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Purpose: Iron plays an important role in the process of oxidizing Low Density Lipoprotein (LDL) in the arterial 
wall during the development of atherosclerosis, but the role of iron during the development of intimal hyperplasia 
has not been confirmed. Therefore, we evaluated the relationship of serum ferritin, serum cholesterol and intimal 
hyperplasia.
Methods: Forty rats were divided into four groups according to diet. Group I was the normocholesterol and 
normoferritin group, group II was the hypercholesterol and normoferritin group, group III was the hypercholesterol 
and hypoferritin group, and group IV was the hypercholesterol and hyperferritin group. At the sixth week, we 
induced clamping injury at the left common carotid artery of each rat. At the end of the eighth week, we obtained 
tissue of the left common carotid artery from each rat, and we performed staining. After that, we evaluated 
differences of the intima to media ratio (IMR) of arterial walls according to groups.
Results: The IMR of group II was higher than that of group I (P＜0.001). Among hypercholesterol groups (group 
II∼IV), the IMR of group III was lower than that of group II (P＜0.001), and the IMR of group IV was higher 
than that of group II (P=0.007).
Conclusion: We suggest the possibility that serum ferritin and serum cholesterol are proportionally related with 
intimal hyperplasia. But we think that large-volume experiments in animal models and prospective studies in 
humans are needed to confirm and expand on our results. (J Korean Surg Soc 2011;80:131-141)
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INTRODUCTION

  Atherosclerosis is a multifactorial disease. Oxidation, and 

particularly modification of low density lipoproteins (LDL) 

within the artery wall and their subsequent unregulated 

uptake by macrophages has been postulated to be im-

portant in disease development, and metal ions such as 

iron and copper have an important role in this process.(1) 

Several reports that have focused on the relationship of 

iron and atherosclerotic disease have currently been 

reported. Sullivan showed that premenopausal women had 

a lower risk than aged-matched men in developing 

coronary artery disease, and menopausal women had a 

higher risk of developing coronary artery disease than 

age-matched men: this suggests the iron-heart hypothesis 

in the development of atherosclerotic diseases.(2) Haidari 

et al.(3) reported on the relationship of serum ferritin and 

cororary artery disease in male patients younger than fifty 

years. Ramakrishna et al.(4) reported on the relationship 

of iron and athereosclerosis in young people. But, there is 

currently controversy about the relationship of iron, 

atherosclerotic disease, and intimal hyperplasia. So, to 

identify the relationship of iron, atherosclerotic disease, 

and intimal hyperplasia, we herein attempt to evaluate the 
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relationship of serum ferritin as the most accurate marker 

of the body’s storage of iron,(5) and the intima to media 

ratio (IMR) of carotid artery induced intimal hyperplasia 

and atherosclerotic disease in a rat model. This research 

was approved by the IACUC in the School of Medicine 

of the Catholic University of Korea.

METHODS

1) Experimental animals and diets

  This experiment was conducted on forty rats (Sprague- 

Dawley rats) that were eight weeks old. We divided the 

forty rats into four groups of 10 rats each. The rats in 

group I were given a control diet and control water for 

eight weeks, and the rats in group II were given a 

hypercholesterol diet and control water for eight weeks.(6) 

The rats in group III were given a hypercholesterol diet and 

water mixed with an iron-chelating agent (Exjade) 30 mg/ 

kg/day (Novartis, Basel, Swiss) for eight weeks. The rats in 

group IV were given a hypercholesterol diet with control 

water for eight weeks, and they were injected intraperi-

toneally with an iron-containing agent (Venoferrum) 50 

mg/rat/week (Choongwae Pharma Corporation, Seoul, 

Korea) for six weeks during the study.(7) The control diet 

was the Low Fat, Low Cholesterol Control Diet (D12337) 

(Research Diets, New Brunswick, NJ, USA), and the 

hypercholesterol diet was Paigen’s Atherogenic Rodent diet 

(D12336) (Research Diets, New Brunswick, NJ, USA). 

2) Methods

  This experiment was run for eight weeks. At the sixth 

week, all the rats underwent a “clamping injury” by 

one-click clamping on the left common carotid arteries by 

using a Mosquito clamp (the same type of clamp was used 

on all rats) for thirty seconds under inhalation anesthesia 

(2% Isoflurane). After releasing the clamp, we observed the 

blood flow in the left common catrotid arteries by Doppler 

ultrasonography. At end of the eighth week, we obtained 

the left carotid artery tissue and blood (3 ml) from each 

rat with the rats under inhalation anesthesia (2% Isoflu-

rane). After that, we euthanized the rats with carbon 

dioxide (CO2) according to the guidelines of our institute. 

We measured the body weights of all the rats at the first 

day and at the end of the eighth week. We then evaluated 

the Iron, ferritin, Total Iron Binding Capacity (TIBC), 

Total Cholesterol (TC), Triglyceride (TG), High Density 

Lipoprotein (HDL), and Low Density Lipoprotein (LDL) in 

the blood from each rat, and performed Hematoxylin & 

Eosin (H&E) staining, Masson-Trichrome staining, and 

immunohistochemistry with Alpha Smooth Muscle Actin 

(α-SMA) antibody (Amersham Pharmacia Biotech, Piscat-

away, NJ, USA) on the sections cut after 10% formalin 

fixation of the carotid artery tissues of each rat and 

embedded them in a paraffin block.(8) We then  measured 

the IMRs of the left carotid arteries using a computer 

program (TDI Scope Eye, Techsan, Korea). 

3) Masson-Trichrome staining

  The carotid artery tissues were cut into sagittal slices of 

1∼2μm thickness and post-fixed overnight in a 

periodate-lysine-paraformaldehyde (PLP) solution at 4oC. A 

portion of the PLP-fixed carotid artery tissue was embed-

ded in wax for trichrome staining. After dewaxing, 4μm 

sections were processed and stained with Masson’s 

trichrome. 

4) Immunohistochemistry with alpha smooth 

muscle actin (α-SMA) antibody 

  For detection of α-SMA in tissues, the tissue sections 

were incubated with 0.5% TritonX-100 (Sigma-Aldrich Co, 

St. Louis, MO, USA) in 0.01 M phosphate-buffered saline 

(PBS) and then blocked with normal donkey serum. 

Subsequently, the tissue sections were incubated overnight 

at 4oC with primary antibodies against α-SMA. The tissue 

sections were rinsed in PBS and incubated in peroxidase- 

conjugated donkey anti-mouse or rabbit antimouse IgG 

(Amersham Pharmacia Biotech, Piscataway, NJ, USA). 

After being rinsed with a Tris-buffered saline (TBS) (Sigma- 

Aldrich Co, St. Louis, MO, USA), the tissue sections were 

incubated with a mixture of 0.05% 3,3-diaminobenzidine 

until a brown colour was visible, washed with tris-buffered 

saline (TBS), counterstained with haematoxylin, and exa-



Sang Dong Kim, et al：Intimal Hyperplasia with Serum Ferritin 133

Fig. 1. H&E stains on immediately harvested carotid artery tissues following the clamping injury shows the clamping injury-induced early 
endothelial denudation. (A) shows the endothelial denudation of common carotid arteries of rats in H&E stain (×100), and (B∼D) 
show the endothelial denudation of common carotid arteries of rats in H&E stain (×200). The arrows indicate the endothelial 
denudation of common carotid arteries.

mined under light microscopy. The number of α-SMA- 

positive cells was quantified in a 0.5 mm2 area of rat 

carotid artery using a computer program (TDI Scope Eye). 

The 20 fields per section were assessed. All morphometric 

measurements and gradings were performed in a blinded 

manner by two examiners.

5) Statistical analysis

  The statistical analyses were done by t-test, ANOVA, and 

Wilcoxon rank sum test using the SAS system V8 for 

Windows. A P-value＜0.05 was considered statistically 

significant. Data were presented as mean±standard 

deviation.

RESULTS

  Five rats were excluded due to massive bleeding after the 

clamping injury in three rats in group IV at the sixth week, 

and the missing of arterial tissues in two rats in group IV. 

So, ultimately, thirty-five rats were included in the final 

results. We performed H&E staining on immediately 

harvested carotid artery tissues following the clamping 

injury from expired rats due to massive bleeding after the 

clamping injury to ascertain proof of the clamping 

injury-induced early endothelial denudation (Fig. 1). Over 

an eight-week period, the increased body weights were 
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Fig. 2. The laboratory findings of the rats show differences according to the groups. (A) shows the difference of the increase of body weight,
(B) shows that of the Total Cholesterol (TC), (C) shows that of the Triglyceride (TG), (D) shows that of the High Density Lipoprotein
(HDL), (E) shows that of the Low Density Lipoprotein (LDL), (F) shows that of the Ferritin, (G) shows that of the Iron, and (H)
shows that of the Total Iron Binding Capacity (TIBC). The * means P＜0.05.

148.1±36.1 g (group I), 171.5±34.2 g (group II), 241.2±29.9 

g (group III), and 173.4±71.6 g (group IV). In group III, 

the body weights were significantly increased. The body 

weights in group IV were less increased than those in group 

III (Fig. 2). Between group I and group II, TC, LDL, and 

TG were significantly more increased in group II (P＜0.05) 

(Fig. 2). So, group I and group II showed significant 

differences with respect to the lipid profiles. Among the 

groups that received a hypercholesterol diet (group II∼IV), 

TC and LDL were significantly increased from group II to 
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Fig. 3. H&E stains (×100) of the common carotid arteries of the rats show differences according to the groups. (A) shows the common
carotid arteries of the group I rats, (B) shows the common carotid arteries of the group II rats, (C) shows the common carotid
arteries of the group III rats, and (D) shows the common carotid arteries of the group IV rats.

group IV, respectively (P＜0.05) (Fig. 2). Between group I 

and group II, there was a significant difference in the 

concentration of serum iron (183.2±29.7μg/dl vs 154.1± 

30.0μg/dl) (P＜0.05), and there were no significant 

differences in the concentration of TIBC (527.7±97.2μg/ 

dl vs 507.1±126.8μg/dl) (P=0.688) and ferritin (54.6±16.6

μg/L vs 46.4±7.3μg/L) (P=0.344) (Fig. 2). Among the 

groups that received a hypercholesterol diet (group II∼IV), 

there was an insignificant difference in the concentration 

of serum iron between group II (154.1±30.0μg/dl) and 

group III (137.4±27.6μg/dl) (P=0.212), but the concen-

tration of serum iron between group II (154.1±30.0μg/dl) 

and group IV (205±80.7μg/dl) were significantly different 

(P=0.019). The TIBC among groups II, III and IV were 

significantly different (507.1±126.8μg/dl (group II), 844.6 

±84.8μg/dl (group III) and 801.9±82.7μg/dl (group IV) 

(P＜0.05). But serum ferritin as an adequate index of tissue 

iron stores(5) were significantly different between group II 

and group III and between group II and group IV, 

respectively (46.4±7.3μg/L (group II) and 35.7±7.4μg/L 

(group III) (P=0.004) and 46.4±7.3μg/L (group II) and 

264.4±136.8μg/L (group IV) (P＜0.001)) (Fig. 2). So, the 

groups that ate a hypercholesterol diet (group II∼IV) were 

significantly different with respect to the concentration of 

iron. By microscopic findings, the arterial thickness and 

cellularity in group II were increased more than those in 

group I on the H&E staining (Fig. 3, 4). Among the 

hypercholesterol groups (groups II∼IV), the arterial 
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Fig. 4. H&E stains (×200) of the common carotid arteries of the rats show differences according to the groups. (A) shows the common
carotid arteries of the group I rats, (B) shows the common carotid arteries of the group II rats, (C) shows the common carotid
arteries of the group III rats, and (D) shows the common carotid arteries of the group IV rats. The arrows indicate the intimal
thickness of each group.

thickness and cellularity in group II were increased more 

than those in group III, and those in group IV were more 

increased than those in group II on the H&E staining (Fig. 

3, 4). The collagen materials of the matrix in group IV were 

more increased than those in other groups on the 

Masson-Trichrome staining (Fig. 5). The migration and 

proliferation of smooth muscle cells in group I were 

somewhat expressed as was seen on the immunohisto-

chemistry (Fig. 6). The migration and proliferation of 

smooth muscle cells in group II were more expressed than 

those in group I as was seen on the immunohistochemistry 

(Fig. 6). Among the hypercholesterol groups (groups II∼

IV), the migration and proliferation of smooth muscle cells 

in group II were more expressed than those in group III, 

and those in group IV were more expressed than those in 

group II on the immunohistochemistry with α-SMA 

antibody (Fig. 6). To the objective analysis, we measured 

the arterial wall thickness, the intimal thickness and the 

IMR of the left carotid arteries using a computer program 

(TDI Scope Eye, Techsan, Korea). The arterial wall 

thicknesses were significantly increased from group I 

(108.8±9.0μm) to group IV (137.6±3.9μm) (P＜0.05) 

(Fig. 7). The intimal thicknesses in group II (72.9±6.4μm) 

were significantly more increased than those in group I 

(58.0± 3.9μm) (P＜0.001) (Fig. 7). Among the hyper-

cholesterol groups (groups II∼IV), the intimal thicknesses 
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Fig. 5. Masson-Trichrome stains (×200) of the common carotid arteries of the rats show differences according to the groups. (A) shows
the common carotid arteries of the group I rats, (B) shows the common carotid arteries of the group II rats, (C) shows the common
carotid arteries of the group III rats, and (D) shows the common carotid arteries of the group IV rats. The arrow indicates the
collagen materials of the matrix (blue color) of each group.

in group III (67.0±3.1μm) were less increased than those 

in group II (72.9±6.4μm) (P=0.023), and the intimal 

thicknesses in group IV (92.6±2.9μm) were more 

increased than those in group II (72.9±6.4μm) (P=0.002) 

(Fig. 7). The IMRs in group II (1.57±0.22μm) were 

significantly more increased than those in group I 

(1.15±0.06μm) (P＜0.001) (Fig. 7). Among the hypercho-

lesterol groups (groups II∼IV), the IMRs in group III 

(1.18±0.03μm) increased less than those in group II 

(1.57±0.22μm) (P＜0.001), and the IMRs in group IV 

(2.06±0.11μm) were more increased than those in group 

II (1.57±0.22μm) (P=0.007) (Fig. 7).

DISCUSSION

  A putative role of iron as a contributor to the 

development of atherosclerosis has been discussed.(2) 

Sullivan(2) formulated the iron-heart hypothesis of athero-

sclerotic cardiovascular disease to explain the age-related 

increased risk of myocardial infarction (MI) in women 

following menopause, and emphasized the differential 

coronary risk between males and females before the fifth 

decade of life. Haidari et al.(3) reported a significant 

relationship between serum ferritin levels and the risk of 

coronary artery disease in male patients who were younger 
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Fig. 6. The immunohistochemistry using anti-α-SMA antibody (×200) of the common carotid arteries of the rats show differences according 
to the groups. (A) shows the common carotid arteries of the group I rats, (B) shows the common carotid arteries of the group 
II rats, (C) shows the common carotid arteries of the group III rats, and (D) shows the common carotid arteries of the group IV 
rats. The arrow indicates the α-SMA-positive cells of each group.

than 50 years. Ramakrishna et al.(4) reported evidence that 

was consistent with the contribution of iron to athero-

sclerosis, but at a relatively earlier age. The proatherogenic 

properties of iron have been thought to be proportionally 

related with its ability to generate reactive oxygen species, 

to oxidize lipoproteins, and to activate platelets.(9-11) This 

hypothesis is in agreement with several epidemiological 

studies that observed an association between measures of 

the body’s iron stores and myocardial infarction, as well 

as with the progression of carotid atherosclerosis.(12-14) 

Further, the Kuopio study(12) and the Bruneck study(14) 

have described a synergistic interaction between the serum 

ferritin levels and LDL cholesterol as to their relationship 

with carotid atherosclerosis. But, the role of iron during 

the development of intimal hyperplasia has been not 

confirmed.

  In the literature,(15) the relationship between the serum 

ferritin levels and carotid atherosclerosis might have been 

confounded by inflammation and mild liver disease, and 

especially among the subjects with metabolic syndrome and 

diabetes, which are conditions that are strongly correlated 

with atherosclerosis. Although we did not exclude the 

subjects with malignancies and manifest liver disease, the 

residual confounding by such factors cannot be ruled out. 

This is one of our study’s limitations. 

  In our experiment, intimal hyperplasia of the carotid 
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artery was more significantly increased in the hypercho-

lesterol group than that in the control group, and among 

the hypercholesterol groups, intimal hyperplasia of the 

carotid artery was significantly proportionally related with 

serum ferritin. That is, the higher the serum ferritin level, 

the more increased the intimal hyperplasia of the carotid 

artery. The serum ferritin levels have been proposed in the 

literature as an adequate index of tissue iron stores.(5) 

Thus, we used the serum ferritin levels as an index of the 

iron stores.

  After mechanical injury/stimulation by balloon injury or 

clamping injury, the cells in the arterial wall change their 

phenotype to the activated state, and attachment of 

platelets to the injured surface area and their activation/ 

aggregation occur almost immediately, and the migration 

of leukocytes follows.(16,17) The platelets and leukocytes 

distributed in the injured blood vessel release reactive 

oxygen species and this enhances the oxidative stress on 

the vessel wall. These cells also release cytokines that 

induce the migration and proliferation of Vascular Smooth 

Muscle Cells (VSMCs).(16) In addition to being expressed 

in endothelial cells, oxidized LDL receptor (LOX-1) is 

expressed in smooth muscle cells, macrophages, and 

platelets, and LOX-1 is involved in the process of intimal 

hyperplasia after intimal injury.(18-20) After clamping 

injuries to the carotid arteries of the rats, we obtained the 

carotid arterial tissues. We did formalin fixation and 

embedded the tissues into paraffin blocks. After cutting 

sections, we performed staining with 3 different stains. The 

first one was H&E stain to evaluate the various cellular 

densities and the IMRs. The second one was Masson- 

Trichrome stain to assess the collagen content within the 

matrix. The last one was immunohistochemistry with α- 

SMA antibody to evaluate the aspects of vascular 

myofibroblasts and to assess migration and proliferation of 

smooth muscle cells.(8) Between the control group and the 

hypercholesterol groups, the measured IMRs increased in 

the hypercholesterol groups more than that in the control 

group. Among the hypercholesterol groups, the measured 

IMRs were significantly, proportionally related with the 

serum ferritin levels. That is, the higher the serum ferritin 

level, the higher the IMR.

  These results have been similarly reported by several 

animal experiments.(16,21) Hinagata et al.(16) have 

reported that the oxidized LDL receptor (LOX-1) expressed 

in endothelial cells and smooth muscle cells was involved 

in intimal hyperplasia in a rat model of balloon injury, and 

the administration of an anti-LOX-1 antibody suppressed 

Fig. 7. The measurements of artery wall of the common carotid 
arteries of the rats show differences according to the 
groups. (A) shows the difference of the artery wall 
thickness, (B) shows that of the intimal thickness, and 
(C) shows that of the intima to media ratio (IMR). The 
* means P＜0.05.
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the neointimal thickening that occurred after balloon 

injury. Day et al.(21) have reported that moderate iron 

loading markedly accelerated thrombus formation after 

arterial injury, it increased vascular oxidative stress and it 

impaired vasoreactivity. The iron-induced vascular dysfunc-

tion might contribute to the increased incidence of 

ischemic cardiovascular events which are associated with 

chronic iron overload.(21) 

  Similar results from research on humans have been also 

reported.(12,14,15) In the Kupio study,(12) it was reported 

that the concentrations of iron-stores in Eastern people 

were proportionally related with the risk of myocardial 

infarction. In the Bruneck study,(14) it was reported that 

body iron levels were proportionally related with the risk 

of carotid atherosclerosis. Wolff et al.(15) reported that 

there was an independent relationship between serum 

ferritin levels and carotid atherosclerosis, and this relation-

ship was strengthened by a synergistic association between 

ferritin and LDL cholesterol. 

  Molecular studies and a recent proteomic study of 

human tissues also support the iron hypothesis. Smith et 

al.(22) reported that iron deposition was found to be high 

in atherosclerotic lesions. Pang et al.(23) reported that 

Northern blot analysis showed that the expression of H- 

and L-ferritin mRNAs were higher in human and rabbit 

atherosclerotic aortas than those in normal human and 

rabbit aortas. Yuan et al.(24) showed that the binding of 

macrophages to oxidized LDL was significantly enhanced 

following erythrophagocytosis, and LDL oxidation was 

inhibited by desferrioxamine, which is an iron chelator.

  Despite these results, the relationship between serum 

ferritin levels, intimal hyperplasia, and atherosclerotic 

disease has not been completely confirmed. We think that 

this is because several reports have shown conflicting 

results(25) and the prospective studies and molecular 

studies in humans have been insufficient.

  In conclusion, we suggest that the iron concentration 

(serum ferritin) and cholesterol levels are proportionally 

related with intimal hyperplasia after arterial injury. We 

think that this relationship should be confirmed by more 

prospective studies and molecular studies. Also, by 

confirming the obvious role of iron in the pathogenesis of 

intimal hyperplasia, we hope that we can prevent intimal 

hyperplasia by lowering iron and cholesterol levels after 

arterial anastomosis in the future. 
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