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Summary 

In attempts to detect the presence of urinary metabolites which may have a reiationship to the cause 
of bovine enzootic hematuria, calves were fed a basal diet suppiemented with fresli or dried bracken fern 
(Pteridiun. aquilinurn (L.) Kuhn) and the urinary excretion of phenois, aromatio amines and fluorescent 
substances was conipared qualitativeiy by paper chromatography witli urines from calves receiving only 
the basal diet. In addition, quantitative analyses were nade for a number of tryptophan metabolites, 
creatinine and 4-pyridoxic acid. 

No consistent qualitative or quantitative differences were observed betweea the bracken-fed animais 
and contro s over a 13 month period. Neither were significant seasonai differences observed in either 
group. Clinical studies on these animais showed no change in biood ccli counts or bieeding time. The 
four animais inocuiated in the biadder witli bovine cutaneous papiiioma preparations developed tumor-iike 
lesions in their urinary biadders. 

INTRODUCTION 

Enzootic bovine hematuria is a disease entity 
associated with neoplasia of the urinary bladder. Ii 
occurs in rather restricted areas of various parts of 
the world. The etiology is unknown aithough nume-
rous factors have beca suggested as the cause 
(l-leeschen 1959). The association of neoplastic 
lesions in the urinary bladder has renewed interest 
in the etiology ef this disease (Bretzinger 1957, 
Martincic 1953, Pamukcu 1955, 1957). Severa1 
workers associated bracken fera (rteridiusn aquilinum 

(L.) Kuhn) (Fig. 1) with the occurrence of enzootie 
hematuria (Dilmen 1961, G&ze 1942, Croh 1941, 
lless 1950, 1951, Olson 1962, Pamukcu 1955, Rosen-
berger & Heeschen 1960, Sieber 1950) and this 
has received some support ia feeding triais (Rosen-
berger & Ileesclien 1960), Fig. 2 indicates the ge-
neral world distribution of enzootio bovine hematuria. 

Several of these arcas have been visited by one 
(Olson) or two (Dabereiner and Olson) of us, and 
a 'ow levei of consumption of bracken fera by cattle 
Las been observed (Figs. 3-7). A striking example 
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of a reiatioa between bracken fern and enzootic Le-
maturia was noted ia Brazil. A farmer moved to a 
farm with about 60 cattie, and two years later, the 
first case of enzootic hematuria occurred. During the 
next six years, 18 cattle developed the disease, 12 of 
which were sold and O of which died. lIe decided 
that improper nutrition was at fauit and instituted 
his own remediai measures. These consisted of 
reducing the herd size so that there was more grazing 
arca per animal, and some suppiemental feed. Since 
bis farm was about two miles from the road, and 
supplies and milk had to be carried this distance on 
pack muies and burros, the amount of supplemental 
feed was small. Bracken fern thrives in pasture areas 
and overgrows the grasses normal1>' eaten by cattle, 
causing them to consume bracken fera for sustenance. 
In this area ef Brazii it has been customaiy foz 
farmers to cut the bracken plants ia pastures once cr 
twice a year, but new piants develop from the roots. 
This farmer deveioped the practice of cutting 
bracken at ieast four times a year. The contrast of 
grass in his pasture with that of a neighbor's pasture 
was marked (Fig. 8). During the next seven years 
on this regimen, enzootic hematuria ceased to be a 

probiem on this farm, although it Las continued to 
be a probiem with neighbors. This farmer, acting on 
his owa initiative and resourcefulness, Las provided 
a practical experiment, the results of which, incri-
minate low levei intake of bracken fern ia the etiology 
of enzootic hematuria. The disease Las essentiail>' 
disappeared ia many areas of the world where li wns 
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with spontaneous bladder cancer ecreted excess 
aromatio amines in their urine. This was further 
supported by the observations that a high incidence 
of urinary bladder tumors resulted when rats were 
fed 2-acetylarninofluorene combined with tryptophan 
(Dunning et ai. 1950) or indoe (Dunning & Curtis 
1958), but failed to develop bladder cancer when 
fed 2-acetylaminofluorene alone. Further, in humari 
clínical studies it was found that approxirnately half 
of the patients with spontaneous carcinoma of the 
bladder excreted elevated amounts of aromatic amines 
and aminoplienois derived from tryptophan (Boyland 
& Williams 1955, 1956, Brown et ai. 1955, 1960). 
In cases of schistosomiasis without bladder cancer 
there was a twofold increase ia 3-1iydroxyanthranilic 

FIG. 1. B,acken fera grawing in caule pasture of nortl.- 
cal Honshu istand, Japan. A few cases af enzootio 

herr,aturia occurred in caule kept ori this pasture. 

orras nalcarang wisere cnzootie bovino hemajurja ha, beca reported. 

once a major problem, for exaniple on the Pacific 
northwest coast of North America, certain regions of 
Australia, New Zealand, ScotIand, and Hawaii. 
Improved farming practices are usually suggested as 
the reason for the decreased incidence of the disease. 

The urogenous route of chemical carcinogenesis 
of the bladder was demonstrated by the use of 
bladder pouches (McDonald & Lund 1954) or by 
transpiantation of the ureters (Scott & Boyd 1953) 
in dogs prior to feeding 2-napthy!amine. Tumors 
arose only ia those dogs in which the bladder was iii 
contact with urine. 

That tryptophan or its metabolites might be 
involved in bladder carcinogenesis was suggested by 
the report (Ekman & Strbmbeck 1947) that patients 
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FIG. 3. Ilay cosstaining about 15 ia 20 par ccnt of 
bracken fera. Tida was to be lcd co vacile ia ao arca 

ai ia pan whcie enzootie hematuria occaira. 
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FIO. 4. Brackea jcrn lo a cattle postura of Japan. ønTv a leu cases o/ enzootic hematuria oceurred in caule kept co this 
pasture. Thcre is ais amplo sopply 0/ grau ao that calIfa are foI /arced lo cai 1/se feris. 

acid in the urine, but a fourfoid increase in cases of 
schistosomal cancers of the biaddcr (Abul Fadi & 
Khalafallah 1961). Price and flrown (1962) found 
that patients with bladder cancer due to exposure to 
industrial aromatio amines excreted normal leveis of 
kpsurenine and hydroxykynurenine ia contrast to 

• abnormal leveis found in patients with spontaneous 
bladder cancer, or several other disease conditions 
(Price 1958). The observatlons that several urinary 
tryptophan metabolites are carcinogenie for Use uri-
nary biadder of mice (Boyland & Watson 1956, 
AlIen a ai. 1957, Bryan a ai. 1963) iends support 
to the hypothesis that normal metabolie products of 
tryptophan might be involved ia spontnneous biadder 
carcinogenesis. 

Dana (1962) made ratlter extensive studies ou 
enzootie hematuria in Australia during the past 
20 years. Unfortunately, the details of these studies 
hãve not been published. Ile found higher values 
for free and for combined phenols ia urine from 
affected animais. The phenolic aeid fractions from 
urine of affected animais gave absorption spectra  

wltich in most cases cnuld result from mistures of 
p-hydroxybenzoic, p-hydroxypbenylacetic and p-
Iiydroxyphenyl propionie neids, but in nddition, 
normal urine appeared to contam another component, 
probaby a diphenolic acid, only traces of which 
occurred in affected urine. Paper chromatograph 
was nnsuccessful ia identificatiou of the compound. 
Apparently significant differences were found in the 
aromatic amines but various attempts to further 
study these amines were met with technícal difficui-
ties. The work of Danu was somewhnt similar to 
studies ou exeretion of aminophenols and tryptophan 
metabolites being pursued by other laboratory groups 
working with the biadder tumor problem. 

Pamuiccu et ai. (1959) compared the excretion 
ef tryptophnn metabolites ia urine from Turkish 
cows having bladder tumors with metabolites in urine 
from normal cattle of the same area. Only acetyi-
kynurenine was found to be significantly liigher in 
thc urine of tumor bearing animais. 

The duration of the disease, varying from two 
months to six years, ltad no effect upon the leel of 
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hernaturia have heen reported fiam ibis arca. 

urinary excretion of these metabolites. Tbat greater 
difíererices between the two groups were not found 
may be due to the fact that both groups of cov.'s 
were from the sarne area and were eating similar 
forage. Normal cattle in Wisconsin, where the mci-
dence of bladder turnors is low, generaily excreted 
greater quantities of tryptophan metabolites than 
Turkish cattie (Pamucku et ai. 1959). 

This report compares observations an certain 
rnetabolic constituents in urine from cattle Lcd 

FIG. 6. Coto cal ing Mackcn fern on a faria inMunl- 
ripio Santo Antonio, Mina, Gerais, Brazlt. On this 
farm, 5 lo 6 cases of enzootie hematuria occur each 'jear 
in a herd o! abone 40 adult cattic. Snnptc.ms are firit 

.zated when cuide are 3 tu 5 oca?, aU. 
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bracken fern with tbose in urine from cattle not Lcd 
bracken fera. No differences were noted under the 
conditions of these studies. In view of the possiblc 
stimulatory effect of bracken fera metab&ites on 
bladder lesions produced by inoculation of bovine 
cutaneous papilioma agent (Oison et ai. 1959, 1962) 
such biadder lesions were induced in some of the 
animais for observation during the feeding ef 
bracken fern. Titis phase of the study is still in 
prOgreSs. 

FIG. 7. Fronds of bracken ferva have Bern strippcd froin 
lhe stem of cha piaui bit 	ttle eating lhe fern. 

On Rume Mim as Fig. 6. 
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FIG. 8. Tho liii in the background lias a fence scparating Um pastsre ,I ff20 right, in whlch hracky,& fcrn na.i contrafled ay cuttng 4 te 5 time, por year, trem the pasture on lhe bit, ia which there is considerahbe grawth of bracken ave,. 
thoogh cut anca a ucar. No cases eI enzootic hemoturla occur in tha pasture am tini right whicli is rebrstivel,j free of 

h,'acken. Tini discou mas a problc,n ia caule kept on the other pasture la which bracken fern is evident. 

MATERIAL AND METIIODS 

Caule. Oae maio (107) and six female lloisteia 
calvos were used in this experiment. They were 
approximately one to three months oid when obtained 
from farms said te be free of bovine papiliomatosis. 

Preparation ot urinary biadder ponches and iria-
çulations. Surgical operations of the urinar>'  biacider 
were made in ali animais, se that each animal had 
a biadder pouch. This ponch isniated about one 
third of the bladder mucosa from the f'ow of tirite 
in the biadder proper. A second operation was per-
formed ia ali animais except animal 104 ia order to 
inocuiate papilioma materiais. Both the biadder 
pouch aad biadder propor were opened and me-
culated in the submucosa. Animais 105, 107, 108 and 
109 were inocuiated with bovine cutaneous papililoma 
material (isolate 260); anima!s 110 and 112 were 
inocuiated with material obtained from bladder 
lesions of a case of enzootie hematuria in British 
Columbia, Canada (isolate 200). Each animal Te-
ceiving a bladder inocuiation was also mnocuiated in 
the skia with th0 sarne material at the same time. 

Dracken fera feedtng. Ali animais received the 
sarne basic diet of tirnothy and alfalfa hay and a  

standard dairy calf feed suppiement (1% sait, 27% 
braa, 27% com, 27% oats, and 18% linseed oU meal). 

F'our weeks after tiie last surgery, each of four 
calves (108, 109, 110 and 112) received a daily 
bracken hay supplement of approximateiy 1.4 to 2.9 
gikg body weight or, according to the season ef the 
year, a daily suppiement of fresh green bracken of 
approximateiy 3.3 to 4.3 g/kg body weight. Tho 
brackea foro was harvested ia central Wisconsin, in 
Angust 1961 and from July to September 1962. 
There was a history of acute brackea poisoning of 
cattle in these areas. Maturo and green plants were 
eut near the base of the stem. The bracken coilected 
ia 1961 was dried artificially in a hay dryer at 44° to 
49°C. Most of the harvest of 1962 was sua dried. 
Some of the brackea fed in a fresh green state was 
stored for a few days prior to feeding at approxima-
te'y 4°C. Ali the bracken was chopped ín a hammer 
miii!. 

Animais 104, 105 and 107 did not receive 
braeken and served as control animais. 

Biood cedi counts and bleeding time. From time 
to time blood celi connts were made and bieeding 
time was recorded in order to detect a possible de-
pression of bone marrow actitivity, an early indication 
ef acute bracken poisoning (Evans et ai. 1954). 
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FIC. 9. Tpical two4imenional papar chro,natogran, from urine exfract o) brackcn ferI cal). Qualitotively similar chronmtograms were obgerved wtth centrol specimens frem a ni,nals not ferI bracken tem. Known rei erence cmnpounds, 
applied ar K were solicylic ocas (SalicA ) • mn-hydroxybenzo)c ocas (m-IIBenz/), 5-hydroxyinóoleacetic ocld (5-IUAA), and 
p-hydroxyhenzoic acid (p-IIBenzÁ). Numemical snhscripts to the ultro-violet fluorescence symhols designara relativa in- tensity o) ftuorescence ou a scate from 1 to 5 with 1 designating the least detectible amount o) fluorescence. 

Examination of the ttrinary biadder. The urinary 
bladders of the female experimental animais were 
examined with a cystoscope for presence of lesions 
ia connection with another phase of work to be repor-
ted later. 

Urine coilection and routine urine analyses. 

Urine samples were collected every month whule the 
animais were urinating naturaily. Small portion of 
the urine were examined shortly afta coliection and 
saanp!es for paper chromatography and analyses 
with ioa-exchange columns were preserved at -8°C 
nfter addition of 1% glacial acetie acid and 2% toluene. 
Routine analyses of fresh unpreserved specimens i n-
cluded pli  measurement with a Beckman giass elec-
trode potentiometer, test for albumin with Jlobert's 
reagent method (Coifin 1953), macroscopic and mi-
croscopic examination of the sediment and the ben-
zidine test for hemoglobin. 

Pesq. agropeo. bras. 1:189-199. 1966 

Paper chromatography of urine 8am pies. Twenty- 
-one urine sampies coilected at intervais throughout 
the study were analyzed by paper chromatography. 
Methods deve!oped by Dalgiiesh (1955) and by 
Armstrong et ai. (1955) were adapted for semiquan-
titative examination of these samples. Since the cow, 
like many other animais, excretes creatinine at a 
constant rate (Groot & Aafjes 1960), the creatinine 
content of the urine was used as a measure for tbe 
coacentration of urinary constituents. Creatiniae 
was determined as described by Peters (1942). 

Chromatographic analyses of the urine sampies 
collected from the experimental animais was as 
foiiows: A quantity of urine corresponding to 50 mg 
creatinine was mixed with 4 g  active charcoal. The 
charcoal was fiitered off from the urine sampie, 
washed with distillied water, and eiuted by 200 mi ci 
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FIO 10. Typival one-dimensionai ebromate-gram of pyridine eluates of charcoal extraces of urine Ir~ e bracken feil cal!. 
Q uaiitativeiy similar chrosntstograms were esbservcd with specimens frmn animais not fed bracken fera. Knawn reference 
compounde appiied ai Ky and Ky were anthraniiic cscid (AÃ), acetylkynurenine (AcKyn), o-aminohippuric acid (p-AIIA), 
xanthurenic acld (XÁ), L-kynurenine (L-Kyn), 0-kynurenine (D-Kyn) and 3.hydroxyanthranilic acid (2-HAA). O referes 
Co the anhydrouzed sample while p11 8 and reler Co sampie, hydrojized with B-glucuronidase ai these p11 vabses; IIGI 

and luSO 4  n'fer tu casa pies ls,jdroiizcd. hy ihese acida as described ia the taxi. 

ao aqueous solution of 8% phenol. A second fraction 
was obtained by eluting the sarne charcoal with 50 
ml of an aqueous solution of 5% pyridine. The two 
tluates were evaporated in a water-bath at 400  to 
50° C under reduced pressure. The concentrates were 
washed from the flask with 50% ethyl alcohol and 
again dried ia beakers. Four ml of 50% ethyl alcobol 
were added to each fraction and aliquots were applied 
to the paper with micro-pipettes. A quantity of con-
centrate (20 it liter) equivalent to 0.25 rng creatinine, 
applied ia one spot on \Vhatnian No. 1 papar, gave 
the best separation on the chromatogram. 

The solvent system used for one-dimensional 
chromatography of phenol and pyridine fractions of 
the urine samples was methahol, butanol, benzene, 
and water (2:1:1:1), as described by Mason and 
Berg (1951) but containing 1 ml of glacial acetic acid 
per 100 ml of the solvent. The solvent systems used 
for two-dimensional chromatograms of the phenol 
fractions were isopropyl alcol-jol, ammonia and water  

(8:1:1) for the development ia the first dimension 
for 16 hours, and n-butanol, acetic acid and water 
(4:1:1) for the developrnent in the second dimen. 
sion for 9 hours. 

Reference standards such as anthranilic acid, 
3-hydroxyanthranilic acid, kynurenine, acetylkynure-
nine, o-amlnohippuric acid and xanthurenic acid, 
were rua simultaneously on each one-dirnensional 
chromatogram. The standards for two-dimensional 
chromatograms were salicylic acid, m- and p-hydroxy-
benzoic acid and 5-hydroxyindole-3-acetic acid. The 
properties or reactions used for the examination of 
the chromatograms were: Fluorescence under ultra-
violet light, Ekman's reaction (Ekman 1948) and 
Pauly's reaction (Dalgliesh 1955). 

lCnown amounts of acetylkynurenine, o-aminohip-
pune acid, 3-hydroxykynurenine, kynurenine and 
anthranilic acid were added to a urine saraple to test 
the recovery of known quantities of these aromatie 
arnino compounds by the charcoal method. With the 
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aliquots used (0.25 mg creatinine equivalents ), a 

recovery of 100% corresponded to 10 sg of each 
compound. 

Some urine samples were hydrolyzed by one o' 
more of four hydrolytie agents which were mamma-
hall (bovine liver) beta-glucuronidase, bacterial beta-
-glucuronidase, hydrochloric aeid and sulphuric acid. 
Urine sarnples at pli 5 nnd pli 7 were incubated at 
38° C for about 18 hours with 40 units per ml of the 

beta-glucuronidase (Sigma Chemical Company, St. 
Louis, Mo.). The buffering of these samples was 
carried out by dissolving the calculated amounts of 
citric acid and sodium biphosphate (Mcllwain 1921) 
in 50 ml of urine. The method of Sperber (1948) 
was used to hydrolyze urinary ethereal sulphates 
with hydrochloric acid, and the method of Fishman 
and Green (1955) was used to hydrolyze the con-
jugated urinary beta-glucuronides with sulphuric acid. 
llydrolysis with hydrochloric and sulphuric acid was 
carried out at 1000  C for 90 minutes, which was found 

to be sufficient for complete hydrolysis. 

In order to improve separation of the phenolic 
fractions from urine incubated with bacterial beta- 

resq. agropee. bras. 1:189-199. 1965 

-glucuronidase, the acidic solvent of Mason and Berg 
(1951) was used for development in the first di-
mension and n-butanol-acetic acid-water solvent 
(4:1:1) for development in the second dimension. 
The material, in these cases, was applied to the paper 
in a concentratiou corresponding to 0.65 mg croa- 
tinine. 	 - 

Quantitative analysis for urinary metabolites. 

Quantitative analyses were done for fraction A, an-
thranihic acid glucuronide, o-aminohippuric acid, 
acetylkynurenine, kynurenine, and hydroxykynurenine 
using methods described previously (Brown 1957, 
Brown & I'rice 1950). In addition, kynurenie acid, 
and xanthurenic acid (Satoh & Price 1958), N-
methyl-2-pyrtdone-5-carboxamide (Wahers et ai. 

1955), N'-methylnicotinamide (Vivian et ai.), and 
4-pyridoxic acid (Reddy et ai. 1958) were measured. 
Ali analytical data were calculated as mg per gram 
urinary creatinine to compensate for individual va-
riations ia urine dilution (Groot & Aafjes 1960). 

RESULTS AND DISCUSSION 

The animais fed bracken developed no signs of 
poisoning. hleeding time and counts of erythrocytes 
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and thrambocytes of the bracken fed and of fim 
contrai animais were normal and not essentially 
different from each ather. Çaunts of the leucacytes 
of bath groups were higher than normal, principaliy 
in the contrai animais. This cauld be related to 
lesions caused by trauma duflng cystoscopy. Diffe-
rential caunts nade near the Prul aí the experimental 
period were essentiaily similar ia contrai and bracken 
fed animais and to the values given by Schalm 
(1961). 

The observatians indicated a reactian from ino-
cuintions in only four animais. Tumor growth in the 
urinary bladder develaped in the four animais (105, 
107, 108 and 109) inaculated with bovine cutaneous 
papilioma agent (isalate 260). The growth in the 
urinary bladder was characterized by polyp forma-
tian. These were similar to thase previously described 
(Olson et ai. 1959, 1962). Palpatian of the bladder 
pauches gave evidence for tumor growth in twa aí 
these cases. Warts on the skin were ohserved at the 
site aí inocuiation in the faur calves with bladder 
lesions. The inoculation af the enzaotic hematuria 
materini (isolate 200) did not result in any tumor 
grawth au the skin ar the urinaiy bladder aí two 
calves. Bracken fern intake under tine experimental 
canditions had apparently na effect on the deve!op-
ment aí urinary bladder tumors caused by tine mc-
culatioa af bavine cutaneaus papillama material. 

Na marked hematuria was nated in the expe-
rimental animais during 13 manths aí the feeding 
trial. The red and white blaod celis found in the 
urine by micrascopic examination were apparentiy 
due to the biadder lesians caused by surgery, ina-
culation and cystascapy and were just as frequent in 
the contrai as in tine bracken fed animais. In some 
instances the presence oí red bioad celis in tine urino 
could be attributed ta metrarrhagia during estrus. 
The accasianaliy opaque ar slightiy fiacculent appea-
rance aí tine fresli vaided urine samples was correia-
ted with tine presence oí ceilular elements in tine 
urnie. The benzidine test for hemaglobin gave 
weakly positive resuits anly when red blaad cells 
were readily found in the urine by micrascopic exa-
minatian. Tine pli  af tine urine sampies was geneaiiy 
alkaline. Albumin was found in the urine rilany 
times and seemed ta be related ta tine bladder lesions. 

Abaut 75 paper chromatograms prepared fiam 
phenol and pyridine fractians aí 21 urino samples 
wero deveiaped ia ane or two dimensions and exa-
mined under ultravialet iigint. Some aí these papers 
were sprayed with Ekman's reagent for diazatizable 
aromatic amines, and most aí them with Pauly's 
reagent for phenals and compaunds capable aí cou-
piing with diazatized sulfaniiic acid. Na qunlitative 
differences -with regard ta diazotized sulfaniiic acid  

were found between tine urine samples aí tine bracken 
fed and contrai animais, and the results presented in 
Figs. 9 ta 11 are representative of those seen in botin 
groups of animais. Ilawever, minar and incanstant 
quantitative differences couid be traced an the pnper 
chromntagrams. Tine recavery aí knawn quantities of 
severa1 aromatic amina campounds oa the cinroma-
togram was approximateiy 50% by tine method used. 
It was thought tinat more of these metabahtes couid 
be detected by hydrolysis aí urine samples before 
fiitering tinraugh active charcaal. Tine hydrolysis aí 
tine urine madified the number and distribution aí 
unidentified spats on the paper (Fígs. 10 and 11), 
but there were no ainvious difíerences ia the chroma-
tograms aí the urine fram animais fed bracken and 
contrai animais. The anniyticai methads may not have 
been suitable for tine detectian aí minar differences 
in tine excretion aí urinary metabalites by these 
animais, ar the quality and ambunt aí bracken fed 
may not have been adequate to praduce detectible 
difíerences. 

Tine avernge qunntitative anaiyses for tryptapinan 
metaboiites and ather urinary products aver a 13 
manth period are presented in Tabie 1. They show 
no differences between contrai animais and those fed 
bracken fern. In addition, the data were nnaiyzed 
for seasonai variatians within these groups and nono 
were ohserved. 

Tine íeeding af brachen fern ta some aí the ex-
permmentai animais was continued and another ap-
praach ta the questian of carcinogons in the urine 
lias been mnde by Pamukcu, Alson and Price 5 . The 
pracedure was ta extract the urine with etinyl acetate 
and divide it into acidic and non -acidic fractions. 

TABLE 1. Áverage quantitativo exoretion or netabolites Eny 
calvos red control and bracben suppinmented dieta' 

Melabolites lo urine 	Bradou fed 	Non-braclen led 

lCynurenic acid ..................... 3.2 ± 1.5 3.2 ± 1.5 
Xaothurenic 	acid ................... 3.9 ± 2.3 3.6 ± 2.3 

Z
fraetioo ........................ 218 ± 6.5 103 ± 2.2 
raniEo acid glucuronide ......... 7.7 ± 1.8 7.1 ± 6.0 

o-Amioohippurio acid ................ 13.2 ± 3.0 11.9 ± 3.8 
Aeetylkynurenine pio, anthranilicaeid 5.4 ± 1.5 4,8 ± 2.6 
Kynurenine ........................ 7.3 ± 2.1 0.0 ± 2.9 
Hydroxykynurenioe ................. 1.1 ± 2,3 5.2 ± 4.5 
N'-methylnicotinanide .............. 10.9 ± 6.1 22.4 ± 7.1 
N-nethyl-2-pyridono.5.carboxanide.., 4.0 ± 2.6 3.8 ± 3.5 
4'Methy1-2-pyridone.5.c,boxamide, 2.42 ± 0.73 2.32 ± 0.9 
4-Pyridoxia aeid .................... 8,07 ± 0.26 0.9 ± 0.18 
g creatinine/liter 

a val,e, are expresaed as mofo creatinine ± standard deviatiou. 
Tise number nO analyses for each metabolite varied 39 and 53, and apedamens 
were taken over a 13 nonth period fron three centroi and fator bradou fed 
calves. 

Aosay ai fractions of bovine urine for carcinogenie 
ectívity alter feeding bracleen 1cm (Pteris aquilina). Ma-
nuscript ia preparation. 
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The solvent was removed from the fractions and 

the residue combined with cholesterol to form 

pellets. The pellets were then placed in the lumens 

of urinary bladders aí mice to test the prolonged ex-

posure aí bladder epithelium to the residues of the 

extracts from cow urine. Five aí 15 mice exposed to 

the acidic fraction of the urine from cattle fed 

brackea fera developed carcinoma ia their urinar>' 

bladders. Whule cal>' one of 13 mice exposed to a 

comparable fraction from urine aí control cows not 

fed bracken fern. These preliminar>' results suggest 

that a carcinogen is present in the urine of cattle fed 

bracken fern, thus confinning tbe circumstances 

observed Da farms where the disease occurs. The 

failure to detect significant increase of tryptophan 

rnetabolites as a result of feeding bracken fera may 

mean that another type ar group oí carcinogenic 

compounds should be sought in the urine. 
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SUBSTÂNCIAS METABÓLICAS NA URINA DE BOVINOS COM LESÕES EXPERIMENTAIS 
DA BEXIGA E QUE RECEBERAM SAMAMBAIA.(Pteridium aquilinum (L.) Kuhn) 

NA SUA ALIMENTAÇÃO 

Sumdrlo 

Na tentativa de verificar a presença de substâncias metabólicas na urina que podiam ser relacionadas 
com a causa da hematuria enzoótica dos bovinos, foi realizado um experimento em bezerros que recebe-
ram com sua alimentação básica um suplemento de samambaia (Fteridium aquilinum (L.) Kuhn) em es-
tado verde fresco e como feno. Através de cromatografia de papel comparou-se qualitativamente o teor 
de fenois, de aminas aromáticas e de substâncias fluorescentes na urina déstes bezerros, com o teor des-
tas substâncias na urina de bezerros testemunhas que foram alimentados sómente pela ração básica. Adicio-
nalmente foram feitas análises quantitativas de uma série de substâncias metabólicas oriundas do tripto-
fano, bem como análises de creatinina e de ácido 4-pirodóxico. 

Não foram observadas diferenças qualitativas ou quantitativas constantes entre os animais que recebe-
ram o suplemento de samambaia e o grupo testemunha durante um período de 13 meses. Também não fo-
ram verificadas em cada grupo diferenças significativas em relação a estação do ano. Estudos clínicos não 
revelaram alterações na contagem de elementos sangüíneos ou no tempo de coagulação. Os quatro be-
zerros inoculados na bexiga com preparações de papi oma cutâneo desenvolveram lesões tumoriformes nes-
te órgão. 
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