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In previous reports it was found that in mesenteric blood vessels exist profound
alpha-adrenergic, and less profound beta-adrenergic receptors, Our experiments were
done on 20 mongrél dogs, both sexes, weighing 6.5—22.5 kg, age from 1—2 years, which
were divided inte 2 gronps: experimental (14 dogs) and control (6 dogs), Experimental
group of animals passed through the posthemorrhagic hypotension (180 min. at 5.3 kPa).
Aim of investigation was to clarify mesenteric vascular reactivity changes during post-
hemorrhagic hypotension, In order to reach this goal, phenylephrine and isoproterenol
were injected alternatively in one hour intervals through cannulated superior mesenteric
artery first proximal branch. Our results indicate that mesenteric blood flow responses
to those drugs changed quantitatively, but never ceased. It is apparent from our experi-
ments that those quantitative changes are due to beta, adrenoceptors changes during
the posthemorrhagic hypotension.

Keywords: posthemorrhagic hypotension, mesenteric vascular reactivity, phenyl-
ephrine, isoproterenol, beta,-adrenoceptors

The mesenteric vascular bed is considered to be a major contributor to
circulatory homeostasis. In mesenteric blood vessels alpha-adrenergic receptors
are abundant, while beta receptors are less numerous [3]. It also seems that
beta receptors are of great importance in the control of transcapillary flaid
shift to blood during hypovolaemia [4]. It was therefore of interest to investi-
gate mesenteric vascular reactivity during posthaemorrhagic hypotension. Pre-
vious reports {1] have shown for instance that reactivity of the blood vessels
to epinephrine may completely disappear in the irreversible stage of post-
haemorrhagic. shock.

Materials and methods

Experiments were done on 20 mongrel dogs of both sexes aged 1—2 years weighing
6.5—22.5 kg. They were divided into 2 groups experimental (14 degs) and control (6 dogs).
The dogs were anaesthetized with 1%, chloralose (0.1 g/kg i.v.). Blood pressure was
measured via a blood pressure transducer (Statham P23D). Noncannnlating electromagnetic
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blood flow probe (Nycotron Blood Flow Meter 376) was placed around the superior mesenteric
artery for mesenteric blood flow measurements. Parameters were displayed on a recording
multi-channel polygraph Grass 7D. The experimental group was subjected to posthaemorrhagic
hypotension for 180 minutes (at 5.3 kPa) and then retransfused, Control dogs were not treated
and remained normotensive during the experiment. Drogs (phenylephrine and isoproterenol 1
ug/kg) were given alternatively in 1 hour intervals during the whole experiment through a
cannula placed into the first proximal branch of the superior mesenteric artery [2].
All values are presented as means 1.5.E. ’

" Results and discussion

From the experiments it was apparent that the reactivity of mesenteric
blood vessels to alpha and beta agonists never completely disappeared during
posthaemorrhagic hypotension. Reactivity changes were only gquantitative.
During normotension phenyolephrine decreased and isoproterenol increased
mesenteric blood flow in all experiments in both groups of animals, In the
experimental group, phenylephrine generally decreased mesenteric blood flow
during both hypotension and postretransfusion (Table I), The same happened

Table I

Response of superior mesenteric artery flow to L-phenylephrine (1 ugfke)

Experi- *:.Ptil’:: Blood flow change, per cent Bloodf‘lowbd'ore
v (':f'-;’) docrease incroase biphasic no change  (mifmin/kg) i, SE
CP —30 383462 — — — 12,55 &£ 2.7
(9 : 9]
30 20,8 2.9 . — 0 3.2+ L3
(8) 1) 9]
HP 90 159425 —  HeTx 14 — 2.8+ 1.1
: —8.6 + 2.1 : E‘
(6) 6)) ' 9 &
150 19.7 + 4.3 2051 410 0 2.46 + 0.9 g
_ —30
® M M ) -
. Q
210  42.8 & 10.3 . H3364 64 — 42.8 - 10.3 FE'
: —42.34 122
RP © ® Ol
. 270 34456 0 — +24 ‘ . 0 3.44+56
. _ 24 .
(5) (D) (1) [7]

Blood flow changes are expressed as mean precent of increase {-+) or decrease{—) of
values measured before L-phenilephrine application +SE. Parentheses indicate nmmber of
cases in which the change had occurred, brackets indicate number of animals. o

CP — control period; HP — hypotensive period; RP — period after retransfusion

Acta Physiologica Hungarica 70, 1987
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without exception in the control group. On the other hand, the effect of
isoproterenol during hypotension and retransfusion differed from that in
normotension (T'able II}. During hypotensive and retransfusion periods,
isoproterenol either increased or decreased mesenteric blood flow or had a bi-
phasic effect. In the control group there were no changes in the effect of iso-
proterenol during the experiment.

Table I

Response of superior mesenteric artery flow to isoproterensl (1 ugfks)

‘ APPH' Blood fiow change, per cent
Experk cdien Blood flow befors
time (min) decroase inqrease hiphasie no change (ml/minfkg) + SE
P 30 — 61.38 - 11.29 — —  10.54 + 5.79
(14) [14
—23.07 -
30 9.33 4332  32.04 -+ 9.98 1769 0 3.08.4095
*) © M ® oo
-}
HP 90 839108  39.0lss50 +1136::3.35 0 2854107 §
—11.46 -+ 1.6 3
(3) (3) (3) @ [11] g
150 9774451  17.85 1 6.39 1858647 0 2414085 B
—10.92 = 5.74 f
' e
(2) (5) 2 (1) [10]
210 4878 + 26,7 3219 + 7.34 — — 3834136
RP ® ) | 5]
270 8.33 21.47 + 6,23 _ 0 290+ Lol
1) (5) 1) [7]

Blood flow changes are expressed as mean percent of increase (1) or decrease (—) of
values measured before isoproterenol application SE. Parentheses indicate number of cases
in which the change had oceurred brackets indicate number of animals.

CP — control period; HP — hypotensive period; RP — period after retransfusion.

Mesenteric blood flow changes are believed to be the result of alpha
(decrease) or beta (increase) adrenergic receptor stimulation. Qur results indi-
cated that beta-adrenergic receptors during posthaemorrhagic-hypotension
underwent ehanges while the reactivity of alpha-adrenergic receptors remained
at the control level. This fact may be of importance when considering the role
of beta receptors in thé control of transcapillary fluid shifts to the blood.

The experiments did not point to any direct connection between mesen-
teric vascular reactivity and the onset of the “irreversible” stage of hae-
morrhagie shock. '
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The mesenteric vascular tree is considered
to be the most crucial vascular circuit in main-
taining cardiovascular homeostasis during dif-
ferent pathophysiological conditions. Autore-
gulation in the mesenteric vascular tree is an
intense phenomenon and seems to be very
important for the intestinal blood flow regu-
lation (1). The term autoregulation denotes an
intrinsic tendency of an organ to maintain con-
stant blood flow despite changes in arterial
perfusion pressure (5). It is thus a common
empirical observation that autoregulation.can
be severely depressed under . experimental
conditions involving trauma, for instance such
related to surgery, hemorrhage or even slight
stress (3, 6). Therefore the aim of this study
was to find out whether sympatho-adrenal
and opioid systems, which are strongly
involved in the pathophysiology of trauma, are
related to the depression of mesenteric autore-
gulation.

Experiments were carried out on 67 dogs
divided into 10 groups. The dogs were anes-
thetized with chloralose (1% sol., 0.1 g/kgi.v.).
Mesenteric: blood flow was measured by

Nycotron electromagnetic flow probe placed
on the superior mesenteric artery -near its
origin. The flow probe was connected to a
Nycotron 376 electromagnetic flowmeter. For
measuring blood pressure, a Statham P23D
pressure transducer was connected to a Grass
model 7 polygraph. Hypovolemia was induced
by withdrawing blood from the femoral artery
until the mean blood pressure stabilized at 40
mm Hg. according to the standard Wigers-
Lamson-De Turk procedure. This blood
pressure was maintained for 180 min and then
the remaining blood was retransfused. The
whole experimental procedure lasted 5 hours.
Phenoxybenzamine was given as a 30 min i.v.
infusion (1 mg/kg in 30 ml. of saline) starting
60 min before bleeding. Naloxone was given
i.v. 2 mg/kg as a bolus followed by infusion (2
mg/kg/hour) for 150 min, starting 30 min after
bleeding stopped. Autoregulation has been
viewed as an inversed proportional function of
a correlation coefficient calculated by analysis
of linear regression between mean blood
pressure (MBP) and mesenteric blood flow
(MBF).

Presentead at the 18th Yugoslav Symposium on Biophysics, Kopaonik, Yugoslavia, September, 1987

Period biol, Vol 90, No 2, 1988

277



'G. Srkalovié et al

|

—c ¥y x054x + L7 3 rx0.56 (N.5)
—& 065X ¢ 15§ re0.74 (N.S5)
———® y=05%x 4153 § r=0,60 {N.5)

MESENTERIC BLOOD FLOW (mi/min/xg}
)

ol

0 2 [ [ ] 10 12
MEAN BLOOD PRESSURE (kPa)
FIGURE 1. Correlation of ‘blood pressure and
mesenteric blood flow In normovolemic
animals. The effects of saline infusion (30 min}
{0), saline infusion {150 min} (&) and naloxone
treatment {e).

//
—
B £ ° Pt 47 -~
= e A
= i AL
~ fonrer] @ .
s __‘/ //‘ Pa
= Ve
£ [V al
- pal
21
g”
2 o il
=]
3 e
= - A"‘l/j —— 0 =054+ 1T 52056 ns.)
= e A - A ¥e1.7x4 3,04 3 r=0.99 [p<o0)
ﬁ M 4 ———u g ¥=2.53%+[-4.06}§ r=093 [p<.001)
) f RN
1] T T T T
0 ? . 12

EMEM BLEOD PRESSUR: k7P ol
FIGURE 2. Correlation of blood pressure and
mesenteric blod Hlow. The effects of saline
infusion (30 min) (o), hemorrhage plus saline
infusion {30 min) (&) and PBZ treatment ().

Low and nonsignificant correlation coeffi-
cient between MBP and MBF in normovolemic
groups indicate that in resting conditions mes-
enteric autoregulation is very strong (Figure
1.). Treatment with naloxone did not influence
mesenteric autoregulation. However, pheno-
xvbenzamine (PBZ} by blocking alpha
receptors completely changed autoregulatory
properties of the mesenteric vascular tree
{Figure 2). From a very large and highly signif-
icant (r = .93) correlation coefficient it is
obvious that after PBZ treatment mesenteric
autoregulation dissapeared. The same hap-
pened in both hypovolemic groups after
hemorrhage (Figure 3). Naloxone also did not
influence mesenteric autoregulation in hypo-
volemia (Figure 3).
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FIGURE 3. Correlation of blood pressure and
mesenteric blood flow in hypovolemic animals,
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saline infusion (150 min) (&) and naloxone
treatment (o).

Some previous investigations (4) strongly
suggested that the sympatho-adrenal control
system via its beta-adrenergic link in an imp-
ortant respect can modulate autoregulation in
some vascular trees (i.e. the muscle vascular
tree). Our results, especially with PBZ strongly
suggest that in the mesenteric vascular tree
autoregulation can be influenced by the sym-
patho-adrenal system by its alpha adrenergic
link. Disappearance of autoregulation during
hypovolemia can be also linked to alpha-adre-
nergic activity. There are several papers which
strongly suggest (1, 2, 7) a diminished number.
and activity of vascular alpha adrenoceptors
during different types of shock. Perhaps, this
fact is crucial for disappearance of mesenteric
autoregulation during hypovclemia. In con-
clusion it seems that the opioid system is not
involved in mesenteric autoregulation control.
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