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Introduction 

Diabetes mellitus (DM) belongs to one of the metabolic 

diseases which is completely characterized with insulin 

deficiency, resistance to the action of insulin, and/or 

both items (1). DM is known to involve the significant 

manifestations not only for premature atherosclerosis 

and renal disease but also for their rapid progression. 

Indeed, those complications are the substantial cause of 

death in DM, wherein chronic cardiovascular and renal 

complications and hyperglycemia are main adjectives 

(2). In addition, DM is associated with a series of 

metabolic alterations in which Cu2+ accumulation and 

tissue imbalance of Cu2+ are occurred in the 

extracellular matrix.   

 

 

 

 

 

 

 

Copper (Cu2+) as unbounded form, strongly possesses 

pro-oxidant feature in mammalian tissues and may 

trigger pathways that activates excessive generation of 

reactive oxygen species (ROS), such as the superoxide 

anion or hydroxyl radical (3) and their levels may 

elevate under pathological conditions and cause tissue 

damage (4). Macroangiopathy, microangiopathy, 

hypercholesterolemia, and hypertension in diabetic 

subjects are well associated with elevated serum Cu2+ 

concentration (5).  

TETA (trientine) belongs to structure analog of linear 

polyamine compounds (spermidine and spermine) (5) 

 

 

 

Abstract 
This study aimed to assess whether the triethylenetetramine (TETA) is impressed the plasma level of homocysteine (Hcy), total 

sialic acid (TSA) and cardiac troponin I (cTnI) as cardiovascular diseases risk factors, cystatin c (Cys c) and glucose along with 

histopathologic changes in alloxan induced diabetes mellitus in rabbit. Twenty number New Zealand white rabbits were 

assigned for this study. After induction of diabetes mellitus, TETA was orally administrated with different doses (10, 20, 40 

mg/kg/day, A, B, C groups respectively) for 6 months daily and group D (as positive control) not received TETA. In the 

following, above parameters, insulin and glucose were measured in the all groups. Furthermore, histopathologic evaluation was 

carried out for aorta, kidney and pancreas in the all ones. Amounts of plasma cTnI, Hcy, TSA, Cys c and glucose concentrations 

decreased significantly (P < 0.01) in group C (40 mg/kg/day) compared with group D (positive control). In respect of insulin, 

normalizing of insulin occurred in group C (40 mg/kg/day) compared with group D (positive control). It is worth mentioning 

that during increasing of TETA dose, those levels decreased. In terms of histopathology, ameliorative and restoring effect of 

TETA on pancreatic beta-cells, glomeruli, renal tubules and aorta was determined in this study. The results suggested that 

TETA administration plays substantial role in tremendous alleviation of forenamed parameters and amelioration of beta-cells, 

renal glomeruli and tubules. Hence, TETA in the dose 40 mg/kg/day may utilize in the part of human diabetes mellitus 

management including cardiovascular, renal diseases and glucose normalizing. 
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and is characterized as a highly selective Cu2+ chelator 

along with an orphan drug trait wherein generally used 

for the treatment of Wilson's disease (7,8). TETA usage 

boosts urinary Cu2+ excretion in patients with type 2 

DM and streptozotocin-induced diabetes mellitus type I 

in rat (8). Furthermore, TETA ameliorates diabetes-

induced cardiac dysfunction and left ventricular 

hypertrophy. Hence, TETA can be introduced as 

therapeutic agent in the treatment of diabetes mellitus-

induced cardiovascular complications (9).  

Hcy, as a sulfur-containing amino acid, is involved in 

both endothelial cell damage in experimental animals 

and cardiovascular diseases in human and participates 

in oxidative stress occurrence. (10). Moreover, the 

atherogenicity of homocysteine might be associated 

with copper (11).  

Sialic acid (SA), an acetylated derivative of neuraminic 

acid, is widely distributed in mammal tissues and body 

fluids and the localized SA at the end chain of many 

acute phase proteins can be used as a valuable indicator 

for diagnosis and prognosis of diseases such as cancer, 

cardiovascular disorders, nephropathies and 

pneumonia. On the other word, SA is known to be as a 

novel cardiovascular disease (CVD) biomarker (12) 

and increased total sialic acid (TSA) concentration is 

spotted as a risk factor for cardiovascular mortality in 

human (13). Moreover, higher serum TSA level has 

been documented in type 2 diabetic patients (14). 

Cardiac troponin I (cTnI), as one of myofibrillar 

proteins, exists exclusively in myocardium and 

possesses valuable marker in awareness about the 

cardiomyocyte damage in the animals. Following the 

increase of cardiomyocyte permeability, cTnI releases 

into blood and is pointed out as a high-accurate 

biomarker for diagnosis of the heart muscle damage 

and positive correlation has been clarified between high 

serum cTnl and cardiomyocyte damage (15,16). 

Generally, several studies have reported the changes of 

cTnI in diabetic rat (16, 17) but no study has been 

reported in rabbit with diabetes mellitus.  

Cystatin-C (Cys-C) is a small 13-kDa and non-

glycosylated protein that appertains to the super family 

of cysteine proteinase inhibitors (18). It is 

independently filtered through glomerulus in the 

kidney, reabsorbed and catabolized in proximal renal 

tubules (19). Cys-C is known to be the most valuable 

endogenous serum biomarker in determination of renal 

function and specially, good candidate for glomerular 

filtration rate (GFR) in human medicine. Moreover, 

various conditions (inflammation, infection or 

malignancy) has not impression in the change of Cys C 

level (20). Moreover, an association between Cys c and 

cardiovascular diseases has been determined and in a 

study the role of Cys c has been reported as mortality 

prediction, diastolic dysfunction, incident heart failure 

(21, 22 ,23) and Niccoli et al. (24) reported Cys c 

increase during coronary artery atherosclerosis. 

To the best of our knowledge, no study has been 

performed to investigate the TETA effect on 

cardiovascular biomarkers and cystatin c in diabetic 

rabbits. Hence, this is the first trial to evaluate above-

mentioned parameters during TETA administration in 

diabetic ones. 

 

Materials and method 

Protocol of study  

In this study, twenty male New Zealand white rabbits 

(2.250 kg ± 180, age 4-5 months) were purchased from 

the animal house of veterinary faculty of Urmia 

university and were randomly divided into five groups 

(A, B, C, D, E) (each group four rabbits) 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. Animal Research Ethics Committee of 

veterinary faculty of Islamic Azad University approved 

all experimental procedures (no: 0506215278).  

 

Induction of diabetes mellitus 

After 10 days of acclimatizing, dissolved alloxan tetra 

hydrate (Sigma, Aldrich) (in sterile distilled water) was 

intravenously injected (80 mg/kg) (25) through 

marginal vein and after two days, blood glucose above 

250 mg/dl was observed in all of four groups (A, B, C, 

D) as diabetic ones. It is worth mentioning that rabbits 

(group A, B, C, D) were fasted 12h before and after 

alloxan injection. Also blood glucose was daily 

measured using glucometer GX (Ames, USA).  

 

TETA administration 

Thereupon, groups of A, B and C received different 

doses of TETA (in distilled water) as gastric gavage 

daily: A) 10 mg/kg/day B) 20 mg/kg/day C)                 

40 mg/kg/day and group D not received any drug
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 (positive control). Thus, there were two control group: 

group D as positive control and group E as negative 

control. 

 

Plasma preparation and analysis of biochemical 

parameters  

After 6 months of TETA administration, blood samples 

were taken via marginal vein and transferred to 

heparinized tubes and centrifuged at 6000 RPM for 10 

minutes at 4 °C. Plasma were separated and were kept 

in -20 °C until analysis. TSA determination was carried 

out according to the method reported previously (26). 

Briefly, 400 μl of serum 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 μL of Echrlich reagent (p-

dimethylaminobenzaldehyde). Following incubation at 

100 °C for 15 min, 2 mL of distilled water was added on 

samples and the optical density of samples at 525 nm 

was read using a spectrophotometer (UV/Visible, Cecil, 

Italy). Hcy and glucose were detected according to the 

colorimetric method (Spectrophotometer, UV/Visible, 

Shekel 1500, Germany) (Parsazmoon co kits, Tehran, 

Iran). cTnI was detected by especial kit based on Elisa 

technique (Life diagnostics, Co, USA).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Insulin hormone level was measured by special kit for 

rabbit through Elisa technique (Kamiya Biomedical Co, 

USA). Finally, cystatin c (Cys c) was detected with 

(MyBio Source Co, USA) by Elisa method. 

 

Histopathological examination 

Tissue samples of healthy and diabetic animals from 

kidney, pancreas and aorta were taken and rapidly fixed 

in buffered formalin %10. Thereafter, conventional 

paraffin wax embedding technique was performed in 

fixed specimens. Then, the sections were cut 5 μm in 

thickness and were stained by Hematoxyline and Eosin 

(H&E) method. 

 

Statistical analysis 

The data were denoted as Mean ± SE. The statistical 

analysis of data was performed by one-way ANOVA 

and Tukey multiple comparison tests. The statistical 

package of SPSS 17 was allocated and significant level 

was set at P < 0.01 (Chicago, USA). 

 

Results 

Table 1 denotes alterations of Hcy, TSA, cTnI, Cys c, 

glucose and insulin in all groups. Significant decrease 

of  plasma  Hcy, TSA  and   cTnI   concentrations  were  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 Effect of TETA in different dose on TSA, Hcy, CtnI, Cys c, glucose and insulin in control and diabetic  

groups as Mean ± SE 

 

              Parameters              Control                     Control                        Diabetic                      Diabetic                           Diabetic 

                                              negative group       positive group       group received          group received          group received 

(E)                                                     (E)                            (D)                     10 mg/kg TETA        20 mg/kg TETA        40 mg/kg TETA 

(A)                                                                                                                             (A)                                    (B)                                      (C)                                                                           
d12.36 ± 0.4                   c54.13 ± 0.83                  c59.51 ± 1.03          b68.38 ± 1.31         a TSA, mg/dl            10.43 ± 0.47 

Hcy, mg/dl               4.03 ± 0.18a          18.66 ± 0.14b          14.77 ± 0.51c                   12.19 ± 0.57c                     4.84 ± 0.37d 

d31.22 ± 0.521                   c88.46 ± 1.31                 b 109.81 ± 2.54        b118.43 ± 1.91       a cTnI, pg/ml            22.53 ± 0.52 

Cys c, ng/ml           0.27 ± 0.004a           3.57 ± 0.02b           3.12 ± 0.029b                    0.89 ± 0.01c                    0.31 ± 0.002d 

d132.28 ± 2.14                   c182.47 ± 2.55            c 174.50 ± 1.67        b298.54 ± 2.05         a129.25 ± 1.89     mg/dl , Glucose 

Insulin, ng/ml        50.16 ± 1.02a           6.41 ± 0.183b          17.42 ± 0.834c               26.59 ± 0.96d                    48.80 ± 1.17e 

. 

 

 

Note: Data are expressed as mean ± standard deviation. Different letters as superscript (a,b,c,d) in the row denote significant 

difference among groups. (P < 0.01). For example, all superscripts are different in the insulin parameter, so, there are 

significant difference among groups. 
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observed in group C (40 mg/kg/day) compared with 

group D (positive control). In addition, no significant 

changes were observed in TSA, Hcy and cTnI in the 

groups of A (10 mg/kg/day) and B (20 mg/kg/day) in 

comparison of group D (positive control). Similar issue 

was observed in glucose in the groups of A (10 

mg/kg/day) and B (20 mg/kg/day) in comparison of 

group E (negative control). In respect of Cys c, 

remarkable increase was observed in group D (positive 

control) and group A (10 mg/kg/day) rather than group 

E (negative control). In contrast, notable decrease of 

Cys c was occurred in the groups of B (20mg/kg/day) 

and C (40 mg/kg/day) in comparison of group D 

(positive control). In terms of insulin alterations, with 

increasing of TETA dose, insulin level was gradually 

elevated and significant difference of insulin was 

denoted in the various doses of TETA than group D 

(positive control). Furthermore, 40 mg dose of TETA 

had tremendous effect in decrease of TSA, Hcy, cTnI, 

Cys c, glucose and increase of insulin level in diabetic 

rats.  

In respect of histopathologic findings, results of present 

study were included: calcification in the aorta, beta-cells 

damage in the pancreas and glomerular and tubular 

injuries in diabetic group (D group), ameliorative 

effects of TETA on beta-cells of pancreas and kidney in 

group C (40 mg/kg/day) and absence of calcification in 

Media (M) layer of aorta artery in TETA administered 

group C (40 mg/kg/day). 

In respect of histopathologic findings, results of present 

study were included: calcification in the aorta, beta-cells 

damage in the pancreas and glomerular and tubular 

injuries in diabetic group (D group), ameliorative 

effects of TETA on beta-cells of pancreas and kidney in 

group C (40 mg/kg/day) and absence of calcification in 

Media (M) layer of aorta artery in TETA administered 

group C (40 mg/kg/day) (Fig. 1, 2, 3). 

 

Discussion 

Cardiovascular diseases (CVD) and DM are 

inextricably associated and CVD is known to be the 

most common cause of mortality in diabetes mellitus 

(27), as well as Hcy possesses independent 

cardiovascular risk factor in DM and involves in 

oxidative stress (28). In this study, remarkable decrease 

(P <  0.01; 4.84 ± 0.37) of Hcy was observed in group 

C compared with groups of E and D. Uthus et al.  (29) 

pointed out that hepatic betaine-homocysteine methyl 

transferase (BHMT), which catalyzes homocysteine to 

methionine conversion, is downregulated by Cu2+ 

deficiency and Tamura et al.  (30) reported that Cu2+ 

deficiency causes low activity of methionine synthase. 

Therefore, we can consider that TETA administration 

decrease plasma homocysteine levels through Cu2+ 

chelation and Cu2+ shortage related molecular 

mechanisms.  

In DM owing to overproduction of free radicals, cell 

damage occurs and one of vital cells that can affect with 

free radicals is known cardiomyocytes. In this study, 

considerable decrease (P <  0.01; 31.22 ± 0.521) of 

cTnI in the TETA administered group C (40 

mg/kg/day) were determined in comparison of the 

group D (positive control). TETA alleviates DM-

mediated many secondary complications (31). Atabek 

et al. (32) demonstrated elevation of cTnI in diabetic 

ketoacidosis patients which is in accordance with our 

study. The occurred heart damage in this study can 

attribute to DM-mediated anemia.  

In numerous studies, chelators have provided protection 

against development of diabetic complications in 

animal models of diabetes mellitus (2, 4). TETA is 

classified as one of experimental therapeutics that acts 

to chelate excess Cu2+ in diabetic tissues and reduce 

oxidative stress and cellular damage (33) and in the 

recent years the vast attention has been paid on the 

effects of chemical components on cardiovascular 

function. Zhang et al. (34) revealed discernible effect of 

TETA on heart protection in diabetic rats which is in 

accordance of present study. Liu et al. (35) 

demonstrated unaltered expression levels of cTnI in 

hearts of diabetic rats which is not with our study. In 

addition, TETA can reinforce antioxidant defenses in 

diabetic models (6), hence participates in the 

maintenance of cardiomyocytes. The ameliorative 

effect of TETA on cardiomyocyte and increase of 

contraction power of the heart muscle has been 

identified. The possible mechanism of TETA for these 

advantageous effects is partly hypothesized to copper 

chelation, which enforces an antioxidant-mediated 

defense mechanism (31). 

Previous studies have indicated that serum TSA 

concentrations are elevated in diabetes mellitus (both 

type 1 and type 2) with and without vascular 

complications (12). It is worth mentioning that a 
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Figure 1 (A) Atherosclerotic evidence with calcified foci (arrowhead) in media layer of aorta artery in diabetic 

group. H&E; X100. (B) Normal appearance of aorta artery in control group (group E). Endothelial (E), Media (M), 

Adventitia (A). H&E; X400. (C) The absence of calcification in Media (M) layer of aorta artery in the TETA 

administered group C (40 mg/kg/day). H&E; X400. 

 

    
 

 
 

 

 
 

 
 

 

 
 

 
 

       

 
 

Figure 2 (A) Normal cellular (beta cells) density in Langerhans islets (arrowhead) in control group (E). 

H&E; X400. (B) Cellular destruction and depletion in Langerhans islets with vacuolation (arrow) in 

diabetic group D. H&E; X400. (C) Restore of pancreatic beta cells (arrowhead) similar control group in 

TETA administered group (C) (40 mg/kg/day). H&E; X400. 
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relationship between enhanced TSA with the 

occurrence of vascular complications is inevitable. Ekin 

et al. (1) demonstrated the higher level of TSA in 

diabetic patients. In present study significant decrease 

(P <  0.01; 12.36 ± 0.4) in the TSA level was revealed 

in group C compared with D and E groups.  Rahman et 

al. (36) suggested the ameliorative effect of metformin 

in fall of sialic acid concentration than rosiglitazone in 

patients with diabetes mellitus type 2. On the other 

word, Gracheva et al. (37) reported elevated activity of 

sialyl transferase in aortic intimal and plasma in 

atherosclerosis. Since, sialyl transferase involves in 

different metabolic pathways for adding sialic acid to 

glycoproteins and glycolipids (12). 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 well known that DM-mediated nephropathy is one 

of main features of DM and high level of Cys c is 

attributed to secondary complications of DM can lead 

to end-stage renal disease (38). Low level of Cys c (P <  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.01; 0.31 ± 0.002) was occurred in the group C (40 

mg/kg/day). Daily TETA administration quells 

glomerular and kidney hypertrophy in the STZ-induced 

diabetes in rat (8). Moreover, Gong et al., in 2008 (4) 

reported TETA administration normalizes kidney tissue 

copper in DM and also suppresses whole-kidney and 

glomerular hypertrophy. Since Cu2+ overload in the 

tissue participates in induction of oxidative stress, as a 

result, it is most possible, TETA suppresses oxidative 

stress and subsequently leads to remodeling of kidney 

and ultimately Cys c level returns to normal range. 

In terms of histopathologic findings, restoring and 

ameliorative effect of TETA on beta-cells and kidney 

was observed in the subgroup C. 

 

Conclusion 

Since improving effects of TETA on heart muscle in 

diabetic subjects has been previously reported, the 

reducing effect of TETA on TSA, Hcy and cTnI 

concentrations, as cardiovascular risk factors, in diabetic 

rabbits along with histopathology findings, reveal 

substantial role of TETA in attenuation of diabetes 

mellitus-evoked cardiovascular complications. 

    
 

 
 
Figure 3 (A) Normal glomeruli and tubules in control ones (group E). H&E; X400. (B) Normal glomeruli and tubules in 

TETA administered group (C) (40 mg/kg/day). H&E; X400. (C) (main figure): Interstitial nephritis with aggregation of 

lymphocytic inflammatory cells (asterisk) between tubules and hemorrhage (arrow) almost extended inter-tubular spaces in 

the diabetic group (group D). H&E; X100. (inner figure): Higher magnification of interstitial nephritis, hemorrhage (thin 

arrow), lymphocytic inflammatory cells (arrowhead) and protein casts (thick arrow) between some tubules in the diabetic 

group (group D). H&E; X400. 
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Meanwhile, reducing of Cys c, clarifies restoring and 

reconstruction effects of TETA in kidney which is 

confirmed through kidney histopathology. It is worth 

mentioning that, owing to high ameliorative role of 

TETA in dose of 40 mg/kg/day (subgroup C) on aorta, 

heart and kidney restoring, it is postulated that 

forenamed dose may assign as supplementary dose 

along with other drugs in the diabetic patients.  
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