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Abstract—The blood-brain barrier (BBB) of rats was modulated opening reversibly by infusing a hy-
perosmotic solution of arabinose (1.6 molal) into the right external carotid artery. Previous studies de-
monstrated that permeability was increased maximally in the first 15 min and remained slightly eleva~
ted at 1 hr. As control reference, saline was used. In the present study, to evaluate the effects of os~
motic BBB opening on the BBB trasport according to hydrophilic or hydrophobic characteristics of
drugs. And the differences of the uptakes of these compounds to right (treated osmotic opening) and
left (untreated) hemispheres in same rats were compared each other following injection of 8 mCi per
rat of ™Tcdiéthylene triamine pentaacetic acid (DTPA) as hydrophilic drug or 5mg/kg of phenytoin
as hydrophobic drug into the right external carotid artery of rats between two groups (1.6 molal ara-~
binose vs saline). The uptakes of *Tc-DTPA and phenytoin in the right cerebral hemispheres were in-
creased to about thirty three times and twice rather than those in the left cerebral hemispheres,
respectively. And PAs (permeability X capillary surface area) were also increased from a control mean
of 2.11X10™ (untreated) to 6.98X10°° sec™* (treated osmotic opening) for **Tc-DTPA and 0.29 to 0.17
sec”' for phenytoin, respectively. From the results of present study. it is noted that osmotic opening of
BBB is more effective on the brain delivery of hydrophilic drugs rather than that of hydrophobic drugs.

Keywords [ ] Blood-brain barrier, Osmotic opening, Permeability, Phenytoin, **Tc-DTPA. Arabinose, Hy-~
perosmotic solution.
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Table I— Total blood volume of rat hemisphere

Blood Volume(V)*x 100

Brain Region (mi/g)"
Right hemisphere 1.9+0.3
Left hemisphere 23+04

s y - (dpnvg hemisphere)
~ (dpmvinl whole blood)
®Mean+SD (n=5)

Table II — Regional blood volume (RBV) in rat brain

Brain Region RBVX100 (ml/g)*
Olfactory nucleus 2.96+0.19
Caudate nucleus 1.25+0.12
Hippocampus 0.95+0.18
Frontal lobe 1.74+0.09
Occipital lobe 1.84+0.03
Thalamus +Hypothalamus 1.62+0.05
Cerebellum 2.7210.23
Pons 1.99+0.18
Medulla 2.35+0.22

" Given as the C'-sucrose space at t=0 after an i.v.
bolus injection of C*-sucrose.
*RBV data were cited from references.? ®
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the parenchymal brain (n=3).
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Table I — Brain parenchymal concentrations for ®*Tc-DTPA following i.v. administration (8 mCi) to rats which
were treated by constant infusing saline or a hyperosmotic solution of arabinose (1.6 molal) into right
external carotid artery at rate of 0.12 mi/sec for 30 seconds’

Concen. cpm/gx10°
Arabinose (1.6 moral)

Brain Parenchymal

Brain region Control (saline)

Right Side (saline) Left Side Right Side (opened) Left Side
Hemisphere 0.17£0.04 0.14+0.04 4.22+1.32 0.760.65**
Olfactory bulb 1.4240.14 1.18+0.12 6.31£0.93 3.11+0.24*
Caudate nucleus 1.47+0.39 0.99+0.15 2.75+0.57 0.85+0.21*
Hippocampus 0.79+0.23 0.6310.07 5.12+1.35 0.791:0.01**
Frontal lobe 1.07£0.33 0.67+0.18 6.17+0.58 2.73+0.75*
Occipital lobe 1.07£0.19 0.92+0.08 4.38+0.92 0.241+0.09**
Thalamus+Hypothalamus 0.61+0.19 0.49+0.08 4.13£1.09 1.01+0.37*
Cerebellum 0.51+0.12 0.3910.05 6.77+0.84 5.28+1.26
Pons 0.50+0.09 0.51£0.04 2.32+0.81 2.57+0.81
Medulla 0.32+0.05 0.43+0.01 2.041+0.52 1.47+0.31*

Mean 0.86 0.69 444 2.01

"Mean+8D (n=3)
*Significantly different between left and right hemispheres (p{0.05)
**Significantly different between left and right hemispheres (p<0.01)
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Table IV— Regional permeability x area products (PA) for ®*"Tc-DTPA following i.v. administration (8 mCi) to
rats which were treated by constant infusing saline or hyperosmotic solution of arabinose (1.6 molal)
into right external carotid artery at rate of 0.12 ml/sec for 30 seconds’

PA Value

Brain region

Control (saline) sec”'x 107 Arabinose (1.6 moral) sec 'x107*
Right Side (saline) Left Side Right Side (opened) Left Side
Hemisphere 2.11+0.81 1.79+0.65 6.98+3.01° 1.24+1.12*
Olfactory bulb 17.70+£0.69 14.671+1.58 11.95+4.44 5.86+1.77
Caudate nucleus 18.27+3.89 12.30+£1.02 4.96+2.00 1.55+0.66*
Hippocampus 9.83+2.47 7.96+1.19 7.21+0.96 1.14+0.19**
Frontal lobe 13.41+4.14 8.46+2.48 8.98+2.38 3.84+0.64"
Occipital lobe 13.27+1.64 11.53+£0.78 12.091:0.65 0.83+0.01**
Thalamus+ Hypothalamus 7.80+2.59 6.09+0.64 6.41+0.73 1.56+0.41**
Cerebellum 6.36+1.53 4.95+0.89 11.32+1.68 8.73+1.48
Pons 6.28+0.84 6.37+0.78 3.59+1.87 3.881+1.60
Medulla 4.03+0.46 5.42+0.20 3.15+£0.44 2.26+0.07*
Mean 10.73 8.64 7.14 3.29
*Mean®SD (n=3)
* Significantly different between left and right hemispheres (p<0.05)
** Significantly different between left and right hemispheres (p(0.01)
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Fig. 2— Cpm of ™ Tc-DTPA (8 mCi) at regional tissues
in the parenchymal brain (n=3).
Key : OB: olfactory bulb, FL; frontal lobe, CN:
cuadate nucleus, TH: thalamus-hypothalamus,
HI: hippocarnpus, OL: occipital lobe, PO: pons,
CB.: cerebellum, ME: medulla
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Fig. 3— Concentration of phenytoin (5 mg/kg) at hemi-
sphere in the parenchymal brain (n=3).
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§ 3, ol @ xjolzt §17) WE-02 et
AEIHION OI3 BLIEQI0| BBB 2 )} - o]
EQle gy HUAZRAF SEE w304
+0.50, FHFTE 2.62+0.28 pg/g oI1Aw, 2T $
€ 1.5740.17, F9 1.5620.11 pg/g oA
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Table V— Brain parenchymal concentrations and per—
meability x area (PA) for phenytoin in rat

brain”
Brain parenchymal 1
conc. (Mg/g) PA (sec™
-Right - —Left—._Right Left.
side’ side’ side side

O p e -3.04+£0.50 2.62+0.28 0.29+0.03 0.25+0.02
ning® 1.57+0.13 1.56£0.11 0.17+0.03 0.17+0.01

*Mean+SD (n=3)

2 Osmotic opening was conducted by constant infu-
sing hyperosmotic solution of arabinose (1.6 molal)
inte right external carotid artery at rate of 0.12 mil/
sec for 30 seconds.

b Saline was trated instead of arabinose (1.6 molal)
solution as control.

¢ Right hemisphere

? Left hemisphere
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Fig. 4— Autoradiograph of section of rat brain 10 min
after 1.v. administration of ®™Tc¢-DTPA to rat (8
mCi). Also *™Tc-DTPA was administered 5
min after osmotic opening of right hemisphere
by constant infusing a hyperosmotic solution of
arabinose (1.6molal) into right external caro-
tid artery at rate of 0.12 ml/sec for 30 seconds.
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