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Sodium fluorescein and fluorescein-labelled dextrans with 
a mol. wt smaller than 70,000, fluoresced more weakly 
30 rain following the injection than 2 rain after it (figure 4). 
Dextrans 70,000 and 150,000 also fluoresced intensively 
30 rain after the injection (figures 5 and 6). Specific 
fluorescence was never observed in the parenchyma of the 
cerebral cortex. 
If both the artery and vein of both kidneys were ligated 
before injection of the tracer, even the smallest label, 
sodium fluorescein, fluoresced brightly in the cortical capil- 
laries 30 rain after the infusion but did not, however, leak 
into the brain tissues (figure 2). In all experiments, the 
parendryma of cerebral cortex showed only a weak back- 
ground fluorescence. 
Discussion. Fluorescein-labelled dextrans are very stable 
molecules 7,s and suitable for microcirculation studies 7,9. 
Several successful methods for localizing sodium fluores- 
cein in freeze-dried specimens habe been reported 9-a2. In 
the present study, the freeze-drying technique of Rodri- 
quez-Peralta H and Baurman 12 yielded a good localization 
of the label fluorescence and well reproducible results with 
both Na-fluorescein and FITC-Dextrans. 
Neither Na-fluorescein nor any of the FITC-Dextrans used 
penetrated the BBB. Similar results, concerning the per- 
meability of retinal vessels to Na-fluorescein 13 or to FITC- 
Dextrans ~, have been reported previously. 
The fluorescence in the capillaries of the cerebral cortex 
was weaker 30 rain rather than 2 rain after an injection with 
a tracer smaller than FITC-Dextran 70,000. This seems to 
be explained both by re-distribution of the marker into 
other tissues of the body and by its elimination through 
renal excretion. In man, dextrans with a mol. wt smaller 
than 50,000 are rapidly excreted into urine 14. In the present 
study the fluorescence due to the smaller tracers (mol. 
wt<  70,000) persisted for over 30 rain in the cortical 
capillaries if both the renal artery and vein were closed 
bilaterally. This operation is very likely to be followed by 
disruption of the BBB. This, however, did not take place 
during the first 30 min. 
Both the eminentia mediana and the area postrema were 
brightly fluorescent as early as 2 min after an injection Mth 
any of the tracers, which indicates that the fenestrated 

capillaries in these brain regions are permeable to all the 
labels used and that 2 min was not too short a time for 
demonstrating transcapillary leakage. 
Both Na-fluorescein and fluorescein-labelled dextrans 
proved to be reliable and suitable for blood-tissue barrier 
research. It seems that the transcapillary vesicular trans- 
port ~5 rather than the possible 7-A pores proposed before 6, 
are involved in the exchange of water-soluble particles 
through continuous brain capillaries 16. However, non-fen- 
estrated capillaries and barrier systems with pore size inside 
the range of dextran molecules will undoubtedly be an 
even more suitable subject for studies with FITC-Dextrans 
of graded mol. wts. 

1 Part of the experimental work was carried out when F.J_ 
worked at the Department of Anatomy, University of Helsinki 
on a fellowship from the Finnish-Hungarian Exchange Pro- 
gramme. The :authors are grateful to Miss Irma Hiltunen for 
excellent tedhnical assistance. 
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Summary. The quantitative and qualitative study in electron microscopy of hepatic fragments taken in apparently healthy 
collaterals of idiopathic hemochromatosis, shows the presence of siderosis, undetectable by Perls reaction comparatively 
with normal liver samples. 

Previous clinical 3'4 and histological 5'6 studies of hemochro- 
matosis relatives have already been made. Hepatic biopsy, 
associated with ferritine determination 7, is one the most 
important criteria to appreciate the iron overload s in the 
liver and to detect the nonsymptomatic stades of the 
disease. This morphological investigation attempts to clari- 
fy the cellular mechanisms of tissular overload which 
remain obscure. 
The purpose of the present study is to correlate an electron 
microscopy quantitative approach of the ferric inclusion in 

the hepatocytes 9, with a light microscopy evaluation of 
heterogenous lipofuscin 1~ aggregates in hemochromatosis. 
This correlation is made between the liver of the relatives 
of patients with latent idiopathic hemochromatosis and 
patients with normal liver. 
Material and method. The propositus (table 1, II A 1), 32 
years old, was admitted to the hospital for hepatomegaly 
and diabetes. His seric iron level was 275 gg/ml and the 
needle hepatic biopsy showed, after Perls reaction, a mas- 
sive ferric overload, associated with fibrosis. 
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Fig. 1. Hepatocellular deposits in relatives of patients with latent 
idiopatic hemoehromatosis. �9 : Lipofuscin aggregates. ---, : Sidero- 
somes, 

2 
f Fe 

Fig.2. Nondispersive X-ray analysis of iron deposits: 2 different 
analyses are superposed and obtained from ferric and nonferric 
inclusion. 

In the course of the familial investigation, 7 members  of the 
family have been examined: one case of latent hemochro- 
matosis has been  detected (table 1, I I B  3) and 4 relatives 
(table 1, I I B  2, 4, 4, 5), 20-26 years old, without any clinical 
or biological manifestation, bu t  among which 3 showed a 
slight hepatomegaly, have accepted a needle liver biopsy 
(Menghini  needle technique). 

Table 1. Pedigree of the studied family 
I 1st marriage 2nd marriage 

1 2 1 2 4 5 

Studied subjects: 

6 7 8 9 10 

�9 Hemochromatosis; 
(i), [] Infracclinical manifestations. 

Nonstudied subjects: | N. 

Table 2. Count of intrahepatocytary inclusions 

These fiver biopsies have been compared to those of 
5 h u m a n  normal  liver (table 2, t), free from any clinical or 
biological liver diseases and the iron seric level of which 
was normal .  These h u m a n  normal  fiver were obtained by 
surgical biopsy, realized during a laparotomy made for 
various digestive diseases (namely 4 duodenal  ulcus and 
1 gastric carcinoma), without previous bleeding. 
Fixation. The fragments were divided in 2 groups: The first 
one was immersed in  Bouin aqueous fixative and processed 
through convent ional  histological methods. The Perls reac- 
tion was systematically done. The second one was fixed in 
buffered cacodylate osmic acid (2%), pH 7.4, 0.3 M, 400 
mOsM. Dehydrat ion was carried through ethanol and 
embedded in EPON 812. 
Semi-thin sections. They were contrasted according to 
Richardson's technique (azur II-methylen blue) and the 
count of the cytoplasmic inclusions found in the hepato- 
cytes was carried out with a Zeiss integrator (obj. 40, occul. 
10). 
A sufficient n u m b e r  of blocks was cut to allow 3 different 
readings, corresponding, respectively to periportal, inter- 
mediary and pericentrolobular  zones. A total n u m b e r  of  

Studied Pefls Steatosis Light microscopy 
subjects reaction (semi-thin sections) 

Average number 
of inclusions 
per 150 hepatoeytes 

Electron microscopy 
(ultra-thin sections) 
Average number of inclusions per 150 hepatocytes 
Lipofuscin (L) Siderosome (S) Total (T) 

(L + S) 
C1 • + 307 262 371 633  
C 2 0 + 294 170 432 602 
C3 0 + 283 208 304 512 
C4 0 0 310 355 484 839 
C : m •  SE 298• 54 248.75• 34.75 397.75 • 33.65 646.5 

t 1 0 0 90 169 63 232 
t2 0 0 52 258 55 313 
t3 0 0 333 285 35 320 

0 0 202 158 104 262 
t5 0 0 171 260 264 524 
C : m •  SE 169.6• 43.80 226• 23.27 104.2• 25.95 330.2 

C: Collaterals ofhemochromatosis, t: normal livers, SE: standard error. 

8 
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Table 3. Histological data and iron seric revel in collaterals 

Specialia Experientia 35/2 

Age (years) Liver biopsy Iron seric level IBC CS (%) 
Perls reaction Steatosis (gg/100 ml) (gg/100 ml) 

II B 2 26 + + 100 360 27 
II B 4 23 0 + 155 310 50 
II B 5 22 0 + 70 380 18 
II B 6 20 0 0 130 300 43 

150 (-t-10) cells have been chosen as representative of each 
patient. 
Electron microscopy. For each patient, 3 blocks of hepatic 
tissue corresponding to 3 lobular zones were selected. On 
each block, a series of ultra-thin sections (600-800 A) was 
made and laid on 200-mesh grids (of 85 ~tm 2 of length). 
Each block allowed the reading of about 50 hepatic cells on 
5 grids-square. The count was realized on a positive print 
(4 prints for each square, totalizing thus 60 prints per 
patient), i.e. 150 cells (+10) located in 3 different zones of 
the hepatic lobule. 
The noncontrasted sections which were examined show 
2 different kinds of inclusions which will be counted 
separately: on the one hand, the lipofuscin inclusions 
containing some ferritin or hemosiderosis clusters, and, on 
the other hand, the smaller siderosomes, the nature of 
which has been controlled by using high magnification and 
nondispersive X-ray analysis (EDAX system) (figure 1). 
The timing of the count was chosen between 100 and 
200 sec; the finding of the iron peak (Ka at 6.4 KeV and 
Kfl at KeV) allowed the identification of siderosomes. Each 
analysis was memorized and superposed on a nonferric 
inclusion isolated from the same studied square (figure 2). 

Results. Light microscopy. No hepatic histological altera- 
tion has been observed on the normal surgical biopsies, 
whereas a slight steatosis has been noted in 3 of the 
relatives. The Perls reaction was slightly positive in one of 
the relatives, trader the form of granulations, scattered in 
some rare hepatocytes. It was negative in all the other cases 
(table 3). 
As regards the 150 hepatocytes counted on semi-thin sec- 
tions, the number of inclusions was more important in the 
liver of the relatives than in the normal liver samples, 
except for the particular case of sample t 3, for which the 
number of inclusions is high and for which no satisfactory 
explanation was found, in the absence of clinical or biologi- 
cal abnormalities. 
Electron microscopy. Compared to normal liver samples, 
no significant increase of the number of lipofuscins (L) was 
noted in the relatives of hemochromatosis, but a strong 
increase of siderosomes was observed. The total amount of 
inclusions T (lipofuscins+siderosomes) is significantly 
more important in the relatives than in the normal samples. 
Apart from sample t3 which presents an overload in aggre- 
gates of lipofuscins - the reason of which remains obscure - 
there may be a correlation, according to the small number 
of studied cases, between the number of inclusions per 
hepatocytes on the one hand, observed in light microscopy, 
and the number ofsiderosomes, and on the other hand, the 
total number of inclusions in electron microscopy. Howev- 
er, there is no correlation between the number of inclusions 
per hepatocyte observed in light microscopy and the num- 
ber of lipofuscins inclusions observed in electron microsco- 

PY. 

Discussion. The hepatic increase of ferric deposits (ferritin, 
siderosomes and lipofuscin aggregates) more or less over- 
loaded in iron in relatives of idiopathic hemochromatosis is 

well-known. This fact suggested the liver needle biopsy as a 
way to detect infraclinical forms and to measure the ferric 
concentration in the liver, compared with the uncertain 
results of other investigations 12,13. 
Our study confirms the value of electron microscopic count 
to appreciate such a ferric overload. The electron micro- 
scopic count has shown a strong increase of siderosomes 
number in 4 apparently normal relatives compared to 
5 normal subjects, whereas the Perls reaction was slightly 
positive in 1 case only. 
However, these facts do not permit us to determine which, 
among these relatives, are those who are liable to present 
afterwards a patent form of hemochromatosis. No morpho- 
logical or ultrastructural characteristic permits us to dif- 
ferentiate the observed deposits from those of normal liver 
parenchyma or other human or experimental hepatosidero- 
sis 14. 
In the absence of any positivity to Perls reaction of the liver 
biopsies, the hepatocellular count of inclusions identified 
on semi-thin sections (light microscope) may help to appre- 
ciate the number of siderosomes, since this inclusion 
depends more on siderosomes than on lipofuscins. The 
validity of this count remains more or less unreliable, since 
various etiologies are responsible for a lipofuscin increase. 
In the absence of a patent ferric overload, the histological 
study, as well qualitative as quantitative, of hepatic tissular 
iron deposit in apparently healthy relatives, without any 
elevation of seric iron, shows a ferric overload a minima. 
This overload takes the form of an excess of siderosomes, 
identifiable in electron microscopy, but the evolution of 
which remains unforeseeable. 
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