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ABSTRACT

The elfect(s} of transplanted tumours on the host’s erythropoiesis has been studied in
Ehrlich ascites carcinoma, Resulfs indicate that the mice become progressively anemic with

the advancement of the tumour.

Both the total nuclcated cells and erythroid precursors in the

bone marrow were decreased signiﬁcantl}r. On the other hand, elcvated erythrosoiesis was observed
in the spleen. While the serum Iron conceniralion was decreased, tofal jron binding capacity was
elevated and the stainable iron stores in the reticulo-endothelial organs were abundant in tumaour-
bearing animals. 1t 1s probable that diminished bone marrow erythropoiesis and impaired iron meta-
bolism have centributed comnsiderably to the etiology of this anemya.

INTRODUCTION

NEMIA 315 a major hematological abpormality
during the course of malignant tumorigepesis
both in buman?® and experimental animals?2, A number
of studies have been performed to elucidate the
mechanism of anemia and other hematologic abrorma-
lities in a variety of malignant tumours®, But the
results that have been obtained by earlier workers are
contradictory and therefore inconclusive and this
leaves the problem as a complex one.

The present study has been designed to elucidate
the relationshiy, if any, beiween the erythvopoiletic
activity and 2anemia In mice bearing transplanted
Ehrlich ascites carcinoma under controlled experi-

mentation,
MATERIALS AND METHODS

Experimental Aninls

The tumour was maiitained by serial transplantation
in 46 week old male strain A mice (average body
weight 23-25 grams) by ip. inoculation of 1 x 107
Etlrlich ascites carcinoma (EAC) cells in sterile physio-
logic saline. The animals were sacrificed on the 10th
(mid phase) and 18th (late phase) day of tumour for
experimental studies.

Hematalogic Measuremeits

Blood was obtained by cardiac puncfure for routine
haematologic measuwrement on day 10 and day 18
after tumour transplantation. Total counts of ery-
throcytes, hematocrit percentage, and determination
of hemoglobin concentration were performed by
standard methods®, The mean corpuscular volume
(MCY), mean corpuscular hemoglobin (MCH) and
the mean corpuscuiar hemoglobin concentration
(MCHC) of bloed samples were caleuwlated according
10 the standard procedures. The reticulocyte per-

Centage of the peripheral blood was determined by
Counting at least 1000 red cells staired with brilliant
crystal blue’,

Marrow and Splenic Cellulariry

The rumbers of total nucleated cells per femur and
tibia were determiped by flushing the banes with physig-
logic saline and counting the susgension by bemocyto-
meter, subsequent to the lysis of mature red cells with
37° glacial acetic acid, The percentage of erythroid
crecursors per femur and t3bia were scored from
methanol—fixed smears of the cell suspension stained
with Leishman’s stain (pH 6-8). Total number of
erythroid precursors/femur and tibia were calculated
from the total nucleated cellulatity and the percentage
of erythroid precursors.

The number of splenic nucleated cells were deter-
mined by hemocytometer after muncing the organ in
colda physiologic saline and sequential passage through
20, 2% and 23 gauge needies and subsequent lysis of
the mature erythrocytes by 39/ glacial acefic acid
treatment, The vpercentage of splenic erythroid pre-
cursors and total number of erythroid precursors/
spleen were calculated as in medullary measurements,

Serum Iron and Total Iron binding Capaciry (F71BC)

Serum iron and TIBC were measured from the
pooled serum specimens by standard procedure®,
To measure the non-circulating stored iron in the bone
marrow and reticulo-endothehial organs, smears and
histological sections were stained for prussian blue
reactions,

RESULTS

Hemarologic Values

It is evident from Table I that the tumour bearing

mice become progressively anemic with the advance-
ment of ithe disease, with circulating erythrocyte,
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TABLE ] Marvow and Splenic Cellularity

Hematologic values® in control and tumour bearing ntice Total femoral nucleated cellularity of the experi=
mental animals was significantly depressed by 25%
Days of Tumgur beating and 33% of the control levels on day 10 ard day 18
et —e—e Te§ gCtively  (Table I1)., However, in case of the

10 18 tibia, although the nucleated cellularity in tumour

. ~—- ———  bearing mice was similay $o the contiol value, there

Hemoglobin (gm/di) was 139 reduction ({’{0'05} at the late 'Fha_,se of
the tumour, Concomitantly, there was a sigrificant

L —

Control 13-424-0-18 13:640-33 _ _
EACY 10-840-30%* Q.60 29%+  mean decrease in the number of erythroid precursors

- of the femur ard tibia of the experimental animals

RBC x 104/l which was evident both at the mid (605} ard late
Control 6-410-17 6141021 (859;) phases of the tumour. In contrast, the total
EAC 4-810°18%% 4-440-19%* number of nucleated cells/ssleen was increased by

about 249 and 657 at 1 week and 3 week of tumour,

smatocrit (8 fogether with a 2-fold elevation in total rumber of

Control 45- 4177 44+ L4062 erythroid precursors/spleor at the 3rd week (Table I1}.
EAC 40°212-10%% 36-911-53%* As a result, there was a 2+7-fold increase in the
splecnt weight,
Mean Corpuscular Iron Metabolism
Volume . _
Contro! () 70-911-30 71340 67 | Comncidentally, with the fall in hematocrit, the serum
EAC R3+4.41-92%* R3-141-3g%%  lron concentration decreased by 20%, ard 2887 increase

in TIBC was observed in experimental animals. As a
result, the upsaturated iron binding capacity (UIBC)

Mean Corpuscular
of transferrin was elevated (Table II1). The tumour

Hemoglobin (pg)

Control 20°940-74 21:-21-0-81 was c¢reamy-white ard there was ro indication of
EAC 22°51+0:87 21-630-61 apy form of hemorrhage in the area swroundipg the

tumour, Though the ron-circulating irop pool was
decreased in the bone marrow of exerimental animals,
stainable iron was plentiful in sections of liver and
spleen, particularly the latter in both ihe grouss

Mean Corpuscular
hemoglobin concen-
tration (%)

Control 29-5+0-59 29-810-44 (Table 111).
C 27-011-02% 26-0310:-89*%
BA = DiscussioN
Reticulocyte (%) Aremia associated wilh various malignant diseases
Conirol 2440352 2:-340-34 has been characterized ard classified into the group
BAC 4-2£1-02%%  A-120-36*  of “anemia of chronic disoxders™®  The apemia

of this group is mild and the erythrocytes are normo-
chromic apd mwrmm::,ti'c_ Himhm*nicany, 1! Is AS50)=
ciated with several manifestations of alrgred iro
metabolism, eantely, low serum iron and TIBC,
increased 1eticulo-endethelial iten stores ard decreased
number of sidesoblasts in the bore nurrow™s, In
our experiments, we hune abo obsenved  that  the
tumour-bearing onimals become  rogessinely anemic
as the disease advances ard it simwlbved the anemia
of chronie diserdars as i1 occurs in hunman Daitlents

-

*p.-0-01 ¥ P -(-001 ; ¢ Meant 4+ 5.D.;
¥ Thrlich ascites Carcinoma.

hematoerit and hemoglobin level declining by approxt-
mately 389, 27% and 299 respectively in comparison
ta the control values. The aremig is characterized by
a 16% increase in MCV (£.20-01) which indicate
the anemia as slightly macrocylic. The mean corpus-
cular hemaoglobin was almost the same i experimeiital
and control animals throughout the yperiod of obser- i that i is nuld, scrume ironn concentration  was
vativort. The mean corpuscular hemoglobin concens  decreased and storage bon pool was pleniiful. Bue
ration  (MCHC), however, showed 1434 decrcase 31 dilerred fromu the said grouy in that the erythuo-
(- 0 01) i experimental animals within 3 weehs O ley weie slightly macioey tic rathier than normogy g,
after tumour trapsplantation, A moderate reticulo-  and the TIBC was not decteased, on the other hard,
cytosis of T8% (£« 0-001) was also noticed in the  was metensed. The ancioie obsetved in owr ¢vperi-
funmow-bearing anintals in both nid (day 10) and  moents, therefore, was dilferent ftom the gopomia of
late {day 18) phases of the tumour, clivonic dbunders in hyman Giocer palients.
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TaABLE 1L
Bone Manow and Splenic Cellulmity in Conniol and Experimental Mice®
Total nucleated cellularity Erythroid precursors
(A, B x 10%, C x 10) (A, B X 105; C X 107
1¢ day 18 day 10 day 18 day
e . e _
A. FEMUR
Control 22:414-3-39 23-1+1°20 3-940-37 4+0-4£0°20
EAC J6:6.L1-32* 14-0:£2-35%% 1-440-23* 0:6L0-18%**
% of change over control ~25 —33 —63 —84
B. TIBIA
Control 12: 52439 12.742:40 2-74-0-56 294032
EAC ) 1244179 10'8;]:1-68 104019 0,3::(}.06##£
P4 of change over control —0-8 —15 —~—60 —87
D. SPLEEN
Control 1494015 PAS | ::0'26 1-44-0+13 ] '6&0‘24
EAC 2'42:0-33 3510 64* 1-6:1:0-01 3340 52%
% of charige over control +24 167 417 +107

il

o Mean LS. : *P<0:05; **P<0-01; ***P<0-00]

TasLE 111
Serum and Tissue Iron in Control and EAC

.

! pa—

— i i T e e e - — ]

Stainable Tron

No. of Serum Iron  TIBC* P/ Satura- UIBC** i s
Mice (peg/di} (pg/dl) tion (eg/d)  Bone-marrow Liver Spleen
Control
A 20 220 410 53 150 4+ + - + -
B 26 260 463 56 203 -+ ++ + 4
Tumour
A 32 194 533 36 339 - ++ 3t
B 26 185 584 31 399 + +4+ b

—

* Total iron binding capacity. ** Unsaturated iron binding capacty,

{he anemia that we have observed was due to iron
deficiency, On the contrary, it is highly suggestive
that defective reutilization of iron from R-E stores
to the erythropoictic regions was the causative factor
behird clevated unsaturated iron bindirg capacity.

Total iron binding capacity is an indirect measure
of serum tramsferrin conceniration®. The elevated
TIBC in experimental arimals is, therefore, irdicative
of the increased ftransferrin concentration i the
plasma of tumour-bearing anmimals, However,

increased TIBC coupled with low serum iron concen-
tration has been regarded as a Pathological indication
of iron deficiency?®, But as the R-E iron stores were
abupndant (at least not exhausted) it s unlikely that

In patients with malignant tumours, diminished
erythropoiesis frequently contribute to the production
of anemia. In our experiments, we have noticed
erythropoietic hypoplasia of both the femur and tibis
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in the tumour-bearing animals. However, the mecha-
nism of this hypoproliferative marrow  activily  is
poorly understood. 1In our studies, the tumour was
confined to the peritoreal cavity and we rarely observed
any iumour-aniiltratior into the bore marrow. Therve-
fore, we suggest that the tumour cells probably elabo-
rate biologically active substance(s) which singularly
or in combination act on the Host's organic system and
causg ap adverse effect on the control mecharism of

erythropoiesis.

In contrast to the depressed bone marrow erythro-
poietic response profed 1o tumour-bearing animals,
the number of total splenic nucleated cells were ele-
vated 1-5-fold on day 18, at which time nearly 2-
fold increase in erythroid precursors levels were docu-
mented, Duripg rormalcy, murine spleen usually
account for approximately Z-3%; of total red cell
production!?., And as our experimental animals were
subjected 1o intense erythropoistic challenge caused
by the decreased marrow activity, the spleen become
hyperactive to produce compensatory erythropoiesis,
This elevated splenic erythropoiesis, therefore, could
perhaps account for the moderate reticulocytosis that
was observed in tfumounr-bearing animals.

1n spite of elevated splenic erythropoiesis, persisient
anemia was observed, Tt is possible, therefore, that
this elevation was not adequate to compensate for the
diminished bore marrow activity. BHemorthage and
hemolysis within the tumour have ifrequently contri-
buted to the etlology of anemia in some tumout.
bearing mice**, But lack of indication of any form
of hemortrhage within the vicinity of tumour in the
present study suggests that such a process did not
operate here. 1t has been reported that premature
destruction of ervthrocytes occur in certain formts of
experimental tumours*d, Whether this 1s &lso true
in the present Case requires further invesuganon,
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