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CHAPTER I
INTRODUCTION

Previous work has shown that metabolism in the ruminant animal dif-
fers somewhat from that of the monogastric animal., For example, in mono-
gastric animals the major end product of dietary carbohydrate digestion
is glucose, whereas in the adult ruminant animal most dietary carbohy-
drates are fermented by rﬁminal microorganisms resulting in the formation
of short-chain fatty acids, These major end products of microbial fer-
mentation in the rumen are acetic, propionic, and butyric acids (3, 9,
12), Several studies have shown that these volatile fatty acids are ab-
sorbéd directly from the rumen (6,26), These studies on ruminal absorp-
tion of the volatile fatty acids have shown that the blood draining the
rumen is considerably higher in volatile fatty acid concentration than
that of the peripheral blood. It has also been established that acetate,
propionate, and butyrate serve as the major sources of energy to the rum-
inant animal (3,33), |

Of these short-chain fatty acids, acetic and butyric are known to
be ketogenic and not glycogenic., Ash, et al. (5), Kronfield (19), Phil-
lips, et al, (32), Phillips and Black (31), and Manns and Boda (22) have
all reported a hyperglycemic response to the intravenous administration
of butyrate to sheep and goats, both of which are ruminants; on the other
hand, butyrate administration to dogs, swine, or horses, which are '"mono-

gasters", did not produce this hyperglycemic response. Trenkle and



Kuhlemeier (42) failed to demonstrate an increase in blood glucose fol-
lowing the'intravehous administration of butyrate to sheep. Further
studies by Phillips and Black (31) have shown that the administered bu-

. tyrate itself is not converted to glucose but that butyrate triggers some
‘other mechanism to bring about glycogenolysis in the liver and hence an
elevation in blood glucose, The mechanism of this hyperglycemic response
to the intravenous infusion of butyrate has not been explained. Previous
work using adrenalectomized sheep, has shown that the hyperglycemia fol-
lowing butyrate administration is not an epinephrine response (32),
Phillips. et al. (32) have shown that the intravenous injection of buﬁyr-
ate into sheep resulted in an increase in liver phosphorylase activity

which was followed by a decrease in liver glycogen and an increase in

plasma glucose concentration. The reports of Black et al. (7) and

Annison et al, (2) indicate that pathways for direct conversion of butyr-
ate to glucose are unlikely since studies in the intact cow and sheep,

ll"(l-but_yrate, have demonstrated that butyrate is not directly con-

using
verted to glucose,

A decrease in plasma nonesterified fatty acids which coincided with
the hyperglycemic response to the intravenous administration of butyrate
hés been reported by Phillips et al. (32). The studies of Annison et al.

(2) showed an increase in blood acetate following the intravenous infu-

14C—butyrate in sheep.

sion of
The studies of Bost et al. (8) indicate that anesthetizing sheep

with ether or pentobarbital results in an increase in blood glu?ose. The

hyperglycemic effect of ether was reported to be more intense than that

of pentobarbital, Furthermore, Bost et al. (8) reported that anesthe-

“tizing sheep with ether results in an increase in plasma free fatty acids,



whereas anesthetizing sheep with pentobarbital results in a decrease in
the plasma free fatty acids,

Inasmuch as conflicting reports have appeared in the literature
concerning the hyperglycemic response in sheep to butyrate administra-
tion, and since butyrate plays an important role in the energy metabolism
in sheep, an experiment was designed to study the effects of the intra-
venous administration of this volatile fatty acid on blood glucose in
anesthetized and unanesthetized sheep. The effects of the intravenous
infusion of butyrate on the concentrations of other volatile fatty acids

in blood were also incorporated into the design of the experiment,



CHAPTER 1II
REVIEW OF LITERATURE

Energy metabolism in the adult ruminant differs somewhat from that
of the monogastric animal., For example, the major source of enexrgy in
the adult ruminant is derived from acetate, propionate, and butyrate,
whereas the major source of energy in the monogastric animal is derived
from glucose., In the ruminant, dietary carbohydrates are fermented by
ruminal microorganisms and only small amounts of glucose are absorbed
from the alimentary tract (1), Several studies have shown that the vol-
atile fatty acids are absorbed through the rumen wall into the portal
blood (6,14,26,37), The absorption of the volatile fatty acids through
the rumen wall is based upon the evidence that the portal blood leaving
the rumen has a higher concentration of volatile fatty acids than that
found in the arterial blood which enters the rumen.

The volatile fatty acids are metabolized to some extent by the rumen
wall (23,27,28), It has been demonstrated that when an equilmolar solu=-
tion of volatile fatty acids are present in the rumen, the concentration
of the volatile fatty acids leaving the rumen does not contain equilmo-
lar amounts of the volatile fatty aicds (23), This is based upon the
evidence that the concentration of acetic acid in the blood leaving the
rumen has been shown to be present in greater concentrations than that
of either propionic acid or butyric acid. Also, the concentration of

propionic acid in portal blood has been shown to be present in greater



concentrations than that of butyric acid., The studies of Pennington (27,
28) have clearly demonstrated that there is a greater oxygen consumption
in tissue slices of rumen epithelium when butyrate is used as the sub-
strate compared to the oxygen consumption when acetate, propionate, or
glucose is used as the substrate. The concentrations of the fatty acids
found in the blood leaving the rumen are in the order: acetate > pro-
pionate > butyrate.

An interesting feature in the energy metabolism in the ruminant ani-
mal is that the newborn ruminant animal has a blood glucose concentration
of approximately 100 mg./100 ml. (mg.%) of blood (24). The blood glucose
level in the newborn ruminant animal is similar to that which can be
found in the monogastric animal, The studies of Reid (36) show that the
blood glucose in the newborn ruminant animal gradually decreases to that
of the adult ruminant animal 6 to 9 weeks after birth. The blood glucose
levels in the adult ruminant animal are normally about 40 to 65 mg.7%,
and the blood glucose level does not normally rise above these levels
for the remaining life of the ruminant animal, Thus, in the newborn,
the ruminant animal is similar to the non-ruminant animal in that the
newborn multigastric animal has g blood glucose level which is character-
istic of the monogastric animal, The blood glucose gradually decreases
early in the life of the ruminant animal, whereas the blood glucose in
the normal non-ruminant animal, remains unchanged. This gradual decrease
in the blood glucose in the ruminant animal does not mean that the rumi-
nant gnimal lives entirely in the absence of glucose. There is a change
in the utilization of substrates for energy purposes, i.e., the major
source of energy in the adult ruminant animal is derived from the vola-

tile fatty acids. The studies of Goetsch (13) show that there is a



decrease in the activity of the liver glycolytic enzymes during the de-
velopment of the rumen in calves, This decrease in the activity of the
"glycolytic enzymes can be attributed to the decrease in glucose absorp-
tion during fhe development of the rumen. In other words, as the rumen
becomes more functional, the dietary carbohydrates are fermented in the
rumen_and less glucose is available to be metabolized in the liver.

Since the volatile fatty acids have been shown to have such an im-
portant role in energy metabolism in the ruminant animal, several exper-
iments have been designed to study the utilizafion of these acids by
ruminant tissues, The metabolism of acetate, propionate, and butyrate
in sheep liver slices was studied By Leng and Annison (20). 1In these
studieé, it was demonstrated that when 14'C-labelled volatile fatty acids
were incubated with sheep liver slices, propionate and butyrate were ox-
idized ﬁore readily by liver tissue than was acetate. Furthermore, it
was demonstrated that 14C'-propionate was incorporated into glucose to a
greater extent than was 14C-acetate‘or 14C-but-yrate.

Annison, et al. (1) have reported that acetate is present in greater
amounts in the peripheral blood than either propionate or butyrate, and
that most of the propionate and butyrate are metabolizéd by the liver.

It has been demonstrated too that the rate of oxidation of acetate by the

célls is dependent upon the évailability of acetate to the cells (10);

In other words, the higher the concentration of acetate in the peripheral

arterial blood, the greater the rate of oxidation of acetate by the cells,
df the three short-chain fatty acids, only propionate has been shown

to contribute significantly to the het synthesis of glucose., It has been

well established that propionate is glucogenic in function, whereas ace-

tate and butyrate have been shown not to contribute significantly to the



net synthesis of glucose (20), The metabolic pathway for the synthesis
of glucose from propionate has been studied by several investigators (18,
20,21,27). The studies of Annison, et al. (2) have demonstrated the in-
corporation of 14C-l-propionate and laC-Z-propionate into glucose., These
studies also have demonstrated that the incubation of liver slices from
sheep with 14C-l-propionate resulted in the labelling of glucose predom-
inantly in C-3 and C-4, Furthermore, the incubation of liver slices from
sheep with 14C-2-propionate resulted in the labelling of glucose predom-
inantly in C-1, C-2, C-5, and C-6., Annison, et al. (2) reported that

140—1-propionate and 140—2—propionate into glucose

the incorporation of
was found to be in agreement with the well established pathway for the
conversion of propionate to glucose, which they presented in outline
form; propionate is converted to succinate, an intermediate in the tri-
carboxylic acid cycle, before being converted to phosphoenolpyruvate,
and then to glucose by reverse glycolysis, The metabolic pathway for
the conversion of propionate to glucose is outlined as follows: the con-
version of propionate to propionyl-CoA; the carboxylation of propionyl-=-
CoA to methylmalonyl-CoA; the isomerization of methylmalonyl-CoA to
succinyl-CoA; the conversion of succinyl-CoA to succinate; the oxidat;on
of succinate to fumarate; the reversible hydration of fumarate to malate;
the oxidation of malate to oxaloacetate; the decarboxylation of oxaloac-
etate to phosphoenolpyruvate; the reduction of phosphoenolpyruvate to
the triosephosphate; the formation of fructose-1l, 6-diphosphate; and the
conversion to glucose (3),

Different pathways have been postulated for the metabolism of pro-
pionate, For example, the studies of Leng, et al. (21) have demonstrated

that a substantial amount of propionate is first converted to lactate



before being converted to glucose. The studies of Pennington and Suther-
land (30) and Taylor and Ramsey (41) have shown that propionate is con-
verted to lactate in rumen epithelial tissue, They further reported that
methylmalonyl-CoA could not be formed in the absence of CO,. These stud-
ies have further substantiated the fact that a major role of propionate
in the energy metabolism of the ruminant animal is gluconeogenesis,

In the ruminant animal, the metabolism of acetate and butyrate has
been demonstrated to be somewhat different from that of propionate, For
example, it has been well established that acetate and butyrate do not
contributed significantly to the net synthesis of glucose. The studies
of Leng and Annison (20) have demonstrated that the intravenous infusions
of 14'C-acetate and 1'L’FC-but‘.yrate resulted in no net synthesis of glucose,

Acetate is metabolized only to a small extent by rumen tissue, with
most of the acetate being absorbed through the rumen wall into the portal
blood and passing to the liver, Leng and Annison (20) have reported that
propionate and butyrate are metabolized in the liver to a greater exterit
than is acetate., Annison, et al. (1) have reported that the peripheral
blood contains greater concentrations of acetate when compared to the
concentration of either propionate or butyrate,

A major source of energy in the ruminant animal is supplied by the
oxidation of acetate via the tricarboxylic acid (TCA) cycle. Acetate
can be oxidized directly in the cells, and Davis, et al, (10) have re-
ported that the oxidation of acetate is dependent upon the availability
of acetate to the tissues. The oxidation of acetate via the TCA cycle
is outlined by the following steps: the conversion of acetic acid to
acetyl-CoA at the expense of adenosine triphosphate (ATP); the condensa-

tion of acetyl-CoA with oxaloacetate with the formation of citrate; and



the oxidation of the TCA intermediates to COy and Hy0 (3)." Thus, two
carbons are contributed to the TCA cycle by acetate, and for every turn
of the cycle two carbons are eliminated as CO,., In order for acetate to
be oxidized via the TCA cycle, there must be a supply of ATP for the
formation of acetyl-CoA, as well as, a supply of a four carbon dicarbox- -
ylic intermediate (oxaloacetate) to condense with acetyl-CoA to form
citrate, Oxaloacetate can be supplied by propionate and glucose., Anni-
son, et al. (2) have reported that the infusion of propionate resulted
in a decrease in the concentrations of aéetate in the blood. It is well
established that propionate enters the TCA cycle through succinyl-CoA
and thus could serve as a supply of oxaloacetate for the oxidation of
-acetate,

Different pathways have been postulated for the utilization of ace-
tate in the ruminant animal, For example, several investigators have
reported that acetate carbon can be incorporated into glucose as evidenced
by their radioisotopic studies (2,4,20), The studies of Pennington and
Pfander (29) have shown that acetate is converted to ketone bodies in
the liver. Even though other metabolic pathways have been demonstrated
for the utilization of acetate, these pathways are secondary to the oxi-
dation of acetate via the tricarboxylic acid cycle,

Butyrate is metabolized to a large extent by the liver in ruminant
animals (15), Much controversy exists among several investigators as to
the exact mechanisms of butyrate metabolism in the liver, Several
workers are in agreement that butyrate is ketogenic in function and is
metabolized intovketone hodies (27,43), while others support the idea
that butyrate is glycogenic in function and is oxidized wia the TCA cycle

(2,15,16,20).
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Butyrate is metabolized to a large extent in ruminant animals by
the liver, The possibility of butyrate being glucogenic in function
lacks support, since butyrate does not contribute significantly to the
net synthesis of glucose. The studies of Leng and Annison (20) and Anni-
son et al., (2) have demonstrated that the incorporation of radioactive
labelled butyrate does not involve a net synthesis of glucose. These

studies are supported by earlier findings of Ash, et al. (5) who attempted

to show the effects of short-chain fatty acids on blood glucose in sheep.
They reported that the injection of carboxy-lAC—butyrate into insulinized
sheep resulted in less than 17 of circulating glucose being derived di-
rectly from the labelled butyrate,

| In ruminant animals, butyrate is believed to be metabolized to ke-
tone bodies (acetone, acetoacetate, and B-hydroxybutyrate). This theory
is suﬁported by the studies of Pennington and Pfander (29) who found
that, in vitro, butyrate was converted into ketone bodies and in partic-
ular into acetoacetate. Spahr, et al, (39) found that butyric acid was
readily converted into B-hydroxybutyrate in the perfused goat rumen,
Ramsey and Davis (35) and Leng and Annison (20) reported that butyrate

is metabolized via the tricarboxylic acid cycle, They demonstrated close
similarities in the labelling of glucose in carbons 3 and 4 obtained from
14C-1-acetate, 14C—l-butyrate, and 14'C-3-butyrate. These studies have
been found to be in agreement with the metabolic pathway for the oxida-
tion of butyrate, i,e., via the tricarboxylic acid cycle. The metabolic
pathway for the oxidation of butyrate is outlined as follows: butyrate
is converted by butyryl-CoA; butyryl-CoA is converted crotonyl -CoA;
crotonyl -CoA is converted to B-hydroxybutyryl-CoA; B-hydroxybutyryl -CoA

is converted to acetoacetyl-CoA; acetoacetyl-CoA is then converted into
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acetyl-CoA which enters the TCA cycle by condensing with oxaloacetate
to form citrate (3).

The possibility of butyrate being glucogenic in function has been
the subject of special interest since butyrate plays an important role
in the energy metabolism of the ruminant animal, In 1952, Potter (34)
demonstrated that the intravenous injection of sodium butyrate relieved
insulin convulsions as evidenced by the concurrent rise in blood glucose
concentrations. In 1952, Jarret (17) reported an immediate increase in
blood glucose following the intrawvenous injection of sodium butyrate into
sheep. It was postulated that the increase in blood glucose was mediated
through the release of epinephrine from the adrenal medulla,

In 1956, Kronfield (19) studied the effect of butyrate administra-
tion in sheep., He reported that the intrawvenous infusion of sodium bu-
tyrate resulted in an increase in blood glucose concentration when the
initial level was low and a decrease in blood glucose level when the in-
itial level was high. Ash, et al. (5) found that the administration of
0.25 millimoles of butyrate per kilogram of body weight into insulin
treated sheep caused a fapid increase in the blood glucose concentration
within a few minutes after the injection. They postulated that the in-
¢crease in blood glucose was due to the release of glucose from the liver,
Furthermore, they postulated that the adrenal glands were stimulated by
butyrate causing the release of epinephrine which is known to stimulate
‘the liver to release glucose,

Phillips, et al, (32) demonstrated a significant rapid increase in
blood glucose concentration in insulin treated sheep a few minutes after
the intravenous injection of sodium butyrate., They further demonstrated

an increase in liver phosphofylase activity immediately following the
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injection of sodium butyrate and a concomitant decrease in the liver gly-
cogen content during this same time period. They further reported that
the intravenous injection of sodium butyrate in adrenalectomized lambs
and intact lambs produced similar results. They postulated that butyrate
may either stimulate the liver directly, causing the release of glucose,
or butyrate may activate some other mechanism such as glucogon release
from the pancreas to cause the release of glucose from the liver,

Trenkle and Kuhlemeier (42) failed to demonstrate a hyperglycemic re-
sponse to butyrate in sheep. They analyzed blood glucose samples 1 and
2 hours after thé injection of butyrate and found that the blood glucose
concentratiqns decreased following the butyrate injection, Mann, et al.
(31), using a technique of direct canulation of the pancreatic vessels
in vivo in adult sheep, reported that butyrate stimulated insulin release
»through a direct effect on the pancreas which could not be attributed to
the effect of hyperglycemia or hyperketonemia. Inasmuch as there are
some conflicting reports appearing in the literature on the effects of
butyrate on blood glucose, it seemed apparent that additional experiments
need to be done to study the intravenous effects of butyrate and to as-
certain whether or not a hyperglycemic response occurs following the in-

travenous injection of sodium butyrate,



CHAPTER III
MATERIALS AND METHODS

Twenty mature sheep, 2-3 years of age, were used to study the ef-
fects of the intravenous injection of sodium butyrate upon blood glucose
concentrations and blood levels of acetate, propionate, and butyrate,
The sheep were kept in outside pens., Their diet consisted of prairie
hay ad libidum and a daily feeding of a commercially prepared grain mix-
ture., The sheep were brought indoors on the day before tﬁe experiment
and were not fed on the day of the experiment. All experiments were per-
formed in the morning,

In order to study the effects of sodium butyrate on blood glucose
and blood volatile fatty acid concentrations in the anesthetized sheep,
the sheep were anesthetized with sodium pentobarbitel. A 15 cm., poly-
ethylene cannula was inserted into the jugular vein prior to the experi=-
ment in order to facilitate the administration of the sodium butyrate
solution and the taking of blood samples at precise time intervals, 1In
regards to the unanesthetized sheep, the sheep were restrained with a
halter and kept in a small retaining pen, but were free to lie or stand
at will, A 15 cm, polyethylene cannula was inserted into the jugular
vein of the unanesthetized sheep prior to the experiment in order to
minimize excitement of the animal, while administering the sodium butyr-
ate solution, and taking blood samples from the jugular vein. Heparin

was added to the cannula in both the anesthetized and unanesthetized
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sheep in order to prevent blood coagulation in the cannula,

Three 12 ml. blood samples were taken at 10 min. intervals prior to
the administration of the sodium butyrate solution to establish preinjec-
tion blood glucose and volatile fatty acid levels. The sodium butyrate
solution, neutralized to a pH of 7.2 with NaOH, was administered to the
sheep via the jugular vein cannula at the rate of 2.5 millimoles/Kg.,
body weight. The sodium butyrate solution was infused slowly over a five
minute period and 12 ml., blood samples were drawn from the jugular vein
cannula every 10 minutes for a period of 3 hours following the infusion,

Immediately upon the removal of 12 ml, of blood from the jugular
vein, one milliliter of whole blood was diluted with 5 ml, of glass dis-
tilled water to hemolyze the red blood cells, This was followed by the
addition of 2 ml. of 2% Ba(OH), and 2 ml. of 2% ZnSO;, The barium and
zinc solutions were adjusted so that a solution of pH 7.2 resulted when
equal volumes of each solution were mixed. The barium and zinc were
added to precipitate the proteins of the blood. One milliliter of the
protein free filtrate was then ugsed to determine blood glucose concentra-
tions according to the methods of Nelson (25) and Somogyi (38), Also,
immediately following the removal of 12 ml, of blood from the jugular
vein, 10 ml, of whole blood were diluted with 50 ml, of glass distilled
water to hemolyze the red blood cells, followed by the addition of 20 ml,
of 2% Ba(OH), and 20 ml. of 2% ZnSO,. Again, the equal volumes of
Ba(OH), and ZnSO, were added to precipitate the protein from the whole
blood. The protein free filtrate was then adjusted to a pH of 9,0 with
10% NaOH in order to form the sodium salts of the volatile fatty acids.
The filtrates were concentrated to a volume less than 2 ml, in a water

bath and frozen until ready for analysis by gas chromatography.
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Before gas chromatographic analysis of the prepared samples, each
sample was acidified with 10% phOSphoric acid and the volume adjusted to
2,0 ml, with glass distilled water, The acetic, propionic, and butyric
acids were separated on a 62 inch stainless steel column (1/8” diameter)
packed with chromosorb W (60/80 mesh) coated with carbowax 4000 contain-
ing 20% terephtalic acidl.‘ A Perkin-Elmer model 900 Gas Chromatograph2
equipped with a hydrogen flame ionization detector was used for gas chro-
matographic analysis of the volatile acids. Helium was used as the car-
rier gas. The oven temperature was isothermally maintainedvat 280° c,
The areas formed on the gas chromatogfaph recordings by the acetic, pro-
pionic, and butyric acid peaks were determined by triangulation. The
concentrations of the three volatile fatty acids were determined by com-
paring the areas formed from the injection of 1 pl, of a standard solu-
tion containing acetic¢ acid (100 mg./ml. HZO)’ propionic acid (100 mg./
100 ml, Hzo)', and butyric acid (100 mg./100 ml. H,0),

Statistical analysis was made on the blood glucose concentrations
and the blood levels of acetate, propionate, and butyrate in both the
anesthetized and unanesthetized sheep. The statistical analysis tests
used were the F-test, the Duncan's new multiple range test, and the t-
test as presented in Steel and Torie (40). The t-test was used for com=-
parisons between anesthetized and unanesthetized groups, and the F-test
and Duncan's new multiple range tests were used for comparisons within

each group,

lApplied Science Laboratories, Inc., State College, Pennsylvania.

2Perkin-Elmer Corporation, Norwalk, Connecticut.



CHAPTER 1V
RESULTS

The ébjective of this study was to measure the blood glucose con-
centrations in anesthetized and unanesthetized sheep following the intra-
venous infusion of sodium butyrate, A second objective was to measure
the blood acetate, propionate, and butyrate concentrations in anesthetized
and unanesthetized sheep following the intravenous injection of sodium

butyrate.
Blood Glucose

The changes in blood glucose concentrations in anesthetized and un-
anesthetized sheep following the intravenous injection of sodium butyrate
are shown in Figure 1., Each point on the graph represents the mean of
10 replications.

There was an increase in blood glucose concentrations in both the
anesthetized and unanesthetized sheep following the intravenous injection
of sodium butyrate. The ﬁost-injection increase in blood glucose con-
centration in the unanesthetized sheep was greater than that of the an-
esthetized sheep., There was a very highly significant difference (p <
0.001) in blood glucose levels between the anesthetized and unanesthetized
sheep at 30 minutes following the intravenous sodium butyrate injection,
The blood glucbse increased from a mean of 70 mg.% to a mean of 153 mg.%

in the unanesthetized sheep and from 69 mg.7% to 116 mg.7% in the
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and Following the Injection of Sodium Butyrate (2.5
mMoles/Kg.) at Zero Time

17



18

anesthetized sheep 30 minutes after the butyrate administration., Also,
there was a highly significant difference in blood glucose (p < 0,01)
between the anesthetized and unanesthetized sheep at 10, 40, 70, and 110
minutes following the butyrate injection, and a significant difference
(p < 0,05) at 20, 50, 60, 100, 126, and 150 minutes following the butyr-
ate injection.

The average blood glucose concentration prior to the administration
of sodium butyrate was 68.6 mg.% for the anesthetized sheep.and 68,9 mg.7%
for the unanesthetized sheep. In anesthetized sheep, Ehere was a highly
significant increase (p < 0,01) in blood glucose concentration at 20,
30, 40, 50, and 60 minutes following the butyrate injection, and a sig-
nificant increase (p < 0.05) at 10 and.70 minutes following the butyrate
injection, The intravenous injection of sodium butyrate to unanesthetized
sheep also resulted in an increase in blood glucose shortly after the
butyrate administration. There was a highly significant increase in
blood glucose concentration (p < 0,01) at all time intervals between 10
and 150 minutes following the butyrate injection, and a significant in-
crease (p <0,05) in blood glucose at 160, 170, and 180 minutes following
the administration of butyrate to the unanesthetized sheep, Table 1
summarizes the average blood glucose concentrations obtained at the var-
ious time intexrvals for the anesthetized and unanesthetized sheep

throughout this experiment,
Blood Velatile Fatty Acids

Table 11 and Figures 2 and 3 summarize the changes in the blood
levels (mg,%) of acetate, propionate, and butyrate following the intra-

venous infusion of sodium butyrate in anesthetized and unanesthetized
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TABLE 1

THE AVERAGE BLOOD GLUCOSE CONCENTRATION CHANGES IN ANESTHETIZED
AND UNANESTHETIZED SHEEP BEFORE AND FOLLOWING THE
INTRAVENOUS INJECTION OF SODIUM BUTYRATE
(2.5 mMOLES/KG,) AT ZERO TIME!

Blood Glucose Concentration (mg.%)

Time in Minutes

Anesthetized Unanesthetized
-20 68 + 3 69 + 4
-10 68 + 2 68 + 4
0 69 + 3 70 + 4
10 *95 + 52 **121 + 63
20 *%126 + 6 *%148 + 6
30 *%116 + 6 **153 + 6
40 *%120 + 5 **143 + 5
50 , *%109 + 5 **%133 + 6
60 **104 + 6 **127 + 7
70 *94 + 6 **119 + 6
80 90 + 7 *%113 + 6
90 86 + 8 **108 + 6
100 8L + 8 *%107 + 7
110 75 + 8 *%108 + 6
120 78 + 8 *%103 + 6
180 75 + 9 *%99 + 7
140 76 + 9 *%98 + 6
150 73 + 9 **¥96 + 6
160 74 + 9 *%94 + 6
170 75 +10 *91 + 6
180 74 + 9 *91 + 6

lEach value represents the mean of 10 sheep * standard error
2 (p <.0.05)

3%x(p < 0.01)
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sheep. Following the butyrate injection, there was a highly significant
increase (p < 0,01) in the blood acetate concentrations at 20, 30, and

40 minutes in the anesthetized sheep, and at 20, 30, 40, and 50 minutes
in the unanesthetized sheep. Also, there was a significant increase in
blood acetate levels (p < 0,05) at 60 minutes following butyrate admin-
istration in the anesthetized sheep, and at 10 and 60 minutes in the un-
anesthetized sheep, There were no significant changes in the blood pro-
pionaée concentrations in either the anesthetized or unanesthetized sheep
following the butyrate injection, The intravenous infusion of sodium
butyrate in both the anesthetized and unanesthetized sheep resulted in

a highly significant increase (p < 0,0l) in blood levels of butyrate at
10, 20, 30, and 40 minutes following the butyrate injection., Comparison
of the butyrate levels between the anesthetized and unanesthetized sheep
showed that there was a highly significant difference (p < 0,01) at 20
minutes and a significant difference (p < 0,05) at 10, 30, 50, and 60
minutes following the butyrate injection, There was not a significant
difference in the blood acetate levels between the anesthetized and un-
anesthetized sheep following the butyrate injection. Figure 4 illustrates
the changes in blood acetate concentrations in both the anesthetized and

unanesthetized sheep.
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CHAPTER V
DISCUSSION

It has been well established that the liver is the primary organ for
butyrate metabolism in the ruminant animal, However, there has been much
controversy among investigators in regard to butyrate metabolism by the
liver. The main controversy is concerned with the possible glycogenic
or ketogenic function of butyrate as discussed earlier, 1In regard to the
glycogenic role of butyric acid, there have been several investigations
dealing with the effect of sodium butyrate on blood glucose, In this re-
specty the results of this experiment have demonstrated that the intra-
venous infusion of sodium butyrate into both the anesthetized and unan-
esthetized sheep resulted in an increase in blood glucose within ten
minutes following the butyrate injection. In 1952, Potter (34) reported
that the administration of butyric acid into insulin-~-treated, hypoglycemic
lambs relieved the insulin induced hypoglycemic convulsions and produced
an increase in blood glucose. Jarrett, Potter, and Tilsell (17) in 1952
reported that the administration of butyric acid into sheep resulted in
a rapid increase in blood glucose as well as a gradual increase in pyru-
vic acid., It was then postulated that the butyrate induced hyperglycemic
response was possibly due to glycogenolysis mediated through the release
of epinephrine from the adrenal medulla.

Other researchers have observed an increase in blood glucose follow-

ing the administration of butyrate. Ash, et al. (5) observed a similar
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hyperglycemic response to butyrate administration in insulin treated
sheep., Working on the hypothesis that the increase in blood sugar was
due to butyrate.causing the release of epinephrine from the adrenal me-
dulla, they then injected the same sheep with epinephrine. It was found
that epinephrine injected into sheep resulted in an increase in blood
lactate along with the expected increase in blood glucose. Since pre-
vious injections of butyric acid did not produce an increase in blood
lactate along with the elevation in blood sugar, they then postulated
that the hyperglycemic response was not due to butyrate induced epineph-
rine release from the adrenal medulla,
In 1965, Phillips‘_g al, (32) clearly demonstrated that butyrate

administration into adrenalectomized insulin treated sheep resulted in
an increase in blood glucose within fifteen minutes following the injec-
tion. Further experiments by Phillips et al. (32), using adrenalectomized
lambs, demonstrated that butyrate administration resulted in an increase
in liver phosphorylase activity which occurred immediately after the in- ,
jection but prior to the hyperglycemic response. Also, corresponding to
the increase in phosphorylase activity, a decrease in liver glycogen was
observed., Phillips et al. (32) further noted a five-fold increase in
plasma ketone bodies following butyrate injection. However, the studies
of Ash, et al, (5) clearly demonstrated that the injection of B-hydroxy-
butyrate into lambs did not produce a hyperglycemic response., The re-
sults from the experiments of Phillips and Black (31) and Phillips et al.
(32) have indicated the possibility of butyrate acting directly upon the
liver to increase bhosphorylase activity or, as postulated in Phillips

t al, (32), butyrate may induce the release of glucagon from the pancreas

which would in turn produce an increase in liver phosphorylase activity.
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In 1966, Trenkle and Kuhlemeier (42) failed to demonstrate the hy-
perglycemic response following butyrate injection, Instead, they report-
ed that the concentration of blood glucose decreased following the butyr-
ate injection, The differences between the results obtained in the in-
vestigation reported herein to those obtained by Trenkle and Kuhlemeier
(42) could possibly be due to the experimentallprocedure. Trenkle and
Kuhlemeier measured blood glucose concéntrations at one and two hour in-
terQals following the butyrate injection., The results of the current
experiment support those of Jarrett et al. (17) and Phillips et al. (32)
in that the hyperglycemic response occurs within minutes‘foilowing the
butyrate injection and then it gradually decreases toward that of normal
preinjection glucose levels, 1t therefore seems probable that the fail-
ure of Trenkle and Kuhlemeier (42) to demonstrate butyrate induced hyper-
glycemia was due to the fact that they failed to take blood samples early
after injection, o

Studies onvthe effect of the blood glucose concentration upon the
butyrate induced hyperglycemic response in sheep has been studied by
Kronfeld (19) and Phillips and Black (31). Kronfeld (19) reported that
when blood glucose levels were near normal (40 mg.Z), -butyrate adminis=--:
‘tration increased the blood glucose levels 5 to 50 mg.7%. When blood glu-
‘cose levels were low (20-25 mg.%), the effects were even more profound
in that blood glucose levels were increased 50 to 80 mg.%. On the other
hand, Kronfeld (19) reported that when blood glucose levels were high
(60-80 mg.%i priér to the injection, butyréte administratioh decrgased
the blood glucose levels,

The current investigation does not agree with the latter findings-b

of Kronfeld (19) since the blood glucose levels prior to butyrate
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administration reported herein are within Kronfeld's '"high' range but
these sheep stillvexhibited a marked hyperglycemic response to butyrate,.
The fact that the butyrate induced hyperglycemic response is not depen-
dent upon the blood glucose level at the time of administration has been
shown by other investigators. TFor example, Phillips and Black (31) dem-
onstrated that when butyrate was injected into nursing 2-week old lambs
whose blood glucose levels were over 100 mg.%, a hyperglycemic response
resulted which was much the same as in the fasted, insulin hyperglycemic
lambs., In the investigation reported herein, the average blood glucose
levels prior to the injection of butyrate were 68.6 mg.%Z in the anesthe-
tized sheep and 68.9 mg.7% in the unanesthetized sheep. The administra-
tion of sodium butyrate resulted in an elevation in blood glucose in both
the anesthetized and unanesthetized sheep (Figure 1). Hungate (16) re-
ported that a decrease in liver glycogen was not found in excised livers
perfused with butyrate, indicating that butyrate does not produce liver
glycogenolysis directly., Further investigation is needed to elucidate
the butyrate induced glucostatic mechanism in the ruminant animal.

In fegard to the role of the pancreas in this hyperglycemic response,
Manns and Boda (22) have demonstrated that the administration of butyrate
écts directly upon the pancreas to stimulate the release of insulin,

The possibility of a butyrate induced release of glucagon by the pancreas
was not investigated by these workers. Additional experiments may as-
certain the role of the pancreas with respect to the butyrate induced
hyperglycemic response,

The possibility of butyrate being directly converted into glucose
has been studied by several investigators. The studies of Leng and An-

nison (20) and Ash, et al. (5) have demonstrated that the incorporation
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of radioactive labelled butyrate into glucose involves no net synthesis
of glucose, Weinmen (43) has shown that the incorporation of radioactive
labelled volatile fatty acids into glucose does not necessarily mean a
net synthesis of glucose,

In this investigation, the intravenous injection of sodium butyrate
into anesthetized and unanesthetized sheep resulted in an increase in
blood acetate levels following the butyrate injection as illustrated in
Figures 2, 3, and 4, Spahr, gg.gl.\(395 have demonstrated that perfusing
the goat rumen with butyrate resulted in the conversion of butyrate to
B-hydroxybutyric acid. Pennington (27) demonstrated that butyrate was
readily converted into acetoacetate in vitro, Pennington (27) was meas-
ufing the ability of the rumen epithelial tissue of the sheep to metabo-
lize the volatile fatty acids. It was found that butyric acid was metab-
olized by rumen epithelial tissue to a greater extent than either acetic
or propionic acids, and that a large part of the butyric acid was con-
verted to ketone bodies, Acetic acid was shown to be converfed to ketone
bodies, but no ketone bodies were derived from propionate. Leng and
Annison (20) postulated that the incorporation of 14C—l-‘butyrate into
B-hydroxybutyrate indicated a continual breakdown and resynthesis of
acetoacetyl-CoA through acetyl-CoA, These studies support the ketogenic
role of butyrate metabolism in the ruminant animal, The basis for the
ketogenic role is the metabolism of butyrate via the TCA cycle through
acetyl-CoA as an intermediate, Thus, for every two carbons contributed
to the TCA cycle by butyrate, two carbons are lost in the form of carbon
dioxide.

Since nonradioactive labelled butyrate was used throughout this in-

vestigation, it is difficult to ascertain the exact metabolic pathways
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involved in the elevation of blood acetate levels following the butyrate
administration, It is known that acetyl-CoA may be synthetized from
acetate in the presence of ATP and CoA. Also, it is known that butyrate
is oxidized wvia the TCA cycle through acefyl-CoAq Thus, the infusion of
large amounts of butyrate may serve as a supply for acetyl-CoA producing
an equilibrium change in acetyl-CoA synthesis and a possible increase in
acetate levels which normally would be readily oxidized via the TCA cycle.
Little is known about the exact pathways involved in butyrate metabolism,
In conclusion, it was observed that the administration of sodium
butyrate into anesthetized and unanesthetized sheep resulted in an in-
crease in blood glucose within a few minutes following injection, and an
increase in blood acetate levels as well as the expected increase in
blood butyrate levels., Additional experiments need to be designed in
order to study the exact mechanism of this butyrate induced hyperglycemic
response. It has been postulated by Phillips, et al. (32) that butyrate
induces the release of glucagon from the pancreas which in turn produces
the increase in liver phosphorylase activity. The results reported here-
in do not eliminate this possibility and, in fact, make this suggestion

even more attractive.



CHAPTER VI

SUMMARY AND CONCLUSIONS

The effects of intravenous sodium butyrate on blood glucose in sheep

have been reported by several investigators. Since the results of these

studies failed to agree, an experiment was designed to study further the

effects of the intravenous injection of sodium butyrate on blood glucose

levels in anesthetized and unanesthetized sheep. Another objective was

to measure the blood levels of acetate, propionate, and butyrate follow-

ing butyrate administration,

The following results were observed:

1,

The intravenous injection of sodium butyrate into anesthetized
sheep resulted in a highly significant increase in blood glucose
concentration (p < 0.01) at 20, 30, 40, 50, and 60 minutes fol-
lowing the butyrate injection, and a significant increase in
blood glucose concentration (p < 0,05) at 10 and 70 minutes
following the injection of butyrate.

The intravenous injection of sodium butyrate into unanesthetized
sheep resulted in a highly significant increase in blood glucose
concentration (p < 0,01) at all time intervals between 10 and
150 minutes following the butyrate injection; and a significant
increase in blood gluecose concentration (p < 0,05) at 160, 170,
and 180 minutes following the injection of butyrate,

There was a highly significant increase in blood acetate
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concentration (p < 0,01) at 20, 30, and 40 minutes in the an-
esthetized sheep and at 20, 30, 40, and 50 minutes in the unan-
esthetized sheep following the butyrate injection, Also, fol-
lowing the butyrate injection, there was a significant increase
in blood acetate levels (p < 0.05) at 60 minutes in the anesthe~
tized sheep, and at 10 and 60 minutes in the unanesthetized
sheep.

4, There was’no change in blood propionate concentration in either
the anesthetized or unanesthetized sheep following the injection
of butyrate.

5. There was a highly significant increase in blood butyrate con-
centration (p < 0,01) at 10, 20, 30, and 40 minutes following
the butyrate injection in both the anesthefized and unanesthe-
tized sheep.

Rumen and hepatic tissues are the primary organs for butyrate metab-
olism in the ruminant animal., There has been much controversy among re-
searchers regarding the possible glycogenic or ketogenic role of butyrate
in hepatic tissue, Several investigators have observed a hyperglycemic
response following the‘injection of butyrate (5,17,19,32,34), whereas
other researchers have failed to demonstrate this butyrate induced hyper-
glycemic response (42), The results of this study have clearly demon-
strated that the intravenous infusion of sodium butyrate resulted in an
increase in blood glucose concentrations in both the anesthetized and
unanesthetized sheep. Also, the intravenous infusion of sodium butyrate
resulted in an increase in blood concentrations of acetéte which has been
demonstrated by other researchers (2)., The exact mechanism by which bu-

tyrate induces the increase in blood glucose has not yet been fully



explained., Further investigations into the role of the pancreas and

liver in this butyrate induced hyperglycemic response are needed.
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TABLE III

39

BLOOD GLUCOSE CONCENTRATIONS IN ANESTHETIZED SHEEP BEFORE AND
FOLLOWING THE INTRAVENOUS INJECTION OF SODIUM BUTYRATE

(2,5 mMOLES/KG.) AT ZERO TIME

vimsres T o 3 B41¢20d g oge et Fs _#  Fioem xS
=20 76 60 79_ 68 55 77 53 77 65 68 68 + 3
-10 64 72 76 70 53 73 58 78 70 73 69 + 2
0 79 71 74 68 52 75 54 75 69 76 69 + 3
10 76 108 99 111 91 95 77 110 74 106 95 + 5
20 148 141 129 144 114 129 104 141 90 124 126 + 3
30 76 106 127 119 116 142 123 131 100 121 116 + 3
40 118 138 129 95 116 140 119 132 93 120 120 + 5
50 106 141 117 86 97 123 101 118 87 117 109 + 5
60 114 136 124 80 79 112 88 106 90 114 104 + 6
70 97 107 110 68 73 106 86 106 70 113 94 + 6
80 98 116 67 59 110 78 97 72 115 === 90 + 7
90 93 119 55 55 114 67 93 68 100 ~-- 86 + 8
100 88 90 50 48 110 67 93 66 103 «-- 8l + 8
110 94 46 49 100 64 83 68 99 ~mm ae- 75 + 8
120 103 106 40 47 94 70 85 59 101 -~~~ 78 + 8
130 97 106 40 46 65 77 66 106 ~-= ~==- 75 + 9
140 108 99 41 43 54 76 66 101 -~-- ~-=~ 74 + 9
150 86 104 42 48 55 75 66 107 === ~=- 73 + 9
160 96 107 39 50 56 78 64 104 =-e  --- 74 + 9
170 169 111 41 44 55 79 65 99 -~~~ == 75 *10
180 91 113 48 44t 55 73 64 101 =-=- === 74 + 9




TABLE 1V

BLOOD GLUCOSE CONCENTRATIONS IN UNANESTHETIZED SHEEP BEFORE AND
FOLLOWING THE INTRAVENOUS INFUSION OF SODIUM BUTYRATE
(2.5 mMOLES/KG.) AT ZERO TIME

Time Blood Glucose Mg.% Mean + S '
Minutes  #11 #12 #13 #14 #15 #16  #17 #18 #19 #20 — %
-20 88 62 74 59 68 8L 50 74 64 65 69 + &
-10 93 60 64 53 70 85 61 71 65 61 68 + 4

0 93 61 66 55 75 88 63 72 65 62 70 * 4
10 150 132 113 114 114 148 102 134 111 95 121 + 6
20 159 138 160 145 158 174 124 160 147 119 148 + 6
30 179 142 140 160 157 172 146 165 '149 116 153 + 6
40 166 120 129 155 144 156 146 148 152 116 143 + 5
50 168 103 114 132 138 160 124 142 132 115 133 + 6
60 164 88 108 118 136 153 122 145 125 110 127 £ 7
70 137 89 102 124 136 145 109 126 119 106 119 + 6
80 132 81 105 103 130 142 107 115 111 105 113 + 6
90 134 75 105 95 125 132 110 112 90 103 108 + 6

100 146 69 100 96 120 132 104 115 87 101 107 + 7
110 139 72 108 94 118 129 107 116 93 100 108 + 6
120 120 65 102 99 113 128 100 119 88 97 103 + 6
130 127 66 99 77 113 125 104 84 92 --- 99 + 7
140 122 66 104 74 112 119 99 106 91 89 92 + 6
150 124 65 94 73 107 116 101 105 87 90 96 * 6
160 126 60 89 68 103 107 98 112 90 88 9% + 6
170 109 60 92 65 98 108 97 115 83 84 91 + 6
180 110 54 90 62 97 106 97 115 91 87 91 + 6




TABLE V

BLOOD ACETATE CONCENTRATIONS IN ANESTHETIZED SHEEP BEFORE AND
FOLLOWING THE INTRAVENOUS INFUSION OF SODIUM BUTYRATE

(2.5 mMOLES/KG.) AT ZERO TIME

41

Mimres L T F e e — o o Mt *
-20 9.5 13.6 13.6 8.1 6.2 10.2 =---- 8,7 7.8 5.6 9.2 + 1
-10 10.1 14,6 13,6 5,0 6,2 11.2 5,7 7.6 6.8 5.8 8.7 *+ 1

0 7.3 14,2 16.8 6,7 7.8 10,2 9.6 7.2 6.4 6,0 9.2 + 1
10 11,3 19.6 14,6 13,9 12,2 12,8 12.7 21.3 9.3 11.2 13,9 + 1
20 18.3 34,0 24.6 15.3 15,0 20.4 16,0 21.3 10.0 12,2 18,7 + 2
30 22,7 25,2 21,0 15,3 15,0 24.8 22.9 16,0 11,3 9.2 18,3 + 2
40 21,7 30,8 ~--- 13,9 15,2 22,2 -=-- 17,1 13,3 11.0 18,1 + 2
50 19.3 30.2 26,0 10.5 14,4 21.6 13,4 10.5 9.3 14.2 16,9 + 2
60 15.0 22,8 22,2 12.4 11,4 19.4 1U,.4 10,7 7.5 12.0 14,4 + 2
70 12.7 22.2 20.6 8,6 10.4 16.8 9,5 10.2 7.7 9.0 12.8 + 2
80 11,2 =--- 18,4 6.6 6,6 15.2 8,9 9,8 7,2 9.2 10,4 * 1
90 8.0 =-==- 20.6 6.3 7.4 13.8 6.9 10.2 6.0 8.2 9.7 * 1

100 11,2 ==-- 15,6 4,7 6,4 13.8 5,4 10,2 6.1 7.8 9.0 * 1
110 7.9 ==--- 20,0 6.4 6.8 11.6 6,5 10,0 6.9 10.6 9.6 + 1
120 11.8 -==- 16,2 5.4 6.6 11,0 7.4 =--- 5,8 10.4 9.3 + 1
130 7¢2 ===~ 19,6 5.1 6,4 ~-== 7.8 6,4 5,7 10,0 8,5 + 1
140 9.8 ==== 14,6 4.8 5.4 ===- 5,6 6,1 4,0 ===- 7.1 +1
150 8.4 =mm= 14,6 5.7 5,6 ==-= 6.2 7.6 7.7 9.8 8,2 + 1
160 8.9 ==== 15,0 4,6 4,4 =-en 6,6 7.2 5,4 =-== 7.4+ 1
170 9.0 =m== 11.6 4,5 4,4 =--- 5,2 6,1 5,5 ~--- 6.6 + 1
180 8s7 ==== 16,0 5,3 4,0 ==-= 4,9 4,2 5,1 ~--- 6.8 + 2




TABLE VI

BLOOD ACETATE CONCENTRATIONS IN UNANESTHETIZED SHEEP BEFORE AND

FOLLOWING THE INTRAVENOUS INFUSION OF SODIUM BUTYRATE

(2.5 mMOLES/KG.) AT ZERO TIME

42

Time Blood Acetate Mg,% Mean + S
Minutes‘ #L1 #12 #13 #14 #15 #16  $#17 #18 #19 #20 - X

-20 9.6 6,0 6.1 5.0 9.4 9,4 8.8 4,b& 7,4 ~--- 7.3+ 1
-10 10.4 6.9 5.7 3.8 11.2 12.9 7.1 5.9 7.6 10.8 8.2 + 1
0 10.4 4,7 5.4 4,5 9,9 12.6 7.1 6.5 10,0 6.8 7.8+ 1
10 15.1 11.7 9.2 9.1 20,7 19.3 10.8 11.5 11.4 16.4 13.5 + 1
20 16.6 13,2 14,4 8,6 25,7 21.1 16,1 12.5 13.0 16.7 15,8 + 2
30 12.4 9.5 14,7 14.2 25.2 18,9 =---- 10.2 16,1 18,8 15.5 + 2
40 21,7 15,8 11,6 19,5 20.7 20,9 15,9 12,0 17.4 14,3 16.8 + 1
50 19,7 8.5 8,9 8.6 26,7 20,0 14,0 10,1 11.8 26.6 15.5 * 2
60 20,4 6.5 9.8 11.8 18.3 14,4 11.9 9.3 10.1 23.3 13,6 + 2
70 13.8 7.8 9.9 10.4 22.1 17.0 11.0 9.4 9.4 12.3 12.3 + 1
80 14,7 7.7 7.7 8.1 16.1 16,5 14,0 7.6 10,2 11.6 11.4 + 2
90 14,4 5.8 9.3 6,3 19.2 16.1 10,3 8,4 ===- 8,9 10.9 + 1
100 10,4 4,5 =--- 5,5 18.8 15,0 8,2 9,7 11,0 10,8 10,4 + 1
110 13,9 5.3 9.1 4,2 18.3 14,3 12,0 9.5 9.3 11.3 10,7 *+ 1
120 13.5 5.4 6.6 5.6 18.0 15.2 11.2 7.6 9.3 11.9 10,4 + 1
130 12.1 3.5 5.5 6.8 18,2 11.7 11.1 6.3 9.8 13.3 9.8 + 1
140 11,0 5.0 6,1 4,7 18.0 9,7 11.8 9.0 9.4 10,8 9.6 + 1
150 7.2 3,9 10,0 5.417,0 11.2 9.7 7.8 8.0 12.5 9.3 1
160 9.1 3.3 7.5 6.1 15,0 8,7 14.3 8.1 8.4 10,3 9.1 + 1
170 9.0 3.5 7.2 6.8 15.8 12.7 8.8 7.4 10,5 12.1 9.4 + 1
180 7.1 3.7 7.4 5,1 15.3 14,4 10.5 7.4 10.4 13,0 9.4 + 1
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TABLE VIL

BLOOD PROOIONATE CONCENTRATIONS IN ANESTHETIZED SHEEP BEFORE AND
FOLLOWING THE INTRAVENOUS INFUSION OF SODIUM BUTYRATE
(2.5 mMOLES/KG,) AT ZERO TIME

Time Blood Propionate Mg.% Mean *+ S

Minutes #1 #2  #3  #4  #5  #6  #7  #8  #9  #10 - '
-20 0.2 0.5 0.8 0.3 0,3 0,3 =--- 0,2 0,2 0,2 0,3 +0,1
-10 0.2 0.4 0.5 0.2 0.3 0.2 0.1 0.2 0.2 0.2 0.3 + 0.1
0 0,2 0,4 0,5 0,2 0,2 0,2 0.1 0,2 0,2 0.2 0,2 + 0,1
10 0.2. 0,7 0,5 0,7 0,3 0,5 0.4 0.4 0.4 0.4 0,5+ 0,1
20 0.2 0.9 0.7 0.7 0.5 0.5 0.4 0.4 0.4 0.4 0.5+ 0.1
30 0.2 0,9 0.5 0,4 0,5 0.5 0,3 0.4 0.4 0,4 0,5+ 0,1
40 0.2 0,9 =-- 0,3 0.5 0,5 =--= 0,5 0.4 0.4 0,5+ 0,1
50 0,3 0.9 0.5 0.3 0.4 0,3 0.3 0,2 0.4 0.4 0.4 + 0,1
60 0,3 0,5 0,7 0,3 0,3 0.3 0,2 0.2 0,2 0.4 0.3 + 0.1
70 0.2 0.5 0.7 0.3 0.3 0.2 0.2 0.2 0,2 0.4 0.3+ 0.1
80 0.2 --- 0,7 0.2 0.3 0.2 0,2 0,2 0.2 0.4 0,3+ 0,1
90 0.2 --- 0,7 0.2 0.3 0,2 0,2 0,2 0,2 0,2 0,3 +0,1
100 0.2 =--- 0,7 0.4 0,2 0,2 0,2 0,3 0.2 0,2 0.3+ 0.1
110 0.2 =--- 0.7 0.2 0,2 0,2 0,2 0,3 0,2 0,2 0,3+ 0.1
120 0.2 === 0,7 0,2 0.2 0,2 0,2 =--- 0,2 0.3 0,3 +0,1
130 0,2 =--~ 0,7 0,2 0,2 --- 0,2 0,3 0,2 0,2 0.3 + 0.1
140 -== ~--- 0,7 0,2 0,2 =-- 0,2 0,3 0,1 0,2 0,3 + 0.1
150 0.2 =~-- 0,7 0,2 0,2 =---"0,2 0,3 0.2 0,2 0.3 * 0.1
160 l - ==~ 0,7 0,2 0,2 ==~ 0,2 0,3 0.1 0,2 0.3 + 0.1
170 @me a== 0,3 0,2 0,2 =-=-- 0,2 0,3 0.1 0.2 0,2+ 0.1

180 -== === 0.2 0,2 0,2 ==- 0,2 0,3 0.1 0.2 0.2 + 0,1

|+




TABLE VIIIL

BLOOD PROPIONATE CONCENTRATIONS IN UNANESTHETIZED SHEEP BEFORE AND
FOLLOWING THE INTRAVENOUS INFUSION OF SODIUM BUTYRATE
(2,5 mMOLES/KG.) AT ZERO TIME

Time Blood Propionate Mg,% Mean + S
Minutes #11  #12 #13 #14 #15 #16 417 #18 #19 20 X
-20 0.1 0.2 0,3 0.2 0.4 0.2 0,3 0,2 0,2 === 0.2 + 0,1
~10 0.2 0.2 0.2 0.2 0,3 0,3 0,4 0.2 0,2 0,2 0,2 + 0,1
0 0,3 0.1 0,2 0.2 0,3 0,3 0.4 0.2 0.2 0.3 0.3 + 0,1
10 0.4 0.4 0.5 0.3 0.9 0.5 0.5 0.5 0.5 0.6 0.5 * 0.1
20 0.4 0.4 0,5 0,3 0,9 0,5 0.5 0,5 0.5 0,8 0.5 + 0.1
30 0.4 0.4 0.5 0.3 0.9 0.5 =--- 0.5 0.5 0.8 0.5 + 0,1
40 0.4 0.4 0.5 0.3 0.9 0.4 0,4 0,4 0.5 0.6 O.S‘j 0.1
50 0.4 0,2 0,5 0,3 0.9 0.4 0,4 0.2 0,4 0.6 0.4 + 0.1
60 0.4 0.3 0.2 0.2 0.5 0.4 0,3 0.3 0.4 0.4 0.3 + 0.1
70 0.3 0.1 0,2 0,2 0.5 0.4 0.3 0,2 0.3 0.4 0,3 + 0,1
80 0.2 0,1 0,2 0.2 0,5 0.4 0.3 0,2 0.3 0.3 0.3 + 0,1
90 0.3 0,2 0,2 0,2 0,4 0.4 0.3 0,2 =-- 0,2 0.3 + 0.1
100 0,3 0,2 -~~~ 0,2 0.4 0.4 0,3 0.4 0,3 0.2 0.3 + 0.1
110 0.3 0,2 0,2 0,2 0,5 0.4 0,3 0,3 0,3 0.3 0.3 + 0.1
120 0,3 0,2 0,2 0.2 0,4 0.4 0.3 0,2 0.2 0.3 0.3 + 0,1
130 0.3 0,1 0,2 0,2 0,4 0.3 0.3 0.4 0.2 0.4 0.3 + 0,1
140 0,3 0,1 0.2 0.2 0,4 0,2 0.3 0.2 0.2 0.3 0.2 + 0,1
150 0.2 0,1 0,3 0,2 0,5 0,3 0.3 0,2 0,2 0.3 0.3 + 0,1
160 0.2 0,1 0,2 0.2> 0,5 0,3 0.4 0,2 0,2 0,3 0.3 + 0.1
170 0,2 0,1 0,2 0,2 0,5 0,4 0,3 0.2 0,2 0.3 0.3 + 0.1
180 0.2 0.1 0.2 0.2 0,5 0.4 0.3 0.2 0.2 0,4 0.3 + 0,1




TABLE IX

BLOOD BUTYRATE CONCENTRATIONS IN ANESTHETIZED SHEEP BEFORE AND
FOLLOWING THE INTRAVENOUS INFUSION OF SODIUM BUTYRATE
(2.5 mMOLES/KG.) AT ZERO TIME

Time Blood Butyrate Mg.% Mean + S

Minutes #1 #2 #3  #4  #5 @6  #7  #8  #9 #10

I+ 1+ I+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ I+ 1+ 1+

I+

I+

i+

~20 0.2 0.4 0.6 0.3 0.3 0.3 mmce smmm —mmn —nne 0.4
-10 0.2 0.4 0,5 0,2 0.3 0,1 0,1 mmmm <men ~mn- 0.3

0 0.2 0.4 0,5 0.2 0,2 0.1 0.1 memm mmme <eee 0.2
10 36,6 50.6 36,0 42,0 76.0 46,2 75,9 mmmm mmmm mmm- 51.9
20 14,4 36.4 30.2 18.8 37.0 29.8 39,4 =mem mmee woan 20,4
30 lhoh 20,0 13,8 8,9 22,2 17.6 21,9 mmmm mmmm —enn 15.5
40 0.4 13,0 =mm= 3,1 17.4 9,2 mmmn mes;e ccce mwa- 8.6
50 0.4 3.6 2.6 0.9 7.0 4.3 2.3 meem mmme —me- 3.0
60 0.2 1.8 1.3 0.5 2.6 2.0 0,6 meme <mem ~en- 1.2
70 0.2 1.0 0.6 0.3 0,9 0.4 0,5 mmmwcimmen mmnn 0.5
80 0.2 -=== 0,5 0,2 0,8 0,7 0,3 === ==== —on- 0.4
90 0.2 =em= 0.5 0.2 0.3 0.2 0,2 meme mmmm memm 0.2
100 0.2 mmmm 0.4 0.4 0,3 0,2 0.2 memm cmme —ee 0.3
110 0.2 ==== 0.4 0.2 0,2 0,2 0,1 mmmm <mee —nn- 0.2
120 0.2 ==== 0,4 0,2 0,2 0.2 0,2 rme=r ===e —=-- 0.2
130 0.2 mmem 0.4 0,2 0,2 mmmm 0,2 mmmm <mee —eee 0.2
140 memm mmme 0.3 0.2 0,2 mmrm 0.1 mmmm <mee —ee- 0.2
150 0.2 =mm= 0.3 0.2 0.1 =me= 0.1 meme =;en —ee- 0.2
160 mmem e 0.3 0.2 0.1 mmem 0.2 mmmm mmmm mee 0.2
170 e e 0.4 0.2 0,1 mmem 0,1 =mme meee —e-- 0.2

I+

180  meme mee- 0.4 0.2 0,1 ===~ 0,1 =m== =mcm =nu- 0.2

|+
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TABLE X

BLOOD BUTYRATE CONCENTRATIONS IN UNANESTHETIZED SHEEP BEFORE AND
FOLLOWING THE INTRAVENOUS INFUSION OF SODIUM BUTYRATE
(2.5 mMOLES/KG.) AT ZERO TIME

Time Blood Butyrate Mg.% Mean * S
Minutes #11  #12  #13 #14 #15 #16 17 #18 #19 20 - X
~20 0.1 0.2 0,3 0.2 0,3 0,2 0.2 0.1 0,2 =~=- 0.2 % 0.1
~10 0.1 0.1 0,2 0.2 0,2 0,2 0,2 0.1 0,2 0,2 0.2 + 0.1
0 0.4 0.1 0,2 0,2 0,2 0,3 0,2 0.1 0.2 0,2 0.2 + 0.1
10 30.8 21,2 30,6 27.9 47,5 34.8 32,8 34,4 38,1 36.7 33.5 + 2.0
20 19,9 13,9 15,1 11.1 23,8 21,0 22,9 19,2 19,3 20,5 18,7 + 1.0
30 6.1 5.3 9.1 5,4 10,7 7.0 =--- 7.2 14,0 14,5 8.8 * 1.0
40 2.4 2.5 3.6 2.1 3.3 2.3 3.4 2.3 6.3 5.5 3.4 + 0.3
50 1.2 0,7 1.0 0.4 1,6 0,8 0,9 0,6 1.6 2,9 1.2 * 0.2
60 0.6 0.3 0.6 0.3 0.7 0.4 0.2 0.3 0.6 1.1 0.5 # 0.1
70 0.4 0.2 0,4 0.2 0.4 0.3 0.4 0.3 0.3 0.4 0.3 + 0,1
80 0.3 0,2 0,3 0,2 0,3 0.3 0.4 0.3 0.3 0,2 0.3 + 0.1
90 0.2 0.2 0,3 0.2 0.4 0.2 0.3 0,2 ===-= 0,2 0.2 + 0.1
100 0.2 0.1 ---- 0,2 0,3 0,2 0.3 0.3 0.3 0.2 0.2 + 0,1
110 0.2 0.1 0,2 0,2 0.2 0,3 0.2 0.2 0.2 0,2 0.2 *+ 0,1
120 0.2 0.1 0,2 0,2 0,2 0,3 0.2 0.3 0.3 0.2 0.2 + 0.1
130 0,2 0,1 0,2 0,2 0,2 0.2 0,2 0.2 0,3 0,3 0.2 + 0.1
140 0,1 0,1 0,2 0.1 0,2 0.2 0.2 0.3 0.3 0.3 0.2 + 0.1
150 0,1 o,1 0,2 0.1 0,2 0.2 0.2 0.2 0,2 0.1 0.2 *+ 0.1
160 0,1 0,1 0,2 0.1 0,2 0.2 0.2 0.3 0.3 0.1 0.2 + 0,1
+ 0.1

170 0,1 0.1 0,2 0,1 0,2 0.2 0,2 0.3 0.3 0.2 0.2

180 0.1 0,1 0,2 0,1 0,2 0,2 0,2 0,3 0.3 0.2 0.2

1+

0.1




VITA

/

Kent Ledis Jones
Candidate for the Degree of

Master of Science

Thesis: BUTYRATE INDUCED HYPERGLYCEMIA IN SHEEP
Major Field: Physiology
Biographical:

Personal Data: Born in Louisville, Kentucky, February 2, 1942, the
~son of Mr, and Mrs., Charles H, Jones, Sr.

Education: Attended Brinkerhoff Elementary School and Johnny Apple-
seed Junior High School in Mansfield, Ohio; graduated from
Upper Arlington High School, Upper Arlington, Ohio, in 1960;
received the Bachelor of Science degree from Ohio State Univer-
sity, Columbus, Ohio, in June, 1965, with a major in Physiology;
received the Bachelor of Science degree in Education from Ohio
State University, Columbus, Ohioc, in December, 1965, with a
major in Chemistry; completed the requirements for the degree
of Master of Science at Oklahoma State University in May, 1969.

Professional Experience: Employed as graduate teaching assistant
in the Department of Physiology and Pharmacology at Oklahoma
State University from January, 1966, to June, 1966; institu-
tional graduate fellow in the Department of Physiology and
Pharmacology at Oklahoma State University, Stillwater, Okla-
homa, from June, 1966, to September, 1966; National Science
Foundation graduate fellow in the Department of Physiology
and Pharmacology at Oklahoma State University, Stillwater, Ok-
lahoma, from September, 1966, to September, 1967; National
Institutes of Health graduate fellow in the Department of Phys-~
iology and Pharmacology at Oklahoma State University, Still-
water, Oklahoma, from September, 1967 to May, 1969,



