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Vitamin E deficiency in rabbits receiving a high PUFA diet 
with and without a non-absorbable antioxidant 
1. Incorporation of [1-14C] glycine into skeletal muscle 
proteins 

J. F. D i e h l  

B u n d e s f o r s c h u n g s a n s t a l t  fLir E r n f i h r u n g ,  K a r l s r u h e  (F .R.G.)  

Summary: Previous studies of metabolic  changes in vi tamin E-deficient animals 
were often difficult to interpret  because the vi tamin E-free, high PUFA diets used in 
such studies may have contained high levels of peroxides.  P resumed effects of 
vi tamin E deficiency could have been effects of peroxide consumption.  Addi t ion of  
the non-absorbable  polymeric  ant ioxidant  Anoxomer  to a semisynthet ic  vi tamin E- 
free diet containing cod liver oil was found to suppress  peroxide formation. 
Nevertheless,  this diet produced necrotizing myopathy,  characterized by  high 
urinary creatine excretion, muscular  weakness,  and increased rate of  incorporat ion 
of [1-14C] glycine into muscle proteins. These effects were prevented by vi tamin E 
supplementat ion.  The increased rate of muscle protein turnover  is obviously the 
resul t  of vi tamin E deficiency, not the result  of consumption of dietary peroxides.  

Zusammenfassung: Frfihere Untersuchungen fiber Stoffwechselver~inderungen 
bei Tieren mit  Vitamin-E-Mangel waren oft schwer zu interpretieren,  da die verwen- 
deten PUFA-reichen Diaten Peroxide  in hoher Konzentrat ion enthalten konnten. 
Vermutete  Wirkungen eines Vitamin-E-Mangels h~itten Wirkungen des Peroxidver-  
zehrs sein k6nnen.  Durch Zugabe des nichtresorbierbaren polymeren Antioxida-  
t ionsmit tels  Anoxomer  zu einer semisynthet ischen,  Vitamin-E-freien, lebertranhal-  
t igen Difit kann die Peroxidbi ldung  unterdrf ickt  werden. Trotzdem verursachte  
diese Difit nekrot is ierende Myopathie,  charakter is ier t  durch hohe Kreatinausschei-  
dung im Urin, Muskelschwfiche und erhbhte Rate der Inkorporat ion von [1-'4C]- 
Glycin in die Muskelproteine.  Diese Effekte wurden durch Vitamin-E-Supplemen- 
t ierung verhindert .  Die erhShte Turnover-Rate der Muskelproteine ist offensicht- 
lich die Folge  des Vitamin-E-Mangels,  nicht  die Folge des Peroxidverzehrs.  

Key words: vitamin E, muscular  dystrophy,  protein turnover,  antioxidant,  autoxi- 
dation, peroxides,  rabbi t  

I n t r o d u c t i o n  

I n t e r e s t  in  a n i m a l  m o d e l s  o f  m u s c u l a r  d y s t r o p h y  h a s  b e e n  r e n e w e d  b y  
r e c e n t  o b s e r v a t i o n s  o f  u l t r a s t r u c t u r a l  a n d  h i s t o c h e m i c a l  a b n o r m a l i t i e s  o f  
s k e l e t a l  m u s c l e  in  p a t i e n t s  w i t h  c h r o n i c  v i t a m i n  E d e f i c i e n c y  (1). S u c c e s s -  
ful  t r e a t m e n t  o f  h u m a n  m y o p a t h i e s  o f  d i f f e r e n t  o r ig in  w i t h  v i t a m i n  E (2, 3) 
h a s  a l so  c o n t r i b u t e d  to  t h i s  r e n e w e d  in t e r e s t .  

N u t r i t i o n a l  m u s c u l a r  d y s t r o p h y  o f  e x p e r i m e n t a l l y  m a l n o u r i s h e d  r a b b i t s  
a n d  g u i n e a - p i g s  w a s  f i r s t  r e p o r t e d  in  1931 b y  G o e t t s c h  a n d  P a p p e n h e i m e r  
861 
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(4), a l though a causal relat ionship to vi tamin E deficiency was not  recog- 
nized unti l  several years  later (5). Exper iments  with m a n y  species of  
animals showed muscu la r  d y s t r o p h y  to be one of  the mos t  c o m m o n  
manifes ta t ions  of  vi tamin E def ic iency (6). More recent ly  it has been 
sugges ted  that  the term "muscu la r  dys t rophy"  should be restr icted to the 
genet ical ly  de te rmined  h u m a n  disorder  and that  the term "nutr i t ional ly  
induced  necrot izing m y o p a t h y "  be applied to the disorder  result ing f rom 
tocophero l  def ic iency (7). The abbreviat ion NINM will be used in the 
following. 

It  was recognized early that  diets high in po lyunsa tura ted  fatty acids 
(PUFA) accelerate  the onset  of  s y m p t o m s  of  vi tamin E deficiency. In  
n u m e r o u s  exper iments  designed to character ize NINM, the animals  were 
fed diets conta in ing  cod liver oil ei ther as originally descr ibed by Goet t sch  
and P a p p e n h e i m e r  (4) or as modif ied by others (e.g. 8-12). These studies 
were criticized because  such  diets quickly  autoxidize; it was argued that  
results m a y  have been  caused by the presence  of  peroxides  in the diet, 
ra ther  than  by  the lack of tocopherol .  Madsen  et al. (13) had even sug- 
gested that  the essential  factor  in the  p roduc t ion  of  the m y o p a t h y  was the 
toxic i ty  o f  cod liver oil for herbivora.  Miyazawa et al. (14) have observed  
chemi luminescence  in tissues of  rats fed autoxidized linseed oil and 
a t t r ibuted this to the occur rence  of  free radical species derived f rom the 
autoxidized oil. 

After  Tappel  (15) had p roposed  that  v i tamin E acts primari ly or exclu- 
sively by  prevent ing  peroxide  format ion  in vivo, the use of  a diet r ich in 
peroxides  seemed inappropr ia te  for studies des igned to test  this 
hypothesis .  P reven t ing  autoxidat ion  by addi t ion of  an ant ioxidant  to the 
diet was unsat isfactory,  as this would  make  it difficult or impossible  to 
differentiate be tween  effects of  tocopherol  and effects of  the added  anti- 
oxidant.  A new approach  to this p rob lem became possible when  Dynapo l  
deve loped  Anoxomer ,  a non-absorbable  polymeric  ant ioxidant  (16, 17). 
The  present  work  was  des igned to test the suitabili ty of  this p roduc t  for 
s tudy ing  NINM uncompl ica ted  by dietary peroxides.  

M a t e r i a l s  and  M e t h o d s  

Diet 

The diet was identical with that used earlier (10) except that cellulose, added as 
roughage, was replaced by wheat bran. To remove tocopherols, the bran was 
extracted for 3 h in a Soxhlet with petroleum ether (boiling range 40-60 ~ The diet 
consisted of 11.15 % casein, 27 % corn starch, 29.5 % saccharose, 25 % wheat bran, 
2.25 % each of stripped lard, cod liver oil and salt mix, 0.5 % vitamin mix (vitamin E- 
free). In some batches of diet the non-absorbable antioxidant Anoxomer was added 
as described below. Water was added to form a dough which was spread out and 
dried by an electric fan. The dry, hardened dough was broken into cookie-sized 
pieces. 

When used for animal feeding, the diet was freshly prepared every 2 to 3 weeks 
and was kept refrigerated until use. To study the effect of added Anoxomer the diet 
was kept at room temperature for up to 8 weeks. Thiobarbituric acid number (18) 
and peroxide number (19) were determined periodically. 

The antioxidant "Poly AO-79 Anoxomer", a condensation polymer of divinylben- 
zene-hydroquinone-phenols, was obtained from Dynapol, Palo Alto, CA. To achieve 



Diehl, Vitamin E deficiency in rabbits 105 

homogeneous  distribution in the diet the required amount  was dissolved in the cod 
liver oil before the latter was mixed with the other ingredients. 

Animals 

White New Zealand rabbits of either sex, initially weighing about 600 g, were 
provided with diet and tap water ad lib. Animals of control groups received oral 
supplements  of 2 mg of DL-a-tocopherol (Merck, Darmstadt) dissolved in 0.1 ml of 
corn oil three times weekly. Animals of  experimental  groups received the same 
quanti ty of corn oil without added a-tocopherol. The rabbits were kept individually 
in metal cages permitt ing urine collection, in an air-conditioned room (21~ 60 % 
rel. hum.), with automatic 12h light/dark cycle. Beginning after 2 weeks, urine 
samples were collected every other day, and creatine and creatinine were deter- 
mined by the Folin method (20) with minor modifications. Animals were weighed 
every 2 or 3 days. 

When vi tamin E-deficient animals exhibi ted signs of  pronounced NINM (elevated 
urinary creatine/creatinine ratio, muscular  weakness), but well before they 
appeared moribund,  they were injected intraperitoneally with an aq. solution of 
[1-~4C] glycine. Vitamin E-supplemented control animals were treated in the same 
way. At specified times after injection the animals were stunned, decapitated and 
allowed to bleed for 1-2 min. Thigh muscles were quickly excised. To isolate total 
proteins, weighed portions of  muscle were homogenized with an equal volume of 
10 % trichloroacetic acid (TCA), heated in a boiling water bath for 10 min, cen- 
trifuged, and the precipitate was successively washed with cold 5% TCA, hot 
methanol, methanol-ether 1:1, and twice with ether (21). Combined TCA extracts 
were kept refrigerated until use for determination of free glycine. Dried total 
proteins were used for determination of incorporated [1-~4C] glycine. 

First series of[1-14C] glycine incorporation studies 

Twenty-nine animals were fed the diet without added Anoxomer,  14 sup- 
plemented with vitamin E, 15 unsupplemented.  When symptoms of NINM 
appeared in the unsupplemented rabbits after about 26 days, the animals (sup- 
p lemented and unsupplemented)  were injected i.p. with 100 ~Ci (3.70 MBq) of 
[1-'4C] glycine per kg of body weight  (specific activity 4.84 mCi (179 MBq)/mmole; 
New England Nuclear, Boston, Mass.), and killed after 30 min (5 supplemented,  5 
unsupplemented),  1 h (2 suppl., 4 unsuppl.), 2h (3 suppl., 2 unsuppl.), 4h  (1 suppl., 1 
unsuppL), 12h (1 suppl., 1 unsuppl.), 24h (2 suppl., 2 unsuppl.). Samples of total 
muscle proteins (TCA precipitate) were hydrolyzed with 6 N HC1 for 20 h at 110 ~ in 
sealed tubes, and excess acid was removed under reduced pressure in a rotary 
evaporator. The amino acids were separated by ion exchange chromatography, 
essentially as described by Moore, Spackman and Stein (22). Duplicate aliquots of 
eluate fractions were taken for determination of amino acids by the ninhydrin 
method,  and for determination of radioactivity by drying on metal planchets and 
counting in a windowless continuous gas-flow counter. 

TCA-extracts were freed of TCA by extraction with ether and concentrated under 
reduced pressure in a rotary evaporator. After separation by ion exchange 
chromatography amino acids and radioactivity were determined as described. 

Radioactivity was also determined, without prior amino acid separation, in the 
TCA-extract and in the unhydrolyzed proteins. Concentrated TCA-extracts were 
directly dried on planchets, while proteins were dissolved in 0.2 N NaOH and this 
solution was transferred to planchets and dried for counting. Counts were corrected 
for self-absorption when necessary. 

Second series of[1-14C] glycine incorporation studies 

Eighteen animals received the diet without added Anoxomer,  8 of  these were 
supplemented with vitamin E (= group A), 10 were unsupplemented (= group A'); 8 
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animals received the diet  with 10 mg Anoxomer  per g fat, 3 supplemented  (= group 
B), 5 unsupplemented  (= group B'); 8 animals received the diet with 50 mg 
Anoxomer  per  g fat, 3 supplemented  (= group C), 5 unsupplemented  (= group C'). 
When symptoms  of NINM appeared  in the  unsupplemented  animals,  both  sup- 
p lemented  and unsupplemented  rabbits  were injected i.p. with 50 FCi (1.85 MBq) of 
[1-'4C] glycine per  kg of body weight  (specific activity 55.4 mCi (2.05 GBq)/mmole, 
Amersham-Buchler ,  Braunschweig).  Two hours later the animals were kil led and 
thigh muscle  total proteins were prepared as described.  For  measurement  of 
radioact ivi ty 200 nag of dry protein were mixed with 0.2 ml of water  and 2 ml of 
Protosol  (New England Nuclear, Boston, Mass.) and heated in a 50 ~ water  bath 
until  complete ly  dissolved, After cooling, 18 ml of scintillation cocktail  (6 g PPO in 
11 toluene) were added,  and radioactivi ty was determined by l iquid-scinti l lat ion 
counting. 

Radioact ivi ty in the protein-free TCA supernatant  was de termined by mixing 5 ml 
TCA extract  with 15 ml of scinti l lation cocktail  (892.7 ml dioxane, 7.0 g PPO, 0.3 g 
POPOP, 100 g naphthal in)  and counting in the same counter.  

Results and Discussion 
T h e  f i r s t  s e r i e s  o f  [1-14C] g l y c i n e  s t u d i e s  s h o w e d  a f a s t e r  r a t e  o f  i n c o r p o -  

r a t i o n  i n to  t h e  t o t a l  t h i g h  m u s c l e  p r o t e i n s  o f  a n i m a l s  n o t  s u p p l e m e n t e d  
w i t h  v i t a m i n  E, a n d  a l so  a f a s t e r  d i s a p p e a r a n c e  o f  t h e  l abe l .  T h i s  is  o b v i o u s  
f r o m  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  p r o t e i n s  (Fig .  1 a) a n d  o f  g l y c i n e  i s o l a t e d  
f r o m  t h e  h y d r o l y z a t e  o f  t h e  p r o t e i n s  (Fig.  1 b), S p e c i f i c  a c t i v i t y  a t  30 m i n  
a f t e r  i n j e c t i o n  w a s  a t  t h e  l i m i t  o f  d e t e c t a b i l i t y  a n d  w a s  t h e r e f o r e  n o t  
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Fig. 1. Effect of vi tamin E deficiency on incorporat ion of [1-14C] glycine into total  
proteins  of rabbi t  skeletal  muscle  at different t ime periods after injection, l a :  
Specific activity of protein, l b :  Specific activity of glycine isolated from protein  
hydrolyzate.  For  number  of animals from which the indicated mean values were 
obtained see Methods section ("First  series"). 



Diehl, Vitamin E deficiency in rabbits 107 

Table 1. Some propert ies  of skeletal  muscle  of vi tamin E-supplemented and vi tamin 
E-deficient  animals. Diet  without  Anoxomer;  n = number  of animals; P = probabil-  
i ty that  differences between vitamin E-supplemented  and unsupplemented  groups 
were due to chance. 

Vitamin Vitamin 
E-supplemented  E-deficient 
(n = 14) (n = 15) 

P 

Free  glycine in muscle  tissue 4.1 __+ 0.9 
(l~moles/g wet wt.) 
TCA-precipi table  protein in 
muscle  t issue (mg/g wet wt.) 209 _.+ 8 
Glycine content  of muscle 
proteins 514 + 64 
(t~moles/g dry  weight wt.) 

3.7__ 0.9 >0.1  

164 _+ 20 <0.05 

536 _ 91 > 0.1 

p r e s e n t e d  in  F i g u r e  1. D e t e r m i n a t i o n  o f  r a d i o a c t i v i t y  in  al l  f r a c t i o n s  o f  t h e  
e l u a t e  o b t a i n e d  b y  i o n  e x c h a n g e  c h r o m a t o g r a p h y  s h o w e d  t h a t  80--90 % o f  
t h e  t o t a l  r a d i o a c t i v i t y  w a s  p r e s e n t  in  t h e  g l y c i n e  p e a k ,  10-15 % in  t h e  
s e r i n e  p e a k .  V i t a m i n  E d e f i c i e n c y  h a d  no  e f f ec t  o n  t h e  d i s t r i b u t i o n  o f  14C 
b e t w e e n  g l y c i n e  a n d  se r ine .  To s a v e  s p a c e ,  o n l y  t h e  g l y c i n e  v a l u e s  a r e  
p r e s e n t e d .  

A h i g h  r a t e  o f  a m i n o  a c i d  i n c o r p o r a t i o n  c o u l d  b e  i n d i c a t i v e  o f  a h i g h  r a t e  
o f  p r o t e i n  s y n t h e s i s -  b u t  i t  m i g h t  a l so  b e  c a u s e d  b y  a h i g h  s p e c i f i c  a c t i v i t y  
o f  t h e  p r e c u r s o r  poo l .  If,  for  i n s t a n c e ,  t h e  v i t a m i n  E - d e f i c i e n t  a n i m a l s  h a d  
a l o w e r  c o n c e n t r a t i o n  o f  f r ee  g l y c i n e  in  t h e  m u s c l e  t i s sue ,  t h e  z4C-labeled 
g l y c i n e  w o u l d  b e  l e s s  d i l u t e d  w i t h  u n l a b e l e d  g lyc ine .  As  s h o w n  in T a b l e  1, 
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Fig. 2. Effect of vi tamin E deficiency on free glycine radioactivity in rabbi t  skeletal  
muscle  at different t ime periods after injection of [1-14C] glycine. 2a: L4C-activity in 
t r ichloroacetic  acid extract  of muscle  tissue. 2 b." Specific activity of glycine isolated 
from tr ichloroacetic  acid extract  of  muscle tissue. 
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however ,  the  concen t ra t ion  of free glycine in musc l e  t i ssue was  not  
s ignif icant ly  d i f ferent  in s u p p l e m e n t e d  and  u n s u p p l e m e n t e d  animals .  The  
o ther  da ta  in Tab le  I indica te  tha t  N I N M  m us c l e  contains  s ignif icant ly  less 
total  p ro te in  per  g t issue,  whi le  the concen t ra t ion  of  b o u n d  glycine in 
m u s c l e  p ro te ins  is not  s ignif icant ly  affected by  NINM. 

Dur ing  the  first  hou r  af ter  inject ion of  [1-14C] glycine the  label  a p p e a r e d  
a t  a b o u t  the  s a m e  ra te  in the  free amino  acid pool  of  s u p p l e m e n t e d  and  
u n s u p p l e m e n t e d  animals ,  as indica ted  by  t4C-activity in the  unfrac t ion-  
a ted  TCA ex t rac t  (Fig. 2a) or by  the  specif ic  act ivi ty  of  isolated free glycine 
(Fig. 2 b). At later  t ime  per iods ,  lower  14C-glycine levels  were  obse rved  in 
the  u n s u p p l e m e n t e d  animals .  The  h igher  rate  of  incorpora t ion  into musc l e  
p ro te ins  of  the  v i t a m i n  E-def ic ient  an imals  is in good a g r e e m e n t  wi th  
earl ier  obse rva t ions  (23, 24). This  h igher  rate  of  amino  acid incorpora t ion  
was also obse rved  w h e n  m us c l e  h o m o g e n a t e s  ob ta ined  f rom v i t amin  E- 
def ic ient  an ima l s  were  i ncuba t ed  in vi t ro  (25), wh ich  s t r eng thens  the  
conc lus ion  tha t  the  h igher  rate  of  incorpora t ion  reflects a h igher  rate  of  
m u s c l e  p ro te in  syn thes i s  in the  v i t amin  E-def ic ient  animals ,  and  not  a 
h igher  specif ic  act iv i ty  of  the  p recu r so r  pool.  The  m y o p a t h y  is c lear ly no t  
caused  by  a defec t  in p ro te in  synthesis .  The  obse rved  fas ter  d i s a p p e a r a n c e  
of  the  labe led  glycine f rom the  free amino  acid pool  in musc l e  of  v i t amin  
E-def ic ient  an ima l s  (Fig. 2a, b) m a y  be re la ted to effects  o f  v i t amin  E 
def ic iency  on amino  acid t r anspor t  in skele ta l  m u s c l e  (26, 27). 

At this s tage of  the  inves t iga t ion  the  ques t ion  remained ,  w h e t h e r  the 
obse rved  p h e n o m e n a  d e p e n d e d  on the p r e s ence  of  pe rox ides  in the  diet. 
The  second  series of  [1-14C] glycine s tudies  was  carr ied out  to answer  this 
ques t ion  wi th  the  aid of  the  n o n a b s o r b a b l e  an t iox idan t  A n o x o m e r .  As 
ind ica ted  in F igures  3 and  4, diet  p r epa red  wi thou t  added  A n o x o m e r  
exh ib i t ed  the  ear l ies t  increase  in pe rox i de  n u m b e r  and  TBA n u m b e r  and  
r eached  the  h ighes t  p e a k  values  of  these  indicators  of  au toxida t ion .  
Inc reas ing  concen t ra t ions  of  A n o x o m e r  exe r t ed  increas ing  protect ion.  
Addi t ion  of  10 m g  A n o x o m e r  pe r  g of  fat  p r e v e n t e d  au tox ida t ion  for a b o u t  
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Fig. 3. Peroxide number of vitamin E-free semisynthetic diet, with different 
amounts of Anoxomer added, after various periods of storage at ambient tempera- 
ture. 
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Fig. 4. Thiobarbituric acid number of vitamin E-free semisynthetic diet, with 
different amounts of Anoxomer added, after various periods of storage at ambient 
temperature. 

2 weeks ,  whi le  50 mg  protected for about  4 weeks .  In this context  it is of  
interest that Ke et al. (28) found A n o x o m e r  effective in the protection of  
high P U F A  mackerel  lipids. It is also noteworthy  that the Food and Drug 
Administrat ion has cleared A n o x o m e r  as an antioxidant  in food at a level  
of  not  more  than 5 mg/kg  fat (29). For the diet used here, this level  probably 
w o u l d  have been insufficient. 
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Fig. 5. Growth curves of rabbits receiving different levels of Anoxomer in the diet. 
Mean body weights of animals in diet groups A, B, C (Fig. 5a), and A', B', C' (Fig. 
5 b). For explanation of diet groups and number of animals see Table 2. 
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In order  to es tabl ish whe the r  suppress ion  of  pe rox ide  format ion  in the 
diet  would  inf luence  the  results  of  [1-14C] glycine studies,  the  second 
series of  expe r imen t s  was carr ied out  wi th  groups  of  animals receiving 
dif ferent  levels of  A n o x o m e r  in the diet. Rabbi ts  showed  bet te r  growth  
wi th  diet  B (10 mg Anoxomer /g  fat) t han  wi th  diet  A (no Anoxomer)  or C 
(50 mg  Anoxomer /g  fat), bo th  in the  groups  supp lemen ted  wi th  v i tamin  E 
(Fig. 5 a) and in the u n s u p p l e m e n t e d  groups  (Fig. 5 b). 

The  v i tamin  def ic iency  s y n d r o m e  led to a plateau and finally to a slight 
decrease  in body  weight ,  first in group A', then  B' and finally C' (Fig. 5 b). 
The  m y o p a t h y  is associated wi th  s teeply  increasing ur inary  creat ine  
exc re t ion  (30), expressed  in Figure  6 as the ratio of  ur inary  creat ine/  
creatinine.  Muscular  weakness  becomes  increasingly ev ident  at this stage: 
w h e n  p laced on  its side the  animal  can r ight  i tself  less quickly,  and w h en  
this p r oc e du r e  is repea ted  several  t imes, the  animal  t ires earlier t han  
controls  s u p p l e m e n t e d  with v i tamin  E. 

When p r o n o u n c e d  muscu la r  weakness  was no ted  after  25 to 28 days in 
g roup  A', 35 to 37 days in g roup  B' and 40 to 57 days in group C', the  
animals  (and at the  same t ime those  in groups  A, B, C) were  in jected 
in t raper i toneal ly  wi th  [1-14C] glycine and sacrif iced 2 h later. As indicated 
in Table  2, TCA-soluble radioact ivi ty  per  g th igh musc le  was not  signifi- 
cant ly  affected by  v i tamin  E def ic iency or A n o x o m e r  in the diet. In  
contrast ,  specif ic  act ivi ty of  th igh musc le  p ro te ins  was app rox ima te ly  
doub led  in g roup  A' as c o m p a r e d  to group A, and more  than  doub led  in 
the  groups  fed Anoxomer -con ta in ing  diets B' and C' as co m p a red  to B and 
C. The  appa ren t  increase in prote in  specific act ivi ty f rom A to B to C, and 
A' to B' to C' m a y  be re la ted to the h igher  age and body  weight  reached  by  
animals  in the  groups  fed Anoxomer .  
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Fig. 6. Urinary creatine/creatinine ratio of rabbits receiving different levels of 
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In  con t r a s t  to the  e x p e r i m e n t s  of  the  f irst  series,  no a t t e m p t  was  m a d e  in 
th is  s e c o n d  ser ies  to i so la te  g lyc ine  b y  ion e x c h a n g e  c h r o m a t o g r a p h y .  
C o m p a r i s o n  of  F i g u r e  1 a w i th  1 b and  2 a wi th  2 b shows  tha t  the  s ame  
conc lu s ions  can  be d r a w n  wi thou t  the  l abo r ious  i so la t ion  of  glycine.  

The  resu l t s  of  the  s econd  ser ies  show c lear ly  tha t  the  m y o p a t h y  and  the  
h i g h e r  ra te  of  g lyc ine  i n c o r p o r a t i o n  into  musc l e  p ro t e ins  were  a resu l t  of  
v i t a m i n  E def ic iency ,  not  a c o n s e q u e n c e  of  d i e t a ry  p e r o x i d e  in take .  

S ince  10 m g  of  A n o x o m e r / g  fat in the  d ie t  r e su l t ed  in be t t e r  we igh t  ga in  
t h a n  50 mg,  and  gave  suf f ic ient  p ro t ec t i on  aga ins t  au tox ida t ion ,  i t  is 
s u g g e s t e d  tha t  th is  level  is bes t  su i t ed  to s t u d y  effects  of  v i t a m i n  E 
de f i c i ency  u n c o m p l i c a t e d  by  poss ib l e  effects  of  p e r o x i d e  inges t ion .  With  
r ega rd  to s t u d y i n g  the  p o s s i b l e  role  of  v i t a m i n  E in the  r egu la t i on  of  
p ro t e in  syn thes i s ,  it is n o t e w o r t h y  tha t  the  c o m p a r i s o n  of  g roups  B and  B'  
(i.e. t hose  rece iv ing  10 m g  A n o x o m e r / g  fat) s h o w e d  the  g rea tes t  effect  on 
g lyc ine  inco rpora t ion ,  bo th  n u m e r i c a l l y  and  wi th  regard  to s ta t i s t ica l  
s ign i f i cance  (P < 0.001). A h igh  P U F A  die t  p r o t e c t e d  in this  way  b y  a non-  
a b s o r b a b l e  a n t i o x i d a n t  s h o u l d  be  a usefu l  tool  also in o the r  s tud ies  
d e s i g n e d  to e luc ida t e  the  b io log ica l  func t ion  of  v i t a m i n  E. 
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