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entirely compatible with the rabbit sperm as 
the rabbit uterus. On two occasions it was 
noted that if  the rabbit sperm were incubated 
in the dog uterus for 8 to 10 hours the sperm 
became immobilized. In  several rats immobili- 
zation of the sperm, as well as an occasional 
overwhelming leukocyte infiltration, was noted 
when sperm were incubated 8 hours. Because 
of this experience results are reported only for 
rabbit sperm incubated in the dog uterus for 
6 to 7 hours and the rat uterus for 7 to 8 
hours when the sperm remained motile and 
relatively free of leukocytes. The compara- 
tively low fertilizing rate in the inter-species 
series of experiments may be due to the short 
incubation ltime of 6 to 8 hours and in- 
complete capacitation of the sperm. In  the 
inter-organ series of experiments where the 
incubation time was increased to 9 'to 11 
hours there was a doubling of the fertilizing 
ability of sperm incubated in the rabbit 
uterus when compared with the inter-species 
series of experiments. 

Summary. It has been found that washed 
rabbit sperm may be capacitated in the uterus 
of an estrous rabbit, rat, and dog, indicating 
that the capacitation mechanism is similar in 

these species. It was shown that washed rab- 
bit sperm are capacitated only in the uterus 
and oviduct of the estrous rabbit and not in 
the ibladder, colon and knee joint, indicating 
that the factors necessary for capacitation are 
1imEted to the female reproductive tract. 
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bolriles for the gift 05 P.L.H. and E. R. Squibb and 
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1. Chang, M. C., Nature, 1951, v163, 697. 
2. Austin, C. R., Aust. J. Sai. Res. B., 1951, v4, 

3. Chang, M. C., Shmffer, D., J. Heredity, 1957, 

4. Mattner, P. E., Niature, 1963, v189, 772. 
5 .  Noyes, R. W., Waltoa, A., Adams, E. E., 

ibid., 1958, v181, 1209. 
6. Short, D. J., Wloodruott, D. P., A.T.A. Manual 

of Lab. Animal Praatice and Techniques, 1963, 285, 
Charls C Thomas, Springfield, 141. 

7. Hsoloper, E. E., Hall, A., Dale, H. E., Sm. An. 
Cllin., 1961, v l ,  355. 

8. Snedeoor, G .  W., Sltatiuticd Metho'ds, 1961, 5th 
ed., 50, Iowa State Press, Ames. 

Received November 9, 1966. P.S.E.B.M., 1967, v124. 

581. 

v48, 107. 

Role of Intestinal Microorganisms in Determining Cycasin Toxicity. 
(31826) 

MARIA SPATZ, D. W. E. SMITH, E. G. MCDANIEL, AND G. L. LAQUEUR 
Laboratories of Experimental Pathology and Nutrition and Endocrinology, 

National Institute of Arthritis and Metabolic Diseases, National Znstitutes of Health, USPHS, 
U .  S .  Dept .  of HEW, Bethesda, M d .  

Cycasin is a compound present in plants of 
the family Cycadaceae which is hepatotoxic 
and carcinogenic when ingested by small labo- 
ratory animals( 1 ) , The compound is of special 
interest because various products from cycad 
plants are ingested by humans in subtropical 
and tropical regions of the world ( 2 ) .  

Cycasin is a p-glumside with the structure 
methylazoxymethanol-p-D-glucoside. The glu- 
cose can (be removed enzymatically and the 
purified aglycone has the same hepatotoxic 
and carcinogenic properties as the glucoside 
( 3 ) .  Moreover, although cycasin is not toxic 

when administered intravenously, subcutane- 
ously or intraperitoneally, the aglycone is 
toxic by these routes as well as after ingestion. 

Previously published experiments have 
shown that cycasin is nontoxic when ingested 
by germfree anilmals, and that it can be re- 
covered quantitatively and unchanged from 
the urine and feces of these animals(4). 
In  conventional animals, in contrast, as much 
as 82% of administered cycasin is not re- 
coverable. On the basis of these results, i t  
was proposed that the aglycone is the proxi- 
mate carcinogen and toxic substance, that 
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cycasin must be deglucosylated before i t  is 
toxic, and that intestinal microorganisms per- 
form this deglucosylation. Moreover, i t  was 
suggested that individual variations in the 
intestinal flora could explain differences in 
toxicity found in animals exposed to com- 
parable doses of cycasin, and also variations 
in the amount of cycasin which could be re- 
covered in different animals ( 5 ) . 

The purpose of the present work was to 
study the role of bacteria in deglucosylating 
cycasin ,by monocontaminating germfree ani- 
mals with microorganisms of known glucoside 
splitting ability. Monocontamination by these 
organisms resulted in predictable responses to 
cycasin depending on which organism was 
present. 

Material and methods. a. Animals. Germ- 
free male Sprague-Dawley rats weighing 100 
to 180 g were obtained from the NIH animal 
production facility and maintained in metal 
isolators ,throughout the experimental period. 
Food* and water were available at  all times 
except for a period of 18 hours prior to ad- 
ministration of cycasin. 

The rats were housed individually within 
the isolator in wire mesh metabolic cages 
fitted with metal pans covered by wire screens 
for separate collections of urine and feces. 
Fecal cultures were prepared several times 
prior to the administration of cycasin and 
at  termination of the experiments to assure 
the germfree state of the controls and the 
successful colonization by the monocontami- 
nants of the experimental animals. 

b. Chemicals. Crystalline cycasin prepared 
from the seeds of Cycas circindis was ob- 

~ 

*The diet was a modification of the Lobund 
breeder diet 462 and consisted of: vitamin-free oasein 
S%,  IraclDalbumin lo%, whole milk powder lo%, 
salt mixture (Wesson) 3%, alfalfa meal 2%, liver 
powder 276, corn oil 470, and 21.4% eauh of 
yellow corn meal, whole wheat flour and cornstarch. 
To each 100 g sf diet were added 5.500 USP units 
of vit. A and 1100 USP units Qf vit. D (as Natola), 
75 mg a-tocopherol acetate, 1 mg menadione, 6 
rng athimnine hydrochlox-ide, 2 mg pyridoxine hydro- 
chloride, 15 mg calcium panttothenate, 10 mg nia- 
cinsmide, 100 mg ascorbic acid, 0.1 mg biotin, 0.01 
mg vitBrnin BI2, 100 mg choline chloride, 5 mg 
p-aminobenzoic acid, 1 mg rfollic acid and 3 mg 
riboflavin. 

tained from Dr. H. Matsumoto. p-Nitro- 
phenyl-P-D-glucoside (PNPG) , adenosine tri- 
phosphate (ATP) and salicin were purchased 
from the Sigma Chemical Co. Yeast hex- 
okinase, glucose-6-phosphate dehydrogenase 
and triphosphopyridine nucleotide (TPN) 
were purchased from the Boehringer Chemical 
co. 

c. Bacterial monocontaminants. Bacterial 
strains were chosen on the basis of their 
ability to ferment the p-glucoside salicin. The 
utilization of this compound as a carbon 
source requires a P-glucosidase which can re- 
lease free glucose from it. A strain of Strepto- 
coccus fecalis which is a known salicin fer- 
menter was purchased from the American 
Type Culture Collection (No. 12755). Lacto- 
bacillus salivarius salicinius, a known fer- 
menter of salicin and Lactobacillus salivarius 
salivarius which is known not to ferment 
salicin were obtained from Mr. Morrison 
Rogma, National Dental 1nstitute.t These 
organisms were maintained on a modified 
Rogosa’s cysteine broth$ to which either 1% 
salicin or 0.5% glucose was added, depending 
on the organism being grown. The medium 
containing salicin was selective for ‘the salicin 
.fermenting organisms land was useful in 
maintaining the cultures free of contamina- 
tion. In  addition, the cultures were checked 
frequently for contamination by Gram staining 
and for growth in fermentation tubes con- 
taining salicin in Rogosa’s medium, pH 6.8, 
with crystal violet as an indicator of acid 
production. These tests were also used to 
check cultures from the feces of manocon- 
taminated rats for the presence of the ap- 
propriate microorganisms. 

d. Assays for /I-glucosidase. Bacteria for as- 
say were harvested in late log phase and 
washed 3 times by centrifugation. Approxi- 

t These same strains are also obibinable from the 
American Type Culture Oolllection as No. 11742 and 
1 1 ’14 1 Irespeotivel y . 

t The medium, which was prepared by the Media 
Unit a t  the NIH, contained the following per liter: 
Tripticase (,Baltimore B4ologiml Laboratory), 10 g ; 
yeast exbraot (Difco), 5 g ;  K~HPOI, 3 g ;  KHZP04, 
3 g ;  MgSOa 7Hz0, 0.575 g; FeSOi 7H20, 0.034 g ;  
MnSOi 7H-A), 0.120 g ;  m r n o d u m  citmte, 2 g; 
Tween 80, 1 g ;  sodium acetate, 1 g;  and L-cysteine 
HCI, 0.2 g. 
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mately 10.5 'to 1.0 g of bacteria were disrupted 
in 2.0 ml of 01.01 M tris, pH 7.5, by means of 
four 15-second periods of exposure to the 
probe of a Branson sonifier Model LS-75 at 
setting 4. The procedure was performed at 
4 O ,  and at least one minute for coding was 
provided after each exposure. The sonified 
bacteria were centrifuged for 20 minutes at 
48,0001 X g and the crude extract was as- 
sayed on the day of its preparation. 

Two different assays, both performed at 
room temperature (25"), for P-glucosidase 
were used, depending upon the substrate( 6,7). 
When PNPG was used, the following were 
combined in a total volume of 0.3 ml: 
triethandamine buffer, pH 7.0, 30 pmoles; 
PNPG, 1.6 pmoles; and the enzyme to be as- 
sayed. The rate of increase in absorbancy at  
395 mp was determined using a Gilford 
Model 2000 recording spectrophotometer. 
Since p-nitrophenol has a pK in the region 
of pH 7.0, careful control of the pH was es- 
sential. The release of 0.01 q o l e  of pnitro- 
phenol under the conditions described above 
results in an increase of 80.3110 absorbancy unit 
( 1  cm light path length), 

The rate d glucose formation from cycasin 
and salicin could be measured !by coupling 
glucosidase activity to TPN reduction by 
means of hexokinase and glucose-6-phosphate 
dehydrogenase. The following were cmnbined 
in a ,total volume of 0.3 ml: triethanolamine, 
pH 7.0, 30 pnoles; substrate (cycasin or 
salicin), 1 pmole; MgClz 5 pmoles; TPN, 
0.14 pmole; ATP, 2 pmoles; glucose-6- 
phosphate dehydrogenase, 0.7 unit; hex- 
okinase, 1.4 units; and the enzyme to be 
assayed. The rate of TPNH formation was 
determined from the increase in absurbancy 
at 340 mp. The activity of the coupling en- 
zymes was tested each day using a known 
quantity of glucose, and i t  was determined 
that the rate of TPN reduction by the 
coupling system was well in excess of any 
rates which were observed when a glucosidase 
was being assayed. The reduction of 0.01 
pmole of T P N  causes an increase in ab- 
sorbancy of 0.186. 

The conditions described for these assays 
provided optimal pH. Extracts {from each or- 
ganism used were tested for stimulation by 

magnesium in the assay for PNPG gluco- 
sidase. With the exception of one case to be 
described below, the substrate concentrations 
as indicated were well above the K, and 
were essentially nonlimiting. 

The protein concentration of the extracts 
was determined by the method of Lowry et 
aZ( 8 ) .  

e. Experiwntal procedures. The respective 
bacterial strains were introduced into the 
isolators in sealed containers through a pera- 
cetic acid lock. Monocontamination of the 
previously germfree rats was accomplished by 
swabbing the oral cavity, front paws, and 
head of each rat with a broth culture of the 
living organisms. The suspension was also 
applied to the food pellets. This procedure 
was repeated once the following day. Mono- 
contamination was considered successful 
after pure cultures of the respective mono- 
contaminants were obtained from the feces 
on two occasions, usually between the fourth 
and seventh day. Prior to administration of 
cycasin, food was Yvithheld for 18 hours. 
Cycasin in aqueous solution (510 mgSml) was 
sterilized by filtration through a Millipore@ 
filter and introduced in a sealed container 
through the peracetic acid lock. It w s  given 
by stomach tube to each rat in a dose of 750 
mgJkg body weight, which is substantially 
larger than the LD 50 for this strain of rats. 
Collections of urine and feces on a 24-hour 
schedule were started after the rats had 
received the cycasin. Determination of cyc- 
asin in urine and 4eces was done for 3 con- 
secutive days according to the method de- 
scribed previousIy(4). All rats which had not 
already died were sacrificed on the seventh 
day after cycasin had been given and the 
livers were examined for pathologic changes. 
On the day of autopsy, samples of the re- 
maining cycasin solutions which had been 
administered to the rats were removed from 
the isolators for assay to assure that no de- 
gradation had taken place during filtration or 
entry into the isolator. 

Results. The results of assaying /I-glu- 
cosidase activity in vitro in extracts of the 
bacteria under the conditions described above 
are shown in Table I. 

The Streptococcus has a glucosidase with 
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TABLE I. Specific Activity of pGlucosidase in  Extracts of Bacteria Used as Monocontami- 
nants. 

Specifie activity 
Carbon source Substrate (mpmoles of sub- 

used for growth used in  strate split/5 min 
0 r g ani sm of bacteria assay /mg of protein) 

~~ 

Streptococcus f ccalis (known salicin fer- sa lic i n 
men t er ) 9 9  

t? 

glucose 
Lactobacillus salivarius salicinius (known glucose 

salicin fermenter) 9 9  

salicin 
11 

3 9  

Lactobacillus salivarius salivarius (known glucose 
not to ferment salicin) 9 9  

19 

~~ 

PNPG 
salicin 
cycasin 

PNPG 
s alici xi 
PNPG 
salicin 
cycasin 
PNPG 
salicin 
cyc a sin 

9 9  

~ 

21 
312 
54 
19 

NA* 
NA 

9 
13 

NA t 
NA 
NA 
NA 

* NA means no p-glucosidase act.ivity was detectable under conditions of the assay. 
t As described below in the text, the extract of Lactobacillm salivarius salicinius can de- 

glucosylate eyeasin in  high concentrations. In  the presence of 0.1 M cycnsin the specific activ- 
i ty is 74 mpmoles/5 min/mg of protein. 

substantial activity toward cycasin, even 
though this substrate is not hydrolyzed as 
rapidly as salicin. Comparison of specific ac- 
tivity of the enzyme in organisms grown 
on salicin with that of organisms grown on 
glucose indicates that glucose acts as a modest 
repressor of the enzyme, but that significant 
activity is present in bacteria grown on glu- 
cose. Growing organisms in an equimolar mix- 
ture of salicin and glucose resulted in specific 
activities similar to those found in organisms 
grown in glucose alone. Lactobacillus sdi- 
varius salicinius contained a glucosidase that 
hydrolyzed PNPG and salicin but not cycasin 
under the conditions of the assay. This en- 
zyme is induced when the organisms are 
grown on a P-glucoside and is not detectable 
if the medium contains glucose. Lacto bacillus 
sazivarius salivarius has no detectable glu- 
cosidase activity, although, of course, the 
bacteria could not be grown on a glucoside. 

Since the results based on the assay con- 
ditions described above do not explain the 
mild toxicity and decreased exoretion of 
cycasin in animals contaminated with the 
salicin fermenting Lactobaciltus, experiments 
were done to determine the effect of substrate 
concentration on glucosidase activity. At suf- 
ficiently high concentrations, cycasin was a 
suitable substrate for the glucosidase of this 
LactobaciWus, however, the K, for cycasin 
was 0.83 M compared to a K, for salicin of 

3.5 X M.O At a cycasin concentration of 
0.10 M the specific activity was 74 mpmoles 
of substrate split/5 min/mg of protein. In  
the case of the Streptococcal glucosidase, the 
K, for cycasin is 3.1 )( M compared to 
a K, for salicin of 7.7 X M. 

The excretion studies of cycasin are 
presented in Table 11. All detectztble cycasin 
is excreted during the first 2 days following 
administration, the determinations being 
negative on the third day. The figures for 
total percent excretion in the germfree rats 
and for those monocontaminated with Lacto- 
bacillus salivarius salivarius probably rep- 
resent quantitative excretion with the lim- 
its of experimental error. Microscopic ex- 
amination showed the livers of these rats to 
be uniformly normal. Monocontamination of 
gerrnfree rats with Streptococcus fecalis re- 
sulted in a striking reduction in cycasin ex- 
cretion, with values comparable to those seen 
previously in conventional rats. Microscopic 
study of livers from these animals showed 
severe centrolobular hemorrhagic necrosis, 
such as has been reported previously in cycad 
toxicity ( 10) . 

A definite though less impressive reduction 
in cycasin excretion was noted in the rats 
monocon taminated with Lacto bacillus sali- 
vadus salicinius. Sections of the liver from 

0 K, values were determined fluom plots made by 
6he method '06 Lineweaver and Burk(9). 
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TABLE 11. Cycasin Excretion in  Germfree and Monocontaminated Rats. 

Excretion in  mg  Unrecovered 

Monocontaminant rat  i n m g  Urinary Fecal mg % mg % 

i n  48 hr Total excretion cycasin 
No. of Intake 

None 1 
2 
3 
4 
5 
6 
7 

Streptococcus f ecalis I 
2 
3 
4 

Lactobacillus salivarius 1 
salicinius 2 

3 
4 

Lactobacillus salivarius 1 
salivarius 2 

3 
4 

85.0 
90.0 
85.0 

120.0 
110.0 

85.0 
95.0 

125.0 
112.0 
118.0 
108.0 
126.5 
126.5 
126.5 
132.3 
125.0 
110.0 

75.0 
80.0 

80.8 
79.0 
75.5 

118.0 
96.2 
78.2 
84.2 
33.4 
30.0 
36.8 
36.0 
81.6 
77.6 
95.2 

120.0 
121.5 
106.0 
69.0 
73.3 

.o 80.8 
3.1 82.1 
1.4 76.9 

.o 118.0 
2.3 98.5 

.7 78.9 
1.7 85.9 
.o 33.4 

30.0 
36.8 
36.0 

.o 81.6 
77.6 
95.2 

120.0 
2.2 123.7 
1.3 107.3 
1.0 70.0 
1.4 74.7 

, l  

7 

1 7  

1 7  

7 1  

9 1  

95.0 
91.2 
90.5 
98.3 
89.5 
92.8 
90.4 
26.7 
26.7 
31.2 
33.3 
64.5 
61.3 
75.3 
90.7 
99.0 
97.5 
93.3 
93.4 

4.2 5.0 
7.9 8.8 
8.1 9.5 
2.0 1.7 

11.5 10.5 
6.1 7.2 
9.1 9.6 

91.6 73.3 
82.0 73.3 
81.2 68.8 
72.0 66.7 
44.9 35.5 
48.9 38.7 
31.3 24.7 
12.3 9.3 

1.3 1.0 
2.7 2.5 
5.0 6.7 
5.3 6.6 

TABLE 111. Influence of Duration of Streptococcal Monocontamination of Germfree Rats on 
Cycasin Excretion. 

Interval between 48 hr excretion Unrecovered 

& cycasin adminis- No. of Intake 
tration in  days rat  i nmg  Urinary Fecal mg % mg % 

bacterial inoculation in mg Total excretion cycasin 

76.0 
94.0 
68.0 
64.0 

125.0 
112.0 
118.0 
108.0 

66.5 
65.0 
58.5 
46.3 
33.4 
30.0 
36.8 
36.0 

these animals showed mild evidence of injury 
consisting mainly of loss of cytoplasmic 
basophilia and occasional necrotic parmchy- 
ma1 and Kupffer cells. This Lactobacillus is 
the organism described above which requires 
a higher cycasin concentration for glucosidase 
activity compared with Streptococcus fecalis. 

The importance of permitting sufficient 
time for colonization of the intestines of 
germfree rats by a monocontaminant is shown 
in Table 111. The rats monocontaminated with 
the Streptococcus fecalis which received cyc- 
asin on the fifth day after inoculation excreted 
more than twice as much cycasin as the rats 
monocontaminated for 7 days. Although fecal 
cultures indicated the presence of the or- 
ganisms, insufficient time had apparently been 

1.5 
.5 
.o 
.5 
.o 
7 7  

1 9  

1 )  

68.0 89.5 
65.5 69.6 
58.5 86.0 
46.8 73.1 
33.4 26.7 
30.0 26.7 
36.8 31.2 
36.0 33.3 

8.0 10.5 
28.5 30.4 

9.5 14.0 
17.2 26.9 
91.6 73.3 
82.0 73.3 
81.2 68.8 
72.0 66.7 

allowed for their establishment to assure a 
level of enzymatic actisvity comparable 'to that 
found after 7 days. 

Table IV summarizes the principal results 
of the various experiments. 

Discussion. These experiments confirm the 
role of intestinal bacteria in deglucosylating 
cycasin to yield the aglycone. The 'bacterial 
species, of which strains were selected on the 
basis of their known glucoside-splitting 
ability, are known to be a part of the in- 
testinal flora of the normal rat(l1).  No at- 
tempt was made to survey the entire intestinal 
flora in this respect. It is sufficient here to 
recognize that bacteria vary in their ability to 
deglucosylate cycasin, and that this variation 
represents one biologic variable which de- 
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TABLE IV. Summary of Effects of Bacteria on Cycasin in Monocontaminated Germfree Rats. 

~ ~~ ~ ~ 

In  vitro test Cycasin excreted Alive 7 days 
for p-glucosi- in 48 hr Degree of after cycasin 
dase in bacte- No. of Avg cycasin liver injury administxa- 

Monocontaminant rial extracts rats intake (mg) mg % (microsc.) tion 

None 7 95.7 88.7 92.7 None 7/7 
Streptococcus f ecalis + + + 4 115.8 34.1 29.4 Severe 0/4 
Lactobizcillus salivarius +- 4 128.0 93.6 73.1 Mild 4/4 

Lactobacillus salivarius - 4 97.5 93.9 96.3 None 4/4 
salicinius 

salivarius 

termines the toxicity and probably the ulti- 
mate carcinogenicity of cycasin. 

Experiments done previously in which 
germf ree animals failed to deglucosylate cyc- 
asin left open the possibility that some en- 
dogenous glucosidase capable of deglucosy- 
lating cycasin was formed or released by the 
intestine in the presence of microorganisms. 
Experiments with the Lactobacillus which 
does not ferment salicin show that in animals 
monocontaminated with this organism cycasin 
is not deglucosylated and is therefore re- 
coverable from urine and feces. Moreover, 
the compound is not toxic in these animals. 
This strongly suggests that there is no en- 
dogenous glucosidase formed by the intestine 
which is capable of deglucosylating cycasin, 
even in the presence of bacteria. 

Other authors have shown, however, that 
mammalian intestinal mucosa contains en- 
dogenous p-glucosidases which are capable of 
hydrolyzing both naturally occurring di- 
saccharides and p-glucosides with synthetic 
aglycones ( 12). These intestinal glucosidases 
are not able to deglucosylate cycasin as shown 
by its quantitative excretion and absence of 
toxicity. 

p-glucosidase activity has been investigated 
in other microorganisms. Although E .  d i  
generally do not ferment salicin, Schaefler 
and Maas( 13) have selected mutants able to 
grow on salicin which contain a p-glucosidase 
inducible by a variety of natural and syn- 
thetic glucosides. P-glucosidases have also 
been demonstrated in yeasts( 14) and molds 
(15). The dependence of cycasin toxicity on 
the presence of such glucosidase containing 
microorganisms would make toxicity highly 
variable in a population of rats. 

Even among experimental animals given 

glucosidase containing microorganisms, there 
is variability in the toxicity of cycasin and in 
the amount of unchanged cycasin which is ex- 
creted. There are several factors which might 
be expected to have a role in this variability. 
One is the success of the monocontaminant in 
colonizing the intestine. Unless cycasin is de- 
glucosylated in the intestine by microorgan- 
isms, i t  is absorbed and excreted unchanged 
in the urine. The importance of successful 
establishment of the monocontaminant is 
demonstrated by the experiment in which ani- 
mals given either the Streptococci or the 
salicin fermenting Lactobacilli four days prior 
to being given cycasin excreted considerably 
more unaltered cycasin and manifested less 
toxicity than the groups in which 7 days 
were allowed for establishment of the con- 
taminant. The successful isolation of an or- 
ganism from the feces of monocontaminated 
animals is not a sufficient indication of the 
establishment of the organism. 

The inducibility of p-glucosidase by growth 
on a glucoside in the absence of glucose, es- 
pecially in the case of the salicin fermenting 
Lactobacillus adds another variable that 
would be expected to influence the response 
of different animals to cycasin. The role 
of various dietary disaccharides and polysac- 
charides in inducing glucosidases capable of 
hydrolyzing cycasin in the Lactobacilli has 
not been investigated. 

The relationship of cycasin concentration 
to glucosidase activity in the salicin fer- 
menting LactobaciZZus suggests that factors 
which would favor high concentrations of 
cycasin in the intestine would be important in 
determining the extent of its deglucosylation 
and therefore its toxicity. Results obtained 
with this organism were originally contra- 
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dictory because the excretion studies, the 
evidence of mild cycasin toxicity in animals 
contaminated by it, and the ability of the 
bacteria to ifermedt sdlicin, all indicated 
that i t  contained at  least moderate amounts of 
a glucosidase capable of splitting cycasin. 
Enzymatic studies, on the other hand, failed 
to reveal a detectable glucosidase. A 3101- to 
100-fold increase in substrate concentration, 
however, permitted the assay of glucosidase 
activity in ithe extracts. A determination of 
the K, for cycasin and a calculation of the 
approximate concentration of cycasin in the 
alimentary canal of the experimental rats 
revealed that adequate concentrations of cyc- 
asin were probably present initially for some 
deglucosylation to occur. 

Summary. The role of intestinal bacteria in 
converting the naturally occurring glucoside 
cycasin to its hepatotoxic and carcinogenic 
aglycone (methylazoxymethanol) has been 
studied. Germfree rats, in which cycasin is 
nontoxic, were monocontaminated with sev- 
eral strains of bacteria prior to being given 
cycasin. Levels o'f glucosidase activity in 
the bacteria were determined by the assay of 
cell free extracts, using cycasin as a substrate. 
The toxicity of cycasin in rats given the 
various bacteria and the amounts of un- 
changed cycasin excreted were consistent with 
the glucosidase assays. Intestinal microor- 
ganisms therefore convert cycasin to the toxic 

aglycone, and variations in the intestinal flora 
probably have a role in determining the toxic- 
ity of ingested cycasin. 
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Mice of the C57BL strain are refractory to 
spontaneous lymphatic leukemia, and highly 
susceptible to its induction by irradiation. 
There are no reports of success'ful attempts 'to 
induce lymphatic leukemia in adult C57BL 
mice by chemical carcinogens. 

Although the problem of whether chemicals 
induce leukemia by activation of a latent 
virus, similarly to the induction mechanism 
thought to be invdved in radiatisaa-induced 

leukemias( 1) , has been investigated in avian 
leukosis ( 2 ) and murine leukemias (3  ) , no de- 
finite conclusions have been reached. 

The aim of the present work was to  dem- 
onstrate the leukemogenic activity of 7,12- 
dimethylbenz( a)anthracene (DMBA) in 
C57BL adult mice, and to isolate a leuke- 
mogenic agent from these carcinogen-induced 
lymphomas. 

NcT.teriaks wcl methscls, The carcinogen 


