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c a n t  d i f fe rence  b e t w e e n  t h e  pe r tu s s i s  or  D i - T e - P e r  
vacc ines  w i t h  a d d i t i o n  of a t u m i n i u m  p h o s p h a t e  a n d  t h e  
f lu id  vacc ines .  T h u s  o u r  h y p o t h e s i s  t h a t  we were  a s say-  
ing  t w o  s a m p l e s  of t h e  s a m e  a c t i v e  s u b s t a n c e  was  con-  
t r a d i c t e d  b y  t h e  resul t s .  

S h o u l d  f u r t h e r  e x p e r i m e n t s  show t h a t  a n  a d d i t i o n  of 
a l u m i n i u m  p h o s p h a t e  t o  p e r t u s s i s  v a c c i n e s  m i g h t  in -  
f luence  t h e  degree  of i m m u n i t y  a g a i n s t  w h o o p i n g -  
cough ,  a n d  t h a t  in  such  a case  a l u m i n i u m  p h o s p h a t e  
does  n o t  b e h a v e  as a n  i n e r t  s u b s t a n c e  b u t  i n f luences  t h e  
dose - r e sponse  r eg ress ion  lines, d i f f icul t ies  m i g h t  ar ise  in  
e x p r e s s i n g  t h e  v a l u e  of a v a c c i n e  c o n t a i n i n g  a l u m i n i u m  
p h o s p h a t e  in  t e r m s  of a n  i n t e r n a t i o n a l  s t a n d a r d  t h a t  
wou ld  n o t  c o n t a i n  a l u m i n i u m  p h o s p h a t e .  T he  d i f fe rence  
in p r o t e c t i o n  b e t w e e n  t h e  s a m e  ser ies  of a pe r tus s i s  
vacc ine  w i t h  a n d  w i t h o u t  a d d i t i o n  of a l u m i n i u m  phos -  
p h a t e  wou ld  d e p e n d  on  t h e  dose used  for  c o m p a r i n g  t he  
vacc ine .  I n  ou r  case,  t h e  d i f fe rence  was  v e r y  s l i gh t  w i t h  
a l a rger  dose, w h e r e a s  w i t h  a s m a l l e r  dose i t  p r o v e d  to  be  
t h r e e  t i m e s  in f a v o u r  of t h e  v a c c i n e  w i t h  a n  a d d i t i o n  of 
a l u m i n i u m  p h o s p h a t e .  A n  a d d i t i o n  of d i p h t h e r i a  a n d  
t e t a n u s  t oxo id s  to  a pe r tu s s i s  v a c c i n e  d id  n o t  in f luence  
t h e  dose - r e sponse  regress ion  lines. 
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Zusammen/assung 
I n  L a b o r a t o r i u m s u n t e r s u c h u n g e n  w u r d e  de r  E i n f l u s s  

y o n  A l u m i n i u m p h o s p h a t  au f  die ~dose- response  regres-  
s ion lines,~ des  I m p f s t o f f e s  gegen K e u c h h u s t e n  u n t e r -  
such t .  

Multiple Dietary Necrotic Degeneration 
in the Mouse 

A fa t a l  de f ic iency  disease,  m u l t i p l e  n e c r o t i c  d e g e n e r a -  
t ion ,  c a n  be  p r o d u c e d  in mice  b y  feeding  a s e m i - s y n -  
t h e t i c  d ie t  w h i c h  is b a s e d  on  dr ied  A m e r i c a n  Torula 
y e a s t  as t h e  sole source  of p r o t e i n k  T he  r a t i o n  wtfich h a s  
b e e n  u sed  for t h e  p r o d u c t i o n  of l iver  necros i s  in r a t s  e, is 
low in  cys t ine ,  a n d  s i m u l t a n e o u s l y  de f i c i en t  in  two  
e s sen t i a l  d i e t a r y  fac tors ,  n a m e l y ,  v i t a m i n  E, a n d  F a c t o r  
3 a. T h e  p a t h o l o g y  of m u l t i p l e  n e c r o t i c  d e g e n e r a t i o n  in 
t h e  m o u s e  is c h a r a c t e r i z e d  b y  e x t e n s i v e  nec ro t i c  c h a n g e s  
in  t h e  h e a r t  musc le ,  l iver ,  k idneys ,  a n d  p e r i p h e r a l  musc l e  
(Fig.  1). T h e  m a s s i v e  necros i s  of t h e  h e a r t  p r e d o m i n a t e s .  

1 General composition: Sucrose 59, Torula yeast 30, vitamin 
E-free lard 5, salts 5, and a vitamin mixture (in lactose) 1. VitaminA 
acetate (1 mg%) and vitamin D~ (1 /zg%) are added. 

2 K. SCHWARZ, Proc. Soc. exp. Biol. Med. 77, 818 (1951). 
3 K. SCHWARZ, Ann. N. Y. Acad. Sci. ~7, 878 (1954). - The term 

'Factor III '  has more recently been used for a form of vitamin B~2 
[W. FRIEDRICH and K. BERNUAUER, Angew. Chem. 65, 627 (1953)]. 
There is no relation between Factor 3 against necrotic liver de- 
generation and the vitamin Bl~-Factor III. 

The  c h a n g e s  are  a s soc ia t ed  w i t h  a p r o n o u n c e d  p a n c r e a t i c  
a t r o p h y  a n d  w i t h  d e g e n e r a t i o n  of t h e  tes tes .  I n  the  
p r e s e n t  s tud ies ,  wean l ing ,  m a l e  FI  p r o g e n y  f r o m  the  
cross  b e t w e e n  f ema le  B A L B / c A n N  a n d  ma le  D B A ] 2 J N  
s t r a i n s  of h o m o z y g o u s  mice  was  used  4. The  mice, 
we igh ing  b e t w e e n  8 a n d  15 g a t  wean ing ,  were  k e p t  in  in- 
d i v i d u a l  w i r e - m e s h  b o t t o m  cages  a t  a c o n s t a n t  t em-  
p e r a t u r e  of 23 ° to  25°C. Die t s  were  ted ad libitum. 
S u p p l e m e n t s  ( F a c t o r  3, v i t a m i n  E ,  or  cys t ine )  were 
m i x e d  i n to  t he  d r y  basa l  r a t i on .  Con t ro l  mice  were 
m a i n t a i n e d  on  a s emi -pu r i f i ed  d i e t  c o n t a i n i n g  30% 
casein .  

T h e  o u t c o m e  of f ive success ive  e x p e r i m e n t s  ( A - E )  is 
p r e s e n t e d  in  t h e  Tab le .  D e a t h  o c c u r r e d  on  t h e  b a s a t  die t  
b e t w e e n  t h e  3 8 t h  a n d  9 6 t h  day .  T h e  a v e r a g e  s u r v i v a l  
t i m e s  of these  g roups  r a n g e d  f r o m  65 to  73 days .  The  
overa l l  i nc idence  of nec ro t i c  les ions  in d i f f e ren t  o r g a n s  
was :  H e a r t  91, l ive r  54, musc l e  47, a n d  k i d n e y s  42%.  
Mul t i p l e  nec ro t i c  d e g e n e r a t i o n  a p p e a r s  to  deve lop  in 
s t ages :  B e t w e e n  t he  38 th  a n d  t h e  50 th  d a y  necro t ic  
les ions were  f o u n d  on ly  in t h e  h e a r t .  T h e  o r g a n  was 
f r e q u e n t l y  en la rged .  The  v a l v e s  a n d  t he  e n d o c a r d i u m  
were  n o r m a l .  Af te r  50 days  l iver  necros is  was  seen  as 
well. Th i s  les ion was  i n d i s t i n g u i s h a b l e  in  a p p e a r a n c e  
f rom d i e t a r y  l iver  necros is  in  t he  r a t ,  b u t  i t  d id  no t  
p r e c i p i t a t e  t h e  acu te ,  t e r m i n a l  b r e a k d o w n  seen  in the  
l a t t e r  species.  T h e  m a j o r i t y  of mice  s u r v i v i n g  for 68 or 
more  clays also h a d  ske le t a l  musc l e  d e g e n e r a t i o n  
( m u s c u l a r  d y s t r o p h y ) ,  k i d n e y  lesions,  a n d  a t r o p h y  of 
t h e  panc reas .  T h e  k i d n e y s  were  e n l a r g e d  a n d  showed  
w h i t e  spo t s  u n i f o r m l y  d i s t r i b u t e d  o v e r  t h e i r  surface.  
O c c a s i o n a l l y  h e m a t u r i a  was  n o t e d .  T h e  p a n c r e a t i c  
a t r o p h y  was  r e s t r i c t e d  to  t h e  s e c r e t o r y  p o r t i o n  of the  
g l a n d  (Fig. 2). T h e  p i c t u r e  was  r e m i n i s c e n t  of t h e  a c i n a r  
a t r o p h y  o b s e r v e d  in k w a s h i o r k o r  5. I n  t h e  l a t t e r  s t ages  of 
m u l t i p l e  nec ro t i c  d e g e n e r a t i o n  t h e r e  was  also a t r o p h y  of 
t h e  tes tes .  

E i t h e r  F a c t o r  3 or v i t a m i n  E a lone  p r e v e n t e d  m u l t i p l e  
nec ro t i c  d e g e n e r a t i o n  in  t h e  m o u s e  (Table) .  C y s t i n e  h a d  
on ly  a p a r t i a l  e f fec t  ~. The  p r o t e c t i v e  ef fec ts  a re  in  good 
c o r r e l a t i o n  w i t h  those  o b t a i n e d  a g a i n s t  l i ve r  nec ros i s  in  
t h e  r a t .  T h e  F a c t o r  3 c o n c e n t r a t e  used  in e x p e r i m e n t  D 
was  p r e p a r e d  b y  f r a c t i o n a t i o n  f r o m  b r e w e r s  yeas t .  I t  
p r e v e n t e d  t h e  gross p a t h o l o g i c a l  c h a n g e s  for  a n  ex- 
t e n d e d  t i m & .  T h e  o b s e r v e d  p r o t e c t i v e  e f fec ts  were 
pa ra l l e l ed  b y  s ign i f i can t  d i f fe rences  b e t w e e n  t h e  g r o w t h  
r a t e s  of t h e  v a r i o u s  g roups .  

F a c t o r  3, desc r ibed  as a n  i n d e p e n d e n t  d i e t a r y  a g e n t  
in  1951 b y  SCI4WARZ s, is w a t e r  soluble ,  s t r o n g l y  b o u n d  
to  p r o t e i n  a n d  o rgan ic  in  n a t u r e .  I t  h a s  b e e n  o b t a i n e d  
f rom v a r i o u s  n a t u r a l  sources  in  h i g h  c o n c e n t r a t i o n  9. 
R e c e n t l y ,  F a c t o r  3 h a s  b e e n  s h o w n  to  c o n t a i n  selenium 
in  o r g a n i c a l l y  b o u n d  fo rm 1°. I t  is e x t r e m e l y  p o t e n t  for 
p r e v e n t i n g  l iver  necros i s  in  t h e  r a t ,  a n d  e x u d a t i v e  
d i a t h e s i s  in  t h e  ch i ck  ~'. F a c t o r  3 c an  be  r ep l aced  b y  

4 The cooperation of the Animal Production Section, National 
Institutes of Health, is gratefully acknowledged. 

H. C. TROWELL, J. N. P. DAVIES, and R. F. A. DgAN, Kavask- 
iorkor (Edward Arnold Ltd., London 1954). 

6 The effect of L-cystine has been found to be caused by a 
trace contamination with selenium. K. SC~WARZ, unpublished 
results. 

v With the exception of the testicular atrophy. 
s K. SCHWARZ, Proc. Soc. exp. Biol. Med. 78, 852 (1951). 
9 K. SCHWARZ et al., unpublished results. 

t0 K. SCHW•RZ and C. M. FOLTZ, J. Amer. chem. Soc. 79, 3292 
(1957). 

11 K. SCnWARZ, J. G. BI~:RI, G. M. BRIGGS, and M. L. SCOTT, 
Proc. Soe. exp. Biol. Med. 95, 6"2I (1957). 
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Multiple Necrotic Degeneration in the Muuse (Sununary of five experiments) 

Diet 

Control  (casein diet) . . 

Basal  ( Torula yeas t  diet) 

B a s a l +  Fac to r  34 concen-  
t r a t e  

B a s a l + v i t a m i n  E 5 . . . 
Basal  + cys t ine  6 

B a s a l +  v i t a m i n  E 5 and  
. cys t ine  e . . . . . . . .  

Ex- Averagcweight 
gain in 8 weeks 

periment (in g) 

A 15.2 
B 14.5 
C 14.2 

Tota l s  14.7 

A t 6.2 
B 8.2 
C 6,1 
D 6.8 
D z 8.5 

To ta l s  7.4 
I n  o/ . / o "  

D 11.1 
17 10.5 
E 12.1 

In  %:  

B 14.3 

I)uration 
(in (lays) 

200 
I40 

79 

77 
96 
80 
81 
82 

- I 

i 
129 i 

114;1887 
114;188 a 

273 I 

1 Vitamin A and D supplement omitted in these groups. 
2 There were no survivors. A total of 22 out of 79 animals were 

sacrificed during the experiment,  between the 54th and the 7'2nd 
day, for histological and other studies. 

3 Incidence of heart  lesion not  registered in experiment A. 
4 Factor 3 concentrate prepared from an enzymatic digest of 

brewer's yeast,  equivalent to 40 units of Factor 3 in I00 g of diet 3, 

Nmnber of 

Animals,,, [ Deaths 

0 
0 
0 

0 

I ()s 
l l "  
10 
12 2 
14" 

100 

Incidence of necrotic degeneration in 

Heart  I Liver ] M u s c l e  I Kidney 

0 
0 
0 

0 

10 
11 

3 
7 

12 

43 
54 

0 
0 
0 

0 

6 
6 
5 
6 

14 

37 
47 

21 
15 

5 

41 

15 
16 
10 
15 
23 

79 

0 
0 
(I 

0 

_ _ $  

15 
c) 

12 
22 

58:~ 
9t  

0 
0 
0 

0 

10 
6 
3 
8 
6 

33 
42 

1') 
26 
27 

0 0 
0 0 

25 0 
93 0 

0 0 
0 0 
0 1 
0 4 

19 0 0 0 () 0 

s 50 rag% D,L-~-toeopherol acetate. 
6 0.5% L-eystine. 
7 13 mice killed at 114 days and 

weaning. 
s 13 mice killed at 114 days anti 

weaning. 

13 killed at  188 days after 

14 killed at 15t8 days after 

c e r t a i n  o t h e r  s e l e n i u m  c o m p o u n d s ,  i n c l u d i n g  i n o r g a n i c  
s e l e n i t O  °. I n  t h e  m o u s e  m u l t i p l e  n e c r o t i c  d e g e n e r a t i o n  
w a s  p r e v e n t e d  b y  15 ktg o f  t h e  e l e m e n t  (as Na2SeO~) in 
100 g o f  t h e  b a s a l  d i e t :  Al l  18 a n i m a l s  o f  t h e  s e l e n i u m  
s u p p l e m e n t e d  g r o u p  s u r v i v e d  for  100 d a y s  a n d  w e r e  
n o r m a l  a t  a u t o p s y ;  a s i m u l t a n e o u s  c o n t r o l  g r o u p  o f  
33 m i c e  o n  t h e  b a s a l  r a t i o n  h a d  a n  a v e r a g e  s u r v i v a l  t i m e  
of  69 d a y s ,  w i t h  n o  s u r v i v o r s .  

T h e  m a i n  p a t h o l o g i c a l  e l e m e n t s ,  i .e. ,  h e a r t  l e s ions ,  
l ive r  n e c r o s i s ,  k i d n e y  d e g e n e r a t i o n  a n d  m u s c u l a r  
d y s t r o p h y ,  w h i c h  o c c u r  ]oint ly  in  m u l t i p l e  n e c r o t i c  
d e g e n e r a t i o n  in  t h e  m o u s e  h a v e  b e e n  o b s e r v e d  separately,  

in d i f f e r e n t  spec ies ,  on  v i t a m i n  E d e f i c i e n t  d i e t s  ts.  
Here to f l ) r e ,  m o s t  of  t h e s e  l e s i ons  w e r e  a t t r i b u t e d  s o l e l y  
to  l a ck  of  t o c o p h e r o l .  O u r  r e s u l t s  s h o w  c l e a r l y  t h a t  
n e c r o t i c  d e g e n e r a t i o n  is of  m u l t i p l e  d i e t a r y  o r i g in .  I t  
c a n  o c c u r  o n l y  w h e n  b o t h  F a c t o r  3 (i.e.,  b i o l o g i c a l l y  
a c t i v e  s e l e n i u m )  a n d  t o c o p h e r o l  a r e  m i s s i n g  s i m u l t a n e -  
o u s l y .  I t  is c o n c e i v a b l e  t h a t  t h e  v a r i o u s  n e c r o t i c  l e s i o n s  
r e s u l t  f r o m  t h e  d i s t u r b a n c e  o f  a n  e s s e n t i a l  m e t a b o l i c  
m e c h a n i s m  w h i c h  is d e p e n d e n t  o n  F a c t o r  3 a n d  t o c o -  
p h e r o l ,  a n d  c o m m o n  to  al l  o r g a n s  i n v o l v e d .  

12 1,:. 1'.'. ,M^sor~, in W. II. Sr:,RV.X.I. aml R. S. ItxRRiS, The 
Vitamins, Vol. III, 5.15 (Academic l)ress, New York, il),54). 

Fig. 1. Multiple dietary necrotic degeneration. Note necrotic lesions of heart and liver, and also discoloration of urine in bladder (hematuria).  
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Fig. o. Pancreatic atrophy. Left: control; right: 

The authors are indebted to Dr. GEORGE L, FITE for histological 
examinations, and to Mr. RODNEY H. DUVALL for technical as- 
sistance. 

W. B. DEWITT 13 and  K. SCHWARZ 14 

National  Inst i tutes o[ Health, U. S. Public Health 
Service, Bethesda (Maryland) ,  M a y  21, 1957. 

Zusammen/ass~tng 

Bei der  Maus  wi rd  d u r c h  eine Di~t  eine t6d l iche  
M a n g e l k r a n k h e i t ,  s o g e n a n n t e  mul t ip le ,  nek ro t i s che  
Degene ra t i on ,  e rzeugt .  Diese Digit ist  a r m  an  Cys t in  
u n d  frei yon  F a k t o r  3 und  V i t a m i n  E. Nekrosen  des 
H e r z m u s k e l s  s t ehen  im V o r d e r g r u n d ,  a u s s e r d e m  k o m m t  
es zu D e g e n e r a t i o n  yon  Leber ,  Nieren  u n d  Musku la tu r .  
P a n k r e a s  u n d  Tes tes  zeigen A t r o p h i e  bei  g e s t 6 r t e m  
V~rachstum. Die K r a n k h e i t  wird  e n t w e d e r  d u r c h  den  
F a k t o r  3 oder  d u r c h  V i t a m i n  E ve rh t i t e t .  Der  F a k t o r  3, 
de r  vo r  k u r z e m  als eine o rgan i sche  Se l en ium-Verb in -  
d u n g  iden t i f i z ie r t  wurde ,  is t  d u r c h  Se !en i t -Se len ium 
e r se tzbar .  

1:~ Laboratory of Tropical Diseases, National Institute of Allergy 
and Infectious Diseases. 

14 Laboratory of Nutrition and Endocrinology, National Insti- 
tute of Arthritis and Metabolic Diseases. 

T h e  Effects  of  S e c r e t i n  on  U r i n a r y  V o l u m e  and 
E l e c t r o l y t e s  in N o r m a l  Subjec t s  and  P a t i e n t s  

w i t h  Chron ic  P a n c r e a t i c  D i s e a s e  

I t  is well e s t ab l i shed  t h a t  i n t r a v e n o u s  in j ec t ion  of 
sec re t in  in to  no rma l  sub jec t s  s t i m u l a t e s  t he  re lease  of a 
large vo lume  of a lka l ine  p a n c r e a t i c  juice c o n t a i n i n g  a 
h igh  c o n c e n t r a t i o n  of sod ium b i c a r b o n a t e ,  whe reas  in 
ch ron ic  p a n c r e a t i c  disease,  th i s  r e sponse  is a l t e r edL  The  
Secre t in  Tes t ,  ba sed  on  these  obse rva t i ons ,  invo lves  

1 G. AGREN and H. LAGERL6F, Acta reed, scand. 90, 1 (1936). - 
D. A. DREILING and H. D. JANOWITZ, Gastroenterology 30, 38'2 
(1956). 

after 80 days on the baaal diet. Paraffin, H. E. 

d u o d en a l  i n t u b a t i o n  2. In  an a t t e m p t  to  avoid  the  diffi- 
cul t ies  of i n t u b a t i o n ,  we h a v e  i n v e s t i g a t e d  changes  in 
ur inary  exc re t ion  of sod ium and  alkali  fo l lowing sec re t in  
in jec t ion ,  in n o rma l  sub jec t s  and  p a t i e n t s  w i t h  ch ron ic  
p a n c r e a t i c  disease.  P a t i e n t s  were inc luded  on ly  if t he  
d iagnos is  was  s u p p o r t e d  by  the  m o s t  c r i t ica l  cl inical  a n d  
b iochemica l  ev idence .  

The  fol lowing e x p e r i m e n t s  were  p e r f o r m e d :  

(a) 13 Normal  Sub]ects: control  i n j e c t i o n o f n o r m a l  saline, 
fo l lowed wi th in  a week b y  secre t in  in jec t ion .  

(b) 19 Normal  Sub]ects: sec re t in  in j ec t ion  only.  

(c) 7 Patients  with severe chronic pancreatic disease: secre- 
t in  in jec t ion .  

Most  of the  n o rma l  sub jec t s  were  medica l  s t uden t s .  

Procedure : D a y  be/ore test: a d e q u a t e  fluid in take  (2-3 1). 

D a y  o/ test. Su b j ec t  fas t ing,  7.30 a.m. dr inks  100 ml 
wate r .  Con t inues  to  d r i n k  th is  vo lume  a t  ha l f -hou r ly  
i n t e rva l s  t h r o u g h o u t  t h e  tes t .  

8.30 a.m. Sub jec t  a t  res t  in a chair .  

9.00 a.m. Su b j ec t  e m p t i e s  b ladder .  This  s p ec i men  is 
d i sca rded .  Tes t  beg ins :  B l a d d e r  e m p t i e d  
a t  9.20 a.m.,  9.dO a.m., 9.50 a.m. and  10.00 
a.m. and  spec imens  k e p t  s e p a r a t e l y  u n d e r  
to luene .  

10.01 a.m. I n j e c t i o n  of t e s t  mater ia l .  B l a d d e r  e m p t i e d  
a t  10.10 a.m.,  10.20 a.m. a n d  10.30 a.m. 

The  in jec t ion  ma te r i a l  was  either Secre t in  (Lilly) a t  a 
dose  of 1 cl inical  u n i t / k g  b o d y  weigh t ,  in n o r m a l  sal ine,  
a t  a c o n c e n t r a t i o n  of 5 un i t s  pe r  ml,  or an  equa l  v o l u m e  
of n o r m a l  saline. B o t h  in j ec t ions  were  i n t r a v e n o u s ,  a n d  
given over  2 min.  

The p r inc ipa l  m e a s u r e m e n t s  m a d e  on the  spec imens  
were  : 

(1) Volume. 

(2) Sodium - b y  e x t e r n a l  s t a n d a r d  f lame p h o t o m e t r y .  

(3) Titratable Ac id i t y  and Bicarbonate. S e p a r a t e  
e s t i m a t i o n  of these  fac to rs  was  av o i d ed  by  us ing  the  
m e t h o d  of DAWSO.~ et al. a, which  measures ,  in a s ingle 

2 D. A. DREILING, Gastroenterology 24, 540 (1953). 
a j .  DAWSON, E. DEMPSE'Z, F. BART~ER, A. LEAF, and F. AL- 

BRmnT, Metabolism 2, 2'25 (1953). 


