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A) HMT activity in the supernatant and particulate fractions of various regions of the rat brain during development, expressed in nmoles]g 
tissue/60 min 

2 Days 6 Days 10 Days Adult 

Brain regions S P S P S P S P 

Cortex 33.7nL27.9 13.7-E10.1 68.5~-18.1 ~ 19.7~=11.0 b 71 .1 -E16 .8  22 .7 : t_12 .5  62.1-t=18.5 19.7~-12.2 
Hypothalamus 86.8-c 15.0 62.3~ 15.3 109.1• ~ 86.64-19.2 ~ 182.9• 19.2 ~ 131.0~= 17.4 ~ 163.2• 17.7 b 99.0• 
Dieneephalon 75.0i18.0 22.9• 84.6~=14.0 27.1-t=15.1 107.1• ~ 32.0~15.0 89.1=L20.4 35.9• 
Brain stem 105.3• 22.1-~ 15.3 122.3• ~ 38.7-E 19.2 ~ 125.6=E 1 9 . 1  36.6i12.9 110.2• 33.2• 
Cerebellum 62.8~- 14.9 28.9~ 18.9 63.1• 30.1• 118.2~ 18.3 ~ 42.6~=15.3 b 98.5J 20 .4  39.4i15.4 

Each number is the mean value of the 10 animals -c SD. 

B) PNMT activity in the supernatant and particulate fractions of the hemispheres and brain stem of the rat brain during development ex- 
pressed in nmoles/g tissue/60 rain 

9 Days 15 Days 21 Days 

Brain regions S P S P S P 

Hemispheres 1.31-~0.72 2.53~-0.96 1.63~20.81 3.88j=1.23 1.78~0.75 4.33i1.17 
Brain stem 2.10J 0.90 4.83• 1.59-L0.63 5.82=t_1.14 1.82-E0.66 5.32~-0.99 

ap < 0.02; bp < 0.01; cp < 0.001 
Each number is the mean value of 10 animals ~ SD. 

Our results  suggest  t h a t  the  deciine of bra in  h i s tamine  
con t en t  and the  a p p a r e n t  increase of h i s t amine  tu rnove r  
af ter  the  1st week of life, m igh t  be the  resul t  of enhanced  
me thy l a t i on  by  the  increased ac t iv i ty  of HMT dur ing 
th is  period.  This is compat ib le  wi th  the  observa t ion  of 
SCI~WARTZ et  al. is t h a t  endogenous  h i s tamine  of ra t  brain  

18 J . -C.  SCHVe'ARTZ, H.  POLLARD, S. BISCtIOFF a n d  M. VERDIERE- 
SAHQUE, Eur. J. Pharmae. )'6, 326 (1971). 

19 j.  T. COVLE and J. AXELROD, J. Neurochem. 19, 449 (1971). 
2o j .  T. COYLE and J. AXELROD, J. Neurochern. 19, 1117 (1972). 

rises sha rp ly  after  inhib i t ion  of h i s t amine  methy la t ion .  
Fac to r s  o ther  t h a n  me tabo l i sm rate,  such as modif icat ions  
in c o m p a r t m e n t a t i o n  17 and release of h is tamine,  m a y  
also con t r ibu te  to the  above deve lopmenta l  changes.  

PNMT shows a lmost  a 2-fold increase in specific activi-  
t y  be tween  17 days  of ges ta t ion  and 14 days  af ter  bir th .  
No signif icant  change was observed af ter  the  end of the  
2nd week, while, as shown by  other  invest igators ,  tyros ine  
hydroxy lase  and dopamine- /%hydroxylase ,  two o ther  
enzymes  of the  same pa thway ,  show a fur ther  increase 
dur ing  the  following 2 weeks of life19, 20. 

A l t e r a t i o n  of  C h o l e s t e r o l  S y n t h e s i s  in  R a t  L i v e r  as  I n d u c e d  b y  4 - M e t h y l - 5 - H y d r o x y  V a l e r i c  A c i d  

j. c. DiAz-ZAGoYA, M. E. HURTADO and J. GONZ2{LEZ 

Departamento Bioquimica, Facultad de ~fedicina, Universidad Nacional A utonoma de Mexico, A partado .Postal 70-759, 
Mexico 20, D. F., 8 March 1976. 

Summary. The ra te  of cholesterogenesis  in ra t  liver, measured  by  the  incorpora t ion  of labelled ace ta te  or meva lona te  
in to  cholesterol,  was s ignif icant ly  supressed  by  the  use of 4 -me thy l -5 -hydroxy  valeric acid sodium salt. This effect  
c a n n o t  be expla ined by  changes  in HMG CoA reduc tase  act iv i ty .  

I t  is general ly agreed t h a t  tile r a te -Emi t t ing  s tep in 
hepa t ic  cholesterogenesis  is the  fo rmat ion  of mevalonic  
acid f rom HMG CoA (3-hydroxy-3-methy lg lu ta ry l  CoA) 1. 
This  react ion,  which  is ca ta lyzed  by  tile enzyme HMG 
CoA reductase  (EC 1.1.1.34), is a l tered by  d ie t a ry  choles- 
terol  con ten t  2, ho rmona l  condi t ions  a and drugs like 
cho les ty ramine  4. Several  compounds ,  including cer ta in  
valeric acid der iva t ives  5, have  been tes ted  as hypol ipemic  
agents ,  some of t h e m  hav ing  i m p o r t a n t  inh ib i to ry  effect  
on hepa t ic  cholesterogenesis  b y  mechan i sms  no t  a lways 
involving direct  act ion of the  drug upon  the  regula tory  
s tep  6. 

This r epor t  deals wi th  the  effect  of 4 -me thy l -5 -hydroxy  
valeric acid sodium salt  (MHVA) on hepat ic  cholesterol  
b iosynthes is  in the  rat .  M H V A  is ob ta ined  as a side pro-  
duc t  in the  chemical  syn thes i s  of pregnenolone  f rom dios- 
genin ~. 

Materials and methods. Male Wis ta r  rats,  120 to  150 g, 
ma in t a ined  on s t an d a rd  l abora to ry  chow supp lemen ted  
as indicated,  were used in all exper iments .  4-methyl-5-  
h y d r o x y  valeric acid was k ind ly  suppl ied b y  Dr  F. GIRAL 
(Nat. Univ.  lViexico, Sch. Chem.). 1-14C-sodium ace ta te  
(62 mCi/ mmole) and Dz-2-SH-mevalonic acid lactone 
(82 mCi/mmole) were ob ta ined  f rom The Radiochemica l  
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C e n t r e .  3 - 1 4 C - 3 - h y d r o x y - 3 - m e t h y i g l u t a r i c  ac id  (2.19 m C i /  
m m o l e )  w a s  o b t a i n e d  f r o m  N e w  E n g l a n d  N u c l e a r  Corp .  
Al l  o t h e r  c h e m i c a l s  w e r e  a n a l y t i c a l  r e a g e n t s .  

L i v e r  s l ices ,  a p p r o x i m a t e l y  1 m m  t h i c k ,  w e r e  p l a c e d  in  
2.5 m l  of  K r e b s  R i n g e r  p h o s p h a t e  bu f f e r ,  p H  7.4, a n d  in-  
c u b a t e d  2 h a t  37 ~ w i t h  e i t h e r  5 tzCi of  s o d i u m  a c e t a t e  o r  
2 ~xCi of  D L - m e v a l o n i c  a c i d  l a c t o n e ,  lVi t lVA w a s  d i s s o l v e d  
in  0.2 M p h o s p h a t e  bu f f e r ,  p H  7.4. T h e  r e a c t i o n  w a s  
s t o p p e d  b y  t h e  a d d i t i o n  of  3 0 %  a l coho l i c  K O H  a n d  5 m g  
of  c h o l e s t e r o l  a s  ca r r i e r .  F o r  t h e  in  v i v o  e x p e r i m e n t s ,  t h e  
a n i m a l s  r e c e i v e d  d a i l y  for  4 d a y s ,  b y  s t o m a c h  t u b e ,  t h e  
M H V A  s o l u t i o n  in  0.2 M p h o s p h a t e  bu f f e r ,  p H  7.8, o r  a n  
e q u i v a l e n t  v o l u m e  of  b u f f e r  s o l u t i o n .  T h e  a d m i n i s t r a t i o n  
w a s  d o n e  a t  a p p r o x i m a t e l y  t h e  s a m e  t i m e  of  t h e  d a y .  O n  
t h e  4 t h  d a y ,  1 h a f t e r  t h e  o ra l  a d m i n i s t r a t i o n ,  e a c h  r a t  
r e c e i v e d  i .p.  e i t h e r  5 ~zCi of  s o d i u m  a c e t a t e  o r  2 ~zCi of  
D L - m e v a l o n i c  a c id  l a c t o n e  p e r  100 g of  b o d y  w e i g h t .  T i l e  
r a t s  w e r e  k i l l ed  1 h l a t e r .  T h e  i s o l a t i o n  of  l i ve r  c h o l e s t e r o l  
w a s  c a r r i e d  o u t  as  i n d i c a t e d  for  t h e  l i ve r  s l ices ,  t h e  c a r r i e r  
o m i t t e d .  T o t a l  s e r u m  c h o l e s t e r o l  w a s  m e a s u r e d  8. Cho le s -  
t e r o l  f r o m  t h e  l ive r  w a s  i s o l a t e d  w i t h  d i g i t o n i n  a n d  r a d i o -  
a c t i v i t y  w a s  m e a s u r e d  in  a l i q u i d  s c i n t i l l a t i o n  s p e c t r o -  
m e t e r  9. T h e  a c t i v i t y  o f  H M G  C o A  r e d u c t a s e  i n  t h e  l ive r  
m i c r o s o m e s  w a s  a s s a y e d  ~~ p r e v i o u s l y  p r e p a r i n g  t h e  
a n h y d r y d e  of  3 - x a C - 3 - h y d r o x y - 3 - m e t h y l g l u t a r i c  ac id  11. 
M i c r o s o m a l  p r o t e i n  w a s  d e t e r m i n e d  w i t h  F o l i n - p h e n o l  
r e a g e n t  12. 

o 

100 
% 

50 

�9 "~'x -- - - ~ Mevalonate 

~r 
1'5 26 52 mM 

MHVA concentration 

Fig. 1. In vitro incorporation of Labelled acetate or mevalonate into 
cholesterol ill liver slices. The results represent the activity ill 
cholesterol from 200 mg liver slices, expressed as the percentage of 
the control value: 14061 i 2413 dpm per 200 mg of liver slices and 
112121 • 16758 dpm per 200 rag of liver slices for acetate and meva- 
lonate, respectively. Each point of the curve corresponds to the 
mean of 3 determinations. 

Resu l t s .  T h e  a d d i t i o n  of  d i f f e r e n t  c o n c e n t r a t i o n s  of  
M H V A  p r o d u c e d  a d e c r e a s e  in  a c e t a t e  i n c o r p o r a t i o n  i n to  
c h o l e s t e r o l  in  l i ve r  s! ices.  T h e  e f f ec t  w a s  d o s e - d e p e n d e n t  
( F i g u r e  1). I n  t h e  ca se  of  m e v a l o n a t e  i n c o r p o r a t i o n  i n to  
cho l e s t e ro l ,  M H V A  w a s  a lso  i n h i b i t o r y  b u t  a t  h i g h e r  
c o n c e n t r a t i o n s  ( F i g u r e  1). 

lV[HVA a d m i n i s t e r e d  p a r e n t e r a l l y  h a d  n o  e f f ec t  o n  
a c e t a t e  i n c o r p o r a t i o n  a t  d o s e s  t h a t  r a n g e d  f r o m  0 t o  1 
m M  p e r  100 g of  b o d y  w e i g h t .  O n  t h e  o t h e r  h a n d ,  o ra l  
a d m i n i s t r a t i o n  h a d  a c r i t i ca l  i n f l u e n c e  o n  c h o l e s t e r o l  
s y n t h e s i s  ( F i g u r e  2). T h e  d o s e s - r e s p o n s e  c u r v e  s h o w s  t h a t  
a c o n c e n t r a t i o n  of  0 .32 m M  p e r  100 g of  b o d y  w e i g h t  p r o -  
d u c e d  2 0 %  i n h i b i t i o n  o f  a c e t a t e  i n c o r p o r a t i o n  i n t o  cho -  
l e s te ro l .  T h e  m a x i m u m  i n h i b i t i o n  w a s  o b t a i n e d  w i t h  
d o s e s  f r o m  0.97 to  1.95 m M  p e r  100 g of  b o d y  w e i g h t .  I n  
t h e  r e s t  of  t h e  e x p e r i m e n t  1.88 m M  p e r  100 g of  b o d y  
w e i g h t  w a s  e m p l o y e d .  T h i s  d o s e  i n h i b i t s  3 0 %  m e v a l o n a t e  
i n c o r p o r a t i o n  i n t o  c h o l e s t e r o l  (84 277 -E 5 280 d p m  v s  
57 253 :k 87 d p m ,  p e r  g of  f r e s h  l iver ,  in  t h e  c o n t r o l  a n d  
M H V A - t r e a t e d  r a t s ,  r e s p e c t i v e l y ,  p < 0.05, t - tes t ) .  S e r u m  
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Fig. 2. In vivo incorporation of sodium acetate illto cholesterol in 
the liver of rats treated with MHVA. The results are expressed as 
the percentage of the control value: 810 ~ 121 dpm per mg of 
cholesterol. Each point corresponds to the mean of 4 rats, which 
received orally the indicated MHVA dose in phosphate buffer, pH 7.8 
for 4 days. At the 4th day, 1 h after the MHVA administration, each 
rat received i.p. 5 vCi of (1-14C)-sodium acetate. The animals were 
sacrificed 1 h later. Cholesterol was isolated in the liver as the 
digitonide. 

Table I. In vivo incorporation of radiolabeled acetate into cholesterol 
in rat liver 

1 M. D. SIPERSTEIN, Curr. Top cell. Reg. 2, 65 (1970). 
2 D. SnAFIRO and V. W. RODWELL, Biochemistry Jl, 1042 (1972). 
a G. C. NESS, R. E. DUGAN, IV[. R. LAKSHMANAN, C. M. NEPOKROEFF 

and J. W. PORTER, Proc. natn.  Acad. Sci., USA 70, 3839 (1973)i 
4 S. GOLDFARB and H. C. PITO% J. Lipid Res. 13, 797 (1972). 
5 D. KRITCHEVSKY, S. A. TELLER and J. A. STORY, Proc. Soc. exp. 

Biol. Med. 195, 12 (1974). 
s R. HESS and W. L. BANCZE. Experienda 24, 418 (1968). 
7 F. GIRAL and J. GIRAL, her .  Chem. her.  93, 2825 (1960). 
8 L. L. ABELL, B. B. LEVY, B. B. BRODIE and F. E. KENDALL, J. 

biol. Chem. 195, 357 (1952). 
9 j .  C. DfAz-ZAGOYA, J. LAGUNA and J. GUZMXN-GARciA, Biochem. 

Pharm. 20, 3473 (1971). 
10 S. SHEFER, S. HAUSER, V. LAPAR and E. H. MOSBACH, J.  Lipid 

Res. 73, 402 (1972). 
11 A. I. Louw, I. BEKERSKY and E. H. MOSBACH, Biochem. Prep. 13, 

62 (1971). 
13 E. F. HARTREE, Analyt. Biochem. dS, 422 (1972). 

Group m M  g-1 h-1 p 

Control (4) ~ 1600 :~ 50 b 
MHVA (4) 511:~ 87 <0 .001  c 
1% cholesterol (4) 656 ~ 241 < 0.01 
1% choIesterol + MHVA (4) 386 ~ 130 < 0.001 
1% diosgenin (4) 4624 ~ 338 < 0.001 
1% diosgenin + HMVA (4) 2242 ~ 432 > 0.10 

The animals received the diets indicated for 6 days. Every day for 
4 days before their sacrifice 1.88 mM per 100 g of body weight of 
MHVA were administered orally. 1 h before their killing each rat 
received i.p. 5 ~xCi per 100 g of body weight of (1-14C)-sodium acetate, 
Spec. act. 0.166 mCi/mM. The results are expressed as nm of acetate 
incorporated into cholesterol per gram of liver per h. ~Number of 
rats of each group is indicated in parenthesis, bStandard error of 
the mean. ~p-value when compared individually with control group, 
student t-test. 
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cholesterol  in M H V A - t r e a t e d  ra ts  was 84.8 g: 4.1 mg/  
100 m l v s  88.6 • 5.8 rag/100 ml in the  contro l  group 
(p > 0 . 1 0 ;  t-test).  The liver cholesterol  con ten t  in MHVA-  
t r e a t ed  ra ts  was also similar  to  t h a t  of cont ro l  ra t s  (265 
• 17 rag/100 g vs 260 -k 4 m g / 1 0 0 g  of fresh liver in 

the  control  group).  On the  contrary ,  in ra ts  wi th  a 1% 
cholesterol  diet, the  hepa t i c  cholesterol  con t en t  showed 
an 8% increase.  Table I shows t h a t  a diet  1% cholesterol  
plus 0.5% sodium deoxychola te ,  offered for 48 h, pro-  
duced 60% inhibi t ion of ace ta te  incorpora t ion  into he- 
pa t ic  cholesterol.  The admin i s t r a t ion  of M H V A  to cho- 
lesterol-fed ra ts  p roduced  77% inhibi t ion.  M H V A - t r e a t e d  

Table II. Activity of 3-hydroxy-3-methylglutaryl coenzyme A re- 
ductase in the liver of MHVA-treated, diosgenin-fed or cholesterol- 
fed rats 

Group Activity of HMG CoA rectuctase 

Control (9) �9 5.47 -~ 0.52 b 
MHVA (4) 5.31 ~ 0.28 p > 0.10 
1% diosgenin (10) 9.48 i 3.68 p % 0.005 
1% cholesterol (4) 2.15 • 0.15 p < 0.005 

The animals indicated received for 4 days before their sacrifice 
1.88 nlM per 100 g of body weight of MHVA, dissolved in phosphate 
buffer pH 7.8, or the equivalent volume of phosphate buffer alone. 
The animals of groups 3 and 4 received the diets indicated 48 h be- 
fore their sacrifice. Reductase activity is expressed as nm of meva- 
lonate formed per h per mg of microsomal protein. Generally 4 trials 
were run from each animal. The assay system consisted of 0.8 ml 
containing 100 mM phosphate buffer pH 7.2, 3 mM MgCI2, 3 mM 
NADP, 10 mM glucose 6 phosphate, 2.5 units glucose 6 phosphate 
detlydrogenase, 50 mM reduced glutatbione, 0.2 mM (3-1aC)-HNiG 
CoA and 0.7-0.9 mg microsomal protein; ~Number of rats of each 
group is indicated in parenthesis, b Standard error of the mean. 

r a t s  showed 69% inhib i t ion  of ace ta te  incorpora t ion  into 
cholesterol.  Diosgenin-fed ra ts  showed,  as indicate  previ-  
ous repor t s  9, increased incorpora t ion  of ace ta te  in to  
cholesterol.  The admin i s t r a t ion  of M H V A  to diosgenin- 
fed ra ts  pa r t l y  reversed the  act ion of diosgenin.  Finally,  
as M H V A  inhibi ts  bo th  ace ta te  and  meva lona te  incor- 
pora t ion  in to  cholesterol,  th is  effect  does no t  correlate  
wi th  a d i rect  act ion on HMG CoA reduc tase  act iv i ty .  This 
was conf i rmed when  the  enzyme was assayed in liver 
microsomes.  M H V A  did no t  inh ib i t  the  ac t iv i ty  of HMG 
CoA reductase  (Table II). On the  o the r  hand,  a l~ dios- 
genin diet  p roduced  a modera te ,  s ta t i s t ica l ly  s ignif icant  
increase in the  ac t iv i ty  of the  enzyme.  Also, in agreement  
wi th  previous  reports la ,  a h igh cholesterol  d ie t  inhibi ted  
tile ac t iv i ty  of HMG CoA reductase .  

Discussion. Al though  we canno t  ascer ta in  the  mecha-  
n ism of act ion of M H V A  wi th  the  d a t a  p resen ted  in th is  
paper ,  t i le resul ts  show t h a t  th is  valeric acid der ivat ive  
inhibi ts  hepa t ic  cholesterol  synthes is  f rom aceta te  or 
meva lona te  w i thou t  inhib i t ing  HMG CoA reduc tase  ac- 
t iv i ty .  On the  o ther  hand ,  diosgenin-fed ra ts  showed a 
modera t e  increase in HMG CoA reductase  ac t iv i ty  com- 
pa red  wittl  t he  3-fold increase in ace ta te  incorpora t ion  
in to  cholesterol,  w i th  no change in meva lona te  incorpo- 
ra t ion  into cholesterol  9. Therefore  diosgenin increases 
cholesterol  b iosynthes is  in the  l iver a t  least  as a result  of 
increasing the  ac t iv i ty  of the  ra te - l imi t ing  s tep  in bio- 
syn the t i c  pa thway .  On the  cont ra ry ,  M H V A  inhibi ts  
hepa t ic  cholesterol  synthesis ,  b u t  th is  effect  is no t  a d i rect  
ac t ion on the  ac t iv i ty  of HMG CoA reductase .  We canno t  
assure the  M H V A  act ion mechan i sm a t  the  p resen t  s ta te  
of our research,  b u t  t he  effect  r epor ted  here  cont r ibu tes  
to the  developing of new oral ly-act ive agents  for h u m a n  
t h e r a p y  in cholesterol  me tabo l i sm disorders.  

la D. J. SHAPIRO and Y. W. RODWELL, J. biol. Chem. 246, 3210 (1971). 

Effect of B e n z i m i d a z o l e  on N ico t inamide  Adenine  Dinucleot ide  Phosphate  P h o s p h o m o n o e s t e r a s e  
Act iv i ty  in Wheat Leaves  1 

H. R. GODAVARI, C. K. CHIN 2 and E. R. WAYGOOD 

Department o/ Botany, University o/ Manitoba, Winnipeg, Manitoba (Canada R3T 2N2), 22 March 7976. 

Summary. Nico t inamide  adenine  dinucleot ide phospha t e  phosphomonoes t e ra se  was isolated and par t ia l ly  purified 
f rom whea t  (Triticum aeslivum L. var. Selkirk) leaves. The enzyme had  KNADP value of 1,4 • 10 -~ M and a p H  op t imum 
of 5.9. In vitro ac t iv i ty  of th is  enzyme was unaf fec ted  by  precursors  of NAD (nicot inamide and  nicot inic  acid) or cyto-  
kinins (kinetin and benzimidazole) .  However ,  when  de t ached  whea t  leaves were t r ea t ed  wi th  solut ions of these  com- 
pounds ,  the  precursors  lowered the  specific ac t iv i ty  while the  cy tokin ins  enhanced  the  act iv i ty .  I t  is suggested t h a t  
spat ia l  separa t ion  and  c o m p a r t m e n t a t i o n  of the  enzyme and  i ts  subs t r a t e  N A D P  account  for t he  similar effect of 
benzimidazole  on both.  

Ear l ier  inves t iga t ions  in th is  l abora to ry  in to  the  effects 
of benzimidazole  on the  me tabo l i sm of excised leaves 
p resen ted  a var ied and  complex  p a t t e r n  of its influences a. 
Amongs t  these  are the  effect  of benzimidazole  on s t ruc ture  
and  in tegr i ty  of chloroplas ts  ~ and the  metabo l i sm of ni- 
co t inamide  nucleot ides  5. A marked  increase was  r epor ted  
in N A D P  con ten t  and  in the  N A D P / N A D  rat io  in de- 
t ached  leaves of Wheat (Triticum aestivum vat .  Selkirk) 
t r e a t ed  wi th  solut ions of benzimidazole  or k ine t in  ~. Ben-  
zimidazole t r ea t ed  leaves fed wi th  radioact ive  precursors  
accumula ted  rad ioac t iv i ty  in N A D P  > NAD, while leaves 
f loated on wa te r  accumula ted  the  r ad ioac t iv i ty  in N A n  
> N A D P  5, L However  NAD b u t  no t  N A D P  was repor ted  

to accelarate  the  senescence of chloroplas ts  in plasmo- 
lyzed p ro top las t s  of Elodea leaves 8. X~OSHIDA'S work was 
ex t en d ed  in th is  l abora to ry  to d e t ach ed  unp lasmolyzed  
leaves of Elodea and wheat .  In  bo th  cases N A n  bu t  no t  
N A D P  accelerated the  senescence (as measured  by  chlo- 
rosis) of de t ached  leaves and  benzimidazole  overcame 
th is  effectL These s tudies  suggest  t h a t  the  senescence of 
de tached  w h e a t  leaves and the  effect  of cytokin ins  on se- 
nescence are d i rec t ly  or indi rec t ly  connec ted  to the  ratio 
of the  concen t ra t ions  of NAD and  N A D P  in w h e a t  leaves. 
NAD kinase (EC 2.7.1.23) which  phosphory la t e s  NAD to 
N A D P  9 and N A D P - p h o s p h a t a s e  (EC 3.1.3.2) which 
hydro lyzes  N A D P  to NAD 10,11 appea r  to  p lay  i m p o r t a n t  


