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EXPERIMENTAL STUDY OF EFFECT OF
WATER DEPRIVATION-INDUCED DEHYDRATION
ON RENAL FUNCTION IN RATS

Eiji IsHikawa

From the Department of Urology, Kobe General Hospital
(Chief: Dr. M. Matsuo)

To clarify the renal function induced by water deprivation-induced dehydration, intrarenal
blood flow and changes in adenine nucleotide level in the renal tissue were investigated.
Male SD rats were completely deprived of water for 2, 4 and 5 days. The intrarenal blood
flow was determined by the hydrogen-gas clearance method and adenine nucleotide level in
the renal tissue by high pressure liquid chromatography (HPLC) on the 2nd, 4th, and 5th
day after water deprivation.

The renal function and energy charge (EC={ATP+1/2ADP}/{ATP+ADP+AMP} ) were
normal in all rats. In the dehydrated rats, the urine and blood were concentrated, and the
medullary blood flow decreased. The mean arterial blood pressure was in the lower limit
of renal perfusion pressure under autoregulation. In conclusion, the lower limit of renal
perfusion pressure under autoregulation and urine and blood concentration due to water
deprivation-induced dehydration may easily cause acute renal failure.
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BRI LB & TORU Lo EiRE (122 ) kT,
ARF oFHEE LTHK « BRETNSIECRETS b
DHFEPDRINL HEDTB. ZD X S EET
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FREGANES, BEomME L MELBHETR L ST
L HREFR T KE 7 A% 300 ml/min A X4

The desaturation curve of H. gas.
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Table 1. The kidney size of the control and
dehydrated rats. The wvalues are
shown as mean=+S.D., and are not
significantly different.

KIDNEY SIZE

CORTEX T

TOTAL
MEDULLA HEIGHT

_ l

Control A
(n=8) (n=86)

B o]
(h=6) (n=6)

Cortex (mm) 1.9%0.16 1.7+£0.21 1.73+0.21 1.740.25

Medulla (mm) 3.6+0.42 3.9+0.74 3.5+0.50 3.4%+0.21

Total Height (mm) 7.530.41 7.5+0.33 6.9+0.57 6.9+0.21
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Fig. 1. The typical hydrogen clearance curve of the dehydrated

A H; gas * inhalation

B: stop Ha gas suppliss)

rat kidney.

The H: gas supplies start at point A and stop at point B. The small
figure (the semilograrithmic curve; the horizontal axis is the time
from point A and the vertical axis is the H, gas concentration)
demonstrates the H; clearance curve between 40 and 70 seconds.
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mm OFX, BHEL L TEBHEBECEEC 3mm O
EED 2 TR RA UCERBOKEF A7V T
S v AHMBAITE LYY oz ) 7 I v AT
KED AGAD» bESEC LRL GHH), BAEL
BEECEA TS, & OWAE (40 R ImHET
MR LY (Fig. 1). ks, KFEIVTITVA
FEHmFp Rt MT S (PHK-300) %A\,
KFA + BB BEME, EE 0.3mm 0%
BhE=EF OBET2—F 4 v/ LELDT, ZO%
Pa 0.5mm FHL, ALBEx AESeLIOEM
ALt £LT, TEERITE{RERY A
797 5 v AME TR, KR AR
e LR RBE BB 7 =y b LTELRIERD
HE2, Fick oFRELEH L Kety OBERHA
o X b REERE T2 (min) BRI, 0EDH, F=
69.3/7V2 (ml/min/100 g) V= X hEH L1,

2) B## o adenine nucleotid D RIFEE (Fig.2)

o Z &<, By in situ ORETHRRT S
o, WHhEHE (—196°C) RBL TRV AT VY
ABOEHMT (FRES 3x3 cm) & H\vTHEHC
BhEREE L, AR RBERCRE L. RE
RED >, BLCFRELEBbh? o 100~200
mg % 0~4°C THERLHEHEL, k&L 7=V
BarrorAF—LAN, KGLKIOZ Y 7 r L EE
% 2ml Mz ChrerrA AL, TOHRETT
4 X UTeRp% 1,000G T 15 SELaHE L%
BUE0 LERC 0.01 M gEEsEEIR (pH 3.35) T

Frozen tissue 100-200mg
«— 10% Trichloroacetic acid{2 md}

Homogenige at 0°C
Centrifuge 1.000g9, 15min
Supernatant
0.454 filter

inject to 5 uf HPLC
[ |
ATP ADP & AMP
: Polygosil 5N{CH,;), Column : Lichrosorb RP18
Mobile phase : 0.35M KH, PO, (pH1,3) Mobile phase : 4% CHyOH-0.1M KH,PO,(pH{.%)
Flow rate : 1.0mg/min Flow rate : 1.0m8/min
Detection ; 260nm

Column

Detection : 260 nm

Fig. 2. Procedure for HPLC assay of adenine
nucleotides.
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FHRL, Ebrc 0.45ym T4 NE — % FTC 2@l
g, BERAEs v~ 757 (HPLC) E®®T
HE L.

i) ATP £#io> HPLC 4k : » 7 &1k, Poly-
gosil 5N (CHs): "G, % Bz 0.35M phosphate-
buffer (pH 3.35), F#x 1.0 ml/min, #HFERIE
260 nm TH 7.

ii) ADP, AMP 741D HPLC &ff: » 5 &%
Lichrosorb RP18, &t » x » —i 0.1 M pho-
sphate buffer (pH 4.96), &L 1.0 ml/min, #
HiFEL 260 nm ThHofe, ZDr/m=< 7T N}
B, -7 %BIEL, pRUERLCERERD
REFGTCT7F =V R 7 VAT FOERETE- 1.
Energy charge (JAF EC &#53) oFHER, KO
NRIT X 5.

(ATP+1/2 ADP)
(ATP+ADP+AMP)

3) MmEHES L OREE

¥ BRERG & L, RSBy - (EREE
MKI0D) iz T 24 Bsffl $%R & L, BUN (3 urease-
indophenol #, Na (¥, K) XKKxEE
Cr (%, ®) & Jaffe 3%, Osm (¥, K X
Advanced Digimatic (R) Osmometer Model 3D
DR BEE % W CRIE Lic.

FEna (fractional excretion of Na)

EC=

ulNa/sNa
=142 %100
FExa uCr/sCr X

REEOBRINEELY TS~ - — L LTHER LY.
FTRTOERIE, mean+S.D. TRL, HEEK
i3 Student t FisER A L.

= S

D HEEDE AEIERE (Table 2)
BE R L UAEEREIRKOETCET L TR

Table 2. The changes in the body weight
of each group and the food eaten
on the last day of experimental

term.
Control A B c
(n=8) (n=6) (n=86) (n=6)

Body weight (g) TR 3 R WAL NG

Changes of B.Wt.(%) +8.7%1.88 -U0R0H  -2.8413%  -27H14

Foods (g/day) 204245 1591318 30413 Liprye

All values are shown as mean+S8.D., com-
pared with the control group (*p<{0.05,
*kp<0.01),
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Table 3. The changes in the laboratory data.

Control A B C
(n=8) (n=8) (n=6) (n=6)

plasma Osm (mOsm/kg} 297%4.1 305+4.2% 3185, 2%* 323+6.1%%
Ht (%) 48+1.9 50%1.5 531 .9%* 542 6%*
serum Na  (mEa/4) 13744 .8 144+5 0% 1513 2%* 1562 . 7%*
urine Volume ( u2/min) 16.9+3.67 3.0£0.56%* 2.1+0.29%k  2.0+40.22%*
u/p Osm 2.4+0.58 12.9%£5.0%k  10.5+1.34%* 12,342 .38%*
serum BUN  (mg/df) 16.1+4.19 21.8+4.88 26.344.13%%  30.8+3.71**
serum Cr (mg/d2) 0.5%+0.15 0.6%+0.10 0.6x0.15 0.7+0.14

FENa (%)

0.249%0.0950 0.121+0.0249 0.118+0.0198* 0.118%0.0229

All values are shown as mean+S.D., compared with the control

group (¥ p<0.05, ** p<0.01).

L.

2) M XICREL (Table 3)

BE, CHo Ht, plasma Osm, serum Na (%
HEBH R TEBCE, »1c (BRE. CBF: & p<
0.01). JRE LBk o HIT & & D FR B LI
(% p<0.01). serum BUN (3B, CRETHER
CHNTHEESCEME L - edt (& p<0.01), serum
Cr BIEE Th-1o. BikEED FEve i3, MRFHCH
NREBHEAT, HARED u/p Osm BB LERL
(% p<0.01), BoREMIELRIh T

3) BHEMSOTER L UBIRE (Table 4)

KEIREEEHME L LCEHRIL, BB - CRETH
BRI S TEBRICET L (p<0.01). £RFOFK
BrBHMBAOMKREIAREYRDL (£ pL0.01),
BikFEDOT BAO MR AL NP TRRER U
Thotcd, BE- CETETHMLL. LalL, B
Table 4. The changes in mean arterial blood

pressure (MABP), the renal cortical
blood flow (RCBF) and the renal

medullary blood flow (RMBF) of
each group.

Control A B c
(n=8) (n=6) (n=6) (n=6)
MABP (mmHg)  99+6.8 86410.8  85%6.9%F  80+8.2%*

RCBF (mg/min-100g) 314%38.6 295+10.1 324%£32.0 3391513

RMBF (ng/min-100g) 121£33.0 119+44.4  63+27.5%% (918, 3%*

All values are shown as mean®S8.D., com-
pared with the control group (*p<{0.05,
*#5<0.01).

BEOMKEBE « CHTHBRCETEICT
felfc (p<C0.05).
4) BED adenine nucleotide & EC (Fig. 3)
LD ATP ATV AETL, B C
HTHEE TR WA ER L. LhL, BBKED
ADP, AMP %308 EC BIEEBHTH - 1.

% %

KRZHEREKE Table 4 1R X 5 @ BREMKE
BIETHEML, BREEQREIERCHED L. B
PRER LMK B AT 6 LC & dodd TR C, i {E i
B o B BB R LB B N B L RE
INTWB1920, UL, A28 cmELECRT5
B BB MR B B MR ST —E D By A AT
HEZIR, Lhd, EHEIRED80~180 mmHg
OHIFEATIX GFR (gromerular filtration rate) %
YO RBF (renzl blood flow) DZ{LITEHTH b,
ZOHRECBERESBCHASHBERTHS LI T
WBHB2O LT, o BEHREERO B EREC s
W, BREMKS L OCFHBEMTIIER Uit L)
LEINTWBED, KEBROKRZHERKIFIZ I\ TP
YIEIIREEAS Table 4 © X 512 80 mmHg & BT
DOECHBHERO TR TD »1ofod, BhEmMERED
ZIIBMT, BREIEF TH - LEL LR

L L, BEFEMmMPE Table 4 © X 5 @il Li-.
KFIREFOBEEEMATEM L, RIBFREC IR T
BEIRTWAY®, KEEROD X 5 kR ZEDEKRED
RGO, MERBERQROME;HET
B0, ChicXBHMBEmAAKE factor & LTH
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Adenine Nucieotides

pmole/g Il AvP

2.5

0.5

Control A [
Fig. 3. The changes in the adenine nucleotide level and the energy

charges of the kidney in each group.
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Energy Charge (E.C.)

0.9 4

0.851

0.8

Control A B (o]

The values are shown

as mean+S.D.. The values are not significantly different.

ELTwA. 2Fh, BEREMHEK X - T washout
ShABEBRENBRA T, HERELE AR M
LERDERINES. TDicd, AEROBERE
HOASER TH B bbb TEME A D
Lz EEBENRIEThTcbE L bR,

B D IK IR Z e K o0 B E T E v B R A AR
OFRETETL, Mm#EE Table 3 O X 5 CEMHIR
BThote. LD, MIKD viscosity (X EH LT
WhEEZDLR,
L, SO BRI EY KT 28 hypoxia ¥ B)
RIHEHREINTHBY. b HAHA, —ILATEW
ziewhs, 0 X5 Te Bl TR ZHERIK A hypoxia
THIERED ATP AR E LT & ¥
Zbhn. L& X0 BHRED ATP 2PET5 &,
Fig. 3 DX 5wIEH TH 1. L»L, adenine nu-
cleotide O USRI AR R T, — Dfax
BRI DHEAOEINT = 2 L ¥ — RGOk i
BFAHZ LA ESTHB. TDid, Atkinson!?
DI|MBLIC= R AF -DFEE LMD T v 2 LT
Al & $d>T energy charge W% &, Fig. 3
Droi EC LIEHRETH -~ 1.

Ischemia [RFOBHEED ATP L~ METT5 &

XD, BT B ATP KT =31 ¥
— AT D IR 0 o> e B 6 A [ sk U M KRIB R S5 o0 1
fth FicT & EhTVW5%, hypoxia = H (L
MFERF D B ESfEE EC ML, EC v
A OETIHHMOIFTIEL LA RT3 & LR
ENTLH3. UL, Fiiko ATP s LU EG
VAUV L T LA I Lis v v s s b B

= OUREEIL peripheral resistance

AHEAD Fje KEERROD X 57 sampling FERL X B
adenine nucleotides JIEN b 2BHABLOBEL IO
AR HERT 2 2 LR THAH 550, SEOE
Bewvwz Bz bk, KRZHBKEOBAGD ATP
BEO EC REEFHETH Y, 47 &3 hypoxia
RHMEEME EDBRE IV EEL bR

KR ZUERBKAETT B &, Table 4 KRT X512
ATP REFHEIN LY. =it endotoxin shock @
W LR e s BT ATP BEAREOTE
XL T %. LT, mitochondria (=% A%
— FERARI AR R TTE T 5 L BRE IR T
%Y. KRB & IRBREY R T 5 -0 E
FE TR =3 AF—EENBALT WS L E2bh
5. ZORBHEREBC BTz 50 ¥ — FAEM O BEH)
PRI TH B Na BRI LTS, =D Na
DRI LB EE DR I X OSRAIRAE CHEINE
h, ZOBRERIHFINNANEATHSE L IRT
WBRL Zold, KRZHBRKERC BT 5 BEGD
mitochondria “Tik ATP B REAMUE T HEAE T0HE
LTATP BETER LI ELELZLR, Xb, §
BEBEMFE AETHEM LI b, 20k 5 oML
fb~OXIEE b EX Hhi.

KR ZHERKES, BERETHCASER TR CE
BB THS A, Wit & o5 X b BEERERs
HETLULBEEY X LT uEEL LR, 35
i, kA B VbR TO3 XS BRI O i s L Ot
IR DB AL S X A BEERE - Loy
BROVEDE bE L bt FORBEER -, KKS
WEBOKCHRD WX ORBDHD L L b, b Lok
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B b RBCHEY I BENLETHS . 5K,
KR Z B O B ERE B E~OBEC B L TR
HLTWwEL.

5 B

SD ®HEF . + %2, 4, 5 HIELBKL, B
e, KFEHF A7) 75 v AKX 2 BAMMOEE
B IUBEAKD adenine nucleotide #HPEL, LT
DERTE .

D KRZHEBKR O BEE X ERTRch Ty
i,
2) KEFAZVT I VvAKRLLSBRASMKED
RRDOESR, BKOETL L LBHEMKIREER
B L (p<0.01), BrEmMBEIETHM L. &
0 L EOFHBIRECFERED B CAHERTRT
BHolc.

3) BEBo ATP EIZABTETL, B+ CHT
EFHMLEA, BB EC EEFfEih T
fo.

FHROEREEIFARTHY 2R LB LCF3EA K
WREBEABETEOTREL..
RE#baichiz0, BRY, ARMED B0 FHE
B, PR PHCEMEETRL 7 R 12 U, BV
KREWRBE O EAOEY, M7 RiTRIREECUW R
FRERXHERRSERBOERCOLVRBOREEY 2
ER

12 BATE O—IFI3 EFS9, 60FE AR LIS O
WAL EARUTEHLETS.
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