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The renal  excre t ion  of water ,  Na +, K +, and creat inine  was invest igated in r a t s  3 h a f te r  admin-  
i s t ra t ion  of a 5% load of 0.9% NaCI solution bythe  in t r agas t r i c  route .  The excre t ion  of Na + was 
reduced cons iderably  below the control  level  in an imals  rece iv ing  t r ihydroxylupane or  he t e ro -  
betulin 18-20 h before  the exper iment ;  the excre t ion  of  water ,  K +, and creat in ine  was unchanged. 
After admin is t ra t ion  of dihydroxylupenal  in a dose of 2 rag/100 mg body weight the excre t ion  
of Na + and water  was inc reased .  Heterobetul in a lso  inc reased  the excre t ion  of K + with the 
urine af ter  adminis t ra t ion  of a 5% load of 1.25% KCI solution to r a t s .  The r e su l t s  a r e  i n t e r -  
est ing f r o m  the standpoint of the study of the re la t ionship  between the s t ruc tu re  of subs tances  
and their  physiological  act ivi ty.  
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Var ious  subs tances  f rom the t r i t e rpene  and s te ro id  c l a s s e s  a re  s imi l a r  in s t ruc tu re  and the biogene-  
s is  of these compounds has much in common [3, 4]. The invest igat ion of the effect  of compounds of the t r i -  
terpene s e r i e s  on p r o c e s s e s  control led by cor t i cos te ro id  hormones  is in teres t ing.  For  example ,  ce r t a in  
pentacycl ic  acids and alcohols a re  known to affect  the rena l  excre t ion  of water  and ions [1, 7]. However,  
it is not yet  poss ib le  to say what s t ruc tu ra l  e l ements  de te rmine  their  act ivi ty.  

The object  of this invest igat ion was to study the effect  of some pentacycl ic  t r i t e rpenes  synthesized 
by the wr i t e r s  on ce r t a in  aspec t s  of water  and m i n e r a l  me tabo l i sm.  

E X P E R I M E N T A L  M E T H O D  

Three  compounds of the t r i t e rpene  c lass  were studied: dihydroxylupenal,  t r ihydroxylupane,  and he-  
terobetul in  {Fig. 1). These compounds were  synthes ized f rom the t r i t e rpene  diol of betulin, p resen t  in the 
ba rk  of var ious  spec ies  of b i rch  and there fore  widely avai lable [2, 6]. Exper iments  were  ca r r i ed  out on 
female  Wistar  r a t s  weighing 150 g. The animals  were depr ived  of food on the day before  the expe r imen t  
but had f ree  acces s  to water .  

GH 2 CHO CH~ CHzOH 
~ ,  J (20) "~ O/(20) 

_r .g ~ 

Fig. 1. St ructural  fo rmulas  o fpen t acye l i e  t r i t e rpenes :  I) dihydroxylu-  
penal;  II) t r ihydroxylupane;  III) heterobetul in .  
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TABLE 1. Excretion of Na +, K +, and Creatinine by the Rat Kidney after 
Injection of Pentacyclic Triterpenes and Loading with NaCI and KCI (M+m) 

Substance 
tested 

Control 

Dihydroxy, 
lupenal 

Trihydroxy- 
lupane 

Heterobetu- 
1in 

Control [ 
Dihydroxy- 

lupenal 
Heterobetu- 

lin 

.• P<:O,05; 
P~0,01; 
P<~O, O01. 

[Diutesis I Na + , [ Creatinine 

o,. [ (in ml/3 [concentra- [excretion [concentra- [ excretion ' excretion 
.~'~ I h/lO0 g Ition in urine . . Ition in urinel 

s Ibody ](in meq/ (in geo] (in meq/ (in geq/ (in/aeoJ 
~'~l weight ]liter) a u liter) 3 h 13 h 

Loading with 0.85%NaC1 solution 

25 2,90_+ 159_+9,0 393+-32* 
•  

23 2,31• 111• [241• 29,6• 

17 2,28___0,24 96,3• 1169---+- 175 29,2• 
• 11,6 $ 

Loading with 1.25% KCI solution 
12 4,80• 53,1• 273• 124• 
12 4,06• 59,2• 252__. 15 134• 

12 4,85+-0,49 55,4-+-4,3 301___43 149• 

�9 r5,2___ 3,5 

75,8+- 6,1 

58,8 +- 6,5" 

46,6+- 5,5 :~ 

485• 25 
441• 19 

616• 36 T 

399• 15 
(n =4o) 

466___ 33 
(n= 12) 

417• 
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487_--. 38 

522--- 33 

400 
350 
320 

280 
240 

200 

]50 
79.0 

80 
40 

0 
2 3 4 5 6 7 2 27 22 22 

F i g .  2. Changes  in Na + e x c r e t i o n  d u r i n g  
r e p e a t e d  i n j e c t i o n s  of  h e t e r o b e t u l i n :  1) 
r a t s  r e c e i v i n g  h e t e r o b e t u l i n ;  2) c o n t r o l  
r a t s .  A b s c i s s a ,  d a y s  a f t e r  f i r s t  i n j e c -  
t ion of p r e p a r a t i o n ;  o r d i n a t e ,  Na e x c r e -  
t ion (in veq/3h/100  g body weight ) .  

F r o m  18 to 20 h b e f o r e  the e x p e r i m e n t  the r a t s  r e c e i v e d  
an i n t r a m u s c u l a r  i n j e c t i o n  of 2 mg of the p r e p a r a t i o n  in 0.5 ml  
o i l y  s u s p e n s i o n / 1 0 0  g body weight .  The s a m e  quan t i ty  of o l ive  
o i l  was i n j e c t e d  into the  c o n t r o l  r a t s .  A l t o g e t h e r  7 i n j e c t i o n s  
of  d i h y d r o x y l u p e n a l  and h e t e r o b e t u l i n  w e r e  g iven  o v e r  a p e r i o d  
of  17 d a y s  and 4 i n j e c t i o n s  of  t r i h y d r o x y l u p a n e  o v e r  a p e r i o d  of  
8 d a y s .  The  a n i m a l s '  r e n a l  func t ion  was t e s t e d  by  i n j e c t i n g  
f lu id  in a vo lume of  5% of the body weight  t h rough  a g a s t r i c  tube 
d u r i n g  the e x p e r i m e n t :  e i t h e r  0.85% NaCl so lu t i on ,  1 .25~ KC1 
so lu t i on ,  o r  d i s t i l l e d  w a t e r  was i n j e c t e d .  The u r i n e  was c o l l e c t -  
ed f r o m  e a c h  r a t  s e p a r a t e l y  in the c o u r s e  of 3 h. S a m p l e s  of 
u r i n e  we re  a n a l y z e d  fo r  t h e i r  con t en t s  of c r e a t i n i n e  [5], Na +, 
and K +. The  c a t i o n s  w e r e  d e t e r m i n e d  on a f l a m e  p h o t o m e t e r .  

EXPERIMENTAL RESULTS AND DISCUSSION 

During loading with NaCI solution, injection of dihydroxylu- 
penal induced increased�9 excretion of Na + with the rats' urine. 

T r i h y d r o x y l u p a n e  and h e t e r o b e t u l i n ,  on the  o t h e r  hand,  c o n s i d e r a b l y  r e d u c e d  the Na + e x c r e t i o n  (Table  1). 
The i n c r e a s e  in s o d i u m  e x c r e t i o n  induced  by d i h y d r o x y l u p e n a l  was due bo th  to an i n c r e a s e  in the Na + con -  
c e n t r a t i o n  in the u r i n e  and to  an i n c r e a s e  in the vo lume  of  the d i u r e s i s .  In a l l  the s e r i e s  of e x p e r i m e n t s  
the e x c r e t i o n  of c r e a t i n i n e  with the u r i n e  was i n d i s t i n g u i s h a b l e  f r o m  the c o n t r o l ,  thus d e m o n s t r a t i n g  the 
c o n s t a n c y  of the r a t e  of  g l o m e r u l a r  f i l t r a t i o n .  The change  in Na + e x c r e t i o n  a f t e r  i n j e c t i o n  of  a l l  3 c o m -  
pounds  was thus  d e t e r m i n e d  by a change  in the r e a b s o r p t i o n  of  th i s  ion (Table  1). T h e s e  d i f f e r e n c e s  in the  
e x c r e t i o n  of  Na + by  the e x p e r i m e n t a l  and  c o n t r o l  r a t s  could  no l o n g e r  be d e t e c t e d  2 w e e k s  a f t e r  the i n j e c -  
t ions  of the c o m p o u n d s  had been  d i s c o n t i n u e d  {Fig.  2). 

D i h y d r o x y l u p e n a l  d id  not  a f f ec t  K + e x c r e t i o n  d u r i n g  l oa d ing  with  KCI so lu t ion ,  but  a f t e r  i n j ec t i on  of 
h e t e r o b e t u l i n  the K + e x c r e t i o n  b y t h e  k idneys  was i n c r e a s e d .  The i n c r e a s e  in K + e x c r e t i o n  was a c c o m p a n -  
i ed  by an i n c r e a s e  in i t s  c o n c e n t r a t i o n  in the  u r i n e  but  with no a p p r e c i a b l e  change  in the d i u r e s i s  o r  the 
c r e a t i n i n e  e x c r e t i o n .  H e t e r o b e t u l i n  a d m i n i s t r a t i o n  e v i d e n t l y  c r e a t e s  cond i t i ons  for  the m o r e  r a p i d  e x c r e -  
t ion of  an e x c e s s  of  K + f r o m  the body.  

A f t e r  w a t e r  l oad ing  d i h y d r o x y l u p e n a l  and  h e t e r o b e t u l i n  did not  a f f ec t  the e x c r e t i o n  of w a t e r ,  Na +, and 
K+~ The 3 - h o u r  diu_resis  in  the c o n t r o l  r a t s  was  4.3 + 0.24 m l  and the e x c r e t i o n  of Na was 2 3 . 4 •  #eq ,  
of K + 50.2 :L 8.3 ~eq (n =6) ;  a f t e r  i n j e c t i o n  o f  d i h y d r o x y l u p e n a l  the c o r r e s p o n d i n g  f i g u r e s  w e r e  3.7 • 0.16 ml  
and 19 .1+  4.0 and 47 .4 •  6.3~zeq r e s p e c t i v e l y ,  w h e r e a s  a f t e r  i n j e c t i o n  of  h e t e r o b e t u l i n  they w e r e  4.0 ~= 0~57 
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ml and 28.1 +2.0 and 44.2+ 10.1 ~eq (n=6) respectively. 

In the control rats each subsequent loading with NaCI solution induced a small increase in the Na + 
excretion with the urine. In rats  receiving heterobetulin, however, this was not observed. After repeated 
injections of the compound the Na + excretion remained at the level of 160 ~eq/3 h/100 g (Fig. 2). 

The results thus showed that the rate of excretion of Na + by the ra t  kidneys during NaCI loading is 
increased after injection of dihydroxylupenal but reduced after injection of trihydroxylupane and, in part icu- 
lar,  o[ heterobetulin. The essential point is that dihydroxylupenal and trihydroxylupane had different actions 
on the excretion of Na + and K + by the kidneys, despite the fact that they have the same carbon skeleton and 
differ only in the groups attached at C-20. Heterobetulin, on the other hand, despite its greater  differences 
in structure from trihydroxylupane, has a similar action to it on ion excretion by the kidney. 
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