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Dopamine and mucosal oxygenation in the porcine jejunum. J. 
Appl. Physiol. 77(6): 2845-2852, 1994.-The effect of intrave- 
nously delivered dopamine on jejunal tissue oxygenation was 
studied in 12 pigs anesthetized with midazolam and sufentanil 
and mechanically ventilated. A small segment of the jejunal 
mucosa and serosa was exposed by midline laparotomy and 
antimesenteric incision. Mucosal and serosal tissue PO,, muco- 
sal microvascular hemoglobin oxygen saturation, and mucosal 
hemoglobin concentration were measured by means of Clark- 
type oxygen electrodes and tissue reflectance spectrophotome- 
try, respectively. In five animals electromyogenic potentials of 
the jejunal wall were recorded. Measurements were performed 
under baseline conditions and after intravenous infusion of 2, 
4,8, 16,32, and again 2 pg. kg-’ 9 min-’ of dopamine. The drug 
produced a dose-related increase in mucosal PO, (from 26.5 
Torr at baseline to 49 Torr at 32 pg of dopamine; P < 0.001) and 
mucosal hemoglobin oxygen saturation (from 55.1 to 70.1%; P 
< 0.03) but no change in serosal PO, (from 70.6 to 65.5 Torr). In 
nine animals baseline mucosal PO, and mucosal hemoglobin 
oxygen saturation showed rhythmic oscillations with a fre- 
quency of 2.5-5 cycles/min that could not be related to electro- 
myogenic potentials. Dopamine decreased the oscillation am- 
plitude of these two parameters (P < O.OOl), and at doses ~16 
pg l kg-’ l min-’ they were no longer present. Dopamine there- 
fore improves mucosal oxygenation of the porcine jejunum in a 
selective and dose-related manner. At higher doses the preex- 
isting oscillatory pattern of mucosal oxygenation, which is 
most likely due to vasomotion, is impeded. 

mucosa; mucosal oxygen tension; serosal oxygen tension; re- 
flectance spectrophotometry; vasomotion; countercurrent 

MUCOSAL ISCHEMIA of the small intestine has been re- 
lated to bacterial translocation and endotoxin absorption 
from the gut lumen (44) and may contribute to sepsis and 
systemic multiple organ failure (39). Dopamine has been 
reported to increase intestinal blood flow through the 
activation of specific dopaminergic receptors (50) and 
therefore may be a therapeutic option in treating or pre- 
venting mucosal ischemia. However, the vasodilator ef- 
fect of the drug is dose related (38) and may be overrid- 
den by the concurrent stimulation of a-adrenoceptors, 
leading to vasoconstriction (43). Furthermore, blood flow 
within the intestinal wall may be redistributed, and both 
increases (26) and decreases (14) in mucosal blood flow 
have been observed. Because of the specific counter- 
current arrangement of mucosal microvessels (6), any 
dopamine-induced changes in blood flow may affect tis- 
sue oxygenation to a considerable extent. According to 
observations in the rat intestine the villus tip has lower 
PO, values compared with baseline (2), and increases in 
villus blood flow have been calculated to narrow that PO, 

gradient and thus improve tissue PO, at the tip (42). Con- 
versely, decreases in blood flow primarily lower tip PO, 
until it drops to zero (42), a result that is supported by 
the observation that mucosal lesions during ischemia 
first occur at the villus tip (7, 37). 

The purpose of the present study was to directly assess 
the dose-related effects of dopamine on jejunal mucosal 
oxygenation. Mucosal tissue PO, (PO, ,,,) was measured 
using Clark-type surface oxygen electrodes and was com- 
pared with serosal tissue PO, (PO,&. The effects on the 
mucosal side were further evaluated by tissue reflectance 
spectrophotometry to determine oxygen saturation and 
relative concentration of mucosal microvascular hemo- 
globin (HbC,,,). A pig model was chosen because of the 
anatomic and physiological similarity of the digestive 
and cardiovascular systems in swine and humans (8). 

In a recent study in which we used an identical experi- 
mental setup in the porcine jejunum, we observed oscil- 
latory changes in both PO, muc and mucosal microvascu- 
lar hemoglobin oxygen saturation (HbO,,,,) with a fre- 
quency of 3-5 cycles/min (19), which we attributed to 
vasomotion within the mucosal or submucosal layer. We 
wondered whether dopamine would influence these 
oscillations. 

METHODS 

Animal Preparation 

Animal experiments were approved by the National Min- 
istry of Science and Research. Twelve domestic pigs (30-45 kg) 
fasted for 12 h as regards solid food and were anesthetized with 
ketamine hydrochloride (20 mg/kg im), orally intubated, and 
mechanically ventilated. A positive end-expiratory pressure of 
5 cmH,O was applied. Tidal volume and frequency were ad- 
justed to keep arterial PCO~ constant between 37 and 43 Torr. 
Fractional inspired oxygen concentration was adjusted to 
maintain arterial PO, between 100 and 150 Torr throughout the 
experimental period. Anesthesia was maintained using a contin- 
uous infusion of midazolam (0.5 mg l kg-’ l h-‘) and sufentanil 
(10 pg* kg-’ l h-l), and adequate muscle relaxation was 
achieved by bolus injections of vecuronium (0.15 mg/kg). 

The right carotid artery was cannulated for systemic mean 
arterial blood pressure measurements and for blood sampling. 
A balloon-tipped thermodilution pulmonary artery catheter 
(Baxter Healthcare, Irvine, CA) was inserted via the right in- 
ternal jugular vein for measuring cardiac output, central ve- 
nous pressure, pulmonary arterial pressure, pulmonary capil- 
lary wedge pressure, and central venous temperature as well as 
for withdrawing mixed venous blood samples. All intravascular 
pressures were referenced to midchest level, and data were re- 
corded on a Horizon 2000 monitor connected to an Omnicorder 
8M14 (Mennen Medical, Clarence, NY). 

Physiological saline (30 ml. kg-’ l h-l) was infused through- 
out the experimental period. In addition, 7 ml l kg-’ l h-’ of a 
6% solution of hydroxyethyl starch (mol wt 200,ooO) were given 
throughout the preparation period. In previous experiments 
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this infusion regimen proved to keep animals hemodynamically 
stable for r5 h. Midline laparatomy was performed. A ZO-cm 
segment of the jejunal mucosa was exposed by antimesenteric 
incision. The boundary of the mucosa and an adjacent part of 
the serosa were sutured to the oval opening of a cork plate. The 
draining vein of the segment was cannulated for blood sam- 
pling. Blood gases and acid base status were measured by using 
an AVL 995 automatic blood gas analyzer (AVL Biomedical 
Instruments, Graz, Austria). Hemoglobin oxygen saturation 
was measured with a hemoximeter (OSMZ, Radiometer, Co- 
penhagen, Denmark) calibrated with swine blood. Arterial he- 
moglobin concentration was determined by the cyanmethe- 
moglobin method. The temperature was maintained at 36°C by 
using an infrared heating lamp and by covering the mucosal 
and serosal surfaces with sponges moistened with warm physio- 
logical saline. Mucosal and serosal surface temperatures were 
measured intermittently. 

Measurement of Tissue Oxygenation 

The methodology of measurements of mucosal tissue oxy- 
genation using Clark-type multiwire surface electrodes and tis- 
sue reflectance spectrophotometry has already been described 
in detail in our previous report (19). 

In brief, one multiwire surface electrode was positioned on 
both the exposed mucosa and serosa, recording Posmuc and 
PO 2ser. An electrode consists of eight platinum wires, each 15 
pm in diameter, representing eight individual measuring 
points, and an Ag-AgCl reference electrode covered with an 
inner cuprophane membrane and an outer Teflon membra ne. 
The electrodes were kept in place by a small polyvinyl chloride 
cap surrounded by a transparent thin rubber patch with a diam- 
eter of 2 cm. An Erlangen microlight guide spectrophotometer 
(Diehl, Nuremberg, Germany) (12) was used for measuring 
Hbo2 muc and relative HbC,,. The microlight guides were also 
fixed to the mucosal surface with a polyvinyl chloride cap and a 
rubber patch. The application of tissue spectrophotometry for 
calculations of HbO, muc and the amount of hemoglobin in mu- 

Kawano et al. (22). The present spectrophotometer includes 
the use of one illuminating microlight guide and six circumfer- 
entially arranged detecting microlight guides with a diameter of 
250 pm each and a rapidly rotating band-pass interference 
filter disk for generating monochromated light within the spec- 
tral range of 502-628 nm. 

cosal microvessels was first described by Sato et al. (40) and 

were recorded simultaneously. Mucosal surface temperature 
was assessed intermittently. 

Dopamine (Leopold, Graz, Austria) was infused continu- 
ously via a central venous line in exponential steps after base- 
line measurements. The initial dose of 2 pg l kg-‘. min-’ was 
exponentially increased to a maximum of 32 pg. kg-‘. min-‘, 
and each step lasted 15 min. Measurements of the above-men- 
tioned parameters were made within the last 5 min of each step. 
This procedure was chosen because PO, muc and HbO, muc values 
achieved steady states 4-7 min after each change of dose. In a 
final step dopamine was again reduced to the initial dose of 2 
pg. kg-’ l min-‘, and measurements were repeated after 30 min. 

At the end of the study protocol the animals were killed with 
a central venous bolus injection of 40 mmol of potassium chlo- 
ride, and in three animals Po2muc, POCKY, and HbO,,,, were 
continuously recorded for 120 s. 

Analysis of Data 

Systemic hemodynamics. Values for systemic oxygen deliv- 
ery, oxygen consumption, and oxygen extraction ratio and for 
jejunal oxygen extraction ratio were calculated according to 
standard formulas (36). 

Jejunal tissue oxygenation para~~~ters. Time series of PO, muc, 
PO 2 8em Hbo2 muc9 and HbC,,.were Worded for a period of 153 
s. Mean values of these time series were used for statistical 
comparisons. 

Fast Fourier transform (FFT) analysis. FFT was done for 
PO 2 muc and Hbo2 muc time series, thus obtaining a quantitative 
description in terms of frequency components and their ampli- 
tudes. Frequency resolution ranged from 0.4 to 24 cycles/min. 
To simplify further evaluation, the observed Fourier frequen- 
cies were divided into groups of 2.5 cycles/min, each character- 
ized by its average amplitude. 

Electromyogenic potentials. Slow waves were visually counted 
for a period of 5 min and are expressed as cycles per minute. 

per total number of slow waves during a 5min period and are 
expressed as a percentage. 

Statistics. All data are presented as means t SE unless oth- 
erwise noted. Analysis of variance for repeated measurements 
was performed for systemic hemodynamic data, jejunal tissue 
oxygenation parameters, and FFT data. The Bonferroni correc- 

Spiking activity was evaluated as the number of spike bursts 

Electromyogenic Potentials 
tion was used for comparison of multiple measurements. P 5 
0.05 was considered significant. One animal had to be excluded 

In five animals electromyogenic potentials of the jejunal wall from data analysis because of bleeding with consequent hemo- 

were measured by implanting three pairs of needle electrodes dynamic instability during the experimental course. 

to determine the relationship between oscillatory changes in 
mucosal oxygenation and jejunal wall activity. Slow-wave activ- 
ity has been reported as the pacemaker for circular muscle con- 

RESULTS 

tractions, and-the myoelectrical equivalent of circular muscle 
contractions are spike bursts at the peak of slow-wave activity 

Hemodynamics and Oxygen Transport Parameters 

(35). The signals were recorded on a 16-channel recorder (Table 1) 

(NeuroscriptEE l-276, Hellige, Freiburg, Germany) with a 30- 
Hz upper frequency cutoff. Spiking and slow-wave activity Dopamine infusion produced a dose-related increase 
were measured simultaneously by each pair of electrodes by in cardiac output and systemic oxygen delivery by 47 and 
recording the signal in separate channels using 30-ms and l-s 67%, respectively, of baseline (both P < 0.001). Mean 
time constants. arterial blood pressure remained unchanged throughout 

the experimental period. No change in systemic oxygen 
Experimental Protocol consumption could be observed apart from a small but 

Baseline measurements of systemic hemodynamics and oxy- significant increase between the first and second 2-pg 

gen transport parameters were performed after animal prepara- doses of dopamine (P < 0.03). Jejunal oxygen extraction 
tion and a 60-min equilibration period, ratio decreased by 50% of baseline, and jejunal venous 

Jejunal tissue oxygenation parameters (PO, muC, HbO, muc, oxygen saturation increased by 11% of baseline (both P < 
mcmuc9 and p”2mr ) and electrical activity of the jejunal wall 0.001). 
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TABLE 1. Systemic and jejunal hemodynamics and oxygen transport parameters at baseline 
and during dopamine infusion 

2847 

Dopamine, pg l kg-’ l min-’ 

0 2 4 8 16 32 2 

MAP, mmHg 
PCWP, mmHg 
CO,* ml/kg 
Pao,, Torr 
Do2 ,* ml l kg-’ l mine1 
Vo2, ml l kg-l . min-’ 
OERj* 
SO2jv,* % 

86.64t2.67 84.6t3.42 82t3.03 84k3.13 83.36k3.03 86.8t2.84 85.6k2.5 
15.64t0.34 15.6kO.37 15.45-Fo.39 15.55kO.55 16.55t0.88 16.5t0.88 16.33t1.68 
114.8t5.4 114.825.49 116.5t6.44 127.828.46 147.3k12.6 169.1_+13.4t 118.5t6.15 

120t11.5 119511.7 117rt10.7 116215.4 116t11.7 lEkk10.2 118t10.3 
11.85+0.67 11.85t0.59 12.02kO.74 13.34t0.93 15.98+1.33t 19.79+,1.43t 12.38t0.57 

4.0t0.17 3.8kO.17 3.85t0.24 4.01t0.25 4.24kO.3 4.llt0.24 4.5-tO.29$ 
0.28+0.03 0.24~10.03 0.21+0.03 0.20+0.02t 0.18t0.03t 0.14+0.01~ 0.25t0.04 

7lk3.03 75.16t2.30 77.72t2.34 77.37+2.39? 78.46k2.647 78.46+1.3t 73.521t3.42 

Values are means t SE. MAP, mean arterial blood pressure; PCWP, pulmonary capillary wedge pressure; CO, cardiac output; Pa,, arterial 
PO,; DO,, systemic oxygen delivery; VO,, systemic oxygen consumption; OE3, jejunal oxygen extraction ratio; SO 
oxygen saturation. P < 0.05: * 

2jv 9 jejunal venous hemoglobin 
by analysis of variance; t compared with baseline; $ compared with 1st 2-pg dose of dopamine. 

Jejunal Tissue Oxygenation (Fig. I) 

PO 2 mUc was 26.5 t 2.7 Torr at baseline and was consis- 
tently lower than PO, Ber (70.6 t 6.1 Torr). PO, muc in- 
creased in a dose-related manner during the dopamine 
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FIG. 1. Dopamine produced significant dose-related increases in 
mucosal PO, (PO,,,; A) and mucosal hemoglobin oxygen saturation 
(HbO2 -; B) (both P < 0.05 by analysis of variance) and had no effect 
on serosal PO, (P02ser; C). n.s., Not significant. a P < 0.05 compared 
with baseline. 

infusion period to a maximum of 49 t 4.6 Torr (P < 
0.001). On moving back to the 2-pg dose of dopamine, 
PO 2muc returned to a level equal to that after the initial 
Z-pg dose. HbO,,, at baseline was 55.1 t 4% and in- 
creased to 70.1 t 4% at the highest dopamine dose (P < 
0.03). Again, on moving back to the 2-pg dose of dopa- 
mine, HbO, mUc returned to a level equal to that after the 
initial 2-pg dose. Po2=* showed no significant change 
over the experimental period. 

Oscillations in Mucosal Tissue Oxygenation 

Figure 2A shows a time series of mucosal spectra at 
baseline as recorded by the Erlangen microlight guide 
spectrophotometer, and Fig. 2B shows the corresponding 
calculated values of HbO,,, and HbC,,,. Substantial 
and regular variations in HbO,,, and HbC,,, with a 
frequency of 2.5-5 cycles/min could be observed in 9 of 
11 experiments. Variations in HbC,, and in HbO, muc 
were simultaneous. 

Similar oscillations could be observed for Po2muc but 
not for PO, 88r (Fig. 3). Figure 3 shows an original tracing 
of three of eight channels recorded at baseline by the 
PO 2 muc and PO, 88r electrodes. 

Dopamine infusion produced a gradual drop in oscilla- 
tions of P02muo HbO, muc, and HbC,, with a complete 
disappearance at doses >16 pg. kg-*. min-’ (Fig. 4). 
These observations on oscillations are summed up as 
FFT spectral analysis of the Po~~,,~ (Fig. 5A) and 
Hbo2 muc (Fig. 5B) time series for the band at 2.5-5 cy- 
cles/min. All other frequency groups had negligibly low 
amplitudes and did not change over time. Dopamine pro- 
duced a significant dose-related decrease in this main 
frequency band (P < 0.001). By reducing the dopamine 
dose to 2 pg l kg-’ l min-l again, oscillations promptly 
reappeared with the same amplitude as that observed 
with the initial 2-pg dopamine dose. 

Continuous Recordings of Tissue Oxygenation After 
Injection of Potassium Chloride (n = 3 pigs; Fig. 6) 

Cardiac arrest produced by the central venous injec- 
tion of 40 mmol of potassium chloride effected a prompt 
and reproducible drop in PO, muc, HbO, muc, and PO, 88r to 
zero values within 120 s. Thus, contamination of tissue 
oxygenation measurements by atmospheric oxygen was 
excluded. 
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The frequency of slow waves during the control period 
was 11.15 + 0.71 cycles/min. Spike activity varied consid- 
erably from animal to animal and ranged between 21 and 
90%. Neither slow-wave or spike activity changed signifi- 
cantly during the dopamine infusion period, and neither 
showed correlation with the frequency of oscillations in 
PO, muc or HbO, muc. 

DISCUSSION 

Our principal finding is that intravenous administra- 
tion of dopamine causes a dose-related increase in je- 
junal PO, muc and spectrophotometrically determined 
HbO, muc. By contrast, PO, 8er is not affected by the drug. 
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80 

20 

I I I I 
0 20 40 60 80 100 120 140 160 

Time (seconds) 

FIG. 3. Three of 8 channels of Po2muc and PO, sel electrode record- 
ings at baseline. PO,,,, shows similar oscillations as HbO,,, and 
HWimc~ whereas PO, ~I remains at higher, but constant, level. 

FIG. 2. Mucosal spectra, recorded with Erlangen 
microlight guide spectrophotometer during baseline 
period, show regular variations in size and shape (A). 
These changes correspond to considerable oscillations 
in calculated values of HbO,,,,,, and relative con- 
centration of mucosal microvascular hemoglobin 
(HbC,,) with frequency of -3-5 cycles/min (B). 

Thus, dopamine caused a redistribution in tissue oxy- 
genation favoring the mucosa. Furthermore, dopamine 
at higher doses inhibited preexisting oscillatory patterns 
in mucosal oxygenation. 

Effects on Mucosal Oxygenation 

Measurement of organ tissue PO, using Clark-type 
electrodes is an established procedure and has been per- 
formed in a variety of organs (34,36). Tissue PO, at any 
point is a function of local oxygen delivery and consump- 
tion. Intestinal vasoactive drugs have been reported to 
influence both parameters (18), and thus PO, measure- 
ments may adequately describe the net effect of dopa- 
mine on tissue oxygen availability. Because of the small 
catchment volume of these electrodes, in the order of a 
half-sphere with a diameter of 25 pm (23), measurements 
on the mucosal side of the jejunal wall are limited to the 
villus tips. The intestinal villus of many mammals, in- 
cluding the pig, has a unique microvascular architecture 
with one or two central arterioles that arborize into a 
dense subepithelial capillary network at the villus tip and 
drain in opposite directions, thus forming a “hairpin 
loop” with relatively short diffusion distances between 
the afferent and efferent vessels and the surrounding tis- 
sue (1, 6). This vascular arrangement produces a PO, 
gradient from the villus base to the tip (2), and two fac- 
tors may contribute to this tissue PO, distribution. First, 
oxygen may be shunted between the ascending arteriole 
and the descending capillary network and venule within 
the villus (4, 21). Second, some of the arteriolar oxygen 
may be directly supplied to the surrounding epithelium 

Downloaded from www.physiology.org/journal/jappl by ${individualUser.givenNames} ${individualUser.surname} (193.171.077.001) on March 30, 2018.
Copyright © 1994 American Physiological Society. All rights reserved.



DOPAMINE AND MUCOSAL OXYGENATION 2849 

pptical FIG. 4. Mucosal spectra recorded with Erlangen mi- 
crolieht amide SDeCtrODhOtOmeter at doDamine dose of 32 

Time (seconds) 

ensity pg + kg-1 rmin-1: Osciliations are no longer present. 

50 502 Wavelength (urn) 

at the villus base before its arrival in capillaries, as shown 
by a mathematical model (42). Irrespective of whether 
oxygen shunt diffusion is significant, the same model 
predicts that any change in mucosal blood flow preferen- 
tially affects tissue PO, at the villus tip, a result that is 
supported by the observation that the first mucosal le- 
sions during ischemia occur at the tips (7, 37). 

This specific mucosal vessel architecture at least 
partly explains the large difference between PO, ,,,UC and 
PO, Ber (26.5 and 70.6 Torr, respectively, at baseline; Fig. 
l), as noted in this and earlier studies (19,51). A different 
tissue oxygen consumption of the mucosal and serosal 
layers may also contribute to the transmural PO, gra- 
dient: after cardiac arrest the decline in tissue PO, is a 
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FIG. 6. Effects of cardiac arrest after central venous injection of 40 
mmol of potassium chloride on PO, muc (A), HbO, muc (B), and PO, ~~ (C). 
Zero values after blood flow cessation exclude any relevant diffusion of 
atmospheric oxygen to tissue within catchment volume of electrodes. 

function of tissue oxygen consumption and clearly occurs 
more rapidly on the mucosal than on the serosal side, 
indicating a lower tissue oxygen consumption of the sero- 
sal layer (Fig. 6). 
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In our experiments Pozmuc during dopamine infusion 
increased by 100% of control (Fig. 1). Such an increase 
most likely reflects an improved oxygen delivery to the 
mucosal layer and the villus tips. Theoretically, a dopa- 
mine-mediated decrease in mucosal cellular metabolism 
and thus local oxygen consumption may have contrib- 
uted to the observed effect on tissue PO, and cannot be 
excluded. In general, however, intestinal vasodilators 
tend to increase local oxygen consumption (29). Dopa- 
mine has also been reported to influence motor activity 
within the intestinal wall (47). Decreased motility would 
lower oxygen requirements (28), contributing to an im- 
proved tissue oxygenation. We therefore recorded elec- 
tromyogenic potentials of the jejunal wall in five pigs, 
and dopamine did not change the slow-wave and spiking 
activities of the jejunal wall. Therefore, a significant ef- 
fect of dopamine on jejunal wall motility may be ex- 
cluded. 

A substantial increase in mucosal blood flow is the 
most plausible explanation for the observed changes in 
mucosal oxygenation. Dopamine-induced intestinal va- 
sodilation has been studied in different species, and there 
is general agreement that it is mediated through stimula- 
tion of specific dopaminergic receptors (50, 25). Using a 
microsphere technique, Kullmann et al. (26) observed in 
cats that 10 and 25 pg. kg-’ l min-’ of dopamine in- 
creased jejunal blood flow to the mucosa and submucosa, 
whereas serosal and muscularis blood flow decreased. A 
similar redistribution of blood flow within the intestinal 
wall is suggested by our results, as, in contrast to the 
100% increase in PO, muc, PO, ser did not change during the 
dopamine infusion period. 

The considerable increase in cardiac output and sys- 
temic oxygen delivery (Table 1) in these experiments due 
to dopamine-mediated cardiac p- and a-adrenergic re- 
ceptor stimulation (16) may have contributed to the ob- 
served mucosal effect. However, in more recent experi- 
ments with an identical setup, similar increases in sys- 
temic oxygen delivery produced by dobutamine, a 
,&receptor agonist that also interacts with a-receptors 
(3l), had no significant effect on mucosal oxygenation 
(unpublished observ ,ation). In contrast, fenoldopam, a 
selective dopa mine 1 receptor a .gonist (17 ‘), had an effect 
similar to that of dopamine on both PO, muc and HbO, muc, 
and this effect could be blunted by pretreatment with 
SCH-23390, a dopamine 1 receptor antagonist (13). 

In this study even high doses of 32 ,ug l kg-‘. min-’ of 
dopamine produced no adverse effect on mucosal oxy- 
genation (Fig. 1); thus, no evidence for a-receptor-me- 
diated local vasoconstriction could be found. This find- 
ing is not in line with a study performed by Giraud and 
MacCannell (14), who reported decreased jejunal muco- 
sal blood flow, as measured by 1251 absorption from the 
intestinal lumen, after intra-arterial infusion of dopa- 
mine in dogs. Most of the studies showing mesenteric 
vasoconstriction after either intra-arterial (43) or intra- 
venous doses ~10 pg l kg-l l min-’ (38) have been done in 
dogs. In pigs (46) and in rabbits and cats (27), intrave- 
nous doses 220 /-lg. kg-l l min-’ still produce mesenteric 
vasodilation. Thus, these differences can at least be at- 
tributed partly to the spec ies used. 

Interestingly, the ri .se in PO 2mucW ‘as more pronounced 

than that of HbO,,,, during the dopamine infusion pe- 
riod (Fig. 1). Similar to tissue PO,, microvascular hemo- 
globin oxygen saturation reflects local oxygen delivery 
(blood flow, arterial hemoglobin oxygen saturation, and 
microhematocrit) and local oxygen consumption; thus, 
Hbo2 muc decreases with mucosal blood flow during hem- 
orrhage (33), remains constant during moderate normo- 
volemic anemia, and increases to some extent during hy- 
peroxia (5). In contrast to PO, muc, as measured by Clark- 
type surface electrodes, the catchment volume of 
spectrophotometrically obtained data may be consider- 
ably larger. Sato et al. (40) injected black ink into differ- 
ent layers of the intestinal wall, demonstrating that the 
measured signal of their spectrophotometric device was 
gathered mainly from the mucosa and to a lesser extent 
from the submucosa. Thus, improved tissue oxygenation, 
especially at the villus tips, would be detected more easily 
by the PO, electrode than by reflectance spectrophotome- 
try because of the electrode’s smaller catchment volume. 

Effects on Oscillations in Mucosal Tissue Oxygenation 

As in our previous study (19), substantial oscillations 
in PO, muc and HbO, muc with a frequency of 2.5-5 cycles/ 
min could be observed under baseline conditions (Figs. 2 
and 3). The oscillations were not related to heart rate, 
respiratory frequency, or electromyogenic potentials of 
the jejunal wall, leading to the assumption that this activ- 
ity may be due to periodic spontaneous changes in muco- 
sal blood flow. 

The simultaneous occurrence of oscillations in 
Hbo2 muc and HbC,,, (Fig. 2B) in these experiments sup- 
ports this hypothesis, since changes in local hemoglobin 
concentration reflect changes in local blood volume and/ 
or microhematocrit, and both variables are related to lo- 
cal blood flow. Simultaneous oscillations in local blood 
flow and microhematocrit have been observed in other 
microcirculatory regions. Fagrell et al. (9) described fluc- 
tuations in capillary blood flow velocity and relative he- 
matocrit (5-10 cycles/min) in human nailfold capillaries 
with use of a videodensitometric technique. When blood 
flow velocity increased, hematocrit increased, and vice 
versa, and these changes were attributed to periodic alter- 
ations in precapillary resistance, i.e., vasomotion. 

In our study, dopamine reduced the amplitude of oscil- 
lations in PO, muc, HbO, muc, and HbC,,, in a dose-depen- 
dent manner, and at doses ~16 pg. kg-’ l mine1 they no 
longer appeared (Fig. 5). This effect occurred parallel to 
the increase in mean values of P02muc and HbO,,,,. A 
plausible explanation would be that dopamine induced 
an alteration in microcirculatory blood flow, as the mi- 
crovessel activity evolved from a pattern of periodic va- 
soconstriction and vasodilation to fixed vasodilation. 

Oscillatory blood flow patterns may also be a phenome- 
non secondary to contractions of the intestinal wall. Kiel 
et al. (24) observed oscillations in a laser-Doppler signal 
of gastric mucosal blood flow in a pump-perfused canine 
model under control conditions, and these oscillations 
occurred with the same frequency (-4 cycles/min) as the 
spikes of electrical activity-in the muscularis. Such a re- 
lationship between jejunal motility and oscillations in 
mucosal oxygenation seems to be unlikely in our prepara- 
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tion, since electromyogenic potentials were unchanged 
throughout the dopamine infusion period. 

In addition, villus motility as retractions and exten- 
sions may effect secondary blood flow changes. However, 
“villimotion” is normally restricted to single villi or some- 
times small groups of neighboring villi (49) and thus is 
asynchronous over a larger area of villi. Multiwire sur- 
face electrodes cover an area of roughly 300 villi; there- 
fore, the very regular PO, oscillations measured simulta- 
neously at eight locations are most likely not caused by 
villus motility. 

Clinical Relevance 

In many critically ill patients reversible or persistent 
mucosal ischemia is present in the gastrointestinal tract 
(3, 10) and has been related to microbial translocation 
and the development of systemic multiple organ failure 
(39). Although dopamine is often used in these patients, 
mostly to improve or maintain renal perfusion and diure- 
sis (30), its action on mucosal oxygenation in different 
parts of the gastrointestinal tract in humans is unknown. 
Still, some authors concluded from animal data concern- 
ing intestinal blood flow parameters that dopamine may 
have detrimental effects on gut ischemia in patients (14, 
41). For the porcine jejunum such a conclusion seems to 
be rather questionable, and because of the species-de- 
pendent effects of dopamine in mammals (27), an appli- 
cation to humans may not be valid. 

Concerning the stomach and the duodenum, several 
studies clearly established a mucosal protective action of 
dopaminergic compounds in humans (E), and the mech- 
anisms by which this protection may be afforded are not 
well understood. Maintenance of blood flow and tissue 
oxygenation play a central role in the prevention of mu- 
cosal injury (32); therefore, the relationship between mu- 
cosal oxygenation and dopamine therapy should be as- 
sessed in humans. 

The comparability of the results of this study with 
others is limited by the type of anesthesia and ventilation 
used. Many animal studies dealing with gastrointestinal 
effects of dopamine have been performed using barbitu- 
rate anesthesia, which in contrast to a combined opioid- 
benzodiazepine anesthesia, is rarely used in patients to 
maintain anesthesia or sedation (11). Compared with 
synthetic opioids, barbiturates may have less beneficial 
effects on intestinal nutritive blood flow (45) and thus 
tissue oxygenation. 

Positive-pressure ventilation exerts adverse effects on 
splanchnic blood flow (20), which may depend on the 
level of positive end-expiratory pressure used (48) and 
which can be reversed by low-dose dopamine (5 pglkg 
and min; Ref. 20). Thus, the positive effects of dopamine 
on mucosal oxygenation observed in this study may be 
less pronounced in spontaneously breathing volunteers 
or patients. However, in general a patient presenting 
signs of intestinal mucosal ischemia is mechanically ven- 
tilated and anesthetized; consequently, conclusions re- 
garding such a patient may be more valid under the cir- 
cumstances used. 

In summary, the study reported here provides evidence 
that donamine improves mucosal oxveenation of the 

porcine jejunum in a selective and dose-related manner. 
With increasing doses the drug impedes the oscillatory 
pattern in mucosal oxygenation, which is most likely be- 
cause of a modulation of preexisting vasomotion within 
mucosal microvessels. 
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