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Abstract
Background and aim: The physiological mechanisms regulating zinc homeostasis in humans have been elucidated and 
described, but the knowledge of zinc status and zinc distribution in the tissues and in the different biological compart-
ments of patients with conservatively treated chronic renal failure (CRF) and on peritoneal dialysis is still insufficient. 
This investigation examines and compares zinc content in urine, erythrocytes, plasma, and outflow dialysis solution in 
a group of continuous ambulatory peritoneal dialysis (CAPD) patients, a group of patients with CRF on conservative 
treatment and in healthy controls.
Material and Methods: The plasma levels of albumin, total protein and creatinine were investigated in group 1 (12 
healthy controls), group 2 (12 patients with CRF on conservative treatment) and group 3 (12 patients on peritoneal di-
alysis - CAPD).  Zinc content in plasma, erythrocytes, urine and outflow peritoneal dialysis solution were ascertained 
by means of atomic absorption spectrophotometry (AAS) with a special attention to the express extraction of the eryth-
rocytes from the plasma. 
Results and conclusion: In patients on CAPD treatment (group 3) compared to healthy controls (group 1) plasma zinc 
level was diminished (р<0.05), while erythrocyte zinc elevated (р<0.01). The investigation found out difference between 
plasma, erythrocyte and urine levels of zinc between the patients with chronic renal failure (group 2) on conservative 
treatment and those treated by CAPD (group 3), which proves, that continuous ambulatory peritoneal dialysis influences 
redistribution of zinc in human organism   “per se”. Hippokratia 2012, 16, 4: 356-359
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Introduction
 The ability of the human organism to sustain the bal-

ance in its milieu in different and varying environmental 
conditions is defined as state of homeostasis1. The chang-
es in the levels of zinc absorption and excretion are the 
crucial mechanism for sustaining zinc homeostasis2-4. In 
the cases of extremely high or low zinc intake in the or-
ganism, adaptive changes in renal excretion of zinc take 
place3,5,6. Besides this mechanism, cellular and tissue re-
distribution also occur, and changes in the plasma albu-
min level as main zinc carrier2,4,7.   

In chronic renal failure, derangements in zinc homeo-
stasis may be found due to altered protein metabolism, 
malabsorption of microelements in the gastrointestinal 
tract, disturbed renal excretion and expected faulty cel-
lular and tissue redistribution1,6,8,9. Some of the symptoms 
of chronic renal failure resemble that of zinc deficiency: 
impaired olfactory function, taste and appetite; growth 
retardation; impaired wound healing; dry skin; hypogo-
nadism; impaired potency8,10,11. This similarity in the 
symptoms renders the hypothesis, that some of the symp-
toms attributed to chronic renal failure are either due to 

zinc deficiency or are augmented in cases of existing zinc 
deficiency12-14. Several investigations display decreased 
plasma levels of zinc in patients with chronic kidney in-
sufficiency conservatively treated or on dialysis1-3,6,7,9,14,15. 
Some authors find out in similar patient groups zinc level 
in the erythrocytes in normal range, while others – with 
elevated levels15-18. 

The aim of our investigation was to ascertain the plas-
ma and erythrocyte zinc status in patients with chronic 
kidney insufficiency conservatively treated or on contin-
uous ambulatory peritoneal (CAPD) and to establish the 
necessity of zinc supplementation, in case of existing zinc 
deficiency. In order to avoid erythrocytes` zinc efflux into 
the plasma, which would negatively affect the correctness 
of the results, the patients` blood samples were subjected 
to immediate separation after blood collection.   

  
Material and methods

Thirty six (36) individuals were included in the in-
vestigation – 12 healthy controls (group 1), 12 patients 
with conservatively treated CKD stage 4 (group 2), and 
12 patients on CAPD (group 3). 
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The CAPD patients (group 3) consisted of 6 male 
and 6 female patients within age limit of 23 to 69 years 
old, without infectious complications and no oncology 
diseases, who had started peritoneal dialysis treatment 
more than three months before the beginning of the in-
vestigation. The diagnoses in these patients’ kidney dis-
eases included: in 4 cases - chronic pyelonephritis; in 3 
cases - chronic glomerulonephritis; in 2 cases - polycys-
tic kidney disease; in 2 cases - gout nephropathy and one 
patient with hypertensive nephroangiosclerosis. All pa-
tients used peritoneal dialysis solutions without zinc and 
with dextrose content of 1.5%; 2.5% or 4.5% applied in 
different infusion combinations. All patients carried out 4 
exchanges of two litter bags for the 24 hour period. 

The patients with conservatively treated chronic renal 
failure (group 2) also consisted of 6 male and 6 female 
patients within age limit of 20 to 67 years old, without 
infectious and oncology diseases. All of them had a crea-
tinine level exceeding 400 mg/l. The diagnoses of pri-
mary kidney diseases in this group included: in 4 cases 
- chronic pyelonephritis; in 3 cases - chronic glomeru-
lonephritis; in 3 cases - polycystic kidney disease; in 1 
case - nephrocalcinosis and one patient with hypertensive 
nephroangiosclerosis.

The control group (group 1) consisted of 6 male and 6 
female individuals within age limit of 20 to 65 years old. 
All these participants were clinically healthy and none 
of them was subjected to dietary restrictions during the 
period of the investigation. 

All samples were taken after overnight fast between 8 
and 10 in the morning. The participants in the study were 
instructed to collect 24 hour total urine, which was mea-
sured as quantity and from which, samples were taken in 
zinc-free containers for measurements of zinc and total 
protein content. The patients on CAPD were instructed 
to collect all the bags with effluent dialysis solutions for 
the 24 hour periods, which were also measured quanti-
tatively and in samples taken in zinc-free containers the 

zinc level was investigated. Five ml of blood samples in 
zinc-free containers were taken from every participant in 
the investigation and immediately centrifuged to prevent 
the zinc efflux due to haemolysis from the cells into the 
plasma, or influx of zinc into the erythrocytes.     

The albumin, total protein and creatinine were rou-
tinely tested with Hitachi-912 Autoanalyser. The zinc 
content of the erythrocytes and in plasma, urine and ef-
fluent peritoneal solution was ascertained by atomic ab-
sorption spectrophotometry with Perkin Elmer-5100 PC. 
Control tests of all solutions and laboratory vials were 
analyzed for eventual zinc contamination, but all samples 
proved negative. 

 All patients and healthy controls signed a written 
informed consent before the investigation and the study 
was approved by the Ethical Committee of our hospital.

Statistical analysis: Values are expressed as mean 
± SD. Statistical comparisons between the groups were 
carried out using Mann Whitney U tests. A p value < 0.05 
was set as statistical significant.

Results
The blood values for total protein, albumin, creati-

nine, hemoglobin and erythrocytes in the investigated 
groups are exhibited in Table 1. 

The total protein, albumin, hemoglobin and erythro-
cytes count were decreased in    the patients` groups with 
conservatively treated chronic renal failure and on con-
tinuous ambulatory peritoneal dialysis treatment (group 
2 and 3) with the average values statistically significantly 
lower than in the control group 1. The creatinine value 
was within normal range in the control group and signifi-
cantly elevated in the other groups.

Urine protein losses were more pronounced in pa-
tients with CKD on conservative treatment, compared to 
those on CAPD treatment (1.1461.85 vs. 0.6560.37 g/l; 
p<0.01) (Figure 1).                                                                     

Table 1: Blood parameters comparison between groups 1, 2, 3. 

Group N Age 
(years) 
(M±SD)

T-protein (g/l) 
(M±SD)

Alb 
(g/l) (M±SD)

Creat  
(mmol/l) 
(M±SD)

Hb 
(g/l) 
(M±SD)

Er 
(x109)
(M±SD)

1 12 40± 25 72.3±4,5 44.2±3.3 70±23 14.2±1.2 4.8±0.6

2 12 41±26 65.4±6,2* 36.5±4.2* 610±190* 12.2±1.3* 3.6±0.7*

3 12 43±23 63.6±7.1* 35.5±4.3* 905±310* 12.1±1.7* 3.4±0.6*

Legend of Table 1: number (N), age, and blood levels of T-proteins, albumin (Alb), creatinine (Creat), hemoglobine (Hb) and 
erythrocytes (Er) in group of healthy controls (1), group of patients with chronic renal failure (CRF) - stage 4 chronic kidney 
diseases (CKD) (2) and group of patients on continuous ambulatory peritoneal dialysis (CAPD) (3).
* Significant change from normal control values (р<0.01).
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The plasma zinc content in healthy controls (group 
1) exhibits normal values (14.2±1.1 mmol/l) while it 
showed moderately decreased values in CRF patients on 
conservative treatment (group2) (9.7±0.9mmol/l ) and on 
CAPD treatment (group 3) (9.1±1.2mmol/l ) (Figure 2).

The erythrocyte zinc was in normal ranges in healthy 
controls (172±15 mmol/l), while in the other two groups 
of patients (2nd and 3) it was significantly elevated, com-
pared to group 1 (р<0.01). (Figure 3). 

The urine zinc content was within normal values 
in the three investigated groups (< 10 mmol/day). The 
patients on CAPD excreted significantly lower quanti-
ties compared to the other two groups. In this group, the 
daily losses of zinc with the effluent peritoneal solutions 
(2.8±0.5 mmol/day), were similar to the urine losses 
(2.3±0.4 mmol/day). The total excretion of zinc (urine 
plus peritoneal dialysis solution)  - 5.1±0.4mmol/day - 
was lower compared to the urine losses in the two other 
groups – healthy controls (8.5±0.5 mmol/day) and con-
servatively treated chronic renal failure (6.3±0.6 mmol/
day). Urine and dialysate excretion of zinc in the three 
groups are presented on Figure 4. 

	
Discussion

The microelements play an important role in the 
regulation of vital processes1,2,4,6. The patients with 
chronic kidney diseases in the stages of chronic renal 
failure, on conservative and dialysis treatment have a 
complex of metabolic abnormalities leading to serious 
complications1,6,7,9,18. Most of the authors stress on the 
fact, that uraemia “per se” leads to an imbalance affect-

ing the microelements in human body and the dialysis 
treatment is incapable to secure a full restoration of the 
required balance1,5,7,10,11,15. The deranged homeostasis of 
microelements, among which that of zinc, can be poten-
tially a factor, which triggers some of the uraemic com-
plications. Zinc is an essential component in more than 
120 zinc-dependant enzymes and hence, the symptoms of 
zinc deficiency are complex and non-specific. They can 
simulate deficiency of essential amino and lipid acids, 
vitamins and can also resemble symptoms usually attrib-
uted to chronic renal insufficiency6,8,9,14,17. In the existing 
literature on this topic, the predominant part of the au-
thors verify decreased plasma levels of zinc in patients 
with chronic renal failure on conservative or dialysis 
treatment1,2,5,7,9,12,15. Concerning the cellular zinc content, 
conflicting data exists – normal or mildly diminished con-
tent in some investigations, while other authors find out 
elevated erythrocyte and lymphocyte zinc content1,6,9,14-16. 
The findings in some investigations hypothesize zinc de-
ficiency, while in others the explanations are, that there 
is redistribution of zinc in the biologic compartments of 
uraemic patients1,2,5,15,18.

We consider, taking into account the results of our 
investigation, that the patients` groups with conserva-
tively treated CKD and on CAPD treatment exhibit a 
moderate zinc deficiency with compensatory erythrocyte 
zinc overloading. This reasonable assumption is dem-
onstrated by the significantly lower zinc plasma levels 

Figure 4: Urine loss of Zn in control group(1), CRF 
group(2), CAPD group(3) and effluent dialysis Zn loss in 
CAPD patients(4).

Figure 1: Urine protein loss in CRF patients (1) and CAPD 
patients (2). Values represents Mean ± Standard Deviation.

Figure 2: Plasma Zn levels in the control group (1), in CRF 
patients’ group (2) and CAPD patients’ group (3). Values 
represents Mean ± Standard Deviation.

Figure 3: Erythrocyte Zn levels in the controls (group 1), 
CRF patients (group 2) and  CAPD patients (group 3). Values 
represents Mean ± Standard Deviation.
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in the groups with conservatively treated CKD and on 
CAPD treatment compared to healthy controls (Figure 
2); (р<0.05), and mild to moderate elevation of erythro-
cyte zinc values in both CKD groups (2 and 3), reaching 
significant difference in the CAPD patients from the val-
ues of the control group (Figure 3) (р<0.01). Although 
existing proteinuria in both CKD groups is found out, we 
do not establish increased urinary zinc loss. On the con-
trary there is a mild (in conservatively treated patients) to 
significant (in CAPD patients) decreased zinc excretion 
in urine (Figure 1).  This finding is most probably due 
to the low level of proteinuria in the investigated groups 
on one side and on the other - to the preserved to some 
extent adaptive change of renal excretion, although many 
other renal functions are lost in the state of chronic renal 
insufficiency. On the background of the discussed exist-
ing zinc sparing mechanisms in both CRF groups, the as-
certained zinc deficiency in the patient group with CRF 
on conservative treatment is most probably due to some 
protein-calorie restrictions, which had been therapeuti-
cally justified. In the CAPD group, since these patients 
are not exposed to dietetic restrictions of foods with high 
zinc content, zinc deficiency may be attributed to the long 
time existing uraemic intoxication leading to decreased 
appetite and intestinal mal-absorption of zinc. (The last 
two mentioned factors – intoxication and mal-absorption, 
although to a smaller extent exist in the conservatively 
treated group 2 too). In relation to the zinc loss in CAPD, 
we can not state an explicit attitude, since the effluent 
peritoneal solution remain in the bags for a long period 
of time before the zinc content is tested. We may hypoth-
esize, that there is a potential opportunity, the chemical 
material used for the production of the bags, to absorb 
on its` surface zinc from the effluent solution and hence 
to account for the findings of low quantity zinc losses in 
effluent peritoneal dialysate. 

In conclusion, we can summarize, that uremia and 
peritoneal dialysis procedure by themselves create condi-
tions for the development of abnormally low body zinc 
content, as well as its` redistribution in tissues and fluids. 
It should be controlled by assessments of zinc content in 
the before mentioned body compartments and adequately 
supplemented, with the aim to prevent clinical manifesta-
tions of zinc deficiency, some of which are morbid and 
rather dramatic.
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