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Abstract-Microsomal cytochrome P-450 content was higher in histologically non-tumorous liver adja- 
cent to intrahepatically implanted Morris hepatomas 5123D or 7795 than in histologically normal liver 
far removed from each tumor. V,,, values for microsomal benzo[a]pyrene monooxygenase activity and 
cyclophosphamide activation were also signifcantly higher in tumor-adjacent liver than in normal liver 
far removed from tumor. K, values of these reactions were unchanged. After intrahepatic implantation, 
inert spheres of several different materials produced no regional differences in hepatic microsomal 
cytochrome P-450 content. Both intrahepatic Morris hepatomas exhibited markedly reduced cytochrome 
P-450 content and benzo[a]pyrene monooxygenase activity. Cyclophosphamide biotransformation could 
not be detected in microsomes from either Morris hepatoma. Similar recoveries from microsomes of 
far-removed and tumor-adjacent liver indicated that differences between these regions in drug-metab- 
olizing activity could not be attributed to different stabilities or sedimenting properties of their micro- 
somes. Although microsomal recovery was significantly less from hepatomas than from far-removed or 
tumor-adjacent liver, this loss of tumor microsomes accounted for only a small part of the reductions 
in cytochrome P-450-mediated monooxygenases observed within tumors. Compared to control rats. 
tumor-bearing rats exhibited no change in hepatic drug-metabolizing capacity measured in uioo hy 
hexobarbital sleeping times and antipyrine elimination rates. Phenobarbital (PB) pretreatment of 
tumor-bearing rats induced cytochrome P-450 to different extents within far-removed liver. tumor- 
adjacent liver, and both hepatomas. The same differential inducibility occurred with PB pretreatment 
for cyclophosphamide activation. After PB induction, differences in drug-metabolizing activity between 
far-removed and tumor-adjacent liver disappeared; though induced, these activities remained lower in 
the hepatomas than in other regions. These changes in drug-metabolizing activity in both basal and 
PB-induced states of various hepatic regions were related to changes in cellularity of tumor-adjacent 
tissue. Hepatocellular nuclei prepared from tumor-containing liver were separated into diploid and 
tetraploid classes by sucrose density gradient centrifugation. Compared to far-removed liver. tumor- 
adjacent liver contained significantly more diploid nuclei and less tetraploid nuclei. 

Recently, we described regional differences in micro- 

somal cytochrome P-450 content of rat liver con- 
taining intrahepatically implanted Morris hepatomas 
5123D or 7795 [l]. Histologically non-tumorous liver 
directly adjacent to either hepatoma had more cyto- 
chrome P-450 than normal liver far removed from 
tumor, whereas each hepatoma exhibited markedly 
reduced cytochrome P-450 content [ 11. Furthermore, 
tumor-adjacent liver had less DNA (expressed per g 
liver) than far-removed liver. The present study 
extends these observations by describing similar 
regional differences in benzo[a]pyrene monooxy- 
genase activity and cyclophosphamide activation, 
both cvtochrome P-450-mediated reactions. Speci- 
ficity ot these regional differences in liver implanted 
with tumors (allographs) was investigated by asking 
whether regional differences occurred in drug metab- 
olizing enzyme activity after inert spheres of several 
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different sizes and materials were implanted in vivo. 
Nuclear ploidy was measured in the three distinct 
regions of tumor-bearing liver. The results showed 
a change in cellularity of tumor-adjacent liver com- 
pared to liver far removed from tumor. Regional 
studies in liver that contained implanted Morris 
hepatomas were also performed after phenobarbital 
(PB) induction. In addition (using hexobarbital and 
antipyrine as test compounds), we investigated the 
in vivo hepatic drug-metabolizing capacities of rats 
bearing transplanted (allographic) intrahepatic Mor- 
ris hepatomas 5123D or 7795. 

MATERIALS AND METHODS 

Male Buffalo rats supplied by Microbiological 
Associates (Walkersville, MD), weighing 200-250 g 
at the start of the studies, were maintained as 
described previously [2]. Seventeen milligrams of 
Morris hepatoma 5123D or 7795 (both originally 
induced in Buffalo rats) was surgically implanted 
under anesthesia intrahepatically in our male Buffalo 
rats within the left lateral lobe; a 13-gauge trochar 
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was used. Small portions of Gel Foam (The Llpiohn 
Co., Kalamazoo, MI) were packed into the needle 
tract to minimize bleeding and to prevent extrusion 
of the tumor. Tumors developed intrahepaticall~ 
until they weighed approximately 1.3 g (Xl davs for 
5123D and 54 days for 7705). at which time the rats 
were killed. Seventeen milligrams of normal liver 
from a Buffalo rat was implanted in livers of control 
Buffalo rats. Approximately 1 week later, honcvcr. 
no evidence of this implanted allograph wah appar- 
ent, thereby making further analyses impossible. 

To determine if the previously reported increase 
in cytochrome P-450 content of liver adjacent to 
intrahepatic hepatoma [ 11 was tumor-specllic. ok- if 
it might have arisen as a non-specific response that 
could be elicited by many kinds of foreign bodies, 
we implanted assorted sizes of nylon, stainless steel. 
glass. teflon, polypropylene. or Lucite spheres (Small 
Parts Inc., Miami, FL) within the left lateral hcpatic 
lobes of Buffalo rats. Some of these rats Mere killed 
30 days later; the remainder were killed 54 dayc after 
implantation. 

Rats were decapitated, and livers were immec’l- 
ately removed and immersed in ice-cold 0.02 M 
Tris-HC1 buffer (pH 7.4) containing 1.15<; KCI. 
Each tumor that appeared discrete was dissected 
free; all liver surrounding tumor within 0.5 cm was 
removed and considered “adjacent tissue”. In the 
case of non-tumorous implants. all liver surrounding 
the implant within 0.5 cm was considered “adjacent 
tissue”, Portions of the remaining unaffected lobe5 
were considered “far-removed” normal liver. Pre- 
vious studies using normal male Buffalo rats revealed 
no detectable inter- or intra-lobular differences in 
hepatic microsomal cytochrome P-450 [II. Each 
experiment required pooled tissues from at least SIS 
animals. 

Tissues were homogenized in 4 \ol. of ice-cold 
1.15% KCI solution buffered with 0.02 M Tris-tICI 
(pH 7.4) using a Potter-Elvehjem homogenizer ha- 
ing a motor-driven teflon pestle. The homogenates. 
transferred to polypropylene ccntrifugr tubes. \\ere 
spun at Y.OOOg for 20 min in a refrigerated Sorvall 
Superspeed RC?-B centrifuge. Fatty layer\ were 
removed and supernatant fractions were co,llectcd 
and centrifuged at 78,OOOg in a Spinco model L 
ultracentrifuge for 60 min. The 7X.000 s pelleta. 
resuspended in 4~01. of 1.13 -C/t KCI solution with 
0.02 M Tris-HCI using a glass homogenizer. \\ crc‘ 
centrifuged again at 78.000~ for 60 min. Pellets \\crc 
again resuspended in l.lSc; KCI buffered with 
0.02 M Tris-HCI, pH 7.4. using a glass homogenizer. 
to give a final protein concentration of approximatel! 
1Omgiml. Protein was estimated by the method of 
Lowry E/ 111. [ 31. 

Microsomal cytochrome P-450 content wa\ deter- 
mined using an Aminco DW2 LTV-Vis recording 
spectrophotometer by the method of Omura and 
Sato [4]. Cytochrome P-450 content of whole hom- 
ogenate was determined after correcting for contan- 
ination by hemoglobin. methemoglobin. and cyto- 
chrome oxidase (5-71. 

Benzo[a]pyrene monooxygenasc actlvlt\’ \% a\ 

measured according to the method of DePicrrc u 
al. 181, using [G-3H]benzo[a]pyrene (Amersham 
Searle. Arlington Heights. IL). Radioactivity \\‘a\ 

counted on a Searlc Analytic Y3 liquid scintillation 
counter. Recorded activity \\;I\ adjusted by ireference 
to quench cur\0 of ‘I l-labeled standards. Incubation 
times were 1(1 min. tlach reaction \t”rhel contained 
0.4 mg of micro\omal protein. L’nder these condi- 
tions. bcnzo[a]pyrene monoosygenaw activity pi-O- 
ceded in a linear- fashion using mici-owmc’\ from 
tumor, tumor-adiacc>nt liler. or li\er far renio\ed 
from tumor. 

Microsomal acti\ ation ot ~\clo~~~~o~~~tl;~~~~idc was 
determined by the method cjf Sladek [Y]. ax moditird 
bv Allen and (*rea\en 1 IO]. Incubation times were 

13 min; 3 me of mici-0som;d protein was present in 
each incubaiion vial. Llnder these conditions. c!clo- 
phosphamidc acti\atic)n prc’cccdcd linearly. A stan- 
dard curve of a1k\ Iatin g acti\ itv was prepared using _ 
mechlorethamine (Sigma Chemical Co.. St. Louis, 
MO). Forty nanomo1e~ of mechloreth;lmine gave an 
absorbance of 0.65. using ;I Gilford 2100-S spectro- 
photometer. A maI1 percentage of activated c!;clo- 
phosphamidc is capable of binding to microsomal 
protein 1 I I]. thereby becoming undetectable with 
the aforementioned procedure. Preliminary cxperi- 
ments using [ ‘H-chl(~ro~th~I]cycl~)~~ti~~sphanlide and 
[“C’-4]cyclopho~ptl~il~li~~c (New England Nuclear 
Corp.. Boston. MA) did not detect difference\ in 
extent of metabolitc binding hetwecn microsomes 
of far-removed and tlirnor-acij~icent liver. No mctah- 
olitc was iletect:ihlt~ in micro\onit”r from either 
hepatoma. 

Pretreated rat5 received i.p. inlections of pheno- 
barbital (PB) (MCI-cl; CC (‘0.. Kahway. NJ) 
(75 mgikg) dissolved in physiological saline at 
X:O()_Y:O() a.m. daily tor 3 days. The PB solution (pH 
8.3) was ma& in ;I conccntratlon \uch that each 
animal recci\cd I ml volume!100 g body weight. 
Control ariiniat~ rccci\,etl physiological saline 1.p. 
(adjusted to pf1 S.3) (aho I ml’lOOg hod) \\eight). 
Rat? wert’ killed 2-l 111 after the ta\t PB dose. 

I Icxobarhital \lccpiiig times \\c’rc dctcrmii~cJ after 
;idministration I.[>. ot \c)diuni hcxobai-hital ii1 physio- 
logical \alinc at ;I do\c c)t I75 iiig, hg. Each group 
consisted of t\velvc rat\. The ;1111111;11\ MCI-C con- 

sidered awake when the\ righted thcmsel\rs on all 
four paws. Control\ consisted ot \haiii-operated rats. 
Experimental group\ contained inti-ahepatic Morris 
hepatoma\ 5173D 01. 77’)s. 

Antipyrinr half-li\c\ \+crt‘ detern~ined 111 sham- 
operated control\ and rxperimental rat\ after 
implantation of tc(l~~n catheter\ :I> described pre- 
viou\ty [2]. After purl!ic~ation by thin-layer chroma- 
tography using the \ol\ent \!stcm of Stahl [ 121 as 
described b! Sult:ttc)s c/ trl. 171. [%methyl- 
“Clantipyrinc ( 1 I I m(‘i,‘mmoles. IC‘N. Irvine. (‘A) 
was added i0 ;I \oluticln of tinlabclled antipyrinc 
(1 .S mg’ml) and admini5tercd i.p. to r:ll\ in lvhich 
catheters had been impl;unteJ. The dose was 
Iti mg!kg of unlabclcd ;Irltipyt-inc and IS Ic(_‘i’kg of 
[“Clantipyrinc. The antip\rine solution was made 
up \o that 1 nil \\‘:I\ ;idministrred per t OOg body 
weight. Blood ~rnplc\ of 0 I m1 wcrc withdrawn 
from each rat at Ii n1111. 30 m111. J5 min. I h-. I .5 hr. 
7 hr and 3 hr ;iftcr antipyr-ine ~idmini~tration. ‘I‘hese 

samples were then pi-~~ccsseJ and counted b! liquid 
scintillation tcchniquc\ prc’\ ioLi\1v clcscrihed for 
aniinopyinc 12). 
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Nuclei were isolated and separated into different 
size classes according to the procedure of Albrecht 
[13] as modified by Kulick and Liu [ 14,151. Immedi- 
ately after resuspension of nuclei, 0.33ml aliquots 
were applied to either a 37 ml 25560% linear sucrose 
gradient containing l.OmM MgOAc (for adjacent 
and far-removed liver) or a 37 ml 2560% linear 
sucrose gradient containing 3.3mM MgOAc (for 
hepatoma). Samples were centrifuged in a refriger- 
ated PR-6 International centrifuge at 70013 for 
15 min. Immediately after centrifugation, the gra- 
dients were fractionated using a Beckman fraction 
recovery system. Samples were collected in a volume 
of 0.4 ml per fraction using a ISCO fraction collector, 
and the nuclei in each fraction were counted under 
a microscope using an improved Neubauer hemo- 
cytometer. Rounded nuclei were classified as hepa- 
tocytic, whereas all others were considered non- 
hepatocytic [ 161. 

Several rats from every experimental group were 
used routinely for light microscopic analyses of liver. 
Total body perfusions were performed under light 
ether anesthesia using 10% buffered formalin 
injected through the left ventricle, and exiting via 
the right atrium. Sections cut from paraffin-embed- 
ded blocks were stained with hematoxylin and eosin. 

Statistical analyses were performed using analysis 
of variance followed by the Newman Keul’s test [ 171. 

RESULTS 

Light microscopy revealed that non-tumorous liver 
directly adjacent to Morris hepatoma 5123D or 7795 
was histologically indistinguishable from liver far 
removed from tumor (Fig. 1). In addition, light 
microscopy disclosed either minimal or no necrosis 
in the hepatomas. 

Table 1 shows that microsomes from liver directly 

Fig. 1. Photomicrograph of a hematoxylin and eosin stained section of tumor-bearing rat liver showing 
the sharply defined border between histologically normal liver (on the left) and adjacent Morris 

hepatoma 5123D (on the right) (magnification x 470). 



Morris 
hepatoma or 
foreign mass C‘ytochromc P-450 content 

* Each value is ttic nxxn f S.E.,bf. of four cxperimrnts,; each cxperi~iefit ubcd pooled tissue from 
at least six rats. Values for cytochromc P-450 content were not corrected for the yield of microsomcz. 

t Ratio of total microaomal cytochrome P-450 to total whole homogenate cytochrome P-450. 

$ Significantly different (1’ e 0.05) from far-removed liver and tumor by t\ro-way analysis of variance 
followed by Newman Kcul’s test. 

8 Significantly diffcrcnt (P c 0.05) from far-removed and tumor-;lcij~tcent lii,cr by two-wax ;m;rlysis 
of 3 ariance followed by Newman Kcul‘s test. 

11 The inert sphere measured 39 2 to 316 inch diamctcr and v~s implanted in the liver for 30 days. 

adjacent to either jntr~hep~~ti~~tll~ itn~l~~t~t~d Morris 
hepatoma SI23D or 7795 had significantly more 
cytochrome P-450 than microsomes from liver far- 
removed from tumor. To test the possibility that this 
difference in microsomal cytochrome P-350 content 
might have developed durmg isolation, ax a result 
of differences in sedirneilt~~t~(~~i characteristics 
between tumor-adjacent and far-removed liver, we 
determined for each hepatic region the ratio of total 
microsomal cytochrome P-150 to total whole hom- 
ogenate cytochrome P-450 (recovery ratio). Identical 

recovery ratios for tumor-~~djacent and far-removed 
liver (Table 1) indicates that regional differences of 
cytochrome P-450 content in tumorous liver were 
not artifacts of the isolation procedure. 

The microsomal cytochrome P-450 content of both 
of the intrahepatic tumors was markedly reduced 
from that of far-removed or tumor-adjacent liver 
(Table 1). Microsomal P-450 recovery. however. was 
significantly less from hepatomas than from tumor- 
adjacent or far-removed liver (Tabk l), suggesting 
that dissimilar sedimentation characteristics between 

Table 2. V,,,,, and k’,,, 01 hcrvo(cc]pyrene monooxygenase acti! it! in microsomcs from three 
regions of tumor-bearing rat liver’ 

Morris 
hcpatoma 
implanted Kckn 
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tumorous and non-tumorous liver might have con- 
tributed, at least partially, to their different micro- 
somal cytochrome P-450 contents. 

To determine if regional variations in hepatic 
cytochrome P-4.50 occurred only in response to 
tumor, or if any intrahepaticnlly implanted foreign 
mass might elicit a similar response, spheres of glass. 
stainless steel, nylon, teflon. polypropylene or lucite 
were implanted in rat li\,ers for 30 or 54 days. None 
of these implants resulted in more microsomal cyto- 
chrome P-450 in liver adjacent to the implants 
compared to liver far removed from the implants 
(Table 1). 

V,,,;,, values of microsomal cytochromr P-150- 
mediated benzo(a]pyrene monooxygenase activities 
of liver adjacent to the intrahepatically implantecl 
hepatomas were higher than thobc of microsomes 
from liver far removed from tumor. but the K,,, values 
in these regions did not differ significantly (Table 7). 
Both the If,,,,,, and K,,, for benzo[a]pyrenc mono- 
oxygenase activity in tumor microsomes were 
reduced compared to tumor-adiacent and far- 
removed liver (Table 2). 

More activation of cyclophosphamide occurred in 
microsomes from tumor-adjacent liver than in micro- 
somes from far-removed liver (Table 3). Although 
the V,,,, values for cyclophoxph~Imiile activation from 
these regions differed. their K,,, values did not. 
Microsomal activation of cyclophosphanlide in both 
intrahepatic hepatoma\ was so low that it could not 
be detected (Table 3). 

Pretreatment of tumor-bearing rats with PB 
resulted in induction of cytochrome P-450 content 
within far-removed liver. tumor-adj~tcrnt liver. and 
in both Morris hepatomas. MThereas cyclophospha- 
mide activation was enhanced only in far-removed 
and tumor-adjacent liver (Table 3). Moreover. after 
PB pretreatment cytochrvmc P--150 content and 
cyclophosphamidc activation ivithin tumor-adiacent 
liver and far-removed li\,cr were similar. PB induc- 
tion of cyclophosphamide activation could n<lt be 
detected using microsomes from either hlorris hepa- 
toma (Table 3). 

Drug metabolizing capacity irz rlillo of rats bearing 
intrahepatic hepatoma 5 IZD for 30 days or hep;i- 
toma 7795 for 54 days WI:, investigated. using hexo- 
barbital and antipyrine as test compounds. Table 1 

Experimental group 

Antipyrinc 
h‘Ilf-li\es~ 

(min) 

Controls 
Rats bearing 
Morris hepatoma 
5123D 
Controls 

Rats bearing 
Morris hepiknna 
779s 

* Each value IS the mean -t S.E.M. of ~A.CILC’ rats 
i Each value is the mean 2 S.E.M. 01 eight rat\. 

shows that no signiticant differences between tumor- 
-bearing rats and xham-operated controls were 
observed in hexobarhital sleeping times or antipyrine 
half-lives. 

Hepatocellular nuclei from far-remo\ cd and 
tumor-adjacent liver were separated by suci-ose den- 
sity centrifugation into two distinct classes rrprcsent- 
ing diploid nuclei (band 1 in Fig. 2) and prcdom- 
nantly tetraploid nuclei (band 2 in Fig. 2). Nuclei 
from either hepatoma could not be separated into 
discrete bands, but instead formed ;I single continu- 
ous band several centimeters 111 lvidth. Figure 2 rep- 
resents examples of the fractionatrc%n ,1t nuclei from 
far-removed liver, tumor-adjacent liver. md hrpa- 
toma 5123D. Tumor-adjacent li\rr had significantI\ 
more nuclei within band I (diploid) and felver m&i 
within band 2 (tetraploid) compared to far rcrmncd 
liver (Fig. 2 and Table 5). These regional differcncrs 
resulted from alterations in the numhcrof hepatocyte 
nuclei, since the number of non-hepatoc~tc nuclei 
(differentiated from hopatocytes b! morphological 
examination under light microscopy) M as the same 

in tumor-adjacent and far-remo\,cd liver (‘Pahle 5). 

Rat livers containing intrahepaticallv implanted 
Morris hepatomas 5123D or 7795 exhibit rrgional 
differences in microsomal cytochrome P-450 content 

[ 11. In addition to confirming these observations 

(Table 1). the present study reveals that these metah- 
olic differences do not result from differences in 
subcellular sedimentation characterisitics of adjacent 
and far-removed liver, since microsomal P-450 
recoveries from both areas were identical (Table I). 

To determine whether these rc@nal metabolic 
differences are tumor-specific. arising only after 
hepatoma implants. or if they might represent ;I 
non-specific response of normal liver to ;I foreign 
mass, we implanted inert spheres of se\rral different 
materials and sizes in rat livers. None of these 
implants caused elevations of cytochromc P-60 in 
liver adjacent to implants compared to liver far 
removed from implants (Table I ). Therefore. 
regional differences in hepatic cvtochrome P-350 
content observed in the present -and previous [ I] 
studies might be tumor specific. suggesting that some 
interaction between tumor and xijacent hepatocvtes 
enhances cytochrome P-J50 within tumcjr-adjacent 
tissue. Ilowever. experiments using 2 foreign mass 
(summarized in Table I ) cannot excludr cntircly the 
possibility that the regional variations in cytochrome 
P-450 content within tumor-bearing li\cr were INN- 
specific, since implanted inert \phercj do not 
adequately simulate an expanding toreign iiiass. 

V ,,,,,, values tor microsomal cyrochrome P--t50- 
mediated benzo[u]pyrcne monooxygenase activity 
and cyclophosphamide acti\,ation 111 tumor-adjacrnt 
liver were significantlq higher than those in li\er far 
removed from tumor. K,,, values for these reactions 
were unchanged (Table 2). Thr~ data supge\t that. 
although more cytochromc P-150 csists in tumor- 
adjacent liver than in tar-removed liver. substrate 
affinities of the cnLvmc with rcspcct to 
benzo(a]pyrenc and cyclol-‘hosPhariiicle are similar 
in both regions. Within both Morris hcpatomas. 
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Fig. 2. Distribution according to size of nuclei from liver containing Morris hepatoma 5123D. Nuclei 
were isolated as described in Materials and Methods. Gradients were fractionated and the number of 

nuclei in each fraction was determined. 

Table. 5 Distribution of hepatocyte and non-hepatocyte nuclei within tumor-adjacent and far-removed liver after sucrose 
density gradient centrifugation 

Morris 
hepatoma 
implanted 

Tissue Band Type of nuclei 
region number within band* 

o/c of Total number 
of nuclei classified 

as non-hepatocyte or 
hepatocyte nucleit 

% of Total 
number of nuclei 

within handt 

5123D Far-removed liver 1 

5123D Tumor-adjacent liver 1 

5123D Far-removed liver 2 

5123D Tumor-adjacent liver 2 

7795 Far-removed liver I 

7795 Tumor-adjacent liver 1 

7795 Far-removed liver 2 

7795 Tumor-adjacent liver 2 

Non-hepatocytes 
Hepatocytes 
Non-hepatocytes 
Hepatocytes 
Non-hepatocytes 
Hepatocytes 
Non-hepatocytes 
Hepatocytes 
Non-hepatocytes 
Hepatocytes 
Non-hepatocytes 
Hepatocytes 
Non-hepatocytes 
Hepatocytes 
Non-hepatocytes 
Hepatocytes 

16.0 f 1.1 
21.3 k 0.9 
14.7 2 1.0 
41.7 k 2.6$ 

0 
63.1 k 1.7 

43.7 9 2.011 
15.9 -1- 2.1 
21.4 -c 1.6 
15.5 2 1.1 
46.7 k 2.1$ 

0 
62.8 + 2.1 

37.6 : 1.80/( 

37.2 2 3.3 

56.4 ? 4.79: 

63.1 t 1.7 

43.7 t 2.00 

37.3 ? 4.8 

62.2 + 4.59 

62.8 + 2.1 

37.6 zk 1.8OP 

* Differentiation of nuclei was based on examination by light microscopy as described in Materials and Methods. 
t Each value is the mean t S.E.M. for four determinations and each determination used pooled tissue from six 

animals. 
$ Significantly different (P < 0.05) from the percent of hepatocyte nuclei in band 1 from far-removed liver by one-way 

analysis of variance followed by Newman Keul’s test. 
$ Significantly different (P < 0.05) from the percent of nuclei within the corresponding band from far-removed liver 

by one-way analysis of variance followed by Newman Keul’s test. 
)I Significantly different (P < 0.05) from the percent of hepatocyte nuclei in band 2 frdm far-removed liver by one-way 

analysis of variance followed by Newman Keul’s test. 
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markedly decreased microsomal cytochromc P-150 
content was accompanied by decreased V,,,,,, and K,,, 
vaiues for tumor benzo[a]pyrene monooxygenasc 
activity, confirming previously published reports on 
extrahepatic Morris hepatomas [1X. IY]. No detect- 
able activation of cyclophosphamide by tumor was 
observed (Table 2). Although the recovery ratio for 
microsomal cytochrome P-450 was lower in each 
hepatoma than in tumor-adjacent or far-removed 
liver (Table I), diminished microsomal recoveries 
from each hepatoma accounted for only a small 
portion of the reduced cytochrome P-450 content 
and drug-metabolizing enzyme activities observed 
within hepatomas. 

Several consequences of regional variations in 
cytochrome P-4X)-mediated production of cytotoxic 
metabolitea from cyclophosphamide within tumor- 
containing liver merit discussion. Failure of tumor 
to activate cyclophosphamide suggests that. in the 
case of Morris hepatomas 5123D and 77YS. non- 
tumorous liver is the only source of cytotoxic cyclo- 
phosphamide metabolites. For these reasons the 
antitumor activity of cyclophosphamide may vary in 
different stages of liver tumors, depending on the 
size and location of the tumors. as well as on the 
amount and location of histologically non-tumorous. 
tumor-adjacent liver. 

In rats bearing extrahepatic hepatomas, previous 
investigations showed diminished metabolism of host 
livers. but only after tumors became extremely large 
(IO per cent of total body weight) with extensive 
necrosis [1X. lY]. Lack of effect of either minimum 
deviation intrahepatic hepatoma on the ill r~ir~o 
hepatic drug-metabolizing capacity of tumor-bearing 
rats (Table 4) reflects the small mass of both tumor 
and tumor-adjacent tissue compared to the much 
larger mass of normal surrounding liver. A 30-40 
per cent increase in cytochrome P-450 content of 
tumor-adjacent liver could make a substantial con- 

tribution to in ~ir,o metabolism of some drugs. The 
actual change in drug metabolism in such a tumor- 
bearing animal would depend on the proportion of 
tumor-adjacent liver to normal liver. 

Liver adjacent to intrahepatic Morris hepatoma 
5123D or 7795 contained less DNA (per g liver) than 
liver far removed from tumor [I]. Differences 
between tumor-adjacent and far-removed liver in 
the ploidy of nuclei observed in the present study 
probably account for the lower DNA content of 
adjacent tissue. Since liver directly adjacent to tumor 
had more diploid and less tetraploid nuclei than liver 
far removed from tumor (Fig. 2 and Table S), a 
lower DNA content would be anticipated in tumor- 
adjacent than in far-removed liver. Within tumor- 
adjacent tissue, change in hepatocyte nuclei from 

LII and E. S \‘I \I i I 

predominantly tetraploid to diploid could indicate 
a response to non-specific injury produced by the 
expanding adjacent hepatoma. A similar response 
occurs after physically or chemically induced injury 
to liver [20]. 

After PB pretreatment of tumor-bearing rats. 
hepatic microsomal cytochrome P-450 increased dif- 
ferentially among hepatoma. tumor-adjacent. and 

far-removed liver (Table 3). After PB induction, no 
differences between tumor-adjacent and far- 
removed liver occurred in cytochrome P-450 content 
or cyclophosphamide activation. This differential 
response of tumor-adjacent and far-removed hepa- 
tocytes to PB, together with the differences in 
nuclear ploidy between these two regions (Fig. 2 and 

Table 4). suggests that tumor-adjacent hcpatocytes 
have a change in cellularity. 
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