microscopically confirmed, permitting a 
benign or malignant classification. In  several instances, multiple tumors were 
found, the largest number of separate tumors being four. Sections of the intestinal 
wall between multiple tumors were examined to exclude the possibility of one 
being metastatic to the other. 

Table 2. E]fect o/methylazoxymethanol injected in traperitoneally in ]emale Fischer rats* 

Single dose 

mg 

No. of 
injections 

10 
4 
7 
9 

12 
2 

Total dose 
Duration of 
observation 

Intestinal tumors 

Duodenum Colon 

Adenoma Carcinoma Adenoma mg days 

20 237 
16 244 
28 238 
36 238 
48 238 
12 237 

* Compiled from data of ~VIATSU3~OTO. 

I Carcinoma 

Further examination of Table 1 indicates that male Sprague-Dawley rats had 
a considerably higher incidence of intestinal tumors than did the females of the 
same strain and on identica] regimens. The incidence of intestinal tumors relative 
to the total number of rats with tumors is 49.1 per cent for the males and 14.7 per 
cent for females. Expressing the incidence of intestinal neoplasms relative to the 
initial total number or to the total number surviving six months lowered the 
percentage values but did not abolish the sex differences in frequency of tumor 
development. The total number of intestinal tumors among the male rats with 
intestinal tumors (40 tumors in 27 rats), however, differed only slightly from the 
corresponding number in females (13 tumors in l0 rats). 

Comparison between male rats fed diets containing 400 ppm of cycasin for 
13 days and those fed the same concentration for 6--9 months (groups V I I I  and XI) 
suggested that the duration of exposure positively influenced tunmr deve]opment 
in the intestinal tract. Furthermore, the latent period in rats exposed for a few 
days was longer than in rats exposed for 6--9 months. The shortest induction 
periods were 188 days for the chronically exposed rats and 250 days for the briefly 
exposed rats. Taking the groups of rats on short and long-term exposure as 
wholes, the time required for intestinal tumors to develop averaged 294 days 
(188--343) for the chronically exposed rats and 370 days (250--479) for the short 
exposure group of rats. 

Table 3 shows the calculated eycasin intake in groups of rats in which food 
consumption was measured, the number of rats with intestinal tumors and the 
respective total number of tumors for each group. Although increasing the cyeasin 
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Table 3. Mean cycasin intake o/male Osborne-Mendel rats with neoplastic disease 

Constants 

Mean . . . . . . . . . .  
Number of observations 
St. Deviation . . . . . .  
St. Error . . . . . . . .  
Number of rats with 

intestinal tumors . . . 
Total number of intestinal 

t u m o r s  . . . . . . . .  

Cycasin intake in m g  for 13 days in 30 day old male Osborne-l~Iendel rats 

2.5 % eycadmeal* 

59.56 
16 
6.21 
1.55 

cycasin, 400 ppm 

63.10 
12 
7.80 
2.25 

cyeasin, 600 ppm 

81.70 
16 
12.12 
3.03 

[ 
eycasm, 1000 ppm 

98.50 
8 

13.15 
4.65 

* Lot of cycad meal, No. 3662, containing 2.3 % eycasin. Calculated from measured food 
intake over 13 day period. 

concent ra t ion  resul ted  in s l ight ly  grea ter  t u m o r  product ion,  a t t en t ion  should be 
eMled to the  first  two columns of this  Table  in wtHeh no s ta t i s t ica l  difference 
be tween the  means  of cyeasin  in takes  could be demons t r a t ed  ( P =  .2); ye t  a 
s t r ik ing difference in t u m o r  fo rma t ion  was found in favor  of eycad meal.  Dissimi- 
lar i t ies  in effects be tween cyead  meal  and  cyeasin were observed prev ious ly  in 

Fig.  1. Sessile adenoma of colon in male O.)& rat  fed crude cycad meaI for 253 days. Age a t  death, 283 days. This 
rat  had also a carcinoma of cecmn, a hepatoma with pulmonary metastases and bilateral kidney tumors (see also 

Fig.  4). I t .E.  • 30 

s tudies  concerned wi th  ear ly  metabol ic  changes in the  liver, and  i t  was po in ted  
out  t h a t  cyead  meal  m a y  conta in  substances  other  t han  cycasin which m a y  
var ious ly  affect  cer ta in  pa rame te r s  of cyead tox ic i ty  (WILLIAMS and LAQUEUR). 

Grossly the  tumors ,  whether  benign or mal ignant ,  were ei ther  b road ly  sessile 
or peduneu la t ed  wi th  udde or na r row stalks,  or inf i l t ra t ing  as in the  ease of several  
carc inomas (Figs. 1- -3) .  Bleeding from the  r ec tum was seen in only a few ra ts  in 
which large po lypo id  carc inomas had  ulcerated.  Var iable  degrees of in tes t ina l  
d i l a t a t ion  accompan ied  b y  h y p e r t r o p h y  of the  muscu la r  coat  p rox ima l  to  the  new 
growth  was a p p a r e n t l y  the  resul t  of pa r t i a l  obs t ruct ion .  In tussuscep t ion  of the  
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proximM bowel wall was a frequent finding, localizing the site of intraluminal 
tumors. In  most respects, then, the tumors resembled those seen in human 
material except for the predominant localization in the upper half of the colon. 

Microscopically, both benign and malignant neoplasms were generally associated 
~vith abundant production of mucus and present in all but 3 rats with carcinomas 

Fig .  2. Adenomatous  polyp of colon in male  O.M. ra t  fed crude cycad meal  for 21 days.  Age a t  death,  346 days.  
This  ra t  had  a separate  adenomatous  polyp of colon and  bilateral  k idney  tumors .  H .E .  • 15 

Fig .  3. Polypoid carc inoma of colon in mMe O.~L ra t  fed cycasln for 13 days  dur ing  which i t  consumed 73 m g  
of the glycoside. Killed 455 days  later.  This  ra t  had  also a hepa tom~ and  bilateral  k idney  tumors ,  t I .E .  • 2 

(Fig. 4). Metastatic spread had occurred in 4 rats with colonic carcinomas, and 
mucin production by tumor cells was a prominent feature in all, individual tumor 
cells resembling "signet ring" cells. Special stains such as mucicarmine or the 
periodic acid Schiff reaction preceded by diastase demonstrated the mucinous 
character of the intracellular material. For the differential diagnosis between 
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Fig.  4. Same animal  as in  Fig.  1. l~Iucinous adenocarcinoma invad ing  submueosa and a lymphat ic  space a t  arrow. 
I-I.E. • 200 

Fig.  5. Nodule in  colon, 4.5 cm from cecum, in  female S,D. rat  fed cycasin for 9 months.  Age at  death, 339 days. 
No other neoplasms. Tumor cells fill the snbmucosa and have  destroyed in  par t  the museularis mucosae with 
extension into lamina propria. There is also separation of the muscular  coat by tumor cells along blood vessels. 

H.E. • 25 

polypoid carcinoma and adenomatous polyp, reliance was placed on the invasive 
character of the former, in addition to changes in the glandular pattern and in 

u Arch. path.  Anat. ,  Bd. 340 ] . l a  



158 GERT L .  LAQUEUI~: 

Fig. 6. Cellular details of nodule shown in Fig. 5. Left margin of picture shows muscularis mucosae, the bottom, 
parts of the inner muscularis. Note whorls and suggestion of palisading to the right of center. I-I.E. x 260 

Fig. 7. General pattern of tumor cells in large pol3-poid tumor ol colon, 8 cm from cecum in female S.D. rat  fed 
eycasin for 9 months. Age at  death, 340 days. This rat had also a well differentiated hepatoma and a unilateral 
kidney tumor. Ulceration at the tip of tile polyp following intussusception explains the Dermeation of the tumor 

by inflammatory ceils (dark stained nuclei). H.E. • 160 

the cytology of the epithelial cells which in themselves were regarded as in- 
sufficient evidence of malignancy. In comparing the benign adenomatous polyps 
with the polypoid carcinomas, particularly when they occurred in the same 
animal, no convincing evidence was found that the carcinomas arose in previously 
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benign polyps.  Osseous me tap l s s i a  was no ted  in the  s t roma  of four  mucinous  
carc inomas and  in one adenoma tous  polyp.  

I n  add i t ion  to  the  neoplas t ic  epi thel ia l  lesions involving the large intest ine,  
6 ra t s  had  submucosa l  nodules  or po lypoid  masses covered largely  by  colonic 
mucosa  with  no rma l  or s l ight ly  a typ ica l  glands (Fig. 5). These lesions were not  
inc luded in Table  1. I n  the  two larger  polyps,  g ranu la t ion  t issue formed the  
superficial  layer  wi th  loss of g landu la r  s t ruc tures  a t  these sites. The under ly ing  
submucosa  and  the tun ic s  p ropr ia  were in f i l t ra ted  b y  masses of fa i r ly  uniform, 
spindle  cells wi th  vesicular  nuclei  conta in ing a small  compac t  nucleolus.  These 

Fig.  8. Adenocarc inoma of duode~_um wi th  few mucus  producing cells a m o n g  neoplastic epithelial cells in female  
F ischer  r a t  af ter  12 indraper i toneal  in jec t ions  of 4: m g  of the  aglycone of cycasin,  l~i]led 238 claps a f te r  

f i rs t  iuject ion.  }I .E.  • 260 

cells f requent ly  were a r ranged  in aggregates  forming small  whorls or in bundles  
where the  plane of sect ioning para l le led  the  long axis of the  cells (Figs. 6 - -7) .  
Groups  of t u m o r  cells were of ten bordered  by  vascular  channels in which collagen 
fibers were demons t rab le  wi th  the  van  Gieson s ta in  while collagen was not  found 
in re la t ion to  ind iv idua l  t u m o r  cells. ~TILDEn'S re t i cu lum stain showed del icate  
fibers be tween  t u m o r  cells in some areas  bu t  not  un i fo rmly  t h roughou t  the  lesion. 
Mitot ic  figures were read i ly  found,  bu t  va r i ed  in number  f rom area  to area  and  
nodule  to  nodule ;  none appea red  a b n o r m a l  

Although definite classification of these tumors is difficult, several types of neoplasms 
could be excluded with some degree of certainty. The localization of smM1 lesions in the 
submucosa, the distribution of the retieulum fibers in such nodules and the absence of stainable 
intracellular mucin seemed to exclude an epithelial origin. Lack of stainable collagen made a 
fibromatous nature of the lesion unlikely, and the regularity and uniformity of the cells as 
well as the absence of abnormal forms of cell division were against a collagen-poor fibrosarcoma. 
A possible origin from muscle could be ruled out from the localization of the tumors and the 
preservation of the inner and outer coats of the muscularis. The possibility that such lesions 
may have a histogenic background in mesenehymM components of MEISS~EI~'S plexus is 
entertained. 

11" 
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The observations on rats injected intraperitoneally with the aglycone are 
incomplete but  important enough to be summarized briefly. Among the 6 rats 
listed in Table 2, 4 had tumors of the intestinal tract  with the duodenum being 
the primary site of mucinous adenoeareinomas in 3 (Fig. 8). The 2 rats without 
intestinal tumors had neoplasms in other sites such as liver and kidneys. Although 
the details of the mechanisms in inducing duodenal neoplasms after intraperitoneal 
injection of the aglyeone are presently not dear, the possibility that  the aglycone 
or its metabolite is excreted through the bile appears intriguing, particularly since 
two of the carcinomas occurred in the midportion of the duodenum while sparing 
stomach, pyloric area and the first part of the duodenum. 

Discussion 
In our original report on the carcinogenic properties of cycad meal, the 

occasional development of colonic neoplasms was mentioned although a causal 
relationship between the carcinomas and the consumption of the cycad meal 
appeared uncertain. The experiments summarized in this report established beyond 
reasonable doubt that  the crude cycad material, the crystalline glycoside, cycasin, 
extracted from the crude material, as well as the aglycone of cycasin were carci- 
nogenic for the intestinal mucosa of the rat. A study of Table 1 indicates, however, 
that considerable variations existed in the relative incidence of intestinal neoplasms 
between different experimental groups. Increasing the concentration of cycad 
material did not uniformly or strikingly raise the incidence of intestinal neoplasms, 
although duration of treatment and, possibly, age at first exposure seemed to 
favor the development of such neoplasms. Thus, carcinomas of the colon were 
found independent of the total dose above 45 mg given either as cycasin or 
cycasin-containing crude material. 

The unpredictability of intestinal neoplasms led to the more general question, 
why rats which had neoplastic growth at other sites failed to develop intestinal 
tumors, and why certain rats had no malignant disease at all, although the total 
amount of eycasin ingested was well within the tumor inducing range. There was 
the additional observation that  those tumors which did develop occurred pre- 
dominantly in the proximal half of the colon, suggesting that  a local situation 
might prevail in this segment of the intestinal tract which was absent from or less 
influential in the other segments. 

Considerations of this nature led us to explore the possibility that  the chemical 
structure of the carcinogen might be important in this respect. Information was 
already available that  the glycoside when injected intraperitoneally was inert and 
nearly all could be recovered in the urine but that the aglycone when injected 
similarly was highly effective (KoBAY~SJZI and MATSUMOTO). These two observa- 
tions suggested that  an enzymatic cleavage of the whole glycoside occurred which 
changed the inert glycoside into a highly active substance. The respective enzyme, 
a fl-glucosidase [KoBAYASnI (1) ], could be of mucosal or bacterial origin, depending 
upon whether the first breakdown of eycasin occurred in the structures of the 
wall or in the lumen of the alimentary tract. To test these possibilities the whole 
glycoside (2000 ppm) was incorporated into the diet and fed to germfree rats for 
20 days. During this period, the rats consumed, on the average, 650 mg of cyeasin 
without showing the slightest effect of cyeasin toxicity as measured by body 
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weight gain, food intake and microscopic examination of the tissues [LAQuEUR (2)]. 
No tumors have been found among the germfree rats up to one year after first 
exposure to large amounts of cycasin. Subsequent experiments in which urine and 
feces were collected during the time that  germfree rats were fed cycasin, showed 
that  the glycoside was recovered nearly quantitatively from urine and feces which 
indicated that  eycasin had been absorbed by the intestinal mucosa without having 
been cleaved and excreted as such. In contrast, only from 15 to 35 per cent of the 
ingested cycasin could be recovered from conventional rats given the identical 
eycasin concentration, the remainder apparently having been metabolized 
(SPATZ et al.). These findings indicated that  the first cleavage of cycasin into its 
aglycone occurred within the intestinal tract and that,  at least the greater part, 
if not all of the fl-glucosidase, was of bacterial origin. I t  also became apparent 
from the difference in recovery rates among conventional rats that  the ability to 
cleave cycasin varied considerably from rat to rat, perhaps depending on the type 
of bacterial flora and its ability to provide the necessary enzyme. Therefore, if it 
could be shown that  the bacterial flora and its ability to provide the specific 
enzyme varied not only between rats but  also between intestinal segments, a 
partial explanation for the complete absence of neoplasia in some rats, for the 
variability of cycasin metabolism as observed by its excretion pattern, and for 
the localization of intestinal tumors to the colon could be entertained. Such 
studies are now in progress. The recently observed tumors in the duodenum after 
repeated intraperitoneal injection of the aglycone are of particular interest and 
seem to support the notion that  tumors can develop at various sites along the 
intestinal tract  as long as the carcinogen is available in the form of the highly 
reactive aglycone. In view of these recent findings, an exploration of a possible 
local effect of the aglycone on the epithelial cells of the intestinal tract  is highly 
desirable. A partial answer may come from experiments under way in which the 
synthetic aglycone acetate was given to germfree rats by various routes. 

Although cycasin and particularly its aglycone have several biologic effects in 
common with DMN, the development of intestinal neoplasms has only been 
reported after a single intravenous injection of a different nitrosocompound 
methylnitrosourea, at levels of 70 to 100 mg/kg body weight [DI~uCKI~EY et al. (1)]. 
The same compound given orally in drinking water did not produce tumors of the 
intestines but  only of the forestomach [DRucKI~Er et al. (2)]. 

That  very short exposures of rats to large amounts of cycasin can also be 
followed by neoplastic disease in the large intestine is apparent from group XV 
of Table 1. The three rats with colonic neoplasms had consumed an average of 
57 mg of eycasin during the 48 hours of exposure, and the latent period was from 
370 to 384 days. Previous observations with certain nitrosamine compounds 
[ S C!gOEI~TAL, DI~UCKI~Eu et al. (1)] indicated that  neoplastic disease developed after 
single exposures, and our experiments with cycasin point in the same direction. 

Recent studies by KOBArASRI and MATSUMOrO (2) and in our laboratory 
(SrATZ et al.) indicate that  the unmetabolized cyeasin is excreted rapidly in urine 
and feces so that  it is no longer demonstrable in the excreta 48 hours after discon- 
tinuation of feeding. If a local effect on the colonic mucosa by the cleaved glycoside 
is assumed to be instrumental in localizing the tumors to this site, the period of 
time during which carcinogenesis is initiated, appears, indeed, to be very short. 
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Summary 
Experiments are described dealing with the carcinogenic effects of (1) the 

crude cyead seed material, (2) the glycoside, cycasin, a fi-D-glucosyloxyazoxymeth- 
ane, isolated from the crude material, and (3) the first metabolic breakdown 
product of cycasin, the aglycone of eyeasin or methylazoxymethanol, on the 
intestinal tract of rats. While the crude material and cyeasin produced tumors 
exclusively located in the large intestine, the aglyeone when injected intraperi- 
toneally, resulted in neoplasms of the small intestine as well. Supportive experi- 
ments in germfree animals are cited which indicate that cyeasin per se, whether 
present in the intestinal tract or absorbed and excreted, is innocuous. Apparently, 
the glycoside is converted in conventional rats into the highly toxic aglycone 
through a fl-glueosidase of bacterial origin. Hence, it would seem likely that the 
careinogenieity of the crude eycad material and of cycasin depends on a bacterial 
flora capable of providing the enzyme necessary for the liberation of the aglycone. 

Experimentelle Krebserzeugung im Darmkanal yon Ratten 
mit dem Glykosid Cycasin und seinem Aglykon 

Zusammenfassung 
W~hrend Cycasin sowie seine Muttersubstanz, das Endosperm der Cycas 

circinalis, ausnahmslos Tumoren im Dickdarm hervorriefen, gelang es mit dem 
Aglykon nach intraperitonealer Injektion auch Tumoren im Duodenum zu er- 
zeugen. In keimfreien Tieren ist das Cycasin aueh in sehr groGen Dosen wirkungs- 
los, wird aber yon der Darmwand absorbiert und yon den Tieren zum grSl~eren 
Tail ausgeschieden. Dem keimfreien Tier fehlt die Glucosidase, die normaler- 
weise das Cycasin in sein sehr toxisches Aglykon und Zucker spaltet. Die 
MSglichkeit besteht deshalb, dab eine erfolgreiche Krebserzeugung mit Cycasin 
an eine Darmflora gebunden ist, die das notwendige Enzym ftir die Spaltung 
liefern kann. 
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