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FACTORS AFFECTING THE RENAL EXCRETION OF ORGANIC BASES
CHAPTER I -
INTRODUCTION

The biological actions of organic bases have long
been recognized and have been the subject of meny investi-
gations. However, investigators focused relatively little
attention on the mechanisms involved in the excretion of
these compounds. In 1948 Sperber showed that Nl—methyl—
nicotinamide (NMN) was excreted by filtration and tubular
secretion. Since that time, the excretory processes for
many specific organic bases have been studied; however,
the specific factors affecting their excretion are far
from being understood. |

Organic bases are classified as either strong or
weak bases. In the physiological pH ranges of plasma and
urine, strong bases are totally dissociated while weak
bases exist in both the dissociated and undissociated forms.
In the work to be presented here, attention was focused on
a) the excretion relationships of strong and weak orgahic
bases, and b) the excretion relationships of organié cations
and inorganic cations, particularly potassium,
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In the intact animal, using the classical clear-
ance technique (Smith 1951, 1956), substances are shown
to be excreted by glomerular filtration alone, by filtra-
tion as well és tubular secretion, or by filtration to-
gether with partial tubular reabsorption. The evidence
for tubular reabsorption or tubular secretion of a sub-
stance is obtained by comparison studies with a compound
such as inulin or creatinine that has been shown to be
neither secreted nor reabsorbed by tubular cells. Tubular
secretion is shown to occur if the clearance of the sub-
stance (urinary concentration of the substance times the
urinary’volume divided by the plasme concentration) is
greater than the simultaneously measured clearance of
inulin or creatinine. Tubular reabsorption is shown to
occur if the clearance of the substance is less than the
simultaneously measured creatinine or inulin clearance.
The clearance of inulin or creatinine is taken as a mea-
sure of the glomerular filtration réte of the kidne&.

Tubular reabsorption or secretion of a substance
may occur by passive diffusion and/or by an active trans-
port mechanism operating within the tubular cells.

A system which transports a substance against a
concentration gradient, either from tubular lumen to peri-
tubular fluid, or from peritubular fluid to the tubular
lumen, and which utilizes energy derived from cellular me-

tabolism is defined as an active transport syétem (Tag-
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gart, 1958). An active transport mechanism exhibits a)
saturation of the mechanlism and a fixed maximal rate of
transfer (Wilbrandt, 1954), and b) competitive or non-
competitive inhibition. Two compounds are belleved to be
transported by a "common" transport system when a single
non-competitive inhibitor is shown to block the transport
of both substances, and when the clearance of one compound
is inhibited by the simultaneous infusion of a second com-
pound.

There 15 conclusive evidence that strong organic
bases are excreted by filtration and tubular secretion as
shown in Table 1.

Furthermore, evidence has been presented which sug-
gests that the tubular secretion of at least certain of
these bases is by an active transport mechanism. The
strongest evidence in support of active transport has been
shown as a result of the mutual competitive inhibition in
the tubular excretion of one organic base on another, and
in the inhibition of tubular excretion by metabolic inhi-
bitors. This evidence was secured in both in vivo and in
vitro studies. ‘

Kandel and Peters (1957) showed that Darstine pro-
duced inhibition of the tubular secretion of NMN in dogs.
Further, they showed an inhibition of Darstine excretion
wvhen high NMN loads were simultaneously infused.



L
TABLE 1
TUBULAR SECRETION SHOWN FOR CERTAIN ORGANIC BASES
IN THE MAMMALIAN OR AVIAN KIDNEY
Base Animal Investigators

Nl-methyl-nicotinamide (NMN) Chicken Sperber (1948)

Guanidine Chicken Sperber (1948)
Piperidine Chicken Sperber (1948)
Tolazoline (Priscoline) Dog Orloff et al., (1953)
N-methyl-nicotinamide Dog Beyer et al., (1948)
Tetraethylammonium

chloride (TEA) Dog Rennick et al., (1954)
Mepiperphenidol (Darstine) Dog Beyer et al., (1953)
Thiamine Chicken Rennick (1958)
Choline Chicken Rennick (1958)

Hexamethonium Chicken Rennick (1958)

Sperber (1948) demonstrated that tubular secretion
of piperidine in the chicken was inhibited by the adminis-
tration of NMN. ther inhibitory relations have been shown
in this species: Darstine inhibited the excretion of NMN;
Priscoline inhibited NMN (Volle et al., 1959); Priscoline
inhibited the excretion of histamine (Lindahl and Sperber,
1958), and thiamiﬁe depressed th§ excretion of choline
(Rennick, 1958). Furthermore, both TEA and choline have
been shown to inhibit NMN tubular excretion, while NMN

has been shown to inhibit TEA excretion (Green et al.,
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1959; Volle et al., 1959).

The in vitro teechnique used in studying renal tu-
bular transport (Cross and Taggart, 1950) involves the mea-
surement of the accumulation of the base in kidney slices
following incubation of the slice in the Warburg apparatus.
The accumulation in the slice is related to that concen-
tration remaining in the medium after incubation, and 1s ex-
pressed as the slice/medium ratio (S/M ratio). An S/M ratio
greater than one 1s considered indicative of active trans-
port, i.e., movement from a lesser concentration to a greater
concentration. | _

TEA (Farah and Rennick, 1956), Darstine (LeSher and
Shidemen, 1956) and NMN (Farah et al., 1959) have been
shown to accumulate in renal slices with S/M ratios exceed-
ing 7. Priscoline, guanidine, and piperidine, when added
simultaneously with TEA in the suspending medium, inhibited
the accumulation of TEA in the slice (Farah et al., 1957).
Similarly, Priscoline, Darstine, choline, and guanidine in-
hibited the uptake of NMN in renal slices (Farah et al.,
1959) . o

2, 4-dinitrophenol (DNP), an inhibitor of cellular
metabolism (Cross et al., 1949) has been shown;to_depress
the tubular transport of TEA in the dog (Rennick and Farah,
1956), and to depress the accumulation of TEA (Farah and
Rennick, 1956), NMN (Farah et al., 1959) and Darstine
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(LeSher and Shideman, 1956) in renal slices.

These findings strongly suggest not only that strong
bases are excreted by active tubular transport but also that
they share, at least in some part, a common transport sys-
tem.

The excretion of'weak bases has been attributed pri-
marily to filtration and tubular secretion or reabsorption
as a result of passive diffusion of the undissoclated base
(Milne et al., 1958). The undissociated form of a substance
penetrates cell membranes more rapidly than the ionlzed form
(Ousterhout, 1925; Jacobs, 1940). The flux direction, i.e.,
secretion or reabsorption, for this undissociated molecule
is dependent upon the pH gradient between urine and plasme.
When ‘the urine is alkaline, more of the base exists in the
urine in the undissociated form than in the plasma and thus
diffuses from tubule to plasma. The result is net tubular
reabsorption of the base. When the urine is acid, the con-
centration gradient for the undissociated form of the base
is from plasme to urine. This un-ionized form diffuses in-
. to the tubular lumen, where it dissociates into the 1lonic
form as a result of the more acidic fluld. Thus the base is
trapped and net tubular secretion results.

Table 2 1s adapted from Milne (1958). The organic
bases listed in this table have been shown to be reabsorbed

when the urine was slkaline, and secreted when the urine was

acid.
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TABLE 2

WEAK BASES BELIEVED TO BE EXCRETED BY
FILTRATION AND NON-IONIC DIFFUSION

—— ettt et g —— — _—_—
—_ e ——————————— — ————

Base Animal Investigator
Nicotine Man Haag and Larsons (1942)
Quinine Man Haag et al., (1943)
Quinocrine (Atabrine) Man Jailer et al., (1947)
Chloroquine (Araien) Man Jailer et al., (1947)
Ammonia Rat Ferguson (1951)

Ammonia Dog Orloff and Berliner (1956)
Procaine Dog and '

rabbit Terp (1951)

Mecamylamine (Inversine) Dog - Baer et al., (1956)
Seribner et al., (1959)

Tmplicit in the concept for non-ionic diffusion 1s
that the direct movement of the substance from peritubular
fluid into the tubular lumen, or from the tubular lumen in-
to the peritubular fluid does not require energy from the
cell, and that the movement of the substance 1s neither
competitively nor non-competitively inhibited.

There 1s little direct evidence that active tubular
transport of weak bases does or does not occur. In the

aglomerular fish, however, tetraethylgmine oxide was shown
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to be actively secreted Forster (et al., 1958). The excre-
tion of NMN in the chicken was shown to be inhibited rapld-
ly when mecamylamine, quinine, or quinaérine vere Infused
simultaneously (Volle et al., 1960; and Volle and Peters,
1959). However, a decisive active tubular transport in
this species for the three weak bases could not be demon-
strated. ‘

The lnorganic, monovalent cations, sodium and po-
tassium, have been shown to be transported actlvely by the
tubular cells of the kidney. The sodium retaining ability
of the mammalian kidney 1s well documented (Smith, 1955,
1951).

Independent investigations by Mudge et al., (1948),
and Berliner and Kennedy (1948) presented evidence that
potassium 1s excreted by glomerular filtratlon and tubular
secretion. Berliner hypothesized that the secretion of po-
tassium was the result of an ion exchange involving potas-
sium and sodium.

The secretion of potassium shows certailn features
assoclated with an active transport mechanism. It was
shown to be competitively inhibited by the hydrogen ion
(Berliner et al., 1951) and non-competitively inhibited
by mercurial diuretics (Mudge et al., 1950).

Inorganic and orgenic cation tubular excretion re-

lationships have been demonstrated for certalin bases.
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Kandel (1956) showed that, after a period of forced
feeding of KC1l in the dog, the simultaneous infusion of KC1l
with Darstine or NMN resulted in a reduction of the renal
tubular excretion of these bases. A depression of potassium
excretion when NMN, Darstine, and Priscoline were infused
was Shown in Diamox treated dogs (Kandel and Domer, 1957).

After a period of forced-feeding of Priscoline, NMN
or Darstine to dogs, inhibition of potassium secretion oc-
curred when these bases were simultaneously infused with po-
tassium (Domer, 1960). Solomon and co-wdrkers, (1960) pre-
sented evidence of increased reabsorption of sodium and po-
tassium when choline was infused in the dog.

In summary, the evidence presented appears to indl-
cate a) strong organic bases are excreted by filtration and
active tubular excretion; b) some phase of the tubular move-
ment of strong bases involves a common transport mechanlism;
c) weak bases are excreted by filtration and non-ionic dif-
fusion; 4) strong bases and the inorganic cations, sodium
and potassium, may share a common base-excreting mechanism.

The hypothesis used in investigating organic and
inorganic base relationships for this work resulted from
preliminary studies in this laboratory on the excretion re-
lationship of potassium and a weak base, mecamylamine.

Baer and co-workers, (1956) showed that the excre-

tion of mecamylamine was profoundly influenced by the pH of
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the urine; tubular secretion occurred as a result of a
highly acidic urine, and reabsorption occurred in a highly |
alkaline urine. When urinary pH was maintained constant,
secretion or reabsorption was not inhibited by probenecid
(Benemid) or para-aminohippurate (PAH). No maximal rate
of transfer occurred when plasma concentrations of meca-
mylamine were increased.

These investigators suggested that, although the
results could be interpreted as excretion by passive dif-
fusion, the secretion and reabsorption of mecamylamine
could also be by an active bi-directional transport system,
wilth the direction governed indirectly by the pH of the tu-
bular urine. Lotspelch (1958) further proposed that meca-
mylamine may participate in a cation exchange transport
system.

Subsequent studies on mecamylamine excretion by
Scribner et al., (1959) confirmed the results presented by
Baer. These workers, however, concluded that mecamylamine
reabsorption and secretion was solely by non-ionic diffusion.

This laboratory corroborated the results of the pre-
vious workers but further showed that there wés a definite
inverse relationship between mecamylamine excretion and po-
tassium excretion when the urine pH was changed from acidic
to basic. Thils evidence suggested that mecamylamine could

partidipate in a cation exchange mechanism.
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The working hypothesls for this study, therefore,
was that the tubular secretion of mecamylamine occurred pri-
marily by a pH-dependent transport system presumably compet-
ing with potassium for cation exchange. As the excretion of
Darstine, a strong base, had been shown tb be inhibited by
potassium administration, 1t was of interest to investigate
the excretion of this compound under similar conditions
used to study the excretion of mecamylamine.

The experiments in this study were designed to
answer several specific questlons.

1. Is the tubular excretion of mecamylamine related
to a cation exchange transport system?

2. Is potassium the catlion involved in the exchange
system?

3. Is the tubular excretion of Darstine (a strong
base) similar to mecamylamine (a weak base)? '

4. Where in the tubule does the secretion and re-
absorption of mecamylamine occur, and where does the secre-
tion of Darstine occur?

5. Does the tubular excretion of mecamylamine occur
by an active transport system?

Clearance studles were performed to answer the first
three questions.

The generally acéepted transport system for catlon

exchange in the renal tubules involves sodium reabsorption
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with the potassium and hydrogen ion competing for secretion
(Pitts, 1958). The hydrogen ion secretion is dependent upon
the hydrogen lon concentration in plasma and the secretion |
is competitively inhibited by increased plasma potassium
concentration.

The tubular excretion of potassium is inversely re-
blated to plasma hydrogen lon concentration. Increased ex-
cretion of potassium occurs with decreased hydrogen lon con-
centration and decreased excretion occurs with increased
hydrogen ion concentration.

Therefore, to determine if mecamylamine participates
in the cation exchange system, as well as to evaluate meca-
mylamine excretion by "non-ionic" diffuéion, the excretion
of the drug was studied not only at normal systemic pH
valves, but also when plasma hydrogen lon concentrations
were varied by the induction of systemic acidosis or alka-
losis, with low or high urinary flow rates. Potassium ex-
cretion was routinely investigated throughout the experil-
ments. |

Furthermore, in order to evaluate if potassium 1s
the cation involved in the exchange systemn, the effects of
the acute administration of mecamylamine on potassium ¢ :re-
tion, and the effects of the acute administration of mgcamy-'
lamine on potassium excretion were studled.

In order to determine if the excretion of Darstine

is similar to the excretion of mecamylamine, Darstine and
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potassium tubular excretion were investigated with the same
experimental procedures used for mecamylamine studies.

Sodium excretion was studled in five of the mecamy-
lamine experiments and in three of the Darstine experiments.

Mecamylamine is a secondary amine and a ganglionic
blocking drug (Stone et al., 1956); Darstine is a quaternary
ammonium.compound and an anticholinergic drug (Beyer et al.,
1953). Mecamylamine is used clinically as a hypotensive drug;
Darstine, although used clinically as a spasmolytic drug, has
been shown to have hypotensive effects with high plasma con-
centrations. Thus, as either of these compounds could dras-
tically change systemic blood pressure and thereby alter kid-
ney function, it was important to monitor blood pressure
throughout each experiment.

A technique for localization of renal tubular ac-
tivity by stop-flow analysis in the intact animsl was intro-
duced in 1957 by Malvin and Wilde. Tubular secretion of TEA
has been shown tp occur in the proximal tubule of the dog
(Rennick et al., 1959). The stop-flow analysis, therefore,
vas used to determine the site in the nephron of tubular se-
cretion and reabsorption of mecamylamine, and the tubular
secretion of Darstine.

In order to evaluate if the tubular secretion of
mecamylamine is by an active transport system the accumula-

tion of the compound in rat kidney slices was studied.



CHAPTER II
EXPERIMENTAL PROCEDURES AND METHODS

Three experimental procedures were used in thils re-
search: The standard clearance techniqué (Jollifee and
Smith, 1931), the stop flow analysis (Malvin et al., 1957),
and the in vitro accumulation studies in rat kidney slices

(Cross and Taggart, 1950).

Standard Clearance Technlque

The utilization of this technique enabled the ex-
cretion studies to be evaluated in the intact, unoperated
animsl.

Renal clearances for all experiments were performed
on post-absorptive mongrel femalé dogs welghing between
18-25 kg. Each animal was hydrated orally with 500 ml. tap
water. Following hydration, if the animal was to be anes-
thetized, 30 mg/kg. of sodium pentobarbital was administered
intravenously. _'

Following the administration of the anesthetic, the
brachial veln was catheterized with a No. 90 polyethylene
catheter. A priming solution of creatinine, mecamylamine
or Darstine was gilven intravenously to establish the plasma

14
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levels of these substances. In order to maintain the plasma
levels constant an infusion solution was delivered at the
rate of 5 ml/min. by a Sigmamotor constant infusion pump.
Equilibration periods of 40-120 minutes were allowed from
the beginning of the infusion to the beginning of the first
collection period.

During this equilibration perlod, the femoral artery
wvas catheterized with No. 90 polyethylene tubing. Clotting
in the tubing was prevented by perliodic injections of heparin.
An indwelling Foley catheter was inserted into the bladder
for urine collections.

Experimental procedure varied for each of the experl-
ments. Each urinary collection period was timed. Three
control periods were followed by three experimental periods,
and in many experiments, three additional experimental urine
collection periods were taken. The rate of urine flow at
the beginning of each experiment determined the length of
the collection periods. At high flow rates timed periods
were ten minutes in duration, at low flow rates fifteen
minutes in duratilon.

Arterial blood samples were taken at the mid-point
in each timed urine collection period. Blood samples were
collected under oil, and allowed to stand thirty minutes at
room temperature for separation of serum. The samples were
then centrifuged and the serum was transferred under oll to

clean tubes.
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Urine samples were also collected under oll into
graduated cylinders. 1In those expepiments with very low
urine flows, the bladder was washed out with 10 ml. of dis-
tilled water and room air. The bladder was emptied by man-
ual suprapubilc pressure. '

The exogenous creatinine clearance was used as the
measure of glomerular filtration rate. Creatinine concen-
trations were determined by the methods of Bonsnes and
Tassosky (1945). The method consists of adding alkaline
plcrate and reading samples in a colorimeter at 525 mp.

Mecamylamine concentration in plasma and urine was
determined by the method of Brodie and Undenfriend (1945).
The method 1ncludes eitraction of the base with ethylene
dichloride at an alkaline pH and the subsequent formation
of a highly colored acid salt with methyl orange. The con-
centration of the base 1s determined indirectly through
measurement of the sulfonic acid salt photometrically. Re-
coveries of added base average 95 per cent of theoretical,
with total quantities as low as five micrograms.

Darstine concentrations in urine and plasma were
determined by the method of Tillison et al., (1954). This
method 1s similar to that described for mecamylamine, in
that the base is extracted into ethylené dichloride at an
alkaline pH and the subsequent formation with methyl orange
of a highly colored acid salt acidified with boric acid.
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The concentrafion of the base is determined indirectly
through measurement of the sulfonic acld salt photometric-
ally.

Rlasma and urine K" and Na’ concentrations were
analyzed with the Baird flame photometer (internal standard
method) . |

The clearance of para-aminohippurate (PAH) was used
as a measure of renal plasma flow. PAH concentrations in
urine and plasma were determined by the method of Smith et
al., (1945).

The pH of plasma and urine was determined under oll
with a Beckman Model 76 Expanded Scale pH meter using a
glass electrode (limit of accuracy 0.02 pH units), at room
temperature and corrected to 37° C.

Total carbon dioxide content of plasma and urine
was measured on a Van Slyke Magne-Matic apparatus using the
technique of Peters and Van Slyke (1924). Plasma and urine
bicarbonate concentration, partial pressure of carbon diox-
ide, and carbonic acid concentration were calculated from
the Henderson-Hasselbalch equation.-

Respiratory alkalosis was 1induced by hyperventlla-
tion with a Harvard Apparatus respiration pump, Model 1063.
The rates of hyperventlilatlion varied, and are recorded 1n
~appropriate tables in Chapter III.

Resplratory acidosis was induced by supplying the
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animal with 10 per cent CO, and 90 per cent 0, mixture. The

2
mixture was inspired through a respiratory high velocity de-
mand valve; expiration was into room air.

Blood pressure recordings were obtained through a
Statham transducer connected to a 4-channel Grass polygraph.
The pransducer vas attached to the No. 90 polyethylene
catheter inserted into the femoral artery.

‘The ECG was recorded on the Grass polygraph simul-

taneously with blood pressure recordings.

Stop Flow Analysis

Of special interest to renal physiologists was the
introduction of this technique, designed to indicate the
site of renal tubular secretion and tubular reabsorption of
substances in the intact animal. This method in no way su-
persedes or supplants the more laborious and quantitative
method of localization of tubular activity by direct micro-
puncture introduced by A. N. Richards (1929). Rather, it
supplements the direct micropuncture technique, and indeed,
fihal interpretation of results havé largely rested on re-
sults derived from direct micropuncture studies of tubular
contents. ‘

Qualitative localization of tubular sites for se-
cretion and reabsorption is accomplished in three ways.

' First, the tubular fluid pressure is raised by blociking the

ureter until effective filtration pressure i1s exceeded.
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Glomerular flltration ceases and movement of tubular fluid
is halted. Renal blood flow continues as was shown by the
introduction of Na and K isotopes during stop-flow studles
(Malvin et al., 1958). Second, the static condition of the
tubular fluid is maintained several minutes. Thls conditlon
enables tubular activity along the nephrons to exaggerate
concentrations of substances, by either more completely add-
ing or more completely removing them, than can occur during
free-flow. Third, glémerular filtration is reinstituted by
unclamping the ureteral catheter and tubular fluid is col-
lected in low volume consecutive samples. The urinary con-
centrations of solutes from these individual serial samples
are plotted graphically together with free-flow urine samples
prior to and following stop-flow samples. By comparing free-
flow concentrations with stop-flow concentrations sites of
tubular ability to reabsorb or secrete are inferred.

Free-flow urine 1s enhanced by the use of the osmotic
diuretic, mannitol. During stop-flow, inulin is injected
intravenously and thus entrance of new filtrate from the
glomerulus after flow 1s reinstituted is indicated by the
appearance of 1nulinAin the tubular samples. Créatinine is
infused with the mannitol solution, and its concentration
in urine and plasma used as a measure of glomerular filtra-
tion rate during free-flow and 1s a measure of water reab-

sorption throughout the nephron in the serlial samples.
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Method for Stop Flow Analysis

Postabsorptive mongrel dogs, male or female, weigh-
ing 10-18 kg. were hydrated with 500 ml. tap H,0 p.o. 20
minutes prior to administration of 30 mg/kg. sodium pento-
barbital anesthesis.

The jugular vein was catheterized with No. 60 poly-
ethylene tubing which was closed with a three-way stop cock.
Arterial blood samples were collected from the femoral ar-
tery vhich was catheterized with No. 60 polyethylene tubing.
Coagulation was prevented by the periodic use of heparin.

Bladder urine was collected through a Foley catheter
inserted into female dogs or through a No. 60 polyethylene
catheter in male dogs.

The left ureter was exposed by a small flank incl-
sion. The ureter was catheterized with No. 60 polyethylene
tubing which was passed well up into the renal pelvis and
then tied securely. The catheter was secured to the edge of
the dog table prior to collecting serial samples.

A mixture of 10 per cent mannitol, 0.9 per cent NaCl,
0.2 per cent creatinine, 0.05 per cent PAH, and the test sub-
stance was infused by a constant infusion pump thropgh a
No. 90 polyethylene catpeter inserted into a bra;higl vein
at 10 m1/min. A priming solution of 20 ml of 6 per cent
creatinine, 0.25 ml. of 20 per cent PAH, and the test sub-

stance was given slimultaneously with-ﬁhe start of the in-

fusion mixture.
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When urine flow from the left catheter had stabi-
lized at 7-10 ml/min., timed free-flow urine collections
vere taken. Midway between the collectlon periods, blood
samples were obtalned. At the end of the second collection
period, the catheter in the left ureter was clamped with a
hemostat and urine flow from that kidney halted. The cathe-
ter was clamped either 5 or 6 minutes. Two minutes prior
to releasing the clamp, a third blood sample was taken. One
minute before releasing the clamp, 1.0 gm. inulin in 100 ml.
distilled water was given into the jugular vein.

Immediately upon releasing the clamp serial urine
samples were collected. These samples, from 0.5 - 0.6
ml/sample, were collected into 3 ml. glass tubes. The tubes
were passed rapidly beneath the left ureteral catheter, and
30 samples collected in a time interval of 2 1/2 - 4 minutes.

A post-occlusion timed urine collection of six minutes,
with a mid-point blood collection, was then taken. The vol-
ume of each serial sample was accurately measured with a de-
livery pipette and this volume diluted with glass-distilled
vater to a final volume of 10 ml. Determinations of concen-
trations of substances in each sample were then made.

The méthods for creatinine, PAH, and Darstine were
those described under standard clearance technique. Na*
and K* analyses were made on the Baird flame photometer

(direct standard). Inulin concentration in urine and plasma
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vas determined by the method of Levine and Becker (1959).
Pre-occlusion and postocclusion urine samples and
blood samples were collected under oil where indicated in
results. Total co,, H2003, HCO5 and pH measurements were

conducted as described under clearance techniques.

Rat Kidney Slices

The flux of a substance between tubular urine and
peritubular plasma is investigated with in vivo renal stu-
dies. The specific role of the tubular cell in this move-
ment can be studied by an in vitro system, such as the kid-
ney slices.

These expe:iments were carried out in a Warburg
manometric apparatus (Umbreit et al., 1957).

Male rats weighing 300-400 gm. each were exsan-
guinated and the kidneys wvere quickly removed and chilled
in ice-cold isotonic NaCl. Slices of 0.4 to 0.5 mm. thick-
ness wvere cut with the Stadie-Riggs micrometer (Stadie and
Riggs, 1944) and placed in the cold NaCl solution. The
tissue slices were then blotted on filter paper and 200-300
mg. of slices were placed in a Warburg flask containing
0.87 ml of 0.3 M NaCl, 0.2 ml of 0.1 M sodium phosphate
buffer (pH 7.%), 0.36 ml of 0.3 M KC1, 0.1 ml of 0.02 M
63012, 0.2 ml of appropriate molarity of Darstine or wmecamy-
lamine and brought to final volume of 2.8 ml with distilled

vater.
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The center well of each flask contained 0.2 ml 6N
NaOH on fluted filter paper as 902 absorber. The flasks
vere shaken at the rate of 100 cycles/min. at 372 C. All
flasks were flushed with 0, and after a 15 minute equili-
bration period appropriate taps were closed and oxygen con-
sumption was recorded for two hours.

Immediately following the incubation period, the
vessels were agalin chilled in cracked i1ce. Kidney slices
from each vessel were quickly blotted, weighed to the
nearest tenth of a mg. on a torsion balance and transferred
to a graduated centrifuge tube. Each tube contained 1 ml.
of 0.1 N HC1 in 15 per cent trichloroscotic acid. Water
wvas added to a total iolume of 3 ml. (Le Sher and §hideman,
1956). After removal of the slices from the vessels, 2 ml.
of medium were added to 1 ml. of 15 per cent trichloroacetic
acid for a final volume of 3 ml.

The slices were pulverized with a glass rod and
bothvthe medium samples and slice samples were allowed to
stand overnight. Samples were then centrifuged And the
supernatant from the slices or the medium were analyzed for
the organic base by methods previously described.

Tubular transport in renal slices is based on a
comparison of medium and slice concentration of a substance.
If a substance moves by diffusion alone from the medium in-

to the slice, at the end of the incubation period the ratio
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of the concentration of the compound in the slice to thé -
concentration in the medium should be unity. If, however,
this ratio exceeds unity, it is indicative of movement of
the substance from a lower concentration to a higher con-
centration by active transport. Results are expressed as

slice/medium ratio (S/M ratio).



CHAPTER III
EXPERTMENTS AND RESULTS

Clearance Studies

Results obtained from clearance studies on the ex-
cretion of mecamylamine and Darstine are represented in

Tables 3 - 21.
'The headings of the columns for these tables have

the following definitions:

Cx clearance or creatinine (c ), PAH (CP )
bicarbonate (c =), mecamylamine (C ar-
stine (Cp), po g3 1um (cg sodium ¥cNa
wml/min.

plasma concentration of mecamylamine (PM),
Darstine (Pp) mg/ml; and potassium (Pg) or
sodium (Pyo), mEq/L.

CorPx clearance of creatinine times plasma concen-
tration of mecamylamine or Darstine equals
amount of substance filtered, mg/min.

cx/Ccr clearance of substance, mecamylamine or Dar-
stine, divided by creatinine clearance.

\'4 volume of urine, ml/min.

Ux urine concentration of mecamylamine (Uy),
Darstine , mg/ml., potassium (UK), sodium
UN& » mEq/D :

UV urine concentration of a substance times the
urine volume equals the amount of substance
excreted. Includes amount of substance in
urine contributed by filtration and tubular
movement. .

25
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UyV-CopPx amount of substance excreted minus the amount
: of substance filtered mg/min. (4 ) denotes
amount of substance added to urine by tubular
secretion over the amount filtered, (-) de-
notes amount of substance removed from urine
as & result of tubular reabsorption.

UpH urinary pH

PpH plasma pH

CpaH clearance of para-aminohippurate, ml/min.
UT002 total CO, in urine, uM/L.

Prco, total CO, in plasma, mM/L.

Up002 partial pressure of 002 in urine, mmHg.
Pp002 partial pressure of 002 in plasma, mmHg.
UHCO§ bicarbonate concentration in urine, mM/L.
PHCO§ bicarbonate concentration in plasma, mM/L.
CHCO§ clearance of bicarbonate, ml/min.

UH2003 carbonic acid concentration in urine, mM/L.
PH2CO3 carbonic acid concentration in plasma, wM/L.

The concentrations of mecamylamine in plasma are re-
ported as total concentrations uncorrected for that bound to
plasma protein (Baer et al., 1956). Thus, the amount of me-
camylamine filtered is the value if all of the drug were com-
pletely filterable. Corrections for plasma binding were not
made as the direction of mecamylamine clearance'changes for
the controls and experiﬁental periods would be the same as
those reported when secretion of mecamylamine occurs. Where
mecamylamine is shown to be reabsqrbed, calculations to in-

clude the correction for plasma binding were executed; in
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all cases, mecamylamine is shown to 'be' reabsorbed as the
data presented indicate.
Darstine has been shown to be freely filterable at
the glomerulus (Le Sher and Shideman, 1956).



TABLE 3

EFFECTS OF ACUTR METAROLIC ACIDOSIS ON MECAMYLAMINE AND POTASSYUM EXCRETION DURING MANNITOL DIURESIS

=.._.-_r__—-_.——'
i Time Ce Py CePu v Uy UV |UV—GA] s C./Ce, U er
i al/mia w/ml | mgmin | mijmin | mge g fmin mg/min | fein
-125 500 mi. B0 p.o. )
-105 90 wg/kg. sodium pentobarbital, 1.V,
- 60 Prime I: 20 ml. 6X creatinine + 2.5 wg/kg. mecamylamine
Infusion I: 38X creatinine, 2.0 mg/kg/hr, wecamylamine in 5% memnitol, I.V. @ 5 ml/min,
. . 001 .0569 4.9 .0228 1120 +,0551 58,80 1.96 6,66 7.43
; g g.g .ooaz .0584 5.2 I .0226 ' .1180 +,0596 58,76 2,01 6.66 7.ﬁ
3 30 26,90 0023 . 0665 5.5 .0210 .1160 +.,0495 50,22 1,714 6,66 7.
30 Add 25 ml, .25 N HC1 to infusion
0025 .03856 2350 +.1590 93.98 3.09 6.40 7.34
5 s 9.3 o0 019 2:33' .0414 l -26820 +.2001 | 104.24 3.44 6.% 7.29
"6 80 29,67 .0029 .0860 6.82 .0428 .2910 +,2050 100,65 3.39l 6,30 7.19
80 |- Add XC1 to imfusion to give .05 N KC1
4|  .0040 .1310 10.40{  .0350 | .3640 +,2330 | 91.oo| 2.80 5.99 ‘ 7.14
:;g gf.oz 0046 l 1427 9.62 .0384 .3690 - +,2263 80,31 2,59 5,96 7.12
C
1 ] P U uv
Um, pmo, Upm, pﬁo, U HCO7 pl-m; HCO3 Uu,m’ H,C0, px K K K
=ML . mM/L ol /min =M/L wEq/L wEq/min l/min
1 12,53 26,33 87 40 9,84 25,33 1,90 2,69 1,20 3.95 11,75 57.56 14,58
2 12,06 26,80 84 40 9.47 25,60 1.92 2,39 1,20 3.95 11,70 60,84 15,40
3 11.48 26.75 80 40 9.01 25,55 1,94 2,47 1.20 4,00 11,70 64,35 16,08
4 10.21 20.88| 110 39 6.81 19.70 2,28 3.40 1.18 3,95 13.20 87.12 22,05
S5 9.28 18.24{ 107 38 5.97 17,10 2,37 3.31 1,14 3.92 13.10 89,08 22,72
6 8.53 16,36 107 42 5.22 15.24 2.4 3.3 1,12 4,05 12,95 88,32 21.81
3.53 92.%|. T 27 S.11 8.75 3,70 2.4 .61 8.10 18,00 187,20 23,11
3.7 8.31 80 26 8.27 1.70 4.09 2.47 .61 8,75 20,40 196,25 22,43

gc
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Experiment 1

The data in Table 3 show the effects of acute me-
tabolic -acidosis on mecamyiamine and potassium excretion.
Hydrochloric acid was added to the standard infusion after
control values for mecamylamine and potassium had been
established.

This experiment was outlined (1) to show a definite
inverse excretion relationship between mecamylamine and po-
tassium wvhen the urine was acidified,(Q) to indicate if po-
tassiﬁm administration would inhibit the high mecamylamine
secretion into the acid urine.

in earlier experiments on mecamylamine excretion,
urinary flow rates averaged 010 -0.30'm1/m1n. Vith isotonic
NaCl infusion. In order to increase these urinary flows
mannitol as an osmotic diuretic was added to the infusion
solution in this and in other experiments wvhere indilcated.

The acidosis produced as the beginning of the first
experimental periods (periods %4, 5 and 6) did cause a two-
fold increase in mecamylamine clearance (Cy). However, po-
tassium clearance (Cx) increased as well (60%). As was to
be expected from the acidosis, urinarﬁ and plasma pH de-

creased, as did total CO and urinary plasme bicarbonate.

2
Bicarbonate clearance increased (CHCQ§) and urinary pco2
and HpCO; concentrations increased.

Scribner et al., (1959) had argued that if a base
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vere excreted by filtration and non-ionic diffusion, the
clearance of the base should increase with increased urinary
flow, as well as with a decreased urinary pH. waever, the
administration of potassium chloride after metabolic acidosis
had been established resulted in & 15-20% depression of me-
camylamine clearancg, concomitant with a continued decrease
in urinary pH and increased urine flow rate.

Results from this experiment were interpreted as
evidence that (1) with the 15-20# depression of mecamylamine
clearance following KCl administration superimposed on me-
tabolic acidosis, mecamylamine excretion was related to a
tubular cation exchange system (2) potassium was the cation
involved in the exchange system, (3) with the two-fold in-
crease in mecamylamihe clearance following the induction of
metabolic acidosis, mecamylamine secretion occurred in part

by non-ionic diffusion.



TABLE 4

EFFECTS OF KC1 ADMINISTRATION ON MECAMYLAMINE EXCRETION DURING MANNITOL DIURESIS

Period Time C.. P, Cc'PM v U,, U,V |U,V—C.P Cy Cu /Cc' U - l;“
min ml/min I mg/ml mg /min I m! /min mg/ml mg /min _ mg/min ml /min
=125 300 ml. Hy0 p.o.
~105 30 mg/kg. sodium pentobarbital I.V,
- 60 Prime I: 20 ml. 6X creatinine + 2.5 mg/kg. mecamylamine I.V,
Infusion I: .38X creatinine, 2.0 mg/kg/hr. mecamylamine in 5% mannitol I.V. @ 5 ml/min,
1 10 35.11 .0021 L0737 6.29 .0200 .1258 +,0521 59.90 1.71 6.90 7.37
. 2 20 31,68 .0022 .0697 5.21 .0292 .1521 +,0824 69.15 2,18 6.87 7.36
3 30 31.20 .0023 LONT| 5,46 .0286 .1562 +,0845 67.89 2,15 6.79 7.39
30 Add KC1 to infusion to give .05 N KCl
4 T0 36.61 | 0024 .0879| 6.90 .0192 .1325 +.0446 55,20 1.51 6.77 7.30
5 80 37.29 .0025 ,0932]| 8,00 .0158 .1264 +,0332 50.56 1,35 6.81 7.30
6 90 38,02 .0026 .0989| 8.32 0176 .1464 +,0475 56,32 1,48 6,82 7.19
T 100 38,03 .0027 L1027 8,66 0170 .1472 +,0445 54,53 1.43 6,76 7.20
; T
Period Uroo, pTco, UPOO, ';oo, LHCO; pHoo; Cuoo; Uu,oo, pH,(:oJ P Uy UgV Ce
mM/L mm Hg mM/L m) /min mM/L mEq/L wEq/min ol /min
1 13.90 |23.43 62 40 11,98 22,23 3,39 1,9 1,20 3.93 10,50 | 66.05 16,81
2 15,94 [23.55 75 41 13.62 22,32 3.18 2,32 1.23 3.75 12,25 | 63,82 17,02
3 15,74 |23.32 86 38 13,08 22.18 3.21 2,66 1,14 3.63 12,90| 70.43 19,40
4 14,85 |22,52 85 44 12,22 21.20 3.98 2.63 1,82 5,73 21,50 | 148,35 25.89
5 16,06 |22.40 86 44 13,40 21,08 5.08 2,66 1,32 5.50 22,40 | 179.20 32,58
6 15,89 |22,37 82 56 13,36 20,70 5.37 2.53 1.67 5.38 22,30 | 185,54 34.49
7 15,89 |22.52 92 55 18,05 20,86 5.42 2.84 1,66 5.60 23,90 | 206,97 | 386,96

1€
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Experiment 2

The experiment reported in Table 4 was designed to
investigate the effects of the acute administration of KCl
on mecamylamine excretion. Mannitol was infused to produce
an osmotic diuresis. |

The data show that mecamylamine clearance decreased
20% when potassium chloride was added to the infusion solp-
tion. This depressibn occurred again together with an in-
creased urinary flow rate. Urine pH did not change signifi-
cantly. The data show also that the urinary concentration
of mecamylamine (Uy) decreased and, further, that the amount
of mecamylamine excreted (UMV) as well as the amount of me-
camylamine in the urine contributed by tubular secretion
(UMY - CopPy) was depressed.

It 18 to be noted that, with those substances which
show botﬁ net tubular secretion and net tubular reabsorption
in clearance studies, a decrease in net tubular secretion
could occur as the result of enhancemént of reabsorption, or
an 1nhibition of tubular secretion.

The results from this experiment were interpreted
as evidence that mecamylamine could participate in the tu-

bular cation exchange systeu.
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TABLE 5

EFFECTS OF MECAMYLAMINE ADMINISTRATION ON POTASSIUM EXCRETION DURING ISOTONIC NaCl DIURESIS

Period Time C . !’M CQPM \'% UM UM \"4 UMV—C c:lil CM CM/ Cc" UyH PPH C PAH
min mt/min I mg /ml l . mg/min | ml/min ) mg/ml ' mg /min I mg /min I mg /ol I mg /ol
-125 500 ml. Hp0 p.o.
-105 30 mg/kg. sodium pentobarbital I.V.
- 60 Prime I: 20 w1, 6% creatinine + ,25 ml, 20X PAH L.V,
Infusion I: .38% creatinine, ,1% PAH in 9% NaCl, 1.V, € 5 ml/min,
1 15 25,78 P 2,93 . 5,95 | 7.38 |113.73
2 30 20,81 I 1,93 619 | 7.41 |112.80
30 Prime II: 2,5 mg/kg. mecamylamine in 20 ml. Hy0 I.V,
Add 2.0 mg/kg/hr. mecamylamine to infusion
4 105 46, .0022 1029 | 4,49 .0118 .053 -.0499 | 24,08 S15 | 7,16 7.51 123.48
5 120 42,29 .0024 .1015 3.70 .0119 .044 -.0575 18,35 434 | 7.15 7.5
6 135 43,7 .0026 .1136 3.25 .0121 .039 -.0746| 15,13 346 | 7.22 7.51 129.38
7 150 -45.86] 0028 .1284 3.55 .0122 .043 -.0854 15,47 .337 | 7.20 7.49 1138,05
. p-
Period Uw;o2 TCO, Upco, ppco, Ul-lcoJ Puco, CﬂooJ Ul-l,(:oJ pu,oo, Py U, U v Cy
mM/L mm Hg mM/L ml/min mM/L mEq/L «Eq/min ml/min
1 2,077 23.35 36 51 . 965 26,80 . 106 1,11 1,53 4,25 7.56 22,15 5.21
2 2.634 29.03 39 45 1.454 27.50 .102 1.20 1.53 4.13 7,90 16.25 3.69
3
4 27.15 28,27 70 35 24.99 27.21 4,12 2,16 1,06 4,03 24,50 | 110,00 }27,30
5 29,30 27.82 78 35 26,89 26,78 3,72 2.41 1,04 4,03 25,70 95.09 |23,60
6 29,57 23.10 67 29 27.50 22,11 4.04 2.07 .99 3.80 26,90 87.43 (23,01
7 28,30 22,53 67 30 26,23 21,70 4,29 2,07 .83 3.68 21,80 77.89 |21,02

€e
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Experiment 3

The data presented in Table 5 represent results
from an experiment designed to show the effects of the acute
administration of mecamylamine on potassium excretion during
isotonic NaCl inlusion. A

Two control periods (periods i and 2) were estab-
lished prior to the infusion of mecamylamine. The changes
noted after mecamylamine administration were a fourfold in-
crease 1n potassium clearance, increase in urlnary total‘coa,
urinary bilcarbonate (UHCOB)’ clearance of bicarbonate (CHCO§)’
urinary volume and pH. These changes closely resembled re-
sults from earlier experiments in which the carbonlie anhy-
drase inhibltor, acetazolamide (DiamoxR) was administered.

These data are therefore suggestive of a carbonlc
anhydrase inhlibitor action of mecamyiamine. Unexplainable
is the twofold increase seen in GFR (CCr) following meca-

mylamine administration.



TABLE 6

EFFECTS OF KC1 ADMINISTRATION ON MECAMYLAMINE EXCRETION DURING ACUTE METABOLIC ALKALOSIS

13

Period Time CCt PM Cc‘l’M \Y UM UMV UMV—CQP Cu CM/C(:; U’H
min lnl/;nin mg /el mg/min | ml/min mg/ml I mg /min I mg /min ml /min I
-125 500 ml. Hzo p.o.
-105 30 mg/kg. “sodium pentobarbital 1.V,
- 60 Prime I: 20 ml. 6% creatinine + 2.5 wg/kg. mecamylamine 1.V, :
Infusion I: ,38% creatinine, 2,0 mg/kg/hr, mecamylamine in 7,.5% NaHCO3 I.V. @ 5 ml/min.
1 10 45.90 .0009 .04131 12,00 .00132 | ,0158 -.0255 17.60 .383 7.62
2 20 46,27 .0011 .05091 12.80 .00140 | ,0180 -,0329 16,37 .354 7.67
3 30 40.71 .0010 .0407| 11.40 .00120 | .0143 —. 0264 14.25 .351 7.1 |
30 Add KC1 to infusion to give .05 N KC1
4 60 38.24 .0012 .0459| 12,00 .00135 | .0162 -.0297 13.51 .353 7.73
5 70 33.80 .0017 .0575| 10,35 ,00165 | ,0171 -.0404 10,05 .297 7.7
6 80 42,87 .0016 .0686| 12,86 .00150 | ,0193 -.0493 12,06 .281 7.64
Period UTCO: pTCO, UP°°, 1;00, UHCO; pHCO; ¢ HCo; UH,oo, Pu,oo, P Uy UgV
mM/L mm Hg mM/L ml /min mM/L mEq/L «Eq /min
1 180,92 | 76.90 172 108 175,60 73.65 | 26,84 5,32 3.25 3.19 12,50 | 150,00
2 174,91 | 77,04 148 107 170,34 73.82 | 29,54 4,57 3.22 3.18 13.10{ 167,68
3 188.00 | 79,18 149 109 133.40{ 75.90 | 27,56 4.60 3,28 3.10 13.204 150.48
4 237.91 [90.30 154 117 203,15| 86.78 | 26.09 4.76 3,52 4,15 16,601 199,20
] 215.88 [89.73 160 112 210.94| 86,36 | 25.29 4,94 3,37 4,26 17,80} 184,23
6 224.41 {92.57 204 110 218,111 89,26 | 31.42 6.30 3,31 4,41 18,90 | 243,05
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Experiment 4

Earlier experiments had shown that net tubular re-
absorption of mecamylamine occurred when the urine was al-
kalinized. The experiment represented by the data presented
in Table 6 was designed to study the effects of the adminis-
tration of potassium chloride on mecamylamine excretion dur-
ing metabolic alkalosis.

The control values in periods 1, 2 and 3 show tu-
bular reabsorption of mecamylamine, with the clearance ra-

- tios for mecamylamine to creatinine clearance (CM/CCr)'of
less than one. Urinary pH was well within the alkaline
ranges. The potassium clearance indicated active tubular
secretion of potassium as the clearance of potassium was
_higher than the simultaneously measured clearance of cre-
atinine.

Following potassium chloride infusion (periods 4, 5
and 6) the clearance of mecamylamine (CM) continued to de-
crease. The amount of mecamylamine reabsorbed increased
25% and the CM/CCr was reduced further. Urine volume'and
urine pH remained constant. Potassium clearance continued
to indicate active tubular secretion of potassium.

The results from this experiment indicate further
evidence of potassium and mecamylamine participation in a
cation exchange system. Potassium loading resulted 1n in-

creased wmecamylamine reabsorption with no change in urinary
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PH. This effect 1s difficult to explain with the concept

of excretion by filtration and non-ionic diffusion.



TABLE 7

EFFECTS OF MECAMYIAMINE ADMINISTBATION ON POTASSIUM EXCRETION DURING ACUTE METABOLIC ACIDOSIS

Pesiod | Time C.. p, | c.n, v u, UV (U, V—CPl €, |cC,/c.| u, Pa
min ml/min ! mg/m] I mg /min ml/min I mg/ml l mg /min l mg /min ‘ ml /min l
95 | 500 m1, Hy0 p.o.
- 75 | 30 mg/kg. sodium pentobarbital I,V.
- 30 |!Prime I: 20 ml, 6% creatinine IV,
Infusion I: 38X creatinine in ,9% NaCl + 25 w1, .25 N HC1, I.V,, @ 5 ml/min.
1 15 | 43.45 .600 5.50 7.21
2 30 | 43.21 l .600 5,32 7.20
3 45 | 43,89 .607 5.20 7.2
45 | Prime II: 8 mg/kg. mecamylamine in 20 ml. Hp0
Add 10 mg/kg/hr, mecamylamine to infusion
4 - 120 45.43 .0039 1T '1.577 .264 | .416 +,2389 106.67] 2.35 5.27 7.01
5 135 | 36,13 .0055 .1987 | 1,673 447 .748 +,5493 136,00 3.76 5,28 6,94
6 150 26,11 . 0067 I .1749 | 1,960 442 .866 +,6911 129.25| 4.95 5.27 6.82
Period U'roo, p-roo, U oo, l;m’ U, oo PHOD; C - Un,oo, pu,oo, P Ug u,v c,
mM/L mm Hg mM/L m} /emin mM/L mEq/L #Eq/min m} /emin
1 2.264 17.43 | 15.0 41 1,804 16,19 .668 .460 1,244 4.35 29.03 17.42 4.00
2 977 | 15.51 4.5 37 .838 | 14.40 | .349 .139 1.112 4,38 | 32.83 19.70| 4.50
3 1,043 13.09| 3.8 a .927 | 12,16 | ,463 116 .931 4,38 | 37.70 22,88| S5.22
4 .606 7.09 2.5 26 .528 6.46 .129 .078 .632 4.43 40,90 64.50 | 14.56
5 .627 6,40 | 2.7 27 .544 5.59 .163 .083 .810 4,88 | 41,94 70.17 | 14.40
6 .627 4.23] 2.6 22 .546 3.57 .300 .081 . 660 5.43 | 2.4 82,98 | 15,28

gt
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Experiment 5

" The secretion of potassium has been shown to be
wminimal dufihg metabolic acldosls, as the tubular sodium
exchange is primarily with the hydrogen ion (Berliner et
al., 1951). Data shown in Table 7 is from an experiment
designed to show 1f the administration of mecamylamine
woﬁld enhance potassium excretion during metabolic acidosils.
An 1sotonic NaCl solutlion was infused.

With the addition of mecamylamine to the infusion
solution, there was & threefold lncrease i1n the clearance
of potassium. Concurrently, urine flow doubled. Values
for both urine and plasma H2003, pCOQ, HCO§ and total 002
decreased from controls. These depressed urine and plasma
co, and related values in periods 3, 4 and 5 are indicative
of increased HCOg reabsorption with sustained metabolie
acidosis.

The increase in potassium excretion following me-
camylamine administration was interpreted as further evi-
dence of a cation ﬁubular exchange relationship between

mecamylamine and potassium.



TABLE 8

EFFECTS OF MECAMYLAMINE ADMINISTRATION ON POTASSIUM EXCRETION DURING ACUTE RESPIRATORY ALKALOSIS

Period | Time C. P, | C.B, v u, UV [0, V—CP| €y [ Cu/C| Uy | P
min ml/min mg/ml l mg/min | ml/min I mg/m! | mg /min mg /min m! /min l
-125 500 m1. Hy0 p.o.
-105 30 mg/kg. “sodium pentobarbital I,V,
- 60 Prime I: 20 ml. 6X creatinine 1.V,
Infusion I: ,38% creatinine in .9% NaCl I.V. @ 5 ml/min,
- 40 Hyperventilate 30 strokes/min, 275 cc/stroke
1 15 35.82 | .325 | 6.10 7.42
2 30 30.74 207 6,15 T7.42
30 Prime II: 8 mg/kg mecamylamine in 20 ml, H,0 1.V,
Add 10 mg/kg/hr, mecamylamine to infusion ’
4 75 .17 ,0036 148 | 2,32 154 | 357 +,209 9.16 | 2.41 | 6,75 7.41
5 90 39.20 .0040 156 | 2,32 AT .398 +,242 99.50 2.54 6.80 7.43
6 105 3717 ,0050 .185 | 1.85 .208 .385 +,200 77.00 2,07 6.76 7.50
Period | Upeo, p'rco, Upco, Beo, Uhicos pHct); cho; Ui-l,coJ pH,co Pe Uk UgV <
mM/L mm Hg mM /L ml /min mM/L mEq /T, wEq /min ml /min
1 .625 14,79 20 22 .025 14,13 .058 .600 .66 4,12 56,65 18,41 4.47
2 .566 14,40} 17 22 .045 13,74 .062 .525 .66 4,07 92,84 19,22 4,72
4 3.85 11,90} 23 18 3.14 11,36 .641 .N2 .54 3.40 18,30 42,461 12.49
5 4,20 11,67 22 17 3.51 11,16 732 , 680 .51 3.25 18,40 42.69| 13,14
6 4.20 11,56 24 15 3.46 11,11 376 . 740 .45 3.17 22,44 30,52 9.27

Ot
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Experiment 6

The results shown in Table 8 are from an experiment
designed to 1lndicate the effect of the acute administration
6f mecamylamine on potassium excretion during respiratof& |
alkalosis. Mecamylamine was added to the infusion solution
following the establishment of control values for potassium
(periods 1 and 2).

In respiratory alkalosils PTCOQ’ PHCO§ and P,CO, are
decreased. The renal tubular reaction to the increased al-
kalinlty of the plasma 1s a decreased hydrdgén lon secretion
as a result of less 002 avallable for hydration within the
tubular cells. This decreased hydrogen lon secretion re-
sults in an increased secretion of potassium lons in ex-
change for the sodium lons which are continually being re-
absorbed (Elkington and Danowskl, 1956). Therefore, if ume-
camylamine secretion does inhibit potassium secretion, there
should be evidence of this inhibition with mecamylamine in-
fusion. -

The results of the mecamylamine infusion on potassium
excretion showed no tubular inhibition of potassium, but
rather potassiﬁm clearance increased threefold. (The in-
crease in potassium clearance could be as a result of the
1nh1b1tion of potassium tubular reabsorption). Concurrently
with the enhanced potassium clearance, there was seen an
increased urine flow, an increased UTCOQ’ UHCO§ and CHCO§’

as well as an increased UpH.
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A control experiment was conducted to determine the
effects of respiratory alkalosis alone on the excretion of
potassium. During the six periods, potassium clearance re-
malned relatively constant, although potassium concentra-
tion in the urine varied inversely with urine flow. There-
fore, the data from this experiment were interpreted as evi-
dence that mecamylamine administration enhanced potassium

secretion. --



TABLE 9

EFFECTS OF INCREASED PLASMA LEVELS OF MECAMYLAMINE ON POTASSIUM EXCRETION DURING MANNITOL DIURESIS

g

; Time c, | P | ol v u,, u,v (yv—crel c, | c,c,

min mlfmin | g/ wgfmin | mifwin | mg/e mg/min | mg/min wlfmin |

-105 500 m1. Ho0 p.o.

- 90 30 wg/kg. sodium pentobarbital 1.V,

- 45 Prime I: 20 ml. 6% creatinine 1.V,

Infusion Y: .38X creatinine in 5% mannitol, I.V, @ 5 ml./min,
1 10 26.86 ) 6.6 .88
2 20 7.4 6.8 6.84
3 30 28,56 7.4 6
30 Prime II: 2.5 mg/kg. mecamylamine in 20 ml. Hy0 1.V,

Add 5 mg/kg/hr. wmecamylamine to imfusioa

24,57 .0024

4 60 .0590 6.27 .0120 .0752 +,0162 31.35 .28 6.80 .
5 T0 - 23,60 0024 .0566 6.49 0114 0740 +.0174 30,83 1,8 6.79
6 80 24.49 . 0024 .0588 6.80 .0150 .1020 +,0432 42.50 .T4 6.70
80 frime III: 1.2 mg/kg, mecamylamine in 20 ml. Hy0 I.V.
Add 10 mg/kg/hr. mecamylamine to infusion
T 110 19,73 .0040 .0789 5.85 .033 .1931 +,1142 48,26 2,45 6.7
8 120 16,40 . 0054 .0886 4,85 .042 .2037 +. 1151 37.72 2,30 6,70
9 130 16.37 . 0055 .0900 5,05 044 .2222 +,1322 40.40 2.47 6,65
SE——
UTco,‘ proo, Upoo, l’poo, u HCO; puoo; ¢ HCOo; Un,co, P H,C0, " Y
mM/L mmHg aM/L ml /min mM/L mBq/L

1 15.16 21,51 70 48 13,00 20,07 4,27 2,16 1.4 4.60 6,05

2 14.40 20.83 72 . 11 12,27 19,60 4.25 2,22 1,23 4,65 6,35

3 14.29 21.96 ™ . 44 12,03 20.64 4,32 2,25 1,32 4,60 6.85

4 13.49 3 11,23 2.26 4.50 6,50

5 13.03 21,39 T k7| 10,80 20,37 3.45 2,22 1,02 4,65 6.70

6 12,92 T2 . 10,69 2,22 4,68 7.05

7 12,00 n 9,62 2,38 4.30 6,35

8 11,27 17.07 (4] 33 9,01 16,06 2,72 2,26 .99 4,30 5,75

9 10,36 T4 8,07 2,29 4.35 5.85

€4
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Experiment 7

This experiment (Table 9) and the following experi-
ment (Table 10) were conducted to assess the effect of in-
ereased plasma levels of mecamylamine on potasslium excre-
tion during mannitol diuresis. Three control periods (1,

2 and 3) were followed by two additional experiment collec-
tion periods (4, 5 and 6; 7, 8 and 9) between which mecamy-
- lamine piasma levels were increased.

The results from the experlment presented in Table 9
show that mecamylamine infuslion had no significant effect on
potassium excretion during periods 4, 5 and 6. During pe-
riods 7, 8 and 9, with the increased plasma levels of meca-
mylamine, potassium clearance was inhibited 20% from the
previous experimental periods. This decrease in clearance
occurred, however, with a concomitant decrease in the
glomerular filtration rate (cCr)' Therefore, the amount of
potassium reabsorbed (cCrPK - QKV) was calculated for the
nine periods., Reabsorption of potassium decreased by 12%
when mecamylamine was first infused, and decreased by 40%
upon further raising the plesma levels of mecamylamine,
from control values. | |

Date from this experiment, therefore, were inter-
preted as evidence that mecamylamine inhibited the tubular

reabsorption of potassium.



TABLE 10

EFFECTS OF INCREASED PLASMA LEVELS OF MECAMYLAMIEE ON POTASSIUM EXCRETION DURING MANNITOL DIURRSIS

P U V—
C., . CP, | Vv u, UV [uv—c?| €, | S/Cq| U Pe | Comn

R e S Y S R wgjmin | wgmin | wipmin |
500 ml. 820 pP-O.

30 mg/kg. “sodivm pentobarbital 1.V,

Prime I: 20 ml; 6% creatinine + .25 ml. 20X PAH, IV,

Infusion I: .38% creatinime, .1% PAH im 5% wawmitol, I.V, @ S ml/ain.

1 33,16 7.10 6.67 7.30 104,35
2 4.4 8.07 6,65 7.3 120,66
3 34,70 8.60 6,64 7.3 96.28
Prime II: 3.0 mg/kg. mecamylamine in 20 ml, H,0, 1.V,
Add 6 mg/kg/hr, mecamylamine to iafusion
4 37,63 .0021 079 11,16 .0192 214 +.138 102,03 2.0 6,69 7.29
5 0023 9.25 0212 196 85.14 6.72 T.32 115,59
6 43,92 0024 .105 14,41 0224 323 +.218 13M.49 3.06 6.75 7.33
Prime III: 1.5 mg/kg wecamylamine in 20 ml. Ho0, L.V,
Add 12 mg/kg/hr, mecamylamime to infusion -
7 33.10 0057 .189 10.21 .0508 17 +,328 90.99 2.7 7.00 7.31 181,00
8 38,67 .0063 244 12,00 .05688 . T06 +.462 112,00 2,90 7.06 7.34 181,00
9 30,81 .0080 256 9.11 .0684 623 +.367 71.89 2.52 7.02 7.3 178,00
== e —
p
P To0, Ul‘”z POO0, U"w; P HCo3 C"m; U“:m.' P H,00, PK U‘ U‘ v C‘
wM/L mmHg =M/L il /min =M/L mEq/L »Eq /mio wl /min
1 21.87 63 “ 7.19 20,57 2.48 1.95 1.3 4.50 7.10 50.41 11.20
2 21,538 60 38 6.61 20,39 2,62 1.85 1.14 4.3 7.3 58,91 13,54
3 21,19 60 39 6.49 20,00 2.79 1.83 1.19 4.35 8.10 69,66 16,01
4 21.36 61 44 9.16 20,02 5.11 1.89 1.4 4.56 10,60 118.30 25.94
5 20,92 T2 41 9.32 19.68 4,3 2.23 1.24 4.18 11,35 104.99 25.17
6 ki 9.62 2.16 4.23 12,25 176,52 41,78
7 60 11,97 l 1.85 5.33
. . . 15, v .
g }3.69 57 37 12,96 18,60 i 8.3% 1.76 1.09 5.3 5.5 158.77 ».m
80 | 63 40 13.23 18,80 ! 6,41 1.95 1.00 5.7 | 16,65 |151.68 ' 26,9

of
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Experiment 8

As was described in the previous experiment, Table
10 also indlcates the effects of increased uwecamylamine
plasma levels on potassium excretion during mannitol diure-
sis. The clearance of para-aminohippurate (CPAH) as a mea-
sure of renal plasma flow was included in this and all sub-
sequent experiments.

The results in this experiment show that, after the
addition $f mecamylamine to the infusion solution, potassium
| clearance (CK) increased 70% over control values and increased
10% further when plasma levels of mecamylamine were raised.
This change in potassium excretion occurred with no signifi-
cant change in the amount of potassium filtered.

The infusion of a mannitol solution has been shown
to result in a graded increase in the rate of the excretion
of potassium and bicarb?éate. Urine pH, UTCOQ’ as wvell as
urine flow also increase. Although these changes are found
to occur in these data and simultaneously with mecamylamine
administration, the change in potassium clearance from con-
trol values was sharp and sudden, not graded.

Thq results from this experiment have been inter-
preted‘as further evidence that mecamylamine either increases

potassium secretion or inhibits potassium reabsorption.



TARLE 11

xmasorumuymmxclmummmmmmwnnmm

Time C o P“ Cc:pu v U“ UuV U“V'-CQP,‘ Cu C“/Ccr u M p’H C'm
min wyjma | mg/ml | wgjeia | wifmin | wgmt | mifmia | mgmiea | mime | d /i
-110 500 m1. B,0 p. o, :
- 9 30 mg/kg. “sodium peatobarbital I.V,
- 45 Prime I: 20 ml. 6% creatinime + .25 m]. 20X PAB 1.V,
Infasien I: .38X creatimime, .1%X PAH ia 5X mamaitol I.V. @ 5 ml/min,
1 10 40.66 3,945 6,77 7.42 109,44
2 20 46,05 4,700 6,85 T7.42 120,93
3 30 40,56 4.470 6.73 7.41 110,85
30 Prime II: 2.0 mg/kg. mecamlylamine in 20 ml. Bo0 I.V.
Add 3,0 mg/kg/hr, mecamylamine to infusienm
4 T0 42,14 .0016 .0674 6,70 .0254 .1702 +,1028 106,37 2.52 6.63 7.40 164,78
5 80 44.30 .0019 .0042 7.10 0304 .2158 +,1316 113,57 2.56 6.61 7.41 177.95
6 90 46,55 .0020 .0931 ‘7,48 0552 . 2483 +,1552 124,15 2.67 6.69 7.43 185,11
% Add XC1 to imfusion to give .05 N KCl :
7 | 1% 42,85 .0026| .14 T.70 0352 2710 | +.1506 | 104.28] 2,48 | 6.66 | T.32 | 162.62
8 140 47,90 .0027 .1293 8.47 . 0466 <3947 +12654 146,18 3.05 6,61 7.32 181,34
9 150 51.17 .0028 .1433 9.40 0414} 3892 +.2¢59 139,00, 2,72 6.61 7.38 192,27
P
Umo, To0, Upco, §00, Uuoo; pnoo; Cma; uH,cn, pu,m, Pe Uy U v | S P U | UV | Cn
aM/L mm Hg mM, wl /ain -M/L mEq/L oEq/min | =ml/min mEq/L B fmin wl /min
1 21,03 | 22,42 120 M 17,32 | 21.40 | 3.16 3.n 1,02 3,95 7.40 29.19 7.9, 104 20.4 80,46 -
2 19.89 | 21. 4 % 3 16,86 | 20,75 | 3,82 3,08 .99 3,95 6,05 28,44 7.20 | 105 12,6 | 57.96 355
3 19.12 | 21,51 118 33 15,47 | 20,58 | 3.36 3.65 99 3.95 4.95 22,13 5,60 | 102 10,0 4.7 A4
4 18,66 | 21,96 138 33 14,40 | 20.91 | 4.62 4.26 1,08 4,10 5.80 38,86 9.48 | 104 24.0 |160,80| 1.55
5 19.00 | 22,93 145 | 86 14,52 | 21.85 | 4. T2 4.48 1.08 4,00 §.60 41.18 } 10,30} 101 23.9 |169.69| 1.68
6 |19.12 | 22,63 | 12T |34 15,20 | 22,61 { 5.04 | 3,92 | 1,02 | 4.40 |15.60 | 41,89 | 9.50| 100 21.5 |160.62) 1,60
T 19.80 | 22.40 138 42 15.54 | 21.14 | 5,66 4.26 1.26 5,80 (12,60 97.02 A 16,73 17.6 |135.%2
8 20,08 | 22,06 153 «@ 15,31 | 20,60 | 6.23 4.72 1.26 6.20 [15.70 |132.98 ’ 21.45| 100 16,0 |133.52 | 1.35
9 120,48 {21,837 | 15T |38 15,63 [ 21.32 | 6,88 | 4.85 | 1,05 | 6.65 119.60 |184.24 ; 27T. 1| 97 14.5 131%.% ] 1,41

Ly
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Experiment 9

The data in Tables 11 and 12 represent results from
experlments designed to assess the mutual effects of both
mecamylamine and potassium administration on potassium and
mecamylamine excretion during a mannitol diuresis. Table
11 shows data on mecamylamine-potassium excret;on relation-
ships in the anesthetized dog. Table 12 shows these rela-
tionships in the unanesthetized dog. Sodium concentrations
were determined in experiments 9 and 10 (Tables 11 and 12).

In Table 11, control values are indicated 1n peri-
ods 1, 2 and 3. Mecamylamine was then added to the infusion
solution. Following three collection periods (4, 5 and 6)
potassium chloride was then included in the infusion -mixture.
The effects of potassium administration on mecamylamine ex-A
cretion are shown in periods 7, 8 and 9.

Meéﬁmylamine administration resulted in a 30% in-
crease in the clearance of potassium and a threefold increase
in sodium cleafance. Total urinary-CO2 and UHCO§ did noﬁ
change significantly. Urine flow rate changed from 4.5
ce/min. to 7.0 ce/min. The clearance of PAH (CPAH) was en-
hanced 30%, but creatinine clearance was not significantly
changed. .

Potassium loading prior to periods 7, 8 and 9 did
not result in a depression of mecamylamine clearance (CM)

(except in period 7).
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The data from this experiment were interpreted as
further evidence that mecamylamine excretion 1s 1n‘part by
non-ionic diffusion, for the clearance increased as the
urinary flow rate increased. Evidence for a tubular cation
exchange relationship between sodium and mecamylamine was
indicated with the threefold increase in sodlum clearance

following mecamylamine administration.



TABLE 12

4

EFFECTS OF MECAMYLAMINE AND KCl ADMINISTRATION ON POTASSIUM AND MECAMYLAMINE EXCRETION DURING MANNITOL DIURESIS IN THE UMAMSSTHETIZED DOG

Peri —
eriod | Time c, P, C.P,, v u, U,V p,v-crl c, . Py Corn
min mi/min | wg/ml | mg/min wifwin | og/el | wl/min mg fovins wifwin | wl fmin
-85 500 ml, H,0 p.o.
- 3 Prime I: “20 m1, 6% cre-thlne + .25 ml, 20X PAH 1.V,
Infusion I: 38% creatinine, .l% PAH in 5% mannitol 1.V, @ 5 ml/min,
1 10 29,65 5.53 5,75 7.30 108,18
2 20 34.30 5,22 5.76 7.82 100,05
3 0 37.64 5.50 5.81 7.31 112,20
30 Prime IX: 3 mg/kg. mecamylamine in 20 ml. By0 1.V,
Add 8 mg/kg/hr, mecamylamine to infusion
4 T0 45,47, .0018 .0018 4.7 .0386 .1897 +,1079 105,39 6,25 7.34 112,91
5 80 42,32 .0020 . 0846 6.11 .0404 .2468 +.,1622 123.40 6.38 7.34 132,73
6 9 34,27 .0022 0754 5.35 .0426 2279 | +.1525 103,50 6,45 7.4 114,64
9 Add KC1 to infusion (without wecamylamine) to give ,05 N KCl
7 130 36.68| .0015 0586| 1 L0272 1934 +.1398 132,47 6,65 | 7.35 127.49
8 140 39.75 .0015 L0572 8.05 | .0260 .2093 +,1521 145,35 6.65 7.36 143.75
Peried | U P p
TCO, [ TOO, Upoo, PC0, Uuou; puoo; cuoo; UH,oo, pn,m, P u U v Ns U VY CNa
aM/L wn Hg wM/L ml frmin mM/L mEq/L oBq/min mEq/L oEq/min | ml/min
1 1.61 19.43 16 33 1.13 18,29 | .M4 .48 1,14 5,08 8,05 44,52 137.5%0| 20,16 | 105,23 .
2 {1.26 |18,97 | 12 36 .90 |17.89 | .23 .36 1.08 | 4,68 | 9.80 | 51,16 141,50 | 47.50 | 247.95] 1.75
3 1,03 18.97 11 37 .T0 17,86 | .21 .33 1,11 4,60 12,30 67,65 135,00| 67,00 2,73
4 3.45 20,12 47 36 2.04 19.04 | .51 1.41 1.08 4,63 |22,83 |106.00 136,67| 154,28 | 739,00 5.41
H 4.25 19.89 47 36 2.84 18.81 | .92 1.41 1,08 4,63 120,20 |123.42 133,00 235.61 [1499.58| 10.66
6 4.94 19,09 49 34 3.47 18.07 j1.03 1.47 1,02 4,63 119,07 |102.02 136,00 296.88 | 1588,.31| 11.68
T 6.32 20,23 45 36 4,97 19,15 {1.80 1.3 1,08 5.3 19,40 {137,938 135.00| 201,00 {1429,11} 11.77
8 6.54 19,77 | 46 M 5,16 18.75 (2,21 1.3 ¢ 1,02 5,52 121,70 [174.69 135,00¢ 200,50 | 1614,02| 10.59

0§
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Experiment 10

As 1ndicated in the previous experiment, data from
Table 12 show mecamylamine and potassium tubular relation-
ships in the unenesthetized dog. Aéain, mannitol was used
in the infuslon solution. It should be noted that meca-
mylamine was added to the infusion solution only during the -’
equilibration period following the controls perliods. Hence,
in periods 7 and 8 mecamylamine was not infused simultan-
eously with potassium.

The clearance of potassium increased 80#% following
mecamylamine administration and sodium excretion was en-
panced threefold. The urinary total 002, UpCOQ; UHCO§ and
CHCO§ increased as well. These changes were reflected by
& urine pH increase.

The clearance'of mecamylamine increased 20% follow-
ing potassium loading. However, the amount of mecamylamine
contributed by tubular secretion (UyV - ConPy) decreased
10%. Thus the clearance change reflected the lowered plas-
ma levels of mecamylamine in periods 7 and 8 rather than
lack of potassium inhibitlon.

The results from thls experiment were interpreted
as additional evidence that mecamylamine and potassium were

involved in a catlion exchange transport mechanism.



TABLE 13

EFFECIS OF DARSTINE AND KCl ADMINISTRATION ON POTASSIUM AND DARSTYNE EXCRETION DURING MAMWITOL DIURESIS IN THE UNAMESTHETIZED DOG

Period Time C. Py Py v u, U, v u, V—C_F, Cp C,/C., U'H Ppu Cm\u
wifmin | mg/ml | wg/mn | wifmn | mg/ml | mg/min | mg/ma | wi/mie |
- 85 500 ml, H,0 p.o.
-~ 30 Priwe I: “20 ml., GX creatinine + .25 ml, 20X PAH I .V,
Iafusion I: .38X creatinine, .1% PAH ia 5% mammitol I.V. @ 5 wl/min.
1 10 49.48 4,28 518 7.41 150,73
2 20 81.12 4.85 §.72 T.42 158,15
3 30 53.25 1 5.40 5.76 7.41 164,35
k] Prime II: 3.0 mg/kg. Darstime in 20 ml, H,0 IV,
Add 4.0 mg/kg/kr, Darstine to infusion
4 70 53.62 .0050 .268 7.12 070 498 +.230 99.60 1,86 6,30 7.41 179.70
5 80 56.95 0047 .268 8.06 .058 467 +.199 99,36 1.74 6.42 7.40 198,62
6 9 54.55 .0043 .235 7.91 .054 427 +.192 99.30 1.82 6.52 7.4 160.80
90 Add KC1 to infusion to give .05 N KCl
T 130 58,98 .0047 27 9.52 .033 A4 +,087 66,81 1,13 6.78 T.42 203,25
8 140 59,37 .0043 .255 10.11 .032 324 +,039 .34 1.27 6.81 T.42 216.59
9 150 64,18 .0043 .302 11.03 .028 .309 +.007 65.74 1.02 6.83 T7.42 230,05
Period Umo, pToo, Upoo, ppco, u HOO; pum; Cnou; Uu,co, Pu,co, Py Uy UV Cx
=ML mm Hg mM /L =l /min wM/L mEq /L ki /min wl /min
1 2.08 21.49 22 33 1.40 20,50 .292 .68 .99 4,25 14.35 61,42 14,45
2 1.85 21, 18 33 1.3 20,72 <306 .54 99 4,43 13,18 63,78 14,40
3 2.08 21.83 21 k7§ 1.43 20.81 m .65 1.02 4.355 14,00 75.60 17.38
4 6.20 23,90 (i 37 3.82 2.7 | 1.19 2,38 1.1 4.23 8.50 60.52 14,31
5 4.83 22.06 50 3 3.28 21.04 1.26 1.55 1.02 4.40 8.50 68.51 15,57
6 5.97 22.64 57 35 4.18 21.59 | 1,52 1.79 ; 1,05 4,48 8.% 65,65 14,65
7 9,19 21.71 51 33 T.61 20,72 3.50 1.58 99 5.33 14,80 | 140,90 26.43
8 10.57 21,60 53 32 8.88 20,64 | 4.35 1.69 .96 5.50 17.60 | 1TI. M4 $2.35
9 11,49 2.1 58 as 9.67 20,72 | 5.15 1.62 .99 5.68 20.60 | 227.22 40.00

es



TABLE 14

RFFECTS OF MECAMYIAMINE AND KC1 ADMINISTRATION ON POTASSIUM AND MECAMYLAMIME EXCRETION DURING ISOTOMIC MaCl DIURESIS

Time . P, C.P,, v u, UV [UV=CePy €, [C/Co| U P Com
win l/esin g/l mg/min ml /min mg/ml | mlfmin | wg/mia asl /mic -l /min
-185 500 ml. H,0 p.o.
-165 30 wg/kg. “sodium pentobarbital 1.V,
~-120 Prime I: 20 ml, 6% creatinine + .25 ml, 20% PAH 1.V,

Infusion I: .38X cremtimine, ,1%X PAH ia 9% NaCl I.V, @ 5'm}/min,

1 15 29.58 3.76 . 6.83 7.82 92,00
2 30 32,89 3,53 6.82 7.81 104,09
s 45 32,52 . 3.40 6.7 7.32 101,12
45 Prime II: 5 mg/kg. mecamylamine im 20 ml, Hn0 I.V.
Add 10 wg/kg/hr. mecamwylamine to infusion
4 8s 29,33 .0043 .126 2.7 .128 .351 +.225 82,00 2.7 6.56 7.38 86.66
5 100 30.75 .0036 111 3.17 108 .328 +,217 9.1 2,95 6,63 7.37 .1
6 115 29.67 .0037 110 3.18 .098 .366 +.256 98,91 3.33 6.76 7.7 .57
115 Add KC1 to infusfon to give .05 N KC1
155 33.59 .0053 178 4.95 I .087 | 431 I +,253 81,32 | 2.42 | 6,682 l 7.42 00.82
170 35,38 .0057 .202 4.97 .088 437 +.235 76,67 2,16 6.82 7.42 83.17
Umo, P‘roo, Upoo, p.xoo, Unoo; puoo; Cuco; Un,co, Pu,eo, L Uy U v C‘ ™ U U“V cNa
mM/L om Hg wM/L ml/min mM/L alq/L sEq/min | ml/min mEq/L sBq/min | wh/min
1 16,39 | 22,87 | 83 43 13.82 | 21,58 | 2,41 2,57 | 1,29 | 3,19 | 12,40 | 46.62 | 14,62 148,0| 143 837,0] 3,63
2 15.82 | 22,00 | 81 42 13,32 | 20,74 | 2,27 | 2.50 1,26 3.40 | 13.75| 48,54 | 14.28| 148.0| 150 529.0| 3.58
3 13,66 | 21,83 | 75 41 11,35 | 20.60 | 1,87 | 2.31 1,23 3,50 | 16,35 55.59 { 15.88| 148.0| 150 510.0] 3.43
4 T7.74 { 19.88 | 64 33 5.76 | 18,89 .83 1,98 .99 | 8.97 | 18.50| 50.69 | 12.77| 146.0| 107 293.0) 2,08
5 9,33 | 19.66 68 33 7.23 | 18,67 | 1,238 | 2,10 99 | 4,16 | 21,00} 66.57 | 16,00 | 146.0| 109 345,0| 2.37
6 11.27 | 19.T7 | 65 33 .2 18.78 | 1.84 2,01 99 | 4,25 | 21,00) T6.33 | 18.43| 146.0| 108 402.0| 2.76
13.02 | 18.73 | 67 28 10.95 | 17.89 | 8,02 2,07 .64 5.20 | 25,50 [126.23 | 24.27| 145.0] 122 603,91 4,16
12,87 | 18.38 66 28 10,83 | 17,54 | 3,06 | 2,04 84 | 530 | 29.75 |147.86 | 27.90| 145.0| 136 675.91 4.66
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Experiment 12

Data presented in Tables 14 and 15 are those from
experiments designed to evaluate the excretion changes of
mecamylamine and potassium, and Darstine and potassium with
isotonic NaCl as the infﬁsion medium.

The experiments were designed as follows: The 1so-
tonic NaCl solution was infused two hours prior to deter-
mination of control values (periods 1, 2 and 3) in order to
establish stable urine flow rates (Wessen et sal., 1950).
Hence, 1t was inferred that with the constant urine flow,
any changes in values noted following the administration of
mecamylamine, Darstine and potassium would more nearly re-
flect the true effects of these substances.

Mecamylamine and potassium relationships are seen
in Table 14. The administration of mecamylamine resulted
in a slight increase in the clearance of potassium (8%).
This increase was reflecteq in an enhanced potassium urinary
concentration (UyxV). Mecamylamine loading also resulted in
a 50% depression of sodium clearance. Urinary flow rate
vas depressed temporarily. Total urinary CO2 (UTCOZ),.urine
bicarbonate concentration (UHCOS) and the clearance of bi-
carbonate (CHcog) were depressed following mecamylamine in-
fusion.

When potassium chloride was added to the infusion

mixture, the clearance of mecamylamine decreased 20%. This
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decrease occurred even in the presence of a 308 increase in
urine flow. |
Results from this experiment were interpreted as
further evidence of a cation exchange relagionship between
mecamylamine and potassium. The results also indicate that
sodium, as well as potassium, may be involved with mecamyl-

amine in the exchange system.



TARLE 15

EBFFECTS OF DARSTINE AXD KC1 ADMINISTRATION ON POTASSIUM ARD DARSTINE EXCRETION DURING ISOTOMIC NaCl DIURESIS

Period Time C& PD C chD v UD Un v Un V—Cc’l’ Cn CD/ C& U'“ P ” C, AH
5 =l /amic g/l mg/min | mi/mia | og/mt ol /min | g /i " ml/min | | wl/min
-185 500 ul. B,0 p.o.
-165 30 wg/ky. sodium pentobarbital I.V,
~120 Prime I: 20 ml, 6X creatimime +.25 ml, 20X PAH 1.V,
Infusion I: ,38X creatimnime, .1X PAH im 9% NaCl I.V, @ S al/mism.
1 15 39.92 2.9 6.82 162,42
2 0 47.43 2.33 6,98 194.98
3 45 49.44 2,00 6,97 191.18
45 Prime I1: 4 mg/kg. Darstime im 20 ml. B,0 1.V,
Add 5 wg/kg/hr, Darstize to imfusien
4 85 50,67 .0120 .608 3,77 257 969 +.361 60,74 1.59 6,74 7.40 174,27
5 100 49.80 0120 .598 4,20 216 907 +.309 75.60 1.82 6.70 7.41 169.58
6 11§ 51.58 0125 .64 3.90 230 897 +,252 n.76 1.40 6,73 T.42 176.60
118 Add KC1 to imfusiom to give .05 N KC1
7 155 56.74 .0130 .T738 4,04 237 957 +.219 73.65 1.3 6.86 7.40 199,00
8 170 51,00 .0133 .6T8 39N «233 911 +.233 68,50 1.3 6,86 7.40 188,76
9 185 50,14 .0138 692 3,97 C 4224 8089 +.197 4.4 1.29 6.86 41 197.49
Period umo, pmo, U,oo, P o0, Unoo; Ptm; ci-m; Uu,co, pu,co, Pe Uy UgVv cx pN. U UVl
mM/L amHg =ML vl fonios =ML mEq/L abq/min | wi/min =y 3 abig/min | wi/min
1 11,27 9. 1.9 3.5 | 17.50 | 52.06 | 14.86 | 146,00| 57.5%0 | 11,7 | 1.17
2 17.64 66 15,60 2.04 3.30 24.00 | 55,99 | 16.97 | 146,00] 97,00 | 226,83 | 1,55
3 19,35 T4 17,07 2,28 3.4 27.00 | 54,00 | 15.68 | 145,00/116,50 | 232.0 | 1.60
4 9,52 5T T.76 1.76 3.45 3.00 | 49.01 | 14.21 | 145,00] 62,00 | 233.7 | 1.6
5 7.7 81 6,18 1.55 3.45 13.75 | 57.75 | 16.74 | 145,00| 60.50 | 254.1 | 1.75
6 10,08 62 .16 1.92 3.45 17.50 | 66,50 | 19.28 | 146,00} 65,00 | 253,5 | 1,74
7 13.26 64 11,34 1.92 4,18 32,00 129,28 | S1.13 | 148,00} 09,50 | 253,50} 2.44
8 1(13.82 66 11,78 2,04 4.35 | 32,15 125,71 | 28.90 | 149,00{105,00 | 361.58] 2.76
9 13,14 63 11,19 1,95 4,45 S7.00 [146,89 | 23,00 | 148.00{117,00 | 410,55] 3,14
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Experiment 13

The excretion relationships of Darstine and potas-
sium were investigated in Experiment 13, Table 15, during
isotonic NaCl infusion. Control values were established
in periods 1, 2 and 3. |

After Darstine had been added to the infusion so-
lution, the data in periods 4, 5 and 6 show that there was
no apparent change in the clearance of potassium or sodium.
However, the urine concentration of potassium (QK) and so-
dium (UNa) decreased by 40%. When the amount of sodium and
potassium reabsorbed was calculated, sodium reabsorption in-
creased 5-10%, while potassium reabsorption did not change
51gnif1cantly. Darstine loading also resulted 1ln a decrease
in urine pH, urinary total CO, (UTCOQ)’ UpCO,,, UHCO%’ and
UH2003' It should be noted that these changes parallel those
seen after the administration of mecamylamine in Experiment
12 (Table 14).

The administration of potassium chloride resulted
in a 5-10% reduction in Darstine clearance. This effect of
potassium was reflected in the change in Darstine/creatinine
clearance ratio (CD/CCr) from 1.52 to 1.32. |

The results from this experiment show evidence that
(1) Darstine tubular secretion is involved in the cation ex-
change system; (2) sodium and potassium both are the cations
involved in the exchange system; (3) Darstine and mecamyla-

mine tubular secretion are related.



TABLE 16

RFFECTS OF MECAMYLAMINE AND KC1 ADMINISTRATION ON POTASSIUM AND MECAMYLAMINE EXCRETION DURING XISOTONIC NaCl DIURESIS WITH RESPIRATORY ALKAIOSIS

Period Time C& l’M Cc'l’M v Uu UMV U“V—-C'_._.'I'M CM CM/CCr UPH PPH CPAH
win wlfmin | wgfwl | mg/win wifmin | mg/m wl fein mg /win wifmin | wl/nin
-125 S0 m, H,0 p.o.
-105 30 mg/kg. sodium pestobarbital IV,
- 60 Prime I: 20 ml, 6X creatinine + .25 ml. PAH 1.V,
Infusion I: ,38X creatinine, .1%X PAH in 9% NaCl 1.V, @ 5 ml/min,
- 30 Hyperventilate 15 strokes/min,, 250 cc/stroke room air
1 15 36,23 4,12 5.94 T.44 110,66
2 25 31.21 4.90 5.93 T.44 111,51
3 35 38.45 4,80 5.94 7.45 120,79
35 Prime II: 5 mg/kg. wecamylamine in 20 ml, Ho0 1.V,
Add 10 wg/kg/hr. mecamylamine to infusion
4 80 31,86 .0029 .092 3.08 .093 .202 | +.190 97.24 3.05 6.80 T7.46 120,07
5 90 32.90 .0036 .118 4,22 .070 .295 +,177 081,94 2,49 6,87 7.46 127,02
6 100 32,17 .0034 .109 4,90 .068 . | +,224 97.94 3.04 6.88 T7.46 120,88
100 Add KC1 to infusion to give .05 N KC1
T 140 4.29 6.83 7.45
8 150 81,07 ; .0057 ATT 5.42 077 ' 417 l +,240 l 73.16 | 2,35 6.82 T.44 99,21
9 160 32,96 I .0058 191 5.79 .078 .452 +,261 77,93 2,36 6,81 7.43 96,77
. |
Period Umo, Pmo, Upco, ppoo, Uaoo; pHoo; cuoa; Ul-l,coJ Pu,m, Py i Ug UV | & Px. U | UV | Cn
mM/L | mmMg =M/L /e mM/L wmBq/L oEq/min | ml/min mEq/L. oEq/uin | ol/min
1 1,9 19,60 13 28 1.56 18,76 | .34 .40 .84 3.80 5,00 20,60 | 5,42 148 26,50 | 109,12 .737
2 1.96 20,42 13 30 1,56 19.52 | .39 .40 .90 3,90 6,00 29.40 | 7.54 149 32,00 | 156,80} 1,058
3 2,07 19.16 14 27 1.64 18.35 | .42 .43 .81 4,00 [10.00 48,00 [12.00 145 36,00 | 172.80] 1,191
4 8.62 19,27 46 27 7.20 10.46 .18 1,42 .81 3.75 [20.25 61.36 16,36 145 52,00 | 157,60} 1.086
5 8.62 118,96 41 26 7.35 18.18 1.1 1,27 .78 3.7 [17.50 73.85 19.69 145 45,00 | 189.90| 1,310
6 T7.45 18.84 34 26 6.40 18,06 1,73 1,05 .78 3.70 [15.50 75.95 [20,53 142 42,00 | 205.80| X,450
7 6.97 18,72 35 27 5.89 17.91 1.4 1,08 .0l 4,90
8 8.80 18,64 46 27 7.38 18,03 12,22 1,42 .81 5,40 (30,50 [165,31 |30,61 149 40.50 | 219.50} 1.473
9 - |8.80 16.84 46 28 7.38 18,00 2,37 1.42 .84 5.95 [34.50 [199.76 [33.57 149 45,00 | 260,60| 1,748

6%
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Experiment 14

The experimental procedure for the data presented
in Tables 16 and 17 wére identical. Respiratory alkalosis
vas instituted in dogs by hyperventilation at approximately
the same time as the standard infusion solution of isotonie
NaCl was started. This procedure resulted in the mdinte-
nance of & relatively constant urine flow, and & constant

plasma pCO Results from an experiment in which the ex-

o*
cretion of mecamylamine and potassium were compared under
such conditions are shown in Table 16.

The administration of mecamylamine after control
values had been established resulted in a 50-100% increase
in potassium clearance, and a 20% enhancement of sqdium

clearance. Paralleling the urinary potassium and sodium

changes were the threefold increase in total urinary 002
(UTcog)’ pCO,, UHcog, cho5 and H,CO3. Mecamylamine load-
ing caused very simllar effects in the experiments listed
in Tables 5, 8, 10 and 12.

With the addition of potassium chloride to the in-
fusion solution a 20% reduction in mecamylamine clearance
is seen. This reduction occurred even in the-presence of
& 20% increase in urinary flow while urine pH remained
constant.

Results from this experiment were Iinterpreted as
further evidence that mecamylamine participates in a po-~

tassium exchange mechanism.




TABLE 17

EFFECTS OF DARSTINE AND KC1 ADMINISTRATION ON POTASSIUM AND DARSTINE EXCRETION DURING XSOTONIC NaCl DIURESIS WITH RESPIRATORY ALKALOSIS

Period Time CQ PD C Q_PD \% UD u,v UD V—Ccrl" CB CD/ CC' Ul’" P’H C' AH
- ] - . n s
= wipma ! n;t')'/;fo.l wgfwin | 'm'/w- | mgm | wismin | og/wie | elsmin | | oi/mn
-105 30 mg/kg. sodium peatobarbital 1.V,
- 60 Prime I: 20 ml, 6X creatinine + .25 ml, PAH 1.V,
infusion I: .38X creatiniae, .1% PAH in ,9X NaCl I.V, @ 5 ml/min,
-5 Hyperventilate 16 strokes/min, @ 300 cc/stroke room air
]
1 15 56.00 .166 6.98 7.45 148,78
2 30 61,00 317 7.09 7.46 155. 77
3 45 52,01 AT T1.29 T7.47 142,80
45 Prime IX: 4 wg/kg. Darstine in 20 ml. Hp0 LV,
Add S mg/kg/hr, Darstine to infusionm
4 9 52,87 .099 .523 .900 .864 .778 +,255 78,59 1.49 T.46 T.47 165,18
S 105 49.00 .010 .490 .122 1,194 .862 +,372 86,20 1,75 7.34 7.48 133,14
6 120 59.00 .010 .590 .680 1.3N .982 +,342 93.28 1,58 T.24 7.48 144,29
120 Add KC1 to infusiom to give .06 N KC1
7 165 61,51 .0105 .646 1.517 694 1,053 +,407 100,29 1,63 7.25 7.49 162,32
8 180 © 59,38 .0107 .635 |. 1,983 574 1,121 +,486 104,77 1,76 7.14 7.49 146,96
9 195 57.69 .0108 .623 1,286 470 | 1,074 +,451 99.44 1.72 7.03 .50 176,00
Period Uroo, Preo, Uio, Peco, Usco; | Prcos cuoo; U0, l’H,oz:o, Py Uy UV & "o | Un | UV | G
=ML wmm Hg mM/L ! /min mM/L mEq/L sEq/min | m)/min mEqL aBq/min | wi/min
1 5.63 20,02 21 28 5,00 19.18 .04 .63 .84 4,20 (134,50 | 22,29 | 5,31 [151,00 | 34,00 5.64 .04
2 9.88 19,80 30 28 8.95 18,96 .15 .93 .84 3.85 | 81.40 | 25.80 | 6.70 {149.80 [46.20 | 14.65 .09
3 |14.17 | 20,02 27 27 13.34 19,21 .33 .83 .81 3.85 | 53,10 | 25,01 { 6.50 [149,00 |50.40 | 23,74 .16
4 [31.20 19.80 42 27 29.90 18.99 | 1.42 1,30 .81 3,80 | 29.52 | 26,57 | 6,99 [145.00 |90, T2 | 8).6S5 .56
5 (21,72 | 19.20 88 25 20,55 18,45 .80 1.17 .15 3.60 | 35.42 | 25,57 | 6.7T3 |146,00 |59.29 | 42.81 .29
6 (17.37 19.09 7 25 16,23 18,34 .60 1.14 .15 3,75 | 88,71 | 26,82 | 7,00 |143,00 |37,13 | 25.25 .18
7 |17.87 18,27 38 24 16.70 17.55 | 1.44 1,17 .T2 4,95 | 42,55 | 64.55 [13,04 |154.00 |62.87 | 95.37 .62
8 (13,9 17.69 7 23 12.64 17,00 { 1.46 1,14 .69 5,20 | 56,00 1109.37 [{21.00 |156.00 |63.60 [124.21 .80
9 j11.61 17.23 32 22 10.63 16.57 | 1.46 .99 .66 5,35 | 68,75 [157.16 [29,38 |154.00 {68,183 [155,75 1.00

19
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Experiment 15

The excretion of Darstine and potassium was studied
in Experiment 15 (Table 17) during respiratory alkalosis and
isotonic NaCl diuresis. The following changes from the simi-
lar experiment just described with mecamylamine are to be
noted: the urine flow increased and the plasma pco2 de-
creased throughout the nine periods. Resplratory alkalosis
is evident from the plasma pH values of 7.45-7.50, with the
low plasma pCO, values (28-22 mmHg).

The administration of Darstine following the estab-
lishment of control values resulted in an increased sodium
clearance (CNa)’ increased Uy, and Uy,V. Concurrent with
urine sodium changes, urine total 002 (UTCOQ), urine p002
(UpC0O,), bicarbonate (UHcog), and HyCO5 increased 50 - 100%.
Very similar results were seen when mecamylamine excretion
was studied during respiratory alkalosis (Table 14). To be
noted 1s that although potassium clearance did not lncrease
significantly, the urinary concentration of potassium (UK)
decreased 50%4. This Ug decrease resulted in a constant
‘amount of potassium excreted (UxV) concurrent with the in-
creased urine flow. The decrease in potassium concentration
1s accepted as evidence that Darstine does depress tubular
secretion of potassium. This evidence is all the more sig-
pificant in the presencé of the respiratory alkalosig, when

-

potassium excretion has been shown to increase.
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With the addition of potassium chloride to the in-
fusion solution, no significant change was seen in Darstine
clearance. Howéver, the urinary concentration of Darstine
decreased 50%.

The results from this exbbriment show evidence that
(1) as Darstine excretion did not show net tubular reabsorp-
tion when the urine was alkaline, as does the excretion of
weak bases, the tubular secretion of Darstine is not in part
by non-ionic diffusion; (2) potassium and Darstine are re-

lated in a tubular secretion cation exchange system.



TABLE 18

EFFECTS OF MECAMYLAMINE AND KC1 ADMINISTRATION ON POTASSIUM AND MECAMYLAMINE EXCRETION DURING ISOTONIC NaCl DIURESYS WITH RESPIRATORY ACIDOSIS

Period Time Ccr PM Cc'l’M v UM u,v UuV—Cc'P“ C“ Culcc: u - p ot c'm
min wal/amin mg/ml | mg/min 1 mifmin | mg/m | wbfeie wg/mia | wl/mia | tymia
-110 500 ml, Hy0 p.o,
- % 30 mg/kg. sodium pentobarbitasl I.V,
- 45 Prime X: 20 ml, 6X creatinine + .25 ml, PAR 1.V,
Infusion I: .38% creatinine, .1% PAH in ,9% NaCl I.V. @ 5 ml/min,
-3 Animal breathing 10% COy in 90X O
1 10 75.43 | 1172 6.59 7.18 196,28
2 20 80.00 .870 6,63 7.18 225,63
3 30 81,00 | 1.265 68 | -118 221,06
30 Prime II: 5 mg/kg. mecamylamine in 20 ml, Hy0 I.V.
Add 10 wg/kg/hr, mecamylamine to infusion
4 70 .70 .0028 .200 1.180 L1885 168 -.088 58.37 .814 6.82 7.19 219,33
5 80 72,70 .0033 .240 1,555 L1347 .209 -, 081 63.47 873 6,80 | 7.15 210,55
6 90 74.87 .0085 .262 1,789 1294 .231 -.031 66,41 887 6.79 711 204,81
9 Add KC1 to infusion to give .06 N KCl
T 130 T7.60 .0036 279 3.864 .1325 912 +,233 142,10 1,8%0 6.83 7.09 236,48
8 145 80,57 .0040 .322 4,613 1225 | 565 +,243 141,82 | 1,754 6.82 7.10 233,22
9 150 80.42 .0050 402 5.421 . 542 +,140 108,42 1,348 6,61 .08 232,08
Period Umo, P‘mo, Upco, ppoo, Umo; puco; Cuoo; UH,OO, pn-l,eoJ Py U |GV Cy Py Up | UnY Cn
mM/L mm Hg wM/L ol /min M/L mBq/L aBq/min | wi/mia mEq/L abig/min | wi/min
1 9.33 | 28.54 T4 T .04 |26.38 31 2,29 2.16 3,10 23,32 27.33] 6.82 | 141,00} 83,41 | 97,77 .69
2 9.45 | 28,88 70 73 7.29 [26,68 24 2,16 2.20 s.16 33,60 29.23] 9.25( 140,00|119,00 (103,53 .13
3 |14,28 [ 28,65 | T5 73 11,97 |26.45 ST | 2,31 | 2,20 | 3,20 | 24,22 | 30.64] ©.5T| 140,00{338,05 (162,88 | 1.16
4 13,71 | 29.22 T T3 11,52 |27.02 .50 2.19 2,20 3,60 27.34 32.26] 8,96 | 137.00{143.14 168,77 | 1.28
5 {17.67 | 29.44 | 95 80 14.74 [27.04 .85 | 2,93 | 2,40 | 3,64 | 21,56 | 393.53] 9.21( 140.00[148,20 [290,43 | 1.68
6 25.27 | 28,84 | 189 85 20,97 |26.28 1,43 4,30 2.5 3. T2 21.74 38.689| 10.46 | 137,00/|155.26 |277.60 | 2.08
T 33.39 | 28.50 {168 14 28,35 |25,87 4,23 5.04 2.63 5.78 54.00 | 208.66| 36.10| 135.00(120.50 (465,61 | S.43
8 | 3:%N,92 j27.62 |165 83 26,83 125,12 | 4,92 | 5.09 | 2,50 | 6.T0 | 62.30 | 289.44| 43,05 135,00[125,50 [579.18 | 4.29
9 |29.10 | 27.85 |154 n 24,34 |25,71 | 5,13 | 4.T6 | 2,14 | T.60 | 63,60 | 341,52| 44.95| 135,00(127,50 |688,47 | 5,10

%9
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Experiment 16

Mecamylamine and potassium and Darstine and potas-
sium excretion relationships with spstained respiratory
acldosis during isotonic NaCl diuresls are reported in Tables
18 and 19. Respiratory acidosis was induced very shortly
following the start of the standard infusion mixture.

Resplratory acidosis has been shown to  cause sodium
retentlon, decreased potassium'excrétion, increased urine

and plasma pCO, and decreased urine and plasma pH. These

2
experiments were designed to show (1) whether mecamylamine
or Darstine further depreséed the excretion of potassium
or sodium or whether these compounds caused an lncrease in
potassium and sodium excretion, (2) whether potassium admin-
istration resulted in a depression of mecamylamine clearance
in the presence of a highly acid urine, (3) whether Darstine
clearance decreased with potassium loading or if the clear-
ance 1ncréased in the presence of sustalned systemic acidosis.
The data shown in Table 18 are results from an ex-
periment in which mecamylaﬁine and potassium excretion were
compared. A systemlc aclidosis was apparent from the low
plasma pH values (7.18-7.08) and the high plasma pCO, values
(72-87 mm Hg). |
Following the addition of mecamylamine to the in-

fusion solution, no significant change is noted in the clear-

ance of potassium. Sodium clearance was increased 10-80%.
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It 1s seen that mecamylamine clearance showed net tubular
reabsorption, and this reabsorption is reflected in the me-
camylamine/creatinine clearance ratios (CM/CCr) of less than
one. This reabsorption in an acid urine (pH 6.80) is diffi-
‘ecult to explain solely 6n the baslis of excretion by filltra-
tion and non-ionlc diffusion. Mecamylamine loading super-
imposed upon the fespiratory acidosis resulted in a 10% de-
crease in GFR (CCr). The clearance of PAH (CPAH) remalned
constant.

Followling potassium chloride infusion, mecamylamine
clearance increased twofold. The urinary concentration of
mecamylamine'decreased 5-20%. This decrease occurred con-
comitantly with a twofold to threefold increase in urine
flow, and with a constant urine pH.

i As the clearance of mecamylamine increased concom-
itantly with an increased urine flow and was not inhibited
by potassium administration, results from this experiment

vere interpreted as further evidence of mecamylamine tubular

secretion by non-1ionic diffusion.



TABLE 19

EFFECTS OF DARSTINE AND KC1 ADMINISTRATION ON POTASSIUM AND DARSTINE EXCRETION DURING ISOTONIC NaCl DIURESIS WITE RESPIRATORY ACIDOSIS
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Experiment 17

The excretion relationships of Darstine and potas-
sium during respiratory acidosis and isotonic NaCl infusion
are reported in this experiment (Table 19). Respiratory
acidoéis is evident from the plasma pH values (7.08-7.61)
and-;h; high plasma pCO, values (66-79 wmm Hg). _

The administration of Darstine (periods 4, 5 and 6)
resulted in no significant change in the clearance of potas-
sium or sodium. However, a 10-18% reduction in the urinary
concentration of sodium occurred, and the amount of both
sodium and potassium reabsorbed decreased. These potassium
and sodium changes occurred concurrently with a 20% reduction
in the GFR (CCr) and an 80% reduction in the clearance of
PAH (CPAH)' Mecamylamine administration under similar ex-
perimental conditions has also been shown to depress the
GFR (Table 18). |

With the addition of potassium chloride to the in-
fusion mixture, a 5-10% reduction in Darstine clearance oc-
curred. This decrease was reflec%ed in the change 1n the
Darstine/creatinine clearance ratio (CD/CCr) from 1.60 to
1.46.

The results from this experiment show further evi-
dence of a tubular cation exchange relationship between

Darstine and potassium. Sodlum could also be involved in

the cation exchange with Darstine.
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Blood Pressure and ECG Records

Systemlc blood pressure determinations and ECG re-
cordings were consistently obtained in the clearance studiles.
These records were secured prior to the infusion of the
standard solution, and during the control and experimental
collection periodé. _

No significant change was noted on the ECG record-
ings following the addition of elther mecamylamine or Dar-
stine to the infuslon solution. ECG changes characteristic
of hyperkalemia were seen only in these experiments where
plasma potassium concentrations approached 6.5 - 7.0 mEq/L.
during the_infusion of potassium chloride.

Mean blood pressure values were calcﬁlated from the
polygraph records for the control periods and the experi-
mental periods. The change' of mean blood pressure after the
infusion of mecamylamine or Darstine from the control period
vas then expressed as a percentage change. This procedure
wvas followed for the pressure change after the addition of
potassium chloride; however, reference pressure values were
those obtalned during mecamylamine or Darstine infusion.
Pulse pressure'changes were calculated in like manner. The
results which indicate the average per cent change in mean

blood pressure and pulse pressure are shown in Table 20.
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TABLE 20

AVERAGE PER CENT (%) CHANGE IN MEAN SYSTEMIC BLOOD
PRESSURE AND PULSE PRESSURE

Following Mecamylamine or Darstine Infusion % Change
Systemic Pressure
Anesthetized , -32
Unanesthetized -9
Pulse Pressure
Anesthetized =27
Unanesthetized -24

Following Potassium Infuslon

Systemic Pressure

Anesthetlzed +21.0
Unanesthetized + .5
Pulse Pressure no change

A significant decrease in systemic blood pressure
and pulse pressure 1s noted with mecamylamine or Darstine
infusion in the anesthetized animal. However, there was no
correlation between the decrease in blood pressure, slimul-
taneously measured glomerular filtration rates and PAH clear-
ances, and tubular excretion changes which occurred with me-

camylamine and Darstine infusion.
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FIG. 1. Concentration pattern developed for mecamylamine, potassium,

sodium, PAH and creatinine during stop flow in the dog. Maximal PAH con-
centration indicates proximal segment of the nephron marked by dotted

line A.

Minimal sodium concentration indicates distal segment. Dotted

line B indicates total volume of urine trapped within kidney during the
ureteral occlusion. Mecamylamine is secreted in the proximal segment.
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Stop-Flow Studies
Figure 1

A control stop-flow concentration pattern for me-

camylamine, sodium, potassium PAH and creatinine 1s shown

in Pigure 1.

Interpretation of concentration pattern: In Figure

1, concentrations of test substances in free-flow samples
are plotted to the left of the first break in the curve in-
dicated by U; and U,. Concentrations in the stop-flow sam-
ples are plotted against the per cent total volume of fluid
trapped within the tubules during the period of ureteral
occlusion to the right of the first break. The second break
at the right of the chart indicates cessation of serial sam-
ple collection. The post-dcclusion free~flow sample concen-
tration 1s indicated by U3.

The total volume of fluld within the kidney is
found by summing the stop-flow samples from tube 1 to that
tube which contains'SO% of the maximum concentration of in-
ulin (Pitts et al., 1958). This tube 1s arbitrarily se-
lected as marking the glomerular end of the proximal tubule,
indicated by théﬂaoéted line B and the 100% volume at the
bottom of the chart.

Peak maximum concentration of PAH, indicated by
dotted line A, 1s used to mark the proximal segment. Prox-

imal PAH secretion was demonstrated by Malvin and co-workers
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(1958) by the simultaneous injection of the PAH and inulin
one minute before the release of the clamp on the ureteral
catheter. PAH appeared in stop-flow samples ahead of inulin
and in high concentrations, indicating secretion from peri-
tubular blood to the tubule lumen. Inulin remained at the
glomerulus. The area of this peak concentration of PAH ap-
pearing in late sample collectlons was designated proximal
segment. |

The rise of PAH concentration from the early samples
is interpreted as increased tubular secretion of PAH into
the proximal lumen. The fall of the PAH concentration in-
dicates new flltrate entrance into the tubule.

The terminal part of the nephron 1s designated
distal segment with no attempt made to differentiate between
distal convoluted tybule and the collecting ducts. It has
been shown that sodium concentrations consistently tend to
decrease to thelr lowest values in this distal segment and
then rise to pre-occlusion values (Malvin et al., 1958).
Hence, stop-flow samples with minimal sodium concentrations
are used to mark the area of the distal segment.

Creatinine concentration changes reflect water move-
ment throughout the nephron.

The concentratlion pattern for potassium shows a far
distal peak, followed by a concentration decrease which oc-

curs approximately in the area of minimal sodium concentra-
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tion. This far distal peak represents a distal (or collect-
ihg duct) secreting mechanism for potassium (Pitts et al.,
1958). The minimal concentration indlcates reabsorption in
this aresa. -

In Figure 1, 5 mg/kg/hr. mecamylamine was added to
the standard infusion solution containing mannitdl, NaCl,
creatinine and PAH. 4 umg/kg. mecamylamine was added to the
priming solution.

Tn~ee-flow clearance determinations showed mecamy-
lamine secretion, both pre- and post-occlusion. The stop-
flow pattern developed for mecamylamine shows a slight fall
in sample concentration in the distal segment. There then
occurs & step-wilse rise to a peak concentration in the prox-
imal area followed by a step-wise decrease in concentration
as the glomerulus 1is approached.

This pattern in the proximal segment closely resem-
bles the pattern seen for PAH, with the peak concentration
occurring simultaneously with PAH and likewise showing a
fall in concentration toward frée-flow values, indicating
dilution by the addition of new filtrate. This pattern
strongly suggests increased secretion of mecamylamine into
the proximal tubule.

The fall in concentration in the distal tubular area
suggests reabsorption of the mecamylamine. However, as fhe
first stop-flow sample concentrations are increased over

free-flow concentrations, Ul and Ue, the féll in concentra-
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tion 1s not decisive evidence that tubular reabosorption is
occurring.

No true secretory peak concentration for mecamy-
lamine 1s seen in the distal segment. This finding was
surprising for Pitts and co-workers (1958), and Sullivan
et al., (1960) h&d localized acidification in the nephron
in the distal segment. Acidification 1is cldsely related
to the cation exchange mechanism (Berliner et al., 1951).
The two tubular mechanisms hypothesized for mecamylamine
secretion are non-ionic diffusion into an acid urine, and
& cation exchange system. As the free-flow urine samples
showed tubular secretion, peak concentrations for mecamyl-
amine could be expected in the area associated with acildi-

fication of urine.
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Figure 2

As mecamylamine has been shown to have a very high

clearance rate when the urine was acldified, it was of in-
terest to further investigate localization of tubular se-
cretion under conditions of metabolic acidosis. Figure 2,
therefore, 1s a stop-flow pattern developed for mecamylamine
during metabolic acidosis.

The curves in Figure 2 are read as in Figure 1.
However,Athe concentrations of test substances in the urine
and plasma have been used to calculate the urine/plasma con-
centration ratios (U/P rétio) for each sample. These U/P
ratios have been used to calculate the U/P ratio of test sub-
stance to the U/P ratio of creatinine. This /Py / U/PCr
ratio therefore reflects concentrations corrected for water
reabsorption throughout the nephron. A U/Px / U/Pg, ratio
for é substance greater than unity therefore indicates tu-
bular secretion; a U/Px / U/PCr ratio for a substance less
than unity indicates tubular reabsorption. Active tubular
reabsorption for the subsfance is indicated only 1f the
urine to plasms concentration ratios are less than unity,
prior to calculation of the U/Px / U/PCr ratio. Sodium can
be shown very clearly to bp reabsorbed by an active process
in both stop-flow and clearénce studies. It should be noted
that the patterns along the nephron developed for potassium,
sodium and PAH are ldentical to the pattern in Figure 1,

where actual concentrations were plotted agalnst per cent




78
volume 1in urine.

In Figure 2, standard clearance determinations 1in
the timed free-flow urine collections showed net tubular se-
cretion of mecamylamine. This secretion is reflected in the
U/Py / U/Pgp ratio in Uy, U, and Uz where these values ap-
proximate that of PAH.

The stop-flow pattern for mecamylamine closely re-
sembles that pattern seen in Figure 1. After an initial
slight peak in the far distal tubule the curve falls slight-
ly toward the area of the proximal end of the distal segment
and then rises in the proximal segment to show mecamylamine
U/P/creatinine U/P ratios nearly twice that in free-flow
samples. The curve for mecamylamine then appears to pla-
teau, and finally falls toward post-occlusion ratio values.

The mecamylamine curve is interpreted as follows:
The very slight peak in the far distal area could be an in-
dication of increased tubular secretion in this area. This
secretion peak 1s, however, certainly not the sharp peak
that has been observed for potassium in the distal segment.
The slight dip in the curve may be indicative of tubular
reabsorption; however, this dip could as well be interpreted
as less secretion in this area, for U/P mecamylamine / U/P
creatinine ratios are still well over one. The rise of the
curve in the area of the proximal tubule and the fall toward
free-flow ratios 1s again an indication of increased tubular

secretion of tecamylamine in the proximal segment.
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The evidence for increased tubular secretion of
mecamylamine in the distal area was not conclusively shown

when the urine was acidified by metabollic acidosis.
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FIG. 3. Stop flow localization of mecamylamine reabsorption during

metabollc alkalosis.

Mecamylamine 18 reabsorbed in the distal segment.

Sodium bicarbonate was included in the infusion solution.
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Flgure 3

The reabsorption of mecamylamine has been shown fo
ocecur in clearance studies when the urine was alkalinized
with NaHCO5 (Chapter 3; Scribner et sl., 1959).' Figure 3 pe-
presents a stop flow pattern designed to investigate the
locallization of tubular reabsorption of mecamylamine.

NaHCO3 added to the standard infusion solution®

Mecamylamine concentration in the infuslon was
6 wmg/kg/hr. Sodium bicarbonate was an 8% solution. A prime
dose of 4 mg/kg mecamylamine was given.

The stop-flow pattern developed for mecamylamine 1s
read as in Figure 2. The U/P ratios of test substances to
the U/P ratios of creatinine are plotted against the per
cent volume of samples.

Free-flow clearance determinations showed tubular
reabsorption of mecamylamine, with mecamylamine to creatinine
ratios less than unity. This reabsorption is reflected in
the U/Py / U/Pgy ratios in the free flow samples U,, U, and
U3; these ratlos are shown to be less than 1.00.

The stop-flow pattern of meéamylamine shows a con-
tinual fall in the curve in the distal segment co-incident
with that fall seen for sodium. The mecamylamine curve
then rises to show a peak in the proximal segment, followed
by a slight fall toward the post-occlusion free-flow sample.

The continual decrease in U/Py / U/Pg, ratio in the

distal segment 1s evidence that tubular reabsorption of
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mecamylamine occurs in this area of the nephron.

Clearance determinations from free flow samples
showed potassium/creatinine ratios greater than unity, in-
dicating active tubular secretion of potassium. A strong

secretory peak for potassium 1s noted in the distal segment.
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Figure 4

A control stop-flow pattern for Darstine is seen
in Figure 4. The graph is read as in Figures 2 and 3.

Clearance determinations from free-flow samples Ul’
U, and U3 showed that Darstine was excreted by éuﬁular se- -
cretion. The U/'PDAR / U/PCr ratios in U;, U, and U3 samples
show values greater than one.

The Darstine stop-flow pattern closely resembles
the pattern developed for PAH. There is little change in
the curve until the distal part of the pfoximal segment 1is
reached when the curve rises sharply to a peak in the prox-
imal segment. The curvé declines toward the free-flow post-
occlusion sample.

This peak in U/'PDAR / U/Pcr ratio in the proximal
segment co-incident with the PAH is evidence of tubular se-
vcretion of Darstine in this segment of the nephron.

There 1s no indication that Darstine reabsorﬁtion

ocecurs in the distal segment.
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Kidney Slice Studies

Darstine has been demonstrated by clearance studies
to be actively secreted in both the dog and the chicken.
Similarly, there is evidence that the kidney slices of rab-
bilt and dog will accumulate Darstine under the conditions
described in Chapter 2. The data from experiments in this
work indicate that the kidneys of the rat will accumulate
Darstine and also mecamylamine when sultably lncubated.

The results from data on the uptake of mecamylamine
and Darstine in the rat kidney slice are shown in Tables 21
and 22. Table 21 represents control studles on the two com-
pounds. In the experiments with Darstine, 0.2 cc of 80 mg®
vas added consistently to the standard phosphate buffer of
each vessel; 0.2 cc of 40 mg®% mecamylamine was added to the

medium in the accumulation studles of this agent.

TABLE 21

ACCUMULATION OF DARSTINE AND MECAMYLAMINE
IN RAT KIDNEY SLICES

Number of
Determinations Mean S/M Ratilo
Darstine 6 3.20 + 47
5 5' 2 i 042
5 4-53 +* -42
Mecamylamlne 5 3.22 + .32
6 ' 5.01 ¢ .62
4 (dog kidney 7.04 + .90

- cortex)
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Table 22 indicates the results when a known inhibitor
of aerobic phosphorylation, 2, 4-dinitrophenol (DNP), was
added to the medium simultaneously with the two bases.

TABLE 22

EFFECTS OF DNP ON DARSTINE AND MECAMYLAMINE
ACCUMMULATION IN RAT KIDNEY SLICES

Mean S/M Ratio

Control DNP
Darstine 5.42 (3) 4.36 (3)
Mecamylamine 5.08 (3) 3.82 (3)

Oxygen consumption was measured for the slices in
each vessel. Oxygen uptake did not differ measurably ex-
cept for a significant increase in those slices where DNP

wvas- added to the medium.



CHAPTER IV
DISCUSSION

The results from the clearance studies a) substan-
tiate the hypothesis that the tubular secretion of mecamyla-
mine occurs at leasﬁ in part by A cation exchange mechanism,
‘b) strongly indicate that potassium 1s the cation involved
in the exchange system, and ¢) provide further evidence that
Darstine as well is related to this transport mechanism.

In seven of eight experiments the administration of
potassium chloride resulted in a depression of mecamylamlne
excretion. In five of the seven experiments, during either
mannitol or NaCl dluresis, the clearance of mecamylamine was
depressed; in two of the experiments, the urinary concentra-
tion of mecamylamine decreased. Domer (1960) also showed an
inhibition of mecamylamine clearance with KCl loading, but
the inhibition occurred either in the presence of an increas-
ing urinary pH or decreasing urinary flow. His data might
suggest that the potassium effect could have been secondary
to reabsorption by non-ionic diffusion. In the experiments
reported here, depression of mecamylamine excretion occurred
with either no change, or with an increased urinary flow rate}

87
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urinary pH increased only slightly in two experiwments, while
in five no change was seen. Therefore, the depression of me-
camylamine excretion by potassium could not be explained on
the basis of a paSsive non-ionic diffusion but must be an in-
hibition of an active tubular process.

In nine of ten experiments reported to show the ef-
fects of the acute administration of mecamylamine on potas-
sium excretion, elther there was no change in the clearance
of potassium, or the clearance increased twofold to threefold.
In the tenth experiment the clearance of potassium decreased.
This decrease occurred with a reduction in glomerular filtra-
tion rate. The urinary concentration of potassium, following
mecamylamine loadling, was depressed significantly in two of
the ten experiments. In both of these experiments, urinary
flow increased.

The acute administration of mecamylamine resulted
in an increase in the clearance of sodium in four of five
experiments in which sodium concentrations were determined.
The results in the fifth experiment may be of some signifi-
cance. In this experiment, the experimental conditions were
such that neither the urine flow nor the glomerular filtra-
tion rate decreased by more than 10%, yet the clearance of
sodium and the urinary concentration of sodium decreased by
33% following meéamylamine infusion.

Thus, although the data from the experiments pre-

sented show variable effects of mecamylamine loading, 1t 1s
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tent;tively suggested that mecamylamine enhances potassium
excretion, and depresses sodium excretion.

The clearance of Darstine was shown to be inhibited
by KCl administration in three of the four experiments where
Darstine-potassium excretion relationshlps were studied.
These results agree with the evidence presented by Kandel,
(1956). In the fourth experiment, although Darstine clear-
ance was not depressed, the urlnary concentration of Dar-
stine decreased 50%.

No significant change in the clearance of potassium
vas noted following the acute administration of Darstine in
the four experiments. In two of these experiments, however,
there was an 80% reduction in urinary concentration of potas-
sium; the urine flow increased only 30 - 50%.

In the three experiments in which the excretion of
sodium was studied simultaneously wilth the excretion of Dar-
stine, the infusion of Darstine resulted in a) an increase
in the clearance of sodium, b) no significant change in the
clearance of sodium, and ¢) a reduction in the clearance.
The 1ncrease in sodium clearance following Darstine loading
occurred during respiratory alkalosis. This condition in
1tself has been shown to cause increased sodium excretion.
Conversely, the reduction 1n sodium clearance following
Darstine administration occurred during respiratory acidosis,

with a decreased glomerular filtration rate. Both condi-
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tions have been shown to cause a decrease 1in sodium excre-
tion.

Two facts are of importance in evaluating the re-
sults in that experiment where there was no change in the
clearance of sodium folldwing Darstine administration. First,
the urinary concentration of sodium decreased 80% while glo-
merular filtration rate remained constant, and urine flow 1n;
creased. In the investigations of the effects of choline
administration on urinary electrolyte excretion, Solomon et
al., (1960) showed that the reabsorption of sodium was en-
hanced following choline administration. The evidence pre-
sented by these workers was based on decreased urinary sodium
concentrations in experiments where the GFR remalned constant
or increased. The data also showed an increased excretion of
sodium during diuresis in the presence of choline; however,
the concentration of sodium in the urine remained depressed.
Second, there was a marked similarity between the effects of
Darstine administration on sodium excretion, and 1in the ef-
fects of mecamylamine administration on sodium excretion,
(Tables 14 and 15). |

Thus, the results indicate that potassium chloride
loading administration inhibits Darstine excretion and Dar-
stine administration enhanées sodium reabsorption as weil
as potassium reabsorption.

Evidence which substantiates the hypothesis that
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mecamylamine as well as Darstine can participate in the cat-
ion exchange system operating wlthin the renal tubule 1is
briefly outlined.

1. The reabsorption of sodium in the renal tubule
1s an active process.

2. At least part of the sodium from the lumen which
1s reabsorbed 1s exchanged for pbtéssium or hydrogen from
within the tubular cell.

3. Potassium and hydrogen compete for this exchange,
this competition shown by a mutual reversable inhibition.

4, Mecamylamine and Darstine tubular secretion oc- .
curs by active transport.

5. Potassium chloride administration inhibits the
excretion of Darstine and mecamylamine. This inhibitlon 1is
not related to other factors. B

6. Darstine administration inhibits the excretion
of both potassium and sodium.

7. Mecamylamine administration enhances the excre-
tion of potassium.

Although the effects on potassium excretion by Dar-
stine and mecamylamine administration are reversed, the ap-
parent inconsistency could be explalned by relative affini-
ties for the transport system, l.e., potassium, Darstine
and mecamylamine in decreasing order. Peters (1960) pre-

sented evidence that strong bases demonstrated this phenom-



92

enon in relation to the "common" base secretory System.
Further, Domer (1960) has compared potassium excretion dur-
ing Darstine Iinfusion before and after the force-feeding
of Darstine. He found a decrease in potassium clearance;
this would indicate some adaptive preference in the kildney
for organic bases following the forced-feeding procedure.

The results of the stop-flow analyses on mécamyla-
mine excretion showed that the tubular secretion of mecamy-
lamine occurred in the proximal segment during both a control
experiment and during metabolic acidosis. Reabsorption of
mecamylamine occurred in the distal segment during metabolile
alkalosis, when the urine was highly alkallne. These re-
sults from the stop-flow analyses demonstrate that mecamyla-
mine (and perhaps other organic bases) may be secreted in
one part of the tubule-and be reabsorbed at another site.
Jailer (1947) had speculated on the possibility that this
process could indeed occur within the renal tubule. It is
highly probable thét these two processes of secretion at
one site and reabsorption at another, can occur simultan-
eously. These studies do not eliminate a possible distal
site for mecamylamine secretion.

The stop-flow studles showed that the tubular se-
cretion of Darstine occurred in the proximal tubule." No
evidence either of increased tubular secretion or reab-

sorption in the distal tubule was apparent.
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Potassium tubular secretion has been shown to occur
in the distal segment; reabsorption may occur in this seg-
ment as well as in the proximal segment (Sullivan and 2o-
workers, 1960). |

It 1s therefore evident from the stop-flow studies
that as a) the tubular secretion of potassium, Darstine and
mecamylamine occur in different areas of the nephron;b) po-
tassium and mecamylamine exhibit a bi-direé%ional flux;and
¢) Darstine exhibits a uni-directional flux, and from the
results of the clearance studies, a unifying theory for the
excretion of these bases 1s impossible with avallable data.

There 1s evidence from this work that suggests that
the tubular secretion of mecamylamine as well as Darstine
could occur in part by the generally accepted organic base
transport system. Briefl&, this evidence 1s &) proximal
tubular secretion of mecamylamine b) the accumulation of
mecamylamine in rat and dog kidney slices to show S/M ratios
greatér than one, and ¢) the inhibition of this uptake by 2,
4-dinitrophenol-{DNP). The proposal is further substantiated
from the data presented by Volle and co-workers which showed
that the administration of mecamylamine inhibits NMN tubular

transport in the chicken.



CHAPTER V
SUMMARY AND CONCLUSIONS

The renal excretion of two organic bases, mecamyla-
mine (InversinéR), a secondary amine and ganglionic blocking
drug, and mepiperphenidol (D#rstineR), quarternary ammonium
compound and cholinergic blocking drug were studied in the
dog.

The excretion of mecamylamine.has been shown to bé
primarily influenced by the pH of the urine. This evidence
suggested the possibility that the tubular excretion of me-
camylamine could be 1ﬁ part by the exchange mechanism which
transports potassium. To test this hypothesls, the excreﬁion
of mecamylgmine, potassium and sodium was studied following
the acute administration of both mecamylamine and potassium
chloride. TUrinary pH changes were accomplished by systemic
acidosis or alkalosis.

The renal tubular excretion of Darstine has been
shown to be by an active transport system, and to be influ-
enced by potassium chloride administration. It was, there-
fore, of interest to investigate the excretion of this quar-
ternary ammonium compound under the experimental procedures

ok
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used for investigating the excretion of the secondary amine.

The classical clearance technique and the technique.
of localization of tubular activity by stop-flow analysis
were used for the excretion studies in the intact animal.
The accumulation of the compounds in rat kidney slices was
used to evaluate the renal tubular excretion in vitro.

The findings in this work are:

1. Potassiuﬁ chloride loading inhibits the tubular
secretion of mecamylamine and Darstine in the intact animal.
There was evidence that Darstine inhibits the tubular secre-
tion of potassium. The inhibition of the compounds by po-
tassium 1s discussed in relation to the mutual secretion of
the organic and inorganic cations via the tubular exchange
system.

2. Mecamylamine and Darstine accumulate within the
rat kidney slice from the medium. The accumulation of these
compounds in the slice 1s inhibited by 2, 4-dinitrophenol
(DNP). These results are discussed in relation to evidence
for actlive tubular transport of the organic bases.

3. The tubular secretion of mecamylamine occurs
by non-ionic diffusion as well as by active transport. The
tubular reabsorption of mecamylamine occurs by non-ionilc
diffusion, with no evidence of active transport.

4, Darstine Qxcretion occurs by filtration and tu-

bular secretion, as other workers had shown. No evidence
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for Darstine reabsorption was noted.

5. As judged by stop-flow studies, the tubular se-
cretion of both mecamylamine and Darstine occurs within the
proximal segment of the nephron.

6. The tubular reabsorption of mecamylamine after
alkalinization of the urine occurs in the distal segment of
the nephron. ‘

The results of this work are interpreted as evidence .
that a) the tubular secretion of mecamylamine and Darstine
occurs in part by the transport systeﬁ which involves inor-
~ ganic cation exchange, b) the tubular secretion of mecamyla-
mine occurs in part by the organic base mechanism which trans-

ports Darstine.
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