
C H A P T E R  VI

T H E  E F F E C T  O F  S T E V IO S ID E  O N  G L U C O S E  M E T A B O L IS M  A N D  

R E N A L  G L U C O S E  H A N D L IN G

In tro d u c tio n

G lu cose  is the predom inant nutrient for cellu lar energy supply. Several lines 

o f  ev id en ces dem onstrated the variation o f  plasm a g lu cose  level in response to s v s  

adm inistration (K inghorn and Soejarto, 1985). So far, no experim ental ev id en ces have  

supported the e ffect o f  s v s  in fusion  on plasm a g lu cose  level and g lu cose  kinetics. 

From  the p revious experim ental results in ch ap ter iv , s v s  in fusion  produced  

hypotension  and natriuresis. H ow ever, It is not know n w hether the g ly cém ie  effect o f  

s v s  in fusion  is associated  w ith  its renal and h yp oten sive effects. Furthermore, it has 

not yet been determ ined w hether its various actions are direct e ffec ts  or via m ediators. 

It has been dem onstrated that h yp oten sive  and renal e ffec ts  o f  s v s  w ere partly 

dependent on prostaglandin (M elis  and Sainati, 1991 a). Several agents including  

prostaglandin, nitric ox id e, arginine vasop ressin  and angiotensin  II have been show n  

to affect the p lasm a g lu cose  level includ ing b lood  pressure and renal functions  

(R obertson , 1988; Chen et ah, 1994; Jun and W en nm aln ,1994;M an n in g  et al, 1994).

L ittle data are availab le to dem onstrate the e ffect o f  s v s  on renal tubular 

g lu cose transport although intravenous in fusion  o f  s v s  has been show n to enhance  

g lu cose clearance (M elis , 1992a). N orm ally , renal g lu cose  reabsorption is Na*
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dependent, and s v s  has been  sh ow n  to produce natriuresis (chapter IV). N everth eless, 

h ow  and w hat m echanism  s v s  adm inistration affects on renal g lu co se  transport. The 

ob jective  o f  this experim ent w as therefore to clarify the m echanism  o f  s v s  in fusion  

on the b lood  g lu cose  lev el and renal g lu cose  handling. In addition, it sought to clarify  

w hether the g lycém ie  action o f  s v s  is m ediated by several agents w hich  w as related  

to renal function  and b lood  pressure. The change o f  g lu cose  k in etics during s v s  

in fusion  w as a lso  exam ined .

M aterials and m ethods

M ale W istar rats w eigh in g  b etw een  2 5 0 -3 0 0  g w ere used. N orm al rat food  

and tap water w ere supplied  ad libitum . The general anim al preparations w ere show n  

in chapter III. The experim ents w ere d iv id ed  into 4 series.

Series I E ffect o f  s v s  on plasm a g lu cose  lev e l and renal g lu co se  handling.

The anim als w ere d iv ided  into 3 groups according to route and d ose  o f  s v s  

adm inistration. E ight anim als in each group w ere used.

C ontrol group A fter surgical preparation as exp la in ed  in chapter III, the 

anim als received  norm al saline (N S S ) in travenously throughout experim ental period  

w ith the rate o f  1 m l/1 0 0  g .B W . F ive 30 -m in  periods o f  experim ent w ere carried out. 

Arterial b lood  sam p les (0 .3  m l) and urine sam p les w ere co llec ted  to determ ine plasm a  

g lu cose  concentration and urinary g lu co se  excretion  in each period.

s v s  infusion group The anim als w ere d iv ided  in to 3 subgroups according  

to the d ose  o f  s v s  in fusion . The general procedures w ere sim ilar to control group.
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Five 30-rain  periods w ere undertaken for one control, first and secon d  s v s  in fusion , 

first and secon d  recovery period. A fter the first control period, s v s  so lution  (150  

m g/m l in N S S )  w as in fused  in 3 subgroups anim als w ith  a prim ing d ose  100 , 150 and 

20 0  m g/k g .B W , and fo llo w ed  by the rate o f  100, 150, 20 0  m g/k g .B W /hr respectively  

for 1 hour.

S V S  in tu b a tio n  g ro u p  In this group, rats w ere d iv id ed  into 2 subgroups 

including control and s v s  feed in g  group. F eed in g m aneouver w as separated into 2 

con secu tive  45 -m in  periods. F o llo w in g  6  hours o f  d istilled  water (control) or 2 

g/k g .B W  o f  S V S  (1 5 0  m g/m l) w as fed to anim als, the general anim al preparation w as 

perform ed. T his tim e interval w as ch osen  since plasm a level o f  s v s  w as h ighest at 6 - 

8  hours after s v s  in gestion , and this d ose  produced hypotension  and natriuresis as 

sh ow n  by our p revious experim ent (chapter IV).

S er ies  บ  D eterm ination  o f  the g lu cose  turnover rate (G T R )

T his series o f  experim ents w as carried out to assess the m echanism  o f  action  

o f  S V S in fusion  on g lu cose  kinetics by determ ination o f  g lu cose  turnover rate (G T R ). 

The principle o f  G TR has been accepted  and used sin ce 1959 (S tee le , 1959 ; K atz et 

ah, 1974 ; U m p leby and Sôn k sen , 1987). S ix teen  anim als w ere d iv id ed  into 2 groups 

including control and s v s  in fusion  group. A ccord in g to the experim ent in series I, the 

results o f  S V S  in fusion  at the rate o f  20 0  m g/k g.B W /hr sh ow ed  a high response for ail 

increase in p lasm a g lu cose  level. T herefore the rate o f  in fusion , 20 0  m g/k g .B W /hr o f  

S V S w as ch osen  for the treatment in the series II o f  experim ents. Either s v s  or N SS  

(control group) w as intravenously injected throughout the experim ent. A fter s v s  (200
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m g/k g .B W ) or N S S  w as intravenously introduced for 30 m in  in each group, 0 .2  ml o f  

the tracer so lu tion  contain ing 1 pC i ( บ - 1 4 C )-g lu co se  and 5p C i (3 - 3 H )-g lu co se  w as  

in fused  as a prim ing d ose  and fo llo w ed  by continuous in fusion  o f  the tracer solution  

contain ing o f  1 p C i/m l o f  ( บ - 1 4 C )-g lu co se  and 5 p C i/m l o f  (3 - 3 H )-g lu co se  w ith the 

constant rate o f  40  pL /m in. The continuous in fusion  o f  the tracer solution  w as  

undertaken for a period o f  90  m in. T his procedure produced a constant o f  

rad iosp ecific  activ ity  o f  g lu cose  in  the p lasm a about 60 m in  after the in fusion  o f  

iso top e-lab elled  g lu cose . A n  arterial b lood  (0 .5  m l) w as w ithdraw n every 15 m in at 

3 0 -9 0  m in  o f  iso top e-lab elled  g lu cose  in fusion  to analyze G TR, percent g lu cose  

carbon recyclin g, g lu co se  clearance and p lasm a g lu cose  concentration  as p reviou sly  

calculated in chapter III. A fter 30 m in  o f  s v s  or N S S  in fusion , plasm a insulin  and 

g lu cose  concentration  w ere m easured.

S er ies  III The e ffec t o f  preatm ent w ith  drugs (in clu d in g  an g ioten sin  II, arginine  

vasop ressin , N  co-nitro-L-arginine m ethyl ester, indom ethacin , prazosin  

and in su lin ) on the p lasm a g lu cose  level during s v s  in fusion .

T his series o f  experim ents w as carried out to elucidate w hether the g lycém ie  

action o f  s v s  is a direct e ffect or m ediated v ia  other m ediators related to the 

h yp oten sive, d iuretic and natriuretic action  o f  s v s .  The anim als w ere d iv id ed  into 8 

groups, and eight an im als in each group w ere used. A fter surgical preparation, the 

anim als w ere a llo w ed  to eqilibrate for 45 m in before the beginn ing  o f  experim ent. 

Four 30-m in  periods w ere estrablished includ ing control period, pretreatm ent period 

and tw o  periods o f  the com bination  in fusion  o f  s v s  and various agents. N o  recovery



period w as studied  in  this experim ent because the g lycém ie  response to s v s  in fusion  

w as stable s in ce  the secon d  period o f  s v s  in fusion  (table 6 . 1 )

G ro u p  I A n im als recieved  s v s  in fusion  alone.

A fter N S S  w as intravenously in fused  for 1 hour, then 150 m g/m l o f  s v s  in 

N S S  w as in fused  w ith  a prim ing d ose  o f  2 0 0  m g/k g .B W , and fo llo w ed  by 200  

m g//k g .B W /h r for a period o f  1 hour. P lasm a g lu cose  lev el w as determ ined at the mid  

point o f  each  period.

G ro u p  II A n im als pretreated w ith  prazosin  (oc-adrenergic b locker)

The general preparation w as sim ilar to group I. W hen N S S  w as in fused  for 30  

m in (control) then prazosin  ( 1 0 0  p g /m l) w as infused  w ith the prim ing d ose  o f  1 0 0  

p g/k g .B W  and continued  by 20 0  p g/kg .B W /h r throughut the experim ent. F o llow in g  

the first 30  m in o f  prazosin  adm inistration, 20 0  m g/k g .B W . o f  s v s  w as infused  and 

then continued  w ith  the rate o f  20 0  m g/k g .B W /hr in associated  w ith  prazosin for 1 

hour.

G ro u p  III  A n im als pretreated w ith  angiotensin  II (All)

The protocols w as sim ilar to group II excep t that in the pretreatment period, 

the an im als w ere infused  w ith  0.3 p g /k g .B W  o f  All (0 .4  p g /m l) as a prim ing dose, and 

fo llo w ed  by 50  n g/kg .B W /m in .

G ro u p  IV  A n im als pretreated w ith  arginine vasop ressin  (A V P )

The sam e general procedures as for group II w as undertaken excep t that 0.5  

n g/kg .B W /m in  o f  A V P  (2 8 .5 7  n g/m l) w as infused.
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G ro u p  V  A n im als pretreated w ith  N  co-nitro-L-arginine m ethyl ester (L-

N A M E )

T he identical procedures w ere perform ed as group n  excep ted  that L -N A M E  

(1 m g/m l) w as in fused  w ith  a prim ing d ose  o f  1 m g/k g .B W  and continued  by 50 

p g/k g .B W  /m in.

G ro u p  V I A n im als pretreated w ith  indom ethacin

T he general protocols w ere the sam e as for group II excep t that indom ethacin  

(5 m g/m l in 8 % N a 2 HCC>3 ) w as in fused  w ith  a prim ing d ose  o f  5 m g/k g .B W  and 

fo llo w ed  by 5 m g/kg.B W /hr.

G ro u p  V II A n im als pretreated w ith the com bination  o f  L -N A M E +  

indom ethacin

Procedures sim ilar to those for group II w ere perform ed, excep t that the 

com bination  o f  L -N A M E  and indom ethacin  w as infused  w ith the sam e d ose as in 

group V and VI.

G ro u p  V III  A nim al pretreated w ith  insu lin

The sam e p rotocols as group II w ere m anifested  excepted  that insu lin  w as  

prim ed w ith  the d ose  o f  0.1 U /k g .B W  and then fo llo w ed  by 10 m U /kg/m in .

S er ies  IV  D eterm ination o f  renal p lasm a threshold and tubular transport m axim um  o f

g lu cose(T m o).
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T his experim ent w as undertaken to clarify the m ech an ism  o f  renal g lu cose  

handling during S Y S  in fusion . A fter surgical preparation, 1% o f  inulin  in N S S  w as  

intravenously in fused  throughout experim ent w ith  the rate o f  l% k g.B W . G lu cose  

loading w as perform ed in every 15 m in period by in fusion  o f  10, 15, 17.5, 20 , 2 2 .5 , 

25 , 27 .5  and 30 gm%  o f  g lu cose  in N S S . T his procedures raised p lasm a g lu cose  level 

in step w ise  m anner to approxim ately 2 0 0 -5 0 0  gm% . Arterial b lood  (0 .2  m l) and urine 

sam ple w ere co llec ted  in every 10 and 15 m in resp ective ly  after changing tile 

concentration o f  g lu co se  in fusion . R enal plasm a threshold o f  g lu co se  and Tnio w ere  

determ ined.

T o com pare Tnio o f  norm al rats and renal tubular reabsorption o f  g lu cose  in 

rats treated w ith  s v s  in fusion , s v s  (1 5 0  m g/m l) w as in fused  w ith  a prim ing d ose o f  

20 0  m g/k g .B W  and continued by 20 0  m g/k g .B W /hr for 1 hr. T w o further 30-m ill 

periods o f  recovery w ere also perform ed. Renal tubular reabsorption o f  g lu cose  was 

determ ined

S ta tis tica l a n a ly ses

V a lu es w ere presented as m ean ±SE M  and percent changes. Statistical 

analysis w as perform ed using either paired or unpaired t-test. W ilco xo n  signed  rank 

test a lso  used  for w id e standard d eviation  o f  the m ean. The correlation w as  

determ ined by linear regression  and correlation. Data w ere con sidered  to be 

sign ificant d ifferen ce from  control period or group at the lev el o f  p < 0 .0 5 .
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R esu lts

T h e  a ltera tio n  o f  p la sm a  g lu co se  a n d  u r in a ry  g lu co se  ex cre tio n

T able 6.1 and figure 6.1 revealed  the alteration o f  plasm a g lu co se  (P G), 

urinary excretion  o f  g lu cose  (บ gV ) and fractional excretion  o f  g lu co se  (FE o). Plasm a  

g lu cose  lev el w as quite constant throughout experim ent in control group, s v s  

in fusion  raised Pg from  1 1 9 .3 3 i l .9 9  to 132 .0 0 ±  4 .3 7  mg%  (P < 0 .0 5 ) from  118.60+  

4 .94  to 1 6 5 .3 3 i l0 .7 5  m g%  (P < 0 .0 1 ) and 11 7 .2 7+ 2 .3 5  to 1 5 7 .3 5 i8 .7 1  mg%  (P < 0 .0 1 )  

in rats in fused  w ith  100, 150, and 20 0  m g/k g .B W  resp ectively . The PG level w as 

con tin u ou sly  increased during the secon d  period o f  s v s  in fusion  and recovery. The 

m agnitude o f  P g e levation  w as quite constant until the end o f  experim ent in group  

received  20 0  and 150 m g/k g .B W ./h r but rose to a lesser extent in the group treated at 

the rate o f  100 m g/kg.B W ./hr. H ow ever, P c level in anim al fed w ith  s v s  w as not 

different from  that o f  the control group (figure 6 . 1 ).

The sim ilar pattern o f  an e levation  o f  U GV  and FEg w as a lso  brought about in 

response to s v s  in fusion  w hereas no changes appeared in the control group. In the 

first period o f  s v s  in fusion , FE g w as s ign ifican tly  raised from  0 . 1 1 + 0 . 0 2  to 0 .16+  

0.03  % (P < 0 .0 5 ) , from  0 .08+ 0.01  to 0 .1 7 + 0 .0 3  % (P < 0 .0 5 ) and from  0 .1 1 + 0 .0 2  to 

0 .31+ 0 .0 8%  ( P O .0 1 )  in group infused  w ith  s v s  100, 150, and 2 0 0  m g/k g .B W . 

resp ectively . The elevation  o f  FE g w as the d ose-dependent manner. S im ilar features 

w ere taken p lace in the secon d  period o f  s v s  in fusion . A lthough  after the 

term ination o f  s v s  in fusion , FEg w as rem ained high until the end o f  experim ent in all



T a b le  6.1 Effect o f  SYS infusion on p lasm a glucose (Po). urinary  glucose excretion  (U qV) and fractional g lucose excretion (FEg).

~ '— ^  Periods control S V S  in fusion recovery
Param eters " ~— 30 m in 60 m in 90 m in 1 2 0  m in 150 min

PG (m g% )
C ontrol group
s v s  in fu sion  ( t o o  m g/k g .B W )  
s v s  in fu sion  (1 5 0  m g/k g .B W )  
S V S  in fusion  (2 0 0  m g/k g .B W )

1 1 8 .6 0 ± 4 .9 4  
1 17 .2 7 ± 2 .3 5

1 1 9 .1 5 ± 4 .7 0  
1 3 2 .0 0 i4 .3 7 *  
1 6 5 .3 3 ± 1 0 .7 5 * *  
157.35=1=8.71 **

1 2 0 .6 0 i3 .7 1
1 3 0 .6 5 ± 4 .8 8
1 5 9 .4 9 ± 6 .3 9 * *
1 5 3 .7 1 i5 .7 0 * * *

1 1 8 .1 6 i4 .5 1
1 3 3 .0 0 i5 .4 6 *
1 6 9 .2 2 i6 .3 8 * * *
1 6 4 .0 6 i3 .6 0 * * *

1 1 7 .5 0 i3 .5 3  
1 3 3 .8 1 i6 .7 5  
1 6 5 .8 2 i6 .0 4 * * *  
161 3 3 i6 .5 6 * * *

FEg (%)
C ontrol group
S V S  in fu sion  (1 0 0  m g/k g .B W )  
S V S  in fusion  (1 5 0  m g/k g .B W )  
S V S  in fusion  (200  m g/k g .B W )

0 .1 4 ± 0 .0 1  
0.1 l iO  02  
0 .0 8 i0 .0 1  
0 . 1 Ü 0 . 0 2

0 .1 5 ± 0 .0 3
0 .1 6 ± 0 .0 3 a
0 .1 7 ± 0 .0 3 “
0 .3 1 ± 0 .0 8 “a 1 1

0 .1 3 i0 .0 3
0 .2 1 i0 .0 3 a
0 .3 5 i0 .1 3 a
1 .1 9 i0 .5 9 aa

0 .1 Ü 0 .0 5
0 .1 9 i0 .0 4
0 .4 7 i0 .1 7
0 .9 2 i0 .4 7

U GV  (|ug/m in /kg.B W )
Control group
S V S  in fusion  (1 0 0  m g/k g .B W )  
S V S  in fusion  (1 5 0  m g/k g .B W )  
SV S in fu sion  (2 0 0  m g/k g .B W )

5 .1 7 ± 0 .3 2
6 .3 8 ± 1 .0 7
6 .8 5 Ü .6 7
6 .9 3 ± 0 .9 8

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

4 .6 4 i0 .9 4
1 2 .8 9 i l .7 9 a

3 9 J 6 i 2 2 .9 4 aa

4 .3 7 i0 .8 5
1 3 .6 7 i2 .3 2 “
1 8 .7 6 i4 .1 5 a
7 3 .2 7 i4 2 .2 2 aa

3 .6 8 Ü .4 3
1 4 .5 6 i3 .7 7
2 9 .5 6 i l2 .4 8
5 0 .6 7 i2 6 .4 6 aa

The va lu es are m ea n iS E M . S ig n ifican t d ifferen ces com paring to control period are sh ow n  by * p < 0 .0 5 . * * p < 0 .0 1 . * * * P < 0 .0 0 E  
“ p < 0 .0 5 . and a a  p<0.01 are in d icated  by W ico x o n  signed  rank t e s t . The num ber o f  rats in each  group is 8 .
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Figure 6.1 A lterations o f  p lasm a g lu co se(P G) and urinary g lu cose  
excretion  (บ GV ) in rats g iven  o f  S Y S  feeding. The num ber o f  rats is 8
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groups. N o  sign ifican t alteration o f  both U g V  and FEg occured  after feed in g  with  

s v s  (figure 6 . 1 ).

Effect of SVS infusion on glucose turnover rate (GTR)

The change in G TR, p lasm a g lu cose  concentration  and p lasm a insulin  

concentration are presented in table 6 .2 . The p lasm a g lu co se  concentration w as  

sign ifican tly  increased from  1 2 0 .3 2± 5 .9 3  mg%  in control group to 17 6 .8 ±  10.8 mg%  

(P < 0 .0 1 ) in S V S  in fusion  group w hereas the p lasm a insu lin  level w as not different 

b etw een  in the tw o  groups. G TR  o f  either (3 - 3 H )-g lu co se  or ( บ - 1 4 C )-g lu co se  w as 

sligh tly  increased but not statistical sign ifican t d ifference from  the control group. 

G lu cose carbon recyclin g  w as sign ifican tly  reduced from  2 8 .7 + 1 .3  to 23 .0+ 1.6%  

(P < 0 .0 5 ). G lu cose clearance fe ll from  6 .4 6 ± 0 .3 4  m l/m in /k g .B W  in control group to 

4 .9 9 + 0 .2 0  m l/m in /k g .B W  (P < 0 .0 1 ) in s v s  in fusion  group w h ich  w as reduced  

approxim ately 23 %. T his extent w as nearly the sam e as the rise o f  p lasm a g lu cose  

level (30% ).

The effect of pretreatment with drugs on plasma glucose level during s v s  

infusion.

T able 6.3 and figure 6.2 dem onstrate the e ffect o f  s v s  in fusion  on the p lasm a  

g lu cose  concentration  (Pg) after pretreatm ent w ith  angiotensin  II (All), arginine  

vasop ressin  (A V P ), L-NAME, indom ethacin , prazosin  and insu lin . In control group  

w hich  received  s v s  alone, Pg lev e l increased from  11 7 .19±2.89 to 151 .37+ 1 .81  mg%  

(P < 0 .0 0 1 ) during the first period o f  s v s  in fusion . The PG lev el rem ained elevated  to
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Table 6.2 G lu cose turnover rate (G T R ) in rats subjected to norm al saline (control) and 
s v s  in fusion  (N = 8 ). S ign ificant d ifferen ces com paring to control group are show n by 
* p < 0 .0 5 , * * p < 0 .0 1 .

G lu cose turnover rate (p m ol/m in /k gB W )  
(3 - 3 H )-g lu co se  

( บ - 1 4C )-g lu co se  
% G lucose carbon recycling  
G lu cose clearance (m l/m in /k g .B W ) 
Plasm a insu lin  ((p U /m l)
Plasm a g lu cose  (m g% )

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

3 8 .8 6 + 3 .3 6
120 .32+ 5 .93

6 1 .2 5 + 2 .8 7  
4 7 .4 5 + 3 .2 0  

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

17 6 .8 0+ 10 .77* *



Table 6.3 E ffect o f  s v s  in fu sion  on  p lasm a g lu co se  concentration  (m g% ) in rats treated w ith  prazosin , 
an g ioten sin  II, arginine vasop ressin , L -N A M E , in dom ethacin , L -N A M E  + indom ethacin  , and insulin. 
S ig n ifican t d ifference from  control period is indicated by * p < 0 .0 5 , ** p < 0.01  and ** * p < 0 .0 0 1 .

C ontrol 
P razosin  

A n g io ten sin  II 
A rgin in e vasop ressin  

L -N A M E  
Indom ethacin  
L -N  A M E +Indom ethaci ท

control drug or N S S S V S + drug
30 m in 60 m in 90 min 1 2 0  m in

1 1 7 .1 9 ± 2 .8 9 1 2 1 .0 9 ± 2 .3 4 1 5 1 .3 7 i l .8 1 * * * 1 5 3 .8 3 i2 .4 9 * * *
1 1 7 .7 7 ± 1 .3 6 1 1 6 .4 6 ± 3 .2 2 1 3 6 .3 4 i6 .7 7 * 1 3 7 .8 3 i8 .5 9 *
1 1 9 .6 7 ± 3 .8 6 1 3 0 .3 9 i4 .3 3 * * * 1 5 1 .9 0 i8 .1 9 * * * 1 5 1 .5 3 i8 .4 4 * * *
1 2 0 .2 6 ± 2 .9 4 1 2 5 .2 1 i5 .1 6 1 5 2 .2 3 i4 .8 7 * * * 1 4 5 .4 3 i5 .9 7 * * *
1 1 8 .2 9 ± 2 .5 7 1 1 7 .6 8 ± 3 .5 0 1 5 2 .9 4 i5 .4 7 * * * 1 3 9 .6 3 i5 .1 5 * *
1 1 9 .4 2 ± 3 .3 0 1 1 1 .38± 3 .01* 1 4 8 .4 7 i3 .3 4 * * * 1 3 4 .1 4 i4 .7 7 *
1 1 7 .0 2 ± 1 .77 1 0 8 .9 6 i l .6 8 * * * 1 3 2 .8 3 i6 .2 6 * 1 3 2 .5 1 i8 .9 9
1 19 .4 6 ± 2 .1 5 9 9 .4 4 i4 .1 2 * * 1 3 4 .9 0 i l3 .3 1 1 0 5 .2 2 i l2 .8 6Insulin
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% change of PG

30 -

□  s v s  only 
Œ A VP
□  INDO 
El I'razosin

Si,-NAM E  
® INDO+L-NAME 
□  Insulin

Figure 6.2  Percent change o f  p lasm a g lu cose  level (P(i) in response lo  s v s  
in fusion  alone and pretreated w ith  norepinephrine(N E ), angiotensin  II (An), arginine 

vasopressin  (A V P ), L -N A M E , indom ethacin  (IN D O ), L -N A M E + in d om ethacin  (L- 
(N A M E + IN D O ) and insulin. S ign ifican t d ifferen ces are com pared to control period  
are indicated by * p < 0 .0 5 , * * p < 0 .0 1 , * * * p < 0 .0 0 1 . The ทนท!b ero f rats in each group
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1 5 3 .8 3+ 2 .4 9  m g%  (P < 0 .0 0 1 ) ill the fo llo w in g  period o f  s v s  in fusion . A nim al 

pretreated w ith  prazosin  cou ld  have attenuated Pg lev e ls , but still h igher than that o f  

control period (P < 0 .0 5 ) during s v s  in fusion . The rise o f  Pg level w as rem ained  

appeared during s v s  in fu sio n (P < 0 .0 0 1 ) in rat pretreated w ith  All and A V P . The 

hyp erg lycem ic e ffec t o f  s v s  in fusion  w as attenuated in the secon d  period in rats 

pretreated w ith  L -N A M E . Pretreatm ent w ith  indom ethacin  reduced Po level from  

1 1 9 .4 2 + 3 .3 0  to 111 .38+3.01 m g% (P <0.05). The e levation  o f  Pg lev e l to 1 4 8 .4 7 1 3 .3 4  

mg%  (P < 0 .0 0 1 ) w as apparent during the first period o f  an im als treated w ith  the 

com bination  o f  indom ethacin  and s v s  in fusion . N ev erth eless , the e levation  o f  PG 

.w a s attenuated to the level o f  1 3 4 .1 4 ± 4 .7 7  mg%  (P < 0 .0 5 ) in the secon d  period. 

Pretreatm ent w ith  a com bination  o f  L -N A M E  and indom ethacin  gradually reduced Pg 

concentration  from  1 1 7 .0 2+ 1 .7 7  to 1 0 8 .9 6 ± 1 .6 8  mg%  (P O .O O l). The Pg level w as  

sligh tly  h igher (P < 0 .0 5 ) during the first period but it w as not sign ifican tly  different 

from  the control lev e l during the secon d  period o f  s v s  in fusion  in anim als treated 

w ith  a com bination  in fusion  o f  L -N A M E  and indom ethacin . Insulin  adm inistration  

reduced Pg lev e l from  119 .4 6±  2 .15  to 9 9 .9 4 ± 4 .1 2  mg%  (P < 0 .0 1 ). N o  sign ifican t  

change o f  Pg lev e l w as observed  during either the first or secon d  period o f  

com bination  in fusion  o f  s v s  insu lin .

Determination of renal plasma threshold and renal transport maximum of 

glucose (Tine)

The renal capacity for g lu cose  reabsorption w as determ ined by loading  

g lu cose  into b lood  circulation. The average o f  T nic w as 9 .0 7 1 0 .4 2  m g/m in .(tab le 6 .4)
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w hereas the tubular reabsorption o f  g lu cose  in rat subjected to S V S  in fusion  was 

approxim ately 1.5-2 rng/min (table 6 .5 ). D uring recovery period, renal tubular 

reabsorption o f  g lu cose  in rats treated w ith  s v s  in fusion  tended to reduce but not 

sign ifican t d ifference from control. Figure 6.3 illustrates the correlation betw een  

plasm a g lu co se  concentration and urinary g lu cose  excretion . Renal p lasm a threshold  

o f  g lu co se  w as found to be approxim ately 2 6 4 ± 1 9 .2 5  mg% .

Discussion

In the present study, s v s  in fusion  produced a rise in the plasm a g lu cose  

lev e l (P g). The hyperglycem ic response to s v s  in fusion  w as m aintained until the 

recovery period. The tim e effect did not account for this change because there w as no 

alteration o f  the Pg lev e l throughout the experim ent in control an im als. A n increase in 

ex o g en o u s g lu cose  during s v s  in fusion  w ou ld  also  not exp lain  it s in ce  there is on ly  a 

sm all am ount o f  g lu cose  (3 rn g/100 m g S V S ) contained in s v s  in fusate. Furthermore, 

the PG level w as rem ained high d esp ite the lack o f  s v s  adm inistration during the 

recovery period. T his indicates that S V S ’s e ffect rem ained d esp ite stopping the s v s  

in fusion  into the body. This su ggestion  is supported by the result o f  Isliii and Brach 

(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 iso lated  rat liver. Therefore, the h yperglycem ic appearance during and after s v s  

in fusion  should  be the e ffect o f  s v s  per se. In the present experim ent, no sign ifican t 

change in Pg w as ob served  in rats subjected to s v s  intubation. S im ilar results w ere 

found by L ee and h is co-w orkers (1 9 7 9 ). H ow ever, the controversial results w ere also  

noted for a sign ifican t decrease in b lood  g lu cose  level in hum ans g iven  an aqueous
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Table 6.4 Tubular transport m axim um  o f  g lu cose  (Tmo) in normal 
rat loaded w ith  intravenous in fusion  o f  various concentration o f  
g lu cose.

rat N o Tn,G (m g/m in)
1 11.03
2 9.69
3 8.67
4 12.29
5 10.39
6 10.78
7 9.91
8 8.83

m ean ±  SEM 9 .0 7 + 0 .4 2

Table 6.5 The alteration o f  tubular reabsorption o f  g lu cose  
(m g/m in ) in rat before, during and after 20 0  m g/k g .B W  o f  
s v s  in fusion  (N = 8 ).

control S V S  in fusion recovery
-30  min 30 m in 60 min 90 m in 1 2 0  min

1.84+0.21 2 .2 2 + 0 .3 2 1 .89+ 0.24 1 .63+ 0.27 1.55+0.31
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Figure 6.3 The relationship betw een  plasm a g lu cose  (PG) and urinary g lu cose  
excretion  ( บ G V ) after g lu cose  loading. The num ber o f  rats is 8 .
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extract o f  S tev ia  orally (Curi et a l.,1 9 8 6 ), and ham ster fed  w ith  s v s  for 12 hours 

(T osk u lk ao and Sutheeraw attananon, 1994). The inconsisten t results reported by 

various stud ies probably depend on the d ose  em p loyed , tim e course, con d ition s, and 

experim ental m od el. The unalteration o f  the p lasm a g lu cose  lev el in rats fed  w ith s v s  

in the present experim ent w as probably due to the con version  o f  s v s  feed in g to 

stev io l in rats (N akayam a et al., 1986). A lthough  stev io l has been reported to inhibit 

g lu cose  absorption in iso lated  jejunum , its e ffect has been show n to be related to the 

duration and concentration o f  stev io l adm inistration (T osk u lk ao et ah, 1995a). In 

addition, the d ose and duration o f  s v s  intubation in this experim ent m ight not have 

been high e n o u g h  to  a f fa c t  th e  p la sm a  g lu c o s e  le v e l  (T o s k u lk a o  and  

Sutheeraw attananon, 1994). The d ose and duration o f  s v s  feed in g  used in the 

present experim ent w ere ch osen  because o f  the h yp oten sive and natriuretic response  

as dem onstrated from  our previous experim ent (chapter IV).

The m ech an ism s responsib le for the h yperglycem ic action  o f  s v s  infusion  

have not yet been elucidated. Several m ech an ism s have been proposed. The 

facilitation  o f  intestinal g lu cose  absorption induced by s v s  in fusion  should not a 

p ossib le  cause, sin ce s v s  had no e ffect on g lu cose  absorption in ham ster jejunum  

(T oskulkao et ah, 1995b). In the present experim ent, s v s  in fusion  had no effect on 

the p lasm a in su lin  le v e l d esp ite  h y p erg ly cem ia  (tab le  6 .2 ) . H o w ev er , the  

adm inistration o f  insu lin  w as able to inhibit the h yp erglycem ic e ffect o f  s v s  in fusion . 

T hese results indicate that tissue response to insu lin  during s v s  in fu sion  is still intact, 

and the e levation  o f  the Pg lev e l is not due to the reduction o f  insu lin  liberation. It is 

quite clear that the appearance o f  hyperglycem ia should  be the result o f  s v s  itself. Ill
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the present results, insu lin  release w as not increased d esp ite the elevation  o f  the PG 

lev e l, a lthough it has been found that the rise o f  the PG level ab ove 80 mg%  w ould  

stim ulate insu lin  syn thesis and release (B u llo ck , 1995d). T h is im p lies that s v s  

ab olish es insu lin  response to hyperglycem ia. U sam i and his co-w orkers (1 9 8 0 )  also  

found that s v s  did not directly affect the argin ine-stim ulated  insu lin  or glucagon  

release from  iso lated  pancreases. The p ossib le  m echanism  that s v s  inhibited insulin  

response to hyperglycem ia is explained . Insulin  release in response to hyperglycem ia  

has been  reported to be dependent on the rise o f  intracelluar C a2+ ([C a24],) in 

pancreatic P -ce lls  (B lack  et ah, 1994). The Ca2+ channel antagonist decreased  g lu cose-  

induced in su lin  secretion  along w ith  the prevention  o f  [Ca2+]i rise (B lack  et al., 1994). 

SV S in fusion  has been dem onstrated to act as a Ca2+ channel b locker to induce  

hypotension  and natriuresis w hich  w ere reversed by Ca2 4  supplem ents (M elis  and 

S ain ati,1991b ). Thus, it is quite p ossib le  that s v s  in fusion  b lock s Ca2+ uptake to 

pancreatic p -ce lls , resulting no response to hyperglycem ia.

The g lu co se  turnover rate (G T R ) did not s ign ifican tly  change but there w as a 

reduction o f  g lu cose  clearance along w ith  the e levation  o f  the PG lev el. T hese reflect 

the underutilization o f  g lu cose  during s v s  in fusion . The inhib ition  o f  g lu cose  

transport across the ce ll m em brane by s v s  in the perfused rat liver has also been  

noted (Ishii et ah, 1987). T his supports the direct inhibitory in flu en ce o f  s v s  in fusion  

on g lu co se  uptake w h ich  finally  provides hyperglycem ia. N ev erth eless , various  

horm onal changes in response to s v s  in fusion  w hich  m ay in flu en ce the PG level

should  not be exclu ded .
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s v s  in fusion  has been sh ow n  to reduce b lood  pressure (M elis  and 

Sainati,1991a ,b ). The h yp erglycem ic response to s v s  in fusion  m ay be the result o f  

sym pathetic com p en sation  to its h yp oten sive  effect. B u llock  (1 9 9 5 c )  reported the 

inhibitory action  o f  norepinephrine (N E ) on g lu cose-in d u ced  in su lin  secretion  from  

the is le ts  o f  Langerhans. N orepinephrine a lso  inhibited in su lin -m ed iated  g lu cose  

uptake in the perfused h indlim b o f  the rat (R attigan et ah, 1995). Thus, the 

sym pathetic adrenergic nerve p lays a sign ifican t role in raising the PG level and 

inhibiting g lu cose-in d u ced  insu lin  secretion  w h ich  w as lik e ly  sim ilar to the action o f  

S V S in fusion . From  the present result, prazosin, a a -ad ren erg ic antagonist, attenuated  

h yp erg lycem ic response to s v s  in fusion . T his indicates that sym pathetic stim ulation  

does at least in part participate in h yp erglycem ic action and inh ib ition  o f  g lu cose-  

stim ulated insu lin  release induced by s v s  infusion.

It has been sh ow n  that nitric ox id e  (N O ) and prostaglandin E produced  

hypotension  and natriuresis (M anning et a h ,1994; Baer, 1988) w h ich  w as likely  

sim ilar to the effect o f  s v s  in fusion  (M elis  and S ainati,1991a). L -arginine .the 

precursor o f  N O  syn thesis, could  elevate  the PG lev el, w h ich  w as reduced by 

pretreatm ent w ith  L -N A M E  ,a N O  syn thesis inhibitor (Jun and W ennm aln, 1994). Ill 

addition, N O  w as dem onstrated to abolish  g lu cose-stim u lated  insu lin  release from  

iso lated  rat pancreatic islets by the closure o f  A T P -sen sitive  K + channel w h ich  is 

necessary for Ca2+ uptake to P -cell (Tsuura et ah, 1994). Thus, it m ay be p o ssib le  that 

the h yp erg lycem ic action and inhibition o f  g lu cose-in d u ced  insu lin  release by s v s  

in fusion  w ou ld  be m ediated v ia  N O  synthesis. H ow ever, there is no experim ental 

ev id en ce  to support the m echanism  o f  h yperglycem ic action o f  N O . The present result
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sh ow ed  that L -N A M E  reduced the h yp erglycem ic action o f  s v s  in fusion  in the 

secon d  period. T his indicates that N O  partly participated in the hyp erg lycem ic action  

o f  S V S  in fusion . H ow ever, the m ech an ism s o f  its action cannot be clearly exp lained  

by the present experim ent. The p ossib ility  that L -N A M E  pretreatm ent increases  

insulin  secretion  w ou ld  be u n lik ely  sin ce there w as a reduction in the insulin  level 

alon g w ith  the decrease o f  the plasm a g lu cose  level during L -arginine in fusion  after 

pretreatm ent w ith  L -N A M E . (Jun and W ennm aln, 1994). It is unknow n w hy L- 

N A M E  pretreatm ent cou ld  not com p lete ly  reverse the hyp erg lycem ic effect o f  s v s  

in fusion . The sam e result w as a lso  dem onstrated in rats subjeted to L-arginine after 

pretreatm ent w ith  L -N A M E  (Jun and W ennm aln, 1994). The delay o f  the e ffect o f  L- 

N A M E  on the h yp erg lycem ic action o f  s v s  in the present result m ight be due to the 

delay o f  cG M P  production induced by N O  (L aychock  et al., 1991). A lthough L- 

N A M E  pretreatm ent reduced the h yperglycem ic action o f  s v s ,  the p lasm a g lu cose  

lev e l did not return to a normal level. T his indicates that there are som e other 

m echanism s responsib le for the h yp erglycem ic effect o f  s v s .

Prostaglandin has been show n to suppress insu lin  release, raise g lucagon  and 

Pg lev e ls , and reduce g lu cose-stim u lated  insulin  release (R obertson , 1988; Band et al., 

1993). From  the present experim ent, indom ethacin  reduced the PG level during  

pretreatment and the secon d  period o f  s v s  in fusion . T his indicates that prostaglandin  

w ou ld  be associated  w ith  an increase in PG level during s v s  in fusion . H ow ever, from  

the result o f  the G TR study, the e levation  o f  the PG level during s v s  in fusion  should  

be prim arily due to the reduction o f  g lu cose  uptake rather than the decrease o f  the 

insu lin  lev el. Therefore, a direct inhibitory effect o f  prostaglandin on g lu cose  uptake



130

rather than the reduction o f  insu lin  release should  probably be the m ajor cause o f  

hyperglycem ia during s v s  in fusion . To support this p ossib ility , aspirin, a 

prostaglandin syn thesis inhibitor, has been reported to enhance peripheral g lu cose  

uptake (V allecorsi et ah, 1964). M oreover, inh ib ition  o f  prostaglandin systh esis has 

been reported to increase g lu cose-in d u ced  insu lin  secretion  (M etz et ah, 1981). Thus it 

seem s that the reduction o f  hyperglycem ia during s v s  in fusion  in rat pretreated with  

indom ethacin  m ight be due to the secretion  o f  insu lin . To clarify this p ossib ility , the 

g lu cose  turnover rate and insulin  level should  be further in vestigated  in anim als  

treated w ith  the com bination  in fusion  o f  indom ethacin  and s v s .

A lthough  indom ethacin  pretreatm ent alleviated  the elevation  o f  the Pg level 

during s v s  in fusion , it w as still h igher than that o f  the control, and took  m ore than 30 

m in. The sam e response on renal function w as reported by M elis  and Sainati (1991a). 

The inability o f  indom ethacin  to reverse the hyperglycem ic e ffect o f  s v s  is not due to 

in effic ien cy  in inhib iting prostaglandin syn thesis, sin ce around 90%  o f  prostaglandin  

synthesis w as abolished  by this d ose o f  indom ethacin  w ith in  30 m in after 

adm inistration (Kram p et al., 1995). The present experim ent sh ow ed  that sym pathetic  

activ ity m ight participate on the h yp erglycem ic e ffect o f  s v s  infusion . It has been 

reported that indom ethacin  partially reversed the a-adrenergic inhib ition  on insulin  

response to h igh  g lu cose  (M etz and Robertson, 1980). T his m ay be the reason w hy  

indom ethacin  pretreatment cou ld  not com p lete ly  reverse the changes o f  PG during  

S V S  infusion .

It is in teresting that anim als pretreated w ith the com bination  o f  L -N A M E  and 

indom ethacin  had a PG level that decreased m ore than after the pretreatm ent o f
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indom ethacin  or L -N A M E  alone. It seem s that L -N A M E  potentiates the effect o f  

indom ethacin  to reduce Pg level. Supporting this interpretation is the further reduction  

o f  the Pg lev e l both before and during s v s  in fusion  com pared to an im als pretreated 

by indom ethacin  or L -N A M E  alone. The m ech an ism s underlying this response are not 

know n.

In con clu sion , the effect o f  s v s  in fusion  on plasm a g lu cose  lev e ls  is not due 

to the reduction o f  the plasm a insulin  level. It should  be due to the e ffect o f  s v s  on 

g lu cose  transport across the ce ll, s v s  can inhibit g lu cose-stim u lated  insu lin  release. 

N E , prostaglandin and N O  w ere found to participate in the h yp erg lycem ia and the 

inhibition o f  g lu cose-stim u la ted  insu lin  release action o f  s v s  in fusion . H ow ever, the 

explanation that these drugs are responsib le for these actions is not supported by the 

present experim ent, sin ce the h yp erglycem ic effect o f  s v s  in fusion  w as not 

com p lete ly  reversed  in an im als pretreated o n ly  w ith  a -a d ren erg ic  b locker, 

indom ethacin or L -N A M E . Therefore, there m ight have som e interactions am ong NE, 

N O  and prostaglandin on the h yperglycem ic action o f  s v s  in fusion .

S V S  in fusion  caused  not on ly  natriuresis but also glucosuria . Sim ilar results 

w as ach ived  by M elis  (1992a). It has been reported that subcutanous injection  o f  s v s  

elevated  urinary g lu cose  excretion  in associated  w ith  the degeneration o f  proxim al 

tubule (T oskulkao et al, 1994). The urinary g lu cose  excretion  m ay be the result from  

a w id e  variety factors, for exam p le, the rise o f  PG lev el, the im pairm ent o f  proxim al 

tubular N a + reabsorption, the integrity o f  reabsorptive ce ll, etc. The e levation  o f  PG 

lev e l during s v s  in fusion  w as not as h igh  as renal plasm a threshold  (figure 6.3),
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h en ce, it is not to be the cause o f  glucosuria . Tubular reabsorption o f  g lu cose  during 

s v s  in fusion  w as m arkedly low er than T m G (table 6.4, 6.5). Thus, g lucosuric  

response to s v s  in fusion  is not due to the m axim um  tubular reabsorption o f  g lu cose. 

Other p o ssib le  m ech an ism s w ere postulated . In general, renal tubular g lu cose  

reabsorption sh ou ld  be proportional to the PG until renal p lasm a threshold. Renal 

tubular g lu co se  reabsorption w as quite constant during s v s  in fusion  and slight 

reduced during recovery period. T hese indicate that the g lu cosu ric appearance is the 

result from  the reduction o f  renal tubular g lu cose  reabsorption. N orm ally , renal 

g lu cose  reabsorption is N a +-dependent process (D eetjen  et al., 1992 ; G anong, 1995). 

Furthermore, renal g lu cose  reabsorption is nearly com p lete ly  reabsorbed by N a +- 

g lu cose  co-transport at proxim al tubule. The distal nephron have a certain 

capability  for g lu co se  reabsorption but their quantitative contribution to total 

nephronal transport is a lm ost n eg lig ib le  (D eetjen  et ah, 1992). The rise o f  FEG was 

c lo se ly  correlated to natriuresis (prev iously  show n in chapter r v  and table 6 . 1 ), 

supporting N a +-dependent g lu cose  reabsorption in response to s v s  in fusion , file  

profound glu cosu ric appearance during and after s v s  adm inistration a lso  confirm s  

the proxim al tubular natriuretic in fluence o f  s v s  in fusion  (chapter V ).
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