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Abstract A prevxous COmImunica that brain uptake 0 of libenzapril &

n from this laboratory rcpu ed
le, was enhanced in chronic hyper tension (1) The objective of this investi gatlon
e if this was a more genexahzcd phenomenon- Thereroxc, experiments were
S eraken (o examing the effect of chronic thertEnsxon on the brain uptake of tryptophan (an
e e with LOW permeab111ty) Brain
of these two & amino acids Were 5-to 12-fold greater in chronic_ hypertensm, rats, as
" otensive rats; the corresponding brain upte dex (BUl) yalues Were &7 to 5-fold
i bl i i ort of amind acids involve both

od-brain barriel transp
3 mechanisms, datd from this

higher i the former group. Since biloou- vt
saturable { carrier) and non- saturable (mos! likely, dlffusmn via pores) medt
stucly show that hypeltenswu can enhance BB transport ot { amino acids py affecting one or both of
these pathways.
Very little i8 known about the effect of chronic hypertensmn on the blo od brain barrier (BBDB)
WL < 500) oolar molecules rfe"mus ﬂt d1 s from our laboratory (N
1 (LZP), & small polar

nermeabﬂuy of small (M.W. = =
hypert rension increased prain uptaxe april 0
S ine increased in

howed that chrorm hype

molecuie with a lysine side-chain. It has also been reported thdt BU tyrositt

chronic hypertension (2). Theretore, the objective of this study o determine if this was a more
anemhzed phenomenon & and applied 0 other small molecuies. ."\S a fi rst step in this direction, the
study was extended 10 include tWO other amino acids, namely Typiot han and glutamu, acid, which
represent high and low P nermeable compound rcspccuvely

‘C»
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Matermls andl Metho hod
C-tryptophad (54 8 mu and 14C—g,1umrmc
ost on, MA.

Radioacxmiy Materials: 3H20 (1 mCifgm)s WC-ryT
acid (293.3 mCi/mmol) were puf(.l’\dbcd from New England Nuclear Cotpe B
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™Y _A1Q Rland.hrain Rarriar Trananart in Hunartancisyn VAl £ N AZ 100
PL-418 Si00G-0rain SaTier 1ransport in nypertension VO 32y INO, L0, 1F5)
Animals: bprague Dawley, SD (Sasco Inc,, Om"{ha NE) and 9pontaneously hypertensive, SH

______ Tormman £ 1amannmbmrere TV . VA marmos 17 Anwl. sl e

kldb()lub CAITs, VliinalitloOwil, INT j T rats were LAyuacu {0 14~ “ULu “2: it ) aars eyuc dllu llULtM:'.u o
per cage, Rats were fed with commercial rat chow and tap water ad libitum and were allowed an

acchmanzanon period of at least 4 days prior to experimentation.

Experimentai. Male normotensive (8

........ nt amacthatizad with nentnh
S

E? CJ

) or (.nromc nypertenswe( SH) rats weighing 280-330 grms
ital (50 m 1 nd maintained at 27 °C. The nie

1

wWCiC l\byl Al DLV ILAUL YWilll polin N\ Aub/x\E, l.l } ana m amntaineéa at 54 PR FLiw lg

femoral arteries were cannulated for blood pressure measurement. The BUI method, as reported by
Oldendorf (3) with minor modifications (1), was then used to examine brain pemleablllty (1psxkilr.ml
51de) of tryptophan and glutamlc acid. Briefly, the nght carotid artery was isolated. A 27-G needle

was bent ai 90° and the Ldpcreu end was inseried into the artery, such that carotid blood flow wa

essentially unchanged. Followine the nhenvlenhrine infusion, the drue solution {M{" 1 7D
essennaany uneaangeq, rOULOWwWIng PAChYCPRATIRC 1NIUSIoN, id 4rug s0:Uion L, 3

mg/Kg) along with a rapidly diffusible reference compound (*H20) was injected via the indwelling
carotid cannula. The animal was decapitated 15 sec post injection. Four brain regions, namely
cerebellum, medulla and pons, cortex and a composite regxon con51st1ng of the remainder of the

L

)
-
1

brain were dissected and analyzed for #C-amino acid and reference (3H20) compound by
scintillation counting, Brain uptake index values were calculated b hu the relationship: BUI = (: 4{"'
itlation countin brain uptake index values were calculate the relationship:

amino acid in brain/ 3HzO in bram) / (**C-amino acid in injected solunon /*H20 in injected (;oluuom
Tissue amm_o ac_ld eoncentratlons were corrected for lesldpal blood (1). Reglondl blood volume
were determined using sucrose as a non-diffusible marker (3).

Data Al’l"llVqu All values are prese nted as me

an+SD, n=6-7. Regional BUT and brai

concentrations (dpm/mg tissue) of amino acids were tested for differences by using the unpaired
test (4). Outliers were dropped using the Dixon's test for extrerne values (5).

Mean arterial _pressures (MAP) for the two SD groups were 99 + 12 and 10

0+
respectively; the corresponding MAPs for the SH groups were 183 '+ 9.0 and 178 £ 30 sy
r‘esnnr\hup]\l Maan MADe in the SH ratc are ciornificantlu (n < 0 N8 hichar t an those in the © e
respectively, Mean MAPs in the SH rats are significantly {(p < 0.05) higher than those in the SEb ra

(Table I). Regional BUI values for tryptophan and glutamic acid are shown in Table I. As shmm
BUI values in SH rats were greater about 2- to 3-fold for ryptophan in all 4 regions and 3- to 5-fo!
for glutamic acid in all regions except | the medulla and pons. In the tryptophan group, differenci

N nes oo

were blgnlllbdﬂ[ \p < U.UD) for all 4 TCEIOHS GXdH]IHCG, in the glUIlellC acid group, Uﬂ.{\

(cerebellum. cortex and comnocite) out of the 4 reaionse were sionificant (n < 0.05) Reainnal hyra
\cerepdiium, Cortex and Ccomposite ) out oI tne 4 regions were significant (p <L.U3). Kegional dra

concentrations (dpm/mg tissue) of “C-tryptophan and “C-glutamic acid are shown in Table TL.-
SH rats, these values were significantly (p < 0.05) increased in all 4 regions except the meduzlla m
pons; the enhancemcnt was about 5- to 6-fold for tryptophdn and 6- to 12- fold for glut.imn_ ac

CK(AUUU]E Udld 1ur IﬂCULllld d.IlU p(.)[lb Dfd.][l LUIlLCIllrdllUI]b Ul élUldUllL dLl(_l dIlU. U)PLUP“-UI in D
rats in this nooled region increased nn]v about 20 and 60% rp\npr'nvplv and these increases we

sats U UALs pOOILA ILE O INTICAsCA QUL LU W7D, CLilvely, i Qagi by

not significantly different from the conespondmg values in SD rats.

1SCUSSion

A previous study from our laboratory (1) showed no differences in the BBB permeability of 1.2
between the two genetic strains of normotensive (SD and Wistar Kyoto) rats. Data from the press
study were also comparable to values reported by Oldendorf in Wistar rats (6). Brain uptake ind

valias far tvoumtamhan £fan QT watn ¢l gtndy woara 1n gand aograanmsant with tha vualiva ..l n

Yailuwy Lyl Ll‘)’PLU}Jllﬂll 1UL DL Tald 111 Llli\) otuu_y Yol il bU\JU ucl\«blll&ll\ Wllll Illb \SILUL LY S F N
(whole brain) reported by Oldendorf; for glutamic acid, BUI values for two g ns {cortex a
composite) were in reasonable agreement with the reported (6) values (0.032, whole brair

Therefore, the greater brain uptake of amino acids in SH rats observed in the resent study
unlikely to be due to strain differences.

Results from this study showed that brain uptake (indicated by both BUI and brain concentration)
tryptophan and glutamic acid was significantly greater in chronic hypertensive (SH) rats. Blog
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arrier) and non-

ble (carr
nd brain concentranor\

involve both gaturab

tryptophan and glutanu acid ir

iffust on via pores) mechanisms (6,7). Higher pUla
TABLE 1

4 GClutamic Acid in Rats

uL

.,

<
B0
=ty

sdex of ¢ Tryptophan and

grain Uptake ex o
Tryptophan* Glutamic Acid®*
B PR _’/‘ e J—
Region SD St 5D SH
- ,//
Cerebellum 022= 0.044d  0.64 +0.15% 015+0 041® 042 +0.11°
) 0.42 £0.11 0.52 £ 0.22

Medulia +

//
0,007 iM

117 oM/ —
AL Kb
ame superscrxpl indicate significant differenc

; PM/KE:
Number g with s&

>
2.

TABLE 1
pan and HC- Glutamic Acid

Regional grain Coneed f“C'Tl‘)’P topnanl *
in Rats
[—

-
Tryptophan

dpmlfﬂg tlSSUG
e supet dl até ;'v tdlfference (p <. OJ\
SLI’lpt 1n C t 5 B )

Numbers with same St

of these amino acids in S H rats i dxcated that chronic uyy"‘:‘._ nsion can enhanc g trar
mechanisms (e. g. upTe g,ﬂation “of ami hro orter and/or pre essure-1 induced opemng_of
pores). The extent of increase for glutam'xc acid (about 6- 10 12—f101d increase) Was greater than that
{(3-100 6-fold) for tryptoph’m Since gt Tutamic id i re polar than trvmophan, IT

Suggests that the open'mg of pre eggure- ser\smve channels (oF pOT&>/

uptake of the former in SH TaS SHE0
p-r gulation in chronic hypet
12-fold) in hypertemwe rats

may predommate over Carrier?

Incre: f span and ghmrmc acid (5-1© %

ases in brain concentrations © tryptophan & C O1e ve
..... e U h reater than the correspondin BUI values (2- 1077 fold). This1s due to the fact st

2. 6

aa

,_.__-____-‘




A ~nf none Tat

ShOWIl) Brain Up[ﬂKC IHOCX EXPr essed as the aiiu of brain concentr )
fthc reference marker (3H20), will increase to the same extent as brdm concentrations onlyi

conccntratlon of 3H20 (the reference mark er) also 1 ncredsed about 3- to 6-foid
eX. EXDIESSE 3 I i t
n

3 ence marker umake remains unaltered. In this regard, it was found previously that bra;
upta k f LZP was significantly increased in chronic hypenensmn (1) but the correspondmﬂ BL
values did not increase because uptake of LZP and 3H20 increased to the same extent. Though 1z

has a lysine side chain, brain uptake of LZP was unaffected in the presence of lysine (unnubilshc;
data). Therefore, it appea s that increased uptake of both compounds (LZP and 3H->OJ i
hypertension was mediated via the same mechanism (i.e. diffusion through pressure- -se sy
channels (or pores) in thc endothelial cells (8). As noted, tryptophan and giuta ic actd u
transported across BBB via saturable and non-saturable systems. Therefor f hypertensi
enhances both pathways, then in in brain amino acid concentrati onc, ho lld be higher th

b sho
be higher as was observed in this study.
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Tryptophan and glutamic acid were chosen for this study also becausc they are precursors.
s tha Quses

neurotransmitters (serotonin and v-aminobutyric acid, respectively). Since the synthests

Neworansmiiters is lmu*ed by the availability of these precursors, especially that of tryptophzn. i

possible that increases in brain uptake of tryptophan and glutamic acid in chronic hypenenmuw ¢
influence the brain sy the31s of these neurotransmitters resulting in altered brain function. Fuzi
efforts are also needed to identify the molecular basis of the altered BBB amino acid trans pon

chronic hypertension.
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