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Abstract

Background The aim of this double-blind, placebo-controlled study was to investigate the effect of vitamin £
supplementation as an addition to a commercial renal diet on survival time of cats with different stages of chronic
kidney disease (CKD). In addition, we were interested whether vitamin E supplementation affects selected oxidative
stress and clinical parameters. Thirty-four cats with CKD and 38 healthy cats were included in the study. Cats with
CKD were classified according to the IRIS Guidelines; seven in IRIS stage 1, 15 in RIS stage 2, five in IRIS stage 3 and
seven in IRIS stage 4. Cats with CKD were treated according to IRIS Guidelines. Cats with CKD were randomly assigned
to receive vitamin E (100 1U/cat/day) or placebo (mineral oil) for 24 weeks in addition to standard therapy. Plasma
malondialdehyde (MDA) and protein carbonyl (PC) concentrations, DNA damage of peripheral lymphocytes and
plasma vitamin E concentrations were measured at baseline and four, eight, 16 and 24 weeks thereafter. Routine
laboratory analyses and assessment of clinical signs were performed at each visit.

Results Vitamin E supplementation had no effect on the survival time and did not reduce the severity of clinical
signs. Before vitamin E supplementation, no significant differences in vitamin E, MDA and PC concentrations

were found between healthy and CKD cats. However, plasma MDA concentration was statistically significantly

higher (p=0.043) in cats with early CKD (IRIS stages 1 and 2) than in cats with advanced CKD (IRIS stages 3 and 4).
Additionally, DNA damage was statistically significantly higher in healthy cats (p <0.001) than in CKD cats. Plasma
vitamin E concentrations increased statistically significantly in the vitamin E group compared to the placebo group
four (p=0.013) and eight (p=0.017) weeks after the start of vitamin E supplementation. During the study and after 24
weeks of vitamin E supplementation, plasma MDA and PC concentrations and DNA damage remained similar to pre-
supplementation levels in both the placebo and vitamin E groups.

Conclusions Vitamin E supplementation as an addition to standard therapy does not prolong survival in feline CKD.
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Background

Chronic kidney disease (CKD) is one of the most
common reasons for mortality in cats [1]. Tubular
degeneration, interstitial inflammation, fibrosis, and glo-
merulosclerosis are the most common histopathologi-
cal changes found in cats with CKD; the severity of the
mentioned changes being greater in the later stages of the
disease [2].

However, in human CKD patients, CKD is mostly a
glomerular disease, where oxidative stress is recognized
as an important factor in CKD progression, acting as a
mediator of chronic inflammation [3-6], and causing oxi-
dative damage to membrane and plasma lipids, proteins,
and DNA [3, 4, 7-17].

Despite several reports, there is still little insight into
the role of oxidative stress in the pathophysiology of
feline CKD due to inconsistency in the results of pub-
lished studies [18-27]. It has been suggested that anti-
oxidant defence mechanisms are induced in feline CKD
[19, 20] and that oxidative stress may be highest in the
early stages of CKD in cats as indicated by the increased
levels of plasma and urine F2-isprostanes [22, 23], a
well-known and reliable biomarker of lipid peroxidation
and thus oxidative stress [28—30]. In another study, no
differences in oxidative stress parameters in CKD cats
compared to healthy cats were found [21]. In contrast,
the authors of a recent study reported that plasma con-
centrations of malondialdehyde (MDA), a known lipid
peroxidation biomarker, and 8-hydroxy-2-deoxy-guano-
sine (8-OHdG), a biomarker of oxidative DNA damage,
increase with the severity of feline CKD [26].

The serum concentration of vitamin E, a lipid soluble
antioxidant that is a highly potent free radical scavenger
[7, 31] protecting lipid membranes from peroxidation,
is decreased in human [14] and canine (measured in
plasma) [32] CKD patients due to increased production
of reactive oxygen species. A significant negative cor-
relation was found between serum vitamin E and C and
serum creatinine, serum urea and serum MDA in human
CKD patients [7].

Vitamin E supplementation in haemodialysis patients
has been reported to decrease the extent of lipid peroxi-
dation, as indicated by decreased serum MDA concentra-
tion after supplementation, and to increase antioxidant
enzyme activity, erythrocyte superoxide dismutase and
catalase activities, and concentrations of vitamins E and
C [13]. The results of the systematic review and meta-
analysis on the effects of vitamin E supplementation on
MDA in haemodialysis patients also support the use of
vitamin E to reduce lipid peroxidation and thus oxidative
stress in these patients [33].

In human CKD patients it has been reported that vita-
min E supplementation improved anaemia and response
to erythropoietin treatment [34] and decreased the
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incidence of cardiovascular complications and athero-
sclerosis [35]. In dialysis patients, a protective effect of
vitamin E has been noted with respect to oxidative DNA
damage [36]. Moreover, it has been suggested that vita-
min E may slow down the progression of CKD as has
been shown in animal models [37]. Although the SPACE
study (Secondary Prevention with Antioxidants of Car-
diovascular disease in End-stage renal disease) did not
show a significant difference in overall mortality, a sig-
nificant decrease in combined cardiovascular events was
noted in the group of patients receiving vitamin E [38].
In contrast, it has even been suggested that vitamin E
supplementation in human CKD patients was not recom-
mended as it has been shown to have no apparent effect
on the overall mortality [39].

It is still unclear whether antioxidant treatment in
cats with CKD has the same effect on clinical status and
survival as in human patients [38, 40]. In feline CKD
patients, vitamin E supplementation was reported to have
no effect on total antioxidant capacity, measured as cop-
per ion reducing antioxidant capacity, or anaemia [41].
In another study, supplementation with a combination
of antioxidants (vitamin C, vitamin E and p-carotene)
resulted in a significant decrease in oxidative DNA dam-
age [21].

Studies have reported that commercial renal diets con-
taining vitamin E and other antioxidants in different con-
centrations can prolong survival in cats with CKD [42,
43]. However, there are no studies that have investigated
the effect of antioxidant supplementation as an addi-
tion to standard diet and therapy on survival in cats with
CKD. Therefore, the aim of this study was to investigate
the effect of vitamin E supplementation on survival time
of cats with CKD. In addition, selected oxidative stress
parameters, including plasma concentrations of vitamin
E, MDA and protein carbonyls (PC), a biomarker of oxi-
dative damage to proteins, and percentage of tail DNA
(descriptor for DNA break frequencies assessed by comet
assay), a biomarker of the extent of DNA damage, and
clinical parameters were assessed at baseline and during
the supplementation period.

Results
Cats
Thirty-five cats with CKD and 44 healthy cats (altogether
79 cats) of both sexes were enrolled in this study. Seven
cats were excluded due to underlying disease: six from
the group of healthy and one with CKD. Finally, 34 CKD
cats were included in this double-blind, placebo-con-
trolled study (Tables 1 and 2). Healthy cats were statisti-
cally significantly younger (Table 1).

The CKD cats received vitamin E or placebo for 24
weeks and were followed up for 45 months.
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Table 1 Demographic characteristics and selected laboratory findings of CKD cats and healthy cats before supplementation

RI Healthy cats CKD group

(n=38) (n=34)

IRIS Stage - None RIS 1 IRIS 2 IRIS3+4
(n=7) (n=15) (n=12)
F/M - 24 (3 intact)/14 (3 intact) 3/4 8/7 6/6
(1 intact)

Age (years) - 3.0° 12.0 8.0 125

(1.0-6.0) (7.5-13.0) (5.0-11.5) (9.0-14.5)
Body weight (kg) - 4.2 4.6 43 34

(34-4.9) (4.2-6.1) (4.0-5.6) (3.1-5.7)
Vitamin E/placebo - None 3/4 7/8 8/4
Urea 2.5-96 9.5(7.8-10.5) 9.6 9.8 36.7°
(mmol/1) (83-11.0) (9.2-12.3) (24.0-50.9)
Creatinine 70.7-159.0 129.6 1352 176.3 491.9°
(umol/1) (110.8-139.9) (127.1-137.7) (153.1-193.4) (295.7-6904)
P 145-262 - 140 141 264°
(mmol/1) (1.17-1.54) (1.26-1.52) (1.78-3.69)
UPC “0.20 - 0.13 0.20 045°¢
(unitless) (0.09-0.22) (0.09-0.50) (0.24-0.92)
SBP <150 - 1250 131.0 162.0
(mm Hg) (117.0-155.8) (124.3-154.8) (144.5-1753)

Data are reported as median (interquartile range; 25-75th percentiles); RI=reference interval of the Laboratory of Small Animal Clinic, Veterinary Faculty Ljubljana;
2 statistically significant difference (p<0.05) compared with groups of CKD patients (IRIS 1, IRIS 2, IRIS 3+4); ° statistically significant difference (p<0.05) compared
with CKD stage 1 and CKD stage 2; € statistically significant difference (p<0.05) compared with CKD stage 1; F=female cats; M=male cats’ P=inorganic phosphate;
UPC=urine protein: creatinine ratio; SBP=systolic blood pressure

Table 2 Demographic characteristics and selected laboratory findings of CKD cats in the placebo/vitamin E group before
supplementation

RI Placebo group Vitamin E group
(n=16) (n=18)

IRIS 1/2/3+4 - 4/8/4 3/7/8
F/M - 8/8 9/9 (1 intact)
Age (years) - 9.0 (5.0-13.0) 11.0 (6.0-14.0)
Body weight (kg) - 43(3.2-5.1) 4.6 (3.9-6.6)
Urea 25-96 11.7 (9.3-19.8) 11.3(9.3-35.1)
(mmol/l)
Creatinine 70.7-159.0 173.9 (135.2-246.2) 193.0 (150.4-461.0)
(umol/I)
p 1.45-2.62 145 (1.16-1.62) 140 (1.32-2.61)
(mmol/l)
UPC “0.20 0.24 (0.09-0.81) 0.24 (0.15-0.36)
(unitless)
SBP <150 129.0 (123.3-158.7) 155.0(129.5-166.5)
(mm Hg)

Data are reported as median (interquartile range; 25-75th percentiles); Rl = reference interval of the Laboratory of Small Animal Clinic, Veterinary Faculty Ljubljana;
F=female cats; M=male cats; P=inorganic phosphate; UPC=urine protein: creatinine ratio; SBP=systolic blood pressure

Table 3 Number of sampled cats on different occasions

During the study, three cats from the vitamin E group

Sampling time (weeks) IRIS 1+2 IRIS3+4
placebo vitaminE  placebo vitamin E (staged IRIS 4 at inclusion) and four cats from the pla-
0 1 10 4 3 cebo group (stage at inclusion: two IRIS 4, one IRIS 3,
1 8 5 4 and one IRIS 2) were euthanized due to severe signs of
9 7 1 3 uraemia. The fluctuation of cases was not only due to the
16 7 9 2 5 death of the animals, but due to the non-attendance of
24 8 3 1 1 the owners (Table 3).

After the supplementation period of 24 weeks, the cats
were monitored for up to 45 months.
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During this time period, 4 more cats were euthanized
and one died. One cat was euthanized due to severe signs
of uraemia and four cats (two from the placebo group and
two from the vitamin E group) due to non-renal causes:
one due to lymphoma, one due to a car accident, two of
unknown cause according to the owners.

During the study, there was no statistically significant
difference in the clinical sign scores between the vita-
min E and placebo groups at any stage of CKD (Table 4).
Detailed scores are presented in Supplementary Table 1
(IRIS 1+2) and 2 (IRIS 3+4).

Survival time

The survival time was assessed from the beginning of
the study at inclusion. Survival time was statistically
significantly associated with the stage of CKD at inclu-
sion (p=0.001; Fig. 1A). Patients were followed up for
45 months. All cats in IRIS stage 1 survived during this
period. The median survival time was 37.5 months in cats
with IRIS stage 2 and 2.5 months in cats with IRIS stage
3+4.

There was no statistically significant difference in the
survival time between cats in the vitamin E and placebo
groups, regardless of CKD stage (Fig. 1B). In IRIS stage
2, the median survival time was 19 months in the placebo
group and 37 months in the vitamin E group (p=0.50).
In IRIS stage 3+4, the median survival time was 2.95
months in the placebo group and 2.5 months in the vita-
min E group (p=0.80).

Overall comparison of the survival of all cats treated
with placebo and all cats treated with vitamin E showed
no significant difference (p>0.99) in survival curves
(Fig. 1C). The median survival time was 19 months in
the placebo group (95% CI: 18.7 months — NA) and
37.6 months in the treated group (95% CI: 11.7 months
— NA).
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Oxidative stress parameters

Plasma vitamin E concentration

Before supplementation, there was no statistically sig-
nificant difference in plasma vitamin E concentration
between the vitamin E, control, and placebo groups (data
not shown). Plasma vitamin E concentrations and lipid-
standardized plasma vitamin E concentration (vitamin E
(LS)) statistically significantly increased in the vitamin E
group compared to placebo group four (p=0.013 (vita-
min E); p=0.001 (vitamin E (LS)) and eight (p=0.017
(vitamin E); p=0.007 (vitamin E (LS)) weeks after the
start of vitamin E supplementation (Table 5).

Plasma malondialdehyde and plasma protein carbonyl!
concentrations

There was no statistically significant difference in base-
line plasma MDA or PC concentrations between cats
with CKD and healthy cats. The baseline plasma MDA
concentration in healthy cats was 3.50 (2.70-4.00)
pumol/L and 2.90 (2.50-3.95) umol/L in cats with CKD,
while the baseline plasma PC concentration in healthy
cats was 25.8 (20.6—34.3) nmol/mL and 31.4 (26.1-39.0)
nmol/mL in cats with CKD.

However, plasma MDA concentration was statisti-
cally significantly higher (p=0.043) in cats with CKD
IRIS 1 and 2 (3.74 (3.39—-4.22) umol/L) than in cats with
advanced stages of CKD (3 and 4), where the plasma
MDA concentration was 2.76 (2.65-3.14) umol/L. Plasma
MDA and PC concentrations in the placebo group and in
the vitamin E group before supplementation and after
4, 8, and 24 weeks of supplementation are presented in
Table 6.

DNA damage

Cats in the group of healthy had a statistically signifi-
cantly higher percentage of tail DNA compared to cats
with IRIS stage 344 before supplementation (p<0.001,
Fig. 2). Although cats in stage 3+4 had lower percent-
age of tail DNA than cats in IRIS 142 the difference was

Table 4 Severity of clinical signs score during clinical study in cats with CKD IRIS 142 and IRIS CKD 3+4

Sampling time (week) Score for IRIS 1+2

Score for IRIS 3+4

0-4 5-7 0-4 5-7 8-10
0 Vitamin E 10 0 4 1 3
Placebo 12 0 1 2 1
4 Vitamin E 8 0 2 2 0
Placebo 11 0 2 0 0
8 Vitamin E 7 0 3 0 0
Placebo 8 1 1 0 0
16 Vitamin E 9 0 2 0 0
Placebo 7 0 2 0 0
24 Vitamin E 8 0 1 0 0
Placebo 7 1 1 0 0

n=number of included cats; Score: 0—4: mild clinical signs; 5-7: moderate clinical signs; 8-10: severe clinical signs; > 10: unacceptable clinical signs; euthanasia
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Table 5 Plasma vitamin E concentration and lipid-standardized vitamin E (vitamin E (LS)) during the study

Sampling time (week) Placebo group

Vitamin E (umol/L)

Vitamin E group
Vitamin E (umol/L)

Placebo group
Vitamin E (LS) x 1073 (unitless)

Vitamin E group
Vitamin E (LS) x 1073 (unitless)

0 3540 38.00 567 6.81
(26.20-45.18) (30.70-52.00) (4.56-7.58) (5.8-8.69)
n=15 n=17 n=15 n=17

4 3890 * 65.30 6.61% 10.12
(30.70-52.00) (45.23-74.18) (6.17-7.57) (8.44-11.86)
n=12 n=11 n=12 n=11

8 38.30* 68.95 6.28% 1142
(35.40-46.50) (43.70-98.90) (4.78-7.31) (7.31-14.52)
n=10 n=10 n=10 n=10

16 35.90 4220 7.05 7.79
(27.95-45.58) (38.70-57.00) (5.82-7.59) (6.98-9.75)
n=9 n=11 n=9 n=11

24 3820 68.40 7.03 9.59
(28.38-47.73) (42.28-83.90) (5.42-7.63) (6.36-10.53)
n=9 n=9 n=9 n=9

Data are reported as median (interquartile range; 25-75th percentiles); * p<0.05; n=number of sampled cats. Sample sizes differ between sampling times due to
deaths of cats and because not all of the cats were presented by the owners on each sampling occasion (incompliance of the owners)

Table 6 Plasma MDA and PC concentrations in the placebo and vitamin E groups during the study

Sampling time (week) PC (nmol/mL)

MDA (umol/L)

Placebo group

Vitamin E group

Placebo group

Vitamin E group

0 30.70 (26.55-40.60) 31.60 (25.62-36.98) 3.52(3.00-4.03) 3.29(2.73-391)
(n=15) (n=17) (n=12) (n=12)

4 31.90 (24.95-38.00) 31.25(27.98-37.05) 3.50(2.62-3.71) 3.69 (3.23-4.56)
(n=11) (n=10) (n=9) (n=10)

8 31.55(26.52-32.98) 30.10 (26.73-36.38) 3.93 (3.66-4.39) 4.16 (3.48-4.60)
(n=15) (n=17) (n=8) (n=9)

24 37.75(29.56-42.13) 29.23 (24.27-39.74) 397 (3.10-4.79) 3,65 (2.24-4.09)
(n=8) (n=9) (n=7) (n=6)

Data are reported as median (interquartile range; 25-75th percentiles); MDA=plasma malondialdehyde concentration; n=number of sampled cats; PC=plasma

protein carbonyl concentration

not statistically significant. Percentage of tail DNA in
the group of cats of all IRIS stages receiving placebo or
vitamin E before supplementation and after 4, 8 and 24
weeks of supplementation are presented in Table 7.

Discussion

The present double-blind, placebo-controlled study
tested the effect of vitamin E supplementation on the
survival of cats with CKD. To the authors’ knowledge,
this is the first study dealing with this topic in cats.

The results showed no effect of vitamin E supplementa-
tion on the survival time nor on the severity of clinical
signs. Survival time was statistically significantly depen-
dent on the stage of CKD at inclusion (before supplemen-
tation), which is in accordance with previously published
data [42-46]. According to current knowledge, the renal
diet is thus the only therapy proven to prolong survival in
cats and dogs with CKD [42, 47, 48].

Plasma vitamin E concentrations in cats with CKD
included in our study were consistent with previously
published data [21]. A statistically significant difference
in plasma vitamin E concentration between the placebo

and vitamin E groups was found four and eight weeks
after the start of supplementation when all CKD cats at
the same sampling occasion were grouped together. The
same results were obtained with lipid-standardized vita-
min E. However, vitamin E concentration and lipid-stan-
dardized vitamin E did not differ statistically significantly
between the placebo and vitamin E groups after 24 weeks
of supplementation, which could be due to the distribu-
tion of vitamin E in adipose tissue [49, 50], increased
excretion [50], or lower number of cats remaining in the
study. Besides, client owned cats were included where
owner compliance regarding vitamin E supplementation
could not be controlled as in a standardized environment.

In contrast to a previous report on CKD dogs [32],
none of the cats with CKD included in our study exhib-
ited vitamin E deficiency; their plasma vitamin E concen-
trations were near or even above the upper limit of the
reference interval [51].

At least 540 IU of vitamin E per kilogram of dry matter
of food is required to lower the concentration of serum
MDA and 4-hydroxynonenal of healthy cats [52]. Various
dosages of vitamin E as an antioxidant are recommended:
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Fig. 2 Percentage of tail DNA in cats with CKD and in the control group before supplementation. The results are presented in box plots. The asterisks (***)
denote statistically significant difference (Kruskal-Wallis nonparametric test and Dunn’s multiple comparison test) between control and CKD group (***
p<0.001); n (control)=38;n (IRIS1+2)=18; n (IRIS3+4)=8

Table 7 Percentage of tail DNA in the placebo and vitamin E

groups during the study

Sampling time (week)

% tail DNA

Placebo group

Vitamin E group

24

2215(0.120-7.612)
(n=11)

3.140 (0.318-8.667)
(n=5)
2.273(0.100-7.378)
(n=4)

2321 (0.145-6.491)
(n=5)

2.082(0.157-6.990)
(n=12)
3.023(0.152-8.354)
(n=7)
2.808(0.152-8.886)
(n=7)
2.120(0.144-5.733)
(n=5)

Data are reported as median (interquartile range; 25-75th percentiles);

n=number of sampled cats

30 IU/cat q24h [53, 54]; 10-15 IU/cat q24h [49]; 10-20
IU/kg q12h [54]. The cats in our study were fed a com-
mercial diet with a vitamin E containing 750 IU/kg dry
matter, which corresponds to a daily intake of 30 IU/
cat q24h. In addition, each cat in the vitamin E group
received 100 IU vitamin E per day or 30 IU/kg q24h. As
oxidative stress was assumed to be present in cats with
CKD, the chosen dose was in the upper range of the
recommendations.

In a previous study in CKD cats, 30 IU of vitamin E
daily per cat had no effect on measures of oxidative stress
or anaemia [41]. The authors suggested that the vitamin E
dose may have been too low to be effective, although the
vitamin E was not measured in the study [41]. Since there
was a statistically significant increase in plasma vitamin
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E concentration in our study, we can assume that the
selected vitamin E dose was appropriate.

As already mentioned, high doses of vitamin E were
used in the present study. To the authors’ knowledge,
there are currently no studies that would evaluate high
dose vitamin E therapies for long time periods in cats. To
the authors’” knowledge, only two studies [21, 41] inves-
tigated vitamin E supplementation in CKD cats. In one
study, a supplementation period lasted for 4 weeks [21]
and in the other study, the supplementation period lasted
for 3 months [41]. The cats in the present study already
received a kidney diet that was supplemented with vita-
min E, and there could be a risk of possible overdosing if
the supplementation period was longer.

As the metabolites of vitamin E are excreted in urine
and the glomerular filtration rate is lowered in human
CKD patients, the excretion of vitamin E metabolites
may be impaired [55], which may also be true for cats.
Furthermore, in human patients [55], plasma concentra-
tion of vitamin E may reach a plateau, so plasma vitamin
E concentration may not be used as a measure of con-
trolling the dose of vitamin E. In the present study, cli-
ent-owned cats were used, so there was no possibility to
monitor the urinary excretion of vitamin E.

Moreover, some deaths appeared in IRIS stage 3 and
4 during the supplementation period. This was in accor-
dance with the shorter survival expectance and did not
significantly differ from the placebo group. On the other
hand, the early stages had to be evaluated during a longer
period in order to rule out possible long term side effects
of the supplementation. Therefore, the supplementation
period was set at 24 weeks and the observation period
lasted for several months. Before supplementation, no
statistically significant difference in the degree of lipid
peroxidation (MDA) and protein carbonylation (PC)
was observed between cats with CKD and the group of
healthy. In contrast to our results, increased levels of
markers of lipid peroxidation (MDA; plasma and/or uri-
nary F2-isoprostanes) [18, 22, 23, 26], and oxidative dam-
age to proteins (advanced oxidation protein products)
[18] and oxidative damage to DNA (8-OHdG) [26] have
been reported in CKD cats compared with healthy cats.
Similar results were obtained in human CKD patients
[56, 57]. The discrepancy between our results and those
previously reported in CKD cats might be due to the dif-
ference in type and methods for determination of oxida-
tive stress parameters and the fact that in our study cats
of all stages were included in CKD group, whereas in
other studies, cats in IRIS stages 1-2 [23] and cats in IRIS
stages 2—4 [21] were included. Furthermore, according to
the IRIS classification, cats with different aetiologies of
CKD are included in the same IRIS stage; different aeti-
ologies could result in different levels of oxidative dam-
age to lipids, proteins, and DNA, especially when dealing
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with tubular vs. glomerular processes. Further studies are
warranted to examine whether various causes of CKD
might result in different oxidative damage.

After 24 weeks of vitamin E supplementation, plasma
MDA and PC concentrations remained similar to pre-
supplementation levels. It was reported previously that
the supplementation of a combination of antioxidants
(vitamin E, vitamin C and p-carotene) in CKD cats
resulted in a statistically significant decrease in oxidative
DNA damage and had no statistically significant effect
on the concentration of MDA [21]. The mentioned study
[21] is difficult to compare with the present one because
the effect of a combination of antioxidants was tested and
different methods were used to determine oxidative DNA
damage and MDA concentration.

In our study, plasma MDA concentration was statisti-
cally significantly higher in cats with early CKD (IRIS
stages 1 and 2) than in cats with advanced stages of
CKD. Similarly, statistically significantly increased level
of the lipid peroxidation markers, urinary [22, 23] and
plasma [23] F2-isoprostanes, were found in early CKD. In
another study, no significant difference in plasma MDA
concentration between cats in IRIS stage 2 and IRIS stage
3—4 was reported [26]. Our results suggest that there may
be an induction of antioxidant defence mechanisms that
prevent lipid peroxidation in later stages of CKD, as sug-
gested by previously published studies [19, 20, 22].

Unexpectedly, DNA damage was statistically signifi-
cantly higher in cats from the control group compared
with cats with CKD. The comet assay is a very sensitive
method, which, in addition to DNA single and double
strand breaks, detects DNA breaks associated with
incomplete excision repair [58, 59]. Therefore, the rea-
son for the greater DNA damage in healthy cats could
be due to the greater DNA repair capacity of healthy
cats. Besides, polymorphisms and individual differences
between subjects must also be considered. In contrast, no
significant differences in DNA damage between healthy
cats and those with CKD were found [21]. However,
studies in human CKD patients showed higher levels of
DNA damage that increased with disease progression
[11, 60]. During the study and after 24 weeks of vitamin E
supplementation, the percentage of tail DNA in both the
placebo and vitamin E groups remained similar to that
before supplementation.

The main limitation of the study is a small number of
subjects studied, especially in IRIS stages 3 and 4 where
the survival time is the shortest [44]. Small sample size
made impossible to study the effects of vitamin E supple-
mentation on selected oxidative stress parameters within
each CKD stage.

Another limitation is that the mortality of cats in IRIS
3 and 4 already occurred during the vitamin E supple-
mentation period, as deceased cats were included in the
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survival analysis, which can introduce bias and impact
the results. However, the exclusion of deceased cats in
the survival analysis could lead to an overestimation of
the survival and too optimistic conclusions. Additional
limitation of the study is a relatively short supplementa-
tion time. The last limitation of the study is the measure-
ment of a single biomarker for lipid peroxidation (MDA),
protein damage (PC), and DNA damage (percentage tail
DNA). Selected biomarkers provide valuable insights, but
a more comprehensive approach is warranted.

Conclusions

Vitamin E supplementation for 24 weeks as an addition
to standard therapy including a commercially produced
therapeutic diet formulated for management of CKD did
not significantly prolong the survival of cats across differ-
ent CKD stages during a 45-week monitoring period.

Before the vitamin E supplementation, no significant
differences were observed in selected oxidative stress
parameters, including plasma concentrations of vitamin
E, MDA, and PC between healthy cats and those with dif-
ferent stages of CKD. Surprisingly, CKD cats exhibited a
significantly lower percentage of tail DNA compared to
healthy cats. These intriguing results suggest the need
for more extensive investigations into an expanded range
of biomarkers related to oxidative damage to lipids, pro-
teins, and DNA in a larger cohort of CKD cats, stratified
by individual stages.

Extended supplementation periods should be explored,
particularly in CKD patients who do not receive a vita-
min E-rich diet. These additional studies will provide
valuable insights into the impact of supplementation of
vitamin E on oxidative stress parameters and overall
management strategies of CKD cats.

Materials and methods

Cats

Inclusion criteria

CKD cats were divided into a placebo group and a vita-
min E group that were staged according to IRIS Guide-
lines [61]. In addition, in order to measure and compare
the DNA damage of peripheral lymphocytes in the cats
with CKD, 38 healthy control cats were included.

Cats were considered healthy based on their history,
physical examination, and the results of complete blood
count and white blood cell differential count, and bio-
chemical analysis.

Seven cats were staged in IRIS stage 1, 15 in IRIS stage
2, five in IRIS stage 3 and seven in IRIS stage 4.

All owners signed an informed consent form. All pro-
cedures were in accordance with relevant Slovenian gov-
ernmental regulations (Animal Protection Act, Official
Gazette of the Republic of Slovenia, No. 43/2007).
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Exclusion criteria

The cats with acute kidney injury (the condition in which
there is an abrupt reduction in renal function) [62, 63],
prerenal (reduced renal perfusion resulting in reduced
glomerular filtration rate) [64] or postrenal azotaemia
(obstructive nephropathy) [64], nephropathy of toxic or
infectious (bacterial pyelonephritis) [64, 65] origin within
the past 28 days, urinary tract obstruction, acute sys-
temic inflammation, liver disease, chronic heart failure,
cancer, or those with clinical signs of feline leukaemia or
feline immunodeficiency were excluded from the study.

Treatment and vitamin E supplementation
The cats with CKD were treated according to IRIS Treat-
ment Recommendations [66]. Correction of dehydration
(if diagnosed at regular check-up visits) with subcutane-
ous or intravenous fluids (Hartmann solution Braun; B.
Braun), correction of systemic hypertension (amlodipine
0.625 mg/cat q24h PO, Amlopin; Lek), phosphate bind-
ers in case of hyperphosphatemia (calcium carbonate
and chitosan 1 g/cat q12h PO; Ipakitine; Vetoquinol),
and antiemetics (maropitant 1 mg/kg q24h SC or 2 mg/
kg q24h PO; Cerenia; Zoetis) if indicated. In addition,
H, receptors antagonists (ranitidine 3 mg/kg q12h PO or
IM; Ranital; Lek) were administered if indicated. During
the follow-up period as well as if exhibiting any worsen-
ing of the clinical signs, the cats were carefully examined
and biochemistry, haematology, and diagnostic imaging
were performed in order to exclude any concomitant dis-
ease, including acute on chronic kidney disease [67].
During the study, all CKD cats received the same com-
mercial renal diet containing 750 IU of vitamin E per
kg dry matter (Renal Support; Royal Canin) and 100 IU
vitamin E/cat q24h PO in the form of d-alpha-tocoph-
eryl acetate dissolved in vegetable oils (soya, corn, wheat
germ, sesame, and lemon oil) (E-oil; Natural Wealth)
or placebo (mineral oil; Paraffinum Liquidum, Pharm-
achem). Vitamin E or placebo respectively were applied
to food in the form of oil drops immediately before con-
summation. The cats were randomly divided into the pla-
cebo or vitamin E group; simple randomization method
with sequentially numbered, sealed envelopes, was used
to group the patients [68]. The samples were given a con-
secutive number and the analyst did not know which
sample belonged to the animal receiving placebo or vita-
min E. The owners received either vitamin E or placebo
in unmarked plastic flasks. The supplementation period
lasted for 24 weeks, and the patients were followed up for
45 months.

Blood and urine sampling and processing

The selected haematological, biochemical and oxida-
tive stress parameters (plasma MDA and PC concentra-
tions, and vitamin E concentrations, DNA damage of



Krofi¢ Zel et al. BMC Veterinary Research (2024) 20:308

peripheral lymphocytes) were measured before supple-
mentation (at inclusion) and 4, 8, 16, and 24 weeks after
vitamin E supplementation. On each occasion, typical
clinical signs associated with the development of CKD
[69] were assessed. Each clinical sign was evaluated
numerically, and the sum was recorded for each check-up
(Supplementary Table 2).

In cats in the control group, selected haematologi-
cal and biochemical parameters and DNA damage of
peripheral lymphocytes were measured on one occasion.
Furthermore, plasma MDA and PC concentrations were
measured on one occasion in some healthy cats.

Blood samples were collected from the jugular vein and
1 mL was transferred to serum separator tubes (Vacu-
ette; Greiner Bio-One) for the determination of serum
biochemical profiles. The tubes were centrifuged at
1300 x g for 10 min at room temperature to separate the
serum. Serum samples were analysed on the same day of
collection.

0.5 mL of blood was transferred into EDTA-containing
tube (BD Microtainer Tubes; Dickinson and Company)
for haematological analysis and comet assay.

2 mL of blood were transferred into EDTA-containing
tube (Vacuette; Greiner Bio-One) for the determination
of plasma MDA and PC concentrations.

2 mL of blood were transferred into lithium heparin—
containing tubes (Vacuette; Greiner Bio-One) for the
determination of plasma vitamin E concentrations. All
samples were immediately centrifuged at 1500 x g for
15 min at 4 °C. Plasma was separated and immediately
frozen at —80 °C until the analysis.

Urine samples were collected by cystocentesis and ana-
lysed within 1 to 2 h.

Systolic blood pressure measurement

In all cats diagnosed with CKD, systolic blood pressure
(SBP) was measured at each check-up with High Defi-
nition Oscillometry (HDO; S+B MedVet) in the lateral
recumbency on the front right leg. Five successive mea-
surements were performed, and the mean value was cal-
culated. If hypertension was diagnosed (mean SBP over
160 mmHg), the cats were treated according to the previ-
ously described protocol.

Analytical methods

Biochemical and haematological analyses

Biochemical profiles, with the exception of electrolytes,
were determined with an automated biochemistry analy-
ser (RX Daytona; Randox). Electrolytes were determined
using an electrolyte analyser (Ilyte; Instrumentation
Laboratory). Haematological analyses were performed
with an automated laser haematology analyser (ADVIA
120; Siemens Healthcare Diagnostics). Immediately after
completion of the haematology analysis, samples were
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stored at 4 °C for up to three hours until slides were pre-
pared for the comet assay.

Urinalysis

Urinalysis included measurement of specific gravity with
a refractometer, use of a standard multitest urine dipstick
(Multistix 10SG; Siemens Healthcare Diagnostics) and
microscopic examination of the urine sediment. Urine
samples were centrifuged at 800 x g for 10 min at room
temperature. Urine supernatants were used for determi-
nation of protein and creatinine concentrations to cal-
culate the urine protein: creatinine ratio (UPC). Protein
and creatinine concentrations were measured with an
automated biochemistry analyser (RX Daytona; Ran-
dox) using the pyrogallol red and picric acid methods,
respectively.

Determination of vitamin E and malondialdehyde
concentrations

Plasma vitamin E concentration was determined by High
Performance Liquid Chromatography with fluorescence
detector (Alliance HPLC System 2695; Waters) using the
method described by Zhao et al. [70] and Sivertsen et al.
[71]. The inter- and intra-day coefficient of variation was
7% and 18%, respectively. Vitamin E concentration was
standardized to the sum of serum cholesterol and triglyc-
eride concentration [72, 73].

Total plasma MDA concentration was determined
using the derivatization method by Czauderna et al. [74].
MDA was derivatized with 2,4-dinitrophenylhydrazine
(2,4-DNPH) to a pyrazole derivative. The MDA deriva-
tive was analysed using an Agilent 1290 Infinity HPLC
coupled to an Agilent 6460 Triple-Quadrupole mass
spectrometer equipped with a JetStream electro-spray-
ionization source (Agilent Technologies, Inc.). The inter-
and intra-day coefficient of variation was 13.4% and
12.7%, respectively.

Determination of protein carbonyl concentrations

Protein carbonyl concentrations were determined using
a commercially available kit (Protein carbonyl assay kit;
Cayman Chemical) according to the manufacturer’s
instructions. The method is based on the procedure
developed by Levine et al. [75].

Comet assay

The degree of DNA damage was measured by alkaline
comet assay as described by Tice et al. [58] and Meller
et al. [59] with minor modifications. Analysis was per-
formed by a fluorescence microscope (Nikon Eclipse E
800; Nikon) connected through a black and white cam-
era to an image analysis system (Comet Assay IV; Per-
ceptive Instruments Ltd.). The % of tail DNA was used
to measure the level of DNA damage and a total of 150
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randomly captured nuclei were examined from each
individual.

Statistical analysis

Descriptive statistics were calculated for all haematologi-
cal, biochemical, urinary, and oxidative stress parameters
and for SBP (data not shown). Data were analysed using
the computer programme R (R Core Team, 2015), Graph-
Pad Prism and SigmaPlot 11.0 software. The values of the
selected parameters (age, weight, biochemical param-
eters, SBP, plasma MDA, vitamin E and PC concentra-
tions, percentage tail DNA and severity of clinical signs)
were compared between the group of healthy and CKD
cats and between the groups of CKD cats. Nonpara-
metric Mann-Whitney test was used for comparison of
parameters between two groups (healthy versus all CKD;
placebo versus vitamin E; IRIS stage 1+2 versus IRIS
stage 3+4). Nonparametric Kruskal-Wallis and Dunn’s
multiple comparison post hoc test was used for the com-
parison of selected parameters among three and four
groups of cats (control versus IRIS stage 1 versus IRIS
stage 2 versus IRIS stage 3+4; control versus vitamin
E versus placebo; control versus IRIS 1+2 versus IRIS
3+4). Because of the small number of cats in IRIS stage
3 and 4, these two stages were combined into one group.

Due to the small number of cats in the placebo and
vitamin E groups that completed the supplementation
study, the statistical difference in oxidative stress param-
eters before and at the end of supplementation (placebo
or vitamin E) was not calculated.

In assessing the degree of DNA damage, cats with CKD
IRIS stage 1 and 2 and cats with CKD IRIS stage 3 and 4
were grouped together and data were compared between
the two groups, as well as in comparison to control group
of healthy cats.

Survival time was assessed from the beginning of the
study. Survival rate was calculated using the Kaplan—
Meier analysis. Confidence intervals were reported only
for the overall comparison of survival of cats of all IRIS
stages in the placebo group and in the vitamin E group.
We have not reported the confidence intervals for the
comparison of survival between other cat groups as they
are too wide due to the small cat groups.

A value of P<0.05 was considered statistically signifi-
cant (*).

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512917-024-04176-8.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Page 11 of 13

Acknowledgements
The authors would like to thank laboratory technician Aleksander Jenko for his
technical assistance.

Author contributions

Study concept/study design: AN.S, MKZ.and NT; data acquisition: MK.Z,
ANS, NT,TV, BZ, GTK; statistical analysis: LL; data analysis/interpretation:
MKZ,GTK, TV, NT,ANS, BZ, LL; manuscript drafting: MKZ, ANS;
manuscript revision for important intellectual content: AN.S, N.T, MK.Z, GTK,
TV, BZ, LL; manuscript editing, all authors; approval of the final submitted
manuscript; all authors.

Funding

The study was supported by grant no. P4-0053 and P1-0189 from the
Slovenian Research and Innovation Agency. The funder did not influence the
study design, data collection, and analysis, decision to publish, or preparation
of the manuscript.

Data availability
All data are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The authors confirm that the study was carried out in compliance with the
ARRIVE guidelines. The Committee for Animal Welfare of Veterinary Faculty,
University of Ljubljana, Slovenia and the Ethical Committee of the Ministry of
Agriculture, Forestry and Food, Veterinary Administration of the Republic of
Slovenia considered that this type of project does not fall under the legislation
for the protection of animals used for scientific purposes. All procedures
complied with the relevant Slovenian (Animal Protection Act, Official Gazette
of the Republic of Slovenia, No. 43/2007) regulations. The national Animal
Protection Act (Official Gazette of the Republic of Slovenia, No. 43/2007)
defines that non-experimental clinical veterinary practices are not considered
as a procedure on animals for scientific purposes. It considers that this type
of project has no impact on animal welfare as all procedures were performed
as part of a routine clinical veterinary examination according to the protocol
of Veterinary Faculty, University of Ljubljana, Slovenia. All owners signed an
informed consent form before enrolling the cats in the study.

Conflict of interest
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

Weterinary Faculty, Small Animal Clinic, University of Ljubljana, Gerbiceva
60, Ljubljana 1000, Slovenia

Veterinary Faculty, Institute of Hygiene and Pathology of Animal
Nutrition, University of Ljubljana, Gerbiceva 60, Ljubljana 1000, Slovenia
3Faculty of Pharmacy, Department of Biopharmaceutics and
Pharmacokinetics, University of Ljubljana, Askerceva 7, Ljubljana

1000, Slovenia

“Department of Genetic Toxicology and Cancer Biology, National Institute
of Biology, Ve¢na pot 111, Ljubljana 1000, Slovenia

5Faculty of Mathematics, Natural Sciences and Information Technologies,
Department of Mathematics, University of Primorska, Glagoljaska 8,
Koper 6000, Slovenia

SInstitute for Biostatistics and Medical Informatics, Medical Faculty,
University of Ljubljana, Ljubljana 1000, Slovenia

Received: 1 June 2023 / Accepted: 2 July 2024
Published online: 10 July 2024


https://doi.org/10.1186/s12917-024-04176-8
https://doi.org/10.1186/s12917-024-04176-8

Krofi¢ Zel et al. BMC Veterinary Research

(2024) 20:308

References

1.

2.

22.

23.

24.

25.

Jepson RE, Brodbelt D, Vallance C, et al. Evaluation of predictors of the devel-
opment of azotemia in cats. J Vet Intern Med. 2009;23:806-13.

McLeland SM, Cianciolo RE, Duncan CG, et al. A comparison of biochemical
and histopathologic staging in cats with chronic kidney disease. Vet Pathol.
2015,52(3):524-34.

Galle J. Oxidative stress in chronic renal failure. Nephrol Dial Transpl.
2001;16(11):2135-7.

Daenen K, Andries A, Mekahli D, Van Schepdael A, Jouret F, Bammens B.
Oxidative stress in chronic kidney disease. Pediatr Nephrol. 2019;34:975-91.
https://doi.org/10.1007/500467-018-4005-4.

Xu G, Luo K, Liu H, Huang T, Fang X, Tu W. The progress of inflammation

and oxidative stress in patients with chronic kidney disease. Ren Fail.
2015;37(1):45-9. https://doi.org/10.3109/0886022X.2014.964141.

Rapa SF, Di lorio BR, Campiglia P, Heidland A, Marzocco S. Inflammation and
oxidative stress in chronic kidney disease-potential therapeutic role of miner-
als, vitamins and Plant-Derived metabolites. Int J Mol Sci. 2019;21(1):263.
https://doi.org/10.3390/ijms21010263.

Priya R, Vasudha KC. Antioxidant vitamins in chronic renal failure. Int J Biome-
dRes. 2009;20(1):67-70.

Dotan Y, Lichtenberg D, Pinchuk I. Lipid peroxidation cannot be used as a
universal criterion of oxidative stress. Prog Lipid Res. 2004;43(3):200-27.
Ayala A, Mufioz MF, Arguelles S. Lipid peroxidation: production, metabolism
and signalling mechanisms of malondialdehyde and 4-hydroxy-2-nonenal.
Oxid Med Cell Longev. 2014;31. https://doi.org/10.1155/2014/360438.
Stoyanova E, Sandoval SB, Zuniga LA, et al. Oxidative DNA damage in chronic
renal failure patients. Nephrol Dial Transpl. 2010;25(3):879-85.

Juan CA, de la Pérez JM, Plou FJ, Pérez-Lebena E. The Chemistry of reactive
oxygen species (ROS) revisited: outlining their role in Biological macromol-
ecules (DNA, lipids and proteins) and Induced pathologies. Int J Mol Sci.
2021;22(9):4642. https://doi.org/10.3390/ijms22094642.

Dalle-Donne I, Rossi R, Giustarini D, et al. Protein carbonyl groups as biomark-
ers of oxidative stress. Clin Chim Acta. 2003;329(1-2):23-38.

Wardle EN. Cellular oxidative processes in relation to renal disease. Am J
Nephrol. 2005;25(1):13-22.

Bhogade RB, Suryakar AN, Joshi NG, et al. Effect of vitamin E supplementa-
tion on oxidative stress in hemodialysis patients. Indian J Clin Biochem.
2008,23(3):233-7.

Poulianiti KP, Kaltsatou A, Mitrou Gl, et al. Systemic Redox Imbalance

in chronic kidney disease: a systematic review. Oxid Med Cell Longev.
2016;2016:8598253. https://doi.org/10.1155/2016/8598253.

Baltusnikiene A, Staneviciene |, Jansen E. Beneficial and adverse effects

of vitamin E on the kidney. Front Physiol. 2023;14:1145216. https://doi.
0rg/10.3389/fphys.2023.1145216.

Kishi S, Nagasu H, Kidokoro K et al. Oxidative stress and the role of redox
signalling in chronic kidney disease. Nat Rev Nephrol 202420:101-19. https://
doi.org/10.1038/541581-023-00775-0.

Valle E, Prola L, Vergnano D, et al. Investigation of hallmarks of carbonyl stress
and formation of end products in feline chronic kidney disease as markers of
uraemic toxins. J Feline Med Surg. 2019;21(6):465-74.

Keegan RF, Webb CB. Oxidative stress and neutrophil function in cats with
chronic renal failure. J Vet Intern Med. 2010;24(3):514-9.

Krofi¢ Zel M, Tozon N, Nemec Svete A. Plasma and erythrocyte glutathione
peroxidase activity, serum selenium concentration and plasma total antioxi-
dant capacity in cats with IRIS stages 1-4 chronic kidney disease. J Vet Intern
Med. 2014;28(1):130-6.

Yu S, Paetau-Robinson I. Dietary supplements of vitamins E and C and
B3-carotene reduce oxidative stress in cats with renal insufficiency. Vet Res
Commun. 2006;30(4):403-13.

Whitehouse W, Quimby J, Wan S, et al. Urinary F 2 - isoprostanes in cats with
International Renal Interest Society Stage 1-4 chronic kidney disease. J Vet
Intern Med. 2017;31(2):44956.

Granick M, Leuin AS, Trepanier LA. Plasma and urinary F2-isoprostane markers
of oxidative stress are increased in cats with early (stage 1) chronic kidney
disease. J Feline Med Surg. 2021;23(8):692-9.

Krofi¢ Zel M, Nemec Svete A, Jakovac Strajn B, Pavsic Vrtac K, Vovk T, Kejzar N,
Pavlin D. The effect of a specific chicken based renal diet as monotherapy on
clinical, biochemical, urinary and serum oxidative stress parameters in cats
with ckd stage T and 2. SVR. 2023;60(1):25-35.

Piyarungsri K, Pusoonthornthum R. Changes in reduced glutathione, oxidized
glutathione, and glutathione peroxidase in cats with naturally occurring

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Page 12 of 13

chronic kidney disease. Comp Clin Pathol. 2016;25:655-62. https://doi.
0rg/10.1007/500580-016-2248-7.

Nishi R, Harada A, Hori K, Maeda S, Momoi Y, Yonezawa T. 8-Hydroxy-
2'-deoxyguanosine and malondialdehyde in plasma and their association
with disease severity in 20 cats with chronic kidney disease. J Feline Med
Surg. 2023;25(6):1098612X231173519. https://doi.org/10.1177/10986
12X231173519.

Kurahara N, Yutsudo A, Furusawa Y, Yamato O, Miyoshi N, Hifumi T, Yabuki A.
Immunohistochemical analysis of renal oxidative damage in senior and geri-
atric cats with chronic kidney disease. J Comp Pathol. 2023;207:14-7. https://
doi.org/10.1016/jjcpa.2023.09.001.

Cracowski JL, Durand T, Bessard G. Isoprostanes as a biomarker of lipid
peroxidation in humans: physiology, pharmacology and clinical implica-
tions. Trends Pharmacol Sci. 2002;23(8):360-6. https://doi.org/10.1016/
s0165-6147(02)02053-9.

Wiswedel |, Hirsch D, Carluccio F, Hampl H, Siems W. .F2-isoprostanes as bio-
markers of lipid peroxidation in patients with chronic renal failure. BioFactors.
2005;24(1-4):201-8. https://doi.org/10.1002/biof.5520240124.

Czerska M, Zielinski M. Gromadziriskal. Isoprostanes - a novel major group of
oxidative stress markers. Int J Occup Med Environ Health. 2016;29(2):179-90.
https://doi.org/10.13075/ijomeh.1896.00596.

Kamal-Eldin A, Appelgvist LA. The chemistry and antioxidant properties of
tocopherols and tocotrienols, Lipids. 1996;31(1):671-701.

Lippi |, Perondi F, MeucciV, et al. Plasma alpha-tochopherol determined by
HPLC in dogs at different stages of chronic kidney disease: a retrospective
study. Vet Res Commun. 2017;41:195-9.

Bergin P, Leggett A, Cardwell CR, et al. The effects of vitamin E supplementa-
tion on malondialdehyde as a biomarker of oxidative stress in haemodialysis
patients: a systematic review and meta-analysis. BMC Nephrol. 2021;22(1):126.
https://doi.org/10.1186/512882-021-02328-8.

Cristol JP, Bosc JY, Badiou S, et al. Erythropoietin and oxidative stress in
haemodialysis: beneficial effects of vitamin E supplementation. Nephrol Dial
Transpl. 1997;12(11):2312-17.

Locattelli F, Canaud B, Eckardt KU, et al. Oxidative stress in end-stage renal
disease: an emerging threat to patient outcome. Nephrol Dial Transpl.
2003;18(7):1272-80.

Kann E, Undeger U, Bali M, et al. Assessment of DNA strand breakage by the
alkaline COMET assay in dialysis patients and the role of vitamin E supple-
mentation. Mutat Res. 2002;26(1/2):151-9.

Fryer MJ. Vitamin E may slow kidney failure owing to oxidative stress. Redox
Rep. 1997;3(5/6):259-61.

Boaz M, Smetana S, Weinstein T, et al. Secondary prevention with antioxidants
of cardiovascular disease in end stage renal disease (SPACE): randomised
placebo-controlled trial. Lancet. 2000;356:1213-8.

Rojo-Trejo MH, Robles-Osorio ML, Sabath E. Liposoluble vitamins a and E in
kidney disease. World J Nephrol. 2022;11(3):96-104. https://doi.org/10.5527/
wjn.v11.3.96.

Roudebush P, Polzin DJ, Ross SJ, et al. Therapies for feline chronic kidney
disease, what is the evidence? J Feline Med Surg. 2009;11(3):195-210.
Timmons RM, Webb CB. Vitamin E supplementation fails to impact mea-
sures of oxidative stress or the anemia of feline chronic kidney disease.
Arandomised, double-blinded placebo control study. Vet Med Sci.
2016;2(2):117-24.

Elliott J, Rawlings JM, Markwell PJ, et al. Survival of cats with naturally occur-
ing chronic renal failure: effect of dietary management. J Small Anim Pract.
2000;41:235-42.

Plantinga EA, Everts H, Kastelein AMC, et al. Retrospective study of the
survival of cats with acquired chronic renal insufficiency offered different
commercial diets. Vet Rec. 2005;157:185-7.

Boyd LM, Langston C, Thompson K, et al. Survival in cats with naturally occur-
ring chronic kidney disease (2000-2002). J Vet Intern Med. 2008;22(5):1111-7.
Kuwahara Y, Ohba Y, Kitoh K, et al. Association of laboratory data and death
within one month in cats with chronic renal failure. J Small Anim Pract.
2006;47(8):446-50.

King JN, Tasker S, Gunn-Moore DA, et al. Prognostic factors in cats with
chronic kidney disease. J Vet Intern Med. 2007;21(5):906-16.

Polzin DJ. Evidence-based step-wise approach to managing chronic kidney
disease in dogs and cats. J Vet Emerg Crit Care. 2013;23:205-15.

Ross SJ, Osborne CA, Kirk CA, et al. Clinical evaluation of dietary modification
for treatment of spontaneous chronic kidney disease in cats. J Am Vet Med
Assoc. 2006;229:949-57.


https://doi.org/10.1007/s00467-018-4005-4
https://doi.org/10.3109/0886022X.2014.964141
https://doi.org/10.3390/ijms21010263
https://doi.org/10.1155/2014/360438
https://doi.org/10.3390/ijms22094642
https://doi.org/10.1155/2016/8598253
https://doi.org/10.3389/fphys.2023.1145216
https://doi.org/10.3389/fphys.2023.1145216
https://doi.org/10.1038/s41581-023-00775-0
https://doi.org/10.1038/s41581-023-00775-0
https://doi.org/10.1007/s00580-016-2248-7
https://doi.org/10.1007/s00580-016-2248-7
https://doi.org/10.1177/1098612X231173519
https://doi.org/10.1177/1098612X231173519
https://doi.org/10.1016/j.jcpa.2023.09.001
https://doi.org/10.1016/j.jcpa.2023.09.001
https://doi.org/10.1016/s0165-6147(02)02053-9
https://doi.org/10.1016/s0165-6147(02)02053-9
https://doi.org/10.1002/biof.5520240124
https://doi.org/10.13075/ijomeh.1896.00596
https://doi.org/10.1186/s12882-021-02328-8
https://doi.org/10.5527/wjn.v11.i3.96
https://doi.org/10.5527/wjn.v11.i3.96

Krofi¢ Zel et al. BMC Veterinary Research

49.

50.

51

52.

53.

54.

55.

56.
57.

58.

59.

60.

62.

63.

(2024) 20:308

Plumb DC. Vitamin E. Plumb DC: Plumb’s veterinary drug handbook. 8th ed.
Ames: Wiley Blackwell; 2015. pp. 1092-94.

Mohd Zaffarin AS, Ng SF, Ng MH, Hassan H, Alias E. Pharmacology and phar-
macokinetics of vitamin E: nanoformulations to Enhance Bioavailability. Int J
Nanomed. 2020;15:9961-74. https://doi.org/10.2147/1IN.S276355.

Baker H, Schor SM, Murphy BD, et al. Blood vitamin and choline con-
centrations in healthy domestic cats, dogs and horses. Am J Vet Res.
1986;47(7):1468-71.

Jewell DE, Toll PW, Wedekind KJ, et al. Effect of increasing antioxidants on
concentrations of vitamin E and total alkenals in serum of dogs and cats. Vet
Ther. 2000;4(1):264-72.

Ramsey |, editor. Small animal formulary. 7th ed. Quedgelly: British Small
Animal Veterinary Association, 2012: Vitamin E (1 page). http://www.vin.com/
members/cms/project/defaultadv1.aspx?pld=286 (2012, accessed March 20,
2015).

Kuehn NF. Vitamin E. In: Kuehn NF. North American companion animal for-
mulary, 10th ed. Port Huron: North American Compendiums, 2013: (2 pages).
https://vsh.nacaf.naccvp.com (2013, accessed March 20, 2015).
Brigelius-Flohé R, Kelly FJ, Salonen JT, Neuzil J, Zingg JM, AzziA. The European
perspective on vitamin E: current knowledge and future research. Am J Clin
Nutr. 2002;76(4):703-16. https://doi.org/10.1093/ajcn/76.4.703.

Himmelfarb J, McMonagle E, Mc Menamin E. Plasma thiol oxidation and
carbonyl formation in chronic renal failure. Kidney Int. 2000;58(6):2571-8.
Mimic-Oka J, Simi¢ T, Pljesa M, et al. Oxidative modifications of plasma pro-
teins in different stages of chronic renal failure. FU Med Biol. 2001;8(1):1-5.
Tice RR, Agurell E, Anderson D, et al. Single cell gel/comet assay: guidelines
for invitro and in vivo genetic toxicology testing. Environ Mol Mutagen.
2000;35(3):206-21.

Meller P, Azqueta A, Boutet-Robinet E, et al. Minimum information for report-
ing on the Comet Assay (MIRCA): recommendations for describing comet
assay procedures and results. Nat Protoc. 2020;15(12):3817-26.

Stopper H, Boullay F, Heidland A, et al. Comet-assay analysis identifies
genomic damage in lymphocytes of uremic patients. Am J Kidney Dis.
2001,38(2):296-301.

International Renal Interest Society. IRIS staging of CKD. http://www.iris-
kidney.com/pdf/IRIS_Staging_of_CKD_modified_2019.pdf (2019, accessed
July 6,2021).

International Renal Interest Society, IRIS Grading of Acute Kidney Injury.
http://www.iris-kidney.com/education/guidelines/grading.html. (2023,
Accessed March 20, 2024).

Monaghan K, Nolan B, Labato M. Feline acute kidney injury: 2. Approach to
diagnosis, treatment and prognosis. J Feline Med Surg. 2012;14(11):785-93.
https://doi.org/10.1177/1098612X12464460.

64.

65.

66.

67.

69.

70.

71.

72.

73.

74.

75.

Page 13 of 13

Monaghan K, Nolan B, Labato M. Feline acute kidney injury: 1. Pathophysiol-
ogy, etiology and etiology-specific management considerations. J Feline Med
Surg. 2012;14(11):775-84. https://doi.org/10.1177/1098612X12464458.
Debruyn K, Haers H, Combes A, et al. Ultrasonography of the feline kidney:
technique, anatomy and changes associated with disease. J Feline Med Surg.
2012;14(11):794-803. https:.//doi.org/10.1177/1098612X12464461.
International Renal Interest Society. CKD Treatment guidelines. http://www.
iris-kidney.com/pdf/IRIS_CAT_Treatment_Recommendations_2019.pdf
(2019, accessed July 6,2021).

Chen H, Dunaevich A, Apfelbaum N, et al. Acute on chronic kidney disease in
cats: etiology, clinical and clinicopathologic findings, prognostic markers, and
outcome. J Vet Intern Med. 2020;34:1496-506.

Ferreira JC, Patino CM. Randomization: beyond tossing a coin. J Bras Pneumol.
2016;42(5):310. https://doi.org/10.1590/51806-37562016000000296.

Greene JP, Lefebvre SL, Wang M, Yang M, Lund EM, Polzin DJ. Risk factors
associated with the development of chronic kidney disease in cats evaluated
at primary care veterinary hospitals. JAVMA. 2014;244(3):320-27.

Zhao B, Tham SY, Lu J, et al. Simultaneous determination of vitamins C, E

and beta-carotene in human plasma by high-performance liquid chro-
matography with photodiode-array detection. J Pharm Pharmaceut Sci.
2004;7(2):200-4.

Sivertsen T, @vernes G, @steras O, et al. Plasma vitamin E and blood selenium
concentrations in Norwegian dairy cows: regional differences and relations
to feeding and health. Acta Vet Scand. 2005;46(4):177-91.

Thurnham DI, Davies JA, Crump BJ. The use of different lipids to express
serum tocopherol: lipid ratios for the measuremnent of vitamin E status. Ann
Clin Biochem. 1986;23(5):514-20.

Winbauer AN, Pingree SS, Nuttall KL. Evaluating serum a-tocopherol (vitamin
E) in terms of a lipid ratio. Ann Clin Lab Sci. 1999,29(3):185-91.

Czauderna M, Kowalczyk J, Marounek M. The simple and sensitive measure-
ment of malondialdehyde in selected specimens of biological origin and
some feed by reversed phase high performance liquid chromatography. J
Chromatogr B Analyt Technol Biomed Life Sci. 2011;879(23):2251-8.

Levine RL, Williams JA, Stadtman ER, et al. Carbony! assays for determination
of oxidatively modified proteins. Methods Enzymol. 1994,233:346-57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.2147/IJN.S276355
http://www.vin.com/members/cms/project/defaultadv1.aspx?pId=286
http://www.vin.com/members/cms/project/defaultadv1.aspx?pId=286
https://vsh.nacaf.naccvp.com
https://doi.org/10.1093/ajcn/76.4.703
http://www.iris-kidney.com/pdf/IRIS_Staging_of_CKD_modified_2019.pdf
http://www.iris-kidney.com/pdf/IRIS_Staging_of_CKD_modified_2019.pdf
http://www.iris-kidney.com/education/guidelines/grading.html
https://doi.org/10.1177/1098612X12464460
https://doi.org/10.1177/1098612X12464458
https://doi.org/10.1177/1098612X12464461
http://www.iris-kidney.com/pdf/IRIS_CAT_Treatment_Recommendations_2019.pdf
http://www.iris-kidney.com/pdf/IRIS_CAT_Treatment_Recommendations_2019.pdf
https://doi.org/10.1590/S1806-37562016000000296

	﻿Supplementation of vitamin E as an addition to a commercial renal diet does not prolong survival of cats with chronic kidney disease
	﻿Abstract
	﻿Background
	﻿Results
	﻿Cats
	﻿Survival time
	﻿Oxidative stress parameters
	﻿Plasma vitamin E concentration
	﻿Plasma malondialdehyde and plasma protein carbonyl concentrations


	﻿DNA damage
	﻿Discussion
	﻿Conclusions
	﻿Materials and methods


