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THTRODUCTION

The influsnce of the nervous gystem on renal function has been
studied for many years. Partial or ésmle’ce interruption Qf the
renal nerves has been produced by splamchnic nerve section, thoraco-
lumbar synpathectomy, and stripping of the remal pedicle. Many ine
investigators have shown that in the amssthetized animal renal dener-
vation is followed by inoressed urime flow, imcreased electrolyte
exeretion, and usually, increased glomerular filtration r&tg and renal
plasma flow. Two major questions remain unanswered. First, is dener-
vation effective in changing the exeretion rates of electrolyte and
water only under the siresses of ancgthesia and laparotomy? Second,
are the effects of nerve section on salt and water exerotion entirely
secondary 20 changes in renal Wa&?

If electrolyte and water excretion are subject to control by the
nervous system, this eontrel might be concerned with either conserva-
tion when the animal is deprived of water and electrolyte, or with
elimination when the animal is loaded with water and electrolyte s OF.
both., ,

Teleclogically, one would expect activity to be concermed with
conservation in mammals, since Lthey are more afﬁm exposed to water and
electrolyte deprivation (at least in the primitive state) than they are
to excessive loading. Furthermore, it would seem likely that these
nervous influsnces, if they exist, could be more readily demonstrated
under conditions of deprivation or excessive sduinistration.

Herstofore, imvestigation in this field has been limited almost
exclugively to experiments on animals variously losded with water and



solutes in order to obtain urine flows adequate for the estimation of
excretion rates and clearances. Frequently there is considerable
variation in excrotion in consscutive samples of urine from one
kidney when collection periods are short., These unilaters) variations
may often be greater than the variations in exoretien between the two
kidueys. When long eollection periods are used or when the exoretion
rates of several consecutive short collection periods are averaged,
these unilateral fluctuations tend to be minimiged.

This study was undertaken to clrewsvent the diffieulties produced
by anesthesia, excessive water and sali loading, and short eollection
periods by using long collection periods (2L hours) in unanesthetised,
normally active dogs under conditions of mclémm salt intake and
severely restricted salt intake. It was hoped that by the use of these
procedures additional insight inte the presence and importance of ner-
vous influences on renal function might be obiained.



REVIEW OF LITERATURE

In 1859 Claude Rernard (1) first described the phenomenon of
"denervation diuresis®. He found that unilateral sestion of the
splancimic nerve is followed by inereased urine flow from the homo=
lateral kidney. Ihis diuresis he attributed to increased renal blood
flow, Gohnheim and Roy (1) in 1683 utilized the oncometer to show
that renal volume is increased upon section of the splanchnic nerves
and is decrsased on stimla‘bing the splanchnic nmerve. They attributed
these volume ehmges to increased and decreased renal bleod flow.
Bradford (2) showed, through stimlation studies in 1389, that renal
nerves are present im the sympathetic nerves of the fifth thoracic
to the second lumbar segments. He alsc showed that these renal
nerves are most abundant in thoracic segments ten, eleven, and twelve.
In 1908 Burton-Opits and Imecas (3), using the Ludwlg stromuhr on the
renal vein, confirmed the results of oncomoter sti:dies. They further
demonstrated (L) that the remal innervetion is unilateral. All of
these experiments were on snesthotised laparotomised animals.

lore recent studies can be plaged in two groups: Experiments on
anesthetiged animals, and experiments on unanesthetized animals,

A. Bxperiments on anssthetised animals., |

In 1919 Marehall and Kolls (5,6) and in 1922 Marshall and Crane (7)
reported the resulis of experiments involving acute and chronic wnilateral
shlanchnectony in anesthetized dogs. They observed higher exoretion rates
of water and chloride from the densrvated Iridney as compared with the
control kidney, These inereases were froquently accompanied by lower
excretion rates of creatinine from the demervated kidney. In a series



of related experiments (6) invelving ccclusion of the renal artery
they observed changes in water and chloride exerstion oppogite in
direetion from those changes observed in splanchnicotomised animals,
From this they coneluded that splanehnle section resulbs in increased
water chloride exeretion solely because of inereased remal blood
{flow, %@y found assentially no difference with respect to exeretion |
between acute and chronic denervatirn,

in 19343 Iriss Futcher and (oldman {8) utilised clearance tech-
niques in doge to study the effects of splanchnic section. They found
that the difference in output of water and ehloride between the dener-
vated and normsl kidney could not slways be accounted for by increased
{iltration rate (and hence incresased load of water and solute) in the
denervated kidney.

- Kaplan and others (9,10) studying the effects of splanchnie section
in hydropenic doge with sodium chloride diuresis and sagain with mannitol
dluresis, again found that seoticn 1s followed by increased water and
electrolyte excretion whieh cannot be entirely acocunted for by ine
ereagsed load delivered to the remal tubule. They postulated that dener-
vation removes the kidney from the influence of specific neural control
of slectrolyte excretion.

Tn two experinents on acutely denervated dogs (renal pediele stripped)
Berne (11) found higher sxeretion rates of sodium and water from the de
nervated kidney as compared with the control kidney. In 19 of 25 experi-
ments on chronically denervated dogs (with diuresis prednced by various
wothode) he found sodium sxeretion higher from the denervated kidney
than from the control kidney. Howsver, in those experiments in which
the filtration rate on the denervated side was lower oy essentially



equal to that on the control side he found that sodium excretion
showed the same left to right relationship as the filtration rates.

He concluded that the effect of denervation was to inorease the filtra-
tion rate and thus ingrease solute load to the tubule which is followed
by increased sclute excretion and arinary volume.

Page et al (12) reporting the results of splanchnic section in
 anesthetized dogs alao concluded that increased sodium exoretion from
the denervated lddney was the result of incressed filtration rata.

De Experiments on unanesthotived animals

In 193h Rhoads (13) et &1 studied a dog with a single explanted
kldney. They concluded that yenal blood flow was not effected either
by local dlock of the renal nerves with procaine or by rensl demervae
tion. Hiatt (1L), using a unilaterally sympathectomized dog, found no
difference in ereatinine and diodrast clearanses betwsen the denarvated
snd normal kidney. Maluf (15) stadied the effects of denervation in a
dog with a tramsplanted kidney. He concluded that transplantation with
eonsequent complste interrupbion of the renal nerves is followed by no
significant change in remal function..

In 1952 Berne (10),using dogs denervated by stripping the renal
pedicle, reported results obtained in unanesthetized andmals. He cone
cluded that there is essentially mo difference between the two kidngys
in urine flew and sodium exoretion except when the animal is subjected
to emotional stress or anesthesis.

Surtskin and others (16,17) used dogs with explanted bladder tri-
gones. Thay reported that unilsteral sympathectomy ie followed by neo
significant diffsrence in urine fiow, sodlum exeretion or filtration
rate. In 2 of 5 animals they demomstrated that emotional stress ip



followed by reduction in filtrabtion rate and sodinm and water exerew
tion from the normal kidney without change in the denervated kidnay.
They also showed that deep pentobarbital anesthesia and ether anes-
thesla are followed by decreased filtration rate and decreased water
and sodium exeretion from the normal kidnoy and no change in the func-
tion of the denervated kidney. '

Kaplan, Yest and Poman (18) in 1953 published the results of
experiments on L splanchnicotomized, unenesthotized dogs. In § experi-
mente carried cut on 3 of the dogs before splanchnic section ‘they found
that spontanecus fluctustions in function betwasn the 2 kldneys were
about the same as others have observed. In 20 of 21 experiments on the
L dogs after splanchnic Saﬁtion they found considerably greater excree
tion of sodium and chloride from the denervated kidney. They also found
that exeretion was reduced from the normal Hdmy;

 Heilman and Winer (19) reported in 1953 that in normally-hydrated,
unanesthetized; unilaterally iplmhnicctomiwd dogs there was greater
sodium exeretion from the denervated kidney. They state that urine flows
wore equal bilaterally.

In 295h Page (12) et al stated that "there was little or no differe
ence betwoen the two kidneys in urine flow or gsodium excretion iu the
unanesthetized state 2L hours after (unilateral) splanchnicectomy” .,
These observetions were made in 3 animals,

In summary, it sppears that most investigators who have worked in
this field are in agreement that penal denervatlon in the snesthetized
animal is followed by increased exeretion of salt aud water. There is
Do agreement as to whether or mot the incressed water and solute @X0Te~
tion is due entirely to increased solute load delivered to the renal



tubule. Results and interpretations thereof, obtained in unanesthetised

animals, have been conflicting.



HETHODS

Three adult femsle mongrel dogs weighing 36, 25 and 27 pounds
were used in this study. Separate collections of urine from the
kidneys was made possible by splitiing the bladder sagittally and
re~forming cach half into an individual bladder for each ureter and
kidney. Ilushroom-shaped nylon cannulas {éae Fig. 1) were inserted
through the bladder and abdominal walls.  Urine was collected in
polyethylene bags, which .wer- attached to the canmilas. See the
appendix for a .wmwlet- deseription of the surgical technique and
deseription of the cannulas and hags.

Renal denervation was accomplished by transpleural resection of
the splanchnic nerve through an incision in the tenth intercostal
space. The nerve was resected immedistely above the diaphragm and a
trree to four centimeter segment removed.t

The animals were maintained on a diet of casein proteinate,?
lard, corn oil and sucrese mixed in the proportions shown in teble I.
The mized food contained L.65 calories per gram. Sodium content of the
food was less toan 0.5 millequivalents per hundred grams. Potassium
content was negligible. Moderate salt intalke consisted of 86 miq. (5 gn.)
of sodiun chiloride and 13.5 mBq. (1 gn.) of potassium chloride added to
the food daily. Then electrolyte was restricted, no salt was adusd %o
the diet. A vitamin supplement was added to the diet daily.3

The animals were fed once daily. Dog G usually received 200 grans
food per day. Dog B usmally received 250 grams daily. Dog J received
lnis procedure was suggested by Dr. A. C. Parger of the Harvard University

Department of Physiology.
2Casec, Mead Johngon & Go.

3zZymacaps, Upjohn Co.
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175-250 grams daily. The food was mized with 500 ml. of warm water.
Water was also allowed ad libitum. Intake was estimated by f£illing

the water cans with one liter of water dally and measuring the maiﬁuﬂ
on the following day. Daily urinary volumes were measured by emptying
the collection bags inte a 500 ml. graduated cylinder. Aliquots were
taken from esch sample for the determination of sodium and potassium.
The urine was refrigerated until the determinations were made. Blood
was telken by venipuncture every other day for plnm,' sodium and potas-
siom determinations. Heparin was used to prevent clobtiing. All samplss
were collected just before the animals were fed. Samples were collected
within half an hour of the same time every day.

Sodium and potassiun eoncentrations were determined with the
Rarclay Flame Pholometer in appropriately diluted samples. I&ndogenous
urinary creatinine was determined by the Bonsnes and Tausky (20) modi-
fication of Folin's (21) adaptation of the Jaffe reaction between
ereatinine and alkaline picrate. The Coleman Universal Spectrophotomster
Model 1l was used im these determinations.

At the conclusion of the experiments the animals were sacrificed.
Inspeation of the site of splanchnie section revealed complete interrup-
tion of the nerve sbove the diaphragm in all three animals. Oross and
microscopic examinations of bladders, ureters and kidneys were made. On
the day previous to her demise dog G ceased Lo excrete urine from the
control {left) cammla. On autopsy the canmula was found to be hernisted
through the rectus abdomimus. The simms left in the path of the cannula
was cmnpleﬁely‘ c¢losed. The bladder on the left contained about 300 ml.
of urine and the ureter was slightly dilated. The bladder on the denervated
(right) side showed moderate inflammation, but no dilatation., The ureter
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on the right was not dilated. There were small caleuli in both renal
pelves. Microscopie imspection of the kidney of dog & revesled mild
subacute pyelitis with subacute ureteritis on the right (denervated
kidney)s The left (control) kidney showed minimal subacute pyslonephritis,

The kidneys of dog P showed minimal scute neerotizing papiliitis
with intratubsl ealeall on the right {control) and subacute prelitis on
both sides. The ureters were mlerosconically normal on both gides.
Oross exanination of both bladders showed inflammation. Dog J became
i1l during the post-demervation studies. On the last day of salt de-
pletion following nerve section she developed amorexia, vomiting and
diarrhea. She was sacrificed after two days of illness. Oross exsmin-
ation of kidneys, ureters and bladders revealed no pathiclogy except ine
flanmation of the bladders. Wicrescopic examination of kidneys and
ureters revealed only minimal pyelitis on the right.



RESULTS
Table 2 indlcates daily food, water and salt intakes for cach
anlmal. Daily urine volumes as well as urinary concentration of sodium
and potassiws are included. Twenty four hour urinary exeretions of
sodium and potassium are also inciuded. Table 2 also contains plasma
concentrations of sodium and potassium,

- Table 3 shows mean values for cach animal of urine flow, sodium
exeretory rate and potassium excretory rate obtained under similay
experimental conditions. Mean urinary mnm&atiaw of sodium and
potassium are also included. On 3/27 dog G began to show signs of ine
fection on the left side. sSulfadiasine therapy was instituted on 3/27.
Since sulfa drugs are known to be carbonic anhydrase inhibitors s it was
thought that the drug might bring about altered func:tiqn in the dog's
kidneys. Consequently, all wrine flows and slectrolyte excretory rates
obtalned from dog G after 3/27 were excluded from Table 3. Exeretory
rates from dog J post-splanchnicotomy were left out of Table 3 also
because an inadequate number of control samples were obtazinsd.

The colwms marked D-I (meaning denervated mimus imnervated) in Table
3 show the mean mumerical differences between denervated and imnervated
kidneys. The eolwms marked D/I (meaning denervated divided by immervated)
give the mean ratios of urine flow and sodium and potassium concentrations
and excretory rates. The D/N retic can be used to compare percentage
difference between the two kidneys using the immervated kidney for reference,
As ghown 1n Tables 2 and 3, dog O was studied under conditions of
moderate salt intale and sodium deprivation before splanchinic sectiocn.
After section, she was studled under conditions of moderate load, sodium
deprivation, potassim deprivation, and deprivation of both sodium and
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and potassium, Doge B and J were studied undeyr eondihiona of moderate
load and deprivation of both sodium and potassium before splanchnie
section as well as after.

Urine Flow

There was eanéidembla daily variation in total urine volume excreted
by the two kidneys of any one animal as Table 2 shows. However, the D/T
ratio remained falrly constant day to day for each dog. The differences
between flows from the two kidneys alsc remained fairly constant in any
one animal,

Before splanchnic aé»e{;:ion two of the animals (doga G » B) had D/T
ratios for urime flow slightly greater than one. Dog J had gross differ-
ences ln urine flow from the two kidmeys before section. In Dog J the
szﬂlne:!mia nerve was sectionsd on the same side as the kidney which secreted
the lesser quantities of urins,

Followlng nerve section urine D/I was less than ome in both dog G and
Dog Bs Dell was pignificantly different aftor splanghnic seetion for both
dogs C and B. Pogt~gplanchuicotony studies ware begun six days in poste
operative dogs ¢ and three days post-operative in Deg 1. Post-splanchnie
section nean values for Dog J were omitted from Table 3 because s‘imdiﬂ
were started immediately gaos'&-éperatimly and an inadequate musber of
samples of control cbservations were obtalned, Howaver, the data was in-
cluded in Table 2. Table 2 shows that on the first pogt-operative day
Dog J exeretod considerably more urine from the denervated kidney than
from the control kidney. On the sesond pogt-operative day urine flows
were almost equal and from the third day om, urine flow was somewhat lower
from the demervated kidney tham from the normal kidney. Although the urine -



flow fron the denervated lkidney was lower than that from the control
kidney, there waw lese diffevence between the flows Irom the two kidnevs
after splanchnic section than there was before section. In other words
urine flow was more nearly equal bilaterally after spvlaneinic section.
Although salt deprivation appeared to be followed by deersased water
intake and urinary output, there avpeared %o be no significant change
in the differences in outputs of the two kidneys in any of the three
animals,. |

Creatinine

Values obtained for urine creatinine concentration and exsretion
woere excluded from Tables 2 and 3. There were gross variations in the
values obtained for creatinine exeretion in urine from each kidney in
all animals, Serial determinations on single urine samples on successive
days revealed that creatinine eoncentration was reduced in the wrine on
standing. Since not all determinations were made on the day of samnle
ecollection and no preservative was added to the urine, it was thought that
the values obtained for urinary sreatinine exeretion were unreliable.

Sodium |
Sodium concentrations were nearly equal in urine from the two kidnevs
of both dogs G and B before splanchnie seetion. Daily sodium axeretion
from the two kidmeys of thess animals had roughly the same relationship
as did wrine flows. In the third dog (J), while on moderate salt load
before splanchnic section, sodium concentration was considerably higher
in the urine from the kidney with the lower urinary flow. Daily sodium
sxoretions were generally lower from the kidney with lower urine flow in

dog J before splanchnie section.
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Following splanchniec seotion and while receiving moderate amounts
of sodiun and potassium both dogs G and P had D/I ratios for sodimm con-
centration considerably greater than ome, Since urine flow was lower
from the denervated kidney, there was no significant difference in daily
sodiun exeretion fronm the two kidneys in either animal. When sodium and
potassium were restricted, the concentration differences were more mariked.
In npite& of lower urine flows from the denervated kidneys the denervated
kidneys exereted significantly greater qumb:z.tﬁ.u of sodium than did the
control kidneys. Doz O was also subjected to restriction of sedium while
potassium was supplied and vice versa. There appeared to be no significant
difference in sodium oxeretion from the two kidneys wnder these conditions.

As mentioned previously mean values for Dog J wers not included in
Table 3. However, dally excretions are shown in Table 2. On the day
following splanchnic section urine collection was started immediately
following surgery. Dog J exereted congiderably more sodium from the dener-
vated kidney than from the normal kidnay. Urine sodium concentrations
were about the same bilaterally, On the second post-operative day D/I for
sodiun concentrations began to vise. On the second and third poat-opar«
ative days both kidneys exersted about the same quantity of sodium. On
the fourth and £ifth post-operative days D/I for sodlun concentration was
conslderably gréater. Sodium excretion was also somewhat higher from the
denervated kidney. Dog J had received moderate amounts of sedium snd
potassium through the £ifth rost-operative day. On the sixth pogt-operative
day sodium and potassium wers withheld from the diet. Sodium congentration
and excretion in the urine from the denervaiod kidney dropped more than
they did from the eomtrol kidmey. This experiment was discontimied at the
end of the ninth post-operative day because the dog refused %o eat and
was vomlting,
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Plasma sodium concentrations as shown in Table 2 did not seem %o
be consistently changed during either salt depletion or administration
either before or after splanchnie nerve section in dogs @ and B or in
dog J before splanchnis section. After splanchnic seetion in dog J plasma

sodium concentrabion progressively decrepsed.

"

_ Potasgium

| There were no consigtent changes in the differences between the
twe kidneys in urime potagsium concantration or axawtian‘ following
splanchnic section in dogs B and J. Potassium concentrations were not
obtained in dog G prior to splanchnie ssetion. In the experiments in
which potassium alone was restricted considerably more potassium was
lost in the urine than when both sodimm and potassium were restricted.
When sedium alone was restricted, there appesred to be less potagsium
exereted than when sodium is not restricted.

Flasma concentrations of potassinm were not consistently changed
during any of the experiments on any of the animals,

In surmmary following splanchnic section two of three dogs showed
decreased water excretion and inmereased sodium concentration in the
urine from the demervated kidney as compared with the urine from the
normal kidney. Sodium exeretion was grester from the denmervated lidney
than from the normal kidney only when both sodium and potassium were
withdrawm from the diet. Potassium excretion appsared to he unchanged

by splanchnic section,
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Resulis obtalined in previous investigstion in this fisld are con-
flicting, There ig no unanimity of opinion as t¢ the presence of
. meural influences on renal funetion, A% present twe major issues re-
main undecided, First,are nervous inflnences on rensl funetion evident
only when the organism is subjected to the stresses of anesthesia and
laparotomy? Second, does the nervous system exert control over renal
 tubular activity?

ot iwe@%igaters are agreed thal anesthesia and laparotomy are
aseompanied by neurogenically mediated renal vasceomstriction. Yany
have ooncluded that the nervous system does not exert a tonie influence
on the renal vasculature in resting, unanesthetized animals. Others
have concluded that the renal vascular gystem ie under the control of
‘the nervous system in unanesthetized animals. Rhoads et al (13) studied
doge with single explemted kidneys. They stated that they found no change
in the fumetion of those kidneys when the renal nerves were blocked with
movecain. IHowever, inspection of thelr data reveals that renal blood
flow was inereased following nerve b}aehd- in four of the five experi-
mpnts for which data is given, Maluf (15) reported studles on a single
unanesthetized dog with one kidmey transplanted to the thigh, It is
doubtful that his results are reliable since vtharn was alwgys pus and
albumin present in the urine from the transplanted kidney. Ksplan et al
(18} found inereased urine fiow, sodium exeretion and filtration rate
in unanesthetized unilaterally splanchnicotomized dogse

The differences of opinion on the presence of neural influences on
the renal vasoulature are not necessarily incompatible. Berne (11) and
Surtshin ot al (17) found $het emotional and painful stimuli may be

followed by decrsased ronal plasma flow and glomerular filtration rate
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in the imnervated kidnay, but not in the denervated iddney. It is con~
ceivgble that those investigaters who found evidence of neural influences
oa the renal vaseulature may have been working with animels subjected to
eotlional stress.

The question of nervous influences on renal tubular function has been
argued for many years, As mentioned previcusly, Marshall and others
(5,6,7) attributed greater urine flow and chloride excretion frow the
denervated kidney to altered renal hewodynamics., However, their proto-
eols show that ereatinine excretion was not always greater from the
denervated kidney. In faot, oreatinine exeretion was {requently lower
from the demervated kidnmey than from the imnervated kidney. Kriss st al
(8) and XKaplan et al (9,10) found that the difference in amounts of sodium
exoreted by the demervsted and normal kidneys wes frequently less than the
difference in amount of sodium filtered through the glomerull of the two
kidneys. TVerns (11) and Surtshin et al (16 #17) found that greater sodium
exeretion from the demervated kidney was almost always accompanied hy
increased filtration rate. They maintain that the greater exeretion of
sodiun fron the denervated kidney is due only to inereased filtration of
sodium whether differences in f1 tration rate can he detected or not.

Parther evidence for the existence of nErvous inﬁumaé on tubular
function is provided by the findings of "lake {22) that in unanesthetised
animals emoctional stress is followed by reduced excretion of sodium without
concomitant changes in filtration rate.

In evaluating the conflicting evidenes in this field several differ-
euces in technique should be noted. In the first place dencrvation has
been prodused by at least three different methods. The least extensive



denervation, that of Berme (11), involved stripping the renal pedicle.

vation procedure, "They performed complete unilateral thoraco-lumbar
sympathectomy. Host other investigators have utilized unilateral
splanchnic nerve resections. Cow (23) in 151} deseribed an adreno-renal
venous anastomogis. He postulated that nervous influemees on the adrenal
medulla may affect homolateral renal funetion through the direct circu- 2
lation of adrenaline from the adrenal medulla to the renal parenchyma .
This hypothesis was tested by Marshall and Bolls (5) and Eriss et al (8)
who concluded that the effeets of unilateral adrenalectomy are due to
injury to the renal nerves Quring the procedure. Recently Dempster and
Grsber (2L) repeated unilstarsl adrenalectomy in dogs taking great care

Yo avoid the renal nerves. They found increased exeretion of water and
sodium from the homolateral kidney. It 1s conceivable that the astudies
with splanchnic se@imn and sympathectomy might, by dapriviﬁg the adrenal
of ils nerve supply, influence homolsteral renal function differently than
does "simple® venal denervation.

Another possibllity is that in performing unilateral sympathectomy
or in siripping the renal pedicle damage to the kidney might result. This
diffieuli;y would presumably be avoided by supra~diaphragmatic splamchnie
section in which procedure the kidney is not disturbed.

Berne (11) izéa suggested that there may be a difference in renal
fupction in scutely and chronically denervated animals. In two experi-
ments on acutely denervated, anesthetized anixals urine flow and sodium
exerstion were groater from the demervated than from the norma) kidney
while renal plasms flow and ¢lomerular filtration rate were lower from
the denervated kidney. A third anima) which responded in the same manner
to denervation was found at autopsy to have a large remal infarect.
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Berne also suggested that the resulis obtained in the other two animals
might have been due to btemporary injury to the operated kidneys. Harshall
and Kolls (5,6,7) used both acutely and chronically demervated animals

in their studies and found no differences in function betwsen the two
groups.

Another consideration in evaluating resulis of experiments in which

short eollection periods were used is the varlability in sodium exeretion
from the individual kidney. Berme (11) observed unilateral varistions

in godium erxerebionm up to 100% in succassive 10 to 15 minute sollection
periods, The variation in exeretory rates from a single kidney was fre-
quently greater than the variation between the two kidneys. Nueller
et al (25) using 3-hour collection periods found much lower unilateral
variation. |

learly a1l of the previous studies have utilized diuretic agents
in order to obtain adeguate urins flows. Agents most commonly used have
been water or saline by stomach tube and intravenous saline or mannilol
solutions. If neural influences are concerned with conserving sodium
when sodium is deprived, it is not surprlaing that some lavestigators
have failed to demonstrate these nervous influences when the rvenal tubales
are overloaded with :.nlt} in an effort to stimulate urine flow,

Vany investicators in this field have apparently falled to take cog-
nizance of the fact that the Pmetion of the two kidneys in amy one animal
may not be identisal. Mueller et al (25) found differences in sodium
excretory rates between the two normal kidneys as great as 35%.

Considering the experimsatal evidence brought forth to date the
following eonclusions would seem most reasomable. PFirst, the remal vage
eulature is probably not subject to significant tonic sympathetle nervous



activity in the resting unansgthetized animal, Second rensl funetion
may be influenced by the nervous system in unanesthetized animales sub-
Jected to emotion stress. Third, sodium excretion may be influenced by
the nervous system.

lost studies on unanesthetized animals have been performed in dopgs
lying gquietly inm slings or on dog boards. The "normal® life of dogs 1iviug
in animal quarters presumably entails considerably more activity and {reauma
than are present in most acute experiments on unanssthetised dﬂga.‘ This
study was undertaken in order to study the normally active animal rather
than the animal in the quiet or "basal® state.

In the present study two of threes unanesthetised, normslly active
dogs had decreased urine flow from the densyvated kidney as compared with
the imnervated kidney following unilateral splanchnie nerve section., D/T
- ratics for sodium eanennﬁxa%ian.ﬂuru inereased in the same enimals, but
D/I ratios for sodium exoretion were increased only when sodium and paﬁasaimm
inteke were restricted.

In the absence of information about renmel hemodynamics in these animals
one can only speculate on the possiblo mechanisms responsible for these
changes.

The rate of urine exeretion is dependent upon the relationship betwsen
the amount of water delivered to the remal tubule and the amount of water
reabgorbed by the remal tubule., The amount of water delivered to the renal
tubule is dependant upon the rate of glomerular filtraticn.

ater resbsorptlion may be divided into two portions, the gquantity of
water osmotlcally obligated to solute reabsorbed in the proximal portions
of the renal tubule (obligatory reabsorption) and the quantity of water
actively resbgorbed in the distal tubule under the influence of the anti-

diuretic hormeme (facultative reabsorpiion).
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Therefore, therse are three possibilities to consider in explaining
the lower urinary volumes excreted from the denervated kidney as compared
with the imnervated kidmey. Oune possibiliiy is that the denervated kidney
is more semsitive to the anti-diuretic hormone than is the immervated
kidney, This seems unlikely in view of the observation of Klisieke et al
(26) that the denervated and immervated kidneys respond in a parallel
vmnmr o the diuretic stimulus of w#ter, and that wabter diunresis is ine-
hibited to the same degree in the denervated and innervated kidney by the
antidiuretiec hormone,

A second possibility is that the denervated kidney reabsorbs grester
quantities of osmotically active solute in the proximal tubuls, thus in-
ereasing the obligatory reabsorption of water. That this is unlikely is
indicated by the fact that sodium, which is the predominant osmotically
active constituent of the glomerular filtrate, sppeared in the urine of
both innervated and denervated kidneys in similar quantities. The third
and most likely cause for the lower urine flow from the denervated kidney
would sesm then, to be lower glomerular filbration rate, Possibly decreased
filtration rate from the denervated kidney might be produced by increased
sensitivity of the renmal vasewlature to cireulating hormonal agents such
as adrenalin,

Sodium exeretion is dependent upon the relationship hetween glomerw
ular and tubular setivity. The amount of sodium delivered to the rensl
tubules depends upon the glomerilar filtration rate and the plasms godiam
concentration, Approximately 85% to 90§ of the filtered load of sodium
is reabsorbed in the proximal tubule » and thig is apparently dependent upon
the load of sodium delivered to the tubule, That is s when filtration rate

or plasma sodium concentration ig elevated, greater amounts of sodium are
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delivered to the distal tubule. When sodimm load is decreased by lowered
filtration rate or plasms sodiun concentration, lesser amounts of sedium
are delivered to the distal tubule.

Very little is known about the mschanisms of distal tubular sodium
reasbsorption, The best evidence available at present indicates that
sodium - potassium and sodium~-hydrogen exchange mechanisms are imvelved.

There are two possibilities to consider in explaining the results
obtained in this study. Pirst, greater sodium excretlion from the denerw
vated kidney than from the irnervated kidney when sodium and potaseium
were rostricted, may have resulted from greater load of sodium delivered
%o the tubule., Oreater load of sodiur can result only from inereased
plasma sodiun concentration and inmereased glomerular filtration rate.
Cbvicusly the plasma sodium econcentration in the blood perfusing the two
kidneys was the same, I ig znlikely that filtration rate was greater
in the denervated kidney as previously pointed ocut. If amything, it is
more likely that filtration rate wes lower in the denervated kidney, There~
fore, it socems unlikely that increased sodium load explaing the greater
excretion of sodium when sodium and potassium were withheld from the diet.
The most likely explanation remaining, then, is that sodium reabsorption
was decreased in the demervated kidney.

It iz not poseible to state with certainty whieh pordion of the renal
tubule might be involved in produeing the resulis obtained in this study.
However, the fact that sodium e xeretion was greater from the denervated
than from the innervated kidney only when both sodium and potassium were
withheld might :indicat.e that the distal tubule is involved.

Another interpretation of these resulis might be made if the filtre-
tion rate was lower in the denmervated than in the normal kidney. Then,
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presumably there would have been lower amounts of sodium delivered to

the tubule in the denervated kidney, Since sodium axoretion was usually
ahout the same from the 4wo kidneys following unilateral denervation,

the fractlion of filtered sodium excreted must have heen rreater from the
denervated kidney. Therefore, it 13 coneeivable that splanchnic section
rexilied in loss of nervous control of sodium excretion from the denere
vated kiduwey, Inereased exeretion of sodlum by the denervated kidney
might have been chreured by concomitant decresse in fltration rate. The
differences in excretion of sodium might have become apparent only when

gsodlum reabsorption wes further decrsesed by potassium restrietion.
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SUMARY

The influence of unilateral splanchniec nerve section was stndied
in three normally active, uninesthetised doge. In two of the animals uni-
lateral splanchnic section was followed by decreased excrotion of weine
from the homolatersl kidney as compared with that from the normal kidney.
Sodium concentration was grester in the urine from the densrvated kidnay
in the same animels, Sodium exerstion was greater from the denervated
kidney only when sodium and potassium were withheld from the diet,l

It was concluded that the results obtained in this study are come
patible with the hypothesis that remal tubular function ig under the

control of nervous influsnces.
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APPENDIX
Preparation of Animals

Under sodium pentobarbital anesthesia {32 mg./kg.) the abdomen
was prepared by ¢lipping and shaving the hair and by application of 708
aleohol and tincture of zephiran., The abdomen was opened low in the
midline, The bladder, which is entirely intraperitonesl in the dog, was
pulled through the inclsion. Oause was packed between the bladder and
the sbdominal wall. The urethra was ipolated and sectioned. The distal
stump was closed with eatgut. The anterior bladder wall was ineised in
the nmid-sagittal nlame from fundus te arethra. Pleeding from the hladder
was controlled through the use of Duval lung clamps. The ureteral ori-
fices were located and small polyethylene catheters were ingerted into
the wreters to aid im locating the ureters in the paravesicle tissus.
Bladder resection was completed by ineising the posterior vesicle wall
in the sagittal plane midway betwean the ureteral orifices. This left
each half of the bladder approximately egg-shaped with the ureteral
orifices located near the smaller apex. The canmilas (described below)
with their puncture bullets attached were foreed through the larger apex
of the bladders. The camml:s were then forced through the parietal
peritoneun and the rectus abdomimms muscles sbout four centimeters above
the symphysis pubis and three mntimtora lateral to the midline. Swall
skin incisions were made to adwit the tips of the ﬁdm:tum bullets and
the cannulas were foreed through the skin., The bladders were then folded
in the line of the shorter axis of the ellipse. Une guture éf ﬂov. 2
noédium chromic catgut was plaoced through the approximated ends of the long
axls of each bladder. Hladder closure was tﬁm completed by contimious
suture with No. 2 medium chromic catgut through the bladder muscularis
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and vigceral peritonsum. Care was taken to exclude bladder mucosa
from the suture line. The abdominal wall was then closed in layers
with interrupted sutures. Retaining rings were placed on the cammulas
and the puncture bulleis were removed. The animals were returned to the
inj.ml quarters and allowed to reecover for several days before they ware
used for experimentation, |

The cannulas were obtained from L, W. Carson, 515 . Main 8t.,
Wheaton, T11. They were originally designed for use in imtestinal
pouches. They were mshroom-shaped 2 3/h inches long, 4 inech outside
diameler in tho shaft 1 1/8 ineh diameter at the head and had & 5/16 inch
lumen. The distal ends of the cannulas were tapped to receive threaded
puncture bullets and nipples. Retaining rings were 3/L inch lon- and
11/8 inch outslde dlameber. The retaining rings f£it smaggly on the
cannulas and were held in place by ome or two 10/2l bress machine serews.
Twenty pauge polyethyleme bags with welded seams were used for sample
collection. The bags were nine inches long and five inches wide, Their
capacity was about 900 ml. gach. The bags had an open meck at one end,
At the other end was a tab with a grommet through it. The threaded nipples
(1} inches long) were held in plase on the necks of the bags by two turns
of a Wo., 18 B 2 8 gauge nichrome wire twisted tightly to insure against
leakage. The bags were tested by £illing with water and air, The ends
of the nipples were then oceluded and congiderable manual pressure was
exerted on the bags. If there was any evidence of leakage of air or water,
the bags were discarded.

The bags were suspended on the dogs as shown in the figure. The bags
were supported on one end by the nipples screwed inte the indwelling
canmilas. At the other end string or wire olips inaerrtod through the



ayelets in the tabs fastened the bags tc s harness.
harnesses wers obtalned from a local variety store.

Ordinary dog
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