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I 	 Introduction 

Acu{P'1Ylllpmlitl's (IJloat) of ru­ 1:C(,(,I1/: studies hy se\'pL':tl investi ­
m i nunls has s("('tHl ih' I)p('omc a mol'p !.!.'ntol's f:[u'oI\' eonsi<lel'ftble doubt, on 

• 	 seriolls Jll'oblelll of 'thl' Ih'pslo('k [11- till' illlporf'al1c(> of cyanide in t11e 
dm;tl'Y, (lpspi!t' tlll' 1':ld- th:li- 1'P­ p:ttlt!l":'l'lI(>sis of bloat (4" 1B), A 
search workt']'s of sPI'cral ('OUIlITi('::; fla,'one, tTiein, 'nlS isolated from 
han' d i re('tcd much ti111l' :111(1 l'ItOl't Ipgullle :juiee by Fel'gllson (1'7,18).
t-ow;\nl :L sollltion of thc problem, I It' found that it eaus('cl it partial
)[ucll of (he inlpl'pst in the pa:-:I- has pal'alysi;; of the isolatt'dl.'abbit gut:
bet'll <Ii I"e('(pcl iO\Yl\l'(l a pllysi("nl 01" l\"hicltiPd him to poshll:lte that the 
physiologi('albasis for the disonlpr, slIiJsinllC'e Illighl: play SOllie paL'i: as 
a 1](1 :-:(,I'PI'a1 IIll'ol'ies ha 1'(' hl'PIl lld­ n. ('nllsHti\'(~ fael'lH'ill bloat. lIm\,­
Y<ulI."c(l 1"l'gan[ing ('allsa!in' fad"ol's PI'l'I" 111(' impoL'hlnCl' of this COIll ­
(7, ,la, ;Ji. 4fJ) ,2 TIll' biocl!l'lllicnl pound as a causatin~ factor in 
ilnd ImeiPI'io[ogi('a I :1!>PI'O:U'lrps I() bloat' hns 1)('('11 qupsi-ioned by wOl.'k­
the pl'oblt'lI! ha I"P n'('pi \'P(II i tt It' at ­ PI'S al t'll(' ~\.I!Tielllllu'fll llCSell.l'ch 
tentioll IIl1til n','," I"l'('cllth', ('Pl1tpl'. lkJls,"ille, )[tl" ill eoopel'n­

'1'[1(' bio('IrPllli(:al apPI'(iaeh 10 tire t iOIl with IH)l'ken; of the "'IYesterll 
pnt:hogell('sis of bloat ('all he di­ (-til iza I ion He sen, l' e h Branch, 
l"ce/"('([ ('ither tOI\":u'd thp :llliIIlU[ OL' _\.Jball\', Cali"f'. DeEds and co­
toward til(' plall!". J)ollgll('I,ty and 1I'00'kei.'::; found nIH!: q II C L' Ce till, 
Cello (IJ. 1.',). worki IIg on the lil'st- ('lost'l.\' rp[ated 1'0 ITiein, possessed 

• 	 uppl'oa('h, lInn' l'l'pol'jC'd :t toxic foul' I'illles t-lw III IIscle-l'elaxiwr 
SUiJ"hll!{,pili the in!.!,'(>sla 1'1"0111 (j1'PI' ­ P0\\,('I'S 01' (Ti('in, III CUtTent stuc1ie~ 
fp<ll"llll1ill:tllls all(i fr(lll! two alii, (In;);» at the ~\g)'iCUJtUl'ill Be­
mals wHh ('lilli(':" bloat. Tltp SP('ol1(l :-'l'a I'('li ('l'nI'PI.. :Li 1H1:1111 ilnd co­
UPPI'of\('II. i, P.. SPill'C'hill!.!' for IJio­ 1I'00'k(')'s Ital'l' :l'a i it'cl 10lH'o<!lIee any
eltplllir':11 ('OllstitllPllts ()'r h'[!'III1W" Jdoat ;:;.I'"IPI()II~ 'll'h(,11 a waJC'l'slIs­
I-hal- ('oliid ('ollll'il>lI(p to 1>10"", is a 1)('\I:-;iOIl or ~;-; gralHS of qUPl'cetin
logi('al ap[JI'ua('h alld Oil!' I hat lI'al'­ was a<illlillisl't'rp(l io fin' intact' 
rall(::; flJlI illl'psti![:tlioIlS, '.I'hl'(>(, sh('pp, '1'11(»' also 'failt'd 10 find rUty
dis ( i II (' I hiocjll';llie:tl ;;lIhsfall('p::; I'l'd\let ion ill 1'III11ill:ll mol'ilily 01.' 
have ])(,(,11 il1(,l'illlin:ttl'lI us pos::;iblp l'fIi('it'nn' of' ('l'Iwtalioll when' the 
(':tIl!4alin' Jad'ol's ill aCllle blont: salllP (i(;Sl' II':)S ndlllini::;tPl't'([ to hyo 
Hydl'Op:t11l (,Y:ll1i([t'. fI:I\'oIlPs. al1d fisllllalp(1 slll'ep, On the basis of 
sa POll illS, 11 IIlsc'l l'-rl'l nxi "!-!' powl'r;.;, t-he alllount 

] Submit tr<l [01' p1liJlil'rtf:io\1 ;1[11,1' .), 1!J;j{j, 
"H:lIil' 11111111)(>1''; in V:lI'PllrlH,",,\',;rp[\,1' (0 LUl'I':lflll'I.· C'ifptl, p, 1'1. 
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of qum;cetin acbl1inistered was 
equivalent to 100 grams of tricil1. 
The tricin content of aHalfa has not 
been estrtblished; 11Owever, during 
isolation experiments conducted at 
the Westerll Utilization Hesearch 
13rallch the yield of crystalline t1'i­
cin '.vas f01:ind to be 0.02 percent. 
III the light of these exper.iments, 
jt is highly improbable that t"l'iein 
cttIl contribute to blottt througll its 
muscle-relnxing action.. During the 
preparation of t11 is bulletin, nn 
ltl,tic]e appeared in which Ferguson 
and Terl'Y (1.9) cOllc)mlcd that it 
was unlikely thnt J!nvones are COll­

cerned in cHuicttl bloaL 
Saponin has b('('n suggested H.S 

being a cOlltl'ibuling j':lctOl" in t-l1O 
pathogenesis of 1'lIminftnt; bloat by 
a number of inY(>stigntol's. Several 
investigators, incJuding MeCnnd­
]ish (34), Olson (39)) and Quin 
(4~), hltve postulated !-hat sttponin 
a1ters the surface tension 0:1: the 
l'uminnl cont(>nl's n.ml that it mi!!ht 
contribute to "IroUw b]Ofti" by Yhe 
entraplnent 0:1: ~olmj;]ess buhbif's 0:1: 
the gases of fCl'Illcntittion thl'oup;h­
out the ingesta. HCllriei (;2.1) 're­
cently found rt snponjrl]ikc gll1co­
side iJl lucerne and1'1'ib!du8 species 
from pastures in which acute bloat 
Illld been n, problem) bnt. lhe com­
l)ound wus absent 1n the same 
plants Ironlan llretl in \\"hicll blont 
did not OCCUl'. AHhollgh it had 
been established that two or more 
saponins could be isola tC'el from 
alfalfa. by Bons and Steuclc (;2), 

Jaretzky (937), Jaretzky and Lin- • 
del' (938), Henrici ('931) and Walter, 
Van AHa, Thompson, and Maclay 
(.48), the role of saponin in rumi­
lUUlt bloat remained a. matter of 
speCUlation until the ,Yorkers of 
the ,Vestern Utilizn,tion Heseal'ch 
Brandl, Albany, Calif., succeeded 
in deyjsing procedures whereby 
Sllflicient qmintities or saponin 
eonld be isol tttecl from alb1fa, for 
admillislTntion to ruminants. fJin­
dabL Cook, Davis, and ::\Iaelay (31) 
made it preliminary report hl H154: 
thaI: the ornl admillistration of the 
is01a((>(1 cornpositc saponin from 
alJ:l~fll callsed bloat symptonls in • 
!'llllYlllflnts. J [OWPY(>l', two com­
mercially Hyai In b]e saponi]} prepa­
rations isolated froll1 Ule yucca 
plant did !lot ,produl'P any 'hlont 
symptoJlls ,d)(,1l administCJ'ecl in a 
lik(' manll(>J: to th(> same animals. 

Since the pl'eJimillary n'pol't was 
Ilul(le, II suflitil'nt quantity of alhHn, 
saponin has been isolated by the 
I\Tcfit(>rn Ftilizat:ioll Research 
BJ'andl So that the rather extensive 
siudiC's that at'p l'l'portecl in this 
bulletin ('oulcl be directed toward 
determining t 11 e physiological, 
physirrtL pllarl1mcological, a.11 cl 
toxi('ologien 1 [ll·opel'ties of alfalfa, 
sa.ponin wh(>n administered to 
l"lU!linanh:;, EIl'eds of saponin on 
small laboratory nllinmls and on • 
isolatl'd muscle" stri,ps were also 
Rhlc1ic'll to Sl'e if bloat-proclncing 
tplldc'n('iC's could hI' c01:J'ehttecl with 
olhpl' phtll'J1ltl('ologieal action. 

Production of Bloat and Other Symptoms in Intact 
Sheep by Alfalfa Saponin Administration 

By I'run D. Din(7(1./ll, 1? N. j)a:l'iS, and .n. 1'. 1'er/en 3 

:-
Experimental Procedures by the ,Yestel'll Util iza.tion Re­

sefu'ch Branch, .\.Jbany, Calif, TheAll the n,lfal fa, saponi n tlsed 111 
1'eeoyet'y 01' the a]Jrl]ftt sapon.ins wasthe experiments described in this 

lWeI following secUons was jsolated efreeled by cholestel'olllddition, us­

3 The fiuthors expl'ess their 1:llHlIks to U. 'Yo Dougherty, N. Y. Stnte Vc1el'illary 
College, for his assistance in experiments with lInimals No. 01 find No, 100. 
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• 1! ing the procedure described in the 
section entitled "Preparation and 
Chemistry of Legume Saponins." 
Unfortunately, aU the saponh1s 
present in the original plant 
material arc not recovered by this 
procedure. This incomplete recov­
ery results in an lmeqnal distribu­
tion of the Yfll'ious saponinsi there­
fore, the relative proportions of the 
individual snp011ins 1,n the recov­
ered product are in some instances 
lower and in onwr i nstrmces higllct, 
than t]wy were in tlle ol'.iginal plaTlt; 
material. The significa.nce of this 
fact must not be oyerlookedi n intel' ­

• 	 preting the -following described ex­
periments wHh animals. 

All the animal test; ,'Tork was con­
c1llcted at tilt' Arrl'icultlll'Il1 Re­
search Cenh:'l" Brltfwille. Ald. The 
majority of ('he sheC'p llse<1 :in fhe 
('xpel'in1P.nts were a.nimaJs of known 
bloat ~ll~c(lptibility. This bloat 
suscepl:! bl1ity was establ ished by 
dl'enchinrr the animals \\·itll Ladino 
,yhjte clover 01' alfalfa. jll,ice. ('x­
trac!';:;. Xone of' the animals m;ed 
c0111d be classi ned as "clll'onir." 
bloaters, and 110ne ha(1 e"e1' dis­
played more than a moderate degree 
of bloat ])1'e"io\1s to the tests, Very 
Jittle bloat has occlll'1:ecl uncle;: 
naturnl grnzing conditions at. the 
Arrl'iellltural Hese:lrch Center for 
se,;eral years, and no naturfl1 bloat 

• 	 was oec'jnTing on any of the pas­
tures at; j'he time of the experiments. 

I. 

All the expcl'.iment:s but; on(~ in 
1053 were conclllc(pd with an imals 
thnt ,YHe gl'l1zing 011 a si ngle Lad ino 
('loyer pnstllJ'e. :Xo casps of naturnl 
blont. were obsel'wd ar. any time dnl' ­
ing ('he 1!);i3 season, nl{hough nIP 

p n, s t n l' e cOllhtinecl pl'('(lolllin:mt 
nmoul1 (s of Lad ino eloYC'r [111(1 had 
rather lush gTowth, AHhonrrh 
natm'a1 blont (lid not: nccnJ'.it ,,:tis 
not diflicuH to pro<luC'e bloat symp­
toms by clrenehing f'he Itlli11lals \\Tith 
eithf'1.' Ladino C'lm"N' or al:fnHn. press 
juice "'hi]c th('y ,wre grazing 011 
this pasture, .All the ('xpel'imcnts 

SAPONINS 3 

during this sea.'3on were conducted 

in the pasture, and most of the ani­

mals were closed with the saponin 

solutions shortly after they had 

finisl1ed their morning grazing. 


In 1054 and 1955 many of the 

animals were removed from the 

pasture m feed Jot and taken to the 

laboratol'Y before the tests were 

conducted. In n. munber' of cases 

there ,YllS n, time lapse of 2 to 4 

hours 1'rom the tjme the animals 

hnd flccess to feed until the experi­

l1)('nl'~ \\,('1'e conducted. Consider­

ably more difllculty was experienced 

in producing bloat; symptoms by 

dl'(H1('hing the animals with Jegume 

pcC's;.; juice during- the 1054 season 

than in 1053, although the clover 

plu;;hll'('S were similar in composi­

tiOll and appearance, 


For the intrnruminal dosing the 

sn,pon i nand adjnncts Were c1is­

soh"eel in approximately a liter of 

wat!']' and the soll1tions given by 

stolliach tube. The saponin was 

cI i sso lvell in 20 to 50 m I. of sterile 

wntrl' fell' most of i'l1C intl'f1venous 

<lOSilll!, and the solutions injected 

skndy, IIsing :t llypodcrll1ic syringe 

lmd polYC('hylene tubing inserted 

into f'he :jllgulal.' Yein, 


CIl<lrl' our eXI1Pl'imelltal condi­

tions imiJstanC'es 11s('(l in connection 

with fhe saponin, such as clextrose, 

<1i(l11o/:. p]'oc1l1C'e bloat symptoms in 

six animals, which animals were 

In t'er l1secl in connection with the 

ndministl'a.tion of sapollin. Dex­

h'ose was Ilsed in a llUlnber of ex­

pel'imen('s as :t 50111'CO of a. readiJy 
 .
f(,l'I11l'nt:nhl(' material, because ana­

lytienl s('I1(l ies at I-he Agricultural 

]'~('s('nl'('h C'('n(N' have SilOWll that 

Ln(lino elcn'l'L' is relntiwly high in 

l'eclll('.inl! sug-ars (1ul'ing its bloat­

pl'oeluei ng stag('s of growth. S0­
clillm Jormate was used in one ex­
1l1'1'inwnL as Dnei-seh and coworkers 

u)) 11:1 ,'e sll O'Inl t:h n t formate di.s­

Rilllil:tips rn,pidly with I'he forma­

tion of gas('ollS end prodnct-s in the 

l)L'escncc 0:[ rum init] ingesta" Itwas 


I . 
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also . shown that the ltclmi nistmtioll • 
of 3 to 4 times the amount of 
water that ,vas used in the test·s did 
not produce anT blon.t symptollls.

B]oat symptom, w(,l'e, n,l'bitrH.rily 
e1assified ns sli!:d\t. morleratl'. 01' 

Sewn~. A ratini of sli!!ht bloat· was 
gi\'C'll ,,-hell tht; nil illin1 diHplayec1 
de1inite l'lll11inn.l distentiol\ ()vt'1' 
that of. the pl"ete,t period. ~\. rat'inp: 
of Sevel'e was giVl'1\ only ill cases of 
VC'I')' })]'on01I1\('('<1 1'1Imilln.l llistt'n­
tiol!, marked dis('Cll1rl'ol"t. ill\dwifh 
re:mltant ('ollapse <lllti. death of f he 
animal. ~\. mtin[!- of l1lodprntl' wus 
p:i\'PIl in casps t't;1I ing bet"'l'l'n the 
two (>xJl'('mcs_ Sl'l' li!.'.·ul'('s 1. :2. ;1. 
and -+ :for pxal\lpll's ol'ratill!!s._\S •
w(' !r.ayl' fOllnd that· fl\l' olll,' sntis­
fadol'Y nH'tltOll of' (Il'tPI'miliill!!.· ill­
tl':lJ"lIIilinal ]l1"l'SSIII"PS ill ::;hl'l'p 'is hy 
llSl' of a trocarmallOllll'tel' {whil'l\ 
oln,jollsly ('a1111ot hl' llsl'lll"l'pl'ntl'lll v 
01\ Ill(' sallle anil1lnl). ]]0 int'J'nl'li­
minal pr('ssllrl' nWaS\Il'eIlH'l1f'sWl'I"('. 

1"fGGla: ~_-_\nimn1 :Xo. 01 ,,-it h slighttak(,n lIlllC'ss the animal ('ollap;-'l'(l. blott t :-;Ylllllt()IIIS.
OhsPl'nltiollH on I"IIIIIinall1l01 ility 


as rl'poril'd ill i'h is sp('(ioll WPI:(' 

made h_,' yisna1 i nsppcfioll n lid plll­

• 


FUiCltI.; :"., . __\ II i 111:11 :Xo. 01 with Illodern tc 
FIGUllE I.-Animal No. Ul bef0re dosing. lJ10at SYlllvtOLUS. 

• 
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pation of the left side of the animal. 

A measurement of ruminal motility 

in intact slwep by USc of it needle 

inserted into the I'umcn wa~ not 

used in these ('xpel'iments, as 1)I'e­

liminnl'Y expel'iments indicated 

that loss of l'uminal gases, elo!!'ging 

of t-lw needll'. animal l'eneiion to 

pain, nl1(1 l'('Silllanl' illjul',\" to the 

aninllll we·l'e liln'h-Io 11:':1(1 to :fault\' 

d:1bl and conclUSIons, El'uetatiOlis 

WE'l'e <leteetc·(l eiJ1]('l' by pH1patioll 

of tll(~ psophnp:l'a.l rpgiOIl 01' hy use 

of a s(ethos('ope plal'ed o"el' the 

esophagus, Hespil'atiol1 rates WP1'e 


c1etel'l~)ined ill the most p:ut by 

eOllntlll!!' thC' 1110'"C'l11el1(S 01' by nse 

o:f (1 stethoscope, Obscnyn tiOllS on 

the l'C'spiratory pattt'l'ns WPI.'C madl' 

by eli l'pd tl'aeillgs, llsing :l PIll'UIIlO­

gl'aph and ink-writing ail' tam­

bours, 

Blood hpnw1ysis st1ldies wC'l'e 

ma(/p by ('Pllt'l'ifllgil1g' t'he hlood 
S<ll11plt's find. obsl'l',"illg tlll' ('0101' of 
tIl(' plasllla, Conclusions regal'ding 

• 


Tt'rauHE 4,-Animnl No, 01 ",it'll scycrc 
bloat sYlllPtoms, 

4000::;1-57--2.'. 

'''i' 

SApO~~S· 

blood pressure result from direct 
attempts to measure the presslirc Ol' 

from obscnations while taking 
blood samples just before collapse 
of the alJimals, 

::\fost of the [[nimals that died as 
n. l'esuH or these experiments were 
allfopsil'd shortly aftC'l' death, and 
fhp 1.'C'suHs of the gross autopsy and 
hi::;tological l'x:lIninations are given 
ill t l <> sretion on toxicity, ' 

Results and Discussion 

Table 1 summarizes the results of 
:l.i pxpPl'iments ill which aHaHa, 
saponin was ndministpl'ed to 213 in­
I! i"id tlnl sbeep . 

INT!nARUMINAL 

ADMINISTRATION 


In the 10,1;\ pxperiments bloat 
Sylll ptoms Wpl'e produced in all 
sIIP('p gl'llzing' on Ladino clowl' by 
lilt' illfl':\l'lIlllinnl administl'ation of 
:t1fnH'a saponin, Figlll'es 5 and 6 
illtlsf!':!t\' olle of the reactions from 
t hp t':I pon i n :\(1111 i 11 ish'fltioll, Figure 
(i \\'as fakL'll one hOtll' a Her dosing 

FmUlu, 5,-Ani\l1al No, 58 before intra­
l.'lllllin:IL nlllllinjstl'atioll of alfalfa sa­
pOllin, 



• • • • 
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TABLE I.-Bloat sylnpt01ns 1'esulting f1'0111; alfaZfa saponin, (ul'In'inistration to intaot sheep 
]053 EXl'B\uM~]NTs-IN'I'HA'mJII'NAr, DOSING 

Alfalftt saponin alld Intel'val before Durtttioll of blont 
DnLe llwthocl of nchnil.islration Dl'g!'l'c of bloat appearance of ':symptoms 

blonl; sympt.oms 

Junc 18, 1053 

JUlie 25, l05;~ Gl 11-----clO ____ ·· ___ 1' 25 gm. in J Iitel' of \l'Mp!,__ _ :\ro<h-l'aiL'_ . __ _ Approximalely 30 
rninu\t's. 

Junl' 80, ]O~:~ ,. 5.'5 _ ... _do _______ .. 1~ gill. i.n I li!PI' uf wab'I:_ SlighL _____ .. __ :____ do___ • _... _ Do. 
.July .1,10:>8 58 -----d(L------- 1:> gill. In 1 hlpl' of LarllllU . __ .. do_-_. _ .. _f 10 to J5 minutcs .. Approximately 1I 

! rlO\'pl' ,iuil'!' <'xll'l1('t. houl'. 
:\'011(' ______ ._.July 2, 105;~ I ·1·] 1 Crfli'S pn~t\lI'l·._J 15 gm. inl Jilpl' uf \1'11\1'1'.__ 


Aug. la, ]05;~ I 58! Ladino paslul'e'-i 25 gill. in I lill'1' of \l'alp!,. 8Jight (+) _____ , t\p-l~l~o~,i~.;I~t-('l;r -;30 2 (0 3 hours. 

i minut('s.

Do _____• ·1·1 : _____ do __ . _____ ., _____ rl<L. _____ , ____ . ___ ,do_ .... ____ . I __ ,_clo__ ,, _____ _ 1 Lo 2 hoUl's, 
j I...___ ·____c·.......,______ ______.. 

'1;;
-- -.-.~--~~.•.-
l"J:I 05·]-55 EXl'l~nL\1 ",,'I'fl- l,,'!'HA Il[T~II~A I, ])()fl["n 

-~-~ .. -~- ....- . ---~ ~-

Hlighl. ______ _Junc 14, l05·1 Gl l J~ttdino pastul'('_ 2;j 1;111. in ] litcr of waleL_. ApPl'oximately :40 1 (02 hours, o 
':;lminllips.

Do_ .. __ _ GO !_____ do ___ __ 25 gm. ~mponin +50 I'm. :\ loclf'ratc. ApPl'oxilllntely 20 2 to 8 hol1l's. P­ ~;
df'xtl'os('in:l lit PI' of waleI'. minutes. o 

".~fi5 L ____ do ________ . ::tIJune 21,105·1 25 gll1. ill I lilpl' of walpl',_ :\'011('. _____ ....
Do __ ._ 527 I •• do. 25 g;1I1. flapollin+50 gll1. :\.1odpl'a\1' Appl'oxillltllC'ly 30 2 10 3 hoUl's, 

<I('xll'os(' in .I lit PI' of minuf!'s. El 

l 
8,walpl'.Do ____ _ __. _ • _____ do_, _______ _101 L ...do __ ... 50 g;1I1. :-1aponin+50 gill. SP\'l'I'l~ C'ollapRec! and died in 

ri('xll'oi4(' in I lilel' of 'J hOlll'S, 
wal(',·. 

.1 U1iC 30, I \l5·J 50 !. ___ .c1o ....... . . rio .. . do .. . _C\(L CollnpsC'd nlld died in 
a hOlll'A. ~ ;":; 

.. .~l 

i q ,~'O .1 



i 
])o_~ ___ .' . _.do_ ___ __ 1 100 gill. 811ponill +50 grn. ..--.do__ "'" _ J ApPl'oxilllatedy J5 Collapsed and died ill90 I 

• • .' 
d('xlrose ill 1 lit!'r of lIlinutes. 1.5 hoUl's.wa(el' . 

• J tlly 8, 1n5·.!- 20 I Gnl:;s pn:;t;urp ___ j 50 gm. Rnponin+50 gill. Sligllt _________ .l Approximately 20 1 ('0 2 hours.
dl'x(l'os(> in I litN of minutes.
wn(l'l'.

July 27, H)5,1 n5 _do _________ l 

I 
100 gm. saponin+l00 gm. :'Iloclcmte _______ '- ____do__________ -I 2 to 3 hours; died 27 

fOl'llIntc in L litPI' of hours Inter. 
Aug. 2, H)54 III 8ev('I'(' _______ -' _____ do__________ -' Collapsed tlncl died in 

2 houl's. 
Jail. ]0, ]055 58 Kone __________ ,___ " _______ .. __ " __ _ 

Do _____ _ :'Ifodel'nt(' _______ Approximntely 20 2 to ~3 hours. t;
minutes. ~. 

Jan. 2·1,] 055 SlighL ______ . ___ Approxim:tl:ely 45 1 hOllr; died 3 days
Illinu tes. later. ~ 

Slight (+) ______ ApPl'oximnlely 30 1 to 2 hOlll's. 
mr;

minutes. @ 
]054-55 EXPl<JIlr.\[EN'l's-Ili"l'HAYloNOrs DOS[NG ~ 

m-~---------"--------_____.'______----------------------
Aug. :3,U).'i4.. 100 I Lndino pnstul'e __ 1 5 gm. snp9nin by intra­ l\Joclerate (+) __ 1 Approximately 20 Collapsed flnd died in venous drip + 50 gill. dex­ minuteli. l hOllr and 15 min­h'ose in I liter of w:Lter ut:es.given intrtll'lllllinally.
Aug. 7,195'1 58 I_____ clo ________ -' 0.5 gill. snJ'lonin by intra- Xonc_ 

vellOIlS injection+75 gm. 
dextrose in 1 liter of 
water given illtrarum­
inally.

Aug. 10, 1954 GO 1_____ do________ J 1 gm. ~aponin by intra- _____ do_________ , _________________ _ 

" 
venous injectioll+50 gm. 

dextrose in 1 litcr of 

water given illtrarum­

inally. 

"'-1. 

..~ .*!~-.~,.*.:" ~:",,,~,.~ '~.,.:" ... ;........ '". ,'-' •• <-", 
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TABLE 1.-Bloat SY1JltlJt07nS ?'eS~tlting trOin allaZta 8wpoll'in (uZmini8imtion to intal't Rheep-Oontinued 
(. 

'i:.'H1954.-55 EXI'1~R1l11EN'l·s-IN1·ItAVENOUS DosING-Continued .. 

I 
~ 

.; ~ 

Alli- Pretreatment Alfalfa snponin and Duration of blOiLtll--~;I:ervnl before . ,_0' 

Dntr 1l1ll1 diet- mct1lOd of arlmini"ITnlion D('grpc of blont appparallcc of symptoms J 
Ko. ilIon! r;ymplolllj,; ~ ';'~ 

tdA\I~. 10, 195'1 I~I Lndino p::tllr~~12 gl: saponin hy inlra- Blig~I~~~~-- -'--~P~:I~~:~:\II'IY :)0 2 \ 0 :3 hoursi died 3 d 
, \'('nOIl~ injPption+ 100 Il1illlltl'~. d:tys luler. 8! gill. d('xll'O~l' ill 21ilf'J'R of t,:ji wttl ('l' "i\'pn inl J';U:IIIl\ ­
j illlllly.'" z'" 

Srpt. 11, 105,1 ()-'? .do .. __ I ;{ gll1: ~:lpOniIl hy intl'll- :'Iloc!('rale (-t 1__ _. do_ Collnpspc/ lind died 
.....

\'PIlOII" injPl't ion +50 !!:1Il. in::l homs. .....
1 dexll'Osl' ill I IHpJ' uf 0> 

I walf'I' gi\'PIl ill ITn rlllll ­ ........
I iIlalh', 

SC'pt. ] 2, 1 !l5,1 23 1.. _ .du. __ ...•. ': 2.55 !!:Ii). ::<apOllin by inll'lL- :,(oc!l'J'aie______ ApPJ'oximately 2D 2 to ;~ hours; died 4, ~ I ,,(,nous illjPct ion +50 gill. minute,,;, days I[Ller, 
?ldestTOSI' ill J lit PI' ofI wale!' gi\'en inlmnllni- I t;j 

'. I naily. . . ~ .1nn. 11, ]!l55 (;.I (,ras" hn.y _____ ._1 gI11. 8apollln b~- Intra\'('- .••• ch)._. __ •. i •.•do• '" _I' 2 10 3 hoursi clierl 3 
~I 1l01lS in:jpct ion -150 glll, rlay:; Inter. 


i dextJ'ose in ] Iitl'r of walcl'
I gil'!'n illlml'lIlllinaily. _ ~ 

Do __ ' ___ I ~ ___ rlo._ .. ___ .... __ ...do_.. __ • __ ._.-.... :'\01\(' ... __ .. __ __ Dil'd :3 duys lateT,77 >.
Do ___ . __ _.dlL __ .• ! ..... _do.__ _ __ " .. _ HlighL _____ .. _ .. ApPl'uximatl'ly 20 2 to ;) hOlirs. oGO 

millutC's, 
___ .. do __ . ___ ---I gm. sapollin by inLrtwC'- :\J'odemte____ __ Appl'oximat cly 15 Do.Jnn. 12, 1055 en 

, BOUS illjeet iOI; +50 gill. IllinutC's. ~ 
1 (\pX(,Tosr and 20 gm. y(~asl t-3I givC'I1 inlml'uIllinally.J J__ _.dO __________ ~Do_____ _ a7 ____ do __ .. _... "_,2 gill. saponin by in\l'ttvr- I :\Iodl'mtr (+). Collapsrcl anel died ill t,:j 

llOUS injPC'\,ion+ 100 gill. (j hOUTS. 

d('xtl'ORr and 20 14m. ,YpaRt 
, g;il'('n illtTlll'lllllin:l,il.l'.1.' • • 

I 

• 




• • ~~:-,~),;:.:.:, 

~~'( 

Jan. 25, 1055 55 Alfalfa hay______ 1 1 gm. saponin by intraye- 11JOdCl'atc-------1 ApproximaLely 20 Approximately 2 hours i 
nOllS illjcction+ 100 gill. minutes. died 50 hours later. 
dextrose in lliler of waLeI' 
given intral'lllninnlty.Do _____ _ 115 j _____ clo ____ ~ _________ do___________________ 1 ~one_____ ----,----_----- _______ _Do _____ _ 107 _____ c10 ___ -_~ __ 2 gm. saponin by intrapcri- _____ c1o__________________________ _ Died 2 days later. 
Loneal dosage+ 100 gill.
! dextrose in lliLer of water·
! Igiven intraruminally. 

1'rhe "Jiyo" yeust "'·us in the resting stage whcn urlll1inistered. 

'"'>, ­



FIGUnE G.-Animal No. tiS one hour after 
receiving an intraruminnl dose of ~;:; 
grams of alfalfa saponin. 

the animal and thirty lllinutes a-J'tel' 
tll.e animal was rate2l us displaying 
sbght (+) bloat symptoms, illtls­
tJ'ating that the l:euction was ]lot of 
a transitory nature. The animal 
was not allowed to gl'aze <lurillg this 
period. The ability to releas'e gas 
an'd reduce 1'1lll1il1[iJ (listen I'ion ~in 
these animals by stomach blbe, to­
gether with the' faillll'e to produce 
bloH,t symptoms from t-llC' adminis­
tration of two diJtercnt saponins 
from the yucca. plan t led the a nt'hol's 
to state that the distention ill these 
animals appeared to be dtle to gas 
retention pel' se rather than to froth 
formation (31). This responsc \\'as 
especially dramatic in the c[tse of 
animal No. 3G (the anima11'ccciving 
the largest amount of saponin and 
displaying the most distention) to 
treatment 'with thc stomach tuoe on 
two occasions. 

Experiments conducted on .Tune 
14: and June 21, 1954, illustratecl 
that more distinct bloat symptoms 
might be produced 'when clext:rose 
was admh1istered along with the 
alfalfa saponin. 

U. 	 S. DEPT. 0]' AGRICULTURE 

Variations were noted not only •
between animals in their l'espomie 
to inh'al'llminal administration of 
alfalfa s:t])onin but: also with the 
same animals at different times. 
Sheep No. fil displayed moderate 
bloat sYl1lploms when given 26 
gTanls of IIU' saponin on .Tune 21:>, 
10:'):), bIll' only slight symptoms 
when gin'll the snme (lose on :rll11e 
1+,IDii+. ~\.11il1lal Xo. ;,)il <lisp]ayed 
sl igllf' lJlo,tt symptoms a'ftcl' receiv­
ing' lil grams 01' the snponin on 
.J1I1le' ;W, 10.'):1, an<lno h10:tl:. symp­
I'onls aftel' l'ecci"ing 2il gnllns on 
.Jllne, :21, 1!l5,b. ~\.nirn:tl No. 58 dis­
pla,\'('(l slight b1mtt symptoms a:fter 
I'('('ei\'ing lil !!TamS of the saponin •in IIi t'PI' 11£ L:ll1 i no (·loWI' j 11 ice. on 
.fllly 1, ID,,);)' slight (+) symptoms 
nTle!.' re('ci\'ing:25 gl':llllS on Augnst 
I:~, '] !J:>:3. and no sylll ptoms aiter 
I'ccl'iTing JO grams oJ' sapon in and 
flO Krams of dexlrosc on .January 10, 
10;);). 

~Il1('h g1'(,:1t('1' llloat responses 
\rel'P obln incd f!.'om the sn]lol1 in ad­
ministration whpn the sheep ,\,ere 
pastHeed on Ln.rlillo e]ovel; than 
whcn their diet: ,yaS composed of 
gl'nss pashn'(>, nlfal:f'lt hay, or grass 
hny. In all cases thc animals were 
on' It definite diet :/'01' sCYCl'al dRYS 
Iw/'or(', tl·pn.i:ml'llt with the saponin. 

In several of the cases, l'uminal 
llloti1il'y appenrpc1 to be more pro­
llOlllH'('(l just:, Jollo"'ing the jntrn.­ •
I'll 111 in n.l ndmini:;tration 01' the 
sa ponj Il solutions. In some cases 
rUlIlinal 1110tiliJy in sheep gl':l;l>ing 
Oil Ladino clon>]' appeared to be 
adi,"c auring the earl)T dcye10p­
l11enl: of the olo:1,t symptoms, lmL in 
ot he L' casps mob] ity appeared to 
cease shortly after closing anel be­
:fore the devc10pment. of the bloat 
symptoms. 

Ot111'r physiologicn1 responses 
that resulted from the administra­
tion of large doses of the alfalfa 
sa.ponin, are pointed out in the fol­
lowing caSe histories. 

• 




61, Augl1St 2,1954. 

Diet: Ladino clover pasture. The animal "vas remcwed from the pasture ll.t 
12 noon and taken to the laboratory. 

Material given: 100 grams of alfalfa So"lponin and 50 graws of dextrose in 1 liter 
of water, by stomach hlbe, at 3 p. m. 

Heactions: 
See figUJ'es 1, 2, 3, and 4. Predose respiration rate was 04 per mtn,ute. 

3: 03 p. m. Hespimtion rate was 59 per minute. 

;:; : 05 p. m. Hespiration rate was 72 per minute with an irregular pattern. 

3: 15 p. Ill. Hespirntion rate was 04 per minute. 
3: 20 p. m. 'l'he respiratory pattern was of the Oheyne-Stokes type froni 

this pOint until collapse. 
3: 25 p. m. Slight bloat: symptoms; no major rumen movements could be 

deteeted. 
3: 401).1ll. Slig-ht (-I-) bloat symptoms. 

• 
3: 45 to 4: 25 p. m. ~:he animal began to lIrinate and defecate frequently. 
4: 00 V. lll. Thc anilllal displayed llIodern te bloat symvtoms. 
4: 10 p.m. 'l'he animaillisplayed excessive salinltion and mucous secretion. ' 
4: 15 p. m. 'l'he animal became YCI'Y restless. 
4: 4G 1)· 111. ~:he animal became distressc<l and was unsteady on its feet. 

The IlPlirt rate been me accelerilted and the blood pressure fell 
so ravidl~' that a UWllslll'ement could not be obtained. 

4: 47 p. 1l1. The animal collapsed. Illtraruminal pressure was 40 mm. Hg. 
which went up to GO lIlm. on inspiration. 

4: 48 p. m. Hespirfl tion was very lahored at a rate of 10 vel' minute. 
4: 58 p. Ill. The nnimal diel1. 

On autopsy it wns found that the ruminal ingesta W3S "frothy" 
3nd that the rumen contained a large alllount of free gas. 

SJmEP No. 90, .Tune 30, 1954. 

Diet: Olosel~' grflzed Ladino clol'er-gruss pasture. The nnimal was removed 
from the iJilsture at \): 30 a. Ill. 

Material give'll: 100 grams Of alfalfa snponin nnd 50 grllms of dextrose in 1 
liter of water, by stomach tube, at 11: :W H. m. 

Reactions: 
Humen 1ll0yellIenfs avveared to he "CIT ]lronounced immediately after dosing. 

• 
11: :3:3 a. Ill. The resviration rate was 72 per minute. The rumen move­

ments ",el'e Jess IJl'onOl1nce<l thnn a])oye, but were still mQre 
1)ronol1nce(l than in the predose ])erio(1. 

11: 37 a. lll, HespiJ'atioll was irreglllnr. RUlllcn 11101'emel1ts could still be 
detcet:t'll on visual inspection. 

11: 4G a.m. '~[,he anilllal displayed Slight bloat symptoms. Huminal motility 
C'otfl<l not he detected fro111 this point on. 

12: 0::; p, 111. A blood sample \I'm; taken. No hemolysis could be detected. 
12: 10 p.m. ~'he aninml (IiHplayecl mOclerate hloat SYllll)toms and was be­

cOlllillg' rest-less. 
12: 20 p. Ill. ~~he nnill1nl wns vel'Y I'estless. 
12: 30 [1. III. 'l'hc lInimal ilegnn 1'0 urinate frequently. 
12: 3::; 1), m. ~~I1C !Inill1nl display, '" excessil'e snliYation. 
12: 45 p. III. nl~sJliration WflS labol'crl Hnll the animal was dish'essed. 
I?: 55 p. Ill. 'l'he nni.ll1111 disl1lnyed sC\·el.'e blou t symptoms. An att('mpt to 

take a bluod sample was unsuccessful. ' 
1: 00 p. m. The anilllni WflS going down. All attempt wa ..., n', "to re­

JieYe the animal by stomnch tube amI some gas wU:••.elealjj!d 
us tIm animal collapsed. 

1: 05 p, III. ~~he II lIimal !lied. Illtrarnminal. preRsnre \Y is 50 mm. Hg. 
On antopsy it was fonn<ll:hat the rUlllinal contents were "frothy" 
und that the l'Ulnel! co}ntainl'tl a large amount of fr()e !?al'!.. 

)'" 
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S~EP No. 50, June 30, 1054. 
Diet: SnDle ns for nnimnl No. no. ~'he animal was remoyed frolll PU::ltUl'C at 

9: 80 Il. Ill, 
:Material giyen: 50 grnms 01' n!l'nlf;t l"apOllin and [iO grams of: dextrose in 1 liter 

of water. i1y stOlllaeh tulle. at 11 : :27 :1, 111. 

J{eaetions: . ­

11: 80 fl. Ill. Respiration was norll1nl nt a rail' 0( t;;; IWI' millute. Humill:!l 
motility ('01l1d be l'l'ndil)' \letedl'll. 

11: 40 :l.IlI. Hl1Jninal 1ll0ti1iI~' ('(mld lint 1)(' (ll·tpl'tpd 1'1'0111 tid:; pOint on. 
11: [i:) a. 111. 	 '1'he animal dif;[llay('d slig-ht hloat s~·lJIpt()Il1f;. 
12 	uoon. ~nlC animal disp]nyed slight: (+) IJloaf: symptoms. HeRllira­

tion Wflf; iITPI-\'Ui:1I' at a rille of 7:) per minute. 
12: lOp. Ill. 'fhe animal Iwgall to lIrinal-p freq1lently. 
12: 45 p.111. ~rlJe IllIimal fiispllly<'tl !llndl'!,)II-e hlont i',Y1nploJJls aIH] eX('cssil'u 

1lJII!.!Ot1S al)(1 snlil·ar.l· ~(,l'1·!'1i(J1J. 

1: 07 p.lll. ~ehe IInimal (liS[I],l),l'd llIotl!'l'at(' (+l hlont I'(Ylllll[OIIl~. HCl'(piril ­
tioll WIIH laIJored <It a ralc oj; -1:-; 1)('1' millule. 

1: 18 V. Ill. 'l.'l1e IIllilllnl was !listn'~~l'(!. 

1:45]1.111. Sel'ere hloal. >'Ylllllit)lll;;. '.1'11\' :\nim:ll \Jpg-all hl froth Ht i1w • 


month awl Ilt)strib;. 
2:00p.Il1.Allilllnl ('011:111:-;(,(1. Hl'Hpil':liiOIl rntc wlls:2;; ll('r minute. 
2: 30 ll. Ill. The animal dic(!. 

011 :lutOVfiY, 1:h(' J'U1llillnl illg(',.;ta W:lS "froth)'," but the rnmen 
c()nlaillcd large nlllounts or free !!H". 

Although alfnH:L ~ap()l1in has _\s poinie>cl Olltin tablc 1, bloat' 
definite toxic effed:,; n.t: the h ighl'r ~,\'llIpt:OlllS We>J'l' pt'(~duce>d in Gyf y3
levels of administration. as wi 11 be ) Jlt:I'H\'PJ10W5 expeJ'lll1Cl1tS. '\ :ll'Ia­

pointed out latcr, rapid ('ollaps(~ lions among- an im:tls were notcd, 
and dea.th of the shee>p in the nbo\'e 
experinw.nts did DOt. oeeul' llJ1Jess 
the lLllima.l disphtypd mHt'ked bloat. 
SyulPtoms. In :dl casps \\'here 
mn.dced bloat. sym,pl:otlls \\,('I'P ob­
tltined, the animals displaycd ft·(~­
quellt urination atHl dpfe('(ltiol1, 
labored respiration, exe('ssive sali­
Yation (fig: 7), nnd extl'(\ltll' dis­
comfort. lmmccliat-ply prior to l'ol­
lapse, the animals nlso Sltl1'et.·('d 
from a marked drop ill blood pt·ps­ • 
sure. 'l'ltesheep with slight: OJ' no 
bloat sympt'ol11S dklllot display til(' 
symptoms listed a!>o\'(', ('\'('11 ~dten 
they receiycd the Salll(~ alllOtlnt: of 
saponin. 

INTRAVENOUS ADMINISTRATION 

In orch:!' to g-H ill add itiollal i11­

formatjon on the aelion of alfnlfa 

saponin, a. llumbl'l' 01: espl'J'inl('nts 

were conducted ill \\'hic·!J solut-ions 

of the s:I,pollin were adnlillish'l'e<l 


- iIltO the jugula!.' veilt of slll'Cp. In 
[i'WL'III; 7.-1'lxcessiyc salinl1iOIl llIH] mu­
an the expel'inwll{s dextrose soln­ ('(IllS SC('l'ction exhibited by unimal 


tions :were given by "tolllaeh tube. ,,·.ith marked IJloat SYlUptoms. 


• 
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not ,on1y in bloat symp'tol11s but also an ill1:l1s following th& saponin a(l~ 
in ollwr pily;-;iologteal l'cadiolls, 10 milli:;iT:ltion, Several of the ani­
this mptilo<l of sapo'nill fldministr:l­ IIW):-; wen' obsl'n'l'<l to cough or 
tion, :-Ionll' of' ('he ;;1H'ep displ:1YC(l :;11('('%(' fn'!(IIl'nily as the intl'al'u­

• 


• 


• 

dplini(:p IH'ITOIIS l'e'(lcfiollSfollowing llIillal )lI'PSSlIl'P began to build up 
tile' intl':t\'C'1I01lS dosing, wI! iIe others aft-PI' pii)H'l' ill!Til\'PIIOIIS or intl'uru­
displayl'cl Ii tt Ie ot' 1I0 I'l'actiOll, IIlilln) ndl1linistTatioll of alfalfll. 
Blootl ItPili 01 \"fiis ('olll(l not he (1('­ :inpollin, (;-:\S \I'ns inmriably ex­
/'(,'r-tE'([in sonic' of thE' anillwls. (,\'PI1 )ll'lh'd hy tit('Sl' [1I'O('l':-'SP8 and often
follo"'in§!' intTawlIOlls illj('dion of 

:;('(,11)('1) (0 prp\'('lIt :l'lIrllter bloating.
lip to 1 !!T<llll of the' nlfalfa sa,I)()lIin, ( '(!11gb i Ilg :t!-' tl PI'Ol'PS!; for the. eUmi­
'1'1\('1'(' a p]l('a1'C'<l i-o h(' no ('OI'I'platioll 

IHltioll of !!':\S fro\ll bloated animali:lbC'l\w(,1I hloo(l 1]('lllo1 \'si;-; and blo;lt. 
[laS b(,PIl l'~')JOl'tl'd by'Yil(l (;;1) andas SOlllP allimals bl()atl'tl witholt!: 
(,olp (0).1]('l1lO)Ysis and ill otlH'I' (':ISPS <lp(i­


nitp b'lood Il('1\l 0) n.:is was ck(-(,t'(('(l T\\'o of ill(' ('as(' hi~t:oriC's of ani­

\\'itllOUt :Illy lJlO:l( S)'lllptOllls, .\ lila):; !'p\'('i"illl!inll'l\Yl'nOUS (loses of 

dlanpy ill ilte I'('spil'atol',\" I'at(' ;\11(1 alf:tlf:l s:I)l(ll\in :lre gi\'en as fo1­
patll'l'n was nO(('\1 in lilosi' of' the lo\\'s: 


Slfl':!':!' XO, WO..\llP:II,.:t ;:. }O:;·I, 

!)il'\": L:l(lilJo ('1,,1'(,1' p:l:;IIII'{'. Thc' :IlJiIllnl \I'm: 1'('lIlO\'pl! froll1 [la;:flll'(, at J1 a. 111 . 
.\1;\(PI'ial ;!h"'II: :;0 ~nlll1'; IIr ,ll-xIT\l:;,' ill '1 litp!: or W:lt,'I', h~' stolll:H'h i"ubl" at 

l:!:O:;]I, III, :111<1-1.:; 1-0:; ~I'nllls 1)1' a Ifill fa ,;apollin hy infTfI\'elloIlS drip Jrolll 
I:!: 1:! to I:! : IS ]1. III. 

H(':H'tioll:< : 
I:!: :!11), m, 1111tllinnl ml)tility :11111 ('rlwlatiolis hall ('(':Ii;('(!. 
J:!::lO p. III. 'I'll(' :illillllil h(,!!HI1 10 shol\' hlllnt 1'~'lIIptOlll!l. A hlood sample 

l:rkpil nl' tl)i" tim" di>:pIHy('d ;.:ligh[ h('lIloly:;i!l. 
l:!:;::lp,til. Till' Hl1illl:r1 (li,.:pl:ry<,d (,X('('s~in' ;.:nlil'Htiun Hlld !)('(':1111e restless. 
1:!; ·Ii' p. III. 'I.'lll' :ltliHlnl tli:-;pln,I'p(] slig-hf' (+ I illont :;Yllll'tolllS, 
]:!::-"J JI. m. TIH' :rllill1:rl I\':r;.: d"IU'p":sl'd alld Ilispl:ryC'd PX('(',:sil'(, [I'otlting at 

Iilplliouril. 
-I : 0:; p, III, Till' :III i 1lI:t I d i"plaYl'd IlHlI,lpr:r II' hilla 1 ;:~'nllllIJ[I1S, 
1 :10 p, Ill, Tlip :lllillWI di:;pl:rYI'd 11111,;(,111:11' ITPIIIIlI'-: :r11.1 (>X('('s,;i\'(_"! salil':l ­

lil'II. 
I: I!I p.m, .\ I'apid Hl'('I'I(,I':riioll in h(':u,t 1':11(' :111(1 n r:lpirl fall. in blood 

1)1'('';''111'(' \\'as lIotl'd. 
l::!O p, Ill, Till' :llIilll:ti ('oll:1p:;l'(I wHit all ill! 1':11'11 III ilJ1l I ]11'(,:;:;111'(' or 30 mill, 

JIg (fig-, S, L 
l: :!(i p. Ill, Till' a II il1l:1 I (lil'ci. .\ hlood "fllllpl,' 1:11;:('11 at thi1i Utile showed 

Itlarkl'll 111oo([ IlI'lII11IY,;i,;. Oil aUI'OII>'Y, lilt' l't\lllinal ('ont(>lIts 
\1','1'1' olls('I'\'l'd 10 10" Ips,.: I'l'olh~' 11I:ln Ih(l;':(' ,)1' III!" Hnilllnis 1'("­
"('il'ill,!! illll':rl'lIIlIill:l,l nrilllil1isll'aliol1 or tit" :;apollill, 

:"hn:l':l' Xo, :27. -'.\llgu~t .to, lOG,1:. 
Ilip!:: Lntiillo ('jorPI' pns{ul'(', TIl!' tlnilll:r1 \\':\~ r('II1()I'('~] J'1'0l1l th.. pastul'e at 

!l n, Ill, 

:'Ifn(('['i:lls f:'i\'('II: 1 g:I':rrn 01' nlfnlfn ;::qlollin h~' intnl\('non;;. injl't:tion at l: 22 
Jl. lIl,; ijO gl'ntn1i of Ilpx{I'Il;;r ill :I Iill'l' oj' \I'arel', Ity :<lulllaeh t:ullf" at 1: 2;~ 
p, 111.: 1 gl':llll (II' all'all':t ~:t[l(jl1ill iIlIT;I\'('l\ou;.:l)" nt 1: ,I:; p. III., 1111(1 ;)0 gram,:; 
of c1pxtro~p ill 1 lit('I' Il[ lI':l.tpl', h,l' ,;101l1:1I'h lubt', at I: ,IK p, III, 

U(':H't iUIl:; : 

1: :!·I p, III, .JI",wlIlnI' II'('IIHII'" I\'PI'P 011":<'1 n'/1 illllll"di:rI,'ly ilfi(~r the jil'st 
dosf', 

1: ;;:! p, 111, HuHlin:li 1l1Ot:i1 ii.\' illid t'l'lil't:ltillll 1':\11.' flll(] \'ollIIne aplle:1l'('d 
10 h(' nl)1'1l1:11. 

1 : a.j p, Ill. I.t II III ill:l I 1llOiilil,I' \1':1:; still :I<'th'p, 

'-: ,I:; p. 111. .\ "loud I'alllllll' IIlk!'1I :It Ulis I'illll' jJiSlllfl)'l'l1 sliglt!; hellIolysis. 

1: ,Ill p, III. Tltp IIllilllilI displu,"l'tilH'I'I'OIl"; ":Y!IIllLOIlIS illlllll'lIi:Hely following' 

thl' S['('UII/I (lost' of' ;;ap"lIin, 

400051-57-'-3 
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Reactions-Continnctl 
l: 4D p, Ill, The Hnimal ]l:l;;;scil hloody UriIlC. ?lfajor rUlllinal motility could 

110t ue detccterl at this time. 
2: 12 p. m. Thc flllimal \Icgan to show bloat ><ymptollls. Xo eructations werc 

detectc'(\ during 11 7-minutc oi);;;c'rnlti(1ll period. 
2: :::0 p, 111. ~I'he animal disP\:IYC(1 slight uloa t sym[ltmns. 
:3: O(j to;::: 1;:; I}. m. No CI'Il('tatinn;;; <,,,uld 1)(' dNCCI'C'l\; ho\\,p\:pl'. the uni111nl 

c(lug-heel se\'c!'al times dlll'ing this ll('n:iod and passed rUUlinal 
gas while coughillg. 

:l:..1-2 p. III. TIl(' :willl:ll allJll':ll'pd to hI' nll'lt find [lie hlo:Ii' ;:Ylllptoms were 
Ll('ginning h) SIIIJ,.:irl('. 

4:;::0 p. lll, Thl' :Il1inlill (lisplny('(1 no bloni" l;'ymptolllS :111(1 WflS I:c\ea:-:t'd to 
a pn;:[I1!'!'. 

T: 15 p. Ill. to T: ,I;:; p. 111. Tllc :l1limul was olJscn'cd to Dc gnlzing. 
August 11. l!J:'.J. Till' anilllal apl)('al'cd \0 he l'!'lntil'cly 1I0l"lnai. 
August ]2, ]!);j·I. Thl~ anilll:ll apl1c'ar<:'d In he 1'l'latil'('I~' JlOl'mal. 
August ];:, ]D;j·!. TIll' flnilllill (1ispla),l'(\ 1:lhol'('(\ r(';;pil':ltinll and (\i('(\ :It 2::10 

1). l1l, 011:1 u[nl);:Y, I Ill' lungs sh(J\I'l'd ;;(,I"('l:\' "<lllg('SUOII, • 

l'xpl'I'inH'nts illllstratp that alfalfa, 
saponin has PI'opl'lti()s othl'l' than 
its slIl'fa('p tellsioll adioll tlmt ('0111<1 
('ontl'iiJllh' 10 bloat. 

EKPERIMENTS WITH OTHER PLANT 
SAPONINS 

III it 11111ll1ll'1' of expl'l'inlPnf'R (:on­
dll('(pd in similar fashion to those 
with al t':dfn. saponin, intTal'l\lninal 
:HhllillistTiltion of lip 10 ]00 gL'tHlIS 
of two sapollin prC'pal'at.ions iso­
I:lipli t'I'onl the Yllf'C;'t plant and 
:t\'ailabl(' ('ol1llll(>ITially ha\'e failed 

• 

]j'[GUI:J, S,--"\llimal :So. lllO, with lIlocl­

cmtc (+) Illoa t :;,\'II1IU.oIlIX :11'l.l'I' I'l'('ci 1'­

illg all illi:nIW'II(IlI::; (\Ol'C 01' all'all'a 
S:l IlQni ll. 

The inIJ'a\'C'1l0IlS :tllillillistl':l!ion 
of :tlfaH:t. saponin 1('(1 to the ('\'('n­
tunJ death of till' nilljol'ity of the 
n:njmals illH1 will b(' disC'ussl'd jn t'he 
section 011 toxil'it,\' of the snpOllin, 
'fhe signifie:tllC'c of I'hein!:rtn'ellous F"IGUlm D,-Bloat srmptollis pro(Juce<l
experiments to elini(,:t1 bloaJ is n, fl'oll1 illtrnn'lloliS injection of quillai
lmttter of sJwen la tion ; howew'I', fhe ;;apollin, • 
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to procluce any bloat symptom~ in 
sheep, The intravenous nclminis­
tration of 1. gram of one of these 
saponins (lahe]ed as toxic), also 
fai]e.d to p1'o<'ll.l("(I. tiny blo:lt symp­
toms Ot" toxic effects in fom differ­
ent experiments, 

In another (>xperinwnt, t\\"o sheep 
were eaett giYell an i n!l"HYCnOIlS tlo:;e 
of 1. gram of quillai (Quillaj(t 

SAPO~~S 15 

8upo?lmicL) saponin, One anjmal{. 
clispli,tyed marked bloat symptoms 
(riA", !) and collap~ecl withlJl 5 hours 
of do:;inA", The second animal dicl 
))oi: display any bloat symptoms but 
diN1 within:2 days aftN' closing, 

The quillai saponin, like the a]­

I'nHn saponin. <"ollt:n,ins :1 tl'iterpen­

oi([11II('Iells, while the. yucca sapon­

i.ll <"ontains n ~tel'.i()(111ne1eus, ' 

EHect of Alfalfa Saponin and Some Other Plant Materials 
on Ruminal Motility and Eructation 

By Il'an E, Eil1dllhl, lJ, lV, DOi/ghat!l: flna R, E, Davis 

DeEds nml ('o\\'ol'kel':; ,I of tht, 
IVp:;tern 1 ~I'i1illali()11 R e ~ l' a r (' II 
Ihnn('h. r~TL\. 'follnd that nll':llI'll 
saponill lllodified tlie ('ol1imdiolls 
01' iso.lntl'<l jnh~~tinal ll\llSell' in n. 
lllfllllh'L' I'll a t d i11'l'I'pd from (he H('­

lions of' ,t eOllll11er('i:d h' n \-ailahh' 
sapollin, XIf:lI I!:I. snpoliill. ill sufli­
('i(>l1t C'Olwpntmtion. <::\lIspda loss of 
c'olllTnetio11 and l'OllllS wil'llin a. short 
IWl'iod of tilll(', Pal'sons (.VI) abo 
l'ppm'lpd that alfalfa saponill ill­
hihit('(l the I\\olililv (rf iSO\;ltt'd !!ut. 
[11 ~-il'l\- of II\(' nh;)\-l' lilldin!.!}i 'alld 
Ob;;('l'\-:l!ions lllllde on intac't a'nimal" 
durinA' tlte l'XPC'I'iIlIPntal pr<)(lll("lioll 
of bloat s,,'mptollls, a IIll111bpl" of 
('xJ)(,l"i nll'n t:-: WPI"l' ('olld llC"ipd to ([p­
tel"llIiue tIL(' l'l[pet O[ aHall':t ::;aponin 
and sOIlI(' ollll'I' plnnt' nla('('rial" on 
I"lll11inal ll10tiliiv tllHl ('nlt"latioll, 
('oh-in and ('()w(~l'kl'I's (8) .Ii:ln:~ ],(~­
ported «Iial' tl\(' intr:ll'lIlllinnl ad­
1l11nisiTatioll of lIHalfa ~np()llill to 
sh('ep w(lllld 1"(1::;1"1' in d('l"l"l't1::;t'd 
1'lIll1in:tl l11olili{J', 

EHect of Intraruminal Adminis­
tration of Saponin and Legume 
Press Juices on Ruminal Motility 

EXPERIMENTAL PROCEDURES 

Ten mnttll'(\ :-;hl'l'p nnd ()Ill' Rj"Pl.']', 
('aell HUed ",it'll ppl'llHlllPn f' 1'11111 inal 

fisinl:is, ,Yert.', 11BN1 in this l)hase of 
t lie stllch', TllP Yn riolls diets that 
till.' unim'als l'p("Piwd prc\-iolls to the 
pXlw"j I1lpl1 I'il j 11('1 II <1 P<1 mixed pas­
tln'p. 'which was l:ngely Luclino 
('Jon'l" P.T~ISS pnshll"e, [tHalia, hay, 
lllHl all'alt:l meal. 

XlIlllPI"OIlS cxpprinl('nts with 
shPt'p WI'\"!' ('ollclurtecl at the Agri­
('uHul"n1 Hp;.:pnrelt Crl1l'er over a 
pPI'io(l (If (I, )"I.':n., 1.1sinA" scycral dif­
fPl'PIl I', lot" of I'he isolntec1 alfalfa 
:-;npOl1ill. t1l\'('p ('ommercial1y avail ­
ablp nOll1r!!1II11e saponills, and press 
juicps fl'om alfalfa and Ladino 
(']O\-r1', 

.\ continuous- </,p(I(l kymograph 
",iih illk-\\Til'inQ" ail' inmbonrs was 
llspd in all tI\l" l'xppriments. The 
nil' {nmholll's II:-;N1 in most of the 
l'X{ll'l"illl('lItS plllployed :1, Inp;e disk 
('o\'PI"('(l ,,-ith s0nsiti\-e rubbC'r, In 
:Ill ('asps :t (1i l"l'd L"('l"ordiuA" of 111­
ll'nl'lunillal jll'C':-;SIlJ"(' ehnnp;t's was 
mnrlp Iw ('Ollll('dill!! HIP nil' tam­
hOIlI's\i-ith nn Oppil tllhe inserted 
thl"ough 11)(' :-:Iopppr of the fistula 
(':JlIllllln_ .\( I'llp bl'g-ill1lillA" of the 
('XPPl"illl('lIt:-; til(' hUl1\)Olll'S amI ink . 
wrilillg- ppllS ,\"(')\' ncljllsi'ed so that 
tlll' illtl':lI'II\IIlnnl press-nre, changes 
I"P;.:uHi ll).! frolll I'(':-;pi 1":1 tory move­
IIWllt:-; would, lw ]"(1 ('0I"ded, This 
,,-nS \lOIIP 10 in:-;\lI'(' a. rN'()l"(ling: of 

• 
'Persoll:!l CO 11 1I11 1111 iC':1 tiOll, I'\'(' )<('!'Iiol1 rniitl('(l "~Ollle Phnl'llIiI('ologicnl Effects 

of Atfalfa SapOllin on XOIlt'lIl11illallt;; alltl nil J;::/Jhlt~tl.\Jma-l~' i'tl"i[l:;," 
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the intrarmninal pressnres result­
ing from slight rum,inal contrac­
tions. "All dosing was cl 0 n e 
through a second tube insel'te<l i11to 
the fistula stoppel'. A flexible rub­

. bel' tube attached to the (leli,"eI'Y 
tube was employed to dil'(,ct the do;(' 
material into the l'I11111nnl eonlynts. 

The saponin WitS dissoln'tl in np­
, proximately 1 ] iter of wa.!'(>!' IUI<I \\'a" 

:ulministerecl in one of l'hl'(,8 \\':IV';: 

As n, single dose given in n, fc\\­
minutes; tiS n split dose: or, in slImll 
increments on,~1' an extendl'll pm:ioll 
of time. 

In some experiments, IIiI' 01' CIlI'­
bon dioxide l!ns Wm'i. also in!1'0(1I1('I'1l 
into the l'ul11en til 1'0u l!h till' ([osal!l' 
tube. A wet test g;ls IlIP!rl' W~lS 
used to meas\1l'p tIll' lImy 01' l!:ts and 
the rate 'was mad,eel on ('hl''tl'aeil1l! 
by a sjgnal mnp.neL . 

In pl'epnl'n.!'ion 01' the legllme 
press juices. the following ;::;teps 
,,'ere tnken: (1) Thl' Ir,g'ul1H', 
Inttterinl waS froze II b", stOl'ill!! it: nt 
n, tempern tlll'~ of - a()O F., (2) t'i1n 
mater.ial was then tlww('(lrnpi(lly. 
(3) passed thl'ou~h tL llI('ut gl'incl(:i< 
ltnd (4) tIlE' juice pl'essrd Ollt of the 
grouml mntel'ial, lIsing a l1\o<1if'iNl. 
OalTer hydmn1ie, press aml 10,000 
pounds pel' sqwU'e inch of pl'e:;Slll'C 
on the cake. 

RESULTS 

Alfa1fa ,"iaponin.-C'OII:;idl'l":Iulc 
y:uintioll was lloted in the eltel'!' of 
alfalfa, saponin H<lministraliol\ on 

.·l'Ulj'linal motility anlonp: anillltlis 
,:Ulcl with the same allinmls on (li 11\'1'­
ent dlLYS. 

Figures 10 nn([ 11 ill ust ntil' a 
contrast. beh\'PPIl tlH~ )'I'a<'l'ioll oJ two 
sheep to the same amollnt: (d' nIfalftt 

,:' 	 saponin (20 ~m,) gin>1I in till' ~al\ll' 
manner, IJII I'he same day. and \\'hrll 
they were l'l'('eiying (he SaJ1ll' diet'. 
Ruminalll10tility was IIlal'kpIlly I'P­
(l{((~ed ill the (':tse of anilllal ~o: JIH 
(fig.. 1Q) Wit11i'.' R tl~W IIlilluteS fol­
lowing dosii'.;~, bitt little 01' no clreet 

was obselTed :ill (ll1irnal No. 232 
(fig. 11). 

..::\.nothpl: defin ite contrast between 
the reaction of a diJJ'etent pail' of 
sheep is illustrated in fi.glll"es 12 and 
l:t Both animals "-('1'(' l'e('ei "ing the 
same fll'('dos(' diel' aml wel'e treated 
ill {-IH' ~anw mnnner. In hoth cn~es, 
:l dose 01':23 ~l'all1s of ;\]falh sapo­
nin awl tiO !!,'i':tI1JS of d('xtl'o:';e wus 
It<ll1linisi'I'I'('(l illto the rumen. The 
1'1I111illld Illo{-ilitv 'waS tmeed for It 
fWl'iod of 1:; to 20 minutes and then 
:I, SP('Olld dose. of 23 !rl'i\ ms of dex­
tJ"()~e W:I:-; l!in'n. Tile i1dmillisl:m­
lion f)f t1;p first dose of. alfalfa. 
S:l pOll i II 1IIHI dl'xtrose j'('sllltelli n :l 

I':lpi(ll'edudion in t'Illninnll1lo('ilitv 
ill llJlim:d No. 71n (Jig. 1:2) lInci. ';l 
;::;ligltt hllil11np of inh'fu'Ulllill:ll 
pI'P~:',IlI'I'. TIl(' seeond dosp of d~'x­
tl'OSl' 1'l'~uHed in an add.itional ill­
('\'(':lS(,;1I inh·al'lIminallll'eSs\Il'p. 

~1H'L'p X0, 0:2 (tig:. V~) I'PSpol1<l(,d 
ill :I. lIill(·h difrel'l'nt 111:1111\('1:' HII­
Illinal 11I0tili(y npp('an'<l to ilL' in" 
("'(':1S(\(] fo!" about '( lIIil1l1'(,S 

il1ll1H'diHtelv follo""inl! the lil'st dose 
and a (\pfiliiteinC'l'ellsl' in t1!l'fI'e­
([llPnc," 01' 1'1I11liual contl'Hetions \''':1S 

note<L foUo\Yinl! the s('eond dose of 
d('xtl'ose. In 'n, !:ttl'!' pXI)(,L'inwnt, 
the inlTnl'lIl11illnlll<lministl'ntion of 
:2.) gl'HIIlS or alfalfa. saponin along 
\\"lth. 23 grallls of dextl'o"e a1ld 25 • 
gl't1IlIS of egg rtlhumin to s1i('ep No. 
\12 (s('e Ib', :2H) l'esnll<'Cl in :1 tldi n ite 
bllt-. {Tnn~it:()I'Y l'eclnetin\l in 1'11l1111lftl 

lllotilih'. . 
Somi.; llllilll:t1S <lisplaypcl n llluch 

1ll0l'l' \'al'inble 'I'eae-tion to l'l'pent:cd 
infl'al'uillinnl lI(lminisl'l'ld'ion ()'f nl­
fnlfa saponin ('han Mltel's. Intl'll­
1'11111 in:ll atlm inish'a (ion of n lfalfa, 
saponin (0 shec'p Xo.TTH (figs. 12 
lind H) :lnd to i;ltPl'P Xo. llS (fig. 
10) alway" l'l'sult'ecl ill a delinit~ re­
dll('t'ion .in I'llminnl 11Iot:ilitYi llOW­
(,"('1'. Ihe speell of tIl(> r('nc!'ion mld 
fIll' eX{PIlt: of tl\(' l'Ptllletioll yaried 
fI'Olll dny !'o day, Ol'hel' nnim:t]s 
"uric(\. 'f~'OI\\ disl)lnying little or no 
rl'ndion to mal'ked I'eduction. ill mo- .­
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No. 118 

7/12155 

AII.II. 

Saponin 

A .. ii, ,c.•
l<~I(lell" lO,-H('(lllctio.n il. !'U1l1infl I 11101 ilit',\' ill shel'p following illt1'lU'uminal admin­

istra tiOIl of :!;j gill, of alfalfa. snpOllill, B=hlent,;) 


tility on I'elwafed ad III in isf'\'atioll of 
f' he sa.pon i n. 

The reasons :1'01,' the Yal'iatioll 
lImong sheep tlllll the ~all1e sitl'!']) on 
<li ffel'PIl r (lay::) in I'!'spect 1'0 al:fnHa 
saponin administration :tncll'!'due­
tiol\ in l'lllnillal mol'ilil'" are not 
elenr at the present t'tme, Th('. 
dill'el'l'IH':{lS in reactions cannot· be 
adequately explained. by previous 
diet:u',Y I'egimens, difFel'ent lots of 
the saponin, 01.' 1I1('11Iod of infl'o(luc­
tion. be('tulSC definil'e reduction, :in 
rU1l11nal mot:ilitv \Yas obhlinNl flt: 

, 	 one tinll' 01' aao'l'hl'r 011 all di!'tnn' 
• 	 regimells, with all lots of saponili, 

and ",ith all IlIt'tiJods 01' ini'I:nrtlmi­
nal ati.rnillistl'a.tion. 

Fi!!'urpH illusiTnl'l's a rpsll1t ob­
taint,'d fJ'Ol1l i IItl'odu('i 11"' carbon 
dioxidc' 1l:1IS into the I'ullfl'n :tlonll: 
w.ith alt':Ilt'a Bapollill. 'I\n'nty-'I'olll' 

gmll1s of alfalfa saponin dissolved 
ill i)()() Ill!. of wal'er was jntroduced 
illfo the 1'11111('11 in two doses. Car­
bon dioxide gas was introduced at 
tl mh? of appl'oximately 1 liter per 
llIi!lllt('. The ndmihistl'ation of the 
fil'sl' 15 gl'allis 01' alhlftt saponin 
I'Psl1lte<l 'in an immediate cessation 
of t h l' 111 a.j 01.' rum iII n1 ('011 traction 
alld an ill('l'case in the frequency and 
depth of respil'ntion. Although 
t11l'J'(~ \\'lIB also :t j'l'(luction in the 
alllplitude 01' ('he "eructation con­
tl'a('tions," .i. e., the contraction as­
so('i;tfpd with eructation, the animal 
\Yas still nble to t'J'uC'tate this large 
amOllnt of gas ,,-ithout aily increase 
in illlTal'ulllill:t1 pressure. The 
second <lOSt' (!) grams) of the 
f;aponilll'l'sliltt'd in a further de­
('J'pase ill I'he amplitude 0'£ the 
"('J'II('{:ation ('ontractioll," an Jm-

li'IGI'lmn"':\"I'gntiYl' I'('HPOIIS(' nf l'llllliwll Illolilily ill shepp .following administ1'll­

No. 	 232 
7/2155
Allollo Hay 
Diet 

tiOll of 2;j gill, or alt'nlfa sa])Ollin, 

No, 232 

712155 
Allolla 

RUMINAL Saponin
MOTILITY 

259. AII.llo 5 a pan in " 

, 
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FIGURE 12.-H('du('('(] 1'1lIninai motility flll(\ illCI'(lascd illtl':1l'uminnl PI'CSSUl'e in 
sheep following intl':lI'umillal :Hlministmtion or alfalfa ;;nponin ami dextrose. 
Note llegatiYe response £ulll)\\'illg intl'arlllllillal Ill1llliJliiitl'atioll of a methyl sili­
cone preparation. 

pairment in efliciC'Jl(',r of C'l'llct:at-lon, Dougherty and :Meredith (15) show 
and an increase ilLintrHL'luninal thnt el'lld:ation can occur in the 
pressure, absrl1c(' of l'lllllinal 01' reticular 

Additiomtl experi 1Il€,\1{S cOIHlurl'­ mohl i ty, pL'Mided that the cal'dia 
eel with other sheep ll~inp: sublethal is 110t ('owL'ed by ingesta, "Teiss 
levels of n161J:ftl Bftponin l'C'\'e:tled (60) reported simiJnl' findings in 
that it was diflicn]t to l)lIil<lup ('x­ his stlllliE's on the etl'('ct of small 
cessive in tral'UI1I i IIat pr(-::;~lll'e by len-Is of potassium cyanide (prussic •the introduction of (,Hrbon dioxi(le acid) on the elH.cienc,r of el'lIcta60n, 
gas or air into the rUl1Ien nt a rate l)ossible 1'(,llsons why the intro­
of a liter ])(~I,' lllilllltt', even ,\'herc duction of i!'t1S into the rUlllinal COI1­
rnminal motilih' was ::;('\'('rt'l" im­ tents eonf:aliling al"f.:ll"f.a saponin did 
plti red, 111 HOllJ'C easl'S \\'11('11 'j'lIIl1 i­ Hot I'PSlllt ill sllJlicient froth to block 
nal motility was Sl'\'t'J:l'ly jmpnin'tl, t'l'uetat·ion ill the absenC'(' of ruminal 
there aplwa1,('tl to 1)(' an :lll11osi' con­ l11otilit" will be Of[Pl'Clt"ill :1, fo]]ow­

stant passage of p:as from the iIlg sec'tion. 

esophagus after illtr:lI'urnillal \>1.'('5- Two experiments were conducted 

sme had built up to a few milli­ with thc stcer, In the first experi­

meters of meL'CU1T pressure, ment, when the animal waS grazing 

Although normal ('J'ueUltion is n. Oil tn'ass PllstUl'e and l'eceiviug 6 
well cool'clinat('tlllleeha nisl1li Iwol\,­ poullds of ottts pel' day: the admin­
iug l11t1sculn,1' actions of the l'umen, istJ'atioll of 100 grams of alfalfa 
.reticulum, cardia, diaphrap:matic saponin along with 400 grams of 
sphincter, and esophagus (15, 50), dextrose resulted in [1, l11!trked de­
recent cinefluorographic studies by crease in ruminal motility and a • 



1 
., 


ALFALFA SAPON~S 19 

No. 92No. 92 RUMINAL 
6/5/55 	 6/5/55MOTILITY 
Pasture 

-, . 
25g. Alfalfa $ ap 0 0 i 0 

50g. Dextro ~ I' Time 
.1... L L j .1 ••1_..•,. I J I,,,··,·..• j, ···I_u·>I. t~~.·L,. 1...__1. .••• 1.. •. 1.." 

.~~~~~·~~~~~~OO~~~ ---. -IT --~------.--.. ~ ~-~~.---.~-
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• 	 FrGUllE 13,-IuerCflSCll I.'UBlillnl motility ill RI11'(>)1 following" iBtranuninal flllministra­
tiOB of nlt'all'll H:1llOllin :lnd d('xtrOR('. 

slighti nel'ease in i ntl"arlll11 i nn.l (l:tb~'led as nontoxic') to a sheep 
pressure (itS tnC'HSLH'C'd b,v an l'lp'-a­ thaJ had ShO\\"ll definite responses
tion of the haseline ot: the motility to alfalfa. saponin did not reduce 
tracing). In I-he second I'X])C'1"I­ ruminal mot'ilit'\' 011 three different 
ment, ",hC'1l the anillln.l "-:1S grazing ()e('asi()n~, 'l'lte"'same rcsult,. was ob­
on n. pasture. contn ill ing pl"N1ollli­ taine(1 from the. intrllruminnl ad­
n:111t amonnts of Ladino clon'l", the minish'ntion of 25 grams of It sec­
inh:al"lIl11innl ac1mini::itI'atioll of ITfi oml :\,nce:l sa pOll in preparation 
grams of alfalfa. saponin in a, split (lalwkd as toxic) to fOIl1.' different 
dose (100 gill. and 'i;; gill.) l'e"nIlt-('d :;11 (,C]), Compal'l' figllrC's 10 and 15. 
in no de(pctable e(l'ee!: 011 rlllllinnl OIL t-hc ojIt ('I' han <l, in h'arll IIIina! 
motility during a. 2,::i-Itolll.' o\):;elTa­ fl(lrninistTatioll of 215 gl':ll11S of 
tion period. qlliJlai ((!llilla,7n N(lpOIl((l'ia) sapo­

J'onle[l;lllJ1e 8aponilI8.-The ill­ 11 in to fl. sltl'l'j> I'PslIltpd ill n. marked 
trHl'uminal aclmilliRtTafion of ;\;j I'Nlndionill 1'IIIIIinal motility and 

•
gmtns of :1. comlllercially a'"ailablp an ill crease j ni Il tnu'uminal pres­
saponin from the YIICt'H plant- Sllre. 

RUMEN MOTILITY 	 S h S h 

I I ~EI I~ I LI I 	 No, 776 trelef rete 

JJJJ.,lW~lp,)}~*~ 	~v·J~~~Jw..)~~ _ 

~2/2~jt4 159 Alfalfa Sapooin 

Alfalfa CO2 - EACH MARK" 3 LITERS 
Diet" 	 • MINUTES 

M =MAJOR CONTRACTION 

E = ERUCTATION CONTRACTION 


Stretc:h 	 Cit rot ch 
Stretch ~ Stretch 	 No. 778 ~ 

/JJ.:;::J!~J..""'..t.'-"."---- L.v.". 
~) 

9g, AI fal fa 
Saponin 

'. 
--..··lr 

FIGCIH') 14,-An cITed; or intwl'lIlllillnl a\llllillistl'ation or alfalfa slI)lOllin 011 1'1Ilnimll 
11.)OtilitlT anel et1icil'IICl' oj: l'l'uctatioIJ ill ShCl;l), 
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.i.=t! •
:~'.' FrOUUE 15.-Ncgnti.vc reB110URC in ~lH'(}t) of l"llluinal 11lotili.lY to illf:l'arlllllinal atlniinis­

tl'lItLon of :t yucc:t s:tpOnill PI'l'IHll'lIl'iOIl, 

Legume Pl'e8S ./Ilif'e,-Ynl'intion 
,,'as noted in the ell'ee(- of intTnl'lI­
minal admillistration of 1('g-lInlt' 
press juices 011 l'uminal Illotility 01' 
sheep, This nlriat-ioll \\'as ('x­
pectecl :in vie,,- of the I'('sldts ob­
tained with alfnHa, sapollin admin­
istration, In addition to n11 i111nI 
v:n'iations, the leg-l1llw PI'PSS jiliN' 
also varied Hcconling- to th~' stag-(> 
of matUl'it~, of tl1p h'g-llll1e anll 
other f:lctors, 

How('\-pl', till' iniTal'tllllinal ad­
ministl'Rtion of press jllieps fro\l1 

alfalfa :llld Ladino clo\'('I' lIid 1'('­


suIt in J'eclll(,(,cl l'lIlllinal lIlotilit\' 

in_ a number of cases, This 1'('(11\(:­


tion in motility was Silllilul' to /hat­

obtainecl Trom' alfalfa saponin tHl­

. ministration, Hnt: t-ll is l'e;;lIlt doC's 

not necessarily imply that tllP sapo­

nin content of I'll(' jllices was tll(' 

only constituent- prl'sPllt whieh had 

an effect on mot-ilit-,\', 

No, 7.76 
6/8/55 
AI folio Hoy RUMINAL 

Figures] (j and 1T illustrate I'l' ­

IO'pollses obhlillt'd fr011l intnu.'lIminal 
ac1nlinistl'atioll oJ flHa.1i':t pre;;s 
:iui('(', The Sanw animal was Ilsed in 
both ('as('s and 11[1(1 b('('n l'('cei ving: 
an alf:tli'a hay cl iet- pr(WiOllS to the 
l'xpC'J'inH.'nfs. "In tll(' first ease (fig-, 
](;) the administl'ation of the alf­
alfa jllic('-rc::sulted in fl marked and 
pl'olong-p(l red1lctioll in the. ampli­
tll(I{', of tlw major 1'1llnil\al contrac­
tioll, In tIle s(,(,Olld ease, t-he. admin­
is!I'at: iOll of l.ROO m1. ot: aHttlfa 
jlli('(' and 2;') §!TflIllS of dpxh'ose I'e­
f'1l1tl,(L ill (1) n redllct'ion in motil ­
ity, (2) an IInusllal motility 
patt(,l'll, nnd. (:3) anin(Tense in the •
freqll(,IlC'Y (Jf rlllll inal ('olltract:ions 
as the sheep bloated, The. JlIotilit-,)' 
pattpl'l1 ;;hod-h- at'tN' closin!! l'CSPIll­
blNI ft pnrtiC'I't1lu' type. of 'motility 
noipd by w{)!'kpI's of the Agl'icuJ­
hl.l'tll Ht'spal'('h Cent-pI." afh'l' <losing­
some. intact IllliIlUt!S with lpg-lime 

~~~ 

2 lit.,. 

Alfalfa Juice Time in Minut.!S 

1!'WFII};; lG.-Hcllu('l.'d I'UlIliUli1 nwtili/"y ill Iihl'PI! following the iutl'lll:nruinal llllmini,s-. ; 
Il'ation 01: :tlralf':lllJ:t'~S jl1iel',.' 

-. 
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No. 776 
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& 25g. D••tro •• 

Tim. In Minut•• 

Pwnu,; IT.-HulIlinnl motility in Rlll'('P (luring till' <1('\·... loplll('nt of hloat S~"lIlptOlllS 
("l'sulting frolU illt:I::Hlllllillnl (\O:;illg with all'all':I. jJr(';,:s jlli('e :lllll dextrose. 
N=snceze. 

• 
juiC'('s aJll1 nlf:l1h saponin. Hu­ Parsons and ('oworkers (.41) htlye 
m inal n10 \"(,Ill l'nL on y iSHrLl inspec­ 1'C(,l'l1t'l.v I·ppoded that the inb.·ocluc­
tion. :tppptU'l'd to begin muehlowel' liolL of H ,poulHls of La(lino c)oyer 
Oil the side of the flninHl.l thnll is juil"P into the rUIIH.'n of (1 steer in­
detected durin'" l'('fI'tl]nr l'tlll)iu:d

~. b • hihit'('IL eruei'ation uut did not re­
COil tradions. ;\ Ithollgh this type :-;\111'. in a lIoticpablp reduction in 
of Illotilitymight n.ppear to be IIlore 1'lllIlilla I ('ontl'adiOlls.
Ill·onoulH'(:'d. thilu 1l01'III:d, the il'ac­ To ('olTelate thl'::;e observations 
ing' j ndicntes that it may be cn IIsed definitp.ly with <:Lillical or experi­
b\~ an abnormality tIurlll!! the 1'0- IIlPllta I Illont i::; not ::;imple, as illus­
l:i.xntion phase ral'hel' th:ill durin:.': iTal'pd by iI ('oillparison of .figures
the l'ontrtlctioll phasC' of the ruminal Ul and 17. ] n the::;e two experiments
l110tility c\"cle. with alfalfa press jUlce, rumiJlal 

In t"his' C':S;I.)(,l'inwnt UIC' anilllal lIloti.lit \" was 111()I"P a('ti\"e 'when the 
(le\"eloped "froth)'" bloat symptoms sIH'ej> lilont('d i'han when it did not. 

that. elisa ppea 1.'1'(1 1'f1 pid Iy after the 

introd UC'f'iOll of :L ])('thyl si I icone Effect of Intravenous Adminis­

preparation into the l"lll1len, but the 
 tration of Alfalfa Saponin on 
froth did nol' Jill the runwn t·o :t Ruminal Motilit, 

• 
len'l su(licipnt to blo('k the (1)('11 

t'ube to the l"('to1'c1in![ t'ambour. EXPERIMENTAL PROCEDURES 
F.i!.!'ul'c 18 i.11usti·ates :t pl'O­

Fiw expet'illll'llts \\"('re conductecl.llollllC'ed reduction in l'tlminnl ll10­
ill t'his phn:-;e of thl' study, using [I,tilit", in :1 i:iheep followill!! the 

iniTHI'ullliual admillislTai'ioll oJ' difl'l'I'('nt aninlnl for pach expel'i­
1,87;) Illl. of Ladino t1o\'l~r pre:;::> IlwnL All the sheep 'were mature 
:iui('(>. Thel'(' was nls() a slight: in­ and hnd been fitted with permanent 
{'I'pns(' in intrnrulllinnl 'pI'CSSlIl"(·. l'lIl1lillal lislulas pre\"ious to the 

No. 776 

6/7/55 
Alfolfo Hoy 

Diet RUMINAL, 

ili.U~~.LW.~~t 
1875 mi. 

Ladino juice Time in Minutes 
1 iiI.. iii. i. iLl I. ,I., 1 

FmUltB J.S.-RerlnCl'(l l'nmhHll mol"ility in SllN'P following inf"rnl'mninnl nclministrlltion 

• 
1)[ Lndino ('I()\"(~r [H'eK"; jllicf·.
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',tests., The tracings were made in ministered into the jugular vem
'a fashion similar to those described over !t periocl of 25 minutes. TJle • 
under the studies on intrarnminal solution (47m1. of aqueous solution 

administration of saponin. The conhtining 0.02 gl'ftlll saponin pel'

first experiment was conducted at m1.) v,'as injected at a uniform rate 

the AgricultUl'al Research Center. by ~lsing an infusion pump. Figure 

'I 	 The remainder of the experiments IV Illustrates the complete cessation 
were conducted at the New York of ruminal motility, with impaired
StaJe Yl'tm'jnary Colle~e. The ellkiency of cructa.tioll, obtained in 
details of ench experimen tare gi ,'pn nlis experiment.

in the following discussion. f!,'(J}pcJ'iment 3.-Tllc conditions 


of this expcri l1lent ,,"cre identical to 

RESULTS AND DISCUSSION those of experiment 2, except tha.t 

Expe-rim.ent 1.-The animtlluSl'd the dose was given to the animal in 

in this experiment had been ~ra~­ I:") minutes. Ruminal motility c1e­

illg on a pasi:llre that 'was preclomi­ (Tcased r(t,pid1y ftnd ceased by the 

nnntly Lftdino clon~L'.,A, 0:75- time.O:G gl'lll11 of saponin had been 

gram dose of al:faH'tt snponin in admllllstcLwl. One hour and 20 
 •aqueous solution waS injected into mi I!ll.tes Ja.tC1', the sheep dispbyed 
the jugular yein, using a. hypo­ ~lehmte bloat symptoms, although 

de~'Jllic syri nge. Jmrned ia tely after '~ had 1101: had opportlln it,)' to eat 

tIllS dose, the ruminal motility "'as :1:01' about 3 h01l1·s. 

markedly l'edllC'Nl but: l'l'('o\'el~'ed in Bxperiment -i.-The conditions 

approximfttely G minutes and re­ of this experiment were similar to 

mained nOl'l11al1'OI: the next 15 mill ­ ,those of ~ and 3, except that 0:75 

utes. During the ]lext au minntps gram of s(Lponin was administcred 

the strength of the contractions \nlS t-o the sheep O\'cr ;1 period of 1:1: 

gradually reduced anll the il1l;el'­ minutes. Little cl1ange was noted 

vals between coni:radiolls illCrl'asNI. in the l'ulllin:tlmotility during the 

Fifty m.inutes after the first dosp, fil'st;l;) minutes after completion of 

an acldiUona] 0.25 gmm of Ihe sap­ the d.ose, but during the next 10 

onin 'was given, :ls aboYe. _Hlpl: Illinutes all moti.litY ceased and 

the second dose, the st:renf!th of the pructation was blocked, l'eStlltin o" ill 

contractions dcc'l'eased at an accele­ :t buildup of. intl'lll'Uminid pl'ess~re. 

rated rnte and theintelTals be­ Htl.'pel'iment 5.-T11e couditions 

tween contractions became fartheL' of this experiment were the sallie 

nnd farthel' apal.t unt'il nll motility as I'hose in 2, 3, and ±, \Yith 0.75 

ceased an hOlll' later. gram of saponin being administered 
 • 

/!}xpel'iment g.-The sheep used to the flllim:tl over a period of 3.5 

in this test: had been l'ecpi ,ring- [1 diet minutes. Little or no effpct was de­

of POOl' quality, eo:u'se grass hay tected in ruminal motility Ot· cJli­

pl'evious to the test. A total of 0.1::14: eiel1e,Y of erllctal'ion dUl.'illg an ob­

gram of :tl:fal:f:t saponin was ad- sPI.'\'ation period of 1.5 hours. 


/rtI'tI ~.w.. dri~{ 11/ _J __-JjJ ...... 1 I..I I 
~ • SNEEZE' SNEEZE SNEEZE S""~~NEEZE ",~~ l", 
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Ji'IGUIIE 10.-Effcct of intrn.\·cnons ailministl'atioll of 0.04: gm. of alfalfa saponin 011 


rUlllinal motility ill shcep. EOG=clectrocarc1iogr::un taken. 
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23 . ALFALFA SAPONINS 

Effect of Administration of 
Saponin into the Duodenum 
and Small Intestine, or Both, 
on Ruminal Motility 

EXPERIMENTAL PROCEDURES 

• 

A mature sheep, ·which had been 
fittecl ,,-ith permanent rumi nal ancl 
duodenal fistulas, was used in a11 
the experimellts conclucted in this 
phase of the study. Polyethylene 
tubing ,yas passed into the small 
intestine vin, the duodenal fistuln or 
placed in the duod.enum for fhe acl­
ministration of the saponin solu­
tions. Direct recordings of the 
1'u111i11a1 and intestinal motilities 

• 

were made by using ink-,Yriting ail' 
tambours con l1ected to the respec­
tiV(~ fistulas. The pxeliminal''y ex­
peL'llnent was concluded at the :New 
York State. Yetel'imn''y College, 
,vhen the arllmal was l'('ceivill!!: it 

di~t of POOl'-5Jll!t1ity grass ]~;\,Y. 
_After .the pl'el nl1l11f1J',\' expel·j llH'llt, 
the Hl11)11n1 ,vaR m.oved to tl\(', AgTi­
cnltu L'al Research Cente1', BeHs\'iIle, 
~[cl., II 11(1 put on n. constrm t diet:. 01' 
alfalf:t hay. During the experi­
ments conduded nt, the. A!!riclI Hn ral 
Heseal'eh Cenler. cal'!)(}i1 cl ioxidl' 
gas was introduced into the "\1l11en 
at. It rate of ap,pl'oxinmtely 1 Jiter 
peL' rninute. This 'I'as 'done 1:0 
standanIize t]H~ 1'IImin:t1 motility 
flncl erudation patteI'll. All wateL'­
solllble tc~sl· malt'rials wel'e clissolwd 
in 50 ull. of' water and introiLueciL 
through nle. duodenal nstula. in the 
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same manner and in approximately 
the same length of time. 

RESULTS AND DISCUSSIOH 

In the pl'eliminn.1.·y experiment, 
al£al£a. SltP011111 was administered to 
t11e sheep in two doses of 0.6 O'ram 
each. '1'he first close of 0.6 ~ram 
(15]111. of sol ution containing!? 0.04 
gram pe1~ ml.) was introduced into 
the. small intestine over a period of 
(i minutes, using an infusion device. 
rphe second dosc 0·1: 0.6 O"l'lun was 
introduced in the. same l~anner 42 
minutes later. The first dose re­
sulted in an immecliate decrease in 
1'11mininl motility and an increase 
in. intestinal 1110tilitv (nO'. 20). 
The increase in intestinal ]~otility 
was apparcnt fOl' 10 to 12 minutes 
st'arting by the time 0.4 O"ram of 
saponin. had been given. Rumina! 
motility was still reduced and iu­
testinHI motility was almost nil 
"'l!en the second dose was given. 
:MIdway through the second dose 
l!el'iocl,i I~tt'sti I!al motility increased 
for a pel'lOd of about 4, minutes and 
t hen decreased rapidly. Ruminal 
motility ,,-as still se\'ei:el,V reclllcecl 
OYeI' Ihe. pl'eclose nattern when the 
tl'aeing \YasinteJ'l~upted 30 minutes 
latol'. 1'woh01l1'5 later, both ru­
mina! alHI intestinal motilities ap­
proached the prec10se pattern• 

Experiments with different lots 
of cOll1posite alfalfa saponin ha.ve 
l'esulte<l j n patterns similar to that, 
illw3trntec1 in Jigll1'e 21. In all 
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l!'lGUlU;: 20,-J'}I'(ect of intestinal lulmillistmtion of 0.0 gill. of alfalfa saponin on . 

J:llmil1al ami. illtestillal motility in sheep. 
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~ 
FrQUJl.E 21.--'Typical resnlt of intestinnl ndmiJ)istl'lltion of COllJposil'c alfalfa 

saponin on rmninal aud intestinal motility in sliceD. Distnllcc betwecn arrows 
indicates timc takcn to introducc 3 literS U02 into rumen. 

cases, the mnjOl.' rnminal contntC'­
tion has !)een rapidly !U1d mat'kedly 
reduced 111 1ulIplitllde when 1 gl'n.m 
of alfalfR saponin has been intro­
duced into the inh'stine of sheep. 
Intestinal motility has YlIl'il'(l some­
what among experiments but: USlI­

any has illeJ'ensed. fo), at: least a 
short, time intel'n-d, i!olJowillg the 
d 0 s 1 11 g. Hepen.tt'd expel'i JIll' 11 ts 
with one of the sftpoJlills from the 
yucca plant ]w.ve l'esllHecl in no l'e­
dl.lction ill ruminal rnotility, as 
illustrated in figul'e 22. In three 
experiments, dosage with 1 gram 
of a sodium salt of a LadillO clover 
sttponin has not l'csultrcl in :t.ny re­
duction of lTlmillal motility, as .il­
lustrated in figure 2;}. The intl'O­
duction of 1 p:ram of qllercetin in 
water suspension also resulted ill 
no l'edllction in l'uminal motility. 
'Vhen 1 gl'a 11l of q uel'ceti n was cl is­
solved in -iO mJ. of propylene glycol 
and introduced into the intestine of 

the animal. l'uminal motility 'was 
affected in ;\ man net' similar to that 
lJl'Olluced by a I fa 1 f (L saponin. • 
.However, in a ]'epeated b'ial, 401111. 
of propylene glycol introdllced 
into the illtestille also reduced 
l'uminrtl motility, 

Figure 2-:1: is gi ven /'0 ilJustrate 
the e.fTeet of quercetin dissolved in 
propylene glycol on intestinal mo­
tility in a sheep, The pronOl.mced 
and prolonged increase in intestinal 
l1lotil it" is a different, reslIlt than 
mmJd . be expeded from experi­
llll'ltiS 'with this compound on iso­
la/'ed intes/:inal strips, 

The meehanisll1 by which ruminal 
Illotilily is affected so rapidly by 
the introduction of ft 'small amonnt 
of alfalfa saponin into t.he intestine 
is not evidellt-. .A postulation fot' 
I'his l'cnetion is giWH jJl another sec- • 
tion of this bulletin entitled ':Some 
Pharmocological Ell'ects of Alfalfa 
Saponin 'JIt KOnl'lUnimmts and on 

Z::;:::::;:;!2f!!!!¥t. i i· .j , .j , I i \ iii ,==t. 4-· .• j t -, ;==t. .;:::::.;. -I _.J--
Animal 795 L.-J INTESTINAL MOTILITY 
12130/54 2g Yucca Saponin Fisher's Non ... Toxic:: 

FIGURE 22,-~'ypicnl reaction l'csn1tiug fl'OIl1 tIlC intestinal adIII IJI istrn Lion of a 
yUCCH. saponin in sheep, 

• 
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FWFHE :!:t-TYVicill, rcndioll I'l'sulting from Die illtt'stillal administration of a 
sodium sa.lt oC a Lndillo dorcr sHponin in shcl'll. 

• 
Isolated Ullsch~ Stl'ips.~' It ap­
peal'S to he signi1ieant thaI; the 1'e­
snIts of the intestinal administra­
tion of alfalfa saponi n aJlIl other 
compound" are in agreement wil'll. 
the results obtained bv oj'her 
methods of a<1111 i nisiratiOll. 

.An the experiments above were 
condueted with a Ringle. aninllll. 
It ('ollld be questioned whether the 
:-:heep hadilltestinu.1 injuries reslIlt­
ing from fistulation, \\'hich ('ould 
IHl\-e affected the results. Howevel'. 
the animal had l'enlaine<1 in exeel~ 
lent health <Luring the pxperiments 
("ondllctecl o\'er severnl months ill 
addition to dl'oppin~!.' and raising a 
nOI·mal. larnb during the sallie 
period. 

• 
Cinefluorographic Studies 

EXPERIMENTAL PROCEDURES 

Two l:ullbs weighing npproxi­
mately fiO pOllnds cneb \\,pre 1Ised in 

('his phase of the study. The gen­
eral proeedures developed by 
D01lgherty and Meredith (15) were 
prnployetL in these experiments. 
The experiments were conducted 
\\'itl! the ('.ooperati.on of staff 
mClllbel's of the DepaTtment of 
Ha<liology, rll iversity of Rochester 
Hchool of ~[edieine and Dentistry, 
Hoehester, N. y" using the t:ql~ip­
llIent assembled by that school. 

One lamb was gi\'en a toxic level 
of alfalfa saponin and the second 
was gi \'en a· lIIoclel'ate but sublethal 
le\·el of Sn.pOIl ill. In each experi­
ment the animals were given an 
oral <lose of bfLl·iulll sulfate, iu­
slItlIaterl with It mixture of 40 per­
('ellt carboll dioxide and 60 percent 
lnetlmne (initinl pressure to 40 mm. 
Hg, and then red1lced j'o 20 mm. 
llg). The flouroseopic.image of the 
nOl'lna1 net-io.n of reticlllar motility 
nlld erllctatlOn was recorded on 
:3i)-mm. nlovie HIm. After motility 

li'IGUlm 24.-1D1ft.'<!t of quer'cctin dissolved in propylene glycol Oil rumillal and 
iutcstillal motility in sheep. 
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tmder these conditions was re­
corded, the alfalfa saponin, dis­
s011'eel in 11iter of water, was illtro­
ducecl into the rumen through the 
fistula. The rumina'! motility was 
traced by regular means until the 
rUInen became quiescent. At this 

I point the animals were treated as 
// above except for dosage with 

sttponin, and a second reeonling of 
,reticular motility anel eructation 
was made. 

RESULTS AND DISCUSSION 

EWJH!Yiment 1.-This an imnJwas 
given a lethal dose of aHalftL S:lpO­
nin of 50 grams. Pl'ojeetion of the 
films, which were taken 38 minutes 
after the saponin n.dministl'nJion, 
revealed that aUI'uminal anlLrl'tic­
nlnr motility had ceased awl that 
eructation was completely inhibited. 
Deglutition and intestillal motility, 
howeyel', were not inhibited. Tlmt 
eructa.tion was inhihitecl whil(' de­
glutition and intestinal motility 
were not inhibited would indicate 
that the inhibition of eructation was 
caused by a. direct effect of the 
alfalfa. saponin on the central 11er­
YOUS system rather than to iL direct 
effect on the stomach and ('sophag­
ealmuscnl ature. 

EW]J(f)'i'llwnt ~.-The second arii­
miLl was given 15 grams of the 
alfalfa saponin. Projection of the 
fihu, which 'was taken 11 minutes 
after the sa,poll in fldm inistra.t.ion, 
revealed that the rumen was qu ies­
cent and that conhacHon of the 
reticulmn was incomplete. Eructll ­
tion was attempted but 'waS partially 
inhibited. Projection of :L second 
film, which was taken 40 minutes 
after the first, reve:d.ed a quiescent 
rumen, slight recovery of reticular 
motility, and some, hut still ineffi­
cient, eructation. 

Summary 

IutrarumilUtl, intravenous, lwd 
hltestinal administration of tLlfa1fa 

~'.: 
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saponin to sheep resulted in reduced 

t:llluilHll motility. Considerable 
 • 
\'llda.tioll ...vas noted among animals 
and with the same animals at differ­
ent times in their reaction to intm­
l'luninal administration of alfalfa. 
saponin. Reasons for thi5 v:n'itt­
tion a.re not apparent at the pres­
ent time. Yal'iations were also 
noted among an imals j n their re­
action to intl'avenous adm.inistra­
t'ion of alfalfa saponin. Intestinal 
adminiptmtion of small amounts of 
nlfaHiL sa.ponin l'l'sulted in l1, rapid 
redllction in the amplitude of the 
Illajor rUlll inal eontraction. Al­
though sOll1e of the effect of alfalfa 
saponin on l'uminalmotiJity may be 
explailled on the basis of a direct • 
actioll on the ruminal musculature, 
other reactiolls noted in the ahove 
Httldies cannot be readily explain('d 
on that basis. In sOllle casl's, 1'U­
nlinal. motilit:v was reduced im­
mediately following 1ntral'U1ninal 
dosing, but in other cases ruminal 
lllotil ity was reduced only after a 
timelag of seyeral minutes. 

rl'be rea.ctions l1ot(>(1 in the above 
experiments also indicate that cer­
tain lllLlsculnr nctions tll'eillhibited 
more rendily than others. The 
major rum i lIal contraetion was 
Illore yulnentble 1:0 the, :tlfalf:t S!LpO­
11ill than the "et"lJctiLtion contrac­
tioll." It !llso appears that rumin!ll 
motilit·y is aJl'ected more readily 
than ellicie,ncy of erLlctation. . •

Intr:a.ruminal aclministra.tion of 
two saponin preparations from the 
y~ICC:L plant (ll steroid-type sapo­
llill) <lId 1I0t I'educe ruminal mo­
tility, while a third sa,pollin of the 
trit-eqwlloid type (I ike alfalfa 
saponin) did l'ef)lIlt in decreasecl 
motility. 

The intrarumin!11 ac1ministl'tltion 
of press juices from nHal:6t Rnd 
Lfldino clover also resulted in re­
duced rumina1 motility ill sheep. 
The reaction "vas similar to that 
obtained with alfalfa saponin; 
however, this does not imply that 
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saponill was tile only factor in­
yolved, Variation w:ls also noted 
in the effect of legume press juices 
on ruminal motility, Part of this 
variation was undoubteclly cauf)ecl 
by the, animals and part by \'ariabil­
jty in the press juices, Although 
legume IH'CSS juices can rcsult in re­

SAPONINS 

tal data ar~ presented which indi­
cat~ that motility cnn be relittiYely 
aeti\'e during the development of 
bloat symptom!'; foUowing the ad­
ministration of legume press juices, 

Cjnefluorogmphie stllclies illus­
trate that alfaHa saponin can in­
hibit motiliiT of the rcticulum and 

duced rumlnalmotility, experimen- exel't a direr't efrect on eructation, 

In Vitro and In Vivo Experiments With Saponin in 

Relation to Froth Formation and Stability 


By ban 7:, Lindalll and R, E, lJal'iR 

• Sen'I'ul i 11 w'~tiga.torR hay(, poslu­
latcd ih:1!' saponin allerR till' surfnc-e 
tension of the ruminal eontenl's and. 
contributes to the <1c\'('lopmenl' of 
frothy bloat (·J4. ,m, 41), UN'pnt 
stlldics l:epOl'ted b,\" HlIngale and 
coworkers (24), .Tohns (2.')), ~Illi!'h 
ilnd others (.YJ), 'Weiss (,~,l)), alld 
.Tncobson tlncl Lindahl (;!;J) indi('ah~ 
that the formation of fl'oth is more 
('omplcx than ('art be 1'e:1<1il." ex­
plnined by a sing-l(' factoI'. 

• 

_\ di\'el'sity of opinions has 
l'xis/Nl in reganl to the imporhll1t'e 
of froth "fOl'mntion and l!O\\' it ('on­
Il'ilJlItcs to hloat. Cole fllId eo­
\\'orkcrs (0), in ('ritieism of til(' 
foam theon'. shltNl that tltr\' 
tapprcl 1L 11 I111'1 bel' of ('ows hloatC'd oil 

nlt'alfa, pastul.'e ,yirhout CIl('.Ollntel.'­
in~ n case in whi('h a frec gas pocket 
was abs('nl', a 11<1 ('()Ilcludcd that: it 
was diJlicult to llIHlprstand how 
foaming could ennse bloat w!ten a 
frp(, gas spa('.e exisls, Ho\\"c\'('l.'. 
Cole (5) has reccntly slaled that 
more and 11101'(' e\'ideJ)ce is aCClInlll­
latin~ to subshmti;lle the "iew thnt 
foaming is an importal\t faetor jn 
eausing hloat, onle~lIlI1(', pasturcs, 
Smith (44.) has l'cportwL that 
frothy bloat produced lIndel' his 
conditions eould not \)r rclien'd by 
stomach tube, Lindahl and co­
,\'ol'kers (ill) s/'aJecl in a prelimi­
nary l'rpol'i Olt 1I1l' pro<1udion of 
experimental bloat with alfalfa 

saponin that the blonts}'mptoms ap­
pea red to he en uscd by gas reten­
lion, pel' .':iC, rather than'to froth 
fOl'llm!'ion, because :frce gas conld be 
I'cl('a5('(1 from Ihe animals with It 

,.,toll1:teh tilbr, Howe\·cl'.•Jacobson 
an<l Lindahl (2:J) haw recently re­
ported tlla t WhCll ta ki ng ruminal 
samples hom animaIs 'with frothy 
bloat (prodllced with n, diet similar 
10 I'llat ll~ed by Smith) gas 1'epeat­
('(11y ('fWf\ ped \\'hen the ClIlTatllre of 
till' stomaeh tube wns up during 
plaeement of the tube illto the 
1'lllIlen, ,\rciss (49) lws also re­
POI:tt'(l thnt in most eases of frothy 
bloat pl'Ocill('ell lIllder his experi­
I1wlltal condil'ions frec gas escaped 
I'I'OIll the fistula on opening. Only 
ill a, few (':tHC;; did the ingesta, froth 
10 such an extent as to fiJI the whole 
1'lInlen and eXlICfl' from the fistula on 
l'('llloya1of the stopper, 

(']:lI'k (3), in treating llatllral 
eases of fl'ol'hy bloat by injectjng 
antifoam i Ilg n~enls iI irectly into the 
rllmen, fOllnd that when erllctation 
(lid not o~'cu1' spontaneously, the gas 
waS eaSIly remo\'cd by stomach 
tube, .Johns (f2[J) ]Ul~'3 recently 
statcd that frothing is probably :t 
matter of degree and that it seems 
likely thnt the. foam is neyer so 
stable as ('0 l'ehlin all of the gas 
withollt ft slow release to a . .gas 
pocket: (wen in the, most seyere 
cases, Other l'eports in the litera­

• 




28 'l'ECENICAL BULLETIN 11IH, 

ture indicate that little, if any, free 
gas is fOlUlcl in some severely bloated 
animalso 

The following studies were un­
dertaken to determine some of the 
rellitionships of alfalfa saponin to 
froth fonnationo 

In Vitro Experiments on the 
Effect of Saponin and Protein 
on Froth Stability 

EXPERIMENTAL PROCEDURES 

Prelimilllll"Y jn yitro expeI"inwnh; 
indicated thnt alfnlfa Bnpollin, in 
the !HOeRenCl' of gltl(OOBe, ("()(t1d stahil­
ize the "frothyo: I"tllllina,l COli tents 
of cattle rcc('i,"ing- :l'l'rd lot diets 
('2:5) oS The fJIoo('('cllll"(' for 1IH':lSl!l"­

ing ingesta Yollln1l'inC"l"ease, rtS re­
ported b.\' ,Jacobson alld. Lindahl 
og.j) , \nl!-1 IIsrd jll th(' fol1o\\"ing 
tI,'sts to ("()\l)P:Hol' the efrN-ts of al­
falfasaponin, two saponin pl"ppnrn­
tions from the YliCe-it p1:1nl', tl. \\"atero­
!1oll1ble protein (egg albumin), and 
.1 ("ombi'na Hon of I'll(' !Hoo!'ei 11 and 
alfalfa saponin on frolh fOt"mation 
and stability of unstrnined rllmina1 
eonteni's fl:om animals receivillg­
fpeel lot dietso ROIlH' additional px­
periments were (Oondllete\l \\"ith th(' 
saponins, lIsing l"lIlllinal con/:(>nl:s 
tnken from (,ilttle grazing on n g)'UliS 

pashnoeo 
Dtll°i ng- nIe aetna I trsts. :l raUWl" 

hlrge s:llnpJp of 101l11linaI' l'ont('ni:!"i 
waS drllwn by stom:1<"1r. tubeo The 
snmples Wllre \\"ell mix('(], and ~oo 
m1. of the J"lIllliwtl ('ollt('nl's W('r(' 
deli\'eredinto a "}(l0-1ll1. grlulunted 
cylindero Three ~l"al1l!1 oJ dextrose 
,\Oere added to ench c.)'l indero One 
("vlinder senoeel as lL eontl"ol. All 
the test mOateria.ls were dissolved ill 
sumcjellt \Yat('r so that 5 m1. of solu­

. tion contained 001 gram of Ule 

• .JACOBSON, Do Ro IHOClI.KMICAr.o I'HYS-
ICAL, ANO lJAC'l"EllIOLOGTC,\L l'AmOORS IN­
,oor.vlm IN E'RO'I'II.Y (F~:IW 1.0'1'] 1I1.0A'I'o If);:;Uo 

[UIl\mblishcrl <loch))"';;; t.hesiso t'OIl~' 011 
IiIe in Libl°n.ry, Uni\"o of ~Icl., Coll('ge
l'arko] 
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materiaJo The respective test ma­ •terials weloe then adcled to the other 
cylincler:so After thoroughly mix­
i ng the con tents of the cylinders: 
f'lll', eyl inc1ers were placed in n. wnter 
bath at 3!P 00 for an hour:o At t.he 
(-nd of .) hOlllo, the crlinders ""ere 
]"(lllloyed :l'rom' tlw wloder bath and 
Ill(' tohll ,-olul11e of the ("ontents 
recordedo TIll' original yolnme of 
I'lImin11 J C'ontents plus Ihe ,"olllme of' 
the ll(l<litiws ""en' snbh'f\ci'l'1l hom 
the total. Thl' 1n(,IO('ns(' in vollll11e 
diyidl'(l by 2 was rreol"(kd as per­
('('11 lagl' of j np:csltl '-0111 me inC'l"easeo 
The conte1\l's of the C'"linders ,,"er'e 
then ;;('il"l"t'(1. using-:M joota.t:ions with 
it hea,"v sj'il"10ing-loocl. The matel"iid 
011 Iht: "id(l:;: ()~f Ill(' c\'Jind(,l"s was • 
puslH'<l down fo till' ile\\"le,"e1 of 
(1](1 ("oIHcnt':;:. IIsi ng n ('ode F.toPPl'1" 
that .iliA fitt('(lillin tile ('ylindero 
.\ second rP:lding- was I:IlPII taken 
and ('ol"lo('('ll'<1 n~ abon'o This il1­
("I"t'a;;(' ill ,"oIIlIl1P \\"ns a!!ain diyidpd 
h.":2 and rC'('or<lt'd as p('l"cpntap:e of 
stabh' yolllnw in(,locrIB('o 

Rig-hi' lwad of efllth' frol11 fee<l 
lot- silJ(l i('s wit'h '"a!Ti 1Ig- bloat J"N°­
onls Wprt' lIsl'(l in i'he' fil"st: phasC' 
of tllE' s/'tl(hoo JII tl](lse stll(lips. 
('olldllC'l-p(l fr:olll .rlllo'- lR HlloOIl,tdl 
.Tul\" 2(\0 l!):');). fOllr I"II111inal samplp;; 
\\"(11:<' taken '1'1"0111 pa("h anilllal (1111"­

in!! nIP pl'J"iodo T,,"o ;;:llllplps \\"elOp 
I':lkC'n befon' I'll(' mom in!! feNlinp:s 
nnd I'\\"o hefOl"e I'll(' nHC'rilOon feed­
inp::-;o Hllminlll S'aJllplps, ho,,"p\'l'J"o •
\\"Ploe taken OHl o'" ol1('e dlll'ing :l1H' 

partielllar day from a sing-ll' animal. 
li~adl anilllal ,,"a;; rated fOl ot11(' <1('­
p,rl'e of bloat pxhibitpd 1 hOllr after 
:f('eding an(1 gi\"ell .:1 numerical 
rating; I"'Hlgoillg from a UI ri, Tn (It(, 
hlbles of 10p;;uHs, thp ayeJ"ap:e (Jaily 
bloat imIex is gi\"en for en('h of t1)(> 
:Inillla Is during; the testso As 1:1lP 
mnl"JI iIIg alld aHel"l1oon samples 
,n'l"l' not' I:a kell on t he, sa me dass, 
the bloat index lIB gi ven in the tallIes 
\':\ lOY slightlyo 

FOIII." head of (,(lUll' 'were used in 
1'11(\ pasture studi.eso These anima.ls 
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were. ~t'azing on a gmss pasture thn t increase values of the. control Sam­
contained only small amou n ts of. ples (ingesta plus dextrose) taken 
legumes. Each animal was sam­ hcfol"r feeding amI thc ayera~c 
pled twice, but only onr sample was dail y hloat indexes is encom:ugin!!. 

taken from a singlr animal on any 'rhesc obsrn'ntions arc similar to 

one (hy. tl\osr. l'eportrd by Hungate tmel co­


workers (24) in stuclies on leg­

RESUL TS AND DISCUSSrON ume pastnre bloat. Thc total YO}­


llmeincl'eaH' ntlurs do not ha.'·c

The reslilts of the expl'I'inH'nts the f:Hmc degrec of cOI'I'elal:ion,i11­

with the :feed lot· cnttle ar!' [6\"('n <licating that. the, stu.bility of thc 
in tn.bles :2 and 3. and the reHlilts froth is far IllOl'r impol'tnnt than 
with the pnsture cnUIt' in table ·k thc total :fl'ot·}I fOl'ma.tion. The 

• 
In yjtl'O exprrilllcnts cannot <1upli­ 1':lll1rs oi>tninc'd on t-he samples
Clue the cOllclitions existing in tltr taken befol'c the. morning :feeding 
rUl11rn i however, 11)(' c1eg'l'N' of ('or­ nrc higher and .more consist'ent 
relation bC't:ween tlte stnhlemlllJl1e than tlIO:;C' t-nken in the aftcrnoon. 

T.\I\Ll:: 'l..--To/al ill[I{,8/a.Z'olllJ71c ill('l'NW} of J'llIninal contents fr07n feed lot 
rallla 

i 1 
. ,\n'I"-: pH of I 

. ag\' i rUlIli- I +0.1 ' dl.l ; -+-0.1 +0,1 
Animal .:\0. bloat' unt j' 1 ,~rr\. 1!;tl1. 1 gin .. .( 0.1 grn. <'/!/! 

inc!t'x II l'Oll­ COII­ f alfalfa nll'l':t I Yurt'n /!lll. qq.?; albumin 
i('m~ i t rol Isaponin ~;\p7nin I"iq)~nin ulbumin nud 0.1 

J,{IJl. 
f'uponin

I 
, -'-1

I 
/'1'1'('(11/' I'N(,{U/ /)('1'('('11/ PI'I'('CJll, /'trt'('I// I'rl'ccnl 

·1 L..__ n, (J() 7. -I -17. ii I JOL2 (Hi. 2:~~. ~ .1' ·Ii', fi I i'2. fi22_____ _ • ;iO 7.:{ ,IK 7 ; RI. 2 01_. ,) HH 2 I I :1:t i' 10:\.'
:l·L _... __ .. 1. 00 I. I 1-10. () I I:ll.2 72. ;j ,i ii t 1.10. () 102.5
27 _____ • __ I. :jO O. i) 1 7~L 7 : 10K 7 I H,.fill n:t2 Il,n 125. () 
20.. I. ,fi : 2 : I ~)~. ~ 1 !)(). () HI. 2 !Hi. 2! ()2. fi 112. ij
·10 .•• __ , _, . 2, 20 .. n I ,lK 1 ; -IG.2 ii(i. 2 ± fia., lID. 7 50.0

• 117, ;J 112. i) .120.0 
·12 .. __ • . ,_ :t on I. () lUi). () i !-IO. () 12S, 'I 127.7 tlO.O 

• :l2 ___ •. 12.fiO I. 1 I Ion. 2 I 12H. 7 r I :1fi. () 

I. I H·I, S , R(J~R-f-- 1,R.· ;{1- 10;:[; - 110. ()
! 

___ 1
,7. ;') ?? 

Ii. 2 ns. I :{5. 0 
C' 

:l:\. 7 I 7:l, , f /1. 2 
Ii. 5 --..) 2/.5 i () I. or 1 no. 2 

-I ?0. :l ~ '0 _ 7:t 7 !i7. :'5 {ill. 0 1 80.0 
7. () (Is. , fiO. () ·I:t 7 i 1m. 7 I fiG. 2 
n. Ii 70.0 2,. :j 5S.7 . sa. 7 81. 2 
5. 0 ,5.0 5:t 7 0:'5. () 80.0 SO. 0 
U. () /:'5, () 80. () 7'7.5 !18. , 
G. ·1 ·1(\,2 .10.0 52. Ii I :'5,5.0 

"'---'1--­
AxC!rl1/!l' ._.' _. __ _ G. ·1 ·1/.8 

______.,._________ li8~ (~J __~~i 
---••,+-'"-.....-..-,---,-~.....-- ­

4000Gl-Gi--G• 
+­
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TABLE 3.-1'otal staUZe volume increase of 'I'ltlninal contents fr01n feed lot 
cattle 

Stable \'olul\ll' jnerea~('

1 


1 i pH t!f f~~-r---I I' I 

; A \'1'1'- i ru 1Il1- I +O. L 

Allimtllxo· ! lll!;l'l Illli ' +0,1. I +0.1 i +O.l +0.1 11!;1l1·l'1!;1!; 
bloat, ('011- COIl- 1!;tl1. I I!; Ill. ,'\.V;\TII~'~:"I 1!;1Il. albulIlill
lI illdpx; \('lIt:; t 1'01 alfnlf:l. YIH'('n, "I PI!;I!; 1 and , I !'tlponill i ,,;lponin j ;;;lPOllill nlbulIlin f +0.1

I . ,I 2 I I!; 111.
i ~:tpollill
! , I 


,_e.__ e·I ___~· ""-~-!~~C/'{'CI?IL r~:cl:(;;ll Percl'lIt i'~::~;i~:::~~I-;)('r('el!t' 
·1 L ...., o. 00 I I. ',1 I I. _ I hS. I 21. 2 t 25. 0 i 1S. 7, 7:t 7 


•22. '.. e • • j • 50' 7. ;) J5. 0 I (i(i. 2, IR.7 I :{G. 2 H2. 5: ·Hi. 2 

:H.. __ I. O(), 7. I 22. :j 8 I. 2 I 20. 2 lIS. 7 5 J. 21 J 26. 2 

27••... 1.50' G.5 52.510.5.0 OO.Ol 57.5110.0 121.2 

2(L.... 1. 75. ~. 2 :12. ~ I .I~. ~ I ~.I. ~I' 25. 2 :l~. 2 7, I:; 

-Ill.. 2. 20' I. 0 .{2. v I ·I.t I v.l. I ·JS. I ·In. () I ·Hi. ­
:l2.... 2.50 7. J ·18. 7 1)2.5. 05. () I .1,0.0 \' 5:1. 7 112.5 

·J2_____ :l. no 7.0 li8. 7 128. 7 I (is. 7 I n:t7 ]08.7 I S7.2 


.\\·(·rag\' .• i, ,!~.I.':i.G~:~C_.~!l~J~~~~81-';l!J.'1 I~-G'I.'51- 85.0 

·11., _. 0.25 0. 5 7.5 25. 0 7. 5 I. 5 8. 7 2li.2
I 


22.. . I. 50 0. 2 R'i ·11. 2 Ill. () , 7.5, (i5. () 5li. 2 

a·L . • J. 50 0. :l :mo li5. 0 :~8. 7 :3'i. 5 I 50. 0 7 I. 2 

27 ... 1.75 7.0 J5.0 ·I:l. I 2 I. 2 JG. 2 1 55. 0 55. () 

·10 ." . 2.25 0.5 :-; I. 2 :)7. 5 18. 7 :l:I.7 50.0 I 50. 0 

:{2. _____ •. 1;). OCl ,5. !l ·Hi. 2 52.5 :~5. 0 ·10. 0 72. 5 I (j2. 5 

·12____ ••.• __ ; :l. 00 O. () (il. 2 GS.7 58. 7 50. 0 1 50. 0 no. 2 

26_- __ - .• ---1 ·1,50 (i. -I 18.7 81. 2 JS. 7 :)7. 5 ;._._,' . .1,2_,_.5. :37. 5 


0. ·1 27. :3 --~J~5~U- --2G.J-l~2s. 71 ·.Hl. a Mi. !)A\~'~~~~ __ I"~ __ ~, 
The hi!!hpl: \'nlllPs obl'nined :fl'0111 prod udion was 1101 caused tli )'eeiJy 

morning"samples cnll be at least by:t difl'pl'('llee in pH of the 1'IIJninai 
j)nl'tially expl:lined by the :fad· ~llat toutents, Tim eli fl'erence between 
the a.:ft-erlloon sttmples conhuned the efred of I'he 1Ilfalf:L saponin and 
more entrapped gas and conse­ the yucca saponius 011 fomn stability 
quently less liquid l'unrin:tJ contentB was very pronounced even though 
thnll the morlling sample. The pH 1'110 yucc:t saponins possessed stl'ong 
yttl lies wel.'e obbtined i II1l11ediately foam ing charactel'istics, The eli fl'er~ 
:tftel' drawing the l'UII1 inn1con ten ts. eIlCN; obtained between l'uminal 
The pH values 'rel'e lIot cOl'related sHlllples fl'om diffel'ent animals in 
with the fl'oth shllJility and were the response to addeel saponin, al­
in agl'eement with the obsel'v:ttion bumin, and the combination of the 
of Hungat'e and otlH'I.'S W'l') tl1:tt saponin and albllmin illustrate I·hat. 
foam production and hica I'b011llte froth stabil it,)' cannot be determined 
content of the l'UIU ina1 cont.ents uy a. si ngle factor. The di frel'ellces 
were not correlated nnd that foam in the (oUtl stable :froth, after the 
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• 


• 


• 
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'L\BLE -t.-Results of tILe effects of saponins on the 8tabilization of 1'llminal 
contents of cattle on gl'(l88 pasture 

PERCEX'l'AGE OF TO'I'AT, VOIX)(}; IX(,Hj~ASE 

IncrC'lIse in volume 

Animal No. 
\ +0.1 p;m. +0,1 gm. ~ +0,1 gm. 

Control : alfalfa yUC,'Cl1, yucca 
saponin saponin 1 , snponin 2 

I 

Prl'ccllt Perrenl I P(lrccnt Percent 
·la.7 07.5 j 4a.7 '15.033-------------------------------1 52. 5 ..10. G GO. 0%, 2 'I~~===:::=:::::::=_:=:=::::::=::=:i ·12.5 85.0 :~8. 8 4.2.5

J3uIL ______ .. ____________ .• '.. __ NO: a7~ ;3 G2.5 i a5. 0 a7,5

• - "~--.- ,--:-.. _._---,----­
,.1.1. 0 85. a a7. 0 i 4G. 2 

; 

33 _____________________________ .' 
35 ___________________________ . __ _ n.2 . ·11. 2 7.5 5, 0 

1:1. 7 28.7 G, S 12. 5
:f7 ______ .. _. ___________ . _____ " ._ 7.5 :35.0 7.5 8. 8Bull_________ .. _________ ._ . ____ _ :l,7 2:1. 5 7,5 O. 2 

T. S 1 a2.J 7.3 i 8.1 
I 

addition of the same len'l of sapo­ In Vivo Experiments With Alfa Ifa 
nin: olJbtined from the pastul'c tlnd Saponin and Egg Albumin in 
feed Jot animals H!!ain illustJ':\te Relation to Froth Formation 
that :tHaI fiL saponin ('all be only OIlC 

ot the i'act-ors jn stable froth EXPERIMENTAL PROCEDURES 
fOJ'l11:ttion, In yitro experiments hitYC 5110\\TJ1 

• 
The si!)"nificanee of f'he n'slilfs that although n Ifalfn. saponin has 

witll the egg alblllllinill adual bloat siTong 5ul'I'ace actin:>, qualities, in­
is ollly a, lIlatter of Sp('C'rrlation af' tl'odud:ion of :Lir or gas from an 
t-his tinle. This suhstance 'was USN] OP(>J1 tube into an nqul:'Ous solution 
l)eeausc it suitable pl:llti: protein w:\s l'l~SIlHs in H. hyel' of :foam Oil top of 
not available. The f'cSlR 'with the t hI:' sol L1tion rather than it stable 
protei n were ('ond udNl iJP('illlSP, froth l'xisti ng throughout the solu­

tion, Howe\'l'I', wl1en gas is intro­pmtpi n and protei n <ll'grnda tion 
H}j 

<lilted in minute qlllwtities o\'er a.Pl'oducfs ]mve bpPIl postulated 
lal'g(,1: area, such as passin~ the gasplaying a pad:, jJl :fl'oth :fOl'mation 
tln'ou!!1t a sintel'ecl !!lass funnel. it(;29), lVe hnye also 1;ollnd that 
VN',\' stable froth consisting of sl\l;tll

legume press :i uicl:'s ('ontain con­ bubblps ]'esults, Attempts (0 pro­
siderable amounts of lwat coaf!;ul­ duel' a :tmf'lIy cond ition in the
:tble protein thnt is eitlH'I.' wn,{el' l'Unll'1I of Hninials gl.':lzing on g.'ass 
soluble 01' in eolloida 1 suspension, pnstm'(>:-5 by passing gas through a 
In addition, kgurne pastul'(\s ('on­ sintel'cd glass 8m'face were not slle­
tain high levels of protein during ('(>ssl:ul, probably because of a, reb­
pel'iOlls of ]lIsh gl.'owtll. tively Joc::tlized al'elt within the 

• 
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rumen. Tlle addition of alfalfa, been grazing on a pastmc which •sRponill and dextrose alone to ani­ contained onl" small amounts of 
mals grazing on grass 01." mixNl 
pastures or consuming hay np­
peaTed to be jnadequatc to result in 
flppreciable stable froth. :(orrnlltioll. 
Howeyct': frothy ingesta ·was. ob­
tained in anil11flJs that hall bN'!l 
grazing on Ladino C]OV('I' pastlll'PS 
,\'hell alfalfa sa_pollill and. tlt'xtrose 
\\"(,I'e nc1l11inisl-C'I'('lL In ...-iew of till' 
rC'slIlts. obhlincd in the ill ...-itro ex­
periments with t\, ('olllhination of 
n1fnl:l'fL snponin und egg albumin, 
three experinwnts w(,l'e condllelC'd 
in which these material" :t1on!! with 
dextrose \\'('1'(' slowly intJ'(lduc('d 
into til(' :;"lll11en of Jisi.-u1ntcll slwep, 
followed by ad(litioll:tl dextl'osl' HI1([ 
sod i 11m :t'(;l'm:ttC'. H II III inal motil­
ity was truced by tbe same ]11'0-

C'l'dllL'l'S as described in n. pl'l'\'ioIlS 
seetioll. Tlte r 'sl· two ('c'lwl."illlPnts 
wert' ('oIHluded with sl}('C']) that hnd 

No. 102 

7/14/55 
 RUMINALGross 

P a sture MOTILITY 

• • • • I , I \ 

No. 102 

\ iii i 

No. 102 


7/U/55 


dover. The t'hird experiment was 
conducted with tUl animnl on an 
alfalfa, hay diet. 

RESULTS AND DISCUSSION 

Fi!!uJ'(~ ;2;) iJlIIRfJ':ltl'R t11(~ results 
of t1;l~- liest l'xpC'l'illll'Ilt,\\'ith slll'ep. 
_\11 aql1PO!1:-' ::;olutioll ('ont:tining ;2;) 

;.!I':lIIlS of' alfalfa. saponin, 26 gl':uns 
of nlllllmin. and :1ti !!],;lI11S of dex­
t 1'0::;(, waS ilitrOllUC'l'd 'i ntn the- rumen 
dUl'il1;.! t\. time intplTftl ot' appl'oxi­
Illall'h' IT minuies. :--;e\'('11 minutes 
Intel'. 'tlll' :Hlministmtiol\ of':t s('('ollll 
solutiol1 eonhlil1ing :1;) !!1':tn1S 01' 
dl'xtl'O:'l' :tIHl :23 !!'I':lIIlS (If sodiulll • 
rOI'nIHIl' was ::;1:1I.'(;ed. TIll' sl'('onll 
soll1tion WilS gin'n OYl'1' u. 15-l11inl1te 
1ll'l'iod. .\pL>l'oxill1:tip]yT milllltes 
l:ltl'I' thl' illtl'lu'l1l1lin:t1 pressure was 
l!lmm, II!!:. Fift~\· gT:tnls of :::odi1ll1l 

No. 102 

7/14/55 

t • It, • ' • 

• 
• , • 1 i • 

No. 102 
7/1~/55 

DImethyl 
Silicon_ 

·1 

ll'lGURE 25.-Rnminul motility in sheep from first in vi\'o froth expel'iment. 

• 
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f(!l'Inatc WCl'e then illtl'()c1u('.~'d into of the, major J'lIlllinal contl'acl:ion 
tlte rumen over :l pet'ioel of llPPt'oxi­ "'liS w'du(,pcl in tll is experiment, 

• 

mately 5 minutC's, Shortly aJtC'r 
this dose, the intru.\'l1minai prC'sslll'C', 
had built up to 15 mm. Eg. 
Shodly thcrpidtcl', the manometer 
,\'iIS dlsconnectcd :in(] thc fl'('(' gas 
released :from the rumen. Tit is 1\'_ 
sulted in a drop oJ app!'oximatdy 5 
mm, TIp; pressurC'; ho\\'c\'('I': the. 
pn'~"lIre coMinl1pd to build lip and. 
w;u~ hack to tlw (ll'iginall('\'C'l 
"'ithin n. fcw .millllt('s, A ('lill1cthyl 
:-:ili('oll(, pl'epa rat ifln illt I'odu('ed 
illt,() the l'UllIPIl nJ tltat (illl(' I'('snlt'pd 
in It rapid dedi!)\' in t lll' intl'H­
1'1IIninal P,'(':-::slu'e The alllplitlldp 

No, 92 

l'ut (}l(> fl'Nlllrnc,r of th('. "el'nebttion 
('olltJ'ndiol1s" in('I'easpcl as the p1'os­
SlIl.'C inc['('as('d. 

The second in \'jvol'!'oth l>xpel'i­
J11C'llt was ('ontillet('(l in a, similal' 
mnml('l'. Fi!.!ul'e 2G illustrat('s the 
)'('sidts of (lti~ ('x P(' I'i nlC'1l L T\\"Pllty­
li,'o gTlllllS of alfa.H:L saponin, 25 
!,!THms of albumin, an<l2;i !Iran\:; of 
;}(·xtI.'OSl' ,,"pre intTo<1l1cerl'into the 
J'1I1l1l'1l 0\'(11.' It ppriod of' approxi­
mal('''' 1,", minutE's, Tll(', introduc­
tion (;f ;.i()<1ill1lJ. J'ol'nmle was bpgull 
in npproxilllntC'ly 11 m inti tes, 
Fifty j!"I'alll;; of 'thi;; m:tl'(,l'inl was 

!lUMINAL No, 928/16/55 
MOTILITYPasture 

• • • • • ,. . ._·=z::=z.. .i 

No, 92 

-- 50g. Forma,. 

i ,.' j i ': ii':oJ i , , I 

Ho, 92• No, 92 

- , 

l-~ 259. De_hose . i 
t- I. i j iii t i i I I j, 

No, 92 
No, 92 

t 
2~g. Dextra S8 

I iii i , J i L .., I 1 1 I I I t i i ., i. • [ j,. 1 1 • i i I 1 

10 

I"IGUmo: 2G.-HU111iJlnl 1llotiliry in ~"e('p ,CI'OIiI ~ee()nd in vi\-o fl'oLl1 l'xperiment. 

• 
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No, 232 

7114/55 •No. 232
Alfal fe Hoy RUMIUAL 7/14/55 

Diet MOTILITY 

jJJjjJJ,.UW1J.WJJ~uJu1~~~~
I:--- 45Q, Alfalfa Saponin " '., .• 25g, O.dro 

2~ Albumin 50g, Formal 
Time in Minut.,5 I 25g. D.xtro.lle . 

"'--""f_·"""·'''''·'''Mt··~-:-"'! I j • i. i . . i I : t iiI i j 

22 
No, 232 

7114/55 

, i 1 j , I , , i. i i_ 1 Iii t j j Iii 
2423 

Vwntl,; :!7,~·HIlllJill:lI l1lotility ill shp(,p 1'1'0111 third ill ,'in) .iI'OtIl l'xpCrill1(,lIt. 

gin'll O\'PI' n pPl'io([ of appl'oxi.­ t I'II~' (lIIl'in):; tht' ill(,l'('as(' in intra­

ilia1('1\- ;3!l miJlull'S, Thl' sodiulll "lIminal pl'e:-:slll'~', The nppal'pnt 

t'm'1ll1l(1' wn:-: 11H'1l foIlO\\'Nl h,' all I'l'dlldioll ill tllllplitu(lp of ('ollil'ac­

:lllditiollH I ~,1 !!I'Hms of (\('XlI'OSl', tioll nt til!' lll'ighf' of Ih(' intl'a­

_\.t tIl(' l'lHl of this <lOSl' the In(I'<I­ I'uminal ]lJ'('sslll'e is 1I0t II tl'ue 1'e­

l'lllnilla I (lI'PSS1II'P hall ill('I'l'a:-:ed to dlldion hut is ('HIISpd hy lin inade­

L1 llllll, .IT!! nl)(l ('onlillu('d to 111- qllll<',\' of I"he rl'('()J'([ing's,rSi't:'IIl, 
('l'pa:-:(' on,i, the nC'xt }):i minutrs, The results of til(' thil'd in \"i"o 

~\.n additiollal ~.) !!.'l'lllllS of dl'xtTose froth ('xpel'illwllt :l.n'illust"l'at'Nl in 

!!In'n at f'll:It tim(~di(lllot I'l':-:"lt in fi!!lIre 27, This sitl'PP hnd bCl'lI 1'('­

illl H(lditional Im'l'paSl' ill VI'l'SSlIl'l'; (,Pi "in!! ltll alfalfa Itll,\' dipt pl'('\'iolls 

in:-:ipad. fltl' Pl'NlSIlI'e began to de­ to the expel'illll'llL J 11 this pxpp1'i­

('n':\sp and con(inued to do so, Ex­ Illl'ni", n. dos(' of ~.) gl'alll s of alfalfa 
('('pL fol' a shOl't:. P(II'jod followin!!,' ,.,apollill, ~:) !!I'aIlIS of alblllllin. and 
tlw fullllinish'ntion of IIH' saponill: ~:; !!I'rtms of dcxlrose \\'as f.ollowed 
I'lllllinal motililr "'tlS \'l'IT l\di\'e lrv 215 !fl'anlS of d('xl"l'05e and :10 
and PI'OIlOlll]('l'(\ ; titis was especin 11,)' g'j':lnls Zrf sodilllll formatp, InI"l'll­ • 
Animal No. Alfalfa 


776 Meal Pellets RUMINAL 

12/7/54 Diet MOTILITY 


E 1 E ! f E ~J#I#v(t~~~~~~E E E 
C02 ON Each arrow = a liter CO 2 GAS OFF 

TI~',E INTERVALS = 1 MINUTE 9: 30 A.M. 

li'wmm 2S,-UnpW l'('iiPOIISC of C'rucinlioll l't'flC'x to g-ns pl'essul'c stilllulus ill sllcC'p, 
E=cJ:uctatiulls, 

• 
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• No, 118 
No, 118 

8/15/55 
RUMINAL 8/15/55 

Gras!. P ostufe 
MOTILITY 

50g. ~De~trose Minutes 
~~.~.. ~.t.. i. ,. .,., ... ,., i .,._ t ...i ..... , :=:.... , .... j •... 1•..•_••_1 :::i=::J=:±::e=l. ::1_ .i__...l •.. nl_ C •. •-- .1__1 ••1 S:::::S. 

FH:l'ltr; ~(),-EITl'('t of infl,'r1l'lIlnillnl n(lJ11illi~fl':rtiUJ1 or dpxu'o;.;P on I'lllllin:li moUiH,\' 
in Sill'PP, 

• 

rUl1lina] IH'C'SSlll'C', ine)'C'as('(l rathC'1.' 
stpa<lily unlil it" ]'(,:I('11pd In 111m, 

Hg- pi'PSSUJ'P nlHI t1lPll dp('lillt'(l 
l'a[lj<1]~', ]{ullllnul molility WitS 
Y('I'\' a!'tiY(~ thl'ou[flloJlt· this pxpPI'i­
Jl1Pili. J 11 OJ(' alJsl:ll('P of l1l('clmnieal 
or pllysiolog-ieal b]oekag'e of ('1'))('1:1­
lioll, it is dilli('lIlt to l!1lild lip int 1':1­

I.'tlminal PI'PSSUl'(' pith(')' thl.'ough 111(' 
introduction of I't'lnliypl\' Ja)'[f£;' 
:IIlH111I1(" of [fas illtn Ill\' 1'1'111]('11. 'as 
illustl'utPdi)1 lit>:III'(' ~H, ol'1)\' Ill\' uSP 
of illp [filS '1'01.')11('1'"' such as '({('xl"l'osP 
and fOJ")tlHtl', as illusiJ'atp(\ iniit>:ul.'es 
~!l. :m. nnd :11. .\11 (·11'('<'1: of {nll'o" 
dlll'il1[f ~;) [fI'HmS of a lhlllllill and ill! 
!tTHll1H of dC'XtTosP into lhe I'UIll('1l i~ 
~ 1111;-:[1':1t Nl ill fi~t1l'e :~~, 

• 

Til "jp\\'o/'oltl'l'nilul'p ill a Illtlllbl'I' 
()f l'xpel'iml'lll:: I () j)1'ot\U('(' 1'Uminl11 

dis/Plllioll OJ' il1cn':\sp il1lTaruJllillal 
pn".;suJ'(' by Ill(' introdttdioll 01' gas 
fO)'IlIPI'S, slJ('h as (I('xl )'OSP 01' fOI'Ill­
a(p, illto 111p 1'111111'11 alld of til(' It<'lin' 
Itllllill1l1 IIlolili!\' ('xhiiJitpd, hr two 
of Ill(' 11 l1i ilia 1::, 'it is ('ollclu<lP(llhnl' 
tltl.' ill!'l'l'asp ill il1lraJ'ulllillal I))'('H­
~II)'(, 1'(,;;I1II('d f1'01l1 

stllJi('ipnt' fl'oth 10 

(\I'uclafio) I, 

No, 118 


8/15/55 

Grass? asture 

111(' fO)'Jlwiioll of 
iJlil')'J<'I'(' lI"il h 

RUMINAL 
MOTILITY 

In Vivo Experiments with Alfalfa 
Saponin and Alfalfa Press 
Juice in Relation to Froth 
Formation 

EXPERIMENTAL PROCEDURES 

III (JI'(h'l' io sillcly fttrtllC'l' DIC' in­
1(,I'ac't iOIl of nll'a"I';\ saponill and 
olhl'I' plallt' ('ollslitlll'nisill l't'1atJOIl 
to fl'Oih fOl'lIIa.tioll, thC' following 
~(')'il''' of Ihl'l't' ('x(lPl'iiIH'nt;; \l'as COil­
e! tlei'pcl, ' 

.\1i'alt';l ])I'('SS jui('p \\'a;; (lJ'l'parcd 
from a ;;:llIlplp of' nlfalfa I"ll:lt had 
1101' (lJ'olluC'e(\ hloat <,ymptolllS WllPIl 
'I'('d to catl lpin the fl'C'Hhh' ('ut statc, 
The IH'PSS j uicC' \1':\;; l)l'(~pa I'l'd i Ill ­

)tlP(1 i;tiply pn'('pd ing t':teh of j' h~ 
IltJ'('C' (,xlll't'illlt'nl~, al'('ol'ding to the 
pl'o('('dul'('s Ollt lillPd in Ih(' spti:ion 
on I'ulllina.l IllOtiiily, 

.\ :;lng'lt' fishJla fp(', ShN'P I\'a;; 1I~t'd 
ill tlH' pXI)(,l'inlPnlS, Tht' allill1al 
was gl'a:-.ing' OJ1 :L pn~llIt'(, ('olltaining 
hlt'g'(' alll(JlIlIls of gl'a~;; alld ~()nl(, 
Ladino ('loYl'I', In p:u'll of Ihp ('x­
jJl'l'illll'llls the> animal ",a:-; I'c'lIlo\'ed 
1'1'0111 Ih\' pn:-;II)I'e> ~ 1'0 :311()111'~ beforl' 
f I\(, (,XIW)'i IlIPIl Is \\'1'1'(' ('oIHllIdl'(1. 

No, 118 

8/15/55 

Gross P astur. 

LJU~tUiJJJJJLVJJ1JJJJJJ,UJWJj,lJJLAL\Lv:.L

.I I 

50g Formate 

Iii i i I j i 

FIGlJl{I; ;:0.--»;1'[(><'1 

Time in Minutes 

i Iii i, i. iii iii "1'3 iii' iIi i· iii i 


of' intT:l1'1I111ill:]i nliIJlinj;;tl':riiUII o{' ;;O\lilllli 1'01'111:1[(' 1111 ruminal 
motili\~' ill Sll('t'j), 

• 

i 
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No. 232 No. 232 
a/17/55 •RUMINAL 	 a/17/55
Grass 

MOTILITY
Pasture 

Fornot.----J 

3 
No, 232 

a/17/55 

lill.'llIllf'~U~I/llf' '/1(11[:'11:1:1 ,,:t "~I ,jl!('''I;''''''''I!" ""IIt.l!!{' '1 
,(I h', i' I' l:. I ; 	 '( '., ' I j I I: j ,( 1\: 1/' I r '1/;', I ,;

.,,~~·I~'}'.l/~:.iIJ' ,.iI" ~ ,riJJ'~ ...:V ~l...J ...~1.'.J..~~ ";.. I,.;i.JI~I....}~) II,; ',N I~'" ....,,,,J .1.... IV ,..\.1 I. ... , 
-	 - l ­

25g Dextrose 

, i •••• i , ( • i , • 
Ywt'la; :n.-Tllil'al'lIIJ1innl 	Il(1millil'll'afion of tlpxtl'O;;:p, 1'01'111:111', IIlId dpxtJ'oS(' ou 


rUlllinal lJIolilit), in sllN'P, 


H lIlll in:III.llot i I iiv waf' 1'c('orded b \' 
llsing the PI'C\'iousi,\' dc:-;cl'ibcd ('cll ­
niques, alHl intral'l1minnl Pl'e'SSlll'(' 
was rctorded by lIsin!!' a mnn011lctCl' 
conncctcd to 'the f1stub of the 
animal. 

In the fir:.:t cxpl'L'imcni', 1,000 ml. 
of the aH'alfa l)1'CSS juice was in­
troduccd into t bc, rUl11cn of the 
sheep and thc ('ontrol l'cconl ob­
taincd. 

In the 8CCOIHI cxpl'rilllt'IlL ('011­

duetl'fl on fhe followjtl~ day, aoo 1111. 
of a wah:'l' solution cOlltaining lil 
grams of aHalfa saponin and :30 
~ral1Is of <1extroRe\\'as addcd to 
1,600 ml. of tIlt' :tlfalfa 1m,'SR juice'. 
and the. mixture intTOdl1(,ccl into the 
l'umen of the anima.], as above. 

In the Ih ircl cxperiment con­
ducted 3 days later, 2 liters of tltt' 

No, 795 
a/IS/55 RUMINAL 

AI falla Hoy 


MOTILITY 

aUnHa pres;.::i 11 icc was slo\\'ly heated 
to noc C, ~\. ('opiol1s })I'ecipitate 
which contained considemble 
:t 111011 11 ts of pl'olein was obtained, 
The :illite was thcn filtered and 
coolcd to bod,\' t(,llllwl'atul'e. .Just 
pr('\'ious to ndlllinistTation of the 
juic(' to the animal. 15 ~l'alllS of al­
falfa saponin al1(1 ;";0 grnl11s of clex­
tl'ORe ,\'CI'C n<l(ll'd to tilc solution, 

)[ptlr\'l silicone was llsccl in the 
;.:('cnll<l 'Hila third ('xpprilllents ill 
()J'(ll'L' to show the ('(I'l'et of an nntl­
fonmin~ agl'nt Oil the expcrimcntal 
Illont symptoms, • 

,Yher(' it ,vas possible to distin­
guish ekarly bt't\\'cl'n th(' major 
I.'umin:ll con!'ruetions and the ::el'uc­
tal'ion confradions:': the i'rcqllcncy 
:llltl [tmplit1ll1e of the contraetiolls 
Wl'1'l' mcnslIl'l'cl :I lleT rccorded by [1-

No, 795 
8/ I5/55 

l!~IGUJ:E 32.-1<;ITect of inti'arlllllinal adminislratiOIl of alblllnin and dextrose 011 
rumiuai Jllotilit~· in sheep, 

• 
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minute periods. The predose am­ between sftponin and protein may 
plitude meaSlll"elJ1ents '''ere' given (lxist hl the formation of frothy 
an a,rbritary index value of ioo. i ngest:a. He!ldily fermentable car­

bohydrates. such as dextrose, also 
RESUL TS AND DISCUSSION appear to ~li(l in the formation of 

froth. IY11el11er III is action is Jim­The results of the three experi­
itwl (:0 more rapid gas fOI"1J1ation orI1H?nts on the sheep are gi\"('Jl ill 
\\"het'her dextrose has other proper­table 5. These experiment's to­

~eth(,l" with the experi])l('nts jJl ties that contribute to stable froth 
which alf:dfa Hnpollin and egg JOl"lnaJion remains to he elucidated 
albnmin WPI."l' ('OInbiJJP(l arc prplilJJi­ by fllrfhel· pxperimentation. 
nary in nature, but these pxperi­ In all the experiments, :t definite 
ment:s indicate that: an intpl"llctioll incren:::e in the freqlJency of the 

• 
1'.\131.1': 5.-Re8Idts of intl'oduclion of alfalfa 7J1'ess :iuice, saponin, and 

dextl'08C inco rlt,men of jist ula tecl sheep 

i 
Total J ;\lajo,'n'lIliliul 1~""("1:l (ioll rOil truCtiOIiS !rllminal I l'OIltra('lions 

{lfllltru('· ~ "_ ~ _....___ ._ ._.___) lfltmrlllllina1 ,U'{'SSlJrl'
lions 

F""'tll('I1("Y I A "'pJitlld(' I 
, 
\ .i.\"o. per )Co. per.Index Jndexmil/ule minlile 

Prec!osc ________ J (l O. S 100. () o. ·1 ]00.0 XOl"lnal.
1st poslclOsf' ____ J o 1.0 77. (j .8 10(),0 Slight increase.
2(\ postdose _____ \ 10, 1.2 77. U .8 100.0 Do.
;3cl postclos(' _____ i \) J.() 77. (j .8 , 100.0 5 Jlllll. Hg.
4th postdosp ____ ' \) J.O 77. G . S I 100. 0 Do.
5th postdose __ _ U ; .8 05.7 1.0 100.0 Decreasing. 

BECON)) EXJ>I';Hl~lgNT-l.GOO ~If,. Ar.FALl'A 1'nl,s5 .1I"1CI' l'L\:S 15 0"1. ALFAf.FA SAPONfN 
. A:\D 50 (:~I. J)EXTHu"m 

])r('do~I' __ • _. ____ 	 1 00. 0 ' 	 -'~~~'-' 1no.-o I1.2 	 X orll1al.
Ist post dos(' _____ . 1. ·1 (i\).·1 1. 2 j 1·10. 7 IRapid increase.
2d post<io>;c. ____ I 	 I 

1.2 GO. 2 I I. 0 ] 23. 2 Do.
:3ci postclos('______ , 10 1ll1l1. JIg.
·Hh postclos(' ____ : 	 14 111m. Hg Ilnd in­• 	 ~ =- == =(=======)========1 creasing.
5th posldos(' 1__ _ J I I , ! Began to decrease.
Gth poslclo,;p .. ,, __ ' !J , . :===C=====:;===:::=:1 Dccrcasing.
7t h jJostdm;(' ____ ; \l 1 ,,',' 	 Do..lp.;; I . ~ I lOO.O j'8th postdoi:ip ____ : (j • (j .1.). _ 1 . (j I 100. 0 Do. 

I ,,_, .J .~".___. .1 _, ___" . 

I "'.' I-~ .. -l··~-·I··'---··J'rcclosc________ -' ( I I. 0 j 100. 0 O. ,1 100. 0 XOl"lnal.
1st postdose_____ , ] :3 I. + I .J G. 0 : 1. 2 100. 0 Slight increase.]2 ' ________ ' ________ ' ________ j_______ _2d post close , _ . ",. 	 5 1ll1l1. J:Ig. 
:{d postclORC'. - - -" i 	 7 Inm. Hg.
·Ith postdo~e ---I 	 Do.~ I====--=~l===:====l:=:==::= ========1' Do.5th poSlclosl' 1__ _ 2 

--.6lh postdosc____J ~ r- o GT--27~2T----·-8· ---71~4-1 Decreasing. 
--,---, ~_~I --..,.,~--~....-.---- .--~-.-' ._---.- ..._". - ---.--,--~--". 


1:1Ih'thyJ sil;cO/l~ ;mrOt!ucl'd IHto th,· wlIl,'n. 

• All comrnrtiolls l'('ducl'fl til ~tn·n!(lh. 

• 
·J090til-57-~O 
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"eructatjon contraction" was ob­ the rumen and reticulum are con­
served, and in the second experi­ sidered together. The observations, • 
ment in the series with the tdfalfa as rcporte(l in this bulletin, mus­
press juice, an inereasein the am­
plitude of the "cructation contrac­
tion" was also noted as the intrlll'u­
minal pressUl'e ,\"as :increasing. In 
all tl1C experiments in thc alfalfa 
press juice series, the major rum inn1 
contraction was reduced in ampli­
tude following the dosing and it 
was markedly l'eduC'ed ill the l'xpel'i­
ment in which the heat. precipitable 
protein was l'emovNl :fl'om the al­
falfa press juice. The ampl itncle 
of the "eructation contTaction" wns 
reduced in only one of tlw eXjwri­
ments in the press jll iee s<:'ries. 
These ohsel'vat;ions tlrein agrec­
ment. \\'ith t"he experiments on the 
etfect of alfalfa saponin on ruminal 
motility, i. c., that the major l'll­
minal contraction is mOI'<:' r<:'atlily 
afi'<:,ei:ed by saponin than tlH' "<:'rnr­
tntion contTactionY Anotlw]' oh­
selTation is that a. urea tel' I'ed llction 
in l'nminal motilit\, ,yas obsel'\'('(l in 
the last experimei1t in tl1e nlfal:fa 
lH'<:'sS juice series than in the second 
experiment, in \yhich a more pro­
nOllnced hloat reaction ,ns ob­
tained. This ohservation is in 
agreement with the prCYiollsly des­
cribed experinwnts with legume 
press juices, as illustrated in figures 
111 and 17. 

.Tohns (2.')) and Hancoek (:20) 
haw, l'Cpol'ted thnt 'I'nrninal moye­
ment;; lncrease in fl'eqllenc.y and 
intensity during the eaTly stnges oJ 
frothy pnsturp bloat. Jacobson 
and Linc1ah 1 (25) ha ve 1'eport<:'<1 
that rumina.l mot:ilitvinC'l'<:'asec1 in 
fl'<:'qneney during the lle\,l'lopn1l'nt 
of frothy feed lot bloat. The ob­
sel'VaJ.iOl;s on l'lIminal motility as 
reported in this section at ieast 
pu-tially substantiate these ohse.1'­
vations; howe\-er, a n11lnbl::'r of 
fundamental questions stj]] l'emain 
to be ans\\'el'ed. 

Rumina,] motility is quite com­
plex, especially when motility of 

h'ate that cel'btin l'uminal con­
tractions n,ppeal' to be more readily 
affected by tl1e action of alfalfa 
saponin and legume press juices 
than others. It appears that the 
amplitude of the major rnminal 
contraction can be reduced while the 
freqnency of the "erllctation con­
traction" can be increased. Studies 
by ",Yeiss (50) and others (10, Z'], 
:]0), together "with a number of ex­
periments conduded by the authors, 
11:1,\,(>. 5110,\"n th:1t in nOJ'mal an imals 
J'uminal ('onh'ad:ions and el'uctation 
rai:l's vary witllintraruminaJ pl'es­
Sl1re. Increased intl'aruminal pres­ • 
sure leads to an increase in the 
frequency of the "cnlctation con­
traction': and the rate t1t which 
eructation occurs. This is con­
trolled apparently by a reflex 
meehnnism. ",Yeiss (50) indicated 
that the efficiency of the reflex may 
V[tl'Y among animnJs. On the other 
hand, substances snch as atropine, 
so(lium cal'lJonate, and potassium, 
cyanide, in addition to saponins, 
can cause ruminal atony or paraly­
sis. Animals also vary in their re­
action ~"o ch'l1gs, some being more 
susceptJble than others. Dougherty 
(11) has found that-ruminal motil­
ity could bc sti l1luhted by increas­
ing intmruminaI pressure, after 
ruminttl pan1lysis \\'as induced by •
atropi ne administration. "'Weiss 
(50) illllu('('d totalrull1ina.l paraly­
sis in sheep lw dosing the animals 
with either sodium cal'bonate or po­
tassium cyanide, and then incl'easetl 
intmruminal pressure by intro­
ducing ail' into the rumen. He 
found that the "increased jntra­
l'uminal pressure stimulated the 
eructation reflex so that the forwal'd 
moying er1lctation contrHctions re­
appeared rhythmically, although 
the backward moving ruminal con­
tractions rcmainecl in h i bit e d." 
",~Teiss also found that these "eructa­

• 




• 
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tion contractions" were markedly 
increased if eructation was ineffi­
cient and high intraruminal pres­
sures -were susta,i ned. 

• 

It was pointed out in a previous 
sedion that n, l'erlnetion in ruminnl 
motility or e\'en rumimtl p~lmlysis 
does not in itself lead to l'llmilltmt 
bloat, proyided that the muscular 
adiolls of the ('tndia and esophagus 
nre Ilot inhibitNl. However, in the 
]lrpsl'n('e of frothing of l"Illninal 
('olltents,impairccl 1'11Illinal and 
rC't i(,111 til' nlotility cOllld well be 
contriblltol'Y to till' clevelopment of 
bloat. Tlte. cillcfluorogmphic stud­
ies illustrate that - t-he tlHftHa 
,mponins also call aired the motility 
of the reticululll and the 1l1l1Scltla:r 
actions of t-he esophagns in addition 
to acting 011 rnminttl motility. 

• 

Somc impOl'tant questions remain 
to be answered in relation to 
rllll1illal-ret-iclllal' motility and 1'11­

nlinant bloat. _.\'It:hollglt it appears 
that thel'eis a I.'llllJinal contraction 
associ:tted ,,·ith enldation and that 
the frpqllell(,)T of ntis conh·a.ction 
Y:lrips with i11t:rtu'uminal prcssure, 
the hypothl'sis as lHlvn.l1cecl by 
'Yl'iss that this "cructation contrac­
fion" is :forward l11ovillf! in na.ture 
ns contras/:£'(\ to thc ba.ekwltl'c1 1110Y­
inil' "rnnjol' rllm i n:l1 conh·ttction:' is 
QIIPstionpt1 by some workers. Also, 
it hac; 110t 1)(>('11 confirmed that tho 
st'ill1llllls fOl' nle "enlci:ttion con­
traet:ioll': ol'iginai:t's 1'1'0111 lH'esslll'c 
l'l'{'eptol'sin the dorsal bEnel sac. 
H is important tllat t-he exad nature 
of tIle "el'llcbttion contraction," in­
cIud i n,8: its innel'v[~tion, be definitely 
estahlished und the rclatiOJlship of 
this "Pl'uciation contl'aeotion" to (;on­
lTaC'tions of the reticulum, rcticulo­
l'ulllinnl fold, and oth(>I' palts of tJle 
rum i ntmt stomach be cletcl'l11 ined. 

Fnl'illllol'e \.1aht UTe tlY:tilnbh', iUl 

important qnestion is: ('nil the e011­
tl'ndions of the l'pticulul11 and 
l'ptielllo-l'uI11 inn 1 :fold be (ptit-ein­
eflic'iPllt wh i Ie nle :f/'l'C[lIpncy of the 
-'cl'uctation contra('tion" is in­
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cL'ensed ~ It ·would appeal' that [1, 

reduction in the stl'eJ~gth of the 
contractions of the reticulum and 
reticulo-ruminal fold would con­
tribute to clifliculty in clenring the 
eaTdilt of fr:othy ingesbt. in addi­
tion to the need for more fUllelR­
mental dab. on the mechanism of 
erllchttion in relatiol1ship to ru­
minal mot-ility, definite and precise 
nwaSllrcmellts of the motility of the 
rllmen, reticulum, and reticulo­
rUlllinal fold during the actual de­
velopment of elinicrtl bloat should 
be att:em pted. 

_Another question that needs to be 
nnswPI'Nlis whpHLCr or not absOJ'p. 
tion of physiologically active con· 
stiJuent:s is as rapid in fL'Othy bloat 
nsitis when the rumen is free of 
stable froth. 

Measurement of the Free Gas 
Pocket in an Animal with 
Frothy Bloat 

EXPERIMENTAL PROCEDURES 

The follo,ving experiment was 
('olld ueted in order to determine the 
amount of free ga.s that could be 
:follnd in thc rumen of a, steer bloat­
in!! as a, result of froth formation. 
Tf1e animal had been fitted with a 
perma,1)ent-type rtllnina1 fistula. 
tmd had received [~ bloat-produc· 
ing diet for several months previ­
ous to the test. The diet used was 
simi.lar to that used by Smith and 
coworkers (.45) and T.Jindah1 and 
Davis (33), and identical' to that 
l'cpOlted by .Tacobson and Lin­
dahl (9.5), In previous experi­
rllents it hnd been fOI1]1(l dUlt 
ruminal motility WitS active in 
I-his fl1l ilflal during the development 
of bloat symptoms. 

During the experiment. thcintm­
rUIll ill:rl prl'SSIll'e was measured (1 
110111' :11'h'I' tlw morlling and n.fter­
lloon EN'cling 1)(,I'io<ls) by using a 
Il1pr(,III'\, I1lfUIOllleter athlched to a 
t.tdJC r;lIl1lillg thl'ollgh the fistuh 
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plug and into the rumen. Then a third measurement of the intra­ •stomach tube of l-inch inside diam­ rUlninal pressure was obtained. 
eter and with a natural curvature 
was directed into the rumen and RESULTS AND DISCUSSION 
toward the dOl'sal blind sac. 'When The results obtained in the ex·
the stomach tube filled with ingesta, periment are given :in table G. Al­
it was removed and a second inh'a­ though these l'esults were obtained 
ruminal pressure measurement was ,,,ith an llnimal with a particular
obtained, as above. The remaining type of frothy bloat, they do mus­
free gas vms then slowly released by h'tltc that. at least under some COll­

opening the pinchcock on the fistula ditions, a' considerable amount of 
tubing 1l11til f]'Oth begnn to come :free gas ('al1 be found in the rumen 
out of the tube. At that time, a :t1Ollg ",illl a large amount of froth. 

TABfoE G.-Free g{{sin the 1'U7Ilen of a steel' 'with frothy bloat 

Intrnmminal IntmTuminul • 
Illitial ]lJ'C'SSllJ'C ]lJ'PSSlIrc 

Dale intr:lrlllllillal after gas arter l'C]C:ISC 
prC'SSlIJ'e WtlS released of TC'mnining 

by stomach free gas 
tube 

l\!m. JIg ]11m. fIr' Mm.ll(J
Aug. 1!), 1\:)5.5 ll. Ill _____ • ___ • ______ .____ 20 1-1, 2 

p. Ill •. ____ .__________ ___ 80 ]2 2 
Aug. 22, 1 !)55 a. )]1. ___________ " ___ . _ .. _ ] 8 8 .j 

p. Ill_____________________ Hi 4, 2 
Aug. 23, 1955 a.Ill.____________________ 18 8 2 

p. III ______ " ___________ .. _ _ 16 2 
Aug. 24, 1955 ll. Ill_____________________ 16 

8 
6 0 

p. 1Il__________ ___ __ 6 2 0 
Aug. 25, 1!)55n. Ill ___________ . _ ______ 20 S 2 

p. III _______ • _____ . _.. __ _ _ _ 8 2 0 
,>Aug. 26, 1955 a. III ________________ " __ _16 0 

p. IlL ____________ . ____ • 20 8 2 
Aug. 27,1955 n. 1Il __ • __________ .• _ ____ 26 810 

p. Ill ____________ . ______ .• 28 16 8 
Aug. 28, 1955 t1. 11L ____._____ ___ _ _ _ _ __ __ 22 8 6 

p. ilL _. _____ • _ _ _ _ _ _ _ _ ___ _ 24, S 4, 

I----------~---------Ayorage__ .. ______________________ 19.0 I 2.8 •7. S 

SUMMARY and carboh:yc1ratcs in the formation 
of froth needs further investiga­

In "itro and in vivo experiments tion. In addition to the contribu­
indicate that alfalfa, saponin can ('ions rnac1e by the plants to fL'oth 
contribute to the formation of llnd fOl'l1l:t/'ion, it is quite. evident from 
to the stabilization of froth of recent experimental ,,-ode nnd from 
l'tuninal illgesbl. Howeyel', it is the OCC'lllTence of clinical bloat that 
also quite evident that alfalb one OL' more animal factors are also 
saponin is not the only factor in­ in '-01 ,'ed. 
volved in stable fl'Ot:h formnJion, It also appears thn,t frothy in­
either experimentally 01' in clinical geshl ('an contribute to or cause 
bloat. That a possible interaction bloat symptoms in some cases with­
may exist among sflponin, proteins, out filling the entire rumen. 

• 
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Certain qllestions arc raisecl con­ physiologically actin~ ma,tel'ial~ in 
cerning ruminalmotility and frothy the production of the bloat symp­• 41 

bloat resulting from the use of toms, 

Some Pharmacological Properties of Alfalfa Saponin 
When Administered to Sheep 

By R, lV, jJ(llIgil('rly :111(1 Iran L, Lintlahl 

• 

The follo\ying: (ksC'l"iuNl C'xl)('l"i­
menis wC're 1IIHI('riakt'n 10 gnill an 
insight into ~()IIIC' of thC' pl1(11"l11a('o­
logical pl"opC'l"j'il~~ of llHalfn.s;lponin 
when fldminis(C'I'C'(] to l'lImil1ants, 
,Yith Ow l'x(,l'ptioll of: ~OIlIC' gC'ncral 
ohsC'ITn (iolls a lid hlood Stll<l iC's 111:l(le 
:It ill(' _\!!ri(,IIHIII'al 1(('sp:1l'('h Cen­
tl'l" Bplt~\'ilh'.~[d .. Ihe C'xperimenfs 
wen' l'OIHlII('lpd at th(' Xew York 
:-:t aIf' Ypl('ri lIa I'y ('ollC'g:(', Ithaca! 
X, y" using: '\'PstPI'1I l'ang:e f'hprp, 
1'hC':-:e 511(>(']> "'l~n' l'P('C'i \'i lIf!' a l'aJhC'r 
pOOl' qnality grass hay at: fhe. f-ime 
of t11C' C'xI)l'rimC'nti' and, to Ollt' 

knO\Y]C'Il!!P. had llC'YeL' !!I'azN1 on 
Ipgllllle jwstlll'es, ' 

Experimental Procedures 
and Results 

BLOOD STUDIES 

• 
Ilc1fIol.llsi.'l,-OI1(, of the jlroPC'L'­

t ie's 0 f thp sa pOll ins in gl'I1l'l'lll is 
theil' allilih' to llPmolyze blood, 
Sollman n (j(J) stn.tes thal the 11 PI110-

Jytjl: netion of saponin::; maT be pre­
YC'1li'p(l IN cholrst(,I'ol. hllt that the 
ehol('::>iPl'()l PI'OIN>liol1~ (Jops not ('x­
{c1H1 to the :'('entr:tl sapol1 in ac­
tions,:' No correlation ,vas fonnd 
1>C'tW('('11 1>loat symptoms due to 
saponin nilillinislTni ion n.n<l blood 
hf'lllolysis ill n n11l1l1)el' of' ('xperi­
llIeni:S('oll<ll\('tpd at Ill(' .\!!rieultllml 
HI'Sl':l 1'('1 I ('(,l1h.'I'; 1. p') hlo:tf: symp­
tonlS "'('I'p oIJtn i11('(1 wi thou t blood 
hpI1101 w;is. alid. blood. hel110lYsis ,"as 
ohta i1{l'd ,yithollt hloat S,)'111 ptoms, 
_\ lthollghint!':lnllOUS illjl'e{i()1\ of 

1 gram of tll(' aHal fa. sapon in failed 
to Pl'OdlH'p hemolysis in some caS('S 
all(l olll~\' sl ight hpmolysis, which 
disappC'arNl l'api<1ly, in of·her C:lses, 
III still otlH'r (';15(,S. 1':1thp1' markecl 
hplllolysis was notr(l. 
~\n 't'xpPl'inw!l{; was designecl to 

sho\\' the ('fl'l'cis of hemolYsis an(l 
a Iso f0 show I he efl'('('{s of relllo\'ing 
an <'qllal or l'vE'n lal'g:E'r !lllmher of 
red. ('I'lL.; than could lHLVe been lost 
in the. (]P!!I.'CC of hemolysis eausecl 
/1,' the n'clmillisf:t'afioll· of alfalfa 
::;;1 pon in, A mnge w~ther \:eighing 
no pounds was lIsrd JIl the 1Il ,ritro­
in ,-i\'o hemolysis pxpet'.iment. Fin~. 
hundred ml, of blood were with­
(Intwn il'Oll1 the jugular yein in a 
1)(,1'io(1 of::: minuf·es, Thc blood waS 
lakC'<1 "'ifh nOi) 1111. of (list-i1lecl water 
and then injpcted into the jugular 
wi n. using: til(' cOlltinuous ch'ip 
Jllrthod., T]lc injeetion ,,'as shtrtec1 
].') 111 i n lIt('s flfter the end of the 
wit-hclrawnl I)(,l'iod and was con­
finllC'c1 for 5G minut'es, Ruminal 
mot il ity was recorded 111 roug:hollt 
I'lll' pXlwl'imenL Fj~'1.lI'e :33 shows 
thc markpd dN'l'pase in l'llminnl 
motility :following the blood with­
(h-awnl. FOl'ty-fi\'c minutes after 
the cOl11plption'of fIle transfusion of 
hem()1y~('d blood, til(' animal ,passed 
hlood-tlng:('d lII'ine, BE'ginnincr np­
pt'oxilllfllrly -I·:; minut{'s aftef. the 
tTaJlsfllsion and for sC'n'l'al minutes 
thpl'pa f't-pr thp a!limn.·1 displayecl 
Illlls('ulm' tt'pmOI'::;, Durin cr the. 
I)('riorl of iTflCi ng, the. rmn in~i COll­

tl'aet.iolls an<l I'Pspiration ,wrc con­
sidl'l'ahly 810\\,(,1' than in the pre­

saponin was llHH'(' PI'Olll' fo I'pSlIlt ill tl'p;tfll1l'ni: pnti(,l'll, "'hell lheimi­
hemolysis thall intl'fl.l'lImillal ad­ Illal was ('heekc<1. 'j 110111'5 after the 
minis{:ralioll! the injection of up to ('0IIIpletioll of the tl'ansfusion, it 

• 
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RUMEN MOTILITY 
 • 
MLL:f' ft I/~ !! l! I! 

, J, ;1': ' , ' - ,t L ~ f I "__,}---'----LUL~L.-'J\..L_
" '~\..ih~\,.i-,~..J: ......L-.J...--1J,~ TAMBOUR ADJUSTED 
,... Iw-i BL EAT TRANSFUSION 

'500cc BLOOD DRAWN STARTED 

MINUTES 

10 15 20 25 30 35 

FlGt:lll~ :la.-~rn.rkcd (]rc'l'e:lse in rumina1 lI1ol'ilifS follo\\'ing the \\'ithdr:lW:ll of GOO ml. 

of hlood frolll fhe jugnlnr "cin of tl shel'l). 


aPllt'an>(1 10 bt' 1.'('latin~I.\· Ilorlllai. VOlllllll' of hlo()(l t'xf'l'IHll'r . .A 1·:tIll!C 
The allinml was checkpd. ('I()~l'h' \\"t'tIH'l' wPighing apPl'oxilllai'l'ly l~LO 
m'e!' the Ilpxi: ~cn'l'al days and at n'o pounds was llsed ill this pxpPI'imcnt. 
timE' <li(l il- di;-;play nlly signs of llis­ TIlI'c('. hUlldl'Pcl Illl. of blood ,yas 
comJort 01' nbll 0 rill II1iI-ies. Several withdrawll 1'1'0111 tltl' juglliar ,'ein in 
Illonth~ rtftpl.' the expel·jnwnt the r; stl'j)S 01: .:;0 1111. eaell o'"eL' :t peL'iod 
lin jm:t 1 (,Oil ti 1\ lied to be in l!ood o[:W l11illlltpS. Each time 50 1111. of • 
]l('alth. " IJlootl was '\\'ith<1l':l\nl, nIl equal

,\'llej'lwL' thp de(,I'l'asNIl'lIminal "Olllllll' of plasma YOIUllle eXpfllldl'l'
ll1otilit\' ,,"a~ ctlllspcl by loweL'PIl (G jll'I'cpnl- dl'xtl'an ill nn jsotonic 
blnocllll'pSSIII'(' allcIn, sllb~pqllent de­ XnCl solution) was intl'ocluc'ed into 
c/'ea8e ill splallC'hnie blooCL flow 01' I he .i lIgllla.I' \'I'in .. RUI11 i ~)al motilil'y
I,,' iL dil'P('(' efl'pct of: I'Ilp dpcl'pase(l was t I'acl'clby llSlllg all lI1k-writi ng 
flxygen-C'tlIT,\'ing capacity of i'llC. ai" tamboul: .nttachecl {-() a ]lerma­
blood. 01' hot-h. cOIIld, not he <1(,jpl'­ lH'nt l'llnlilla.l fistuln of the animal. 
Illillt'cl from Ihi,: ('XI)(' l'inWll t. Tn nn After: ('clItlpletion of the ('xpel'i­
attplllpt:. h) :U1;-;Wl'l' 1'lll'fiC qt1(,f'tions. IIWIlt. the lImplitude of tlte major 
1111 l'xl1C'l'inH'llt: ,rn::; dl'signpcl to re- I'lllllill:ll ('onf'l'ndioll was measured 
1111)\"(> small :l1l101Illh.; of blood at fl'om tltt' tmejng: and the fl'equellcy 
1'l'~111 a I'j 11 h' ITa J:.; 1111 til a, In nre of tIre ('onh'acf ions COllllt(,ll. 
:lll\Ollllf had hePIl 1'1' 111 0 "l'<1 fllld 'to Tlw 1'('slIlf::; as gi "en in btbk 7 
l'('plncp til(' ,'olullll' \\',it'll fill' ,::tI1\(' ill(lieatc,' that the 1'l'C1uction in 

Txm.g i.-Riled of 1'(,71Wl'ill[1 ,JO{} 7117. 0/ blood 11'011'& (t sheep at 1'egular • 
in/f)·/'ol.., and 1'('I!lru'ill[! thl' Mood b,1/ an equal tL'o7wne of 71la..sl1w on 
I'II/Ilil/al ('(JII1)'adioll ((1/(7 lhl' fi'l'I/IW!U'lI of cOllt1'(t('tions 

"-""-;~I'J~\I:I~I~X l-~'l'eql:,e~~-~:,~ 
Time (m:ljOl' I tractions (major

('ontrac- contrnction) 
lioll) 

Pr('trc:\(IIH'IIt. ,'-~-~-- ,- --,,-,..,- ---,-~--~- HlO 1- 1 1)('1' I.:?5 lninu('s. 

Aftrr dl'llwing 50 Ill!. _" __ ', 100 ; 1 p('r l.ilO minlll('".

Aft('rdmwin~.IOOI1\!. __ .____ no I Do. 

After dl'llwing 1:jO I11L._________ no 11)['1' nlinlile. 

Aftcrdm\\'ing200mL ______ '" ' .. , ___ .___ SO Iper1.50minlltcs,

After dra.\\'ing 250m!. ___ • ___ , SO ! Do. 

Aftrl' dr:lwing aoo mL __ •• __ . • _. ____ • __ fj:j I 1 1)('1' 2,.'iO minlltcs. 

15 mil\utl';:l nftt'1' tn,kin~ 30011\1 GO I 1 per 1.(i7 minut('s.
30 mlllutps artpl' tnking :30011\'- ____, _____ .___ GO : 11)('r 1.2;3 minutes. 
,15 minutes aflcr (aking :300 1111. _____________ -r; GO 11 ]leI' LG7 minutes, 

t 

• 




ALFALFA SAPONThrS 

l'uminalmotijity was not callsed by the Xew Yod,;: State Veterinary 
the reduction in blood volume and Col1ege. A norl11al blood sample• 	

43 

pressure alone. Additional expet'i­ was oiJtained hom a sheep and then 
ments along this line are desil'llble. 0.75 gram of alblfa saponin was 

Blood (fell OOlmts.-Fi,'e experi­ intl'Oduced into the jugular vein 
ments '\\"el'e conducted as described dUJ:ing lL peI·jod of 3.+ minutes. No 
IJelow. blood hemolysis was detected in any 

E<'l.:pel'iment 1 ,nlS conduded at of the slunples (table S). 

TM'.LE S.-Effeot of introd1lction of 0.75 gl'{l1n of alfalfcl saponin in 
jllgltlar 1.'ein on blood cell oount of sheep

"..~- -~.-",--~--.~-----.--,.--.--.,. .~.-". --"-'--'-~--'T- ~~ ---j---~---~'-~~'--'---

Sample II Packet! C('l1 ! White hlooel: Hed blood

I I_.,_,__~______________,_,,_VOllllIH' ('('115 CI'1I8 

• 	 I I>(,l'ccnt Million
I'rl'dose ____ . _____________ " ____________ , :3:3 ii, S50 7.IJS lllinUll'S arte'r c!O:iP _______________________________ _ 

~. 7;iO !U)O
·t:! lllinlitpR nftpr <!o,;(' __________________ • :ll 2,4;iO 9.28
71 minllt('S after d05<' ____ •• _____________ 28 J, SOD S.85 

The result,s of the diffcrential COllllts sho\\'l1 in table S nre as follows: 
Salll Ptc 	 13 tooel COllst illlCllt 8 

Xorlllal (llrellose) _______________ EosinophilS, 4 l.)('n:eni:; basophils, 2 percent; 
band, !) percent; segmenters, ::!4 perCl'nt; Illono' 
cytes, 4 percent; and IYlllohocytes, m percent'.

Sc<.:ol1(L________________________ ~rol1oeytl's, :!S pel'('Pllt; :IlIcl 1~'I\111hocytcs, 72 pcr­
(,(,Ilt; vcry IJl'Olloun('c(l IClleopcllia. 

~:hil'd ____ " ______________________ Lymphocytes, 100 Vl'I'('cut; micl.·osCOllic eX:lIllill:l­
tiOIl of the sllI<'m' rC\'eale(1 olll~' 20 lelleo('~·tef;.

1,'o\!l'th_________________________ J;) (0 20 minutes were required to lind li 
leucocyte;;. 

• 
Fow' additiollrll CrL'I}('I'ill1(,lIts on OVCI' (t 15-milll1te period O.!H 

sheep, conducted at the Agricul­ gmlll of ftl:!'alfa saponin was admin­
tural Hes('tll'ch Center, confirmed istered into tIle j\lgular vein of n 
the n bo\'c rcsults: i. e.. an increase matllre sheep. The solution (+7 
in the rel1 blood cell count and (l de­ ml. containing 0.02 gill. per 1111.) 
crease in the white blood cell connt W:lS jlljeei:pcl at n, uniform raJe by 
always :follo\\'ed intJ'H,'cIlOllS jnjeC'­ tlsing anint'usion pump. Local 
Lion of the saponin. a I\l'stilesi n, CPl'ocai ne) WfIS used bc­

Blood Histamine ClI1CZ ClucoRe fOl'e nH\ insertion of the, poIYl>thy-
LCl'els."-The fonowing expeJ'i­ 1('11(' lle]i"cry tube, into the jugular 
ment; wus conducted to ddt'l.·mille if n'i n. The :follo\\'i ng negative re­
intl'twenous ltLiministration of al­ sul!'s ,,,ere obt:Lined: Pl'edOSe-llo 
falb sa pOll in 1'eSII Ited in 11 istam il)l' blood histamine, and +3 mg. glucose 
release or affccted the blood gluC'os(' pcr 100 111l. pl:1snmi a:Hel' the ad­
levels. 	 ministration of O.G gmm of sapo­

nin and cessation or ruminal mo­
"l'he blood histamine determinations ('i1itY-110 blood histamine llnd ~t5were l11:lde in A. J". Neill's laboratory, De­


partment of BioclH~llIistJT amI Nutrition, mg.' glucose pel' 100 m1. plasma; 

Cornell UlliYersity, and the blood glucose :Ift:er the llclministration of O,!J+
c1etermi.l1utiolls were made by Augusto gTal11 saponin-no blood hishllnine;Vallenas, New York State Veterinary 
College. 	 and, 12 minutes after the complete

• 
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dose ofsaponhl-no blood histmnine pounds was cannulated under local 
and 45 mg, glucose pel' 100 ml, :inesthesia: and the oXJ'ger~ con­ • 
plasma, sllmption measured by USing n 

Benedict-Roth metabolism appara­
STUDIES ON THE EFFI£CT OF AL­ tus, .A 12-minutC' pl'C'do~e pnHC'rn 

FALFA SAPONIN ON RESPI­ was obtai ned. and then 0,15 !.!l':Ull of 
RATION AND OXYGEN CON­ aHa161, Faponin ,ras introduced into 
SUMPT~ON the jugul:u' ,'ein ovet' n, 12-mil1ute 

period, ThC' saponin solution (0,02ObsC'lTations mll(lc dllrin!!: a 1111111­
gill, 1)('[' 1111.) was intl'od\lced at n1)('1' of ('xP('l'il1lPllts al the> \gl'ic1l1­
(Inifol'lll rate by Ilsil1[[ an infusionturn1 H<'sl':ll'cit ('Piller iJ)(licat(,cl 
Jllllll p, The oxygen ~"e()nsulll pi iOIlthat- ('iI11('[' intl'(ll'Ulllillal ol'intl'lI ­
and r('spil';llion mlC' were obtainpd,'pnOll:> a<llll ill isl:l'atioll of alfalfa 
\[11 ri Ilg Ihe d.os\' pl'l'iod fUHl fOl' t It('~npon i 11 10 sheep J'psl.Ilted in a 
11 l'X I ,')1 III in llil's. The rC'stilts lll'P('haJ\ge in llwil: I'Pspil':1l:ol'Y rate m~cl 
giypn in tablp n, witlt 11tl'IH'pdosl'rhythm, In gC'npl'al. fitp S(LPOlllll 
Ox,\'gpn ('Oll:-:lllllpf ion gin'll an arbi­n<1minislrntioll J'esIJlip(] in all ill ­
Il'al'Y \'a1I1P()f IllU,el'('n:':l'd 1'I'spit'alol',\' l'all' I'm' se\'('1':l1 

1"i!.!III'P :)1- jllustrnl:p;: thp ('hnn!.!l'. •minutC's followill!..!.· till' (loSl'. t1WIl tilP 
ill lli(' l'l':;pil'alol'Y rntl' alld rh",tliillpaitC'J'11 jw('a_llIl" il'I.'l'glll:t J' and ill 
('ollowill!.! tlJl', adlllinisirat iOIl of tit\'SOIllP ('asps dl'n'lopl'(l info (,hp,Vn('­
!l,T,) ,l.!·l';;lll of snpollill :;1101\'ll ill~f()kpS J'('spil'alioll, In (\\'0 cn;;\,;; 
talde p,t (]p:,wl'ibpd. -IlIHIl'l' tlte ('x(ll'l'illH'IlIS 

Oil Illt' eardio-\'ascul:tl' Sy;.:tPlll) ill STUDIES ON THE EFFECT OFwhieh Ipf-lud dost's of a(l'nll'a sap­ ALFALFA SAPONIN ON THEollin w('n' !..!.'in'n, J'('spil'nl:ol'Y fniltn'(3 CARDIO-VASCULAR SYSTEMpJ'l'('C'dl'd (,~IJ'(liae rai I111'(', ' 

To ohtain additional daia on flip To <ll'tpl'lll i11(' t he ad ion of a.l falf:L 
prJ'l'ct of' alfalfa :;nponin ()Ill'l'spil':t­ ,;apollill Oil ['tlnlia(' actioll alld b1o()(1
lioll :111(1 ()X.r~·Pll ('OJlSlllllp! ion, jill' PI'[';-:"UI'(I, Ill(' Jollo\\'in,it' e:qwl'illH'llts

follow] Ilg lIPH'l'il)(l(1('xl'(,l'i IlIP)I! \I'll" il"PI'P ('(JIHllIet('cL

l'OlllluclP(l. 'J'Jl(l (l'acJWiL of a ('\I'P Iflood /1f'(NSII1'I,---.\' \\' est l' I.' 11 

thaI: 'Y('ighp(l <l[J]lJ'oxilll:lt('1y Jllil rallge ('\\'(', \\'('igllillg appl'oximalely 

rr,\BLE D,--!?c8pi}'u{lJ/'Y I'lIIe IlJIII j'1/lltil'I' ().l'!/gOl ('01l81111Ipti()n 71,1/ a 1/1'1' 


dl/i'in,ll {(lid a/leI' OJ5 [j1'U1Il o/al/al/a 8tljioilillll'!l8 htlrudw'cd into tlil' • 

,illff/tial' edll 


Hpltllin'
Time Hl'spiriltory rat I' ()xyg('n 

('OJISlII1lP­
tiOll 

lOaZIIPP!'(:clOS(L ________________ _ :lG ]')(>1' Illinu!('___ _ 100 
First 3 minut('s of doi'(' pprio(L ;i;3 PL'I' ulinllU-_________ _ 7nX()x.t 'lminutes_______________ , _ _ -I!l P(11' miuut(>; .iIT('gllltlr IO;jXl'xt 5 rnillutl's_________________ , ,17 [lPI' minute; il'r('~ul:w 100 
2,5 to !J.ii lIIil1\1(l'S nfter plld of <1o;~!, _ 58 pel' Illinlltl': in'pgllllll'_ 8'/
!l,5 to J5,5 minulps ILftl'l' ('ne! of do!'ip __ '1\lIH'r minU(('j itTl'gUi:Ll' l05
18 to 2>1 rninutps ILftpl' ('IHi or do;;(' ___ -.IS pel' minute; bTI'gular_ !HI 
.2'1 to :30 lllinllt<ls aft(~r end of r!Oi'P. __ :,u Jwr minute; il'l'egultll' _ 87
:33 to 45 minutes nfter- end of d()1'(' ____, _ Too l'll]Jid to dl'\el'lllilll' __ _____ <10 _______________ _ 102 
45 to 57 minutes uftcr ('IHI of do~e_, !.I!J 

• 
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FII.lm:::1. ('IIlIlt!!!' ill 1·,·~f1il'al"I·~· ratl' :111(11'11,\'111111 III' ('1.\"1' f"llowillg' alfalfa >'apllllili 
atimillit;t:ra lilll!. 

III 1)(J1llld~. \\";\,.; all(,~( 1\(,( iZl'tl hy ill(' 
11,,(, or :\{'lIdJlll:i1••\ ~Il!..nl!.!;(, 1\('['<11(' 
W;1,- ill'->l'I·tPt! illto II\(, CU'I'ot id :11.'­

I!' I·Y. it ltd rIH' III {)od PI'P";"Ul'l' 1'['('1 w( t­
ill!!" \\'PI'P IIlHdl'. Il,.;ill!! a SaniJol'n 
1·:il·l'[ l'OllHlIWlllPlpl' lind \'j,.;o-( 'n nli ­
('(tl'.•\ tutalll!' ~ !.!;1':11l1" o/' nlfnlf'n 
:--ajlollill ill nqlH'!lIl;-; -.olll(ioJ1 (I Ill!. 

!'oll(nilll,d Il.tll !-!:111.1 \\as illjl'l'(pd 
illto (lit' ,.;apitl'1l0US \'('ill In ;, <IllS!''';, 

sizl' :tlld /'1'('qll(,lll'Y of illl' c10sps 
nloJlg" \\"i[h th(,jl' ('11'l'('( Oil blo()(t 
PI·P;':"III·(' :11'(' ,!l'in'\l :Is fIJI/()\rs: 

TIH' pl'"do:--(' blood PI'P"SIII'P :\\'PI' ­
:1!.!"('d l~.i 1I11ll. or ] J!!. ..\1'(('1' the 
iiJjl'('(ioll or ().~ii !-!Ttllil or tl1(' sapo­
l1ill. I Itl' Ill'PS"III'P dl'Oppl'll 101;) 
111111. 1)111 \"('(III'J\('<1 10 11ll' /lI'p(losl' 

11'\"(,1 ill appl'oxilllntl'ly ·r:, S('('OIHls. 
.\ ,,:p('(lIld illj(,1'1 iOll of Il.~,~, !-!T:l11l was 

lI;.:ing a hYPl)dl'l'lIlic ~,rl'il1!!(,. 'flip !..d'·PlI ill 1 Inillllt(' tint! ~~ ;,wl'onlis 

• 
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after the first; this dose ag-ain re­
sulted in n momentary dl'op in 
pres$ul'c with rapid I'ptlll'n to nor­
mal. .A thi rd do::'\) of 0.5 !!ram of 
saponin was gi,'pn in !.ii 'Jninlltc'S 
nft;pl' the second, The drop j 11 ,1))'('S­

sure was IpSSIH'OIlOlllWl'C1 than with 
the, lint two doses (from l:2il to no 
111m, of IIf!') and again was of ~hOlt 
dlll'at"joll, ;\. foul,th injt'clioll of 
n,T,J !!T:llll \\'as [!'i\-t'll ~ minutes and 
1.> ~;)(,()Jl<ls after the ('hinl. The 
hlood ]JI'PSSlIl'p dl'Opppcl 10 7;; llllll, 
shortly nfh'I.' the <Ios(' and fllletu­
nlPd t)phn't'l1 (j,) and T;; llllll, fo\' (he 
lH'xt T,.> minlli'l's, at w\tieh tillle t.lI(' 
Ii na I inj('('J ion of (),~,) !!I'll111 was 
!!in'Il, TlIp fina1 injedioll I'esllltp<l 
ill a sli!!llt (lppl'l'ssioll ill t1H'pt'l'S­
SlIl'(' fOl' n :fpw s('('ol1<I;.;, ] )III'j II!! (lIP 

IH'Xt :l lllilllltps (hp hlood PI'P~;;III'P 
I'PllIail1PcI JaiI'1~' ('(lnsiant at ap­
]ll'oxillm!t'I,rTI) Jlllll, and th('11 hp,!!'Hn 
to f111('tUlItl' 1)l'p('P<iin,!!' (/l'ath of tIl(' 
anilllal. ])path of tIll' Hnillla1 0(' ­
('III'I'Pel H]lpl'oxjnw[('I~r J() IlIillUfps 
aflpl' till' filial (lost' with I'PSpinlt'iJl',I' 
failul'p PI'l'('('<Iin~ (,:II'(li:u' fnil\1l'(, II." 
~ to ;) lI1in11((,s, 

('(IJ'I/irt(' /{f'fifJ/I,-·-.\' (ot:t1 of n,nl 
!!I'alll of ,II faHa saponin was ndlllill­
isil'l'pd into (lIp jll!!1I1al' \"(·ill of n 
wptlil'I' (\I·(li~!'hi. (lOlh,). TIt(' ;;apo­
lIill sol 111 i()11 (111111. cOlltail1iuo' n.():l 
!!nl.snpollin 1]('I'llIl.) wasilljl'(:~'{l al 
a II II ii'm'1I1 I'alp orl'l' a 1ll'l'io(1 oj' ~,) 
Illillllip:-: by II:-ill,!!' ;1I1 infllsioll PUIlIP, 
Loeal HIlPs(hpsia (PI'(waill('\ WlIS 
IISp<l 1)("l'ol'p i IlSpI'tiOll () f tIll' poly­
p{h\"h'IH" d('lin'IT till)!' into till' 
jugulal' \,pil1, .\'11 illk-\\Ti(in!! ail' 
talllholll' (,OllllPC{p(] In tlH' ]lPI'l1ll111­
('Ill' I'lIlllinal .fistula of th(' al1imal 
lI'a;:: used to tracl' 1'1I11linallllotilitr, 
EIl'dl'ol'HI'(lio!!I'nphie h'aein[!'s \I'P;'(' 
obta i llPrl In' ll~i 11!! n S;mhol';l Yi::;o­
C;lI'(liNtt, \;'ith tll;'P(, 1(':1<1;;, PI'(I(10:;(> 
h('ad rate was 100 to 110 pel' mill ­
utp; the :following l'l'I"1I11s wcre ob­
ta; 11(>(1. 

The ;::('('011(1 1'] pd 1'()(':u'dio!!l'fll 11 
w:;s takpil S Illilllltl'!" n'ftpl.' s{a'l.'till!!' 
(h(' dose p('l'iocl~ 0)' when 0,:3 gnll;l 

'(T, S, DEPT, OF AC1IuccurCRE 

of sapollin had bN'n administe(,l'd. 

Hliminal motility was elecl'easing­
 • 
al1d the n'spirntol".\' nlte' wns in­
(TPa;-;ing- at· this point'. The heart 
I'atl' was T,J to ~o pe'1' millute al1d all 
1',\Tll' ('OI1IPOI1(>Il(!" with tllP Pxcl'pl'ion 
of t1H) T \m \'P \\"PI'P of FOIllPwlmi 
,!!Tl'nlpl.' Hlllplitll(ll' than tIl(' PI"P(]osc 
pnUpl.'ll, TIl(' third l']l'('!Tocarclio­
i.!THIll \\'a;.: tnkl'll 'i l1l.illlltpS Jntl'I', 
()I' wl1('11 a total of n,ll [!'I"am of 
;o;npollil1 had 1IN) 11 n(lmi'nistpl'p(l. 
~rnjol" l'I1I1Iill:ll lllotility hnd 
('p:1;o;('11 an(1 tIll' l'Pspim(ol",\' mtp 
\nlS rapid. Thp hpal't 1'at(', ,,-as 
now (iT 1'0 "T;l 1)()r milllltl' an<l, 
1P:Hl;.: 1 :lml ~ ;.:hnwl'(] strOIl[!'Pl' (1(>­
npdioll!" ill all COIllPOI1()I1IS, 'I'll!' 
fOlll,th plp('(I'()(':Lrdio!!l':llll \\"a;.: tHkpl1 • 
T lllil1lllps Intl'l', or ~\'lH'11 a lotnl of 
(),;-,~ ,!!'I'HIII of ;-;nponill Iw(l 1>N'1I a(l­
lllil1ist(>rp(l. .'I[njor l'Ulllill:11 IIwtil­
it,\' Itatl ('pH!"pli. j'l'spintti()11 wa;-; 
rapid, :lI1lI (Itt' Hl1illl:11 \\":\;-; sIH,pziJl~ 
I'I'P<]IIPl1lly, 'fhp IIp;lI't mtp W:l!" (i:i 
to T(] ]>pl' lllil1ull' 1IIHI all Iptl(]s 
,.110\\"('(1 S[I'OI1,!!'l'1.' (lpf]pl'( iOIl of :\11 
('Olll jlOlll'llt:::, 

Th(, Ii ft h plp('( J'()eH 1'(lio[!'l':Illl "'n» 
takl'1I ~ IlIillU(PS lIftPI' IIIP ;'Ild oj' tlIp 
do!"p IH'l'i()(l. TTp:ll't !'aU' InlS (i;'; io 
Til Pl'I'llIilllltp Hl1d tlIp plp('tl'()('al'dio­
!!I':III1~ I\'PI'(' "illlil;l\' 1'0 :\0, ,I-, 'I'll(' 
~ix( II ('h'I'( 1'(j(':lI'llio!!1'i1l1l \\":lS l:lkl'1l 
~ millllt!':, lail'l': til{' l'!'(,IlI'<1S Wl'I'l' 

"illlilHI' to :\0:-, ,I :llId :i with hl'ar( 
I'ai!' I)('ill,!!' Til to T,) 1'1'1' Illill !It l', TIll' 
s(,\-l'IlIIII'P{'()I'{1 11':1;; lIIa<1(' ~:~ IlIilllltpS • 
IniPI': illil':lI'llIlIill:l1 ]>1'l':;SlII'p had 
111lilt lip to 8 111111. of' Ilg :llld :Hl<li­
(iOlln1 CO~ pIllS ('Ie WIIS ,in("]'o­
<1uc('(1 info the j'lIlllplI (0 Ill'ill!! till' 
]JI'PSSUI'(' up to ~I) Illlll, of Hg, 'Thf\ 
(']c'd l'oclu'd iOp-I':t phs ;;1l0\I'l'tl :1- eh'­
('1'(,:1;;1' in (hp '1'-1' ill(l'I'\'nl with [l 

IIPa l'imtc\ of n,i t() IO() ])('1' III innie, 
Th(', pighth 1'l'('OI'(l ,,'as obtained I;') 

ll1inntps latl~I', Lp;ul:2 still ;-;ho\\'ell 
:;(1'011 !:!'P r ddll'l'tioll (] f' a.ll com­
I)(Jn('r'I(s. alld tIl(' IIl':lI'! ral!' was 111l 

]ll'l' lIIillut,', TIll' lIintlt I'PCOI'<I waH 
u1Jtuinl'cl :):3 Jllillllte~ 1nlpI', Humina1 

• 
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O.2GM.DOSE STARTED:" 

BLOOD PRESSURE 

TIME MINUTES 
. " , . . ~ 

1 

lfwt'lm 3:i.-I'!"c(!osc and heginlling of; 1101'(' rcslliratory and hlood IJressUre record 
of wether. 

• 
Illotility hnd begun 10 show :letivity l1linuh~s with aninf.usion pump, but 
and the henrt· rate 'was 120 per owing to mcehallica.l difliculty the 
minute with the amplitude of ttl1 first 0':2 gram was f("ivcn in 1 minute 
('olllponents grealer, with l\, shoder and Ihc rcst of the dose dUl'ing the 
S-T jntelTnl. The last record was ncxt 12 minutcs. Three lllillutCS 
obtnill{'(l ;ilmillul·es·later. Ruminal wcrc taken 1"0 rcfill the injection 
lIlotility was fitill improying, fwd apparatus flIH.1 to slnrt the st'('ond 
the t'lt'cITocnrdiof("raphs l'eselllbled dose: this dose consisted of 0.84: 
the. pl'l'dose pattel'n ·with n. heart gralll a.nd was giyen or(>l' a. period 
mte 01' 110 per minnte. 01: 19 minutes, 'I'll(' total (lOS(' time 

lJ {()od P)'(,881U'C {(wZ (,(t)'(liac ac­ was 35 minutcs. The pl'Nlose and 
tio/l..-A wether, wPighinf(" apPI'oxi­ begi nl1 iJlg of the dose paHel'tl at.·c 
Ill:ltely n;) pounds. was nlH'fil·hetized shown in figurcs 35 and ;j(). The 
with Xelllhutal. Thp e:u'otid 11I'I'er" ),l'spiratiol1 l'al'c was 2fl pl'l' minlll'p. 
wafi l'anllII I:ttp<l and fL dil'pc!' tl'n('ill~ the blood prcssllrc 1:2:) mm. of lTg. 
of Il\(' hlood 111'('sslI1'e oblained h" an(llll'nd I'al'e 120 pCl' minute. The 
usill!! all ink-wl'il'illo' llH'rClllT mnri- iIIj('C'tion of Ihl' first: 0.2 gt'atll of. 

, • ) • .:""'l •. 

• 

OIlI('ll'l'. hC'SpIl'altoll wafi r('C'ol'cled saponin )'('sIlHNlin:1. dramatir drop 
\\ ilh a plll'lItllograph find illk-writ­ ill blood pressllr£' alld ehnngp in thl' 
illg air I a III bOll I', and I'he ('1e('tro­ rpspiration pnttpl'n, as illufitmipd ill 
eal'<1io,!.!Ta.phie h'aeingfi \\,pre IlHtcle fif("ttrc afj; ho\\'c\'PI"' the IJlood pt'es­
\I i I h a Sa II hoi'll Yiso-elml il'llc'. .\. sur£' rpi"tII'IH'd ('0 'I IO tIIllI. :UI! withill 
Iof nI () f I.7~ !!:l'a IIlfi of nlfaH:t a llIinllte'. By the (illll' lUi UTal)] of 
::;apotlitl in :lqlll;Ollfi sol III ion (().O~ saponill hndl;p('I1 gin'n, I lIP 'I'£,fipit';\­
gill. 1)('1' nil.) was adlliinis[('t'l'dint-o t'ion palJ£'l'n was rather conslan!: 
til(' ('alltlulnJ('(1 ::;aphpnou:; ,"pin. wit h tL r:tI'e of :H IWI' tni n tttp, and 

'I'll!' fir::;t (lost' of O,OJ gram "'as blood pl'£'SSttrc was an'ral!ing !)(J 
alllllinifitCl'cd 0\'('1.' a pcriod of ):3 mm. Hf(". as sho\\'n in fif("ttl'c ;~7. 

mLEC'J'UOC.\UDIOGILL'IS 
AXI~L\.L-0777, 00'1'. 20, 10;).1 

LEAD 1 ...; • ; rt • 
.• ... ., •o* • • • 

'dp • 'Js::ca rtrt:Ja• ' iItW ':& Olwa .. 

LIDAD 3 
, q , SA n - • w n • 

1!~lG\JIIE 30.-f','cdo::;c electrOCHl'(liogrHlll of wether. 

• 


c 
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0777 
0777 • 

0.6GM; ECG.l 0.8GM.
• , • 

7 9 10 11 

l~ront~, 37.-lleslliration pnJt:ern nlld blnod pressure of: wether nt the time whell 
O.G gm. and O.S gill. of saponin Imd been ndmillistered. 

The, (']('C'troenrdio![rn11ls I; tL ken 
1'ho1'l:ly aft('r O.fJ,l, .f!L~l1n 01' Sa pOll ill 
\\':U~ giwll arc. 8hO\\'11 in Jigure 38. 
Th(' h('art: l'aJl' had <1('(']'(':181'<1 to TO 
pl'r minu((' .. ~\.t tIll' ('nd of' the first 
do;;e (().0,~ gill.) th(' bloo(l ]H'(,SSUl\~ 
ay('ragN1T.iIllll1 . .IIg, llnd respir:1r 

Ihis i-irne. The respiratory pattern 
hnd ('hanged ag:lin (fig. 4:1) by the 
lilll(, thn third eleetroc::u:diogram 
(Ii!!'. +~) wns taken. bul; there was • 
liIile_ rh:ll1!!c in the, blood pressure. 

Tlw blood pressure had deerl':1sed 
to approximately 110 111m. of Hg 

Er/EC~1.'HOO.\ll])roc:nA~[~ 

.\XIMATr-0777, OC'I'. :!(), In;;,.! 

Ll'~AD 1 
........ 
 .... 

LE;\]) 2 

LK\ [) 3 

.Jbe. 'b.J. , 
1 zzu .be a' -­li'll1l'1lB 38.--l'ileetroc:ll'l1iogT:lm Xo. 1 nrt<'l' n([llIillistration oE sapOllin: 111('I'(':ll;e in 

'1'-/' Vl'rioll 0\"('[' pre([os(' eledl'!J(,fll"(liogl'lllll. 

IOI'.r I'afl' was -Hl \1('[' IlIiIlUiC'. So(e, 
111(' ('hanging I'l'spinlf ion paill'l'n fit. 
t h(', stn 1'1. of 111l' l'('('oJHI (los('. shown 
.in fi!!III'(' ;m. TIll' second 'eh'c-tro­
('ardi;lgT:lIllS :In' :.-;howll.in Ji:run> ./0. 
The heart rat(' \\'as ()~ ]WI' J1Iilllll(\ at 

0777 

2ND DDSE STARTED 

16 17 18 19 

and the ]'rspil'a(ioJl rale had de­
('r(':tsecl to 30 ]leI' l1linui-c al; the time • 
the :l'ollith ell'eiro(':tnl\ogram_ WflS 

tnkrl1 (iigs, .J:~ and +-1). Hespil'::t­
torr failtlre pree('d('d c-fll'diac. fa,il-
tlI'C by abollt [) minutes (Jig. <.1:3). 

0777 

ECG.. 2 

20 

FIGlJJIE 3().-Uespil·lltiOll jlnt:tC!I'U 1111(1 blood pressure at lhe I.ll'gi!llling of the second 
dost; of SI1DOnil1. 

• 


http:howll.in


49 

• 


• 


• 


ALFALFA SAPONINS 

E[,EOTROOARDIOGR.<UIS 
..:.\.NHIAf.J-0777, 001'. 20, 10;:;4 

IJEAD 1. , .-­• d J-. • • 

nbzz1 ," " 
L1DAD 3 

.;",.Jt. LA "J .... * d,......." d L II-..
f 

FIGl'UE 40.-EJe('trocllnliogrnlll Xo. 2 nn(,!." RHponin dose: 11I('1"('(I:<e in ~1' IYill'e nnll 
ill 1'-]> inlen·n1. 

Startin!! ,,·jthin 1 minute after t111~ ;;;1 pOll i11;; nI'e rMIH'r general in na­
re:;pi rafol'.\" Jailnl'C'; the t('l'lll inrll tlln'. hal'.illg I'ather IH'onoullcecl ac­
electro('nrdiogl'[ul1;; as shown ill fig- t ions Ull (hl' card iOYascular, nelT­
111'(';; ,~;) throll!!h 31 weI'(' takell ill OllS, :111(1 digl'srh'e systrlrls. :So sys­
rapi(l sueeessi(;n. t(,1ll i;,; :,;ingl('d out by these drugs, 

0777 0777 

411\_..~~ltot\t~~hlI\~\\\I~~,\ttt<\\\'I\\~\I\\\\\\I\\I\\i\l\~\\I\\\I\\I\\\\\I\\~li:' \\I\hII~II\\\\\\\II\I\II\I\"1"\~I\~II\\\\\l\lIII\tI1\'''\\\\' 
1.14 GM, -'.34 GM •. ECG. 3 

>. t ~ 

23 24 25 26 27 28 

PrGt:Jl}~ 41.-l1espit·(l (ion nntI 1)100d prpS::ilIre (I f' lime o[ Lltir<1 elcctroca I'lliogl'n m, 

Discussion 

Two ontshIlH1ill!! fads are C'Yl­
cl('nt in stlldyiJl!!" ute pluu'Jllacologi­
ca.l dahl: The ('xtntCted composite 
suponills of nl1'alfn, nrc, l'xtl'cmely 
acti \'(>: and tlH'Y are YCI'V toxic., dc­
penclil1g on tlH: d()~nge ;t1Hl ;,;it'e of 
n(ll11illi~(Tatioll. ...\.dion;,; of aHnU:~ 

Tlwil' ncti()n~ do Hot p('rmit ela~sjfi­
('ntion IIndl'r ally kno\\'n grOllp. In 
SOlltl' n>;,;ppe(s tIll'." ar(' pnr:tsylilpn.­
tholl1inll'( ic ill ltc'tioll: in other re­
,,!j('['ts (hl'.\' nrc not:. ' 

_.\.Ilo(hc'r l'nUler important. finding 
is that- thr degl'l'e of ])l'I1101Y51::> cn,!l 

hI' l'l':,pollsiiJl(' Jor only [1. small pad 
of the gt'ncl'nl symptollltltolof:,'j. 

li:Ll<:CTlWC'A HD] OGRA:\IS 
~\Xn(AL--U777, OCT. 2G, J!);:;,t 

I,EA IJ .2 
~.....,..., n~.., c....' ..... 

LEAl) :3 , .. , .=:us + nw t aLa' LWW -ur 
Fr(1nt~~ ,t2.·~Thil'(1 elr('t:rO(,IU'(lil)~rl\1I1 nfl('r n!IlJIinist:l'alioll of slLJwllin: IT('nl.'r rnle 

\l'as 70 to 7;3 pCI' willule; note lhe unusual QUN on lend 2. 

• 
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• 

3' 33 . 3~ --~. - --" - ~- .- 3S -. -. ~ ~ - 36 - - '·37 . 

li'IGelm 48,-ResJlimtolT unlterll and blood pressure at the time of fourth electro­
cardiogram. 

Blood counis show two things: (1) Slllnptionindicate that there may 
Tlwl"c .is (I,n apparent hemoconcen­ 1t:l"C' been il direct action on the 
j nltion as shown by the re]a,fi,·c rise r('Spil'il.tol'," centers, Thc snbse­
in red cell ('onnis, and (:2-) the qlll'nt anoxia, in the hte!.' stnges of 
lelikopeni:L is a,lleutro]wnia, The ('x]lt'rinH'ntal saponin bloat nlflY 

l~LECTn()C~\HIH()(mc\:\lS 

AXnrAL-0777, OCT, :!O, ]:);;-1 

LEAD 1 ., ;z F > >.. 

U;,\l) a ~ 

-''''-.... ," ¢A ..A .-.A b"'.JL.A..-
FIGUltE ,1.·.I.-FOllrtll elrctrocnrdiograIII after saponin 110sr: Uenrt rate was SO to 

8;; vel' minute; Inl'ge 'I' Wln'e on 1(':Hls ~ an(! 3. 

('anSN, :for these ehall!!l's are cel'­ ha ,'C' ('\'('ntllH11)" It>d to some deprps­
tainh- not clp:ll.', Hist()logical ex­ sion or (-he e<lnlia(' ('l'n('l'I', bll(~ thC' 
Hl1lin'tltioJl did not: r("'l'al :1I1"l1otic-c­ hiHt'c)pathologi('al changes in the 
able. (Janmge to i'.he bonc miliTO\\" hl':ll't nillsj- haY(' \.lpen partially 

The efteds Oil I'Pspiratioll "with (,:lllSl'tl hy direct ndioll of the sapo­
1iIt Ie or no clul.llge j n oxygen COI1- Ilins Oil the lll},ocnnliulll, 

l~LIWTIWCAHJ lWGIL\:\1 S 
AXJ~[AL-0777, OCT, ~H, ]!);;., 

._~....- ' _11'11....._.r.-" ... r"'p-.-~""_.-r"".-:~E_~_:\.. ... ...,.,.n~n...~•• ___-"n__ ... ... ''''~.-~_._~ .._"'I..". .,. 

LRAn 2 

• 

• 
. 

:b'WUllE 45,-1~ifth eieetrocardiogr:1m: Heart rate 100 per minute; large l' Wfiye on 
le:Hl 2; decrease in 1'-1' iuterrlll frolll previous electrocardiogralll, 

• 
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EJjEm:ROOARDIOGRA~lS 

ANIl\IAf.r-0777, 00'1.'. 26, I!);H 

LEAD 1 

LEAD 2 

LI~A]) 3 

FIGUIlE -lU.-Sixth cleetroe:trdiogram: Heart ratc 150 to 17;:; lJer Illinnte; lnrgc 
ill\'crtell l' wnye; lIIarked shol·telling of all illtery:tls; SOllie irregnl:lrities in 
beais. 

ELECTROOAHDIOGIL\:\IS• AXBIAL-0777, oer. :W, ]!):)4 

LIM,n 1 

L]~A:r) 2 

LEX!) 3 

I"ronm 47.-Rl'I'('lIl:h l'il'eITIll"f1 riliogr:llll: Henrt rate 12:) to 130 per minute; leat! 2 
shows ullusual COIlt'nrlll:ltioll of (JRS cOlllplex; yelT short S-1.' inten'ill. 

• IDLI·]( "I'lWC'.\HI HOC:UA:\I R 
.\:'\DL\ L-0777, OC"I'. :!U, W:)4 

LID.\D 1 

egAD 2 

LEAD 3 

• 
1!'J(WIt6 4S.-1!lighth elC"troca.nliogram: H('arf: rate 120 to 130 per minute; extrell\e 

alJJplitude of :l' will'e, lead 2. 
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ELECTROCARDIOGRAMS 
ANIl\IAL-0777, OCT. 26, 1054 • 

LEAD 1 

LEAD 2 

LEAD 3 • 
FIGURE 49.-Ninth electrocardiogram: Heart rate 120 per minute; irregularities 

in (JRS complex, lead 2. 

'Whether or not the various physi­ countered in obtaining this kind of 
opathological reactions in experi­ informaljoll are obvious. 
mentally induced saponin bloat and Aside IL'Om the.ir possible role in 
in clinical bloat are similm is an the etiology of bloat, the legume 
important question and more infor­ saponiJls are sufllciently interesting 
mation on this subject is needed. to merit extended pharmacologi­
Very little physiological data are cal studies. These studies should 
available in histories of clinical defulitely be contiuuecl and ex­
bloat, a 11 d the clifficulties en- panded. 

EfJEC'l'ROCARDIOGRA)fS 
ANHIAL-0777, OOT. 2G, lO;:i4: 

LEAD 1 • 
LEAD 2 

LEAD 3 

FIGURE 50.-Tenth electrocardiogram: Leacl I-extra systole and irregularities in 
frequency of beats; leads 2 and 3-all similarity to nOrmalcy gone; going into 
fibrillation. 

• 
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ELEOTROOARDIOGRAlIIS 
ANIZIIAL-0777, OCT. 26, 1954 

LEAD 1 

c«rl\lm' ,weltS n n n• 7.. , • 

LEAD 3 

or....., a" 
FIGura: (JI.-Eleventh electrocanliog-ram : ]l'ibrillation, resulting in cil'culatory collapse. 

Toxicity of Saponins When Administered to Ruminants 

• By Iwn L. LimZuhl, W. 1'. SI/.alkop, O. E. Whitmore, R. E. Da'vis, and R. T. Tertezl 

. So11mann (46) states tlUlt many a complex problem. Such studies 
plant sttponins are so poorly ab­ with cattle are 110t feasible at the 
sorbed tlUlt they are relatively present tjme, owing to the time­
harmless ,,,hen taken OJ'ally and consuming and expensive proce­
I-hat tlJeY nre fl'ol11 tt'll to a thousand dures employed in the isolatlOll of 
times more toxic \I'hen !l(lministered the sapon in: 
intntyenously tlwn \"hen given On a single-dose basis, it appeal'S 
orally. that the minimum lethal oml dose 

In the preYionsly described ex­ of aHa1 ~n. sapo11jn for mature 
perinlents, a numbet' of reactions sheep, weighing from 100 to 140 
\\-ere obset'\'ed which indica tNl that pounds, is approximately 50 to 60 
the composite alfalfa saponin eOllld grams. Intl'anlminal doses of 
be absol'bed from the ga::itl'o-intes­ 1'rom 25 to 40 grams of alfalfa 
tillal tract of sheep and that the saponin luwe been given to 15 
sap011in ,yas rather toxie. llmtllre sheep -without productioll 

In order to ('omplete the study on of any .apparent ,permanent effects. 

• 
the efl'ect of alfalfa sapollin admin­ Inh'lu'uminal doses of 50 to 55 
istration to l'U1ninants, a compila­ grams of alfalfa. saponin resulted in 
tion of the toxocological, patllO­ severe bloat in 3 cases ,vhen it was 
logical, and histologicallindings on administered to mature sheep that 
the lmimals nsecl in the. pl'evionsly had been 011 Ladino clover pasture. 
described tests was made and cer­ One animal was treated twice by 
tain additional tests were conducted using a stonmch tube to re.lieve the 
ill ol'c1el' to round out the infol'ma-' gas pressure, but the bloat reoc­
tion. curred :\11(1 the animal was found 

(lead within S hours following the 
Toxicity of Alfalfa Saponin last tl'ea.tment. 'l'he other 2 ltnimttls 

wPl'e not tr'eated for bloat and died 
Such factors as limited supplies within a to 4 hOllrs after dosing.

01' alfalfa saponin, complications The administmtion of the same 
tll'ising from the production of arnount of saponin to ltn animal 
severe bloat j It some cases, and tlmt had been grazing on It grass 
C1U'lToyel' effects make the c1etel'l11i­ pastul'e l'esultecl in only slight bloat 
llatjOl1S of the I1l inimul1l lethal ontl symptoms, and the animal dis­
close of alfalfa saponin :for sheep pluyeclno distress symptoms up ~o 

• 
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27 hours after dORing.' This animal indicating that stresses or increased 
was then killed. so that its internal rate of absorption from intra­ • 
organs could he compared 'with 
those,fnom animals thilt had col­
]a,ps~(~ 'wHh acute bloat symptoms. 
The ac1minish'ation of (10 !!rall1S of 
t11e alfalfa saponin to :L' mnJme 
ewe on a grass hay diet rcsuHecl in 
no apparent pennanent erred, ",hill"} 
a similar animal 011 nn aUal:6t hav 
diet succumbed ill 3 clays iollowill;! 
the close. . ~ 

The administl'ation of' intm­
rumillal doses oJ 100 gl';IIlH-; of a1­
faUa, saponin to two sheep thaJ had 
been on Ladino clover pastul'e 1'C­
sl~lted in seyere bloat' symptoms, 
WIth collapse :mel c1(>nJh of the, ani­
mals within 2 hO'II·s. The SHI1lC 

dose given to a mar.lre wether thaI' 
had been on gl'ass pas!"lu'c l'csl1lte(l 
only in moderate bloat, and c1p;li'h of 
the animal did Hot o("en1' uIlti1 ~7 
huurs aftel' c1osill!!. The first· \\'0 

animals c1ispla.r£'~l bloat distr(>ss 
symptoms pl'ececl i ng death, The 
other allimal displayed syl11 ptOIl1S 
suggesti ve oJ ('en trH1 lle1'\'01lS s,,'sl'PI11 
distUl'banC'es. such HS ineoordillation 
and m,llsculal' FpaSIllS, :1'01' ;} 1'0 + 
hOUl'S pl'ecedi nf!: death, The C;II p­
plies of alfalfa sa.pollin h:t\'£' lJN'1l 
too limited to c1e1.l'J'mil1l' thp el1\'('( 
of continu(>d acllllinislTation of 
moderate runollnh.; of the sapollill 
over a, period of tillll', :lI1cl til(> ob­
servations made 011 allilllnl~ 11lal' 
ha,ve l'eceiYed J'ep£'al-('(l dosl's n I'l' too 
limited to W:UTant al1\' ('oll('lu~i()lls 
at the present time. .-

The composite aH'alfn sapollin 
appears to be hOlll 50 j'o GO l'imes 
1110re toxic whell gi \'ell. intra \'('­
nOlls1y than ,\'hell gi_wn ora lIy, as 
theintra\'enoliS aclmini:-;11'atioll of 1 
gram ofthesaponill hl mntlll'(' shepp 
resulted in the (h~ath of 7 ont: of !) 

a,nima1s within :2 1'0 7 cla Vi; fo1low­
ing the dosing. .-

Rapid aeatll aid not O('.t'UI' follow­
ing intrarulllinal dosing of any of 
the animals, unless thc animal dis­
playecl 111ttrked bloat SYl1lptoms, 

l'Uluina1 pressure apparently COIl­
tributed to the sudden collapse of 
the animals, 

Tile cftl1f;e oJ den,th j 11 acute bloat 
has not been (letm'mined. A Yiew 
lle1d by many \YorkeJ's tlmt death is 
(':U1sed bv anoxia l'esuH:i'n!! from 
physical 1111 painllcll t 'oJ cil'cuhtion 
illlrl l'Pspiratioll JUtS .!lot bcen 811b­

:-;hl1ltinled as the onl\, Ja<"lol' in­
\'01 \'l'el. In recent. stll(l ies, DOlIgh­
<'I't)', Mel'l'c]ith: all(l Ba.I'I'l'Ij' (Hi) 
:found Hmt insufllatioll of the 1'lIl11en 
of :-;heepl\'ollld1'eslIlt in n rapid in­
C!'(\itSC in ce1'cbo:-;pina1 fluid pl'es­
SIII'e. which wOlill.l I.l1'op wl1('11 the 
PI'PSSIII'l' in nl(> 1'1.1111('11 was l'e1 ip\'ed. • 
Th('il' :-;hl(lies 011 the g(>nC'1'al physi­
ological ell'pc1s of jntnu'lllninni in­
:-;Idlhtioll ,illdieatcd 1"ilat oth£'r 
",,::;l'erns nl'c il1\'01\'ec1 find that the 
l;hy:-;i()l>al'holo~ic;t1 pid:nl'cis ('Olll­

pll's, Some WO\'];:PI'S. espel'inl1,\' 
])oug1t£'I'l,'" (12) and Olson (:JtJ) , 
Imn' (lIlPstion(>(lllw j<!pa lhat death 
I'('"llit's ('nlil'e1y Jrolll physiea1 faC'­
(OI'S. Pal'sons and ('(I\\'OI'.\;:(>1'S (4/) 
1'('I){)J'lw1 {hilt -I: pOllJ1ds of Ladino 
('10\'(>1' I>l'e,-:s juice (Ilwdp fl'om (,10\'('1' 
obtai n(><l J'rom fl pashll'P "'h('I'e 
H('llle, IJ10Hr '\\'as it 1ll'oh1elll) !!i\'('n 
OI';t1 h' j'o <I IWtf III'P I.'W(' l'f'slll1:'ed i 1\ 

flclIiI.; bloat a1l(1 ("!Path of 1"1)(' animal 
in 11 Illinllips, 'l'lwy nlso stated, 
"Thc ohs('I'nd ion i1\ til(' (i(>l(l Oil 

Hell!"e (Jntnl) bloat in eattle and on •
lhe ('xlWl'inwllhl1Iy lll'()(lll('ed bloat. 
ill I-h(' P\\'P. of which SI.'\'('I'(' (Iisi'en­
lion oJ the rumen _was not always 
In'('s('IlI, would 1(>1](\ hJ sngg('st that 
d(':1(h of the Hnil11a1 may in some. 
illSinll('es b£' <1.IIP io distul'bancE's 
otiIc'l' limn Ihe physical cfl'<'ds of 
a('I\(e, disj'l'Ilfioll of t-IlI' l'IIIllCl1.~: 

Til the pxpl'l'illl(>ntally pl'orlu('ecl 
h10nt case!'), tll(> nlfrLli'n saponin lll1-
drJlll,tC'd1,V played fl. dual role in t1l(~ 
c'oll:q)s£' an(l dentlr of th(> anilllal. 
Fil'sL all t1w n'(letions (,;1I1!')('(1 by 
intnl;'lnninaJ pl'essul'e l'esulte(torig­
ina11y from the j ntedcl'enee of CL'UC­

• 
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tatioLl by the action of the alfal:f:n, ances of the. animals than the dis­
saponin, Second, the systemic ef­ turbnnees notice(l with the sheep.• 
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fects of the alfalfa, saponin Oll 

respiration: carcliovasclIJar func­
tiOll~. and the eentl'lll 11('I'\'OI,IS sys­
tem ~n?re lIlHlouhtedlv n<1cliti\'e" to 
those r<'slilting fl,'om' the intral'u­
minal PI'l'SSlIl'e, It is ftlSO !H:O!J;l ­

ble t1lat :tlL iIH'J'e:lS(' III inb.'HI'lIminal 
pressll re 1'C'~.;u It'cd in il1en'il~Nl ab­
~orption oJ the saponin lllld, in hlt'll. 

to more systemic efreet~, ' 

• 
The an imals that <1 ied aHe!' n pro­

longed illten':tl of time did not ap­
pe:ll' to be in (liRtress, :following tlw 
sub~idel:ec 01' any b!o:lt s,Ymptonl:;, 
lI11tJl af:ew hOlll'S befol'e dl'ath ,,'I1('ll 
!lie- customa.l')' syn1ptom WiU; n. l';t;;P­
mg. 1nbored re~pil'af'ion, 

IntnlYPllouS admini"fl,:tt'ion of 
tlH' :;aj)oninin qunntiti(';.:;in l'X('PSS 

of 1 gram I't'SIJltl'tl ill HIl' dl'ath of 
nIl slleep, 

Sllbeutnlll'olls awl intrapt'l'ito­
llC'al t[(hllinisITlltion of slllali quan­
tities of : .. fulfa saponill (~ to ;1 
p;L'ams or h'::~) to sb~'('p Pl'I)(]u(,l'd ('x­
trl'llle initatioll at till' site;.; of: ill ­
jeef'ion and kd to fahtl l'pslllts 
':ltlyi'l a "f('\\" (lays, with S~'lllp()lIl;'; 
:m11llar to those ealls('(l br :I l-!!.Tarll 
intl':lypnOlIs clo;,:e, ' . 

• 
Toxieity ()xperil\\('llts ,,'itb Otil<'I' 

specips hayc )(,PI1 lilllit('(1 to intra­
venolls ;Hlll1inistTnlion of till' snp­
ani n to tlH'C'(' m:lhl\'(,' go:tt s, '\·l'i~h­
ing n:i h) llll pOllll(I~. alHl to ~H1e 
calf, In all Ih('se ta!-'('s. til(' ad­
nrini:,;trntioll of till' ;:;nponl;l )'l'l'll1tP(] 
in mOl'e I1I:tl'ked lH'ITOIlS disllll'b-

Olle goat died hnmediately follow­
ing an ,intJ.'avl'llolls dose of 3 grams 
of the saponin, while the other two, 
receiving do:;es of 1 illld 2 grams, 
l'espedi\'plr. displayed marked 
11l'IT()US I'eadions foL' 2 to 3 hours 
and tlH'n died in 2 to a days with 
sYlllptonls simil:u' to those dis­
pl:l,)'Nl by the sheep, ..:\. steer calf, 
"'('ighillg :~(j() ponmhi, was given 3,6 
gl'lllllS of fhe saponin in two equal 
infl':I\'PllOlIS doses, The first (lose 
of LX gl':IIIl:i had little, ('Weet on the 
:tninwi ()thpr than to increase the 
I'l'spi rafol'y I'n.te and to slow the 
l'afp of: el'uctnJion, The second 
dost' gi\'('ll ,14: minutes latel' resulte(l 
in m:ll'ked nervous symptoms, in­
('(Jonlination, it ('omplete fallure of 
(,I'lld:!t i{JJl\\"itll it, rapid buildup 
of intnll'l,llllinal pres~III.'(', and re­
spll'atol'"T faillll'p within 17 minutes, 

Gross Patholosy Resultins From 
Alfalfa Saponin 

The gl'O"S .findings on autopsy of 
SOIlIP an inli! Is Lila t had died aftel' l'e­
('('i\·ing alfalfa, saponin administra­
lion an' !!l\'en 1)('10"". The autopsy 
findings :11'(' gi\'(,11 ollly if the post 
1ll01'tC'1I ('xfllllinatioll WItS conducte<l 
within 2 hUlll';,> following the death 
of the anilllal. Thp following cases 
1'('j>I'l'SPlli' ollly jI, sl1la,ll portion of 
the alltopsy I'('P()),j's, but ute typical 
() f thp o\'p.I'a 11 l'('SllltS, 

SHl'~I';1' So. (it: 1UO !I nl/iPI ({Ifill /11 ,~I( jJUld /1 [I i I'dli /I !I'm'luni Hally; Revel'e 
bloat,. di('(/ ill ,! lWII!',,{, ' 

HUIlICIl: \\':111;; \1'('1'(, ('()II~(,i<!(>d tlnd I'p!ldii<h ill colol', HUIIlPIl contaillcd frothy 
iIlA·p~ta·aJltl fl'P(1 g:l~~' 

Hpticululll: Wall;; \\'('1'(' illjPclP(1. 

01llai'Hllll: Vis! ('11 (h'(1. 

Ahollllli<UIIl: l';dl'IIH110IlS :11111 I'pddish ill ('(11m" COllfnill('(l frothy ingesta, 

HlIlall in testi1l(' : ~':u'k('d illtl:lllllll:ltiOJl, 

]~Ull;!:{; C01Jgp~l(~(L 


Heart: HelllOl'ril:Il!:l'" ill \'('ntl'if'Ii's :lllll IIHI~..Il's, 

Kidneys: Very dn'1'I;: and cdcrnn low;, 

Splecn: EUg'ol'g'cd and tlnl'k r(ld, 

Liver': Dar!, ill COIOl', 

~l'racllCa: Some itCUJorrhnge, 

• 
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,', SHEEP No. 50: .50 g1'{Uns of alfalfa saponin given int1'a1'uminally j {JeveJ'e 
bloat; died in 3 hours. 

• 

Rumen: Hemorrhage 
free gas. 

Reticulum: Normal. 

in walls, edema in cardiac fold. Frothy ingesta and 

I, Omasum: NOI'mal. 
Abomasum: Hn}('remic. 
Smull Intestine: Modernte amount of inUammatron throllghout. 
Lungs: Small 1I1llouut I)f 1'1'('£' hlooll. 
Heart: XOrlllfiJ. 
Kidneys: Nonna!.. 
Spleen: COllsider:llJle helllorrlwgp. 
Lh'er: Norlllal. 
Trnchea: Xomtal. 

SItEEl' No. 20: 50 gi'allM of (liialfa .\'Clponin gil,'en intl'(tl'uminally; killed, 
ill :27 lu)'lt.J'8, 1m' CiNllnill((tion. 

Rumen, retiCululH, OIlHlf'IIIIl, lung>;, Ill'art, "!,l It'l' II , 
to he norma 1. 

lil'C'I', ann trnchea all flJ)(Jearell • 

Abolllasulll: Diflllse J)hysiolOgienl hYJlC'remia. 
Ki!llll'~'S: ~li;.;ht: t'nlat'gelllt:'llt ]Jlus pd('ma. 

SHE"'" No. 6-:1:: 1 gram· of alj'alfn Ballonin gil.'elt illtl'al'(!I1V1l81y; died in 0 
({(t,ys. 

Humcn, n'ti('ululll. oma:<utn, ahOllt:t~UIlt, aull lil't:'t' :111 nplwar£'<i to 1.J(' 
f;lIlall intestillt': Small :tn':IS or illllultlll\ntioll tllrUIl,l!hollL 
I.1mg;;;: Lower borckl' of apienL :lnd ear!liae lobe:; \\\.'re cOlIsolhlntpd. 
Heal.·t: TII"o IWIllOITll:l!!ie It rPlls ill ,·('lItri('les. 
Kidneys: Swollt'n nttt! light ill ('0\01'. 

Spleell: Slight d:lt'kf'ltiltll' itt ('olm'; pnl:tl'!wd and l-'off:. 

llOt'tIln.1. 

SUEEP No. 72: 1 [jJ'(lin of alfa7fa 80jio:....ill (Iil'clt h,!J'(U'ellOllslYj died in!j 
daY8. 

UUlllell, l'etic:ulml1, lind Ollli!.';tlIll :til lI(Jp(':ln'd t-o lJe lIorma!. 
AbomHsum: Modcrat.l' ('ollg('si'iOtl with n fpIY hl'lIlolTbng'es in 
Smull intcstine: J.'I'II' llpIllOt'I'llag'il' :1 n:ns in lllto(l,'ltlttll. 
Lungs: ExtTl,Jtt(' C'OIt;.r('>itiOll; ]j\'(lrU ke in II PI)pa I'll n('e. 
Heart: Ec(·lt~·motic lli'nlolThagps o\,pr epi(·anlitlJn. 
Kidneys: Pnle in eolol' anel sli!!htl~· p(Il'lJlatulIs. 
Spleen: Soft, sl\'()llen, nnd t:'t\pnIHtOtlS. 
Li\'er: Sli:;rllt enltu·gpml'nt. 
Trnche!l: Intensely inll:tlUl'1I and C'onhtinetl free blood. 

t.he eft nUac n ren. 

• 

S'l'Bl~l{ No. 17: :J.u rlIYlJIU? IIlfal/a saponin /liN'Jl iJlIJ'(/I·('JI()I/.~7Yi '7J1odf'J'r[fe 
bloat:" died in llww' and J,' mi-1!1I/c8. 

IlUIlIIlII: Hemorrlt:tge in rib UrNt. 
Ueticlllulll: SnllIll tu:e:t of' h('U1ot'l'htlg'('S tt(':(1' orn:tllum ;jUIt('{iOtl. 

Olllasulll: Serosnl lltll'f':Wt! 11I\d !!l'lutillOltS llpttl()rrhag-ie np(ll':tnttlI'P. 
AlJonulsulIl: Olll'-halt: or f:1l1' 8m·t"a(·l' Ht'!':! 11'11;-; Ii~h(: pink in (·olot. 
Smull intestiue: ])ul'k coloretl antI engorged. 
Lungs: Apif'al aut! ('un!iHe luhC's \l'PI:(' hn!t.'t'('tlJi\'._ 
Heart: NOl'llwL 
!,:idlleys: NOt'mH 1. 
Spleen: Engot·!!(,(! alld daJ·];:(IIJ(·d iff ('oInl'. 
I.i\'er: DI1I'k colol'('(1 Hlld cOllgC'::;ted, 
'l'rachea: NOrInnl. 

• 
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Congestion of lung tissue; infll~m­ collapsed with markecl bloat ~;;y1Up­
l1latioll, hemorrhage, and congestIOn toms, The, rumen, ret.iculum, lmel 
of the small intestine: and hy­ oIlJaslUn,,'('J'(' found to be essen­
peremia of the walls of the ahoma­ tialh' 1101'11 I:l I in animals tha,t did
slim 'were typical findinf!s I'egard­ not 'displa.y 111:\I'ked bloat symp­
less ')1: til(' si tp of f'll(> sa pon in 

tOI11S, l'x('ept' f(lI' one jnsta Ilee whereadmi nistml jOll, • \ 1thOllgh g-I'O:'S 
Pl'osion of nll' Illll('osal surface ofpatJio}of!'," of till' kid IIP.\'S :111(1 Ji \'('1' 
Ill(' 1'11111('11 was fotlnd following a,yas not' so apparent HIHI typieal as 
100-gralll dose of ~apOl1ill,the abo\'(' flIHlinu:s, hisiolou:i('al ex­

amination J'P\'('a'lpt! ('ollsistent and 
sp\'en' danwg-e 1'0 tIll'SC' ol'g-al1S, Hislopatholosy Resultins from 
Hen l't a1m () I'm:tl i t i('S we I.'P 1'01I1ldin Alfalfa Saponin 
ks~ than half of nIP !!l'ossexlIl1lina­

J[istolo!!i(';\] data. fol' cPl'tain ani­tions, The splppn ,y'ns :fo\llld to 1>(' 

• 

Ill:ds Hrp gin'lllwlow, 'rhe j'o]]ow­
1'1lU:OI'!!l'(] 01' IlPI1H)J'I'hal!:il' in 1l10st 


o{thp ('as('s, wh('rl' the' ;lnil1lnls eol­ i Ilf! (',1::1':; all';] i Il n'pl'e~nt only a, 

lapse(l with l1Ial'](('<I hloat'. nt-I11Ol' ­ portioll of flte ('olliplef'e work :lnd 
I'hnu:p of' th(1 walls of (']1(' 1'lll1lell was a I'll f!i \'l'll to j 11 tI~ITatc typic:t1 find­
fouiHI ill nil ('(1:'e" ",IWI'l' I Ill' anima I,; ings, 

~IIEI:;I' Xo, !i I: /fir) r/l'rlJlIN III/alfa N(tji(JIlill [lil'lll inll'(lI'llminaZlYi severe 
bI0(( I,. d ic'ri ill.! j/()/I/',~, 

HIIIlIPIl: 'I'll(' 'Illu('o>,nl ,'(,>,,,('1>, \\'\'1'(' ('OIlg'P:;[p(l, hut' thpl'e W('I'e 110 othel" Illul"ke<l 
(-hflll!!t':-:. 

J{l\ti<'111Illii: f;OlllP ('III1)!,(I>'tioll III' (11(' ,'('>,,,{'I,, ill lIIucC)sn allll l:ulliC'a lIluscularis, 
I lit Pl'f:ll'!'il'ul:l I' ('!I fill 1:1 ill ('11(' 1Il1l>,('ul:ll'i", XI) Ill:lrlwll cllallges in the 
11111>'('1(' 11I(JI'Jlhl)l()g'~', 

.\hOllltlSUI1I: 1,'ull(lie' I'p)!,ioll; l'li)!'ht 10 1I10d('I':lip ('oll)!,(';:lioll of Vpi's!'l!'; of IIII1COStl, 
:-;lI1al1 inrp>,1 illt.': :-;('Niol1 1'1'11111 II und('11 II III' "Pl'>,(,ls 1110(1('1':1 {ply to nUlrke(lIy COII­

)!,p>,le<l ill lhl' "illi :llId [lillie:! 111'I)I11'i:l, The· tllnic-a 1I\11;:(,III:lI'i8 11':11'5 nOfllltlL 
with ('II(' ('\:C'Pl'1 il111 Ilr ,onw ('1It'1I1:1 ill lhl' 0111','1' IlllI)!,iflidill:l1 ;:mooth muscle 
la,"{'I', :-i()II1(' of' lhp IInlllllPI"S ;,:1:11)(1" ,,'('!'I: gl'eatly dilut{'d and contained 
II i'!t!'illg'~', lightly ,~lnillil1)! I'O;;illophilir I1lnlpl'illl. A f'p\\, slll:!1I hemorrhages 
11'1'1'(' PI'P;:(,1l1: ill II\(' ,~Uhllllll'O>'lI, 

• 
LUll!!';;: )1;ll'k('1I (,()ll)!'(\~t iOIl or ilH('l':1 "'('oln l' (':I pilln!'iPR, wit h !'lllllC l'xt!'aYllstl ­

lioll of' I'pd hlood ('pll;; ill(l) al\'(·oli. (hl(> hl'Olll'hioll' ('olilnine(l red b100(1 
('(III;; :llHI II1m'u;;, 

Lin'l': .\Jod('l'ntl' ('IlIIg-I'Slioll 01' ;;illll:<oid,: Hili! Pl'olii'(,l'ntion 01' Knppfel' cells; 
Ill:! 11," llh:!)!,O(',,'1 ()sill,l!' I'('d hlood ('I'll;;, 

III'nill: Xo nhllol'lllnlilip:" 

!-'pll'l'lI: ~Inl'kpd h ,,'Pf' 1'1'11 lin , 

Kidll('.,'; YPI',\' 1ll:ll'ln'(1 ('IIII,l!'(':,tioll Ill' 1ll'I'Huhlllnl' ,'('""pls nlld ,l!'lolIl(\l'uH; IIlllny 


of' t,lt!' 1l11<'1('i IIn<l di>':IPJl('HI'!'d ill 11111 glolllPI'\Ili; III(~ I'NI blood ceil;; almost 
(·fllIlpIN(.'I,r 1'('1 :I11('pd Iltl' PlIllol'lwl ial IIIHI ('pitlH'1 inl ('plls, \':t.clloln {:ion of' 
I.hp 11Ihlll.:l1' ppilhI'IiUIll---tht's(1 ,'nl'III1II,'s ,,'PI'P.lIO!' !J();;i[i,'(' .frll' fat: ar:t:el~ Il[l ­

pl'op!'i:!I(' ;;lnillill)!, 111'1I1OO'i!ll'I'ill ('11l11e1 11111 h(' ('oulld ill thl' ki""P)' s{'<'t:ions; 
h('IIIO)!lohill ('asis \\'PI'(, nllt :<P('I\ ill till' IlllIll'IlS of th(' tllhlllps, 

Ilea rt:: )Jotl('!'lll(' RllhC'n<lo('n I'(lin I lWllloL'I'!tag'I':', )Jlodcrll tl' congestion of l\Iyo­
('nr<linl Ycss('I;: wil'li ;:Olll{, l'P(1 blood ('ell pxtnn'nsntioll, 

S IIEI';!' XO, (i~,: .l III'WI/. III/ul/1! NI/ I'olli II giz'(' It ill tn! 1~(,lIo/(,slyi d iNl in 6 da,1Js. 
,\1 II) III H;;U III ; ('on,t:'p>'tioll (II' IlIlli!'n PI'O!lI'ifl, 
]{(1t:iC'1l11ll1l: COllgl':;lion o.f SlIlnlluellsnl \'('ssels but not; in 1Il1lC'osn, 'MUCOSal cells 

sholl'('\1 "II('\lOln I' dt'gpll('I'U tioll. 
Rll1ail in t;('slill(' : ~Io(](,I':lI(' l'OIl;;'('::<[ioll in JIl!':!1 an'as, Ol'h('r nreas showed dif ­

fll:';!' mlll'ke(J infiltl'ntioll hy ('o!';illophiles, t:h(';;e ]:l./tpl' l1eil1g' the only cellular 
ell'lIlPllls in thp tllni(,H propria in th(' ill\'ul\'r(! arpa;;,

• 
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SHEEP No. 64--Continued •Lungs: 'Moderate ('QIlg-e!;tion with Slight ('xtl':1Ylu;ation of red blood ('('liS into 
al\'eoli; most of the Iat'!!'r wcre empty, ho\\'('\'('r, 

Liver: ~lo()erate cOIlg'('st:ion of sinusoids, 
BrHin: S('Yeral :;mall lll'ril':lH('ular hpIIIOrrh:lg-l'H ill the IllCllulla; ~OIlg:t~SI:iOIl of 

mening-enl \"('sscl;; ill l'l'g-ioll ot: llOstl'I'jor ('olli<:ulus. 
Spleen: Slight ]IY]1l'rClllia, 
Kidl)('Y: Y(,IT sel'Pl"l' \,:(('l1ol:lI: c1C',!.:t'IIl'I'aliol1 or both proxillllli nnll (listnl tllllules. 

Ht'lIlog-lohili (,:1st';; ill ;;OIllP of ('01'1 il':! I tubulI'S lIud in nllln~' or IIlNlul1lUT 
tuhules. ' 

Heal't: ~l()(\('ra if' {'on~psi ion or 1I1YO('a I'dial (':lpill:ll'ips, .\lodPI'nte l.iiITu;;c 
suht'niPllnlial ht'llIorrhagps. 

SHEEP No. 7:2: I [ll'llIIl (d/illfn SUIWllil1 fli!'1 If illfl'(l/'(/lol/NI!I; ditd in 3 day,I<. 
HUIlIPn: ('oll!.:pslioll or SllhlUIWOS:l1 l'psspl", 

AboIlHli;lllll: '.\lod('I·ai(· 10 llI:1rk('d ('nll~('"liOJl 01" Y(',,~('l;; ill "UllllIIlCO":I, 

Large intt'sl'iup: Sli,!.:hl ('IJII)!,l'sl iOIl Ill' 1lI111'Cl"a, 

Lun;!,s: Spycn' hPllloITha)!'I' a lid ('dr-IIIH illl (l :lh ('flli willi 110 lIol),llIorphOll11l'lea I' 


lellkoeyt('s, ('om:i<ll'rahlp rpd hlood ('I'll pig-IIIPIIt' ill 1lI:Il'I'oph:l,!'('s frolll red 
bloo(1 ('I'll Ilr(":tkdllwll, • 

Lil'er: ~1()tll'r:1 1:(> tong-l·,,1 iOIl, 1l11l rlH'd fa try ('Iln 1Ig-!',;, 
Bl'nin: ~lig-ht rlf'l'iI'W;('lIlal' h('IIHlI'I'Il:l)!,('''; ;11 /lour of f01l1'11l n'IlITielp, ~ligllt: 10 

lIlo(]('l'nli" P('I'i\'II,,('ulnl' hPIllOI'I'IHlgl'" in ";('('Iioll III' "111)('I'i(ll' ellilielllu", .\Iod· 
('I'a l:t' hC'lIlol'l'lIa)!,('s ill Ilnwh i Lilli pomi,.; :lIl(l ill \'('nlnll pft rl of til is },Pl'lioll. 
'1'h(' IIIl'tlnlln. "how!'(] ('oll"i,,\('nl: 1Il'IIlOlTll:l;.!(,":, 

Splcl'll: ~lodl'r:lI,(' to .:iP\'1' 1'1' 1I,I'lH'rl'lIIin: ('oll"iti('rahlp l)lllod pig-IIIl'lIt ill mac'ro­
ph:lg'ps. 

KidIlPY: \':ll'lIoln I' <il')!,l'IIl'1'111 iOIl, prillln ril~' oi' di"I:t1 IIII J\II(''', ("Ollg-PSUOII of 
glollll'rllii HIlII \'(,,;,,pl,,. :.\lod('I':111' 11\111111(']' of hPIIlO)!'lollill ('n:<l,.; ill 1111'(11111,1 
hilt littl<' 01' 1I01l!' in ('ortl'x• 

.I:Jeart: COIIg-pstioll, l'o!,HI :1 ntl dil'f'II"(' IH'IIIOI'I'h:l)!,p,,:, (: \.'1111111:1 I' (((,)::(,11(,1':11 iOIl of 
myofihl'iI" nol "(I lIl:lrlw<l a,.: ill ":11111(' (':1;;1''', ('1'0";; si rill lion" "nIL quite 
Yisihle, 

LYIIlpll ~fJ(I(': jINlin"Ullal; I )jITus(' 1I('IIIIII'I'ltn)!,('" :I n!1 ('!It'1l1:r, ('<lII"i(Il'I'ahll' pik 
mC1I1' in maeroplJ:lg"p,,; i'!'01ll rl'd hlood ('('II IIn':Il,dowil, 

SHE),:!, XO. ~O: /j() [//'fl/!/8 (tlfal/II oW/fiOllill yin'lI ill I/'(/('IIJIIill ({II!/. ICillt"Z 
aile" ;~t hUll 1'8 /11/' IlIltIw/o[l i(,(t! (,1'(1I11 i lilt! i011. 

Till' li:i(lII('Y \l'fl" Ih(' ollir ol'g,lll that \\,:1" sl'plilll\l'd fill' histoiogi ..:!l l'X­
:llllillatioll, 

Kidm'y: \'('s,;pls sli)!'lttl~· ('PII,!.:l'''{'P(1. .\1:111,1' of I hI' dislal l'OIIl'oluli'd IlIhllll''' :1llrJ 
,,:u'ai;:-ht tnlJlllp,,; 01' til!' ('IJI'(PX :tlld "UIII(' !It' 111(' ('oll!,(,tilJ;! tullull'''; LIt' 11I('<llIlla 
(:Olllailll'<1 ,.:olid pillk ";Iaillill;:' ('a"l" Ihai 11'('1'(' l)l'ohaill.l' or h('lllog-loliill ori)!,in, 
A l:ll'g-(' IlUII1))!'1' or {'hi'''!' i'lIhuh',.: Wl'l't' 1i11l'<I wilh "llIallllillk ":lainillg" ;:,lollul('", • 
~rhe proximal l.ulilliar ('pith,'lilllll 11':1" Y;lI'IIllIo\ll'd, , thl'''l' \1'('1:(' Illlt: fat 
1':lell(1I(':;, :-;('1'1'1':11 g-llIllll'rllli \\'PI'l' all'ojlhip!l alld tilll'!1 \\'ifh nil :lIIJulllillOIiS 
llL'(~('i pi ta t(', 

GOA'1' :l:H: 2 grams (II/ai/II .I'I/I}(JI/ill giN'1I h,tl'll/'I/lOllsl!!: diN/ ill ;j() l/OlIl's. 
AbOIll:lSUIll: }'OI',11 a ['I'll ('oll)!,psliOlI. 

OIUIlSU/Il: Slig-lit ('Ollg-!,,,I iOIl. 

Small illtl'Still!': DitTus(' and 1'0('111 IH'IIH 11'1' lia g:p", IIp('vosis. healT ('()HinoplJile, 


and monoeyl'i<- infiltl':lliOIl, 
Lungs: 1.'11 I'll 111(/11 ill-:lf'11 I1.', .\11 :11\'\'lIli (if :;('('1 iOlls "lullil'd ('[)ut:liIlP(l IIla:<I"(,:; of 

polYlilorplHlIIlll'll'1I I' Ipl1l'(I('rt P". 
Lil'('I:; 8el'('l'c ditTlI~l' filtt~· ('1I:11l~('''. 
13rHill: ~nllllj('1' of (opal Itl'lIlfllTllagp" in 1'('('01111 of I'll Ill'l'i 1)1' ('olli('l1lm;. Fcw 

SIllIIIL IWl'iI'aseul:ll' hplIlllrl'IHlg"(';; ill 1't'~i(Jll of llool' Ill' f:ollrllt \'Plltl:iel(', 
Splt'en: M()(I('r:I(p ttl IlHll'lwtl liypl'I'('lllia. ('1'11(1'111 :II'P:Ii' oj' "()lIII' f'ollielt'f; 1111(11.'1'­

goin;! I1t',.'rosi:;, 
Kidney: ~rarkc!l ('ong-est'ioll; »('1'('1'(, YlteliolOr <Ipg-PIl('ration prOximal IIlld distal 

tubllll':;; IWIlIOg-iolJill ('aHi:i' in i nilull':; .in (,OI'I!'X and Illcdnll:l. 

Heart: SWt'lIill,!.:, grlllllliatioll or :Ill 11 1.10 0 IiIl1'i Ii', 

A(lren:l.l: ~OI'1ll1l1. 


l':Ulcrt'Hs: l':UH'I'l':tlit i:-;, fo!'n I II ntl di n'usp infillrllle,.: of pulYIIIOl'llholl\l('IP:t1' 
leucoloytes 11 101lg' with 1ll:ICI'Ollhllg('S, • 
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 ALFALFA SAPONINS 


S'l'EER No. 11: B.6 g1'a17l8 alfalfa saponi'n given intravenousZY/I1nodc1'afe 
bloat/ died in 1 hOlt]' and 17 mi1wtes. 

Uumen: l'Il::n-ked cOllgestion of the llIncosal yesse1s; edema of submucosa aud 
between fasciculi of smooth Illuscle tUllic, 

lleticnlulll: Markell congestion of mucosa IUlll edema fIIHl cOllgestiOIl of tunica 
Iflusculal'is, 

AbomaSIIIII: Funllus-mny h:l\'e been slightly e<1emntous but no 111:1 rkell changes, 
OmasulII: Few Iwa/:t('I'('d IH'mol.'rhagl'S in p:lpil!lll' 01' lIlucosa, 
SlIIull 1nrcsti lie : Mo(]emle ttl lIInt'In-li congl'stiOIl of Illll('osal 111111 submucosal 

YCi;s('ls, 
LUllgs: ?l1:1l'kc<I ('OIlg"PSt iOll, Al\'cola I' IH'I!lOI'I'h:tgp lind Ctll'lIl:J. 
Lin'-r: Slight COIl;,:"('StiOIl uf ('PIIII'al "Pillfi nlHI "('I'Y ;.:Iight cong"1'8tioll in siuusoids, 

?llotlt'nt!'(' fn tty ('hung('8, 
nt'nill stelll: Xo si,!!"nifi"flllt ('hang'cll. 
Spl(,('Il: nlnl'];:NI eOllgt':-;t iOIl ,,'jUI 1'('pln(~!'II1('J\t of ahout ouc-hnlf of the norDlal 

l,rllll)hoill tififiuP hy red blood ('l'lIs, 
Kidll('r: ~'Iodl'ral" cOllgp:-;tioll ()I' glolll('ruli :till! n~s:':I-'ls ill ('ol'lex :1IHI me(lulia. 

• 

lIemoglobin eastH werc spell in some ill' the cOI'Liea!. tuilull's, 


.Henrt: SOllie ((ilrns!! IIIYO('fj J'(lial. liemorrllnges with loss o( IIIl1scle fil!ers, 

(;asiri(' lIJ('l;l'lIlpl'i(' IYlllph lIode: l\Inrk(.~d. e((('1I11l in the 1IH'(lullal',\, \Jart with a 


IIJ(Hlpl'aic ilH"I'l'a~e ill tht' IIUIII!JI.'I' (If PolYlllorpholluell'a r :IlIt1 llllm.x'ytic cell", 
The uIII,\, 1'pla lh'('I~' nOrma I 1,\'llIplioid [issue \\':lS a t the periphery of the 
cortl.'x find hprt' it W:lS lJ1o,:;[].r ditruse Wilh olll~' a few rClllailling germillal 
('en leI's, ]11 till' l'tI('llIatous medllllal',\' pan, thl' lymphoid cells were all 
perinll;Cnlal' (al.'olln(1 11I:tcdoles), about 7 or S eelis in depth, with edema 
nlld fille strollmI lissll!' S('llal'alillg' thl'sC :.:111:1.11 IWI'il'a",'ul:lr :IC'(,lIIIlUlatiolls, 

;\(('""utcric IYlIIph 1I00le: ?lI.otIernte N1PIIlll hut dia not show lhe lo;:s of IYll1phoid 
ti;':~lle that the g'afilie l1odl's did; how('\'!'r, IIll1ny [olliCI('s ('olltained large 
pools 01' I'('tl iJloml eNls as though thl' ftl]l it-1l1:n' aI'tl'ries h:J(l I'llptured or 
undel'goll(' Iy;.:is, ?lla II)" IliOIlOt',rl ('s Illld Illllf'I,.,pIHlg'es Wl're pl'(~Sl'lIt in the 
P<:l('IlIIlWUfi parts and tiWl'(' 11'11:; 1II111:kt'd l'ryr.hrOllIlagIX'.l'LOSi" in these 
l'<:IClJlutou" nI'(,tls. 

The o\'PI'U II jJllln'I'!'~i{)1l i'l'Om (ltl' lin' (,('II i1ppal'('nlly lH,jng the. mac­
gl'Os!' :l1l<1 hi~tol()gieal l'xalllilla/iol\ mphng(" ill an attelllpt to handle
of a 11111111>('1' of animals \I':lS tha(; the thp ('x( I':l":lsn(pd n'd blood cells, It 
I('"ioll;: I'psultillg" :frolll adlllilli;:(I'Il­ apP(':lI.'l·d tltal (Il(' kidnp,Y and pos­
tioa of toxic (IUHlltitil's of alfa1l'n sihh'lh'PI' altpl'alions "'ere. severe 
:-apoll j II I'l'lH'C'Sl'I.lt tlll l'1l<iollll'1 io­ l'lIo;luh in nil' animals eX:lJnined to
toxi(' alld (,1l(loilH'lioldit' J'pactioll, 

• 
Ita \'(;('a US!'</. P\'entun I death, without 

The III 0;'; t st I'ikillg' }>:I.t hologi!' ('itllC'l' Ilmin dal11agl' OJ.' the (~evelop­
('h:l Ilgl' \\'as all nll1los( totnl attaek JII('nt of [)])PIIIIlOnia, 
on (hl> kidlWY pnn'II('II:\'II1:l, Xl) 
definite elUlll~l'::; ill IIII' IH'UI'OI\S in Toxicity of Saponins Other Than 
the, bJ'ain ('oll'lll h(' dl'tpctp(t. hul no Alfalfa to Sheepdoubt tho:,pin tilt' :lJ't'tl of 1)('1'.l­
\'a~(,lIlal' h(,1Il0ITh:l!H' :-:1I11'pl'('<1 ;;Illlll' JII(I'al'llll1inal ncllllini::;tl:ation to 
i::;!'1ll'lllie (~ll:lll~l':;. l;n<lIH'lllOl'I'h:l[!.'('s ,,11l'(']) of lip (0 Jt)o grams of two 
,\\'Pl'e l/l'tN'iNl in nn'its of thc JilC­ sapollin jJl'('p:u'al;olls from the­
dulh at!'eel ing the yif:n 1 ('('ntet's, :ruI'en, planl I'psld(ed ill no appaL'ent 
Tlwl'l' ",a;.; nil appal'Plll Joss oj! (oxic. J'('aef'iolls, TIH' ildTilvellolls 
l:r 1II]l 11 () i <l (i;:slI(, 1)()lll in tl1l' ;1(1111 in ist I'a t ion to sht'(,p of 1 gram of 
sll 1t'('n-,~-n lthollgh til is\\'ns not :'('­ (Jill' of' l'lil'SP sapollills (labeled as 
Y(,I'(, ill :l 11 of tll(, :til iJila I;:--n Ild ill (oxi(') di(l nol l'pslIltin any ap­
th(', lymph JIOtlpS, All (h(' pnl11o­ ]lal.'Plit toxic I'Nlelions in fouL' c1if­
logienl c]mllgps. 'wilh tlw (\x('pptioll fl'I'Pllt l'X.lll'I'illiellb.:, However, the 
of [l1H'lIlllol1ia, \1'(,1'(', without· fLIl in­ ill Il'a \'('IIUliS ndl11in isl:J'n.tion to sheep 
finn I I1Hl,tOI'Y 1'(,:1('t ion, tile lIIost n.c- of 1 gl'Hnl of qllil]ni saponin re­
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sulte(l in Hie (leath of both animals) ill test in:d traet is the only 1'aclol' in •with gross pllthoJogy sim i.1:n' to I:)u~t t'oxieity of saponins. 
found :£1'0111 aHalia, sapomn adnn\1l­

stl'ation, Intral'uminaJ admi nistrll­ Summary 

tion of 25 grams of the quillai 'I'll(' ('oll1]losite aHalf:t saponin as
saponin also Tesultcd in the dea til lIsl'tl in thp,:(' ('x]Jrrimpnls was (lilite 
of a, mlltul'(~ shecp, toxic. On n sill~]P-dos(' basiR. the 

The YUcca. saponins bploll!! 1'0 thl' Illinillllllll hlthal' oml dose of {he
steroi(i'clllss of.saponins. while the. ('olllpo;.;itP a lJa If:l saponin for
alfalfa snpollill and tIll' <illillai Illat lJl'C' ;.;11('('1> is aPPJ'Oxilllat(>ly :iO
sapollin belong 1'0 til(' tTitlll'PPlloid to (jO !!Taills. 'I'll is sa pon ill is ;jO to 
class, GO t i JIlt's 1l10J'l' t oxi(' \\'1H'1l ,!!i \'(111 i Il ­

The clilfeJ'l'll t, l'PRI)()J1:-:PR fl'oJ\J i11- t1'II\'PIIOUsh- tha II whpII !,!'in·n ora 11 y.
tl'llYenous utlministl'atioll of (li[- HpslJlts ;Jt' !!,TOSS flIICt' lIistolo!,!'ie;d 
1'ercnt saponins to Shl'(,Jl l'lIisl's tl)(l (l:\aJllinat ion 'of animals t'!taC l'e­
qnestion as to 'Wh('t:1H'I' 01' 1101', the l'pin'lI. tl toxiC' It'\'el of :t1Jnlf:1 sapo­
rate of. a\;sol'pl'iol1 from th(' !,!':lstl'O- nin :11'(' ,!!in'll. . •

Action of Alfalfa Saponin in Experimental Bloat and 

Possible Relationships of Saponin to Clinical Bloat 


By hall h. Linllahl :lIHl n. H. Daris 

The studies l'l'pol,tNl in thiR blll­ saponin ndlllill~"tT:\ti()ll. t\l'O out,­
Il'tin illustl'atp that I'1IP isolated al­ :-tnndin!,!' fal't;.; al't' (,I'i<l(,III: Bloat 
t:llfn, saponins htl \'l' ]lI'OJlOIIIH'ed ;-;,\'nl ]ltnlll;'; "'PI'P iIIcllll'('d mol't' r('ad· 
physiologieal as ",pll ;lS:-:III'I'<I('(' 1t'1l ­ i1.1' II'lll'lI till' \'xpl'ri II III II htl all ilnitls 
sion nct'iyity, 'fhp\, also ililistrate \\'(,I'P I'('('('il'i n!,!' a pJ'et J'(latnH'llt lliet 
that the ph)'siologi(:nl as \\"pll as till' oj' Latlillo ('IO,Tl'I' pastlll'P than 'Whpll 
surfa('.~ tl'nSiOll ac:t'il'ity Ill' plant. thc'r \\'('1'(' J'l'C('il-ill!,!' otiIPI' dietary 
SIl pOll ins (':In I'a I'y ('ollsidl'mbly. 1'l'!,!'·inIPn,.;: and that S(>I'('I'(, 1'lIlllin:il 

DUl'i ng t'lll' ('OIIl'S(, of till' sf. II (Ii l'S. di~l(,lIti()1I was [ll'o<lll('('d ollly II'II('n 
(>xpeJ'imental bloat ".""lptOI118 in till' :lllilllal." \1'('1'(' also !,!'i\'('11 IllIJOllni';, 
slll'cp wpre \>I'o<lll(,pcl that I'('slllted of tht" alf;llfa. s.nponill that wPl'e at· 
1>I'il11:1l'i]y 1'1'0111 the phy;.;iolo,!!i(·:ll 01' IIPnl' t'he toxic ]pn,I;.;. 
acti\-iJy of th(, alfalfa, saponin;.;: in TIll' ob;';PI'I'ntioll thnt bloat symp- • 
other eaRPS, bloat' R'ylllpt'OJllS ,,-pl'(, ionls could bp <1PI-elo])('<1 more 
produced as a r('sult: pl'iJll:ll'ily of l'l'ac1ily in animals l'eeeil'ing' ft pl'p­
the sudncr tpnsioll PI·OI)(,I·tit's 01: tl'patlllpllt did of Ladino cIonI' 
thc saponins. In still o(ht"I' ('asps. pnstuJ'(' c:tnnoj'· Ill' tHlpquntely ex­
it n.ppeu1's Hl:d- both physiologien.l plaillPtl on fl pll,Ysiolo,!!ical basis 
tlctiyity nnd slll'fuep tl'll:-;ion propel'­ II1011P. If' nplw:II'S, 110\\>('1'(>1', 1'1'0111 
ties of. til(' :-;aponins '1'('1'(' instl'u­ till' ill I'itl'o :lJIcl tile in '1'[1-0 (xpel'i­
mentlllin indue-in,!! (:\1(' ('xpcl'iment'nl mpllts on :froth :t:Ol'lllflJion that the 
bloat symptoms. :Mild blord' symp­ alfalfa. saponin could hnyp bl'en 
toms ,,~ere proc1ucC'cl in Imimals (lis­ ndditil'e t'o th(' '/'actors existing; in 
playin,!! ndi n~ 1'11111 inal motil ity, hut t.\W 1'1I1ll('nR of nil' aII inml:;;, l'E'slllt­
severe b]oat S~'1l1 pt'oms wprc pro­ in,!! in pnollgh :fJ-of'h fo h:lYe inter­
duced onl" wlwnl'llllliunl lIIotility j'('l'ptl with (ll'lJdation. The pxperi­
ILppeHl'erl 'to be mfll'kC'dly I'pclucpd. mpntal ebh\' also indical:e that froth 

In snmmingnp tlH' studips on f'he. fOl'mation waR not' suITkient to cause 

productioll of l'xpPl'implltal blcmt nIl tlIP rumillal distpntion observed 

symptoms ill slwep by a.lfaHtt in the expcriments. 


• 
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ALFALFA'. Experimental ,york presently in 

• 


progress at tlle Agricultuml Re­

search Center indicates that a com­

plete bloekage oJ el'lldntion, ewn 

for extended periods of. time, mny 

llot l'esnli' in S('\'Pl'e bloat whell 

sheep a I'P feel <1 iei:; co,n pn:,p(l of Xo, 

2 Q"J':1(lp nHnlfa hay or Q"I'H:'" lin\" 

~r()l'p f'ulldanwllinl ilnln ()n flip rHtc' 

nf gas production on "arion" dil'tnl')' 

1'(',!!inwl1s and Ill(' illlpOl'tal1l'p of 

"physiological filtH pte" :),I'P t1pfi­
11it('I,\' ill<1ie:l(('(1 IIPfon' n. cOlllpll'tl' 

uJldprshm<l ing of 'why PXIWJ'illll'llta I 

h1cm t :')'111 pt0111:: WPI'(' ]>l'odtll'p(1 

morP l'NHlily ill :lnin1ll1:; pnSf\\I'Nl 


Oil Lndino ('loYPl' pn"t 1I1'C' than ill 

:1nimals 1'<'l'l'iyil1g othl'l' (lil.'tal'Y 
I'P!!] nWlli', 

• 

'_\ 1'l'(lnction in nllnina\ mntilits 
ill IWll1\' cas('S ,,'as nn<1ol1htl'<lly lHi­
llitin to tll(' format iOIl o{' r\'()11I ill 
intl'ri\'l'in!.!' with Pl'Il<'hdiol1, 'I'll(' 
l'illt'fhlOl'ogl'nphic nntl in(I';I\'('I\OUS 
I'XIll'I'impnt~ abo illustraf'(~ thaI' the 
hl'j!!'l' (lo:,p::; of [lip al!'n!f:t ~aponilt 
W(,1'P ~\lJ1i('i<'n!' 10 lIw,'(' )'l':,uit('<lil) 
1\ t'oll",i(It'I'ahkl'('<.hH'tiol\ in Iltc' pm·
t'il')WY of ('1'\1('/ ntionf)'olll pll,n~io. 
Imri(,;tl i\('ti(\l1~ alOllt', XI"u, ill till' 
:~d \':I)\('p11 St':I!.!'('~ of 1111' !"('yp)'(' hlo;d 
s\'mplOllb (1\(' h)'!!P!' d()sp~ of sapo­
H'in II'PI'P 1)lldOllhlp(\ly :-llllil'jpl\( to 
ha \'P ),p;'llltp(l ill a (,(illlplptl' blo('k· 
agp of ('l'lll'('nlion, . 

It aPPpul'S thai Ih(' HIO"'t lop:il'nl 
('xplnnatiol1 {'O)' Ill(' )'01(' of' [lip al­
falfa ~npOl1ill in tl,P H('lItp p~pp)'i­
lIH'lltal ('nSPS is that IHlt·h tlw :'Ilrfal'p 
tension [Inc! physiolo/!i{'al ad i"ilil's 
Ir!' til(' saponin \YPI'l'in:-:tI'IIIl1Plltal 
ill PI'OIIllCing tllt' oWI';lIl I'PSllli~. 
It n Iso apiwn)'s tlUl!; in Hl'YP)'P 
('asps ilw plJa)'llHH'oloj!icnl ndions 
of tlll' a lI'aHn. sa pOll in on ill(' 
)'('spi)'ntOl'Y and ('1lJ'(li()v:I!"I'IJla)' ~\'~­
('pm;.: COll!"I'ilJulpt! t (I (1)(' P:I )'1.1' {:ol­
laps(' allil <1(':It'11 of tllt' aniJllal~, 

.\llllOllp:h l'~I)(')'il1wntal h'l o:t. t· 
('ns{'f'. \\'('l'(' p)'()(ltt(,l'd in thest' ('xl1('l'i­
1\1(·n(·s, if (';\IlI1i1t b(' (,OIl('llir/Pll illat 
lilly of tlw ('usps \\'t')'!.' typic'lt! of ('Iin­
ictd. blt:mt. 'I'll(' ll10;;t Hl'I'('l\' (.'a!,;~'H 
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were. proclueed by administering 
large amounts of Silpouin hl tl, yery 
sho!'t pPl'iod of time, Some of the 
lpsiol1H obsel'l'ed on lllltOpSy of these 
animals have not been obsen'ed by 
11 ny 01' the ant-hors of the bu]]etin 
OI,'l'('(lOl'tl'din the literatnre from 
('~nminntion oJ l'qually fresh speci­
11ll'1Hi that haw died of clinical 
hloat. )fnny of thl'sl' h'sions a.p­
llC'a I'P(\ to hrl \'(' 11(>(>Jl 8('\,('1'1.'. (,Hongh to 
hay(' l'psr!l!l'fl in, the, cYCntulll dea.th 
oj' ill(' anil1wls without: the effect of 
1Ill' Illil'tll'llminnl Pl'NiSIll'e, So far, 
Fl"'P)'P 1)10<1(' s,rmpl'oms haye not 
\)('('n ])1'0(111('('(1 with mo(lel'ate leve1s 
of nHnl fa ;;nponin. eithe!' alone or 
in ('oJl)hinntioll with other mate­
l'il1 lB. 

Tlw:,C' l'('slllfs, however. do not 
illlpl,r tllllt sllponins ma~,' not be 
onl' of tlwimpol'tnntfuetOl's in the 
pat 11O,!!(,11 (':,is 'of dillieul pasttu'e 
hloat. bilt I'ather that tllP saponjn 
f)'nC'{iolls m:p(1 eonstit:ute only one 
of tilr fact on:. und. that the right 
('oll1lJinnt iOll of additiollftl :factors 
han not b('('n lls(,(1 in the (·xperi­
lllPHt::: to dntC', 

~pY('l':d II 10 I'll t'lIJ1d:utlpntal ques­
tiOll", )'(')Ilnjo tn bp soln'(\ before the 
('xpl'l'illH'l1i:al )'psulLs ('all 1)(' (lefi­
nit ply ('o)'l'plnt('(l with the patho­
!!C'IH'>;jS of ('Iini('nl bloat. 
, I:f'pol'is ill Illl' \itC'l'nillI'C from 
lllHI1," (lifl'p)'('llt Hn':tS, togethel' with 
(/1l' o""('l'rntion,.; of tIll' nuthot's, 
indi('ait' thnt' Jrothing of the in(!csta 
of Hllimals j:, all illlpi)1'fllnt faefor in 
till' pnthogpn('si" of ('lil1i(,1I1 bloat. 
,"/1p!hpl' fmt \1illf!.' of tllp ingesta 
:lioll£' is ~llfli('i('nt II) ('xplain all of 
t\1t'11l;1I1ifl'staiiol1s of ('lil1iC'Hl bloat 
IlW,\' still bl' <[Ill'stio)l('(l at: the pres­
t' Il 1 t i IIll'. 

'I'll!' I'P;;Il\[s of tlwin yit!'Q tests 
lI'i I It (Iw alf'a lfn sa pon in indicate 
(hn I I'a t 11('1' Hlln I I aJl10U n ts of sapo­
n i 11 1'0111 (l i!')'pnl l\' aid .i n til<' forma­
I ion 0 t' 1';'01 h 1~'IH'n (,pr/ai n other 
1';]('(OI'S HI'I' p)'('sl'nL The ])ostula­
(ioll i lInt a. sal'ollin-]ll'ot('in-Cllrbo­
hy<il'ni(' il\{p)'adion IlIHY ('olltTibllte 

I,; 
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62 	 TECHNICAL BULLETIN 1161, U. S. DEPT. OF AGRICULTURE •mllch of the pl:mt sources for the motility during the de\Telopment of 
formation of frothy ingest-a needs frothy bloat arising from the jn­
confirmation. In ad(litioll to the gestion of forage 1egumes,
plant factors, one or more animal It hn.s been established jn these 
factors also appear to be necessary 
for the c1 e \' e lop m e 11 t ot large 
amounts of stnble froth. 

Not enoulrh dab\, on the phys­
iological mnnifeshttions of ('li11i­
cal bloat a1:e llYnilnbl(' a!" pl'Psent. 
so thnt definite t(lI'I'elnfions of 
the physiologi('nl a\'fiolls of fill' 
saponills can be made'with c-linieal 
bloat. Cel'iain </1Il'8IioIl8 C'OIl('('I'n­
ing 1'1I1l1j 11:11-1'('1 iculnl' molil i Iy nncT 
clinkal bloat still ('rmain 10 he 
answered, ('onsidC'l'a hI C' ('\'i (1('11 ('l' 

exists thnt a l'edll('tion in ruminal 
motility, byilscH, is in811llki('1li" 10 
result jn l'uminnllt bloat,n is log­
ienl, ho\\,evcl', that II I'l'dndiol\ in 
the strength of thc C'ollll'adicnls of 
the reticullllH nlHl l'l'tic'lIlo-l'urnina.l 
fold ,,"onlcl conil'ihulp 10 dillil'lIl!v 
in cleflring I"he ('lll'dia of :l'l'olh~r 
ingesta, 'L'])C' oiJsel'vatio1l8 f"llaJ both 

;, legnme PI'('ss juices an<l nlfalfn 
saponin ('till lIlnt"(>I'iall,l' rpdtlcl' 
ruminal m()tilit~· inrlieat(' t hnt Ipg­
lImes C'ould possp~;; mal'kpc] pllysio­
logicnl neti"i!)" Expel'illlPlltal dahl 
illdieal"(' that: 1IIIinl:lls IIlay vary con­
sider'ablyin tlwi I' J'P:I!'t'ion to 1lH' 
physio]ogiC'ld ('oll!-'tiIIlPllt,s .ill lpg­
nlHe press juiees OJ' 10 aH:llfa S:ipO­
nino The I'xlWl'in1Pntnl (In(a nlso 
jJldjeate f"llllt" .I'lIl1lillal motility ClIlI 
be n:~I'V adin' In HOIllP nni llIals d111'­

f' 	 ing the development of ('xpeL'i­
mentn] fJ'ot"h,\r bloat· symptoills nnd 
that .I'lllnina] Illoti1il\' tan bl' mate­
riallv l'e(hl('C'cl ill ()til0tR, ,(,lll' ohs!'r­
vations that', dlll.'illg" :Ill ;1I('I'('a::;ein 
inb.'nl'ulnin~!ll)J'(,SsUI'(· a"ff('I' the· acl­
ministration of ]('gnnlt' press juiep 
and rLlfalf:l SapOl1iH. S()II1(1 I'llnlillal 
contractions mar ill' rpdl!l'ed in 
amplitude while "othl'l's IlIn,)' be ill­
creased in fl'pctuell('Y and nnlplihl<i(\ 
mny a.lso be inlpm'tant in {\ol'1'(']ai­
ing the pl1ysiological si'll<iil's with 

studies thnt the i;;olnted alfalfa 
Baponins an' qllite toxic to rumi­
nants. bnt whdhl'l' the 11abn'ttlly 
(j('(,III.'I'ing saponins ('an contribute 
to the hlJ'!!e I1llmhl'I' 0-1: deaths oc­
t:lIl'I'ing- at tilllPs on sOllie pastures 
(,:lnnot 11p nnswC'l'l'<l until more 
eiinie:ll data :1I'e Hynilnhle, 

'.\[{{('h wOl'k I'PI1I:I in8 f () he clone 
hp fol'l' [11(' six OJ.' 111()I'e sa pon ins of 
aHal fa, aI'(' fl'nC'lioll('(l and tesled 
fOl' (ltl'I" physioJogi(,:ll adi \,j l"y. It • 
appeal's qllit"p I1l1lil\:('l)' thflt all of 
these saponins \\'ill POSS('SS Ih(' sante 
pllysio1ogi('nl acti\'it,\' 01' t hnt t1.e 
val'ious "1'1':1('tions will always be 
"follnd in 111(' snnll' I'nl;o in lrl'(}\Ying 
h'glllll('S, ~\lI:llyti('nl wo)'k ('on:: 
du('/C'rl at t'lw ,\uTi(,lIltul'al Hl'8eal'ch 
(\'ntl'l', usillg a 'pl'plil11in:lI'y nH't"hod 
of anah·si:,. illcli('at(':, t"at t'lte total 
snponili ('ontenl" of aHal I'll may "fll',\' 
fl'om n ppl'oxi ll1:lh'l,r 0,:> to :2 P('l'c'pnt 
1lI'1Il01't', 11' it i:" a Iso fOllnd t"lwl' the 
l'atio of illdi\'irlllal saponins Y:ll'.il's 
fl'OI11 SHl11pl(' to slunpl('. it" is ('oIH'ei\,­
ahk tlr:Jl" :dfalfa fOI':I!!'P cOllld "alT 
('onsi(Jt'I'ahlyin its' physiologie:tl 
ndi\'ih' 1'1'0111 lil11(, tl) tilllp 01' from 
a1't'11 (i Ill'Pl1. 

II' slloll1<1 also 11{' poinlr<l out 
ng:lill at this poill! tlwt the ('om- • 
posill' nlfal fa snponin fl'netions [IS 
IlfiN1 .il1 till' C'xllC'l'inll'nhll animnl 
\YOI'1\: di<l HOt:, ('oll::>litllte nll the 
;-;a pOll i II P1'('H('1I [ in 11)(' OI'igi nltl 
plant" Illatl'I'inl, Hplntin propor­
tiOI1S of the illcli\'idllnl saponin:> in 
ill(' l'('cO\'('I'ed p l'oc\lId" \\'('l'<'. ill some 
illSlnlll'('S .JoWl'r Hnd in othpl.' in­
slan('('s higlH'l' I Ita II tlte,\' \\'('1'1' ill thl~ 
ol'if.!:inal plnni" mai('l'inl. Tire queFi­
tion :lS to "'11('1:11('1' Ihis pru'tial fl':\c­
tion:Liion of sapollinsintensifiNl QL' 

\'('cltl('('([ t IrI' physiolop:ical :teti"ity 
alld ioxiei(y 01: lho ips!" "fractions 
('11111101" b!' :{ns\\'(,I'Nl at til(' IH'cscnt 

clinical obsel'\'ations 011 rllrninal tillie, The fa('i: that a partial fmc­

• 
. .. 
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tionation of the natural saponins .ll1Ol'e activc or 1(,S8 active tlum the 
did occur mllst be considered in at­ natllra]ly o('clIlTing saponins? Do 
tempts to cOl'l'elate the ('xpel'imental other phmt substallces cOllntcract 
datn, witlt clinical cOl1(litions, tll(' physiologicn1 aetivily of the 

IIpI'e a rp some, of the important saponins'? How l'apicUy in'c the 
qllPstions that rema1n to be an­ snpollins I'('lea:-;pd from the forage 
s\Yl'I'('d befort, ft <'ol1lplpte lInd('r­ dlll'in,!! di,!!PRtion by animals? And, 
standing of Ih(' role· of' saponin::: in 110\1' nL'C' till' :,;a pOll ins <,lptoxi fied, ,mel 
I'nl1li 1111 nt bloat is obtn i Ill'(l. ,Ypl'e how rH pid I~', II IHI(' I,' normal cOll{li­
the' isohttp(l saponin fl'actions as tiolls C'xis/'ill,!! In fl1l' gash'o-intes­
IIH'<l in thp alJoH' l'xpl'ri Ill('n hll wOl'k tinal tl'ad of nllllinants~ 

Preparation~and!Chemistry of Legume Saponins 

• 
By (', R, ThoIllPSOIl, (t, R, I lin .1//0, Klr, TI;('ko[{, I~. n, 1rll l/{')', .1. ~, ~it'iIlU' 

stOll, find ,Ia(']" Gllfl{IOf:: 

~ap()nins nrp natuJ':llly o(,(,lIITing snpO,!!l'llill:-; hp,!!JlIl to nftmet the. 1n­
plant gly('osidl'>, that han' soaplikl' lpn's!' of SP\'C'I'al groups of organic 
IH'()pPI'ti('~ and al:,O lI:-;uall,\' display ehC'llli;;(;;. ~\t 1>rC'sC'nt, information 
{'oll:-:i(ll'rablp pil.""iolo,!!iea I adi\'it.Y, about fllP:;p compounds is far from 
T1H'\' Illay llP l)J'oH(lh' diyi(bl into iJl'ill,!! :'0 ('omplp(e n;:; thilt concel'll­
(w()'('la,,~('s: ill olll,'tllP lllWlpi 01' i Ill! stproitin I sa.po!!en in;.;. Very lit, 
:lfdyc()ll(';; HI'(' stpI'oi(ls. ",hilt, tho:,p tlL: in<ll'pd ,is kno\\'J\ l'l>gnl'ding the 
0:[ thp olhpI' a ]'(' l I'i tl'I'Pl'IIOic1:" 1'l'la.tiOllship bpt\I'l'pll thp structures 

Thp ;;apOllill:-: al'(, :'lll'l'ac'l'-ndin' or !I'itl'I'IWlloi(l saponins and their 
( illn t i:-:, t hp\' nUI:'l' fWUll illl..!; ill wa­ pit,'siolo!!i('al aeti\'iti(~s. 
(P)' or llIa\' 'ad lIS \\,pitin!!' a!!l'llb;) .\/.p(h(ids that han' been used for 
I>('('n lI:-'P dip a,!!l."{'oJ1P:'. ()I' illOi'l' :-;pp­ I'P('o"Pl'in,!! Slq){)llillS "aI'.\' almost as 
eifit-ally tlIP :'apo,!!('nin:', :In' fai-;;ol­ widl'h' a~ ill(' plants from which 
ublp '\\'hill' (h(' ('al'bohy<ll'atl' POl'­ tht',\' :'ll't' ohtnillpd, )[any reagents, 
(iolls of till' inia('! :,aponin Jllolp­ ::;lIl'lt as \':u'ious Illetal. salts and 
(,1I1ps a 1'(' \\'atpl'-:'Olllhh'. tanllins, are I'ppol'iC'(l to prpcipitate 

• 
:-;apollills Ila I'p j,PPll pnlplo,l'Pd ill lhl'sl' ('OllljlOlllHls from aqueous or 

ROIIIP ('Olllltl'ips a:' llC'tpI'!!('llt:, HIH1 11 I('ohol ic. ~()I utiol1, IIowe\rer, this 
han' lillli(p(l ll:-;P ill this ;';lUII(I'\, <\:-; IllPtllml of re('OW'I'r may be far from 
wC'.Ifill!! H!!Pllf:-; ill till' tl'xtilt" ill­ ('oillpl('{l' am1 Oft'l'll results in a1­
dllStJ'Y~ thl'Y nI'P also 11spcl ill tpl':ltioll of the saponins. The 
foam:t.rJlL' lil:(, pxt ill!l'lIi;.;hl'l's, Hp­ !!In'osi([ps al'e usualh' insoluble or 
('Pllt inlpl'l'st lin:' !ll'(']) (til'l'dpll lll::trl,\' so i 11 ('thyl etllL'l', acetone, 
('lIipf'l,", lImn'I'p]', to :'((,I'oidal :'<lp­ Pl't I'oil'n 11 I l'tiWI', and benzene, but 
ollillS 1.)('(,;\11::;(, of (hpi!' inlpol'lalH'P dissoln' ill ;;ue\t polar soh'enf:s :lS 
a~ dl'lI,!!:' and Pl'P('UI':-;OI':-' of Jllalll­ ]Jyl'idilH', uieohol. and Wni('L'. ~omc 
mali:Ul hOt'I1\OIlt'S, ,\('('(ll'diJ1!!h', of tiH' It',!!lIl11C sapOJl.illS ('I',rstllHize 
cOIIsit\PI'ablp iii.l'J'at 1Il'plws :I('l'Uil'lil­ f1'01l1 al!-ohol-walcl' :-;oluf:ions as citl­
latpd ('OIIl'Pl'lIillg' Ihis ('1:lss of sap­ ei Il11Hlla,!!nc;;i urn sa Its, In water 
onins. BpCtlll::;P ('OlllIHII',lhlpiIWPIl­ :'01 ut ion SOJlW [11:::0 form sparingly 
I'in's 11:1\'(' bt'Pll aiJ;;Pllt, JIllwh 1(';;;; solnble ('olllpipxps when h('ated 
pll'ol't has hpPI1 Rill'111 ill f.Iw ;;hl!ly (If with UI1 (,Xl'l'SS of chol('sterol. Both 
f l'ii'PI'Pl'lloid sn pOll i liS, to ",II it,ll ;;:\ p­ of thl'SP Prolwl'tie~ have been util­
Oll i ns in IC'(J'lUlll' iOnl!!t's a PJw:t1' to iZl'd in tIt(' ;,;tudies reported below 

'. 
beloll,!!. ()~l,v withil; l'pe('llt .\'PHI'S OI1I'C'('OI'PIT of saponins from 
has the structure of tl'itel'pC'lloid 1l'gUlllC'S. • 
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Recover, of Crucle"Saponins 

From Alfalfa 


•
One hundred kg. of dehydrat:ed 

alfalfa (IJIeclic(l{IO sath'a) ,yas slur­
ried with 800 lift'I'B' of wafel'l [[m1 
667 gm, ea (OHh was nddN1. TI1(~ 
heavy sIUl'l'Y (pH (UI) was hl'atNl 
by free steam. to about 1);)0 C. llll(l 
filtered llOtin a horiz(lilin I ('Plltl'i f­
ugal filtel'. TIl(> aqul'olls ('xtl'nd 
(525 to 55() 11tel's) was ('ool('l/ /0,/(1' . 

nnd 33:"5 mI. of acel'ic :H'itl and.J: 1 i ten, 
of iresl)l), thawed Pl!g whif(' \\"PI'(' 
lldded {pH (Hi) ,. 'I'll<' mixtUI'I' was 
lleatecl to boi I ill/! i \l Sil'fl l1l-j ad(p{Nl 
kettles to coa(rulafe !II(' e!!u' whit'e. 
"llieh acted :~ a defe('an/'fol' col­
]oidnJ matcl;'ial. Th(' rnajol' pOJ'tion 
of the eoagulllrll was I'PIIIO\'C'd by 
strainillg til J'ollg-h a wi I'l' bns1\pt, 
Residual ('oag-lIlllm \nIS 1'('1I10\'C'd h,\' 
Sharpl('s centl'ii'lll!alioll. TIll' >lolll­
tioll at this lilllP lI'as a l'('<lclish­
H1nber ('0101'. _\. final poli~hillp: wa:-; 
obtainf'd by IiItJ'ntioll ill a ~pal'k](·I· 
filter with pl'e('oatC'd tiltC'1' papPI':'. 

The polishf'd {>xil'/lC't \l'a:-: "t'il'!'('d 
with 5,3-1: kl!. of po\\'ilrl'('d ('hok:-:­
tero] and boilPi1 In' IN' of ('Io:w</ 
steam coils fol' 10 nliIllltp::; :lnd 111l'11 
W85a]10\\'(,(1 to ('001 1'0 :10') C. hI' 
circulation of ('old \\'a Ipl' t h1'(Judl 

t]16 coil)';, FOIII' I!')!! j'ol'tr-fi\'(' 
hundl'edths k!!. of filh'I' ai(i,,'n:-: 
nddl'd and Ihr C'llOlt';.;fpJ'ol->lnponin 
addition p!'o(]lId was lilt('I'NI 011' ill 
a plate-Hlld-'fl'lInw pn';.::". 'I'll(' ('akp 
was wasl1l'cl with ('old \\':ltrl' IInlil 
no 11101'l' ('0101' W:lS 1'1.'11101'('(1. Yip](l 
wns abollt J(i.i kp:. of ('ak£' at a 
mOlstl1l'P conh'nt of :\;) )lP1'('pll\. 

'l'o rN.'OI'PI' :o;t1ponin:-: fl'OIll fliP 
cholesterol-saponin addition j)J'O­
duct, wet ('a1\(, \\,:1:-; shll'l'il'(l wjlh 
16.7 liters of ,,',IIl'I'. Thil'fr all(l 
one-hnlf kp:. of n;; PPI'('('nt' ilkohol 
anc127,(i kg. of \)('nzpl1(' \\'pI'P III ixP(l 
with the 811ll'!',\' in a :-:lranl-j:l('kl'lN1 
digestion pot l'qllipPl'c.l with n cir­
culating- pump alld II 1'('lIl1x ('011­

denser. The Illixt:ul'p was l'pllIlXP<! 

and continnoUFI \' 111 ix('(1 1'01' 1 hOlll', 
thCl~ filtered 011 BikhlWl' fll Il 11 ('1 s, 
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The fi) tl'll te was transferr('rl to II • 
240-1iter funnel for phase separll ­

tions. The llppel' phase was sel: 

aside JoJ.' latel' reclamation of 

('lIolNitl'ol llnd ~01vl'l1h:l. Th(' 10\\"('r 


phase was rcim'n('<1 to the stcam­

jnckete(l pot flnd ('oJ1('pntratecl by 

distillation to about ·12 lifers, at 

whieh point foaming pl'('yent('(1 

{urihel' cOl1c('ntl'ation. T h P I'e­

ll1ainin,!.!: ~ollltion was ('001('(1. to (jiJ<> 

C.. all!l -L~ k!!, of aieohol alHl Ho-l: 

kg. of ])(.'l1zPlil' w(,I'e adckd. This 

1I1iXI'III'(' \\'a~ l'pflUXNl :>,0 minlli:el' 

ancl tlwil Ira lI"f(,I'I'£'<1 to fh(' fmmel 

for pha:,p :'('pamtion. The low~r 

phaSl' W1JS takpll hack to thc ,,1'1ll 

for furtrwl' ('ollcpn!nIi:ioll, eonll'd, 
 • 
:lnd rpllllxNl:W minutps w.it'h 1.B 1'1.[' 
of f);) IWI'('('II t aI('ohol and -L~ kp:, of 
\)('nz('I1(,. .\.-fter phn:'(' ;.:ppal'nfion 
in (lIP JllllllPl ancl final ('OI1('pn/ra­
tioll of till' ]OW('I' pltas(', (Ill' wnfl'l'· 
nkohol-sllpol1in solution was ('nlp­
or:lt('d tn <1n'11('S;::' in shallo,,- :-:blill­
h's:"-l'tpl'l pal;" in an l'xpl()~!\)I1PI'()of 
dl'aff: 0\'(,11 at n;jt C. 1lpl(1 "-a:' 
lIB grams (O.l:2]lPl'C'Pnf' of alfalfa 
IllPai). H:If('h allah'sp:,of tl)(' pl'o(l­
lid !,;JlO\\'l'd that' if'('ontllilwcl hOlll 
O,H\ lWI'(,pnt to 0.:32 1><'I'('('nt of 
('1\01l'8/('I'o1. 

Chemistry of Saponins 

From Alfalfa 


Alfalfa saponin a~ i~o1at('d by th(' •
('holps((,l'Ol-lI<1ditioll ])I'oCN1ul'P W;lS 

ShO\Yll to ])(' 1I mixtllrr of S('\'l' I'll 1 
saponins .(.18). Pal:tinl J'('5nllltj(~n 
of th(' I11lx('(l sapnl1ll1S h,\' or~nnH' 
:'01 ,'(,Ilj' fl',i('f iOllnl'loll ga"p 5("-('1':11 
fl':I('tioi\:-: that dill'Pl'pel mall'I'ially in 
their optical l'otnl'ioll IIl1d 1l1Ohility 
Oil papPI' and ",11 iell by Hcid h,\'ell'ol­
\'~is 11'('1'{' nl~() fouJld t'o din'(·I.' Rig­
;)ifkantI\T 1'1'0111 om. allot/WI' in boih 
t11eil' snine ana :Jl!lYI'OIll' ('OI11]lO­

l)(,lltR. rnfol'tunnfpl r, tl\('l'l' is all 
1lI1P<lual distl'ibllfioll 'of till' YlIl'iOIiS 
"ap(}llin~ of alfalfa. (alld probably 
tIll' :"allipis h'lIe 01' sapollins 1\'0111 
otliel' lpg-limps) ",1)(']1 re('O\'CIT is • 
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effected by cholesterol addition. 
This is eyi (len t "hen paper chroma­
tograms of the mixed sapogenins 
deriYe(l hom this product are COlTI­
1>111'('(1 \I'itll chl'omatogl'llll1S of Ole 
mixed sa pogen i IlS l'e('ov('I'e<1 uy the 
ltna]ytitfl 1 IH'O('C'l[ul'e tha t is to 1)(> 
des('l'i\)NL This Illf'ilnS thaf till' 
rebtiyl' pl'oportions of tllP iIlel iyid­
lIal sapollin!' in niP 1'('('o"l'l'l'd pl'od­
It<'t al'p in sonH' install(,l's IO\"PL' al)(l 
in o"I\('1' illS' nlH'P:-; lli!,dl('l' (linn thl'\' 
al'l' in tlH' ol'iginal Illallt IlItlfel'iai. 
TIIP si!!'nilit'aIH'p of' this fact I1IUst 
110t 1)(" ()\'PI'loo];:e([ in intl'I'pl'ptiul!' 
('XIWl'i 111('11 t,:- wi dl :t II ilila Is. 

Fl'ol11 till' mix'ul'p of :-;;lpf)Jlins. 

• 

Oil£' s,ljl0l!'('nill and it's di;I('phltp 'Ul(l 
it:, dia('pt'ltp dilll(,tlld ('stpl' W('I'(, 

PI'Pp;u'P<l ill (,l'y:-;tnlli'IlP 1'01'111, Hs 
dillJ(,tllrl ('"f('I' alld 1l101l0bl'01ll0' 
ladonl""'PI'P obhlillPd ns 1I00]('I'\'stal­
lim' Ill'(Hlud:;, PI'nlH'dips oj' this 
sa pogl'1I ill a lid its rll'l'iyntiyps i mli­
ealp that iti:- :t ll1oIl011llsntUl'rtfw1 
dill y (L I' () X," dif'a!'hoxylic aci(l, 
ha "i Ilg tilt' 111olp{'IJln I' fOl'lllllla 
C,:t.IC:l)'l' Thl'sP propprtip;.; 1'0­
W'lltpl' wi tit tIll' s[lpei fit 1'01 ation of 
tile )'n pOgPll ill. +11 F. am1 of its 
dia{·ptatt'. +x,,, RUi!l!p:;fs n tTitl'l.'­
PL'llOi d. !'ii Ill't' til(' ,,!(.,:oi d-sapo[!:pni II 
"i(lp r-Ilnil1 lIsunlly (:onfcl's' pl'O­
n () lIlIeN[ 1(' "ol'ohlti on. 

TIll' :lcidi(' ('ltal'fu'!'l'I' of tll(' snpo:­
g('nill Hn<l I'llp Jad lila!' it ('olll:nins 
;)0 t'Hl'boll alollls furthp\.· support 
tltt' irlPll (lint it IwlO1IQ'S to f'ltP tl'itC'I'­
IJPl1oirl1'lIi1wl' thnllll"to ::tproid class, 

~\ spal'('h of the lih'l'attll'p dis­
('los('<1 110 ([ps('ript'ioll of tl ::npogPllill 
L'oillciding ill nlll'c;;pl'efS wit!; tllM 
of till' IJI'psrn(: sllhstnl1tP. ('n,,{'nllo­
QPllin. a dihnll'ox\' dic:ll'iJox\'lie 
~l('i(l sapoQ't'lIiil oht:iincd bv i:)iillcs 
(,].,]) fl'oll\ HIt' wooel of i '((S/llIlO­

"IIt'J'lf/ Inn 1/lIs{l'Ill('. 1I ppu l'ently has 
nil' Stllllp 111 ole (' II I a r JOI'1\l ula 
('~nlrIIlOG) as sapogPllin dr'I'iYl'd 
fl'ol11 alfnlfll. UOWl'Yl'l', 1l1{~lnng' 
points and '41)('('ifie rotntioll;'; 1'('­
ported fot' the c1iacctatc find th(' 
dincetate dimethyl ester diO'er i'l'om 
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those of the corresponding sub!. 
stances prepared from alfalfa. 

Further studies with the total 
sapogenin fmction obtained by acid 
hydrolysis of a HaIfa S'L po 1\ i 11 s 
showed that tIl(' sapogenin acetates 
('olJlcl hr' sl'pal'atell by ('olumn c1:t~0-
I11H togTa.phy 011 Specin I Fi]trol' 
into ;) fl'adi(JIls, One of these was 
"('1'\' <Ii 1l'{'I't'nf' hOIll the hiah-rotat­
ill!!:' Illatpl'ial dp;';('I'ibN1 abo"e. The 
rot'alion of this (,1',YstalLine acetate 
\\,flR + '.T" and its melting point 
WHS :W," to :2!)PO C. Two carboxyl 
;.!1·OtljlS \\'l'I'(~ pl'esent, but the num­
1)(,1' of h.nll'oxy] groups remaiJ'ls to 
Ill' t1t'tel'l11ined. Qtlalitatiye color 
(psis il1r1i\'ale thflt it is also[t tl'iter­
pt'lloid. T\\'o other cryst[tlline ace­
t;Li'PS WPl'e obtnined. One melted at 
1.HO 10 ].),0 C. IIm1 had a specific 
l'oln1'iol1 orTGo , while the other 
111('1 t t'(l at 27,1,0 1'0 2T8° C, and had. [t 
l'otation of. .1,0 0 The l'em[tinillg• 

fraC'f:iOlls c1 ill ]lOt crystallize and 
[llll'ili('at'ioll ,,,:IS illtol11plete. 

In OUI(,L' cxperiments with the 
saponin mixtul'e it, was fonnd that 
a ('['yf'allinc saponin conld be ob­
taillPd from a c1ilnte alcohol solu­
tioll "'it'll some preparations. 'l'his 
JlJail'l'ial was showll to be identical 
"'itll :t tl',Ystallill(, protluc-i: obtained 
:f1'01l1Ladil1o doyel'. This crystal­
line' slIilsi:lIlC(, ,,'as hydrolyzed with 
arill and \I'ns shm"n to contain 
,!.!'aladose, glutose, and rhamnose as 
]lI'Nlol1liJ1:1I1t: sugars with al'ubinose 
and x\'losp ill h:are amOllnts. Glu­
('tll'OIlIe n.eit1 was also found, Chro­
111:1to,!.!'l'aphy of. the snp?genin part 
of' thp hydl'olysate on siltca gel re­
:;oln'<l it info ~oyasapogenols B, C, 
alld n, trace of A. 

Some further fractionatioll of the 
:;aponins themselves has been ac­
('olllplished, but much more work is 
lIt'r'(,S::fl ry to l'cso]ye their mixture 
into if':; s('])rll'nJe components. 

':\[nnllfflCilll:t'd by Piltl'ol COl'p. nfen­
lion o[ this IWodll<:t flnd OUlel'S does not 
imply l'('('ollllllrntiatioll h~' the U. S. De, 
partment of Agriculture. 
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TABLE 10:-0on8tant8 of 8apogenin8 obtained f1'01n alfalfa 8aponin 

• 

• 


• 


Fraction 

L_______________________________ 
2________________________________ 

·8:. ___ ___________________ . _______ ~ 

4___________________________ . ______ 

Melting point Specific rotation 


Sapogenin Sapogenin Sapogenill Sapogenin 

acetate 

Dr{Jree.s 
87 

7. 7 
70 
·10 

Soyasapogenol A __________ .. _______ l :H8-:32,0 j----------I-------- __ t_ 
SoyasllpogenolIL__________________l 2UO 180-181 !ll I 78 
S()yasapog~nol 0 _____ - - - - - - - - - - - --I 2·10-2·1 J I 200-20:3 i 0:) ; 58 
__________-______1 _________.__ i_~___. ___ 1•. 

o c. 
84\)-:350 

-- ___ .____ 

acetate 

0 c. /)('{Jl'ecs
206 J II 

2\)7-2\l9 _______ • __ 
15.\-]57 _________ _ 
27,1-278 j----------i 

Present hlformation is summarized 
in table 10, ,,-hich SllO"-S that at 
lenst six saponins, and possibly sev­
eral more, occur in a]fa]fn. 

Isolation and Chemistry of 

Saponins From Ladino Clover 


Laclino white clover (T'rijollll'ln 
1'ep(Jn8) is reported to be as capable 
of causing bloat in ruminants as al­
falfa. Expel'iments '1dth water ex­
tracts of Laclino clover designed to 
isolate saponin as the cholesterol 
addition product as had been done 
with alfalfa (35) yielded only 
small mnounts of cholestel'icle. 
However, direct isolittiOil of crystal­
line saponin from the alC'ohol ex­
tract of Laclino clover, without the 
use of cllOlesterol, proved to be pos­

. sible. This product is tIle same as 
the crystalline fraction of a lfalfn, 
saponin which, as pl'eyiol1sl~~ stated, 
yields so):asapogenols B a.11d C and 
a trace ,;,-\: soyasap0f!e1101 A. 

Pl'eJimimu-y small-scale la.bora­
tory experimellts led to the follow­
ing procedme: 150 kg. of fresl11y cut 
LadillO clover (30 kg. dl'Y weigllt) 
was immersed in :360 liters of D:) 

percent alcohol for 2 days. Then 
the extract WllS separated and fil­
tered. The filtered extract 'was ('011­

centrated ill an open sta,inless-steel 
pot to about 30 liters. This solu­

lipid fraction waS transferred to 
separfttol")' fUllnels. The residue 

- in the pot "'as h'nJlsfel'red with 
diethyl ei'her, followed by a small 
qlJantity of ,mier. SlJfHcient ethel' 
was added lIntil two lavers were 
Obl':li11(>(1. The funnels "'ere gently 
illyerted se.-era 1 ti mes (yigorous 
sha.king gn,Ye, emulsions) until most 
of the chlorophyll and lipid mate­
rinl Wel'e in solution. After abont 
;30 minlJtes the aqueolJs ]ayer was 
chained and nIlO\\"('(] to stnnclllntil 
the saponin (T.\'st:dli%ecl in shim­
mering micro plates. The ether 
In,,·er \YHS then l:ep(>ate~lly ,YHslled 
WIth small quanhtles oi: ,,-ater; the 
,,·ater solutic)IIs \Yere combined and 
allo\yed to stand for :Ul Ild!litionill 
crop of C'rystalline saponin. The 
nqueons phase was c(,lItrifugecl ancl 
fhe crystalline saponin ,,·as washed 
ill the ceniTiflll!(> tubes s('\Teral times 
, .. itlt small cj-~tantities of water. 
The saponin was iiJlally ,mshed 
wHh aeetolle until no more col­
OJ'eel maierial was remoYeCl. This 
yieltled white~ crystalline saponin, 
which was dried in ytlCUUJ1l ltt 60 0 

C.; yield was 70 g1'ams~ 01' about 
0.:2:3 peJ'eent of tlle dry weight of 
Laclino clover. 

The saponin as jsolntecl contained 
G.7 pel'cent ash anel proyed to be the 
ealcium-magnesilll11 salts of three 

tion along with some dark-green closely related saponins (47). 
C~l • 
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Upon 'hydrolysis with acid this 
material gave galactose, glucose, 
rhamnose, and glucuronic aClel plus 
traces of arabinose and xylose. 
Chromatography of the sapogenins 
on silica gel yielded three com­
pounds that had been characterized 
previously by Ochi[Li [Lnd coworkers 
(38) and :Meyer and others (35) as 
soyasa,pogenol B, soyas[Lpogenol 0, 
and traces of soyasn.pogenol A. 

Comparative Measurement of 
SClponins in Forage Legumes 

A method ,,,hereby the saponin 
contents of different lots of forage 
can be quantitati\'ely compared is 
important in the stmly of the rela­
tionship of saponin cOlltent. to ru­
minant bloat lind to inhibition of 
chick growth (;;;2). 

The problem presentsmnny for­
midable difHcultil's, and its solution 
has seldom been 'attempted. In­
stead, ,,"orkeL's usually content them­
selves with estimntes of the SttpO­
genins that the saponins yield by 
acid hydrolysis. .I~ven this aJtl'1'lla­
ti\'e is fl'e(ll1ently far from easy anc1 
often the information gaiJll'd is 
qua1itative l'athel' than qUttntihl­
tive. For those illquiries t1mt are 
coneel'llcd primarily with the chem­
istry of the sn.pogcnins rather Hum 
their intact glycosides, these partial 
fi ndings sufliee. However, the pres­
ent purpose in ("he study of rumi­
nant bloltt requires more inforlllit­
rioll. Accordingly, the ,Yestel'll 
Util ization Research Brallch hns 
lIndel'hlken developmellt of quanti­
tative nn:1lytical procedures for in­
dividu:tl saponins in alfalfa and 
other forage legumes. As one of the 
first steps :t tenbLtixe method for 
assaying the total sapogenins of 
alfalfn hns been developed. 

"With this method in itf: present 
f01'111 it is possible to obtain dose 
agreement between analyses .per­
formed upon duplicate samples of 
alfalfa. '1'he method, however, has 

'."~•.".G 

not been 'conclusively proved tob~ . 
free of systematic error. Further" 
work will be required. Results ob.. 
tainee1 BUty not be true measures of 
the total sapogenins present in the 
samples. Although the results are 
in terms of total sapogenins rather 
than individual saponil1s or sapo­
genins, the p1'ocedure can be useful 
in makillg approximate comJ?ari­
sons of alfalfa samples. The Sluta,,. 
biJity of the method for analysis of 
other forage legumes such as the 
clovel's and vetches has not yet been 
fully tested. ' 

PP-EPARATION OF SAMPLE 

The plant material should be 
dried and grounel to a meal before 
analysis. ExtL'emely fine grinding 
is 1I nnecessary; the lineness of Ol'di­
nary dehydrated alfalfa m.eal is 
satisfactory. Drying is important, 
sinee the presence of moisture in the 
sample leads to 10\\' analytical re­
sults. Air-dry meal should beful'­
ther dried by maintenance at 70° 0. 
.in [L vacuum oven for 40 hours. 

,
PREPARATlON OF PLANT 

EXTRACT 

'Veigh 10.0 grams of dry meal 
into a 2;'5- x SO-mm. paper extl'UC­
tion thirnble and coyer with a tuft 
of rotton. Place the thimble in a 
small SoxhJet extraction apparatus 
and extract 48 hours with benzene­
absolute ethanol azeotrope (67.6: 
ihl.± parts by volnme). For the ex­
traetion liSe 200 1111. of the solvent in 
11. 300-1111. shott-neck flat-bottom 
boiling flask. 

pry th.e tllimble and its ?ontents, 
USIng eIther an exploslOnproof 
meehanicnJ convection oven' or a 
vacUUm oven to l'(>l11ove the last of' 
tlie b(>uzeJle-ethanol. 

Allow the benzene-ethanol ex­
tract so] utiOIl to stand until it has 
cooled and any suspended matter 
in it has settled on the wall of the 
fiask. Pour the cooled solution 



BULL:ElTI~ 1161, 'u. s. DEPT. OF AGRICULTURE .' . 

from the flask and gentlyrinse the 
inside. of the flask wi·th several 
SI:\lall portions of benzene, hLking 
care. not to clislodge any powdery 
dep.osit clinging to the inside Slll'­
~ace. Draw ttir through the flask 
to evaporate residual benzene. 
. Return the dried tllllnble and its 

contents to the extractor, put 200 
.mL of 95 percent ethanol into the 
dried flask, connect the (hsk to the 
extractor,and extract the COli tents 
of the thimble 48 hom's. H the 
first runnings of ethanol extract 
solution are green, t11e period of 
extraction with benzene-ethanol 
should have been longer. 

Filter the et.hanor extmct solu­
tion through ,Vhatman's No.1 pa­
per., Rinse the flask 'with II smnJl 
portion oT water and transfer the 
washings to the filter with 05 pel'­
c,,:nt ethanol. "Cse a choppiJlg 
pIpette to wash the pllper y,ith 80 
percent ethanol. 

~t\..t this poi11tin the lH'Ocpdure 
the ethanol solution always ('on­
rains small but signifi('ant' qllanti­
ties of fat and fat-solublE' pignwnfs 
that mllst be removed by liqllid­
liquid extraction. To do th i~, first 
evaporate the ethanol solut'ion 
nearly to dryness. N"ow ITa 11 sfE' I' 
the extraet to a 125-ml. Sqllibb 
separatory funnel wit'll sl1(li('ient 
H 20 to bring the YOll1111e to ~\O m1. 
Add 10 m1. of !)5 percent ethanol 
and mix the contents of the fU111Wl 
by shaking. N"ow add 40 m1. of 
U. S. P. cliethyl ethel', stoppel' the 
fUlme], ~ll1cl again mix thOI'Ollghl)~ 
by shakmg. Let the Tllnnel stand 
until its contents sepal'fth> into two 
layers. Drain a11 the bottom layer 
illto a second 125-1111. separat~ry 

. ,funnel. Inclusion of seyernl drop::; 
.ofthe upper phase in the liquid. 

drawn .into the second funnel will 
dono harm. Dise[ll'd the l'E'main­
ing upper liquid phase. Add () 
mI. of 95, percent et1wnol to thE' eOll­

. tents ·of the second funnel H.nd 
mix by shaking. Next add 40 m1. 

of U. S. P. ether and shake vigor­
ously again. If clean separation 
of two liquid phases does not occur 
promptly on standing, make further 
small additions of ethanol nntil 
separation does quickly follow 
shaking. Draw all of the bottom 
liquid phase into a glass evaporat­
ing dish ilnd evaporate it to s11b­
staJltial dryness oyer steam.. 

HYDROLYSIS OF ETHANOL 
EXTRACT 

)Ieaslll'e 5 1111. of 85 to !)O percent 
fonnic acid into a beaker, and ,yjth 
a. dropping pipette lIse it to moisten • 
the extl'fl('t ill the e\'llpOritting dis11. 
Covel' the dish with a ,Yatchglnss 
and warm it gently over steam. 
,Vhen all the extmr:t llas dissolved. 
pour the solution into a 125-ml: 
Erlenmeyer Jlask, using n, thin stir ­
ring rod to prHent spread of the 
solution to the outside of the elisll. 
COInplete the h'[lTlsf('l' with an aclcli­
tiolHtl 51111. of formic acid delivered 
in se,'el'al portions hom It slemler 
dropping pipette. Finally, use 10 
m1. of wa.terin 5e\'(>rn1 portions to 
I'inse tlle last o"f the :lC'icl into the 
f1:lsk. Inser!; It cold-fing('l' COll­

d.(>llser into the ]leck of I:heflnsk and 
hE'llt the ('ontents oycr steam for 40 
!lOn1'5. 

Dialysis of hydrolysis mixtUl'e: • 
Cut oil' n.bollt 3;) clli. of cellulose 
sa lIS:IQe c:lsillQ (ei 1'(,llllli'C'renC'e 7 
cm.) ,'find nHl"r soaking it in water 
tie n kno!' :tboui::2 cm. 1','om one ('net 
Slip the othe\' end of the casin~ oyer 
thE' stem of nn 80-I1)1n. powder fun­
nelllntil only about: J:J, cm. of cas­
ing aboye fhe knot hangs free. 
Support: the Tllllne] so tlULt the cas­
ing is imrne\'sed IIp to within about 
2 Cl1l. of tlle 10\\·e1' end of tlle Tlllmel 
stem. 

Po~n· the cooled hydrolysis mix­

hu'e lllto the. iUl1lwl and complete 

nIl' tnlnsfel' w.ith not more than 15 

1111. of 'Yn te\'o Knot the ('using as 

close nbove the top of the liquid in 

the bag as possible. For COnVell­

.,' 
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ience in handling, the easing en,n be the, two liquid phases separate, 
knotted again near its open end 
n,fter first ~drn,wing: it hehYcen the 
thumb and forefinger 1'0 expel ail'. 
Dinh'ze 16 hours in running diH­
61]ec1 ,Yater. 

EXTRACTION OF SAPOGENINS 

FROM DIALYZED HYDROLYSIS 


MIXTURE 


C::ing a pn.11" of "11(':11",,, cut olf 
the> "pigtail"' lwlow II\(' I·mot' nt Ih(> 
hOUOll1 of tllC' dialn.;is h:l!!·. Xo\\' 
with OIl(' lJand. hold' till' bai!::o that 
its hottom l'l](l ]wngs ,\'('11' dowll ill 

• 	 an SO-Ill 11 I. l}(nnlPl: JII 11 Jl('l thal" is 
sllppo]"(t'd ll)' tIll' lIJolJth of :t J()()­

lIll. !.!,·I·H(lun!,p(t !'\'l i 11 (I l' I'. ('He a 
chi;-:p1. which nJ:1\'h· gl'oUIHl :fl"om a 
small (J'iangtlltu: fil(': (0 pit'I'('p (Il(' 
iJagjn"t a!J(I\'p tht' hottonl ImoL thus 
allowiJl!!, tl1t, ('olltl'llis of tllp bag to 
dl'aill thl'ough (Ill' fUIIIlPI into'tltt' 
gl":Hlwl!pr1 'c'ylill(h·r. ,\'hpil J\() 

llJOI'P liqni(l ,,:ill d.rain fl"olll tltt' bag. 
('lit thp top of' tl](' hag 011' jllst llPlow 
(h(' knot at Ow top. rsiJlp: II wash 
boltlp. flush tIll' last of Illl' ('onil'lIts 
of' Ihp btl!!' into Ihp cdill!!l'l" with <l 

sll1:1ll yoli\llll' of \\'atpi'. Him;ill!! tltl' 
ill~id(' of ill(' ha!! with :t llIilliilllUll 
or wall'l' is fHciiit:lic'(l by "nippinp:' 
oil' 1lip boitolll of tIlt' hag .illst nlJo\'l' 
111(' hott"JIlI knot. Xotl' tltp \'Olllllll' 
of liql1i(l ill tll(' (')'lilldpl' IH·foI'P 

• 	 ('Illptying it illlo H. :!T,I-1Il1. !-\<jllihh 
spp:u'nto]'.\' :1:11111]('1. ~1l'aSIlI't' 01]('­
thinl YUIIIIlI(' of \1., ]Jl']'('Pllt plhallol 
into thp ('ylillclPI'. swil'l it' to l'illHP 
!lll' <'ylinciPI'. Hncl ]lOll I' it inlo I Ill' 
;,;p.\lH.I'atOl'y fllllJ1l'l. !-\tnplH'I' tIll' 
sl'ptll'nto\'\' fu nlll'1 and shn kl' it 
Yif!'(lI'()lI~l,\' to 1.II'l'ak. liP. as ('OJlJ­

pll'fl'l,\' as pos:-illlC' allY 11p:p:lollll'I':ltp:-, 
of solid pUl'tit'/t'slhHl .IIIH,\' bp pl'C's­
PilL .:\ow 11\(I<1HII'P III Ilip S:JIl\(' 

!!TIlclunipcl ('\'lillc!PI' n \'olllll\l' of 
'e, :-;.P, di('I'II),1 C'tlH'1' P(fllal to 11:1 
filliP:; Ilwt or flIP di:lI \'I1l'r1 hnl\'IJlr­
sis IlIix{III'l' alld :leld 'it (0 thl' ('oil ­
tpllis of IlIl' fllllllPI. :-;(npIH'r Ill(' 
fUlIll('l anc1 sllnlw il ngai!l. L('t till' 

then make a mark on the funnel at 
the le\'e1 of the bOllndary of the two 
liquid phases. Dl'n:w the lower 
phase c'Olllnininp: suspended brown 
soli<ls illto :t S(·(·()1l(1275-m1. se,para­
tory:l'lIlllIl'1. Dl'ain the> clem: upper 
pllasp 011 to a Iii-em, 'Vlmhnnn's Xo. 
1 fil(p]' papPI' all(l c:t/ch the filtrate 
in H ;')()O-I111. El'lemneyer flnsk. 

"~:tsh II\(' tlld)id flrlneolls phase 5 
IlJOre tilll{,H lI'itll pi'lmllnl and ethel', 
IIsill!!' ill PHc'h wasil t'lIp sn.l1le \'olume 
of rthp!, bll( on1\' half ns milch 
pt hn II(J I as was llsp/1 in tIl(> (-j J'st wash. 
KN'P the \'Olllll1l' of the lower phase 
('Ollstallt [n' lHldill!!' water as l1peded. 
TIIP Yolllliw of ,,~a(er to be added 
c'all lw (h)~ ('1'111 i ned onl y nfter (lac11 
IIlixlll!'P of aqlll'olls ph';lse, ethanol. 
illHlpt 11('1'. has hN'1l shaken together. 
.'dlp!, tllp l'Nluisite qnantitv of 
\l'at(l]' liaS h(,PI1 ndclpd fo each ""nsh 
Illixtllrl'. ilis Jl('C'P:->SHl'Y to mix by 
"liaking again. In Iwrfol'ming each 
"':Ish alml \'S add the dhn1101 first. 
mix by sh:lking hdol'P a(lc1ing the 
pnll'!'. "'Ilpn all (rt' the snecessive 
Pihpl'-(lxIT:Jct sollltions Imye been 
Iilt'PI'p(] into the EI'lt'nnH'yel' flask. 
lI'ash till' fi.ltPI· with !);,5 pel'cent 
('i'hallo1. EnlpOI'Htl' thE' ('ombined 
tiltTatl' and \I'a;;hillgs to dryness by 
(I'n IlSfPITiili-!' SlI('('ps'si \'e poj:tions t'o 
all S(]- X ·I,ii-llInl. glass e\'aporat-ing 
dish hpatl'tl 0\'('1' Ht PH Ill. Finish dl'Y­
ill.!!' tlH' ]'('"idIIP in :til on~n at 80° C, 
CHROMATOGRAPHIC PURIFICA. 
TION OF SAPOGENrN EXTRACT 

P\,PjlHI'(' a ('III'()llIat()p:l'~lphic <'01­
!I II III as follows: Ham II i·allaH ('o/'ton 
plllg' to (Ill' hoi'toJll of ('olllll1ll i:llbp 
Ila\'iJI!!' nil insi(lp diHIIIl'tPI' of! IlJIlI. 

Talllji aholll L ('111. of pm\'dtlJ'pd cel­
IlIlose' I "'lwIlllan's ~tlllld:lJ'd C-i'raclt' 
I'o\' ('hl'o\lwlop:l'aphy) on top of the 
COttOIl plllp:. Xu\\' withollt pac!\:­
illl-t. rill tltt' IlIlw with Slwcinl Fil ­
I \'()l In n d('plll of :1 ('III. niJoye the 
(,('11 11 losp. Tap tI\{' Illbe while np­
plyi\l~ slid ion to pack the Filtl'ol. 

•
J1Jixtlll'C Stllll\l in fll(: fUlllwl until I\'ltPII pa('kp(l in t1li~ manner the 
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Filtrol column will be 2 cm. long. 
It will contain about 0.65 gram of 
Filtrol. Before use, pass methanol 
tJn'ough the column until the efUuent 
becomes free of turbidity anel elis­
card the washings." 

Dissolve the residue. from the 
ether extmct in a small volnme of 
methanol and transfer the solution 
to the Filtrol column, using a ful'­
ther small quantity of methanol t'o 
complete the tram;i'el'. A slenclpl.' 
dropping pipette JOI' disppnf'ing 
methanol will assist" in kl'eping to a 
miniJllul11 j'he YOllll)W of soh'ent I.'l' ­

quil'ed, Xot 1lI()I.'e than about i-i 1lI1. 
of methanol is npedpd 11) making 
:mcl tl'fl.nsferl'ing the soluticlll. 

After a]] the~ mrthanol sollltion 
lws passed illto the ('olrlll1l1, ('lllte 
the column 'with ;2;5 11) I. of' mpt ha nol. 
Fse only modprate suetioll lind thlls 
avoid hoiling th« soh'en/" in the ('01­

um11. Receh·e the rluaJe ill il ;iO­
mL beaker, the wall of' which has 
been m:ll'kedntflheight" C'OJ'\'pspolld­
ing to a capaeity of n.:) 1111. Enlp­
orate the elnaj"c lJIdil itsJ'l'siclllHl 
yolull1e is bptwpen (j fln(l n1ll1. 

Prepal'e a spcond ('1 11'0 I1lnt0­

graphic column 7 111m. in (liametel.' 
as follows: Plu£! t11p boitolll of' tIll' 
tube with coUOIl and cpllulos(' pO\\'­

del' as described bdorp, ~\bon' the 
cellulose powdeJ' put: 0.7 gl'UI1l of 

Some Pharmacological Effects of Alfalfa Saponin on 

Nonruminants and on Isolated Muscle Strips 


By Robel·t J[, WilSOIl, .l[rtrtin B. ,'ii/lemon, nnd PIO!f1l ])CRrl8 

1:1 (w/,v) mixture of Darco G-60. 
activated cttrbon andce1lulose pow­
del'. Tap the tube while applying 
suctioll to pack the column. 

Prepare a stoek quantity of 1 :19 
(Y/v) mixturp of 8i') to 90 percent 
form ic acid and methanol fOl' usc as 
soln'nt flnd (;011111111 eluent. 

,Vash the eoluml1 with the formic 
neid-l1J(>thanol sollltion nntil the 
('f11l1ent i:, frN' of' t'urbillity and c1is­
c:\l'(l the washings, . 

~fal(t, tIl(' yoltullP of t"he eOl1cen­
Ii'nil'd 1'111nif' fl'Olll the FiHl'ol pol­
lIllln to thp 0,:1-1111. mal'k on the 
lwakpl.' by addillg methanol; then 
add 0.;; 1111. of ,'1;; t"O no prl'pente 
fonnie add. :.\fix t"h(' eonf"l~lIts of 
the beakpl' lly :-:wirling. Tmllsfpr 
the liqllid to thl' etlriJon ('olll:nn rtf' in 
tIll' pl'l"'iolls i IlShllH·('. l1si ng i:ol'mie 
acid-illpthanol solutioll to assist in 
ihp tl'fll1S/'Pl'. 

,YllPll all of till' salllplr sollltion 
liaS pa:-::-:('<1 illto !lIe pneking. elute 
tlte eoll1mn with -I;; l111. 01' forl1Jic 
nl'id.-l1JrtltmlOl soll1tion, _\.pply 
olll," \'('1",'" IlJodl'l'atp slJction dUl'ing 
l'llltion. HN'pin' til(' eluate in :"1 
LOO-Illl. tal'prJ twa k(,1'. EY:l pOl'ate 
the <'lllat«. . 

lkl'ol'(' wl'iuliil1!t it. ell'\' llip l'esi­
(Ille ill nn OY~'ll Ht KO Cl (;. Hp<'oJ'l[ 
tlte w('igltt of tltis J'p"idup as "Total 
~H]logC'lIin:' 

• 
Saponins lmve long be(,11 knowll 

to modify 1l0rillftl physiolop:ieall'l'­
actions and activities. Sollnmnn 
(46') has rC'viewed briefly tll(' ytu,i­
ous pharmacological and toxie 1'1'­
actions attributed to saponins, He 
has indieatecl that Dot ftll sa pon i ns 
are equally toxic, thatclcgl'CI' of ab­
sorptioJl n1.l:ies with the particular 
saponin, nnd that .phal'rna(~ologi('nJ 
actions diJfeJ: eithel' qualitnJi,T('I:v 01' 
quantitatively. In view of the 

pl'eS('llt inrl'('nse(l intel'l'sL ill the 
snpollills of hlrwt-pJ'Odllcing- £01'­

H!!('S. it spPIIlPd (h'sil'aiJle too conduct 
;t'1Il0I'(' l'xt(,lI~i "l' stIll1,\' on t"he pl1[lI:~ 
IlIH('ologieal PJ'opl'l-til's and (-oxieity 
of alfalfa saponin. This stmlywas 
l1Iade possihlp llN'Hllse of the isola­
tion nlHI pUl'i fica i ion of alfalfa, 
snpollills lJ,\' Ill(>. Tl'iC'l(l Cl'OPS Util­
i,mtioll SpctiolJ of the 'YesteI'll 
rtilization He:,)p:l1'ch Branch. 

• 
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• Experimental Data 

The investigations wel'e ~dong 
three major lilies: Acute a~1cl sub­
acute toxicity ~ e lI'cds on ls?latecl 
mnscle strips, an(~ hemolytlC ac­
tiyity. The SapOllll1S stncLI.ed :yere 
(1) n. ,,-ater-solub]e composite :from 
liHalfa: (:2) a cl'ystalli Ill' cakillm­
lll!lfrl1l'siul1l saponin, poorly solyble 
ill watel'; and {;n t\\'o ('OIllI11l'l'clally 
ayai1ahlp saponins, pl'eslImnb1J~ ex­
tnlet(>d :f1'0Ill. yucca, one obhllJ1ed 
:from EnstnInll ·Kodak('o., tlie otlH'I' 
hOI1l .r. T. Bakl'r Chem iea1 Co. 
Tl~e l'l'y:,tal1ilH' ('akillill-rnnglll.'silim 
saponiil c'amp f!'oll1 (,,'0 SC)U,I'CP"-:­

elHaHa ulI(l J;,u<i11l0 c10n:I;'. (l~Pllll~
ealh'. a('('Ol'(lIng to thp I'I('I(] (l'Opb 
rtiiization Spdioll. 111(> two are 
ypi'y "imilal' and Inn)' 1w idpllti(,:t1; 
phl~nlla('()lop:i{'a1)y. both, PI'o(ltl<'P(1 
til(.' saul(' l'pHCtiOll" alia \\"111 bp COl\­
siliPl'('d in thi::; spC'tioll as OIl(' sub­
stancp. To illC'l'P,t,.p watl'l' solnbility 
ana thus makp tpsting more l~l\:::'y 
aml (lo;::;a~e mOl'e ('("I'tni n. tlll' C'n 1-
Plulll HIHl'llll\!!llpsiulll W(')'l' l'l'l1loYe(l 
by J-iltt'l'ilJ£l.- tIll n1('01101i(' :-;olutioll of 
tilt' ('1'\'s[;l1s thl'ollp:h lIll i()ll-ex~ 
elinllD.'(: coillmn of J)o\\,-X:>() HlllL 
l1l'utl'alizinrr th(' lll'h1 saponin \\'itl\ 
KaOH, ti'm' C'oll\'Plli("IH'P. this 
Pl'l'p:n'lltioll will I)p (':llh\(~ t'r)'~!al-
1.iIH: snllon in fhl'Ollgholl! this Sl'ctlQI1. 

• Methods and Results 
ACUTE TOXICITY 

~li('c WC'l'l' \1~e(l to dl'('!'l11 inc tlel1te 
{"oxici tip:::, The llltl terials wen' ad­
11\ini:-;(('I'('(1 by intI'IIlWl'ito!tetLl in­
:iectioll. by sl(lJ)};leh tubt': nnd. ~I; a 
fpw in:::(all<'PS, int ra \'('Hously, Ihe 
dal:a. whl'l'e ('xtl'1\sin' PlIollgll ,0 
wH.n:ant "it, \\'Pl'l' tlmdyzp(l by the 
method of Litchlield and "'ilcoxon 
(33) to olJtni~l thp LI\" ~ the do~· 
a(Y(' lptlrn 1 to ilO peL'('pn!" oJ [h(' lllll­
n~l1s) aml niP In:w ('Oil fi(]Pllt'(' 
limit~, i. P". tlH' "tnti;::;tical sln'PIlll 
within which t11(' J.Jl>r.n ('ollid be 
found in 10 out of 20 trials. The 
da.b~ are given in taIJlps 11 and 12 . 

• 

'Vater-soluble aJfalfa hucl, an 
LP~o of 8.5 mg.!1~g..of b~(~}:.,weIght, 
·\\·lth eonfldence Illmts of 6..) to lL4: 
IIw./br , when (fi,ren iutrtlperitone­
ally. ~"1nim;l1; showing sign.s of 
toxic reaction bec:lll1e progressIvely 
rnol'('. qnlet: felt col(~. to the touch, 
and diecl in a ~tate o:f shock. Death 
o('('t\ITe(l in R hOlll'S to 2 days ::dEer 
i IIj(lction. . \11 tl}l~sy revealed no 
!!l'O;;S llbnol'maltn(>s, except that 
thl'l'\? wa,; n plll'IinilwIl101ysis of the 
l'~\<1 blood eell:; in those animals 1'e­
('pj\'illg; the lal'gel' dosps ancl dying 
in thp'sl111l't('1' times. 

TlIp wa!pl'-;;ol ubJe aUalffL saponi.n 
\\'a~ ~in'n to a :few mice intrttven­
()Ilsh~. 1knth "'as a111lost instau­
ttuu:ous with <10;;('8 of 2:>0 mg./kg, 
01' 11 1 ()I'C', :llld (hp bloud was COI11­

]>](01('1,\' laked. .\.t Ill(' dosage ]~vel 
of ;;0 HW. k~.. dNtth o('eu l'l'ecl 111 1 
01: 2 da\:" WIth llO apparent hemol­
wi;;. Jlo\\,p\-er. an inmls recei.ving 
til i,; t1()sa!!:e~ HII(r sHeri fked 'within a 
fl'w hOUL''; ofinjPe(ioIt had par­
t iall\, heIl1ol\'zpd blood, but: 110 frross 
hPIll;WI'ha~p;'; 01' othpl.' c\-iclence of 
<lnllHlll'e..TIll' f"\\'o animllls l'eceiv­
.illg; II) I1lg./kp:. dp\'elopecl no S'yl~lP­
tOJllS and wpre (Luite normal dUl'mg 
:2 \\'('(,ks of OI)Sl~I.Tati(Jn. 

.\.dll1illistmtiol1 of the watel'­
solllble pnponin by stomach tube 
indi(,:1t"('(1 that the LD50 woulel be 
sOIlll'whpl'e betwcen 200 llnd 250 
Ill!!, 'k!!. X0 symptoms other than 
<ll:i)l'es~ionin those mi.ce receiving 
the highee dO~l1!!es were seen, {tllcl 
th(,I'e, \nls no hemolYsis. hemol'­
I'lm[!l" 01' ot lIet' d:unage apI)IU'cnt at 
alltopsy. 

Thp l'l'y:-;ta1Iinc fittponin has a 
quite di lJ'pl'cnt toxicity. By intr(\,­
IlPl'itolll'al injPction, the LD50 was 
found to be 20;) mg./kg., with 10/20 
('onlidpIH'e lirnits of 180 to 300. 
~rlllpl()JllS of poisoning were shnt­
1:;1' to those ob5(,I'\'N1 in mice given 
the ,,'a ll'l'-solllUlc slLponin, but 110 

helllo] "sis \"as olJsPl'Yed at autopsy. 
,rhen' gi\'en by stomach tube, the 
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TABU;; ll.-:-Actbte tomicity of 'I.oatel'-80l'l.lVle 8aponin in mice • 

----'-'--"'---~--~~---~·---------'·-·-~I~---~~::;,ll-i-;-~-

Route of administration Dose 1 ___-,.____1-- , 
! Xllm\)('r I Pprcenf 

----!--~---....--~:<..,.....,..----1-----

Mg./ky. 1 
2.5 	 to I, 000 I 2t/2t 100 

20 ! '71T 100 
17 IOilO ]00 
IIi lOtt5 , (i7 
12 ·J;5 80 
HI JOt} 7 5\1 

7 :HIO HO 
ii :{/17 18 

,'. ;{ lilO ]0 
2 IIii 20 

I, (JOO 22 100 
iiOO 2;2 100 
250 5,'5 JOO •OraL _____ . ___ . __ _ 200 1 ili 17 
150 0,5 0 
lOll lJi:~ 0 

SO ll,:~ 0 
7;j Oil 0 

I, (JO() 2'2 tOO 
2:'0 2/2 HlO 

IntrtWenOllS. _. 50 ·',·1 JOO 
J 

10 	 0'2 0l 

TAULE 12.-..:1culc tu,/.'ir'it.y of (,J'.1/dlalline .Wll'ol!in '(8orliulIl 8alt from 
LIUIi Jl () cI() /'(,J') ill lJI i ('e 

I 
I 	 ~roJ'tl\litr 

--~ ~~-~- ~---- ...-~ ....-­
lloule of adlllini::;-t rat iOIl I)()~e 	

. --

XIIIIlIlI'J' I'pl'('('nt 
-< ••_- --~ - -~•• 	 <~--~...--...,..~ 

Jf(l./k(l. 
i •1,000 , 2'2 IOO 

iiOO ·15 SO 
;~Oll I ii/G 8-1 
250 a:7 ·I:{Intrtlpcriion('nL. ______ .' 200 18 I:{ 
liiO 0.2 0 
100 o ii 0 

2ii (0 SO lJi22 II 

1,000 1:':1 :{:{. :{ 
750 t/:l !la. aOral__________________ _ 500 (5 20:{ .100 ()'a 0 

25 (0 :~()O OI:{5 0
I 
I 
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toXic.ity js yery low; 1:000 mg./lcg. diet. The ulfaHiL pl'obRbly con­
CRuses the death of only one of three lained about 1 pel'cent saponin. 
mice. These an imil 15 gl'e", :lnd in other re­

l'pcets !IPPl'Hl'('d ,\'(111 during the 15 
SUBACUTE ORAL TOXICITY dan; of ohscl'vation, 

• 

Young. rapidly growing male 
rats. ,,'(;>io·/tin',: ahout no I.!:l":tlns. 'n~l'e 
\H'e:-:ellt-eti: n.1\ ';ldeqnilt-e lia.sal diet to 
,"hieh had b('('n addt'<ll pel'C'C'ni" of 
water-soluble nlftlll'a saponin. For 
:} to .J (1:1,,:- tlIP nnilllllis (lid nol' ea.t 
atlt'cttmtl'i.\' lllHI lost \\'('ight slightly, 
Fol!owilw I hi!'. IlIt'\' !!.Tl'W Ill',ll'l\' as 
l'alli<ll~' ll~ thpil' ('Oiltj'ob. Tilp l:nl's 
\\'PI'P ad i\'p ancl look('c1 \\,pl! cllll'mg 
tIn' lO <In \'''; of O\);iPI'\',t{ ion, Thill' 
thp\, (li(ll1~)t lilt(' Ihl' (lipt was shmnl 
IJ\' 't!J(' I.!:l'pat' food W;\;itngl', That 
till'l'l' \\"1'l;; llO gl'pnl infC';itii\tll ilTi( a­
l,jol1 W;\:' HPP:\I'(>ni' f!'Olll thl' abs('nC'(' 
of !)i,Il'l'lwtl: on till' COJltl'tll'V, the 
f(l('p;; "'PI'l' seanl\". :'1\\ a 11. HIHl'fh'I11, 

Two g.1'OlllH c;r !2.'llilll'tI pigs w(,I'e 
j'pd dil't~ ('olltailling al rttl fa :,aponin, 
TllP fil':-{ ,nh n gl'oup of uduli:" 
1lI:11l' :Ind. f'l'IlJalp, SP,'PI1 of "'hiI'll 
Iillalh' ;\<lapll'tl 1I\('111"p1Yl:'" to 
.t!I'()1I1'](1 l'nl>!Jir dil't Sll]l ph'llll' 11 ip< I 
d.~~IY wit II ('ahhtll.!:l', 'IYalpl'-!-")1101k 
td la'l 1'.1 :-apollin\i':L:-O lllixP() with illl' 
1.!.I'Ollllcl clip{ alld fpc] to tllP aninlal" 
;It a f):i-pPJ'(,PJl{ Ip,'('1 fol' T (lays lllHI 

:If ] PPl'cl'.Iil for flip npxi' S clays, 
Till' 1I11i1lHli" 1l1;l.illtn illl.'(l. 01' l1('al'1\'

• nminrailll'd. illl'il' \\,pi!.!lJ! (llll'ill!l' tlip 
(l:q)PI,jlllPlJial lll'I'io<l: ThpJ'e 'w(,l'(, 
110 ilHlic'nti()l1:- or intp!-'tillnl IIP!-'(,t. 
III lilt' \It'xi I'Xlll'l'ill1l'llt ;\(J(I-p.Tttlll 
I'api.dl," gl'()willg guilJPtl pig" Wel'C 
t l'l'Hh,rl in tIl(' s,Unt' IllHlllll'I'. Till'\' 
\\'PI'P fpc) Oll al-jlP1'('Plli :;apollill di(:!' 
i'OI' ~ (la\·~. foll()\\'('cl h" all s-cl,\\' 
!'PPllillg' ,,1 ,\ :.l-Pl'J'('l'lll sn'pollin ll'Yl'L 
with dail," ('nhlJa,!.!p sllppll'll](,llt!-', 
Ol)l' oj' llw t 11I'('l' Hllill1ll I,; l'PI'll!-'('d tIl(' 
~n]lollill-('()Iltnillillg: clip! 1111<1 <liP(t 
\)("j'Ol'l' thl' ('11(1 of till' ('XjlPl'j 1\\('1) {', 

TIl{' o{'hpl' tW() ,'olliilltll'<l to gl'ow 
tlll!lappl'lU'pd IH'lllthy nnd. IHll'mal1y 
ndiy<" ThI'Pl' oilH'l' VOIlI1!! guil1Pt\, 
pil.!':' WPI.'P gi"(lll g'1'OIlli(1 tlph,\'{ll'ai('{l 
nlfalfa ~1I]lplpl1l(,l\fpc1 h," ("tllha~'l' ill 

;\. finnl ]'l'ecling ('pst was made, 
11sing ~'Olll1P: rabbits tllHt w('ighed 
2,1;; to 2,:},) kg. at till' l-'ta l't of the 
('xlwl'il11Pni, '1'l1e dipts \\'(>l'e tlle 
sa me f\R those !Ii yen the young 
glliJ](,[1 pig!', except that no cn.bbnge 
:,llPP]('IMnt was gin·n,. All nni­
1l1nk both thos(' 011 the alfalfa. diet 
/\1 \(1 those on tl1P sftponin-('ontain­
jllg (lipl', gl'P\\' allc1. appl'Hl'('(lllealt-hy 
ill 1'011 gilout til(' 1.5 days of the eX­

]lPl'inll'Ilt', 

ISOLATED INTESTINAL AND 
RUMINAL STRIPS 

Thl':'p :-;I:llcli('s "'PI'P nutd(l in nn 
i~olnf'!'(l ol'gan hath ftt :~Ro C" using 
\\'('11-:Il'l'at('([ Tyn,clp':, solution as 
tll(' ha1fll)('('cl ph)':,iologieal salt solu­
Iion ill wlli('h f'lIC' t'i:,sups Wl'l'l' S11S­
pPIHlp<l. Tn it tl'''{' :,u('h as this, 01H' 

('11<1 of tlll' I11l1s('lC' ;;!:J'i P (i n (hiR caRC', 
illtl'slinp OI'l'1l1llPll) j" an(,hored, nncl 
dIP nth!'I' I:; nthwhl'd to n. l(,'-Pl' t1wi: 
I'P('ol'cls ('on{T,\('{ions on n. ::low1v 
l1lorinp.' papPI', ~\..n illl:('stinnl sh'jl) 
("1I1 sho\\' hn) (Y]lPS o:/: IllOY('J))pnt: 

One is a l'hl'tlllilie ('onh'adion and 
l'phlxal'ioll, '('ol'I'psponding to lWl'i­
:--fabis in tllp intnd' :lnimnl, nnd tlle 
oth('I' n mOl'p ]lI'olollgpd contl'nction 
01' l'plnxnl'ioll oj' t1w 111 lIscl l'. (lesi~­
nafc'<l as {Oil II!", ;\..(l(litioll of ('('['­
ta in (1 I'll!!:; to t1lf:' bath Slll'l'ounding 
t1w:,pisoln tN1 ~l'!l'lnpn{s will ('nllse· a· 
dWIl)!p ill tllP' !1111plitwk or fI'e­
qllpnc~' or ppl'i;;!'nHk ('oniTlll'f'ion, or 
a chnngp ill (omlS. 01' both, In t1)(~ 
PI'l':-'l'lli I'XI)(,l'illll'lll'S, tll(l hath eon­
taiJwd (iO 1111, ()f salim' If) 'whieh WllS 

add('cl till' dpsip:llaipd amounts of 
saponin, 

SOl' ;III :-Hponills at1'<'d isolafed 
intl'..;finall'('p.'Illl'nis in {]wsnmewa;y, 
Fol' l'X:ll11pil'. a ('ollll1lel'cinl saponin 
\ I)J'O\) ahl.\'!'1'01\1 YII(,('U) derl'ease<l 
Ih(' (01\U:" ",ilhnll! nlt'pring Uw pel'i­

plaN' of tlU' :-;nponin-('onlflining ~ta bis, Til is is Hot the S\Ill\e l'eaq­
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tiOll as that seen with nJflllf:t sapo­
nIn. Since it was not the. purpose. 
of this study to compare s[Lponins 
from difference sources, this phase 
or iHvestigation wns not pUl'sned 
further. 

Using strips of rabbit i.le1l11l. j1 
was found that I:hc cl'yst'nlline ;;;1]>­
onin [Lnd the wafel'-soluble :tHalfa, 
saponin modified the contradion,; 
of intestine ill the same ,,"ny,bllt thp 
saponins c1 iffpl'Ccl co I1si drl'Hbl)' .i n 
the dosngl' l'Pquil'l'd to proclll('l' it 

reaction. 'With 1110S( strips. 10 Hlg-. 
of cl'ystnJl i11e SllPOll iJl ad<1('<1 to t 11'<' 
GO ml. bath wOlll!! prOdlle'l' ft el(,Hl" 

response, Whel'PHS neal":" ;)0 mg-. oJ: 
the water-solubh' fHlpollin was rp­
qllil'(~d. Tl}('se saponill'; pl'o<1m'p([ 
a regular sequPIl('(' of 1'(,';[>011';(,'; (Iig-. 
,32). The first f1(l(lition oJ Bapollin 
iml1w(lint('ly dN'l'(,HSP(l the ampli­
tude of peristalsis, qllickl:\T followpcl 
by [L considpl'nble il1('I'(,[lS(, in {Oil us. 
The pel'istaHi" 111O\'PIlIPll! (,Ollt i1I11l'11 

to de(,l'eas(' to n poiII!' and Illig:ht 
compl('tely c1isapJlPHl'. 'Y.ithin;) to 
10 minlltes the strip b('p:an to J'l'lax 

U. S. DEPT. Ol<~ AGRICUL'l'URE 

:mcl, if the reaction were allowed to.' 
continue, the. tonus would drop to 
,yell below the initial level. Allow­
ing the. tissue to stay in contact with 
thc saponin ca,l.l;;ec1 i.l'l'CIHtrflblc dam­
nge; within a few minutes the strip 
lo;;t all spontHlleOlls netiyi!;y and 
:fnilNl to l'l'spond to high doses of 
lIsuall\' ell'e('tiYe drugs. If the. 
strip" \\"{,1'(, w:l::hed ',"itll fresh 
TYl'o(lc':-; sollltion befol'e this per­
Illa nellt' el;\ Illnge O('('IIlT!'(l and 1'('­

wllshC'(L two or 1111'(,(' i'im('s with 
intC'r,"ab of !'(' '"l'l'n1 minutes be­
t""l'pn wHsllinp:s, til(' strip llsually 
I'pp:aillt'(l its fm,'II1PI' {'OllllS and per­
ist:!.1 tie Hcti ,"j ty and responded. 
Hormally t () d I'up:,.; slIch as epineph­
ri 1)(', It i::ht III i11(', piloearpi ne, 11 i('o­
tilH'. :tn<lb:lriullI. 

l[o \\"(' \"1' I'. ill ,.;pitp of this ap­
P;\I'l'llt 1'('('O'·('1'Y. t'lll' fit,,.;t saponin 
l'XllOSlII'P ],I'odll('p(l lnst'in!2~ ehanges 
tlmt \\"PI'(, 1'('\"t'all'11 by subsl'quent 
il'l':!tI1H'nts of till' tissue with 
:;npoll i 11. ~ \H'('('';!'i n' ('x [lOSIII'PS to 
saponin procl.IH'l'cl ]ll'op:r(';o:sin'ly in­
(,I'L'H~i lip: dl'Op;o: ill tOIll!,; eOlwo11li­
tant wit h tltl' l'nl'ly clN'I'(,HSC in 

Fromm 52.-RcsPOllse of seg-m('n!: of; l'nlJhit ilPlIlI1 to fil'st', s('c()Jl(l, 1111(1 foul'th addi­
tions of 50 mg. wntCl'-solullle Hlt'all'a ~alJouill. .\i'I'OWS indicate lillie of addi­
tions; 'IV indicates washing, 

• 
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'~)el'i$taltic amplitude. The follow­
ing increase in tonus became pl'O­
gressi:vely less and, (\.iter three or 
foul' exposures to saponin, disn,p­
penTed entirely. At this stage the 
tissue might still respond to other 
druf,"S, but lIsnaJ]y not so strongly, 
and SOI1lPtillll'S not at, all. 

.A sprips of pxposn r('S to slllall 
amounts of n.lfnlJtl saponin­
Hmolml"s too small to ]>I'odll(,(, II no­
ticeable ],P:I<'I ion-will nlo<1 ih' i he 
tisstle so thaI' a I nl'!!l' I' dosl' uo 1(1Il!!l'1' 
gi\'ps the l'padiOli. dps(,l"iiJpd abc),'p 
fOt'tt fil·Si:. a(lpqll:l!p (lose. Instead, 
this ndl'qllat(' <10S(' will now pI'oduce 
a pietll1'(' l'p;;Plllblillg (1)(\ of, the S1111­

."equPllt n'S]H)Il;;PS pI' P Y 1011 sly 
des(,l'i lw<1, 

OIlP pX(WrillH'"t "'ith lIll f)':\cfiol1­
nh'd aHall'a juieps was mll!ll'. I1sing 
;;tl"ips of rabbit· ill'lIlll as tllP t'pst 
l11alerinl. 'I'll(' rOlli' snmples of a1­
J'nlfa. ohhlinl'(l Oil <1itl'C'l'l'1lI' d:IYS 
,,'('J'(' 1'('('(')\'l'd fl'olll tIl(' l'lli\'('I'sii,' 
of C'nlifol'llia nt ])a\'is, Bloating 
hnd he(,11 OhSC'I,\,P([ ill (';lftll' pating 
thisaHalfa, Thpstllllplps \\'['1'(' hI)!: 
JI'ozt'n lIlllil (jIlW 1'01' it'still!!, _\fit>.)' 
tlla wing, j lIiee WitS ol>l;l.i nl'{l h,\' 
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FIGtJllI': ii;l.-l{N;jlOIl$C' or >;C'gll1l'nt or l'al1­
bit i1('l1m nIJd alrltlra jlli!'\': ,,\J !,lignilil';'; 
additioJl or alfalfa jui('e; 'W incii<'ntl'>l 
where the d[,lIlll was Sl'olll)('d while the 
juice was wnshed orc the tissue . 

squeezing in n, hydraulic press. 
Action of an four juices on the in­
testinal strip was comparable and 
i3 illustrated in figure 53, Thl'ee 
m1. of juice added to the GO-ml. 
bnth decreased tonus slightly and 
a1so the lunpi itu<le of i)eristaltic 
cont.raction, Fiyc 1111. had :1 like 
('Ireet on t.omls; but. decreasecl pel'is­
!'ttlsis l'H pidly to zero, 

Parsons and workers (4.1) ob­
1:'('1','('<1 similar rhan!!es in ,:ol11e of 
tlw forage juiees ~they studied. 
TIll'se jui('('''; delinit('.ly had phltrll1:1­
('olo)!,ienl ~H'tidt,y, but the rl'sponses 
\\erp 110t till' same as thos(~ produced 
by nlfalJa sapon i11, fiapon in may 
l!;ln~ eontl'ihute<l to, but was not 
Piltirel,\' l'Psponsible fol', ('hese 
('hnngt's in iissue acti"it)', 

RUMEN STRIPS 

Thl' phal'J1lHcological actions re­
ported n bo\'C' for rabbi t j ntesti ne. 
;t 1'(' not Jleel':-:sa )'il \" the. slime as those 
whieh wnul(L ljt~ obtaine.d wHh 
rlllll i 11;11 sf'l'ips, En'll stt'ips from 
(';ttlh, or ::;hc'ep intpsUne, nJi:hough 
('Olll i Ill.\: :from 1'l1.ll1 inltllts, would not 
llP('('S,,:l:'ily ;tct as does rumen, 
TIl('I'p ;1)'(: a. fpw l'Pports of experi-
1lH'lIls ll:-:ill,!! strips of rumen in iso­
latl'd-ol'gan hath;; (1, JO), These 
)'PPOI'tS ill(lieate that strips of 
)'UIlil'1I 1'<111 be used sa ti;;fartorilY, 
J [o\\'('YPI'. i tis 0111' expPl'icncc t11;1.t 
stTivs 01' l'uminal tnuseulatllre arc 
pxt)'('lIlPlv 1l1l1.'C'liabl(', The tissue 
IllllSt 1)(' ()hfninpd \'('1'), shortly after 
sIn IIghf(')" washed, and kept in [I. 

physiolo)!'ical snlil1(', For use in an 
isoln(('([-o)'gan bath, the. thick l1J1l­

('osalla ,'PI' 111 list \w 1'C'l1lo\'pd and the 
111](lp)'h:in!! III lIseu In tlll.'e d i.vided ill 
slll:!l1 (:n(lIl)!,h sll'ipB so that they are 
('astly p(')'tneab.le to the cOllstituents 
ill t.lw SIllTOllIHli ilL!.' bath. 17'11(le1' 
UJ('S(' ('olld.i !'iOIlS. S(;IlH' of the strips 
will he Helin', Haying foundlt.re­
a('t.in~ strip, whal' is mOl'e impol't­
nnt:, pl'l'hnps, [5 (11(' Yl1):iant action 
<liRp]ayp([ jow:lnl cel'tain standard 
drugs. 
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StI'i1!S were obtained from two 
recognizable regiOll!; of b(>ef l'umen.b 

The 11101"(\ l'(>liab]c ~trjps (those 
most~ apt to lmve s,poni:tlneolls 
rhythm ll1ld to respond to drug!;) 
wel'C obtained from :t lnusele fold 
tonstituting t11(> edge of the esopha­
!:real [!TOO\'e. The other urea from 
,\'hie]\ ~tl'ips ,,-pre tak(>ll was tbe 
,,-nll of t-he l'lllll(>l1, n '1'(>\\- ineh('s 
latera I to the psophngen I gToo'-e, 
Since directioll of nlll~d(' fibers in 
this regioll\\'as not apparent, strips 
,,"PI'e tnkpn 10('\1 IHu'allpl and 1l{'I'· 

ppncliC'uliu' to (-11(> )!I'OOYC'; directiol\ 
of cutting dirlllot ,!Irpntly modify 
response, Asielp fl'OIll the gT('nlpl' 
possibility of adi\-ii)' ill tissue [l'OIll 

the muscular fold. stl'i,ps fl'Olll the 
t\\'o aJ'pas J.'('ad'ed si III i In I'ly, 

_\.ct:i ye 1'1IIlJi llltl s{Ti ps ('ol\trne! (It! 
\\'hl'Il t1'entC'll ,,-ith pi.IO(,HI'pille, :\('('­

5 Portions of l'UlIl('11 w('re killlll)' snp­
l1lied IJY Le\\'is n nd ~I('DprInott Who\(' ­
"ale But('hel's, Berlwl('y, ('n I i r. 

tylcllOline: btu'ium, and histalllil1e,. 
Atropine did not always cause It 

response; ,,,h(m -it did, (he tissues re­
laxed, These I-illdings are in g(,l1-

Hit I ag-I'eelllent with the results 1'('­
podl'<1 by LlenPI't- (30), and Hl'e 
;.:im i In I' to those obtained :f1'011l j n­
('stinal segl11PlHs of Inbol'atol'Y ani­
IlHds, OUI' I'Psults di tl'(,I'('(1 from 
(-host' of LieIH?I'i: all(l from til(' lIsllal 
I'('action ofintt'stillal stTips in that 
in 1l10:::t iJlstnllt'('s riO P(,I'('(,l1t) "'e 
ohta in('(1 it COil tract ion aft('l' ad(li­
t ion of ('piIlPphl'inp. ~\ I'PSpOIlSP of 
fhi;.: llaiUI'p is illllstmtecl ii1 fhrlll'P 
;)-1-, JIl (his l'HS(,. th(' l1luselp']'p­
spondl'll HS III igh t a sphi I1el(,I' 

11 II IS(, lP. Ckcllsionrt11)', ppi nephrine. 
('HIIS('d n'lnxalioll, .\11 strips f!'Olll 
a !!'i \'('11 nil i lllall'Pud('(L in the Sllmc 
di'I'('l'1iOIl, The ('ollil'action of' 
I'llmillal stl'ips to hi;.:illlllinC' is the 
1'(,SPOIlSP lIslIall,\' obtailH'd Oil stl'ips 
of sl.l1ooth IllIISell', It ditJ'prs, how­
(,\'PI', il'OIll the OhS(lL'\'atioll of 
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1!'.raum: G,I.-Rrsponse of 1'1I11)('n SITip to snJ}(lllill alla rpin('plil'ill!': .1 g ilHli ­
catps at1(litinIl of :!O IlIg, of W:llPl'-sl)llIhlp all':lll':I sapollin: },8 ill(lic'a(ps 
nclditioll of :!O mg, of ('ryslallill(' Latlillo !'lll~-I'I' "apullin; H iJldil'nll's addi­
tion of 20 pg. or e!JiIlCplirille; IV is WlIsII. 
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• 	 Do[whtel'ty (11). in the intnet fllli ­
mal,";vheri jnb:avenollS injee60n of 
histamine detl'etlsecl the adi\Tit)' of 
the rumen. It St'ems nppul'E'nt that 
responsE's of isolat('(ll'llllJ i llal "h'i ps 
to drugs ll11cl ](,[.!1l1l11.' ('XII'H('I:s cun 
l)e appliecl onl.Y with 1'('S('ITlIIIOn to 
responses in I-h(' li\'ing anilllal alld 
tlwt tl1('J'(' n 1'(' (li 11't'1'l'1ll'(,s IJphYl'(,1l 
animals, as shoWJl Jw Ih(' c1 ialMITi­
enlly opposi tl' J'l'sjlo'm;p of I'll m inn.l 
sh'ips to <>pilll'phl'iJl(', 

,\YHh this ill mind \\'l' (,lin ('OJl­
sidpl' tlJ(' t1('tioll of alfalfa. ::;apollin 
on strips of 1'11111('1). r::;ually. tHllli­
fion of sapoJlin 10 II\(' sll'ip PI'O' 

• 	 dl_Wl'd 11 l'plaxnljoJl ~1I('h a" that 
shown jIl Jiglll'l' :1;), ~()Jllpl i !lIPS 

t!JPI'P \\":1'; a (:ontl'at'l iOIl. <lml i II a1 
kn.,;t (lilt' in!'-tan('p. a::; illn::;( ['a[PI] in 
fh.."111'p ,,)·1·, a ::;ll'i p ('Ollll',lclpd tI 1'1(>1' 

0;\(' 1\(1([iliol\ of saponin and 1'(,1;1)(,(1 

at'tl'l' aJlotlJ('I'. Bolh ('1'\'slal1illP 
nlHI '\·nt('J'·solnhh' alt'alfa 'sapollins 
!-'l'PIlll'd ('oJllpal'abl(' ill thl'i!' a('{iol1::;. 
altho\lgh q\1alltitnlin,ly till' l'l'y:-:ln1­
]in(';-:a pOll i II \\·tlS 1l1OI'P pol Pili. 
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h'wt:lll-: ;i:i.-·.ltpsl'uUSI' (If 1'1lIUt'1I ,,( "jll to 
nll'illl':l sHponiu: .11'> illrlit-:rlf''' IIddilioll 
01' ;j() IIlg. (li If;) (l'I'.sllluble a Ifal fn sa JIll' 

• 
Ulll; IF is "':l~h, 

HEMOLYSIS 

A bl'.ief study of hemolysis "\,-as 
111afle, not to exphdn bloating prop­
rJ'i"ies, bllt: ns n. possible guide to 
n.id the Field Crops Gtilizat.ion 
Spction in itF pUl'ification and fmc­
tionatioll oj' nll'all'n sn.ponins. .A. 
]'(',-i<>l1- of ["h(' hemolyti(: uetion of 
sa ponins by Sollm:uln (.10) men­
lionsl'rp()J'[s with which OUt' brief 
f't lid i(ls [lO-I'(,P. :Sot on 1 y is ('on('cntm­
lioll of !-,:~)()J]in an iml)ortant faetor, 
""I :-:0 nISI) is the Hllmber of red 
('pll" Oil whieh Ihe :inj)onin may re­
aci". This \\'ollhl \·pl.'ify Ill(' padier 
staU'nH'nb-i (.10) i:llat liemolysis oc­
('ill'S ;\ f{:(,I' ('oll11Jinntion of tlw sapo­
lIill ,,-illl flll' ('(·11 "\\'all (possibly 
('!lo]PsU'J'Ol) 0 Time oJ l'eadion is 
likl'wisp impoJ'tanl", nnd thp ]'PII(' ­

lioll \\"illn1I'\- BOJl1cwimt with ('ells 
frnlll (I i1l'l'l'l'li f- an imH1::, The hel11­
ol\'fi(' PJ'()(,Pc111l'P finally e\'oh'l'd "'nf: 
it'" foll 0 \\,:, : H('ll cC'llsfrorn the rat 
\\'('1'(' \\':/;-;11('(1 s('Y('/'al tinws with 
!-'H1i nl' :J1H1 ::tJ::;prlJelNlin O.!) percent 
Xn('1 ill slle\1 cOIH'l'ntl'atiol1 that ;) 
Illl. of ('pll slI:'q)('J)sioll mixed witll 
11111. or n.ll PPI'('pnl :SaCI wou1dgiYC 
:J I'pad i Il!! of ::O() on ;\ Klptt-Sum­
nlPI'S()Jl ("o\ol'illwtpr l'qnippN1 with 
n n,d Xo. (iii filh')'. rsing this 
~tal\(1nrdizl't\ ('('ll-;::\lspl'nsiol1 and 
"ld,:'litlltiJl!f nll',\'ing ('oJ)('enirH­
lion::; Df ;;nponill ill ::alim' \'01' t11(, 
I 1111. 01' :-:alinp jll'l'\-iousl.\' men­
t 1011('(1. wl,fol\nd tIll' t'(HI(,l'ntl'a!:ion 
e;tu::;ing lw1l'-hl'lllOly:-:is in 13 min­
t1{p~. 

I jPllloh-:-:is untll'l' thPRl' ('oJ)clitiollS 
\yH": l\ll'n~l\l'('d with tlH' following 
('OIH'potl'iltlOIl:-: of !-'nponin::; (I-he 
l'OIH'PlItl'atiollS 1l\l'l\tiOl\Nl Hl'(' thosp 
ill salil\(\ lwfuJ'P Illixinfr with the 
(,('11 !'-u"pl'lJ:-:iol1) : 

1. 	.\ coolllpIlsiip Ill' 1\':1 I I'I'-spl II IJlp :I Ifa 11':1 
S:lptlllil1>", (UI·I:; to O,07H p~'r(O('IIt. . 

:.!. Y:lI'jolls 1'l'Hl'liolls of rill' ('Olllj)/lf'lte 
\\,:II('I'''~IIII1I1I(\ alfalf:l ~:I)1l1l1ill, (loU:';:.! 
III Oo1l7~1 PI'I'('('I1I. 

::. ('I'\"I:lIIiIl!' ~:lp\llljll. h:III'-lwIlHlI,l'sis 
1101' ohtaill(·(l \\itlt ,L i-!lPL°l'l'ul :;0111­
fiolf. 

I. 	('oIlIlIlP,'('illl i'lIIHIIl.ill (rll('(':I'!', O.OO=! 
Pl'I'('(,Jlt. 
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While marke(Uy (lifierent hemo­
lytic activities were found, which 
would easily particularize certain 
saponins, it was found to be impos­
sible to difi'erel1tiate the ya riouR 
fractions of water-soluble alfalfa 
saponin from each other or from the 
original composite by this method. 

IilCidental to the abo"e, surface, 
tension meaStlJ'ements 'were lI1ade on 
seyeral saponin solutions.o Soll1­
tions of 0.125 pereent. j 11 O.2~i) pcr­
eent NaGl \\'ere nst'd. The l'P~lIltS 
nre: 

ny"c,~/CIII, 
Cl'~'sta:llill(' S1l11(JIlin (nlfnlfa) _____ 00.;0 
Cl'ystalliuc sapollin (Ladino (·10­

vel'l ______________________ .__ - ;oi".!l 

'yatel'-~oluble alfalfa snlloniIL___ - !iO, () 
COIl1Ill('rcinl snponill_____________ '.I:~,-I 

Clearly OIC:'C isno COI'I'('htiol1 1)('­
tween the surface tt'nsion oJ th('sl' 
saponins and fheir ahilit," (0 ('f\llSP 
hemolysis. This is in fU!l'penH'lli 
wi tll the findings of ,Yoo(l\\'lwl :llld 
Als1)c!'g (5;3) in 1010. 

Discussion 

Since the studies (It'S!'l'i\Jed nl)()n' 
on the toxiri tit's and on lll'nlO I ytil' 
ncti "i.t ies of sapon ins i\ 1'1' not' ch'ti rly 
l'ehtecl to f:h(' ]1l'ob](,111 of h10at and 
since Olll' ri,ndinp:B with alfalfa sapo­
nills nl.'(>, in general ajr,'et'mellt ,,-jIll 
those reported and )'('yipw('<l (¥i) 
for otll('l' sa.ponins,no lPll!!tl\y dis­
cllssion of I'll is phnsp s(,Plils iH'('('S­
salT. Acute toxicitil'S with .llfnlfa 
sar)onins ('::111 Yflr)" (,()lIsid(,l'a1J1~' 
hom one saponin to (ulothl'!'. 1<'111'­
thCl'lnore. toxicif-v lrr )IlOllth is Illlll'h 

less than 'by pn.r~nfe!'[tl tHlmi ni;-;[r:t­
tion. rndel' eOIHlitiolls of thl' ('x­
periments, no BlIufle-lIte oral toxil'it.,­
was notiet'd otIH'I' thall (1, (\ is1 i kt' () f 
the trpatecl :l'oo(l by young rats d tI r ­
ing the Jh-st few c1in-S. Hnhbits Hnd 
f!ui'nea. pigs dic1noiappen I' [0 objt'(" 
to sapoll in-contai n ing food. 'I'll(' 

'W'c wish to tlrnnk p, H. f'titi; nnd Y. 
~'l)ll1i lllatSl1, ..\ nn Iyl·jr·:\ I, l'h~·"iC'n I ('\rt'III ­

icnl, amI PhysiCS SC('ti(lll, 'Yc~t(,l'n l:tili· 
za tioll H('Scn l'ch Brn n('h, for tll!'!'(' (\('t('l'­
lllillutiOl1S, 

1:. S. DEPT. OF AGRICULTURE 

problem with these animals, espe- .' 
cially with guinea pigs, was to per­

,suade them to eat tL grouml diet. 

Once they started eating such a (liet, 

addition of alfalfa saponin (lid not 

modify food intake, 

Hemolytic activity of crystalline 
saponin: both from alfalfttandfrom 
Ladino e]o\,(>l'. ,ras 11earJy nonex­
istt'nt, w1H,'l'PHS water-solnl)le alfal ­
fa, sa pOll ill has ronsiclcl'nble hel11o­
Iytie adj,-ilv: and a cOIllmercial 
s';IJ)()lIin. P!'(,~II'lllably prepnrNl fl'oIll 
,\"11<'(':1. is '-(,I'Y potl'n!. Thl'se fads 
\\'oltld al'j!lIl' nj!i1illst hemolytic ac­
ti,-ify Ill'illp: ('ol'l't'latC'd in any way 
with bloH t-]lI'o<1 uring propensities, • 
The t'l'ysta.1liIll' Ladillo c10'·er sapo­
11 i It 11m; hpl'lI ;-:lIo\\'n l't'c('n tlv to be 
all t'xpt'!'iIlIPllhllly inl'm'rf:iYe bloat­
pl'o(hwPI'Yl Thi;-: hullptinillustl'fttes 
tlIl' lllont'-])I'odiwinj! ('ffrcHnnl'ss of 
\\'tttl.'!'-;-:olublp alfalfa saponin . .A11d 
I IIp saponill fl'Ol1l .\'11('('a. which 1ms 
!!TPa.f IH'lIloI)"lic net i ,-j ty, ;::i reporft'd 
to bl' il1plI'c('tin' in tll(' pl'oc1uctioll 
of bloat (,31). T~ikpwisl'. it ,,'ould 
.11 ,[wa!' 111:1 t abi Ii t.\' t'o rp<1uct' snriaee 
t pnsioll by t hps(' :-;n ]lolli IlS (lot'S not 
('OITt'latp wpll with hloatin!!" ac­
li,-it\·, ., 

S.iponins coul<1 (,.lllsp\)]ont eithl'r 
t'hl'Ollg'h absorption and slIbst'quel1t 
ndioll Oil tllt' (,pnt!'tt1 l1l'ITOUS SYS­

tt'm, or '1'1'011\ dil'l't'i: aption on fhe 
OI'!!:tIlS ill\'olw'd in blo'lt. If thl'l'e 
is such a (lil'Pct Hction. it mi!!ht well • 
lll' <1Pl1lOlIsf ntit'd ill str.ips 0]' IllllSelC 
('olllplt'i'ply i~.;()lah'(l from illl body 
rOllil'o Is. Tilt' fi I'st step wns to Ii 11<1 
if sn]lonil1 nf]'pclpdisolaic·tl l1111sc1e 
:-;(I'ip. It <1o('s Ihis but not in a. 
~illlpl(' Hl:tl1llt'l'. III (he first' plflee, 
flI(' uf'tion of Ih(· saponin depends 
UpOIl ii's ()\·ip:in. ,\'I!(,t'll saponin af­
fp('('in.!! (he sfTip ill a lllHlllH.'l' tlwt 
(lit1'PI'sJI'om ('11'('1'15 of nlfnH:L sapo­
llin. S('('olldh-. the action 0:( the 
strip is dt'jlpn(h'l1t on the pl"eY10llS 
hi;-:f:ol'y of saponin t'xposul'es. The 
l't'udio!l of the sfri,ps ('hanp:t' pro­

'0 Limlnlll, 1. L., lWl'sOllal COlllllltlllica­
lion. 
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". gressi,rely with successive contacts 
with sn.ponin. Even when the l)]"e­
ViOllS ltl110unts of sa.ponin hn.ve been 
too small to produce a, noticeable 
response, the tissue hns been modi­
fied as shown by its subsequent 
responses. 

Reactions of inf'estinal and I'lllni­
nnl stl'ipR to Rapollill oecul' 'with lit ­
tle time laG:. It waR like\\"ise Hhown 
in sheep 'U:;('e H('etiOIt Oil l'lllninal 
motility) that' ini('stinal and 1'1 1111 i­
nal mOYl'nl(>llts W('I'(' modilit'll YPIT 
quickly in ('PI'i':lin allimalH t['Ht'I' ad,­
millisi'mtioll of ;;tlPOllill. :Little is 
known ('oIH'('l'llill[t tllP ntfp Clf ah­
sorption of saporiin Jl'Om 1'1I111PIl 01' 

• 	 intE'stiIlP. .\sslllllinp::l YPl'y I'apid 
absorption, it HPl'Il1S doubt I'ul tllai 
absOJ'pt ion i 1)('0 tlll' hlood st 1'(',Ull 

n.nd subseqllt'llt I't'SPOIl;;t' (ff t11(' ('('11­
tl':ll lH'I'I'OUH ,,\'SIc'1I1 e:111 bp so ftl"t 
as to CtlllSl' tlll"n lillost i lI..::ta II t;~IH'ons 
l't'tH'tiuns found ill Ii;-;tulatpd ;-;hl'Pp. 
En'll tll(> PHI'h' I'llIllillal ('h,ln!,!p;-; af­
tpl' intestinal lulllliniRll'atjon ;rf :-:ap­
olliH (seetioll 011 i'uminal ll1otilit\·) 
('onM he IIHlI'P t'asil\' pxplaint'<l. ()I) 

a tilllP baHi",. Oil 1~('f1('x' l'P:-:POII:-:PS 

oL'jctinMill!! hOIl1 the' illl(';;lil1(' 
rlltht'I' tha:1l (,plll'I'tl! nt'ITOllS ('OIlITOI 
Ctll1:-,p(1 b.\' niJ:;ol'bl'd :-:uponill. I fow­
pypr. "Olll(' of !lIP latpl' ('Irp('(s ~'l'('1l 
in (,PI'tain anilllal!' allllo:-:t 1I1l­

douhtp(ll,\' al't' l'HII:-:pd lJ,\' uIJ!'()J'h('!1 
sapOll i ll. 

• 	 In a 1)J'P\'!OI\:-' :-:t'<'lion of Ihi:-: btll­
l£1ti11. Lill(lalll, J)OUQ'IH'I'!\\ and 
Da."i:-: OU:-:l'I'\'('<l a Ill:u:k(,d ~'(illlllla­
tion of tJH' illt'pst ill(' illllllt'<liatC'I.\' 
aJ(l.'I' in!p:-:tillal n!illlini:-:tratioll of 
alfalfa ::apol)in. 'I'l1i:-: iH WI'.\' sim­
ilar 10 tlw pad v {olli!' i llel'enH(' H('(,l1 
in intt'Htillnl :-:ti'ips snbjl'ciPll JOI.' til(' 
first tinH' to adp(Luate saponin do;;­
ap:p. It is tpillptinp: to spp('ulnt:r 
'whetll<'l' 01' J1ot, t Itt'Hl' t, \\'0 ()h~WITa 
tions Illal' not b(' :-:li!!'htIy clill'el'pnt 
)llani:fpst;ltioHS 01: tll(~ HHII'H' thinp:. 

C('l'btinly aHal fa Haponin has tox­
ic fictions o(-1\ p I.' Ilum tlU' bloat-pl'o­
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ducing actio11. These have been 
noted in the earlier sections of this 
bulletin, in particulnr after acute 
bloat has Sll bsic1ec1. The prostra­
tion and SllOCk seen in mice receiving 
toxic.leY(~ls of saponin ('annot be the 
result of bloat, sillce these animals 
nl'e not I'uminants; these reactions 
Ul'f\ probably simil:u.' to some of the 
Intpl.' mnnifpstntions seen in rumi­
nallts. 

A ('0111 parison of aHrt]fa, sapollins, 
of saponin from Ladino clo,'er, and 
a ('OIllI11('l'c'ial saponin was made 011 
tllt' basis of arute toxicity in mice, 
hrmolytie aeti\'ity, and, in particu­
la I', ('ll'e('ts 011 i ntl'stinal and rumina1 
1l1l1~('lp Ht I·ips. ,YIlilesaponins vary 
[!TPntl\' in t'oxi('ity and in hemo­
Iytil' a·di"it.", thpl'e nppen.l's to be no 
('ul'I'l'latiol1 lJetwpcn (lcut<} toxicity 
with Hmall labomtol'.r allimals, 
l!PIlIOI",ti(' adion, and the ability to 
(':lIIHP <'xpPl'imcntal bloat in rumi­
lI:1n(·>,. 

Summary 

:-\Iri])s of l'lI111P.I1 al'e not satis­
I'n!'lol',r a" test; materials, but they 
do 1'l'''I)()I\(l to Yariolls dl'ugs and to 
alfalfa >'apollin. Thpil' response to 
dl'u!,!'" is uHually the same as that 
Hh()~nl lw otliPl' smooth musele 
slrips, but they difl'el' in the majol'­
it.r of casps \\'it'll epinephrine, which 
uRuall,r pl'oducPS tt ('ontl'tlction of 
t IH' I'umillnl Rh'ip rat:h(,J" than il, re­
laxation. Habbit ilpul11 fUl'l1isltes a 
nwJ'(' SH t iHfnei'ol'Y mllscle. strip. A 
H('(llH'IH'(' of I'psponst's :follows appli ­
('alioll of: alfalfa,saponin. Thel'Cis 
a ]lI'og'l'PsHin' dimillution of peris­
t:Llsis. TOIlIIS is, at fil'st, gL'('ntl,Y in­
('I'pa:-:pd, '/'ollo\\'ell Cjn iddy by m:nked 
I'elaxation. Aftel' IH'pyiotis ex­
pOSUl'C {o saponin, the illcl'NIse in 
tOllUS is .I10{' found, Hnd only the re­
laxation r('II1HiIlS.' These "findings 
hn,\'c bl'pn ('onsidC'l'C'cl in theil' 1'e­
lationHhip 1:0 pxpprimental bloat. 

http:l'lI111P.I1
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Summary 

80C 

•
The results of rather extensive 

studies on the chemical, physioJogi­
cru, plull·macolog-ical, physical, fll1d 
toxocologicul properties of alfalfa 
saponins" in relation to ruminant 
bloat ate described in this bulletin. 

E:-q)erimentul bloH t sym ptoms 
hu.ye been pl·oducecl ill sheep by Ol'al 
ancl by intr,lYenolls uc1ministl'atioll 
of t"\, composite mixture of SlI pOll ins 
isolated from alfalfa. 

Data arl' presented ,,"hichindicatl' 
that aUaJb sttponins ean iniC'd'ere 
with ,the mechanislll of C'l'llctn.tioll 
through their physiologic;ll aelioJl:; 
nlone. Data are also IH'esPll tl'cl 
'which indicate that alfalfa saponins 
Cil.ll contribute to the fOl'mation () I' 
froth, and thus intl'rfpl'C' wilh rrtH·­

tation in nn indirect manner, 1<:\"i­" 
dence is also presPllte(l \\'l1i('11 show..; 
that the pathogenesis of rlllllinant 
bloat is complex and eal1not hI' at­
tributed to it ;:in;,!le faelol', It np­
])etU"s thilt while, alfalfa sap()llins 
may contributE' to ruminant blon!:. it 
ciulnot be eonclnclerl t hn t sn pOll in,.;, 
pel' se, are the e:lUSC' of llatlll.'l\ll)" Ol'­
cnlTing bloitt. 

It has beeJlllelllonstratE'tl that: th!' 
composHe alfalfa. saponins han~ 
pronouncer1 pharmacologieal netiY­
ity. No system is singled out by 
these drugs. Tlwir actions do not 
permit classifkatioll 1111(1('1' any 
Imown group. III SOIll(' l"('SIWers thr 
sRponins are pnrasyrn PUtllOllli lllelie 
in action: in other l"C'speets tlH'y a J'l' 
not. 

The actions of the saponins on Ill(' 
digestive system are 1101: lilllitpll to 
the rlll1Wn a:lone. butnlf'o ill("]\lde Ill(' 
reticulum, eSOr)hftp:US, andintC's· 
tines. Different fU1illlnls Yttl'\" eOll­
siderably in tll1'il" readion to t!tp 
alfalfa saponins, sonH' bC'inp: ycr.\' 
sensitive while others appp,ll' to Ill' 
quite resistunt. A1 though SOlIH,' ac­
tions of the saponin::; mny he en lls('(l 
by a direct action on I'lli' nun illn I 
Illusculature, all the ohsel"\"atiol1s 

The intr:u·ulIlinal administration 
of moderatE' amounts of the saponin 
orintravenOlls administratlon of 
smilllel· close:; usually reslll ts in an 
in('l"('ils(' ill the respir[ttol"Y rate and 
tlwl1 in all i l'I.'egl1lar l'pspiratory pnt­
t{'rn. In a.ll ex]wriment:-; in which 
til(' saponin WitS slowly illjPC'tecl in­
tl"HV(,IlOll~ly ulltil tlw ,mimnl eol-
1:'1)sNL ]'~spirator,\· failure ,"as 
1)1'0('('(><1('(1 lly e:1edin(' :fa il lire, De­
tailpd data Oll nil nnimal ren~aled 
tlwl tl1('rp was littll' or 110 l'l!:lngp in 
(lxyp:('n ('Oll!'UIII pt iOIl Jollowilli the 
int I·HYPIlOllS injpdioll of tlIP sapo­
Il.ins. althollgh tlH'J'l' ',"as H lllarke(l • 
altpratioll iil tlIp rpspiratot"y rate 
allll rl!\"thlll. indi(·atintl" that the 
SHPOllillS ma.\· ha,"p :I (111'('<"1: action 
011 tIll' I'espiratol',\" (,PIIlprs. 

Thp adioll of tIl(' saponills on the 
(·lll'llio-Y:ls('ular S\'slpill i~ ratlH'l" 
('ollJplpx alld alfel'i", tlIP (·p11 ('ount:o. 
l'a nl iac :tet iOIl. allll UOOll prpf'sn)"l'. 
_\lth()lI~,!'h :'apollill:-' al'p "'l'1I kllown 
fIJI' Ihpil' aIJiJit \" to 1I('lllol\'Zl' blo()(l. 
110 dpfinitl' ('OIT;'latioll ,,'as':foulHl bp­
I \n'PIl hlo[)(j hPlllol\'si" all(I olhpl' 
physiologil'nl adi()Il~, 

TIll' toxie l(,,"pls of thp ('olllposite 
aHalr;1 saponins "1'01' ll1i1hlre sheep 
appl'fll' to Ill' upproxilllaipl.,":iO to tin 
![I'a Ill::: wh(,l1 rri \"('11 ora I l\" or 1 ![rnm 
\Y]lPn ![in'n' illtra"('ll()lI:-,I\",' The 
typit'al'lilldill;,!s (JII gl·()~::; ('xnminn- • 
lion of tlll' nn i I)W b [l1n t dip<1 as it l"l'­
:'1I1t of ,.;a pon i II lHllll i n i:::tTa tion llilYP 
hN'n ('Oll![l'srioll of hlll£!' t issl1p. in­
(]allll1la(i~lll. hpl1lOITIHI~e. and ('011­

gl'stioll ;lnd Il.YP('I'Plllia' of lh(' Rlllnll 
intpstill(' an(l Ih(' ~\\"a,ll:'l of tIl(> abo­
lllaSlllll. I'l'!.!',\nlless of Ihe site or 
!~\()(h' of tlH~ sflponin nclministl'ation. 
.\ithough ,£!TOSS pntholop:y of the 
killnl'Y;-; nnlllin'l' wns llol :::0 nppilr­
pnt nlHl Iypic:l I as thp symptoms 
lititecl. histolo£!'ical examination re­
yea led ('onsisl~('llt and seY(,l"e damaQ"e 
to thesp OI'![tlllR. ~ 

,Y11 iII' ::;~Pc)ll ill" n1l"~' greatly jn 
cannot be explnined on this bnsis. /oxieity and .in hemolytie actiyity, 

• 
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there appears to be ~10 correlation :Metllods for the isolation and de­
between acute toxicity with small termulation of alfalfa saponins are 
laboratory animals, hemolytic ac­ presented ill detail. Composite al­
tion, ind the ability to cause experi­ falfa saponin as isolated by the 
melltttl bloat in rlllnillants. Stuclies cho]esterol-:1ddition procednl'e was 
were conducted to determine the ac­ shown to be tt mixture of severlLl ' 
tion of sapouins on isolated muscle saponins. Pal'tiall'esolution of the 

• 

"strips. Strips of l'Ul11en did not mixed saponins by organic solvent 
prove completely satisfactOl'Y ae fmctionation gave several fractions 
test materials, but they didl'espond tlwt cliffel'eclnlatel.'ial1y in their op­
to Yi1riolls drugs and to alfalfa sap­ ticall'otatioll and mobility on paper 
OUillS. Theil' response to chugs is and which by acid hydrolysis were 
usually the Sl1me as that. shown by abo fOlmd to differ significantly 
other smooth muscle strips, but they from one another in both their sugar 
differ in the majority of cases with and aglycone components. 1nfor­
epinephrine, ,,'hicle uSllally pro­ m:Ltion: is presented 'which shows 
duces fL contraction of tlle rumi naT l"lult at ll'flst six saponins, and pos­
strip mthel' than al'elaxation. Rab­ sibly 5(>\'el'n1 111000e, OCellI' in alfalfa. 
bit jleull1 furnislles a more satisfac­ Saponins in legume forn.ge appear 
tory muscle Sfl'ip, Thesefinclings to bl'long: to the tritei'penoid class l 

\yel'C cliscussedin their relationship Il"llile many plant sapoilins are of 
to experimenht1. bloat in 1'nminants. I:he steroi d class. 
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