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EFFECTSOF SEL ECTIVE HEAD COOL INGON BRAIN
CELL M EM BRANE ACTIVITY DURING POSTISCHEM IC

DuanM anlin

Objective To examine the effect of selective head
oooling (SHC) on brain cell membrane activity involv-
ing A TPase, phogpholipase A2, content of total mem-
brane phogholipids during postischenic reperfusion,
2 as to elucidate the possible underlying mechanisn on
resuscitating effect of SHC.

M aterials and M ethods Complete cerebral is
chania (CCI) was induced by the four- vessel model
56 Newv Zealand rabbitswere allocated randomly into
two groups non- ischanic control group had 30, 180
and 360 minutes reperfusion after CCl (n= 8); and
SHC group with the same ischemic- reperfusion insult
were all treated with SHC (28 , surface oooling
method). Changesof Na',K",- ATPase, Ca" ,Mg”
- ATPase, phopholipase A2, total phogpholipids of
brain cellmembranew ere observed Comparion of da-
ta betw een two groupswasmade by Students t test

Resaults Compared with non- ischemic controls
follow ing 30 minutes CCl, activitiesof Na", K" - AT-
Pase stepw isely decreased at 30, 180 and 360 minutes,
ca”, M g” - ATPasedropped at 180 and 360 m inutes,
phosholipidase A 2 increased markedly at 30, 180, 360
minutes, and total phopholipids decreased at 180 and
Selective head
oooling inhibited all the above changes significantly
(PP< Q 01).

Conclusion. The results suggest that selective head
oooling initiated oon after reperfusion is beneficial for

360 minutes reperfusion (P < Q 01).

brain cell manbrane function recruitment, w hich pro-

vides favourable effects on the danaged but still reane-
diable brain cells for their resuscitation

(ChinM ed J 1996; 109(6): 463- 466)

It iswell know n from both clinical experiences and

animal experiments that hypothem ia instituted prior to
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and during circulatory arrest can ameliorate cerebral
reperfusion danage and mprove neurological outcome

Beneficial effects of selective head cooling (SHC) have
been consistently demonstrated by us in cardiopul-
monary cerebral resuscitation since 1962 M ore than 30
patients have been successfully resuscitated with this
method in our howital, “? but the mechanisn is still
ocontroversial Brain cellmanbrane BOM ) dysfunction
w hich has been mplicated in the pathophysiology of
brain ischen ic damage and playsa critical role in the se-
guences of events leading to brain cell death follow ing
ischemic- reperfusion danages ° The aim of this study
was to examine the influences of SHC on some BQM

functions

MATERIAL SAND M ETHOD S
N ev Zealand rabbits (n= 56) of both sexesw eigh-
ing1l 8 2 2kg, aged 3- 4months, were fasted for 12
hours before experment The animals were anes
thetized with i v. amobarbitol (mg/kg) and fentanyl
(1 ug/kg). Tracheotomyw asperformed after pancuro-
nium (Q 1mg/kg), and mechanical ventilation w as in-
stituted Tidal volume and rate w ere adjusted to keep

P&D2 above 13 3 kPa and PaCO24- 6 7 kPa

Cathetersw ere advanced from a fenoral artery and
vein for mean arterial pressure (MA P) monitoring,
blood sanpling and injection of drugs A snall hole
w as drilled on the cranium for placing the temperature
probe, the needle probew as inserted into the occipital
lobe L igaturesw ere gentlyplaced around four vessels,
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i e the left subclavicular artery, the branchiocephalic

trunk, and bilateral internal thoracic arteries

Induction of cerebral ischenia A fter about 30-
m inute stabilization of physiologic variables, the preis
chemicM A P was adjusted to 12 kPa by phlebotomy.
Complete cerebral ischemia (CCI) was performed by
tightening the ligatures around the four arteries for 30
minutes, andM A P w as smultaneously decreased to G
7- 9 3 kPa by blood letting or rejecting By ranoving
the ligatures, cerebral reperfusion was performed, and
M A Pwasmaintained at 10- 15 kPa throughout the en-
tire reperfusion procedure by infusion of blood, Ringer
olutionw ithout glucose, norepinephrine (2 ug/Mml, as
needed). *

Temperature monitoring and head cooling The
themooouplesw ere rapidly reponding, and calibration
of each probe was performed daily before study. The
animal’ s nomal brain temperature (Tbh) was38 , and
rectal tenperature (Tr) 37 . During reperfusion peri-
ods, selective head cooling w as achieved by mmersing
the animal’ s head into icew ater, and Tbw as decreased
to 28

the level not low er than 34 by adjustment of the heat-

for about 30minutes Trwaskept intuitively at

ing lanps under experimental table

Animal groups The rabbits were allocated ran-
domly into wo groups (Table 1). Control group was
kept nomothem ic throughout, subgroup O served as
non- ischenic control; in subgroups 1, 2, 3, reperfu-
sion lasted 30, 180 and 360 minutes respectively before
being sacrificed A nimalsin the SHC group, w hich suf-
fered the same ischemic- reperfusion insult, were all

treated w ith selective head cooling

Tablel Animal groups for canparison

Contral SHC
ltens 0 1 2 2 1 2 3

Ischamic time (min) 0 30 30 30 30 30 30
Reperfusion time (min) QO 30 180 360 30180 360
N unber of anmals (n) 8 8 8 8 8 8 8

BIOCHBEM ICAL STUDY
A bout 50 mg cortical tissues of the temporal lobe
liquid
nitrogen Brain cellmembranew asobtained and the ac-

were taken at 0 and then preserved at - 150
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tivitiesof A TPase on BOM weremeasured by Paimer’'s
method, ° and one unit of A TPase was expressed as 1
pmol Pi- mg (prot) '+ min The activities of phos
pholipidas A 2 (PLA 2) were measured titrimetrically by
Ziev’ smethod, °Q 01- Q 001mol HCIw ere titrimetrical
olution, one unit of (PLA:2) was expressed as 1 ymol
HCI- mI"* min

Statistical analysis V alues of recorded variabls
were expressed as x* s Comparisons betw een data of
the two groupswere made by analysis of Student’'s t
test P valuesw ere considered significant if they were
less than Q 05

RESUL TS

ATPase in control group Comparedw ith non- is
chemics, the activitiesof Na", K" - A T Pase stepw ise-
ly decreased at 30, 180 and 360minutes, Ca’" , M g** -
A T Pase decreased markedly at 180 and 360 m inutes of
reperfusion follow ing 30 minutes CCl (P< Q 01); the
reductionsw ere not seen in the SHC group. T he differ-
encesw ere statistically significant (P< Q 01, Tables2,
3).

Table 2 The activitiessd Na*, K'- ATPase U)

onBCM in wogroups
Contral SHC
0 13 24+ Q 64
1 9 71+ Q 67: 12 36+ Q 91
2 8 12+ Q 53 13 76+ 1 13
3 7 64+ Q 49 13 13+ Q0 69

* Compared w ith subgroup 0; compared w ith

control group; P< Q 01

Table 3 The activities  Ca”, Mg” - ATPase
U)onBOM in wo groups

Contral SHC
0 11 67+ Q 61
1 10 43+ Q 87 10 62+ Q 57
2 8 04+ Q 59 10 64+ Q 72
3 7 27+ Q 55 10 56+ Q 50

* Compared w ith subgroup O; compared w ith

control group; P< Q 01

PLA:2 in control group T he activities of PLA 2 in-
creased significantly at 30, 180 and 360 minutes of
reperfusion (P< Q 01), ascomparedw ith nonis chemic
controls This increasew as not seen in the SHC group
(P< Q 01) as compared w ith the control group (Table
4).
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Table 4 The activities & phogpholipidase A2(U)
onBCOM intwogroups

Caontrol SHC
0 14 83+ Q 85
1 20 73+ 1 82: 14 65+ 1 46
2 62 97+ 4 35* 20 99+ 3 30
3 23 34+ 1 73 20 20+ 1 21

* Compared w ith subgroup O; compared w ith

control group; P< Q 01

Total phospholipids Compared with non- is
chemic control, total phogholipidsw ere decreased at
180 and 360 minutes of reperfusion (P < Q 01) in the
control group. The reductions were not seen in the
SHC group as comparedw ith the control group (P< Q
01, Table5).

Table5 The contents d phospholipidsonBCM in
w o groups [emol/mg (prot) ]

Control SHC
0 Q 2110+ Q 0052
1 Q 2028+ Q 0051 Q 2090+ Q 0114
2 Q 1553+ Q 0148 Q 2150+ Q 0165
3 Q1800+ QO 0029 0 2089+ Q 0069

* Compared with subgroup O;
P<QO01

compared w ith
control group; * *

D ISCUSSION

A TPase in the brain cell meanbrane is essential to
the intracellular homestasis, metabolisn, neurotrans
mittors release, etc They can trangort actively Na',
K", ca ", andM g* ions A ctive trangort of Na’ and
K" ions acoounts for about half of the energy consump-
tion of the cells Therefore, they are vital to the brain
cells ®

A fev munites after CCl, ATP is depleted com-
pletely and trangortofNa , K*, Ca* fails, then fail-
ure of brain cell membrane function develops This is
one of the passvays to cause cerebral reperfusion dam-
age °M g* trangort system is asociated with Ca’
trangort systen. Intracellular Ca®* accumulation and
M g° leakage were demonstrated after reperfusion in
our experiments ' It ispossible that theM g** trangort
failuremay als play a role in the development of brain
cell mambrane function failure

Cerebral blood reperfusion does not necessarily
promote the recovery of brain cell mambrane functions,
but may induce reperfusion damage such as inactivation
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of ATPase, lipids perioxidations, etc °*This study
showed that A TPase is inactivated after reperfusion
The inactivation may be related to the follow ing fac-
tors *® 1) brain cellular energy- debt state after reper-
fusion; 2) accumulation of radicals and lipids perox-

ides and 3) intracellular acidosis

Itwasdenonstrated that SHC not only ameliorated
the activitiesof A T Pases, but also made them return to
nomal These results suggest that head&cooling pro-
motes the recruitment of brain cell manbrane functions
by membrane stabilization The mechanians regponsi-
ble for the beneficial effectsmay includeminim ized en-
reduced ATP consumption, inhibited
lipids perioxidations and depressed intracellular acido-

ergy failure,
sis

A ctivation of membrane- bound PLA 2 has several
effects Xon brain cells, which result in destruction of
brain cell menbrane Such degradation of brain cell
membrane inactivates membrane - bound enzymes
(such asA TPase). Theproductsformed by PLA 2, free
fatty acids and lysophogpholipids can disrupt brain cell
menmbrane and are cytotoxic ° It was demonstrated™
that PLA 2 is activated during reperfusion, accompanied
by degradation of menbranephopholipidsand that free
fatty acids and PLA 2 play a role in the reperfusion in-
jury of brain cell and the changesof free fatty acids and
PLA 2 are related to the accumulation of intracellu-
larCa ** These results support the follow ing hypothe-
sis brain cell manbrane dysfunction may be triggered
and advanced during reperfusion, then structural dan-
age developsw ith repeated attack of other cytotoxics,
resulting in irreversible brain cell death

The results show ed that SHC inhibited the activa-
tion of PLA 2 and degradation of total membrane phos
pholipids, possibly because of the reactivation of A T-
Pase, and decrease in intracellular calcium accumulation
(because menbrane- bound PLA : has an abolute re-
quirement for calcium). A ttenuation of degradation of
phogpholipidsmay al relate to the inhibition of lipids
perioxidations, and acceleration of free fatty acids re-
esterifying into lipids after minim ization of energy fail-
ure by head cooling *°

The results show that SHC initiated soon after
reperfusion promoted the recruitanent of meanhbrane
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functions by accelerating the recovery of A T Pase activi-
ties and preventing the structural disruption of brain
cell mambrane through significant inhibition of the acti-
vation of PLA zand the degradation of membrane phos
pholipids W e found that SHCminimized the hypeme-
tabolic state during the early stage of reperfusion'*and
aneliorated the developement of brain edena, the dis
orders of excitatory anino acids and neuropeptides re-
lease (unpublished data). It is concluded that SHC ini-
tiated soon after reperfusion has beneficial effects on
brain cell manbrane function recruitment, and provides
some favourable conditions for danaged but remediable

brain cells to recover SHC ismore effective than cer-

tain drugs such as thiopentone inBRCT - | and calcium
antagonists inBRCT- I
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Campar ison of the ThreeM ethods for Estimating
theDry- W eight of Hanodialysis Patients Jiang Fen,
Bi Zengqi, Bao Yuhong, et al Department of Nephrol-
ogy, Peking U nion M edical College, PUM C Hogital
100730 Chin J IntM ed 1996, 35(2).

In order to find the best method for estimating the
dry- weight of henodialysis (HD) patients, we com-
pared the three methods used, i e bioelectrical resis
tivity (P), plasna cGM P (cGV P) and bromide (Br)
methods The results show ed that the extracellular flu-
id volume per unit body mass (EFV /mass) detem ined

w ith Pwas negatively correlated with that detemined
with Br (r= - Q 7602 for nomal controls and - Q

5293 for HD patients, P < Q 05). However, plasna
cGM P concentration w as neither correlated w ith EFV /
mass (r= Q 3724 for nomal control and Q 2538 for HD
patients, P> Q 05) norw ith P (r= Q 5210 for nomal
controls and Q 2106 for HD paitents, P> Q 05).

These results suggest that the bioelectrical resis
tivity dry- weight method ismore accurate than cGM P
method and moreover it iseasier to perform than theBr
m ethod



