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　　Objective. To exam ine the effect of select ive head

coo ling (SHC) on b ra in cell m em b rane act ivity invo lv2
ing A T Pase, pho spho lipase A 2, con ten t of to ta l m em 2
b rane pho spho lip ids du ring po st ischem ic reperfu sion,

so as to elucida te the po ssib le underlying m echan ism on

resu scita t ing effect of SHC.

M a ter ia ls and M ethods. Com p lete cereb ra l is2
chem ia (CC I) w as induced by the fou r- vessel m odel.

56 N ew Zealand rabb its w ere a lloca ted random ly in to

tw o group s: non- ischem ic con tro l group had 30, 180

and 360 m inu tes reperfu sion after CC I (n = 8) ; and

SHC group w ith the sam e ischem ic- reperfu sion in su lt

w ere a ll t rea ted w ith SHC ( 28℃, su rface coo ling

m ethod). Changes of N a+ , K+ , - A T Pase, Ca2+ ,M g2+

- A T Pase, pho spho lipase A 2, to ta l pho spho lip ids of

b ra in cell m em b rane w ere ob served. Com parison of da2
ta betw een tw o group s w as m ade by Studen ts’ t test.

Results. Com pared w ith non - ischem ic con tro ls

fo llow ing 30 m inu tes CC I, act ivit ies of N a+ , K+ - A T 2
Pase stepw isely decreased a t 30, 180 and 360 m inu tes,

Ca2+ , M g2+ - A T Pase dropped at 180 and 360 m inu tes,

pho spho lip idase A 2 increased m arkedly a t 30, 180, 360

m inu tes, and to ta l pho spho lip ids decreased a t 180 and

360 m inu tes reperfu sion ( P < 0. 01). Select ive head

coo ling inh ib ited a ll the above changes sign if ican t ly

(P P< 0. 01).

Conclusion. T he resu lts suggest tha t select ive head

coo ling in it ia ted soon after reperfu sion is beneficia l fo r

b ra in cell m em b rane funct ion recru itm en t, w h ich p ro2
vides favou rab le effects on the dam aged bu t st ill rem e2
diab le b ra in cells fo r their resu scita t ion.

(Ch in M ed J 1996; 109 (6) : 463- 466)

It is w ell know n from bo th clin ica l experiences and

an im al experim en ts tha t hypo therm ia in st itu ted p rio r to

and du ring circu la to ry arrest can am elio ra te cereb ra l

reperfu sion dam age and im p rove neu ro log ica l ou tcom e.

Beneficia l effects of select ive head coo ling (SHC ) have

been con sisten t ly dem on stra ted by u s in card iopu l2
m onary cereb ra l resu scita t ion since 1962. M o re than 30

pat ien ts have been successfu lly resu scita ted w ith th is

m ethod in ou r ho sp ita l, 1, 2 bu t the m echan ism is st ill

con troversia l. B ra in cell m em b rane (BCM ) dysfunct ion

w h ich has been im p lica ted in the pa thophysio logy of

b ra in ischem ic dam age and p lays a crit ica l ro le in the se2
quences of even ts lead ing to b ra in cell dea th fo llow ing

ischem ic- reperfu sion dam ages. 3 T he aim of th is study

w as to exam ine the influences of SHC on som e BCM

funct ion s.

M ATER IAL S AND M ETHOD S

N ew Zealand rabb its (n= 56) of bo th sexes w eigh2
ing 1. 8- 2. 2 kg, aged 3- 4 m on th s, w ere fasted fo r 12

hou rs befo re experim en t. T he an im als w ere anes2
thet ized w ith i. v. am obarb ito l (6m gökg) and fen tanyl

(1 Λgökg). T racheo tom y w as perfo rm ed after pancu ro2
n ium (0. 1 m gökg) , and m echan ica l ven t ila t ion w as in2
st itu ted. T ida l vo lum e and ra te w ere ad ju sted to keep

PaO 2 above 13. 3 kPa and PaCO 2 4- 6. 7 kPa.

Catheters w ere advanced from a fem o ra l a rtery and

vein fo r m ean arteria l p ressu re (M A P ) m on ito ring,

b lood sam p ling and in ject ion of drugs. A sm all ho le

w as drilled on the cran ium fo r p lacing the tem pera tu re

p robe, the need le p robe w as in serted in to the occip ita l

lobe. L iga tu res w ere gen t lyp laced around fou r vessels,
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i. e. the left subclavicu lar artery, the b ranch iocephalic

t runk, and b ila tera l in terna l tho racic arteries.

Induction of cerebra l ischem ia. A fter abou t 30 -

m inu te stab iliza t ion of physio log ic variab les, the p reis2
chem ic M A P w as adju sted to 12 kPa by ph lebo tom y.

Com p lete cereb ra l ischem ia (CC I) w as perfo rm ed by

t igh ten ing the liga tu res around the fou r arteries fo r 30

m inu tes, and M A P w as sim u ltaneou sly decreased to 6.

7- 9. 3 kPa by b lood let t ing o r reject ing. By rem oving

the liga tu res, cereb ra l reperfu sion w as perfo rm ed, and

M A P w as m ain ta ined a t 10- 15 kPa th roughou t the en2
t ire reperfu sion p rocedu re by infu sion of b lood, R inger

so lu t ion w ithou t g luco se, no rep ineph rine (2 Λgöm l, as

needed). 4

Tem pera ture m on itor ing and head cool ing. T he

therm ocoup les w ere rap id ly responding, and ca lib ra t ion

of each p robe w as perfo rm ed daily befo re study. T he

an im al’s no rm al b ra in tem pera tu re (T b) w as 38℃, and

recta l tem pera tu re (T r) 37℃. D u ring reperfu sion peri2
ods, select ive head coo ling w as ach ieved by imm ersing

the an im al’s head in to ice w ater, and T b w as decreased

to 28℃ fo r abou t 30 m inu tes. T r w as kep t in tu it ively a t

the level no t low er than 34℃ by adju stm en t of the hea t2
ing lam p s under experim en ta l tab le.

An ima l groups. T he rabb its w ere a lloca ted ran2
dom ly in to tw o group s (T ab le 1). Con tro l group w as

kep t no rm o therm ic th roughou t, subgroup 0 served as

non- ischem ic con tro l; in subgroup s 1, 2, 3, reperfu2
sion lasted 30, 180 and 360 m inu tes respect ively befo re

being sacrif iced. A n im als in the SHC group , w h ich suf2
fered the sam e ischem ic - reperfu sion in su lt, w ere a ll

t rea ted w ith select ive head coo ling.

T able 1. A n im a l g roup s f or com p a rison

I tem s Contro l SHC
0 1 2 3 1 2 3

Ischem ic tim e (m in) 0 30 30 30 30 30 30

Reperfusion tim e (m in) 0 30 180 360 30 180 360
N um ber of an im als (n) 8 8 8 8 8 8 8

B IOCHEM ICAL STUDY

A bou t 50 m g co rt ica l t issues of the tem po ra l lobe

w ere taken at 0℃ and then p reserved a t - 150℃ liqu id

n it rogen. B ra in cell m em b rane w as ob ta ined and the ac2

t ivit ies of A T Pase on BCM w ere m easu red by Palm er’s

m ethod, 5 and one un it of A T Pase w as exp ressed as 1

Λm o l P i·m g (p ro t ) - 1 ·m in. T he act ivit ies of pho s2
pho lip idas A 2 (PLA 2) w ere m easu red t it rim etrica lly by

Ziev’s m ethod, 60. 01- 0. 001 m o l HC l w ere t it rim etrica l

so lu t ion, one un it of (PLA 2) w as exp ressed as 1 Λm o l

HC l·m l- 1·m in.

Sta tist ica l ana lysis. V alues of reco rded variab ls

w ere exp ressed as xθ±s. Com parison s betw een data of

the tw o group s w ere m ade by analysis of Studen t’s t

test. P values w ere con sidered sign if ican t if they w ere

less than 0. 05.

RESUL TS

ATPa se in con trol group. Com pared w ith non- is2
chem ics, the act ivit ies of N a+ , K+ - A T Pase stepw ise2
ly decreased a t 30, 180 and 360 m inu tes, Ca2+ , M g2+ -

A T Pase decreased m arkedly a t 180 and 360 m inu tes of

reperfu sion fo llow ing 30 m inu tes CC I (P < 0. 01) ; the

reduct ion s w ere no t seen in the SHC group. T he differ2
ences w ere sta t ist ica lly sign if ican t (P < 0. 01, T ab les 2,

3).

T able 2. T he activ ities of N a
+ , K

+ - A T P ase (U )

on B CM in tw o g roup s

Con trol S H C
0 13. 24±0. 64
1 9. 71±0. 67* 12. 36±0. 91△

2 8. 12±0. 53* 13. 76±1. 13△

3 7. 64±0. 49* 13. 13±0. 69△

　　* Com pared w ith subgroup 0; △com pared w ith

con tro l group; P < 0. 01.

T able 3. T he activ ities of Ca
2+ , M g

2+ - A T P ase

(U ) on B CM in tw o g roup s

Con trol S H C
0 11. 67±0. 61
1 10. 43±0. 87 10. 62±0. 57
2 8. 04±0. 59* 10. 64±0. 72△

3 7. 27±0. 55* 10. 56±0. 50△

　　* Com pared w ith subgroup 0; △ com pared w ith

con tro l group; P < 0. 01.

PLA 2 in con trol group. T he act ivit ies of PLA 2 in2
creased sign if ican t ly a t 30, 180 and 360 m inu tes of

reperfu sion (P < 0. 01) , as com pared w ith non is chem ic

con tro ls. T h is increase w as no t seen in the SHC group

(P < 0. 01) as com pared w ith the con tro l group (T ab le

4).
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T able 4. T he activ ities of p hosp holip id ase A 2 (U )

on B CM in tw o g roup s

Con tro l SHC
0 14. 83±0. 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△

　　* Com pared w ith subgroup 0; △ com pared w ith

con tro l group; P < 0. 01.

Tota l phosphol ip ids. Com pared w ith non - is2
chem ic con tro l, to ta l pho spho lip ids w ere decreased a t

180 and 360 m inu tes of reperfu sion (P < 0. 01) in the

con tro l group. T he reduct ion s w ere no t seen in the

SHC group as com pared w ith the con tro l group (P < 0.

01, T ab le 5).

T able 5. T he con ten ts of p hosp holip id s on B CM in

tw o g roup s [Λm olöm g (p rot) ]

Con trol S H C
0 0. 2110±0. 0052
1 0. 2028±0. 0051 0. 2090±0. 0114
2 0. 1553±0. 0148* 0. 2150±0. 0165△

3 0. 1800±0. 0029* 0. 2089±0. 0069△

　　* Com pared w ith subgroup 0; △ com pared w ith

con tro l group; * * △△P < 0. 01

D ISCUSSION

A T Pase in the b ra in cell m em b rane is essen t ia l to

the in tracellu la r hom estasis, m etabo lism , neu ro tran s2
m itto rs release, etc. T hey can tran spo rt act ively N a+ ,

K+ , Ca2+ , and M g2+ ion s. A ct ive tran spo rt of N a+ and

K+ ion s accoun ts fo r abou t ha lf of the energy con sum p2
t ion of the cells. T herefo re, they are vita l to the b ra in

cells. 3

A few m un ites after CC I, A T P is dep leted com 2
p letely and tran spo rt of N a+ , K+ , Ca2+ fa ils, then fa il2
u re of b ra in cell m em b rane funct ion develop s. T h is is

one of the passw ays to cau se cereb ra l reperfu sion dam 2
age. 3 M g2+ t ran spo rt system is associa ted w ith Ca2+

t ran spo rt system. In tracellu la r Ca2+ accum u la t ion and

M g2+ leakage w ere dem on stra ted after reperfu sion in

ou r experim en ts. 7 It is po ssib le tha t the M g2+ t ran spo rt

fa ilu re m ay also p lay a ro le in the developm en t of b ra in

cell m em b rane funct ion fa ilu re.

Cereb ra l b lood reperfu sion does no t necessarily

p rom o te the recovery of b ra in cell m em b rane funct ion s,

bu t m ay induce reperfu sion dam age such as inact iva t ion

of A T Pase, lip ids periox ida t ion s, etc. 8T h is study

show ed tha t A T Pase is inact iva ted after reperfu sion.

T he inact iva t ion m ay be rela ted to the fo llow ing fac2
to rs: 5, 8 1) b ra in cellu la r energy- deb t sta te after reper2
fu sion; 2) accum u la t ion of rad ica ls and lip ids perox2
ides; and 3) in tracellu la r acido sis.

It w as dem on stra ted tha t SHC no t on ly am elio ra ted

the act ivit ies of A T Pases, bu t a lso m ade them retu rn to

no rm al. T hese resu lts suggest tha t head&coo ling p ro2
m o tes the recru itm en t of b ra in cell m em b rane funct ion s

by m em b rane stab iliza t ion. T he m echan ism s respon si2
b le fo r the beneficia l effects m ay include m in im ized en2
ergy fa ilu re, reduced A T P con sum p tion, inh ib ited

lip ids periox ida t ion s and dep ressed in tracellu la r acido2
sis.

A ct iva t ion of m em b rane- bound PLA 2 has severa l

effects Xon b ra in cells, w h ich resu lt in destruct ion of

b ra in cell m em b rane. Such degrada t ion of b ra in cell

m em b rane inact iva tes m em b rane - bound enzym es

(such as A T Pase). T he p roducts fo rm ed by PLA 2, f ree

fa t ty acids and lysopho spho lip ids can disrup t b ra in cell

m em b rane and are cyto tox ic. 9 It w as dem on stra ted10

tha t PLA 2 is act iva ted du ring reperfu sion, accom pan ied

by degrada t ion of m em b rane pho spho lip ids and tha t free

fa t ty acids and PLA 2 p lay a ro le in the reperfu sion in2
ju ry of b ra in cell and the changes of free fa t ty acids and

PLA 2 are rela ted to the accum u la t ion of in tracellu2
la rCa. 2+ T hese resu lts suppo rt the fo llow ing hypo the2
sis: b ra in cell m em b rane dysfunct ion m ay be triggered

and advanced du ring reperfu sion, then structu ra l dam 2
age develop s w ith repea ted a t tack of o ther cyto tox ics,

resu lt ing in irreversib le b ra in cell dea th.

T he resu lts show ed tha t SHC inh ib ited the act iva2
t ion of PLA 2 and degrada t ion of to ta l m em b rane pho s2
pho lip ids, po ssib ly becau se of the react iva t ion of A T 2
Pase, and decrease in in tracellu la r ca lcium accum u la t ion

(becau se m em b rane- bound PLA 2 has an ab so lu te re2
qu irem en t fo r ca lcium ). A ttenuat ion of degrada t ion of

pho spho lip ids m ay also rela te to the inh ib it ion of lip ids

periox ida t ion s, and accelera t ion of free fa t ty acids re-

esterifying in to lip ids after m in im iza t ion of energy fa il2
u re by head coo ling. 10

T he resu lts show tha t SHC in it ia ted soon after

reperfu sion p rom o ted the recru item en t of m em b rane
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funct ion s by accelera t ing the recovery of A T Pase act ivi2
t ies and p reven t ing the structu ra l d isrup t ion of b ra in

cell m em b rane th rough sign if ican t inh ib it ion of the act i2
vat ion of PLA 2and the degrada t ion of m em b rane pho s2
pho lip ids. W e found tha t SHCm in im ized the hyperm e2
tabo lic sta te du ring the early stage of reperfu sion11 and

am elio ra ted the developem en t of b ra in edem a, the d is2
o rders of excita to ry am ino acids and neu ropep t ides re2
lease (unpub lished data). It is concluded tha t SHC in i2
t ia ted soon after reperfu sion has beneficia l effects on

b ra in cell m em b rane funct ion recru itm en t, and p rovides

som e favou rab le condit ion s fo r dam aged bu t rem ediab le

b ra in cells to recover. SHC is m o re effect ive than cer2
ta in drugs such as th iopen tone in BRCT - I and ca lcium

an tagon ists in BRCT - II.
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　　Com par ison of the Three M ethods for Estima ting

the D ry- W e ight of Hem od ia lysis Pa tien ts. J iang Fen,

B i Zengqi, Bao Yuhong, et a l. D epartm en t of N eph ro l2
ogy, Pek ing U n ion M edica l Co llege, PUM C Ho sp ita l

100730. Ch in J In t M ed 1996; 35 (2).

In o rder to find the best m ethod fo r est im at ing the

dry- w eigh t of hem odia lysis (HD ) pat ien ts, w e com 2
pared the th ree m ethods u sed, i. e. b ioelectrica l resis2
t ivity (Θ) , p lasm a cGM P (cGM P ) and b rom ide (B r)

m ethods. T he resu lts show ed tha t the ex tracellu la r f lu2
id vo lum e per un it body m ass (EFV öm ass) determ ined

w ith Θw as negat ively co rrela ted w ith tha t determ ined

w ith B r ( r = - 0. 7602 fo r no rm al con tro ls and - 0.

5293 fo r HD pat ien ts, P < 0. 05). How ever, p lasm a

cGM P concen tra t ion w as neither co rrela ted w ith EFV ö

m ass (r= 0. 3724 fo r no rm al con tro l and 0. 2538 fo r HD

pat ien ts, P > 0. 05) no r w ith Θ ( r= 0. 5210 fo r no rm al

con tro ls and 0. 2106 fo r HD paiten ts, P > 0. 05).

T hese resu lts suggest tha t the b ioelectrica l resis2
t ivity dry- w eigh t m ethod is m o re accu ra te than cGM P

m ethod and m o reover it is easier to perfo rm than the B r

m ethod.
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