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Abstract-Nafcnopin (NP) inducts hcpatomegnly characterircd b! cellular hgpcrtrophy and hycr- 
plaala. An investipatton wa\ carried out on the cltects 01 adrencrplc antagonIsts on prcl-eplicativc 
changes in the livers of rats trcatcd with NP. After a Gnglc dose of 700 mg!kg. induction of amino acid 
uptake (AAU) wa maximal at 9 hr. induction of ornithine dccarhoxylnsc (ODC‘) activity H;IS biphasic 
with peaks at 9 and 21 hr. and DNA synthesis was maximally induced at 21 hr. fhe n-adrenergic 
antagonists phenoxyhenzamine and phentolamine. inlectcd 0.5 hr hcfore or i hr after NP, further 
enhanced AAU and ODC activity at 9 hr. The @-adrcnerfic antagonist\ propranolol and pindolol 
clicitcd ;I similar enhancement (superinduction) when iniccted 0.5 hr het’orc hut not 3 hr after NP. When 
(Y- and P-antagonists were injectcd simultaneously. no net enhancement ot NP-induced AAU or ODC 
wab seen at 9 hr. Enhancement of the 21 hr peak of ODC actlvlty is scc‘n in response to (I- and p- 
antagonist5 injected at I2 hr hut not at 3 hr. Despite the marked stimulation in AAU and ODC activit! 
in response to the antagonists. DNA \ynthesiz \%as not affected. Inference\ drawn from these result\ 
are: (I) w and P-receptors may Interact to exert II modulating nffcct on NP induction vuch that hlocknde 
of one site elicits superinduction while blockade of hoth sites does not slyificantl! alter the NP reaponv, 
(2) there appear to he time-related changes in these receptor relationship\ after- ;Idministration of NP. 
(3) the superinduction of AAU and ODC as\ociated with ru-antagonist\ injcctcd 3 hr after NP ma! 
specllicall> invol\c fi-receptor\. (1) the two pcahs of ODC activity arc at least p;lrtl;ill\ ~ndepcndrnt 
of each other, and (5) the adrcnergic receptor Imechanisms rqondin, 17 to admlni~tratit,n of NP arc 
somewhat different from those functioning during Ilver rcgt‘ncration. 

Nafenopin (NP, SU-13437), a hypolipidemic com- 

pound, causes massive liver enlargement 
accompanied by hepatocellular hyperplasia and pro- 
liferation of microbodies and smooth endoplasmic 
reticulum in mice and rats (l-31 with little or no 
effect on hepatic microsomal drug-metabolizing 
enzymes [4. 51. After intraperitoneal administration 
of NP, increases in ornithine decarboxylase (ODC) 

activity and amino acid uptake (AAU) have been 
observed at 9 hr while an increase in DNA synthesis 
has been observed at 71 hr [61. Similar responses 
have also been reported in the regenerating liver- 
after partial hepatectomy [7-Y]. Morphologically. a 

NP-induced liver resembles regenerating liver [IO]. 
Adrenergic receptor mechamsms probably play a 

role in regenerating liver. Increases in cvclic AMP 
levels have been seen at 4 and I2 hr after partial 
hepatectomy [ 1 l-131. Adrenergic receptor activation 
has been associated with changes in liver cyclic AMP 
levels [ 141 and adrenergic blocking agents have been 
used to establish this linkage. The alpha-adrenergic 
blocking agents phenoxybenzamine and phentolam- 
ine. injected at the time of partial hepatectomy. 
inhibited the induction of ODC seen normally at 4 hr 
(131. Given at X hr. these agents inhibited the second 
wave of cyclic AMP accumulation and subsequent 

DNA synthesis [ 121. Administration of the heta- 

* This work was supported in part by a grant from the 
National Cancer Institute. USPHS (CA-11231). 

adrenergic blocking agents propranolol and pindolol. 
1 hr after partial hepatectomy decreased the first 
wave of cvclic AMP with no effect on ODC activitv 
or on DNA synthesis [ 131. However. when &pro- 
pranolol was administered at 8 hr. the second wave 
of cyclic AMP and subsequent DNA synthesis were 
delayed [ 121. 

It has been proposed [ 151 that induction by .i- 
methylcholanthrene and phenobarbital of ODC and 
of mixed-function oxidase activitv. as well as sub- 
sequent liver hypertrophy, is mediated by increases 
in cyclic AMP through beta-adrenergic receptors. In 
livers of rats fed 3’-methyl-3-dimethylaminoazo ben- 
zene [lo] and in hepatocytes isolated from rats fed 
with 2-acetylamino fuorene [ 171. there is a pro- 
pranolol-sensitive increase in the response of adenvl 
cyclase activity to isoproterenol. Since adrenergic 
receptor blockade leads to change in live cvclic AMP, 
ODC activity, and DNA synthesis in partially hepa- 
tectomized rats and possibly in chemically induced 
liver growth, we investigated the influence of U- and 
P-adrenergic blocking agents on several prereplica- 
tive changes seen during NP-induced liver growth. 

hlATEKIA1.S ANI) METHODS 

Chcwzicak. Pyridoxal phosphate. dithiothreitol, 
diphenylamine and tll-propranolol were purchased 
from the Sigma Chemical Co. (St. Louis. MO), 
EDTA from Fluka-Garantie (Switzerland) and 
Hyamine hydroxide (10-X) from the Packard Instru- 
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ment Co. (Downers Grove. IL). Aqu;~soI u~d r.!L[ I- 
‘“Cjornithine were obtained from New England 
Nuclear (Boston, MA). 2-Amino1 I-“C‘jisohutvric 
acid (59 mCi~mmoie) and ~~?z~f~z~~-~r f Jth~inid~ii~‘( 10 
Ciimmole) were purchased from Amersham (Arling- 
ton Heights. IL) and SchwarzMann (Orangeburg. 
NY) respectively. Nafenopin and phentolaminr 
(Regitine HC‘I) wert’ provided h!; the Ciha I’har- 

maceutical Co. (Summit, NJ). phenox~brnz;lmine 
(Dibenzyline) by Smith. Kline & French Labor:+ 

tories (Phi~adetphi~~. PA). and ~~iIid~~l(~l (LB-46) by 

Sandoz Pharm~~ceuti~~ils (East flanovrr. NJ ). 

dosal phoshatc (prcparcd tre\h). A sample of the 
homogenate was mixed with an CC~LIA wtumc of icc- 

cold 1O”S TC‘A and centrifuged. The precipitate \~a% 
washed twice with 5”i TC’A. ta.ice with ethanol, ;md 

twice with hot ethanol-ethyl ether (3: I : t’ t ). Finall!. 

the DNA was extracted in hot 55 TCA and :I sample 

was counted. DNA ww detcrminecl by the diphcnyl- 
amine procedure [ 191. using calf th>mus DNX cl\ ;I 

standard. 

Twattmwt of w~irmds. Male Wistar r;lts (initial 

body, weights, 40-50 g) were kept under controlled 

lightmg (8:OO p.m.-X:00 a.m.) and focdinp (S:(K) 

a.m.-l 90 p.m.) conditions for 2-3 weeks. 

Neither the presence of Z-amino/ I-‘+C‘~isobut~rtc 
acid nor that of ~~~r]ttiyrni~tilie interkres with the 

ODC assay (dnt;i not shown). Protein was detcr- 

mined by the procedure of Lowr! (‘I tri. [.ZOl with 
crystalline bovine albumin as a \tanrlartl. Statistical 

analysis was determined bq’ Student’s r-tt‘\t mcthotl. 

Water was available at all times. NP was dissolved 

in corn oil (75 mg,kt) and injected intr~~peri~one~lil~ 
at a dose of 200 mgikg. Control animals reccired an 
equal volume of vehicle. 

Atnirw acid npmkr~ (AA U) rwrl ortlithirrc dmw- 
ho.yvluse (CIDC) nctiksit~. AAU and ODC activit) 

were determined on the same liver 0 hr after injection 
of NP. 2-Amino[ I-‘%‘]isobutvric acid. :I aon-ktal~- 

otized amino acid / 18], was injected iIlti-~tvel~~~usiv. 

2 ~Cill00 g. The livers were removed 5 min 1ate.r. 
perfused with ice-cold saline, and homogeni02d in 

4 vol. of ice-cold 50 mM phosphate buffer. pH 7.4, 

containing 1 mM dithiothreitol. 0. I mM EDTA and 

0.1 mM pyridoxal phosphate (added fresh daily). For 

determination of AAU, 2 ml of the httmogcnatc 

were mixed with 7 ml of IO“; tri~hlor(~~i~eti~ acid 

(TCA), and the acid-soluble radioactivitv ma cd- 

tected after centrifugation at 100 g. The ;,cllet M a\ 

washed once with an equal volume of 5:; TC‘A. the 

supernatant fractions were combined, md a smple 

was counted. tiptake was calculated as cpm’g of 

liver. For ~ieteriliitl~tti(~ll of ODC activity;. the 
relnaining homogenate was crnt13’u@ fat- hii min 
at 100,001) g and the suprrnatant tractions \vere 

frozen overnight. It w!as found that overnight storage 
in the freezer had no effect on the tr~~zyme acti\,it!, 

although activity diminished after Z-3 days of\tor:ige 
(data not shown). For the assa!~, 1 .X 1x1 of the 

buffered ~upern~tt~~rlt fraction, to which had been 

added freshly prepared pyridoxal phosphntc. wt’rc‘ 
preincubated for IO min at 37”. The reaction was 

started with the addition of 0.2 ml d/(-“C]ornithine 
(0.5 &i). The final concentration of ornithine \vas 

0.6mM. The tlasks were capped and incubated at 

37” for 30 min in a water bath with constant shaking. 
The reaction was sttipped bv the addition of (I.:! ml 
of 5 N HzSOI. The flasks were incubated for another 

30 min and the “‘CO: evolved was trapped by 0.2 ml 
Hyamine hydroxide in methanol. The cup containing 
the Hyamine was mixed with 5 ml Aqua4 and 

cooled overnight before determining the total radio- 
activity. Enzyme activitv WIS calculatctf ;I\ p~m~lcc 

CCh evolved!mg of ~~~-~~t~i~i~3~) min. 

Enhanced liver uptake of ?-amino-isohutI;ric acid 

and ODC activity are seen 9 hr aftur i.p. ;tdmini~- 

tration of NP 161. Determination \vas ma& on the 

effects on these parameters of adrcnergic blocking 
agents administered at various times before 01. aftct 

NP. In Table I, it is seen that the tr-adrenergic 
~~nt~~gonists pltenox~henz~tmiti~ and l~h~~it(~l~tlniii~. 

injected 0.5 Fir before or 3 hr after NP trcatmc‘nt. 

enhanced the NP-induced AAU by approximatt’l! 

1SO--?OOpercent. ,!GAdrenergic antagonists. pindol~>l 
or propranolol. elicited similar unhiincemcnt when 
injected 0.5 hr before but not 3 hr after NP. in certain 

instances. a singIt* ~lnt~~g(~nist alone appc;“cd 11) 

increase AAU. in the ahse~~ce of NP. possibly &I< 

to ii stress effect, Howcicr. nom! of these lncrc;Isc\ 
were statisticallv signiticant and ttlc cnhnccmeiit of 

NP-induced AdU was not simplv an additl\ e eft’cct. 

When cu-and @-antagonists were jnjected together in 
the ahsencc of NP, ;t small but Ggnilicant increitse 
was seen. 1 Iowcver. when this increase was t;tkcn 

into account. rhe combined ~llir~tgoili~t~ gkcn (1.5 111 
hefbrr or 3 hr after NI’ caused 110 Ggnilicant nut 
enhancement of AALl ahow Ie\cls \ccn bvith NP 
a enc. I 

We extended thu earlier ohscr\~;ttions ot Lx\ inc 

DNA .~~t~t~z~.~~.s. DNA synthesk and ODC‘ actrvtt! 
were also determined on the same liver 71 hr after 
injection of NP. Rats were injected intr;ll’critl)ncalI) 
with 3Ok35 @Zi [ ‘Hjthymidine. One hr later the livers 
were removed and homogenized in 4 vol. of ice-cold 

50 mM phosphate buffer. pH 7.4. containing I mM 
dithi~th~eit~l. 0. I mM EDTA. and 0.1 mM pyri- 
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Adrenergic antagonists and NP-induced liver Frowth 

Table 1. Effects of o- and ~-adr~n~r~ic antagonists on amino acid uptake at 9 hr‘ 

Time of administration Amino acid uptake 
Treatment (hr) (cpm;g liver) 

Control (corn oil) 0 il.(lXY ?I 73lV 
Phenoxybendamine -0.5 -L-1.177 t 2710 
NP 0 70.7Y2 5 I?()‘+ 

+ Phenoxybendamine -0.5 310.1x7 t 37.l5h:l: 

Control (corn oil) 0 35.325 t hYS 
Pindolol -0.5 23.789 + 7.Ol.3 
NP 0 56.Y73 t 6,YOi’~ 

+ Pindolol -0.5 IIh.llh t 10 177:;: 1 

Control (corn oil) 0 25.192 * 9 I s 
NP 0 52,681 t 1.724+ 

+ Proprat~oloi -0.5 15l,i91 r 3-l WY? . 

Control (corn oil) 0 12.J-Q t_ 642 
Propranolol -0.5 16.700 “_ 2,3X3$ 

Control (corn oil) 0 21 .JXX i i.xxx 
Phenoxybendamine + pindolol -0.5 52.X)6? 17.656 
NP 0 h6.045 i- 10.3ih”; 

+ Phenoxyhenzamine + pindolol -0.5 123.3Y7 ?I 2’.5YX 

Control (corn oil) 0 21.5S9 * I.175 
Phcnoxybenzamine 3 70,877 -t 3.677 
Phentolamine 3 39.6Y7 rt_ i.JXO 
Propranolol 3 1O.W~ r J.O+r? 
NP 0 65.523 f 10.172’; 

+ Phenoxyb~ilzamine 3 158 7’)s t 72 905$ 
+ Phent~~laminc 3 15 1 :i;(i i I 74:w:j: 
+ Propranolol 3 80.133 ? I i .Y53 

Control (corn oil) 0 I6.hYY i 3.YlY 
Phenoxybenzamine + propranolol 3 Jh.36~ f s.324.: 
NP 0 5+),x73 rfr 15.573i 

+ Phenoxybenzamine + propranolol 3 130 330 f 5 X17$ 
Phentolamine + pindolol 3 46:YX, i x:72 I t 
NP 0 6’1.078 +- ‘.6X7+ 

+ Phentolaminc + pindolol 3 125.647 -+ 22 9105: 1 

* Malerats( lW-lSOg)wereinjectedwithNP(200 mg/kg,i.p.). Phenoxyhenzamine( IO mg:kg), 
phentolamine (10 mgikg), propranolol (60 mgikg), and pindolol (5 mg!kg) were injected i.p, as 
indicated. [‘“Cl-LAmino-isobutyric acid was injected intravenously (2 &‘iilOOO F). Five min 
later the TCA-soluble radioactivity was determined in the prefused livers. Each value represents 
the mean + S.E.M. for three or four animals. 

t Versus control (P < 0.05). 
$ Versus NP (P <: 0.05). 
5 Control group was determined separately. 
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at 21 hr (Fig. 1). This peak coincided with the peak 
of DNA synthesis after NP administration [6]. Sev- 
eral investigators have also reported multiple peaks 
of ODC during liver regeneration [21-241. Figure 2 
shows the effects of the adrenergit antagonists on 
ODC activity measured at 9 hr and 21 hr after NP. 
The alpha-blockers, phenoxybenzamine and phen- 
tolamine, injected 0.5 hr before (Fig. 2A) or 3 hr 
after (Fig. 2B), led to a superinduction of liver ODC 
activity at 9 hr. Superinduction was also seen with 
the beta-blockers, propranolol or pindolol, injected 
0.5 hr before but not 3 hr after NP. Neither antag- 
onist injected alone produced a significant increase 
in ODC activity. When cy- and P-antagonists were 
injected together at either time, no statistically sig- 
nificant enhancement of ODC activity at 9 hr was 
seen (Table 2). Injection of either (Y- or P-antagonists 
12 hr after NP also markedly enhanced the second 
peak of ODC activity at 21 hr (Fig. ?C). When the 

antagonists were injected 0.5 hr before or 3 hr after 
NP, no alteration of the second ODC peak was seen. 
despite induction of the first peak at 9 hr (Fig. 2 
panels A and B). Thus. there appeared to he a 
degree of independence between the two ODC 
peaks. In contrast to the 9 hr ODC peak. the 21 hr 
peak was further stimulated by combined injection 
of (Y- and ~-antagonists (Table 2). 

DNA synthesis was stimulated markedly after NP 
treatment (Fig. 3). However, neither phenoxyben- 
zamine, nor phentolamine. nor propranolol, nor 
pindolol, injected at any time, produced sipniticant 
effects on NP-induced [3H]thymidine incorporation 
into DNA. These results are in contrast to those 
reported in regenerating liver by Thrower and Ord 
[13] and by MacManus et al. [ 121, who demonstrated 
that phenoxybenzamine, as well as propranolol, 
injected S-13 hr after partial hepatectomy. delayed 
the induction of DNA synthesis. 
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Fig. 2. Changes in ODC activity in response to NP and ;~drcncrprc I>locLing agent\. I)ow\ IIWII. YP 
(200 mgikg). phenoxyhenzamine (PB: IO mg’kg). phcnotolaminc (IT: IO mgks). propranolol (Pi<, 
60 mgikg), and pindolol (PI: 5 mg:kg). Antagonists were inlectcd I p. 0.5 hr lwlo~-e (A). 3 hr alter (I~). 
or 12 hr after (C) NP. Enzyme activity wx measured 0 or 21 hr alter Kf’. ;i\ Inilicate~l. Lath \ alum 
represents the mean i S.E.M. for three or tour rats Kc!: ( ‘) ver\u\ control (P < 0.05): (.;I \‘CI-IU\ NP 

(P i 0.05): (d.) control group Jctcrmincd quratsl! 

nIScUSSIoN simple ;L stress effect since the drup5 111 the ilhscncc 

of NP elicit minimal changes which are far helou 

The superinduction response to adrenergic block- those seen in the presence of NP. cq~eciall~ in the 

ing agents in the presence of NP suggests that the case of ODC. Furthermore. combincd (t- and /3- 

induction of AAU and of ODC by NP may involve blockers given 0.5 hr before NP abolish the sulxr- 

adrenergic receptor mechanisms. It is doubtful that induction response. ,!S-Adrencrgic receptor mcchan- 

the enhanced response to the individual agent\ is isms have also been postulated to play ;I role in the 

()I)(’ iICli\ Il\ 
T‘~rne 111 admilli~trati~)n I imc plll~llc\ lng- 

Treatment ( I1 I ) (hr) p~-<~lcin .i(l n11n 
_~~ _~~ 

Control (corn cd) II I) ,<_ ; -. 
Phenoxyhenamine + pindolol --(I i ‘) i7 I i 
NP 0 0 511’) : 13s: 

+ Phenoxyhenznminc + pindolol --0.5 ‘J l-1.%1 + I>>, 

Control (corn oil) 0 0 IS’ -I 

Phcnoxyhenzamine + propranolol 3 ‘1 loss ? I::-* 

NP (1 ‘1 7.W~ I (17 

+ Phenoxyhenzaminc + propranolol 3 ‘J IS-l * s:c,: 

Control (corn oil) II 0 31, 4 

NP 0 ‘) ‘54 ’ I.\?. 

+ Phrntolamine + plndolol : ‘1 Sf, J .il I? 

Control (corn oil) 0 ?I 41’ 4 

Phenoxybenzamine + pindolol 12 11 13 IO 
NP 0 31 1.:-I * -I2 

+ Phenoxvben7aminc + pindolol I7 ll Ti< f I St I\\ 

* Male rats (lO(klXjp) were injected with NP (3110 m~,ky. ~.p.). l’hcntr~_!I~~llramill~ C 10 lllp LJ. 
phentolamine (IO m&/kg). propranolol (60 mg.‘kg). and p~ndold (5 mg,hg) wcw injected 1.11 ~1 the 
various times indicated. Ornithine decarhoxylaac activit! was determined ;I\ duwrihed in “Ilatcl I;II\ 
and Methods. Each value represents the mean -+ S.E.M. for three or tour animal\. 

t Versus control (P < 0.05). 
$ Versus NP (not significant). 
3 Versus NP (P < 0.03). 
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HOURS AFTER RIP ADMINISTRATION 

Fig. 3. Eftects of xircnergic antagonists on NP-induced 
DNA synthesis. NP (100 q/kg) wa\ injected i.p. at zc‘w 
time: phenoxyhcn2umine (PB: 10 mg!kg). phcntolamine 

induction of ODC in the regenerating liver [Xl anti 
of the microsomai mixed-function oxpgenase system 

ancf livcl- i~ypertro~?h~ by pheno~~arbit~~l. S-methyl- 
cholanthrene and Aroclor- 17% 115, 26.171. 

it is apparent from present and earlier observa- 
tions 161 that NP induces two peaks of ODC activity . 

The first peak is at 9 hr and the second is at 21 hr 
and coincides with maGmaI DNA synthesis. Both 
LX- and B-blocking agents injected 0.5 hr before NP 
lead to a SLlperincl~~ction of UP-stilnul~lted AAU 
(Table 1) and ODC‘ activity (Fig. 2, panels A and 
B) at 9 hr. FIowever. when injected 3 hr after NP, 
only the cl-antagonists effectively enhance AAU and 
ODC activity (Fig. 2, panels A and B). Injection of 
both antagonists together 0.5 hr heforc or 3 hr after 
NP produces no su~~ei-inducti(~n of either activity 
(Tables i and 2). There is also sup~r~~~ducti~~n of the 
second ODC peak by LY- or ~-antagonists injected 
12 hr after NP. In contrast to the effects on the 
earlier peak, combined injection of CY- and @antag- 
onists still elicits a superinduction of the 21 hr peak. 

The mechanism of the superinduction is thus far 
not clearly defined, ~lltll(~u~h both induction by NP 
alone and s~~perin~iLicti[~n appear to require protein 
synthesis since they are inhibited by cvcloheximide 
1281. One possibility is that adrener$c receptors 
control repressor mechanisms in the induction pro- 
cess. Thus. receptor blockade would effectively 
“dereprcss” the NP response leading to superinduc- 
tion. The obliteration of ~uperinc~ucti[~n by the sim- 
ultaneous a~iil~inistr~ltion of both cy- and @Mockers 
argues against this explanation since, under these 
conditions, an even greater degree of superinduction 
would have been expected. Alternatively, the LX- and 
&receptor sites may serve as a precisely balanced 
modulating influence on NP induction such that 
blockade of either site alone may lead to an esap- 

gerated response (superinduction). while blockade 
of both sites removes the influence entirely. The 
concept of a linked (Y- and p-receptor modulating 
effect is also implicit in the work of McCarthy and 
deVeilis j291. who studied the norepinephrin~- 
induced increitse in levels of CAMP in gliai cultures 
of rat cerebral cortex. Alpha-adrenergic blockade 
with phentolamine led to a marked superinduction 
of this response, while combined b-blockade with 
propranolol abolished the increase. On the other 
hand, Le Cam and Frcychet [SO] observed inducti[~ll 
of AAU by c~~tech~)lamines in isolated rat hepato- 
cytes which was blocked by CY- but not P-antagonists. 
Although these results are ostensibly the opposite 
of ours where adrenergic antagomsts enhanced 
AAU. they do indicate an involvement of adrenergic 
receptor mechanisms in AAU. 

We have tound a time-rel~~t~~i change in the 
response to adrenergic blocking agents. Thus, both 
cy- and P-blockade individually elicit superinduction 
when given 0.5 hr prior to NP, while 3 hr after NP 
superinduction is seen only after cu-blockade. By 
12 hr. the response to @blockade has returned. but 
now simultaneous ~~dnliilistr~~ti(~il of both (Y- and ,f.3- 
b~ock~rsstill elicitssuperii~ducti~~n, possibly i~~piyiil~ 
an alternative mechanism of induction. A change in 
the relationship between cy- and p-receptor respon- 
siveness has been reported in hepatoc!,tes obtained 
from the regenerating liver 1311. With the use of 
adrenersic antagonists. it was demonstrated that the 
agonist-lnducti~~n of glycopen ph(~s~~horyl~~se is 
mediated via cx-receptors in the normal adult liver, 
while 24 hr after partial hcpafectomy the effect is 
mediated via p-receptors. Thus. both NP adminis- 
tration and partial hepatectomy may induce ;I rapid 
change in adrenergic receptor relationships. 

The use of these antagonists has allowed us to 
examine the rei~~ti~~nship between the two ODC 
peaks at 51 and 21 hr. liljection of adrenergic antag- 
onists 0.5 hr before or 3 hr after NP results in a 
marked stimulation of ODC activity at Y hr, hut not 
at 21 hr (Fig. 2A). The second peak is. however 
capable of superinduction. as seen after injection of 
antagonists 12 hr after NP. Thus. it is possible to 
inHuencc one peak of ODI‘ activity but not the 
other. ~ndepcl~dencc of the two OK activity peaks 
was also reported in regenerating livers hq’ McGowan 
and Fausto 1241. They demonstrated that protein 
deprivation did not affect the first increase in ODC 
activity while the second peak was delayed. Simi- 
larlv, they showed that hvpophysectomy markedly 
inhibited the first ODC activity peak in regenerating 
livers with~~~lt affecting the second peak when com- 
pared to nonhypclphysectomiztd rats. 

Finally. our results with adrenerpic antagonists on 
NP-induced ODC activity and DNA synthesis con- 
trast with those reported in the regenerating liver. 
Thrower and Ord [ 131 found that ol-antagonists, 
given at the time of partial llep~~tecto~~y. delay ODC 
induction without affecting DNA synthesis. How- 

ever, when either class of antagonist was given Y- 
12 hr after partial hepatectomy . DNA synthesis was 
delayed [ 12, 131. Ashrif et trl. IX’_\ showed than DNA 
synthesis during re,generation was not affected by 
cu-blockade (tolazolme) but was inhibited by ,&block- 
nde (pr(~prano~~)l) and the symp~~thetic nerve block- 
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ers, pan&hide and reserpine. In the present work 14. 
we show that administration of U- as well as /3-antag- 
onists can lead to superinduction crf both peaks of 
NP-stimulated ODC activity (Fig. 2, panels A and 15. 

B), but under no cjrcufnst~~nces is DNA synthesis 
affected (Fig. 3). it is apparent that certain aspects 16. 

of the prereplicative events responding to NP differ 
from those seen in the regenerating liver. 

17. 
18. 

G. Lf‘vlut 


