
C H A P T E R  IV

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

In tro d u c tio n

The e ffect o f  s v s  on renal functions has been recently determ ined. The  

natriuretic and diuretic e ffect o f  s v s  w ithout a change o f  G FR but increase in renal 

plasm a flo w  (R P F ) w ere noted (M elis  and Sainati ,1991a , b) . C ontroversial results 

w ere also  dem onstrated, s v s  induced a greater reduction o f  urine excretion  in 

accom pany w ith  the elevation  o f  p lasm a B U N  and creatinine in rats subjected  to 4.1 

g/k g .B W  o f  S V S  orally(Panichkul et ah, 1988). Proxim al tubular dam ages w ere  

apparent in rats treated w ith  S V S  subcutaneously  (T oskulkao et al, 1994). Therefore, 

the experim ent w as undertaken to evaluate the effect o f  various d oses o f  SV S  

intravenous in fusion  and intubation on renal function in rats.

M a ter ia ls  an d  m eth o d s

The studies w ere perform ed on m ale W istar rat w eigh in g  2 5 0 -3 0 0  g. The 

exp erim ents w ere d iv ided  into tw o series.

S er ies  I E ffect o f  s v s  on renal function.

The anim als w ere d iv ided  into 5 groups according to d ose  and route o f  s v s

adm inistration.



59

G ro u p  1 (contro l) A fter anim al preparation as described  in chapter III, the 

anim als received  norm al saline (N S S ) intravenously w ithout s v s  throughout 

experim ent w ith  the rate l% k g.B W . F ive 30-m in  period o f  experim ent was 

estab lished . B lood  and urine sam p les w ere co llected  in each period to determ ine renal 

hem od yn am ics and tubular function  throughout experim ent. B lood  pressure and heart 

rate w ere a lso  recorded.

G ro u p  II (2 0 0  m g/k g .B W  o f  s v s  in fusion ) The general p rotoco ls w ere  

sim ilar to group I. A fter the first control period, s v s  (1 5 0  m g/m l in N S S ) w as  

intravenously in fused  as a prim ing d ose o f  2 0 0  m g/k g .B W . ,and then fo llow ed  by 

continuous in fusion  o f  20 0  m g/kg.B W /hr. T w o 30 -m in  periods o f  s v s  in fusion  and 

further tw o  30-m in  periods o f  recovery w ere perform ed to evaluate renal renal 

function

G ro u p  III (1 5 0  m g/k g .B W . o f  s v s  in fusion) The sim ilar procedure as group  

II w as perform ed excep t that s v s  (1 5 0  m g/m l) w as prim ing w ith the d ose  o f  150 

m g/k g.B W . and con tin u ou sly  infused  w ith  the rate o f  150 m g/kg.B W ./hr.

G ro u p  IV  (1 0 0  m g/k g .B W . o f  s v s  in fusion) 'file  sim ilar procedure as 

group II w as perform ed except that s v s  (1 5 0  m g/m l) 100 m g/k g .B W . w as prim ing  

and fo llo w ed  by 100 m g/kg.B W ./hr.

G r o u p  V  (2 g /k g .B W  o f  s v s  in tu b a tio n )  T he  gen era l p ro to c o ls  w ere

ex p la in e d  in c h a p te r  III. In th is  g ro u p , ra ts  w ere  d iv id ed  in to  2 su b g ro u p s , co n tro l and

SV S intubation group.
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R enal h em od yn am ics and tubular function  w ere determ ined in all experim ental 

groups as described  in  chapter 111.

A fter fin ish in g  in each experim ent, renal tissu es w ere co llected  for 

histop ath ologica l exam ination

S er ies  11 D eterm ination  o f  p lasm a vo lu m e (P V ) and b lood  vo lu m e (B V ) in response  

to s v s  in fusion .

T his experim ent w as underwent to clarify w hether h yp oten sive  effect o f  s v s  

w as the result from  the reduction o f  p lasm a vo lu m e. P lasm a vo lu m e and blood  

vo lu m e w ere determ ined by dye d ilution m ethod. The anim als w ere d ivided  into 2 

groups, control and s v s  in fusion  group. F ive m inutes after s v s  in fusion  o f  200  

m g/k g .B W .(1 5 0  n ig /m l) , 0.3 ml o f  E van ’s blue dye (1 gm % ) w as s lo w ly  

in travenously injected. The subsequent b lood  sam p les w ere w ithdraw n in every 5 min  

period up to 20  m in. s v s  w as still in fused  throughout the experim ent w ith the rale o f  

20 0  m g/kg.B W ./hr.

S ta tistic s

A ll va lu es w ere reported as m ean±SE M . Statistical analysis w as determ ined  

u sin g both paired and unpaired t-test. A ll va lu es w ere considered  to be sign ifican t  

difference from  control period or group at the level o f  p < 0 .0 5 .

R esu lts

E ffect o f  S V S  oil g en era l c ircu la tio n
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The alteration o f  m ean arterial pressure (M A P ) and heart rate (H R ) are show n  

in figure 4.1 and 4 .2 . N o  changes o f  M A P  w ere appeared in all periods o f  control 

group. In contrast, s v s  in fusion  resulted the reduction o f  M A P to the low est level in 

the d ose-d epen d en t manner. The m in im um  level o f  b lood  pressure fo llo w in g  s v s  

in fusion  w as exh ib ited  w ith in  5-7 m in. M A P  w as sign ifican tly  reduced from 1 19±3 to 

86 ± 6  m m H g (P O .O O l) w ith in  5 m in fo llo w in g  20 0  m g/k g .B W  o f  s v s  adm inistration  

(group II). S im ilar to group II, group III rats received  150 m g/k g .B W . o f  s v s  in fusion  

also  caused  the reduction o f  M A P  but to a lesser extent. M A P decreased  from 124+3  

to 100+4 m m H g (P O .O O l). The lo w est d ose  o f  s v s  in fusion  (1 0 0  m g/k g .B W .) also  

produced the fall o f  M A P from 113+3 to the lo w est va lu e o f  107+5 m m H g (P O .0 5 ) .  

A fter a transitory decrease o f  M A P , it gradually increased but rem ained low er than 

that o f  control level. D uring the subsequent and recovery period, M A P  w as still 

decreased  w hereas it w as returned to norm al lev el in the group IV. S ligh tly  change o f  

IMAP w as apparent in rats treated w ith  2 g /k g .B W  o f  s v s  orally for 6 hours (table 

4 .7). M A P  w ere d eclined  from  1 19±2 in control group to 115+1 m m H g (P < 0 .0 5 ) ill 

S V S intubation group.

A n alteration o f  heart rate (H R ) in response to s v s  adm inistration is 

dem onstrated in figure 4 .2  and table 4 .7 . In control group, HR w as quite stable 

excep t the last period o f  recovery that it w as sligh tly  augm ented. T he first 30-m in  o f  

S V S in fusion  sign ifican t elevation  o f  H R  in all groups w ere apparent (P < 0 .0 1 ). The 

elevation  o f  H R  w as rem ained even  the 60 m in o f  s v s  in fusion  and the recovery  

period w h ich  w as corresponding to the low er b lood  pressure in both group II and 111. 

H R w as con tin u ou sly  increased although blood pressure already returned to normal
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M A P  ( m in iIg)

Time (mill)

F ig u re  4.1 The alteration o f  m ean arterial b lood  pressure (M A P ) in response to s v s  
infusion. A ll va lu es are m ea n iS E M . Statistical sign ifican t d ifferen ces are indicated by 
*p < 0 .05  * * p < 0 .0 1 ,* * * p < 0 .0 0 1 . group I =  control, group II, III, IV =  s v s  infusion  
o f  2 0 0 ,1 5 0  and 100 m g/k g .B W . respectively.

Time (min)

F ig u re  4 .2  The alteration o f  heart rate in response to s v s  infusion . A ll values  
are m ea n iS E M . Statistical sign ifican t d ifferen ces are indicated by *p < 0 .05  
* * p < 0 .0 1 ,* * * p < 0 .0 0 1 . group I =  control, group II, III, IV =  s v s  in fusion  o f  
2 0 0 ,1 5 0  and 100 m g/k g.B W . respectively.
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lev e l during recovery period in group IV. H R  w as sligh tly  but sign ifican tly  elevated  

from  4 2 1 + 4  to 4 3 4 ± 5  beats/m in  (P < 0 .0 5 ) in rats subjected to s v s  intubation.

C h a n g es  o f  ren a l fu n ctio n  in  re sp o n se  to s v s  a d m in is tra tio n

The alteration o f  e ffec tiv e  renal p lasm a flo w  (E R PF) and e ffec tiv e  renal blood  

f lo w  (E R B F ) is presented in table 4 .1 . D uring the first period o f  s v s  in fu ison , ERPF  

w as sign ifican tly  increased from  1 7 .01 + 2 .46  to 2 4 .6 5 + 3 .0 8  (P < 0 .0 5 ), from 18.77+2.61  

to 2 4 .6 5 + 3 .3 9  (P O .0 5 ) ,  and from  1 2 .85 + 1 .60  to 15 .95 + 2 .28  (P < 0 .0 5 ) m l/m in /k g .B W  

in group II, III and IV resp ectively . S im ilarly, E R B F w as enhanced  from  2 7 .1 8 + 3 .8 8  

to 4 4 .3 2 + 6 .4 4  (P < 0 .0 5 ), fro m 3 7 .12+ 4 .87  to 4 8 .8 0 + 6 .3 4  (P < 0 .0 5 ), and from 2 3 .3 6 +  

2 .74  to 2 8 .2 6 + 3 .6 1  (P < 0 .0 5 )m l/m in /k g .B W  in group 11,111 and IV resp ectively , "file 

elevation  o f  E R B F  w as taken p lace fo llo w in g  the first period o f  s v s  in fusion  in 

group II and III. s v s  feed in g  did not have any in flu en ce on both ER PF and ER BF  

(table 4 .7 ).

A lthough  the first 30 -m in  o f  s v s  in fusion  produced the increase o f  ER BF, it 

did not affect on glom erular filtration rate (G FR ) (table 4.1 and figure 4 .3 ) in all 

groups. A t the h ighest d ose o f  s v s  in fusion  (group II), GFR tended to be d im in ished  

but not statistical sign ificant d ifference from  control during the secon d  period o f  s v s  

in fusion . G FR  sign ifican tly  decreased from  5 .9 2 + 0 .6 7  to 3 .8 9 + 0 .7 0  (P < 0 .0 5 ) and 

3 .6 5 + 0 .3 3  (P < 0 .0 5 ) during the first and secon d  period o f  recovery. G FR  w as also  

reduced in group III but to a lesser extent com paring to group II during recovery  

period (table 4.1 and figure 4 .3 ). In group IV, in contrast, G FR  w as unaffected



T a b le  4 .1  C h a n g e s  o f  ren al h e m o d y n a m ic s  in r e s p o n s e  to  s v s  in fu s io n . D ata  are rep orted  as m e a n iS E M . A b b rev ia t io n s  : E R B F  =  e f f e c t iv e  
renai b lo o d  f lo w , G F R  =  G lo m eru la r  f iltra tio n  rate, FF =  F iltra tio n  fra c tio n , g ro u p  I =  co n tro l, g ro u p  II =  s v s  2 0 0  m g /k g .B W , g rou p  III =  s v s  
150 m g /k g .B W , g ro u p  IV  =  S V S  100 m g /k g .B W . S ig n if ic a n t  d if fe r e n c e s  c o m p a r in g  to  co n tro l p er io d  are in d ica ted  by * p < 0 .0 5 , * * p < 0 .0 1 ,  
* * * p < 0 .0 0 1 .  T h e  n u m b er  o f  rats in ea c h  g ro u p  is 8.

~~ -— —______Periods c o n tr o l S V S  in fu s io n reco v ery
P a ra m eters  ~ -— —____ 3 0  m in 6 0  m in 9 0  m in 120  m in 150 m in

E R P F  (m l/m in /k g .B W )
g ro u p  I (c o n tr o l) 2 3 .7 2 ± 1 .7 6 2 1 . 2 6 Ü . 7 2 2 . 2 8 i l . 9 4 2 1 . 7 0 i l . 9 8 2 1 .8 4 i 2 .4 6
g ro u p  II ( S V S  2 0 0  m g /k g .B W ) 1 7 .0 1 i 2 .4 6 2 4 .6 5 i 3 .0 8 * 1 5 .3 3 i l .9 1 1 4 .9 6 i2 .0 0 1 5 .0 8 i2 .2 0
g ro u p  III ( S V S  150  m g /k g .B W ) 1 8 .7 7 i 2  61 2 4 .6 5 i 3 .3 9 * 1 9 .0 1 i4 .3 8 1 6 .8 4 i2 .3 4 1 7 .3 0 i2 .3 3
g ro u p  IV  ( S V S  100  m g /k g .B W ) 1 2 . 8 5 i l . 6 0 1 5 .9 5 i 2 .2 8 * 1 3 . 7 8 i l .1 4 1 4 .3 3 i l .8 8 1 5 .0 1 i l .7 6

E R B F  (m l/m in /k g .B W )
g ro u p  I (c o n tr o l) 4 3 . 2 3 i 3 . 0 5 3 8 .6 7 i 2 .3 0 3 9 .3 2 i 3 .2 2 3 8 .0 3 i 3 .4 5 3 8 .1 9 i 4 .3 7
g ro u p  II ( S V S  2 0 0  m g /k g .B W ) 2 7 . 1 8 i 3 . 8 8 4 4 .3 2 i 6 .4 4 * 2 7 .9 3 i 3 .4 2 2 6 .7 0 i 3 .5 6 2 6 .1 4 i 3 .7 3
g ro u p  III ( S V S  1 50  m g /k g .B W ) 3 7 . 1 2 i 4 . 8 7 4 8  8 0 ± 6  3 4 * 3 6 .0 6 i 8 .6 9 3 1 .1 3 ± 4 .3 6 3 2 .1 2 i 4 .2 0
g ro u p  IV  (S V S  1 00  m g /k g .B W ) 2 3 . 3 6 i 2 . 7 4 2 8 .2 6 i 3 .6 1 * 2 4 .8 0 i 3 .0 8 2 5 .6 4 i 3 .2 8 2 5 .4 8 i 2 .7 5

G F R  (m l/m in /k g .B W )
g rou p  I (c o n tr o l) 6 .0 2 i 0 .3 1 5 .6 9 i 0 .2 9 5 .7 0 i 0 .4 5 5 .4 7 i 0 .2 4 5 .7 0 i 0 .4 5
g rou p  II (S V S  2 0 0  m g /k g .B W ) 5 .9 2 i 0 . 6 7 5 .2 9 i 0 .6 7 4 .6 U 0 .4 7 3 8 9 i0 .7 0 * 3 .6 5 i 0 .3 3 *
g ro u p  III ( S V S  1 5 0  m g /k g .B W ) 5 .9 7 i 0 . 5 9 5 .3 1  ± 0 .9 1 5 .1 4 i 0 .9 2 4 .8 Ü 0 .8 2 * 4 .8 9 i 0 .8 2 *
g ro u p  IV  (S V S  100  m g /k g .B W ) 5 .0 2 i 0 . 4 9 5 .5 4 i 0 .4 7 5 .2 7 i 0 .3 7 4 .6 4 i 0 .3 4 5 .4 2 i 0  4 0

FF (% )
g ro u p  I (c o n tr o l) 2 6 .3 ± 2 .1 2 8 . 7 i 3 . 9 2 6 . 2 Ü . 6 2 6 .5 i 2 .4 2 7 .3 i 2 .3
g rou p  II (S V S  2 0 0  m g /k g .B W ) 4 0 . 2 i 7 . 8 2 5 .9 i 5 .8 * * 3 4 .Ü 5 .3 2 7 .3 i 4 .9 2 4 .6 i 3 .2
g rou p  III ( S V S  150  m g /k g .B W ) 3 4 . 0 i 3 . 0 2 2 .3 ± 3 .J * * 3 3 .3 i 9 .3 2 8  2 i 4  1 2 8 .5 i 3 .6
g rou p  IV  (S V S  100  m g /k g .B W ) 4 0 . 7 i 3 . 8 3 8 .1 ± 3 .8 3 9 .8 i 3 .4 3 5 .3 i 3 .8 3 7 .3 i 3 .7
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A

B

F ig u re  4 .3  Percent change o f  e ffec tiv e  renal b lood  flow (E R B F ) (A ) and glom erular  
filtration rale (G FR ) (B ) during and aflerS V S  infusion. Statistical sign ificant  
d iffereces com paring control period are exp ressed  as *p < 0 .0 5 . group I (control), 
group II.Ill and IV = S Y S  in fusion  o f  2 0 0 ,1 5 0  and 100 m g/k g .B W  respectively.
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throughout the experim ent. G FR  w as rem ained unchanged after s v s  intubation  

(5 .6 3 + 0 .2 3  versus 5 .2 1 + 0 .3 0  m l/m in /k g .B W ).

A n augm entation  o f  ER PF w ithout change o f  G FR  resulted in the reduction o f  

filtration fraction (FF) from  4 0 .2 + 7 .8  to 25 .9+ 5 .8%  (P < 0 .0 1 ) and from  3 4 .0 + 3 .0  to 

2 2 .3 + 3 .3  % (P < 0 .01 ) during the first period o f  s v s  in fusion  in group II and III 

resp ectively . In group IV, FF w as reduced but not statistical sign ifican t d ifference  

from  the control period. FF w as still decreased  desp ite stop pin g  s v s  in fusion  in 

group II and III w hereas no alteration o f  FF throughout the experim ent in group IV. 

S V S  intubation had no e ffect on FF.

U rine f lo w  rate (V ) w as unaltered throughout the experim ent in control group 

(table 4 .2 ). U rine f lo w  rate w as m arkedly increased from  2 3 .8 0 + 2 .4 8  to 3 9 .6 2 + 6 .8 2  

p l/m in  in group 1I(P<0.05), from  2 2 .8 5 + 2 .3 5  to 34 .43 + 3 .61  p l/m in  in group 111 

(P < 0 .0 5 ), and from  2 4 .5 2 + 3 .7 9  to 3 4 .5 9 + 2 .8 3  (P < 0 .0 5 ) p l/m in  in group IV in 

response to the first 30-m ill o f  s v s  in fusion . Sim ilar result o f  urine H ow rate w as 

ach ieved  in group o f  s v s  feed in g  (from  2 6 .7 3 + 3 .0 0  to 3 3 + 2 .0  p l/m in , p < 0 .0 5 ). U rine  

f lo w  w as not s ign ifican tly  d ifferent from  the control lev e l fo llo w in g  the latter period. 

The fractional excretion  o f  urine (V /G F R ) w as sign ifican tly  increased during the first 

period o f  s v s  in fusion  in all groups. It w as con tin u ou sly  raised until the first period  

o f  recovery in both group II and III (P < 0 .0 5 ) w hereas no d ifferent response w as  

observed  from  control period after the first 30 -m in  o f  s v s  in fusion  in group IV. 

S ignificant elevation  o f  V /G F R  w as sh ow n  in response to s v s  intubation (1 .6 4 + 0 .1 8

to 2 .38+ 0 .2 2% , P O .0 5 )  (table 4 .7).



T a b le  4 .2  T h e  a ltera tio n  o f  u r in e  f lo w  ( V )  a n d  fr a c tio n a l e x c r e t io n  o f  ur in e  (V /G F R ). R e su lts  are p r esen te d  as m ea n ± S E M . T h e  ex p e r im e n ta l  
g ro u p s are th e  sa m e a s  ta b le  4 .1 .  S ig n if ic a n t  d if fe r e n c e  v a lu e s  are s h o w n  by * p < 0 .0 5 , * * p < 0 .0 1. T h e  n u m b er  o f  rats in ea ch  g rou p  is 8.

P e r io d s  c o n tr o l s v s  in fu s io n  recovery
P aram eters ' ■--------- 3 0  m in 6 0  m in 9 0  m in 120 m in 150 m in

V  (p l/m in )
g ro u p  I (co n tr o l) 2 1 .2 6 ± 3 .4 3 18 .9 8 ± 2 .3 4 2 4 .4 8 ± 3 .9 0 2 9 .8 0 ± 5 .1 2 3 0 .7 8 ± 4 .8 6
g ro u p  II (S V S  2 0 0  m g /k g .B W ) 2 3 .8 0 ± 2 .4 8 3 9 .6 2 ± 6 .8 2 * 2 7 .3 7 ± 2 .8 2 2 5  7 9 ± 3 .1 0 2 2 .6 3 ± 3 .3 9
g ro u p  III (S V S  150  m g /k g .B W ) 2 2 .8 5 ± 2 .3 5 3 4 .4 3 ± 3 .6 1  * 2 5 .11d b 4 .00 2 4 .0 5 ± 3 .2 7 2 5 .4 1 ± 2 .7 0
grou p  IV  (S V S  1 00  m g /k g .B W ) 2 4 .5 2 ± 3 .7 9 3 4 .5 9 ± 2 .8 3 * 3 0 .5 9 ± 4 .2 4 2 6 .4 7 ± 4 .6 9 3 0 .8 0 ± 6 .0 1

V /G F R  (% )
g ro u p  I (co n tr o l) 1 .2 9 ± 0 .2 1 1 .2 3 ± 0 .1 8 1 .5 7 ± 0 .2 6 1 .9 9 ± 0 .3 3 1 .9 4 ± 0 .2 5
grou p  II (S V S  2 0 0  m g /k g .B W ) 1 .6 4 ± 0 .2 2 2 .9 0 ± 0 .4 3 * * 2 .4 4 ± 0 .4 0 * 3 .0 1 ± 0 .5 2 * 2 .7 6 ± 0 .5 4
grou p  III (S V S  150  m g /k g .B W ) 1 .รา±029 2.99=1=0.58** 2 .8 3 ± 0 .9 1 2 .5 3 ± 0 .6 5 * 2 .5 7 ± 0 .6 2
grou p  IV (S V S  1 00  m g /k g .B W ) 1 .9 1 ± 0 .2 6 2 4 4 ± 0 .2 6 * 2 .1 7 ± 0 .2 8 2 .1 3 ± 0 .3 4 2 .1 4 ± 0 .3 3
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T h e  ch a n g e  o f  u r in a ry  e lec tro ly te  ex cr e tio n  in  resp o n se  to s v s  a d m in is tra tio n

The va lu e o f  p lasm a electrolyte com p osition  (N a+,K +, C1‘) is presented in table

4 .3 . P lasm a concentration o f  N a +, K + and Cl" w as rem ained unaltered throughout the 

experim ental period in control group. N o  sign ificant changes o f  plasm a electrolytes  

concentration  during the first period o f  s v s  in fusion  w ere observed. On the other 

hand, they tended to be raised in the latter period o f  experim ent but not statistical 

sign ifican t d ifferen ces from the control period. In contrast, p lasm a electrolyte  

concentration  w as sign ifican tly  high from  13 9 .4 2 ±  1.28 to 1 4 3 .4 8+ 0 .8 5  m Eq/L for 

N a +, 3 .6 2 + 0 .0 5  to 3 .7 9 + 0 .0 7  m Eq/L  for K+, and 1 1 0 .7 3+ 1 .3 7  to 116.67+ 1.71 m Eq/L  

for Cl" (P < 0 .0 5 ) in rats g iven  o f  s v s  intubation (table 4 .7 )

The urinary excretion  o f N a +, (U NaV ) w as m arkedly high from  11 .18+ 1 .75  to 

20 .2 7 ± 2 .9 7 p E q /m in /k g .B W (P < 0 .0 1 ),fro m  1 1 .07 + 1 .79  to 16 .61+ 3 .85  p E q /m in /kg .B W  

and from  15 .32 + 1 .93  to 20 .16 + 2 .61  (P < 0 .0 5 ) p E q /m in /kg .B W  during the first period  

o f  S V S  in fusion  in group II, III and IV resp ectively . S im ilarly, urinary excretion  o f  

Cl" (U ciV ) w as sign ifican tly  raised from  1 2 .43 + 1 .72  to 2 2 .8 9 + 2 .6 6  p E q /m in /kg .B W  

(P < 0 .0 1 ), 11 .0 5 + 1 .8 0  to 17 .23 + 3 .02  p E q /m in /kg .B W  ( P O .0 5 ) ,  and 1 0 .39 + 1 .47  to 

16 .1 3 + 2 .0 0  (P < 0 .0 5 ) p E q /m in /kg .B W  for group II, III and IV resp ectively . Urinary 

excretion  o f  K + (U kV ) w as not statistical sign ifican t d ifference from  the control value. 

U n3V  w as rem ained high in the secon d  period o f  s v s  in fusion  in group II (1 6 .6 5 +  

2 .5 5 , p < 0 .0 5 )  w hereas no sign ifican t change in both group III and IV. Urinary 

electrolytes excretion  did not alter in the rest o f  experim ent in all groups. In the group 

o f  S V S feed in g , there w ere sign ificant rise o f  U NaV  from  9 .1 4 + 1 .1 8  to 14.16+  1.03



T a b le  4 .3  E f fe c t  o f  s v s  in fu s io n  o n  p la sm a  e le c tr o ly te s  c o n c e n tr a t io n . A ll  resu lts  are s h o w n  a s  m e a n ± S E M . A b b r e v ia t io n s  :
?Na P k, Pci =  p la sm a  c o n c e n tr a t io n  o f  s o d iu m , p o ta ss iu m  and c h lo r id e  r e s p e c t iv e ly . T h e  e x p e r im e n ta l g ro u p s are s im ila r  to  tab le 4 .1 . 

S ig n if ic a n t  d if fe r e n c e s  co m p a r in g  to  c o n tro l p e r io d  are in d ica te d  b y  * p < 0 .0 5 , * * p < 0 .0 1 . T h e  n u m b er o f  rats in ea c h  grou p  is 8.

P er io d s  c o n tr o l s v s  in fu s io n  rec o v er y
P ara m eters -— __ 3 0  m in 6 0  m in 9 0  m in 120 m in 150 m in

P Na (m E q /L )
g rou p  I (c o n tr o l) 1 3 7 .7 5 ± 0 .8 8 1 3 7 . 3 8 i l . 4 4 1 3 8 .3 9 i0 .8 6 1 3 8 .3 8 i0 .5 3 1 3 9 .1 3 i0 .7 4
g rou p  II (S V S  2 0 0  m g /k g .B W ) 1 3 6 .5 0 ± 1 .0 9 1 3 6 .8 8 i l . 2 3 1 3 8 . 0 0 i 0 . 14 1 3 8 .2 3 i l . 0 9 1 3 9 .3 4 i l .2 8
g rou p  III (S V S  150  m g /k g .B W ) 1 3 6 . 2 5 i l . 1 8 1 3 6 . 3 8 i l . 7 0 1 3 8 .5 0 i l . 2 4 1 3 9 .6 3 i2 .7 3 1 4 1 .8 8 i2 .4 7 *
g rou p  IV  (S V S  100  m g /k g .B W ) 1 3 8 . 7 5 i l . 1 8 1 4 0 .2 5 i 0 .8 0 1 3 9 . 8 8 i l . 2 0 1 4 3 .5 0 i2 .4 1 1 4 0 .2 5 i2 .7 7

P k (m E q /L )
g rou p  I (c o n tr o l) 3 . 4 3 i 0 . 14 3 . 4 0 i 0 . 17 3 . 4 0 i 0 . 13 3 . 3 8 i 0 . 10 3 .4 Ü 0 .1 3
g rou p  II (S V S  2 0 0  m g /k g .B W ) 3 . 5 5 i 0 . 1 0 3 . 7 4 i 0 . 15 3 . 8 0 i 0 . 14 3 .9 3 i 0 .2 2 3 . 8 6 i 0 . ! 7
g rou p  III (S V S  150 m g /k g .B W ) 3 .5 6 ± 0 .0 7 3 .4 0 i 0 .1 4 3 .7 3 i 0 .1 4 3 .9 6 i 0 .1 3 3 .8  l iO . 14
g rou p  IV  (S V S  100 m g /k g .B W ) 3 .8 0 i 0 . 1 2 3 . 8 4 i 0 . 13 3 .8 4 i 0 .1 0 3 . 9 4 i 0 . 1 1 3 .9 5 i 0 .1 0

Pci (m E q /L )
g rou p  I (c o n tr o l) 1 0 1 . 2 5 i l . 1 3 1 0 2 . 2 5 i l . 0 8 1 0 5 .1 3 i l . 5 6 1 0 4 .6 3 i l . 7 6 1 0 3 .2 5 i l .5 6
g rou p  II (S V S  2 0 0  m g /k g .B W ) 1 0 1 . 0 0 i l . 9 4 1 0 4 . 7 5 i l . 7 9 1 0 3 .6 3 i3 .2 2 1 0 3 .8 8 i l . 9 6 1 0 6 .1 3 ± 2 .5 9
grou p  III (S V S  150 m g /k g .B W ) 1 0 6 . 3 8 i l . 7 3 1 0 8 . 5 0 i l . 7 0 1 0 5 .3 8 Ü  .3 1 1 0 6 .1 3 i  1 .44 1 0 8 .6 3 i l .5 6
grou p  IV  (S V S  100 m g /k g .B W ) 1 0 2 .6 3 i 2 .4 5 1 0 3 . 7 5 i l . 4 6 1 0 2 .7 5 i l . 8 3 1 0 4 .3 8 i2 .4 1 1 0 7 .3 8 i3 .4 3



T able 4.4 T h e  urinary e x c r e t io n  o f  e le c tr o ly te s  in r e s p o n s e  to  s v s  in fu s io n . R e su lts  are p r esen te d  as m e a n iS E M . A b b rev ia t io n s  : UNaV, 
U kV , U ciV  =  urinary e x c r e t io n  o f  so d iu m , p o ta s s iu m  and  c h lo r id e  r e s p e c t iv e ly . T h e  e x p e r im e n ta l g ro u p s  w e r e  th e sa m e as ta b le  4 .1 . 
S ig n if ia n t  d if fe r e n c e s  c o m p a r in g  to  co n tro l p e r io d  are in d ic a te d  b y  * p < 0 .0 5 , * * p < 0 .0 1 .  T h e  n u m b er  o f  rats in ea ch  grou p  is 8.

P er io d s  c o n tr o l _____________ s v s  in fu s io n ___________  ______________ reco v ery
P aram eters — ........ ....  3 0  m in 6 0  m in 9 0  m in 120  m in 150 m in

U NaV  (p .E q /m in /k g .B W )
g rou p  I (co n tr o l) 1 1 .1 6 ± 2 .8 4 9 .6 2 Ü . 0 6 1 2 . 3 9 i l . 7 5 1 3 . 7 8 i l .7 3 1 4 .3 2 i l .6 7
g rou p  II (S V S  2 0 0  m g /k g .B W ) l l . 1 8 i l . 7 5 2 0 .2 7 i 2 .9 7 * * 1 6 .6 5 i2 .5 5 * 1 4 .9 8 i2 .2 6 10 1 6 * 2 .3 7
g rou p  III (S V S  1 50  m g /k g .B W ) l l . 0 7 i l . 7 9 1 6 .6 1 i j . 8 5 l l . 0 4 i l . 8 2 1 0 .4 5 i2 .1 5 1 2 .4 7 i3 .2 3
g rou p  IV  (S V S  1 00  m g /k g .B W ) 1 5 . 3 2 i l . 9 3 2 0 .1 6 i 2 .6 1 * 1 9 .4 8 i3 .1 5 1 5 .8 1 i 2 .2 8 1 7 .0 2 i3 .0 8

U rV  (p E q /m in /k g .B W )
g rou p  I (co n tr o l) 8 .3 9 Ü .2 1 6 .9 2 i 0 .7 1 7 .3 0 i 0 .8 4 7 .0 5 i 0 .8 1 6 .4 Ü 0 .8 0
g rou p  II (S V S  2 0 0  m g /k g .B W ) 6 .4 6 i 0 .7 6 7 .7 2 i 0 .5 3 6 .1 5 i 0 .5 2 5 .0 9 i 0 .8 4 5 .2 8 i 0 .8 0
grou p  III (S V S  1 50  m g /k g .B W ) 6 .9 4 Ü . 3 5 7 . 1 5 Ü  33 5 .8 8 Ü .4 7 4 . 7 9 Ü  .01 * 5 .6 0 i0 .9 1
g rou p  IV  (S V S  100  m g /k g .B W ) 6 .4 6 i 0 . 8 0 7 .7 7 i 0 .6 2 7 .1 6 Ü .0 0 6.1  Ü 0 .7 2 7 .1 8 Ü .1 3

U ciV  (p .E q /m in /k g .B W )
g ro u p  I (c o n tr o l) l l . 8 1 i l . 6 7 1 0 . 8 3 i l . 3 6 1 2 .6 3 i l .8 1 1 3 . 9 6 i l .5 5 1 4 .8 3 i l .4 4
g rou p  II (S V S  2 0 0  m g /k g .B W ) 1 2 . 4 3 i l . 7 2 2 2 .8 9 i 2 .6 6 * * 1 5 .7 2 i l .9 1 1 4 .6 0 i 3 .3 6 l l . 3 9 i l . 7 3
g rou p  III (S V S  150  m g /k g .B W ) l l . 0 5 i l . 8 0 1 7 . 2 3 i j . 0 2 * 1 1 .2 7 i 2  7 4 1 0 .6 5 i l .8 1 1 2 .7 2 i l .7 3
grou p  IV  (S V S  100  m g /k g .B W ) 1 0 . 3 9 i l . 4 7 1 6 .1 3 i2 .0 0 * 13 .4 9 i 2 .7 0 1 2 .1 2 * 2 .6 7 1 2 .6 9 i2 .3 3
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p E q /m in / k g .B W  (P < 0 .0 1 ) and for U ciV  from  14.31 ± 1 .3 2  to 1 8 .6 7 + 1 .3 0  p E q /m in / 

k g.B W  (P < 0 .0 5 ). The U rV  w as sligh tly  increased but not sign ifican t d ifferen ce from  

the control group.

Urinary and fractional excretion  o f  electrolytes w ere constant throughout the 

experim ental periods in the control group (table 4 .4 -4 .5 ). The first 30 -m in  o f  s v s  

in fusion  enhanced fractional excretion  o f  N a  (FENa) in the d ose  dependent manner 

(table 4 .4  and figure 4 .4 ). F E N a  พ ล ร increased from  1 .58+ 0 .2 9  to 2 .9 5 + 0 .4 6  % 

(P < 0 .0 0 1 ), 1 .49+ 0 .2 9  to 2 .6 6 + 0 .5 9  % (P <0.01),and  2 .2 1 + 0 .1 8  to 2 .6 1 ± 0 .2 7 % (P < 0 .0 5 )  

in group II, III and IV respectively . FENa w as rem ained in the latter and recovery  

periods in group II and III. FENa o f  group IV w as sign ifican tly  increased in the latter 

period o f  s v s  in fusion . The sam e response as FENa w as d isp layed  in fractional 

excretion  o f  ch loride (FEci). Fractional excretion  o f  K + (F E k) w as s ligh tly  but 

sign ifican tly  raised from  3 2 .3 5 + 3 .7 0  to 4 1 .6 8 + 3 .0 6  % (P < 0 .0 5 ) and 3 0 .6 6 + 3 .4 0  to 

39 .09 + 2 .47 %  (P < 0 .0 5 ) in group II and III resp ectively . D uring the secon d  period o f  

S V S  in fusion , F E k. sligh tly  h igh  and returned back to norm al value in both group after 

stopping S V S  adm inistration. In contrary, no sign ifican t change o f  FE k appeared  

throughout experim ent in group IV. The elevation  o f  FEn3, F E k and FEci พลร also  

taken p lace (P < 0 .0 5 ) in rats treated w ith  s v s  intubation.

P lasm a osm o la lity  (P osm ), osm olar clearance (C osm ) and free w ater clearance  

(C H 2 O ) are sh ow n  in table 4 .6 . B oth  group II and I I I , P osm  sligh tly  increased but not 

statistical sign ifican t d ifference from  control period during s v s  in fusion . S ignificant 

rise o f  P osm  w as apparent in the last period o f  recovery in both group II and III.



Table 4.5 T h e  a ltera tio n s  o f  fra c tio n a l e x c r e t io n  o f  e le c tr o ly te s  in r e s p o n s e  to  s v s  in fu s io n . V a lu e s  are m e a n ± S E M . A b b r e v ia t io n s  : FENa, 
F E k, F E ci =  fra c tio n a l e x c r e t io n  o f  so d iu m , p o ta ss iu m  and c h lo r id e  r e s p e c t iv e ly .  T h e  e x p e r im e n ta l g ro u p s are th e sa m e as tab le  4 .1 . S ig n if ic a n t  
d if fe r e n c e s  c o m p a r in g  to  c o n tro l p e r io d  are in d ic a te d  b y  * p < 0 .0 5 , * * p < 0 .0 1 .  T h e  n u m b e r  o f  ra ts  in  e a c h  g r o u p  is  8 .

' ~---------------------- P er io d s c o n tro l S V S in fu s io n recov ery
P aram eters ----------- ___ 3 0  m in 6 0  m in 9 0  m in 120 m in 150 m in

F E Na (% ) 
g ro u p  1 (c o n tr o l)  
g ro u p  II (S V S  2 0 0  m g /k g .B W )  
g ro u p  III (S V S  150  m g /k g .B W )  
g ro u p  IV  (S V S  100  m g /k g .B W )

1 .3 6 + 0 .3 2
1 .5 8 ± 0 .2 9
1 .4 9 ± 0 .2 9
2 .2  u o . 1 8

1 .2 8 + 0 .1 8
2 .9 5 + 0 .4 6 * * *
2 .6 6 = 0 .5 9 * *
2 .6 1 = 0 .2 7 *

1 .5 9 + 0 .1 9  
2 .8 5 = 0 .5 8 * *  
1 .9 4 ± 0 .4 0 *  
2 .6 4 + 0 3 8

1 .8 5 ± 0 .2 3  
3 .3 9 + 0 .6 7 * *  
1 .8 6 = 0 .3 5 *  
2 .3 2 ± 0 .2 5

1 .8 U 0 .1 7
2 .2 5 ± 0 .4 9 *
2 .4 5 ± 0 .8 1
2 .5 2 ± 0 .5 0

F E k (% )
g rou p  I (c o n tr o l)  
g ro u p  II (S V S  2 0 0  m g /k g .B W )  
g rou p  III (S V S  150  m g /k g .B W )  
g rou p  IV  (S V S  100  m g /k g .B W ’)

4 2 .5 9 + 8 .5 3
3 2 .3 5 ± 3 .7 0
3 0 .6 6 + 3 .4 0
3 6 .9 6 = 6 .4 4

3 7 .0 8 = 4 .7 5  
4 1 .6 8 = 3 .0 6 *  
3 9 .0 9 ± 2 .4 7 *  
3 7 .9 5 + 3 .4 9

3 8 .8 8 ± 4 .8 6
3 6 .7 U 3 .0 6 *
3 2 . 0 U 4 . 8 7
3 6 .9 5 + 6 .2 0

3 8 .5 0 ± 4 .3 5
3 5 .5 9 ± 3 .6 8
2 6 .6 3 ± 4 .3 2
3 3 .8 4 ± 3 .6 3

3 2 .9 5 ± 3 .0 4
4 1 .4 8 ± 5 .1 0
3 2 .8 6 ± 5 .3 5
3 6 .5 6 ± 6 .3 0

FEc, (% )
g rou p  I (co n tr o l)  
g rou p  II (S V S  2 0 0  m g /k g .B W )  
grou p  III (S V S  150  m g /k g .B W )  
g rou p  IV  (S V S  100  m g /k g .B W )

1 .9 8 + 0 .2 8  
2 . 2 1 ± 0 .3 2  
1 7 5 + 0 .2 1  
2 .2 4 + 0 .4 0

1 .8 8 = 0 .2 6  
4 .3 8 ± 0 .4 9 * * *  
3 .3 0 + 0 .5 3 * *  
3 .0 5 ± 0 .5 6 *

2 .1 6 ± 0 .3 4  
3 .6 U 0 .5 6 * *  
2 .3 0 ± 0  3 9 *  
2 .6 3 ± 0 .4 3

2 .4 4 ± 0 .2 6
4 .0 5 = 0 .7 1 *
2 .4 2 ± 0 .3 9 *
2 .6 1 = 0 .4 3

2 .5 U 0 .1 8
3 .2 8 ± 0 .4 4 *
2 .7 8 + 0 .5 5
2 .4 7 + 0 .3 4
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F ig u re  4 .4  Percent changes o f  fractional excretion  o fN a ',K .\a n d  C l i n  rat treated 
w ith S V S  infusion  at the d ose  o f  2 0 0  (group II), 150 (group III) and 100 (group IV) 
m g/k g .B W . S ignificant d ifferen ces arc indicated by * p ,0 .0 5 , * * p < 0 .0 1 , ** * p < 0 .0 0 1 .



T able 4. 6 T h e  e f fe c t  o f  s v s  in fu s io n  o n  p la sm a  o s m o la l ity  (P o s m ) , o s m o la r  c le a r a n c e  (C o s m )  and free  w a ter  c le a r a n c e  (C H iO ). A ll  
v a lu e s  are p resen ted  as m e a n ± S E M . T h e  s ig n if ic a n t  d if fe r e n c e s  c o m p a r in g  to  co n tro l p e r io d  are in d ica ted  b y  * p < 0 .0 5 , * * p < 0 .0 1 .  

T h e  n u m b er  o f  rats in ea ch  g ro u p  is 8.

_________ P er io d s co n tro l S V S in fu s io n r e c o v er y
P aram eters — _____ 3 0  m in 6 0  m in 9 0  m in 120  m in 150  m in

P o sm  (m O sm /L )  
g ro u p  I (c o n tr o l)  
g ro u p  II (S V S  2 0 0  m g /k g .B W )  
g ro u p  III (S V S  150 m g /k g .B W )  
g ro u p  IV  (S V S  100 m g /k g .B W )

2 8 7 . 5 1 i l . 9 4
2 8 9 .2 3 ± 2 .3 9
2 8 7 . j 9 i j . 8 0
2 8 8 .6 9 i 2 .2 5

2 8 6 . 0 4 i l . 9 4
2 9 3 .3 3 i 2 .6 8
2 9 2 .1 7 i 5 .6 3
2 9 4 .9 7 i 2 .4 1 *

2 8 7 .8 1 i 2 .1 0  
2 9 6 .9 8 i 3 .1 5 *  
2 9 4 .2 8 i 7 .8 6  
2 9 3  5 8 i 3 . 0 8

2 8 7 . 9 1 i l . 6 1
2 9 8 .0 3 i 3 .0 0
2 9 5 .6 3 i6 .3 1
2 9 3 .6 3 i 2 .2 2

2 8 8 . 0 9 i l . l l
2 9 9 .6 6 i 4 .0 0 *
2 9 7 .0 3 i 4 .6 2 *
2 8 2 .8 8 i 2 .3 6

C o sm  (p L /m in )  
g ro u p  I (c o n tr o l)  
g ro u p  II (S V S  2 0 0  m g /k g .B W )  
g ro u p  III (S V S  150 m g /k g .B W )  
g ro u p  IV  (S V S  100 m g /k g .B W )

6 9 .6 4 i 7 .6 5
6 0 .2 7 i 6 .6 2
6 5 .0 3 i 9 .9 3
6 2 .7 5 i 6 .8 2

6 2 .9 0 i 4 .7 8
9 5 .5 3 i 2 0 .9 1 *
8 2 .1 9 i 8 .8 6
7 0 .5 1 i 7 .5 6 *

6 4 .1 2 i 6 .2 6
6 8 . 8 3 i l 3 . 4 5
6 3 .8 0 i 7 .4 2
7 1 . 0 3 i l 0 . 8 0

7 1 .6 5 i 7 .9 8
6 0 . 7 8 i l 0 . 5 6
5 5 .2 4 i 8 .4 9
6 8 .2 6 i 9 .0 7

7 0 .3 2 i6 .7 1
5 2 .0 4 i 6 .7 7
5 9 .8 4 i 7 .7 0
5 8 .9 0 i 7 .6 2

C H 20  (p L /m in )  
g ro u p  I (co n tro l)  
g ro u p  II (S V S  2 0 0  m g /k g .B W )  
g ro u p  III (S V S  150 m g /k g .B W )  
g ro u p  IV  (S V S  100 m g /k g .B W )

- 4 8 .3 8 i 5 .0 5
- 3 6 .4 8 i 5 .3 3
- 4 2 .1 8 i 9 .4 6
- 3 8 .2 3 i 7 .9 9

- 4 3 .9 2 i 3 .5 6
- 5 5 . 9 1 i l 4 . 6 1
- 4 7 .9 2 i 6 .2 2
- 3 5 .9 0 i 7 .0 1

- 3 9 .6 5 i 4 .7 9
- 4 1 . 4 6 i l l . 3 8
- 3 8 .6 9 i 5 .6 7
- 4 0 .4 4 i 9 .0 3

- 4 1 .8 5 ± 3 .9 4
- 3 4 .9 8 i 8 .8 3
- 3 1 .2 0 i 6 .3 0
- 4 1 .8 0 i 5 .6 5

- 3 9 .5 3 i 3 .1 2
- 2 9 .4 1 i 5 .7 8
- 3 4 .4 3 i 5 .5 2
- 2 8 .1 0 i 7 .9 7
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C osm  w as increased from  6 0 .2 7 + 6 .6 2  to 9 5 .53 + 2 0 .9 1  pL /m in  in group I1(P<0.05), 

from  6 5 .0 3 + 9 .9 3  to 8 2 .1 9 + 8 .8 6  pL /m in  in  group III, and from 6 2 .7 5 + 6 .8 2  to 70.51 + 

7 .56  pL /m in  in group IV (P < 0 .05 ) in response to the first period o f  s v s  in fusion . 

B eyon  this period, C osm  w as unaltered. C H 2 O w as not changed  throughout the 

experim ent in control group. It tended to be reduced (m ore n egative) but not 

sign ifican t different from control period in response to the first period o f  s v s  in fusion  

in both group II and III. N o  sign ificant changes o f  C H 2 O w as noted beyond this 

period. C H 2 O w as lik e ly  to be unchanged throughout the experim ental period in group  

IV. S V S  feed in g  resulted a sign ificant rise o f  Posm  from 2 8 9 .8 4 + 2 .6 7  to 2 9 7 .5 4 + 1 .6 3  

m O sm /L  (P < 0 .0 5 ) (table 4 .7). S im ilarly, C osm  w as raised from 62 + 4  to 74+3 pL/m in  

(P < 0 .0 5 ). The reduction o f  C H 2 O w as induced but not statistical sign ifican t d ifference  

from -3 6 .1 + 2 .6  in control group to -4 1 .3 + 2 .2  pL /m in  in s v s  intubation group.

H isto p a th o lo g ic a l ch a n g es  o f  ren al tissu es  a fte r  g iven  o f  s v s

F ig 4 .5 -4 .8  sh ow  the general appearance o f  renal tissue under light m icroscop e  

in control and SV S-treated rat. R enal tissue o f  the control rat sh ow ed  the normal 

appearance, hi contrast, general tubular degeneration includ ing proxim al tubular ce lls  

w as produced after s v s  in fusion . There w ere hydropic (vacuolar) degeneration in 

cytop lasm  and clou dy sw ellin g . M ost distal tubular lum en w ere filled  with  

protenacious m aterials and ce lls  debris. G lom eruli and general v e sse ls  lin in g along  

tubular ce lls  w ere con gestion  esp ecia lly  in rats subjected to the h ighest concentration  

o f  S V S . The h igher the s v s  adm inistration, the larger the dam age o f  renal tubular
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Table 4.7 A lte r a tio n s  o f  g en era l c ir c u la tio n  and ren al fu n c tio n  a fter  6 h o u rs o f  s v s  
in tu b a tio n . R e su lts  are s h o w n  as  m e a n iS .E .M . A b b r e v ia t io n s  arc th e sa m e  as tab le  
4 .1 -4 .6 .  S ig n if ic a n t  d iffe r e n c e  c o m p a r in g  b e tw e e n  co n tro l and  s v s  in tu b a tio n  
g ro u p  a re in d ic a ted  b y  * p < 0 .0 5 , * * p < 0 .0 1 , * * * p < 0 .0 0 1  .T h e  n u m b er  o f  rats in ea ch  
g ro u p  is  9 .

"  ''''«^ (รุ! roup  

Param eters
Control s v s  intubation

M A P (m m H g ) 11 9 ± 2 1 1 5 i l *
IIR  (b e a ts /m in ) 4 2 Ü 4 . 3 9 4 3 4 i 4 .6 8 *
V  (p L /m in ) 2 5 .7 3 ± 2 .6 3 3 .0 0 i 3 .4 0 *
G F R  (m l/m in /k g B W ) 5 .6 3 ± 0 .2 3 5 .2 Ü 0 .3 0
V /G F R  (% ) 1 .6 4 ± 0 .1 8 2 .3 8 i 0 .2 2 * *
E R P F  (m l/m in /k g B W ) 1 9 .7 2 ± 0 .6 2 2 0 .5 8 i 0 .9 4
E R B F  (m l/m in /k g B W ) 3 8 . 5 0 i l . 1 0 3 9 . 6 0 i l . 8 2
F F  (% ) 2 9 . 1 3 ± 1 .42 2 5 . 9 5 i l .7 1
p N a  ( m E q /L ) 1 3 9 .4 2 i l . 2 8 1 4 3 .4 8 i0 .8 5 *

p ^  (m E q /L ) 3 .6 2 i 0 .0 5 3 .7 9 i 0 .0 7 *

P c i  (m E q /L ) 1 1 0 .7 3 i l . 3 7 1 1 6 .6 7 i l . 7 1 * *

F E N a (% ) 1 .2 5 i0 .1 8 2 . 0 5 i 0 . 2 1 **

F E K  (% ) 3 5 .1 6 i 3 .5 8 4 5 .8 7 i 2 .9 3 *

ff'C l (%) 2 .4 6 i 0 .2 9 3 .3 4 i 0 .3 1 *

U N a V  (p E q /m in /k g  B W ) 9 . M i l .  18 1 4 .1 6 Ü .0 3 * *

U K V  (p E q /m in /k g  B W ) 7 .4 7 i 0 .3 0 8 .5 0 i 0 .4 4 *

U c i V  (p E q /m in /k g  B W ) 1 4 .3 1 i l .3 2 1 8 .6 7 i l .2 9 *

p o s m  (m O sm ) 2 8 9 .8 4 i 2 .6 7 2 9 7 . 5 4 i l . 6 3 *

C 0S111 (p L /m in ) 6 2 i 4 7 4 i 3 *

c  112 0  (p L /m in ) - 3 6 i 2 .6 - 4 Ü 2 . 6
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F igure 4 .5  Light m icrographs o f  renal tissue o f  rat g iven  norm al saline w ith  the rate 
l% kg.B W /hr illustrating the normal appearance o f  both glom erular capillary and ren d  
tubular ce ll (X 200). The tissu e w as stained w ith  hem atoxylin  and eosin . ( G C = glom erular  
capillaries, R T = renal tubule)
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F ig u re  4 .6  Picture under light m icroscop e o f  renal tissue o f  rat treated w ith
s v s  in fu sion (200  m g/k g .B W )sh o w in g  d iffused  con gestion  includ ing glom erular  
capillaries but not hem orrhage (A), tubular ce ll degeneration w ith  hydropic  
vacu ole  in cytop lasm  (B ). Renal tubular lum en in distal tubule are filled  w ith  
proteinacious m aterials and ce ll debris as indicated by the arrows (B ). (A x400, 
B x 2 0 0 ) . The tissue w as stained w ith  hem atoxylin  and eosin .
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F ig u re  4 .7  L ight m icrographs o f  renal tissue o f  rat treated w ith  s v s  in fusion  
(150 mg/ kg.B W ). There are d iffused  con gestion  includ ing glom erular capillaries  
Renal tubular ce ll degeneration w ith  hydropic vacu ole  is appeared. S ligh tly  
proteinacious m aterials and cell debris as indicated by the arrows is a lso  detected  
in distal tubular lum en. The tissue w as stained w ith  hem atoxylin  and eosin . 
(X 200).
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F ig u re  4 .8  The picture under light m icroscop e o f  rat subjected to s v s  in fusion  
(100  m g/k g .B W ). There is c lou dy sw ellin g  but no hydropic va cu ole  in renal 
tubular ce ll. N o  proteincious m aterials is apparent in tubular lum en. The tissue  
w as stained w ith  hem atoxylin  and eosin . (X 200)
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F ig u re  4 .9  The alteration o f  p lasm a vo lu m e (P V ) and b lood  vo lu m e (B V ) in 
control and s v s  in fusion  group. The va lues w ere presented as m ean±SE M . 
There are no sign ifican t d ifferen ces o f  both p lasm a vo lu m e and b lood  volu m e  
b etw een  control and s v s  in fusion  group.
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ce lls . S lig h tly  changes w ere apparent in both glom eruli and renal tubular ce lls  o f  rat 

given  lo w est d ose  o f  s v s  in fusion  (group IV ) and s v s  intubation.

C h a n g es  o f  p la sm a  v o lu m e  an d  b lood  v o lu m e  d u r in g  s v s  in fu s io n

Plasm a vo lu m e (P V ) and b lood  vo lu m e (B V ) w ere m easured in rats treated 

w ith S V S  in fu sion  (figure 4 .9 ). P lasm a vo lu m e and b lood  vo lu m e w as 4 0 .0 + 0 .9  

m l/k g .B W  and 5 9 .3 1 1 .2  m l/k g .B W  in control rats. N o  sign ifican t change o f  plasm a  

vo lu m e (3 8 .5 + 1 .3  m l/k g .B W ) and b lood  vo lu m e (6 1 .3 1 2 .0  m l/k g .B W ) w as noted  

during s v s  in fusion . It w as interesting that during s v s  in fusion , b lue-sk ill colour was  

seen  throughout the body w ith in  8-10  m inutes fo llo w in g  E v an ’s blue dye injection  

,and rem ained appeared throughout the experim ent w hereas it did not occur in control 

group.

D iscu ss io n

The present study indicates the effect o f  s v s  both orally and intravenously on 

general circu lation  and kidney function. Intravenous infusion o f  s v s  low ered blood  

pressure in the d ose dependent manner. S im ilar results w ere observed  by M el is and 

Sainati (1991 a,b) and K urahashi et al. (1 9 8 2 ). M elis (1 9 9 2 b ) has a lso  reported the 

h yp oten sive effect o f  s v s  in G oldblalt 2 -k id n ey /1-c lip  hypertensive rats. file  

p ossib le  m ech an ism s responsib le to its h yp oten sive e ffect are still unclear. M elis  and 

Sainati (1 9 9 1 a ) reported that the effect o f  s v s  in fusion O I 1  renal fuction  w as partly 

dependent on prostaglandin.
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B lood  pressure w as gradually increased after the transitory decrease at low est 

level o f  b lood  pressure w h ich  w as quite sim ilar to endotoxin  treated rats (Schaller el 

al., 1985 ; Preiser et ah, 1994). This m ay be the result from  sym pathetic com pensatory  

response to hyp oten sion  that cou ld  be seen  by the e levation  o f  H R in the present 

experim ent. A lthough  b lood  pressure w as im proved but still low er than that o f  control 

period in both group II and III. T he sam e response w as a lso  reported in m ice treated 

w ith 0 .49  g /k g .B W  o f  s v s  intravenously (K urahashi et ah, 1982). D esp ite the 

term ination o f  s v s  in fusion , b lood  pressure w as u n com p lele ly  recovered  excep t that 

o f  group subjected to the lo w est d ose o f  s v s  in fusion (group IV). The reduction o f  

blood pressure in latter period o f  experim ent w as not the tim ed  e ffect because no 

changes o f  b lood  pressure occured in control group throughout experim ent. The 

p ossib le  reason m ay be that s v s  is in com p letely  excreted  out o f  the body. I bis 

p ossib ility  w as supported by the results o f  Ishii and Bracht (1 9 9 5 ) that the 

concentration o f  s v s  rem ained constant after 2 hours o f  s v s  in fusion  into isolated  

rat liver. Furthermore, the p ossib le  form ation to other products, e sp ec ia lly  stev ioh  w as 

investigated  chrom atographically w ith n egative result (Ishii and Bracht ,1995). 

Though liver is know n to be the major organ to m etab olize several substances, the 

other organs like k idney also play a role, s v s  w as found to be excreted  in urine 

(M elis , 1992a). H ow ever, s v s  w as not totally  excreted  w ith in  1 hour (N akayam a et 

al., 1986). Therefore, S V S ’s effect should  still ex ist d esp ite s v s  in fusion w as not 

allow ed . S ix  hours after s v s  feed in g caused a slight but sign ifican t reduction o f  blood  

pressure w hich  im plies that the effect o f  s v s  on hypotension  appeared not on ly  

intravenous in fusion  but also oral adm inistration. Chronic adm inistration o f  aqueous



8 4

extract o f  S tev ia  rebaudiana (40 -60 d ays) a lso  induced hypotension  (M elis , 1995). The 

depression  o f  b lood  pressure m ay be the result from  the vasod ilatation  and/or the 

reduction o f  p lasm a vo lu m e. B ecau se s v s  in fusion  w as sh ow n  to induce diuresis as 

m ention  earlier (table 4 .2 ). G eneral con gestion  and degeneration o f  several organs 

w ere also  dem onstrated (G linsukon  et al, 1988a). T h ese indicate that the distribution  

o f  fluid from  intravascular com partm ent to the other part m ay be p ossib le . H ow ever, 

no sign ifican t alteration o f  plasm a and b lood  vo lu m e w ere noted in response to s v s  

in fusion  (figure 4 .9 ). Therefore, the h yp oten sive effect o f  s v s  is like ly  due to the 

peripheral v a s o d ila ta t io n . S u p p o rtin g  the in terp reta tion  for the p eripheral 

vasod ilatation  is the appearance o f  general b lue-sk in  colour after E v a n ’s blue dye 

in jection  w h ich  w as not observed  in the control rat.

S V S  in fusion  raised H R  w h ich  w as corresponding to the depression  o f  blood  

pressure. Tachycardia w as rem ained throughout the experim ent in all groups o f  s v s  

in fusion . The elevation  o f  H R  m ay be the sym pathetic response to the hypotension  

(B u llock , 1995). It w as found that plasm a norepinephrine and ep inephrine w ere raised  

in rats treated w ith  en d otoxin -in d u ced  hypotension  (Sch aller et al., 1985). H ow ever, 

the rise o f  H R  persisted  desp ite the norm alization o f  b lood  pressure in the last period  

o f  the experim ent in group III and during recovery period o f  group IV. It is not know n  

the reason w h y H R  w as still high w hereas b lood  pressure w as reversd. T im e effect 

w as not to be the case  even  though H R tended to be raised ill the last period o f  control 

group but the m agnitude w as not as m uch as that o f  s v s  in fusion  group (figure 4 .2). 

It w as reported that s v s  adm inistration reduced the duration o f  electrical systole
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(H um boldt and B oeck h , 1978). It is presum ably that s v s  has direct stim ulation  on 

the heart other than the effect on b lood  vesse l.

The e ffect o f  s v s  on renal hem od yn am ics w ere clearly sh ow n  during the first 

period o f  s v s  in fusion . R enal vasod ilation  w ithout change in G FR  resulting the 

reduction o f  FF w as noted. This indicates that s v s  induces renal vasod ilatation  both 

afferent and efferent arterioles. T his agrees w ith  the data obtained by M el is and 

Sainati (199 1a ,b ). T he renal hem od yn am ics response to s v s  in fusion  w as likely  

sim ilar to the action o f  several vasodilators such  as acety lch olin e and bradykinin  

(C hristine et al., 1976 ; T hom as et al., 1983). s v s  intubation, in contrary, had no  

in fluence on renal h em odynam ics. It is presum ably that s v s  in gestion  w as converted  

to stev io l . It w as reported that s v s  w as converted to be stev io l after incubation in rat 

caecal m icroflora (L uckey, 1972; W ingard et al, 1980). H ow ever, there is no 

experim ental ev id en ce  to support the action o f  stev io l on general circulation. D uring  

recovery period, R BF w as quite constant but G FR w as low ered . T im e effect did not 

contribute to these alterations because they w ere rem ained norm al throughout the 

experim ent in control group. The reduction o f  G FR w as associated  to the 

enhancem ent o f  N a + excretion . T ubuloglom erular feedback m echanism  m ay be 

operated. That is, N a + delivery to m acula densa m ight increase, and thereby feedbacks  

to constricts afferent arterio le(V ander,1995; B u llock , 1995a). H ow ever, this p ossib ility  

is u n lik ely  sin ce RPF w as unchanged instead o f  reduced during recovery period. Som e  

other m ech an ism s such as glom erular capillary abnorm ality such as glom erular  

capillary dam age, m ay be expressed . Panichkul et al. (1 9 8 8 )  found the rise o f  plasm a  

urea nitrogen and creatinine in rats g iven  o f  subcutaneous in jection  o f  s v s .
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Furthermore, severe con gestion  in cap illaries o f  both interstitium  and glom eruli was 

ob served(G lin su k on  et ah, 1988b). From our h istopathological exam ination,glom erular  

con gestion  w as clearly show n in rat g iven  o f  h ighest d ose  o f  s v s  (figure 4 .6 ). The 

sam e appearance but lesser degree w as detected in group III and IV respectively . 

From  these experim ental ev id en ces, s v s  in fusion  is like ly  induce glom erular  

capillaries con g estio n  and thereby leading to the reduction o f  GFR.

Both intravenous in fusion  and intubation o f  s v s  provoked  d iuresis and 

elevation  o f  electrolyte excretion . T h ese circum stances w ere pronounced during the 

first 30 m in period o f  s v s  in fusion . The facilitation  o f  electrolyte excretion  w ithout 

changes o f  G FR  and p lasm a electrolytes during the first period o f  s v s  in fusion  (table

4.1 and 4 .3 ) m ay be exp lained  by the depression  o f  tubular reabsorption w hich  

presum ably due to the result from  2 p ossib le  causes. First, the alteration o f  physical 

forces at peritubular capillary caused  by the m ore m aked elevation  o f  renal plasm a  

flow . The increase o f  hydrostatic pressure inside the peritubular cap illaries produced  

by the e levation  o f  RPF, reduces tubular N a + reabsorption.(V ander, 1995). Second , 

the direct e ffect o f  s v s  on renal tubular reabsorptive function , for exam p le, enzym e  

N a +,K +A T P ase, renal m itochondrial function, the integrity o f  reabsorptive ce lls , etc 

(G ullans and M andel, 1992). Proxim al tubule is the major site for H20  and electrolyte  

reabsorption. Several lines o f  ev id en ces have su ggested  that proxim al tubule w as 

h igh ly  vu lnerable to various nephrotoxic agents (Stonard, 1990). T oskulkao and his 

co-w orkers (1 9 9 4 )  sh ow ed  the sign ifican t elevation  o f  alkaline phosphatase, y- 

glutam yl transpeptidase and N -acety l P -D -glucuronidase w h ich  w ere the markers for 

proxim al tubular dam ages in rat subjected to subcutaneous in jection  o f  s v s  for 9
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hours. The degenerations o f  proxim al con volu ted  tubule, distal tubule and co llectin g  

duct w ere a lso  e lic ited  in ham ster treated w ith  s v s  (G lin suk on  et ah. 1988b). From  

these experim ental results it seem s to be that s v s  exh ib ited  its in flu en ce on proxim al 

tubular N a + reabsorption. H ow ever, the m ech an ism s responsib le to the interferance 

have not yet elucidated . The en zym e N a +,K f A T P ase w hich is the key en zym e for 

tubular N a + reabsorption m ay participate, and should  be further clarified . H ow ever, 

other m ech an ism s such  as horm onal changes in response to s v s  adm inistration  

should be a lso  investigated .

Fractional urinary excretion  o f  N a + and c r  rem ained increased in the second  

period o f  s v s  in fusion . The alteration o f  physica l forces at peritubular capillaries but 

to a lesser extent w ere rem ained w hich  m ay be responsib le to N aC l excretion . 

H ow ever, the m agnitude o f  change o f  physica l forces w as so  little to produce  

natriuresis (table 4.1 and 4 .5 ). Therefore, other m ech an ism s 5for exam p le, direct 

tubular effect m ay be p ossib le . L ike the effect on b lood  pressure, fractional urinary 

excretion  o f  N a 4 and c r  w as con tin u ou sly  increased in group II during recovery  

period. It is presum ably due to the sustaining effect o f  s v s  w hich  m ay not totally  

elim inated  out o f  the body as outlined earlier. The abnorm ality o f  tubular ce lls  w as  

ob served  from  h istop ath ological exam ination  after the end o f  experim ent. It w as not 

know n w hen  proxim al tubular abnorm ality w as produced. T herefore, the rise o f  

electrolyte excretion  during and after s v s  in fusion  m ay be the result from both 

physical forces and/or direct in fluence o f  s v s  in fusion  on tubular reabsorptive cells .
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K + excretion  is quite different from N a + and Cl" excretion . W h ile N a' and Cl 

excretion  w ere m arkedly increased, K + excretion  seem ed  to be s ligh tly  changed, 

esp ec ia lly  after the first period o f  s v s  in fusion . M oreover, K ‘ excretion  w as unaltered  

in group IV. In general, 50%  and 40%  o f  filtered K + is reabsorbed at proxim al tubule  

and loop  o f  H en le  resp ectively  (V ander, 1995). H ow ever, m ost o f  K ‘ appearing in 

urine is secreted by con n ectin g  and co llec tin g  tubule. It is m ore lik e ly  the reduction o f  

proxim al tubular N a + reabsorption during s v s  in fusion  as p reviou sly  su ggested , 

d ecreases proxim al tubular K + reabsorption (Vander, 1995). A p p roxim ately  80-90% o f  

filtered H C O 3 is resbsorbed at proxim al tubule (B u llo ck , 1995a). The reduction o f  

proxim al tubular N a + reabsorption during s v s  in fusion  d ecreases tubular HCO3 

reabsorption, resulting peritubular cappilaries m ight becom e acid osis. T his m ight 

result the preferential exch an ge o f  N a + w ith  H + rather than K + at distal nehpron  

(V ander, 1995). Taken as a w h o le , the depression  o f  proxim al tubular K+ 

reabsorption co in cid ed  w ith  the reduction o f  distal tubular K + secretion  results 

sligh tly  or no change o f  K + excretion . H ow ever, urinary acid ification  should  be 

determ ined to support this p ossib ility .

S V S  intubation also  induced urinary electrolyte excretion  w ithout changes o f  

renal h em od yn am ics reflecting its direct tubular effect. The general appearance o f  

renal tissu e observed  from h istop ath ological exam in ation  w as quite norm al w hich  w as  

different from  s v s  infusion . Proxim al tubular d efect is not p ossib le  because there 

w as no glucouria a lon g  w ith  natriuresis and diuresis (see  in chapter VI). s v s  feed in g  

therefore should  exert the effect at the other part o f  nephron. The direct in fluence or 

horm onal changes that e lic it  the change o f  tubular reabsorptive function  at distal
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nephron like arginine vasop ressin  (A V P ), aldosterone and antinatriuretic peptide  

(A N P ) are all p ossib le . H ow ever, the inhibition on aldosterone effect is unlikely  

because K + excretion  w as enhanced instead o f  reduced. It w as sh ow n  by the present 

experim ent that s v s  produced diuresis and elevation  o f  e lectrolyte re su ltin g  the 

sign ifican t rise o f  p lasm a electrolytes concentration, C osm  and plasm a osm olality . 

Therefore, it w as presum ably that s v s  feed in g  reduces electrolyte reabsorption at 

distal nephron, resulting osm otic  force to induce diuresis.

In con clu sion , s v s  both in fusion  and feed in g produced h yp oten sion , d iuresis  

and natriuresis. H yp oten sive response to s v s  in fu sion  w as lik e ly  due to 

vasod ilatation  not the reduction o f  plasm a vo lu m e. The e levation  o f  renal b lood flow  

w ithout change o f  G FR  during s v s  in fusion  indicates the vasod ilation  o f  both 

afferent and efferent arterioles. G lom erular capillaries con gestion  w as apparent in rats 

subjected to s v s  in fusion  w hereas sligh tly  change in s v s  intubation group. This 

m ight be the p ossib le  cause o f  the reduction o f  GFR after the end o f  s v s  infusion. 

N o  sign icant change o f  renal hem odynam ics in rats fed w ith s v s .  The natriuresis 

induced by s v s  in fusion  should  be its direct tubular action, sin ce  there w ere no 

change o f  G FR and p lasm a N a + concentration during s v s  in fusion . The reduction o f  

proxim al tubular N a + reabsorption should be the p ossib le  cause s in ce  there w as the 

elevation  o f  urinary g lu cose  excretion  in both during and after s v s  in fusion . In 

contrast, the increase o f  electrolyte excretion  after s v s  feed in g  w as not like ly  due to 

the reduction o f  proxim al tubular N a + reabsorption sin ce there w as no elevation  o f  

urinary g lu cose  excretion . The m echanism  responsib le to natriuresis has not yet

elucidated  by the present experim ent.
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