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ABSTRACT

Vinca alkaloids are used extensively in the treatment of various diseases and despite their
usefulness, drug resistance, attributed to a number of mechanisms associated with the multidrug-
resistance phenotype including overexpression of P-glycoprotein (P-gp), remains a serious clinical
problem. To identify the possible role of P-gp on the intestinal permeability of anti-arrhythmic crude
alkaloids (Vingerbine) from Vinca herbaceae, Caco-2 cells were used in this study. The four
Vingerbine constituent alkaloids were analyzed by high performance liquid chromatography (HPLC).
Transport parameters, permeability coefficients and percent transports were calculated. Vingerbine
constituent alkaloids displayed the identical tendency but with dissimilar degree of modulation in
absorptive transport direction. Vincarine and Herbadine demonstrated higher-level intestinal
transcellular efflux; the co-presence of verapamil, the absorptive transport of alkaloids increased,
while the secretory decreased. No asymmetric permeation was observed for Herbamine and
Vincamajine. The study suggests the involvement for multidrug resistance-associated proteins (MRPs)
in the intestinal transcellular efflux of Vincarine and Herbadine. The further studies will be focused
upon the screening appropriate nanomedicine-based strategies to combat MDR and thus improve

intestinal absorption of anti-arrhythmic alkaloids.
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Introduction

Vinca alkaloids (periwinkle plant, Catharanthus roseus) are an important group of natural
products widely used as medicinal agents. Despite of various therapeutical efficacies such as
antiarrhythmic, hypotensive, antitumor, these compounds are facing problems with less oral

bioavailability and interpatient variability (1).

It was found out that the responsible for a low oral bioavailability of alkaloids are the ATP-
binding cassette (ABC) transporters such as P-glycoprotein (P-gp, MDR1), by pumping a variety of
drugs out cells at the expense of ATP hydrolysis (2). In comparison to most other transport proteins
that recognize specific chemical substrates, P-gp is unusual since it pumps out a variety of lipophilic
and cationic compounds including vinca alkaloids (3). The molecular mechanisms underlying broad
substrate specificity of this transporter are generally unknown. Different attempts have been made
to find a common set of structural and functional features required for a substrate to interact with P-
glycoprotein. It has thus been suggested that common property of P-glycoprotein substrates is their
relative hydrophobic nature and the minimum set of structural features includes a basic nitrogen

atom and planar aromatic domains (4-5).

Vinca herbacea Waldst et Kit, the least investigated among the Vinca species, is widely
distributed in Georgia. The detailed chemical investigation of this plant has been performed in the
laboratory of alkaloids of I. Kutateladze Iinstitute of Pharmacochemistry TSMU and novel natural
anti-arrhythmic component — Vingerbine, has been isolated from its aerial part (6-8). Vingerbine is
composed by four indoline alkaloids of ajmaline series; the pharmacological studies confirmed that
its therapeutic efficacy is generated by specific activity of each compounds (9-12). Thus, high

intracellular accumulation of these alkaloids will provide maximal therapeutic effect for Vingerbine.

Since Vinca alkaloids are known to be pumped out by P-gp, the transport of Vingerbine
constituent alkaloids was investigated in this study through the Caco-2 cells, which can imitate the
transport in vitro. P-gp is known to be located in the apical (brush-border) membrane of Caco-2 cells
and presents a major barrier to the oral delivery of many structurally diverse drugs and drugs
candidates (13-14).

Materials and Methods
Materials. DMSO (Dimethyl sulfoxide) was purchased from Acros organics (USA). Sodium
chloride (NaCl), Potassium chloride (KCl) and Glucose were purchased from Fluka chemical and all
other reagents and solvents were obtained from Sigma (St. Louis, MO, Austria). The chemicals were of
analytical grade and solvents used in high-performance liquid chromatography (HPLC) were of HPLC
grade. Vingerbine (Fig. 1), sum of indoline alkaloids was obtained according to the procedures in a

previous report (10, 15).
Vingerbine is represented by 4 indoline alkaloids of ajmaline series:

Vincarine (1) [C21H24N>0;5 (353.3), m.p. 264 - 2650C, [a] D + 13.75 + 0.80 (ethanol)];
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Vincamajine (3) [C22H26 N>O3 (366), m.p. 226- 227°C, [a] p - 21 + 0.1° (chloroform)];
Herbadine (2) [C21H24N,04 (368), m.p. 203- 206°C, (acetone)];

Herbamine (4) [C2:Ha6 N2O4 (382), m.p. 174-176°C, (acetone)] (16).

OP~_COOCH;3
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Fig.1. Structures of Vingerbine constituent alkaloids alkaloids.

In-vitro transport studies across Caco-2 cell monolayers. Caco-2 cell monolayer (passage
number 85) was grown onto 12 well Transwell polycarbonate membranes (Transwell®, Costar, 0.4
pm pore size, 12 mm diameter) according to the protocol as described by Sattler S. et al. (1997). The
cells were cultured in Minimum Essential Medium Eagle (MEM) medium supplemented with 20%
fetal calf serum (FCS). The culture medium was exchanged every other day and the cells were stored
in a 5% CO,-incubator at 37°C. To evaluate the integrity of Caco-2 cell monolayers, transepithelial
electrical resistance (TEER) was measured with EVOM instrument (World Precision Instrument,
Sarasota, FL). Cell monolayers with TEER values in the range of 500 to 600 Q2 cm? were included in

the in-vitro transport studies only.

On the day of experiment, the cell monolayers were rinsed with phosphate buffer saline (pH
6.8). Afterwards 1 mL of HEPES buffer was added to the apical and 1.5 mL to the basal sides of the
Transwell insert and after a 30 min equilibration period in 5% CO, incubator, TEER was measured
to ensure integrity of the Caco-2 cell monolayers. Vingerbine stock solution in a final concentration
of 0.02 % (w/v) was added to the apical side for absorptive (AP to BL) transport. Respectively the
same concentration of DMSO was made in basolateral side. 200 pL samples were withdrawn from the
acceptor sides every 60 min over a time period of 3 h and immediately replaced by 2 % DMSO solution
in incubation medium equilibrated at 37°C. The final concentration of DMSO was less than 2% in all

experiments, which did not have any detectable effect on the cell monolayers.

Inhibition of transport. Inhibition of Vinca alkaloids transport was tasted with known P-gp
inhibitor Verapamil (100 uM), which was freshly prepared by dissolving in incubation medium and
applied in either the apical or basolateral side. Unidirectional and net flux of Vingerbine was
measured in the presence and absence of Verapamil. After 30 min equilibration the drug stock

solution was added giving a final concentration of 0.02 % (w/v) to the apical side for absorptive (AP
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to BL) / or basolateral for secretory (BL to AP) transport. Then the experiment was performed as
described above. TEER was measured every hour. The amount of transported Vinca alkaloids were

analyzed as described below.

After completion of the permeation studies, transport medium was removed carefully and Caco-
2 cell monolayers were rinsed with phosphate buffer saline (pH 6.8) and the culture medium was
applied on the monolayers. The Caco-2 cell monolayers were allowed to regenerate for 24 h in the

COs-incubator.

Chromatographic conditions. The quantitative analysis of samples that permeated through the
monolayers was measured by reversed-phase HPLC (Merck Hitachi ELITE LaChrom, Autosampler
L-2200, Pump L-2130). To determine the corresponding alkaloids, the samples were centrifuged at
15000 g for 5 min at room temperature and 50 pL of supernatant was subjected to HPLC. The amount
of permeated Vinca alkaloids were measured by HPLC in accordance with the previously reported
analytical method (15). The column used was an Agilent Zorbax Eclipse XDB-C8 reversed-phase
column (150 x 4.6mm i.d.; 5pm) operated at 25°C and eluted with 0.1% triethylamine (solvent A) and
methanol (solvent B) according to the following protocol: 0—40 min, linear gradient from 50:50 (A:B)
to 30:70; 40-50 min, isocratic elution with 10:90; and 50-60 min, isocratic elution with 50:50 for
column equilibration. The flow rate was 0.8 mL/min and absorbance of the alkaloids was detected at
280 nm. No interference from any Caco-2 monolayers substances was observed during the elution.

Compounds were identified according to peak retention times and MS (Fig. 2) (18).
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Fig 2. Retantion time and identification of Vingerbine alkaloids: Herbadine (1), Herbamine (2), Vincamajine
(3), Vincarine (4)

Data analysis. The Permeability coefficient was calculated from:

da 1

Papp=
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Where dQ/dt is the permeability rate (pg/s), Co is the initial concentration in the donor chamber (pg

/mL), and A is the membrane surface area (cm?).
Efflux ratios (Prio) were calculated from Papp values by Pesmux = secretory Papp/absorptive Papp.

Percent transport (%T) was calculated as the ratio of permeated alkaloids in the receiver side to
the initial concentration in the donor side x100. Transport was monitored for a period of 3 h.

Statistical analysis. All the experiments were conducted in triplicate and the data are expressed as
mean + SEM. The statistical significance of difference was analyzed using student’s t-test. Values of

P < 0.05 were considered

Results and discussion

The present study was undertaken to determine the bioavailability and intestinal transport of
the Vingerbine compounding vinca alkaloids: Vincarine, Herbadine, Vincamajine and Herbamine
(Fig. 1) using Caco-2 cell monolayer. The two transport parameters, Permeability coefficient (Papp)
and percent transport (%T) for these compounds were determined in the apical to basolateral
(absorptive), as well as in the basolateral to apical (secretive) direction of the monolayer. Transport
was monitored for a period of 3 h. The cumulative amount transported with respect to time is shown
in Fig. 3; the percent of transported compounds and compared degree of AP-to-BL and BL-to-AP

fluxes are listed in Table.
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Fig. 3. Transepithelial transport across Caco-2 cells of Vincarine (A) and Herbadine (B). Each value

represents the mean + SD of at least 3 trials.
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Table Transport of Vingerbine Alkaloids across Caco-2 Monolayer (means + SD; n = 3-5)

compounds Absorptive (AP to BL) Secretory (BL to AP) Pratio
Papp (cm/s) x 107 %T Papp (cm/s) x 107 %T

Vincarine | 0.65 +0.12 7.82 +1.48 1.78 +0.13 21.48 +1.54| 274

Herbadine | 0.73 £0.12 8.85+1,50 1.64 £ 0.04 19.83 +0.49| 2.27

As illustrated in Fig. 3, two Vingerbine alkaloids demonstrated bidirectional transport; BL-to-
AP flux for Vincarine and Herbadine was found to be significantly higher than AP-to-BL; the mean
apparent permeability coefficients (Papp) of Vincarine and Herbadine in the absorptive direction were
accordingly 2.74 and 2.27- fold higher than those in the secretory direction (Table). P-gp efflux resulted
in higher BL to AP transport than AP to BL transport (21). This assay, where P ratio was compared
with a value of 1, was regarded as the standard for identified P-gp substrates. Involvement of a p-gp
mediated efflux mechanisms was indicated if the Pratio > 2. The %T for these alkaloids in the mixture
vary from 7.8 - 8.85% for absorptive and 19.83 - 21.5% for secretory directions. The results suggest that

specific efflux systems such as P-gp may be involved in the permeation of these alkaloids.

This directional difference in transport was not observed with Vincamajine and Herbamine; for
them fluxes were approximately equal in both directions. After one hour exposure, the rapid raise of
transport was observed in both directions. This pronounced rise of influx and efflux cannot be
attributed to drug-induced membrane damage, as the used concentrations of alkaloids and DMSO do
not change normal mucosal cell morphology. The efflux ratio value around of 1 (0.84 + 0.35 and 0.72 +
0.14 for Vincamajine and Herbamine correspondingly) means that the permeation of these compounds
in the AP-to-BL and BL-to-AP directions is identical, and is consistent with permeation by simple

passive diffusion.

The functional involvement of P-gp in this process was verified by the addition of verapamil,
often used at 100 pM to selectively inhibit the P-gp-based efflux transport. Studies have suggested that
verapamil competes with other substrates for binding to P-gp-associated ATPase (19). The influence of
inhibitor on the Efflux ratios of Vingerbine constituent alkaloids across Caco-2 cell monolayers is
shown on Fig 4. The co-presence of P-gp inhibitor substantially reduced the basolateral to apical efflux
of Vincarine and Herbadine and significantly increased the AB-BL flux, thus provided supportive
evidence for the involvement of an ATP-dependent active mechanism for intestinal transport of these
compounds; on the other hand, the insignificant effect of verapamil on Herbamine and Vicamajine
transport indicated a minor role of P-gp in the oral absorption of these alkaloids and excluded them as
a substrate for P-gp. These results are compatible with the data obtained earlier from rat intestine

model for Vingerbine constituent alkaloids (15).
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Fig. 4. Paracelular permeability dependence of Vingerbine constituent alkaloids transport across

Caco-2 cell monolayers in the presence and absence of Verapamil

In conclusion, Vngerbine constituent alkaloids, having in common certain chemical and physical
features, such as hydrophobicity, cationic charge, planar aromatic domain and nitrogen atom,
demonstrated different permeability properties across Caco-2 cells. Vincarine and Herbadine, bearing
hydrogen atom at first position (N-H), have typical P-gp-involved transport properties including
preferential transport in the basolateral to apical direction; meanwhile, in the transport of Herbamine
and Vincamajine, possessing methyl group (N-CHs), PgP/MDR1 played a minor role. Strong
relationship has been observed between the lipid solubility of compound and its affinity for P-gp;

more hydrophobic Vincarine expressed more effectiveness for interaction with P-gp.

Due to the involvement of P-pg in Vingerbine transport, the further studies will be focused upon
the screening appropriate nanomedicine-based strategies to combat MDR and thus improve intestinal

absorption of anti-arrhythmic alkaloids.
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306350 5¢035¢0m0@gdol Caco-2 vMxMggddo 39mfi9350mds s 9asbsEos

@05 fozwosmmol*, lgbqygfi(’_’)ofib 35865d9!, $BbMgsls 3gMb3m3-0bmGmbo?

10. §M0sm9godols Bo®mds3mdodool 0bLEHOGHWE0, MLLYY, MdOEOLO, LodsOM3zgEMm.
2030635300L 0BLEHOEGHME0, 0BLBdGW30L MBboggMOLOE G0, 0BLOM*Y30, S3LEHMOS
BLGHMIEHO

306358 539 MO0Id0  BIOOM®  AddIM0Yygbhgds  Lbbgoslbgs 99350090900
L593MObsME;  FobgEozs©  FomO  MIMS30MWO  9BRIJAHIOMOOLS S FIWIWO
396T53MEMPO0NMO  5JBHOOMOOLY, P-aao3m3mm@gobol  (P-gp)  FoMd  9Judcmgliosbomob
53538060930 5356353009 DoLEIOGHMdS MBS LgMOMBM 30060376  3OHMdEYTs.
3b6G05MH0mMMO ¢35 M0EIOOL K50l (306996Md0B0) Bofiersgdo domdgmfigzomdsty P-gp-
ol gLodenm MOl LY YIBI 330093900 BOBHIMS 5096M IO E0bMIMw MEgdDg (Caco-
2), GmamO3 Bofierogol 356090l Imgudy. 30639603060 A5dMymBowos bodoOmzgermdo
InbomO 23900l LmGmEsd (Vinca herbaceae) s 5035¢00bol  {o®dmgdmwo mmbo
5¢035¢0Mmool (306350060, 39Mds0bo, 396353060, 3063585060) x5O0 3MIY35MOAGHL
Do0mOo9bL. 503w Mm0EIBdOL  MOMEIBMIM0Z0  9b5EOBO  BoBHIM®S T gR9dGHYIM0
Lombw@o JOmds@myMono®oomn (HPLC). 2560bsB036ms GMobldm®@GHotmadols 356509HM9d0,
00M390f93500Md0L 3983030963 JO0 @S  BHMBLIMOHEGHOMOOL 3OMEIbEGH0. 306350060 o
39605000060 EHGMsblEIMEsOMwo 25dm©93bol domswo dsB39690d0m godmoMmbgmbgb;
396535900l 05655MLGOIMBOLL, 5 39EMOEIOOL 53035 MHO  BHMIBLEMOEGHO  Qo0BIMS,
beem 35Hm@s@gmeo 999300s. 390058060Ls s 3063535060L Fgdmbggzsdo 39ddMsbsdo
SL0TYIEHOO A5TBHIOMDS 5O IROJBOMGIMS. B0 FJEIRJO0 30635M060LS
3960500060308 Esdsbslosmgdgos P-gp o 2963003900 $Hodoweo
AGOBL3MOGHOMYOOL  M30L909d0,  dom  TmMOL  3M9RIOIPEONwo  HOBLIMOEGHO
05DBMWOGIOM0D 53035 MO0 80N gdom. 30639Md06OL EHMIBL3MOEH0MYdsdo P-
pg-ob BOMMEMdOL godm 56EGH05MH0MIMEO 5 350M0EJOoL bofersgm@o Fgofiggzsmdol
3oL Ix MdYLYIS© F90Y™MI0 33093900 BM3MLO0MEYds BbMIgo30bsBY WIxzMdbydEo
d9L50530L0 LEHMIEJ0900L L3M0bobyby.

153396dm LoEYzgdo: 30635L sen3oem0EId0, 306396Md0b0, Caco-2, P-awozm3®mm@gobo (P-gp).

Georgian Scientists/do®mnggwo dgisboggdo @.5 N 2, 2023 228



