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Introduction

[n ruminants, volatile fatty acids {VFA) fer-
mented by microorganisms in the rumen are the
most ismportant energy source for the animal. Pro-
pionate is the second most abundant VFA foliow-
ing acetate in both the rumen and blood, and is
also a major precursor of glucose in the rumi-
nants. Insulin is one of the key hormones control-
ling peripheral glucose utilization and hepatic
gluconeogenesis. At pharmacological levels pro-
pionate stimulates insulin secretion in ruminants
unlike that in non-ruminants. However, the phy-
siological significance of propionate-induced in-
sulin secretion is not clear {Stern, et ai,, 1970;
Brockmen, 1985),

This experiment was designed to study the
effects of physiological doses of propionate
administered either into the yumen or intraven-
ously on insulin secretion in sheep.

Materials and Methods

The experimental animals were four yearling
Suffolk rams, weighing about 45 kp, which had
been surgically fitted with a skin loop enclosing
the left carotid artery and with a rumen cannula,
Animals were kept in metatolic cages in a labora-
tary room at air temperatures of 21°C for more
than a2 month. They were fed 15 % CP lucerne hay
cubes at 2 % of BW and 17 % CP commercial
concentrate at 0.5 % of RW one daily. A poly-
ethylene catheter for the intravenous propionate
infusion was inserted into a femoral vein 2 days
befare the initiation of experiments. Propionate
solutions for the intraruminal and intravenous
infusions were 3 8 M (pH $.5}and 1.2 M (pH 7.4},
respectively. Propionate was infused continuausly
by a multichannel pcristatic pump for 30 min at
constant rates of 16, 32, 64, 128, 256 and 512
pmolfkg BW/min through the rumen cannula,
and of O (saline only), 1, 2, 4, 8, 16, 32 and 64
pmol/kg BW/min through the femoral vein cathe-

ter. Bach sheep was subjected to all levels of pro-
pionate infusion in an completely randomized
manner. An arterial catheter was placed in the
skin loap at lcast 2 hrs before the inifation of
blocd sampling. Arterial samples were taken at
10, 0 (baseline), 1, 2.5, £, 10, 15, 30, 45, 60,
90 and 120 min after the start of the propionate
infusion. Insulin was assayed by a radioimmuno-
assay. The insulin area, defined as the area beneath
the curve for insulin concentration, was calculated
over 120 min after the start of the propionate
infusion. Data was analyzed by t-test.

Results and Discussion

While plasma insulin concentrations and insulin
areas remained unchanged with intraruminal pro-
pionafe infusions at the rates of 16, 32 and 64
umol/kg BW/min, they increased dose-dependently
at rates of 128 pmol propionatefkg BW/min and
ahove (table 1), The plasma insulin concentration
increased progressively after the initiation of pro-
picnate infusion, reached a peak at 30 to 45 min

TABLE 1. EFFECT OF INTRARUMINAI INFUSIQON
OF PROPIONATE ON INSULIN [EVELS
AND INSULIN AREA IN SHEEP

Insulin (gU/m]) Insulin area

Prapionate — {mU/m] per

dose Raseline Peak 120 min)

Mesn SD  Mean SO pfean sD

Ha ] 3 10 2 1.0 0.3

32 9 2 10 7 1.1 0.3

64 8 2 9 3 1.0 0.3
128 ? 2+ 12 5 1.2 N3t
256 8 2 25 11 1.9 0.4*
512 9 2+ 113 63% 47 1.8%%

Significance of difference between baseline and peak
insulin, + P<0.05

Significance of differcnce between 16 gmol/kg BW/
min and 32, 64, 128, 256 or 516 umol/kg BW/min,
*p <008, **p<0.01
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and, thereafter, gradually declined to the initial
levels,

When propionate was infused intravenously,
plasma insulin concentrations remained unchanged
at rates of less than 4 umol/kg BW/min, and in-
creased dose-dependently with rates of 8 umol/kg
BW/min and above. Insulin reached a peak at 2.5
to 10 min and then decreased to the initial levels
for propionate infusion rates of 8 umol/kg BW/
min and above {table 2). The plasma insulin res-
ponse to the intravenous infusion was very rapid,
compared with that of intraruminal infusions. In-

TABIE 2. FEFFECT QOF INTRAVENQUS INFUSION
OF PROPIONATE ON INSULIN LEVELS
AND INSULIN AREA IN SHEEP

[nsulin (uU/]) Insulin areg
Propianate (mU{ml per
dase RBaxeline Peak 120 min)

Mean SD Mean SD Mean sn

Saline 12 2 13 2 1.4 (.3
1 12 3 14 3 1.5 0.3
2 16 2 14 7 13 0.3
4 11 2 + 15 2 1.4 0.2
] 11 2 ++ 30 §¥= 1.1 0.3
16 13 2+ 8 36 2t 0.6+
32 11 3 ++ 140 234** 4.0 1=
64 13 3 + 250 8§4** 6.6 2I0ER

Significance of difference Letween baseline and peak
nsulin, + B <005, ++0<0.01

Significance of difference between saline and propio-
nate infugions, * P<C0.05, ** P <0 01

crcases in insulin areas were observed for rates of
16 umol propionate/kg BW/min and above, and
compared with that of saline infusions.

In order fo estimate the minimum propionate
dose for insulin secretion when administered into
either the rumen or the blood, the relationships
between the insulin arca and propionate infusion
rate were plotted on a logarithmic scale, Regres-
sion equations were determined for the insulin
insensitive and sensitive propionate infusion rates
separately. The point of intersection of these two
regression Jines, which could be taken to represent
the minimum propionate dose for insulin secre-
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tion, was 114.5 and 6.) umol/kg BW/min for the
intraruminal and intravenous infusions, respec-
tively. The daily production raic in the rumen and
net portal absorption rate of propionatc werc
estimated to be 0.9 and 0.44 mol/day in sheep fed
800 g hay per day (Bergman, 1975). Though this
data could not be compared directly with the pre-
sent results because of the short period of pro-
picnale infusion in the present cxperiment, the
minimum intraruminal propionate dose for insulin
secsetion appears to lLe greater than the mean
propionate production rate in the rumen. When
propitonatc was infuscd intravenously, the mini-
mum propionate dose for insulin secretion was
coniparable to the net portal propionate absorp-
tion rate (Bergman, 1975). Circulating propionate
may thus appear to be more physiologically rele-
vant as a stimulus for insulin secretion in sheep.
However, arterial propionate levels at the mini-
mum propionale dose for insulin secretion may be
out of the physiological range, becausc propionate
absorbed in the alimentary tract is aimost com-
pletely removed by the liver. Further studies will
be necessary, including portal infusions of pro-
pionate, befare we can reach a conclusion regard-
ing the physiological significance of propionate for
insulin secretion in ruminants.
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