
Chapter I I I

M aterials and Methods

Animals Preparation

Experiments were ca rried  out in  twenty-nine ad u lt male mogrel 
dogs, weighting ใ0-18 kgs. The animals were fa s ted  fo r  12 hours 
preceding the  operation . On th e  day of the  experiment , the  dog was 
anesthetized  with p en to b arb ita l sodium (30 mg/kg-bw.) in travenously . To 
m aintain a s ta te  of lig h t anesthesia , supplemental doses of 
p en to b arb ita l (30-60 mg) were adm inistered as required  during the 
study. A tra ch ea l tube was in se rted  to  secure f re e  airway. Two 
femoral veins were cannulated w ith polyethylene tubes (PE 180). One 
fo r in fusion  of th e  clearance so lu tion  and calcium ch lo ride  so lu tio n , 
the  other fo r in fusion  of calcium channel blocker (Verapamil). In 
order to  study re n a l c learance, the  priming so lu tio n  containing p-amino 
h ippurate  (PAH) 1.2 % and in u lin  7.5 % in  iso to n ic  sa lin e  were 
adm inistered 0.5 ml/kg.bw. then the  sustain ing  so lu tio n  composed of 
0.12 % and 0.75 % of PAH and in u lin  re sp ec tiv e ly , were infused a t  the 
r a te  of 1 .8 -2 .0  ml/min . The ra te  of in fusion  was kept constant 
throughout the  course of experiment by p e r i s ta l t i c  pump (Eyla model 3 ). 
A jugu lar vein was cannulated w ith polyethelene tube (PE 180) fo r 
in fusion  se le c tiv e  alpha-1 adrenergic blocker (P razosin ). One of 
femoral a r te ry  was cannulated with polyethelene tube (PE 200) fo r  blood 
co lle c tio n  and connected to  the  pressure transducer (PE 23 AA) fo r
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recording of a r t e r i a l  blood pressure and h ea rt r a te  (Grass Model 7 
Polygraph). Left u re te r  reached by p araco sta l in c is io n  w ith a 
re tro p e rito n e a l approach and tubulated  with polyvinyl c a th e te r (PV 
190) fo r  u rine  co lle c tio n  .

A fter an hour of in fusion  of in u lin  and PAH so lu tio n , and the 
ra te  of u rine  flow s ta b il iz e d , u rine samples were obtained during 20 
minutes c o lle c tio n . Blood samples were obtained a t  the  midpoint of the  
u rine  c o lle c tio n . Blood and u rine samples were co lle c ted  fo r 
measurement of in u lin  clearance, PAH clearance, osm olality , sodium, 
potassium, ch lo rid e , calcium, inorganic phosphorus concentration  and 
also  blood sample fo r measurement of packed c e l l  volume.

Experimental pro tocols

As shown in  Fig.B . Twenty-nine dogs were devided in to  s ix
groups.

Group I ะ Four dogs were used as co n tro l anim als. A fter 1 
hour of in fusion  of susta in ing  in u lin  and PAH so lu tio n , th e  co n tro l 
sample of u rine  and a r t e r i a l  blood were obtained. Iso ton ic sa lin e  
so lu tio n  (NSS) as a co n tro l so lu tion  was performed by intravenous 
in fusion  a t  a r a te  of 1 ml/min v ia  r ig h t femoral vein throughout 
the  experiment.

Group II  ะ Five dogs were used in  th is  group. A fter 1 hour
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o f  i n f u s i o n  o f  s u s t a i n i n g  i n u l i n  a n d  PAH s o l u t i o n ,  t h e  c o n t r o l  s a m p le  

o f  u r i n e  a n d  a r t e r i a l  b lo o d  w e r e  o b t a i n e d .  T h e  4 0 0  m E q /L  c a lc iu m  

c h l o r i d e  s o l u t i o n  w a s  p e r f o r m e d  im m e d ia t e d ly  b y  in t r a v e n o u s  i n f u s i o n  

w i t h  2 . 5  m f / k g  a s  t h e  p r i m i n g  d o s e  a n d  f o l l o w e d  b y  s u s t a i n i n g ;  w h ic h  

m ix e d  i n  t h e  s u s t a i n i n g  c le a r a n c e  s o l u t i o n ,  i n  t h e  d o s e  o f  0 .0 2 5  

m l / k g / m i n  w h i l e  NSS w a s  s t i l l  c o n t i n u o u s l y  i n f u s i o n  v i a  r i g h t  f e m o r a l  

v e i n  t h r o u g h o u t  t h e  e x p e r im e n t .

G ro u p  I I I  ะ F i v e  d o g s  w e r e  t r e a t e d  i n  t h e  sam e m a n n e r 

o f  g r  I I .  B u t  4 0  m in u te s  b e f o r e  i n f u s i o n  o f  c a lc iu m  c h l o r i d e  

s o l u t i o n ,  t h e  a n im a ls  w e re  p r e t r e a t e d  w i t h  a  lo w  d o s e  o f  c a lc iu m  

c h a n n e l  b l o c k e r  C V e r a p a m i l ) ,  w h ic h  w a s  i n f u s e d  i n t r a v e n o u s l y  w i t h  t h e  

p r i m i n g  d o s e  o f  0 . 2  m g /k g  a n d  f o l l o w e d  im m e d ia t e d ly  b y  

s u s t a i n i n g  i n  t h e  d o s e  o f  6 , u g / k g  i n  t h e  r a t e  o f  1 m l / m in  i n  

r e p l a c i n g  o f  NSS v i a  r i g h t  f e m o r a l  v e i n  t h r o u g h o u t  t h e  e x p e r im e n t .

G ro u p  IV  ะ F i v e  d o g s  w e r e  t r e a t e d  i n  t h e  sam e m a n n e r  o f  

g r . I I I ,  b u t  a n im a ls  w e r e  p r e t r e a t e d  w i t h  a  h i g h  d o s e  o f  V e r a p a m i l  w h ic h  

w a s  i n f u s e d  i n t r a v e n o u s l y  w i t h  t h e  p r i m i n g  d o s e  o f  0 . 4  mg/kg a n d  

f o l l o w e d  im m e d ia t e d ly  b y  s u s t a i n i n g  i n  t h e  d o s e  o f  12 /Ug/kg i n  t h e  r a t e  

o f  1 m l / m in  v i a  r i g h t  f e m o r a l  v e i n  t h r o u g h o u t  t h e  e x p e r im e n t .

G ro u p  V  ะ F iv e  d o g s  w e r e  t r e a t e d  i n  t h e  sam e m a n n e r o f  

g r . I I I ,  b u t  a n im a ls  w e r e  p r e t r e a t e d  w i t h  t h e  s e l e c t i v e  a lp h a - 1  

a d r e n e r g i c  b l o c k e r  ( P r a z o s i n )  w h ic h  w a s  i n f u s e d  i n t r a v e n o u s l y  w i t h  t h e  

p r i m i n g  d o s e  o f  1 .1 5  m g /k g  a n d  f o l l o w e d  im m e d ia t e d ly  b y  s u s t a i n i n g  i n
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G ro u p  V I  ะ F i v e  d o g s  w e r e  t r e a t e d  i n  t h e  sam e m a n n e r  o f  

g r . I I I ,  b u t  a n im a ls  w e r e  p r e t r e a t e d  w i t h  t h e  c o m b in a t io n  b o t h  o f  t h e  

h i g h  d o s e  o f  V e r a p a m i l  a n d  P r a z o s in .  T h e  s u s t a i n i n g  d o s e  o f  t h e  

c o m b in e d  d r u g s  w e r e  i n f u s e d  i n t r a v e n o u s l y  a t  t h e  r a t e  o f  1 m l / m in  

t h r o u g h o u t  t h e  e x p e r im e n t .

D e t e r m in a t io n  o f  c a r d i a c  o u t p u t  a n d  p la s m a  v o lu m e

-  B o th  c a r d i a c  o u t p u t  a n d  p la s m a  v o lu m e  w e r e  m e a s u re d  b y  d y e  

d i l u t i o n  t e c h n iq u e ,  u s in g  E v a n ’ s  b l u e  ( T - 1 8 2 4 ) .  C a r d ia c  o u t p u t  w a s  

m e a s u re d  b y  u s in g  t e c h n iq u e  a s 'd e s c r ib e d  b y  C h a iy a b u t r  e t  a l .  ( 1 9 8 0 ) .  A 

b o lu s  o f  T -1 8 2 4  ( 0 .5 % )  w a s  i n j e c t e d  i n t o  f e m o r a l  v e i n .  T h e n  s e r i e s  o f  

b lo o d  s a m p le  w e r e  c o l l e c t e d  f r o m  f e m o r a l  a r t e r y  im m e d ia t e d ly ,  w i t h  3 - 5  

s e c o n d  a f t e r  d y e  i n j e c t i o n .  S e r i a l  s a m p le s  o f  a r t e r i a l  b lo o d  c o l l e c t e d  

b y  m ean  o f  p e r i s t a l t i c  pum p a n d  f r a c t i o n  c o l l e c t i o n .  E a c h  o f  

s a m p le  a p p r o x im a t e l y  1 m l / s e c  w a s  c o l l e c t e d  f o r  a  p e r i o d  o f  1 0 -1 4  

s e c o n d .  T h e n  t h e  a m o u n t o f  d y e  i n  e a c h  b lo o d  s a m p le s  w a s  d e te r m in e d  

r e s p e c t i v e l y  b y  s p e c t o p h o t o m e t r y . I n  o r d e r  t o  d e t e r m in e  t h e  p la s m a  

v o lu m e ,  a  c o n t r o l  s a m p le  o f  b lo o d  w a s  c o l l e c t e d  b e f o r e  t h e  d y e  

i n j e c t i o n  a n d  15 m in u te s  a f t e r  d y e  i n j e c t i o n  a n d  a l s o  d e te r m in e d  b y  

s p e c t o p h o t o m e t r y .  C a r d ia c  o u t p u t  w a s  d e te r m in e d  b y  d y e  d i l u t i o n  

t e c h n iq u e  a n d  w a s  c a l c u l a t e d  a s  d e s c r ib e d  b y  H a m i l t o n  e t  a l .  ( 1 9 4 8 ) .  

P la s m a  v o lu m e  w a s  c a l c u l a t e d  f r o m  t h e  f o l l o w i n g  e q u a t i o n .

th e  d o se  o f  20 / lg /k g  in  th e  r a t e  o f  1 m l/m in v ia  ju g u la r  v e in
th ro u g h o u t th e  e x p er im en t.



21

PV = I d  

c d

W h e re  I d  i s  t o t a l  c o n c e n t r a t i o n  o f  d y e  T —18 2 4  b o lu s  i n j e c t i o n ,  

c d  i s  t h e  c o n c e n t r a t i o n  o f  d y e  i n  t h e  p la s m a  a t  15  m in u te s  

a f t e r  d y e  i n j e c t i o n .

B lo o d  v o lu m e  w a s  e s t im a t e d  f r o m  p la s m a  v o lu m e  a n d  p a c k e d  c e l l  

v o lu m e  a s  f o l l o w  ะ

B lo o d  v o lu m e  = P la s m a  v o lu m e  X 1 0 0

1 0 0  *. PCV

D e t e r m in a t io n  o f  b lo o d  a n d  u r i n e  s a m p le s

P la s m a  a n d  u r i n e  i n u l i n  c o n c e n t r a t i o n  w e r e  d e te r m in e d  b y  t h e  

a n t r o n e  m e th o d  a s  d e s c r i b e d  b y  Y o u n g  a n d  R a is z  ( 1 9 5 2 ) .  D e t e r m in a t io n  o f  

p la s m a  a n d  u r i n e  PAH c o n c e n t r a t i o n  w e r e  c a r r i e d  o u t  b y  t h e  m e th o d  o f  

M a r s h a l l  a s  m o d i f i e d  b y  S m ith  ( 1 9 6 2 ) .  U s in g  t h e  F r i c k ’ s  p r i n c i p l e ,  PAH 

c l e a r a n c e  w a s  u s e d  f o r  d e t e r m i n a t i o n  o f  e f f e c t i v e  r e n a l  p la s m a  f l o w  

(E R P F ) a n d  i n u l i n  c l e a r a n c e  w a s  u s e d  f o r  g l o m e r u la r  f i l t r a t i o n  r a t e  

(G F R ) .

T h e  s o d iu m  a n d  p o ta s s iu m  c o n c e n t r a t i o n  i n  p la s m a  a n d  u r i n e  

w e re  d e te r m in e d  b y  f l a m e  p h o to m e te r  ( K l i n a  f l a m e  o p e r a t i n g ,  BecKm an 

i n s t r u m e n t ) ,  c h l o r i d e  b y  c h l o r i d e / c a r b o n  d i o x i d e  a n a l y z e r  (B e cK m a n  

i n s t r u m e n t ) ,  c a l c iu m  b y  c o l o r i m e t r i c  m e th o d  o f  M o o re h e a d  a n d  B ig g s  

( 1 9 7 4 ) ,  i n o r g a n i c  p h o s p h o r u s  b y  t h e  m e th o d  o f  G o m e r i ( 1 9 4 2 ) ,  o s m o l a l i t y
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b y  t h e  f r e e z i n g  p o i n t  o s m o m e te r  (A d v a n c e  o s m o m e te r  m o d e l 3 ) .  P a c k e d  

c e l l  v o lu m e  w a s  d e t e r m in e d  b y  t h e  p r e p a r a t i o n  o f  b lo o d  i n  a n  

i n t e r n a t i o n a l  m i c r o c a p i l l a r y  c e n t r i f u g e  (A dam  m ic r o  h e m a t o c r i t

c e n t r i f u g e ,  m o d e l 8 5 0  T a )  a n d  m e a s u re d  w i t h  a n  i n t e r n a t i o n a l

m i c r o c a p i l l a r y  r e a d e r  ( H a w k le y  m ic r o  h e m a t o c r i t ) .

C a l c u l a t i o n  ะ

M ean a r t e r i a l  b lo o d  p r e s s u r e  (M A P ) P d + 1 / 3 ( P s - P d )

P u ls e  p r e s s u r e  (P P ) P s -P d

G lo m e r u la r  f i l t r a t i o n  r a t e  (G F R )

E f f e c t i v e  r e n a l  p la s m a  f l o w  (E F R P )

E f f e c t i v e  r e n a l  b lo o d  f l o w  (E R B F )

PPAH

ERPF X 1 0 0

(1 0 0 -P C V )

F i l t r a t i o n  f r a c t i o n  ( F F ) GFR X 1 0 0

ERPF

R e n a l  f r a c t i o n  (R F ) ERBF X 100

T o t a l  p e r i p h e r a l  r e s i s t a n c e  (T P R ) MAP X 1 3 3 3  X 6 0

R e n a l  v a s c u l a r  r e s i s t a n c e  (R V R ) MAP X 1 3 3 3  X 6 0

ERBF
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Urinary e le c tro ly te  excretion ข6 X V

F rac tio n a l e le c tro ly te  excretion  (FEg) = บ0V/Pc X 100
GFR

Osmolar clearance (CQsm)

Osm
V - G‘Osm

S ta t i s t i c a l  Analysis

Data were expressed as the  mean value+S.E ., the  paired  t - t e s t  
was used to  estim ate the  s t a t i s t i c a l  s ig n ifican ce  between values 
obtained from co n tro l period and from each experiment period . The 
unpaired t - t e s t  was used to  estim ate the  s t a t i s t i c a l  s ig n ifican ce  of 
th e  d iffe ran ce  between values obtained from the  co n tro l group and each 
group of th e  experiment.
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