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Summary: Forty-nine patients with tropical calcilic pancreatitis (TCP). 51 in-
sulin-dependent diabetics (lDDMs), 87 non-insulin-dependent diabetics (NlO-
DMs), and 66 nondiabetic controls were studied to evaluate their exocrine
pancreatic function by measurement of serum immunoreactive trypsin (lRT,
normal for white caucasians from the U.K. of 140-414 !J.g/L). pancreatic
isoamylase (PIA, normal of 35-125 UlL). and fecal chymotrypsin (FCT, nor-
mal of >6.6 u/g). The majority of patients were 'studied within I year of diag-
nosis. TCP subjects included 7 nondiabetics. 6 with impaired glucose tolerance
OGT-TCP), and 36 diabetics (librocalclllou~ pancreatic diabetes (FCPD)j.
There was evidence of active pancreatitis ORT >800 !J.g/L)and partial pres-
ervation of function in nondiabetic TCP subjects [median IRT of 220 !J.g/L
(range of 102-1,360 !J.g/L), FCT of 2.2 u/g (range 0.7-12.8 u/g)j and also in
IGT-TCP subjects [IRT of 370 !J.g/L(range of 30-1,360 !J.g/L).FCT of 4.2 u/g
(range of 1-38 u/g)). FCPDs showed severely diminished exocrine function
(IRT of 50 !J.g/L(range of 0-184 !J.g/L).FCT of 0.23 u/g (range of 0-10.4 u/g)j;
none showed IRT > 800 !J.g/L.lODMs and NlODMs also showed diminished
exocrine pancreatic function in -30 and -10%. respectively. Controls showed
a wide range of IRT and FCT concentrations; IRT concentrations tended to be
higher than those reported in white Caucasians from the U. K. Three controls.
one IDDM, and two NIDDMs showed "pancreatitic" IRT concentrations in
the absence of symptoms. PIA concentrations were diminished in FCPD but
were similar.in lODM and NIDDM subjects compared to controls. Simulta-
neous measurements showed that IRT concentrations were reduced when PIA
concentrations were still normal. Our results suggest that TCP and FCPD
(diagnosed by radiographically demonstrable pancreatic calculi) represent ad-
vanced disease and that a subclinical "pancreatopathy" appears to be common
in tropical subjects (diabetic as well as nondiabetic). Endocrine impairment
(hyperglycemia) in TCP parallels exocrine damage. Key Words: Exocrine pan-
creatic function-Indian diabetics-Tropical calcific pancreatitis-Fibro-
calculous pancreatic diabetes-Immunoreactive trypsin-Fecal chymo-
trypsin-Pancreatic isoamylase.
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Exocrine pancreatic involvement is the mqior fea-
ture of tibrocalculous pancreatic diabetes (FCPD)
(I). FCPD is secondary to tropical calcitic pancre-
atitis (TCP) (2). In a preliminary study, we
have shown (3) that serum immunoreactive trypsin
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(IRT), a simple marker for exocrine pancreatic
function, is subnormal in over 90% of FCPO sub-
jects, in one-third of patients with insulin-depen-
dent diabetes mellitus (100M), and also in some
with non-insulin-dependent diabetes mellitus
(NIOOM). Such diminished exocrine pancreatic
function has also been demonstrated in western di-
abetics (4-'10). It is thought that diminished exo-
crine function in 100M and NIOOM results from
loss of the local trophic effect of insulirion adjacent
exocrine acini (11). In tropical areas, however,
there might be another explanation, i.e., subclinical
pancreatopathy of the type seen in FCPO may be
more common and may possibly be a result of some
environmental "toxin" (2,12). '

We have studied'three markers of exocrine pan-
creatic function-IRT, serum pancreatic isoamy-
lase (PIA), and fecal chymotrypsin (FCT)-in our
diabetic and control subjects to determine whether
IRT-a serum enzyme-compares well with FCT,
based on the release of the pancreatic enzyme into
the intestinal lumen. In a smaller number of sub-
jects, we have compared IRT and PIA results to
obtain more information on "selectivity" and the
possible "sequence" of pancreatic enzyme loss.

SUBJECTS ANO METHODS

A total of 253 subjects were studied. Forty-nine
subjects were diagnosed as having TCP by history
of abdominal pain suggestive of pancreatitis and
plain abdominal radiograph that showed pancreatic
calculi. Ultrasonography confirmed pancreatic cal-
culi in all. Alcoholism was excluded by history and
hepatobiliary disease by ultrasound. Classification
as nondiabetic (n = 7), impairedglucosetolerance
(lGT-TCP, n = 6), and diabetic (FCPO, n = 36)
was based on a 75 g (1.75 glkg in children below 15
years) oral glucose tolerance test (OGTI) and
WHO criteria (I). 100M subjects (n = 51) were
young and ketosis-prone diabetics; NIODM sub-
jects (n = 87) were treated by diet with or without
oral hypoglycemic agents. Nondiabetic controls (n
= 66) were without a first-degree family history of
diabetes. Clinical characteristics of all subjects are
shown in Table. I. lOOMs and NIOOMs were stud-
ied within I ye'ar of .the diagnosis of diabetes; 20
FCPDs were studied within I year of diagnosis, and
the remainder were studied between 1 to 3 years
after diagnosis. In subjects taking oral pancreatic
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TABLE 1. Basic information Oil subjects

Values are median (range).
TCP = tropical calcific pancreatitis; IDDM = insulin-dependent dia-

betes mellitus; NIDDM = non-insulin-dependent diabetes mellitus; 8MI
= body mass index; HbA. units refer to fructose standards.

TCP patients include 7 nondiabetic. 6 with impaired glucose tolerance.
and 36 diabetic [librocalculous pancreatic diabetes (FCPD>I ;subjects.

~

enzyme supplements (one FCPD and two IGT-
TCP), these were stopped 5 days before blood and
stool samples were collected.

Fasting serum samples, stored at - 20°C, were
transported on dry ice to the Royal Free Hospital,
London, where IRT was assayed by a specific ra-
dioimmunoassay (Hoechst) as described before (6).
The normal range of serum IRT for white Cauca-
sians in that study was 140-414 ~g/L.

PIA was measured by electrophoretic separation
as describ~d (13). The normal range of PIA for
white caucasians is 35-125 UIL.

FCT was assayed using "Chymotrypsin-C-
System" kit (Boehringer Mannheim GmbH Oiag-
nostica). The assay was adapted to the Abbott VP-
Super System and is linear at least between I and
100 u/g. Values below 6.6 u/g are thought to be
pathologically low.

IRT results were available in a total of 222 sub-
jects, FCT in 115subjects, and PIA in 42 subjects.
In 76 subjects, IRT and FCT were estimated in sam-
ples collected within I week of each other, and in 42
subjects IRT and PIA results were available on the
same sample. Two IRT and FCT tests (up to I
month apart) were performed in 20 subjects each to
test the reproducibility.

Statistical analysis was by the X2 test and the
Mann-Whitney U test. Correlations were tested us-
ing Spearman's rank correlation coefficient.

~

RESULTS

Serum immunoreactive trypsin (IRT)
Thirty-one of 32 FCPD subjects (97%) had sub-

normallRT «140 IJ.g/L), and 21 (65%) showed se-

TCP IDDM NIDDM Controls
(n = 49) (n = 51) (II = 87) (n = 66)-----_...._-----------

Age 22 22 40 33
(years) (7-55) (5-38) (23-72) (18-70)

Sex 24M 34M 58M 38M
8MI 15.2 16.7. 22.5 21.8

(kglmz) (10-24) (11-21) (17-35) (15-33)
Fasting

plasma glucose 6.7 13.8 6.4 4,6
(mmol/L) (I. 7-26.8) (2.7-31.9) (3.6-20.7) (3.8-7.1)

HbA. /13 88 57 42
(j.l.mol/L) ,:/\-160) (41-222) (33-155) (36-54)
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verely diminished «SO slL) IRT (Fia~1).The only
FCPD subject to have a normal IRT was shown to
have focal pancreatitis on ultrasonoaraphy and

. computed tomo&raphy (CT) scan. In the IGT-TCP
ar9ftup, one showed very diminished IRT «50

slL), two were normal, and two were >800 slL.
In nondiabetic TCP subjects, one had subnormal.
three normal. and one >800 slL levels of IRT.
Twelve of 42 IDDM -subjects (26%) had subnormal
IRT (p < 0.02 compared' to controls), and only one
had a level <50 gIL. In NIDDM subjects. there
was a wide scatter: 7m (9%) showed subnormal
IRT '(not significant compared to controls), and
none <: 50 ' slL,

As a aroup, FCPDs had significantly lower IRT
concentrations [median of 50 gIL (range of 0-253
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g/L» compared to all other groups (p < 0.001 vs.
all); IDDMs (median of 175 slL (ranae of 0-1,260

slL» had significantly lower concentrations than
NIDDMs (median of 294 g/L (range of 51-1.260

g/L)] and controls [median of 371 g/L (range of
133-1,117 gIL)) , (p.< 0.001 both). NIDDMs
showed significantly lower concentrations than
controls (p < 0.03).

Controls showed a wider scatter than that re-
ported for the white Caucasian subjects. Seventeen
of 53 controls (32%) showed IRT > 414 g/L. the

. upper limitreported for the white ~aucasian popu-
lation in U.K.; so did ISn7 NIDDMs (23%). One
IDDM, two NIDDM. and three controls showed
IRT > SOO g/L. although none had any clinical
e,:,idence of pancreatitis. Remarkabiy, the mean -

t2SD

i

FIG. I. Distribution of immunoreactive trypsin
(lRT, j.LglL)in dilTerent groups. FCPD. lOT. and
ND refer to diabetic. impaired glucose tolerance,
and nondiabetic subjects, respectively, of tropical
calcific pancreatitis. IDDM and NIDDM refer to
insulin-dependent and non-insulin-dependent dia-
betic subjects. respectively. Medians are shown as
bars. "Normal" range for Caucasians is shown by
horizontal lines. Mean:!: 2SD for nondiabetic con-
trols is shown.
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2S0 for controls was 142ILg/L,very similar to that
in white Caucasians (140 ILg/L).

Fecal chymotrypsin (FCT) .

Sixteen of 17 FCPO subjects {94%) showed a
level of < I u/g of chymotrypsin activity in the stool
(Fig. 2). AlttlOughIGT-TCP and nondiabetic TCP
subjects show.ed low,er FCT concentrations than
controls, they showed better preservation of FCT
than FCPO subjects. There was a wide scatter of
FCT in 100M, NlOOM, and control subjects. Nine
of 27 100M (33%, p < 0.01 compared to controls)
and 3 of 24 NlOOM subjects (12.5%, not signifi-
cant) showed subnormal FCT. Thirty-four of 36
control subjects (95%) showed normal concentra-
tions.

.

.
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.
....

...........

.

,..

As a group, FCPO subjects had significantly
lower FCT [median of 0.23 u/g (range of 0-1004u/g)]
than all other groups (p < 0.001 vs. all). 100M
subjects [median of 20 u/g (range of 0.84-81.0 u/g)j
were similar to NIOOM subjects [median of 14 u/g
(range 00.7-71.0 u/g)] and controls [median of29.5
u/g (range of 2.1-106 u/g)]. NIOOM subjects
showed significantly lower concentrations than
controls (p < 0.02).

Repeated IRT and FCT
Two separate tests were performed in 20 subjects

(Fig. 3). Both IRT and FCT appear to be fairly re-
producible over a period of at least I month. The
effect of a high-protein diet (>80 g/day for 3 days)
on FCT was investigated in eight subjects. In two

.

,
~

i
1

T
+....
. FIG. 2. Distribution of fecal chymotrypsin (FCT.

u/g) in different groups. FCPD, IUT. and ND refer
to diabetic, impaired glucose tolerance, and nondi-
abetic subjects. respectively. of tropical calcitic
pancreatitis. IODM and NIODM refer to insulin-
dependent and non-insulin-dependent diabetic sub-
jects, respectively. Medians are shown as bars.
Log scale. The lower limit for "norma'" is shown
by a horizontal line.
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FIG. 3. Two measurements of fecal chymotrypsin (FCT) and immunoreactive trypsin (lRT). up to I month apart. In eight subjects.
FCT was measured on a normal diet and after 3 days of a high-protein diet (middle panel). Log scale. FCPDs are shown by solid circles
or triangles. Broken horizontal lines show the lower limits of normal.

100M subj~cts, there was a rise in FCT significant
enough to make a difference in their classification.
In the rest, there was no difference.

Pancreatic isoamylase(PIA)
PIA results were available in a total of 42 subjects

(6 FCPO, II 100M, 17 NIOOM, and 8 controls).
Concentrations in FCPO patients [median of 26 U/L
(range of ~IOI U/L)] were significantly lower than
those in control subjects [median of 59 U/L (range
of 41-99 U/L)] (p < 0.05) but not from those in
100M [median of 43 U/L (range of 15-76 U/L)] and
NIOOM subjects [median of 49 U/L (range of 23-
116U/L)].

--
;

Correlation between IRT, FCT, and PIA
'There was a highly significant correlation be-

tween IRT and FCT (rs = 0.68, p < 0.(01), and
between IRT and PIA (rs = 0.61,p < 0.001)(Figs.
4 and 5). There were 13 subjects with Subnormal
FCT but normal or elevated IRT, and to with sub-
normal IRT but normal PIA.

Specificityand sensitivity of IRT and FCT
The specificity and sensitivity of subnormal IRT

and subnormal FCT were calculated for the diagno-
sis of TCP (clinical history and pancreatic calculi

seen on abdominal radiograph, confirmed by ultra-
sonography) and FCPO (diabetic by WHO criteria)
(Table 2). The results show a good specificity and
sensitivityfor both tests.

DISCUSSION

These results confirm on a larger number of sub-
jects our previous observations of IRT in Indian
diabetics, and extend it to IGT-TCP and nondia-
betic TCP subjects. The results of FCT and PIA are
complementary to those of IRT and confirm severe
exocrine pancreatic loss in FCPD, with some pres-
ervation in IGT and nondiabetic TCP subjects. Sim-
ilarly, we found diminished exocrine function in
about one-third of our IDOM and about one-tenth
of NIDOM subjects.

Pancreatic exocrine-endocrine interactions have
been recognized for many years (11,14-16). Thus,
endocrine deficiency (lGT and diabetes mellitus) is
common in subjects with chronic pancreatitis, and
endocrine loss parallels exocrine loss (17). On the
other hand, exocrine pancreatic deficiency has been
demonstrated in 100M and NIDDM subjects with-
out any history of exocrine pancreatic disease. Exo-

P(/n('f~(/s.Vol, 5. No, 6. /990
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crine pancreatopathy of "primary" diabetes melli-
tus is thought to arise from the loss of local trophic

, , effects' of insulin on adjacent exocrine pancreatic
acini (11). Both of these phenomena are reflected in
our results. Subjects with chronic pancreatitis
showed the most severe exocrine deficiency, arid
there Was a gradient of exocrine-endocrine loss in
this group. Thus, those with relatively better exo-
crine preservation showed a normal or impaired
glucose tolerance, and the group with the most se-
vere exocrine loss showed diabetes mellitus
(FCPO). This has not been shown previously in
TCP, and strengthens the view that diabetes in TCP
is secondary to pancreatitis. Our results also indi-
cate .that active pancreatitis (elevated IRT) is fre-
quent in TCP subjects in the earlier stages before

, diabetes develops. By the time the latter sets in, the
exocrine pancreatic mass is severely diminished
and active pancreatitis has subsided. In the
"primary" varieties of diabetes, 100M subjects
showed a more ~evere exocrine loss than NIOOM
subjects, who in 'turn showed diminished exocrine
function compared to control subjects.

"Environmental factors" (dietary deficiencies
and/or toxins, other nondietary factors) damaging

Pm"""IIJ, \'0[,5, No, 6, IWO

the pancreas may be more prevalent in tropical
countries (t2). Our finding that N 100M and control
subjects in tropics tend to have higher concentra-
tions of IRT than those reported in white caucasians
assumes special significance since such elevated
concentrations of serum enzymes have not been re-
ported to precede diminished concentrations in
western diabetics. While an abnormal circulating

. "trypsin" (indistinguishable on radioimmunoassay)
or a genetically different blood-acinar barrier can-
not be ruled out, it is probable that "pancreato-
pathy" is more common in tropical countries. A
comparative study (18) has demonstrated higher
concentrations of calcium and lactoferrin in the
pancreatic juice of Indian subjects (controls as well
as TCP patients) compared to French subjects (con-
trols and alcoholic pancreatitis patients). Calcium is
a nonspecific marker for pancreatic damage while
lactoferrin is a natural antioxidant. These findings
support the hypothesis that subclinical pancreatop-
athy is common in a tropical country like India. A
total of six non-TCP subjects (one 100M, two
NIDDM, and three controls) showed very elevated
IRT (>800 J.Lg/L), indicating active pancreatitis in
asymptomatic subjects. Thus, FCPD as diagnosed
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by demonstrablepancreaticcalculimayonly repre-
sent the extreme end of the spectrum in TCP. Some
of the subjects of the "classical" IDDM and
NIDDM varieties may represent" precalcific "/
"noncalcific" milder variants ofTCP or have a con-
comitant exocrine damage due to unknown factors.
Prospective follow-up of such subjects and study of
specific markers (genetic or other) may help resolve
this issue in the future. FCPD subjects from South
India share genetic markers of both IDDM (HLA

TABLE 2. Spedfidty and sensitivity of IRT and
FCT assays

Figures represent percentages.
IRT = immunoreactive trypsin: FCT = fecal chymotrypsin:

TCP = tropical calcific pancreatitis; FCPD = tibrocalculous
pancreatic diabetes.

DQ-B) and NIDDM (class 3 allele of insulin gene)
(19). This raises the possibility of an overlap be-
tween these conditions. .

FCT results in our subjects are broadly similar to
those reported from South India (20). However,
many of our FCPD subjects seem to have a more
severe exocrine pancreatic loss (FCT < I u/g). IGT-
TCP and nondiabetic TCI> subjects are not dis-
cussed in that paper. The proportion of IDDM and
NIDDM subjects with subnormal FCT appears to
be similar in these two studies.

Comparison of IRT, FCT, and PIA allows us to
construct a possible sequence of events. FCT (a test
of "luminal" secretion) indicates the pancreatic
mass, and only reduced concentrations are signifi-
cant. IRT (a blood test dependent on breakdown of
the acinar-blood barrier) is elevated due to active
pancreatic damage but actual concentrations will
depend on pancreatic mass. Our results would then
indicate that elevated serum IRT is the earliest man-
ifestation of TCP. with FCT showing progressive
diminution when serum IRT may still be "normal."
By the time diabetes has set in. both of the tests are

1""''''''11'', "0/.5. No.6. /990
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IRT
(I1g/L) <140 79 97 89 89

FCT
(u/g) - <6.6 86 94 84 78



638

- ~~-

C. S. YAJNIK ET AL.

severely affected. PIA seems to be "preserved" un-
til a much later date. Trypsin secretion thus seems
to be affected earlier than amylase secretion. A sim-
ilar observation was made during a secretin-
pancreozymin test in FCPD subjects from Orissa
(21), where).amylase output was shown to be pre-
served when lipase output was diminished. Amy-
lase output was similarly seen to be present in pro-
tein malnutrition at a stage when lipase and trypsin
had diminished severely (22). A recent study
showed that FCT was diminished when serum amy-
lase and lipase were within normal limits (20). In
another study, however, a reduced pancreatic out-
put of lipase antedated a reduction in tryptic activ-
ity (23). The mechanisms and significance of these
observations are still not clear but the balance of
observations shows that trypsin secretion is dimin-
ished before amylase secretion. It is well recog-
nized by clinicians that pancreatic function might be
significantly diminished in the presence of "nor-
mal" serum amylase levels. Our results suggest that
IRT and FCT may be more sensitive indicators of
pancreatic damage.

Our results indicate that simultaneous measure-
ment of serum IRT and FCT in large prospective
population studies will help not only the diagnosis
but also improve our understanding of the natural
history of TCP. Use of sensitive cutoff points (140
~g/L for IRT, and 6.6 u/g for FCT) (Table 2) would
be helpful in screening individuals requiring further
imaging investigations.

In conclusion, we have demonstrated a graded
loss of exocrine pancreatic function in TCP that re-
flects a parallel endocrine loss (hyperglycemia).
Exocrine pancreatic involvement in "primary" va-
rieties of diabetes in the tropics seems to pass
through a "pancreatitic" phase before exocrine de-
ficiency sets in. In addition to the well-known ef-
fects of the loss of local trophic effects of insulin,
"toxic" environmental factors could be responsible
for such an observation. Serum IRT and FCT pro-
vide simple and useful markers for investigation of
exocrine pancreatic involvement in diabetes.

Acknowledgment:Wegratefullyacknowledgefinancial
support of The WellcomeTrust, London, U.K. R.A.S.
was supportedby The R. D. Birla SmarakKosh, Bom-
bay. PIAwas kindly'estimatedby Drs. S. B. Rosalkiand
Y. Foo. The cooperationof WellcomeDiabetesStudy
staffand patientsmadethis study possible.Mrs. Kamal
Virdiand Ms. RenuVirmanihelpedin the preparationof
the manuscript.

l'tlIuutl.l. Vol. 5. No. II. 1990

REFERENCES

I. Diabetes mellitus. report of a WHO study group. WHO Teclr
Rep Ser 1985;727.

2. Geeverghese I'J. Pancrealic diabeles. Bombay: Popular
Prakashan, 1968.

3. Yajnik CS, Katrak A. Kanitkar SV. Naik SS. D'Souza V,
Dandona P. Serum immunoreactive trypsin in tropical pan-
creatic diabetes syndrome. AIIII CUllHiodlem 1989;26:69-
73.

4. Domschke W, Tympner F, Domschke S. Demling L. Exo-
crine pancreatic function in juvenile diabetes. Dig Dis 1975;
20:309-12.

5. Frier BM, Saunders JHB, Wormsley KG, Bouchier lAD.
Exocrine pancreatic function injuvenile onset diabetes mel-
litus. Gut 1976;17:685-91.

6. Dandona P. Elias E, Beckett AG. Serum trypsin in diabetes
mellitus. Br Med J 1978;2:1125-6. :

7. Adrian TE, Barnes AJ, Bloom SR. Hypotrypsinaemia in di-
abetes mellitus. CUn Clrim AclCl 1979;97:213"().

8. Frier I)M, Adrian TE, Saunders JHB. Bloom SR. Serum
trypsin concentration and pancreatic trypsin secretion in in-
sulin dependent diabetes mellitus. CUn Chin! Acta 1980;105:
297-300.

9. Lankisch PG, Manthey G. Otto J. et al. Exocrine pancreatic
function in insulin-dependent diabetes mellitus. Digt'stion
1982;25:211-6.

10. Dandona P. Freedman DI3. Foo Y. et al. Exocrine pancre-
atic function in diabetes mellitus. J CUll Pat/wi 1984;37:
302-6.

II. Henderson JR. Daniel PM. Fraser PA. The pancre;ls as a
single organ: the influence of the endocrine upon the exo-
crine part of the gland. Gilt 1981 ;22: I58"()7 .

12. Balakrishnan V. Tropical pancreatitis. In: I)ernadcs P.
Hugier, eds. Muladie.f dll PUIICrt'U.fexocril/t,. Paris: Doin,
1987. ,

13. Rosalki SB. A direct staining technique for amylase isoen-
zyme demonstration. J CUllPaIIIO/1970;23:373-4.

14. Pancreatic islet-acinar interactions. Br Med J 1981;283:
.570-1.

15. Foulis AK. Frier HM. Pancreatic endocrine-cxocrine func-
tion in diabetes: an old alliance disturbed. Diabetic Med
1984;1 :263-6.

16. Pancreatic abnormalities in type-2 diabetes mellitus. Lancel
1987;2: 1497-8.

17. Vinik AL, Jackson WPU. Endocrine secretions in chronic
pancreatitis. In: Podolsky S, Viswanatlmn M, cds. Senmd-
ary diabele.f: Iht' .fpt'ctrJIm of Ihe' diubetic sYlldrames. New
York: Raven Press, 1980:165.

18. I)alakrishnan V, Sauniere J F. Harihanll1 M. Sarles H. Diet.
pancreatic function anti chronic pancreatitis in South India
and France. Pallue'as 191111;3:30-5.

19. Kambo PK, Hitman GA, Mohan V, et al. The genetic pre-
disposition to fibrocalculous pancreatic diabetes. Diubetolo-
gia 1989;32:45-51.

20. Mohan V. Snehlata C, Ahmed MR. et al. Exocrine pancre-
atic function in tropical fibrocalculous pancreatic diabetes.
Diabetes Care 19119;12:145-7.

21. Tripathy BB, Samal KC, Misra H. Diabetes with exocrine
pancreatic disease. In: I)ajaj JS. ed. lJiabt'le.f mellilll.s in
del'elopi/l/( COlllltl..'. New Delhi: Interprint, 19114:135-41.

22. Veghclyi PV, Kemeny Tr. Protein metabolism and pancre-
atic function. Ciba FOllndSymp 1962;000:329-52.

23. Punnose J, Balakrishnan V. Bhadran A. Krishna Das KV.
Exocrine pancreatic function in chronic pancreatitis with
and without calcification. Illd J G{wraellt('ro/1987:6:85~.

'"

,,-


