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A B S T R A C T The effects of a fat meal upon plasma in-
sulin, glucagon, and glucagon-like immunoreactivity
(GLI) have been studied in conscious dogs and in hu-
man volunteers. In dogs the intraduodenal instillation of
10 g/kg of peanut oil was accompanied by increases in
the mean plasma levels of all three polypeptides that av-
eraged 5 ytU/ml, 107 pg/ml, and 2.1 ng/ml, respectively.
3 g/kg of peanut oil, when emulsified with egg yolk,
elicited a much greater response of the three hormones,
and a physiologic dose of 1 g/kg in emulsified form
also caused a significant rise in glucagon and GLI. The
islet cell hormone response was not ascribable to chylo-
micronemia since intravenous infusion of canine chyle
failed to stimulate glucagon secretion; moreover, in dogs
with a thoracic duct fistula in which chyle was excluded
from the circulation, the intraduodenal administration
of a fat meal elicited the normal islet cell hormone re-
sponse, as well as a rise in GLI. 10 g/kg of medium-
chain triglycerides failed to elicit these same responses.
In six human volunteers the oral administration of 3
g/kg peanut oil was accompanied by increments of 2
AU/ml, 26 pg/ml, and 1.5 ng/ml in the mean levels of
insulin, glucagon, and GLI. The changes in insulin and
glucagon in man were neither statistically significant nor

biologically impressive.
It is concluded that in dogs fat absorption is accom-

panied by prompt and substantial increases in plasma glu-
cagon and GLI and a small transient rise in insulin. The
evidence favors an enterogenic signal to the islets of
Langerhans rather than their stimulation by chylomi-
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crons. Pancreozymin is qualified to serve as such a sig-
nal. The physiologic implications of this study are
considered.

INTRODUCTION
The effects of a fat meal upon the hormones of the islets
of Langerhans are not well established. Pi-Sunyer et al.
(1) described a small rise in insulin after the ingestion
of corn oil in man, but others have reported no change
in insulin after a fat meal (2-4). The present study was
designed to determine the effects of fat ingestion upon
the secretion of insulin and glucagon; in addition, the
response of glucagon-like immunoreactivity, commonly
referred to as GLI or enteroglucagon, a family of poly-
peptides of uncertain function released from the gastro-
intestinal tract during glucose absorption, was measured.
The results support the existence of a hitherto unsus-
pected enteroinsular axis for fat that could play a role
in triglyceride homeostasis.

METHODS
Healthy mongrel dogs weighing between 13 and 28 kg were
employed in these studies. 2 days or more before an ex-

periment, a polyethylene catheter was inserted through the
jugular vein into the inferior vena cava between the
heart and liver, and another was passed through a midline
incision into the duodenum for administration of triglycer-
ides. After full recovery of the dog from surgery, the ex-

periment was performed with the animal in a fully con-
scious state. Blood specimens were obtained at frequent
intervals from the inferior vena caval catheter in plastic
syringes and transferred into chilled tubes containing 5,000
U of Trasylol (FBA Pharmaceuticals, New York) and
EDTA-Na2, 10 mg. Specimens were centrifuged immedi-
ately at 4VC. Plasma glucose was determined by the Hoff-
man method (5) using the Technicon AutoAnalyzer.1 Tri-
glycerides were determined by the method of Eggstein and
Kreutz (6).

1 Technicon Corporation, Tarrytown, N. Y.
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Plasma GLI was measured by means of a previously
described (7) radioimmunoassay modified as follows: 25
pg of [5I]glucagon, 250 U of Trasylol, a 50 ,ul plasma
sample, and rabbit antiglucagon serum 78J, which cross-
reacts strongly with gut GLI in a final dilution of 1:1,800,
were incubated at 4VC for 4 days, the total volume being
0.3 ml. Separation of free and bound [HI] glucagon was
performed with dextran-coated charcoal. Pancreatic glu-
cagon was measured by the same technique modified as fol-
lows: 15 pg of ['I]glucagon, 1,000 U of Trasylol, 200 /Ll
of plasma sample and antiserum 30K, which is highly spe-
cific for pancreatic glucagon and which was employed in a
final dilution of 1: 60,000, were incubated in a total volume
of 1.2 ml. Antiserum G-58, considered even more specific
than 30K, was used in selected experiments. Incubation and
separation were performed as described above. Insulin was
measured by the radioimmunoassay method of Yalow and
Berson (8) as modified by Herbert et al. (9). The latter
method measures changes of 2 uU/ml with 95% confidence.

Normal human volunteers, members of the house staff,
were also studied in a similar fashion described in further
detail below. Blood samples were obtained through an in-
dwelling butterfly needle. All analytical procedures were
identical except that antiserum G-58 was used instead of
30K in the glucagon assay. Statistical significance was cal-
culated from t tests based on paired comparisons between
the mean base-line values and the experimental period.

RESULTS
Effect of intraduodenal administration of long-chain

triglycerides on insulin, glucagon, and GLI. To deter-
mine the effects of a fat meal, 10 g/kg of peanut oil was
administered intraduodenally over a 15 min period to a
group of nine dogs (Fig. 1). 10 min after the start of
intraduodenal instillation of the triglyceride meal, a rise
in pancreatic glucagon was observed in every dog. Mean
glucagon rose slightly from 96 pg/ml (SEM+21) at
zero time to 114 pg/ml (SEM±16) at 15 min, signifi-
cantly greater (P < 0.01) by paired comparison than the
mean of the base line values, and reached peaks of 161
pg/ml (SEM+28) at 60 min (P < 0.0005) and 191
(SEM+62) at 180 min (NS). The mean maximal rise
of glucagon was 142 pg/ml (SEM±42). Mean insulin
rose from 12 AU/ml (SEM+3) at zero time to 17 jU/
ml (SEM±7) at 15 min, not significantly greater than
the mean of the base-line values, and returned to base-
line levels within 20 min after the triglyceride meal. The
mean maximal rise in insulin was 10.4 ,U/ml (SEM±
4.2).

GLI increased from a fasting value of 1.4 ng/ml to a
peak of 3.5 ng/ml at 150 min; statistically significant in-
creases above the mean of the base-line values were ob-
served from 30 to 240 min (P < 0.02). Triglycerides
rose to a peak of 91 mg/100 ml (SEM+11) at 180 min;
most of the increase occurred during the 2nd h of the
experiments.

The increases in mean glucagon and GLI observed
in Fig. 1 occurred simultaneously, thus raising the ques-
tion of a relationship between the two events. While an
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FIGURE 1 The effect of intraduodenal administration of 10
g/kg of peanut oil on glucagon, insulin, and GLI in a
group of nine conscious dogs. Large circles signify points
which differ statistically (P <0.02) from the mean of the
three base-line values.

increase in immunoreactivity measured in this glucagon
assay probably reflects a true increase in the pancreatic
hormone, cross-reaction between high levels of "entero-
glucagon" or GLI and the antibodies employed in the
assay for pancreatoglucagon, which, despite their high
specificity, do cross-react very weakly with gut GLI, is
a theoretical possibility. In order to exclude it, three
dogs with indwelling catheters in both the pancreatico-
duodenal vein and in the inferior vena cava were given
an intraduodenal fat load of 10 g/kg, and pancreatic glu-
cagon was measured in plasma obtained from both sides.
As shown in Fig. 2 the concentration of immunoreac-
tivity measured in the pancreatic glucagon assay was
consistently higher in the pancreaticoduodenal vein than
in the inferior vena cava throughout the period of the
rise in vena caval GLI, indicating that it originates in
the tissues drained by the pancreaticoduodenal vein.
Thus, despite its general parallelism with GLI, the im-
munoreactivity measured in the assay for pancreatic
glucagon is probably derived from the pancreas rather
than the gut.

The effect of intraduodenal administration of emulsi-
fied long-chain triglycerides. The rapid instillation into
the duodenum of a large volume of unemulsified oil is
an unphysiologic maneuver which was employed in these
studies to eliminate certain variables that would be pres-
ent under more physiologic circumstances. To determine
the effect of smaller amounts of emulsified fat, 3 g/kg of
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FIGURE 2 Pancreatoglucagon levels m
ously in the pancreatic vein (PV) and
after the intraduodenal administration of
oil to a group of three conscious dogs.

fat was mixed with 2/3 of an egg yolk
intraduodenally to three dogs. The res

=3 glycerides rose from 37 mg/100 ml (SEM±3) to a max-
mg/iOOmI imum of 76 mg/100 ml (SEM±6) at 150 and 180 mill.

- 70 The changes in glucagon and GLI were only slightly

I50 less than those observed with 10 g/kg of unemulsified fat.
RIDES (VC) 30 In the experiments with 3 g/kg of fat, the dogs re-

ceived in addition to the triglycerides 2/3 of an egg yolk,
(pV) which contains approximately 2 g of protein, itself a

pg/ml stimulus to glucagon secretion (10), and in the 1 g /kg
-500 experiments A of a yolk was administered. To determine
-400 the magnitude of any possible contribution of the egg

N (PV) yolk to the hormonal responses observed two egg yolks,-300 obevdyls
N (VC) 200 3-6 times the quantity employed to emulsify the fat, were

-100 administered intraduodenally in a group of three dogs.
The results are shown in Table II. Although there was a

0I small rise in all three hormones, it is clear that the pro-
tein in the egg yolk could not, by itself, account for the

(VC) responses observed in the experiments employing emul-
sified fat.

90 120 The parallelism of the glucagon and GLI responses in
Fig. 3 again raises the question of whether cross-reac-

ieasured simultane- tivity between GLI and antiserum 30K could account for
I vena cava (VC) the apparent rise in pancreatic glucagon. To determine

10 g/kg of peanut the source of the immunoreactivity measured in the 30K
assay in these experiments, pancreaticoduodenal vein and
inferior vena caval plasma were obtained simultaneously

c and administered after the intraduodenal administration of 3 g/kg of fat
sults are shown in emulsified with egg yolk. Pancreatic glucagon was mea-

Fig. 3. All three hormones rose as observed previously,
but the rises were more rapid and substantial in these
experiments, possibly because of increased fat absorption
reflected by a greater rise in serum triglycerides to more
than 100 mg/100 ml at 180 miii. Mean insulin rose
promptly from 9 jdU/ml (SEM±1) at zero time to 22
,dU/ml (SEM+8) at 20 min (NS). Glucagon rose from
49 pg/ml (SEM±11) to a peak of 303 pg/ml (SEM+
26) at 60 min and declined rapidly thereafter. GLI rose
from 1.8 ng/ml (SEM+0.2) to a peak of 15.0 ng/ml
(SEM±0.6) at 60 min (P < 0.005) and declined there-
after, again following a course parallel to that of glu-
cagon. Increments were statistically significant at 45, 60,
and 240 min (P < 0.02).

To determine the effect of quantities of fat within the
physiologic range of a normal meal, 1 g/kg of peanut
oil emulsified with A of an egg was administered to a
group of four dogs. The results, recorded in Table I,
revealed in all dogs hormonal changes qualitatively simi-
lar to those observed with larger doses. Mean glucagon
rose from 51 pg/ml (SEM±16) to a peak of 120 pg/ml
(SEM+9) at 60 min, (P < 0.01) and returned to base-
line levels at 180 min. Insulin rose slightly at 5 min from
7 iU/ml (SEM±0.4) to 11 iAU/ml (SEM±2.0), again
not statistically significant, and remained between those
levels thereafter. GLI rose from 0.9 ng/ml (SEM+0.1)
to a peak of 4.4 (SEM+1.2) at 60 min (P < 0.01). Tri-
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FIGURE 3 The effect of 3 g/kg of intraduodenally adminis-
tered peanut oil emulsified with egg yolk upon glucagon,
insulin, and GLI in a group of three conscious dogs. The
large circles signify points which differ statistically (P
< 0.02) from the mean of the three base-line values.
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TABLE I

Effects of Intraduodenal Administration of 1 g/kg of Peanut Oil, Emulsified with Egg Yolk,
on Plasma Glucagon, Insulin, and GLI in Four Dogs

Min.-20 -10 0 5 10 15 20 30 45 60 90 120 150 180 240

Triglycerides Mean (mg/100 ml) 37 38 39 54 73 76 76 70
±SEM 3 2 3 2 3 6 8 10

Insulin Mean (pU/ml) 8 7 7 it 8 8 10 9 10 10 8 8 7 8 8
±:SEM 0.6 0.7 0.4 2.0 0.3 0.5 0.8 1.5 1.8 1.7 1.8 0.8 0.4 0.7 0.8

Glucagon Mean (pg/ml) 54 50 51 60 50 57 76 82* 1131 120* 98 78 68 59 55
41SEM 13 12 16 15 13 15 5 6 9 9 It 6 5 8 14

GLI Mean (ng/ml) 1.0 1.0 0.9 1.0 0.9 1.1 1.5 2.3 3.8* 4.4 3.6 2.2 1.9 1.7 1.4
-SEM 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.6 0.7 1.2 1.2 0.6 0.7 0.3 0.2

*P < 0.05.
pI <0.01.

sured both with 30K and with the antiserum G-58, which
is even more specific for pancreatic glucagon.2 As shown
in Fig. 4 and in Table III, immunoreactivity measured
with both 30K and G-58 was consistently higher in the
pancreaticoduodenal vein than in the vena cava, evidence
of its pancreaticoduodenal origin. By contrast, total GLI
measured in the much less sensitive 78J assay was dis-
cernibly greater in this vein early after the administra-
tion of the fat but during the peak GLI rise was below
the vena caval levels. The fact that pancreaticoduodenal
vein immunoreactivity measured with both the G-58 and
30K assays remained more than twice as high as in the
vena cava when total pancreaticoduodenal vein level of
GLI measured with the 78J assay fell below vena caval
GLI, which rose ninefold, suggests that the gradients

'Using G-58 antiserum, zero readings for plasma gluca-
gon were obtained in the portal vein of depancreatized dogs
during stimulation of GLI release by an intraduodenal glu-
rose load to levels 5,600 and 7,000 pg/ml.

obtained with the former antisera represent pancreatic
glucagon rather than duodenal GLI.

The duodenum contains only very small quantities of
GLI compared with the rest of the upper gut, but a
massive GLI release could conceivably account for the
higher levels of G-58 and 30K immunoreactivity in pan-
creaticoduodenal vein plasma. To examine this possibility
pancreatoduodenal vein vena caval gradients obtained
at each point in each experiment are compared in Table
IV. On the basis of assays of all fractions of duodenal
GLI shown in Table IV, if cross-reacting duodenal GLI,
rather than pancreatic glucagon, were responsible for the
persistent pancreatic vein-vena caval immunoreactivity
gradient observed with G-58 and 30K, a persistent gradi-
ent in the 78J assay measuring at least 10 times that ob-
tained with 30K would be present throughout. How-
ever, gradients 10 times greater than 30K gradients were
not observed in these studies, excluding the possibility
that the 30K and G-58 gradients are of duodenal origin.

IABLE IL
Effects of Intraduodenal Administration of Two Egg Yolks upon Plasma Insulin,

Glucagon, and GLI in Three Dogs

MI i i.... -20 -1(

Glucose mean (mg 100 ml)
iSEM

Insulin mean (pU>,ml)
+SEM

Glucagon mean (pg all)

GSLImean (pl)
+SEM

0
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2 4 2
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. 5 4 5 2
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).') 1.(
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FIGURE 4 The effect of intraduodenal administration of 3
g/kg of peanut oil emulsified in egg yolk upon pancreatico-
duodenal vein (PV) and inferior vena caval (VC) glu-
cagon, GLI, and insulin in a group of three conscious dogs.

Moreover, there is no correlation between the pancreati-
coduodenal vein-inferior vena caval immunoreactivity
gradients obtained with G-58 and 78J (r = 0.05).
Clearly, all or most of the increase in 30K and G-58 im-
munoreactivity must be of pancreatic origin, despite its
parallelism with 78J immunoreactivity.

The effect of triglycerides in human subjects. To de-
termine if similar responses to fat occur in man, six

healthy young men were given 3 g/kg of peanut oil with

two egg yolks. The results are shown in Fig. 5. Tri-

glycerides rose from 96 mg/100 ml (SEM+13) to 129
mg/100 ml (SEM+23) at 180 min and were not mea-

sured thereafter. Mean insulin rose only 2 /AU/ml
(SEM±1) at 30 min (NS), and the mean maximal
rise in insulin was only 4 /AU/ml (SEM+1), changes
of questionable biological importance. Glucagon rose

from 81 pg/ml (SEM±14) at zero time to 107 pg/ml
(SEM+18) (NS), and the mean maximal rise was 36
pg/ml (SEM±7). GLI rose from 0.7 ng/ml (SEM+
0.2) to a peak of 2.2 ng/ml (SEM±0.4) at 360 min
(P < 0.02), and the increments were statistically sig-
nificant (P < 0.02) at 60, 240, and 300 min as well).

These subjects received between 4.5 and 6 g of egg

yolk protein in their fat meal. For control purposes the
effect of a comparable quantity of protein upon insulin,
glucagon, and GLI was studied in four of this group

of volunteers. 6 g of egg white protein was administered.
The results, shown in Table V, reveal no statistically
significant changes in any of these parameters. Mean
insulin rose slightly at 15 min, and glucagon rose

slightly at 45 and 120 min to approximately the same

levels observed in the fat experiments. The mean maxi-
mal rise was 22 pg/ml (SEM±8), not significantly dif-
ferent from the mean maximal rise of 36 pg/ml (SEM+
7) in glucagon observed with egg yolk. GLI did not
change.

The effect of intravenously induced chylomicronemia
upon glucagon, insulin, and GLI. The increase in pan-
creatic glucagon secretion observed in dogs during the
absorption of fat could be the consequence of either

TABLE I I I
Effect of Intraduodenal Administration of Peanut Oil upon Mean Glucose, Insulin Glucagon

(Assayed with 30K and G58), and GLI

I.D. fat 3 g/kg + j egg yolk

Min.-20 -10 0 5 10 15 30 60 90 120 150 180

Glucose VC Mean 95.3 87.3 84.3 85.0 79.6 80.0 75.0 78.3 76.0 71.0 82.3 89.3
mg/100 ml SEM 1.3 7.3 4.9 7.6 2.3 8.0 7.3 7.2 5.2 9.6 3.3 4.0

Insulin PV Mean 24.8 47.6 16.6 36.0 28.6 36.8 12.6 36.0 21.5 25.5 32.1 37.8
pU/ml SEM 6.7 26.2 2.3 3.7 3.2 12.2 1.8 9.0 3.2 6.0 9.8 13.3

VC Mean 8.0 7.6 6.1 7.1 9.6 9.1 6.8 5.6 5.3 5.1 8.0 7.3
SEM 2.0 0.1 0.4 1.0 2.3 1.9 0.4 0.4 0.9 0.3 2.2 0.3

Glucagon G-58 PV Mean 226.0 277.3 226.6 272.0 375.3 312.0 346.0 482.0 341.3 319.3 318.6 301.6
pg/mi SEM 44.6 55.4 46.3 39.2 127.9 64.1 103.6 119.7 119.6 71.6 84.9 78.3

VC Mean 116.0 125.6 102.3 99.6 128.0 153.0 213.3 260.0 191.0 145.3 135.5 141.5
SEM 18.1 16.2 13.8 7.7 22.2 27.7 55.7 35.1 17.3 1.4 2.5 1.5

Glucagon 30K PV Mean 203.6 224.3 175.3 209.0 340.0 316.6 380.0 493.3 330.0 330.0 313.3 266.6
pg/mi SEM 28.9 38.3 20.7 59.7 80.8 62.2 113.7 98.2 95.0 50.0 122.5 40.5

VC Mean 81.6 92.0 76.0 70.0 94.3 116.0 161.6 231.6 185.0 131.6 118.3 110.0
SEM 18.7 8.0 11.7 10.0 18.2 29.1 39.1 49.1 2.8 13.0 11.6 10.0

GLI 78J PV Mean 1.50 1.53 1.50 1.86 2.56 3.43 6.10 10.56 7.56 5.60 3.60 2.86
mg/mi SEM 0.15 0.23 0.15 0.29 0.78 1.32 2.80 2.72 0.88 0.70 0.79 0.20

VC Mean 1.43 1.43 1.40 1.43 1.96 2.96 5.70 12.13 9.93 5.13 4.76 3.53
SEM 0.13 0.18 0.15 0.16 0.49 1.23 2.20 2.86 2.28 0.92 0.92 0.58
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TABLE IV
Pancreaticoduodenal Vein- Vena Caval Differences in Glucagon and GLI

of Fat (3 g/kg and I egg yolk)
during Absorption

Minl. -20 -10 0 5 10 15 30 60 90 120 150 180
Dog Assay

I 30K 180 200 202 240 375 290 270 135 55 250 135 160
G-58 160 205 180 237 462 240 255 156 68 225 172 237
78-J 100 0 100 400 400 800 0 0 0 0 0 0

II 30K 50 100 62 35 184 130 315 270 50 120 40 100
G-58 48 73 60 140 145 101 100 10 28 35 -
78-J 100 100 100 700 2200 500 3200 0 900 1400 0 300

III 30K 230 128 192 365 890 440 1150 1070 >2000 1285 1420 1210
G-58 234 176 215 402 965 440 1060 990 1660 1150 1000
78-J 400 200 300 400 1300 0 1700 2200 500 2600 2300

IV 30K 137 97 134 142 178 182 70 480 330 225 410 210
G-58 122 177 143 120 135 136 43 500 355 262 337 240
78-J 0 200 0 200 200 100 0 0 0 700 0 0

alpha cell stimulation by chylomicronemia, a stimulating
signal from the gastrointestinal tract released during fat
absorption, or a combination of both. To distinguish be-
tween these three possibilities, chylomicronemia was in-
duced by intravenous means so as to bypass intestinal
absorption.

Thoracic duct chyle, collected from anesthetized dogs
after the intraduodenal administration of peanut oil, was
infused intravenously within 20 h of its collection at a
rate of 1.1-2.1/min for 60 min in a group of five con-
scious dogs (Fig. 6). Although the mean triglyceride
concentration rose above the highest values observed
after intraduodenal administration of peanut oil, pan-
creatic glucagon and GLI did not change significantly.
Insulin rose only slightly from 10 sU/ml (SEM+3) at
zero time to 13 uU/ml (SEM+2) at 30 min (P <
0.025), 12 AU/ml (SEM±3) at 40 min (P < 0.02), and
13 AU/ml (SEM±2) at 60 min (P < 0.01). These ex-
tremely small changes were statistically significant when
compared with the mean base-line level.

These results suggest that the rise in glucagon ob-
served after a fat meal is not the consequence of chylo-
micronemia itself but is the result of a signal from the
intestinal tract to the islets of Langerhans released dur-
ing triglyceride absorption.

Effect of intestinal fat absorption without chylomicro-
nemia upon glucagon, insulin, and GLI. If, in fact, a gut
signal discharged during triglyceride absorption is alone
responsible for the rise in glucagon and, at least in part,
for the variable rise in insulin observed after a fat meal,
a comparable bihormonal response would be expected
even if the absorbed fat were excluded from the circu-
lation by means of a thoracic duct fistula. In order to
determine if this, in fact, does occur, a group of five

dogs with a previously established thoracic duct fistula
were given 10 g/kg of peanut oil via an intraduodenal
catheter.

As shown in Fig. 7, mean triglycerides did not change
at any time in the 240-min experiments, indicating that
most or all of the absorbed fat had been excluded from

9fA MEAN±SEM N=6
mg/lOOml r

130 iI

110J
90Jo.

ng/ml | GLUCAGON

2-1
I- IGLI

-200 60 120 180 240 300 360
MINUTES

FIGURE 5 The effect of 3 g/kg of orally administered
peanut oil with egg yolk upon glucagon, insulin, and GLI
in a group of six healthy young volunteers. The large circles
represent points which differ statistically (P <0.02) from
the mean of the three base-line values.
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TABLE V
Effects of the Ingestion of One Egg White (6 g Protein) upon Plasma Glucagon,

Insulin, and GLI in Four Human Volunteers

Min.-20 -10 0 15 30 45 60 90 120 150

Glucose mean (mg/100 ml) 101 100 101 101 99 99 97 96 98 96
±SEM 2 2 , 4 3 4 3 4 3

Insulin mllealn (U/11Il) 17 14 15 17 14 14 14 13 13 13
-SEM 8 6 6 7 5 5 5 4 6 6

Gluicagon mcean (pg/li) 94 99 91 96 95 106 99 94 104 97
-SEM 18 19 17 19 15 16 17 16 17 14

GLI mean (ng/mnl) 0.7 0.7 0.7 0.7 0.8 0.7 0.7 0.7 0.7 0.7
4SEM 0.1 0.1 0.1 (0.1 0.1 0.1 0.1 0.1 0.1 0.1

the circulation. The mean maximal triglyceride rise was
only 8 mg/100 mg (SEM+5), and chylomicrons were
not detectable by electrophoretic techniques. Yet, de-
spite the absence of chylomicronemia, the responses of
the hormones were unimpaired. Mean glucagon rose 73
pg/ml (SEM±34), insulin 10 IU/ml (SEM±8), and
GLI 1.6 ng/ml (SEM+0.3). Mean maximal rises of
these hormones were approximately as great or, in the
case of insulin, greater than in the intact dogs. How-
ever, the rise in insulin coincided with an unexplained
rise in glucose, which could well account for it. Mean
maximal responses of the hormones in the three types
of experiments, fat absorption with and without chylo-
micronemia and chylomicronemia without fat absorption,

MEANtSEM N=5

|I.V.CHYLE INFUSION

Mg/mg/I0 mTRIGYCERIDE /lO1m
'90

*30

201
10.

INSULIN0 pg/ml
l 150

-100I I

GLUCAGON

21 1
1 GLI

are compared in Table VI. The results suggest that the
response of glucagon and if it does, in fact, constitute a
response, that of insulin to fat absorption is mediated by
a signal from the gut rather than by chylomicronemia.

The effect of medium-chain triglycerides on glucagon
and insulin. Only one hormone, pancreozymin-cho-
lecystokinin, is known to be released during fat absorp-
tion (11) and to stimulate glucagon and insulin secre-
tion (12). Despite this, there is, at present, no means
of proving that pancreozymin alone is the enteric sig-

1] | - INSULIN P

LUCAGON

ng/ml

2 *t GLI

I~~~~~~~~~~I

-20 0 20 40 60
MINUTES

FIGuRE 6 The effect of canine chyle, infused intravenously
at a rate of 1.1-2.1 ml/min for 60 min upon glucagon, in-
sulin, and GLI in a group of five conscious dogs. The large
circles represent points which differ statistically (P < 0.02)
from the mean of the three base-line values.

-20 0 30 60 90 120 IS0 180
MIN UTES

240

FIGURE 7 The effect of intraduodenal administration of 10
g/kg of peanut oil in a group of five conscious dogs with
a thoracic duct fistula. The large circles signify points
which differ statistically (P < 0.02) from the mean of the
three base-line values.
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ITA blest Vi
fts of' Intraduodenal Administration of Medium-Chain Tr'iglyerides (lOg kg) upon

Plasma Insulin, Glucagon, and GLI in Nine I)ogs

Min.-20 -10 0 5 10 15 20 30 45 60 90 120 15( 180

Glucose mean (mg/100 ml) 87 89 90 88 85 84 85 85 85 86 81* 81* 82* 82*
:SEHM 2 2 3 3 3 3 4 4 4 4 5 4 3 3

Insulin mean (AU, ml) I1 Il 9 9 11 12 11 1l 10 11 10 8 9 10
4SEM 2 2 1 1 2 2 2 2 1 2 2 1 1 1

Glucagon mean (pg/ml) 82 75 77 93 88 84 76 81 83 105* 95 94 89 93
DSEM 23 22 2(1 30( 25 19 14 14 14 22 17 14 14 15

GLI mean (ng/nl) 1.7 1.7 1.6 1.6 1.7 1.8 2.0 2.3+ 2.2$ 2.4: 2.6$ 2. 5 2.5T 2.$
4SEM ().1 0.2 0.1 0.1 0.2 (1.1 0.2 0.3 (0.2 0.3 0.3 0.3 0.3 0.3

P was calculated by paired comparison against the mean of the base line.
*P <0.05.

P <0.01.

nal that mediates the islet cell responses to fat absorp- As shown in Table VII, the glucagon response to intra-
tion. It is, however, possible to design an experiment duodenally administered medium-chain triglycerides was
that might reveal the existence of a mediating signal negligible, except for a small and statistically significant
other than pancreozymin. For example. preliminary increase at 60 nin (P < 0.025). Insulin concentration
studies of Go antI Summerskill indicate that, in con- tlid not change significantly. Plasma glucose decreased
trast to long-chain triglycerides, the absorption of me- from 90 mg.'100 ml (SEM+3) at zero tillie to 82 nig'
dlium-chain triglycerides is not accompanied by a release 100 mlll (SEM+3) at 150 min. The results do not
of pancreozymin-cholecystokinin. If glucagon and insulin reveal the existence of an enteric signal for glucagon
were to rise during the absorption of medium-chain tri- secretion during the absorption of triglycerides that does
glycerides, this would suggest that enteric signals other not stimulate pancreozymin secretion.
than pancreozymin may mediate the islet cell response Statistically significant increments in GLI were ob-
to a fat meal. served during the absorption of medium-clain triglycer-

10 g/kg of medium-chain triglycerides was, there- ides, but these were small compared with the rises in
tore, administered intraduodenally to a group of nine GLI induced by the absorption of long-chain triglycer-
dogs, and glucagon, insulin, and GLI were measured.

ides. These findings raise the possibility that the re-
Personal communication. lease of both the signal to the islets of Langerhans

TABLE VII
Relationships of Fat Absorption and of Chylomicronemia to Mean Maximal

Increments i SEMof Glucagon, Insulin, and GLI

Fat absorption
Fat absorption without

with Chylomicronemia chylomicronemia
chylomicronemia without (intraduodenal fat
(intraduodenal fat fat absorption in dogs with thoracic

in intact dogs) (i.v. chyle infusion) duct fistulae)

Triglyceride rise (mg/100 ml) 49±9 67416 8±5
Glucagon rise (pg/ml) 142+42 20±12 134±2

P <0.02 P<0.05

NS

Insulin rise (ILU/-nil) 10.4±i42 5.4±41.5 21±8

NS NS

NS

GLI rise (ng/mt) 3.5±40.5 0.1±4_1.5 28±0= . 5
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and of GLI is somehow linked to one or more of the
several metabolic events peculiar to the absorption of
long-chain triglycerides.

DISCUSSION
The foregoing studies reveal that in the dog the ab-
sorption of a fat meal is accompanied by increased
secretion of glucagon and GLI and an extremely small
rise in insulin. The latter agrees with earlier work in
human subjects by Pi-Sunyer et al. (1) in which a very
small increase in insulin was noted soon after the
ingestion of a fat meal. In the present study mean in-
sulin rose 5 /LU/ml at 15 min. Glucagon and GLI, not
previously studied during fat absorption, increased far
more strikingly; mean glucagon rose significantly at 15
min and remained significantly elevated throughout
almost all of the 240 min experiment, reaching a level
of 151 pg/ml at 45 min. GLI increased 2.0 ng/ml at
45 min and remained above base line levels for ap-
proximately 3 h. When the fat was presented in emul-
sified form, the response of glucagon and GLI were
far more impressive and occurred with a fat load of
only 1 g/kg, well within the physiologic range.

The studies strongly suggest that the response of
glucagon to the absorption of fat is the consequence of a
signal released from the gut itself, rather than of post-
prandial chylomicronemia. Chylomicronemia induced by
the intravenous infusion of chyle obtained from the
thoracic duct of other dogs fed peanut oil did not excite
the changes in glucagon, insulin, or GLI observed
during fat absorption. Moreover, the intraduodenal ad-
ministration of the peanut oil elicited a rise in glucagon,
insulin, and GLI in most of the dogs with a thoracic
duct fistula despite exclusion of the absorbed fat from
the circulation. These findings constitute powerful evi-
dence that the response of the islet cell hormones, par-
ticularly that of glucagon, to the ingestion of fat is the
consequence of a signal from the gastrointestinal tract.

Long-chain triglycerides must now be added to the
list of substances that, when administered intraduo-
denally, elicit the release of GLI from the gut. The mag-
nitude of the GLI response to emulsified long-chain
triglycerides was remarkable-even greater than its
response to glucose absorption (13). The significance
and function of the fat-induced rise in GLI is obscure
at the present time.

The identity of the enteric signal released by the
absorption of fat was not established; however, the
only known substance released during fat absorption
(11) and known to stimulate glucagon and insulin
secretion (12) is pancreozymin-cholecystokinin. The
fact that medium-chain triglycerides, which do not stim-
ulate pancreozymin release, do not elicit the same islet

cell response as long-chain triglycerides is consonant
with the possibility that pancreozymin-cholecystokinin
is the afferent signal.

On the other hand, the rise in insulin during fat
absorption was extremely small, while the response of
dogs given exogenous pancreozymin in doses as low
as 19 Crick-Harper-Raper units over 20 min is many
times greater.4 Possibly at a lower dose the insulin re-
sponse would have diminished to a greater degree than
the glucagon response, but this remains to be tested.
Otherwise, one is forced to consider the possibility that
the stimulatory action of pancreozymin upon the beta
cells but not the alpha cells is somehow blocked during
chylomicronemia. The fact that the mean maximal
insulin rise during fat absorption in dogs with a thor-
acic duct fistula was somewhat greater than in intact
dogs could be cited to support this possibility. A nega-
tive feedback relationship between lipemia and insulin
secretion serving a regulatory function in blood lipid
homeostasis would be teleologically attractive.

The physiologic significance of the glucagon response
to the absorption of fat is, of course, unknown. The
well-documented ability of glucagon to lower plasma
triglycerides (14-17), conceivably by inhibiting hepatic
release of lipoproteins (18), raises the possibility of a
control system in which fat absorption stimulates the
release of glucagon, thus reducing the rate of endogenous
lipoprotein release during fat absorption and limiting
postprandial hyperlipemia. In this respect, it is note-
worthy that a statistically significant fall in triglycerides
was observed in the dogs with a thoracic duct fistula
during fat-induced hyperglucagonemia, but unfortu-
nately, no control observations are available. Eaton and
Kipnis (19) have previously suggested that carbohy-
drate-induced hyperlipemia might be the consequence
of glucagon suppression by an increased intake of
carbohydrate; since pancreozymin-induced glucagon
secretion is readily suppressed by glucose (20), their
suggestion is compatible with this scheme.

Human subjects exhibited only modest changes in
insulin, glucagon, and GLI, which, although qualita-
tively similar to those observed in dogs, were smaller
and, in the case of insulin and glucagon, lacked statis-
tical significance. The difference in the response of
humans may be a consequence of the oral route of ad-
ministration with gastric retention of the oil and need
not necessarily represent a species difference. In most
of the subjects, the unpalatable peanut oil drink caused
mild nausea and an unpleasant sensation of gastric full-
ness fthat persisted throughout the entire experimental
period and may well have retarded the entry of fat into
the small intestine.

' Unpublished observations.
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