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Abstract In this paper, the mechanism of changes in blood pressure caused by testosterone through with-
no-lysine kinase 1 (WNKT1) kinase regulation of potassium-related channels in kidney have been investigated. The
experimental models are established on normal male mice, castrated male mice and castrated males injected with
testosterone. The phenotype was measured. The protein and mRNA expressions of WNK 1 kinase and renal potas-
sium ion channels renal outer medullary potassium (ROMK), large conductance Ca*"-activated K' (BK) and Na-
K-2Cl cotransporter (NKCC2) mediated by WNK1 were detected by western blot (WB) and real-time quantitative

polymerase chain reaction detecting system (QPCR) technology. Meanwhile, immunofluorescence technique was
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used to verify the results. The phenotypic results showed that the blood potassium increase while the blood pressure
decrease in castrated male mice. When the castrated male mice received testosterone, blood potassium decreased
and blood pressure increased. WB and QPCR results showed that WNKI1 increased in castrated male mice com-
pared to normal male mice, and the normal expression of WNK1 was restored in castrated male mice with the tes-
tosterone injected. In the castrated male mice, the potassium channel ROMK decreased, while BK-a and NKCC2
increased. The expression of three potassium-related channels in castrated male mice are recovered after testos-
terone injection. Immunofluorescence results are consistent with the results of QPCR and WB. The WB results of
phospho-WNK 1 showed that phospho-WNK1, compared with normal male mice, elevated in ovariectomized male
mice, and phospho-WNK1 decreased in castrated male mice after testosterone injection. The experimental results
indicate that testosterone causes changes in WNK1, p-WNK1, ROMK, BK-a, and NKCC2. WNKI1 inhibitor injec-
tion experiments showed that the expression of ROMK in the renal ion channel downstream of WNKI1 increased,
and the expression of BK decreased. Furthermore, the sodium-potassium chloride cotransporter 2 decreased, which
indicates that WNKI1 can regulate ROMK, BK and NKCC2. These findings indicate that testosterone can regulate

blood potassium in renal potassium-related channels through WNKI.
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Table 1 Main primer sequences

H IR E ] eIk 1]l

Objective gene Primer sequences

WNK1 Forward 5'-GTC TGG ACA CCG AAA CCA CT-3'
Reverse 5-CGA ACA ATG TTG GGA TGT TG-3'

ROMK Forward 5'-ACA GAC AAA ACT GAA CAG CAC CAC-3'
Reverse 5-GGA GAC CAA CCT TGC TCG TTG-3'

BK-a Forward 5'-TCT CAG CAT TGG TGC CCT CGT AAT-3’
Reverse 5-GTA GAG GAG GAA GAA CAC GTT GAA-3'

BK-p4 Forward 5'-TGC CTT TGG GTC AAT GTA TCA GCT-3'
Reverse 5-GCA ATA GAATTC ATG GTG CTT ATA-3’

NKCC2 Forward 5'-CCA GAG CGT TGT CTA AAG CA-3’
Reverse 5-TGG GCA GCT GTC ATC ACT TA-3'

Cyclophilin Forward 5'-CGT GGC TCC GTT GTC TT-3'

Reverse 5-TGA CTT TAG GTC CCT TCT TCT TAT CG-3’
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A: the decrease of serum testosterone in castrated male mice and the increase of serum testosterone after testosterone injection. B: the blood pressure of
castrated male mice was decreased and the blood pressure was increased after testosterone injection. C: the serum potassium of castrated male mice is
higher than that of normal male mice, and decreased after testosterone injection. D: no difference in total urine potassium after 24 h between the three
kinds of male mice. All the experiments were repeated three times with similar results, *P<0.05. NM: normal male mice injected with olive oil; CM:
castrated male mice injected with olive oil; CT: castrated male mice injected with testosterone.
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Fig.1 Analysis of serum testosterone, blood pressure, blood potassium and total potassium of urine in normal male,

castrated male mice and castrated male mice injected with testosterone
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A: the mRNA expression of WNKI in three male mice. B: the mRNA expression of ROMK in three male mice. C: the mRNA expression of BK-a in
three male mice. D: the mRNA expression of BK-f4 in three male mice. E: the mRNA expression of NKCC2 in three male mice. The housekeeping
gene is cyclophilin. All the experiments were repeated three times with similar results, ¥£<0.05. NM: normal male mice injected with olive oil; CM:
castrated male mice injected with olive oil; CT: castrated male mice injected with testosterone.
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Fig.2 mRNA expression of WNKI, renal potassium ion channels ROMK, BK-a, BK-4 and NKCC2 in normal male mice,

castrated male mice and castrated male mice injected with testosterone after castration
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A the protein imprinting analysis of WNK1, p-WNK 1, ROMK, BK-a, BK-4 and NKCC2. B: the gray value results of WNK1, p-WNK1, ROMK, BK-
a, BK-B4 and NKCC2 respectively. All the experiments were repeated three times with similar results, *P<0.05. NM: normal male mice injected with
olive oil; CM: castrated male mice injected with olive oil; CT: castrated male mice injected with testosterone.
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Fig.3 The protein expression of WNKI1, p-WNKI1, renal potassium ion channels ROMK, BK-0, BK-$4 and NKCC2 in normal
male mice, castrated male mice and male mice injected with testosterone after castration
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A: the results of WNK1, ROMK, BK-a, BK- and NKCC2 immunofluorescence expression in three kinds of mice. B: the results of immunofluorescence
intensity of WNK1, ROMK, BK-a, BK- and NKCC2 in normal male mice, castrated male mice and testosterone male mice after castration. All the experi-
ments were repeated three times with similar results, *P<0.05.
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Fig.4 Immunofluorescence of WNKI, renal potassium ion channels ROMK, BK-a, BK-f4 and NKCC2 in
normal male mice, castrated male mice and castrated male mice injected with testosterone
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A: the serum potassium of male mice injected with WNK1 inhibitor was lower than that of male mice not injected with WNKI1 inhibitor. B: the total
urine potassium of male mice injected with WNK1 inhibitor is lower than that of male mice not injected with WNK inhibitor after 24 h. All the experi-
ments were repeated three times with similar results. *P<0.05. NM: mice injected with 10% DMSO in olive oil; IM: mice injected with WNK1 inhibi-
tor which was dissolved in olive oil containing 10% DMSO.
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Fig.5 Analysis of blood potassium and total potassium of urine in normal male mice and male mice injected with WNK1 inhibitor
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A: the protein imprinting analysis of WNK1, p-WNK 1, ROMK, BK-a, BK-4 and NKCC2. B: the gray value results of WNK1, ROMK, BK-a, BK-$4
and NKCC2 respectively. All the experiments were repeated three times with similar results, ¥£<0.05. NM: mice injected with 10% DMSO in olive oil;
IM: mice injected with WNK1 inhibitor which was dissolved in olive oil containing 10% DMSO.
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Fig.6 The protein expression of WNKI1, p-WNKI1, renal potassium ion channels ROMK, BK-a, BK-4 and
NKCC?2 in normal male mice and male mice injected with WNK1 inhibitor
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