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INTRODUCTION 

BLOCH 1 pointed out that the symptoms of vitamin E-deficient animals correspond 
with those observed in triorthocresyl phosphate (T.O.C.P.) poisoning. 

He found that, in agreement with the inhibition of cholinesterase (ChE) by T.O.C.P., 
the ChE activity in brain and serum of female rats kept on a vit. E-deficient diet for 
5-12 months was decreased. This decrease was not found in animals kept for only 
I month on this diet. 

HESS AND VIOLLIER I confirmed the decrease in ChE activity in plasma of female 
rats kept on an E-deficient diet during 5-6 months whemasin their experiments no 
marked decrease in brain ChE was observed. 

HOTTINGER AND BLOCH a showed that in rabbits, serum ChE on the one hand, brain 
and liver ChE on the other hand were inhibited in vitro by different concentrations of 
T.O.C.P. Liveresterase Was also inhibited by T.O.C.P. 

The inhibition of serum ChE and serum lipase in experiments in vivo paralleled the 
degree of toxic signs and the creatinuria. 

BLOCH AND HOTTINGER 4 found that the increased creatin excretion in rabbits after 
T.O.C.P., could be neutralized by administration of a-d/-tocopheryl acetate provided that 
this is given early enough. 

So vit. E-deficiency and T.O.C.P. poisoning have the following points in common. 
I. Neuromuscular symptoms show an analogue picture. 
2. Creatinuria. The creatinuria caused by T.O.C.P. can be prevented by vit. E. 
3- Inhibition of ChE. 
The question arose whether inhibition of ChE might be the primary cause by means 

of which many phenomena of T.O.C.P. poisoning and of E-deficiency can be explained. 
First experiments were performed in order to find out whether creatinuria is a 

consequence of inhibition of ChE. 
Excretion of creatine and creatinine was studied in rats injected with the well 

known ChE inhibitor physostigmine. 
After this, creatine and creatinine excretion, ChE activity of brain and serum and 

liveresterase activity were determined in rats in the first stage of vit. E-deficiency when 
sterility but no neuromuscular symptoms were observed. 

In our experiments true- and pseudo-ChE activities were determined separately. 
The E-deficient animals were kindly provided by Dr F. WENSlNCK. 

Relevences p. z4o. 
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MATERIAL 

R a t s  5 -6  weeks  of age were g iven  a vi t .  E-def ic ient  diet  of t h e  following compos i t ion  (ENGELS). 

Casein (technical) 9oo 
A m y l u m  oryzae  345 ° 
Brewers  y e a s t  30o 
L a r d  195 
Salt  m i x t u r e  (Steenbock 4 o) 220 

Per  kg food 2o g cod l iver oil was  added .  

The  cont ro l  r a t s  were g iven  t he  s a m e  diet  w i th  so m u c h  w h e a t  g e r m  oil added  t h a t  each r a t  
received i m g  of vi t .  E weekly.  Af te r  3 m o n t h s  on  t h e  E-def ic ient  diet  all a n i m a l s  were pa i red  wi th  
a n o r m a l  pa r tne r .  

Only  those  a n i m a l s  wh ich  p roved  to be steri le  were used  for t he  exper imen t s .  

RESULTS 

I. Excretion o] creatine and creatinine in normal rats in#cted with physostigmine 

Four rats, zoo grams of weight were put  in metabolism cages and fed a varied diet. 
24 hours urine was collected for determination of excreted ereatine and ereatinine, by  
the FOLIN method. After a control period physostigmine was injected subcutaneously in 
a dose which effected convulsions (varying from o.15o-o.25o rag). This dose was given 
1- 4 x daily during 3 to 5 consecutive days. With intervals of 1-5 days similar series of 
injections were administered. 

Table I shows the average daily excretion in mg]24 hours covering the periods of 
physostigmine treatment and the intervals. No definite effect of physostigmine treat ,  
merit on ereatine or ereatinine excretion is observed under the conditions of the experi- 
ment. The spread in the figures is very eonsidelable. 

T A B L E  I 
A VIg RAGIg  D A I L Y  E X C R E T I O N  ( m g / 2 4 h )  O F  C R E A T I N I g  A N D  C R E A T I N I N E  I N  R A T S  D U R I N G  T R E A T M E N T  

W I T H  P H Y S O S T I G M I N E  A N D  D U R I N G  P E R I O D S  W I T H O U T  T R E A T M E N T  

The  n u m b e r s  in  b racke t s  ind ica te  t h e  du ra t i on  of t he  per iods  of t r e a t m e n t  resp.  cont ro l  periods.  

~ No phys .  R a t s  

No. I Crea t ine  

Crea t in ine  

No. I I  Crea t ine  

Crea t in ine  

No. I I I  Crea t ine  

Crea t in ine  

No. IV Crea t ine  

Creat ln lne  

Re]erences p. z4o. 

1.7 
(6d) 

8. i  

o.6 
(4 d) 

3.6" 

O . I  

(zd) 
2.6 

2.0 0.6 0.3 
(6d) (4 d) (Id) 

5.5 4.3 4 .0 

3.6 4.3 
(8d) (3 d) 

6.0 5.4 

2.7 
(5 d) 

7"7 

3.0 
(5d) 

6.2 

4.3 
(5 d) 

9.4 

(4 d) 

(Sd) 

1.6 

5.2 

1 . 2  

(4d) 
6. i  

1.4 
(4 d) 

I I . I  

5.4 
(~d) 

5.0 

1.6 2.5 1.5 1.6 1.6 
(4 d) (4 d) (5 d) (Id) 

4.0 4.8 3.9 2.7 3.7 

4.0 I. 4 
(5 d) (4d) 

7.8 Io.5 

3.1 1.3 
(5d) (4d) 

5.0 5.6 
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2. Experiments on E-deficient rats 

a. Excretion o/creatine and creatinine 

Excret ion of creatine and creatinine (mg/24h) was determined in a number  of 
E-deficient rats and E-supplemented  controls. 

The E-deficient animals were fed an E-deficient diet during 6 months  and were 
found  to be sterile 3 months  before the experiment.  

The results are summarized in Table II .  

T A B L E  I I  
EXCRETION OF CREATINE AND CREATININE (mg/24h) IN E-DEFICIENT AND E-SUPPLEMENTED RATS 

Figures occurring in horizontal columns were obtained from the same animal. Creatinine values 
are placed in brackets .  

Non-deficient  
animals  

Defic ient  
a n i m a l s  

8 
9 

1o 
II 
12 

I3 
I4 
I5 
16 

o.I (6.2) 
1.2 (H.2) 
0.5 (5.4) 
0.5 (8.8) 

1.5 (8.8) 
i. 4 (8.8) 
2.3 (6.4) 

x.4 (6.9) 
o.5 (4.9) 
0.6 (7.3) 
4.8 (9.8) 
0.4 (6.7) 

0.6 (io.5) 
0.2 (I3.9) 
0.2 (9.0) 

0.9 (3.3) 

i .  4 (8.6) 
1.2 (6.6) 
z.6 (8.2) 

0.8 (8.4) 

o.2 (4.3) I .o (7.5) 
2.3 (IO.8) ' 3.6 (8.4) 
I . I  (4.6) 0.6 (7.0) 
o. 7 (7.0) I. 4 (8.o) 

0.2 (4.5) 

I.o (3.2) 

0.3 (2.3) 

1.2 (4.5) 

1.3 (7.i) 

o (6.8) 

Mean 
0.8 (8.5) 

Mean 
1.3 (6.81 

The mean creatine excretion of the non-deficient animals was 0.8 mg/24h  tha t  of 
creatinine 8.5 mg/24h  (I3 observations). 

The excretion in the E-deficient animals was creatine I. 3 mg]24h and creatinine 
6.8 rag/z4 h (2I determinations).  The difference in creatine and creatinine excretion was 
not  significant (t = 1.6 resp. 1.3). 

b. Activity o/true ChE in brain tissue 

The brain of a rat  was prepared as described by  COHEN, Km.SREEK AND WAREINGA 6. 
( ;hE act ivi ty  was determined t i tr imetrically at  24°C with acetyleholine in a final 
concentrat ion of o .oi  M as substrate.  

Act ivi ty  is expressed a s / A  o.oi  N NaOH/6o  rain/rag dry  weight. E-deficiency was 
effected under  the conditions described under  2a. 

Results  are found in Table I I I .  
Mean act ivi ty in vit. E-deficient animals was 95.0, t ha t  in the non-deficient ones 

94-7. 
Relevences p. z4o. 
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TABLE II I  

ACTIVITY (/*10.OI N NaOH/mg dry weight/h) OF TRUE ChE IN BRAINS 
OF E-DEFICIENT AND E-SUPPLEMENTED RATS 

Non-deficient ~C~ i2i  9I IOO 99 
2 2  67 116 7 I 

Deficient C~(~ lO7 72 II4 85 9 I 
2 2  94 9I 97 IO4 92 

Mean 
94-7 

Mean 
95.o 

c. Activity o/true and pseudo ChE in serum 

The blood obtained after decapitation of 2 male or female rats, which had been 
treated as described under 2a and 2b, was pooled. After clotting the blood was centri- 
fuged during IO min and the serum collected. ChE activity was determined by the 
WARBURG method at 37 ° C. 

The main compartment contained I ml substrate, 0.5 ml sodium bicarbonate o.12 M 
and o.5 ml 0.9% NaC1. 

The side bulb contained 0. 5 ml undiluted serum. 
Acetylcholine, acetyl-/3-methylcholine and butyrylcholine (a specific substrate for 

pseudo ChE according to COHEN, KALSBEEK AND WARRINGA 7) were used as substrates 
in a final concentration of 0.008 M. 

The gas mixture was 95 % N2 + 5 % COy 
Activity was expressed as/zl C02/ml semm/h. 
The results are found in Table IV. 

TABLE IV 

ACTIVITY (~i COflml serum/h) oF TRUE AND PSEUDO ChE IN SERUM 
OF E-DEFICIENT AND E-SUPPLEMENTED RATS 

Subs~ate Ac. chol. But. chol. Amechol 

C~(~ 389 240 I3° 
398 278 I49 

Non-deficient 

~ 856 744 I62 

Deficient 

2~ 

372 
414 

680 
704 

235 
259 

7o2 
.512 

163 
I73 

202 

x73 

In accordance with the experiments of SAWYER AND EVERETt" pseudo ChE activity 
is greater in the females than in the males. No difference in activity of true or pseudo ChE 
is found between vit. E-deficient and non-deficient rats. 

Re]evences p. x4o. 
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d. Liveresterase activity 
The animals used were fed an E-deficient diet during 6-  9 months. After decapitation 

of a rat  the liver was ground in a Latapie. About one gram was suspended in nine 
volumes of distilled water. This suspension was diluted 2o times with distilled water. 

Of this suspension I ml was t i t rated at 24 ° C using ethyl butyrate  in a final concen- 
tration of o.o15 M as substrate. The titration was performed in the way described in 
section 2b. Esterase activity is expressed in /,1 o.oi N NaOH/min/ml  diluted liver 
suspension. 

The data are found in Table V. 

T A B L E  V 
LIVERESTERASE ACTIVITY (pl O.OI N N a O H / m i n / m l  l iver suspens ion  I/2OO) 

IN E -DEFICIENT AND E-SUPPLEMENTED RATS 

Figures  in  hor izon ta l  c o l u m n s  refer to  e x p e r i m e n t s  carr ied ou t  on  t he  s a m e  day.  

Non-def ic ient  (23 animals)  Deficient  (18 animals)  

56 
47 

I69 

I77 
io2  
• 114 

i i o  

67 
lO9 

68 

47 
7o 
69 

IOI  

I13 
I39 

58 
63 
4 ° 
62 

x4 x 
91 
58 

51 
43 
35 33 

128 9I  
49 42 
25 44 

52 
- -  47 

44 
89 
8o 

- -  56 
74 55 

Mean  4- S .E. :  90 4- 8"  Mean  4- S .E. :  58 4- 6* 

* S.E., S t a n d a r d  Error ,  is u /~/n  
t = 3.2 p < <  o.oI 9 

The mean activity in vit. E-deficient animals is 64% of that  in non-deficient animals. 
This difference is statiseally highly significant (t -- 3.2; p = < <  o.oI). 

The difference between non-deficient males and females is not significant (t = 1.5; 
p between o.1 and o.z). 

In another series of experiments no difference was found in dry weight of livers of 
E-deficient and normal rats. 

DISCUSSION 

In  the introduction the supposition was put  forward that  an inhibition of ChE 
mi_ght be the pr imary effect of vit. E-deficiency. In the foregoing experiments the ChE 

Re/evewes p. 14o. 
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a c t i v i t y  in b r a in  a n d  s e r u m  was  found  u n a l t e r e d  in a n i m a l s  wh ich  on an E-de f i c i en t  d ie t  
d u r i n g  s ix  m o n t h s  h a d  b e c o m e  steri le .  

As  BLOCH (1.C.) f ound  t h a t  t he  decrease  oi C h E - a c t i v i t y  occu r r ed  in a pe r iod  of  

6 - 1 2  m o n t h s  a f t e r  t h e  b e g i n n i n g  of  E -de f i c i en t  feeding,  i t  m a y  be  t h a t  our  an ima l s  were  

s t i l l  in a s t a t e  of  lower  def ic iency t h a n  were  t he  an ima l s  u sed  b y  BLOCH a n d  H E s s  AND 
VIOLLIER. 

Al l  t h e  s a m e  our  e x p e r i m e n t s  s h o w  t h a t  a s t a t e  of  v i t .  E -de f i c i ency  in r a t s  m a y  

occu r  n o t  a c c o m p a n i e d  b y  inh ib i t ion  of  ChE.  T h e y  the re fo re  seem to  ind ica t e  t h a t  t h e  

i nh ib i t i on  of C h E  can  h a r d l y  be  cons ide red  of p r i m a r y  i m p o r t a n c e  in ea r ly  E-def ic iency .  

C r e a t i n u r i a  cou ld  n o t  be  co r r e l a t ed  w i t h  inh ib i t ion  of  C h E  b y  p h y s o s t i g m i a e .  

A m a r k e d  dec rea se  in a c t i v i t y  of l ive res te rase  was  found  in our  E-de f i c i en t  an imals .  

Th i s  i n d i c a t e s  t h a t  a re la t ion  m a y  ex i s t  b e t w e e n  E-de f i c i ency  a n d  l ive res te rase  a c t i v i t y .  
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SUMMARY 

I. Physostigmine administered repeatedly in convulsive doses does not produce creatinuria 
in rats. 

2. E-deficient rats excrete normal amounts of creatine and creatinine. 
3- The activity of true ChE in brain and true- or pseudo ChE in serum of E-deficient rats does 

not differ from that  of normal animals. 
4. Liveresterase activity in E-deficient rats is 640/o of the activity found in non-deficient 

animals. 

R]~SUM]~ 

i. Si Yon administre ~ des rats, de fa~on r61~t6e, des doses de physostigmine donnant lieu 
des convulsions Yon n'observe pas de cr~atinurie. 

2. Les rats souffrant d'une d6ficience en vitamine-E excr~tent des quantit6s normales de cr6atine 
et de cr~atinine. 

3. L'activit6 cholinest6rasique vraie du cerveau, ainsi que l 'activit6 ChE vraie ou pseudo du 
s6rum sont les m~mes chez les rats ~ d~ficience de vitamine E que chez les animaux normaux. 

4. L'activit~ de l'est6rase du foie chez les rats ~ d6ficience de vitamine E correspond ~ 64~ o 
seulement de l 'activit$ trouv6e chez les animaux normaux. 

ZUSAMMENFASSUNG 

I. Haufige Physostigminzufuhr in krampferregenden Dosen ruit  bei der Rat te  keine Creatinurie 
hervor. 

2. Rat ten mit Vitamin-E Mangel scheiden normale Mengen Creatin und Creatinin aus. 
3. Die wahre Cholinesterase-Aktivit~t des Gehirns und die wahre und pseudo-ChE-Aktivitikt 

des Serums sind bei Rat-ten mit Vitamin-E Mangel dieselben, wie bei normalen Tieren. 
4. Die Leberesterase-Aktivit~t betr~gt bei Rat ten mit  E-Mangel 64~  o derjenigen von normalen 

Ratten. 
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