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t rue  on a chlorophyl l  basis~K One can speculate  t h a t  there  
m a y  be a swi tch f rom the  Calvin cycle in which ribulose di- 
phospha te ,  is the  acceptor  of COn to  the  HATCH and 
SLACK cycle in which  P -eno lpy ruva t e  serves as the  
init ial  CO2 acceptor,  The la t t e r  cycle is found  in more  
efficient pho to syn the t i c  p lan ts  such as Zea mays, Sac- 
charum o/ficinarum and o ther  species in the  t ropical  t r ibes  
of the  Graminae.  Accordingly,  i t  was of in te res t  to  f ind 
t h a t  P -eno lpy ruva te  carboxylase  ac t iv i ty  increased 3-4- 
fold in rus t - infec ted  leaves as compared  to  the i r  hea l thy  
controls.  Associated wi th  th is  enzyme of the  HATCI~ and 
SLACK cycle p a t h w a y  is P E P - s y n t h e t a s e  (not found in 
Calvin cycle pho to syn the t i c  plants)  and while pre l iminary  
exper iments  indica ted  only a weak  ac t iv i ty  of th is  
enzyme in rus t - infec ted  p lan ts  it  was greater  t h a n  t h a t  
demons t rab le  in hea l t hy  plants .  I t  will be necessary  to 
devise a t echn ique  enabl ing one to  s e p a r a t e t h e  metabo l i sm 
of green island t issue f rom t h a t  of the  ad jacen t  t issue and  
correct  for the  con t r ibu t ion  of t he  parasi te ,  before t he  
ques t ion can be answered as to  whe the r  t he  HATCH and 
SLACK p a t h w a y  is p r e d o m i n e n t  in 'green is land '  ~, ~ 

Zusamme~c/assung. Nachweis,  dass rost inf izier te  Wei-  
zenbl~t ter  (Puccinia graminis) h6here  PEP-Carboxy la se -  
aktivit~it aufweisen als gesunde,  und  Fes t s te l lung  einer 
P E P - S y n t h e t a s e .  Annahme ,  dass in den griinen Inseln 
der  inf iz ier ten Bl~itter CO~ n ich t  mehr  nach  dem Calvin- 
zyklus, sondern  auf dem HATC~I und  SLACK-Weg f ixier t  
wird. 

E. R. WAY'GOOD, L. Y. PAo ~ and It .  R. GODAVARI 

Department o/ Botany, University o/ Manitoba, 
Winnipeg (Manitoba, Canada R S T  2N2), 
18 March 1974. 

15 We thank Dr. G. J. GREEN (Canada Department of Agriculture, 
Winnipeg) for providing the wheat seed and spores of rusts used 
in this work and Dr. R. Rohringer (C. D. A., Winnipeg) for his 
valuable suggestions. 

16 This work was supported by grant No. A2698 from the National 
Research Council, Canada. 

1~ Present address: 4602 Calvert Road, College Park, Maryland 
20740, USA. 

Salivary Electrolytes, Protein and pH during Transcendental Meditation 

The presen t  inves t iga t ion  concerns  the  re la t ionship  of 
minera l  me tabo l i sm wi th  s ta tes  of consciousness.  Trans-  
cendenta l  medi ta t ion ,  as t a u g h t  by  MAHARISI~I MAI~ESH 
YOGI ~, is a world-wide pract ice  of great  un i fo rmi ty  and 
provides  an ideal model  for expe r imen ta l  s tudy.  WALLACE 
et al. ",a have  shown t h a t  cer ta in  physiological  and bio- 
chemical  changes  t ake  place dur ing  the  s ta te  of conscious- 
ness induced by  the  practice.  Al te ra t ions  in phys io logy 
include decreases in respirat ion,  hea r t  rate,  O 2 consump-  
t ion,  CO~ e l imina t ion  wi th  increased skin electrical 
res is tance  and E E G  cr Also found  were 
decreases in blood pH,  base excess and lactic acid 8, 
suggest ing a s ta te  of mi ld  metabol ic  acidosis. In  th is  
s tudy  the  effects of med i t a t i on  on sa l ivary  minera ls  and  
p H  was inves t iga ted  as a p re l iminary  to s tudies  on blood 
chemis t ry  dur ing the  pract ice.  

Materials and methods. The subject ,  a male  un ivers i ty  
s tudent ,  had  been  prac t ic ing  t r anscenden t a l  med i t a t i on  
for abou t  6 m o n t h s  and  was inves t iga ted  dur ing 10 sessions 
over a 2-week-period. Medi ta t ion  was per fo rmed  in t he  
late af ternoon,  af ter  a t  least  6 h of fasting,  in the  subjec t ' s  

own home.  Uns t imula ted ,  mixed  saliva was collected by  
free flow immed ia t e ly  before, and  immed ia t e ly  after,  a 
20-rain medi ta t ion ,  and again 10 min  af ter  medi ta t ing .  

The pI-I of the  samples  was measured  wi th  a Radio-  
me te r  p H  mete r  and cat ionic e lect rolytes  were q u a n t i t a t e d  
in 5% tr ichloroacet ic  acid (TCA) ex t rac t s  by  a tomic  
absorp t ion  spec t ropho tome t ry .  Inorganic  phospha t e  ~ and  
pro te in  5 were measured  by  classical procedures .  TCA- 
soluble p ro te in  was p rec ip i ta ted  by  shaking wi th  d ie thyl  
e ther  and  subsequen t  asp i ra t ion  of the  e ther  layer. For  
s ta t i s t ica l  evalua t ion  the  da ta  was analysed  by  the  pai red 
t- test  wi th  p re -med i t a t iona l  values  act ing as control .  
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Effects of meditation on salivary electrolytes, protein and pH 

During meditation P Before meditation (control) P After meditation 

K([xg/ml) 1320 • 44 �9 < 0.001 1070 ~= 57 n.s. b 980 ~ 35 
Pi(tzg/ml) 417 ~ 16 < 0.001 286 • 10 n.s. 269 ~ 12 
Na(txg/ml) 300 ~ 13 < 0.001 176 • 11 n.s. 200 ~ 14 
Ca(~zg/ml) 118 -b 5.1 <0.001 87 • 1.6 n.s. 88 :L 4.2 
Mg(txg]ml) 14.2 i 0.9 < 0.001 10.1 q- 0.7 n.s. 9.6 i 0.3 
Zn(vg/ml) 9.8=t= 1.1 n.s. 8 .8•  0.3 n.s. 10 .2 i  1.5 

Acid-soluble proteinC (rag/nil) 2.05 :~- 0.10 < 0.001 1.06 :~ 0.02 < 0.025 0.93 i 0.05 
Acid-insoluble proteind (mg/rnl) 2.04 -~= 0.12 < 0.005 1.50 ~ 0.09 < 0.02 1.85 ~ 0.11 
Total proteine (mg/ml) 4.09 2.56 2.78 
pH 6.54 i 0.06 < 0.001 6.91 ~= 0.04 < 0.02 7.01 =~ 0.04 

Mean • S.E.M. N = 10. b Not significant (P > 0.05) by paired t-test, c Protein not precipitated by 5% trichloroacetic acid. d Protein 
precipitated by 5 % triehloroacetie acid. e Calculated (sum of values for acid soluble and insoluble protein). 
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Resuits and discu,sson. I t  was found  t h a t  med i t a t i on  
p roduced  a general  increase in sa l ivary  minera ls  (Table)  
especial ly Na (70%), Mg (42%), Ca (36%) and Pj (46%). 
However  K was increased a lesser a m o u n t  (23%) and  Zn 
was no t  s ignif icant ly  al tered.  10 min  af ter  med i ta t ion  
there  was no difference,  f rom control  period,  in any  of the  
electroiytes .  The p ro te in  con ten t  of the  saliva was also 
increased dur ing  medi ta t ion .  TCA-soluble pro te in  was 
e levated  by  93% and  TCA-insoluble p ro te in  by  36%, 
leading to an overal l  increase of 60% in to ta l  protein.  10 
min  af ter  med i t a t i on  the  to ta l  p ro te in  con ten t  was still  
s l ight ly  e levated  ( + 9 % ) due main ly  to  the  23 % elevat ion 
in the  TCA-insoluble fract ion.  However ,  the  acid-soluble 
p ro te in  was s ignif icant ly  decreased ( - -12%)  at  th is  t ime.  
Sal ivary p H  was decreased (0.4 p H  unit) dur ing med i t a t i on  
and  sl ightly,  bu t  s ignif icant ly  increased (0.1 p H  unit) 10 
rain af ter  the  pract ice.  Values ob ta ined  for sa l ivary  p H  
and  minera l  con ten t  are in general  agreement  wi th  pub-  
l ished values 6. 

The sa l ivary  changes  dur ing  t r anscenden ta l  med i t a t i on  
indicate  t h a t  extracel lular  fluid e lect rolytes  m a y  also be 
a l tered dur ing  th is  s ta te .  Some of the  increase in solids is 
u n d o u b t e d l y  due to  wa te r  r eabsorp t ion  and/or  the  secre- 
t ion of a more  concen t ra t ed  saliva. However ,  the  large 
difference in the  degree of concen t ra t ion  of solids (from 
+ 11% for Zn to  + 93 % for TCA-soluble protein)  indicates  
more  t h a n  jus t  an overall  change in wa te r  concent ra t ion .  
Also, d i f ferent ia l  increase in acid-soluble over  acid-insol- 
uble protein ,  and the  fact  t h a t  the  former  is decreased 10 

rain a f te r  medi ta t ion ,  while  the  la t t e r  remains  elevated,  
indicates  a specific process involving these  substances .  
Decreased sa l ivary  p H  m a y  reflect  a s l ight  acidosis as 
d e m o n s t r a t e d  by  WALLACE et al. a. 

Studies  are cont inuing  on the  b iochemical  correlates  of 
t r anscenden ta l  med i t a t i on  and  the  role of mineral  nutr i -  
t ion  in the  mechan i sms  of consciousness.  

Rdsumd. Lors de la p ra t ique  de la <(m6ditation t rans-  
cendantale~> on a observ6 des modif ica t ions  quan t i t a t ives  
du p H  ainsi que des concen t ra t ions  en 61ectrolytes et  
prot6ines  de la salive. Apr6s 20 rain de m6di ta t ion  Oil a 
t rouv6 des var ia t ions  de cer ta ins  min6raux  saliv~res: 
Na ( + 7 0 %), Mg ( + 42 %), Ca ( + 36 %) et  phosphore  rain& 
ral ( + 4 6 % )  alors que K et  Zn n ' o n t  augment6  que tr~s 
peu. La concen t ra t ion  en prot6ines a augment6  et le p H  a 
diminu6 p e n d a n t  l 'exercice. La compos i t ion  de la saliva 
est redevenue  normale  au bou t  de 10 min  apr6s la fin de la 
m6di ta t ion.  
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A S t u d y  of  the  I n h i b i t i o n  b y  C y s t e a m i n e  on  the  S t e r o i d  1 1 / 3 - H y d r o x y l a t i o n  

Recent ly ,  i t  was found t h a t  the  adrenos ta t i c  effect  of 
cys teamine  on the  cor t icos terone b iosynthes is  was caused 
by  an inh ib i t ion  of the  11fi-hydroxylase sys tem in the  
adrenal  cor tex  ~-a. W i t h  respec t  to  th is  effect, cys teamine  
is comparab le  to m e t y r a p o n e  4 and s imilar  a romat ic  
subs t ances<  This confo rmi ty  is surpr is ing because 
cys t eamine  is a l iphat ic  and  has a free su l fhydry l  (SH)- 
group  wi th  reduc ing  proper t ies .  Therefore,  one would 
assume t h a t  the  mechan i sm of inh ib i t ion  by  cys teamine  
m u s t  be d i f fe rent  f rom t h a t  by  me ty rapone .  

As a f i rs t  po in t  of reference for the  act ion mechanism,  
the  inh ib i t ion  of the  s teroid  11fl-hydroxylase sys t em by 
cys teamine  was quan t i t a t i ve ly  compared  wi th  t h a t  caused 
by  me ty rapone .  F u r t h e r  expe r imen t s  were based on the  
fact  t h a t  the  m e t y r a p o n e  inhib i t ion  of the  11 f l -hydroxyL 
ase is specific, as the  s teroid  C21 hydroxy la se  is un-  
affectedG, 7. Therefore,  cys t eamine  and m e t y r a p o n e  were 
also compared  wi th  respec t  to the i r  inf luence on the  C 21 

hydroxyla t ion .  In  a th i rd  series of exper iments ,  cyste-  
amine  was compared  wi th  chemical ly  re la ted  subs tances  
as to the  effect  on the  11fl-hydroxylase.  
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Table I. Steroid llfl-hydroxylase inhibition by cysteamine and metyrapone 

Concentration of inhibitor (M) 
Inhibitor Enzyme activity Control 0.4 • 10 -4 1.0 • 10 -4 2.0 X 10 -4 4.0 • 10 -~ 

Metyrapone absolute 28.51i0.99 t5.02=[=0.7 ~ 9.61~0.63 ~ 7.39~=0.44 b 5.64=I=0.2 
% 100 53 34 26 20 

Cysteamine absolute 28.61• 20A9:k0.62 13.80~0.74 9.46• 6.23• 
% 100 73 4g 33 22 

Enzyme activity, calculated for nM/mg protein/h (absolute) and percent of control value. Adrenal homogenates, 4 incubations per dose. 
Mean i S.D. t-test. All experimental values are significantly different from control values with P < 0.001. Significance of difference 
between metyrapone and cysteamine: , P < 0.01; o P < 0.001. 


