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Abstract : During advanced renal failure, and particularly in patients with
end-stage renal diseases (ESRD), proteins are carbamylated and lose biological

activity as the result of a reaction with cyanate which is derived from urea. The

effect of cyanate on the erythropoietic activity of erythropoietin (EPO) after acute

blood loss in rats was studied. EPO was incubated with cyanate at 37℃. The ery-

throcytes count, hemoglobin concentration, hematocrit and leukocytes were mea-

sured after the subcutaneous injection of either normal saline, cyanate, EPO, or

incubated EPO with cyanate. Normal saline or 1 M cyanate injected controls and

the incubated EPO with cyanate injected animals demonstrated decrease from day

zero in erythropoietic parameters. The parameters maintained in EPO injected

group. These results support that EPO exposed to cyanate in vitro demonstrates

diminished biologic activity in acute blood loss. This effect suggest that EPO is

inhibited in the presence of cyanate under the stimulatory condition for EPO, and

it may contribute to the suboptimal erythropoietic response to EPO therapy asso-

ciated with high urea levels, especially related to inadequate dialysis.
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Introduction

Anemia is a common feature of end-

stage renal disease (ESRD)[1]. Many

studies were done about the mechanism of

decreased production of erythropoietin

(EPO)[2] including the presence of EPO

inhibitors[2,3]. Although several factors

including iron deficiency, aluminium intox-

ication and bone marrow fibrosis are

known as the important causes of resis-

tance to EPO[1], BUN level is also related

to the EPO resistance[4-6].

In aqueous solution there is partial and
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spontaneous decomposition of urea to

ammonia, carbonate and cyanate[7].

Cyanate then subsequently reacts irre-

versibly with the N-terminal groups of

amino acids, peptides and many proteins

by a process known as carbamylation[8-

10]. Under physiological conditions, 0.8%

of the molar concentration of urea is spon-

taneously converted to cyanate at equilib-

rium at physiologic pH and body tempera-

ture[11]. Cyanate can react with proteins

and carbamylates proteins including hemo-

globins[11-13]. In patients with ESRD,

proteins are known to be easily carbamy-

lated and lose biologic activity as a result

of reactions with urea-derived cyanate due

to high levels of cyanate concentration in

the plasma[11-14]. EPO is also known to

be carbamylated by cyanate and may lose

its biologic activity in normal rats[15].

However, it is not clear whether EPO is

inhibited by cyanate in a condition under

the active state of EPO is active such as

acute blood loss. If we make the experi-

ment with ESRD model in rats, several

uremic toxins other than cyanate can also

affect to EPO activity. We made the exper-

imental model of acute blood loss model in

rats.

In this paper, the role of cyanate, which

is known as one of the uremic toxins, at

high concentration as an inhibitor of EPO

was studied in the rats after acute blood

loss to explain the EPO resistance in

patients with high levels of BUN due to

inadequate dialysis. 

Materials & Methods

1. Reagent 

Recombinant EPO, Epokine prefilled-

injection, was purchased from Cheiljedang

Co. (Seoul, Korea). Cyanate was pur-

chased from Acros Organics (New Jersey,

USA). All other chemicals were of the

highest purity commercially available.

2. Incubation of EPO with cyanate

Normal male rats of the Sprague-

Dawley strain, weighing between 320 and

350g, were used in this experiment. To

evaluate the effect of cyanate on the bio-

logic activity of EPO, all the experimental

groups, with 5 rats in each group, were

divided as follows: 1) normal control

group (Group 1); 0.3 mL of 0.9% NaCl

was injected subcutaneously. 2) cyanate

group (Group 2); 0.3 mL of 1 M cyanate

was injected subcutaneously. 3) EPO

group (Group 3); 2,000 units of EPO was

dissolved in 1.0 mL of  0.9% NaCl, and

0.3 mL which is equivalent to 2,000 units

per kg, was injected subcutaneously. 4)

Incubated EPO with cyanate group (group

4); 2,000units of EPO was dissolved in

1.0mL of 1M cyanate by incubation at 37

℃ for 6 hours, then 0.3 mL of incubated

EPO with cyanate was injected subcuta-

neously.

With light ether anesthesia, 2 mL of

blood was drawn from right jugular vein to

make the state of acute blood loss at the

day zero. The care of the animals is con-

sistent with the NIH Guides for the Care

and Use of Laboratory Animals. All ani-

mals were maintained on commercial pel-

lets purchased from Sam Yang Food Co.
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(Wonju, Korea). 

3. Erythropoietic parameters

The levels of RBC, hemoglobin, hemat-

ocrit and leukocytes were measured using

CELL-DYN 1,300 model from Abbott

Diagnostics (Il, USA)  before subcutaneous

injection (day zero), and 72 hours after

subcutaneous injection (day three).

All animals were maintained on com-

mercial pellets purchased from Sam Yang

Food Co. (Wonju, Korea). 

4. Statistical analysis

Values were expressed as mean ± SD.

Statistical evaluation of the difference

between before and after subcutaneous

injection was performed with paired t-test.

Results

The RBC counts in groups 1, 2 and 4

were decreased at the three days of the

subcutaneous injections of saline, cyanate

and incubated EPO with cyanate, respec-

tively (Fig. 1). The RBC counts (x106/μL)

decreased from 7.4 ± 0.3 to 6.1 ± 0.3  in

the group 1 (normal control group,

P<0.01), decreased from 7.4 ± 0.2 to 6.0

± 0.2 in the group 2 (cyanate group,

P<0.01), decreased from 7.7 ± 0.2 to 6.6

± 0.3 in the group 4 (incubated EPO with

cyanate group, P<0.05). However, it didn't

decrease in the group 3 (EPO group).

The hemoglobin concentration (g/dL) is

paralleled with those of the RBC counts

(Fig. 2). It decreased from 14.6 ± 0.3 to

12.6 ± 0.1  in the group 1 (P<0.001),

decreased from 14.3 ± 0.2 to 11.8 ± 0.2

in the group 2 (P<0.01), decreased from

Fig. 1. Erythrocytes counts after carbamylated erythro-

poietin injection in rats. Group 1: normal control,

Group 2: 1.0 M cyanate was  injected, Group 3:

erythropoietin was injected, Group 4: erythropoi-

etin was injected after incubation with cyanate. *:

P<0.05 vs. day 0, **: P<0.01 vs. day 0. 

Fig. 2. Hemoglobin  levels after carbamylated erythro-

poietin injection in rats. Group 1: normal control,

Group 2: 1.0 M cyanate was  injected, Group 3:

erythropoietin was injected, Group 4: erythropoi-

etin was  injected after  incubation with cyanate.

**: P<0.01 vs. day 0, ***: P<0.001 vs. day 0.
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14.6 ± 0.1 to 12.7 ± 0.3 in the group 4

(P<0.01). However, it didn't decrease in

the group 3.

The parallelism continued with the

hematocrit (%) results (Fig. 3). It

decreased from 42.3 ± 1.1 to 33.4 ± 1.3

in the group (P<0.001), decreased from

42.5 ± 1.2 to 33.6 ± 1.1 in the group 2

(P<0.001), decreased from 42.1 ± 0.4 to

36.4 ± 1.2 in the group 4 (P<0.05), and

decreased without significance from 43.3

± 1.0 to 43.6 ± 0.8 in the group 3.

Leukocyte count was unchanged in all

experimental groups (Fig. 4).

Discussion

Before the availability of recombinant

EPO, the mainstays of anemia therapy in

patients with ESRD were blood transfu-

sion[1]. The clinical trials of recombinant

EPO in patients with ESRD showed a good

response in patients with anemia[1].

However, a study shows the suboptimal

response to EPO therapy in some patients

due to inadequate dialysis[4]. Patients

with ESRD contains a material that is

inhibitory to erythropoiesis rather than

the absence of some substance necessary

for normal erythropoiesis[3]. The nature

of inhibitory substance of erythropoiesis is

just known as a low molecular weight sub-

stance and the inhibitor can be removed

by dialysis[3]. Moreover, inadequate dial-

ysis assessed by measuring BUN levels is

known as the important causes of resis-

tance to EPO[4] and removal of inhibitory

substance in some patients by dialysis

makes an increase in hematocrit levels[3]. 

Under physiological conditions, 0.8% of

the molar concentration of urea is convert-

ed to cyanate at equilibrium in vivo[11].

Cyanate, the molecular weight of which is

about 43, can react with proteins and car-

bamylates proteins including hemoglo-

Fig. 3. Hematocrit  levels after carbamylated erythropoi-

etin  injection  in  rats. Group 1: normal control,

Group 2: 1.0 M cyanate was  injected, Group 3:

erythropoietin was  injected, Group 4: erythropoi-

etin was injected after incubation with cyanate. *:

P<0.05 vs. day 0, ***: P<0.001 vs. day 0. 

Fig. 4. Leukocytes levels after carbamylated erythropoi-

etin  injection  in  rats.   Group 1: normal control,

Group 2: 1.0 M cyanate was  injected, Group 3:

Erythropoietin was injected, Group 4: erythropoi-

etin was injected after incubation with cyanate. 
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bins[11-13], low-density lipoprotein[16]

and caeruloplasmin[11]. Under the state

of ESRD, proteins are known to be easily

carbamylated as a result of reactions with

urea-derived cyanate due to high levels of

cyanate concentration in the plasma[12-

14,16]. EPO may also be carbamylated by

cyanate from urea and may lose its biolog-

ic activity, thus causes anemia in patients

with ESRD. According to Mun and

Golper[15], EPO was carbamylated by

high concentration of cyanate, thus result-

ed in the loss of its biologic activity in the

normal rats. This study was done to eval-

uate whether cyanate results in the loss of

biological activity of EPO or not in the

rats with acute blood loss.

To evaluate the biological effect of incu-

bated EPO with cyanate, EPO or incubat-

ed EPO with cyanate was injected to the

rats. In control groups such as group 1

and 2, RBC, hemoglobin and hematocrit

levels were decreased (Fig. 1, 2 and 3).

When EPO was injected (group 3), the

levels of erythrocytes, hemoglobin and

hematocrit were maintained (Fig. 1, 2 and

3). However, when incubated EPO with

cyanate was injected (group 4), the levels

of these 3 erythropoietic parameters were

similar with control groups which indicates

the loss of EPO activity due to cyanate.

Leukocytes counts, which was used as an

another control marker, in all experimen-

tal groups showed no significant change

(Fig. 4). 

Some authors reported that reduction in

blood urea nitrogen was significantly cor-

related with hematocrit level in patients

with ESRD[4-5]. And according to

Stojimirovic and Grujic[6], continuous

ambulatory peritoneal dialysis is more

successful for improving renal anemia, and

patients on continuous ambulatory peri-

toneal dialysis show a significantly lower

urea value compare to patients on

hemodialysis due to better clearance dur-

ing  continuous ambulatory peritoneal

dialysis. The data in this experiment may

support or correlate these reports. 

This experiment indicate that high con-

centration of uremic toxin such as cyanate

is an inhibitor of EPO in patients with

ESRD, and may explain one of the reasons

for the suboptimal response to EPO thera-

py in patients with high levels of BUN due

to inadequate dialysis.

Summary

During advanced renal failure, and par-

ticularly in patients with end-stage renal

disease (ESRD), proteins are carbamylat-

ed and lose biological activity as a result

of a reaction with cyanate which is derived

from urea. The effect of cyanate on the

erythropoietic activity of erythropoietin

(EPO) after acute blood loss in rats was

studied. EPO was incubated with cyanate

at 37℃. The erythrocyte count, hemoglo-

bin concentration, hematocrit and leuko-

cytes were measured after the subcuta-

neous injection of either normal saline,

cyanate, EPO, or incubated EPO with

cyanate. Normal saline or 1 M cyanate

injected controls and the incubated EPO

with cyanate injected animals demonstrat-

ed decrease from day zero in erythropoietic

parameters. The parameters maintained in

EPO injected group. These results support
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that EPO exposed to cyanate in vitro

demonstrates diminished biologic activity

in acute blood loss. This effect suggest

that EPO is inhibited in the presence of

cyanate under the stimulatory condition

for EPO, and it may contribute to the sub-

optimal erythropoietic response to EPO

therapy associated with high urea levels,

especially related to inadequate dialysis.
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