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! ABSTRACT -~
; E 2 !
The regulation:of rena] glutamine metabolism in re]atlon to acid-
Iy 5 g base status was investigated in rats © The model. of NNACl indiiced acid-"

v LA osis was .usedrand two new expenmental situations - 1ntroduced Recovery

% v . from acidosis. was mg_/esv.igated in rats aliowed to drmk H,0 1__1_1ﬂ of
) HH,,C’I and the ;;récess of recuvery‘was §cce!év:ated by adm‘inisfraﬂqn of
Nacoy (1.5 mo1/100g body wt). “Anfmals allowed to recover' from acidosts
o “were again chalienged with varaus acld loads and the responses of these
£ “rechallenged rats campared to the respanses of naive-challenged rats.
_Urinary anlmma excretion, total renaI anmmla prnduct\on and
. F ' glutamine extractmn retumed to nurma] by about 26h in animals which
i were allawed & recover fron metabolic acidosis by drinking H0k In
.. comparison, in animals administered-NaHCO, at the start of recovery, :
these parameters vere back to norfal by 8h. * Ra‘ts_ which were permitted
three days’ to re:ove.rffrnm metabolic acidosis yleré ah'lev.tn excrete more
acid as‘amom‘m,n salt than animals challenged with ‘Nﬂdcl ‘fo.r the first

) tjgie; when challenged with high acid loads.  There was no difference in -
response to lower, acid loads. . “ “

Decreases in the renal contehts of glutamine, s-kétoglutarate and

fis ; malate were found during metabolic acidosis and mcreases in glutamme,

5 . glutamate; a-ketoglutarate, malate, ‘citrate, Tactate, phosphoenoTpyruvase.
i - and‘&phosphuglycerate uccurred during recovery. No significant différence
in"the renal content of metabol ites was 0bserved between rats administered

g; - NaHCD:i and rats adninistered the same amount of NaCl dur'ng recovery.
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The rennl activities of nhosvhnenolpyruvate carhaxykmase (PEPCK),

g]utaminase (PDG) and ‘glutamate dehydrogenase "(GDH) in. these animals

" were alsn. |qvestigated, PEPCK activity increased identically in naive-

challenged and rec'haﬂenged rat'S. During recovery PEPCK actfvity're-'
turned to normal by about 16)| and no-sigmificant d|fferem:e m act1v1ty
:au]d be dlscemed between ammals intubated mth NaHCO4 and an?mals.

(ntubated with-NaCl. Imunnhtratwn of PEPCK revea]ed that the in- -

creased activity during acidosis and the decreased activity ldurim_; re-

covery are due to changes in the content of this enzyme. The activities
of PDG and GDH increased during ac1das1s and remained elevabed Tong
after renal glutamine metabolism r‘eturned to normal), -in. v'ivo.

Amonia formation by isolated mitochondria and the. fluxes through

PDG and GDH increased ‘during met'a.boHc acidosis. . However, normal rates.. .

of amionia production in vivo were attained 12-24h.after the ‘indiction
of acidosis while no acceleration-of GDH flux_in isotated mitochondria

was evident at this time. In the most physiological medium used {1 mM_

glutamine, 3'm¥ glutamate, 4 mM phosphate) ammonia fnmaiinn. and GDH'

< flux decreased cginciﬂenta]ly during recovery. and .preceeded the fall in

PDG flux. The differences in renal arrlmniagenes‘s between na{ve—cha]-
\enged rats and rechallenged rats and hemeen rats mtubnted with NaCl
and Na}jtoa durlng recovery could not be accounted for by metabolic

‘differences; in fsolated mitachondria: “In the most unphysiglogical

mediumruseﬂﬂ (1 mM. glutaniine, 20 ri4 phosphate) ‘the ‘witochondrial capacity

to metabolize'glutanine remained elevated for at Teast 15 days of recov-

ery.
These observations suggest that renal glutamine metabolism is not




it

controled simply by changés'in the contents of PG or” PEPCK. or by the
- mitochondrial events which are- responsible ‘for  the changes in’the fluxes
through PDG or GOH. in 1solated mitochondr

The changes observed"n
aketoglutarate are consistent with its purported regilatory role. *
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4, : CHAPTER 1
- ., - INTRODUCTION

There!is "ng doubt that ‘glutamine is a factor of general imporfance . -

in cell meé‘ahe]ism but the nature of its function is fot yet clear”
(’122). Thi“s -remark aptly reflects the state of knwiedge of glutamine
metabolism ‘in 1939.. It was: in this year that glutamine was first shown
to exist. n|fts ‘free’fom in various mamalfan tisiues (7, 112, 122).
ﬂuwever, the demnstratinn by Krebs (87) in 1935 of the presence of
mammalian enzymes capalﬂe of synthesizing and hydrolyzing glutamine was '/
the first mdwcatwn that glutamme played a role in animal metabo)ism.
These early observatwns essentially. represent the beginming of -the .

study of g]utamne me:abohsm, Since' then a great deal of attentlon has.

" been focussed on the many aspects of glutamirie metabolism and regulation.

PART 1. Phy'si'a]ugicn Inportance of Ammonia and Glutamine 7

Friend and Foe

1 1 Amiionia

A marked po]arlty \s mpartzd to ammonia by its pyranqda! ‘shape ‘and
proJecting hybrid nrbital The unpalred e)ectrnns occupying this’ project-
ing orbital are a potential’ source for electron-seeking-atoms. Hence,
protons will, readily-bind with amonia €0 form amwonium fons. Because
amonia 15 4 snall molecule), gaseous and soluble In Tipids (128), 1t can
veadily diffuse atross membranes and hence is 'extre;gly mobile” in
biological systems. St T )

These molecular. properties of anmonia have important physiclogical

consequences. . Ammonia play§ a crucial. rote in the maintenance of acid-"




base balance by-facilitating the excretion of protons. Thisattributé
o

7of ammonia was first recognized over 130 years ago with the cbservation
that more ammoriia is.excreted by carnivores; which have acid drine, than

by herbivores,. which have alkaline urine (68). That ammonia plays a

= ia1g in the mainteniance of acid-base balance was corroborated by two

‘ other, nbsérvations. One, the ‘adml‘n‘istratian of al‘kaﬁ‘to carnivores
reduced urinary ammonia (68) and gwo," the administration of mineftal acid
1ncreased the excrétion of - amom\(se) TI\BSE ohservations have been

. repeatiedly. Eﬂl\f"‘med and the 1mportance of amonia to acid excretmn g
unequ{voca!ly astabhshed P

Althouqh ammonia. is how rgcagmzed as an mpnrtant cellular constits

" uent, it is also, i very toxic molecule (70, .107)." Recognition ‘of this

charapter'istic of amponia dates back to :neﬁm century, when toxic

effects were observed in experinents With dogs which died under violent

: convulsion after having am‘rx:)nium chloride.‘!njected into ‘their Jugu)ar
veins (47) Apart from the, d1re:t eﬂ"ects of a buildup nf anmonium ions
(107), an-increase in PhHy Wil _indirectly affect celiular metabolism hy

"ﬂ.s participation in the equilibriun reaction catalyzed by glutamate

denydrogenase (16). Sincé ammonia is very_mobile, it can easily enter
the, bram (29)wherre the results of sich effécts chreaten vital-Tife-

sustav‘ning pro:esses. |

1.2' Role of Ammonia:in Acid Excretion

Lgr@e quanﬂt(es’n‘f} I\ydro'gen fons arisé daily from the d}étary

intake of preformed acids, and. from acids forméd'during intermediary
e 8 !

metabolisn (109, 152)." ‘A vast potential source of acid is €O produced
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buffer system (109,-201).,

during intermediary metabolism s'lnce the hydruwn of c(l2 forms. carbonic
acid.- However, coz can be rapidly retmved by puimonary ventilation

since’ it is volatile'and can freely diffuse across membranes. In this

sense, the lungs play a major role in the -elimination of acid.. In N
comparisony. only a very smail fraction of the total daily acid produced
s, non-volatile and cannot. be eliinated by the Tungs. - Nevertheless,
since the Concentration of M fons ‘in the body.is very' Tow (in the order
of 40 nmoles/L) and sincé’ cellular processes are ex‘t__r‘eme'ly sensitive to
these reactive fons; it is vital that highly effective mechanisms exist
to buffer- an‘d‘_ excrete non-volatile dcid. .‘ A
The buffering of nan-volatile acid is accomplished by the concerted
action l;f a number of chemical buffering system‘s':‘ Phosphate compounds
+and proteins (parhcu'lar]y the |m1dazohum group of histidine rzsldues)
pussess the necessary pK's to act as ‘buffers at physiological pH.:
However., the key role 1s attributed to the bicarbonate-carbonic ac‘fd

The importance of this system is not due‘to

its buffering ability, per Se, since.a pK'of 6.1.is too_far.removed from

physiological pH.. Rather the dominant role played by this buffer is ’

attributable mainly to two other characteristics. First, it is the
buffer of highest cwce;\tration (n. the extracellular fluid and Eecond‘
the_ components. 'uf this system are under extrémely effective ‘control by
the 1ungs and k\dneys. Combination of a hydrogen 13n with bicarbonate
resuh:s in the formation of carbonic acid; which rapidly équilﬁbrates .
With C0,. The €0, is removed by pulmonary ventilation a/nd hence, ‘due to

a constant pC0,, carbonic acid is esentially a "fixed" component of this

; buffer system (théreby increasing its effective buffering capacity).

;
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The‘excretion of non-vélatile acid is accomplished by the .kidney.
The acl.d. brought to the kidney mainly. as neutral sodium salts,.is

excreted prinarily as titratable acid and ammonium salts (129), The

elimination of acid-in these forms involves a mechanism which exchanges -

 tubular sodiun for hydrogen ions in-theadjacent tubular cells. In this

- ‘ i ]
.exchange mechanism.the sodium ions enter-the tubular cells. down an

derwed from mtrace’nu]ar carbumc acid which. also pruv1des the hicar- B

e]eétrd—chemica] gradient (729), which essentially dr‘ives the carrier-
’aned (115) secretwn of H* ions into the-tubular. Tumen,. against an-

electro chem(cal gradient (101 144), The sezreted hydrogen jons._ are

bonate fons which are returned, along with the sodium jons, to the

. geferal "circulation through;the peritubular blood (129). The form in

Which the secretéd hydrogen ions are excreted.depends upon the.pK of the
acids formed in. the tubular fluid. -If the pK of the acid formed (§

higher than the pH of the urine, then the hydrogen ions will be.excreted:

- as t(tratab]e acid: However,. if the acid formed ;ms a pK lower than the

pH of the urme than “the acid will' remain.dissociated. The sudium-»

proton exchange pump can operate

nst a g1umeru]ar pH of down to 4. 6

“only (up to'a [H] gradient.c of about 800-1000 to 1 between :ubu]ar Tumen

and peritubular blood (133)). - Consequently the kidney canmot excrete
appvecﬂble amounts of strong acid. in its free fnm;

Anmn'a plays a unique role in the excretiun of strong acids. It

‘wnuld appear that" w(th apk of 9. 1,/the ammonia .- ammonium pair would be

unsitable as a urinary buffer;since only a.very small, fraction wnu]d

exist as ammonia at the pH of urine. “This is true for _ammonia filtered

5 N

at»the-g]on\eru]us._ However,. the ammonia-required for-buffering strong
L A v, 8 LA i :
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acid is‘praduceu in the adjacent. tubular céil's (129). sy’v%ncue of s
gaseous _nature, ‘small size and Jipid so]ubﬂlty, ammonia rapuﬂy dlffuses
from the tubular cells into the tubular lunen where by virtue of. its
basicity, it read!_ly binds the h.vdrogeh ions in the tubular fluid to:
Form am{onium ions. Since mam;“es')re mch Jess permeable-to ammonium
fons and since protonation 15 greatly favoured at ac1d PH, the NH4 fis
Sseintially Frapped tn-the tubular Tumen. The, cunversinn of -amonta to

ammonium -also keeps’ thé PhHy of the tubular fluid-Tow;’ thus favouring:

cuntinued diffusmn of‘amnia. Ammonia thus vlays’e‘cr ial role in

the’ excretion.of strong acids by permitting cne exthdqge of, Na® fons for’
i+ ions to cuntmue without foy;mihg a 11m1nng PH gradient. S
~In the rat about 30-30 percent of the total acid excreteg.is

excreted as tltrable acid," the remaimng 70 80. percent is excreted m

combination with ammonfa (128). Hydmgen ion exr.retloﬂ is dramatica'ﬂy 7

increased dur1hg ammonium chloride-induced metabolic acld’aels. A four

to five fold"increase in total acid exr:retion in the r;at reduces titra-

table acidity to about 10 percent. and increases' the fraction excrefed as
ammonia to about 90 percent” (125). These ra'lat\ve changes occur because

of a six to seven fold:increase in anmunie excret1un with on1_y‘a wo to

_three fold increase, at most, in the excretian of t1tratab1e acid. “The

Jdncrease in titratable acid is prnhably due, in parf, to the greater
participat‘loh \0f Tow pK urinary buffers such.as creatinine and urate,

which would contribute more fully at the lemr urinary pH reached’in

metabolic acidosis. Part.of the 1ncreesed't1tratahle acidi‘cy is.also

prnbab]y due to extra phosphate mobilized from the neﬂs nnd bone to e

provide extra’ buffer, (152).. By far the mst suhstahﬂal :onthhntinn to,"
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