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ABSTRACT

.

This study was undertaken to establish the factors
which contribute to the urine concentrating defect observed

in metabolic alkalosis. A rat model of chronic,

'hypoéhloremic metabolic alkalosis was produced by the loss

. [
of gastric hvdrochloric acid (HC1), but without diuretics,

mineralocorticoids, nitrate substitution or acute dialysis.
Dual gastric fistulaoe were surgically implanted into rats,
which were then allowed a 2 week ‘post-surgical recovery

period prior to gpastric HCl drdinage every 48h (3-4x). Once

alkalotic, inpestion of a chloridg-free diet maintained the

~animals in this state. Alkalosis was defined, for the

purhose5'of this study, as whole blood pH > 7.42, and plasma
bicarbonate 2 30.0 mEq/L.

The alkalosis produced by this method of gastric {1
drainage is characterized by hypochloremié. hyponatremia,
hypokalemig: plasma hypo-osmolality, polyuria, polydipsia,
decreased body weieht and increased hematecrit. The last
three characteristics suggest the presence of extra-cellular
fluid volume (LCFV) contraction. Y

lypochloremic metabolic alkalosis in this study resulted
tn the development of a urinary concentrating defect, The
defect was not corrected throunh the administragion ;f

potassium hy gavape and since the extent of depletion was
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not determihed on.tissue samples prior to the repletion no
conlusign can be drawn from this experimené. The defect was
also not corrected by rEStric;ing the alkalotic animals to
the amounts of water ingested by contrai animals; Tﬁe
defect was partia11y>corrected by the administration of

exogenous antidiuretic hormone (ADH) (1 i.U.). but the

alkalotic rats were still unable to concentrate their urine

to control levels.
4
One possible explanation is that the chronic plasma

hypo-osmolality in alkalosis may have been an important
stimulus to prevent the release of ADH and lead to the
concentrating defect. Extra-cellular fluid volume

contraction, hyponatremia and hypochlorewia are known

stimuli for renin and angiotensin II (AII) release. This

.may explain the accompanying polydipsia. The increase in

AIT levels in alkalosis would also increase ADH secretion.
However, T hypothesize thﬁt the stimulus of hypo—osmolali%y
in hypochloremic mefabolic alkalosis overides the other
stimuli to ADH release. Thus, the urinary concentrating

defect appears to depend on both renal and extra-renal

factors.
p—

A



INTRODUCTION

Metabolic Alkalosis: Its Generation and Maintenance.

According to most textbhook definitions, metabolic

alkalosis is a disturbance in acid-base {(A-B) homeostasis in

which whole blood _pH is increased due to either a loss of

acid or a pain in alkali. letabolic ¢

usis is defined’
in this study as a whole blood pH 3 7.42, and plasma
bicarfonate (HCO3) 2 30.0 mEq/L.

Metabolic alkalosis is pgenerated bye~an excessive loss
of ac{d, through renal or extra-renal mechanisms, or through
a gain in alkali (Jacobson and Seldin: 1985; Seldin, 19f6:
Seldin and Rector, 1972). Renal acid loss may ensue from: 1)
incrénsed tubular flow rate/distal delivery of sodium (XNa),
wvhich can be caused by diuretics; 2) persistant
mineralocorticoid excess as found in hyperreninemic states
such as extracellular fluid volume (ECFV) centraction, «
magnesium deficiencies, and Bartter's syndrome, which is
characterized by severe hypokalemia and
hvpermineralocorticoidism( the former leads to an increase
in urinary ammonium and total acid cxcretion‘which. in
conjunction Qith the latter results in metabolic alkalosis),

“or primary hypermineralocorticoid states such as Cushing's

syndrome and adrcnokenitnl syndrome; 3) increased tubule
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lumen negativity'&ue to an increasg in noh4réabsorba§1e
anions; and possibly, 4) a decrease in parathyrbid
hormone/increased calc;um concentration (Cogan et al., 1983;
Seldin and Rector, 1972: Seidin. 1976). Bartter's syndrome
patients suffer from severe‘hypohalemia and as such- are not
really comparable to the gastric model of metabolic
alkalosis. Also; aldbsterone levels were not measured in
thﬁs study, therefore, thg relevance of the syndrome to the
model can not be discussed in this context.

An extra-renal 1655 of "acid may occur by: 1) loss of
acid into gastriec juice due to vomiting, suction, or
fistulae: 2) acid moving into the ccils due to
potassium=-deficiency or glucose induced aikalogis in
fagiing; and, 3) loss of acid iﬁto the stool - congenital
chloridorrhea (Cogan et al., 1983; Nascimento and Calcagno,
lgél; Seldin .and Rector, 1972; Seldin, 1976). A gain in
alkali can come from exogenous administration,pf: 1)
bicarbonate as sodium bicarbonate for therapy of acidosis;
2) carbonate as antacids/milk-alkali syndrome; 3) acetate
from hyperalimentation; and, 4) citrate from blood
transfusions (Cogan et al., 1983).

Metabolic alkalosis is a complex disturbance with many
symptoms. Some symptoms are similar to those seen in
hypercalcemia, including mental confusion, a decreased

sensitivity to pain, a predisposition to seizures,
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paresthesis, muscle cramps and tetany. Symptoms may also
include those found in electrolyte disorders, if these
accompany the alkalosis, i.e. hypokalenia, hypophosphateﬁia"
ete, (Cogan et al., 1983). The metabolic consequences of
hypochloremic alkalosis‘include increased pH, HCO3, pCO2,
plasnma renin activity (PRA), angiotensin 1 concentration
(A1), decreased plasma chloride (Cl), sodium (Na), and
potassium (K) leeols. decreased urine concentrating ability
(ax Uosm), and the deveiopment of bolydipsia and poelyuria
(Copan and Liu, 1983; -Galla and Luke, 1977; Kassirer and
Schwartz, 1996; NYascimento and Calcagno', 198B1; and Schwartz
and Cohen, 1978)., In many instances metabolic alkalosis in
conjunction with ¥-depletion can produce interstitial
nephritis (Cronin- and Knochel, 1978) and it has also been
shown that hypochloremia alone can lead to nephrocalcinosis
(Levihc et al,, 1974). if metabolic alkalosis is not
treated and bcpemes severe,, death may result from renal
failure, c}rdinc arrest {due ro hypokalemia), or tetany.

Yetabolic alkalosis may be maintained, in the presence:
of increased arterial HICO3 by: 1) increasing absclute
proximal HCO3 recabsorption; 2) decreasing glanmerular
filtration rate (GFR) (Cognn and Liu, 1983) ; or, 3)
increasing absolute distal HCO3 reabsorption. The firet two
mechanisms are mediated through hypochloreﬁin and

hypokalemia. lNypochloremia caused by vomiting or gpastric
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drainage leads-to a coﬁtracted ECFV, a decreased GFR,
increased plas?a renin activity (PRA)-ang increased plasma
aldosterone concentrations. These effedLs of hypochloremia
may lead to increased HCO3 reabsorption:by the kidney.
Hypokalemia, caused by the increase in reni; and aldosterone
by hypo;hloremi?: leads to a decreased GFR possibly due to
inc;;ased production of the vasoconstrictor agents
angiotensin II (AII) and thromboxane B2, Mechanism 3 might
be mediated through the increase in plasma aldoéterone
levels. (Cogan et al,, 1983).'

Clinically, metabolic alkalosis may occur as a result of
vomiting and gastric suction (Figure 1). This produces
alkalosis via a combination of 'the following factors: 1)
loss of HCl‘in the vomitus; 2) loss of pofassium chloride
(KCl),-uigh most of the X lost through renal mechanisms dﬁe‘
te the ensuing hypochloremia leading to increased renal HCO3
reabsorption; and, 3) loss of sodium cLloride>(NaC1), with
most of the Na also lost throUgh.renal_mechanisms leading td
a contracted ECFV and also to activation of. the
renin-angiotensin hormone system. The loss of Cl in this
ﬁanner necessitates an increase in plasma of another
reabsorbable anion. This is accémpﬁished through the
increased renal reabs&rption of bicarbonate. Pitts et al.,

(1946) showed that this is a reciprocal relationship. The
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Figure 1: A schematic adapted from Seldin and Rector (1972)
illustrating possible factors which may contribute to the
initiation of alkalosis associated with vomiting or gastric
drazinage. It is now believed that the Na-K exchange does
not occur; rather, it is thought that the tubule actually

secretes K_due to the effect of aldosterone &nd other
factors. :
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increase in plasma b;;arbonate as plasma Cl.décreases may be
responsible for the initial rise in pH leadiné to alkalosis,
In my study,-I wanted to develop a rat model of _
meéabolic'alkalosis whi;h closely rgsembled that Eaused gy
vomiting or éastric suction or drainage.™ This was
accomplished by surgical implahtation of'dual gastric
fistulae into the stomach of rats. After post-surgical
recovery the animals underwent gastric HC1 drainage every
second day for a total of three or four times, until
metabolic alkalosis could be diagnosed by analyzing cardiav
puncture Elood samples. Since rats do not possess a natural

vomiting reflex, it was necessary to implant chronic gastric

»

fistulae to promote a loss of HC1 by gastric drainage.
o

Gastric drainage (suction) mimics vomiting and produces

v 1

alkalosis Py removing the same components of the gastric
conten}s as does vomiting. Gastric drainage, therefore,
produces alkalosis agrdiagramméd in F;gure 1.. hlkalosis
caused by vomiting and/or gastric drainage is hypochloremic
in nature due 'to the loss of Cl as HCI, KC1l, and Na€Cl in the
vomitus, and ‘has been produced experimentaily in the dog
(Needle et al., 1964) and rat {(Cooke et al., 1952). The
amount of Na lost im gastric juice is slight at high
secrétion‘rates and K loss }ncreases as the gastric acid

flow rate increases (Makhlouf, 1981).\\Thus. at high rates

the loss of X may contribute to the hijlkalemia of gastric



alkalosis. Sodium lost in the gastric juice may be

considerable at low flow rates (Makhlouf, 198L), and as such
' — . .

may contribute tJ the hyponatremia of gastric alkalosis.

The flow rates were not measured in this study and food

contapihation in the gastric juice collected precluded
mewsurement of Na and X. ’ .
Hypoch]oremic alkalosis as descrihed aqug\i:\f#hgg¥y
and rat can only be repaired by the administration ¢f a salt
containing C1 (Atkins et al., 1962; Hulter et al., 1978: and

Wallace et al., 1968). Gulyassy et al. (1962) found that Cl

was necessary to repair alkalosis due to selective
Cl-depletion even when ¥ was not replaced. Similar results
were obtained by Kassirer and Schwaréz (1966), and Needle et
al., (1964). Galla et al., (1983) have proposed that C1l
administration decreases plasma renin, leading to a decrease
in aldosterone, and causing distal HCO3 excretion, thué
cofrectiﬁg the alkaﬁosis, This occurs regardless of Na
balance, hypokalemia, HCO3 1oagiﬁp, and without volume
expansion. Chloride-depYew™ign is associated with urine
concentrating defects in the rat (Luke‘et al., 1977) and dog
(Rosin et al., 1970). Clcprance studies have demonstrated

that free water reabsorption is impaired during S

hypochloremia (Luke et al., 1977; and Wallin et al., 1973).
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Urine Conglgtrating ﬂ%ilitg. -

-
+

Urine contentrating ability is influenceﬂ_by both
v Voot : R

neuroendocrine and intrarenal factors. The renal mechanisms »

1

for acﬁieving a maxiéélly concentrated urine are cémplex and
. not yet fully delineated.' First, tﬁf collecting duct must
respond adequately té ADH to allow water reabsorption to
take place. Second, the medullary thick ascending limb of
Henle must also'respond to ADH to increase NaCl
reabhsorption, as recently shown by Hall and Yarney (1980),
. Heﬁért et al., (1581). Greger et al, (1981jf Knepper et al.,
(1983) and Velazquez et al., (1982), Th%fe two mechanisms

are necessary to enable tubular fluid to equilibrate with

>

the renal ipterstitium withtnxthg cortex and medulla. .

Third, medullary hypertonicity mué\_be maintained by
adequate NaCl delivery to the loops of Henle, normal rates
of NaCl transpdrt out of both thick and thin ascending

A———A/iiybs, 1§w medullary blood flow. deliver{ of adequate
amounts of urea to the medulla and its subsequent

reabsorption by urea permeable collecting ducts. Finally,

. .
by low rates of fluid delivery to the inner nedullary region

where maximum urine con®entration is effected., These
aspects of nephron function appear to opérate independently
for the most part, but there is a great deal of interest in

- clucidating possible interactions between these intrarenal

. ' ' .

r
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factors and the known endocrine factors involved in quid.
and electrolyte homeostasis.

More_ than thirty §ears ago,eyidence indipated that in
the rat, Ciwdepletion may interfere with normal water
conservation (Cooke et al.,, 1952). Since then, npmerdus

studies .have evaluated concentrating ability of the.rat and

dog using nitrate or bicarbonate administration to displace

‘'Cl. For example, nitrate infusion in the dog leads ta an

acute reduction in free-water clearance (Luke et al., 1977;
Rosin et al., 1980; and W;llin et al., 1973). Iﬂ a more
chronic preparétion, nitrate induced Cl-depletion alkalosis
has been associated with a concentrating fmpafrment (Berl et
al., 1977). Burg and Green (1973) and Rocha and Xokko,
{1973) implicated active C1 transport in the thick ascending
1in of Henle (TAL) as the primary driving force in the
counter-current multiplication system responsible for
urinary concentration and dalution. Rerliner (1982)
recently criticai]y reviewed the various possible mechanisms
of urine concentration. He sugpests that evidence to date
supports the counter—curr;nt muitiplication system as the
most likely explanation of urine ceoncentrating mechanisms,
The TAL appears to transport NaCl actively. Recently,

Greper, (1931), Knepper and Burg, (1983), lebert et al.,

(1981), and Velazquez et al., (1982) provided evidence that

the TAL actually transports Cl actively, secondarily, and in

L]

7
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co-transport with primary Na t;-ans';port.. Greger, (1981)
illustrateé that thig co-transport als; involves the K ion.
Secondary active Cl transport is driven by the
electrochemicél gradient for'Na from the lumen to the cell.
interior. Thi; depends on the baso-lateral Na-K-ATPase for
removing Na from ﬁhe cell to keep the gradient i;tch. The

e

baso-lateral Na-K-ATPase aétivity is dependent on both K and
Na, | ‘ |
Recently, it has been suggested that concentrating
defects can occur independently of ECFV changes (Luke et
al., 1977). Galla-and co-workers also illustrafed thag
hypocﬂloremic metabolic alkalosis can be repaired by the
addition of a Cl co#taining selt without repletion of the
ECFV (1983), Luke et al. (1977) found increased urine flow
rate, patriuresis, and diminished free-water reabsorption in
acutely YCl-depleted rats which were not altered by
qdm?:;:ffation of ADH. It is pogsible that the dialysis
procedure mAy have altered ADH functign or concentration and

. - .
therefore the conclusions they arrived at may not be

accurate. The results of more recent studies (Lﬁke et al.,
1978; and Galla et al., 1961) suggest that selective '
Cl-depletion alkalosis is associatpd with impa{red.solute
removal by the TAL, leading to the development of a

concentrating defect. Gutsche et al. (1982) récently

obtained direct evidence in perqued nephrons that nitrate
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or bicarbonate substitution for Cl leads ‘to impaired solute

-
removal by the TAL in vivo. These studies are consistent

with the view that metabolic alkalosis decreases NaCl
reabsorption by the TAL, impairing renal diluting and
concentrating ability (Bank et al., 1964). tHowever, factors
such as changes in:water intake and ADH have not been
exanined in chronic metabolic alkalesis. The presence of
polydipsia or decreased release of ADH could contribute
substantially to an impairmént in renal concentrating
abilit&, r

Galla et al., (1981) stated that TAL function may be an
important, if not ériticalr factor in urine concentration in
states of Cl-depletion. They also demonstrated that reduced
plasma C1 conccntrntion.nay serve as the principal stimulus
for the renin-angiotensin svstem, thereby providing a key
link between the hormonal mechanisms known to he involved in

fiuid and c¢lectrolyte balance and the various intrarenal

effectors controiling urinary cancentrating ability.

The Nenin-Anpiotensin-ADH system.

The roles of renin, anpiotensin and ADH in fluid and,
c¢lectrolyte homeostasis have heen studied feor many vears.

Verney in the 1940's first demonstrated that ADH releasec

-ns



.;e:ﬁgﬁl ' ‘

‘Page 14

from the hypothalamo-neurohypophyseal tissue was affected by
1

blood volume as well as osmotic changesf More recently,

Robertson (1977) and Vander (1967) argued that ADH, as well

as the renin-angiotensin system, has an integral role in

body fluid and electrolyte homeostasis. It is well

‘documented that AII is a potent dipsogen.(Kucharczyk and

Mogenson, 1975; aqd 1977}, therefore pla}ing an important
role in ECFV homeostasis. Activatiop of the
renin-angiotensin system by hvpovolenia, hypochloreﬁia. or
hyponatremia leads to increased secretion of ADH (Abboud et
al.,” 1979, Bonjour and Malvin, 1870, Dunn et al., 1973, and
Haack and Mohring, 1978) and aldosterone (Laragh et al.,
1972). This, in turn, leads to increased kidney
reabsorption of water, Na, and Cl (Laragh et al., 1972.
Robertson, 1977, Vander, 1967). Thus it is clear that
factors influencing the renin~angioténsin system will also
influence renal water and eléc;rolyte metabolism. New
cvidence of a second site of action of ADM in the kidney by
Hall and Varney (1980), Hebert et al..él981) and Knepper and
Burg.(L983) increases the importance of ADH in fluid anrd
electrolyte homeostasis. Thé second site of action is the
medullary TAL. Antidiuretic hormone functions to increase
NaCl reabsorption from this portion of the nephron (Héll and
Varney, 1980: Hebert et al,, 1981: and Knepper and Burg,

1083).
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In their study of sodium and water conservation in rats

acutely depleted of Cl, Luke et al. (1977) argued that

5

.increases in urinary flow rate, diminished free-water

reabsorptién and natriuresis were not related to several
renal factors, including the secretion of ADH, or to an
osmotic &iuresis. To exclude the possibility that:deficient
ADH secretion was responsible, intramu;cular injections of
Pitressin tannate in oil (230 munits) werc administered on
two occasions before the start of the experiment. However,
while this study controlled for deficient ADH secretion, it
did not control for a possible damping of ADH's effect at
the level of the renal tubule. Subsequently, lLuke and his
collegues made several other observations consistent with
the view that selective Cl-depletion alkalosis is associated

with impaired TAlL solute removal, thus leading to a

‘concentrating defect, and that Cl-deplétion per sec mny

stimulate renin release as well (Galla et al,, 1931),.
Althouph considerable effort has been devoted to
understanding the.fnctors influencing
ADH—aniotvusin—aldnsLoronE-internctions kn the normal
animal, the possible interrelationshins between these
endocrine mechanisms and the intrarcnal determinants of
urine volume and composition have not been investigated in
the chronic, hypochloremic alkalotic preparation. A further

complication of hypochloremic alkaloesis is hypokalemia since
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it is now well established that K-depletion alone cah result
in renal concedtqpting defects (Berl et al., 1977:'and

.Peterspn. 1980).

K-depletion.

Numerous investigations have attempted to determine the
extent to which hormonal of intrarenal factors may be
responsible for the urine concentrating defects associated
with acute and chronic disturbances of clectrolyte and
acid-base halance. In K-depletion, for example, altered
renal hemodfnamics. medullary solute concentration, and ADH
release or taréet epithelium action have all been pos;ulated
as possible mediators of the concentrating defect (Berl,

.
19R0) . Mcdull;ry blood flow, hoyevcr. has been shown to be
decreased (Vhinnery and Kunaw, 1679} and could not effect a
"washout"” of medullary solute. Antidiuretic hogmonp release
also appears to be normal in K-depletion (Berl, 1980), and
the diminution in urinary concentrating ability seems
unrelated to circulating levels of ADIH (Berl et al,, 1977).
It remains possible that the collecting duct epithelium may
be insensitive to ADH (Carney et al., 1?76). Even if ADI

was normally active, a driving force for water movement in

the form of high medullary solute concentrations must still



be present to maximaIly concentrate thg urine. This is
clearly not the case in K-depletion (Berl, 1980).

Based on dafa froﬁ clearance studies in K-depleted rats,
Eknoyvan et al., (1970) proposed, that both impaired
concentrating and diluting ability are the result of reduced
Ya transport by the TAL into the medullary interstitium.
Gutsche et al.{1952) demonstrated a striking impairment in
TAL function in X-depleted rats by single nephron perfusion,
.and by conductins measurements of TXL fluid presented to the
early distal site., This impairment was rapidly reversed
when K stores were repleted, These studies further sugppest
that augmented NaCl h&ckflux, rather than active NaCl
transport impairment in the TAL (Greger, 1981; and Greger et
al., 1981), may cxplain the inability of K-depleted ratsrto

excrete maximally concentrated urine.

Cl-depletiog. )

Thcrq is also some évidence that €l transport in the TAL
may prov:dv the signal,fér renin reledse by the macula densa
of Lhe.kidney {Abboud et al., 1979; Galla et al,, 197%;
KEirchner et al,, 1978; and Kotchen et al., 1978). I'n their

studies of acute and chronic NaCl'loading'in the rat, Galla

et al. (1979) found that greater Cl reabsorption in the TAL
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was associated with suppression of renin release and vice.
versa. Iﬁdeed. recent in vitro studies suggest that C1l
depletion may inhibit the stimulatory.action of
renin-angiotensin on ADH and aldosterone releﬁse. This
occurs by reducing the level of activity of angiotensin
converting enzyme (Yang and Neff: 1972), or b; reducing
intracellular (Laragh et al., 1972) or blasma (Abe et al.,
1972) reain activity or concentration.

In the studies rqferred to above, as well as others
concerned with the effects of anions on urine-concentrating
mechanisms (Galla and Luke, 1979; Luke et al., 1977; Rocha
and Kokko, 1973; and Wallin et al., 1973), no.obsefvétions
were made on chronic Cl-depleted animals with reference to
maximum urine concentrating ability, simultaneoug‘plasﬁa
osmolality measurements, plasma ADH concent;étions. cffects
of water restriction, or effects of replacement of ADH.
Siﬁce an alteration in renin-angioténsin levels by .
Cl-depletion might be expected to alter ADH release (Bonjour
and Malvin, 1970, Haack and Mohring, 1978, Robertson,‘1977.
Verney, 1946}, measurement of such hormonal changes would
appear to be required to determine the possible role the
renin-angiotensin-ADH axieg plays in the conéent{ating defect
seen in Cl-depletion alkalosis.n Nor have there been any
studies of the function of the TAL in which the various

volume, osmotic, and ionic factors that impinge on this
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Eegment of the nephron during chronic Cl-depletion have been

systematically examined.

Purgose.

-

Therefore, nmy primary jhterests in undertaking these
invéstigations were: 1) To determine if gastric HCI1
drainagb in rats will produce a chronic, hypochlorenmic
metabolic alkalosis; 2) To determine if a renal
concentrating defect dev%lops in chronic, hypochlorenic
motabolic nikalosis: 3) To determime the involvement of cl,
“a and ¥ in the concentrating defect; and, 4} To determine
the role of the renin-angiotensin-ADH system. in the

concentrating defect.
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- METHODS

(i) Aninals, Care and Diet.

The 92 female and 10 male Sprague—Dauleyrra£s>(Char1es
River, Montreal, P.().) were housed in individﬁal. wire mesh,
metabolic cages. They were allowed ad libitum access to
either Purina Rat Chod (Ralston-Pufina) or a synthetic
C;rfree diet (Levine et al, 1974), and either tap water o:
distilled water. -

Except f&f 10 non-surgical controls, all animals
received either dual gastric cannulae, implan{éd using
sterile sﬁrgical techniques, or a sham operation. They were
allowed a minimum of one week for post-surgical fecovery.
Food and water intakes and uriné€ outéuts (1.9 g), as well

as body weights (£1.0 g), were measurpd at the same time

each day. The study began when\body weipghts were equal to or

surpassed pre-surpical levels.

At the start of the study, animals were randomly
divided into one of three groups: 1) chow; 2? contfol; and,
3) alkalotic. Chow animals were fed Purina Rat Qhow and tap
water ad libitum and did not undergo pastric drainage.

Contreol rats were fed the syntheti# Cl-free diet and

!

distilled water ad libitum. Thesetanimals underwent all

surgical procedures hut did not undergo gastric hydrochloric
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acid drainage. A}kalotic rats were fed the synthetic
Cl-free diet and distilled water ad libitum. These animals
also underwent ala surgical procedures, but unlike the other

‘ .
two groups the alkalotic rats underwent.gastric HCI drainage
as described in Seéction (iii).
The synthetic Cl—free\diet contained the f llowing

ingredients expressed as n/5.0 kg of diet: (g% dry wt)

Sodium Carbonate (Na2C03) 5.75 ' (0.115)

-

Magnesium Carbonate n Hydrate

~J/ (MgC03.Mg(0N)2.ni120) 7.957 (0.159)
Potassium Carbonate (K2C03)8.70 (0.174)
Potassium Sulphate (K2504) 9.05 (0.181)

- Basal Diet (TD 78093, formerly 72105, *

Teklad Llectrolyte Diet, Teklad Test Diets,

Madison, Wisc.) 49608.50 (99.37)
Distilled VYater (dH20) 3.0 L

The levels of Na, K, and sulphate in the diet surpass

the minimum recommended levels set by the National Research
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\_.._/ -. Lt
Council (1962). The level of Cl in the diet was

undetectable using a CMT 10 Chloride Titrator (Radiometer, -

Copenhagen) (< 0.001 mg/kg).

—_—

(ii) Surpical Procedures :
y J

f

The method of imﬁiantationVOf dual gastric cannulae was
— '

modified from Borella and Herr (1971). This surgikal
procedurerwag undertaken to allow drainage of gastric HCl1
from conscious rats in an attempt to produce metabolic
alkalosis without the necessity fo? dialysis, angesthesia or
drug therapy.

Animals were anaesthetized with pentobarbital sodium at
a dose of 25-35 mg/kg (Somnotol 65 mg/ml, MTM, Hamilton,
Ont). They were prepared for sterile abdominal surgery by
shaving¥the area %nd swabbing with alcohol and proviodine.
A mid-line abdominal incision extendiné down 2-3 cm from the
tip of the xiphoid process was made. The stomach was
carefully externalized, taking care not to stretch the
esophagus, an& was wrapped in a sterile .97 saline soaked
swab to prevent the tissue from drying. 'Anothe§ saline
soaked ghab was placed over the abdominal incision to
prevent the abdominal cavity from drying.

= i
The fundus of the stomach was incised for a length of 3;

...l
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i alane the mreater curvature. Jne cannula (7 za stainless
.
steel hypodernic tubina, (small Parts Tac., Mari, Fleridad,
tonled teo fit 174440 fillister hea! screws {Snall Pares
Ine.) and D280 tehine (flaneed)) was carefully rotated
B +
inta the incision antil the flranced end wak inside the
. PLT - e
stomach (Tiz.2a). e tissue wias closed ov he flance
~ ~A
' et
dith o denbhle-—inverting purse-string suture (3.0 silx, |
. L, 5 ' P " . ) . N
Cyaniord, Mantreant, 20000, ihe nrocedure regeatoed. an \
beoanptral onLrtion F the stomwch, Tare was taken not Lo

nick the vastric mesenteric veoraels or to et the nastric
tgices treain intao the ahdaminal cavitv,

and alaced hach inta the

Phar stnmach wWar o unwroapnetdg
Adormiant o cavity, o rachar owan oased to produce punch
wontnja ' Betth the tedt o oand rioht andomaaal walls below the
riscacn, to asiow exteriarization of the cannulare, The

fannn g wore exterioriced and sutured into place with o

daublociavertine purac—-stripy snture usinae 3,0 NNt

The abdomon owan closed gn two lavers, Sirst, the muscole

Taver was rioned with 4,0 in oo orontinmous stiteh and

Goctoned with stainldess steel wound clips

soncnnd, the o shan

(Yia, e, the o rat wae returned to o its ocace aml ool lowed ‘l_\

o weelt to rocover fron the procedare

-~

Tl oanatrie eannuloae and norew: were checobed datly and

e wonnd olips woere romoved one wees post-saraieally, The
M ) o A -
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Figufe 2A: - Insertion of the gastric

Figure 2B:

Figure 2C:

cannula into a rat stemach.
The flange can be seen through
the tissue at the arrow.

“\

Exteriorization of cannulae through
puncture wounds in the-flank.

Closure of the incision with 3.0 silk
and wound clips. A purse-string suture
secures the cannula to the skin.,. A
gastric cannula shown actual size is to
the Jeft of the photograph. ~
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Figure 3A: Restraint cage with open sides to
allow access to the gastric cannulae.

Figure 3B: A rat set up for gastric hydrochloric
acid drainage. The tygon tubing leads
to a glass cellection tube.

.o

co



trained to rema}n-ﬁuiet, the animals were drained‘of gastric
HCI_f;r 3-4 h eﬁéry‘éécond day for ; total of 3-5 drainage.
periods.

The drainage beriod began with placepent of the animals
into.the restraint caces, reﬂyval of the cannulae screws,
and.plapenent of tight-fitting tygon tubing intu each of the’
cannhlae'(Fig.Bb). The tubing lead to glass tubes for the |
collection of the gasgfric HC1l and infusate. Ten ml of
distilled water was infused at the rate of 1 ml/min. with a
30 m delavy between each ;nfusion. The delay was necessary
to allow emptying of the stomach by aravity. FEach animal
received 50-60 ml of disti]lek:water intragastrically during
cach session and fluid recovery was approximately 983, At
the End of the session ghe(&ygon tubing was removed and

washed, the screws were replaced into the cannulae and the

animals were returned to their metabolic canes.

(iv) Blood Sampling and Analysis

.

Cardiac Puncture. All animals werc anaesthetized with
\

pentcebarhitol sodium (25 - 3% mp/ke) and the heart was

.

iocated by palpating the chest wall, A heparinized 22 ga
needle, attached to a 3 m} heparinized syrinee, was inserted

into the heart throuph the chest wnl]. A l.5 ml blood

r
'



¥

P ETEEAT Y

WL Page 28

" sample was withdrawn for A-B, electrolyte,' osmolality,

protein and hematocrit analyses. The needle was then
removed from'the animal and any air preéent-in the samplé
wa; forced out of the syringe. The animals were placednto
their home cages to recover for a minimum of 4 days before

the next procedure,

Analyses. The blood sample w&s kept: on ice until aliquoted
for analysis, approximately 30 to 90 min. Wheole blood in
triplicate 50 ul sgﬁples was used to measure pH on a model
PHM72 Digital Acid-Base Analyzer (Radiometer, Copenhagen).
Another 20 ul of wholé blood was us;h to analyze hematocrit.
The blood was placed into a heparinized micro-capillary
tubq. spun in an IEC micro-capillary centrifuge Model MB,
and read én an IEC micro—cnpillary_reade} Medel CR (IEC,
Needhan lts., Mass.). The plasma in the hematocrit tube was
used for protein analysis utilizing a Model 10406
Proteinmeter (American Optical, Buffalo, N.Y.). Whole blood

was also aliquoted into micro-centrifuge tubes and spun in

an Enpendorf Centrifune 3200 (Briankmann Instruments, «

. Rexdale, Ontario) to separate the ﬁlasma from the Eells.

The plasma was used for analysis of osmolality, total carbon
dioxide (total C02) and electrolytes. Total CO2 was

analyzed in duplicate (10 ul) on a Corning 965 COZ Analvzer

(Corninp Mgdical, Medfield, Ma.). PRlasma bicarbonate (HCﬁB)
. .
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and partial pressure of C02 (pCO2) were calculated using

]
]

both the total CO2 and pH values as described in Appendix 1.,
Osmolality was measured in 8 ul duplicatq‘plasma
samples on a Wescor 53100 CXR Vapour Pressure Osmometer
(Johns Sciéntific). Plasma Na, Cl and K were also measured
in duplicate samples. Plasma Cl (10 ul) was analyzed on CMT
10 Chloride Titrator (Radiometer, Copenhagen}). Plasma Na
and K were measured simultangqusly on an IL !Model 343 and
k&3 Flame Photometer (InstrumZntation Laboratory Inc.,

Lexington, Ma.) with lithium as the internal standard. The

anion pap was calculated as described in Appendix 1.

Abdofiinal Aorta - Terminal Sample. All aninmals were

anaesthetized with pentobarbitol sodiun (25 - 35 mpa/ke) and

a h=-8 cm mid-line abdominal incisiom\was made. The

intestines were reflected toNone sidé and a section of the

;0?[3 was isolated. -Anf 18 gn nécedle, attached Lo a
hepnrinized 3 ml syringe, was inserted into the abdominal
aorta and a 1.5 nl hHlood sample was withdrawn. The 3 ml
syrinpge was guickly substituted with a iﬂ ml syrinpe

. - .
c¢ontaining cthylene diamine tetra-acetate (*DTA). The
heparinized sanple was processed as onreviously described,

A blood sample was drawn into the 10 ml syringe until

brqnthinu ceased (3-7 ml). The sample was transferred to a

test tubc containing EDTA and spun in a Damon/TEC HN-STI
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| ' .
Centrifuge (Needham, Ma.). The plasma was aliq

micro-centrifuge tubes and stored at -20 C until

rédioimmunoassay analjses for PRA, angiotensin I (AI

-pr

concentration and ADH concentration could be carried out-

These procedures are described in Section {x) and Appendjces

2 and 3.
!

|

(v) Study #1 ~ Preliminary Study on the Suitability of

Gastric Drainage as a Model for Producing Hetabolic

Alkalosig.

Twelve female Sprague-Dawley rats underwent surgery and
gastric drainage as described in the previﬁus two.sections
to test' the suit;bility of the madel for producing metabolic
alkalosis, Bloéd samples, for analysis of acid-base status
(described in sectioq (iv)), were collected by cardiac
puncture under pentobarbital anaesthesia after the third
drainage period was complete. Gastric HCl drainage was
discontinued if metabolic alkalosis, as defined in the )

Intreduction, was present. Two additional drainage sessions

“w

took place if metabolic alkalosis was not present. A second

blood sample was taken for analysis as described above and
in the following section. Ali drained animals were

alkalotic after the fifth drainape dession, while 627 were
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alkalotic after the third drainage session. Therefore, the
model is suitable for producing metabolic alkalosis and was

used to produce alk#losis in all other studies undertaken.

(vi) Study 2 - Urine Concentrating Ability - Max liosnm,

lat
- |
'

This study was undertaken to elucidate uﬁethe;
metabolic alknlosis of gpastric arigin would produce a
urinary,conccnfrating dpfect, as has been reported feor
alkalosis induced by other procedures (see pp. - 5 in the
Introduction).

Twenty-five female Sprague-Dawley rats underwent all
proeedures as described previously in.thc Methods. Foed and
water intakes were monitored daily to the nearest 1.0 ¢
e;cch on days when experiments or blood sampling took
place, firine output was also nonitored daily to the nearest
1.0 o, The urine was collected under oil to prevent
evaporation and thymaol was added to prevent bacterial
growth,

Renal function was evaluated in all animals by a test
of maximum urinary concentrating ability after 18 h of food

and water deprivation. This test was performed prior to the

onset of alkalosis and at least twice during the periaq of
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stable atkalosis,. Interhitteﬁt blood samples wére:taken to
confirm that the alkelosis was stable. The test entailed
overnigh;_(ls h} food and wvater déprivationdfnd collection
of a 4 h'urine sample, u;de; 0il, in the morning (0800 -
1200 h). The total volume was ﬁeasured and aliquéts of the
sample were analyzed in duplicate to ascertain the maximum
osmolality (Wescor 5100 CXR Osmonmeter) developed by the
animals in the dehydrated state. Urine Cl1, Na and K
concentrations were also analyzed.

The aniﬁals were allowed ad libitum access to food and
water at the end of the 4 h collection period-and throughout
the recov;ry period which was a minimum of 4 days between
all tests of Max Uosm and/or‘blood samples. These tests
showed the presence of a defecf in concentrating ability in
metabolic alkalosis of gastric origin (};fer to pp. 48 of

the Results section).

(vii) Study 3 - The Seccond Study of Max Uosm.

Thi- study was undertaken to determine whether the low
plasma K levels were responsible, in whole or in part, for
the urinary concentrating defect in pastric metabolic

alkalosis.

A group of 25 female and 3 male Sprague-Nawley rats

/
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underwent surgical and drainage procedures és described
previously. All animals underwent a test of MMax Uosm’prior
to the onset of alkalosis. Two more tests of Max Uosm were
performed while the animals were in a state of stable

. 'alkﬁlosist Experimental manipulations were performed after
these three initial tests of Max Uosm were performed.
Intermittent blood samples were taken to ensure thal the
alkalosis was stable,

¥-repleticn was carried out by gavane with a 450 mbEq/L
soluiion of potassium phosphate (K2HPO4). Each rat received
either 1.0 mFq X per 100 g body weisht or an equivalent
volume of dH20 as a control for the 'stress of the aavage

‘ nrocedure. The cavage volumes ranged from 4.5 to 11.6 nl.
All animals were deprived of food ahd water for 18 h
(overninoht) beginning 8 h post K-repletion, ‘A test of Max
"ogm was performed the next morning from 0800 to 1200 h.

. The urine was analyzed as described earlier.

All animals were allowed a 45 R recovery period prior
to saérificc. A terminal bleod sample was obtained and
analyzed as previous!ly des¢tibed. In addition to the bload
sampde, the left kidney was gomnveh. disseccted clean of fat
and connective tissue, and placed in 107 buffered formalin

for histological analysis, 1
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(viii) Study 4 - The Effect of Exogggoﬁs ADH Administration

This study was undertaken to invéstigate the roles of
polydipsia, ADH, and K in the urinary concentrating defect
observed in gastric metabolic dlkalésis.

A group of 29 female and 7 male Sprague-Dawley rats
were prepared as previously described. All animals
underwent a test of Max Uosm prior to the onset of
alkalosis. At least two more tests of Max Uosm were
performed while the animals were in a state of stable
alkalosis. Exﬁerimental manipulations were performed after
the three initial tests of Max Uosm. Intermittent blood
samples were taken to ensure that the alkalosis was stable.

" Following the preliminary tests of Max "Uosm, alkalotic
animals were water-restricted for 7 days. The Alkalotic
animals' water intake was restricted to that of the controls
(on a mls drank per 100 g body Qeight per 24 h basis). The
alkalotic animals remained water restricted throughout the
duration of the study, except on days of blood saﬁBling or
tests of Max Uosm. - |

Both proups of animals underwent a test of Max Uogm
after the alkalotic animals had been water vestricted for at

least 7 ﬁays. All animals were then allowed ad libitum

->access to food and water. The alkalotic animals were placed

back on the water restriction regime the next morning (i.e.
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18 h after ad libitum access to water). The wurine was
analyzed as described earlier and the effects of water
restriction were noted. This test was repeated before
further manipulations took blace.

A 4 day recovery period was allowed between procedures,
after which all animals received 1 I.U. synthetic ADH as
Pitressin -Tannate in peanut o¢il (Parke-Davis, Scarborough,
Ont). The alkalotic animals were still being water
restricted at this time. The pitressin tannate was
administered sub-cutaneously (s.c.) on tw; gccasions: 1)
500 ml.U. in 0.1 ml when the food and waLe; were removed for
Lhernight: and, 2) 500 mI.U. in 0.1 ml the next morning
prior to tollection of the 4 h urine sample. The urine
sample was analyzed as described previously and the cffects
of exoqenou; ADH on the concentrating defect weré npted.
The animals were allowed a 4 day recovery prior to the. next
experimental manipulation.

The alkaletic animals weré water restricted again when
their 18 h of ad libitum access to water, after the urine
collection period,'was complete. Once the 4 day recovery
period had expired the ¥-repletion study was repeated, this
time during water }ostriction. The repletion procedure was
identical to that described earlier. All animals were

sacrificed 2 days after recovering from the K-repletion

procedure. All blood and tissue samples were collected and

-~
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analyzed as described previously and throughSUt the
following sections, A sample of the gastronemius mus&le was

removed and dissected clean of fat and connective tissue.

The sample was weighed and frozen for future analysis of

tissue Na and K as described in the next section.

é

(ix) HMuscle Analysig

e
A portion of the right gastronemius muscle was removed

from all rats for analysis of tissue Na and K by flame
photomelry. The sample of gastronemius muscle was removed.
f;om the rats after partial exsanguination. The muscle was
dissected clean of obvious fat layers and connective tissues
and weighed to the nearest gram on a Mettler 454 Balance,.
The tissueg.were dried at IOS.C for 24 h and a constant dry
weight was determined on the same balance, The.dfied
tissues were ashed at 450°C for 18 h in a muffle furnace
(Sybron/Thermolyne,. Dubuque, Iowa).

The ash was moistened with water and concentrated
nitric acid (HNO3) was aﬁded. This ash solution was
refluxed for one hour. The acid digest was evaporated to

L J
dryness and re-ashed at 400°C for one hour. The white ash

.was treated with 1:1 HCl, then heated and diluted with

deionized dlH20 for flame photometry. Tissue extracts were
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analyzed for Na and K on an IL.951 aa/ae (Atomic Absorption)
Spectrophotometer (Instrumentation Laboratory, Inc.,
Lexington, Ma.) using lithium as the internal standard. The

*

musc electrolytes were expressed as nEq/100 g dry tissue
, ¥ q 8 y

weight.

(x) iHormonal Analyses

. ¢

Plasma ADH concentration was measured by RIA using a

Diagnostic Systems ﬂqboratorics. Inc. (Webster, Tx.)

Vasopressin-Arginine RIA kit. Recovery is between 63-957

depending upon.the initial concentration. The highest
recovery rat;s occur at concentrations of 12 - 13 pp/ml ADH.
The sensitivity of this assay was 0.5 pa/ml ADH, Pleas?
refer to Appendix 2 for more information.

Plns%a renin activity and Al cencentration were
measured by RIA usiﬁg a RIANEN RIA kit from Hew England
Nuclear {(North Billerica, 'a.}. The sens;tivity of this
procedure was about 2 pe of Al and the accuracy is within
0.02 + 0.16 to N.08 4+ 0.13 ng of Al. Tor more information
please refer to Appendix 3. DBoth RIA kits utilized [odindd®
as the radicactive label.

Samples for RIA analyses were collected into EDTA

) . [
containing tubes as described earlier and were stored at -20



C until analyzed. Prior to the RIA procedhre.'the;samples
were thawed at 4°C and extracted according to the recipe in
thé reqpecﬁﬁve RIA kit. Once extracted, the appropriate
-procedure was followéd. The completed samples were Eounted
for 10 m on a LKB Wallac 1282 Compugamma Universal Gamma

Counter Detailed description of the RIA procedures are

located § Ppendices 2 and 3.

{xi) Renal Histology

/

The left kidney was removea from all animals for
histological examination. This was necessary Eo determine
whether thzsurine concentrating defect was due to renal
nephrépathy.

.The kidneys were dissected clean of fat and connective
tissue and were stored in 107 buffered formalin until
histological anal;ses were performed. The kidneys were
sectioned in half and set in paraffin. Thése sections were
then cut at 10 um on a microtome. They were stained with
Harris' hematoxylin and cosin (H&Es and examined under a
light microscope for evidence of renal patholopny,
specifically nephrocalcinosis and medullary lesions. The

results are presented in Appendix 4.
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(xii) Statistical Analyses ‘ .

All data was analyzed on a Wéné 600 Series computer;
Un—paired t-tests were used when only two groups were ,
compared and a_bhedwaﬁfANOVA was used when three or more
groups were compared. A Scheffé test (see Appéndix 1) was
:used to‘determinffﬁhere éhé statistical significance
occurred in the/m\%f?ay ANOVA. A probability less than 53

(p<0.05) was considered significant.

£
[
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RESULTS

(i) Preliminary Study on the Sﬁitability of Gastric

Drainage as a Model for P;oducing Metabolic Alkalosis.

The main purpose of Study 1 was to determine whether the

- -~ §

gastric acid drained rat was a suitable model for studies of
metabolic alkalosis.

Table 1 summarizes results ohtained from blood samples
.

-

taken by cardiac puncture after gastric drainage was

complete, Gastric drainage led to an increased whole blood

. . ——
pH, plasma QEQZngnd plasma HC03, The animals were

alkalotic according to the definition stated in the
Introduction: pHl 2> 7.42.and HCO3 > 30.0 mEq/L. Apimals -
G-34 and G-45 were included in the control group in figures
4 and 5, since they did not differ significantly from

controls.

Table 2 lists the results of the plasma electrolyte

-analyses in Study 1. Gastric drainage led to a decreased

plasmp concentrétion of Na, Cl, and K with the greatest

change involﬁing plasma Cl concentrations. The metabolic

alkalosis can be‘describeq. thereforé. as beiné -

hypochlor?mic,_hyponatremic, and hypokalemib in nature.
Table 3 lists the results of plasma protein and

hematocrit determinations as well as renal histology in
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Tap]e 1
Group Treatment pH pco HCO
c Tmmﬁg) (mEq?LJ

Chow © stock diet 7.38 - 47,96 27.48

(4) ‘ no drainage _ . :

Control ~ Cl-free diet 7.45 37.14 25.03

(2) no drainage : :

G-34 ’ Cl-free diet 7.42 43.60 27.40
drained 2x _

G-45 Cl-free diet 7.36 33.40 18.30
drained 2x :

G-43* C]-free diet T 7.45 53.80 36.30
drained 5x

G-46* Cl-free diet 7.63 .52.10 51.90
drained 5x - )

G-37* C1-free diet 7.60 49,20 46.80
drained 6x

G-39* Cl-free diet 7.52 42.50 33.60
drained 6x

G-40* C1-free diet 7.52 46.10 36.50
drained 6x :

Acid-base status in chow, control and individual data for gastric
drained rats in the preliminary study on the "suitability of gastric
drainage as a model for producing metabolic alkalosis (Study 1).

* = alkalotic.
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Table 2 , )
Group Na (mEq/L) K (mEq/L) C1 {mEq/L)
Chow 142.00 3.35 106.30
(4) )
Control 142.00 3.35 107.00
(2)
6-34 © 141,50 2.60 99.50
G-45 141.00 3,30 108.00
G-43* . 139.50 1.90 94.50
G-46% - o 126.50 1.60 51.50
G-37+ 131.00 2.10 64.50
G-39* 133.00 2.40 90.00
G-40* 140,00 2.10 87.50

Plasma sodium {Na), potassium'(K) and chloride (C1} concentrations

in Study 1, * =

atkalatic.



page 43

Table 3
Group Protein (mg/d1d Hematocrit (%RBC) Histology
Chow 6.85 ' 44,13 normal '
. (4) : ' :
Control 7.20 44.50 normal
(2) .
G-34 8.50 44,50 normal
G-45% - . 7.10 45.50 normal
G-43* . 6.80 47,50 normal
G-46* 7.20 52.00 . severe
nephrocalcinosis
G-37*  8.60 62.00 mitd '
o . nephrocalcinosis
G=39* ' 6.40, 51.50 _ normal
- G-40* 7.20 . 51.00 .. normal

Plasma protein‘concentration, hematocrit and renal histology in Study 1.
* = alkalotic, ‘
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l Study 1. Plasma protein was not affected by the gastric
drainage, although the hematocrit iﬁc;eased during
alkalosis. Renal histology was undertaken to check for the
incidence of nephrocalcinosis. It was observed in two
animals{ but only in one animal was it sevére. Data.from
animals sﬁowing histological signs of nephrocalcinosis were
not used the in Studies 2, 3, or 4.

Figure 4 shows 24 h intakes of water in the three groups
of animals studied. The alkalotic animals were polydipsic
(44.50 + 2.50 ml) when compared to either the chow (26.90 +
0.78 ml) or control (28.18 & 1.92 ml) group (p<0.001). The
polydipsia developed with the onset of metabolic alkalosis..

Figure 5 shows 24 h urine output, and it can,be seen,
that the aikalotic'groqp also developed polyuria (18.63 ¢
3.33 ml) wh;;‘ﬁompared to the other two>groups (6.50 % 0.75
and 8.10 # 1.70 m1, chow and control respectively, p<0.001}.

The polyuria occurred concurrently with the polydipsia.

(ii) Study 2 - Max Uosn.

Table 4 shows the results obtained for A-B statusvon blood
obtained by cardiac punctu;e at various times thronghout the
study period. Animals which underwent gast;ic drainage had
significantly elevate& pH (p¢0.001), pCOZ-(p<0.05). and NCO3

(p<0.001) levels as compared to chow or control animals,

-

1

————
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Figure 4
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A histogram of 24h water intakes by chow, control and
alkalotic rats in the preliminary study on the suitability
of gastric drainage as a model for producing metabolic
alkalosis (Study 1). Results are expressed as means
5.E.M, The number of animals -is shown in the lower left
corner of the histogram. *=p<0.001 compared to both chow
and control groups using a one-way ANOVA and Scheff& test.

\
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Figure 5
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A histogram of 24h urine outputs in chow, control
and alkalotic rats in Study 1.” Results are ex-
pressed as means + S.E.M, The number of animals
is shown in the lower left corner of the histo-
gram. *=p<0.001 compared to both chow and control
groups using a one-way ANOVA and Scheffé test.
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Table 4
Group ' pH pCDa HCO
(mnflg) (mER/L)
Chow - o 7.41 41.16 25.72
(5} tos Bt +
0.01 2.68 b 0.82
%or)ltrol 7.40 41.29 26.48
8 . b3 + *
prior to 0.02 T 2.04 ‘ 0.41
drainage )
%ogtro1 7.41 . 41.45 26.23
4 * - x
0.01 1.87 . 0.52
?i§alotic 7.49* 47 ,30** 31.30*
4 * * %
0.01 2.23 i} 2.10

Acid-base status in chow, control and alkalotic rats in
the study on urine concentrating ability (Study 2).

Results are expressed as means + S.E.M. The number of
animals is shown in parentheses. * = p<0.001 and **= p
<0.05 compared to chow and control both prior to drainage
and post-drainage using a one-way ANOVA and a Scheff& test.
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Table 5 shows results cbtained from anai}ses of plasma
electrolytes. Gastric drainage decréaSed plasma Na, K, and
Cl levels s1mllar to values obtained in Study 1. Plasma C1
was decreased to 83.50 + 3.57 mEq/L from 101. SO + 1.24 mEq/L
(p<0.001}. Plasma Cl also decreased in control animals
after two weeks on the Cl-free diet (p(O.OSJand 4 weeks
.later, p<0.001), The anion gap is a calculation which
approximates the unmeasured anions in the plasma.
Perturbations in plasma electrclyte concentrations may
easily affect-this calculation by either increasing or
decreasing its value. Thé anion gap shown on Table 6 was
significantly increased during alkalosis and during
iggestion of the Cl-free diet (p<0.05) compared to
pre-drninaﬁe values. | .

Table 6 also lists the values obtained for hematocrit,
plasma protein, and llax tosm. Plasma.protein was not

-

affected by the gastri? drainage or metabolic alkalosis.
Hematocrit was increased in alkalosis {;:b.OS). possibly due
to ECFV contraction. Maximum urinarythsmolality was
significantly decreased (p<6.001) ﬁo 1376.20 1.229.51
mOsm/kgHéO from the pre-drainage level of 3117;50 + 621.50
mOsm/kgii20.
As shown in Figure 6, alkalotic animals were polydipsic

(71.42 4 4.80 ml/24h) compared to chow-(38.20 + 4.71 ml/24h,

p<0.001) and control (34.60 + 3.52-m1/24h, p<0.001) rats.



Table 5
Group "Na . X C1 .
(mEq/L) (mEq/L)} (mEq/L)
Chow 144.60 - © 106.20
(5) = +
0.60 1.16
%or){trol 143.30 3.68 101.50%*
8 *° * +
prior to 0.80 0.18 1.24
drainage '
%o?trol 139.40 3.70 . 90.00*
4 * * -
1.72 0.50 2.04
Alkalotic 138.30 - 2.90 83,50*
(4) . + * %
1.70 0.80 - 3.57

J _
Pilasma sodium (Na), potassihm (X) and chloride (C1)
concentrations in chow, control and alkalotic rats
in Study 2.- Results are expressed as means * S.E.M,
The number of animals is shown in parentheses. * =
p<0.001 versus chow and control prior to drainage
and ** = p<0.05 versus chow rats-using a ocne-way
ANOVA and a Scheff& test.
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Table 6
Group Protein Hematocrit  Anion Gap " Max Uosm
(mg/d1) (ZRBC)_‘ ‘ (mEq/L) (mOSm/kgHZO)
Chow 6.52 38.00 * 16,50 2956.30
(5) + o + . +
0.27 1.53 - 1.50 . 37.10
Control 6.74 41.50 19.50 3117.50
(8) + + + +
prior to 0.20 2.25 2.50 621.50
drainage '
Control 6.55 33.00 "23.20* 3278.30
(4) - 3 : 2 -
0.50 2.27 2.80 131.80
Alkalotic 6.73 46,25%* 23.50* 1376.30**
(4) * ‘ N . - 2
0.51 %;3; 2.50 229,41

Plasma protein concentrations, hematocrits, anion gaps and maximum
urine osmolality (Max Uosm) in chow, control and alkalotic rats in
Study 2. Results are expressed as means * S.E.M. The gumber of
animals is shown in parentheses. * = p<0.001 compared t® chow and
control prior to drainage, ** = p<0.05 compared to chow and control
prior to drainage and post-drainage using a one-way ANOVA and a
Scheffd test. g
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Figure 6
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A histogram of 24h water intakes in chow, control and
alkalotic rats in the study on urine concentratjng
ability (Max Uosm) (Study 2). ~Results are expyessed
_as means * S.E.M. The number ¢ imals is shown in the
“lower left corner of the histogram. .001 compared
to both chow and control groups usin ne-way ANOVA and
a Scheffed test.
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'Figuré 7 sho}s results obtained from RIA analyses 6f the.

terminal blood samples. Both PRA and Al are included in the
table. .Thefe Qere no significant differences in PRA or Al
levels in the control er alkalotic groups when compared to
the chow group. This may be due to the large variation in
values and the small number oé animals (2) in -the cont;ol
and alkalotic groups. Although no signif?cani'cha;ges S
occurred there is a slight trend in this prelimimary data.
The trend is for an increase in PRA and Al levels in both

» .
control and alkalogtic groups with the larger increase

occurring in ﬁhe a&kalotlc group.

Tﬁble 7 shows the body weights‘during the baseiing‘(prior
to alkalosis) period: iﬁ‘chow. control, and alkalotié rats
in Study 2.  The control and chow rats show a significant
weight gain (p<0.05) véraus b;seline while the alkalotic
animals did not pain a significant amount of weight. The

alkalotic animals weigh significantly. less (p<0.05), than

their chow and control counterparts.

(iii). Study 3 - The Second Study of Max Uosm.

Study 3 was undertaken to confirm some of the results
!
obtained in Study 2 and alsoc to investigate the effects of

K-repletion on the urinary concentr¥ting defect,

—
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‘Figure 7 - : ‘ | ‘. .
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A histogram of plasma renin activity (PRA) and angiotensin 1 (A1)
concentratidns in chow, control and alkalotic rats in Study 2. The
results for the chow animals are expressed as méans * S.E.M. and as
individual numbers for the control and alkalotic groups. The number
of animals is shown in the lower left corner of the histograms.
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Table 7

Group | T Weight (g)
Baseline " 240.00
(15) . v z
1.30
Coritrol 265.63*
and Chow : .
{9) 3.75 -
Alkalotic | 240.30%*
(4) *
. 2.00 -

Body weights in baseline {prior to

gastric drainage), control and chow,

and alkalotic rats .in Study 2. Resui@s

are expressed as means * S.E.M. The

number of animals is shown in parentheses.

* =-p<0.05 versus baseline and ** = p<0.05

versus control and chow using an un-paired

t-test. ) )
H
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Table B compares A-B, electrolytes, and Max Uosm in
chow and contrpl ah;mals. The.onlj significant difference§
in these two groups due to the Cl-free diet alone were
plasma Cl and Na levels. Both Na and Cl concentrations were
decreased in plasma of rats on the Cl-free diet (p(0.0s).
The chow resul;s Are nut presented in tﬁis study except
where noted, since there were no ﬁignificpnt differences,
between this group and the cbn£r01 group except where
already noted, The comparisons in Lhis stﬁdy are between
the control ahh alkalotic groups of animals,

Table @ compares blood A-B values in control and
alkalotic animals. Alkalotic anima1§ had significantly
inecreased whole blood pH as well as plasma HCO3 (p<0.001)
compared to qontfols. Plaéma.pCOZ was also increased in the
alkalotic group when comparéﬁ.to controls (p<0.01}.

. Table 10 compares plasma electrblyte concentrations in
control and alkalotic rats, Plasma Na.was not significantly
different in the twe groups, but a significant degrease in
both plasma K (p(d.OS) and plasma C1 (p<0;0015 was present.
The alkalotic animals were, therefore, hypochloremic and
hypokalemic.

Table 11 lists the results obtained for hehatocrit.

plasma protein, and anion gap in control and alkalotic

animals. Neither the plasma protein levels nor the
. ey

S

hematocrit weére significantly altered in this study. The
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Table 8 ’
Group - pH  HCO 1 Ha K Max Uosm -
| , (mEd/L)  (mEq/L) (mEq/L) (mEa/L) (mOsm/kgH,0)
%h?w 7.39  26.65 96.57  142.60 3.63  2959.10
3 * * * + * +
: 0.02 0.69 1.49 2.00 0.09 167.62
£on§rul 7.39  26.87 91.72* 135.93* 3.96  2843.20 -
(10 + + + + * +
0.007 0.54 - 1.24 - 1,06 0.15 72.25

Acid-base status and plasma electrolyte concentrations and maximum
urine osmolality (Max Uosm) in chow and control rats in the second
study onh urine concentrating ability (Study 3). Results are expressed

“as means + S.E.M. The number &f animals is shown in parentheses.

* = pc0.05 compared to.chowrats using an un-paired t-test,
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Table 9
Group pH HCO, pCoO
(meq/L) (mmAg)
Control 7.39 26.87 45,42
(10) + * - :
~ 0.007 0.54 0.88
Alkalotic 7.47%%x 35,82%%* 50.76%*
.(12) ' * + - :
0.01 1.30 1.44

Acid-base status in contro] and eikalotic rats in

Study 3.

Results are expressed as means = S.E.M.

The number of animals is shown in parentheses.
** = p<0.01 and *** = p<0.001 compared to control
rats using an un-paired t-test.
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Table 10
Group C1 Na K
o (mEq/L) (mEq/L) (mEq/L)
Control 91.22 135.93 3.96
(10) * = +
1.24 _ 1.06 0.15

Alkalotic 78.60%** 134.92 3.28*
(12) - t N o= +

- 2.94 ~ 2,07 0.20

Plasma chloride (C1), sodium (Na) and potassium {K)
concentrations in control and alkalotic rats in
iltudy 3.

Results are expressed as means = S.E.M,

e number of animals is shown in parentheses.

* = p<0.05 and *** = p<0.001 compared to control
animals using an un-paired t-test.
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Table 11 o
Group Protein Hematocrft, Anion Gap
(mg/d1) (%RBC) . {mEq/L)
Control 6.45 46.85 20.99
(10) ’ 2 s +
_ 0.11 0.70 113
Alkalotic :6.39 47.98 24.04
(12) + : + +
0.13 0.98 . 1.90 ’

<

Plasma protein concentrations, hematocrits and anion
gaps in control and alkalotic rats in Study 3. Results
are expressed as means + S.E.M. The number of animals
is shown in parentheses. -
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anion gap Qas not significantly changed.

Figu¥€‘§15hows the results obtained for Max Uosm in both
the control and alkalotic animals. The alkalotic animals
had a significant urine concentrating defect as compared to
control animals (1509.6%;1'82.30 mOsm/kgH20 vs. 2843.20
72.25 mOsm/kgH20, respectively, p<0.001).

Table 12 shows body weights and 24h food intake in the
baseline (prior to‘gasﬁric drainage) period, for'chow}
control, and alkalotic rats.' Chow and confrol rats gained
significant amounts of weight vhen comJ;::; to the baseline
values (p<0.05) while the alkalotic rats did not gain_a
significant amount of weight. The alkalotic rats were
significantly lighter than the controls of the same sex.

24h food intakes did not change significantly throughout the
study.

Table 13 shows the results of the K-repletion ;Eudy on
the urinary concentrating defect. The results show that
K—repletion did not repair the defect. The alkalotic
animals concentrated tb 1593.50 i:163.67 mOsm/kgH20 prior to,
K-repletion and 1713.00 { 431.00 mOsm/kgH20 post-repletion.

il

T Fsé levels were significantly lower than those observed

[ - .
f for the control animals,

Figure 9 shows the 24 h water intakes in chow, control,
and alkalotic rats. These data show clearly that the

alkalotic rats were polydipsic (57.92 t 1.90 m1/24h) when

L
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1
Figure 8.
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A histogram of maximum urine. osmolality (Max Uosm)

in control and alkalotic rats in Study 3. Results

are expressed as means : S.E.M. The number of animals
is shown in the lower left corner of the histograms.

* = p<0,001 compared to control rats using an un-paired
t-test.
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Table 12
Group Body Weight (g) Food (g/24h)
g ' 4 b4
Baseline 281,17 382.%0 33.16 34.00
3.00 14.00 1.38 1.00
(23) * {4) . (23) (4)
Chow 433.33* . 39.67
(3) , s . 2
28.33 ) 3.00
Control 264.00* | .14
(7) . -
8.71 . 3.29
Alkalotic 241.73%* - 30.90
(11) + : =
4.18 | 1.73 o

Body weights and 24h food intakes in baseline (prior to gastric
drainage), chow, congrol and alkalotic rats in-Study 3. Results
are expressed as:means * S.E.M. The number of animals is shown
in parentheses. The columns are paired off by the sex of the
animals. * = p<0.05 versus Baseline and ** = p<0.05 versus
control using a one-way ANOVA and a Scheff& test.  =female

¢ = male. '

-
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Table 13 . . <

- Max Uosm (mOsm/kgH,0)

Group Pre-K Post-X Post-HZO
Control 2790.38  2440.00 2602.£2
| 127.25  156.67 . 92.€7
(8) (3) (5)
Alkalotic 1593.50%  1713.00**  1570.00
143.67 341.00 :
- (6) (5) {1)

The effect of a KoHPO, gavage on maximum urine
osmolality (Max Uosm) in control and alkalotic
animals in Study 3. Results are expressed as
means = S.E.M. The number of animals is shown
in parentheses. * = p<0.001 versus control
pre-K and ** = p<0.005 versus controi post-K

.using an un-paired t-test(K=potassium). .
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A histogram of 24h water intakes in chow, control and
alkalotic rats in the second study of Max Uosm (Study
*3). Results are expressed as means = S.E.M. The
number of animals is shown in the lower left corner of
the histograms. * = p<0.01 compared to both chow and
control groups using a one-way ANOVA and a Scheff€ test.
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. ' - . - ?
compared to either the chow (38.60  4.71 ml/24h, p<0.01) or

control (39.33 £ 2.73 ml/24h, p<0.01) groups of animals,

]

(iv) Study 4 - The Effect of Exogenous ADH Administration.

-

This set of fxperiments was undertaken to repeat Study
3, and to investigate the effects of exogenous ADH on the
renal concentrating defect. |

Table 14 compares A-B staﬁus, electrolyte
concentrations, and Max Uesm in‘chow and control rats in
this study. ' There were no significang dif{erences between
these two groups in any parameter studied. Therefore, only
the control and alkalotic animals will be compared herex

Table 15 cdgiiiyéf::sults for acid-base status in
control and alkalotic animals. AlKalosis resulted in an
increase in pH to 750  0.01 from 7.41 % 0.008, pCO2 to
‘;;T%d $£ 1.90 nmHg from 44.61 { 1.48 mmiig, and HCO3 to 42.81

+ 2.84 mEq/L from 27.15 ¢ 0.h7g;Eq/L (p<0.001).

.Table 16 compares plasma elecgfolyte concentrations iq
control aﬁd alkalotic rats, Plasma C] was decreased to
76.50 4 2.39 mEq/L from 98.40 % 0.82 mEé/L fop controls
(p<0.001). Plasma Na and K wérq also significantly

decreased in the alkalotic rats (p<0.001).

L.

Table 17 compares body weight and 24 h food and water
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Table 14 .
Group pH © HCO3 . C1 . Na K ' Max Uosm

, (mEq/L)  (mEq/L) (mEq/L) (mEQ/L) (mOsm/kgHn0)  *
Chow 7.39 26.65 96.57 142.60 3.63 2959.10
(7) T+ + + + + +

0.02 0.69  1.49 2.80 0.09 167.62

Control 7.41 27.15 98.40 . 145.00 3.48 2843.20
(10) + + + +

+ + + + * +
0.008 0.47 0.82 0.72 0.09% 72.25

Acid-base status, plasma chloride (C1), sodium (Na) and potassium
(K) concentrations and maximum urine osmolality (Max Uosm) in ‘chow
and control rats in the study on the effect of exogenous ADH ad-
ministration (Study 4). Results are expressed as means + S.E.M.
The number of animals is shown in parentheses.

-
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Table. 15
Group . pH T peo, ~ HCO
-  (mfg (mEd/L)
Control 7.41 / 44.61 27.15
(10) s + s
) 0.008 -1.48 0.87 -
- : - i i
Alkalotic 7.50% 56.64* 42.81*
(12) : Lo _ + - =
. 0.01 . 1.90 . 2.84

a

Acid-base status in control and alkalotic rats in
Study 4. Results are expressed as means = S.E.M.
The number of animals is shown in parentheses. * =

¥ p<0.001 compared to qontrol values uysing an un-paired

t-test.
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Table 16
~ Group 1 Na K
(meq/L) {mEq/L) (mEq/L)
Control 98.40 145.00 3.48
(10) + s :
" 0.82 0.72 0.09
Alkalotic 76.50* 136.70* 2.57+
(12) + s *
2.39 0.12

Plasma chloride (C1), sodium (Na) and potassium (K)
concentrations in control and alkalotic rats in -

Study 4.

Results are expressed as means * S.E.M.

The number of animals is shown in parentheses.
* = p<0.001 versus control values 'using an un-paired

t-test.

1
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Table 17
Group Body Weight Food Water
; (g) (g/28n)  (m1/24h)
Baseline 266.80 26.28 22.76
(25) * AR +
. 2.89 1.20 1.16
Control 287.00%* 29.60  25.90
(10) 5 + . + +
8.24 . 1.51 2.42
Alkalotic 223.20% 26.93 43.69*
' - * . : + *
3.95 - 1.09 ‘4.60
(10) ' (14) (13)

.

Body weights and 24h food and water intakes in baseline

-(prior to gastric drainage), control and alkalotic rats

in Study 4. The results are expressed as means = S.E.M.
The number of animals is_shown in parentheses. * = p<
0.001 compared to baseline and control values and ** =
p<0.001 compared to baseline using a one-way ANOVA and a

. Scheffd test.

’



intakes in control and alkalotic rats. Baseline ;alues were
qbtained prior to-suréery-and gastric dréinage.ﬁ.Coﬁtrol
animals gained a ;ignificant amount of weight compared to
the baseline value (p<0.001), although 24 h food and water
intaké did‘nof vary significantly from béseline values.
These are total volumes and not normalized data. If the
data wéfe normali;ed the alkalotic polfdipsia would be more
severe and the animals would be hypérphagic. The alkalotic
Tats lost weight compared to the,baseline value (p<0.001)._
This may beique to ECFV contraction. The 31kalotic }ats.
7ﬂso-becahe polydipsic compare& to baseline or controi
valoes (p<0.001) although tpeir food intake did not change

. - .
significantly. . . ~

Table 18 compares plasma osmolality, protein, p
-*hematocrit, and anion gap in control and alkalotic rats,

Plasma- osmolality wa; significantly decreased in alkalosis
(p(0.00i) and hematocrit was significantly increased
(p(0.00i). This increase in hematocrit, coupled ;ith the
qeight_loss. are indicators of ECFV contraééion. Plasma
protein values were not significantlyfaltered in aikalosis.
The anion gah was uot_significéntly altered in this-study.

Figure 10 illustrates muscle Na and K levels in control

+ and alkalotic animals. Muscle Na levels were unaffected in

alkalosis (i0.0S '0.53 mEq/100g dry wt versus 10.17 t 0.44

mEq/100g dry wt fo controls); but. muscle X was decreased to

A
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Tabte 18 - . 4’_J ‘
Group Pldgaé Osmolality Protein . Hematocrit Anion Gap
(mOSm/kgHZO) (mg/d1) (%RBC) (mEq/L)
%on§r01 308.40 « 6.36. 44,35 19.45
10 : = * *
T.03 - 0.08 0.55 0.55
A]k§]0tic 288.73* 6.40 49,55 20,83
{12 - - : + =
: -3.01 0.08 0.68 2.41
(11)

Plesma osmolality, protein concentrations, hematocrits and anion gaps in
-control and alkalotic rats in Study 4. Results are expressed as means :
S.E.M. The number of animals i5 shown in parentheses. * « p<0.001,
compared to contrgl values using an un-paired t-test,

4
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Figure 10 _
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A histogram of muscle sodium (Na) and potassium (K) in control and
alkalotic rats in the study on the effect of exogenous ADH admini-
stration (Study 4). Results are expressed as means * S.E.M, The
number of animals is shown in the lower left corner of the histograms.
* = p<0.01 compared to control rats using an un-paired t-test.
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- 34.31 ¢ 0.47 mEq/100g dry wt vérsu; the control value oé
36.21 % 0.16 mEq/100g dry wt (p<0.01).

Table 19 compares Max Uosm in control aad aikalotic rats
under various experimental conditions, Thé first column .
comparés values obtaineﬂ prior to gastric drainage. ?here
was no significant diffe;?nce between. the control and
algalotic groﬁps p;iq:‘tﬁ gastric drainage. Column twg
Compares Max Uosm dﬁ}i;g alkalosis>on ad ‘libitum water
intake. Alkaloti; aniﬁals concentrated‘their ﬁrine to 1853
mOsm/kgl20 compared to 2738 mOsm/kgH20 for controls
(p<0f00!) indicative of a urine concentrating defect,

Coluﬁq thr;e compares Max Uosm valu$§ obtained during
élkalosis when the alkalotic group was water restricted to
contrgl levelg (m1/100g bwt/24h). From these results it can
be seen tlat water restriction does not reverse the defect.
The defect is therefore not totally dependent on polydipsia
and the subsequent urinary washout. CBlumn fou% compares
Max Uasm during alkalosis and water restrictian and during
administrétiOn of exopenous ADH s.c. (a total of 1 I.U.).
The Fesults show-that exogenous ADH p®tially repairs the
concentrating defect. The rats concentrate.theirrurinc to .
2342 mOsm/kgH20 ‘post-ADH versus 1967 mOsm/keli20 pre-Aal
‘(p<0 05), although the 2341 mOsm/kgH2Z0 level is stild

significantly lower than that for controls (2615 mOsm/kgHZO)

or for the pre-alkalosis perrod (2546 mOsh/kaH20) (pecnN.05).
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Table 19
Max Uosm
. (mOsm/kgH20)

Group Baseline  Ad. Lib." Water Restr, ADH ~ K,HPO, = dH,0
Control 2753.70 2788.43 5850.90i 2614.60 2517.80 2652.50
(9) £ + + + + +

145,10 \ 157.60 129.99 75.56 105.75 277.71

. , (5) (4) s
\\‘ - \ "\ . - ' ’

Alkalotic 2546.00 1853.00** - 1966,73** - 2341,80*#19532.00%# 1933, 25*#
(13) : + + * + . *

38.35 107.80 131468 - N 57.82 172.83 99,98

' (10) ’ (10) (6) (4)

Maximum urine osmolality (Max Uosm) in control and alkalotic rats under baseline
(prior to gastric drpinage) conditions;on ad-1ibitum water intake; with water

intake of the al

tic rats restricted to the level, in mis/100gbwt/24h, drank

by controls; with s.c. administration of ADH (2x 500 mU) and during acute ‘K-

repletion with a 450 mEq/L solution of

gavage as a control for the stress of th
expressed as means *# S.E.M.

control values in the same column.
group. All statistical analyses utilized a one-way ANOVA and a Scheff& test.

HPO
pr

ta

by gavage (or distilled water by
3cedure) in Study 4. Results are
The number of animals {is shown in parentheses.

* = p<0.05 versus control values in the same column and ** = p<0.001 versus
# = p<0.05 compared to the alkalotic baseline



oo

Page 75

\\
" by
‘. : : \

The final two columns illustrate data from the K-repletion )

studies. X-repletion did not correct the Loncentrating

defect present dyring metabolic alkalogisi of gastric origiﬁ.-f

in agreement with the resylts obtained in \he previous
sfudy. It must be pointes out that the exa t extent of the
K-depletion was not known prior to the repietion and this
makes_interprétation of this experiment difficult,

Figure 11 illustrates both PRA and Al'coﬁcent:gtions in
chow, control, and alkalotic rats,from‘study 4. PRA was
siénificantly increased in both control (128.46 % 28.0i
ngAl/ml/h) and alkalotic (221.74 1 58.94 ngAl/ml/h) groups
{p<0.005 and p(0.0i respectively) compared to chow animals.
(37.42 4 8.37 ngAI/ml/h)." Plasma Al concentrations
increased significantly in control (198.40 ¢ 64,01 ng/ml)
and alkalpt%c rats {580.10 + 133.?7 ng/ml, p(O.QOS for both)
as compared to cho; rats (20.27 ¢ 4.51 ng/ml). Al was also
ﬁigniffcantly greater ih,the alka}otic rats when compared to
control rat’s (p£0.05).

ngure_]Z,illustrates plasma ADH values in chow,
kontrol, and alkalotic animals udnder the effect of
anaesthesia., The alkalotic rats h a\significnntlyllowcr
plasma ADIL.(53.89 & 1.04 pg/ml) compared to both chow (62.91
.35 pg/ml) and control (62.76 % 1.23 pe/ml)trats (p<0.05)
me conditions of blood coflectiong

. s
The kidneys of chow and control rats had no evidence of

under the

LRSS
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Figure 11
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A hisiogram of plasma renin activity (PRA) and angiotensin I (AI)

concentrations in chow, control and alkalotic rats in Study 4.
results are expressed as means = S.E.M.

shown in the lower left corner of the histograms.
** = p<0,01 versus chow and # = p<0.05 versus controls using a one-
way ANOVA and a Scheff€ test.

L]

The

The number of animals is

. *°= p<0.005 and '



7 ' ._ _ I . (\

Figure 12 | .
1 1
. %*
. 601 . I
E
2
3
. o<
501 o
NS S S S N
ol 12 T 9 L I 2
Chow Control - Alkalotic - -

A histogram of plasma antidiuretic hormone (ADH) concentrations
in chow, control and alkalotic rats in Study 4. Results are
expressed as means + S.E.M. The number of animals is shown in
the lower left corner of the histograms. * = p<0.05 compared
to both chow and control groups using a one-way ANOYA and a
Scheffe test. ,

4




v

o .

Page 78

renal pathology (Appendix b) Three alkalotic rats showed
evidence of mild nephrocalcin031s and therefore, vere not

used in this study. . Six of the other alkalotic animals

seemed to be recovering from interstitial nephritis of a

focal nature at the time of histolegical examination which

would not have had a physiological effect on thejir renal

i

function (Dr. Sarkar, personal communication) (Appendix 4).

Ny

-
¢
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DISCUSSION

The‘reéults of this study indicate that gastric

3 : ..
hydrochloric acid drainage in rats induces a chronic

)

metabolic alkalosis whxch can be’ malntalned bv the 1ngest10n

of a Cl—free diet (Tables 1, ﬁ. 7. 8, 12, and 13). ThlS

2

prepaﬁﬂ{Eon'is. therefore, a suitable model for

.investigating the renal and endocrine mechanisms underlying

the urine concentrating defect seen in metabolic alkalosis.

] o

Characteristics of the Modelz.

-

b

Metabolic alkalosis produced by gastric HC1 drainage is

character1zed by hypochlorenmia, hyponatremla. hypokalem1a.
plasma hypo-osmolality, polyurla. polydip51a, and a renal
conceﬁtrating defect. Decreased body weight and increased.
hcmatocrlt were also observed in Studies 1, 2 and 4 (Tables
3, 6, and 16). These last two character1$t1cs suggest ECFV
contraction occurred.

This modcliof'gastfic drainage metabolic alkalosis used
in thgse-investightion; is the first to he repor{ed in:the.

rat. and the first to be used in the stuQ! of how

médel- has beveral qlgnlflcant aJ?antages over ex1st1ng

'C1 -depletion may alter renal concentrating mechanisms This .
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aodéla which. use diﬁ:ética, steroids, 'and non-reabsorbable’

anions.’ Diuretics are known to alter renal function and‘ ’

increase acid excretlon, salt loss leading to a contratted -

ECFV and K loss possibly leading to hyperaldosteronism

~ \

(Cogan et al,, 1983). whereas steroids are known to cause

K-depletion (Levine et al., 1973 and 1976). ‘Steroigs~are

-

also known to cause myocardial lesions (Levine and Sarkar, .

o : -
<

- 1976), ‘Use of non—reabsorbaﬁlé anions lead to chlorufégis,

natiuresis, and kaliuresis (Gulyassy et al., 1962). ‘In the
. : ~ _

present model, on the other haad, the major compliéating"

) : | S

factors are:’ 1) the degree of potassium depletion which, if
: L . .

severe, can lead to renal medullary pathology (Sarkar and’

Levine, 1978): and, 2) and the degree of ECFV contractlon.

These factors are discussed below.

e

Extra-cellular Fluid Volume Contraction-

a : : - n
; The alkaYosis was induced in this study by gastrlc HCl |
drarnage, but it remained stable even after drainage was
dlscontlnued as long as the animala ingested the C1-£ree .
diet Kassirer and Schwartz (1966) indicated that alkalosis
1nducad by vomlting or gastrlc drainage is maintaﬁned by 7-.:3
ECFV contraction. {g is well known that ECFV contraction is

a, potent stimulus for renin release’ and activation'af the .
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renin-ang&otensin-ADH system (Bonjour and Malvin, 1970; PGnn
et al., 1973; Robertson, 1977- and Vander, 1967)‘ Pitts et
al. (1946) have stated that bicarbonate reabsorpt1on is .
inversely related Lo ECFV and that’a contracted ECFV leads
to increases in plasma aldosterone levels and, therefore, to
an.incfease in Né and bicarbonate reabsorption. They also
‘showed,;hat bicarbonaté reabsbrption was inversely
prOportidnéi to plasma C1 lévels. Since both ECFV
contraction and hypochloremia were observed in this’stupy,
it &s very likely that these changes’contributed to tﬁe
induction ané maintenence of alkalosis, initially by
increasing: bicarbonate peabsorption-and then by maintaining
it'aé the increased level. : It should be pointed out,

. however, that.no direct measurements were made of ECFV in
;hese studies.

Galla et al., (1983) have recently proposed thag
hypochloremic alkaloéis can oécur-without the complication
of ECFV contraction., These authors found that‘Cl -depletion
is reepon51b1e for the malntalnance of the alkalosis. In
the present study a striking decrease in plasma Cl
conceggration to a level of 76.50 mEq/L (controls were at
'98.&0 mEq/L) was observed. It is possible that
hypochloremia may have been’ responsible for the maintenance
nf the‘alkaloéié siﬁcb-kCFV contraction was not always

present.. The possible influence of the minor degree of ECFV




contraction on ‘intrarenal coﬁ?gntfgting~mechanisms was not,
however, specifically studied in this'research project.
. L

‘e

Y

o
Potassium-depletion.

The A-B énd electrolyte results obtained in this study
are in apreement with those obtained b; Burgpett et al.
(1950), Luke at al. (1977), and Seedle et ale (1964). Th:es.e'
studies repqrted that selective removal SbeI or HC1 resd}gs
in metabolic alkalosis, hypocﬁjorémia. hyponatremia, and
hypokalemia. Also, Atkins and Sehwartz (1962), Bank and
Avnedjiad (1965}, Cooke et al. (1952), Hutler ¢t al., (1978),
Mello Aires and Halnié_(lQ?Z). an& Seldin and Rector (1672)

have all showa that metabolic alknlosfé.nesults in

hypokalemin, which, if severe cnough, *can also lead to a

renal concentrating defect,
’Bennett (i970), Berl (IQRO), Berl et al. (1977), Carncy
et al, (1976). and Ekno}an et al. (1970) have-shown thn£
V-depletion alone, with or without concurrent a]kai&sis,
results in a renal concenfrating defect,
Potassium-repletion, induced Sy dietary means, intravenously
or by dia]ysis, normally corrects this defect. }n the

' - !

present study, the defect observed in animals with chronic

hypochloremic metabolic alkalosis was not corrected\ty
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, administration of K (Tables 1l and 17).- The K-depletion in’

the presenf study was milder, hcye;e;,'than tﬁ;t seen in she
studies'sn the concentrating defect in hypokalemia. and it
) is likelv that these an1m31:-were not. deplete’ enough to have
developed a k-depeaﬁent.concentratlng,gsfect. This would
explaiq the.lack'of-résponss to the gayage‘psocedure.
;lasms levels of X were not meastired immediately JOSt-gavagé
and is is also not knownltg what extent, if any, plasma K
-was repleted. - The extent of K-dcpletipn i&mediately prior
to the Eepletion was also not determined. The sesults of
this experigpept ars, ﬁherefore, difficult to interpret.

. 4
They suggest that the defect produced in this study was not

wholly dependent.upon. plasma K levels. - The plasma K
concentrations and muscle X content in Sﬂis study are

evidence that the K-depletion in this model was much milder

than that seen in classic diet-induced K- depletlon (Levine

et al., 1973y, = °

-
P | ) ‘

One posdible sxplanatioﬁ for the concentrating defect in
'tﬁe present study is thaq,the intesaction between K and ADH
at’the distal tubule and.collectihg duct was hampered by the
laow Kslofels This ﬁbuld render ADH less effective
(dependlng on the amount of K present) as ‘an ant1d1uret1c
agent (Fronln and Knoch9& 1978; Nasc1mento-and Calcagne,
1981: and Jamison and Robertson, 19795. Another explanation

could be that hypochloremid:inhibits solute reabsorption in

'
PSR s T
.
. . .

Stwana ey



the TAL and thereby decreases the medullary hypertoqicitf
and therefore urine tonicity. A third p?ssible explanation
is that plasma calcium or proétqglandan levels might have
been al%eredm vhich may have affected the ADﬁ responsiveness
of repal tubules or the responsiveness of the central

pathway responsible for ADIl release.(Rutecki et al., 1982).

-

Renal €Concentrating Ability.

Burg and reen’(1973) and Rocha and Koéko (1973) have
, - implicafed ,active C1 transport in the TAL as the driv{nn
force/in the qounter-current‘qultiplication'system of the
b kidney énd] therefore, its ability to dilute or concentrate
urine. Recently, Greper, (19%1{. Knepper et al,, (1983),
}ﬂas?bert et a;., (1981), gnd Velazquez et al,.,(1982) have
.provid;d e;idonce that the TAL actually actively .transports
Na. Chloride is co-transported ﬁn,& sccondarylactive
transport process with Ha. -This active cs—t}ansport of C1
Fois &{sd dependent upon co-transport of K with Na on_the

baso-lateral bdrderA(Na and ¥ dependent Na-K-?TPase). The

driving force for the Na and €l co-transport is.the

.

</
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3electrochemical-grgdient favouring Na entry into the cell.
.from the lugeh. as long .as the Na-K-ATPase is reﬁoving Na
frog‘the cell at tﬁe basolateral border. ‘

Wallin et al. (1973), Luké et al. (1977).rand'Kirchner

et al, (1978) have shown that free water reabsorpt1on is .

L3
-

1mpa1red in hypochloremia and this leads to product:on of a
dilute urine. Urinary concentratlnglzb111ty also depends on
~solu£e éthmulation in-the kidney, and aﬁ increasé in. the
’bicarbonaté?Cl ratio leads to a decrease in concen::;tingA
ability. The alkalot&c animals in this study were
hypochloremic and had increased bicarBonate le;éls. 'Thqse
data therefore indicate that the plasma Cl level is
;ésponsible, at least in part, for the renal defect seen in
hypochloremic alkalosis. The plasma Cl level may also be |
responsible fgr the increased PRA and Al concentrations
found in this model, -

Pl ) .

The observation that exogenous ADH administration enly
partially corrects the defect supports the view that there
is a nﬁphrogenic component of the fenél concentrating defect

) \ A
that is unresponsive to ADH. Several possible mechgnisms
ﬁould underlie such an intrarenal defect. One such
posGlblllty is that the 1ncrcased pH has a direct effect on
the renal tubular cpithelium or on renal Ha-K-ATPase pump

activity.

Results of in vivo micropuncture studies sugpest that

]
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bl-depletion decreases net reabsofption of NaCl by the TAL
(Luké'et al., 1978;: and Galla et al., 1981). Gutsche et
al.,, (1982) .have recently shown that K-depletion impairs
NaCl reabsorption by the TAL. The results suggest that the
reduction in extra-cellular K is rate-limitine for
pe;itubulaf Na-K-ATPase activity.. Althewsh the alkalotic
animals in the present study show some degree of K-depletion
evidenced by mild hypoknlemia‘and a modest decrease in
muscle cell K, the extent of the X~depletion does not appear
to be of sufficient magnitude to cause an impairment in the

NaCl reabsorption (levine et al., 1973). Rather, the effect

of metabolic alkalosis on TAL NaCl reabsorption mav result
from the acgompany;ng decrease in Cl delivery to this loop
segment., Guihche et al., (1982), have recently obtained
direct evidence in perfused neph;0n§ that nitrate or
bicarbdnate substitution for 1 leads U)Qﬂmnired solute
removal by the TAL in vivo. 1In vitro studies (Greger, 1933)
have detonstrated that relatively hich concentrations of Cl
compared to Na or bk are required to saturate the luminal
Lransportef. For example, the affinity’nf the carrier for

da or K is so high that it is unlikely that either would be
rate-limiting }or the ]uminnl‘!ptéée step, The possibility
remains, howevqr. that decreases in lurinal Cl concentration
within the physinlonicad ranpe couid be rate-limiting at

this transport step.

.
¥ -~
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The persistent hyporatremia and hypa;psmolality in the

present study suggest that there is an impairment in

-diluting ability. The results show that when water intake

was matched to that of control animals, extra~cellular fluid
hypo-osmolality persisted. However, -since osnmolality w;s -
siénificantly lower in alkalosis versus the control state
before dehydration, osmolality may not have ingreased
sufficiently to result in maximal secretion of ADH. It has
been.shoyn that increases in AII can stimulate ADH release
(Bonjour and Malvin, 1970; Haack and Mohring, 1978: and "
Robertsoé, ié77) and, in the.prcsent study, AII levels
(estimated from 'plasma AI concentrations, since at least 80%
of the Al is converted to All-in one pass through the lungs)
were sfgnificantly increased when compared to controls.

Thus it appears that sufficient AIT stimnlus was present,
but that the increase in ADH was only sufficient to
congribdte to impaired water excretion anﬂrnot tosachieve
normal concentrating qbilityl Hhi}e such an "inappropriate
release of ADH" may have occurred in these animals, it seems
more 1ikeiy that insuffitient C1 delivery to the TAL '
togpether with a defect in concentrating ability and
diluting ability resulted from of defective limb solute

removal. .

Another possibility is the involvement of°K with ADH and
~ . .

its effects at the renal tubular epithelium. MHowever,

N
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compared to dietary studies (Levine et al., 1973) the )

K;depletion present in this study was mild and may not been
severe enough to have been involved in this way, The plasma
> :
1 = B
hypo-osmolality may have been an over-riding stimulus to

decrease ADH release in spite of high AII levels, While
. .
this may explain part of the urinary concentrating defect,

it cannot ecxplain the whole defect because exogenous

adninistration of ADH did not totally correct the defect.

i

As noted carlier, polydipsia developed in alkalotic
rats in the Absence of an increase in solute intake and in
the presence of a significant reduction in plasma

osmolality. Since ATI has been shown to be a potent
dipsogen (Kugharczyk and Mopenson, 1975) and because ATl is
chronically elevated ‘in the Cl-depleted alknloti# rats, the -
present results sugpest that primary polydipsia may have
been stimulated by AIT, -~

The forepoing considerations stronsly sunfest thét
intrarenal water .conservation may be impaired in this m6d01
of pastric alkalosis. Chloride~depletion could dircectly
alter TAlL function as a reshlt of insufficienty C1 delivery
to transperting sites. The hypokaicmia and modest whole
body K-depletion couyld also n]ter,TRL solute removal by
interfering with baso—]ntc}al NaCl transport (Cutscﬁc ot

‘

all, 1983). The results of histological examination usinq

light mictoscopy rules out any complications due to renatl
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nephropathy. If evéq one focus of nephrocalcinosis was
observed the data was nét incorpérated into the study., The

animals which presented with mild focal interstitial

-

nephritis were kept in the §fudy. since the nephritis was of

such a nature as to not have any pyysiological effect on

,/

. normal renal function (Dr, Sarkar, personal communication).

A

Tt is possible, however, tﬁat electron microscopy may show

sbme pathological changes which were not apparent during the
Iighﬁ microscopy study and this must be loocked into in t;e-
future. phloride-depletion. K-depletion, and structural
changes could be important,in impairing intrarenal "water

-

handling.

Antidiuretic Hormone.

,/
. .!
{
: !
!
The renal concentrating defect in this study was not
corrected by water-restriction and was only partially
corrected by administration of exogenous ADH. The inability
of ADH to reverse Epe polyuria observed in Luke's (1977)
study may stem from hypochloremic changes in renal function.
These could include: a decrease in receptor affinity for
ADH; a change in receptor conformation or charge; a decrease ]

in receptor number; a change in cell fungtioni renal

pathology;:; or, a change in the ADH molecule itself. No ~

ok AR i e i e A et A T o
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studies on the subject have been publishe& to date.

However, in éhe'present study, administration of ADH
partiélly corrected the defect. Decreased ADH release, due
to plasma hypo-osmolality may_partially explain the urine
concentrating defect observed in alkalotic rats. Since
exogencus ADH administr;tioq did not increase Max Uosm to
contybl iévelé. it would appear thgt intrarenal factors, as
well as reduced endogenous' ADH production, may he involved

in the urine concentrating dcfeét. One possible explanation

for the renal concentrating defect is medullary washout

resulting fron the-lnqao'amOunts of water that the nlkalotic
rats ingesied. However, the.results.of.“hc
_water-rcstriction.UXperiments show kha(/:edullary washout,
resﬁlting‘fron pélydipsia, was nét réspbnsible for the renal
concentrating defeét. The results also sunpest’ that changes
in osmotic.load were not responsible for the rats’ ina#ility
to éoncentrate urine, Another explanation touldsbe'thg
¥-depletion leading to increased prostaglandin levels and

therefore decreased AD effectiveness (Rutecki et al.,

1982).

Penin-Angiotensin-ADI. ' -
; : | . \

Cumerous studies (Abboud et al., 1077; Kirchner et al.,




i
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1978; Kotchen et al., 1976 and 1978; and Vander, 1967) have
shown that Ci-depletion leads to renin release. It has been

suggested that since Cl transport occurs as a secondary
, ) .
active process in co-transport with Na (Greggr. 1981; and

Knepper et al., 1983), with both occurting proximally in the

thi¢k ascending limb, and distally in the early segment of

the distal tubule, the Cl effect on renin release may be

.

mediated by a macula densa mechanism. Herrill et al. (1973)

reported {Dat hyponatremia leads to intreased renfh release,

increased PRA, increased plasma AII and incréased plasma
aldosterone. H}ponatremia decreases renal conversion of AI'
te AIT, appro#imately 4-fold, with no gffect'on plasma
conversion. Thus, in the hypochloremic alkﬁlotic

preparation there are many stimuli such as hypochlorenmia,

hyponatrenia, ECFV.contraction; and hypokalemia leading to \l

hyperaldosteronism, which may activate the . .
renin-angiotensin-ADHl system. « The plasma hypo-osmolality
might be an gver-riding stimulti,to decrease ADH production

directly in spite of the many stimuli for its release. The
. .

increase in plasma AIl levels may contribute to the

pplydipsia observed {n_this alkalotic preparation. The

polydipsia'was-not the‘mediaéor of the renal Poncenirating

defect as was evidenced by the results‘of the‘

water-restriction study.

There have been no studies to date which have attempted

s~
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‘of producing ADIl, but

, ) ; ' .

p —

to elicidate the rbleaaf—ghq water and electrolyte

homeastatic hormones.in metabolic alkalosis or its renal ..

concentrating defect.  Measurements of PRA and Al

- ’

concentrations do imply that hybo&hloremia increases their

N .

values above no?m&l levelé.'and that metabolic alkalosis
increases them even further, The ADH levels were high ¥ this
A ot ' S

may have been due to stress during the saﬁpling procedure,

due to the administration of pentobarbital anaesthesia (
F.y -

;-

. . [l
therefore the accuracy of thé Wescor meaSurements need not

be questioned) but alkalotic animals still proddcéd

Y

siﬁnificantiy less ADN

han cont{o] or chow rats, These X
L

]

higpgh levels indicate [hat the aNkalotic animals were capadle

Inder nonstressed conditions there may
N

have been less ADH secreged gue to the hypo-osmolulity, If

ADH is involved in the defect, as this study,/seens to

indicate, it is involved in a comnlex manner. Tt may alse
!
s e ¥
be involved at the level of the medullary TAL as well as the

( .
collecting duct. One would expec®hicl PRA and AI levels to

1. .
increase ADH levels and low plasma osmolality teo decrease

' e
it.. Tt is possible that Jﬁ hypochlerenic alkalosis the .

. . . r .
osmotic stimulus is a more potent stimulus for -ADH release

than are plasma ATl concentration or ECFV contraction.

-~

\
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Conclusien.

A new rat model of h}pochldreﬁic metabolic alkalosis ~

proched rats which were chronically hyponatrem;c,
“"hypokalenmic, hypo-ésmotic,“polydipsic andfsﬁowed é‘§$Q&EE42£/'

a urinary conce;tra;ing éefec;. Measurements of Max Uosm,

pair-drinking studfés, and the respo?sé ®0o exogenous ADH

strangly suggest that: 1) an intrarenal-conceﬁtrafing defect
is présentvwhich is oé}y partially.responsive to exogénods
ADH; 2) polydipsia is primarily mediated by persistently
hiph levels of AII; and, 3) hypo-osmolality and‘hyponatremia

- - .
persist most likely as a result, of an intrarenal defect in

&>
TAL solute rénmoval. The urinary concentrating defect thus
apsears to rasﬁlt from a di%ruption of both renal and
extra-renal factorss The alkalotic animals presented with a
chroniJ plasma hypb-osmolalfty and this may have héen an
important stimulus to pfevent ndpmal ADH release, despite
st%muli to increase ADH release and may also explain, in
part, the renal conccnnrhti;g defect, The accompanying

Slectrolyte disturbances may be responsible for the

remainder of the concentrating defect seen in this model.

Y \'

4



HCOo3 = biqarbonéte

'dl.: chloride

(o 3

: . “ .
APPENDIX 1 - Calculations « - .
1l: The following are the calculations “involved in

petermiﬁiné plasma pCO2 and HCO3 concéntrations.

pCO2 = partial bressure of oxygen ' - :
¢ . : :

tC02 = total CO2 k;;lgasﬁred)
H-H = Hendérson—Raséélbach factdr
4€02 = dissolved CO2 ,
0.0301 = soi:bility-factor.of 602 in the plasma‘
HCO3 = plasma Eicérbonate

pCO2 = tCéZ/H-H factor

" 4c02 = pCo2 x 0.0301
HGO3 = tC02 - dC02 "
’

2: Calthations to determine plasma anion _.gap, which is a

calulation of the unmeasd?%d anions in plasma,

[

. . . «

Na = sqdium .

Na - (HCOB + Clj = anion gap
. ’ . -\‘-

~

.

3: The fellowing equation was used: to determine where the

. ‘o ; . . ‘ - » Y .
significance in the oneé-way analysis of variance (ANOVA)
occurred. It is called thee Scheffé& test.

M1 and M2 = means of the two groups to be compared



-

-

a

MSw = mean squarg'withinigrOubs
nl and n2 = gro;p size of‘thq two groups to be compared

_ < k-1 = degrees of-freegom‘ \nﬂ

F = F;distrjbution factor for determining significance from

the tables in any standard statistics text.

'F = (M1 - HZ);/HS;(l/n1+1/n2)(k—})

o

. e,



‘.gPPENDIX 2 - Antidiuretic Hormone Radioimmuncassay,

Extraction of Plasma ’ _ ) -

1: Wash the Bond Elut TM column with 3 ml 4% Acetic

acid/ethanol, followed by 3 ﬁl methanol and 3 ml distilled

water.

-

Washing. can be best accomplished by attaching the upper end-

of the column to the lower end of a disposable syringe and

pushing the plunger slowly.

The syringe should be removed from the column each time when

filling the column with the new solvent.

2:. Apply 1 ml plasma or control sample to the top surface -

of the column material.
Attach the column with the syrinne and push slowly over a
period of one minute,

4

3:7 Uasﬁ the column with 3 ml distilled water. Dry the

éolumn‘by pushing the plunger in the syringe 2-3 times,

4: Flute the vasopressin with 1 nl 47 Acetic acid/ethanol,
pushing slowly so that the solvent remains in contact with
the column for a minimum of 2 minutes., Collect the eluate

in 12 x 75 mm glass tube,

\



]
5: Evapdrate the eluate to dryness in a 37 C water.bath

Q .

using compressed air or nitrogen. Specimens must be

completely dryﬂ

6: Reconstitute the sample with 0.5 ml of zero standard.

Vortex to ensure complete rccomstitution.

LY

7: Assay 200 ul of the reconstituted sample, following

assay procedure.

Assay Procedure i .

~“Reconstitute all reagenté and allow Yo reach ambient
temperature; mix thoroughly before usingi Standards

unknowns should be assayed in duplicate.

1: Mark and arrange plastic test tubes in duplicate

standards and unkmowns. v

2: Add 200 :ul of the standard, control or extracted

to the appropriaté tubes., - . -
3: Add 100 ul of Vasopressin Antiserum to all tubes

/erSB and Total Count tubes, To NSB tuﬁes, add 300 ul

and .

for all

sample

except

of 0
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pg/ml standard. :

4: Vortex all‘’tubes.

.

. [ -]
5: Incubate at 2-8 C for 16-24 hours.

’ - I} - '
6: Add 100 ul of Vasopressin T s to all tubes.
' . '

7: Vortex all tubes.

. . -
3: Incubate at 2-8 C for 16-24 hours. -
Q.

0: Add ! ml of Precipitating Reagent to all tubes“éxéépt
Total Count tubes. This Peagent Should Be Mixed Thoroughly

Before Use.

10: Vortex all tubes.

-~

11: TIncubate at room t?mpernture for 15 minutes.

12: Centrifuge all tubes ecxcept Total Count tuhes for 15

minutes at > 1300 o in a refrigerated centrifuge.

»

13: Decant the supernatent by invertine each_tube or a rack
. » : ‘ :

' 4 N » v .
of tubes, Yeep the tubes inverted and allow them te drain
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for 5-10 minutes on absbrﬁent paper. After draining, blot
the mouth of each tube to remove any droplets adhering to

the rim before returning the tubes upright.

.
-

L

‘14: Count all tubes in a gamma counter for at least one

minute.

“Recovery is approximately 63-957% depending upon initial

* L
concentration. The highest recovery rateslﬁﬁing at

concentrations of about 12 --13 pa/ml ADH.” The

cross-reactivity with lwsine vasopressiﬁ ig <0.01 and for

other similar compounds it is <0.,00l. The sensitivity of

this assay was 0.5 pg/ml ADH.

Taken from Vasopressin Arginine Radioimmunoassay Kit,

Diagnostic Systems Laboratories, Inc. Webster, Texas, 1983.

o
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APPENDIX 3 - Angiotensin 1 Radioimmunoassay

A -

Sample ‘Collection

Blood must be drawn into a vacuum ty¥pe collection tube or 5
syringe containing sufficient EDTA to ;ield a final
concentration of 1 mp/ml. Maintain collected samples in an
ice bath hefore separating the nlasma in a refrigerated
centrifuee at &.C for 15 n;nﬁtos at 1200 x g. The clear

plasma should then be placed in an ice bath for immediate

o
assay or stored {rozen at -20 €,

Angiotensin ! Generation - Specific Protocol

‘ -

l. Known hish and low control ganples should be assaved
with each run,.
2. The frozen plasma sanples are thawed in an ice hath or

. -]
in a refricerater’, at 4 (.,

.. Pipgt 1 ml oY each plasma sample into a clear
i
po]ystyrene’tubo in an_ifq b&th. Add 10 ul of the

Dimercaprol solution'ﬁnd.lﬂ ul of the H—Hydroxyquinoginc

solution to ecach tube.

o
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4. Add 2.0 ml of the pl 6.0 Maleate Buffer to each tube and

“mix thofoﬁghly.

5. Transfer 1 ml of the contents fo each tube to a

similarly labeled polystyrene tube. Incubate the 1 ml
) °

aliquots for 1 HOUR, AT 37 C, while maintaining the

remainder of each solution in an ice bath for the same

6. At the end of the incubation périod the samples
incubated at 37‘C are matched against their 4.C control ih
the ice bath and the angiotensin 1 measured Hy
radioimmunoassay. (All samples may be stured frozen at this
stage, if desired. Precautions must be taken to thaw later
at temperatures that do not éxqsed 400.) Xeep the incubated
samples in an ice bath while pipetting all reagentLs.

g
Fadioimmunoassay I'rotocol

Keep all reapents and tubes in an ice bath while pipetting.

1. Number a series of 16 tubes for the standard curve and 4

tubes for each sample to be run.

2. Pipet 300 ul of Assay Buffer into tubés | and 2 (Blank

-
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]

tubes). . ' - o *

.

3: Pipet 100 ul of 57 RSA into tubes 1 and 2 (Blank tubes)

and 3 and 4 ("0" Standard).

4,- Pipet 100 ul of each Standard into thé appropriate

tubes, i.e., 0.1 ne/ml into tubes 5 and 6, 0.25 ng/ml into

tubhes 7 and 8, 0.5 nn/ml into tubes 9 and '10, 1.0 ng/ml into

-

tubés 11 and 12, 2.5 np/m1 into tubes 13 and 14, and 5.0

ne/ml into tubes 15 and 105,

S.l Pipét 100 ul of the sﬁmplo as follows: 37°C renerated
samp{c into tubes 17 and 15 and the matched AOC control into
tubes 19 and 20, . Continue in this ﬁnnnor for all other
samnles.
”~ .
b Pipet 100 ul of Tracer solution into all tuhes.
/

7. Pipet 500 ul of Antiscrum into all tuhes except tubes 1

and 2.
- Vortex all tubes for 2-5 seconds.

: S °
G, TIncubate a1l tubes at 4 O for 18-24 hours,

+
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10. Prior to the completion of the incubatien, add a
magnetic stir bar to the diluged Charcoal Suspension and:

initiate active stirring.

I11. At the end of the &.C incubation regurn éll samples to
an ice bath and pipet 1.0 ml of the Charcoal Suspensionn
int; each tube. !aintain active stirring of the Charcoal
Suspension during the transfer. |

. . /
12. Vortex all tubes and centrifuge ;t 1200 x g for 15-20
minytes. All -tubes in {hé assay grdup should be proce§§ed

as 2 unit to minimize variations in handling during the

separation procedure.

13, Necant the supernatént fraction of each tube to
apﬁrnpriately numbered .polystyrene tubes for gamma cdunting.
Great carce should he taken to-:rsnsfer the supernatant free
lof charcoal particles. Maximiéc transfer hy rfmming the
tubes., Antibody—hdund angiotensin 1 is contained in the
supernatant fraction and unbound angiotensin l‘is adsorbhed

by the charcoal.

14. Count the supernatant tubes in sequence using a
well-type, solid-crystal scintillation,counter. Tt is’

recommended that each tube be counted for at least 5
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minutes. .

15. All values were multiplied by the'appropriate dilution

factor.

‘fhe sensitivity of this procedure is apbroximately 2 pa of

Al. The accuracy is within 0.02 + 0.16 to 0.08 + 0.13 ng of
Al. The cross reactivity with éngintensinogeﬁ is 0.87 and

is less. than D.0087 with AIIl and less than 0.005% with ATII.

Taken ‘from Instruction !Manual, Dianen,

AnnlopensinLihiI ) Radioimnmunonssays¥it, liew England-

-duclear, North-Billerica,!lA., 1983,



s e M TR R TR '

‘prior to the start of the study. Five animals died

presented .had a normal renal histology as répfesentedgby

Page 103

.

g . /

" APPENDIX 4 - Renal Histology

~

(i) Preliminary Study of Model Viability

:Figure 13a shows a sample of a norma)Ikidney seen in all but

2 animals in this study. Figure 135 shows the'kidney of the

animal with-medmllary nephrogal;inosis and Figure 13c shows
severe nephrocalcinosis extending £nto the corte* of the
kidney. Figure 13d shows the kidney of the severely
calcinotic rat prior to-histologicél preparation. Figures
13A.;nd B &:3 at 400x magnification, Figuré 13C is at 200x

mégnification.nnd Figure 13D is at 4x magnification.

]

(ii} Effect of Metabolic Alkalosis on Max Uosm'

Four animals died of a liver qilmgnt post-surgically, but

throughout the study as a result of cardiac puncture and

anaeﬁthetic overdose, The si#téen surviving animals #cri
hcalthy. The results df 3 of the renmaining animals were not
prescnted-duc to the presence of varying degrees of
nephrocalcinosis (Figure lé4a, 13b). The—i3.animals

Fipure 13a. Fipures 14A and B are at 400x magnification,
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" Figure 13A: A photomicrograph of a normal rat kidney at

the level.of the medulla. The kidney was
stained with H&E and paraffin mounted after
slicing at 10p. ‘

A Figure 13B: A photomicrograph of a rat kidney with mild

nephrocalcinosis. The arrow points out the
v calcium degosit. ’
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Figure 13C: A photomicrograph of a rat k1dney stained -
with H&E. This section shows severe nephro-
calcinosis. The dark opaque spots are calcium
deposits. »

W"N-—‘
Figure 13D: A photograph of the same kidney prior to '
staining and sectioning. The wh1te spots
are calcium deposits. These deposits can
be seen in both the medulla (arrow) and
cortex (stah).
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Figure 14A: A photnmicrograpﬁ of a rat kidﬁey stained
i ~with H&E showing signs of nephrocalcinosis.
A calcium deposit is marked by the arrow.

Figure 14B: A photomicrograph of a rat kidney stained
with H&E with interstitial nephritis. Three
such sites were observed in this kidney. The
arrow points out one site of interstitial
nephritis.’ )

A ]

AN



"~

(iii) Effect of K;repletion on Max Uosm -

‘In this study one animdl died during cardiac puncture and’
[ .

-

B o )
anotherxg\wére not presented due to the presence of
nephrocalcinosis (Figure 13b). :The resulting éroup of 25

:animals had normal kidneys upon histological examination by

light microscopy (Figure 13a).

///// (iv) Tffect of exdgenous ADH on Max Uosm

Figure 13a shows a representative kidney of the 20 animals

without any observable reral patholopgy. Figure 13b is a

representative photo of the 3 animals presenting with

nephrocalecinosis: Figure 14b is a representation of the 6
animals shewing evidence of intgrstitial'nephritis and

tubular regeneration. Four animals in this study died ,of

complications following the cardiac puncture protedure.

+ e e < B it o e et
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