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Some Effects of Methyl Linoleate Hydroperoxide on Oxidative 
Phosphorylation in Rat Liver Mitochondria.* (31186) 

HIROSHI NAITO, BETTY JOHNSON, AND B. CONNOR JOHN SON^ 
Division of Nutritional Biochemistry, Department of Animal Science, University of Illinois, Urbana 

The effects of methyl linoleate hydroperox- 
ide (MLHP), a peroxidation product of 
methyl linoleate, on the denaturation of the 
lipoproteins (Nishida and Kummerow (9) ) 
and on certain pathologic disorders in ani- 
mals simulating vitamin E deficiency is well 
known. Both the denaturation phenomenon 
and the pathologic disorders are alleviated by 
a-tocopherol supplementation (Nishida and 
Rummerow ( 10) ) . 

Evidence is reported here which indicates 
that MLHP has an inhibiting effect on the 
coupling of phosphorylation with oxidation in 
rat liver mitochondria. 

Materials and methods. Mitochondria were 
prepared from the livers of normal adult 
Sprague-Dawley male rats on a stock labora- 
tory diet by the Hogeboom-method (Hoge- 
boorn(4)), using 0.25 M sucrose. 

The conventional Warburg procedure was 
used to measure oxygen uptake over a 30- 
minute period a t  30” following a 6-minute 
preincubation (see footnote to Table I for 
composition of media). 

Incubation time was terminated by addi- 
tion of 5% trichloroacetic acid (TCA). The 
inorganic phosphate remaining in each vessel 
was determined by Lowry’s method ( 6 ) .  The 
PJO ratio was calculated from the values 
observed. 

The protein content of each tissue sample 
was determined by the use of phenol reagent 
(Lowry and Lopez ( 7 )  ) . 

The extent of peroxidation in mitochondria 
was determined by the barbituric acid (TBA) 
reaction method of Corwin(l), with the ex- 
ception that 0.5 ml of the mitochondria1 
preparation was used in place of whole liver 
homogenate. 

To prepare MLHP, 50 g of methyl linoleate 
urea complex (Hormel Institute, Univ. of 

*This work was supported by USPHS Grant AM 

t Present address: Biochemistry Dept., Oklahoma 
08300. 

Medical Research Foundation, Oklahoma City. 

Minnesota) was extracted with 100 ml of 
hot 1 N HCl, and the methyl linoleate was 
washed 3-4 times, each time with 100 ml of 
water. The pure methyl linoleate was ex- 
tracted with 30 in1 of Skelly Solve F (SSF). 
After evaporation of the SSF under nitrogen 
(yield 13 g) , 1 g of the oily methyl linoleate 
residue was incubated overnight a t  0°C in 
100 ml of 0.2 :M: phosphate buffer, pH 8, 
containing 20 mg lipoxidase (10,000 p/mg, 
Sigma) with constant stirring. The MLHP 
formed was extracted with SSF and the sol- 
vent evaporated under nitrogen. “The perox- 
ide value” (Olcoltt and Doler (1 1) ) was de- 
termined on eacih sample from the UV ab- 
sorption at  234 mp (Holman(5)). Various 
preparations gave peroxide values ranging 
from 300-3800. This lipid peroxide was sus- 
pended in 0.3% Tween 80, and 0.01-0.02 ml 
of this suspension was used per reaction flask. 

DL-a-tocopherol,$ DPPDb (N,N’-diphenyl- 
p-phenylene diamine) and Ethoxyquiny (San- 
toquin, 1-2-dihydr0-6-ethoxy-2,2,4-trimethyl- 
quinoline) were dissolved in ethanol, and 
0.01-0.012 ml of the solution was added per 
reaction flask as indicated in Table 111. 

In the first series of experiments listed in 
Table 111, the MLHP was added to the 
buffer medium fdlowed by the a-tocopherol 
and finally by the mitochondria, immediately 
prior to incubation a t  3OOC. In the second 
series of experiments in Table I1 the MLHP 
and mitochondria were added to the buffer 
at O”C, and after 30 minutes a t  this tempera- 
ture a-tocopherol was added and incubation 
at 30°C was carried out. 

Results and discussiom. It can be seen from 
Table I that the addition of MLHP to mito- 
chondria decreased the P/O ratio when suc- 
cinate or P-hydroxybutyrate were used as 
substrates, This change in ratio was pri- 
~ 

$ From Hoffmann-LaRoche Inc., Nultley, N. J. 
$From H .  F. Goodrich Chemical Co., Akron, 

7From Monsanto Chemical Co., St. Louis, Mo. 
Ohio. 
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marily due to a decrease in phosphorylation, Series I that addition of the a-tocopherol to 
although the MLHP did cause some decrease MLHP prior to the addition of the niito- 
in oxygen uptake. In Table I1 are shown the chondria restored or prevented almost com- 
inhibitory effects of different levels of MLHP pletely the inhibitory effect of the peroxide, 
and the effect of DL-a-tocopherol on this in- except in the case where MLHP of high 
hibition. I t  can be seen from the results of peroxide value (3800) was used. I n  control 

TABLE I. Oxi(1:ltivc Pliosp1ioryl;itioii 1 ) ~  R;it. Liver Mitochondria Treated with hlT,HP.* 

n-0. of 4 0, Llo, 
Substr:ite rats piltoills/nig protein 70 piiioles/mg protein p/o 

Succina te  18 1. i4  ( .98--2.58) 100  3.71 (2.03-5.53) 2.13 .29 + MT,, 3.5 pinoles 7 1.69 (126-2.54) 93-104 3.56 (2.42-5.46) 2.11 & .32 + MTJHP, 3.1 pniole.;t 1 9  1.40 ( .67-2.56) 25-108 .86 (0 -1.24) .61 f .52 

p-Hpdroxybutyra te  4 1.23 ( .79-1.46) 100 3.29 (2.25-4.65) 2.76 .31 + ML, 3.5 pmoles 7 1.20 (1.00-1.46) 76-102 3.66 (2.62-4.72) 3.06 f -46 + MLHP,  3.1 fimolcqt 13 .i1 ( .25- ,95) 29- 77 1.04 (0 -1.21) 1.47 2 .92 

* Ranges are  sliown in parentheses. t Peroxide value 3,800. 
P/O ratios are es1)ressecl lip average value and i t s  st:inr1:ird error. 
Reaction mixture? contained the following i n  pnioles/3.0 nil: 65 Tris  huffer ( p H  7.4) : 542 

phosphate (pH i . 4 )  : 50 substrate;  0.03 cytochronie c ;  3 A T P ;  0.2 D P X :  15 N a F ;  and  30 
MgCI, in the niaixi compartment. ‘75 glucose :ind hexokiiiase (Sigma Chemical Co.) and  35 KM 
units  were put  in  the side arm. 

MTJ or M L H P  in 0.01 nil of 0.3% Twwn 80 was added to the solution prior to addition of 
mitochondria1 suspenkon (equivalent to  200 nig fresh liver i n  0.5 in1 0.25 M sucrose) per  incuba- 
tion. 

TABLE 1 I. Addition of a-Toropherol to  the Media Containing MLHP. 

A 0, 
Siihstra te  No. of ra ts  patoms/mg protein P/O 

Series 1. Addition a t  zero time 
Succina te  6 2.06 (1.69-2.74) 2.01 (1.92-2.22) 
3,800 110 a-tocopherol 19 1.40 ( .6i-2.56) .6l ( 0  -1.59) 
+ “MTJHP” (3,800)* 3 2.23 (1.15-2.47) .73 ( .30-1.03) 

+ “ M L H P ”  (500 ) *  3 1.32 ( .95-1.69) 1.84 (1.68-2.10) 

+ “MIJHP”  (500 ) ”  3 1.46 ( .90-2.62) .80 ( .26-1.43) 

p-Hpdrospbntyrxt  e 3 1.19 ( .96- 7.52) 2.66 (2.21-2.95) 

+ a-tocopherol, 0.5 p n i o 1 ~  

+ a-tocopherol, 0.5 ,.moles 

+ “ M L H P ”  ( l , 0 0 0 j *  3 . 6 i  ( .35- 3 2 )  2.24 (1.36-3.03) 

+ “MTJHP” (1,000)* 3 .7(i ( .28-1.24) .69 (0  -2.32) 

Glutama t e  3 1.19 ( .89-2.01) 2.90 (2.67-3.24) 
+ “ M L H P ”  (1,350)” > .84 ( .63-1.19) 2.48 (2.47-2.52) 

+ a-tocopl1ero1, 2.5 pnio1us 

+ a-tocopherol, 2.5 pnioles 
+ ‘ MliHP ’ ’ (1,350) * 3 .68 ( .47- .97) 1.84 (1.28-1.90) 

Series 2. ,4dilition of a - t ~ c o l ) l ~ c r o l  a f te r  niitocliondria had bceri incubated with 
AIT,€IP for  30 niin a t  0°C 

S uceiiin te 
+ MIJHP (1,350 ) * 3 1.38 (1.16-1.52) 1.56 (1.36-1.77) + a-tocopherol, 2 3  t*niolm 
+ M L H P  (1,350) * 3 .95 ( .74-1.10) 1.10 ( .72-1.82) 

p-Hydrosybutyra te  
+ MIiHP (1,350 j * 3 .6l ( .47- .72) 2.20 (2.02-3.02) + a - t ~ o p h e r ~ l ,  2.5 p 1 ~ 0 1 ~  
+ MLHP ( l,3SO)A 3 .(iR ( .46- .85) 1.32 (1.35-1.87) 

* Peroxide value. 
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TABLE 111. Addition of Antioxidants a.nd Other Substances. Tht: values are average of 2-3 
determinations. 

TBA reaction 
(optical density) 

O.D. a t  532 mp, % 
P/’O of M L H P  control 

A 0, 
Subs tanc c atorn/mg protein 

(Substrate : Succinate) 
None 

+ ( ( DPPD ’ ’ 0.4 prnoles 

f DPPD, 0.4 pnioles 

MTiHP (1,020) * 

MTiHP (500) * 

MLHP (1,030)’ 

+ M L H P  (1,020) * 

MLHP (1,350) * 

+ Ethoxyquh, 1.8 p1110les 

+ Ethoxyquin, 3.6 @moles 

+ a-tocopherol, 2.5 piiioles 

+ ( MLHP ’ ’ (1,020) * 
(Substrate : p-Hydroxybutyrate) 

None 
MLHP (1,020) * 
+ 
M L H P  (500) * 

MLHP (1,020) * 

M L H P  (1,020) X. 

M L H P  (1,350) * 

DNP 1 x 1 0 - 3 ~  

DPPD ’ ’ 0.4 pmoles 

+ DPPD, 0.4 pmoles 

+ Ethoxyquin, 1.8 @nioles 

+ Ethoxyquin, 3.6 pmoles 

+ a-tocopherol, 3.5 pmoles 

1.73 1.136 
.94 .’i6 

1.76 1.’70 
1.15 1.21 

1.17 .‘i6 

1.27 2 6  

(see Table 11) 

1.41 .03 
1.25 .I3 7 

1.43 2.79 
1.07 1.16 
-52 1.57 
.64 1.44 

.60 .60 

.48 .30 

(see Table 11) 

31  
100 
47 
- 

31 

47 

- 
- 

32 
100 

48 
39 

70 

45 

35 

* Peroxide value. 

experiments in which a-tocopherol alone was 
added to mitochondria, no effect on either 
oxygen uptake or P/O ratio was found. 

Since these results may well have been due 
to the ability of a-tocopherol to destroy the 
peroxide prior to the addition of mitochon- 
dria, the second series of experiments was 
carried out in which the peroxide was per- 
mitted to react a t  0°C with the mitochondria 
for 30 minutes prior to addition of the 
a-tocopherol. It can be seen from Table I1 
that the a-tocopherol restored mitochondrial 
oxidative phosphorylation almost to normal, 
whereas without the subsequent addition of 
a- tocopherol markedly depressed P/O ratios 
were obtained. 

The results shown in Table I11 indicate 
that the zero time addition of DPPD to the 
system decreased MLHP inhibition and oxi-. 
dative phosphorylation somewhat in the suc- 
cinate system and to a lesser extent in the 
/3-hydroxy-butyrate system. In both cases, 

the effect of DPlPD is much less than that ob- 
served in Table I1 with a-tocopherol. The 
fact that DPPD is essentially equal in activ- 
ity to a-tocopherol (Draper and Johnson (3 ) ) 
for reproduction in the vitamin E-deficient 
female rat (Zalk.in and Tappel ( 1 2 )  ) , possibly 
indicates that its slower activity in the in 
vitro system was due to its insolubility in the 
medium and thus its failure to penetrate the 
mitochondrial membrane; as in the control 
experiments w i t h  a-tocopherol control experi- 
ments with DPI’D alone or Ethoxyquin alone 
had no effect on oxidative phosphorylation. 

Because of the possibility of the DPPD’s 
not being able to penetrate the mitochon- 
drial membrane, an experiment was performed 
whereby 500 y of DPPD suspended in 0.3% 
Tween 80 was homogenized with the mito- 
chondria. This large amount of DPPD had 
no effect on the normal P/O ratio. However, 
with the additiocn of MLHP the reaction was 
inhibited indicaiting again no protection of 
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the mitochondria by DPPD. 
A similar experiment with Ethoxyquin 

showed it  to also be inactive. In each case, 
when an antioxidant was added into the 
media, development of the TBA-reactant 
color was significantly decreased to the level 
of color development found in normal mito- 
chondria (Table 111). 

When the TBA reaction was carried out 
in the absence of mitochondria, only a slight 
yellow color was found due to MLHP, a color 
which was much less pronounced than the 
red color produced by the combination of 
RlLHP and mitochondria. 

These findings indicate that lipid peroxida- 
tion is occurring due to the action of MLHP 
on the mitochondria. However, there does ap- 
pear to be a direct relationship between the 
TBA reaction and the P/O ratio, and the 
present data appear to indicate a rather spe- 
cific activity of a-tocopherol, in restoring the 
ability of oxidized mitochondria to carry out 
oxidative phosphorylation. 

Two possibilities exist, (1) that the added 
peroxide is oxidizing the phospholipid which 
is required in the oxidative phosphorylation 
reaction (McCay and Caputto (8) ) , or ( 2  ) 
that the added peroxide is destroying some 

The decrease of P/O ratios sometimes ob- 
served in liver mitochondria from vitamin E- 
deficient animals (Zalkin and Tappel ( 12)  
and McCay and Caputto(8)) and the allevi- 
ating effects of a-tocopherol and of certain 
other synthetic antioxidants, such as DPPD 
and Ethoxyquin on vitamin E deficiency in 
vivo (Draper and Johnson(3)) and in vitro 
respiratory decline of vitamin E deficiency 
(Corwin and Schwarz(2)), at least suggest 
that this peroxide inhibition may be the 
type of reaction which occurs in vitamin E 
deficiency. 
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Effect of Heparin and Sulfated Polysaccharides on in vitro Hepatic 
P hag oc y t 0 s  is .* (31 187) 
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Previous investigations of the influence of 
heparin on the phagocytic function of the 
reticuloendothelial system (RES) are contra- 

8 This investigation was supported jn part I)Y ~ J . S .  
Atomic Energy Commission. 

dictory. Knisely et  aZ(1) reported that hepa- 
rin transiently retarded the phagocytic en- 
gulfment of India ink, kaolin, and graphite 
particles by the sinusoidal macrophages of 
frog liver. Similarly, heparin hindered hepatic 


