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Protective effect of dipfluzine on experimental brain edema in rats

WANG Yong-Li. HE Rui-Rong' (Department uf Pharmacology . ' Depariment of Physwlogy .
i eber Medical Coflege, Shinpazhuang 050017, China)

ABSTRACT The effects of dipfluzine (1-
diphenylmethyl-4-{( 3- { 4-fluorobenzoyl ’ ) -
piperazine, Dip?, & new calcium antagonist
developed in China. on experimental brain
edema in § Wistar rats with bilateral carotid
artery ligation were compared with those of
Dip 25— 100 mg « kg ' ip
protected the rats against the characteristic
signs of global cerebral ischemia that correlate
well with the development of brain edema.

cinnarizine (Cin).

Its effects were more potent than those of
Cin; and the effects of bath drugs were more
potent by both pretreatment and posttreat-
ment than those by posttreatment alone. Dip

50 mg « kg~ ip attenuated the reduction in
cerebral blood flow (CBF ) and the infarct size
after occlusion, but did not alter CBF before
ischemia. These findings suggested that Dip
may be potentially useful to treat ischemic
brain edema in part by preserving CBF in the

ischemic zone.
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Brain edema is a serious complication in
acute cerebrowvascular disorders. yet there are
few drugs available for its therapeutic inter-
Dipfluzine (1-diphenylmethyl-4-(3-
(4-fluorobenzoyl } }-piperazine. Dip ). a novel

vention.

diphenylpiperazine calcium channel blocker
first developed by Department of Chemistry,
Beijing University. has been demonstrated (o
possess selective and more potent dilatory ef-
fects on cerebral vessels than cinnarizine {(Cin}

did wn rifro and iz viro™ .

Accordingly . Dip
may be of prophylactic or therapeutic value for
ischemic brain edema. The present study was
to evaluate the therapeutic effects of Dip and
Cin for experimental brain edema induced by
bilateral common carotid artery ligation in

Wistar rats.
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METHODS AND. RESULTS

Chemicals Dip and Cin {purities >
99.85 %) ., synthesized by Department of

Chemistry . Beijing University ., were dissolved
in 2 % tartaric acid solution containing 20 %

dimeth¥lacetamide (vehicle}). Drugs were in-

jected ip 4 ml - kg™, Same amount of the
wvehicle was used as control.

Rat brain edema
duced by bilateral
(BCAL )} under light anesthesia by inhaling

ether.

Brain edema was pro-
carotid artery ligation
The common carotid arteries were li-
gated under a dissecting microscope to avoid

any injury to the vagus neywes™,

Rats were
observed at 27 — 30  room temperature.
Rats died within 48 h were immediately decap-
itated and the rest was decapitated at 48 h af-
ter BCAL. After the determination of the
wet weight (W ). the brain was placed in
110C for 48 h. and the dry weight (D) was
determined. The water content was calculat-
ed as (W-D}. The dehydrated brain was ho-
mogenized with 10m!l of HNQ, (. 75 mol = L™
prepared with deionized water, and placed at
4 for 3 d.
of the supernatant were measured with a flame

Sodium and potassium contents

photometer-*.

Tab 1.
sham-ligated.

Model sensiivity 1o bilateral carotid artery Ligaifon (BCAL ).

Wistar rats. & and ¥ 20 each, weighing
234 4+ 36 g and Sprague-Dawley rats, ¥ and
4 also 20 each. weighing 228 4 41 g, were
divided into 4 groups. Each group was fur-
ther divided into ligated and sham-ligated sub-
groups.

All sham-ligated rats did net develop any
signs . while BCAL in ¥ Wistar rats resulted
in convulsion within 12 h and in death within
48 h in 35/50 rats. The water, Na. and K
contents were also changed. The SD rats and
the 4 Wistar rats were less sensitive to BCAL
than the ¥ Wistar rats (Tab 1).

2 Wistar rats were selected as the model of

Therefore .

experimental brain edema in this study.
Three
studied : the pretreatment series. the pretreat-

administration schedules were
ment plus posttreatment series, and the post-
treatment series ¥.

Pretreatment series Wistar rats. $. =
=60, weighing 248136 g were equally divid-
ed into B groups at random : Three groups re-
ceived ip daily one dose of vehicle. Dip. and
Cin ., respectively, for 6 d before BCAL. An-
other 3 groups received ip daily one dose of ve-
hicle. Dip. and Cin, respectively, for 3 d pri-
or to BCAL. The daily dose of dip and Cin

1

was 100 mg « kg™'. The results showed that

n= 10, x+s "P<0.05, “P<I0.01 v

Rars showed Ratsy Contents in brain
Rals Sex BLCAL convulsion died H.O Mat K+
in 12 h in 48 n oL pmol/g dry wt pmol/g dry wi

Sprague-Dawley 3 — 0 ] 77.84+0.5 183+ 16 369421
+- 0 (] 78.24+1.4 200438 375158

3 — 0 1] 77.04+0.8 200416 357+24

+- 1 L] 76.8+0.4 202+ 45 345418

Wistar S - 0 0 77.840.8 193420 360424
+ 0 )] 77.91+0.4 183+13 351+ 18

3 — 0 ] 77.14+10.1 212416 354429

+ ™ ™ 79. 24 1.5° 280451° 318421
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pretreatment of Dip and Cin. ip for either 3 or
6 d, reduced markedly the incidences of con-
vulsion and mortality and alleviated the in-
creased brain water and Na contents. Dip and
Cin ip for 6 d also prevented from decrease in
brain K content. but those for 3 d did not
(Tab 2).

Pretreatment plus postireated series
Wistar ¥ rats (a =70) weighing 2341+ 41 g
were randomly divided into 7 groups: Three
groups of them received ip 2 doses of Dip 25,
50, and 100 mg+kg™"', respectively. at 30 min
before and 2.5 h after BCAL; other 4 groups
were given the vehicle 4 mi~kg ™', Cin 25. 50,
and 100 mg kg~ ! respectively according to the
above protocol. The results showed that Dip
attenuated dose-dependently the changes of
the ischemic brain edema in rats. and Cin im-
proved all changes at 100 mg *kg . reduced
the increase of brain water and Na contents at
S50 mg- kg .

In 13 groups above. the correlations

between brain water content and incidence of
convulsion (r=0.95., P<C0. 01), mortality {r
=0.96, P<C0.01). Na (r=0.67, P<{0.05),
ot K {(r=0. 88, P<0. 01) content were signif-
icant.

Posttreatment series Wistar £ rats (a=
30) weighing 241 4+ 3% g were divided into 3
groups: Dip 50 mg +kg™', Cin 50 mg -kg™',
and the wvehicles respectively. wete injected ip
30 min and 3. 5 h after BCAL. The results
showed that posttreatment of Dip 50 mg «kg™?
ip alone lowered the brain water content, but
Cin did not produce any noticeable effect on
ischemic brain edema in rats (Tab 2).

Effects on cerebral blood flow (CBF) and
infarct size Two groups of 10 ¥ Wisiar rats
each weighing 231 4 29 g were anesthetized

with ip urethane 1.25 g-kg '. Both common

cargtid arteries were isolated from wagus
nerve, and loosely encircled with silk thread.
A small hole was drilled in the skull 2. 5 mm

lateral to the midline and 1. 5 mm posterior to

Tab 2. Ettects of diptluzine (Dip) and clonarizing {Cin) on ischemicbrain edemu in $ Wistar rats. n = 10, x+5.

"P<0. 05, "P<70. 0i ws vehicie.

Incidence of

Contents in Brain

Pretreatment Posttreatment convulsion Mortality H.O Sodium Potassium
/mg kg’ /mg kg™’ inl2h by 48 h umaol/ umol/
% i e g dry wt g dry wt
6 d Vehicle a0 60 79.54+1.5 2244 47 279439
Dip 100 200 Q° 78.3534+0.7° 1764 25* 358417
Cin 100 20° 10 78.440.5° 187113 3601 38°
3 d Vehicle 70 60 79.541.2 213148 320126
Dip 100 10° 10 78.310.8" 165+ 20° 329420
Cin 100 10° 10 78.140.7" 1704 14° 346123
Vehicle Vehicle () 70 79.6+1.3 ZB0+ 54 300444
Dip 25 25 40 10° 78.440.7° 2244+ 55° 3424 36"
50 50 20" 10° 78.110.9° 2084132 3694 36°
100 100 200 0 77.940. 5 2004118 3694 30°
Cin 25 5 50 30 78.911.2 234452 3331+29
50 50 30 30 78.540.9" 234430 351463
100 100 200 100 78.1+1.0° 194 4 26° 3694 54°
Y ehicle X 2 70 740 8. 341.2
Dip 50%2 60 50 78.1+11.2"
Cin 50x2 a0 70 78.61+1.3
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A Teflon-coat-
ed platinum electrode (diameter 0. 2 mm) was

the bregma on the right side.

stereotaxically inserted into the right parietal
cortex te a depth of 1 mm. A reference elec-
trode of Ag/AgCl for CBF was placed on the
nucha. A 2-channel polarographic amplifier
system was used to measure the hydrogen con-
centration. Regional CBF was determined by
5% H, gas inhalation for 2 to 3 min followed
by desaturation. Through an A-D converter.
the signal of hydrogen clearance was analyzed
by a micrecomputer using a program designed
by our department. The moncexpanential
clearance curves were imitated by the least

square method ™

. both original and imitative
hydrogen clearance curves were displaved au-
tomatically. Regional CBF was calculated us-
ing the 3 min initial slope index of the curves
and the formula: CBF (ml/100 g -min ') =
69.3/T,5. Rectal temperature was
tained at 37. 0—38. 0 C with a heating pad.
CBF of rats were measured 5 min before
and 30 min after ip vehicle or Dip 50 mg kg ™.
After BCAL. CBF were measured again 5.
60, and 120 min. At 48 h, rats were killed

and the cerebrums were dissected out.

main-

Coro-
nal slices 5 mm in thickness were incubated in
20 ml of 1 % solution of triphenyltetrazolium
chloride {TTCY at 37 T for 30 min™. The
nonstained {pallor) areas were regarded as in-
farcted . and expressed as percentage of the to-
tal area of the slice. The infarct size in each
slice was determined by averaging the non-
stained areas on the 2 sarfaces of each slice.

Results showed that Dip 50 mg *kg ' at-
tenuated the reduction of CBF for 2 h after
BCAL and reduced the infarct size at 48 h after
BCAL. However, it did not increase the CBF
of rats before BCAL (Tab 3).

DISCUSSION

Althceugh the BCAIL has been known to

Tab 3. Effects of dipfluzine on CBF and infarct size

in § Wistar rats subjected to BCAL. n=10, x+s.
*P<0.05, “P<{0.01 ws 0.
Dip/mg-kg~!
L)) 50
Infarct size, %% 4248 254-5°
Cerebral blood flow s ml<kg™'*min~*
Before ischemia 5604110 6204110
After ischemia 5 min 340170 4404 50¢
60 min 300470 410+ 50¢
120 min 320160 4001-70°

he insufficient to induce progreszive global
cerebhral ischemia in the great majority of rat
strains . it resulted in an accumulation of sodi-
um ions and a depletion of potassium jons.
which may lead tce symptoms of glebal cerebral
ischemia. such as edema. convulsion, and
even death. However, there were gignificant
species and sex differences in the susceptibility
ta the model of brain edema and reported data
were paradoxical® " %*. Thus, rats suscepti-
ble tc cerebral ischemia following BCAL were
first selected in the present study. Our re-
sults revealed that only in § Wistar rats the
methed of BCAL yielded a reproducible change
in brain edema indexes. The finding was in
accordance with those in Sprague-Dawley,
CFY"" and Long Evans rats®’, but did not in
spontaneously hypertensive rats™. There-
fore, these results were insufficient to deter-
mine whether the influence of gonadal hor-
mones was responsible for the sex differences
in susceptibility to brain edema fellowing
BCAL™,
brain edema and the symptoms or jonic de-

rangement demonstrated that the establish-

Howewver, the correlations between

ment of a model of brain edema in rats was
technically feasihle.

Brain edema. which is related to an al-
tered sodium and potassium ions homostasis.
is considered to be one of the most important

causes of mortality in ischemic brain disease.
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In the experimental model of brain edema in 2
Wistar rats. Dip given either before or after
BCAL provided marked protection against the
symptoms and electrolyte alterations after
BCAL.

posttreatment alone was carried out.

But the effects were less potent when
It is
likely that an insufficient amount of the drugs
was delivered to the brain areas once the drugs
were administered after BCAL.
the therapeutic actions of Dip on brain edema
appeated to be more potent than those of Cin.,

In addition,

in accaordance with the results of our previous
studies in which Dip revealed more potent dila-
tory cffect on cerebral vessel than Cin ta zilre

and ia .23,

vivo Considering together with
Dip also improved CBF after BCAL . it is sug-
gested that Dip exerts benecficial effects on
brain edema partially by increasing CBF to the

ischemic regions.
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