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Summary

Conclusion. Pancreatic endocrine capacities are remarkably disturbed in patients with pancreatic
diabetes owing to calcific pancreatitis as opposed to those owing to noncalcific pancreatitis. Insulin
secretionin calcific pancreatitis resembled thatin insulin-dependent diabetes mellitus (IDDM), whereas
insulin secretion in noncalcific pancreatitis resembled that in non-IDDM (NIDDM). The involvements
of acinar cell and ductal cell function closely correlate with endocrine function (insulin and glucagon
secretions) in chronic pancreatitis (pancreatic diabetes).

Background. We sought to clarify the differences of pancreatic endocrine function between pancreatic
diabetes and primary diabetes, and to verify the correlations between pancreatic exocrine and endocrine
dysfunction in patients with chronic pancreatitis.

Methods. Urinary C-peptide (CPR) excretion and fasting plasma glucagon levels in patients with pancre-
atic diabetes owing to calcific pancreatitis (19 cases) and owing to noncalcific pancreatitis (14 cases) were
studied in comparison with those in patients with insulin-dependent diabetes mellitus (IDDM, 23 cases),
noninsulin-dependent diabetes (NIDDM, 18 cases), and in healthy controls (11 cases). In addition, pancreatic
exocrine function was investigated in patients with chronic pancreatitis (calcific and noncalcific) and in
healthy controls. The correlation between pancreatic exocrine and endocrine function was studied.

Results. The urinary CPR excetion in controls was 94.9 £ 20.5 pg/d. The urinary CPR excretion in calcific
pancreatitis was 12.8 + 7.4 ug/d and it resembled that in IDDM (9. 4 + 5.8 ug/d). The urinary CPR excretion
in noncalcific pancreatitis was 41.5 + 30.1 pg/d, being similar to that in NIDDM (49.3 + 21.0 pg/d).

The plasma glucagon level in calcific pancreatitis was 64.1 + 15.9 pg/mL, which was significantly lower
than the values in IDDM (111.2 £ 50.2 pg/mL) and NIDDM (96.7 + 21.9 pg/mL). The plasma glucagon level
in calcific and noncalcific pancreratitis (88.4 + 29.6 pg/mL) were significantly lower than that in controls
(129.8 £ 21.6 pg/mL).

The residual capacities of acinar cells and ductal cells were strongly correlated with urinary CPR excretion
and plasma glucagon concentration.
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Table 1
Clinical Features in Patients with Pancreatic Diabetes
Alcoholic, Duration of Insulin, BMI2 HbAL/

Type of diabetes Age, yr cases DM, yr u/d kg/m AIC, Yo
Calcific

pancreatitis  s0.18.7 —r 17 8.445.4 — 25.6+11.17)7) [ 18.442.17~ 10.541.7/8.341.5

(n=19 -]

*

Noncalcific o * M

pancreatitis ~ 54.948.9 ‘| 11 5.6+4.3 16.3+6.5 "l xxkr- 19.9%41.6 | |7 10.442.3/8.542.2

(n = 14) *k *k

_| *k *
IDDM 30.1+11.1 —I= 9.0£6.2 = 33.9411.4~ [ 20.3+42.4%) Jax 11.9%2.7/8.5%2.2
*

(n = 23) *k *k *k
NIDM 53.7+11.6 J** 5.943.4  — 15.945.0 — “[sx 23.512.7-I J 9.9%1.3/7.0%1.3

(n=18)
Control 44.7412.7 J_ LL22.7¢1.9 =

(n=101)

* p<0.05. ** p<0.01.
diabetes. For example, in pancreatic diabetes, dia- Finally, pancreatic exocrine function was investi-
Y p Y, P

betic ketoacidosisisuncommon (7,2) and amino acid gated in patients with chronic pancreatitis (calcific
metabolism is different (3,4), whereas insulin-induced and noncalcific) and in healthy controls. The corre-
hypoglycemia readily occurs (5). lation between pancreatic exocrine and endocrine

It is believed that disturbances both of insulin function was studied.
secretion from the B-cells in the pancreas and of glu-
cagon secretion from a-cells could be responsible Materials and Methods
for these differences.

Although some studies have found no relationship As shown in Table 1, the study involved a total of
between the decrease in pancreatic exocrine and 85 cases, classified as follows: 19 cases of calcific
endocrine functions (6), other authors have clarified pancreatitis, in which calcification in the pancreas
the relationship between the diminution of exocrine was confirmed by simple abdominal radiography,

function and decreased pancreatic endocrine func- abdominal computed tomography (CT), and endo-
tion in chronic pancreatitis (7—9). scopic retrograde cholangiopancreatography (ERCP)

In the present study, we re-examined the relation- (10); 14 cases of noncalcific pancreatitis, in which
ship between pancreatic exocrine and endocrine calcification in the pancreas was not detected in spite
function in calcific and noncalcific chronic pancre- of marked abnormalities in the pancreatic duct as
atitis. In addition, we investigated whether insulin shown by ERCP (11,12), but pancreatic exocrine

and glucagon secretions differ in different types of dysfunction wasrecognized by secretin test; 23 cases
pancreatitis, namely calcific and noncalcific. We of IDDM,; 18 cases of insulin-treated NIDDM as dia-
studied the characteristics of insulin and glucagon betic controls; and 11 cases of healthy controls. As

secretion in pancreatic diabetes in comparison with shown in Table 2, criteria used to determine IDDM
those in insulin-dependent (IDDM) and noninsulin- were proneness to ketosis (including 13 cases with
dependent diabetes mellitus (NIDDM). ketoacidosis), sudden onset of diabetes in youth, and
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Table 2
Correlation Between Pancreatic Exocrine and Endocrine Function
in Patients with Chronic Pancreatitis and in Healthy Controls

Correlation coefficiencies between pancreatic exocrine and endocrine function

Maximal
bicarbonate Amylase
Volume output concentration, output,
(mL/kg) (mEg/L) (Ulkg)
Pancreatic Urinary CRP r=0.568" r=0.778° r=0.803"
endocrine excretion (n=44) (n=44) (n=44)
function (ng/d)
Plasma glucagon r=10.520° r=0.706" r=0.606°
concentration (n=44) (n=44) (n=44)
(pg/mL)
p<0.01.

extreme low values of urinary CPR (<20 ug/d). Cri-
teria used to establish NIDDM were onset in adult-
hood, absence of ketosis, and a familial history of
diabetes. Chronic pancreatitis was excluded in these
two types of primary diabetes by ultrasonography of
the pancreas and/or abdominal CT imaging. There
was no evidence of autonomic neuropathy in IDDM
and NIDDM patients. All patients were treated with
insulin. The duration of diabetes was 5.6-9.0 yr on
the average in all study groups. Diabetic control
evaluated by HbA, (normal < 8.0%) was poorer in
the IDDM group. Also, the daily insulin requirement
was significantly higher (mean 33.9 U/d) compared
with the other three groups. The insulin requirement
was higher in calcific pancreatitis than in noncalcific
pancreatitis. Body mass index (BMI) was lower
(mean 18.4 kg/m?) in calcific pancreatitis, and the
patients belonging to this group were significantly
emaciated in comparison with those in IDDM and
NIDDM with primary diabetes.

Twenty-eight out of 33 of the pancreatitis cases
have an alcohol etiology (80 g ethanol/d, >10 yr con-
sumption). The pancreatic exocrine and endocrine
function tests were performed within a month. The
results of liver function tests were normal, except in
four cases. Only two cases showed liver cirrhosis
(one case HCV antibody-positive, and another case
alcoholic) diagnosed by laparoscopy and liver biopsy.
In all subjects in this study, urinary CPR excretion
was measured for three consecutive days, and the
mean value was taken as the daily CPR excretion.
The assay of CPR immunoreactivity in urine was
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performed as described elsewhere (13) (C-peptide
kit, Daiichi, Tokyo, Japan). Fasting plasma glucagon
was assayed by a double-antibody radioimmunoas-
say with pancreatic glucagon antiserum (glucagon
kit, Daiichi).

Exocrine pancreatic functionin patients with chronic
pancreatitis and in healthy controls was evaluated by
pancreozymin-secretin test or secretin test according
to Sun and Shay (/4). Volume output, maximal
bicarbonate concentration, and amylase output were
expressed as mL/kg, mEqg/L, and U/kg, respectively.

All patients and healthy controls consented to
participate in these tests. The protocol was approved
by the Human Investigation Committee of Hirosaki
University.

Statistical analysis was made by Tukey multiple
compatrison test and simple regression test, and the
values were expressed as mean + S.D.

Results

Endocrine Function

As shown in Fig. 1, the urinary CPR excretion in
each type of diabetes group was significantly lower
thanin controls (94.9 £20.5 pug/d). The urinary CPR
excretionincalcific pancreatitiswas 12.8 £ 7.4 pug/d,
which was significantly lower than in noncalcific
pancreatitis (41.5+ 30.1 pg/d) and NIDDM (49.3 £
21.0 pg/d), and resembled the value in IDDM (9.4
+ 5.8 pg/d). The urinary CPR excretion in non-
calcific pancreatitis was significantly higher than

in calcific pancreatitis and IDDM, and resembled
that in NIDDM.
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Fig. 1. Urinary c-peptide excretions in patients with
pancreatic diabetes (**P < 0.01).

The plasma glucagon level in each type of diabe-
tes group except for IDDM (112.2 £ 50.2 pg/mL)
was significantly lower than in controls(129.8 £21.6
pg/mL). The plasma glucagon level wasthe lowestin
calcific pancreatitis(64.1 £ 15.9 pg/mL), which was
significantly low when compared with IDDM and
NIDDM (97.6 + 21.9 pg/mL) (Fig. 2). Thus, in dia-
betes secondary to calcific pancreatitis, insulin secre-
tion was markedly deficient and similar to that seen
in IDDM. Basal glucagon secretion was also dis-
turbed, suggesting that a-cells of the Langerhans
islets in the pancreas are also affected. On the other
hand, in diabetes secondary to noncalcific pancre-
atitis (plasma glucagon level 88.4 + 29.6 pg/mL),
bothinsulin and glucagon secretions resembled those
of NIDDM cases, and the insulin secretion was only
mildly diminished.
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Fig. 2. Plasma glucagon levels in patients with pancre-
atic diabetes (*P < 0.05, **P < 0.01).

Correlation Between Pancreatic Exocrine
and Endocrine Function

As shown in Fig. 3, pancreatic exocrine function
(volume output, maximal bicarbonate concentration,
and amylase output) showed significantly low values
(P <0.01) both in calcific and noncalcific pancreati-
tis compared to normal controls, and these param-
eters showed significantly low values in calcific
pancreatitis compared to noncalcific pancreatitis
(volume 1.2 £ 0.7 vs 1.7 + 0.6 mL/kg [P < 0.05]),
maximal bicarbonate33.6+15.9vs61.6+£17.9mEq/
L [P <0.01]), and amylase output 506.9 + 386.3 vs
1538.3 + 927.8 U/kg [P < 0.01]).

Correlation coefficients between pancreatic exo-
crine and endocrine function both in patients with
chronic pancreatitis (including calcific and noncal-
cific) and in healthy controls are shown in Table 2.

There was a strong correlation between amylase
output and daily CPR output in urine (Table 2, Fig.
4). The correlation was also strong between pancre-
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Fig. 3. Pancreatic exocrine and endocrine function in patients with chronic pancreatitis and in healthy controls.
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Fig. 4. Correlation between amylase output and urinary
CPR excretion. @, calcific pancreatitis; M, non-calcific
pancreatitis; O, control.

atic bicarbonate concentration and daily CPR output
in urine. In addition, there was a strong correlation
between bicarbonate concentration and plasma fast-
ing glucagon concentration.

Discussion

Since only two cases showed liver cirrhosis, we
did not take liver cirrhosis into consideration as for
pancreatic exocrine and endocrine function.

In pancreatic diabetes, there is a disturbance in
insulin and serum CPR secretions in response to
stimulants, such as oral glucose tolerance test (GTT),
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glucagon, tolubutamide, and arginine (15,16). Both
glucagon loading test and serum CPR level indicate
that a relationship exists between serum CPR level
and urinary CPR excretion (13,15). Therefore, we
evaluated urinary CPR excretion as endogenous in-
sulin secretion capacity. Urinary CPR excretion
evaluated as insulin secretion was disturbed to the
same extent in pancreatic diabetes due to calcific
pancreatitis and IDDM. On the other hand, endog-
enous insulin secretion was moderately disturbed in
pancreatic diabetes owing to noncalcific pancreatitis
and NIDDM. Thus, with respect to urinary CPR
excretion, calcific pancreatitis was considered to
resemble IDDM (17,18), whereas noncalcific pan-
creatitis resembled NIDDM.

It has been widely reported that although plasma
glucagon response caused by insulin-induced hypo-
glycemia or arginine loading is lowered in pancreatic
diabetes, the basal secretion level is maintained (79—
21). Inthis study, basal glucagon secretion was mark-
edly lowered in patients with pancreatic diabetes
owing to calcific pancreatitis as was also found in
patients with total pancreatectomy (22). The basal glu-
cagon level in calcific pancreatitis was significantly
lower compared with the other groups, suggesting that
calcific pancreatitis differs from primary diabetes
(IDDM, NIDDM). Studies using the canine duct-
ligated pancreatitis model show that dysfunction of
the a.-cell in response to hypoglycemia seems to pre-
cede that to hyperglycemia in diabetes secondary to
pancreatolithiasis (23). Basal pancreatic glucagon con-
centration has been found to be reduced in humans (24).

Bothinsulinand glucagon secretions were involved
more strongly in calcific pancreatitis than in noncal-
cific pancreatitis. These results reflect the higher fre-
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quency of insulin-treated diabetes owing to calcific
pancreatitis rather than to noncalcific pancreatic endo-
crine impairment (/). Moreover, these results suggest
that glucagon deficiency may lead to severe hypo-
glycemic attack in patients with pancreatic diabetes
(24).Impairment of glucagon secretion would account
for the increased tendency to hypoglycemia, as well as
relative rarity of ketoacidosis, in pancreatic diabetes
(25). In calcific pancreatitis, the histopathological
findings of the pancreas show progressive fibrosis and
sclerosis of the exocrine cells, and in some cases, quan-
titative and qualitative changes in the endocrine cells
(27,28). Focal accumulation of islets in the fibrosis is
observed in overt pancreatic diabetes.

It is suggested that in calcific pancreatitis there is
actual damage to the islet cells (B-cell) and glucagon-
producing (a-cell) cells, whereas in noncalcific
pancreatitis, there might be some sort of ischemia or
functional derangement of the islets, with impairment
of glucose diffusion rather than true impairment of
endocrine cells. That is, the factors, such as altered
pancreatico-portal flow, impaired nerve innervation
of islets, and impaired paracrine regulatory mecha-
nisms involving other islet cells (26), might be con-
tributory to the decrease in insulin and glucagon
secretions in the patients with noncalcific pancreatitis.

In the present study, we obtained almost the same
results, showing a close correlation between amylase
output and maximal bicarbonate concentration, and
the decrease in urinary CPR excretion and low level
of plasma glucagon. These correlations support the
contention that there may be more or less parallel
destruction ofislets and acinar cells (and ductal cells)
in the course of pancreatitis (7,17,29).

The residual capacity of acinar cells and the insu-
linrelease from B-cells are concomitantly disturbed.
Also, plasma glucagon from a-cells and the residual
capacity of ductal cells are involved in patients with
chronic pancreatitis.

From the above results, we conclude that:

1. Patients with pancreatic diabetes owing to cal-
cific pancreatitis resemble IDDM,;

2. Those owing tononcalcific pancreatitisresemble
NIDDM with respect to pancreatic endocrine
function; and

3. Acinar cell and ductal cell involvements in dia-
betic patients owing to chronic pancreatitis cor-
relate with residual capacities of insulin release
and glucagon secretion.
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