
VOL. 16 (1955) BIOCHIMICA ET BIOPHYSICA A.CTA 75 

THIAMINE PYROPHOSPHATASE, ACID AND 

ALKALINE PHOSPHATASE ACTIVITY IN THE CHICKEN BRAIN 

IN  V I T A M I N  B 1 D E F I C I E N C Y  

by  

D. N A I D O O  AND O. E. PRATT 

Institute o] Psychiatry (British Postgraduate Medical Federation, University o/London), 
Maudsley Hospital, London (England) 

SHIMIZU, HANDA, HANDA AND KUMOMOTO 1 examined nervous tissue of thiamine- 
deficient pigeons in respect to both alkaline and acid phosphatases. Acetone fixed tissue 
showed that  thiamine-deficient nerve cells "acquired increased amounts of alkaline 
phosphatase" whereas "acid phosphatase of the axis cylinders and cytoplasm of the 
nerve cells is diminished in amount" .  There has been much criticism of the acid phos- 
phatase technique when chemically fixed tissue is used particularly since loss in activity 
may  be considerable 2, 3, 4, s, and since results with nervous tissue may  be variable s, s. I t  is 
now generally agreed that  freeze-drying methods are to be preferred for histological 
enzyme study. Further, NAIDOO AND PRATT 7 demonstrated a specific enzyme in rat  
brain splitting inorganic phosphate from thiamine pyrophosphate.  This was active in 
both  the acid and alkaline ranges. At pH 9.1 thiamine pyrophosphatase was present 
in different histological sites from the non-specific alkaline phosphatase. In the acid 
range, however, although the sites of activity of the thiamine pyrophosphatase were 
histologically similar to those of the non-specific acid phosphatase, these enzymes were 
functionally distinguishable by their differences in activation and inhibition. 

I t  was considered that  a study of the distribution and activity of thiamine pyro- 
phosphatase and of the non-specific acid and alkaline phosphatases in frozen-dried 
nervous tissue from thiamine-deficient chickens was necessary to confirm and extend 
the findings of SHIMIZU, HANDA, HAND±k AND KUMOMOTO 1. This paper illustrates the 
histochemical findings and compares the act ivi ty of these enzymes in normal and in 
thiamine-deficient brain. 

EXPERIMENTAL 

Management o[ Birds. Day-old Rhode Is land Red cockerels obtained from an accredited com- 
mercial ha tchery  were housed in an electrically heated Hover-Brooder .  The brooder t empera tu re  
was set at  first a t  35 ° C and progressively reduced during the first three weeks to room tempera ture  
which was  mainta ined at  22 ° by  thermosta t ica l ly  controlled s team heaters.  The room was well lit 
by  daylight.  The birds were kept  on a wire mesh floor, the droppings falling onto metal  t rays  which 
were cleaned out  twice weekly. Clean drinking water  was provided and during the first three weeks 
a commercial  b a b y  chick mash  (Spillers Ltd., London) was allowed wi thou t  restriction. 

At  the end of the third week all weaklings or abnormal  birds were rejected and the remainder  
was  divided into two similar groups  in respect  of weight.  The two groups  were placed in smaller 
adjacent  cages and the points  of their  upper  beaks b lunted by clipping in order  to p reven t  feather 

Relerences p. 8x. 
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pecking.  The commerc ia l  mash  was  w i thhe ld  and  the b i rds  fed on a s y n t h e t i c  d ie t  which  was mixed  
w i t h  w a t e r  to a t h i ck  c r e a m y  cons i s tency  and in t roduced  d i r ec t l y  into the  crop. The feeding was 
car r ied  out  twice  dai ly ,  a t  9 and  17 hours  a p p r o x i m a t e l y ,  wi th  a me ta l  syr inge  of a type  no rma l ly  
used to  api) ly  o r n a m e n t a l  icing to cakes.  The d ie t  was p repa red  by g r ind ing  the m i x t u r e  t h rough  
a fine me ta l  seive and mix ing  1oo g wi th  loo ml of water .  A ,2 cm l eng th  of rubbe r  t ub ing  (external  
d i a m e t e r  6 ram, in t e rna l  d i a m e t e r  3 ram) was a t t a c h e d  to  the nozzle of the syr inge,  mois tened  and 
passed  down the oesophagus  in to  the  crop. "Fhc bird was held in the left  h a n d  wi th  the first two 
fingers p laced  upon  the  crop and the food n I ix tu re  in jec ted  un t i l  the  crop was tmlpab ly  full. The 
bi rds  were a l lowed to feed freely on a m i x t u r e  of ge la t in  and  celhdose powder .  

Each b i rd  in the cont ro l  g roup  rece ived eve ry  second d a y  an i n t r a n m s c u l a r  in jec t ion  con ta in ing  
Joo tL of t h i a m i n e  in saline. All b i rds  were weighed  da i ly  i m m e d i a t e l y  before the  morn ing  feed. 
Four  sets  of [2 b i rds  each were used in th i s  work.  The s y n t h e t i c  d ie t  was a modif ica t ion  of t h a t  
of COATES, KON AND S H E P H E A R D  8, o m i t t i n g  the  th iamine .  The cons t i t uen t s  were as shown in Table  1. 

TA 13LE I 

COMPOS[T1ON OF SYNTHETIC DIET 

D e x t r i n  ~ coo g 
Casein (13.D.H. v i t a m i n  free) 36o g 
Mixed sa l t s  1V ~oo g 
(HEGSTED, ~IILLS, ELV1i;HJEM AND ]-[ART 9) 
C a H P O  4 20 g 
Cyst ine  6 g 
Inos i to l  2 g 
Sulph i te  t r ea t ed  l iver  e x t r a c t  TM 15 ml 
La rd  J oo g 
Cod l iver  oil 2o g 
H e p t a n e  e x t r a c t  from 6o g dr ied  grass  
Choline chlor ide  3 g 
Ribof lav in  12 mg 
Ca p a n t o t h e n a t e  3 ° ing 
P y r i d o x i n  8 mg 
Nico t inamide  I oo nIg 
2-Methyl-~ : 4 - na ph thoqu inone  i oo m~ 

The solid c o n s t i t u e n t s  were first ground.  The las t  six i t ems  were d issolved in  25 m190 % aqueous  
e thanol .  The lard,  cod l iver  oil and  grass  e x t r a c t  were mixed  t o g e t h e r  and  added  to a l i t t l e  dex t r i n  
before inco rpora t ion  w i t h  the  bu lk  of the  solid cons t i tuen t s .  The l iver  e x t r a c t  and  the alcohol ic  
so lu t ion  of v i t a m i n s  were added  to the  m i x t u r e  in a s imi la r  manner .  

Each  b i rd  rece ived 35-5 ° g da i ly  of the  d ie t  m i x t u r e  when  forced feeding was  s t a r t ed .  The 
bi rds  g iven  the  t h i a m i n e  s u p p l e m e n t  con t inued  to receive  th i s  q u a n t i t y  of d ie t  da i ly  t h r o u g h o u t  
the  e x p e r i m e n t  bu t  the  b i rds  not  g iven  t h i a m i n e  rece ived less of the  d ie t  m i x t u r e  t owards  the  end 
of the  expe r imen t ,  owing  to de layed  e m p t y i n g  of the  crop. Man ipu l a t i on  of the  crop did no t  a p p e a r  
to txasten i ts  e m p t y i n g .  The b i rds  were ki l led when the  we igh t  had  fallen sha rp l y  and t h e y  were 
unab le  to s t a n d  or hold the i r  heads  up. When  placed on the i r  backs  t h e y  were unab le  to r i g h t  
themse lves .  

The a c t i v i t y  of acid and a lka l ine  phos pha t a s e s  was e s t i m a t e d  by inorganic  p h o s p h a t e  l ibe ra t ion  
from g lyce rophospha t e  by  suspens ions  of t e c t u m  g round  in saline, as  p rev ious ly  descr ibed n.  The 
h i s to log ica l  d i s t r i bu t i on  of these  enzymes  was  s tud ied  in sect ions  p repa red  from frozen dr ied blocks  
of t i ssue  as descr ibed e lsewhere  7,12. A nmdified m e d i u m  was employed  for the  s t u d y  of t h i a m i n e  
pyro lphosphatase  as follows: 

A ssay med ium Histological med ium 
M 31 

Medinal  buffer (pH S.7) o.oe 5 o.o-'5 
MgCI~ 0.020 0.020 
CaC12 o.o25 o.*oo 
T h i a m i n e  p y r o p h o s p h a t e  o.oo8 o.0o8 

I~e/cre.ces p. 8r. 
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The  s u b s t r a t e  vcas added  i m m e d i a t e l y  before use  and  the  final p H  was  8. 4 (as m e a s u r e d  by 
a glass  electrode).  For  q u a n t i t a t i v e  e s t i m a t i o n  of ac t iv i ty ,  t he  n l ed ium inc luded sufficient  t i ssue 
suspens ion  to give 1 m g  of f resh t i s sue /ml .  

R E S U L T S  

T h e  f i r s t  d i f f e r e n c e  s e e n  b e t w e e n  t h e  t w o  g r o u p s  w a s  a g r e a t e r  i n c r e a s e  i n  w e i g h t  

o f  t h e  t h i a m i n e  s u p p l e m e n t e d  g r o u p .  W e a k n e s s  o f  l e g  a n d  n e c k  m u s c l e s  a p p e a r e d  f i r s t  

i n  t w o  b i r d s  o f  t h e  d e f i c i e n t  g r o u p  o n  t h e  e l e v e n t h  d a y  b u t  t w o  d i d  n o t  s h o w  t h e s e  

s y m p t o m s  u n t i l  t h e  t w e n t y - f o u r t h  d a y .  E n z y m e  a c t i v i t y  f o u n d  i n  s u s p e n s i o n s  p r e p a r e d  

f r o m  t h e  r e c t u m  of  b i r d s  w i t h  a n d  w i t h o u t  t h e  t h i a m i n e  s u p p l e m e n t  a r e  g i v e n  in  

T a b l e  I I .  T h e  a c i d  o r  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  d i d  n o t  a p p e a r  t o  b e  r e l a t e d  t o  

t h e  d u r a t i o n  o f  t h e  e x p e r i m e n t a l  f e e d i n g  p e r i o d ,  b u t  t h e  t h i a m i n e  p y r o p h o s p h a t a s e  

a c t i v i t y  t e n d e d  t o  f a l l  w i t h  i n c r e a s i n g  s u r v i v a l  o n  t h e  e x p e r i m e n t a l  d i e t  i n  b o t h  t h e  

d e f i c i e n t  a n d  t h e  t h i a m i n e  s u p p l e m e n t e d  g r o u p s .  T a b l e  I I I  c o m p a r e s  t h e  m e a n  e n z y m e  

a c t i v i t y  o f  e a c h  g r o u p  a n d  s h o w s  t h a t  t h e r e  w a s  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  a l k a l i n e  

p h o s p h a t a s e  a n d  t h i a m i n e  p y r o p h o s p h a t a s e  b u t  n o  s i g n i f i c a n t  c h a n g e  i n  a c i d  p h o s -  

p h a t a s e  a c t i v i t y .  

TA BLE 1 1 

A C I D  AND A L K A L I N E  P H O S P H A T A S E  A N D  T H I A M I N E  P Y R O P H O S P H A T A S E  A C T I V I T Y  I N  N O R M A L  

A N D  T H I A M I N E - D E F I C I t ~ N T  C H I C K E N  T E C T U M  

At  2 1 days  of age all an i ma l s  were fed the  diet  of Table  1. One series received in add i t ion  regular  
t h i amine  inject ions .  Deficient  b i rds  were killed w h e n  ne rvous  s y m p t o m s  were severe  and  cont ro ls  

were sacrificed a t  sinii lar in terva ls .  

Chicken Duration Change A cid A lkali~e Thiamine 
No. o I experiment in weight phosphatase phosphatase pyrophosphatase 

days g units units units 

Basa l  diet  + T h i a m i n e  

99 15 + 21o 8t 
IOO IS + 212 26 80 59 
t~l  21 + 247 5 ° 7 ° 45 
lOt 22 -i 270 46 65 58 
tO2 23 + 262 39 34 
I03 23 + 2 4 3  37 74 
iO 4 24 @ 2()I 4 ° -" 39 
I12 25 ~ e87 -- 37 
i t 3  25 "! 305 44 7 S 34 
1 1 4  26 -~ 3ol 46 7 t 38 

Basal  diet only 

93 13 7- 2 3  4 ° L31 ~'5 
lO5 I5 - -  t3 33 119 7 ( , 
94 r5 - -  2 t 38 i 15 03 
95 I8 + 2o 4 ° t2o ~oS 
9 ° 21 -- J4 43 io7 68 
97 22 --- _' I 42 89 34 

to 7 22 Io 40 47 
9S 23 l 2 4 ° 44 

io8 25 2S 53 49 
re 9 26 3 i t 2 52 

Re/erences p. 81:. 
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Hislological. Nissl and myelin preparations of the deficient brain did not show any 
histological abnormality. Sections of optic tectum incubated with glycerophosphate at 
pH 5.3 showed no differences of staining between the normal and thiamine-deficient 
at incubation periods of up to 2 hours (Fig. I and 2). In the alkaline range at pH 9.I 
definite differences of activity and distribution were evident in sections incubated for 
different intervals up to 2 hours. The deficient tectum showed an increase in the activity 
of the stratum opticum and the subjacent outer layers (Fig. 4). In the inner layers 
nuclei of the neurones showed moderate staining, in tile layers overlying the ependyma 
staining was deep. In the normal control (Fig. 3) no nuclei could be made out on nficro- 
scopy and the outer layer immediately below the stratum opticum stained comparatively 
lightly. None of the zones of the tecta showed capillary endothelial staining. The neuro- 
pile between inner layers was lighter in the deficient brain. In the sections incubated 
with thiamine pyrophosphate, the deepest stained layer was the stratum opticum in 
both control (Fig. 5) and experimental (Fig. 6) tissues. In the other layers staining of 
the nerve cell bodies was moderately deep in the normal, lint considerably deeper in 
tile deficient bird. The neuropile in the deficient tectuin was darker than that in the 
control. 

D I S C U S S I O N  

The synthetic thiamine-deficient diet makes possible controlled feeding of measured 
amounts of a diet of known constitution which is adequate for normal growth when 
supplemented with thiamine. 

In tile later stages in tile experimental group delayed emptying of the crop, a 
phenomenon possibly inseparable from thiamine d/)ficiency, probably accounted for 
some degree of inevitable interference with general nutrition. But, since crop stasis is 
not severe until general paralysis is so pronounced that the birds are sacrificed, it 
appears unlikely that the effects of this under-nutrition will complicate the picture of 
thiamine deficiency. 

Alkaline phosphatase in the normal chicken brain appears to be much more active 
than in rat brain la. Chicken brain flfiamine t)yrophosphatase differs in some respects 
from the enzyme previously studied in rat brain 7, i~. The rat enzyme shows high activity 
over a wide range of H + concentration, inchiding both pH 6. 9 and 9.1, but the chicken 
enzynw,nnly acts over a narrower range close to pH S. 4. Tile latter enzyme is activated 
only by MK +2, whereas the rat thiamine t)yrol~hnsphatase can be activated by either 
Ca ~'-' or Mg ~". The activity of this enzyme tends to fall with surviwd of the birds, even 
in the group fed on a thiamine-supplemented diet. This finding suggests that the activity 
of this enzyme may alter with inaturation of the nervous system. 
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l : ig.  I.  \ So. ( ; l y c e r o p h o s p h a t e  
s u b s t r a t e  p H  5.3 ( s u p p l e m e n t e d  
d i e t ) .  S h o w i n g  d e e p  s t a i n i n g  o f  
t h e  n e r v e  ce l l  a n d  g l i a l  e l e m e n t  

t h r o u g h o u t  al l  l a y e r s .  

•., . . • • ,.bk")a'~! 

i 

t.{~.D~..:~ '::,:?;'~ ) 

Fig. 2. • ,So. Glycerophosphate 
substrate pH 5.3 (deficient diet). 
Showing no differences between 
cytological findings in deficient 

and supplemented diets. 

Fig. 3. ' 80.(;lycerophosphate 
substrate pit ¢~. l (suppleinented 
diet). Lightly stained outer 

laver and no nuclei present. 

Measurenlent of enzyme act ivi ty clearly shows differences between tile' deficicnt 
and the control groups. There is a significant increase in tile act ivi ty both of alkaline 
phosphatase and of thiamine pyrophosphatase in the thiamine-deficient hrains, but  no 
significant changes in acid phosphatase activity.  Tile optic tec tum is chosen for histo- 
logical s tudy as it is clearly laminated and changes can be described in terms of the 
intensi ty of staining of the distinct layers. The changes in the staining are consistent 
with tile measured increase in alkaline phosphatase and in thiamine pyrophosphatasc  
activity. The quant i ta t ive results therefore confirm the histological findings. 

The change in alkaline phosphatase act ivi ty is in agreement  with tile findings of 
~HIMIZU, HAND;\, H:\NDA AND KU~fOMOTO 1, but  the fall in acid phosphatase act ivi ty des- 
cribed by  these authors is not  seen in the present work. I t  should be noted that  tile frozen- 
dried chicken rectum shows little acid phosphatase activi ty in axons or dendrites, unlike 
the chemically fixed pigeon brain studied by SHIMIZU, HAND.k, HANDA AND KUMOMOTO 1. 
An explanation of this disagreement m a y  lie in the different methods of tissue prepara- 
tion, or in the probabil i ty tha t  brain acid phosphatase act ivi ty  represents more than 
o n e  enzyme, as reported by L O W R Y ,  R O B E R T S ,  W U ,  H I X O N  A N D  C R A W F O R D  15. 

ICefcremes p. 82:. 
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Thiamine pyrophosphate undergoes a series of reversible and irreversible cltanges iN 
alkaline solution ~G. If sutlqcient breakdown products accumulate during the incubation of 
the chicken brain sections at pH 8.4 suitable substrates may be provided for alkaline phos 
phatase action. However, not more than a small part of the increase in thialnilw t)vrophos - 
phatase activity in the deficient chicken brain is likely to be accounted for in this manner. 

Although in acute vitamin lJ~ deficiency no structural changes are seen in the brain 
by the usual histological staining methods, small haemorrhages and a glio-inesoderinal 
reaction may be found in the tecta, in the periventricular grey matter, and particularly 
in the mamillarv bodies of chronic deficient tmimals. The changes in enzyme activity 
may possibly be a sequel to this tissue damage but the tecta examined in this study 
showed no evidence of histological abnormality by ordinary methods. Moreover, it is 
difficult to explain on this basis why activity should increase rather than decrease, and 
it is surprising that there is no change in acid t)hosphatase activity, especially as 
activation of this enzyme has been reported after axon section iv,is or after electrical 
stimulation va. It has been found that alkaline phost)hatase and thiamine pyrophos- 
phatase activity does not undergo rapid changes post-mortem la. it seelns unlikely that 
the changes in alkaline phosphatase and thiamine pyrophosphatase activity can be due 
to destruction of the tissue but rather to a more specific metabolic injury. 

l:ig. 4. • , ' ; o . ( ; lyce rophospha t t '  
s u b s t r a t e  t)|-t O. J (deficient diet).  
l)eet)l > s t a in ing  o u t e r  layers  

and nuclei present. 

Re~ere.cos /~. , r e  

I"i~4. 5- So. T h i a m i n e  pyr()- 
p h o s p h a t e  s u b s t r a t e  p H  S. 4 
{supp lenmnted  diet).  Deeply  
s t a in ing  s t r a t u m  o p t i c u m  and  
light neu rop ih '  wi th  fa in th '  

stainiib4 nuclei.  

I"i~. ~,. • S o  "l 'hianmle py ro  
p h o s p h a t e  s u b s t r a t e  p l l  N.! 
(deficient diet).  I )eeply s ta inin~ 
s t r a t u n l  o p t i c u m  with  m o d e r  
a t e h  s t a in ing  neur<)pile and 
m~re dark ly  staininR ~. l i  bodies. 
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SI rMMARY 

i. The overal l  a c t i v i t y  and  the  h is to logica l  d i s t r i bu t ion  of t h i a m i n e  py rophospha t a se ,  of acid 
and a lka l ine  p h o s p h a t a s e s  have  been s tud ied  in nervous  t issue of the normal  and  of the th i amine -  
(h'ficient chicken.  

2. A .Mg -2 a c t i v a t e d  t h i a m i n e  p y r o p h o s p h a t a s e  w i t h  o p t i m a l  a c t i v i t y  abou t  pH 8. 4 is present  
in chicken bra in  in add i t ion  to the  acid and a lka l ine  phosphomonoes te rases .  

3. In the opt ic  t e c tum of th i amine-de f i c i en t  chickens  there  is a s igni f icant  increase in the a c t i v i t v  
of the  t h i a m i n e  t ly ro l )hospha tase  and of a lka l ine  phosl )hatase ,  bu t  m} s iguif icant  change  in the 
a c t i v i t y  of the acid phospha tase .  

RI~SUMR 

i. L ' a c t i v i t d  to ta /e  e t  la r~par t i t ion  h is to logique  de la t h i a m i n e  p y r o p h o s p h a t a s e  et  des t)tlos- 
pha t a se s  acide et  a lca l ine  nnt  dtd dtudides dans  le t issu ne rveux  du poule t  no rma l  et  du poule t  
carenc6 en th i amine .  

2. Outre  les phosphomonoes t~rases  acide et  a lcal ine,  le ce rveau  du poule t  renferme une th i amine  
py rophospha ta se ,  ac t iv6e pa r  le 3Ig ~ et  don t  le pH o p t i m u m  est  d ' env i ron  8. 4. 

3. Dans  le t e c t u m  op t ique  de poule t s  carenc~s en th i amine ,  on observe  une a u g m e n t a t i o n  
s igni f ica t ive  de l ' ac t iv i t~  de la t h i a m i n e  t )y rophospha tase  et  de la phospha t a se  alcal ine,  inais  aucune  
modif ica t ion  de I ' ac t iv i td  de la phos pha t a s e  acide. 

Z I 'SAMM EN FA SS UNG 

i. Die Gesan l t ak t iv i tg t t  und die h is to logische  Ver te i lung  der  A n e u r i n p y r o p h o s p h a t a s e ,  (|eT 
sau ren  und der  a lka l i schen  P h o s p h a t a s e n  wurden  im N e rvensys t em der n o r m a l e n  und der an Aneurin-  
Mangel  l e idenden  K/ iken un te r such t .  

2. l'2ine durch  Mg~+-ak t iv ie r te  A n e u r i n p y r o p h o s p h a t a s e  mi t  o p t i m a l e r  Aktivi t~t t  bei  pH 8-4 
ist  im Oehirn tier Ki iken noch ausser  der sauren  und a lka l i schen  Phosphomonoes t e r a sen  v o r h a n d e n  

3. hn  T e c t u m  des Mi t t e lh i rns  der  an A n e u r i n m a n g e l  le idenden Kf lken  is t  eine bemerkenswer t e  
Zunahn le  der Akt iv i t f i t  der A n e u r i n p y r o p h o s p h a t a s e  und der  a lka l i schen  P h o s p h a t a s e n  aber  keine 
heson(tere Ver / inderung in der Akt iv i t f i t  der sauren  P h o s p h a t a s e n  zu beobach ten .  
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