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Influences of Histamine on Permeability across Blood-brain Barrier
Kee Jin Kim and Dong Hoon Shin

Dept. of Physiology, College of Medicine, Seoul National University

Seoul, Korea

Histamine, 0,5 mg as histamine base in 4 m! of normal saline solution, was injected into rabbits
anesthetized with nembutal and the mean blood pressure was kept in the range of 52~80 mmHg for
over one hour by supplemental additions. Following the injection of the test substances, 300 mg of
urea and 200 mg of antipyrine intravenously, serial blood samples were obtained from the femoral
artery and the internal jugular vein at 0.5~3 minutes interval. The decreasing patterns in the
concentrations of arterial and venous blood plasma samples were compared with each other. The
ratio of the concentration of brain tissue to that of the final arterial plasma was also studied. By
these measures the degrees of penetration of the test substances in the brain in the control and in
the histamine treated rabbits were observed. '

The concentrations of antipyrine and urea in the arterial blood plasma were decreasing exponentially
with respect to the time elapsed. The venous concentrations were anticipated to increase initially and
to cross the arterial concentration curve in the point of equlibrium between the plasma and the
tissue. On the contrary to the expectation venous concentration also revealed the decreasing tendency
similar to that of arterial plasma. The similarity between these two curves, arterial and venous,
would be atributable to the fact that the cerebral blood flow rate was large enough and the rising
phase in the venous concentration curve was instantly over before serial blood samples were taken.

Inspite of some similarity in the decreasing tedency in both concentration curves there were
appreciable discrepancies between the arterial and venous plasma which would reflect the situation
far from the equlibria among several compartments in the brain.

Changes in plasma potassium levels caused by the injection of histamine or bleeding were observed,

too.

Using 8 rabbits as the control and 12 rabbits for the histamine treated group following results
were obtained:

1. Both of the concentration curves, arterial and venous, declined rapidly at first and slowly later
on and approached same equilibrium concentration with the passage of time after a single injection.
The time at which attained the same concentration was 2. 04-0.54 min, in the control and 4, 3+1.
92 min. in the histamine treated group with respect to antipyrine. On the other hand in the case of
urea they were 2.440.59 min. in the control and 4. 4-+1, 31min. in the histamine group, respectively.
In the histamine treated group enlarged spaces for distribution of test substances were postulated.

2. The concentration of antipyrine in the brain tissue water revealed no significant differences

between the control and experimental groups, showing 212-440.2mg/! in the control and 206164, 1
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mg/l in the histamine treated group. On the other hand urea revealed higher value in the histamine

treated group than in the control, showing an enhanced penetration of urea into the tissue after

injection of histamine.

Urea concentration in the brain water was 32.3+3.36 mg% in the control and 39.2+4,25mg%

in the histamine treated group.

3. The distributien ratio of antipyrine in the brain tissue was.very close to unity in the histamine

treated animals as well as in the control.

4, The average of the distribution ratio of urea in the control animals was 0,77 and it showed the

presence of blood-brain barrier with regard to urea. However in the histamine treated animals the

distribution ratios climbed up to (. 86 and they were closer to unity than in the control animals.

Out of 12 cases 5 were greater than (.9 and 8 exceeded 0. 85, It appeared that histamine enhanced

the penetration of urea through the barrier.

5. Histamine injection and or hemorrhage caused an elevation of the concentration of potassium

in plasma. In the event that histamine and hemorrhage were applied together the elevation of potassium

exceed the elevation seen at the histamine alone. There was no evidence that the leakage of potassium

from the brain tissue was dominant in comparison with the general leakage from the whole body.
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ol FabgE &3 EACMNEFTFIY £4ol v &
Wl Eol ZAEREMME) FHdA Ex Loz
A Uste SR dlS wE Aol ® o FERE A
A NaCl & 443 A2 2 el dsatos He 7
9] ciulA Vzhe-2 3.0 gl 3 (Landis 3 Pappenheimer,
1963) 2 ma-4¢ 2qE Aoz e & 9 H(19
6708 D,O4A4E% A ¥ast ek, 53] uread}
antipyrine &] 44 &¢] #I3}e] & Renkin 5(1953, 1955)
o) Ay wwrt 9 wlo]lH X A Le 4 (lipid soluble)sl
FA7 v ASE vdehigleh

A4 g e r He 245 Sxdle F E2
& urea ¢} antipyrine Atololl 2 FEd &g xolst

deAdy F2 &FALA flow limited)o] et 3
A 2AA Aok FHokx guta T 4 deout ¥

2
2 A7 AL AR e] & Aolv.  Antipy-

rine & il FAbsbd 219 A2 LA (Steven et
al., 1960) o Ql3le F3b4 (permeability)e] & A3t
= ¥ @ &eke] #lmA el A4 (Scheinberg ¥ St-

ead, 1949)2 Fe HzAW L7} whach

ojef] ukdle] uread] Zfolv FAsk Mo A=z
A H (extra cellular fluid)A}olo] &% &8 —x A4 (bl-
ood-brain barrier)e] sFzubo} ¥ 2A zl4lo] v}
M $%Ad 9% g(dehydration)A] A o 4L
Y FHor 2FE urea §4-& Pl FAbd
& o] Bl ¥ FAENA mA st A AT
H4l(osmosis) o 2 &S A2 Fel ol wldl o
7+ At

Rosomoff(1962)7F 7 (dog)ell A A3t Aghol4 B
W FEAE N ARad G 6gm ] AP ureaF T4}
g wlo FAFE 20030 EAA M BFE HaE
Sglcha she Reed 5(1962)¢] 21 (ra) A H ol A& &
Aol AF kg 2gm & FE FA13HE ool urea
= 8AZRAA AAE HAzAR R s A BT
¢l 3. ] 2 4~ (cerebrospinal fluid)o}e] FAFE 15
60 mmHO =& o & ztela gioh,

ol 9} HAEL ureart ¥ Arld A EE
Hel Felrle £571 e HnaAga sl g
A4 e Al ok

Pl —3 A FEo] T8 AHE dole w24
3t} sbw (Lending et al., 1961) X o 943 =kgh
¢ o] (Benedict et al., 1960; Feldberg et al., 1960; M-
illen et al., 1958), %3 4 < (hemorrhagic shock)s] (4
Bz, 1967)% A HEae 2 3 A4F 49 F
Aol & AE BAFa e

Az o 7 g FAe] Arjdl ZEHE SE&
2 Aol mAEaAHd Y AXddd gidte FalAo]
Z ddle 240 WAk F 7] AR He Ao
I3 E 328 Fade] AL Wee T34 A A=
7} F5Fuc o ZA A e Aol weld FF
ol histamine ¥ 5384 -S wlol antipyrine 3} urea £

HzA E3E 39 old ¢ & F# d(hemodynamics)
5 Fa4del wHIE 2% 4 Y& Aem v ool 4
#& stgdeh

Histamine -& 352 Eoj] de] 256 glon of
Aol oju 3t ez FAFFTA felsd Hobd &
gkl & wEE slA 29 (Abrahamson et al.,



—qstgelatal g 1Al 24 A 25 1968— : 139

1963; Gilbert et al.,, 1958; Masson et al., 1958) -5
ol A% doll &= F(shockdel wha}7) 7= ok 2
o tebvtEe F4E vhE AR ok 3 FAG
W Alxo] Logan(196007-¢ ol 2A o2 FH 4
histamine %e}7} 2E <9 fdqelela 74 B3 g
123 A

cazlzz Pqule] histamine FEE Folg-L wlel
¥ PRET s 4 FA4 wWIE ok AL
&0 B olsfo] 2L F Ao Y& uleltt

AEHWY

A% 2kgol A & E7 207t F 8=t AE2T
o2 33 o]z 12v}e] & histamine & F g T
t}, E7]= nembutal 35mg/kg T A el FA}sted
v A7 2 ok e s RE A 25
73 "} (internal jugular vein)>} 3% (femoral artery)
£ 2FAA T2 Y §3F R E7] Y3l heparine
1,000 ¥ & F4}3} Zoll ZFH | polyethylene tubing
& ek Elsk-g oAl A4

R f 2kl & FAsg e Aol 2t2brl $(shock)
Aol w3 del gl-& Adl dlrlzle] A E(ECG)
g FEATE vlE AR FHAA Fokor] 48 =
Tl W2 AAE &A% AFEHA AFE AYs}
gdek. = 5FFA wivste vig] 7] gs}hE (tracheal
canula)g Abl sk} &1 T35 FA=) (respirator) & A &
A FAAD E¥E Sgh ol 4w e 27L ga
Tl Ak AP FA A F o] sigiel,

3] 2Eelul-& F AY Foll 4= histamine base (Abbott
B AHA) 0.5mg & 4ml o] FA A Gl S A A
A sbAxte] AN-E e Adsl FoAA ok
& T4 A g ste] 52~80 mmHgell 4 147} o
WHEA g ol APEADE FAsG . Hoke o
ol A FRA717] Adled & FEel wdek AF 3
EFlE BF AT 2 st g
A1gEd, & 300mg 2] urea ¢} 200 mg 2] antipyrine
2H 2mld] £AlA7 AE $& F 2EA7
YA bl E9 AYAE Sote AFA  wEi
Fasta 2 AF el dAR 1L PAoe g2
28233 AR 2EAZ R4 WA
FTHEE FA wkgiel

AL AgEYD FEE FUddAE & 8
(19679 DOl g Aol e AsAR 19
o} % =) 344 (double exponential). o = a2 Aol
v AMY 4¥9 FTE 2¢A 2o Renkin(1955)
ol AAY A AP FAF LA ZARH 9]
A zAdoz wWekre At 2420 Sxl

I 4= ox oo

fr & ol o

v¥e] ARE FAstd stk 245 gedsolel 3
# (equilibrium)e} o] 2 A& AHelA FHEs HNY
o FEINE wAW ARL 2 Felt F FAlel
Zro) W Zkeh, ey Mol A9k zbo] vheke] FAIAF
b e FaaA SHEs AAYE ¥ e antipy-
rine X8 R34l & EAY FEE FAF I3 27
o] olml 3 ZA A 3i(saturation)H o} HH & ol E
Zo] malg wA B Aelmz T FHYS ANy
SE24e] YA E na Aolvh E @ Huckabee 3
Barron(1961)-%- 4 amino-antipyrine & FAL3+g & ol
z2A0] W SFEYgo] e A AE FHEA A
AAWY FETAe] AE Ful dxdta [Pl A
£ 2ANAL F FTAAel Al A ol g 2
AFx gk, F F FAY WA FAYR S 55
4 et et A4d Aolme o] APrTAAE F
A9 A (shape) g vl wte] ol & AL UAE 2
ZFahg o '
HEPA L e F F HE wolio] AATAE &
A 264 & 1.5gm 3} 300mg e F 3
A (gray matter) 27 Feldtd e AL 105°C Y
Az A ALY v oA ekl ¢l& @l 7hx]. A 2A)
A AZAFY FAAL FEFE FHL 23 T
A B MES(%)E AdsgE 2Adez
2 Hz2AR Y FEgEL ALY ¢ ook HzAe
A(acid) 22 Hzg T g A7 3mid & kA
ol 4] 7ol JAAA F ATANA APFEHA T
2qem 4 g 5 ATE@OIm ¢ 25y w4

= g md)
W =& A

Urea & 23 .2 Conway 2] microdiffusion(Hawk et al.,
195409 2 2 &gt AL-&3%F urease = Matheson Cole-
man and Bell 3] 4} A Felglen £2& Folr] H3td
24 ehA emulsion & REF ANAAFY A5Ae
A4t ureasedl A oy EE4ES EYRE AAG
9t

Antipyriné 9] 222 Brodie(1949)8] Zi.“d o= 3}
2 AAEL lminkg AL £5E 1ml = £ 5
$a el A4l ol E mAEkg e

8l & Lomb & Baush ¢ Spectronic 20, =}a 350
my ol A 35+ 2} Beckman B Spectrophotometer S
243k Aol E3hA & AA L dgleomz R
o] ¥l MAE A}83 Aolvh _

A JFAHE AAes] sl AYEFE AR
F 238w olHdl FEAFoRE 21 guage 9] F413)
S FEY ) W] T3 oo AL A sle] Sanborn
3] A8 Twinviso 2 ¥7] 8t} ' ‘

olwgt W QEZ] (shock)d] w]reA
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(irreversible) Attjel S} ZtAV A A& 84 A
A 53] Tel4(potassium) HEé| 2 o Fo] or}E
AL 2(FMBhZY, 1967; Walia et al., 1963)32.0}, = Ma-
cMillan 5(1956)4] ®. 319} 7re] histamine Fof Alol) &
Xebg FE/ 45 225 e 22 histamine
FAR Hofo] Folg & dol TEIEFEE FA YA
Zet5Y &3l = Baird 8] Flamephotometer & AF&
et
AgdEn

- HYgA FN YA urea g antipyrine FE7+ A3}
2 WA 5L vy 2T AE & 2 el D,
09 FHYY Z&gollA A A} zFo] AAAZ
9] X434 (exponential) & 2 Zo] T AL 2oy
(A15). Histamine & F3t A= F4e =d
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TFig. 1. Pattern of decay in concentration of test-subs-
tances in the control rabbit. Double exponential
decay with respect to time is common. Excess
urea: actual concentration less endogenous urea
concentration.

solid line: arterial blood plasma
broken line: venous blood plasma
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Fig. 2. Usual decay curves of concentration in hista-
mine treated rabbit,
solid line: arterial
broken line: venous

- 80
2
o
4s0 E
» Excess Urea ] §
440 2
- \l*‘ g
~ ) ‘ g
g 2
» | _ d20 W
- TE— *
£ ot _ j
] — do
E 400
200! 1\;(-»:...-;(. L R atd
- A = - I
y 1 ry ry 8 6]

Time in minute

Fig. 3. An example of unusual decay curves of con-
centration in histamine-treated rabbit. No inter-
ception of the arterial and venous curves is ob-
tained in the period of observation.

" solid line: arterial :
. broken line: venous
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Table 1. Interception time of arterial and venous
concentration curves, that is the time elapsed
to attain same concentration in both ecurves.
The period was prolonged in histamin-treated

animal.
Animal Antipyrine | Urea curves
number Group curves(min.) (min.)
1 control 2.0 2.5
2 ” 2.0 2.0
3 4 1.5 1.5
4 " 1.8 3.3
5 4 3.0 3.0
6 " 1.3 2.0
7 ” 2.5 2.0
8 " 2.0 2.5
Mean |20 | 24
Standard
deviation ‘ 0.54 5 0.59
Histamine-
9 treated 4.0 4.0
10 ” 3.0 5.0
11 " 3.5 2.6
12 4 8.0 4.5
13 ” 10. 0% 9. 0%
14 " 2.0 2.5
15 ” infinite* infinite*
16 ” 2.5 5.0
17 ” 7.0 5.0
18 ” 4.0 6.0
19 " 5.0 5.0
20 4 3.5 4.5
Mean Y
Standard
deviation ‘ 1.92 ‘ L3l

* omitted from the calculation of the mean.
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Ve 258 fASEE 92 v, & F4g 4
Feol A F B3 FAdtd 22 BEFE Rivt 2

< Jehi gk
Zdlgdst ARPY F FEFAC] ase Azg
28 A 1R A 2ot dl2FdA A antipyrine & 2.0
—+0. 54 min., urea ¥ 2. 440, 59 min.-$- 2.6] 1} histamine:
FFAAE AR A ze] AA velglx "41101 @
A5 2 d = 9 9h. ¢l &= histamine o] o3t
ekito]l Aziel wel A gdEE A VPE]-LHT‘:-

)-i o[o

QF B AL Hz2AH 4L
=% Al 2342 3
, T HzAL weldls] AAlel FHAA

2}"] 7} ¥3 5% histamine £ TAA A
©}. Antipyrine & 1.9] x| A £l 4 (lipid solubility)sl &-
of M= A §ort 2AFES FAFES] W, &
2% u]-&(distribution ratio)el} F Fafoldl ol¥rp T
Aol 2 2 4 gk 23 wead] AW EE F
HzAd g 22 24y S aAesEe A
2 alolx e FIwgd 2y WEFe BT 0.774
u)3le] histamine o F9 HFL .86 02 1o H=
stgrh, Exulgol L0xg A7 45 szt 24
Apol &= 333 Abed (equilibrium)ol 4 "e] @olAdHE
=311d histamine T Tl A BFP A A% AL
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Fig. 4. Distribution ratio of urea in rabbit. Urea, 30 mg,
was injected intravenously. Penetration of urea
across blood-brain barrier was enhanced in hist-
amine-treated rabbit.
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Table 2. The concentrations of the test-substances in brain tissue water and in bleod plasma.
The pznetration of urea into brain was enhanced in histamine-treated rabbit.
Interval: From the injection time of the test-substance to the time of the last sampling.

Ratio: The ratio of the concentrations, brain water vs. plasma.
C: control group, H:histamine group

Animal Group Weight Egszie Interval Antipyrine Urea
W [lmmtle) | ™ | B | ey | Ratio | ooainy | P | Rato
1 c 2.0 110 20 187 183 1.02 30.6 35,3 0.87
2 c 2.2 115 13 144 192 0.75 35.9 47.2 0.76
3 c 2.1 112 14 194 195 1.00 33.5 4.4 0.75
4 c 1.9 120 10 266 284 0.94 2.2 4.2 0.86
5 c 2.2 118 6 262 222 1.18 28.4 39.7 0.71
6 c 2.1 98 6 208 194 1.07 35, 4 43.8 0.81
7 c 2.0 110 7 229 214 1.05 28.7 |- 415 0.69
8 c 2.0 108 8 205 209 0.98 | 29.3 43,0 0.68
Mean | | l | . | o ] 32.3 | 2.1 | 0.77
Sandard [ | [ 0.2 3L9| 336 | 3.53 |
9 H 2.0 52 12 198 187 1.06 6.5 | 80.0r | 0.9
10 H 2.5 60 13 210 206 1.02 33,7 37.0 0.91
11 H 2.4 62 28 168 171 0.98 4.2 57.0 0.72
12 H 2.1 75 13 159 150 1.06 39.6 38.0 104
13 H 2.2 76 8 152 142 1.07 31.4 37.1 0.85
14 H 2.0 65 7 664+ 605¢ | 1.10 39.0 4“5 0.88
15 H 2.3 80 10 313 250 1.25 39,4 2.9 | 09
16 H 2.1 68 10 240 227 1.05 419 45.8 0.92
17 H 1.9 80 15 325 202 L11 36.8 49.0 0.75
18 H 2.3 75 7 151 150 1.01 38.7 45,0 0.86
19 H 2.4 62 9 141 142 0.99 2.1 3.4 | 1.20%
20 H 2.1 65 8 208 181 115 47.2 58.5 0.81
Mean ] | | |06 | | | s02 | 45 | o8
3;3?53;g ] | | ] 6.1 489 | 425 | 795 |

* omitted from the calculation of the mean.
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"Table 3. Potassium concentration in plasma of
rabbit. It was elevated either by bleeding
or by histamine administration.

concentration in mEq//. Group C: control, Group H:
histamine-treated group Initial: plasmabofore injection
of test substances. Final: plasma of the last blood

sample.
Animal Group Arterial plasma | Venous plasma
number Initial ‘ Final | Initial | Final
1 c | 21 [ 30 | 25 3.0
2 c | 211 30| 25 3.2
3 c | 241 30| 25 2.7
4 c | 23| 34| 20 3.6
5 c | 32 | 43| 29 3.6
6 c | 30| 40 | 3.2 2.8
7 c | 40 | 46| 37 41
8 C — — — —
Mesn | | 27| 36 EX: \ 3.3
‘Standard
Sndard || o710 | 068 | 059 | 0.5
9 Hl 32| w1l 56 5.3
10 H | 47 | 100 | 6.3 5.4
1 H | 26| 41| 30 3.0
12 H | 34| 40| 42 3.5
13 H| 20| 27| 20 2.5
14 H | 42| 100 | 71 7.4
15 H | 30| 38 | 34 3.4
16 H | 34| 30 32 3.1
17 H| 32| 37| 26 3.0
18 H | 50| 47 | 44 4.2
19 H | 26| 31| 26 3.2
20 H | 34| 34| 25 2.8
Mean | | 34 | 50| 39| 39
Standard | 087 | 152 | 164 | 104
Hol A e AS 2] FAZelkgdll FFL vAE
AEZE Jebd Aol
F89 9% F FHEs FHE L Tl 5~6ml 4
3k 639 AL ¥4 ety FEY AEE A

&
Rel Brlslch = Zulael A 2l AYA gho] 2.7
Aol 3.640.68 mEqg/L o}l

Histamine 8] 93¢ ¥ 3|4l 5o 79 A& 5
w8 Aghol 3.440.87mEq/l3] A o2 el G4 HA
by FEE ASATE Ao glot TR
gl E d-&— 1°iv}<P>o 05).

= A AL AP g3

38 3

A2} Al 23 1968— 143

ol A A-Zulel o] Al 3EY |lielwl FAE FHEY
23k 501152 mEq/ldl 4 & 4 vl TEleEE

A48 st oz 2ALetg S ] nel o 2
33-g vl 2] gt

n &

E7dAE Mg I3Fste U g Aold  wuk
28 (terminal anastomosis)$] A E7} A (R)v}  FLoko]
GiDel »l3ted e (Costa ¥ Aprison, 1958)0]
Agall A3t ol FAA R RAAANA ol-& A3
N 2Ash Wl 4o]9) EAng FE wola] el e,
AR A S A RAAE Alx Thuted A=
A HEFYgE 23% v} 9} (Scheinberg % Stead,
1949).

Qg oz Yool ated BAo] 2A) 229 so)
= 39E FEEAAZ Aty AN FEE AR
gevh shd Ak 2ARE Ao g5 240 3
B EEslgLs wElev (Huckabee 2 Walcott,
1960) F34ol & ¥R L Adsin x
FAF T3] g Azlel 9 E %"-‘::—54- HHE ¥E
AL mASE FHA A o eh(Huckabee @
Barron, 1961) webA H<egdol A 9} zke] ko] ©

Sope] Bow

;,.4

2 Al BYdFAE g “ﬂ‘ﬂ By Fxo A
SHEL 2x7 A3 JE8YH FE AHAE A

o] delAy] 4e}h, ® whobel 01“'475_ EA o] 1‘17-310
2 A4 Eei7lA 7%}1'%“1 e HFale EHEs 3

R Apolel] Felsl glol AL FH F TAL A
o Z Ao olddl e HzaAe 1 A& AdsiA
= X% Folrh o] 4o AE antipyrine & © =y
UNE Q3 urea B FAFE K24 FRd AgSs
FRdEen T4 4L HA=

Histamine & 5% TAFIA& wfo] g &5
8 g5 mARRNNY A T34 %—rﬂ gt 2
I AFE A date = wixvrle Qo] (Andres,
1966). 2AlR A At Aol ol & Aﬂé W) 45
L2 Tdrulgtel sl Fd o oty Z2AE ¢ vk(Hendy,
1960).

dobe dsbd ez 24 29ds T etz A9
‘%MEH—E: FrA 8ol Hsted sl zeul g AAF BEFA

Fovh, webd slzem e AS o) #AFeid &

%-%P Aoz ¥qlvk Qd o] B2 AFyel e &
zHe] gl Aoz zA o] £AHAY ofd 2}101
W Aol FHF s Aem Al duiA

24 felo) 4dE B9 gu

o

A4 F= o

(Andres, 1966).
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ol A&dlA slzehl RdlY HedPF AEER
5] urea FEO HEE Wi ¢ AL A¥4 9t
& el Hgdaleor el 2o 8 urearst UYrts
ol sttt FA JACGRHEZ, 1967E Hd) &
o] 91& wiol]l Fd—2] =AY (blood-brain barrier)e]
FuUiAGE Aol ¢#A g or (Benedict ¥ Richard,
1960; Feldberg @ Fleischhauer, 1960; Millen Hess, 19
58) olwlell F4A] 8] zebule] LS el e
AL R Hols] wjFolgict, |

Antipyrine 8] Fz2Av FEv EZulge] HzTd
A9} sl ekl Fof FollA FERE o] & Holx g
1 €39 Jd3 Fs4de] B9 2 TidA
o] & Asl ¥IAF Yo o] gl ] 7) 81 3ke},
elal g Fabshe of 2o} Al gle] oAl dl

T 5 Bolw 7tEe .

FRA e kel o] ureadl] wlsle] & P —u A o]
glowd Aol A Bradbury ¥ (1962)0] & sl 3%
=25 AAAY 106l 7R L34 del Mz B=
7t 8AZ AZd Jle £E7 o 45 556 L2
Eol A% 0.5¢19%, 9AZAE 0,911 Avpx Fk
o} Rosomoff(1962)el S}a} A% Aol 5744 (hyperto-
nic) urea 98-8 FAE-E W] HzA s B o]
o Yol Tde AL 1247 Felgicta nuy

R
R

=

°©

oy

=3

e v o X
oy rlo
l}~

A FEAAE ol 8 o] ¥ mAHoE FEY

Sahge]l FaA FHsw Aol ol ARelAx
2 Awe] oFstsle] uread| Esbsl vlmd A ol
AL BedZqdr}l, Histamine o] 2 3 Fgoe gny

60~80 mmHg Atololl WEY L Aj7te] Asstd AR
Aedte ARl duges A5 o F4E F
srabed ok & AAolgivel. =HebA AM1967)) I FEE &
QoA w7t A GEMHE) S o] 2A shgiwl Aot
z71 o] gelstg el ¥R He] otdolx ET e}
3L urea 8] HzAY F4le] #igvte AL HEAHEA
oA E Fl el & EAFAAE FAA 7o)
eha dgleh

g m szen Sz WRAdd wA% Wt
A 22 Qated Mz B FAA Bl
7} e A E AEH ook gl Lending $(1961)
o] Aell4 RISA & AHg3le] Ayt 4d e AA
Wiksk 2ol ok A%ebA £U 24 24N 2

£ TAAE A Alimiting factor)& & 73] ol
2t 534 (Permeability)o] 2} s14] 2 Fieschi 5(1953)%
M3l gl zFZ A0 Ho] gobsiro]l it AlAuk
Zgo] slFell Wshe] T mAlAe]l wEAetz 5
gt = Corday 5(1960)el & 3te] 4= < (shock) =)

Nl

e

ol AL, ¥ FL ATl 7P EolE
TR ETS2 A9 A AT LR LFddn
sHgeh o] 484 AA AT Sbdql A 4

%Eﬁlr A9g

R
ok
o2
2(‘_4‘
rlo
—hl
A
1o
o
0
o,
o
M,
o
a

’é
9}A urea o] AW 4lo] %Zlﬂ?dvh- A

Zetgrol St R ureacl| A o} o] Af—xHe]
Z5=e] 1ok (Bradbury et al., 1965). HER A A
29 AR Lelg w27 Ton AAARY FEA
o] Fold Aoz AN A A FE 5 3mEq/l
W2 fx2 FHol A gslti(Katzman 2 Leiderman,
1953). sl &epul 8] 2o @ wdw|grel Pel—¥ Ay F
o A A Rt S ozl AAH
2o B3bge]l Aok AFd el Febgol
g el s AREy el FEE EohE
Aolch, Al 3Zell A B AAHN [ Zels F
=5 vjmdtd sl g & 126 Fel A Afde] F
B wol 2& s 24 AL 6eolgln 201]1: s
& = 4dlE 288 FE oldA dy{ A
Aget mkekel Aol ¥4 E2 S ‘%E}Iﬂt A el
g ol HzAdAY Tebg sl B zAd A
o fe 2y owcke AL e Ads 2T 4
ol-2A A orc.

29 dzTolA FHgoly A4 o} 2o
%ﬁ‘“"" A4 AHE st FollE d4 =
Ebge] & &9 Bojgirh o]+ Thaler(1935) ¥ #+
1967 93t Bmy HF FHE¥ 48 FEAAE g2
zelge FE7F AT A3 A E &2 1“4

= AgEl F949 £Ehr%k7ﬂ g & wla3}
epulg FAE FEAA =2 #E ad A
Millan 5(1956)¢8] 2.z =3} ek, 22 v F
& 2493 s 2ebl Ros 4 L39S
%Ol A Tew B vl E gk AF
gFel vk
2 Tebg R Ao Hz23 30y el
Zo] o] EA d¥F& ulAErbs ¢r o 2 9
= AFEW Zebg FEIF A B3 x4 2ede
Zt(space)o] A& o 2 (Davson et al., 1961) &2 e}
9 HFem Hazd Add Fess Tl T
2317] @ Solth. thuk Rosomoff(1962)7F el 48] &
Aol Foll it v AxY #Hd, 344 (CSF),
HzA 3 9 H22 13 EF(olid) 4be] F 4TH
(compartment)Ateld] E& olgal weldtodof g

& A 2

I xE A

to \"o o

iJ r

O

o b o
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&

AHEE =33 E7ld sl&ell& FA35H
52~80 mmHg 2 1 A7}k o] & Fx3 Aol 4 300 mg
-4 urea ¢} 200 mg 2] antipyrine £-¢§-& FA}g+ F

B o] AgEEe] TS AANEANA 24
+ E5E 1 Hazy ¢80 3E9 ob&E v
x| E2E A

3] 2 elul & histamine diphosphate 5 4) ©.=] histamine
base 0.5mg & 4ml 8] Aeld AgdFd LA A&
ARHe] 443 FaAstm RALE o] =2 A4S
F Anst 2ol oAl FAE AFEAcsh

980 35 AAARY A4 2(expo
nential) W e Aolfich HARAER == A&
of Axstd TN FEFAS oA Fol Ze] W
H7& Aol drHg ot of AP AR ¥ L4
B ZrastE A owke] ARG ol HPFTl &
L Age s FAF 7)o oln] antipyrine & H=A
ol W L2 25 2402l w4 Urbe st
Aol =55 Aoz usivh

HAE7 A uread] st sl Mz Ale]ql
%31}3}‘?1 o] gle) @om Re) Wi Ao AT “‘l'w‘—‘:
“11 g FE7F T A9 o] A S H

2vtns & 4 3o l‘li’ﬂ‘ﬂo{
gko] Agle fermz FRgYE B St
& vebi 9ol slzell g iy
urea off #AF Sl walste A4

A=

= o Fde wAdEez 2 Azl ne
5} za%ow Nzged B9l e
e 47 ol geo] ¥
Azkel ARH TH5e BRYE
# 24 T add we #re 2q
Aelek,

usk &%

&

A

2
=

14 3
:a

AstAVE 5ol Adsg s vl
F el (potassium)& frelges o] AF
AE B2 Teigd] W3tE A en Hades
el Tekg AEE ARF GG
ii" 2 grte), daEhg

Agages A

FARL AP T2 12
& A EL thgak Aok

1. F-2}3+ antipyrine 0] Y uread| FEsF Fwag
A4 ALl ¥4 = UFdle A7
Hzter T FEIA] HASlH HzAY AR o
EAA o] Lojgt F(compartment)s} & el sbolel|
e °] o] Fojgctxw Mol A zk& antipyrine ol A &

=

A2 Al 2% 1968—
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B2 Fo] 2.040,54 Folgla sl Lebl FoiFe] 4.3+
1.92 H-olglel,

Urea ol A & bl 27 2.410.59 &,
131§l g}, olepzte] & zebul
Zgd o 7 Azke] A AL

] Az ‘aa—‘:ro} 2 nqlsh

2. ¥ 2% 4%u antipyrie ¥E=F uH 2T 212
440, 2 mg/l, sl Zetml 7 206164 1mg/l 2 §93 A
2 8 4 goitureat 2T 32.343.36 mg%, &
ErRl T 39.2+4.25mg% (P<0.005)0.2 #&el F
A= g uweart MzA o Tt Fo] FUHd

&% BolgH

3. ¥z3 3 Fxg g4 Fx8 9 F
B g w]§(distribution ratio)& 2w antipyrine ¢f 51.1_—'6}-
Ae 273 dlaehl T T chzke] 104l Fh
A satoleld WAsk HzA Aolel Haol ol Fol
Ae4 2Tk

4, Ureao]| A3 2 ]°-?_— W =Y
ole]A =2 FEIF % s
Aol o FH—> A2 %Z}l% el sgeh 2
g sl zelal FAE § SEAAE Ezfo] gz
Foll A net 1.0l A2t BF 0.86°1¢l & 124
ZFolA L0z Ake]zl 0.1vlwkql Aol Selelgix 0.
150]ake]l AL 8ejlolglel, o2 o] dz:Fell vlslw
A tolell Aol HAtela] o —x Awo]
FEAor F=g &S wolgivh

5. FHEA Tekg FEv AAAS 2.730.71mEq
Jlol wlFl| dlzepl Feluh & A¥E 3 o] &

27tk A=Y 7% 3,440, 87 mEq/I (P<0. 1)0] ¢l
F2H¢] 3. 6-0. 50 mEq/? ¢] 1 =H(P <0. G5). 3l
ZEb Fojok Ado] AR L wlol 8 zelul w5
5l o] S74E kel 5,041 52 mEq/lE vl gioh

FAE A AN A AN Zelw FEE WX
g & el ol®ot & Aol g B AT wetA H
zA 02 Fe9 Tebg fEivE Y ob & vlFelA B
o 45sdE S s gk

aL

3| ZEpl T 4.4
2AFEANA %Y
AQERY x4

735l =
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