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HERWEGH, VAN ROY and  DE GROOTE s added  sod ium 
bi l i rubinate  to ra t  l iver  homogena te  a t  4~ and  found 
t h a t  mos t  of the  bi l i rubin was p resen t  in the  microsomes 
and cell sap fract ion.  I f  h u m a n  serum or a lbumin  was 
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Fig. 1. Bilirubin content of the liver of jaundiced male and female 
GUNN rats. Results are means of 14 animals :k I.S.D. 

used as the  suspending  vehicle for bi l i rubin t h e n  m o s t  of 
the  bi l i rubin was found in the  cell sap fract ion,  the  distr i-  
bu t ion  being similar  to t h a t  observed  here in the  GUNN 
rat .  The d i s t r ibu t ion  of b i l i rubin  in l iver in v i t ro  d ep en ded  
on the  suspending  med i u m in which  bi l i rubin is added.  
HERWEGH et  al. s i n t e rp re t ed  the i r  resul ts  as showing t h a t  
a lbumin  and  se rum compe ted  for b i l i rubin  wi th  the  sub- 
cellular f rac t ions  and so p r e v e n t e d  the  up take  of b i l i rubin  
by  the  fract ions.  In  the  in vivo expe r imen t s  b i l i rubin  is 
p re sen ted  to the  l iver a t t a c h e d  to ra t  se rum prote ins ,  and  
we would  expec t  t h a t  the  bi l i rubin  could be found  main ly  
in the  cell sap because of th is  b ind ing  to se rum prote ins .  

Zusammen/assung. Die Bi l i rub inmengen  in den Gewe- 
ben ik ter ischer  GuNN-Rat ten  werden  z u s a m m e n  mi t  den 
in den subzellnl/ iren Anter i l en  vor l iegenden Bil i rubin-  
mengen  ik ter ischer  GuNN-Rat ten lebern  b e s t i m m t .  Die 
B i l i rub inbes t immung  erfolgte nach  i.v. In fus ion  yon  Bili- 
rub in  in die Ra t t en l ebe r :  es f inder  sich vorwiegend  im 
Leberze l lensaf t  der  ik ter ischen GuNN-Ratte ,  ve r te i l t  sich 
jedoch nach  Bi l i rubininfusion gleichm/issig fiber alle 
Leberantei le .  Die tells bekann ten ,  tells bes tg t ig t en  Un te r -  
schiede k6nnen  durch  P la sma-E iwe i s s -B indung  des Bili- 
rubins  erklgr t  werden.  
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Fig. 2. Bilirubin content of fractions from rat liver after bilirubin 
infusion. Results are means of 5 experiments • I.S.D. 177, Direct 

reacting bilirubin. 
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Amperometric Study on 
Lanthanum Polytungstates 

The fo rmat ion  and  composi t ion  of l a n t h a n u m  poly- 
t ungs t a t e s  ob t a ined  by  the  in t e l ac t ion  of l a n t h a n u m  
n i t ra te  and di f ferent  alkali t ungs t a t e s  have  been invest i -  
ga ted  by  means  of amperomet r i c  t i t r a t ions  be tween  the  
r eac tan t s  a t  d i f ferent  p H  values in aqueous-e thanol ic  
media.  The sharp  breaks  ob ta ined  provide  cogent  evidence 
for the  fo rmat ion  of La~O a �9 3~VO a and La~Og �9 7WOn in 
the  p H  ranges 5.5-6.5 and  4.2-5.5 respect ively.  Ampero-  
met r ic  t i t ra t ions  provide  a simple and rapid  m e t h o d  of 
de t e rmina t i on  of La g+ ions. 

An ou t s t and ing  charac ter i s t ic  of t u n g s t a t e s  is the i r  
s t rong t e n d e n c y  to form condensed  complex  ions in 
solut ion 1, and f rom these  po ly tungs t a t e s  crystal l ize de- 
pend ing  upon the  pH,  which  plays  an i m p o r t a n t  role in 
the  aggregat ion  process.  The fo rma t ion  of po ly tungs t a t e s  
is usual ly a t t r i b u t e d  to combina t ion  wi th  cor responding  
acids, as if t h e y  were separa te  chemical  individuals .  This  
led the  earlier workers  to believe t h a t  s imilar  sal ts  of 

h e a v y  meta l s  m a y  be p rec ip i t a t ed  as a resul t  of me ta -  
thesis  2. BRITTON and GERMAN 3, however ,  con t ended  t h a t  
h e a v y  meta l  t ungs t a t e s  are no t  p rec ip i t a t ed  by  in ter-  
ac t ion of me ta l  salts  and  alkali tungs ta tes .  

In  the  l i tera ture ,  there  are few references  to  the  s t u d y  
of Lag+-tungsta tes  and mos t  workers  had  based the i r  con- 
clusions on analyt ica l  results .  HITCHCOCK 4 ob ta ined  La g+- 
t u n g s t a t e  by  add ing  LaClg to  Na2WO 4. ROGERS and  
SMITH 5 p repa red  a m m o n i u m  L a - t u n g s t a t e  hav ing  the  
composition 2(NH4)20 �9 La~O a �9 16WOg �9 16H20. HOGBOM 6 
repor ted  the  fo rma t ion  of NasL%(WO4) 7 by  dissolving 

1 G. JANDER and H. JAHR, Z. anorg, allg. Chem. 19d, 383 (1930). 
2 F. ABEGO, Handbuch der Anorganischen Chemic (Leipzig 1921), 

p. 577, 636. 
a H. T. S. BRITTON and W. L. GERMAN, J. chem. Soc. Lond. 1429 

(1931). 
4 F. R. M. HITCHCOCK, J. Am. chem. Soe. 17, 483 (1898). 

A. ROGERS and E. F. SMITH, J. Am. chenl. Soe. 26, 1774 (1904). 
A. J. HOGBO~a ,Bull. Soe. chim., Paris 42, 2 (1884). 
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La20 3 and WO a in a fused mix tu re  of NaC1 and an excess 
of Na2WO 4. As the  na tu re  of t he  WO~- ion is a func t ion  of 
[H+~, p rec ip i ta t ion  of t u n g s t a t e s  is main ly  governed by  
the  pH,  and hence  simple grav imet r ic  me thods  fail to  in- 
dicate  the  correct  compos i t ion  of the  prec ip i ta te .  Fo rma-  
t ion  of La3+-polytungsta tes  has  therefore  been s tudied  a t  
specific p H  levels by  apply ing  e lec t rometr ic  techniques ,  
which  have  p rov ided  more  conclusive results  on the  com- 
posi t ions  of metal l ic  t ungs t a t e s  7. 

Experimental. The solut ions of l a n t h a n u m  ni t ra te ,  so- 
d ium t u n g s t a t e  and  gelat in  (Ana laR[BDH]  quali ty)  were 
p repa red  in air-free conduc t iv i ty  water .  HC1 was of t he  
r eagen t  grade. Solut ions of t he  var ious  alkali t ungs t a t e s  
(di-, para-, tri- and  recta-) were p repared  by  the  act ion of 
requis i te  quan t i t i e s  of HC1 on normal  sodium t u n g s t a t e  
a t  100 ~ 

A m anua l  po la rograph  wi th  a Sealamp ga lvanome te r  
was used for amperomet r i c  t i t ra t ions .  A dropp ing  mer-  
cury  e lect rode hav ing  the  character is t ics  m = 2.416 
mg/sec,  t = 3.58 sec, and m%f/o = 2.226 mg'/~ seclh - a t  
Ed.e. = - -1 .0  V (vs. SCE) was used in con junc t ion  wi th  
s a t u r a t e d  calomel  e lect rodes  connec ted  to  t he  cell by  a 
low res is tance  salt  bridge.  All t i t r a t ions  were pe r fo rmed  at  
30 4- 0.05 ~ in the  presence  of 25% alcoholic medium,  
using 0.01% gelat ine as the  m a x i m u m  suppressor  a t  an 
appl ied po ten t i a l  of -- 1.5 V (vs. SCE) at  which  the  l imit-  
ing cu r ren t  is produced.  The t i t re  solut ion (20.0 ml) was 
t a k e n  in the  cell each t ime and i t  was swept  and s t i r red b y  
bubb l ing  hydrogen .  Af te r  each addi t ion  of t i t r an t ,  the  ob-  
served cur ren t  was correc ted  for di lut ion effect  and  
p lo t t ed  against  the  volume of t i t ran t .  The end-po in t s  
were located  graphical ly.  The results  of amperomet r i c  
t i t r a t ions  have  been  summar ized  ill the  Table,  and  only  
one Figure  has been  given for the  sake of brevi ty .  

Discussion. The au thors  s have  shown t h a t  the  fo rma t ion  
of po ly tungs t a t e s  cor responds  to var ious  stages in the  
anomalous  neut ra l iza t ion  of sod ium tungs t a t e  by  d i f ferent  
acids, as ind ica ted  b y  the  changes  in H+ ion concent ra -  
t ion.  I t  is considered,  therefore ,  t h a t  any  in te rac t ion  be-  
tween  alkali  t ungs t a t e  and me ta l  sal t  in solut ion would be 
largely governed  by  the  [H+~ t h a t  would be set  up by  the  
r eac t an t s  and  these  in t u rn  would have  p ronounced  in- 
f luence on the  composi t ions  of prec ip i ta tes .  A series of 
reac t ions  be tween  La-sa l t  and  each of the  alkali tung-  
s t a t e s  has,  therefore ,  been s tudied  amperomet r ica l ly .  

Normal tungstate titrations. The p H  of La(NO3)3 and  
Na2WO 4 was measured  and found  to be 5.20 and 7.80 
respect ively .  In  di rect  t i t ra t ions ,  when  l a n t h a n u m  sal t  
was added  to  sod ium t u n g s t a t e  t aken  in the  cell (Figure, 
curve  I) t he  diffusion cu r ren t  a lmos t  r ema ined  con s t an t  
unt i l  t he  s to ichiometr ic  end -po in t  was reached,  bey o n d  
which  i t  increased wi th  the  increase in ELa3+ 1. In  the  case 
where  sod ium t u n g s t a t e  was used as the  t i t r an t ,  the  re- 
verse p h e n o m e n o n  was observed  (Figure, curve II). The 
equivalence  po in t  ob ta ined  f rom t i t r a t ion  curves occurred 
a t  a s tage where  the  molecular  rat io of the  reac t ing  species 
La203:WO 3 was 1:3, cor responding  to the  fo rma t ion  of 
La203 �9 3WO, (normal) in the  p H  range 5.5-6.5 according 
to the  following equa t ion :  

2La(NOz)a + 3Na~WO 4 = La20 a �9 3WO 3 + 6NaNO 3. 

Di- and para-tungstate titrations. Amperomet r i c  t i t ra -  
t ions  of sodium d i - tungs ta t e  (prepared as descr ibed ear-  
lier) showed an in te res t ing  p h e n o m e n o n :  ins tead  of the  
we!l-defined breaks  occurr ing for the  prec ip i ta t ion  of lan- 
t h a n u m  d i - tungs ta t e  found to  coincide wi th  stoichio- 
met r ic  end-po in t  cor responding  to the  fo rmat ion  of lan- 
t h a n u m  para-tungstate La203 �9 7WO 3. I t s  fo rma t ion  has  
been  fu r the r  conf i rmed by  per forming  a series of ampero-  

Results of amperometric titrations 

Molarity of solutions 

La(NO~)3 Na2WO~ 

Equivalence points (ml) 

Calculated Observed 
see 
Figure 1 

Normal tungstate 
M/30 M/100 
M/50 MILS0 
M/SO M/300 

M/200 M/30 
M/400 M/40 
M/700 M/80 

para-tungstate 
La(NO3) 3 3Na~O 
M/20 M/70 
M[50 M/200 
M/75 M/350 

�9 7WO~ 

Direct titrations, curve I 
4.00 4.00 
4.44 4.40 
3.55 3.60 

Reverse titrations, curve II 
4.50 4.50 
3.00 3.00 
3.43 3.40 

Direct titrations, curve III 
3.81 3.80 
3.33 3.35 
2.85 2.80 

Reverse titrations, curve IV 
M/300 M/35 3.50 3.50 
M/500 M/56 3.36 3.40 
M/750 M[70 3.00 3�9 
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Direct (curves I and III) and reverse (curves II and IV) ampero- 
metric titrations between lanthanum nitrate and alkali tungstates�9 
I, ml of M/30 La(NOs) 3 added to 20.0 ml of M/100 Na~WO4; II, 
ml of M/30 Na2WO 4 added to 20.0 ml of M/200 La(NO3)3; III, ml of 
M/20 La(NOs) 3 added to 20.0 ml of M/70 Na~O �9 2 �9 33WO3; IV, ml 

of M/35 3Na20 �9 7WO 3 added to 20.0 ml of M/300 La(NOa)3�9 
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345 (1959), and 35, 850 (1958); Z. phys. Chem. 19, 94 (1959); Curt. 
Sci. 27, 487 (1958); J. scient, ind. Res. 17B, 505 (1958). 

8 R�9 S�9 SAXENA and O. P. SHARMA, Z. anorg, allg. Chem. 333, 154 
(1964). 
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met r ic  t i t r a t ions  be tween  La(NO3) 3 and  3Na20 �9 7WO a 
solut ions (Figure, curves  I I I  and  IV). This  reac t ion  tak ing  
place a t  p H  range 4.2-5.5 can be represen ted  as: 

7(Na20 �9 WOa) + 8HC1 = 3Na~O �9 7WO z + 8NaC1 + 4HzO 

3Na~O �9 7WO 3 + 2La(NO3) 3 -- La203 �9 7WO a + 6NaNO 3 . 

Similar t i t r a t ions  pe r fo rmed  be tween  l a n t h a n u m  sal t  and  
o the r  alkali  po ly tungs t a t e s  failed to p rov ide  any  depend-  
able results .  

E a c h  t i t r a t ion  takes  a l i t t le t ime for the  diffusion cur- 
r en t  values  to become s teady.  Thorough  s t i r r ing in the  
v ic in i ty  of the  end-po in t  has  a favourable  effect.  The 
presence  of 25% e thano l  has  been found to improve  the  
end-po in t  as it  decreases the  dielectric cons t an t  of t he  
medium,  wi th  the  consequen t  decrease in the  solubili t ies 
of the  precipi ta tes .  

The ind iv idua l i ty  of e i ther  the  di-, tri- or me/a-com- 
pounds  of l a n t h a n u m  was no t  es tabl ished,  bu t  the  electro-  
met r ic  inves t iga t ions  conf i rm the  fo rma t ion  of no rma l  
and para-tungstates of l an thanum.  The accuracy  and 
reproduc ib i l i ty  of these  t i t r a t ions  have  been found to be 
excel lent  over  the  range of concen t ra t ions  s tudied.  

Zusammen/assung. Es wurde  die Z u s ammen s e t zu n g  von 
Lan thanwol f r ama t -Niede r sch l~gen  un te rsuch t ,  die sich 
aus L a n t h a n n i t r a t -  und  N a t r i u m w o l f r a m a t - L b s u n g e n  
verschiedener  Po lymer i sa t ionsgrade  bi lden.  Die Reakt io-  
nen wurden  bei ve r sch iedenem pH,  in rein w~ssrigem oder  
w~ssr ig-alkohol ischem Milieu durch  amperomet r i sche  Ti- 
t r a t i on  verfolgt .  I m  pH-Bere i ch  yon  5,5-6,5 b i lde t  sich 
LazO3 �9 3WOa, bei e inem p H  yon  4,2-5,5 La203 �9 7WO 3. 
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B e s t i m m u n g  des c~ -2 -Makrog lobul inumsatzes  
b e i m  Menschen 1 

In  einer vo rhe rgehenden  Arbei t  wurde  am Beispiel des 
R a t t e n - S e r u m a l b u m i n s  eine spezielle Methode  zur Be- 
s t i m m u n g  des Umsa tzes  von P l a smapro t e inen  durch  
quan t i t a t i ve  Immunpr i i z ip i t a t ion  beschr ieben  2. Mit Hilfe 
dieser  Ve r suchungsano rdnung  kann  m a n  die D y n a m i k  
von Serumeiweissen such  dann  erfassen, wenn  m a n  n ich t  
fiber das rad ioakt iv  mark ie r te  Re inpro te in  verfiigt .  Die 
U m s a t z b e s t i m m u n g  erfolgt  durch  quan t i t a t i ve  I m m u n -  
pr~z ip i ta t ion  des speziellen Eiweisses aus e inem Gemisch 
rad ioak t iv  mark ie r t e r  Eiweisskbrper .  Diese Methode  ist  
deswegen von besonderem Interesse,  da  bekann t l i ch  
durch  A n w e n d u n g  von  Absorp t ionsve r fah ren  die Zahl 
hochspezi f iseher  I m m u n s e r e n  die der IReinantigene iiber- 
steigt .  Naeh dieser Methode  wurde  nun  mi t  Hilfe eines 
hochspezi f i schen Ant ihuman-a2-Makroglobul inserums von  
K a n i n c h e n  (Behringwerde,  Marburg) e rs tmal ig  der  Um-  

satz  des c%-Makroglobulins be im Menschen bes t immt .  
Dieser  ist im Hinbl ick  auf die Aufkl~rung des Pa t ho -  
mechan i smus  spezieller E iweiSspek t ren  (Nephrose,  t~heu- 
ma t i smus  u.a.) wie s u c h  der  Bedeu tung  als T ranspor t -  
p ro te in  von besonde rem Interesse .  

Melhodik. ~2-Makroglobulin wurde  aus B lu t spende-  
se rum (200 mg% ) mi t  Hilfe einer Gelf i l t rat ion fiber 
Sephadex  G-200 auf e twa  das 5fache der  Ausgangskon-  
zen t ra t ion  angereicher t .  Die quan t i t a t i ve  B e s t i m m u n g  
des el Makroglobul ins  erfolgte nach  HEIDELBERGF~R a,4. 

1 Mit Untersttitzung durch (lie Deutsche Forschungsgelneinschaft. 
2 R. KLUTHE, B. RIEBOW, F. RICHTER und N. KLEINE, Nuklear- 

medizin 5, 107 (1965). 
3 M. HEIDELBEROER und F. E. KENDALL, J. exp. Med. 61, 563 

(1935). 
4 E. A. KABAT und CH. C. MEYER, Experimental Immunochemistry 

(Ch. C. Thomas, Springfield 1961). 

l)bersicht fiber wesentliche Messgr6ssen und Berechnung des Umsatzes von c%-Makroglobulin 

Name Alter K6rper- K6rper- cr  Plasma- cr a2-M 
Geschlecht gr6sse gewicht (Serum) volumen intra- t/2 

em kg Ing% l vaseulfir Tage 
g 

Katabolische Rate 0:2-3/[ 
Urinaus- 

in absolut (in in scheidung 
%/Tag % des intra- mg/kg mg/Tag 

vascultiren pro Tag 
~2-M) 

D. Veih. 30 J. (~ 174 71 220 3,39 8,58 9 

E. Vo. 25 J. o ~ 179 63 281 2,34 6,56 8 

P. Schn. 24 J. ~ 191 90 325 3,38 11,0 11 

A. Wo. 24 J. ~ 178 65 325 2,75 8,95 10 

U. Ha. 27 J. ~ 186 83 275 3,16 8,7 9 

G. Pc. 27 J. d7 192 81 225 3,10 7,0 11 

7,5 654 9,10 

8,6 567 8,95 

6,4 703 7,80 
7,1 640 9,80 

7,2 627 7,55 

6,2 437 5,40 


