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S  U  M  M  A  R  Y .

The centra l  therne of  th is  thesis  is  the ouest ion whether  the ef fects
o f  t he  t e t racyc l i nes  on  an ima ls  and  an ima l  ce l l s  can  be  exp la ined  by
the i r  i nh r ' b i t o r y  e f f ec t s  on  m i tochond r i a l  p ro te in  syn thes i s .

Chap te r  1  g i ves  a  rev iew  o f  t he  ma in  b io log j ca l  and  chemica l  p rope r -
t i es  o f  t he  t e t racyc l i nes .  These  an t i b i o t i cs  i n te r fe re  w i t h  p ro te in  syn -
t h e s i s  i n  b a c t e r i a .  A l s o  m j t o c h o n d r i a l  p r o t e i n  s y n t h e s i s  i s  i n h i b i t e d  a t' l ow  

concen t ra t i ons  o f  t hese  d rugs .  F rom the  more  than  25  de r i va t i ves
known  to  da te ,  we  have  been  us ing  those  s i x  wh i ch  a re  mos t  w ide l y  used
' i n  med ic ine :  t e t racyc l i ne  (TC) ,  oxy te t racyc l i ne  (OTC) ,  ch lo r te t racyc l  i ne
(CTC) ,  demethy l ch io r te t racyc l i ne  (DMCT) ,  me thacyc l i ne  (MC)  and  doxycy -
c l i ne  (DC) .  F rom a  pha rmaco log i ca i  po in t  o f  v i ew  the  ma in  d i f f e rences
c o n c e r n  t h e  d e g r e e  o f  l i p i d  s o l u b i l i t y  o f  t h e  d e r i v a t i v e s  a n d  t h e i r
a f f i n i t y  t o  d i v a l e n t  c a t j o n s .

Chap te r  I  f u r t he r  summar i zes  t he  p resen t  s tage  o f  ou r  know1edge  o f
t he  t rans la t i on  p roduc ts  o f  m ' i t ochond r i a l  p ro te in  syn thes i s .  I nh ib i t i on
o f  t h i s  p rocess  l eads  to  a  dec rease  j n  t he  concen t ra t i ons  o f  t he  cy to -
chromes b,  3L and aa3 and to the d isappearance of  a rnembrane factor  of
t he  resp i ra to ry  cha in - l j nked  ATPase  comp lex .  Loss  o f  t h i s  f ac to r  rende rs
the  ATPase  o1  i  gomyc i  n - i nsens i t i  ve .

A  d i s tu rbance  o f  m i tochond r i a l  b i ogenes i s  w i i l  p rovoke  a  dec reased
energy-generat i  ng capaci  ty  of  the mi  tochondr i  a ,  especi  a l  1y i  n  rapi  d1y
g row ing  t i ssues .  Un less  g l yco l ys i s  can  su f f j c i en t l y  compensa te  an  ene r -
gy -c r i s i s  w i l l  occu r  i n  t he  ce l l s  and  t i ssues .  Th i s  ene rgy  de f i c i ency
may wel l  lead to a var iety  of  secondary ef fects at  the level  of  act ive
t r a n s p o r t  o r  n u c l e i c  a c i d - ,  p r o t e i n -  e n  l i o i d  b i o s y n t h e s i s .

B e s i d e s  i n h i b i t i o n  o f  m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s ,  d i r e c t  i n h i -
bit ion of cytoplasmic proEiT-slnTETs has been reported fi-EF i itte-
rature.  ThE-?6nGnff i t ions neccessary to obta in the la t ter ,  however,
are one to two orders of  magni tude h igher  than those at  which mi tochon-
d r i a l  p ro te in  syn thes i s  i s  b locked  comp le te l y .  A t  t hese  h igh  concen t ra -
t i ons  (>  25  pg /n l )  i t  i s  ve ry  d i f f j cu l t  t o  ru le  ou t  o the r  t a rge ts  f o r
t he  ac t i on  o f  t e t racyc l i nes  o r  t he i r  che la tes .

Side ef fects of  the tet racycl ines are not  of ten seen and rare ly
seve re  o r  a la rm jng .  Among  the  e f f ec t s  gas t ro - i n tes t i na l  d i s tu rbances
a re  t he  mos t  f r equen t .  I n  con t ras t  t o  ch lo ramphen ico l ,  a l so  an  i nh ib i -
t o r  o f  m i tochond r i a l  bu t  no t  o f  cy top lasm ic  p ro te in  syn thes i s ,  t he  t e -
t racyc l . i nes  have  no  e f f ec t  on  b loodce l l  p ro l i f e ra t i on ,  t hey  do  no t  sup -
press bone marrow funct jon.

I nh ib i t i on  o f  m i tochond r i a l  p ro te in  syn thes i s  w i l l  man i fes t  i t se l f
i n  an  a l t e red  compos i t i on  o f  t he  m l tochond r i a  p r imar i l y  i n  rap id l y
g row ' i ng  t i s sues .  An  ene rgy  de f i c j ency  a t  t he  ce l l u l a r  l eve l  may ,  t he re -
fo re ,  become appa ren t  espec ia l l y  i n  t hese  t i ssues ,  as  a  dec rease  j n
al l  sor ts  of  energy-dependent  act iv ' i t ies.  I f  so,  these ef fects have
to be considered secondary.

The work descr ibed in th is  thesis  was star ted as a cont inuat ion of
ear l ier  exper iments (Kroon and de Vr ies,  1970).  The a ' ims of  the in-
vest igat ion were to f ind a convenient  target  t ' issue and to test  i f
i n  t i uo  sens i t i v i t i es  can  be  co r re la ted  to  t he  i nh ib i t i ons  o f  e i t he r
mi tochondr ia l  or  qybplasmic prote in synthesis  as determined in t i tno.
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I n tes t i na l  ep i t he l i um,  a  rap id  p ro l i f e ra t i ng  t i s sue  no tab l y  a l so  un -
de r  phys io ' l og i ca l  cond i t i ons ,  see rned  to  f u l f i l  t he  demands .  I n  chap -
te r  2  t he  ma in  cha rac te r i s t i cs  o f  t h i s  t i s sue  a re  desc r i bed .  I n  t h i s
chaDte r  a t t en t i on  i s  a l so  pa id  t o  t he  ava i l ab le  me thod  fo r  i so . l a t i on
o f  i n tes t i na l  ce l l  f r ac t i ons  by  d i f f e ren t i a l  v i b ra t i on .  I n  chap te r
3  t he  rne thods  used  a re  dea l t  w i t h  i n  de ta i l .  I n  chap te r  4  t he  expe -
r i r nen ts  ca r r j ed  ou t  t o  cha rac te r i ze  and  op t i nn l  i ze  t he  [14C] leuc ine
inco rpo ra t i on  i n to  p ro te in  by  i so la ted  i n tes t i na l  ce l l s  a re  rev iewed .
F rom a  morpho log i ca l  s tudy  i t  appea red  tha t  t he  i so la t i on  and  i ncu -
ba t i on  p rocedu res  have  s . l i gh t l y  des t ruc t i ve  e f f ec t s  on  the  s t ruc tu re
o f  t h e  c e l 1 s ,  b u t  t h e  c e l l s ' i n c o r p o r a t e  l e u c i n e  v e r y  a c t i v e l y .

I n  chap te r  5  t he  i n  u i t t o  i nh ib i t i on  o f  m i tochond r i a l  and  cy top las -
m ic  p ro te in  syn thes i s  by  t e t racyc l i nes  i s  desc r i bed .  Fo r  t he  s tud ies
o f  m i tochond r i a l  p ro te in  syn thes i s  ra t - l j ve r  m i tochond r i a  we re  used .
Cy top lasm ic  p ro te in  syn thes i s  was  s tud ied  i n  i so la ted  i n tes t i na l  ce l l s '
r abb i t  r e t i cu locy tes  and  re t i cu locy te  l ysa tes .

M j tochond r i a l  p ro te in  syn thes i s  i s . i nh ib i t ed  by  1ow concen t ra t i ons
of  the tet racycl ines.  Di f ferences between the der ivat ives are not  de-
tec t i b l e ,  t hey  a l l  i nh ib i t  t he  i nco rpo ra t i on  f o r  50  % a t  abou t  3  pg lm l .
An  accumu la t i on  o f  t he  t e t racyc ' l . i nes  w i t h in  t he  m i tochond r i a ,  as  has
been  desc r i bed  fo r  bac te r i a ,  cou ld  no t  be  de tec ted .  The  i nh ib i t i on  i s
concentrat ' ion-dependent  and dges not  vary as a funct ion of  the tet ra-
cyc l i ne /p ro te in  ra t i o .  The  Mg l+ -6oncen t ra t i on  i n  t he  i ncuba t i on  med ium
does  ha rd l y  a f f ec t  t he  pe rcen tage  o f  i nh ib i t i on .

These  da ta  pe rm i t  t he  f o l l ow ing  conc lus ions :
1.  Di f ferences in  the rate of  rnembrane pemeat ion,  possib ly  re iated to
d i f f e r e n c e s  i n  f i p i d  s o l u b i l i t y  o f  t h e  d e i  i v a t i v e s  d o  e i t h e r  n o t  i n -
f l uence  the  i nh ib i t i on  o r  a re  abo l i shed  by  d i f f e rences  i n  t he  a f f i n i t y
to r ibosomes;
2 .  The  a f f i n i t y  o f  t e t racyc f i nes  f o r  m ' i t ochond r i a l  r i bosomes  i s  many
t imes  h jghe r  t han  the  a f f i n i t y  f o r  magnes ium ions  i n  so lu t j on ;
3 .  Non -spec i f i c  b ind ing  to  ce l l  componen ts  o the r  t han  r i bosomes  mus t
be  weak  o r  quan t i t a t i ve l y  un impor tan t .

Accordingly ,  the tota ' l  i ,n t racel lu lar  concentrat ion of  the tet racy-
c l  i nes  de te rm ines  the  i nh ib i t i on  o f  m i tochond r i a l  p ro te in  syn thes i s
and  no t  t he  " f r ee "  concen t ra t i on .  Th i s  l eads  to  t he  conc lus ion  tha t
a l l  t j s sues  m i tochond r i a l  p ro te in  syn thes i s  w i l l  be  i nh jb i t ed  t o  t he
same ex ten t  i f  a t  l eas t  t he  i n t race l l u l a r  concen t ra t i on  i s  equa l  t o
the p lasma concentrat ion (dur ing a t reatment  wi th normal  doses th is
concen t ra t i on  i s  5  -  20  ug /m l ) .

W i th  rega rd  t o  cy top lasm ic  p ro te in  syn thes i s  am ino  ac id  i nco rpo ra -
t ion by ret icu locyte lysates conf i r rned that  th js  process is  indeed
jnh ' i b i t ed  by  t e t racyc l i nes .  The  i nh ib i t i on  by  DC i s  s t ronge r  t han  by
OTC and  the  l eas t  by  CTC.  W j th  i n tac t  r e t i cu locy tes  DMCT inh ib i t s
s l i gh t l y  more  than  CTC,  DC less ,  MC s t i l l  a  l ' i t t l e  l ess ,  and  TC and
OTC on l y  ve ry  weak .  The  50  % inh ib i t o r y^concen t ra t i on  o f  DC i s  i n
both systems about  250 pg/ml  (1,5 r r f l  Mgz+; .  CTC jnhib i ts  the leucine
incorporat ion by in tact  ret icu locytes much st ronger than DC. These
di f ferences are most  1 ike1y due to the fact  that  the p lasma rnrbrane
Of the ret icu locytes acts as a barr ier  for  some of  the der ivat jves
unde r  t he  expe r imen ta l  cond i t i ons  used .  A  compar i son  w i th  i n tes t i na l
ce l l s  m igh t  he lp  exp la in ing  th i s  po in t .  l , l j t h  t he  ep i t he l i a l  ce l l s
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CTC inh ib i t s  as  s t rong  as  DC.  Th i s  shows  tha t  t he  p lasma  membrane  i s
s e l e c t i v e ;  a  s e l e c t i v e l y  w h i c h  i s  n o t  i d e n t j c a l  f o r  a l l  t i s s u e .  t , l j t h
' i n tes t i na l  ep i t he l i um DC and  CTC inh ib i t  t o  t he  same ex ten t ,  DMCT less
and  TC,  MC and  OTC the  l eas t .  The re fo re ,  i n tes t i na l  ce l l s  do  d i f f e r
f r om re t i cu locy tes  i n  sens i t i v i t y  no t  on l y  f o r  CTC bu t  a l so  f o r  DMCT
and  MC.

An  impor tan t  obse rva t i on  i s  f u r t he r  t ha t  t he  i nh ib i t i on  dec reases
i f  t h e  M g Z +  c o n c e n t r a t i o n  i n  t h e  i n c u b a t i o n  m e d i u m  i s  r a i s e d .  T h ' i s
e f f ec t  i s  mos t  d rama t i c  f o r  DC and  MC w i th  re t i cu locy tes .  I t  i s  con -
c l u d e d  t h a t  t h e  d e c r e a s e  o f  t h e  i n h i b i t i o n  i s  c a u s e d  b y  t h e  i n a b i ) i t y
o f  t he  t e t racyc l i ne  che la tes  t o  pass  the  p lasma  membrane .  Ex t rapo la -
t i ng ,  t h i s  phenomenon  may  exp la in  why  e f f ec t s  o f  t he  t e t racyc l i nes
on  the  rap id l y  p ro l i f e ra t i ng  ce l l s  i n  t he  bone  mar row ,  as  obse rved
w i th  ch lo ramphen ico l ,  have  no t  been  desc r i bed ,  because  o f  t he  s t rong
b i n d i n g  o f  t h e  t e t r a c y c l i n e s  t o  b o n e  a n d  t o  t h e  e x t r a c e l l u l a r  d i v a l e n t
a n d  t r i v a . l e n t  c a t i o n s  t h e  a n t i b i o t i c s  d o  n o t  e n t e r  t h e  c e l l s .  T h e  i n -
t r ace l l u l a r  t e t racyc l i ne  concen t ra t i on  rema ins  t he re fo re  f a r  be low
the  p lasma  concen t ra t i on .  Unde r  t hese  cond i t i ons  m i tochond r i a l  D ro -
te in  syn thes i s  w i . l 1  ha rd l y  be  a f f ec ted  and  cy top lasm ic  p ro te in  syn -
t h e s i s  n o t  a t  a l  l .

F rom in  u ioo  expe r imen ts  we  conc lude  tha t  i n  ' i n tes t i na l  ep i t he l  i um
m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s  i s  s t r o n g l y  j n h i b j t e d  b u t  c y t o p l a s m i c
p ro te in  syn thes i s  j s  no t  du r i ng  a  OTC t rea tmen t  ( chap te r  6 ) .  l , J i t h  re -
g a r d  t o  t h e  o t h e r  d e r i v a t i v e s  t h e  f o l l o w i n g  c a n  b e  s a i d  i n  t h e  l i g h t
o f  t he  pha rmaco log i ca l  da ta  and  o f  t he  resu l t s  o f  chap te r  5 .  TC  w i l l
b e h a v e  l  i k e  O T C ;  b o t h  w i l l  i n h i b i t  c y t o p l a s m i c  p r o t e i n  s y n t h e s i s  o n -
l y  s l i g h t l y  e v e n  i f  t h e  c o n c e n t r a t i o n  i s  r a i s e d  f a r  a b o v e  2 5  p g / m l .
CTC and DMCT are more potent  inh ib i tors and may af fect  cytoplasmic
p ro te in  syn thes i s  i f  t he  t i s sue  concen t ra t i on  becomes  h ighe r  t han
the  the raPeu t i c  va lues .  A l so  DC i s  i n , t i t r o  a  more  po ten t  i nh ib i t o r
o f  cy top lasm ic  p ro te in  syn thes i s  t han  OTC,  bu t  du r i ng  a  s tanda rd  DC
the rapy  the  p lasma  and  t i ssue  concen t ra t i ons  rema in  re la t i ve l y  l ow .
I n  c o n c i u s i o n :
1 . .  To  p reven t  a  d i rec t  i nh ib i t i on  o f  cy top lasm ic  p ro te in  syn thes i s

i n  case  o f  a  t he rapy  w i th  t e t racyc l  i nes ,  t he  p lasma  concen t ra t i on
s h o u l d  n o t  e x c e e d  2 5  p g / n 1 .  T h i s  l i m i t  i s  n o t  a s  s t r i n g e n t  w i t h  T C
and  OTC as  w i th  DMCT,  CTC,  DC en  MC.  The  l im i t  shou ld  be  adap ted ,
howeve r ,  i n  f u r t he r  sea rch  fo r  t he  re la t i on  be tween  p lasma  and  t i s -
sue  concen t ra t i ons  and  the  re la t i on  be tween  the  to ta l  and  the  " f r ee "
concen t ra t i on  o f  t he  an t i b i o t i cs .

2 .  S i n c e  m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s  i s  v e r y  s e n s i t i v e  t o  i n h i b i -
t i on  by  t he  te t racyc l i nes ,  i t  i s  c l ea r  t ha l  i n  u iuo  a l so  a t  l ow  t i s -
sue  concen t ra t i ons  m i tochond r i a l  p ro te in  syn thes ' i s  w i l l  be  a f f ec ted .
I f  a  t r ea tmen t  w i t h  a  t e t racyc l i ne  l as t s  l onge r  t han  5  days  a  d im i -
n i s h e d  f u n c t ' i o n i n g  o f  s u c c e s s i v e l y  i n t e s t i n e  a n d  k i d n e y  w i l l  a r i s e .
The  n i sks  o f  such  a  d im in i shed  func t i on  shou ld  be  cons ide red  a t  t he
star t  o f  a therapy,
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