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ORIGINAL ARTICLE
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ABSTRACT
Context Dietary proteins and amino acids can modulate ngatic functionObjective Our aim was to estimate the levels of plasma
amino acids in chronic pancreatitis patients andystheir relationship with disease characteristigsvell as exocrine and endocrine
insufficiency.Patients One hundred and seventy-five consecutive aduikmatwith chronic pancreatitis: 84 patients wittoaolic
chronic pancreatitis and 91 patients with tropidaionic pancreatitis. One hundred and thirteentimgaontrols were also studied.
Design Prospective studyv ain outcome measur es Disease characteristics and imaging features reexrded. Plasma-free amino
acid levels were estimated using reverse-phasegagiormance liquid chromatography. Polyclonal lamdly ELISA was used to
assess pancreatic fecal elastas®dsults The majority of the plasma free amino acid levé¢sreased in chronic pancreatitis
patients whereas glutamate, glycine, proline asthé/were elevated as compared to the controlstiwtibte logistic regression
analysis revealed that the decrease in branchad ah@no acid concentration was significantly assted with the presence of
diabetes and low fecal elastase-1. In additiorigmifscant positive correlation was observed betwéeanched chain amino acids
and pancreatic elastase-1=0.724, P<0.001)Conclusion Reductions of plasma amino acid levels are seehrionic pancreatitis,
particularly sulphur containing amino acids andnisteed chain amino acids. Selective amino acid idefiies seem to correlate
with exocrine and endocrine insufficiency.

INTRODUCTION bonnet monkeys. Histological findings of the paasre

in these animals were similar to changes in trdpica
chronic pancreatitis.

However, there is a lack of literature on aminodaci
status in chronic pancreatitis. A recent paper [8]
reported the changes in plasma amino acid levess in
small series of chronic pancreatitis and pancreatic
cancer patients. These authors explained that the
changes observed might presumably be due to
intestinal malabsorption and systemic inflammation.
The profile of individual amino acids in chronic
pancreatitis has also not received as much atteaso

in other diseases where elevated amino acids aid th
products (e.g. ammonia, homocysteine) have been
implicated in the pathogenesis.

We estimated the plasma free amino acid profile in
patients with chronic pancreatitis and comparetb it
the healthy controls. An attempt was made to ifienti
any particular limiting amino acid(s) or amino acid

Protein energy malnutrition has been reported in
chronic pancreatitis [1]. Malabsorption and systemi
inflammation have been the mechanisms postulated.
Conversely, protein malnutriton can influence
pancreatic enzymatic secretion [2]. Alcohol abuas h
profound adverse effects on protein status; the
etiopathogenesis of tropical pancreatitis has been
attributed to protein malnutrition [3].

Protein-energy malnutrition could affect pancreatic
function and structure. Previous reports have
documented reduction in zymogen granules [4] and
pancreatic head size [5] as well as the development
pancreatic fibrosis [6] in patients with proteineegy
malnutrition. Sandhyamanet al. [7] reported that
feeding protein-deficient and carbohydrate-rich imea
could induce pancreatic damage in experimental
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chronic pancreatitis and 91 with tropical chronic
pancreatitis. Patients having chronic pancreatifith
alcohol consumption equal to, or greater than, /8@y

for at least 5 years were considered to have alwoho
chronic pancreatitis while tropical chronic pantitea
was defined using previously reported criteria [9].
Patients with pancreatic cancer, those who had
undergone pancreatic surgery and those with
complications, such as a pseudocyst or common bile
duct obstruction, and those consuming protein
supplements were excluded. Furthermore, 113
apparently healthy adult hospital visitors wereuéed

as controls.

History of illness, including presenting complaints
duration of iliness, pain and diabetes mellitus ask
factors, such as alcohol and smoking, were recorded
Demographic  parameters and  anthropometric
measurements were elicited and a detailed physical
examination was carried out. BMI was calculated by
the formula weight/height(kg/nf). A detailed dietary
history was recorded.

Characteristics of Study Subjects

The demographic characteristics of the study
population are given in Table 1. Of the 175 pasient
there were 84 patietns with alcoholic chronic
pancreatitis and 91 with tropical chronic panctesati
The mean age of the chronic pancreatitis patiers w
comparable with the age of controls; however, the
mean age of tropical chronic patients was signifiya
lower than those with alcoholic chronic pancresititi
The mean body mass index (BMI) was comparable in
all three groups. Alcoholic and tropical chronic
pancreatitis patients had significantly lower serum
albumin levels as compared to the controls. Théepro
intake in alcoholic and tropical chronic pancrasitit
patients and controls was comparable; however, the
protein intake of the patients and controls was than

the recommended daily allowance in this population.

Plasma Amino Acid Levels

Seventeen amino acids were estimated in all the
chronic pancreatitis patients and controls. Thailtes

Table 1. Demographic characteristics of the study poputatio

were expressed as mean+SEM (umol/L). Overnight
fasting venous blood was collected in EDTA vialsl an
centrifuged immediately at 1,5@Pfor 15 min at 4°C.
The plasma was separated and stored at -20°C and a
biochemical assay was performed within 2 weeks.
Plasma amino acids were derivatized with phenyl
isothiocyanate (PITC), and separated and quantified
reverse-phase high-pressure liquid chromatography
(HPLC) using Econosphef® column (Alltech,
Deerfield, IL, USA; 150x4.6 mm, internal diameter 3
pum) [10]. One hundred microliters of plasma were
mixed with 100 pL of internal standard (norleucine)
and centrifuged. Coupling buffer (methanol/water/
triethylamine, 2:1:1) and PITC derivatization sauat
(ethanol/water/triethylamine/PITC, 7:1:1:1) wereplgd

and vacuum dried. Finally, the residue was mixeith wi
500 pL of sodium acetate-acetonitrile buffer, artd 2
pL were injected into HPLC.

No significant differences in plasma amino-acid
concentrations were observed in repeat samples
obtained from any given patient. The overall
reproducibility of the results was consistent withi
+5%.

The following subgroups were calculated:

1. essential amino acids: total plasma concentrations
of phenylalanine, valine, threonine, isoleucine,
methionine, histidine, leucine and lysine were
estimated and included as essential amino acids;

2. non-essential amino acids: total amino acid
concentrations of aspartate, glutamate, serineirgly
arginine, alanine, proline, tyrosine and cystinereve
estimated and included as non-essential amino;acids

3. the branched chain amino acid (BCAA) to aromatic
amino acid (AAA) ratio (Fischer ratio) was calceldt
using the formula: Fisher ratio = (leucine + isaiee

+ valine) / (phenylalanine + tyrosine);

4. phenylalanine:tyrosine ratio (indicator of cataboli
state) [11];

5. glycine:BCAA ratio (indicator of protein intake)
[11];

6. glycine:valine ratio (index of protein malnutritijpn
[11].

Controls Alcohalic chronic pancreatitis Tropical chronic pancreatitis
No. 113 No. 84 Pvs. No. 91 Pvs. P vs. alcoholic
controls controls pancreatitis

Age; years (mean=SD) 36.1+11.7 40.0+11.8 P=0%092 35.3+13.7 P=0.91% P=0.048
BMI; kg/nf (mean+SD) 20.5+3.2 19.7+£3.2 P=0.281 19.3+4.0 P=0.059 P=0.779
Gender: P<0.002 P=0.25¢ P<0.002
- Male 60 (53.1%) 84 (100%) 56 (61.5%)
- Female 53 (46.9%) 0 35 (38.5%)
Diabetics 0 44 (52.4%) P<0.00L 53 (58.2%) P<0.001 P=0.45F
Smokers 0 67 (79.8%) P<0.00L 12 (13.2%) P<0.001 P<0.00?
Pain 0 59 (70.2%) P<0.00L 71 (78.0%) P<0.001 P=0.299
Serum albumin; g/dL (mean+SD) 3.9+0.3 3.4+0.6 P<0.001 3.4+0.4 P<0.001 P=0.999
Protein intake; g/day (meant+SD)  42.8+15.6 41.3+12.4 P=0.738 41.1+12.0 P=0.671 P=0.996'
#Mann-Whitney U test
P Fisher’s exact test
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Biochemical Evaluations

Stool samples were collected from chronic pandisati
patients and stored at -4°C. Pancreatic fecaladast
was measured using a polyclonal antibody-based
ELISA kit (Bioserv, Rostock, Germany) as a
measurement of pancreatic exocrine insufficiency;
fecal elastase-1 ranging 100-200y/g stool was
considered as moderate while fecal elastase-lthass
100 pg/g stool was considered as severe exocrine
insufficiency.

Plasma total protein [12], albumin [13] and blood
hemoglobin [14] concentrations were also estimated
using spectrophotometry.

Serum fasting and postprandial glucose levels were
recorded to estimate endocrine insufficiency (fagti
blood glucose level >110 mg/dL and random blood
glucose level >200 mg/dL on more than one occasion)
Insulin requirement was used for assessment of the
severity of diabetes.

ETHICS

Institutional ethics committee clearance was olehin
Written informed consent was taken from all sulgect

Table 2. Plasma free amino acid levelsinfol/L) in chronic
pancreatitis patients and healthy controls (meaf+SE

Amino acids Controls Chronic P value?®
No. 113 pancreatitis
patients
No. 175

Aspartate (ASP) 75.4+2.5 66.8+2.4 P=0.004
Glutamate (GL U) 60.1+2.7 121.445.2 P<0.001
Serine (SER) 86.2+3.4 62.7£2.7 P<0.001
Threonine (THR) 145.845.5 109.1+7.3 P<0.001
Histidine (HIS) 70.3+2.9 18.8+1.1 P<0.001
Glycine (GLY) 235.9+7.2 290.2+7.4 P<0.001
Alanine (ALA) 273.6+11.1 252.146.6 P=0.084
Proline (PRO) 202.2+7.1 242.4+7.4 P=0.001
Methionine (MET) 21.5+1.4 11.9+0.8 P<0.001
Cystine (CYS) 35.242.0 11.0+0.5 P<0.001
Arginine (ARG) 77.8+3.2 53.7£2.3 P<0.001
Lysne(LYS) 145.445.8 160.9+4.4 P=0.078
Phenylalanine (PHE) 66.7+3.6 58.9+2.0 P=0.086
Tyrosine (TYR) 66.5£3.0 50.8+2.9 P<0.001
Valine (VAL) 172.945.5 131.744.7 P<0.001
Leucine (LEU) 80.1+3.3 63.4+2.4 P<0.001
Isoleucine (ILU) 65.9+2.2 44.0£2.1 P<0.001
Total BCAA 318.946.3 239.146.3 P<0.001
Total EAA 768.6+10.5 598.7+11.1 P<0.001
Total NEAA 1,112.9+¢16.3  1,151.1+15.3 P=0.120
Total AA 1,881.5+20.1  1,749.8420.3 P<0.001
Fischer ratio 3.36x0.14 2.65+0.13 P<0.001
PHE/TYR ratio 1.27+0.10 3.60+0.67 P=0.001
GLY/BCAA ratio 0.78+0.03 1.3940.05 P<0.001
GLY/VAL ratio 1.71+0.14 3.76+0.58 P<0.001

AA: amino acids; BCAA: branched chain amino acids; E/
essential amino acids; NEAA: non-essential amindsac
& Mann-Whitney U test

who participated in the study. The study protocol
conforms to the ethical guidelines of the “World
Medical Association Declaration of Helsinki Ethical
Principles for Medical Research Involving Human
Subjects” adopted by the W8 WMA General
Assembly, Helsinki, Finland, June 1964, as reviged
Tokyo 2004. The study was approved by the ethical
review committee of our institution.

STATISTICS

Statistical analysis was conducted by using SPSS,
version 11 (SPSS Inc, Rostock, IL, USA). The Mann-
Whitney U test was used to compare continuous data
between two groups. The Spearman correlation was
used for bivariate correlations and the Fisher'acex
test was used in order to analyze 2x2 tables.
Multivariate logistic regression analysis was parfed

to identify amino acids independently associateth wi
diabetes and low elastase-1. Plasma amino acidsleve
were reported as meanSE.

RESULTS
Plasma Amino Acid Levels

In all, 17 amino acids were detected and identifidte
distribution pattern of these amino acids is given
Table 2. As compared to the healthy controls, the
chronic pancreatitis patients had lower concermnati

of aspartate, serine, histidine, arginine, threenin
tyrosine, valine, methionine, cystine, isoleucined a
leucine while alanine and phenylalanine did nothea
statistical significance. Plasma glutamate, glyciared
proline were significantly increased while lysina d
not reach statistical significance. Asignificantsjiive
correlation was obtained between serum albumin and
the essential amino acid levelg=(.312; P<0.001) as
well as with the total amino acid level£0.412;
P<0.001).

The plasma free amino acid levels in alcoholic ofgo
pancreatitis patients and tropical chronic pandisat
patients are shown in Table 3. In alcoholic chronic
pancreatitispatients, as well as in tropical chroni
pancreatitis patients, the plasma levels of serine,
threonine, histidine, arginine, tyrosine, valine,
methionine, cystine, isoleucine, and leucine were
significantly decreased while the levels of glutama
glycine, and proline were elevated in comparisoth&o
control patients. Aspartate was significantly dasesl

vs. control subjects in tropical chronic pancreatitis
patients only. Aspartate, histidine, tyrosine, raland
isoleucine were significantly decreased in tropical
chronic pancreatitis patients while threonine, glgc
and cystine were significantly elevated when coragar
to alcoholic chronic pancreatitis patients. A sfipaint
decrease in total branched chain amino acid levats
found in tropical chronic pancreatitis as compated
alcoholic chronic pancreatitis patients.

Plasma concentrations of aspartate, phenylalanine,
valine and leucine were significantly lower in dailbs

as compared to non-diabetic chronic pancreatitis
patients (Table 4).
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Plasma Molar Amino Acid Ratios

Mean Fisher ratio was significantly lower both in
alcoholic and tropical chronic pancreatitis patent
(Table 3) when compared to the controls (P<0.001).
The phenylalanine to tyrosine ratio, an indicatdr o
catabolic state, was significantly elevated in aller
chronic pancreatitis patients (Table 2), tropidalonic
pancreatitis patients (Table 3) and both diabetid a
non-diabetic chronic pancreatitis patients (Table 4
when compared to the controls.

The glycine to total branched chain amino acidorati
an indicator of reduced protein intake, was
significantly elevated in overall chronic pancrésti
patients (Table 2), alcoholic and tropical chronic
pancreatitis patients (Table 3), as well as in eligb
and non-diabetic chronic pancreatitis patients (@db

in comparison with the controls. In addition, the
glycine to branched chain amino acid ratio was
significantly elevated in tropical chronic pancigsit
patients when compared to alcoholic chronic
pancreatitis patients (Table 3) as well as in diabes.
non-diabetic chronic pancreatitis patients (Table4)
The glycine to valine ratio, an indicator of protei
malnutrition, was significantly increased in ovéral
chronic pancreatitis patients (Table 2), both abdich

and tropical chronic pancreatitis patients (Tableadd
diabetic and non-diabetic (Table 4) chronic partitiea
patients in comparison with the controls. In additi
tropical chronic pancreatitis patients had a sigaift
increase in the glycine to valine ratio when corepar
to alcoholic chronic pancreatitis patients (Tab)ea8
did diabeticvs. non diabetic patients (Table 4).

Plasma Amino Acids and Pancreatic Stool Elastase-1

Pancreatic stool elastase-1 was measured in 101
consecutive chronic pancreatitis patients. Elastase
was low (0-200ug/g stool) in 67 (66.3%) chronic
pancreatitis patients. Among these, moderate (I0-2
ug/g stool) and severe (less than 106/g stool)
insufficiency was seen in 13 (12.9%) and 54 (53.5%)
patients, respectively. A significant decrease in
arginine, threonine, proline, tyrosine, cystine,
isoleucine, valine and leucine levels was noted in
chronic pancreatitis patients with low fecal elastd
(0-200 pg/g stool) when compared to chronic
pancreatitis patients with normal fecal elastasevel
(>200 pg/g stool) (Table 5). In patients with severe
exocrine insufficiency (fecal elastase-1 less th@o
ug/g stool), plasma levels of serine, glycine, argn
threonine, proline, tyrosine, cystine, isoleucine,

Table 3. Plasma amino acid levelgrfiol/L) in alcoholic and tropical chronic pancreatjpatients and controls (mean+SE).

Controls Alcohalic chronic pancr eatitis Tropical chronic pancreatitis
No. 113 No. 84 Pvs. No. 91 P vs. P vs. alcoholic
controls® controls®  pancreatitis®

Aspartate (ASP) 75.4+2.5 72.6£3.4 P=0.493 61.4+3.4 P<0.001 P#.01
Glutamate (GL U) 60.1+2.7 122.3+6.8 P<0.001 120.6+7.7 P<0.001 95:0.
Serine (SER) 86.2+3.4 60.3+4.0 P<0.001 64.8+3.8 P<0.001 P=0.32
Threonine (THR) 145.845.5 83.2+8.8 P<0.001 133.1+10.8 P=0.045 000
Histidine (HIS) 70.3+2.9 23.6%¥1.5 P<0.001 14.4+1.4 P<0.001 P<0.00
Glycine (GLY) 236.0+7.2 273.9+6.8 P<0.001 305.4+12.6 P<0.001 0.023
Alanine (ALA) 273.6£11.1 245.6+8.1 P=0.064 258.1+10.3 P=0.274 =0./M0
Proline (PRO) 202.2+7.1 249.4+12.0 P=0.001 235.849.0 P=0.013 0.P19)
Methionine (MET) 21.5%¥1.4 13.4+1.5 P<0.001 10.5+0.5 P<0.001 PZD.96
Cystine (CYS) 35.2+2.0 8.4+0.5 P<0.001 13.4+0.8 P<0.001 P<0.001
Arginine (ARG) 77.8+3.2 56.3+3.6 P<0.001 51.2+2.8 P<0.001 P=0.34
Lysne(LYS) 145.4+5.8 166.1+7.5 P=0.052 156.1+4.8 P=0.288 1B
Phenylalanine (PHE) 66.7+3.6 60.3+2.7 P=0.259 57.5+2.9 P=0.078 P4.42
Tyrosne (TYR) 66.5+3.0 59.7+4.6 P=0.038 42.6+£3.4 P<0.001 P=0.00
Valine (VAL) 172.945.5 139.6+6.7 P<0.001 124.3+6.6 P<0.001 .0
Leucine (LEU) 80.1+3.3 67.1+3.5 P=0.008 60.1+3.2 P<0.001 P#.11
Isoleucine (ILU) 65.9+2.2 48.0+2.7 P<0.001 40.3£3.0 P<0.001 P#.01
Total BCAA 318.9+6.3 254.6+8.5 P<0.001 224.849.1 P<0.001 .G85
Total EAA 768.6+£10.5 601.2+15.8 P<0.001 596.4+15.6 P<0.001 P=0.981
Total NEAA 1,112.9+16.3 1,148.6+19.3 P=0.128 1,153.3+23.5 0.762 P=0.938
Total AA 1,881.5+20.1 1,749.8+26.7 P<0.001 1,749.8+30.5 0.082 P=0.713
Fischer ratio 3.36+0.14 2.47+0.14 P<0.001 2.82+0.21 P<0.001 =0
PHE/TYR ratio 1.27+0.10 3.40+1.21 P=0.117 3.78+0.64 P<0.001 B350
GLY/BCAA ratio 0.78+0.03 1.22+0.07 P<0.001 1.54+0.08 P<0.001 G880
GLY/VAL ratio 1.71+0.14 3.38+0.64 P<0.001 4.12+0.95 P<0.001 B8
AA: amino acids; BCAA: branched chain amino aclAA: essential amino acids; NEAA: non-essentialramacids
& Mann-Whitney U test
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leucine, and valine were significantly decreaseanvh
compared to patients who had pancreatic fecalesast

1 >200ug/g stool (Table 5).

Total branched chain amino acids showed significant
positive correlation with fecal elastase-1=Q.724;
P<0.001).

Association of Plasma Amino Acid Concentration
with Diabetes and L ow Elastase-1

Stepwise multivariate logistic regression analyses
carried out to evaluate the possible associatitwemn
different plasma amino acid levels and the presefice
both diabetes mellitus and low elastase-1 (0-g0/@
stool). Decreased valine and leucine levels were
independent predictors of diabetes. Decreased total
branched chain amino acids, total amino acids, and
isoleucine were independent predictors of low stool
elastase-1 (0-200g/g stool) (Table 6).

DISCUSSION

The pancreas is one of the organs with an extremely
high protein turnover [15, 16]. Apart from being a
constituent of proteins, amino acids have an ingmrt
role in the physiological functioning of the parase
[17]. Alterations in the amino acid metabolism in
alcoholic chronic pancreatitis patients are propabl

related to chronic alcoholism since alcoholism is
known to affect the normal absorption of amino acid
[18]. Although, Zuidema [19] initially reported pen
malnutrition in tropical chronic pancreatitis patie
about four decades ago, there is limited literatome
the role of any limiting amino acids, the effects o
amino acid imbalance and the exact role of indialdu
amino acids in the normal physiology and also
pathological conditions of the pancreas.

In this study we found a significant decrease ia th
majority of amino acids in chronic pancreatitisipats.

In addition, we observed a decrease in the levEls o
total essential amino acids in both alcoholic ckron
pancreatitis and tropical chronic pancreatitisgrat as
compared to the controls. However, levels of esaslent
amino acids were comparable among alcoholic chronic
pancreatitis and tropical chronic pancreatitis qyes.
Adrych et al. [20] have recently reported that essential
amino acids and aromatic amino acids were decreased
in chronic pancreatitis patients, possibly due to
decreased exocrine function. In our study, the ntgjo
of plasma amino acid levels were lower in chronic
pancreatitis patients with pancreatic exocrine
insufficiency as evidenced by low pancreatic stool
elastase-1.

Table 4. Plasma amino acid concentratiopmpl/L) in diabetic and non-diabetic chronic pantitesapatients and healthy controls (mean+SE).

Controls Diabetic chronic pancreatitis patients Non-diabetic chronic pancreatitis patients
No. 113 No. 97 Pvs. No. 78 Pvs. P vs. diabetic
controls® controls® patients®
Aspartate (ASP) 75.442.5 60.1+3.0 P<0.001 75.1+3.9 P=0.860 P=3.00
Glutamate (GLU) 60.1+2.7 116.046.6 P<0.001 128.2+8.2 P<0.001 £09.
Serine (SER) 86.2+3.4 60.7+3.9 P<0.001 65.1+3.8 P<0.001 P-0.41
Threonine (THR) 145.845.5 109.749.9 P<0.001 108.4+10.7 P<0.001 0.8%8
Histidine (H1S) 70.3+2.9 18.2+1.4 P<0.001 19.6+1.7 P<0.001 P3.44
Glycine (GLY) 235.9+7.2 285.9+10.1 P<0.001 295.6+10.8 P<0.001 =0.893
Alanine (ALA) 273.6+11.1 248.6+8.7 P=0.101 256.5+10.2 P=0.209 =0.#75
Proline (PRO) 202.2+7.1 243.3+9.7 P=0.002 241.2+11.6 P=0.007 0.989
Methionine (MET) 21.5+1.4 11.8+0.6 P<0.001 12.0+1.6 P<0.001 P=10.06
Cystine (CYS) 35.242.0 10.4+0.7 P<0.001 11.8+0.8 P<0.001 P=D.24
Arginine (ARG) 77.843.2 51.4+3.1 P<0.001 56.4+3.3 P<0.001 P=0.14
Lysne(LYS) 145.445.8 155.645.6 P=0.339 167.5+6.9 P=0.034 .PHD
Phenylalanine (PHE) 66.7+3.6 55.4+2.6 P=0.029 63.1+3.0 P=0.547 P=D.04
Tyrosne (TYR) 66.5+3.0 54.5+4.1 P=0.003 46.2+3.9 P<0.001 P-0.22
Valine (VAL) 172.945.5 109.345.9 P<0.001 159.5+6.5 P=0.111 080
Leucine (LEU) 80.1+3.3 53.6+2.8 P<0.001 75.743.6 P=0.353 P<0.00
I'soleucine (ILU) 65.942.2 40.6+2.7 P<0.001 48.2+3.2 P<0.001 P-.06
Total BCAA 318.946.3 203.5+7.3 P<0.001 283.4+8.6 P<0.001 080
Total EAA 768.6+10.5 554.3+15.0 P<0.001 654.0+14.2 P<0.001 P<0.001
Total NEAA 1,112.9+16.3 1,130.9+19.1 P=0.418 1,176.1+24.5 0.056 P=0.280
Total AA 1,881.5+20.1 1,685.1+26.6 P<0.001 1,830.2+29.2 0.569 P<0.001
Fischer ratio 3.36+0.14 2.30+0.17 P<0.001 3.09+0.18 P=0.248 .00
PHE/TYR ratio 1.27+0.10 3.94+1.11 P=0.030 3.18+0.58 P<0.001 .0
GLY/BCAA ratio 0.78+0.03 1.58+0.08 P<0.001 1.15+0.07 P<0.001 080
GLY/VAL ratio 1.71+0.14 4.94+1.03 P<0.001 2.30+0.18 P<0.001 .00
AA: amino acids; BCAA: branched chain amino aclAA: essential amino acids; NEAA: non-essentialramacids
& Mann-Whitney U test
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A key finding in this study was a significant dease

in total branched chain amino acid levels in trapic
chronic pancreatitis compared to alcoholic chronic
pancreatitis patients. Tissue utilization of bratth
chain amino acids is increased in the case of depte
ketogenesis [21]. It is worthwhile to note thatpiizal
chronic pancreatitis is frequently associated v
ketosis [22]. Increased utilization of branched icha
amino acids in tropical chronic pancreatitis pasetue

to the decreased availability of ketone bodies doul
possibly be one of the reasons for lower branciaghc
amino acid levels in tropical as compared to alticho
chronic pancreatitis patients. Branched chain amino
acids, especially leucine, have been found to have
stimulatory effect on protein assimilation in pasatic
acinar cells via an mTOR pathway [23]. Furthermore,
branched chain amino acid transferase, an enzyme
responsible for catabolism of branched chain amino
acids, is strongly expressed in acinar cells of the
exocrine pancreas. Sweattal. [24] argued that high
concentrations of mitochondrial branched chain amin
acid transferase in pancreatic acinar cells coeldhiat

of providing ketoisocaproate (transamination praduc

of leucine) as a signaling molecule to the islet to
stimulate insulin secretion. Although the importarut
high branched chain amino acid transferase, edpecia
in the exocrine pancreas, remains to be established
seems likely that branched chain amino acids may pl
an important role in the normal functioning of
pancreatic acinar cells.

Nakamuraet al. [25] have reported that plasma amino
acids in patients with pancreatic diabetes due to
chronic pancreatitis were higher as compared tsetho
with primary diabetes of similar glycemic control.
Elevated levels of plasma amino acids were related
decreased tissue uptake of amino acids, lowerdefel
insulin as well as decreased gluconeogenensis aue t
low glucagon. In the current study, we observed
decreased plasma levels of the majority of amindsac

in diabetics with chronic pancreatitis as compated
healthy subjects. However, pancreatic diabetes is
associated with a decreased risk of ketosis; insuli
resistance is also usually not a feature. It issibbs
that exocrine insufficiency may impact amino acid
levels in a manner different from that of endocrine
insufficiency.

Table5. Plasma amino acid levelgrfiol/L) in chronic pancreatitis patients with andhwiut pancreatic exocrine insufficiency (mean+SE).

Chronic pancreatitis patients
without exocrine insufficiency
(fecal elastase-1 >200 pg/g stool) (fecal eastase-1 ranging 0-200 pg/g stool)  (fecal elastase-1 ranging 0-100 pg/g stool)

Chronic pancreatitis patients Chronic pancreatitis patients
with exocrineinsufficiency with severe exocrineinsufficiency

No. 34 No. 67 P vs. patientswith No. 54 P vs. patientswith
fecal dastase-1 fecal elastase-1
>200 pg/g stool ? >200 pg/g stool *
Aspartate (ASP) 65.8+5.9 61.4+3.6 P=0.597 58.1+3.8 P=0.336
Glutamate (GL U) 125.7+13.3 121.3+8.2 P=0.815 121.6+9.6 P=0.813
Serine (SER) 72.5+6.6 57.3x4.7 P=0.054 53.7+5.0 P=0.020
Threonine (THR) 152.9+18.1 107.8+11.4 P=0.034 93.4+11.3 P=0.008
Histidine (HIS) 18.0+2.2 17.2+1.8 P=0.466 17.0£1.9 P=0.470
Glycine (GLY) 300.0+13.8 269.7+13.9 P=0.102 253.6+13.8 P=0.026
Alanine (ALA) 255.4+14.3 256.3+10.2 P=0.891 253.9+10.8 P=0.913
Proline (PRO) 275.8+16.3 219.9+11.5 P=0.005 218.0£13.6 P=0.007
Methionine (MET) 10.2+1.0 11.9+0.8 P=0.155 12.6+0.9 P=0.062
Cystine (CYS) 15.4+1.5 10.1+0.7 P=0.001 9.1+0.7 P<0.001
Arginine (ARG) 75.616.3 43.9+3.2 P<0.001 41.6£3.5 P<0.001
Lysne(LYS) 156.5+10.6 148.0+6.3 P=0.455 143.2+7.0 P=0.269
Phenylalanine (PHE) 64.2+5.5 56.0+3.3 P=0.265 55.0+3.7 P=0.188
Tyrosine (TYR) 74.3+9.0 39.5+3.3 P=0.004 39.9+3.7 P=0.007
Valine (VAL) 175.4+11.8 101.5+6.3 P<0.001 95.7+7.0 P<0.001
Leucine (LEU) 81.3+5.8 52.4+3.8 P<0.001 43.0£3.3 P<0.001
I soleucine (ILU) 68.9+5.9 32.2+2.6 P<0.001 32.8+3.1 P<0.001
Total BCAA 325.6+13.5 186.1+7.4 P<0.001 171.5+7.5 P<0.001
Total EAA 727.5+21.5 527.0£16.4 P<0.001 492.7+15.6 P<0.001
Total NEAA 1260.5+33.7 1079.2+23.9 P<0.001 1049.5+24.7 P<0.001
Total AA 1988.0+38.0 1606.1+29.0 P<0.001 1542.2+26.8 P<0.001
Fischer ratio 3.08+0.37 2.43+0.21 P=0.121 2.21+0.18 P<0.044
PHE/TYR ratio 2.35+0.58 4.23+1.47 P=0.128 4.45£1.77 P=0.196
GLY/BCAA ratio 1.02+0.09 1.59+0.09 P<0.001 1.6440.11 P<0.001
LY/VAL ratio 3.36+1.35 4.93+1.32 P=0.005 5.29+1.60 P=0.006

AA: amino acids; BCAA: branched chain amino aciHAA: essential amino acids; NEAA: non-essentialraoracids

& Mann-Whitney U test
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Table 6. Predictors of diabetes and low elastase-1 (0230 stool
using multivariate logistic regression analysis.

Amino acid Oddsratio (95% ClI) P value

Diabetes Valine 0.221 (0.113-0.431) P<0.001
Leucine 0.378 (0.188-0.763) P=0.006

Low elastase-1Total BCAA 0.326 (0.002-0.625) P<0.001
Total AA 0.057 (0.008-0.416) P=0.005

Isoleucine 0.031 (0.004-0.248) P=0.001

AA: amino acids;
confidence interval

BCAA: branched chain amino acids|:

We have observed significant reduction in plasma
sulphur containing amino acids, such as methionine
and cystine, in our patients with chronic panctesati
Studies by Veghelyiet al. [26] have demonstrated
atrophic changes in the pancreas in children which
result from essential amino acid deficiency, inahgdi
that of methionine. Depletion of S-adenosyl methien
(SAM) can cause development of pancreatitis in
choline (methyl donor)-deficient, ethionine (antagb

of methionine)-supplemented young female mice..[27]
Methionine supplementation has been shown to
prevent ethionine-induced pancreatitis in these
experimental animals [28]. Studies using an acoedir
differentiation model indicate that methionine is

required for acinar cell survival, growth and
differentiation [17]. In a recent study, our grobps
shown lower plasma methionine levels and

hyperhomocystinemia in chronic pancreatitis espigcia
in chronic pancreatitis patients with low red delate
levels [29].

Sandstronet al. [30] have reported alterations in the
amino acid spectrum during the course of acute
pancreatitis; this could have possible implicatidos
inflammatory processes. Serial estimations of amino
acid levels could be helpful in assessing theie rol
during the disease course in chronic pancreatitis.

In conclusion, our findings indicate selective amin
acid deficiency along with varying levels of deéincy

in the amino acid subgroups which seems to cogeelat
with exocrine and endocrine insufficiency in chioni
pancreatitis. We also observed  significant
derangements in the levels of branched chain amino
acids. Our preliminary findings require additiosaidy

to explore the mechanistic role of selective ananl
deficiency in chronic pancreatitis.
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