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phase.  The  i r regular i t ies  of t he  h e a t  f lux curve  in F igure  2b 
obv ious ly  or ig ina te  f rom t he  va r i ab l e  increase  of cell 
mass .  A n  i n t e r p r e t a t i o n  of t he  resul ts ,  t o g e t h e r  w i t h  a 
m a t h e m a t i c a l  descr ip t ion ,  wil l  be  g iven  in  a l a t e r  paper .  

Irradiation device. U V - i r r a d i a t i o n  in the  ca lo r ime te r  is 
car r ied  ou t  b y  a low pressure  m e r c u r y  l a m p  (HNS 12, 
Osram/Ber l in ,  m a x i m a l  emiss ion  a t  2537 A_) c o m b i n e d  
w i t h  a l igh t  guide of q u a r t z  glass ( ~ 10 m m ,  t y p e  QLG, 
Schot t /Mainz) .  I f  t he  i r r ad i a t i on  l a m p  is exac t l y  focussed 
u p o n  t h e  surface  of t he  f ibres  t he  i n t e n s i t y  is 2.3 e r g / m m  2. s 
m e a s u r e d  b y  a p h o t o n  f lux de t ec to r  (ScI~AARSCI~MIDTS). 
The  r a d i a n t  energy  is pa r t i a l l y  c o n v e r t e d  in to  h e a t  w i t h  
a m a x i m u m  va lue  of 3 mca l  a f te r  10 ra in  of i r r ad ia t ion .  
This  add i t i ona l  h e a t  m a y  be d imin i shed  b y  c o m p e n s a t i o n  
w i t h  a s imi la r  device p laced  in t he  opposi te  vessel, wh ich  
requi res  a diff icul t  and  ted ious  a d j u s t m e n t  of t he  l a m p  
and  t he  lenses. A h e a t i n g  res is tor  of 100 D proofed  as an  
exac t  c o m p e n s a t i o n  un i t  if t h e  va lues  of c u r r e n t  and  
vo l tage  are a r r anged  to  a s imi la r  h e a t  ou tpu t .  The  
i r r ad i a t i on  device was used to  record  g rowth  curves  of 
r a d i a t i o n  sens i t ive  m u t a n t s  of Saccharomyces dur ing  
s h o r t  i n t e rva l s  of UV- i r r ad i a t i on  as well  as h e a t  f lux 
m e a s u r e m e n t s  o f  res t ing  cells in  buffer .  T h e  changes  of 
e n t h a l p y  in these  t h e r m o g r a m s  are  discussed in de ta i l  

t oge the r  w i t h  ques t ions  of r epa i r  processes elsewhere 
(Se~AA~SCHMmT 9). 

A t  t h e  m o m e n t  . exper iments  w i t h  i r r ad ia t ion  of v is ible  
l i gh t  are  be ing  p r e p a r e d  to  t e s t  t h e  p h o t o r e a c t i v a t i o n  of 
r a d i a t i o n  m u t a n t s  of mic roorgan i sms  and  t he  p h o t o s y n -  
thes is  of algae. 

Zusammen/assung. Mit  e iner  L i c h t l e i t e r a n o r d n u n g  
k 6 n n e n  opt i sche  Messungen  in e inem Mikroka lo r ime te r  
E. CALVET durchge f i i h r t  werden.  E ine  wei tere  Anord-  
n u n g  e rm6g l i ch t  B e s t r a h l u n g s v e r s u c h e  im K a l o r i m e t e r  
m i t  UV-  u n d  s i c h t b a r e m  Licht .  
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A N e w  Method for Measur ing  Guanidine in U r e m i a  

Due to  lack of m e t h o d s  for t he  m e a s u r e m e n t  of guani-  
d ine  (G) in b o d y  fluids, no  ex tens ive  s tudies  are  ava i l ab le  
on  i t s  se rum and  t i ssue  c o n c e n t r a t i o n s  and  i ts  r ena l  ex- 
c re t ion  in n o r m a l  a n d  u remic  subjects .  I n  t he  p re sen t  
p a p e r  a p rocedu re  is descr ibed for m e a s u r i n g  i t  in  b o d y  
fluids, a n d  f igures are r epo r t ed  concern ing  i ts  se rum 
levels a n d  u r i n a r y  excre t ion  in  n o r m a l  pe r sons  a n d  rena l  
pa t i en t s ,  i t s  s e rum and  muscle  c o n c e n t r a t i o n s  in n o r m a l  
a n d  anur ic  dogs and  i ts  c o n t e n t s  in  ce r t a in  wide ly  used 
foods. 

Materials and Methods. N o r m a l  s e rum (50 ml) a n d  ur ine  
or u remic  se rum (25 ml) were d i lu ted  t e n  t imes  w i t h  dist i l l-  
ed wa te r  and  passed  t h r o u g h  a co lumn  (6 • 20 mm)  of 
Dowex  W 50 res in  (100-200 mesh)  in  t h e  I-I+ form.  The  
c o l u m n  was t h e n  w a s h e d  w i t h  100 ml  of dis t i l led w a t e r  
followed b y  100 m l  of 2N N H 4 O H  to  e lu te  creat ine ,  crea- 
t i n i n e  (CR) a n d  arginine .  Af te r  a second w a t e r  wash ing  

(100 ml) G and  m e t h y l g u a n i d i n e  (MG) were e lu ted  w i t h  
50 ml  of 2 N  HC1. Th i s  was  dr ied a t  75 ~ in a v e n t i l a t e d  
oven  and  t he  d ry  residue,  d issolved in 50 ml  dis t i l led 
water ,  was  passed  t h r o u g h  a co lumn  of A m b e r l i t e  I R A  
400 res in  in the  O H - f o r m  (1.5 • 28 cm), to  r emove  C1-. 
The  e lua te  was dried aga in  and  t he  residue,  q u a n t i t a t i v e l y  

c o l l e c t e d  w i t h  3 a l iquo ts  of 9 5 %  e t h a n o l  (2-3 ml  each),  
pooled and  reduced  to  exac t ly  1.0 ml.  This  so lu t ion  was  
employed  (in a m o u n t s  f rom 0.2 to 0.5 ml) for c h r o m a t o -  
g r a p h y  on  p a p e r  Wa tman i1  No. 1 w i t h  t he  sy s t em:  e tha -  
nol :  N I l 3 :  w a t e r  (90 :5 :5 ) .  Af te r  a b o u t  12 h descend ing  
m i g r a t i o n  a t  room t e m p e r a t u r e ,  G was sa t i s fac to r i ly  
s epa ra t ed  f rom MG:  R I  0.39 a n d  0.47, respect ively .  The  
p a p e r  s t r ips  (55 • 5 cm) were dr ied  in a n  a i r  c u r r e n t  a n d  
t h e n  s p r a y e d  w i t h  a m i x t u r e  (2/3) of r e a g e n t  No. 1 (di- 
ace ty l  in  water ,  0 .06%)  a n d  No. 2 (freshly p r e p a r e d  
e - n a p h t o l  1.0 g d issolved in 100 ml  w a t e r  c o n t a i n i n g  g 

Serum and muscle concentrations of creatinine, methylguanicline and guanidine in 2 normal dogs and in 7 dogs on the 3rd day of anuria 
following the ligature of the ureters 

Creatinine Methylguanidine Guanidine 
Serum Muscle Serum Muscle Serum Muscle 
(mg/100 ml) (rag/100 g) (mg/100 ml) (mg/100 g) ([xg/100 ml) (txg/100 g) 

Normal 

dog 1 0.60 10.0 
dog 2 0.50 12.2 

Anuric 
dog 1 11.8 19.1 
dog 2 9.8 16.0 
dog 3 19.0 21.0 
clog 4 12.2 24.0 
dog 5 14.0 22.0 
clog 6 9.2 21.6 
dog 7 6.6 11.4 

0.008 0.06 0.8 3.2 
0.010 0.08 1.0 3.5 

0.12 0.29 10.0 14.0 
0.09 0.30 I0.0 17.0 
0.19 0.34 5.5 20.6 
0.23 0.54 6.2 14.8 
0.08 0.20 9.1 28.3 
0.07 0.20 7.5 27.2 
0.05 0.17 10.6 30.3 
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6.0 N a O H  and  g 20 NaC1) 1. The  red  spot  of G was e lu ted  
f rom the  p a p e r  wi t t l  5 ml  of N H 3 / a c e t o n  m i x t u r e  (4/1) 
a n d  read  a t  530 n m  aga ins t  a b l a n k  o b t a i n e d  b y  d u r i n g  
a n  equa l  piece of sp rayed  p a p e r  where  no  colour  was 
presen t .  Recover ies  of G added  to  n o r m a l  a n d  u remic  
s e rum a n d  ur ine  in a m o u n t s  f rom 5 to  30 ~zg/100 ml,  
r anged  f rom 7 6 %  to  9 4 %  (mean  8 4 % )  a n d  t he  m i n i m a l  
a m o u n t  wh ich  could be  de t ec t ed  (by us ing  100 m l  of 
fluid) was  0.5 ~xg. The  m e a s u r e m e n t s  in  muscle  t i ssue  a n d  
in solid foods were pe r fo rmed  on t he  w a t e r  ex t r ac t s  
o b t a i n e d  w i t h  t h e  p rocedure  we h a d  p rev ious ly  used  for 
MG 2. Eggs  a n d  mi lk  were d ia lyzed  in Visk ing  ce l lophan  
bags  aga ins t  d is t i l led  w a t e r  for  48 h a t  4 ~ a n d  measure -  
m e n t s  were m a d e  on t he  d ia lyza te .  CR was measu red  
w i t h  an  A u t o - A n a l y z e r  and  MG us ing  t he  p rocedure  
p rev ious ly  descr ibed  a. 

Results. The  m e a n  se rum G c o n c e n t r a t i o n  in 8 n o r m a l  
persons  was 1.41 -t- 0.49 ~tg/100 ml  a n d  i ts  da i ly  u r i n a r y  
excre t ion ,  382 4- 221 ~tg. I n  28 chronic  r ena l  p a t i e n t s  t he  
s e rum G levels increased  in accordance  w i t h  t he  seve r i ty  
of r ena l  i m p a i r e m e n t ,  as i nd i ca t ed  b y  t he  s e rum CR 
c o n c e n t r a t i o n s  (Figure),  whi le  da i ly  u r i n a r y  o u t p u t  was  
459 4- 229 ~xg, wh ich  is no t  s ign i f i can t ly  d i f fe ren t  f rom 
t h a t  of n o r m a l  subjects .  The  s e rum G levels in  7 dogs on 
t he i r  3 rd  d a y  a n u r i a  fol lowing t he  l ega tu re  of t he  ureters ,  
was  8.4 4- 1.9 vtg/100 ml  a n d  t h e  c o n t e n t  in t h e i r  c rued  
f resh musc le  t i ssue  was 21.0 4- 6.8 ~zg/100 g. T he  corre- 
spond ing  c o n c e n t r a t i o n s  in  2 n o r m a l  dogs were:  0.8-1.0 
~zg/100 ml  a n d  3.2-3.5 ~g/100 g, r e spec t ive ly  (Table)~ The  
2 vege tab le  foods (whea t  mea l  and  po ta toes)  e x a m i n e d  
did no t  con t a in  apprec iab le  a m o u n t s  of G a n d  t h e  uncook-  
ed a n i m a l  foods (milk, eggs, mea t )  were found  to  con t a in  
t races  of i t  (less t h a n  5 ~zg/100 g) ; boi led m e a t  and  b r o t h s  
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The relationship between the serum creatinine and the serum gua- 
nidine concentrations in 28 chronic renal patients (r = 0.78, p 
0.01) The figures concerning 8 normal subjects are also reported. 

on  the  con t ra ry ,  con t a ined  a m o u n t s  r ang ing  f rom 20 to  
50 ~g/100 g or ml,  respect ively .  

Discussion. The  lack of specific colour  r eac t ions  ha s  
been  t h e  m a i n  obs tac le  p r e v e n t i n g  G f rom be ing  measured .  
W e  ove rcame  th i s  d i f f icul ty  b y  us ing  a c o m b i n a t i o n  of 
c o l u m n  and  p a p e r  c h r o m a t o g r a p h y  to  isola te  G f rom the  
o the r  subs t ances  r eac t i ng  to  d iace thy l .  The  p rocedure  
t h u s  ob ta ined ,  t h o u g h  requ i r ing  re l a t ive ly  large a m o u n t s  
of b o d y  fluids, is s imple  enough  to be  used in a n y  cl inical  
l abo ra to ry ,  and  is abso lu t e ly  specific. W e  can  n o w  s ta te ,  
therefore ,  t h a t  t he  a c c u m u l a t i o n  of G in r ena l  p a t i e n t s  is 
in d i rec t  p r o p o r t i o n  to  func t iona l  i m p a i r e m e n t  a n d  t h a t  
i t  is p re fe ren t i a l ly  r e t a i n e d  in muscle  t i ssue  r a t h e r  t h a n  in 
serum,  as occurs  for MG2. H i g h  se rum G levels  h a d  b e e n  
p rev ious ly  found  in anur ic  dogs b y  CARR et  al. 4 who  
employed,  however ,  an  unre l i ab le  p rocedure  and,  more  
r ecen t ly  in  7 rena ls  pa t i en t s ,  b y  STEIN e t  al. 5 who  did  n o t  
descr ibe  t he  a n a l y t i c a l  m e t h o d  employed.  

The  i m p o r t a n c e  of G as a n  u remic  t o x i n  c a n n o t  be  
e s t ab l i shed  on t he  g rounds  of t he  p r e sen t  results .  I t  can  
on ly  be  po in t ed  ou t  t h a t  i ts  a c c u m u l a t i o n  inside t he  cells, 
t o g e t h e r  w i t h  MG, is l ikely to  be  respons ib le  for  e n z y m a t i c  
inh ib i t ions .  Indeed ,  i t  is k n o w n  t h a t  b o t h  these  s u b s t a n -  
ces p roduce  such  a n  effect  in  v i t ro  ~. 

As to  t he  me tabo l i c  origin of G, i ts  inges t ion  c lear ly  
c a n n o t  a ccoun t  for i ts  u r i n a r y  excre t ion  even  in  t he  case 
of a d ie t  r i ch  in those  foods wh ich  c o n t a i n  i t  in  r e l a t ive ly  
large a m o u n t s  (cooked mea t ,  b r o t h ) ;  i t  m a y  the re fo re  be  
conc luded  t h a t  t he  or igin of G is largely  endogenous .  

Riassunto. Si descr ive  un  m e t o d o  pe r  la d e t e r m i n a -  
zione del la  guan id ine  nei  l iquid i  biologici  e si r i l eva  che 
essa a u m e n t a  nel  siero u remico  f ino a 30 vo l te  la n o r m a  
(valore medio  n o r m a l e :  1.41 4- 0.49 ~g/100 ml) e che nei  
cani  uremic i  la concen t r az ione  musco la re  ~ di quas i  3 vo l te  
super iore  a quel la  p lasmat ica .  L a  e l iminaz ione  u r i n a r i a  
n o n  ~ d iversa  fra no rma l i  ed uremic i :  382 i 221 e 459 ~- 
229 ~g/24 h, r i s p e t t i v a m e n t e .  

G.C. 1V~ENICHINI and  S. GIOVANNETTI 7, w i t h  t h e  
t echn ica l  ass is tence  of S. LUPETTI, 

Cattedra di Semeiotica Medica, Universitdt di Pisa, 
Ospedali S. Chiara, 1-56100 Pisa (Italy), 
28 August 1972. 

1 M. C. GOLDSCHMIDT and B. M. LOGKHAR% Analyt. Chem. d3, 1475 
(1971). 

2 S. GIOVANNETTI P. L. BALESTRI and G. BARSOTTI, Arch. in tern .  
Med., in press. 

a G.C. MENICHINI, M. GONELLA, G. BARSOTTI and S. GIOVANNETTI, 
Experientia 27, 1157 (1971). 

4 M. H. CARR and P. R. SHLOERB, Analyt. Biochenl. 1, 221 (1960). 
5 I. M. STEIn, M. J. MICKLUS and H. S. FRAZlER, Proc. 5th Annual 

Contractors' Conference, Artif. Kidney; Chronic Uremia Program 
5, 145 (1972). 

6 G. HOLLUNGER, Acta pharmac, tox. 71 Suppl. 1 (1955). 
Aknowledgments. This investigation was supported by Public 
Health Service, Research Contract No. PH-43-68-1466. 

V e r k i i r z t e  M e t h o d e  z u r  I s o l i e r u n g  r a d i o c h e m i s c h  r e i n e n  C h l o r o p h y l l s  

H y d r o p h o b e  V e r u n r e i n i g u n g e n  (Wachse,  Fe t t e ,  Karo-  
t eno ide  u n d  andere) ,  die bei  de r  s p e k t r o p h o t o m e t r i s c h e n  
B e s t i m m u n g  de r  Chro lophyl le  n i c h t  s t6ren ,  bee inf lussen  
die  Messungen  ih re r  Radioakt iv i t~ i t ,  da  sie se lbs t  rad io-  
a k t i v  sind. Sic w u r d e n  b i she r  rac is t  d u r c h  m e h r f a c h e s  
C h r o m a t o g r a p h i e r e n  auf  P a p i e r  e n t f e r n t  (SCHLYCK1; 

GAPONENKO3). I n  de r  vorge leg ten  A r b e i t  wi rd  eine ver-  
k i i rz te  Me thode  zur  semipr~ipara t iven  G e w i n n u n g  radio-  
chemisch  r e inen  Chlorophyl l s  a u n d  b beschr i eben .  

Als V e r s u c h s m a t e r i a l  wurde  S o m m e r g e r s t e  (Hordeum 
sativum L.) der  Sor te  ~cDonaumarkb~ (S lovensky  dunajsk3~ 
t rh)  ve rwende t ,  im  D r e i b l a t t s t a d i u m .  R a d i o a k t i v e r  14C- 


