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ABSTRACT

The accumulation of iron in the
lymph nodes of trypan blue treated
rats was examined as a possible exper-
imental counterpart of the lymph node
siderosis which occurs in patients with
Hodgkin’s disease. Lymph nodes re-
moved from the hilus of the liver, ret-
rosternal area, axilla and root of the
small bowel mesentery were examined
histologically for iron in rats receiving
6-20 subcutaneous injections of trypan
blue at biweekly intervals and in con-
trol rats. An increase in erythrophago-
cytosis accompanied by a progressive
increase in the amount of stainable
iron was found in the RE cells of
nodes located in the lymphatic outflow
tract of the liver. As in patients with
Hodgkin's disease, an increase in
erythrophagocytosis together with the
prolonged retention of iron by RE
cells appears to account for the accu-
mulation of iron in the lymph nodes of
trypan blue treated rats.

Histologic and radiographic abnor-
malities resembling human lymphoma
develop in the lymph nodes of rats
receiving trypan blue for 6-12 months
(1-5). During an earlier attempt to
study the sequential development of
these abnormalities, an unusual accu-
mulation of stainable iron was noted in
some of the lymph nodes of these ani-
mals, an abnormality which was subse-

quently described in patients with
Hodgkin’s disease (6,7). Based on the
consideration that a trypan blue in-
duced lymph node accumulation of iron
in rats might represent an experimental
counterpart of the Hodgkin’s disease
associated abnormality, additional
observations in these animals seemed
warranted and these form the basis for
this report.

MATERIALS AND METHODS

All experiments were performed in
18 male Wistar rats (250-300mg). One
ml of a 1% solution of trypan blue
(Gruber’s, Roboz Company) in sterile
pyrogen free saline was injected subcu-
taneously at biweekly intervals into the
lower back of 15 rats for periods which
varied from 3-10 months. Rats were
killed within 7 days of the last injec-
tion. Sections of spleen and of lymph
nodes located at the hilus of the liver,
behind the sternum, root of the small
bowel mesentery and in the left axilla
were removed, placed in buffered for-
malin and processed for staining with
hematoxylin and eosin and by the
Perl’s technique for iron. Similar sec-
tions were obtained and processed from
3 untreated Wistar rats serving as con-
trols.

The iron content in each section
was estimated without prior knowledge
of the source of the specimen. An
arbitrary 0-4+ estimate was used based
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on the percentage of the area of the
specimen which contained iron and on
the actual quantity of iron.

RESULTS

After 3-6 months of biweekly in-
jections of trypan blue the hepatic hilar
lymph nodes and the spleen contained
significantly more iron than comparable
nodes in control rats and this accumu-
lation continued to increase in rats that
received trypan blue for an additional 4
months (Fig. 1A and B). A similar
progressive increase in stainable iron
was noted in the retrosternal nodes,
although total accumulations were
somewhat less than in the hepatic
nodes. Axillary nodes, in contrast,
rarely contained more than a trace of
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Fig. 1. (A) Low power view of a section of a hepatic hilar lymph node from a rat that received
19 injections of trypan blue at biweekly intervals. The dark areas contain iron stained by Perl’s
technique (orig. mag. x50). (B) Higher power view of the same section showing a dense accumula-

tion of iron in large reticular cells surrounding the remains of follicles and lining the sinuses
(orig. mag. x100).

iron and with, a single exception, mes-
enteric nodes contained none (Table
1).

A trace of stainable iron was
found in the hepatic hilar lymph nodes
in two of the three control rats while
the other lymph nodes contained none.

As described in earlier reports
(2,8), hematoxylin and eosin stained
sections of the lymph nodes of trypan
blue treated animals showed a progres-
sive loss of normal architecture, disap-
pearance of follicles, accumulations of
plasma cells and binucleate cells, RE
(reticuloendothelial) cell hyperplasia
with sinus histiocytosis and evidence of
erythrophagocytosis. These alterations
were found in nodes from each of the
four regions examined but occurred
earlier and more prominently in hepatic
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Table 1

Iron Content of Lymph Nodes and Spleen
in Trypan Blue Treated Rats

Rat  Axillary Mesenteric Hepatic
1 0 0 2+
2 - Tr. 2+
3 0 0 3+
4 Tr. 0 3+
5 0 0 2+
6 Tr. 0 2+
7 Tr. 0 3+
8 1+ 0 3+
9 0 0 2+

10 Tr. 0 4+
11 - 0 4+
12 Tr. 0 -
13 Tr. 0 -
14 Tr. 0 4+
15 - - 4+

Retrosternal Spleen Month
0 2+ 3
2+ - 5
1+ 3+ 5
2+ 3+ 5
1+ 3+ 6
1+ 3+ 6
1+ 3+ 6
1+ - 6
1+ - 6
- 3+ 7
4+ 4+ 9
4+ - 9
2+ - 9
- - 10
- 4+ 10

Note: In 2 of 3 control rats of the Wistar strain the hepatic lymph nodes contained
only a trace (Tr.) of stainable iron while the spleen of all 3 contained an amount

which was evaluated as 2+.

hilar and retrosternal nodes. None of
the nodes examined contained tumor
but the liver of four animals receiving
trypan blue for 9-10 months did con-
tain collections of abnormal appearing
histiocytic cells resembling a human

lymphoma. When sections of lymph

node stained for iron were compared
with those stained with hematoxylin

and eosin, it became evident that iron
was located predominantly in large re-
ticular cells surrounding follicular rem-
nants and lining the sinuses. In the

spleen, which was regularly enlarged,
most of the excess iron was seen in

large reticular cells located in abnor-

mally prominent perifollicular marginal
zones.

Atomic absorption spectroscopic
analysis of the trypan blue used in
these experiments disclosed an iron
concentration of 500 micrograms %,
ruling out injected dye as an exogenous
source of excess iron.

DISCUSSION

These results demonstrate that in
trypan blue treated rats excess iron
(hemosiderin) is retained selectively in

hepatic hilar and retrosternal lymph
nodes. Axillary nodes retain little, and
apart from a single exception, mesen-
teric nodes none. This pattern suggests
that the hepatic and retrosternal lymph
nodes are exposed to higher concentra-
tions of the dye than other nodes and
that this selective exposure is due to
dye transported in lymph rather than
in blood. These lymph nodes receive
lymph directly from the liver and in
the case of the hepatic lymph nodes
practically all of the afferent lymph
derives from this source (9), while the
retrosternal nodes receive lymph from
other areas as well (10).

Liver capillaries are completely and
uniquely permeable to plasma protein
and, as a result, liver lymph has a
protein content practically identical to
that of plasma and higher than lymph
from any other part of the body. Since
trypan blue circulates in blood bound
to albumin (11), it can be assumed that
liver lymph contains a higher concen-
tration of the dye than lymph from any
other organ or region. Viewed in these
terms, it is not surprising that the
effects of the dye are most conspicuous
in nodes draining the liver.
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Lymph formed in the intestine has
approximately half the protein content
of liver lymph but significantly more
protein than peripheral lymph. If mes-
enteric nodes were perfused with higher
concentrations of the dye than the
axillary nodes, as seems likely, it is
curious that they usually contained no
iron while nodes in the axilla consis-
tently demonstrated a trace or more.
The mesenteric nodes are unique, how-
ever, in that they are directly exposed
to absorbed lipid (10), an exposure
which causes their phagocytic cells to
detach from sinuses and transform into
mobile macrophages (12). Since the rats
in our study received a diet containing
about 4% fat, the absence of even small
amounts of iron in these nodes may
have been due to the continuous de-
tachment of iron retaining reticular cells
into efferent lymph and the thoracic
duct.

Information available from studies
in patients with Hodgkin’s disease and
from observations in trypan blue
treated rats, suggest that the mechanism
responsible for excess lymph node
accumulation of iron may be the same
in both. An increase in erythrophago-
cytosis in the spleen and the lymph
nodes together with a severe anemia are
striking features of the trypan blue
treated rat (2,8). Red blood cells are
also sequestered and destroyed abnor-
mally rapidly in patients with Hodg-
kin’s disease and this derangement to-
gether with failure of RE cells to re-
lease iron accounts for the sideropenic
anemia and ferritinemia (13) associated
with the disease (14). Since the accu-
mulation of iron in RE cells results
from their retention of iron released
from catabolized red cells at their site
of destruction (15), an increase in the
local catabolism of red blood cells by
these cells is likely to be the direct and
principal source of the excess iron in
the spleen and lymph nodes of trypan
blue treated rats and of patients with
Hodgkin’s disease. A possible contri-
bution of iron from lymph borne fer-
ritin (16) or transferrin (17-19) has
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however not been excluded.

Iron is stored in the secondary
lysosomes of RE cells as either ferritin
or hemosiderin and the release of iron
from these macromolecules and, in turn
from the cell, is regulated by the activ-
ity of lysosomal enzymes (20). This
activity is significantly depressed in the
RE cells of trypan blue treated rats
(21-23) as well as in the RE cells
(Reed-Sternberg cells) which are char-
acteristic of Hodgkin’s disease (24).
That this dysfunction is responsible for
the retention of iron in the spleen and
lymph nodes of both trypan blue
treated rats and patients with Hodg-
kin’s disease seems likely. A specific
histologic similarity between these ani-
mals and patients with Hodgkin’s
disease has probably been overdrawn in
the past (25), but with respect to the
accumulation and retention of iron in
lymph nodes, the trypan blue treated
rat appears to be an unusually close
experimental counterpart of the disease
in man.

REFERENCES

1. Gillman, J, T Gillman: Lymphomata
(including Hodgkin's-like sarcomata),
their experimental production: A study
of their pathogenesis and etiology and a
comparison with corresponding tumors
in man. Clin. Proc. 8 (1949), 222.

2. Gillman, T: Some aspects of experimen-
tal reticuloses. In Lymph Tumors in
Africa, Basel: Karger (1964).

3. Gillman, T, M Kinns, RM Cross: Hodg-
kin’s disease: A possible experimental
model in rats. Lancet ii (1969), 1421.

4. Gillman, T, RC Hallowes: Ultrastruc-
tural and histochemical observations on
a transplantable reticuloendothelial tumor
in rats. Cancer Res. 32 (1972), 2383.

S. Dumont, AE, AB Martelli, ER Beran-
baum: Radiographic changes resembling
Hodgkin's disease in animals receiving
trypan blue. Invest. Radiol. 11 (1976),
236.

6. Dumont, AE, RJ Ford, FF Becker: Sid-
erosis of lymph nodes in patients with
Hodgkin's disease. Cancer 38 (1976),
1247.

7. Arora, B, GC Mehrotra, R Arya: He-
mosiderin iron deposition in lymph
nodes in Hodgkin’s and non-Hodgkin's
lymphoma. Ind. J. Med. Res. 70 (1979),
97.

Permission granted for single print for individual use.
Reproduction not permitted without permission of Journal LYMPHOLOGY.



238

10.

1.

13.

14,

1S.

17.

. Dabelow, A:

Brown, DV, LM Norlind: Irradiation
and trypan blue treatment in the rat.
Arch. Path. 72 (1961), 251.

Dumont, AE, AB Martelli, RA Schi-
nella: The intranodal distribution of
lymph-borne particles injected intrave-
nously. Br. J. Exp. Path. 63 (1982),
479,

Yoffey, JM, FC Courtice: Lymphatics,
Lymph and the Lymphomyeloid Complex,
Academic Press, London (1970).

Bertini, F, MW Disisto, H Mazzer: The
action of trypan blue on intraparticulate
hydrolysis in liver phagolysosomes and
on a lysosomal enzyme. The linking of
the dye to proteins. Acta Physiol. Latin
Amer. 23 (1973), 9.

Reaktionsweisen des lym-
phknotens beim fettransport (unter
besonderer berucksichtigung des Mesen-
terialknotens). Z. Zellforsch. Mikrosk.
Anpat. 12 (1930), 207.

Jones, PAE, FM Miller, M Norwood, et
al: Ferritinemia in leukemia and Hodg-
kin’s disease. Br. J. Cancer 27 (1973),
212.

Beamish, MR, PJ Ashley, D Trevett, et
al: Iron metabolism in Hodgkin’s
disease. Br. J. Cancer 26 (1972), 444.
Cook, JD, WE Barry, G Hershko, et al:
Iron kinetics with emphasis on iron
overload. Am. J. Path. 72 (1973), 337.

. Han, SS, IH Han, AG Johnson: The

fate of isologous, and heterologous ferri-
tin molecules in the rat. Am. J. Anat.
129 (1970), 141.

Cavill, I, C Ricketts: The kinetics of
iron metabolism. In Jron in Biochemistry
and Medicine, Academic Press, New
York (1974).

. Wasserman, LR, L Sharney, WR Ger-

nitz, et al: The exchange of iron with

19.

20.

21.

22.
23.

24,

25.

interstitial fluid. Proc. Soc. Exp. Biol.
Med. 115 (1965), 817.

Morgan, EH: Exchange of iron and
transferrin across endothelial surfaces in
the rat and rabbit. J. Physiol. 169
(1963), 339.

Trump, BF, JM Valigorsky, AV Ars-
tilla, et al: The relationship of intracel-
lular pathways of iron metabolism to
cellular iron overload and the iron sto-
rage disease. Am. J. Path. 72 (1973),
295.

Davies, M, JB Lloyd, F Beck: The
effect of trypan blue, suramin and aur-
othiomolate on the breakdown of I 125
labelled albumin within rat liver lyso-
somes. Biochem. J. 121 (1971), 21.
Deduve, C: Exploring cells with a cen-
trifuge. Science 189 (1975), 186.

Beck, F, JB Lloyd, A Griffiths: Lysoso-
mal enzyme inhibition of trypan blue:
A theory of teratogenesis. Science 157
(1967), 1180.

Dorfman, RF: Enzyme histochemistry of
normal, hyperplastic and neoplastic lym-
phoreticular tissue. In Symposium on
Lymphatic Tumors in Africa, Basel:
Karger (1964).

Dorfman, RF: Biology of malignant neo-
plasma of the lymphoreticular tissues. J.
Reticuloendothel. Soc. 12 (1972), 239.

Allan E. Dumont, M.D.

Jules Leonard Whitehill
Professor of Surgery

Department of Surgery

New York University Medical

Center

550 First Avenue

New York, NY 10016 USA

Permission granted for single print for individual use.
Reproduction not permitted without permission of Journal LYMPHOLOGY.





