
15.12. 1967 Specialia 1003 

Longevity, Hepatic Lipid Peroxidation and 
Hepatic Fatty Acid Composition of Mice Fed 
Saturated or Unsaturated Fat-Supplemented 

Diets 

The  grea te r  the  degree  of u n s a t u r a t i o n  of a fat ,  t he  
more  suscept ib le  i t  is to  ox ida t ion ,  w i th  t he  p r o d u c t i o n  of 
f a t t y  acid perox ides  L These  pe rox ides  have  been  s h o w n  
to have  m a n y  dele ter ious  effects,  a m o n g  then~ a d a m a g i n g  
effect  on m e m b r a n e s  and  subcel lular  s t ruc tu res  2 and  on 
proteins~, inc lud ing  mi tochondr i a l  ox ida t ive  enzymes  8. 
The free radical  and  perox ide  p r o d u c t s  of fa t  ox ida t ion  
have  been  impl ica ted  as in i t i a t ing  and /o r  acce lera t ing  
factors in ageing% carcinogenesis  4,5, a therosclerosis  8 and  
liver damage  ~. V i t a m i n  E and  se lenium have  been  shown  
to inh ib i t  t h e  d a m a g e  to  biological m e m b r a n e s  and  pro-  
teins due  to  l ipid pe rox ida t i on  *. In  o the r  s tudies  long 
terra a d m i n i s t r a t i o n  of a n t i o x i d a n t s  to  mice  has  been  
shown to  increase the i r  l i fespan a n d  to  inh ib i t  t h e  
d e v e l o p m e n t  of s p o n t a n e o u s  cancer  s 

I f  t he  inges t ion  of increased a m o u n t s  of u n s a t u r a t e d  
fat  resul ts  in t he  ingest ion of more  ox ida t ion  p roduc t s ,  or  
an increased in vivo p roduc t ion  of t he  l a t t e r  subs tances ,  
the  organism,  accord ing  to  t he  above  evidence,  would  be 
expec ted  to  exh ib i t  an earlier and  h igher  inc idence  of 
degenera t ive  and  neoplas t ic  disease, wi th  a r e su l t an t  de- 
creased l ifespan. The  p r e sen t  inves t iga t ion  was  des igned 
to  t e s t  th is  h y p o t h e s i s  by  feeding several  large groups  of 
mice lifelong diets  of d i f fe ren t  fa t  c o n t e n t  and  degree  of 
unsa tu ra t ion .  

Mater ia l s  and  methods. One h u n d r e d  and  e igh ty  male  
LAF1]  mice and  180 male  C 3 H / H e J  mice ( Jackson  
Labora to ry ,  Ba r  Harbor ,  Maine) were  ob ta ined  a t  4 weeks 
of age, d iv ided  in to  6 groups  of 60 each  a n d  fed t h e  
following d ie ts :  groups  I (LAF1J) and  IV (C3H/HeJ)  - 
Stock d ie t  (Pur ina  C h o w ) +  15% sucrose,  groups  I I  
(LAF~J) a n d  V (C3H/HeJ)  - s tock  + 15% h y d r o g e n a t e d  
coconut  oil (HCNO), groups  I I I  (LAF~J) a n d  VI  (C3H/HeJ) 

s tock + 15% saff lower oil (SFO). The  sucrose and  oils 
were b lended  wi th  t he  powdered  d ie t  in an  electr ic  mixer .  
Fresh  diets  were  p repa red  weekly  and  s to red  in the  
refr igerator .  The P u r ina  L a b o r a t o r y  Chow con ta ined  
8.17 X 10 -~ g of b u t y l a t e d  h y d r o x y a n i s o l e / p o u n d  of 
Labo ra to ry  Chow, an a m o u n t  suff ic ient  to  r e t a rd  oxida-  
t ion in the  5% fa t  in the  Chow, b u t  insuff ic ient  for t he  
added  saff lower oil. Ne i the r  of t he  oils con ta ined  added  
an t iox idan t s ,  and  the  diets  were  n o t  covered  w i t h  n i t rogen  
while s tored.  The sucrose, HCNO and  SFO were  a d d e d  to  
the  s tock  d i e t  in 5% inc remen t s  every  2 weeks  unt i l  t he  
15% level was  reached .  The  mice  were  t h e n  m a i n t a i n e d  
on these  d ie ts  for the i r  en t i re  l ifespan. We igh t s  were  t aken  
a t  m o n t h l y  in tervals .  VChen p re - t e rmina l  (12-24 h before  
an t i c ipa t ed  death) ,  t he  mice were  Mlled b y  i.p. in jec t ion  
of sod ium pen toba rb i t a l .  Po r t i ons  of l iver were  o b t a i n e d  
and  assayed  for lipid p e r o x i d a t i o n  in v i t ro  as descr ibed  
by BARBERL The l ivers were homogen ized  in 0 .01M 
.Phosphate buffer ,  p H  7.0, con ta in ing  0 .15M NaC1, and  
incuba ted  for 90 min  in air  a t  37°C. Af te r  add i t ion  of 
1.0 ml of 30% t r ich lorace t ic  acid and  1.0 ml of 0.75% 
2- th iobarbi tur ic  acid, t he  mix tu r e  was  hea t ed  a t  100°C 
for 15 min,  cooled, cen t r i fuged  and  the  opt ical  dens i t y  
read a t  530 n m  in a B e c k m a n  Model  DB spec t ropho to -  
meter .  Malonyl  d i a ldehyde  p r epa red  by  hydro lys is  of 
1, 1, 3, 3 - t e t r a e t h o x y p r o p a n e  was used as a s t a n d a r d  ~0. 

Po r t ions  of the  livers were  also e x t r a c t e d  in methy la I -  
m e t h a n o l  4 :1 ,  t h e  to ta l  l ipids isolated,  purif ied,  h y d r o -  
lyzed and  m e t h y l a t e d ,  and  t h e  m a j o r  f a t t y  acids ana lyzed  
by  gas- l iquid c h r o m a t o g r a p h y  us ing d ie thy lene  glycol 

Table I. Longevity, body weights, hepatic peroxide values and 
hepatic fatty acid compositions of LAF1J mice on different fat- 

containing diets 

Group 

Diet 

I II III 

Stock + 15% Stock + 15% Stock + 
sucrose HCNO 15% SFO 

Age at death (mos.) a 20.2 + 4.2 21.4 6- 3.1 21.1 6- 3.4 

Weight at death (g) • 34.5 -1- 5.1 36.2 6- 6.3 37.5 -I- 6.6 

Peroxide valueb 68 -I- 6 63 4. 5 64 6- 5 

Fatty acids e 

16:0 30.44-8.0 27.34.4.6 17.14- 7.9 
16:1 4.5-4-2.1 2.6 :t: 1.0 2.04- 0.5 
18:0 12.3-t-4.6 16 .1=t=4.1  10.2-4-  6.9 
18:1 27.24-9.1 24.34.8.5 13.9-4-  6.4 
18:2 16.6 q- 3.2 18.3 4. 2.8 44.6 4- 10.3 
20:4 9.04-4.0 11.54-5.0 12.24- 5.7 

Results are expressed as mean of all animals =t= standard deviation. 
Abbreviations: HCNO, hydrogenated coconut oil; SFO, safflower 
oil. b Peroxide values are expressed as/~gms malonyl dialdehyde/gm 
liver, c Percentages of total fatty acids. Peroxide values and fat ty  
acids are the means of 30 determinations on livers of preterminal 
mice at the mean ages indicated -4- standard deviations. 

Table If. Longevity, body weights, hepatic peroxide values and 
hepatic fatty acid compositions of C3HIHeJ mice on different Fat- 

containing diets • 

Group 

Diet 

IV V VI 

Stock + 15% Stock + 15% Stock + 
sucrose HCNO 15% SFO 

Age at death 16.8 -4- 4.5 17.3 :t: 3.9 15.8 4. 3.8 

Weight at death 30.8 4- 3.4 28.6 4. 3.7 29.0 + 3.9 

Peroxide value 65 ± 7 70 6- 6 64 4- 4 

Fatty acids 
16:0 26.6 q- 5.7 24.5 4. 6.2 22.2 ± 4.9 
16:1 5.6 4- 1.1 4.2 6- 0.9 1.3 -4- 0.5 
18:0 13.8 4- 2.4 14.0 :t: 3.1 16.5 6-3.2 
18 : 1 31.9 -t- 4.8 32.2 4- 2.5 8.9 -4- 1.3 
18 : 2 12.7 -4- 2.0 14.0 ± 1.9 37.2 + 6.9 
20;4 9.4 + 2.5 11.0 4- 2.1 13.9 + 4.3 

For explanation see Table I. 
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succinate  on A n a k r o m  AB 110/120 a t  180 °C. All the  l ipid 
me thods  have  been previous ly  described n. 

The  probabi l i t ies  t h a t  differences in the  da t a  were due  
to  chance  were ca lcula ted  by  the  t test .  

Results and discussion. As indica ted  in Tables  I and II ,  
a l though  the  long t e r m  admin i s t r a t ion  of a 15 % saff lower 
o i l -conta ining die t  resul ted in a 2-3-fold increase in the  
percen tage  of  linoteic acid in the  l ivers of bo th  the  LAF1J  
and  t h e  C 3 H / H e J  s t ra ins  of mice, t he  levels  of th iobar-  
bi tur ic  acid  reac t ing  substances  (expressed as ma lony l  
dia ldehyde)  were  no t  increased as compared  to  the  groups 
on the  hyd rogena t ed  coconut  oi l -containing d ie t  or  the  
groups wi th  no added  fat.  The  longev i ty  of t he  safflower 
oil fed mice was also no t  s ignif icant ly  affected as compared  
to  t he  o ther  2 groups.  

I n  one prev ious  inves t iga t ion  the  add i t ion  oI oxidized 
hog fa t  to  the  diet  of rats  resul ted in a s ignif icant  weight  
loss ~. The  weight  curves  of the  mice in the  present  
expe r imen t  and the  t e rmina l  body weights  g iven in Tab le  
I indicate  t h a t  the  safflower oil-containiflg die t  did no t  
resul t  in a lower ra te  of weight  gain or  a loss of weight  in 
e i ther  of the  mouse  strains.  

The  results of this invest igat ion,  therefore,  do no t  
suppor t  the  hypothes is  t h a t  a modera t e  increase in d ie ta ry  
unsa tu ra ted  fat  has  a deleterious effect on. the  organism. 
The effects of the  admin i s t r a t ion  of high concent ra t ions  
of f a t t y  acid ox ida t ion  p roduc t s  to animals,  as has been 
done in some previous  studies ~,v,l* canno t  jus t i f iably  be 
ex t r apo la t ed  to impl ica te  unal te red  d ie ta ry  unsa tu r a t ed  
fat  as p roduc ing  increased neoplast ic  and degenera t ive  

disease and decreased longevi ty .  A l though  the  t issue levels 
of unsa tu ra t ed  fat  are  increased, t h e y  e i ther  do no t  have  
an increased suscept ibi l i ty  to  ox ida t ion  in v ivo,  as has 
been suggested 18, or if peroxides  and free radicals  are 
formed they  are  so rapid ly  metabol ized  so as no t  to have  
an adverse  effect  ~. 

Zusammen/assung. M~use, die w~hrend des ganzen Le- 
bens N a h r u n g  mi t  15% Safbtumen61 aufnahmen,  zeigten 
eine S te igerung des Linols£uregehal tes  der  Leber .  Dieses 
F u t t e r  bl ieb ohne  W i r k u n g  auf  die H 6 h e  der  Oxyda t ions -  
p rodukte ,  Gewich t skurven  oder  Langleb igke i t  der  Ver-  
suchstiere,  dies im Gegensa tz  zu M~usen, die im F u t t e r  
15% geh~rte tes  Kokosnuss61 oder  kein zus~tzliches F e t t  
bekamen.  
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Zur Kenntnis  der Blattlipide von Acer plata- 
noides L. w~ihrend der herbstltchen Vergtlbung 

Die herbst l iche Verg i lbung  gewisser Laubb~.ume ist  m i t  
einer chemischen Ver/~nderung der Bla t t l ip ide  verbunden ,  
welche nach  den bisherigen Un te r suchungen  durch  zwei 
Ersche inungen  gekennze ichnet  ist, Einersei ts  werden neue 
Verb indungen  gebildet,  die im gri inen B la t t  n ich t  vor-  
kommen.  Zu diesen gehSren eine 1Reihe yon Xan thophy l l -  
estern ~-~. Andersei ts  beobach te t  m a n  eine deut l iche Ver- 
minderung  gewisser L ip idkomponen ten ,  wie des fl-Carotins 
und der unges/ i t t ig ten Fet t s~uren* oder  sogar ein voll-  
st~indiges Verschwinden wie im Fal le  des Chlorophylls .  
Verschiedene Beobach tungen  lassen darauf  schliessen, 
dass das Chlorophyl l  zwar entf~rbt ,  aber  n ich t  vol ls t~ndig 
abgebau t  wird.  FISCHER et  a l )  und HROMATKA et  al. 6 
haben  nAmlich seinerzei t  gefunden,  dass beim Abbau  des 
Chlorophylls  der  Phy to l r e s t  e rha l ten  bleibt ,  konn ten  aber  
fiber dessen Bindungs fo rm keine wei teren Angaben  
m~chen. 

Im Zuge unserer Untersuchungen tiber die Lipide ver- 
gi lbender  BlOtter  haben  wir  uns mi t  dem wei teren Schick- 
sal des Phy to l s  n~her  befasst.  Bei  der  Auf t r ennung  yon  
L ip idex t r ak t en  aus gelben B1/ittern yon Acer platanoides 
L. auf  DC-P la t t en  konnten  wir  Ireies P h y t o l  nu r  nach  
vorher iger  alkal ischer Verseifung nachweisen.  Dies be- 
deute t ,  dass P h y t o l  in diesen Bl~Lttern nu t  als Es t e r  vor-  
liegt. Zu seiner Ident i f iz ie rung  bedien ten  wir uns eines 
nat i i r l ichen PrRparates  ~, wobei  die Alkohole in freier 
F o r m  und als  3 ,5-Dini t robenzoate  auf DC-P la t t en  chro- 
ma tograph ie r t  wurden.  Durch  p repa ra t ive  Trennung  des 
L ip idex t rak tes  auf  Di innsch ich tp la t t en  gelang es, die 

phy to lha l t ige  Verb indung  anzureichern.  N a c h  alkal ischer 
Verseifung wurden  die Hydro ly sep roduk te  ident i f iz ier t  
und  q u a n t i t a t i v  bes t immt .  Die Alkoholkomponente ,  zur 
Haup t s ache  aus P h y t o l  bes tehend,  wurde  nach  der 
Methode  yon W~IGEL 8 bes t immt .  Die S~urekomponente  
wurde  als Methyles te r  im Phasenumkehrve r f ah ren  auf 
DC-P la t t en  und gaschromatograph isch  untersucht ,  und 
war  ident lseh  m i t  Linolens~,ure (Ag,x~,16-Octadecatrien- 
siiure). Zur  q u a n t i t a t i v e n  B e s t i m m u n g  wurde  ein yon 
ROTHBLAT et  a12 ffir Squalen  verwende tes  und nach 
unseren E r f ah rungen  auf  Polyensi iuren t iber t ragbares  
Verfahren  verwendet .  

Da  die be iden K o m p o n e n t e n  fast  rein und  in nahezu 
i tquimolaren Mengen vorl iegen (Tabelle I), schliessen wir, 
dass dieser Es te r  aus Phy ty l l i no l ena t  besteht .  

N a c h d e m  in Herbstbl~i t tern wiederhol t  Es te r  der 
Linolensi iure naehgewiesen wurden  l-s, die in gri inen 
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