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C H A P T E R  I V

RESULTS

1. Blood urea nitrogen, serum creatinine in control, sham, and 
u u o  rats

T h e  le v e ls  o f  B U N  te n d e d  to  in c re a se  w ith  u u o  (F ig u re  8), 
h o w e v e r , a  s ig n if ic a n c e  w a s  re a c h e d  o n ly  d a y  6 (p < 0 .0 5 )  as c o m p a re d  to  
th e  c o n tro l f ro m  2 1 .9 5 + 2 .5 1  to  3 6 .8 3 + 2 .5 0  m g /d l . U n ila te ra l u re te ra l 
o b s tru c tio n  a lso  re s u lte d  in  in c re a se s  o f  se ru m  c re a tin in e  lev e l (F ig u re  9). 
T h e  v a lu e s  w e re  s ig n if ic a n tly  h ig h e r  a f te r  u u o  o n  d a y  1 (p O .O O l) , 4 
(p < 0 .0 5 ), a n d  7 (p < 0 .0 5 ) . H o w e v e r , th e se  le v e ls  w e re  in  n o rm a l ran g e .

2. Number and percentage of cell death of circulating lymphocytes in 
control, sham, and 1 day to 7  days of u u o  rats

T h e  e f fe c t o f  d if fe re n t  u u o  d u ra tio n s  o n  th e  n u m b e r  o f  c irc u la tin g  
ly m p h o c y te s  is sh o w n  in  F ig u re  10. T h e  re d u c tio n  o f  th e  n u m b e r  o c c u rre d  
fro m  d ay  1 a f te r  u u o  a n d  re a c h e d  th e  s ig n if ic a n t lo w e r  le v e l a t o n ly  d a y  4 
(fro m  2 5 0 2 .5 0 + 2 7 7 .1 8  to  1 3 2 0 .0 0 + 2 7 7 .1 8  c e ll /m m 3; p < 0 .0 5 )  as  c o m p a re d  
w ith  co n tro l g ro u p . A f te r  th a t, th e  lev e ls  w e re  re s to re d  b a c k ; h o w e v e r , th e y  
w e re  still le s s  th a n  th o s e  o f  th e  co n tro l. A s c o m p a re d  w ith  sh am  g ro u p s , 
th e se  n u m b e r  in  u u o  a n im a ls  w e re  co m p arab le .

T h e  a lte ra tio n s  o f  p e rc e n ta g e  o f  ce ll d e a th  a re  sh o w n  in  F ig u re  11. In  
ra ts  w ith  u u o  o f  1 d a y  a n d  4 d a y  d u ra tio n , th e  v a lu e s  w e re  in c re a se d  
s ig n if ic a n tly  (p < 0 .0 0 1 )  f ro m  4 0 .6 5 + 4 .1 3  %  to  6 7 .6 5 + 3 .0 5 %  a n d  to
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Duration o f u u o  (days)

Figure 8 Levels o f blood urea nitrogen in control, sham, and 1-day to 7-day 
UUO rats. (ท = 5+1/group) (UUO = unilateral unilateral obstruction) 
(*p<0.05 compared w ith control)

F igure 9 Levels o f serum creatinine in  control, sham, and 1-day to 7-day
UUO rats. (ท = 5+1/group) (UUO = unilateral ureteral obstruction) 
(*p<0.05, **p<0.001 compared w ith control; +p<0.001 compared 
w ith shaml, ++p<0,05 compared w ith sham 7)
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Duration o f u u o  (days)

igure 10 Number o f circulating lymphocyte in control, sham, and 1-day 
to 7-day u u o  rats. (ท = 5+1/group) (UUO = unilateral ureteral 
obstruction) (*p<0.05 compared w ith  control)

F igure 11 Percentage o f cell death in control, sham, and 1-day to
7-day u u o  rats. (ท = 5±l/group) (UUO = unilateral ureteral 
obstruction) (**p<0.001 compared w ith control)
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8 4 .9 0 + 4 .3 1  % , re s p e c t iv e ly  as  c o m p a re d  to  th o se  o f  co n tro l an im a ls . A ll 
a n im a ls  u n d e rg o n e  o p e ra tio n  (b o th  sh a m  a n d  U U O ) sh o w e d  th e  sam e  lev e l 
o f  p e rc e n ta g e  o f  c e ll d ea th .

3. Effect of ARA or ACEI on BUN and serum creatinine levels in 
sham, 1-day, and 7-day UUO rats

U n ila te ra l u re te ra l  o b s tru c tio n  fo r 1 d ay  d id  n o t s ig n if ic a n tly  ch a n g e  
in  B U N  lev e ls  in  ra ts  tre a te d  w ith  a ll t re a tm e n ts  (F ig u re  12). In  7 -d ay  U U O  
ra ts , th e  an im a ls  re c e iv e d  w a te r  a lso  d e m o n s tra te d  a  c o m p a ra b le  le v e l as 
th e ir  sh a m  tre a tm e n t m a tc h e d  g ro u p . S u rp r is in g ly , th e  le v e ls  ro se  w h e n  th e  
ra ts  tre a te d  w ith  A C E I (p < 0 .0 0 1 ). B o th  tre a tm e n ts  (w ith  A R A  an d  A C E I) 
h a d  n o  e ffe c t o n  B U N  le v e ls  in  sh a m  g ro u p s.

T h e  F ig u re  13 sh o w s  th e  in c re a se s  o f  s e ru m  c re a tin in e  le v e ls  in  
1 -d ay  (p < 0 .0 1 ) U U O  a n im a ls  w h e n  c o m p a re d  w ith  th e ir  re sp e c tiv e  sh am

tre a tm e n t m a tc h e d  g ro u p . H o w e v e r , o n ly  th e  ra ts  in  7 -d a y  U U O  g ro u p s

tre a te d  w ith  A C E I d e m o n s tra te d  a  s ig n if ic a n t h ig h e r  le v e l (p < 0 .0 5 ) as

c o m p a re d  to  th e ir  sh a m  a n im a ls . A ll th re e  su b g ro u p  (w a te r , A R A  an d

A C E I) tre a tm e n ts  o f  U U O  ra ts  sh o w e d  c o m p a ra b le  h ig h e r  lev e ls  o f  se ru m

c rea tin in e . T re a tm e n ts  w ith  A R A  o r  A C E I h a d  n o  e f fe c t o n  se ru m

c re a tin in e  le v e ls  in  sh a m  ra ts .
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sham 1 sham 7 u u o  1 UU07
12 Effect o f A T I receptor antagonist (ARA) or AC EI on 

blood urea nitrogen in sham, 1-day and 7-day u u o  rats.
(ท = 8+1/group) (UUO = unilateral ureteral obstruction) 
(**p<0.001 compared w ith sham 7; +p<0.05 compared w ith 
UUO 7 + water)

sham 1 sham 7 u u o  1 u u o  7

Figure 13 Effect o f A T I receptor antagonist (ARA) or AC EI on 
serum creatinine in sham, 1-day and 7-day u u o  rats.
(ท = 8+1/group) (UUO = unilateral ureteral obstruction) 
(*p<0.05, **p<0.001 compared w ith sham 1; +p<0.05 
compared w ith sham 7)
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4. Effect of ARA or ACEI on number of circulating lymphocytes in 
sham, 1-day, and 7-day u u o  rats

A s sh o w n  in  F ig u re  14, th e  1 -d ay  u u o  ra ts  tre a te d  w ith  A R A  h a d  a 
s ig n if ic a n t lo w e r  n u m b e r  o f  c irc u la tin g  ly m p h o c y te  w h e n  c o m p a re d  w ith  
sh am  1 o r w ith  1 -d ay  u u o  a n im a ls  re c e iv e d  w a te r  (p < 0 .0 5 ). In te re s tin g ly , 
U U O  fo r  7 d a y s  d id  n o t a l te r  th e  c irc u la tin g  ly m p h o c y te  le v e ls  in  a ll th ree  
g ro u p s  a s  c o m p a re d  to  sh a m  a n im a ls . O f  n o te , b o th  A R A  a n d  A C E I 
sh o w e d  n o  e f fe c t  o n  c irc u la tin g  ly m p h o c y te  le v e ls  in  sh a m  g ro u p s .

5. Effect of ARA or ACEI on percentage of cell death in sham, 1-day, 
and 7-day u u o  rats

A fte r  1 -d ay  o r  7 -d a y  o f  u u o  tre a te d  w ith  e ith e r  w a te r  o r A R A , the 
ra ts  sh o w e d  n o  s ig n if ic a n t d if fe re n c e s  o n  p e rc e n ta g e  o f  ce ll d e a th  (F ig u re  
15). H o w e v e r , th e  p e rc e n ta g e  w a s  lo w e r  in  g ro u p s  re c e iv e d  A C E I. In  1 -day  
U U O  g ro u p , th e  v a lu e  re d u c e d  f ro m  6 7 .6 6 + 2 .8 0  %  to  4 8 .7 9 + 2 .8 0  %  
(p < 0 .0 0 1 ) , w h e re a s  th e  lev e l d im in ish e d  f ro m  5 8 .4 9 + 2 .8 0  %  to  4 1 .5 1 +  
2 .79  %  (p < 0 .0 5 )  in  7 -d a y  u u o  a n im a ls  w h e n  c o m p a re d  to  th e ir  re sp e c tiv e  
U U O  d u ra tio n  m a tc h e d  ra ts . M o re o v e r , th e  u u o  a n im a ls  tre a te d  w ith  
A C E I fo r  7 d a y s  h a d  th e  lo w e r  ce ll d e a th  lev e l th a n  th o s e  o f  th e ir  
re sp e c tiv e  sh a m  d u ra tio n  m a tc h e d  ra ts  (p < 0 .0 5 ). N o  s ig n if ic a n t d if fe re n c e s  
w e re  n o te d  in  ce ll d e a th  lev e l a m o n g  sh a m  g ro u p s .
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re 14 Effect o f A T I receptor antagonist (ARA) or ACEI on number 
o f circulating lymphocyte in sham, 1-day and 7-day u u o  rats. 
(ท = 8+l/group)(UUO = unilateral ureteral obstruction) 
(*p<0.001 compared w ith sham 1; +p<0.001 compared w ith 
UUO 1 + water)

□  water 0 ARA ■  ACEI

shaml sham7 u u o  1 u u o  7

sham 1 sham 7 u u o  1 u u o  7

Figure 15 Effect o f A T I receptor antagonist (ARA) or ACEI on percentage 
o f cell death in sham, 1-day and 7-day u u o  rats.
(ท = 8+l/group)(UUO = unilateral ureteral obstruction)
(*p<0.05 compared w ith sham 7; +p<0.05 compared w ith u u o  7 
w ith water; ++p<0.001 compared w ith u u o  1 + water)



6. Effect of ARA or ACEI on apoptotic index in sham, 1-day, and 
7-day u u o  rats
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T h e  a p o p to tic  c e lls  w e re  v ie w e d  u n d e r  a  f lu o re s c e n c e  m ic ro sc o p e  
w ith  2 0 0 -1 0 0 0  X  o f  m a g n if ic a tio n . A ll th e  ce lls  in  e a c h  m ic ro sc o p ic  f ie ld  
g av e  a  b lu e  f lu o re s c e n t a p p e a ra n c e  (F ig u re  16 A ) a t  th e  f ir s t  v ie w e d  w ith o u t 
an y  filte r. T h e n  th e  sa m e  f ie ld  h a d  to  b e  e x a m in e d  a g a in  b y  u s in g  a  b lu e  
f ilte r. T h e  a p o p to tic  ce lls  w o u ld  a p p e a r  as  lig h t g re e n  c irc le s  (F ig u re  16B ). 
A  p o s itiv e  c o n tro l s lid e  (F ig u re s  17A  &  B ) w a s  p re p a re d  b y  tre a tin g  th e  
ly m p h o c y te s  w ith  D N a s e  I to  y ie ld  D N A  fra g m e n ta tio n . A  n e g a tiv e  co n tro l 
s lid e  sh o w n  in  F ig u re s  1 8 A  &  B  w as  p re p a re d  s im u lta n e o u s ly  b y  o m ittin g  
T d T  e n z y m e  fro m  th e  A p o p T a g  s lid e m a k in g  p ro to c o l. B o th  p o s itiv e  an d  
n e g a tiv e  c o n tro ls  m u s t b e  in c lu d e d  in  ea ch  te s t. F ig u re s  19 an d  20  p re s e n t 
th e  a p o p to tic  c e lls  f ro m  1 -d ay  an d  7 -d a y  sh a m  g ro u p s , re sp e c tiv e ly . T h e  
a p p e a ra n c e s  o f  th e  a p o p to tic  ce lls  in  u u o  a n im a ls  d e m o n s tra te d  in  F ig u re  
21 fo r  1 -d ay  g ro u p s  a n d  in  F ig u re  22 fo r  7 -d a y  g ro u p s . In  e a c h  F ig u re , th e  
p ic tu re s  f ro m  th re e  tre a tm e n ts  (w a te r, A R A  a n d  A C E I)  are  sh o w n  
s im u lta n e o u s ly .
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B

Figure 16. T h e  p ic tu re s  o f  to ta l  an d  ap o p to tic  ce lls  f ro m  o n e  o f  s tu d ie d  
sa m p le s . (A ) W ith o u t th e  b lu e  filte r, a ll th e  ce lls  a re  se e n  as 
th e  b lu e  c e lls  a t  10 00X . (B ) T h ro u g h  th e  b lu e  filte r , 
th e  a p o p to tic  c e lls  a re  se en  as th e  lig h t g re e n  ce lls  w ith in  
th e  sa m e  f ie ld  a t  1000  X
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Figure. 17 T h e  p o s i t iv e  c o n tro l w as  p re p a re d  f ro m  ly m p h o c y te s  tre a te d  
w ith  D N a s e  I to  in d u c e  D N A  fra g m e n ta tio n . (A ) W ith o u t th e  
b lu e  f il te r , a ll th e  ce lls  are  sh o w n  as th e  b lu e  ce lls  a t 1000X . 
(B) U n d e r  th e  b lu e  filte r, th e  a p o p to tic  ce lls  a re  se e n  as th e  
l ig h t  g re e n  c e lls  in  th e  sam e fie ld  a t 10 00X . in  th is  fie ld , 
a ll ly m p h o c y te s  a re  ap o p to tic  ce lls.
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Figure. 18 T h e  n e g a tiv e  co n tro l s lid e  w a s  o b ta in e d  b y  o m ittin g  th e  T d T  
e n z y m e  fro m  th e  la b e lin g  m ix  in  th e  A p o p T a g  s lid e  m a rk in g  
p ro to c o l. (A ) W ith o u t th e  b lu e  filte r, a ll th e  ce lls  are  se e n  as 
th e  b lu e  ce lls  a t 1000X . (B) U sin g  th e  b lu e  filte r, n o  a p o p to tic  
c e lls  c a n  b e  o b se rv e d  in  th e  sa m e  f ie ld  a t 1000X .



Figure. 19 T h e  p ic tu re s  o f  a p o p to tic  ce lls  fro m  1 -d ay  sh a m  g ro u p s  tre a te d  
w ith  (A ) W a te r  (B) A T i re c e p to r  a n ta g o n is t  o r  (C ) A C E I
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F igu re . 20 The p ictures o f  apoptotic cells from  7-day sham groups treated
w ith  (A )  W a te r (B ) A T i receptor antagonist o r (C )A C E I
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F igu re . 21 The pictures o f  apoptotic cells from  1-day u u o  groups treated
w ith  (A ) W ate r (B ) A T i receptor antagonist o r (C ) A C E I
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F igu re . 22 The p ictu res o f  apoptotic cells from  7-day u u o  groups treated
w ith  (A ) W ater (B ) A T i receptor antagonist o r (C ) A C E I
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T h e  u u o  ra ts  re c e iv e d  w a te r , e ith e r  1 d ay  o r  7 d a y s , h a d  m ark e d ly  

s ig n if ic a n t a p o p to tic  in d e x  le v e ls  as  c o m p a re d  w ith  th e ir  re sp e c tiv e  sh am  

m a tc h e d  g ro u p s  (F ig u re  2 3 ). T h e  lev e ls  in c re a se d  f ro m  7 .3 4 + 2 .6 7  %  to 

3 2 .5 7 + 2 .6 7  %  (pcO .O O l) a n d  f ro m  9 .7 2 ± 2 .6 7  %  to  2 9 .1 9 + 2 .6 7  %  (p < 0 .0 1 ) 

in  1 d a y  a n d  7 d ay s  o f  u u o ,  re sp e c tiv e ly . T h e  tre a tm e n t  w ith  A R A  or 

A C E I in  1 -d ay  u u o  a n im a ls  sh o w e d  n o  e ffe c t o n  a p o p to tic  in d e x  v a lu es. 

In te re s tin g ly , th e  lo n g e r  t re a tm e n t  o f  b o th  fo r  7 d ay s  d e m o n s tra te d  a 

s ig n if ic a n t re d u c tio n  in  th is  in d ex . T h e  v a lu e  d im in is h e d  fro m  2 9 .1 9 + 2 .6 7  

%  to  1 1 .9 1 + 2 .6 7  %  ( p o . o i )  in  A R A  tre a te d  ra ts  a n d  to  7 .6 1 + 2 .6 7  %  (p 

< 0 .0 0 1 )  in  A C E I tre a te d  a n im a ls . T h e se  lo w e r le v e ls  w e re  c o m p a ra b le  to  

th e ir  re s p e c tiv e  sh a m  m a tc h e d  g ro u p s . T h e re  w e re  n o  s ig n if ic a n t e ffec ts  o f  

A R A  o r A C E I tre a tm e n t o n  a p o p to tic  in d e x  lev e ls  in  sh a m  a n im a ls .
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Figure 23 Effect o f A T I receptor antagonist (A R A) or A C EI on apoptotic index in sham, 1-day and 7-day
UUO rats. (ท = 8+1/group) (UUO = unilateral ureteral obstruction) (*p<0.05, **p<0.001 compared 
w ith sham 1; # p<0.001 compared w ith sham ; +p<0.01, ++p<0.001 compared w ith u u o  7 + water)
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