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q u a n t i t a t i v e  h y d r o g e n a t i o n  a n d  perac id  t i t r a t ions .  As 
d e h y d r o g e n a t i o n  of (II)  w i t h  Pd-C (30%) fu rn i shed  cada-  
lene (III)  in  q u a n t i t a t i v e  yields  as t he  on ly  p r o d u c t  of 
d e h y r o g e n a t i o n  (TLC on silica gel layers  i m p r e g n a t e d  w i t h  
s y m  t r in i t robenzene ,  m p  a n d  m i x t u r e  m p  of t he  p i c r a t e  
w i t h  an  a u t h e n t i c  sample  116 ~ ) i t  was  clear  t h a t  t he  reac- 
t ion  p r o d u c t  (II) c o n t a i n e d  t h e  i n t a c t  c a d i n a n e  skele ton.  

O x i d a t i o n  of (II) w i t h  Jones  r e agen t  a f forded a c rys ta l -  
l ine  ke to  e the r  (IV, C16H3602, m p  121 ~ yc = O 1680 cm -1, 
~max  230 n m  (This va lue  is lower t h a n  expec ted  for t h i s  
ch romophore ,  b u t  is in good a g r e e m e n t  w i t h  t h a t  obse rved  
[2max  233 n m  e13,800] for  t he  ox ida t ion  p r o d u c t  3 of 
d ihyd ro  Khus ino l  wh ich  has  a n  iden t ica l  ch romophore )  
e 15,500, whereas  p ro longed  ox ida t i on  of (II) w i t h  ac t ive  
m a n g a n e s e  d ioxide  af forded on ly  t he  p a r e n t  c o m p o u n d  
back .  These  obse rva t i ons  showed t h a t  Jones  ox ida t i on  of 
(II)  is a t t e n d e d  b y  a double  b o n d  sh i f t  to  af ford  an  ~, fl- 
u n s a t u r a t e d  k e t o n e  (IV). T he  N M R - s p e c t r u m  of t he  
o x i d a t i o n  p r o d u c t  c lear ly  d e m o n s t r a t e s  t h a t  i t  should  be  
r ep re sen t ed  b y  (IV). 

These  spec t ra l  f ea tu res  a n d  chemica l  r eac t ions  c lear ly  
e s t ab l i shed  s t r u c t u r e  (II)  for t he  r eac t ion  p roduc t .  This  
s t r u c t u r e  could also be  conf i rmed  b y  t he  N M R - s p e c t r u m  
of (II) wh ich  d i sp layed  2 doub le t s  (3 H each) a t  0.74 and  
0.9 6 (J = 6 c/s) ass ignable  t o a n  i sopropyl  g roup  s i t u a t e d  

in a n  a s symet r i c  e n v i r o n m e n t .  Tile s ingle t  a t  1.29 6 a n d  
3~25 d could be  ass igned to C-C-CH 3 and  OCH 3, respec t ive ly .  
The  b r o a d e n e d  s ingle t  a t  1.63 d could be  ass igned to  a 
C = C-CH 3 grouping.  The  one p r o t o n  s ignals  a t  4.72 
(mul t ip le t )  a n d  5.3 d (nar row mul t ip le t )  are ass ignable  to  
C H O H  a n d  olefinic p ro tons ,  respect ively .  

The  f o r m a t i o n  of (II)  is obv ious ly  no t  a s imple  electro-  
phi l ic  a d d i t i o n  as th i s  would  requi re  the  t r i s u b s t i t u t e d  
doub le  b o n d  to r eac t  first .  The  f o r m a t i o n  of (II)  c an  be  
r a t iona l i zed  3 as a n  in i t ia l  complex ing  (as in V) fol lowed b y  
p r o t o n  t r a n s f e r  to  y ie ld  an  inc ip i en t  c a r b o n i u m  ion a t  C v 
which  m a y  be  a t t a c k e d  b y  t he  nuc leophi le  in  a s tepwise  
or conce r t ed  reac t ion .  

Zusammen/assung. Es  wird  eine neuar t ige  R e a k t i o n  a n  
e inem T e r p e n  beschr ieben .  
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Effects of Cyc lophosphamide  on the Chemical  Compos i t ion  of the Glomerular  B a s e m e n t  Membrane  
and Non-Co l lagen ou s  Urinary Glycoprotein of the Rat 

C y c l o p h o s p h a m i d e  (Cytoxan)  in  add i t i on  to  i ts  uses as 
a n  i m m u n o s u p p r e s s i v e  and  an t i ca rc inogen ic  a g e n t  and  in 
t r e a t m e n t  of r h e u m a t o i d  d isorders  ha s  been  wide ly  employ-  
ed in t h e  t h e r a p y  of t he  id iopa th i c  n e p h r o t i c  s y n d r o m e  
(INS) of chi ldhood,  or l ipoid nephrosis ,  w i t h  encourag ing  
resu l t s  1. Since t h i s  disease is n o t  immuno log ica l ly  
m e d i a t e d L  b u t  poss ible  t he  resu l t  of m e t a b o l i c  de r ran -  
gements ,  a n d  since i t  has  been  sugges ted  t h a t  p r o t e i n u r i a  
m a y  resu l t  f rom molecu la r  a l t e r a t i ons  in t h e  g lomeru la r  
b a s e m e n t  m e m b r a n e  (GBM) 8, i t  is poss ible  t h a t  cyclo- 
p h o s p h a m i d e  m a y  m o d i f y  p r o t e i n u r i a  b y  a l t e r i ng  t he  
chemica l  compos i t i on  of t he  g lomeru la r  cap i l l a ry  wall. 
W e  h a v e  i so la ted  and  cha rac t e r i zed  a u r i n a r y  g lycopro te in  
(MUPpg)  f rom n o r m a l  r a t  u r ine  wh ich  resembles  t h e  
non-co l lagenous  c o m p o n e n t  of GBM4, 5. W e  h a v e  also 
descr ibed  a l t e r a t ions  in  t he  chemica l  compos i t i on  of 
t h i s  g lycopro te in  in  n e p h r o t i c  r a t s  a n d  sugges ted  t h a t  
increased  p e r m e a b i l i t y  of t he  G B M  m a y  be  associa ted  
w i t h  b iochemica l  changes  in t h i s  m e m b r a n e  re l a t ed  
u r i n a r y  g lycopro te in  (MUPpg) .  A l t h o u g h  cyclophos-  
p h a m i d e  does no t  s ign i f i can t ly  mod i fy  p r o t e i n u r i a  induc-  
ed b y  a d m i n i s t r a t i o n  of aminonuc leos ide  p r o m y c i n  
(AMP) to  rats ,  i t  seemed r ea sonab le  to  e v a l u a t e  . the 
effects of c y c l o p h o s p h a m i d e  on  t he  c h e m i s t r y  of n o r m a l  
r a t  GBM and  r a t  u r i n a r y  g lycoprote in .  

Materials and methods. Dai ly  24 h ur ine  spec imens  were 
col lected for 48 h f rom 100 n o r m a l  Sp rague -Dawley  r a t s  
(150 g) for i so la t ion  of n o r m a l  con t ro l  M U P p g .  30 n o r m a l  
r a t s  f rom th i s  g roup  (normal  control )  were sacrif icied and  
t h e i r  k idneys  used for  p r e p a r a t i o n  of GBM. T he  r e m a i n d e r  
were d iv ided  in to  2 groups.  G r o u p  I (35 ra ts )  rece ived  
da i ly  i.p. in jec t ions  of c y c l o p h o s p h a m i d e  10 m g / k g  5 days  
pe r  week  for  6 weeks. Group  I I  (35 ra ts)  rece ived  1 cm 3 
of sal ine i.p. for 5 days  pe r  week  for  6 weeks. 

One week  a f t e r  cessa t ion  of in jec t ions ,  da i ly  24 h ur ine  
spec imens  were col lected for 48 h f rom Groups  I a n d  I I .  
The  ur ine  f rom each  group  was pooled and  used for pre- 

p a r a t i o n  of M U P p g .  The  r a t s  were sacrif iced a n d  t h e  
k idneys  f rom each  group  pooled for i so la t ion  of g lomeru l a r  
b a s e m e n t  m e m b r a n e .  M U P p g  was i so la ted  as p r e v i o u s l y  
descr ibed  4,5 b y  D E A E  ion exchange  c h r o m a t o g r a p h y  
followed b y  S e p h a d e x  G 200 ge l  f i l t ra t ion .  G lomeru l a r  
b a s e m e n t  m e m b r a n e  was i so la ted  b y  t he  m e t h o d  o f  
KRAKOWER and  GREENSPON 6. Al iquo t s  of lyophyl l i zed  
M U P p g  and  lyophy l i zed  GBM f rom cont ro l  and  b o t h  
e x p e r i m e n t a l  groups  of an ima l s  were hyd ro lyzed  in 6 N  
.HC1 for 21 h for a m i n o  acid analysis .  The  NClwas  r e m o v e d  
b y  f lash  e v a p o r a t i o n  and  a m i n o  acid ana lys i s  was  per-  
fo rmed  on a B e c k m a n  amino  acid ana lyze r  b y  t h e  m e t h o d  
of SPACKMAN, MOORE a n d  STEIN 7. Mater ia l s  were p repa r -  
ed for ana lys i s  of c a r b o h y d r a t e s  b y  hydro lys i s  a t  110~ 
for 4 h fol lowed b y  c h r o m a t o g r a p h y  on W h a t m a n  No.1 
f i l ter  paper .  Hexose  s, glucose and  galactose (g lucos ta t  
a n d  g a l a c t o s t a t  e n z y m a t i c  me thods ,  W o r t h i n g t o n  Bio-  
chemicals)  were d e t e r m i n e d  q u a n t i t a t i v e l y  on  GBM a n d  
M U P p g  f rom the  con t ro l  and  b o t h  e x p e r i m e n t a l  g roups  
of an imals .  

T r ip l i ca te  s tud ies  d e m o n s t r a t e d  t he  r ep roduc ib i l i t y  of 
the  c a r b o h y d r a t e  a n a l y t i c  m e t h o d s  w i t h  t he  fol lowing 
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s t a n d a r d  dev ia t ion  of the  m e t h o d :  Hexose  1.05%, 
glucose 0.035%, galactose 0.051%. Since urine and  GBM 
specimens  were pooled, compos i t ion  of the  groups were 
compa red  b u t  in t ra -group  va r iab i l i ty  could no t  be 
evalua ted .  

Results. The amino  acid compos i t ion  of M U P p g  and 
GBM from b o t h  exper imen ta l  groups  and  the  controls  
showed no s ignif icant  differences.  We have  prev ious ly  
r epo r t ed  the  amino  acid compos i t ion  of GBM and M U P p g  
in deta i l  5. The Table  summar izes  q u a n t i t a t i v e  differences 
in the  ca rbohydra t e  compos i t ion  of GBM and  M U P p g  
f rom expe r imen ta l  and  contro l  groups. The to ta l  hexose,  
glucose and  galactose in M U P p g  were  increased abou t  
20% in the  cyc lophosphamide  ra ts  as compared  to 
u n t r e a t e d  (control) and  saline t r e a t ed  animals .  The 
q u a n t i t y  of M U P p g  excre ted  was s imilar  in the  3 groups 
(Table). 

Similar  increases (15% in to ta l  hexose,  glucose and 
galactose) were observed in the  GBM isolated f rom 
cyc lophosphamide  t r ea t ed  ra ts  compa red  to controls  and 
saline t r ea t ed  ra ts  w i t h o u t  s ignif icant  changes  in the  
glucose: galactose ra t io  (Table). 

Discussion. The pa thogenes i s  of l ipoid nephros is  remains  
an en igma b u t  remiss ions  c o m m o n l y  a c c o m p a n y  corti-  
cos teroid  or cyc lophosphamide  the rapy .  There  is evidence 
t h a t  p ro te inur ia  regardless of pa thogen ic  mechan i sm is 
p robab ly  a func t ion  of increased glomerular  pe rmea-  
b i l i t y  9-13 which  m a y  depend  on the  molecular  arrange-  
m e n t  of the  b a s e m e n t  membrane ,  re la ted  b a s e m e n t  
m e m b r a n e  g lycoprote ins  s or epi thel ia l  or endothe l ia l  
l ining 14-16. The a l te ra t ions  in ca rbohydra t e s  in GBM and  
M U P p g  associa ted wi th  t r e a t m e n t w i t h  cyc lophosphamide  
suggest  t h a t  cyc lophosphamide  m a y  al ter  the  chemical  
compos i t ion  of th is  m e m b r a n e  re la ted  g lycoprote in  bo th  
in si tu on GBM and  in the  urine. MISRA 3 has  ind ica ted  t h a t  
p redn i sone  m a y  decrease p ro te inur ia  in the  nephro t i e  
synd rom e  in m a n  by  a l te ra t ion  of the  c a r b o h y d r a t e  
compos i t ion  of GBM. 

Quantitative differences in carbohydrates of GBM and MUPpg in 
control and experimental groups 

Control Group 1 �9 Group 11b 
group Cyclophos- Saline 

phamide treated 
treated 

Total hexose MUPpg (%) 15 18 14.7 
Glucose MUPpg (%) 4.4 5.2 4.38 
Galactose MUPpg (%) 1.05 1.53 1.06 
Average MUPpg (rag animal/day) 0.6 0.7 0.75 
Total hexose GBM (%) 5.6 6.8 5.65 
Galaetose GBM (%) 2.3 3.1 2.31 
Glucose GBM (%) 2.0 2.7 1.92 

Received eyclophosphamide 10 mg/kg i.p. 5 days a week for 6 weeks. 
b Received saline 1 em 8 i.p. 5 days a week for 6 weeks. 

These s tudies  suggest  t h a t  one of the  mechan i sms  by  
which cyc lophosphamide  m a y  br ing abou t  i m p r o v e m e n t  
in the  effect iveness  of t he  p ro te in  f i l tering capabi l i ty  of 
the  glomerular  capi l lary wall is t h rough  modi f ica t ion  of 
the  chemis t ry  of th is  class of cons t i tuen t s  of the  wall. The 
precise role of these  c o m p o n e n t s  in the  ma in t enance  of 
GBM in teg r i ty  to  p ro te in  and  the  mode of synthes is  and  
degrada t ion  remain  unknown.  F u r t h e r  evaluat ion of these  
i m p o r t a n t  ques t ions  seem indica ted  on the  basis  of the  
observa t ions  r epor ted  in these  studies.  Also, the  beneficial  

e f f e c t  of cyc lophosphamide  on o ther  diseases affect ing 
m e m b r a n e s  m a y  be due to  a similar  mechanism.  

Rdsumd. La cyc lophosphamide  est  un agen t  efficace 
dans  le t r a i t e m e n t  de la n6phrose l ipoidique et  de plusieurs 
maladies  rhuma to ides  qui a t t a q u e n t  la m e m b r a n e  basale 
glom6rulaire (MBG). Des analyses  ch imiques  on t  6t6 
effectu6es sur  la MBG et  sur la glycoprot6ine urinaire  
chez des ra t s  t ra i t6s  e t  non  trait6s.  E n t r e  les deux  groupes 
on n ' a  pas consta t6  de diff6rence dans  la compos i t ion  des 
anaino-acids, mais  de grands  changemen t s  dans  le glucose 
et  le galactose de la MBG et  la glycoprot6ine urinaire 
on t  6t6 observ6s chez les ra t s  t ra i t6s  5. la cyc lophospha-  
mide ;  ce t te  drogue semble  done capable  d 'a l t6rer  l ' int6- 
grit6 de la MBG. 
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T r i g l y c e r i d e s  a n d  O t h e r  L i p i d  C l a s s e s  i n  H u m a n  A t h e r o s c l e r o s i s  

D a t a  so far  avai lable  do no t  make  clear w h e t h e r  t r i -  inves t iga t ion  was to def ine the  role p layed  by  ind iv idua l  
glycerides,  or cholesterol ,  or b o t h  these  l ipid classes, are p lasma  l ipid classes in atherosclerosis.  
s igni f icant ly  involved  in changes  in l ipid me tabo l i sm  Materials and methods. The inves t iga t ion  was  carr ied 
b rough t  abou t  by  a therosc le ros i s l -L  The  purpose  of th is  out  on p l a sma  f rom 25 a therosclerot ic  pa t i en t s  in compar -  


