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Abstract 
Succesfu[ results in the treatment of anemia, one of the main complications of chronic renal failure, can be 
achieved by the use of recombinant human erythropoietin (RhEPO), which is available almost fifteen years in 
clinics. On the other hand, as both chronic renal failure and maintenance hemodia[ysis reduce the LeveLs of trace 
elements, this study was designed to evaluate the interaction potential of RhEPO with serum concentrations of 
selenium (Se) during four months. Thirty one adult hemodia[ysis outpatients participated in the study. Ten of 
them, not on any drug therapy to interact with RhEPO, recruited as "Control Group", and the remainder, on RhEPO 
therapy, as "RhEPO Group'; Blood was drawn from the Control Group at the beginning of the study, and from the 
RhEPO Group at every month for four months. Serum erythropoietin LeveLs were measured by a radioimmunoassay 
method and Se status by a spectrofluorometric method. It was found that Se levels were not affected by RhEPO 
treatment during 3 months of therapy, while an increase was seen on the fourth month. The observation indi- 
cates that the increase in serum Se levels would be significant in longer than three-month RhEPO treatment. 
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Introduction 

One of the main causes of anemia in chronic renal failure 
is the decrease in erythropoietin (EPO), a natural hor- 
mone, production in kidneys (I, 2). Formerly, the treat- 
ment choices for this situation were androgens and blood 
transfusions despite the adverse effects (I, 3, 4). After 
the isolation of RhEPO in 1977 by Miyake et at. (5), the 
preparation was produced by DNA technology in 1985 (6). 
RhEPO is a gtycoprotein containing 165 amino acids (7). 
The treatment with RhEPO was found more convenient in 
the population with renal anemia (8-10). The main indica- 
tions of RhEPO except renal anemia inc[ude other anemias 
due to cancer or zidovudin therapy, prematurity, chronic 
diseases, and autologous blood donation preoperationa[[y 
(9, 11). Since the [eve[ of EPO is sensitive to intrarena[ 
hypoxia, if hematocrit decreases below 30-35%, the (eve[ 

of EPO increases from 10 mU/mt to 100 mU/m[ (3). 
ALthough it is controversial between countries and/or 
clinicians, the target levels for hemoglobin is 9.95 g and 
30.95% for hematocrit in Turkey (9, 12-14). 

The effects of the treatment with RhEPO on the [eve[s of 
trace e[ements were investigated in several studies 
(15-17). Se, a nutritient having antioxidant properties, is 
found in a[[ tissues mostly kidneys, liver and ske[etal musc[e 
(18, 19). It forms at [east 13 selenoproteins (20-22). Se, is 
an integra[ component of g[utathione peroxidase (GSHPx), 
which protects ceUs from oxidative stress cata[ysing the 
reduction of reactive peroxides (22, 23). It was recently 
demonstrated that iodothyronine 5'-deiodinase enzyme, 
which took place in thyroid metabolism, was a selenopro- 
tein. (24). Se has been a[so found to have antiinflammato- 
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ry, antivira[ and immun stimulant effects and the correla- 
tion between decrease in blood Se levels and cancer or 
myocard infarction has been investigated (25-28). 

The aim of this study was to assess the serum levels of 
Se in hemodiaLysis patients on RhEPO therapy and to eva[- 
uate if there was an interaction between the serum con- 
centrations of RhEPO and Se during four months. 

Materials and methods 

Subjects 
The study was performed in the Hemodialysis Units of 
NephroLogy Departments of two hospitals of Ankara. Prior 
to the study "Approval of Ethics Committee" was received 
from each one of them. 

Se and EPO levels were prospectively assessed in adult 
outpatients for a total period of 4 months. Although the 
study was started with 45 patients, 14 of them had to be 
excluded from the study due to transportation to another 
hospital or dialysis center, infectious diseases and exci- 
tus. At[ of the subjects were undergoing maintenance 
hemodialysis three times a week for at [east 6 months. 
Causal nephropaties were polycystic kidney, chronic 
gtomerutonephritis, chronic pyelonephritis, urolithiasis, 
mesenchial proliferative glomerulonephritis, diabetic 
nephropaties and amyLoidosis. Ten of the patients were 
enrolled in the "Control Group", in which no one had any 
other chronic disease but renal failure and received any 
drug interacting with serum EPO Levels and trace element 
supplements. The "RhEPO Group" consisted of 21 patients 
to whom RhEPO treatment were started depending on 
their hematocrit levels below 30% and/or hemoglobin Lev- 
els below 9 g% in accordance with the decisions of 
nephrologists. No patient in this group also had any other 
chronic disease but renal failure, and received any drug 
interacting with serum EPO levels and were on trace ele- 

Table %. Demographic Data of the Control Group 

No Gender Age Etiology Duration of 
(years) HemodiaLysis 

(months) 

1 M 22 PRD 109 
2 F 37 CGN 156 
3 F 38 CPN 129 
4 F 60 CGN 161 
5 F 56 ~ 75 
6 F 33 Urolithiasis 108 
7 M 47 ~ 131 
8 M 54 CGN 85 
9 F 59 ~ 32 
IO M 49 ~ 11 
Mean 46 iOO 
SD 12 50 
Median 48 109 
Minimum 22 11 
Maximum 60 161 

Note: M: Male; F: Female; PRD: PoLycystic renal disease; CGN: 
Chronic glomerulonephritis; CPN: Chronic pyelonephritis 

ment supplements. The demographic data of the groups 
were summarized in Tables i and 2. 

Procedure 
RhEPO (Eprex ® or Recormon ®) doses were given subcuta- 
neously three times a week after hemodialysis session. 
Blood flow rate was maintained at 200 ml/min and 
dialysate flow rate was at 500 ml/min. Biocompatible 
membranes were used in hemodialyzers. The water supply 
was analyzed monthly for sodium, potassium, aluminum, 
cakium, magnesium, zinc, sulfate, chloride, nitrate and 
heavy metals. All of them were within acceptable limits 
during the study period. 

To assess the Levels of endogenous EPO, selenium, and 
zinc, 5 ml of venous blood was drawn only once before 
hemodiatysis session in the Control Group. The RhEPO 
Group included the patients both the ones who were start- 
ed before the study but given a break as "wash out peri- 
od" for one week, and were decided to start with RhEPO 
treatment prospectively to correct their renal anemia. Five 
mE blood was drawn before the treatment re/started and 
monthly for 3 month-study-period before hemodiatysis 
sessions, four times in total. Blood samples were cen- 
trifuged (at 3000 rpm for 15 minutes) for the measure- 
ment of serum RhEPO and Se levels. The serum samples 

Table 2. Demographic Data of the RhEPO Group 

No Gender Age Etiology Duration of 
(years) HemodiaLysis 

(months) 

? M 38 MPGN 11 
2 F 68 CRF 113 
3 M 43 MPGN 72 
4 M 33 CGN 27 
5 F 71 CRF ]3 
6 F 64 Amiloidosis 144 
7 F 34 CGN 32 
8 F 59 PRD 74 
9 F 41 CRF 94 
10 F 37 CPN 60 
11 M 34 Amiloidosis 24 
12 F 6O DN 75 
13 M 48 CRF 120 
14 F 39 CRF 93 
15 M 28 CPN 74 
16 F 38 CPN 145 
17 F 53 CRF 109 
18 F 29 CPN 101 
19 F 28 CGN 36 
20 M 46 CGN 54 
21 F 37 CRF 82 
Mean 44 74 
SD 13 39 
Median 39 74 
Minimum 28 11 
Maximum 71 145 

Note: M: Male; F: Female; MPGN: MezenchiaL 
glomerulonephritis; CRF: Chronic renal failure; 
glomeruLonephritis; PRD: Polycystic renal disease; 
pyelonephritis; DN: Diabetic nephropathy 

proliferative 
CGN:Chronic 

CPN: Chronic 
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were stored at -20 °C unti l  analyzed. Se samples were 
kept in trace metal-free po[ypropyLene tubes. 

Standard routine biochemical and special tests interfer- 
ing with the results of EPO tests, such as ferrit in, and 
parathormone, were performed in patients during the 
study period. The subjects were examined for pulse, blood 
pressure and weight before their bloods were drawn. A 
special diet with restricted in phosphorous and potassium 
for chronic renal failure was given to all of the patients. 

Assessment of RhEPO: 
EPO levels were measured using a radioimmunoassay kit 

(EPO-Trac TM ~25I RIA Kit-INCSTAR Corporation, Minnesota) 
at Hacettepe University, Faculty of Medicine- Department 
of Nuclear Medicine. The detection Limit was <4.4 mU/mL 

Serum Selenium Determination: 
Se Levels in serum were measured by a spectrofLuoro- 

metric method at Hacettepe University, Faculty of Phar- 
macy (29). Calibration of the spectrofLuorometric instru- 
ment, quality assessment of the analytical data, verifica- 
tion of precision, accuracy and sensitivity were accom- 
plished by the direct use of standard preference material 
(SRM): (Seronorm TM Trace ELement S by Nycomed). Results 
were in good aggreement with certified values. The Limit 
of detection of the method was 0.7 pg/L; within-day pre- 
cision was 2.4% CV, between-day precision was 2.6% CV, 
and recovery was determined to be 98.10 + 0.04%. 

Statistical Analysis 
As most of the variables were not in normal distribution, 
the results were defined in median and since the number of 
the patients who finished the study was not enough to use 
parametric tests, nonparametric tests were performed. The 
results were expressed as mean _+ standard deviation (SD) 
and have been compared using Kruskat-Wa[Us followed by 
Mann-Whitney U test. Spearman test was used to evaluate 
the correlation between the serum EPO and Se Levels. A 
p value Less than 0.05 was considered significant. At[ sta- 
tistical analysis was conducted using SPSS/PC software. 

R e s u l t s  

Serum EPO levels 
The results of the Control Group and the RhEPO Group 
were given in Table 3. ALthough no significant difference 
was found between the groups (p = 0.670) and genders 
(p=0.931) ,  the difference was significant between 
months (p < 0.05). 

Serum SeLenium status 
The resuLts of serum Se LeveLs of the ControL Group and the 
RhEPO Group were given in TabLe 4. The values of the Con- 
trot Group were compared to the mean LeveLs of 4 months 
of the RhEPO Group. The difference was found insignif i- 
cant (p = 0.1131). 

A significant monthly difference was found in between 
the Control Group and the RhEPO Group (p < 0.05). When 
months were evaluated separately against the mean value 
of the Control Group, serum Se Levels were higher only in 
the fourth month than the values in previous months. 

(Control versus monthly p values of RhEPO Group were 
found as 0.1975, 0.5684, 0.1697 and 0.012, respectively) 
(Figure 1). 

Selenium-EPO correlation 
The correlation between mean serum EPO Levels and mean 
Se Levels was evaluated in the RhEPO Group (n = 21) and 
no correlation was found between them (Table 5). 

"rab[e 3. Serum EPO Levels 

Serum EPO Levels (mU/m[) 

Control Group RhEPO Group (n = 21) 
(n = 10) 

EPO EPO I EPO 2 EPO 3 EPO 4 EPOav 

Mean 20.3 16.7 22.7 20.4 19.0 19.7 
SD 2.7 7.9 10.2 9.2 5.9 5.9 
Median 19.8 15.7 22.1 20,0 17.4 19.5 
Minimum 18.0 4.3 9.8 11,4 10.8 11.3 
Maximum 27.5 39.6 44.1 50.5 32.3 36.2 

Note: 1: First month, 2: Second month, ~: Third month, 4: Fourth 
month, av: Average 

Table 4. Serum Selenium Levels 

Serum Selenium Levels (pg/L) 

Contro[ Group RhEPO Group (n = 21) 
(n = 1o) 

Se Se 1 Se 2 Se 3 Se 4 Seav 

Mean 57,9 63.8 61.5 65.2 72.6 65.8 
SD 11.5 13.8 16.1 14.6 13.8 10.8 
Median 54.3 62.1 60.1 64,9 70.1 65.1 
Minimum 44.6 35.8 36.7 40.9 38.4 47.2 
Maximum 76.6 89.1 101.3 105.3 107.2 97.5 

Note: 1: First month, ~: Second month, 3: Third month, 4: Fourth 
month, av: Average 

TaMe 5. Correlation Between Serum EPO Leve[s and Selenium 
Levels 

Variables p r 

Control Group 
EPO x Se 0.5367 -0.2175 

RhEPO Group 
EPO 1 x Se 1 0.4234 -0.1845 
EPO 2 x Se 2 0.4419 -0.1773 
EPO 3 x Se 3 0.4730 0.1656 
EPO 4 x Se 4 0.3388 0.2196 
EPO av x Se av 0.6298 -0.1117 

Note: r: Correlation coefficient 
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Discussion 

Along with dietary restrictions and symptomatic interven- 
tion in the treatment of chronic renal failure, which is a 
very serious worldwide health problem including our 
country, hemodialysis is one of the most frequently and 
effectively used therapeutic approaches (30). For this rea- 
son, while waiting for kidney transplantation, many of 
patients can maintain a healthier Life and continue their 
jobs despite short interruptions. 

The Leading complications of chronic renal failure are 
anemia and hypertension. When hematocrit and hemo- 
globin values decrease below normal limits, the patient 
feels extremely tired and quality of life deteriorates. Since 
kidneys, where EPO is synthetized, are sensitive to oxy- 
gene, they have vital importance regarding anemia (2). In 
the past, androgens (fLuoxymesteron, oxymesterone, 
testosteron) were used to correct anemia. However, both 
interpersonal differences and adverse effects limited their 
use effectively (1, 4). Therefore, until 1985, in spite of its 
adverse effects, blood transfusions seemed to be the most 
popular choice for the treatment (3). Today successful 
results in the treatment of anemia can be achieved by the 
use of RhEPO, which came into the practice almost fifteen 
years ago (5, 6). Nevertheless, according to the earlier 
studies, 5% of the patients in various countries and 10% 
of Turkish patients who were given RhEPO, were found to 
be less responsive or "resistant" to RhEPO (14, 31). The 
main causes of resistance include iron deficiency, infec- 
tious diseases, chronic inflammatory conditions and hyper- 
parathyroidism (32-35). 

On the other hand, the effect of RhEPO treatment on 
trace elements status in serum were also studied. I t  was 
reported that serum Se Levels decreased in chronic renal 
failure and during hemodialysis (36-38). I t  was also 
shown that while zinc, nickel and manganese concentra- 
tions increase, aluminum, and silisium concentrations 
decrease with RhEPO treatment (15-17). 

Since antioxidant activity decreases and Lipid peroxida- 
tion increases, the survival of erythrocytes is shortened in 
chronic renal failure. Accumulation of uremic toxins, and 
loss of trace elements, such as Se and zinc during 
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Figure 1. Serum Selenium Levels. Values are given as 
mean _+SD. 1: First month, 2: Second month, 3: Third 
month, 4: Fourth month, *: p < 0.05 versus Control, I I :  
Control Group (n = 10), [~: RhEPO Group (n = 21). 

hemodialysis can be mentioned as the main causes of this 
situation (39). In a recent report, i t  was claimed that car- 
diovascular complications of hemodialysis could be asso- 
ciated with deficiency of antioxidant systems (40). How- 
ever, there are some studies showing that RhEPO treat- 
ment could decrease lipid peroxidation and the levels of 
malondia[dehyde (39, 41, 42). Because of this treatment, 
the levels of antioxidant enzymes, such as superoxide dis- 
mutase and GSHPx, were found to be high on the mem- 
branes of young erythrocytes. This finding was explained 
by erythropoiesis and cellular hemoglobin synthesis due 
to RhEPO, followed by increase of circulating young red 
cells (39). There are some studies reporting that the sup- 
plements of Se and vitamin E to hemodialysis patients 
could be beneficial in resistant cases of RhEPO treatment 
(4o, 41). 

In this study, i t  was assessed that whether an interac- 
tion occurs between RhEPO and serum Se levels in 
hemodia[ysis patients. As a matter of fact, i t  was very dif- 
ficult to find patients meeting the admission criteria for 
RhEPO Group and continue the study with them since they 
hesitated to give blood because of their fear of not 
replacing it. Therefore, the study had to be performed in a 
population of small size and two separate hospitals. 

In the Control Group, endogen average serum EPO levels 
were found to be 20.30 + 2.66 mU/ml (median 19.75 mU/ 
m D based on only one measure at the beginning of the 
study period. These results are comparable with earlier 
ones reporting 10-20 mU/m[ as endogen EPO Levels in 
hemodialysis patients (3). The Levels were in the same 
range in the RhEPO Group also [average of four months 
were 19.69 +_ 5.85 mU/m[ (median 19.45 mU/mD]. I t  was 
found that the difference was significant between 
months, namely, the level of EPO was higher in the second 
month (p < 0.05). Since the first 4-6 weeks are "initiation 
phase", this finding which might be due to changing of 
the erythroid cells sensitivity, was not surprising (43). 

On the other hand, average serum Se levels were found 
as 57.93 _+ 11.54 mg/[ (median 54.30 mg/L) in the Control 
Group. I t  was attributed that the reason for high standart 
deviation is inadequacy of subjects. KalListratos et aL (44) 
performed the study on healthy controls, uremic non- 
hemodialysis patients, and uremic hemodia[ysis patients, 
and reported that serum Se levels were lower in uremic 
patients than the controls, however there was not an 
effect of hemodialysis on them. The results for Se levels 
were 11% _+ 1 mg for uremic hemodialysis patients, which 
is approximately twice of ours. Nonetheless, endogen 
serum Se Levels show differences geographically (18). The 
average level of Se of healthy adult controls in Ankara, 
where the study was performed, is 74 _+ 16 mg/L (45). 
Bonomini et al. (46), also, showed'that uremic patients 
had Lower blood Se levels than control. I t  has been 
planned to expand this study with nonhemodialysis and 
hemodialysis RhEPO patients besides healthy controls. 

In the RhEPO Group, average serum Se levels after one- 
week-wash out period for the RhEPO were found as 
63.83 +_ 13.81 mg/[ (median 62.09 rag/l). The average 
of four-month period was 65.76 +_ 10.83 mg/L (median 
65.10 mg/l). 
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The values of the Control Group were compared to the 
average levels of 4 months of the RhEPO Group, and the 
difference between groups was found insignificant (p > 
0.05). When the values of each month compared seperate- 
[y with the Control Group, the difference between the 
Control Group and the fourth month was found significant 
(p < 0.05). Since the difference between months signifi- 
cant, i t  was concluded that RhEPO treatment could be 
responsible for the increasing trend in Se levels in the 
fourth month. 

I t  was observed that quality of life of anemic hemodiat- 
ysis patients was improved significantly with RhEPO ther- 
apy for two years, hence, serum zinc, nickel and man- 
ganese levels, which are positively correlated with ery- 
throcyte count, hemoglobin value and hematocrit [eve[, 
were improved eventually (15). Although such an 
improvement could be expected in Se status in a similar 
way, the results of this study demonstrates that RhEPO 
administration for 3 months was not enough to make such 
an assumption for Se. 

In the RhEPO Group, which contains more patients, 
gender differences in Se [eve[s were evaluated, also. The 
mean [eve[s of 4 months were found to be 62.09 _+ 5.28 
mg/l in males, and 67.60 _+ 12.50 mg/[ in females. How- 
ever, i t  is diff icult to make a conclusion since the number 
of fema(es are twice of ma[es. 

In conclusion, four-month RhEPO use does not interact 
with mean serum Se levels. Although serum Se levels were 
not affected in the first three months, the increase 
observed in the fourth month imp[led that the increase in 
serum Se levels would be more significant in a [onger peri- 
od of RhEPO treatment. Although the main drawbacks of 
this study are the size of the study population and the dura- 
tion of the study period, i t  has been suggested that the dif- 
ference between groups can be significant in a longer-peri- 
od and/or with more-patient study due to the increase of 
intake of dietary Se and other nutrients, such as thiamine, 
pyridoxine, and total protein that increase bioavai[ability of 
Se (47). In order to assess the effect of Se supplements to 
RhEPO patients on the amount and duration of decrease in 
oxidative stress, another study is in progress. 

Acknowledgements 
We would like to thank to Chemist Ms. Zehra Koray, M.Sc. from 
Hacettepe University Faculty of Medicine-Department of Nuclear 
Medicine, and Prof. Reha A[par from Faculty of Medicine-Depart- 
ment of Biostatistics for their valuable contributions. 

References 

1. Eschbach, J. W., and Adamson, J. W., Anemia of end-stage 
renal disease (ESRD). Kidney Int. 1985; 28: 1-5. 

2. 3acobson, L. 0., Goldwasser, E., Fried, W., and P[zak, L., Role 
of the kidney in erythropoiesis. Nature 1957, 179: 633-634. 

3. Besarab, A., and McCrea, J. B., Anemia in ESRD patients. In: 
DiaLysis Therapy, (Nissenson, A. R., and Fine, R.N., eds.) 
HaDley & Be[fus, PhiladeLphia, 1993; 223-225 

4. Neff, M. S., Go[dberg, J., Slifkin, R. E, Eiser, A. R., Ca[amia, 
V., Kap[an, M , Baez, A., Gupta, S., and Mattoo, N., A com- 
parison of androgens for anemia in patients on hemodialy- 
sis. N. EngL J. Med. 1981; 304: 871-875. 

5. Jacobs, K., Shoemaker, C., Rudersdorf, R., Neil[, S.D., Kauf- 
man, R. J., Mufson, A, Seehra, J., Jones, S. S., Hewick, R., 
and Fritsch, E. F., Isolation and characterization of genomic 
and cDNA clones of human erythropoietin. Nature 1985; 
313: 806-810. 

6. Winearls, C. G., Oliver, D. 0., Pippard, M. J., Reid, C., Down- 
ing, M. R., and Cotes, P. M., Effect of human erythropoietin 
dericed from recombinant DNA on the anemia of patients 
maintained by chronic haemodia[ysis. Lancet 1986, ii: 
1175-1178. 

7. Tabbara, I. A., Erythropoietin-Bio[ogy and clinical applica- 
tions, Arch. Intern. Med. 1993; 153: 298-304. 

8. Eschbach, J. W., Egrie, J. C., Downing, M. R., Browne, J. K., 
and Adamson, J. W., Correction of the anemia of end stage 
renal disease with recombinant human erythropoietin: 
ResuLts of a combined phase I and II clinical trial. N. EngL 
J. Med. 1987; 316: 73-78. 

9. Gah[, G. M., and Eckardt, K. U., Erythropoietin 1997: A brief 
update, Periton Dial. Int. 1997; 17 (Supp[): $84-$90. 

10. Ers[ev, A.J., Erythropoietin. N. EngL 3. Med.1991; 324: 
1339-1344. 

11. Goodnough, L. T., Monk, T. G., and Andriote, G. L., Erythro- 
poietin therapy. N. EngL J. Med. 1997; 336: 933-938. 

12. Va[derrabano, F., Recombinant erythropoietin: 10 years of 
clinical experience. NephroL Dial. Transplant. 1997; 12 
(Supp[ 1): 2-9. 

13. Nissenson, A. R, Besarab, A, Bo[ton, W. K., Goodkin, D. A., 
and Schwab, S. J., Target hematocrit during erythropoietin 
therapy. Nephro[. Dial. Transplant. 1997, 12: 1813-1816. 

14. Erek, E., S[i[eyman[ar, G., and Serdenge~ti, K., Hemodiya[iz. 
In: T[irkiye'de Nefro[oji-Dializ ve Transplantasyon (Registry 
1995). (Erek, E., SLi[eyman[ar, G., and Serdenge~ti, K, eds.) 
TLirk Nefro[oji Derne~i Yay., Istanbu[, 1996; 17-33 

15. Hosokawa, S., and Yoshida, 0., Effect of erythropoietin 
(rHuEPO) on trace elements and quality of Life (Qo[) in 
chronic hemodia[ysis patients. Int. J. C[in. Pharmaco[. Ther. 
1994; 32: 415-421. 

16. Hosokawa, S., and Yoshida, 0., Effects of erythropoietin on 
trace elements in patients with chronic renal failure under- 
going hemodia[ysis. Nephron 1993; 65: 414-417. 

17. A[[egra, A., Corica, F., Lentile, R., Naso, A., Corsone[[o, A., 
Montalto, G., Castagna, R., and Buemi, M., Effect of recom- 
binant erythropoietin administration on plasma and ery- 
throcyte magnesium concentrations in patients on 
hemodia[ysis. Nephron 1996; 74: 499-500. 

18. Bonomini, M., Mujais, S. K., Ivanovisch, P., and K[inkmann, 
H., Selenium in uremia: Culprit or bystander ?. Nephron 
1992; 60: 385-389. 

19. Richard, M. J., Ducros, V., Foret, M., Arnaud, J., Caudray, C., 
Fusse[ier, M., and Favier, A., Reversal of selenium and zinc 
deficiencies in chronic hemodia[ysis patients by intravenous 
sodium selenite and zinc g[uconate supplementation. BioL. 
Trace E[em. Res. 1993; 39: 149-159. 

20. Behne, D., Hi[mert, H., Scheid, S., Scheid, S., Gessner, H., 
and Elger, W., Evidence for specific selenium target tissues 
and new biologically important se[enoproteins. Biochim. 
Biophys. Acta. 1988; 966: 12-21. 

21. Burk, R. H., and Hi[[, K.E., Regulation of se[enoproteins. 
Annu. Rev. Nutr. 1993; 13: 65-81. 

22. Danie[s, L. A., Selenium metabolism and bioavai[ability. 
Biol. Trace E[em. Res. 1996; 54: 185-199. 

23. Sunde, R. A., Molecular biology of se[enoproteins. Annu. 
Rev. Nutr. 1990; 10: 451-474. 

24. NapoLitano, G., Bonomini, Bomba, G., Bucci, I., Todisco, V., 
A[bertazzi, A., and Monaco, F., Thyroid function and plasma 
selenium in chronic uremic patients on hemodia[ysis treat- 
ment. BioL. Trace E[em. Res. 1996; 55: 221-230. 

J. Trace Etem. IVied. Biol. 15/4 (2001) 



220 A. ~eliker et aL 

25. Van Cauwenbergh, R., Robberecht, H., Deelstra, H., Picra- 
mentos, D., and Kostakopulos, A., Selenium concentration 
in serum of healthy Greek adults. J. Trace Elem. Electrolytes 
Health Dis. 1994; 8: 99-109. 

26. Kallistratos, G., Evangelou, A., Seferiadis, K., Vezyraki, P., 
and Barboutis, K., Selenium and haemodia[ysis: Serum sele- 
nium levels in healthy persons, noncancer and cancer 
patients with chronic renal failure. Nephron 1985; 41: 
217-222. 

27. Salonen, J. T., Alfthan, G., Pikkarainen, J., Huttunen, J. K., 
and Puska, P., Association between cardiovascular death 
and myocardial infarction and serum selenium in a matched- 
pair longitudinal study. Lancet 1982; ii: 175-179. 

28. Bonomini, M., Forster, S., De Risio, F., RychLy, J., Nebe, B., 
Manfrini, V., Klinkmann, H., and Albertazzi, A., Effects of 
selenium supplementation on immune parameters in chron- 
ic uremic patients on haemodialysis. NephroL Dial. Trans. 
1995, 10: 1654-1661. 

29. Lalonde, L., Jean, Y., Roberts, K. D., Chapdelaine, A., and 
Bleau, G., FluorometFy of selenium in serum or urine. Clin. 
Chem. 1982; 28: 172-174. 

30. Turgan, C., Yasavul, 0., and Ca~lar, 3., Kronik BGbrek yetme- 
zli~i tedavisi. In: Klinik Nefroloji, (Ca~lar, 3- Ed.) Medial 
Yaylnlan; Ankara, 1985, 227-244. 

31. Cordova, H. R., Benabe, J. E., and Martinez-Maldonado, M., 
Clinical manifestations and complications of the uremic 
state. In: The Principles and Practice of Nephrology, (Jacob- 
son, H.R., Striker, G.E., and Klahr, S., eds.) B. C. Dekker, 
Philadelphia, 1991; 690-698. 

32. Stivelman, J. C., Refractoriness to recombinant human ery- 
thropoietin treatment. In: Dialysis Therapy. (Nissenson, A. 
R., and Fine, R. N., eds.) Hanley & Belfus; Philadelphia, 
1993; 236-240. 

33. Cohen, J. J., Harrington, J. T., and Madias, N. E., Erythro- 
poietin in chronic renal failure. Kidney Int. 1996; 50: 
1373-1391. 

34. Anastassiades, E., Howart, D., and Howart, J. E., Influence 
of azathioprine on the ferrokinetics of patients with renal 
failure before and after treatment with erythropoietin. 
Nephron 1994; 67: 291-296. 

35. Brakis, G. L., Sauter, E. R., Hussey, J. L., Fisher, J. W., Gaber, 
A. 0., and Winsett, R., Effects of theophylline on erythro- 

poietin production in normal subjects and in patients with 
erythrocytosis after renal transplantation. N. Engl. J. Med. 
1990, 323: 86-90. 

36. Casati, S., Passerini, P., Campise, M. R., Graziani, G., Cesana, 
B., Perisic, M., and Ponticelli, C., Benefits and risks of pro- 
tracted treatment with human recombinant erythropoietin 
in patients having hemodialysis. Br. Med. J. 1987; 295: 
1017-1020. 

37. Kaminska-Galwa, B., Grzeszczak, W., Jedryczko, A., and 
Pachelski, J., Influence of long-term hemodialysis on serum 
trace elements concentration in patients with chronic renal 
failure. Przegl Lek. 1994; 51: 9-14, Abstract. 

38. A. Kostakopulos, A. Kotsalos, J. Alexopoulos, F. Sofras, C. 
Deliveliotis and G. Kallistratos, Serum selenium levels in 
healthy adults and its changes in chronic renal failure, Int. 
Urol. NephroL 22, 397-401 (1990). 

39. C. ~avdar, T. ~amsan, I. Semin, S. GiJnen~ and O. A~ikgiJz, 
Lipid peroxidation and antioxidant activity in chronic 
haemodialysis patients treated with recombinant human 
erythropoietin, Scand. J. UroL NephroL 31, 371-375 
(1997). 

40. T. Zima, M. Janebova, K. Nemecek and V. Bartova, Retinol 
and alpha-tocopherol in hemodialysis patients, Ren. Fail. 
20, 505-512, Abstract (1998). 

41. F. Bany-Mohammed, S. Slivka and M. Hallman, Recombinant 
human erythropoietin: Possible role as an antioxidant in 
premature rabbits, Ped. Res. 40, 381-387 (1996). 

42. M. Boran, C. Kii~iikaksu, M. Balk and S. ~etin, Red cell lipid 
peroxidation and antioxidant system in haemodialyzed 
patients: Influence of recombinant human erythropoietin 
(r-HuEPO) treatment, Int. UroL NephroL 30, 507-512, 
Abstract (1998). 

43. Taylor, J. E., Belch, J. J. F., Fleming, L. W., Mactier, R. A., 
henderson, I. S., and Stewart, W. K. Erythropoietin response 
and route of administration. Clin. NephroL 1994, 41: 
297-302. 

44. M. Bonomini, S. Forster, V. Manfrini, F. De Risio, M. Steiner, 
M: I. Vidovich, H. Klinkmann, P. Ivanovich and A. Alber- 
tazzi, Geographic factors and plasma selenium in uremia 
and dialysis, Nephron 72, 197-204 (1996). 

45. L. H. Foster and S. Sumar, Selenium in health and disease: A 
review, Crit. Rev. Food Sci. Nutr. 37, 211-228 (1997). 

J. Trace Elem. Med. Biol. 15/4 (2001) 


