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ABSTRACT 

The metabolism of 1-14 C- methyl 
linoleate hydroperoxide (1-14C-MLHP) 
by the rabbit was investigated. Admin- 
istration of 1.1-1.9 mg of 1J4C-MLHP 
by ear vein injection proved lethal to four 
of the nine experimental animals. After 2 
hr the lungs and liver contained 3.3% and 
7.2%, respectively, of the dose. This 
radioactivity was found to be associated 
primarily with intact 1-14C-MLHP. The 
triglycerides from these tissues also 
contained 14C_trienoic and 14C_dienoi c 
fatty acids. Of the dose, 68% was 
recovered as 1 4 C O  2 in 2 hr compared to 
39% after 1-14C-methyl linoleate 
injection. The triglycerides from kidney 
adipose tissue contained a small amount 
of 14C_hydroxy fatty acid, providing 
confirmation of previous evidence for the 
presence of a fatty acid hydroperoxide 
reductase in animal tissues. 

I N T R O D U C T I O N  

Whether fatty acid peroxides are formed in 
animal tissues in vivo has been a controversial 
question for some years (1-6). Substances 

which presumably are derived from peroxides 
or their degradation products have been 
detected in tissue extracts (7-10), but it is 
difficult to prove their existence in the live 
organism. It seems apparent that only minute 
concentrations of peroxides, if any, occur in 
vivo, and in the absence of information on their 
turnover rate, it is impossible to draw 
conclusions as to the amounts formed. 
Although the evidence is largely circumstantial, 
present indications favor the view that small 
amounts of lipid peroxides are formed in vivo 
and that vitamin E, serving as a natural 
antioxidant, is an important factor in their 
metabolism. Infusion of small quantities of 
methyl linoleate hydroperoxide has been 
reported to induce incipient symptoms of 
vitamin E deficiency, including encephalo- 
malacia in chicks (1 1) and creatinuria and 
hemolysis in rabbits (12). Lipid peroxides also 
have been implicated in aging, CC14 hepato- 
toxicity and ionizing radiation damage. 

Studies on the toxicity of lipoperoxides 
indicate that only trace quantities in the tissues 
are tolerated. Fatty acid hydroperoxides are 
highly toxic when administered intraperi- 
toneally (13,14). When administered orally 
they are considerably less toxic, and failure to 
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FIG. 1. 14CO 2 expiration during 22 hr following 1-14C-MLHP injection. 
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FIG. 2. Per cent of injected dose expired as 
14CO 2. Each point represents the to ta l  14CO2 
expired by a single animal. 

find them in the tissues subsequently (15) 
indicates that their oral toxicity is due either to 
damage to the gut wall or to a systemic effect 
of decomposition products formed in the 
intestine. Methyl linoleate hydroperoxide is 
apparently not converted to linoleic acid in the 
tissues (16). 

The present study was designed to investi- 
gate the metabolism of intravenously admin- 
istered 1-t4C-methyl linoleate hydroperoxide 
in the rabbit. 

E X P E R I M E N T A L  P R O C E D U R E S  

Skelly Solve solvents were distilled twice 
before use; other reagents and solvents were of 
analytical grade. 1-14 C-Methyl linoleat e 
(1-14C-ML) with a specific activity of 9.3 
mc/mM was obtained from Tracerlab (Waltham, 
Mass.). 1-14C-Methyl linoleate hydroperoxide 
(1-14C-MLHP) was prepared by controlled 
oxidation of 1-14C-ML according to a modifica- 
tion of the method of Banks et al. (17). The 
oxygenation tube (2.6 x 30 cm) was loaded 
with 25 ml of Skelly Solve C (bp 88-100 C), 83 
ktc of 1-14C-ML and 52.4 mg of methyl 
linoleate. Crude 1-14C-MLHP obtained by 
stripping the solution with 87% ethanol was 
purified by the method of Kokatnur et al. (18). 

The purity of the hydroperoxide was 
established using unlabeled ML. A peroxide 
number of 6022-6145 meq/kg was obtained by 
the Wheeler (19) method as modified by 
Kokatnur et al. (18). The theoretical value for 
pure MLHP is 6125 (18-20). A single spot (Rf = 

% 

80 

70 

60 

50 

40  

3O 

20 

I0  /% 
,'k 

0 1 
30 

0 t - ' 4 C -  ML RABBITS 

0 

/% 
7, A & 

1 I I 
60 90 120 

TIME (MINUTES) 

FIG. 3. Levels of radioactivity in fiver following 
1 - 1 4 C . M L H P  or 1-14C.ML administration. 

0.52) was obtained by thin layer chromato- 
graphy (TLC) on Silica Gel G using a 1% 
methanolic benzene solvent system. IR analysis 
revealed a hydroperoxy group (2.9 N) and 
trans,trans conjugation (10.15/~). UV spectro- 
scopy yielded a peak at 233 mg for conjugated 
double bonds which gave a calculated molar 
extinction coefficient of 28,455. Banks et al. 
(17) have reported a value of 29,000 and 
Kokatnur et al. (18) found 27,873. The 
peroxide obtained by this procedure has been 
characterized as a mixture of 9-hydro- 
peroxy-l O,12-trans, trans-octadecadienoate and 
1 3 - h y d r o p e r o x y - 9 , 1  1 -trans,trans-octadeca- 
dienoate (17). 

1-14C-MLHP, 1.1-1.9 mg, was dissolved in 
0.5 ml of ethanol and emulsified with 0.5 ml of 
physiological saline containing 2 mg/ml Tween 
80. This material was injected slowly, over a 
period of 1.5-2 min, into the marginal ear vein 
of nine New Zealand White rabbits. The rabbits, 
weighing 1.%2.3 kg, either died or were killed 
at 2, 4, 11, 30, 45, 47, 60, 120 min or 22 hr 
after injection. Three additional rabbits were 
injected with a like amount of 1-t4C-ML as a 
reference compound and were killed after 30, 
60 or 120 rain. Each animal was deprived of 
food for 16 hr prior to injection and was placed 
in a metabolism unit immediately after 
injection. 14CO2 was monitored at 5 rain 
intervals by passing the expired gases through 2 
ml of Hyamine for 30 seconds. The 14CO2 
samples were counted in a Packard Tri-Carb 
liquid scintillation spectrometer, model 3003, 
after adding 15 ml of 0.3% 2,5-diphenyloxazole 
(PPO) in toluene. 
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TABLE I 

Distribution of Radioactivity in the Tissues and Excreta of the 
1-14C-MLHP and 1-14C-ML Injected Rabbits (% of Dose) 

14C_Compound 
administered MLHP MLHP MLHP ML ML 

Time after dose, hr 1 2 22 1 2 

Tissues 
Liver 6.1 7.2 3.3 28.2 26.2 
Lung 0.9 3.3 ~-/).1 8.0 0.6 
Heart ~0.1 0.6 ~---,0.1 . . . . . .  
Kidney ~0.1 1.0 0.4 . . . . . .  
Kidney adipose ~_0.1 0.3 0.4 . . . . . .  
Brain ~----.0.1 O. 2 O. 1 . . . . . .  
Blood a 2.8 3.0 1.1 6.5 11.7 

Excreta 
Urine 0 1.6 3.8 . . . . . .  
Feces 0 0 0.2 . . . . . .  
14CO2 29.0 68.0 78.0 10.0 39.1 

aCalculated on basis of 6.1% body weight. 

At  the t e rmina t ion  of  the  expe r imen t  
various tissues were r emoved  for  analysis. 
Radioact ivi ty  in the  b lood  serum was deter-  
mined  using Cab-O-Sil and 15 ml of  0.3% PPO 
in to luene.  The excised tissues and red b lood  
cells were ground wi th  Na2SO 4 in a mor t a r  and 
ex t rac ted  wi th  CHC13/CH3OH ( 2 : 1 ) f o r  12 hr 
on a mechanical  shaker.  The ex t rac t  was 
washed  with 20 vol of  water  (21) and the 
residue was f rac t iona ted  using silicic acid 
co lumn ch roma tog raphy  (22). Tr imethyl  silyl 
(TMS) derivatives were fo rmed  using Tr i -SIL/  
BSA (Pierce Chemical  C o m p a n y )  (23). Sepa- 
ra t ion of  the silyl m o n o -  and diglycerides and 
star t ing c o m p o u n d s  was carried ou t  on  silica 
gel using a Skelly Solve B (bp 60-80 C)- 
d ie thyl  e ther-acet ic  acid (65 :35 :0 .25 )  solvent  
sys tem.  

The lipid f ract ions  were saponi f ied  wi th  1 N 
e thanol ic  KOH for  16 hr  at r o o m  t empera tu r e  

(24). Fa t ty  acids were decarboxyla ted  wi th  
NaN 3 and H2SO 4 (25). An ethereal  so lu t ion  of  
d i azomethane  was used to  methy la te  the free 
fa t ty  acids. Methyl  esters o f  normal  fa t ty  acids 
were separated f rom the esters of  polar  acids 
using the  1% methano l i c  benzene  TLC system.  
This sys tem also was used for the separa t ion of  
the  me t h y l  esters o f  polar  acids and their  silyl 
derivatives. F rac t iona t ion  of  normal  fa t ty  acid 
me th y l  esters according to their  degree of  
sa tura t ion  was accompl i shed  by TLC on Silica 
Gel G impregna ted  wi th  5% AgNO 3 using a 
Skelly Solve F (bp  30-60C)-d ie thy l  e the r  
(85:15)  sys tem (26). 

Pure ricinoleic acid (12-hydroxy-9-c is -oc ta-  
decaenoic  acid) and d imorphecol ic  acid 
( 9 -h y d r o x y -  1 O, 12-trans, t rans-octadecadienoic  
acid) were used as s tandard  h y d r o x y  fa t ty  
acids. MLHP was reduced  to  the cor responding  
h y d r o x y  fa t ty  acid using KBH 4 (27). 

TABLE II 

Distribution of Radioactivity in Lipid Fractions Isolated by 
Silicic Acid Column Chromatography (% of total DPM) 

Tissue Lung Liver 

14C.Compound 
administered ML MLHP ML MLHP 

Time after dose, hr 1 2 2 1 2 1 2 
Cholesterol esters 1.1 0.2 0 1.1 1.8 0.2 0.2 
Triglycerides 15.0 14.0 0.5 24.0 41.1 10.5 24.7 
Free fatty acids I 1.0 4.1 10.5 11.2 10.0 13.1 6.4 
Cholesterol 
Diglyeerides 6.4 6.5 37.4 6.1 8.8 25.1 27.6 
Monoglycerides 4.4 5.4 34.8 10.2 3.3 40.7 32.1 
Phospholipids 62.0 68,0 16.8 47.3 34.6 9.9 9.0 
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RESULTS AND DISCUSSION 
14CO2 

Figure l illustrates the rate of 14CO 2 
expiration following intravenous injection of 
1A4C-MLHP. Peak expiration occurred at 85 
rain, 68% of the injected radioactivity being 
expired by the end of the second hr and 78% 
by the end of 22 hr. By comparison, after 
1-14C-ML injection only 39% of the dose was 
expired as 14CO 2 during the initial 2 hr period 
and peak expiration occurred 50 rain after 
administration of the dose. 

Figure 2 gives a comparison of the total  
1 4CO 2 expired after administration of either 
1-14C-MLHP or 1-14C-ML. Obviously 
1-14C-MLHP is much more rapidly oxidized to 
]4CO 2. 

Toxicity of 1-14C-MLHP 

Four of the nine rabbits injected with 
I J4C-MLHP (3.5-6.0 /aM) developed torpidi ty 
and died at 2, 4, 11 and 47 min, respectively, 
following administration of the hydroperoxide.  
No such reaction was observed in the animals 
injected with 1J4C-ML. On an equivalent body 
weight basis the amount of MLHP administered 
was 0.83% and .17% of the LDso dose reported 
for mice (13) and rats (14), respectively, 
following intraperitoneal injection. Differences 
in routes of administration, species, chemical 
form and purity of compounds administered 
are factors which may contr ibute to this wide 
range in toxici ty values. It also was observed 
that those animals to which the close proved 
fatal all contained high concentrations of 
radioactivity in the lungs. This observation, in 
addition to the nature of the symptoms 
induced ,  suggests that an impairment of the 
respiratory function may have been the cause 
of death. Lung tissue is known to be sensitive 
to small concentrations of gaseous oxidants and 
the lungs represented the first capillary bed 
encountered by the administered dose in these 
experiments. 

Distribution of Radioactivity in the Tissue 

Table I shows the distribution of radio- 
activity in the tissues and excreta at various 
times after 1-14C-MLI-IP or 1J4C-ML admini- 
stration. The only tissues except blood which 
contained a significant amount of activity were 
the liver and lungs. Figure 3 illustrates the 
relatively constant level of radioactivity found 
in the liver during the initial 2 hr after 
1-14C-MLHP administration and the greater 
activity found following 1-14C-ML injection. 

Identification of 14C-Compounds in Liver and Lung 

Table ]I gives the distribution of radio- 
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FIG. 4. Comparative silicic acid column elution 
patterns. 

activity among the lipid classes of lung and liver 
1 and 2 hr after 1J4C-ML and 1J4C-MLHP 
injection. As expected, the major concentra- 
tions of activity following 1-14C-ML admin- 
istration were in the TG and PL fractions. 
Saponification of these fractions, TLC of t h e  
fatty acid methyl esters on AgNO3-impregnated 
Silica Gel G and subsequent decarboxylat ion of 
the fractionated acids indicated that 90% of 
this radioactivity was present in 1J4C-linoleic 
acid. 

In contrast, following 1-14C-MLHP injection 
the radioactivity in both lung and liver lipids 
was located predominately in the DG and MG 
fractions which were eluted with 25% and 
100% diethyl ether in Skelly Solve B, 
respectively. However, the 14C compounds in 
the DG and MG fractions did not form silyl 
derivatives, indicating that  the radioactivity in 
these two fractions was not present in esters of 
glycerol but in compounds with similar 
polarity. The 14C compounds in the DG and 
MG fractions from the animals injected with 
1J4C-ML could be easily silylated. 
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FIG. 5. TLC of pure 1-14C-MLHP and the 25% ether fraction from the liver of a 1-14C-MLHP - 
injected rabbit after KBH 4 reduction and silylation. The developing solvent was 1% methanolic 
benzene. 

Standardization of the silicic acid column 
with radioactive and nonradioactive MLHP 
revealed that intact hydroperoxide was eluted 
with 25% diethyl ether in Skelly Solve B and 
that 100% diethyl ether eluted degradation 
products of the peroxide which formed on the 
column (Fig. 4). After applying a 230 mg 
sample of 12C-MLHP (peroxide number 6000) 
to the column it was observed that the material 
eluted with the 25% diethyl ether comprised 
42% of the sample weight, had a peroxide 
number of 5400 and an IR spectrum indis- 
tinguishable from that of the original peroxide. 
The 100% diethyl ether eluate represented 36% 
of the original mass and had a peroxide number 
of 2800 (Fig. 4a). Comparison of the IR 
spectrum of this fraction with that of the 
o r i g i n a l  s a m p l e  r evea l ed  n u m e r o u s  
discrepancies. When 1-14C-MLHP was com- 
bined with liver lipids and chromatographed on 
a silicic acid column, the radioactivity was 
recovered in the same two solvents in similar 
proportions (Fig. 4c). The 25% diethyl ether 
eluate contained 41% of the radioactivity and 
the 100% diethyl ether fraction contained 49%. 
Comparison of these two elution patterns with 
that of the liver lipid after 1-14C-MLHP 
injection (Fig. 4b) showed that all three elution 
profiles were similar and suggested that the 14 C 
materials eluted with the DG and MG from the 
i n j e c t e d  a n i m a l s  were  u n h y d r o l y z e d  
1-14C-MLHP and products of its degradation 
on the column. 

Exposure of 1A4C-MLHP and the 25% 
diethyl ether fraction from the liver of a 
1-14C-MLHP-injected rabbit to Tri-SIL/BSA 
and TLC of the products showed that neither 

1-14C-MLHP nor the isolate from liver formed 
a silyl derivative. After reduction of the two 
samples both formed a silyl derivative (Fig. 5), 
confirming the chromatographic evidence that 
they were identical. Decarboxylation of the 
25% and 100% diethyl ether fractions showed 
that the materials present were entirely 
carboxyl-labeled. Consequently it was con- 
cluded that a large portion of the radioactivity 
remaining in the liver and lung lipids 2 hr after 
1-14C-MLHP injection was still present in the 
form of unhydrolyzed hydroperoxide. These 
results support the results of earlier studies (28) 
in which intact peroxides were observed in rat 
liver 48 hr after intravenous administration of 
ethyl linoleate hydroperoxide. Evidently these 
hydroperoxy fatty acid esters can survive in 
biological systems longer than generally 
presumed. 

After saponification of the TG fraction from 
lung lipids the fatty acid methyl esters were 
chromatographed using the 1% methanolic 
benzene system and then AgNO3-impregnated 
Silica Gel G. It was observed that following 
1-14C-MLHP injection this fraction contained 
labeled trienoic fatty acids. Although only 0.5% 
of the lung radioactivity was present in the TG 
2 hr after injection, 75% of this activity was 
found in the trienoic and another 22% was 
present in the dienoic acids. In addition, 19% 
and 6% of the radioactivity in the liver TG was 
associated with the dienoic and trienoic acids, 
respectively. It is noteworthy in this connection 
that in an associated study on the metabolism 
of the hydroxy acid obtained by reduction of 
1-14C-MLHP, labeled dienoic and trienoic acids 
were detected in liver triglycerides (29). 
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Saponif ica t ion and TLC of  the  fa t ty  acid 
me thy l  esters of k idney adipose tissue (1% 
methanol ic  benzene)  revealed tha t  24% of  the  
activity in this tissue was associated wi th  polar  
fa t ty  acids. Silylation of  the  me thy l  esters  
indicated tha t  a hyd roxy  fa t ty  acid compr ised  a 
por t ion  of this f ract ion.  Unfo r tuna te ly ,  the low 
levels of  radioact ivi ty  present ,  coupled wi th  a 
comparat ively  large tissue weight ,  made  fur ther  
analysis impossible .  A subsequen t  paper  in this  
series indicates  that  h y d r o x y  and tr ienoic acids 
a r e  f o r m e d  f r o m  1-14C-MLHP during 
absorp t ion  (30 ). 

The results of  these exper imen t s  show tha t  
in t ravenous MLHP is rapidly oxidized to CO 2 
in rabbi t  tissues and tha t  the peroxide  is no t  
incorpora ted  into tissue lipids. No evidence was 
ob ta ined  for  the  presence of  free peroxide .  
However,  substant ial  amoun t s  of  MLHP were 
found  in the lungs and liver 2 hr af ter  admin-  
is trat ion.  This f inding indicates  that  the l imiting 
factor  in MLHP oxida t ion  was the hydrolysis  o f  
the ester, and suggests tha t  fa t ty  acid perox ides  
fo rmed  in vivo might  be even more  rapidly oxi-  
dized. The de tec t ion  of  a h y d r o x y  fa t ty  acid in 
the  kidney TG suppor t s  the  proposals  of  
O'Brien and Litt le (31) and Chr is tophersen  (32) 
that  a reductase  is involved in peroxide  me tabo-  
lism. 
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