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Abstract. We have shown that bilateral atrial appendectomy attenuates the increase in 
atrial natriuretic factor and sodium excretion that occurs after acute blood volume 
expansion. These findings suggest that the atrial appendages influence renal sodium 
excretion. The purpose of the present study was to determine whether atrial appen- 
dectomy alters the increase in sodium excretion that occurs postprandially. One to 
two weeks after surgery, conscious monkeys (Macaca fascicwlaris) were given a meal 
through a nasogastric tube. The meal consisted of water (20 ml/kg), sodium (2.5 
mmol/kg), carbohydrate (2.65 g/kg), protein (0.68 g/kg), and fat (0.89 g/kg). Postpran- 
dial changes in renal function were monitored for 210 min after the meal was started. 
In the sham animals, urine flow increased from 0.23 f 0.04 to 0.55 f 0.05 ml/min, 
sodium excretion increased from 28.6 f 7.8 to 84.4 f 12.3 pmol/min and fractional 
sodium excretion increased from 1.35 f 0.38% to 3.06 A 0.4396. Bilateral atrial appen- 
dectomy (ATX) significantly attenuated the renal responses to the meal. Urine flow in 
the ATX animals increased from 0.19 A 0.03 to 0.30 f 0.02 ml/min, sodium excretion 
increased from 26.5 & 5.8 to 45.8 f 15.2 pmol/min, and fractional sodium excretion 
increased from 0.99 f 0.02% to 1.53 f 0.34%. Postprandial changes in renal and 
systemic hemodynamics were also monitored and were similar in both groups. 
Plasma levels of atrial natriuretic factor were also similar in both groups and did not 
increase postprandially. These findings demonstrate that bilateral atrial appendec- 
tomy attenuates postprandial-induced increases in sodium excretion by mechanisms 
that do not involve an increase in atrial natriuretic factor. (P.S.E.B.M. 1994, Vol2061 

enal adjustments in salt and water excretion 
play an important role in maintaining fluid/ 
.electrolyte homeostasis. These mechanisms 

are under the control of multiple regulatory systems 
and involve numerous factors (see 1 and 2 for review). 
These include intrinsic renal mechanisms as well as 
extrinsic neural and humoral pathways. 

The cardiac atria contain components of two sys- 
tems capable of influencing renal function: neural re- 
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ceptors and peptide hormones (3). Our laboratory has 
been interested in aspects of both of these atrial con- 
trol systems, in particular, the role of renal sympa- 
thetic nerves and atrial natriuretic factor (ANF). Using 
renal denervalion, we have found an important role of 
the renal nerves in mediating the renal response to 
volume expansion in conscious monkeys (4, 5). How- 
ever, the role of endogenously released ANF in medi- 
ating changes in renal sodium excretion has been dif- 
ficult to determine because of the absence of an ana- 
logue capable of blocking its renal actions. Several 
approaches ha.ve been used to overcome this problem, 
including atrial appendectomy (ATX) (a), active im- 
munization (autoimmunity) or passive immunization 
(9-1 3), and heparin administration (1 1). We have used 
the surgical approach and shown that bilateral atrial 
appendectomy attenuates volume expansion-induced 
increases in ANF and sodium excretion (6) in con- 
scious monkeys. This finding suggests that endoge- 
nously released ANF participates in fluid/electrolyte 
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balance. On the other hand, these conclusions must be 
made with caution since acute volume expansion is a 
laboratory technique that does not necessarily mimic 
physiologic conditions because of the magnitude and 
abruptness of the change in volume. 

Physiologic increases in extracellular fluid volume 
occur postprandially . The renal response is variable 
and depends to a large extent on the composition of 
the meal (14). High sodium intake increases urine flow 
and sodium excretion (15). In contrast, low salt meals 
increase urine flow with little or no change in sodium 
excretion (1 5). Since high-salt meals are associated 
with increases in extracellular fluid volume, atrial 
pressure, and sodium excretion, it is reasonable to 
propose that the atrial appendages participate in the 
regulation of postprandial sodium excretion. 

The purpose of the present experiment was to test 
the hypothesis that the atrial appendages influence so- 
dium excretion under physiologic conditions, i.e., af- 
ter intake of a meal high in sodium content. The results 
demonstrated that bilateral atrial appendectomy atten- 
uates postprandial sodium excretion. However, in 
contrast to acute volume expansion (6), ANF re- 
mained constant in the atrial intact animals postpran- 
dially . In addition, atrial appendectomy decreased so- 
dium excretion without affecting ANF levels. These 
findings indicate that ATX attenuates postprandial so- 
dium excretion by mechanisms that do not necessarily 
involve an increase in ANF. 

Materials and Methods 
General Preparation. Experiments were carried 

out in 11 adult male monkeys (Macaca fascicularis) 
that were maintained on a standard diet with water ad 
libitum. Two groups of animals were studied: atrial 
appendectomy (ATX, n = 6) and sham operated con- 
trols ( n  = 5). Procedures used in this study were in 
accordance with guidelines in the Public Health Ser- 
vice Guide for Care and Use of Laboratory Animals 
and were approved by the Institution’s Animal Care 
and Use Committee. 

Before surgery, the animals were trained to sit qui- 
etly in a primate restraint chair (Primate Products, 
Woodside, CA) by use of the pole and collar technique 
(6, 16). In addition, the monkeys were conditioned to 
tube feeding via a nasogastric tube. After the training 
protocol, the monkeys underwent sham or ATX sur- 
gery followed by a 1-2-week recovery. The postpran- 
dial experiment was carried out with the monkeys in 
the conscious state. 

Surgical Preparation. Technical aspects of the 
atrial appendectomy surgery have been documented in 
an earlier publication (6). In brief, the monkeys were 
anesthetized with ketamine HC1 (5 mg/kg, im) and re- 
moved from their cage. An indwelling catheter was 
placed in the saphenous vein, and the monkeys further 

anesthetized with sodium pentobarbital (25 mg/kg, iv). 
Maintenance doses of pentobarbital were given when 
necessary. A cuffed endotracheal tube was inserted, 
and the lungs ventilated with a respirator. A left tho- 
racotomy was performed through the fourth intercos- 
tal space using aseptic technique. The pericardium 
was opened and both atrial appendages were removed. 
As much tissue was removed as possible without dis- 
torting the junction of the pulmonary veins and vena 
cava with the atria. The cut edges of the pericardium 
were approximated, and a chronic catheter was im- 
planted in the descending thoracic aorta to later mea- 
sure blood pressure and draw arterial blood samples. 
The aortic catheter was exteriorized through the fifth 
intercostal space, tunneled subcutaneously, and exited 
the skin between the scapulae. After catheter place- 
ment, the chest was closed and evacuated. Two ve- 
nous catheters were implanted: one into the inferior 
vena cava through the femoral vein to measure central 
venous pressure and the other through the internal jug- 
ular vein for intravenous infusions. These catheters 
were also exteriorized between the scapulae. The 
catheters were filled with heparin (1000 U/ml) and 
chloromycetin (100 mg/ml), and protected by placing 
the animal in a standard primate jacket (Alice King 
Chatham, Medical Arts, Los Angeles, CA). Postoper- 
atively, the animals were treated with antibiotics (Lon- 
gicil: 100,000 U im) on alternating days for 1 week. 
The chronic catheters were routinely flushed with hep- 
arin and antibiotics every 3-5 days. 

Sham operated controls underwent the same sur- 
gical procedures and postoperative treatment except 
the atrial appendages were not removed. The time re- 
quired to complete the surgical procedures was ad- 
justed to match the appendectomy group. 

Experimental Procedures. The postprandial ex- 
periment was carried out 1-2 weeks postoperatively. 
The weight of the animals on the day of the postpran- 
dial experiment was the same as their presurgical 
weight. This was true for both groups of animals. The 
sham animals weighed 5.2 * 0.4 kg before surgery and 
5.3 2 0.4 kg on the day of the experiment. The atrial 
appendectomized animals weighed 4.9 * 0.3 kg both 
before surgery and on the day of the experiment. 

Each animal was sedated with ketamine HCl (5 
mg/ml) and removed from its cage. The outer orifice of 
the urethra was cleansed, painted with providone- 
iodine (Betadine), and 2% xylocaine jelly instilled into 
the urethra. An 8 Fr. feeding tube was inserted 
through the urethra into the bladder for timed urine 
collection. A nasogastric tube was advanced into the 
stomach to administer the meal, its position verified by 
aspiration of stomach contents. The monkeys were 
placed in the restraint chair to recover from the keta- 
mine, and the central venous and arterial catheters 
were connected to transducers to continuously record 
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pressure. A priming dose of creatinine (33 mg/kg) and 
p-aminohippurate (PAH, 8 mg/kg) was then given to 
each animal, followed by a maintenance infusion (0.50 
ml/min) containing 1.6 g/liter of both creatinine and 
PAH in 0.9% saline solution. After a 60-min equilibra- 
tion period, consecutive 10-min urine samples were 
collected. At the midpoint of alternate urine collection 
periods, a 4-ml blood sample was withdrawn to deter- 
mine plasma sodium, creatinine and PAH concentra- 
tions, and plasma osmolality. Red blood cells were 
resuspended in 6% high molecular weight dextran in 
isotonic saline and reinfused into the animal. After 3& 
40 min of constant urine flow the monkeys were given 
a liquid meal through the nasogastric tube. The meal 
consisted of water (20 ml/kg), sodium (2.5 mmol/kg), 
carbohydrate (2.65 g/kg), fat (0.89 g/kg), and protein 
(0.68 g/kg). Urine was collected for an additional 210 
minutes postprandially . Plasma samples to measure 
ANF were drawn at the midpoint of the control urine 
collections and at 30-min intervals after the meal was 
started. At the end of the experiment the animals were 
euthanized with an overdose of sodium pentobarbital, 
and the kidneys removed and weighed. 

Analyses. Arterial and central venous pressures 
were measured with Statham P23ID pressure trans- 
ducers and were recorded with a Grass Model 7D 
polygraph. Plasma and urine concentrations of creati- 
nine and PAH were determined by the methods de- 
scribed by Brod and Sirota (1 7) and Smith (1 8), respec- 
tively. Clearances of creatinine and PAH were used to 
estimate changes in glomerular filtration rate and renal 
plasma flow, respectively. Sodium and potassium con- 
centrations in the plasma and urine samples were mea- 
sured by using an IL 643 Flame Photometer and os- 
molality was determined by freezing point depression 
(Advanced Instruments, Model 3DII). 

Plasma ANF concentrations were determined by 
radioimmunoassay using a rabbit antibody to rat 
ANF1-28 (Peninsula Labs, Belmont, CA) as previously 
described (6). In brief, blood samples were collected in 
chilled tubes containing ethylenediaminetetraacetic 
acid (EDTA) and aprotinin and were centrifuged to 
obtain plasma for later analysis. ANF samples were 
extracted using a c18 reverse phase column (Waters 
Associates, Milford, MA). The samples were eluted 
from the columns using acidified methanol (4 ml glacial 
acetic acid100 ml) and were dried overnight under a 
stream of air. The dry residue was dissolved in assay 
buffer and ANF levels determined in duplicate. The 
data were reduced using a log-logit plot after correc- 
tion for nonspecific binding. Results were not cor- 
rected for recovery. 

Statistics. A two-way analysis of variance with 
repeated measures design for one factor (time) was 
used to test for differences across time and between 
groups (19). If the analysis of variance showed that 

significant differences (P < 0.05) were present, Dun- 
nett's test was used for comparing the control mean 
with each of the postprandial means across time 
(within groups comparison). Group differences (ap- 
pendectomy vs sham) were tested by using an un- 
paired t test. Probability values less than 0.05 were 
considered significant. 

Results 
The time course for the changes in urine flow, 

sodium excretion and fractional sodium excretion are 
shown in Figure 1. The shaded areas shown in the 
upper panels (urine flow and sodium excretion) repre- 
sent the mean k standard error of the mean for three 
time control experiments. Urine flow and sodium ex- 
cretion remained constant in the control experiments 
for the entire observation period. The mean signifi- 
cantly increase:d salt and water excretion in the sham 
animals. Urine flow increased from 0.23 ? 0.04 ml/min 
before the meal to a peak of 0.55 * 0.05 ml/min post- 
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Figure 1. Postprandial changes in urine flow (V), sodium excre- 
tion (lJNaV), and fractional sodium excretion (FE,,) in sham and 
atrial appendectolmized monkeys. Values are means k SE for 
continuous 10-min periods. The shaded areas represent the 
mean k SEM for three time control experiments. *Significantly 
different from average control value, P < 0.05. tsignificant 
group differences;, P < 0.05. 
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prandially . Sodium excretion increased from 28.6 2 
7.8 to 84.4 2 12.3 pmol/min and fractional sodium 
excretion increased from 1.35 * 0.38% to 3.06 k 

0.43%. The increase in renal salt and water excretion 
was significant 80 min after the meal in the sham ani- 
mals. ATX significantly attenuated the increase and 
delayed the onset of these changes. In the ATX ani- 
mals, urine flow increased from 0.19 t 0.03 to 0.30 5 
0.02 ml/min, sodium excretion increased from 26.5 * 
5.8 to 45.8 k 15.2 pmol/min, and fractional sodium 
excretion increased from 0.99 2 0.02% to 1.53 * 
0.34%. The increase in the ATX group was not signif- 
icant until 180 min after the meal was given. During the 
3 hr of observation after the meal, the sham animals 
excreted approximately 72% of the sodium load com- 
pared with 39% in the ATX animals. A similar pattern 
was observed for changes in osmolar clearance (data 
not shown in figure). In the sham animals, osmolar 
clearance increased from 0.45 5 0.06 to 0.92 * 0.05 
ml/min (P < 0.05). ATX significantly attenuated the 
increase, which rose from 0.45 * 0.07 to 0.59 * 0.11 
ml/min. Free water clearance (not shown) did not 
change significantly in either group. 

We evaluated renal (Fig. 2) and systemic hemody- 
namics (Fig. 3) to determine whether changes in these 
parameters could have influenced renal function post- 
prandially . A slight but statistically significant increase 
in creatinine (CR) and PAH clearances (Fig. 2) oc- 
curred in the sham animals after the meal was given 
which returned back to control levels. There were no 
significant differences in CR or PAH clearance be- 
tween the sham and the ATX animals at any time dur- 
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Figure 2. Postprandial changes in creatinine clearance (CcR) 
and PAH clearance (CPAH) in sham and atrial appendectomized 
animals. Same format as Figure 1. 
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Figure 3. Postprandial changes in mean arterial pressure 
(MAP), heart rate (HR), and central venous pressure (CVP) in 
sham and atrial appendectomized monkeys. Same format as 
Figure 1. 

ing the experiment. Figure 3 shows changes in sys- 
temic hemodynamics. Mean arterial pressure de- 
creased slightly while heart rate remained constant or 
tended to increase slightly in both groups after the 
meal. There was no difference in arterial pressure be- 
tween groups. Central venous pressure (CVP), also 
shown in Figure 3,  remained relatively constant for the 
duration of the experiment in both groups. There was 
a tendency for CVP to be lower in the sham group. The 
functional significance of this trend is questionable, 
however, because technical problems limited the num- 
ber of observations to three in the ATX group and four 
in the sham group. The above findings indicate that the 
attenuated diuretic and natriuretic response in the 
ATX group was not due to postprandial differences in 
renal or systemic hemodynamics between the two 
groups. 

Plasma ANF levels (Fig. 4) remained constant in 
the sham and the ATX animals after the meal was 
given. The ANF levels tended to be slightly lower in 
the ATX animals but this difference was not statisti- 
cally significant. Collectively, these findings indicate 
that ATX does not alter basal secretion of ANF and 
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Figure 4. Postprandial changes in atrial natriuretic factor (ANF) 
in sham and atrial appendectomized animals. Same format as 
Figure 1. 

that administration of a mixed meal containing carbo- 
hydrate, protein, fat, and salt does not increase the 
release of ANF. 

At the end of the study, a bolus of veratrine (60 pg) 
was administered through the central venous line to 
determine if the surgical procedures interrupted car- 
diac afferents. Veratrine activates cardiopulmonary 
afferents and causes a reflex decrease in blood pres- 
sure and heart rate. In the sham operated control an- 
imals, blood pressure decreased from1 14 * 11 to 70 * 
10 mm Hg and heart rate decreased from 180 * 20 to 
136 ? 8 bpm. In the appendectomized group, the de- 
creases observed after veratrine were similar to those 
in the intact animals. Blood pressure and heart rate 
decreased from 101 * 6 to 57 * 8 mm Hg and from 183 
* 18 to 139 * 20 bpm, respectively. These results 
indicate that atrial appendectomy did not significantly 
interrupt cardiac afferents. 

Discussion 
Renal sodium excretion is an important determi- 

nant of extracellular fluid volume and is regulated by a 
variety of factors. We have shown that the atrial ap- 
pendages participate in this regulation since bilateral 
atrial appendectomy significantly attenuates sodium 
excretion during acute volume expansion (6). The pur- 
pose of the present experiment was to determine 
whether the atrial appendages influence sodium excre- 
tion under physiologic conditions, i.e., after a meal 
high in sodium content. Results from these studies 
demonstrate that bilateral atrial appendectomy atten- 
uates postprandial sodium excretion without altering 
renal or systemic hemodynamics, that ANF remains 
constant postprandially, and that ATX does not re- 
duce ANF levels postprandially . These findings indi- 
cate that under physiologic conditions the atrial ap- 
pendages are capable of influencing renal sodium ex- 
cretion by a mechanism that does not necessarily 
involve an increase in ANF. 

Postprandial changes in ANF have been evaluated 

in other studies, with conflicting results. Verburg et al. 
(20) investigated postprandial changes in ANF and so- 
dium excretion in conscious dogs. They found that 
ANF and sodium excretion increased after a meal con- 
taining 125 mniol of sodium. ANF increased from 
33 to 48 pg/ml while sodium excretion increased 
from -20 to  170 pmol/min. In  a similar study 
with human subjects, Solhaug and Granger (21) deter- 
mined that postprandial levels of ANF are influ- 
enced by the preexisting level of dietary sodium 
intake. ANF was elevated postprandially only in sub- 
jects that were on a high sodium intake, increasing 
from 32 to 37 pg/m130 min after the meal. Saville et al. 
(22), on the other hand, found that consumption of a 
high salt meal (100 mmol sodium) increased sodium 
excretion without a change in plasma ANF concentra- 
tion. 

Other experiments, also carried out in humans, 
focused on the contribution of ANF in mediating the 
increase in glomerular filtration rate that occurs after a 
meal high in protein. Rodriguez-Iturbe et al. (23) and 
Solomon et al. (24) found that dietary protein in- 
creased glomerular filtration rate and sodium excre- 
tion. In the former study (23), ANF levels increased 
2-fold (5-10 fmol/ml) while in the latter (24), ANF lev- 
els did not change. The reasons for these differences in 
ANF responses are not clear. Interestingly, neither 
group felt that ANF was important in mediating the 
increase in sodium excretion that accompanied the 
high protein meal. Rodriguez-Iturbe et al. (23), in par- 
ticular, considered the increase in ANF levels to be 
subnatriuretic. 

The renal response of the monkeys in the present 
study is similar to other postprandial experiments in 
that administration of a high salt meal caused sodium 
excretion to increase (20-24). The fact that ANF re- 
mained constant in the monkeys suggests that the mag- 
nitude of change in extracellular fluid volume was not 
great enough to induce the release of ANF. We tried to 
address this possibility in the design phase of the ex- 
periment by giving a meal that was physiologically rel- 
evant, yet sufficient to adequately activate the system. 
Daily sodium intake for the monkeys was maintained 
at 2.5 mmol of sodium/kg body weight, which is con- 
sidered normal for these animals. The meal for the 
postprandial experiment provided a mixed diet of car- 
bohydrate, protein, and fat with the total 24-hr com- 
plement of sodium (2.5 mmol/kg). We reasoned that if 
ANF is important in regulating postprandial sodium 
excretion, then administration of the total sodium load 
for 24 hr in a single meal should provide an adequate 
stimulus for ANF release. The meal caused a clear 
increase in sodium excretion (Fig. 1) .  However, the 
fact that ANF remained constant postprandially sug- 
gests that AN17 may not be an important regulator of 
postprandial sodium excretion. 
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Verburg et al. (20) studied dogs that were given 
more than twice the sodium than our monkeys re- 
ceived, which may explain why plasma ANF levels 
increased in their experiments and not in ours. It is not 
clear whether a meal containing less sodium (-2.5 
mmol/kg) would increase atrial pressure and stimulate 
ANF release in conscious dogs. Another consideration 
is species differences; i.e., dogs are quadrupeds, and 
primates are bipeds. The difference in body position 
between dogs and monkeys may be important since 
the distribution of extracellular fluid volume in the 
body can be influenced by gravity and the functional 
compliance of the limbs. For example, as water and 
electrolytes are absorbed from the gut, gravity may 
cause a greater percentage of this volume to distribute 
to the legs of primates compared with dogs. This 
would cause a relative reduction of atrial stretch in 
nonhuman primates and man and diminish the stimu- 
lus for ANF release. 

Circulating levels of ANF are functionally related 
to stretch-induced ANF release and tissue extraction/ 
metabolism. We, like many investigators, have fo- 
cused on ANF release and have minimized the meta- 
bolic component that influences plasma ANF concen- 
trations. That is, we assume that metabolism of ANF 
is constant under most circumstances. In this regard, 
Henriksen et al. (25) found that splanchnic extraction 
of ANF increases after a meal and that the increase in 
hepatic clearance is due to increased splanchnic blood 
flow. These authors (25) hypothesized that increased 
splanchnic removal of ANF may attenuate postpran- 
dial increases in plasma ANF. The significance of this 
observation in the present study is unknown although 
altered extraction could provide another mechanism to 
modify the concentration of ANF in the blood. 

The question remains, what mechanism caused 
the attenuated postprandial sodium excretion in the 
ATX group? Clearly, ANF remained constant and is 
not responsible for this result. Alterations in renal and 
systemic hemodynamics also seem unlikely because 
postprandial changes in creatinine and PAH clear- 
ances, and arterial pressure were also similar in both 
groups. Cardiopulmonary baroreceptors can influence 
renal sodium excretion through reflex changes in renal 
nerve activity (26) and/or the release of other natri- 
uretic hormones (27,28). Surgical damage to this path- 
way could attenuate sodium excretion. However, this 
possibility is unlikely because (i) the reflex response to 
veratrine was normal in the control and ATX groups; 
(ii) cardiac denervation does not decrease postprandial 
sodium excretion in dogs (29); (iii) cardiopulmonary 
stimulation in monkeys influences renal function to a 
lesser extent than the dog (30, 31); and (iv) the minor 
changes in central venous pressure that occurred in 
our experiment suggests that cardiopulmonary barore- 
ceptors were minimally activated postprandially . 

Therefore, it is unlikely that nonspecific changes in 
cardiac afferents account for the diminished sodium 
excretion in the ATX animals. 

Extracellular fluid volume is regulated by multiple 
control systems (1, 2). One system that plays a critical 
role is the renin-angiotensin system. Our findings of 
reduced sodium excretion in the ATX group could be 
explained, in part, by an increase in the baseline ac- 
tivity of this system. Although plasma renin activity 
was not measured in this experiment, we feel that our 
results cannot be explained solely by a change in the 
renin-angiotensin system. Our reasoning is based on 
several experimental observations. First, baseline so- 
dium excretion and fractional sodium excretion were 
the same in the sham and ATX groups. If renin and 
angiotensin I1 levels were elevated in the ATX group, 
then the relationship between arterial pressure and so- 
dium excretion would shift to the right causing an in- 
crease in arterial pressure; however, arterial pressure 
was not elevated in the ATX animals. Second, body 
weights in the sham and ATX groups were the same 
before and after surgery which suggests that fluid elec- 
trolyte balance was not chronically altered by ATX. 
Finally, we found that other variables capable of in- 
fluencing plasma renin activity were equal in both 
groups including: renal perfusion pressure (arterial 
pressure), renal hemodynamics (CCR and CPAH), and 
ANF levels. The above findings indicate that during 
the control period (0-30 min) renin levels were prob- 
ably similar in the sham and ATX groups. Neverthe- 
less, since we did not measure renin levels, we cannot 
rule out the possibility that plasma renin activity was 
elevated in the ATX group. 

Another explanation for the attenuation in sodium 
excretion in the ATX group is that atrial appendec- 
tomy indirectly reduced the responsiveness of the kid- 
ney to ANF. Results from this experiment do not di- 
rectly exclude this possibility; however, we believe 
that this explanation is unlikely. We base this on ob- 
servations from a previous experiment (6) where we 
volume expanded an ATX monkey and started a re- 
placement infusion of ANF (10 ng/kg/min) at the start 
of volume expansion. Without ANF replacement, so- 
dium excretion increased from a control of 14.8 to 17.7 
pmol/min after volume expansion. When ANF was 
infused, sodium excretion increased from 5.2 to 134 
pmol/min. The increase in sodium excretion demon- 
strates that the kidneys of the ATX animals are re- 
sponsive to ANF. 

It is possible that the atrium releases a circulating 
factor, other than ANF, that is capable of influencing 
renal sodium excretion. If this is the case, then ATX 
may have attenuated the release of this factor. This 
hypothesis is supported by other investigations (10, 
27, 28). Cowley et al. (27, 28) found that ANF did not 
increase after acute saline expansion and that bilateral 
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atrial resection attenuated the increase in sodium ex- 
cretion. They also found that atrial resection attenu- 
ated the increase in sodium excretion in cardiac dener- 
vated animals (28). This latter finding demonstrates 
that the release of the natriuretic factor is not depen- 
dent on cardiac nerves (28). Furthermore, Cowley et 
al. (27, 28) could not account for the attenuation in 
sodium excretion by changes in renin, aldosterone, or 
vasopressin. They concluded that an unidentified fac- 
tor, with diuretic and natriuretic capabilities, is re- 
leased after volume expansion, and that the release of 
this factor is removed by atrial resection. Sakata et al. 
(10) carried out a similar experiment in conscious rats 
and demonstrated that ATX attenuated volume expan- 
sion-induced increases in sodium excretion. Volume 
expansion also did not increase ANF in these animals. 
These authors speculated that the attenuated renal re- 
sponse may be due to alterations in sympathetic tone, 
plasma renin activity or vasopressin release. They also 
suggested that another factor with natriuretic capabil- 
ities may be present in the atria. The nature of this 
factor is unknown and its existence remains highly 
speculative. The results from the present experiment, 
like those of Cowley et al. (27) and Sakata et al. (lo), 
are consistent with the hypothesis that the atria release 
multiple natriuretic hormones. Our data does not ex- 
clude the possibility that the atria influence the release 
of other natriuretic hormones via cardiac neural re- 
flexes or that the atria may release a factor that circu- 
lates to other tissues which may contain a natriuretic 
hormone. Furthermore, this cardiac factor could mod- 
ulate the activity of other systems capable of regulat- 
ing renal sodium excretion. Further experiments will 
address these possibilities. 

In summary, bilateral atrial appendectomy atten- 
uated postprandial sodium excretion in conscious 
monkeys without altering renal or systemic hemody- 
namics. In addition, ANF did not increase postpran- 
dially and was not altered by ATX. These findings 
indicate that ATX attenuates postprandial sodium ex- 
cretion by a mechanism that does not necessarily in- 
volve an increase in ANF. 
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