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When eells of a given transplant-
able tumor are injected subeutane-
ously in a recipient animal, the
lesion grows at the sitc of admin-
istration. The proliferation of the
tnmor is hot a loeal or isolated
phetomenon but definite systemic
changes occur, such as a decrease
in the liver enzyme cataluse, among
others. Ome or more blood-borne
principles originating in the tonmor
are thus able to affect the liver, an
organ which is the major site of
metabolism  and  detoxification. A
study ol other hepatic alterations
in tumorous animals, such as size
and solids and water contents would
be of great importance in the un-
derstanding of tumor growth char-
acteristics and, although such work
1s reviewed below, the resulis have
often been egunivocal.

In an early study, Sehlottman and
Rubenow (1932) reported that the
water content of blood and liver,
and to a lesscr degree, kidney, from
rats with Jensen and Flexner tnmors
ranged higher than in the ecorre-
sporling controls; the reverse was
noted for brain and musele, Al-
though no details were given, Me-
Ewen and Haven (1941) stated that
the transplantation of careinosar-
eoms, 236 directly into the lver of
rats caused an increase in hepatie
waler content. Similar results were

obtained with the fumer transplant-
ed subentaneously provided that the
lesion had reached a certain weight
level (14 gm). The elevation in
kepatic water content was independ-
cht of diet, underwent mno {urther
rige with more advanced tumor
growth and did not stem from a de-
erease in dry liver weight. Yeakel
and Farris (1947) noted liver en-
largement in old female rals with
spontaneous tumors ag compared Lo
old males or younger females. The
study was extended to include a
fibrosarcoma and a primary tumor
arising from injection of methyl-
cholanthrene {Yeakel, 1848). No un-
equivocal relationship existed he-
tween tumor size and hepatic en-
largement, but the findings were
more consistent with females. Actu-
ally, the augmentiation was signifi-
cant where the lesion weighed over
30 gm and the body length exceeded
175 mm and it was attributed to pro-
tein anabolism accompanying tumor
proliferation. In the presence of
large tumors, the hepatie nitrogen
mounted, the accumulation parallel-
ing the total body weight (Yeakel
and Tobias, 1950; 1951}, Previously,
it had been shown that during
Wallker tumor growth, the nitrogen
content of the lesion was higher than
that stored by the host (Mider ef al,,
1348 ; Sherman ef al,, 19507,
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Liver size and catalase depression
have also been studied. Appleman,
Skavinski and Stein (1950) reported
an Imcrease in liver weight accom-
panying hepartic catalase diminution
in rats with a fibrosarcoma and the
Jensen sarcoma, Liver wet-weight
and unitrogen were also ineveased
with choricallantoic  implants  of
Brown-Pierce carcinoma ax well as
the Jensen tumor in the chick em-
bryo {Skavinski and Stein, 1951},
Donnce and Shanewize (1950} point-
ed wut that in view of the well known
reversion to pormal catalase levels
on turaor extirpation, it is diffieult
to account Tor the lower enzyme eon-
centration in the tumorous auimals
ot the basis of liver enlargement.
Mavked Increases in liver size have
also been demonsirated with a trans-
plantable rat lymphosarcoma, o C.H
mattniary carcinoma and  several
DB A mouse tumors as well as in the
presence of egg-grown Lumors
(Kynette ef al., 1945; Klati and
Taylor, 1951; Knox et af., 1902).
A perusal of such data veveals that
although wet lver enlargement due
to tumor corld be discerned in sev-
eral cases, no definite inereases are
evident in the dry liver weights
{(Knox et ol., 1852). In rats with a
transplantable fibroadenoma, a
mixed fibroadenoma - fibrosareoma
undergoing malignant alteration and
a fibrosarcoma, hepatie enlargement
could be observed only on the hagis
of carcass weight; lhe depression in
calalase was guite sharp when the
tumor anderwent malignant irans-
formation (Begz eof o, 1953}, Ac-
cording to Annau, Manginelll and
Roth (1951a}, rats with a reticulo-
endothelioma displayed inereases in
liver:total body weight ratios as the

tumor approached an eptimnal
weight; the results were more diver-
gent with mice bearing a fibrosar-
coIna or various nammary tumors
Recently, an Increase in the ralio
has been reported for rats injeeted
with Walker and IMlexner-Jobling
tunior extracts as well as in animals
with these lesions amounting to 4%
of the total body weight; the find.
ines were negative with Jensen and
Novikoff tnmors and extracvis
{Wampschmidt ef «l., 1060},

The present stndy was undertaken
with the view of following liver
weight ehanges in mice injected with
four different tumors and in rats,
with Jensen and Walker tumors.
The latler was also introduced inty
the caudal lobe of the liver. Hm-
phasis was directed toward the de-
terminalion ol any possible inereuse
in dry liver weight over the controls
Also, {0 resolve difficuliies relative
to exlewlation of pereentage liver
weight on the basis of cither total
hody or carcass welzhts, older or
heavy animals were used In some
of the series,

MaTERIALS AND METIIODS

Animals— The male rats were ol
the Sprague-Dawley strain and Swiss
and DDF, strains were employed it
the mouse experiments. The rafs
were housed individually and the
mice up to gix per cage. Laboratory
(how and water were administered
ad lbitwm,

Tumor Trenspleonteiion —The
Jensen and Walker tumor-saline so3
pensions (1:20) were injected into
the rats in amounts of 0.30 mi, the
controls receiving the same volume
of saline. The Ehrlich ascites tgmeor
was admivistered intraperitoneally
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and as Inoall cases, extreme ecare
was taken to deliver the identieal
gmount to cach auimal. TFor leu-
kemia, Tumor 11210, a total of
100,00¢ eells was inoculated intra-
]_]E,-itr;rma.lly per monse, Goenerally,
these animals  succumbed by the
ninth day so that the test period
eomprised seven days. Tuomor S-180
fragments of 0.1 wil in volume were
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mjeeted inlo the leg by trocar and
Tumor 755 (0.2 ml of ‘standard’
suspension} was adminisiered sub-
cutancously, In one series, rals were
anesthetized {ether), the ahdomen
ingised and 0.025 ml of stock Walker
suspension injected juto the ecandal
lobe (Gershbein and Elias, 1954);
the respective conirols were treated
in the same manner excepl that

TasLE 1-—Wet and Dry Liver-Total Body Weight Ratios for Mice with
Transplanted Tumors.e

!
No. | Average body Wet Hver l ey Tiver
of weight al, per 100 gm per 100 gm
Treatment - miee | necropsy, gm | body weight, gm 1. body welght, gm t
|
S— R - o - E—
Group 1-4 (BDF1 imales; duration: 12 days) i '
Controls. . . .. 50 9.6 L0230 | 5685 £0.088 | ... | 1. 673 £ 0.828
Tumor 755...| 43 21.3 £ 046 | 5.708 £ 0.233 | 0.18 | 1.596 + 0.(44 1.57
Grawp 3-10 (BDF‘El males; duratioln: 12 days)
Controks. . 43 1 19.6 £ 0.37 | 5.036 + 0.101 ...,
Tumor 756...| 36 2007 030 1 5019 + 0083 | 074 |
Grovp 4-18| (BDT), males; duratioln: 15 days) ;i
Congrols, ... 0 38 | 205+ 0.24 | 5174 £ 0.07L |.. ... 1.403 + 0.019
Tumer 755 |
Based on total ! ) .
body weight| 27 2007 2 036 | 5198 £ 0,078 | 11.53 | 1.392 + 0.023 .38
Culeulated on
basis of car-
cass weightlai, . 19.4 +0.32 | 5.756 £ 0130 |[4.0L% 1 1,550 + 0.028 | 4,45
Crowp 5-21) {Bwiss [females; duratio n: 8 days)
Controls. .. .. 30 2154041+ 5889 + G167 | ... 1741 £ 0035 ... ...
Tumor 8-180,| 28 185 £ 043 | 6.372 £ 0158 |2 10% | 1.728 £+ 1y.030 0.24
Group 8-33) (BDF|; males; duml.ioln: 7 days)
Contrale.... .| 30 | 20,1 +0.30 | 4613 20064 | .| 1.364 + 0.019 |, ...
Leukemin | 40 226 4 0.61 || 5,091 + 0160 16 a0t | 1.424 + 0.030 1.51
Group 7-56,(Bwiss ‘malcs and femsxl:es; duration: 8 da.}ys}
Controls. ... .| 20 24.0 £ 036 | 8.509 + 0,128 | .., 1.696 £ 0,036 |......
Ebrdich: Az |' _.
cites 'l‘umuri 23 2008 + 0,67 | T.211 £ 0.345 4.33% | 1.8982 + .08 §2.730

@ The glandanl ercor follows each =+ sigi in
b ans,

21 omEes,
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saline ouly was introduced. Where
spillage was apparent at surgery or
necropsy, such animals were exelud-
ed from consideration.

Liver Eemopal.— The animals
were sacrificed {ether), the body
welghis recorded and the livers re-
moved, drained in gauze and
weighed. They were dried lo eon-
stant weight in an oven at 100° C
and the percentage water content
determined.

BEstur:

Average mouse body weights at
neeropsy, ratios of wet and dry liver
to total body weight and the perti-
nent Fisher t values are listed
Table 1. Animals with Tuwors 8-180
and 705 were sacrificed afier eight
and twelve days, respectively, fol-
lowing transplantation and at ne-
eropsy the average wel tumor
weights were 750 my and 1100 mg
in the order given. In oune series
employing MTumor 755 where the
duration was fifteen days (Group
4C-18), the mean wet tumor weight
was 2,29 4- (.28 gm; the relevant
liver percentages ave calculated on
the basis of both total hody and
careass wolghls, No sox differences
were noled in the ratios with ihe
mice saerificed  eight  days after
fransplantation of the Ehrlich as-
eites tumor, the sexes heing about
equally represented 1t both the con-
trols and twmor-bearing animals.
Similar liver data for wmale rats with
Jengsen and Walker tumors together
with average wet lumor weighis are
shown in Table 2; the intervals fol-
lowing transplantation were eighteen
and thirty days. The pertinent ratios
obtained with rats in which Jensen

tumor did not ‘take’ are also com-
pared with the corresponding con-
trol valnes. The duration was 105
days for the series injected with
Walker tumor directly in the liver
{(Group 11-86A,B). TFor the latrer,
tumor was carefully disseeted prior
to liver processing, In general, mae-
roseopic hepatie findings were wot
remarkable except with the leukemic
mice in which the livers were pale
in eolor.

ThsorrgsioN

As caleulated on the basis of {otal
body weight, miee bearing Tumer
755 and sacrificed after a pericd of
twelve or fifteen days digplayed po
significant Inerease in either wet or
dry liver weights over the respective
controls {Table 1). The dry liver
contents were likewise notl inereased
with the Tumor $-180 and lenkemia
series but the wet liver:total body
weight ratios were definitely cle
valed. JIowever, mice of either sex
with the Ehrlich ascites tumor un-
derwent an inerease in perccniag®
wet liver and that this was not due
to water alone can be noted from
the significant elevation in dry liv-
er:total body weight ratio.

Tn marked contrast to the above
findings with Tumor 753 {(Group
4.18%, when the wet aud dry liver
ratios were evaluated in terms of
earcass weight (body weight exclud-
ing the mass of the lesion), hoth
were definitely clevated. 1t will be
recalled that the caleulation of liver
weight changes on the basis of either
earcass or lotal body weights ha$
posed a distinet problem. Thus, the
opinitn of McHEwen and Haver
(1941} is shared by the writer, name-
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1y, that the tumor should be viewed
as an inteeral part of the entire
orgunism rather than a foreign or
extraneous enlity. Reference has ul-
ready been made to similar caleula-
tions by Begg, Dickinson and Millar
(1953). Although Yeakel (1948)
eontld not correlate perceniage liver
based on carcass weight with {umor
size, in her later siudy with Tobias
(1951}, the relative amount of
hepatic nitrogen was greater In rats
with large tumorvs only when com-
puted in terms of carcass weights.
Also, an elevated sensitivity noted
with female tumorous animals in
earlicr work {Yeakel, 1948: Knox
et al., 1952), was not too apparent
in the pregent study.

On the basis of total body welghts,
the wet liver pereentages were in-
crensed In heavy rats bearing both
large Walker and Jensen tnmors
{GGroups 8-40 and 10-14; Table 2).
It will also he mnoted that this
stemmed in great measure from an
inerease in liver solids, the dry
liver :hody  weights likewise being
markedly elevated for both groups.
In one series (Group $-32), Jensen
tumor implanted subeutanecusty and
averaging 6.80 = 1.40 gm in weight
caused an over-all inerease in wet
liver weight to the exelusion of any
statistically significant change in the
dry liver:body weight ratio. Ilow-
ever, when the data from the ireated
animals were analyzed on the basis
of tumor size, half of the rats which
possessed lesions averaging 12.0 =
18 gm in weight displayed hoth in-
ereases in wet and dry liver percent-
ages; with the remainder (average
tumor weight: 230 + 035 gm),
the wet liverdotal body weight ratio
was clevated over the controls but

not to a statistically significant de
oree. As might be expected, no in-
crease m wet liver welghts ensucd
with animals injected with tumor
aclls bzt in which the fesion did no
take. A rise in percentage wet
weight oceurred with rats bearing
Walker tnmor in the liver (average:
1.76 = 015 gm; Group 11-86A.B)
but the corresponding dry liver :body
weight ratio was not affected. Pre-
snmably, a relatively small tunmor
present in the liver might predis
pose to a greater elfcct on the per
eentage wet liver as compared to
the subentaneously transplanted ser
ies disenssed above {Group 9-32).

It should be pointed ot that in
the larger animals, body weight
gaing are reflected primarily in fat
deposition whereas in the young
growing rats, tissne nitrogen is still
being laid down. Also, in those bear-
ing rapidly growing tumors, an ele
vation in careass water has been
demonstrated (Reeheigl et ol 1061).
Tu faet, the use of dry raiher than
wet carcass weights has been reeom-
mended by Haven, Mayer and Bloor
(1961} in carrying out various com
parisons between contrel and tmmnor-
ons animals, a practice not explored
in the current study.

The preseni findings further at
tesl to a definite role of the liver in
tumor growth and proliferation. Cer-
tainly, a vaviety of factors are in-
volved in the increased liver usize
and musl encompass a rise in the
amount of hepatie water and pos
sibly an increased content of solids
as well as an elevated anabolism
A partial explanation has been ad
vaneed by Annau, Manginelli and
Roth (1951b) based on an inercased
mitotic activity of the liver. In tw-
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moroits mice displaying especially
high liver to body weight ratios, the
mitochondria were enlarged and fine
granular to the virtnal absence of
rod or filament shapes. Distinet
milochboudrial changes wonld bhe ex-
pected on the basis of the increased
waler content of the tisspe (Opie,
1947 ).
SUMMARY

The ratio of wet or dry liver to
total body weights in BDY, male
mice bearing the careinoma, Tumor
755, did not vary markedly over the
I'EZS[.!f:‘t‘Lt_IVE control values, the dura-
tion of the experiments being twelve
anil fifteen days. For the fifteen day
weries, inereases in both ratios en-
sued when these were computed on
the basis of carcass weights. The wot
liver :total body welglit ratios were
gignificantly elevated in Swiss mice
with Sarcoma 180 and BDF, ani-
mals injected with leukemia (Ti1210)
but the corresponding dry liver
ratios were in the range of the con-
trols. Swiss miee of either sex bear-
ing the Ehrlich wscites tumor dis-
played marked elevations in both
the wet and dry liver percentages
over u poeriod of eight days ag was
also the ease of very heavy rats with
Jensen and Walker {nmors (dura-
tion: up to 30 days). Liver cularge-
ment did not occur in rats In which
the tumor did not ‘take’ or in a
serics where the Jensen tumors were
small (averape weight: 23 gm),
The hepatic water content was sig-
nificantly higher in rats in which
Walker tumor was transplanted di-
rectly luto the liver {average weight:
18 gm) to the exclusion of any in-
eresse in liver solids or drey liver:
total body waight ratio.
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