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ABSTRACT

The dihydropyridine = pyridintium salt redox
delivery system,used for specifie delivery and
sustained release of drugs in the brain was
studied. The rates of elimination of the ester
and actd metabolites of I-methul-3-ethoxucarbo-
nylFl,4-dihydrpuridine and of I-(2~ethoxycarbo-
nyl)ethyl-1,4-dihudronicotinamide from brain and
blood of rats after systemic adminstration of
dihydro carrier—-ethanol couvrles were 1nvestiga-
ted, taking ethanol as a model drug. It was
found that the guaternary svecies are elimina-
ted relatively fast, which suvvorts the hupothe-
sts for existence of an active transport mecha-
niem for eliminating organic Zons from the brain.
The results can serve as a primary evidence for
the suggestion that the carrier and its metabo-
lites will not impair central nervous system

funetions.

INTRODUCTION

The delivery of drugs specifically to the brain or any other
organ or site is often seriously limited by the 1ipoidal biolo-
gical barriers e.g. the functional barrier of the tightly joined

endothelial capillary wall, referred to as the blood brain bar-

rier (BBB). Among the various possible ways to achieve site-
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specific or organ - specific delivery, the so-called "Chemical
telivery System" (CDS) is the most flexible and offers pbssibi—
lities for specific delivery to the brain, skin, eye or to other
organs and siteslnB. Properly designed, the drug delivery system
should concentrate the desired active agent at its site of action
and reduce its concentration in other locations. The net result

is an improvement in the efficacy of the drug and decrease 1in

its toxicity.

This concept has led to the successful site - specific and
controlled delivery of various drugs by affecting the bidirec-
tional movement of the drug in and out of the brain with a dihy-

dropyridine pyridinium redox carrier system. This carrier

—
can function as a site specific and sustained release CDS., The
success of this system is related to its ability to transiently
convert a highly polar compound, pyridinium salt, into a linoil-
dal compound, dihvdropyridine. In addition, this system has been
well characterized because of its biological importance in the
NAD+:5£ NADH coenzyme pair. It has been applied to brain speci-

4-6
fic sustained release of l-methylpyridinium-2-carbal<doxime ;

7 . 8,9 . 10
testosterone , dopamine '’ , phenylethylamine and others.

The present work was designed to study the rates of elimina-
tion of two drug delivery carriers of the dihydropyridine derive-
tives, taking ethanol as a model drug. The carriers chosen were
l1-methyl~3-~carboxy-1,4-dihydropyridine and 1-(2-carboxy) ethyl-

1,4-dihydronicotinamide.
EXPERIMENTAL

Materials:

l1-methyl-3{ethoxycarbonyly1l,4-dihydropyridine (1), l-methyl—B{ethoxycarbo—

nyl)pyridinium iodide (I1), l-methyl-3-carboxy pyridinium iodide (I11), 1-(2-

ethoxycarbonyl)ethyl-1,4-dihydronicotinamide (IV), 1-(2-ethoxycarbonyl)ethyl
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nicotinamide (V) and 1-(2-carboxy)ethyl nicotinamide (V1) were prepared by
Marcus Brewster and Jirina Vliasak (Pharmatec Inc., Gainesville, Florida,

U.S.A.) and checked for purity by UV, TLC and NMR,

Procedures:

High pressure liquid chromatographic methods were developed for analysis
of the quaternary esters 1I; V and acids III; VI. The equipment used consis-
ted of a Beckman Model 112 solvent delivery system, Model 210 sample injection
valve and analytical UV detector Model 153, operated at 254 nm. Two columns

were used; 25 ¢cm x 4.1 mm (internal diameter) Versapack C1 column (Alltech/

8
Applied Science Labs) and 25 ¢cm x 5.0 mm (internal diameter) Partisil-10.SCX
column (Phenomenex). Both columns were operated at ambient temperature. Four

mobile phases were used in this study:

1 - 0.001 M pentane sulphonic acid sodium salt in acetonitrile/ 0.01 M. ammo-

nium phosphate dibasic (1:1) with added 5 % tetrahydrofuran,

2 - 0,003 M phosphoric acid in the mixture acetonitrile/methanol/water (5:10:
85).
-4
3 - o x 10 M ammonium phosphate dibasi¢ in the mixture acetonitrile/methanol/

water (20 : 10 : 70).
4 - 0.2 % w/v solution of d4ioctyl sulfosuccinate sodium in the mixture metha-

nol/acetonitrile/formic acid/water (30 : 15 : 1 : 354).

For the analysis of II in blood and brain samples, system (1) was used
with Versapack C18 column. At a flow rate of 2.0 ml / min, II had a retention
time of 9.2 min., For analvsis of III in brain samples, system (2) was used
with partisil-10 SCX column. At a flow rate of 2,0 ml/min, III had a retention
time of 14.8 min. ¥For analysis of III in blood samples, system (3) was used

with partisil-10 SCX column., At a Flow rate of 1.0 ml/min, III had a retention

time of 5.6 min.

For analysis of V and VI in blood and brain samples, system (4) was used

with Versapack C18 column, At a flow rate of 3.0 ml/min, VI had a retention

time of 5.0 min and Vv had a retention time of 10.3 min.
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In Vive Adminstration of Dihvdropyridine Carrier - Ethanol Couples:

A group of 44 male Sprague Dawley rats of average weight 200 + 20 g was
anethetized with Inovar-Vet (50 mal/rat). Four of them were injected with di-
methylsulfoxide (0.5 ml/Kg bodvy weight) via the jugular vein by inéusion at
a rate of 0.1 ml/min, The other rats were injected by the same method with
the dihydro carrier - ethanol couple (50 mg/Kg body weight) dissolved in di-
methyvlsulfoxide (0.5 ml/Kg body weight) ., At 0.25, 0.5, 1.0, 2.0, 4.0, 8.0,
12.0, 24,0, 48.0 and 60.0 hour intervals after treatment four rats at a time
were subjected to the following procedure: 3 ml of blood were collected into
heparinized syringes via cardiac puncture and after decapitation, the brains
were dissected from the cranium. Whole blood and brain samples were immedia-

tely frozen until processed,

Study of the Rate of Elimination of I1 and III from Brain and Blood after

The brains were weighed, homogenized with 2.0 ml of distilled water and
the homogenate mixed with 8.0 ml of 252 acetonitrile in methanol. The mixture
was centrifuged for 20 min at a speed of 90,000 CPS in Clay Adams Centrifuce.
The supernatent solution was filtered through Millivore filter type SJHV, pore
size 0.453um. For analysis of II, 100 pl were injected into HPLC and analysed

using system (l1l). For analvsis of 111, 504P1 were injected into HPLC using

svstem (2).

Blood samples were analvsed for I by mixing 1.0 ml of the sample with
4.0 ml of acetonitrile, centrifurgation and filteration of the mixture as above,
Of the filtrate, 100 unl were injected into HPLC and analvsed using svstem (1),
For determination of 111 in blood, 1.0 ml sample was mixed with 4,0 ml of me-
thanol, the mixture centrifuged and filtered as above, then 20 Pl were injected

into HPLC using system (3).
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1.0 ml of blood sample was shaken with 4.0 ml of 0.5 % w/v solution of
ascorbic acid in methanol, centrifuged, filtered as usual, and 201P1 of the

filtered supernatent sclution were injected into HPLC and analysed using sys-

tem (4) .

The brains were weighed, homogenized with 1.0 ml distilled water, mixed
with 4.0 ml of 0.5 % w/v solution of ascorbic acid in methanol., The mixture
was centrifuged and filtered as usual, ZOJPl of the filtered supernatent solu-

tion were injected into HPLC and analysed using system (4).

RESULTS AND DISCUSSION

The concept of CDS is based on the sequences, illustrated in
Scheme 1. The drug {D} is either coupled to a tertiary carrier

+ : : + . | .
{gc)}” directly, and the obtained {D-0C} is reduced chemically
to the lipoidal dihydro form {D-DHC}. Alternatively, the drug
{D} can be directly coupled with the dihydro carrier {DHC}. After
in vivo adminstration of this {D-DHC}, it is quickly distributed

1

(KO) throughout the body, including the brain (Kl) and in the bl-

-+
ood (Kl) where it is oxidized to the original {p-QcC} quaternary

-+
salt, {D-QC} , due to its ionic hydrophilic nature, should be el-

L ™y

iminated fﬁéf from the blood, while BBB should prevent its elimi-

nation froﬁx[he brain (K2 > > K3, K2 << K7). Enzymatic cleavage

+ : : : : - :
of {D-QC} , that is "locked in" the brairn will result in a susta-

ined delivery of the drug {D! followed by its normal elimination

1 . +

(Ks) and metabolisnm, Theioxidized cleaved carrier {QC} and its
1

metabolites must be eliminated rapidly from the brain (K6

for proper and specific delivery. Metabolism of the two investi-

>
K3)

gated carrier - drug systems is illustrated in Scheme 2

»
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The distributionsof II and 1III at various time intervals

in the brain and blood after i.v. adminstration of I to rats

are summarized in Tables I and I1 and Fig. 1 and 2. It is evi-

dent from data of Tables I and II that

a - Comparatively higher econcentrations of II and IITI were found
in the brains of rats in comparison with blood. This means
that significant amount of I reaches the brain shortlvy after
i.v. adminstration,

b - The carrier is eliminated fairly rapidly from the brain and
from the blcod after its liberation from the guaternary der-
ivative {D-QC}+, formed as a result of the oxidative trans-

formation of the dihydropyvyridine nart (see Scheme 1).

From Fig. 1, it seems that after i.v. adminstration of 1,
it is concentrated in the brain, where itisoxidized rapidly to
the ester I1. Some of the resulting ester may eliminate as it
is from the brain and some hydrolyses'into the quaternary acid
1T, and this mav explain the two-phase elimination of the acid
from the brain,. These results support the hypothesis for active
transport mechanism for eliminating organic ions from the brain,
In the blood, the two gquaternary compounds I1 and III eliminate
relatively fast (t1/2= 1,90 and 2.72 hours respectively). It
was found also that the rate of in vivo elimination of the ester

I1from the blood is the same as that obtained for the hvdrolysis

of II in vitro (in blood at 37°C).

The distributionsof V and VI in the brain and blood at vari-
ous time intervals after i.v. adminstration of IV to rate are su-
mmarized in Tables III and Iv and Fig,. 3. These results show that
the ester V 1is not detected neither in the brain nor in the blood
suggesting that in the nicotinamide series the dihydro carrier -

drug couple is hvdrolvzed before being oxidized to the quaternary

acid VI (see Scheme 2), probably because the long alkvl side
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chain on ring nitrogen renders the molecule more resistant to

oxidation.

To sum up, all these findings can serve as a primary evide-
nce for the suggestion that the carrier and its metabolites will

be eliminated fairly rapidly from the brain and thus will not be

expected to impair central nervous system functions.
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Table I. Changes in the brain and blood levels of II and III with time

after systemic admimstration of I.

A R R B L B I T T e e S T T pg— il il BN sl i SN TR AERE DAY D Sl dhink e D TN T S R S SR by N S S R g skl el G G S T . S S L A e

Time, Concentration of II@ Concentration of III
hr in brain@@ in blood@@ in brain@@ in blood@@
0.5 46,10 + 0.80 4,49 + 0,97 20,40 + 1,79 9.37 + 1,08
1.0 35.20 + 1,11 3,78 + 0,02 11.14 + 0,97 8.63 + 1.09
2,0 27.6C + 0,97 2,60 + 0,47 6.80 + 0,51 6.21 + 0,42
4.0 7.73 + 1.23 0. 00 6.35 + 0.80 3.37 + 0,54
8.0 0,00 0.00 3.20 + 0,26 0.88 + N,16
12.0 0.00 0.00 2,54 + 0,15 0.62 + 0,06
24,0 0,00 0. 00 0.46 + 0,08 0.00
48 ,0 0,00 0.00 0.00 0,00
60.0 0.00 0.00 0.00 0. 00

ikl S e S S aamy Rl o o un damiy o e SN EERE B S O sl R G e MBme smr e i A B S el B ek R limhbl IR WL Lo LA g weipe lbey e Sl e e N T S e B e T S T N G G S daml B T S LA BN A Sy Ml DT Oy MOPS EDS SEET GEEE EEEE U SR

@ Concentrations in pg/ml blood or in Pg/g brain tissue,

@ Each point is the mean of four animals + SD.

Table II, Rates of in vivo elimination of II and IIJY from brain and blood

of rats after systemic adminstration of I.

I ANl Same ENEE SRS Gl AR P S A WY - A B beiee W e aage G S SRS BN S Sal U A B A R e S M. g el S S WY S B S S SR BRSNS oGRS S S P e e e A D e Gl ki e Seply NN e B B G B Ahh ey NS almiy miis Sun wenr  Baps

-1
Organ Compound K, hours r a tl/z,hr
brain I1I 0.50 + 0.059 0.9867 62,41 1,38
ITI 0.13 + 0,009 0,90915 10.51 o.34
blood 11 Q.37 + 0,007 0.9998 o .41 1.90

I Bl N sl B TEEE B B DTV mky EEDr B L B B s Wew s aEE e PRE I S O A s e e T sl D U e e e o mkel gy S s e ST - - - el e shew Sk sliss SEaE EE B D il miss EE— e PR TSy P S T Telis dimis S DD BT ST S SRS e AL R IS el
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Table III. Changes in the Brain and Blood Levels of V and VI ﬁith time after

Systemic Adminstration of IV,

e ey SEnr Dy e B IS I BT BT T BT B i sk gk seppr Ephk aaee Shilak aas ey B EEED SEal BT BN I B U Ginlk EPRT P EEEE NN WS ek wls T S T T B ey Ve sigiple BEAE  Ses b s ek Sies bk seles mliss e whide Gael Sk il ERAE bk S e BN SEEE iR AT EETE DEEE PN TURD BN B B BN SN S SR

Time, Concentration of V@ ~ Concentration of VI

nr in brain@@ in blood@@ in brain@@ in blood@@
0.25 0. 00 0.00 9.41 + 0,56 11.10 + 1.20
0.50 0.00 0.00 7.01 + 2,86 7.67 + 1,32
1.0 0.00 0.00 4,63 + 1.81 4,64 + 1.95
2.0 0.00 0.00 3'75.i.1'87 3.99 + 1,48
4,0 0.00 0.00 1,53 + 1,02 0.45 + 0.61
8.0 0.00 0.00 1.28 + 0,52 1,80 + 2,55
12,0 0,00 0,00 2,47 + 1,11 0,00
24.0 0,00 0.00 0.00 0.00
48,0 0.00 0.00 0.00  0.00
60,0 0.00 0.00 0.00 0.00

@ Concentrations in Pg/ml blood or in Pg/g brain tissue,

@ Each point is the mean of four animals + SD,

Table IV, Rates of in vivo Elimination of VI from Brain and Blood of rats

after Systemic Adminstration of IV.

S g inF e EEE mir U e T G ey A g Ty T e D S ek BN DU SR S A el Sk Sy DS TEES A SENE AR S NN IS I I Y Sy uhieh g hies s sulis blek bl ke . oseey slell SIS Y S e e Sy mlge e en- S i . S e el ke IR W W CEE SRR

K, hours 0.25 + 0,056 0.80 + 0.N999
r 0.9114 0.9779
a 6.92 12,86

t hr 2,30 0,86
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Fig. 1: Changes in the brain and blood levels of II and IIIL

after systemic admimstration of 1I.
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Fig. 3: Semilogarithmic plot of brain and blood levels of VI
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