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In llverr CCl intomet uithmiorosoaal cyto&wne p+O(p+~)~~ 
type I spectral 4w@s* 18 CC14i~e~iblyb~staIldcros~Ilpidsud 
less to those of mitochoArla t CC++-idtmd Upidperoxldation oooursin 
dorosmes ami not in sdtochondriat P+O de&eon ie i&enset “i.n vitro” 
ccl 
or ‘G 

inoreases lJaosail psmeatdlity, In adrenals: ccl4 gives either type 1 
ype II spectml 0 P ges W acting an either titochandria or ldcrosarl 

P-450 respeotivelYilCCl kdndsixTevers&blytoa similar extentto either 
8itoMalorrdaros a5a llipldst Upidperoxldat;lanooo~in~s~s~s 
and less in dtoahondria; -50 destruction occurs in dorosomes and not in 
mitaWr flin vitro" CCl, Increases lpsosadL psmeabiUty. 

Stir surrfmtlyaoosptsdthstCC14 hepatotoxdcitydepends cn its oua 
meWdim (1,2,3,4). It IS also knm that Ccl4 is metrbolised In kLver b'Jr the 
NADF'E and O2 r~@ring mbting systw fram mIcrosame (5). Conside~blr 
lmowledgebssbsen rscentlyga5mdabouttbe role of sytmhmme P+Oand 
cytaahrcme P-450 reductaseinthese&draxylatingreaot&ms (6). TM8 
hemoprotein aswellas its red~~searealso~stmtinthePriarosavlfnrotfoa 
of a rnmbr of tissues (6). The sdrenal cortex is partioulrrly riah in P+O 
oontentandalsopresants the unusual property of having oonsiderably~ounts 
of this heaoprotein not only in mlcroa~es hut also in mitmhand~a (6). If 
present theories on CC14hepatotoxLdtyare correct, one shoold eqeatthe 
oocurrence ofveryimportantalterrtlcns notonlyin the adrenal e&qla~o 
retioul~ but also in adrenalmitochondrlr. The following report desoribes the 
occurrence or not in adrenalmiorosomes, ndt4dwndria and Qwosc6es of s-9 of 
the most characteristic alterations found in the oorreqonding Liver fir&ion 
after Ccl4 action. 

wterlals andMethod -- 
All the chasials -ployed uere zwagentgzmde. Spng~s-ibdqdents 

(170-260 g) were used in these experiments. Foad was nitisiraun l-2-14 hr before 
ccl4 administration. CC++ was given intrrperitoneallg- as a 20 $ (v/v) solution 
in olive oil at a dose of 5 ml of solution/kg. The animals were sacrifloed w  
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Figure 1. Specfzal changes cawed lqy CC++. No spectral changes were observed 
with adrenal mitochondria at higher (2 mg/ml) or at lower concentrations 
(0.1 lag/ml) W (0.4 mg/ml). CC14 final ooncentration MS 27 sM. 

decwitatian in a Harvard yxUlotlne and bled. Their livers and adrenals ybre 
mfldb -uY~, amfully befatted, wighed and proaessed. Liver or adrenal 
aitochcnrdrie and SdldcrOStX3SS v8re separated acaording to the method of Schneider 
md Hogeboam (7) but adding 3 EM EDl'A to the sucrose of the hamogeni9lrtlon 
media for the studies on lipid peroxidation. The lysosoae-rioh fna&ion from 
either liver or adrenals ns isolated acoording to the quantitative fnotionti 
tion prooedure described by Appelmans, Wattiatu and De Duve (8). The production 
of speutrrlohanges bylnteraotlon of CCl,tith livermicrosomes ordthadrensl 
sdcrosmses andmitochandxla was perfomedaocozdingto the proceduredescribed 
by Schenkman et al (9). The irreversible binding of 14C from 14CC14 to 
microsomal and mitochondrial lipids was measured according to the method 
described by Castro et al (10). J.Apid perotidation In microsasal or mitochon- -- 
driallipldsuasmeasuredbythediene-hyperconjugatlonteahwLqueasdesoribed 
byKlaassenandPlu (ll).P-450 contentin livermicrosasles orlnadrsmal 
microsomes and ndtochondria uas detetined as described b Suhenkman et al (9). -- 

Phosphatase rctivitywasmeasuredbyaprocsdure simikrtothat employedby 
IAnhardt and Wblter (12). For the optical observation of adxwnals, they were 
fixed in Bordn's solution, dehydrated, embedded in paraffin and stained with 
hematoxyfi-eosin. 

Results and Mscussion -- 
Present theories on CCl& hepatotoficity involve the interaction of CCL,+ 

with the Uver ~ricro6om~l electron-trsnsport chain. It has been postulated 
that as result of this interaction *CCL3 and 43. (R*) are produced (1,2,3,4) 
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uver darasames !x+4 
0.001 

17 2 3 
0.001 

Liver ritoahondria 3623 921 

Imney miarasomes 822 
0.05 

2t1 
o.ool 

Kldney mltoahozxlrla 7t1 l?O 

Adrenal Pdorosorss la t 12 
0.05 

24fxL 
0.05 

Adrenal mitom 20 2 12 15 2 10 

12-14 hr starved male mts mere injeated 1.p. with 8 soluUon of 14CC3 
(27.5 mU/ml¶) in olive oil (1,k0D,OOO d&kl of solutkm) at a dose of45 

"t 
of solutkm/kg. Thernirlsuere smrifleed 3hrafbraduini&~Uanof 

lCCQ.The resultsare express& eltherindgm/mgef litid eras thedpr 
rssocAatsdcdththell~dprg sent in the ammmt of suple aon- one mg 
ofprotein.Freelevels oflCCQinllver,ktdn 
856t1o3~462+105rsepea~v~.(indp/g own. "T 

andadremlsuere 368+39, 

~vf~s~~osbdinthe~~~~n~rmdkidn~.Tho~~k, 
fromadremls arethe8eanof threediffemtexperlmmts usiagthepooled 
adrmals f-12, 2land41~s respe&ve~.The slgaifY.cmnceferthe 
difforsncesbetusen results framliverdorosmesandthore fromadrsml 
niorosmes or IdtoW isP>O.lnha results are in dp/nvj protein. 

and that those R* Initiate A lipid peroxidation process of the membrane 
components of the endoplasmla reticulum and Bdteohondria (1.2). This last 
alteration is usually considered to be a fundamental reason for the liver cell 
death (1). Since a similar electron-transport system to that oaourrlng In liver 
microsomes is also present in adrenal mitochondtia and adrenal microsomes, the 
presently ecoeptsd theories nuy Imply that similar or equivalent alterations 
to those observed in IAver should also occur in adrenals. Hem we fo%d that 

Ccl, interacts with adrenal ndcrosomal and mitochondrial P&50 to give type II 
spectral chsnges in the case of microsames and a very mall but observable 
type I spectral change in the case of mitoahondria. Both results were unexpeot- 
ed, sinae in the case of liver microsomes the interaction with Ccl,+ restits in 
a type I spectral change, while in that with adrsnal microsomes a type II one 
uas obtained; in the case ofadrenalmitoahondria, the us~altype I spectral 
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Mrewl centre1 

Treated 

control 

Treated 

IAver control 

Treated 

control 

T-ted 

3 271 303 
3 291 341 

6 359 318 
6 372 393 

3 336 353 
3 w  w- 
6 312 252 

6 332 401** 

Ccl4 ws given i.p. a8 a 20 #(V/V) Solution In olive ail at A dose of 5 ml 
of 8elut%an/kg.contrelrat8 reoelved 0lAve oil1.p. 
"The Upldperoaidatienvalwis eXplW88ed88 brbeerbenoeet2@muxl,~ 
fOra 801Uti~hvingl~ Of~pSd/ld.fiVO UlillIB18/~~lf’Bl% WdinthO 
liver ~riment8ud the 8tUXhd devlatiam of the VdW8 Y8 of+lO$ 
a8rmudrm. hatit f~-8VelWOabtrined)rgpoO~gthegfrad8 
from~ratsforwohgrotlp. 

** P < 0.01. 

change uas observed, but having a magnitude not in aorre8pondence with its 

high P-450 content. In the case of adrenal mltoohondrialP-lb~O, the interaction 

is usually not observed when protein oonoentration in the suspension is about 

2mg/ml, but becomes evident when it Is diluted to 0.4mg/ml.Thi8 fact may 
mean that adrenal mitoohondrlal Pd50 is already bound to an endogenow spectral 

change-forming compound, e.g. an steroid (which are knoun to give spectml 

changes) and that this endogenow compound compeke~ either with the binding 

of ccl, itself or with the expression as spectral ch8nge of that Mncling. We 

0180 fowd that CCl4 not only Interacts with the P-450 cont8ining electron- 

tmn8port chain frcm adrenal mitochondria mdadC~Sames~sitrhould,butrlso 
that, 86 OCUIIFS for the case of liver PdCBXNXEeS, 14 C frm 14CC14 irreversibly 
bounds to their lipids even to those of mltochondHa, while tdnklng to lipid8 
from mitochondria in liver or kidney Is muoh 1088. P-450 destruction In 

adrenals only OCCllr8 inmiCro8ome8 urdtor 8mallerextentthnthO On0 Ob8Oned 

for the -89 of liver giCZW8oW3S. since me found that activation of ccl4 in 

adrenal mitechandrir occurs (as it is shovn by the high irreversibly bound 14C 
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Table 3 

EpFEcT OF cc14 ALMIRISTRATION ON THE P-450 cof?l'EW 

Subcellular Tiae after Cc14 c$tochrome P-450 (m)lNole/nlg protein) 

fraction 
=-tPftioa 

mitochondria microsomes 

Adrenal Control 
2 

0.41 f  0.06 0.39 f 0.06 
cc14 0.46 f  0.04 0.33 f 0.01 

Control 10 0.42 t 0.08 0.31 t 0.05 
cc14 10 0.47 f 0.01 0.20 f 0.02 * 

Control 24 0.39 f 0.12 0.37 f 0.13 
cc14 24 0.44 f 0.01 0.17 k 0.06 ** 

Control 48 0.46 f 0.14 0.55 i; 0.01 
Cc14 48 0.47 t 0.15 0.52 k 0.04 

Control 0.48 t 0.15 
c*4 o-35 f 0.03 + 

0.42 t 0.06 
0.47 t 0.03 

Liver Control 
Cc14 

Control 
cc14 

2 
- 0.47 f  0.10 
- 0.23 f 0.08 * 

ii 
w- 0.56 f o.u 

0.15 f  0.07 + -- 

Contra1 24 - 0.64 f 0.u. 
ccl4 24 - 0.06 f 0.08 + 

CCl WIS given as iadicated in Table 2. The results for adrena:ts are the mean 
Of e hreediffereuteXpeZ?lsIeutsaslng the pooled-8 fromi2auimalsin 
each ane.~veoniPlslsforsrrchgroupwereusedinllvsrerper3ments. 
+ P < 0.001. * P < 0.01. ** P < 0.05. 

f2-m l4 Ccl4 t0 Upids fouud in this organelle), our results may show that the 
endogenous ccmpouuds postulated to be bouud to g-450 in mitoohcmdria may also 
etaMllee P-450 agalust damage by R*. We also found that lipid peroxldatlon, 
asmeasureclbythe Wmethod describedby Klmssenand Plaa (ll), occurs in 
adrenal miorosomes butt0 a lesser extent than in liver, while in adrenal 
mitochondria lipid peroxidation appears to lack of importance. If as present 
theories establish, the lipid peroxldation process is Mtiated by the R* arised 
fromtheactlvation of CZ14andtheirreversible bomd 14C from 14CCl 4 to lipids 

is due to the addition of R* to unsaturated lQ$ds (3.4). then, one may expot 

morellpddpe~~dotionwhen~loreMndin6 of C4214 to lipids oocurs. In the 
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Acidphosphatseact.i~t~* $ofcOatrOl 

l&per Control 32.0 

cQ1, 66.0 206 

Adranal5 cOntro1 8.8 

rn4 22.0 240 

* Threeml aliqufJt.5 Of ~505~5U5pen5i0n5 framtiver(2+5ngprOtein/~) 
or adrenals (2.1Ig proteln/ml)uereincubsteddth shaking for30minat 
370inWIrburgfUaksdthordthout4ul of pure CC&in the sidearm. 
The oontentof tha flmkswm esuda-ifueated 2Osl.n at 20,OOOxgmad the 
~enutmt~rw~ffor~~~o~~tyru~~. 

** AcidphOsphataseaotlvityis giveninma~les ~fp-nitr~phenollibsrated 
in~rmdnat3~~50ulofa20,000xg5upenrrtrnt~aly~5aarl 
8wpeJndonhvinglpg ofprOtuin/ml. 

case of adrenals, olosely sindlar lwels of irreversible Ending to those 

oacurring in Uver mi.orosomss wewe not accompanied lw slmllar levels of lipid 

proddrtion, since 1855 or wen almost negU@ble ones occur in adrenal 

microsome and mitochondria. Howwer, these results do not imply that present 

theories are mcorreat because they also may be due to a different 

5uscepWailLty of adrenal lipids to act as R- target-sites or to the presence 

in adrenals of higher lwels of endogemous anticuddrnts than in IAver. In order 
to have a more complete picture about the analogies and differences between 

liver and adrenals in their response to CC14 deletereous actim, we also 

caparad the ability of CClktO oause YntitnP the liberation of enzymes 

fram lysoaoaaesf~bothorgrnssndwefo~tht theywere comperable.In spite 

ofallthe similarities between rat llverand adrenalin their response to Xl,+ 

here desaribed, we were not able to find hi&ologicollJr observable alterations 

in adrenals after acute CCL4 admlnistration. Damage to adrenals may depend to 

an 5mportantexhntonthe spedesemployed todo thetestand also on the 

regime of exposureto CCl4, s-hoe Phelps and Hn (13) reported on nearods of 
therd~l5ina~ti~tdylngfiamCC14mdtbisalso~sobserrr~in~er 

pigs polsoned dth this solvent, while Gmdner (14) eau it only ~ceptionalQ 

in dogs after giving large dosis of cQ4 and Rlg@s s.nd Crrgg (15) observed 

b9perplrsla oft&e cortical soneialrtsbutwhentheywers exposeddaily for 
6,8imdl2weekstoc~l4vqmur~. 
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