
C H A P T E R  V

T H E  E F F E C T  O F  IN T R A V E N O U S  IN F U S IO N  O F  S T E V IO S ID E  

O N  T H E  U R IN A R Y  S O D IU M  E X C R E T IO N

In tro d u ctio n

Little is know n about the effect o f  s v s  on the p h ysio log ica l function  

particulary in relation to renal function, although s v s  and aqueous extracts o f  Stevia  

has been sh ow n  to induce pronounced decreases in b lood  pressure and heart rate 

(B oech  and H um boldt, 1981). The e ffect o f  intravenous in fusion  o f  S V S  on the renal 

function  esp ec ia lly  natriuresis, kaliuresis, d iuresis and renal vasod ilation  without 

changes o f  glom erular filtration rate (G FR ) has been found in chapter IV. It has been  

su ggested  that its action  is sim ilar to several vasodilators such as prostaglandin (Baer, 

1988). The real site and m ech an ism s o f  action o f  s v s  in hypotension  and natriuresis 

have not yet been elucidated. The present experim ent w as therefore undertaken to 

exam in e the p ossib le  m echanism  o f  natriuretic effect o f  s v s  in fusion . S in ce  proxim al 

renal tubule is know n to be the vulnerable site for several to x ic  agents, the natriuresis 

induced by S V S  in fusion  m ay be its inhibitory action on proxim al tubular N a + 

reabsorption. To clarify  this p ossib ility , lithium  clearance (C y ) m ethod w hich  has 

been used for evaluation  o f  Na^ and H 2 O delivery from proxim al tubule  

(T hom sen , 1990), w as perform ed in the present study. M oreover, en zym e activ ity o f  

N a \ K f A T P ase, the key en zym e for renal tubular reabsorption o f  sodium  and
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p otassium  ; renal m itochondrial activ ity  w h ich  is the source o f  energy supplying  

norm al function  o f  N a +, K + A T Pase; have been also  perform ed during s v s  

adm inistration.

M aterials and M ethods 

Animal preparation
M ale W istar rats w eigh in g  2 5 0 -3 0 0  g w ere used. The anim al w as anesthetized  

by intraperitoneal in jection  o f  either sod ium  pentobarbiturate (45 m g/k g .B W ) or 

inactin  (1 0 0  m g/k g .B W ) according to the experim ental design . A rectal probe was 

inserted in order to con tin u ou sly  m aintain body tem perature 3 7 .5 ° c .  After 

tracheostom y, both fem oral vein s and arteries w ere canulated to in fuse solution  and 

co llected  arterial b lood  resp ectively . B oth right and left ureters w ere canulated to 

co llec t urine sam ple. The experim ents w ere perform ed as described  in experim ental 

procedures.

E xperim ental procedures

E xperim ents w ere divided into 3 trials.

Trial /  Determination for the site o f SVS's natriuretic action
The reabsorption o f  sod ium  (N a+) and water (H 2 O ) along the proxim al tubule 

but not to any m easurable degree in m ore distal nephron segm en ts has been  

determ ined by u sin g lith ium  clearance (C u ) technique. M any lines o f  ev id en ces  

supporting this h yp oth esis have been rev iew ed  by T hom sen  (1 9 9 0 ).
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A t the b eginn ing o f  the experim ent, inulin  solution  ( l  g /1 0 0  ml normal 

sa lin e) w as in fused  intravenously at the rate o f  10 m l/hr/kg.B W . and continued  

throughout the experim ent. A fter 40  m in, LiCl solution  (0 .0 1 5  M ) w as infused  at the 

rate o f  10 m l/hr/kgB W  throughout the experim ent after g iven  o f  a bolus d ose o f  0 .20  

ml o f  0 .07  M  LiCl solution . B y  this m anoeuver, p lasm a Li concentration could  be 

m aintained at the level o f  0 .2 -0 .4  m Eq/L . A fter LiCl adm inistration for 10 m in, the 

experim ent w as started. The experim ent w as d iv ided  into five  30 -m in  periods; control 

period, the first and the secon d  o f  s v s  in fusion  periods, and the first and the second  

o f  recovery periods. Urine co llection  from  both ureteres w as carried out during every  

30-m in  period to obtain a m easure o f  urine flow  rate (V ). Arterial b lood  sam ple (0.5  

m l) w as co llected  at the m id point o f  each urine co llection . A fter the control period, 

0.15 g o f  S V S  in 1 m l o f  normal saline (N S S ) w as injected intravenously in a dose o f  

20 0  m g/k g .B W  and fo llow ed  by continuous in fusion  at the rate o f  20 0  m g/kg.B W /hr. 

for 1 hour. G lom erular filttration rate (G FR ) w as determ ined by inulin clearance (C[,,). 

Urine and p lasm a sod ium  and lith ium  concentrations w ere m easured by Flam e  

Photom eter to calcu late the fo llo w in g  equations.

Reabsorption o f  water in proxim al tubule =  

R eabsorption o f  sodium  in proxim al tubule =  

R eabsorption o f  water at distal nephron  

Reabsorption o f  sodium  at distal nephron =  

D elivery  o f  sod iu m  out o f  proxim al tubule =

c , ท - C LI 

(C , 11 - C Li) PNa 

C Li- V

(C Ll - Cpja) PNa

C l, — C(\|a prox

The fractional excretion  o f  sod iu m  from  proxim al tubule =  CLi/Cin=FEu =  FENa prox



9 3

U rinary ex cre tio n  o f  sod iu m  ex p ressed  ลร fraction o f  am ount d elivered  from

proxim al tubule =  CNa /C u

U rin ary  ex c r e tio n  o f  w ater ex p r e sse d  as fraction  o f  am ou nt d e liv ered  from

proxim al tubule =  V /C u

Trial II Determination o f renal Na+, iC  ATPase activity

In this trial, anim als w ere d iv ided  into tw o groups, the control group and a 

group o f  s v s  in fusion . A fter anim al preparation, s v s  so lu tion  (0 .15  g /m l) w as  

injected in a d ose  o f  20 0  m g/k g .B W  via  the fem oral vein  and fo llow ed  w ith  a 

continuous in fusion  at the rate o f  20 0  m g/kg.B W /hr. In the control group, N S S  w as  

infused  w ith  the rate o f  l% k g.B W  instead o f  s v s .  A fter 30 min o f  either s v s  or 

0.9%  N S S  adm inistration, both kidneys w ere quick ly rem oved and w ashed  using ice- 

co ld  m edium  as su ggested  in chapter III. The k idneys w ere decapsulated  and the 

renal cortex from  each h a lf  part o f  both k idneys w as separated and the rem aining h a lf  

w as p oo led  to determ ine both total renal and cortical N a +, K+ A T P ase activ ity  as 

described in chapter III. E nzym e activ ity  w as expressed  as p m ole  o f  Pi released /m g  

protein/hour.

Trial III Determination o f renal mitochondrial activity.

In this trial, tw o groups o f  experim ents w ere carried out as the control group  

and experim ental group o f  s v s  in fusion . A ll an im als in this experim ent w ere  

anesthetized by intraperitoneal in jection  o f  inactin (1 0 0  m g/k g .B W ) by the reason 

described in chapter III. A nim al preparation in this trial w as the sam e as used in the
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experim ent to determ ine N a +, K + A T P ase activity. In the experim ental anim al, 200  

m g/k g .B W  o f  s v s  solution  (0 .15  g /m l) w as intravenously in fused  as a prim ing dose  

and then fo llo w ed  by continuous in fusion  at the rate o f  2 0 0  m g/k g .B W /hr for 30 mill. 

T his tim e interval w as ch osen  because o f  the h ighest response on renal function. Ill 

the control grou p ,N S S  w as infused  at the rate o f  10 m l/hr/kg.B W . A fter 30 m in o f  

in fusion , renal m itochondrial preparation w as accom p lish ed  usin g m ethod described  

in chapter III.

A fter the preparation, m itochondria w as pored into the incubation m edium . 

The substrate w as added and state 4 o f  respiration w as m easured. 6 0 0  nM  o f  A D P  in 

the presence o f  glutam ate (5 m M ) plus m alate (5 m M ) or 30 0  liM  in the case o f  

succinate w as added to initiate state 3 respiration. The ratio o f  V o 2  in state 3 to state 

4, term ed respiratory control ratio (R C R ) w as determ ined as w ell as A D P :0  or p / o  

ratio. Renal m itochondrial A T P  synthetase activ ity w as a lso  evaluated.

Statistics

The statistical analysis w as perform ed using both paired and unpaired t-test. 

the sign ifican t level w as determ ined at p < 0 .05 . A ll va lu es are exp ressed  as mean ± 

SEM . Linear correlation w as a lso  perform ed.

Results

Effect o f  s v s  on lithium clearance and renal tubular sodium reabsorption

Data in table 5.1 dem onstrates that urine f lo w  rate (V ) sign ifican tly  increased  

during s v s  in fusion  (5 3 .6  % in the first period and 31 .2  % in the second  period) and



T able 5 .1 T he effects o f  s v s  in fusion  on lith ium  clearance as a m arker o f proxim al tubular N a+ reabsorption .6

Period

Parameters ^''''

control SVS infusion period recovery period

30 min 60 min 90 min 120 min 150 min

V ( pL/min) 21.513.3 33.013.5*** 28.212.8** 27.312 25.412.9
GFR (ml/min/kg.BW.) 6.110.5 5.910.5 5.210.4 4.710.4* 4.810.3*
CLi = CNaprox (pL/min/kg.BW.) 24491177 52981836** 26231346 21711306 22911337
V/Cy = v / v  1 prox (%) 3.310.5 2.610.3 4.510.7 5.310.6* 4.610.5
FENaprox = FEl , (%) 42.314.0 89.7112.0** 52.617.8 45.815.1 47.315.2
CNa (pL/min/kg.BW.) 55.7111.9 104.4115.4*** 86.4113.3*** 80.518.1** 76.4112.4*
FE^a (%) 0.910.2 1.810.2*** 1.610.2*** 1.710.1** 1.610.2**
CNa/Cy (%) 2.210.4 2.710.3 3.710.6* 4.210.6** 3.710.4*
prox H:0  reabsorption (pL/min/kg.BW.) 35971407 6051691** 25641455 25071251* 24641244*
prox Na+ reabsorption (pEq/min/kg.BW.) 510.5157.3 81.97197.6** 359.7163.2 356.9137.3* 345.6131.5*
Distal HaOreabsorption (pL/min/kg.BW.) 2367.81169.7 5174.21822.9** 2518.01340.0 2070.11299.1 2197.51327.6
Distal Na+reabsorption(pEq/min/kg.BW.) 339.6122.1 743.81121.2** 363.3151.7 299.5145.2 315.1148.4

Values represent mean ± S .E .M .(ท = 10)
Abbreviations : V,urine flow rate;CL„ clearance lithium ; FELi, fractional excretion of lithium ; CNa clearance of sodium ; FENa, fractional excretion of  
sodium ;CNa/CLi ,V/CL| urinary excretion of sodium and water expressed as fractions of amount delivered from proximal tubule; FENaprox fractional 
excretion of sodium from proximal tubule. Significant differences comparing to control period using paired t-test are indicated by *p<0.05, 
**p<0.01,***p<0.001.
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A

B

Figure 5.1 The relationship  betw een  FENa versus F E U (A ), and proxim al N a  
reabsorption versus FENaprox ( B ) . Data are derived from  the results during 
the first period o f  S Y S  (2 0 0  m g/kg.B W /hr) infusion.
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F ig u re  5 .2  The alteration o f  proxim al tubular reabsorption o f  N a + and H 2 0 ,  Fb| 1 . 
FENa, (upper panel), renal N a +,K^ A T P ase and renal m itochondrial activ ity  using  
succinate and glutam ate plus m alate (G + M ) as substrate in response to S Y S  infusion.
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then returned to norm al level after the end o f  s v s  adm inistration. G FR w as not 

affected  during in fusion  o f  s v s  but it s ign ifican tly  reduced in the recovery period. 

Plasm a lithium  concentration w as average 0 .2 -0 .4  m Eq/L  throughout experim ent. 

Lithium  clearance (C u ) or CNaprox representing d elivery  o f  sod iu m  out o f  proxim al 

tubule sign ifican tly  increased from 2 4 4 9 ± 1 7 7  to 5 2 9 8 ± 8 3 6  fiL /m in /k g.B W  (P < 0 .0 1 )  

in tile first period o f  s v s  in fusion . D uring the secon d  period o f  s v s  in fusion , C|J 

w as still high but not sign ifican tly  d ifferent from the control period. N o  changes o f  C u  

w ere apparent in recovery periods. S im ilarly, F E u or FENa prox , the representation o f  

the fractional excretion  o f  sod ium  from  proxim al tubule, m arkedly increased from  

4 2 .3 + 4 .0  to 8 9 .7 + 1 2  % (P O .O l)  during s v s  adm inistration. S light elevation  but not 

sign ifican t d ifference from  the control o f  FEu WHS apparent during first period o f  

S V S in fusion  and recovery periods. FEnr s ign ifican tly  increased throughout 

experim ental periods. Proxim al tubular water and sodium  reabsorptions sign ifican tly  

reduced (P < 0 .0 1 ) as a con seq u en ce o f  first period o f  s v s  in fusion . Figure 5.1 A 

show s the relationship  betw een  FENa and FELj during the first period o f  s v s  

infusion . There w as a c lo se  relationship betw een  both param eters (y= 0 .7 , p < 0 .05 ). 

There w as a h igh ly  n egative correlation betw een  proxim al tubular N a reabsorption  

and FEwaprox (y= 0 .98 , p < 0 .0 0 1 ).(figure 5.2 A )

The reduction o f  proxim al tubular water and sod iu m  reabsorption w as  

apparent by approxim ately 40%  (P O .0 5 )  during recovery period. A t distal nephron, 

water reabsorption w as s ig n ifica n tly  increased from 2 3 6 8 ± 1 7 0  to 5 1 74 + 82 3  

p L /m in/kg.B W  (P O .O l)  and sod ium  reabsorption sign ifican tly  increased from 340+

22 to 744+ 121 p E q /m in /k g .B W (P O .0 1 ) during first period o f  s v s  in fusion . N o
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sign ifican t alterations took  place in both sod ium  and water reabsorption at distal 

nephron beyond this period. The urinary excretion  o f  sod ium  and water as the 

fractions o f  am ount delivered  from  proxim al tubule estim ating by CNa/CLi and V /C u  

(V /V prox) resp ectively , w ere unaltered in the first 30 m in  o f  s v s  in fusion  but it 

m arkedly increased in the latter period.

Na+, I(+ A TPase activity in response to s v s  infusion.

The e ffect o f  s v s  in fusion  on N a ' , K + A T P ase activ ity  in either w h o le  k idney  

or renal cortex is sh ow n  in table 5 .2  . There w ere no sign ifican t ch an ges o f  total 

A T P ase activ ity  in either w h o le  k idney or renal cortex betw een  the control group and 

S V S  infusion  group. S im ilar results w ere apparent for M g 21 A T P ase activ ity. 

H ow ever, N a +, K + A T P ase activ ity  w as sign ifican tly  declined  from  2 6 ± 1 .8  to 20 .5  ± 

1.4 p m ole  P i/m g protein/hr (P < 0 .0 5 ) in the w h o le  k idney and 3 3 .3 ± 2 .8  to 26 .2+ 1 .3  

p in ole P i/m g protein/hr (P < 0 .0 5 ) in the renal cortex after s v s  in fusion .

Effects o f  AKS on renal mitochondrial function

The effect o f  s v s  on the renal m itochondrial activ ity  is show n in table 5.3. 

Both site 1 (u sin g  glutam ate+m alate as substrate) and site II (u sin g  succinate as 

substrate) o f  m itochondrial activ ity  w ere determ ined. W ith glutam ate+m alate as 

substrates, control m itochondria had substrate-supported oxygen  consum ption  (V o 2) 

o f  13 .6+ 0.4  ng atom  C b/m in/m g protein w hich  w as not sig n ifican tly  d ifferent from  

that o f  S V S in fusion  group (1 2 .8 + 0 .9 ). D uring state 3 respiration, A D P  addition, V o 2 

w as stim ulated to 97 .1 +  4.3 in control group and 8 6 .3 + 5 .9  ng atom  C V m in /m g protein
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in s v s  in fusion  group. M itochondrial activ ity in response to s v s  adm inistration had 

a lo w  R C R  from  7 .2 ± 0 .2  to 6 .9 + 0 .2  but not statistical d ifferen ce, s v s  in fusion  

caused a sign ifican t decreased in total V 0 2  after A D P  application (P < 0 .0 5 ) and then 

resulting a sign ifican t elevation  o f  the p /o  ratio from 3 .5 + 0 .2  to 4 .4 ± 0 .3  (P<0.01 ).

W ith succinate as a substrate, the sam e result w as obtained, s v s  in fusion had 

no in flu en ce on state 4 respiration w hereas sign ifican t decreased  o f  state 3 respiration  

from 165 .7+  9 .9  to 142.1±7.1 ng atom  C b/m in/m g protein (P < 0 .0 5 ) w as obtained. 

SV S depressed total V 0 2  by 22.8%  (P < 0 .0 1 ) w hich  then resulted the sign ificant  

increase o f  p / o  ratio from  2 .3+ 0 .1  to 2 .8+ 0 .1  (P < 0 .0 1 ). Renal m itochondrial A T P  

synthetase activ ity  w as decreased from  2 .8+ 0 .1  to 2 .5+0 .1  p m ole  P i/m g protein/hr 

(P < 0 .0 5 ) after s v s  in fusion  in com paring w ith the control anim al.

The reduction o f  state 3 respiration w as on ly  14.2%  w ith succinate and 11.1%  

w ith glutam ate + m alate as substrate (figu re5 .2 ). M oreover, m itochondrial A TP  

synthetase activ ity  w as sligh tly  decreased by approxim ately 11%. H ow ever, the 

depression  o f  proxim al N a + and H 20  reabsorption w as m arkedly h igh  ( 8 8 %) (figure  

5.2).

D iscu ssio n

To evaluate the effect o f  s v s  in fusion  on proxim al renal tubular function, Cl,! 

m ethod w as perform ed. This m ethod has been d evelop ed  and used by several 

investigators. The reliab ility  o f  C l, m ethod w as d iscu ssed  by T hom sen  (1 9 9 0 ) and



10]

T able 5 .2 . E ffect o f  S Y S  in fusion  on renal N a + , K + A T P ase activ ity.

^ ^ ^ ^ ^ G r o u p

Parameters
control
(N  =  9 )

S V S  in fusion  
( N  =  9)

renal cortex
Total A T P ase (p m o l Pi /m g  prot /hr) 5 3 .9 ± 2 .9 4 8 .Ü 3 .7
M g2+ A T P ase (p m o l Pi /m g  prot /hr) 2 0 .7 ± 1 .7 2 1 .6 ± 3 .5
N a + ,K + A T P ase(p m o l Pi /m g prot /hr) 3 3 .3 ± 2 .8 2 6 .2 ± 1 .3*

w hole kidney
Total A T P ase (p m o l Pi /m g prot /hr) 4 8 .6 ± 1 .0 4 6 .6 ± 2 .4
M g 2 + A T P ase (p m o l Pi /m g  prot /hr) 2 2 .6 ± 1 . 2 2 6 .U 2 .3
N a + ,K + A T P ase (p m o l Pi /m g prot /hr) 2 6 .0 Ü .8 2 0 .5 ± 1 .4 *

V alu es represent the m ean ± S.E .M . E n zym e activ ity  w as exp ressed  as p m ole  Pi 
released per m g protein per hour (p m o l Pi /m g  prot /hr). The sign ificant  
d ifferen ces betw een  control and s v s  in fusion  group are determ ined using  
unpaired t-test : *p< 0.05 .
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T a b le  5 .3  C hanges o f  renal m itochondrial activ ity com paring b etw een  control 
and S Y S  infusion  group.

Group

Parameters
control 
( N  =  9)

S V S  in fusion  
( N  =  9)

succinate as substrate
St 4 (ngatom  0 2  /m in /m g  p lot) 3 7 .8 ± 2 .0 3 5 .7 Ü .6
St 3 (ngatom  (ว2  /m in /m g p lo t) 165 .7 ± 9 .9 1 4 2 .1 ± 7 .1 *
total (ว2  con su m e (ngatom  0 2 /m g  p lot) 106 .9±7 .8 82 .5± 6 .1  *
RCR 4 .4 ± 0 .1 4 .0 ± 0 .1 **
P/O 2 .3 ± 0 . 1 2 .8 ± 0 . 1 **

glutam ate+m alate as substrate
St 4 (ngatom  O 2  /m in /m g p lot) 13 .6± 0 .4 12 .8± 0 .9
St 3 (ngatom  O 2  /m in /m g prot) 9 7 .1 ± 4 .3 8 6 .3 ± 5 .9
total O 2  con su m e (ngatom  0 2 /m g  prot) 1 4 2 .1 ± 1 1.6 10 8 .0 ± 9 .0 *
RCR 7 .2 ± 0 .2 6 .9 ± 0 .2
P/O 3 .5 ± 0 .2 4 .4 ± 0 .3 * *

A T P synthetase activ ity(pm ol P i/m g prot/hr) 2 .8 ± 0 . 1 2 .5 ± 0 . 1 *

V a lu es represente m ean ± S.E .M . A bbreviations ะ St 3, St 4 oxygen  uptake in state 3 
and 4 o f  m itochondrial respiration ; RCR, respiratory control ratio ; p /o ,  ratio o f  A D P  
added to total <ว2  uptake during state 3 o f  m itochondrial respiration ; A T P  synthetase
activity, m itochondrial A T P ase synthatase activity. S ign ifican t d ifferen ces betw een  
the control group and s v s  in fusion  group are determ ined usin g unpaired t-test w ere  
determ ined by * p < 0 .0 5 , * * p < 0 .01 .
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L eyssac (1 9 9 0 ). B y  com paring C u  m ethod to the m ethod usin g either m icropuncture  

or transit tim e-o cclu sio n  tim e, there w as a c lo se  relationship  b etw een  proxim al tubular 

lith ium  reabsorption and proxim al tubular reabsorption o f  Na* and H 2 O (T hom sen , 

1990). In these experim ental results, the elevation  o f  urine f lo w  and urinary electrolyte  

excretion  in response to s v s  adm inistration has been noted. S ign ifican t increases in 

CNa and FEn 3 w ere associated  w ith  the elevation  o f  C u and FEti during the first period  

o f  S V S  in fusion . T hese results indicate that s v s  cou ld  affect proxim al tubular 

reabsorption o f  N a +. The fractional urinary excretion  o f  N a + and M2 O in relation to 

am ount d elivered  from  proxim al tubule as expressed  by CNa/CLi and V /C u  rem ained  

unaltered, su gg estin g  that the elevation  o f  urinary N a + and H 20  excretion  cou ld  be the 

predom inant con seq u en ce effect o f  s v s  infusion . The increase o f  filtered load w ould  

not be the case  sin ce G FR and plasm a N a + concentration w ere unchanged. The 

enhancem ent o f  reabsorption o f N a + and H 2 O in distal nephron (table 5 . 1 ) m ay be the 

com pensatory response to the proxim al tubular N a + loss. The m ech an ism  may be that 

h yp oten sive e ffect o f  s v s  m ay activate sym pathetic activ ity  w hich  then results the 

stim ulation  o f  ren in-angiotensin-aldosterone system  to increase N a + reabsorption. 

H ow ever, the facilitation  o f  distal tubular reabsorption o f  Na* induced by aldosterone  

is u n lik ely  because it requries tim e, at least 9 0 -1 8 0  m in (R e if  et al, 1986). s v s  

in fusion  has been found to induce hypotension  ( M elis, 1992a). T herefore, A rgin ine  

vasopressin  liberation in response to hypotension  (M cN eill, 1983), and thereby  

enhance N a + and H 20  reabsorption at the thick ascen d in g  lim b o f  loop o f  H enle and 

co llectin g  tubule w ou ld  be p ossib le  (K oeppen  and Stanton, 1992).
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D uring the secon d  period o f  s v s  in fusion , the sam e pattern response w as 

rem ained taken p lace but to a lesser extent. T h is m ay be because som e portion o f  

infused  s v s  rem ained in the body (Ishii and B racht,1995). It w as interesting that 

Cn 3 and FEn 3 in  the recovery period w ere still increased even  less  than that o f  s v s  

in fusion  period. H ow ever, GFR w as sign ifican tly  declined  w h ile  C u  and FE|,| 

returned back to b ase-lin ed  lev el, thereby caused the sign ifican t rise o f  CiMa/Cu. The 

proxim al tubular reabsorption o f  N a + and H 2 O w as im proved but s ligh tly  less than 

that o f  control level. The tubular reabsorption at distal nephron w as not changed. 

T herefore, the rem aining elevation  o f  N a + and water excretion  during recovery period  

should  be the result from  the d im inution o f  proxim al tubular reabsorption. It is 

p ossib le  that in fused  s v s  m ight not be totally  excreted , therefore som e portion o f  

S V S  cou ld  act on tubular ce ll (Ishii and B racht,1995).

It is w id e ly  know n that m ovem en t o f  N a + and K + across tubular cell 

m em brane is m ain ly  dependent on the normal function o f  en zym e N a + , K + A T P ase  

linn ing at the basolateral m em brane o f  renal tubular ce lls . In rat, an abundant o f  N a+ , 

K + A T P ase has been show n to present at the proxim al tubule (D ou cet, 1992). In the 

present study, s v s  in fusion  caused  natriuresis and d iuresis by inhib ition  o f  

reabsorptive function  on proxim al tubule. H ow ever, no ev id en ce  supports the

m ech an ism s o f  its inhibitory action, s v s  in fusion  decreased en zym e N a + , K+ 

A T P ase activ ity  in both renal cortex and the w h o le  k idney (tab le 5 .2). The sam e  

proportion in the reduction o f  en zym e activ ity  in both renal cortex and the w h o le  

kidney w as apparent. T h ese findings indicate that natriuretic e ffect o f  s v s  infusion



w as the result from  the im pairm ent o f  proxim al tubular N a + , K+ A T P ase activity, 

s v s  adm inistration m ay directly disturb en zym e activ ity and/or energy supply. The 

present experim ent for m itochondrial activ ity  dem onstrated that state 4 respiration  

w as unaltered reflecting undisturbance o f  s v s  on inner m itochondrial m em brane  

perm eability. The reduction o f  oxgen  consum ption  (V 0 2 ) during state 3 respiration  

(A D P -stim ulated  respiration) w as obtained w ith  glutam ate+m alate and succinate as 

substrate. L ik ew ise , total V 0 2  fo llo w in g  A D P  addition w as sign ifican tly  depressed  

even  either su ccin ate or glutam ate+m alate used for substrates, resu lting the 

sign ifican tly  augm ented  p /o  ratio. The reduction in A D P -stim u lated  respiration m ay 

reflect the defects in  either the electron  transport chain, A D P -A T P  translocator, A TP  

synthetase activ ity  or som e com binations o f  the above (M alis and B onventre, 1986). 

The low ered  m itochondrial A T P  synthetase activ ity after s v s  in fusion  w as noted. Il 

ind icates that at least the im pairm ent o f  m itochondrial A T P synthetase activ ity was 

one o f  the p ossib le  factors to cause the reduction o f  state 3 respiration. In addition, 

site II (succinate as substrate) is m ore su scep tib le  site for s v s  interfering action on 

m itochondrial respiratory activ ity  because o f  the low er va lu e o f  state 3 respiration  

w hen com paring to that o f  site I. The decrease in V 0 2  in the presence o f  A D P  and the 

interuption o f  A T P  synthetase activ ity  occured in response to s v s  in fusion . T his m ay  

be exp la in ed  at least the defect o f  ox id ative  phosphorylation to generate A T P during 

S V S  adm inistration. The disturbance o f  renal m itochondrial function in response to 

S V S in fusion  w as sim ilar to the result studying in iso lated  rat liver m itochondria  

(Braclit et ah, 1985a). In the present study, general b leed in g  w as observed  in renal 

tissue fo llo w in g  30 -m in  period o f  s v s  infusion. Thus, the low er m itochondrial
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activ ity and N a + , K + A T P ase activ ity  m ay be the result from  direct in flu en ce o f  s v s  

and/or renal ischem ia . The reduction o f  state 3 respiration and RCR value with either 

succinate or glutam ate/m alate as substrate in response to renal isch em ia  has been  

reported (Jung and P ergande,1988). Furthermore, renal cortical tissu e and site II 

substrate utilization  w ere m ore vulnerable to ischem ia . T his indicates that the 

degradation o f  m itochondrial respiratory function during s v s  in fusion  m ay be .ill 

part, affected  by renal ischem ia.

Several lines o f  ev id en ces have indicated that the inhib ition  o f  N a + , Kd 

A T P ase brought about the d eclin e o f  state 3 respiration, and the dam age o f  renal 

m itochondria resulted the depression  o f  this en zym e activ ity  (Harris et al., 1981; 

S o lto ff  and M andel, 1984). H ow ever, it can not be ju st from  our experim ental results 

w hich  phenom ena betw een  the interuptive action o f  s v s  on m itochondrial function  

and S V S ’e ffect on en zym e activ ity  w ou ld  be appeared first. Interestingly, s v s

infusion  suppressed m itochondrial function and N a + , K+ A T P ase activ ity  around 14 

and 21%  resp ectively  w hereas inhibited proxim al tubular N a + and H 2 O reabsorption  

approxim ately 88%  during the first 30  m in o f  s v s  in fusion . T his m ay indicate that 

there w ere disturbances o f  tubular reabsorptive cell other than the dep letion  o f  N a + , 

K+  A T P ase activ ity  and m itochondrial function during s v s  in fusion .

In con clu sion , s v s  in fusion  produces natriuresis and d iuresis by reducing the 

proxim al tubular reabsorption o f  N a + and H 2 O. The reduction o f  renal m itochondrial 

and N a \  K + A T P ase activ ity  w ou ld  account for the loss o f  N a' and H20  during s v s  

in fusion . H ow ever, the m agnitude o f  the reduction o f  both renal m itochondrial and
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N a +, K + A T P ase activ ity  did not totally exp lain  tile high e levation  o f  N a + excretion  

during s v s  in fusion . Other factors such  as its direct e ffect on tubular reabsorptive  

ability m ay be p ossib le  . s v s  has been reported to shortening m icrovilli and dam aged  

brush border o f  proxim al tubular con volu ted  cell (T oskulkao et al, 1994).
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