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Abstract

We have previously demonstrated that blood volume (BV) expansigey words

decreases saline flow through the gastroduodenal (GD) segment Bfpod volume expansion
anesthetized rats (Xavier-Neto J, dos Santos AA & Rola FH (€2§0) - Gastroduodenal resistance
31: 1006-1010). The present study attempts to identify the site(sy gtucdenum

resistance and neural mechanisms involved in this phenomenon. Mﬁl—%’lr“i
Wistar rats (N = 97, 200-300 g) were surgically manipulated to creatd > <<€
- Vagotomy

four gut circuits: GD, gastric, pyloric and duodenal. These circuits were
perfused under barostatically controlled pressure (4,@p+steady-
state changes in flow were taken to reflect modifications in circuit
resistances during three periods of time: normovolemic control (20 min),
expansion (10-15 min), and expanded (30 min). Perfusion flow rates did
not change in normovolemic control animals over a period of 60 min. BV
expansion (Ringer bicarbonate, 1 ml/min up to 5% body weight) signif-
icantly (P<0.05) reduced perfusion flow inthe GD (10.3+0.5t0 7.6 £ 0.6
ml/min), pyloric (9.0 £ 0.6 to 5.6 £ 1.2 ml/min) and duodenal (10.8 + 0.4

to 9.0 £ 0.6 ml/min) circuits, but not in the gastric circuit (11.9 £ 0.4 to
10.4 £ 0.6 ml/min). Prazosin (1 mg/kg) and yohimbine (3 mg/kg)
prevented the expansion effect on the duodenal but not on the pyloric
circuit. Bilateral cervical vagotomy prevented the expansion effect on
the pylorus during the expansion but not during the expanded period and
had no effect on the duodenum. Atropine (0.5 mg/kg), hexamethonium
(20 mg/kg) and propranolol (2 mg/kg) were ineffective on both circuits.
These results indicate that 1) BV expansion increases the GD resistance
to liquid flow, 2) pylorus and duodenum are important sites of resistance,
and 3) yohimbine and prazosin prevented the increase in duodenal
resistance and vagotomy prevented it partially in the pylorus.

Introduction modify the Gl motor function (1-7) as well as
its permeability to salt and water (8,9).
Thereisincreasing evidence indicatingthat The overall Gl response to volume im-
the gastrointestinal (Gl) tract is an active regubalance is unknown, but it can be significant,
lator of the homeostatic response to volumesince the human gut can handle about 20 | of

imbalance, i.e., acute blood volume change8luid daily (10). Several lines of evidence
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also indicate that decreased jejunal absorperfusion (N = 9) A polyethylene cannula
tion elicited by increased uretero-pelvic pres¢O.D. = 3 mm, I.D. = 1.5 mm) was intro-
sure may be important to manage increaseatliced into the gastric funduger osand
body fluid volume (11). Besides changingfixed with a ligature around the cervical
absorption and secretion (8,9), the integrateglsophagus, while another cannula (O.D. =4
Gl response to a volume challenge couldhm, I.D. = 2 mm) was inserted into the
conceivably involve adjustments in the reladuodenum through a fistula and the tip was
tionship between luminal fluid and epithe-then positioned 2.5 cm from the pylorus and
lial surface area, as well as in motor patternfixed with a ligature.
which could maximize net absorption or se- Group B (Figure 1B): gastric perfusion
cretion after blood volume (BV) retraction (N = 10). A polyethylene cannula (O.D. =3
and expansion, respectively. mm, I.D. = 1.5 mm) was placed in the proxi-
In this respect, we first demonstrated thamal portion of the stomach as in group A and
gastric and jejunal compliances are modia second cannula (O.D. =4 mm, I.D. = 2
fied by acute volemic changes (2,3). Wanm) was positioned in the gastric antrum
have also observed that gastroduodenal (GE)rough a fistula located in the duodenum
resistance to the liquid flow is increasedlL.0 cm from the pylorus and fixed with a
after BV expansion in rats and dogs (4,5). Imuodenal ligature.
the present study we utilized a rat model (4) Group C (Figure 1C): pyloric perfusion
to further detail the GD resistances (stom{N = 10). A polyethylene cannula (O.D. =3
ach, pylorus and duodenum) and the neuraim, I.D. = 1.5 mm) was placed in the stom-
mechanisms involved in the GD flow de-ach immediately before the pylorus through

crease due to BV expansion. a fistula located in the gastric fundus region.
A second polyethylene cannula (O.D. = 4
Material and Methods mm, I.D. = 2 mm) was advanced through a
duodenal fistula, and the tip was positioned
Surgical procedures immediately after the pylorus, approximately

1 cm after the first cannula. To avoid twist-
Male Wistar rats (200-300 g) were fastedng, the cannulas were exteriorized through
for 24 h and allowed free access to watetwo lateral abdominal incisions.
before surgery. The animals were anesthe- Group D (Figure 1D): duodenal perfu-
tized with urethane (1.2 g/katraperito- sion (N = 9) The proximal duodenum re-
neal) and a cannula was inserted into theeived an oral cannulathrough afistula (O.D.
trachea to ensure free breathing. The right 4 mm, I.D = 2 mm) which was positioned
carotid artery and the left jugular vein werel cm beyond the pylorus. A second duodenal
cannulated with a polyethylene tube (PE 503annula (O.D. =4 mm, |.D =2 mm) was also
for mean arterial pressure (MAP) measurefixed 3 cm below the oral cannula. Both
ments and to perform BV expansion, respegannulas were fixed with a ligature around
tively. The design and methodology em+the duodenum.
ployed were essentially the same as described
by Xavier-Neto et al. (4), which have beerpPerfusion system
extensively utilized in other studies (4,5,12).
The abdomen was opened through a midline Figure 1 shows that both the oral and
incision and the gastroduodenal segment waboral free ends of the cannula were con-
handled to create four different perfusiomected to the bottom of liquid reservoirs
circuits (Figure 1). (barostats). The system was filled with iso-
Group A (Figure 1A): gastroduodenal tonic saline (0.9 g% NaCl) and an oral to
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Figure 1 - Schematic representation of the communicating vessel system designed to perfuse at a constant pressure the gastroduodenal segment as
awhole and its gastric, pyloric and duodenal portions in anesthetized rats. CA refers to carotid artery, MAP to mean arterial pressure, LJV to left jugular
vein, IP to infusion pump, IR to infusion rate, PFR to perfusion flow rate, TC to trachea and E to esophagus. Four gut perfusion circuits were surgically
created: 7.A., gastroduodenal; 7.B., gastric; 1.C., pyloric and 7.D., duodenal. OB and AB refer to oral and aboral barostats and XA to xiphoid appendix.
The oral barostat level was kept constant by pumping back (P1) the saline flowing out of it by leakage. The aboral barostat level was also kept constant
by leakage. In this system the only resistance which could vary was the gut circuit being perfused. DP is the distance from the barostat level to the
xiphoid appendix and AP the gradient of pressure created by the difference in height between the oral and aboral barostats.
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aboral flow was driven by a constant gradimM, Ci = 124 mM, HCQ = 20 mM) at a

ent of 4 cmHO in all groups. This gradient rate of 1 ml/min up to a volume equivalent to

was established by setting the liquid level 05% body weight.

the oral barostat connected to the gastric

cannula (in groups A, B and C) or to the orakxperimental design

duodenal cannula (in group D) 10 cm above

the xiphoid appendix, while keeping the lig- PF rates and MAP levels were recorded

uid level of the aboral barostat 6 cm abovevery 2 min throughout the experiment in all

the xiphoid appendix. The liquid level of thegroups. After 20 min (control period) the

oral barostat was kept constant by pumpingnimals had their BV expanded by an

back the liquid flowing out of it by leakage. infusion of Ringer bicarbonate solution at a

The liquid level of the aboral barostat wagate of 1 ml/min up to a volume equivalent to

also kept constant by leakage. 5% body weight, which was completed within
The perfusion temperature was mainabout 10 to 15 min (expansion period). After

tained at 3%C by previously circulating the expansion the animals were observed for an

saline solution through a heated water batladditional period of 30 min (expanded pe-

The perfusion saline volume flowing off theriod). All groups had appropriate non-ex-

aboral barostat perfusion was collected anganded, normovolemic time controls. In these

measured every 2 min as perfusion flow (PFxperiments PF rates and MAP levels were

rate (in ml/min). In this communicating ves-measured for 60 min in the absence of BV

sel system the only resistance which couléxpansion.

vary was the segment being perfused, and in

the steady state the liquid flowing out of theNeural mechanism investigation

aboral barostat reflects the resistance of the

perfused segment. After the first set of experiments, when
we determined that pylorus and duodenum
Cardiovascular parameters were the two main GD resistance sites acti-

vated by BV expansion, we selected the
MAP was measured with an Hg manom®pyloric and duodenal circuits to start the
eter connected to the carotid cannula andeural mechanism investigation. After meas-
zeroed with the normadtus cordis Central uring pyloric and duodenal PF rates and
venous pressure (CVP) was determined byIAP levels for 20 min (normovolemic con-
positioning a PE 50 catheter in the rightrol period), atropine sulfate (0.5 mg/kg;
atrium via the jugular vein, before and afteiSigma Chemical Co., St. Louis, MO), prazo-
5% expansion in a separate group of anesin chloride (1 mg/kg; Pfizer, Guarulhos,
thetized animals (N = 5). The PE 50 cathete®P), yohimbine hydrochloride (3 mg/kg;
was connected to a water manometer als®igma), propranolol hydrochloride (2 mg/
zeroed with the normadcttus cordis Intra-  kg; Sigma) or hexamethonium bromide (20
cardiac samples were also collected for heng/kg; Sigma)was administeredv. Bilat-

matocrit determination in this group. eral cervical vagotomy was also performed
in another group. PF rates were monitored
BV expansion for 10 (prazosin and yohimbine) to 30 min

(bilateral cervical vagotomy, atropine, pro-

BV was expanded according to the protopranolol or hexamethonium) (drug control

col of Humphreys and Earley (13). Briefly, period). After the drug control period, BV
the animals were infused with Ringer bi- expansion with Ringer bicarbonaiteinfu-

carbonate solution (Na& 140 mM, K =4 sion in a volume up to 5% body weight was
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performed and the PF rates and MAP levelwere made using equivalent time periods.
were monitored during the expansion (10-1%tatistical differences were considered to be
min) and expanded periods (30 min). significant at P<0.05.

Statistical analysis Results

Data are reported as means + SEM. Onéiffect of BV expansion on GD, pyloric,
way analysis of variance of repeated meastiodenal and gastric PF rates and MAP levels
ures (ANOVA) and the Dunnett’s test were
used to compare different groups (Sigma Figure 2 shows the changes in GD, gas-
Stat for Windows, version 1.0, Copyrighttric, pyloric and duodenal perfusion flows
1992-1994, Jandel Corporation (San Rafaetluring the experiments in time control ani-
CA). Comparisons between experimentamals and in animals submitted to BV expan-
groups and their respective time controlsion (up to 5% body weight) after the 20-min
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Figure 2 - Modifications in gastroduodenal (A), gastric (B), pyloric (C) and duodenal (D) perfusion flow (PF) rates and mean arterial pressure (MAP) in
normovolemic time controls and in animals submitted to blood volume (BV) expansion. TC (black bars) refers to time control animals (N =5, 5, 5 and 4
for GD, gastric, pyloric and duodenal PF rates, respectively) during the 60-min observation period, which was divided into three parts (corresponding to
the control, expansion and expanded periods of experimental animals). The control (Cont), expansion (Exp) and expanded (Exd) periods were also
divided in experimental animals (N = 5 for each circuit). Expansion was divided into five parts according to the amount of volume infused (up to 1, 2, 3,
4 and 5% of body weight). The expanded period was divided into three parts: 10, 20 and 30 represent the PF rates in the first 10, middle 10 and in the
last 10 min of the 30-min expanded period. Vertical lines represent the SEM. *P<0.05 compared to control levels (Dunnett's test).
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normovolemic control period. flow changes as a result of increased per-
PF rates for normovolemic time controlscentage of infused volume (up to 1-5% body
were quite stable throughout the experimentseight). The GD flow gradually decreased
(60 min) in all the perfusion circuits studied.during the expansion period, reaching statis-
PF rates for the first 20, middle 10 and last 3@cal significance at 4% body weight expan-
min of time control experiments were 10.6 1sion and remained below control levels
0.5,10.9+0.8,10.4+0.7;12.2 + 0.4, 12.2 throughout the expanded period. Gastric flow
0.4,12.1+£0.3;9.7+£1.4,9.4+£1.4,9.3+1.6lid not change during BV expansion. The
and 12.8 +0.4,12.6 + 0.3, 12.3 + 0.4 ml/mirpyloric flow also gradually decreased and
for GD, gastric, pyloric and duodenal perfu-attained statistical significance at 3% body
sion, respectively (P>0.05 for all groups)weight. This effect persisted until the end of
MAP levels were also quite stable throughthe expanded period. The duodenal flow
out the experimental period in time controlalso decreased, attaining statistical signifi-
animals. cance even earlier, when BV expansion
We can also see in Figure 2 that BWweached 2% body weight and again the effect
expansion significantly decreased the GDpersisted at least until the end of the ex-
pyloric and duodenal saline flow rates. Thgoanded period.
gastric perfusion circuit did not respond to Mean hematocrit values decreased from
BV expansion. In the GD and pyloric seg-49.3 + 1.4% in hormovolemic animals to 34
ments, decreases in flow started during ext 1.1% after 5% expansion (P<0.05) and
pansion and were fully developed after exCVP levels increased from 3.6 £+1.6t09.6 +
pansion was completed. In the duodenal se§-2 cmHO after 5% expansion (P<0.05).
ment the effect of expansion was already
maximal during the expansion period andNeural mechanism investigation
remained as such until the end of the experi-
ment. PF rates in the three periods (normo- Table 1 shows the PF rates in drug-pre-
volemic control, expansion and expandediyeated or vagotomized animals before, dur-
were 10.3+0.5,9.7£0.5, 7.6 £ 0.6, P<0.05ng (expansion period) and after BV expan-
11.9+0.4,11.4+0.6,10.4 +0.6, P>0.05; 9.8ion was completed (expanded period). Hexa-
+0.6,6.8+1.6,5.6 1.2, P<0.05, and 10.8nethonium, atropine and propranolol had
+0.4,9.2+0.6,9.0+0.6 ml/miR<0.05, for no effect on the decrease of saline flow
GD, gastric, pyloric and duodenal perfusionthrough the duodenal or pyloric circuits dur-
respectively. The mean PF rate decreas@sy the expansion and expanded periods.
during the expanded period in the GD, gasHowever, yohimbine and prazosin prevented
tric, pyloric and duodenal circuits were 26.2%the decrease of duodenal flow elicited by BV
12.6%, 37.7% and 16.7%, respectively.  expansion in both periods, but did not pre-
Figure 2 also shows that MAP levelsvent the decrease of pyloric flow in either
were only transiently increased during theperiod (Figure 3 and Table 1). Bilateral cer-
expansion and expanded periods in the GRjcal vagotomy prevented the decrease of
gastric and pyloric circuits. In the duodenapyloric flow during the expansion but not
circuit, however, MAP levels were consis-during the expanded period, while it had no
tently increased during the expansion andffect on the decrease in duodenal flow (Fig-
expanded periods (from 117.0 + 1.9, controlure 3 and Table 1). Hexamethonium, atro-
to 131.0 = 1.8, expansion, P<0.05, and tpine, propranolol, yohimbine and prazosin
126.0 = 1.8 mmHg, expanded, P<0.05). reduced MAP levels (P<0.05) while bilat-
Figure 2 also details the development oéral cervical vagotomy did not modify them.
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Discussion The present study confirms our previous
findings in the rat (4) showing that BV ex-
We have previously observed that gastripansion reduces saline flow through the GD
and jejunal compliances are modified bysegment perfused under barostatically con-
acute volemic changes in anesthetized dodglled conditions. However, it further de-
(2,3). In addition, we further demonstratedails the sites of resistance (pylorus and
that the gastroduodenal resistance to liguiduodenum) and the neural mechanisms in-
flow was maodified by acute volemic changesvolved. In addition, it extends our observa-
BV expansion decreased the gastroduodentihns to a less severe experimental protocol
flow while retraction increased it (4,5). Re-of BV expansion, since BV expansion was
cently, we have also extended these observap to 5% body weight instead of the 10%
tions to the lower Gl tract, i.e., the ileoco-expansion previously performed (4). The rat
lonic segment (6). This evidence leads us tmodel utilized (4) appears to be an adequate
speculate about the possible coupling beexperimental model to investigate the gas-
tween Gl tract motility and intestinal watertroduodenal resistances, with stable time
and sodium flux to correct the body fluidcontrols and high reproducibility.
imbalance observed under these volemic con- In the barostatically controlled system
ditions. used in the experiments, changes in flow

Table 1 - Mean perfusion flow rates (duodenal and pyloric flows, ml/min) and mean arterial pressure (MAP, mmHg) leve

1263

Is in the animals submitted

to bilateral cervical vagotomy or intravenous injection of yohimbine (3 mg/kg), prazosin (1 mg/kg), propranolol (2 mg/kg), atropine (0.5 mg/kg) or

hexamethonium (10 mg/kg).

Cont refers to the control period before drug injection, Drug to the drug control period before expansion, Exp to the e

xpansion period after drug

injection and Exd to the expanded period after drug injection. Data are reported as means + SEM of 4 animals in each group. *P<0.05 vs drug

control period (Drug) (Dunnett’s test).

Pylorus Duodenum
Cont Drug Exp Exd Cont Drug Exp Exd

Yohimbine

Flow 141+ 06 136+ 0.6 12.2 + 0.6* 88 + 14* 122 +1.0 93 + 0.7 1.0+ 1.0 118+ 08

MAP 1129+ 36 956+ 45 116.1+ 65 1069 =+ 47 1146 +73 924 + 89 1029 +10.9 1008+ 6.3
Prazosin

Flow 258+ 1.1 221+ 1.2 175+ 1.5* 109 + 23* 236 +08 250+ 1.0 281+ 18 215+ 1.0

MAP 136.0+ 6.9 100.0+ 7.7* 103.0 + 3.6 995 +£10.9* 1165 +2.1 732 £13.0* 738 £+ 7.0* 60.5+13.5*
Propranolol

Flow 263+ 21 216+ 15 137+ 24* 117 £ 29* 326 £12 305+ 1.7 281 = 1.8% 276+ 24*

MAP 1059+ 89 90.1+ 7.2* 1076+ 90 111.7 £10.3 1289 8.1 100.1 £+ 7.3* 1338 + 3.9 1354+ 45
Atropine

Flow 1.8+ 0.6 86+ 05 41 + 1.6* 25+ 09* 289 +£02 289+ 09 245 =+ 1.7* 227+ 1.6*

MAP 1156+ 74 929 +193* 1035+ 7.3 106.2 + 81 1178 +23 905 + 5.0* 1139 = 7.1 109.1+ 7.5
Hexamethonium

Flow 13.0+ 0.7 11.0x 1.1 8.1+ 1.7*% 72 £ 11* 272 +08 267 + 1.0 235+ 1.7* 242+ 1.7*

MAP 1228+ 40 825 +10.0* 1058 + 7.5*% 100.3 = 5.9* 1140 £55 589 =11.7* 804 £13.7* 71.8 £12.6*
Vagotomy

Flow 262+ 23 277+ 2.1 246 + 2.3 220+ 0.7* 289 £0.1 305 =+ 08 265 + 1.0* 257+ 1.5*%

MAP 1143 £10.2 1041+ 84 103.7 £129 106.6 £16.6 1178 £23 985 + 74 109.0 £+ 47 1050 =+ 6.1
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rates through the perfused segments may lbeeases in gastric (2) or intestinal compli-
due to alterations in resistance, capacitan@nces (3).

or both. An increase in capacitance is a The decrease in GD, pyloric and duode-
rather unlikely mechanism to explain flownal flow rates elicited by BV expansion (up
reduction during BV expansion, since theo 5% body weight) seems to be a slowly
volumetric capacity of the perfused segmentgrogressing process, therefore being basi-
(GD, gastric, pyloric and duodenal) is clearlycally different from the fast effect previously
lower than the amount of fluid used in thereported by Xavier-Neto et al. (4). However,
perfusion system (perfusion minute flow).when we separately analyzed the evolution
Furthermore, in this experimental modelof flow rate changes against the percentage
capacitance changes would have been traof BV expansion, we observed that the effect
sient and not long-lasting to determine thef BV expansion on the PF rates develops
persistence of the decrease in the flow rategiickly, attaining statistical significance af-
during both the expansion and expandetérinfusion of volumes equivalentto 2 or 3%
periods, as we observed. The increased rbedy weight in the duodenal and pyloric
sistance instead of the increased capacitanperfusions, respectively.

hypothesis is further supported by our own The relative importance of increases in
results showing that BV expansion is assocpyloric vsduodenal resistance remains to be
ated with reductions rather than with in-established. Duodenal resistance appears to

150 5 B 150 =
T
£
£
o
<
50 =
£
£
I ;
o
L
Yohimbine  Duodenum Pylorus Prazosin Duodenum
(3 mg/kg) 150 (1 mg/kg)

m Control

MAP (mmHg)

50 0O Vagotomy or drug

B Expansion + vagotomy or drug

Expanded + vagotomy or drug

Duodenum
Cervical vagotomy

Figure 3 - Details of the effect of yohimbine (N = 5), prazosin (N = 5) and bilateral cervical vagotomy (N = 5) on the decrease in blood volume expansion-
induced pyloric and duodenal perfusion flow (PF) rates and on mean arterial pressure (MAP) levels. After a 20-min normovolemic control period
(control), yohimbine or prazosin was injected iv or bilateral cervical vagotomy was performed. After another control period (vagotomy or drug), the
animals had their blood volume expanded up to 5% body weight (expansion + vagotomy or drug). This phase was followed by another 30 min of
observation (expanded + vagotomy or drug). Bars represent mean PF rate in ml/min. Dots indicate MAP levels in mmHg and the vertical lines represent
the SEM. *P<0.05 vs control levels (MAP) or vs vagotomy or drug levels (PF rates) (ANOVA and Dunnett’s test).
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be increased earlier by BV expansion (2%ffect of BV expansion on the PF rates does
body weight) but, on the other hand, thenot correlate well with MAP level changes
increase in pyloric resistance appears to &nce reductions in liquid flow rate were
greater. The data in Figure 2 suggest thahaintained long after MAP returned to con-
isolated increases in duodenal resistance (&sl levels in the pyloric and duodenal perfu-
shown after 2% body weight BV expansion)ion groups. CVP levels, however, were con-
are not sufficient to produce sustained resistently increased and hematocrit values sig-
ductions of flow in the GD segment. It isnificantly decreased by BV expansion.
possible that stable reductions in GD flow After establishing that the pylorus and
are only observed when the combined corduodenum were the main sites of resistance
tribution of pyloric and duodenal resistanceso saline flow activated by BV expansion,
is fully developed. we decided to investigate the possible neural
The flow decrease was more pronouncethechanisms involved in the flow decrease in
in the pyloric than in the duodenal circuit.these two circuits. Cholinergic pathways
This finding may be related to the peculiari-appear not to be involved, since atropine did
ties of the duodenal circuit, since coincidennot block the expansion effect. Interestingly,
tally the duodenum was the only circuit wheréilateral cervical vagotomy prevented the
MAP levels were persistently increased, ireffect of expansion on the pylorus during the
contrast to the transient MAP changes okexpansion period, but had no effect on the
served in the other circuits. In fact, we alsa@luodenum. These findings indicate that va-
observed different patterns of MAP changegal pathways are necessary for the full ex-
when we perfused separate parts of the ile@ression of the effect of BV expansion on Gl
colonic segment, which we were unable tanotility. However, a more precise definition
explain (6). The pyloric response was suref the vagal participation could not be ob-
prising, since we also observed that pylorotained, since anesthepier seinterferes with
plasty did not abolish the effect of BV ex-vagal activity (15).
pansion on the gastric emptying of liquid in  Yohimbine (ana-2 antagonist) and pra-
awake rats (14). The possible pyloric role irzosin (ana-1 antagonist) prevented the de-
gastric outflow regulation is controversial,crease in duodenal PF rate during the expan-
since the pylorus has not been widely acsion and expanded periods while proprano-
cepted as an important site of resistance iol (a 3-blocker) was ineffective. In faat,
the GD segment. However, our results aradrenergic activation is known to mediate
consistent with those of Edet al. (12) who Gl motility inhibition (16), i.e., clonidine (an
showed that the pylorus can act as a site of2 agonist) delays small intestine transit in
resistance to liquid flow, when barostaticallythe rat (17) and reduces the amplitude of
perfused under controlled pressure gradgastric phasic contractions (18). We do not
ents. The results also demonstrated that gdeaow whether the effect of prazosin and
tric resistance is not elicited by BV expan-yohimbine was peripheral or central. How-
sion. However, since the stomach was peever, since hexamethonium was ineffective
fused as a whole, the lack of gastric responsad expected to block a peripheral adrener-
does not permit us to rule out a modificatiorgic activation, the results point to a certral
in compliance of the gastric fundus, whichreceptor activation or to an effect of prazosin
has mainly a reservoir function, since ouand yohimbine on noo-receptors, such as
experimental protocol is more apt to detedmidazoline receptors, as also suggested by
changes of resistance rather than compléthers (19).
ance. In addition to a possible neural mech-
The hemodynamic data indicate that thenism, increased CVP also leads to atrial
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natriuretic peptide (ANP) release, which mayng its resistance to liquid flow during and
interfere with GI motility and absorption. after BV expansion, 2) pylorus and duode-
ANP increases the magnitude of spontanetum are two important sites of resistance in
ous duodenal contractions (20) and reducdbe GD segment which are activated by BV
fluid and electrolyte absorption (21). expansion, and 3-adrenergic and vagal
In summary, we conclude that 1) the GDpathways appear to be involved in this phe-

segment appears to be a target region feomenon.
volume-dependent modulation by increas-
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