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INIRODUCTION

Bloat may spell disaster to any farmer on a given day. 7This kind
of disaster is typical and not infrequent in ruminants especially cattle
and sheep. Bloat affects polygastrics, why not monogagtrics? Ruminants
or polygastrics have a four compartment stomach utilizing protozoa and
- bacteria simila.r to a fermentation vat which catabolizes complex substrates
into simple digestable nutrients while the monogastrics rely cn secretions
from the stomach lining. Primarily fermentatiocu takes place in the first
compartment or rumen. The end products of fermentation are water and
large amounts of free gas, which can accumilate in the rumen when disposal
is impaired.

Why do animals dispose of these large quentities of gas 364 days
out of & year and the following day die because of the inability to dise
charge this gas? Some investigators suggest that the rumen is unableto
function when certain soft materials such as alfalfa are the primary come-
ponents of the diet. The eddition of acabqr;zus materials to the ration
is believed Lo be beneficial for stimulating eructation and the elimina-
tion of gas. Others believe that drugs such as penicillin and sureomycin
‘will inhibit gas production sufficiently to prevent bloat. Still another
theory is based on evidence that a toxic material is present at times in
sufficient quantity to cause death.

Degpite voluminous amounts of research dcne in the field of bloat,
the cause of bloat and the cause of death are still vague. The toxic
theory has not been disproven completely, therefore, this seems to be as

vital to the overall bloat picture as any. After choosing the toxic



theqry the assumption that the to:d.city wéuld be found in the blood was
made. Cerbon dioxide, pseudocholinesterase, and methemoglobin were
chosen as the compounds in the blood which might have the greatest po-
tential for causing bloat symptoms or death.



REVIEW OF LITERATURE

Since the salive of ruminants contains no ptyalin or other digestive
enzymes, the only carbohydrete dimion is by microorgenisms before the
ingesta reaches the M. However the construction of the ruminant
stomach is such that large quantities of highly fermentable meterial may
‘be stored for verying periods. During the storage bacteria and protozos
act upon the various constituents liberating products that are usable to
the animal plus large quantities of gas which at times can be_dctrimt.al
to the animgl's health.

Saliva initiates digestion and the rumen and reticulum contimue
this process by fermentation. The major end products of fermentaetion are
carbon dioxide, methane, and water. These are produced in voluminous
smounts because the gquantity of materiel ingested initlally is excessive
and highly fermentable,

A majority of the gas resulting from fermentation is eliminated
via eructetion. The source of the rumen gases for the main portion is
from fermentation of the food ingested into the rumen. The first stomach
or rumen and the reticulum carry on digestion by microorganisms wholly
because no secretions ere added in these two compertments. The omasum
precedes the abomasum and hes mucous glands occurring only at the omasum=-
sbomasal junction; however, the main function of the omesum is triturs-
tion of ingesta. The glanduler portion of the ruminent's stomech is the
ebomesun. Some rumen gss is eliminated rectally, but the mejority which
is not eructated diffuses through the rumen wall.

The possibility of the rumen wall being permesble to diffusible
substances has been suggested by Renkin (44), McAnslly and Phillipson (33),



Barcroft, McAnaelly and Phillivson (2), but the diffusion rates for
ruminal gases are still unknown, Kieiber (25). Gas absorption rates ere
believed to be proportional to the area of mucosa exposed end the pres~
sures exerted, Dougherty (12). Some calculations for rate of diffusion
can be based on the work done by Teschendorf (47) in which he found 100
milliliters of carbon dioxide diffused through the peritoneum of a rabbit
'in one hour. If this rebbit peritoneum was set up proportional to a
rumen, the rumen would diffuse 3.4 liters per hour.

The principal gaeses produced in the rumen are carbon dioxide and
methane while the smeller volumes of gases are hydrogen, oxygeix, nitrogen,
and hydrogen sulfide. From feeding time on carbon dioxide increases for
the first three or four hours then gradually drops. At this time n“l'oro-
gen decreases but begins increasing about seven to eight hours after feed-
ing, while oxygen, methene, and hydrogen remein relatively constant, (50).

Rate of gas formation has been charted by Cole, Mead, and Kleiber,
(9). The rate of total gas formstion reaches its lowest ebb previous to
eating. Within one to one and one~half hours after eating & maximum of
twenty to twenty-five liters per half hour is produced. Following this
peak, the total formation rate grasdually declines during a period of seven
io eight hours after feeding when it returns to prefeeding levels which
range from one to eight liters per one-half howr. The composition of the
rumen geses is relatively constent regardless of the ration, but varies
markedly with time elapsing after feeding according to Washburn and Brody
(49). The totel amount of gas is not affected greatly by the ration as
illustrated by Cole, Mead, end Kleiber, (9), however the amount of gas
formed is directly related to the emount of ration eaten.



Research workers dissgree szs to the sources of individual rumen
gases. For instance, seversl workers suggest that the precursor of methane
is from the suger resulting from bacterial fermentation of cellulose (54),
(22.), (1), (27). On the other hend Mitchell, Hamilton, and Haines (36)
have been unable to confirm these results. Carbon dioxide sources are
practically unlimited but the immediate precursor as a result of fermene

“tation is eithér e one-carbon or a threescarbon compound, (28), Saliva
provides & rich source of carbon dioxide, (32) which ranges because of a
high content of carbonaf.el , to an equivalent of approximately 200 volumes
per cent carbon dioxide.

Hydrogen gas, which is found in the rumen, stems from bacterial
fermentation of carbohydrates, (55), (38), (31). Pyruvic acid, which is
a product of glycolysis, cen be a source of hydrogen, (53).

Hydrogen sulfide in the rumen has its most likely source in the
sulfur containing organic compounds, especially amino acids. High concen~
trations of hydrogen sulfide of approximetely seven~tenths per cent were
reported by Dougherty (10) in the rumen of animals which had died of bloat
three to twelve hours before the samples were taken. Concentrations of
hydrogen sulfide from ten to twenty times the normal concentration were
found in bloated animals, (40). However on snalyses mede as the gas
left the rumen Kleiber, Cole, and Mead (26) found an average hydrogen
sulfide content of .11% by volume and no correlstion between the concen=
tration of hydrogen sulfide and the severity of bloat. Oxygen and nitro-
gen sources in ruminal gas are unknown for the most vart, however Quin
(42) speaks of nitrogen being brought in by swallowing. Oxdinarily the
air has & ratio of four perts nitrogen to one part oxygen yet Kieiber,



cmg.m(%)mmmmmmwimsamwwwamvm“
nitrogen o less than one volume oxygen.

Numerous cbservations led Venss (48) to postulate that the sccumiles
tion of ruminel geses ceuse insdeguate resyirstory movements, thus ceveing
the snimal to suffocate and et the same time be poisoned by ruminel geses
ebsorbed into the bLlood as & result of the incressed pressure; and theree
fore comtribute to the enimel's desth. No one to date has proved the
velidity of this stetement.

Most workers believe that e ruminel cemter exists, but e definite
locstion hes not been described (18). Clerk finds it reasonsble to ase
. sume thet the ruminal center could be affected by blood composition (1),
Many postulete that the mminstion center correlates the activity of o
muber of other centerse~resplratory, mesticatory, and deglutitorye-con=-
cerned in ruminstion. Wester (52), Hoflumd (20), Dougherty (13), Cole,
Moed, end Kleiber (), Mead, Cole, and Regan (34), Cole, et al. (8),
Clexrk (5), eni Evens eni Evens (19) have sssocisted rusen motility with
eructation. | _

Lindshl et sl. (30) have worked on the possibility of toxic sube
muwmwm«m&gnmmmmwm
theory. Wedse (50) has shown that lerge doses of potassium cyenide ceused
 complete inhibition of all rumen motility end eructatiom, while minimal
doses of stropine insufficient to cewse inhibition of the ruminal motility,
resulted in complete imhibition of the eructetion reflex. Rumen motility
and eructation inhibition were also reported by Clark (6) when two milli-
grams of histenine was injected intravencusly into a sheep., Clark end
Lembert (7) report that rumen perslysis wes caused by feeding or



intravenous sdminigtrstion of sodium carbonate. They found following
large dosages that eructation contrections were completely inhibited,

but usvally reappeared when intra-ruminal pressure vas increased by ine
sufflation. The eructetion efficiency showed an inverse relatlionshipto
the carbon dioxide combining power of the blood.

A theory, expressing the pcesibility of a toxic substance occure
-ring during bloa;t, has evolved in recent years. Greater amounts of toxins
which were not listed have been found by Dougherty and Cello (14) in the
rumen ingesta of animels suffering from bloat than in normal animals.
These substances when filtered and centrifugated reduced blood pressure
when injected intravenocusly into doge. They inhibited rumen motility in
sheep, stimulated respiration in intact animals and stimulated motor ac-
tivity in the lower gut of dogs, goats, and sheep. The toxins were nega-
tive to hydrogen cyanide tests, but were heat stable, dialyzable through
cellophane and nonevolatile with steam. Dougherty and Cello (15) stated:
"The relationship between the toxic factor described and the symptoms of
acute indigestion and bloat in ruminants is still obscure." The source
of the toxic factor in rumen ingesta and the depressor factor in crude
aqueous extractis of legumes suggested that although there are spparent
physiologicael similarities, there are meny biochemical differences,
Along the same toxic theory line of thought, Shanks (45) describes

a protein shock or allergy theory which can be summarized by stating that
young luscious pastures and certain foods contain specific proteins which
when sbsorbed interfere with the rumination and eructation mechanisms.
This same allergy theory is substantiated by Kerr end Robertson (2.L), Kerr
and Leamont (23), and Lamont (2%). They observed a high incidence of bloat



following the sdministration of a second dose of trichomonal antigen

seven to ten days after the initial dose. Their theory states that the
- animal suffering from histamine shock is unable to eructste, and bloat
results.

Several suthors, Dougherty (11), Nichols (39), and Weiss (51),
have ghown that ;}’mm?mmia increaged by insufflation, increas-
ed ruminal motility end eructation results. This then sppears to sct as
a gafety mechanien., Unless this seuromuscular mechsniem 1s defective or
obatructions prevent the expulsion of gas, there then could be the posasie
bility of an inhibitory toxic element scting on the newro reflex,

Ligation of the esophagus ss done by Dracy et el. (17) provides
ancther facet for sssuming or postulating the poseiblility of the toxie
fector in bloat. This experiment in summery slloved six owes to graze on
young slfalfa until they hed & good fill. The escphagus was then ligeted
end in the next two howrs distemtion was observed toc @ large degree but
no desthe occurred. This sheds light to the effect that when the toxic
element is not present death from scute blost does mot ocour.

Very little research is reported in the litersture sbout carbon
dioxide in blood end its effects on bloated animsls. When imsufflating
with carbon dicwide, Dougherty (12) found an extreme dyspnes when relstive-
1y high intrerumingl presgures were present. There was not en epprecisble
1wmomumummm@mmmnamxm,
in blood taken simultanecusly from the portel vein, the carbon dioxide
content incressed from 0.9 to 9.4 per cent. Carbon momoxide insuffiation
@id pot inmhibit respirstory movements, but did imhibit eructation.
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The enzyme cholinesterase is essential for proper function of animal

tisque, such as nerves, muscle and brain. .Cholinaﬁsteme hydrolyzes acetyl-
choline into acetic acid end choline which are relatively inactive (3).
Cholinesterase therefore limits the duration of acetylcholine. Acetyle-
choline or choline and its ester act, in their effects, similar to para~
sympathetic stimulation. Acetylcholine has these functiong: cardiac inhie
bition, excitation of the smooth muscle of the digestive tract and bladder
ial]_. s secretion of saliva, tears, and sweal, dilation of the arterioles »

and a fall in blood pressure. The enzyme concentration is high in many
tissues, but especially so at the synaptic areas of neurons. Chollinesterase
is inhibited by eserine, prostigmine, and atropine (37). An acﬁylcholine
~blocking agent (a Compound oc. 1052-1575, Sharpe and Dohme, Inc.) produced
complete cessation of rumen motility, but had no effect on the esophagus or
cardia as observed by Dougherty (16). Eructation occurred even when the
rumen was partially filled with water.

A substance found in white clover has been isclated by British ree
searchers (21) which inhibits the action of cholinesterase of blood. A
similar substance has been isolated by Jackson and Shaw (46) in ladino
clover juice concentrate. This substance reduced red cell cholinesterase
activity to some degree.

| A paralysis of ruminal movement was observed by Quin and Van Der
Wath (43) when acetylecholine in doses of ten milligrems or more was in-
Jected intravenously (dilution 1:1000), but the paralysis was of short
duration (ten minutes).

Methemoglobin is & compound of oxidized heme and native globin.

Methemoglobin is a true oxide in which one atom of oxygen combire s with
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one stom of iron. Best snd Taylor (3) state that in poisoning by certein
drugs, e.g., nitrites, chlorstes, sulphates, sulphanilamide etc., the blood
bhecomes dark in cclor due to the formation of methemoglobin and gives rise
to a~ type of cyanosis to which the term toxic is applied. Methemoglobin
cannot combine with oxygen in the game mammer as hemoglobin eand, therefore,
is useless as a respiratory pigment. Methemoglobin is formed in small
emounts in the c.:.lrculating blood, but reducing systems in the erythrocytes

prevent an sccumilation in any large amounts, Dukes (18).



EXPERIMENTAL METHODS

Cattle and aineep vere the two species of ruminants used in this
; experiment. The dairy cows were yﬁe Holsteins and Guernseys, and their
weights, ages, and ataées of lactation were extremely varisble. The
sheep were also of varying weights and ages. All animels were in good
flesh and healthy condition.
GENERAL MANAGEMENT

All the cattle received the same management throughout the experie-

ment. The dairy cows were placed on pasture starting June 6, 1957. This
pasture congisted of three-fourths brome and one-fourth alfalfa. Starting
‘July 1, 1957, and daily from then on until September 1, 1957, they were

on various alfelfa pastures. Previous to June 6, 1957, the ration consiste
ed of baled alfalfa hay, corn silage, and grain. After going on pasture,
the hay, silage, and grain were discontimued in order to stimulate the
animals to eat as much forage as possible.

The pastures varied considerably in stage of growth and amount of
weeds., The main objective was to have the animals on the pasture which
appeared to have the most succulent pre-bloom growth. The animals were
put on pasture at approximately 8:30 a.m. and taken off about 3:30 p.m.
Water was not provided in the pastures, consequently the animals had to
come to the barn to drink.

Thirteen sheep, eighteen cows, and one steer were used in this experi-
ment. One cow (No. E16l) died as the result of being cut open during acute
bloat. Two other cows were sent to market because one (No. E158) wes doing

very poorly from what sppsrently wes hardware, and the other (No. E168) had



been cut open because of an extreme bloated condition.

PROCEDURES FOR BLOOD ANALYSES

Cholinesterase tests were run using Michel's method (35) for deter=
mining enzyme activity. The principle of the method depends upon the a-
bility of the enzyme to produce a change in pH of a standard buffered solue
tion containing a stendard smount of acetylcholine. This change in pH
.was measured in one to one and one~hslf hours and was rated in pH units
change per hour. This then is a measure of the enzyme activity.

Cholinestersse is not a single enzyme, but rather a name for a
group. This group can be subdivided into true cholinesterases 'and pseudo=-
cholinesterases as characterized by their tissue location, physiological
function and substrate specifici®y.

The group analyzed was the pseudocholinesterase which is found in
the plasma. A brief description of the procedure is as follows:

a. The freshly drawn heparinized blood was centrifuged

at 2,000 r.p.m. for 15 minutes.

b. Two«tenths of a milliliter of plasma was placed in ten
milliliters of water.

¢, One milliliter of this mixture was placed with a standardize
ed freshly mixed phosphate buffer.

d. After setting for ten minutes in a weter bath at 25°C., the pH;
vas determined.

e. In one to one and one~half hours the pHp was determined. The

calculations were computed using the formula, change in pH per

hour = gg_él_l - @2-91 !f, t for time in hours; pHy for the
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first pH reading; PHy for the second pH reading; b and
f are correction factors for non enzymatic hydrolysis
of substratée and for the effect of pH change on enzyme
A activity relastive to buffer capacity respectively.
CARBON DIOXIDE

The tests for carbon dioxide determinations were run on e manometric
blood gas apparatus (Ven Slyke-Neill). All operations and calculations
were done sccording to Peters and Van Slyke (41). All blood samples were
taken in a cold test tube. The test tubes were stoppered immedistely and
placed into a container which reduced the temperature to 0-10°C. All
samples were kept cold until snalyzed, which at times may have been neare-
1y an hour after taking.

METHEMOGLOBIN

Methemoglobin hae a characteristic light absorption at 635 ﬁlli-
microns. When neutralized sodium cysnide is added, this absorption is
abolighed by converting methemoglobin to cyanomethemoglobin. The differ-
ence in light absorption at 635 millimicrons before and after sdding cye~
nide is considered a measure of the methemoglobin present (46).

All snalyses were determined as quickly as possible, generally withe
in one~half hour after sampling in order to facilitate aeliguots for ell
three tests. Efficiency was also increased when the tests were run in
this order--methemoglobin, cholinesterase, and carbon dioxide, The time
intervel between bleeding and testing the blood was kept as constant es

posgible in order to minimize possible changes in the bloced.
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RESULTS

A mean or average was established for methemoglobin, carbon dioxide,
and jseudocholineateraae between May 18, 1957, and August 5, 1957, for
each animel and these velues are grouped in Teble I. More snimals had
subacute bloat than is found in the data, bul samples were not run unless
the animeals appa;red to be in distress. Most of the bloat data were dife
ficult to obtain even though the pastures were irrigated regularly. Most
of the natural bloat occurred on one dey end alwost all within a week.

Data for samples of blood presented in Teble II were for a young
| chronically blosted steer. Extremely little change appeared as far as the
blood composition pertaining to the methemoglobin, carbon dioxide, and
pseudochoclinesterase was concerned. It did seem, however, that the animal
had a defective eructating mechanism becsuse seconds after a stomach tube
was inserted the anlwmal returned to normai.

Data in Table IIT were obtained irom sheep when they were insufflate
ed with carbdn dioxide. Carbon dioxide values in the blood increased in
every case., In many instances values increased two to three times the ori-
ginal emounts. Very litile time elapsed between the time at which insufe
flation comuenced and increased carbon dioxide values were found in the
blood.

“hemoglobin, carbon dioxide, and pseudochollnesierase checks as
presented in Table IV on blood of sheep before and 30 mimutes afiter drenche-
ing with concentrated alfalfa juice (umpublished data). While the values
for methemoglobin and carbou dioxide remained constant, a signiiicant rise

in pseudocholinesterase was noied.
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The data in Table V represent samples taken from a steer which

bloated acutely and died within one hour.
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Table I {Cont.)

100 ml. percent cholinesterase
Change pH/hr.
=L7=57 1.9 « 546 —-
5«18«57 —— .572 -
5&‘57 h‘ul5 . ?5 - ae m
5«29=57 3.81 ——— 075
5«31=5T 4,18 ——— 087
6‘ 7.57 3' 93 . 511 0168
6‘13-57 l"oll .k97 ah‘&
6-20-57 4,00 517 214
6"2“"57 hO?O osm 01&
6-2T=5T k.45 511 2.210 (a) (a) Bacterial action
T= 5=57 4,26 512 <357
T=19=57 549 148 214
T=25=57 T.47 548 .138

LT



Table I (Cont.)

No. cle Bl
Date Mib. gr./  COp Vol. Pseudo- Remarks
100 ml. percent cholinesterase
Change -

518«57 4.05 . 524 -

Se2b=57 = «500 215

5=27=57 2.67 .503 ——e

5e29=57 -— - .110

5'31"57 ,“'on —- .088

6= T=5T7 4,20 480 145

6=10=57 4,01 166 121

6-15=57 3.93 165 242

6-18.57 l#.29 . m . ?6

645'57 h.BI} .m 01&

6-28«57 .76 478 ——

7‘ 3-57 Sla osﬂ .281

T=10-57 5.75 51k <173

T=1T=57 5.12 «505 <156

T-22-57 5.16 .538 .190

8- 5«57 3.7 .609 145

= 9=57 4,07 487 .165 Subacute Bloat-=2:20 p.m.
9= 9=57 o «500 .170

After returning to normal--3:20 p.m.
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Teble I (Cont.)

Date MHb. gr./ COz Vol,  Pseudo- Remarks
100 ml. percent cholinesterase
Change pH/hr.

5e13=5T 3.66 526 -

5-21""57 -t 051.1 0215

2=27=57 2.35 +399 —

5=29=5T - e 107

5=31=57 4,20 R <110

6- 7"57 3.7" oh‘h’s tlh‘s

6‘10“57 3187 ol& 00%

6-155T 3.36 478 2179

6‘18‘57 3.53- om 02‘79

62557 4,55 + 506 101

6-28-57 k.37 .488 ——

T= 3=57 4.99 «505 421

7‘10"57 h-% om om

T=1T=57 4,88 522 182

T=22-57 6.28 .522 579 (a) (a) Reason unknown
8- 2457 L.59 460 A6k

8= 5=57 3.79 «510 +190

61



Table I (Cont.)

Cow No. EL3% Whole Blood Plasma
Date MEb. gr./  COp Vol.  Pseudo=- Remarks
100 ml., percent cholinesterase
_ Chenge pH/hr.

5«17«57 1.85 546 ——

51857 -m- 4509 -

S5=22=5T 4.15 ~ W515 ——

5=29=5T 3.06 - 038

5«3L=5T L.h7 —— 0%

6= T-57 3.8k 166 175

6=13=57 k.27 475 430

6-20=57 4.19 A9k 222

6‘2&'"57 30& . % . 187

6-27=57 3.79 AT6 137

T=19=5T 4,85 gy 2h9

745.57 60)“7 .1368 .ll'%

8= 2-57 4.60 487 2k



5=1T=57
5=18-57
5=22-5T
5=29=57
5«31«57

6= T=5T
6=13=57
6-20-57
6-24=57
6=27~57

T= 5=57
T=19=57
T=25=57

v
b

|

L]
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Table I {(Cont.)

mvan .
D N A e S e A

Cow Mo. EL5L ___ Whole Blood Plosma
Date Mb. gr./ COp Vol.  Pseudo- Remarks
100 ml. percent cholinesterase
Change pH/hr.

5=18-57 3.57 545 —

5u2l=5T — L2k 202

5=2T=57 2.34 43k -

5«29=57 s s -107

5=31-57 4,33 - .109

6~ T-57 3.62 «503 169

6-10-57 3.85 66 .106

6=15=57 3.41 JL67 179

6’1.8"57 3 3 63 . h‘ll -279

62557 .23 188 24

6-28=-57 b5 A89 o

T= 3=57 h.T9 .625 159

7-10-57 4,98 598 207

T=17=57 5.06 STT 2131

T=22-57 5.64 535 349

8" 2-57 1".56 QSOS 0152

8‘ 5“57 3.“’0 o5® olhs



Table I (Cont.)

s e e — .

Gow No. B153 Whole Bicod Plaoma =

Date Mib. gr./ €Oz Vol.  Pseudo~ Remarks
100 ml. pexrecent. cholinestexrase

Change pH/he.

5wl.Bm5T 3.98 Jg5 ——

5wl w5T — .398 200

5=27=5T 2.05 Lok —

5=29=57 —- — 095

5 -31 -57 -.’-- - 0133

6= T=5T 3.06 ol J21

6‘10-57 3 . 38 L] %7 . lhg

6=15=57 3.58 425 A5

6=18-5T 3.14 451 225

62557 b, 76 493 131

6"28"57 lhOO .1&% -

T= 3=57 4.83 <523 128

T=10=57 L, 56 +590 17

T=17=57 4,63 509 168

T=22-57 Te34 <549 o121

8= 2457 6.91 A2 137

9"11'57 1006 0529

JA72 Subacute bloat

€z



Table I (Cont.)

Cow No. BL57 Waole Biooa Tiesma
Dete Mib. gr./  COs Vol.  Pseudo=- Remarks
100 mi. percent cholinesterase
Change pil/hr.
5‘18"5'7 l!‘ . ,"6 - )‘h‘o - .
52757 3.02 J3 ——
5«29«57 —— — -111
5=31-57 3.3 - 095
6~ T=57 3.83 +506 .151
6“‘10"57 h-OB * h38 . 175
61557 b,19 469 145
6‘18"57 3.& oh’66 0199
645’57 h035 .!GTQ vlm
6+28+57 4,21 485 P
Te 3=57 The animal was sold.

e



Table I (Cont.)

Date Mib. gr./ COs Vol. Pseudo~ Remurks
100 mi. pexrcent cholinestevase
Change pH/he.
Sel=57 k.05 458 ——
Swl=57 — L86 .184
S5=27=57 2.15 470 -
5=29=57 - —— 103
5=3L=57 3.k0 -— .126
6= T-57 3.31 463 175
6=10-57 3.61 460 156
6"15"5? 3-80 QQTB 'l
6=18=57 3.38 L67 208
6-25=57 4.99 . 501 093
6=28=57 h,36 L79 -
T= 3=57 5.14 585 129
7"10"57 h 2 68 . 5& . lh‘?
T=LT=57 5.03 « 509 <140
7"@ "57 5 . 0? . 526 N 108
8- 2-57 6.0 A7 JALT
8" 5"57 ’4‘ . 1}2 N EOO . 3_1*&
9“ 5.57 l‘ 38 "“98 01% s’uhacut‘e 'blOa‘b 12 lea 960 5 inc . d’.ao
9' 5‘57 1063 0515 OBM 1 pcmc m.O in. d.iao

se



Table I {Cont.)

Cow No. BLOL Whole Blood Plesma
Date Mib, gr./  COz Vol. Pseudoe

percent cholinesterase

Change pH/hr.

5«18«57 526 -
SwliesT 518 27
52757 .51k -
5@'57 i dned 0095
5.31‘57 W 0116
6= T=57 0506 »139
6=10=57 489 137
6=15«5T L91 133
6=18=57 A32 270
62557 . 507 182
648-’57 .&7 -
7" 3’57 05}"‘0 .541.8
T=20=5T <585 173
T=1T=5T 532 ATT
T-22-57 . 545 .805 Reason unkucwn
8- 2-57 o2 1h7
8- 5«57 538 159
Qell=57 515 280 Acute bloat
9=11=5T7 467 250 Cut open
9=20=5T o

- Animal died

9e



Table I (Cont.)

Cow No. E162 ~ Whole Blood Plasma T
Date Mib. gr./  COy Vol. Pseudo. Remarks
100 ml. percent cholinestersse
Change pH/hr.
5=18=57 3.32 - -
5ul57 —— 466 ATT
5=27=57 2.02 437 -
5=29=57 ee - 100
5=31=57 —— - 151
6- 7‘57 30& .I&?O al“‘
6"10"57 3 . 53 .h'36 0178
6‘15-57 3035 ohsé 1151 ,
6-18"57 3012 . hl 0231‘
6-25=57 L.5h 450 .037
6-28-57 L. 453 ———
T= 3=57 4.89 536 «339
T=10=57 L,52 <565 .138
T=1T=57 5.23 «505 164
T=22=5T7 6.42 402 145

L2



Table I (Cont.)

S

Cow Ho. E103 Whole Blood Plasma
Date MHb. gr./ COp Vol.  Pseudo- Remarks

percent cholinesterase

Change pH/hr.

5wl 7=5T TS ——
5al8«57 433 ———
5=22-5T h63 -
5=29=5T - +140
5=3L=57 -~ 073
6= T=5T .o .352 168
6"‘1 3-57 ‘h’n }‘2 . 1‘56 . 39Q
6=20=57 h.72 .i+§6 «333
6‘22"-57 3 . 89 . 3&48 . 187 :
6=27=57 4,20 A3k .936 (a) (a) Bacterisl action
T 5«57 4.55 420 .566 (b) (b) Bacterial action
T=19=57 5.59 452 208
7‘25‘57 60 & . lt56 clk'z
8- 2-57 7.04 437 162
8- 5-57 h. 59 . 516 ollh‘

1354



Table I {Cont.)

Cow No. E10G Whole Blood Plasma
Dete MHb. gr./ COp Vol.  Pseudo- Remarks

percent cholinesterase

Chenge pH/hr.

5=1T=57 1.95 499 -
5«18-57 —— L9T7 —
5&"57 h.lg o% el o
5=29=57 3.88 -—- <159
5=31=57 b Lk - 099
6= T=5T 3.92 438 .148
6=13-57 b k2 488 400
6-20-57 L,6h +513 .313
6-2h=57 3.46 + 513 .298
6-2T=5T b.bs 488 2.230 (a) (a) Bacteriel action
T= 5=57 4,56 491 2,020 (v) {v) Bacterial action
7‘19'507 h’@ 0‘*‘66 0231
T=25=5T 7.66 541 154
8" 5‘57 )"'o'm 0567 olw



Table I (Cont.)

5=17-57
5-18-57
5=22-57
5=29=57
5=31-57

6= T=57
6-13-57

6=ly=57
6-27-57

T= 3=51
T7=19=57
T=25=57
8- 2—57

3.2k
3.98

k. 0k
5.23
6.85

TelT

‘095

162

+159
278

162
+105
156



Table I (Cont.)

" can

s

Cow No, ELOD Whole Blood Plasma
Date Mib. gr./  CO, Vol.  Pseudo=- Remarks
100 mi. percent cholinesterase
Change pH/hr.
5‘17'57 2.07 . 518 i
5=18=5T7 -—— 510 .-
5-& "57 3-&.21# . h35 ———
5=29-5T i “m 0061"
5=31=57 4,38 - «153
6= T=5T — 165 141
6"13"57 10 . 39 . h9h . h‘w
6-20-5T7 g, gja 493 «253
6‘2&'57 3. 5 ok?& 0215
6-27=57 3.93 L76 160
T= 55T L.T7 L72 2.730 (a) (a) Becterial sction
T=19=57 5.29 443 202
7'25"57 6.83 .h’97 0156
8- 5-57 h,27 .502 121

€



Teble I (Cont.)

Cow No. El ole Blood Plasma
Date MHb. gr./  COp Vol.  Pseudo- Remarks
100 ml., percent cholinesterase
Change pH/hr.
5=17=57 1.81 k5 —
5«18«57 ——— Jié ——
52257 L,06 k95 -
5-29~57 - s -083
5«31«57 4,67 —— 097
6= =57 ——— L6l 159
6-13-57 3.77 451 .370
6-20-5T 3.61 165 .298
6'2"'57 3079 .h83 -187
6-27-57 3.59 476 235
T= 5=57 3.3% k5 A57 (a) (a) Bacterial acticn
T-19=57 5o bk 438 206
T=25«57 6.39 M5 173



Table I (Cont.)

Cow No. 1153 Whole Blood Plasua oy -
Date Mib, gr./  COp Vol.  Pseudo= Remarks

100 ml. percent cholinesterase

Change phi/hr,

5«17=57 1.55 53k -
5=18=57 ——— -— ———
5=22=57 3.67 Loy -
5<29=57 - - 077
5‘31‘57 l‘a67 ooy o 1»1.16
6= T=57 — L6 147
6-13~57 3.94 75 «355
6'20"57 34 76 . Q6 0269
6=ls=5T 3.75 o913 .205
6=27=57 4,24 «510 .288
T= 5=57 L.28 571 425
T=19-57 %73 453 178
T=25=57 6.57 556 o1k
9= 1=57 2.06 +559 226 Subacute Bloat
Qell=57 1.42 «596 195 Acute Bloat
9ell=57 1.45 1T 202 After animal was cub cpen

139



Table IA
A summary of da ble I

Average velues for normal or control animals

Cow No. Mib. gr./ COy Vo, Paeudoe
100 ml. percens cholinesterase
Chemge pH/hr.
E 86 L‘w?ﬂ ch"m .:.59
E 117 L, 37 520 208
E 122 L,43 « 504 179
E 125 k.20 Jge «2.84
E 134 k.11 495 78
E 150 k.75 JMTT 220
E 151 k12 .508 LTh
E 153 L,32 481 S48
E 157 3e91 6k +2.50
® 158 k.27 496 L2
E 161 k.25 .516 .2.83
E 162 L.oL 466 +1.55
B 163 L,58 R N}
E 164 L.ho « 500 210
E 165 L.27 s 195
E 166 4,36 482 .187
E 167 L.05 JL62 201
E 168 L2 511 .220
Qver-all
average .29 L85 .18
Average values for bloated animals
E 86 2.18 452 212
E 122 L.07 487 <165
E 153 1..06 <529 AT
E 158 1.51 507 266
E 161 0.97 491 265
E 168 L.T5 +533 213
Over-all

average .92 «502 216



Methemoglobin- grams/100 ml.

€168
E18 ¥ edns
33
Group A~ 9 Cows cumms 0 - Subacute Bloat
Group B- 9 COWE amaem X - Acute Bloat

# - Average

i 1017 9 2 2 25 ¢5 1599]1]1]1]117
ﬁy&mamn77mnsm&saﬁ%é nw2z22s L

Graph 1. Comparison of Avérage Methemoglobin Values



Pseudocholinesterase Change pH/hr.

.MO
400
360
320
.280 XE161
.240 eEB86
§E168
oE
200 mSB _4E16 XE168
\ Fo =5y
.160 \ 2
em@Group $- 0 -@@Bacute ﬁ%%%:
«12Qmafiroup ; - Acute Bloat
- Average
080 2,299 7 713101520184 2527283 510171922252 2 55 159 9N UNNY
MAY JUNE JULY AUGUST SEPTEMBER

Graph 2., Comparison of Average Pseudocholinesterase Values

ot
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Table II

|
f

Steer No. Bi73 Woole Blood ~ Plasma
Date MEb. gr./  COp Vol. Pseudo- Remarks

100 ml. percent cholinesterase

Change pH/he.

8‘30"57 2 .00 ° 5() .27(, )
8=30=57 1.29 . 506 JA'fe : Subacute blcat
Cw 3=57 1.94 516 243 Subacute bloat
Ge La57 1.91 SO -y s
9" 5"5? 2-17 ob’{ 5 0270 mcute leat
Y= 55T 2.39 576 245 10 min. after gas released
Gu 5=57 2.08 « 564 — 4 hours leter
9- ()-57 2.03 .508 0165 ml
Gelb=5T 1.75 STT «335 Subacute bloat
9=19=57 .24 <595 - Subacute bloat

9=23=57 1.59 696 250 Subacute bloat



Tsble IIT

Sheep No. Date Time of COp Volume
Ingufflation Percent
2 B8=26=5T Before .268
15 min. after .333
50 min. efter .375
L5 min. after 62
60 min. after ST
100 min. after «535
3 8-2T=5T7 Before 240
15 min. after h52
30 min. after oy
45 min. after 48k
60 min, after 489
90 min. after 432
b 8«28«57 Before .168
15 min., after 197
30 min. after «255
45 min, after . 365
60 min. after .369
100 min. after 425
5 8-28-57 Before .34
15 min. after D26
30 min. after 481
45 min., after ok
60 min. after 498
100 min. after <501



Teble IV

‘|

Sheep Ho, Dete Drenching CO, Vol " Pseudo-
percent 100 ml. cholinesterase
Change pli/hr.

8w 657 Before <534 7 Th 232

After .508 6.54 .307

8- 9-57 Before .5h3 8,08 222

After , . 541 T.19 «37h

8« 657 Before .502 5.18 .263

mer . %5 l‘ . z‘o ﬁa? 5

8“1"!"‘57 BefOre . 500 2 . 76 .212

ml‘ . 531 l‘o Oh‘ o

8« 657 Before .539 5.38 253

After .548 L.28 175

a) 8"1&‘57 BEfom .}‘9‘& 3.(2 .212
After 186 L,76 .398

62 8= 4«57 Before 532 Iy, 58 ———
After 579 L.66 -

62 8= 9=57 Before .562 5.47 253
After 532 5.10 375

61" 8" 9"’57 %fore 01‘% b- 58 -2&2
After 468 6.12 . 384

6k 8=1ke57 Before 537 2.73 212
After 527 b2k 256

66 8= 9«57 Before L97 ka7 212
After . 506 5.33 . 364

After 491 .42 211



Table V

e el e e e e e

Steer No. EL5

Date Mib. gr./ COp Vol.  Pseudo- Remarks
100 mi, percent cholinesterase
Change pH/hr, 2
61957 T L35 290 ]
71557 470 Al 227 Semple taken % hour before death
T-19+57 4.0L A57 408 Sample taken as enimal died

The color of the blood % hour bee-
fore decth was cherry red while
at death it was dark brown.

™



DISCUSSION OF RESULTS

Deta in Table I in which enimals bloated naturally showed a signi-
ficant chﬁnge in the methemoglobin values. The tests made on methemoglo-
bin from May 17 through May 27 should be considered experimental errors
beceause during this time an error in procedure was noted. Methemoglobin
values did decline in slmost every situstion during bloat. The enalysis
of variance reveals highly significant differences between normel and
bloated animals. The actual physiological significance of depressed
methemoglobin values is not well understood, but it may lead to new -
knowledge regarding the causative agent in bloat. All tests on bloated
animals were run in duplicate and many in triplicate.

Chronic bloating in enimals does not sppear to have a similar pice
ture when compared with naturel blost. This is recorded in Teble II from
the data taken on a chronic bloating steer. The possibility remains that
this steer's blood composition never returned to normal, therefore, giving
no noticeable change when blood was teken while bloated. The normal sam-
ples were difficult to obtain because of the animal's susceptibility to
bloat.

The data in Table III show strong indications as to the rapidity at
which carbon dioxide diffuses through the rumen wall into the blood stream.
Values reeched from two to three times the amount in the blood before
starting and still no distressing symptoms were noted.

An interesting observation can be made in Table IV. It will be
noted that the pseudocholinestersse activity increased 80% of the time.

Analysis of variance reveals highly significant differences between the



43

pseudocholinesterase activity before drenching end after drenching. The
physiological reasons behind the increased pseudocholinesterase are un-
known, but it is known that the pseudocholinesterase is caspsble of hydro-
Yzing non-choline esters, e.g. tributyrin, as well as acetylcholine.
Pseudocholinestersse reaches its highest activity when the acetylcholine
concentration is low, whereas it has very slight hydrolytic action at the
higher concentrations of acetylcholine.

The results obtained in Tasble V appear rather dramatic; however,
it must be taken into consideration that the normal velues are somewhet
limited. Notice should be teken of the fact that the pseudocholinesterase
activity increased almost three-fold while the methemoglobin values dropped
rather significantly. Again the physiological significance is unexplaine-
able.



1.

3.

SUMMARY AND CONCLUSIONS

-The methemoglobin values of bloated animals were significantly

(analysis of variance) lower than for normasl animals. Methemoglobin
values decreased while pseudocholinesterase activity increased from
two to three-fold, when blood was tested on an acutely bloated steer
one~half hour before death and just as the animel died.

An analysis of variance reveals highly significant differences be=-
tween the pseudocholinestersse activity before and after drenching
sheep with alfalfa juice.

Carbon dioxide diffuses very repidly through the rumen wall. Increes-
ed carbon dioxide values up to two or three times the normal smount
did not revesl any ill effects on the animals.

The blood composition of one animal, which was subject to chronic
bloating, showed no appreciable difference between a bloated and nor-
mal condition.
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