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In  comparison with  the normal  controls,  the test is  and 
seminal  vesicles of the  chlorpromazinized rats  showed 
a t rophic  changes. The histological p ic ture  of the  test is  
was similar to t ha t  seen after  hypophysec tomy.  

H y p e r t r o p h y  of the adrenal  cor tex  ~, as well as the  
pseudopregnaney s ta te  ~,3, has been no ted  af ter  the  ad- 
minis t ra t ion of chlorpromazine  in rats.  Compet i t ive  
gonadot rophin  inhibi t ion by  an excessive p roduc t ion  of 
A C T H  in reserpinized ( tranquil ized) ra ts  4, and the  
blockade of the  p i tu i t a ry  gonadot roph in  release a f te r  
chlorpromazine adminis t ra t ion  s have  recen t ly  been dis- 
cussed. Therefore,  in this instance,  t he  a t rophic  changes 
of seminal  vesicles and test is  wi th  aspermatogenes is  m a y  
be concluded to be due  to the  b lockade of the  release of 
p i tu i t a ry  gonadot roph in  6. 

Zusammen/assung. Die "Wirkung von  Chlorpromazin  
auf  die Hodenfunk t ion  der  R a t t e  wurde un te r such t  und 
dabei  gefunden, dass Chlorpromazin  eine Degenera t ion  
des Ra t t enhodens  verursacht .  

A. CHATTERJEE 

University College o] Science, Department o/ Physiology, 
Calcutta 9 (India), February 23, 1965. 
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cutta University. - Protovit (Roche) was kindly furnished through 
Roche Products Limited, Bombay (India). 

P R O  E X P E R 1 M E N T I S  

A T e c h n i q u e  f o r  S u c c e s s f u l  20 h K i d n e y  S t o r a g e  

a t  4°C 

A techn ique  for s tor ing kidneys  for 6 h a t  4°C has been  
repor ted  by  DEMPSTER, KOUNTZ, and JOVANOVlC t. I t  
was considered t h a t  wi th  the  same techn ique  an ex ten -  
sion of the  s tor ing per iod could be achieved.  I t  was dis- 
appoin t ing  to find, however ,  t h a t  the  t echn ique  which  
was sui table  for 6 h s torage was no t  consis tent ly  successful 
for 20 h storage.  This  communica t ion  describes the  modi -  
f icat ions requi red  in our  hands  for 20 h s torage  a t  4°C. 

I t  was soon appa ren t  t h a t  k idneys  s tored  for 20 h in a 
cold room at  4°C were much  f i rmer  than  af ter  6 h storage. 
I t  occurred to us t h a t  t he  p rob lem of overcoming  vascu la r  
spasm due to prolonged cold requi red  more  vigorous at-  
tent ion.  Fur the rmore ,  i t  was considered possible t h a t  an 
excess of lact ic acid m a y  accumula te  over  a period of 20 h 
and accen tua te  vascular  spasm. This  obliged us to control  
the p H  of all the  fluids used in the  technique.  

Materials and methods. Greyhounds  of weights  va ry ing  
be tween  20-25 kg were used. Kidneys  were au to t rans-  
p lanted  to the  iliac vessels by  a t echnique  described 
previous ly  by  DEMPSTER ~. The  cont ra la te ra l  normal  kid- 
ney  was left  in situ and was r emoved  three weeks af ter  
the  procedure  invo lv ing  s torage and  t ransp lan ta t ion .  

The  p H  of all solutions was measured.  All solutions 
were buffered by  b ica rbona te  to  a p H  of abou t  7.4 and 
conta ined 0.5 g s t r ep tomyc in .  An a l iquo t  of the  flushing 
solut ion was s tored wi th  the  k idney  a t  4°C for 20 h. The  
p H  of the flushing fluid af ter  20 h s torage fell to 7. The  
vasodi ta tors  used were:  0.01 mg  papaver ine  sulphate ,  
20 mg  procaine hydrochlor ide ,  and 5 m g  d ipyr idamole  
( 'Persant in ' ) .  

7 groups of exper iments  were pe r fo rmed:  
Group L Six kidneys  were s tored for 20 h a t  4°C and 

t ransp lan ted  using the  t echn ique  for s tor ing for 6 h 
(DEMPSTER, KOUNTZ, and JOVA~OVlCl). Briefly,  this  
consisted of flushing by  g rav i ty  the  isolated k idney  wi th  
a p la sma- rheomacrodex- (Pharmac ia  L td . ) -vasod i la to r  so- 
lut ion a t  37°C prior  to and af ter  the  cooling. 

Group 2. Five  kidneys were s tored for 20 h at  4°C and 
t ransp lan ted  using the  technique  for storing for 6 h wi th  
the  following modif ica t ion:  af ter  the rewarming  process 

and pr ior  to per forming the  anastomoses,  9 ml of rheo- 
mac rodex  and 1 ml  of Novoca ine  a t  40°C were in jec ted  
up the  renal  a r t e ry  and held in the  k idney  by  placing a 
bul ldog c lamp on bo th  the  renal  a r t e ry  and vein. 

Group 3. F i v e  kidneys  were s tored for 20 h a t  4°C and 
t ransp lan ted  using a modif ica t ion  of the me thod  used in 
Group  2: pr ior  to  the  anas tomoses  12 ml  of rheomacrodex  
and 1 ml  each of Novocaine ,  papaver ine ,  and  Persan t in  
were in jec ted  up  the  renal  a r t e ry  and re ta ined  in t he  
kidney.  

Group 4. F o u r  k idneys  were s tored for 20 h a t  4°C and 
t r ansp lan ted  using the  fol lowing modif ica t ion  : the  k idney  
was f lushed wi th  fluid in a 20 ml  syringe ins tead of flush- 
ing by  gravi ty .  The  fluid consis ted of rheomacrodex ,  
plasma,  and Novoca ine  12:7 :1 .  On  r emova l  f rom the  
cold room the  kidneys  were flushed by  syringe wi th  fluid 
a t  4°C. 

Group 5. F o u r  k idneys  were s tored for 20 h a t  4°C and 
t r ansp lan ted  using the same technique  as was used in 
Group 2 bu t  wi th  the  p lasma omi t ted .  Only  rheomacrodex  
was used for f lushing and only Novoca ine  was used as a 
vasodi la tor .  

Group 6. Four  k idneys  were s tored  for 30 h a t  4°C and 
t r ansp lan ted  using the  following modi f ica t ion :  as for 
Group 5 bu t  wi th  the fluids buffered to p H  7.4. The  p H  
of rheomacrodex ,  Novocaine ,  papaver ine  sulphate,  and 
Persan t in  a t  room t empera tu r e  is 4.8-5.8. 

Group 7. Ten kidneys  were s tored  for 20 h a t  4°C and 
t r ansp lan ted  using the  fol lowing modi f ica t ion :  all fluids 
used were buffered to p H  7.4. A to t a l  of  150 ml  of fluid 
was used to  flush ou t  the  kidney,  i.e. a 1 : 3 p lasma:  rheo- 
mac rodex  solut ion wi th  1 ml  of Novoca ine  a t  37°C. By  
plac ing  bul ldog c lamps on b o t h  a r t e ry  and ve in  a t  the 
end of the  flushing, the  k idney  was lef t  d is tended wi th  
this fluid. A s imilar  solut ion was used to  r e -warm the 
k idney  b u t  wi th  papaver ine  and Persan t in  added.  F ina l ly  
9 ml of rheomacrodex  and 1 mI of Novoca ine  a t  40°C were 

1 ~vV. J. DEMPSTER, ~, L. KOUNTZ, and M. JovANovlc, Br. reed. J. 
1,407 (1964). 
W. J. DEMPSTER, J. PhysioL I2d, 15P (1954). 



15. IX. 1965 Brevi comunicazioni - Brief Reports 547 

injected up the renal artery and held in the kidney by 
bulldog clamps on renal artery and vein. 

Surgical details. Just  prior to the anastomoses, care 
must  be taken to remove a liberal portion of the end of 
the artery and vein which have been compressed by bull- 
dog clamps during 20 h storage. If this precaution is not 
taken thrombosis will develop (see Group 7). During the 
anastomoses a 2% mannitol solution was given intra- 
venously. 2 h after the operation 150 ml of rheomacrodex 
were given intravenously. Rheomacrodex given in this 
quant i ty  during an operation on a dog can cause fatal 
bleeding. 

Results. A functioning kidney in these experiments is 
defined as one which can maintain, on its own, normal 
health. 

Group 1. 6 kidneys cooled and transplanted:  1 function- 
ing kidney. 

Group 2. 5 kidneys cooled and transplanted: 3 function- 
ing kidneys. 

Group 3. 5 kidneys cooled and transplanted: all failed to 
function. 

Group 4. 4 kidneys cooled and transplanted: 2 function- 
ing kidneys. 

Group 5. 4 kidneys cooled and transplanted: 1 function- 
ing kidney. 

Group 6. 4 kidneys cooled and transplanted:  1 function- 
ing kidney. 

Group 7. 10 kidneys cooled and transplanted : 3 instances 
of arterial thrombosis, 7 consecutive functioning 
kidneys. 

Functional studies. The general pat tern of function from 
the third week (when the contralateral nephrectomy was 
performed) is constant and resembles the natural  history 
of the fresh autotransplanted kidney (DEMPSTER et al.3). 
The cooled kidneys take longer to return to normal func- 
tion. There is a phase of polyuria and hyposthenuria 
during which the blood urea usually rises for about  a week 
and then starts to fall. The peak level of the blood urea 
may be about 180 rag/100 ml. By the 8th week after cool- 
ing and transplantation the concentrating capacity usu- 
ally starts to return to the lower limits of normal for the 
dog (1.030) and the blood urea falls progressively. The 
blood urea falls to the preoperative level by the 10th 
week. At this stage the osmolality returns to the range of 
1600-2600 mosmol/1 and the urine urea concentration to 
the region of 5000 rag/100 ml; these are normal ranges for 
unilaterally nephrectomized dogs. In the series of seven 
kidneys which were successful in Group 7, two failed to 
regain concentrating power; the blood urea fell to pre- 
operative levels but  polyuria persisted. Sometimes, in 
our experience, even fresh kidneys autotransplanted to 
the pelvis fail to regain concentrating power and remain 
polyuric (DEMPSTER et al.3). The microscopical features 
do not suggest an obvious cause of the failure to concen- 
trate but  a persistently residual dilatation of the ureter 
in these cases could account for it. 

Discussion. Several storage techniques can produce an 
occasional successful result. To be of any reat value a 
preservation technique must be consistenlJy successful in 
the hands of several surgeons. In the present experiments, 
the only technique which produced consistent results was 
that  used in Group 7. 

All the kidneys which functioned after storage for 20 h 
did so moderately well by the third week and thereafter 
improved progressively. The dogs were able to eat a nor- 
mal diet and appeared in every way normal. 

The principles to be observed in storing kidneys so as to 
obtain good function after transplantation appear to be 

the following: (1) Large volumes of plasma should be 
avoided because of the possibility of ill-understood im- 
mune reactions; rheomacrodex should be substituted. A 
mixture which avoids deleterious effects is a 1:3 plas- 
ma:rheomacrodex solution of 150 ml. (2) Solutions for, 
flushing the kidneys should be buffered to about pH 7.4. 
(3) Cold solutions should be avoided when flushing the 
kidneys. (4) The kidneys should be warmed after cooling 
by flushing with a plasma:rheomacrodex solution con- 
taining vasodilators at 37°C. After this a warmer solutmn 
of rheomacrodex and Novocaine at 40°C should be in- 
jected by syringe and retained in the kidneys by placing 
bulldog clamps on both renal vessels. The injection should 
be done with moderate pressure to ensure that  all sections 
of the renal vascular tree are brought into contact with 
the warm solution and its vasodilator. I t  is apparent, 
however, from the scattered foci of calcium deposits in a 
few preserved kidneys tha t  some areas have been inade- 
quately perfused. Further  refinements to achieve this end 
are desirable. (5) The new blood supply should be estab- 
lished slowly so as not to overload the juxta-medullary 
circulation (DEMPSTER et al.t). 

The causes of failure in these experiments were the 
following: 1. Arterial thrombosis. When bulldog clamps 
are kept  on the renal vessels during the 20 h storage, it is 
essential tha t  prior to the vascular anastomoses a liberal 
area at  the end of the vessels should be cut  away. If 
cadaver kidneys are used, however, damage to the renal 
vessels can be avoided by cannulating a portion of the 
aorta and vena cava above and below the origin of the 
renal vessels. 

2. Immediate failure to per[use on opening up the new 
circulation. This was particularly marked in Group 4. 
Cold flushing solutions were used. I t  is reasonable to 
suggest that  inability to perfuse was due to intense cor- 
tical spasm. 

3. Medullary damage. Excluding vascular thrombosis in 
3 cases, all kidneys which failed to function suffered 
medullary damage. This, we believe, is due to overloading 
the juxta-medullary circulation when establishing the 
new circulation. Details of this concept were explained 
in a previous article (DEMPSTER et al. 1). 

I t  should be stressed that  autotransplants were used in 
these experiments. The main difference between the 
preservation of fresh and cadaver kidneys is the length of 
the pre-cooling period. For fresh autotransplants this in- 
terval can be reduced to about 10 min. When cadaver 
kidneys are used the duration of the pre-cooting period 
can vary  enormously and this is crucial to any method of 
preservation. Only experience can decide how long the 
pre-cooling period can be extended so as not  to interfere 
with adequate recovery of function after homotransplan- 
tation. 

An anuric preserved homotransplanted kidney can be 
rather difficult to manage. I t  is essential to dialyse pa- 
tients repeatedly so as to give the best chance for tubular 
recovery. The administration of anti-metabolic drugs does 
not appear to interfere with recovery in all cases. How- 
ever, a rejection process can occur in an anuric homo- 
transplanted kidney and this can be a very difficult com- 
plication to manage. To avoid dialysing the animals in 
our experiments the contralateral kidney was not re- 
moved until three weeks after the cooling procedure. 
These results indicate that  consistent return to good func- 
tion after storage for 20 h at  4°C is not dependent on 

s W. J. DEMPSTER, A. M. JOEKES, and N. OECONOMOS, Ann. Roy. 
Coll. Surg. Engl. 16, 324 (1955). 
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hyperbar ic  oxygen  (MANAX et  al. ~) or  perfusion tech-  
niques  (HuMPHRIES et  al.~; HITCHCOCK et  al.~; DUNEA 
et  al. ~). The low tempera tu re  appears  to be the  i m p o r t a n t  
factor  s. 

Zusammenfassung. Es gel ingt  die normale  Nierenfunk-  
t ion  des 20 h bei 4°C t iefgeki ih l ten  Organs  durctx Per fu-  
sion mi t  Novoca in  und R e o m a c r o d e x  von  40°C wieder  
herzustellen.  
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S T U D I O R U M  P R O G R E S S U S  

The Structure-Antimicrobial  Relation for 
Valinomycin Depsipeptides 

We have  recent ly  s h o ~ n  by  to t a l  synthesis  t h a t  val ino-  
myc in  ~, d iscovered in 1955 by  BROCKMANN 2, is a cyclo- 
dodecadeps ipept ide  (I) compris ing 3 f ragments  of which 
each conta ins  a D-valine, L-tactic acid (L.Lac), L-valine 
and D-~-hydroxyisovaler ie  acid (D.HyV) residue. H a v i n g  
avai lable  a general  m e t h o d  for the  synthesis  of such cyclic 
depsipept ides  1,3-5 we were able to under take  the  p repara -  
t ion of var ious  va l inomycin  analogues  in order  to expand  
our  inves t iga t ions  in to  *he s t ruc tu re -ac t iv i ty  re la t ion of 
cyclodepsipept ides  and also, in coopera t ion  wi th  B. C. 
PRESSMAN (USA) ,  to  a t t e m p t  to  shed some l igh t  on the  
mode  of the i r  action.  

We  synthesized a n u m b e r  of l inear and cyclic analogues 
of va l inomyc in  differing in t he  chain  length  or r ing size 
and in the  nature ,  conf igurat ion and posi t ion of the  amino 
and h y d r o x y  acid residues ( I I - X X X V  in Table  I).  The  
an t imicrobia l  a c t i v i t y  of the  compounds  was inves t iga ted  
by  the  serial d i lu t ion t echn ique  on Gram-pos i t ive  and 
Gram-nega t ive  bac te r ia  and on yeas ts  (glucose-peptone 
medium),  on acid fast  bac ter ia  (Soton 's  medium)  and on 
phy topa thogen ic  fungi  (Chapek-Dox medium).  All the  
compounds  inves t iga ted  were dissolved in D M F  or 
Me2CO, and successively di lu ted wi th  wa te r  unt i l  a 2% 
aqueous  D M F  (Me,CO) solut ion was reached.  The  results 
of tes ts  of the  v a l i n o m y c i n  analogues are  g iven in Tables  
I I  and I I I  ~. Moreover  Table  I I I  presents  for c o m p a r a t i v e  
purposes d a t a  on the  syn the t ic  ennia t ins  A and  13 
( X X X V I  and X X X V I I I ) ,  the i r  analogues ( X X X I X  to 
XLI) ,  sporidesmolide I (XLI I )  and ser ra tamol ide  
(XLI I I ) ,  all of which had  prev ious ly  not  been  tes ted  wi th  
respect  to  the  a forement ioned  fungi.  

Contrary- to  va l inomyc in  (I), i ts  l inear tetra- ,  octa-,  
dodeca-  and hexadecadeps ipep t ide  analogues ( I I0¥)  are 
comple te ly  inact ive .  Regard ing  the  a c t i v i t y  of t he  cyclic 
analogues, this depends  upon a n u m b e r  of factors  which 
will be discussed in the  fol lowing: (1) Similar  to the  ennia-  
t in  cyclodepsipept ides  s, the  size of the  r ing is here also of 
essential  impor tance .  All the  cyc lo te t ra -  and cycloocta-  
depsipept ides (VI -XV)  we inves t iga ted  were found to be 

comple te ly  inact ive ,  whereas  m a n y  cyclododecadepsi-  
pept ides  ( X V I - X X I I I )  d isplayed considerable ac t iv i ty ,  
which disappears  again on passing over  to  the  cyclohexa-  
deeadepsipept ide  (XXXV) .  A marked  difference be tween  
the  va l inomyc in  and the  ennia t in  series is t h a t  o p t i m u m  
ac t i v i t y  in the  former  is observed  wi th  the  36-membered 
ring, whereas  in tt le l a t te r  i t  occurs wi th  the  18-membered 
ring. (2) The  s t ruc ture  of the  radicals  and the  configura-  
t ions of the  amino  acid residues in the  va l inomyc in  mole- 
cule can  undergo considerable  changes  (true, on a l imi ted 
sect ion of the  chain) w i thou t  considerable  loss in ac t iv i ty .  
Thus  if a D-vatine residue in va l inomyc in  is subs t i tu ted  
by  a D-alanine (XXI) ,  D-lencine (XX) or  D-alto-isolencine 
(XIX)  residue or  an  L-valine residue is subs t i tu ted  by  an 
L-allo-isoleueine (XVI I I )  residue, the  ac t i v i t y  and spec- 
t r u m  of the  compound  in general  change little. E v e n  in- 
vers ion of the  conf igura t ion  of one of the  val ine  residues 
(D to L or  L to D; compounds  X V I  and XVI I )  leads only 
to par t ia l  and no t  to t a l  inac t iva t ion .  Considerable reten-  
t ion of a c t i v i t y  is observed  also when,  in one of the  val ino-  
myc in  f ragments ,  the  D- and L-vatine residues are  s imul-  
t aneous ly  replaced by  D- and L-leucine ( X X I I )  or  D- and 
L-alanine ( X X I I I ) .  However ,  when  all  the  6 amino acid 
residues of the  va l inomycin  analogues are e i ther  only D- 
or L-valine ( X X X  and X X X I ) ,  or  3 D-valine residues are 
replaced by  D-allo-isoleucine ( X X X I I ) ,  the  compounds  
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