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Summary
A lypc circhronic calcific pancreatitis (CCP). distinct from alcoliolic pancreatitis, occurs 

in many tropical countries including Bangladesh. This type o f  CCP is known as Tropical 

Calcific Pancreatitis (TCP) and has a group o f  counterpart patients who. in addition, 

develop 11 variety o f  diabetes known as Fibrocalculus Pancrcaiie diabetes (FCPD). 

Although, so far. FCPD has been thought to develop simply due to nonspecific damage o f  

the pancreas which causcs TCP (ie FCPD is secondary to TCP), recent evidences on 

IJangladeshi subjects indicate that the diseases may not be related with such a 

straighlfoAvard process. Thus etiopathogenesis o f  exocrine and cndocrine abnormalities, 

both HI TCP and FCPD. require further investigation with particular focus on gene- 

environment interactions. The present study was undertaken to characterize some 

biochemical characteristics {particularly insulinemic status), to explore the involvement of 

oxidative and autoimmune damage, and to find out whether some common genetic 

variations found in similar diseases arc involved in the development o f  pancreatitis and 

diabetes in chronic pancreatitis.

In total 7 TCP and 11 FCPD subjects were studied. O f  them 5 TCP and 5 FCPD were from 

simplex and 2 TCP and FCPD were from multiplex families. The remaining 4 FC'PD cases 

were individual patients. Glycemic status was assessed by oral glucose tolerance test 

(glucose measured by glucose-oxidasc method); lipidemic status by plasma triglyceride, 

total cholesterol. HDL-c and LDlic {by cnzymatic-coloriemtric methods); and insulinemic 

status was determined by the measurement o f  fasting and postprandial C*pcpiide and 

insulin (by ELISA methods). Insulin sccretory capacity was judged by C-peptide-glucose 

and Insulin-glucose ratios. Response to oxidative damage was detennined by total 

antioxuiant status (by enzymatic-colorimetric method) and autoimnnme involvement was 

;issesscd by determining islet cell antibody (ICA). insulin autoantibody (lAA) and anti* 

GAD (ELISA techniques). Mutations (A I6V in exon 2 and R117H m exon 3) in 

trypsinogene gene, known markers o f  hereditary pancreatitis (HP), was analyzed [(using 

restriction fragment length polymorphism (RFLP) teclmique (by /^/i«41-ll and Afl\\\ 

endonucleascs)] for possible association with TCP and FCPD. HLA-DQBl alleles, found 

to be associated with type 1 diabetes, was also analyzed (using sequence specific primers 

called SSP-PCR) to explore possible association with the diseases.
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Mean (rS D ) BMI o f  the Control subjects was 23.62±2.4. TCP- 18.15±3.3 and FCPD- 

18,45±4,0. TCP and FCPD liad almost similar BMI and both values were significantly (p=

0.005) lower than the Controls. Fasting plasma glucose level (mmol/1. mean±SD) of 

ilie FCPD group (15.4±6.3) was almost 3.5 times higher (p=0.001) compared to the 

Control (4.4±0,4) and TCP (4,9±],0) subjects. Corresponding postprandial values were 

27.2±7.4. 5.2±0.ft and 5.9+1.0 respectively. In contrast, fasting C-pcptide level {nmoi/1. 

tneduin-range) o f  the Controls (0.70, 0.39-1.78), was about 3 times higher compared to 

FCPD (0.23, 0,10-0.30), (p= O.OOfi) and 1.4 times higher than those o f  TCP subjects (0.52.

0.21-0.50) (p=0.040), Fasting C-peptide level o f  the TCP subjects was more than 2 limes 

higher than the FCPD subjects (p=0.008). Postprandial C-peptide levels o f  the Control 

subjects (2.23, 1,99-3.38) was about 6 times higher than the FCPD group (0.29, 0,11-0.51) 

(p=0.003). The TCP subjects had nearly similar postprandial value (1,92. 0.68-3.09) 

compared to Controls (p=0,165) but the value was about 5 times higher compared to 

FCPD subjects (p^O.042). Fasting and postprandial insulin level showed similar Ircnd like 

that o f  C-peptide.

Insulin secrctoiy capacity was judged by secretion o f  unit C-peptide and insulin in 

response to unit mole o f  glucosc (C-peptidc:glucose and insulmiglucose ratio respectively) 

and hepatic utilization o f  insulin was estimated by C-pcptide-insulin ratio. Although the 

absolute levels o f  C-peptide and insulin in FCPD patients showed that the patients still 

have some capacity o f  insulin secretion, the C-pep/glucose (nmol/1, mcdian-range) in the 

fasting (C-peptide:glucose- 0.15, 0.09-0.41 in Controls; 0.011, 0.003-0.015 in FCPD and

0.09. 0.06-0.12 in TCP) and postprandial (0.44. 0.36-0.78, 0.012. 0.005-0.077 and 0.36.

0.12-1,42) states reveal that their capacity o f  increasing insulin secretion to meet the 

demands o f  hyperglycemia is almost nil. The insutin-glucose ratios further substantiated 

the finding.

Fasting C-peptide insulin ratio o f  the FCPD subjects 0.009. 0.005-0.019 was similar to 

Controls (0.012, 0.009-0.019) and TCP subjects (0.017, 0.005-0,018). However, the ratio 

in the postprandial state o f  the FCPD (0.003, 0,001-0,005) subjects was significantly lower 

than the Controls (0.008, 0.005-0.010). Mean (±SD) total antioxidant level (mmol/1) o f  the 

TCP subjects (0.83+0.07) was significantly lower than that o f  the Controls (1,08+0.16) 

and FCPD subjects (l,01M),09) (p=0,00l). Determination o f  ICA. lAA and anti-GAD 

antibody res ealed that autoimmunity is not related with diabetes in FCPD,
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PCR-RFLP analyses o f  the exon 2 and exon 3 o f  the trypsinogcn gene preclude the 

relationship o f  mutations in the gene with pancreatitis. HLA-DQBl typing o f  the simplex 

families showed high polymorphism o f  this region. Both in TCP and FCPD subjects allele 

0202  seemed to be transmitted equally and that seem to be the commonest allele compared 

to other transmitted alleles. Alleles 0303. 0302/0307 and 0301/0304 appeared almost in 

the same frequency in both TCP and FCPD subjects.

fhc results suggest that: a) from the sociodemographic and clinical characteristics and 

iVom glyccmic and insulincmic status it appears that TCP and FCPD are different diseases 

with possible overlapping (and interactions) o f  features related to pancreatitis and 

diabetes. Thus, diabetes in FCPD may not be merely secondary to TCP; b) absence of 

common mutations in the trypsinogen gene attributed for the pancreatitis o f  HP confirm 

that both TC'P and FC'PD are genetically difierent from HP; c) HLA DQBl typing 

precludes the presence o f  this type 1 diabetes related allele in TCP ajid FCPD subjects and 

d) other genes for diabetes and pancreatitis need to be studied for a better understanding o f  

the etiopathogenesis o f  pancreatitis and diabetes in chronic pancreatitis patients.
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1. I N T R O D U C T I O N

Chronic  calcific pancreatitis  (C C P) is a  unique type o f  pancreatitis  m ostly  prevalent 

ill the tropical developing  countries including Bangladesh It is distinct from 

alcoholic  pancreatitis, The patients have a  history o f  abdom inal pain from 

ch ildhood  an d  the d isease follows an aggressive course. It has been termed 

differently  from tim e to tim e nam ely, tropical juven ile  pancreatic  syndrome, 

tropical nutritional pancreatitis, tropical calcific pancreatitis  and  non-alcoholic 

pancrea tit is^ .  T he  condition is most prevalent in the tropical countries  (30“ North 

and South  o f  the Equator) and as pancreatic calcification is a prom inen t feamre. it 

has been te rm ed  as ‘tropical calcific pancreatitis* (TCP). A lthough it predom inantly 

affects in early  childhood, young  adults  and even elderly  peop le  often suffer from 

rC P .  pancreatic  calcification develops in almost all cases and  it is not purely a 

nutritional disease^. The average age o f  onset o f  sym ptom s in T C P  has been 12.5 

years  in o n e  series’ in contrast to  38.4 years in a lcoholic  pancreatitis  as reported by 

Sarles"*.

.-\ substantial proportion o f  T C P  patients present with diabetes, tem ied  as 

fibroealculus pancreatic  d iabetes (FC PD ), w as earlier  classified as a subclass o f  

m alnutrition  related diabetes m ellitus (M R D M ) by  the W H O  Study G roup on 

Diabetes Mellitus^. The latest classification proposed by W H O  Study Group*’ and 

A D A  Expert C om m ittee  ca tego ri/cd  FC PD  as a  subclass  o f  Exocrine Pancreatic 

D iseases’ .

Diabetes associa ted  with calcific pancreatitis w as  reported in the tropics in the early 

tw entieth  cen tury  but it attracted g reater attention only  afte r  its description by
8 QZ uidem a m 1959 , G eevarghese  highlighted its significant contribution to diabetes 

am ong  the young  in South India, l i e  succinctly sum m arized  the natural history o f  

TCP as 'recurren t abdom inal pain in children, d iabetes around the age  o f  puberty 

and death  at the p rim e o f  life'.

The re la tive frequency o f  d iabetes in calcific pancreatitis is h igher in the tropics 

than subtropics. In the tropics, d iabetes w as diagnosed  in 82.2 percent o f  45 cases 

m N igeria and 90 percent o f  1700 cases in India^. In the subtropics, the average 

incidence o f  d iabetes in 404  cases o f  pancreatic calcification from 118 reports was

1
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34 p c rcen t" ’. T here  is also high prevalence o f  calcific pancreatitis  am ong  diabetics 

ill the tropics: 7.6 percent in U g a n d a " .  8.6 percent in N igeria '^ '’’’ and 14.8 percent 

ni K erala ( l n d i a ) \  In the subtropics, the above prevalence varies from 0.03 to  2.25 

percent am ong  diabetics. N o population based survey on the incidence o f  

prevalence o f  T C P  o r  FC'PD has yet been m ade in Bangladesh. The O utpatient 

D epartm ent o f  the Bangladesh institute o f  Research and Rehabilitation in Diabetes, 

Kndocrine and  M etabolic  D isorders (B IR D E M ). the central Institute o f  Diabetic 

A ssociation o f  B angladesh  (D A B ), takes care o f  the highest num ber  o f  diabetic 

patients (> 240000  registered by June 2000) in one center. O f  these patients 4 

pcrcent be long  to  the under-30  age group  and  am ong  these young  patients. 13 

percent had pancreatic  calcification. Thus, as per  this calculation, 0.52 percent o f  

total diabetics have FC PD . In the Institute o f  Postgraduate M edicine and Research 

o r  IPG M R  {presently know n as Bangabandu Sheik  M ujib M edical U niversity or 

B S M M U ) 48 eases o f  T C P  w ere  recorded during the period o f  1993-96 am ong 

w hom  14 cases (29% ) w ere found to have d iabetes ' '’.

FC PD  patients com prise  o f  a  unique group  o f  diabetic population. They arc 

young  and have  low'er BM l at presentation. U sually they have  history  o f  chronic 

abdom inal pain since early  childhood, w hich gradually  becom e m ore frequent 

w ith  advancem ent o f  age. T hey  present with high blood g lucose  and invariably 

require insulin to  control o f  b lood  glucose; how ever, they rarely develop 

k e to ac id o s is '’\  In v iew  o f  clinical features and m arked  insu linopenia some 

investigators believe that F C PD  along with PD D M  m ay  be a variant o f  type 1 

diabetes'*’-

A lthough F C P D  is a w idely recognized straightfoiAvard condition to TC P . its 

e tiopathogencsis  is still not clearly understood. It seem s to  be a multifactorial 

disease. Both environm ental and  genetic  factors arc  im plicated  in its 

etiopathogencsis , how ever, environm ental factors are thought to play the major 

role'^ Both T C P  and FC PD  predom inantly  com e from poor socioeconom ic 

background. H ow ever, econom ic  conditions vary be tw een  tw o groups w ith higher
I U

MKome groups mostly  in T C P  patients ,

Protein caloric m alnutrition  and cassava (tapioca) ingestion have been 

implicated''* as a possib le  environm ental factor in the etiopathogencsis  o f  diabetes
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in FCPD. G eographical overlap  between the areas o f  cassava consum ption  and 

the d is tribu tion  o f  TC P and FCPD  supported the cassava h y p o t h e s i s ^ " 'b u t  the 

occurrence  o f  the d isease in areas (those in Bangladesh) w here cassava is neither 

g row n  nor im ported  has been cited as an evidence against the etiological role for 

cassava. H ow ever, o ther cyanidc  containing foodstuffs can not be excluded.

Protein caloric  m alnutrition  as the probable cause o f  pancreatic  fibrosis with the 

calcification seen in ju v e n ile  diabetes have been suggested by m any authors*'^”‘̂ \  

The W H O  classification o f  FCPD  as one o f  Ihe subclass o f  M R D M  implied that 

m alnutrition  is e tio logically  and  d iagnosiically  im portan t in this disease.

1 low ever. m any  w orkers  in Asia and Africa"^'^* have presented argum ents  against 

protein m alnu tr ition  as the prim ary  o r  initiating factors o f  T C P  o r  FCPD. Others 

have c la im ed  that m icronutrient defic iency (B-carolene, vii C, selen ium ) m ay  play 

a role in m ak ing  the pancreas vulnerable  to toxic agen t’’’, but the hypothesis still 

rem ains to  be proven. Thus the relationship betw een F C P D  and malnutrition is 

debated. In a  recent W orkshop  on the Diabetics in Tropics in Cuttack , India'®, h 

w as  recom m ended  that FC PD  should  not be considered as one o f  the subclass o f  

M R D M ; ra ther it should be classified as an entity by i tse lf

T o  e lucidate  the e tiopathogenesis  o f  MRD.M, a  series  o f  studies have been 

undertaken at B IR D EM  during the last few years. Environm ental factors seem  to 

p lay a  m ore  im portant role in this d isease ' M ost o f  the subjects  in this center arc 

o f  y ounger  age g roup, com ing  predom inantly  from rural areas  with poor 

socioeconom ic background. Fam ily history o f  diabetes in FCPD  subjects was less 

positi\ e in this group  com pared  to the N ID D M  subjects o f  s im ilar age  group. The 

above  findings indicate that environm ental factors m ay  be im plicated in the 

etiopathogenesis  o f  FC'PD.

A eo llabom tlve  study betw een B IR D EM  and  D epartm ent o f  Gastroenterology. 

BS.MMU w as  conducted to  investigate the etiological factors and relationship 

between exocrine  and endocrine pancreatic dam age in T C P  and FCPD'"*. 

Supporting  the p rev ious findings, sim ilar age, fam ily  history and socioeconom ic 

status w ere  observed, Both the fasting and postprandial serum  glucose values 

clustered  at the h igher end in ease o f  FCPD  and those w ere clearly  dem arcated 

from T C P  w here  c lustering w as seen at the lower end. C -pep tide  is p roduced  in
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cqu im olar  concentra tion  w ith  insulin during splitting o f  proinsulin  and it has a 

longer half-life than insulin. C-pcptide level retlccts pancrealic  secretory activity 

and thus is a clinical m ethod  in conditions w here  insulin antibodies in the 

circulation prevent accurate  assessm ent o f  insulin by  the s tandard insulin 

im m unoassay . Serum  fasting and postprandial C-peptide level w as rem arkably  less 

in FC'PD than in T C P  subjects studied a t B IR D EM  H ospital. A lthough the 

endocrine pancrealic  function w as severely com prom ised  in FC'PD subjects, 

cxocrm e pancreatic  m orphology, evaluated by ERC'P wa.s alm ost sim ilar in both 

groups. N utritional status o f  these subjects, evaluated  by  body m ass index (BMI). 

w as found to be significantly low er in FCPD  group than TC P. But it remained 

unansw ered  w hether under nutrition in FC'PD cases was a  cause or consequence o f  

diabetes '*.

Increased oxida tive  dam age is associated with low level o f  both endogenous and 

exogenous  antioxidant m olecules. Subnorm al levels o f  p lasm a vitamin C' and 

se len ium , P caro tene and  a-tocophero! have been found associated  with chronic 

panci'eatitis in black African population with pancreatitis'^^. D eficient levels o f  p* 

carotene and v itam in C lesels  were observed  in tropical pancreatitis  patients by 

B ra g a n /a  ct al '^  and  role o f  oxidative stress has been proposed in the 

c tiopathogenesis  o f  FCPD. One study conducted by BIRDIvM group  provided 

ev idence regard ing  the involvem ent o f  oxidative damage'^"* through significantly 

h igher single  s tranded  D N A  {a m arker o f  free radical m ediated dam age o f  double 

stranded D N A ) com pared  to Controls, Until recently  endogenous antioxidants 

could only  be evaluated  individually. Recently a com m ercia lly  available kit 

m easures  status o f  total antioxidants in the biological sam ples, but no report has yet 

been published  on Total A ntioxidant Status (TA S) in T C P  subjects.

Diabetic patients often have  autoantibodies against islet cell an tigens that are 

considered  as m arkers  o f  beta cell dam age. At the tiinc o f  diagnosis alm ost all 

children and adolescent w ith diabetes show antibody positivity^^. f lo w e \e r .  little is 

know n abou t the  persis tence o f  these an tibodies after clinical diagnosis. Islet cell 

antibodies (IC A ) and  an tibodies to  the glutam ic acid  decarboxylase (anti-CJAD 

antibody) have  been observed  to persist after the clinical d iagnosis  o f  type I 

diabetes. Im m unological m arkers  like islet cell an tibody (IC A ) and  o the r  antibodies
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w ere seen to be less im portant in N igerian diabetics'’ ’̂, w hich is in contrast w ith the 

findings in India, w here IC’A was found in 37.5%  o f  patients w ith  diabetes 

com pared  to  that in classical ID D M ' . A lthough antibodies  (ICA  and  lA A ) have 

been m easured  (unpublished  data) in young diabetic patients in BIRD RM  including 

FC’PD and  T C P  subjects but no association was observed. H ow ever, this does not 

cxclude o the r  antibodies like an ti-G A D  antibody and IA-2. the an tibody against 

tyrosine kinase.

Hvidence o f  increased oxidative dam age has been found in FC PD  cases'® but the 

role o f  genetic  susceptib ility  underly ing this dam age has not yet been  explored.

O ne o t ' th e  idiopathic form o f  chronic pancreatitis, know n as hereditary pancreatitis 

(IIP), is mostly  prevalen t am ong the Caucasoid  descents. The clinical features and 

pathophysio logy  o f  this type o f  pancreatitis  has closc s im ilarity  w ith  FCPD  as well 

as TCP. H ow ever, prevalence o f  diabetes in HP cases has been observed to be 

m uch less than that in chronic pancreatitis. A lso the nature o f  d iabetes in HP has 

been show n  to  be m uch m ore aggressive^®. Som e 2-3 k indred with H P have so  far 

been r e c o r d e d R e c e n t l y  genetic  linkage has been identified betw een cationic 

trypsinogen gone on chrom osom e 7 in the T C R B  locus, locus 7q35‘*'. A mutation 

|(} to . \ )  in the exon 3 o f  trypsinogen gene  causing substitution o f  arginine to 

histidine (R 117H ) has been  reported by W hitecom b et al"*̂  and  it w as later 

co n t lm ied  in independent family"'^. A second mutation, C  to T  in the exon 2 o f  the 

T R Y P  gene  leading to A 16V  (alanine to valine) substitution in the F/Ji/4111 

rcstriction site  o f  trypsinogen has been reported in the ano ther  k indred’*'*.

T o  address the involvem ent o f  genetic com ponent in the etiopathogenesis o f  

d iabetes in FCPD  attem pts have been taken by  different groups. In 1970 

P itchum oni CS"*' observed  aggregation o f  diabetic patients in fam ilies w ith chronic 

pancreatitis. This finding w as  further substantiated by another study by M ohan V et 

al in lySV"*”. K am bo et al has reported an association o f  H L A -D Q B l and class III 

a llele o f  insulin  gene^ with FC'PD. In another study Sanjeevi et al has show n 

increased  frequency o f  H I.A -D Q  allele A 02()l-B *0303  alleles in Eastern Indian 

population'***. But no data effort has so far been reported to com pare  FCPD  and TCP 

patients for b iochem ical and genetic com ponents.
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In the ab o sc  context it appears  that T C P  and  FC PD  arc com plex  disorders both 

from the v iew poin ts  o f  pancreatitis  and diabetes. For Bangladeshi patients it has 

now beco m e im portant lo further characteri/.e these patients b iochem ically  and 

genetically . In particular, their insulinemic status and  insulin sccre tory  capacity, 

total antioxidant status, au to im m une involvement, com m on  variations in the 

Irypsinogen gene  and association o f  H LA  co n fcn in g  diabetes susceptibility  need to 

be explored.

1.1. O b j e c t i v e s

The objectives o f  the present study were to:

1. Investigate clinical and biochemical characteristics o f  T C P  and  FCPD  

subjects w ith particu lar focus on insulin secretory capacity.

2. E\ a luate  the total antioxidant status in T C P  and FC PD  subjects.

3. Explore au to im m une  involvem ent in the pathogenesis  o f  diabetes in 

pancreatitis.

4. F ind out w he ther  com m on m utations found in H P arc present in T C P  and 

FCI’D subjects

5. Explore the association o f  H LA  (w hich is a m arker o f  genetic  susceptibility  to 

type  1 d iabetes) w ith d iabetes in FCPD.
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2. R K \ l E W O F  I.ITF.R.VTL RF.S

2 . 1 . Dctlnition

2.1.1. C'iironic pancreatitis  (Cl*)

C'hronic pancrcalilis is a chronic inflammatory disease o f  the pancreas charactcri/ed by 

irreversible morphological changes with deslriiction o f  exocrine parenchyma and fibrosis 

and at least in the luic stages, ihc destruction o f  endocrine parenchynia‘‘'\ It is frequently 

complicated during its early stages by attacks o f  acute pancreatitis, which are responsible 

for recurrent pam that may represent the only clinical symptoms. However, after some 

years exocrine and endocrine insufficiency developed and acute attacks decreases and 

disappears.

2.1.2. C hron ic  calcifying pancreatitis  (CCP)

U is the most frequent form o f  chronic pancreatitis characteri/ed by development of 

mtraduclal calcification visible on plain abdominal radiographs^"*. There is different form 

o f  chronic calcific pancreatitis. Alcoholic (ACP) and tropical (TCP) calcific pancreatitis 

are ilie most common form, lleredilary (IIP) and hypercalcimic chronic pancreatitis are 

also seen less frequently. Tropical calcific pancreatitis is a fonn o f  chronic calcific 

pancreatitis observed mostly in children and young adults in many tropical countries o f  

Asia and Africa^""'' U is distinct from alcoholic calcific pancreatitis (ACP).

2 .2 . M iston  and  incidence o f  pancreatitis

The first case o f  pancreatic calculus in the tropics was published by Kini from India in 

1^38. In iy52 Prof R Kesavan Nair presented a paper in his experience o f  operating 23 

cases o f  pancreatic calculi at the Medical College Hospital. Trivandrum in Kerala State, 

in 1*)54. Elizabeth and Stephen reported 9 cases o f  pancreatic calculi from Vellore. In 

ly sy  Zuidema reported on a series o f  45 cases with pancreatic calcification in non­

alcoholic young Indonesian from Java*. In 1961. Mahadevan'" from Madra.s. India 

published 17 operated cases o f  pancreatic lithiasis. In 1963. Kinner'^ reported 30 cases 

from Nigeria. 1964 Shaper collected 48 cases o f  pancreatic calculi with diabetes from 

U ganda". A very similar syndrome o f  chronic pancreatitis wiih pancreatic calculi and
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diabetes nicllilus was subsequently reponed from Malawi. Zaire, Uganda, Srilanka and

Nigeria'^'.

Die single largest scries o f  eases ol‘ tropical pancreatitis reported lo date is from the 

soutlnvesleni slate o f  Kerala in India. Geevarghese and pilclnimoni obscn  cd this disease 

in endemic proportion in two major medical college hospital o f  the state** ''’. More than 

400 cases o f  chronic pancreatitis associated with pancreatic calculi were seen in the 

diabetic clinics o f  the two hospital Trivandrum Medical College Hospital and Kotlay 

Medical College Hospital. The incidence o f  pancreatic diabetes was 1 percent o f  the 

Medical college Hospital Trivandrum whereas at Kottayam it was 1,5% and 10% 

respeciively.

No population based survey has yet been made on the incidence or prevalence o f  tropical 

calcific pancreatitis or fibrocalculus pancreatic diabetes in Bangladesh. Tropical calcific 

pancreatitis is not a common disease but is not found uncommonly in gastroenterological 

practice in Bangladesh. Among 1449 under 30 diabetic patients registered at BIRDEM 

between January 1990 to May 1992. 809 (55%) were diagnosed lo suffer from MRDM o f  

179 (13%) had calcific pancreatitis^'. In the subtropics pancreatic calcification was 

reported to be rare up to 1938 after its first description by Graaf in 1667. In 1938 

Haggard and Kirtley collected 166 cases o f  pancreatic calculi from the literature over the 

preceding 258 years including 64 eases o f  iheir own Johsoii and Zintel found 677 

aiidilional cases collected up to 1962 making a total o f843  cases till then’.

In some o f  ihe developed countries o f  ihe subtropics alcoholic calcific pancreatitis 

(.^CP) is the more common type as in France, South At'rica. Australia. USA. Rasa. Japan. 

Switzerland. Finland. Rumania and Zimbabwe.

.Mcoholic calcific pancreatitis is less common where alcoholic consumption is

comparatively low as in noilhem part o f  India, Alcoholic calcific pancreatitis is also very 

uncommon in Bangladesh,

2.3. Pathology

The pathology o f  the pancreas as noted by observers in India and other countrie.s. is 

remarkably s im ila rM a c ro sc o p ic a l ly  the pancreas is firm, fibrous and gritty to touch. Its

U)
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consistency varies in dilTcrcni regions o f  the pancrcas, Homogenous areas, early fibrosis, 

advanced Jlbrosis. cystic dilatation o f  the gland and advanced stages o f  calculi fonnation 

can he seen in the same specimen o f  pancreas. Occasionally the pancreas becomes 

indistinguishable from surrounding fat owing to replacement by adipose tissue. The 

pancreatic duel may be ecccntrically placed as a result o f  destruction o f  ilie pancreas. 

Pancreatic calculi o f  different sizes and shapes are distributed throughout the duel 

system^'. The dilatation o f  the main pancreatic duct and its afferent ducts is due to 

abnonnally high pressure o f  the pancreatic juice re.sulling from obstruction. Dilatation of 

the duct o fW irsung  is accompanied by cctasia o f  its afferent ducts, the caliber o f  which 

is also irregular. In some cases the main ducts arc so dilated thal a bulge develops, 

resulting m the formation o f  ductal cyst initially communicating with llie duels and 

appended to them like "grapes on a bunch" as well demonstrated by pancreatography'’

Microscopically, dilatation o f  the ducts, pancreatic lithiasis, chronic inflammatorv' cell 

Millliration and fibrosis and atrophy o f  the parenchyma arc seen. The main ducts, 

collecting ducts and small ductules show marked dilatation. Denudation o f  the ductal 

epithelium and squamous metaplasia arc seen. The dilated duct contain pancreatic calculi 

and/or inspissated mucoid maternal which stains metachromatically tokiidine blue and is 

PAS positive.

The characteristic cellular infiltration o f  ihe pancreas is composed by lymphocyte, and 

plasma cell distributed mostly around the ducts. Acute mnammation is nol usually 

observed, in less than 10 percent o f  the cases, eosinophilic infiltration may be seen. 

Patient with very advanced disease, infiammator}- changes in the pancrcas may be absent.

Interlobular fibrosis is characteristic in early cases and focal segmental or diffuse 

mteracinar fibrosis in more advanced cases special slains have shown peri acinar and peri 

insular proliferation o f  reticulum fibers.

The acini show varying degrees o f  atrophy. Destruction o f  the parenchyma and 

replacement with fibrous tissue can be seen side by side with relatively nonnal looking 

parenchyma.

The islets are virtually absents in many specimens. Aldehyde fuchin stain o f  P cell

granules shows a reduction in P cell. Rarely hypertrophy o f  the islet cell seen.

II
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Vacuolaiion. ballooning and glycogcn infiltration o f  the islets characteristic o f  juvenile 

diabetes are seldom noled. Carcinoma is seen in four cases from 27 patient operated m 

one msliiuiion''*.

2.3.1. Pancrea tic  Calculi: Patients with tropical calcific pancreatitis have intraductal 

Slone. Parenchymal calcification is not seen. Multiple stone o f  varying size, some as 

small as sand panicles and others as big as 3 cm in diameter arc distributed throughout 

the main pancreatic duct wedged in the duetules. The calculi have an unusually knobby 

and irregular surface, some are staghom shaped and few are smooth and rounded. They 

arc hard in consistency and grayish white in color. Solitary calculi are occasionally seen 

near the ampulla o f  rater. The larger sto n es arc usually located in the head o f  the 

pancreas-

In patients who had no radiographically demonstrable calculi in antimortem X-ray o f  the 

abdomen po.stmcrtem examination o f  the pancreas showed multiple tiny radiopaque 

material which was shown to consist o f  intraductal caicuh. Analysis o f  pancreatic calculi 

by X-ray diffraction using power diffractometry showed that stones w'cre almost pure 

calcium carbonate. The cut surface in some showed a central amorphous material might 

be protein plugs reported by Sarles and associates in alcoholic pancreatitis^^, Similar 

studies on stones suggesting that the thermodynamics o f  stone formation m the pancreas 

irrespective o f  etiology alcoholism, malnutrition, idiopathic) are the same.

In one study, a microsection from decalcified stones showed ghost-like remnants o f  cell, 

exhibiting a columnar arrangement mixed with mueoprotemous material, probably from 

the ductule epithelium'^.

Pancreatic stones w'ere also analysed by Prof. Geevarghese^. The chief constituent was 

found to be calcium carbonate 05.5 percent. Calcium phosphate may be present up to 2.5 

percent. Trace o f  magnesium, urate and oxalate has been reported in few instances.

The frequency o f  pancreatic calculi in tropical calcific pancreatitis is higher than in 

alcoholic pancreatitis seen in western countries. Over 90 Percent o f  patients with tropical 

calcific pancreatitis may eventually developed pancreatic calculi'"^'.
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2.4. Clinical presentation

The clinical prcsciualion o f  tropical calcific pancreatitis varies from one patient to 

another. Geevarghesc succincUy summarizes the natural history o f  tropical calcific 

pancreatitis as recurrent abdominal pain in childhood, diabetes around the age o f  puberty 

and dcutli at he prime o f  life

2.4 .1. Age an d  sex incidence

Tropical calcific pancreatitis mostly occurs in younger age group. Tlie average age o f  

on.set o f  symptoms Geevarghesc' series was 12,5 year whereas in alcoholic pancreatitis it 

was ?8.4 years reported by Sarles^. Olurin and O lurin" from Nigeria reported 45 patients. 

.1] were 20 years old or less and 5 were over 35 years. The average age was 20.4 year.
”  X/,uideme recorded that most o f  his Indonesian patients were young adult. In 

Geevarghese sseries'* 38 percent o f  the patients were below 13 years and 95.5 percent of 

the patient were below the age o f  40 years. In the United States o f  America pancreatic 

calcification is a disease o f  middle age; Wirts and Snape^* found an average age o f  38.6 

years in 24 patient, fhis pancreatic calcification occurs in younger age groups in tropical 

countries vvhereas it is a disease o f  middle aged people in Western Europe and the USA. 

The youngest patient was a girl o f  7 years and oldest was a man o f  62 years.

Regariling sex incidence o f  the tropical pancreatitis most hospital based studies have 

reported male predominance. The male to female ratio o f  cases in tropical calcific 

pancreatitis is 1.6:1 in Kerala‘S. 1.5:1 in Bangladesh. 3:2 in Nigeria^*. 1.7; 1 in 

Gee\arghese series'* and 5:1 in Congo'*'’, In Indonesia male and female were almost 

equally alTecled'* and Balaj found a slight female predominance in his population'*^’.

2.4.2. S> m ptom s

The clinical picture o f  a well established case o f  tropical pancreatitis with diabetes and 

pancreatic calculi is characteristic enough to make on the spot diagnosis. The presenting 

complaints o f  most patients are abdominal pain and the effects o f  diabetes mellitus. Very 

rarely obstructive jaundice, hyperglycemic comma, peptic ulcer disease or appendicitis is 

the mode o f  presentation.

l.t
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2 .4 .2 .1 .  A bdominal piiiii

Ahilonunal [laiii is ilic mosl prominent symptom o f  chronic calcific pancreatitis. However 

in children, nbdominal pain often ignored or attrihiiled to parasitic infestation, which are 

ijiiitc common in developing nations. Age o f  onset o f  pain usually in the second and third 

dccatic in the tropical calcific pancreatitis whereas in alcohol induceil pancreatitis initial 

alltick o f  pain at the age of.^5-40 years.

The frequency o f  abdominal pain varies trom 30-95 percent in different series'''^''. Patient 

presented without abdominal pain, diagnosis depends upon the presence o f  pancreatic 

calciMi on a plain film o f  the abdomen.

rhe mtciisity o f  abdominal pain varies from relatively mild to severe in nature. The more 

typical fonii is marked by recurrent attacks o f  pain occurring in inter\ als o f  months or 

years. The intci'vals between attacks may progressively shorten until pain is almost 

persistent or the attacks may diminish in frequency and severity as pancreatic fibrosis 

developed and advances. Abuse o f  alcohol or ingestion o f  heavy fatty meals may 

precipitate attacks o f  pain. The onset o f  the attack is usually fairly sudden. However, the 

attack may start with a mild discomfort and become progressively more severe over a 

period o f  few hours before attaining maximum intensity. Vomiting usually associated 

w ith severe pain. The intensity, site, character and duration o f  the pain vai7  considerably. 

The pain may be relatively mild but is offer sufficiently severe to necessitate hospital 

admission. Although generally difTusely distributed over the upper abdomen, the pain 

may be maximal in the epigastrium, in the right or left upper quadrantor even the back. 

Radiation directly through to the back is common. Less frequently, pain may be refcn'cd 

to the lower anterior chest and the left renal angle. Shoulder pain may occur with 

subphrenic extension o f  inllammation. The pain is usually persistent, rcleniless and deep 

seated. Occasionally it is describe as a heaviness, a "gnawing" discomtbrt and every now 

and then as "cramp like" or burning. Antacid or food does not afford relief Non steroidal 

anti mnammatory drugs may be helpful hut many patient require narcotics. The patient 

may adopt certain characteristic posture, such as. sitting up in bed. leaning forward, with 

the palm o f  the hand pressing on the site o f  the abdominal pain.

14

Dhaka University Institutional Repository



Pam o f  acuic episodes o f  chronic pancreatitis ordinary persists for days raiher lhan hours, 

the usual attack lasting for 3 to 7 days unless a  complicaiion occur. Indeed, the relentless, 

persistcnl nature o f  the pain and (he lendency o f  the patient to seek postural relief are 

perhaps ihc most characteristic feature o f  the pain. In addition to nausea and vomiting. 

Iherc niay be constipation and mild jaundice with the passaye o f  dark urine.

The events that trigger the pain o f  chronic paiicrealilis are poorly undersiood. One 

hypothesis proposed that the pain o f  chronic pancreatitis be due to ductal hypertension 

resuliing from pancreatic duct ohstniclion hy stricture or stone. This is supported hy 

reports indicating an increase in pancreatic duel pressure in patient with chronic 

pancreatitis and dilated cuts and a correlation between the intraductal pressure and pain 

relief tollowing duct-dccompressivc surgery^'. Other studies in which ductal pressure 

have not been measures have not shown a correlation between the amount o f  pain 

experienced hy patients and with degree o f  pancreatic duct abnormalities observed on 

ERCP*’'.  Another line o f  investigation has focused on pancreatic neural inflammation as 

an important source o f  pain in chronic paiicrealilis.

2.4.2.2. S teiitorrhea

C'lmical sieatorrbca is generally not a striking feature. Zuidema concluded that external 

secretory function o f  the pancreas was not distributed enough to cause steatorrhea*. Fai 

and protein arc not malabsorbed until at least 90 perccni o f  the secretory function is 

lost**'. However, lack o f  obvious steatorrhea appears to be due to the very low 

consumption o f  fat in the diet. Interestingly on a lOOg fat diet, nearly 70 pcrccnt o f  the 

patient studied had stool fat o f  more lhan 6g in 24 hours*^. Pancreatic secrciory studies 

performed as duodenal aspirates have confirmed a marked decrease in lipase activity in 

the large majority o f  patient' '.  In another study performed in a larger number o f  patients a 

decrease in en/yine and volume was noted but in addition, in nearly 50 pcrccnt o f  

patients the bicarbonate output was also suppressed'’’*.

Steatorrhea was found in 33 pcrccnl o f  paticni reported from Nigeria", 38.8 percent 

patient reported by Howwat'' ', Ban'’*' reported 25*30 percent incidence o f  steatorrhea. In 

view o f  the intact absorptive capacity and cntcrohepatic circulation o f  the bile salts the

Dhaka University Institutional Repository



malabsorption o f  chronic pancreatitis is rarely associated with vitamin, iron or calcium 

dcl'iciency.

About 40 pcrccnl o f  patients with pancreatic insufficiency have demonstrated 

m.ilabsorption o f  cobalamin (vit Bu). although over cobalainin dctlcicncy rarely 

developed. In this setting cobalamin malabsorption appear to be attributed to reduced 

degradation by pancreatic protease o f  cobalamin R protein complexes, resulting in 

decreased availability o f  cobalamin to bind to intrinsic factor in the small intestine*’’.

2.4.2..'^. Loss of weight

Loss o f  weight varies w ith the frequency o f  relapse. Patient loses weight during and just 

after attack. Weight is regained when remission is long lasting and is lost when relapses 

follow closely one on another. The reason for the weight loss is complex, Malabsoiption 

is one o f  the several important cause for it. Many patient limit their food intake because 

o f  the pain caused by eating or because o f  anorexia. Tlie glycosuria o f  untreated diabetes, 

goitrogcnic food deprivation during hospitalization and insufficient fund for food may 

also contribute lo malnutrition^'’*. Olurin and OUirin'^' reported weight loss in 40 patients 

out o f  45 patients (89%).

2.4.2.4. Physical llndings

Physical findings are obviously dependent on the severity o f  the attacks. Systemic 

I’mdings may be ab.sent, but typical features include mild fever, tachycardia, slight 

jaundice, and rarely transient h>'pertension.

I'atients with advanced disease and untreated malabsorption are under weight and have 

varying degree.s o f  malnutrition. Extreme emaciation, peculiar cyanotic hue o f  the lips, 

bilateral parotid gland enlargement, multiple vitamin deficiency, skin infection and 

distension o f  upper abdomen arc seen in most o f  the patient with tropical calcific 

|>ancrealitis‘*‘’. Abdominal examination may be unrewarding in the milder attacks. Even in 

the more severe ones a discrepancy exist between the intensity o f  pain and paucity o f  

physical findings. Upper abdominal tenderness is almost invariable but guarding and 

rigidity arc less conmion. A vague fullness or a mass in the epigastrium or right upper 

quadrant is sometimes found.

16
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2.5. Diagnosis

The medical history usually leads to suspicion o f  the disease, ihe physical examination 

often less helpful. Chronic calcific pancrcatiiis should be considered in every patient with 

recurrent attacks o f  upper abdominal pain, persistent pain after a solitary attack of 

abdominal pain, diabetes mellitus or steatorrhea.

The definitive diagnostic criteria o f  chronic pancreatitis are pancrcatic calcification or 

histologic evidence o f  the disease. The diagnosis is commonly made on the basis o f  other 

considerations: (a) recurrent attack o f  pain, (b) development o f  steatorrhea in a diabetes 

w ith a previous history- o f  abdominal pain, and (c) the nature o f  Ihc attacks with classic 

F.RP changes o f  chronic pancreatitis or grossly abnomial pancreatic function test.

The diagnosis o f  chronic calcific pancreatitis should be linked if  at all possible, with 

same ctiologic basis for the condition. Thus young individual with episodes o f  pain with 

diabetes mellitus raise possibility o f  tropical calcific pancreatitis as finding of 

hyperiipidemia. hypercalcemia or alcohol abuse in a patient with abdominal pain in 

western countries.

In Indian State o f  Kerala, chronic calcific pancreatitis is so endemic that diagnosis is not 

difficult. So in an editorial it is said that "in fact, physician in Kerala are so familiar with 

the clinical picture o f  a malnourished and usually under developed young person with 

enlarged parotid, cyanotic hue o f  the lips and potbelly, that chronic calcific pancreatitis is 

often a matter o f  spot diagnosis, further demonstration o f  diabetes mellitus and pancreatic 

calculi on abdominal X-ray complete the picture^’'*".

2 .6 . Ktiology and  pathogenesis o f  pancreatitis

Despite repeated attempts to elucidation, chronic calcific pancreatitis in the tropics 

continues to be a fascinating and enigmatic disease. The etiological factors differ from 

alcoholic calcific pancreatitis in western countries.

The [lolential causes o f  chronic calcific pancreatitis to be consiilered are those associated 

w ith alcoholism. TCP. gallstones, hyperparathyroidism, hereditary pancreatitis, 

hyperiipidemia and cystic fibrosis'.
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2.6.1. Tropicai calcific pancreatitis

Etiology and palliogcncsis o f  tropical pancreatitis are still largely unknown. There are 

many hypothesis and many Hkcly candidate. Probably ihc etiology is nuitlifactorial. 

Gcographical distribution in the tropical belt mostly in the developing countries suggests 

II signillcant role for environmental lactor(s)’", Childhood infection and diarrhea changes 

in pancreatic sccrction have also been suggested as significant factors. Recently oxidant 

stress damage has been proposed as an important mc'chanism in pancrcatic damage.

2.6.2. M alnutrilion

Protein malnutrition has been suggested as one o f  the probable causes o f  pancreatic 

calcification in tropical countries like Indonesia. Nigeria, Uganda. Malawi. Sri Lanka and 

some part o f  Brazil’^  Epidemiological evidence in support o f  this hypothesis is the high 

prevalence o f  the disease in these countries. The incidence o f  tropical calcific pancreatitis 

^ v aries in adjoining countries with a low and high protein diet. For example in some parts

o f  Uganda where the staple food is low protein cassava, the disease is more common then 

in Kenya where the staple food is niai/c.

Severe malnutrition is a causative factor for many o f  the tropical calcific pancreatitis 

patient has also been suggested by Zuidema* and Shaper". There is substantial 

accunnilation o f  data to suggest that the pancrcas is quite vulnerable to protein 

malnutrition**. Profound pancreatic functional changes have been noted in severely 

^  malnourished children^. Tlie pancreas in postmortem examination o f  children dying o f

Kwashiorkor shows a picture similar to that in tropical pajicreatitis. In Kwashiorkor the 

pancreas is shrunken and fibrolic’ '. A number o f  studies in experimental animal have 

shown morphological changes in the pancrcas very similar to those describe above'*. 

C'hildren with Kwashiorkor and adults from famine areas shows pancreatic acinar 

atrophy, reduccd en/ym e output and fibrosis o f  the gland. Hndocrinc pancreatic function 

(insulin secretion) is also known to be diminished in malnutrition’^  Rccent annnal work 

has suggest that even mild to moderate protein malnutrition in utero or in childhood or 

even later in life can lead to p cell dysfunction and hypcrglyccmia in later life’•’■̂  ̂

Similar long-temi studies arc not available in human. It is possible that a pancreas

18

Dhaka University Institutional Repository



weakened by early life malnutrition could be more suscepiible to many toxic inlluence to 

which it miyht be exposed in laler life.

An iniemational comparative study o f  diclary factors suggest that high protein intake was

associated with alcoholic pancreatitis and low fat intake with tropical calcific 

pancreatilis’ ’̂. This observation was confirmed recently in Kerala and Marseille"^^- 

Nwokolo and Oli suggested that recurrent infection and a high carbohydrate, low protcm 

diet (mostly from cassava) in children in the tropics leads to pancreatic stasis, lamination 

ofsccretion and inspissation o f  mucus ultimately leading to calcil'ication in the pancreatic 

duct and chronic pancreatitis^". Bearing such data in mind and also that cases o f  tropical 

calciHc pancreatitis in all the reports were from lower socio-economic group o f  poor, 

developing countries we are able to understand that protein deprivation in childhood 

emerge as a major factor in the etiopathogcnesis o f  tropical calcific pancreatitis.

Undcmutrition appears to be involved at several levels in the pathogenesis o f  diabetes 

mellitus. These include; (1) primary etiological role with progressive P cell damage from 

malnutrition leading to |i cell failure and overt diabetes. (2) A secondary role with 

additional nutritional insult to the cell is being responsible for unmasking a latent 

diabetic state. (3) A pennissivc role with the protein deprived P cell being rcnilered more 

vulnerable to other p cytotoxic influences such virus, autoimmune destruction and toxin. 

(4) A modulating influence on the clinical coursc o f  diabetes resulting in the atypical 

presentation seen in malnourished subjects. It may also infiuencc the coursc o f  the over 

all diabetic syndrome by increasing the susceptibility o f  the individual to serious 

uifections as a result o f  depression o f  immunity. Finally it may lead to more rapid 

deterioration o f  p cell function in a diabetic subjects’^  The data against protein 

malnutrition as the primary or initiating cause o f  tropical calcific pancreatitis arc quoted 

by many workers in the field from Asia and Africa’ ’̂̂ '"^'''*. Although in the state o f  

Keriihi the disease is endemic, in many parts o f  India including the neighboring state o f  

Tamil Nadu (Madras), protein malnutrition and Kwashiorkor occur more often but 

pancreatitis is seldom seen^*. No past history o f  failure to thrive or a generalized 

edematous state was noted in the patient o f  Kerala. The serum albumin o f  more than 75% 

of  patients was above 3.5 g^dl in initial pancreatitis is not seen, in Nigeria the incidence
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of iIk‘ disease is higiier in ihc south than in the norlh. More strikingly in India, the 

prcvalencc o f  the disease only in some pans o f  the country could not be explained’̂’. 

Moreover in the state o f  Kerala, there is highest rale o f  literacy and lowest infant 

mortality, the growth and development o f  their children are considered among the best of 

ihe hidia. I f  these fads  can be considered as indices o f  a better socioeconomic condition, 

it is an enigma, why the disease, i f  attributable solely to protein malnutrition, should be 

eiulemic In Kerala. Malnutrition at presentation o f  tropical calcillc 

pancreatitis; fibrocalculus pancreatic diabetes patient could be secondary to severe 

exocrine and endocrine pancreatic deficiency; a case for pancreatitis related and diabetes 

related malnuirilion rather than malnutrition related diabetes.

In view o f  the above observation in India and similar discrepancies noted in African 

countries, it has been emphasized the need for considering other factors that might play 

an important role, i f  not an initiating one in the etiopathogenesis o f  tropical pancreatitis.

l.b .y . C'yano^vlnc alkaloidii

Epidemiological data in .support o f  cassava as a cause o f  tropical calcific pancreatitis 

show that the disease is more prevalent in Nigeria. Uganda. India and in some pans o f  

Brazil where cassava intake is high. Even in Nigeria it is more common in the cassava 

eating north''^ Causative role o f  cassava in the etiology o f  tropical calcific pancreatitis 

also suggested by Mcmillan''^*" Deficicucy o f  dietary sulfur amino acid (methionine. 

cy.stine) could hamper detoxification o f  cyanide to ihiocyanate and lead to high level o f  

free cyanide, which might be toxic to p cells. Acute cyanide poisoning is known to be 

associated with hyperglycemia and McMillan produced hyperglycemia in rats by feeding 

cyanide''’. Toxicity o f  cyanogenic alkaloids might operate through increased oxidant 

stress*’. However studies in Africa failed to find tropical calcific pancreatitis or 

fibrocalculus pancreatic diabetes in areas where cassava is eaten as a staple food'*^ These 

reports cast doubt over the etiological role o f  cassava in tropical calcific pancreatitis but 

the absence o f  a susceptibility factor in this population could also explain the result. 

Occurrence o f  tropical calcific pancreatitis in areas where cassava is not eaten is also
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cited as evidence against an etiological role Cor cyanide. However other cyanide 

conuiining foodstuffs (ragi, sorghum) could be responsible'’ '̂*.

2.6.4. Gcnctics of pancreatitis

Pancreatitis in cystic fibrosis has been extensively studied. So far (>00 mutations in the 

cystic fibrosis transmembrane conductance regulator (CFTR) gene have been reported to 

he implicated in the pathogenesis o f  pancreatitis o f  cystic fibrosis, O f th e  huge number of 

variations reported A F508 was found accounted in 70% cases*''. Recently some o f the 

common mutations o f  the CFTR gene have been found in the patients with idiopathic 

pancreatitis’*'*. This interesting finding has created interest among the geneticist for 

extensive study to explore gcnctic component in the pathogenesis o f  pancreatitis in IP.

Although the geographical distribution o f  tropical calcific pancreatitis is highly 

suggestive o f  an environmental etiology, familial clustering has also been reported from 

south India. Pancreatitis has been observed in successive generation by Pitchumoni in 

iy7(r . Families with more than one tropical calcific pancreatitis patient, sometimes in 

successive gcneralion have been described**^, A systemic study from south India in 

families o f  38 fibrocaleulus pancreatic diabetes patient showed evidence o f  exocrine 

pancreatic involvement in 12  percent parents and 21  percent o f  sibling and 21  percent 

parents and 1 1  percent o f  siblings revealed previously undiagnosed type 2 diabetes*'^.

LInless a specific marker is available il is difficult to decide whether these results reflect 

gcneiic transmission or a strong environmental influence. However, consanguinity was 

common in families with tropical calcific pancreatitis in successive generation and this 

might indicalc a genetic connection. Genetic marker for type 1 and type 2 diabetes (HLA 

DQ gene and the insulin gene) have been studied in the same population which showed 

presence o f  an HLA DQB marker in 40 percent fibrocaleulus pancreatic diabetes patient, 

class*.^ insulin gene marker in 40 percent and both marker in 20 percent fibrocalculus 

pancreatic diabetes patient but 1 percent in control'* ,

The relevance o fthese  markers in the pathogenesis o f  librocalculus pancreatic diabetes is 

debatable specially i f  diabetes is secondary to pancreatitis. Markers o f  autoimmune islet 

cell damage (Islet cell antibody) are however absent in fibrocalculus pancreatic diabetes 

and histology docs not show insulinitis’*'’.
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Hei'cilitary pancrcalilis (HP) has also been described in USA by Gross and Arcchlogan 

ami they proposed non sex linked Mendclian dominajil transmission*’ '*̂  but olher 

posiulaied lhal gcnctic abnormality in HP encompasses a wide variety o f  structural and

analoniical defcct o f  pancreatic ductal system which may be amenable to surgery^’‘''̂ '̂

Recently in Germany a mutation in the cationic trypsinogcn gene was delected in 5 

patients; in 2 patients with a  family history o f  chronic pancreatitis (CP) and in 3 patients 

with idiopathic CP'‘̂  In one patient o f  this study the well known R122H (R117H) 

mutation was detected and m four patients a hitherto unknown mutation was found at the 

signal peptide cleavage site leading to an alanine to valine exchange in codon 16 (A16V). 

Those results indicate that a significant percentage o f  patients with idiopathic CP may 

ha\ e a genetic basis for their disorder; therefore, genetic testing should be included in the 

diagnostic evaluation o f  these patients.

2.6.5. O xidan t stress and  antioxidant deficiency

Tree radical m ediated dam age: The human body is constantly under attack o f  free 

radicals. Everyday human body undergoes oxidative damage mainly due to the formation 

o f  free radicals (oxidants), which arc highly rcactive, unstable compounds” . Free radicals 

also occur as a part o f  normal ccll metabolism and by exposure to environmental factors 

such as UV light, cigarette smoke, and environmental pollutants and gamma radiation. 

Some toxic compounds caji result in the production o f  free radicals, which includes anti- 

canccr drugs, anesthetics, analgesics etc. Free radicals cause cellular damage, tlisrupt and 

deactivate the cell ability to function properly. Ultimately leading to the damage o f  vital 

molcculcs like DNA. proteins, lipids and carbohydrates. Fortunately human body can 

protccl itself against these unfavorable oxidation with the aid o f  anlioxidants. 

Antioxidants neutralize or deactivate the undesired free radicals produced in the body and 

protect the body from the harmful consequences o f  free radicals'*'.

Diabetes is associated with an increased incidence o f  vascular complications. Oxidative 

damage by free radicals has been implicated in the development o f  vascular disease in 

patients with diabetes''^. Serum total antioxidant activity was significantly lower ui 

patients with type 1 diabetes than in controls. Vitamin C. vitamin E and urate are the 

major contribuiors to serum total antioxidant activity. Lower total iuitioxidant status in 

normal individuals was found with family history o f  heart diseases'^‘\  Increased lipid
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pcroxidalion and rcciuced aniioxidant status may contribute to ihe dcvclopmcnl of 

complications in diabetes'*"'. Tiierc arc one luindrcd diseases in which free radicals liave 

been implicated. Total antioxidant status measures the antioxidant protection o f  an 

individual.

O xidan t stress in pancreatitis: Braganza suggested that tropical calcific pancreatitis is a 

result o f ( i )  heightened and unmitigated oxidative detoxification reaction in pancreas and 

liver coupled with (ii) exposure to xenobiotie biotransformed by cytochrome P-450 and 

(ni) a relative deficiency o f  antioxidanf''. In preliminary studies she found evidence o f  

increased exposure to xenobiotics specially polycyclic aromatic hydrocarbon {cigarette 

and lire wood smoke and vehicular fumes) in patient o f  flbrocalculus pancreatic diabetes 

compared to controls'^''.

2.6.6. R are  causes o f  calciflc pancreatitis  in tropics

In tropical countries where parasitic infestation is common one would expect a high 

incidencc o f  helminthic pancreatitis. The worm that infest the pancreas and its duel 

systems urc A sa ih s  lumhriccoUk’s. Schistosomu niansotu and luicmafohium. Clutiorchis 

siiii'nsis. Echinocofcus gninulostis luid Taenia safiinaia.. Only schistosomiasis and 

hydrated diseases causes pancreatic calcification^^"’’'' and others cause acutc 

pancreatitis''^'''*. Pancreatitis in Th cases appeared to be due to ampullary or pancreatic 

ductal obstruction .

2.6.7. O th e r  causes of chronic calciric pancreatitis

2.6.7.1. .\lcohol

Alcohol consumption is considered to be the main cause o f  chronic calcific pancreatitis in

the temperature areas o f  the world including Europe, USA. Argentina. Chile, South 

.Africa and Japan but also in Latin America - Brazil and Mexico and in some African 

stales: Senegal. Ivory coast. Madagascar and Uganda'*'. Alcoholic pancreatitis in the 

developed countries constitutes 70-80 pcrcent o f  calcific pancreatitis'. There is a linear 

relationship between the logarithm of  the risk o f  developing chronic calcific pancrcalilis 

and the mean daily consumption o f  alcohol"". The risk also increases with duration of
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consuniplion. The type o f  alcoliol beverage and the paiteni o f  alcohol consuniplion have 

no sigiiillcani iiinucnce on the risk o f  developing chronic calcific pancreatitis"’\  Chronic 

calcific pancreatitis is frequently observed in people who drink more alcohol and eat 

more protein and fat than controls'®^ but in other studies there was no significant 

difference between the two groups"’’',

■[‘he mechanism by which alcohol induces chronic pancreatitis is still a matter o f  dispute. 

The generally accepted theory for the mechanism o f  alcoholic chronic pancreatitis is the 

intraductal fonnation o f  protein plugs with or without calcification leading to obstruction 

and secondary damage and destruction o f  the acinar tissue which gives rise to an 

infiammatory reaction with fibrosis. This theory is substantiated by changes in the 

pancreatic juice in chronic alcoholics which include elevated protein and calcium 

concentration leading to hypersiiturated pancrcatic ju ice '‘''’■"’̂  Pancreatic lithogcnesis 

seems to comprise precipitation o f  calcium salt and degraded from o f  a special protein 

calleil pancreatic stone protein (PSP). PSP prevents calcium precipitation in saturated 

solution suggests that a deficiency o f  pancreatic stone protein in pancrcatic secretion 

could play an important part in the disease. This is likely sincc the messenger RNA 

responsible for pancreatic stone protein biosynthesis is significantly decreased m the 

pancreas o f  patient with CCP (whether alcoholic or non alcoholic)"’'’

Allan and White"’’ give alternative mechanism for the formation o f  intraductal plugs, 

riiey postulated abnormal enzyme activation in the ducts giving rise to abnormal protein, 

which probably flocculate.

In contrast Harada et a l '“* postulated the necessity ofclusters o f  desquamated epithelial 

cells and a high concentration o f  mucopolysaccharides for the IbnTiation o f  intraductal 

plugs. Harada ct al. also postulated the high viscosity o f  the pancreatic juice to be 

essential. It is also known that the pancreatic juice o f  pancreatic stone protein patient has 

low bicarbonate, increased amount o f  lactoferrin. an increased ratio o f  lysosomal to 

digestive hydrolases and reduced pancreatic trypsin inhibitor"” .

24

Dhaka University Institutional Repository



2.6 .7.2. M etabolic abnormalilies

Hypciparailiyroidism and liyperlipidemia are eslablishcd eiiologic factors for chronic 

pancrcalilis. Tlic proportion o f  eases o f  chronic pancreatitis varies between 0 and 5 

perccnt in difiercnt studies. Hyperparathyroidism (hypercalcimia) induces a high 

concentration o f  calcium in the pancrcatic juice, which probably is the basis for 

intraductal precipitation and calcification'"’. The mcchanism for the pancrcatic damage ui 

hypcrhpideniia is obscure.

2.6.7.3. H ered ita ry  pancreatitis

ilcrediuiry pancreatitis (HP) describe llrst by Comfort and Steinberg"’'̂  in 1952 and later 

by Gross et al**’ in 1962 from ihe Mayo clinic has provided some information regarding 

the congcnilal anomalies o f  pancreatic duel system. There arc more than 92 families with 

482 ofhereditai-y pancreatitis in the literature up to up to 1976, In Gcvarghcse's series of 

1700 cases o f  tropical calcific pancreatitis incidence o f  familial pancreas was 8 percent in 

father and son; mother and daughter, brother, sister and three pair o f  twin'. The precise 

nature o f  the inherited defect is still unknown. The most probable mcchanism o f  

hereditary pancrcalilis is pancreatic ductal anomaly. It is suggested that a disease with 

non-sex linked avitosomal dominant inheritance, as hereditary pancreatitis should 

manifest itself with anatomic defect rather than wiih biochemical abnormalilies. It is 

postulated that the defcct may be at Ihe level o f  the sphincter o f  Oddi or in the pancreatic

duct i t s c i r ’̂ r

It has also been suggested that decreased concentration o f  pancrcatic stone protein in 

pancreatic juice may genetically detennine protein precipitation and stone formation m 

hereditary pancreatitis\

Hereditaiy pancreatitis (HP) is a rare, early onset genetic disorder characterized by 

epigastric pain and o fk n  more serious complications. Recently it has been suggested that 

an Arg-llis substitution at residue 117 o f  the cationic trypsinogen gene is associated with 

the IIP phenotype'*’. This mutation was obser\'cd in all HP affected individuals and 

obligate carriers from 5 kindreds, but not in individuals who married into the families or 

in 140 unrelated individuals. They have proposed a fail-safe mechanism. Trypsinogen is 

the products o f  trypsinogen gene. Acinar cells o f  pancreas produces this zymogen which
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acii\ ates outside (he pancreas when intesiinal entcrokinasc hydrolyses it lo active tr>’psin. 

As tracc aniounis o f  irypsin nomially become activated witliin pancreatic acinar cells, 

two protective mechanisms arc available to prevent the digestive en/ym c activation 

cascade and pancreatic auiodigestior»—

1) Pancreatic secrctory trypsin inhibitor (PSTl)

2) Trypsin like proteascs—  mesotrypsin and en/yme Y. resistant to PSTl 

and rapidly inactivates trypsin.

hi addition Trvpsin itself catalyses trypsin degradation.

Siibstilution mutation o f  trypsinogcn gene in exon 3 

at Rl 17H would render trypsin resistant to hydrolysis at this site causes aulodigestion of 

pancreas which results pancreatic sclerosis associated with pancreatic exocrine failure, 

pain, ductal dilatation, calcifications, pseudocyst and/or diabetes nielliius.

In the eastern and mid westeni regions o f  United States a single A to T transversion 

mutation was ideniified in the second exon o f  cationic trypsinogen gene in the affected 

memhcr.s o f  the hereditary pancreatitis (HP2) family'* resulting in an asparagine to 

isolcucine transition mutation at position 21 (N211). The identification o f  a second 

mutation in the cationic trypsinogen gene (HP2) suggests a dominant role o f  trypsin in 

premature protease activation-mediated forms o f  acute and chronic pancreatitis.

2.6.7.4. Cystic nhrosis (CF)

Cystic fibrosis with an incidence o f  I in 2000 live birth is the most common cause o f  

pancreatic insufTicicncy in the first decades o f  live in the USA. It is an inborn error o f  

metabolism with autosomal recessive inheritance.

The incidence o f  pancreatic calcification in cystic fibrosis is 1:165 to less than 1;I00(J. 

According to Blanc calcification in cystic fibrosis is rather high’.

The mechanism o f  pancreatic calcification in cystic fibrosis is shown to be the mucous 

plugs formed as a result o f  an excess quantity o f  viscid mucous secreted from 

hi.stologically nonnal mucous gland, in the pancreatic duct due to an en/ym e defect. 

Anothcr explanation offered for the fonnation o f  protein plugs in cystic fibrosis is 

hypersecretion o f  zymogen granules"’. The mucous plugs may contain even 10 times 

more calcium than in normal controls. Calcium combine with mucous anion and leads to
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dehydrulion and inspissaiion ofiiUi'uductal secrclion and duclal obstruction. The resulting 

acinar over distention tends to break the continuity o f  iheir walls and causc leakage of 

pancrcalic enzyme into the iniersliiiai tissue. This is followed by local inflammation, 

tissue necrosis, interlobular saponification o f  fat and fibrosis finally the islet cells choked 

in fibrous tissue causing overt diabetes in almost 15 percent o f  cystic fibrosis individuals 

above 18 years o f  age'.

It was unknown whether genetic factors predispose patients to idiopathic pancreatitis. In 

patients with cystic fibrosis, mutations o f  the cystic fibrosis transniembrane conductancc 

regulator {CFTR) gene typically cause pulmonar>’ and pancrcalic insufficiency while 

rarely causing pancreatitis. In a recent study ii has been found a strong association 

between chronic pancreatitis and CFTR mutations among 27 patients who do not have 

lung disease o f  cystic fibrosis and w'cre referred for endoscopic evaluation o f  idiopathic 

chronic pancreatitis*^. In these patients, the frequency o f  a single CFTR mutation was 11 

times the cxpccted frequency and the frequency o f tw o  abnormal alleles was 80 limes the 

expected frequency.

2.6.7.5. Congeoital anomalies

Chronic calcific pancreatitis has been described in a number o f  patients with difTcrcnt 

anatomical abnonnalities. Calcific pancreatitis in pancreas divisum has been reported by 

Sahel f i  a t 'G e e v a r g h e s e  found calcific pancreatitis in annular pancreas, anomalies o f  

the accessoi'y duct (accessory duct does not open into duodenum, hypertrophy o f  

sphincter). Other anatomical abnonnalities which may be associated with chronic 

pancreatitis includes juxtapapillary duodenal diverticula, duodenal enterogenous cyst and 

duodenal poly^T* "*,

2.7. (tcnetics of Diabetes

Diabetes mellitus is not a single disease, but a genetically heterogeneous group o f  

disorders that share glucose intolerance in c o m m o n ' I t  was widely rccognized the 

diabetic individuals have an increased family history o f  disease’'^. The prevalence o f  

diabetes varies in difTereiit ethnic groups and this is probably due to genetic rather than 
cnviRMimental causcs in most instances. This is highlighted in the comnninities, which
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exhibit a Toundcr cffccl'. In the Pacific Island ol' Nauru llie over all prevalence of 
diabetes is about 30%.

Progress in the ideiilifying geiietic markers was greally hampered due lo exiremc 

hclcrogcncily o f  diflcrciu chromosome and locus association o f  different types o f  
diabeies.

Type I  iHaheies

Sixty lo seventy pcrccnt o f  the gcnelic susceptibility to type one diabetes can be 

aecoiimed for by associations with the HLA loci on short ann o f  chromosome 6 . In 

population surveys o f  American and European Caucasoid subjects with type I, 

associations were found HLA-A1-B8-DR3. B18-DR3 and DR4. In different racial 

population the DR association are different: in Chinese DR3 is associated with type 1 and 
in Japanese with D R 4 '" '’*'*’.

m .A  g i'iic  stucliex

The HI.A complex is comprised o f lh c  Class 1 region (A, B. C and E loci), the class 111 

region (TNFci. T \F |V  complements) and Class II region (HLA-Dr. [)Q and DP). The 

total complex spans 3500 kb. The Class II region (1000 kb) encodes class II molecules, 

which consists ofnon-covalently bound a  and p chains, and is subdivided into the DR (3-

4 [)R(5 genes and one a chain) DQ (1 DQ (x. DQ p 1 DX a  and 1 DX p gene),

associations in type I

The most consistent non-MHC association with type 1 has been that o f  class I allele in 5'- 

flankmg region o f  insulin gene'*"'*'. This has been reported by groups m the UK. 

•America and Denmark hut not found in Black popuhuions, .lapanese and Indian type 1 
diabctics.

Type 2 Uiahctcs

Despite the demonstration that Type 2 diabetes is a predominantly gcnclic disease the 

genes involved in its pathogenesis arc far from being elucidated. The two loci most 

studied are the insulin gene and insulin receptor. Till dale defecting o f  the following 

genes have been identified for the developmeni o f  type type 2 diabetes'*^ Insulin gene. 

Insulin receptor gene. Insulin receptor subslratc-1 gene. Glucagon like peptidc-l receptor 

gene. Olueose transpoiler genes (Glut-I. Glut-2, Glut-4) Glucokinase gene. HNF 4 a  in
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chromosome 20. HNF 1 a ,  in Chromosome 12, HNF 1 p in chromosome 17, IFF 1 in 

chromosome 13. the HLA region on chromosome 6 , Genes involved in lipid metabolism. 

Glycogen synthase gene. Beta3-Adrenergic receptor gene and genes o f  the mitochondrial 

DNA.
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3. SD B JE C T S AND M ETH O D S

3.1. 'l ype of study

This was family based prospective study.

3.2. Place o f  study

The study was carried out al the Department o f  Cell & Molccular Biology. Research 

Division. Banglade.sh Institute o f  Research and Rehabihtalion in Diabetes. Endocrine and 

Mctabolic disorders (BIRDEM ).

3.3. Subjects

A total o f  1! FCPD and 7 TCP subjects were recruited from Gastroenterological practices 

in Dhaka City and BIRDEM. Five parents from each TCP and FCPD group were 

incon^orated in the study, which comprises TCP and FCPD simplex families. Two 

multiplex (Fig 1 and 2) families, TCP and FCPD members o f  which were incorporated as 

individual members, were also studied.

Patients \s ith history o f  abdominal pain were first screened for pancreatic calcification by 

plain X-ray abdomen and or ullarsonogram. Subjects were then subjected to oral glucose 

tolcrance lest and diabetes was diagnosed on the basis o f  WHO study group criteria, 

Patients with pancreatic calcification without diabetes were entered into the study as TCP 

and patients with pancreatic calcification having diabetes were included as fibrocalculus 

pancrcatic diabetes (FCPD).

Control (n=10) subjects without any family history o f  diabetes up to sccond generation 

were collected from a garments factory near Ranipura area, [nformcd consent was 

obtained from each subject before entry into the study.

.^0
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Family I

Fig 3: Pedigree o f  F I multiplex family

Fam ily II

F ig  4: Pedigree o f  F2 multiplex family

FCPD TCP
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3.3.1. Exclusion criteria

•  Palieiils presenting paiicrcalitic calcification with acute complication o f  diabetes.

• Palienls suffering from systcmic illness on the basis o f  history and clinical 

examination.

• Females who were pregnant.

3.4. M ethods

Detailed sociodemographic data, pedegree o f  the proband, family history o f  diseases and 

medical history were taken using a predesigned Case Rccord Fomi. Physical and clinical 

examinations o f  the patients were done on the very first day o f  the visit. Detail o f  each of 

the parameters are given below:

3.4.1. A nnual family income: Annual income in the family was expressed in Taka per 

annum.

3.4.2. Personal history: Subjects were asked about smoking, alcohol drinking, eating o f  

panta rice and dry fishes.

3.4.3. Relevant past history: History o f  measles, mumps, pox. jaundice, respiratory tract 

infection in the past were taken from the subjects and accompanied relatives. Special 

esquire was done about abdominal pain suggestive o f  pancreatitis and large bulky loose 

stool suggestive o f  steatorrhea. Histoiy o f  malnutrition was noted with specific question 

about edema in the past.

Fdiiiily liislory o f  diabetes m clliuis

History o f  diabetes in the family was taken up to second generation and second degree 

relative which included father, mother, sibling, grandparents from both paternal and 

maternal sides, uncle and aunts from both paternal and maternal sides and cousins. 

Diabetes in first degree relatives was considered when diabetes was present in father or 

mother or both along with siblings.

3.4.4. Physical exam ination: In general examination special attention was given aboui 

stigmata o f  malnutrition, vitamin and mineral deficiencies.

3.4.4.I. . \n th ro p o m c tr ic  m easuiem ents

The body weight, in kilogram was measured in patients wearing light cloths and height in
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ccniinieter. by using appropriate scales on bare fool (Dctect-Medic. Deicci Scales INC. 

USA). Skill fold thickness (biceps, triceps, sub-scapular) in millimeter were measured by 

iismg the Harpcndcii Skinfold Calipers.

Body mass index o f  the subjects was calculated as weight in kg divided by licighl in 

square meter

3.4.4.2. M easurem ent of blood pressure and  pulse

Pulse and blood pressure o f  each patients were recorded by the same physician, Blood 

pressure was measured with a sphygmomanometer (Turf Trading Co, Ltd. Tokyo. Japan) 

following standard procedure.

.'t.4.4.3. Radiological and  Imaging study

P’lain X-ray abdomen in supine position in empty stomach in the morning aHer meticulous 

preparation with tablet ultracarbon and laxative was done to delect pancreatic 

calcification.

3.4.5. P repara tion  o f  the subjects

After sclcction o f  the subjects, the experiments to be performed were explaineil to 

individual patients and informed consents were taken from each o f  ihem. Prior 

appointments were given for the subsequent experiments subjects were requested to fast 

overnight ( 12  hours) and advised not to lake any kind o f  medicine or smoke on the 

previous day. Oral glucosc tolerance lest was perforrrfed between 8:00 - 9:00 am in the 

next morning. After taking fasting blood sample o f  6 ml in EDTA containing test tube, 

palient was swallowed 1.75 g/kg body weight glucosc dissolved in 200 ml o f  water. After

2 liours o f  glucose load another 8 ml blood was drawn in another tube.

Blood samples were drawn for estimation o f  fasting and 2h after glucosc. lipid profile, 

total protein, albumin, total antioxidant status. C-pcptide. insulin. ICA. lAA and anti-GAD 

antibody.

.^.4.5.1. L abora tory  wares

Glass wares and accessories were washed properly using laboratoiy quality detergent.
(a) The materials were first washed with detergent,
(b) 1 hen rinsed with double distilled deioni?cd water several times,
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(c) II was llicn dried in drier at 60°C.

.I.4.5.2. C'ollecUon of blood saniplcs

Blood samples drawn were allowed to settle for 15 mins leaving the test tubes on ice. 

Blood samples were then centrifuged for 15 minutes at a rate o f  3000 q^m at 4°C. Plasma 

separated was allequoled and preserved immediately at - 70°C for future analyses.

For the genetic analysis 5 ml o f  the blood (EDTA 1 mg/ ml) was preserved at -7U°C for 

future DNA extraction and genetic analyses,

3.4.6. l a b o r a to r y  techniques 

-1.4.6.1. Estim ation o f  p lasm a glucose

Phism u gtiicose was esiimareci hy G lucose Oxiduae (G O D -PAP) m ethod (SERA PAK. 

liuycr U S A ) ''\

3.4.6.1.1. Principle

The aldehyde group o f  ^-D-glucose is oxidized by glucose oxidase to give gluconic acid 

and hydrogen peroxide. Hydrogen peroxide is further broken down to water and oxygen in 

presence o f  peroxidase and in presence o f  an oxygen acceptor i.e. phenol, a color 

compound is produced. The reaction o f  (GOD-PAP) reagent with glucose produces 4- 

aniinophenazone. a colored compoimd.

glucose oxida.>i[.‘
P-D-gkicose + O: + H^O --------------------------- ^  gluconate -  ll^O:

, , , peroxidase
JJ-IA;: + 4 - amniophenazone + phenol __________________ 4-(F- ben/oqumone-

mono- imino) phenazone i-

4 fJ :0

3.4.6.1.2. Prepaidfion o f  standard solution

A sample o f  36 mg o f  glucose (MW, 180.16. E.MERCK Limited. Bombay, India) was 

taken in a clean stopper test tube and then dissolved in 10 ml o f  water to make a stock 

solution o f  20 mmol/1. From the single slock solution different concentration (1. 2, 4, 8 , 12 

and 16 nimol/1) o f  standard solutions were prepared with distilled deionized water. The
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concentration o f  standard solutions were I, 2. 4, 8. 12,16 and 20 mmol/1 respectively.

3.4.6.1.3. Procedure

Standard glucose solution (5 ).il) o f  each concentration were taken in the initial 8 wells o f  

the microplate. Then plasma (5 jil) was taken in the remaining microwells o f  the plate and 

in all the well GOD-PAP reagent (200 f.il) was added. The mi.xture was then incubated for 

15 minutes at 37°C and then absorbance o f  the solution was measured. All absorbancc 

were measured at 490 run with the help o f  Microplate Reader (Bio-Tek EL-340, USA). 

Two parallel experiments were carried out for each sample. Thus a calibration curve was 

obtained for the absorbance vs concentrations o f  the standard solutions against a reagent 

blank. On the basis o f  the calibration curve, the unknown concentrations o f  glucose in 

plasma sample were measured maintaming the same mixing and incubation conditions as 

for the standard solutions. The standard curve was drawn on every experimental day.

3.4.6.1.4. Calculation o f  Results

Concentration was calculatcd by using Kinetic-Calculation program for the microwell 

plate Reader.

■ Observed

Unear

Concentration (mmol/l)

Standard curve for glucose
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3.4.6.2. Estimation o f  P lasm a C-peptide

Scrum  C-peptide was estimaled by an E LISA  m ethod (DRG Intel-national Inc,
)24Oermany .

3.4.6.2.1. Principle

The DRG C-pcplicle ELISA Kil is based on the competition principle and microplale 

separation. An unknown amount o f  C-peplide present in the sample and fixed amounl of

C'-peplide conjugate compete for the binding sites o f  a plolyclonal C-peptide antiserum

coated onto the wells. In a second step an enzyme complex binds to C-pepiide conjugate. 

The unbound Enzyme complex is washed off. Having added the substrate solution, the 

concentration o f  C-peptide in the samples is inversely proportional to the optical density 

measured.

3.4.6.2.2. Reagents

1. Microtiter wells coated with C-peplide anliserum

2, C-peptide conjugates in stabilizing buffer solution

3- Enzymes complex containing Horseradish peroxidase

4. Reference standard set, lyophilized for I.O ml. 5 vials (0.2 -  16 ng/ml)

5. Zero Standard or Specimen Diluent (3 ml)

6 . Substrate solution T M B (22m l)

7. Stop solution (0.5 M H2SO4)

S. Wash solution (lOX concentrated)

3.4.ft.2.3. M aterials Required

• A microtiter plate reader (450 nm)

•  Micropipettes with disposable tips for 100, 200 and 1000 [.il

•  Absorbent paper

•  Deionized water

3.4.6.2.4. Procedure

1. Desired number o f  coaled microliter wells were placed in the holder.

2. 100 (.il o f  C-peptide standards were dispensed into wells.
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3. 100 j-il o fsam ples was dispensed into selected wells.

4. The wells were incubated for 5 minutes at room leinperature.

5. 200 (.il o f  C-peptidc conjugate was dispensed into each well.

6 . The plate was incubated for 3 hours at room temperature.

7. The contents o f  the wells were shacked out briskly.

8 . The wells were rinsed 3 times with diluted wash solution (400 |.il per well). The wells 

were striked shaiply on absorbance paper to removed residual droplets.

9. 200 (.il ot'enzyme complex was dispensed into each well.

10. The plate was incubated for 60 minutes at room temperature without agitation,

11 - I'he contents o f  the wells were shacked out briskly. The wells were rinsed 5 times with 

dilute wash solution (400 p.1 per well). Then the wells were stroked shaiply on 

absorbance paper to remove residual droplets.

1 2 . 200 y.il ofsubstrate solution was added to each well.

13- The plate was incubated for 30 minutes.

14. 100 ).il o f  slop solution was added to each well and

15. Absorbance o f  each well was determined at 450 nm by using a microwell plate reader 

(Bio-Tek. EL-340, USA).

E
coIT)

<

LoQaninmic

Concentration o f C-peptide (ng/ml)

S ta n d a rd  cu rv e  lo r  C '-pcptide
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3.4.6.2.5. Calculation o f  Results

Optical dciisilies were fed into a computer and calculation was done using the software

program {Kinetic calc). Values for ilie unknown samples w'ere calciilalcd by extrapolating 

ihc log* fit standard curv'c for the standard.

3.4.6.3. Estimation of Plasma insulin

Plasma insulin m is  m easured hy ! M \  m ethod (Abott l.abom torles, Tokyo. Japan)

3.4.6.3.1. Principle''^

The Abott IMX insulin assay is a microparticle absorbed Fluorosccnce Hnhanced F.n/ymc 

Iminiirnoassay (MHIA), It is based on the direct sandwich technique in which two 

monoclonal antibodies are directed against separate antigenic determinants on the insulin 

molecule. During incubation insulin in the sample react with alkaline phosphatase- 

conjugate anti-insulin antibodies and anti-insulin antibodies bound to niicrotritration well. 

A simple washing step removes unbound enzyme labeled antibody. The bound conjugate 

IS detected by reaction with 4-methylumbelliferyl phosphate and the fluorescent product is 

measured by the MEIA optical assembly. The IMX insulin assay shows no cross-reactivity 

with pro-insulin.

3.4.6.3.2. Reagents

Reuficni puck

IMx Insulin Reagent Pack, 100 Tests (No. 2a 10-20)

1. 1 bottle (7 ml) Anti-Insulin (Mouse. Monoclonal) Coated Microparticles in buffer with 

protein stabilizers. Preservative: Contains Sodium A/ide and Antimicrobial agents.

2. 1 bottle (9 ml) Anti-Insulin (Mouse. Monoclonal): Alkaline Phosphatase Conjugate m 

bulTer with protein siabili/ers, Minimum concentration; 3 g /m l .  Preservative: 

Contains Sodium A /ide and Antimicrobial agents.

3. I bottle (10 ml) 4-Mcthylumbcliiferyl Phosphate. 1.2 niM. in buffer Presersalive: 

Contains Sodium A/.ide.
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4. 1 boule (14 ml) Assay Buffer in calf scrum. Preser\'ative: Contains Sodium Azidc and 

Anlimicrihial agents.

IMx Insulin MODI*' I C alib ra to r

1 bottle (4 ml) Mode ! Calibrator (D). Concentration: 30 |.iU/ml. Insulin {porcinc derived 

iiiiinan)" in buffer. Preser\'aiive: Contains Sodium Azidc and Antimicrobial Agents.

CAl IBRA TO RS

IMx Insulin Calibialors <No. 2A lO-lOl

(» bottles (4 ml each) o f  IMx Insulin Calibrators are referenced against WHO Insulin 1st 

IR P ai y2.5% o f  the WHO conceniration. The IMx Insulin Calibrators contain insulin 

(porcinc derived human) prepared in buffer at the following concentration:

1 0 i-iU/ml

2 3 nU/ml

3 10 nU/ml

4 30 nU/ml

5 lOOMlJ/ml

(̂  300 laU/ml

Preservative: Contains Sodium Azidc and Antimicrobial Agents.

C O N T R O L S

3 bottles (8 ml each) o f  IMx Insulin Controls contain insulin (porcinc derived human) 

prepared in buffer to yield the following concentration ranges:

1 8 |jU/ml 6-10 nU/ml

2 40 f.iU/ml 32-48 f.iU/ml

3 120).iUyml 96-144 fiU/ml

Preservative: Contains Sodium Azidc and Antimicrobial Agents.

3.4.6.4. F.stimation o f  p lasm a lutsil chokstero l

Total cholesterol was m easured by enzym atic colorimetric (Cholesterol Oxidase/ 

P eroxidase) m ethod (SERA PAK, Bayer VSA).
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3.4.6.4.1. Principle

Cholesterol esters are hydrolyzed by choleslscrol hydrolase to I'rec cholesterol and Tatty 

acids. Hxisting free cholesicrol together with that produced by this reaction is oxidized by 

cholcsicrol oxidase (CHOD. EC 1.1.3.6) to A'*- cholesienone and hydttjgen peroxide. Tlic 

latter, in the presence o f  peroxidase (EC 1.11.1.7) oxidizes the chromogen system 4- 

aminophenazune (4-AP) / 2- hydroxyphenylacctic acid to a red quinoneimmine with a 

niaxiimim absorbance at 490 tim. The principle is based on ihe following reaction system:

C 'ho lcs ic ro l hyd ro lase
Cholesterol __________________ ^  Esters cholesterol + fatly acids

rh o le s ie ro l ox idase ,
Cholesterol + O2 --------------------------- ^  A • cholestenonc * H’O:

pcroxiduse

H : 0 ; * 4  Al’ + Phenol --------------------------- H 4-(p-benzoquinone

monoiniino) plienazone + 4 H ;0 .

3.4.6.4.2. Reagents

1 BulTer /2- hydroxyphenylacctic acid /surfactants 

1 .A Buffer 'En/ym es / 4-Aminophenazone /Potassium Ferrocyanide

Standard: Cholesterol 200 mg/dl (5.17 mmol/1).

Prcpiiraiioii o f  w orking solut ions

30 ml o f  reagent 1 was added to one \ia l 1A and mixed gently to dissolve the contents. 

The solution was stable for Iwo weeks at 2® to 8*C.

Componvius and concentrations o f  working xohiiion:

Phosphate hulTcr 100 mmol/1, P" 7.2

C'holeslerol oxidase >170 U/I

Cholesterol ester hydrolase >400 U/I

Peroxidase >400 U / 1

2- hydroxyphenylacctic acid 9 mmol/1

4- aminophenazone 0.5 mmol/l

Potassium ferrocyanide 7 |amol/l

Surfactants 6 g/1
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3.4.6.4.5. Procedure

A series o f  standard cholesterol solution (0, 25. 50, 100, 125, 150 mg/dl) were prepared by 

dihiiing a slock standard solution o f  cholesterol (200 mg/dl). Standard cholesterol sohilion 

(5 nl) o f  cach conccniralion were taken in ihe initial 6 microwcll o f  the plale. Then the 

plasma (5 |jI) was taken in the remaining microwells o f  the plate and in all well (he 

working reagent {200 |,il) was added. The mixture was then incubated for 5 minutes ai 

37®C and then absorbance o f  the sohilion was measured. All absorbance were measured at 

4‘)0 nm with the help o f  microplate Reader (Bio-Tek EL-340. USA). Two parallel 

experiments were carried out for each sample. Thus a calibration cuive was obtained for 

llie absorbance vs. conccnirations o f  the standard solutions. On the basis o f  the calibration 

cur\e . the unknown concentraiions o f  cholesterol in plasma sample were measured 

mainiaining the same mixing and incubation conditions as for the standard solutions. The 

standard curve was drawn on every experimental day.

3.4.6.4.4. Calciiiation o f  results

Concentration was calculated by using kinetic-Calculalion program.

4.4.6.5. Esiimation o f  p lasm a Triglycerides

Plasma Triglycerides was m easured hy enzym alic colorimetric (GPO-PAD) m ethod  

(Sf-:RA PAK,Bayer USA)

3.4.6.S.I. Principle''^

Sample triglyceiides incubated with a lipoprotein lipase liberate glycerol and fatty acids. 

Glyccrol is convened to glycerol-3-phosphate by ylycerolkinase and ATP. Glycerol 

pluxsphaie oxidized to dihydroxyacetone phosphate by glycerol phosphate oxidase in the 

presence o f  peroxidase, hydrogen peroxides oxidizes the chromogen 4- 

aminophena7.on&T'I-ethyl-N-(3 -sulphopropyl)-m-anisidine to a violet colored compound. 

The fomied hydrogen peroxide is detected by a chromogcnic oxygen acceptor, 

phenolampyrone. in the presence o f  peroxidase (POD). The red quinonc forrned is 

proportional to the amount o f  triglyccrides present in the sample. The principle is based on 

the following reaction system;
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T r i g ly c e r id e s  +  H iO  ------------------------ ----------------- 1 -  G ly c e r o l  +  F a t ty  a c id s

glycerol kinase
Glycerol * A T P _______________________ Glycerol-1 -P < ADP

g lyce ro l- l-P  oxidate

Glycerol-1 -P-'Oj -----------------------------------^  Dihydroxyacctone- P+ H2O2

pcroxidusc
H2O2  ̂ phenol + Ampyrone------------------------Quinone + 2H :0

3.4.6.5.2. \ta te r ia h

• Micropipeues and pipettes

• Incubalor for maintaining 37°C temperature.

• Photometer for measurements at 500 nm (+10 nm).

3.4.6.5.3. Rtuiffenis

1 N-ethyl-N-(3-sulphopropyl)-anisidine/Surfactant; Buffer

IA Enzymes /ATP /4-Aminophenazonc 'Potassium
Ferrocyanide

Standard: Glyccrol (equivalent to 200 mg/dl o f  triolein),

3.4.6.S.4. P reparation  of n o rk in g  reagents

30 ml o f  reagent 1 was added to one vial 1A and mixed gently to dissolve contents.

Component and concentruiion o f  working solutions:

Buffer 50 mmol/1. P" 7.0

Lipoprotein lipase > 50 U/ml

Glycerolkinasc > 0.05 U/ml

Glycerolphosphate oxidase > 2.0 U/ml

Peroxidase >0.3  U/ml

.\denosine 5- triphosphate 0.7 mmol'' 1

4 - aminophena/one l.Om nioll

Potassium Icrrocyanide 7.0 nmol/1

M aaiesium salts 0.6 mmol/l

Dhaka University Institutional Repository



N-otliyl- N {.Vsulp]iopropyl)-m-anisidiiic 

Siirfactanl slabilizers

3.4.6.S.5. Procedure

1,2 mmol'l

2.0 g/l

Scries o f  standard triglyceridc solutions (0. 25, 50. 100 and 150 mg/dl) were prepared by 

dilutinu a stock standard solution o f  triglyceride (200 mg/ dl). Standard iriglycendes 

solutions (5 pi) o f  each coneentrauon were taken in the initial 6 microwell o f  the plate. 

Then the plasma (5 |.il) was taken in the remaining microwells o f  the plate and in all well 

the working reagent (200 ^il) was added, The mixture was then incubated for 5 nnnutes at 

37°C and then absorbance o f  the solution was measured. All absorbance were measured at 

4 ‘̂ 0 nm with the help o f  microplatc Reader (Bio-Tek, EL-340, USA). Two parallel 

cxpennients were carried out for caeh sample. Thus a calibration curve was obiained for 

the absorbance vs concentrations o f  the standard solutions. On the basis o f  the calibration 

curve, the unknown concentrations o f  triglyceride in serum were measured maintaining 

the same mixing and incubation contlitions as for the standard solutions. The standard 

cu r \e  was drawn on cver>' experimental day.

A
bs
or
ba
nc
e
at
49
0

ObBsrved
UMMt

Concentration of TG (mg/dl)

Standard curve of triglyceride
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3.-I.6.5.6. Ctilculalioii o f  resiilfs

Conccinralion was calculated by using kinctic-calculation program for microwcll plate 

Readcr.

3.4.6.6. Kstinialion of Plasnui High density Lipoprotein (HD[.)

Plasma H igh density Lipoprotein (HDL) h-os m easured by enzym atic colorimetric 

(cholesterol O xiduse/ Peroxidase) m ethod (SERA PAK, Bayer, USA).

3.4.6.6.1. Principle''^

IIDL (High Density Lipoproteins) are separated from chylomicrons. VLDL (Very Low 

Density Lipoproteins) and LDL (Low density Lipoprotein) by the addition o f  a 

precipitating reagent (phosphotungstic acid-magnesium chloride) lo serum or plasma. 

A lk r  cciiirifugation. the cholesterol contents o f  HDL fraction which remains in the 

supernatant are determined by the enzymatic- colorimetric method using cholesterol 

esterase, cholesterol oxidase, peroxidases and a  cliromogcn system.

3.4.6.6.1. Reagents

1 BulTer 2-hydroxyphenylacetic acid / surfactants

IA Buffer/ En/ymes /4-Aminophcna7one/ Potassium

Ferrocyanide

Standard; Cholesterol 50 mg/dl (1.29 mmol/l).

3.4.6.6..'^. Preparation o f  working reagents

Precipitating Reagent: The precipitating reagents contains

Phosphotungstic acid 7.0 g/1

Magnesium chloride 39 mmol/l

Solution ( I )

30 ml o f  reagent 1 (code 6684) was added to one vial 1A (code 6687) and mixed gently to 

dissolve contents.

Components and  com  enirations o f  working solutions :
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Dhaka University Institutional Repository



Soliiiion (1)
Pluispluile buffer 100 mnio!/l. P" 7.2
Cholcslerol oxidase i l 7 0  U/1
C'holcsicrol ester hydrolase >400 U/l
Peroxidase >400 U/1
2- hydroxyphenylacetic acid 9 nimol/1
4- iiminophcnazone 0.5 mmol/1
I’oiassiiim ferrocyanidc 7 nniol/1
Siirfaciatus 6 g/|

3.4.6.6.4. Prociulure

Samples (150 ^1) and precipitating reagents (150 ^1) were taken in a ccnirifuge lube and 

mixed was homogene/ed by shaking and was left al 20 to 25 in a water halh. Then it was 

ccntrifiigcd at 4000 rj)m for 10 minutes. The supemalant was used as sample for 

colorimetric assay, A scries o f  standard cholesterol solutions (0. 10, 20. 25. 30, 40. 45 

mg/dl) were prepared by diluting a slock standard solutions o f  cholesterol (50 mg/di). 

Standard cholesterol solutions (15 ^il) o f  each concentration were taken in the initial 6 

microwell o f  the plate. Then the plasma (15 }il) was taken in the remaining microwells of 

the plate and in all well the working reagent (200 ^1) was added. The mixture was then 

incubated for 5 minutes at 37°C and then absorbance o f  the solution was measured. All 

absorbance were measured at 490 nm with ihe help o f  microplate Reader (Bio-Tck 1:1.- 

340. USA). Two parallel experiments were carried out for each sample. Thus a calibration 

ciir\ c  was obtained for the absorbance vs concentrations o f  the standard solutions. On the 
basis o f  the calibration curve, the unknown concentrations o f  cholesterol in plasma sample 

were measured maintaining the same mixing and incubation conditions as for the standard 

solutions. The standard curve was drawn on every experimental day.

.V4.6.6.S. Calculation of results

Concentration was calculated by using kinetic-cal program,

.V4.6.7. ESTIM ATIO N  OF LDl.-CHOl.KSTF.ROI.

The I.DL-Cliolestcrol level in plasma u’tfs calculated by usinf’ Friedewald formula:'^' 

Fnrmulu

I.Dl. cholesterol *  Total cholesterol (HDL cholesterol + 1/5 x Triglyccridcs).
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4.4.6.S. Dctcrminiition o f  plasma total protein 

.^.4.6.8.1. Test principle'"^*
Proicins give an inlense violci-blue complex with coppcr salts in an alkaline medium. 

Intensity o f  the coloration is a measure o f  the quantity o f  the total protein present in the 

sample tested. The test was adjusted to microwell plates in Research Division. BIRDEM.

3.4.6.5.2. A ppara tu s  

Microplate reader

Adjustable pipette (0.5-10 |^1) and adjustable multichannel pipeilc

Voilcx
Centrifuge

3.4.6.5.3. P rocedure
Serial dilution o f  given standard was done lo construct a standard curve.

Blank Unknown Standard
Plasma - 5 Ml -

Standard - - 5 Ml
Reagents 200 nl 200 Ml 200 Ml

The p[late was put on to a vertical shaker to mix properly and allowed to stand at room 

temperaiure for 15 min. Absorbance was taken using microwell plate reader at a wave 

length 550 nni.

.V4.6.8.4. Calculiillon of results

Optical densities were fed into a computer and calculation was done using the software 

program (Kinetic calc). Values for the unknown samples calculated extrapolating ihc 

standard curve using kinclic package.

.^.4.6.9. Estim aiiuon  o f  p lasm a album in by bromocresol green method 192

.I.4.6.9.I. Principle

Fomiationof an albumin/bromocresol-green complex at pll 4.2 and photometric 

measurement o f  absorbance.

4 6
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3.4.6.9.2. Reagents

Initial concentrations o f  solutions

Succinate buffer 74 mmoI/1. pH 4.2

Bromocresol green 0.15 mmol/1

Brij 35

3.4.6.9.3. Preparation stability o f  rea{>cn( solution

Dilute conlenls o f  one bottle with 650 ml redistill water. Rinse bottle with an aliquot o f  

this dilution and relum to working solution.

Stable for three months at +15 to -*-25‘'C.

3.4.6.9.4. Procedure

Measure against reagent blank (RB). One reagent blank and one standard are sufTicieni for 

each assay series

Blank Standard Unknown

Reagent solution (ml) 3.00 3.00 3.00

Sample (ml) - - o .n i

Precinorm U (ml) - 0.01 -

Mix. incubate for 5 minutes at 20-25”C. then measure absorbances o f  sample and standard 

against reagcntblank: and

if the albumin concentration exceeds 6g/'dl. dilute the sample and repeal the assay.

3.4.6.9.5. Calculation o f  the concentration ©  o f  albumin in the sample

C = Actual value precinorm U x ( A,an,pic'' AM.,Hijrd) g/dl

The actual value is specified in the precinonn U pack insert in the section 'Proteins'.
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.■^.4.6.10 . Estiniatiun o f  Plasma Total Antioxidaot S tatus (TAS) by enzymatic 

Colorim etric  m ethod {RA N D O X.l'K )

3.4.6.10.1. I’rincip le '”

R * •ABTS (2.2 -A/ino-di -[3-elhylbenzihiazoline sulphonate]) is incubaled with a 

peroxidase (melmyoglobin) and HiO: to producc the rcdical cation ABTS'. This has a 

relatively slablc blue grccii color, which is measured at 630 n m .  Antioxidants in  llic 

added sample cause suppression o f  this color production to the degree which is 

proportional lo their concentration. This principle is

HX-Fe’‘ + Ih O .

S o  le s s  A B T S  +

Produced

HX-

X-[Fe^* = 0 ]

X-[Fe^" = 0 ]  + .ABTS"

ABTS r<

No antioxidant
prcseiii

A B T S H X -  Fe^

(U liie  g re c ii  ra d ic a l c a liu ii  m e a su re d  

ut 600 riiii)
= Metmyoglobin

=  Ferrylmyoglobin 

=2.2^-Azino-di-[3-ctbylben/thiazoline sulphonate]

.■^.4.6.10.2. Rcat^ents

1. Buffer

Phosphate buffer saline

2. C hrom o^en

Metmyoglobin

ABTS

5 m nioll.  pH 7.4

6.1 nniol/1 

610 nmol/1

4 8
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3. S ubstra te

Hydrogen peroxide (in stabilised form) 250 }imoi/!

4. Standard

6-hydroxy- 2.5.7.8-tetramcthylchromaji -2-carboxylic acid 1.66 mmol. 1

3.4.6.10.3. Preparation o f  working solutions

( 'h rom ogen : One vial ofchromogen was reconstituted with 10 ml o f  buffer 

S ubstra te : I nil o f  substrate was diluted with 1.5 ml ofbuffcr

S tjindard: One vial o f  Standard {1.66nimol/l) was reconstituted witli 1.0 ml o f  double 

deioni7cd water.

3.4.6.10.4. Procedure

A  scries o f  standard solutions (0 .0 . 0 .2 , 0 .6 , 0 .8, 1 .0  ajid 1 .2 mmolyl) were prepared by 

diluting a stock standard solution o f  1.6 mmol/1. Standard solutions {5 pi) o f  each 

concentrations were taken in the initial 7 microwells o f  the microplatc. Then plasma (5 ^1 

) was taken in the remaining niicrowclls o f  the plate and in all the well chromogen reagent 

(200 pi) was added, Then the solution was mixed well and the initial absorbance (Ai) of 

the solution was measured at 630 nm. Then the substrate .solution (50 nl) was added to 

each microwell . Uy mixing well the final absorbance (A;) o f  the solution was measured 

allcr exactly 3 minutes. .All absorbancc were measured at 630 nm with the help o f  

microplate ELISA Reader (Bio- Tek EL- 340. USA), The difTerence o f  the absorbancc 

(AA  = Ai Ai) was then calculated. Two parallel experiments were carried out for each 

sample. Thus a calibration curve was obtained for the absorbancc (AA) vs. concentrations 

o f  the standard solutions. On the basis o f  the calibration c u n c .  the unknown 

concentrations o f  TAS in plasma were measured maintaining the same mixing and 

incubation conditions as for the standard solutions. The standard curvc was drawn on 

every experimental day.

4‘)
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Logan thmic

Concetration of TAS (mmol/l)

S ta n d a r d  c u rv e  fo r  T A S

3.4.6.10.5. Result

Oplical densities were fed inio a computer and calculation was done using the software 

program (Kinetical calculation) for niicrowell plate ELISA Reader (Bio- 'I'ek. EL- 340. 

I SA). Values for ihe unknown samples were calculalcd by extrapolaling the log-fit 

standard c u r \c  for the standard.

.^.4.6.11. Estimation o f  islet ccll antibody (ica)

X4.6.1l.l./»rm<’/ / V "

The highly purified mixture o f  pancrcalic antigens immobilized into microwells. The 

positive control, negative control and one dilution o f  patient plasma arc added to the 

appropriate microwells. Antibodies in the plasma samples are allowed to react at room 

temperature with the antigen molecule on microwells. After washing o ff excess or 

unbound plasma materials, the bound antibodies arc detemiined by an en/yme lebelled 

goat aiuibody specific to human IgG. Al\cr through washing a substrate is added and the
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color generated is measured spectrophotometrically. The intensity o f  the color is directly 

proponional to the concentration o f  ICA in the sample.

3.4.6.) 1.2. Isletest reagents provided

Microwcll Strips (with holder)

IgG Hn/ynie Conjugate (concentratc)

Sample Diluent (concentrate)

Conjugate Diluent 

Positive Control 

Negative Control 

Substrate tablet buffer 

Washing Buffer (concebtrate)

Substrate Tablets 

Stopping Solution ( IN NaOH)

3 .4 .6 .11.3. Additional Materials

Deioni/ed v^ater

Absorbent paper towels to blot drey the strips after washing steps and plastic wraps to 

cover strips during incubations.

Glass test tubes (5 ml)

Micropipettc with disposable trips to deliver 25 nl, 50 ).il and 100 |.il.

A microtiter plate washer.

Pipette (10 ml) for substrate buffer and conjugate diluent delivery.

500 nil graduated cylinder

microtiter plate reader with 405 nm absorbance capability.

Plastic label tapoe. to tape-up unused wells before assay.

51

Dhaka University Institutional Repository



.V4.6.11.4. Specimen collection

Samples were taken out o f  freezer 1 hr before and allowed to thaw and later on vortcxed 

for 5 see.

i 1.5. Reagent p repara tion

/sk-ii'si - IgG enzyme conjugate recon.siiluiion: Accurately transferred 5 ml o f  the Isletest 

conjugate diluent into one bottle containinglsletest • IgG enzyme conjugate. Bottle was 

cleancd and mixed thoroughly by inversion.

Jsk'H’.si - sample Jiluenr /jf//?t.’/';Samplc diluent buffer diluted accordini’ to the need. 

Calculated amount o f  concentrated isletest sample diluent transfer to a clear cylinders and 

added certain amount o f  deionized water and mix thoroughly by gentle inversion.

Isletest wash: Isletest wash concentrate is for 500 ml o f  isletest wash solution. Calculated 

\'olunie o f  wash concentrate was taken in a clean cylinder, desired amount o f  deioni/cd 

water added to it and mix throughly by inversion.

Plasma sample preparation: 25 pi o f  sample pipetted into 2.5 ml o f  the sample diluent

Isetest suhsiraie reagent: The substrate reagent prepared immediately prior to use. keep it 

at room temperature for 15 min and shaking periodically,

3.4.6.11.6. Assay procedure

Calculated number o f  streps assembled in the holder. The microwell strip snapped in 

place llmily w'ith its square side.

100 îl o f  islets negative control was dispensed into microwells C l and D l ,

100 fil o f  islets positive control was pipetted in microwells El and F I .

100 j.il o f  diluted plasma was pipetted onto microwell in duplicate.

The plate was covered with a  plate sealer and left at room temperature (25±l"C) for 1 hr.

.M'ter I hr o f  incubation solution in the microwell was discarded and the microwells were

washed with w-ashing buffer using automatic plate washer, except the A 1 and B 1 in the
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firsi column. AHcrwards the plate was blotted by tapping on a paper towel.

10(1 ^1 o f  Isletest IgG-enzyme conjugate reagent was added into all wells except wclls AI 

and B I .

The plate was co\ ered with a plate sealer and left it stand at 25± l“C for 1 hr.

Substrate reagenl was prepared.

Alter incubation Wiishing step was repeated and the inicrowells were blotted dry,

100  îl o f  freshly prepared substrate was pipetted into all microwells including wells A 1 

and B 1 at a rapid and steady pace without any interruption.

The plate was left in the dark for 30 ntin at 25±1*^C

At\cr 30 min swiftly added 50^1 o f  the slopping solution into each well B1 at a rapid and 

steady pace without any interruption.

Reading was taken using microwell plate reader at the wavelength 405 blanking the 

reader with wells A 1 a n d B l ,

.V4.6.11.7. Calculation

Average o f  reading o f  samples and both the positive and negative control done in 

duplicate calculated and recorded. The average reading o f  the negative control data is N, 

positive control data is P and sample data is S. The cul-ofT point o f  each run was 

calculated as follows.

Cul o ff  point = Nx 2.5

riie average OD values (S) now compared with the cut-off value and value o f  samples 

above the cut-off value is taken as a positively.
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.1.4.6.12. Estim ation o f  Insulin autoantibody (iaa)

X A .b M A .P r in d p lc '^ ^

Human insulin is immobili?.ed into microwells. The positive conirol, negative control and 

one dilution o f  patient plasma are added to the appropriate mlcrowells. Human IgG 

specific antibodies to insulin in the plasma sample and conirol s bind to the insulin 

molecules on the microwells. After washing ofT excess or unreacied plasma maierials, an 

ciuym e labeled goat antibody specific to human IgG is added to the anligcn-antibody 

complex. Aflcr through washing to remove the unbound enzyme a substrate solution is 

added and the color is directly proportional to the concentration o f  lAA in the sample. 

Two quality controls (positive and negative) are provided lo monitor and valitlale assay 

results.

.1.4.6.12.2. Reagents provided 

Microwell Strips (with holder)

Anti-Human IgG Enzyme Conjugate (concentrate)

Sample Diluent (concentrate)

Antibody conjugate Diluent 

Positive Control 

Negative Control 

Substrate butTcr 

Washing Buffer (concentrate)

Substrate Tablets 

Stopping Solution (1N NaOH)
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3.4.6.12.3. Additiunsil Materials

Deioni/cd water

Absorbent paper towels to blot dry the strips after washing steps and plastic wraps to covcr 

strips during incubations.

Glass lest lubes (5 ml)

Micropipette with disposable trips lo deliver 25 [il, 50 n! and 100 ^1,

A  microtiter plate washer.

Pipette (10 mi) for siibslrate buffer and conjugate diluent delivery.

500 ml graduated cylinder

Microtitcr plate reader with 405 nm absorbance capability.

Plastic label tape, to tape-up unused wells before assay-

3.4.6.12.4. Specimen collection

Samples were taken out o f  freezer 1 hr before and allowed to thaw and later on vortcxed 

for 5 see.

3.4.6.12.5. Reagent preparation

lAA • fgG  enzyme conjugate reconstilulion: Accurately transfened 5 nil o f  the lAA 

conjugate diUienl into one bottle containing lAA - IgG enzyme conjugate. Bottle was 

cleaned and mixed thoroughly by inversion.

lAA ■ sam ple ilHucni buffer: Sample diluent buffer diluted according to the need. 

Calculated amount o f  concentrated lAA sample diluent transfer to a d e a r  cylinders and 

added certain amount o f  deionized water and mix thoroughly by gentle inversion.

lAA HW.s/j; lAA wash concentrate is for 500 ml o f  lAA wash solution. Calculated volume 

o f  wash concentrate was taken in a clean cylinder, desired amounts o f  deionized water 

added to it and mix thoroughly by inversion.

Plasma sample preparation: 25 j l̂ o f  sample pipetted into 2.5 ml o f  the sample diluent

Suhstra/e reagent: The substrate reagent prepared immediately prior to use. keep il at 

room temperature for 15 mm and shaking periodically.
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3.4.6.12.6. Assay p rocedure

Calculated number o f  strip assembled in ihe holder. The microwcll strip snapped in place 

nrnily with its square side.

100 o f  lAA negative control was dispensed into microwells C l and Dl.

100 o f  lAA positive conirol was pipetted in microwells El and FI .

100  nl o f  diluted plasma sample was pipetted into microwell in duplicate.

The plate was covered with a plate sealer and left at 2 - V  temperature for overnight.

In the next morning solution was discarded and the microwells were washed with washing 

buffer using automatic plate washer, except the first two well in the first column. 

,\ftcrw ards the plate was blotted by tapping on a paper towel-

100 nl o f  lAA-lgG-enzyme conjugate reagent was added into all wells except wells A1 

and B 1 .

The plate was covcred with a plate sealer and left it stand at 25±l"C for 1 hr.

Substrate reagent was prepared.

After incubation washing step was repeated and the microwells were blotted dry.

100 f.il o f  freshly prepared substrate was pipetted into all microwclls including wells A1 

and B 1 at a rapid and steady pace without any interruption.

The plate was left in the dark for 30 min at 25±1^C

After 30 min swiftly added 50^1 o f  the slopping solution into cach well 81 at a rapid and 

steady pace without any interruption.

Reading was taken using microwell plate reader at the wavelength 405 blanking the reader 

with wells Al and B 1 .

3.4.6.] 2.7. Calculation

Average o f  reading o f  samples and both the positive and negative control done in 

duplicate calculated and recorded. The average reading o f  the negative control data is N. 

positive control data is P and sample data is S. The cut-ofT point o f  each nm was
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cillcuhiicd as follows,

Cut o ff  point = Nx 2.5

The average OD values (S) now compared with the cut-off value and value o f  siunplcs 

above ihc cul-off value is lakcn as a positively.

3.4.6.13. Estimation o f  ( ilu tam ic  Acid Decarboxylase (GAD) Autuantibodies 

-V4.6.13.1. Principle'-''’-'”

ELISA technique was used for the quantitative in \iiro  determination o f  Glutamic acid 

decarboxylasc autoantibodics in plasma with streptavidin pre-coatcd microtiter plates. In 

ihe first step GAD-hiolin is bound by streptavidin to the inicrntitcr plate and in a second 

step after washing it is bound by tiie GAD specific auloantibody from the sample. 

Following the washing step, the peroxidase (HRI*) labeled anti-IgG hinds to GAD 

autoantibodics. The HRP bound in the complex is developed by ABTS (2.2’-Azino-di-[3- 

cthylben/thia/olinesulfonatc] > di-ammonium salt) as substrate and determined 

photometrically. The color intensity is proportional to the concentration o f  anti-GAD,

3.4.6.13.2. Reagents

Reagents from Roche Diagnostics GmbH. Gennany. were used for the dctemiination of 

Glutamic acid decarboxylase autoantibodics.

I. GAD-biotin: Reconstituted the lyophilizatc in 0.5 ml double distilled water (stock

solution) for 10 min at room temperature and then allowed to stand for further 30 

mm before use. 0.5 ml stock solution was added to 15 ml solution 2. which 

resulted a clear, slightly yellowish solution-

II. Coating buffer; Slightly yellowish, clear solution and ready to use.

III. Sample buffer: Slightly yellowish, clear solution and ready to use.

IV. Anti-GAD standards: Slightly yellowish, d ea r  solutions o f  5 standards (0. 140,

.ViU. 1100 and 2580 mmol/1) were used. Ten micro-litcr o f  each standard was

diluted with 250 ^1 o f  solution 3.

V. .Anli-GAD positive control; It was diluted as anti-GAD standards.

VI. Washing buffer: The washing buffer concentrate is a turbid solution which clears

aHcr prolonged standing at room temperature and dilution ( 10  times) wiih double 

distilled water-
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Vil, Conjugale biiner; Ready to use, clear solulion.

VIII. Anti-h-lgG-HRP; One ml double distilled water was added to the supplied 

lyophilysate and rolled for 15 min, then 1 pari stock solution was added to 29 pans 

conjugate buffer and mixed thoroughly.

IX. ABTS substrate solution: 2 .2 ’-Azino-di-f3 -ethylbcnzthia7,olinesulfonate] / di- 

ammonium salt was used as substrate which was light green clear solution.

3.4.6.13.3. Assay Procedure

1. 100  nl o f  the solution was added into the appropriate wells and cover the microtiter

plate (MTP) tightly with an adhesive covcr foil and incubated under constant 

shaking al 300 rpm for 60 min.

ii. Washed 3 limes with solution 6 . After the last washing, tap the MTP face 

downward onto an absorbent paper towel to completely remove washing solution.

iii. Appropriate well-diluted 100 îl o f  each o f  the standards, samples and positive 

control were added into each well and incubate under constant shaking at 300 q^m 

for 60 min.

iv. Washed 3 times as step ii.

v. 1 ()Of.il o f  the solution 8 was added into each well and incubated under constant

shaking at 300 rpm for 60 min.

vi. lOOpI o f  the solution 9 was added into cach well and incubate under constant

shaking at 300 r|->m Cor 30 min. Absorbance was measured at 405 nni against blank.

3.4.6.13.4. Calculation

Average o f  reading o f  samples and positive control done in duplicate calculated and

recorded. The average OD values o f  samples now compared w ith the positive control and

value o f  samples above the positive control value is taken as a positively.
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3.4.6.14. DNA ex traction ''"

DNA was cxtracled form whole blood. This is s3U precipitation method.

.^.4.6.14.1. Reagents

R B ( l.ysis buffer

Anitnoniuni Chloride (NH4CL) 155 mM

Polassium hydrocarbonate (KJ-lCOi) 10 mM

Elhylcncdiamine tctraacetic acid (EDTA) 10 mM

Cell lysis buffer

T ns-H C l-pH  7.4 lOmM

Saodiiim chloridc 400 mM

Elhylcncdiamine tctraaceiic acid (EDTA) 10 mM

Sodium dodecyl Sulphate (SDS) 1%

I'rotein p r e c i p i t a l i o D  b u f f e r

.Ammonium acelalc 7 mM

H ydration  buffer  (TE)

I'ris-llCl. pH 7.4 lOmM

Elhylcncdiamine ictraacetic acid (EDTA) I mM

.^.4.6.14.2. P rocedure

Blood samples were taken oul o f  the freezer and allowed to thaw. After lhawing it was 

homogenized by repeated gentle inversion o f  the tube for several times.

Then the following extraction procedure followed;

1- o f  whole blood was taken in a microcentrifuge tube

2- 900 nl o fR B C  lysis bulTer was added

3. Inverted several limes to mix thoroughly by gentle inversion

4. Incubated at room temperature for 10 - 15 min and mixed occasionally by inversion

5. Then the mixture was centrifuge for 30 sec in a refrigerated microcentrifuge (13000 

ipni)
.‘' ‘J
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6- Tlic supcrnalant was Eliminated with a micropipelle or pour o ff  carcfully

7. Then 900 |il o f  RBC lysis buffer was added

8. Slep 4-6 was repeated one or two limes more till the supenialaiit was d ea r

y. The pellet o f  while blood cells was resiispended in RBC lysis buffer (<20 j,il) by 

vortexing pipeliing.

H). 300 nl o f  Cell lysis buffer containing 300-500 (.ig/nil o f  proteinase K was added

11. Invened the tubes to mix (avoid lumps o f  cells)

12. The tube was incubated for I hr at 55‘*C (can be left overnight at this temperatureO

13. Cooled the sample to room temperature.

14. Protein precipitated buffer ( lOOjil) was added.

15. riic sample was vortex (20 see) to mix and centrifuged 13000 rj^ni for 5 min.

U). Poured the supernatant into a new tube containing 300 nl o f  100% isopropanol.

17. Mixed by inversion several times and centrifuged at 13000 rpni for 3-5 min.

18. The supernatant was discarded and 500 f,i! o f  70% ethanol was added.

19. Inverted several times to mix and centrifuge 13000 rpni for 1 min.

20. Ethanol was drained carefully

21. Dried the lube in a Laminar Air Flow

22. 100 nl o f  hydration buffer (IX  TE) was added

23. The DNA was allowed to hydrate I lir or overnight at 65 "C

24. The DNA was stored at 4 "C for further analysis.

3.4.6.15. Trypsliiogen gene analysis

Exon 2 and exon 3 o f  the trypsinogcn gene were analysed for the deicciion o f  A16V and 

Rl 17H mutation,

3.4.6.15.1. Kxoii 2

3.4.6.15.1.1. Polymer Chain Resictlon (PCR)

A 495 base pairs (bp) fragment includes exon 2 o f  trypsinogen gene was amplified using 

the following primers'"’; Forward; 5' - TTA GCA GAA AGC AAT CAC ACC 3' and 

re\ erse: 5’ CTC TCA CCA CCC CAA CAT - 3 '.  PCR was done in total 35 ^1 reaction 

volume containing 3 j,il unmeasured DNA. 3.5 îl xlO Mg free themiophilic buffer 

(contiiins! 50 niM KCl. 10 niM Tris-HCl. pll 8.3 at 25 "C) 1% Triton X-IOO. 5 pmol of

each primers. 0.2 niM o f  each dKTPS (dATP, dCTP, dGTP and d'lTP), MgCI; 1.5 niM
du
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ami 0.8 L'nil o f  Taq DNA polymerase. Conditions for PCR were: 4 min initial 

dcnaUiration step at 95 ‘’C followed by 35 cyclcs al y4 '’C x I min. 55 "C x I min and 72”C 

X 1 min and a final elongation step o f  10 mins at 72 "C. 5 j,il o f  DNA dye was added to the 

PCR amplified DNA. After a momentary spin the PCR products were loaded in wells o f  

2% agarose gel containing cthidium bromide (10 mg/ml). Elcclrophorcsis was 

accomplished al 60 volts and the PCR products were visualized under automated Gel 

Docunienlalion system.

.1.4.6.15.1.2. R F L P  (For ihe dctcction o f  A16V):

The A16V mutation abolishes restriction site o f  endonuclease Fnu 4MI (5’ (^CNG C 

.1") in the 16'^ position o f  the trypsinogen gene. PCR product o f  the exon 2 was digested

over night al 37 “C with Fnu 4H1. Digested products were analyzed using 3% Metaphore 

.-\garose Gel and were visualized under the same Gel Documentation System.

3.4.6.15.2. Exon 3

Exon 3 o f  the human cationic trypsinogen gene was amplified using a polymerase chain 

reaction according to Whitcomb DC'''’ et al.. 1996. A 911 base pairs (bp) fragmeni 

includes exon 3 o f  trypsinogen gene was amplified using the following primers: Forward:

5- GGT CCT GGG TCT CAT ACC TT 3' and reverse: 5’ - GGG TAG GAG GCT 

TCA CAC TT 3'. PCR was done in total 35 |il reaction volume containing 3 nl 

unmeasured DNA. 3.5 fil xlO Mg free thermophilic buffer (contains 50 mM KCI. 10 niM 

Tris-HCl. pH 8.3 al 25^C) 1 %  Triton X-100, 5 pmol o f  each primers, 0.2 niM o f  each 

dNTI’S (dATP. dCTP. dGTP and dTTP). M gCb 1.5 mM and 0.8 Unil o f  Taq DNA 

polymerase. C’onditions for PCR were: 4 min initial denaturalion step al 95^C followed by 

40 cycles at 94"C x 1 min, 5 9 V  x 1 min and 72*̂ C x 1 min and a  final elongation step o f  

10 min at 72‘'C. 5 |.il o f  DNA dye was added to the PCR amplified DNA. Afler a 

momentary spin the PCR products were loaded in wells o f  1.5 % agarose gel containing 

elhidiimi bromide (10 mg'ml). Electrophoresis was accomplished at 60 volts and the PC'R 

products were visualized under aulomated Gel Documentation system.

RKI.P (For the detection o f R l  17H):

The R117H mutation in the exon 3 creates a restriction site 5 ’ A cd^ T G T  3 ' (arrow 

indicates splice site) is recognized by endonuclease AJIWX. PCR product was digested
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ovcrniglil at 37"C by AJJ\\\. Elcctrophoresis was accomplished al 60 volts ami the digested 

products w ere visualized under automated Gel Documentation system.

3.4.6.16. H um an  l.eukocytc Aniigen (HLA) Analysis

A P('R based method using sequcncc-specific primers, so tenned PCR-SSP. was used for 

m .A B Q B l typing. This is a powerful method for detecting gcnctic variabiMly, including 

single base pair mismatches. The technique is based on the principle that a completely 

matched primer will be more cfficienlly used in the PCR reaction than a primer with one 

or several mismatches in the 3’ end. Fourteen set ofpriniers were used which picked up 28 

alleles o f  the Hl.A-DQBl region (0201. 0202. 0203. 0401. 0402. 0501. 0502. 0503, 0504. 

0601. 0602. 0603. 0604. 0605. 0606. 0607. 0608. 0609. 0610. 0611. 0612, 0613. 0301. 

0302, 0303. 0304. 0305. 0307) were analyzed using PCR -SSP'”

f'or H L.\ DQBl typing, each sample was amplified by a first set o f  eight PCR primer 

pairs, followed in some cases by two to six additional PCR reactions.

The PCR reaction mixtures (10 ul) consisted o f  75 ng genomic DNA. PCR buffer (50 mM 

KCI. 1.5 niM MgCl; 10 mM Tris-Cl, pH 8.3, 0.001% gelatin), 200 each o f  dNTPs. 

0,25 nM o f  the allele and group specific DQBl primers and 0.2 unit o f  Taq polymerase. 

Thirty amplification cycles were carried out, each cycle consisted o f  denaturation at ‘M "C 

for 20 seconds, annealing al 65 “C for 50 seconds and extension al 72“C for 20 seconds. 

.^bscnce or presence o f  PCR products was visualized by 2% agarose gel electrophoresis.

3.4.6.17. Statistical analysis

Details medical history was taken and clinical findings o f  the subjects were recorded in a 

predesigned case record form. All analyses were done using the SPSS (Statistical Packagc 

for Social Sciencc) package for windows. Experimental values were expressed as mean 

±SD (standard deviation) or median (range) as appropriate. To compare results beiween 

two groups students l-iest or Mann-Whitney tests were perfomied where appropriate. 

Statistical significance was considered to be indicated by a p  value o f  less than 0.05 in all 

cases.
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4. Results

•4.1. C lin ical a n d  Sociodem ograph ic  ch a rac te r is t ic s  (T ab le  I)

Moan (±SD) age (in years) o f  Controls, TCP and FC'PD subjects were 26±3, 28±6 and 

22±7 respeciivcly. FCPD subjects had sigiiificanily lower age compared lo Conirol 

(p<().{)5) and T C P  (p<0.05) subjects.

Mean (±SD) BMI o f  the Control subjects was 23.62+2.4. BMl o f  TC P (I8.15±3.3) 

and FCPD ( 18.45±4.0) subjects were almost similar and both had values significantly 

lov\cr (p= 0.005) than the control subjects.

M ale-female ratio o f  the Control group was 1:2.3. A male preponderance was 

obser\ cd m TC P (M ;F=4:3) and female preponderance m FCPD (4:7). This increased 

nuiiibcr o f  female subjects in FCPD cases may be due to small number o f  study 

subjects

Duibetes mellitus m other family members was found in 14.3% o f  the TC P subjects 

and 27.3%  o f  the FCPD subjects. History o f  abdominal pain in the past w as present in 

lOO"/!. o f  the TC P and 54.5% o f  the FCPD subjects.

4.2. R c le \a n t  past h is to ry  (T ab le  II)

History o f  viral diseases like measles was found in 28.6% o f  TC'P patients and 18.2% 

o f  1-'(’PD subjects. In 36.4% and 18.2% o f  the FCPD subjects had past history of 

m um ps and jaundice respectivcly.

4.3. A n th ro p o m e tr ic  Ind ices  and  Blood P re ssu re  (T ab le  III)

Mean (± SD) vvaist-hip ratio (W HR) were 0.85i-0.07. 0 .80 t0 .08  and 0 .93± 0 .16 in 

Control. TC P and FCPD groups respectively. W HR values did not difler statistically

among the three groups.

6.^
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Mean (-tSD) subscapiilar-triceps ratio (S'l'R) o f  the three groups was C'ontrols- 

I.85J-0.73; TCP-1.29±0.32 iind FCPD- 1.22:r0.37. The STR value o f  TC P group 

significantly differ compared to Controls (p=0.039) and in FCPD it showed difference 

but did not rcach to level o f  significance ( p -0.063). The value did not differ between 

l-CPD and KCPD eases.

Both the systolic and diastolic blood pressures o f  the three groups w-ere almost similar 

among each other. Systolic blood pressure (m ean iS D . mm Hg) was 101±20. 113±y 

and 101=7 and diastolic 683:8 . 7 2 i4  and 67±8 respectively in Control. TCP and 

1-C‘PD groups.

4.4. G lyccm ic  and insu lincm ic  status (Table  l \  )

Fasting plasm a glucose level (mmol/1, m ean iS D ) o f  the I 'C Pl) group

(15 4±6.3) had almost 3.5 times higher (p=O.OOI) compared to the Control group 

(4,41.0.4) and 3 limes higher (p^O.OOl) than the TCP group (4.9±1,0). Fasting blood 

glucosc level m TCP did not differ with the Controls. Similarly plasma glucose 2 hi's 

after 75 g oral glucosc drink in FCPD subjects (27,2±7.4, p=0.0()l) was about five 

times higher (p 'O.OUl) compared to the Control (5.2±0.6) and T ( 'P  groups (5.9±1.0).

In contrast lo glycemic status, fasting C-peptidc level (nmol/1, median-rangc) o f  the 

Control gi'oup {0,70. 0.39-1.78). was about 3 times higher compared to FCPD (0.23. 

().i{)-(),30). (p 0.006) and 1.4 times higher than the TCP subjects (U.52. 0.21-0,56) 

(p 0 0 4 0 ) .  On the other hand fasting C-pcptide level o f  the TCP subjects was more 

than 2 times higher than the FCPD subjects (p=0.008). Similarly postprandial C- 

pcptide after 2 hours o f  75 g oral glucose in Control subjects 2.23 (1.99-3.38) was 6 

times higher than the FCPD group (0.29. 0.11-0.51) (p=0.()03) but the value did not 

differ com pared to TC P group (1.92, 0,68-3.09) (p-0,165). Postprandial C-peptide 

level o f  the TCP subjects was about five times higher than the FCPD group 

(p-0 ,042).
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I’aralleling the fasting C'-poptide values fasting plasma insulin level (pmol/|. niedia- 

range) o f  the Control group (48. 32-124), was more than 2 times higher compared to 

the FCPD (21. 13-48) (p“ 0,008) and 1.5 times higher than the T ( 'P  subjects (32. 29- 

47) {p=0.()28). Fasting plasma insulin o f  the TCP subjects was 1.5 limes higher than 

FC’PI) subjects, however, the diflerence did not reach statistically significant level. 

Postprandial insulin levels showed a pattern almost identical to postprandial C- 

pcptidc values (Controls- 328. 224-380: TCP- 270, l*)4-337 and FCPD- 101. 88-142; 

p 0.001 vs Controls. p=0.007 vs TCP).

4.5. Insulin .sccreiory capacity  (T ab le  V)

C-pcptide-glucose (nnoni mmol) and insulin-glucose ratios (pniol mmol) (niedian- 

range) in both fasting and postprandial states o f  Control subjccis (C-pcplide-glucose:

0.15. 0.09-0.41 and 0.44. 0.36-0.78; insulin-glucose: 11.27. 6.78-28.94 and 60.88. 

38.06-88,21 respectively in fasting and postprandial state was significantly higher 

than FCPD (C-peptidc-glucose: Fasting-0.011, 0.003-0.015 and Postprandial-0.012.

0.005-0.077: insulin-glucose: Fasting-1,30. 0.66-5.12 and Postprandial-3.65. 2.67- 

5.73], and TCP subjccis [C-pcptide-glucose: Fasting-0.09, 0.06-0,12 and

Postprandial-0.36. 0.12-1.42; insulin-glucose: Fasting- 6,44. 5.38-13,14 and 

Pc)Slprandia!-43.61 38.36-58,92],

H epatic  ex tra c tio n  o f  insulin  (T ab le  V)

C-pcptide-Insulin (nmol/pinol, median-range) ratio o f  fasting slate o f  the FCPD 

subjects (0.009, 0.005-0.019) was similar with the Control (0.012, 0.009-0.019) and 

TCP subject.s (0.017, 0.005-0.018). This ratio in the postprandial state o f  the FCPD 

subjects (0.003. 0.001-0.005) was significantly lower than the Control (0.008. 0,005-

0,010) but not significantly different with the TCP subjects (0.008. 0,002-0.011),

4.6. l . lp id  Profile (T ab le  VI)

Mean (±SD) tnglyceridcs (mg/dl) o f  the Controls. TCP and FCPD subjects was

1!0±73, 100±45 and I35±43 respectively. Total cholesterol (mg/dl. mcan±SD) was

(.5
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121+47. 126±19 and 140±32 the ihree groups. HDL-cholcstcrol (mg/dl. nican±SD) 

vs'us 32.3±8.f>. 27.8±]3-4 and 27,1±14.4 the three groups and LDl.-cholcstcrol 

66,7+44,1, 78 .5±I8 .I  and 86.6±26.4 three groups respectively. The hpid levels did •nol 

differ statistically am ong the three groups.

4.7. Pla.sma F ru tc in s  an d  I'ol^l A iitioxidant s ta tu s  ( I 'ablc VII)

l otal plasma proicin levels (g/dl. mean±SD) m Control subjects (7.5()±0.70) was 

similar with KCPD subjects (7.11±0.49) but significantly higher than TCP 

{6.7()±0.43) (p=0-l)36). Plasma albumin level (g/dl) in FCPD subjects (4.47+0.47) was 

significantly low er than the Control (5.10±0.57) (p=O.U23) subjects.

Mean (±SD) o f  total antioxidant status (nimol/l) in TCP subjects (0.83±0.07) was 

significantly (O.OOl) lower than the Control (1.08±0,16) and KCPD subjects 

( l .0 l± 0 .0 9 ) .

4.8. .-VutoantihiKlies (T ab le  \ ' I I I )

In the FCPD and TCP subjects 18.2% and 28,6 %  respectively shown IC'A positivity.

On the other hand 27.3% o f  the FCPD subjects lAA positivity. All o f  the subjects 

nega ti\e  for anti-GAD antibody.

4.y. ( jen e llc  A n a l\s is  

(•eno  associa ted  >^i(h d iabe tes

/ I L A - D Q B l  typina: HLA -DQ Bl typing o f  the simplex families showed high 

polymorphism o f  this region ( Table IX, X). Both in TC P and  FC PD  groups allele
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0202. w hich seem  to be m ore com m on alleles com pared  to others traiismilted 

alleles, w as transm itted  equally . Alleles 0303. 0302/0307 and 0301/0304  appeared 

alm ost in the sam e  frequency am ong  the T C P  and FC'PD subjects.

(>cne associa ted  w ith  p ancrea tit is

Trypsinofien G ene . tnalyais (Table X !}:  PCR-RFLP analysis o f  the exon 2 and exon 

3 o f  the trypsmogen gene was done to study it 's  variations reported for HP patients. 

Mutation (C : T )  in the exon 2 abolishes a cutting site (5 ' G C ’N GC'-3’} for 

endonuclease FnuAW  I . Restriction fragments o f  the exon 2 PCR product yielded 3 

distinct digested products for the individual subjcct and parents ( .  . .) indicating

that mutation was absent in gene o f  interest (Fig 5 and Fig 6). Mutation (G : A) in the 

exon 3 creates a  mutation site (5 '  A*CG T G T -3 ’) for cndonuclease Afl\[\. Gel 

analysis o f  PC'R-RFLP o f  the exon 3 o f  TRP gene revealed no mutation as evaluated 

by single band in the 2% agarose gel (Fig 7) for the individual patients and parents.
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Table 1: Clinical and socio-demographic characteristics o f  the study subjects in 
different groups

Param eters Controls (n=10) T C P  (n=7) FCPD (n = l l )

Age (in years) 26±3 28±6 12±1*

BMI (Kg/m*) 23.62±2,4 18,15±3.3** 18.45i4,0*-^

M a le ; Female 1:2.3 4:3 4:7

Rural : Urban 0:10 4:3 5:6

Annual income, median 49 45 48
(range) in thousand Taka (30-84) (30-80) (12-100)

FH o f  DM 0 1 (14.3%) 3 (27.3%)

FH ofT C P 0 I (14,3%) 2(18.2%)

History o f  Abdominal pain 0 7 (100%) 6 (54.5%)

•  p <  0,05 com pared to TCP. •*p < 0 .0 0 5  com pared lo control 

Results are expressed as mcan±SD unless otherwise sated, 
FH. family history; DM: Diabetes mellilus

6»
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I sible II: Presence o f  relevant past history o f  different diseases in three groups

G roups Jaundice Measles M um ps

No (%) No (%) No (%)

Conlrol (n^ 10) 1 10 3 30 0 0

T C I*(n -7 ) 1 14.3 2 28.6 0 0

h 'C P D (n= I!) 2 18,2 2 18.2 4 36.4

Table 111: NN HR. STR  and  blood pressure of the study subjects

( t ro u p W IIR STR SBP(m m H g) DBP(mmMg)

C ontrol {n=10) 0.85±0.07 1.85±0,73 101t20 68±8

TC'P{n=7) 0.80±0.08 1.29±0.32 113±9 72±4

K ('PD (n  11) 0.93±0.1G 1.22±0-37 101±7 67±8

f/p values

Coiilrol vs TCP ■ IM /0 .19 -1.62/0.070 1.21/0.25 /.0/0.33

Conlrol vs FCPD 1.26/0.23 ■0.65/0.5} 0.8V/0.38 ■I.12/0 28

TCP vs FCPD ■1.65 /0 .12 O.iS/0.73 2.52/0.027 1 . 14/0 27

Values were expressed as mean ±SD. Mean differences between groups were 
caleulalcd using unpaired Students ‘I’ test.
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Table VI. Lipid Profile in different groups

G roups T G  (mg/dl) T  Choi (mg/dl) HDL-c (mg/dl) I.DI,-c (mg/dl)

Contro ls  (n=10) I10±73 121+47 32.3±8.6 66.7±44.l

T C P ( n - 7 ) 100±45 126±19 27.8+13,4 78.5±18.1

F C P D ( n = n ) 135±43 140±32 27.1±14.4 86.6±26,4

t/p values

Control vs TCP -0.28/0.78 0.24/0.82 0.7W0.44 0.63/0.54

Control vs FCPD -0.32/0.75 1.09/0.29 036/0.72 L I  5/0.27

TCP V.V FCPD -1.4  2/0.18 ■0.92/0.38 0.096/0.93 ■0 69/0.51

All the values were expressed as meanlSD. Difference o f  mean belween groups 
calculated using unpaired Students't ' test.
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Table V H: Plasma total protein, albumin and total antioxident status (TAS)
o f  the study subjects

G roups Total protein (g/dl) Albumin (g/dl) TAS (nimol/1)

C ontro l (ti=10) 7.50i0.7n 5.U)i0.57 l.08±0.16

rC P  (n=7) 6.7±0.43 4.86±0.37 0.83±C.07

F C P I ) (n = l l ) 7.36±0.88 4.47±0,47 1,01±0.09

t/p values

rCP \ \ Conirol .2.34/0.036 •0.83/0 421 ■ 4 .28 /0 .0 0 !

f'C I’ l) Control .0.95/0.355 -2 518/0.023 1.2 9 /0 .4 0 8

rCPv.s FCPD .1.56/0.144 0.093/0.05S •4.49/0.00!

Results were expressed as mea]i ±SD. DifTerence between means o f  the three groups 
were calculatcd using unpaired s tuden ts 't '  lest.

Tabic M i l :  Islet Cells Antibody (ICA) and  Insulin A utoantibody (lAA) amotig the 
study subjects

ICA lAA Anti-GAD ,\b

(•roups No (%) No (%) No (%)

C ontro l (n-=10) 0 0 1 10. 0 0

TC I’ (n 7) 2 28.6 1 14.3 0 0

F C P D ( n = l l ) 2 18.2 3 27.3 0 0

7 ?
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Table IX: HLA DQBl of the TC P families

DQBl
allele

0202 050x
0503 060y 0301

0304
0302
0307

0303

T 2 1 2 2 1 2

NT 5 I - 1 1

T= Transmitted, NT = Not Transmitted,
050x = 0501, 0502. 0503,0504; 060y = 0601,0602, 0610. 0611, 0613

Table X; HLA D QBl Typing of the FCPD families

DQBl
allele

0202 050x
0503

060y 0301
0304

0302
0307

0303

T 2 1 I 1 1 1

NT 2 2 I 2 1 1

T= I'ransmitted, NT = Not Transmitted,
050.x = 0501. 0502. 0503. 0504; 060y = 0601, 0602,0610, 0611, 0613
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Table XI: PCR R F L P assay o f  the exon 2 and exon 3 o f  the trypsinogene gene

Families

Exon 2 Exon 3

FF Ff ff AA Aa aa

Simplex TCP 
(n=5)

0 0 5 5 0 0

Simplex
FCPD(n=5)

0 0 5 5 0 0

Multiplex 
families (n=2)

0 0 2 2 0 0

Exon 2 asscd by Fnu 4 H 1 and exon 3 by Afl III restriction enzyme digestion.

FE\ Ff and ff stand for homô ygot uncut, heterogygot and homogygol cui respectively for endonuclease 

Fnu4Hl digestion assay.

AA. Aa and aa stand for homogygot uncut, heterogygot and homogygot cut respectively for 

cndonucleasc Afl III digestion assay.
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Fig 5: PCR product of the exon 2 in 2% agarose gel
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Fig;. Fnu4Hl restriction enzyme digestion of exon 2
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*̂ ig 7 4/? i n  restriction digestion of exon 3 of TRYP gene
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5. Disciissiun

5.1. A ue a tu l sex d is t r ib u t io n

M ean i ig e  o f  the T C P  suhjccts in the present study w as found to  be significantly 

h igher tlian the J-‘C'PD group, The finding contradicts the suggestions o f  the ADA 

or W H O  Committee^’ regarding FC PD  as a secondary type o f  diabetes. T he  data is 

com patib le  w ith previous results in the sam e population and  it re inforecs the view 

that d iabetes in FC PD  m a y  not be ju s t  a progression o f  TCP''^''^ ''“\

There w as a female p reponderance  in FCPD  subjects {M :F"4 :7)  in the present 

s tudy. In previous reports in the sam e population a m ale  predom inance  in both TC P 

and l-'CPD subjects  w as  found. However, this w as attributed to  the health care 

seeking pattern betw een sexes rather than real differences'**. M ales, particularly 

from rural areas, usually  com e m ore  for treatment than females. The apparently 

reverse finding in the present study niay indicate that all the results on the sc.\ 

d istribution m ay  be incidental ra ther than real, possibly  due to small number o f  

cases.

5.2. Sociodemographic features

Both 1 CP and  FC PD  patients cam e equally from rural and urban background.

.Annual fam ily  incom e o f  the patients o f  both the groups shared a w ide range o f  

incom e status (Tk. 3().{)0l) - 80.000 in T C P  and 12.000 - 100.000 in FCPD). 

M ajority  o f  the subjects  cam e from low er m iddle  class incom e (Tk 3()001-60()00) 

group  (5 7 %  in TCP and 63%  in FCPD). The rest o f  the subjects cam e from low and 

middle o r  h igher incom e groups alm ost at equal proportions. T he  data, in line with 

the previous findings in the sam e population''**’, suggest that both T C P  and  FPCD 

patients orig inate  from diverse socioeconom ic classcs and  ev ident clustering 

(w hich couki point tow ards som e environm ental factor(s) for the etiopathogenesis 

o f  the diseases) is lacking.
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5.; .̂ D ielan  habits

Dietary habit, like ingestion o f  cyanogenic alkaloids, was im plicated  in tlic 

c iiop lhogcnesis  o f  diabetes'*’. In a  study at B IR D EM  it has been show n that no 

particular food, like cassava (w hich is neither grow n nor im ported in Bangladesh), 

is associated  w-ith d iabetes in this p o p u la t io n ' ’̂ '. In the present study food habit o f  

the subjects o f  the present study w as exam ined. Like the previous finding no 

patlicu lar food item w as found to  be associated with d iabetes and  o r  pancreatitis. 

However, food items contain ing  toxic inaterials o ther than cyanogen, which might 

be rela ted  w'ith the diseases, m ay no t be excluded.

5.4. .\nthroponictric iiuticcs

The i^Ml o f  TC'P and  FC'PD eases spread from underw eight to normal range. Mean 

(* S D )  BM l o f  the T C P  and FC PD  cases w as significantly low er than ihc Control 

subjects. A lthough  B M l w as alm ost sim ilar in T C P  and  FC PD  groups but 2 

(28.57% ) and 4 (3ft.36‘̂ ’i)) subjects respectively had BMl between 1^.1 - 25 level 

indicating that bo th  the d iseases are not necessarily accom panied  w ith underweight. 

In earl ie r  s tudies  B M l value w as found low er in FC'PD com pared  to  TCP'*. If 

I 'CPD  had  been secocndary  lo TCP. BM l values would have been consistently 

lower in FC PD . N o  difference in B M l betw een TC P and FCPD  groups again points 

against a  s im ple  theory  o f  secondary diabetes in FCPD. It rem ains uncertain 

w hether  the low B M l in FC PD  is a cause or consequence o f  diabctes'^'''^'

W aist-hip ratio w as found sim ilar in all three g roups w hich suggests  s im ilar degree 

o f  w asting  in the T C P  and FCPD  cases.

5.5. O ther hiochcmical parameters

Lipid levels o f  the F C P D  did not differ com pared  to  controls. L’sually  d iabetes is 

associated with h igher atherogenic lipid levels. H ow ever, the present finding is in 

agreem ent w ith  earlier  studies w here lipid levels w ere  within norm al levels in
I 4 I

F C PD  subjects  ’ . FC PD  subjects w ere  also show n to have low K E FA  levels 

com pared  to their age-m atched  N ID D M  counteiparts''*’". Though  there w as no

m
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statistical d ifference bu t a therogcnic  lipids (total cholcstcrol, T G  and l.D L) in ihe 

FC PD  paticnis had consi.stcntly h igher values com pared  to  the TC P and Comro! 

subjects. T C P  patients also had tendency to higher atherogcnic lipids.

S ince  the clinical stigm ala o f  m alnutrition arc alm ost absent in these patients it is 

difficult to ascertain  w hether  they really suffer from malnutrition. This has also 

been rctlecied  in the p lasm a total protein and a lbum in  levels in all the groups w here 

values w ere  w ithin norm al both in FC PD  and T C P  groups.

5 .6  G ly c e m ic  a n d  i i i s u l in c m ic  s t a t u s  o f  t h e  s t u d y  s u b j e c t s

FC PD  subjects had h igh  fasting and postprandial {2 hrs after 75g oral g lucose load) 

plasm a g lucose  levels. In contrast the TC’P subjects show ed  norm al ranges o f  

p lasm a g lucose  values. S im ilar findings were observed in FC PD  subjects in other 

studies”'' ' ' '^  ''*' ''* Such a clustering o f  g lycem ic indices at extrem e ends

for diabetic and nondiabetic  C P subjects argues against a s im ple  schem e o f  

secondary  diabetes in FC'PD subjects. N onspecific destruction o f  endocrine cclls 

ilue to gradual dam age  in exocrine tissue should  lead to g lucose intolerance o f  

varying severity  in som e cases o f  T C P  subjects.

I 'C PD  subjects had  significantly  lower fasting and postprandial C -peptide values 

than those o f  TCP subjects. T hey  had also low er insulin levels in response to  oral 

g lucose w hich is in agreem ent w ith o ther studies'"’ '^' '* .̂

Fasting C -pep tidc  levels in the T C P  subjects w ere  significantly lower than those o f  

control subjects. H ow ever, w hen postprandial C -pep tide  and  insulin were 

considered . T C P  subjects  did not differ statistically w ith  Controls. Thus B cell 

cupacily in respon.se to increased dem and  for insulin is presei'ved in TC P but not in 

FCPD.

I'o evaluate  secretory  capacity  in the 3 groups o f  study subjects C-peptide-glucose 

and Insulin-g lucose ratios were calculated. It w as  observed  that stim ulated C- 

peptide secretion per  m ole o f  g lucose in T C P  subjects  docs  not d iffer statistically 

com pared  to  Contro ls  (p=().()9‘-)) w here  as in FC'PD subjects C -peptide:glucose nilio
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value is ex trem ely  low indicating already com prom ised  insulin secretory capacity 

(p^O.OOOl vs Controls and p=0.002 vs TCP), Postprandial Insiilin-gliicose ratio 

a lso  show ed  s im ila r  trend. T he  finding further strengthens the argum ent that FCPD 

is not s im ply  a  progression  to  T C P  and the tw o groups m ay represent two different 

subsets o f  population.

C-peptidc-insu lin  ratio  w as calculated  to  evaluate hepatic utilization o f  insulin. The 

Controls and  T C P  .subjects had alm ost sim ilar C*peptide; insulin ratio values but 

the value  in FC PD  subjects w as significantly  low er com pared  to Controls 

(p ^ ) .( ) ( ) |) .  T he  difTerence betw een T C P  and FCPD  did not reach statistical 

significance, bu t there w as a definite tendency  o f  low er ratio in FC PD  com pared to 

T C P  . This low er ratio in F C PD  w as reflect the existence o f  insulin resistance in 

hepatic  tissues in ease o f  FC PD  subjects

5 .7  T o t a l  a n t i o x i d a n t  s t a t u s  in  t h e  s t u d y  g r o u p

O xidative  stress has been suggested  in the etiopathogenesis o f  FCPD'*: however, 

the assiniiption w as not substantiated. Recently  the BIRD EM  group has reported 

som e evidence o f  oxidative damage, it has been show n that FCPD  subject.s had 

significantly  h igher level o f  single s tranded D N A  com pared  to Controls. It w as for 

the first time that direct evidence o f  oxidative dam age w as  reported in F C P D ”̂ .

M easurem ent o f  total antioxidant status (TA S) reveals the resultant o f  the defensive 

responses against oxidative stress in vivo. Excessive consum ption  o f  antioxidants 

usually leads to a fall in TA S. Total antioxidant status (TA S) w as m easured in 

FCPD. C ontro ls  and. for the first time, in T C P  patients. It was obscr\ ed that T . \S  in 

TCP w as  s ignificantly  low er com pared  to  Controls and FC PD  (p=O.OOI). 

Interestingly FC PD  subjects had alm ost sim ilar levels o f  T A S  com pared  to 

Controls. In an earlier  study also FC PD  subjects show ed nearly sam e level o f  TA S 

compatx'd to  C ontro ls  and type 2 diabetes'^"*. This  finding suggests  that oxidative 

.stress m ay be particu larly  severe in TCP, It also indicates that pathogenesis o f  

pancreatitis  m ay  differ in T C P  and FCPD, and oxidative stress in FC PD  m ay not 

lead 10 im balance o f T A S  at the initial stage.
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5 .8 .  A i i t o a n t i b o d i e s

ICA. [AA and  an ti-G A D  arc important tools for differentiating type 1 from other 

c lasses  o f  diabetes. HLISA m ethods w ere  used in this study to m easure the three 

aniibodies. U sing  these tcehniqucs 70%  for ICA, 20-50%  for lA A  and 20-81%  for 

anti-CiAD positivity  w ere  found in type 1 diabetic subjects o f  European origin. 

H ow ever, w hen ICA and lA A  in com bination  w ere  used, chance o f  positivity went 

up to 50-70'/o only. So. m easurem ent o f  an ti-G A D  becam e im portani along with 

K'.^ w hich , in com bination , identify positive cases m ore correctly.

In the present study aiitoantibodies including an ti-G A D  wore m easured  in FC'Pl) 

and. for the first time, in T C P  patients. The results show ed  a positivity o f  18.2%. 

27 .3%  and  0 %  in I-'CPD and 28.6% , 14.3% and  0%  in T C P  com pared  to 0%. 10% 

and 0 ” o in C ontro ls  for ICA, lAA and anti-G A D  antibody respectively. A relatively 

higher percentage o f  positive cases were observed for ICA and lA A  in TC’P and 

KCPI) cases but none o f  the cases w as  found positive for an ti-G A D  antibody in the 

tw o groups. M ore over all the control subjects w ere  negative for anti-GAD 

antibody. T he  positivity  for ICA and lA A  may be due to presence o f  nonspecific 

proteins in ou r  population and thus, im m une m ediated m echanism  m ay not 

necessarily  be in \ olved in the etiopathogenesis o f  d iabetes in F C P D  subjects.

5.*). ( J e n c t i c  v a r i a t i o n s

(ienes o f  paiu reatilis

I iercilitary pancreatitis  (HP) a unique foi'm o f  chronic pancreatitis w hich has been 

found associa ted  with m utations in trypsinogen (TR P) g e n e ' * ' I n  the present 

study we have  s tudied I'RP gene mutations in the exon 2 and exon 3. The result 

dem onstra te  that the established genetic mutations. A16V in exon 2 and R11 711 in 

e.\on 3 o f  the trypsinogen gene, related to pancreatitis  in HP. are  not associated in 

the pancreatit is  in T C P  and FCPD. Trypsin plays a central role in pancreatic 

exocrine physio logy by serving as the trigger enzym e responsible for activation o f  

all o ther pancreatic  zym ogens. N om ia lly  tr>psin rem ains inactive as the
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trypsinogcn slate until ii rcachcs the duodenum  w here it is activated by

cntcrokinuscs. thereby  initialing an activation cascade. A series o f  protective

m cchan ism s  arc  used by  the body to  prevent prem ature activation and limit

zym ogen  activation, including incorporation o f  an R I 17 fail-safe autolysis  site in

the trypsinogen’* '̂'*''''^®. T he  Rl 17H m utation leads lo deletion o f  a trypsin-cutting

site from the dcduced  protein. This protein, in turn, stabilizes active trypsin within

ihc pancreas, and  a  defect in this m echan ism  has been suggested  to  propagate  or

even initiate the developm ent o f  pancrcatitis'*’ '^^'''’̂ .̂ M utation A 16V  involves the

cleavage site o f  the signal peptide that has been postulated to  be involved in release

o f  pre-protein resulting in d isturbed  intraccllular transport and  form ation o f  active

trypsin"^"*. T he  absence o f  tw o com m on mutations does not exclude im plication o f

othc]- reported mutation. N211 in the Tryp gene in the etiopathogenesis. Further

studies are  needed  to  test association o f  T C P  and FC PD  w ithN 2U  mutation, serine

pro teasc k a /a l  type 1 (SPIN K  I) o r  pancreatic sccretory tiypsin inhibitor (P S 'f l)

mutations (found in IP cases'*"'), com m on C FT R  mutations (found in idiopathic 
i j  1

pancreatitis  ) and o ther possible genetic variations.

( ie n e s fo r  d iabetes

To explore  genetic  m arkers  in the pathogenesis o f  d iabetes a lot o f  w orks has so far 

been done. T ype 1 diabetes has been found to be strongly  associated  with MHC‘ 

region in the chrom osom e 6 and insulin gene  polym orphism  and num erous locus in 

d ifferent ch rom osom es have been found to be associated with type 2 diabetes. HL.A 

C lass II region- H L A -D Q B l.  D R3. D R4 antigens, T N F  ( p r e s e n t ly  term ed HI.A 

C lass IV) and  '5 - tlank ing  region o f  insulin genes are o f  interest for type I diabetes 

and ^ '-region insulin gene, insulin gene rcceptor, g lucagon like peptide-1 gene, 

insulin receptor substrate-1 gene, glucokinase, genes and MNF in c h ro m o s o m e  12 

U N F in ch rom osom e  17 for type 2 diabctes'^^.

FCPD has been found to be  a multifactorial disease. Studies so far been conducted 

show ed  that environm enta l factors plays a  crucial role in the e tiopathogenesis  o f  

d iabetes in gcnetic susceptib le  subjects. It has already been m entioned  that
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clinically FCPD belongs lo be a special class o f  diabetes. There are still arguments 

whether this is really a unique class o f  diabetes or it is just a variant o f  type I or type 2 

diabetes. Most eases o f  t>pe 1 diabetes mellitus is caused by an autoimmune process 

that destroys pancreatic B cells. Like other autoimmune diseases, autoimmune B-cell 

destruction is influenced by HLA molecules. FCPD has been found lo be associated 

with HLA Class II alleles by different investigators'*^' using case control studies. 

Allele 0201 in H LA -DQ Bl was found to be mostly associated with type 1 form'**^''^'. 

However. 1ILA-DR3 and DR4 antigens were also found to be positively associated 

with type 1 diabetes. To explore the genetic contribution Ibr diabetes and pancreatitis 

m FCPD and TCP approach from various angle are needed.

We have studied HLA for exploring it's possible association with diabetes and 

trypsinogen gene for possible role in the development o f  pancreatitis using a simplex 

family based study. In the present study HLA-DQBl typing was done and it was 

observed lhai none o f  the o f  the individuals o f  5 TCP and FCPD families had the 0201 

D Q B l allele which was transmitted in equal proportion in the probands. However, to 

elucidate the association more clearly further works with more families including 

other markers like HLA-DR3. DR4. insulin gene, and glucokinase gene are needed.

Lim itations: Sample size o f  this study is small. It seemed difficult to motivate

patients to make them understand about the experiment. Moreover, prevalence o f  TCP 

and FCPD is less. In the original plan estimation o f  serum amylase and HbAic was not 

included. Determination o f  serum amylase and HbAjc would have given valuable 

information.

C o n c lu s io n s :

1. From the sociodcmographic and clinical characteristics and from glycemic and 

insulinemic status it appears that TCP and FCPD are dilTerent diseases with 

possible overlapping {and interactions) o f  features related to pancreatitis and 

diabetes. Thus, diabetes in FCPD may not be merely secondary to TCP.
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2. Absence o f  common mutations in the trypsinogen gene attributed for the 

pancreatitis o f  HP confirm that both TCP and FCPD are genetically different from 

HP.

3. HLA D Q B l typing precludes the presence o f  this type I diabetes related allele in 

TCP and FCPD subjects.

4. Other genes for diabetes and pancreatitis need to be studied for a  better 

understanding o f  the ctiopathogenesis o f  pancreatitis and diabetes in chronic

pancreatitis patients,
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Case Record Form

Case No; Date:

Name:

Father's Name 

A ddress

Age Sex

Residence: U / R /  SU Fam ily Member: A nnua l incom e:

Height m W eight Kg

Anthropometry Right Left

MAC (cm)

S k in fo ld  th ickn e ss  (mmj:

Triceps

Biceps

Subscaoular

Hip circumference (cm)

Waist circumference (cm)

P ast M edial History Yes No

Measles

Mumps

Chickenpox

P ancreatic d isease Y N

History o f acute pancratitis

History o f chronic abdominal pain

Famiiy History of 
Diabetes

Total ND D

1. Father

2. Mother

3, Brother

4. Sister

5. Cousins - M

6, Cousins- P

7. Uncle/Aunt- M

8. Uncle/Aunt-P

9. GF - M

10. G F -P

1 1 ,G M -M

12. G M -P

13. Sons

14. Dauqhters

Blood PRESSURE

Systolic mmHa
Diastolic mmHg
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