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E F F E C T  OF C L O R P R O M A Z I N E  ON U L T R A S T R U C T U R E  OF E P I T H E L I A L  

C E L L S  AND C E L L  C O N T A C T S  IN T H E  F R O G  B L A D D E R  

Ya Yu.  K o m i s s a r c h i k ,  Yu.  V N a t o c h i n ,  UDC615.214.22:547.869.2].015.44: 
E.  S. S n i g i r e v s k a y a ,  and  E. I. S h a k h m a t o v a  612.014.461.3 

Chlorpromazine causes swelling and vacuotation of cells of the mucous membrane of the frog 
ur inary bladder and prevents their  response to antidiuretic hormone (ADH) by increased pe r -  
meability for  water. The s t ructure  of the zone of intercel lular  contacts was undisturbed, and 
this could be the reason for  the impermeability of the chl0rpromazine-treated epithelium for 
water. 

KEY WORDS: chlorpromazine; permeability for  water; antidiuretic hormone; swelling of the 
cell; intercel lular  contacts. 

For  the last two decades the problem of the mechanism of the increased water t ransport  under the in- 
fluence of antidiuretic hormone (ADH) has been a:subject of intense discussion. According to one hypothesis, 
ADH increases the permeabili ty of the apical pi'a~ma merhbrane of the cell for water [6, 7], whereas accord-  
ing to another hypothesis it is the permeabili ty of the ground substance that is  increased [1, 4]. Chlorproma- 
zinc prevents ADH from increasing the absorption of water [3]. The object of the present investigation was to 
compare the effect of chlorpromazine on the ul t rastructure of the cell and intercellular contacts during its in- 
hibition of the ADH effect. 

EXPERIMENTAL METHOD 

The bladder of a frog was filled with Ringer 's solution diluted with water 1:!0, with the mucous membrane 
on the inner side, and immersed in aerated Ringer 's  solution. The degree of permeability for water was es -  
timated from the volume of water absorbed from the bladder along the osmotic gradient [5]. Chlorpromazine and 
and ADH were added to the Ringer's solution on the side of the mucous membrane. For  the electron micro-  
scopic investigation, bladders in different functional states were t ransfer red  for 3-5 rain into a 2.5 % solution of 
glutaraldehyde made up in Ringer's solution with cacodylate buffer (pH 7.4). The bladder wall was then incised, 
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Fig. 1 Fig. 2 

Fig. 1. Cell of mucous membrane of frog bladder. Control: 1) glycocalyx; 2) apical plas- 
ma membrane; 3) dense contact; 4) desmosome; 5) microtubules; 75,000 • 

Fig. 2. Cell of mucous membrane of frog bladder treated with ehlorpromazine, 1 ~mole/ 
mlo Transparency of apical region of cell, vacuolation of cytoplasm, unusual arrangement 
of microtubules and microfUaments; dense contact and desmosome have normal structure; 
65,000 x. 

Fig. 3. Part  of epithelial cell of mucous 
membrane treated with 1/~mole/ml chlor- 
promazine (high power). Structure of dense 
contact and plasma membrane preserved, 
destruction of microtubules; 160,000 x. 
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the contents evacuated,  and fixation continued in the s a m e  solution for  60 min at 5~ P ieces  of bladder  wall  
w e r e  r insed  with buffered  isotonic s u c r o s e  solution and t r a n s f e r r e d  fo r  50 rain to 1% OsO 4 solution. Dehydra-  
tion was c a r r i e d  out in alcohols  of inc reas ing  concent ra t ion  and in absolute  acetone.  The ma te r i a l  for  ex-  
aminat ion was embedded in Araldi te  and sec t ions  w e r e  stained with stained with lead c i t r a t e  and uranyl  a c e -  
ta te  and examined in the e lec t ron  mic roscope .  

E X P E R I M E N T A L  R E S U L T S  

On the addition of pi tui t r in  P (an ADH prepara t ion)  in a dose of 30 mi l l i un i t s /ml  to the Ringer ' s  solution 
on the s ide of the mucous  m e m b r a n e ,  pe rmeab i l i t y  for  w a t e r  was inc reased  a f t e r  30 min f r o m  0.041 + 0.008 
to 2.44 + 0.19 m g / ( c m  2. min) (P < 0.001; n = 9). Under these  conditions a sha rp  i nc rea se  was obse rved  in the 
s ize  of the in t e rce l lu l a r  spaces  toge ther  with swelling of the ce l l s  [2]. The i nc r ea se  in the wa te r  content in 
the ce l l s  could be the r e su l t  of i nc rea sed  pe rmeab i l i t y  of the apical  p l a s m a  m e m b r a n e  for  w a t e r  and s u b s e -  
quent movemen t  of w a t e r  through the cell .  Another  poss ib i l i ty  is that under  the influence of ADH the p e r -  
meabi l i ty  of the in t e rce l lu l a r  space  was inc reased  and wa te r  moved along it f r o m  the hypotonic solution within 
the b ladder  into the R i nge r ' s  solut ion on the s ide of the se rous  m e m b r a n e  and pene t ra ted  through the l a t e ra l  
m e m b r a n e  into the ce l l s ,  caus ing them to swell: The apical  m e m b r a n e  of the ce l l s  in the epithelium of the 
b ladder  has low pe rmeab i l i t y  for  water ,  but the l a t e ra l  and basa l  p l a s m a  m e m b r a n e s ,  on the o ther  hand, a r e  
a lways readi ly  p e r m e a b l e  fo r  wa t e r  [4]. 

The addition of ch lo rp romaz ine  (1 ~mole /ml )  to the R inge r ' s  solution on the side of the se rous  m e m b r a n e  
30 min be fo re  the hormone  comple te ly  p reven ted  ADH f rom increas ing  permeabili ty- fo r  water :  0.043 +0.011 
mg/(cm 2 �9 rain) in the contro l  per iod  and 0.044 + 0.022 m g / ( c m  2 - min) 30 rain a f t e r  addition of ADH to b ladders  in 
incubated with ch lo rp romaz ine  (n = 10). The r e su l t s  of the study of the u l t r a s t ruc tu re  of the epithel ium of the 
intact  u r i na ry  b ladder  (Fig. 1) and a f t e r  the act ion of ADH agreed  comple te ly  with prev ious ly  published data 
[2] and, consequent ly,  only those s t ruc tu ra l  changes induced by ch lo rp romaz ine  will t he re fo re  be  desc r ibed .  
Ch lo rp romaz ine  led to w e l l - m a r k e d  vaeuolat ion and swelling of the epithelial  cel ls .  The miero tubules  and 
f i l aments  were  i r r e g u l a r l y  d is t r ibuted over  the cy toplasm.  The s t ruc tu re  of the micro tubules  showed con-  
s ide rab le  changes  and the i r  in ternal  s t r u c t u r e  a lso  was dis turbed.  In the apical  regions  of the cell ,  f o r  a d i s -  
tance of up to 0.2 # the cy top lasmic  s t r u c t u r e s  had d isappeared ,  espec ia l ly  the micro tubules  and m i e r o f i l a -  
ments  c h a r a c t e r i s t i c  of this zone. The mitochondria ,  endoplasmic re t iculum,  and nuclear  s t r u c t u r e s  were  
swollen (Figs. 2 and 3). 

Despi te  these  g r o s s  changes in the in t r ace l lu l a r  s t ruc tu res ,  no v is ib le  d i s tu rbances  of the s t r u c t u r e  of 
the p l a s m a  m e m b r a n e s  of the epithel ial  ce l ls  could be found: The t h r e e - l a y e r e d  c h a r a c t e r  of the l ipoprote in  
m e m b r a n e  and the s t ruc tu ra l  e lements  of the gIycocalyx were  c l ea r l y  vis ible .  The zone of in t e rce l lu l a r  con-  
tac t s  l ikewise  was p r e s e r v e d  and showed no vis ib le  changes as a r e su l t  of the act ion of ch lo rp romaz ine  (Fig. 
3). Af ter  p r e l i m i n a r y  t r e a t m e n t  of the t i s sue  of the b ladder  with ch lo rpromaz ine ,  the addit ion of ADH caused 
no changes in i ts  s t r u c t u r e  com pa red  with the act ion of ch lo rp romaz ine .  These  r e su l t s  ag ree  with those of 
functional  invest igat ions showing that  under  the influence of ADH permeab i l i ty  for  w a t e r  a f t e r  t r e a t m e n t  with 
eh lo rp romaz ine  was the s a m e  as before .  

Ch lo rp romaz ine  thus causes  marked  swell ing and vacuolat ion of the epithelial  ce l ls  accompanied  by the 
comple te  absence  of t ransep i the l ia l  flow of water .  Consequently the swelling of the cel ls  obse rved  under  the 
influence of ADH cannot be used as an a rgument  in support  of the hypothesis  of the t r a n s e e l l u l a r  movement  
of water .  On the o ther  hand, the widening of the in te rce l lu la r  spaces  which is a lways obse rved  when the flow 
of w a t e r  is i nc reased ,  the comple te  inter locking of the cel ls  under  the influence of ch lo rpromaz ine ,  and the 
inabil i ty of ADH to i n c r e a s e  pe rmeab i l i t y  for  wa te r  a f t e r  t r e a t m e n t  of the b ladder  t i s sue  with ch lo rp romaz ine  
can be r ega rded  as  proof  of the role  of the ground subs tance  and in te rce l lu la r  contact  in the epithel ium in the 
regula t ion of p e r m e a b i l i t y  for  water .  The r e su l t s  sugges t  that  ch lo rp romaz ine  s tabi l izes  the organic  compo-  
nent (protein, lipid, o r  carbohydra te )  of the m e m b r a n e s  and so prevents  any poss ib le  i nc r ea se  in the degree  
of in t e rce l lu l a r  pe rmeab i l i t y  through the act ion of med ia to r s  fo rmed  in the cel l  under  the influence of ADH. 
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U L T R A S T R U C T U R A L  C H A N G E S  I N  E X P E R I M E N T A L  T E T A N U S  

L .  M. R u m b e s h t ,  l~. A .  B a r d a k h e h ' y a n ,  UDC 611.814.34:616-076.4:576.851.551 
a n d  A .  I .  P o t y a k  

In expe r imen t s  on r a t s  an e l e c t r o n - m i c r o s c o p i c  study was under taken of the caudal pa r t  of the 
hypo tha lamic-hypophysea l  n e u r o s e e r e t o r y  s y s t e m  in exper imenta l  tetanus.  Activation of the 
s y s t e m  was found in the ea r ly  s tages  a f t e r  injection of tetanus toxin, evidently on account  of the 
inject ion of he te ro logous  pro te in ,  f o r  a s i m i l a r  effect  was given by injection of the inact ivated 
toxin. P a r a l l e l  changes  w e r e  obs e rved  in v a s c u l a r  pe rmeab i l i ty ,  lipid me tabo l i sm,  and the 
clot t ing s y s t e m  of the blood. 

KEY WORDS: hypo tha lamic -hypophysea l  n e u r o s e c r e t o r y  sys tem;  tetanus toxin. 

L igh t -op t ica l  s tudies  of the hypotha lamic-hypophysea l  n e u r o s e c r e t o r y  s y s t e m  (HI-INS) in exper imen ta l  
tetanus have  demons t r a t ed  the s u c c e s s i v e  s tages  of the s e c r e t o r y  d is turbances :  activation, preceding  the ap-  
pea r ance  of the cl inical  f ea tu res ,  and followed by inhibition of synthesis  and l iberat ion of neurohormones  a f te r  
inject ion of tetanus toxin [3]. However ,  many  of the f ine r  deta i ls  of the response  of the components  of the pos -  
t e r i o r  lobe of the p i tu i ta ry  st i l l  awai t  d i scovery ,  fo r  which e l e c t r o n - m i c r o s c o p y  is the essen t i a l  method. 

This  p a p e r  d e s c r i b e s  a study of the u l t r a s t r u c t u r a l  changes in the caudal  pa r t  of the HHNS at  different  

per iods  a f t e r  inject ion of te tanus  toxin. 

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

Exper imen t s  w e r e  c a r r i e d  out on 16 male  albino r a t s  weighing about 250 g. A lethal  dose of tetanus 
toxin in 0.24 ml  0.85% sodium chlor ide  solution was injected in t r amuscu la r ly  into the left  calf. After  24 h the 
r a t s  developed signs of local  te tanus ,  and a f t e r  3 days  genera l  ascending tetanus with spontaneous convulsions,  
followed by death on the fourth day. Another  group of an imals  rece ived  the s a m e  dose of inact ivated toxin (heated 
to 56~ for  2 h). The control  an ima l s  r e ce i ve d  physiological  sa l ine  but the genera l  conditions of the bas ic  ex-  

p e r i m e n t s  r ema ined  the s a m e .  

Mater ia l  was taken fo r  e l ec t ron  m i c r o s c o p y  5 h and on the third day a f t e r  injection of the toxin. P ieces  
of the p o s t e r i o r  lobe of the p i tu i ta ry  w e r e  fixed in glutara ldehyde in phosphate  buf fer  and postf ixed in o smium 
te t rox ide  solution, dehydra ted  in acetone,  and embedded in a mix tu re  of Epon and Araldi te .  Ultrathin sect ions ,  
s ta ined with lead c i t r a t e  and uranyl  ace ta te ,  w e r e  examined in the UI~MV-100 and JEM-100B e lec t ron  m i c r o -  

scopes .  

E X P E R I M E N T A L  R E S U L T S  

The u l t r a s t r u e t u r e  of the p o s t e r i o r  lobe of the p i tu i ta ry  of the r a t s  rece iv ing  physiological  sa l ine  was 
v i r tua l ly  indis t inguishable  f r o m  that  in intact  an imals .  Nerve  f ibe r s  and t e rmina l s  contained many neu ro -  
s e c r e t o r y  e l e m e n t a r y  g ranules ,  a few empty  and synaptic  ves ic l e s ,  and a lso  smal l  mitochondria .  The endings 
of the axons were  in contact  with cap i l l a r i e s ,  a spec ia l  f ea tu re  of which was the i r  f enes t ra t ed  endothelium. 
Gtial ce l l s ,  r e p r e s e n t e d  by pi tu icytes ,  co r r e sponded  to a s t r o c y t e s  and ol igodendrocytes  of the neuroglia.  Mast  

�9 cei ls ,  c h a r a c t e r i s t i c  of the neurohypothes is  of dogs and opossums  [1, 4], a r e  not found in ra ts .  
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