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T r i e t h y l e n e  T e t r a m i n e .  A N e w  P o t e n t i a t o r  o f  A n t i b i o t i c  A c t i v i t y  

There  is a large and  shamefu l  pool  of r es i s t ance  a m o n g  
bac t e r i a  to  classical  an t ib io t i c  a n d  c h e m o t h e r a p y .  I t  is 
well  e s t ab l i shed  t h a t  e t h y l e n e d i a m i n e  t e t r a - a c e t a t e  
(EDTA)  increases  t he  sens i t i v i ty  in  v i t ro  of G r a m  nega t i ve  
bacteria to antibiotics ~,~, but N E u  and WINSHELL 3 
suggest that this effect is not appreciable and unlikely 
to be useful clinically. Moreover, even if antibiotic 
activity were considerably enhanced by EDTA, this 
compound is too toxic for routine systemic use~. 1 have 
found that another chelating agent, triethylene tetramine 
(TRIEN), significantly enhances antibiotic activity both 
in vitro and in vivo. TIZIEN, like EDTA, selectively 
binds divalent cations but is neither toxic nor teratogenic ; 
it has found limited .clinical use in the management of 
YVilson's disease 5. 

Experiments and results. I n  t he  fol lowing s t u d y  T R I E N  
special ly  pur i f ied  as t he  d ihydroch lo r ide  was used  because  
commerc ia l  p r e p a r a t i o n s  of t h e  free base  c o n t a i n  tox ic  
impur i t ies .  Pseudomonas aeruginosa was chosen  as t h e  
t e s t  o rgan i sm because  i t  shows ex tens ive  res i s t ance  to  
an t ib io t i c s  a n d  is a serious hosp i t a l  p a t h o g e n ;  t he  s t r a i n  
used was i so la ted  p o s t - m o r t e m  f rom a b a b y  wh ich  died  
of sep t icaemia .  

The  m i n i m u m  i n h i b i t o r y  c o n c e n t r a t i o n  (MIC) of 
carbenic i l l in  was  d e t e r m i n e d  b y  a t u b e  d i lu t ion  t echn ique .  
The  tubes ,  c o n t a i n i n g  2 ml  g r o w t h  m e d i u m  inocu la ted  
w i t h  10 ~ pseudomonads ,  were i n c u b a t e d  for 18 h a t  37~ 
t h e  MIC was t a k e n  as t he  lowest  c o n c e n t r a t i o n  of an t i -  
b io t ic  wh ich  p r e v e n t e d  v is ib le  g rowth .  The  effect  of 
T R I E N  on t he  MIC was i nves t i ga t ed  in a para l le l  t e s t  in  
which  t h e  g r o w t h  m e d i u m  c o n t a i n e d  a s u b i n h i b i t o r y  
c o n c e n t r a t i o n  of T R I E N .  W i t h  b r a i n  h e a r t  in fus ion  
+ 25% serum,  p H  7.4, as t he  g r o w t h  m e d i u m  t he  presence  
of 5 • 10 -a M T R I E N  cons i s t en t ly  r educed  t he  MIC of 
carbenic i l l in  8-fold (from 62.5 to 7.8 Fg/ml). 

The  i n t e r a c t i o n  be t w een  T R I E N  a n d  carbenic i l l in  was  
ana lyzed  b y  p l o t t i n g  t h e  i sobologram.  Us ing  t u b e  
d i lu t ions  in  b r a i n  h e a r t  in fus ion  + 25% serum,  t he  
OD~0 c o n c e n t r a t i o n  ( t h a t  w h i c h  reduces  g r o w t h  b y  50% 
c o m p a r e d  w i t h  g r o w t h  in a con t ro l  tube)  was m e a s u r e d  b y  
c o m p a r i n g  opt ica l  dens i t ies  in  a n  ' E E L '  color imeter .  The  
OD~0 concen t r a t i o ns  of carbenic i l l in  were d e t e r m i n e d  
also in t he  presence  of d i f fe ren t  T R I E N  c o n c e n t r a t i o n s  
which  were be low t he  p rev ious ly  e s t i m a t e d  ODs0 concen-  
t r a t i o n  of T R I E N .  The  resu l t  is g iven  in t he  Figure.  The  
differences  be twee n  t he  obse rved  OD~9 c o n c e n t r a t i o n s  
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Isobolograin showing ODs0 concentration of carbenicillin for Ps. 
aeruginosa in the presence of different concentrations of triethylene 
tetramine (TRIEN). 

a n d  those  p r ed i c t ed  for a s u m m a t i o n  of t h e  i n d i v i d u a l  
a n t i b a c t e r i a l  ac t ions  of carbenic i l l in  a n d  T R I E N  are  
s ign i f ican t  (0.05 > p > 0.02), i nd i ca t i ng  t h a t  t he i r  ac t ion  
is synergis t ic .  

Tile m e t h o d s  of OLITZKI 6 a n d  GORRILL% 8 were used to  
p roduce  acu te  a n d  chronic  in fec t ions  in  ma le  B a l b / c  mice  
aged 14-15 weeks. 

I n  one e x p e r i m e n t  mice  were in jec ted  i.p. w i t h  t h e  
m i n i m u m  le tha l  dose of p s e u d o m o n a d s  (3.5 • 106 o rgan i sms  
in 0.4 ml  5% mucin) .  P r e t r e a t m e n t  of t h e  an ima l s  w i t h  a 
single i.v. dose of 75 m g  carbenic i l l in ,  t he  m a x i m u m  
t h a t  could be  given,  d id  no t  offset  e n d o t o x a e m i c  dea th .  
B u t  p r e t r e a t m e n t  w i t h  on ly  50 m g  carbenic i l l in  p lus  
10 m g  T R I E N  did  p r o t e c t  aga in s t  acu te  d e a t h  and  t he  
mice  su rv ived  indef in i te ly .  

I n  a n o t h e r  e x p e r i m e n t  33 mice were in jec ted  i.v. w i t h  
9.0 x 107 p s e u d o m o n a d s  in 0.4 m l  b r o t h ;  w i t h  t h i s  dose 
rena l  abcesses  deve lop  w i t h i n  48 h. 11 of t he  mice  re- 
m a i n e d  u n t r e a t e d .  A n o t h e r  11 rece ived  2 doses of 50 m g  
carbenic i l l in  i.v., t i le  f i rs t  48 h and  t he  second 72 h a f te r  
in j ec t ion  of t he  organisms.  The  t h i r d  g roup  of 11 s imi la r ly  
rece ived  2 doses of 50 mg  carbenic i l l in  b u t  each  t i m e  w i t h  
10 m g  T R I E N  in add i t ion .  96 h a f te r  t he  s t a r t  of t he  
e x p e r i m e n t  t he  su rv ing  mice were ki l led a n d  t h e i r  k idneys  
e x a m i n e d  for v is ib le  abcesses ; a s ses smen t  of t he  cond i t ion  
of t he  k idneys  was pe r fo rmed  b y  a n  a s s i s t an t  l ack ing  
knowledge  of tile specific t r e a t m e n t s  received b y  t he  
animals ,  v/s 0 of t h e  an ima l s  in  t he  u n t r e a t e d  group  a n d  
5/11 of those  g iven  carbenic i l l in  a lone  h a d  rena l  lesions:  
t he re  is no  s t a t i s t i ca l  d i f ference be tween  these  resu l t s  
(p < 0.30). 1/t 0 of t h e  mice  t r e a t e d  w i t h  carbenic i l l in  p lus  
T R I E N  h a d  rena l  abcesses  a n d  c o m p a r e d  w i t h  t h e  un-  
t r e a t e d  group  th i s  is s ign i f ican t  (p < 0.01). 

Discussion. I n  t he  e x p e r i m e n t s  descr ibed,  T R I E N  
def in i te ly  increased  t h e  eff icacy of carbenic i l l in  t h e r a p y  
b o t h  in v i t ro  a n d  in vivo.  This  is in  c o n t r a s t  to  t he  f ind ings  
of WEISER (personal  c o m m u n i c a t i o n )  who, us ing  E D T A  
plus  t e t racyc l ine ,  m a n a g e d  to s ter i l ize t h e  surface of 
e x p e r i m e n t a l  b u r n s  in fec ted  w i t h  Ps .  aeruginosa b u t  
could no t  p r e v e n t  d e a t h  f rom sep t icaemia .  

L i k e E D T A g , T R I E N p r o b a b l y  increases  t h e p e r m e a b i l i t y  
of t he  b a c t e r i a  to  t he  a n t i b i o t i c  so t h a t  th i s  can  r each  i ts  
s i te  of act ion.  Poss ib ly  T R I E N  acts  b y  b i n d i n g  d i v a l e n t  
ca t ions  in  t he  cell enve lope  l ipopolysacchar ide .  ( I t  is 
un l ike ly  t h a t  T R I E N  enhances  t h e  a c t i v i t y  of carbenic i l l in  
b y  che la t ing  ions in  t h e  g r o w t h  m e d i u m  because  t h e  
a d d i t i o n  of Mg ++ or Ca++ ions as t h e  chlor ides  d id  no t  
affect  t h e  ~ I C  of carbenici l l in . )  

F r o m  the  resu l t s  w i t h  T R I E N  i t  would  seem t h a t  t h e  
u n f a v o u r a b ! e  conclus ions  of NEt;  a n d  WINSHELL a do n o t  
app ly  genera l ly  a n d  t h a t  t he re  is a rea l  p rospec t  of 
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Rdsumd. In  vivo aussi bien qu ' in  vitro,  la t r i6thyl6ne 
t6 t ramiue  (TRIEN) ,  agent  qui forme des ch61ats avec les 
cat ions  b iva lents ,  renforce s ign i f iea t ivement  l 'ac t iv i t6  
an t ibac t6r ienne  de l ' an t ib io t ique  carb6nicill ine envers  la 
r~sis tante  Pseudomonas aeruginosa. 

C-. SMITH 10, iX 

St Catharine's College, University o/ Cambridge, 
Cambridge (Great Britain), 7 August 7974. 

Phlor iz in  Binding  to Bi layer  Vesic les  of Phospho l ip ids  and Phospho l ip id -Cho les tero l  

Phlor iz in  inhib i t s  sugar  t r a n s p o r t  in kidney,  intest ine,  
and e ry th rocy te s  ~,2. In  e ry throey tes ,  it  also inhib i t s  
anion exchange  and  increases anion conduc tance  3,4. 
However, .  the  mechan i sm of i ts  in te rac t ion  wi th  cell 
m e m b r a n e s  is unclear.  In  renal  cell membranes ,  phlor izin 
was found  to  b ind  no t  only  to a specific, h igh-af f in i ty  
pro te in  receptor  ~, b u t  also to  low-aff ini ty  sites of un- 
known na tu re  ~, ~, possibly including lipid. In  th is  contex t ,  
it  seemed useful t o  s t u d y  the  b ind ing  of phlor iz in  to 
sonica ted  bi layer  vesicles of phosphol ip ids  and phospho-  
l ipid-cholesterol .  
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Fig. 1. Phlorizin absorbance spectra at pH 4.5 and 9.5 and the effect 
of PC vesicles. Pi~lorizin, 25 ~M; phospholipid, 2 mM. At pH 4.5: 
a) keto-phlorizin; aM, 1.62 • 104 M -1 cm -1 (285 nm); b) phlorizin 
and PC. At pH 9.5: e) enol-phlorizin; aM, 2.73• M 1 em -I (325 
rim); d) pblorizin and PC. To amplify changes in spectra, lipid con- 
centrations were increased to 4 times that used in the binding studies. 

Methods. Chromatographica l ly  pure  egg yolk phospha-  
t idylchol ine  (PC) and ox-bra in  phospha t idy l se r ine  (PS) 
were ob ta ined  f rom Lipid P roduc t s  (Sou th  Nutf ield,  U.K.) .  
Cholesterol  (99%) (Merck) was recrysta l l ized f rom me tha -  
nol. Phlor iz in  (Roth) was puri f ied to r emove  all t races  of 
ph lo re t in  4. 

PC and  PS  dispers ions in 50 m M  KC1 and  30 m M  
Glycylglycine buffer  a t  p H  7.2 were sonica ted  at  5~ 
under  N 2 to m i n i m u m  optical  dens i ty  T, s. Ph!orizin 
b inding  to lipid vesicles was measured  spec t ropho to -  
metr ica l ly  in doub le -chamber  mix ing  cuve t tes  (Hellma) 
a t  25~ The 2 c o m p a r t m e n t s  of the  reference cuve t t e  
were filled wi th  equal  volumes  (1 ml) of l ipid vesicles and 
buffer.  The sample  cuve t t e  con ta ined  vesicles in one 
ch amb e r  and phlor izin (20-75 /~M) in the  other.  The 
absorbances  of keto-phlor iz in  a t  285 n m  and of enol- 
phlor izin a t  325 n m  were measured  before mix ing  and 
wi th in  2 mid af terwards .  On the  a s sumpt ion  t h a t  the  
enolic form of phlor izin is no t  bound  to the  lipid vesicles, 
the  concen t ra t ions  of free and  bound  keto-phlor iz in  were 
calcula ted f rom these  absorbances  9. 

Results and discussion. The absorp t ion  spec t ra  of t he  
keto and enol t au tomer s  1~ of phlor iz in  are shown in Figure  
1 (Curves a and c). Also shown is the  effect  of PC vesicles 
on the  spectra .  The s p ec t ru m of phlor iz in  plus lipid a t  
p H  9.5 is ident ical  to  t h a t  of the  enolic species alone. The 
spec t rum of phlor izin plus lipid a t  p H  4.5 differs s l ight ly 
f rom t h a t  of the  ketonic species alone. These observa t ions  
suggest  t h a t  an associat ion of the  ketonic  species w i th  the  
phosphol ip id  occurs, accompanied  by  a change in the  
molar  abso rbancy  index  (aM). The effect  of PS  on aM was 
qua l i t a t ive ly  similar,  bu t  smaller.  In  the  calculat ion of 
free and bound  phlor izin concent ra t ions ,  correct ions  
were made  for this  small  change in a~. 

The  addi t ion  of l iposomes to  phlor izin a t  p H  7.2, close 
to the  pK~ of phlorizin,  lowers the  absorbance  at  325 nm 
and increases t h a t  a t  285 n m  (Figure 2). Together  wi th  
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Fig. 2. Effect of PC and PS vesicles on the phlorizin absorbance 
spectrum at pH 7.2. Phlorizin, 25 FM; phospholipid, 2 mM. a) phlo- 
rizin; b) phlorizin and PS; e) phlorizin and PC. 
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