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I n  ear l ier  s tudies  (1) we have  found  t h a t  d ie ts  con ta in ing  30~/o la rd ,  cor- 
r e spond ing  to  a d i e t a r y  level  o f  l inoleic ac id  be tween  1.5 and  1.6 ~o, are  su i tab le  
for p roduc t i on  of  encepha lomalac i a  in  young  chicks u n d e r  t h e  condi t ions  
usua l ly  e m p l o y e d  in our  l abo ra to ry .  

U n d e r  these  condi t ions ,  a n  inc idence  of  encepha lomalae i a  of  50~/o o f  t h e  
chicks could  be o b t a i n e d  wi th  a d i e t a r y  level  of  0.37 nag d -~- tocophero l  ace t a t e  
pe r  100 g die t .  

I n  t he  p re sen t  e x p e r i m e n t s  we have  e x a m i n e d  the  ques t ion  whe the r  t h e  
r e q u i r e m e n t  for  d -~ . toeophero l  ace t a t e  increases  when the  d i e t  conta ins  h igher  
a m o u n t s  of  l inoleic ac id  t h a n  used  in  t he  a b o v e - m e n t i o n e d  s tudy .  

To th i s  end  we have  recorded  the  inc idence  o f  eneepha lomalac i a  in chicks 
r ea red  on d ie ts  w i th  di f ferent  levels of  l inoleie ac id  a n d  di f ferent  levels  o f  
d -~- tocophero l  ace ta te .  

Experimental 

The different levels of dietary linoleic acid were provided in the form of lard and lard 
supplemented with corn oil or sunflower seed oil freed from tocopherols by adsorption on 
filtrol. 

The adsorption procedure was carried out in the following way: Corn oil and sunflower 
seed oil were dissolved in petroleum ether, b .p.  50-60 ~ 20 vol. oil in 100 vol. of the 
solution. The solutions were passed through approximately 7 cm layers of activated filtrol 
(from Filtrol Corporation, Vernon, Calif., U.S.A.) on glass flitted filters under light suction. 
The filtrol was activated by being heated at 100 ~ for 48 hours. Approximately 500 g 
filtrol was used for 2 liter solution. The filtrate was tested for reducing material with 
EMMERIE-ENGEL reagent, and when the test was positive, filtered again through activated 
filtrol until the test was negative. The filtrel treated solution was concentrated by distilling 
off the main part  of the petroleum ether, whereafter the rest of the solvent was removed in 
vacuo. 

The fat ty acid pattern of the filtrel treated oils was determined by gas-liquid chromato- 
graphy on a Podbielniak Chromacon apparatus with a diethyleneglycol-succinate phase, 
coated on acid-washed Chromosorb W (15% by weight, 80-100 mesh). 

The experimental diets were modifications of diet no. 4 in our previous paper (1). The 
compositions, except the additions of d-~-tocopherol acetate, are indicated in table I. 

The additions of d-a-tocopherol acetate are indicated in table 3. 
Weighed amounts of d-c~-tocopherol acetate were dissolved in ethyl ether and mixed 

with casein, whereafter the ether was evaporated at room temperature. Portions of the 
casein supplemented with tocopherol acetate in this way were mixed with unsupplemented 
casein in amounts adjusted to secure the desired levels of tocopherol acetate and mixed 

17" 



2 5 4  Zeitschri]t /i~r Ern~hrungswissenscha/t, Band 6, He/t 4 

with  the  other  non-lipid const i tuents  of the  diet. Lard  and  filtrol t rea ted  oils were then  ad- 
ded in the  proportions indicated. Amouuts  of diet sufficient for one week were prepared a t  
a t ime and  stored in closed containers a t  minus 20 ~ 

Table 1. Composition of the  experimental  diets 

Diet no. I II III IV 1 r 

g g g g g 

Casein, Vi tamin Test  1) 30 30 30 30 30 

Gelat in 3 3 3 3 3 

Sal t  mixture  2) 5.17 5,17 5,17 5.17 5.17 

Vi tamin  B mixture  2) 0.1 0.1 0.1 0.1 0.I 

Choline chloride 0.2 0.2 0.2 0.2 0.2 

Corn s tarch  31.53 31.53 31.53 31.53 31.53 

Lard  s) 30 27 24 27 22 

Fi l t rol - t reated corn oil 3 6 
Fi l t rol- t reated sunflower seed off 3 8 

i00.00 100.00 100.00 100.00 100.00 
Vi tamin  K subs t i tu tO)  1 mg  1 mg 1 mg 1 mg  1 mg 

Selenium dioxide 0.14pg 0.14pg 0.14#g 0.14ttg 0 . I4pg  

1) F rom Genatosan Ltd.,  Loughborough,  England.  ~) D ~  and  S ~ N D ~ R G ~ D  (2). 
*) F rom Andclssvineslagteriet,  Hillerod, Denmark.  4) Synkavit ,  Roche (di-calcium salt of  
2-methyl- l ,4-naphthohydroquinonediphosphorie  acid ester). 

Vi tamins  A and  D,  were given in the  form of 0.1 ml of an  aqueous solution (3) twice a 
week, corresponding to 250 i.u. v i tamin  A and  20 i.u. v i tamin  D~ per day. 

Table 2. F a t t y  acid composition of d ie tary  fats. Individual  f a t ty  acid methy l  esters as per  
cent  of to ta l  fa t ty  acid methyl  esters x) 

Dietary fat Lard Corn oil ~) Sunflower seed oil J) 

F a t t y  acid S ) 

14:0 1.2 0 t r  

16: 0 33.2 10.21 6.81 

16:1 4.0 0.76 1.43 

18: 0 14.4 1.92 4.41 

18 : 1 38.7 28.32 29.13 

18 : 2 6.6 56.42 55,77 

18 : 3 2.37 1.40 

20:1 2.0 0 0.51 

22: 0 (or: 1) t r  0.61 

1) These analyses were carried out  by  Mrs. G. HOLMEm ' )  Number  of carbon atoms and  
double bonds,  s) Ffltrol t rea ted  

Day-old chicks were kept  in brooders with  wire screen bot toms and  given the  v i tamin  
E-free s tar ter  ra t ion indicated in our previous paper  (1) for 6 days, whereaf ter  they  were 
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Table 3. Results of the feeding experiments 

Experiment no. 1 ]~xperimcnt no. 2 

D i e t  no.  I II III I I V  V 

Calculated level 
of linoleic acid 

g 100 g 1.95 3.37 4.79 1.95 3.35 5.69 

Average 
d-~-tocophcrol- :Incidence of cncephalomalacia: incidence if  

ace ta t e0  Number  of chicks with enecphalomalacia in groups of 10 chicks encephalo- 
mg/lO0 g malaeia 

0 9 8 
0.193 6 8 5 8 6.7 
0.269 7 4 5 9 5 6.0 
0.373 5 3 4 3 6 3 4.0 
0.519 3 3 0 4 4 1 2.5 
0.721 0 0 0 2 0 3 0.83 
1.00 0 1 0 1 0 0 0.33 
1.39 0 0 0 0 0 0 0 
1.93 0 0 0 0 0 
2.69 0 0 
3.73 0 

1) Obtained from Distillation Products Industries, Division of Eastman Kodak 
Company, Rochester, N. Y., U.S.A. 

divided into groups of 10 and given the experimental diets for 38 to 40 days. They were 
inspected daily; those showing signs of encephalomalacia were killed by decapitation and 
autopsied. Chicks not having shown signs of encephalomalacia were killed in the same way 
at the end of the feeding period. Encephalomalacia was diagnosed by the clinical signs and 
the macroscopic examination of the cerebrum and cerebellum. 

Resul ts  and  discussion 

Tab le  2 shows the  resul ts  of  the  gas- l iquid  c h roma tog ra ph i c  ana lyses  of  t he  
f a t t y  acid  p a t t e r n  of  t he  th ree  fa ts  u sed  in t he  diets .  The  f a t t y  ac id  p a t t e r n  is 
expressed  as a rea  per  cent  of  t he  m e t h y l  esters.  Consider ing the  q u a n t i t y  of  
nonsaponi f iab le  m a t t e r  in  t h e  fa ts  as negligible,  the  a m o u n t  of  l inoleic ac id  in 
t he  d ie t s  can  be ca l cu la t ed  f rom the  d a t a  in t a b l e  2, t he  d i e t a r y  levels  o f  t h e  
fa ts  i nd i ca t ed  in t ab le  1, and  a cor rec t ion  for  the  smal l  a m o u n t  of  l inoleic ac id  
con ta ined  in the  corn s tarch.  As shown in our  p rev ious  p a p e r  (1), 31.53 g corn 
s t a rch  furnishes  0.07 g l inoleic acid  pe r  100 g die t .  The  la rd  used  in  t he  p re sen t  
e x p e r i m e n t  h a d  a s o m e w h a t  h igher  con ten t  of  l inoleic ac id  t h a n  t h a t  u sed  
p rev ious ly  (1). 

The  ca lcu la ted  levels of  l inoleic ac id  in  the  d ie t s  a n d  the  inc idences  of  
encepha lomalae ia  found  a t  the  different  levels o f  d - a - t o c o p h e r o l  ace t a t e  are  
p resen ted  in t ab l e  3. 

I f  a cons t an t  p ropo r t i on  be tween  toeophero l  ace t a t e  and  l inoleic ac id  was 
r equ i r ed  in  order  to  ob t a in  a g iven  va lue  for  t he  inc idence  of  eneepha lomalac ia ,  
t h e n  t h e  va lues  for  t he  incidences  o b t a i n e d  wi th  d ie t s  I I I  a n d  V would  have  
requ i red  more  t h a n  twice  t he  a m o u n t  of  t ocophe ro l  ace t a t e  necessary  for  
ob ta in ing  the  same incedences wi th  d ie t  I .  
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I t  appears from table 3 tha t  this is not  the case. On the contrary, it  seems 
tha t  the variations of the incidence of encephalomalacia found at a given level 
of d-~-tocopherol acetate are independent of the dietary levels of linoleie acid 
used. 

In  other words, it seems justified to calculate average values of the in- 
cidences of encephalomalacia found at  a given level of tocopherol acetate in- 
dependently of the level of linoleic acid. 
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:Fig. 1. Average incidence of encephalomalaela as a function of the level of dietary d-a-tocopherol acetate. 
Logarithmic scale. Vertical axix: incidence of encephalomalacia (per cent). Horizontal axis: dietary level of 

d-a-tocopherol acetate (rag per 100 g diet). - :For details, see text. 

In fig. 1, these average values are plotted against the levels of tocopherol 
acetate, the latter in logarithmic scale. I t  is seen the average values of the 
incidences are lying on a smooth curve, and tha t  a 50% incidence of encephalo- 
malacia corresponds approximately 0.32 mg d-~-tocopherol acetate per 100 g 
diet. The curve is similar to tha t  found in our previous study (1) for the in- 
cidences of enccphalomalacia obtained with varying levels oftoeopherol acetate, 
but  with one level of linoleic acid (1.57 %). Then a 50 % incidence of enccphalo- 
malacia was obtained with 0.37 mg d-~-tocopherol acetate per 100 g diet, a 
result which is in fairly good agreement with that  of the present study. (It is 
of minor importance for the conclusions drawn from these studies tha t  somewhat 
higher values for the level of tocopherol acetate corresponding to a 50% 
incidence of encephalomalacia might have been found if the feeding period had 
been prolonged considerably.) 

Encephalomalacia does not occur in the absence of dietary fa t ty  acids of the 
linoleic acid series (4). Therefore, in experiments in which the eneephalomalacia 
producing agent is linoleie acid, the incidence of the disease will increase as the 
content of linoleic acid in the diet increases from zero up to a certain level. In 
this range, the amount  of toeopherol acetate necessary for prevention of 
encephalomalacia will increase with the level of linoleic acid, since the require- 
ment must be correlated with the ability of the unsupplemented diet to produce 
the disease. But  beyond this range, the requirement for tocopherol acetate 
apparently remains constant. 

The level of linoleio acid beyond which the requirement for toeopherol 
acetate remains constant is probably not much different from tha t  used in our 
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previous s t udy  (1), viz. 1.57 %, since in  t ha t  s t udy  lower levels of linoleic acid 
lessened the  occurrence of encephalomalacia  among  chicks on the  unsupple-  
men ted  diet. 

The reason why  the  requ i rement  for tocophero] acetate  remains  cons tan t  
beyond  a cer ta in  level of linoleic acid migh t  be t h a t  there  is a l imi t  for the con- 
version of linoleie ackt to arachidonic acid. I n  earlier studies (4), we found tha t  
encephalomalaeia  developed faster wi th  1.5% ethyl  arachidonate  t h a n  with 
1.5% ethyl  l inoleate  and  with 30% lard. I f  the  presen t  exper iments  had  been 
carried out  wi th  arachktonic acid ins tead  of linleic acid i t  is l ikely t h a t  the re- 
qu i rements  for tocopherol  acetate  would have  been higher, and,  ff a l imi t  for 
the  requ i rement  had  been reached, i t  would p robab ly  be de te rmined  by  the  
a m o u n t  of arachidonic acid (or its mctabol i tes)  t h a t  can be incorpora ted  in to  
lipids in  the  brain.  

I t  is no t  known  whether  results s imilar  to those of the present  s t u d y  can be 
applied to other manifes ta t ions  of v i t amin  E deficiency t h a n  encephalomalaeia .  

Summary 

The incidence of encephalomalaeia in chicks reared on diets with different levels of 
linoleic acid and d-a-tocopherol acetate were recorded. 

The experimental feeding began when the chicks were 6-7 days old and lasted 38 t~ 
40 days. 

Two experiments were carried out, each with 24 groups of 10 chicks. 
In  the first experiment, the different levels of linoleie acid were provided in the form of 

lard and lard supplemented with corn oil freed from toeopherol by adsorption on filtrol; in 
the second experiment, the linoleic acid levels were provided in the form of lard and lard 
supplemented with sunflower seed oil freed from tocopherol in the same way. The level of 
total fat, 30%, was the same in all diet~. 

The dietary levels of linoleic acid were: in the first experiment, 1.95, 3.37, and 4.79 per 
cent; in the second experiment, 1.95, 3.35, and 5.69 per cent. 

Eleven different levels of d-c~-tocopherol acetate ranging from 0 r 3.73 mg per 100 g 
diet were used. 

Within the range of linoleie acid levels used, the incidences of encephalomalacia were 
determined by the levels of d-~-tocopherol acetate and independent of the levels of linoleie 
acid. 

~iean values of the incidences of encephalomalacia found at a given level of d-~-toco. 
pherot aee~te were found to lie on a smooth curve when plotted against the logarith of the 
tocopherol level. 

Zusammen]assung 

Gruppen yon Kiiken wurden mit Nahrungen mit verschiedenen H6hen yon Linols~ure 
und d-c~-Tocopherolacetat verfiittert. Die HEufigkeit des Auftretens yon Encephalomalazie 
in den verschiedenen Gruppen wurde ermittelt. 

Die Experimentalfiitterung wurde angefangen, wenn die Kiiken 6 his 7 Tage air waren 
und dauerte 38-40 Tage. 

Zwei Versuchsreihen, jede mit 24 Gruppen yon 10 Kiiken wurden ausgefiihrt. 
Die Beibringung der verschiedenen HShen yon Linols~ure erfolg~e in der ersten 

Versuehsreihe mit Hilfe yon Schweineschmalz und Sehweinesehmalz versetzt mit MaisS1, 
das vorher durch Adsorption auf Filtrol yon Toeopherol befreit worden war; in der zweiten 
Versuchsreihe wurden zu dean selben Zweek Sehweineschmalz und Sehweinesehmalz ver- 
setzt mit in ~hnlicher Weise yon Tocopherol befreitem SonnenblumS1, verwendet. Der Ge- 
hal~ an Gesamt-Fet~ war in allen Natmmgen 30%. 

Die verschiedenen ttShen yon Linols~ure waren in der ersten Versuchsreihe 1,95, 
3,37 und 4,79% ; in der zweiten Versuchsreihe 1,95, 3,35 und 5,69%. 
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Elf versehiedene HShen yon d-a-Tocopherolaeetat im Bereich yon (einsehliel~lich) 
0 mg bis 3,73 mg per 100 g Nahrung wurden verwendet. 

Innerhalb des Bereichs der verwendeten HShcn yon Linols~ure waren die H~ufigkeiten 
yon Eneephalomalazie in den verselfiedenen Gruppen dureh die HShen des d-a-Toco- 
pherolaeetats bestimmt und abh~ngig yon den HShen yon Linols~ure. 

Die ~iittelwerte der bei einer gegebenen HShe yon Tocopherol gefundenen HSufigkeit 
yon Eneephalomalacie liegen auf einer gleichm~fllg verlaufenden Kurve, we~m dieselben 
gegen den Logarithmus der TocopherolhShe graphisch aufgeffihrt werden. 
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l~ber die a romat ischen  Crackprodukte  yon  Ster inen wurde yon  L. SCHMID 
u n d  seinen Mitarbei ter  verSffentlicht (1, 2, 3). Die Verfasser besti~tigten, daI3 
die un t e r sueh t en  Stoffe (Cholesterin, Phy tos t e r in  u n d  Ergoster in)  versehiedene,  
aromat ische Produk te  lieferten, wenn  diese e inem Crackprozel3 un te rworfen  
warden.  U n t e r  diesen waren Phenan t r enabkSmml inge ,  Zerse tzungsprodukte  
des Cholansystems,  sogar auch Methylcyc lophenant ren .  

Inzwisehen haben  wir mehrere  thermo-ana ly t i sche  Un te r suehungen  mi t  
dem Ger~t , ,Der ivatograph" durchgeffihrt  (4, 5, 6), deren Ergebnisse uns  ver- 
anlaSten,  die Zersetzung yon  Steroiden auch thermo-ana ly t i sch  zu un te rsuchen .  
D a m i t  k o n n t e n  wir viele analyt isehe u n d  andere F ragen  16sen. 

Uber  die Thermo-analyse ,  bzw. das Der iva tograph finder m a n  in  der Fach-  
l i te ra tur  viele Pub l ika t i onen  (7, 8), bier mSchten  wir fiber unseres Gers n u r  
eine kurze Zusammenfassung  geben.  

Das GerKt ist eigentlich eine thermo-analytische Waage, welehe zur gleichen Zeit 
drei Fu~ktionen erfiillt: 

1. Dutch das Ger~t wird die Gewichtsver~inderung des zur Untersuchung e i n g e w o g e n e a  
Stoffes unter der Hitzceinwirkung kontinulerlich registriert, Kurve TG. 

2. Ebenso, wird die Temperaturver~nderung (Kurve T) w~hrend des Aufheizen des 
elektrischen Ger~sofen, durch welchem man die Hitzeeinwirkung auf den zu untersuchen- 
den Stoff zustande bringt, registriert. Aber nicht nur die Temperaturmessung des 0fenraumes 
wird durehgefiihrt, sondern auch dieselbe im Inneren des untcrsuchenden Stoffes und ~uch 
e ines  im R~um des Ofens anwesenden inerten Stoffes, AlcOa; die Temperatur des ersten l~uf~ 
abh~ngend yon dem exo-, bzw. endothermen Weg der Reaktionen vorw~rts oder bleibt 


