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Abstract

Zinc(II) induced chronic kidney disease (CKD) prevention is involved that zinc supplementation with 30 mg/day 
may benefit a metabolic improvement, a decrease in cardiovascular diseases (CVD), and the neurologic functional 
CKD prevention.  Zinc induced renal functional activity for mild stage of CKD is involved that zinc supplementation 
of 30 mg/day may be beneficial for nutritional status in CKD children and adolescents, serum albumin, zinc and 
C-reactive protein (CRP) levels. Zinc(II) may reduce urinary protein excretion that is composed of albumin, urinary 
protein excretion is considered at high risk for renal disease progression and the minimized proteinuria excretion is 
an important therapeutics.

Zinc induced renal functional activity for moderate stage of CKD is involved that zinc fractional excretion is stable in 
the early stage of CKD, then a sudden and strong increase was seen in stage 3 patients, in which urinary zinc excretion 
was significantly higher in CKD patients that this factor of urinary zinc excretion is caused by that an increase in zinc’s 
binding to alpha2-macro-globulin may reduce the amount of ultra-filterable zinc.

Zinc induced renal functional activity for severe stage and end-stage renal disease (ESRD) of CKD is involved that 
zinc is actively bound to several proteins such as albumin, a-macroglobulin and transferrin, that zinc intake has been 
shown to be lower in patients with advanced stage CKD, that ESRD in CKD has the baseline subject characteristics 
were divided according to baseline serum zinc levels at the first HD.  Further, Zinc 15 mg/day and Selenium 50–70 μg/
day are recommended such as micronutrient supply in adult patients on haemodialysis and peritoneal dialysis. Zinc 
induced NAD(P)H oxidase (Nox) activation occurring ROS generation in CKD cell involves assembly that ROS include 
the superoxide anion (O2•– ), hydrogen peroxide (H2O2), and hydroxyl radicals (OH•), in which Zn2+ bioavailability 
induces Nox upregu-lation, thereby promoting oxidative stress and subsequent kidney damages.    

Zinc(II) ions-binding protein molecular mechanism is clarified that Zn2+ ions-several protein complexes coordinated 
binding model of ligands of such as albumin, a-macroglobulin and transferrin in several proteins have been found 
on the binding specificity by Zn2+ ions-centered tetrahedral geometric coordination, in which causing zinc-activated 
serine, histidine and aspartate hydrogen residues enhance renal function activity and resulting inhibition of CKD 
progression is proceeded. 

Keyword: CKD prevention, Serum zinc and creatinine levels, Urinary protein and glycoprotein, ESRD prevention,  
Zn2+ ions-centered coordinated pattern. 
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dialysis,  CRF=chronic renal failure,    CRP=C-reactive 
protein,  CVD=cardiovascular disease,  DM=diabetes 
mellitus, DN=diabetic nephropathy, eGFR=estimated 
glome-rular filtration rate, ESRD=end-stage renal 
disease, FE=fractional excretion, HD=hemodialysis, 
MHD=maintenance hemodialysis,   NADPH=nicotinamide 
adenine dinucleotide phosphate, Nox=NADPH oxidase, 
OS=oxidative stress, PEW=Protein-Energy Wasting,  
RCTs=randomized controlled trials,  RDA=recommended 
dietary allowance,  ROS=reactive oxygen species, ZnD=zinc 
deficiency.

Introduction
Severe COVID-19 infection may enhance chronic kidney 
disease (CKD) and acute kidney injury (AKI) developments 
that are susceptible to occur in preexisting CKD patients 
with the severity of COVID-19 increasing.  CKD patients 
in non-dialytic stage exhibit a vulnerability to COVID-
19 disease comparable to that of patient on kidney 
replacement therapy. More attention should be paid to 
decrease in COVID-19 pandemic, seek effective clinical 
pathways for CKD patients, and avoid CKD end stage 
renal disease (ESRD) [1]. CKD is a major global public 
health issue that common causes include hypertension, 
glomerulonephritis and autosomal dominant polycystic 
kidney disease, and many individuals have no known 
cause of CKD [2].  CKD have therapeutic patients clinical 
symptoms such as gross hematuria, a sign of albuminuria, 
nocturia, flank pain, or decreased urine output and CKD 
steps as glomerular filtration rate (GFR) less than 60 mL/
min/1.73 m2, albuminuria (ie, urine albumin ≥30 mg per 
24 hours or urine albumin-to-creatinine ratio [ACR] ≥30 
mg/g), imaging suggestive of kidney damage, renal tubular 
disorders [3]. 

CKD was defined as an estimated glomerular filtration rate 
(eGFR) < 60 mL/min/1.73 m2 or the presence of structural 
or functional abnormalities [(micro)albuminuria] for 
at least 3 months [4].  Arterial hypertension (AH) was 
defined as mean office blood pressure (BP) > 140/90 
mmHg measured at more than one occasion, or an office 
BP > 140/90 mmHg while taking one or more antihyper-
tensive drugs [5].  The CKD Practice Guide of Nephrology 
recommendation referral meets any of the following 3 
criteria: 1) 0.5g/g creatinine or higher, or proteinuria (≧ 
2+),  2) an eGFR of less than 50 ml/min/1.73m2, or 3) 
positive results (≧1+) for both proteinuria and hematuria 
tests [6].  

While, zinc element is important essential for human body.  
According to the opinions on zinc homeostasis and zinc 
deficiency, the recommended dietary allowance (RDA) for 
zinc is of 11 mg/day for men and 8 mg/day for women,  
lower zinc intake is recommen-ded for infants (2–3 mg/
day) and children (5–9 mg/day) [7]. Zinc deficiency has 
been proven to deteriorate the symptoms associated with 
renal insufficiency, high-dose zinc (150 mg/day) following 
stem cell transplantation, and a weekly dose of 70 mg zinc 
not only reduced the incidence of death from pneumonia 
but also lowered the incidence of diarrhea,with overall 
mortality reduced by 85% [8]. Due to the fact that zinc is 
liable to be bound to proteins in the plasma [9], glomerular 
filtration and consecutive urinary excretion are limited 
[10] that the zinc-protein binding complexes function as 
Zn-protein enzymes in the human body.

Serum zinc levels tend to decrease with CKD progression 
and become lower in maintenance dialysis patients that 
patients on hemodialysis frequently develop zinc deficiency 
due to zinc removal during hemodialysis, inadequate 
dietary intake. Serum zinc level is low and serum leptin 
level is high in patients with CKD that serum zinc level of 
the studied patients (mg/dl) 60.9 ± 13.3 before and  95.0 
± 9.84 after zinc supplementation [11].  Optimal serum 
zinc level as normal zinc status is given as 80～120 µg/dL 
such as Japanese Practical Guidelines > 80 µg/dL, National 
Health and Nutrition Examination Survey ≥100 µg/dL, and 
in stroke in participants ≥ 120 µg/dL [12].  Low zinc intake 
has significantly increased risk of incident CKD that mean 
eGFR was 92.1 ± 16.1 ml/ min/1.73m2. The mean daily 
zinc intake and zinc intake density were 86 ± 3.4 mg and 
4.4 ± 0.944 mg/1000 kcal, respectively [13].  

Zinc supplementation may be beneficial for nutritional 
status in children and adolescent with CKD, especially 
with 30 mg/day of zinc supplementation that is bound 
to several proteins such as albumin, a-macroglobulin and 
transferrin that the decrease of circulating zinc levels in 
CKD is partly caused by renal losses of zinc, becoming 
zinc-deficiency in CKD and possibly due to impairment in 
tubular reabsorption [14].  Moreover, zinc supplementation 
reduces urinary albumin excretion in patients with type 2 
diabetes mellitus (DM) with micro-albuminuria and zinc 
supplementation may protect against the exacerbation of 
renal dysfunction, in which CKD is a significant risk factor 
for end-stage kidney disease (ESKD) and cardiovascular 
disease (CVD), hence, prevention of CKD progression 
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is an important strategy to improve poor prognosis and 
avoid deterioration in quality of life [15]. The other, 
uremia-induced alterations in protein metabolism 
and gastrointestinal tract function can result in poor 
nutritional status and Protein-Energy Wasting (PEW) 
become clinically manifest at an advanced stage, which 
increases the risks of CVD and infection, in which the non-
traditional factors which increase the cardiovascular risk 
in CKD patients [16].   

In this semi-review article, zinc(II) induced renal 
functional activities for CKD prevention and regulatory 
CKD development with mild stage, moderate stage,and 
severe stage are investigated, and subsquently,zinc(II) 
ions-binding molecular mechanism is clarified.

CKD (chronic kidney disease) development
CKD was defined as an estimated glomerular filtration rate 
(eGFR) of less than 60 mL/min/1.73 m2.  The classification 
of CKD depending on GFR value consists of stage 1 — 
normal GFR (above 90 mL/min/1.73 m2 ) with persistent 
microalbumin,  stage 2 — GFR 60–89 mL/min/1.73 m2 
with persistent microalbumin,   stage 3 — GFR 30–59 mL/
min/1.73 m2,  stage 4 — GFR 15–29 mL/min/1.73 m2, and  
stage 5 — GFR below 15 mL/min/1.73 m2 or end-stage 
renal disease (ESRD) [17]. 

CKD also can be classified into five stages based on the 
eGFR levels of individuals. eGFR is categorized into stages 
1 to 5 of CKD as follows: stage 1 (eGFR ≥90 mL/min/1.73 
m2 ), stage 2 (60–89 mL/min/1.73 m2 ), stage 3A (45–59 
mL/min/1.73 m2 ), stage 3B (30–44 mL/min/1.73 m2 ), 
stage 4 (15–29 mL/min/1.73 m2 ), and stage 5 (< 15 mL/
min/1.73 m2 ) [18]. 

The other, CKD stages have 1, 2, 3, 4, 5 stages /  First stage,  
middle stage, final stage / Mild stage, moderate stage, 
severe stage  that zinc induced CKD stages of mild stage, 
moderate stage, and severe stage have the probability 
of CKD regression and mortality far exceeded the risk of 
progression or kidney failure that CKD regression may be 
at least as common as CKD progression or kidney failure 
for mild to severe CKD [19].

Accordingly, CKD has been defined as an estimated 
glomerular filtration rate (eGFR) of less than 60 mL/
min/1.73 m2.   Stage 1 CKD; eGFR 90 or greater,   Stage 
2 CKD; eGFR between 60 and 89,  Stage 3 CKD; eGFR 
between 30 and 59,  Stage 4; eGFR between 15 and 29,  
and Stage 5 CKD; eGFR less than 15.  Low dietary zinc 

intake for normal renal function may increase the risk of 
CKD development.

Zinc induced CKD prevention
Zinc(II) could prevent to CKD that zinc can prevent the 
oxidative stress and the inflammatory response, the 
intensification of the immune response, especially zinc 
deficiency (ZnD) is a risk factor for CKD progression with the 
recommended zinc dose ranges from 1.5 to 7.7 mmol/day 
or 1 mg/kg/day snd absorption is decreased in oral intake 
going from the dietary 40% - 90% to the supplementary 
8% - 38% [20].  ZnD also serves an important role in 
the pathogenic mechanisms of renal interstitial fibrosis 
during the development of diabetic nephropathy (DN) and 
suboptimal zinc status induces renal tubulointerstitial 
injury associated with the development of DN, in which 
30 mg/day of zinc supplementation may benefit in the 
medication and prevention of the CKD [21]. 

Renal effect of zinc-activated metallothionein is involved that 
a significant positive correlation between metallothionen 
and eGFR in vivo in case of Zn administration, which could 
indicate a protective role of metallothionens in a setting 
of reduced kidney function, which is possibly influenced 
by Zn [22]. As low zinc intake has been associated with 
a significantly increased risk of incident CKD, the mean 
daily zinc intake and zinc intake density are assumed to 
be adapted to 8.6 ± 3.4 mg and 4.4 ± 0.9 mg/1000 kcal, 
respectively [23].                                                                              

Zinc induced mild stage of CKD 
progressing
In the patients with different degrees of chronic renal 
failure, a statistically significant negative relationship 
was found between plasma zinc and serum creatinine 
concentrations. These data confirm that plasma zinc levels 
are reduced in patients with chronic renal failure and 
suggest that zinc deficiency may be related to the degree 
of renal insufficiency. Many factors could contribute to 
the decrease of plasma zinc levels in these patients [24].  
The effect of zinc intake on serum zinc level 76 mg/dL, 
eGFR 30-59 and serum creatinine concentration at CKD 
mild stage becomes that Zinc intake <11 mg/Day and  
≥11 mg/Day are Serum creatinine 0.99 and  0.97 mg/dL, 
respectively [25].  ZnD may result in apoptosis, oxidative 
stress, inflammation, and uncontrolled blood pressure, all 
of which are risk factors for CVD that approximately 60–
80% of zinc is combined with albumin in serum, with an 
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increase in urinary albumin levels, while serum albumin 
and serum zinc levels decrease in patients with advanced 
CKD patients are also susceptible to ZnD owing to an 
inadequate dietary intake and reduced gastrointestinal 
zinc absorption that poor outcomes in maintenance 
hemodialysis (HD) patients were attributed to ZnD [26].  

Patients excreting large amounts of urinary protein which 
the proteins in the urine are comprised of albumin and 
globulin from the plasma, should be considered at high 
risk for renal disease progression that the upper limit of 
normal for total urinary protein excretion is 150 mg/24 
h, in which the normal amount of albumin excretion is 
<30 mg/day (<20 g/min). Persistent albumin excretion 
between 30 and 300 mg/day (20–200 g/min) is considered 
microalbunminuria.  Values >300 mg/day are considered 
overt proteinuria or macroalbuminuria.  The minimized 
proteinuria is an important therapeutics that reduce 
urinary protein excretion [27]. 

Specific glycoprotein alterations might be useful in 
predicting CKD progression that urinary glycoproteins 
unique to CKD patient having body mass index 30.5(kg/
m2), serum creatinine 1.75(mg/dL), eGFR 52.0 (mL/min), 
protein/creatinine ratio 2.15, allow depletion of albumin 
and other abundant plasma proteins while providing 
a more thorough analysis of a subfraction of the urine 
proteome [28].   The other, NADPH oxidases (Noxs) play 
a critical role in kidney damage and Nox2-containing Nox 
plays a role in cyclosporine induced kidney damage, while 
Nox4-containing Nox is involved in diabetes-induced 
kidney damage [29]. 

Zinc induced moderate stage of CKD 
progressing
Low dietary zinc intake may increase the risk of CKD 
development in individuals with normal renal function 
that the mean serum Zn concentration in patients on 
maintenance HD was significantly with the cut-off point 
of 70 µg/dL [30].  Serum zinc is 52.8 µg/dL at eGFR 30-
44 that the serum zinc level is shown to be at moderate 
stage [26].  Zinc-deficiency at stage 2-3 is that urinary zinc 
excretion was significantly higher in CKD patients and zinc 
fractional excretion was stable in the early stage of CKD, 
then a sudden and strong increase was seen in stage 3 
patients [12].  Urinary protein excretion with CKD patient 
at moderate stage occurs that zinc supplementation 
reduces urinary albumin excretion in patients with type 
2 diabetes mellitus (DM) with microalbuminuria that zinc 

supplementation may protect against the exacerbation of 
renal dysfunction [15]. 

Zinc may reduce proteinuria in diabetic patients that zinc 
levels are lower in CKD and account for zinc imbalance in 
CKD that CKD patients had lower circulating zinc levels 
and higher 24-h urinary zinc excretion  than non-CKD 
participants (612.4 versus 479.2 μg/day) and the fractional 
excretion (FE) of zinc increases with more advanced CKD 
stages, in which this factor of urinary zinc excretion may 
be involved that an increase in zinc’s binding to alpha2-
macroglobulin may reduce the amount of ultra-filterable 
zinc, thus altering the urinary zinc excretion and reduced 
albumin excretion in microalbuminuric type 2 diabetic 
patients [31, 32]. 

Thus, zinc may reduce proteinuria excretion in CKD 
patients that the urinary protein excretion composed of 
albumin becomes decreasing for an important therapeutics 
of proteinuric CKD.  

Zinc induced severe stage for CKD and end-
stage renal disease (ESRD)
Zinc induced severe stage of eGFR=15~29.

In CKD 4-5 stage, risk of CVD becomes higher [33] that Zn 
supplementation in the process of recovery from CVDs 
would be most beneficial primarily for the prevention and 
appropriate dietary recommendations, food fortification, 
and agronomic bioforti-fication strategies can attain 
sufficient levels of dietary Zn in daily diets and potentially 
diminish the risk of developing CVDs [34] and zinc 
supplementation of 25 mg/day in zinc homeostasis has a 
beneficial effect for CVD in vas cular dysfunction [35 ].

Factor of ZnD in CKD is depended on that zinc ions 
are present predominantly as being bound to proteins 
such as albumin, α-macroglobulin, and transferrin with 
approximately 60–80% of zinc in serum bound to albumin 
related to low zinc levels in CKD patients that zinc intake 
has been shown to be lower in patients with advanced stage 
CKD, in which ZnD in CKD progressing occurs by decreased 
food intake, increased urinary excretion that the effect of 
zinc supplementation on kidney function in pre-dialysis 
CKD is needed to determine that zinc supplementation 
greater than 45 mg/day may be necessary to increase 
the serum zinc level in HD patients [12].  Zinc balance in 
uremia by nutritional zinc represents the major factor in 
the development of negative zinc balance in zinc deplete 
animals after the onset of renal insufficiency, in which 
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the inverse association between urinary zinc excretion 
and uromodulin could partly account for zinc imbalance 
in CKD and zinc levels are lower in CKD by reduced renal 
zinc excretion [36].  As zinc levels are lower in CKD, and 
not compensated by reduced renal zinc excretion and 
uromodulin possibly points which could partly account for 
zinc imbalance in CKD [31]. 

Thus, zinc intake of 30 mg/day and serum zinc level of  
60~76 μg/dL could slow down CKD progression.

Urine Zinc-Deficiency with Urinary Zinc Excretion 
in CKD (Can be Reduced and Stopped in Renal 
Activity)

Factor of zinc-deficiency in CKD is involved that zinc ions 
are present predominantly as being bound to proteins 
such as albumin, α-macroglobulin, and transferrin, with 
approximately 60–80% of zinc in serum bound to albumin 
everal hypotheses related to low zinc levels in CKD 
patients have been proposed, such as low dietary intake 
due to protein restriction and decreased gastrointestinal 
absorption of dietary zinc due to impairment and zinc 
intake has been shown to be lower in patients with 
advanced stage CKD.   

Urinary zinc excretion was significantly higher in CKD 
patients (612.4 µg/24 h) as compared with non-CKD 
patients with preserved kidney function (479.2 µg/24 h) 
and from uromodulin, a protein produced by tubular cells 
identified as a marker of tubular mass and function in the 
general population, urinary zinc loss may be linked to the 
low number of functional tubules associated with CKD [12, 31].

Plasma zinc and urine zinc contents decrease with CKD 
progressing that the plasma zinc content in healthy 
controls exhibits normal values (14.2±1.1 mmol/l) while 
it showed moderately decreased values in CRF patients on 
conservative treatment (9.7± 0.9mmol/l ) and on CAPD 
treatment (9.1 ± 1.2 mmol/l ) and The urine zinc content of 
healthy controls (8.5 ± 0.5 mmol/day) and conservatively 
treated chronic renal failure (6.3 ± 0.6 mmol/ day) [37].

Zinc-Induced ESRD (Stage 5, Egfr < 15),  ESRD 
Prevention

Zinc supplementation benefits the nutritional status 
of maintenance hemodialysis (MHD), leads to an anti-
inflammatory and antioxidative effect in MHD, and there 
is a need for the effects of zinc supplementation on clinical 
endpoint events and on race [38].  Serum zinc concentration 

is baseline serum zinc levels: tertile, <45, 45–59, and 
≥60 µg/dL that the baseline subject characteristics were 
divided according to baseline serum zinc levels at the first 
HD and that serum zinc and serum albumin levels are 37.4 
± 5.4 and 2.6 ± 0.6 µg/dL, respectively, for as eGFR 6.6 
(5.2–8.3) [26]. 

Serum zinc (Zn) levels tend to be low in chronic kidney 
disease (CKD) patients that Zinc induced ESRD is involved 
in eGFR below 15 mL/min/1.73 m2 or ESRD that the mean 
Zn level was 59.6 μg/dl and the median eGFR was 20.3 ml/
min/ 1.73 m2 [15].  

Zinc supplementation greater than 45 mg/day may be 
necessary to increase the serum zinc level in hemodialysis 
patients that in children with hemodialysis patients 
aged between 5 and 18 years old,  given daily zinc 
supplementation of 50–100 mg for 90 days found that 
serum zinc was significantly increased from 53.2 ± 8.15 to 
90.75 ± 12.2 µg/dL (p= 0.001) [12].  In addition, zinc 15 mg/
day and Selenium 50–70 μg/day are recommended such as 
micronutrient supply in adult patients on haemodialysis 
and peritoneal dialysis [39].  

Thus, zinc induced ESRD functional activity is involved 
that serum zinc concentration is baseline serum zinc 
levels: tertile, <45, 45–59, and  ≥60 µg/dl,  Zn level was 
59.6 μg/dl and the median eGFR was 20.3 ml/min/ 1.73 
m2, serum zinc and serum albumin levels are 37.4 ± 5.4 
and 2.6 ± 0.6 µg/dL, respectively, in which Zinc 15 mg/day 
and Selenium 50–70 μg/day are recommended such as 
micronutrient supply in adult patients on haemodialysis 
and peritoneal dialysis and In children with hemodialysis 
patients aged between 5 and 18 years old,  given daily zinc 
supplementation of 50–100 mg for 90 days found that 
serum zinc was significantly increased from 53.2 ± 8.15 
to 90.75 ± 12.2 µg/dL (p=0.001).   In addition, serum zinc 
level in HD patient has been recommended as a serum zinc 
range (≤78.3 µg/dL) [26].  

Accordingly, zinc can prevent ESRD, in which serum zinc 
range (≤78.3 µg/dL) and daily zinc supplementation 
of 50–100 mg for 90 days found that serum zinc was 
significantly increased from 53.2 ± 8.15 to 90.75 ± 12.2 µg/
dL (p= 0.001), and Zinc 15 mg/day and Selenium 50–70 
μg/day are recommended as micronutrient supply. Thus, 
Zinc intake of 45-75 mg/day and serum zinc level of  ≤78.3 
µg/dL could prevent ESRD stage.    
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Zinc induced ROS generation in CKD 
progression
Zinc induced Nox activation occurring ROS generation 
in CKD cell involves assembly of enzyme’s membrane-
associated subunits with cytosolic subunits that ROS 
are by-products of aerobic metabolism and include the 
superoxide anion (O2•– ), hydrogen peroxide (H2O2), and 
hydroxyl radicals (OH•), and in the kidney, mitochondria 
and the Nox family are the major sources of endogenous 

ROS.  For Nox, Seven different Nox homologues have been 
characterized (Nox1–Nox5, DUOX1, and DUOX2) with 
different activation mechanisms, heterogeneous tissue 
distribution and subcellular localizations. Nox4 is the 
principal Nox isoform in the kidney [40].  

Nox is activated by ROS production in endothelial vascular 
smooth muscle and renal parenchymal cells that zinc 
induced NADPH oxidase activation can reduce chronic 
inflammation and oxidative stress in CKD [41]. 

Table 1. Zinc induced immune renal functional effect on chronic kidney disease development

 Zn2+  ions Zinc induced renal functional activities on CKD prevention, mild stage, moderate stage, and severe stage, ESRD

Zn2+

   →

CKD
   Prevention

Mild Stage, 
   eGFR= 45∿60  

Moderate Stage 
   eGFR= 30∿44

Severe Stage 
eGFR=15∿29, ESRD(Stage 5) < 15

→ →   Zn2+

-Zinc effect for 
  decrease in 

  oxidative stress 
and inflammatory

  response, immune
Daily zinc intake 
   and zinc intake 

   density are 
assumed to be 

   adapted to 8.6 ± 
   3.4 mg and 4.4 ±                            
0.9 mg/1000 kcal,     

respectively.
-Zinc supplemen-
  tation benefits 
  hormones and
  parathormone

-Zn; 52 ages, 8.6 
  mg/day, eGFR=

  92.8
-Zinc; beneficial 

  30 mg/day

→ Zn2+,  O2-, H2O2, 
.OH,    Nox2

-ZnD is a risk factor
 for CKD progressing

-Nox2-derived  
  oxidative stress and
  Nox4 NADAPH can

 reverse ZnD-induced
  kidney damage

-Serum zinc 76 mg/
  dL, eGFR 30-59

-Serum zinc  ≥60 µg/
  dL,  eGFR 45-59
-Serum creatinine 

  1.75(mg/dL), eGFR
   52,0 (mL/min), pro-
  tein/creatinine ratio

  2.15, eGFR 52.0 
  (mL/min) at urinary

  glycoproteins
-Zinc 15 and 30 mg/ 
  day for 12 month 

-Zn level; 1.57-7.7 m
  mol/day, or 1mg/

kg/day
-Zinc; 30 mg/day for

 beneficial nutritional
 status

→ Zn2+, O2, H2O2,  
    OH, Nox2

-Low dietary zinc 
  intake increases 

the risk of CKD 
progress

-Nox2-derived 
  oxidative stress 
can reverse ZnD-

induced
  kidney damage

-Urinary zinc 
excretion

  612.4 µg/24 h, 
ZnD

    risk factor
-Serum albumin  
3.1 ±  0.5 (g/dL) 

→ Zn2+, O2-,  H2O2, .OH, Nox2
-Decreased plasma and urine zinc

  contents
-Higher and increased zinc urinary
   excretion ( > 612.4 μg/24h) and

   zinc FE (higher 0.9%)
 -Zn 71.6 μg/dl,  Creatinine 1.98

   μg/dl,  eGFR=22.7 Zn 48.2 μg/dl, 
Creatinine 2.55 μg/dl,  eGFR=18.2

-NADPH oxidase activation
   reduce chronic inflammation 

   and oxidative stress
-NADPH oxidase-2 can reverse
   ZnD-induced kidney damage

-Zn level=59.6 μg/dl, eGFR=20.3
-Zinc; more than 45 mg/day ESRD  

< 15 eGFR
-Serum zinc and serum albumin

  levels are 37.4 ± 5.4 and 2.6 ± 0.6
  µg/dL, respectively, for as eGFR

   6.2(5.2–8.3)
-Serum zinc and albumin; 52.8 µg/ 

dL and 3.1 g/dL, eGFR; 5.3. 
-Higher doses of zinc (≥75 mg/d)

  and higher doses of selenium 
(≥100 mcg/d) with control. 

-In children Zinc 50–100 mg for 90 
days serum zinc from 53.2 to 90.75
  µg/dL, cut-off point of  70 μg/dL

-Serum zinc level ≤78.3 µg/dL, and
   zinc 45-75 mg/day in HD

Zinc-binding protein molecular mechanism; Zn2+ ions-several protein complexes coordinated binding   model of ligands of such as 
albumin, a-macroglobulin and transferrin had been found on the binding specificity by Zn2+ ions-centered tetrahedral geometric 
coordination for this Zn2+ ions-centered coordina-tion pattern that the decrease of circulating zinc levels in CKD is partly caused by 
renal losses of zinc, becoming zinc-deficiency in CKD, and possibly due to impairment in tubular reabsorption.
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Zinc ions-proteins binding molecular 
mechanism with CKD development
Zinc induced zinc ions-proteins interaction complexes 
are formed that Zn2+ ions tend to bind many proteins by 
zinc ions-protein interaction in CKD blood. The zinc ions 
complexes may play important role that Zn2+ ions-protein 
complexes are liable to form for this Zn2+  ions-centered 
coordination pattern that the zinc-coordinating inhibitor 
of tetrahedral zinc sites is tetrahedrally coordinated 
binding to such as the catalytic triad of zinc-activated 
Serine, Histidine and Aspartate Hydrogen Residues.  

Thus, Zinc(II) ions-binding protein molecular mechanism 
is involved that Zn2+ ions-several protein complexes 
coordinated binding model of ligands of such as albumin, 
a-macroglobulin and transferrin in several proteins 
had been found on the binding specificity by Zn2+ ions-
centered tetrahedral geometric coordination for this Zn2+ 

ions-centered coordination pattern that the decrease of 
circulating zinc levels in CKD is partly caused by renal 
losses of zinc, becoming zinc-deficiency in CKD, and 
possibly due to impairment in tubular reabsorption. 

Accordingly, as mentioned above, renal functional activities 
of zinc induced CKD development with CKD prevention 
and inhibitory progression with mild stage, modrate stage, 
and severe stage, respectively, are represented in Table 1, 
including with Zinc(II) ions-binding protein molecular 
mechanism caused by Zn2+ ions-several protein complexes 
coordinated binding model of ligands of such as albumin, 
a-macroglobulin and transferrin in several proteins.

Conclusions
Zinc(II) induced renal functional activities for inhibitory 
chronic kidney disease (CKD) progression with mild 
stage, moderate stage, and severe stage are elucidated, 
subsequently the zinc induced binding protein molecular 
mechanism has been clarified.                                     

Zinc induced CKD prevention is involved that zinc 
supplementation with 30 mg/day may benefit a metabolic 
improvement, a decrease in cardiovascular diseases 
(CVD), and the neurologic function in the medication and 
prevention of the CKD. 

Zinc induced renal functional activity for mild stage of CKD 
is involved that zinc supplementation of 30 mg/day may 
be beneficial for nutritional status in CKD children and 
adolescents, serum albumin, zinc and C-reactive protein 

(CRP) levels. Zinc(II) may reduce urinary protein excretion 
that is composed of albumin, urinary protein excretion 
is considered at high risk for renal disease progression, 
and the minimized proteinuria excretion is an important 
therapeutics.

Zinc induced renal functional activity for moderate stage 
of CKD is involved that zinc fractional excretion is stable in 
the early stage of CKD, then a sudden and strong increase 
was seen in stage 3 patients, in which urinary zinc 
excretion was significantly higher in CKD patients (612.4 
± 425.9 µg/24 h) as compared with non-CKD patients 
with preserved kidney function (479.2 ± 293.0 µg/24 h). 
This factor of urinary zinc excretion is considered that an 
increase in zinc’s binding to alpha2-macroglobulin may 
reduce the amount of ultra-filterable zinc, thus altering the 
urinary zinc excretion.

Zinc induced renal functional activity for severe stage and 
end-stage renal disease (ESRD) of CKD is involved that 
zinc is actively bound to several proteins such as albumin, 
a-macroglobulin and transferrin that the decrease of 
circulating zinc levels in CKD is partly caused by renal 
losses of zinc, becoming zinc-deficiency in CKD and 
zinc intake has been shown to be lower in patients with 
advanced stage CKD, and that ESRD in CKD has the baseline 
subject characteristics were divided according to baseline 
serum zinc levels at the first HD and that serum zinc and 
serum albumin levels are 37.4 ± 5.4 and 2.6 ± 0.6 µg/dL, 
respectively, for as eGFR 6.6 (5.2–8.3). Further, Zinc 15 mg/
day and Selenium 50–70 μg/day are recommended such as 
micronutrient supply in adult patients on haemodialysis 
and peritoneal dialysis.

Zinc induced ROS generation in CKD progressing is that 
ROS are by-products of aerobic metabolism and include 
the superoxide anion (O2•– ), hydrogen peroxide (H2O2), 
and hydroxyl radicals (OH•).  Reduced Zn2+ bioavailability 
induces NADPH oxidase upregulation, thereby promoting 
oxidative stress and subsequent kidney damages.  

Zinc(II) ions-binding protein molecular mechanism 
is involved that Zn2+ ions-several protein complexes 
coordinated binding model of ligands of such as albumin, 
a-macroglobulin and transferrin in several proteins had 
been found on the binding specificity by Zn2+ ions-centered 
tetrahedral geometric coordination.  The decrease of 
circulating zinc levels in CKD is partly caused by renal 
losses of zinc, becoming ZnD in CKD, and possibly due 
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to impairment in tubular reabsorption, in which causing 
zinc-activated serine, histidine and aspartate hydrogen 
residues enhance renal function activity and resulting 
inhibition of CKD progression is proceeded. 
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