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Effects of Nitrogen Level and

Tnduced Metabolic Acidosis on Renal Functions

of Sheep

Katherine Anna Muc

ABSTRACT

Experiments !¡ere conducted to study the effects of dietary nitrogen

level and imposed meËabolic acidosÍs on renal funcËions of sheep. Sheep

were maintained on 1ow and high nitrogen diets containing 0.787" arrd I.62"/.

nitrogen, respectíve1y. In the first experimenË, sheep were infused con-

tinuously vríth 0.05N hydrochloríc acid intra-ruminally at a rate of 2.i0

-iml.min'for four days. In a second experiment, a loading dose of 100

rnEq hydrochloric acid was given v¡ithín two hours r'¡híle sheep r^/ere contin-

uously infused íntra-ruminally.

Plasma pH, bica.rbonate concentration, and base excess rtere lower

for sheep on the low nitrogen diet after acid infusion. Urinary acid

excretion increased and urine pH decreased more quickly for sheep on the

lor¡ nitrogen diet. Cumulative excretion of net acid could account for

377" and 207" of the total amount of acid infused for low and hígh treat-

urents, respectively. Excretion of titratable acid reached the 1evel of

about 0.020 nnq.h l.kgror-1 fot both treatments. Ammonia excretion ín-

creased thirty-fold for low and seven-fold for high nitrogen sheep after

acíd infusion, represenËing about 267" and l0% of Ëhe rate of ínfusion

into the rumen. Total-N, urea-N, and ammonia-N excreted were lower for

sheep on the 1ow nitrogen diet before acíd ínfusÍon. After infusion,

ammonia-N excreted increased and other-N decreased for 1ow nÍËrogen sheep



For high nítrogen sheep, urea-N excreted decreased, ammoni-a-N and other-N

excreted increased. Before acj-d infusÍon, plasma urea-N r,¡as lower, while
urea and creatinine u/P ratios, and fraction filtered urea reabsorbed were

higher for low nitrogen sheep. No significant effect of acíd infusíon
was found on these parameters.

Creatinine clearance r/as affected by dietary nitrogen, but not acid
infusion. In the second experÍment, PAH clearance r"7as not affected by

nitrogen leve1 or acíd infusion.

rt can be concluded that sheep on a 1ow nitrogen diet have a de-

creased buffering ability in the body fluids. Thus, Ëhe greater increase

in H* concentration for these sheep would stimulate greater excretÍon of
acid by the tubular ce1ls. For the low nitrogen sheep, nitrogen utilized
for increased ammonia excretion was from nitrogen normally excreted as

other-N' For high nitrogen sheep, urea-N excreted d.ecreased and some ni-
trogen was rerouted to ammonia production. Díetary nitrogen has some

effect on fíltration and reabsorption of urea and perhaps on the plasma

colloid osmotic pressure. As plasma ammonia-N and glutamine concentration,
and PAH clearance did not change significantly durÍng acid infusion, an

increased extraction rate of glutarnine must occur.
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INTRODUCTION

Many biological activities and metabolic processes are sígnifi-

cantly influenced by the hvdrogen lon concentration or pot.ent{al in

the body fluids. The maintenance of body pH has been placed third on

the l1st of homeostatic priorities, just behind oxvgen need and heat

dlssipatfon. Therefore, Ëhe body ís aptly equipped w1Èh the body

fluid buffer systen, the respiratory sysÈen, and the excretl-on of acid

or base by the urinary systea, q'hiclì all participate in the regulation

of acid-base homeostasis.

Rumfnant animals were chosen for Èhe present studv because of

thel-r added susceptÍbility to the overloadj.ng of organic acíds. Clinical

conditlons, such as acute D-lactlc acidosfs have been r'¡e1l recognized,

but nany nilder condit,lons may have a greaEer economic ímportance. Meta-

bolic acídosis of a chroníc nature can often go undeÈected in ruminants

and can serlously affect Èheir productive efficiency.

The focus of the present research \¡¡as on the renal functíons of

sheep during an imposed acid load of several days durat.ion. Tç¡o levels

of dietary niÈrogen t¡ere fed to obtain informatlon on t.he urínary excre-

tÍon of nltrogenous compounds. Blood plasma samples r,¡ere analyzed for

creat.inine, ammonia-N, urea-llo and glutamine. Clearances of creatinl-ne,

urea, and para-anrlnohippurate were also studied.



LITERATURE REVIEIJ

ACID-BASE BALANCE

A. Introduction

The hydrogen íon concentration of the extracellular flui<ls i.s one

of the most vigorously regulated varíables of the body. A relatively

consËant pH is rqaintaíned by a balance between acids and bases. Accord-

ing to the Lowry-Bronsted scheme, an acld is a compound that tends to

donate a hydrogen ion (proton) to a base. A base is a substance tl¡at

will accept and bind a hydrogen ion. Body fluíds contain a varj-ety of

buffers capable of partially neuÈralízíng aclds and bases, and transíent-

ly preventíng wide fluctuations in pH (Rector, I973). Thus üeasurement

of both pH and buffer capacity is necessary to access the acld-base

status of the body fluids.

Under normal conditlons the pH of arterial blood plasma of mam-

mals is regulaËed within a range of pH 7.35 to 7.45" despi.te continual

addition of acids and bases frorn the diet and from metabolisn. A de-

presslon of blood pH below the normal range is knol¡n as acidemia, q'hile

an increase above the normal pli range is called alkalemia (Houpt, 1977).

In general, the terms "acidosist'and I'alkalosis" are used to describe

these deviatíons from normal pH.

Acid-base balance ís attained through tl¡e operatíon of chemical

buffering and physíological correcting mechanisms. The chemícal buffers

of plasma, interstitial f1uid, tlssues, and bone absorb the irnmediate

shock of llberatlon of acid or base in the body. The physiologícal

correctÍng rnechanisms which lnclude the respíratory and urinary systens,



then come into effect. The respiraËory system by elirninatíng carbon

díoxíde, regulates the parÈial pressure of CO, and therefore determines

the concentration of carbonic acid in the body fluids. The kidneys

correct hydrogen ion imbalances by excreËing excess acid or base.

B. Respiratory vs. metabolic acidosis

The present study is concerned with the condition of ttmetabolíc"

aeldosís. To avoid confusion, Èhe distinction betr^reen rfmetabolicil and

rrrespiratoryrr aciclosis will be brie-f ly ouË1ined.

Ganong Qell¡ sÈates t,hat. resplratory acidosís ís due to increase

in the carbon díoxide content of the body, caused by, for exampi-e, de-

creased ventilatíon. It 1s characterize<l by a rÍse in pCO, representing

a rise in carbonic acid, and by a decrease in pH.

The term roetabolic acÍdosís describes the conditÍon in ¡qhich Èhe

gaín of sËrong acid to or the Loss of base from the extracellular fluid

occurs (Houpt, 1977). Bica::bonate concentration fal1s and pH ís decreased.

Metabolic acidosis refers to acidosis causecl by any factor other t,han

excess CO, 1n the body fluÍds.

Guyton (1976) used the follorving distinction: carbonic acicl result-

íng frorn dissol-ved CO, is called a "respiratory acidtt, while any acid form-

ed by meËabolism or by ingest,íon is a "netabolic acíd".

C. Causes of rnetabolic acidosis

The forrnation of acids ln the body ís generally the result of

metabolic reactl,ons ínvolving substances Èaken into the body through the

a1Ímentary tract. Most organic compounds are catabolízed fornlng r47ater,

and CO,, whlch is expíred. If Èhis process does not go to completion,
¿
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organic acids such as lactate, pyruvate and aceto-acetaLe accurnulate ín

the body fluids (Elkíngton, L962). Other sources of h.¡drogen ions from

foods are the oxídation of sulfur-cont.aining amino acids and the oxida-

tion ancl hydrolysis of iso-electric phosphoprotein re-sidues. l{cCance and

't^liddor,¡son (l-942) observed tliat foods rich in protein and hence sulfur

(rceat, fish, egBS, cereals) are acícl-forrníng, \iThereas foods relativel.¡

1or'; Ín protein (fruits, vegetables) are base-for:ming. Thus, foods con-

sumed may have a predisposíng effect towards acidosis. This is especiall;,'

evident in the case of rur,rÍnanÈ anírnals with the complex fermentatíon

system in the rumeno-reticulum. The tendency torn'ards metabolic acídosi.s

is l-ow in rurninants consumíng pasture forages r.¡hich are relatively slov¡l-v

fermented and contain abundant allcaline rnaterials (Kronfeld, L976). Hor.¡*

ever, an abrupt change in the cliet f::orn har¡ Èo concentrates rich ín

readilv fermencable carbohvdrates (sugars and starches), results in a

condítion knov¡n as lactic acídosis (ilhart and carro11, L967). Lactic

acidosls is characterized by deoressecl blood and pumerr pl1 rvhich are con-

sequences of the excessj-ve 1eve1s of lactÍc acid pr:oduced in the rurnen

(Elam, L976).

Guyton (L976) discussed a nunber of disease condítÍons which can

also cause metabolic acidosis. Diarrhea results in excessi.ve loss of

sodium bÍcarbonate added to digesËa by gasÈrointestinal secretions.

Duodenal vomiting has a sinilar effect. Diahetes mellitus and lletosis,

condítions in whích essentía11y no carboliydrates are metabolÍzed, results

ín fat being utilized for energy and p-hydroxy-butyric ancl aceroacetic

acids are formed in large quantities. This causes depleríon of bícar-

bonaÈe stores and meÈabolic acldosis. Morris (I979) revier¡ed stuclies

done on the condítion of renal tubular acidosls, a clinical syndrome of



disordered renal acidification when even normal amounts of formed acids

are not disposed of by the kidneys.

D. General signs of metabolic acidosis

Slight decreases in blood pH over a long period are characterÍzed

by anorexia, nausea, díarrhea, and dullness (l'lacKenzíe, 1967). Respira-

tíon may be deep and síghing, or forced and distressed (dyspnea). Kronfeld

(1976) cited more severe signs sueh as lethargy, and a fall in cardiac

output; eventually convulsions, coma, and death.

IT MECHANISMS FOR BUFFERING STRONG ACIDS

A. Chemícal buffers

Harvey (L974) defined a buffer as a substance which in solution

acts to mínimize a change in pH íf strong acíd (or alkalÍ) is added. A

buffer system consists of a mixture of a weak acid and its conjugate base

or a i.,¡eak base and its conjugate acid and is related to pH by the Henderson-

Hasselbalch equation shown below:

pH = pK * log iÞC!-91

[acid]

Buffer systeflls are most effective at a pH equal to the pK of its weak

acid, and a range of t 1 pH unit from this pK value (Houpt, rg77). The

protectíve function of a buffer system is límited by the amount of base

avaÍlable to be used up in reactíon wíth increasing amounts of hydrogen

ions.

Van Slyke and Cullen (1917) reporËed rhat in a dog infused wíth



one normal sulfuric acido vrhole blood bicarbonate buffered one-sixth

of the load of acid. Subsequentlyn the responses of blood to acicl-base

imbalances have been well workecl out boÈh qualitatively and quanÈitat:i.vely.

Schwartz et al. (Igs4)shorved that if acid is Ínfused íntermfttentlv for

45 mínutes and a period of recovery of trvo hours is permitted before the

next acid load is administered, bufferíng by extracellrrlar bicarl¡cnate

is predomínant during the ínfusion, wirereas cel1ular buffering Þartlal1;'

restores the plasrna bicarbonate leve1 during each recovery ínterval.

Sr^'an and Pitts (1955) infused 180 nEq of hydrochloric acid to nephrectoniz-

ed dogs, and studLed the mechanisms of buffering. Plasma pH decreased frori

7.40 to 7.10. One percent of the acid load was buffered l,y plasrna proteÍns

accordíng to t.he follor^'lng equatíon:

I
Na' ,

J-r-L* H', Cl- + Na', Cl * Ii', Pr

Extracellular bícarbonate, lncluding plasma and interstitial fluid

moieti-es buf f ered 427" of. the ac:id as follorss:

r-++
Na' , nc03 + II , c1 ----) ìla , Cl- + ll2co3

Cellul-ar buffering accounted for the remaining 57i1" of the acld load.

Of this 572, síx percent of the ínfused acid r^ras buffered r,'ithin ce1ls by

heinogiobin or by Èhe exchange of extracellular chloride for intracellular

bicarbonate. Exchange of cellular potassium (15%) and sodiun (367") for

hydrogen ions across the cel-l merqbranes of al-l tíssries accounted for'

the remalning cellular bufferlng. In thís way large stores of lnEra-

cel-lular proteín and organíc phosphaËe complexes becor¡re available for

the buffering of extracellular hydrogen ions. Tobln (f956) infused

nephreetcmized cats with hydrochJ"orlc acid in loads of from 3.5 - 9.6
1nEq,kg- body r^'eJ.ght. Extracellrrlar moderatlon of the acidosis r,¡as

Pr
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proporËioned as follorvsl 35"Á by IIa and 5i( by K enterin¡ Lhe e:<tracellular

space, and 20% bv C1 anð' 247! bV COr leaving the extracellular space.

Direct muscle analysis shoi,:ed a faLL in intracellular Na ín response lo

extracellular acidosis. Yoshimura eg a1. (1961) carried out similar

studies on dogs r¿itlr norn¡al renal function an.d observed changes in the

sítes of acid buffering r¡iEh the passage of tl¡re following acid adnini-

stration. 0n t.he day of administratíon, the acid v¡as buffered essenLially

as found by Swan and PitÈs (1955). One day later, about one quarter of

the acid had been excreËed in the uríne, the rest beíng t,uffered v¡ithin

cells or by bone. Over ihe succeed:'-ng 2 - 6 days, thís acid rvas graduallir

returned to the. e::tracellular fluid and excretecl ín the urÍne. Lenanir an<l

Lennon (1972) revfer.¡ed the role of bone in acicl-base homeostasis. Tire¡,'

found that thinning of the bones and a loss of bone carbonate along vrith

negatÍve calcÍurn balance occurs drrring meËabolic acidosis í¡r animals.

In sunnary, from the research of Van Slyl'.e and Cu11en (1917) 
'

Swan and Pítts (1955), Schvrartz eJ al. (l-954) and Tobin (1956), Lhe

blood buffered on1¡,'one-fifth of an inposed acíd load. The buffers in

the ínËerstitíal fluid, and buffers of cells and bone rapidll' assumed

rpost of the load.

B. Respi::aËory corirpensatlon

Guyton (L976) discussed

the bufferíng of strong acids.

hydrogen ions rqíth bicarbonate

the role of the respíratory systen in

Carbon dioxide for¡necl. i-n the reaction

íons as shor,¡n belot¡:

of

tt+ + ttco, I{2c03 ---+ co' + Hro

fs expired. Upon addition of acid, the IÌCO3- /s'VCO, raËj.o decreases



(where s'pC02 equals the concentration of clissolvecl C0, r^'hicl-, j.s

propcrtional to true HrC03) as nor:e H.CO3 ís for..r'red and pll Cecreases.

Horn'ever, the increase in CO, and Cecrease in pH stiuulate tlte respi-

ratory center in the medulla oblongata¡ ceuising an inc::ease in the rate

of pulmonary ventilaEion. This increase of as much as five times tire

normal rate causes expiratíon of the exti:a C0, foriled. Over a periocl

of hours, lhe ratío of llCOr/s'pCOz i,s nearly normal , but the anounts

of each coxûponent r^rill remain subnormal, until the kiclneys correct tlre

problem.

C. Renal correction

1. Tubular secretion of hydrogen Íons

H-v:pobasemia caused b.v- neÈabolÍc aciclosls requires renal correciir¡e

acËion by the excreÈion of g+ and the restoration of depleted blcarbonate

reserves. Early micropuncture sturl.ies on kidnel's indicate<ì there r.;as

some spatial- serraraEion of the various processes involved Ín the acidifi-

catlon of urine (Rector, 1973). ìÍost fil"tered bícarbonate appeared to

be absorbed in the proxinal tubule hy an lsohydric process, vrhere-as less

vias absorbe<l in the distal tubule of anphihia (Montgomery and Pierce, 1937)

More recent rni.cropuncture experjnents (Glabnan et al ., 1963; Vieira and

Mal-nlc, 1968; Malnfc and Víelra, I972) however, have demonstrated that

a hydrogen ion gradient exists fror'i bloocl to tubular: lur,ien under practi-

cally all experÍmental conditions. All segreents of the nephron aPpeal:

to reabsorb bicarbonate, lower tubrrlar fluid pli, generate titratable

acid, and add ammonia. The deLailed nechanisms wlrerebv Èhis proton

secretion 1s accompllshed have remained controversial.

There were three earlv Èheories to account for acidl-fication of



Èhe urfne. According to the phosphate reabsorption theor¡z proposed by

Peters and \tan Slyke (L932) an ultrafiltraËe of pJ-asna containing

NaTHPOO and NaH'POO in a ratio of.4z1 is formed at the glomeruli. The

dibasic phosphate is presumed !o be reabsorbe<l by the renal tubules,

whereas monobasic phosphate. is excreted and consËi-tutes the titratable

acid of the urine. The earbonic act<l flltratÍon theory (Sendroy et al.,

(L934) adds that the glomerular ultrafiltrate contains NaHCo, and HrC03

ín a raÈio of 20:1, as r,¡ell as phosphate. Sendroy et al. (L934) assuroed

that renaL tubules are completel¡r impermeable to carbonic acid and the

following reaction:

Na,HPOO + H2C03 NaI{CO3 * NalÌ2POO

is forced to the rÍght by the reabsorption of NaIICOT. The tubular Íonic

exchange theory (Smith, 1937) differs fron the previous ones ln Lhat a

tubular secretory ¡nechanisr¿ is responsible for Èhe elinination of acld,

rather than a flltration-reabsorption mechanisn. The significant consti-

tuents of the glomerular filtrate are mono-and dibasic plrosphate. In the

passage of filtrate dorr'n the tubules, H+ ions clerived frorn H2CO3 produced

in tubular cells, are exchanged for Na* Íons, convertLng dibasic phosphate

to the monobasic form, and base is returned to the blood. Pítts and

Alexander (1945) demonstrated in support of this theorv that acidotíc

dogs infuse<i with large aroounrs of phosphate excreÈed as much as 0.380

mEq.nrin-l of titraLable acid. Because Ëhe quantiÈy of acld excreted far

exceeded the quantity of acíd flltered through the gloueruli, acid must

have been added Èo the filtrate by a cellular nechanism. The tubular

ionic exchange theory support,ed by many invesEigatíons (ßer1lner, L952;

Rector et al. , L96O, 1965; Vleira and l,lalnic, 1968; Rector, 1973) is
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generally accepted as the raechanism for acidifying the urine.

The cellular mechanisms involved in hydrogen ion secr:etion have

also been studíecl extensively. Malnic and Giebisc}r (I972) revieled the

available literature and concluded that a hydrogen ion pump-l-eal: system

represents the tubular Èransfer mechanisur of hydrogen ions. Tire

hydrogen íon transfer system r¡as set by a balance beËr^reen 1) a secre-

tory hydrogen puup whose rate, governed by the irrËracellular hydrogen

ion concent.ration, rernainecl const.ant in a gíven experínental condltion,

and 2) a passive leak- component frorn the Lumen which r¿ras proportional

to the luuinal pH. The il* punp is tentatívely thougtrt to be located at

the luminal ¡renbrane (Rector, 1973). Pumpíng of H+ may be coupled

directly or indirectl-y to Na reabsorption, hov¡ever in a revierr by

41-6\arqaËi (1978), the evidence for Na:H exchange qras not compelling.

Al-Awqati (1978) suggested that H* secretion in the proximal tubule ís

a passi-ve exchange dependent on both the lia* and H* concentt:ation

gradient. Studies by Al-Arn'qati et al. (L975) and Sebastian et a1. (L977)

indicated that aldosterone has a direct stimulatory effect on H* trans-

porE. Malnic (I974) suggested that the h1'drogen ion exchange nechanism

was fed by a H+ pool, whiclr appears to be replenished by several processes

working 1n para11el: caËalyzed and uncataLyzed hydration of. CO, back--

diffusion of carbonic acid from tlie lumen, and upt.ake of II* fron the

perítubular space.

Hydrogen ion secretion can be limited by lnsufficient delivery

to the cellular pool, or by the transport capacity of the H+ pump

reduction of perítubular H* .orr"er,Ëration (Malnic , ltg74).

QuanËitatively, about 847! of. al1 the hydrogen ions are secreted

proxinal tubules (GuyÈon, 1976). This high secretory rate

-l-of li'

or by

in the
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appears to be due to the presence of carbonic anhydrase in the brush bor-

der of proxímal tubule cel1s which dissipates excess HZCO: and. prevents

the development of limitíng pH gradients (I,Iarnock and Rector, 1978). Thus,

the proxímal tubule secretes large quantities of hydrogen ions against a

gradient of about 0.4 - 0.5 pH units, whíle the collecting ducts secrete

hydrogen ions in lesser amounts against a gradient of about three pH units

(Pitts , 7976).

Pitts et al. (1949) demonstrated that human subjects under corr-

dirions of moderately severe acidosís (HCO3- = 13.4 mM.l-f; blood pH =

7.27) reabsorbed over 99.9% of the filtered bicarbonate. This reabsorp-

tion appeared to be complete aÈ plasma bicarbonate levels below 24 ¡¡M.I-I,

r¿hile above 2B ïnM.1-1 gro"" excretion occurred. símilarly, schloeder

and stínebaugh (7g77) found in fasting humans receivíng 160 mEq.day-l of

NH4C1, that maximum net acid values occurred when serum bicarbonate

reached its lowest srate, 10.3 - 15.2 rnEq.1-1. scotr (Lg72) found rhar

excretion of bícarbonate in Èhe urine of calves fed roughage ranged from

48 - 163 mEq.day-l. After inrra-ruminal infusíon of 0.15 - 0.20 M acid,

bicarbonate in urine fe11 rapidly to values of 1 - 2 roEq.duy-l. The

relationship between urine pH and bicarbonate excreted appeared to be

identical to thar reported for sheep (scort, 1969), dog (Berliner, rg52),

and rat (Rector et al., 1960, 1965).

2. Títratable acid excretion

The principal buffer in the tubular fluid besides bicarbonate, is

Ëhe phosphate buffer. Excess hydrogen ions entering the tubules combine

with NarHPOo, forming NaHrPOo, which passes ínto the urine. The sodium

ion released is reabsorbed and combínes with the bicarbonate ion formed
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inside the cell Èo release sodium bicarbonate into the extracellular

fluid (GuyËon, L976).

Pitts (1945) díscussed factors which deËermÍne the ::ate of t':trat-

able acfd exc,retion. These facEors are: (1) the rate of excretion of

buffer , (2) the acid strength of the buffer (pK f) n and (3) the degre-e

of acidcsis as reflected by the bicarbonate content of the plasma. PitEs
J

er al. (1948) found rhat rhe l-nduction of acidosis (HCo3- -- J-4.2 nlr.r )

by the lnfusion of phosphate or creatinine greatly increased the rate of

excretion of titratable acid. Since the reaction of the- urine is li¡nítecl

to an acidity no greater Ëhan pH 4.5, it follorvs l-hat the stronger the

buffer acid (pKt ( 4.5), Èhe less compleËelv can the renal tubules ex-

change hydrogen ions for ions of fixed base bound by that buffer ín

Ëubular urine. Schiess e! al. (1948) demonstrated that secondarv phos-

phate (pKt= 6.8), the v¡eakest acÍd buffer yields the greatest proportion

of base in exchange for trydrogen ions; creatininu (pK'= 4.97), beta-

hydroxybutyrate (pKt = 4.7O), and p-arninohí-ppur:ate (pKr = 3.83) ' stronser

acíds, yield the least proportion of base. At any given rate of excre-

tion of phosphaÈe, the more severe tlìe acidosis, tlie greaLer is the

excretion of titratable acld, and Ëhe more nearly thc kídney apÞroaches

the theoretical maxirnum rate of excretion of acid, (Pitts' 1945).

Sartoríus _* ul. (1948) found that the excreËion of phosphate íncreased
I

fron lnltial lerrels of 4L rnlf.da.r'* to 60 mlf.day-J on the third day for
1

hurnans ingesting 1-5 g of NH4C1.d"y-'. Pollak et sL. (1965) subjected

dogs to a constant acid load of 112 rnEq NI{4C1.d"#. The excretion of

tltratable acid íncre-ased from an average of 3.6 Lo 77.4 mM.dav 1. In

sheep the ínfusion of HCl íntravenousLy over trr'o hour periods has been

reporÈed to have only rnarginal effecÈs on phosphorous excret:ion
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(Clark et a1., 1968). Scott (1969) found thar in sheep excretion of

phosphorous, as H.PO/ contributed less than 5 mmole.d.y-1 toward acid¿4
excretíon, although intra-ruminal infusion rates varied from 70 to 200

_1
mmoles.day -. In a later study Scott et a1. (1971) studíed calves

consuming eÍther a roughage or concentrate diet and found that phosphorous

excretion r¿as related to the type of diet when intra-ruminal acid was

infused. Calves fed on roughage were able to increase excretion of

phosphorous from 67" of the daily phosphorous intake to L3% during acidosis,

so that it contributed up to 25% of the acid excreted. However for calves

fed on concentrates, the urínary excretion of phosphorous amounted to

about 272 of the total phosphorous intake and infusion of acid did not

further increase this value. Scott (1972) found that sheep sÍmi1ar1y

excreted large amounts of phosphorous in the urine, whí1e concentrate

diets were fed regardless of wheLher acidosis existed. scott (r972)

suggested that the difference between the amounts of phosphorous ex-

creted on roughage and concentrate diets l,ras not due to phosphorous

íntake, acid excretÍon, or salivation rate, but rather \,nas due to

differences ín phosphorous reabsorption by the kidney, related in some

way to the observation that more is absorbed from the gut r,¿hen concen-

trates are fed. rn general it appears that phosphorous excretion is

not a major route of acid excretion Ín sheep during acÍdosis. Phillips

(1968) determined the rate of excretion of titraËable acíd in sheep to

be 0.02 - 0.03 mEq.tir,-l even though the acid ínfused intravenously Ín-

creased by 1.6 rnEq.*irr-l. I,lillíams and Píckering (1980) induced rnild

acidosis in sheep (HCO"- = ß.4 mmoles.f-l) and found an increase in
J

phosphate excreted from three to eight ¡lmol.rÍn-l. rn sununary, excre-

tion of títratable acid is largely as monobasÍc phosphate and excreËion
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rate ís largely lfuníted by the phosphate content of the diet but in

acid stress moderaLe anounts of phosphate may be withdrawn from stores

Ín bones and cells (Ritts, L976). llowever, ruminant animals do not

appear Èo excrete large anounts of phosphorous and its regulation is

dífferent from EhaÈ ín monogastrics (Young eE al., 1966; ScoËt, 1972),

3. Anoronia secretion

Increase ín acådgsis. Ammonia is a buffer that ís poËentia11y

avail-able in nuch larger FmouriÈs than phosphate, theoretically equiva-

1enÈ to that of the nitrogen derived fron protein metabolisu (Pitts,

I976). Un<ier normal conditions, most unused cìletary nitrogen is excret-

ed as urea, however i.n acidosis, the nÍËrogen fron amino acids deaminat-

ed in the liver can be converted in increasecl amounts Eo anrnonia pre-

cursors rather than !o urea (pirts, ]-976). Pitts (1964) estirnated Ëhat

1n nornal hurnans, ammonla excretion accounted f.or 2/3 - 3/4 of the

hydrogen ions excreted, while onl-v 1/3 - r/+ rvere ellminated as tiErat-

able acid. Scott et a1., (1971) found tliis to be true of calves fed

roughage and infused ¡.ritlr acid íntrarurrrinally. htithin a fer.¡ days of the

starÈ of acid infusion, the excretÍon of acid phosphate conÈributed up

to 25% of the acid excreted, and armonium ions the ::emainder. ScoËt

(1969) continuously infused solutions ef 0.15¡f IIC1 inrra-runínaIl-y ro

sheep for periods of up to 12 clays at rates varyíng from 70 to 200 n
1moles.day* and found that over 907. of the net acid excreted was as

ammonlum íons. ìtret acfd excretíon per day rosc. until it about equa1.lecl

the acid infused per day. This type of response \,üas al-so shor^'n 1n dogs

(loltat< g al., 1965). Dogs v:ere given 112 mEq of NIì/rCl dally for

seven days. Dogs excreted an average of 20 mmoles of ar¡monía per day
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under nonnal metabollc condÍtions; the excretÍon l-ncreased to 78 nrnoles.

d"yl ln metabol-lc acidosis. Net Ht excretion reachert 93.5 nanol"".d.y-l ,

aLmost equal Èo the anounÈ of acid given daily. The inportance of ammo-

nia secretíon l-n long term acidosis is evldent.

Pfgcursors of url-nar¿ ammonia. Nash and Benedict (192L) demon-

strated that the renal tubular cel1s synthesized arnrnonia and secreted

1t into the tubular urine. They observed that the concentratíon of

blood ammonia was low, and remaíned unchanged durf-ng aeidosis although

the excretion of ammonia vras much increased. The quantity of a¡nmonia

excreted exceeded the quantity fí1-tered 1n the glomeruli. They con-

cluded that aunonia must be formed in the kídney from some precursor

in the blood. Van Sl-yke eg â1. (1943) determl-ned that the precursor

was plasma glutamine. The amide nitrogen of circulating plasma gluta-

rníne was removed fn much greater amounts Èhan appeared ín the urine.

Thís exÈraction could account for all of the pmms¡i¿ removed from the

kldney by the renal vein and for two-thírds or more excreted 1n the

urine. A study on acÍciotic dogs b¡r Shalhoub et al. (1963) corroborated

this point. Samples of arterlal and renal venous plasma were collected

slmultaneously from 20 dogs rnade acidotíc by ingestlng 10 g N\Ci- for

three days and Ëhe concenËrations oÍ. 23 free amino acids r/ere neasur-

ed follov¡ing chronatographic separaËíon. It r.¡as found that the ex-

tractíon of gluËanine plus asparagine from renal blood plasma ln meta-

bolic acidosLs greatly exceeded the extraction of other o(-amlno acids.

Pitts (I976) sununarized the data obtained from 36 experiments uslng

amino acids l-abel-led rvlËh Ísotopic nfÈrogen to det,errnining from r.¡hích

amlno acíds anmonfa was formed. The maJor proportion of the total

ammonia pool (43.3%) r¡as derfved from the amide nitrogen of glutamine

and an addftlona1- 18'¿ was derived fron Ëhe amíno nftrogen. Alanine,
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glycíne, and glutamic acl-d accounted for L2Z of the a¡unonia; t.he re-

maining 357, was derived frorc preformed arEerial anrronia.

Patbwavs of agrngnia pgojlucÈion. Glutamine is an imPortant

nÍLrogen and carbon carrier released into the circulation from muscle

and liver, and used by the liver and kldnevs for ureogenesis, amonia-

genesis, and gluconeogenesl-s, depending on the physlologÍcal state of

the anírnal, (Ileítman and Bergrnan, 1978). Enhancecl renal uptake of

glutarnine accounted for the increase Ín ammonfa fornation in netabolfc

acidosís (Addae and T,otspeÍch, 1968) . The path\^Iays involved in aromonia

formatlon as shot¡n in Table l, r,riL1 be outlined bríefJ-y. !'or a uore

complete understanding, the revierus by liems (1974) and Tannen (1978)

are reconmended.

The rnaJor pathway of degradatlon in the kidney involves the

deanidatlon of glutaml-ne to glutamate (gl-utaminase I reactíon) ,

foll-owed by the f ornaÈion of c{ -ketogluÈaraËe (glutarnate dehyclrogenase

reaction) as shown belorn':

c00H

I

cocH

I

lNz

1",

TN,
coon

GLutamate

+ Nrr3

Glutaminase

CHNH2

lHz
I

cHz
I
coNH2

GluËaníne
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cooH

l*, n runo nro

cooH

tco+ *t3 + NA-DH + H@

\ Glutamate
dehydrogenase

1t"
clt,
l'
c0Ori

Glut.amate

cH^
It
c!1^I'
c00H

o( -ketoglutarate

Both these reactfons occur wiÈhin the mitochondria and glutamine nust

first be transported across the mitochondríal membrane. 4-Ketogluta-

rate can be completel-y degraded vLa the Krebs cycl-e giving the follow-

lng overall reactlon:

Glutamine + 4 I/2 O2---+ 2 ammonia + C02 + 2 HZO

There are two ísoenzymes of glutarninase I: phosphate- dependent

gluÈaminase (PDG) and phosphate-índependent glutarrrinase (PlC),

PIG is entirely extrâmitochondrial and also reflects the g1uÈaminase

aetivfty of [ -glutamyl- transpeptidase I [-Cf) . Glutarníne can also

be metabolized by the glutamínase II pathvray in the cytosol, vrhich

fnvolves transamÍnatíon and deamidation of g1-utaulne and o(-keto-

glutarate. The kidneys of the rat, rabbit, guinea pig, and sheep,

but not those of the dog, nan, nig, or cat conÈaín glutam{ne synthetase

which converts g1-utarnate to glutarnlne (Pitts, 1973).

Contso! of arrmgniaJrloduction and lts adaptive increase. A¡rsonia

production and glut,aroine util-ization are considerably increased in

chronic metaboLic acldosis, an adaptive phenomenon for whích no ade-

quate expl-anation is available. Thfs area has been the subject of in-

tensive invesËigatlon.
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MosË researchers have belÍeved that the cellular productÍon of

amuonia v¡as the major deÈerninant of fts rate of excretion. Research-

ers Ínvestígated the possl-btl-lty thaË the functional activity of the

ammonia producing enzyroes v¡as increased as a conseq,uence of some al_-

teratíon Ín the intracellul-ar rnilieu. Davies and Yudkin (1952)

ascríbed the adaptive lncrease in am¡nonia production duríng chroníc

acidosls ln rats to an l-ncrease ín the renal content of the enzJ¡me,

glutarnfnase I. Rector eÈ al., (1955) found that the adminlstration of

a constant Nll,Cl load resulted ín a progresslve, steprvise increase to4

a plateau in the actlvíty of renal gl-utaminase, froni 650 to 3000

units.g-l, which r¿as closely paralleLed by a simllar increase in

aumonia excretion. The adaptatÍon of renal g1-utanÍnase r\ras propor-

tlonal to the admfnl-stere<l acid l-oad, but vras fndependent of the con-

centratfon of serum bicarbonaEe. Seyarna et al. (1971) also denon-

strated increased activity of phosohaËe-dependent glut,aninase in

the kidneys of rats. Others (Reetor and Orloff, 1959; Pollak et al.,

1965) could not demonstrate an lncrease in renal gJ-utaminase acEivíty

ln acfdotfc dogs. GoLdstefn (l-965) gave Actinomycin D to acfdotLc rats

and prevented enzyme adaptation but díd not prevent Íncreased anmonia

production. Thus, it appeared that an fncreased glrrtamlnase content

rras not obligatory to increased producEion of ar"monia. The role of

glutaurate dehydrogenase fn the adaptfve lncrease of arumonia production

was revfewed by Schoolwerth et al. (L977). Under norual condiElons,

¡nltochondrial arunonla productlon occurred exclusívely by glutaurine

deanidaÈ1on and glutarnate dehydrogenase r,ras relatively lnactive as

judged by a negliglble flux through GDH. During acidosis, GDI'. f1-ux

lncreased narkedly and accounted for 50% of the fncreased am¡nonLa



20

produced. Schoolrverth gt al-", (l-978) showed Ëhat the increased flux

vras due to provision of more gl-utanate from glutamine cìeamidation,

new enz)¡me formation, and by some change in the miËochondrial en-

vLrorunenÈ.

the cellular contents of varlous reactl-on products t{ere ex-

anlned as possJ-ble regulaÈions of amrnonía production. The renal ce1lu-

lar concentration of ammonia could exerË sone control over a¡unonia

productlon. Canessa-Físcher et al. (1963) infused ammonlun lactate

lnto one renal artery of anesthetlzed dogs 1n acidosis. This infusion

resulted in a prompÈ lncrease in anrrnonía excretl-on restrícted to the

side infused. The pNH, of the renal artería1 blood nust have been

greatl-y elevated causing an increase ín the diffusíon gradient frorn

peritubular blood to urine. Thus 50% of. Ëhe infused ammonia appeared

as additional amnonla in Ëhe urine (Canessa-Físcher et a1., 1963).

These fíndings dlffered from those of Pilkington et al., (1965), rvho

found that increased blood and ce11ular pliN, due Lo infusion of aurmonium

chloríde decreased cellular production of auuqonia. Sayre and Roberts

(1958) found thaÈ ammonia inhiblted the glutamlnase I reaction courpe-

titively with glutamfne in vlÈro. However GoldsÈein ancl Schooler (1967)

later deÈermined t.hat the concenÈratíons Sayre and RoberÈs (1958) used

were not cornpatible with effects observed Ín vivo.

Tannen (1978) revier,¡ed the literature on arrmonia meËabolism and

maintalned Èhat glutamate rnetabolisul \,ras a focal poÍnt in the regulation

of ammoniagenesis, since glutamate fs an end-product inhíbitor of PDG.

Renal- tíssue concentrat.ions of glutanate \.{ere dininlshed in both acute

and chronic acl-dosis suggesÈing an acceleraÈec1. rate of glutanate clísposal
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(tleros and Brosnan, 1971; Goldsteln, Lg75) " Goldstein an<l Schooler (1967)

found that meËabolic acidosls produced a rapid decrease in renal gluta-

¡nate concentratíon Ín the rat kidney, a decrease of 257, wj-tt'rn four

hours of admínistratlon of l{HOcl. Thís fall paralleled, inversely, the

rise in renal aunnonia excretion during the ínitial phases of meÈabolíc

acldosis. There t¡as a further 10ij decrease in renal glut.em¿¡s concen-

tration over Ehe next l-B hours of acidosis, but the concentratíon of

total gluÈamate did not decrease afÈer that, even though amrnonia excre-

tion continued to rise for the nexE few days. Goldstein (L975) suggest-

ed that Èhe acid-induced drop in glutamate concentratlon might pla¡' ¿

role in the lnitial phase of adaptation by partially releasing glutaminase

from end-product inhibitlon.

Balagura-Baruch et al. (1970) studied the substrate o(-keto-

glutarate as a controlling factor Ín anrronia production. They found

Èhat the concentrat.íon of o(-ketoglutarate was low ín acldosís in com-

parison to that found uncler normal acld-base condít.ions. Infusion of

o( -ketogluÈarate lntravenously into dogs ín chronic netabolic acidosls

decreased renal ammonia output and increased renal concentraLions of

o<-ketoglutarate and glutamate. Bal-agura-Baruch et al. (1970) supported

the postulate that acidosls increased renal arnmonia production because

of increased utilizatíon of o(-KGr lorvered renal leve1 of o( -xG and

glutamate, and deintribited glutanlnase r activíty. Goldstein et al.

(L977) found that cX-ketoglutarate hTas a potent inhÍbltor of mÍto-

chondrial glutamine transport and could therefore decrease iÈs rate of

utilizaLíon.

Yablon and Relman (L977) discussed the role plasua levels of
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glutamÍne nlght play in the adaptive increase in anrcnonia production.

Yablon and Relman (l-977) imposed chronic acidosis (9 days of NHOCI feed-

irg) in raÈs and found that ammonia producüion increased 5 - 10 fold.

Plasma glutamine concentration decreased by a third and cortical gluta-

mine by more than Ët'ro-thÍrds. Elevatíon of plasma glutamine leve1s by

lnfusion of gl-utanine caused a further doubling of ammonia production.

However, Èhere l¡ras an enhancement of a¡nmonia production durin¡¡ glutanine

infusion Ín normal raËs. Yablon and Rehoan (1977) concluded that plasma

glutamfne levels are import.ant in regulating aunoonia production, and

that in chronic acidosis, glutamine supply may becone lirniting for

ammonía product,ion. Bennett et al. (1979) also studied the relationship

of plasma glutamine to amnonia production in rats. Rats were made

acutely acidotlc with NH4cl and HCl given lntragastríca1ly. Plasma

glutamíne increased slgnificantly as a response to acidosis. Bennett

et al . (1979) detenained that plasma glutamine alone Ì\'as not the medíator

for adaptive changes which occur ín the kidney since persist.ent eleva-

tíon of plasma gluËauine at t\ùo levels (for 24 hours) did not enhance

armoniagenesis. Preincubatíon of cortlcal slices ín glutarníne símilar-

ly depressed amnoniagenesisn In experiments wiEh dogs, Flne et al.

(1978) showed thaÈ acute acidosis, induced b¡r HCl or NHocl, increased

the leve1 of plasma gluÈamine. Plasua glutamine level rose during acute

netabolic acidosls lnduced rvith sulfuric acid in dogs (Addae and

Lotspeich, 1968). However, it is doubtful íf Ëhe absolute amounts of

gLut,amine presented Èo Ëhe kídney can be of great physiological signifí-

cance as plasua glut.amine concentrations remained unalÈered in boÈh

chronic acldosís and alkalosis in dogs, in spite of large dífferences

1n arrmonia productlon (PiÈts er a1., L972). Fine er al. (L977) índuced
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chroníc acidosis in humans (200 nM.d"y-l oral HCl) and found that ptasrna

glutanine also remained unaltered. However, Heitman and Bergman (I975,

1978) found thaE the mean arterial glutamine level decreased in sheep

with chronic NH,C1 acidosis.
+

Changes in hydrogen lon concentratl-on could provide the sÍgnal

tnitíatíng alteratlons in amnonia metabollsm. But in recent findings

when renal tissue from norm"l rats was lncubated with glutamine in an

acld uredium, aumonia production rvas either unchanged or dimlnished, and

lsolated raitochondria bathed in a 1ow pH environmenÈ demonstrated an

unequfvocal decrease in ammonia productlon (Relraan and Nairns, L975;

Tannen and Kunin, L976). Tannen and Kunín (L976) suggested that the

dimínuÈion in arunonia productlon was due to altered actívÍty of PDG,

since the activity of the isolated enzlnne vras also decreased r¡hen the

pH was decreased below 7.4. I^ihen gluÈanate was employed as the substrate,

a decrease in pH fncreased amnonia productlon by both renal tl-ssue ín vitro

and lsoi-ated mitochondria (Relnan and Nairns, 1975). This acuËe reduc-

tion in pH accelerated the formaÈion of malate and facilítated its trans-

porÈ from the mitochondrial maÈrLx to the cytosol, however the significance

of thís response was unclear (Reknan and Nairns, L975). Tannen and Kunin

(1981) found that mÍtochondria from normal- rats lncubated at a low pH

stlmulated the rnetabolls¡n of c(-ketoglutarate to succinate. These results

suggested that adaptation vras not an l¡ruediate, direct result of an

alteratlon in pH.

Tannen (L977) reviewed studles done on potassl-um depletion and

suggesËed that potassium homeostasis regulates renal anmonía production,

which 1n turn lnfluences both urinary potasslum and hydrogen ion secre-

tion. Burnell et al. (L974) removed potassium from the diet of dogs
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and caused a prompt
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ed when heifers were

Theories of control. The theory of conLrol that has received

the most attentíon and supporË in recent years is based on an increase

in renal gluconeogenesís and an íncrease in the renal content of phos-

phoenolpyruvate carboxykinase (PEPCK). PEPCK converts oxaloacetate to

phosphoenolpyruvate. Goodman et á1. (1966) observed that gluconeogenesís

by slices of rat renal cortex from such substrates as glutamine, gluta-

mate' c(-ketoglutarate (o(-KG), and oxaloacetate \,zas stimulated by prior

índuction of metabolic acidosis. Thus, the tissue concentrations of Krebs

eycle inËermediates from oxalacetate back through c( -KG were reduced. The

decrease in o(-KG deinhibited GDH whích resulted in increased conversion

of glutamate to ,(-KG and ammonia. Reduction of glutamate then increased

anrnonj-a production by the glutaminase I reaction. According to this theory

all ammonÍa produced from glutamine, must be ascribed to an adaptive in-

crease in PEPCK. Alleyne and Schullard (1969) found Ëhat accelerated glu-

coneogenesís durÍng metabolic acidosís was accompaníed by íncreased PEPCK

activity in whole kidneys as well as the kídney cortex of rats. The ín-

crease in PEPCK acEivity ín kidney cortex varied wíth the degree of acido-

sís and there \4/as a close correlatÍon between cortical PEPCK activity and

urinary ammonia. Sími1ar1y, Seyama et al. (797I) found that gluconeogene-

sís vras íncreased in renal tissue from diabetic (acidotic) rats. However,

it t¡ould appear that net glucose metabolism cannot be clearly demonsËra-

ted in the intact kidney. Roxe (L972) studied net glucose metabolÍsm of

Ëhe kidney of the intact dog and could not demonstrate any consÍstant

decrease in dÍstal H* secretion but because of a

+ balance, ammonia excretíon subsequently íncreased.

(1967) found that urinary anmonia excretion increas-

fed a low potasslum diet.
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addition of glucose Èo renal venous blood in acidosis when ammonia pro-

duction was fncreased. Renal gluconeogenesis did not appear to be

stirnulated in sheep during metabolic acidosis, (Kaufman and Bergman, 1971)

Pltts et a!. (Lg72) infused tracer amounts of glut,amirr"-14c (uniforurly

labelled) ínto intact cogs and found that, 1n all',alosis, approximately

l0% of. the gl-utanine extracted by the ktdneys was converted to glucose,

the remaínder appearing rnostly as COr. In acidotic dogs, glutarnine

extraction and conversion to CO2 increased threefold, although tot,al

production of Co2 r.ras unchanged. Conversion to glucose increased by

more than fivefold, but glucose carbons still- only represented 207" of.

the utilized glutamine. The authors concluded that gluconeogenesis

could not be rate l-imiting for apnonia productfon. Mcrntosh et ar.

(1973) found that the daíly net output of glucose by the sheep kidney

was less than 27" of the animal's requirement,. During acídosis, the

contribution by the kidneys to the overall glucose requirenenü v,/as no

greater than 6%.

I^lelbourne (1975) offered a ne$¡ hypothesis, rvhich explaíned the

adaptation phenomena in terms of a single event, which takes place at

Ëhe mftochondrial membrane, and is nedíated by adrenocorticoids. This

t'unltary hypothesistt had three basic tenets: dual cytoplasmic and

mitochondrial glutaminases, glutamine diffusion to these enzyîe sites,

and glucocorËicoÍd control of glutaminase r activity. rn acid-base

balance, renal glutarnine utílizaÈion occurred predominantly by the

cytoplasnic Ú-glutamyltransferase pathway. In meÈabolic acl-dosís, Èhe

threefold lncrease 1n glutarnine extraction is coupled to mitochondrial

glutaminase I-GDH pathway activation which exhíbited a 1S-fold increase

in acLlvity (I,lelbourne, L977). Phenix and Welbourne (1975) demonstrared



26

that bilateral adrenalectomy produced a 3OZ f.aLL ín daily NH,+excretion
4

whlch became âpparent ¡.¡ithln 24 hours and persisted despite the animals

becoming acidotic. Adrninistering a glucocortÍcoid rnarlcedly stimulated

¡mmonia excretlon in adrenalectomized rats regardless of the acÍd-base

sÈatus. Hughey et al. (1980) observed also that adrenalectomized rats

exhlbited decreased blood glutamine an<l an irnpaired ability to increase

arterial levels ln resonse to acute aeidosís. Wel-bourne (lglS) suggested

that the adrenocorticoids played a key role in the adaptlve response in

ammonia production ín chronic acidosis. ltre mechanisr:r of Èheir action

was by affecting the permeability to glutarnine of Ëhe inner mitochondrial

membrane (l,trelbourne, L975) .

In the light of the above research, Èhe focus of att,ention is

turnlng toward the possíbility that enÈry of glutapíne into the rnitochon-

drial matrix uay be the rate-liniting step governlng the adaptation of

¿rÍmq¡i¿gsnesís Ëo aciclosis. The fncreased ammonl-a production and gluËa-

nine utilization in chronic acidosis are a consequence of an adaptive

increase in miÈochondrial gluÈaraine transport (A<laro and Si-urpson, 1973).

Kovaðevil (J977) proposed Ëhat gIuÈamine crossed (possfbly carrier-

nedlated)the mitochondrial membrane as an electroneutral species driven

by a concentration gradient. A proton gradient and membrane poÈentía1

generated by the energizatíon of hidney mítochondria st,imulated the ín-

flux of glutamíne. Adan and Sinpson (1973) found ÈhaË mitochondria frorn

Ëhe renal cortex of rats with prolonged 05 days) acidosis took up four
.14times as much -'C-glutamine into Èhe ¡latrfx as those fron control

animals. Tannen and Kunin (L976> studÍed ammonia proCuction by renal

cortical rnltochondrÍa isolated frorn rats r.rl-th metabolic acldosis and

deternined tha¡ increased glutamine enÈry and/or phosphaÈe-dependent
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glutaminase accounted for increased anmoníagenesis.

Control of aurnonia excretion. The mechanlsm of release of

armonia from tubular cell-s is one of nonionic diffusion (Pitts, 1971).

Accordingly, not only Ëhe cellular asmonia production, but the concen-

tratlon gradlenÈs of hydrogen lons beËv¡een ce1ls and tubular urine, ancl

beÈween cells and perltubular blood, as well as the rates of flow of

these two l-iquid phases deterur-ine the distribution of aumonia (Pítts,

L973),

PÍËts (l-948) deroonstrated that the rate of a¡monia production

vras lnversely prooortLonal to the urfne pH. This relationship deoended

upon the mechanism of ammonia transport across the luminal membrane of

tubular cells. The preponderant form of ammonia ln tissue is as Nlt,*
4

(Hens , 197 4> . Only one of each 100 rnol-ecules existed as the free base

NH' however as rapidly as Ë,hat one molecule díffused from the cel1, it

bound a hydrogen lon and was trapped as a relatlvely nondiffusable

ammonium fon (Pítts, 1971). At any gfven urine pH,PltÈs (1948) found

Èhat the raËe of anmonium excretion was higher when a dog was made

ehronÍcally acidotic, than when it was in its normal state. Balagura

and Pitt,s (L962) made dogs chronfcaLly acidotic by adminlstering ammonium

chl-oride (fO g¡ for three days, after whích a sallne solution containÍng

creatinine and anmonium aceËate was rapídly injected fnto the l-eft renal

artery. The Ínjected ¡nrmen{¿ appeared in the urine before the creatinine,

indicating Èhat ammonia passed from peritubular blood into the Èubular

urine dornmstream from Èhe glomerulus. lJhen the acidosÍs was corrected

by gíving sodÍum bicarbonate and alkaline urine resulted, the tíue course

of excretion of creatfnine t/as the same, but no ammonia appeared in the

urine. These findings support Èhe view thaL the mechanism of au¡onia
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secretlon is one of diffusion trapping and that ¡mmonia diffuses passively

ln both directions across Èhe tubular epiÈhelium. Tannen and Ross (1979)

suggest.ed that trapplng of armonia in the urine may be a crj.tical co¡n-

ponent for stÍmulatlng ¡mme¡l¿ production in acute acidosis. Studies were

carried out uslng isolated kldneys of rats perfused v¡ith an alburqin Krebs-

Henseleit medíum. Kidneys were made "non-urínatingrr by lncreasÍng the

albunín concentration of the perfusate to 10 g.dl-l and lowering the per-

fusíon pressure to 90/70 mHg. IJnder these conditions acute acidif íca-

tíon of the perfusate resulted in a small, but sígnificant, increase in

armonia producÈion. This increase in amrnonia productíon v¡as not signifi-

cantly less than the response to acute acidosis in all- the studies with

filtering kidneys, however it was signífícantly less in comparison r^¡íth

Lhose experÍments in rvhicir urine pll declined to less than 6.0. Since an

effect on auuoonia prodrrction mediated by urinary acidification was only

apparent wfth thls degree of urine acidification, the Lesser stimulaÈion

wfth non-filtering kldneys was consisÈant r¡ith the thesis Èhat aunnonía

trapping in the urine rnedlated by urine pH was required for a maximal

response to acute acidosis (Tannen and Ross, 1979). Schloeder and

SËinebaugh (L977 ) J.nterpreted their results on chronicai-Ly acidotic

humans to indlcate that urinary ammonium concentratíon deternines uri-

nary pH, and not vice-versa as appeared t.o be the case for acutely

acfdotic rats. Schloeder and Stinebaugh (L977) shorved Èhat urinary

autonium concentration varied directly with the severity of the systemic

acidosis and that, ln turn, urinary arnmonium concentration correlated

dlrectly wlth urinary pli. Urine pH rose after the second to sixth day

of acldosis, and Ëhe rise in urine pH was greatest in subjects with the

most profound acldosÍs.
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The effect of urine flow rate r,¡as examlned in connection wíËh

sÈudies of urine pH and amrnonia excretíon (Orloff and Berliner, l-956;

Tannen, l-969). Orloff and Berliner (1956) found in the dog, rhat ar
J.high urinary H' concentrations, the rate of arrmonla excretion remained

consËarit and independent of urLne flow. This irnplied that the bullc of

the anmonia whlch was destined for excretion had entered the tubular

urlne príor to the final process of osuot,ic concentraEl-on. If the urine

was weakly acidic, the low rates of amrronÍa excretfon \{ere nore definite-

ly flow dependent. There rrras a greater effect of back-diffusion at

l-ower urine flov¡ rates whÍch decreased Ëhe rate of ammonia excretion

(Orloff and Berllner, 1956).

The effects of renal blood flow (RBF) and glomerular fll-tratíon

rate (GFR) on aurnonia excretion have been srudle¿. Pilkington et al. (1970)

deÈerml-ned that fn acidosis, the amount of glutamine extracted from Ëhe

blood perfusing the kidney and converted to ammonia exceeded the amount

filtered and reabsorbed. Some of this glutanlne r'¡as absorbed across the

peritubular membrane from the blood and hence coul-d be influenced by

renal blood flow. Pítts (L972) made a comparison between chronic acidotíc

and alkalotic dogs, and found that GFR, renal arterial blood infLowrand

arterial concentratlon of glutarnine dfd not differ significantly between

the two groups. Mahnensmit,h et al. (1979) studied acute acidosis in

humans. Subjects were given 0.1 g.KgBW-1 NH4CI over 80 ufnutes, orally.

No change v¡as found in GFR and renal plasma flow after NHOCI loadíng.

Studfes urith rurnlnant animals appear rnore conflicting. Huber (1969)

studied the effects of acute lactic acidosis in sheep and found that

renal blood flow was slgnifícantly reduced when the blood pH was 7.30

or l-ess. However GFR was not decreased sígnificantly until the blood pll
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I^Ias less than 7 .]4. At the tfme that the decrease in GFR r,ras observed RBF

had decreased to approxírna teLy 447. of the conrrol flov¡. Huber (1969) con-

cl-uded Ëhat this reduction ln RBF seriously compromised the abiiity of the

kidney to excreÈe hydrogen lons and reabsorb bicarbonate. McInËosh et aI.
(1973) lnduced metabolic acidosls in sheep by drenchíng rrirh 20 g Mi^C1

daily or by constantl-y infusing Ì{HOC1 into the rumen for 3 - 1l days. Renal

blood florv decreased, but GFR did not change. These authors suggestecl that

the decrease ín RBF durlng acidosís lras a physíological response to the

altered acíd-base status, in that there may have been a redistribution of

blood flow, 1"eadíng to a greater percentage of blood perfusing the act:'_ve

zone of the renal corlex. Ph1l1-ips (f968) infused hydrochloríc acirj into

sheep at a rate of 1.6 rnEq.min-l fot 2 hours and GFR rnas unaltered. Kaufrqan

and Bergman (1971) rne.asured renal blood flor¡ in acldoÈíc sheep and although

it tended to decrease-, the values \.rere not slgnificantly different from

controls. The acidosís r'ras produced and maj.ntained b¡z the cìaily admínistra-

tion of NH4C1 via a stomacir tube ínto the ru¡ren. A príming dose of 0.5 -
0.7 e.kg Bï,rJ- of NHocl was fol-l-orved by daily malnrenance doses of 0.2 -
0.4 C.kg Bl'l-1. I'lill-iaras and Pickering (1980) ínfused hvdrochloric acld .tn-

travenously (150 ¡rmol-.rain-l for three days) to eight e\4res. No changes in

GFR or renal plasma flo¡v v¡ere detected as blood ancl uríne pll decreasecl .

Sites of plod-uctJon of glutagfne. Increased extracÈlon and use of glu-

tamfne by the kidney in acldosis inpLies íncreased productlon or release

of glutamine from other organs. The metabollc resDonse to acidosls must

be coordinated so that glutarnine productíon is regul-ated to meet its chang-

ing raËes of utilizaËion. According Lo Addae and Lorspeich (1969) the

liver Ís the maJor síte of j.ncreased glutamine productlon 1n the aciclotíc

dog. GluËamine l¡ras extracted fn lncreased amounts from the splanchníc

arterial blood and was converted to arÐmonia by the gastrointestinal
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tract (GIT). The authors suggested that this íncreased amnonía release

by the GIT stirnulated increased hepatlc glutamine synthesís. Heitman

and Bergrnan (1975) found a dramatic shlft from net renal gluÈamine release

in normal fed sheep to a net uptake by ktdneys ín acidotic sheep. Duríng

acidosis, the plasma glutamlne concentratl-on decreased and net peripheral

release of glutarníne tended to íncrease. Prfor to acid adrnlnistration,

glutamíne Lras removed by the liver, but l-n acidosls net hepatic glutanlne

removal was decreased (Heltman and Bergman, 1978).

ÏII }trITROGEN METABOLISM TN RINíINANT ANTI.ÍAIS

A. Introductíon

The flrst step ín the dlgestlon of dietary proteín by rurninants

1s microbfal- proteolysis 1n the retículo-rumen. Amino acids so produced.

are ruafnl-y deaminated to form volatlle fatty acids, COZ, anrnonía, and a

variety of organic compounds. The arnmonia produced can be utilized b;v

microbes to form. microbial proteín, v',hich ís the main form of nltrogen

reachlng the duodenurn (I¿olfe et al ., 1972). The concentratl-on of arnrnonía

1n the rumen fs ínfluenced by the quantíty and solubíl-l"tv of the dietary

protein, the quantity of urea that enters the rumen in salfva, the

diffusion of urea through the rumen rvall, and the rate at r.¡hlch a¡¡monia

1s absorbed from the runen (Phillipson, L977>. Ar,unonla absorbed fror. the

ruÐen ls detoxlfied in Èhe llver by lncorporaÈfon ínLo urea. Urea can

then be returned to the rumen across the rurnen wal1 (Houot, 1970), or

in salfva (Somers, 1961; Lee and Cross, 1969). A possíble rnechanj-sm

whereby the kldneys decrease the amount of urea excreted and thereby

facilltate recycllng of urea-N through rnfcrobíal protein s-vnthesís in
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eg a!., 1958; Mclntyre and l^till1ans u 1970; Scorr and Masonu 1970;

Ergene and Píckering, L978a).

B Effects of nltrogen 1evel

Feeding sheep on a high-protein diet resulted in increased

plasma urea concentratíon, and increased urea excretion in urine (Sch¡li¿t-

Nielsen e! al., l-958; Thornton, 1970¡ Rabfnowltz et. aL., Lg73¡ Er:gene

and Pickering, 19784). Severe curtailment of protein intake resultecl in

decreased pNH, of rumen gas, decreased plasma urea concentration, and

increased diffuslon of urea from plasma into the rumen, where Ír was

hydrolyzed to forn co2 and ammonia (phillÍpsor., L977). rf r,here r¿as

sufficient carbohydraÈe available, the arnmonia resulting from the hydroly-

sis of urea lras incorporated into bacterial or protozoal protein, thus

becoming avallable to Èhe host.

The role of the kidneys in the conservaËion of urea has been

examined by SchmÍdt-Nielsen and hls co-r^¡orkers. Sclmidt-Nielsen and

and Osakl (1958) and Schmi<lt-Nielsen et al. (1958) fed diets contaÍning

eíther 7.5% or L,97" digestible crude proÈeln to sheep. I^Iith che 1.9%

prot.ein díet, the fractlon of filtered urea appearíng in t,he urine was

very low. Thís lorv urea excretion was characterized by a urea urine/

plasraa concenÈratlon ratlo not exceeding 5 - 7 even aÈ low urine flows.

It was also observed that when the low nitrogen diet was fed, an Íncrease

in the 1nulln urlne/p1"asma concentration ratlo (indicatíve of increased

water reabsorptlon by Èhe kidney) frono 10 to 200 v¡as accompanied by an

increase in the percentage of fílÈered urea reabsorbed from 40 to 90%.

For the normaL protein diet, the reabsorption of filtered urea was



J.)

steady at between 35 - 552 over the sane range of inulin urine/plasrna

ratios. Schnidt-l'llelsen eË gl-. (1958) concluded that regu-l-ation of

urea \,¡as aÈ the tubular le-vel- since it was independent of GFR, plasrna

urea concentration and osmotic load. These authors suggested that. the

excretion of urea 1s broughË about throrrgh a regulated actfve transporË

of urea' accentuated by a counteïcurrent multiplÍer systen in Henle s

loop. Gans and lfercer (1962) fed sheep on eirher hieh (hieh quality

hay supplenent vrith grain) or 1ow nítrogen (poor quality hay and strag)

dlets and deÈermined that glornerular filtration rat,e ancl renal plasma

flow rn'ere lor¡er for sheep gíven the lorv nitrogen dÍet, a result con-

trary Ëo thaË of schrnidt-Nielsen gq al. (1958) . scorr and l.tason (1970)

studied renal tubular absorpËion of urea in sheep fed diets containing

either 2.77 or 0.882 nitrogen. As the amount of urea filtered at tfie

glorneruli fncreased t,hrough the range 54 - 1347 ¡rmole.rnin-l the amount

reabsorbed by the tubules increased proporEionatel-y, over a rn'íde range

of urine flov¡ raÈes. For the low nj.trogen diet, under conCit¡l-ons of 1oç,

urine flow raËe there v¡as an appreciable increase Ín the percentage of

urea reabsorbed. scott and ì.lason (1970) suggested that this effect

appeared to be independent of the ar':ount of urea filÈered but r,ras by

some unknovm mechanism sensít.ive to nitrogen ínËake. philllps eÈ al_.

(I975) redueed the dietary nitrogen lnlake of four heifers and found tha¡

this resulted in a fal1 1n the concentration of urea niËrogen in plasrna

and in its rate of excretlon and Èubular reabsorption. Ilornrever, the

fraction of filtered urea reabsorbed v¡as increased from about 45 to 80"/.,

despite the associaEed reduction 1n the concenÈratlon gradient. betrveen

urlne and plasma. Ergene and Pickerlng (1978a) found slmllar resulrs

for sheep maintained on dieÈs supplying L8.5 - 20.5 g.dayl of nitrogen.
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The fall in pLasna urea nitrogen an<l urea excretLon rate r,ras accompanled

by a significant reduction 1n GFR and urine osnrolallty. Síruilar to
Phillips et al. (1975) Èhe fractÍon of filtered rrrea reabsorbed increased

despite a reduction in t,he urea urine/plasma concentration raÈio. Their

flndfngs supPort the suggestion (sctuni¿t-Ìlielsen et a1., 1g5B) that tubular

reabsorptlon of urea has an active component.

C. Effect of acídosls.

The urinary nltrogen of man is partítionecl arnong urea (80 - 90i!);

arrnonía (5 - 102); and creatinine, uric acíd, and hfppuric acld (5 - 10ij),

Pitts, 1973). For sheep the usual dlstríbutlon of urínary nitrogen i_s as

follor'rs: urea (B2z>; ammonfa (0 - 77.); and crearinine (42), (Morris and

Ray, 1939). In both species, nitrogen excretlon as ammonia is nininal.
Steenboclc eË al . (1914) maÍntaÍned that the lncreased e-xcretion of arnmonía

1n acidosls rvas at Ëhe expense of ur:ea excretion, the tr,ro varving recip::o-

ca11y under conditions of constant Drotein intake. Ollver and Bourke (1975)

found that hydrochl-oric acid acidosis sí-gnifÍ-cantly reclucecl urea excretion

in the rat, wlth an equi-nolar lncrease in auuronía excretíon and therefore

no change fn theír total sum. In man (trine et al. , Ig77) h1,dr:ochlorÍc acjd

acldosis reduced blood and urinary urea levels rr'íth a concorníÈant rise in
arnrnonluu excretion, however these changes \{êrê tìot equirnolar as in Èhe rat.
Tel-le and Preston (1971) lmposed lactic acídosls on sheep and found that

amrnonla nitrogen excretion lncreased steadilv r.'hl-l_e urea nitrogen excre-

tlon showed no trend over a ten-hour experimental períod afte:: an acute

acid 1oad. The long term effects of a chronic acid. load on urea excretion

ln ruminants has not been studiecl.

rn some species it ís evident that metabolic acidosís resulÈs in
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the díversl-on of hraste nitrogen, normally excret,ed preclomfnatly as urea,

to ellmlnation as amnonia. 011ver and Bourke (1975) discussed the sig-

nificance of this shift in terms of the urea cycl-e prodtrcing H+ and

contrlbutlng to acl-c1osis. At physiological pH productf-on of urea frorn

ammonf-um-or amlno-nftrogen utilizes tv¡o bicarbonate íons. In the llver

the ammonium lon derlved from the amlde group of glutarnine is incor-

porated into carbamyl- phosphate, whlch is Èhen reacted with ornlthtne

to forn cítrul-l1ne. T¡,¡o bícarbonate l-ons are used 1n these first, trvo

steps. However meÈabol1c use of the carbon slr-eleton of glutamine re-

generates the Èwo bicarbonate íons. There ís therefore, no neÈ gaín

or loss of base. In acidosis, rvhen renal gluËarníne use ís fncreased,

the amlno groups of glutamlne are elimínated ín rrrine as NH] and no
4

loss of bícarbonate oceurs. As in urea production, the gluËamlne carbon

skeleton remains and can gener:ate tvro b j-carbonates. The eouations bel orv

1i-l-ustrate thf s poínt.

Urea excretion

Anmogia gxgretåon

+ 3 oo + 2(ilco^-) -+é5

/Mz
C=O*
\,,,
urea

IIo net gain or

3 COz(s) + 3Hro

2 (Hco3l .

loss of ltCO3-

+

It2*.',^rn IYI
1"' IcHr I

åt-*tr*l
l-l_cooJ

glutanine

ol,t7 
|çl

?", I

9Hz I

åH-nrir@l

åoo- I
amine

H^}IZ\

glut

+ 3 02 -+ 2 or(e) + 2 rrIH4(Ð + 2(tico3-)

Net gain of 2 HCO,-
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Anlmonia excretion in effect counter:acts acldosls by resulting in a net

gain of tr¡ro blcarbonate ions. TI're cliversion of nitrogen frou urea

synthesis in the liver Eo increased use of nltrogen (i.e. glutanine)

in the k-idney is advantageous to the malntenance of hvdrogen ion

homeostasl-s.

The folloraing experiments \rêrê cêrrÍed out in an atternpt to

reexamine the effects of trvo dÍetary nfÈrogen levels on the amounts of

urea and arrmonla excreted and v¡hether acidosis affects thís <ilstribu-

tfon. The effect of acidosÍs on renal plasma flow ancl glonerular

filtration rate were also studíed to determine Íf the l:ídnevrs si.nthesis

of amrnonia I¡Ias serlously impaired under condltions of 1i¡niting nitrogen

lntake.
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EXPERÏ}MNTAL OBJECTÏVES

In several species metabolic acidosLs leads to an increase in the

renal productlon and excretlon of amronia. The tubule cells may be

supplíed wÍth increased amounts of the precursoru glutarnine, by an in-

creased concentratíon of glutamine in the renal blood, increased extrac-

tion rate, lncreased blood flow, or a combination of these factors.

In ruminant animals, urea is conserved r¡hen a diet l-ow in nitro'

gen ls fed. This nitrogen as urea, 1s recycled into the rumen for micro-

bial protefn synthesis. An acidotfc ruminant animal on a lor'/ nitrogen

dlet would have two problêms - first, to conserve urea to maintaín

runen protein synthesis, second, to increase glutamine production to

maintain ammonia excreÈion.

Sheep maintained on high or 1ow nltrogen diets and infused intra-

rurninally wlth hydrochloric acld were compared to test. the follok,ing

hypot,heses:

1. That urinary ammonia-N excretfon ls aÈ the expense of urea-N

excretion, wiÈh no change 1n total-N excretlon. Nltrogen

normally synthesized lnto urea ín the liver is being utilized

for glutamlne productlon and hence renal ammonia.

2, That fn acidosis increased supply of glutanine to the kldney

occurs because of increased plasma concentration of glutarníne

ardf or increased plasur,a f 1ow.
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MATERIALS AND }ßTHODS

E)GERI}ßNT ]

A. Animal maintenance

1. Animals

Six 2-year o1d Dorset x In/estern i^Ihiteface ewes weighing between

43 and 60 Kg were randomly allotted to trro treatment groups. several

months prevíous1y the ewes had been fitted with permanent plastic rumen

cannulae (1 cm diameter).

Housing

The sheep were maintained tethered Ín

sided adjoining pens. Each had an individual

bucket. The holding room \Alas well-ventilated

medíum intensÍty.

indívÍdua1 plexÍg1ass-

rüater nipple and feed

and lighting was of

3. Feeding

Two diets were formulated to meet the NRC (L975) recommendatíons

for mainteriarrce of non-lactating e\¡res, as shor,¡n in Tabre 2. Similar

ingredients were used, but corn and corn starch were substituted for
part of the soybean meal to give the low nitrogen diet. For the pur-

pose of comparison, the diets are referred to as ',high nitrogenr' (HN)

and "lor.v nítrogen" (l-u¡ diets. A poÈassium supplement (mixture of

equal parts of K aceËate, K bícarbonate, and K, citrate) was included.

daily bringing the potassium content of both diets to 1 .r42, to ensure

that before the induction of acidosis, blood and urine were alka1íne.
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Table 2. Compositíon of diets.l

Dier
Ingredient High nitrogen

(z)
Low nitrogen

(z)

hlheat stra\.{ (ground)
Corn
Corn starch
Oats
Soybean neal (442)
Limes tone
Rock phosphate
Trace mineralized salt
Soybean oi1

33.96
1-9 .4r
19 .47
9.70

74.56
0 .34
0.19
o .49
7.94

100

33.92
26 .65
26.65
9.69

0.68
0 .49
r.94
100

1. Both díets lrere pelleted and had calculated metabol izabre energyof 11'3 MJ.Kg-1. fhe nitrogen 
"ona"'ra was analy zed to be r.62"/"and 0'78"A for the high and Iow nirrogen diets,-í."p."aively.
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I^Iater and cobalt-iodized salt licks uTere provided to sheep ad libitum

at all times. Anirnals \¡rere fed continuously by an automatic feeder which

trickled the daí1y feed allotment into the feed bucket on a 24-hour basis.

This continuous feeding was designed to a11ow relatively constant rumen

fermentation and absorption of nutrients thereby avoiding large fluctua-

tions Ín plasma constituents. Feed refusals were removed and weighed at

0900 dai1y.

B. Animal preparatíon

1. Veín catherization

One day before samples were collected, the saphenous vein was

catherized accordíng to the technique deseribed by Phíl1ips (1968). LIhile

the sheep was held prone, an l8-Gauge needle was inserted in the vein. A

selfex guide wire (0.635 nmd) was gently inserted into the vein through

the needle to a depth of 15 cm. The needle r{as then removed and a poly-

ethylene catheter (0Þ1 .27 mm; TD-0.86 mrn) was threaded over the guide

wire about 20 cm int.o the vein. After withdrawing the guide wire, a blirnt

1 cm long 20-Gauge needle was inserted in the catheter end. The catheter

was taped in positÍon where it emerged from the skin, and the entire area

of the leg was wrapped wÍth an elastisized bandage to prevent the catheter

from kinkÍng.

2. Urinary bladder catheterizatiorr

On the same day, the

I'xylocaine j e1lyr' (Lignocaine

bladder was catheterized wíËh

stillette was first put into

urethra and vulva \.rere anesthetized with

hydrochloride 20 rg.*1-1¡, and the urinary

a 14-FG Foley balloon catheter. A wÍre

the catheter and r¡ith a finger in the vulva
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the tip of the catheter was guided into Èhe rrreth::a. After withdrawi-ng

the w1re, 5 nl- of sterile saline were injected into the balloon to re-

tain the catheter in place. To enable anaerobic rrrlne samplfng, a 3-way

stop-cock was attache-d to the clraínage tube from Èhe catheter Ëo the

collecÈion vessel.

All sheep were gíven 3 cc of penicillin intranuscularly prior

to and for Èhree days folLowing catheÈerization to reduce the chance of

bladder infection.

C. Sanpling schedule

A r¿eek prior to collectÍon of data, a continuous Ínfusion of

nater, three ll-ters per day vras begun Ëhrough the runen cannula. An

8-channel Masterflex puurp (t'todel 7568) Ì{as set at 2.10 rnl.rirr-l. The

purpose of thís infusion was Èo allow urine flows to stablllze. ìfeasure-

ments were started on the last day of water infusíon inÈo the runen.

UrÍne v¡as collected for síx consecutíve 4-hour periods, and venous blood

was sampled at the midpolnt of each period. After twenty-four hourst

the ínfusion lnto Ëhe rumen was changed to three liters of 0,05N hydro-

chloríc acld per day (i.e. 150 mEqH+.¿r -1).Thj,s ¡sas continue<l for four

days. Urine was collected for sixËeen hours folLowing the change to

acld ínfusion fol-lowed by eight uríne and blood sarnpling periods each

of 4 hours. The next tvro days consiste<l of a 16-hour perlod of urlne

collectlon, followed by two 4-hour perlods of urlne and blood coll"ec-

tion. The sarnpling schedule is shor^¡n ín Appendfx tables L - 12.

Sampling techníque

1. Blood sampling

D.
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A 5 m1 plasËic syringe r.ras f11led to three-quarters r:'ith hepa-

rinized sallne and used to withdraw blood from the catheter. Then blooc1

roas dravm Lnto a 5 rnl sample syrlnge containíng a heparln solution (1000

USP units/ml) in its dead space. The catheter \nras then flushed r¡ith
heparinized saline syringe. The small- bubble of air fron the alr sirace

in the sampLe syrlnge was eJected and the end of the syringe was sealed

with a small plasÈic cap. The blood samples were kept on fce until
blood-gas analysis, usually rry-ltirin 1-2 hours. Afte¡,¡ards the samples

were centrlfuged at 2000 rpni for 20 nÍnutes ín a cold roon and the

plasrna e¡as separated. The plasrna sanples v¡ere storecl at -20o c untir

analvzed.

2. Urine sarnplÍng

An anaeroblc urÍne sample was tak-en at the midpoinË of eacli

collection period. A 10 ml plasÈic syrÍnge was at,tached to the 3-u¡ay

stop-cock connected to the clrainage tube. The diaroeters of ¿he catheter

and drainage tubes were such that they were always filled r¿ith uríne.
The flow to the collecting bottle r¿as shut off and 10 m1 of urine ¡¿as

wÍthdrar,¡n from the bladder into the syrínge. The smarl b,ubble of air
from the dead space $ras removed and the end r,¡as capped. The urine

sample was kept on ice until pH was determined.

Total urine produced was collected inÈo bottles containing 5 m1

of 4.5 N sulfuric acid to acídify the urine and keep the arnnonia in
soLuÈion. The volume collected ln each perÍod was ¡neasured and after
thorough urlxing, a 30 m1 sample was frozen at -20oc untÍl analyzed.

E. Analytl-cal methods

l'¡''ii
iir

',\..

- , .' r

'i.
\1

ìi
l1

t:
rii

;

1. Plasura plÏ, pCO2, HCO3-r base excess
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Measurements of plasma pH, pC02, bicarbonate (HCO,-) and base excess

(nE) r¿ere made on whole blood uslng a Corning llodel L65/2 pH Blood-Gas

AnaLyzer.

2, Urine pH.

Urine pll was measured on a RadÍometer pII }Íeter 26.

J. Urine tiLratable acíd anci net acid

Duplicale 10 ral samples of urine were titrated with 0.05 N sodium

hydroxide to an endpoint whích corresponded to the pH of the blood sa¡rple

Èaken in the respecEive col-l-ecÈion period. Since the urine was previousl-v

acidified vilth H2SO4, the titratabl-e acid rnras calculated as the number of

mEq of NaOH used in the titration ¡oinus the number of mEq of acid added. If

Èhe amount of acíd initÍa11-y added v¡as greater than the anount of base,

tiËratable base Ìvas present ín the uríne and was desígnated in the tables

as a negatfve títratable acid value. Uríne net acid was calculated accord-

Íng to the following formulae:

Urine net acid = Il+ ¿ +
NIr¿

¿
H,

H+

Tír. Acid

Uríne net acid

+-!
rvhere H NH: eauals the

4

- 
tr*

-n -- -!'
NIT;

¿+

ní1-1íequival ents

4. Plasrna and uríne aramonia-N,

Tit. Base

of I'i excreted combined rvitli anuronia.

urea-Ì{, and creatinine

Measurements of arunonla-N, urea-N, and creatinine concentrations

were made on a Technfcon Autoanalyzer II (liodel 7-70-1404). clearances of

endogenous true creatinine (UtC) rvas used as a measure of glomerul-ar fíl-

ÈraËion rate (CFR), as it had been shorn'n wf th sheep that the ETC clearance

approxi.urates values obÈained with inulln (Schmidt-l{ielsen et al., 1958).



44

The rate of formatlon of creatinÍne and its concentratíon in plasma remain

relatively constant. Creatinine and urea clearances rvere cleterraine<l accord-

ing Eo the following equation:

Cl-earance of-x = Urine concentration of .rirl ') X Urínc vol-ume --1mI .ü1n -
c*ï.iri=1j Plasma concentratÍon of x (mg.rnl-r)

To determine the percentage of filtered urea-N reabsorbe<1, the followÍng

equatíons were used:

Urea-N flltered = Plasma conc. r¡r:ea-N x GFR

(ng.minl) (rg.*l-1) (rn1 .ntn-l)
Urea-N reabsorbed = Urea-N filÈered - Urea-N excreted

"/, of. fiTtered urea-ìl reabsorbed = Urea-l{ reabsorbed X 100
Urea-Itr flltered

5. Urfne total-ì{

Uríne sanples were digest,ed usíng K-jeldahl reagenÊs and a Technicon

BD-20 Block Heater. Urine total nltrogen concentratíon in digested samoles

s'as determined by using the TechnÍcon Auto-Analvzer IT (Tndustrial method

no, 329-74A). This is a colorimetric rnethod in r+hich an emerald-gree-n

color is formed by ti're reaction of arnmonia, sodl-um hypochlorite ln a buf-

fered alkal-ine medium at a pH of L2.8 - f3.0. The ammonia-salícylare

complex is read at 600 ruu.

F. Statistical analysís

Means ancl standard errors were calculated. Treatnent ileaDS rrrêE€.

compared before acid ínfusÍon and after infusion of 550 - 600 uEq of acld

using an unpafred t-test. i'lithin treatnents, means for before. and after

infusion rsere also compared. CorrelaÈions and 1lnear or curvilínear re-

gressfon analysls r.¡as done to determfne the reLationshlp between various

parameters during acid lnfusion. The 1eve1 of probabil-it¡z accepted as

being slgnif lcant \,üas P< 0.05.
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A.

II EXPERTMENT 2

Anfnal- maintenance

1. Animals

Three Dorset x WesËern I'lhiteface e\¡¡es, three vears of age, rrelgh*

ing between 48 and (tZ k-g rvere used. They had previously been fítted wíth

permanent rumen cannulae. A monÈh before the experi¡¡ent began, the sheep

were operated on to exLeriorize the carotid artery ín a sl:in loop using

the technique described by Bone et al. (L962) and Linzell (1963).

2. Housing

The sheep were housed as described

restraíned wfth halters to allow access to

in Experf¡qent I. They we::e

jugular veins.

3. Feeding

As before sheep were fecl conËinuously over 24 hours. The dÍet

r^'as altered slightly f ron that f ed ln the prevíous experJ.rnent. Sheep 1f 299

and // 275 of. the l-orv nítrogen group in Experiment I refused feecl after

acid lnfuslon r,'as begun. Sheep tl 299 decreased iÈs feed intake by 50i(

on the second day of acld ínfr¡sion and by 802 on the fourth. Sheep ll 275

decreased its feed íntake bv 80,"i on the third dav of acid ínfusion.

Because of t.hese decreased feed consrrr¡t.i rriL.ì in llxç,erime-nt I, s,,rgar

l-'eet nclasses (3ü of. tTre total diet) v¡as aclded tc the diets as forrnul-at-

ed in Table 2, to try to improve palatability of the 1ow nitrogen diet.

The nitrogen thus addecl to both diets ç'as calculated to be 0.04i(. The

same three sheep \,rere tesËed on each diet rrl-th a two-r.¡eek adJustrnent

period for the changeover ín diet. The sheep began consuming all feed

given thern wfthln two days of the change fn diet. I-Ior¿ever' on the day

of lntravenous lnfusion of acid, feed consumed decreased to about half



46

of the allotted anount for both dietary treatments. Intake increased

again on the following days. Sheep /i 254 r¡7as an exception and consumed

all feed at all times.

B. Animal preparatÍ-on

1. Vein catheterization

The day before samples were collected, both jugular veíns were

catheterized using the previously described technique for insertion of the

catheters. As the catheter \^/as of a wider diameter (oF1.57 mm; rD-l.14

rnm) a guide r^rire of 0.81 mm diameter and a 16-Gauge need1e was used. The

catheter was ínserted about 15 cm on the left side, which was used for

blood collection and about 25 cm on the right side, which was used for
j-nfusÍons. The greater length was allowed so that the catheter reached

near the heart to decrease the problem of hemolysis which can be caused

by fast acid infusions. Using t'Tuohyt' adapters, the catheters l{ere connect-

ed to 3-way stop-cocks and T,rere tÍed to tufts of wool on the sheep's back.

2. Arterial catheterí zation

The carotid artery was catheterized using the same technique and

materials as was used for the saphenous vein in Experiment 1.

3. Urínary bladder catheterization

TechnÍque was the same as previously described.

C. Samplíng schedule

The sampling schedule of blood and urine collections v,/as as follows:

Day 1 - 0830 - 1030 - 900-r1.of.,norma1 sa1íne were infused ar a rare of
5 url.min-r into the right jugular vein
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- 1030 - venous blood saarple taken f or bl-oocl-gas anal,ysis.

- 1030 - 1130 - PAH loading dose was injected into the right jugular:,
follov¡ed by a continuous ínfusion of PAII at a t:ate
of I nl.mírr-l.

- 1130 - 1530 - four l-horrr clearance periods of urine collecÈíon
with venous blood tak-en on the hour.

- 1330 - arte-rial blood sample taken

Day 2 - 0830 - infusion of 0.05 N IIC1 into rumen (3 l.ctai' -1¡ begun,
at rate of 2.10 m1 .minr; cr:ntinueC for 4 day.s

- 0830 - 1030 - 600 u1 of 0.f78 N IlCl was infuserl aL a rare of
5 nl.ninj into the righL jugular vein.

- 1C30 - venous blood sarnple taken for bloocl-gas analysis

- 1030 - 1130 - same as previous day

- 1330 - arterLal blood sareple taken

Day 3

Day 4

- continued int.ra-ruminaL infuslon

- conti-nue<l intra-ruminal ínfusíon

Day 5 - 1030 - venous blood sarnple tal:en

- 1030 - 113C - same as Day 1

- 1130 - 153C - same as Day I

- 1330 - arterial- l¡lood sample tahe-n

- 1-530 - end of expe,riuent

The sampllng scheclule is shown in AopenrlÍx tables 13 - l-¿1. TJre-

concentratíons of para-arnino híppuric acld (PAII) used rve¡e 1gm Z pÂIl

(0.4 g PAII in 40 ml sallne) ancl 0.25 Cr^ Z PAII in saline, for rhe injec-

tion and infusion, respectivel.y. An hour vas allowecl for equíJ-ibratíon

of PAH in the bloodstrearù once the infusion began. A liarvard perlstaltic

punp (lto¿el 1201) infused Èhe PAH at a rare of 1 ml.rninl.

The infusion of 600 ml of normal saline on Day I served as a

control for the lnfusion of 600 nl of 0.178 N ircl on Day 2. The llarvarcl

peristaltic pumo qras used for these infusions. The close of acid given
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ÍnËravenously r.rithin tr¿o lrours acted as a priming dose ín tTrat ít

caused blood and uríne pH to decrease and elirninated t.he síxteen hours

in Experinent 1 allowed for these changes to occur. The ciose used for

this fast ínfusion of acid rvas decided upon frorn prelirr,lnary trials.

The sheep did not appear to suffer discornfort at this le'i¡el of acid in-

fusion. In the prelJminary trials it ruas observed that a faster rate

and/or greâter concentratíon of IiCl caused lístlessness, henogl-obinuria,

intermittent pantíng, and loss of appetite. As ln the pr:evious exÐeri-

ment, the ì4asterfloi purp r{as used for continuous irrtra-ruminal infu-

sion of 0.05 N HCl.

D. Sanpl-1ng technÍque

A 3 rn1 blood sample was r,¡ithclrar,¡n from tl¡e left jugular vein

and a 5 m.l ca::oLid ar:Èerial blood sanple v;ere taken in the sariìe nanner

as describecl in ExperÍment 1.

Urine was collected durlng the 4-one hour clearance periods on

Days 1, 2, and 5, and volume r¡as neasured. A 30-n1 aliquot ¡¿as removed

and the remfning urine was pooled and was again subsampled. These

alíquots were acidified with a ferv drops of 1.0 N II2S04 and hepÈ frozen

for future analysis.

E, Anal-ytical technioues

1. Plasma and urine PAI]

Para-amino hippuric acid ruas analyzed by using the techniaue

of Varley (1969). Plasma proteins rsere f lrsË precipltated r,¡itl: cadmium

sulfate and sodium hydroxida. The supernatant was diazotized and then

coupled r¿ith l{-(1-napthyl)-ethelene díhlrdrochloride to yield a pinlr
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color. Absorl¡ance lras read using a Bauch and Lonb spectronic 2a.

Urínes were first dlluted and the sane procedure v¡as follov;ecl for colo::

developnent, Calculation of PAII clearance rüas rnade using the clear¡rnce

equation gíven in ExperinenË I rrnder analytical techniques. l..ften the

PAI{ clearance ís high and 1s indepenclent of plasna concentration over a

range of l- to 6 *g.l-OcÌnlJ, the clea::ance of FAI1 nay be a rneasure of

rena1 plasma flor,r (Pittsr 1976). By also sJ-rnultaneously neasuríng thc

creatínlne clearance (i.e. GFR), the fract.ion of plasma flltered through

Èhe glom,eruli rvas calculated as:

Filtrafion Fraction = Glomerular filtratíon rate
Renal plasma flor.¡

2. Plasura glutarníne

Immediately af ter collectíon of arter-rLa1 bl-ood samples on ice,

blood was centrlfuged and plasma q,as separated, in a cold room. Plasr.ra

was then deproteinized, aclding an eqrtal volurne of IOi/, sulfosalicylic

acÍd. Thls was centrifuged at 8000 rprc ar -4 oc. The protein-fre-e

supernatant riTas frozen untíl analyzed on a Beckman Autonatic Äxnino Acid

Analyzer.

F. Statistical analysis

IuÍeans and standard errors rrere calculatecl . Factoríal analvsis

rvas done on the data collect,ed on Davs 1, 2, and 5. Tests of the signí-

ficance of the differences between means were made usíng the Studerìt-

Nev¡man-Keuls test. The ler¡el of probabil-1ty accepLed as being sign:'-f t-

cant r.¡as P< 0.05,
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RESULTS

I. EXPERIMENT I

Á.. Blood acid-base par¿ì.neters

Before imposition of metabolic acidosis, there \¡ras no signif i-

cant dlfference betrveen the hlgh and low nltrogen treatmenËs in the

acÍd-base status of the bl-ood (Table 3). Significant differences in

plasma pH, HCO3ì and base excess rr'ere found when treataent neans r,¡ere

compared durlng acid infusion after 550 to 600 nlllieguivalents of acid

had been given. The LN sheep thus hacl a signlficantly lower plasna pll

than liN sheep. For the LN sheep, rnean pH decreased significantly from

the pre-J.nfusion valrre of 7.42, to 7.28 but for the ffi{ sheerr, the mean

decrease fro¡a 7.43 to 7.39 was not slgnificant.

Values for plasma blcarbonate concentratíon for LN sheep r.rere

slgniffcantly dÍfferent before and af ter acld infusJ.on, as Trere bicar-

bonate vaLues for HN sheep. The Lli sheep had a sígnificantl_y lower

mean HCO¡ concentration of 15.6 mEq.l-1 cornparecl to 21.5 mEq.É for

the HN sheep.

l^lfthín treatnents, values for mean pco, dld noË change signif i-

cantly before and after acid lnfusf.on, although rirean pco, r¿as lo\,,er

durlng acíd infuslon for boÈh treatments. There vras no dífference in

uean pCO, between Ëhe treatments after acld Ínfusíon.

Mean blood base excess values were signifícantly lorrer: after

lnfusion for both dietary treatuents. Base excess decreased to

rnEq . l-1 and -1 .85 rnEq . 1-1 for LN and HN sheep, respecttvely.

acld

-8.97

These means r+ere also slgnifícantlf¡ díffel:ent.
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Table 3. Blood acid-base parameters
intra-ruminal infusion of

infusion and after
of hydrochl-oric acid

before acid
550 - 600 mEq

Treatment pH HC03-

(ninq .1-1)

pcoz

(mrnHg)

Base excess

(*nq.r-1)

Before acid infusion:

Low N diet
High N dÍet

After acid ínfusion

Low N diet
High N diet

t
7 .42!0.oz-t'
7.43!0.018a

23.8tl.r7^b
24.2!0.224

0.7gtl.4004b
1.30r0.3794

-8 .g7 !0.88 3c
-1.B5to.36zb

7.28t0.013b
7.39!0.0094

15 .6t0. g6c
2r.5!O .62b

37.3!7.87
38.011 . 76

34.2!L.29
36.5!I.67

1.
2.

Mean I S.E.
Means within a column with
different.

a conmon superscript are not sÍgnificantly
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Fígure 1, The Ëransíent effects of intra-runinal infusion of hydro-

chloric acid on plasrna pI{, bicarbonate concentratlon and base excess.

Values are means t S.E. Arrorv indícates the time of sÈartíng the

acid infusl-on.

Open circles - Lor"¡ N dfet

Closed circles - High N diet
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The transient effects of intra-rurainal infusion of hydrochlo-

ric acid on plasma pH, HCO,-, and base excess are illusErated in Fig.

1. In general, sheep maintained on the low nit,rogen diet had a steady

progresslve decrease Ín these parameters. Sheep maintained on the hígh

nltrogen díet had maJor decreases in these parameters during fnfusion

of the 3 nEq.kg BI^I of acid and thereafter, values tended to plateau.

The relationship of these parameÈers to the arnount of acid infused per

kilogram of body weight r¡as determined by ll-near and curvlllnear regres-

sion analysís. Significant linear relationships and high negative

correlations (r values) were found beËween plasma pHr HCOr-, base excess

(dependent variables) and the amount of acid infused (independenÈ

variable) for LN sheep as follorvs:

pH , Acid lnfused (mEq.kg ntrrl) r= -.82
Hco3- (nnq.l*) t' r= -.81
Basé excess (uruq . r-1) " r= -. 85

7 .407-0.011
22 .29-0 .57 3
0.880-0.71 9

that there $/as no significant

acid ínfused, while the relaÈion-

was curvilinear described by the

X
X

X

l=
I-

J=

The results for the HN sheep indicated

relationship for plasma plï and HCO_- with
3

ship between base excess and acid infused

following equaÈion:

Base excess (nrq.r-1) Acid lnfused (nEq.tg sw-1)

B. Urlnary acid excreÈion

Y= 0.674-0.931 X + 0.063 X2

Inittally, urine of both groups v¡as alkaline (Tabte 4). The urine

pH of LN sheep (É2.54) was not signifÍcantJ-y different frou Hl'ì sheep

(l= 7 .27>, For both treatments, rnean urine pH had decreased significantly

after the acÍd Lnfusion but differences between the dietary treatments r.ras

noÈ sfgnificant. After infusfon of the 3 mEq.kg BW-l of acid into LN
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sheep urine pH had fallen sharply to a mean of pH 5.5, but the decrease

was less drastíc to 6.3 Ín the HN sheep (Fig. 2). From the linear and cur-

vilinear regression analysis, the relationship of urine pH (dependent

variable) to the amount of acíd infused (índependent varlable) was curvi-

linear for LN sheep and finear for HN sheep. The equations are as fo1-

lows:

LN: Urine pH

HN: rr
Acid infused (mEq.kg nW-l)

" r= -0.43
Y=7 . 4t 8-0. 69x+0 . oB3x2-0. 031x3
Y=6 . 698-0 .093X

Before acíd 1n¡ssioqnet acid excretion values r^/ere negative for

both treatment groups indÍcatíng the presence of basic substances in the

urine (Table 4). The difference between mean acid excretion for the two

tTeatments T/ùas not significant. After acid Ínfusion, net acíd values

become positive and withín the treatments means were significantly dif-

ferent from pre-Ínfusíon values, but the dífference between the dietary

treatment means after acíd infusion was not sÍgníficant. As urine pH

decreased from pre-infusion 1evels, riet acid excretion increased and

values were positive (Fig. 2). For LN sheep, values became positive

duríng infusion of the first 2 rxq.kg Bi{-1 of acid, but for HN sheep,

acíd excretion became positive after infusion of. 2-3 mEq.kg Btr{-1 of

acid.

Results of linear and curvílinear regression analysis shown in

Fig. 3 indicate that cumulative acid infused and cumulative net acid ex-

creted are linearly related for both dietary treatments.

Before acid infusion, as urine was alkaline (Table 4), títra-

table base, i.e. negatíve titratable acid, \ùas excreted in amounts which

!r'ere not significantly dífferent between the dietary treatments. Acid
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Figure 2. The ef f ects of intra-runinal infusion of h1'clrochloríc acicl

on urine pH and excretÍon ol: aciri as net acid and as ammonia. Values

for acÍd excreted are mEq.4h-f .kg s\,+ t S.E. Arror¡ índicates the

tiure of starting acid infusion. A.r'rmonia excretion values for before

acid infusion are not shor'rn since for both treatnents, these r'¡ere less

Ëhan 0 . 01 ruEq .4h-1 . kg nr,+ .

Net acid excreted

Anrnonla excreËed
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fnfusion caused excretl-on of titratable acld r¡ith the values beíng sig-

nlficantly different from pre-infusfon for both treatments. Mean net

acid val-ues after acid lnfusion rvere not signlficantly dífferent between

the treatments. Aft.er the start of acld lnfusion, there r¡/as an frûmsdi¿¡s

changegverto excretion of titratabl-e acid by Ehe LN group (Figure 2). on

thls figure, títratable acid is represented by Lhe area between the lines

drawn for ammonÍa excreted and net acid excreted. The HN group only

started to excrete tltratable acfd after 3 rnEq.kg BIù-1 had been infused

and there tras a continuous increase as the acid dose lncreased to about

5 rnEq.kg BI,J-I . Agaln the relationship betr¿een cumulative acÍd infused

and cumulative tftratable acid excreted was linear (ftg. 3).

The a:nount of ammonia excreted before acíd infusion was not dif-

ferent beÈween t,he two dietary treatments. Values lncreased during acid

infusion to a mean of 0.0328 nEq.h-l.kC ntv-l for the LN sheep, and to

0.0143 nEq.h-l.ke BI,rl for HN sheep, an lncrease of abour 30 times and 7

tines the pre-infuslon values, respectively. l"lean armonia excreted was

noÈ significantly dffferent for the LN sheep before and after acid ín-

fusion due to a large standard error in the latter case. For the HN

sheep, the mean rate of amrnonia excretion after acid infusion was signí-

ficantly greater than for the pre-infusion. There r.¡as no difference in

the treaËnent means after acid infusfon. There \,ras a continuous gradual

lncrease 1n ammonfa excretion with fncreasing acid load, for the LN sheep

(Fig. 2). Ammonia excretion of the HN group Íncreased a3-so, but plateaued

after about 5.5 uEq.kg BIrr-1 had been infused. From regression analysis, the

rel-atlonshlp between urine pH (independent varlable) and urÍnary ammonÍa-N

excretion (dependent variable) was found to be linear for LN and IIN sheep,

but the correlatlon lras hfgher for HN sheep as shor,rn below:
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¡'lgure J.

tíve acid

excreted.

excretion

excreted.

Regression analysis of the relaÊionships between cumula-

infusedandcumulativenetacid,titratableacid¡andauunonia

Thedashedllnerepresentsthetlreoreticalrateofnetacid

if Ehe amount of acid infused equaled the a¡:ount of acíd
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LN: Amronia-N excreted (rg.h-l"kg BI.i--l) UrLne pH r= -.38 y= 1. ZIZ-O.14B X
lIN: rr I' r= -.65 Y= 0.760-0.096 x

The relationship betv¡een cumulative acl-cl infusecl ancl cuurrlatíve a¡¡unonia

excreted was determined to be linear for both treatmenEs as sho¡,¡n Ln

Fig. 3. Assuming that the average body ruelght of 50 kg rvis used and a

total of L2 nEq.ltg BLF1 acíd infused, it is calculated for LN sheep t¡at
37% of. the infused acid had appeared in the urine as net acid i.e. 4.4

nEq.kg Bwr (szz as rirratable acld and. 487" as ammonía). For the Ïôl

sheep, about 20% of the lnfused acid appeared fn the urr.ne (507. as

Ëitratable acid and 50% as anmonfa).

C. Plasma urea-N and arnmonia-N

Before acid lnfusion, mean plasma urea-N for LN sheep of 3.78

-1 -1ng.dl r was slgnlficantly lower Èhan the mean of 11.23 rng,dl-r for HN

sheep (Table 5). Plasrna urea levels were not slgnÍficantly changecl

during acid Ínfusion, although mean urea-N did increase for LN sheep

and decrease for HN sheep. comparfng the t!¡o treatments after acÍd

infuslon indicated ÈhaÈ mean plasma urea-N levels r.rel:e not signifÍcantly

dlfferent.

Plasma arnmonia-N did not differ signiflcantly between the treat-

ment groups eíther before or after acid infusion. Mean arunonía-N con-

centrations had íncreased by 1.44 and 0.49 mg.1-1 for LN and HN sheep,

respectively, after acid infusíon.

D. Urinary excretion of nftrogenous constítuents

Before acld infuslon, the excretion rates

amnonia-N, were all slgnificantly hlgirer for the

of

HN

total-N, urea-N, and

sheep. There was no
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Table 5. Plasma concentrations of urea-N and ar.¡nonia-N before acidínfusron and after intra-ruminar infuslon of 550 - 600 rnEq ofhydrochl-oric acid. I

TreaËment Urea-N

(mg. ar-1¡
Ammonia-N

(mg. 1-1;

Before acld infusíon:
Low N dlet
Hfgh N diet

After acid infusion:
Low N diet
High N diet

3.7310 ,348a2
11.2310.467b

5.40t1 .677uc
9.9511.37sb"

5.2310.595
4,3L!0.422

6.8I!0.739
4.87!0.2ir

L. Mean + S.E.
2' Ivfeans wiÈhln a column r,¡ith a cortrflon superscript are not significantlydifferent.
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dlfference between the treatments in the rate of excretion of unldenti-

fled urÍnary nitrogen (i.e. other-ìI). After acLd Ínfusion mean urinary

Ëotal-N excreted was stí1l significanËly differenÈ between the treat-

ments. There \¡¡as no signÍflcant dlfferences in total-N excreted before

and after acicl lnfusion for eiËher Èreatment, although total-N excreted

decreased for HN sheep from 8,45 to 6.87 ng.h-l.kg BI^I-1. Excretion of

other-N \{as not signifícant1¡l different between treatments, I'gf6¡s s¡

after acld infusíon. Urea-N excreted after acÍd ínfusion r¡as unchanged

for LN sheep, but rvas signíficantly decreased for HN sheep, so that the

latter was sígnlflcantly l-or¿er after ínfusíon of acid. Ar,rmonia-ll excre-

tion increased for both treatments as a response to acid infusion, hor.r-

ever the change r,,ras not slgnificant for the LN sheep because of the large

S.E. caused by the high excretion rate of sheep no. Zgg.

To determine rshether there rvas addition to or substítution of the

nitrogenous constítuents of urine during acidosis, the anounts of other-l{,

urea-N, and ammonfa-N, as percentages of total urinary nitrogen excreted

were compared (fa¡te 6). For LN sheep, the percentage urea-N remaÍned

the same, whÍle the percentage ammonia-lï excreted increased b.1 1-5.3i1,

and other-N decreased by 17.2.2 afÈer acid l-nfusíon. Ior IiN sheep, pêr-

centage urea-ìI excreted deereased L6.9"/., r+hi1e anmonfa-N Íncreased b.¡

2,37" and, resulting in a fal1 ín their sum of 1-4.L%. Iio¡.rever Èhe excretion

of other-N increased by L4,4% afËer aclcl infusion.

Url-ne fl-orv rate, creatinl-ne and urea clearances, IJ/P
creatinine and urea ratios, and flltered urea reabsorbed.

Before acid infuslon, mean creatinine clearance (t.e. gloure-rular

f iltration rate) for LN sheep r+as 1.64 rnl.rin.-1.kg n¡å, sígnif icanrlv

lower than the mean of 2.01 n1.rnin.-1.kg nW-l for UN sheep (fa¡te Z).

E'
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Î^Iithín djetary treatments, GFR r.7as not sfgnificantly changed by acid

infusion. Also, after acid Ínfusíon GFR's of Ll{ sheep an<l }TN sheep rrere

not significantly different. Urea clearances follor'¡ed sinilar tr:ends.

Initíally urea clearance was lorner for LII than for HN sheep, and after

acld infusíon, ueân urea clearances had decreased for boËh groups, but

these decreases \üere not significant. Treatment means aft.er acid infuslon

were noË signlfícanÈly di-fferent.

The changes in renal concent,rating abilit¡r and in fractional reabsor-

pÈion of urea \^rere examínetl to deterníne a possible linll to the reduction

in urea excretl-on of Hlì slieep during acidosis (discussed in the previous

section), and also to the recluced GFR seen on the LN diet before acid

infusion. Uríne f1or.¡ rate was sígnificantlv different beËween treatments

before acidosis and decreasecl for lìl{ sheep af ter aclci infusion. ThÍs

change \^7as reflectecl by the c::eatínine U/P concentration ratÍo (Ur:-ne/

Plasna) which was userì as a measur:e of l^later reabsorptÍon. Creatinine

Lt/P ratio increasecl for the Hì.I sheep in response to acid infusion from 11

to 43, alÈhough tirÍs \ras not statistÍca1l1' significant beeause of the high

standard error. Before acid infusion, the urea U/P concentration ratÍo

r{as signif icant.l1' hígher for LN sheep, indicatlng the existence of a

greater urea concentration ratio betvreen urine and plasma for these sheep.

tirea U/P ratio increased for IDI sheep after acid ínfusion accornpaníeci by a

L4% increase in the fraction of f llte::ed ul:ea reabsorbed, although thj-s

latter increase T¡ras not sígnifícant. Before aciC infusion, the percentage

of filtered urea reabsorbed rvas signif icantly different betr.¡een the two

díetary treatments, 627i, f.or LN and 49% for HN sheep.

II EXPERIMENT 2
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A. Blood acid-base parameters

Venous bl-ood samples Laken from sheep on high and lor¿ nitrogen

diets, afËer an int,ravenous loading dose of saline (Day 1), after an

intravenous loadlng dose of 100 nEq of acid within two hours (Day 2),

and three days later after infusíon of a toÈal of 568.75 rnEq of acid

(1.e. 100 nEq intravenously * 468.75 mEq íntra-ruminally) were compared

by factorlal analysis. There rrrere no differences at anv tiue 1n plasma

pH, HCO^-'and base excess related to dietary treatmenÈ (Table 8).
J

PLas¡na pH after infusion of Èhe acfd loading dose significantly

decreased about 0.6 pH units for both ËreaEments. After three days of

acÍd infusion pH did not decrease appreciabl-y fron values obtalned after

the i-oading dose.

l"fean plasma bfcarbonate after the loading dose of sallne was

25.0 mEq.É for LN sheep and 20.3 r*Eq.l-l for HN sheep. Mean HCO3-

decreased significantly by 5.3 and 4.4 nEq.1-1 for LN and Hl{ treat-

menËs, respecÈively, after lnfusfon of the acid loading dose. Bicarl¡o-

nate values after t,hree days of acid infuslon were not signiffcantly

different from values after the sallne loadíng dose.

Plasma pCO, was significantly affected by both dletary treatnent

and acÍd fnfusion. Mean pCO, rvas conslstently higher for sheep on the

1ow nÍtrogen diet on the three days when infuslons were given. Plasma

pCO, decreased for both Èreatments after Èhe loading dose of acid had

been given but had lncreasecl 1n samples tal<en three days later.

Before acÍd infuslon, blood base excess rras 2.47 mïq. 1-1 for Lt't

sheep and -2.17 rnEq.1l fo, HN sheep. Values decreased proportÍonately

afÈer the acid loadfng dose was gíven. However, base excess reuained at
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Table B. Blood acid-base parameteïs taken at 1030 after a saline loading
dose, after an acid loading, and çhree days later after infusion
of a roral of 568.75 mEq of acid.r

Treatment pH HCO3- pCOZ Base excess
(rnrq . r-1¡ (mnùlg) (mnq .1-r)

After saline loading dose: 
oa¿aaa

Low N diet 7.44!0.012 25.0!r.32 37.r!r.7r 2.47!1.W
High N diet 7.40!0.027 20.3!r.22 31.3t1.16 -2.r7!r.40

After acíd loading dose:

Low N diet
High N díet

After 3 days of acid
infusion;

Low N diet
High N dier

7 . 3810 .010 19 .7 lI .52 33 .811 . 76 _3.47 lI .48
7.3310.031 15.9!I.79 29.8r0.58 _7.40!2.06

babab
7.3510.015 20.6!0.21 38.0t0.27 _3.47!0.47
7 . 3710.019 2r.4!2.06 36 .9!2 .t7 _2.r0!2.os

1. Mean J S.E.
2. Letter symbols \,7Íthin a column ind.ícate differences between Ínfusíon

levels for combined treatment means. Infusions wíth the same letter
are not significantly different.
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-3.47 nnq.l-l for LN sheep

HN sheep by the end of acid

but increased from -7.40 to -2.10 nEq.Il for

infusion.

B. UrÍne acid-base paraaeters

Urine pH, urinary títratable acld and anuronia excreted on low anci

high nÍtrogen diets qrere analyzed before acid lnfusion on Day 1, after

acld loading by vrhich tÍme each sheep had received a total. of. L25 - 150 nEq

(Day 2), and three days later when each sheep had recei.ved a total of

575 - 600 rnEq of acid. There rÀlere no dÍfferences in any of these para-

meters re1ated to dietary treatnenf. There were signlflcant effects of

acl-d infusion on urine pH and titratable acid, but not on aunonia excretion.

Initial-ly, urine of the LN sheep was basic (i-=2.35) while that of

HN sheep was slightly more acídic (*l .tl) (Table 9). Sheep no. 268 when

on the HN diet had a pH of 5.6 before acid infuslon and conËributed to

the lorver mean for this treatment. Urine pll decreasecl significantly to

acidic values by five hours afcer infusion of. L25 - 150 mEq of acid. The

decrease in urine pH was greater for the LN sheep. Th::ee days later, after

infusíon of 575 - 600 urEq of acÍd, urine pH was still acidic, honever for

LN sheep, pH decreased to 5.23 but that of the HN sheep had increased to

6.20.

Urinary excretion of titratable acfd lncreased as urirìe pH decreas-

ed (Table 9). Before infuslon, ÈitraÈable base vüas excreted as indicate.d

by the negative values. After infusíon of 125 - 150 mEq of acid, the sheep

excreted titratable acid, but the level of excretlon did not. increase

narkedly after the additlonal acid had been infused. Ifean values in-

creased for LN sheep but decreased for Hl{ sheep by the end of acid lnfusion.

Mean anrnonia excretion was higher for LN sheep before and during
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Table 9. Urine pH and urinary
before and after acid

EÍtratable acid and aruroni.a excreted
infusions. l

PII litratable acld2 Ammonia
(nEo . h-' . kg BIrr-1)TreaÈment

ßefore acíd infusion:
Lor,¡ N díet
I{ígh N díet

After infusíon of
125-150 rnEq:

Low N diet
High II diet

After infusion of
575-600 mEq:

Lorv N diet
High N díet

7 .35
7 "L7

s.47
5,66

5.23
6.20

3a'
! 0,445
r 0.789

0.181
0.590

0. 066
0.786

-0.025
-0.014

0.015
0.020

0.0125
0 .0148

t
+

0.012 r 0.0093
0.007 t 0.0093

o,024 r 0.0092
0.018 r 0.0111

0.030 I 0.0033
0.017 r c.0044

b
t
I

b
t
1

b
Ì
+

b
t
t

0.0062
0 .0149

0.02I
0.013

0.0040
0.0089

1. Mean I S.E.
2. Negative values indícate titratable base was excreted..
3. Letter symbols wjthin a column indicate dífferences betr.¡een infusion

levels for co¡nbined treatnent means. Infusions r"'ith t,he sane letters
are not significantly different.



72

acid ínfusion (Table 9). rt increased from 0.024 nEq.h-l.kgBI.I { af rer

ínfuslon of L25 - I50 rnEq Lo 0.030 mEa.h{.kg BIü{ after infusíon of. 575-

600 nEo.. Values for IlN sheep rernained the sarne aË these truo ínfusion leve1s.

As stated earljer, analysis of arrnonia excretion data shorn'ed no significant

differences due to dieËary tïeatm.erÌt, auount of acid lnftrsed, or theÍr

interacËion.

The finding thaÈ ar,u¡ronia excreÈíon did not increase duríng acid

fnfusion was probably caused by sheep no. 268 which had high initial levels

of armonia ín urine on both dieEarv treatments.

C. Arterial plasma ammonia-l{ and glutamine concentration

Statístical analysis of arÈerl-al plasma amnonia-N and g1uÈarnine

concent.raÈions showed that there \¡rere no signif ícant differences related

to diet treataent or acid infuslon or their interaction. llowever, ít

appeared that plas¡na ar¡¡onia-N decreased with acld infusion for the LN

sheep and increased for Ëhe HN sheep (Table 10). Plasma glutanine follor.'-

ed sÍnilar patterns decreasing follorring acid ínfusjon fron 187 to I29

¡no1.1-1 for LN sheen, and increasíng from 171 to 196 ¡imol.l-l for HN

sheep, by the end of acid infusion.

D. urine flow rate, creatinine and PAII clearances, and filtratíon
fract. ion

Urine flov¡ raÈe was not signlficantJ-y affecËe<l by dÍet or acid

infusion. Urine florv rates tended to be higher for sheep on the }il{ diet

after acid ínfusion (Table l-1). PAH clearance rvas also not affected by

dietary treatment or acíd infusion. Mean PAH cl-earance decreased slightly

but not slgnificantlv for sheep on the HN diet afÈer infusl-on of. L25'
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Table 10. Arterial
and after

plasma ammonía-N
acid infusions. ,and Blutamlne concentration before

Treatment Arnrnonia-N
(rng.1-1)

Glutaruine
(urnol.1{)

Before acid lnfuslon:
Low N díet
High N dtet

After lnfusion
125-150 mEq:

Low N diet
High N díet

After ínfusion
575-600 nEo^:

Lor.; N diet
lllgh N diet

t
t

of

of

6,72
s "67

6.2L
6.08

6.40
6.4L

0.758
0.242

0.6L7
1.093

0.750
0. 651

t87 ! 48.6
171 r 11.6

169 r 38.6
I90 ! 28,7

r29 ! 23.8
1Í16 t 43 .9

1. I'fean + S. E.
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1-50 mEq of acld. creatinine clearance (GrR) and percent filtration

fraction were sígníficantly affected by cìletary treatment, but not by

acfd infusion. Sheep on the LN treat¡nent had lower mean creatinine

clearances than sheep on HN díets. The percentage of plasrna filtererl

through the glornerulí (FF) rvas lower for Ll{ sheep, than for HN sheep

before acid ínfusion but the HN value had declined to a simi1ar level

to LN by the end of acid infusion.



Table l-1. Uríne flovr raËe,
fraction before

creatinine and
and after acid

75

and filtrationPAI{ clear+nces,
.Il-nrusaons.

Treatment
Urine florv raÈe

CreaÈinine
^t ^^-^^^^2clearance¿ _ clearance

PAH

(ml.nin-1.kg nld)

Fi1 tration
fract ion

(it)

Before acid infusion:
Low N diet 0.057
Hfgh N dÍer 0.049

+

I
0.0211
0.0080

0.0108
0.327

2.33
2.55

0.224
0.519

11 .1
10.9

1. 33
1 .82

t
+

t
+

2I ! 2,.2
24 ! 3.3

After lnfuslon
125-150 mEq:

Lor,r N díet
Htgh N diet

After infusion
575-600 mEq:

Low N diet
High N diet

0.043 t
0.070 t

1 .98 r O.L02
2.57 ! 0.327

2.27 ! 0.335
3.31- t 0./rl-0

9.9 I 0.61
10.6 I 1.39

11.7 t 0.78
r]..2 ! L76

20 ! 2.3
25 13.0

20 ! 3,6
20 ! 7_.i

of

of

0.061
0.080

0.0089
0.0075

t
+

l-. Mean + S.E.
2. Glonerular filtratlon rate is
3. Renal plasma flow is measured

measured by creatínine clearance.
by PAII clearance.
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D TSCl]S S ]OÌ']

Intra-ruminal infusion of hydrochloric acid at the rate of 150
1

rnEq.day-' for four days was foun<1 to reduce plasma pll, bicarbonate, apd

base excess. Iiorvever, Ëhe degree of reduction of these parameË.ers

appeared to be dependent on the aninalfs nitrogen inËake. sheep main-

Ëained on the 1ot¡ nítrogen diet shor,¡ed a lÍnear decrease in these pera-

meters in relatíon to the amotrnt of acid infused. Sheep on the liigh

nitrogen diet had smaller and insignificant changes ín these same pal:a-

neters as the amount of acid infused increased. The response of lov,'

nitrogen sheep to acíd ínfusíon \ras essentially the sane as founrl b,v

Phíllíps (1968) in sheep, and Sv¡an and Pitts (1955) in dogs, duríng

short-term acid infusion experíraents. 0ther researchers, using runinant

animals usecl much larger doses of aci-d to produce a cr.rop in blood acld-

base paraaeters sinilar to thaÈ found in the present experinent for tl're

lo¡v nítrogen tre-atment. l.loderate rnetabolic acidosis r,ras produced by

Kaufman and tsergman (1971) by administering NH4CI by stomach tube for

three to six days. A prÍming dose of abouË 560 nEq, folLor¿ed by a main-

tenance dose of 280 nEq.dry-l resulted ín rnean l¡lood pIì of 7.32, mean

blood bicarbonate of 14 mEq.ll, and ¡Tean base excess of -11 nEq.l-1.

Theír sheep t+ere maj.ntained on good quality alfalfa hay fed ad libiturn.

Heitman and Bergman (1978) found a decrease in mean blood pll from 7.52

to 7.35, bicarbonate Ëo 1-2.4 nEq.1-1 and base excess to -11.3 rnEq.l-1,

afÈer drenching sheep for 3 days ruiÈh 20 - 30 g NH4C1 per dav (approx.

344 - 560 mÏq of H* per day). These sheep rvere fed L7,7 g r't.darrl jn

a comüercíal larub pellet diet (f4"Å). In t,hese two cases the sheep

had relaËive1-y high dietary levels of nitrogen and apparenÈ1y a mucÏr
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greater dose of acid-producing substance was needed

in blood val-ues over a short period of three days.

to

In

cause a decrease

the present research

sheep consuming the high nitrogen dlet (16.2 g N.¿"y-l) had a decrease in

mean plasma pH froro 7.43 to 7.38 and bicarbonate from 24.2 to 21.6 rnEq.1-1

príncipally while the first 125 nEq were infused over 20 hours. There-

after, as lnfusíon contlnued, these values did noÈ change appreciably and

so the dose was presumably not large enough or adminÍstered rapidly

enough to cause further decreases as it did for the LN sheep.

The changes in blood acid-base parameters vrere slighÈly dífferent

under the conditions of Experirnent 2. Sheep on Hl{ diet had lower Ínitíal

plasma pH, HCO^-, and base excess values. When the loading dose of acid
J

was gÍven, mean val-ues decreased by the sane magnitude for both dietary

treatments. After prol-onged infusÍon of acid t.hree days later, a differ-

ence kTas seen between t,he treatments ín that LN sheep had Èhe Iov¡er blood

pH, HCO^- and base excess. These values were not as low as those reached
J

Ín ExperimenÈ I, even though the total anounË of acid ínfused was similar.

Thts difference v¡ill be dfscussed laEer.

The means by which the level of díetary nitrogen causes the differ-

ing response of sheep to the same acid load can be speculated on. Swan

and Pitts (1955) after Ínfusing 180 rnEq of hydrochlorlc acíd intravenous-

1-y to dogs deÈermined that 577. of thfs acid load was buffered by cells

vía exchange of cellular Na and K for hydrogen ions across cell membranes

so that intracellular protein stores Ì{ere uËil-ized. Sheep on a limíting

nítrogen diet would have less amino acfds available for intracellular

protein synthesls and thus, presurnably, less protein stores. Therefore

l-ess bufferíng of hydrogen ions would have occurred by this nechanism in
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the LN sheep. By the fsohydric principLe - 1f the ratio of the compo-

nents of any buffer pair ie altered (r.e. KeqJiIr¡,- pr_
other buffer pafrs are altered in proportion (PltËs,

decrease in the cellular protein buffering ratio for

therefore cause a decrease in other buffer paírs and

blood pll.

the ratios of all

197 6). A greater

the LN sheep, vould

a greater change ín

Urine pH lnitially rvas l-ot¡er for sheep consuming the high nitrogen

diet since the hlgher proÈeín feed when digested forros more acid residues.

For low nitrogen sheep, a uinluuur pII of 5.6 r'ras attained and a uÍnimum of

pH 5.8 v¡as found for the hÍgh nitrogen treatment in ExperfunenÈ 1. Ph1llíps

(1968) after a short-term fntravenous infusion of 150 uEq of acÍd to sheep

found a rninimum urine pH of 5.1 Scott (1969) infusing 200 urool.day-l of

hydrochloric acid lntra-rumína1-1-y to sheep found that urine plt fe1l during

3 - 4 days from 8.1 - 8.6 to the range 5.7 - 7.0, The dietary nitrogen

consumed was 12.2 g/day interrnediate between the two levels fed in the

present study. Uríne pH fell to the low level of 5.6 for LN sheep within

one day of the start of acid ínfusion and to 5.8 wíthin tv¡o days for the

HN treatment. The delayed decrease (2 - 4 days) in urine pH found by

Scott (1969) could be due to the hígh potassium content of the diet fed

(3 x level fed 1n the present study).

The decrease 1n uríne pH was accompaníed by an lncrease fn url-nary

excretlon of net acid. For sheep on a low nitrogen diet, the changeover

from a negatlve net acid (i.e. base) excretion to positive net acid

val-ues vlas seen in the first sl-xËeen hours of acid l-nfusion, but for sheep

on a high nítrogen diet, the changeover took twenty-four hours. Hydrogen

ion secretion by tubular cell-s has been shovm Èo be linited by a number

of factors such as Ínsufficient dellvery of H* to the cellular pool or
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by an acute reduction of peritubul-ar lt* 
"or,""rrtration 

(ltalnLc , I974).

Posslbly, sheep on the LN dieÈ, because of the greater decrease in

blood pH, had a greater increase in the perÍtubular H* concentration

and thus may have had an augmented del-lvery of H* to the tubular ce1Is,

and thence a faster ïesponse ln H* secretion than sheep on the HN diet.

scoËt (1969) found that durl-ng the firsr 2 - 3 days of acld ínfusion,

the coneentratlon of bl-carbonaËe in the urlne declíned as the pH of the

urine fell and ÈhereafÈer remalned practical-ly free of this ion until

repair of the acidosis. Philltps (1968) could not detect any HCO3-

in sheep urine once urine pH had decreased significantly. Slnce the

flltered load of bÍcarbonate vras decreased as plasma blcarbonate was

decreased, virtuall-y all the filtered bicarbonate was reabsorbed (Pitts

et aI., L949). In the present study, in which pl-asma HCO| concentra-

tion decreased l-ess for HN sheep, possibly not ai-l- the bicarbonate

flltered was reabsorbedu and thus HCOr- fn the urlne conËríbuted to the

higher pH during the iniElal stages of acld infusfon. Schloeder and

SËinebaugh (1977) uslng human subjects found that net acid excretion

reached maximum values generally at the tíme when serum bicarbonate

reached its lowest level-, however thÍs was not evÍdent in the present

sÈudy. For LN sheep, plasma bicarbonate \,¡as contlnually decreasing

over three days¡ Ïet acid excretion appeared to be naxfmal wiÈhin the

first sixteen hours. Acid excretlon became maxlmal for HN sheep afÈer

HCO.- had al-ready reached lts lowest point.
J

Ilydrogen lon secretlon in both proximal and distal- tubules is

accourpllshed by either cellular exchange of H* for Na* in the tubular

urine (Pitts and Alexander, L945; Berllner, L952; and Rector et a1,

1960) or as is currenÈly bel-ieved by the passfve exchange of H* dor,m
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II
Na' and H' concentration gradienËs 1n proximal tubules (Al-Ar¡qati, 1978).

The secreted H* is belíeved to react r¡ith filtered HCor- Ëo form H2co3

r'rhfch then dissoclates to c02 and v¡ater, Ëhe C0, being reabsorbed. The

net result is a decrease l-n urinary blcarbonate excretion and a restora-

tion of depleted blood HCO3- (Recror, 1973).

Excess hydrogen lons entering the renal tubules can also combine with

phosphate and be excreEed as titratable acfd. Sheep on the low nÍtrogen

diet had an 1nitially higher level of titratable acid excreÈion during

the ffrst sixteen hours of lnfusion Ëhan sheep on the hÍgh nitrogen dlet.

Titratable acid excretion diminished for LN sheep as the amount of acid

infused increased. Títratable acid increased gradually for HN sheep

during the developíng acldosis, but thereafter remained stable. For both

dietary treatments and 1n both experiments the excretlon of titratable

acÍd reached a level of about 0.020 roEq.kg SW-l t.e. abour 24 nEq.daylp"t
_1

50 kg BI,{ -. In a study of men J.ngestlng 15 g NHOC1 for two days, follow-

ed by 1-0 g daí1y for three days there r¡ras an increase ín the excretíon of

phosphate fron 41 rnM/day to 60 rnlf/day by the third day of acidosis,

(Sartorius et a1., 1948). Acidosis ín both man and dog is said to result

Ln l-ncreased excretlon of phosphate (i.e. H2PO4J, most of which is

derlved from bone, resultl-ng in negative phosphorous balance (Christensen,

1965). However, ln sheepu the urine does not appear to be a major path-

way for phosphorous excretfon, and 1t al-so appears to be a linlted route

for excretlon of H*. Scott et al (197f) deÈermined that excretion of

phosphorous in the urine averaged only about 67. of the daily phosphorous

intake and this rose to about 132 during inÈra-rumínal lnfusíon of acid.

Young et al., (1966) suggested that ln sheep major varfations in phosph-

ate bal-ance are reguLat,ed nore by intesËinal secretion rather than renal
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excretion. ScoËt (1969) found that for sheep, excretion of phosphorous

contributed less than 5 tmole'dtyl to the titratable aciditv of urine,

although Èhe rates of HCI infusion into the rumelr varied from 70 - 200

rnmole.day-l, Phill,ips (1968) found raEes of excretion of Èitratable acid

varying between 0.02 and 0.03 mEq.nin-l whlch contributed 1ittle torvards

connpensating for the acid load which was increasing by about 1.6 rnEq.rnin-l .

In the present experiment, the cumulaEive titratable acíd excreÈed by LN

sheep over four days could account for only abouÈ 167. of. the infused

amount of acid and for only about L0% by Èhe HN sheep. According to

Pitts (1948) the rate of excret,ion of titratable acld is det,ermined by

the raËe of excretion of buffer, the acÍd strength of the buffer (pKt)

and the degree of acidosis, as reflected in the bicarbonate content of

the plasma. The observation that titratable acid excreËíon reache<l a

plateau leve1 in Ehis experfnenÈ and even decreased sLightly as acid

infusion continued would suggest Èhat there ís a l-i¡litation to Ëhe

amount of acl-d excreted in Lhis form in sheep. Tubular buffers (f.e.

phosphate) ruust become saturated with hydrions and if little or no ex-

traction occurs from bone stores and if reabsorption of intestinally

secreted phosphate is li¡oited by lntake, no further increase in excre-

tion of Èitratable acid can occur.

Wíth the limitaÈions on Èit.ratable acid excretion in ruminants' ammo-

nia excretion as a means of buffering secreted H* is important. Pítts

(1950) índuced a moderately severe acidosis tn dogs and found that the

rate of ammonia excretion v¡as inversely proportional Ëo the urine ptl.

Schloeder and Stinebaugh (L977) found the correlation of anunonÍa excreted

with urine pll to be -0.75 Ín Ëhe developlng sËages of acídosis in humans.

1n the present experiments, urine arnmonia-N excreted was negatively
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correlated wíth urine pH¡ r= -.38 and -.65 for low and high nitrogen

treatments' resPectfvely. These correlatfons are not as high as found

by Schloeder and Stlnebaugh (L977). Urine pH in the present experÍment

decreased gradually for HN sheep and therefore ammonia-N excreted increased

gradually. For LN sheep, uríne pH dropped sharply and remained at the

same leve1 as lnfusion progressed, rvhile ar¡raonia-N excreted increased

sÈeadfly throughout acld infuslon. Tannen and Ross (]'g7g) suggested

that traPplng of ¿ñrnqn{¿ fn acicl urine may be a crl-tical component for
stinulat.ing ammonia production in acute acldosís. rn Experinent 2,

after lnfusíon of 150 rnEq of HCL wiÈhin seven hours, mean uríne pll

dropped to 5.47 and 5.66 for LN and HN treatments, respectrvely. Arnno-

nia excreted doubled for LN sheep and almost trípled for HN sheep. An

increase Ín Èhe capaclty for renal armonia formation could have develop-

ed within that short period and coul-d posslbly have been stirnulated by

ammonfa trappfng in acid urine. rn Experiment 1, the increase in ex-

cretion of anmonÍa vJas gradual an<l more likely lnvolved adaptation of

cellular productlon, rather than stirnulaÈion by amronia trapping Ín

acid urine.

AnunonÍa-N excretion fncreased 3O-fol-d for LN sheep ancl 7-fold for
HN sheep during acfd ínfusion but these rates of H* excretion represented

onLy 26% and 10% of the rat,e of acid lnfusÍon. scorr (1969) infused a

0.15 M soLutlon of HCI contínuousry for periods of up to 12 days at

rates varyfng from 70 to 200 nrmole.d.y-1, to sheep maintaÍned on a

pelleted grass dfet (12.2 g N.d"y-l). rnftial urinary excrerfon of

anms¡{¿ v¡as about 20 raEq.dry-l , while in the present experiment ít was

less than 5 mEo..day-l- for both treaË.ments. Durl-ng acid infusion, Scott

(1969) found slfghtly higher rates of ammonia excretion. rn one sheep
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which he infused at a rate of 150 nEq.d"y-l of acid, after four days,

excreÈion of armonía had tripled and its excretion rate represented

about 407! of. the infusfon rate. Two other sheep, infused at a rate of
1

200 nEq.day-' four days later excreted ammonÍa at a rate of. 507. and 207,

of the amount of acid lnfused. After abouË nine days of acfd lnfusion

Scott (1969) found that the rate of excretfon of ammonia reaclred a

leve1 abouÈ equal to the rate of infusfon of HC1 into the rumen. In

the present experiment, a longer infusion periocl may have substantially

increased amnonia excretion to rates simílar to those found by Scott.

Another possible route for excretion of acid may be by the intes-

tfnal tract and fecal excretlon. Hydrogen lons uay be exchanged with
++

endogenous K' and Na or uay be corubined rviËh endogenous proteÍn and

arumonia. Assessment, of fecal hydrogen ion concentrations and the forns

fn whlch iÈ ís present \¡ould be necessary to quantify the contribuÈion

of fecal H*excretíon to acid-base regulation.

A hypothetical model for the relationship beÈr.reen the cunulative

amount of acid infused v¡lth the cumulative amount of acid excreted based

on the fíndlngs shov¡n fn Fíg. 3 and on Scott (1969) was desi-gned (Fie. 4).

IniÈially eumulatíve net acÍd excretíon increases linearly for both

treatnents, however the amount of acid excreted by LN sheep ls greater

at any amount of acíd infused than by HN sheep. The difference between

the theoretical Line r¡hich represents the siÈuatlon where the amounË of

acid ínfused equals the amounÈ of acid excreted and the fndividual

treatments, constJ.tutes the amount of acid remaining in the sheep rvirich

must be buffered by Èhe body flulds. More acid remains fn the body

fluids of the HN sheep and since they were found to show less of a

change in blood acid-base status and thus a lesser stirnulaÈion of acid
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Figure 4. Hypothetical model for the relationshÍp hetr^reen the cunulatíve

amount of acid infused and the cumul-aÈive anount of acicì excreted. The

dashed line represenÈs the theoretical rate of net acíd excretion r+fien

the amounË of acid lnfused equals the arirount of acid excreted.
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excretfon mechanisms occurs. A furËher hypothesis is that if the pre-

sent experimenE had been more prolonged a curvilÍnear relaEionship

would have developed at some poínt so that the rate of acid infusion

equaled Ëhe rate of acid excretion. Thts point ís reached at a lower

cumulative acld load for LN sheep because of the greater depletion of

blood buffers and also because of a greater stimulation of amnonia pro-

ductf-on. F1nally it ls suggested that if acid lnfuslon continued 1n-

definitely Èhe rate of excretion could no longer keep pace wíth the

rat,e of ínfuslon, posslbly due to lÍnitations of nirrogen supply for

alÍmonia production and saturation of kidney transport meclranisns and

therefore Èhe dose would become lethal. Again Èhis point is reached at

a lower amounL of acid infused for LN sheep due to less blood buffer-

ing abilfty and available nltrogen. This rnodel excludes other factors

whieh uay affect the anount of acíd excreted, sueh as sheep going troff

feedtt and therefore starvation condiÈlons.

The relatlonshfp between urea and arrmonfa excretion during acid

infusfon v¡as not as easlly defined for ruroinanËs as for monogastrics.

011ver and Bourke (1975) found that HCI acidosis significantly reduced

urea-N excretíon in the rat with an equimolar increase Ín armonia-N

excretlon and t,hus no change tn toÈal-N excretion.

In man, [iC1 acidosis reduced blood and urinary urea excretion wítlr

a concomittant ríse ín armronia excretfon (tr'ine et a1 ., L977). Hor.rever,

the fal-l Ln urea-N excretion was sÍgniflcantly greaÈer: (tvro tí¡res) than

Èhe rise in ammonia excretion, resultlng in a fa1l in their sum. The

situation 1n rumfnant animals may be more complex because of chelr abi-

líty to conserve urea nitrogen when Ëheir dÍet is inadequate in proteín
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schnidt-Nielsen et al. ? L957; 1958). rn the present experiment, during

acid infusíonu total-N excretion did not change significantly for LN sheep.

Urea-N as a percenÈage of tot,al-l{ excreted, remained the same, however

arnmonia-N as a percentage of total-N excreted íncreased by L5.3%. The

percenÈage as other-Ì'l i.e. undetermined nitrogen consequentl-y decreased

during acld ÍnfusLon by L7% which suggests that nltrogen excreted by

that rouLe was redirected to the production of a¡nrnonia. Before acld in-

fusion Èhe urinary excretíon of other-N was similar, for both dietary

treaÈmen!s suggesting a basal level of nitrogen excretíon regardless of

the leve1 of dietary íntake. Sínce total-N excreEed on the LN diet was

lower, oÈher-N made up a larger proportlon of the total-. IdentificaËion

of the components comprising other-N ts necessary before any speculation

can be made as to horv this nftrogen becomes available to the kidney,

possibly for ammonÍa production. The high nitrogen sheep showed evídence

of diversion of vraste nitrogen normally excreted as urea, to excretÍon of

thls nitrogen as ammonia. Urine urea-l{ decreased significantly and

ammonia-N increased slgnificantj-y during acidosis. The percentage urea-N

of the total decreased by L6,97!. It Ís evident tirat Ëhis decrease was

not equimolar r¡fth the lncrease in errmonía-N as this Ís of the rnagnitude

of only 2.3"Á. Urinary pereentage of oÈher-N lncreased by L4.4i¿, which

suggested that the nitrogen diverEed frora urea production and not utiliz-

ed for anmonia production (16.9 - 2.3 = 14.6%) was appearing in the urine

as undetermlned nitrogen. The fall in plasma urea-l{ frorn 11 .23 Eo 9,95
'1

mg.dl-^ for the IIN sheep tends to conflrm the proposÍtion of Fine eÈ al.

(L977) thaÈ acidosis has some effect on hepaÈic urea formation.

Sheep on the low nitrogen diet had a significantly lower plasna

urea-N as agrees with the f indings of l.fclntyre and T{il-lians (1970) ,
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(L978 a). This lower plasna urea-N
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al. (L973) and Ergene and pickering

accompaníed by a 1or¿er urea excre-

tfon and an increase in the fractlon of flltered urea reabsorbed. Sheep

on the low N diet also had a signíficantly hÍgher creatinine and urea-N

urine/plasma eoncentration ratio indlcating a greaÈer tendency for

urea to dlffuse from the tubular luraen to peritubular fLuid. During

acfd infusion, plasrna urea-Nn urea-N filtered, excreted, and reabsorbed

al-l increased, while urea clearance and the fractíon of filtered urea-N

reabsorbed was related to the plasma urea-N, but since Èhe fraction of

filtered urea-N reabsorbed remained the same, tlrls suggests that there

was no change 1n the abfJ-1ty of the kidney to conserve urea durlng acido-

sis on a restrfcted nítrogen lntake.

The hlgh nitrogen sheep reacted dífferently Eo acfcl infusion fn

terms of urea-N excretion and reabsorptfon. Urine fLor,¡ rate decreased

during infusion as evÍdenced by the lncreased U/P creatLnine ratio. Tire

fraction of filtered urea reabsorbed increased a] ong r^'iLh an increase in

the U/P urea ratio. The increased reabsorptíon of urea-N appeared to be

a passive processr whereby urea reabsorption follor¡ed vrater reabsorption.

Glomerular filtration fs caused by Ëhe hydrost.atíc pressure insíde

glomerular capillaries opposed by colLold osmotic pressure in the blood

and hydrostatic pressure ln Bov¡manrs capsule (Guyton, lg76). Guyton

cfted the factors whfch can affect the rate of glomerular filtration as

glonerular capillary pressure, pLasma col1oíd osmotíc pressure, intra-

capsular hydrostatÍc pressure, arterial blood pressure, rate of renal

blood flow, and syu.pathetic stimul-ation. In both experirnents reported

hereÍn, glomerular fil-tration rate was lo¡ver for sheep on a lor+ nitrogen

diet. Ergene and Plckering (1976) found thar GFR of sheep fed a l-or,¡

ef

was
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protein dlet was apparently influenced by the concenEration of plasma

urea' however changes 1n GFR and pLasma urea do not follow the same tÍme
course' Gans and Mercer (1962) observed a progressive íncrease in GFR

in flve of eight experiments wfth sheep, ln which urea solutions were
given after a períod of protein deprivation. contrary to the above find-
lngs, other researchers (schr4idt-Nielsen et aI., 1958i rfcrntl,¡e and

I^lllliams, L970; Pang, 7g7L) found no signif icant <llfferences in GFR v,,hen

dietary protein level was varíed. Rabinor.¡itz et aL. (Lg73) fed, ewes 4.g"/"

and L4Tt proteÍn dfets and found GFR was lorver for the 1or.r protein diet,
a result confirmed in the presenÈ studieso Lohrer GFR and plasma urea-l,l
resulted rn a r-ower quantity of urea fíltered in LN compared to uN

diets. Ergene and pickering (197ga) regarded this as a renar response
to 1ow protein feeding whích ín conjunctíon with an increase in ttre
fraction of filtered urea reabsorbed restrÍcts urÍnary losses of urea
and thus contribuÈes to the nitrogen economy.

Acídosis ín the present study appeared to have no effect on g1o_

merurar fil-tration raËe. This finding agrees rvÍth the results reporÈed
by Mcrntosh eI al. (L979) using human subjects. A decrease in GFR would
have been advantageous to the lncreased amraonia excreÈion 1n acidosis,
slnce more time would be allowed for fíltered glutarnine to be reabsorbed
by the tubular cells. However sínce sorne glutamine is also extracted
across Èhe periËubular nerobrane of the blood vessers, Èhfs extraction
may be influenced by rhe rena' blood frow (ptrkington et al., 1970) .

Metabolíc acÍdosis induced in sheep by oral or intra-ruuinal acid ín_
fusion has been reportecl by other workers to prod.uce variable responses

in renal plasma flow. In the present study, no sÍgniffcant changes were

found Ín the renar plasma flor¡ either by infuslon of r25 - r5o mEq or
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three days larer afrer infusion of 575 - 600 nEq. Mcrntosh et al. (l_973)

found a mean reducÈion in blood pll of sheep from 7.45 to 7,20 accompanied

by a decrease in renal bl-ood flow. It seems horvever that factors other:

than systenlc acidosis could have been ínvolved Ín the effect on RBF. Tn

thelr study, one animal had a smalr- decrease ln blood pH (7.49 to 7,4s)

and a ¡narked recluctíon in renal blood flow, whereas another anj¡ral shor,,ed

the opposfte effect; one sheep showed no change in RBF, and Ëwo others

were ln a state of lnanltion. Heitman and Berguan (1978) found that RBF

was not altered ¡^rhen the blood pH of sheep was reduced f ron 7 ,52 to 7 .35 .

Intravenous ínfuslon of hydrochlorfc acid to sheep, which redueed bloorl

pH from 7.45 to 7.40, had no effect on renal- plasna flow (i{ill-iams and

Pfckerlng, 1980). Huber (1969) caused acute lacric acídosis in sheep

severely reducing bloocl pll by 0.55 units and decreasing renal blood flornr

hy 40.62. The lack of effect on RPF found in the presenÈ study and Èhat

of Heftman and Bergman (1978) could have been due Êo lesser increases in
+the plasna H concentration. pLasrna pH rrras reduced by 0.06 and 0.07

unÍts for LN and HN sheep after the loading dose was given, and by 0.09

and 0.03 units for LII and HN respectively three days later. Heítman and

Bergrnan (1978) decreased blood pH by 0.17 units. Huber (1969) caused a

decrease fron 7.43 to 6.88, wiÈhín 40 nlnuËes of the start of lactic acid

lnfusion. Telle and Preston (1971) also st,udying acute lactíc acldosls

ín sheep found that henat.ocrlt Íncreased rnarkedly and heart rate increased

10 to 50%. A possíb1e reduction ln circul-ating blood volume due to de-

hydration could cause decreased RBF.

No ef f ect of df etary nitrogen level on renal plasma f 1or¡ r,¡as f ound.

Although glomerular f1lÈratÍon rate rvas l-ower for sheep on the low nitrogen

diet as was the fractfon of plasna that was fíltered Ëhrough the glomerulí,



91

a change in renal plasma flow was not the causatlve factor. These find-

fngs are sl.rnilar to those of Ergene and Plckering (1978b), who found

that a reduction in díetary nitrogen of sheep caused a significant re--

duction in GFR with no change in RPF. It can only be concluded that the

dietary nitrogen level has some effect on GFR by a yet undeÈermined

mechanism. The most possibl-e factor affected by dietary nitrogen lntake

is plasma col-l-old osraotic pressure, which is one of the factors r.rhich

can affect glonerular filtration rate. An increase in this pressure

somehow caused by the lov¡ nitrogen díet could cause decreased f11tra-

È1on. An exau'.1naË1on of the effects of low nltrogen diets on pJ-asna

collold osmotíc concenEration, plasma and urÍne osmolalltles, and osnolar

clearances would be necessary.

To uaintaín an íncreased anrnonia production in the kidney, the

supply of precursor, glutamine musÈ be increased. Sínce renal plasma

f1ow, GFR' and arterlal plasna glutamine concentration were not changed

durlng acfdosl.s, extractlon rate of glutaraine frorn renal blood musE have

been increased to supply Èhe lcldney r+lth aciequate amounts of glutanine.

In the present experiment, no sl-gnificant dlfference $Ias found between

plasma glutarnJ-ne levels of the HN and LN treatments. In fact, for the

low nitrogen treatment mean glutamine level t,ended to decrease during

acídosls. The HN group shov¡ed no such trend as there seemed to be a

sllghtly elevated glutamine concentratlon during aciclosis. IleiËrnan and

Bergman (1978) found that mean arterial gluÈarrl-ne leve1 ¡¡as 210 ¡:rnol-.1--1

for normal sheep, while acidotlc sheep had a lower concentration of 178

_1
pmo1.1 '. They suggested Èhat Èhfs decrease in glutanine concenÈraEfon

caused the body to fncrease 1Ës glutanlne release and thus compensate

for the changes in renal ¡retabolisn. Plasma glutanine concentration
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ren'aíned unaltered in acidotic human sub.jects ancl in acidotic dogs (FÍne et
41" L977; Pltts, rg72). PÍtts suggested that although the amount of gluta-
rnlne presented to the kidne;z remained unaltered, the amount of glutamíne
extracted and utilized each mÍnute Íncreasecl rnarl._.edly. Heitman and

Bergman (1975) demonstrated that there was a dramatic shíft frorn net
renal glutam:'-ne release 1n normal slieep to net uptake Ín aciclosis.
Bergman and l{eitrnan (1978) found that release of glutamine from muscle
was also lncreased ín acidosÍs. rn the present expe.rirnent, ít appeared

for LN sheep tiraË non-renal release of gJ-utarnine- was not sufficlent to
keep pace r'¡lth its increased renal uptake and arte::ial glutamine concen-
ËratÍon decreased as acl-dosis progressed. Presumably the I'J{ sheep rvoul_<l

have had more readily available protein stores and theref.re increased
glutanine release and renal glutamíne upt.ake could have kept pace rvíth
the lncreased extractÍon from arterial bloocl. As dj-scussecl previously,
fractional reabsorption of urea-N r+as lncreased durÍng acidosts for HN

sheep, and this recirculated nitrogen rroi:ld perhaps have been converted
into glutamine by the liver. rt r¡as also noted that plasrna an¡¡onla-N

level-s followed slmir-ar trends to plasura gJ-utarnlne. For the LN sheep, as

gLutamine concenËration decreased in acidosis, armronía-Il concentratÍon
decreased, and více-versa for tr-re IrN sheep. This relationship can be

more easily explaÍned for the IIN sheep. Acidae ancl Lotspeich (1968) found

that glutanine utilization by the gut Íncreased. duri,ng aciclosis, rvhich

would lncrease the release of amrnonÍa Ínto plasma and raise its concen-
ÈraËion' This amrnonia-N is a substrate for glutanine synthesis in the

llver and ma¡r act to str.mulate liver glutamine production. sheep on LN

had a slight decrease Ín arterial plasna ammonfa-N dur:ing acicosis ín
Experiment 2, however ln ExperimenÈ 1, venous a¡unonía-N Íncreased. This
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difference may be due Ëo the greater varíabilty among sheep in Exper-

iment 2 ot may be due to the loading dose used in this experiment which

may have caused withdrawl of ammonia from blood to form glutamine and

thus counteract quíckly the sudden acid stress.

The acidosis and 1evel of dietary nitrogen were confounded by

the varying degrees of acídosis found on the two dÍets, which precluded

the assessment of the experimental objectives as originally proposed.

The first hypothesis was that urínary ammonia-N excre¡ion is at the ex-

pense of urea-N excretion, with no change in total-Itr excretion. Low

nÍtrogen sheep had an increase ín ammonia-lrl excretion at the erpense of
other-N excretion, with no change Ín total-N excretion. High nitrogen

sheep had an increase Ín ammonia-N excretion, an increase in other-N

excretion, and a decrease in urea-N excretion with no change in total-N
excretion' Whether these differences beLween the dietary treatments T¡rere

due to nitrogen leve1 alone or to the varying degree of acidosis could not

be determined. The second hypothesis was that in acidosis, an increased

supply of glutamine to the kidney occurs because of an increased plasma

concentratÍon of glutamine and/or an increased renal plasma flow. plasma

glutain-ine concentratj-on and renal plasma flow were not increased during

acidosis for either dieËary treatment. rt can be tentatÍvely concluded.

that an increased extraction of gluta¡nine by the kÍdneys occurred in acid-
osis and r'¡as maintai-ned by an j-ncreased release of glutamine by Èhe liver.
More detailed examination ís required to assess the turnover rate of g1u-

tamine in the liver during acidosis.
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SINî,IARY AND CONCLUSIONS

Sheep on the low nitrogen diet had a greater decrease in blood acid-
base values than sheep consumf-ng the high nitrogen díet and receiv-

Íng the same lntra-ruminal dose of hydrochloric acíd. Thís suggest,s

decreased bufferfng ability is caused by a low nitrogen d.iet, possi-

bly ln the intracellular protein buffer:íng.

urfne pH decreased and excreËion of net acíd lncreased to a greater

degree for the l-ow nitrogen sheep. Thls increase in net acid ex-

cretion on a low nltrogen diet could be a response Èo the greater

decrease shov¡n in blood bícarbonaËe in these sheep. presentation of

lncreased H* to the tubul-ar cells would have stimulated increased.

Hf secretion and a concommittant lncrease in the reabsorption of

bicarbonate from tubular fluid. After ínfusion of 600 nEq of acid,

abouË 377. t'ad appeared ln urine of LN sheep anð, 20% ln the urine of

HN sheep as net acld. Some of the ínfused acid may have been excreted

Ín feces. AssessmenÈ of the contribution of fecal H* excretLon to

acíd-base balance would invol-ve measurenent and identification of

fecal H*.

ExcreÈion of acid as titrat,able acid appeared to be a limited response

to acl-dosfs in sheep on e1Èher hlgh or l-ow nitrogen dÍets. Titratable
acid exeretion did not increase above 0.020 meq.hr{.kg nrr# suggesting

of thethat excretÍon of phosphate buffer was li¡¡íted and saEuration

buffer present had occurred.

4. sheep on the low nltrogen had both an lmrnediate rlse in ¿nrm6¡l¿ produc-

tfon and a steady lncrease Èhroughout acid lnfusíon. Excretion íncreased

thirty-fold.Forvever this rate of anmonia excretion only represented

2614 of the rate of acfd fnfusÍon. For high nitrogen sheep am¡nonía

2,

3.
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5.

excretíon raÈe increased seven-fold which t¡as lcz of the rate of

acld infusion. There appeared to be greater stimulation and there-

fore adaptation to increased aro¡uonÍa excretion occurred sooner for
the lors nitrogen sheep.

For sheep on the low nítrogen diet, total-N and. urea-ll rnere uirci.rang-

ed during acÍdosi-s, while other-N excrete<l decreased and ammonia-Ì,T

excrel-ed increased. For sheep on the liigh nitrogen diet, some

nitrogen normally excreted as urea r\ras apparently reroutecl to gluta-

uine synthesisr and thence to arünonia.

Sheep on tlte 1or^r nitrogen diet had lor+e:: plasna urea nitrogen levei,s

and creatinine and urea clearances. rn spÍte of this, f.ractlonal

reabsorption of urea-Ìì was higher. supe::imposing acÍclosis on the

lirnitation of díetary nitrogen caused no change in the fractional

reabsorpÈion of urea. sheep on the high níËrogen diet during acid

infusion increased the fraction of fil-terecl urea reabsorbed and cle-

creased the amount of urea excreted.

No change in renal plasma flow raas apparent between high and low

nitrogen treatments before and during acid infusion. Renal plasnu

florn' ruas therefore not a causative factor in tlre signíficantly lor;er

glomerular fi1Èration rate and filtration fraction found for the lorr,

nitrogen sheep.

Plasma glutanr.ine and ammonia-N decreased as acid infusion progressed

j-n 1or¡ nitrogen sheep but both parameters increased in hígh nitrogen

sheep. rt is suggested Ëhat for lorr' nitrogen slieep, increasecl peri-

pheral glut.amine production and/or rel-ease did not keep pace rvith

the increase in gLut.amine utilizatlon in the kiclney for ammonia pro*

ductíon. The adaptive response of increased annmonia pro<luction

occurred as rapidly ín low nit.rogen sheep as fn high nitrogen sheep

6.

7.

8.
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although the uechanism which triggers increased productÍon is unknornn.

Also unknov¡n is the mechanísm whereby possÍble release of glutamine

from other tissues occurred in the row nitrogen sheep. For high ni-
trogen sheep, increased blood arrnonla-N may have triggered increased

glutamine release.

The effects of acidosis and nitrogen level were confounded by the

varying degree of acidosis found, although both treatments received

the same acÍd 1oad. Thus, the assessment of the original objecËives

was affected. The relationship between urea-N and ammonla-N may be

affected by the degree of acidosis as well as dietary nitrogen. G1u-

tamine concentratíon and renal blood flow were not increased in acid-
osis ' Assessment of liver productÍon and release of glutarnine duríng

acidosis is necessary.
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Table 13. Data on acld-base
taken aÈ 1030 and
of arterial blood
ment 2.

parâmeters of venous blood sanples
on plasma ammonia-N and glutamÍne
samples Èaken aË 1330 for Experi-

Day pH HCO3- BE

---T--(nEq.1-*)

Amonia-N

(roe.1-l)

Glutamine

-1(prnol.1 ')

pcoz

(mHg)

Sheep no. 268 - Low N dierL 7 .47 36.2 25.5
2 7 .37 3L,7 18.0
5 7.32 40.0 20.3

22.5
18 .3
24.3

18 .4
14.8
25 "5

22.6
t9.4
L9,7

3.4
-5.0
-4.4

3.9
-0.5
-2.9

0.1
-4.9
-3 .1

-4.9
-9.2
2.0

-0.3
-3 .3
-4.2

-1.3
-9.7
-4.r

6.68
4.98
5 .63

8.05
6 .85
7 .90

s.43
6.80
5.68

6.15
5"93
s.90

5.45
8.05
7 .70

5.40
4.28
5.63

240
138
L26

23L
245
L73

,90

L22
91

r62
l_s9
Ls4

158
248
285

194
L66
r52

Sheep no. 254
L 7,44
2 7.40
5 7.36

Slreep no. 27 5
L 7.43
2 7.37
5 7.37

- Low N diet
40.4 27.0
37.3 22.7
38 .3 zL.L

Sheep no. 268 - High N diet

Sheep no. 254 -
r 7.40
2 7"39
5 7.34

- Low N díet
34.7
32.4
35.6

33.4
30.3
40.8

High N diet
3t_ .0
30.4
36. s

t-

2
5

7 ,36
7 .30
7 .4L

Sheep no. 275 - Hlgh N dtet
L 7,45 29.4 20.0
2 7.29 28.6 13.5
5 7 .37 33.3 19.0
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Tabl-e 14. Data on urinary pH.o titratable acid and arrnonla
excreted, url-ne fl-ow rate, creatinine and PAH
clearances and ffltration fraction for the in-
t,erval 1130 - 1530 for Experiment 2"

Day pH
Titratable

acld Amonia
Flow
rate

Clearance
Creaülnine PAH

(nEq.tr-l.test,l-I) (rnl.ni .J
n .testi-f )

FF

(%)

Sheep no. 268 - Low N
L 6 .34 0.003
2 5.30 0,027
5 5.23 0.029

Sheep no. 254
1 7.80
2 5.86
5 5.L2

Sheep no. 275

1 7.91
2 5.36
5 5.3s

Sheep no. 268

1 5.60
2 4.80
s 7.11

Sheep no. 254
r 7.89
2 6,79
5 6.7L

Sheep no. 275

l_ I .03
2 5.38
5 4.92

diet
0.02s
0. 028
0.030

- Low N dlet
-o.044 0.003
0.009 0.005
0.015 0.023

' Low N diet
-0.03s 0.002
0.008 0 .024
0.020 0.02s

- High N diet
0.014 0.007
0.049 0.039
0.002 0.012

- HÍgh N diet
-0.037 0.006
0.004 0.006
0. 006 0.0i-1

-I{1gh N diet
-0.01-8 0.004
0.006 0.007
0.030 0.022

0. 051
0.087
0.089

0.059
0.020
0.051

0.062
0.016
0.044

0.070
0.136
0.093

0.041
0.038
0.100

0.036
0.034
0.051-

L.97
L.82
1.63

2.29
2,L7
2.43

2.74
2.02
2.7 6

2.24
3.15
2.67

3. 56
2.s5
4.08

1.85
2.02
3 .39

LL.4
10 .0
12.9

8.6
8.7

10.3

L3.2
10 .8
11 .9

7.9
10.5
8.0

L4.2
t3.t_
L3.7

10.7
8.3

L2.6

25
25
23

2L
19
23

T7
1B
l_3

28
30
34

25
20
30

L7
24
26




