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% lhere / l r  "no doubt that glutamine i r  a factor of general importance . 
~n ce l l  oletabpl~mm but the nature o f  i t s  funs t~on  1s w t  yet clear" \ 
(1221 ~ h l !  remrk  ap t l y  ref lects the state o f  kmledge  o f  glutamine 

I 

retabol lvn i n  1939 It war ~n th33 ye& that glutamlne ual first s h m  ! 
t o  exist i f n ( l t l  free fonn i n  various w m l i a n  t i l w e l  17, 112. 122) 

&ever., the de.mnrtratian by Kreb* (87) i n  1935 s f  the prerehre o f  i : I 
m a m l l a n  enzynr capable of ryntherizlng and hydralyzlog glutmine war 

the f l r r t  l n i i c a t i r n  that glutamine played a ro le  i n  animal netabalirm. 

There early dbrervatlonr e r ren t ia l l y  reprerent the beglnmng o f  the ' 1  
study of glutantine metabolism, Since then a great deal o f  attentIan has / 
been foelrrred on the many arpectr o f  glutamlne metabalim; and regulat ion il 6 i 

I 
1 

PRRT I Physiological Importance of h n i a  and Wstanine 

I 1 1 h n l a  Friend and Foe 

A marked po la r i t y  1 3  imparted t o  amnia by i t s  pyramidal shape and 
i 
: 

project ing hybrid orbital .  The unpnred electrons occupying th is  pmject- , 
1.g 0rblt.1 are a p l ten t la l  source for electmn-reenng atom Hence, 

protons w i l l  readi ly bind w ~ t h  a m n i a  to  torn a m n i w  ions Because - { 
I 

m n l a  I5 a mml l  a lecu le ,  gaseous and soluble I n  l i p i d s  (129). i t  can- 

readi ly diffuse dirorr &vane8 and hence ir ext-)y m b i l s  i n  

b l o l o g i ~ a l  systems 

There ln lecu la r  pmpert ler of a m n i a  have important phyriologlcal 

conrequeocer. h n i a  plays a e m l a 1  m l e  i n  the maintenance o f  acid- 

I 
1 



J , ,  

2 

base balance by fas l l i t a t?ng  the excret ion o f  pmtonr. This a t t r l b u q  

' i 
& a m n i a  war f r r h  mcogn lzd  over 130 years ago "7th the rrbrervat~on 

that more a m n i a  i r  e x c r ~ t e d b y  carnirorer. which have acid urine, than 

I 
i 
I . by herbivorer, h l c h  have alkal ine urine (68) That mil plays a , , 

role i n  the mlntenanse o f  ac~d-bare balance war corroborated by two 

s theybserua t~onr  One, the admmr t ra t lon  of a l l a l l  t o  carnivores 
I - ,  

wduced urinary annvlnia (68) and o, the administration o f  m i d l  acid 

inneared the excretion o f  amon15681 There obssr ra t imr  have k e n  
, ' 

repaaedly c o n f l m d  and the importance of amnia to a d d  excretion 

v n ~ g u i ~ ~ c a l l y  sstabllrhed b 
Although amonra Ir how waogmred ar an I m r t a n t  ce l lu la r  conr t l t - i  

uent, i t  i s  also a very toxic ro le ru le  (70, 1011. Reeognltion o f  th?l 

character ir t ie o f  amonia dater back to  the 17th century. when tox ic  

effects were observed in exp?rinentr with dogs which dled under v io len t  

c ~ n v ~ l s i o n  a f t81  having a m n i u .  chlor ide lnjested in to  t h e i r  jugular 

IJ 
veins (47) Apart from the d i rec t  effPct5 o f  a buildup o f  amn ium ions 

' I  
I (1071, an rncreare i n  pN5 w i l l  i nd i rec t l y  affect ce l lu la r  l r r t a b ~ l i r n  by 

i t s  p2r t i c ipa tmn i n  the e g u i l l b r i m  react ion catalyzed by glutanate ) 
dehydmpaare I161 Since m n i a  i s  very i n b ~ l e  ~t can ear i lp  enter \ 
the bra," (291 where the m r u l t r  o f  such effCctr threateh v i t a l  l i f s -  ' 1 
~ ~ l t l i n i n g  pMCelleS. h . A 

1 
1.2 Role of U m n t a  i n  Acid exon t ion  1 

large quanti t ies o f  twdmgen ions a r i se  da i l y  fmn the d je ts ry  ' *  1 
intake of prefomed adds. ?nd f m m  a d d $  f o m d  d u p g  i n t e r n d i a r y  

m t s b l i r m  (109, 1521 A vast p t m t i a l  source of acid i r  C02. pmduced 
! 
1 

I 
/ I - I 

f - 1 
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dvring Intermediary n r tabo l~sm 5>ce the hydration of cb2 f o m  carbanlc 

acid Marever. C02 can be rapldly r m r e d  by pu1rmn.r~ v a n t ~ l a t i o n  

I I ~ F ~  ? t  11 v o l & t i l e  and ran f reely d i f l u re  across menbraner I n  t h l s  
! 

4-s 
sense, the lungs play a major ro le  i n  the elimination o f  a d d .  I n  

- i 
1 I 

CO~~~P~IOII Only a very wall f rac t ion  of the t o t a l  da7ly asidpmdvead 

1% m - v 0 1 a t i l e  and cannot be eliminated by the lungs Nevertheler3, 
i 

since the concentratlan o f  H' l sn r  i n  the bod; i s  very low dn the order _ 1 
of 40 nmlc r fL1  end since ce l lu la r  pmcerrer are extremely r e n t l t i v s  M 

these reaotive ions, ~t i s  v r t a l  that highly e f fec t i ve  mechamrmr ex is t  I 
to  b u f f e ~  and excrete "on-vo ld i l s  acid. 

The buffer ing of non-volat i le a d d  I s  accnphrhed  by the conceited 

act ion o f  a nuwkr o f  chmical buffef ing r y r t m r .  Phelphate mpoundr 

i 
and pmte in r  ~ P a r t l c u l a r l y  the imidaroHum group o f  h i r t l d i n e  rsrlbver), 

1 

, porrerr the necessary pK's t o  ac t  acbuffer. a t  phy r io log~ca l  {H. 

RoYeVeP. the k(y Pole I s  attr ibuted t o  the bicarbonate-urbmic acfd 

pufter system (109. 2-31),, The importaqe o f  t h i s  ryrtem i s  not hle t o  

/I 
I 

i t s  buffwing ab i l i t y ,  se, since a pK of 6.1 l o  too f a r  m v e d  fmm 1 0 -  

phyriological pH Rather the dominant ro le  played by t h i r  puffer i s  I 

attributable mainly to  two other eharacterlrt,sr. First,  it I r  the i 
b u f f e l  o f  hlghert CmEentratlon i n  the e l t raee l lu la r  f l u i d  and remnd. 

the cnponentr Qf t h i s  system are under ex t r6mly  e f fec t i ve  can tml  by 

the lungs and k~dneyr. Cmblnation o f  a hydmgen i o n  m t h  blcarbonlte 

results i n  the f o n r s t l m  o f  ca rbw ie  acid, vhich ranldly equ,libraler 

1 
r' 

1 .  
w i th  C02 The C02 i s  m v o d  by pr lmnary v e n t ~ l a t i o n  and hence, due t o  

a constant pC02. carhbanic acid i s  e ren t la l l y  a "flxed" Fwanent  o f  t h i r  

i 
, buffer r y r m  (thereby increaring i t s  effact lve puffar ing capacity). 1 

I 

*.c. 
1 

I 
i k -_  . I - L 

I - 
-1 
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The excret ion of nm-vo la t i l e  a c ~ d  is accap l i rhed  by the kldney. 

The acid, brought ta the kidney mainly a l  neutral  r o d i m  r a l t r .  i s  

, excreted p r i o a t i l y  as t ~ t r a t a b l e  a d d  and a m m m  r a l t r  (129) The 

el iminat ion o f  acid i n  there f o m  involver a mhan lsm w h ~ h  exchanger $ 
t 
1 

+/ tvbulav $odium fop hydrogen ion$ i n  ths adjacent tui6zl lr I n  th is  . 4 

exchange medamm the sodium >on. enter the tubular c e l l s  dom an 9 
eleetm-chemical g rad~ea t  ( b ) .  which Er ren t ia l l y  dr ives the ca r r ie r -  

l i nked  (115) secret ion o f  lit ions i n 6  the tubular l u w ~ .  against an . j 
electm-chemical gradient (101, 144). The secreted hydmgen ions are i 
denved from ~ n t r a c e l l v l a r  sarbomc a c ~ d  which also provlder the bicar- 

banate 10"s whish are returned, along with the  SOdiM Ions, t o  the 
i 

general c11~ulaU0n thmugh the pentubular blood (129). The f9m 1 0  
, B 

*rQ the secreted hydmgen lonr arc excreted depend3 upon the pK o f  the 

acids forwed i n  the tubular f l u i d  I f  the pK of the ac id  f o m d  i r  

higher than the pH of the ur ine, then the hydmgen l sn r  w i l l  be excreted 

( j 
I 

sr t i t raeab le  ac id  However, i f  the ae7d f o m d  has a pK lner than the 

pH o f  the unne than the ac id  v i l l  remain dissociated. The rod:m- 

pmtsn  exchange pwp can operate k g a ~ n r t  a g l m e r u l a r  pH of d m  t o  4.6 1. 
/ r 6 n i y  (up t o  a [lit] gradient-of about 800-1000 t o  1 be teen  tubular luoe f  \ 

i 
- and p t r i tubu la r  blood (133)). Consequently the kidney cannotexcrete 

appreciable amunts o f  r t m n g  acid i n  i t s  f ree  f o n .  . 
i 

h n i a  plays a unique r o l e  i n  the excret ion of strong adds. It 

, w u l d  appear tha t ' r f th  a RK o f  9.1, the -ma - a m n i u m  p a i r  mrvld be 

unsuitable ar a urinary bu f fe r  since only a very mal l . f ract lon would ' 
~ 1 s t  as m n i a  a t  the pH o l  urine Thir i s  t rue  f o r  a m m a  f ~ l t e n d  

I \ 
I a c t h e  g l m r u l u s .  Hnrver, the a m n i a  required f o r  buffer ing r t m n g  

I 
1 -- 
I / I  

t 

il 

/ .",I ! 
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