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Fig. $. Diagrams drawn by joining the points corresponding to the BSA haemagglutination titers in each animal.. ..... , IFA ; - .  . , CFA. 
Large arrow: injection of BSA mixed with adjuvant. Thin arrow: injection of BSA without adjuvant. Left: young rats; right: aged rags. 

(1) Four weeks after the first injection of BSA mixed 
with adjuvant  (TI), the production of antibodies in aged 
animals is definitely lower and the individual values more 
scattered than in young animals. All the young animals 
produced antibodies that  can be shown by passive 
haemagglutination; two aged animals have not produced 
measurable quantities. In  both young and aged animals, 
the antibody production is practically unchanged whether 
CFA or IFA is used. 

(2) After immunizat ion has been continued (TI), the 
production of antibodies by aged animals remains lower 
than in young animals. However, the repetition of the 
antigenic stimulus noticeably lowers the difference be- 
tween young and aged rats. In  both young and aged 
animals, the production of antibodies is higher when the 
animals have been immunized in the presence of CFA. 

(3) After the last injection of BSA-CFA (T a and T4), a 
"certain irregularity in antibody production can be found 
in some animals. But on the whole there appears, in 
young animals, to be a stabilization in antibody produc- 
tion and, in aged animals, a beginning of decrease of this 
production. 

Under the experimental conditions we used, the pro- 
duction of antibodies in the aged animals group has al- 
ways been inferior to the production in the young animals 
group ~. 

Rdsumd. La production d'anticorps antiprot6iques a 
~t~ 6tudi6e comparativement chez des rats de 3 mois et 
de 22 tools, par la m&hode d'h6magglutination passive. 
Les r6sultats montrent  et pr6cisent ia diff6rence de 
comportement immunologique entre animaux jeunes et 
animaux &g6s. 

PH. GOULLET and H. KAUFMANN 

Laboratoire de la M.G.E,N., Institut Prophylactique, 
Paris Vie (France). July 24, 196,1. 

' We thank Mrs. C. GAILLARD and Miss O. JKANNZQUI~ for their 
technical assistance. 

STUDIORUM PROGRESSUS 

Postoperative Hypoxia after Extracorporeal 
Circulation: A Possible Graft against Host 

Reaction (Preliminary Communication) 
The problem of respiratory insufficiency after extra- 

corporeal perfusion for open heart surgery, particularly in 
correcting the tetralogy of Fallot, is one which has caused 
general concern. There are several reasons for the post- 
operative onset of such respiratory complications and 
these include pain, respiratory obstruction, and tampon- 

ade. Even when these more obvious causes have been 
excluded there remains still unexplained a postoperative 
hypoxic state which clinically resembles pneumonia. 

In recent months we have turned our attention to this 
particular type of hypoxia. Initially no auscultatory or 
radiological signs are present to account for the respira- 
tory impairment which is manifested by a progressive 
desaturation in spite of tx)sitive pressure respiration with 
pure oxygen. At this stage it is difficult to separate a 
cardiac cause from a purely respiratory one, but  measure- 
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merits of gas exchange reveal a marked right to left shunt 
due to venous blood crossing the pulmonary bed without 
coming into contact  with oxygen. (Data supplied by 
Dr. M. K. SYKES and Dr. B. ROBINSON, Department  of 
Anaesthetics.) This inability to exchange normally oxy- 
gen and carbon dioxide is inevitably followed by a pro- 
gressive acidosis which together with progressive hypoxia 
can lead to the death of the patient. Such a sequel is rare. 
More usually patients in whom this condition is recog- 
nized make a spontaneous recovery on the third or fourth 
postoperative day and rapidly regain normal lung func- 
tion. 

Recently, a report by KOUNTZ et el. 1 from this labora- 
tory showed tha t  certain circulating cells - plasma cell 
precursors - leech on to vascular endothelial cells of the 
homotransplanted kidney and then rapidly differentiate 
into plasma cells. In migrating through the walls of the 
intertubulax capillaries they cause disintegration of the 
endothelial continuity which results in hypoxia of the 
tubules (TYLER et el. ~) and finally necrosis. These, in fact, 
are the physical and biochemical features of rejection of 
canine homotransplanted kidneys. The exact immuno- 
logical factors involved still remain undefined (WIL- 
LIAMS et el.3). 

I t  occurred to us tha t  the role of the plasma cell pre- 
cursors could be extended to a study of the lungs of 
patients dying after extracorporeal perfusion because 
such lungs contain large numbers of plasma cells. The 
pathology of many of these lungs is complicated by pre- 
existing disease and so we have used laboratory models to 
develop a possible explanation of respiratory insufficiency 
after extracorporeal perfusion. We had access to material 
derived from laboratory models which allowed a more 
general analysis to be carried out. 

Mater ia l s  and  methods. Group 1 : The material consisted 
of sections of the lungs from 18 patients dying in the first 
five postoperative days following open heart  surgery, 
particularly for the correction of tetralogy of Feller. We 
have excluded the lungs of patients dying within 24 h of 
the operation. Such lungs show gross vascular stagnation 
and fibrous contraction and death has probably been due 
to mechanical factors following the correction of the con- 
genital abnormality. This histology was made available 
to us through the courtesy of Dr. MONICA BISHOP. 

Group 2: Lungs were made available from laboratory 
experiments on dogs subjected to open heart  surgery 
using an extracorporeal circulation with and without  
priming with homologous blood. 

Group 3: The lungs of 24 dogs were made available for  
histological examination through the courtesy of Dr. J. B. 
xvV~sT et el., who are currently engaged in a physiological 
s tudy of the isolated lung perfused by blood cross-circu- 
lated from another dog. 

Group 4 : 6  lungs of the donor pump dogs of Group 3 
experiments were also available for study. 

Group 5 : 6  hearts were homotransplanted by the tech- 
nique of Downie (1953). 

Group 6: Normal canine lungs. 
Various experiments in Group 2 axe in progress which 

are designed to s tudy the effect on the lungs of animals 
perfused with uncrossmatched homologous blood, auto- 
logous blood, and rheomacrodex in dextrose alone as 
primer of the extracorporeal pump. 

Histology.  The lungs were fixed in normal saline. Sec- 
tions were cut at  about 5 # and stained routinely with 
several preparations, including methyl  green pyronine. 
Biopsies of some lungs in Group 3 and hearts from Group 5 
were also taken for electron-microscopic study (Dr, P. L. 
WILLIAMS, Guy's Hospital Medical School). 

Results .  Normal lungs show occasional plasma cells in 
the peribronchial tissues. For this reason the periphery of 
the lungs was examined to exclude this phenomenon. 

The lungs of the first three groups showed varying 
degrees of plasma cell infiltration. The lungs of Group 4 
showed no plasma cell infiltration. 

I t  would appear that,  in the lungs derived from the 
first three groups of projects, the same process of cell 
differentiation into plasma cells is taking place. The plas- 
ma cell precursor has also been found in kidney homo- 
transplants in both humans and dogs (GALLE and DE 
MONTERA 4, KOUNTZ et al. 1, WILLIAMS et al.~). Similar 
cells can also be found invading the endocaxdium of the 
canine homotransplanted heart. The lungs of Group 3 
were particularly interesting because even after 1. h of 
perfusion one could detect early plasma cells. This makes 
the isolated perfused lung a very convenient technique 
for studying the leeching on of the plasma cell precursors 
and their further differentiation and migration in strict 
relation to time. For an adequate assessment of their 
cytoplasmic status it is essential to use the electron 
microscope. 

In Group i and Group 2 the plasma cell precursors may 
have originated from the fresh blood used to prime the 
extracorporeal machine. Any disturbance they may cause 
may be termed a graft against host reaction. In Group 3 
the plasma cell precursors originate in the donor dog and 
so they may constitute a host against graft reaction such 
as has been described by KOUNTZ et el. 1 and WILLIAMS 
et  el. 3 in the homotransplanted kidney. 

The isolated lung preparation is also very convenient 
because it allows hourly biopsies to be taken over a 
period of about 5 h perfusion so as to follow the process of 
differentiation, the nature of the migration through the 
vascular endothelium and any possible relation to the 
development of intersti t ial  oedema. 

An even better  preparation than the isolated lung for a 
s tudy of the nature of the circulating cells which make 
contact  with foreign cndothelium, is the heart  homo- 
transplanted by the technique of DOWNIE ~. The endo- 
cardium and subendocardium appear to be the first tar- 
gets of the invading cells. For electron-microscopic pur- 
poses, a section of endocardium provides one with a 
concentrated collection of cells. An electron-microscopic 
assessment of the nature of the invading cells is in 
preparation (Dr. P, L. WILLIAMS). 

Discussion.  The cell which first leeches on to the capil- 
lary endothelium of a homotransplanted  kidney is one 
which has a cytoplasm capable of developing into a plas- 
ma cell since i t  is well endowed with ergastoplasm. It 
resembles in its nucleus]cytoplasmic ratio a lymphocyte: 
i t  has a nucleus of about  6/~ under the electron micro- 
scope. I ts  cytoplasm differs markedly from tha t  of any 
normal lymphocyte in tha t  it has abundant  ergastoplasm. 
A similar cell has been observed in a human transplanted 
kidney and is referred to as an unidentified cell (GALLE 
and DE MONTERA 4, Figure 14). I t  is possible tha t  a similar 
cell has been observed in human thoracic duct lymph; it 
has been estimated to constitute 2% of the monocytes 

1 S. L. KouuTZ, M. A. VVILLIAMS, I >. L. WILLIAMS, C. KAPROS, Red 
~'V. J. DE.MPSTER, Nature 199, ~57 (1963). 
H. M. TYLER, M. A. ~VILLIAMS, and "W. J. DEMPSTER, Nature ~01, 
84 (1964}. 

s p. L. WILLIAMS, M. A. WILLIAMS, S. L. KOV•TZ, and W. J. 
DEMPSTER, J. Anat., in press {1964). 

4 p. GALLE and H. DE MONTERA, Rev. frang. Etud, din. biol. 7, 40 
{1962). 

5 H. G. DowslE, Arch, Surg. 66, 624 (1959}. 
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(ZoCKER-FRANKLIN6). MARCHESI and GOWANS ~ have 
also observed a similar cell in the thoracic duct lymph of 
rats. Both ZUCKER-FRANKLIN and MARCH~S~ and 
GOWANS regard the cell they have observed as a large cell 
and indeed classify it  as a large lymphocyte; ZUCKER- 
FRANKLIN refers to it as a metabolically more active cell 
than the usual large lymphocyte; MARCHES! and GOWANs 
have termed it a Type 3 lymphocyte. We question the 
wisdom of classifying such a cell as a lymphocyte because 
of its distinctive cytoplasm, and until further clarification 
we prefer to use the term 'plasma cell precursor', What- 
ever kind of cell it may have originated from it is clear, 
from electron-microscopic studies, that it can differentiate 
through all the stages up to a mature plasma cell, I t  can 
transform in a few hours into a plasma cell and it can 
undergo division. 

If the cell we have described as the first to leech on to 
foreign endothelium is the same cell as has been observed 
in the thoracic duct lymph, it would suggest that there 
is evidence for natural  immunity against homografts. It  
is suggestive that  this circulating cell can, on its own ini- 
tiative, make contact with foreign tissue and differentiate 
into a plasma cell. We have no evidence that an antigen- 
antibody reaction is involved. We have evidence from 
several homotransplanted organs that capillaries are 
destroyed when this cell starts to migrate into the inter- 
stitial tissue. 

The lungs of human subjects who die in the first few 
days following an extracorporeal operation for the correc- 
tion of tetralogy of Failer show a plasma cell infiltration, 
interstitial oedema and a red-cell extravasation in addi- 
tion to stagnation due to inadequate respiration. Clini- 
cally, this presents as a pneumonic state and as a result of 
the hypoxia a lactic acidosis develops which can cause the 
death of the patient. If death does not ensue a spontaneous 
remission occurs some days later which is probably due 
to the natural  defences of the patient reacting against the 
cells and so causing their disintegration. 

I t  would be difficult, if not impossible, to build a graft 
against host theory on the evidence of the lungs in Group 
1 alone. The histology of the lungs in this group is com- 
plicated by: (1) The usual and temporary histological dis- 
turbance caused by extracorporeal circulation. The cor- 
rect histological basis for this study derives from the lungs 
of Group 4 and Group 2 when homologous blood is not 
used. (2) The histological lesions caused by the migrating 
cells. The correct histological basis for this study derives 
from the lungs in Group 2 and 3. (3) The effects of im- 
paired respiration for several days resulting in stagnation 
of secretions. And (4) the preoperative pathology in the 
lungs. Thus it is necessary to resort to the laboratory 
models described in this communication in order to at- 
tempt to reconstruct the whole history. 

Fresh blood is usually used for priming extracorporeal 
machines. This means that  a truly massive infusion of 
living white cells is inevitable. That these infused white 
cells appear in the lung of the individual being perfused 
is well established. What is more difficult to establish, so 
far as the lung is concerned, is whether the cells are fil- 
tered off by the natural  function of the lung (WEIs- 
BERGER et al.8) or whether the cells actively make con- 
tact  with the endothelial cells of the lung. 

The next point is to decide whether all the physio- 
logical changes in the perfused lungs can be attributed to 
the activity of the foreign white cells in causing capillary 
damage. This possibility could be included in the category 
of 'graft against host reactions' with the very definite 
proviso that  we have no evidence of an antigen-antibody 
reaction; the physical results of migration (i.e. increased 

capillary permeability, perivascular oedcma and altered 
lung blood flow) can sufficiently explain the physio- 
logical effects. One of us has already claimed that  in other 
reports of graft against host reactions, any reference to 
antigen-antibody reactions is usually no more than a 
reasonable assumptkm and that  the secondary syndrome 
can be explained by gr:fft lymphoid aplasia resulting in 
infection (1)F.MPSTI~;R 0); the wasting disease after thymec- 
tomy would support this view (Sm:RMAN et al. =0). 

The question whether the physiological changes are 
wholly due to the filtered white cells w ~  studied by 
means of some experiments in which fresh homologous 
blood was excluded from the extracorporeal machine and 
substituted by dextrose, saline and Rheomacrodex. Phy- 
siological tests 2 h after a 2-h perfusion show that  the 
lungs of perfused animals are capable of normal gas ex- 
change, although histologically the hmgs show the usual 
alarming haemorrhagic state following extracorporeal 
circulation but without plasma cells. The hmgs of Group 4 
show similar w~scular extr:wasation and increased cellu- 
larity - features already well documented by SCURAMEL 
et al. u. Factors other than white cells, therefore° appear 
to be involved but which do not lead to progressive im- 
pairment of lung function some hours after operation. The 
general effects of cross-circulating blood are well-known 
and have to be taken into consideration. I t  is probable 
that the usual basic 'perfusion hmg' damage enhances the 
capillary damage brought atmut by the migrating plasma 
cells. The clinical implications of this concept, if it be 
confirmed, must discourage the use of fresh homologous 
blood as a priming fluid in extracorlmreal machines. 

The search for the nature of the first cell to leech on to 
the vascular endothelium can only be done by electron 
microscopic methods, lhw this particular purpose the per- 
fused hmg is an easier tissue to examine than a homo- 
transplanted kidney. Foreign circulating cells can settle 
in a perfused hmg and can be recognized as early plasma 
cells within an hour. Masses of plasma cells can be 
demonstrated after 6 h perfusion. Easier still than the 
perfused lung is the homotransplanted heart. Within 24 h 
the enducardium and subendocardium are heavily infil- 
trated with early plasma cells. A section of these areas 
provides one with a massive concentration of migrating 
pl:u~ma cells in various stages of differentiation, This 
greatly facilitates the problem of tracing the origin of the 
plasma cell precursors and the stages of differentiation 
into plasma cells, These cells, which have been identified 
in the thoracic duct lymph, may be cells which have 
already been committed to another antigenic stimulus 
and are in transit; this is a view held by our colleague 
P. L. WILLIAMS. ~te have not sufficient evidence to rule 
out that the plasma cell precursors do not, in fact, trans- 
form from small lymphocytes. I t  is possible that  the 
plasma cell precursors of the dog are more antagonistic to 
foreign tissue than are the human cells. However, the 
phx~ma cell infiltration in human hmgs after prolonged 
periods of extracorporeal circulation consistently correlate 
with a severe clinical state of hypoxia. 

= D. ZOCK~R-I:~ANm.t~, J. Ultrastruct. Re.~. o, :|25 (19fkq). 
V. T. M^Rctmst m~d J. L. GowANs, Pro¢, R, So¢. [B] 159, 283 

ii A. S. Wlt=SBKROER, 1¢.. A. GUVTON, R. W. IIEINLE, and J. P. 
STORAASl.|, J. llaemat. 6, 916 {i|t51). 

* w. J. I)V.MPSTIIR, Tissue Traptsplat=tatio~H British Surgical Prog. 
ress (Butterworth, l.ondon 196q~), p. '2'2.1. 

Io j. O. SIIF.RMAN, M. M. ADNI'[R, nlld W. I)AMASlU~I~, lllood ~,  252 
(ioo:=). 

It R. S{IIRAMI~L, ~,V, ClIAI'~IAN, l'~. "~VKIFFEN|IACll; and O. CRIiKCI[; 
J. thorac, cardiovam. Surg. #'2p 80,1 (1961). 
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There  would  appea r  to  be no clear corre la t ion  be twe e n  
the  seve r i ty  of t he  h ypox i c  s t a t e  and  the  p reope ra t ive  
s t a t e  of the  lungs and  the  na tu r e  of the  cardiac  lesion. 
Thus  we have  been  forced to cons ider  fac tors  o the r  t h a n  
pre -ex is t ing  mechan ica l  damage.  

The seve r i ty  of t he  pos tope ra t i ve  hypox ic  s t a t e  could 
v a r y  wi th  such  fac tors  as: (1) t h e  h i s tocompa t ib i l i t y  of 
whi te  b lood ceils and  the  lungs of t he  per fused  p a t i e n t ;  
(2) the  age of blood used to  pr ime the  p u m p s ;  (3) t he  
du ra t ion  of the  perfus ion by  t h e  ex t racorporea l  p u m p s ;  
(4) t he  p reope ra t ive  s t a t e  of  t h e  lungs;  (5) the  p reopera -  
t ive  s t a t e  of the  co rona ry  circulat ion.  

The spon taneous  recovery ,  we believe, is due  to  t he  
des t ruc t ion  of t he  i nvad ing  p l a sma  cells b y  the  defences  
of t he  hos t  and  also to  t he  resolut ion of the  oedema  
caused  p a r t l y  by  the  p l a sma  cells and  pa r t l y  b y  the  
general  effect  of t he  ex t racorporea l  perfus ion m. 

Zusammen/assung. Bei Pa t i en t en ,  bei  welchen  ein 
ex t r ako rpora l e r  Blutkre is lauf  durchgef i ih r t  wurde,  f anden  
sich in den  L u n g e n  grosse Mengen  yon  Plasmazel len .  Bei 

Ben i i t zung  yon  f r i schem h o m o l o g e m  t31ut fiir die Ingang-  
se tzung  des ex t r ako rpora l en  Kreis laufes  sche inen  die 
P lasmaze l len  des Spende rb lu t e s  in den Lungen  sch~di- 
gend  zu wirken.  Sie k6nnen  mSglicherweise ffir Kapil lar-  
sch~digungen  und  S t6 rungen  des no rma len  Gasaus- 
t ausches  v e r a n t w o r t l i c h  g e m a c h t  warden.  

D. G. MELROSE, R. NAIl,kS, D. ALVAREZ, 
I. A. D. TODD, and  W.  J.  DEMPSTER 

Experimental Surgical Unit and Nu]Jield Unit o/ Clinical 
Physiology, .Department o/ Surgery, Postgraduate Medical 
School o/ London (England), August 19, 1964. 
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SPARKS, Mr. WILLXAMS and Mr. ADAMS. 

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

Polyzona le  D i i n n s c h i c h t c h r o m a t o g r a p h i e .  
C h r o m a t o g r a p h i s c h e  F l i e s s m i t t e l e n t m i s c h u n g  

und ihre A n w e n d u n g  zur  T r e n n u n g  von  
S u b s t a n z g e m i s c h e n  

I. Tell : Duozonale Diinnschichtchromatographie, 
Theorie und Praxis 

Diinnsch ich t -  (DC) und  P a p i e r c h r o m a t o g r a p h i e  (PC) 
un te r sche iden  sich yon  ande ren  Chroma tog raph ie rve r -  
f ah ren  wesent l ich  dadurch ,  dass  das t rockene  Sorp t ions-  
mi t t e l  e rs t  wi ihrend des Trennprozesses  mi t  dam Fliess- 
mi t t e l  in Ber i ih rung  k o m m t .  Es  b e s t e h t  also anfangs  kein 
Gle ichgewicht  zwischen s ta t ionXrer  und  mobi ler  Phase ,  
u n d  desha lb  er leidet  ein m e h r k o m p o n e n t i g e s  F l iessmi t te l  
be im E ind r ingen  in die Schicht  zwangslAufig eine teil-  
weise E n t m i s c h u n g .  Diese E r sche inung  ist  yon  der  PC 
her  w o h l b e k a n n t  x-~. E in  e n t s p r e c h e n d e r  Vorgang  b i lde t  
die Basis  der  F ron t a l ana ly se  10 nach  TISELIUS n-~5. 

Die E n t m i s c h u n g  m a c h t  s ich besonders  deut l ich  be-  
merkbar ,  wenn  das F l iessmi t te l  - z. B. ein binAres Gemisch 
- K o m p o n e n t e n  von  deut l ich  ve r sch iedener  Po la r i t~ t  en t -  
h~ilt. Das  So rp t ionsmi t t e l  n i m m t  v o m  e in s t rSmenden  
F l iessmi t te l  be ide  K o m p o n e n t e n  bis zur  E ins te l lung  des 
jeweil igen lokalen Gleichgewichts  zwischen mobi ler  und  
s ta t ion/ i rer  Phase  auf. Wel l  dabei  die polarere  t ( omp o -  
n e n t e  bevo rzug t  abgefangen  wird,  e n t s t e h t  allmXhlich 
h in t e r  de r  F l i e s smi t t e l f ron t  (a-Front)  ein sich s te t ig  er- 
we i t e rnde r  Bereich (a-Zone), der  n u t  noch  die weniger  
polare  F l i e s s m i t t e l k o mponen t e  enth/i l t .  Nach  h in t en  ist 
die a-Zone d u t c h  eine {t-Front gegen eine fl-Zone abge-  
grenzt ,  welche das  F l iessmi t te l  in seiner  ursprf ingl ichen 
Z u s a m m e n s e t z u n g  enth~tlt und  welche bis zum E in t auch -  
spiegel zurt ickreicht .  Da  aus d e m  Fl iessmi t te lbeh/ i l te r  
s t~ndig  fr isches F l iessmi t te l  n a c h s t r 6 m t ,  e rwei te r t  sich 
auch  die fl-Zone. Die ~Vanderungsgeschwindigkei t  der  
f l -Front  ist  gegenfiber  der jen igen  der  a - F r o n t  u m  einen 

k o n s t a n t e n  Verz6gerungs fak to r  kBX6 kleiner.  Es  is t  des- 
ha lb  in j edem Ze i tpunk t  

Dis tanz  Eintauchspiegel - f l -  F r o n t  

Dis tanz  E i n t a u c h s p i e g e l - a - F r o n t  
= h/~. (1) 

Die durch  k B gekennze ichne te  Lage der  f l -Front  ist  ffir 
ein gegebenes  Sorp t ionsmi t t e l  u n d  eine gegebene qualita- 
t ive  F l i e s s m i t t e l z u s a m m e n s e t z u n g  eine F u n k t i o n  des 

a E. C. MARTIN et al., J. Chromatogr. lO, 338, 347 (1963). 
H. G. BUNGENBERG DE JONG und J. Tm HOOGEVEEN, Proe. 
Aead. Sei. (Amsterdam) 64 B, 18, 167, 183 (1961). 

3 j .  BOUZKOVA, M. HEJTM~.NEK und I. VAVRUCIf, Coll. Czech. Chem. 
Comm. 22, 1219 (1957). 

4 F. H. POLLARD, J. F. W. McOMIE und D. J. JoNEs, J. chem. Soc. 
7955, 4337. 

s K. MACEK, Chem. IAsty ,/8, 1181 (1954). 
n G. KOWKARAgY und H. G. CAssxnv, Anal. Chem. 2d, 643 (1952). 
7 R. MUNIER, M. MACHEBOEUF und N. CHERBIER, Bull. Soc. Chim. 

biol. 3J, 204 (1952). 
s H. G. BOMAN, Nature 170, 703 (1952). 

M. LEDERER, Nature 162, 776 (1948). 
10 Beider  Frontalanalyse bringt man zun~ichst die Chromatogra- 

phiers~iulc ins Gleichgewieht mit dam L6sungsmittel und 1/isst 
dann eine verdtinnte L6sung des Substanzgemisches solange hin- 
durchlaufen, bis die Substanzkonzentration (Brechungsindex) im 
$/iuleneinlauf und Sfiulenauslauf identisch wird. Jede Kompo- 
nente des Substanzgemisehes verursacht eine StuJe im Diagramm 
*Brechungsindex gegen ausgeflossenes Volumen*. 

n A. TlSELIVS, Arkiv Kemi Mineral. Geol. lJ  B, Nr. 22 (1940). 
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