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HEMODILUTION AND HYPOTHERMIA IN A RAT MODEL

INTRODUCTION

In Western countries, stroke is the third most
common cause of death and the second most
common cause of neurologic disability.
Stroke, or cerebrovascular accident, results
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Cerebrovascular disease and trauma are major causes of death and disability in
the United States.  Studies have shown that hypothermia can reduce neuronal
damage and improve recovery from cerebral ischemia or trauma in animal mod-
els, but the optimal use of hypothermia in combination with other treatment
modalities has not been established.  We studied the combined effect of hemodi-
lution and hypothermia in a rat model of global cerebral ischemia based on the
hypothesis that hypothermia may reduce neuronal oxygen requirements, whereas
hemodilution may increase cerebral blood flow.  Hemodilution was accomplished
by intravenous injection of saline.  Rats were randomly assigned to three experi-
mental groups: normothermic with a sham injection (sham control), normother-
mic with a saline injection (normothermic), and hypothermic with a saline injec-
tion (hypothermic).  Cerebral ischemia was produced by cauterization of the ver-
tebral arteries followed by ligation of the carotid arteries for 10 min.  Body and
cerebral temperature, cerebral blood flow, and electroencephalographic activity
were monitored during ischemia and a 2-h post-ischemic treatment.  Cerebral
ischemia was followed by a 15-min period of reactive hyperemia, and then a sus-
tained period of hypoperfusion in all treatment groups.  Mortality in the hypoth-
ermic group (0%) was significantly less than in sham animals (32%).  The total
number of viable hippocampal CA 1 neurons 21 d after ischemia was greater in
the normothermic and hypothermic rats than in the sham group, but the differ-
ences were not significant.  Motor function improved in all treatment groups
between 7 and 21 d post-ischemia.  The foot-fault test failed to show significant
differences between groups at any time, though there was a trend toward a lower
foot-fault rate in hypothermic animals at 7 d.  Hypothermia significantly decreased
mortality, but this improvement was not reflected by the total number of viable
hippocampal neurons or by a motor function test. ©2000 Oklahoma Academy of
Science

in cerebral ischemia and hypoxia, leading
to a cascade of vascular and cellular pro-
cesses that combine to cause neuronal dys-
function and death.  Ischemia induces the
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release of excitatory neurotransmitters,
glutamate and aspartate, partly by evoking
reversed excitatory neurotransmitter trans-
port from glial cells (1).  The over-activation
of glutamate/aspartate receptors causes ex-
cessive calcium influx and the generation of
free radicals.  These events ultimately lead
to neuronal swelling and death, partly
through activation of the caspase system of
enzymes that induce neuronal apoptosis (2).
The experimental methods that have been
found to reduce neuronal damage resulting
from cerebral ischemia include interventions
that increase cerebral blood flow, reduce oxy-
gen demand, or that prevent neuronal dam-
age mediated by glutamate or ion fluxes (3).

Numerous studies have shown that hy-
pothermia may reduce neuronal necrosis re-
sulting from experimental cerebral ischemia
(4-9).  Although brief post-ischemic hypoth-
ermia appears to delay neuronal damage
rather than provide persistent protection (8),
hypothermia is protective even when it oc-
curs up to 12 hours after cerebral ischemia
(9).  Due to the significant morbidity and
mortality associated with stroke and trau-
matic brain injury, the clinical use of hypo-
thermia and other neuroprotective modali-
ties to lessen the neurological damage asso-
ciated with these conditions has received
considerable attention (10-12).

Because of the multiple mechanisms re-
sponsible for ischemic neuronal damage,
combination therapy may offer greater pro-
tection than hypothermia alone (13).  Other
modalities that have been shown to protect
against cerebral ischemia include hemodi-
lution (14) and glutamate antagonists (15).
Hemodilution may increase blood flow dur-
ing reperfusion following cerebral ischemia
by reducing blood viscosity as a result of
decreased hematocrit, or by an active
vasodilatory process (16).  Hemodilution in
combination with a glutamate antagonist,
lubeluzole, provided more complete attenu-
ation of neuronal damage than either inter-
vention alone (17).

The interventions used to reduce the
brain damage caused by cerebral ischemia
have aimed to increase oxygen supply, de-
crease neuronal oxygen demand, and im-
pede the damaging effects caused by exces-

sive glutamate, calcium, and free radicals.
Hemodilution with saline fluids may in-
crease cerebral blood flow and oxygen sup-
ply to the brain by two mechanisms.  First,
hemodilution may decrease blood viscosity
by reducing hematocrit, and thereby increase
the velocity of blood flow through cerebral
vessels via a hemorrheological mechanism
(18).  Second, hemodilution may evoke com-
pensatory vasodilation, and thereby aug-
ment cerebral blood flow (16).
     Because hemodilution may improve
blood flow and oxygen delivery, whereas
hypothermia appears to reduce the neuronal
oxygen requirement, the combined use of
these modalities may offer greater protection
against brain damage caused by cerebral is-
chemia.  Therefore, we evaluated the effects
of hemodilution alone and in combination
with hypothermia as interventions to reduce
neurological damage in a rat model of glo-
bal cerebral ischemia.

MATERIALS and METHODS

Animals: The experimental studies, which
were approved by the Institutional Animal
Care and Use Committee (IACUC), used 80
male Wistar rats (Charles River Laboratories,
Wilmington, MA) weighing 310-345 g.  Ani-
mals were randomly assigned to one of three
treatment groups and were identified only
by a serial code number to blind investiga-
tors to the treatment group.  The treatment
groups consisted of a normothermic group
with a sham injection (sham), a normother-
mic hemodilution group (normothermic),
and a hypothermic hemodilution group (hy-
pothermic).  Animals were housed individu-
ally in the laboratory at 24±2°C with lights
on between 0600 and 1800 h.   Food (labora-
tory chow) and tap water were provided ad
libitum under the supervision of a certified
animal care technician.

Global Cerebral Ischemia: A four-vessel oc-
clusion procedure was used to induce glo-
bal cerebral ischemia (19). The vertebral ar-
teries were cauterized on Day 1, and the ca-
rotid arteries were occluded for 10 min on
Day 2.  On Day 1, rats were anesthetized with
1.5% isoflurane in a mixture of 70% nitrous
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oxide and 30% oxygen by face mask. The
dorsal neck area was opened by using a mid-
line incision, and the alar foramina were ex-
posed by dissecting the deep musculature
from the posterior arches of the first cervical
vertebra (20). The vertebral arteries were
accessed through the foramina and perma-
nently occluded with a high temperature
cautery unit (Model RS-209, Raboz Surgical
Instruments, Rockville, MD).  The wounds
were closed, and the animals were placed
on their backs so that incisions could be
made in the midline ventral side of the neck.
The common carotid arteries were exposed,
and a ligature was loosely placed around
each artery.  The neck was bandaged to pro-
tect the ligature, and 1% lidocaine was infil-
trated for postoperative pain control.   Ani-
mals also received an intramuscular injec-
tion of cefazolin (20 mg/kg) before they were
returned to their cages.

Twenty-four hours later, the rats were
anesthetized as before, placed in a stereotac-
tic apparatus, and the cranium exposed.  We
drilled a hole through the cranium, and a
thermistor probe was inserted through the
dura to the level of the hippocampus.  The
thermistor probe was connected to a tem-
perature monitoring system (Model TM-12,
Physitemp Instruments, Clifton, NJ) to
record temperature changes in the hippoc-
ampus.  A second hole was drilled to the
level of the dura, and a laser-Doppler probe
(Model BLF21, Transonic Systems Inc.,
Ithaca, NY) was placed on the dura to mea-
sure blood flow.  Two stainless steel screws
were inserted into the occiput for recording
electroencephalographic (EEG) activity. Fol-
lowing the placement of probes for monitor-
ing cerebral blood flow, temperature, and
EEG, the carotid ligatures were tightened for
10 min to produce global cerebral ischemia.
The ligatures were then released to enable
reperfusion of the brain. Temperature
changes, blood flow, and EEG activity were
monitored and recorded throughout the ex-
perimental protocol.

Interventions:  Interventions were per-
formed immediately after 10 min of global
cerebral ischemia if the animals met two cri-
teria.  The criteria were a flat EEG commenc-

ing within 30 s after carotid artery occlusion
and lasting throughout the remainder of the
ischemic period and a cerebral blood flow
of less than 0.5 tissue perfusion units at the
end of the 10-min ischemic period, as deter-
mined by laser-Doppler flowmetry.  Animals
meeting these requirements were assigned
to treatment interventions.  Fifty-six animals
(70%) survived surgical and ischemic pro-
cedures and met the criteria for treatment
interventions.  Pulsinelli et al. (19) reported
that a similar percentage of rats survived and
met the criteria for achieving global cerebral
ischemia in their study.

After global cerebral ischemia, cerebral
temperatures were rapidly adjusted to nor-
mothermic (37±0.5°C) or hypothermic
(33±0.5°C) levels in the designated treatment
groups and were maintained at these levels
for 2 h post-ischemia.  The desired cerebral
temperatures were achieved by adjusting
core body temperature and by external heat-
ing or cooling of the head with a heat lamp
or fan, respectively.  Core body temperature
was controlled by changing the temperature
of water that was continuously circulated
through a rubber pad placed under the ani-
mals.

Normothermic animals and hypother-
mic animals were also subjected to hemodi-
lution.  Normothermic rats received a tail
vein injection of 3.6 mL/kg body weight of
0.9% saline at 37°C, whereas hypothermic
animals received a tail vein injection of the
same quantity of cold saline (4°C).  Animals
in the sham group received a tail-vein needle
stick but did not receive intravenous fluid
administration.  This volume of saline was
estimated to initially increase blood volume
approximately 7% based on data on the body
fluid composition of the rat (21).  This level
of hemodilution was selected because mod-
erate hemodilution has been shown to ame-
liorate neurological signs and reduce infarct
volume after cerebral ischemia, whereas pro-
found hemodilution may impair oxygen
transport and be detrimental in cerebral is-
chemia (18).

Evaluation:  The effectiveness of interven-
tions was evaluated in terms of mortality,
motor function, and hippocampal histopa-
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thology.  Mortality was expressed as the per-
cent of animals that did not survive 21 d
post-ischemia.  Motor function was evalu-
ated in 30 randomly selected animals by us-
ing a foot-fault test (4).  After global cerebral
ischemia, the test was performed at weekly
intervals by an investigator who was blinded
to treatment interventions.  In this test, ani-
mals were placed on an elevated 30 x 30 cm
platform of heavy wire screen (1.5-cm
squares) attached to a wood frame.   As the
animals moved about the platform, the in-
vestigator counted the number of times ei-
ther hind foot missed the wire screen (foot
fault).  The data were expressed as the ratio
of foot faults to total steps during a 2-min
observation period.

Histopathology:  The animals were brought
to the histology laboratory at 21 d post-is-
chemia and were anesthetized with sodium
pentobarbital (50 mg/kg body weight, in-
traperitoneal). A thoracotomy was per-
formed followed by transcardial perfusion
of heparinized saline for 30 s, and formal-
dehyde:glacial acetic acid:methanol (FAM;
1:1:8) for 25 min (22,23).  The animals were
decapitated, and the heads were immersed
in FAM for 4 h.  Next, the calvaria were re-
moved to expose the brains and fixation con-
tinued overnight.  The brains were then re-
moved from the skulls and positioned in a
rodent brain matrix (ASI Instruments, War-
ren, MI) for coronal sectioning.  A 4-mm tis-
sue block was removed from the brain im-
mediately posterior to the optic chiasm,
which contains most of the hippocampus.
The blocks were processed and embedded
in paraffin in the usual manner.

Histological sections were cut at a thick-
ness of 6µm.  The first 60 sections were dis-
carded and the next section was saved for
evaluation (Level A). This process was re-
peated to obtain subserial sections (B-H)
from several levels within the hippocampus
(24).  The sections were stained with celestin
blue B and acid fuchsin (25) to selectively
demonstrate damaged and viable neurons
within the CA 1 region of the hippocampus.

Because of a slight variability in the mi-
croscopic morphology of the brains, it was
necessary to identify a common starting

point for counting viable hippocampal neu-
rons.  The level selected was the region in
which the neurons of the CA 1 sector of the
hippocampus, subiculum, and the dentate
gyrus are in juxtaposition (Fig. 1).  The vi-
able neurons were counted and totaled for
each animal in the entire CA 1 sector at the
starting level and three following levels.

Statistics:  The mortality data were com-
pared by using the chi-square test.  The his-
topathology data (neuron counts) were ana-
lyzed by using a one-way ANOVA, and the
foot-fault data were analyzed by using a
two-way, nonparametric ANOVA (Fried-
man) followed by Dunn’s multiple compari-
son test.  The level of statistical significance
was set at P < 0.05.

RESULTS

Blood Flow and Temperature:   Cerebral
blood flow (CBF) was measured before, dur-
ing, and after bilateral carotid artery occlu-
sion (BCAO) in each animal to verify cere-
bral ischemia.  As shown in Fig. 2, BCAO
immediately reduced CBF to less than 20%
of baseline blood flow in all treatment
groups.  At the end of the 10-min period of
BCAO, CBF had declined to less than 15%
of baseline.  Immediately after terminating
BCAO, a period of reactive hyperemia was
observed, and CBF rebounded to 120-150%
of baseline for about 10 min.   The CBF then
declined to less than baseline values.  After
60 min, CBF was 57% of baseline in the
groups receiving hemodilution (normother-
mic and hypothermic) and 76% of baseline
in the sham group.  Blood flow did not
change significantly during the remainder
of the 2-hour post-ischemic period.

The mean body temperature in all treat-
ment groups was 36-37° C during ischemia,
whereas the mean cerebral temperature fell
to 35-36° C in all groups during ischemia
(Fig. 3).  After ischemia, the mean body tem-
perature gradually increased to 37-38° C in
the sham and normothermic groups, and fell
to 35-36° C in the hypothermic group.  The
mean cerebral temperature after ischemia
was 36-37° C in the sham and normother-
mic groups, but declined to 33-34° C in the
hypothermic group.
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Figure 1.  Starting point for counting viable
neurons at the juxtaposition of the hippoc-
ampus, subiculum, and dentate gyrus.

Figure 2.  Mean percent change in cerebral
blood flow from baseline in sham, normo-
thermic, and hypothermic animals during
ischemia and a 60-min post-ischemic period.

The bipolar EEG was recorded before,
during, and after the global ischemic event.
Representative recordings of the pre-is-
chemic, ischemic, and post-ischemic EEG are
shown in Fig. 4.  During complete or global
ischemia, spontaneous electrical activity dis-
appeared in 1 to 2 min and was isoelectric
during the remainder of the ischemic period.
Following reperfusion through the carotid
arteries, bursts of EEG activity began to ap-
pear in 5 to 10 min, and the EEG pattern re-
turned to normal in about 90 min.

Mortality:  The cumulative mortality 3 wk
after ischemia and interventions is shown in
Fig. 5.   None of the animals in the hypother-
mic group died during the 3-wk post-is-
chemic interval, whereas the mortality rates
in the sham control group and the normoth-
ermic group were 31.8% and 15.8%, respec-
tively.  The mortality rate of hypothermic
animals was significantly less than that of
the sham animals, whereas the mortality rate
of normothermic animals was not signifi-
cantly different from the sham controls.

Motor Function:  Motor function was as-
sessed with the foot-fault test in randomly
selected animals from each treatment group.
The test was performed at weekly intervals
after cerebral ischemia.  Sham controls had
a higher foot-fault rate than did normother-
mic and hypothermic animals during each
observation period, but the differences be-
tween groups were not significantly differ-
ent (Table 1).  However, the foot-fault rates
decreased in all groups from Day 7 to Day
14, and the foot-fault rates were significantly
less in all groups on Day 21 than on Day 7.

Hippocampal Histopathology:  Four levels
of the CA 1 area of the hippocampus were
histologically evaluated for viable neurons
in each animal that survived 21 d post-is-
chemia.  Figure 6 shows the mean number
of viable neurons in each treatment group.
A total of 2,656 neurons were counted in four
levels of the hippocampus in the untreated
external control.  The sham treatment group
demonstrated the greatest ischemic neuronal
damage, with a mean of 763 viable neurons
(range 161 to 1,872).  The normothermic
group had less ischemic damage with a
mean of 976 viable neurons (range 252 to
1,885), whereas the hypothermic group dem-
onstrated the least ischemic damage with a
mean of 1,199 viable neurons (range 662 to
2,555).  There was wide variability in the
number of viable neurons in animals within
each treatment group, and the total number
of viable neurons in treatment groups was
not significantly different.  However, there
was a trend toward more viable neurons in
the groups that received hemodilution (nor-
mothermic) or hemodilution and hypother-
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mia (hypothermic) when compared to the
sham group (Fig. 6).

DISCUSSION

In the present study, we used an established
model of global cerebral ischemia and incor-
porated direct measurement of cerebral
blood flow, cerebral temperature, and body
temperature.  These parameters were moni-
tored during and after ischemia that was pro-
duced by four-vessel occlusion, and enabled
verification of cerebral ischemia, reperfus-
ion, and post-ischemic cerebral and body
temperature.  We used this model to evalu-
ate the effect of hemodilution compared to
hemodilution with hypothermia on the out-
come of global cerebral ischemia, as indi-
cated by mortality, motor function, and his-

Figure 3. Mean body and brain temperatures
in sham, normothermic, and hypothermic
animals during ischemia and a 60-min post-
ischemic period.

topathology.  Hypothermia may decrease
neuronal metabolism and oxygen consump-
tion, whereas hemodilution may increase
cerebral blood flow and oxygen supply dur-
ing the reperfusion period.  Hence, com-
bined hemodilution and hypothermia inter-
ventions may be more effective than either
treatment alone.  The benefits of hemodilu-
tion have been partly attributed to
hemorheologic improvement in the micro-
circulation (18), but other investigators
found evidence that hemodilution may
evoke an active vasodilatory process that
may improve cerebral blood flow (16).  The
latter finding may indicate that hemodilu-
tion can increase cerebral blood flow with-
out inducing a significant reduction in he-
matocrit and blood viscosity.

We found that 2 h of post-ischemic he-
modilution and hypothermia completely
prevented animal death during the 3-wk
post-ischemic observation period, whereas
mortality was not significantly reduced by
hemodilution alone compared to a sham
control group.  Ohtaki and Tranmer reported
that hemodilution with hetastarch infusion
was more effective than hemodilution with
saline in protecting against neuronal dam-
age caused by cerebral ischemia (14).  Fur-
thermore, the degree of hemodilution em-
ployed in our study may have not been suf-
ficient to reduce hematocrit and blood vis-
cosity sufficiently to cause a significant in-
crease in blood flow.

Other assessment parameters were not
significantly affected by hemodilution and
hypothermia in this study, although there
was a trend toward improved motor func-
tion and neuronal survival in the group that
received hemodilution and hypothermia
compared to sham controls.  Our study con-
firms that animals can survive short periods
of global cerebral ischemia while sustaining
marked neuropathologic damage in the CA
1 region of the hippocampus.
     We found that the total number of viable
neurons counted in four levels of hippocam-
pal CA 1 tissue was higher in the hypother-
mic group than in the normothermic and
sham control groups (Fig. 6), but the differ-
ences were not significant (P = 0.27).  This
finding may partly result from the higher
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mortality rate in the sham group (31.8%)
compared to the hypothermic group (0%),
because the sham animals that died before
histological evaluation may have had fewer
viable neurons than did the surviving ani-
mals.  Other investigators have reported a
wide variance in the degree of CA 1 injury
in rat models of cerebral ischemia (26).  Fur-
thermore, there appears to be a poor corre-
lation between histological preservation and
functional endpoints in some studies.  For
this reason, we also evaluated motor func-
tion by using a foot-fault test.  Although the
foot-fault rate was marginally lower in the

Figure 4. Representative bipolar EEG from
normothermic animals before ischemia (Pre-
ischemia EEG), during global cerebral is-
chemia (four-vessel occlusion), and during
cerebral reperfusion for 16 and 100 min (Re-
covery EEG: Post-ischemia).

hypothermic group compared to the sham
group at 7 and 14 d post-ischemia, the dif-
ferences between groups were not signifi-
cant.  This measure of motor function im-
proved significantly (P < 0.05) in all groups
from Day 7 to Day 21 (Table 1).

Other investigators have reported that
cerebral ischemia is often followed by a brief
period of cerebral hyperperfusion and a pro-
tracted period of hypoperfusion  (27,28).  We
also observed a post-ischemic period of ce-
rebral hyperperfusion lasting 10-15 min, fol-
lowed by a period of hypoperfusion that
persisted throughout the 2-h post-ischemic
observation period in all treatment groups
(Fig. 2).  These perturbations during is-
chemia and reperfusion may contribute to
blood-brain barrier disruption and edema
formation and thereby exacerbate neuronal
damage (27,28).  Huang et al. (28) found that
intra-ischemic hypothermia significantly re-
duced post-ischemic hyperperfusion, but
had no effect on delayed hypoperfusion,
whereas combined intra-ischemic and post-
ischemia hypothermia prevented post-is-
chemic hyperperfusion and delayed post-
ischemic hypoperfusion.

A large number of studies have shown
that mild hypothermia protects against neu-
ronal damage and functional disability
caused by brief periods of cerebral ischemia
(3-9,25,29).  Also, studies have indicated that
brief periods of post-ischemic hypothermia
may only delay neuronal damage, whereas
protracted hypothermia may provide sus-
tained histopathologic and behavioral
neuroprotection (30,31).  For example, 3 h of
post-ischemic hypothermia at 30°C in the rat
provided marked neuroprotection at 7 d but

TABLE 1.  Foot-fault rate of rats at 1, 2, and 3 wk after global cerebral ischemia.
________________________________________________________________________

Treatment
________________________________________________
Sham Normothermic Hypothermic
n = 9         n = 10       n = 11
________________________________________________

  Week Foot-Fault Rate x102

1    1.12 ± 0.46       1.11 ± 0.29 0.68 ± 0.32
2   0.90 ± 0.37       0.28 ± 0.19 0.33 ± 0.25
3  0.43 ± 0.25       0.23 ± 0.15 0.17 ± 0.11

________________________________________________________________________
Values are the mean ± SEM for each treatment group.
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not at 2 months of recovery (8).  In contrast,
mild post-ischemic hypothermia for 1 to 3 d
appears to produce sustained neuropro-
tection for up to 6 months (29,32).

Other investigations suggest that the
combined use of hypothermia and other
treatment modalities may have a beneficial
effect on survival following cerebral is-
chemia.  These interventions are partly based
on the hypothesis that neuronal degenera-
tion may be ongoing for several months af-
ter a transient ischemic insult and that pro-
longed neuroprotection may reduce neuro-
logic deficits and improve survival.  Coimbra
et al. (13) found that combining 7 h of post-

ischemic hypothermia with an anti-inflam-
matory/antipyretic drug administered from
14 to 72 h reduced neuronal damage at both
7 d and 2 months of recovery compared to
hypothermia alone.  The drug benefits were
partly attributed to a reduction in post-is-
chemic hyperthermia that occurred during
the first 3 d of recovery.  Other interventions
that may potentiate the benefits of hypoth-
ermia include hemodilution and glutamate
antagonists.  However, the neuroprotective
benefit of the glutamate antagonist MK-801
was partly attributed to drug-induced hy-
pothermia (33).

Although sustained post-ischemic hypo-
thermia appears to provide significant cere-
bral neuroprotection, hypothermia also ap-
pears to have a graded effect on neurologic
outcome (34).  The precise mechanism by
which reductions in brain temperature pro-
vide neuroprotection is not clear.  Hypoth-
ermia appears to exert several beneficial ef-
fects that attenuate neuronal loss, including
reduced energy utilization (35) and inhibi-
tion of ischemia-induced release of
excitotoxic neurotransmitters such as
glutamate and aspartate (36).  These excita-
tory neurotransmitters have been shown to
activate calcium influx and the generation
of free radicals that activate the caspase sys-
tem, leading to neuronal DNA damage and
apoptosis (2).

There is growing interest in the clinical
use of neuroprotective drugs and procedures
to prevent neurological damage caused by
acute stroke and brain trauma (10-12).  Fur-
ther studies are needed to assess the efficacy
of different levels of post-ischemic hypoth-
ermia administered alone and in combina-
tion with other neuroprotective treatments
for the prevention of neurologic damage
caused by brain trauma and ischemia.
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Figure 5.  Cumulative mortality in sham (n
= 22), normothermic (n = 19), and hypother-
mic (n = 15) groups 3 wk after global cere-
bral ischemia and interventions.  *Signifi-
cantly different from sham group (P < 0.05).

Figure 6.  Number of viable neurons counted
in four levels of rat hippocampal CA 1 tis-
sue 3 wk after global cerebral ischemia.  The
bars represents the mean ±SEM of viable
neurons in sham (n = 9), normothermic (n =
13), and hypothermic (n = 11) animals.  Dif-
ferences between treatment groups were not
significantly different.
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