
liver. 

Phcn~~~trbit~tl (PB). as ~+ell as many other conlnl~~nl~ 
administered drugs. has the ahilit5; to induce the drug- 
metabolizing microsomai enzyme systems of the liver. 
In addition. PB also has ;I profound influence on 
other facets of hcpntic metabolism [I 41. It uas 
recently demonstrated in our laboratory that PB 
administr:ttion produced an accumuiation of trigly- 
ceride in the liver [S. 611: however. the tncch~tllisnl re- 
sponsible for this cifect is still unknown. 

Hcpatic microsom;tl lipid peroxidation irt rig has 
been proposed as ;I mechanism responsible for the 
development of ;I litttc liver which can progress to 
cell necrosis [7. XJ. One of the most extensively 
studied tnodel svstems of lipid peroxidation has been 
the hep~tt~~t~~~ic~t~ produced by carbon ~etr~tcllIoride 
[7- 91. The pet-oxidation of subcelIttlar lipids can 
occur b> both an enzymatic and non enzymatic pro- 
cess [l&14]. The enzymatic sq.stem has an absolute 
rcyuircment for the NADPH-dependent flavoprotein, 
NADPH c> tochrome c reductasc [I I. l5-- 171. This 
same Ravoprotein is also involwl in the oxidative 
~~~et~tbt~lis~~~ of drugs 13. 15, IX]. Thu. rhcre exists a 
close relationship bet\li:cen hepatic microsomal lipid 
pcroxidation and Ihc mixed function oxidase .system. 
Since the induction of the components of the mixed 
function oxida\e systetn including NADPH cq to- 
chrome c redttctasc bv PB has been well established 
[l. 19.201. the possib;lity exist5 that PB could also 

induce pero~i~i~ttion. In addttion. PB has been shown 
to increase the activity of tnicrosomal NADPH 
oxidnse [I. 311. This could result in enhanced HzOz 
production which could also enhance thi: peroxidatibe 
process. The purpose of this stud) was to determine 
if PB increased lipid pcroxidation in the liver and 
to clr~crminc if peroxidation was involved in the 
fortn~tti~~ii of the f;it~> litter. 

Male. Sprague- Dawley rats (30 g) ti’cre main- 
tained on a synthetic diet as prcvtously clrscrihcd jh]. 
This diet contained 35”,, Iht. X”,, protein and ?,I”,, 
choline dihbdrogen citrate. The animals receiving 
phenobarbital (1%) at’rc tti~cctcd iiitr~tperitonc~tll~ 
with 50 mgkp hod) weight cccl-y 17 hr for 5 &r!s. 
PB suspended in mincr:tl oil ws ir+cicci in sotnc 
animals. Mhiie others rcc&cd injcclions of PR dis- 
solved in saline. Control rats ;~cci\cd ecluiwlcnt 
amounts of mincrnl oil or ?alinc. .A’..V’-diphcn! I-/I- 
phcnylcnediamine (DPPD) M;IS suspcndccl in mineral 
oil as ;I vchiclc and administered b? intrapcritonca! 
injection at ;I dose of 60 mg lo0 @ hXi\ \vcinhl at _ 
intervals of 73 and 23 hr prior to l’f’“‘~c’h;trbit~ticit~jcc- 
Itons and 74 hr beli)rc sacrilice. TI~c rat> in .thc 
tarious groups wet-c group fed and were gilen watct 
L/J lib. The animals were killcd bh dccapit:t(ion: theit 
livers were removed imniediatcl~ and M cighecl. One 
portion of liver was kept frozen at - 50 lix those 

8txtl!scs not requiring frckh lissuc. 
Triglyzeridcs \tcrc ~lc~cr1~7~iie~i :tccording to KC&I 

and Lcdercr [Ej. Malonic di;tIdchydc (MDA1 VI;IS 
determined using the thiobarbituric acid method 01 
Ghoshal and Rccknqcl [33] as modified by Schcip 
and Klatskin [Z-I]. MDA production M;IS measured 
in the 9000 c, supernatant after ;I Wmin incubation 
period at 37’ Proteins in the 900(~ !/ supcrnatant \\crc 
determined according to Lrt~r~ CI rii. [251. C‘on~u- 
gatcd dienes \vet-e dctcrtnincd in the atract& micro- 
somal lipids as described b\ Srini\:tsatt and Rcckna- 
gel [Xl. The recovered lipids \vcrc tiis$ol\cd in 3 ml 
cylohexane and rend apainst :I q clohcwnc blank in 
;I Beckman model 1.5 Spoctroph~~tometcr in cuiettes 
lvith a i-cm pnth fcngth. The samples \\crc ~c:ttl~lcct 

over 3 railgc d 360 10 230 lltll. ~,iJ?id }~J~~~SJ~Jlt)~~i~ 

wis dctermincd :tcoording to Bartlett [117]. The rcwlti 
ofdienc conjugation \+crc cxprcsscd as optrcal densit! 

rcudings frotn 2.32 to 234 nm and adjitstcd to ;I uni- 

form base (per mp phospholipid ml of cyclohc~ane~. 
NADPH qtochromc c rcductasc activit! M;IS 

dctermincd hq rncx~~rinp tllc t-Lxluction i)(‘ C! to- 
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protection afforded by DPPD against the PB-induced 
fatty liver is similar to that observed for a CC& fatty 
liver [35.36]. 

Another indox of assessing the effects of PB in lipid 
peroxidation was also studied. The +encration of 
MDA, as measured by the thiobarbiturlc acid (TBA) 
method. has been used b> many investigators as ;I 
measurement of the lipid peroxidation potential in 
rY[ro 17. X. 23. 3 I]. The specificity of the TBA method 
for determining lipid peroxidation. however. has 
drwn recent criticism [i7. 3X]. Nevertheless, since 
manq pwious studies used MDA formation as an 
index of peroxidation. the effects of PB on MDA pro- 
duction b! the liver wrc also studied. PB treatment 

IJLTRIYlOLEl SPECTRA FOR OPPD TREATEDRAT LIVER 
YlcROsoYAt LIPIDS 

caused 21 j-fold increase in MDA production (jcg’mg 
of protein) as compared to the controls (0,594 & 0.130 
vs 0.106 f 0.062). Thus. PB also increased MDA for- 
mation which reflects ;I stimulation of lipid pernxida 
tion. 

The lipid peroxidation concept of liver in,jur> has 
been proposed as a mechanism responsible for the 
hcpatotoxicity of ;I variet) of chemical agents such 

as (‘Cll. hydrarine. ethanol and phosphorus [7. 
X. 39 -II]. Increased lipid peroxidatlon results in the 
destruction of phospholipid-containing intracellular 
membranes which can lead to triglyeride accumu- 
lation and cellular necrosis. The results of this stud) 
indicate that PB also enhances hcpatic lipid pcrosida- 
tion. This is based on the findings that PB increased 
the dienc conjugation absorption of microsomal lipids 
which has been shown by other imestigators [26. 
3l--341 to bc an estimation of the extent of lipid 
peroxidation ;,I riro. In addition. MDA production 
(measurement of lipid peroxidation potential i/l ri/,o) 
[7. 8.3. 311 wa:, increased 5-fold in the liver of the 
PB-treated rats. This compares with a l-fold increase 
observed by Fukuzaw and Uchi~ama 1421 in mouse 
liver and a Z-fold increase observed bq Skutches and 
Smith [43] in rat liver. However. in neither of the 
abobe instances were diene conjugation studies con- 
ducted. 

PB administration. in addition to inducing lipid 
peroxidation. also caused an accumulation of trigI>- 
ceride in the liver. Thih finding confirms our pre\,ious 
studies [S. 61 u hich showed that PB induces ;I fatty 

liver in rats. The hepatotoxic effects of PB were also 

recentI\ confirmed by Saito 6’1 ol. 1341 who reported 
;I similar increase of triglyceride levels due to PB 
treatment. Administration of ;I lipid-soluble aitioxi- 
dant. DPPD. ws cfl’ective in reducing the accumw 
lation of neutral fat in the liver atuscd by PB (Table 
2). The antioxidant properties of DPPD have been 
well documented [X. 35. 36. 41. 451. This compound is 
21 strong fret radical scavenger and is an cffectile 
antioxidant both irl vitro and irk riw. Administration 
of DPPD has been shown to modif) the hepatic 
Icsions produced by CCI, [ib. ill. 461. ethanol 1171 
and hydrazine [i9]. Evidence has been reported 
demonstrating that the hepatic in.jury produced bq 
these agents. especially in the case of Ccl,. proceeds 
yia invol\,ement of the peroxidation of subcellular 
lipids [7. X,40.41]. In this stud:\. DPPD was effective 
in preventing the increase in llpld peroxidation as well 
as reducing the triglyceride accumulation resulting 
from PB treatment (Table 7). This suggests that the 
peroxidative process may play a role in the PB-in- 
duced fatt! changes in the liver. 

Nothing in the present data indicates how PB f~mc- 

tions to generate free radicals which stimulate lipid 
peroxidation. PB IS a known inducer of NADPH 
cytochrome c reductasc which is the enz\me required 
for the NADPH-dependent enzymatic lipid-pcroxidi- 
zating system [I. l5- 171 Thus. as is indicated b> the 
results in Table I 1 PB ma> incrcasc hepatic lipid pcr- 
oxidation by \‘irtuc of its ability to induct the en/>- 
matic pero.Gidi/ing svstcm. Recent studies. honcver. 
by Lain CJ/ (I/. [-IX]-showed that PB trcatmcnt did 
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