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Abstract

Introduction: Owing to harmful effects of inflammatory markers on occurrence and
progression of diabetic complications, hence, studying the possible effect of chemical
components on these markers seems to be effective in diabetes mellitus. This study aimed to
assess whether the triethylenetetramine (TETA), as a copper chelator, affects the plasma level
of inflammatory markers such as visfatin (Vis), cholinesterase (CholE), total sialic acid
(TSA) and hepcidin (Hep) in streptozotocin- induced diabetes mellitus rat.

Materials and methods: Thirty male Wistar rats were assigned for this study. After
induction of diabetes mellitus, TETA with different doses (10, 20 and 40 mg/kg/day) was
orally administrated for 6 months. Thereupon, the above inflammatory factors were measured
in all treatment groups.

Results: Plasma concentrations of Vis, CholE, TSA, Hep and glucose decreased significantly
(P<0.01) in the highest dose group (40 mg/kg/day) compared with control group.
Interestingly, by enhancement of TETA dose, these levels were lowered.

Conclusion: The results suggested that TETA administration in the dose of 40 mg/kg/day
leads to profound reduction of the inflammatory markers Vis, CholE, TSA and Hep, therefore
may have beneficial effect on diabetes mellitus.
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Introduction

Diabetes mellitus (DM) is considered as
one of metabolic diseases which is mainly
clarified with resistance to insulin, insulin
deficiency and/or both items (1). DM
involves the significant manifestations not
only for premature atherosclerosis and
renal disease but also for their rapid
progression. Indeed, those complications
are known as major cause of death in DM,
wherein chronic cardiovascular and renal
complications and hyperglycemia are main
adjectives (2).

Copper (Cu?) as unbounded form,
strongly possesses pro-oxidant feature in
mammalian tissues and may trigger
pathways that activates  excessive
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generation of reactive oxygen species
(ROS), such as the superoxide anion or
hydroxyl radical and their levels may
elevate under pathological conditions and
cause tissue damage (3). Increased Serum
Cu concentration is well linked with
hypercholesterolemia, Macroangiopathy,
hypertension and microangiopathy, in
diabetic subjects (4).

TETA (trientine) belongs to structure
analog of linear polyamine compounds
(spermidine and spermine) and is
characterized as a highly selective Cu?*
chelator wherein generally used for the
treatment of Wilson's disease and recently
is utilized in the diabetic ones (rat and
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human) for treatment of cardiac failure (5).
DM is associated with a series of
metabolic alterations in which Cu?
accumulation and tissue imbalance of Cu?*
are occurred in the extracellular matrix.
TETA usage boosts urinary Cu?* excretion
in patients with type 2 DM and
streptozotocin-induced diabetes mellitus
type | in rat. In addition, left ventricular
hypertrophy  along with cardiac
dysfunction is ameliorated by TETA
during DM. Hence, TETA can be pointed
out as therapeutic agent in the attenuation
of diabetes mellitus-mediated
cardiovascular complications (5). Thus,
beneficial effects of TETA in the
experimental treatment of cardiovascular
and renal disease has been determined in
DM.

Visfatin with molecular weight of 52 KD,
is categorized as adipocytokines (6) which
is mainly secreted from visceral adipose
tissue, as well as it is produced in muscles
and hepatocytes. Recent studies have
denoted implications of visfatin in
occurrence  of inflammation  and
stimulation of other inflammatory markers
synthesis (7). Concurrent increase of
serum  visfatin  level with  some
inflammatory cytokines e.g IL-6 and TNF-
alpha have been documented in severel
studies (8,9).

Cholinesterases (CholE) are included into
two major enzymes (acetylcholinesterase,
AchE; and butyrylcholinesterase, BChE).
They are present in blood and other body
fluids and involve in hydrolysis of
acetylcholine (ACh). In addition, these two
enzymes  play  crucial role in
haematopoiesis, memory and participate in
inflammation processes (10) and recently
Da Silva (11) have introduced both of
which as inflammatory markers.

Hepcidin (Hep) is categorized as small
peptide with 25 amino acids which is
known as inflammatory marker (12). This
peptide plays fundamental role in the
neutralizing of ferroportin function on the
surface of macrophages, hepatocytes and
expressed  enterocytes and  thereby
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increases the intracellular iron stores,
reduction of iron absorption from food and
circulating blood. In addition, hepcidin by
stimulating the inflammatory response and
reduction of iron bioavailability for
bacteria, plays anti-bacterial role. In
general, hepatic expression of hepcidin
increases during iron overload and
inflammatory stimuli such as IL-6, IL-1
and LPS (12).

Various studies have reported the effects
of TETA on some biochemical markers in
diabetes mellitus, however, regarding the
effects of TETA on the inflammatory
markers Vis, CholE, TSA and Hep, this
study is the first ones that resolved the
issue.

Material and methods

Animals: In this experimental study, thirty
male Wistar rats (235 *25g, aged 2
months) were purchased from the animal
house of veterinary faculty of Urmia
university and were randomly divided into
five groups (6 rats in each group) (A, B, C,
D, E) in special cages under standard
hygienic conditions and were allowed to
use water and standard pellet ad libitum
and 12:12 h light: dark at temperature 21-
25°C  with 39% humidity.

Induction of experimental diabetes
mellitus: After 10 days of acclimatizing,
dissolved streptozotocin in sterile distilled
water was intravenously injected (65
mg/kg) intraperitoneally (i.p). Then, blood
sampling was carried out (from tail vein)
after two days and blood glucose above
250 mg/dl was observed in four groups (A,
B, C, D) of animals, thus considered as
diabetics. It is worth nothing that the rats
(group A, B, C, D) were fasted 12h before
and after streptozotocin injection. Also
blood glucose was daily measured using
glucometer GX (Ames, USA).
Experimental design and animal
grouping: Animal grouping was as
follows: Negative control (E) (n=6); this
group received distilled water without
TETA. Positive control (D) (n=6): this
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group was diabetic ones that received
distilled water without TETA
administration. Treatment groups (A, B
and C); these groups (each also includes 6
rats) received different doses of TETA (10,
20 and 40 mg/kg/day, respectively) in
distilled water via gastric gavage per day.
After 6 months of TETA administration,
all groups were anaesthetized with
thiopental sodium (Sigma-Aldrich, USA)
(50mg/kg, i.p) and blood samples were
taken via cardiac puncture and transferred
to heparinized tubes and centrifuged at
6000 RPM for 10 minutes at 4°C, to
prepare plasma.

Measurement of Plasma parameters:
Prepared plasms were kept in -20°C until
biochemical analysis. TSA determination
was carried out according to the method
reported previously by Sydow et al. (13).
Briefly, 400 pl of plasm were mixed with
3 ml of 5% perchloric acid for 5 min at
100°C and centrifuged at 1400 g for 4 min,
2 ml of supernatant were also mixed with
400 ul of Echrlich reagent (p-
dimethylaminobenzaldehyde). Following
incubation at 100°C for 15min, 2ml of
distilled water was added on samples and
the optical density of samples at 525nm
was read using a spectrophotometer
(UV/Visible, Cecil, Italy). CholE, glucose,
total hemoglobin (Hb) and HbAlc were
measured by colorimetric  methods
(Parsazmoon Kits, Tehran, Iran).
Commercial ELISA Kits were used for the
measurement of Hep and Vis (Bioassay
Technology Laboratory Co, China), NF-a
and IL-6 (Bender MedSystems GmbH,
Vienna, Austria), IL-8(Mybiosource,
SanDiego, USA) and insulin Crystal chem
Co, Downers Grove, USA).

Statistical analysis

The data were denoted as Mean+SEM.
The statistical analyses were performed by
one-way ANOVA and Tukey multiple
comparison tests. The statistical software
SPSS 17 was applied for statistical
analysis and significant level was set at P
<0.01L
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Results

Table 1 denotes alterations of Vis, CholE,
TSA, Hep and glucose in all groups.
Remarkable increase of all inflammatory
markers and glucose were observed in
diabetic group (group D). In contrary,
significant decrease of plasma Vis, CholE,
TSA, Hep and glucose concentrations
were observed in group C (40 mg/kg/day)
compared with group D (positive control).
In addition, no significant changes were
observed in the inflammatory markers for
the groups a (10mg/kg/day) and B
(20mg/kg/day) in comparison with group
D. Similar status was observed for glucose
in the groups of A (10mg/kg/day) and B
(20mg/kg/day) in comparison with group
E (negative control). Furthermore, 40 mg
of TETA tremendously decreased the
markers and glucose in diabetic rats.

Table 2 shows significant increases of
inflammatory interleukins (IL-6, IL-8, and
TNF-alpha) in diabetic group. Decreased
total Hb was observed in diabetic group
after administration of TETA, especially in
dose 40mg/kg/day. Furthermore, decrease
of body weight was occurred in diabetic
group, but during TETA administration,
the body weight was increased. Discussion
In the present study, considerable decrease
was occurred in all inflammatory markers
and glucose during administration of
TETA with dose of 40mg/kg/day.
Inflammation is considered to play
essential role in the progression and
complications of DM (14), and according
to Pickup study (15), interleukin-induced
inflammatory response is associated with
pathogenesis of DM. Cytokines have been
known as promotors of P-cell damage
through generation of nitric oxide. IL-6
and TNF-o are considered as adipocyte-
secreted inflammatory mediators (16). The
pro-inflammatory cytokines, IL-6, and
TNF-0, hinders insulin synthesis and
secretion via destruction of pancreatic
islets (17). In metabolic disorders such as
insulin resistance, disturbances of TNF-a
metabolism have been reported which
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disorders in TNF-o metabolism may cause the onset and progression of DM (18).

Table 1. Effect of the different doses of triethylenetetramine (TETA) on the studied inflammatory in control (D

and E) and diabetic (A, B, C) groups of rats.

Control groups

Diabetic groups received different doses of TETA

Variable E(Negative) D(Positive) A(10 mg/kg) B(20 mg/kg) C(40 mg/kg)

Visfatin (ng/L) 106.52+2.162  191.71+3.87° 186.22 +2.81° 155.62+3.07¢ 115.28+1.99¢
TSA (mg/dl) 12.61+0.582 82.49+1.21° 74.81+1.25°¢ 61.55+1.30° 15.43+0.39¢

Hep (pg/ml) 92.59+1.932 341.2845.76" 329.81+4.51° 238.69+3.51°¢ 116.19+2.62¢
CholE (1U/L) 856.27+16.44% 2893.45+48.14° 2786.21+32.99° 2146.58+29.59° 911.53+21.54¢
Glucose (mg/dl)  135.81+3.22? 326.81+4.12° 218.77+3.57¢ 168.81+2.96¢ 127.63+1.57¢
Insulin (ng/ml) 47.23 +0.872 5.879 + 0.152° 15.14 £ 0.79° 23.64 + 0.26° 43.29 + 0.81¢

Data are expressed as mean = standard error. Different letters as superscript (a, b, ¢ and d) in the row denote
significant difference among groups (P < 0.01). TSA, total sialic acid; Hep, hepcidin; CholE, cholinesterase.

Table 2. Effect of the different doses of triethylenetetramine (TETA) on TNF-a, IL-6 and IL-8 in control and
diabetic groups of rats.

Control groups

Diabetic groups received different doses of TETA

Variable E(Negative) D(Positive) Variable E(Negative) D(Positive)
TNF-o (pg/ml) 9.52+0.632 42.85+3.74° 31.11+£2.23¢ 19.94 + 3.58¢ 11.36 +1.62¢
IL-6 (pg/ml) 15.31+0.532 64.29 +4.81° 53.22 +3.61°¢ 39.14 +1.67¢ 20.59 £ 2.13¢°
IL-8 (pg/ml) 1856 £1.94%  58.75+250° 49.22 +2.59°¢ 28.81 +1.08¢ 21.23+1.46°
Total Hb (mg/dl) 13.96+1.862 9.57+1.29° 10.72 £ 2.51° 11.22 +1.94¢ 12.68 + 1.67¢
HbAL. (%) 4.26+0.732 13.09 + 2,53 9.46 £ 1.63° 8.09+1.27°¢ 5.38 + 1.06¢
Body Weight (g) 268.53+11.24% 14158 +9.73° 187.77 £12.19¢ 210.42 +11.34% 251.47 +13.46°

Data are expressed as mean + standard error. Different letters as superscript (a, b, ¢ and d) in the row denote
significant difference among groups (P < 0.01). TNF-a, tumor necrotizing factor- a; IL-6, interleukin-6; IL-8,

interleukin-8; HbA1c, hemoglobin Agc.

Langerhans islets predominantly
participate in TNF-a synthesis following
stress and TNF-a possesses important role
in p-cell destruction in DM (19). Netea et
al (20) revealed no considerable changes
in TNF-a concentrations in early stage of
DM. In contrast, Erbagci et al (17)
demonstrated increased levels of TNF-a in
the early stage of DM which is in
accordance with our study in diabetic
group.

CholE is reputed to be as an inflammatory
marker and its high activity has been
identified in different diseases. Wolkmer
(21) reported alterations in CholE activity
in trypanosomiasis and Staphylococcus
aureus infection and ascribed to clinical
signs and immune response. In addition,
direct relevance between cholinesterases
(AChE and BChE) activity and
inflammatory markers such as IL-6 has
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been documented, thereby forenamed
result assert the concept that CholE
activity boosts the systemic inflammatory
response. In  present study, serum
cholinesterase level was found to be high
in diabetic group than control ones.
Godfrey (22) reported high amount of
AchE in Langerhans islets in rat pancreas
during induction of diabetes mellitus and
control group and Abbott (23) determined
high activity of serum BChE in type 1 and
2 DM patients. Lunkes (24) demonstrated
high level of CholE in type 2 DM which is
in accordance with present study. CholE
is identified as an inflammatory marker
and its enhancement may reflect elevated
inflammatory responses during diabetes
mellitus. In diabetic group with 40
mg/kg/day of TETA, CholE level was
found to be low and there were not
significant changes in the 10 and 20
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mg/kg/day of TETA. Lu (25) reported role
of TETA in reduction of some interleukins
such as IL-1, IL-6, IL-8 and TNF-alpha
wherein copper (Cu?*) is known as one of
the key drivers in the synthesis of
inflammatory markers and due to role of
TETA administration in Cu?* chelation,
inflammatory interleukins biosynthesis is
lowered and owing to possible effects of
IL-1, IL-6, IL-8 and TNF-alpha on CholE
synthesis in liver, it may lead to reduction
of CholE synthesis in the liver and
resulting to low level of CholE in blood.

In respect of Hep, study of Nemeth (26)
demonstrated  that during  chronic
inflammatory conditions, the considerable
synthesis of interleukins (particularly IL-6)
was occurred by T- lymphocytes and
macrophages and it play a main role in the
hepcidin synthesis in liver, because, I1L-6
directly stimulates hepatocytes for Hep
production. Plasma Hep was high in
diabetic group than negative control ones.
Hep is categorized as novel inflammatory
marker. There are few studies in respect of
Hep levels in patients with diabetes
mellitus. For example, Jiang (27)
demonstrated high concentration of serum
Hep in patients with DM type 2 and
attributed to increased level of IL-6 which
induces Hep biosynthesis in liver. It should
be noted that according to recent studies,
along with liver which has been known as
the essential site of Hep expression and
synthesis also pancreatic islets involve as
additional source of Hep (28). Since, IL-6
is known as main stimulator of Hep
synthesis in the liver and also various
studies have reported increased levels of
inflammatory interleukins, particularly IL-
6 following DM, hence, with most
probable, high level of IL-6 occur in this
study and leads to excessive synthesis of
Hep. In respect of Hep decrease after oral
administration of TETA (40 mg/kg/day),
Ugarte (2) demonstrated attenuating effect
of TETA on IL-6 levels in STZ-induced
DM in rat and the same result was
obtained by Lu study (25) about TETA
effect in IL-6 decrease. In general, in
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present study, low level of Hep after
TETA administration, particularly 40
mg/kg/day, can be attributed to TETA role
in lowering of IL-6.

Present study was carried out to
investigate the role of TETA on some
novel inflammatory markers e.g. visfatin
in DM. High visfatin level was determined
in diabetic group (D) compared to negative
control (E). This one is in accordance with
Sandeep (29)

The inflammation is well-known to play
substantial role in DM occurrence as
insulin  resistance. In addition, pro-
inflammatory  effect and  positive
correlation of visfatin with inflammatory
markers, such as IL-6 and CRP have been
suggested (30,31). In this study, visfatin
elevation in diabetic group may attribute to
two possible factors such as beta-cells
destruction (32) and releasing from
visceral adipose tissue.

TETA reduced visfatin concentration in
dose of 40 mg/kg/day in diabetic group
rather than negative control ones. The
lowering effect of TETA on visfatin can be
attributed to TETA role in reduction of IL-
6, because Ugarte (2) expressed
impression of TETA in attenuation of IL-6
in diabetic rats. Hence, most probable,
TETA with same mechanism involves in
visfatin decrease in 40 mg/kg/day group.
Serum total sialic acid is known as a risk
factor of cardiovascular diseases (33).
Previous studies have indicated that serum
TSA concentrations are elevated in
diabetes mellitus (both type 1 and type2)
with and without vascular complications
and differences between genders (34). It is
worth mentioning that a relationship
between enhanced TSA with the
occurrence of vascular complications is
inevitable. Ekin (1) demonstrated the
higher level of TSA in diabetic patients
than normal subjects and implied the
following plausible mechanisms for TSA
increase.1l) The missing of sialic acid-
containing glycoproteins from vascular
cells into the bloodstream 2) cytokine-
evoked acute phase response (the
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production of acute phase proteins with
considerable sialic acid content in liver is
stimulated by cytokines) may cause to the
increased serum sialic acid levels. In
present study significant decrease in the
TSA level was revealed in groups of A, B
and especially C compared with group E
(negative  control) and  considerable
difference was observed between C with D
(positive control) and E. We could not
find information regarding TETA-
mediated sialic acid decrease. However,
Rahman (35) suggested the ameliorative
effect of metformin in fall of sialic acid
concentration than rosiglitazone in patients
with diabetes mellitus type 2. Since, sialyl
transferase involves in different metabolic
pathways for adding sialic acid to
glycoproteins (like some acute phase
proteins) and glycolipids (LDL) (32).
Thereby, it is likely that lower TSA may
attribute to TETA effects on over
expression and/or over-activity of sialyl
transferase, consequently high demand of
sialic acid and its transferring to
glycoproteins and glycolipids during
diabetes mellitus. It is worth mentioning
that it should consider the effects of
unknown mechanisms in this subject.

In respect of glucose level, TETA in dose
of 40mg/kg/day induced lowering of blood
glucose. Since, restoration effect of TETA
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