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ABSTRACT

Chronic pancreatic disease has becen extensively studied
from an exocrine functional aspect, with relatively little
attention being devoted to the assessment of endocrine
function. This thesis deals primarily with aberrations

of islet cell activity and lipid metabolism occurring in
chronic pancreatitis.

Insulin reserve was firstly investigated in sixteen
such patients by the technique of intensive beta-cell
stipulation. It was found to be significantly reduced
when compared to the response of normal controls, and th

degree of insulinopaenia seemed 1O be proportional to the

severity of glucose intolerance. Even nondia

In an attempt to unmask the #latent
these nondiabetic cases, triancinolone-augmented glucose

tolerance tests were peri
their steroid-augmented glucose tolerance deteriorated

ects reacted in a similar

(though less striking) fashiomn, implying a lack of speci-

olerance test in
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ficity of the
this regard.

ig of "pancreatic diabetes" (ie. diabetes

p
secondary to chronic pancreatitis) was elucidated further

by adninistering the acute insulinogenic

stimulus, intravenous tolbutaride, alone. Insulinopaenia



was florid and reflected in the subnormal plasma glucose

it A 2 e am
amide injection.
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rising

from this study was the therapeutic implication that
b

oral sulphonylurea drugs, and this was confirmed in six

. . o . . .
severe diabetics. Milder pancreatic diabetics, on the

other hand, showed a partial improvement in glucose tol-

erance after two weeks of chlorpropamide therapy - in

keeping with their greater, although still subnormal,
insulin secretory capacity.

Sensitivity to exogenous insulin was documented in
eight pancreatic diabetics after a standard intravenous
insulin tolerance test. In a subsequent communication,
this was shown to be due, at least in part, to signifi-
cantly impaired growth hormone output in response to the
hypoglycaemia. The explanation of this finding is spec-
ulative, but could be related to the lack of a pancreatic
stimulus necessary to augment growth hormone secretion.

Turning to aspects of lipid metabolism in chronic
pancreatitis, the mean fasting level of serum choleste-
rol and phospholipids in twenty pancreatic diabetics
was significantly lower than levels found in matched
groups of essential diabetics and normal controls.
liean fasting triglyceride values showed no significant
difference between the three groups, although lowest in
the pancreatitis patients. As a follow up study, oral
fat tolerance tests were performed in nine of the pan-
creatitis patients and five healthy controls. After
ingesting a meal containing seventy grams of butter fat,

the pancreatitis group responded with significantly re-



duced serum chylomicron triglyceride values throughout

here was som
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direct evidence to suggest impaired removal of chylomi-

conseguent
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upon coexistent diabetes with insulinopaenia. In view

lipid levels in pancreatic diabetics, it was of interest

to assess their propensity to develop ischaenic heart

2}

disease. Resting and post-exercise electrocardiographs
were perforred in thirty nine cases and thirty matched
essential diabetics. Electrocardiographic evidence of
ischaenia was found only half as f{requently in the pan-
creatic diabetics as in the essential diabetics. Further-
wore, pancreatic diabetics with ischaeiric electrocardio-
zraphs had significantly higher serum lipid levels than
patients without these changes.

In conclusion, chronic pancreatitis has been shown
to be associated with: 1) impaired beta-cell functional
activity after a variety of insulinogenic stimuli, mos%
narked in patients with impaired carbohydrate tolerance

but slso seen in nondiabetic subjects; 2) evidence of

insulin sensitivity, which may be partly related to sub-

normal growth hormone output; and 3) reduced serum lipid

levels, associated with & decreased absorption of dietary

fat.
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INTRODUCTION

tively uncommon, clinical disorder. In certain areas,

One of these is the Western Cape region of South Africa;

rmore than one thousand patients with pancreatitis have
been studied at the Groote Schuur Hospital, Cape Town,
over a ten year period (Bank, Marks, Lurie, Novis and
Barbezat, 1972). Excessive alcohol intake is an inpor-
tant aetiological factor and the presence of pancreatic
calcification a highly suggestive radiological sign
(arks, 1¢68).

Impairment of exocrine pancreatic function has been
extensively documented in chronic pancreatitis, by a
variety of techniques. One of the most specific inves-
tigations is the pancreatic function test, where the
volume, bicarbonate content and enzyme level of pancrea-
tic secretions is measured after secretin/pancreozymi
stimulation (Bank, liarks, Moshal, Efron, and Silber,
1663; Hanscom, 1¢68). Tests iw
administration have also achieved prominence (Youngs,

Agnew, Levin and Bouchier

-
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W

tively little attention has been given

of endocrine function in ¢

beyond estimation of glucose tolerance, which admittedly,

Nielsen and Lorber, 1967).

is often abnormal (Chey, Shay



The development of sensitive radioimmunoassay methods

for the analysis of polypeptide hormones, notably

insulin (Yalow and Berson, 1660), has added a new
dinension to this area of research. Prelininary re-
ports of glucose-stimulated insulin release in chronic

cancreatitis, however, disagree as to whether

secretion is inconsistently, usually or invariably in-

paired (Bank, Jackson, Keller and Marks, 1¢68; Ander-
son, Davison, Dick, Hales and Owens, 16703 Rogers,

Howard and Pairent, 19
t

ships have not been studied at all.

has been explored in patients with chronic pancreatitis

rovoecative stimnuli. Particular atten-

tion has been directed at characterising the diabetic

1ic pancreatitis, since it
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provides a valuable clinical model for observing some
of acquired diabetes in man. Aspects of

ipid metabolism have also been investicated, in order

=

to complement the hormonal profile.

References

s T o 5 A1 =) TTe T as N
Anderson, M.F., Davison, S.H.H., Dick, A.r.,.ﬁalya, C.ﬁ.,
and Owens, J. 'Plasma insulin in pancreatic discase'.

Gut, 11:524-531, 1970.
AMNanlra T N.

Bal’lk, S o9 JaCkSOI’l, W.P.Uo ] Kellef’ P. ] .and AL L g - 84V ®

'Serum insulin response to glucose 1n pancreatic
diabetes'. Postgrad. ked. J., 443214-217, 1968.

BJH

’ U.Ld-ﬁi

nd

T T T S n N Axrd o o
Bank SO Marks, l.N. ) .L‘uI‘-Le’ D.’ L\VV-I.U. - :-'-
irbenat. G.0. iPrecalcific pancreatitis'. S. Afr.

Bank, S., Marks, I.N., Moshal, L.G., Biron, G, igdd
3ilber, R. 'The pancreatic function test - metho

ond normal values'. S. Afr. led, J., 37:1061-1066,
1963.




Chey, #.Y., Shay, H., Nielsen, O.,F., and Lorber, S.H.
'ESvaluation of tests of pancreatic function in chronic
parcreatic disease'. J. Amer. MNed. Ass., 201:347-350,

1¢67.

Hanscom, D.H. 'Diagnostic tests in pancrecatic disease'.

larks, I.N. 'The natural history of calcific parncreatitis
in the Western Cape'. Trans. Coll. Physicians S. Air.,

Rozers, J.B., Howard, J.N., and Pairent, F.W. 'Serum
insulin levels in patients with chronic pancreatitis'.

- — -~

Anler . J 3 SUI’{_I‘. ’ 119: 171—J-(b [ .LE’,'{U .

Yalow, R.A., and Berson, 3.A. 'Irmunoassay of endogenous
plasma insulin in man'. J. Clin. Invest., 39:1157-

Youngs, G.R., Agnew, J.E., Levin, G.E., and Bouchier,
I.A.D. 'A comparitive study of four tests of pancrea-
tic funetion in the diagnosis of pancreatic disease'.

Cuart. J. Med., 42:597-618, 1973.







" INSULIN RESERVE IN PATIENTS
~—WITH CHRONIC PANCREATITIS

B. I. JOFFE , S. BANK
M.B. W’srand, M R.C.P. M.B. Cape Town, M.R.C.P.
) w. P. U. JACKSON : P. KELLER
M.D. Cape Town, F.R.C.P. Ph.D. Freiberg

I. G. O'REILLY

~ A. I, VINIK
M.B. W’srand, F.C.P., S.A.

S. HENDRICKS anp L. SCHATZ

Reprinted ﬁom Tue LANCET, October 26, 1968, pp. 890-892



INSULIN RESERVE IN PATIENTS
WITH CHRONIC PANCREATITIS

B. 1. JoFFE S. BaNk
M B. W’srand, M.R.C.P. M.B. Cape Town, M.R.C.P.
RESEARCH ASSOCXATE‘ CONSULTANT GASTROENTEROLOGIST
W. P. U. JACKSON P KELLER

AATY Laca Thurn i
M.D. Cape Town, F.R.C.P. Ph D. Freiburg

ASSOCIATE PROFESSOR OF MEDICINE CHIEF RESEARCH OFFICER

I. G. O’REILLY

TECHNICIAN

ENDOCRINE RESEARCH AND GASTROINTESTINAL UNITS,

GWWW{GM,—
UNIVERSITY OF CAPE TOWN
A, 1. VINIK
1 M.B. W’srand, F.C.P., S.A
SENIOR LECTURER, DEPARTMENT OF MEDICINE AND
CHEMICAL PATHOLOGY, UNIVERSITY OF NATAL

With technical assistance from.

Sixteen patients with unequivocal evidence
Summary ' . o .
of chronic pancreatitis were subjected

ive B-cell stimulation by combined intra-

glucose. The serum-immunoreactive-insulin responses of
the who'e group were significantly impaired when com-
pared with normal controls. The degree of impairment
seemed to be proportional to the degree of glucose intoler-
ance. It is postulated that the diabetic syndrome of
chronic pancreatitis represents an example of acquired
insulinopenia and is thus a valuable clinical model for

assessing the effects of this in man.

Introduction
MANY patients with chronic or chronic relapsing pan-
creatitis develop impaired glucose tolerance and overt
diabetes. (Comfort ct al. 1946, Marks and Bank 1963,
Chey et al. 1967). Their diabetic syndrome is character-
ised by a fluctuant course, rarity of ketoacidosis, severe
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i i nd virtual

absence of microangiopathy (Bank 1966, Marks 1968).

Studies on plasma-immunoreactive-insul n levels in this
condition have showed normal or moderately raised fasting

Peters et al. 1966a), while responses after oral glucose have
been reported as being either impaired or variable (Peters
et al. 1966b, Bank, Jackson, Keller, and Marks 1968).

Recently published data on procedures for assessing B-cell
reserve (Ryan et al. 1967, Ryan and Schwartz 1967) have
prompted us to further evaluate this facet in our patients.
In the present study, the insulin secretory capacity of a

group of patients with chronic pancreatitis has been
examined after the combined injection of glucagon and

tolbutamide, given 30 minutes after an oral glucose load.

A # PP
rati ’

Pancreatic subjects.—Sixteen patients with unequivocal fea-
tures of chronic pancreatitis were tested as outpatients: fifteen
showed radiological ev dence of pancreatic calcification, and in
one the diagnosis was confirmed at laparotomy. Alcohol was
considered to be the main xtiological factor. There were four-
teen men and two women ranging from 39 to 65 years of age.
Six had frankly diabetic glucose-tolerance tests, three were
borderline, and seven had normal curves (Jackson 1964). No
patient had previously reccived insulin. Five of the diabetics
weére taking oral hypoglycemic agents and they were instructed
to discontinue therapy for at least 5 days before test ng. There
was no evidence of hepatic or renal disease in any patient and
no family history of dlabetes.

Controls.—Ten healthy, non-obese, active adults (nine men
and one woman) with no chnical or laboratory features of pan-
creatic disease served as control subjects. Their ages ranged

from 25 to 54 years. None had clinical evidence, or a family

history, of diabctes, and their glucose-tolerance tests were

normal. They were we.l nourished and received an adequate
carbohydrate intake b fore testing. ' .
Patients in each group were tested at rest, after an overnight
fast. Venops blood wa* obtained from, and intravenous injec-
tions were administered into, indwelling polycthylene cannulas
placed in antecubital vemns. A dose of 75 g. of oral glucosc was
followed 30 minutes later by the rapid intravenous administra-
tion of 0-5 g. tolbutamde (Hoechst) and | mg. crystalline
glucagon (Lilly); samp es were taken fasting, 30 munutes after
oral glucose, and at 1, 5, 10, and 30 minutes after the combined
injection—i.e., at 31, 35, 40, and 60 minutes Plasma-glucose
was determined on the °AutoAnalyzer * by the modified
ferricyan'de method of Hoffman (1937). Insulin was measured

in serum by radioimmunoassay (Hales and Randle 1963).
Plasma non-esterified fatty-acids (N.E.F.A.) were es

nesto
CiiLvo

timated by a
modification of the method of Dole (1956). Inaddition samples
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of glucagon from the batch used were pcnodxcally submitted
to immunoassay for insulin contamination.

Results
The accompanying figure shows the mean (4S.E.M.)

1 m ~las - A - "
plasma-glucose and serum-immunoreactive-insulin levels

of the pancreatitis and control subjects during the tst.
The mean plasma -glucose levels were somewhat higher in

the pancreatitis group, owing partly -to the inclusion of
thoce with diahetic OIH(‘(\QP-I’O]PT’RH(‘P tests. Although the

fasting serum—msulm levels showed no significant differ-
ence (P<<0-2), the patients with chronic pancreatitis had a
. significantly impoverished insulin response 30 minutes
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after glucose ingestion (P-< 0-01), and especially after the
combined injection (P<0-001 at 31, 35, and 40 minutes

combined injection 31, 35, and
and <0-:02 at 60 minutes). ~

The accompanying table shows the mean (4:S.E.M.)
plasma-glucose and serum-insulin values in the three sub-
groups of patients with chronic pancreatitis, separated
according to the state of their glucose tolerance. Although
the number of patients in each subgroup was relatively
small and there was some overlap, the serum-insulin
responses tended to correlate with the degree of glucose
tolerance in the samples taken after the combined injec-

tion Thus, patients with pancreatic disease and normal
glucose tolerance had the highest insulin output, diabetics
_showed the least response, and those with borderline toler-
ance were at an intermediate level. Evenin the * normal ”
pancreatitis subgroup, the maximum mean ( 4-S.E.M.)
output obtained (273 1:80 microunits per ml., at 40 min-
utes) was significantly below (p<<0-001) that of the control
subjects (867 479 microunits per ml., at 35 minutes).

All glucagon samples assayed contained less than 5
. microunits of immunoreactive insulin per yg. Mean fast-
ing plasma N.E.F.A. levels werc somewhat greater in the
pancreatitis subjects (mean level 699 peq. per litre) than
in the controls (mean 577 weq. per litre). In both groups,
however, there was a prompt fall 30 minutes after oral
glucose, a slight rise immecdiately after the combined
injection, and then a continued fali during the remainder
of the test, so that the 60-minute levels were similar (mean
level in patients with pancreatitis 363 peq. per litre; mean
level in controls 384 peq. per litre).

Discussion

The present study provides striking support for the
concept of impaired insulin reserve in patients with severe
chronic pancreatitis. When presented with an acute
maximal f-cell stimulus, using agents that may act on
separate insulin-rcleasing mechanisms (Ryan et al. 1967),
these patients had a diminished insulin output compared
with a group of suitable controls. This was seen even
‘when their glucosc tolerance was normal, and there
secmed to be progressive diminution with deteriorating
glucose tolerance.

The patients with  pancreatic » diabetes were not

totally deficient in insulin, and managed to increase their

_mean fasting level just over twofold after intensive stimu-
lation. Part of this rise must be attributed to the insulin

contamination in the glucagon samples used, although a

maximum addition of less than 9 microunits per ml. to the
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serum-immunoreactive-insulin values could be expected
on this account (Crockford et al. 1966). What little reserve
they have, however, is clearly inadequate for maintaining
normal glucose homceeostasis.

Our findings seem to show that the diabetic syndrome
in patients with chronic pancreatitis is an example of
acquired 8-cell insufficiency. Many of its puzziing clinical
features—for example, virtual absence of clinical angio-
pathy—need to be interpreted in this context. Thus the
syndrome provides a valuable clinical model for assessing
the consequences of acquired insulinopenia in man—in
contrast to maturity-onset ty i itus, i i
there may be a degree of insulin antagonism and resulting

compensatory hyperinsulinism (Kipnis and Stein 1964,

~ 2 M
z AN mesilln wncmmsmnnan nfrae intran_

Vallance-Owen 1964). The insulin responses aiter inten-
sive B-cell stimulation in patients with chronic pancreatitis
and in those with maturity-onsct diabetes are at present

being investigated.

We thank Dr. I. N. Marks for allowing us to study patients under

his care; Dr. B. L. Pimstone, whose helpful advice and criticism
played an important part in the preparation of this manuscript;
Mr. K. Samsodien, who rendered valuab ¢ technical assistance; and
Miss P. Rear for typing the manuscript. Supplics of tolbutamide
were. kindly provided by Hoechst Pharmaceuticals and supplies of
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supported by the South African Counail for Scientific and Industrial

Research
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concept of impaired insulin reserve in chronic pan-

creatitis - even in patients whose glucose tolerance

is apparently norral. This raises the possibility

that nondiabetic patients with chronic pancreatitis

azre, in fact, 'prediabetic' subjects. In an attempt

to unmask their 'latent' diabetic state, a steroid

 augmented glucose tolerance test might be revealing.

Results of this investigation are presented in the

next paper.
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SUMMARY Seven nondiabetic natients with chroniec nancreatitic
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were shown to have a diminished acute insulin secretory response

after intensive beta cell and intravenous tolbutamide stimulation.

In an attempt to unmask their '‘latent' diabetic state, triamcinolone-
augmented glucose tolerance tests were performed, some days after
documenting normal standard 50 g oral glucose tolerance tests.

A matched group of nondiabetic controls was similarly investigated.
Although the steroid-augmented glucose tolerance tests showed

marked impairment in the patients, becoming frankly diabetic in 3
cases, the normal control subjects reacted in a similar though less
There was no significant difference between

striking fashion.

the mean glucose values in the 2 groups. The ability of patients

with chronic pancreatitis to maintain normal glucose tolerance
in the face of diminished insulin output is commented on. We
conclude that, as an ancillary investigation for diagnosing chronic

pancreatitis, the triamcinolone glucose tolerance test is unreliable.



Triamcinolone-augmented glucose tolerance in nondiabetic patients

with chronic pancreatitis

Introduction

Although chronic pancreatitis is frequently complicated by diabetes,
there are, nevertheless, a substantial number of patients who maintain
normal glucose tolerance (Bank et al., 1968; Anderson et al., 1970).
Recent studies (Joffe et al., 1968; Deckert et al., 1972) have indicated
that even when glucose tolerance is apparently unaffected in chronic

pancreatitis, insulin reserve has already been significantly decreased.

Thus nondiabetic patients with chronic pancreatitis could be regarded
as '‘prediabetic' subjects (Rogers, Howard and Pairent, 1970).  This

being the case, an investigation that may be expected to unmask this

""latent' diabetic state would be a steroid-augmented oral glucose
tolarance test (gTT) A ctudy wac tharefore desianed to assess the
ViCiaiiLe LCO L \Qirije. N SLuuvy wao VLI TIUIT UTSgirs-yw ¥

diagnostic value of an oral GTT augmented with triamcinolone

(Navarette and Torres, 1965) in a group of nondiabetic patients

with chronic pancreatitis, with reference to their insulin secretory

capacity.



Patients and Methods

Patients and Controls

e R e L e T LT T

Seven nonobese patients with well-proven chronic pancreatic disease
were studied. There were 6 men and 1 woman, ranging from 40 to 54

years of age. The diagnosis of pancreatitis was confirmed in each

case on the basis of gross abnormality in the secretin/pancreozymin
pancreatic function test (Bank et al., 1963). Furthermore, radio-
f pancreatic calcification was observed in 5 cases

logical eviden

O
[}
Q

and chemical evidence of steatorrhoea in 2 cases. Altcohol was

thought to be of aetiological importance in all except one instance

e T A s

(where the cause was unknown); despite this, clinica
and histological evidence of liver disease was uniformly absent.

All the patients had recent documentation of a normal 50 g oral GTT.

1 bLiaabkamioo
1, DiOCnemica

There was no known family history of diabetes, although one patient
had a brother with calcific pancreatitis and impaired carbohydrate

tolerance. A group of 7 healthy nonobese subjects, matched with

the patients as regards age and sex, acted as controls. None had

a family history of diabetes or evidence of pancreatic disease.

Experimental design

The insulin secretory capacity of the patients and controls was first

established using the techniques of: (a) intensive beta cell

stimulation with a combination of 75 g oral glucose, followed 30
minutes later by the combined intravenous administration of ¥+ g
tolbutamide and 1 mg glucagon (Ryan, Nibbe and Schwartz, 1967); and

(b) intravenous administration of 1 g tolbutamide alone (undertaken

some days later). In each test, serum samples for immunoreactive

insulin dete were obtained fasting and after stimulation.

"m:ﬂﬂ
rimivia

Since the 5 minute post-injection sample in each test generally

represented the peak insulin response, this (together with the fasting

Neal CTT!g were then
vi I G 1 & e

S , ) L
sampie) was used for subsequent anaiysis.

performed, at a later date, in both groups of subjects. For the



glucose was administered orally after an
rnight f !

a
overni gr

Triamcinolone-augmented GTT's were done at least 2 days later, using

loying the usual precautions (Jackson, 1964).

TS

triamcinolone 8 mg 11 hours and 1 hour before the 50 g oral glucose

load.

Methods

Glucose was determined % hourly for 2 hours on capillary whole blood
using a Technicon Auto-Analyzer and the modified ferricyanide method

. it rine samples were tested
for glycosuria with Testape. Serum insulin during the intensive
tion and tolbutamide tests were measured by radio-

bata ~a211 &1
oeta ceii st

immunoassay (Hales and Randle, 1963).

For both the standard GTT and the triamcinolone GTT the same

criteria were used (Jackson et al., 1972). Normal: all blood

glucose levels below 120 mg/100 ml fasting, 185 maximum and 140

utes Borderline: one high value only. Diabetic:

197N
eV TULco.

-~ H
al I

at least 2 high values.



Results

Table 1 indicates the acute insulin secretory capacity of the
nondiabetic patients with chronic pancreatitis, together with that

of the matched controls, as evidenced by their fasting and early
insulin responses to intensive stimulation and tolbutamide alone.
Fasting insulin levels were similar in the 2 groups, but the patients
produced less than half the peak insulin output of the controls after

intensive stimulation. A similar, although statistically less

impressive, response was noted after tolbutamide alone. (Mean 30

(¢}

ar in th

minute ¥ biood giucose falis after tolbutamide were simi

2 groups, at 35% in patients and 43% in controls).

The results of the standard and triamcinolone-augmented

GTT's in the 2 groups are outlined in Table 2.  Standard GTT's

were normal in both groups, as anticipated; none of the differences

11v significant. Regarding
7 - = =

0n
(a4
O
1]

ho . m
between the me tat

triamcinolone GTT's, a statistically significant deterioration
(compared to standard GTT) occurred in both groups (p € 0.05 at 60,
90 and 120 minutes). Although the mean glucose level was generaily
higher in the pancreatitis patients than in the controls during the

triamcinolone test, at no time did it become significantly greater.

lues we

b}
(7]

an va =

0f interest was the observation that the mean triamcinolone GTT
had, in fact, become ''diabetic'' in the chronic pancreatitis patients,

while still remaining "normal' in the controls.

Glycosuria was uniformly absent during standard GTT's.
It was detected in all 7 chronic pancreatitis patients during the
triamcinolone GTT, but also in 4 of the 7 controls.

Table 3 summarises the fate of individual triamcinolone

analysed according to the criteria set out

diabetic in 3 patients and | control.



Niceriice it An
UToLuoaITun

The primary object of the present study was to ascertain whether
a steroid-augmented glucose tolerance test would be a useful
ancillary investigation in chronic pancreatitis, by unmasking the

diabetes susceptibility of those patients who preserve normal glucose

tolerance in the face of diminished insulin reserve. Although marked

deterioration in the triamcinolone GTT was, indeed, noted and nearly
f th f these observations

-—...Clh

haif the tests became diabetic, mucn ©
was lost in view of the fact that normal controls reacted in a

(]

.
impact

similar, though less striking, manner. This lack of specificity

of the triamcinolone GTT has recently been commented on in re

to offspring of diabetic couples (Jackson et al., 1972). It would
thus appear that an abnormal triamcinolone GTT in a nondiabetic
patient with suspected chronic pancreatitis is of uncertain
diagnostic reliability.

The pathogenesis of steroid "

lin at a cellular level seems to be an

diabetes' is not very clear,

but direct antagonism of insu
This results in compensatory
'Wa

1

W

important factor (Berger et al., 1966).
hypersecretion of insulin, both from the acutely reieasable and s
insulin pools in the beta cell (Porte and Bagdade,

impaired carbohydrate tolerance will

1

1 O Y

Y

responding functional
1970), and if this is inadequate,

ensue. In chronic pancreatitis, the defect in
early secretion from the acutely releasable

insulin pool (Porte and Bagdade, 1970), so that a steroid-augmented

GTT may not be the most effectiv
Agents that selectively compromise th

the beta cell, such as epinephrine, diazoxide and mannoheptulose
(Levine, 1970) might have greater diagnostic merit in this regard.

ents with chronic pancreatitis

insulin output appears

to mainly involve its

e means of revealing this abnormality.

e early release of insulin from

Finally, the ability of pati
in the face of considerably

to maintain normal glucose tolerance
interest. It implies a

diminished insulin secretory capacity is of
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has indeed been demonstrated after exogenous insulin administration
L
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1968). Reasons for this are speculative,

i <9

although decreased secretion of anti-insulin factors, such as

growth hormone (Vinik et al., 1970), and pancreatic glucagon

(Persson et al., 1971) may be partly responsible.
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Turning to the syndrone 0

(ie. diabetes secondary 10

further elucida

stinulus, t
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chronic parcreatitis),
nesis was sought

acute insulinogenic
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Insulin Levels in Pancreatic Diabetes

B. 1. Joffe, MR.C.P., S. Bank, M.R.C.P., W.P. U. Jackson, F.R.C.P.,
A. 1. Vinik, F.C.P. (S.A.) and P. Keller, Ph.D., Cape Town, South Africa

with technical assistance from A. Wouters and L. Schatz

SUMMARY

Intravenous tolbutamide was administered to seven pa-

TABLE 1
Characteristics of patients studied

#ho had not previously received insulin. A matched group
of normal controls was similarly investigated. The pancreatic
liabetic patients were found to respond to tolbutamide
with a significantly impaired serum insulin rise compared
‘0 the control group, while their fall in plasma glucose
#as delayed and significantly less pronounced. The relation-
ship between insulin responses in pancreatic and in primary
diabetes is briefly discussed and therapeutic implications of
the findings are considered. DiABETES 18:499.501, July, 1969.

Fasting
is plasma
Weight glucose*
(per cent (mg. per
Patient Age Sex ofideal) 100 ml.) Therapy
AF. 51 M %4 281 chlorpropamide
R.P. 53 F 100 195 chlorpropamide
P.B. 51 M 97 97 diet
M.O. 67 M 80 292 chlorpropamide
J.D. 42 M 100 159 chlorpropamide
M.C. 42 M 91 110 none
M.S. 59 M 96 121 chlorpropamide
Mean 52 94 179

Chronic pancreatitis is often complicated by the development
of diabetes.12 Recent investigations with the use of insuiin
radioimmunoassay have shown that insulin responses after
glucose3.* and intensive beta cell stimulations are diminished
in this situation. In the present study the effect of intravenous
tolbutamide alone on the pancreatic insulin secreting capacity
of patients with diabetes secondary to chronic pancreatitis has
been examined in an attempt to elucidate further the patho-
genesis of the syndrome and because of possible therapeutic
implications.

MATERIAL AND METHODS

The subjects of the study were seven lean patients with
unequivocal clinical and investigative features of chronic pan-
creatitis; all had radiological evidence of pancreatic calcifica-
tion. Alcohol was bhelieved to be related to the etiological
factor. Despite this, hepatic disease was not detected clinically,
biochemically or histologically in any patient. The presence
of diabetes had previously been confirmed on the basis of a
diabetic oral glucose tolerance test.® Pertinent characteristics
of these patients are given in table 1. No patient had previ-

81 414

From the Endocrine Research Group of the Council for Sci-
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Groote Schuur Hospital, and the Department of Medicine,
University of Cape Town, Cape Town, South Africa. Dr. A L
Vinik’s present address is University of Natal, Department of

Chemical Pathology, Congella, Durban.
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*Value during present test

ously received insulin, although five were taking chlorpro-
pamide; none was ketotic. Familial diabetes was excluded
as far as possible by a careful systematic inquiry.

Seven active, healthy, nonobese volunteers (six males, one
female), belonging to a similar age group served as normal
controls, None had a family history of diabetes, and their
glucose tolerance tests were pormal.

All subjects received an adequate carbohydrate intake prior
to testing, and in those taking chlorpropamide the drug was

stopped for four days before the test. It was fele that with a

halflife of thirty-five hours, drug activity would be slight at

the time of testing. After an overnight fast, each subject re-
ceived an intravenous injection of 1 gm. tolbutamide over
three minutes. Venous blood was obtained via an indwelling
cannula placed in an antecubital vein. Samples for plasma

and serum were taken at fasting and at 5, 10, 20; 30,
6o and 90 minutes after the end of the injection. They were
separated and stored ac —20° C. until analyses were made.

Plasma glucose was determined by the ferricyanide method

of Hoffman? modified for the AutoAnalyzer. Serum immuno-

reactive insulin (IRI) was assayed by the radioimmunoassay

procedures of Hales and Randle® as modified by the Radio-
chemical Centre, Amersham Data Sheet 5616.

RESULTS

grum miuin (ARL
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BRIEF NOTES AND COMMENTS

the mean IRI level rose promptly to a peak of 113 xU./ml
after five minutes, with subsequent gradual decline to the
fasting level at 9o min. On the other hand, in the pancreatic
diabetic patients the IRI response to tolbutamide was small,
with a peak of only 28 uU./ml. at five minutes. The differences
between the normal and pancreatitis groups were statistically
significant at 5, 10 and 20 minutes (p < 0.005, p < o.0I,
p < 0.02 respectively).

Plasma glucose response (table 1 and figure 1)

In the patients with pancreatitis the mean =+ S.EM. fast-
ing plasma glucose value (179 % 30 mg. per 100 ml)
was almost double the corresponding value (91 =+ 4 mg. per
100 ml) for the normal controls (p < 0.02). The normal
subjects had a sharp decline in plasma glucose with a maxi-
mum fall of 43 per cent of the mean fasting value at thisty
minutes. In the pancreatic diabetics, the fall in glucose was de-
layed and significantly less pronounced (p < o.00r at 10,
20 and 30 minutes and p < 0.05 at sixty minutes). When the

In addition, the mean fasting serum IRI level was no. sig
nificantly different in the two groups, despite the neash two-
fold greater mean fasting plasma giucose level in the pa¥
creatic diabetic patients, _
The possibility that factors other than pancreatic ¢'sease
could have contributed to the poor insulin response aftes
tolbutamide warrants consideration. Five of the patients Wete
taking chlorpropamide prior to testing and a decreased insuiid
secretory response to glucose after months of therapy bss
been demonstrated.? The changes in insulin levels were 8¢
erally small; also the drug was discontinued for some dsys
ptior to testing in our study to minimize any similar eﬁf“
All the pancreatic diabetic patients wese lean, sad, sioc®
obesity leads to hyperinsulinism,20 it is feasible that lu.nﬂ&‘s‘
per se might be associated with a diminished pancreatic
sponse to insulinogenic stimuli. This point must remain specy”
lative, however, since there is little direct supporting ”{de““‘
Comparison of the insulin responses in pencreatic diabetes

area under the curve was related to the mean increment in
insulin area during the tolerance test however, the ratio ab-
tained (0.9) was similar to that in the normal subjects (1.0).
This suggests that the diminished glucose fall in the patients

with pancreatitis simply reflected deficient insulin secretion
(and not endogenous insulin resistance).

DISCUSSION
The findings in the present study further support the thesis

of impaired insulin reserve in patients who develap diabetes
secondary to chronic pancreatitis. Tolbutamide, a known in-
sulinogenic stimulus, caused only slight increments in serum
JRI in these subjects when compared to normal controls.
Ae J
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glucose was dimiaished.
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FIG. |. Effect of infravenous tolbutamide on plasma glucose
and serum immunoreactive insulin in aorenel subjects
and pancreatic diabetics {mean =+ S.EM.)
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with those in “primary” diabetes is of interest. In the light

of recent observations,13 g comparable group of middle
aged, nonobese, moderately severe primary diabetics could
also be expected to show insulinopenia, although possibly 2
to the same extent. Indeed the results in our patients 2P
proach those reported in juvenile diabetes mellitus after 105"
venous tolbutamide 14,16

Our findings also suggest that the majority of patients Wit

e A : sul
pancreatic diabetes are unlikely to respond well to oral

fonylurea agents because of their marked insulinopcnfl- The
known unpredictability of the intravenous tolbutamide ol
efance test in determining the likely response of patieo® w
oral therapy’® and the abnormal sensitivity to exogenous %
sulin that patients with pancreatic diabetes mapifestl? bave
prompted us, however, to investigate further this problem b
means of a controlled trial. Preliminary fesults unfortusstelf
ate not encouraging.
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BRIEF NOTES AND COMMENTS

¢he mean IRI level rose promptly to a peak of 113 uU./ml
afrer five minutes, with subsequent gradual decline to the
fasting level at 90 min. On the other hand, in the pancreatic
diabetic patients the IRI response to tolbutamide was small,
with a peak of only 28 xU./ml. at five minutes. The differences
between the normal and pancreatitis groups were statistically
significant at s, 10 and 20 minutes (p < 0.005, p < 0.0I,
p < 0.02 respectively) .

Plasma glucose response (table 1 and figure 1)

1n the patients with pancreatitis the mean = SEM. fast-

ing plasma glucose value (179 =+ 30 mg. per 100 ml.)
was almost double the corresponding value (91 % 4 mg. per
1oo ml.) for the normal controls (p < 0.02). The normal
subjects had a sharp decline in plasma glucose with a maxi-
mum fall of 43 per cent of the mean fasting value at thirty

inutes. In the pancreatic diabetics, the fall in glucose was de-

In addition, the mean fasting serum IRI level was not sig:
pificantly different in the two groups, despite the neasly two-
fold greater mean fasting plasma glucose level in the pan
creatic diabetic patients.

The possibility that factors other than pancreatic disease
could have contributed to the poor insulin response after
tolbutamide warrants consideration. Five of the patients wese
taking chlorpropamide prior to testing and a decreased insulin
secretory response to glucose after months of therapy has
been demonstrated.? The changes in insulin levels were gen-
erally small; also the drug was discontinued for some days
priof to testing in our study to minimize any similar effect.
All the pancreatic diabetic patients were lean, and, since
obesity leads to hyperinsulinism,1® it is feasible that leanness
per se might be associated with a diminished pancreatic re
sponse to insulinogenic stimuli. This point must remain specu-

layed and significantly less pronounced (p < o.0or at 10,
20 and 30 minutes and p < 0.05 at sixty minutes). When the
area under the curve was related to the mean increment in
insulin area during the iwolerance test however, the ratio ob-
ained (0.9) was similar to that in the pormal subjects (r.0).
This suggests that the diminished glucose fall in the patients
with pancreatitis simply reflected deficient insulin secretion
(and not endogenous insulin resistance).

DISCUSSION

The findings in the present study further support the thesis
of impaired ipsulin reserve in patients who develop diabetes
secondary fo chronic pancreatitis, Tolbutamide, a kflown in-
sulinogenic stimulus, caused only slight incfements in serum
IRI in these subjects when compared to nofmal controls.
Associated with this, the fall in blood glucose was diminished.
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lative, however, since there is little direct supporting evidence.

Comparison of the insulin responses in pancreatic diabetes
with those in “primary” diabetes is of interest. In the light
of recent observations, 1113 a comparable group of middle-
aged, nonobese, moderately sevete primary diabetics could
also be expected to show insulinopenia, although possibly 0t
to the same extent. Indeed the results in our patients ap-
proach those reported in juvenile diabetes mellitus after intsa-

vanoue tolbutamide 14,15

Our findings also suggest that the majority of patients with
pancreatic diabetes are unlikely to respond well to oral sul-
fonylurea agents because of their marked insulinopenia. The
known unpredictability of the intravepous tolbutamide tol-
erance test in determining the likely response of patents tO
oral therapyl6 and the abnormal sensitivity to exogenous in-
sulin that patients with pancreatic diabetes manifestl? have
prompted us, however, to investigate further this probjem by
mesns of 4 controlled trial. Preliminary results unforcunately

are not cu&.ulif‘ﬁgfﬁg.
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The preceding paper implies that patients with
'vancreatic' diabetes are unlikely to respond well

to oral sulphonylurea agents because of their marked
insulinopaenia. This hypothesis is submitted to forwal

study in the following experimental design.
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pari::tl;ywit{h: shotrt-terrp therapeutic effect of oral hyppglycaemnc_ agents tas beenassessed-in
patients who lﬁ?lp onzlatlc diabetes secondary to chronic pancreatitis (pancreatic diabetes). In six
pacnia durine ar _mo grate.to severe carboh.erate 'mtolerance, assoc1‘ated with severe insulino-
the fasting bigoo dgmlme infusion, the potent suiphonyiuréa chlcrp;oparmdc produced no change in
reduction produ gl}cose level after two weeks qf treatment. This cpntrgsted with the significant
milder diat ced in a matched group of n_1atur1ty-onset primary diabetics. The six patients with
lmnrm,‘,.,,a etes, and a greater (although still subnormal) insulin secretory capacity, showed an
mprovement in oral glucose tolerance during the first hour following glucose administration while
bstituted for chiorpropamide in five of

on : X .
[hescéﬂol‘propamlde‘ When the biguanide phenformin was su
lreatmr::lttlems’ a statistically insignificant improvement in glucose tolerance was observed during
Applications i
: of these findin
considered. gs to the prac

tical management of pancreatic diabetes are briefly

Chron; ee . .
onic pancreatitis is frequently complicated by and two women, ranging from 30 to 67 years of age.

diabetes  {mancreats .
betes (pancreatic diabetes). Recent studies The diagnosis of pancreatitis was confirmed on the
ity in at least two aspects of

utilizing i . p
g immunoassay procedures (Joffe, Bank, basis of a gross abnormality in at leasttwo 2
n test, namely, a low volume of

‘la ] . . o
D:biss(())n’ Keller, O'Reilly, and Vinik, 1968; Anderson  the pancreatic functio
n, Dick, Hales, and Owens, 1970) have pancreatic secretion (normal > 140 ml) measured
cretin or pancreozymin stimu-

indj
dicated that when carbohydrate intolerance 80 minutes after se
bonate level of 50 m-equiv/litre

SUneryvaa oo TN . N . A
pervenes, insulin reserve is often considerably lation; a mean bicar
or less (normal > 65 m-equiv/litre); and a mean

g:::;z::ed' However, treatment of the diabetes with ;
hypogl :S lqsullq may be complicated by severe amylase value ot" 4-0 Pimstone units/ml or less
lherefojrleagm!c episodes (Bank, 1966). A study was (normal >50 Pimstone units/ml). Furthgrmore,
oral hue ?Slgned to assess the short-term effect of radiological evidence of pancreatic calcification was
Wr‘t‘t; :erpﬁilycaemic -f‘xg§nts .n pancreatic diabetics observed in 11 of these patients, while steatorrhoc_:a
results :;'%nce to their insulin-secretory status. The (faecal'fat excretion > 5 g per day) was present in
toler lood glucose concentrations and glucose  two-thirds of cases. Alcohol was thought to be of
ance before and after treaiment are reported in aetiological importance in all instances; despite this,
clinical, biochemical, and histological evidence of

this paper.
liver disease was absent in all except one case. Six of

the 12 patients had had clinical diabetes for longer

Patients
and Methods
than a year (maximum duration seven years) and in
PATIENTS the remainder symptomatic diabetes was recently
discovered. Only one had previously suffered from

Twelve
non-obese patients with proven chronic . P .
~ Pancreatic disease were studied. There were 10 men  KetoSIS: None gave a fan}ﬂy history of diabetes, had
previously receives regular insulin therapy, or was
taking drugs known to affect carbohydrate metab-

olism.
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EXPERIMENTAL DESIGN o o
After stabilization on a 2000 calorie ‘dl_abeplc’;dlet{
patients were arbitrarily divided on the basis of

fa £ 01000 SUgd U a O O wO EIOUPS.
those with elevated fasting levels, ie, above 120 mg/
100 ml, were labelled ‘moderate to severe’ diabetics
and those with normal fasting values designated as

‘miid’ diabetics. Each group consisted of six patients.

Arginine and chlorpropamide studies

The insulinogenic effect of arginine, a potent
stimulus to beta cell activity (Floyd, Fajans, Conn,
Knopf, and Rull, 1966), was estimated in the two
groups in an attempt to establish their insulin
secretory capacity. For this purpose, 30g arginine
infusion studies were performed after an overnight
fast in four of the severe pancreatic diabetics, all six
mild patients, and also in seven non-obese normal
male controls. Plasma samples for immunoreactive
insulin determinations were obtained fasting, at the
completion of the 30-minute infusion period, and
half hourly for a further hour. The fasting and peak
insulin values recorded during the test in each patient
were used for analysis.

In the moderate to severe group, therapy was then
instituted with 500 mg of chlorpropamide daily and
after two weeks a repeat fasting blood glucose level
obtained in each case. For comparison a group of
seven recently diagnosed maturity-onset primary
diabetics of matched age and severity were similarly
investigated. The six mild pancreatic diabetics were
subjected to formal SO g oral glucose tolerance tests
and then treated with chlorpropamide in an average
daily dose of 375 mg. After a two-week period
repeat glucose tolerance tests were performed. In
five of these patients chlorpropamide was then
withdrawn and a further glucose tolerance test
carried out a month later; it was felt that with a
biological half-life of about 36 hours, ‘carry-over’
chlorpropamide activity would be negligible at this
stage. Thereafter they were given phenformin (in a
dose of 50 mg sustained release capsule twice a day)
for a two-week period at the end of which a final
glucose tolerance test was done.

All tolerance tests were performed at rest, after an
overnight fast; patients who were tested while on

oral agents took their usual morning dose one to two
hours before the start of the test.

METHODS

Glucose was determined half-hourly for two hours
on capillary whole blood, using a Technicon Auto-
Analyzer and the modified ferricyanide method of
Hoffman (1937). Plasma insulin during the arginine

infusions was measured by radioimmunoassay ( Hales
and Randle, 1963).

B Joffe,

Results

LU J1 Y
Table 1 indicates the insulin secretory capacity Jt ‘_“

WO pd Cd a1aDt QORI UUPO, VK N .

that of normal controls, as evidenced by their ! sting
and peak plasma immunoreactive ins_ulm res).onses
to intravenous arginine. Although fasting level - were
similar, a tendency for insulin reserve to diruirb®
with deteriorating carbohydrate tolerance ‘Wasl
apparent. Numbers were too small for statisticd
evaluation of results.

Y

Group No. of Plasma Insulin (UimD)
Subjects  after Arginine
Fasting Peak
2
Moderate to severe pancreatic 4 941 12+
diabetics .
Mild pancreatic diabetics 6 9+2 24} :i 7
Controls 7 10+ 2

Table I Fasting and peak plasma insulirf resganses
(mean + SEM ) after 30 g arginine infusions in the

nnnnnnnnn e > RSP OONUGRT L SR 1)

L astae ao swall ae in seveN
nevere und muig puncreaiic “I“UZI‘IC.) as wee Qs i
controls

The effect of chlorpropamide (in a uniform d95€t1(1)£
500 mg daily) on fasting blood glucose levels in o
six patients with moderate to severe pancreauo
diabetes is shown in Table II. The drug pr-otiilwedl “e
appreciable change in the mean fasting Va “e’
compared with the significant fall obsg.rved int
group of maturity-onset primary diabetics.

g
i nee

Diabetic No.of Age Blood Significa
Group Subjects Glucose (mg|

100 mi)

Before After

Treatment  Treatment
Pancreatic 6 46 237 +25 24l L 23 I:%—os
Primary 7 51 187 + 17 130 + 1

Table I  Effect of chlorpropamide on fasting bl"?f
glucose levels (mean +- SEM) in moderate to severé
pancreatic and primary diabetics

Table Il summarizes the changes in gluCO?;
tolerance induced by chlorpropamide in the snl
patients with mild pancreatic diabetes. Significd
improvement in the mean fasting, 30-, an put
minute glucose values occurred during therapy
later levels showed no significant differences. "

Table 1V outlines the effect of phenformin @

. ic
glucose tolerance in five of these mild pancr ite
diabetics when it was substituted for chlorpropamth)'
(after the latter had been withdrawn for a mon

Except for the fasting level, which showed 1°

WP 'azkyon—s—ﬂarrk—dndﬂ—/—md‘—
w. r. U.J y D ’
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Insulin sensitivity in chronic pancreatitis has been
rentioned in the previous paper. The following short
cormunication provides evidence to support this con-

tention.




Letser to the Editor
reprinted from THE LANCET, November 9, 1968, p. 1038

HYPOGLYCZEMIA IN PANCREATITIS
SIR,—We are interested in the preliminary communication

1A\ ¢ 1

of Dr. Sutton and Dr. Taghizadeh (Sept. 28, p. 712), forthere
seems to be some relation between their findings and our studies

in patients with pancretitis.

8 patients with chronic calcific pancreatitis, due to alcohol,

were given an intravenous injection of crystalline insulin (0-1
unit per kg. body-weight) after an overnight fast. 7 had
diabetic glucose-tolerance tests (almost all with normal fasting
blood-sugar levels) but none of the patients had previously
received insulin therapy. A matched group of healthy non-
obese controls, without family history of diabetes, was simi-

larly investigated. .
As the accompanying figure indicates, pancreatitis subjects
responded with a slightly delayed but significantly prolonged

AWOpVAIRS

(P < 0-05 at 45, 60, and 90 minutes) fall in plasma-glucose com-
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om fasting, in 8 patients with chronic

Mean % plasma-glucose fall, fr
ols after intravenous administration

pancreatitis and healthjcontr
of insulin (0-1 unit per kg. body-weight).
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pared with the control group. In addition u
f hypoglycamia

patients invariably showed clinical evidence o
during the latter stages of the test.

The prolonged hypoglycamia in the pancreatitis group is
unlikely to have been primarily due to defective compensatory

LAy 2V aasV

glycogenolysis, since most of the patients were previously fouqd‘
to have cntirely normal liver function and histology. Delay in



2

degradation of the injected insulin is a possible explanation but,
like Dr. Surton and Dr. Taghizadeh, we feel that pancreatic :
glucagon insufficiency may have been important. It is temp-
ting to postulate that these patients, already deficient in insulin
reserve,! are similarly lacking in stores of pancreatic glucagon
with which to help maintain glucose homceostasis. Recently
established techniques of plasma-giucagon immunoassay,s ?
may well provide the answer.

An important clinical application of these findings is to’
emphasise the need for caution in administering insulin to sub-
jects with * pancreatic diabetes ” if serious hypoglycamia is to
be avoided. This complication has previously been found to be

an important cause of death in such patients.*

. B. 1. JoFFE
' Endocrine Research and Gastrointestinal Units, S.B A{TK
Department of Medicine, T W as
1. IN. IVIARKS.

University of C‘apg_’_fown, South Ag‘rica.
1. Joffe, B. 1., Bank, S., Jackson, W. P, U., Keller, P., O'Reilly, I. G,,
Vinik, A. 1. Lancet, Oct. 26, 1968, p. 890.
2. Hazzard, W. R., Crockford, P. M., Buchanan, K. D., Vance, J. E,

Chen, R., Williams, R. H. Diabetes, 1968, 17, 179.
A., Parada; E.; Unger, R. H,, 1ibid. p. 321.

EBisentraue, A, Ohneda, /

3
4. Bank, S. S. Afr. med. J. 1966, 40, 342.

Author's note

The above comrunication was cited in two

editorial reviews:,
1) Glucagon. Lancet, lov. 9th, 1968: page 1021l.

2) Diaﬁetes ond Pancreatitis. Lancet, Nov. 16th,

,1968: page'lO70.

The Lancet Office,
7 Adam Street, Adelphi, London W.C.2



In an attempt to determine the cause of prolonged hypo-

glycaemia after insulin administration in fpancreatic'

SN 1a .

diabetes, we measured concomitant growth hormone
responses - since growth hormone igs an important insulin

~ted 1

tantagonist'. Results are repo

publication.
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Grow th Hormone Response to Insulin-Induced Hypoglycemia in
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ABSTRACT. Human growth hormone (HGH)

responses to insulin-induced hypoglycemia were
measured in 8 patients with diabetes secondary

=8 1 T pauviCiive tn diabetes secd

to chronic calcific pancreatitis (pancreatic di-

Tre_ 1‘ k5 ) h'd b 8 — 0 %
VINIK,! B. I. JOFFE,* S.

P T = s 1]

mr T
M. JOUBERT,'

iabetes Secondary to Chronic Calcific Pancreatitis
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with pancreatic diabetes responded with signif-
icantly impaired peak HGH levels. The inter-
pretation of these findings is uncertain, although
the observation that children with cystic fibrosis

~d

?beFeSL A group of carefully matched control
subjects was similarly investigated. Despite in-
duced hypoglycemia of a magnitude not signif-
icantly different from the controls at 30 min, and
significantly greater at 45 and 60 min, patients

of the pan ponses
suggests that a pancreatic stimulus to HGH se-

cretion may be lacking. (J Clin Endocr 31: 86,
1970)

[ ——

BNORMAL sensitivity to exogenously ad-

minictered insulin has been demonstrated

‘fl‘ Patients who develop diabetes secondary to
E“Onlc pancreatitis (pancreatic diabetes) (1).
ancreatic glucagon insufficiency may be partly
&)esponsible, and preliminary data of Aguilar

arada and associates (2) tend to support this
‘)z’?oth.esis. However, as insulin sensitivity can
ﬁfUr in human growth hormone (HGH) de-
r“ency, it was of interest to measure the HGH
fesponses during insulin-induced hypoglycemia

np H iabetes
INorants M
Pancreatic diabetes.

Materials and Methods

Six lean patients (5 males and 1 female) with
¥ell-proven chronic pancreatic disease—all show-
"¢ radiologically demonstrable pancreatic calcifi-
“tion—were studied. Chronic alcoholism was con-
sidered to have been an etiological factor in all
tases, Despite this, biochemical evidence of hepatic
ysfunction was uniformly absent. No patient was
Ypoalbuminemic or uremic and there was no
“20wn family history of diabetes. The mean age of

d:luucl/cb. a0t IDaURIZ =
the patients was 57 yr (range 50-64 yr). All had
“abetic glucose tolerance curves (8)—although,
txcept in one instance, the fasting blood sugar was
ormal, None had previously received insulin ther-
Dy (2, taking oral sulfonylurea drugs, were instruc-
'ed to discontinue them before testing). No patient
slhowed ketosis or admitted to recent heavy con-
Sumption of alcohol. None were taking drugs known
t suppress the HGH response to insulin hyposgly-

temia (4, 5).

Received December 15, 1969. )

' Sub-dept. of Chemical Pathology, University
' Natal Medical Faculty.

.* Endocrine Research Unit, Universit
Town Medical School, South Africa.
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The “control’”’ subjects comprised 6 age and sex
matched healthy, non-obese, laboratory attendants
with normal giucose tolerance and no family history
of diabetes.

Subjects in each group were tested at rest, after
an overnight fast. An indwelling polythene can-
nula was placed in an antecubital vein for blood
sampling and a fasting specimen obtained. Crystal-
line insulin was then given intravenously into the
opposite forearm (in a dose of 0.1 U/kg body
weight). Further samples were taken at 30, 45, 60
and 90 min after the injection.

Plasma glucose was determined, immediately, on
the AutoAnalyzer by the modified ferricyanide
procedure (6). HGH was measured (on deep frozen
plasma samples, at a later date) by a modified
radioimmunoassay method of Morgan and Laz-

arow? (7).
Results

Table 1 shows the plasma glucose and HGH
Jevels of the pancreatitis and control subjects

during the test. Despite induced hypoglycemia

of a magnitude not significantly different from

the controls at 30 min, and significantly greater

at 45 and 60 min, the patients with pancreatic
diabetes responded with significantly impaired
mean HGH levels at 45 and 69 min (the times
of maximum concentration in both groups).
This is more strikingly brought out when in-

duced by hypoglycemia

creases in HGH pro
(AHGH)—calculated by subtracting the basal

from the peak value in each patient—are com-
pared. The difference between the mean value

antibody, supplied by
n of the NIH, Bethesda,
tion of standards and

s HGH H51147BC, and
the Endocrine Study Sectio
Md, was used for prepara
labeled hormones.
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ttowth Hormone Response to Insulin-Induced Hypoglycemia in
Diabetes Secondary to Chronic Calcific Pancreatitis

I. ViNnIg, B. I. Jorrg:? S. M. JouBgrT,! aND W. P. U. JACKSON’

ABSTRACT. Human growth hormone (HGH)
responses to insulin-induced hypoglycemia were
measured in 6 patients with diabetes secondary
to chronic calcific pancreatitis (pancreatic di-
abetes). A group of carefully matched control

e similarlv investigate Despite—in

U S was a st1ga a.
FiUCed h){pOglycemia of a magnitude not signif-
‘?an.tly different from the controls at 30 min, and
significantly greater at 45 and 60 min, patients

with pancreatic diabetes responded with signif-
icantly impaired peak HGH levels. The inter-
pretation of these findings is uncertain, although
the observation that children with cystic fibrosis
of the pancreas show similarly blunted responses
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cretion may be lacking. (J Clin Endocr 31: 86,
1870

ABNQRMAL sensitivity to exogenously ad-
‘X ministered insulin has been demonstrated
" patients who develop diabetes secondary to
‘hronjc pancreatitis (pancreatic diabetes) (1).
Pancreatic glucagon insufficiency may be partly
tesponsible, and preliminary data of Aguilar
Parada and associates (2) tend to support this
hypothesis. However, as insulin sensitivity can
sccur in human growth hormone (HGH) de-
ficiency, it was of interest to measure the HGH
responses during insulin-induced hypoglycemia
— I pancreatic diabetes.
Materials and Methods
Six lean patients (5 males and 1 female) with
well-proven chronic pancreatic disease—all show-
'ng radiologically demonstrable pancreatic calcifi-
‘ation—were studied. Chronic alcoholism was con-
sidered to have been an etiological factor in all
tases. Despite this, biochemical evidence of hepatic
dysfunction was uniformly absent. No patient was
hypoalbuminemic or uremic and there was no
known family history of diabetes. The mean age of
the patients was 57 yr (range 5064 yr). All had
diabetic glucose tolerance curves (3)—although,
!exCept in one instance, the fasting blood sugar was
normal. None had previously received insulin ther-
apy (2, taking oral sulfonylurea drugs, were instruc-
ted to discontinue them before testing). No patient
showed ketosis or admitted to recent heavy con-
‘sumption of alcohol. None were taking drugs known
to suppress the HGH response to insulin hypogly-
temia (4, 5).
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The “control” subjects comprised 6 age and sex
matched healthy, non-obese, laboratory attendants
with normal glucose tolerance and no family history

of diabetes.

Subjects in each group were tested at rest, after
an overnight fast. An indwelling polythene can-
nula was placed in an antecubital vein for blood
sampling and a fasting specimen obtained. Crystal-
line insulin was then given intravenously into the
opposite forearm (in a dose of 0.1 U/kg body
weight). Further samples were taken at 30, 45, 60
and 90 min after the injection.

Plasma glucose was determined, immediately, on
the AutoAnalyzer by the modified ferricyanide
procedure (6). HGH was measured (on deep frozen
plasma samples, at a later date) by a modified
radioimmunoassay method of Morgan and Laz-

arow? (7).
Results

shows the plasma glucose and HGH

Jevels of the pancreatitis and control subjects
during the test. Despite induced hypoglycemia
of a magnitude not significantly different from
the controls at 30 min, and significantly greater
at 45 and 60 min, the patients with pancreatic
diabetes responded with significantly impaired
mean HGH levels at 45 and 69 min (the times
of maximum concentration in both groups).
This is more strikingly brought out when in-
creases in HGH produced by hypoglycemia
(AHGH)—calculated by subtracting the basal
from the peak value in each patient—are com-
pared. The difference between the mean value

s HGH H51147BC, and antibody, supplied by
the Endocrine Study Section of the NIH, Bethesda,
Md, was used for preparation of standards and

labeled hormones.
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y ic diabetics
ions i jects and pancreatic dia
. Pl lucose and growth hormone concentrations in control subjec
Tapue . Plasma glu g during insulin tolerance test

r———
]
Plasma glucose mg /100 ml Plasma HGH ng/ml Aﬂgﬁﬁl
Hime (min) 30 45 60 90 0 30 45 60 90
Control subjects o _ 20.0
io 9 48 48 58 — 0.0 0.0 27.0 36.0 280
MS 93 A1 59 54 60 00 00 280 26.0 2.0 193
EA 84 31 43 52 64 6.7 56.0 15.5 11.5 o .O 395
TS 102 36 62 65 78 0.0 0.0 39.5 30.1 12- 1 37.0
KS a3 41 60 82 L) 0.0 0.0 %Z 8 43} 8 28:0 39.2
o N3 B % & 5% 8y %Y %13 2 a2
SEM 3 8 3 2 4 15 — 36 4.8 4.
Pancreatic diabetics "
AA 99 37 44 51 51 29 — 16.0 17.5 ig .2 1
PB 102 40 45 53 83 0.8 2.9 7.7 14.5 12.1 16.8
DK 79 36 30 28 20 1.2 0.4 11.4 i8.0 Agg 2.0
GN 174 74 55 40 40 0.0 0.0 1.2 2.0 0. 15.2
DM 9 & 45 5 - 23 119 17.0 175 oo g
MS 81 40 36 40 44 3.2 9.9 16 .0 11.4 10 -5 12.5
Mean 106 47 43 44 48 17 5.0 116 13.5 108 5
SEM 14 6 4 4 10 05 2.5 2.5 25 29 00
p (is.normals) NS NS <.05 <.02 NS NS NS <.02 <02 e

.————r—"_'J//
ak value
* Increasein HGH produced by hypoglycemiaand caleulated by subtracting the basal from the pe

Discussion

Plasma HGH values in the control subjects
during the intravenous insulin tolerance test

3any naa rannviad b a1 3 e
are similar to those reported by other workers

(8, 9). Patients with diabetes secondary to
severe chronic pancreatitis were by no means
totally deficient in HGH reserve; nevertheless,
in comparison with the control responses, a
significant impairment emerged. In considering
possible reasons for our observation, the effect
of the diabetes per se is uncertain since there
are reports of blunted (10), normal (11) and
variable (12) growth hormone responses after
induced hypoglycemia in “primary” diabetes.
Chronic alcoholism was a common etiological
factor in the patients studied, but there is little
evidence to suggest that prolonged alcoholic
consumption has a directly adverse effect on
anterior pituitary function in man.,

Of particular interest, however, is the obser-
vation that children with cystic fibrosis of the
pancreas show a similarly impaired HGH re-
sponse to hypoglycemia (13). This has not been
substantiated by Handwerger and co-workers
(14)—but they did not compare results with
those of unaffected subjects. It is tempting to
postulate that children with cystic fibrosis and
patients with chronic pancreatitis respond

peorly because they lack a pancreatic stimutus
to HGH secretion. Glucagon has been assaci-

. n i
ated with increases in HGH sgcrztl?z‘(‘lh; 16)
jected into healthy infants and ac®® =
but a recent study (17) casts d-oubi':sctmneo'
physiological role of glucagon in thi in bot?
tion. The subnormal HGH_ ,-egponseﬂa maln
digeases might also be explicable on & ©
tritional basis—although the fa-pu;;]&ie ma
growth hormone levels in protein-
nutrition (18) makes this unlikely. hoymop®
Whether the impoverished.sl'othh stuitard
secretion shown above is an isolated PI%Ty,
disorder, or reflects a more Wiaes en hyP”
turbance of anterjor pituitary (or eV evallr
thalamic) function, is currently being
ated. g 88
Practical implications of our ﬁn?:ngts d
uncertain, but insulin sensitivity, "‘&i'abetic
ketosis and even relative freedom from ©° )
retinopathy that pancreatic diabetic®

enjoy (19) could be related.
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. . . ic diabetics
TaBLE 1. Plasma glucose and growth hormone concentrations in control subjects and pancreatic
during insulin tolerance test

Plasma glucose mg /100 ml Plasma HGH ng/ml A H/Gnl;l[*
Time (min) o 20 ng
30 45 60 90 0 30 45 6!

Control subjects o 20.0

IC 24 48 48 58 —_ 0.0 0.0 27.0 30.0 - ""'0

MS 93 41 5 54 6 00 00 580 260 25.9 B

EA 84 31 43 52 64 6.7 56.0 15 .5 11.5 24-0 39.5

TS 102 36 62 65 78 0.0 0.0 39.5 30.1 12-1 37.0

KS 93 41 60 62 68 0.0 Q.0 17.0 37.0 5 0 292

LS 100 25 50 49 5% 7.8 1.9 21.0 &ZQ ?a-n 37.2

an 94 37 54 57 64 24 87 247 303 1.0 Iy
oxM 3 3 3 2 4 1.5  — 3.6 4.8 4.3

Pancreatic diabetics 146

AA 99 37 44 51 51 29 — 6.0 175 12 .c{ T

PB 102 40 45 53 83 08 2.9 7.7 145 12,1 By

DK 79 3 80 28 20 12 04 114 180 183 1y

GN 174 74 55 40 40 0.0 0.0 1.2 2.0 . 15.2

DM 98 53 45 51 — 233 119 17.0 17.5 55 128

MS 81 40 36 40 44 32 99 160 114 125

Mean 106 47 43 44 48 17 5.0 116 135 108 Ly

SEM B 44 10 05 25 25 25 25 Ty
p (vs. normals) NS NS <05 <.02 NS NS NS < .02 <.02 NS

yalue.
* Increasein HGH produced by hypoglycemiaand calculated bysubtracting the basal from the peak

in normals (37.2) and in pancreatic diabetics
(12.5) is highly significant (p <.001).

Discussion

Plasma HGH values in the control subjects

during the intravenous insulin tolerance test

are similar to those reported by other workers

(8, 9). Patients with diabetes secondary to
severe chronic pancreatitis were by no means
totally deficient in HGH reserve; nevertheless,
in comparison with the control responses, a
significant impairment emerged. In considering
possible reasons for our observation, the effect
of the diabetes per se is uncertain since there
are reports of blunted (10), normal (11) and
variable (12) growth hormone responses after
induced hypoglycemia in “primary” diabetes.
Chronic alcoholism was a common etiological
factor in the patients studied, but there is little
evidence to suggest that prolonged alcoholic
consumption has a direct]

i y adverse effect on
anterior pituitary function in man.

Of particular interest, however, is the obser-
vation that children with cystic fibrosis of the
pancreas show a similarly impaired HGH re-
sponse to hypoglycemia (13). This has not been
substantiated by Handwerger and co-workers
(14)—but they did not compare results with
those of unaffected subjects. It is tempting to
postulate that children with cystic fibrosis and
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poorly because they lack a pancreatic stimulus
to HGH secretion. Glucagon has been associ-

. i

ated with increases in HGH secretion v{v}}:“w),
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Characterisation of the diabetic syndrome complicating
chronic pancreatitis would be incomplete witl
reasurement of serum lipids in this gsituvation. A pre-
liminary report of fasting serun choles
lipid and triglyceride levels is presented in

paper.
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Chronic Pancreatitis

By B. 1. JoFFE, L. KRuUT, S. BANK, 1. N. MARKS AND P. KELLER

The mean fasting level of serum choles-
terol and phospholipids in 20 patients
with diabetes secondary to chronic pan-
creatitis (pancreatic diabetes) was sig-
nificantly lower than levels found in

intake, or malabsorption, of dietary fat
appear unlikely to have been primarily
responsible for the relative hypolipidemia
in pancreatic diabetes. The possible sig-
nificance of these observations to the

matched groups of essential diabetics and
normal controls. Mean fasting triglyceride
values showed no significant differences
between the three groups, alhough Iow-

est in the pancreatitis patients. A low

pathogenesis of diabetic microangiopathy
is briefly discussed and the value of the
serum cholesterol level as a diagnostic
aid indicated. (Metabolism 19: No.

FH LA A

1, January, 87-90, 1969)

HRONIC PANCREATITIS may be complicated by the development of
4 diabetes (pancreatic diabetes).! In this situation steatorrhoea is often

~ LIaUCIss (peAtali

present.2 The blood lipid composition could be affected by either complication,
and a preliminary investigation into this aspect of chronic pancreatic disease

was therefore undertaken.

MATERIALS AND METHODS

Twenty patients (17 males and 3 fe

creatitis (19 showing radiologically demonstrable pancreatic calcific

males) with unequivocal evidence of chronic pan-

ation) were studied.
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EDITORIAL COMMENT: With increased

nosis” of diabetes mellitus, there has been incre
is said to be relatively rare and presumably a

means of achieving this state. It then becomes an
f the blood lipids which are frequently mentioned
od glucose levels in following the course of

(St

diabetes. True “pancreatic diabetes”
complete pancreatitis is one of the
interesting means of studying some O

in the literature as being as important as blo

diabetes. This neat project not only suggests the possibility
lipid levels and development of subsequent microangiopathy,
cholesterol might help differentiate between “essential” and

this would involve a relatively small number of cases
Too P. Krall, M.D.
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fraomentation of the formerly simple “diag-

riagiviiia

ased interest in primary or secondary

of association between blood
but further suggests that serum
pancreatic diabetes. Admittedly
but any bit of evidence shedding

light on the enigma of diabetes is welcome.—2e0 & 27a%,
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Table 1.—Comllaris¢3n of Fasting Serum Lipid and Glucose Levels in Pancreatic
Diabetics, Essential Diabetics, and Normal Controls

C(hmolis}year)ol Ph?gfgt}oééigids Tr(iz’;rll)g'f:er;des ((!ix}:.cc‘%ss
Pancreatic Diabetics 152+ 8* 167 = 8* 83+ 6 138 + 19
Essential Diabetics 223 + 15 260 + 17 107 =+ 13 173 + 25
Normal Controls 212 + 10 229 + 13 88+ 9 84+ 2

All values represent mean = SEM.
* P < .001 compared with each of the other two groups.

Alcohol was considered to have been related to the aetological factor in all except one case

(where the cause was unknown). Despite this, biochemical evidence of hepatic dysfunction

was uniformly absent. There was no known family history of diabetes in any patient.

The

mean age of the patients was 51 years (ran
tolerance curves and were receiving either
patients), or insulin therapy. None was ketotic,
consumption.

_A group of 13 “essential” diabetics, matched as closely as possibie with the pancreatic
diabetics as regards age (mean 46 years), sex (10 males and 3 females), race, body weight
(all nonobese), socio-economic status, severity of diabetes and therapy was also selected
for study. The majority of these patients had a “positive” family history of diabetes. Again,
no patient showed ketosis. A similar number of apparently healthy control subjects, matched
with the pancreatitis patients as regards the above criteria, where pertinent, were also in-

vestigated.
Each subject was bled after an overnight fast, those on specific anti-diabetic therapy
receiving no treatment during the preceding 24 hours. Venous blood was analysed for
5 and glucose (Auto Analyzer) content. Ten

serum cholesterol,3 phospholipid, triglyceride,
of the pancreatic diabetics had 72-hour stool collections analyzed for fecai fai.®

A dietary history was obtained from each subject, with particular attention to the amount
of dietary fat consumed.

dietary (5 patients), oral sulphonylurea (5
and none admitted to recent heavy alcohol

RESULTS

As indicated in Table 1, patients with pancreatic diabetes have mean fasting
cholesterol and phospholipid values that are significantly lower (p < .001)
than those of both the essential diabetics and the normal controls. The mean
fasting trigiyceride level in the pancreatic diabetics is slightly lower than in the
essential diabetics, but the difference is not statistically significant (p just> .05).

Mean values for each class of lipid in the essential diabetics are slightly higher
than in normal controls but none of these differences are statistically significant.

Mean fasting serum glucose levels in the pancreatic diabetics are not sig-
nificantly different (p > .1) from corresponding values in essential diabetcs,

indicating a comparable degree of diabetic severity in the two groups.
The average daily fecal fat excretion in the pancreatitis patients studied was
12.3 Gm. (range 3 to 45 Gm.). Of interest was the finding that two of three

patients without steatorrhoea (fecal fat excretion less than 5 Gm. per day) had
among the lowest serum cholesterol levels in the group (105 mg. % and 126

mg. %). N

The dietary history of the pancreatic diabetics suggested that, within the
limits of this crude method of analysis, their habitual consumption of fat was
comparable to that of the essential diabetic group both in quality and quantity.
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:.)letary restriction of carbohydrate was similar in both groups of diabetic pa-
ients.

DiscussION

———Although the association of pancreatitis with various forms of hyperfipemia ————————————————————

l3a§ been rece_:ntly reviewed,” this study highlights another aspect of disordered
lipid metabolism occurring in pancreatic disease. Remarkably low mean levels

P25 R UL N S MU L TINE I RN £ : H i
of cholesterol and phospholipid were found in twenty patients with severe chronic

pancreatitis and secondary diabetes. Despite their accompanying disturbance of
carbohydrate metabolism, and endogenous insulinopenia,® fasting triglyceride
levels were not elevated.

It goama 11nli v that nle m rntion este I t
> Til-al T Qi1m al QN 10y oested fa can Comoletelv
it sCemis umikely tnat simpic ma:aosorpuon 1 1y

account for these findings, particularly as fat assimilation has been shown to be
minimally impaired even after massive pancreatectomy for chronic pancreatitis.®
Lgck of dietary fat does not appear to be an important factor and the possible
existence of a more fundamental disturbance of lipid, notably cholesterol,

ASSVaAvY A0IC R aliieil

metabolism warrants further consideration.

Serum lipids may be of importance in the pathogenesis of diabetic micro-
angiopathy'® and of special relevance is the view that this complication is un-
common in pancreatic diabetes.!’32 If the latter can be more fully substantiated,
the findings reported here would strengthen the evidence for an association
between certain blood lipid levels and the development of diabetic micro-
angiopathy.

The susceptibility of pancreatic diabetics to at
review.

A point of practical
cholesterol concentration may aid in differentiating between

pancreatic diabetes, a distinction that is not always clinically apparent.

herosclerosis is at present under

value to emerge from this study is that the serum
“gssential” and
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As a follow-up study to the previous publieation, oral

fat tolerance tests were performed in nine patients with

chronic pancreatiti it i atd about

the nature of their altered 1lipid metabolism thereby

obtained.
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INTRODUCTION

A variety of alterations in lipid metabolism may occur in pancreatitis.! The

. 1 - N . P ) e Y e mee ~omnnotanalley o

development of an intense, transient hypertriglyceridemia has occasionally been
noted in the acute attack.23 Chronic pancreatic disease (in the absence of an
underlying hyperlipidemic state) is associated with a normal fasting serum

triglyceride level and remarkably low cholesterol and phospholipid concentra-
tions, despite coexistent diabetes mellitus.* The extent to which maldigestion of

dietary fat alone can account for the relative hypolipidemia in chronic pan-
creatitis is uncertain. Fat assimilation, even after massive distal pancreatectomy

for pancreatitis, has been shown to be only slightly impaired® and steatorrhea

may be minimal or absent. It seemed of interest, therefore, to perform oral fat

tolerance tests in patients with chronic pancreatitis in an attempt to elucidate
further the nature of their altered lipid metabolism.

...... BRAIALS ALNLU

Nine patients (seven males and two females), with unequocal ch"nical' and
investigative® evidence of chronic pancreatitis and all showing radiologically

demonstrable pancreatic calcification, were studied. Their mean age was 53
years (range 47-67 years) and their mean body weight 01 per cent (range 71 to 117
per cent) of ideal. Alcohol was considered to have been.an euologlf:al factordm
all cases. Despite this, biochemical evidence of hepatic dysfunction was de-

tectable in only one patient (whose subsequent handling of fat did not differ from
the others in this group). Serum albumin levels were normal in all cases. All had
diabetic glucose tolerance curves and were receiving either dietary (t}}ree ptzillberfts),
oral sulphonylurea (one patient) or insulin therapy. None was ketotic at the time

of the test or admitted to recent heavy alcohol consumption. There was no known

family history of diabetes.
1 subjects with a

arently healthy, nonobese male contro

A o years (o A ) and normal glucose tolerance, was

mean age of 55 years (range 52 to 61 years
similarly investigated.
of Medicine, University of the

From the Carbohydrate-Lipid Research Unit, Department
Witwatersrand Medical School.
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th chronic pancreatitis and in five normal controls. Vertical bars at each point indicate
SEM.

HES

Each subject was tested after an overnight fast. Those patients on Spf‘ii‘i
antidiabetic, or pancreatic extract replacement therapy received no treatn®
in the 24-hour period preceding the test. After a fasting venous blood sample
was obtained, each subject ate a standardized meal containing 70 gm. of butter
fat (and 150 gm. of carbohydrate)” Additional venous blood samples weri OOL
lected at two, four, six and seven hours after the start of the meal. The subjett
remained at rest during the experiment and did not smoke.

Blood samples were allowed to clot at room temperature and the seru™
separated by centrifugation. An aliquot of each serum sample was retained fof
triglyceride determination® and the remainder uiiracentrifuged (1.2 x 10° g min.)
to separate the chylomicrons.® Triglycerides were re-estimated in the subnatant
serum.

The difference hotuwrioon

hetween t‘ﬂ" FOUSRE SUL e, N S, (R L S annh gg.[um
2130 N Ticallo S T AWU Ul yuioriuae UeterininaaolIls Vil vavas

sample was taken to represent the chylomicron triglyceride concentration and t
reflect dietary fat absorbed in the postprandial state. The progressive Iise o

triglyceride which occurred in the subnatant fractions of serum during the test

was thought to reflect. at least in nart inonrnaration of come £ tha ohvlomicrons
o > > SN daa yul Ly dnivuss y\uauun Vi JULIC UL WO U‘l] ane

into very low density lipoprotein (VLDL) triglyceride. Calculation?® of the ared

under each of these curves gave an estimate of the total chylomicron and VLDL
triglyceride responses following the meal.

Fasting serum samples were also analyzed for total cholesterol!! and glucos®
(auto analyzer) concentrations. Finally, at a later date, six of the panc"eatms
patients had 72-hour stool collections measured”? for fecal fat excretion.

ResuLTs

Mean (+ SEM) serum chylomicron triglyceride values during the seven-?lour
fat tolerance test in the patients and controls are shown in Figure 1. The patients
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Fig. 1-Serum chylomicron triglyceride values during oral fat tolerance study in nine patier

. : o . . i icate
with chronic pancreatitis and in five normal controls. Vertical bars at each point indic
+ SEM.
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Each subject was tested after an overnight fast. Those
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antidiabetic, or pancreatic extract replacement therapy received no tfeatmerlle
in the 24-hour period preceding the test. After a fasting venous blood samp
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was obtained, each subject ate a standardized meal containing 70 gm. of butte
fat (and 150 gm. of carhnhudratal7 A

e col-
of carbohydrate).” Additional venous blood samples weré s
lected at two, four, six and seven hours after the start of the meal. The subje

remained at rest during the experiment and did not smoke.

Blood samples were allowed to clot at room temperature and th? sil'l:nmr
separated by centrifugation. An aliquot of each serum sample was retalneu.“")
triglyceride determination® and the remainder uiiracentrifuged (1.2 x 10° g mit

; . . . . t
to separate the chylomicrons.® Triglycerides were re-estimated in the subnata?
serum.

The difference between the two triglyceride determinations on each serut
sample was taken to represent the chylomicron triglyceride concentration a‘nd t‘;
reflect dietary fat absorbed in the postprandial state. The progressive Iisé o
triglyceride which occurred in the subnatant fractions of serum during the test
was thought to reflect, at least in part, incorporation of some of the chylomicrons
into very low density lipoprotein (VLDL) triglyceride. Calculation!® of the area

under each of these curves gave an estimate of the total chylomicron and VvLDL
triglyceride responses following the meal.

Fasting serum samples were also analyzed for total cholesterol'* and glucos®

(auto analyzer) concentrations. Finally, at a later date, six of the pancreaﬂﬂs
patients had 72-hour stool collections measured!? for fecal fat excretion.

ResuLTs

Mean (= SEM) serum chylomicron triglyceride values during the seven-ho*
fat tolerance test in the patients and controls are shown in Figure 1. The Paﬁent’
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TABLE 11

COMPARISON OF FASTING SERUM CHOLESTEROL AND GLUCOSE CONCENTRATIONS
IN CHRONIC PANCREATITIS AND NORMAL CONTROLS

Cholesterol Glucose
Group Number {(mg. %) (mg. %) B
Chronic 9 143 = 11 167 = 34
pancreatitis
Normal 5 214 + 17 85 + 10
controls

All values represent mean = SEM.

It would appear, from their lesser degree of chylomicronemia, that total fat

absorption was reduced in the patients. There was also some inverse correlation
between their total chylomicron responses and amount of steatorrhea. It was of
interest, however, that no evidence of diarrhea occurred in the patients during the
test period itself, suggesting that their fat absorption might have continued at 3

slower rate for a more prolonged period. Unfortunately, delayed serum samples
were not available to assess this possibility.

There was some indirect evidence to suggest that plasma chylomicro?

clearance might also have been impaired, although this needs to be interpreted
with caution.

Removal of dietary fat from plasma is presumably related to the activity
of the lipoprotein lipase system; this system has been shown to be insulin—dePe.nd'
ent.!3 Since the patients with pancreatitis were all diabetic, with severely liml_ted
insulin reserve,* impaired chylomicron removal might well be anticipated. It hsse
recently been shown, however, that the major portion of chylomicron triglycen g
cleared from the plasma is initially directed into pools other than VLDL.
Therefore, the method by which chylomicron clearance was assessed in our stud}:
does not provide the most sensitive index of this process. A more apprOP“‘“;
assessment of this aspect of lipid metabolism, such as the disappearance rate ©

intravenously administered chylomicron particles, would need to be undertake?
for definitive conclusions to be drawn.

The striking hypocholesterolemia in chronic pancreatitis was previousl?' re-
ported.* The direct correlation between serum cholesterol and total chylo!mcrf’xl
response in the patients suggests that exocrine pancreatic secretions critically 0
fluence the serum cholesterol concentration as well as the absorption of dietary
triglyceride. Whether these functions are mutually dependent, or whether par
creatic secretions effect serum cholesterol concentrations by mechanisms inde-
pendent of their role in the assimilation of dietary triglyceride, remains to be fle'
termined. Additional support for the role of pancreatic secretions in determini®®
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In view of the relative hypolipidaemia accompanying the
hyperglycaemia in most pancreatic diabetics, an intri-
guing question that arises is whether they are less
susceptible than primary diabetics to ischaemic heart
disease. The final brief communication reveals that

thiq is, indeed, the case.




Letter to the Editor
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ISCHEMIC HEART-DISEASEAND

PANCREATIC DIABETES

SIR,—~As your recent editorial ! emphasises, 50 years
after the discovery of insulin, reasons for the predilection
of patients with diabetes mellitus to isch@mic heart-disease

—(1.1.D.) still remain obscure. One comparatively uncommon,
but important, variety of diabetes which might shed
some light on this problem is that complicating chronic
pancreatitis (pancreatic diabetes). By contrast with genetic

~ diabetics, a relative hypolipidemia accompanies the hyper-
glycemia in the majority of these patients. ?

In order to assess the prevalence of I.H.D. in pancreatic

b cmnemhis atitdios ware pg!fgrmgd in

diabetes, electrocardiographic studies were
39 cases. All had unequivocal clinical and investigative
evidence of chronic pancreatitis and all but 3 showed
radiologically detectable pancreatic calcification; only 2
gave a positive family history of diabetes. Standard, 13-
lead, resting electrocardiograms were combined with serial
post-excrcise tracings to provoke any latent ischamic
changes—a manccuvre surprisingly infrequently employed

in the assessment of coronary heart-disease in diabetes.?

A group of 30 genetic diabetics, matched for age,

sex, race, socio-cconomic background, body weight,

TABLE I—CLINICAL DATA AND FREQUENCY OF ELECTROCARDIO-
GRAPHIC EVIDENCE OF LH.D. IN PANCREATIC AND GENETIC

DIABETICS
Age Sex 3‘;’:} Prevalence of I.H.D.
- Group No. | (vrye | (M/F) |diabetes
. (yr.)* No. %
Pancreatic
diabetics 39 50 33/6 58 7 18
Genetic ¢ :
diabetics 30 46 28/2 64 11 37

¢ Mecan values.

duration of diabetes, and therapy, was similarly studied;;
none of them had previously diagnosed 1.H.D. Tracings
were analysed “ blind ** for ischzmic changes, according
to diagnostic criteria outlined by Schamroth,®* by two
obscrvers (B. I. J. and H. C. S.). Due consideration was
given to the possibility that isolated T-wave changes may
have been caused by alcohol *~—the commonest xtiological

factor in the pancreatic diabetics.

Electrocardiographic evidence o
as frequently in the genctic diabetics as in the
diabetics (table 1). It is noteworthy, however, that those

pancreatic diabetics showing electrocardiographic evidence
----- o carum chalecteraol

of L.H.D. had significantiy higher fasting serum cholesterol

f 1.4.p. was found twice
pancreatic
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TABLE I11—CHARACTERISTICS OF PANCREATIC DIABETICS SHOWIN.G

BLECTROCARDIOGRAPHIC EVIDENCE OF I.H.D.

- Q
R T
— v g 8+
Durstion Therapy S8 =N
of n 4 23 2R
No. diabetes | (7o O1 T =
(yr.)* insulin) £ w0 E »
E§ 2 E
(% O~
2 (71
Patients
with 1.H.D. 7 87426 86 208423 133 +28
Patients ! :
without1.H.D.] 32 50407 53 155+ 11 86+ 7
Significance N.S. N.S. P <005 P <005

* Mean -+ S.E.M.

and triglyceride levels than did pancreatic diabetics without
these changes (table 11). Dietary background, age, and
duration of diabetes were not significantly different in the
two subgroups, although an apparently greater proportion
of the 1.H.D. patients was receiving insulin therapy.
Although numbers are small, our findings seem to

scrum-lipids may be a more

......... 3 NP
OLA UldATaapa

suggest that the level of
critical factor in the pathogencsis of diabetic coronary
heart-discase than the hyperglycemia itsclf. The dis-
couraging results of attempting to reduce mortality in

borderline and mild diabetics by lowering the blood sugar
-alone may thus not be surprising.
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ADDENDUM

Since the publication of papers included in this thesis,
a number of articles have appeared in the literature
which confirm or complement the investigative data pre-

sented. Thus it has been confirmed that patients with

after intensive beta-cell stimulation (Kajubi, 1971)

and that pancreatic diabetics have virtually no insulin
response following intravenous tolbutamide (Varsano-
Aharon, Echemendia, Yalow and Berson, 1970). The sen-
sitivity of patients with pancreatic disease to (endoge-~
nous) insulin has also been commented on by Deckert,
Kolendorf, Persson and Worning (1972). An additional
factor that could be responsible for this is deficient
pancreatic glucagon secretion, according to the data of
Persson, Gyntelberg, Heding and Boss-Nielsen (1971).
Aspects of lipid metabolism in pancreatitis were discuss-

71) in a recent review. With regard to

(Sevel, Bristow, Bank, larl ) ,
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