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Study of Renal Tubular Cell Damage by Oxidative Stress in
Potassium Deficient Rats
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ABSTRACT

Our aim was to study the effect of potassium (K") depletion (KD) on oxidative damage of
renal tubular cells. Male Sprague - Dawley rats were fed three periods with normal diet (control group)
and K" deficient diet for 7, 14 and 21 days (KD group). After blood and 24-hour urine samples were
collected at the end of each period, rats were scarified to obtain kidneys and soleus muscle. Plasma and
muscle were analyzed for K* content and kidney for reactive oxygen species (ROS) and superoxide
dismutase (SOD; both CuZnSOD and MnSOD) activity and urine for N-acetyl-[3-glucosaminidase (NAG).
Histological pattern changes of the kidneys were also examined. The results showed that K contents of
KD group were significantly decreased in both plasma and muscle. While the ROS formation and MnSOD
activity were significantly increased (p<0.05), the Cu Zn SOD activity was unchanged in the KD group.
The NAG activity in urine of the KD group was significantly increased (p<0.05). These changes were
clearly observed since after the 7 day of feeding. Changes in histological appearance were less interstitial
lesion, diffuse epithelial cell swelling and vacuolar degeneration. Our results indicate potassium depletion

can cause renal tubular epithelial oxidative damage especially after 14 and 21 days of feeding .
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Introduction in endothelial and monocyte cell lines. Therefore

Chronic K* deficiency in rats results in the aim of this study is to evaluate the effect of

prominent tubular and interstitial lesions (Tolins et low= K" diet on oxidative damage to rat kidneys.
al, 1987). Though It has been shown that The superoxide anion ROS formation, the first line

low- K* diet is a risk factor in the development of antioxidant defense SOD, and urinary cellular

hypertension (Coruzzi et al, 2002, Suga et al,
2001). In addition, low- K" concentration result
in a high rate of free radical formation in
endothelial and MDCK cell lines (Zhou et al,
2002). Moreover, ROS were found marked
increased in superoxide anion formation by carotid
areterial segment in the rabbit fed with low- K"
diet (Yang et al., 1998). McCabe et al.,(1994)
also found that the physiological K™ concentration

can inhibit the rate of superoxide anion production

damage enzyme NAG were measured. The kidney

tissues morphology were evaluated.

Materials and Methods

1. Chemicals and rat diets

All chemicals were analyzed grade
purchased from and Fluka chemika Co. Ltd., Buchs,
Switzerland, and Sigma Chemical Co. Ltd.,
St. Louis, USA.
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2. Animals

Male Sprague-Dawley rats (n=30,
250-300g) were used in the present study. After
5 to 7 day of stabilization on a standard chew diet,
they were randomly divided into two main groups
as control (received normal diet) and low K" (KD)
groups . These two main groups were further
subdivided into three small groups (n=5) each
and fed for a period of 7, 14 and 21 days,
respectively. During feeding, deionized water was
allowed to access ad libitum. A 24-h urine
specimens was collected with thymol as preservative
from each rat at days 7, 14 and 21. All rats were
then anesthetized by peritoneal pentobarbital
sodium injection (100 mg/kg BW) and venous
blood was collected in lithium heparin for plasma
preparation. The anesthetized rats were then sacrified
and the kidneys were perfused through abdominal
aorta with cold phosphate buffer saline plus lithium
heparin (0.16 mg/ml) at pH 7.4. Both kidneys
were excised and preserved in 10% buffer

formalin.

3. Rat diets

The control diet consisting of each
ingredient as in g/kg diet as follow 180 casein,
200 corn starch, 500 sucrose, 35 corn oil, 35
peanut oil, 10 CaHPO4 , 6 MgSO4, 6 NaCl, 6.8
Na HPO , 7.1 KCI (Levi et al, 1991), and
modified the feed additive mixture. K” deficient diet
was prepared using the same ingredient as control

diet, but NaCl was substituted for KCI.

4. Determination of reactive oxygen
species (ROS) and superoxide dismutase (SOD)
activity

Rat kidneys were quickly excised and
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place in cold Krebs- HEPES buffer (composition
in mmol / L): NaCl 119; KCI 4.6 ; CaCl 1.2;
MgSO4 1.0; KH2P04 0.4; NaHCO3 5.0; Glucose
5.5; Na-HEPES 20.0) and then homogenized by
glass homogenizer followed with the centrifugation
at 12000 rpm for 10 minute (Pagona et al. 1995).
The supernatant was used for the determination of
ROS. The rate of superoxide anion generation was
determined by chemiluminescence of lucigenin
(100uM) in a 500 ul solution at 37°C for 5 minute
incubation with NADPH (100uM). For each
sample, the light signals were counted for
2.5 minute in a luminometer (20/20" luminometer,
Tuner Biosystems). Microtube containing buffer
and lucigenin alone or sample blank was counted
and the buffer blank values were subtracted from
the signals obtained from the kidney tissue.
The counts were expressed as relative light unit
(RLU) per 10 second per mg protein. For validate
the method, before and during the counts, some
experiments were performed holding the kidney
homogenate for 5 minutes in a solution of SOD
(150 U/ml), a superoxide scavenger and NaN_
for peroxidase inhibition.

In determination of the SOD activity,
both CuZnSOD and MnSOD was determined
according to the method of Sun et al., (1988).
The principle of the method is based on the
inhibition of NBT reduction by xanthine/xanthine
oxidase system as a peroxide genaerator. One unit
of SOD was defined as the amount of protein that
inhibits the rate of NBT reduction by 50%.

Bovine SOD was used as standard.

5. N-acetyl-[3-glucosaminidase(NAG)
activity assay

The 24-hour urine was centrifuged at 900xg
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for 10 min and the supernatant was used to assay
for NAG activity by the method of Horak et al.,
(1981). The 0.9% NaCl used as blank and urine
blank was count for subtract the urine NAG
activity. p-nitrophenol working standard solution
10mM used. Measure the absorbance of cuvette at
410 nm (Spectronic 1201, Milton Roy Company).
The molar extinction coefficient of p-nitrophenol
8800 to correct the

absorption at 410 nm. is

enzyme level.

6. Potassium content in plasma and muscle

The soleus muscle specimen was measured
for K content by the method of Dorup et al.,
(1988). The soleus muscles were excised and
removed all fat and connective tissues, weighted
and kept at -70°C until analyses. The sample
weighted around 20-30 mg was homogenized by
glass homogenizer in 2 ml of 5% tricholoacetic
acid (TCA). After centrifugation, the supernatant
was determined for K by spectrophotometer
(PU 9100X Atomic Absorption Spectrophotometer,
Phillips, USA) with lithium as internal standard.
The concentration of K™ was presented as wmol/g
wet weight. Plasma concentration of potassium was

determined and expressed as mEq/L.

7. Plasma creatinine and protein
determination

Plasma creatinine was determined by
Jeffe’s modified method and protein by standard

method.
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8. Kidney histological examination

Both cortex and medullary region of the
right kidneys were excised and cut into 0.3-0.5
mm., fixed in 10 % buffer formalin and embedded
paraffin. The sections will be cut at 5 wm and stained
with hemotoxilin & eosin(H&E) for morphological
evaluation under the light microscope ((ECLIPSE-
TS 100 Nikon, Japan). The tissue damage will be
graded into 5 fields/slide. The present of tubular
cellularity, basement membrane thickening,
dilation, atrophy, sloughing, or interstitial

widening were determined.

9. Statistical analysis

Data are expressed as mean * SE from
five rats in each group. Significant differences
between mean values were determined by one-way
analysis of variance (ANOVA). P values less than

0.05 were considered significantly altered.

Results

As can be seen from Table 1, hypokalemia
was developed within one week after receive the
low-K" diet, and plasma K" remained low at the
same level until day 14 and day 21. The K"
content in soleus muscle was also decreased in the
same fashion and even tends to be further decreased
when the hypokalemic period prolonged (day 21
compare with day 7). Although, the kidney of
hypokalemic rats was larger and had a higher of
kidney weight to body weight ratio than that of
control group (p<0.05), the plasma creatinine

levels was not significantly differences.
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Table 1 Plasma K*, muscle K", plasma creatinine,
and kidney weight/BW ratio of the rats.
(* p < 0.05 Low- K" diet vs. control, all

n=>5 excepted muscle K" n=3)

Control diet Low- K diet
Plasma K+(mEq/L)
7 days 4.8 +£0.20 3.25 +0.20*
14 days 5.58 £0.39 3.30+£0.16*
21 days 4.70 £ 0.20 3.14 £0.08*
Plasma creatinine (rﬁg/dl)
7 days 0.66 + 0.062 0.87 +0.05
14 days 0.77+£0.019 0.78 £0.03
21 days 083+ 0.02 0.76 £ 0.02
Muscular K™ (LM/gww)
7 dayst 85.13+£3.64 73.24 £ 1.62*
21 days+ 83.52£4.48 65.60 £2.52*
Kidney weight/Body
weight ratio
7 days 3.56 £0.19 422 +£0.13*
14 days 3.24+0.19 4.06 £0.04 *
21 days 3.66 +0.08 4.25 +0.037*

Superoxide anion formation

Figurel. showed the rate of superoxide
anion formation in kidney tissue determined by
chemiluminescence of lucigenin at the 100 uM
concentration. The rate of Oz' formation was
expressed as relative light unit (RLU)/10sec/mgPr.
We found a marked increased in 02' generation
from kidney of the 14 days (245.99 = 11.41)
and the 21 days (168.19 =+ 27.76 ) of low- K'
fed rats when compared to the control diet fed rats
(7 days;131.52 =+ 26.64 , 14 days; 86.85 =
9.43 and 21 days; 90.65 +18.04) and the 7 days
low- K" diet group (108.97 + 23.23) (p<0.05).
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* p < 0.05 vs. control , # p < 0.05 vs. 14 day KD

Figure 1 Histograme showing superoxide anion
level of rat kidneys in each group (n=5).
Control = normal diet, KD = low-po-

tassium diet

SOD activity

MnSOD activity of the 14 and 21 days
(4.05 £ 0.75, 4.48 = 1.01 23) low- K" fed rats
were significantly higher than those of the control
(2.57 £ 0.18, 0.97 = 0.69, p < 0.05) and the
7 days low- K" diet group. However, the
Cu/ZnSOD activity was not significantly changed

in all groups.
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Figure 2 MnSOD(A) and CuZnSOD (B) level of
rat kidney in each group (n=>5). Control

= normal diet, KD = low-K" diet

Urinary N-acetyl-3-glucosaminidase activity
The 24-hours urine NAG activity was
significantly elevated in all groups of low- K" diet

when compared to control group (p < 0.05).

Urine NAG activity

NAG Activity (u/L)

4
2
0
control Tday KD 14day KD 21day KD

* p < 0.05 vs control

Figure 3 Urinary NAG activity in each groups of
the rats (n=5). Control = normal diet,

KD = low-potassium diet
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Kidney histology

As aforementioned, the kidney of KD rats
was much larger than that of the control group
(Table.1). Histological sections present in Figure4.
reveal the changes in kidney of the low- K fed rats
compared to control. There was no obviously
changed in the 7 day low- K diet fed group when
compared to control excepted for the swelling of
medullar with mild hyperplasia. However, the 14
day and 21 day low-potassium diet fed group
showed various degree of histological changes,
including, medullary swelling and hyperplasia,
intratubular deposition of amorphous materials,
tubular atrophy, interstitial mononuclear cell
infiltration and interstitial expansion. The most
prominent injury was seen in the medulla region
especially at inner strip. The degree of injury was

augmented as the hypokalemic period prolonged.
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Figure 4 Histological observation of kidney tissue(A) control (B) 7KD(C) 14 KD (D) 21 KD

show tubular epithelial swelling, vacuolar degeneration, tubular dilatation, tubulointerstitial

cell infiltration and tubular atrophy (200x).

Discussion

Chronic K" deficient nephropathy could be
occurred if prolonged and progressive irreversible
tubulointerstitial damage to end stage kidney
diseases (Tolins et al, 1987). Moreover, the
recent cellular and animal studies on K" deficiency
condition found the association of ROS generation
and its activity increased in vessels altered function
(Yang et al, 1998, Zhou et al, 2002). As has
been previously reported by Everts et al. (1993)
and Piyachaturawat et al. (1999), we also found
that the K*-depleted rats had a rapidly declined on
both plasma K" and muscular K* content within the
first week and remained low at the same level

until day 14 and day 21.

The KD rat in our study demonstrated an
increased in the levels of o, formation in kidney
tissue. This result is in agreement with the studies
of Zhou et al. (2002) and Yang et al. (1998)
who found the increased in the o, level and it
activity in vitro. According to the recent studies
NADH/NADPH oxidase has been reported as the
major oxidase mediated production and action of
O2- in thick ascending limb of Henle’s loop
(TALHs) and kidney homogenate in rat (Li et al,
2002, Zou et al, 2001). The high levels of 02'
in the TALHs may associate with its function
and metabolic activity (Ferialle et al, 2001).
In the kidney, NADH oxidase has been reported to

mediate the generation of o, in response to
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Angiotensin II (Ang II) in mesaingial cell (Jaimes
et al, 1998). In addition, Ang Il was activated by
NADH in hypertensive K'-depleted rat which
accordanced to osteopontin (OPN), a macrophage
adhesive protein was up regulated in the medulla
(Ray et al, 2001). These may under going
hyperplastic the kidney enlargement and
tubulointerstitial mononuclear cell recruitment which
can caused tubulointerstitial damages (Ray et al,
2001, Franco et al, 2006).

Beside this, the MnSOD, mitochodria
located, activity was correlation with 02’ formation
in our study. MnSOD has been shown to be and
inducible enzyme and protect against free radical
harmful in mitochondria matrix (Taylor et al,
2003). On the other hand, oxidative damage can
be extensive activation by cytochrome c release
subsequently progressive cell damages and
apoptosis (Zager et al, 2004, Jaing and Wang,
2004). This indicated that the increased of
MnSOD activity should protected against cellular
damages during oxidative stress induction (Maijima
et al, 1998). Although, CuZnSOD activity was not
affect on K" deficiency fed rats, there may affect by
extracellular source of CuZnSOD (Adler and Huang,
2004)

Although in a mild degree of architecture
changes was seen, the levels of renal tubular
epithelial injury enzymes such as NAG activity was
immediately changed. ?ktem et al., (2004)
demonstrated that the NAG activity increased
significantly in the oxidative stress condition
involved in diabetic tubulonephropathy. Thus,
increase activity of urinary NAG may suggest that
the kidney molecular functional changes should

association in early tubular damage.

101

In conclusion, chronic dietary K" fed for
one week induced the oxidative damages in rat
kidney and progressively damage further in the next
two to three week of the experiment. The severity
of damages are depend on the level of K* intake
and time course deficit as revealed by less
tubulointerstitial lesion, diffuse epithelial swelling
and tubulointerstial injury. The ROS increased
production and antioxidant defense system are
rapidly response and remain progress throughout the
experimental period. In addition, urinary NAG
activity increased in earlier response than the ROS
and antioxidant defense system. These results
suggested that chronic potassium depletion could
first promote cellular dysfunction and then lead to
oxidative damages progression occur. Thus, the
balance between ROS and others antioxidant
defense system would concerned for further

investigation.
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