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Introduction

Acute tympanites (Dloat) of vu-
minands has sreadily become x more
serious problem of the Tivestock in-
dustry, despite the facf that ve-
seareh workers of several countries
linve divected mueh (hae and effort
foward a solution of (he problem.
Mueh of the interest n the past hins
been directed towamd a physical or
physiologicnt basis for the disordoer,
arxt zeveral theories have been ad-
vaneed regaurding cansafive factors
(7. 20, 37, 492 The hiochontienl
and bacterinlogienl approaches fo
the problem have received little ar-
tention until very recently.

The bochemiceal approach to the
pathogenesi= of bloal can he di-
vecfod either townrd the animel or
toward the plant.  Dongherty and
Cello (/2. 11). working on the first
approach, have reported o toxic
substanee in the ingestn fron gver-
ted ywminants and Trom fwo ani
mals with elinieal blont. The second
approach. i e =eavehing for bio-
chemical constituents of Tlegumes
that conld contribote to bloat, is g
lagieal approach and one that war-
rits fall investigations.  Three
distinct hiochenical snbstances
have been ineriminated as possible
cansative Taetors In acute bieat:
Mydeogen eyanide, flavones, and
SN,

Recent studies by several investi-
autors throw considernble doabt oun
the inportance of cyunide in the
pitheenesis of bloat {4, 12). A
flavone, (ricin, was Jsolated from
legmme juice by Fergnson (17, 18).
He found that it caused a partind
paralysis of the isolated sabbit gut,
sehich led Tiim to postulate that the
substance might play some pact as
a enusative factor in bloat. How-
ever. the importance of this com-
pound as o causative factor in
Bloat has been guestioned by work-
ers ab the Apricoltiral Teseavch
Center, Beltsvilie, Md., in coopera-
tion with workers of the Western
Viilization Researeh Dranch,
Adbany, Calit. Deldds and co-
workers found fhaf quercetin,
closely related o fricin, possessed
four  fimes  the  muscle-retaxing
powers of tricin. Tn current studies
(1853) al the Agricultural Te-
searel Center, Tindahl and  ce-
warkers have failed {o produce any
Hoat sviuptoms when a waker sus-
penston of 23 wrams of qnercelin
was adiministered  to live  intaet
shieep. They also failed to find any
vedueiion in ruminal motihity or
elliciency of eructation when the
e dose was administered to fwo
fistubated sheep. On the basis of
imnscle-relaxing powers, the amount

P Butinitled for publieation JTuly 5, 19534,
Flistie mumabers in paventlicsoes voler Lo Litern e Cided, p. ST,
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ol quercetin administered was
equivalent to 100 grams of tricin.
The tricin content of alfalfa has not
been established:; however, during
1solation experiments condueted at
the Western Ttilization Research
Braneh the yield of crystalline tri-
cin was found to be 0.02 percent.
In the light of these experiments,
it is hwh]y improbahle that tricin
can contribute to bloat through its
muscle-relaxing action, I?!uring the
preparation of this bulletin, an
article appeared in which Tferguson
and Tevry {79) concluded that it
was unlikely that Navones are con-
cerned in clinieal bloat.

Saponin has been sugpested as
being a comtributing factor in the
pathogenesis of muninant hloat by
a nimber of investigators. Several
mvestigators, mu]utlmrr MeCand-
lish (34), Olson (39), and Quin
(42), have postulated that saponin
alters the surface tension of the
ruminal contents and that it might
confribute to “frathy bloat” hy the
entrapment of sountless hubhles of
the gases of fermentation through-
out the ingesta. TFenrici (27) re-
cently found a mpom:n]l]\t, alnco-
side 1n Jucerne and 7'ribuifus species
from pastures in which acute hloat
had been a problem, bnt the com-
pound was absent in the sume
plants from an avea in which bloat
did not occur. Although it had
been established thiat two or more
saponing could be isolafed from
alfalfa by Boas and Stewde (2],

U. 8. DEPT. OF AGRICULTURE

Jaretzky (27), Jaretzky and Lin-
der (?28) Henviei (£7) and Walter,
Van Atta Thompson, and Maclay
(48), the role of saponin in rumi-
nant bloat remained a matter of
speculation until the workers of
}ie Woestern Utilization Research
Branch, Albany, Calif,, succeeded
in _devising pr ocedures whereby
sullicient quauhtm of saponin
could be isolated from aifulfa for
adminigtration to rominants. Lin-
dahl. Ceok, Davisg, and Maclay (31)
made a preliminary report in 1954
thut the oral administration of the
isolated composite saponin from
altalfi canzed bloat symptoms in
ruminantz.  However, two com-
mercially available saponin prepa-
rutions isolated from the yueea
piant did not produce any bloat
svmptoms when administered in a
filke manner to the same animals.
Since the preluninavy report was
madle, a sullicient quantity ot nlfaltin
saponin has been isolated by the
Western TTtilization Reseuarceh
Braneh so that the rather extensive
studies that are rveported in this
bidletin could be divected toward
deternvining  the physiological,
physieal,  pharmacolegical, and
taxicological propertios of alfalfa
saponin  when administered to
ruciinants,  Teflects of saponin on
small Iaboratory animals and on
isolafed musele strips were also
studied to see it bloat-producing
tendencies could be correfated with
other pharmacological action,

Froduction of Bloat and Other Symptoms in Intact
Sheep by Alfalfa Saponin Administration
By Frew L, Lindehd, BB Deeig, and 10 20 Pevteld®

Experimental Procedures

All the alfalfa saponin used in
the E\})E]ll]‘l(.h{"i degeribed in this
and following sections was isolated

senrrell Braneh, Albany, Calif.

Ttitization Re-
The
vecovery of the alfadfa saponins was
eflected by cholesterol addition, us-

by the Western

ihhe authers express theiv thavks to R. W, Dougherty, N. Y. Siale Yeferinary
College, for Bis assistance in experiments with anlmals Ne. 61 and No, J00.




ALFALFA

ing the procedure described in the
section entitled “Preparation and
Chemistry of Legume Saponins.”
Unfortunately, all the saponins
present in the original plant
material ave not recovered by this
procedure. ‘This incomplete recov-
ery results in an wmequal distribu-
tion of the varicus saponins; there-
Tore, the velative proportions of the
individual saponins n the recov-
ered product are in some instances
Inwer and in other instinces higher
than they were in the original plang
material.  The significance of tlus
fact must not be overlooked ininter-
preting the following deseribed ex-
periments with animals.

Al the animal fest work was ¢on-
duected ut the Agriculturnl Re-
search Center. Beltsville, ATd. The
majority of the sheep used in fthe
experiments were aniimals of lnown
bleat susceptibilitv. This bloat
suscepfibility was established by
drenching the antmals with Tadino
white clover or alfalfa junice ox-

None of the animals nsed
“chronie™

tracts,
could be eclassified as
bloaters, and none had ever dis-
played more than a modervate degree
of bloat previous to the tests. Very

little bloat has ocarred 1nder
natural geazing conditions af the
Agvicultural Research Center for
several years. and no natural hloat
was ocenrring on any of the pas-
tures al: the time of the experiments.

All the experiments but one in
1955 were condncted with animals
that were grazing on asingle Ladino
clover pasture. No enses of natural
Float were observed at any time dur-
ing the 1953 season, although the
pasture contuined predominant
emounts of Tading elover and had
vather lush  growth.  Although
natural bloat did not aecnr, it was
not diffteult to produce blaai symp-
toms by drenching the animals with
either Ladino clover or alfalfa press
juice while they were grazing on
this pasture. All the experiments

SAPONING

during this season were conducted
in the pastwre, and most of the ani-
muls were dosed with the saponin
selutions shortly after they had
finished their morning grazing.

In 1954 and 1953 many of the
animals were removed from the
pasture o Teed lot and taken to the
Inboratory before the tests were
conducted. In a number of cases
there was o fime Japse of 2 to &
hours from the time the animals
had necess to feed until the experi-
ments were conducted.  Consider-
ably more difliculty was experienced
in producing bleat symptoms by
drenching the animals with legume
press juice during the 1954 season
than 1 1953, although the clover
pastures weve similar in composi-
tion and appearance.

For the mtravuminal dosing the
saponin and adjuncts were dis-
solved in approximately a liter of
water and the solntions given by
stomaclh tube. The saponin was
dissolved in 20 te 30 ml. of sterile
water for most of the intravenous
dosing, and the solutions injected
slowly, using » hypodermic syringe
and polyethylene tubing inserted
into the jugular vein.

Uder our experimental condi-
tions substances used in connection
with the saponin, such as dextrose,
did not produce bloat symptoms in
six animals, which animals ‘were
Inter nsed in conneetion with the
administrntion of saponin.  Dex-
trose was used in 2 number of ex-
periments as a souvee of a readily
fermentable material, because ana-
Iyfical sfudies ag the Agrieultural
Researeh Cenfer have shown that
Ladino claver is relatively high in
redlucing sugnes during its bloat-
producing stages of growth. So-
dinm formate was nsed In one ex-
periment. as Poetsch and coworkers
(9 have shown that formate dis-
similnteg rapidly with the forma-
tion of waseous end produets in the
presence of ruininal ingesta. Tt was
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alsc shown that the administration
of 8 to 4 times the amount of
water that was usec in the tesis did
not produce any bloat symptoms,
Bloat symptons were arbitrarily
classified as zlight, moderate, ov
severc. A rating of slight bloat was
given when the animal displayed
definite vuminal  distention  over
that of the prefest periad. A rating
of severe was given only In vases of
very onouneed ruminal disten-
tion. marked discomfort, amd with
resuliant collapse and doath of the
animal. Ao efing of moderate was
aiven in eases Talling hetween the
two extremes.  See figures 102,05,
and 4 for examples of m{inm As
we have fonnd that the only satis-
factory mefhod of dete lmmmg in-
graruminal pressures in sheep = hy
pse of o froenrmanometer {(which
abvionsly ciomot he used repeatediy
on the same animal). no ot
]l'l'}n"ll I)]'('FHH]’(‘ MeLsUroments were
talken nnless the wuimnl callapeed.
(Hwervations on ruminal motlity
as reported in rhis seetion were
made by visnal inspection and pal-

Fieure 1——Animal No. 61 belove dosing.

. 5. DEPT.

0¥ AGRICULTURE

1Mgree —Anhnal No, 61 wilh slight

[T B 11 D A

Llunl =xuiots.

Aniwal No, GU wilh moderate

bloal sywmploms,
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: . pafion of the left side of the animal.

A measurement of ruminal motility
In intact sheep by use of a necdle
inserted into the rumen was not
used in these experiments, ag pre-
liminary  experiments  indicated
that Joss of ruminal gases, clogging
of the needle, animal reaciion to
pain, and vesultant injury to the
antmal were Jikely to Tead to faulty
dala antd conclusions,  Eruetations
were detecterl either by palpation
of the esophageal vegion or by use
of n stethoscope placed over the
esophagus, Respivation rates were
determined in fhe most part hy
counting the movements or by use
ot a stethoscope.  Observations on
the vespiratory patterns were nude
by divect fracings, using a preuno-
geaph and duk-writing air tamn-
Bonrs,

Blood  hemolysis studies  were
made by centrifuging the  blond
samples and observing the color of
the plasma, Coneclusions regariding

3 3 i .1
Frotne d.—Animal No. (1 with severe
bloal symptomns,
4090451 —57T 2

blood pressure vesult from dirvect
aftempts to measure the pressure ov
from observations while taking
blood samples just before collapse
of the animals.

Most of the animals that died as
o resull of these experiments were
wntopsied shortly after death, and
the results of the gross autopsy and
histological exanrinations are given
in (1 = section on toxicity.

Results and Discussion

Table 1 summarizes the vesults of
35 experiments in which alfalfa
saponin wag administered to 238 in-
dividunl sheep.

INTRARUMINAL
ADMINISTRATION

Tn the 1933 experiments bloat
svmploms were produced in all
xheep grazing on Ladino clover by
the infrouniinal administration of
alfadfa saponin, Figures 5 and ¢
Hlustrate one of the reactions from
the =aponin administration. Figure
G wus taken one hour after dosing

Fregue H-—Animnl No. 68 before intra-
riminal administeation of alfalfa sa-
LN HIN




Tase 1—Bloat symptoms resulting from alfalfa seponin adminisiration to'intact sheep

1953 ExreriMeENTs—INTRARUMINAL DosING

Date

Ani-
mal

No.

Pretreatment
diet

Alfalfa saponin and
method of admivistration

Degree of bloat

Interval before
appearance of
bioat symptoms

Duration of bloab
‘symptoms

June 18, 1953

1953

1953
1953
1953
195:

June 25,

June 30,
July 1,

July 2,
Aug. 13,

30

Ladino pasture...

Girass pasture. ..
Ladino pasfure..

55 gm. in 1 liter of water..

25 gm. in I liter of water....!

15 gm. in | liter of water. ..
15 gm. in 1 liter of Ladino :

clover juice extract, i
15 gm. in 1 liter of watoer..
25 gm. in I liter of water..

Severe. cto ..

Moderalo. . ...

Shight
dosean -

None._ .. .- :
Alight (+)eens -

Approximately 45
minufes.

Approximately 30
minutes.
cadon e

10to 15 minutes. .

Approximately
minutes.

Animal treated twice
by stomach fube;

found dead 8 hours . _

after  last
ment.

1 to 2 hours.

Do.
Approximately 1
hour. '

treat-

2 to 3 hours.

1 to 2 hours,

June L4, 1954
Do.. ..«

June 21, 1954
Do.. ...

Juie 30, 1954

Ladino pasture..

~dooLol

oondol Lo

1954-55" ILxPERIMENTS - INTRARUMINAL Dosiy

e :
25 g in 1 liter of water... |

25 gm. saponin -+50 am,

dextrose in'l liter of water:
25 g, in 1 liter of water. ..
25 - g, saponin-4-50- gm,
dextrose in 1 liter of
wiler,

s, saponin-50 g,
dextrose in 1 liter of
wiler.

50

Slight
Moderate

Nonee e e

Moderate ... :1 Appr_

SEVOre . - e s

sooadol Lo L

Approximately
minufes.
Approximately
minufes.
ximately 30
minutes.

110 2 hours.

2:to 3 hours.
2 to 3 hours.

Collapsed and died in
4 hours.

Collapsed and died in
3-hours.

 QUALTAOTMOY 0 “IdFd 'S ‘O ‘1911 NIIEITOE TVOINHOHAL




July 8, 1954
July 27,1954

Aug. 2, 1954

Jan. 10,

ceentoL L

Ladino pasture- .

Grass hay_.._. ..

Alfalfa hay_ ...

100 gm. saponin-50 gm,
dextrose -in - 1 liter  of
waler.

50 - gm,
dextrose in 1
water,

100 gm. saponin 4100 gm.
formate in 1 liter . of
water.

100 gm. saponin-450 gm.
dextrose in 1 liter of
wilter, ’

40 gm.
dextrose in- 1
wafer,

60 - gm.
dextrose in 1
water,

60 gin. saponin+-100 gm,
dextrose in 1 liter of
witter,

40 gm. saponin-100" gm.
dextrose in 1 liter of
wiater.

saponin-4-59 gnn,
liter of

saponin- 50 gm,
liter  of

saponin--50 - gm.
liter " of

DRI ¢ [0 SO

Slight
Moderate_...._.
Severe

None
Moderate.__._..
Slight

Slight (-+)

Approximately 15
minutes.

Approximately 20
minutes.

Approximately
minutes.

Approximately
minutes.

Approximately
minutes,

Collapsed and died in
1.5 hours.

1to 2 hours.

2 to 3 hours; died 27
hours later.

Collapsed and died in

2 hours.

2 to 3 hours.

1 hour; died "3

days
later; :

1 to 2 hours.

1954~-55 ExperiMENTS—INTRAVENOTS DoOSING
rs

Aug. 3,1954

Aug.

~ Aug. 10, 1954

7,1954 |

5 gm. saponin by intra-
venous drip4- 50 gm. dex-
trose in 1 liter of water
given intraruminally.

0.5 gm. saPonin by intra-
venous injeetion--75 gm.
dextrose in 1 liter of
waber - given intrarum-
inally,

‘1 gm. saponin by intra-
venous injection--50 gm.
dextrose in. 1 liter of
water - given intrarum-
inally, '

Moderate (4) ..

Approximately
minutes.

Collapsed and died in
1 hour and 15 min-
ukes.

- SNINOAVS VATYaTV




Tanre L.—Bloat symptoms resulting from alfalfa saponin administration to intuct sheep—Continued

105455 ExreniMents—INTRAVENOUS Dosing—Continued

Date

Ani-
mal

No.

Pretreatiment
diet

Alfalfa saponin and
method of administration

Degree of bloat

Inierval before
appearance of
bloat symptoms

Duration of bloat
symptoms

Ang. 10, 1954

Sept. 11,1954 4

S(‘])t. (] 2, 1954

Jan, 11,1955

Ladino pasture..

@i, saponin
venous injection+4 100

g, dextrase in 2 liters of |

waler infracums-
inally.

gm,  saponin

oiven

hy - intra-

venous injeetion+ 50 gm, |
liter  of
intraruni-

dextrose in ]
water given
inally.

2,55 gm. saponin by intra- |
venous injeciion 50 gm, |
litey of !

intrarumi- ¢

dextrose in 1
water given
nally.

am. saponin by intraves |

nous - injection 450 @,

dextrose in I liter of water |

given intraraminally,
B < s IS

gm. saponin by intrave-
nous- injection+ a0 gm.
dextrose and 20 gm. yeast
given intraraminally.!

) g, saponin by intrave-
nous injeetion~F 100 gm.
dextrose and 20 gin, yeast
given intraruminally !

by intra-

Moderate (+4)-:

Moderate...... .

O

NONE L v w1

Slight s

Moderate .. ..~

Moderate ()=

Approxitately 30
minutles,

Approximately 20
- minutes.

Approximately 20
minutes,

JApproximately 15

minutes.

2 1o 3 hours; died 3
days later.

Collapsed  dnd died
in 3 hours.

2 to 3 hours; dicd 4
days later.

2 ta3 hours; died 3
days later,

Died 3 days later:
2 to 3 hours.

Do,

Collapsed and died in
6 hours.

TYATIANIFEHV JHO ™ LdHd 'S ' fTQII NLTX:[’I’IIIE[.’IVOIMEIOHJ;




Jan. 25, 1955 1 gm. saponin by intrave-
nous -injection- 100 gm.
dextrose in 1 liter of waler
given infraruminally.

Do_....o . 2 gm, saponin by intraperi-
toneal dosage-+100 gm.
dextrose in 1 liter of water
given intraruminally.

Moderate. ...

Approximately 20
minufes.

Approximately 2 hours; -

died 50 hours later. '

Died 2 days later,

1The “live” yeast was in the resting stage when adminisfore;

,g};
-
.|
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Treune §—Animal No. 48 one Lour after
receiving an intraruminal doge of 23
grams of alfalfa saponin,

the animal and thivty minutes afier
the animal was rated us displaying
shight (+) Dbloat symptoms, illus-
trating that the reaction was not. of
a transitory nabhwe. The animal
was not allowed fo graze during this
period.  The ability to relense gas
and rednce rominal distention in
these animals by stomacl tube, to-
gether with the failuve to produee
bloat symptoms from the adminis-
tration of two diflerent saponins
from the yuceca plant led the authors
to state that the distention in these
animalds appeared to be due to gas
retention per se rather than to froth
formation (37). This vesponse was
especially dramatic in the case of
amimal No. 36 {the animal receiving
the Javgest anount of saponin and
displaying the most distention) to
treatment with the stomach tube on
two cceasions.

Bxperiments conducted on June
14 and June 21, 1954, illustrated
that more distinet blont symptoms
might be produced when dexirose
was administered along with the
alfalfa saponin.

Variations were noted not only
between animals in their response
to mtrarnminal administration of
alfulfu saporin but also with the
same animals at diflerent Gimes.
Sheep No. 61 displayed moderate
bloat  symptoms when  given 23
grams of the saponin on June 25,
1853, but only shight syniptoms
when given the same dose on June
L1054 Animal Nao. 55 displayed
slight Dleat symptoms afier receiv-
ing 15 grams of the saponin on
Jie 3001955, and no Bloak symp-
toms after 1eceiving 25 grums on
June 21, 1954 Animal No. 58 dis-
played slight Bloat symptoms atter
receiving 13 grams of the saponin
it 1 liter of Ladino clover jnice on
July 1, 1953, shight (+) symptoms
after receiving 23 grams on August
13, 1935, and no symptoms after
receiving -0 grams of saponin and
50 grrams of dextrose on January 10,
1944,

Much greater bloat  responses
were obfamed from the saponin ad-
winistintion when the sheep were
pastured on Ladine clover than
when their diet was composed of
grass pastuve, alfalta hay, or grass
hav,  Tn all cages the anlmals were
on i definite diet for severul days
before treatment with the saponin.

In several of the cases, ruminal
mottlity appeared to be more pro-
ronneed just following the intra-
ruminal  administration  of  the
sapenin solutions.  In some enses
ruininal motility in sheep grazing
on. Ladino clover appeaved to be
active during the enrly develop-
ment of the bloxt symptoms, bl in
ulher cases motility appeared to
cease shortly after dosing and be-
fore the development of the bloat
symptoms.

Othsr physiclogical  responses
{hat vesulted from the administra-
tion of large doses of the alfalfa
saponin are pointed out in the fol-
Towing cnse histories.
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: SHEEP \0 61, Au;_.,ust 2, 1904

Diet: Lndmo clover pasture. The mumal was removed from the pastme at
12 noon and taken to the laboratory.

Materini given:

100 grams of plfalfa saponin and 50 grams of dextvose in 1. llter

of water, by stomuch tube, at 2 p. m.

Reactions;

See figures 1
3:08p. m.
3005 pom.
3:15p.m.
3:20p. m.

3: ¥ o

314G . o
3:45 to 4:
4: 00 pom.
4:10p. m.
4:15 ponn
41 4 p.m.

447 pom.

448 pom,
458 . s,

» 2, 3, and 4. Predose respivation rate was 04 per minute. .
Respivation rate was 539 per minute.

Respiration rate was 72 per minute with an irvepular pattern.
Hespiration rate was 64 per minunle.

The respiratory pattern was of the Cheyne-Stokes type from’
this point untit esllapse. )
Slight bloat symptoms; no major rumen movements could be
tdetoeted.

Shight (4-) bloat symptoms,

25 p. m. The animal began to urinate ind defecate frequently
The anhmal displayed moderale blont symptoms.

The anitmal displayed exeessive salivation and mucous seeretion,
The animal became very restless.

The antmal beenme distressed and was unsteady on its feet
The heart rate becime aceeleriated and the blood pressure fell
o rapitly thal o moasuremetit could not be obtained.

The animal collapsed. Intraruminal pressure was 40 mm, Hg, )
which went up to 60 thm, on inspiration.

Respivation was very Inhored at a rato of 1) per minute.
The nnimal died.

On autopsy it was found that the ruminal ingesta was “frothy”
and that the rumen contnined a large amount of free gas.

Srmzer No. 90, June 30, 1954,

Diet: Closely grazed Ladino clover-grass pasture, The animal was removed
from the jastore kb 9130 a. m.

Material given:

100 grawms of alfaita mpcmn fmd o4 grams of de\tlose in ¥

Titer of water, by stonuieh tube, ub 11 20 4.

Reactions

Rumen movements appeared to be very pronounced immediately after dosing.

1y

1183 0 m.

11:370.m.
11: 45 0. m.

I2:05 00 m,
12:38n. m.

I12:80n m.
12: 30 p. m.
12: 3% p. .
12:45 p.
12: 55 . n

1:006p. m.

1:05p. m.

The vespiration rate was 7% per minuwte. The rumen move-
nents were less prouounced than above, but were still more
neonnunced than in the predose period.

Respivation was irvegniar, Humen movements could still be
detected on visusl ingpection. )
“The animal displayed slight bloat symptoms. Raminal motility
conlit not be detected from this pointk on,

A Bloed sample was faken. No hemwolysis could be ﬂetected
The agimal displnyed moderate Dloat symptoms and was be-
eoning restiess.

The animal was very restiess,

The asnimal hegan to urinnte froguently.

The animagl) dispiny, . excessive salivation,

Respiration was labored aud the animal was distressed,

The anbual displayed sovere hloat syiiptoms, An attimpt to
tuke n blood sample was nnsuccesstal.

The anlinal was going down., An attemnpt wis o . to re- o -

Heve the snimal by stomuach inbe and some £ags wa.. elenaed
as the anhail collapsed.,

The animal died. Infraruminal pressure wos 50 mm, Hg.
On autopsy it was fonnd that the rominal contents weve “frothy”
mul that the rmmen esntained o large amonnt of free gas,
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Smize No. 50, June 80, 1954,

Diet; Same as for anjimal Xo. 99, The animal was removed from pasture at
9:30 m om.
Materinl given: 530 grams of altalfn saponin and 50 grauy of dexteuse in 1 litey
of water, by stowach tube, at 110 27 4. n.
Reactions :
1 401, . Respivation was normad af a vnle of 55 pee minute. Rowmind
matility conld be readily detected.
11 : 40 0. m. Ihwninal metility conld woi he defected from this paint on,
11 : 55 a0 Phe animnl displayed slight bliat symptmns.
12 noon, The animal displayed slight (<) Dloaf symptoms,  Respiri-
tinm was irregular ot o orate of 75 per minale.
12010, m. The antmal hegan fo arinate freguently.
1243 pom, The animal displayved moderate Hlogh sympfoms mvl exeossive
muents il saliviey seerefion.
1: 07 pous The animal displaved ioderade {43 oal syagdons, Hespiva-
Lion wus lnbored ata rate of 48 per minule.
118 pome The animal was distressed.
1:453 . m. Severe bloal sympioms. The guimal began o Profh at ihe
manth anel uostvils,
200 p.m. Animal eollapseil,  Respiration vate wuas 25 per mioute,
2:30p. m. The antiwal died,
Ou aubopsy, the rinuinal ingesta was “frathy,” but the rumen
containeil lirge amounts ol Frog ghas,

Although alfalfn saponin has As pointed out in table 1, bloat

definite toxic effects at the higher  sviuptoms were praoduced in @ ol 13
levels of administiation, as will be  intravenous experiments.  Vavia-
pointed out later, rapid collapse tions wmong animals were noted,
and death of the glicep in the above
experiments did not oceenr unless : o s,
the animal displayed marked bloat - - s AE T
symptoms.  In all eases where 18 A
marked Dbloat symploms were ol- o
tuined, the animaly digplaved fre-
quent wination and defecatinn,
Iabored vespivation, excessive sali-
vation {fig. 7), and extreme dis-
comfort. Immediately prior to col-
Iapse, the animals also sulfeved
tfrom a marked drop in blood pres-
sure. The sheep with slight or no
bloat symptoms did not display the
symptoms listed above, even when
they received the same amount of
suponin.

INTRAVENOQUS ADMINISTRATION

In order to gain additional in-

formation on the action af alfalfa

saponin, a number of experiments

were conducted in which solutions

of the saponin were adininistered

into the Jugulmr vein of sheep. In . .
. 10 t! ]_‘5 . '; - doxtr __[- ol Frgeis T—Vxeessive silivalion and mu-
“'.] 'the e.\pe_:_.mt'n.s dextrose =oin- s secretion exhibited by animal
“tions were given b_\,’ stomach tube, witle macked hloat symptows.,
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not anly in bloxt symptoms but also
in other physiologeal reactions, fo
thisuethod of saponin administra-
tion.  NSome of the sheep displayed
definife nervons reactions following
the intravenous dosing, while others
displaved  little o ne  reaction.
Blood lemolysis could not be de-
tected ih =ome of the animals, even
following intravenous injection of
up to 1 gram of the alfalfu suponin.
There appeared to be no correlation
helween hlond hemolysis and bloat,
as sene animals hloated without
hemoelyvsis and in other cuses deli-
nite blood hemolysis was detectod
without any bloat semiptoms. A
change in the respiratory raie and
pattern waz noted In o=t of the

SnEkr Noy 10t Angust 30 1954,

Fher: Tading elover pasture,
Materis] viven:
1205 . m,
2002 o 12 1k nn
Hedactiogs;
12031 pom.
2250 m . Phe andnal Tweenn
12000 m.
HESE LS TR
1200 pom
Lhe tierls.
T 05 o,
LRI
1M1,
T30 pom,
DreEsure whies noted,
120
I ilig, 8.
Thae sttinid diod,
nuirked bload

T:iMpom,

SAPONING

13

antmals following the saponin ad-
ministeation,  Several of the ani-
nls were observed to cough or
snecze frequenfly ag the intraru-
minal pressure began to build up
after eirher intravenous or intraru-
minal administeation of  alfalfa
suponin, (s was invariably ex-
petled by these processes und often
seemed (o prevent further bloating,
Conghing asw process for the elimi-
nation of gas fram bloated animalg
has been veparted by Wild (57) and
Cole (7).

Two of the case histories of ani-
mals rereiving in{ravenous doses of
alfalfa saponin ave given as fol-
lesws:

The animal was renoved from pasture at 11 a. m.
A Emams of dextrose in 1 Hier of witter, by siomach fube, at
aud A5 to 5 grams of alfuifa saponin by infraveoons deip from

Huminal motility mind eruciatlons had eonsod.
tor show Bl
taken ar (his rime displayed
The animat displayed oxeessive salivation aml hermne restless,
The animad Qis=played 2lehr (4
The animal was dupressed and displasod excessive frothing ot

L osyiptotus,
slighi

A hlood sawple
henal y=is,

Bloail sy mpgoims, ’

The anit ] displayed moderate hoat sympioms.
The animal displayed mo=enbae trenoess dmd excessive suliva-

Sorapdd aeveleraiion in heart rale and o rapid Fall in Mool
The antnl eollapsed with sn intraruming] pressurve of 30 mm.

A Wleod sample (alken at ihis Lime showed
Ll yzis,

O atvavey, Sl vuminad  contents

woert observed to e Tess Crovhy than (hose ol Uw animals re-

ceiviine
Suuer No, 2T, August W, 1054,

ek Lidino clover pasture.
A, m.

ALvertals given: 1 gram ot alfalfa sapouio by ntravenons injection at 122
Doy Ol weams af dextease It 1 liter of water, by stonmcich fube, at 1:2r

intrtrmminat adminisiration

ul the zuponin,

The animal wis reneved from fhe pasture at

]
o]

Deomes bwnan af atfalf saponin intravenously af 145 b, ud G0 grams
af aipxtrose in 1 lHeer of water, by stoneeh uibe, 0f 1 - 48 I 1.

Hoeaetions:
1M pon
s,
T:adpom.
o e normal.

Museulder tremors wore olise v Tl B ey arter the fest
Runtnal melilive ol ertetation roe ang volume appeared
Ruaning D mofitioe was sE aecivo,

1:8
Loddpom, A Dlood saauple taken gy this fme dizplayed slight hemolysis.
1o The animal displayed neevons symploms inumediately following

The secoml duse ofF sapunin.

JOA051—5T—3
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Sarer No. 27, August 10, 1954—Continued

Reachions—Continned

1149 s The animal pessed bloady urine.  Major ruminal wothily could
nint be detectedd nk this time.

212 pom, The aalmal hegan Lo show bloat symptoms. No crueiations were
detected during @ T-minnie ohsorvation period.

A0 pom. The antmal displayed slight bloat symptoms,

2:03 1o 30153 % m. No ernetarions conld e detecred ;) howoever, the animal
conghed several tiames dnring Lhis period and passed ruminal
mug while coughing.

B0a2 00w, The animn) appeared (o beoaleet amd the bloab symptoms were
Begrtiening fo seliside,

30 pon. The andiizl displayed ne bleat symptoms and was veleased o
i pasbore.

15 o0 40 T1d4a peom. The animal was observed fo be praxiug.
Adsvernsb 37, VUG The aniputd gppeared 10 e relatively norinal,
August 12, 3199 The animal appetred o e rolakively normad.
Augusl 13, 1954, The animal displayed labored vospivntion aogd disd af 203
Peonie o On oautopsy, the Limgs showed severe congestion.

experimenis Nustrate that aifaifa
sipoinn has properties other than
s =netace fension action that conld
contribabe to hloat.

EXPERIMENTS WITH OTHER PLANT
SAPONINS

1 2 number of experiments con-

dueted in similar fashion to those

with alfalfa =aponin, intrarmuminal
adminishraiion of up to 100 grams
of fwo saponin preparaltiong iso-
Lued from the yucea plant and
available commercinlly have failed

Ficour S—Aabual N 100, wikh mod-
erate £ 4-) blout sympoms atler receiv-
ing an iotruvenens dose of  alfala
gaponin.

The intravenous adntinistraiion
of alfalfu saponin led fo rhe even-
tual death of the majority of the
animals mxd will be disetussed in the
section on toxicity of ihe saponin.
The s_i.gniﬁcnn(*a of the intravenous o S0 e symptoms  produced
experiments to clinieal bloat s From inbeavenous injeetion of quillai
matter of speculation; however, the suponii,




ALFALFA SAPONING

to produce any bloat symptoms in
sheep. The infravenous adminis-
tration of 1 gram of one of these
saponins {Iaheled as foxic) . also
tailed to produce auy bloat syup-
toms or foxic effeets in tour differ-
ent experiments.

In another experiment, two sheep
were each given an intravenous dose
of 1 gram of quillm (Q@uillaje

sapenaric) saponin. One animal
displayed marked bloat symptoms
{ig. 9) and collapsed within 5 hours
of dosing. The second animal did
not display any bloat symploms but
died within 2 days after dosing. -

The quillai saponin, like the al-
falfa saponin, containg o triterpen-
atd nuclens, while the yuecn sapon-
in eontaing a sterlod nueleus. '

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

By fean L. Lindahl. R,

Telds and ecoworkerst of the
Western Ttitimation Researel
Braneh, URTLA, found that alfalfa
saponin wodified fthe contractions
of izolated intesting! mmsele g
manner that differed from the ae-
tions of & commercially availuble
saponin. Alfalfa saponin, in salli-
etent concentration, eatsed i losa of
conteaetion and ronns within a short
periad of time, Parsome (J) also
reprorted that slfalin waponin ip-
hihited the motitity of =olaled gut,
In view of the above findings ad
obgervations mude on infact anima b
during the experimentad produciion
of blont symptoms, o nuwmber of
experiments were condueted to de-
tevitiue the etlect of alfalfa seponiv
anid some otber plant materials on
ruminal motiliby and eructation.
Cotvin mid coworkers {8) have re-
porfed that the ntraraninal ad-
ministration of alfalfa saponin to
sheep would resalt in deerensed
ruminal wotility,

Effect of Intraruminal Adminis-
tration of Sapenin and Legume
Press Juices on Ruminal Motility

EXPERIMENTAL PROCEDURES

Ten mature shoep and one steer,
ench fitted with permsnent riominni

FPrersonal communieation.

¥,

Dougherty, and R, E. Dovie
fistulas, were used in this phase of
ihe study, T he various diets that
the aninmls received previous to the
expesinienfs inelirded mixed pas-
fure. which was Iavgely Tadine
clover, grass pasture, “atfalfa hay,
and alfalfa weal.

Numerous  experiments with
sheep were conduaefed at the Agri-
eulbural Reseaveh Center over a
periud of & vear, using several dif-
ferent 1otz of the isolated alfalfa
sapanin, three commercially avails
wble nonleginae saponing, and press
juices {vom alfalfn and Ladino
clover.

A continuoms feed kymograph
with ink-wiiting air tambours was
used in all the experiments. The
air fambowrs tsed in most of the
expertnzents emploved a lavge disk
covered with sensitive rubber. In
all cuves w diveet vecording of in-
Priraniinal pressiure changes was
made by conneeting the air {am-
bours willi an open tabe mserted
fhireugh the stopper of he fistula
cannule AL fhe beghming of the
oxperiments the tmnbours and ink-
writing pens were adjusted so that
the intravuminal pressure changes
resplting from respirafory move-
ments  woudd Lo recorded,  This
was done lo siee @ recording of

See seefion entitled “Some Dharnacological Effoects

of Alfaifn Saponin on Nonruminanes amd on Isolabed Muoseie Strips.”
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the intraruminal pressures resuit-
ing from siight ruminal contrae-
tions. All (10‘.:1‘]1“‘ was done
through a second tube inserted info
the fistula stopper. A flexible vub-
* ber tube attached to the delivery
tube was employed to direct the dose
material into the ruminal contents.

The saponin was dissolved in ap-
" proximately 1 Hiter of water and was
administered in one of three ways:
As a single dose given in a few
niinutes; as a split dose ; or, in sinall

increments over an extended pevied
of time,

In some experiments, airr or car-
bon dioxide gas was also infrodueed
into the zamen through the dosage
fube, A wet fest gas meter was
used to measare the How of aus mud
the rate was marked on the tracing
by a symal magnet.

In preparation of the Tegume
press Juices, the following steps
were taken: (1) The legume
material wag frozen by storing it at
n temperature of —307 7., (2] the
material was then thawed apidly,
(3) passed through a meat grinder,
and (4) the juice pressed ont of the
ground material, using aowodified
Carver hydraulie press and 10,000
potinds per square ineh of pressure
on the cake.

RESULTS

AlfalFee Suponin—Considerable
vuriation was noted in the eflect of
alfalfa saponin administration on
rumingd motitity wnong antils
~and with the same animals on differ-
ent days.

Figures 10 and 11 itlustrate o
contrast between ithe renction of two
sheep to the same amomnt of alfalfa

saponin {23 gm.} wiven tn the sume
manner, on the same d: vy, mud when
they were receiving the same diet,

Ruminal motility was nrkedly rve-
duied in the ease of animal No. 118
(fig. 10) withiv & few nilnutes fol-
lowing dosii.z. bnf Tittle or no elfect
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was obsgerved in animal No. 232
{(hg. 11).

A nothm definite contrast belween
the reaction of a diflevent p.m of
sheap is Hustrated in fipures 12 and
13, Both animalswere veceiving the
sume predose diet and were treated
in the same manner.  In both cases,
a dase of 25 grams of alfalfa supo-
nin sl A grmns of dexteose was
administered into the rumen. The
raminnd motility was traced for a
period of 15 to 20 minutes and then
a second dose of 25 pramsg of dex-
frose was given, The administrg-
Hon of the first dose of alfalfa
saponin and dextrase resalted i a
rapidd redieetion i rnminad motility
in aninmi Noo 776 (g 12) and a
slight  buildup  of infraruminal
pressure. The second dose of dex-
frose reznlted i an additional in-
crense in infraruminal pressore,

sheep Noo 92 (fig, 18) responded
in aomeh different maomer. Ry
minal motility appeared to be io-
cropsed  for aboat T mindfes
inunediately following the frst dose
and a definile inerease i the fre-
queney of ruminal confraetions was
noted following the second doze of
dextrose. Inoa Inter experimeunt,
Fhe intravimuinal administration of
23 erams of alfalfa sapouin along
with 23 grams of dexivose and 25
orang of egp alhumin to sheep No.
03 (see fig, 26) resulfed in a definite
Lt transitory veduction in rominal
molility.

Some animals displayed a much
more variable reaction to repeated
intraruminal administration of al-
falfa saponin than others.  Intra-
runiinal administration ot alfaifa
saponin to sheep No. 776 (figs, 12
andd 14) and {o sheep No. 118 (fig.
10} always resulted in o definite re-
duction in ruminal wotility; how-
ever, the speed of the reaction and
the oxtent of the rednetion varied
from day to day. Other aninnls
varied from displayving little or no
reaction to marked reduetion in mo-
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Ne, 118

FAVL 85

Alfolfa Hoy
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A

RUMINAL
MOTILITY
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25q. Alfalfa Soponin
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Frovee 10—Reduetion . vumival waiilify in sheep following intraruminat admin-

istration of 235 g, of alfalln wtponin,

tility on repeafed administeation of
ihe saponin,

The reasons for the variation
among sheep and the saine sheep on
ditferent days in respect to alfalfa
saponin administration and vedue-
tion, in ruminal mofility are mot
clear at the present time. ‘The
dilferences in reactions eannot-be
adequuately expluined by previous
dietary reghmens, different lotg of
the saponin, or method of introdue-
tion, becanse delinite reduction in
ruminal motility was obtained at
one fime or another an all dietary
regimens, with all lots of saponin,
and with all methods of infezrumi-
nal administration,

Iigure 14 illustrates a result ob-
tained  From introducing  carbon
dioxide gus into the rumen along
with alfalta saponin. Twenty-fonr

Yrorus 1. -

H=hleat.

rrans of altalfa saponin dissolved
in 500 ml of water was introduced
into the rumen in two doges. Car-
bon dioxide gas was introduced at
a rate of approximately 1 liter per
ninute. ‘Lhe admihistration of the
first 15 geams of alfalfa saponin
resulted in o immedinte cessation
of the major ruminal contraction
and an inerease in the frequency and
depth of respiration.  Although
there was nlso a reduction in the
amplitude of the “eructation con-
tractions,” i, e, the contraction as-
socialed with eructation, the animal
was still able to eructate this large
amonnl, of gas without ahiy inerease
in - infricuminal pregsure. The
seconed dlose () prams) of the
saponin resulted in a further de-
erease in the amplitude of the
“eructafion  conteaction,” an jm-

Negalive response of vuminal molility in shoep following nliministra-

tion of 23 mu, of alfalfi saponin.

Na. 232
7/2/55
Alfello Huay
Olet

ey

RUMINAL
MOTILITY

Na. 232
T 55
Alfalfe
Saponin

o A AL L

P
[}

25g. Aliolfo Saponin

Time in Minutes
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ingreased intraronminal pressure in

shecp following infrarumingl adininistration of alfulta saponin aud dextrose.
Note uegative response Lollowing intrwcuminnl ndministeation of o methyl sili-

cone preparation.

paivment in efficiency of eructafion,
and an 1nerease in intraruminal
pressure,

Additional experiments conduel-
ec with other sheep using sublethal
levels of alfalfa saponin revealed
that it was difficult to build up ex-
cessive infravuminal  pressure by
the introduction of earbon dioxide
gas or air info the rumen at a rale
of a liter per minute, even where
romninal motility was severely im-
pairved.  In some cases when rumi-
- nal motility was severely impaired,
there appewred to be an alimost con-
stant. pagsage of gas from  the
esophagus after Intraruminal jpres-
sive had built up to a few milli-
meters of mevcury pressire.

Although normal eructation is o
well coordinated mechanism involv-
ing musecular actions of the rumen,
refienlum, carvdia, diaphragmatic
sphincter, and esophagus (/3, 50},
recent cinefluorographie studies by

Dongherty and Meredith (3) show
Hint eructation ean ocecur 1n the
abzence of ruminal or reticular
motility, provided that the cardia
is not covered by ingesta. Weiss
(507 reported similar findings in
his studies on the effect of small
Jevels of potassium eyanide (prussic
acid} on the efliciency of eructation.

Possible reasong why the intro-
duetion of gas into the ruminal con-
tents containing alfzlfa saponin did
not resilt in suliicient froth to block
eruetation in the abgence of ruminal
nmotitity will be offered in w follow-
ing section.

Two experiments were conducted
with the steer. In the first experi-
ment, when the animal was grazing
on jrrass pasture and receiving 6
poiinds of outs per day, the admin-
1steation of 100 grams of alfalfu
saponin along with 400 grams of
dextrose resulted in a marked de-
crease in ruminal motility and a
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Ho, 92
6/5/55

Pasture

RUMEN AL
MOTILITY
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Ficore 18.—TIncreased runinal mofility in sheep Following intearmmin:l adininistra-
tion of altalfa saponin and dextirose.

slight inerease in  intraruminal
pressure (as measared by an elova-
tion of the base line of the motility
tracing). In the second experi-
ment, when the animal was arazing
ot & pagture confuining predon-
nant amonnts of Ladine elover, the
intrarnmingl administration of 175
grams of alfalfa saponin in a split
dose (100 gm, and 15 am.) vesulted
in no detectable effect on rumina)
motility during a 2.5-hour ohseryva-
tion periad.

Nonlegume Saponins~—The in-
trarmminal  administrafion of 23
grams of a commercinlly nvailable
saponin from the yuocea plant

RUMEN MOTILITY

(labeled as nontoxic) to a sheep
that_had shown definite responses
to alfalfa saponin did not reduce
miminal motility on three different
nceasions. The same vesult was ob-
tained from the intearuminal ad-
ministration of 25 grams of & see-
ond  yueea  saponin preparation
(Tabeled as toxie) to fonr different
sheep.  Compare fignives 10 and 15.

On the other hand, intraruminal
admimstration of 25 grams of
quitlad (Quiliujn saponaria) sapo-
nin o a.xheeps reseited in a marked
reduehion i vmuina] motility and
an inerease i infraraminagl pres-
sure.
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Frouse 1d.—An effeel of inbravuminal administeation of aifnifn sapoiiy oB rumingd
motility nnd eiliciency of eruciution in sheop.
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Legume Press Jubee~Vavigtion
was noted in the effect of intrarn-
minal administration of legume
press juices on vuminal molifity of
sheep. This vaviation was ex-
pected in view of the rvesuits ob-
tained with alfalfa seponin admin-
istration. In addition o animal
variations, the legume press juice
also varvied according fo the slage
of maturity of the legume and
other factors,

However, the infraruminal ad-
ministration of press fuces from
alfalfa and Tadine clover Jdid ve-
sult in reduced ruminal motility
in a number of cases,  This redne-
tion inn motility was similue to that
obtained from alfalfa saponin ad-
-mimstration.  But this vesult does
nof necessarily imply that the sapo-
nin content of the juoices was the
only constituent present which had
an effect on motility.

No. 774
&/8/55
Aifalia Hoy

RUhINAL
MOTILITY

Figures 16 and 17 Mustvate ve-
gponses abtained from infrazmminal
admiustration of  alfalfa press
juice. The same animal was used in
both eases andd hid been receiving
an alfalfa hay diet previous to the
experiments.  In the first case (Hg.
16} the administr: ation of the alt-
alfa juice resulted in a marked and
profonged veduction in the ampli-
tude of the major raminal contrae-
tion. Tn the second cage, the admin-
istration of L8060 ml. of alfulfa
juice and 23 grams of dextrose re-
sialted i (1) & reduction in motil-
ity {2} an unusiel motility
patter, and (3) an inerease in the
Frequeney of viminad contractions
ag the sheep bloated.  The motility
pattern shortly atter dosing resemn-
bledd o particnlay type of mohhr\,
noted by workers of the Agrical-
taral Research Center after dosing
some inbact aninads with lerrmue

*-M I TR IRTON I ET IRV VI R IR AR UN

2 litars
Allalfo Jujea

Time in Minutes

[ fieree piea) g perey P oy ST e 2t S ST S T R

P QN Fai) Tt vy SRR ey e S e

Treree 16 —HReduced rwming) mekility in sheep following the intrarmminat adminis-
trablon of alfadfa press juive
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Frarwg 1T —Ruminal motilily in sheep during (he development of bioat symptoms

resulting  Leem infravnminal
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toxing

juices and alfalfa saponing Ru-
minal movenient. on visual inspre-
tion, appesred to begin much lower
on the side of the animal than is
defected  during regular rumina
contractions.  Although this type
of motility might appear o be more
pronounced than nermal, the trac-
ing indieates that it may be cansed
by an abnormality during the re-
Jaxation phase rather than during
the contraction phase of the ruminad
molility evele,

In this experiment the animal
developed “frothy™ bloat symptons
that disappeared mapidly afier the
intraduction of a methyl silicone
preparation inte the rumen, but the
froth did not fill the rumen to
level suflicient to block the open
tube to the recording tambour.

Figwe 18 illustrates o pro-

nomeed veduetion ju ronminal mio-

tility in a sheep following the
infravuminal  administration  of
1,873 ml. of Ladino clover press
juice. There was also a slight in-
erease an o infraruminal - pressure,

Neo. 774
8/7/55
Alfalio Hay
Dim

[

1675 ml.
L adine juice

with

allalfic press juice and  dextrose.

Parsons and coworkers (4J) have
recently reported that the introdue-
tion of 8 pounds of Ladine clover
jutre into the rumen of o steer in-
hibired eructation but did not re-
sult in a neticeable reduction in
ruminal contractions.

To correlate these observations
definirely with clinieal or experi-
mental hloat is not simple, as illus-
(rated by w comparison of figures
T6and 17. Tn these two experiments
with alfalfa press juice, ruminal
oty was more active when the
sheep Dloated than when it did nat.

Effect of Intravenous Adminis-
tration of Alfalfa Saponin on
Ruminal Motility

EXPERIMENTAL PROCEDURES

Five experiments were. conducted
in this phase of the study, using «
different aninmal for each experi-.
ment.  All the sheep were mature
and had been fitted with permanent
rminal fistulag previous to the

RUMINAL
MOTILITY [

bttt A b i I

Time Tn Minutes

T T T T |
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Fravur 18.—Redneed ruminal motility in shoep fallowing intraruminal administration
ot Lilding clover pross juice,
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. tests. The tracings were made in
a fashion similar to those described
under the studies on intraruminal
admintstration of saponin. The
first experiment was condneted at
the Agricultueal Research Center.
. The remainder of the experiments
were conducted at the New York
State  Veterinary College. The
details of each experiment are given
in the following discussion.

RESULTS AND DISCUSSION

Eaperiment 1 —The animal used
in this expeximent had been graz-
- ing on a puasture that was predoni-
nantly Ladine clover. A 0.75-
gram dose of alfalfa saponin in
aqueous solution was injected inte
the jugular vein, using o hypo-
dermicsyringe. Tmmediately after
this dose, the ramiual motility was
markecly reduced but recovered in
approximately 6 minules and re-
mained nornal for the next 15 min-
utes. During the next 30 minutes
the strength of the contractions was
gradunlly reduced and the inter-
vals between contiactions merensed.
Fifty minutes after the fivst dose,
an additional 0.25 gram ot the sap-
onin was given. as nbove. After
the second dlose, the strength of the
contractions decreased at an uceele-
rated rate and the intervals he-
tween contractions became farther
and farther apart until all motility
ceased an honr luter,

Ewperiment 2—The sheep used
in this test had been receiving a diet,
of poor quality, conrse grass hay
previous to the test. A tofal of 0.94
gram of alfalta saponin was nd-

SNEEZE SNEEZE SMEEZE Sy

SNEEZE . T END OF
4 D

ECG. 2
D.94g

ministered into the jugular vein
over a period of 25 minutes. The
solution {47 ml. of aqueons solution
contnining 0.02 gram saponin per
ml.) was injected at a uniform rate
by using an infusion pump. Figure
1% illustrates the complete cessation
of ruminal motility, with impaived
elliciency of eructation, obtained in
this experiment.

Frperiment 3—The conditions
of this experiment were identical to
those of experiment 2, except that
the dose was given to the animal in
13 miinufes.  Ruminal motility de-
creased rapidly and ceased by the
time 0.6 oram of saponin had heen
administered.  One liour and 20
minutes later, the sheep displayed
definite bloat symptoms, although
it had not had opportunity to eat
for about 3 hours.

Eaperiment 5 —The conditions
of this experiment were stmilar to

those of 2 and 3, except that 0.73

gram of saponin was administered
to the sheep over a period of 14
minutes.  Fittle change wus noted
in the ruminal motility during the
first; 15 minutes atier completion of
the dose, but during the next 10
minufes all motility censed and
erttetation was blocked, resulting in
a buildup of intraruminal pressure,
Faperiment 5~ The conditions
of this experiment were the same
as those 1 2, 3, and 4, with 0.75
gram ot saponin being administered
to the animal over a period of 3.5
minutes. Little or no eflect was de-
tected in ruminal wotility or cfli-
ciency of eructation during an ob-
servation period of 1.5 hours,

b A,
&,
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Treune 19—Effect of intravenous administration of 0.04 gm. of alfalfa saponin on
ruminal methlity in sheep. EQG=clectvoenrdiogram taken,




. ALFALFA SAPONINS

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

EXPERIMENTAL PROCEDURES

A matore sheep, which had been
fitted with permanent ruminal and
dnodenal fistulas, was used in all
the experiments condacted in this
phase of the study. Polyethylene
tubing was passed Into the small
intestine via the duodenal fistula ov
placed in the duocenum for the ad-
ministration of the saponin solu-
tions. Direct recordings of the
ruminal and intestinal motilities
were made by using ink-wnting niv
tambours connected to the respee-
tive fistulns. The preliminary ex-
periment was conducted af the New
York State Veterivavy Ceollege,
when the animal was receiving a
diet of poor-guality mmss hay,
After the preliminary u\pm 1ment,
the animal was moved fo the kni.i—
cuttural Regoarch Center, Belisville,
A, and put on a constant diet, of
alfaifa hay. Duving the experi-
ments conducted at the Agrieadfurul
TResenreh Cenfer, carbon dioxide
gas was introduced into the rumen
at a rafe of approximaiely 1 Iiter
per minate.  This was done to
standurdize the raminal motility
and eructation pattern. Al water-
soluble test malerials were dissolved
n 50 ml of water and introduced
through the duodenal fistula in the

PREDOSE PATTERN

AT Ty

0. 8GN

DOSE

same manner and in approximately
the same lerigth of time,

RESULTS AND DISCUSSION

In the preliminary experiment,
alfalfa saponin was administered to
the sheep in two doses of 0.6 gram
cach. The first dose of 0.6 gram
{15 ml. of solution conlsmmw 0.04
aram per ml) was infr oduced into
the small intestine over a period of
& minutes, using an infusion device.
The second dose of 0.6 gram was
introduced in the same nmnner 49
minutes later. The first dose re-
sulted in an inunediate decrease in
ruminial motility and an increase
in intestinal motility (fig. 20).
The mecrease in intestinal motility
was appavent for 10 to 12 minutes,
starting by the time 04 gram of
dpnmn had been given. Ruminal
mohhtv was still reduced and in-
testinal motility was almost nil
when the second dose was given,
Midway through the second dose
period, intestinal motility increased
for a period of about 4 minutes and
then decreased rapidly. Ruminal
motility was still severely reduced
over the predose pattern when the
tracing was inferrnpted 30 minutes
later. Two hours later, both ru-
minal and intestinal motilities ap-
proached the predose pattern.

Experiments with different lots
of composite alfalfu saponin have
vesulted in patterns gsimilar to that
iltustrated in figure 21. In all

ST W S
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cases, the mailor ruminal contrac-
tion has been rapidly and maricedly
reduced in wnplitude when 1 grun
ot alfalfu saponin has heen intro-
duced into the infestine of sheep.
- Imtestinal motility has vavied soute-
what among experiments bu! usi-
ally has incrensed. for at lesst n
short time interval, fol]m\'ing the
dosing. -?epe:ltod experiments
with one of the suponing from the
yucea plant have resulted in no ve-
duefion in vuminal motility, as
Hlustrated in figure 22, In threc
experiments, dosage with 1 gram
of a sodium salt of a Tadine elover
saponin has not resulted in any re-
duetion of ruminal moliity, as il-
lngtrated in figre 23, The jutre-
duction of 1 gram of quercetin in
~waker suspension also resulted in
no veduction in rnmimal motility,
When 1 gram of quercetin was dis-
solved in 40 mil. of propylene glycol
andt introduced nlo the intestine of

the animal, mmminad mobility was
alfected in a2 manner similar to that
produced by alfalfa =aponin
Iowever, in a vepeated trial, $0 ml.
of  propylene glyeol introduced
inte  the intestine also reduced
ruptinal motility.

Figure 24 is given fo illustrule
the effect of quercetin dissolved in
propylene giveol on intestinal mo-
tiity in a aheep ‘The pronounced
and prolonged increase in intestinal
mofility is a diflerent result than
would he expected from experi-
ments with this compound on iso-
Tated intestinal strips.

The mechanism by which ruminad
motility is affected so rapidly by
the introduction of & smull amomwnt
of alfalfa sapenin info the intestine
is not evident. .\ postulation for
this yeaction is given in another sec-
tion of this bulletin entitled “Some
Pharmocologieal Effects of Alfalta
Saponin on Nonvuminunts and on

‘LWWW,@MW MMW’WU *’w;;w pr

3 i, CO.Z

RUMINAL MOTILITY

T LI i St S e B R
Animal 795

-
12/30/ 54
Ajiaffa Haoy

INTESTINAL WOTILITY
2g Yuccn Soporin Fishar's MNon= Taxic

Froure 22-—Typical reaction resuiting from {he intestinal adiministration of
Fuces suaponin in sheep.
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Tsolated Muscle Strips.” 1t ap-
peqrs to be significant. that the re-
gults of (he intestinal acdministra-
tion of alfalfa saponin aud other
compounds ave in agreement with
the results obtuined by ather
metheds of administration.

Al the experiments above were
condneted with a single animal.
1t could be questioned whether the
sheep had intestinal injuries resolt-
ing from fistulation, which could
linve affected the results. However
the animal had remained in excel-
lent health during the experiments
conducted over several months in
aclclition fo dropping and raising a
nornml lamb  during  the same
period.

Cinefluorographic Studies
EXPERIMENTAL PROCEDURES
Two Tambs weighing approxi-

mately 50 ponnds ench were nsed in

He, 795
12/20/54

RUMINAL
WMOTILITY
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this phase of the study. The gen-
eral - procedures  developed by
Dougherty and Mereditl (15) were
employed in these experiments,
The experiments were conducted
with  the cooperation ot staff
members of the Department of
Ladiclogy, Tniversity of Rochester
School of Medicine and Dentistry,
Rochester, N. Y., using the equip-
ment assembled by that school.
One Lunb was given a toxic level
ot alfalfa saponim and the second
was piven aomoderate but sublethal
level of saponin. I each experi-
ment the animals were given an
oral dose of Dbartum Su]hte, in-
sulllated with a mixtwre of 40 pex-
cent carbon dioxide and 60 pevcent
methane {initial pressure to 40 mm.

ITg, aud then reduced to 20 num,
]Il') The Aouroscopic image of the

normal action of reticular motility
and  eructation was recorded on
S5-mm. movie ilm. After motility

Mo, 795
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ieore 24 —Bifeet of quercetin
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in proprlene giyeol on ruminal and

intestinal potility in sheep.
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under these conditions was ve-
corded, the alfalfa saponin, dis-
solved 1n 1 liter of water, was intro-
duced into the rumen through the
fistula. The ruminal motility was
traced by regular means until the
rumen became quiescent. At this
_point the animuls were treated as
i above except for dosage with
saponin, and a second recording of
-reticular 1notility and eructation
was made.

RESULTS AND DISCUSSION

Fapertment I—This animal was
given 2 Jethal dose of alfalfu sapo-
nin of 50 grams. Projection of the
films, w hich w ere taken 38 minutes
after the saponin administration,

revealed that all ruminal and vetic-
nlar motility had ceased and that
eructation wag completely inhibited.
Deglutition and intestinal motility,
Liowever , were not inhibited. That
eructation was inhibited while dv—
glutition and intestinal motility
were not inhibited would indicate
that the inhibition of eructafion was
caused by a direct effect of ihe
alfalfa suponin on the central ner-
vous system rather than to a ditect
effiect on the stomaeh and esophag-

eal innsculature.

Eaperiment 2—The second ani-

mal was given 15 grams of the
alfalfu saponin Projection of the
film, which was taken 11 minutes
after the saponin administration,
revealed that the rumen was quies-
cent, and that contraction of the
reticulum was incomplete. rueti-
tion was attempted hut was partiadly
inhtbited. Trojection of u second
film, which was taken 40 minutes
nfter the fivst, revealed w quiescent
rumen, slight vecovery of reticular
motility, and some, but still ineffi-
- clent, eructation.

Summary

Intraruminal, intravenous, wsnd
intestinal administration of alfalfa

saponin to sheep resulted in reduced
cuminal  motility.  Considerable
vaviation was noted among animals
and with the same animals at differ-
ent fimes in their reaction to intra-
vuminal administration of alfalta
suponin. Reasons for this varia-
tion ave mot appavent at the pres-
ent, time.  Variations were also
noted among animals in their re-
ackion to intravenous administra-
tion of alfalfu suponin. Intestinal
administration of small minounts of
altalta saponin resulted in o rapid
redietion in the smplitnde of the
major vuminal contraction. Al
though some of. the etfect. of ulfalfa
saponin on ruminal motility may be
explained on the basis of a dirvect
action on the ruminal musculature,
other reactions noted i the above
studies cannot: be readily explained
on that basis. In some eases, ru-
winal motility was reduced im-
mediately following intraruminsl
dosing, but in other cases ruminal
motility was redoced only after a
timelag of several minutes.

The reactions noted in the above
experiments also mdicate that cer-
tain muscnlar actions nwre imhibited
more treacily than others. The
major ruminal  conlrvaction was
nmore vilner ‘ll_ﬂ(_‘. to the alfalfa sapo-
nin than the “eructation conbrae-
tion.” It also appears that ruminal
motility is aflected more readily
than efliciency of eructation.

Intraruminal administration of
fwo sapanin preparations from the
yucea plant (a steroid-type sapo-
nin) did not reduce ruminal mo-
tility, while a thicd sapouin of the
triterpenoid  type  (like  alfulfa
saponin) did resnlt in decreased
miotility.

The intraruminal administration
of press juices from alfalfa and
TLadino clover also vesulted in ve-
duced ruminzl motility in sheep.
The veaction was similar to that
obtained  with alfalfa saponing
however, this does not imply that
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saponin was the only factor in-
volved. Varintion was also noted
i the effect of legume press juices
on ruminal motitity. Part of this
variation was undoubtedly eansed
by the animals and part by variabil-
ity . the press juices.  Although
Tegume press juices can result in re-
duced ruminal motility, experimen-

SAPONINS 27

tal data are presented which indi-
cate that motility ean be relatively
active duving the development of
bloat symptoms following the ad-
ministration of legume press juices.

Cinefluorographic studies illus-
trate that alfalfa saponin ean in-
hibit motility of the retienlum and
exert a direct effect on eructation,

In Vitro and In Vive Experiments With Saponin in
Relation to Froth Fermation and Stability

By Tvan L. Lindehl and B, E. Daris

Several investigators have postu-
lated that saponin alters the surface
tension of the ruminal contents aned
contributes to the development of
frothy bloat (4. 29. 42). Tiecent
stadies yeported by Flungafe and
coworkers (24). Johns (29%). Smith
and others (43), Weiss (49). and
Jacobson and Tindahl (:23) indieate
that the formation of froth is more
complex fhan ean be readily ex-
Plained by a single factor.

A diversity of opiniens has
existed in regavd fo the importance
of froth formation and how it con-
frilites to Dloal,  Cole and eo-
workers (6, In ertticism of the
form  theory. siafed that thev
tapped a nnmber of cows bloated on
atfadfa pusture wirhout encounter-
ing acase in which a free gus pocket
wis absent, and coneluded that it
was  dillienlt to understuand how
Toaming conld enuse bloat when o
Tree gas space exists.  Ilowever.
Cule (5) has recenily stated that
more and more evidence i aceumai-
Taling to substantiate the view that
foruming is an important factor in
cansing bhloat on legume pastures.
Smith (44) has reported that
frothy Bloat produced under his
conditions could not be relieved by
stomach fube, Tindahl and co-
workers (31) stated in a prelimi-
nary report on the production of
experimental Dbloat with alfalfa

saponin that the bloat symptoms ap-
peared to be caused by gras reten-
tion, per se, rather than to froth
formation, because free gas could be
relensed from the animals with a
sfomach tube, TTlowever, Jacobson
and Lindahl (.25) have recently re-
porfed that when taking ruminal
samples from aninmals with frothy
bloat (produced with a diet similar
to that used by Smith) gas vepeat-
edly eseaped when the curvature of
the stomach tube was up during
placement of the tube into the
rumen.  Weiss {49} has also ve-
porfed that in most cases of frothy
bleat produced under lis experi-
mental conditions free gas escaped
from the fistula on openiug, Only
in a few cases did the ingesta froth
to such an extent as o 11 the whole
riunen and exude fram the fistulaon
removal of the stopper.

Clark (3), in treating natural
ciases of frothy bloant by injecting
antifoaming agents directly into the
rumen, found that when eructation
did not occur sponfaneously, the gas
was ensily removed by stomach
tube.  Johns (29) lias recently
stated that frothing is probably a
matter of degree and that it seems
likely that the fonm is never so
stable as to retain all of the gas
without a slow relense to n gas
pocket, even in the most severe
cases. Other reports in the litera-
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ture indicate that little, if any, free
gas is found in some severely bloated
animals.

The following studies were un-
derfaken to determine some of the
reldtionships of alfalfa saponin to
froth formation.

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

EXPERIMENTAL PROCEDURES

Preliminary in vitro experiments
indicated that alfalfa saponin, in
the presence of plucose, could stabii-
ize the “frothy” ruminal contents
of cattle rveceiving feed lot dicts
(25)2 Tlie procedure for measur-
ing ingesta volume inerease, as re-
ported by Jacobson and Lindahl
(23}, wue used in the following
tests to compare the elfecis of al-
falta saponin, two sapanin prepara-
tions tram the vucer plant, a water-
soluble protein (ege albumin}, and
a combination of thie profein and
alfalfa siapontn on froth formation
aned stability of unstrained ruminal
contents  from animals receiving
feed lot diets. Some additinnal ex-
periments were condneted with the
saponing, using ruminal contents
taken from cattle grazing en n groass
pasttive.

During the aetual tests, w vather
large sample of vuminal contents
wag drawn by stommeh tmbe. The
saimples were well mixed, and 200
ml. of the rmmimal contents were
deliveved into a 300-ml. eraduated
evlinder, Three grams of dextrose
were added fo each eylinder, One
cylinder served as a control.  All
the test materinls were dissolved in
suflicient water so that 5 ml. ot solu-

“tion contained G.L gram of the

Taconrsod, 1. R, HIOCILEMICAL, PILYS-
ICAT, AND BACTERIOLOGTCAL TACTORS IX-
VOLYED TN FRUMLY (FEED LOT) BLOAT. 1950,
[Unpblishad <doctor's Lhesis,  Copy on
file in Librury, Univ. of Jd, Colloge
I'ark.]
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material. The respective test ma-
terials were then added to the other
cylinders. After thovoughly mix-
ing the contents of the eylinders,
the eylinders were placed in a water
bath at 392 L for an hour. Af the
end of 1 hour, the evlinders were
removed from the water bath and
the tofal volume of the contents
recorded.  ‘The original volume of
ruminal contents plus the volume of
the additives were subfineted from
the total. The increase in volume
divided by 2 was recorded as per-
eentage of ingesta volume increase,
The contents of the evlinders were
then stirved. using 24 rotations with
a heavy stivving rad. The material
on the stdes of the evlinders was
pushed down fa the new level of
the contents. nsing a eorle stopper
rhat jn=C fitted into the evlinder.
A second reading was then talken
and corrected ax above. This in-
erense in volume waz agnin divided
I 2 and recorded ag pereentage of
stuble volume inerease,

Eieht head of cattle from feed
lot stndies with varving Hoat ree-
ords were nsed i the first phase
of the study. Tn these studies,
coticiietad from Juls 18 thrangh
July 26, 1955, forr raminal samples
were talen from each animal dor-
ing the periad.  Two sanmiples were
taleent hefore the morning feedings
and two hefore the atfternaon feed-
e Rueminal samples. however,
were tulen ouly once doring uny
particular day from asingle animal,
Tach antmal was rated for the de-
aree of hloat exhibited 1 hour after
foeding and  given a1 wumerical
rating ranging from G to . Tu the
tubles of results, the average daily
bloat index 13 given for each of the
animals during the tests, As the
morning  and  afternoon  samples
were not taken on the same davs,
the bloat index s given in the tables
vary slightly.

Four hewd of cattle were vsed in
the pasture studies.  These animals
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were grazing on a grass pasturve thak
contained nnl\ small amounts of
legumes. Fach animal was sum-
pled twice, but only one sample was
taken from a single animal on any
ene day.

RESULTS AND DISCUSSION

The resnlts of the experimenis
wilh the feed Job ealtle are given
in tables 2 and 3. and the resulis
with the pasture eatble in table 4
In vitro cxperiments cannai dupli-
e the conditions existing i the
rumen ; however, the degree of cor-
relation between the stable volume

Tanre .-

BAPONINSG

increase values of the control sam-
ples (ingesta plus dextrose) taken
hefore Toedmrr and the average
duily hioat mdews iz encouraging.
These observations are similar to
those reporied by Hungate and co-
workers (27) in studies on leg-
ume pasture blont, "The total vol-
ume inerease values do not have
the same degree of correlation, in-
dieating that the stability of ihe
Froth 1= far more important than
the total Tfroth formation. The
vilues obtained on the samples
taken before the morning feeding
are. higher and more mnmsfpni
than these faken in the afternoon.

~Tolal ingesta volunic inerease of moning conients from feed lot
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Tavne 83.—Total stable volume increase of ruminal conlents from feed lot
cetile

Sasenes Takex Berone roe Monxivg Feen

: E Stuble velume increase
' Yo e ——
; Copllool [ i i i
pAver-y rud- | ! ! 1 SRtat
Animal No. ;o age myl ¢ O N A (N | 00 G gm. eps
bloat | con- Con- | am. 1oEmn | g i 1 albumin
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! : 1 . 2 { &z
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The higher values oldained from
morning samples eau be at least
partially expluined by the fact that
the afternoon samples contained
more enfrapped gas and  conse-
quently less bquid ruminal contents
than the morning sample, The pll
values were obtained Immiediately
after drawing the ruminal contents,
The pIL values were not correlated
with the froth stability and were
in agreement with the observation
of Hungate and others (24) that
toam produciion and bicurbonate
content of the rwminal counfents
were not correlated and that feam

production was not ¢aused divectly
by w dilference in pllof the vuminal
eontents.  The difference between
fhe eflect of the alfalta saponin and
the yueen suponins on foumn stability
wus very pronounced even thengh
the yuees saponins possessed strong
toaming characteristics. The differ-
ences obtained between ruminal
sumples from different animals in
the response to added saponin, al-
bumin, and the combination of the
suponin and albumin illustrate that
froth stubility cannot be determined
by a single factor. The differences
in the fotal stable froth, after the
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Tanre +—Resulls of the effects of saponins on the stabilizaltion of ruminal
contents of caltle on grass pusture

PERCENTAGE

i
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B3 o e imm——eam i P37 7.5 43,7 45,0
1 TN 32 5 a6, 2 A0, 6 60.0
AT e e E 42,5 85, 4 38.8 . 42, 5
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| ] E R
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B £ U 3.7 28 7 6.8 . 12,4
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Bull L Llo.. e s 37 23.5 ¢ 7.0 G2
Avernge_ L oL 5 321 .d 81

addition of the same level of sapo-
nin, obtained from the pasture wnd
feecdd lob animals again illustrate
that alfalbu saponin can be ondy one
of the factors In stable froth
formation.

The significance of the resulis
with the cgg albumin inactnal Bloxt
is only a matter of xpeentation af
this fimie. This substance was used
becnnse o suitable plant protein was
not available, The tests with the
profein were  conducted  heeause
protein and protein degradation
products have heen postolated as
playing a part in troth formation
(:29). We have alse found that
Jegume press juices contain con-
sideruble amounts of heat coagul-
able protein that is either watoer
seluble or in colloidal suspension.
In addition, legume pastures con-
tawin high Jevels of protein during
periods of lush growth.

In Vivo Experiments With Alfalfa
Saponin and Egg Albumin in
Relation to Froth Formation

EXPERIMENTAL PROCEDURES

In vitro experiments have shown
(hat although alfalfa saponin has
strong sur Face active qualities, in-
troduction of aiv or gus from un
open tube into an aqueous solution
regults in o Jayer of foam on top of
the solntion rather than a stable
frath existing throughout the solu-
tion. However, when gus is intro-
duved in minute quantities over a
Brger arve, such #s passing the <ms
throngh a sintered glass Funnel,
very stable froth consisting of ‘;m.tll
Inbbles results. _\Ltempts to pro-
duce n frothy condition in the
runten of unimals grazing on grass
pastures by passing gas tlllOll"]l a
sintered afass surface were not suc-
cesstul, probably because of a rela-
tively Joealized avea within the
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rumen. The addition of alfalia
saponin and dextrose alone to ani-
mals grazing on grass or mixed
pastures or consuming hay ap-
peared to be inadequate to result
appreciable stable froth Tovmution.
However, frothy ingesta was ob-
tained in animids that had been
grazing on Ladino clover pustures
when alfalfa saponin and dextrose
were adminigtered.  1n view of the
vesilts obtained in the i vityo ex-
periments with a combination of
alfalfn saponin and cge albomin,
three experiments were condueled
in which these materials along with
dextrose were slowly  introduced
mto the rumen of fistulated sheep,
followed by additional dextrose and
seebivm Formate,  Ruminal matil-
ity was traced by the same pro-
codures ns degeribed in a previous
seelion.  The B st two exporimients
were conducted with sheep that had

No. 102
7714755
Grass RUMIMAL
Pasture MOTILITY

i1 ! ¢ .
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been grazing on a pasture which
contained only small amounts of
clover. The third experiment was
conducted with an animal on un
alfalin hay diet.

RESULTS AND DISCUSSION

Figure 25 Hlusirates the resulls
of the lisst experiment with slwop
An aueons solution containing 25
aruns of alfalfa sapenin, 235 grmms
of albumin, and 25 prams of dex-
frose was introduced into the ramen
during a time interval of approxi-
imadely 17 minuies.  Seven ninntes
Lter. the administration of asecond
solulion confaining 23 grams of
dextrose sl 23 oy of sodium
formiafe was started. The seeond
solution was given over a 13-minute
period.  Approximately 7 mnnites
later the intrarmuninal pressuve was
1 non. e ey ginms of sodium

Ho. (D2

7/ 14755
£ i A
i . 1, { H i H

o f‘ ‘ ' ] 'I ,,[. - Y PR -
.,A.- RN et
L “ v, o l,-... s P.._\..,,,_.n \..p-.n-—vmb-—‘ P '
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Figure 25, —Ruminal mofilily in sheep from fivst in vivo froth experiment.
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formate were then introduced into
the rumen over a period of approxi-
mafely 5 minutes. Shortly after
this doee, the intrarominal pressure
had built up to 15 mm. Ilg.
Shorfly thereafter, the manemeter
was disconneeted and the free gns
released from the ramen.  This re-
sulted in a drop of approsimutely 3
mm. ITe pressure; however, the
pressine confinned to build up and
waz back o the original level
within o few minutes. A dimerhy]
silivone  preparation  introduced
into the rumen ab that time resaited
i oa rapid deeline in the intra-
ruwninal pressure The amplitade

No. ©3
3/ 16755 RUKINAL
Paalure MOTILITY

uf the major rummal conlraction
wig reduced in this experiment,
butthe fregueney of fhe “ernctation
contractions” increased as the pres-
sure increasoed.

The sceond in vivo froth experi-
ment waz contlueled In a similar
manner.  Figwre 26 illustrates the
results of thiz experimoent. Twenfy-
live grams of alfelfa saponin, 235
grams of alhuming and 23 grams of
dextrose were introduced into the
rumen over a period of approxi-
mately Is minutes,  The introduc-
tion 6f sodimy formate was begun
in approximately 11 minutes
ifty wewns of this maevial was
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Frovus 26—Ruminal motility in sheep from second in viva froih experiment,
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Figree 27.-- Luminal inolidity in sheep From Thivd in vive froth experiment.

wiven over a periodl of approxi-
mately 30 minofes. The sodinm
Tormaie wus then followed by an
wilditional 23 wramis of dextrose.
Ab the end of this dose the intra-
rumingl pressure had inereased to
13 mm. Hg and eonfinued fo in-
erease over the next 1IN nunutes
An additional 23 grmus of dexirose
iven af that time did not result in
an wdiitional inerease in pressute;
instead, the pressure bi?y_':m ta de-
crease and continoned (o doso. x-
cept for a short period Tollowing
the administration of the npnmn.
rupinal motility was very active

trne during the inerease in infra-
ruminal pressure. The upparent
reduction in amplitude of contrae-
tion at fthe height ot the Infra-
rominal pressure 18 not o true re-
duction hut is cauzed by an inade-
quacy of the recording system.
The result= of the third in vivo
froth experiment mre lusirated in
e 27, This sheep id Deen re-
ceiving an alfalfa hay diet previous
Lo the experiment. T ihis experi-
ment, wodosge of 23 grams of alfalfa
=Poning 25 grrns of albumin, and
23 meamg of dexirose was followed
Iy 05 grams of dextroze and 350

and pronounced ; this wagespecially  grams of sodivm Tormate,  Inkra-
Animal MNe, Alfalfa
776 Meol Pollets RUMINAL
12/7/54 Diet MOTILITY

[Eeegie ¢
C02 aN ’Euch arrow = a litar COZ

E E
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TIME

INTERVALS =

P MINUTE 9:30 A.M.

Traune 28 —Rapid response of ernciation reflex Lo gas pressure stitmulug in sheep.
E=prnctativng,
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Ho. 118
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Firee 99 —=KNeot of infrarvminal adminisiealion of doextrose on Fyminal mobiliy
in sheen.

ruminal pressure increased rather
steadily wntil if reached 10 mm.
He pressure and  then declined
rapidly.  Rununal motility  was
very active thronghont this exper-
ment. Tn ihe absenee of mechanicenl
or physiologieal Mockage of erncia-
tton. o s diflieult to bnnld up intea-
ruminal preszuve either through the
introduction  of  reladively  Taree
dImonnts (lf i ll”(‘ ”it‘ FUeNn, {1y
st rated in il;_jlii(‘ 28 or by the use
of the gus formers sueh as dextrose
and Formate, asilio=trated in Higores
20, 3k and 310 An effeet of intro-
ducing 25 grams of atbumin and 30
grams ol dextroze into the rumen ig
Wusteated in figave 52,

T view of our failure in o number
ot experiments 1o produce raminal
distention or tnerease inbrruminad
pressure by the introduction of ms
foroers, suel as dextrose or form-
ate, o Fhe ramien and of the aeiive
risinat wohih(y exfiibited by two
of the aonbusls, f = concluded that
the inerense in antraraminal pres-
sire resilied from tlie formaiion of

sufficient froth 1o interfere with
eructation.
Ma. (18
8/15/55 RUMIN AL
Grasx Pos!uu MOTILITY

In Vivo Experiments with Alfalfa

Saponin and Alfalfa Press
Juice in Relatien to Froth
Formation

EXPERIMENTAL PROCEDURES

In order to study further the in-
teraction of allfallfa saponin and
ollier plait constituents b relation
to froth formution. the following
series of tiree experiments was con-
dueied,

Adfadfa press juice was propared
from nosample of altfalfa that had
naot produced bloat symptoms when
Ted to cattle in the freshly cut state,
The press Juice was prepared im-
mediafely preceding each of the
three experiments, according to the
provedures ontlined in the “soetion
on ruminal motility.

A singte fistulaled sheep was used
i e experiments. The animad
wis grazing on g pasiure containing
large mmounts of grass and some
Ladino clover.  In each of the ex-
periments the animal was removed
fram the pasture 2 103 hours before
e experiments were conducted,

Na, {18
B/i5/58

Gross Posture
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indrewninal administeaiion of sodinm forate oi ruminal

motitily i sheop,
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rumnimil motility

Ruminatwotility wasvecorded by
using the previously deseribed toch-
niques, and intraruminal pressure
was recorded by using a nmnometer
connected to the fistula of the
animal.

In the fist experiment, 1,900 ml.
of the alfulfa press juice was in-
troduced into (he rumen of the
sheep and the control recordd ob-
tained.

In the second experiment. con-
ducted on the following day, 300 mi.
of a water selufion confaining 15
grams of alfalfa saponin and 30
grams of dextrose was added (o
1 600 ml. of the alfalfa press juice.
and the mixture introduced into the
rumen of the animal, as above.

In the third cxperiment con-
ducted 3 days later, 2 liters of the

Neo. 795
/15755

RUMINAL
Alfolla Hay

MOTILITY

1 25y Albumin

i 509 Daxiross

in sheep.

alfalfa press juice wasslowly heated
to 007 (L L coplous precipitate
which  eontained  considerable
amounts of protein was obtained.
The juice was then filtered and
cooled to bady temperature.  Just
previous to adniinistration of the
juice Fo the animal. 13 grams of al-
falta gaponin and 30 grams of dex-
trose were added to the solution.

Methyl silicone wag used in the
seeand and thivd experiments n
order 1o shiow the effect of an anti-
foaming ngent on the experimental
Dloat symptoms,

Where it was possible to distin-
gnigh elearly berween the major
ruminal confractions and the “eruc-
Lation contractiong,” the frequency
and amplitude of the contractions
were measured and recorded by A-

Na. 795
8/15/55

Time in Minutes

| Fran e o e ey T
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T

IMigure 32.—IMect of intrarmmingl adminisiration of albumin aml dextrose on
ruminal wotility in shoap.
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minute periods. The predose am-
plitude measuremenls were’ given
an arbritavy index valoe of 100,

RESULTS AND DISCUSSION

The results of (he ihiree experi-
ments on the sheep arve given in
table 3. These experiments to-
eether with the experiments in
which alfatfa saponin and ege
albnmin were combined are prelimi-
nary in nature, but these experi-
ments indieate that an interaction

SAPONINS
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befween saponin and protein may
exist m the formation of frothy
ingesta, Readily fermentable cor-
bohydrates, such ns dextrose, also
appear to aid in the formation of
froth, Whether this action is lim-
ited to more rapid gas formation or
whether dextrose las other proper-
ties that contribute to siable froth
Fformation remaing to be elucidated
by Turther experimentation.

In all the experviments, x definite
Inerense in the frequeney of the

Taner b—FResults of introduction of alfulfn press juice, saponin, and
dextrose into rumen, of fistulated sheep
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ist postdose_.___ f g Lot Tno .81 100.0 1 Slight increase.

2 postdose. ..o : i L2 TG L8160, 8 Do,

3d postdose_. .. .¢ i L0 774 L& 108.0 | 5 mm. Hg.

4th postdese ' H Loy 7L .8 108, 0 Do,

Sth imst(iose___-li g, I E 10 100. 0 | Deercasing.
i

ReEcosh Bxregiapxe— 1,600 M.

Anranra Tusss Jeics Pous 15 aa, ALPALPA BAPONTN

axn G0 oy, Dexrress

Predosoe, . .. 8. 1.2 100, ¢ 0. 4 ] 166. 0 | Normal,

Ist postdose ____. 1 - 14 G343 - 1.2 1400 7 | Rapid increase.

2d postdose. oo ' 11} 1.2 B0. 2 | L8] 1232 Do.

3d posiduse .. . 120 el 2 10 mm, Hg,

Sl postdose . - ¢ 13 T P e 14 mm. Hg and in-
’ | i | i ereasing.

5th posidose T L IS [ F feema—-~. Began to decresse.

Gth postdose_ | | I fe o mem—an [T 1 Decreasing.

THh postdose. oL i 1.2 .2t G 00,9 Do.

Sth postclose. - 6! 6 10,2 | (6| 106.0 { Do.
1 i } i i

Tarte Expmmssyr—Anravea Juies Mixvs Prorery Prrs BaroNiy axp DeExrrose
P ! ! . |«

Predoseo._o ... 7 Lo 1000 I (L33 100. 0 | Normal,

Ist postdose.. . _. . RS [ [N IR [ N5 12 ’ 100. 9 ] Slight increase,

2d postdose. .. .. 12 . e [ [m o e 5 mm, Hg.

Ad peostdase. ... ; T el icmeeaal R I T

ALl posidose oo S S, femccans j_____“-: Do.

5th postdose 1. 8 ﬁ .......... e o b, I | Do.

6ih postdose__.._ ! 7 ] G [ 27. 9 i 8 1 71. 4 | Deereasing.
| |

1 Methy] ilicons intrectuerd ko i ramen.
2 Al eontrnetions retlucsd in stronglh,

400051 —5T 4



http:ALFAf.FA

38 TECHNICAL BULLETIN 1161, U. S. DEPT. OF AGRICULTURE

“eructation confraction” was ob-
gerved, and in the second experi-
ment in the series with the alfalta
press juice, an increase in the am-
plitude of the “eructation contrue-
tion™ was also noted as the intrarn-
minal pressure was increasing. In
all the experiments in the ailtalta
press Juice series, the major ruminal
contragtion was reduced in ampli-
tude following the dosing and it
was markedly reduced in the experi-
ment in which the hieat precipitable
protein was removed from the al-
falfa press juice. The amplitnde
of the “cructation contraction™ was
reduneed in only one of the experi-
ments in the press juice series
These abservations ure in agree-
ment with the experiments on the
etfect of alfalfa saponin on ruminal
mwotility, 1. e, that the major ru-
minal contraction is more readily
aflected by saponin than the “erne-
tation confraction.*  Another ab-
gervation 1s that a greiter reduction
in mminal motility was observed in
the Inst experiment in the alfalfa
press juice series fhan in the second
experiment in which & more pro-
nounced bloat rveaction was ob-
tained. This observation iz in
agreement with the previously des-
eribed experiments with legume
press nices, as illustrated in figures
16 and 17.

Johns (29) and Ilancock (20)
have reperted that ruminal mave-
menis increase in frequency and
intensity during the carly stages of
frothy pasture hloat.  Jacobson
and Tindahl (25) have reported
that ruminal motility increased in
frequency during the development
of frothy feed lot bloat. The ob-
servations on ruminal motility as
reported in this section at least
partially substantiate these obser-
vations; however, a number of
fundamental ¢uestions still remain
to he answered.

Ruminal metility is quite com-
plex, especially when motility of

the rumen and reticilum ave con-
sidercd fogether. The observations,
as reported in this bulletin, illus-
trate that cerfain ruminal con-
tractions appeur to be more readily
affected by the action of alfalfa
saponin and legume press juices
than others. 1t appears that the
amplitude of the major raminal
contraction can be reduced while the
frequency of the “eructation con-
traction™ ean be increased.  Studies
by Weiss (80} and others (10, 23,
6%, together with a number of ex-
periments conducted hy the authos,
have shown that in normal animals
ruminal confractions and eructalion
rafes vary with intraruminal pres-
gure. Tnereased intraruminal pres-
sure leads to an increase in the
frequency of the “eructation con-
fraction™ and the rate at which

eructation oceurs. This is con-
trolled apparently by o reflex
mechanism.  Weiss (50) indicated

that the elliciency of the reflex may
vary among animals.  On the other
hand, substances such as atropine,
sodium carbonate, and potassinm,
eyanmide, in addition to saponins,
can cange ruminal atony or paraly-
sis.  Animals also vary in theiv re-
action to dimgs, some heing more
susceptible than others. Doungherty
(17) has foand that raminal motil-
ity could be stimulated by increas-
ing intrarwminal  pressure, after
ruminal paralysis was induced by
atropine  administration.  Weiss
(60) induced total ruminal paraly-
sis in sheep by dosing the animals
with cither sodium carbonate or po-
tassitun eyanide, and then increased
intrpraminal - pressuve by intro-
ducing air into the rumen. He
found that the “inereased intra-
ruminal  pressure stimulnted the
eructation reflex so that the forward
moving ernctation contractions re-
appeared rhythmically, although
the backward moving ruminal con-
tractions remained inhibited.”
Weiss also found that these “eructa-
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tion confractions” were mariedly
increased it eructation was ineffi-
cient and high intraruminal pres-
sures were sustained.

Tt was pointed oub in a previous
sertion thnt a vednetion in ruminal
motility or even ruminal paralysis
does not in itself lead to ruminant
bloat, provided that the muscalar
actions of the eardia and esophagus
are nob wnfnbited. ITowever, in the
presence of frothing of vuminal
contents,  imipaired Tuminal  and
reticuli- motility could well be
contribatory to the development of
Bloat. The cineflusragraphie stud-
ies ilustrate that the alfalfa
suponing also ean affeel the motility
of the reticuinn and the mnseular
actions of the esophagus in addition
fo aching on riuminal motility,

Some important questions remain
to he answered m  relation fo
rumilnal-reticutay motitity and ru-
minant bloat. Althongh it appears
that there is o ruminal coityaction
associated with eructation and that
the frequency of this contrnction
varies with intrarueminal pressore,
the bypothesis az advanced by
Weiss that this “eructation contrac-
fion™ is forward moving in nature
as contrasted to the backward mov-
ing “major ruminal confraction™ is
guestinned by some workers.  Also,
it hus not been confivined that the
stimulus for flie “eructafion con-
trackion™ ortginates from pressure
vecepiors it the dorsal bBlhind sae.
Itis importnni‘ that the exact nature
of the “ernctation contraction,” in-
cluding ifs innervation, be definitely
est ’lhil‘sh(‘d and the 1eiationfshl}) of
this “eructation confrartion™ to con-
tractions of the veticulim, reticulo-
rinntial fold, and other parts of the
ruminant stomach be determined.

Tntil inore dafa nre wvailable, an
important question is: Can the con-
tractions ol the reticulum and
reticolo-raminal fold be quibe in-
eficient while the hoquvn(y ol the
“eructafion  contraction™ g in-
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crensed? It would appear that a
reduction in the streagth of the
contractions of the reticuium and
veticulo-ruminal fold would con-
tribute to difficulty in clesring the
cardia of frothy ingesta. (n addi-
tion fo the need for more funda-
menta? data on the mechanism of
eructabion in relationship to ru-
minal motility, definite and precise
ieasurements of the motility of the
vomen, tetienlum, and  reticolo-
vuminal fold during the actunl de-
velopment of clinieal bloat should
be attempted.

Another question that needs to be
answered s whether or not absorp-
tin of physiotogiceally netive con-
sbituents is ag rapid in frothy bloat
as it is when the rumen is free of
stable froth.

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

EXPERIMENTAL PROCEDURES

The following experiment wus
conducted in order to determine the
amount of free gas that could be
found in the rumen of a steer bloat-
ing as a resul of froth formation,
‘The animal had been fitted with a
permaneni-type  reminal  fstala
and had received w bloat-praduc-
ing diet for severnl months previ-
ous to the fest. The diet used was
similar to that used by Smith and
coworkers (45) and Lindahl and
Davis {82), and identical to that
reported by Jacobsen and Lan-
dahl (#5)., In previous experi-
ments 16 had been found that
ruwinal  wetility  wus  active in
this animal durving the development
of bloat symptoms.

During the experiment the infya-
ruininal pressure was measuved {1
howr after the morning and after-
noon feeding pertods) by using a
merenry twanometer atfached to a
tube running through the fistula
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plug and into the rumen. Then o
stomach tube of 1-inch inside diam-
eter and with a natural curvature
was directed into the rumen and
toward the dorsal blind sac. When
the stomach tube filled with ingesta,
it was removed and a second intra-
ruminal pressure measurement wis
obtained, as above. The remaining
free gas was then slowly released by
opening the pincheock on the fistula
tubing until froth began to come
out of the tnbe. At that time, a

TECHNICAL BULLETIN 1161, U. S. DEPY. OF AGRICULTURE

third measurement of the intva-
ruminal pressure was obtained.

RESULTS AND DISCUSSION

The results obtained in the ex-
periment ave given in table 6. Al-
thongh these results were obtained
with an animal with a particular
type of frothy bloat, they do illus-
trate that, at Jeast under some con-
ditions, a considerable amount of
Tree gras can be Tound in the rumen
along with a large amount of froth.

TanLy 6.—Free gas in the rumen of a steer with frothy blowt

Tntrarmninal] Iniraruminal

Ihitial JHTESULE PressUre
Datc inlrarnminal;  alter gas alter relense
NreEsuTE was released | of remaining

by stomnch free gas

tube

A, Hy Mo, £y Mwm. Hyg
Aug, 19 1080 o oL 20 1+t 2
£ 200 | SRV 30 12 2
Aug, 22, 1055 . e il 18 s .
250 L PR 16 4 2
Aug 23, 1955 A M e I3 b 2
[ 16 g 2
Aug, b, 1955 8. ni_ il oo 16 G 0
[ 700 33 S 1] 2 0
Aug 25, 1955 8 Moo 20) 5 2
12001+ - 3 2 0
Aug 26, 1055 s Mmoo e 14 2 0
[ E7E ¢ P 20 § 2
Ang, 27, 1955 A Nl e ce o e e s 26 10 s
[0 1} F N 28 16 S
Az 28 1935 0 Moo oee ool 23 & G
LT 3 I i 24 3 4
AVOTAEC e me e 19.4 7.8 25
SUMMARY and carbohydrates in the formation

In vitro and in vivo experiments
indicate that alfalfa saponin can
contribute to the formation of and
to the stebilization of froth of
ruminal ingesta, TIlowever, it is
also quite evident that alfalfa
saponin is not, the only factor in-
volved in stable froth formation,
either experimentally or in clinieal
bloat. That a possible interaction
may exist ameng saponin, proteins,

of froth needs further investiga-
tion, In addition to the contribu-
tions made by the plants to froth
formation, it is quite cvident from
recent experimental work and from
the oceurrence of clinical bloat that
one or more animal factors are also
involved.

T# also appewrs that frothy in-
pesta ean contribute to or cause
blont symptoms in some cases with-
out filling the entire rumen,
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Certain questions are raised con-
cerning ruminal motility and frothy
hloat l.e‘—lllt}l’lff Trom the use of

physiologically active materials in
the production of the bloat symp-
toms.

Some Pharmacological Properties of Alfalfa Saponin
When Administered to Sheep

Ty ROV

The following described experi-
menta were mulmt aken to gain an
insight info some of the )h.nm 100-
logical properties of .1iI..1H nLsponin
when admimnisiered 1o ruminanes
With the exception of =ome general
ob=ervations and hlood studies made
af the Ageienttoral Tesearelh Cen-

ter, Beltsville, M., the experiments

were condueted af fhe New York
Stude Vererinary College, Tthaea,
N.YL using western range sheep.
These shieep were vecelving a rather
poor quality grass hay at the fime
of the experiments and, to our
knowledge. had never grazed on
legume pastures,

Experimental Procedures
and Results

BLOOD STUDIES

Hemolysis.—One of the proper-
ties of the saponing in general i
their ahility o hemolvze blood.
Sollmann (46 states that the heme-
Ivtic action of saponins may be pre-
venred by cholesterol, hut (hai the
chelesicrol profee tion does not ex-
fend to (he “central saponin ac-
tions.® XNo cmmhtlon was found
between bloal svmpltoms due fo
saponin administration and blood
hemolysis in a0 number of experi-
ments econducied ar the Agrieulturad
Regewoeh Centers 1. e., bloat symp-
tonts weire abtained withont blood
hemolysis. wnd blood hemolysis was
obiained without bloat symploms,
Although intravenous injection of
SPONIN wis more prone Lo result in
hemolysis  than intracumingl ad-
ministraiion, the injeetion of up to

Dougherty and fran L. Lindall

1 gram of the alfalfa saponin failed
to prodoce hemolysis in some cases
and only slight hemolysis, which
disappeared rapidly, in other cases,
In still ofther eases, rather marked
hemolvsis was noted.

An experiment was designed fo
show the effecis of hemolysis and
also to show the eflects of removing
an equal or even larger number of
ved cells than eould have been lost
in the degree of hemolysis caused
v the administration of alfalfa
saponin. A range wether weighing
110 pounds was nsed in the in vitro:
in vivo hemolysis experiment. Five
hundred ml. of blood were with-
drawn from the jugular vein in o
periad of 3 minutes. The blood was
Laked with 600 ml, of distilled water
and then tnjected into the jugular
vetn, uging the continuous drip
method, The injection was started
13 minutes after the end of the
wirhdrawal peried and was con-
tinned for 56 minntes.  Ruminal
metilily was recorded throughout
the experiment. Tigure 33 shows
the marked decrease in ruminal
motility following the hlood with-
drawal, Forty- five minutes after
the (‘omplolmn of the transfusion of
hemolyzed blood, the animal passed
Blood-tinged wrine, Beginning ap-
pm\mm{'l_\ +3 minufes after the
tran=fusion and for severnl minutes
thereafter the animal displayed
museular tremors. . Dueing  the
period of fracing, flie ruminal con-
traet tons and Iekpnd[lon were con-
siderably glower than in fhe pre-
freniment paftern. When the ani-
mal was checked T hours after the
completion of the transfusion, it
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TAMBOUR ADJUSTED
IRANSFUSION

SGO:: BLOCD DRAWHN STARTE
MINUTES
5. — " o s o 3.5 — o " 35

Frotne 53.—Marked decrease in ruminal moedility following the withdrawsal of 500 ml.
of blaod from e jugnlar vein of 2 sheep,

appesred fo be velatively normal,
The animal was checked closoly
over the next several days and at no
time did it display any signs of dis-
comfort or abnormalitics. Neveral
moniths after the experiment the
animal continued fo Le in good
health.

Whether the doereased ruminal
motility was eaused by lowered
blood pressure and a subsequent de-
crease in sphachnie hload flow or
by direet effect of Fhe decreased
axygen-carrying capacity of the
blood. or both. could nol be deter-
mined From this expeviment. Toan
attempt to answer rhese questions,
an experhment was desigmed to re-
mave =mall amownts of Blood at
vegular dndervals until a laree
amounf lad been vremoved and 1o
replace the volume with the same

volnme of blood extender. .\ range
wether \wurinn"_'lppm\un1!91\ 110
pounds was used 1n this experiment.
Three hundred b of blood was
withdrawn from the jugulie vein in
i3 steps of 30 ml exeh over a period
ol 20 minules. lach time 50 ml, of
blood was withdrawn, an equal
volume of plasma volume expander
{4 pvzu\n[ dextran it an isotonic
Nall solution) was immd ueed Info
the jugular vein, Ruminal motility
was braced by using an ink-writing
aly tnmbour attached to 1 perma-
nent runinal fislula of the animal,
After completion ot the experi-
ment. the amplitude of the major
runiinal conbretion was measured
from the tracing and the frequeney
af the contractions connted.

The resulfs as given in table 7
indicate  that the reduction in

Tavtwe T —Lfeet of remorving 300 ml. of blood from a sheep at vegular
indervols and veplucing the blood by un. cqued volume of plasma on

el confraclion and the frequency of contractions

Time

Prelreatment . ol L

50l .- e L a
100 oy L.

After drawing
Afloy (_h':l\\'l::;:
After driwing
Afler driwing 200l __ ...

0

Aftor dr:awinu 230wl e e

After deawing 300 mdo______ .. _
15 minutes :tﬂ('r taking 300 mi .

30 minutes after taking 300 mi_. .
45 minutes afler inking 300 mtl. .. .

a0 ml_o ... LT

£ Mpli-
inde index ! Frequeney  of  rcon-
i {masjor trnctions {major
i coutrac- contraction)
: tion}
| |
. 0 ;1 oper 1.25 mimiles.
e 601 T per 150 minutes.
- a0 o,
e a0 1 1 per minule.
....... 8G 1 1 per 1.50 minules.

80 ! Do,

I 83 0 1 per 2,50 minutes.
_____ GO EE per 167 niloutes.
______ G0 - 1 per L25 minukes,

GO ;1 per 67 minntes,
| [
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riinal motility was not cavsed by
the reduction in blood volume and
pressure alone.  Additional experi-
ments along this line are desirable.

Blaod ('ell (ornts—Five experi-
ments were conducted as described
below,

Faperiment 1 was conducted at

SAPONINS 43

the New York State Veterinavy
College. .\ normal blood sample
wag obtained from o sheep and then
075 gram of alfalfa saponin was
introduced info the jugular vein
during u period of 3.4 minutes. No
bload hemolysis was detected in any
of the samples {table 8}.

Tanre 8—FLffect of introduction of 0.75 gram of alfalfa saponin in

Sample

Juguler vein on blood cell count of sheep

i ! !
i Packed cell ! White blood |
voluing } colls

Red blogd
cells

7h minntes altec dose_ oo ___

|
Hoveent 0

Million
33 | 7

I, 856
i 2,750 G
4 2,450 13
25 1, 800 S

The results of the Qifferentinl connts shown in Eable 8 nre as follows:

S ple

Nornal {proedoseY oo _______ RBosinophils,

Bilood conslitucnts

pereeni s bhasophils, 2 perceni:

band, % percent; segmenters, 24 pereent; mono-
cytes, 4 pereent; and lymphocytes, 57 percent.

BevondooL__ L Monotytes, 2§ pereent; and lymphoeyles, 72 per-
cent very pronoubceed loncopenia.

Third_ ..

Fourth i3 to

Lymphoeytes, 100 porcent; microscopic exsming-
tion of the smeay reveaded only 20 leucoceyios.
3 minules

were  reguired o And G

leneoeyies,

our additiondd experiments on
sheep, conducted at the Agricul-
tural Research Center, confirmed
the above vesulis; i. ¢, an increuse
m the red bloud cell connt and a de-
crease in the white blood cell count
always Tollowed intravenous injec-
tion of the saponin.

Blood Ilistamine and (Flueose
Levels'—The  following  experi-
menk was conducted to derermine i§
intravenous administration of al-
falta saponin vesulied in histamine
retense or affected the blood glucose
levels.

$The Bieod histamine delerminatipns
were made in AL I. Neal's liboratory, De-
partment of Biochemistry and Nutrition,
Cornell Universily, and the biood glurose
determinations were made by Aunguste
Yallenas, New York State Veterinary
College,

Over a 13-minute period 0.94
gram of altalFa saponin was admin-
istered into the jugular vein of a
mature sheep.  The solubion (47
ml containing 0.02 gm. per ml.}
was injected at a uniform rate by
uging an infusion pump. Local
anesthesin {(Procaine) was used be-
Tore the insertion of the polyethy-
lene delivery tube into the jugnlar
vein, ‘The Tollowing negative re-
suits were obtzined: Predose—no
blood histamine and 43 mg. ghicose
per 100 ml. plasmag after the ad-
ministration of 0.6 gram of sapo-
mn and cessation of raminal mo-
ility—no blood histamine and 45
ing. glucose per 100 ml. plasma;
after the administyation of 0.4
gram saponin—no blood histumine;
and, 12 minutes after the complete
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dose of saponin—no blood hislamine
and 43 mg. glucose per 100 ml.
plasma,

STUDIES ON THE EFFECT OF AlL-
FALFA SAPONIN ONMN RESPI-
RATION AND OXYGEN CON-
SUMPTION

Obzervations made during a num-
ber of experiments at the Agrienl-
tural Research Center indicated
that either nirmvwninal or intra-
venons adminisiration of alfalfa
sponin to sheep resulted in o
change in theie vespirntory rate and
rhyihm.  In general. the saponin
administration resulied in an in-
creased respiratory rate For gevernl
minutes following the dose, then the
partern beciune drvegular and in
sone cases developed info Cheyne-
Srokes respiration.  In two eases
gdeseribed wnder the experiments
on the cardio-vageular system} in
which lethal doses of alfalfa sap-
nnin were given. vespiratory failire
preceded eardiae failure,

To obiain additional data on the
effoet of atfal fa sapouniu on vespira-
tion and oxygen consumplion, the
followhig deseribed expemment was
eondieted. The trachen of 4 ewe
that weighed approxinsuely  lon

pownds was cannulated under local
anesthesia, and the oxygen con-
snmption  meusured by using =n
Benedict-Roth metabolism appara-
tus, A IZ-minute predose pattern
wus obtained, and then U.73 gram of
alfalfu saponin wag infroduced into
the jugular vein over a 12-minute
perind. The saponin solution (0,02
gn per il was introduced at
unitorm rate by using an infusion
pump. The oxvgen consuwmpiion
aidd respiration de were obluined
during the dose period and for the
next o7 minubes, The results are
siven in table 9, with ihe predose
oxygen consumpiion given an arbi-
Drary valoe of 100,

Fignre 34 jllustrades the change
i e respivatory rabe snd ehyvthm
Following the sdministeation of the
0I5 g of saponin shown in
fable 4.

STUDIES ON THE EFFECT OF
ALFALFA SAPONIN ON THE
CARDIO-VASCULAR SYSTEM

Todetermine the action of alfalfa
~tponin on cardine action and Blond
pressure. the following experimenis
were condueted,

Blowd  pressum --X western
vanee ewe, weighing approximately

Wanrg Go—Lespiratory rale wnd vilulive orygen consuwmplion by « ¢ we
durving and after 003 gram of affalfu saponin was indraduecd into the

Jugrnlur vein

Time
Predose. ool Lo .
First 3 minutes of dose period.
Next d minnbes. oo L. .. ..

Next 5 minvies___.
2.5 1o 9.8 minnlss altor ead of dose

4.3 Lo 15.5 minutes after vud of dose .
18 Lo 24 minuies after end ol dose. .

24 {0 30 minules after ond of doge___
33 1o 45 minules alter end of dose_ . _ .

45 Lo 37 minutes after end of dose. . .

83 puer aninuteo L. . [t

Relaive
Heaplratory mie oxygen
cansunip-
Lien
Value
SG peramdnle, . oL 003

©A per iminnle; ivvegular i3
47 per minyte: ireeanlar [}
a8 per ninute; irregular., . b
449 per minute; rreguiar . 103
48 per mingte; irreguiar i
- A6 per minute; drregular 87
Too rapid to determine., (32
JUNRR § 4 TR Y
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PREDGCSE :
TOXYGEN CONSUMPTION

Foear Bh

Clinage 5o pespiratary rate aod rhythin of eowe Sollowinge gl fa TR

admifnixiration,

1 ponnds, was anesthetized by the
e of Nembanal, A 20 gagre peedle
wis Inserted into the carotid ae-
tery, and the blood proseuve record-
ings were pnede, nsing a0 Sunhorn
Eleetromanometer mind Viso-Cadi-
etio, U\ Totad of 2 aemns of alTalfa
=ponin i agueons solntion 3 ml,
confuained 008 oo was injeefed
o the saphenos vein in 3 doses,
wsing 1 livpodernie sveinee,  The

size el frequeney of (e doses
alonge with their effeet on Bloml
pressuie are given as folfows:

The predose blood pressure aver-
aged 125 mm. of e ANfter the
mmjection of 025 wiwm of the =apo-
ai. the pressuve dropped o 73
mine bt retirned to the predose
fevel o approsinately 45 seeonds.
Aseeond injeetion of 025 e was
siven i Uomintile and 22 seconds
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after the first; this dose again re-
sulted in a mr)mr'nlal\ drop in
pressure with rapid veturn to nor-

mal. A thivd dose of 0.5 gram of
saponin was given in 1.3 nnnutt-n
after the second. The drop in res-
sure wag less pranounced than with
the fivgt two doses (Trom 123 to 90
mm. of 1T} and agnin was of short
wration. A fourth injection of
0,05 ram was @iven 2 minutes and
15 reconds after the third. The
blood pressure drapped to T3 nim.
horily after the dose und fnetu-
ated between 63 and 73 mun. for the
next 7.3 minuies, at which (ime the
final injor fion of (023 gram was
riven,  “The final mwttmn resulied
i aslight depression in the pres-
sure for a few seeonds. During: the
next 5 mninules the hlond pressare
remainet faivly consiant at ap-
proxinately 0 nn, aid then hegan
Lo fhuetuate preceding death of {he
ammal.  Death of the animal oce-
curred approximately 10 minates
after the Bnal dose with w-[m‘nm v
Milure preceding cardine failore by
2 ru S minutes,

Cardine wetion.—\ fotal of (18]
aram ol al lad i saponin \\.1«.1(]1111||-
iwtered into the Jugular vein of
wether fweight, 90103, The '-dIJU-
nin =olurion (17 ml, containing (102
ENL SO perml) was injoee Torl wi
A aniform wafe over a perisd of 23
minufes by neing an infusion Py,
Local anesthesin { Provaine}  was
nsed before insertion of the poly-
ethylene delivery fube jnio the
jnglae veine Al ink- wriling alr
Funbour eomneeted o the perman-
ent ruminal fiztula of the aninal
wast nsed to Craee ruminal motilicy,
Electrocardiographic tracings were
obitined by using o Sanhorn Viso-
Cardiette wirh thiree leadss, Predose
heart rate was 1060 to 110 per min-

ute: the following vesulls were ob-
{nimed,
The second  electrocardiogram

was faken S minuies afier starting
the dose period, or when 0.3 gram

.
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of saponin had been administered.
Bummal motility was decreasing
add the respiratory rate was in-
ereasing ut this point. The heart
rate wis 73 o MY per minuete and all
eyvele components with the exeeption
of the T wave were of somewhat
greater unphlu(h‘ than the predose
pattern. The third electrocardio-
rram was iakenn T minufes lnter,
or when a total of 06 eram of
saponin had  bheen  adnminiztered.

Major  ruminal  mofility  had
ceasedd and  the vespiratory rate
was rapid, The heart rate was
now 61 fo T oper minute and

leads 1 and 2 showed s(ronger do-
lections in all components. The
fourth electroeardiogeam was taleen
T minutes later, or when o folal af
U2 aram of saponin bad heen ad-
mitnistered.  Major ruminal mioiil-
ity had consed. vespiration was
rapide amd the aninal was =Neezing
Froquently. The heart rate was
(o Tl per minate amd all leuds
showed stronger deilection of all
componenis,

The fifth electroeardiogrim was
tlien s minutes afeer the end of the
dose period. Tleart vale was 63 io
w0 per wminnte and the electrocnrdio-
arane were =tniline to Noo L The
sixth electroenrdiogram was (alen
S omimntes later: the reeords were
il to Noso Dand 5 witle heart
ke eing T (o 75 per inate, The
seventh reeord was made 25 minutes
later: intearmmingd pressurve had
built up to s mwe of Tl and addi-
nonal Ok plos CTE was intro-
dueed inta the rumen to bhring the
pressure up to A of e, The
electrocmdiographs showed a de-
crense in the T-1* inferval with a
heart rate of 93 (o 10U per minute,
The eighth record was obtained 15
miinutes Tnter,  Lewd 2 siill showed
stronger deflection of  all  com-
ponteni=, amed the hoart rie was 110
por minute. The ninth record wasz
obtained 33 minutes Inter. Ruminal
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Frovne 33—Predoge and beginning of dose respicatory ind Blood pressure vecord
of wether.

moetility had hegnun o show activity
and the heart rate was 120 per
minute with the amplitude of ull
componenls greater, with a shorter
S-T interval. The last 1ecord was
obtnined 51 minutes later. Ruminal
motility was still improving, and
the clectrocurdiographs resenibled
the predose pattern with a heart
rafe of 110 per minufe,

Dlvod presswre and cardine ae-
fion—>\ wether, welghing approxi-
mately 95 pounds, was anesthetized
with Nembutal. The enrolid artery
was cannulafed and o diveet tracing
of the blood pressure pbiained by
ustng #n ink-writing mereury man-
ometer,  Respiration was recorded
with a pnenmograph and nk-writ-
ing air lambour, and the electro-
cardiographic bracings were made
with o Sanborn Viso-Cardiette. A
toftal  of LIS grams of alfalfa
suponin in agneons solution (102
. per mib) was wdministered info
the eannulated saphenous vein.

The first dose of 0,04 oram was
administered over a period of 13

minutes with an infusion pump, bug
owing to mechanieal difticulty the
first .2 gram was given in L minnte
and the rest of 1he dose during the
next 12 minutes. Three minutes
were taken to refill the injection
apparatus and to start the second
dose: this dose consisted of 0.84
o and was given over a period
of 19 minutes.  The total dose time
was 35 minutes. The predose and
beginning of the dose pattern ave
shown in fAgures 33 and 36. The
respivation rate wus 2% per minuie,
the blood pressure 125 mum. of 1y,
and heart rafe 120 perminute.  The
injection of the first 0.2 gram of
gaponin vesulfed in a deamatic drop
in bleod pressure and change in the
respirabtion pattern, as ilustrated in
lignre 35: however, the blood pres-
sure refurned to THEnm. g within
aominute. By the dime 0.6 gram of
saponin hidd been given, the respira-
tione patfern was rather constant
with a rafe of 3 per minute, il
Ilood pressnre was avernging (K]
mm. ITg. ug shown in figure 37.

ELECTROCALRDIOGRAMS
ANIMATL-DTVT, OCT. 26, 1954

LIAD 1

LBAD 3

i

Nl
Foewe 30.—I'redose electrociudiogeam of wether,




48

a7?7

TECHNICAL BULLETIN 11G1, U, 8. DEPT. OF AGRICULNURE

0777

I

iﬁtiﬂiﬁiiﬁﬁiﬁiiﬁﬁﬁﬂxi\\'hﬁﬂ{iﬁmf:ﬁit{{tﬁi{{w{w{{m‘ﬁ\’i{\'i\‘{'{{ﬁt{iﬁ1ii€tiiii{ii;{m AR g i‘l-ii{miiu\"u G et ity

0.6GM. ECG.1 0.8GM.
L} ) &
L ¥ kLl v el L L % g T <Ay T e
7 8 R T AT T T T,

Frerer 37~Respiration pattern and blood pressure of welher at the litme when
GG gn. und .8 mo. of saponin had heen adninistered,

The clectrocardiograms talen
shortly atter 0.9+ gram of saponin
was piven are shown in fgure 38,
The heark vate had decrensed to 70
per minute. At the end of the lirgt
dose (004 en) he blood pressure
nveraged 75 mm. Hg, and respira-

this ftme,  The respivatory paliern
had ehanged again (fig. 41) by the
time the third electrocardiogram
(hig. 42} was taken, but there wus
liitle change in the blood pressure.

The blood pressure had decveased
to approximately 110 mm, of ITlg

ETACTROCARDIOGRAMS
ANIMAT-07TT, OCT. 26, 1954
TRAD 1

i "

|t

o

LEAN 2

b SN WV P W U T DN (S

LitAy 3

—-‘*M—*M

Fiares 38, -lectroeardiogram No. 1 arfer administration oF suporin: Inervise in
-1 period over predose cloctroea rdiogrim.

fory rale wag J0 per minute, Nnote
the ehanging respiration paitern ot
fhe start of the second dose, shown
i Agnre 39 The second electro-
eavdiagrams wre shown in ficure -10.
The hearl rate was 682 por minule at

oy

and. the respiration te Lad de-
creasecl to 30 per minute af the time
the fourth eleetrocardiogrim was
taken (figs. 43 and 1), Respira-
tery failure preceded eardiae fail-
wre by abont 5 minutes (fig. 43).

ar77
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Fiuse 39 —Wespivalion pattern aud blood pressure al e heginning of the second
doso of saponin,
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ELECTROCARDIOGRAMS
ANTMAL-0777, OCT, 26, 1904
LEAD 1
- p—

LEAD 2

PN S "

LEAD 8
“ i . i o i - e

Fierne 40.~Klectrocardiogram No. 2 afler saponin tlove: Inerease in 4 wave and
in =P inlerval.

Starting within 1 minute after the  saponins are vather general in na-
respiratory Tailure, the lerminal  tore, having rather ]nunounced ac-
clectrovardiograms as shown in Ag-  tions on the cardiavascular, nerv-
ures 45 through 31 were Giken in ous, and digestive svstems. No sys-
vapid sueeession. teny s singled oui by these di ugs.

avry 0777

A A LS IEAR B B R P B \“M"‘\\“\“““\“‘““““‘““““‘\\“‘\“‘&“‘m‘m‘
114 O, 1.4 GM.

ECG. 3
&

S =% N TR Ty . M WIS, R N L N LT LGRS SR T P e iy e

a— — B T T

23 24 ' 26 27 8
Figuns 4. —TRespiration and Blood pressure ab Lime of Ui electirocnrdiogirau.

Discussion ‘Fheir aetions do not persnit classifi-

s . ) cation under any known group. In
Lwo outstunding facts are evie g0 respects they are purasvinpa-

dent in stadying the phavmacologi-  (homimetic in action; in other re-
eal data: The extracled composite speets they are not.

saponing of alfalfa are extremely Another rather important finding
active; and they are very toxie, de- s that the degree of hemolysis can
pending on the dosage and site of  he responsible for only a small part
administration. Actions of alfalfa of the general symptomatology

BLEQTROCATDIOGRAMS
ANIMALAUTTT, QOO0 268, M4

LIZATY 2

p—
FASALY 2
LEADR S

o WSS SRS S SR R S e S

Treree 42— Thivd clectrocardiogrun sfior administeation of sapouin: Hoeart rate
wis T0 to 7O per minute; note (he unusual QRN on lead 2.
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Froens 43 —Regpiratory pulltorn and biopd pressuve ub the time of fourth clectro-
cardiogrn.

Blood counts show two things: (1)
There is an appurent hemoconcen-
tratien as shown by the relative rise
in redd cell counds, and (2} the
teukopenia is & neutropenia. The

BELI

sumplion indieate thal there may
have been o direct action on the
respiratory  centers. The  subse-
guent anoxia in the Infer siages of
experiuenial saponin bloat may

TROCARDTOHRAMS

ANTMAL-0777, OCT, 246, 1954
LEAD 1

——

LIBAD 2

[ e e T N WA W SR S

L#EAD 3

Froune -d--Fonrth eleetroenvdingram nftor saponia dose: Meart rate was 80 fo
83 per minuie; large T wave on leads 2 and 3.

canses for these changes are cor-
tainly not clear.  Histological ex-
aminalion did nof reveal any notice-
able damage to the bone marvow.
The eflects on respiration with
little or no ehange In oxygen con-

have eventually led to some depres-
sion of the eardiae cenfer, but the
histopathological changes in the
heart must have been parctiadly
earsed by diveet action of the sapo-
pins on the myocardivm,

ELECTROCARDIOGRANMS
ANIMAL=0TTT, OUT, 26, 1954

LEALDY T

e e

LAY 2

JUVENTTSYETET VI Y & O SO

LEAIY 3

Figene 45.—Fifth electrecavdiogram : Heart rate 100 per minute; large T wave on
lead 2; decrease in 9'-# intervul frowm previcus electrocardiogram,
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ELECTROCARDIOGRAMS
ANIMATL-0777, OO, 26, 1954
LEAD 1

i S o O SNt St e s sams oo nonny ey ol P s ol

LEAD 2

LEAD 3
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Figrne 46G—8ixth electrocardiogram: Feart rate 160 to 175 per minnfe; irge
inverbed J* wive; marked shortening of all intervals; some irvregubarities in
beats.

ELECTROCARDIOGRAMS
ANIMAL-07T?, OUT, 26, 1454

LIAD 3

LEAD 2

LIEAD 3

At A A A A A A AN AN

Fioree 47.—Reventh cleciroeardiogran : Heaet rate 125 to 3180 per minule; lead 2
shows unusuat contormation of GRY complex; very short 5-1' interval.

BLEBCTROCARDIOGRAMS
ANIMALSOTYT, OU, 26, TG4

LIBAD 1

+—.

LIBAD 2

SNRRRVRVINURREY

LEAD 3

g p

Figgre 48 —Gighth elertraocardiogrim @ Heavd rate 120 (o 130 per minute; exirenie
amplitude of &' wave, lead 2,
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BLECTROCARDIOGRAMS
ANIMAL-0777, OCT. 26, 1954

LEAD 1

LEAD 2

A

LBAD 8

Pttt e g

FrecUre 49.—Ninth electroeardiogram : HFeart rale 120 per minute; irregularities
in QRS complex, lead 2.

Whether or not the varions physi-
opathological reactions in experi-
mentally induced saponin bloat and
in clinical bloat are similar is an
important guestion and more infor-
mation on this subject iz needed.
Very little physiological data are
available in histories of clinical
bloat, and the dificulties en-

countered in obtaining this kind of
information are obvious.

Aside trom {heir possible role in
the etiology of bleat, the legume
saponins are sulliciently Interesting
to merit extended pharmmucologi-
el studies. These studies should
definitely be continued and ex-
panded.

BLBOTROCARDIOGRAMS
ANTMAL-QTTT, OCT. 26, 1954

[

St -

Froore 50— Tenth electrocardiogram: Lead 1—extra systole and irregularities in
frequeney of beals; leads 2 and 3—all similarity to normaley gone; poiug into

fibrillation,




ALFALFA SAPONINS

ELECTROCARDIOGRAMS

ANIMAL-07T7,

OCT. 26, 1954

LEAD 1

wAANAAAARAAAA AT ierylaing

Y

LEAD 2
~ LEAD 3

Fletris S1—Kleventh electrovapdiogramn ; Wibetilation, resitlting in cirenlatory collapse.

Toxicity of Saponins When Administered to Ruminanis

Dy Fean L. Dindahl, W, . Skalkop, G B. Whitmore, R, E. Davis, and R. 7. Tertell

Sollmann {46) states that many
plant saponing are so poorly ab-
zsorbed that they are relatively
harmless when tuken orally and
that they are from ten to u thousand
fines mote toxic when administered
intravencusly than when given
orally.

In the previously described ex-
periments, a number of reactions
were observed which indiented that
the composite alfalfa saponin conld
be ubsorbed from the gastro-intes-
tinal tract of sheep and that the
saponin was rather toxic.

In order to complete the study on
the effect of alfalfa saponin adinin-
istration fo ruminants, a compila-
tion of the foxccological, patho-
logical, und histological findings on
the animals used in the previonsly
described tests was made and cer-
gain addifional tests were conducted
in arder to round out the informa-
Fon.

Toxicity of Alfalia Saponin

Such factors as limited supplies
of alfalfa saponin, complications
arising from the production of
gevere bloat in some ¢ases, and
eavryover effects muke the determi-
nations of the minimum lethal eral
dase of altalfa sapouvin for sheep

a complex problem. Such studies
with cattle are not feasibile at the
preseat time, owing to the time-
consuming and expensive proce-
dures employed in the isclation of
the saponin,

O a single-dose basis, it appears
that the minimum lethal oral dose
of aifal¥a sapounin for mature
sheep, weighing from 100 to 140
pounds, I8 approximately 30 to 60
gramg.  Intraruminal  doses of
from 25 to 40 prams of alfalfa
saponin have been given to 15
mafure sheep without production
of any apparent permanent effects,
Intraruminal doses of 50 to 55
grams of aifalfa saponin resulted in
severe Dloat in 3 cases when it was
administered to mature sheep that
had beei on Ladino clover pastuve.
One animal was treated twice by
using u stomach tube to relieve the
gas pressuve, but the bloat reoe-
curred and the animal was found
dead within 8 hours following the
fast treatinent. The ather 2 arnmals
were nof treated for bloat and died
within 3 to 4 howrs after desing.
The administeation of the same
ameount, of saponin to an animal
thut had been grazing on a grass
pasture resulted in only slight bloat
symptoms, and the animal dis
played no distress symptoms up to




54  TECHNICAL BULLETIN 1161, U. S. DEPT. OF AGRICULTURE

27 hours after dosing. - This animal
was then killed, so that its internal
organs could be compaved with
those from animals that hud col-
lapsed with acute bloat symptoms.
The administration of G0 gramns of
the alfalfa saponin to a mature
ewe on & grass huy diet resulted in
no apparent permanent effect, while
a simlar animal on an alfalty hay
diet succumbed in 3 duys following
the dose.

The adwmwinisteation of intra-
ruminal doses of 100 grams of al-
talfa saponin to twe sheep that hud
been on Ladino clover pasture ve-
sulted in severe blonk syvmploms,
with collapse and death of the ani-
mals within 2 honre. The same
dose given to a maiure wether hat
had been on grass pasture resulted
only in moderate bloat, and death of
the animal did not cccur until 27
wurs after dosing.  The fivst * wo
animals  displaved bloat  distress
symptoms preceding  death., The
other animal displayed sympioms
suggestive of cenlral nervous system
disturbances. such as inconrdination
and musculnr spusms, for 3 to 4
hours preceding death. The snp-
plies of alfalfa saponin have been
foo limited to deiermine (he effoct
of continued  administealion  of
moderate amonnfs of the saponin
over a period of thne, and the ob-
servations made on animals that
have received repeated doses are ton
limited to warrant any conclusions
at the present time.

The composite alfalfa saponin
appears o be trom 50 to 60 fimes
more toxic when given infiuave-
nously than when given orally, as
the intravenous ndministeation of 1
gram of thesaponin bo matnre sheeps
resulted in the dealh of 7 ont of 9
animals within 2 to 7 dayg follow-
ing the dosing.

Rupid death did not ocewr follow-
ing intraruminal dosing of any of
the antinals, unless the animal dis-
played marked bloak symploms,

indicating that stresses or increased ®

rate of absorption from intra-
ruminal pressure apparently con-
tributed to the sudden collapse of
the animals.

The cause of death in acute bloat
has not been rdetermined. A view
held by many workers that death is
eansed by anoxia resulting frony
physical impairment of civeulntion
ancl respiration lias not heen sub-
slantinted as the only faclor in-
volved.  In recent studies, Dongh-
erfy, Mevedith, and Barreit (76}
found Fhat inszofllation of the ramen
of sheep would result in a rapid in-
erense in cereboxpinal flind pres-
stire. which would drop when the
pressure 1 the rionen was velieved.
Their studies on the general physi-
ologieal effects of intruraminal in-
suflation  indieafed  that  other
systems are involved and thal the
physiopathological preture is com-
plex.  Some  workers,  especinlly
Dougheriy (L2 and Olson (39).
bave questioned the iden (hat death
resilts entively from physicad fae-
tors,  Parsons amnd coworkers (A7)
reported that b pounds of Ladino
elover press juice {made Trom clover
obtained  from o pasture where
acute bloay was & problem) given
orully to a mature ewe resulfed in
aente Blonk and death of the animal
in 11 minubex. They alse stated,
“Lhe observation in the field on
acufe (falal) Moat in cattle and on
the experimenialiy produced bloat
i the cwe, of which severe disten-
tion of the rumen was not always
present, would fend to suggest that
doath of the animal may in some
instances be due o dishobances
otlicr than the physical effects of
acuie distenfion of the ramen.”

In the experimentaily produced
hioat cases, the alfalfa saponin un-
doubledly played o dual role in the
eollapse and death of the animal.
First, all the reactions cansed by
mtraraminat pressure vesulted ovig-
tally from the interference ot eruce-
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@ tation by the action of the alfalfa
saponin. Second, the systemic ef-
fects of the alfalfa sapounin on
respirafion, cardiovascular func-
tions, and the central nervous sys-
tem were undoubtedly additive to
those resulting from the intraru-
minal pressure. 1t is also proba-
ble that an inerease in intrarimingl
pressare resulted in incereased ab-
sorption of the suponin and, in turn,
fo moce systemic effects.

The animals that died after ¢ pro-
longed interval of time did not ap-
pear to be in distress, following the
subsidence of any hloat symploms,
until & few hours before death when
the customary sympiom was a vasp-
ing, labored vespiraiion,

Intravenous administration  of
the saponin in quantifies in exeess
of 1 gram resulied in #he death of
adl sheep.

Subceutunecus  and  infmperilo-
neal achninisiration of small quan-
tities ol wofalfa saponin (2 to 3
grams or Jess) Lo sheep produced ox-
freme irritation at the sites of in-
jeetion and Ted to faral results
within a few days with svimptons
similar to those ennsed by @ T-mimm
intravenous dose.

Toxicity experinuents with other
species have heen limited to infra-
venous administration of the =sip-
onin to three mature goals, weiglh-
ing 93 to 110 pounds, and to one
calt.  In all these eaxes, the ad-
mitnistration of fhe saponin vesulled
in wore marked neevons disturh-

ingesta ared Iree gis,
Motiewhs 0 Widls wore injeched,
Chipasnm ;. LHsiendid,

Tamus: Cowresiodd,

Kidneys: Very dark and edomatons.
Siteen: Bagorged and dark red.
Liver: Tack in color

Trachea: Some hemorrhage.

SAPONINS 55

ances of the animals than the dis-
tnrbances noticed with the sheep.
One goat died immediately follow-
ing an intravenous dose of 3 grams
of the sapanin, while the other two,
receiving doses of 1 and 2 grams,
vespectivelv,  displayed  marked
nervous reactions for 2 to 3 howrs
and then died in 2 to 3 days with
svamptoms similar (o those dis-
plaved by the sheep. A steer calf,
welghtng A60 pounds, was given 3.6
arams of the saponin in two equal
miravenous doses. The first dose
of L5 grams had hittle effect on the
antimal other than to inercase the
respirafory rate und fo slow the
pale of eructntion. The second
dose given 34 nrinates later resulted
in marked nervous svmptoms, in-
coordinalinn, a complete failure of
ernclation with 2 rapid buildup
of intravaminal pressure, and re-
spirfory failure within 17 minutes.

Gross Pathology Resulting From
Alfalfa Saponin

Thie gross lindings on autopsy of
some aninals that had died after ve-
ceiving alfalfa saponin administra-
tion are given belew.  The avtopsy
findings ave given only if the post
morten exauminantion was conducted
within 2 howrs following the death
of the aninl. The following cases
represent only o small portion of
the nmntopsy reports, but are typieal
of the overall results.

Sueee No. Gl 760 grams ol falfa supouin given inbraruminally ; severe
blowt; diced fn 2 heriers, .

Rumen : Wolls woere congoxicd and reddish in eolor. Humen contained lrothy

Ahogasun : Bdemutous amd veddizh in eolor. Copinined frolhy ingesia.,
Smynd) Intestine : Narked Biflmnmation.

EHeart: Hewmaorrhazes in ventricles and inuseles,
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- SrEEr No. 50: 50 grams of alfalfa saponin given intraruminally ; severe ®
bloat; died in 8 hours.

Rumen: Hemorrhage in walls, edema in eardine fold. Frothy ingestu and
free gus,

Reticulum : Normal.

Omasum : Nornal.

Abomasum : Eyperemic.

Small Intestine: Moderate amount of infiammalion (hroughont.

Lungs: Small amonnt of Froe hlood.

Heairt: Normnd,

Kidnevs: Notmal,

Bpleen: Congideraide hemorrbuge,

Liver: Normual.

Prachen : Normal,

Sweee No. 20: 50 grams of alfulje saponin given intraruminally; kitled,
in 27 howrs, for exnninalion.

Rumen, reticulum, omusnm, lungs, hoart, splecn, Hver, and {raches all appeared
Le he nornai.

Abomasumn @ Diftuse phystologieal hyperemin.

Kidneys: Slignl enlnvgement plus edema,

Suere No. 64: 1 gram of alfulfu saponin given intravenously; died in 6
days.

Ltumen, reficaium, omasum, nbommsunn, aml Hvor all appeired (o be novmal,
Snudl intestine: Sundl areas of inflanonation throgehont.

Taungs: Lower horder of apieal and eurdine lobox wore consobidated,

Fleart; Two hemorrhaeie seeas it venirieles,

Kidueys: Bwollen aud UHght ia eolor.

Spteen ; Slight dairkening {v eolor ) endargad wnd sol,

Suzer No. 12: 1 gram of dfdlfe saposin given iniravenously; dicd in 3
deys.

Rumen, reticnlnm, and ontiaswm all appesived 0 be norosad,

Abomasum : Maderate congestion withy a fow hemorebinges in ihe enrdine aven.

Bmnadl intestine : Fow hemorriagic avens in daodoanm.

Lungs: Exrreme congestion ;) liverli%e in appeuarince,

Heart: Egchymolic hemarrbuzes over epicardinm. . .
Kidneys: I'ale in color and stightly edenntons.

Spleen; Sobt, swollen, nud edemalons,

Liver; Slight enlargemoent.

Trache:n : Intensely infiamed and contained free hlood.

Steew No. 17: 2.6 grams alfalfa saponin given intrarenonsly; moderate
bloat; died in A hour and 17 minutes.

Tumen : Ifemorrhage o 1ib ares.

Reticulum : Smal! wren of heworrhitees pedr omnsam junclion,
Cnnsam ¢ Serosal surlfnce had solatinods hevtorehagie apirernnes,
Abomasmin: One-half ol the surfaee ared was lighl pinle in eolor,
Small intestive ; Dark colored and engorged.

Lungs: Apirnl and eardine loheg wers hyporemiv,

Heayr: Normal.

Kidneys: Novrmmi,

Spleen ; Engerwed and davkened in coloer,

Liver: Dark celored and congested.

Trachea; Normal,
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Congestion of lung tissue; inflam-
mation, hemorrhage, and congrestion
of the small intestine: and hy-
peremia of the walls of the ahoma-
suny were typical findings regard-
less of the site of the saponin
administration,  Althongh  gross
puthology of the kidneys and liver
was not so apparent and typieal as
the ahove fimdings, hislologieal ex-
aminilion revealed consistent aned
seVery l‘!?ll'llﬂ;_"l‘ (N3 ”I[‘:‘i(‘ l’)l‘g:l“.‘-‘.
Ieart abnormalities were Tound in
fess than half of the gress examina-
tions,  The spleen was Tound io be
engorged or hemorrhagic in most
nf the cases where the ammals col-
Iapsed with marked bloat, Tlemor-
rhage of vthe wallz of the vimen was
found in all eazes where the aoimals

SAPONINS

coltupsed with 1arked bloat symp-
toms. ‘The rumen, reticulum, and
anmsum were found to be essen-
tially normal In animals that did
net display marked bloat symp-
foms, exeepl for one instance where
erosion of the mucosal surfuce of
e rimen was found following a
[00-gram dose of saponin. ’

Histopathology Resulting from
Alfalfa Sapenin

Ilistologieal data for eortain ani-
mals e wiven helow,  The follow-
ing eases again represent only
portion of the eomplete work and
are wiven to itlustrate typical find-

1=,

Suune No, Gl 100 grams alfalfa saponin given intramoninally; severe

bloat; dicd in 2 howes,

Rumen: The mucosni vessiels wore congegind, byl thore wore no other marked

[SIHETLO

Heffeulum ¢ Beme congestion of the vessel: in mueonsa oand tiondea musealaris.

Interfascicoiar cidema in 1hie
mitscie morpho gy,

museularis,  XNa

nuvked chapges in the

SAbonmtst ;. Peodie region ;s slizht (o moderate congestion of vessels of muensa,

HAmall intestine

gesled in the villl and funica proprin.

Beetin Frone duosdennoe vessels moderntely fe markedly con-

The tunicn musendiris wag normal

with the exeeption of some edemn i the ourer longiindinal smaoth nngsele

Layor,

a siringy, Hghily =1aining eosinophilie materil,

were present in the sobmuensn

Boime of the Brinner's glimils were grontly ditated angd contained

A Tow small hemorrhages

Longs: Marked eongestion of intersdlvenlur epillaries. will some pxtravasia-

tion of red Dlosl colls fnto alveoli,

rells and ntoeus,

One hroncliole confained? red Dhlood

Liver: Moderaie congestion of <inusolds amd pratiforation of Knppfer colls;
nuiny phazoeyiasing eod hloogd eells,

Brain: No aboormalitios,
Hpteen s Marked hypsaomia,

Kithtey s Yery murkod cunzesiion of peritubular vessels gl gluneculi; many
ul the el herd diznppeseed in (he gimoerulis e red bluod cells almask

tinnplerely repliced the cndethelial

andl epfihielial celts,  Vaenolulion of

(he tubukar opithelum - these voenulos were nin Iueitive for fat s fter ap-

froprizbe S{nining,

Hemasideriu canld not be found in the Kildney scetions;

bemoglobin vitsts were nat =een o the lumens off the faboles,
Deart: Modernte snbendoenrdial Vemarrhages, inoderite congestion of nyo-
cardiil vessels wirh some red blned ecll extravasation.

Sunee No. Gk Lgramalfal fu snponin given intravenousty ; died in 6 days.

Ahmasmin s Congestion of faniea propria.

Reticuhim : Congestion of subinueosal vessels bul nof in mucasa,

showod vanenalar doegenerarion,

SEmall intestine: Modertie econgestion in foeal arens.

Mucosal cells

Orher arens showed dif-

Tuse marked indiliration by easinophiles, these Intter heing the only ecellular
clements in rhe tunien prapria in the involved ureass.
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Sueer No. 64—Continued

Lungs: Moderate congestion with slight extravasation of ved bloed cells into
alveoli; most of thoe lairer were cpty, howeyer,

Liver: Motderate congestion of gsinusnids.

DBrain: Several small perivaseolor hemoerrlsizes in the medulla; eonzestion of
meningenl vessels in region of posterior colicnlus,

Spleen: Slight hypercwia,

Kidney : Vory sevore vicunli dogenetalion of hath proximal and dis{al fubules.
Hemaglohin east= in sowme of cortient tabules and Inomany of medualiaey
tubles.

Tleare: Moderaie  comgestion  of  wyoenedinl ecapillaries. Moderate  dgiifuso
subepivitrdial hemorrhinges,

SHEEr No. T2 £ gram alfalfa suponin givon inlrave nousty dicd in 3 days.

LRunten s Congestion of sabimeosal vessels,

Abvputsum s Moderate 1o nevked congexztion of vessolx in =uligneosn,

Lavge infestine; Slight congestion of mucosq,

Lungs: Severe hemorrhaze and edomd Into alveoll with ne palywmaephonaelear
lenkoeytes,  Considerable red Dlaoed cell pigment oo macropligees brom rod
bloml cell hirealidiwen,

Liver: Moderate congestion, miarked iy ehanges,

Hrain: Slight perivazendae bemorrbiges i tloor of Tourth ventreiele. Blight (o
maderale perivhseithie hemorrhages o seclion of superios call{eulus, Mad-
e b hetorrhazes in braelicnl pooris aod o ventesd parl of this seetion.,
The anednlla shiwed consizront homorrlsizes.,

Spleen: Moderate Gy severs yperemin s considerable Dlowd pigient in o maero-
P ges.

Widney : Vacnddnr dJdegonecinion, praparity  of alistal  rubale congestion of
slomternli il vessolis Moderate nnmber of Denmoztobin enste e omedaliy
hut Hitle or none in vorfox.

et Congestion, foeal aml ditffuse hetworerhazes,  deanuoiae degeneeition of
myolibriiz tot soomarked as T seane ensess Cross sicvintions =000 quite
vigibie.

Lymph Xodes dedinsrinals Diffu=c¢ hemorrhages god edenn, considernhlys pis-
ment in macropluges from red blood cell hreakiowi.

Swreer Noo 200 30 gevans alfolfa saponin givon indvaenninadly. ]illed
aflve 27 hottes for prtholugieol conmivation.

The Kidoey was (e only organ ot was seciiotudd for Distodogionl ex-
aminalion,

EBititey : Vesseds slisghtly eonzested,  dany of (he distal cowvolated aboles aned
strafeht tubnles of the cortex and woane of the colleeting cabindes of weadnl
eontitied solid pink =tmining easis that were probabily o hoemoglobin arigit,
A Livege numbor of (hese taboles woere ol with somdl pinde Seining slobubes,
The proximal tabulsr epitheliom was vieunhied- - these were not It
viteuokes,  Heverd] Zlomerolio were atrophied aond Gilled witl an allowinons
proecipilate.

Goar I8 2 grams af frd fu s ponin givew infraeenonsty died n o6 howrs.

Abomasunt ¢ Foeal steen congesiion.

Omaswn . Slight congestion.,

Small integtine: DiMuse and foeal hemorrhnges, necposts, heavy eosinophile,
antd monoeytie infilrention.

Lungs s Poewmoniia-aente, A alveoli of seetions studied contained mmsees of
polymorphonueliae leneaeytos,

Liver: Severe diffouse fatly chanves,
Brain : Number of focal hemorrhagos o xeetion aof sapecior collienlus, Fow
smalt perivas=cul:r hemorrhages in region of SQaee ol Tourth venwciele.
Spleen: Maderiate fo marked hypevemii, Centenl areas of =uine Follicles undor-
Eoing neerisis,

Kidney: Markerd congeation; sovore vacunlar degenovaiion proximal and discal
tubules : hemoglobin easis 0 taboleg in cortex and medall,

Heart: Swelling, granulation of a1l myolibrile,

Adrenal : Normal,

Danerens: 'aneretitis, foral ond diffese  indilteetes of  pulymorphonnelear
leueacytes along with macrophazes,
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. ® Szeer No. 1T: 3.6 grams alfalfa saponin given intravenously; moderate
bloat; died in 1 hour and 17 minades.

Rumen: Marked cougestion of the nmcosal vessels; edema of submucosa and
Lebween faseiculi of smoollh musele (uuic.

Retieulum @ Marked congestion of mucosa and edemn and congestion of tunica
muscuinris,

Abeinasuim: Puadus—may have been glightly cdematous but 5o marked ehnnges.

Omasmm . IPew sealborogd heworrhages in papiline of mucos.

Smail intestine : Modersty to marked congestinon of mucosnl il subnucosal
VORRUTS,

Lungs: Marvked eonosiion.  Alveoiar emorebige amd cdenn,

Liver: Slight consestion of contral veins and very slicht eonigestion in sinusoids,
Alodernte fany elagoes,

Beain sten: No sianifiennt Chutiees,

spleen: Marvked congeslion with replaeement of abouk vue-hall of the normal
Irinphoid fissue by red Blood colls,

Kidoey: Mmderate congesiion of glomernli and vessols i eertex and medalia.

Hemaoglobin caslys wore seen i somne of the cordienl tibulos,
Tleart: Some dilfose myoonedinl wemorrhages with loss of nmsele fibers,
Gasirie mesenlvric Ivmiph bode: Marked edemma in che smeludliey part with a
inoderie inerease in the nimber of polymorphonueloar and moteytic colls,
The anly relntively novoal Ivmphoid lssue was ag e periphery of the
cortex and here it was mosily dilfuse with Oy s Tew remaining germinal

centers,

e the edematous medutiney puet, the ivinphoid cells were a)l

periviseniar (aromd arteriolesy, about T or 8§ cells in depiny, with edema
and fine steoma) fissue sepnrabing these <inndl perivascilie accmnuliations.
Meseuterie Iymph node : Moderate edems but did not show the loss of Iymphoid
tissne that the gasiie nwdes did; however, many follicles contnined lnrge
Bedls ol vod blood colls as though (he follivalar srtevies had rupfured or

wiiergone |ysis.
edennious  paris
cdeinalons nyreas,

and  lhers

The overall inpression From (he
gross and histologieal examination
of a number of animals was rhat the
festois vesalting Trom adiministra-
tion of toxie quantities of alfalin
siponin sepresent an ondothelio-
toXic and endotlielioivtic reacton.
The most siriking  pathologie
change was an almost total sitack
on the kidney parenchvina.  No
deftnite chunges in the neorons in
Hhe brain could be detected. bat no
doubt those in (he avea of peri-
vascular hemorrhage suffered somie
ixehemie ehianges, and hemorrhages
were deteeted in aveas of the me-
dulla. affecting the vital centers,
There wuas an apparent Joss of
tymphoid tissue hoth o the
spleen-—nlthongh this was not se-
vere in all of the andmals—and in
the Iymph noades. Al the patho-
lagical ehungres, with the excoption
of paeumonia. were without an in-
flanmmatory reaction, (lie most ac-

Many moneeytes and macrephiges were preseut in the
Wity

miarked eryvilivophagocyiosis in these

tive coll upparentiy being the mac-
rophiage, i ap affempt to handle
the extravasaled red blood cells. It
appeared that the Kidney and pos-
sibly Tiver alteralions were severe
enough in the animals examined to
have caused eventual death, without
either bran damage ov the develop-
ment of pneumonia.

Toxicity of Sapenins Other Than
Alfalfa to Sheep

Tntearinninal  administiation to
sheep of up o 100 grams of two
saponin preparations from  the
vueen plang resuited in no apparent
toxie reactions.  The intravenous
admiistration to sheep of 1 gram of
one of these suponing (labeled as
toxtey id nof result in any ap-
parent foxie reactions n four dif-
ferent experiments.  [Towever, the
intravenous administration to sheep
of 1 g of guillai saponin re-
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sulted in the death of both animals,
with gross pathology similar to that
found from alfalfa saponin admini-
stration. Intravuminal administra-
tion of 23 grams of the quillai
saponin alsgo vesulted in the dealh
of a1 mature sheep.

The yucea saponins belong to the
stercid class of suponing. while the
alfalfa saponin and  the ¢uillai
saponin belong to the riterpenoid
class.

The dillerent responses from in-
travenous adminisiration ol «if-
ferent suponing {0 sheep raises the
guestion as to whether or not the
rate of absorption from the easlro-

intestinal fract is the only factor in
toxicity of saponins.

Summary

The composife alfalfa suponin as
nsed 10 these experiments was guite
toxic. On a single-dose hasis, the
mintmum fethal oral dose of (he
compugite  alfalfa  saponin forv
malioe sheep 15 approXinmately 50
to 6t granes,. This sapanin is 39 to
G0 Himes more toxie when given -
feavenously than when eiven orvally.

Resolis of gross and histologieal
examination of animals that re-
ceived w loxie level of alfalfa sipo-
I areg :‘_"I\'[‘l‘.

Action of Alfalfa Saponin in Experimental Bloat and
Possible Relationships of Saponin to Clinical Bloat

By fran fo Lindok! and N E Duvis

The studies reporfed in (his ul-
letin INustrute that the iselated al-
falfa suponing have pronounced
physialogieal as well as sincFace ten-
sion activity. They also ilfustrafe
that the physiologicul as well as the
surface fension aetivity of plant
saponing can vary considerahly.

During the course of 1he siudies,
experimental bloat symploms in
sheep were produced that yesulied
primarily from the physiological
activity of fhe alfalfu saponins: in
cther ¢ases. bloat svimiproms were
produced as a vesult primarily of
the suwrface fension properties of
the saponins.  In still other eases,
it appears that both physiological
activity and surfuce tension propec-
ties of the saponins were instiu-
mental in indueing the experimental
Dloat symptoms,  Alild hloat symp-
toms were produeed in animalis dis-
playing active yuminal motility, hut
severe. bloat symproms were pro-
duced only when raminal moblity
appeared to be markedly reduced.

In summing up the studies on the
production of experimental bloat
symptoms  in sheep  hy  alfalfa

sapunin admind=imation, two oul-
standing facts are ovideni: Bloat
symptoms were indueed more read-
ily when the experimental animals
were receiving a pretreatment diet
of Tadine elover pustuwre than when
fhey were recetving other dietary
regintens: and that severe ruminal
disfention was produeed only when
the animalk were also given mnounts
of the alfalfa saponin that were at
or nenr the toxie levels,

The observation that bloat symp-
ioms  could be <developed  more
readily in animals receiving a pre-
trentment. diet of Iadino clover
pasture eannot be adequalely ex-
plained on o physiological hasis
alone. It appears, however, from
ihe in vitro and the in vive cxperi-
ments on froth formation (hat the
alfalfn saponin could have heen
additive to the factors existing in
the rumens of the animals, result-
ing in enough froth o have inter-
fered with eructation.  The experi-
mental data also indiente that froth
formation was not suflicient to cause
all the puminal distention abserved
in the experiments.
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Experimental work presently in
progress at the Agricultural Re-
senrch Center indicites thut n com-
plete blockage of eructaiion, even
for extended perinds of time. may
not result in severe hlont when
sheep are fed diets compased of No.
2 grade alfalfa hay or grass hay.
More Fundamental data an the rate
of gas production on varions dictary
vegimens and the mportanee of
sphysiological QLT ete,, are defi-
nitely indieaied before o conplete
inderstanding of why experiinenial
IHoat  symptoms  were produced

more readihy i animal pastured
on Ladino clover pasture than in
dietary

animals  veveiving  other
reLIMens,

A reduetion in ruminal metility
i many eases was tndoubtedly ad-
ditive 1o the formation of froth in
interfering with erueration.  The
Gucfhuorographic and infravenous
experimenis also ittustente that the
Larger dozes of he alfalfa saponin
were sullicient fo have resulted iy
a considernble reduction in the elli-
cteney of eruetation from phyzio-
Inaien] actions alene,  Alzoo in the
silvaneel] stages of the gevere hloal
symptonis the larger doses of sapo-
nin were undoubiedly sudlivient fo
have vesulled i a complete Dlock-
age of eronetalion. )

Tt appenrs that (he most logieal
explanaiion for the role of (he al-
falfu saponin in the aenle experi-
meninl enses is that both the surfaee
tension and physiological setivities
of the saponin were insfrumenial
in producing the overall results.
It also appemrs that in severe
cases the phrmacologieal arfions
of the ulfalfa saponin on the
respivdory and enrdiovascular sys-
tems eontributed (o the varly enl-
lapse andl death of the animals,

Mihongh experimental bloat
eases were produecd n these experi-
ments, it eannal be coneluded it
any of the ecazes were Lypieal of elin-
el Deat,  The most severe enses
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were produced by administering
large mnounts of saponin in a very
short period of time. Some of the
Testons observed on autopsy of these
antmals have not been observed by
any of the anthors of the bulletin
or reported in the literatwre from
exsimmnation of equally fresh speei-
mens that have died of clinieal
Boat. Many of these lesions ap-
peared fo hnve heen severeenonghto
have rexulfed in the eventual death
ol the animals witheut the effect of
the infraruminal pressuve, So fay,
severe Dloat symptoms have not
heen produced with moderate levels
of alfalfa saponin. either alone or
it combination with other inate-
rinle,

These vesulis. however, do not
imply that @aponins may not be
one of the impartant fuetors in the
pthogenesis of  clinicul  pasture
Bloat. bat rather that the saponin
Tractions used constituie only one
of the factors aud that the vight
combination af additional factors
have not been nxed in the experi-
ments fo dale.

Several wore Tundiwnental gues-
tions rennin to he solved Lefore the
experhmental results can he defi-
nirely correlated with rthe patho-
genexis ol elinieal hloat,

Repovts in the literature from
niany diiferent arens, together with
the observations of the authors,
tdicaie that frothing of the ingesta
al animals s an imporvtant factor in
the pathogenesis of clinieal Dbloat.
Whether frothing of the ingestn
awlone s suflicient to explain all of
the manifestations of elinienl Dloat
may sl be questioned at the pres-
et fime, _

The resalts of the in vitro tests
with the affalfa saponin indicake
that vather simadl amounts of sapo-
iin conld ereatiy wid in the forma-
tion of froth when certain other
factors nre present. The postula-
tion that o suponin-protein-carbo-
hydeate inferaction may contribute
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much of the plant sources for the
formation of frothy ingesta needs
confirmation, In addibion to the
plant facfors, one or more animal
factors also appear to be necessary
for the development of large
amounts of stable froth.

Not enongh data on the phys-
iological manitestations of elini-
esl bloat arve available af present,
so that definite correlafions of
the physiologienl actions of {he
saponins enn be mnde with clinieal
bloat. Cextain questions concern-
ing ruminal-reticular motility and
clinieal bloat still remuin to he
answered.  Considerable evidenge
exists that a reduction in ruminal
motility, by itselt, ix tnsatliciont to
resultt in ruminant bloat, T is lng-
1ealy however, that a reduction i
the strength of the contrnetions of
the reticulinm and retieulo-ruminal
fold wonld confribute to difliculty
in clearing the cawdin of frothy
ingesta. Uhe observalions that hoth
legume press joices and aifalla
saponin  can  materially  reduee
ruminal motility indicate that log-
umes could possess marked physio-
logical activity. Experimental duta
incieate that aninmls sy vary con-
sidevably in their yeaction to the
physiological constituents in ley-
ume press juices or fo alfalfa sapo-
nin.  Fhe experimental dafa also
andicate that ruminad motility ean
be very active in sowe aninmls dur-
ing the development of expert-
mental frothy Boal syinpstons and
that ruminal motilify can be mate-
rially restuced 1o others. The obsger-
vations fhat, dmving an fnevease in
ntraruminad pressure alfer the ad-
minigtration of legume press juice
and alfalfa suponin. some ruminal
contractions may be redueed in
amplitude while others mny be in-
creased n frequency and amplitude
nmauy 2lso be important in covrelat-
ing the physiological studies with
clinical observations on ruminal
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motility during the development of
frothy bleat arising from the in-
gestion of forage legumes.

It has heen established in these
sfudies that the isolated alfalfa
saponing e quile toxic to rumi-
nants. but whether the naturally
oeenrring saponing can contribufe
to the large number of deaths oe-
currimg at times on some pastures
cannot  be answered unhl move
ciimical dala are available,

Much work remains fo he done
Before the six or more saponing of
alfalfa are fractioned and tested
for their physiological activity, It
appesrs qnifte nnlikely €hat all of
these saponing will possess the sanie
physiologieal activity or that the
various fractions will atways be
Tound in the samw ratio in growing
leges, Anadvtical work  con-
dnebed at the Agriculfurl Research
Cenler, using a prelindnary method
of mnnlysiss indwades that flie fotad
sapontn confent of alfalfa may vary
From approximately 0.5 to 2 percent
aranore. it i also found that the
miio of individual saponing varies
frow sample o smple. if s coneeiv-
able that aifalfa forage could vary
considerably in s physiologicead
activity Frosn Gime fo ime or Trom
area o aren,

it should also be pointed oub
again af thos pomt that the com-
posite alfalfa sapomin fractions as
rsed in the experienial animal
worle did not constitufe a1l the
sponin present in the original
plant amaterinl,  Relative propor-
tions of the individual saponins in
the recovered produet were in some
melanees Jower and in other in-
stanees higher than they were in the
oviginal plant matevini. The gues-
tion as to whether this partinl frae-
tionation of saponins infensified or
reduced the physiologieat netivity
and toxicily of the lest fractions
cunnot be wnswered at the present
time, The Fuet that a partial frac-
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fionation of the matural saponins
did ocrur must he considered in at-
fempls to correlate the experimental
data with chinieal conditions.

TTere ave some of the important
questions that remain to he an-
swered before o complefe under-
standing of the role of suponing in
ruminant bloat is obtained. Were
the izoluted =aponin fraclions us
n=ed i the above experimental work
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more active or less active than the
naturally occurring saponins? Do
other plant substances counteract
the physiological activity of the
saponins?  How rapidly ave the
siponing veleased from the forage
diring digestion by animals? ‘\nd
how ave the saponing detoxitied, and
how rapidly. under normal condi-
Hons exXisting in the gastro-intes-
tinal tract of raminants?

Preparation’and!Chemistry of Legume Saponins

By (' A, I an

slon,

Thouwpson, (1R,

Saponings arve nafurally ocearringe
plant glyeosides That have soaplike
properties and also usnadly display
consilerable physiologieal activity.
They may be hroadly divided into
fwo elasses: 1o one The nuelei or
nelyeones are =lteroids=, while those
ol the other are Ceiterpenoids,

The suponin: are surince-aciive
fthat iz they cause fouming in wa-
for or may ael ax wetting ngents)
heeause the aglycones, ur more =po-
cilically e supogenins are Tai-sol-
uble while the carboliydrate por-
tions of ihe intaet saponin mole-
cules are waler-zolnblp,

Sapanins have heen employed in
some countries ax detergents and
have Thmifed amse In this country ax
wetting agents in the textile in-
dustry, Fhey e also useill in
fonm-type live exiinguishers,  Re-
cent interest has heen direered
chiefly, however, (o =leroidal sap-
oning beeaise of theiv imporiance
A drugs and precursors of mam-
malinn  hormones. Aeeordingly.
coitsidernlle literatwre hias acenmn-
lated concerning this elass of sap-
oning. - Beeanse comparable incen-
Fives Tinve heen absent, muely Tess
eifort has heen spent in (e study of
friterpenoid saponins, to which sag-
ontng in legume fmmges appear to
belong,  Only within recent vears
has the structure of (riterpenoid

Alla, K.

W, Rickoff, £, B, Waller, A, L Living.

and Juck Guiypgolz

sapogening hegan to atteact the in-
ferest of several groups of organic
chemisiz.  Av present, information
about these compounds is far from
being =0 complele ag that concern-
i steroids ul R.l}}(}“ﬂ]ln‘a Very lit-
ile indeed iz known regarding the
rehinionship between the structures
of triterpenokl ‘-ll)(]Illﬂ‘i and their
physiological activities,

Meihads that have been used for
recovering saponing vioy almost as
widely as the plants from which
they are oblaimed. Ay reagents,
steh as various metarl salts and
tannins, are reported to precipitate
these compomuls from aqueous or
aleoholie solution.  IHeowever, this
method of recovery may be far from
complete and often results in al-
terstion  of the saponing. The
glveasides wre ugually insoluble or
nearly so in ethyl ether, acetone,
;wlmlunm cther, atndd benzene, but
dissolve In suck polar solvents as
prruline, aleohol, and water, Some
of the legume saponing crystallize
[rom aleohol-water solutions as cal-
einm-magnesium salts. In water
solution zome also form spuringl}'
soluble  complexes  when  treated
with un exeess of cholesterol. Both
of these properties have been util-
ized in the studies reported below
on  recovery ol saponins  from
legumes.
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Recovery of Crude Saponins
From Alfalfa

]
One hundred kg. of dehydrated

Calfalfa (Medicago sativa) was slur-
ried with 800 Titers of water, and
667 gm. Ca (O, was added. The
heavy sluery (pH G.9) was heated
by free steam, to about 9% (% and
filtered hot in a horizental centrif-
ugal filter. The aqueons extract
(525 to 550 liters) was covled fo 4,
and 333 ml. of neetic acid and 41iters
of freshly thawed cgg white were
added (pIl 5.5). The mixture was
heated to hoiling in steam-jacketed
kettles to congulaie the ege while,
which acted ug o defecant for col-
loidal materinl, The major portion
of the congulum was removed by
straining fhrough a wire basket,
Residual congruliim was removed by
Sharples cenirifugation. The =olu-
tion at this time was u reddish-
amber colar. .\ final polishing was
obtained by liltratton in o Sparkler
filter with precoaled liller papers.

The polished extract was ~tirred
with 5.34 kg, of powdered eholos-
terol and beiled by use of closed
steam coils for 10 minutes and then
was allowed to cool fo 307 O, by
cirenlation of cold water throngl
the coils. Foor and  foriyv-live
hmdredths k. of llter aid was
added and the cholesternl-s=aponin
addition product was lilfered off in
a plate-and-frame press. The eake
was washed with cobl water untii
no more eolor was removed,  Yiehd
was abont 16.7 ke of cake al n
moisture content of 33 pereent,

To recover saponins from the
cholesterol-saponin  aditition  pro-
duct, wet cake wuas shoried with
16.7 Titers of wafer, Thirfy and
one-half ke of 95 percent aleohol
and 27.6 . of benzene were mixed
with the shorey in g steam-fncketod
digestion pot equipped with a cir-
~culating pump and a reflux con-
“denger.  The mixture was veflinxed
and continuougly mixed for 1 hour,
_then filtered on Biichner funnels,

The filtrate was transferred to a
240-liter funnel for phase separa-
tions. The upper phase way sel
aside for Tater reclumation of
cholestrol and zolvents, The Tower
phase was refurned to the steam-
jacketed pot and concentrated by
distillution to aboub 2 liters, at
which point foaming prevented
further concentration. The ve-
maining solution was conled to 63°
Conanil 12 ke of aleohol and 8.4
leer. of benzene were added.  This
mixture wis refluxed 30 wminntes
i Then ienngferred to the funnel
for phase separation. The lower
phnse was (aken bacle to the sfill
for further concenteabion, cooled,
and reflluxed 30 minutes with 1.5 T
of 93 pereent aleohol and 4.2 ko of
benzene.  After phose separation
in the fuunel and final coneenfra-
Fion of the Jower phage, the water-
aleohol-sapounin selution was evup-
orated o dryness in shallow stuin-
less-steel pang in an explosionproof
deaft oven at 637 . Yield was
HS grams (.12 peveent of alfalta
meal}.  Bateh analvsesof the prod-
net showed thai it coutnined from
0,16 pereent to (32 pereent of
vholesterod,

Chemistry of Saponins
From Alfalfa

Alfalfa saponin az isalated by the
cholesteral-pddifion procedure was
shown fo be a mixture of several
sapontns (48). Partial rexolution
of the mixed saponing by erganic
solvent Feactionation gave several
Fractions that difered maierially in
their optical rotation and mability
on paper and which by acid hydrol-
vsis were also found to differ sig-
nifteantly from one anothier in both
their snoar and aglyeoue conpo-
nents. Unfortunately, there is an
inequal distribintion of the vavious
saponing of nlialfa {and probably
the smme is Drue of saponing from
other legumes) when recovery is
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effected by cholesterol addition.
This is evident when paper chroma-
tograms of the mixed sapogenins
derived from this prodnet are com-
pared with chromatograms of the
mixed sapogenins recovered by the
analviical procedure that s to be
deseribed,  This means that the
relative proportions of the individ-
ual saponins in the recoversd prod-
wer are in some instances lower and
i other ins anees higher than they
are in the original plant material.
The signilicance of this faet must
not he overlonked n interpreting
expuriments wirh animals.

IProm ithe mixtore of saponins.
one sapogenin mnd = dineetate and
it= dineeinte dimethy] ester were
prepaoed in erevstalline form.  Tts
dimerhyl ester amd  monobronio-
Laetone were obtained as nonerystal-
Hine products. Properties of this
sapogenin and s derivarives indi-
vate thar it s s monounsaturated

dihydroxy dicarboxylic acid,

having the  moleculir formula
(oIl These properties  to-
gether wirh 1he speeific vofation of
the sapogenin, +1117, and ol irs
dincetate, +877, snggests a triter-
penoid. since (he steroid-sapogenin
sie ehain usually confers pro-
nommeed levorotalion,

The acidie character of lie sapn-
genin and the Tact that it confains
30 earbon atoms further snpport
the idea thint it belongs to the triter-
penoid vather than the sterord class.

A menreh of the literafure dis-
closed no deseription of a sapogenin
coineiding in all respecets with that
ot Lhe p](-son[. sibstanee,  Castano-
penin, a dibydroxy  dienrboxyvlic
acid supogenin obt ained by Siues
(43) from the wand ol (astino-
spermiom uusteale. apparently has
the same molecular formuly
{{ ::..1'['...;(%} as supogenin derived
from alfslfe Tlowever, melting
points ol <pecific rofations to-
ported for the diacetate and the
diacetate dinethyl ester differ from

SAPONING

those of the corresponding sub-
stances prepared from alfalfa.

Further studies with the total
sapogenin fraction obtained by acid
hydrolysis of alfalfa saponins
shiowed that the sapogenin acetates
could be separated by column chyo-
matography  on Special Filtrol 7
inte 5 fractions. One of these was
very different from the high-rotat-
ing material described above, The
rotafion of this crystalline acetate
was 7.7 and ifs melting point
wils 20977 to 200° G, T'wo carboxyl
groups were present, but the num-
ber of hydroxy] groups remains to
be determined, ()II(III[‘LtIVL color
tusts indicaie that it is also a triter-
penoid. Two ofher erystalline ace-
tates were obtained. One melted at
1342 to 157° (. and had a speeific
rotativn of 76°, while the other
inelted at 274° to 278° O, and had a
rotation ot 49°.  The remaining
Fractions did not crystallize and
purilieation was incomplete,

In other experiments with the
saponin mixture it was found that
n cerytalline saponin could be ob-
ratned from a dilute aleohol solu-
Fion with some prepavations. This
nimterial was shown £o be identieal
with a crystalline pwdmt obtained
from Ladino clover, This crystal-
ltne substanee was hydrolyzed with
ackl and was shown fo contain
walactose, glucose, and rhamnose as
predominant sugars with arabinose
and xvlose in frace ainounts, Glu-
curonie acid was also faund. Chro-
matngraphy of the sapogenin part
of the hydralysate on silica zel e
solved it into soy dsapowenols B, C,
wnd w trace of A

Same further tractionation of the
suponing themselves has been ac-
complished, but nrech more work is
necessary to resolve ftheir mixture
into tfs separale components.

TAMauntaerurved by Filtrol Corp.  Men-
tion pf this prodiet andl othars does not
imply recomamendation by the T. 8. De-
partntent of Agriculture.
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Taste 10.—Constants of sapogenins obtuined from alfalfa saponiﬁ

Meolling poink Specific rotation

Fraction

Sapogenin

Supogenin
aectaio

Sapogenin | Sapogenin

aeetale

Soyasapogenol Ao .. -l
Boyasapogenol 1B
Boynsapogenol C

240--2:01 i 200-203

A Degrees BPegrees
2046 §7
207249 7.7
154-157 ki
274-278 -19

A8-3201 . L P -

8
58

260 1 180-187 |

Present information is summarized
in table 10, which shows that at
least six saponins, and possibly sev-
eral more, occur in alfalfa,

Isolation and Chemistry of
Saponins From Ladino Clover

Ladino white clover (Pwifolium
repens) is reported to be as eapable
of causing bloat 1 ruminants as al-
falfa. Experiments with water ex-
tracts of Ladino clover designed to
isolate saponin as the cholesterol
addition product uas had been done
with alfalte (35) yielded only
small amounts of cholesteride.
However, direct isclation of ¢rystal-
line saponin from the alechol ex-

_tract of Ladine clover, withont the

“sible.

use of cholesterol, proved to be pos-
This product is the same as
the crystalline fraction of alfalfa
saponin which, as previousiy stated,
yields soyasapogenols B and C and
a trace <+ soynsapogeno] A,
Preliminary small-seale Jahora-

“tory experiments led to the follow-

ing procedure: 150 kg. of freshiy cut
Ladino clover {30 kg. dry weight)
was immersed in 360 liters of 95
percent aleohel for 2 days. 'Then
the extract was separated and fil-
tered. The filtered extract was con-
centrated in an open stainless-steel
pot to about 30 liters. This solu-
tion along with some dark-green

I

lipid fraction was trnsferred to
separatory ftunnels, The residue

“in the pot was transferred with

diethyl ether, followed by a small
quantity of water. Sullicient ether
was added until two Iayers were
obtained. The funnels were genily
inverted several times (vigorous
shaking gave emulsions) until most
of the chilorophyl] and lipid mate-
rial were in solution,  Adfer about
S0 minates the aqueons layer was
drained and allowed to stand until
the saponin ervsiallized in shim-
mering micro plates. The ether
Iaver was then repeatedly washed
with small quantities of water; the
water solutions were combined and
allowed to stand for an additional
crop of crystailine saponin. The
aqueons phase was centrifuged and
the erystalline saponin was washed
in the centrifuge tnbes several times
with smail quantities of water.
The saponin was finally washed
with acetone until no mwore col-
oredd maferial was removed. This
vielded white, crystalline saponin,
which wag dried in vacuum at §0°
(".; yvield was 70 grams, or about
.23 percent of the dry weight of
Ladine clover.

The saponin as isolated contained
6.7 percent ash and proved to be the
caleinm-magnesium salts of three
closely related saponins (47).

..
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. Upon ‘hydrolysis with acid this

- material gave galactose, glucose,

rhamnose, and glucuronic acid plus
traces of arabinose and xylose.
Chromatography of the sapogenins
on silica gel yielded three com-
pounds that had been characterized
previously by Ochiai and coworkers
(28) and Meyer and others (25) as
goyasapogenol B, soyasapogenci G,
and traces of soyasapogenol A.

Comparative Measurement of
Saponins in Forage Legumes

A method whereby the saponin
contents of different lots of forage
can be guantitatively compared is
important in the study of the rela-
tionship of saponin content to ru-
minant bioat und to jnhibition of
chicle growth {22},

The problem presents many for-
midable dificuities, and its solution
has seldom been attempted. In-
stend, workers nsually content them-
selves with estimates of the sapo-
gening that the saponins yield by
acid hydrolysis.  FEven thisalterna-
tive is frequently fav from easy and
often the information gained is
qualifative rather than quantita-
tive. For those inguiries that are
concerned primarily with the chem-
istry ot the sapogening rather than
their intact glycosides, these pavtinl
findings suffice. However, the pres-
ent purpose in the study of rumi-
nant. bloat requires move informa-
tion.  Accordingly, the Western
Utilization Research Branch has
undertaken development of quanti-
tative analytical procedies for in-
dividual suiponinsg in alfslfa and
other forage legumes. Asoneof the
frst steps o tentative method for
assuying the total sapogenins of
alfaltn has been developed.

With this method in its present
form 1t s possible to obtwin close
agreement between analyses per-
formed upon duplicate samples of
alfalfa. The method, however, has

not been ‘conclusively proved to be -
free of systematic error. Further
worle will be required. Results ob-
tained may not be true measures of
the total sapogenins present in the
samples. Although the results are
i terms of total sapogenins rather
than individual saponins or sapo-
genins, the procedure can be useful
m making approximate compari-
sous of alfalfa samples. The suita-
bility of the method for analysis of
other forage legumes such as the
clovers and vetches has not yet been
fully tested. '

PREPARATION OF SAMPLE

The plant material should be
dried and ground to a meal before
analysis. Ioxtremely fine grinding
is unnecessary ; the fineness of ordi-
nary dehydrated alfalfa meal is
sutisfactory. Drying is important,
stice the presence of moisture in the
sample leads to low analytical re-
snlts.  Air-dry menl should be fur
ther dried Ly maintenance at 70° C
ina vacuum oven for 40 hours,

PREPARATION OF PLANT
EXTRACT

Weigh 10.0 grams of dry meal”
inte u 23- x 80-mn. paper extrac-
tion thimble and cover with a tuft
of cotton, Pluce the thimble in a
small Soxhlet extruction apparatus
and extract 48 homrs with benzene.-
ithsolute ethanol azeotrope (67.6:
324 parts by volume). For the ex-
traction use 200 ml. of the solvent in
a 300-ml. short-neck flat-bottom
botling fusle.

Dry the thimble and its contents,
using either an explosionproot
mechanical convection oven or a
vacnum oven to remove the last of
the benzene-ethanol,

Allow the benzene-ethanol ex-
tract solution to stand wmtil it has
cooled and any suspended matter
m it has settled on the wall of the
flask. Pour the cooled solution
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from the flask and gently rinse the
inside of the flask with several
small portions of benzene, taking

- care not to dislodge any powdery

deposit clinging te the inside sur-
face. Draw air through the flask
to evaporate residual benzene.
Return the dried thimble and its
contents to the extractor, puf 200
ml. of 95 pereent ethanol into the
dried flask, connect the flask to the
extractor, and extract the contenis
of the thimble 48 homs It the
first runnings of ethanol extract
solution are green, the period of
extraction witlh benzene-ethianol
should have heen longer.
© Filter the ethunol extract solu-
tion through Whatman’s No. 1 pa-
per. Rinse the flask with a small
portion of water and transfer the
washings to the filter with 99 per-
cent ethanol. TUse a droppiug
pipette to wash the paper with 80
percent ethanol.
At this point in the procedure
the ethanol solution always con-
tains small bot significant quanti-
ties of fat and fat-soluble pignients
that muost be removed by ligud-
liguid extraction. o o this, frst
evaporate the ethanol solution
nearly to dryness. Now transfer
the extract to a 123-ml. Sqguibb
separatory funnel with sufficient
H.O to bring thie volume to 30 wmi,
Add 10 ml of 95 percent ethanal
~and mix the contents of the tunnel
by shakine. Now add 40 mli. of
T. S. P. diethyl ether, stopper the
funnel, and again mix thoroughly
by shaking. Let the funnel stand
until its contents separate into fwo
layers. Drain all the bottom Iayer
into a second 123-ml. sepavatory
- fanhel,  Inclusion of several drops

of ‘the upper phase in the ligaid

drawn into the second fuimel will
do no harm. Discard the remuin-
Cing upper liquid phase. Add §
ml. of 95 percent ethanol to the con-
tents of the second funnel und
- mix by shaking. Next add 40 nl.
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of 1. 8. P. ether and shake vigor-
ougly ugain. If clean separation
of two liquid phases does not eccur
promptly on standing, make further
small additions of ethanol until
sepuration  does quickly follow
shaling. Draw all of the bottom
liquid phase into u glass evaporat-
ing dish and evaporate it to sub-
stintial dryness over steam.

HYDROLYSIS OF ETHANOL
EXTRACT

Measure 5 ml. of 83 to 90 percent
fornmic acid into a beaker, and with
a dropping pipetie use it fo moisten
the extract 1n the evaporating dish.
Cover the dish with a watchglass
andd warm b gently over steam.
When all the extract has dissolved,
pour the solution into a 125-ml.
Erlenmeyer flusk, using a thin stir-
ring rod fo prevent spread of the
solution to the outside of the dish.
Complete the transfer with an addi-
tional 3 ml. of formic acid delivered
in seversl portions from a slender
dropping pipette. TFinally, use 10
ml. of water in several portions to
pinse the Iast of the acid into the
flask. Imsert a cold-fAnger con-
denser into the neck of the Hask and
hent the contents over steam for 40
hours.

Dialysis of hydrolysis mixture:
Cat oft about 33 cm. of celiulose
sansage  casing  (cirenmference 7
em. ), and after zouking it in watev
tie a kol about 2 em. from one end.
Siip the ofher end of the casing over
the stem of an 80-mm. powder fun-
nel until only about 13 em. of eas-
ing uabove the Imol hangs free.
Support the fimnel so that the cas-
ing 15 mnersed v to within abouk
2 em. of the lower end of the tunnel
stem.

Pour the conled hydrolysis mix-
ture info the funnel and complete
the franster with not niorve than 15
ml. of wafer. Lno# the casing asg
close above the top of the liquid in
the bag as possible. For conven- .
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jence in handling, the casing can be
knotted again near its open end
after first dmwmn it between the
thumb and 1omhnﬂm to expel air.
Dialyze 16 hours in running dis-
tilled water.

EXTRACTION OF SAPOGEMINS
FROM DIALYZED HYDROLYSIS
MIXTURE

Txing a pair of shears, cut ofl
the »pietail™ below (he knot af the
hottom of the dinlysis hag. Now
with one hand hold the bhag so that
its Lottowm end hangs well down in
an st-nnn. powder funnel that s
suppaorted by the mouth of a 100-
ml. pradunted  evlinder.  Twe a
ehizel, which may be m ‘ound from a
sl (riangular fle. (o pierce the
Lagr jis l.ll).u\'v{lwimlit)m knoi. thus
allowing the contents of the hag fo
drain through the funnel into the
grictnated  eviinder. When  no
more liepid will drain Trom tle hagr,
ent the top of the bag olf Just helow
the knor ai the fop. Using: 0 wazh
bottle. Insh the last of the contents
ol the bag into the exlinder with a
small velume of wuter. Rinsing the
=ide of ihe bae with o minipium
af wuter
ol the boittom of the hag fost above
the hottom kool Note the volume
of liquid in the exlinder hetore
emptying Hointo a 235l Squibl
sepruatory funnel.  Measure one-
third volume of 93 pereent et hanol
into the eyvlinder. =wirl it to rinse
the evlinder, and pour 1t inta the
separatory funnel.  Stopper the
separatory funnel and shake i
vigorously (o hreak ap oas rom-
plerely as pos=ilile any agolomeratoes
of =alid particles that may he pres-
enf.  Now measure in the same
nrrullml“ut'[ evlinder o voline of
.50 1, diethyl ether equal 1o 115
I]nu-w that of he dialyzed hvdealy
iy mixtnre and add i to the eon-
tenis of the fonnell Siopper the
Tunael aned shake i wgain, et the
mixtitre stand in the Tunnel until

is facilitared by =nipping -
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the twe Twuid phases sepavate,
then make & mark on the funnel at
the level of the boundary of the two
liguid phages.  Draw the lower
phase contuining sugpended brown
solids into a second 275-ml. sepal-
tory funnel. Dreain the elear upper
phase onfo a Li-em. Whatman's No.
1 filier paper and ¢afeh the filtrate
i H00-ml. Erlenmeyer flasls,
Wash ihe turbid aqueons phase 5
morve Cines with ethanol and efher,
using i each wash the sauue volume
of ether bui only halt as mueh
ethanol az wasuszed n the first wash,
[Leep the volume of the lower phase
constant by adding wafer as needed,
The voliume of walter to be added
can be deternined only atter each
mixfure of agueons phase. ethanol,
atid ether, ins bheen shaken together.
Alter the vequisite qumhtv of
water has heen added to each wash
mixture, it is necessary to mix by
shinlkingagain, In |1r=1r0| ming each
wash always add the ef hanol first.
mix by shaking before adding the
cilier. When all of the suceessive
other-extraet solutions have heen
filrered into the Irlenmever flask,
wasll the [iler with 93 percent
cthanal. Tovaporate the comhined
filtrate sl washings to dryness by
fransferring =uccessive portions to
M1 S0- % i, olass evaporating
disly heated over stoam. Finish dry-
ing the residue in an oven at 80° (.,

CHROMATOGRAPHIC PURIFICA-
TION OF SAPOGENIN EXTRACT

Propare w chromafographie eal-

minn as follows: Rom asmall cotton
plugr to the bottom of cohunn tube
Laving an inside dinmeter of 7o,
Tanip about L em. of powdered eel-
Indose (W hatman's Standard Grade
(o Chiromatography) on top of the
cotton plug, \u'.\ without pack-
ing. i1l the fube with Special Fil-
trol to u depth of 3 ent abave the
celtulose. "Tap the tube while ap-
plying =uetion to pack the 1"Mltrol.
When paciked in chis 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
through the columm until the effluent
becomes free of tnebidity and dis-
card the washings.

Dissolve the residue from the
ether extract in a small volume of
methanol and transfer the solution
to the Filtrel column, using a fur-
ther small quantity ol methanol to
complete the bransfer. A slender
dropping pipette for dispensing
methanol wili assist in keeping to u
minimum the volume of solvent re-
quived. Nof more than about 8.
of methanol 15 needed in making
and transferving the solntion.

After all the methanol sohution
has passed into the column, elule
the column with 23 ml of methinnol.
Tse only moderate suction and thns
aveid hoiling the solvent in the col-
umn.  Receive the eluate in a 5-
ml. beaker, the wall of which has
been marked af a height correspon-
ing to a capaeity of 9.5 ml, Evap-
orate the cluafe widil ity residual
volume is between 6 and 9 ml.

Prepare a2 second  chromato-
graphic eolumn 7 mm, in diameter
as follows: Plug the bottam of the
tube with cotton and eelivlose pow-
der ns described before.  Above the
cellulose powder pul 0.7 gram of

1:1 {w/w) mixture of Darco G—GO.
activated carbon and cellulose pow-
der. Tap the tube while applying
suction to pack the column.

Prepare a stock quantity of 1:19
(v/¥) mixture of 85 to 30 percent
formie acid and methanol for use as
solvent and column eluent,

Wash the column with the formic
acid-methanol  solution nnfil the
efilnent : free of turbidity and dis-
enrd the washings, '

Make the volume of fhe coneen-
trated eluate from the Filtrol col-
umn {o the 45-mi. mark on the
beaker by adding methanol; then
add 003wl of N3 to 90 pereent
formic acid.  Mix the conteuts of
the beaker by swirling, Transfer
the Tiguid to the carbon colinn ag in
the previons instance, using formic
acid-methanol =olution to assist in
{he transfer,

When all of the sample =olution
has pasred info the packing. clate
the column with 43 mi of formic
aeid-mellranol solution.  Apply
only very modernte suetion duving
cution.  Neceive the elunte in o
0-ml tared beaker. Evaporate
fhie cluate.

Before weighing it dey the yesi-
due I oan oven at 80° . Record
the weight of thix residue as “Total
Sapogenin.”

Some Pharmacological Effects of Alfalfa Saponin on
Nonruminants and on Isolated Muscle Strips

By Fobert 11, Wilson, Nartin B. Sidcmnn, and Floyd Delds

Saponins have long been known
to modify nermal physiological re-
actions and activibies.  Sollmann
(46) has reviewed briefly the vari-
ous pharmacological and toxie re-
netions attvibuted to saponins, Tle
has indicated that not all saponing
are equally toxte, that degree of ab-
sorption varies with the pavticular
saponmn, and that pharmacologienl
actions differ either qualitafively or
quantitatively. In view of the

pregent ineveased Inferest in the
siponing of Dloal-prodneing for-
ages, it seemed desiable fo conduct
amore extensive study on the phae-
macological propertivs and toxicity
of alfalfa saponin. This study was
made possible beeanse of the isola-
tion and  purilication of alfalfa
saponins by the Field (rops Tl
ization Section of the Western
Utilization Researeh Branch.
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® Experimental Data

The investigations were nlong
three major lines: Acute and sub-
acute toxicity, cflects on isolated
musele strips, and hemolytic ac-
tivity. ‘L'he saponins stucied were
(1} a water-soluble composite from
alfalfu: (2) a crystafline ealeium-
magnesinm saponin, poorly soluble
inwaier; and () two commercially
available saponing, presunibly ex-
tracted from voeca. one obtained
from Eastman Kodak Co.. the other
from I, T Baker Chemienl Co.
The eryvstalline caleiwm-magnesiun
saponin came from iwo soirces—

@150 and Ladine clover.  Chemi-
cally, aceording to the Field Crops
Ttilization Section, the lwo are
very similar il may be identicaly
pharmacologically. hoth produced
the same reactions and will be con-
sidered in this section as oue sub-
stanee. To inerea-e water solubilivy
amt thus make tesiing more wasy
and dosage more cectain, the eal-
clum and magnesimm were removetd
by Hliering an aleoholie solution of
the eryvaials through am jon-ex-
change colmn of  Dow-X50 and
nenfralizing the aeld saponin with
NuOIL  Tror  convenience, (his
preparntion will be enlled erystal-
lime saponin throughont {his section.

. Methods and Results
ACUTE TOXICITY

Mice wore ured to delermine aente
toxicities.  The materials were ad-
mintstered by fulreperitoueal in-
jection. by =temaeh tnbe; and, in a
fow instanees, intravenously. The
datn, where extensive enongh o
warrant ik, weve analyzed by the
method of Litehfield and Wilcoxon
(32} to obtain the LD., (the dos.
age lethal to 50 percent of the ani-
mala} and the 14 20 confidence
limits, i. e. the stalistical spread
within which the L1, could he
found in 19 oui of 20 trinds, The
data ave given in tables 11 and 12

Tater-soluble alfalta had an
Iy of 8.5 mg./kg. of body weight,
with confidence limits of 6.5 to 114
mg./kg., when given intraperitone-
ally. Animals showing signs of
toxic reaction became progressively
more quiet, felt cold to the touch,
and died in a state of shock. Death
oecurred in 8 hours to 2 days after
injection.  _\utopsy revealed no
gross  abnormalities, except that
ithere was o partial hemolysis of the
ved blead cells in ithose animals re-
ceiving the lurger doses and dying
iu the shorrer fimes,

The waler-soluble alfalfa saponin
war given (o a few mice intraven-
ously.  Death was almost instan-
tuneous with doses of 250 ing./kg.
or more. and the blood was com-
pletely luked. At the dosage Jevel
of M mge. ke, death occarrved in 1
or 2 daye with no apparent hemol-
yeis.  However, animals receiving
this dosage and saerificed within a
fow hours of injection had par-
vally hemolyzed blood, but no gross
hemorrhages or other evidence of
damage,  The two animals receiv-
g 10 mgs kg developed ne symp-
foms and were quite normal during
2 weeks of observation.

Administration of the water-
solithle =aponin by stomach tube
indicated that fhe LD, would be
zontewhere hetween 200 and 250
mg. kg, No symptoms other than
depression in those mice receiving
the higher dosages weve seen, and
there was no hemolysis, hemor-
rhiage, ot other damage appavent at
ituropsy,

The crystalling saponin has a
guife ditferent toxicity. By intra-
peritoneal injection, the LDg, was
Tound to be 265 mg./kg., with 19/20
conhdence Timitg ot 180 to 390.
symptoms of poisoning were simi-
lar to those observed in mice given
the water-soluble saponin, but no
hemolysis was observed at autopsy,
When given by stomach tube, the
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TanrE 11.—Acute towicity of water-solulle saponin in mice
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toxicity is very low; 1,000 mg./ke.
causes the death of onlv ane of threc
mice.

SUBACUTE ORAL TOXICITY

Younw, rapidly growing male
rats, \\(’1"]1“1.‘_{ abaonr 90 g nm Were
presented an adequate basal diet to
which had been added 1 pereent of
water-zoluble abfal{a suponin. For
3 to 3 days the animals did nob et
.ulvqualvl\' amd o=t weight slightly,
FFollowing this, (hey grew nearly as
papldly as their controls. The rats
were setive and fooked well during
the 10 davs of observation. “That
they did nat like the diet was shown
by the great food wastage. That
there was 1o mrent I]l[(‘-»lll]ll trriin-
tion wa= apparent From the absenee
of arrheit: on the contrary. the
Teces were =eanty. small. and fien,

Two gronpz of muines pigs were
fed diets containing alfalfa gaponin.
The Hest was o group of wdolis,
mate and female, seven of which
linally  adapted  themselves  to
grontd rabbic diet supplemented
didy with eabbage. Witer-2ohihle
Al fa saponin was mixed with the
gromd diet and Ted to the animals
al a0 -pereent level for Tilavs and
af 1 peresnt for the next N days.
The animals maintained, or nearly
mainfained, their weight during the
experimental period. “There were
no inieations of Intestinal upset.
In the next experinent 300-gram
rapicdiy srowing eninea pigs were
treared in the same manner, They
were fed onn t-pereent saponin diet
for & alayss Tollowed by an S-day
feeding: al aZ-pereent saponin level,
with daity cabbage supplements,
One uf the three animsls vefwsed the
saponin-tontaining diet and died
hefore the vncl of the experiment.
‘The othier fwo continued to grow
s appenred henlthy and nor m".Hy
active. I'hree other yonng guines
s were wiven ground dehivdrated
alfalfa supplermented by calibage in
place of  the sapmin-containing
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diet.  The alfalfa probably con-
tained ubout 1 percent saponin.
These animals grew and in other re-
spocty 'lpf){"\lt‘d well during the 15
daxs of ohservation.

A final feeding fest wus made,
using voung rabbits that wemhed
215 to 2.53 I\rr at the wturt ot the
(*.\'[}Ol'i]ln‘]ll. The diets were the
same a8 (hose given the young
QUIen pige. e\(*epi thai no mbhafre
5»11pp]vnwnt wis given. Al ani-
mistls, both those on the alfalta diet
and thase on the saponin-contain-
i diet, grew and appeared healthy
(hroughour the 15 days of the ex-
peritment.

ISOLATED INTESTINAL AND
RUMINAL STRIFS

These studies were made in an
isolaied organ hath at 382 (., using
well-nerated  Fyrode's Hﬂlllil()ll 0s
the halaneed ]J]]\"-I(}](l"](‘ 1] salt solu-
tion in wlhich the fi=sues wore sus-
pevded.  Tooa test such as this, one
end of the musele st 1|) (it this case,
tntestine or rumen} ig anchared, and
the other is ;1[i':u-||0d. ta a lever that
records confractions on n glowly
maving paper.  An infestinal shrip
(11 sl bwo ivpes of movement:
One i o hivihmice contraction «mﬂ
relaxation, tmmspt)ncluw to peri-
stitlsis in the infact animal, and the
oiher a more prolonged contraction
o relaxation of the musele. desig-
nated as tonus, Addition of cor-
enin drngs to the bath surrounding
ihese |~rn] ted segments will eause a
chinge in the amplitude or fre-
queney of periztaltic contraction, or
a ehanee i {fonus, or both. Tn the
present vxperiments, the hath con-
{aineel Byl of sabine towhich was
added the desimnated .nummh of
sapomin.

Nut all saponins affeet isolated
tnte=f ! seginenfs in the same way.
For e\'implp. a comimercinl saponin
fprobably from yieen) decrenged
the tonus withoui altering the peri-
stal=ts, Fhis is nol ihe saue reag-
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tion as that seen with alfalfa sapo-
nin. Since it was not the purpose
of this study to compare saponins
trom difference souvces, this phase
of iivestigation was not puorsued
turther.

Using strips of rabbit leum, it

was found that the erystailine sap-
onin and the water-soluble alfalfa
saponin modified the contractions
of intestine in the same way, bat the
saponing differed considerably in
the dosage vequired fo produce a
reaction.  Witl most strips. 10 mg.
of crystalline saponin added to the
G0 mi. bath wonld produce a clear
response, whereas nearly 30 mg. of
the water-soluble saponin was re-
guired. These saponins produced
a regurlar sequence of responses {ig.
52}, The first addition of saponin
immediately decreased the ampli-
tude of peristalsis, quickly followed
by a considerable inerease in tonus,
The peristaltic movement continned
to decvense fo a point and might
completely dizappear.  Within 3 to
10 minufes the styip begun {o relax

TU. 5. DEPT. OF AGRICULTURE

and, if the reaction were allowed to
conhlme, the tonns would drop te
well below the initial level.  Allow-
ing the figsue to stay in contact with
the saponin caused irreparable dam-
age; within a few minutes the strip
lost ali spontancons ackivity and
failed to respond to high doses of
wsually  ellective (hunw It the
shrip  were  washed With  fresh
Tyrode’s =selubion belore this per-
punent damage occurred and ve-
washed two or (hree fones with
intervale of several minutes be-
tween washings, {he strip usually
regnined itg Former tonns and per-
istaltic  activity  and 3'{-\5}_}011(10{1.
normally fo drug= such as epineph-
vine, histmine, pilocavpine, nico-
fine, and barvison.

HTowever, in apite of this ap-
parrent recovery, the (st saponin
exposure produced lasting changes
that were vevealed by subsequent
treatments o the  tissue with
saponin. Sugeessive exposures to
saponin pradueed progressively in-
creasing drops 0 lonus caneoni-
fant with the early decrease in

Frouns: 52.—Rosponse of seymoent of rabbil ilewn to firs{, sccond, and fourth addi-

tiong of 50 mg
tions; 1V indicnies washing.

witer-soluble nifalfn sapouin.

Areows indicule time of addi-
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: .pmistftltif, amplitude. The follow-
ing ncrease In tonus became pro-
“'IGSS!'\’Q]) less and, atfter thres ov
Tour exposures lo bcl[’)O]]ll], disap-
peaved enfively. At this stage the
tissue might still respond fo “other
drugs, but usually not so strongly,
and sometimes not at wil.

A series ol exposures to small
amonnts  of  alfalfn  suponin-—
amounts foo smadl to produce w no-
ticeable vonchon—witl modily the
tigsue so that u [arger dose no longer
eives the reaction described above
For a first. atdequntde dose, Tostewd,
this adeguate dose will now produce
a picture resembling one of the sab-

.ﬁ{?{llli‘nf PespONENS previousi ¥
described,

One experiment with unfraelion-
ated alfalln jutees was made, nsing
strips of rabbit ilenm as the test
materinl. The four samples of ul-
Talfa olbiained on different days
were received from the [niversity
of Californta at Davise Bloating
had hoen observed in eabtle eafing
thisalfaifi. The sonples were kopt
frazen wntil tine for testing, A fter
thawing, juice was obrained by

Frauvne H0.— Response of segmoent of rab-
bit Hlewm and alfalta juice : 44 stgnifies
addikiom of atFalfa juiee; W oipdieates
whore tho detm was stopped while the
Juice was wnsbed oft the tissne.

squeezing in a hydraulic press.
Action of all four Juices on the in-
testinal strip was comparable and
iz illustrated in figure 53 Three
mi. of julce added to the 60-ml.
baily decrcased tonus slightly and
also the amplitede of peristaitic
conlraction. Five ml. had a like
effect on tonus, but decrensed peris-
talsis vapidiy to zevo.

Parsons and worlkers (47) ob-
sepved similar changes in some of
{the forage juices they studied.
These juices definitely had pharma-
cologieal aelivity, but the responses
were not the same us those produced
by alfalfa saponin. Saponin may
have contributed o, but was nob
entively  responsible  for, these
changes in tissue aclivity.

RUMEN STRIPS

The pharmacological actions re-
ported above for rabbib intestine
are nol necessaritly the same us those
which  wonld be obtained with
vuminal strips. Bven strps Lrom
cattle or sheep intestine, although
cotring from ruminants, would not
NneeeR -'|l\ act a8 does  rumen.
There are o few reports of experi-
ments nsing steips of raomen i iso-
leted-orgun baths (1, 27). These
reports  indieate  that  strips  of
rimen can be wsed satisCactorily.
][mw\o:. it i our experience that
strips of rominal museulature ave
extremely wnveliable.  The tissue
st be oblained very shortly atter
slughter, wasbied, and kept in-a
physiological saline. For use in an
mwolated-organ bath, the thick nmu-
cosnl layver must be removed and the
underlying musealature divided in
simall enongl strips so that they are
casily permenble to the constituents
in the sirrounding bath. Under
these condibions, some of the strips
will be active, Ilaving found u ve-
avtive strip, what is more import-
anf, perhaps; is e vaplant action
displayed toward certain standard
drugs.
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Strips were obtained from ftwo
recognizable regions of beef rumen.®
The more relinble strips (those
most. apt to have gpontuncous
rhythm and to respond to drugs)
were obtuined from a musele fold
constituting the edge of the esophn-
ceal rrmove The other area from
Wwhich strips were taken was the
wall of the romen, n Tew inches
tnternl fo thue esophagenl groove.
Sinee direction of muscle fibers i
this region was not apparent, strips
were faken both paraliel and per-
pendicular to the groove: direction
of cutting did not greatly modify
response.  Aside from the greater

possibility of activity in tissae from
the muscuiar fold. strips from the
two areas reacted shmilarly.
Active ruminal strips conteacted
when treated with pilocupine. ace-

S Porfions of romwen woere Kindly sup-
plicd Ly Lewis and MeDermotl Whole-
sale Bulchers, Berkeley, Califl

Farae 4. —Response of rmmen steip (o sapanin and epinephrine:
cales addition of 20 mg of wiiersoluibie
aldition of 20wy of erystadline Ladine elover saponing

1161, U. 8. DEPT. OF AGRICULTURE

tylcholing, burium, and histamine @
Abvopineg did not always cause a
response : when it did, the tissues re-
Inxed. These im(imrrs are in gen-
eral agreement with the vesults ve-
pm.ii‘d. by Tienert (40}, and are
similar fo those oblained from in-
tostinal sepments of laboratory ani-
mals.  Our results differed from
those of Lienevt wnd from the usual
reaction of ntestinal strips in that
in mest instanees (70 pereent) we
abtiined a conteaetion after addi-
tion of eplnephrine. A redponse of
this mature 1w illusteded in feure
b In this case. the muscle re-
spended  as might a sphincter
nrisele.
cansed relaxation. Al strips From
a eiven animal veaeted in fhe same
direction. The  eontraction  of
raminal strips fo histamine iz ghe
response usually obtained on strips
of smooth wurele. 1t dillers, how-
ever, from  the obsepvation of

AR indi-
alfalfs saponin: LN hudienies
£ indientes addi-

tion of 20 pg, of epinephivine ; 3 ks wash,

Oceazionally. epinephrine )
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Doughterty (/7) in the intact ani-
mal, where intravenous injection of
histamine decreased the activity of
the rumen. 1t seems apparent that
responses of isoluted ruminal atrips
to drugs and Jegnme extracts ean
be applied only with reservation to
responses in the Hyving animal and
thet there are dilferences bebween
animals. ns shown by the diametri-
cally opposite response of riminal
strips 1o epinephrine,

With this in mind we ean con-
gider the action of alfalfa saponin
on strips of rmen, Usually, addi-
fion of saponin fo the =trip pro-
duced a relaxntion =uch as thal
shown in Nwee 330 Somelimes
there was o ermtraction, and fu af
Tenst oue nstanee, as Uhestrated in
Hgure 5, a strip conteacted atter
ane addition of saponin awd relaxed
alter another.  Both eryvstatline
and water-soluble alfal s =aponins
seemed camparable In their actions,
although quantitatively the crystnl-
line =nponin was nore polent.

oy G-~ Hespouse of ronwelr sivip to

falla saponin: A8 ngleates mddition

Pt myr. of walor-soluble ol sawe
win; Wis wash,
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HEMOLYSIS

A lrief study of hemolysis was
made, not to explain bloating prop-
erties, but as o possible guide to
atd the Field Crops Utilization
Nection in itg purifieation and frue-
tionation of alfalfa saponins, A
review of the hemolyiic action of
saponing by Sollmann (46) men-
tiong reports with which o briet
studies=noree. Notonlyis concentra-
(tor of saponin an important factor,
It w0 als=o is the number of ved
eells on which the saponin may re-
aet. This would verify the earlier
stulewents {46) that hemolysis oc-
curs afrer eombination of the sapo-
nin with the eell wall {possibly
cholesteroly. Time of veaction is
likewise important, and the ryene-
tinn will vary somewhat with cells
fram ditferent animals.  The hem-
olvlic procedure [inally evolved wus
a= follows:  Ned cells from the rat
were washied  several times with
saline and suspended in 0.9 percent
Na('] in sueh concentration that 3
ml. of eell suspengion mixed with
1wl of 0.8 pereent Na('h wonil give
a reading of 300 on w WKlett-Sum-
werzon colorimeter equipped with
vored Noo G6 filter. Using this
ctninrdized cell-vuspension and
substipnting  yvarving  concenlra-
tions nf saponin in saline for the
I ml. of saline previeosly men-
tioned. we found the coneentration
catising half-hemolysis in 13 min-
T,

Hemolysis ander these conditions
wie mesured with the {ollowiong
concentriions of raponins fihe
comrentrations mentioned arve those
in saline before mixing with the
coll susprensian)

1. A eomposiic of waler-soluble alfalfa

arpesing, 00D o Q076 poreont,

Sovarious Praerions af gl composite

water-2olible allfalfn saponin, 00082
for L el

Ao Chevstalline caponin, Ladfhomolyesis

not obitpined witle & -poresnt =eln-
[RTTITR

o Cannmereind Saponin £ yeea ¥, (L0005

el
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While markedly different hemo-
Iytic activities were found, which
would easily particularize certain
saponins, it was found to be impos-
sible to differentiate the various
fractions of water-soluble alfalfa
saponin from each other or from the
original composite by this method.

Tncidental to the above, surtace
tension measurcments were made on
several saponin solutions? Soln-
tions of 0,123 percent in 0.225 per-
vent NaCl were used.  The results
are:

Fhynesfem.,

Crystalline saponin (alfalfn) ... G5
Crystalline saponin (Ladine ¢lo-

ver) - .
Water-soluble alfalfa suponin.. .. -
Commercigl saponin

Clearly there is no correlation he-
tween the surface tension ol these
saponing and their ability to cause
hemolysis.  This is in agreement
with the indings of Woodward aud
Alsberg (8:2) 1 1916,

iRt
tit). i}

Discussion

Since the studies deseribed above
on the toxieities and on hemolytie
activities of saponing are not elearly
velated to the problem of bloat and
since our findings with alfalfa sapo-
nins are in general agreement with
those veporfed and reviewed (40)
tor other saponing, no lengthy dis-
cussion of this phase seems neces-
sary. Acnte toxicities with alfalfa
saponing can vary cousiderably
from one saponin to another. TTni-
thermore, toxicity by inouth is much
less than by parenleral adninistea-
fion. Tnder conditions of the ex-
periments, no subacnte oral (oxicity
wag noticed other than o dislike of
the treated food Iy young rats dur-
ing the fivst few days. Rabbils and
guinea pigs did not appear to object
to sapomin-containing food. The

"We wish io thank . B S o Y.
Peanintatsn, Analyiicul, Physicid Chew-
iend, and Physics Section, Western ULili-
zntion Researeh Brineh, for those de{er-
minations,
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problem with these animals, espe-
cially with guinea pigs, was to per-
suade them to eat a ground diet.

"Once thev started eating such a diet,

addition of alfalfa saponin did not
modify tood intake.

Hemolvtic activity of crystalline
saponin, both from aifaifa and from
Tadine elover. was nearly nonex-
istent, whereas water-soluble alfal-
fa saponin has congiderable henio-
fytie wetivity: snd a commercial
saponin, prestimably prepared from
viieen. is very potent. These facts
wonld argue against hemolytic ac-
tivity being corvelated n any way
with bloat-producing propensities.
The ervsialline Ladiuo clover sapo-
nin has been shown recently to he
an experimentally inelfeetive hloat-
prodocer.t® Thisbulletin illustrates
the blout-producing efleetiveness of
water-=oluble alfalfa saponin. And
(the saponin from yvoeea. which has
sreat bemolyiie activity, is reported
to be melfective in (he production
ol Bloal (24). Likewise. it would
appear that ability to reduce surface
fension by (hese =aponins does not
eoerclate well with Dloating ne-
fivity.

Saponins coultl eanse bloat either
throngh absorption and subsequent
action en the cenlral nervous sys-
iem, or from direet action on the
organs involved in bloat. Tt there
iz sueh o direet action, it might well
he demonstrated I strips of muscle
completely isolated from all body
confrols. The first step was to lind
il =aponin affeeted irolaled muscle
stiip, Tt does thiz bt not 1 a
simple munner.  In the Tirst place,
the netion of the saponin depends
upon ity origing vueea saponin af-
feeting the strip in a manner that
dilfers from elfects of alfalta sapo-
nin. Secondiy, Uhe aetion of the
stripy s dependent on the yrevious
bistory of =aponin exposures. The
reaction of rhe slrips change pro-

® Lindabl, 1. L., personal communica-
110w,
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E gressively with suceessive contnetls

with saponin. Ioven when the pre-
vious amounts of saponin have been
too smull to produce a uoticeable
response, Che tissue has been modi-
fiedd as shown Dby its subsequent
Tesponses.

Reactions of infestinal and rumi-
nal strips to saponin ocen: with 1it-
tle time Ing, It wus likewige shown
in sheep (sec seeflont on rominal
motility) that intestinal and rumi-
nal movemenis were modified very
quickly in certain animals after ad-
ministration of saponin,  Tatile is
Imown coneerning the rate of al-
sorption of saponin from ramen or
infestine,  Assuming a very rapidl
abgorpiion, it seoms doubi ful (i
absorption into the biosd stream
and subreguent vesponse of (he con-
tral nervous svstem ean be so st
ag to cause the almost Instantaneous
reacizons found in Hstulated sheep.
Iven the early riminal ehanges af-
ter intestinal administration of B
onin fxeclion on ruminal motitity)
couldd be more easily explained, on
a r]]ll(‘ l]-leh. On I'L"”(‘X T'(‘Fl){ll]!‘-l-‘!':
ovigingling  Trom  the intesiine
rathor than ceniral nervous control
cavsed by absorbed saponin,  How-
ever, some of the lTater elfects seen
in certpin animals almost  an-
doubtedly wre caused by ubzorhed
A pONIN,

Tnoa previons seetion of this hul-
letin,  Lindahl. Dovgherty, and
Davix observed w marked stimula-
tion of the intestine immediately
after intestinal administraiion of
alfalfa saponin. This is very sim-
thr to the early fonic incrense seen
m intestinal strips subjected for the
first time to adequate saponin dos-
age, 1t i3 tempting to speculate
whether or not these fwo observa
Hons may not bo slighily different
manifestations of the sime thing,

Certuinly alfalfa saponin has tox-
ic actions other than the Dlont-pro-

ducing action. These have been
noted 1n the earlier sections of this
bulletin, in particular atter acute
bloat has subsided. The prostra-
tion and shock seen in mice receiving
toxic levels of saponin cannot be the
result of bloat, since these animals
are not |’umimmts; these renctions
are probably similar to some of the
later manifestations seen in rumi-
nants.

Acomparison of al falfa saponins,
of saponin from LZadine clover, and
) mmm(-lrx.ll saponin was ]'ll‘lde on
the basis of acute touuty in mice,
hemolylic activity, and, in particu-
lar, elfects on intestinal and ruminal
msele sfrips. While saponins vary
greaily in foxicity and in hemo-
Iytic netivity, theve appents to be no
vorrelation hetween acute toxicity
with small Taboratory animals,
hemalvtic action, and the ability to

GiliEe expet rimental bloat in rumi-
nans,

Summary

Strips of vimen arve not satis-
factory as test materials, but they
dao respond to varions drugs and to
abfalfa saponin. Their response to
dirugs is usually flie same as that
shown by other smooth  muscle
strips. but they differ in the major-
ity of enses with epinephrine, which
usually produces a contraction of
the runzinal strip rather than a re-
Inxation.  Rabbit Hleum furnishes a
wore satisfactory musele strip. A
sequence of responses follows appli-
eilion of alfalfa saponin,  There is
a progressive diminution of peris-
talsis, Tonus is, at Arst, greatly in-
ereased, followed quickly by marked
velaxation.  After previous ex-
posure Lo saponin, the increase in
tonus is not found, and only the re-
Inxation vemains, These ﬁndmrrs
have been eonsidered in their re-
Intionszhip to experimental bloat.
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Summary

The resulis of rather extensive
studies on the chemical, physiclogi-
cal, pharmacological, physical, and
toxocological properties of alfalfa
saponins in velation to ruminant
bloat are described in this bulletin.

Expevimental Dloat sympftoms
have been produced in sheep by oral
and by intravenous administration
of a composite mixture of saponins
isolated from alfalfa.

- Data ave presented which indieate

that alfalfa saponins van interfere
with 'the mechanism of eruciation
through their physiologieal actinons
alone. Data are also presented
which indieate that alfalta saponins
can contribute to the formation of
froth, and thus interfere with erue-
tation in an indirect manner.  Ivi-
dence ig nlse presented which shows
that the pathogenesis of ruminant
bloat is complex and cannot he at-
tributed to a single factor. Tf ap-
pears that while alfalfa saponins
may contribute fo rninant bloat. it
cannot be conclnded that saponins,
per se, are the cause of naturally oc-
curring Moat.

It has been demonsirated ihat the
composite alfalfa saponing have
pronounced pharmacological activ-
1y, No syafem is singled out by
these drugs. Their actions do nof
permib  classification  nnder any
]mown group. Insome respecis the
saponing are parasympuathonimetic
in action: in ofher vespects they are
not.

The actions of the saponins on the
digestive system are not Timited (o
the rumen slone, but also inciude the
reticulum, esophagus, and intes-
tines. Different animals vary eni-
siderably in ftheir reaction to the
alfalfa saponins. some being very
sensitive while others appear to he
quite vesistant.  Although some ne-
tions of the saponing may be cansed
by a divect action on the ruminal
musculature, all the observalions
cannot, be explained on this basis.

The intravuminal administration
of moderafe amounts of the saponin
or intravenous administration of
smaller doses usually vesults in an
increase in the respiratory rate and
then in an ircegular respiratory pat-
tern.  1n all expertments in which
the saponin was slowly injected -
travenously until the animal col-
fapsed, respiratory  failure  was
procecded by eardiae failure.  De-
tatled data on an aninal revealed
that there wae 1t e or no change in
oxyuen eonsumplion following the
intrvenous injection of fhe sapoe-
nins, although there was o marked
alteration in the respiratory rate
and rhyehme indienting that the
siponins may have a diveet aetion
on the respiratory centlers.

The action of the saponinz= on the
cardio-vazeulinr system iz rather
complex and alfecis the eell counts.
cardiie actton. and blood pressurve.
Although saponins wre well known
Tor their ability ta hemolyze Hlond.
na defintie correlation was found be-
tween Mond hemalyzis and other
phyvsinlogical actionz

The tuxie levels of the composite
alfalfa saponins for matnre sheep
appear o be approxhmately 30 to GO
arams when given orally or 1 g
when  given  Inlravenously.  The
fypieal lindines on gross examina-
F1on of the animals that died as a re-
=ult of =nponin wdministration have
been congestion of Jung rissne, in-
flannmation. hemorchage, and con-
gestion and hyperemin of the small
mtestine and ibe walls of the abo-
masam. regavdless of (he site or
mode ol the saponin administration.
Aithough gross pathology of the
lidneys: and liver was not 2o appar-
ent and fypieal as the symptoms
listed, histological examination re-
vealed consistent and severe damage
to these organs.

While saponin. vary greatly in
toxieity and n hemolytic activity,
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there appears to be no correlation

befween acute toxicity with small
laborafory animals, hemolytic ac-
. tion, and the ability to cause experi-
mental bloatin ruminants.  Studies
were conducted to determine the ac-
tion ot saponins on isolated muscle
strips.  Strips of rumen did not
prove completely satisfactory as
test materials, but they did respond
to various dr uu% and to alfalfa sap-
onins.  Their response to drugs s
nsually the same as that shown by
other smooth muscle strips, but, they
differ in the majovity of cases with
epinephrine, whicl vsually pro-
duces a contraction of the ruminal
strip vather than a relaxation. Rab-
bit ileum furnishes & more salisfac-
tory muscle strip. These Andings
were discussed in their relationship
to experitental bloat in raminants.

SAPONINS

Methods for the isolation and de-
termination of alfaifa saponins are
presented in detail. Composite al-
faifa saponin as isolated by the
cholesterol-nddition procedure was
shown to be a mixture of several -
saponins. Partial resolution of the
mixed saponins by organic solvent
tractionation gave several fractions
that differed m‘ltermﬁly in their op-
tical rotation and mobility on paper
and which by acid hydrolysis were
also found to differ significantly
from one anothier in both their sugar
and aglycone components. Intor-
niation is presented which shows
that af Jeast six sapounins, and pos-
sibly several more, occur in alfalfa.
Saponins in lewnme forage appear
to belong to the tnte“penoid class,
while many plant saponins are of
the stevoid clnss,
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