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Abstract

Kevwords.

Abhreviations

The relationship bctween selenium (Se) deficiency and insulin resistance has not much bcen

cstablished in penistcnt hepatitis C virus (l{CV) infection, although Se deficiency is often obser-v'ed in

patients wrth liver cirrhosis. We hypothesized that the decreased serum Se levels were associaled with
the severity of hepatic fibrosis or insulin resistance in patients with HCV-related chronic liver disease

(CLD). To test the hypothesis. 52 patients with HCV-related CLD including chronic hepatitis and liver
cirrhosis were enrolled in this srudy. The severity of hepatic fibrosis was divided into 4 categories (F,

through Fa) according to the new lnuyama classification. Insulin resislance was defined by the

homeostasis model lor assessment of insulin resistance value. Serum Se levels signifioantly dcclincd in
propottion to the severity of hepatic fibrosis and were positively correlated with serum albumin
(r:0.312, P: .0065) and zinc 0'- 0.403, P - .008 l) conccnffations. Serum Sc levels were also

linled to glutathione pcroxidase activities in the sera of the enrolled patients (r - 0.314, P: .014tt). By
contrast, serum Se levels were inversely correlated with the homeostasis model lor assessment of
insulin resistance values 0"- -0.304. P: .0338) Ilowever, serum Se levels were independent of HCV
genotype and loads of HCV-RNA. These findings suggest that Se deficiency u,as associated r.vith the

severiry* of hepatic fibrosis in patients with HCV-related CLD and that Se deficiency was likely to be

one of the factors contributing to insulin resistance in those patients.

O 201I Elsevier Inc. All rights reserved.

Chronic liver disease; Glutathione peroxidase; Hepatitis C virus; Hepatic flbrosis, lnsulin resistance; Seienium

Alb, albumin; ALT, alanrne aminotransferase; BMl, body mass indcx; CILD, chronic liver discasc; DM, diabetes

mellirus; GPx, glutathione peroxidasc; HCV, hepatitis C virus; HOMA-IR, homeostasis model for assessment of
insulin resistance; NHC, normal healthy controls; Se, selenium; Zn, zinc.

1. Introduction

Selenium (Sc), one of the essential trace elements for
human beings, has a major mctabolic significance. It has

been well recognized that Sc is incorporated as the amino
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acid selenocystein during translation of primary structures

t i ] Se also plays an important role as an essential

constituent of selenoproteins [2]. Approximately 100

kinds of selenoprotcins are speculated to exisl in mamma-

Iian systems [3]. To date, glutathionc pcroxidascs (GPxs),

thioredoxin reductases, iodothyronine deiodinases, and

selenoprotein P have been identified as major selenopro-

teins [4,5].
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It has been well known that severe Se deficiency often

causes a fatal cardiomyopathy like Keshan disease 16] and

degenerative osteoarticular disorders such as Kashin-Beck

disease [7]. In liver disease, Se deficiency has been

fiequcntly observed in patients with alcoholic liver cirrhosis

[8-14] and primary biliary cirrhosis [9,12,15]. According to

cited reports, plasma Se levels in patients with liver cirrhosis

declined in proportion to the severity of the impaired hepatic

reserye [12-14].
On the other hand, the relationships between insulin

resistance and abnormalities in metabolism of fface elements

including Se [16,171, zinc (Zn) [18], copper [19], and

chromium [20] have been widely discussed in experimental

animal models of type 2 diabetes mellitus (DM) ancVor

patients with type 2 DM. Serum Se levels fiequently decline

in patients with type 2 DM [16,17].
Recently, a dccline in serum Se concentration u'as shown

in patients with hepatitis C virus (HCV)-reiated chronic

liver disease (CLD) 121-23).It has been well established that

persistent HCV infection often evokes metabolic abnormal-

ities. including hepatic steatosis [24], insulin resistance [25],
dyslipidemia [26], and iron overload [27]. Howcver, the

association of Se deficiency with insulin resistance has not

been well established in patients with HCV-related Ct,D.

Our hypothesis is that serum Se levels decline in proponion

to the severity of hcpatic fibrosis in patients with HCV-

related CLD, and the decrease in Se levels contribute to

insulin resistance in those patients. To test our hypothesis,

we examined the correlation between the serum Se levels and

the severity of hepatic fibrosis and insulin resistance in

patients with HCV-related CLD.

2. Methods and materials

2.1. Stud1, population

Fifty-two nondiabetic patients with HCV-related CLD,

who had HCV-RNA detectable in their sera by polymerase

chain reaction and showed histological characteristics

consistent with chronic hepatitis or liver cirrhosis, wcre

randomly selected for this study. This clinical study was

approved by the ethics committee of Kagawa l-lniversity

School of Medicine. Fully infbrmed consent was obtained

from each pafiicipant. Ages at entry, sex, and body mass

index (BMI) were examined in the enrolled patients with

HCV-related CLD (Table 1). As a comparison group, 1l

'Iable I

Clinical characteristrcs of the enrolled patients with HCV-related CLD

Age (v)
Sex (male/temale)

Staging (F,iF2lF./Fa)

HCV genotype (lblzal2b)
Loads of HCV-RNA (KIU/mL)

BMI
HOMA-lR values

s7.7 { r0.47 (30-76)

30t72
r9il3/10/10
30./ I 517

1024 + 931 (s4-3800)

23.1 i 2.8 (11 .2-31.9)

1.96 r 1.00 (0.51-5.13)

cases of normal healthy controls (NHC) u,'ere also assigned

to this study. None of the NHC cases took Se supplements.

2.2. Laboratory assessments

Liver function tests including serum alanine aminotrans-

ferase (ALT) and albumin (A1b) were assessed in the

enrolled patients. Serum se and Zn levels were assessed at

fasting in the morning because Zn has a circadian rhythm

[28]. Glutathione peroxidase levels in sera were analyzed

using a commercially available enzyme-linked immunosor-

bent assay kit (Chyman Chemical Company. Ann Arbor,

USA). Insulin resistance was determined by the homeostasis

model for assessment of insulin resistance (HOMA-IR)

method using the following equation: HOMA-IR : fasting

insulin (7-rUlml-) r fasting glucose (mg/dL) / 405 ll9l
Quantitative detection of serum HCV-RNA was perlbmrcd

by Amplicor-HCV rnonitor assay (Roche Moiecuiar Di-

agnostics, Tokyo. Japan) [30]. The HCV genot]'pe \\as

determined by the HCV-RNA genotyping assat' svs.ienl

(Tlome Brew SRL Inc, Tokyo, Japan) [31].

2. 3. Histological as.sessments

l.iver tissue specimens werc obtained by liver biopsl'

using 16-gauge needles under the guidance of ultrasclund'

The tissue samples were fixed in 10% formalin and

embedded in paraffin. The tissue scctions were stained

with hematoxylin and eosin. Histological stagine uas

performed using the new Inuyama classification svslem'

which is the standard criterion for thc histological assessment

of chronic hepatitis in Japan [32]. The stages in chronic

hepatitis were classifie<l from F6 through F3. F6 was defined

as no fibrosis in the liver, whereas F-a was detlned as liver

cirrhosis. Fibrous portal expansion was observed in F 1'

Bridging fibrosis and bndging fibrosis with lobular destruc-

tion were present in F2 and F3, respectively.

2.4. Statistical analyses

Data are represented as means + standard deviations and

were analyzed using the commercially available software'

SPSS version I 1.0 software (SPSS Inc, Chicago, II-). The

Bonfcrroni/Dunn method was applicd for comparison of
more than 2 groups. Linear regression analysis was used to

analyze the correlations among variables. P valucs less than

.05 were considered to indicate significance.

3. Results

j.l. Demographic /batures of patients enrolled in this study

Clinical characteristics of the enrollcd patients are shown

in Table l. Of thc enrolled patients with HCV-related CLD,

30 were men and the rest were women. The patients' ages

ranged fiom 30 to 76 years. Hepatic fibrosis in these patients

was evaluated as follows: lgpatients inF1, 13 inF2, 10 in F3,

and i0 in Fa. On the other hand, 30 patients were infected
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NHC F1 F2 F3 F4

(n=11) (n=19) (n=13) (n=10) (n=10)

Fig. l. Relationship between serum Se levels and degrees ofhepatic fibrosis
in patients with HCV-related CLD.

with genotype lb, whereas 15 and 7 patients u,ere infected
with geno[pe 2a and 2b, respectively. Overall. BMI and

HOMA-IR values in these patients were 23.J * 2.8 and 1 .96
+ 1.00, respectively.

3.2. Correlation between serum Se levels and hepatic

/ibro.sis in patient.s with Hcv-related CLD

Fig. I shows the mean serum Se level in each stage of
hepatic fibrosis. Serum Se levels declined in proportion to
the severity of hepatic fibrosis. Overall serum Se levels in F3

(12.5 + 2.a pgldL) and Fa (11.3 * 1.3 izgldi-) were
significantly lower than that in NHC (14.8 * 1.6 ltgldL).

3.3. Correlation between serum Se levels and GPx activitie.g

or ALT levels in patients with HCV-related CILD

We examincd thc corrclation betwccn scrum Se concen-
trations and GPx activities in their sera (Fig. 2A).
Glutathione peroxidase activitics were elevated in proportion
to serum Se levels in patients with HCV-related CLO 1r :
0.374, P : .0148). However, no significant correlation
berween serum Se and ALT levels was found in patients with
HCV-related CLD (Fig. 2B).

3.4. Correlation between serum Se and Alb or Zn levels in
patient.s with l{Cv-related CLD

As shown in Fig. 3A, serum Se levels positively
con-elated with serum Alb levels (r = 0.372, P = .0065),
suggesting that the synthesis of Alb might depend on the

serum Se concentration. Linear regrcssion analysis revealed
a positive correlation between serum Se and Zn levels in the

enrolled patients with HCV-related CLD (r - 0.403, P -
.0081;Fig.3B).

3.5. Correlation between serum Se or Zn levels and insulin
resistance in patients with HCV-related CLD

The relationship between serum Se levels and HOMA-IR
values was investigated in the enrolled patients with HCV-
reiated CLD. Serum Se leveis inversely correlated with

A rso
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Fig. 2. Relationship betu,een serum Se levels and GPx activities (A) or ALT
levels (B) in parients with HCV-related CLD.

I-IOMA-IR values (r : -0.304, P : .0338; Fig. aA). A
significant inverse corelation between serum Zn concentra-
tions and HOMA-IR values was also ibund in these patients
(r: -0.514, P:.0008; Fig. 4B). Thesc rcsults indicated that

insulin resistance was associated with the degree of Se and

Zn deficiency in patients with HCV-related CLD.

3.6. Correlation between serum Se level.s and load.t o.l HCV-
RNA or LICV geno\pes in patients u'ith HCV-related CLD

Fig. 54. shows that there was no significant relationship

befween serum Se concentrations and loads of HCV-RNA in

the enrolled patients. Serum Se levels were also independent

of HCV genorypes in the enrolled patients (Fig. 5B).

4. Discussion

In the prescnt study, we observed that a decrease in serum

Se levels was significantly associated with the severity of
hepatic fibrosis in patients with HCV-related CLD, indicat-
ing that our hypothesis was correct. The Se content in the

average Japanese diet is estimated to be approximately
100 ltgld [33]. Thus, there is liule possibiliry that the Se
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parients with HCV-related CLD.

deficiency in Japanese patients with HCV-related CLD could

be attributed to inadequate Se intake. On the other hand, a

previous study demonsffated that the amount of urinary Se

excretion in patients with CLDs was almost equivalent to

that in NHC [12]. Therefore, malabsorption fiom the small

intestine may account for Se deficiency in patients with
HCV-reiated CLD. Indeed, mucosal abnormalities of the

small intestine were revealed in patients with liver cir-rhosis

[34]. It can be speculated that thc mucosal abnormalities of
the small intestine resulted in the malabsorption of Se and

consequently led to Se deficiency in patients with HCV-
related CLD.

It has been conceivable that the administration of Se

attenuated hepatic fibrosis in an experimental animal model

of liver fibrosis [35]. Selenium supplementation is likely to
diminish the degree of oxidative stress, which causes

rcduced collagen formation and increased collagen degra-

dation, rathcr than dircctly inhibiting hepatic fibrosis [35].
We ascertaincd that activities of GPx were decreased in

relation to the severity of Se deficiency in patients with
HCV-related CLD because GPx is one of the maior

selenoproteins. Glutathione peroxidase primarily serves as

an oxidative stress scavenger [5]. Therefore, Se deficiency

51015
serum Se levels (pg/dl)

r=-0.514
P=.0008

o lr
a

.i ! a

serum Zn levels (Pg/dl)

Fig. 4. Relationship beu'een insulin resistance and Se deficiency (A) or Zn

deficiency (B) in patients with HCV-related CLD.

eventually facilitates oxidative stress in the liver of patients

with HCV-related CLD [22]. However, we could not rcveal

the relationship befween Se deficiency and the elevation of
serum ALT levels in this study, which was consistent with a

previous srudy [36]. On the other hand, the decline of
selenoprotein P activity is also speculated to be in proportion

to the decrease in serum Se concentration [37] because

selenoprotein P scrves as a carrier protein of Se. Unfortu-
nately, we did not examine that in this study. lt is noteworthy

that selenoprotein P has been shown to prevent lipid
peroxidation and subsequent liver injury by supplementation

of Se in Se-deficient rats [38].
Serum Se ievels were also associated with serum Alb

levels in patients with HCV-related CLD, as shown in

previous studies involving patients with liver cirrhosis

[10,1 1,13]. We presumed that Se deficiency was associated

with the deterioration of the hepatic reserve [8,13]. Vtilimiiki

ct al [8] documented that the serum Sc conccntration in

patients with hypoalbuminemia of thc renal organ was within

refcrence range. On the other hand, Se is likely to be mainly

transported in giobulin from the small intestine to the liver

[39]. Hence, Se deficiency did not result from the depletion

of the Se-binding protein in patients with HCV-related CLD.
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Fig. 5. Relationship bctwccn serum Sc levcls and loads of HCV-RNA (A) or
HCV genotypes (B).

We provided the evidence that serum Se levels were
closely related to serum Zn levels in patients with HCV-
related CLD, which was similar to that ffom a previous
reporl [12]. Se deficiency is not likely to directly affect Zn
status in patients with HCV-related CLD. Se deficiency
could result in hypoalbuminemia and subsequently lead to
malabsorption of Zn fiom the small intestine of patients with
HCV-related CLD [40] because Alb largely exerts as a

carrier protein of Zn 1411.
Our findings reveal an inverse correlation between serum

Se concentration and HOMA-IR values obtained from
patients with HCV-related CLD, supporting our hypothesis
that Se deficiency was associated with insulin resistance in
those patients. Previous studies revealed that insulin
resistancc was also associated with hepatic steatosis [42]
and iron overload [a3] in patients with HCV-related CLD.
We confirmed that all of thesc factors contributed to insulin
resistance in these patients. We recently reve aled a

relationship between Zn deficiency and insulin rcsistance
in patients with chronic hepatitis C 1441. To the best of our
knowledge, this is the first report on the relationship between
insulin resistance and Se deficiency in patients with HCV-

related CLD, although the relationship berween a depressed

serum Se concentration and insulin resistance was already
shown in patients with r_vpe 2 DM [16,17].

It has been well recognized that Se seems to have insuiin-
mimetic effects [45,46]. Selenate plays crucial roles in the

translocation of glucose fransporters and the activation of
mitogen-activated protein kinases. We postulated the
mechanism of insulin resistance deriving flom Se dcficiency
as follows: Se deficiency may result in highcr amount of
insulin secretion from B cells in the pancreas as a

complementary effect and subsequently evoke insulin
resistance in patients with HCV-reiated CLD.

Recent studies demonsffated that administration of sodium

seienate attenuated insulin resistance in an experimental
animal model of type 2 DM [47,48]. However. prcvious

reports showed that oral Se intake exacerbated glucose

tolerance in patients with rype 2 DM [49,50]. Unfortunately,
serum Se conccntrations were not examined before the

treatment with selenate in those studies. Those controversial

results may be responsible for the narrow therapeutic range of
Se. If serum Se levels before the keatment with selenate are

below the lower limit of reference range, the adminisffation of
selenate will provide a beneficial effect. However, when the

serum Se concentrations before the tleatment with selenate are

within reference range, the additional Se supplementation
resulted in overall Se levels that exceeded the therapeutic

range and consequently exacerbated insulin resistance in
patients with rype 2 DM [49]. In the present study, the efficacy
of Se supplementation was not confirmed, although the

decline of serum Se concentration resulted in insulin
resistance in patients with HCV-related CLD. This is the

limitation of this study. Therefore, we have to determine an

optimal dose of Se supplementation in patients with HCV-
rclatcd CLD to attenuate insulin resistancc. Furlher cxamina-

tions will be required to clarifl, that.

Selenium deficiency is also associated with carcinogen-

esis, including prostate cancer, hepatoccllular carcinoma,

and colorectal cancer [51]. Selenium appears to act through

the inhibition of androgen receptor signaling in the prostate

cancer cells [52]. Thus, Se deficicncy results in the elevation

of serum prostate-specific antigen levels in patients with
prostate cancer. Recently, a large-scale trial (termed the

llutritional prevention of cancer (NPq fiaD on the etficacy
of Se supplementation (200 pgld) in patients with skin

cancer was carried out [53]. The administration of Se did not
affect the recurrence rate of skin cancer, although Se

supplementation reduced the incidence of prostate, lung,
and colorectal cancer development. Another previous trial
revealcd that Sc supplementation provided a protective effbct
only fclr patients who had lower levels of baseline serum Se

[54]. Surprisingly, the NPC trial raised a possibility that the

administration of Se increased the risk fbr development of
type 2 DM 1531.

Wc found a lack of association between Se deficiency and

loads of HCV-RNA or HCV genotypes in patients with
HCV-related CLD, although Ko et al 122) revealed an

N.S.
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inverse correlation between serum Se levcls and loads of
HCV-RNA in those patients. These results may imply that

host factors rather than viral factors affect Se deficiency in

those patients.
In summary, insulin resistance was associated with the

severity of Se deficicncy in patients with HCV-related CLD.
We should take Se dcficiency into consideration as one of the

factors affccting insulin resistance in patients with HCV-
related CLD.

Acknowledgment

This study was funded by the university, and the authors

have no conflict of interest.

Rel'erences

fll Burk RF', Hill KE, Motley AK. Selenoprotein metabolism and

function: evidence for more than one function for selenoprotein P.

J Nutr 2003; I 33: I 5 I 7s-20s.

[2] Stadman TC. Biosynthesis and function of selenocystern-contarning

enzy-mes. J Biol Chem l99l.266:16251-60.

[3] Burk RF, Hill KE. Regulation of selenoproteinsrAnn Rcv Nutr 1993;

I 3:65-81 .

[4] Brown KM, Arthur JR. Selenium, selenoprotein and human health: a

review. Public Health Nutr 2001:4:-s93-9.

[5] Bellingcr FP, Raman AV, Reeves MA, Berry MJ. Reguiatron and

function of selenoproteins in human disease. Biochem J 2009;422:

t 1-22

t6l Li GS, Wang F, Kang D. Li C. Keshan disease: an endemic

cardiomyopathy in China. Hum Pathol 1985;16:602-9-

[7] Moreno-Reyes R, Suetens C, Mathreu F, et al. Kashin-Beck

osteoarthropathy in rural Tibet in relation to selenium and iodine

stanrs. N Engl J Med 1998;339:l I l2-20.

[8] Valimaki MJ, Hanu K], Ylikahri RH. Decrease serum selenium in

alcoholics -a consequencc of liver dysfunctron. Clin Chim Acta 1983;

130:291-6

[9] Aaseth J, Smith-Kielland A, THomassen Y. Selenium, alcohol and

Iver diseases. Ann Clin Res 1986:18:43-7.

[0] Tanner AR, Bantock l, Hinks L, Lloyd B, Tumer NR, Wright R
Depressed selenium and vitamin E levels in an alcoholic population.

Possible relationship to hepatic injury through increased lipid

peroxidation. Dig Dis Sci 1 986;3 I : I 307- I 2.

I l] McCIain CJ, Marsano L, Burk RF, Bacon B. Trace mctals in liver

disease. Semin Liver Dis I 991 ;1 I :32 I -39.

[2] Thuluvath PJ, Triger DR. Selenium in chronic livgrdisease. J llepatol

1992.14:116-82.

fl31 tsurk R. Early DS, Hill KE, Palmer IS, Boeglin ME. Plasma selenium

in patients with cirrhosis. Hepatology 1998:27:794'8.

[4] Casaril M, Stanzial AM, Gabrielli GB, et al. Serum selenium in Iiver

cirrhosis: correlation with markers of fibrosis. Clin Chim Acta 1989;

I 8:221-8.

I I 5] Thuluvath PJ, Triger DR. Selenium in primary brliary cinhosis- Lancet

I 987;2(8582):2 I 9.

[16] Navarro M, Lopez H, Perez V, et al. Scrum and urine selenium

concentrations as indications of body status in patients with diabetes

mellitus. Sci Total Envrron 1999.22:79-85.

[7] Kljai K, Runje R. Selenium and glycogen levels in drabcttc patlcnts

Biol Trace Elem Res 2001;ll3:223-9.

[ 8] Kinlaw WB, Lcvine AS, Morley JE, Silvis SE, McClain Cl Abnormal

zinc metabolism in qpe II diabetes mellnrs. Am J Med 1982;75:273-7 -

!91 Aguilar MV, Saavedra P, Arrieta FJ, Mateos CJ, Gonzalez MJ, et ai

Plasma mineral content in t)?e 2 diabetic patients and their association

with metabolic s1'ndrome. Ann Nutr Metab 2007;51:402-6'

[20] Davies S, Mclaren HJ, Hunnisett A, et al. Age-re]ated decrease

in chromium levels in 51,655 hair. s*'eat, and serum samples

from ,10.872 patients implications for the prevention of
cardiovascular disease and type II diabetes mellitus. Ivletabolism

1997.46:469-13.

[21] Jain SK, Penrbenon PW, Smith A, et al. Oxidativc stress in chronic

hepatitis C: notjust a feature oflatc stage disease. .l Hepatcll 2002;36:

805-1I.

[22] Ko WS, Guo CH. Yeh MS, et al. Blood micronutnent. oxidattve stress,

anri viral load in patients with chronic hepatitis C. World J

Gasffoenterol 2005 :l I :4697 -7 02.

[23] Conzales-Reimers E, Nlartin-Gonzalez MC. Aleman-Valls MR. et al.

Relative and combined eflects of chronic alcohol consumption and

HCV infection on serum zinc. copper and selenium. Biol Trace Elem

Res 2009; I 32:75-8.1.

[24] Lonardo A. Adrnolfi LE, Loria P, Cantlli N, Ruggiero C. Day CP.

Steatosis and hepatitis C virus: mechanism and significance for hepatic

and extrahepatic disease. Gastroenterology 2004; I 2(r:-s86-97.

[25] Hui JM, Sud A, Fanell GC, et al. Insulin resistance ts assoctated with

chronic hepatitis (-- and virus infection fibrosis progression Gastroen-

terology 2003; I 25: I 695-704.

[26] Negro F. Sanyal AJ. Hepatitis C virus, steatosis and lipid abnormal-

ities: clinical and pathological data. Liver Int 2009:?6-37.

[27] Kohgo Y, lkuta K, Ohtake T, Torimoto Y, Kato J. lron overload and

cofactors u'ith special reference to alcohol, hepatitis C virus rnfection

and steatosis/insulin resistance. World J Gastroenteroi 2007;13:

4699-'706.

[28] Lif'schits MD, Henkin Rl. Circadian variation in copper and zinc in

man. J Appl Physiol 197 l;31 :88-92.

[29] Mattews DR, Hosker JP, Rudenski AS. Naylor BA, Trecher Dl-.

Tumer RC. Homeostasis mcldel assessmsnt: insulin resistance and

beta-cell function fiom fasting plasma glucose and insulin concentra-

tion in man. Diabetologia 1985;28:412-29.

[30] Lau JY, Davis GL, Kriffen J, et al. Signiticance of serum hepatitis

C virus RNA levels in chronic hepatitis C. Lancet 1 993;34 i :

1501-4.

[3ll Simmonds P, Alberti A, Alter HJ, et al. A proposed system for the

nomenclature of hepatitis C viral genorypes. Hepatology 1994:19:

l32l-4.

[32] Ichida F, Tsuji T, C)mata M, et al. New Inuyama classification: new

cntena for histological assessment of chronic hepatitis. Int Hepatol

Commun 1996.6:117-9.

[33] Miyazaki Y, Koyama H, Sasada Y, Satoh H, No1rn M. Suz-uki S

Dietary habrts and selenium intake ofresidents in mountain and costal

communities in Japan. J Nutr Sci Vitaminol 200'1:50:309-19.

[34] Misra V, Misra SP. Drvivedi M, Gupta SC. Histomorphometnc srudy

of portal hypertensive enteropathy. Am J Clin Pathol 1997;108:

652-1 .

[35] Ding M, Potter JJ, Liu X, Torbenson MS, Mezey E. Selcnium

supplemenration decrcase hepatic fibrosis in mice after chronic

carbon tetrachloricle administration. Eliol Trace EIem Res 2010;133:

8r-97

[36] Lim [{L, Myers BM, Hamilton BA, et a]. Plasma glutathione

concentration in patients with chronic hepatitis C virus infection 'l

Viral Hepat 1995.'2:2ll -4.

[37] Johtatsu T, Ardoh A, Kurihara M, etal. Serum concentration of trace

eiements in patiens with Crohn's disease receiving enteral nutrition. J

Ciin Biochem Nutr 2007;41 : I 97-20 I .

[38] Burk RF, Hill KE, Awad JA, et al. Pathogenesis of diquat-induced liver

necrosis in selenium-deficient rats: assessment of the roles of lipid

peroxidation and selcnoprotein P. Hepatology I 995;2 I :56 I -9

[39] Motsenbocker MA, Tappel AL. A splenocystein-containing selenium

transport protein in rat plasma. Brochem Biophys Acta 1982,719:

147 -53.

[40] Himoto T, Hosomi N. Nakai S, et al. Efllcacy of zinc administration rn

patients with hepatitis C virus related chronic liver disease' Scand J

Gastroenterol 2007 .42: 1 07 8-87 .

834



T. llimoto at al. i Nut'itkttt Research 31 (2011)829 835

[41 ]

142]

[43]

144l

Smith KT, Failla ML, Cousins RJ. Identificarion of albumin as plasma

carrier lor zinc absorption by perfused rat intestine. Biochem J 1978;

184:627 -33.

Fartoux L, Poujol-Robert A, Guechot J, et al. lnsu[n resistance is a

cause ofsteatosis and fibrosis progression in chronic hepatitis C. Gut
2005;54: I 003-8.

Furutani M, Nakashima T, Sumida Y, et al. Insulin resistance/fcell
function and serum ferritin level in non-diabetic patients with hepatitis
C virus infectron. Liver Int 2003;23:294-9.
Himoto T, Yoneyama H, Deguchi A, et al. Insulin resistance dcrivod
fiom zinc deficiency in non-diabetic patients with chronrc hepatitis C.

Erp Ther Med 20 | 0: I :707- I I .

Stapleton SR. Selenrum: an insulin-mimetic. Cell Moi Life Sci 2000;
57:1874-9.
Ezaki O. The insulin-like cllects olseienate in rat adipocyes. J Brol
Chem 1996t265:l 124-8.

Iizuka Y, Ueda Y, Yagi Y, Sakurai E. Srgnrficant improvement of
insulin resistance of GK rats by ffeatment with sodrum selenate. Biol
Trace Elem Res 2010;138:265-71.
Becker DJ, Reul B, Ozcelikay AT, Buchet JP, Hcnquin JC, Brichard

SM. Oral selcnate irnproves glucosc homeostasis and partly reserues

abnormal expression of liver glycolytrc and gluconeogenic enrymes in

diabetic rats. Diabetologia 1996;39:3-l I.

[49] Steinbrenner H, Speckmann B, Pinto A, Sies H. High selenium rntake

and increased diabetes risk: experimental evidence for interplay

between selenium and carbohvdrate metabolism. J Clin Biochem
Nutr 20ll:,{8:40-5.

[50] Stranges S, Marshal] JR, Natarajan R, et al. Effects ol long-term

selenium supplementation on the incidence of type 2 diabetes: a

randomized trial. Ann Intem Med 2007 147:?17-23.

[51] Willett WC, Polk BF, Moris JS, et al. Prediagnostic serum selenium

and risk of cancer. Lancet 1983;2(83a2): 130-4.

[52] Dong Y, Lee SO, Zhang H, et al. Prostate specifi c antigen expression is

down-regulated by selenium through disruption of androgen receptor

signaling. Cancer Res 2004;64:19-22.

[53] Clark LC, Combs GF, Tumbull BW, et al. Effect of selenium

supplementation for cancer prevention in patients with carcinoma of
skin: a randomized control trial. Nutntional Prevention of Cancer

Study Croup. JAMA I 996;276:1951 -63.

[54] Clark LC, Dalkin B, Krongrad A, et al. Decreased incidence of prostatc

cancer with selenium supplemcntation: results ofa double-blind cancer

prevention tnal. BrJ Uro 1998;81:730-4.

145l

[46]

l47l

[48]

83s


