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Abstract

Background: Vasopressors increase arterial pressure but they may have deleterious
effects on mesenteric blood flow. We aimed to evaluate the response of gut biomarkers
and superior mesenteric blood flow to different vasopressors with and without dobu-
tamine.
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Methods: Thirty New Zealand rabbits were included and randomly allocated to
5 groups: group A — sham group; group B — norepinephrine; group C — norepinephrine
plus dobutamine; group D - vasopressin; and group E — vasopressin plus dobutamine.
Mean arterial pressure (MAP) target was greater than 60 mmHg. Endotoxic shock was
induced by intravenous injection of lipopolysaccharide (LPS) in four of the five groups.
Aortic blood flow (Q, ), superior mesenteric artery flow (Q,,,,) and lactate were mea-
sured after LPS injection. Enterocyte damage was evaluated by measurements of serum

citrulline and intestinal fatty acid-binding protein (I-FABP) after 4 h.

Results: The largest reduction in Q_ occurred in group D (64 + 17.3 to 38 £ 7.5 mL min™";
P =0.04). Q,,, also declined significantly in groups D and E and remained lower
than in the other groups over 4 h (group D - baseline: 65 + 31; 1 h:37 + 10; 2 h:
38+ 10;3 h:46 + 26;and 4 h: 48 £ 15 mL min™'; P < 0.005; group E - baseline: 73 + 14;
1h:28+4.0;2h:37£64;3h:40+11;and 4 h:48 + 11; P < 0.005; all in mL min™"). Serum
citrulline was significantly lower in groups D (P=0.014) and E (P = 0.019) in comparison
to group A. The fluid administration regimen was similar in all groups.

Conclusions: Vasopressin seems to negatively impact gut enterocyte function during

endotoxic shock despite the association of an inodilator and adequate fluid replace-
ment.
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Sepsis is defined as life-threatening organ dys-
function caused by a dysregulated inflammatory re-
sponse of the host secondary to infection [1]. Septic
shock is characterized by circulatory and metabolic/
cellular dysfunction and a high risk of death [2].
Together, sepsis and septic shock are among the
major causes of health problems worldwide, affect-
ing millions of people annually and with a mortality
rate greater than 25% 3, 4].

Haemodynamic support in septic shock includes
fluids, vasopressors, and inotropes. Currently, the
most highly recommended vasopressors are norepi-

nephrine and vasopressin, while the most recom-
mended inotropic agent is dobutamine [5].

Some patients in shock exhibit dysfunction of
the gastrointestinal tract, which is associated with
a significant increase in mortality [6-8]. During septic
shock, damage to the gastrointestinal tract may oc-
cur due both to the direct effect of toxins and inflam-
matory factors and to ischaemia, with the latter hap-
pening when splanchnic hypoperfusion occurs [9].
Sepsis is one of the main phenomena responsi-
ble for enterocyte damage or dysfunction due to
the following mechanisms: reduced proliferation of
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the crypts, reduced enterocyte migration rate along
the crypt-villus axis, and increased apoptosis in
crypts and villi [10]. Citrulline and plasma or urinary
intestinal fatty acid-binding protein (I-FABP) have
been used as biomarkers of enterocyte dysfunction
and injury [10].

There is evidence that catecholamines have
heterogeneous effects on mesenteric blood flow
and on the tunica mucosa of the small intestine
and may be associated with intestinal mucosal
damage [11]. However, some studies [12-14] have
shown that dobutamine can counterbalance this
deleterious effect of vasopressors by improving in-
testinal perfusion.

Decreases in serum citrulline concentrations
have been reported as a marker of loss of entero-
cyte mass, intestinal dysfunction and mucosal bar-
rier damage [15]. Piton et al. [16] found that citrul-
line concentration < 10 umol L™! was associated with
increased mortality. I-FABP is a potential biomarker
of loss of enterocyte integrity, i.e., of ischaemic dam-
age to enterocytes, and reflects the extent of intes-
tinal epithelial ischaemia/damage [10].

Experimental studies have demonstrated that
gut mucosal injury can occur as early as 4 h after
shock induced by lipopolysaccharide (LPS) admin-
istration and despite adequate tissue oxygenation
[17-19]. In a pig model of peritoneal sepsis, norepi-
nephrine and epinephrine appeared to divert blood
flow away from the mesenteric circulation and de-
crease microcirculatory blood flow in the jejunal
mucosa and pancreas [17, 20]. Therefore, our main
hypothesis is that vasopressors may induce gut in-
jury and that the addition of an inodilator, dobuta-
mine, could have a protective effect.

We aimed to evaluate the response of gut bio-
markers and superior mesenteric blood flow to
different vasopressors with and without dobuta-
mine during the early phase of endotoxic shock in
rabbits.

+D v

METHODS
Ethics

The protocol of this study was approved by the
Ethics Committee on Animal Use (CEUA da Facul-
dade de Medicina de Sao José do Rio Preta), ap-
proval ID: FAMERP 001-001313/2014.

Study design

Thirty New Zealand rabbits (2.5-3.4 kg body
weight) were handled according to the rules of
the local Animal Care Committee after institutional
approval for animal investigations was obtained.
The animals were kept in a vivarium after arrival.
The number of animals was arbitrarily defined.
The animals were randomly allocated to 5 groups
with 6 animals in each group (Figure 1):
-« group A - sham group;
+ group B - norepinephrine;
+ group C - norepinephrine plus dobutamine;
« group D - vasopressin;
- and group E - vasopressin plus dobutamine.

Experimental procedures

The animal model was described in detail pre-
viously [18]. An initial intravenous bolus of 20 mL
of 0.9% saline solution was administered after
the induction of anaesthesia. All animals received
intravenous lactate Ringer solution at a rate of
2 mL kg " h™' as maintenance fluids until the end
of the surgical procedure and a second bolus of 10 mL
of 0.9% saline at the end of the surgical instrumen-
tation. Briefly, a midline laparotomy was performed,
and ultrasound flow probes (Transonic System Inc.,
Ithaca, NY, USA) were placed around the abdomi-
nal aorta flow (Q, ) and superior mesenteric artery
(Q,,,,) immediately below the origin of the celiac
trunk for continuous measurement of blood flow.
The body temperature, measured by an oesopha-
geal thermometer, was maintained between 36°C
and 38°C with an incandescent lamp. The animals
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could stabilize for 30 to 40 min before starting the
experimental protocol. The experimental models
were ventilated with the Inter Ventilator (Intermed,
Cotia, Brazil).

Experimental protocol

After the stabilization periods, the animals
received either placebo in group A (2 mL of 0.9%
saline solution) or 1 mg kg™ LPS (E. coli-055:
B5, Sigma-Aldrich) in groups B, C, D and E imme-
diately after baseline measurements. LPS was dilut-
ed in normal saline (1 mg mL™") and administered
intravenously over 3 min. All groups received con-
tinuous intravenous infusion of lactate Ringer over
a period of 4 h as maintenance fluids. Fluid replace-
ment in the sham group was due to probable loss
of liquid from the opening of the abdominal cavity,
thus avoiding possible haemodynamic instability
in this group. During this period, the goal of ther-
apy was to maintain MAP greater than 60 mmHag.
The blood pressure was measured through can-
nulation of the right internal carotid artery with
a 22G catheter connected to a pressure trans-
ducer. If MAP decreased, fluid responsiveness was
assessed by administering fluid challenges with
4to 6 mL kg™ of 0.9% saline solution and assessing
the variation in aortic blood flow. If the variation
was higher than 15%, an additional fluid challenge
was performed; if lower than 15%, the doses of
vasopressor were gradually increased. Norepine-
phrine and vasopressin were used at starting doses
of 1 ug kg™ min~' and 0.01 IU min~', respectively,
and if necessary, they were increased to maintain
the MAP. Norepinephrine was used at doses rang-
ing from 0.05 to 2.0 ug kg™ min~', and vasopres-
sin was used at doses from 0.01 to 0.04 IU min~".
Dobutamine was combined with the vasopres-
sor in groups C and E at doses of 2.5 to 5.0 ug kg™’
min-'. Mean arterial pressure, temperature, central
venous pressure (CVP), Q_, Q,,,., arterial blood
gas, ScvO,, and serum arterial lactate were mea-
sured at baseline and every hour for 4 h. Serum
arterial lactate was analysed at the same time of
collection, without freezing for storage and later
analysis.

As explained above, the objective was to main-
tain MAP greater than or equal to 60 mmHg; how-
ever, it was necessary to maintain minimal doses of
vasopressors in respective study groups, even when
the MAP exceeded 60 mmHg, to study the drug’s
effect. In the sham group if the fluid challenge was
not sufficient, no further intervention was applied.

Analytical methods
Analyses of blood gases and serum lactate
were performed using an Abbott I-Stat Analyzer.

Blood samples were collected for measurement of
aspartate aminotransferase (AST), alanine amino-
transferase (ALT) at baseline and at the end of the
4-h measurement period and serum citrulline and
I-FABP (My BioSource, MBS737587) just at the end
of the 4-h measurement period. The samples were
centrifuged for 15 min at 3000 rpm and stored in
a freezer at —-80°C. The measurements of citrulline
and intestinal fatty acid binding protein (I-FABP)
biomarkers were performed using the ELISA tech-
nique with the kits for measuring citrulline (My Bio-
source; MBS737587) and for I-FABP (My Biosource;
MBS2600627). Due to the lack of information from
reference data for rabbits, we consider the value of
the sham group as a reference of normality.

Grading of tissue oedema and damage

At the end of the experiment, each animal re-
ceived a lethal injection of xylazine, and samples
from the terminal ileum, kidney, liver, and lung were
harvested immediately, weighed (wet weight - W, )
and heated at 60°C in a gravity convection oven for
48 h and reweighed (dry weight - W ) for calculation
of the moisture rate (M) by \;c&we v\\ﬁt-to-dry weight (W)

ratios of each tissue as M = M\’N © % 100%. Segments
were also harvested and immediately fixed in 10%
formaldehyde-saline [21]. Tissues were embedded
in paraffin wax, sectioned serially, and stained with
haematoxylin-eosin. The pathologist who evaluated
intestinal mucosal damage was blinded to the allo-
cation. Intestinal morphological characteristics were
evaluated by light microscopy. Mucosal histology
was graded as previously described [15].

Statistical analysis

The data were collected and recorded in an elec-
tronic database and subsequently analysed using
the statistical software SPSS 25 (IBM Corp., Armonk,
NY) and MedCalc 18.11.0. Initially, the characteristics
of the models included in the study were described.
Experimental models that received vasoactive drugs
were compared to the model without the use of va-
soactive drugs. The characteristics of each model
were evaluated. Normally distributed variables were
tested by analysing the histograms using skewness
and kurtosis values and by the Shapiro-Wilk test.
Parametric continuous data are expressed as the
mean and standard deviation (mean + SD), and
nonparametric data are expressed as the median
and interquartile range [median (IQR)]; the data
were statistically analysed according to the pattern
of distribution of the variables. Qualitative data are
presented as absolute frequencies and percent-
ages and were compared using Fisher’s exact test.
Changes in the parameters as a function of time in
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FIGURE 2. Mean arterial pressure (MAP) in the sham, B — norepi-
nephrine, C— norepinephrine + dobutamine, D —vasopressin and
E — vasopressin + dobutamine groups at 0, 1,2, 3 and 4 h; values
plotted are the mean + standard error

each group were analysed by nonparametric two-
way ANOVA with Bonferroni correction and by the
Kruskal-Wallis test.

For variables with multiple measurements re-
lated to haemodynamic variations and blood flow
analyses, a general linear model (GLM) was devel-
oped to determine the interactions and their effects.
This analysis tested the interaction effects among
groups and outcomes over time. Thus, repeated
measures analysis of variance (ANOVA) was used
when the same parameter was measured under
different conditions on the same subjects. If the
P-value for “groups”is low (P < 0.05), it can be con-
cluded that there is a significant difference between
groups. The consistency of the model was tested
using Mauchly’s test of sphericity. The final P-value
was confirmed by multivariate analysis of variance

TABLE 1. Perioperative model characteristics

(MANOVA), and when the interactions were statisti-
cally significant, post hoc Bonferroni correction was
applied. Bonferroni’s correction compensates for
the increased number of hypotheses by testing each
individual hypothesis at a higher significance level.

All tests were two-tailed, and a P-value below
0.05 was considered significant. For multiple com-
parisons, the results were considered significant
when the P-value remained below 0.05 even after
being multiplied by 5.

RESULTS

MAP was maintained at levels = 60 mmHg in
groups B, C, D and E and was significantly higher
in group E than in group A (sham) at 2 h (difference
of 23.5 mmHg, 95% Cl: 3.8-43.2 mmHg; P < 0.01)
and 3 h (difference of 29.5 mmHg, 95% Cl: 9.8-49.2
mmHg; P < 0.001) (Figure 2).

The animal characteristics, amount of fluids
given and CVP values were not significantly differ-
ent relative to the baseline period or among groups
(Table 1).

Q,,, a surrogate for cardiac output (CO), de-
creased significantly in group D compared to base-
line and was significantly lower than in group B
at 3 h and 4 h (difference -35.9; 95% CI: 66.03 to
-5.76 mL min™'; P < 0.01). It also decreased significant-
ly in group E in comparison to group Bat 1 h (-32.7
mL min; 95% Cl: -62.8 to -2.56 mL min™"; P < 0.05),
at 2 h (-35.7 mL min"; 95% Cl: -65.8 to -5.56 mL
min~'; P < 0.01), and at 3 h (-32.5 mL min; 95% Cl:
-62.6 to —2.36 mL min~'; P < 0.05) (Table 2, Figure 3).

Superior mesenteric artery blood flow was low-
er in group A than in the other groups. Moreover,
it significantly decreased in groups D and E and
remained lower in these groups throughout the
4-h experiment (Table 2, Figure 4).

Variables A(n=6) B(n=6) C(n=6) D(n=6) E(n=6) | Total (n=30) | P-value
Weight (kg) 292+0.18 2.92+0.30 3.03+0.38 3.10+0.24 2.78+0.27 2.95+0.28 0.37*
Sex, n (%)
Male 1(16.7) 2(333) 1(16.7) 1(16.7) 2(333) 7(23.3) 0.89#
Female 5(83.3) 4(66.7) 5(83.3) 5(83.3) 4(66.7) 23(76.7)
Intraoperative period
Fluid balance (mL) 266.0 254.0 267.0 262.0 217.5 249.0 0.07%*
(228.0-302.0) | (248.0—280.0) | (248.0-298.0) | (235.0-272.0) | (195.0—228.0) | (228.0-280.0)
CVP, end of procedure 5.0 4.0 5.0 4.5 4.0 4.5 0.93**
(mmHg) (2.0-6.0) (3.0-5.0) (2.0-8.0) (3.0-6.0) (3.0-6.0) (3.0-6.0)
Dobutamine (ug kg™" min’') - - 3.54+1.29 - 3.13+1.13 333+1.2
Norepinephrine (pg kg~ min') - 0.46 +0.31 0.26 +0.13 - - 0.36 +£0.16
Vasopressin (Ul min~") - - - 0.02+0.01 0.01+0.01 0.01+0.01

Values presented as n (%), median (IQR) or mean = SD. *ANOVA, *Fisher’s exact test, **Kruskal-Wallis test.

(VP — central venous pressure, A — sham, B — norepinephrine, C — norepinephrine + dobutamine, D — vasopressin, E— vasopressin + dobutamine
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TABLE 2. Variation in time of MAP, Q,, Q,,, and lactate in the groups at baseline and 1, 2, 3, and 4 h

)

MAP (mmHg
A 67.0+57 | 57.6+22 | 554+6.5 | 60.8+6.3 745+ 4.1 0.004 0.004*
B 702+6.8 | 69.2+56 | 60.0+25 | 63.8+72 | 648+32 0.46
C 703+32 | 628+4.1 642+34 | 662+28 | 655+47 0.33
D 67.2+19 | 750+£34 | 665+19 | 76.6+68 | 77.8+4.0 0.02
E 714+26 | 750+53 | 788+17 | 903+6.8 | 833+6.5 0.04
P-value 0.80 0.02 < 0.001 0.02 0.03
Q,, (mLmin™)
A 588+7.0 | 652+24 | 71.6+99 | 56.0+6.2 | 63.0+5.0 0.26 0.003*
B 701+£76 | 71.0+87 | 785=%6.1 71.2+47 | 742+10.0 0.83
C 67.5+6.6 | 627+46 | 71.5+50 | 77.8+10.2 | 80.2+12.4 0.32
D 640+7.0 | 456+2.7 | 458+28 | 37.2+34 | 383%3.1 0.008
E 62.2+38 | 392+6.2 | 432+56 | 380+26 | 484+64 < 0.001
P-value 0.76 0.001 < 0.001 <0.001 0.005
Q,, (ML min™)
A 39.5+11.0 | 333+£86 | 356%10.7 | 33.8+£11.9 | 353+103 0.68 0.009*
B 68.1+9.9 | 61.0+151 | 67.6+9.1 | 752+133 | 64.2+6.2 0.56
C 69.9+144 | 491+72 | 663+11.4 | 71.3+9.0 | 73.0+11.2 0.03
D 64.6+123 | 373+42 | 385+41 | 463100 | 47.8+6.0 0.13
E 732459 | 27716 | 373126 | 397+46 | 476+46 <0.001
P-value 0.25 0.03 0.007 0.01 0.01
Lactate (mEq L")
A 27+04 21+04 22+04 24+05 27+0.6 0.17 <0.001*
B 25+05 24+0.6 3.0+0.7 3.8+0.6 37106 0.01
C 26+0.6 23+04 27+0.8 3.6+0.9 3.8+0.6 0.008
D 20+0.2 27+02 3.7+04 42+03 46+03 < 0.001
E 21403 28+04 34104 39+04 43+03 0.001
P-value 0.79 0.76 0.44 0.08 0.15

*P-value ANOVA. Values are mean =+ standard error. GLM — general linear model, A — sham, B — noradrenaline, C — noradrenaline + dobutamine, D — vasopressin, E— vasopressin + dobutamine,

MAP — mean arterial pressure, Q, — aortic blood flow, Q,,,, — mesenteric blood flow, h — hour

100 1 =0.005
GM;p=0003  p<o001”

p < 0.001

Serum lactate measurements remained constant %0

in group A but increased significantly in the other 80 4p=0.76
groups. The greatest variations relative to baseline

p=0.001

were observed in groups D and E compared to the é 70 A

other groups, with statistical significance in group D E 6 A “““

(2.0 £ 0.4 mmol L' to 4.6 £ 0.7 mmol L'; P=0.002) oF |

(Figure 5). ScvO, fell more sharply in groups D (base- 50 - )

line: 70% + 55%, 2 h: 55% = 11%; mean difference 1 N, N /.,»’E

22%, 95% Cl: 0.53-44%; P = 0.042) and E (baseline: 40+ w T ‘ <§f,,__,._z

79% £ 17%, 2 h: 63% + 17%; mean difference 24%, 30 ] : : : : :

95% Cl: 2.3-46%; P = 0.022). Baseline 1 ) 3 4
Serum citrulline measurements at the end of Time (h)

the experiment (T = 4 h) were compared among the O0—OSham ¥-¥B A-AC A-AD B-EE

study groups.. Serum C|truII|ne.IeveIs were signifi- FIGURE 3. Variation in Q_ in the sham, B — norepinephrine,
cantly lower in groups D (median 22.1 [10.7-38.8] ¢ _porepinephrine + dobutamine, D — vasopressin and E — vaso-
ng mL™) and E (median 19.6 [16.3-23.11 ng mL™")  pressin + dobutamine groups at baseline and 1, 2, 3, and 4 h;
than in group A (median 58.9 [39.1-94.0] ng mL™")  values plotted are the mean =+ standard error
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FIGURE 4. Variation in QSMA in the sham, B — norepinephrine,
C— norepinephrine + dobutamine, D — vasopressin and E — vaso-
pressin + dobutamine groups at baseline and 1, 2, 3 and 4 h. Values
are expressed as the mean =+ standard error
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4 h. Values are expressed as the mean + standard error
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(P =0.015; corrected to 5 hypotheses) (Figure 6).
Serum measurements of I-FABP were compared, and
in all groups were statistically significantly different,
as compared the sham group (P = 0.03; corrected
to 5 hypotheses); group A median 0.49 (0.34-0.6),
group B 0.27 (0.26-0.31), group C 0.25 (0.23-0.26),
group D 0.25 (0.24-0.28) and group E 0.27 (0.26-0.56)
(Figure 6).

Regarding the ALT and AST measurements at
the end of the experiment, no statistically signifi-
cant differences were found among the groups.
The median ALT in the sham group was 10.4
(74-22.9)IU L, in group Bwas 17.4 (7.4-18) IU L™, in
group Cwas 8.7 (7.7-9.9) IU L', in group D was 10.8
(7.0-21.3) IU L', and in group E was 10.1 (9.7-16.2)
IU L7; P = 0.88. On the other hand, the median
AST in the sham group was 19.4 (10.0-27.2) IU L™,
in group B was 16.7 (12.8-31.5) IU L7, in group C
was 21.0 (14.0-23.5) IU L', in group D was 14.9 (12.3-
19.5) IU L7, and in group E was 14.4 (10.5-20.5) IU LY;
P=0.66.

There were no differences among the groups in
histological findings in any tissue or in the wet-to-dry
ratios (Table 3).

DISCUSSION

Our study showed that both norepinephrine and
vasopressin, combined or not with inotropes, were
effective in the maintenance of MAP during endoto-
xic shock, as demonstrated in an experimental study
[22]. However, a greater reduction in Q,, asurrogate
marker of CO, was observed with vasopressin than
with norepinephrine. The regional blood flow, repre-
sented by the Q;, ,, also declined more significantly
in the groups with vasopressin, which might be the
possible cause of enterocyte dysfunction, as shown
by lower serum citrulline levels in the sham group. It
seems that vasopressin maintains MAP levels but at
the expense of a reduction in CO (aortic flow), likely
due to its potent vasoconstrictor effect. It was also

B 08+
0.7 p=0.03
= 06- L
1<)
£ 054
&
= 04-
O e
—_— O =
0.2 T T T T T
Sham B C D E
Groups

FIGURE 6. Serum citrulline and I-FABP measurements in the sham, B — norepinephrine, C — norepinephrine + dobutamine, D — vaso-
pressin and E — vasopressin -+ dobutamine groups at the end of 4 h; boxplot (median and interquartile range)
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TABLE 3. Total water gain (%) in organs of all groups

Groups A ] ) E P-value
% lung 749 +8.5 77.7%55 763 £11.2 780+7.8 81.7+4.6 0.64*
% liver 70.6 3.3 71.4+3.9 71.0£3.2 73.0£3.1 706 +1.3 0.64*
% intestinal 77.8+5.1 793+6.8 785+54 788+3.8 81727 0.72*
% kidney 776+3.8 76.7+£3.9 786+2.8 786+34 80.8+2.7 0.30*

Values presented as mean =+ SD. *ANOVA

B — norepinephrine, C— norepinephrine + dobutamine, D — vasopressin, E — vasopressin + dobutamine

demonstrated that along with lower CO values, wors-
ening global perfusion resulted from reduced SvcO,
and increased serum lactate levels.

Vasopressin raises MAP by vasoconstriction,
which is mediated primarily via stimulation of V1 re-
ceptors. However, the increase in the left ventricular
afterload is associated with a reduction in CO with
potential impairment of global and regional flow
[23, 24]. Indeed, Sun et al. [22], in a model of sepsis
induced by caecal ligation and perforation in sheep,
found that vasopressin was able to maintain the
target MAP but with lower CO and Q,,,, than when
using norepinephrine. Westphal et al. [25], in an ex-
perimental model of septic shock induced by the
same model in rats, evaluated splanchnic flow by
intestinal video microscopy after resuscitation with
vasopressin or fluids, and the results showed that
animals receiving vasopressin exhibited less continu-
ous flow, lower erythrocyte velocity, longer periods
of microvascular circulatory arrest and, consequently,
lower mean microcapillary blood flow in comparison
to fluids alone. Accordingly, in a prospective study in
11 patients with septic shock receiving vasopressin,
the authors correlated the serum level of vasopressin
with its effects on splanchnic circulation estimated by
gastric tonometry (PaCO, gap). They detected a linear
correlation between the serum vasopressin level and
PaCO, gap, reflecting a dose-related effect of vaso-
pressin on gastric mucosa blood flow [26].

An experimental study [13] of endotoxic shock
in rats showed that despite restored blood pressure,
there was damage to the intestinal microcirculation.
When dobutamine is combined with noradrenaline,
there is a significant recovery from microcirculatory
perfusion.

Another clinical study [27] with 42 septic pa-
tients showed the ability of dobutamine to sig-
nificantly increase splanchnic DO, and VO, when
compared to those without dobutamine. It is also
important to note that there was no difference be-
tween 5 and 10 pug kg™ min~'. It was concluded that
the improvement in splanchnic perfusion was not
observed at doses higher than 5 pug kg™ min~' of
dobutamine. In our study, there was no significant
difference between the blood flow of the superior
mesenteric artery between the noradrenaline and

noradrenaline + dobutamine groups, both of which
remained stable. However, in the vasopressin and
vasopressin + dobutamine groups, we observed
a significant reduction in blood flow from the supe-
rior mesenteric artery and the absence of a protec-
tive effect of dobutamine in splanchnic perfusion.

Over the course of time, the difference in flow
accompanied by changes in lactate is remarkable.
Therefore, we consider the variation in the baseline
to be physiological variability, as also seeninthe Q_.

Superior mesenteric artery blood flow was low-
erin group A than in the other groups. In addition,
arterial hypotension was present at least at 1 and
2 h. This was a possibly sedation effect represent-
ing only hypotension and not shock, as the lactate
levels remained unchanged.

The increase in serum lactate level from base-
line was more pronounced in the vasopressin group
than in the other groups. Similarly, the study by
Sun et al. [22] showed that serum lactate levels were
significantly higher in these groups, showing worse
global perfusion in addition to worse regional per-
fusion. In this regard, we observed that there was
also an increase in lactate in the other two groups
(B and C). In addition to sepsis, there may possibly
be an increase in lactate due to the sources of aero-
bic production. This is a condition known to be pres-
ent in septic shock, for example, due to the increase
in aerobic glycolysis secondary to endogenous or
exogenous catecholamines [28].

We did not observe signs of gut ischaemia, as
demonstrated by the serum levels of I-FABP, either
with norepinephrine or with vasopressin [29, 30]. In
addition, AST and ALT were not significantly altered
in this model of endotoxic shock, which may be
related to the short observation period of only 4 h
after the injection of LPS.

The analysis of the intestinal biomarkers
showed worsening of enterocyte function (lower
levels of citrulline) with the use of vasopressin, and
significantly lower levels in I-FABP in the groups
that used vasopressors as compared to the sham
group. In other studies [29, 30], I-FABP level was sig-
nificantly higher in patients with intestinal ische-
mia. Splanchnic hypoperfusion, associated with
the direct effect of sepsis, can lead to enterocyte
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dysfunction [31]. There are several definitions of
gastrointestinal tract dysfunction, which makes
it difficult to diagnose it in critically ill patients.
Experimental and clinical studies have shown that
some biomarkers may help in the identification
of alterations in the gastrointestinal tract, includ-
ing citrulline, whose reduction indicates entero-
cyte dysfunction, and I-FABP, which is a marker of
ischaemic injury to enterocytes [31].

In our study, citrulline levels were significantly
lower in animals receiving vasopressin than in the
control group, which may be due to the greater re-
duction in splanchnic flow in these groups, given
that those receiving norepinephrine also had en-
dotoxic shock. The evidence from the literature
supports our findings because, in the case of septic
shock, enterocyte dysfunction by the direct effect of
sepsis is marked by reduced serum citrulline levels
[32]. In addition, low blood flow may be a secondary
factor in enterocyte dysfunction [33].

The |-FABP levels in our study were significantly
lower among the experimental groups compared
to the control group, which should be interpreted
as the absence of ischaemic necrosis as indicated
by the negative predictive value of this test [29, 30].
Possible causes for the divergence from the lite-
rature, where conditions of low intestinal blood flow
showed an increase in I-FABP [29], may be the ade-
quate fluid resuscitation of all animals studied and
the short duration of the experiment. There is no lite-
rature that defines I-FABP level in rabbits, and per-
haps for this reason it had lower values in our study.
In addition, as all animals were resuscitated, the
change in flow may have led to posterior dysfunc-
tion, marked by citrulline, but without the presence
of sufficient necrosis to increase the I-FABP level.

Strengths and limitations of the study

One strength of our study was the attempt to sim-
ulate an ideal scenario of endotoxic shock in which
vasopressors were used in volume-resuscitated
individuals to avoid the effect of hypovolaemia or oe-
dema as a confounding factor in tissue hypoperfusion.

The main weakness was that citrulline and I-
FABP were only collected at the end of 4 hours, and
this may have hampered the interpretation of these
biomarkers. However, we used the sham group as
a reference and the animals all underwent the same
surgical procedure and the only differences were
endotoxic shock and vasoactive drugs, comparison
between groups at the end of 4 hours could iden-
tify possible differences in this matter. In addition,
the short observation time may not be sufficient to
identify more lesions over time, but despite the short
observation period, important changes were noted
in intestinal injury and function biomarkers. Another

important limitation was the lack of a factorial design
to separately study the effects of dobutamine, a vaso-
pressor control group without endotoxin or a control
group without resuscitation after endotoxin admin-
istration. Furthermore, at baseline, the sham group
presented blood flow in the superior mesenteric
artery that was quite different compared to the other
groups, although it remained stable. Furthermore,
other factors can influence the levels of these bio-
markers in humans, such as kidney damage, and the
serum levels of biomarkers in animals are not well
known [10]. Finally, the dosages of vasopressors/ino-
tropes were not reported at each time point for each
group; only the doses with the average of the values
used were described, because the aim of the study
was to test the perfusion effect of medications.

CONCLUSIONS

Vasopressin was more effective in maintain-
ing MAP during endotoxic shock in rabbits, but it
reduced global and splanchnic blood flow, despite
the association of an inodilator and adequate fluid
replacement. These results may be a discriminator
for the choice of appropriate treatment with vaso-
pressors for patients with distributive shock.
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