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INTRODUCTION

In vitro secretory studies have been per-
formed with pancreatic slices?, fragmented
pancreas®, pancreas lobules®, and freshly di-
spersed acinar cells® as well as with isola-
ted acini®?. Although in vitro incubations
allow simultaneous examination of many con-
ditions, they entail certain disadvantages. Ti-
ssues or cells are constantly exposed totheir
secretory products, which accumulate to the
These

secreted products are rich in proteolytic en-

medium throughout the incubation.

zymes which could directly damage the sec-
retory tissue. Although these problems can
partially be avoided by the addition of try-
psin inhibitors to the incubation medium,su-
ch additions complicate the conditions, To
avoid the above problems, a model system
was developed by Guderley and Heisler®, in
which freshly dispersed pancreatic acinar ce-
Ils were suspended with gel filtration beads
in a column and then superfused. Cell colu-
mn superfusion systems, designed tomonitor
hormone release, were used by Lowry® to
study pituitary cells and by others®®
pituitary and adrenal cortical cells. The use

for

of cell column perfusion system for the stu-
dy of stimulus—-enzyme secretion coupled wi-
th exocrine pancreas offered several advanta-
ges: (1) the continuous removal of secreted
enzyme minimizes the deleterious effect on
cell, (2) by washing out the contents of bro-
ken cells prior to collecting the enzymes se-
creted in response to a stimulus, one can
be assured that the collected proteins origi-
nating from broken cells, (3) the sequential
monitoring of the column perfusate allowed
temparal analysis of secretagogue action, and
(4) each column served as its own control,
therefore a comparison between basal and
stimulated secretory rates can -be made for
each column and comparison between the

secretory profiles for different columns can
also be made.

The peptide hormone CCK, as well as ch-
olinergic agents such as acetylcholine and
carbamylcholine, are known to stimulate en-
zyme secretion from the pancreas in vivo
and in vitro®®® Tt was reported that CCK
stimulates the growth of the exocrine panecr-
eas™’. Repeated injection (s¢) of CCK into
rats 3 times per day for 1 week produced
pancreatic adaptation similar to that observ-
ed with trypsin inhibitor or high protein®®.
Green and Lyman™ postulated a theory as
regards the mechanism by which trysin inhi-
bitors influence pancreatic enzyme biosynthe-
sis in rats fed SBTLSoybean Trypsin Inhibi-
tor). According to Green and Lyman® and
Ihse et al?”, trypsin in the upper part of
the intestine exerts a negative feedback regu-
lation on pancreatic secretion. The secretago-
gue effect of the inhibitors has been related
to stimulation of increased release and/or sy-
nthesis of a humoral factor such as CCK®.
Therefore, it was suggested that . stimulation
of the pancreas by endogencus CCK,released
by protein or TI(Trypsin Inhibitor) in the
intestine, was the event which lead to pan-
creatic adaptation®,

This experiment was designed to determine
whether or not there is a difference in the
response of acinar cells to the secretagogues,
CCK and carbachol(carbamylcholine chloride),
when pancreases of rats were already adapt-
ed to the diet containing heated or raw soy-
bean.

MATERIALS AND METHODS

Fourteen weanling male rats(Wistar strain)
weighed about 50 grams were divided into
two groups and fed experimental diets con-
taining heated or raw soybean as a protein
source. Compositions of experimental diets
are given in Table 1 and 2. After one week
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Table 1. Composition of heated soybean (HS) diet and raw soybean (RS} diet

Ingredient

(%grof diet) HS RS
Heated soy flour 18.3 -
Raw soy flour - 19.1
Glucose 15.0 15.0
Fiber 5.0 50
Corn oil 55 5.5
Lard 25 2.5
Dextrin 46.46 45.665
DL-methionine 0.03 0.035
Vitamin mix* 2.0 2.0
Mineral mix* 5.0 5.0
Choline chloride 0.2 0.2

* Compositions of vitamin and mineral mixtures are given in Table 2.

Table 2. Compositions of vitamin and mineral mixtures

Vitamin Mixture Provides {amount/kg diet)

Thiamin HCI 20 mg Vitamin B, 50 mcg
Riboflavin 20mg  Vitamin A acetate 20,000 IU
Niacin 90 mg Vitamin I} 2,2001U
Pyridoxine HCI 20 mg Menadione sodium bisulfite 0mg
D-calcium pantothenate 60 mg DL-« tocopherol acetate 50 IU
Folic acid 4dmg Ascorbie acid 900 mg
D-biotin 0.4mg  I-inositol 200 mg

Mineral Mixture Provides (as noted % or mg/kg diet)

Calcium 0.75% Copper 15mg

Phosphorus 0.45% Sulfur as 8Q, 12mg

Potassium 0.46% Fluoride 5.0 mg

Sodium 0.20% Cobalt 3.2 mg

Chloride 0.20% Chromium 30mg

Magnesium 0.065% Todine 0.6 mg

Manganese 65 mg Molybdenum 0.8mg

Iron 60 mg Selenium 0.2 mg

Zinc 40 mg
of feeding experimental diet, one rat from anical dispersion using the methed of Kondo
each group was killed weekly. Animals were and Schul?® as modified by Chauvelot et al ¥,
fasted overnight before sacrifice. Pancreases Two cell columns were prepared from the
were removed, weighed and acinar cells we- cell preparation of each rat according to Gu-
re isolated by enzymatic digestion and mach- derley and Heisler®. The secretagogue, CCK
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and carbachol, was administered to each co-
lumn after an equilibration period of 90min,
Stimulus was applied for 20 min and follow-
ed by readministration of the initial buffer
to monitor the return to basal secretory ra-
tes. Concentration of CCK(10-°M) and carba-
chol(10°M) were chosen from the results of
Peikin et al.® and Gardner and Jackson®,
respectively,

Secretion was monitored by measuring the
amylase and chymotrypsin activity in the pr-
efusate fraction. Trypsin activity was not de-
termined because soybean trypsin inhibitor
was added in the medium during the cell
isolation procedures. Amylase activity was
determined by the method of Bernfeld®’. Ch-
ymotrypsin activity was determined by the
method of Bundy®. Stimulatory effect of
CCK or carbachol on amylase and chymotry-
psin secretion was estimated by the ratio of

the area under the peak of the cells from
R3(Raw Soybean) fed rats over those from
HS(Heated Soybean) fed rats, The area und-
er the peak was measured by using Plani-
meter{ Compensating Polar Planimeter, Keuffel
& Esser Co. Model No. 62-0000).

Statistical significance between two groups
was determined using a paired t-test for
the enzyme activity and Student’s t-test for
the pancreas size®®,

RESULTS AND DISCUSSION

Pancreatic enlargement was apparent in gr-
oup RS(0.62 4+ 0.109 body weight) compared
to group H5(0.421+0.139), Difference in pancr-
eatic size between two groups was statistica-
lly significant(p ¢ 0.05).

Typical curves of the enzyme activity iIn
the perfusate fraction from the cell column

400

CHYMO ACTIVITY (U/ML)

1’" o

120 160 200

TIME (MIN)
Fig. 1. Chymotrypsin activity of perfusate fraction of column of cells isolated from rats
fed HS or RS diet when CCK was used as secretagogue.
mmmmem Period when secretagogue was added to column.
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Fig. 2. Amylase activity of perfusate fraction of column of cells isolated from rats fed HS
or RS diet when CCK was used as secretagogue.
e Period when secretagogue was added to column.

of RS or HS fed rat pancreas with CCK sti-
mulation are shown. in Fig. 1 and 2. The
first 90 minutes was the equilibration period
to wash out all the broken cells. When the
basal secretion level was reached, secretago-
gue, CCK or carbachol was introduced for
Z) minutes, After stimulation original buffer
was perfused for 90 minutes until the basal
secretion level was reached, By using the
ratio of stimulation peak area between RS
and HS fed rats, error due to the different
basal lines could be eliminated.

As shown in Table 3, chymotrypsin secre-
tion was higher in group RS than in group
HS with both kinds of secretagogue, CCK and
carbachol. In contrast to chymotrypsin, amy-
lase secretion was higher in group HS than
in group RS with both kinds of secretagog-
ue. This result suggested that chymotrypsin
and amylase secretion from the acinar cells

is not parallel with CCK and carbachol sti-
mulation. A non-parallel secretion of amyla-
se and chymotrypsinogen from the pancreas
stimulated by oleic acid was also observed
by Dagorn et al.®’, They found that the sti-
mulation had induced a non-parallel respon-
se in the rates of synthesis of amylase and
chymotrypsinogen, Macleod et al3 also de-
monstrated the non -parallel synthesis of am-
vlase and chymotrypsinogen when pancreas
was stimulated with SBTI, They reported th-
at compared to the control group, rats fed
SBTI incorporated more label into chymo-

trypsinogen and less into amylase. Dagorn
and Mongeau*® studied the rate of biosyn-
thesis of ampylase, lipase and chymotrypsi-

nogen in rat pancreas after intravenmous in-
jection of CCK associated with secretin. Th-
is pancreatic stimulation resulted in non-

parallel variations of the rates of biosynthe-

— 378 —



~Sang Sun Lee-

Table 3. Ratio of enzyme secretion from the isolated acinar cells of the rats fed RS and
HS diet with CCK or carbachol stimulation

Week of Chymotrypsin (RS/HS) Amylase (RS/HS)
experiment CCK Carbachol CCK Carbachol
stimulation stimulation stimulation stimulation
1 1.08 1.81 027 0.38
2 0.55 2.24 0.19 0.78
3 136 1.23 0.70 0.46
4 1.00 1.25 0.36 0.28
5 2.27 1.17 0.86 0.80
6 3.48 2.20 0.31 0.57
7 1.01 0.73 0.19 0.51
Mean=+ 5D 139+ 1.15 1.562+4+0.67 0.41+:0.26 054+0.19
p value p¢01 p< 0.05 p<0.05 p<0.05
sis of the enzymes in that chymotrypsinogen,
amylase and lipase products were increased REFERENCES

by 63, 26 and 109, respectively. These resu-
Its suggested that the non- parallel response
of pancreas to various stimulus could be de-
monstrated in in vivo and in vitro systems.

SUMMARY

The effects of the hormonal factor (CCK)
and neural factor(carbachol) on the exocrine
function of the pancreas were studied in th-
is experiment. A superfusion technique was
used for In vitro study of stimulus -secreti-
on coupling in isolated pancreatic acinar ce-
lls from the rats fed heated or raw soybean
diet. Chymotrypsin secretion was higher in
cells from the raw soybean group than In

those from the heated soybean group with

both kinds of stitnulants{CCK and carbachol},
whereas, amylase secretion was higher inthe

heated soybean group than in the raw soy-

bean group. This indicated that chymotrypsin

and amylase secretion from the acinar cells

are not parallel with CCK and carbachol st-

irmulation.
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