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CEREBRAL blood flow (CBF) was measured at varying
haematocrit values in 8 streptozotocin-diabetic and in 7
control rats using the intracarotid *Xe technique. A
hyperbolic relationship between CBF and haematocrit
was established for the individual rats in both groups. Dia-
betic animals showed a preserved CBF response to changes
to haematocrit. In 10 normal rats, CBF was measured dur-
ing acute hyperglycaemia induced by intraperitoneal glu-
cose injection. A significant, inverse correlation was found
between CBF and blood glucose. We conclude that the
CBF response to changes in haematocrit and thereby in
pO, is preserved in experimental diabetes. Secondly, in
acute hyperglycaemia CBF varies inversely with blood
glucose, by mechanisms not fully understood.
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Introduction

In patients with long-term diabetes, impaired cer-
ebral blood flow (CBF) response to CO, has been
reported'? and this impairment has been attributed to a
decreased CO, sensitivity of the cerebral vasculature.
The physiological significance of this finding is, how-
ever, not clear. Cerebrovascular diseases are more fre-
quentin diabetic patients and are often related to a poor
outcome. It was therefore of interest to investigate the
CBF responsiveness to changes in blood oxygen deliv-
ery capacity, as measured by the CBF reactivity to
alterations in blood haematocrit. Elevated haematocrit
causes a reduction in CBF** which seems to be solely
mediated through cerebral pO, regulatory mechan-
isms and not by rheology per se.

Furthermore, in streptozotocin (STZ) diabetes and
in acute hyperglycaemia induced by intraperitoneal
glucose injection, CBF decreases, at least in some
regions.” Increased haematocrit has been observed in
untreated diabetic rats,® and may be responsible for the
reduction in CBF. Finally, the relationship between
haematocrit (or haemoglobin) and CBF has been stud-
ied in dogs® and in humans® but to our knowledge has
not been determined for rats. The present study was
carried out in order to assess this relationship in normal
rats and to determine whether the normal dependency
of CBF on haematocrit is preserved in experimental
diabetes. Furthermore, the relationship between blood
glucose levels and CBF was established in non-diabetic
acutely hyperglycaemic rats.

Materials and Methods

Twenty-five age- and weight-matched male Wistar
rats were randomly allocated into three groups: In 8
rats with 3 weeks duration of STZ-diabetes and in 7
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control rats, haematocrit was varied, and in 10 normal
rats, acute hyperglycaemia was induced by means of
i.p. glucose injection. For induction of diabetes, strep-
tozotocin was injected into a tail vein at a dose of 80
mg kg'. Only rats with a blood glucose value higher
than 15 mmol I the following day and at the day of the
experiment 3 weeks later, were included. Following a
4% “halothane-induced anaesthesia, animals were tra-
cheostomized and artificially ventilated with an animal
respirator. Halothane was then reduced to 0.7% in a
gas mixture of 70% N,O and 30% O,, and the rats were
immobilized with succinyl choline 20 mg kg i.v. The
level of anaesthesia was continuously monitored with
blood pressure and heart rate recordings.

Skin and muscles of the scalp were deflected and all
extracerebral branches from the right external carotid
artery and the pterygopalatine artery were ligated in
order to avoid the registration of extracranial radi-
ation.”® A polyethylene catheter for **Xenon injection
was placed with the tip at the carotid bifurcation so that
flow obstruction of the right internal carotid artery
was avoided. Both femoral arteries were cannulated for
continuous recording of mean arterial blood pressure
and for measurement of blood glucose, haematocrit
and blood gases. pH, pCO, and pO, were measured by
an ABL30 acid-base analyser (Radiometer, Copen-
hagen). A femoral vein was cannulated to enable blood
and drug infusion. The animals were heparinized and
rectal temperature was kept close to 37°C (% 0.5°C) by
means of a heated operation table. All wounds were
repeatedly infiltrated with lidocaine 1%. On com-
pletion of the surgical preparations, which took
approximately 90 min, the animals were allowed to rest
for at least 30 min.

For each CBF measurement, a 20 pl bolus of the
radioactive, inert gas '»*Xe dissolved in saline (3.5
mCi ml) was injected into the carotid catheter and the
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washout curve was obtained with a collimated Nal (T1)
crystal (aperture 8 mm) placed over the hemisphere
ipsilateral to the injection catheter. CBF was calculated
from the initial slope of a semilog plot of the '**Xenon
washout curves,"" and was, if necessary, pCO, cor-
rected. At least three CBF measurements were per-
formed in order to establish baseline CBF values. Since
changes in haematocrit alter the value of the partition
coefficient (lambda) for Xenon, CBF was corrected for
these changes according to Chen et al.12

In the diabetic and the control groups, haematocrit
was increased by infusion of 3-11 ml of erythrocyte
suspension until a value of approximately 0.60 was
achieved. Next, a decrease in haematocrit (usually to a
value of 0.2-0.1) was obtained by withdrawing blood
and substituting with plasma or saline. Simultaneous
measurements of haematocrit, CBF and arterial blood
gases were performed. Hyperglycaemia was induced in
control rats by intraperitoneal injection of 5-6 ml kg
body weight of 50% glucose hypertonic solution.
Blood glucose measurements were performed at the
beginning of the experiment and regularly after the
glucose injection. Blood glucose values rose steadily in
the following approximately 20 min and CBF
measurements were performed within this period. A
linear regression analysis was performed on the cor-
rected CBF values and the inverse of the corresponding
haematocrit in each diabetic and control rat, since a
hyperbolic relationship between the two variables was
expected’ (see also discussion). Slopes and intercepts of
the regression lines, as well as baseline CBF and blood
glucose values, haematocrit, pCO, levels, and body
weights from the two groups were compared, using the
Mann-Whitney rank test. The statistical significance
limit was p < 0.05. In the acute hyperglycaemic group,
it was not possible to determine the relationships be-
tween blood glucose levels and CBF in the individual
rats. Consequently, the data were pooled and the rela-
tive CBF changes were related to blood glucose values,
by means of linear regression analysis.

Results

Body weight for all rats at the time of the experiment
ranged between 260 and 450 g (334 = 42, mean *+ S.D.).
After three weeks duration of diabetes, all STZ-treated
rats had reduced body weights, with an average loss of
10.6%, whereas the normoglycaemic controls had a
moderate weight gain. The baseline values of physio-
logical parameters, measured on the day of the exper-
iment, are shown in Table 1. Blood glucose levels in the

diabetic group were significantly elevated throughout
the study (p < 0.01).

In both groups a significant correlation between
CBF and the inverse of haematocrit was found; in one
rat only four concomitant measurements could be
obtained and the correlation in that single rat could
therefore  not attain  statistical  significance
(0.1 <p <0.05). An example of the relationship be-
tween CBF and haematocrit is shown in Figure 1. The
mean intercept and slope values of the regression lines
did not differ significantly between the diabetic and the
normoglycaemic groups, the relation being CBF =
~46.5 ml 100 g min? + 65.4 haematocrit ml 100 g
min? in the diabetic group and CBF = —62.5 ml
100 g min? + 72.8 haematocrit ml 100 g min in
the control group. In the acutely hyperglycaemic rats a
significant and inverse relationship was found between
CBF and plasma glucose (r = 0.24; p < 0.001): CBF =
70 ml 100 g min~?, —0.8 blood glucose (in mM) (Fig. 2).
Haematocrit remained constant throughout the whole
experimental procedure: mean haematocrit (= S.D.)
was 0.47 = 0.03 before the glucose injection, and 0.46 +
0.03 at the end of the hyperglycaemic period.

Discussion

In the present study the normal relationship be-
, tween haematocrit and CBF is assessed in the rat. It is
found that the CBF response to changes in haematocrit
is preserved in STZ diabetes and, finally, in acute
hyperglycaemia an inverse relationship between CBF
and blood glucose is demonstrated. The dependency of
CBF on haematocrit is caused by changes in arterial
oxygen content; it has been demonstrated that the CBF
alterations occurring during haemodilution parallel,
and are fully explained by, the reduction in oxygen
binding capacity. The increase in CBF is regulated so
that the rate of oxygen delivery to the brain, defined as
the product of arterial oxygen content and CBF, is kept
constant.>*! This implies the existence of local mech-
anisms sensitive to tissue pO, levels.’s This is further
supported by our finding of a hyperbolic relationship
between CBF and haematocrit.

Our results agree with and extend an earlier study
where CBF was measured during moderate haemodi-
lution using the “C-iodoantipyrine autoradiographic
method in both normal and in 3-5 weeks STZ diabetic
rats.”® In our study, haematocrit was varied in both
directions and to more extreme values (typically 0.60 to
0.10), and our experimental set-up allows for repeated
measurements in the same animal, thereby reducing the

Table 1. Baseline values of physiological parameters on the day of the experiment

Group (n) Body weight Blood glucose pCO, Hct CBF

(g) (mM) (mmHg) (ml 100 g min-2)
Diabetes 8 295 + 22% 31.3 = 4.7% 38.2+ 2.6 0.45 + 0.02 71.8 = 22.4
Control - 274 + 20 T Q94+ 10 ~fAE LA A A A 2 N e —_r— o, o~ o~




Haematocrit and CBF in diabetes

neuroijgeport.

YC@rebroI blood flow
(ml/100g/min)
300+

200+

100+

0
0.10

0.30
Hematocrit

‘IG. 1. Example of the inverse relationship between CBF and haema-
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‘IG. 2. CBF as afunction of blood glucose in the acutely hyperglycaemic
yroup. Each histogram represents blood glucose values in 5 mM inter-
rals. CBF is given as the average * s.e.m.

nherent variability and securing that the relationship
sould be established in individual rats. Our results
show that the CBF-haematocrit relationship is pre-
served in STZ-diabetes, and that pO, reactivity of the
serebral arterioles therefore remains intact. In the STZ-
liabetic group, the baseline CBF value was not signifi-
;antly different from that of controls. In diabetic ani-
mnals, both unchanged®” and decreased”’® CBF has
seen reported, whereas in acute hyperglycaemia a
-eduction in CBF is usually found.s”16181° All previous
studies have been using the autoradiographic method,
whereas the intracarotid Xenon technique was used in
he present study. No significant difference in baseline
1aematocrit values between diabetic and control rats
was found, which is in accordance with other
reportsllé,ls,zo,zl

In acute hyperglycaemia, Duckrow et al® suggested
that blood glucose levels greater than 23 mM are
1ecessary to produce a significant decrease in CBF; this
statement is not confirmed by the present data, where a
;onstant decline in CBF was observed with increasing
slood glucose. In the same paper, a significant decrease
n CBF was found only in 9 out of 24 cerebral regions,
ind 6 of these 9 were located in the hindbrain. The
lose-response relation between regional CBF and
slood glucose has been found to be linear; about — 7%
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regions.*” We measured global CBF, which is mostly
determined by cortical flow values. The decreasing
effect of hyperglycaemia on CBF may be relevant also
in cerebral ischaemia: the hypothesis that the increased
morbidity following ischaemic brain injury associated
with hyperglycaemia®? may be caused or augmented by
decreased CBF has been forwarded.

The mechanisms by which acute or chronic hyper-
glycaemia affect CBF might well be different.
Increased osmolality, increased blood viscosity, and
reduced glucose metabolism have been advocated as
causative factors. In acute hyperglycaemia, cerebral
glucose metabolism has been reported increased” or
normal,?® whereas chronic hyperglycaemia (> 3 weeks)
leads to a decrease in glucose utilization.”? None of
the above mentioned factors, taken alone however, are
able to explain the decrease in CBF.%” Adaptive or com-
pensatory changes may also occur in chronic hypergly-
caemia, possibly accounting for unchanged baseline
values in our diabetic group. In conclusion, our find-
ings stress the importance of controlling haematocrit
and blood glucose levels in the investigation of CBF in
both normal and diabetic rats.

Conclusion

The present study demonstrates that CBF is
inversely correlated with acutely increasing blood glu-
cose levels, and that the CBF response to changes in
haematocrit is preserved in experimental diabetes.
Hyperglycaemia thus independently impairs CBF, but
the mechanisms by which this effect is mediated
remain to be clarified.
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