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Abstract—The incorporation of various *H or '*C labeled precursors into hepatic fatty
acids was studied in control and phenobarbital-treated rats. In vitro, phenobarbital had no
effect on fatty acid synthesis from the tritiated precursors *H, 0, 1-*H glucose, 2->H lactate,
2,3-3H succinate and 2->H acetyl CoA or from the '#C labeled precursors 1-'*C acetate and
1,3-**C malonyl CoA in liver supernatant or supernatant + microsomes preparations. In
vivo, phenobarbital stimulated the incorporation of 1-1#C acetate, *H,0, 2-*H lactate and
2,3-3H succinate but had no stimulatory effect on the incorporation of 1-3H glucose. The
activities of lactic dehydrogenase, glucose 6-phosphate dehydrogenase and succinate
cytochrome ¢ reductase were not modified by administration of phenobarbital but that of
NADPH-cytochrome ¢ reductase was increased. These results indicate that the NADH and
NADPH pools are not quite in equilibrium, and that the endoplasmic reticulum probably
competes with the cytoplasm for NADPH utilization and thus may play a part in the regula-
tion of fatty acid synthesis. The increased incorporation of **C precursors observed in vivo
in phenobarbital-treated rats was not due to stimulation of the synthesis of the key enzymes
of fatty acid synthesis but could be related to an activation of these enzymes which, in vivo,
are probably fixed on the endoplasmic reticulum.

PrEvious studies have shown that phenobarbital increases the intrahepatic con-
centration of fatty acids but as yet no explanation of this phenomenon has been
forthcoming. In vitro, phenobarbital seems to have no effect on fatty acid synthesis
nor on esterification.!— This study was undertaken to determine whether phenobar-
bital behaves differently in vivo. Although in vitro, fatty acid synthesis takes place
mainly in particle-free liver supernatant,* in vivo the predominant site of hepatic fatty
acid synthesis seems to be the endoplasmic reticulum®~’ the amount of which has
been shown to be increased by phenobarbital ®

Furthermore, since phenobarbital stimulates the NADPH cytochrome ¢ oxidase
activity of liver microsomes® it appeared to us of interest to investigate whether
NADPH oxidation by the endoplasmic reticulum interfered with the hydrogenations
occuring in the course of fatty acid synthesis.

METHODS
Experiments in vivo. First experiment: female rats (300-350 g) fed ad lib. with
Nafag cubes from 4 to 7 a.m. daily received an i.p. injection (80 mg/kg) of phenobar-
bital or 0-9%, NaCl 48 and 24 hr before the experiment. On the third day they
received an i.v. injection of 1-14C acetate (10 uCi, 61 mCi/mM) or 2,3-3H succinate
(200 uCi, 114:5 mCi/mM). The rats were killed 15 min later and the livers were
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divided in two parts, one part was immediately saponified and the other was homo-
genized in 9 vol. of 0-25 M sucrose and centrifuged for 10 min at 1000¢g to remove
nuclei and cell fragments. The supernatant was centrifuged for 10 min at 15,000g4.
The resulting mitochondrial pellet was collected. The 15,000 g supernatant was then
centrifuged at 105,000 ¢ for 1 hr to sediment the microsomes. Samples were taken
from the different fractions for spectrophotometric determination of proteins (biuret
method), mitochondrial succinate dehydrogenase activity,!® supernatant glucose 6-
phosphate dehydrogenase!® and lactic dehydrogenase'? and microsomal NADPH-
cytochrome ¢ reductase.!® The entire operation was carried out between 0 and 4°.
After saponification of the samples and removal of unsaponifiable material, fatty
acids were extracted from determination of their radioactivity in a liguid scintillation
spectrometer.

Second and third experiments: the conditions were identical to those of exper-
iment 1, except that the precursors were 1->H glucose (100 xCi, 76 mCi/mM) and
1-14C acetate (10 uCi, 60 mCi/mM) in the second experiment, and 2-°H lactate
(100 uCi, 5 mCi/24 mM) and 1-14C acetate (60 mCi/mM) in the third.

Fourth experiment: the conditions were identical to those of experiment 1, except
that rats were fasted for 24 hr, that phenobarbital was administered 72, 48 and 24 hr
before the experiment and that the radioactive precursors were 1-'*C acetate
(60 mCi/mM) and 2-°H lactate (5 mCi/24 mM).

Fifth experiment: the conditions were identical to those of experiment 1, except
that the radioactive precursors were *H,O (1 mCi/0-3 ml) and 1-4C acetate (10 uCi,
60 mCi/mM) and that rats were killed 30 min post injection.

All of these experiments were repeated at least twice.

Experiments in vitro. Animals were treated as for in vivo experiments. Livers were
homogenized and fractions separated as previously described. Exactly | or 2 mg of
protein from particle-free supernatant or supernatant + microsomes was incubated
in | ml of phosphate buffer 0-05 M (pH 6'5) containing in the first experiment 5 mM
mercaptoethanol 1 mM NADPH, 0-1 mM (5 uCi) 2-*°H acetyl CoA, 0-1 mCi (0-25
uCi) 1,3-*#C malonyl CoA and in the second experiment 8 mM ATP, 1 mM MnCl,,
70 mM MgCl,, 20 mM Na citrate, -1 mM CoA, 30 mM cystéine, 20 mM KHCO,;,
0-5 mM NAD, 0:5 mM NADP and the labeled precursors 2,3-"H succinate, 1-*H
glucose, 2-3H lactate, 1-1*C acetate (10 mM) or *H,O. The reaction mixtures were
incubated at 37°C for 15 min in the first experiment and for 45 min in the second.

Reactions were stopped by addition of KOH and alcohol and the tubes were
boiled for 3 hr before extraction of fatty acids.

RESULTS

Experiments in vivo. The results of these experiments are shown in Table 1. A sig-
nificant increase in fatty acid radioactivity was observed in the experiment with 1-
14C acetate as well as in that with 2,3-3H succinate (P < (-001). The values obtained
for both precursors were parallel in the three fractions studied. Similar results were
obtained with 2-3H lactate and H,O. However, when 1-*H glucose and 1-'*C ace-
tate were injected under the same conditions, only the incorporation from 1-*4C ace-
tate was significantly increased. A similar experiment carried out with 24 hr-fasted



2827

Effects of phenobarbital on precursors into fatty acids

-dnoid yoes Ul SfRWIUER XIS YIIM JNO PITIIED ajam sjusuriradxs 1y

-1os1noa1d yoea jo 11 (g Jo asop ® Joy wdp ul passardxa sproe £31] Jo A11ANDROIPRI 3y Juasa1dar synsal oy,

0010 00511 000°00T 0110 0TEET 00TZET SpIo® A31%] 19A1] JO ANIALIOROIPRI [RIOL,
Dyr/He o1e108T HeC 1RIOY Dy -1 Dyi/He 218108 HeC SVBIOVY Dy S[PwIuE palse.|
£L00 02 008'8¥€ 8210 0€L 008°LLS SPIo® 318 JOAI] JO AIAOROIPEI [E10],
Der/He O%H¢ IBIDY D,y Oy1/He O%H¢ SIRIOY Dy
LTI10 000'C€ 00%'9LT ¥210 00§°9L 000'0L9 SpIo® A318] IaAT] JO AAOROIPE [2)O],
Dp1/He 2RIV HeT 21810V Dy -1 Dyi/He VeIORT HeC SYBIOY Dyl
1o 005'67 000'9€7 L00 00T°€€ 000%ssY SPIo® 118 JAAI] JO AJIATOROIpRI [10],
Dur/Hg 3500010 He-1 OVRIOY Dy Oy1/He 3500010 He~1 NBIOY Dyl
92:0 971 €1 70 3 T CLIPUOYOON A ur
0£0 68L 9L $70 94L 9L SOWIOSOIONA Ananoeorpel
620 58 611 120 611 Tl wejeussdng [e10L 30 %
620 00t'18 000'€87 970 000891 000895 SPIo® £118J 19AI] JO AJIADOROIPEI [BJOL
Der/He areUONg He€' TEIVY D,y y-1 Opi/He oyeuIdONs He-€'7 SZE R W spPIue paj

s)el [ONU0))

[eNqIeqousY J

0a1a Ut SISTHINAS AIDV ALLVA NO TVLIEUVEONIHd 40 L0344 " T4V ],



S. Rous

2828

ued

-uSIs 10U 215 S1B1 ParBal-[BlIqIeqousyd PUE S|ONUOY UssmIAq SaouaIayL(] "ro1d ur/iosinoaid Yaes Jo 11 01 Jo asop e 1of wdp ur passaidxa alom SYNSAI [V

$00-0 00T 19 $00-0 0TI 09
U.:\mm ale120y U:uﬁ Oﬁmm Ui\mm e300y Ueﬁ.ﬁ ONmm
0¢1 00Z°1 0L 1 $9T'1 08L'
Oyi/He BV D, -] sleuroong He €7 Dyi/He BNV D] areutoong He-€'7
881 GEET 00SC 061 05z 08£°C
Uv:\mm Aty U*«:ﬂ Ae3oe] mn.N Uea\mm aAel0y Dyl 218108 HeT
€L0 009°T 0811 780 0st'l 0071 {sowosootu + juereuradns)
= (6 000°s 1) yueyeusadng
Dyi/He 338300V ), (-1 380004 HeT Dyi/He NBJOY Dy -1 25000y H -1 7 ywawipzadxy
190 000'806'1 000°891'1 950 000'9LL°T 0000T1'T (saurosoniw + jueieussdns)
= (60005 T) yuereusadng
£9-0 0002657 000216 $9:0 000'8TF1 000968 (6 000°501) WereuIadng
Dyi/He VO KUORIN Dy ~¢) VoD K190V H¢ Dpi/He VOO JKUORIN Dyy-€'1 VoD K190V H 1 yuswiadxy
syel [oNUOD jeyngreqousyg

04310 U1 SISTHINAS (IDV ALLVA NO TVLISYVEONIHd 40 103449 "7 714V ],



2829

Effects of phenobarbital on precursors into fatty acids

'sasaljjuared ul st juswLadys Yora Ul PIsn S[RWINE JO JOGUINYT Y |

"y -wer0ad 3ur | uiw paonpal o SWOIY01AD SA[OUIN ‘ISBIOAPAI I JWOIYI0IAHIA VN (; _upoxd

S | _ufw poonpas ABNSQNS SI[OWIU) SSLIONP3I O AWOIYO0IAD-3)BUIIONS {SHUn 1oyong) sseusfoipAysp ateydsoyd-9 ssoonid ‘(suun
JOORY) ST 1B UL/3jeasqns JO (oW | SJSAUOD YOIYM SwAZud Jo Junowre ‘aseusfoipAysp onoey sjun SNRMIAZUS JO UONTUYS(

970 F €50 91 F 11 L0 F LT 00LT F 00L'€T ©)
S1el  P2jRoI-[BIIQIRGOUSYy
P10 F #9910 0T F 861 ST0 F 114 0091 F 00T'€T (9) syet jonuo)y
asednpal aseonpal aspuafospAysp aseusSoupAysp
2 swoNd0IA-HAQ VN 2 SWOHYO0IAD seydsoyd-g asooniny onowy
-ajeuIONg

SHNAZNH 93ATT 40 ALIALLOV JHL NO ‘TVLIGdVHONIHd 40 LOALIF HH], "¢ 978V],



2830 S. Rous

rats showed no re-establishment of lipogenesis by phenobarbital from 1-14C acetate
or from 2-3H lactate.

Experiments in vitro. The results of these experiments are shown in Table 2. In the
first experiment, the incorporation of 2-*H acetyl CoA and 1,3-1*C malonyl CoA was
compared. No differences were observed between control and phenobarbital-treated
rats in the presence of the 105,000 g particle-free supernatant or the 15,000 g superna-
tant 4+ microsomes. We also compared the incorporation of different tritiated pre-
cursors capable of supplying hydrogen for fatty acid synthesis. Again, no differences
were observed between control and phenobarbital-treated rats for 1-*H glucose, 2-
*H lactate, 2,3-3H succinate or *H,O. The latter was used because of the possibility
of hydroxylation reactions in endoplasmic reticulum.

Enzyme assays. The activities of lactic dehydrogenase, glucose 6-phosphate dehyd-
rogenase and succinate cytochrome ¢ reductase were not significantly modified by
administration of phenobarbital. In contrast, the activity of NADPH-cytochrome ¢
reductase of control rats was about half that of phenobarbital-treated rats (Table 3).

DISCUSSION

The results reported here provide evidence that, in vivo, phenobarbital has a similar
stimulatory effect on fatty acid synthesis from acetate as on cholesterol biosyn-
thesis.'* Opinions regarding the in vitro action of phenobarbital on cholesterol syn-
thesis are divergent, ranging from the suggestion that phenobarbital could increase
cholesterol synthesis from acetate!>-1° to the opinion that it efficiently stimulates this
synthesis only from mevalonate.

The results of our experiments show that phenobarbital has no effect on fatty acid
synthesis in vitro. The choice of acetyl CoA and malonyl CoA as precursors was
designed to eliminate the activation steps of fatty acid synthesis and the need for ATP
in order to determine whether phenobarbital modifies the activity of the enzymes of
fatty acid synthesis. Our results, which are in agreement with those of Tepperman,’
exclude the possibility of a stimulatory effect of phenobarbital on these enzymes.
Although the action of phenobarbital on cholesterol biosynthesis is relatively easy
to understand since several steps of its synthesis occur in the endoplasmic reticulum,
its effect on fatty acid synthesis is rather difficult to explain. We have therefore tried
to determine which subcellular fraction could account for the increase in fatty acid
synthesis observed in vivo. We found no modification of the distribution of the
radioactivity in these fractions.

Omura and Kuriyama? and Eriksson and Dallner,? all of whom used glycerol 2-
3H as the precursor observed no increase in esterification in the phenobarbital-
treated rats. Nevertheless, we considered it of interest to verify their results under
our experimental conditions and to, sée if phenobarbital stimulated the esterification
of fatty acids, a phenomenon which takes place in the endoplasmic reticulum. We
therefore administered 1-'“C pyruvate and isolated total lipids from mitochondrial,
microsomal and supernatant fractions. Indeed, 1-'#C pyruvate can only be incorpor-
ated into the glycerol part of triglycerides or phospholipids and not into the fatty
acids. The values found for control rats which were killed 15min after the
administration of 10 uCi of 1-'#C pyruvate were 2900 dis min ™~ ! liver = ! and 2660 dis
min~ ! liver ~ ! for the phenobarbital-treated rats. The differences were not significant.
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Thus, the increase of incorporation of various precursors into fatty acids after pheno-
barbital administration could not be attributed to a stimulation of esterification, nor
could it be explained by a stimulation of the activity, nor of the synthesis of the key
fatty acid synthesizing enzymes since no effect was detectable in vitro even in the ex-
periments with 2-*H acetyl or 1,3-'*C malonyl CoA as precursors.

On the other hand, it scemed to us that the phenobarbital could play a part in
fatty acid synthesis by controlling the NADPH pool indispensable for this synthesis.
In this context, we compared the incorporation into fatty acids of three *H precur-
sors: 1-*H glucose, which allows the formation of NADPH, 2-3H lactate which
reduces NAD, and 2,3-*H succinate which transmits its *H into fatty acids by a
mechanism which is still unknown. In fact, the last two precursors have been found
to be excellent sources of hydrogen for mouse liver fatty acids.'®22 Our results show,
however, that in rat liver, in contrast to mouse liver, 1-*H glucose is as good a source
of hydrogen for fatty acids as 2->H lactate which could mean that the pentose path-
way is more active in rat liver than in mouse liver. Although phenobarbital did not
increase mitochondrial succinate dehydrogenase activity it did stimulate the incor-
poration into fatty acids from both 2,3-*H succinate and 1-*C acetate in the same
proportion. It is difficult to say at present whether the increase in fatty acid synthesis
has a bearing upon the increase of succinate incorporation, and as long as we are
ignorant of the pathway followed by the tritium of 2,3-*H succinate in its incorpor-
ation into fatty acids, this relationship cannot be established. However, the fact that
1-*H glucose is the only precursor whose incorporation into fatty acids is not stimu-
lated by phenobarbital could be explained by a decrease in the NADPH pool avail-
able for fatty acid synthesis in phenobarbital-treated rats or by an inhibition of the
Embden-Meyerhof pathway. In order to eliminate this last possibility we studied the
action of phenobarbital on the incorporation of glucose U-'*C into fatty acids. We
found 77,400 dis/min in the fatty acids of the livers of control rats and 125,500 dis/
min in those of phenobarbital-treated rats (P < 0-001) 15 min after the
administration of the radioactive precursor. It would seem, therefore that the
Embden-Meyerhof pathway is not inhibited by phenobarbital. Since glucose 6-phos-
phate dehydrogenase is not inhibited by phenobarbital but is, in fact, slightly stimu-
lated by it,** it is possible that the stimulation of microsomal NADPH-cytochrome
c reductase following phenobarbital administration, consumes a part of the NADPH
originating from the glucose oxidative pathway, thus lowering the NADPH pool
available for fatty acid synthesis. The increased incorporation of 2-*°H lactate or 2,3-
*H succinate into fatty acids could mean that hydrogen from both these precursors
does not participate in the same pool as *H which comes from 1-*H glucose, or that
an unknown enzyme responsible for the *H utilization of these precursors is stimu-
lated. This last suggestion seems unlikely since a similar stimulation is obtained when
*H,O is the tritiated precursor. None of these suggestions, however, explains why,
in vivo, phenobarbital stimulates the incorporation of most of the precursors into
fatty acids. It is probable that phenobarbital can stimulate the activity of the key
enzymes only if these enzymes are fixed on the endoplasmic reticulum as seems to
be the case in the living animal,>~"*7 and that when these enzymes have been liber-
ated from these structures in the supernatant during homogenization, they become
insensitive to the action of phenobarbital. Further studies are in progress to verify
these hypotheses.
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