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Summary. Exocrine pancreatic marker  ( immunoreact ive-  
trypsin) and endocrine Beta-cell function (plasma insulin 
and C-peptide during an oral glucose tolerance test) were 
studied in 40subjects with tropical-calcific-pancreatitis 
[seven non-diabetic, seven with impaired-glucose-tolerance 
and 26 diabetic (fibro-calculous-pancreatic-diabetes)].  In 
non-diabetic and impaired-glucose-tolerance subjects there 
was evidence of active pancreatitis in some and exocrine 
function was partially preserved. Fibro-calculous-pancre- 
atic-diabetic subjects showed severely diminished exocrine 
pancreatic function; none showed 'pancreatit ic '  elevation of 
immunoreactive-trypsin.  Beta-cell function was preserved in 
non-diabetic and impaired-glucose-tolerance subjects; 

diabetic subjects showed variable Beta-cell function but it 
was severely diminished in more  than 75%. Immunoreac-  
tive-trypsin and C-peptide were directly correlated (r~ = 0.55, 
p < 0.01). This cross sectional study demonstrates,  for the 
first time, that the Beta-cell loss in tropical-calcific-pancre- 
atitis is related to the exocrine loss. It suggests that diabetes 
in tropical-calcific-pancreatitis is either secondary to pancre- 
atitis or that a common factor(s) acts simultaneously on both 
components.  

Key words: Tropical-calcific-pancreatitis, fibro-calculous- 
pancreatic-diabetes,  immunoreactive-trypsin,  C-peptide, 
immunoreact ive insulin, oral glucose tolerance test. 

Tropical  calcific pancreat i t i s  (TCP)  is a fo rm of chronic  
pancreat i t i s  seen in t ropical  deve loping  countr ies  [1]. It  
affects young  individuals, m a n y  of  w h o m  develop  
diabetes  mell i tus in the  second and third decades  of  life 
[2]. The  exact  ae t io logy of T C P  is u n k n o w n  but  'ma lnu-  
tr i t ion' ,  and die tary  toxins are thought  to cont r ibu te  to its 
d e v e l o p m e n t  [1, 3]. Since a World  H e a l t h  Organisa t ion  
Study G r o u p  [4] n a m e d  the d iabetes  secondary  to T C P  as 
f ibro-ca lculous-pancrea t ic -d iabe tes  ( F C P D )  and recog-  
nised it as a subclass of  so called malnut r i t ion- re la ted-  
diabetes ,  T C P  has a t t rac ted  much  at tent ion.  Repo r t s  of  
the clinical fea tures  [1, 2], descr ipt ions of  Beta-cel l  func- 
t ion in F C P D  of different  sever i ty  [5], and compar i sons  
with insu l in-dependent  and non- insu l in -dependen t  
diabet ic  pat ients  have  b e e n  publ i shed  [6-10]. The re  are, 
however ,  no repor ts  of  the in ter re la t ionship  of pancrea t i c  
exocr ine-endocr ine  funct ion in T C R  which includes non-  
diabet ic  and impai red-g lucose- to le rance  subjects besides  
f ibro-ca lculous-pancrea t ic  diabetes.  We repor t  he re  the 
clinical and b iochemica l  features,  pancrea t i c  Beta-cel l  
marke r s  (insulin and C-pept ide)  and a pancrea t i c  exo- 

crine m a r k e r  ( immunoreac t ive - t ryps in )  in our  subjects 
with T C E  

Subjects and methods 

Subjects included in the study were from the King Edward Memorial 
Hospital and Sassoon General Hospital, Pune, India. These are the 
two largest referral centres in Pune, and serve a large urban and rural 
population in Pune district. The 40 TCP subjects studied represent 
over 80% of TCP cases diagnosed in these two hospitals during a 
3 year period. Diagnosis of TCP was suspected because of a history 
of abdominal pain suggestive of pancreatitis. Plain x-ray of the ab- 
domen showed pancreatic calculi in all subjects, confirmed by ultra- 
sound. None of the patients presented a history of alcoholism. Ultra- 
sound showed that no patients had obstructive hepatobiliary 
disease. Many (n -20) had presented with symptoms of severe 
diabetes without ketosis or ketonuria. All subjects underwent a 75 g 
(1.75 g/kg in children below 15 years) oral glucose tolerance test 
(OGTT) on presentation. Serial blood samples were obtained via an 
indwelling cannula in an antecubital vein. Two baseline samples 
were averaged to give the fasting pre-oral glucose value. Plasma glu- 
cose (glucose oxidase), cholesterol, triglycerides and albumin were 
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Fig. 1 a-c. Plasma glucose (a), insulin (b) and C-peptide (c) concen- 
trations during oral glucose tolerance test. Mean +_ SEM shown. F re- 
fers to fasting. (-" : ) Non-diabetic tropical calcific pancreatitis 
(ND-TCP); (D---~) TCP with impaired glucose tolerance (IGT- 
TCP); (r r Fibro-calculous-pancreatic-diabetes (FCPD); (o---<3) 
Control subjects (ND-C) 

estimated on an Abbott VP-Super autoanalyser (Irving, Texas, 
USA) by using standard kits. HbAI was measured by a 'chemical' 
method using fructose standards [11]. Plasma insulin was assayed (in 
subjects not treated with insulin) by a double antibody radioimmu- 
noassay [12] using SAC-CEL separation (Solid Phase Second Anti- 
body Coated Cellulose Suspension, Immunodiagnostic Systems 
Ltd., Tyne and Wear, U. K.), intra-batch coefficient of variation (c. v.) 
< 5%, inter-batch < 8%. Plasma C-peptide was measured using a kit 
(Novo, Bagsvaerd, Denmark) [13], intra-batch c.v. <5%, inter- 
batch < 8%. Immunoreactive-trypsin was assayed on fasting plasma 
samples by a specific radioimmunoassay (Hoechst, Frankfurt, FRG) 
[14], intra- and inter-batch c.v. < 6%. For technical reasons immu- 
noreactive-trypsin concentrations were not available in all subjects. 

TCP subjects were classified into non-diabetic (ND, n = 7), im- 
paired-glucose-tolerance (IGT, n = 7) and diabetic (FCPD, n = 26) 
according to the 1985 WHO criteria. Clinical and biochemical fea- 
tures of the subjects are shown in Table 1. Of 26 diabetic subjects 16 
were newly diagnosed (less than 2 weeks) while 10 had been diag- 
nosed previously (one month to 10 years, median 1.5 years). Of the 

latter, seven were treated with insulin, albeit irregularly, two with 
oral hypoglycaemic agents and one with diet only. Data from OGTTs 
on 26 normal weight, non-diabetic control subjects (<  35 years) 
without any pancreatic symptoms or a first degree family history of 
diabetes has been shown for comparison. These subjects (out-pa- 
tients for minor illnesses and hospital staff) had volunteered in re- 
sponse to our appeal for control subjects. Data from 48 such subjects 
has been shown for immunoreactive-trypsin. 

Statistical analysis 

Data are presented as median and range unless specified. Non- 
parametric statistics (Mann Whitney U, Wilcoxon and Spearman's 
coefficients) are used for comparisons and correlations. Multiple 
regression analysis was done on data 'normalised' by logarithmic 
transformation whenever necessary. 

R e s u l t s  

Clinical and biochemical features (Table 1) 

N o n - d i a b e t i c  T C P  subjec ts  we re  y o u n g e r  t h a n  b o t h  im-  
p a i r e d - g l u c o s e - t o l e r a n c e  a n d  d i abe t i c  subjec ts  ( p <  
0.001). I n  k e e p i n g  wi th  this  d i f f e rence  in  age,  n o n - d i a b e t i c  

Table 1. Basic information on subjects with tropical calcific pancreatitis 

ND-TCP IGT-TCP FCPC ND-C 
(n = 7) (n = 7) (n = 26) (n = 26) 

Age (years) 11.8 _+ 2.4 24.3 + 4.0 24.1 + 1.8 27.6 + 0.9 

Sex (male, female) 1,6 4, 3 13, 13 14, 12 

BMI (kg/m a) 14.2 + 0.9 16.2 + 1.4 16.2 + 0.7 21.8 _+ 0.8 

Albumin (g/l) 35.5 + 1.3 34.1 + 1.1 34.6 _+ 1.1 37.8 + 0.6 

Triglycerides (mmol/1) 1.1 + 0.34 1.6 _+ 0.6 1.8 + 0.4 0.9 _+ 0.1 

Cholesterol (mmol/1) 3.4 + 0.3 3.6 + 0.4 3.3 + 0.2 3.6 + 0.2 

HbA1 (gmol/1, fructose std) 45 +_ 2.2 43 + 1.6 97 + 8.8 45 + 1.0 

Mean + SEM 
TCP = Tropical calcific pancreatitis; ND = Non-diabetic; IGT = Impaired glucose tolerance; FCPD = Fibro-calculous-pancreatic-diabetes; 
ND-C = Non-diabetic control subjects 
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Fig.2 a-c. Distribution of fasting plasma C-peptide (a), peak plasma 
C-peptide (b) and plasma immunoreactive-trypsin (c) in different 
groups. Abbreviations as in Figure 1. C-peptide on log scale. Me- 
dians shown by bars. 

TCP subjects were shorter and lighter but there was no 
significant difference in BMI between the three groups. 
There was no difference in the age of impaired-glucose- 
tolerance and diabetic subjects. Duration of symptoms 
was difficult to establish but was much shorter in non- 
diabetic TCP patients, the majority of whom were studied 
within a short time of the first severe episode of abdominal 
pain. Many of those with impaired-glucose-tolerance and 
diabetes gave a history of abdominal pain in childhood but 
could not provide detailed information. Plasma albumin, 
triglycerides and cholesterol were similar in the three 
groups. 

Compared to the control subjects, all three groups of 
TCP patients had lower BMI (p < 0.01). Plasma albumin 
was lower in impaired-glucose-tolerance and diabetic sub- 
jects (p < 0.01) but not in non-diabetic TCP patients 
(p = 0.07), triglycerides were higher in diabetic subjects 
(p < o.ool). 

OG TT and Beta-cell function 

Fasting plasma glucose was elevated in those with 
diabetes compared to other groups (p < 0.001), and was 
higher in impaired-glucose-tolerance subjects compared 
to non-diabetic TCP subjects (p < 0.05). Plasma glucose 
concentrations after the glucose load are shown in Fig- 
ure 1 a, and were as expected, significantly higher in both 
impaired-glucose-tolerance and fibro-calculous-pancre- 
atic-diabetic subjects compared to non-diabetic TCP sub- 
jects. In the diabetic group, 14 showed fasting plasma glu- 

cose levels above 11 mmol/1 and 12 showed 2 h glucose 
values above 22retool/1 indicating the severity of 
diabetes. 

Fasting plasma insulin and C-peptide concentrations 
(Fig.2a) were lower in both diabetic and non-diabetic 
TCP than those in control subjects (p < 0.01), and in 
diabetic subjects than those in impaired-glucose-toler- 
ance subjects (p < 0.05). There was a wide scatter of fast- 
ing C-peptide concentrations in diabetic subjects (0.02 to 
0.75 nmol/1) but 13 (50%) were less than 0.06 nmol/1. After 
oral glucose, plasma insulin and C-peptide concentrations 
rose significantly in all groups (Fig. l b, c). The rise in 
diabetic subjects was, however, small and sluggish. Im- 
paired-glucose-tolerance and non-diabetic TCP subjects 
showed a brisk and sustained rise which was not different 
from the control subjects. There was no difference be- 
tween impaired-glucose-tolerance and non-diabetic TCP 
subjects at any time, but both showed higher concentra- 
tions than diabetic subjects at all times. Peak C-peptide 
levels after glucose (Fig. 2 b) also showed a wide variation 
in diabetic subjects (0.06 to 2.4 nmol/1) but 20 showed 
concentration less than 0.25 nmol/1. 

Fasting C-peptide concentrations were not related to 
age, sex, BMI, glucose or any of the other measured vari- 
ables. Peak C-peptide concentrations were, however, in- 
versely related to fasting (rs =-0.54, p < 0.001) as well as 
2 h plasma glucose concentrations (rs =-0.51, p < 0.003) 
and HbA1 (r~ = -0.60,p < 0.001). 

Exocrine pancreatic marker (immunoreactive-trypsin) 

Three non-diabetic TCP subjects showed normal immu- 
noreactive-trypsin concentration (Fig.2c), one was sub- 
normal and one showed a very elevated level consistent 
with diagnosis of pancreatitis. Two subjects with 
impaired-glucose-tolerance showed normal concentra- 
tions, three showed subnormal and two showed very ele- 
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vated levels. Only i of 26 diabetic subjects showed a 'nor- 
mal' immunoreactive-trypsin concentration, 25 showed 
subnormal immunoreative-trypsin concentrations, while 
none showed an elevated level. Sixty six percent of 
diabetic subjects showed almost undetectable immunore- 
active-trypsin ( < 50 gg/ml). 

Exocrine-endocrine correlation 

There was a direct relationship between plasma immu- 
noreactive-trypsin and peak C-peptide concentrations 
(rs= 0.54, p < 0.002) when all TCP subjects were con- 
sidered together, as well as for those with diabetes 
(rs = 0.50, p < 0.01) which persisted on multivariate anal- 
ysis, allowing for age, BMI, fasting plasma glucose and 
HbAv 

Discussion 

Large scale prospective epidemiologic studies of TCP are 
yet to be performed because of social difficulties and poor 
medical infrastructure in tropical countries. Most of the 
data available (including the present study) are from hos- 
pital based cross-sectional studies with inherent limita- 
tions, but nevertheless provide important clues. 

Hyperglycaemia in chronic pancreatitis is thought to 
result from reduction in the Beta-cell mass below a critical 
level [15]. In TCR islets are destroyed by progressive fi- 
brosis [16] and might also be affected by mediators of in- 
flammation liberated in the adjacent inflamed acini. In ad- 
dition, morphologically normal islets may not function 
effectively because of the disruption of their vascular sup- 
ply by the fibrotic process. It is not unreasonable, there- 
fore, to expect that endocrine function in TCP will be dim- 
inished in parallel to declining exocrine function. This has 
been shown before in alcoholic pancreatitis [15]. To the 
best of our knowledge there are no similar studies re- 
ported in TCR 

Our results demonstrate a spectrum of exocrine 
pancreatic damage in TCP from non-diabetic through 
impaired-glucose-tolerance to diabetic state, in this 
cross-sectional study. Thus, elevated concentrations of the 
exocrine pancreatic marker (immunoreactive-trypsin) 
suggestive of active pancreatitis were seen in some non- 
diabetic TCP subjects and in some with impaired-glucose- 
tolerance, but in none of the diabetic patients. Normal 
concentrations of immunoreactive-trypsin in some non- 
diabetic and impaired-glucose-tolerance TCP patients 
suggest a relatively preserved pancreatic mass. Subnor- 
mal concentrations of immunoreactive-trypsin in only one 
non-diabetic, -40% of impaired-glucose-tolerance and 
over 95% of diabetic subjects suggest progressively dimin- 
ishing pancreatic exocrine reserve. Many of the fibro-cal- 
culous-pancreatic-diabetic subjects showed undetectable 
concentrations, demonstrating a severe pancreatic loss. 
Thus, pancreatitis seems to be active in the early stages 
but 'burnt out' in later stages. The exocrine mass seems 
to be relatively preserved in earlier stages but severely 
diminished by the time diabetes develops. 
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Endocrine Beta-cell function showed a similar spec- 
trum. Thus, as a group non-diabetic and impaired-glu- 
cose-tolerance TCP subjects showed near normal plasma 
insulin and C-peptide concentrations while diabetic sub- 
jects showed diminished levels. Plasma C-peptide concen- 
trations were inversely related to plasma glucose and 
HbA1, indicating that Beta-cell function is a major factor 
in glycaemic regulation in TCR Transition to impaired- 
glucose-tolerance and diabetes from normoglycaemia 
seems to occur gradually over a number of years, as seen 
from the ages of the three groups. Geevarghese [2] made 
the classic comment about TCP; "abdominal pain in child- 
hood and diabetes in youth,'. Similarly, our non-diabetic 
TCP subjects were mostly children who were diagnosed 
because of the typical pain of pancreatitis, impaired-glu- 
cose-tolerance and diabetes were usually diagnosed in the 
second and third decades. Young age at diagnosis is a dis- 
tinctive feature of TCR in comparison to alcoholic pan- 
creatitis which usually occurs at a much later age. It also 
appears" that exocrine function can be considerably de- 
creased before endocrine function is compromised, either 
because of a greater reserve of the latter or because the 
primary illness resides in the former. The diabetic group is 
quite heterogeneous, as previously reported [7]. Thus, six 
of our diabetic subjects showed residual Beta-cell func- 
tion (peak plasma C-peptide > 0.25 nmol/1). Twenty fibro- 
calculous-pancreatic-diabetic patients had very dim- 
inished Beta-cell function (Fig. 2 b), comparable to classic 
insulin-dependent diabetes; a majority of these were 
newly diagnosed but with long duration of neglected 
symptoms and were severely hyperglycaemic when first 
seen. This heterogeneity in Beta-cell (function) preserva- 
tion may be multifactorial (duration, nutrition, toxic in- 
fluences etc.), but the most interesting finding is the direct 
relationship between exocrine-endocrine parameters 
(immunoreactive-trypsin and C-peptide) not only for all 
TCP patients but even for the diabetic group alone. It sup- 
ports the notion that the endocrine loss (Beta cell) in TCP 
is secondary to progressive exocrine loss. Alternatively, 
there may be a common factor, such as an environmental 
toxin acting simultaneously on both the components. 
Prospective studies of exocrine-endocrine parameters 
would throw more light on the natural history of TCP 
pancreatitis and the exocrine-endocrine relationship. 

To conclude, we have demonstrated in a cross-sec- 
tional study a spectrum of exocrine-endocrine function in 
TCR from the non-diabetic to the diabetic state. Pro- 
gressive exocrine damage and loss seem to encroach on 
endocrine (Beta cell) reserve leading to hyperglycaemia. 
Even in the fibro-calculous-pancreatic diabetes group, 
there is a wide spectrum of Beta-cell function. This prob- 
ably contributes to the heterogeneity in clinical-metabolic 
profile. 
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Announcement 

Lessons from Animal Diabetes 3rd International Workshop, Japan 

This workshop will take place on October 17-191990, at Nihon Dai- 
gaku Kaikan, 4-8-24, Kudan-minami, Chiyoda-ku, Tokyo 102, Ja- 
pan. The preliminary programme consists of  the following: 1. CNS 
and stress on blood glucose regulation in laboratory animals; 
2. Pharmacological treatment of diabetes using animals; 3. Vasucu- 

lar neurological and other complications in animal diabetes; 4. Pa- 
thogenesis of NIDDM, obesity, insulin resistance, diet and others; 
5. Streptozotocin alloxian and other diabetogenic agents. Abstract 
deadlive: End June 1990. Further information is available from the 
Secretariat: Lessons From Animal Diabetes; 3rd International 
Workshop, Japan, Hongo SKY Building 2F, 3-38-11, Hongo, Bun- 
kyo-ku, Tokyo 113, Japan. Tel.: 03-815-33 77, Fax: 03-815-49 54. 


