Short communications

In the present experiment, 2-acetylaminofluorene was
N-deacetylated primarily by mouse liver microsomes,
whereas 2,4-diacetylaminotoluene was N-deacetylated pri-
marily by mouse liver cytosol. These finding suggest that
mouse liver has at least two N-deacetylase enzyme systems,
a microsomal N-deacetylase enzyme which is more specific
for the monoarylacetamide and a cytosol N-deacetylase
enzyme which is more specific for the diarylacetamide.
Furthermore, formation of the products was directly pro-
portional to the incubation times up to 60 min only for 2,4-
diacetylaminotoluene. The effect of pH on N-deacetylase
activity was greater for 2-acetylaminofluorene. In addition,
the K of N-deacetylase enzyme for 2-acetylaminofluorene
(0.8 X 107°M) was lower than that for 2,4-diacetylamino-
toluene. These results, therefore, support the possible con-
clusion that there are two separate N-deacetylase enzyme
systems in mouse liver.
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Induction of the hepatic cytochrome P-450-dependent mono-oxygenase system in
young and geriatric rats
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It has long been recognized that aging is associated with
alterations in pharmacological variables which may be
responsible for changes in the susceptibility to toxic effects
of xenobiotics in senescent animals [1-3]. Investigations of
drug metabolism ir vivo have demonstrated that metabolic
efficiency of rodents declines with advancing age [4-6].
Moreover, an age-related decline in metabolic activities
has been observed in in vitro studies of the metabolism of
anumber of xenobiotics in hepatic microsomal preparations
from rats of increasing age [7-9]. This decrease in activity
has been shown to parallel the apparent decrease in the
levels of components of the hepatic cytochrome P-450-
dependent mixed function oxygenase (MFO) enzyme sys-
tem [10]. Indeed, the decrease in drug-metabolizing activity
in geriatric animals has been attributed specifically to an
age-related loss of hepatic microsomal NADPH-cyto-
chrome c¢ reductase activity [6]. In contrast, Birnbaum and
Baird [11] have reported no differences in NADPH-cyto-
chrome ¢ reductase activity in young and old rats.

The activities and components of the hepatic MFO
enzyme system are sensitive to a wide variety of agents,
being induced by a number of chemicals (typically the
barbiturates and polycyclic hydrocarbons). However,
controversy exists in the literature with regard to the
inducibility of this enzyme system in senescent rats. Kato
and Takanaka [10] showed that phenobarbital-induced
elevation of MFO activities was markedly higher in young

rats than in senescent rats. Recent reports, however, dem-
onstrated no such age-related differences in the sensitivity
of the functional components of the hepatic microsomal
drug-metabolizing enzyme system following either phen-
obarbital or 3-methylcholanthrene treatment [6, 11].

The hepatic MFO enzyme system is a major determinant
of toxicity of drugs and environmental agents. It is impor-
tant, therefore, to define clearly any age-related differences
in the responses of this enzyme system to xenobiotics, since
such age-related differences may be a determining factor
in the altered susceptibility to toxic effects of foreign chem-
icals in senescence.

In this paper, the effects of phenobarbital (PB) and 8-
naphthoflavone (BNF) on the induction of the hepatic
MFO enzyme system were examined in both young adult
and geriatric rats. BNF is a non-carcinogenic inducer which
has inductive properties similar to 3-methylcholanthrene
[12].

Male Fischer 344 rats (young adults, 10 weeks; geriatrics,
100 weeks) were housed in the same environmentally con-
trolled animal room (20°, 50% humidity and 12-hr light
cycles) and maintained ad lib. on Purina Laboratory Chow
and tap water. The animals were treated for 4 consecutive
days with daily i.p. doses of either PB (80 mg/kg) in 0.9%
(w/v) saline (1ml/kg) or BNF (80mg/kg) in corn oil
(10 mVkg), and appropriate controls were treated in par-
allel. The animals were starved for 24 hr prior to being



Short communications

1192

*S[OIIU03 [I0 UIOD PUE SUIES JO] SINBA PIUIQUIOD) L

"{10°0 > 4 voneliyiewep-N sunueaydzuaqg]

‘[10°6 > 4 vonefyieap-¢ vLEWNCIAXOYID-/]

"[$N ursto1d fewosoonu ‘SN uoHINpPaL 2 SWOMPCK-HIAVYN] 100> 4d
‘[SN ws01d ppwosonnu] 19°0 > J

‘100>d
T00>d
‘[s0°0 > 4 uoneifyiaep-0 uueHmMOsAXOWS-L] 1070 > J (SIOLU0D)

"s1eRIq Ul udAI3 ore suondooxa pue padesse sisjouresed jewosolonu 2y jjE 03 paydde soueoyiudis eonsueig

(INg)  Sunof sa pjo (ma
(9d)  Bunof sa po (1)
(pio) sfonuoo sa NG (A)

(8unof) sjonuoo sa gNY (A1)
(plo}  sjonueod A gg (ut
(3unok) sjonuos sa g4 (1

pjo s Sunok (1)  suosuedwio))

gied

1891 (JS'T S.1oyost Buisn spew sxam suosueduios sspried pue ‘[gz] suonseIsiu JaY) pue 19§55 jusunesil ‘e ofe Jo soueoyiudis ays ssesse o1 pakodus
s1om $9Inpadoxd aoueLIBA JO SISA[RUY SIBX [OIJUOD Ul ANAIIOR Jeseq 94l ©) SJEX Pajeds) ul Ajapoe swizud jo soner oyl oxe soseyered w uoaid somdig
‘dnoig juswiresn pue 58e yoes woly [ewrue suo Yum pouniopiad sem juswuadxs yoey siewnedss sAY WO H°S & SUBSW 3y} st usAld ote syusey ,

(¥'v) (50 (6'0) 0 (TD
[ AV AR L00FLLO L6+ €651 1To+117 0TF9¢l PIO
(Le) (r'0) (8'0) (81) Trmn
6L°0F96'8 0T0F65°1 9T F 1611 Zox17¢ TTFEYL Bunox
suoaegoyydeN-¢
@wn (9v) (1) (€2 (o
OFLT'E S0+ 099 L'8TFE6LT WOFE0T £TFT61 PIO
@y 5D 1) @? €1
WoFTTYy PSOFILY P9E = $709¢ 8TOF99C 8IF01L Bunoy
Teygieqoudyy
AU 0T0F 61 0%+ €°8LL Y0'0 F 680 'i=vit PIO
oFwe o 8y'y 961 F L'S9T LO0FTT T1F P91 Junog
ijonjuoy)
(unuyuiajoxd Sw (unyueyord Fu (oru/usioxd Sw (urmy01d Buisajowru) (x2a1] 8/8wr) JUDUIIBIL],

sonpord safowru)
uoneAy1eap-0
ULIBUINOAX0YIg -/

/npoxd sajouwru)
uoneAyIswap-N
surwrejaydzusy

/peonpal ssjowy)

uonsNpas

2 SWOIYPMA-HIAVN

0SH-d SWoIYo0lL)

ur101d [RUIOSOIIN

5181 pIo pue 3unoA ut somianoR swAzud Jewosolni snedoy vo (INY) suoaegoyiydeu-g pue (gd) rengieqousyd jo s10055d 1 21QBL



Short communications

killed by cervical dislocation 24 hr after the last injection;
the livers were excised and microsomes prepared [13]. The
washed microsomal fractions were suspended in 0.25M
sucrose, 1 mM EDTA and 100 mM Tris—-HCI buffer, pH
7.4 (microsomal protein 1-2mg/ml). Microsomal N-
demethylation of benzphetamine was determined in an
assay system containing 250 umoles Tris—HCI buffer (pH
7.4), 30 umoles semicarbazide, 7.5 umoles glucose-6-phos-
phate; 12.5 umoles MgCl, 1.9 units glucose-6-phosphate
dehydrogenase, 12.5 umoles benzphetamine, 1.5-2.0 mg
microsomal protein and 1.15nmoles NADPH in a final
volume of 2.5ml. The mixture was incubated at 37° for
15 min. The amount of formaldehyde formed was deter-
mined by the method of Nash [14] as modified by Cochin
and Axelrod [15]. 7-Ethoxycoumarin O-deethylation was
measured in a reaction mixture containing cofactors as
described above, omitting the semicarbazide and replacing
the Tris with 625 umoles of Hepes* buffer, pH 7.4. The
reaction mixture also contained 0.5 umole of 7-ethoxycou-
marin and 20-30 ug of microsomal protein in a final volume
of 2.5 ml. The mixture was incubated at 37° for 5 min, and
the products were measured by the method of Aitio [16].
Cytochrome P-450 was determined by the method of
Omura and Sato [17] and NADPH-cytochrome ¢ reductase
was measured by the method of Masters et al. [18]. Protein
was measured by a modification of the Coomassie biue
binding method [19] using bovine serum albumin as stan-
dard, and all assays were performed on freshly prepared
microsomes.

The results shown in Table 1 demonstrate that in control
animals there was an age-related decline in the levels and
activities of the hepatic microsomal MFO enzyme system.
Thus, in control geriatric rats, all five variables which were
assayed were significantly (P < 0.01) lower, by about 30
per cent, and this is in agreement with the observations of
Kato and Takanaka [10]. Baird et al. [6], on the other
hand, reported that there was no decrease in cytochrome
P-450 levels associated with aging, but an age-related
decrease in microsomal NADPH cytochrome ¢ reductase
activity was observed and these authors concluded that this
was responsible for the decrease in the in vitro rates of
drug-metabolizing activities in microsomal preparations
from senescent rats. The same laboratory, however,
reported that there was no such difference in NADPH-
cytochrome ¢ reductase activity between 13-week-old and
130-week-old rats [11], although age-related decreases in
P-450 levels, benzphetamine N-demethylase, and other P-
450 mediated activities were observed.

Using doses of enzyme inducers which gave maximal
stimulation of MFO activity, no toxicity effects were
observed in treated animals with the exception of senescent
rats treated with PB. These animals were heavily sedated
throughout the treatment, and a few failed to survive the
treatment period. However, characteristic inductive effects
of barbiturates (PB) and polycyclic hydrocarbons (BNP)
were observed in both young and surviving old rats. The
characteristic hypsochromic shift of the Soret peak of the
reduced hemoprotein—-CO complex to 448 nm [12] was
observed in microsomes prepared from both old and young
rats treated with BNF. By comparison, in microsomes from
both young and old control and PB-treated animals, the
Soret peak was at 450 nm. The distinctive differential effects
of the two inducers [22-24] were further demonstrated, in
that PB and BNF preferentially induced microsomal benz-
phetamine N-demethylation and (-deethylation of 7-
ethoxycoumarin, respectively, in both young and geriatric
rats. Moreover, benzphetamine N-demethylation was sig-
nificantly (P < 0.01) lower in BNF-treated rats. The char-
acteristic induction of cytochrome ¢ reductase activity by
PB treatment in young animals [22] was also observed in

* Hepes = 4-(2  hydroxyethyl)-1-piperazine-ethanesul-
phonic acid.
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the old. On the other hand, asignificant (P < 0.01) decrease
with respect to this activity was observed in the young but
not in the old animals following BNF treatment. In addi-
tion, both inducers significantly (P <0.01) increased
hepatic cytochrome P-450 levels [12, 22] of both old and
young animals, although only PB treatment increased the
microsomal protein concentration of the liver.

Following PB induction of young and old rats, there
were no significant quantitative differences in the capa-
bilities of their hepatic MFO enzyme system. Thus, similar
microsomal protein and cytochrome P-450 contents and
NADPH-cytochrome ¢ reductase and benzphetamine N-
demethylase activities were observed. However, the age-
related differences in 7-ethoxycoumarin O-deethylation
observed in control animals persisted following PB induc-
tion. This microsomal activity, although induced slightly
by PB, responds preferentially to induction by polycyclic
hydrocarbons [23,24]. Similarly, benzphetamine N-
demethylase activity, which is preferentially induced by PB
[20], retained significant (P < 0.01) age-related differences
following BNF treatment. No significant quantitative dif-
ferences in other variables of the microsomal enzyme sys-
tem assayed were observed between old and young BNF-
induced rats.

These results demonstrate that the livers of old and
young rats respond to exogenous inducers in a similar
manner. Furthermore, the inducibility of hepatic enzyme
is apparently unimpaired on aging. Indeed, in many inci-
dences the degree of response to these two chemicals is
apparently greater in senescent rats, since the basal activ-
ities in control animals were significantly (P < 0.01) higher
in young rats than in old rats, yet no significant differences
were observed in old and young induced animals. These
results are contrary to previous observations which dem-
onstrated that the inducibility of the hepatic MFO system
to PB was impaired progressively with aging and no sig-
nificant induction was observed in 86-week-old rats [10].
However, other investigators reported that there was no
such impairment with age in response to PB [9], 3-methyl-
cholanthrene or pregnenolene-16a-carbonitrile [11].

Our observations, illustrated by the five variables
assayed, demonstrate that senescence is associated with a
decline in the activities of the hepatic MFO enzyme system.
This age-related difference, however, is eliminated follow-
ing maximal induction by either PB or BNF and indicates
that the optimal inducibility of the hepatic MFO enzyme
system is unaltered by aging. This similar response capacity
of the hepatic MFO enzyme system in young and sensecent
rats suggests that aging is not associated with a loss in the
capacity of the system to respond to inducers; MFO dif-
ferences observed may reflect an age-dependent alteration
in homeostatic factors responsible for regulating basal
enzyme activities. Thus, the age-related decline in the
activities of the hepatic MFO enzyme system may, in part,
be responsible for the reported difference between young
and old animals in their toxicological and pharmacological
responses to xenobiotics. However, it is possible that age-
dependent alterations in factors controlling the physio-
logical disposition of xenobiotics may be more important
in the altered susceptibility of senescent animals to toxic
effects of foreign chemicals.
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