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Preliminary observations were made uti- 
lizing a combination of leucine, a t  31 
concentration, and insulin a t  100 micro- 
units/ml. ( 'oinciden tly , separate determina- 
tions for leucine at 10 :: M concentration ant1 
insulin a t  100 micro-units were obtained. 
Individually, there was a significant increase 
in uptake with insulin and a signfiicant de- 
crease in uptake with leucine. The combina- 
tion of insulin and leucine demonstrated a 
significant increase in glucose uptake above 
the non-insulin control while being associ- 
ated with a significant decrease in glucose 
uptake as compared with the insulin control. 
Tn 2 1  determinations, the mean differewe in 
glucose uptake of the insulin-leucine combi- 
nation compared with the non-insulin control 
was + 2.58 mg glucose/g adipose tissue 
(p<.OOl). \Vhen the combination was com- 
pared with the insulin control, the mean dif- 
ference in glucose uptake was -2.04 mg glu- 
cose/k adipose tissue (p< .001) . 

A pH effect was considered as a possible 
factor in the inhibitory action of leucine upon 
glucose uptake. Determinations of pH per- 

formed upon leucine samples were identical 
with those of control samples, thereby elimin- 
ating pH changes as significantly related to 
the inhibitory action of leucine. 

Previous unpublished studies, utilizing an 
incubation time of 2 hours, demonstrated sta- 
tistically significant inhibition of glucose up- 
take by adipose tissue in the presence of cer- 
tain amino acids. The magnitude of the ef- 
fects tended to be less than appeared in the 
present study utilizing longer incubation 
times. 

Summary. Six of 8 amino acids tested at  
concentrations of 10 "10 M demonstrated 
significant inhibition of glucose uptake by 
adipose tissue. This inhibitory action was 
diminished as amino acid concentration was 
further decreased. 
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The growth-promoting action for rumin- 
ants of diethylstilbestrol and certain other 
estrogens is well known. However, because 
of the estrogenic activity of these compounds, 
there must be close control of the quantities 
given in practical feeding operations. Com- 
binations of estrogens with androgens or pro- 
gesterone have been used as growth stimu- 
lants, the estrogenic action being diminished 
by the other hormone so that anabolic action 
predominates. However, i t  would be desir- 
able to have available a single, non-estrogenic 
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compound with substantial anabolic action 
( 1 ) .  

There are structural similarities between 
natural animal steroid hormones and certain 
plant steroids. These plant products are not 
known to have estrogenic activity, nor have 
they been evaluated for effect on ruminant 
productive performance. The present report 
provides data on growth rate, feed efficiency 
and carcass quality of fattening steers and 
lambs fed plant steroidal sapogenins, sapo- 
nins, and a natural source of unisolated 
sapogenins. The products tested were smila- 
genin and smilagenin saponin isolated from 
Agave lecheguilla, ground Agave lecheguilla 
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TABLE I. Experimental Rations. 

Cattle Lambs“ 

Cracked shelled eoru 
Alfalfa hay/day, lb 
Supplement/day, lb 

Composition of supplement or 

Ground yellow corn 
Sun-cured alfalfa meal 
Soybean oil meal 
Dehydrated alfalfa meal 
Liquid molasses 
Dried ” 

‘ZJrea 
Bone iiieal 
Dicalcium phosphate 
Ground limestone 
Trace mineral premix 
Vitamin At 
Bentonite 

complete pellet 

Full fed 
3 
2 

55 
35 

69.05 
10.00 

10.00 
5 

5.00 1 
1 

4.50 
1.00 
.40 
.05 

3 
100.00 100 

* The lamb ration was made into 3/s inch pellets 

t Gelatin-stabilized vit. A mix containing 10,000 
and self-fed. 

U.S.P. units of vit. A palmitate/g. 

containing smilagenin in the form of a sapo- 
nin, and sarsasapogenin, tigogenin, diosgenin 
and hecogenin from commercial sources. 

Procedure. Five lamb experiments were 
conducted with graded levels of smilagenin 
ranging from 2 to 24 g per ton of total ration. 
Lamb experiment 3 included a group receiv- 
ing ground Agave Zechegda ( 1.6% smila- 
genin) supplying the equivalent of 8 g smila- 
genin per ton of ration. Lamb experiment 
4 included groups receiving sarsasapogenin, 
diosgenin and tigogenin at 8 g per ton of ra- 
tion. Lamb experiment 5 included groups 
receiving smilagenin saponin at levels of 4, 
8 and 16 g per ton, hecogenin a t  8 g per ton 
and diethylstilbestrol at 1.25 g per ton. 

In all lamb experiments, 12 animals were 
allotted per treatment, the controls compris- 
ing 2 replicate lots of 12 each. Individual 
weighings were made every 14 days. Some 
death losses occurred and the data have been 
corrected for these losses. 

In cattle experiment 1, smilagenin at  20 
mg and 100 mg per head was compared with 
oral stilbestrol at 10 mg per head. In cattle 
experiment 2,  smilagenin at 20 mg per head 
was compared with stilbestrd at 10 mg per 
head. The steers were weighed at  28-day in- 

tervals. Basal rations for the lamb and cat- 
tle trials are presented in Table I. 

Results. Weight gains, feed efficiency, 
dressing per cent and carcass grade data for 
the lambs are presented in Table 11. In Exp. 
1, the 4 g of smilagenin per ton of ration had 
no effect upon weight gains or feed efficiency, 
but dressing per cent and carcass grade were 
improved. In Exp. 2 both the 2 and 8 g 
levels of smilagenin improved weight gains 
and feed efficiency. The 8 g level exerted 
a marked effect, bringing about a 32% in- 
crease in gain and a 31% improvement in 
feed efficiency. Carcass grade was signifi- 
cantly improved by both levels of smilagenin, 
but there was no effect upon dressing per 
cent. In Exp. 3, no response was noted to 
the 2 g level of smilagenin, but the 8 and 24 
g levels increased gains, the increase being 
11% with 24 g. Dressing per cent and grade 
were not affected. The ground Agave plant 
produced weight gain increases similar to 
those obtained with 8 g of smilagenin. 

In  Exp. 4, significant impravements in rate 
of gain occurred with 4, 8 and 24 g of smila- 
genin per ton. The 8 g level brought about 
a 34% increase over the control and a 17% 
improvement in feed efficiency. The two 
lower levels of smilagenin improved both 
dressing per cent and carcass grade. The 
8 g of sarsasapogenin produced gains almost 
identical with those obtained from 8 g of 
smilagenin. Dressing percent and carcass 
grades were generally similar to those ob- 
tained with the smilagenin treatments. Dios- 
genin and tigogenin at  8 g per ton did not im- 
prove gains over the control and these com- 
pounds appeared to be toxic in the early part 
of the experiment as indicated by feed intake 
and weight gains. 

In Exp. 5 the 4 g and 16 g levels of smila- 
genin produced comparable improvements in 
growth, feed efficiency and grade. The 8 g 
treatment group was iiot appreciably Setter 
than the basal; however i t  was noted that 
this supplemented group included one very 
poor-performing lamb. If this lamb had 
been eliminated ham the data, performance 
of the 8 g group would have been compar- 
able to that of the other 2 smilagenin-fed 
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TABLE 11. Response of Fattening 1,anibs (Wethers) to Various Plant Steroids. 

No. Avg initial Avg daily Lb feed Dressing, Carcass 
Treatment lambs wt, Ib gain,lb per lb gain %t  grade: 

 EX^. l--Ci3 days 
Basal 23 M.5 .688 6.50 46.81 8.49 + Smilageniii, 4 g/toii 12 84.7 .633 7.48 48.01 9.17 

Basal ”3 70.3 .%A4 10.38 49.60 8.61 
E.rp j-56 ,lays 

+ Sniilagenin, 2 g / f m  1 0  (iS..i -384 8.21 49.46 9.20’ 
11 fiY.4 .455 7.14 49.09 9.27* + ” , 8  

1t.t.p. S-56 ~ U I J . V  

Basal “3 T I , ( )  .368 6.84 50.02Q 9.82 

1’1 w . 2  .390 6.23 50.03 9.25 
, l 4  “ 12 (;!).:; .4OY 6.11 50.47 9.91 

7.40 49.98 9.36 

+ Smilagciiiii, 2 g/;w I ”  71.4 .345 7.36 - §  - + ” 7 8  + ’* + Gr. d g t r w  Z w h q u i Z h t  wliiiv. t o  12 i 1 .o .:355 
X g/si~iil:igc~iiiii/to~~ 

I<s~I. /-ti8 il,i!/.q 

B a sa 1 “1 T4.0 .320 9.29 44.98 6.84 
+ S~iiiliigc~~iin, 4 g/toii 1 1  iii.4 .3Y8* 8.52 45.60 7.82 + ” ) 8 ” 1” i1.t; .430 * 7.69 45.54 7.67 + ” , 2 4  ” 12 T4.O 34’7” 0.16 45.07 6.83 

71.2 ,428“ 8.29 45.80 7.50 
3 2 2  9.28 44.48 7.00 1 .>.!I 
.304 9.98 44.91 6.90 

E.rp. .i-,?O ~I(&IJ.V 
1:as;Il 23 6.5.1 292 7.38 - 11 6.80(i 

+ Sinilagciiin, 4 g/toit 11 (i.5.11 .443 7.27 - 8.00 
11 cici.2 .402 7.35 - 6.75 

:I: 1: 12 t i ( i . i  .440 7.29 I 9.50 
+ ” + ” + Smilngenin sq)oiiin, 4 g/pn 11 (i5.X .103 7.22 - 7.46 

” , 8 I 2  (i4.(l 384  7.51 - 6.75 + ” ” , I f ;  ” 1’1 (5 .4  .379 7.63 - 6.75 
+ ” 

Hecogeiiin, 8 g/toit 11 c;ti.c1 .429 7.23 - 7.46 

-- + 8:~rs:is;ii’ogciiin, 8 g/toii 19 + Diosgeiiiii, 8 ” 17 + Tigogenin, 8 ” 10 41.4 -- 

Diethylstilbestrol, 1.25 g/ton 12 Ci8.0 .379 8.05 - 7.75 

* Significant over controls (P z 0.05). 
t I n  Exp. 1 aud 3 dressing % based on cold (*:ir(’ass weigh& and in Exp. 2 and 4 based on 

warin carcass weights. 
3 10 
$ I n  the basal groups carcass gr;idc : i i d  tlrcwing % avnilzlblo on 12 aiiimals only as 11 were 

retained for additional csperiaicntal work. All 12 1:mbs on the low level of smilagenin were also 
re taiiied. 

I[ Dressing % figures were itot available iii Esp.  5 and grade values were based on live grade 
evaluation. 

low choice, 9 = high good, 8 = :ivg good. 

groups. Smilagenin saponin at  the 4 g level 
produced only slightly better performance 
than the control and the consistently de- 
pressed performance obtained with each in- 
crement suggests that the saponin form of 
steroidal sapcgenins is not well tolerated. 
Hecogenin at 8 g produced‘ improvements in 
growth and feed efficiency comparable to 
those with the several levels of smilagenin. 
Stilbestrol did not enhance performance in 
this experiment. 

Results of the 2 cattle experiments are pre- 
sented in Table 111. In the first, an increase 
of 0.27 lb in average daily gain followed 

feeding of 20 mg smilagenin and an increase 
of 0.15 lb followed 10 mg of stilbestrol. Feed 
efficiency was improved by 20 mg of smila- 
genin and dressing per cent was improved by 
both levels of smilagenin and by stilbestrol. 
Carcass grade appeared to be improved by 
s t il best rol . 

In cattle experiment 2, average daily gains 
were increased 0.17 Ib by 20 mg smilagenin 
and 0.31 lb by 10 mg stilbestrol. Feed ef- 
ficiencies were increased by both compounds. 
Dressing per cent appeared to be lowered by 
the diethylstilbestrol. Carcass grade was 
iniproved markedly by the smilagenin and a 
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TABLE 111. Response of Fattening Steers to Smilagenin and I~ietliylstilb~strol. 

No. Avg initial Avg daily Lb feed Dressing, Carcass 
Treatment steers wt, lb gain, lb per lb gain %* gradet 

Exp.  1-98 rla?yx 
Rttaal 9 924.6 2.14 12.02 W.67 10.00 
Smilttgenin, 20 mg/head 8 951.5 2.41 11.44 61.67 9.88 

” , 100 ” 8 941.6 2.21 12.29 61.98 9.88 
Diethylstilbestrol, 10 mg/hearl 8 920.5 2.29 11.73 61.92 10.62 

E z p .  2-139 days 
Basal 8 677.1 2.57 9.56 57.28 7.88 
Smilagenin, 20 mg/head 8 680.1 2.74 8.68 57.14 8.75 
Diethylstilbestrol, 10 mg/head 8 674.8 2.88 8.88 56.60 8.25 

* Based on mold carcass wt. 

slight improvement was noted in the stilbes- 
trol group. 

In the lamb trials, the 8 g 
level of smilagenin appeared to be most con- 
sistent in increasing weight gains. The aver- 
age increase obtained with this level in 4 
trials was 17.7% above controls and average 
feed efficiency increase was 16.2%. This 
level supplied approximately 12 mg smila- 
genin per lamb per day. Nearly identical 
growth responses (3476) were obtained with 
8 g levels of sarsasapogenin and smilagenin 
(one comparison-experiment 4) .  In  general, 
sarsasapogenin appeared to increase dressing 
per cent and improve grade. Hecogenin was 
comparable to smilagenin in improving 
growth (Exp. 5 )  and appeared to improve 
feed efficiencies and grade. Diosgenin and 
tigogenin did not improve performance (Exp. 
4 ) -  

Measurement of the bulbo-urethral glands 
in lamb experiments 3 and 4 did not reveal 
an enlargement from plant steroid feeding as 
is noted with l a m b  fed diethylstilbestrd( 1 ) .  
Mouse uterine assays in this laboratory did 
not indicate estrogenic activity in smilagenin. 

In the 2 cattle experiments the 20 mg 
daily feeding level of smilagenin improved 
gain by an average of 9.6% as compared 
with 9.5% for 10 mg stilbestrol. 

No basis is immediately available to ex- 
plain the mechanisms whereby smilagenin, 
sarsasapogenin or hecogenin bring about 
more rapid gains. Smilagenin and sarsasa- 
pogen are related in that smilagenin can be 
obtained by acid isomerization of sarsasapo- 
genin(2). The mechanism of the growth- 
stimulating action of the plant steroids may 

Discussion. 

t 10 = low choice, 9 = high good. 

be due to an anabolic action similar to that 
of stilbestrol but wtihout the undesirable es- 
trogenic effects. 

These studies indicate that smilagenin and 
certain other plant steroids may be of prac- 
tical use in production of fat lambs and 
steers. Additional study is needed before 
the full significance of these findings can be 
assessed. 

Summary. 1.  Smilagenin fed to lambs at 
levels of 2, 4, 8 and 24 g per ton of complete 
feed improved growth rate and feed effi- 
ciency. The most consistent results were ob- 
tained with 8 g per ton, or approximately 12 
mg per lamb per day. Dressing per cent and 
carcass grade tended to be improved by addi- 
tion of smilagenin. Ground Agave Zeche- 
guilla containing smilagenin in the saponin 
form appeared to be quantitatively similar 
to the free sapogenin; however higher levels 
of the isolated saponin depressed perfor- 
mance. Sarsasapogenin or hecogenin at  8 
g per ton in separate tests exerted a growth 
effect comparable to that from smilagenin. 
Diosgenin and tigogenin were not beneficial 
under conditions tested. 2.  In  2 trials, 
steers fed 20 mg of smilagenin daily showed 
weight gains similar to those of animals re- 
ceiving 10 mg stilbestrol daily. In one trial, 
100 mg of smilagenin was not as effective as 
20 mg. 

1. Casida, L. E., Andrews, F. M., Bogart, Ra€ph, 
Clegg, M. T., Nalbandov, A. V., Nut. Acad. Sci.-Nat. 
Research Council, Pub. N o .  714, 1959. 

2.  Marker, R. E., Rohrmann, E. J., Am. Ckem. 
Sot., 1939, v61, 846. 

Received January 3, 1961. P.S.E.B.M., 1961, v106. 


