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INTRODUCTION

Bloat is a complex and confusing syndrome involving an intersction
of plant and animal factors, It is characterized by an excessive accumue
lation of gas in the rumen due to the inability of the animal to eructate.
This gas arises largely from microbiological fermentation of food in the
rumen, Many "toxic" principles of plants have been incriminated either
by directly inhibiting rumen motility and eructation or indirectly by
changing the physical characteristics of the rumen ingesta, Animals are
known to vary greatly in susceptibility to bloat, Variations in anatomical
structures, activity of such structures and microbiological activity all
might be animal factors which are involved.

The fact that bloat is probably caused by a combination of plant
and animal factors might explain its sporadic and unpredictable nature of
occurrence, Bloat also varies in degree o;smrity from day to day. The
above phenomena complicate the management of leguminous pastures.

The development of the livestock industry and the use of legumes in
pasture programs have grown very rapidly during the past decade, Many
surveys have been made to dotcﬂu the economic loss involved in death
and decreased production. However, the loss from not using improved legume
pastures is unmeasurable, and probably is much higher.

Recent studies have been directed towards the biochemical comstituents
of legumes that might contribute to bloat., Attention has also been given
to the eructating mechanisms and other phyclgiomnl changes occurring
during induced tympany. A minimum of researc¢h has been conducted on the

physiological changes which occur during naturallyeoccurring acute bloat,
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{.e., animals grazing on alfalfa pastures.

$iectives

The objectives of the research reported in this thesis include:
(1) To study physiological effects on sheep when drenched with legume
extracts, (2) to devise a techmique for measuring blood pressure in
animals, (3) to study the change in heart rate, respiratory rate and
bM pressure in animals during naturslly occurring acute bloat, and
(4) to study the methemoglobin and total hemoglobin values for normal

and bloated cows.
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REVIEW OF LITERATURE

and vl to

The construction of the ruminant stomach is such that large quantie
ties of highly fermentable material may be present at certain times., The
stomach of the ox is a voluminous organ having 2 capacity of from 20 to 60
gallons, depending upon the size of the animal (38, 85). Pour distinet
compartments of the stomach are present and are known as the rumen, retice
ulum, omasum and abomasum (see Fig. 1).

The gbomasum is located to the right of the rumen, resting upon the
abdominal floor having a capacity similar to the omasum, It has an important
digestive function because of its digestive secretions, but is not believed
to be related to the bloat syndrome.

The size of the omasum is 7 to 8 pexgent of the total for the entire
stomach, It is located in contact with th:antcdor portion of the
visceral surface of the rumen, and to the right of the median line., The
main function of the omasum is trituration of ingesta and is not believed
to be related to bloat.

The reticulum is a cc-pu;'ativoly small (5 percent of the stomach
capacity) compartment located just anterior to the vrumen cavity. Retice
ular motility and rumen motility, both concerned with the eructating
mechanisn, may be important physiological processes related to bloat,

In an adult animal, the rumen occupies 80 percent of the available
space within the stomach, It lies in contlc; with the left abdominal wall
and covers practically this entire surface. “Because of this tremendous

fermentation vat, bloat is characterized by an accumulation of gas within
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the rumen, and a distention of the left abdominal wall,

The ruminal gases formed are mainly from fermenting food ingested
into the rumen, Rumen fermentation occurs and rumen gases are present
early in an animal's life. Marshall et al. (65) found that rumen contents
already exceed those of the abomasum between 7 and 30 days of age. Accorde
ing to Dukes (38), in the newborn calf the rumen and reticulum together
are about one-half as large as the abomasum. At 10 to 12 weeks, the abo-
masum is about one-half as large as the rumen and reticulum combined, At
four months of age, the rumen and reticulum together are about four times
as large as the omasum and abomasum combined.

A majority of the ruminal gases are eliminated via eructation, and
wost of the remaining gases are probably diffused through the rumem wall.
Eructation is a reflex (19, 82) which is dependent upon the reflex opening
of the cardiac orifice (64). Eructation .ﬁo involves reticuloruminal
. motility and the esophagus. Therefore, the modern concept of bloat is that
it is due to a failure of the eructation mechaniem.

The normal eructation ‘r-ﬂcx is essentially the movement of free
gas from the dorsal sac of the rumen, forward and downward to the cardia,
According to Weiss (93), this is accomplished by: (a) a forward m' of
contraction of the ruminal musculature; (b) opening of the cardiac orifice
which is brought about by contraction of the ruminoereticular fold; and
(c) the clearing of the cardia of fluid ingesta is influenced by relaxation
of the reticulum,

Dougherty and his co-workers have shown the presence of three

%

esophageal sphincters (see Fig, 1). The two caudal sphincters are cardial
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and diaphragmatic. The cardial sphincter is located at the cardia where

the esophagus enters the stomach and the diaphragmatic sphincter is located
farther cranial nearer the diaphragm. The third and more efficient sphincter
is located at the cranial end of the esophagus (30, 31). According to
Dougherty and Habel (30), eructation is composed of the following motor
events:

(a) Two contractions of the reticulum,

(b) Contraction and raising of tlic ruminoreticular fold.

{c) General ruminal tonus or contraction forcing gas forward and
downward into the relaxed and relatively empty uttcuhi.

(d) Increased eructation activity (contraction and dilation) of
the esophagus.

(e) Relaxation of the two caudal esophageal sphincters.

(f) Gaseous distention of the cmht!u

(g) Continued closure of the cranial esophageal sphincter
retaining the gas in the esophagus until the cardial and
diaphragmatic thcu close.

(h) Closing of the glottis causing a transient rise in intrae
pleural pressure which aids the eseophageal musculature u.
rapidly clearing the esophagus of gas. This occurs through
the relaxed cranial esophageal sphincter.

The main stimulus for eructation is gas pressure in the posterior
dorsal sac of the rumen (93). Dougherty (25) and Nichols (71) have shown
that increasing u;uu-ml pressure by insufflation inereases ruminal
activity and eructatiom. . Wester (95) obutv:d that eructation could occur

in an animal with an open fistula and concluded that an mmud'



intraruminal pressure is not essential to initiate the reflex, Other
investigators believe that the stimulus for the eructation reflex is pro-
vided by roughage scratching on the rumen mucosa (18, 67). Schalk and
Amadon (85) initiated the rumination reflex by scratching the mucosa of
the reticulum. Dougherty and Meredith (31) have shown, through cine
fluorographic methods, that an increase in gas pressure alome will greatly
increase the rate of eructation,

Another factor that decreases thﬁ efficlency of the eructation
reflex is the disturbances of the imnervation of the stomach., The vagus
nerve, which is parasympathetic, supplies excitatory fibers to the ruminant
stomach as shown by Dougherty (25). When the vagus nerve is severed, the
ability to eructate is lost and rumen motility ceases (35). Clark (7)
concluded that the vagi are motor nerves to the rumen and reticulum.

Stevens and Sellers (90) have umiidatl which suggest that there
are receptors for eructation vwhich might be located in the rumen itself.

They concluded that the receptors for eructation are either stimue
lated directly by the euern;tm of certain rumen muscles or indirectly
by the stimulation resulting from movement of ingesta during the rumen
contraction. Dougherty et al. (33) reported the principal motor ur;u
supplying the esophagus are all branches of the vagus nerves.”
| Detuk and Sellers (39) found that whem the dorsal vagal trunk was
stimulated with a moderate electrical stimuli there was an increased rate
of rumen contraction and eructation, When a stronger electrical stimulus
was applied, there were spasmodic contractions of the rumen, reticulum
and cardia. Iggo (53) and Williams (96) 1;1@.:. the receptors are
located around the cardia area., Weiss (93, 36) postulates thnt"tb



receptors are principally in the wall of the posterior dorsal blind sac.

Cinefluorographic studies on eructation have shown several phenomena
relating to eructation. Apparently, eructation can be accomplished when
the cardia is either partially or completely submerged in ingesta, but
the cardia functions less efficiently (31). Dougherty and Habel (30)
consider that there are receptors involved in the eructation reflex which
can distinguish between gas pressure, which stimulates the cranial esophe
ageal sphincter to open, and fluid pressure, which does wot. This may
explain why frothing of the rumen ingesta has been observed to influence
the reflex act. Since the foam will not initiate the cranial sphincter to -
open, it cannot be belched out.

In the normal animal, eructation appears to be closely related to
rumen and reticular motility. However, the esophagus does not have to
open with every ruminal contraction (95) and likewise eructation can be
accomplished during rumen paralysis (14, 31). It has been suggested (93)
that an animal with a nonefunctioning reticulum causes the rumen to
overfill more easily over the cardiac orifice thereby decreasing the
efficiency of eructation, Dracy and lﬁorc (36) removed approximately
80 pevcent of the reticulum in an animal, and approximately two months
after the operation this animal died of bloat, This experiment by Dracy
and Moore further suggests that reticulum motility may be vital to eructatiom,™

Ihe Cause of Death
The cause of death in bloat is not known, Much has been written,

but little concrete information is known, abgut the final phase of acute
fatal bloat. The two main theories are:

”
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(1) Mechanical interference with respiration and blood flow,
(2) Toxic factors diffused from the rumen into the blood,

Theory No, 1,

It has been suggested (73) that as pressure due to gas in the
rumen increases, pressure against the diaphragm becomes so great that
it presses against the vital organs such as the heart, lungs and great
veins, This not only prevents normal breathing, but also normal heart
action which may eventually result in death, Another concept is that
abdominal distention becomes so great im blosted animals as to cause
complete immobilization of the diaphragm with its dome extending far
forward into the thoracic cavity. The wresultant asphyxia, combined with
obstruction in the return of venous blood from the posterior vena cava,
is responsible for the acute death (82) . However, Dougherty, et al. (32)
ligated the posterior vena cava of a dog ll;d found it only had a transient
and slight effect on carotid blood pressure,

Dougherty et al. insufflated the stomachs of sheep with different
gases and found that an increased intraruminal pressure caused a sharp
rise in arterial (carotid) and vcm (jugular) blood pressures (32).

In the same experiments, the cerebrospinal fluid pressure increased during
insufflation and dropped vhen the intraruminal pressure was released.
Dougherty and Meredith (31) through the use of angiocardiogram determined
on one sheep whether raised intra-abdominal pressure or anterior dise
placement of the disphraga affected the circulation. They found no gross
alteration of circulation or distortion of the great vessels when a
pressure of 40 sm, of mercury was applied intraruminally,

-
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The gas within the rumen is extremely variable, Olson (74) found
that snimals having died from bloat had ruminal pressure ranging between
60 and 70 mm, of mercury. Animals that Olson insufflated with air had
ruminal pressures up to 90100 mm, of mercury with no ill effects except
discomfort., Dougherty (27) quotes pressures recorded on three bloated
cattle that had died to be between 72 and 75 mm, of mercury. Niehols (71)
bas insufflated sheep with pressures as high as 500 mm. of mercury before
death occurred which is three to six times higher than pressures recorvded
in cattle. Dougherty et al. (32) when insufflating sheep found a marked
difference between individual animals in their tolerance to the same gas
insufflated at the same pressure,

Dougherty and his co-workers slso found that the composition of the
blood gases was rapidly and markedly affected by the intraruminal pressure,
Oxygen utilization was decreased as was the pulmonary circulation tiﬂ.
under the influence of insufflation, This work indicates that the
physiological events are complex and that death in bloat does not result
entirely from asphyxia or interference with circulation and respiration.
As pointed ou:.v this work covers m"hyaulogml effects of insuffla-
tion, not physiological effects occurring during bloat and therefore
morve eimilar information is needed on naturally occurring bleoat. These
effects pose a problem because of the difficulty of exemining field

bloat with adequate equipment.

Theory No, 2.
The toxic facter theory was developed by Dougherty and Cello
(28, 29) when they found & toxic substance in the rumen ingesta of cattle

and sheep. Greater amounts of toxins were found in animals suffering from
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bloat and acute indigestion than are found in normal animals. These
substances reduced blood pressure when injected intravenously into dogs;
inhibited rumen motility in sheep; stimulated respiration and stimulated
motor activity in the lower gut of dogs, goats and sheep.

Clark (8, 9) and Dougherty (25, 26) reported the occurrence of
histamine in the rumen ingesta of steers that had died of bloat. It has
been well established that intravenous injection of histamine results in
rumen paralysis. Dain gt al. (22) :ldontifiod histamine and tyramine as
toxic constituents in the rumen ingesta of experimentally overfed sheep.
Weiss (94) found that an intravenous injection of 2 mg. of histamine into
a sheep completely inhibited all ruminal movements and eructation., Evans
and Evans (41) demonstrated that the intestinal motility of the rabbit
was impaired when an intestinal section was bathed in clover or alfalfa
juice solutionm, ~+

Perguson (44) showed that lucerne (alfalfa) juice contained a
substance which inhibited the activity of the rabbit ileum in vitro.
Further work by Ferguson et 9_13 (47) has shown this substance to be flavone
tricin. When quercetin, a flavone which has about the same muscle inhibite-
ing power as tricin, was fed to sheep, no bloat was produced (46). ﬁuc
workers concluded that flavones probably do mot play a part in the
production of bloat (45). At the Agricultural Research Center, Lindahl
and co-workers failed to produce any bloat symptoms when a water suspension
of 25 grams of quercetin was administered into sheep (63), Parsons et al.
(78, 79) found that samples of rumen contents from cattle dying from acute
bloat and extracts from !or.gu causing blo.: inhibited the motility of

the isolated rabbit intestine. These data presented on toxic factors may
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partially support the toxic substance theory for bloat and indicate there
may be & parallelism between the muscle imhibiting activity of certain
plant extracts and the expected potential of the plants to produce bloat.

There are other possible toxic factors that could be classed under
the toxic theory; however, they will be discussed in the following section,
The actual cause of death resulting from toxins is still vague. These
may affect circulation and respiration in the animal or inhibit other
vital processes in the animal to muui. death,

The two main theories presented may both play some part as to the
caugse of death. They have been inadequately investigated, but give some
interesting leads for work along these lines which might elucidate the

cause of death.

ors in ion to : i

A considerable amount of work has ;cadmonﬂunya in which
chemical factors might affect the eructation reflex or the paralysis
or loss of tone in the ruminoereticular musculature, Also, chemical
and physical factors may influence the rate of gas production in the
rumen (15).

Cyanides have been suggested as one possible factor relating to
" bleat, Bvans and Evans (41) incriminated cyanide as the causative agent
in the production of bloat, Prussic acid has been shown to cause complete
paralysis of ruminal movement (83)., Clark and Quin (11) tested the
effects of potassium cyanide on inhibition ;t eructation in sheep and
concluded that their experiment afforded no”evidence for incriminating
toxic factors in plants as being associated with the etiology of acute

e
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bloat in ruminants. They found no inhibition of eructation even when the
sheep showed paralysis of the rumen. Weiss (94) found that small doses of
potassium cyanide inhibited rumen contraction im sheep while large doses
caused complete inhibition of all motility and eructation, Parsons et al.
(77) orally administered extracts of trefoil to lambs which produced death
within 9 to 30 minutes with symptoms of cyanide poisoning, Dougherty (27)
pointed out that bridsfoot trefoil, which has a history of causing very
little or no bloat, has 19 times as -uch cyanide as ladino clover. There~
fore, there is considerable doubt as to the importance cyanide plays in
the pathogenesis of bloat,

Alkali, when injected intravenously or dosed into the rumen,
caused ruminal paralysis, sccording to Clark and Lombard (10)., Weiss (93)
found the average efficiency of eructation of sheep had a remarkable
inverse correlatiom to the average COp co-ﬁninz power of the blood and
obtained complete rumen paralysis at pH 7.8, Clark and Lombard (10)
have shown that the administration of alkali into the rumen causes ruminal
paresis if the pH exceeds apémmtoxy 7.5, Ruminal paresis was also
caugsed by intravenous injection of alkali. There was no corresponding
effect demonstrated following the dosing or injection of acid. .

Hale and King (49) when studying urea toxicity found that bloat
oceurred when urea was administered orally in doses that were fatal or
nearly fatal. They believed that the toxicity was due to the formation
of ammonium carbonate. Urea is rapidly broken down to ammonia in the
rumen; if it accumulates, it is assumed that a rise in ruminal pH

results and consequent ruminal paresis. Clark et al. (14) found that

134716 SOUTH DAKOTA STATE COLLEGE LIBRARY.
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urea toxicity in sheep caused aéony of the rumen, muscular spasms and

sudden death due to circulatory failure., Clark postulated that the sudden
death from muscular spasms and circulatory failure may be due to the
production of toxic intermediary products by the ruminal flora which
utilize the ammonia. Normally the active flora will rapidly utilize the
ammonia as a source of nitrogen and so prevent its accumulation. Clark
found that after dosing the rumen with urea, the toxic symptoms were
associated with the formation of -onial, and that a high pH of the ruminal
contents could be prevented or alleviated by the administration of acid (14).
Johns (59) has found that high ammonia levels can be maintained in the rumen
of a sheep without any signs of bloat or toxicity.

The enzyme cholinesterase is the chemical mediator of the para-
sympathetic nerves which is essential for proper body functions. Choline
esterase hydrolyzes acetylcholine and thor&orc limits the duration of
acetylcholine. An excess of acetylcholine may cause muscular spasms (60).
Quin and Van Der Wath (83) observed a paralysis of ruminal movement when
acetylcholine in doses of tu; milligrams or more was injected intravenously
(dilution 1:1000), but the paralysis was of short duration (ten minutes).

The enzymatic hydrolysis of acetylcholine is strongly 1nh1b1tc.d by
the alkaloids eserine, prostigmine and atropine. Several workers (12, 34,
76. 94) have used atropine to produce ruminal paralysis. Weiss (93) found
that even small doses of atropine (30 mg.) were insufficient for complete
ruminal paralysis, and resulted in complete ‘inhibition of the eructation
reflex. On the other hand, Dougherty and Meredith (31) used an acetyl-
choline blocking agent (a compound oc. 1052:{575 Sharpe and Dohme) which

produced complete cessation of rumen motility, but had no effect 'on the
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esophagus or cardia, Eructation occurred even when the rumen was partially
filled with water. Several workers have isolated a substance from white
clover which inhibits the action of cholinesterase (51, 87). Alder (1)
compared levels of cholinesterase in blood of cattle on winter feeding in
yards with animals grazing on bloateproducing pastures. He found there
were slight depressions of cholinesterase activity in 7 out of 10 cattle
following grazing, but these could not be correlated with bloat. Yarms (97)
found that pseudocholinesterase activity increased from two to three-fold
when blood was tested on an acutely bloated steer. Some bloated cows showed
an increase in pseudocholinesterase while other bloated cows showed no ine
crease and sometimes decreased over their normal levels. Also, sheep which
were drenched with alfalfa juice had an increased pseudocholinesterase
activity following drenching. .

Dougherty (25) showed that adremliij causes marked depression both
in strength and speed of ruminal contractions of cattle, Weiss (93) found
that an intravenous injection of 1 cc. of adrenalin hydrochloride (1:1000)
into sheep produced varying &cgreu of depression and even total paralysis
of rumino-reticular activity. Eructation was infrequent during the period
of depressed ruminal motility. Weiss concluded that it would be logical
to assume that the liberation of adrenalin during excitement would tend
‘to inhibit the eructation reflex and so contribute to the occurrence of
bloat in conjunction with other factors.

Saponins is another distinct biochemical substance that has been
referred to as a contributing factor in acute bloat. McCandlish (66),
Olson (75) and Quin (82) have postulated th:t saponin alters the surface
tension of the ruminal contents and that it might contribute to “frothy

bloat” by the entrapment of countless bubbf:; of gases from fermentation.



16

Lindahl et al. (63) have illustrated that alfalfa saponins have pronounced
physiological as well as surface tension activity and both are instrumental
in inducing experimental bloat symptoms., Experimental bloat symptoms were
produced in sheep by oral and by intravenous administration of a composite
mixture of saponins isolated from alfalfa., These workers have isolated
six saponins from alfalfa and believe there are more. They believe it is
unlikely that all of the saponins possess the same physiological activity
or that the various fractions will always be found in the same ratio in
growing legumes. Analytical work conducted at the Agricultural Research
Center indicated that the total saponin content of alfalfa may vary from
approximately 0.5 to 2 percent or more,

Lindahl et al. (63) presented data which give the following indi
cations: (1) Alfalfa saponins can interfere with the eructation mechanism
through their physiological actions alone. - {(2) Alfalfa seponins can |
contribute to the formation of froth, and thus interfere with eructation
in an indirect manner. (3) The composite alfalfa saponins have proe
nounced pharmacological activity, (4) Saponins reduce activity of the
reticulum, esophagus and intestines a; well as the rumen. (5) Saponins
may have a direct action on the respiratory cemters by causing sn increased
rate and them irregular pattern, (6) Saponins affect cell counts, cardiac
action and blood pressure through complex actioms.

These workers state, "it appears that while alfalfs saponins may
contribute to ruminant bloat, it canvot be c_?ncludnd that saponins,

per se, are the cause of naturally occurring bloat.”

5

Reviev of Experimental Production of Bloat
The difficulty in producing bloat at will has hampered many studies.
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as Weiass (93) stated, "Perhaps the greatest single factor responsible
for the failure to elucidate the pathogenesis of bloat has been the
difficulty in reproducing the natural condition." Several workers (4,
18, 54, 62, 77, 88, 89, 91) have produced bloat experimentally; however,
no one has been able to produce fatal bloat regularly. The methods of
producing bloat which will be discussed are: pasture bloat; "feed lot"
bloat; and special procedures.
Cole et al. (18) showed that ecrﬁain essential conditions are
necessary before pasture bloat can be expected to occur. Weiss (93)
sumarized these conditions as follows:
(1) The lucerne should be in an appropriate stage of development,
e.g. crisp and succulent to allow for repid feeding.

(2) Animale should be deprived of all hay and straw and the
lucerne itself should be frntf grasses, weeds and old
dry, tough stems.

(3) The lucerne should have been provided with sufficient

water to induce <upid growth.

Even though these conditions are fulfilled, bloat may or may not
occur. However, the chances of producing bloat are much greater if .tlu
above three conditions are met.

‘ Soil fertility has been associated with the occurrence of bloat,
Cooper (21) believes that where soils are deficient in available phos-
phorous, bloat may be a critical problem. Harris et sl. (50) have indicated
that bloat may be a serious problem wherever the soil is sufficiently fertile

5

to produce a heavy grwéh of clover. On the other hand, Barrentine et al.

o
l\,‘w
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(2) in grazing experiments with steers on ladino clover, found that neither
the moisture content nor lushness of the clover appeared to be a factor
contributing to the incidence or severity of bloat.

Many rvesearch workers have been able to induce "feed lot" bloat
by feeding special rations, although many of these rations have failed to
reproduce bloating conditions in other sections of the country. Smith
et al. (89) have produced frothy bloat in cows by feeding & ration of
ground corn, soybean oil meal, and two to four pounds of leafy alfalfe
hay, Prothy "feed lot" bloat has also been produced on a diet consisting
of barley 61%, soybean oil meal 16%, NaCL 1%, and 227% alfalfa meal, to-
gether with four pounds of alfalfa hay (55). They found a definite
increase in the incidence and severity of bloat when the animals were
kept on the bloateproducing ratiom over a period of eleven weeks.

Several special procedures have bcca used for preducing bloat and
for further studying physiological aspects relating to the bloat probles.
Numerous workers (77, 62, 45, 63, 69, 70) have been able to produce bloat by
drenching with juice uprn;od from legumes. Moore (68) found that only
slight bloat in sheep was produced with alfalfa juice, with a considerable
amount of variation among animals as to susceptibility to bloat. ozilcrn
found a higher degree of incidence and severity of bloat from alfalfa
Ajnico; however, the animals were grazing legumes prior to drenching
whereas the animals drenched by Moore were on alfalfa hay prior to
drenchings, -

It was found by Boda et al. (5) that bloat could be produced in
cattle fed dehydrated alfalfa by drenching vith soluble preteta (fresh
eggwhite), The eggwhite resulted in the fo'muon of a stable !o- which

‘.‘79
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{nterfered with eructation, Later work by Boda (6) demonstrated thst the
bloat-producing ability of alfalfa is greatly reduced after commercial
dehydration,

Lindahl et al, (62, 63) have produced bloat in sheep by dosing
with alfalfa saponins, The degree of bloat ranged from slight to severe
with some animals not bloating, Several animals died and it was often a
prolonged death, sometimas as long as four days after the saponin was
adninistered. Similar results were rcpértod by Moore (68) when gheep
were drenched with & concentrated alfalfa juice.

Surgery has also been useful for producing blost, and in studying
various aspects of the problem. During 1883, Ellenberger (40) demon=
strated that chronic bloat could be produced by sectioning both vagus
nerves in the neck region, Weiss (93) found that when the right ventral
branch was sectioned in a goat, diaeentioiiud chronic bloat resulted,
Sectioning the left dorsal branch diminished the strength of ruminal
contractions and eructation efficiency for the first three weeks with
subsequent partial mmry._ Dracy and Jordan (35) did experiments on
sectioning the vagus nerves on sheep that had been on legume pasture,
Bloat was produced, slthough the snimals did not die during a 2b-bour
period after sectioning,

: The use of drugs for producing bloat has been covered previously
in chemical factors in relation to rumen paralysis and cause of death,
Cyanide, atropine, alkali, histamine and sdyenalin all act by affecting
rumen wotility and eructation, |

Another procedure in which much ru:;rch work has been carried

out is by artificially introducing gas into the rumen (23, 24, 71).

<l
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This has been used extensively for studying the physiological effects on

the animal resulting from various gases and pressures,

Theories as to the Cause of Bloat
The excessive gas formation theory was once considered the only

cause of bloat. Cole et al. (16, 17) and Quin (81) have done extensive
work on gas formation. They have concluded there may be considerable
difference in rate of gas formation from different feeds. However, as
long as the eructation mechanism is working normally, animals have the
ability to eliminate far more gas through eructation than is produced in
the rumen (19).

Jacobson et al. (57) supported the excessive consumption of dense
feed theory. They suggested that bloat on green legumes occurs because
legumes are eaten so rapidly that the !ud.' f’puu up" in such a umrl
that the cardiac opening is blocked, thus preventing eructation.
Dougherty (32) has shown that eructation can be accomplished when the
cardiac is either partially or completely submerged in ingesta. Nichols
(71) and Weiss (93) reported similar results. Cole et al. (19, 20)
indicated that it is the greedy eater that bloats due to the rapid
ingestion of too much succulent forage. Johns (58) found no relationship
between rate of food intake and severity of bloat. Many others, however,
believe (36, 43, 68, 92) that rapid graszing, particularly during wet
seasons when the forage is premature, results in many cases of bloat.

On the other hand, bloat has oftem occurred :iurin; drought ,
Nichols' mechanical or buoyancy theoky (72) is a different approach

to the part played by the demsity of the food, Accordingly, heavy feeds

-
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like immature alfalfa or ladino clover settle to the bottom of the rumen
in a compact mass, The fermentation liberates many tiny gas bubbles vhich
are trapped and tend to hold the liquid level above the opening of the
lover end of the esophagus thus preventing the escape of gas. Johns'
observations (60) do not confirm Nichols' views. When animals bloated on
red or white clover, the ventral portion of the rumen content was almost
completely liquid. The main collection of small bubbles was in the dorsal
and middle regions and in the posterior ventral sac of the rumen.

The physical deficiency theory, advanced by Cole and associates (17)
is based on the idea that scabrous material is required to stimulate
eructations mechanically. Clark and Weiss (12) suggested that the role of
the roughage is to stimulate salivary flow, ensuring a vatery nonsviscous
rumen ingesta. They considered that bloating is due to foam formation in
a viscid medium which is insufficiently diluted with saliva. Feeding
roughage before allowing animals to graze a bloat-provoking pasture has
been a widely accepted bloat preventive measure and supports this theory.
Other investigators pointed out that bloat occurs even vhea supplemental
feeding of scabrous roughage is practiced (64, 84). Dougherty (27) :
suggested that any major changes in the ration not only changes physical
factors in the ingesta, but may also change the microflora and microfauna
and thus have an important bearing on the chemical composition of the
ingesta, Later experiments by Hungate et al. (52) verified this comcept.

The surface tension theory as stated by Dougherty (27) embraces
any material which will change surface tcn.bi.on so that the gases from
fermentation will tend io accumulate in countless bubbles throughout the

ingesta instead of rising to the top and collecting in a gas pocket
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above the ingesta. This type of bloat is referred to as frothy bloat.
Frothy bloat is receiving considerable attention throughout the country,
but how important it is in relation to the free gas type is a debatable
question, Lindahl and Davis (61) found in "feed lot" bloat that the
cause of bloat appeared to be from the formation of very stable frothy
ruminal contents, although there was always some free gas in the rumen,
Moore also observed that in bloat from alfalfa pasture there is always
a pocket of free gas and then a frothy ﬁun of ruminal contents. Removing
just the free gas pocket generally was not emough to relieve a seriously
bloated animal. Therefore, probably the frothing condition caused the
animals to bloat. As Johns (60) stated, "The degree of bloat appears
to be associated with the stability of the foam." This is supported by
the work of Lindahl and Davis (61), Jacobson and Lindahl (54, 55),
Jecobeon ot al. (56), and Wallace (32). - '

Two factors which are believed to alter surface tension are saponins
and saliva., Quin (93) postulated that saponin increases the surface
tension of the rumen contents and contributes to the development of frothy
bloat. Clark and Weiss (13) showed that saliva may be another futo;
affecting surface temsion, Weiss (93) reported that the formation of
froth is dependent on the consistency of the ruminal ingesta which in
}tm is influenced by reflex salivary secretion, and the greater the
salivary secretion, the less the tendemcy for froth formatiom. The
salivary secretion is stimulated by the prevence of coarse material in
the ingesta.

3

The toxic gas :hiory or toxic factors diffusing from the rumen

“d
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into the blood has been previously discussed; however, it is believed
that these gases or factors, eingly or in combinatiom, partially paralysze
the rumen thus preventing eructation, When the animal cannot eructate,
the pressure increases and the toxic gases are absorbed into the blood.
Dracy et al, (37) clamped the esophagus of sheep after they had grazed
on an alfalfa pasture in order to determine whether or not death was due
to the accumulation of gas within the rumen, The results were that the
sheep bloated, but did not produce enouih gas to cause death, This
possibly indicates that a toxic factor is not present in alfalfa at all
times.

According to Olson (74, 75) the percentage of gases, except
hydrogen sulfide and methane, remain about the same in normal and bloated
animals, It has been shown by Olson (74, 75) that both carbon monoxide
and hydrogen sulfide are present in the r\i;:n of normal animals, but that
hydrogen sulfide is greatly increased in bloated animals. The assumption
is that hydrogen sulfide, 2 highly toxic gas, paralyzes the rumen wall

and is subsequently absorbed into the blood stream.

3
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EXPERIMENTAL METHODS

The research presented herein consists of three experiments: (1)
alfalfa extract, (2) carotid arterial blood pressure, and (3) methemo-
globin and total hemoglobin,

Alfalfa Extract
Concentrated alfalfa juice was prepared and tested for its ability

to produce bloat in lambs,

The alfalfa juice was prepared to concentrate the saponins or other
toxic constituents by placing freshly cut alfalfa in a steam bath. This
steam bath heated the material to coagulate the protein and also to facile
itate the rate of grinding. The next step was grinding the material in a
meat grinder. FPollowing this, it was again steamed, which aided in removing
the solid material, The liquid portionm ww separated from the solid portion
by pressing out the juice with a lard press. The liquid portion was further
concentrated by evaporating it in a steam jacket with forced air. The
material was then rofri;ornt‘d at 44° F until used for drenching lambs.

Thirteen Western lambs weighing approximately 80 pounds each were
used in this experiment, Their ration consisted of alfalfa hay (ad 1.1b.)
and free access to salt and water whenever they were not being drenched.

The alfalfa juice extract was administered to the lambs via stomach
tube. This tube was placed into the lambs' esophagus and then extended
into the rumen. With a funnel in the anterior end of the stomach tube, a
measured quantity of the juice was given to each lamb,

The quantity of juice used was ctlcui:tcd to equal approximately

four and one-half percent of the lamb's body weight. For a lamb weighing

p i
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80 pounds, this calculates out io be approximately 1700 ml, The lambs

were drenched with alfalfa juice having concentrations of 20, 15, 10, 5

and 0 percent solids, Therefore, the lambs drenched with 20 percent solids
in the alfalfa juice concentrate received 1600 ml. of concentrate and

100 ml. of water. Water was needed to dilute the concentrate to facilitate
passage down the stomach tube, The lambs drenched with 15 percent solids
received 1200 ml. of concentrate and 500 ml, of water. Those drenched with
10 percent solids had 800 ml. of conccnt‘ratc and 900 ml, of water, The lambs
getting 5 percent solids received 400 ml, of concentrate and 1300 ml. of
water. The control lambs received no concentrate and 1700 ml. of water which
contained a one-percent glucose solution.

Recordings were made on heart and respiratory rates, abdominal circum~
ference, and other resulting physical effects. The heart and respiratory
rates and abdominal circumference were takch on each animal before and
after each drench. These lambs were handled with as much ease as possible
when taking these rocordings. . The recordings were made after the drench
as soon as the lambs seemed to be quiet, which took approximately 15 minutes.
Then the recordings were taken at hourly intervals for three hours agtcr
each drench.

The heart rate was taken by counting the beats per minute with the
’.u of a stethoscope and stopewatch., The stethoscope was also used in
taking the respiratory vate by holding it over the area of the trachea
and recording the inhalations per minute., The abdominal circumference was
measured by placing a tape measure around t!:o greatest circumference of
the abdomen. |
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t lood sure

In the bovine, there has been no way of determining the blood
pressure without creating abnormal conditions. Blood pressure has been
determined by anesthetizing the animal and cannulating the carotid artery.
This method has been used in insufflation experiments whereby the blood
pressure was obtained on experimentally bloated animals, However, this
technique could not be used on normally bloated animals because it is
necessary to take the blood pressure as (ntckly as possible and with
little disturbance to the animal.

Since there are no arteries of sufficient size in a usable position
in the bovine for determining blood pressure, a technique was devised to
exteriorize the carotid artery. This technique is similar to that used
by Graham, et al, (48) and Schambey, et al. (86) for obtaining arterial
blood samples. The carotid artery was broiéht to the outside and sutured
into a flap of skin., The cuff of a sphygmomanometer could then be wrapped
around the carotid artery in the skin fiap (carotid loop) and the blood
pressure obtained either by t‘hc palpatation or the auscultation method as
done with human beings,

The carotid loop operation was performed as follows: The Ml
was fasted for 24 hours preceding the operation, and them anesthetized by
injecting nembutal into the blood stream via the jugular vein. The amount
of nembutal used was approximately 30 milligrams per kilogram of body weight.
The ventral surface of the neck was clipped, .scrubbed with soap and water,
and washed with a 70% alcohol solution, App‘minltcly an eight inch mide
line incision was made on the ventral lurf-c: of the neck. A second

parallel incision was made about three inches from the first. The skin

-
y >



27

was then separated from the cmﬁactivo tissue between the two incisions,
This made up the skin flap which was later wrapped around the carotid
artery. The sternocephalicus and the omo~hyoideus muscles were sepa~
rated. The artery and vagus nerves which were embedded in a sheath were
brought to the surface and separated. The artery was placed in the skin
flap and the flap was sewed shut. The muscles were sutured below and the
two remaining edges of the incisions bemeath the carotid loop were sutured
together., This completed the operation. Much care was needed in suturing
and good postoperative care of the animal was necessary until healing was
complete,

Three Holstein-Friesian calves, two males and one female, were used
in this experiment. They were approximately three months of age when the
carotid loop operation was performed, and they were kept until 5-8 months
of age when they were started on alfalfa p:‘;:uro in June, 1958.

Systolic blood pressure, heart and respiratory rates were taken on
these three calves with carotid loops. The diastolic pressure could not
be determined whenever the animals had labored breathing. Recordings were
made before the animals were pastured and after pasturing, or vhcncn;
they bloated. The animals were kept in dry-lot overnight to increase their

hunger and consequent chance to bloat and had access only to salt and water.

Eighteen cows in the South Dakota State College dairy research herd
were used in this study. BRach day they were placed on an alfalfa pasture
which should have bloate-producing potentials’because of purity of alfalfa,

irrigation, fertilization and stage of maturity. Whenever there was a case

~
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of bloat, methemoglobin and total hemoglobin were run on the bloated animals,
normal animals and then on the animals that had bloated after they returned
to normal.

Methemoglobin and total hemoglobin analyses were rum according to
the method described by Evelyn and Malloy (42). Blood samples were drawn
in a heparinized tube and placed in a refrigerated box until analyzed.
This analysis was run approximately 15 to 30 minutes after the blood sample

was taken,



RESULTS

The results of these experiments are divided into three sections:
(1) alfalfa extract, (2) carotid arterial blood pressure, and (3) methemoe

globin and total hemoglobin.

Alfalfs Extract

Twenty percent solids  ten drenchings in nine lambs, Three animals
died, and bloat was produced in nine Ouﬁ of ten drenchings. As shown in
Table I, there was only one case of severe bloat (lamb no, 65). Laumb
mmbers 61 and 63 (which also died) bloated only slightly. This obser~
vation was made several hours before death and, therefore, the lambs could
have bloated immediately before they died.

Heart rate increased immediately after dremching, but gradually.
returned to normal. Respiratory rate dect;lltd from 118 inhalations per
minute to 81 within the first hour after drenching and then increased to
84 and 103 the next two to three hours, The greatest abdominal circume
ference increase was five inches right after the drenching. These are
the average values for all the lambs as indicated in Table II.

Fifteen percent solids - ten drenchings of eight lambs produced four
cases of bloat. Three of the animals died several hours after the drenche
im. Only one of the lambs that died showed signs of bloat, and this
animal bloated five hours after drenching (Table III). This lamb's heart
rate increased immediately after drenching and then dropped slightly below
normal, Its respiratory rate decreased att’r the drenching and then gradu~
ally increased, The lvirqo abdominal circ;hr.uco increase was four

inches following drenching. All these facts can be depicted in ilblo Iv.
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Ten percent solids - four cases of bloat were produced in seven
lambs on eleven drenchings., None of the animals died, No serious dis-
tress symptoms were noted even on the moderately bloated animals (Table V).

Table VI shows the heart rate, respiratory rate and abdominal circume
ference values. All followed the same general pattern as mentioned
previously.

Five percent solids - nine drenchings on six lambs produced four
cases of slight bloat and death in another animal (Table VII). Lamb no. 68
which died showed no signs of bloat while under observation. The physical
symptoms were the same as all other lambs which died. They had no appetite,
were very comatose, lay down most of the time and had somewhat labored
breathing.

The heart rates, respiratory rates and abdominal circumference,
as shown im Table VIII, followed the u-a-émcral pattern as with tho‘
other drenches except the heart rate did not increase as much,

Control, one percent glucose solution - from nine drenchings, mo
bloat was produced (Table IX) . This drenching was made each time the
alfalfa extract was administered.

Table X shows no increase in heart rate after the drenching. "l'hc
respiratory rate decreased as before, and the abdominal circumference
increased only two inches after the dremchings.

Summary of heart rates, respiratory rates and abdominal circum-

ference from drenchings., The comparisom of the average heart rate for each
type of drenching is shown on Figure 2. The heart rate increased right

-

after the drenching for all alfalfa utractsv, but not for the control with

glucose., The average respiratory rate from each type of drench decreased

0
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HEART BEATS PER MINUTE
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Figure 2. Comparison of Average Heart Rates
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within the first hour after drenching and then increased (Fig. 3). The
average abdominal circumference reached & maximum the first hour after

drenching and then decreased (Fig. 4).

Carotid Arterial Blood Pressure

Calf no. 187, as shown in Table XI, bloated only four times. This
animal had one case of slight bloat, two cases of moderate bloat, and then
died while seriously bloated on June 24, 1958. There was no definite
trend as to the heart rate. The respiratory rate about doubled after
pasturing and the blood pressure increased considerably when seriously
bloated.

Table XIV shows the sequence of events of calf no, 187 when seriously
bloated. The highest recording of blood pressure was 230 mm. Hg., 40 mine
utes prior to death. Ten minutes before death, }ho blood pressure was
220 mm, Hg. and no recording was made after that, There was little change
in heart and respiratory rates while the animal was seriously bloated.

Calf no. 189 had slight bloat ten times, moderate bloat six times,
and serious bloat once (Table XII). The Mre rate increased most when
the animal was seriously bloated. The same was true of the blood pressure,
The respiratory rate, as before, increased following pasturing, but changed
very little while the animal bloated,

The events which took place while calf no, 189 was bloated are
given in Table XIV. The highest blood pressure rgeordcd was 255 mm, Hg.,
but it probably went higher since the mercury manometer used would not
record any higher. The blood pressure and heart rate decreased whenever

the gas was released from the rumen, When the blood pressure was 255 mm. Hg.

-
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and the heart rate 160 beats per minute, ‘tho respiratory rate was 60
per minute and extremely labored. However, when gas was released from
the rumen, the blood pressure and heart rate decreased; the respiration
increased and was less labored. Then as the distress bloating symptoms
decreased, the respiration decreased. The blood pressure remained high
for several hours.

Four cases of bloat were produced in calf no. 193 (Table XI1I).
Three of these were slight and the other was severe. Again, the blood
pressure (240 mm, Hg.) and heart rate (142) increased considerably when
severely bloated and the respiratory rate (60) was labored.

The sequence of events of calf ne. 193 while severely bloated are
revealed in Table XIV. When gas was released via trocar, the heart rate
and blood pressure decreased. Then the animal becm extremely distressed
again and a rumenotomy was performed. The blood prcisure and heart rate
remained about the same for a short time and then decreased. The rupir#-
tory rate increased and was much freer.

An average heart rate, respiratory rate and blood pressure of
calves nos. 187, 189 and 193 are shown in Table XV. The most obvious
differences were during severe bloat. The differemces in heart rates,
respiratory rates and blood pressures during slight and moderate bloat

were negligible.

n al H b
Fifty-three cases of bloat were produced in eighteen cows on
alfalfa pasture. Twenty-six of these cases were sugt:t bloat, 19 moderate
bloat and 8 severe bloat., Four of the severely bloated animals died, and

the other four had to be treated by trocar-cannula or rumenotomy.
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Table XVI shows the methemoglobin and total hemoglobin values. The
average methemoglobin values in grams per 100 ml, of blood are: (normal
animals) .539; (slight bloat) .626; (moderate bloat) .457; (severe bloat)
425, There is no great difference betweem normal and bloated animals.
Average total hemoglobin values are as follows: (normal) 10.68; (slight
bloat) 10,20; (moderate bloat) 10.51; (severe bloat) 10,67, Again, there

was no noticeable difference between normal and bloated animals.
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DISCUSSION OF RESULTS

Alfalfa Extract

Saponin {s a biochemical comstituent of legumes that is believed
by several workers to contribute to the causes of bloat. Lindahl et al,
(63) have experimentally produced bloat by administering saponins isolated
from alfalfa. Moore (68), in a preliminary experiment, concentrated the
alfalfa saponins along with other solids in alfalfa extract and found an
increased severity of bloat as the percent of solids increased, Data
presented in this thesis coufirm these findings.

Alfalfa juice concentrate containing 20 and 15 percent solids was
much more toxic than that containing 10 and 5 percent solids. For example,
six snimals died from the drenchings with 20 and. 15 percent solids while
only one died from the 10 and 5 percent -ouds.q Bloat was also more
prevalent in the higher comcentrations. Almost all bloat was classified
as slight, Only once was the rumen distention great emough to be classi-
fied as severe bloat, and this was with the 20 percent solids,

The animals which later died ;v.rc very restless; respiratory pattern
was irregular and often labored; eructation appeared to be partially
hampered at times; and they were unsteady on their feet., On autopsy, the
ruminal ingesta was found to be frothy with some free gas in the rumen.

The respiratory rate in these experiments decreased rapidly after
drenching. However, no conclusion could be drnnwu to the depressing
effect from the concentrate because .:hc respiratogy rate of the controls
also decreased, This decrease was probably due more to a cooling effect on

the animals. It was noted that the respiration yas labored in animals that
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had been sick after these recordings were made. Although this observation
was not made on all animals that had died because some animals became
sick and died during the night.

The heart rate was generally fastest whem the rumen distention
was the greatest, and this was the time when the respiratory rate was
the slowest. These conditions were similar to those reported by Moore
when a detailed series of drenchings on lambs was conducted.

The cause of death in acute bloat appears to be a complex of
physiopathological conditions, Impairment of respiratiom resulting in
anoxia, cardiovascular inhibitors, toxins and several other factors, many
of which are unknown, are probably all involved. The exact role of saponin
in causing death has not been determined, but according to Lindahl, it
undoubtedly plays a role in the death of the aaf-nl--ﬂrat, because of its
eructation interference, and secondly, by the systemic effects on res-

piratory cardiovascular functions and central nervous system.

Carotid Arterial Blood Pressure
No report has been made as to‘ﬂn effect on blood pressure of

animals suffering from acute legume bloat. Dougherty (32) showed some
effects on blood pressure from intraruminal insufflation which might be
comparable., Phillipson (80)(cited by Jobns) also did considerable work
on intraruminal insufflation and has found results similar to those of
Dougherty. The results reported herein compare ﬁvoubly with those
reported by Dougherty and Phillipson, o

Systolic blood pressure on three animals changed little until the

animals were severely bloated, although on the awerage, the pressure
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increased as the degree of bloat increased, This was not so in every case
because sometimes the blood pressure was higher when there was no bloat as
compared to slight or moderate bloat., During severe bloat, there was a

definite rise in blood pressure and this pressure fluctuated with the gas
released from the rumen, When gas was released by a trocar, the pressure
dropped, and as the animal became more distressed, the pressure increased.

Phillipson reported that sudden rises of blood pressure to over
200 mm, Hg. were common in his inflation experiments. Violent fluctuation
in blood pressure occurred and unless pressure in the rumen was released,
death soon followed, according to Phillipson. Dougherty likewise reported
increased intraruminal pressure caused sharp rises in arterial (carotid)
and venous (jugular) blood pressures, The arterial pressure dropped
abruptly during eructation. -

Eructation in this experiment appeared to be partially inhibited
during severe bloat because it was only occasionally that the animal
eructated, The heart rate had its greatest rise during severe bloat
which was to be expected because of the increased strain on the animal
causing the work of the heart to increase, The respiratory rate was
alvays lowest before the animals went on pasture, probably because it wvas
cooler at that time and the animals had not expended much emergy. The
respiratory rate (average of 67) during severe bloat was rather high and

it became very labored at times. The respiratory rate would fluctuate

frequently.
Methemoglobin and Total Hemoglobin

Methemoglobin is a hemoglobin derivative fermed by the oxidation
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of the ferrous iron of hemoglobin to ferric irom, Dukes (38), Methemoglobin
cannot combine with oxygen in the sense that hemoglobin does and therefore
it is useless in the transport of oxygen to the cells. Yarns (97) re-
ported that methemoglobin values of bloated animals were significantly
lower than for normal animals. The actual physiological significance of
depressed methemoglobin is not well understood, however.

In this experiment, there was no obvious difference between normal
and bloated animals as to methemoglobin values. Since methemoglobin is
sometimes expressed as percent of total hemoglobin, the latter was also
determined, The amount of hemoglobin in the blood is influenced by factors
like muscular activity, psychic states and disease. As with methemoglobin,
there was little difference between normal and bloated animals in total

hemoglobin. v



1.

3.

3.

SUMMARY AND CONCLUSIONS

Alfalfa juice concentrate containing 20 and 15 percent solids was
capable of producing a higher incidence of bloat and more toxic
effects than that containing 10 and 5 percent solids. Apparently,
alfalfa saponins can be used to produce bloat either by producing
frothy ruminal contents, inhibiting eructation, or by other complex
actions such as respiratory interference. The exact cause of death
in the lambs could not be determined.

A surgical method for measuring blood pressure has been developed
whereby the carotid artery is exteriorized and sutured into a flap
of skin. Pressure is then recorded by a sphygmomanometer.
Systolic blood pressure increased markedly w}xpn the animals became
severely bloated. There was little dif!enn:o in pressure of slight
and moderate bloat,

Heart rate had its greatest increase when animals were severely
bloated. Apparently, there is quite a strain on the heart during
severe bloat. |

Respiratory rate changed little except that during severe bloat it
was extremely labored. Therefore, impairment of respiration is
likely to occur only during severe bloat.

There was no great difference in methemoglobin and total hemoglobin
between normal and bloated animals. Consequently, from these data
there is little evidence that the bloat syndreme has any effect upon

the formation of methemoglobin.

, P
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