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ABSTRACT 

Starting at 21 days of age, groups of six rats each were fed a basal Torula yeast diet supplemented 
with 0.4% L-methionine and varying amounts of vitamin E as dl-alpha tocopherol acetate, selenium as 
sodium selenite, and with either 10% stripped corn oil, stripped lard, or coconut oil. By 7 wk, pentane 
production by rats fed a corn oil diet deficient in both vitamin E and selenium was twice that by rats 
fed 0.1 or 1 mg of selenium per kg of the same basal diet. Blood glutathione peroxidase activity after 7 
wk was proportional to the logarithm of dietary selenium. Groups of rats fed the vitamin E- and 
selenium-deficient diets with lard or coconut oil had one-half the pentane production of rats fed the 
vitamin E- and selenium-deficient corn oil diets. The plasma level of linoleic plus arachidonie acid was 
1.8 times greater on a wt % basis in rats fed corn oil than in rats fed lard or coconut oil as the fat 
source. Pentane production by rats fed 40 i.u. dl-alpha tocopherol acetate per kg of the selenium- 
deficient corn oil diet was one-sixth of that by rats fed the same diet without vitamin E; the plasma of 
the rats fed the vitamin E-supplemented corn oil diet had a level of vitamin E that was about six times 
greater than that of the rats fed the vitamin E-deficient corn oil diet. 

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

H y d r o c a r b o n  gases have been  re la ted to  lipid 
p e r o x i d a t i o n  and  ranc id i ty  in vi t ro  by  a n u m b e r  
of  workers  (1-5). Riely et al. (6) were the  first 
to  show t h a t  e thane ,  a d e c o m p o s i t i o n  p r o d u c t  
of  co3-fat ty  acid hyd r ope r ox i de s ,  serves as an 
index of  l ipid pe ro x i da t i on  in vivo in mice. 
H a f e m a n  and  Hoeks t ra  (7 ,8)  r epo r t ed  t ha t  
v i t amin  E and  se lenium p r o t e c t e d  rats  against  
lipid peroxida t~on as d e t e r m i n e d  by  measure-  
m e n t  of  evolved e thane .  These  inves t igators  (7)  
showed  tha t  e t h a n e  evo lu t ion  was re la ted  to the  
co3-fat ty acid c o n t e n t  of  the  diet .  Rats  fed a 5% 
cod liver oil diet  evolved a b o u t  six t imes  more  
e thane  t h a n  did ra ts  fed a diet  wi th  tocophe ro l -  
s t r ipped lard, which  con ta ins  a lower  level of  
co3-fat ty ~cids than  does cod liver oil. 

In  th is  l abo ra to ry ,  in vivo lipid p e r o x i d a t i o n  
in rats  fed a v i t amin  E-def ic ient  d ie t  du r ing  a 
7-wk per iod  was fol lowed by m e a s u r e m e n t  of  
expi red  e t h a n e  and p e n t a n e  (9). Pen tane ,  which  
derives f rom co6-fat ty acid hyd r ope r ox i de s ,  was 
shown  to be a b e t t e r  index  of  pe rox ida t ive  
damage in vivo t han  was e t h a n e  when  a 10% 
corn  oil diet  was fed. Since co rn  oil con ta ins  a 
relat ively h igh level of  l inoleic acid, one  would  
expec t  the  rapid  i n c o r p o r a t i o n  of  this  f a t t y  acid 
in to  m e m b r a n e s  o f  growing rats.  The  p resen t  
s tudy  was designed to examine  the  in f luence  of  
d ie tary  eo6-fat ty  acids, ma in ly  l inoleic acid, on  
p e n t a n e  p r o d u c t i o n  by  rats. A Toru la  yeast-  
based diet  def ic ien t  in b o t h  v i t amin  E and 
se lenium was selected to  p rov ide  c o n d i t i o n s  in 

vivo t ha t  would mos t  rapidly  resul t  in peroxida-  
t ion  of  u n s a t u r a t e d  fa t ty  acids. V i t amin  E 
serves as a l ipid p e r o x i d a t i o n  cha in -b reaker  
(10) ,  while se lenium is requi red  for  the func-  
t ion  of  the  l ipid h y d r o p e r o x i d e  and  H 2 0 2  
decompos ing  enzyme,  g lu t a th ione  perox idase  
(11).  The  d ie ta ry  fat  sources  chosen  were 
t o c o p h e r o l - s t r i p p e d  lard, t ocophe ro l - s t r ipped  
co rn  oil, and c o c o n u t  oil. In  add i t i on  to tes t ing  
the  effect  of  l inoleic acid c o n t e n t  of  the  diet  on  
p e n t a n e  p roduc t i on ,  the  e x p e r i m e n t s  were 
designed to tes t  (a) the  e f fec t  of  d i f fe rent  levels 
of  d ie ta ry  se lenium on p e n t a n e  p r o d u c t i o n  in 
rats  fed a 10% corn  oil, Toru la  yeas t -based diet  
w i t h o u t  v i t amin  E and  (b)  the  ef fec t  on  
p e n t a n e  p r o d u c t i o n  of  feeding rats  0 . t  p p m  
se lenium toge the r  wi th  40  i.u. dl-alpha toco-  
phe ro l  ace t a t e /kg  of  a 10% corn  oil, Toru la  
yeas t -based diet.  

M A T E R I A L S  A N D  METHODS 

Animals and Diets 

The animals  used were specific pa thogen- f ree  
male  rats, de scendan t s  of the  Sprague-Dawley 
strain.  The  rats  were ob ta ined  at 21 days of  age 
f rom Hil l top Lab Animals ,  Inc. They  were 
housed  in hanging  wire cages and  were k e p t  oll 
a 14-hr l ight  and  10-hr dark  cycle. 

The  basal die t  was a p o w d e r e d  selenium- and 
v i t amin  E-def ic ient  diet  ob t a ined  f rom Teklad  
Test  Diets. This  basal  diet  c o n t a i n e d  in percen-  
tage: Toru la  yeas t ,  30;  L-meth ion ine ,  0.4; 
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,sucrose, 55.97; fat, 10; mineral mix 1, 3.5; and 
vitamin mix 2 exclusive of vitamin E, 0.13. The 
fat source was one dietary variable. The three 
fats used were tocopherol-stripped corn oil 
(CO), tocopherol-stripped lard (LD), and coco- 
nut  oil (CN). The diets were supplemented with 
vitamin E and selenium as follows (fat source - 
i.u. dl-alpha tocopherol acetate, mg selenium/kg 
diet): CO-O E, O Se; CO-O E, 0.01 Se; CO-OE, 
0.1 Se; CO-O E, 1.0 Se; CO-40 E, O Se; CO-40 
E, 0.1 Se; LD-O E, O Se; and CN-O E , O  Se. 
Selenium was added as sodium selenite. Groups 
of six rats each were fed the diets and deionized 
water ad libitum, with fresh diet being provided 
daffy except for Saturdays. The animals were 
fasted overnight prior to pentane analyses. 
Weights were recorded at 21 days of age and on 
each day on which pentane was measured. 

Pentane Analysis 

Pentane analysis was done on either a Varian 
3700 or 1520 gas chromatograph with a flame 
ionization detector and fitted with a six-way, 
nut type gas sample valve. Stainless steel 
columns (1/8 in. x 5 ft for the 1520 model and 
1/8 in. x 10 ft for the 3700 model) were filled 
with 80-100 mesh activated alumina, and a 30 
ml/min nitrogen carrier gas flow was used with 
each column. For the 1520 model, column 
temperature was programmed as previously 
described (9). The Varian 3700 was pro- 
grammed at 20 C/min from 55 to 2 t0  C. The 
chambers used to hold the rats during sample 
collection have been described previously (9). 
The rats were placed in the holding chambers to 
breathe hydrocarbon-free air (Matheson, ultra 
pure) for 25 min prior to collection of the 
samples. One-half of the breath-air stream (120 
ml/min) from each rat was collected over a 
10-min period to give a 600 ml sample in an 
a c t i v a t e d  alumina-f i l led gas sample loop 
immersed in liquid nitrogen-ethanol at -130 C. 
Breath samples were collected from each rat 
during week 3, 5, 6, and 7 of the dietary 
feeding program. The relative peak area of pen- 
tane on each chromatogram was calculated by 
triangulation, and the picomoles of the gas were 

1Salt mix (% composition): calcium carbonate, 
20.71; calcium phosphate, diabasic, 32.29; cupric sul- 
fate, 0.04; ferric citrate, 0~ magnesium sulfate, 
6.57; manganese sulfate, 0.44; potassium chloride, 
20.86; potassium iodate, 0~ sodium phosphate, 
dibasic, 18o60; and zinc carbonate, 0~ 

2Supplying (g/kg diet): thiamin HCI, 0.0004; ribo- 
flavin, 0.0025; pyridoxine HCI, 0~ calcium panto- 
thenate, 0.02; niacin, 0.1; biotin, O.O01; folio acid, 
0.002; choline chloride, 1o0; vitamin B12 (0.1% 
trituration in mannitol), 0.1; dry vitamin A palrnitate 
(500,000 u/g), 0.028; dry vitamin D 2 (500,000 u/g), 
0.0064; and menadione, 0.001. 

calculated from a standard. One-milliliter por- 
t i o n s  of  the  0.8 ppm pentane standard 
(Matheson Gas Products) were measured at an 
electrometer setting of 2 x 10 -12 amps/mv on 
the 1520 model and at a setting of 4 x 10 -12 
amps/mv on the 3700 model. 

Glutathione Peroxidase, Vitamin E, 
and Fatty Acid Analyses 

After 7 wk of feeding the diets, two to four 
rats in each group were anesthetized with 
pentobarbitaf, and blood was removed by heart 
puncture via a needle and heparinized syringe. 
One-half ml of fresh blood was used for assay 
of glutathione peroxidase (12). The remaining 
blood was centrifuged for 25 rain at ca. 2700 
rpm in an IEC clinical centrifuge, and the 
plasma was frozen for later vitamin E and fatty 
acid analysis. Total vitamin E in plasma pools 
from each of the eight dietary groups and in 
samples of the CO-O E, O Se, CO-40 E, O Se, 
LD-O E, O Se, and CN-O E, O Se diets was 
measured by the fluorometric assay of Taylor 
et al. (13). For analysis of diet vitamin E, 1 g of 
diet was mixed with 5 ml of redistilled absolute 
ethanol, 7.5 ml of water, and 2.5 ml of 25% 
ascorbic acid. After heating for 5 min at 70 C, 5 
ml of 10 N KOH was added for saponification. 
Aliquots of 3 ml were used for extraction. 
Aliquots of each plasma pool were extracted by 
the Bligh-Dyer (14) procedure, and methyl 
esters of the fatty acids were prepared by a 
modification of the procedure of van Wijn- 
garden (15) for analysis on an automated 
Hewlett-Packard gas chromatograph with a 
model 3352B data system. Protein analysis was 
done by an automated Folin technique (16). 

R ESU LTS 

Pentane Production 

Pentane production by rats during the third, 
fifth, sixth, and seventh weeks of feeding the 
eight diets is shown in Figure 1. Table I gives 
the statistical significance of differences be- 
tween mean values as determined by Student 's 
t-test. There were several findings of interest. 
At all four weeks of testing, pentane produc- 
tion by the CN-O E, O Se group was signifi- 
cantly (all P < 0.05 were considered significant) 
lower than by the CO-O E, O Se group, 
whereas, the production of pentane by the 
LD-O E, O Se group was lower only at week 6. 
At weeks 5, 6, and 7, there was no significant 
difference in pentane production by the CO-O 
E, O Se and CO-O E, 0.01 Se groups. The CO-O 
E, 0.1 Se and CO-O E, 1.0 Se groups had signifi- 
cantly lower pentane production than the CO-O 
E, O Se group, yet they were not  significantly 
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FIG. 1. Pentane production by rats fed diets variable in fat source, selenium and vitamin E. Rats were fed the 
diets starting at 21 days of age, and breath samples were collected during the following third, fifth, sixth, and 
seventh weeks. Pentane represents the amount of pentane expired during 10 min of sampling (1200 ml air- 
breath). The number of rats in each group was six except where indicated: a=5, b=4, and c=2. Bars represent 
mean • standard deviation. 

different from each other. Only at week 6 was 
pentane production by the CO-40 E, 0.1 Se 
group significantly lower than that of the 

CO-40 E, O Se group~ The two groups of rats 
supplemented with 40 i.u. dl-alpha tocopheroI 
acetate/kg of  diet had significantly lower pen- 
tane production than all of the rats in the non- 
supplemented groups. 

Glutathione Peroxidase 

T a b l e  II shows glutathione peroxidase 
activity in the blood of rats fed the eight diets 
for 7 wk. The effect on glutathione peroxidase 
activity of  a less than nutritionally required 
amount of selenium is shown by the absence of 
activity in the blood of rats fed a 10% corn oil 
diet with O or 0.01 mg selenium/kg of diet. 
Glutathione peroxidase activity in the CO-40 E, 
O Se group was about 16-17% of that in the 
CO-40 E, 0.I Se group or the CO-O E, 0.1 Se 
group, while the activity in the CN-O E, O Se 
group was about 10% of the levels of these two 
groups. There was a doubling of specific 
activity in the blood of rats fed a ten-fold 
greater level of selenium, that is, in the CO-OE, 
1.0 Se group. 

Animal Weight Gain and Mortality 

Table III shows the effect of the eight diets 
on final weight attained by the rats. The final 
weights attained were greatest by the groups of 

ra t s  supplemented with 0.1 or 1.0 ppm 
selenium, regardless of dietary vitamin E con- 
tent. By the seventh week, statistical analysis of 
the data by Student's t-test showed no dif- 
ference in weights among the CO-O E, O Se, 
LD-O E, O Se, and CN-O E, O Se groups. The 
CO-40 E, 0.1 Se group of rats was significantly 
(P < 0.01) heavier than the CO-40 E, O Se 
group. The mean weight of the CO-O E, O Se 
group was significantly lower than that of any 
other corn oil-fed group except for the CO-O E, 
0.01 Se group as indicated. CO-40 E, 0.1 Se, P 
< 0.001; CO-40 E, O Se, P <  0.02; CO-O E, 1.0 
Se, P <  0.001; CO-O E, 0.1 Se, P <  0.001;and 
CO-O E, 0.01 Se, N.S. 

D e a t h s  r e s u l t i n g  f rom dietary causes 
occurred mainly in the group fed lard as a fat 
source; one rat died during week 5, two during 
week 6, and one during week 7. During week 7, 
one rat from the CO-O E, 0.01 Se group died. 
Hematuria and rusty nasal secretions were 
noted during the sixth and seventh weeks in all 
groups but the vitamin E-supplemented groups. 

Plasma and Diet Vitamin E 

Analyses of total tocopherols were done on 
two different days with duplicate samples of 
pooled plasma from rats in the eight dietary 
groups and in triplicate samples of the diets. 
The average values obtained for the plasma 
samples were (mg/100 ml): CO-O E, O Se, 0.12; 
CO-O E, 0.01 Se, 0.22; CN-O E, O Se, 0.18; 
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TABLE I 

Significance of Differences in Pentane Production by Rats Fed Varying 
Levels of  Vitamin E and Selenium and Different Fat Sources a 

399 

Dietary groups compared b 

Week 

3 5 6 7 

CO-O E, 
CO-O E, 
CO-O E, 
CO-O E, 
CO-o E, 
CO-O E, 
CO-O E, 
CO-O E, 
CO-O E, 

Se vs. CN-O E, O Se c 
O Se vs. LD-O E, O Se c 
O Sed vs. CO-O E, 0.01 Se 
O Se d vs. CO-O E, 0.1 Se e 
O Se d vs. CO-O E, 1.0 Se c 
O Se vs. CO-40 E, O Se e 
O Se vs. CO-40 E, 0.1 Se c 
0.01 Sevs.  CO-O E. 0.1 Se c 
1.0 Se e Vs.CO-O E, 0.01 Se 

CO-O E, 1.0 Sevs. CO-O E, 0.1 Se 
CO-40 E, 0.I Se c vs. CO-40 E, O Se 
CN-O E, O Se c vs. LD-O E, O Se d 
CO-40 E, O.1 Se c vs. CO-O E, 0.1 Se 

<.01 c <.05 c < . 0 l  c <.01 c 
NS NS <.05 c NS 

<.02 d NS NS NS 
<.02 d <.02 c <.01 c <.02 c 
<.05 d NS <.05 c <.02 c 

NS <.001 c <.001 <.001 c 
NS <.001 c <.001 c <.001 c 
NS <.01 c <.01 c <.05 c 
NS NS <.02 c <.05 c 
NS NS NS NS 
NS NS <.01 c NS 

<.05 c NS <.05 d NS 
NS <.02 c <.001 c <.001 c 

ap values determined by Student 's  t-test. 
bDiets are described in Materials and Methods. 
c,dp value and dietary group with same superscript refers to group with lowest pentane 

production.  

TABLE II 

Effect of  Dietary Vitamin E and Selenium on 
Rat Blood Glutathione Peroxidase a 

TABLE III 

Effect of Vitamin E, Selenium, and 
Fat on Rat Weight a 

Diet b Specific activity c Diet Body wt  b 

CO-O E, O Se 0o0 CO-40 E, 0.1 Se 291.8 +- 21.1 
CO-O E, 0.01 Se 0.0 CO-40 E, O Se 252.1 + 21.6 
LD-O E, O Se 0.0 CO-O E, 0.01 Se 212.0 + 33.6 
CN-O E, O Se 2.4 -+ 3 CO-O E, 0.1 Se 305.0 + 34.4 
CO-o E, 0.1 Se 22.9 + 3.7 CO-O E, 1.0 Se 294.5 -+ 16.8 
CO-O E, 1.0 Se 41o3 +_ 3.3 CO-O E, O Se 216.2 +_ 21.5 
CO-40 E, O Se 4.0 _+ 1.7 CN-O E, O Se 234.1 _+ 32.2 
CO-40 E, 0.1 Se 25.0 -+ 3.7 LD-O E, O Se 211.7 +- 27.8 

aRats were fed their  respective diets s tar t ing at day 
21 for 7 wk  prior to collection of blood. 

bDiets are described in the text .  Fat source, i.u. 
dl-alpha tocopherol  acetate]kg and mg selenium]kg are 
indicated. 

CNanomoles NADPH oxid ized /min/mg protein. The 
values are the mean -+ SD for activity in whole blood 
from three rats in each dietary group except  for the 
LD-OE, O Se group, from which blood from two rats 
was analyzed. 

CO-40 E, O Se, 0.69; CO-O E, 1.0 Se, 0.16; 
LD-O E, O Se, 0.18; CO-40 E, 0.1 Se, 0.52; and 
CO-O E, 0.1 Se, 0.14. The average value for the 
vitamin E in plasma of the rats not  supple- 
mented with vitamin E was 0.17 mg/100 ml, 
and for the vitamin E-supplemented rats, the 
a v e r a g e  v a l u e  w a s  0 .61  r a g / 1 0 0  ml .  T h e  a v e r a g e  

v a l u e s  o f  v i t a m i n  E o b t a i n e d  f o r  f o u r  o f  t h e  
d i e t s  w e r e  ( m g / k g  d i e t ) ;  LD-O E, O Se, 2 .4 ;  

CN-O E, O Se, 5 .9 ;  CO-O E, O Se, 3 .9 ;  a nd  
C O - 4 0  E, O Se, 44 .  

Plasma Fatty Acid Analysis 

F a t t y  acid analysis on pooled plasma 

aWeights are final weights at tained by 7 wk of  
feeding the diets. 

bWeight in g +- std. dev. 

s a m p l e s  f r o m  r a t s  f ed  t h e  e i g h t  d i e t s  was  d o n e  
p r i m a r i l y  t o  c o m p a r e  t h e  r e l a t i v e  a m o u n t s  o f  

l i n o l e i c  ac id  and  a r a c h i d o n i c  ac id .  T h e  r e l a t i v e  
a m o u n t s  o f  t h e s e  t w o  f a t t y  a c i d s  w e r e  ( l i n o l e i c  

ac id ,  a r a c h i d o n i c  ac id ,  w t  %): CO-O E, O Se, 
25.9, 23.3; CO-O E, 0 .01 Se, 25 .1 ,  2 4 . 6 ;  CO-O 

E, 0.1 Se, 20 .9 ,  2 3 . 5 ;  CO-O E, 1.0 Se, 20 .5 ,  
2 9 . 6 ;  C O - 4 0  E, O Se, 24 .0 ,  2 8 . 0 ;  C O - 4 0  E, 0.1 

Se, 23 .7 ,  2 8 . 7 ;  CN-O E, O Se, 10 .0 ,  18 .9 ;  and  

LD-O E, O Se 12.3,  18.5.  

DISCUSSION 

As summarized previously (9), pentane has 
been shown by other workers to derive from 
oxidized linoleic acid (4,17) or from lipoxidase 
oxidized linoleic acid (2,18,19). Dumelin and 
Tappel (20) showed in vitro that decomposit ion 
of preformed linoleate hydroperoxide yielded 
t.3 mol % pentane. As one would expect the 
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peroxidation of linoleic acid in vivo to be 
dependent upon the amount of linoleic acid 
provided by the diet and upon the antioxidant 
status of an animal, the aim of this study with 
rats was to investigate some of the relationships 
among linoleic acid, vitamin E, selenium, and 
pentane production. A diet doubly deficient in 
vitamin E and selenium was chosen in order to 
determine whether the effect of selenium, pre- 
sumably via glutathione peroxidase activity, 
could be determined in the absence of vitamin 
E in the diet. A vitamin E-deficient diet is 
known to increase pentane production in rats 
(9). Interrelationships between vitamin E and 
selenium have been studied by many, but it has 
been difficult to obtain a quantitative approxi- 
mation of the protective effect of selenium 
against lipid peroxidation in relationship to the 
protection afforded by vitamin E. Three fat 
sources were chosen for use in the hope of pro- 
viding differing levels of linoleic acid in the 
diet. Corn oil, lard, and coconut oil have been 
reported to contain about 34%, 6%, and trace 
amounts of linoleic acid, respectively (21). 

Selenium in the diet had a very definite 
effect on decreasing the production of pentane 
by rats fed a vitamin E-deficient 10% corn oil 
diet. This effect was related to the activity of 
b l o o d  g lu ta th ione  peroxidase. The blood 
glutathione peroxidase activity probably can be 
considered a good index of selenium status in 
the rat. When fed a selenium-deficient diet, 
weanling rats lose their glutathione peroxidase 
activity in 4-5 weeks (22). The doubling of 
glutathione peroxidase activity when the diet 
level was increased from 0.1 to 1.0 mg/kg of 
diet confirms the log relationship of dietary 
selenium levels to the glutathione peroxidase 
level in plasma reported by Smith et al. (23). A 
nutritionally adequate level of selenium de- 
creased the production of pentane by a factor 
of two. For growth in rats, the nutritional level 
recommended is 0.04 mg/kg of diet (24). How- 
ever, increased dietary selenium above the 
recommended level did not further decrease 
pentane. 

Coconut oil or lard in the vitamin E- and 
selenium-deficient diet resulted in a level of 
about one-half of the pentane produced by rats 
fed a diet with corn oil by 7 wk. The decreased 
pentane was related to the lower amount of lin- 

oleic acid in the diet and linoleic and arachio 
donic acid in the plasma. Plasma fatty acids 
can be used as a reflection of the composition 
of dietary fat in short range experiments (25). 
It was expected that the coconut oil diet 
would have a lower level of linoleic acid 
than the lard diet, but fatty acid analysis 
of the plasma of rats at the termination of 

the experiment showed no difference in the 
amount of linoleic and arachidonic acid in the 
plasma of rats fed these two diets. 

The effect of feeding 40 i.u. dl-alpha toco- 
pherol acetate/kg of diet (CO-40 E, O Se or 
CO-40 E, 0.1 Se) for 7 wk was to decrease pen- 
tane production to one-sixth that produced by 
rats fed no vitamin E (CO-O E, O Se). The lack of 
difference between production of pentane by 
the  v i tamin  E-supplemented rats not fed 
selenium and those fed 0.1 mg selenium/kg of 
diet suggests that at this level of vitamin E 
supplementation no further effect of selenium 
on pentane production could be seen. 

A comparison of pentane production by rats 
fed a vitamin E- and selenium-deficient Torula 
yeast-based diet with 10% corn oil and supple- 
mented with 0.4% methionine was made with 
that produced by rats fed a casein-based, 10% 
corn oil and tocopherol-deficient diet (9). 
Pentane production by rats fed these two diets 
supplemented with 40 i.u. dl-alpha tocopherol 
acetate/kg of diet was comparable at weeks 5, 
6, and 7. Rats fed the Torula yeast-based and 
m e t h i o n i n e - s u p p l e m e n t e d  vitamin E- and 
selenium-deficient diet in this study produced 
16% less pentane by week 7 than did the rats 
fed a t0copherol-deficient, casein-based diet in 
the previous study (9). Since the fat source, 
10% corn oil, was the same in the diets, one can 
speculate that L-methionine provided some pro- 
tection to the rats. Hafeman and Hoekstra re- 
por ted  that methionine was protective as 
indicated by lower ethane production by 
methionine-fed rats treated with carbon tetra- 
chloride than by similarly treated rats not fed 
methionine (7). 

The results obtained in this study are in 
accord with present concepts of in vivo lipid 
peroxidation and its inhibition by vitamin E 
and selenium-glutathione peroxidase. Overall 
lipid peroxidation in bulk lipids is proportional 
to the content of polyunsaturated fatty acids 
and  inverse ly  proportional to the chain- 
breaking antioxidant (26), in this case, vitamin 
E. As an example of a study of the above, 
Witting (27) studied the relationship of vitamin 
E to polyunsaturated lipids in the diet and 
tissues. Results of this study and of others show 
that the above relationship holds in vivo. In 
vivo lipid peroxidation is known (28) to be 
initiated by reactions of the endoplasmic reti- 
culum. Organs that are probable major sources 
of in vivo lipid peroxidation per unit  weight 
would include liver and testes. Hydroperoxides 
produced by in vivo lipid peroxidation at a 
steady state concentration may be reduced by 
selenium-glutathione peroxidase. The amount 
of hydroperoxides reduced should be propor- 
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t iona l  to  the  a m o u n t  of  e n z y m e  presen t ,  al- 
t h o u g h  McCay et al. (29)  f o u n d  no  h y d r o x y  
f a t t y  acids p roduced  in v i t ro  w h e n  mic rosoma l  
p h o s p h o l i p i d  pe rox ides  were i n c u b a t e d  wi th  
g lu t a th ione  peroxidase .  G l u t a t h i o n e  pe rox idase  
may  f u n c t i o n  to  p reven t  the  in i t i a t ion  of  
p e r o x i d a t i o n  by  H 2 0 2  in vivo, since H 2 0 2  is an 
exce l len t  subs t ra t e  for  the  e n z y m e  as f irst  re- 
p o r t e d  by  Mills (30) .  Pen t ane  is p r o d u c e d  f rom 
h y d r o p e r o x i d e s  by  meta l -ca ta lyzed  decompos i -  
t ion  (20). The  m e t h o d  descr ibed  in th is  pape r  
measures  the  t o t a l  b o d y  p r o d u c t i o n  of  p e n t a n e  
as i t  is expi red  in the  b rea th .  A l t h o u g h  it is a 
m i n o r  p r o d u c t  (20)  of  in vivo lipid pe rox ida-  
t ion,  p e n t a n e  offers  a n u m b e r  of  advantages  for  
m e a s u r e m e n t .  Once p r o d u c e d  it  is an iner t  
p r o d u c t  in con t r a s t  to  mos t  of  the  p r o d u c t s  of  
l ipid pe rox ida t ion .  I f  t he re  are o t h e r  sources  of  
pen tane ,  they  are small  e n o u g h  n o t  to  in te r fe re  
wi th  the  p r imary  m e a s u r e m e n t .  The  very low 
level of  p e n t a n e  p r o d u c e d  by  the  rats  fed the  
CO-40 E, 0.1 Se diet  was cons idered  to  arise 
f rom very low level l ipid p e r o x i d a t i o n  in vivo. 
Pentane ,  t h o u g h  soluble  in fat ,  is t r a n s p o r t e d  to 
and  volat i le  enough  to be degassed t h r o u g h  the  
lungs. The  t e c h n i q u e  descr ibed makes  i t  pos- 
sible to  app ly  noninvas ive  m e a s u r e m e n t s  to  
animals.  

The  lower  weight  a t t a i n m e n t  by  four  groups  
of  ra ts  (CO-O E, O Se, LD-O E, O Se, CN-O E, 
O Se, and  CO-O E, 0.01 Se) was related to  a 
def ic iency of  d ie ta ry  v i t amin  E and se lenium,  
bu t  no t  necessar i ly  to  the  fat  source. The  
f indings  suggest an a p p a r e n t  grea ter  in f luence  
of  se lenium than  of  v i t amin  E on  the  weight  
a t t a ined  by  the  ra ts  dur ing  seven weeks of  
feeding the special diets  (see Table  II). 

D e a t h s  r e s u l t i n g  f r o m  die ta ry  causes 
occur red  ma in ly  in the  group of  ra ts  fed lard as 
the  fa t  source. In a s tudy  of  essential  f a t t y  acid 
d e f i c i e n c y ,  K a u n i t z  ( 3 1 )  c o m p a r e d  the  
mor t a l i t y  of  rats.  Dur ing  the  first  year ,  the  
mor t a l i t y  was a b o u t  the  same for  ra ts  fed coco- 
nu t  oil, lard,  and  co rn  oil, so the  dea ths  were 
p r o b a b l y  un re l a t ed  to essential  f a t ty  acid 
def ic iency.  H a f e m a n  and  Hoeks t ra  (8)  found  
dea ths  w i th  h e m a t u r i a  and  lung and  liver 
n e c r o s i s  3 5 - 1 0 5  d a y s  a f t e r  f e e d i n g  a 
m e t h i o n i n e - s u p p l e m e n t e d  Toru la  yeas t -based  
diet  s imilar  to  the  d ie t  fed to  the  ra ts  in th is  
s tudy.  

Observa t ions  t h a t  p e n t a n e  p r o d u c t i o n  is re- 
la ted to  d ie ta ry  l inoleic acid, v i t amin  E, and  
selenium,  via g lu t a th ione  peroxidase ,  are of  
in te res t  in  themselves ,  bu t  the  impl i ca t ions  of  
the  wider  appl icabi l i ty  of  the  t e c h n i q u e  to areas 
involving l ipid p e r o x i d a t i o n  is of  even grea te r  
in teres t .  Ev idence  for  l ipid p e r o x i d a t i o n  be ing  
involved in hepa t i c  in jury  has  been  s h o w n  in 

rats  fo l lowing t r e a t m e n t  wi th  hyd raz ine  (32),  
acute  and  ch ron ic  doses of  e t hano l  (33) ,  acute  
and  ch ron ic  doses of  ca rbon  t e t r ach lo r ide  
(9 ,34 ,35)  and o ro t i c  acid (36) ,  and dur ing  
chol ine  def ic iency  (37) .  The  in jury  induced  by 
these  h e p a t o t o x i c  agents ,  as well as l ipid peroxi-  
da t ion  in the  livers is mod i f i ab l e  by  ant ioxi -  
dan t s .  Bo th  l ipid-soluble  and  water -soluble  
a n t i o x i d a n t s  m o d i f y  e thanol -  and c a r b o n  tetra-  
ch lo r ide - induced  in jury ,  even t h o u g h  the  s teps 
in the i r  me tabo l i sm to  the  toxic  species is by  a 
d i f fe ren t  rou t e  (38) .  In 1973, Di Luzio (38)  
s ta ted  tha t  the  l ipid p e r o x i d a t i o n  c o n c e p t  had  
gained increased suppor t ,  bu t  t ha t  the  val id i ty  
of  the  c o n c e p t  was ye t  to  be unequ ivoca l ly  
es tabl ished.  Use of  the  b r e a t h  analysis  for  pen-  
tane,  which  arises in vivo dur ing  l ipid peroxida-  
t ion,  shou ld  prove  useful  to  more  f i rmly 
es tabl ish  this  process  as be ing  basic to  m a n y  
types  of  liver in jury  or damage caused by  toxic  
substances .  
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