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Abstract: Experiments were performed on anaesthetized artificially ventilated
cats to study the effects of phenylephrine (PE) on cardiovascular responsiveness.
before and after induction of experimental anaemia. Aetue anaemia was induced
by replacement of blood by dextran ill three steps of 20% each of total estimated
blood volume. The effect of PE (20 !-!g/kg) was investigated at four stages:
control and after I st. 2nd and 3rd exchanges of blood. Induction of anaemia
produced a significant increase in heart rate (HR) and cardiac output (CO) and
a decrease in right atrial pressure (RAP). No significant change in mean arterial
pressure (MAP). LV dP/dt max and blood gas tension was observed. Administration
of bolus dose of PE produced a rapid rise in MAP. LVdP/dt max. and a decrease
in HR without a change in the RAP. The pattern of response to PE was imilar
after induction of acute anaemia, however the magnitude of the response was
ignificamly reduced. The allenuation in the response to PE was related to the
fall in the haematocrit (HCT) leveL This shows that induction or experimental
anaemia. produced an increase in CO due to an increase in HR and SV and the
dfeet of PE on cardiovascular responsiveness was significantly altenuat'd. The
reduced sensitvity to PE during acute anameia eould be due to many factors such
a' inadequate 0, supply. effect of local vasodilating agents or some other
cardiotonic agents which arc known to contribute to vascular responsivene ·s.
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INTRODUCTION
Anaemia is accompanied by reduction in the
concentration of circulating erythrocytes (haematocrit
ratio) and a fall in whole blood viscosity. The partial
pressure of oxygen (PO,) of arterial blood may be
normal but oxygen content of blood is reduced in
proportion to the reduction in haematocrit (J). The
performance of left ventricle may also be disturbed
due to inadequate myocardial 0, supply (2). Studies in
anaesthetised dogs have demonstrated that after
induction of experimental anaemia by dextran for
blood exchange transfusion, the cardiovascular
response to some alpha and beta adrenergic stimulants,
certain drugs and neurotransmitters are significantly
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anaemia

cat..

changed (3-6). However, variable and inconsistant
vascular responsiveness to these agents has been
observed in earlier studies.
Phenylephrine is an important va 'oactive alpha
adrenergic stimulant and is widely used in various
cardiovascubr studies in anima's as well as in human' •
(7, 8). However, limiteJ information is available
regarding the responsiveness of this vasoactive agent
during experimental anaemia induced by graded
haemodilution. Some workers (5) have reported that
the mean arterial pre sure change due to PE infusion
is attenuated-followin o haemodilutiOlt but they did not
study its effect during graded haemodilution or its
effect on cardiac functions.
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Therefore, the purpose of this study was to
investigate the effect of PE on the responsiveness of
various cardiovascular parameters before and after
induction of experimental graded anaemia.
METHODS
Experiments were performed on 20 adult cats of
either sex weighing 3-6 kg. They were anaesthetized
with a mixture of 70 mg/kg ch.loralose (SOH) and 350
mg/kg urethane (E. Merck). Trachea was cannulated
and the cats were venti lated with a respiratory pump
(lnco, Indi1a). A polyethylene catheter was placed in
the descending aorta through a femoral artery for
recording arterial blood pressure (ABP) with a pressure
transducer (Statham P23 Db). Blood samples were
withdrawn in heparinized syringes anaerobically
through this catheter for the measurem.ent of arterial
blood P02, PC02 and pH with the help of a blood gas
Inon,jtor (Radiometer BMS-3-MK-2 microsystem and
PMH-73 pH electrode. The arterial blood samples
were also used for the measurement of haematocrit
(HCT) with the help of a microcentrifuge (Jenetzki
TH 12) and haemoglobin (Hb) with the help of
haemometer (Shandilya, India). The right femoral vein
was cannulated for intravenous injections and infusion
of dextran. A polyethylene catheter was placed in the
right atrium through external jugular vein for recording
right atrial pressure (RAP) with a pressure transducer
(Statham P23 Db). Another polyethylene catheter was
placed into the left ventricle through I:eft carotid artery
for recording left ventricular pressure (LVP) with a
pressure transducer (Statham P23 Db). The left
ventricular pulse was differentiated electronically with
a differentiator (Lectromed Model 5270) to record LV
dp/dt and was also used to drive a cardiotachometer
(Lectromed model 5260) for recording heart rate (HR).
All these parameters were recorded on a polygraph
(Lectromcd, U.K.). Cardiac output (CO) was measured
• by thermodilution technique using a swan-Ganz flow
directed thermodilution Catheter (Model 93-A-13117F) and cardiac output computer (COM I Edward Co.,
USA).
Cardiovascular masurements were made 30 min
after completion of surgical procedures.
Normovolaemic haemodilution was induced by dextran
(mol. wI. 150,000) for blood exchange. The dextran
(Rallis India), a 6% solution of dextran in 5% wlv
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dextrose was warmed to 37"C before infusion through
the femoral vein catheter. The viscosity of 6% dextran
solution is approximately equal to that of plasma.
Blood was replaced by dextran in steps of 20% each
of total estimated blood volum: (9% of body weight).
Hb amd HCT were estimated after each exchange.
Cardiovascular variables were recorded after a
stabilizing period of 30 min following each exchange.
The rectal temperature of the animal was maintained
between 37-38"C.

Statistical analysis:
The statistical analysis was done for each drug
separately. All the variables were subjected to log
transformation in order to achieve variance stability
and normality before the data was subjected to statistical
analysis. The data on initial findings «(control level)
was subjected to analysis of variance ANOV A (a two
way classification) after ascertain.ing homogenity of
variance and normality. On evidence of significant
variation amongst various anaemic stages and other
appropriate comparisons were done through linear
contrasts (9).
RESULTS

Effect of Haemodilution: The results of the present
study are presented in Fig. I and 2. Nonnovolemic
haemodilution was done in three steps of 20%.
Normovolemic haemodilution was done in three
steps of 20% estimated blood volume each. After the
last blood for dextran exchange (total 60% of estimated
blood volume) the actual volume of blood replaced by
dextran would be approximately 50% or less and not
60% because after the Ist exchange in the subsequent
withdrawal of blood, the 20% of volume contained
blood mixed with previously infused dextran. On
induction of acute normovolaemic haemodilution by
this process, the HCT dropped from baseline level of
41±3% to 28±2%, 20±2% and 14±2% and Hb dropped
from control value of 13±O.5 gd/l to 4.6±0.5, 7.0±0.2
3.9±0.2 g/dl after 1st, 2nd and 3rd exchanges of blood
respectively. MAP did not show any significant change
(P> 0.05) following exchange of blood. With the fall
in HCT. there was a corresponding sign.ificant increase
in HR and CO and fall in RAP. Haemodilution did not
produce any significant (P>0.05) effect in LV dp/clt
max or left ventricular end diastolic pressure (LVEDP).
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Representativc tracings demonstrating change in arterial blood pressurc
(ABP). Right atrial pres~ure (RAP), Heart ratc (HR), LV dp/dt max and left
ventricular pressure (LVP), to bolus injection of PE (20 flg/kg) at different
HCT levds following induction of graded experimental anaemia.
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Percen', change in heart rate (HR). LV dp/dt max. LVSP, MAP following
intravenous administration of Phenylephrine (20 flg/kg) at control. (HCT
41.0±3,0%) and after !.t (HCT 28±2), 2nd (HCT 20±2) and 3rd (HCT
14±2) exchange of blood with dextran,
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Blood gas tension and pH did not
show any significant (P>OJ)5) change
with the fall ,in HCT level.
Effect
of Phenylephrine:
Intravenous administration of 20 flg/
kg PE at control HCT produced a
rapid rise in BP and simultaneous
increase in LV dp/dt max (Fig.l and
2). However, there was no change in
RAP. Haemodynamic parameters
recovered 20 min after intravenous
injection of PE, The pressor response
was accompanied by a marked renex
bradycardia (Fig. 2). Systolic arterial
pressure (SAP) increased from 144±2
to 174±3 mmHg, diastolic arterial
pressure (DAP) increased from 89±3
to I 15± I mmHg, LV dp/dt max
increased from 3486±50 Ito 4544±50
mmHg/sec, HR decreased from
178±1 to 1141±4 beats/min. There was
no change in L VEOP and RAP.
Following induction of acute
normovolaemic anaemia, the pattern
of response to PE was similar,
however, the magnitude of response
was significantly (P<O.05) reduced
with progressive hacmodilution
(Fig. 2).
Before replacement of blood with
dextran, PE produced 24.3±0,4% rise
in MAP over control, which was
reduced to 15.9±O.3%, 9.2±0,2%,
7.2±0.4 after 1st, 2nd and 3rd
exchanges respectively (Fig. 2).
LVSP increased by 20.8±O.5% at
control HCT and 12.5±O.3, 9.7±O.2,
5.0±0.4% after 1st, 2nd and 3rd
exchanges respectively (Fig. 2). LV
dp/Glt max increased by 30.3±O, % at
control HCT and 18.1 ±O.3%,
'U±0.2%, 1O.I±O.2% after 1st, 2nd
and 3rd exchanges respectively
(Fig.2). HR decreased by 28.8±0.4~
before blood replacement and
24.1±O.3, 23.5±O.2, 20.7±O.2~ after
I st, 2nd and 3rd exchanges
respective'ly.
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DISCUSSION
In the present study, we observed that acute
normovolemic anaemia produced an increase in cardiac
output supporting earlier findi ng in anaesthetized (10)
and conscious animals (II). This increased CO could
be due to change in TPR, fall in viscosity of blood,
increase in central venous pressure and stimulation of
chemoreceptors (12). In our study the influence of
chemoreceptors was eliminated or minimized since we
kept art ial P02, PC02 and pH under 110rmal range.
However, stimulation of chemoreceptors due to reduced
O 2 content of blood cannot be ruled out Although we
selected a high Mol. wt. (150,000) dextran for blood
replacement, a change in blood viscosity probably
occurs and may contribute to the fall in TPR as
suggested by Fan et al (13). A significant role of
parasympathetic efferents in reflex tachycardia response
during experimental anaemia has been emphasized
(10). Increase in SV and HR may be the contributing
factors to the increase in CO as observed by others
(10, 14). Another important factor for the discripan ies
in the result of various workers could be due to the
anaesthetic agent used by them in their studies. Since
anaesthetics are known to inhibit and even abolish
vagal tone (14), we preferred the anaesthetic mixture
of chloralose and urethane, which provided an
anaesthetized preparation with normal ABP and HR in
a small range. HR of our anaesthetized cat was slightly
higher as compared to conscious animals. This could
partly be a reason for a small increase in HR in
response to haemodilution. The increase in CO was
largely due to an increase in SV. Whereas, in our
earlier study in anaesthetized dogs (16) increase in CO
in response to haeflludilution was largely due to increase
in HR.
In our study, PE produced a significant increase in
HR, LV dP/dt, LVSP and BP in control as well as
under acute anaemic conditions. However. the degrees
of responsiveness to the same dose of PE (20 ;!J.g/kg)
was significantly reduced after graded induction of
anaemia (Fig. 2). The percenl change (increase) in LV
dP/llt max, MAP, LVSP were significantly (P<f).05)
attenuated as the haemodilution (%) level was increased
from control to acute level of haemodilution. Similarly,
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the bradycardia response to PE was also attenuated
following fall in haematocrit due to haem dilution.
The attenuation in responsiveness was seen at all the
three levels of experimetal anaemia i.e. mild, moderate
and acute. The attenuation in responsiveness in all the
parameters was observed on induction of even mIld
anaemia (27% HCT).
The use of PE as hypertensive agent is well
known and is a powerful alpha receptor stimulant with
little or no effect on beta receptors of heart. It directly
acts on receptors and a small part of Its effect is
mediated through the release of norepinephrine (IS).
The mechanism for the reduced responsiveness to PE
during experimental anaemia is not yet very clear.
However, some workers have suggested that the
attenuation in cardiac responsiveness to certain
vasoactive agents could be due to inadequate
myocardial oxygen delivery associated with
catecholamines or to antagonism by local vasodilating
effect on anaemic hypoxia (4, 5). In our study on
some other vasodepressor agents (16), a reduced
responsiveness during haemodilution was observed
indicating that either of the two mechanism alone
discussed earlier, is not responsible for 111is attenuation
in responsiveness. Involvement of other unkown factors
e.g, nitric oxide (NO) and prostacydin ('17-1 R) in the
reduced responsiveness of the cardiovascular system
to vasoactive agents under acute anaemic condition is
also possible. Out of these factors neurohormonal and
endothelium derived factors e.g. nitirc oxide NO),
prostacyclin, are increasingly being suspected to be
the effective regulators of vascular tone, BP and tissue
perfusion (17-18). The involvement of these factors
cannot be ruled out. In cOli\clusion our study indicates
that during acute experimental anaemia, there is an
increase in CO due to an increase in HR and SV. Fall
in TPR during haemodilution could partly be due to
decrease in viscosity of blood. The effect of PE on
various cardiovascular parameters is significantly
attenuated following graded induction of acute anaemia.
The reduced sensitivity of the drug under such condition
could be related to reduced myocardial O 2 supply,
antagonism by local vasodilating agents and many
other factors which are known to contribute in vascular
responsiveness to cardiotonic agents.
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