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Alterations in Plasma Amino Acid Levels in Chronic Pancreatitis
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ABSTRACT
Context Dietary proteins and amino acids can modulate pancreatic function. Objective Our aim was to estimate the levels of plasma
amino acids in chronic pancreatitis patients and study their relationship with disease characteristics as well as exocrine and endocrine
insufficiency. Patients One hundred and seventy-five consecutive adult patients with chronic pancreatitis: 84 patients with alcoholic
chronic pancreatitis and 91 patients with tropical chronic pancreatitis. One hundred and thirteen healthy controls were also studied.
Design Prospective study. Main outcome measures Disease characteristics and imaging features were recorded. Plasma-free amino
acid levels were estimated using reverse-phase high-performance liquid chromatography. Polyclonal antibody ELISA was used to
assess pancreatic fecal elastase-1. Results The majority of the plasma free amino acid levels decreased in chronic pancreatitis
patients whereas glutamate, glycine, proline and lysine were elevated as compared to the controls. Multivariate logistic regression
analysis revealed that the decrease in branched chain amino acid concentration was significantly associated with the presence of
diabetes and low fecal elastase-1. In addition, a significant positive correlation was observed between branched chain amino acids
and pancreatic elastase-1 (rs=0.724, P<0.001). Conclusion Reductions of plasma amino acid levels are seen in chronic pancreatitis,
particularly sulphur containing amino acids and branched chain amino acids. Selective amino acid deficiencies seem to correlate
with exocrine and endocrine insufficiency.

INTRODUCTION
Protein energy malnutrition has been reported in
chronic pancreatitis [1]. Malabsorption and systemic
inflammation have been the mechanisms postulated.
Conversely, protein malnutrition can influence
pancreatic enzymatic secretion [2]. Alcohol abuse has
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 of
pancreatic fibrosis [6] in patients with protein energy
malnutrition. Sandhyamani et al. [7] reported that
feeding protein-deficient and carbohydrate-rich meals
could induce pancreatic damage in experimental
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bonnet monkeys. Histological findings of the pancreas
in these animals were similar to changes in tropical
chronic pancreatitis.
However, there is a lack of literature on amino acid
status in chronic pancreatitis. A recent paper [8]
reported the changes in plasma amino acid levels in a
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 attention as
in other diseases where elevated amino acids and their
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 compared it to
the healthy controls. An attempt was made to identify
any particular limiting amino acid(s) or amino acid
subgroup(s).
METHODS
A total of 175 consecutive adult patients with chronic
pancreatitis were recruited for the study from the
Pancreas Clinic of our hospital. Diagnosis was based
on pancreatic calcification and/or parenchymal or
ductal changes on imaging (US/CT). Chronic
pancreatitis patients included 84 patients with alcoholic
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chronic pancreatitis and 91 with tropical chronic
pancreatitis. Patients having chronic pancreatitis with
alcohol consumption equal to, or greater than, 80 g/day
for at least 5 years were considered to have alcoholic
chronic pancreatitis while tropical chronic pancreatitis
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 were recruited
as controls.
History of illness, including presenting complaints,
duration of illness, pain and diabetes mellitus and risk
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/height2 (kg/m2). 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 patients,
there were 84 patietns with alcoholic chronic
pancreatitis and 91 with tropical chronic pancreatitis.
The mean age of the chronic pancreatitis patients was
comparable with the age of controls; however, the
mean age of tropical chronic patients was significantly
lower than those with alcoholic chronic pancreatitis.
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. The protein
intake in alcoholic and tropical chronic pancreatitis
patients and controls was comparable; however, the
protein intake of the patients and controls was less than
the recommended daily allowance in this population.

were expressed as mean±SEM (µmol/L). Overnight
fasting venous blood was collected in EDTA vials and
centrifuged immediately at 1,500 g for 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 by
reverse-phase high-pressure liquid chromatography
(HPLC) using EconosphereTM column (Alltech,
Deerfield, IL, USA; 150x4.6 mm, internal diameter 3
µm) [10]. One hundred microliters of plasma were
mixed with 100 µL of internal standard (norleucine)
and centrifuged. Coupling buffer (methanol/water/
triethylamine, 2:1:1) and PITC derivatization solution
(ethanol/water/triethylamine/PITC, 7:1:1:1) were applied
and vacuum dried. Finally, the residue was mixed with
500 µL of sodium acetate-acetonitrile buffer, and 20
µL 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 within
±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, serine, glycine,
arginine, alanine, proline, tyrosine and cystine were
estimated and included as non-essential amino acids;
3. the branched chain amino acid (BCAA) to aromatic
amino acid (AAA) ratio (Fischer ratio) was calculated
using the formula: Fisher ratio = (leucine + isoleucine
+ valine) / (phenylalanine + tyrosine);
4. phenylalanine:tyrosine ratio (indicator of catabolic
state) [11];
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5. glycine:BCAA ratio (indicator of protein intake)
[11];

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

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

Table 1. Demographic characteristics of the study population.
Controls
Alcoholic chronic pancreatitis
No. 113
No. 84
P vs.
controls

Tropical chronic pancreatitis
No. 91
P vs.
P vs. alcoholic
controls
pancreatitis

Age; years (mean±SD)

36.1±11.7

40.0±11.8

P=0.092 a

35.3±13.7

P=0.916 a

P=0.048 a

BMI; kg/m2 (mean±SD)

20.5±3.2

19.7±3.2

P=0.281 a

19.3±4.0

P=0.059 a

P=0.779 a

b

P<0.001 b

53 (58.2%)

P<0.001 b

P=0.451 b

12 (13.2%)

P<0.001

b

P<0.001 b

71 (78.0%)

P<0.001

b

P=0.299 b

3.4±0.4

P<0.001 a

P=0.999 a

a

P=0.996 a

P<0.001

b

Gender:
- Male
- Female

60 (53.1%)
53 (46.9%)

84 (100%)
0

Diabetics

0

44 (52.4%)

P<0.001 b

67 (79.8%)

P<0.001

b
b

Smokers
Pain
Serum albumin; g/dL (mean±SD)
Protein intake; g/day (mean±SD)
a
Mann-Whitney U test
b
Fisher’s exact test

0
0

59 (70.2%)

P<0.001

3.9±0.3

3.4±0.6

P<0.001 a

42.8±15.6

41.3±12.4

P=0.256
56 (61.5%)
35 (38.5%)

P=0.738

a

41.1±12.0
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Biochemical Evaluations
Stool samples were collected from chronic pancreatitis
patients and stored at -4°C. Pancreatic fecal elastase-1
was measured using a polyclonal antibody-based
ELISA kit (Bioserv, Rostock, Germany) as a
measurement of pancreatic exocrine insufficiency;
fecal elastase-1 ranging 100-200 μg/g stool was
considered as moderate while fecal elastase-1 less than
100 μg/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 (fasting
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

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 18th WMA General
Assembly, Helsinki, Finland, June 1964, as revised in
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 MannWhitney U test was used to compare continuous data
between two groups. The Spearman correlation was
used for bivariate correlations and the Fisher’s exact
test was used in order to analyze 2x2 tables.
Multivariate logistic regression analysis was performed
to identify amino acids independently associated with
diabetes and low elastase-1. Plasma amino acid levels
were reported as mean±SE.
RESULTS

Institutional ethics committee clearance was obtained.
Written informed consent was taken from all subjects
Table 2. Plasma free amino acid levels (μmol/L) in chronic
pancreatitis patients and healthy controls (mean±SE).
Amino acids
Controls
Chronic
P value a
No. 113
pancreatitis
patients
No. 175
Aspartate (ASP)

75.4±2.5

66.8±2.4

P=0.004

Glutamate (GLU)

60.1±2.7

121.4±5.2

P<0.001

Serine (SER)

86.2±3.4

62.7±2.7

P<0.001

Threonine (THR)

145.8±5.5

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

252.1±6.6

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)

35.2±2.0

11.0±0.5

P<0.001
P<0.001

Arginine (ARG)

77.8±3.2

53.7±2.3

Lysine (LYS)

145.4±5.8

160.9±4.4

P=0.078

Phenylalanine (PHE)

66.7±3.6

58.9±2.0

P=0.086
P<0.001

Tyrosine (TYR)

66.5±3.0

50.8±2.9

Valine (VAL)

172.9±5.5

131.7±4.7

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

318.9±6.3

239.1±6.3

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

1,749.8±20.3

P<0.001

Fischer ratio

3.36±0.14

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

1.39±0.05

P<0.001

1.71±0.14
3.76±0.58
P<0.001
GLY/VAL ratio
AA: amino acids; BCAA: branched chain amino acids; EAA:
essential amino acids; NEAA: non-essential amino acids
a
Mann-Whitney U test

Plasma Amino Acid Levels
In all, 17 amino acids were detected and identified. The
distribution pattern of these amino acids is given in
Table 2. As compared to the healthy controls, the
chronic pancreatitis patients had lower concentrations
of aspartate, serine, histidine, arginine, threonine,
tyrosine, valine, methionine, cystine, isoleucine and
leucine while alanine and phenylalanine did not reach
statistical significance. Plasma glutamate, glycine, and
proline were significantly increased while lysine did
not reach statistical significance. Asignificant positive
correlation was obtained between serum albumin and
the essential amino acid levels (rs=0.312; P<0.001) as
well as with the total amino acid level (rs=0.412;
P<0.001).
The plasma free amino acid levels in alcoholic chronic
pancreatitis patients and tropical chronic pancreatitis
patients are shown in Table 3. In alcoholic chronic
pancreatitispatients, as well as in tropical chronic
pancreatitis patients, the plasma levels of serine,
threonine, histidine, arginine, tyrosine, valine,
methionine, cystine, isoleucine, and leucine were
significantly decreased while the levels of glutamate,
glycine, and proline were elevated in comparison to the
control patients. Aspartate was significantly decreased
vs. control subjects in tropical chronic pancreatitis
patients only. Aspartate, histidine, tyrosine, valine and
isoleucine were significantly decreased in tropical
chronic pancreatitis patients while threonine, glycine,
and cystine were significantly elevated when compared
to alcoholic chronic pancreatitis patients. A significant
decrease in total branched chain amino acid levels was
found in tropical chronic pancreatitis as compared to
alcoholic chronic pancreatitis patients.
Plasma concentrations of aspartate, phenylalanine,
valine and leucine were significantly lower in diabetics
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 patients
(Table 3) when compared to the controls (P<0.001).
The phenylalanine to tyrosine ratio, an indicator of
catabolic state, was significantly elevated in overall
chronic pancreatitis patients (Table 2), tropical chronic
pancreatitis patients (Table 3) and both diabetic and
non-diabetic chronic pancreatitis patients (Table 4)
when compared to the controls.
The glycine to total branched chain amino acid ratio,
an indicator of reduced protein intake, was
significantly elevated in overall chronic pancreatitis
patients (Table 2), alcoholic and tropical chronic
pancreatitis patients (Table 3), as well as in diabetic
and non-diabetic chronic pancreatitis patients (Table 4)
in comparison with the controls. In addition, the
glycine to branched chain amino acid ratio was
significantly elevated in tropical chronic pancreatitis
patients when compared to alcoholic chronic
pancreatitis patients (Table 3) as well as in diabetic vs.
non-diabetic chronic pancreatitis patients (Table4).
The glycine to valine ratio, an indicator of protein
malnutrition, was significantly increased in overall
chronic pancreatitis patients (Table 2), both alcoholic

and tropical chronic pancreatitis patients (Table 3), and
diabetic and non-diabetic (Table 4) chronic pancreatitis
patients in comparison with the controls. In addition,
tropical chronic pancreatitis patients had a significant
increase in the glycine to valine ratio when compared
to alcoholic chronic pancreatitis patients (Table 3) as
did diabetic vs. 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-1
was low (0-200 μg/g stool) in 67 (66.3%) chronic
pancreatitis patients. Among these, moderate (100-200
μg/g stool) and severe (less than 100 μg/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 elastase-1
(0-200 μg/g stool) when compared to chronic
pancreatitis patients with normal fecal elastase-1 level
(>200 μg/g stool) (Table 5). In patients with severe
exocrine insufficiency (fecal elastase-1 less than 100
μg/g stool), plasma levels of serine, glycine, arginine,
threonine, proline, tyrosine, cystine, isoleucine,

Table 3. Plasma amino acid levels (μmol/L) in alcoholic and tropical chronic pancreatitis patients and controls (mean±SE).
Controls
Alcoholic chronic pancreatitis
Tropical chronic pancreatitis
No. 91
P vs.
P vs. alcoholic
No. 113
No. 84
P vs.
controls a
pancreatitis a
controls a
Aspartate (ASP)

75.4±2.5

72.6±3.4

P=0.493

61.4±3.4

P<0.001

P=0.015

Glutamate (GLU)

60.1±2.7

122.3±6.8

P<0.001

120.6±7.7

P<0.001

P=0.992

Serine (SER)

86.2±3.4

60.3±4.0

P<0.001

64.8±3.8

P<0.001

P=0.327

Threonine (THR)

145.8±5.5

83.2±8.8

P<0.001

133.1±10.8

P=0.045

P=0.001

Histidine (HIS)

70.3±2.9

23.6±1.5

P<0.001

14.4±1.4

P<0.001

P<0.001

Glycine (GLY)

236.0±7.2

273.9±6.8

P<0.001

305.4±12.6

P<0.001

P=0.023

Alanine (ALA)

273.6±11.1

245.6±8.1

P=0.064

258.1±10.3

P=0.274

P=0.790

Proline (PRO)

202.2±7.1

249.4±12.0

P=0.001

235.8±9.0

P=0.013

P=0.270

Methionine (MET)

21.5±1.4

13.4±1.5

P<0.001

10.5±0.5

P<0.001

P=0.964

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=0.347

Lysine (LYS)

145.4±5.8

166.1±7.5

P=0.052

156.1±4.8

P=0.288

P=0.168

Phenylalanine (PHE)

66.7±3.6

60.3±2.7

P=0.259

57.5±2.9

P=0.078

P=0.429

Tyrosine (TYR)

66.5±3.0

59.7±4.6

P=0.038

42.6±3.4

P<0.001

P=0.009

Valine (VAL)

172.9±5.5

139.6±6.7

P<0.001

124.3±6.6

P<0.001

P=0.047

Leucine (LEU)

80.1±3.3

67.1±3.5

P=0.008

60.1±3.2

P<0.001

P=0.116

Isoleucine (ILU)

65.9±2.2

48.0±2.7

P<0.001

40.3±3.0

P<0.001

P=0.015

Total BCAA

318.9±6.3

254.6±8.5

P<0.001

224.8±9.1

P<0.001

P=0.005

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

P=0.262

P=0.938

Total AA

1,881.5±20.1

1,749.8±26.7

P<0.001

1,749.8±30.5

P=0.002

P=0.713

Fischer ratio

3.36±0.14

2.47±0.14

P<0.001

2.82±0.21

P<0.001

P=0.614

PHE/TYR ratio

1.27±0.10

3.40±1.21

P=0.117

3.78±0.64

P<0.001

P=0.037

GLY/BCAA ratio

0.78±0.03

1.22±0.07

P<0.001

1.54±0.08

P<0.001

P=0.006

P<0.001

P=0.036

Total EAA

1.71±0.14
3.38±0.64
P<0.001
4.12±0.95
GLY/VAL ratio
AA: amino acids; BCAA: branched chain amino acids; EAA: essential amino acids; NEAA: non-essential amino acids
a
Mann-Whitney U test
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leucine, and valine were significantly decreased when
compared to patients who had pancreatic fecal elastase1 >200 μg/g stool (Table 5).
Total branched chain amino acids showed significant
positive correlation with fecal elastase-1 (rs=0.724;
P<0.001).
Association of Plasma Amino Acid Concentration
with Diabetes and Low Elastase-1
Stepwise multivariate logistic regression analysis was
carried out to evaluate the possible association between
different plasma amino acid levels and the presence of
both diabetes mellitus and low elastase-1 (0-200 μg/g
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 (0-200 μg/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 important
role in the physiological functioning of the pancreas
[17]. Alterations in the amino acid metabolism in
alcoholic chronic pancreatitis patients are probably

related to chronic alcoholism since alcoholism is
known to affect the normal absorption of amino acids
[18]. Although, Zuidema [19] initially reported protein
malnutrition in tropical chronic pancreatitis patients
about four decades ago, there is limited literature on
the role of any limiting amino acids, the effects of
amino acid imbalance and the exact role of individual
amino acids in the normal physiology and also
pathological conditions of the pancreas.
In this study we found a significant decrease in the
majority of amino acids in chronic pancreatitis patients.
In addition, we observed a decrease in the levels of
total essential amino acids in both alcoholic chronic
pancreatitis and tropical chronic pancreatitis patients as
compared to the controls. However, levels of essential
amino acids were comparable among alcoholic chronic
pancreatitis and tropical chronic pancreatitis patients.
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 majority
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 concentrations (μmol/L) in diabetic and non-diabetic chronic pancreatitis patients and healthy controls (mean±SE).
Controls
Diabetic chronic pancreatitis patients
Non-diabetic chronic pancreatitis patients
No. 78
P vs.
P vs. diabetic
No. 113
No. 97
P vs.
controls a
patients a
controls a
Aspartate (ASP)

75.4±2.5

60.1±3.0

P<0.001

75.1±3.9

P=0.860

P=0.003

Glutamate (GLU)

60.1±2.7

116.0±6.6

P<0.001

128.2±8.2

P<0.001

P=0.405

Serine (SER)

86.2±3.4

60.7±3.9

P<0.001

65.1±3.8

P<0.001

P=0.410

Threonine (THR)

145.8±5.5

109.7±9.9

P<0.001

108.4±10.7

P<0.001

P=0.818

Histidine (HIS)

70.3±2.9

18.2±1.4

P<0.001

19.6±1.7

P<0.001

P=0.443

Glycine (GLY)

235.9±7.2

285.9±10.1

P<0.001

295.6±10.8

P<0.001

P=0.803

Alanine (ALA)

273.6±11.1

248.6±8.7

P=0.101

256.5±10.2

P=0.209

P=0.475

Proline (PRO)

202.2±7.1

243.3±9.7

P=0.002

241.2±11.6

P=0.007

P=0.960

Methionine (MET)

21.5±1.4

11.8±0.6

P<0.001

12.0±1.6

P<0.001

P=0.061

Cystine (CYS)

35.2±2.0

10.4±0.7

P<0.001

11.8±0.8

P<0.001

P=0.244

Arginine (ARG)

77.8±3.2

51.4±3.1

P<0.001

56.4±3.3

P<0.001

P=0.147

Lysine (LYS)

145.4±5.8

155.6±5.6

P=0.339

167.5±6.9

P=0.034

P=0.170

Phenylalanine (PHE)

66.7±3.6

55.4±2.6

P=0.029

63.1±3.0

P=0.547

P=0.044

Tyrosine (TYR)

66.5±3.0

54.5±4.1

P=0.003

46.2±3.9

P<0.001

P=0.220

Valine (VAL)

172.9±5.5

109.3±5.9

P<0.001

159.5±6.5

P=0.111

P<0.001

Leucine (LEU)

80.1±3.3

53.6±2.8

P<0.001

75.7±3.6

P=0.353

P<0.001

Isoleucine (ILU)

65.9±2.2

40.6±2.7

P<0.001

48.2±3.2

P<0.001

P=0.060

Total BCAA

318.9±6.3

203.5±7.3

P<0.001

283.4±8.6

P<0.001

P<0.001

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

P=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

P=0.169

P<0.001

Fischer ratio

3.36±0.14

2.30±0.17

P<0.001

3.09±0.18

P=0.248

P<0.001

PHE/TYR ratio

1.27±0.10

3.94±1.11

P=0.030

3.18±0.58

P<0.001

P=0.079

GLY/BCAA ratio

0.78±0.03

1.58±0.08

P<0.001

1.15±0.07

P<0.001

P<0.001

P<0.001

P<0.001

Total EAA

1.71±0.14
4.94±1.03
P<0.001
2.30±0.18
GLY/VAL ratio
AA: amino acids; BCAA: branched chain amino acids; EAA: essential amino acids; NEAA: non-essential amino acids
a
Mann-Whitney U test
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A key finding in this study was a significant decrease
in total branched chain amino acid levels in tropical
chronic pancreatitis compared to alcoholic chronic
pancreatitis patients. Tissue utilization of branched
chain amino acids is increased in the case of depressed
ketogenesis [21]. It is worthwhile to note that tropical
chronic pancreatitis is frequently associated with low
ketosis [22]. Increased utilization of branched chain
amino acids in tropical chronic pancreatitis patients due
to the decreased availability of ketone bodies could
possibly be one of the reasons for lower branched chain
amino acid levels in tropical as compared to alcoholic
chronic pancreatitis patients. Branched chain amino
acids, especially leucine, have been found to have a
stimulatory effect on protein assimilation in pancreatic
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. Sweatt et al. [24] argued that high
concentrations of mitochondrial branched chain amino
acid transferase in pancreatic acinar cells could be that
of providing ketoisocaproate (transamination product

of leucine) as a signaling molecule to the islet to
stimulate insulin secretion. Although the importance of
high branched chain amino acid transferase, especially
in the exocrine pancreas, remains to be established, it
seems likely that branched chain amino acids may play
an important role in the normal functioning of
pancreatic acinar cells.
Nakamura et al. [25] have reported that plasma amino
acids in patients with pancreatic diabetes due to
chronic pancreatitis were higher as compared to those
with primary diabetes of similar glycemic control.
Elevated levels of plasma amino acids were related to
decreased tissue uptake of amino acids, lower levels of
insulin as well as decreased gluconeogenensis due to
low glucagon. In the current study, we observed
decreased plasma levels of the majority of amino acids
in diabetics with chronic pancreatitis as compared to
healthy subjects. However, pancreatic diabetes is
associated with a decreased risk of ketosis; insulin
resistance is also usually not a feature. It is possible
that exocrine insufficiency may impact amino acid
levels in a manner different from that of endocrine
insufficiency.

Table 5. Plasma amino acid levels (μmol/L) in chronic pancreatitis patients with and without pancreatic exocrine insufficiency (mean±SE).
Chronic pancreatitis patients
Chronic pancreatitis patients
Chronic pancreatitis patients
without exocrine insufficiency
with exocrine insufficiency
with severe exocrine insufficiency
(fecal elastase-1 >200 μg/g stool) (fecal elastase-1 ranging 0-200 μg/g stool) (fecal elastase-1 ranging 0-100 μg/g stool)
No. 54
P vs. patients with
No. 34
No. 67
P vs. patients with
fecal elastase-1
fecal elastase-1
>200 μg/g stool a
>200 μg/g stool a
Aspartate (ASP)
Glutamate (GLU)

65.8±5.9

61.4±3.6

P=0.597

58.1±3.8

P=0.336

125.7±13.3

121.3±8.2

P=0.815

121.6±9.6

P=0.813

72.5±6.6

57.3±4.7

P=0.054

53.7±5.0

P=0.020

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)

75.6±6.3

43.9±3.2

P<0.001

41.6±3.5

P<0.001

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

Isoleucine (ILU)

68.9±5.9

32.2±2.6

P<0.001

32.8±3.1

P<0.001

325.6±13.5

186.1±7.4

P<0.001

171.5±7.5

P<0.001

Serine (SER)
Threonine (THR)

Lysine (LYS)

Total BCAA
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

1.64±0.11

P<0.001

3.36±1.35
4.93±1.32
P=0.005
5.29±1.60
LY/VAL ratio
AA: amino acids; BCAA: branched chain amino acids; EAA: essential amino acids; NEAA: non-essential amino acids
a
Mann-Whitney U test

P=0.006
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Table 6. Predictors of diabetes and low elastase-1 (0-200 μg/g stool)
using multivariate logistic regression analysis.
Amino acid
Odds ratio (95% CI)
P value
Diabetes

Valine
Leucine

0.221 (0.113-0.431)
0.378 (0.188-0.763)

P<0.001
P=0.006

Low elastase-1 Total 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; BCAA: branched chain amino acids; CI:
confidence interval

We have observed significant reduction in plasma
sulphur containing amino acids, such as methionine
and cystine, in our patients with chronic pancreatitis.
Studies by Veghelyi et al. [26] have demonstrated
atrophic changes in the pancreas in children which
result from essential amino acid deficiency, including
that of methionine. Depletion of S-adenosyl methionine
(SAM) can cause development of pancreatitis in
choline (methyl donor)-deficient, ethionine (antagonist
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 acinar cell
differentiation model indicate that methionine is
required for acinar cell survival, growth and
differentiation [17]. In a recent study, our group has
shown lower plasma methionine levels and
hyperhomocystinemia in chronic pancreatitis especially
in chronic pancreatitis patients with low red cell folate
levels [29].
Sandstrom et al. [30] have reported alterations in the
amino acid spectrum during the course of acute
pancreatitis; this could have possible implications for
inflammatory processes. Serial estimations of amino
acid levels could be helpful in assessing their role
during the disease course in chronic pancreatitis.
In conclusion, our findings indicate selective amino
acid deficiency along with varying levels of deficiency
in the amino acid subgroups which seems to correlate
with exocrine and endocrine insufficiency in chronic
pancreatitis.
We
also
observed
significant
derangements in the levels of branched chain amino
acids. Our preliminary findings require additional study
to explore the mechanistic role of selective amino acid
deficiency in chronic pancreatitis.
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