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SUMMARY 

$rudi(:s using the artificial rumen technique indicated that digestion 
of cellulose was improved by the addition of diethylstilbestrol (2.20 ppm.), 
cholesterol (20 ppm. ), estrone (20 ppm.) , testosterone (10 ppm.) , and 
cortisone (2~ ppm.). Hexestrol (LS ppm.) , depressed cellulose digestion 
slighdy. 

When 10 or 20 ppm. of stilbestrol were added to a cottonseed hull
casein ration, the digestibility of ceUulase and protein was increased, but 
sheep could not tolerate the dosages used. 

When 10 mg. testOsterone, 1.5 mg. hexestrol or 20 mg. of cortisone 
per sheep were 2dded to a ration of 800 gm. alfal fa hay and 40 8m. corn, 
the T.O.N. of the ration increased from 64.7 to 67 percent; the incre~ 
were about equally distributed among the fat , fiber and N. F.E. fracrions. 
There was no change in digesrible protein. 

Seven and one· half mg. hexestrol had no effect on the digestibiliry 
of silage rations by steer calves. 

Probable sites of the hormone anions are discuss.::d. 
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Experiments conducted during the past three years at this Station in
dicate that certain steroids and steroid·like compounds play important 
roles in the utilization of ruminant ra tions. A preliminary report has ap
peared (Brooks et ai., 1954) and much of che work is available in thesis 
form (Brooks, 1954, and Kelley , 1956). 

The studies investigated effects of theso:: compounds on the digestion 
of ration components by ovine rumen organisms in vitro and by mature 
wethers and wintering calves. This bulletin summarizes the completed 
series of studies. 

Ruminants were known to respond considerably more than swine to 
implanted diethylstilbestrol (stilbestrol) . Investigarors had shown that a 
number of other compounds caused similar activity in other species. 
Thayer et at. ('45) gave a comparison of the response of poultry ro various 
estrogen-like compounds. 

Many repores are available regarding the efficacy of oral stilbestrol in 
the rations of catde. Good examples of responses are found in the work 
of Burroughs ('54 ) and Perry ('55) . In most of the work that has been 
reported, the daily addition of 10 mg. stilbestrol or hexestrol to the fat· 
tening rations of steers has caused a 15 to 20 percent increase in rate of 
gain and a 10 ro 15 percent improvement in feed efficiency. 

Certain plants have also been shown to contain estrogen-like activity. 
Cheng it at. ('53) and Pieterse and Andrews ('56) have summarized much 
of the important work .. 
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Fig. l_"Arti6.cial rumen·' and rocking device CQDtaining " rumens" at start of 
a test in series I. 

MATERIALS AND METHODS 

Artificial Rumen Studies. 

The artificial rumen was adopted as a screening device to determine 
the influence of various compounds on the digestion of cellulose. If reo 
sponses. were obtained in the artificial rumen, additiomll srudies were to be 
initiated with ruminantS. 

The artificial rumen used in the initial study is shown in Figure L 
This was a test tube fitted with a one hole rubber stopper. An inverted 
glass tube was phced through the stopper and conneaed to rubber tub· 
ing containing a quarter inch slit in the side. T he other end of the tub· 
ing was closed with a short glass rod. Groups of these tubes were placed 
in the rocking agitator shown in Figure 1. The stoppered end of each rube 
was raised 3 inches above the hOrlzoncal and on the down Stroke of the 
agicator, the rube arne to the horizontal. Speed of the agitator was con· 
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crolled by a drive which made 20 complete rums per minme. The endre 
appuarus was placed in an incubator mainn.ined at 40° C for 40 hours. 

Sheep with fistulae closed with the screw-type cannula described by 
Phillipson and Innes ('39) were donors of rumen organisms. Rumen 
fluid was removed from donor animals through glass or plastic rubing. It was 
shaken to remove celluloytic organisms from fiber and strained through 
four layers of cheese cloth . Ten mg. of the strained fluid were used as 
inoculum. Each :acificial rumen also contained 10 ml. of McDougall 's 
('48) artificial saliva brought ro PH 7 by bubbling carbon dioxide through 
it and 5 ml. of distilled water. 

Several " basal rations" were: used in the :1rcificial rumen. In the first 
trial in series I, 1 gm. of finely ground timothy hay, conuining 34 percent 
cellulose, 25 mg. of U fO, and 5 mg. of ammonium carbonate constituto::l 
the basal ration. Two trials were conducto::l with 500 mg. of finely ground 
filter paper, 70 mg. of asein, 10 mg. of urea , and 10 mg. of ammonium 
carbonate. A final trial used 920 mg. of finely ground corn cobs and 80 
mg. of casein. 

Following the incubation, residual cellulose was determined by the 
anthrone method of Viles ('49). 

Stilbestrol was tested at 2, 4, 8, 10, 16, and 20 p.g. per tube. In one 
test, estrone and cholesterol were tested at a level of 20 p.g. per tube. The 
test substances were dissolvo::l in ether and mixed with the cellulose in the 
"baS21 ration." The ether was evaporated by placing the rubes on a water 
bath before starring the trial. 

The second series of tests incorporated modifications of the basic ideas 
of the artificial rumen· design used in the first series. The test rube was re
placed by a 50·ml. Rockefeller centrifuge tube eguipped with a one hole 
rubber stopper through which was placed a piece of glass tubing. 

Glass "T" rulx:s were connected with rubber tubing to the artificia l 
rumen at the botcom of the "T". The tops of the "T's" were connected in 
series. The entire series was atcached to a COt cylinder so that CO~ could 
be bubbled through the solution as desired. 

The nutrient solution used in all testS in the second series containo::l 
400 mg. of urea, 400 mg. of ammonium carbonate, 400 mg. of dexrrose, 
8 mi. of 10 percent solution of CoCI2 ' 6H~O, and 92 ml. of water. One 
ml. of this solution ~s added to each artificial rumen. The cellulose 
source in all testS was Solka·f1oc obtained from the Brown Corporation. 

Digestion T rials. 

Sheep: 
SerieJ 1. The in vivo dfect of stilbestrol on cellulose and protein diges· 

tion was studied in three lQ[s of five cross-bred yearling wethers. The basal 
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ration provided 908 gm. of cocconset':d hulls, 9~ gm. of cast':in, 6 gm. of 
chromic oxidt':, and 2,~OO I. U. of vitamin A per sheep daily. Wethers had 
free access to salt and a mineral mixture of equal partS dicalcium phos
phate, calcium carbonate, and sodium chloride containing 2 oz. of cobalt 
sulfate per 100 lb. of mixture. Five sheep rt':ceived the basal ration, five 
received 10 mg. stilbestrol, and five received 20 mg. stilbestrol per day. 
Fourteen-day preliminary periods wt':re followed by four-day colleCtion 
periods. The daily colleCtions consisted of two-hour samples obtained 
morning and evening while the wethers were confined in the stalls. These 
"grab samples" were placed in plastic freezer bags and frozen at _20 0 F. 
At the end of the collection period, collections were thawed to room tem
perature and all collections fro m each sheep wt':re thoroughly mixed and 
placed in a forced draft oven at ~~o C. for 48 hours. They were then mixed 
and ground through fl 20 mesh screen on a Bird Impact mill, mixed a 
third time and sealed in a screw-top sample jar until chemical analyses 
were run. 

Serie.; II. In the second series of tests, total collection was substituted 
for the chromic oxide reference method. Eight hundred gm of numbt':r 3 
alfalfa hay and 400 gm. of shelled corn were divided into two equal parts 
and fed at 7:00 a.m. and 4:00 p.m. The experimental design is shown in 
Table 1. At .the end of the digestion trials, samples of rumen fluid were 
obtained on three consecutive days for analysis for volatile facey acids. 

_
_ ~T~A=B=L~E~I~. ~E~XPGlE~RlliIMENTAL DESIGN FOR TESTING THE EFFECTS OF 

TESTCSTERONE AND CORTISONE O~N~TH§E~:;;;:;;;:;;;;;:: 

Trlal 

1 11 2 5 8 
12 3 6 9 
10 1 4 , , 11 5 2 6 
12 6 9 3 

Steers: 

Steer calves that were bei ng wintered on drought corn, sudan grass 
and wheat silages were divided inca two egual groups. One lot received 
the silage ration plus 1 lb. of cocconseed meal containing 2.38 percenc 
chromic oxide. The other groups received the same ration but the cotton
seed meal contained 7.5 mg. hexestrol per calf per day. 

The details of the digestion trials have been described by Pfander, 
et al. ('57). 
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Chemical Procedures. 

Fecal samples in series I tests were analyzed for cellulose by the 
Crampton-Maynard method and in series II , by both the Cr:lmpron-May
n:l.rd and the Marrone-Ellis-Maynard techniques. Chromic oxide was mea
sured by the method described by Gehrke i l al. ('50) with the oxidation 
procedure modified according [0 Bolin il at. ('52). Nitrogen was determin
ed by the AOAC method, modified in series II by using boric acid in the 
receiving flasks. Crude fiber and ether extract were determined by AOAC 
methods. Moisture was determined as the loss following drying in an oven 
at 65 ° C for 16 hours. Residu.al ash was determined following ignition at 
5500 C in an electric furnace overnight. Nitrogen free extraCt and organic 
matter were calculated by difference. Volatile fatty acids were determined 
according to the methods of Pfander and Phillipson ('53). 

Analyses of data obtained in in vitro tests were made by Fisher's or 
"Student's" " T" tests. D igestion trial data were: analyzed by analysis of 
variance as described by Snedecor (,46) or by the "T" test of Fisher ('34). 
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RESULTS 

Artificial Rumen. 

Effects of certain steroid compounds on cellulose digestion in vitro as 
determined in the first series of experiments are shown in Table 2. At the 
lower levels of stilbestrol, there was a slight increase in the average cellu
lose digestion. The addition of 10, 16, or 20 P,g. caused a significant in
crease in cel1ulose diges tion. A signfiicanr increase in cellulose digestion 
also resulted from the addition of 20 p,g_ of estrone or cholesterol co the 
"basal ration." 
TABLE 2. THE EFFECT OF SOME STEROID OR STEROID-LIKE COMPOUNte 
ON CELLULOSE DIGESTION BY OVINE RUMEN MICROORGANISMS 

1 Basal ration + 2J,!g. stUbestrol 6 36.6 
1 Basal ratton + 6J,!g. Stilbestrol 6 37 .6 
1 Basal ration + 161'g_ stilbestrol , 49. 1-

Basal ration 10 36.7 
Basal ration + s tilbestrol 10 

slUbestrol 5 
5 

~:;!~:;.~~~~!~~~~~',~" digestion (eJq)erlmental vs. basal highly 

Results of trials involving the addition of 2 /1-g. of testosterone, 0.3/1-g. 
of hexestrol and 5 p,g. of cortisone are shown in Table 3. Testosterone and 

, 
3 
4 
5 

mean. 

TABLE 3. AVERAGE PERCENT CELLVLCSE DIGESTION IN THE 

corrisone increased cellulose digestion in the arrifical rumen 10.7 and 11.5 
percenc, respe([ively. The hexestrol decreased cellulose digestion 15.9 per
cent. In an additional crial, hormone levels were doubled or halved in 
three artificial rumens and the results did not indicate significant change. 
From these limited observations, there was an indication that rumen or
ganisms obtained from sheep fed a better quality ration would give better 
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cdlulose digestion than when the ration consisted of low qw.liry roughage 
such as timothy hay. 

There was a significant difference in cellulose digestion when carbon 
dioxide was provided for the fermenta tion. O'Tagaki et ai. ('~5) found 
that rumen microorganisms of canlc fixed carbon from CO~ in both es
sential and non-essential amino acids. In their investigottions and from the 
rrial where CO2 W25 util ized by rumen microorganisms, it seemed that 
the addition of CO2 W2S indicated for artificial rumen studies. 

Digestion Trials. 

Table 4 shows the favorable eff<":ccs of adding 10 or 20 mg. of stil· 
bestrol per sheep per day on cellulose and protein digestibility. 

TABLE 4. EFFECT OF STILBESTROL ON THE~~>E!F!(,.N OF 

--- ~~-

"". No. 
I 
2 

, 
Ration 

Basal 
Basal+l0 mi. stilbestrol per 
sheep per <by 
Basal+20 mg. stilbestrol per 
sheep per day 

dlgestiblltty 
Crllde 

Celilliose Protein 
41.9 37.5 

47.8 

48.7 

43.2 

44.7 

Several of the sheep were continued on the 20 mg. level of stilbestrol. 
After a shore period of rime, two of them developed anorexia and appear
ed listless. An edematous swelling appeared around the anus of one sheep. 
Contractions of the abdominal muscles accompanied by apparent pain 
were observed 24 hours after the first symptoms had appeared. Digital ex
amination indicated thac the muscle tonus of the lower intestine was re
duced and [hat the urethra and the prostate had enlarged. Similar con
ditions have been described in Australia where sheep were pastured on 
swards high in subterranean clover. When the one sheep showing these 
symptoms in our experiment was taken off the stilbestrol ration and given 
a subcutaneous injection of 100 mg. of testosterone, it made a rapid re
covery. Ocher sheep receiving stilbestrol showed mild symptoms similar to 
those .s«n in the one chac was created so the experiment was stopped. 

Table 5 shows the digestion coefficients for the proximate compon
ents, cellulose, and organic matter by sheep fed corn and alfalfa hay alone 
or with added testosterone, cortisone or hexestrol. The additives increased 
the diges tibilities of most of the ration co mponents and resulted in an 
increased T. D.N. In no case were the increases Significant ae the 5 per
cent level of probability. 
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TABLE 5. COEFFICIENTS 

51.9 56.2 56.2 55.4 
(C. M.) 64.3 67.2 67.8 67.9 
{M.E.M.1 61.6 64.9 65.9 64.9 

Nitrogen 75.5 7S.4 76.7 76.2 
Organle Malter 72.4 7 •• 2 75.2 74.9 
N.F.E. 82.3 83.9 84.4 84.9 
T.n.N. of Ration: 

AI determined 64.7 66.8 67.2 67. 1 
Calculated from 
Selmeldflr ' , 
coefficient, 61.0 

The volati le fa.n y acid concentrations found in [he rumens of [he 
sheep are shown in Table 6. There were no significant increases attribut· 
able to the hormone additives. 

TABLE 6. FLUID 

2 

mean. 

The digestion of silage rations by steer calves fed 7.5 mg. of hexestrol 
per day was not significantly different from the digestion of the control 
animals. Results are summarized in Table 7. 

TABLE 7. THE COEFFICIENTS OF DIGESTIBILITIES OF NITROGEN, 
CELLULOSE, AND ORGANIC MATTER OF WINTERING RATIONS 
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DISCUSSION 

Since our original report that stilbestrol at relatively high levels in
creased cellulose digestion by sheep (Brooks, tt ai. '54), other b.bol"2tories 
have studied the effeCt of steroid or steroid-like compounds on digesti. 
bility. Highly divergent and contnldictory results have hem reported. Dau. 
char confirm our findings t12ve bttn presented by Story el aI. ('55). How
ever, little or no effect or possible increased N retencion, Wll.S reponed by 
Bell et 111. ('55) and Erwin el al. ("5 5) with emle and by Acker It at. ('55) 
with lambs. Sykes et a/. ('56) reporeed increased digestibility of fiber, 2. 

sligh t increase in dry marter digestibility and a decreased procein digesti
bility when 10 mg. of stilbestrol were fed [0 iac[ning cows. Reports of 
inhibition from stilbestrol were made by Richardson el ai. ('55) lor cattle 
and by Campbell et aL ('56) and Srruempier and Burroughs ('56) for 
lambs. 

Apparently the various resulrs have all been obtained under differ
ent dosage levels, different rations, and markedly different environmental 
conditions. The important conclusion to be drawn from the work that 
has been reported is that stilbestrol and related compounds do affect the 
utilization of rations in the gamo-intestinal tract, probably through their 
effect on the microorganisms. 

The action by which orally administered hormones influence the di
geStibility of nutriems in ruminant rations has not been established. A 
possible mode of action is lI.n increll.sed production in the extracellular 
enzymes of the rumen flora. Marsh ('54, '55) and Karunairatnll.m and 
Levvy ('51) have described a glucuronide decomposing enzyme produced 
by the bll.cteria in the rumen. The studies of Marsh showed that this 
enzyme was present only under conditions that maimained a normal 
bacteria! populll.tion. Fishm:m and Fishman ('44) described a Bera-glucu
ronidase in uterine tissue of rats. Fishmlln ('47) and Leonard and Knobi! 
('50) estllblished thllt the content of this enzyme in ure: rine tissue was 
dependent on the estrogen concentration present in the mimal. When rats 
were ovariectomized, the Beta-glucuronidll.se content in uterine tissue de
creased significantly. The concemrlldon of the enzyme described by Marsh 
and Karunairatnam and Levvy may be increased, or its activity may be 
enhanced in the rumen by estrogen-like hormones. 

Rakoff et aL ('44) point to one of the possible actions of the inject
ed or implanted hormones on metabolic activity. As stated in their sum
mary. "Estrogenic activity disappears rapidly from the peripheral blood of 
normlll dogs and humans after intravenous or intramusculllr injection of 
alpha-estradiol." In five to ten minutes there was less than 10 percent 
activity, and after five hours less than 2 percent activity. "The behavior of 



RESEARCH B ULLETIN 632 13 

alpha-escradiol closely resembles that of bile acids. This lends support to 

the hypothesis of an enHo-hepatic circulation of estrogens, similar co that 
of bile acids." Such a circulation would make part of the orally adminis
tered compounds available to the lower gastro-intestinal tract and may be 
one of the reasons why oral hormone admiQistration influenced digesti
bility. This circulation would also accounc for the continued effects of the 
hormone after its administration in feed has ceased. 

Many investigacors have studied the effects of hormones on bacteria. 
Such studies have limited value in interpreting what occurs in the rumen. 
Most of the investigations were limited in scope. For example, no syn
thetic medium can have all the features of the micro environment of a 
normal rumen. Bacteriologists generally consider only a few colonies or 
groups of microorganisms, rather than the entire population of the rumen; 
in fact, the culture technigues of the bacteriologist seldom permit a nor
mal population to exist. For these reasons, only a few investigations will 
be discussed here. The following ones were chosen because they showed a 
possible mode of action of seeroid or steroid- like compounds on ration di
gestibility by ruminants through the rumen flora. 

Faulkner and Edin ('43) reported that stilbestrol was bactericidal to 
cwo strains of gram positive cocci studied. The bactericidal activity of 
stilbestrol was reduced in the presence of blood serum. No effect was 
found on gram-negative organisms. 

Pugh ('48) studied the effects of testosterone propionate on resistance 
of rats of BradiillJ abortll$ infection. When 2.5 mg. of testosterone pro
pionate were given subcutaneously in oil, six hours before infection, 12.5 
percent of the immature male rats and 365 percent of the immature fe
male rats lived. All of the control rats died. 

Gains and Totter ('50) reporeed that the addition of dehydroepiand
rosterone to the media produced the same action as did pterylglutamic 
acid, and in many ways it acted in a manner similar CO thymine. Their 
observations were made with cultures of SJrepJococCllJ jaecalis, Lactobacilllls 
casei, and Escherichia coli. 

The investigations of Cohen ('54) showed that stilbestrol, in 1 mg. 
per mL of media, gave total inhibition of coccidioides. At a 0.5 mg. per 
ml. media, very small colonies of coccidioides were prescnt. 

These observations from rhe literature, together with results obtained 
in the current investigation, strongly suggest tha steroid-like compounds 
influence [he celluloytic activity of rumen microflora. 
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