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days and subsequent ly  increases in in tens i ty  and extent .  
By  day 15 the  grafts have  the  appearance  and consistency 
of leather ;  thereaf te r  the  ra te  of des t ruct ion of the  grafts 
depends on whether  the  tissues are kep t  mois t  or per- 
mi t t ed  to dry  out  by  remova l  of the  t u l l e  dressing. Drying  
grafts f ragment  quickly,  whereas  those kep t  mois t  wi th  
dressing persist  for up to 21 days before becoming  
friable scabs. 

In  the  first 2 days af ter  grafting, the  tensile s t rength  of 
a t t a c h m e n t  of graf t  to hos t  bed is negligible bu t  then  
increases unt i l  the  15th day. Tensile s t rength  increases 
rapidly  for grafts aged 5-8 days and then  more gradual ly  
up to the  15th day.  

T h a t  the  s t rength  of a t t a c h m e n t  should increase so 
rapidly during the  period of the  permeabi l i ty  response 
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Time in ~ays arler allograrting 
The time-course of local increased vascular permeability to circulat- 
ing Evan's blue evoked by cutaneous allografts in the rat. Each 
symbol represents the result in individual rats. 

was surprising since the  onset  of the  exuda t ive  effects 
suggested impending  reject ion.  This  in fact  was the  case 
as revealed by  histological  examina t ion  of the  grafts. 
His tological  evidence of re ject ion began to appear  in 
grafts  aged 6-9 days, wi th  progressive increase in the  
densi ty  of mononuclear  inf i l t ra t ion in and around blood 
vessels in the  junc t iona l  zone be tween graf t  and host  bed, 
accompanied by  endothel ia l  prol i ferat ion and la ter  by 
in t ra lumina l  f ibrin plugs. Grafts  aged 9-11 days are 
obviously  devital ized.  

In  conclusion, the  al lograft  response provokes  inflam- 
mat ion  character ized by  a p rominen t  permeabi l i ty  re- 
sponse accompanying  the  cellular inf i l t ra t ion;  the  
increased vascular  permeabi l i ty  precedes macroscopic and 
histological  evidence of re ject ion 4, 5. 

Rdsumd. La r6action cutan6e de l ' immuni t6  de trans-  
p lan ta t ion  contre  une greffe allog6nique est accompagn6e 
d 'une  forte mats cour te  augmenta t ion  de la perm6abil i t6 
vasculaire.  La  r6ponse vasculaire  appara i t  r ap idemen t  et  
cela avan t  les effets macroscopique ou histologiques de 
l ' immuni t6  de t ransplanta t ion .  
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B e h a v i o u r  of S o d i u m - P o t a s s i u m - A c t i v a t e d  A d e n o s i n e  T r i p h o s p h a t a s e  in  Rat  K i d n e y  T i s s u e  b y  
F o l i c  A c i d  I 

At  p r e s e n t  i t  is bel ieved t h a t  the  sodium p u m p  asso- 
ciated wi th  a membrane-bound  ATP-hydro lys ing  enzyme 
system, i.e. (Na+K+) ATPase  (SKou 2 and STONE ~) is 
main ly  localized wi th in  the  p lasma membrane  of the  
mi tchondr ia- r ich  region in ti le tubu la r  cell, i.e. wi th in  the  
basal  infoldings. Recen t ly  BRADE et  al. 4 described tem-  
pora ry  funct ional  disorders in the  r a t  k idney  af ter  
adminis t ra t ion  of folic acid. E lec t ron  microscopic studies 4 
revealed al terat ions,  especially wi th in  the  p rox imal  
segments  of the  tubules,  wi th  remarkab le  loss of basal  
infoldings. 

The  purpose of the  present  s tudy  was to inves t igate  
the  behaviour  of (Na+K+) ATPase  af ter  reduct ion  of 
basal  cell surface in the  tubu la r  ceils due to folic acid. 
We  used for our  exper iments  a dosage as described by  
TAYLOR et  al. 5,~ to p reven t  significant  cellular damage.  

Methods. Male Wis ta r  rats  7 weighing 150-200 g were 
used. The  animals  were housed in metabol ic  cages wi th  
free access to water .  Ur ine  was collected twice daffy in 
11 h samples, because an act ion of folio acid was 
demons t ra ted  wi th  the  product ion  of a water- l ike urine 
af ter  an oliguric phase post  injection.  Dur ing t i le expe- 
r imen t  food was given every  11 h for 1 h. Exper i -  
menta l  animals  were sacrificed 63 and 87 h after  i.v. 

appl icat ion of folic acid (250 mg/kg  body  wt.) dissolved in 
0 .3M sodium carbonate .  Control  rats  remained  un- 
t reated.  Kidneys  were removed.  The  r ight  one was used 
for l ight  and electron microscopic studies s and the  left  one 
after  de te rmina t ion  of wet  weight  for a homogena te  in 
water  (1:11 v/w) prepared in an Ul t ra  Tu r r ax  grinder.  
Al iquots  of each homogena te  were frozen and lyophil ized 
a t  - -26  ~ for 16 h and stored a t  - -31  ~ unt i l  used. No 
difference for (Na+K +) ATPase  ac t iv i ty  was noted using 

1 With the support of the 'Schweiz. Nationalfonds zur F6rderung 
der wissenschaftIichen Forschung' No. 4809. 
J. C. SKOU, Prog. Biophys. biophys. Chem. ld, 131 (1964). 

8 A. J. STONE, Biochim. biophys. Aeta 150, 578 (1968). 
4 W. BRADE, H. HERKEN and H. J. MERKER, Naunyn-Schmiede- 

bergs Arch. Pharmak. exp. Path. 262, 228 (1969). 
5 D. M. TAYLOR, G. THRELFALL and A. T. BUCK, Nature 212, 472 

(1966). 
6 G. THRELFALL, D. M. TAYLOR and A. T. BucK, Am. J. Path. 50, 1 

(1967). 
7 Animals kindly supplied by J. R. Geigy AG, Basel (Switzerland). 
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U l t r a  T u r r a x  or P o t t e r  E l v e u h j y e m  grinders .  The  
f rozen-dr ied  h o m o g e n a t e s  were r e c o n s t i t u t e d  w i t h  dis- 
t i l led w a t e r  for assay.  T he  fol lowing enzym es  were 
m e a s u r e d :  t o t a l  A T P a s e  a n d  o u a b a i n  insens i t ive  (Mg++) 
A T P a s e  accord ing  to  BONTING et  a12 ( ( N a + K  +) A T P a s e  
was ca lcu la ted  f rom t o t a l  A T P a s e  m i n u s  (Mg ++) ATPase) ,  
a lka l ine  p h o s p h o t a s e  (a .Ptase) ,  h e x o k i n a s e  (HK),  lac t ic  
d e h y d r o g e n a s e  (LDH),  g lucose-6-phospha te  dehydro -  
genase  (G-6-PDH),  mal ic  d e h y d r o g e n a s e  (MDH) a n d  
isoci tr ic  d e h y d r o g e n a s e  ( ICDH) accord ing  to  k ine t i c  
p a r a m e t e r s  worked  ou t  for  r a t  k i d n e y  b y  DUBACH et  al. 1~ 
Bas i s  for t h e  ana lys i s  of dehydrogenases  was t he  fluori-  
me t r i c  m e a s u r e m e n t  of d i p h o s p h o p y r i d i n e  nuc leo t ide  or  
r educed  t r i p h o s p h o p y r i d i n e  nuc leo t ide  11 a n d  for A T P a s e  
a n d  a .P t a se  i t  was  t he  s p e c t r o p h o t o m e t r i c  m e a s u r e m e n t  
of inorgan ic  p h o s p h a t e  1~ a n d  p-nitropheno113. 

E n z y m a t i c  ac t iv i t i es  were ca lcu la ted  as moles  of sub-  
s t r a t e  c o n v e r t e d  pe r  kg (dry weight )  pe r  h ( =  M K H  
units) .  All e n z y m e  ac t iv i t i e s  are ,related to  d r y  we igh t  
because  t he re  is a large  increase  in t h e  w a t e r  c o n t e n t  of 
t he  k idneys  a f t e r  folic acid 5 ind ica t ed  b y  t h e  h i g h  we t  
we igh t  of t h e  lef t  k i d n e y  (1.47 g versus  0.70 g ca lcu la ted  
on  t h e  basis  of t he  d a t a  shown  b y  5) a c c o m p a n i e d  b y  on ly  
a smal l  increase  in d r y  weight .  

Results.  Af te r  i .v. app l i c a t i on  of folic acid (250 m g / k g  
b o d y  wt.) t h e  an im a l s  suffered f rom a n  ave rage  loss of 

Table I. Euzymatic activities of rat kidney after folie acid (250 mg/ 
kg body wt.) 

Animals Total ATPase (Mg++) (Na+K +) 
ATPase ATPase 

D, E (63) ~ 6.691b 4- 0.251 ~ 4.990 ~_ 0.152 1.697 :~ 0.187 
(8)~ (8) (8) 

C, F (87) 6.917 4- 0.219 5.030 • 0.306 1.875 ~ 0,201 
(8) (8) (8) 

Normal 10.624 4- 0.397 6.305 4- 0.180 4.331 d= 0.279 
(6 animals) (17) (17) (17) 

Hours after i.v. application of Iolic acid. b Activity expressed as 
moles of inorganic phosphate per kg dry weight/h (MKH). 
o S.E.M. a Number of samples analyzed. 

Table II. Mean enzymatic activities of rat kidney homogenate re- 
moved 63 h after folie acid (250 mg/kg body wt.) animal E 

12% f rom t h e i r  s t a r t i n g  we igh t  up  to t he  t i m e  of sacrifice. 
His to log ica l ly  a n d  b y  e l e c t r o n  microscope  no  widespread  
epi the l ia l  necrosis  was  de tec ted  in t h e  k i d n e y  t i ssue  s b u t  
a r e m a r k a b l e  diffuse d i l a t a t i o n  was  n o t e d  of p r o x i m a l  a n d  
d i s ta l  t ubu le s  in  b o t h  a n i m a l  groups  (63 a n d  87 h) asso- 
c ia ted  w i t h  a loss of ba sa l  infoldings.  

A s t rong  decrease  of a c t i v i t y  is s h o w n  b y  t h e  (Na+K+) 
A T P a s e  r ep re sen t i ng  t he  t r a n s p o r t  e n z y m e  (61% below 
n o r m a l  for  an ima l s  D a n d  E a n d  57% for C a n d  F) fol- 
lowed b y  a lesser one for  (Mg++) A T P a s e  (21% a n d  20% 
respect ive ly)  (Table  I). 

Tab le  I I  d e m o n s t r a t e s  va r i ab l e  d i m i n u t i o n  of severa l  
dehydrogenases ,  i.e. I C D H  a n d  MDH,  a n d  a m a r k e d  de- 
crease of t h e  a c t i v i t y  of a. P tase .  I n  c o n t r a s t  to  t h e  in  v i t ro  
s t u d y  of VOGEL et  al. 14 we n o t e d  a m a r k e d  increase  of 
G - 6 - P D t t  a c t i v i t y  b y  114%,  on ly  a s l ight  d i m i n u t i o n  of 
L D H  a n d  u n c h a n g e d  HI< a c t i v i t y  in  t h e  k i d n e y  h o m o -  
gena te  63 h a f t e r  app l i c a t i on  of folic acid. 

Discussion.  Our  resu l t s  reveale  d a n  ~nhib i t ion  of va r ious  
e n z y m e  sys t ems  in t he  r a t  k i d n e y  h o m o g e n a t e  a f t e r  folic 
acid. The  decreased  (Na+K+) A T P a s e  a c t i v i t y  cor responds  
w i t h  d a t a  of BRADE et  al. 4 who  descr ibed  revers ib le  re- 
duced  r e a b s o r p t i o n  c a p a c i t y  for sod ium ions a t  72 h 
pos t - in jec t ion .  R e m a r k a b l e  is t he  pa ra l l e l i sm of t he  h is to-  
logical  f ind ings  w i t h  a loss of basa l  info ld ings  m a i n l y  
w i t h i n  t he  p r o x i m a l  tubules4 ,  s and  t h e  severe loss of 
(Na+K+) A T P a s e  ac t iv i ty .  Af te r  folic acid a d m i n i s t r a -  
t ion,  p r o x i m a l  a n d  d i s ta l  t ubu l e s  are  m a r k e d l y  d i l a t ed  
in a m a n n e r  t h a t  is k n o w n  for  h u m a n  k i d n e y  insuff i -  
c iency 15. On t h e  basis  of our  f ind ings ,  t h e  ques t ion  m a y  
r e m a i n  u n a n s w e r e d  w h e t h e r  t h e  decreased  (Na+K+) 
A T P a s e  a c t i v i t y  is caused  b y  t he  d i m i n u t i o n  of t he  basa l  
cell surface  of t h e  d i l a t ed  t u b u l i  w i t h  los t info ld ings  or  
w h e t h e r  t he  d i l a t a t i o n  did  resu l t  f r om a specific i n h i b i t o r y  
effect  b y  folic acid on  severa l  e n z y m e  sys t ems  requ i red  for  
ac t ive  t r a n s p o r t  func t ion ,  e.g. (Na+K-~) A T P a s e  a n d  some 
dehydrogenases  m a i n l y  of t h e  Krebs  cycle, i.e. I C D H  a n d  
MDH.  U n d e r  t h e  e x p e r i m e n t a l  cond i t ions  of VOGEL et  al. 14 
folic acid a n d  severa l  of i ts  ana logues  i n h i b i t e d  comple t e ly  
g l u t a m i c  acid dehydrogenase ,  L D H ,  G - 6 - P D H  a n d  M D H  
a t  c o n c e n t r a t i o n s  as low as 8 •  E v i d e n c e  is 
ava i l ab le  for  a specific i n h i b i t o r y  effect  on enzymes  b y  
folic ac id :  a .P tase ,  a m e m b r a n e - b o u n d  enzyme,  also 
showed  a severe  loss of a c t i v i t y  a l t h o u g h  t he  b r u s h  b o r d e r  
r e m a i n e d  largely  in tac t .  

The  increased  a c t i v i t y  of G - 6 - P D H  cor responds  w i t h  
d a t a  Iron] TAYLOR et  al. ~ who  descr ibed  s t i m u l a t e d  k i d n e y  
g r o w t h  a n d  nucleic  acid syn thes i s  in  t h e  i n t a c t  a n i m a l  
effected b y  folic acid.  FARQUI~AR et  al. 1~ revea led  a co- 
inc idence  of G - 6 - P D H  a c t i v i t y  increase  a n d  D N A  peaks  
l a s t ing  for  96  h a f t e r  un i l a t e ra l  n e p h r e c t o m y  in ra ts .  The  
s t rong  s t imu lus  for i n i t i a t i o n  of D N A  syn thes i s  a n d  cell 
p ro l i fe ra t ion  a f t e r  folic acid m a y  exp la in  t he  lack of a n  

Enzyme Control Folic acid Change in % 

G-6 PDH 1.42 (3) ~ 3.03 (3) +114 

ICDH 42.07 (3) 18.39 (3) - -  56 

MDH 164.48 (3) 86.07 (3) - -  48 

LDH 51.95 (3) 43.38 (3) - -  16 

A.Ptase 16.98 (3) 5.77 (3) - -  66 

HK 1.13 (3) 1.13 (3) 0 

Mean activity expressed as moles of substrate converted per kg dry 
weight/h (MKH). Number of samples analyzed in parenthesis. 

9 S. L. BONTING, •. A. SIMON and N. J. HAWKINS, Archs. Biochem. 
Biophys. 95, 416 (1961). 

10 U. C. I)UBACH and L. RECANT, J. clin. Invest. 39, 1364 (1960). 
1I O. H. LOWRY, N. R. ROBERTS and J. J. t(APPAHAN, J. biol. Chem. 

224, 1047 (1957). 
r~ H. H. TAUSSKY and E. SHORR, J. biol. Chem. 202, 675 (1953). 
x~ O. H. LowRY, N. R. ROBERTS, M. L. Wu, W. S. HIKON and E. J. 

CRAWFORD, J. biol. Chem. 207, 19 (1954). 
it W. H. VOGEL, R. SNYDER and M. P. SeHUL~IAN, Bioehem. 

biophys, ires. Commun. 10, 97 (1963). 
16 A. BOHLE and J. JAHNECKE, Klin. Wsehr. g2, 1 (1964). 
16 j .  K. FARQUHAt~, No N. SCOTT and F. L. CoE, Prod. Soc. exp. 

Biol. Med. 729, 809 (1968). 
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inhib i tory  effect for this substance on hexose mono-  
phospha te  shunt  ac t iv i ty  as seen by  VOGEL et al.l~ under  
in v i t ro  conditions.  I n  compensa tory  hype r t rophy  foIlow- 
ing uni lateral  nephrec tomy wi th  s t imula ted  prote in  
synthesis, increased act ivi t ies  of a.Ptase,  g lu tamic  acid 
dehydrogenase  and (Na+!K +) ATPase  were showniT, is. 
The  l a t t e r  findings compared  wi th  our da ta  indicate  an 
inhibi ted funct ional  metabol i sm in favour  of an ac t iva ted  
prol i ferat ive metabol i sm of the  tubu la r  cell af ter  folic 
acid as described by  TAYLOR et  al. 5 

Zusammenfassung. M~Lnnliche Wis t a r r a t t en  zeigten 
nach i.v. Gabe yon Fols~ure einen Akt iv i t~ tsabfa l l  der 
Enzyme,  die in den ak t iven  Ionen t ranspor t  eingreifen:  

(Na+K+) ATPase  (60% gegeniiber Kontrollen),  I C D H  
(56%) und M D H  (48%) und a .Ptase  (66%). 

U,  SCttMIDT, U .  C. DUBACI-i 
and J. TORHORS~I" 

Medizinische Poliklinik und Pathdogisches 
Institut der Universitdt, 
CH-dO00 Basel (Switzerland), 76 f u l y  1969. 

17 W. W. NOWlNSKI, U. CARPENTIERI and W. C. MAHAFFLY, t)roc. 
Soc. exp. Biol. Med. 129, 26 (1968). 

is D. D. FA~ES2IL, Nature 278, 176 (1968). 
~9 With technical assistance of Mrs. I. BIEDER and Miss M. I{IRSTEIN. 

In vitro Studies of the Stability of Liver Lysosomes  after in vivo Treatment of Rats with Sulfapyridine 

Sulfapyridine is one of the  successfully used drugs in 
the  t r e a t m e n t  of the  skin disease, dermat i t i s  herpet i -  
formis 1,2. The  histologic pic ture  character is t ic  of t he  
disease 3 suggest t h a t  pro teoly t ic  enzymes of the  lyso- 
somes * are involved  in the  deve lopment  of the  patho-  
logical process. In  order to inves t igate  whether  the  
' s tabi l i ty '  of lysosomal  membranes  is affected by  sulfa- 
pyridine,  the  author  has examined  l iver  lysosomes f rom 
rats t rea ted  per  os wi th  sulfapyridine.  The  effect of the  
drug was examined  by  studying,  under  control led condi- 
tions, the  release of acid phosphatases  f rom lysosomes in a 
lysosome-rich subceUular fract ion.  

Experimental. Male rats  of the  Sprague-Dawley  s t ra in  
were used. At  the  beginning o f  the  exper iment ,  the  rats  
were 35-41 days old. I n  respect  of age, 2 equal  groups 
were formed, each conta ining 6 rats.  The  control  group 
was given a prac t ica l  type  of die t  (mouse pellets, I t .  Fors  
and Co. AB, Sweden) and the  exper imenta l  group was fed 
the  same diet  wi th  a n  addi t ion  of sul iapyr idine (Phar- 
macia,  Sweden) to a final  concent ra t ion  of 1%. The die t  
was given for 5 consecut ive  days  in the  form of freeze- 
dried balls made  of distil led water  and the  powdered  pellets. 
When  mixed  wi th  the  powder,  sulfapyridine formed a 
homogeneous  mater ia l  f rom which selection was impos- 
sible. The  supply of food was not  restr ic ted and the  con- 
sumpt ion  by the  rats  was measured  every  day.  On the  5th 
day  the  ra t  was kil led by  a blow and exsanguina ted ;  
3.50 g of the  chilled l iver  were weighed out, and lysosomes 
were prepared according to WEISSMAIqN 5. The  following 
procedure  was a combina t ion  of W~ISSMANN'S and DE 
D~Jv~'s techniques% The  lysosome-rich sed iment  ob- 
ta ined af ter  washing wi th  sucrose was resuspended in 
10.0 ml  of ice-cold ace ta te  buffer (0.05 M, p H  5.0) contain-  
ing 0.25 mole  sucrose per l i tre of solution. I n  order  to 
de termine  the  to t a l  ac t iv i ty  of acid phosphatases  per milli-  
l i tre of suspension, 0.70 ml  of the  suspension was mixed  
wi th  2.30 ml  of the  above-ment ioned  sucrose-acetate  
buffer  wi th  added Tr i ton  X-100 (final concent ra t ion  
0.15%). Another  sample  made  up for the  de te rmina t ion  
of the  release of acid phosphatases  was composed of 
2.0 ml  of t he  suspension and 1.0 ml  of t he  sucrose- 
aceta te  buffer. B o t h  the  samples were incubated  a t  
37 ~ for 45 rain. Af ter  incubat ion  they  were cooled in 
ice-cold water  and then  centr i fuged a t  4 ~ for 20 mill  at  
15,000 g. 1.0 ml  of the  superna tan ts  was then  incuba ted  
for 10 min  at  37.0 ~ wi th  1.0 ml  of ace ta te  buffer  wi th  
f i-glycerophosphate (Sigma, U S A ;  m a x  0.1% ~-isomer) 
as a substrate.  The final  concent ra t ion  of the  ace ta te  and 

of the  /~-glycerophosphate was 0 .05M (pH 5.8). Af ter  
rapid  cooling the  react ion was s topped by the  addi t ion o f ,  
2.0 ml  of ice-cold 10% tr ichloroacet ic  acid (TCA). Blanks  
were prepared by  adding TCA before the  substrate.  The 
superna tan t  of the  ini t ial  15,000 g cent r i fugat ion  5, herein- 
af ter  called ' Supe rna t an t  2', was t r e a t e d  in the  same way  
as the  supernatants  jus t  ment ioned.  P a r t  of the  acid-phos- 
phatase  ac t iv i ty  o f '  Superna tan t  2' corresponds to enzyme s 
which have  been discharged into cell sap dur ing life or 
released dur ing the  h o m o g e n i z a t i o n  After  centr i fugat ion 
of the  incubat ion  mixtures ,  the  a m o u n t  of inorganic 
phospha te  was de te rmined  according to FISKE-SUBBA- 
ROW 7. The  mix tu re  wi th  Tr i ton  X-100 was di luted in 
order to avoid  dis turbances  "in the  phospha te  analyses s. 
In  the  analyt ica l  procedure demineral ized water  and 
chemicals  of analyt ica l  grade were used. The  suitable 
final  concent ra t ion  of Tr i ton  X-100 was determined in 
special assays. T r i ton  X-100 was not  found to affect  the  
ac t iv i ty  of acid phosphatases.  P re l iminary  assays also 
indicated t h a t  under  the  condit ions of the  tes t  the  
ac t iv i ty  of t he  acid phosphatases  is propor t ional  to the  
enzyme concentra t ion.  

Results and discussion. At  the  end of the  exper iment  
the  weight  of the  animals  in the  control  group had 
increased, on the  average,  by 27% and t h a t  of the  animals  
in the  exper imenta l  group decreased by  1.5%. For  
weights  and in take  of food, see Table  I. F r o m  the  con- 
sumpt ion  of food it  appears  t h a t  the  dai ly in take  of sulfa- 
pyr id ine  amounts  to 0.6-0.8 g/kg body weight.  I t  is of 
in teres t  here to note  t h a t  in the  t r e a t m e n t  of pat ients  
w i th  dermat i t i s  herpet iformis,  up  to  7.5 g of sulfapyridine 
are given per  day  1, i.e. abou t  O, 1 g/kg body  weight.  On the  
o ther  hand,  the  half-life of sulfapyridine is about  10 t imes  
as great  in m a n  as in the  rat" ,  
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