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Correlation of zinc levels to oxidative status in idiopathic chronic pancreatitis
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Abstract
Background: Causative factor of chronic pancreatitis is unknown. Idiopathic Chronic pancreatitis is especially prevalent in
India. Among multiple factors, Oxidative stress induced free radicals is one implicated factor in perpetuating the pancreatic
inflammation and progression of chronic pancreatitis.
Aim: Present study was planned to assess the oxidative status in Idiopathic Chronic Pancreatitis and its relation with Zinc
status.
Methods: 49 patients were enrolled in the present study over 3 year (From December 2015 to December 2018). 49 healthy
subjects were also enrolled from their relatives as control. Demographic data, disease characteristics and imaging features
were recorded. Erythrocyte glutathione, Glutathione peroxidise, Superoxide dismutase, erythrocyte Zinc level and plasma
Vitamin C level were estimated by spectrophotometry.
Results: Reduced erythrocyte Zinc level and plasma Vitamin C level were observed in chronic pancreatitis. Reduced
antioxidant status was also found in chronic pancreatitis. The erythrocyte Zinc level significantly correlated with SOD activity.
Conclusions: The present study found a positive correlation between erythrocyte zinc and erythrocyte SOD activity. This
suggests that zinc deficiency may play a role in aggravating oxidative stress in CP and is another possible mechanism by
which zinc deficiency impacts the pathogenesis of CP and its complications. But the clinical benefits of zinc supplementation
in Idiopathic chronic pancreatitis, can be better elucidated by further study.
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Introduction
Chronic pancreatitis (CP) is inflammation of the pancreas
that does not heal or improve-it gets worse over time and
leads to permanent damage. Chronic pancreatitis eventually
impairs a patient’s ability to digest food and make
pancreatic hormones. Chronic pancreatitis often develops in
patients between the ages of 30 and 40, and is more
common in men than women [1].
Chronic pancreatitis is a long-standing inflammation of the
pancreas that alters the organ's normal structure and
functions [2]. It can present as episodes of acute
inflammation in a previously injured pancreas, or as chronic
damage with persistent pain or malabsorption. It is a disease
process characterized by irreversible damage to the pancreas
as distinct from reversible changes in acute pancreatitis.
Chronic pancreatitis is is possibly a result of a complex
interaction between multiple factors. Within the framework
of the latter, there is a tacit acknowledgement that we have
not yet identified all the risk factors, genetic or otherwise,
that predispose an individual to developing chronic
pancreatitis. This is especially relevant for the vast majority
of patients suffering from Idiopathic Chronic Pancreatitis
(ICP), including its variant Tropical Calcific Pancreatitis
(TCP), which is more prevalent in India.
The pathophysiologic mechanisms of chronic pancreatitis
are not fully understood. Most available data indicate that
the primary site for the development of CP is the pancreatic

acinar cell [3]. The role of reactive oxygen species (ROS) has
also been postulated in perpetuating the pancreatic
inflammation and the development of extra pancreatic
complications [4]. ROS represent oxidative state of cell. In
cell, there is defense enzyme which are active against
oxygen radical species.

Fig 1

Zinc (Zn) are essential dietary trace metals. Over 300
metalloenzymes require Zn as a catalyst, and almost 2500
human transcription factors require Zn to maintain their
structural integrity. Cu-Zn superoxide dismutase (SOD) is a
first-line defense enzyme against oxygen radical species and
p53 is a zinc-containing transcription factor which is
important in the DNA damage response [5]. Zinc modulate
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the oxido-reductive environment in cells through
modulation of thiol status and antagonizing the activities of
iron and copper. Zinc is a component of metallothioneins,
which are part of antioxidant defenses [6]. In what may be
considered over-simplification, it can be propounded that,
within the paradigm of chronic pancreatitis, Zn has
considerable anti-oxidant properties.
Hence the present study was planned to assess the oxidative
status in chronic pancreatitis and its relation with zinc
status.
Methodology
The present prospective controlled study was planned in the
Department of Surgical Gastroenterology, Indira Gandhi
Institute of Medical Sciences, Sheikhpura, Patna over 3
years starting from December 2015 to December 2018. We
enrolled all Idiopathic Chronic Pancreatitis (ICP) patients
who visited department OPD during this period. Total 56
patients were enrolled in the study. Control was selected
from patients blood relatives so that genetic variability
should not influence the biochemical parameter used in the
study. 7 patients were excluded from study because of

various reason. So, only 49 patients and their controls were
considered for final analysis. Demographic data collected
from all patients and control. History of illness including
presenting complaints, duration of symptoms, any features
suggestive of endocrine or exocrine insufficiency and risk
factors like alcohol intake and smoking were recored. All
patients were evaluated with Ultrasonography (USG)
abdomen and Contrast Enhanced Computed Tomography
(CECT) Abdomen. In control, USG and CECT not
performed. We excluded all patients with Alcoholic CP, CP
with cancer, prior history of surgery for CP, CP with
pseudocyst, CP with bile duct obstruction and Acute attack
on CP. (Table 2)
Table 1: Exclusion Criteria
Alcoholic Chronic Pancreatitis
Chronic Pancreatitis with cancer
Prior history of surgery for Chronic Pancreatitis
Chronic Pancreatitis with Pseudocyst
Chronic Pancreatitis with Bile duct obstruction
Acute attack on Chronic Pancreatitis

Fig 2: CECT abdomen

Informed consents were taken from all patients and controls.
No financial burden was given to patients and controls. The
aim and the objective of the present study were conveyed to
them. Approval of the institutional ethical committee was
taken prior to conduct of this study.
Fasting blood samples were collected in EDTA tubes in the
biochemistry lab. The biochemical tests were performed in
the Biochemistry Laboratory of the institute. Standard
reactions were used to measure the levels of erythrocyte
glutathione (GSH), GPx, SOD, TBARS, Hemoglobin Zinc
and plasma Vitamin C using a UV-visible double beam
spectrophotometer.
Statistical analysis was done using SPSS version 24 (IBM
Inc, Chicago, USA). Differences in mean were calculated
using ANOVA with post hoc test. Mann-Whitney U test
were used to compare variables. Biochemical values were
expressed as the mean for comparison.
Results
We enrolled all Idiopathic Chronic Pancreatitis (ICP)

patients who visited Surgical Gastroenterology department
OPD during study period. Total 56 patients were enrolled in
the study. Control was selected from patients blood
relatives. 7 patients were excluded from study because of
various reasons. So, only 49 patients and their controls were
considered for final analysis. The demographic
characteristics of study population and symptomology are
given in Table 2. The mean age of all ICP patients were
younger than mean age of control population but we do not
think slight variation in age will affect the biochemical
results significantly especially when control population are
genetically related to patients group. In control group, there
were 38 male and 11 female. In chronic pancreatitis group,
57% patients were male and 43% were female. 17 (35%)
patients were smoker. Pain abdomen was main symptoms
and was present in 88% of patients. 23 (47%) patients were
having diabetes at the time of presentation. Exocrine
insufficiency was present in fewer patients (14%) as
compared to Endocrine insufficiency.
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Table 2: Demographic details and symptom characteristics of the Study group
Type of Patients
Age (in years)
Mean Age (in years)
Males
Females
Diabetes at Presentation
Smokers
Pain
Steatorrhea

Controls (n=49)
17 – 43
32
Gender
38
11
0
0
0
0

The erythrocyte Zn, erythrocyte GSH, GPx, SOD, and
plasma vitamin C levels were lower, and erythrocyte
TBARS was higher in ICP patients as compared to controls
(Table 3). The erythrocute Zn, erythrocyte GSH, SOD and
Vit C level were significantly lower in ICP patients than
healthy controls. A positive correlation was found between

Idiopathic Chronic Pancreatitis (n=49)
18 – 36
26
28 (57%)
21 (43%)
23 (47%)
17 (35%)
43 (88%)
07 (14%)

erythrocyte zinc and erythrocyte SOD activity (p<0.001).
We found lower values of erythrocyte GSH, GPx, SOD, and
plasma vitamin C and higher erythrocyte TBARS in both
diabetic and non-diabetic CP patients as compared to
controls.

Table 3: Biochemical parameters (Blood antioxidant level) in study groups
Blood antioxidant level

Controls Range (means)

Erythrocyte Zinc Levels (µmol/g Hb)
Erythrocyte GSH (μmol/g Hb)
Erythrocyte GPx (nmol of NADPH oxidized/min/g Hb)
Erythrocyte SOD (IU/g Hb)
Erythrocyte TBARS(nmol/g Hb)
Plasma vitamin C (mg/dL)
GSH: Glutathione
GPx: Glutathionine peroxidase
SOD: Superoxide dismutases
TBARS: Thio-barbituric acid reactive substance

41-52 (46)
8.42 – 8.83 (8.57)
18.7 – 19.4 (18.95)
2910 – 3126 (3069)
5.41 – 5.76 (5.55)
0.71 – 0.92 (0.84)

Discussion
Over the last two decades, critical advances in genomics and
pancreatic stellate cell biology has led to the evolution of
our understanding of chronic pancreatitis from an
“enigmatic process of uncertain pathogenesis” to a “fibroinflammatory syndrome” developing as a result of a
“persistent
pathological
response”
to
pancreatic
parenchymal injury in individuals who are genetically predisposed and/or environmentally exposed to toxins, either
known (e.g. alcohol, smoking, autoimmunity) or unknown
[1,2]
. Within the framework of the latter, there is a tacit
acknowledgement that we have not yet identified all the risk
factors, genetic or otherwise, that predispose an individual
to developing chronic pancreatitis. This is especially
relevant for the vast majority of patients suffering from
Idiopathic Chronic Pancreatitis, including its variant
Tropical Calcific Pancreatitis, which is more prevalent in
India.
Oxidative stress can be increased in a system where the rate
of free radical production is increased and/or the antioxidant
mechanisms are impaired. In recent years, the oxidative
stress-induced free radicals have been implicated in the
pathology of chronic pancreatitis and antioxidant therapy
has been considered as one of the modalities of medical
management [7-8].
Girish et al. [9]. Demonstrate that a mixed cohort of patients,
suffering from alcoholic and tropical chronic pancreatitis,
have a lower Zn and higher Cu levels in erythrocytes vis-àvis healthy matched controls. These findings were more
pronounced in those with more advanced chronic
pancreatitis, manifested either by exocrine (low fecal
elastase) or endocrine (diabetes) insufficiency. Additionally,

Idiopathic Chronic pancreatitis
Range (means)
24 – 32 (27)
5.04 – 5.39 (5.29)
15.27 – 16.4 (15.87)
2236 – 2393 (2311)
7.16 – 7.79 (7.53)
0.035 – 0.52 (0.19)

P value
<0.001
<0.001
0.30
<0.001
0.125
<0.001

serum levels of anti-oxidants were lower and serum markers
of lipid peroxidation were higher in patients with chronic
pancreatitis as compared to the controls. In the second part
of the article, the authors go on to propose that erythrocyte
Zn/Cu ratio can be a used as a non-invasive marker of
exocrine and endocrine insufficiency in patients with
chronic pancreatitis.
Normal levels of zinc, an essential mineral and trace
element, are pivotal to maintain a homeostasis in a wide
variety of important cellular systems and immune response
[10]
. In this large study of 150 patients with CP, one in four
patients was shown to have a zinc deficiency. CP is a
chronic inflammation of the pancreas triggered by various
factors including alcohol misuse, smoking, autoimmunity,
anatomical variants and genetic factors. Due to progressive
fibrosis and destruction of the pancreas, both enzyme and
insulin production ultimately become severely impaired,
resulting in pancreatic exocrine and endocrine insufficiency.
Deficiency of enzymes (exocrine insufficiency) leads to
maldigestion and malnutrition which are associated with
reduced absorption of fat-soluble vitamins. The essential
role of zinc and its deficiency was described in 1963 [11].
In a previous study, we found that chronic pancreatitis
patients had hypozincemia, which correlated with exocrine
and endocrine insufficiency [12]. A key finding in this study
was a positive correlation between erythrocyte zinc and
erythrocyte SOD activity. This suggests that zinc deficiency
may play a role in aggravating oxidative stress in chronic
pancreatitis and is another possible mechanism by which
zinc deficiency impacts the pathogenesis of chronic
pancreatitis and its complications. While vitamin C levels
were lower in both tropical chronic pancreatitis and
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alcoholic chronic pancreatitis patients as compared to
controls, we found that vitamin C level was lower in tropical
chronic pancreatitis as compared to alcoholic chronic
pancreatitis patients, a finding not reported previously. Early
age of onset and more rapid course of tropical chronic
pancreatitis as compared to alcoholic chronic pancreatitis is
probably one of the reasons for drastic decrease in vitamin
C levels and higher TBARS in tropical chronic pancreatitis
patients that could precipitate oxidative stress. It is also
possible that greater levels of oxidative stress result in
earlier onset of endocrine and exocrine insufficiency and
also hastens their progress in tropical chronic pancreatitis as
compared to alcoholic chronic pancreatitis.
Quillot et al. have reported that diabetes worsens the
antioxidant status in chronic pancreatitis patients [13].
However, we did not find any difference in antioxidant
status between diabetic and non-diabetic chronic
pancreatitis patients. This finding was seen in both alcoholic
chronic pancreatitis and tropical chronic pancreatitis
patients.
Diabetes is a common complication of advanced chronic
pancreatitis. The prevalence of low Zn and elevated Cu in
chronic pancreatitis with diabetes has been documented in
previous reports [14-15]. Zn is essential for normal processing
and storage of insulin in human pancreatic β-cells and it
exerts an insulin-mimetic and anti-diabetic effect in humans
[16-17]
. A healthy pancreas has a high Zn content. Most of it
is contained in the β-cells, concentrated in the dense core
insulin secreting granules (ISG) [16]. Hypozincemia has been
reported in both type 1 and 2 diabetic patients, with partial
amelioration of hyperglycemic+ state in these individuals
with oral Zn-supplementation [16-17].
Conclusion
The relationship between zinc status vis a vis pancreatic
exocrine and endocrine insufficiency appears to be complex.
The present study concludes that a positive correlation exist
between erythrocyte zinc and erythrocyte SOD activity.
This suggests that zinc deficiency may play a role in
aggravating oxidative stress in ICP and is another possible
mechanism by which zinc deficiency impacts the
pathogenesis of CP and its complications. The clinical
benefits of zinc supplementation in chronic pancreatitis,
especially Idiopathic Chronic Pancreatitis, can be better
elucidated by a case control study.
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