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SUMMARY

Inconporatiot-m of orotic acid-5-t-H (100-200 �.eCi) into t�epatic nuclear and cytoplasmic
RNA extracted fronu purified nuclei or cytoplasmic fractions and separated on linear sucrose

gradients was determimied after intraperitoneal administration of phenobarbital (75 mg/kg)

to rats. Pulses of 1-, 2-, 4-, and 12-hr duration were administered 2 hr after injectioni of

phenobturbital or 0.9 % NaC1 in order to examine alterations in cytoplasmic RNA metab-
olism early it-i the induction process, i.e., before any marked it-icrease occurred in the levels
of microsonual drug-metabolizimmg emizymes. The data indicated that there w-as a 20-30 %
increase above coimtrols it-i the specific activity of 28 5 and 18 5 ribosomal RNA, which be-
came apparent after a 2-hr pulse dose of labeled precursor administered 2 hr after pheno-

barbital treatment, at-id which was maintained for 12 hr. The augmented labeling appeared
to be restricted to nibosomal RNA species. Analysis of nuclear RNA after pulses of � 1,
2, at-id 4 hr, given 2 hr after phet-mobarbital, indicated that there was no detectable it-icrease

it-u synthesis of nibosomal RNA or ribosomal RNA precursors. It is suggested that phet-in-

barbital may enhance the stability of hepatic ribosomal RNA or it-icrease the “processing”

at-id trat-isport of this substance to the cytoplasm, and that these events, which occur early
it-i the induction process, may be involved in the elevation of microsomal oxidase activity

observed after phet-iobarbital admit-iistration.

INTROI)UCTt- ON

Phet-mobarbital is the prototype of one
of the major categories of chenuical sub-
stat-ices capable of it-icreasimmg the level of

nintmnmalian hepatic microsomal drug-nuetab-

olizing enzymes (1). However, the nmecha-

nism by which phet-mobarbital exerts this

inductive effect has not yet beet-i well
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definied. Studies employing it-iluibitors of

DNA-dependent RNA synthesis or of pro-
tein synthesis (2-4) have indicated that the
increase in enzyme activity following phe-
nobarbital treatment is due to at-i increased
synthesis of enzyme. Additional evidence
for this has come from experiments which
have shown that phenobarbital treatment
results in at-i increased ability of hepatic
nuicrosomes from treated animals to it-icon-
porate amino acids into protein in vitro

(5). Moreover, it has been reported that

hepatic nuclei (6) at-id chromatit-i (7) iso-
lated from phenobarbital-tneated rats have
at-i enhanced capacity to synthesize RNA
in vitro.
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In addition to these effects on RNA at-id
protein synthesis, other investigations have
indicated that phenobarbital treatment

may result in partial to complete inhibition
of the degradation of various hepatic micro-
somal constituemits. The studies of Holtz-
man and Gillette (8) indicate that the in-

creased phospholipid content of the micro-
somes from phenobarbital-treated rats may
be due, in part, to inhibition of phospholipid

catabolism. Similarly, the studies of Shus-
ter and Jick (9, 10) and of Omura et al.

(11) indicate that daily treatment with
phenobarbital results in it-ihibitinni of the

breakdown of hepatic microsomal NADPH-

cytochrome c reductase and cytochnome b5
and it-i partial inhibition of the degradation
of other microsomal proteins. It appears,
therefore, that phet-mnbarbital may exert

its inductive effect both by increasing the

synthesis of microsomal enzymes amid by
inhibiting their breakdown.

Whereas the effect of phenobarbital on
the turnover of microsomal proteins has
been the subject of several investigations,
its actions nt-i the various species of RNA
concerned with protein synthesis have

not been extensively examined. To gain a
better understanding of the relationship
between RNA metabolism at-id et-izyme
induction, we have studied the effects of a
single dose of phenobarbital on the incor-

poration of labeled precursor into hepatic
nuclear and cytoplasmic RNA during the
initial stages of induction.

METHODS

I\Iale Sprague-Dawley rats (Spartan
Farms, Lansing, Mich.) weighing 60-70 g
were given a single intraperitoneal injection
of either phenobarbital (75 mg/kg) dis-

solved in 0.9% NaCl or 0.9 % NaC1 alot-me.

Tw-o hours later each rat received a pulse

dose (100 or 200 1LCi) of orotic acid-5-t-H
(940 or 2810 mCi/mmole, New Englat-id

Nuclear Corporation) via the tail vein.
Four control and four phenobarbital-
treated rats were killed at either 3’�, 1, 2, 4,
or 12 hr after receiving the labeled pre-

cursor. Food was withheld from the animals
during the pulse periods. The livers from
the rats in each group were removed at-id

pooled in 5 volunues of ice-cold 0.32 iii

sucrnse-3 mM MgClt-, and then homoge-
t-iized iii a glass hnmngenizatioim tube

fitted with a Teflomu pestle. The nesultimig
homogenates were cemitrifuged at 1000 X g

for 10 nuin to obtain a crude miuclear pellet
and the cytoplasmic supernatamit fraction.
Nuclei w-ene further purified by resuspet-m-

siOIi and centrifugation through 2.4 M

sucrose-i m� MgClt-. RNA was extracted
from the purified t-iuclei and cytoplasmic

fraction according to methods outlined by
Steele and Busch (i2). Briefly, the purified
nuclei w-ere mixed with a volume of buffer

(0.3 % sodium dodecyl sulfate-0.1 u NaCI.-
0.05 M sodium acetate, pH 5) equivalent

to the original wet weight of liver, at-id timen
an equal volume of phet-iol-ni-cresnl mixture
(4: 1), containing 0.1 % 8-hydrnxyquinoline
at-md saturated with the previous buffer,
was added. This combit-iation was homoge-

nized in a glass tube fitted with a Teflon pes-
tie and transferred to a water bath at 65#{176}.
The RNA was extracted by vigorous agita-
tint-i of the phenol-buffer mixture for 10
mm in a water bath, followed by 10 mit-i

of shaking at room temperature in a vibrat-
ing shaker. The aqueous phase, cot-mtaining
the extracted RXA, was separated fronm the

phenol phase by centnifugatinmi at 20,000 X
q in a Sorvall centrifuge. The aqueous phase
was themi removed by pipette and subjected

to two further extractions at room tempera-
tune with fresh phenol mixture.

The phenol phase from the first extrac-

tint-i w-as combit-ied with an equnul volume
of fresh 0.3 % sodium dodecyl sulfate-
0.1 M XaCl-O.05 M sodium acetate buffer

at pH 5 at-id agitated at room tenmperature
to extract any remaining RNA. The aqueous
phase from this re-extraction was separate(l

as before and washed once w-ith fresim phemmol
mixture. To the combined aqueous I)hases,
2.5 volumes of absolute ethat-mol cnmmtaining
2 % potassium acetate were added, nut-md the

RNA w-as allow-ed to precipitate overnight

at 0#{176}.The resultit-ig RNA was peileted by

low--speed centrifugation, at-id the ethamiol

phase was decanted. A volume of 0.01 �i

NaCl equal to that of the combined aqueous

phases was then added to dissolve the RNA

at-id extract at-my low nuoleculnir weight,
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water-soluble commtaminat-its. Subsequently

2.5 volumes of the absolute ethanol solution
were again added to precipitate the RNA

oven a 1-2-hr period at - 20#{176}.The resulting
RNA pellet was dissolved in 0.1 M NaC1-

0.01 M sodium acetate, pH 5, for analysis
nt-u a linear sucrose gradient.

Cytoplasmic RNA was extracted from

the postnuclear supernatant fraction by a
similar procedure, except that the volume of

the sodium dodecyl sulfate-containing buf-
fen added originally was equal to the volume

of the cytoplasmic fraction and the original
extraction was carried out at room tem-
perature.

The resultit-ig nuclear on cytoplasmic RNA
fractions contained no detectable protein

[by the method of Lowry et al. (13)], and
the DNA contemit, determimmed by the di-
pluet-iylamine reaetiot-i, was not more than

7 % of the total nucleic acid of the extracts.
Samples containing 1 mg of RNA (as

determined by the oncinol reaction) were
layered on linear sucrose gradients made

UI) in 0.3 % sodium dodecyl sulfate-O.1 M

NaC1-0.05 M sodium acetate buffer, pH
5. The gradients were centrifuged at 25#{176}

iii the SW 25.1 rotor on a model L2-65B
Spinco ultracentnifuge . After centnifugation,
the tubes contait-ming the gradiet-its were

put-ictured, and the resulting effluent was
allowed to pass through a flow cell adapter
it-i a Beckman DB recordit-ig spectropho-
tometen set to record at 260 m.�. Fractions

(0.8 ml) were collected directly in scm-
tillatinmi counting vials. To each fraction,

15 ml of Bray’s solution (14) containing 6 %
Cab-O-Sil were added, at-id the radinac-
tivity was deternuined it-i a Packard Tn-
Carb liquid scintillation spectrometer. The
resulting radioactivity profile w-as then

correlated with the optical demisity pattern
recorded at 260 m�, and all results w-ere re-

corded as counts per minute per absorbance

uimit at 260 m�.

The specific activity of the acid-soluble

nucleotide pool w-as determined after pulse

doses of 50 �Ci of orotic acid-3H for 10, 20,

30, 60, 120, or 240 nuin. The labeled pre-

cut-sot- was injected intravenously 2 hr

after phet-inbanbitnul (75 mg/kg) or 0.9 %

NaCI. The livers were removed at-id homoge-

nized in 3 volunues of 0.27 N perchlonic

acid. The honuogeimate was centrifuged at

20,000 x �j for 10 mm, and the resulting

supert-iatant fraction was at-ialyzed for absor-
bance at 260 m� and radioactivity.

RESULTS

Previous studies in our laboratory have
show-n that the induction of hepatic micro-

somal ethylmorphine X-demethylase activ-

ity produced by a single dose of pheno-

barbital can be inhibited by actinomycin
D only if the latter drug is given within the

first 8 hr following the barbiturate (15).

When the inhibitor of DNA-depet-ident
RNA synthesis w-as administered more than
8 hr after phenobarbital, the extent of en-
zyme induction w-as the same as in animals

given phenobarbital alone. This finding
indicated that RNA synthesis was a nate-

limiting event only during the initial stages

of the induction process. How-ever, this
type of study does mint clearly answer the

question whether phenobanbital produces
its inductive effect through stimulation of

RNA synthesis or via inhibition of RNA

degradation with synthesis proceeding muon-
mally, since in either case continued syn-

thesis of at least a basal amount of RNA
would be essential to maintain the protein-
synthesizing apparatus necessary for syn-

thesis of microsornal et-izymes, and it-ihibi-

tion of enzyme induction by actinomycin
D would mint distinguish between these two
alternatives. In order to determine more
directly which of these mechanisms oper-
ates during the initial stages of phenobanbi-
tal induction, hepatic nuclear and cyto-
plasmic RNA fractions wene labeled w-ith
onotic acid-3H for periods ranging betw-een
1 at-id 12 hr after treatment with either 0.9 %
NaCI or phemiobanbital. The labeled RNA

species were then separated and analyzed
on linear sucrose gradients. In this w-ay it
was possible to examine the effects of pheno-

barbital nt-i the various types of RNA at-id
also to correlate events occurring in the

nuclei w-ith those iii the cytoplasm at a

givet-i time. We felt that this approach
w-ould enable us to differentiate between

the effects of phenobarbital on the synthesis

of RNA at-md effects of the drug nt-i “post-

transcniptiomial” events.

Figures 1, 2, and 3 show the optical



28

0.8
0

0
0

0.6

4

2 6 20 24 28

FRACTION

0
�0
c’J

0
0
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RNA: 2-hr pulse

Conditions were the same as in Fig. 1, except
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FIG. 1. Sucrose gradient analysis of cytoplasmnic

RNA: 1-hr pulse

Samples (1 nig) of hepatic cytoplasniic RNA,

extracted and pooled from four control or four

phenobarbital (PB)-treated rats after a 1-hr l)t,lse

dose of 200�Ci of orotic acid-’H, were layered over
linear 10-30% (w/w) sucrose gradients made up in

0.3% sodium dodecyh sulfate-O.1 .�i sodium chloride-
0.05 M sodiuni acetate, p11 5. (iradiezits were
centrifuged at 24,000 rpm in the Spinco SW 25.1

rotor for 16 hr at 25#{176}.Tubes were then punctured,

and the absorbance at 260 ni�z u.s well as the radio-

activity of the resulting fractions were determined.

Results are reported as counts per nut-mute per
absorbance unit at 260 m�. The solid line repre-

sents the absorbance profile.

det-isity nund cnrrespot-mdit-mg specific radio-

activity profiles of hepatic cytoplnusmic I�XA

from rats treated with phenobanbital or

NaC1 2 hr prior to pulse-labeling with

orotic acid-3H for 1, 2, nut-md 4 hr, respec-
tively. As cat-i be seen, at time ct-id of the 1-hr

pulse the specific radionuctivity profiles
from control and phenobarbital-trenttcd
rats were almost identical, with the possible
exception of the area under the 2S S nibo-
somal RXA peak, where there was a sug-

gestion of enhat-iced labeling it-i the pheno-
barbital-treated rats. However, after 2 hr
of labeling there was a defimute increase in

the specific activities of the 28 5 and 18 S

ribosomal RNAs. This effect w-as not seen
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FIG. 3. Sucrose gradient analysis of cytopla.smic

R-VA: 4-hr pulse

Conditions were the same as in Fig. 1, except

that the cytoplasniic RNA was extracted after a

4-hr pulse with orotic acid-31L
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FIG. 4. Sucrose gradient analysis of nuclear
R.VA: 30-mm pulse

Samples (1 nig) of hepatic RNA, extracted from

purilied nuclei pooled from four (-oimtrols or four

phenobarbital (PB)-treated rats after a 30-nun
pulse with 100 �iCi of orotic acid-3H, were layered

over linear 10-35% (w w) sucrose gradients made
t-� � 0.3% sodiut-n dodecyl sulfate-0.1 mm sodium

chloride-0.05 mmsodium acetate, pH 5. Centrifuga-
tion and fractionation procedures were identical

with those in Fig. 1.

elsewhere along the gradient, and therefore

seemed to be matimer specific for the nibosomal

320 class of RNA. After a 4-hr pt-misc the increase

it-i the specific activities of nibosomal RXA

280 fronu the pimemmobmurbital-treated rats ms-as
even more evidet-it. This elevation was
seenm it-i three out of three experiments with a

240 . . 3

4-hr pulse of orotic acid- H, and the namige
of immcneased specific activities was 20-30 %
at the penuks of time 28 S at-id 18 5 species.
Thus, these results indicate that one of the

early effects of pheimobarbital, which occurs

prior to elevation of microsomal oxidase
activity, is an alternution in either the syn-
thesis, “processit-ig,” on stability of nibo-

somal RNA.
In order to determit-me which mechanisnus

might be m-espomisible for the increased

40 lnubeling of these species, purified hepatic
nuclear RNA was similarly labeled nut-id

analyzed. These results are showii it-i Figs.

4-7, which indicate that in geimeral there

mm�as imo difference it-i the labelit-ig pattern

of miuclear RNA between control at-id pheimo-

barbital-treated rats following 1-, 2-, on 4-hr

pulses with orotic acid-3H. Analysis of
mmuclear RNA after a 30-mm pulse (Fig. 4),
however, indicated that there was a de-

crease in the labelit-mg of nuclear RXA
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FIG. 6. Sucrose gradient analysis of nuclear

RNA: 2-hr pulse
Conditions were the same as in Fig. 4.
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FIG. 7. Sucrose gradient analysis of nuclear

RNA: 4-hr pulse

Conditions were the same as in Fig. 4.

EFFECT OF PHENOBARBITAL ON RNA METABOLiSM 545

0
(0

0
0

species followit-ig phemmobanbital tneatnuet-it.
This might reflect the somewimat lower
specific activity of the nucleotide pool it-i

phet-iobnurbital-tneated rats following a short

1)Ulse (Table 1). It-i addition, there was at-u
apparent enhanced labelit-mg of species
smaller than 18 5 it-i the phcnobnurbital-

treated rats fnllnwit-ig a 60-mit-i pulse dose

of the lnubeled precursor. This may be sig-
nificant, sit-ice it is it-i this size rnummge that
nmnuly types of messenger RNA are thoughmt

to exist. It-i any evet-it, these results would
tet-ud to rule nut nit-i it-icreased syt-ithesis of
nibosnnunul RNA as being respot-isible for the

increased lnubelit-ig of these species seen in

the cytoplasm at the conrespondit-ig times.
The specific activity of time acid-soluble
nucleotide pool was mint nuarkedly altered

by phet-mobarbital trenitnuent with i)ulscs
UI) to 60 nut-i (Table 1). There appeared to
be a decrease it-i specific activity of the pool

fronu phermobarbital-treated rats w-itim pulses

of 2 and 4 imr. This decrease nuight reflect a
decreased turt-moven of RNA, wlmicim w-ould
be cot-isistet-it with the idea that the stability
of RNA was enhanced in pluenobarbital-
treated amiinmals.

In order to deternuine the effects of phet-io-

bnurbital on RXA metabolisni nut nu time whet-u

the it-idUctiVe process was ��el1 ut-icier way,
cvtoplasnuic RNA ��as analyzed following a
12-hun pulse dose of orotic ntcid->H givemu 2

hr after either 0.9 % XnuCl om’ phenobnirbital,
at-id mitt-clean RXA was amialvzed followit-ig nu

30-mm pulse with the lntbeled precursor
- given 12 hr after 0.9 % XnuCl or phet-mo-
r� barbital. The data iii Fig. 8 indicate that the

>� emihanced labeling of cytoplasnuic ribosomal

� RXA from phet-mobarbitnul-treatcd rntts was

nuaimitained for at lenust 12 hun followit-ig a
pulse of onotic acid-3H. ‘slorcover, the speci-
ficitv of this action of phet-mobntrbitnul mvnus

nipj)nuIet-it, sit-ice it ct-ut-i be sect-i that nuithough
null cvtoplntsmic RNA species were �vehl

labeled at this tinme, nt-fly the ribosonual
(t2 forms fronu phet-mobarbitnul-trenuted aninmals

showed emihamiced labehimig. I ii commtrast,

there was a decrenused incorponat.iot-i of

labeled nrntate into mmuclear RNA following

a :�o-miim ijulse nidnuit-mistered 12 imr after

phemiobarbital ; time dnuta wene virtually
idet-iticnul with those obtait-med with a 30-nun

Pt-misc 2 hr after phcnobnut-’bitnul (F’ig. 4).
The results from these experiments also
indicate that the en.Imaiiced specific radioac-
tivity of cvtoplasmic nibosomal RNA cant-mt.

be explait-med on the basis of at-i increased
synthesis of these species, evet-i as late as

12 hr after pimenobarbit.al treatnuet-it. Thus

our obsenvatiomus suggest that time increased

TABLE 1

Effect of phenobarbital on specific activity of acid-

soluble nucleotide pools at various times after

injection of orotic acid-’H

NaCl (0.9%) or phenobarbit.al (75 mg/kg) dis-
solved in 0.9% NaCl was administered intraperi-

toneallv at zero tinme. Two hours later each rat
received an intravenous pulse of orotic acid-’H,
and the specific activity of time acid-soluble pool
was determined as described in METHODS. Samples

from two control lit-id two treated rats were pooled

for analysis at each time.

i’reatment
10 20 30 60 120 240

mm nuin mm mm mm mm

Control
Phenobarbital

(75 mg/kg)

(cpm/A260) X 1O�

172 231 198 195 171 I 161
�

165 186 182 196 135 119
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hepatic microsomal enzynue activity seen
after phenobarbital it-ijectiot-i is correlated
with enhanced stability of nibosomal RXA
rather that-i with increased svt-mthesis of these
on other types of RNA.

DISCUSSION

Time preset-it investigation has examined
the effects of a single dose of phet-inbarbital
(75 mg/kg) on the nuetabolism of several

species of hepatic RNA dunit-ig the first

12 hr after admit-iistratinn of the drug. We
have previously determined that by 12 hr a

50 % it-icrease it-i hepatic microsomal ethyl-

morphine N-demethylase activity is pro-
duced following a sit-mgle dose of the barbitu-
rate in the ynut-ig rats (60-80 g) employed

it-i our experiments. Iii additiomi, actinomycin
D studies (15) have indicated that RNA

synthesis is a rate-limiting event in the
induction process only during the first 8 hr.
As a result of these findit-igs, we felt that it

was important to examit-me more directly
time effects of phenobarbital nt-i RNA metab-

olism within this apparemitly critical period
of the induction process. Accondimmgly,
chat-iges in the specific radioactivity of both
hepatic t-muclear at-id cytoplasnuic RNA were

analyzed by labeling these species with
orotic acid-3H for various periods of time

420 fnllnw-ing treatnuet-it with either XaCl on

phenobarbital.

360 Phenobarbital was shnw-t-m to pt-oduee a
cot-isistemut enhat-ieenuent of time specific

- radioactivity of both 28 S and 18 S cyto-

30O”� plasmic nibosomal RNA whet-i rats re-

)� ceived pulse doses for 2 hr or lomiger (Figs.

240 � 2, 3, and 8) . This increase rat-uged from 20 to

30 % at the peaks amid was most evident

180 � ot-ily for the nibnsnnual species, although in
some expenimet-its there was at-i indication

of an elevated specific activity of RNA less

120 that-i 18 5.
We obtait-ied no evidence for an it-icreased

60 � it-icorporation of labeled precursor it-ito at-my

of the more distinct species of miuclean RNA
extracted from phct-inbarbital-treated rats
with pulses of orotate-3H manging from 30
mm to 4 hr (Figs. 4-7). Thus, the elevated
specific radioactivity of hepnutic cytoplasnuic
nibosomal RNA cnut-inmnt be explait-ied on the

basis of enhamiced synthesis of these species
it-u the nuclei. It therefore appears that

phet-mnbarbital nuniv somehow- act to it-icrease

time rate of ‘ ‘processit-ig” of nibosonmal HXA
at-id its traimsport to the cytoplast-uu on to

prevent the degradation of these species

once they et-iter the cytoplasm.

Recet-it reports tend to support time latter

conclusion. McCauley at-id Couni (16) have

reported a higher specific radioactivity of
total microsomal RNA extracted fronu rats

after 12 and 18 hr of phenobanbital treat-

ment. It-i addition, prolonged treatment
with phenobanbital (5-6 days) was show-n

to result in marked inhibition of hepatic
microsomal nibniiuclease activity (17) . l’�it-m-

ally, the half-life of liver nibosomal RNA was

found to be increased after rats were treated
with phenobarbital for 5 days at-id then
exposed to labeled nrntic acid (18). The 20-

30% it-icrease in specific activity of nibo-
somal RNA observed in our expenimet-uts

most likely represents a relative chat-uge in

the balance between syntluesis and degrada-

tion, rather than an absolute it-icrenusc of

rRXA in the pluet-mobanbital-treated rats.

It-i fact, sit-icethe half-life of total nibosomal

RNA is thought to be of the order of flung-

nitude of 120 hr (19), at-i absolute imicrease
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it-i these species would become apparent

only after several days of phet-mobanbital
administration. In addition, it should be
emphasized that in nun studies pulses of
labeled orotate were administered as early

as 2 hr after phemiobanbital. Thus, the effects
of the drug on RNA metabolism are very
early events at-id appear before any sig-

nificant increase in micnosomal enzyme
activity.

It has not yet beet-i possible to cnnt-iect

the apparent effects of phenobarbital on
the stabilization of nibosomal RNA directly
with the marked induction of microsomal
enzyme activity produced by the drug.
At this poit-it only conjecture about the nela-

tionship between the two is possible. The
enhanced stability of the nibosomal RNA
species may actually be indicative of a de-
creased rate of degradation of entire mRNA-

polyribosome complexes. A coordit-iated in-

crease in the stability of membrane phos-
pholipids (8) and nibosomes might reflect
the assembly and stabilization of whole
protein-synthesizing ut-iits that may be

involved in the fabrication of various types
of proteit-is whose synthesis is increased by
“inducit-ig” agents such as phenobarbital.
It is clean that additional experimentation
is necessary before any definitive conclusions

can be reached as to the relationship be-
tweet-i the induction of hepatic enzynue

activity and the altenatiot-is it-i hepatic RNA

metabolism produced by phenobarbital.
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