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Summary

Effects of the extract ofNigella arvensis(NA) seeds on
transepithelial Na* transport were studied in cultured A6
toad kidney cells by recording short-circuit current
(Isg, transepithelial conductance Grt), transepithelial
capacitance Cr) and fluctuation in Isc Apical application
of NA extract had merely a small stimulatory effect on Na
transport, whereas basolateral administration markedly
increasedl s, Gt and Ct. A maximal effect was obtained at
500ul1-1 of lyophilized NA extract. The increase inCr
suggests that the activation oflsc occurs through the
insertion of transport sites in the apical membrane. In
experiments performed in the absence of Natransport
[apical Na* was replaced by N-methyl-p-glucamine
(NMDG )], basolateral NA extract did not affect |sc and
Gr, indicating that Cl= conductance was not influenced.
Noise analysis of sc using 6-chloro-3,5-diaminopyrazine-2-
carboxamide (CDPC) showed thatNA extract reduced
single-channel current (na) and decreased channel open
probability ( Po) but evoked a threefold increase in channel
density (N1), which confirms the insertion of Nd channels.
The separation of the compounds in the crude extract of

NA was performed by fast protein liquid chromatography
(FPLC) on a Superdex 200 gel-filtration column and by
reverse-phase high-pressure liquid chromatography (RP-
HPLC) on an pRPC C2/C18 SC2.1/10 column connected
to a SMART system. Analysis of the purified active
fraction by mass spectrometry demonstrated the presence
of adenosine as the single organic compound in the extract
that had a stimulatory effect on N& transport. In a
separate series of experiments, we confirmed that
1umoll~1 adenosine had similar effects on the parameters
of Na" transport as did the NA extract. The action of
adenosine was further identified by experiments in
which NA extract was added after adenosine. In these
experiments,NA extract did not affect|sq, Gt or Ct. These
results clearly demonstrate an essential role of adenosine
in the stimulatory action of NA extract.

Key words: Nigella arvensisextract, sodium transport, adenosine,
renal epithelia, short-circuit current, transepithelial capacitance,
transepithelial conductance.

Introduction

The plant nigella is a genre of three spediigella sativa
L., Nigella damascen&. andNigella arvensid.., commonly

antimicrobial activity ofN. sativaagainst several other species
of pathogenic bactericg{aphylococcus aureuBseudomonas

known as black seeds and belonging to the botanical family @eferuginosa and pathogenic yeasténdida albicanshas also
Ranunculaceae. The three species have been in use in mémen established (Hanafy and Hatem, 1991).

Middle Eastern and Far Eastern countries as a natural remedyfor a long time, plant remedies, including nigella, have been
for over 2000years. Nigella seeds are ascribed to have manged to treat diabetes. It has been proposed that the anti-

medicinal properties in traditional medicine.

In Arabic diabetic action of the nigella extracts may, at least partly, be

countries, these seeds are considered as a real panacea. So,exjiated through decreased hepatic gluconeogenesis (al-
are commonly taken alone, in combination with honey orwadi et al., 1991). Traditionally, these seeds are well known

added to many food preparations. Consequently,

manfpr their action on stone dissolution in the kidney and bladder.

researchers have studied the antibacterial, antifungal aritherefore, we wished to investigate the effectdlo&rvensis
antihelmintic effects of nigella seeds (Agarwal et al., 1949at the molecular level in renal A6 cells.

Akhtar and Riffat, 1991; Rathee et al., 1982). Previous work We have demonstrated the effects of extracts. &rvensis
on nigella seed extracts has shown that it inhibits the growtfiNA) seeds on transepithelial N&ansport in a distal tubule

of the bacteria Escherichia coli Bacillus subtilis and
Streptococcus faecaliSaxena and Vyas, 1986).

cell line, A6, isolated from the kidney of the toXénopus

The laevis by recording short-circuit currentsd), transepithelial
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conductance@r) and transepithelial capacitander) and by CDPC. The macroscopic current, which equadsfluctuates
analyzing the fluctuations induced by a reversible blockearound its mean value. These oscillations are, in fact, the sum
of the apical N& channel [6-chloro-3,5-diaminopyrazine-2- of small currents through many channels that switch randomly
carboxamide (CDPC)]. Analysis of the purified active fractionbetween an open and a closed state. Their transition states
by mass spectrometry demonstrated the presence of adenosilepend on voltage, temperature and blocker concentration.
as the single organic compound in KA extract that had a Interaction of the blockers (amiloride or CDPC) with the’ Na
stimulatory effect on Natransport. channels induces interruptions of the current through the
individual channels and consequently causes a third, blocked
state. Analysis of such a process gives power-density spectra

Materials and methods (PDS) with a single Lorentzian noise, which can be described

Cell culture by the following equation:
A6 cells (obtained from Dr J. P. Johnson, University of
Pittsburgh, PA, USA) were cultured as described previousl Sf) :i , (1)
(De Smet et al., 1995; Jans et al., 2000), grown on permeak 1 + (i/fc)?

culture support (Anopore, Nunc Intermed, Roskilde, Denmar
and used after 15-30days of growth (passages 103—-109). T
epithelial monolayers were mounted with minimal edg

damage in Ussing-type chambers for e!ectrophy3|olo_g|c locker and the channel and varies linearly with the blocker
measurements. These chambers are suited for continuo

fusi f both ¢ ¢ d i h £ i centration (Van Driessche and Lindemann, 1979).Kihe
periusion of ‘both compartments and rapid exchange of g, rates were calculated from the following equation:
solutions. All experiments were carried out under short-circui Tf=koo[CDPCJ ko, Where [CDPC] is the blocker

conditio.ns by contingously c_Iamping transepithelial voltage .toconcentrationso depends on the concentration of the blocker,

zero using a low-noise or high-speed voltage-clamp for noisg,q yansition rate constantgi andkyo), the number of active

analysis or capacitance measurements, respectively. channels i) and the single-channel curreitd, which, all

together, determine the Naansport ratels=NT inaPo, Where

Po is the open probability of the channel in the absence of the

bjocker. The PDS were calculated during a stepwise increase
CDPC concentrations, ranging betweenud®! -1 and

here §f) is the power density spectral functio®, is its
teau value anfd is the corner frequency depends on the
N (kob) and OFF (kno) rates of the interaction between the

Capacitance measurements

In a previous report from our laboratory (Van Driessche e
al., 1999), we described in detail the equipment used a

extensively discussed the j[heoreticalll backgrqund .Of thfOOHmoII—l. CDPC is a weaker blocker than amiloride, thus
measurement of transgplthehal capacugrﬁe).(Bnefly, n making it better suited for extrapolation to determineQfé&
Zulrk‘:[Ud)é’ A)ﬁﬁ useg ;lgi—;vav_?hanc?l)t/&g 651 2kHz, zt'7kH7rate and channel densities (Helman and Baxendale, 1990).

’ Z £ and ©. . 'he data In the present paper,yq sed a pulse protocol similar to that described by Blazer-

lllustrate records at 4.1kHz. Phasg shift and amplitude rat_'?ost et al. (1998). The apical surface was alternately exposed
between the voltage and current signal was calculated usip 10umol - and 4Qumol -X CDPC for 5min. Current noise

regression analysis. With these data, we calculated théﬁ both blocker concentrations was amplified, digitized and

parameters of the equivalent circuit of the eplthellumFourier transformed to yield PDS during each 5min period.

represented by a simple RC network that consists of a Seriefs  amiloride-insensitive currerflam) was measured by
resistance, transepithelial capacitance and its equivale focking the channels at the apical side withus®Il-t
parallel resistance. The graphical interface (Labview, Nationaﬁmi|0ri0|e The blocker-sensitive macroscobic curr as
Instruments, Austin, TX, USA) enabled real-time display of i P &MN

o S calculated astRa=lsc-lami
transepithelial conductancé+), short-circuit currentlé) and The single-gﬁa:;_e?ngurrents in the presence qfrdl -1
Cr.

CDPC (i) were regarded as single-channel currents in the

mgiljzclje(;efna;%ilt?g?ends tr?:tse% (t)r?e 8;1igljir?rpe%duetr\:\g/_Tae%zrangbsence of blocker, as they do not differ significantly (Blazer-
' ’ qut et al., 1998) according to:

equals the equivalent capacitance of the series arrangemen
of the apical Cap and basolateralCpy) capacitance (Van g0 SH0(2mfio)?

Driessche et al., 1999): Qf=1/Cap+1l/Co.. As Cp is INa=1Na™= 410, \1CDPC]’ (2)
approximately 12 times larger thalyp (Erlij et al., 1994), .

changes inCr will mainly reflect alterations at the apical WhereSE, fi%and 1}, are the values of, fo andIna in the

membrane, i.e. the result of endo- and exocytotic processespiesence of 1amol -t CDPC.
that border. Channel density at 30mol -1 CDPC (N39) is given by the

following equation:Ng°=I1x¥it%. In the absence of CDPC,
Noise analysis channel densityNp) is calculated as:
As we wanted to investigate the effect of N extract on 0 copcld
the kinetics of the Nachannel in A6 epithelia, fluctuation No = N&° 4 +p0[ ]D, A3)
analysis oflsc was applied using increasing concentrations of U Ks
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whereKg is the equilibrium coefficient for the effect of the as follows: 0% solvent B for 7min followed by a linear
blocker on open channelky§/kon) in umol 1. Open-channel gradient to 70% solvent B in 83min at a flow rate of
probability Po) was calculated with the valuesko§ from the  80pI min-1.

fractional inhibition of the blocker-sensitive Naransport, The sample was injected onto the reverse-phase column,
18910 caused by increasing the CDPC concentration fromvhich had previously been equilibrated in solvent A. The
10pmol -1 to 40umol I-1; column was washed with 420 of solvent A. Subsequently,
0 4010 [ a linear gradient from 0% to 70% acetonitrile in solvent A
Py = 1-INa OKs . @ was performed. Elution was monitored at three wavelengths
04013910 100 (215nm, 254 nm and 280 nm), and peak fractions of fraction

108 were collected manually in 50D Eppendorf tubes
The total number of channelfNt) was calculated as: based on the absorbance at 215nm. Each fraction was
NT=No/Po. lyophilized, dissolved in analysis buffer (Ringer solution; see
) ) o ) composition below) and analyzed for its activity on*Na
Methods of extraction and identification of the active transport in the renal epithelial cells. Activity was
principal molecule oNA demonstrated in a 215nm peak eluting at 20% acetonitrile,
Preparation of the plant extract which corresponded to fraction 12. To identify the molecular
The decoction was prepared by boiling 5g of dried anddentity of the active principle, this fraction was further
pulverizedNigella arvensiseeds in 100 ml distilled water for analyzed by mass spectrometry.
10min. Using filter paper, the plant extract was then filtered
(filtrate 1). Subsequently, a sample (2ml) A extract was Mass spectrometry
filtered through a polyvinylidene difluoride (PVDF) syringe Mass spectrometry analysis was performed on a Perkin
filter with a pore size of 0.45m (Alltech Europe, Laarne, Elmer APl 3000 LC/MS/MS system (PE Biosystems,
Belgium) (filtrate II). In addition, the PVDF filter was washed Foster City, CA, USA) equipped with a nanospray (Protana
with  1ml 5% isopropanol in high-pressure liquid Engineering, Odense M, Denmark) at a flow rate jfnt2.
chromatography (HPLC) water (filtrate IIl). Filtrates 1l and Il Calibration was performed externally with a polypropylene
were evaporated in a Savant Speed-Vac concentrator (Savahicol test solution (Perkin Elmer test-kit) and horse heart
Instruments, Hicksville, NY, USA) and then dissolved inmyoglobin (16.95kDa). @l of the prepared fraction was
25ml and 10Qu of distilled water, respectively. These introduced into the nanospray. Scans were made between m/z
fractions were used at a concentration of [#36! to analyze 5 and m/z 2000. Data from 50 shots to 100 shots were averaged
activity on the N& channel. Filtrate Il showed the maximum to obtain the final spectrum.
activity on N& transport.
Solutions
Fast protein liquid chromatography (FPLC) In all experiments, the apical and basolateral Ringer
A sample (2.5ml) of filtrate Il was lyophilized in a Savantsolutions contained 102mmotl Na*, 2.5mmoltl K*,
Speed-Vac concentrator. The sample was dissolved ipl3002.5 mmolt1HCOz~, 1 mmol i1 Ca2* and 104 mmoH! CI- (pH
of FPLC column buffer (100 mmof} ammonium bicarbonate 8; osmolality, 200 mosmol k§H20). For the experiments in
in HPLC water, pH 7.5), and 250 was loaded onto a which we investigated Clsecretion, the apical solution was
Superdex 200 gelfiltration column (Marsha PharmacidNaCl-free and, instead, contained 69 mmbliN-methylp-
Biotech AB, SE751-84, Upscale, Sweden). Flow rate waglucamine sulphate [(NMDG$Qy]; osmolality was
0.5 mImirr, and fractions of 2501 were collected. Elution of 180 mosmol kgtH20. At the end of this type of experiment,
the various compounds was established by monitoring thee removed Clfrom the basolateral solution, which contained
absorbance at 280nm. Each fraction was lyophilized an#i02mmolt! Nat, 2.5mmoltl K*, 2.5mmolt? HCO;s,
analyzed for its activity on the Nachannel. The highest 1 mmolt! Ca&* and 52 mmoH! SQu2- (the osmolality was
stimulating activity on Natransport was detected in fraction adjusted to 200 mosmolkkH20 with sucrose).
108. It should be noted that the volatile column buffer allowed Amiloride (50umoll-%; Sigma, St Louis, MO, USA) was
for a complete lyophilization without subsequent generation ofised to determine the amiloride-sensitive component déghe

high salt concentrations. CDPC (Aldrich Chemical, Milwaukee, WI, USA,; stock
solution in dimethyl sulfoxide) was used in concentrations of
Reverse-phase HPLC (RP-HPLC) up to 10QumolI-L. Nigella arvensiswas brought from Fés,

Fraction 108 was further purified by performing RP-HPLCMorocco. The lyophilizedNA extract was used in most
using a C2/C18 colummuRPC C2/C18 SC2.1/10 column, experiments at a concentration of 2601, We chose to use
Amersham Pharmacia Biotech, Buckinghamshire, UK)}his concentration oNA extract because an absolute maximal
connected to a SMART system (Amersham Pharmaciatimulation was recorded with 500! (see Results) and
Biotech). Operating conditions were as follows: solvent Abecause of the limited access to the extract. Adenosine
0.1% trifluoracetic acid (TFA) in HPLC water, solvent (1umoll-1, 93-p-ribofuranosyladenine) was also purchased
B, 95% acetonitrile in 0.1% TFA. Column conditions werefrom Sigma.
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Statistics
For pooled data, meanss#.Mm. were calculated. Statistical

Table 1.Effects of theNigella arvensigNA) extract and
adenosine on short-circuit curreritg), transepithelial
conductance (@ and transepithelial capacitance {IC

significance was evaluated using a Studdrtest.P<0.05 was
accepted as significant.

Isc(MAcm?) Gt (mScnt?) Cr (UFcnT?)

PT 1 Control 9.93+1.74 0.35x0.11 0.79£0.01

Results +NABI 22.89+2.26 0.49+0.13 0.851+0.01

Stimulation of N& transport by theNA extract +AmI 0.62:0.19  0.26x0.13  0.86:0.01

In th f NaCl-Ri both sid f the Al Control 7.98+1.45 0.17+0.05 0.83+0.02
N the presence of Natl-ringer on both sides ot the +NAAp 8.79+1.78  0.20:0.04  0.81+0.01

epithelia, the addition dlA extract to the apical side evoked

a small transient increase lig and Gt (dashed lines, Fig. 1). PT2 CO’:(SO' , 11%-?:11-%%; %i‘zﬁ%%i %%?;%%11
Th mentation ndGr following apical treatment w. +Adenosine - 1o.1lotl. o=, IO
e augmentation d¢candGr following apical treatment was +NABI 17.51+1.53  0.42+0.04  0.98+0.01

not significant and therefore is not further discussed in thi
paper. By contrast, addition &fA extract to the basolateral
compartment gave rise to a pronounced increakg, Bt and

Means+ s.e.M. (N=6) were calculated from experiments following

the protocol depicted in Fig. 1 (PT 1) or in Fig. 7 (PT 2).

Cr (solid lines, Fig. 1). Within 20 min, this increase reachec
its maximum effect of twice the initial value b&f; and was
followed by a steady state. The response was abolished w

| NMDGCIAp |

amiloride (5Qumoll-Y) was added to the apical bath. Mea A | NABI
values oflsc, Gt andCr are listed in Table 1. Ami
0.50
Effect of theNA extract on Ct secretion &
Although amiloride is able to almost completely bldek Gr I 5
(Fig. 1; Table 1), we verified the effect NA extract on Ct ‘-——‘L 0.5 UE)
secretion through the epithelium. We therefore abolishéed 30 L =
transport by incubating the epithelium with Nfaee apical & \_’ 0 ©
solutions (Fig. 2A). The addition of basolatel& extract in £
the absence of apical Né&eplaced by NMDG) did not lead < 15 lec
to an increase insc and Gr. Subsequently, when apica <
NMDGCI-Ringer was replaced by NaCl-Ringég; increased = 0 ﬂ . L
0 80 160
| NA | NMDG2 SQs Ap
Ami B | NABI
a SO;%1 Bl
E O 09r
(8] |
% 26@ fé osh
© E T |l 10
13 @]
g 0.7h . 5
B 3 —~ 04 <
g 0 — ‘T'E =
GT R
0 2 -2
E \UE_)/ 0.2 \L
'_
O 0 L | 1 1 '(5 Ok 1 ]
0 40 80 0 60 120
Time (min) Time (min)

Fig. 1. Effects of theNigella arvensigNA) extract on short-circuit
current (s¢, transepithelial conductancét) and transepithelial
capacitance(r) in cultured monolayers of A6 epithelia under‘Na
transporting conditions. The A6 cells were incubated in 102 nhol |
NaCl-Ringer solutions on both surfaces. R NA extract was

Fig. 2. Effects of théNigella arvensigNA) extract on Ci secretion.
(A) Epithelia were incubated in 102 mmo!INaCl-Ringer solutions
on both apical (Ap) and basolateral (Bl) sidds:methyln-
glucamine chloride (NMDGCI)-Ringer was then added apically
30min before theNA extract (25QlIl-Y) was administrated

applied either to the apical side (dashed line) or basolateral sitbasolaterally 50umoll-1 amiloride (Ami) was added at the end of
(solid line) of the monolayer. At the end of the experiment! Nathe experiment. (B) Same experimental conditions as in A, but
current was inhibited by apical f@noll-? amiloride (Ami). The NMDG2SQu-Ringer was applied apically 30 min before thi
traces are mean values from six tissues; dotted lines represent meextract was added. At the end of the experiment, basolateralagl

+ SEM. replaced by Sg¥-.
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rapidly, reached a peak and declined to a plateau. The pei A | NABI
Isc and decline to a steady plateau value are caused by
self-inhibition, which has been described for severaf-N:
transporting epithelia. However, it should be noted that
plateau values ofsc and Gt are markedly higher than the
control values recorded at the beginning of the experime
Moreover, amiloride was able to almost completely bliagk
and to strongly depresst. These observations confirm th 0.15
effect of NA extract on Natransport.

To further verify a possible effect ddA extract on Ci
secretion, we performed experiments with a Gtadient
directed from the basolateral to the apical side (Fig. 2
Apical NaCl-Ringer was replaced by (NMD&SOs-Ringer. .
No effect onlsc and Gt was observed after addition BFA 0 70 140
extract to the basolateral side. However, the increaSe \as Time (min)
comparable with the effect observed in Fig. 1, demonstrat
that theNA extract exerted its effect under these conditior B
At the end of the experiment, basolateral NaCl-Ringer v 1100r o Control
replaced by N&SEOs-Ringer to check the Clcurrent, but = +NA
practically no effect was observed. These data show that,
both protocols (Fig. 2A,B), thBIA extract does not activate ¢
CI- pathway.

Ami

@)
3

[CDPC]ap (mol 1)
o 8
| p— |

)
S
Gt (MScm—2)

Isc (MA cm™)
[
o
a

o

650

2rfe (s72)

Noise analysis parameters: blocker rate coefficients and _
determination ofna, Nt andPo values in control conditions 200 s = =0
and in the presence dIA extract

. ) . CDPC mol 11
Fig. 3 depicts the different steps that lead to t [ Jap (1 )

determination of th@®©N and OFF rates kob andkpo kinetics)  Fig. 3. Effects of theNigella arvensis(NA) extract on kinetic
of the interaction of CDPC with the Nahannel. Fig. 3A  parameterskon, koo and Kg of the interaction of 6-chloro-3,5-
shows the inhibition ofsc caused by apical application of diaminopyrazine-2-carboxamide (CDPC) with the*Nzhannel.
increasing concentrations of CDPC, ranging fronurb@! -1 (A) Effect of stepwise application of apical CDPC concentrations
to 100umol I, before and after basolateral stimulation with (ranging from 1@mol i~ to 100umol %) on short-circuit current
NA extract. The observed relative instability lef after the (Isg and transepithelial conductand8rj of AG cells before and

S - . after basolateral (Bl) stimulation with 2E0i-1 NA extract N=6).
application of different CDPC concentrations has beel

. i ) 50umol I- amiloride (Ami) was added after the highest dose of
reported and discussed in the literature (Baxendale-Cox et écppc at the end of the experiment. Solutions were as in Fig. 1.

1997). It was attributed to the feedback regulation of Na(g) 2rf. data at different doses of apical CDPC ([CDR] The
transport and therefore becomes more pronounced at higtsiope and intercept of the linear regressions for the control
transport rates, as observed after stimulatiorsdly theNA  (2rfc=7.66[CDPC}jp+259.29) and in the presence NA extract
extract. Similarly, after washout of CDPC from the apical(2nfc=7.64 [CDPCAp+281.51) indicate theéON and OFF rates,
solution, just beforeNA extract application, relatively high respectively, of the interaction between CDPC and the Na
transient overshoots i were observed. Typically, amiloride channel.

inhibited N& transport rapidly and completely when applied
at the end of the experiment following the highest dose ¢
CDPC.

Fig. 3B Illustrates tharfc data correlate linearly with
the CDPC concentrations. Therefodeyp and koo can be
determined by linear regression analysis using the followini
equation: 2fc=kot|CDPCJ+kpo (see Materials and methods).

Table 2.Effects of basolateradMligella arvensigNA) extract
on parameters of CDPC blocker rate coefficients Krd

The ON and OFF rates for CDPC during the control period "0? . kbg Ks B
were consistent with the rates previously reported (Jans et ¢ (hmof~s™) (s9) (umol 7
2000). Treatment witiNA extract did not chang&op and Control 7.66+0.16 259.23+5.79 33.92+1.22

slightly increasedyo. Mean values of the kinetic parameters NAextract 7.64+0.20 281.39+10.95  37.01+2.08
(kob, kno andKg) are presented in Table 2.

As Na' channels in the apical membrane of A6 cells are rat  CPPC, 6-chloro-3,5-diaminopyrazine-2-carboxamide.
limiting for transepithelial Na transport (Granitzer et al., 'ndependent-test on control antliA extract P<0.05); the values
1991), the increase ik observed during application &fA are not significantly different. Values are mearssem. (N=6).
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Fig. 5. Identification of the active compound in thigella arvensis
D (NA) extract. (A) Fast protein liquid chromatography (FPLC) profile
0- 0F | _iN Nt _P =0 <0 of the NA extract. The elution position of fraction 108, showing
SC a [0}

activity, is indicated by an arrow. (B) Further separation of fraction

Fig. 4. Effects of theNigella arvensiNA) extract on short-circuit 108 by reverse-phase high-pressure liquid chromatography (RP-
current (s9, single-channel currening), transepithelial conductance HPLC). The activity was demonstrated in a 215nm peak eluting at
(G), total number of channel$\f) and open-channel probability 20% acetonitrile (fraction 12, indicated by an asterisk). The linear
(Po). (A) Pulse protocol of 6-chloro-3,5-diaminopyrazine-2- €lution gradient is also shown.

carboxamide (CDPC)-induced noise before and after addition of th

NA extract basolaterally. CDPC-induced noise was recorded b

switching the apical CDPC concentration ([CDR&]alternately We used noise analysis to determine the contributioing,of

—1 —1 . 1 . .
from 10umoll o 40umoll every Smin. S@umoll amllond.e Po and Nt to the Isc Current noise PDS were alternately
(Ami) was administered apically at the end of the expenment.measured during exposure to ol 1 and 4quO“_1
Solution conditions were as in Fig. 1. (B}, ina, Nt and Po during 9 P

control (open bars) and after exposur@&lfoextract (filled bars). The _CDPC’ thus pr()_Vldlng _thé“’ and fc va_lues of t_he blocker-
values were calculated using a three-state model. * The values of tHiuced Lorentzians. Fig. 4B summarizes the influendg/of
control and theNA extract are significantly differenP€0.05) for all  €Xtract onlsg ina, NT and Po. NA extract increasedkc from

parameters. 8.3+0.44uA cm2to 21.36+0.7HAcm2 The most important
factor involved in the activation dfc after application oNA
extract wasNt, which increased from 0.75+0.0f12 to

extract could result from a rise iRa and/or Nt and/or Po. 3.54+0.14um2. The relatively small decrease ina from

To resolve this question, we performed noise analysi®.42+0.01pA to 0.36+0.01pA during exposureNa extract

experiments. Fig. 4A illustrates typicdkc responses to probably represents the immediate response to depolarization

basolateralNA extract in such an experiment where apicalof the apical membrane by activation of the" [darmeability.

[CDPC] was switched alternately betweenuib@oll-? and  Poin the presence of basolatel# decreased from 0.29+0.02

40umol - every 5min. It should be noted that basolatli&l  to 0.18+0.01. Results are presented as mearsn: (N=6).

was added in the presence ofuhol I-1 apical CDPC and that

the first 4Qumol I-1 CDPC pulse was executed approximately ldentification of the principal active component of k%

10min after addition of thélA extract. Isc increased from extract

8.62uAcm2 to 22.120Acm2, and Gt increased from Fig. 5A shows the elution position (fraction 108) of the

0.20mScm?to 0.36 mScr?. In addition, indicated on these activity during the separation of tieA extract by FPLC on a

tracings is the consistent finding that tkein these studies is Superdex 200 column. This corresponds to compounds with

amiloride sensitive, as shown by the depressioRc@ndGr  a molecular mass of <2000 Da. Fraction 108, in turn, was

by 50umol -1 amiloride at the end of the experiment. separated using RP-HPLC (Fig. 5B). Fraction 12 of the
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molecules with masses of 316, 288 and 268 are visible. Th
compounds with masses of 316 and 288 could be identified &g 7. Time courses of short-circuit currerite transepithelial
contaminants generated during the purification procedure. The 26¢onductance Gr) and transepithelial capacitanceSt) during
mass compound was identified as adenodih€67.24). basolateral (Bl) serial stimulation with adenosine and Niggella
arvensis(NA) extract. First, iimoll-1 adenosine was added at the
. . . basolateral side, followed by addition of 2801 NA extract under
separation of fraction 108, corresponding to @ 215NM Pe&yansporting conditions. The same solution conditions were used as
eluting at 20% acetonitrile, showed maximum stimulatoryin Fig. 1. The traces are mean values from six tissues; dotted lines
effect onlsc (data not shown). Therefore, it was taken forrepresent meansste.m.
further identification. Functional tests with other fractions of
FPLC and RP-HPLC did not demonstrate a stimulaton
activity. is proportional to the apical membrane area. Hence, our
Mass spectrometry analysis (Fig. 6) allowed thefindings indicate thalNA extract causes an increase of the
identification of a 268-mass compound as adenosihe ( apical membrane area of the epithelium. This increase in
267.24), from which adeninév¢ 135.15) is further derived. membrane area could be due to membrane trafficking ahd Na
The compounds with other masses could be identified ahannel insertion in the apical membrane. Based on this
contaminants generated during the purification procedure. observation, we performed noise analysis to further explore
The possible role of adenosine was functionally tested bthis hypothesis. As shown by the analysis of the CDPC-
verifying its effect on N& transport and by subsequently induced noise, th&lA extract increases the number of open
investigating the effect dfA extract on Natransport (Fig. 7). amiloride-sensitive Nachannels in the apical membrane of A6
The addition oNA extract 30 min after an adenosine responseells. This finding, together with the increase in apical
(Fig. 7) did not show an additive effect on apical membranenembrane area, suggests a stimulation of epithelial transport
Na' influx. We obtained similar effects on N&ansport with by promoting the exocytotic transfer of membranes from
adenosine. Moreover, adenosine blunted the effecNAf the cytoplasmic compartment into the membrane surface.
extract. TheNA extract concentrations were chosen to elicitHowever, the possibility that pre-existing Nehannels are
maximal responses. These data suggest that the stimulation dxgtivated byNA extract, independently of the transfer of new
both agents occurs through a common signaling pathway amdembranes, cannot be ruled out. The number of opén Na
confirm that adenosine is the single organic compound in thehannels increased threefold, while increased by only 8%.
NA extract that increased N&ansport. Fig. 7 represents the These numbers could be interpreted as indicating that the
mean of six experiments. additional membranes contain a considerably higher density of
Na* channels than the resting apical membrane. Similar results
were obtained with insulin (Erlij et al., 1994) and aldosterone
Discussion (Blazer-Yost et al., 1998). Previous data (Coupaye-Gerard et
The present study demonstrates thatNAextract activates  al., 1994) showed that aldosterone-inducettidmsport in A6
transepithelial Natransport in A6 cells. The receptors and/orcells was sensitive to brefeldin A (BFA), an inhibitor of
mechanisms are located at the basolateral side of the cells,e®cytotic events. In addition, the decreasdsphfter BFA
apical administration ofNA extract had only a small was primarily the result of a decrease in open-channel density
stimulatory effect onlsc and Gr. The activation of in the apical membrane of A6 cells (Fisher et al., 1996). Full
transepithelial N& transport in A6 cells by basolaterbllA  elucidation of these phenomena will, however, require further
extract evokes a parallel increas€Cin IscandGr (Fig. 1). As  investigation.
demonstrated previously (Van Driessche et al., 1999), the It is remarkable that the activation of N@ansport byNA
value ofCr is dominated by the value @fp, which, in turn,  extract is exclusively due to an increase of apicélddannels,
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whereas thévaandP, decreased. The decreaséngprobably intracellular stores. Furthermore, Kurtz (1988) has
results from cell depolarization, as previously reported (Vamlemonstrated that, in isolated juxtaglomerular cells, activation
Driessche and Zeiske, 1985). In the present study, thaf A1 receptors is associated with an elevation of cyclic
depolarization was caused by an increase in apical membrageanosine-35-monophosphate (cGMP) but not with changes
Na" conductance (Fig. 4A). Possible mechanisms that coulth either cytosolic C&# or cAMP, suggesting the involvement
explain the decrease &, by 38% are, as yet, unknown. of yet another second messenger system for adenosine. An
Despite appreciablA-extract-related decreasesRef the net  effect of adenosine on intracellular Tavas also found in
stimulation of transport occurs as a result of a considerabkxperiments where #receptors were stimulated by 2-chloro-
increase inNo. Studies with forskolin, which is known to Né-(3-iodobenzyl)-adenosine-fnethyluronamide, which
increase cytosolic cyclic adenosine monophosphate (CAMPctivates Cl secretion by Ci and cAMP-regulated channels.
have shown similar effects (Els et al., 1991), suggesting a In the present study, we did not find-Gkcretion induced
possible role for cAMP in the regulation &. It is also by adenosine oNA extract in A6 cells (Fig. 2). On the other
possible that cytosolic €& causes this decrease . In hand, we have evidence that cAMP and/o#*CGativate Ct
recent experiments with ionomycin, elevation of cytosolicchannels in the same clone of A6 cells (Atia et al., 1999; Zeiske
Ca** induced by this ionophore led to a decreasBsgh A6 et al., 1998). It is puzzling that, in this study, we found a
epithelia (Helman et al., 1998). marked activation of Naabsorption without affecting €l

To elucidate the mechanisms of action of f#eextract on  secretion. The magnitude of the effect on*Neansport
transepithelial Na transport in A6 cells, we attempted to suggests that, if the stimulation occurs through cAMP, its rise
identify the principle active compound(s) by using biochemicain cytosolic concentration should be significant and probably
approaches: FPLC, RP-HPLC and mass spectrometry. Tisefficient to activate Clsecretion. However, in experiments
molecule was identified as adenosine (Fig. 6). The functiowhere the additive effect of forskolin and adenosine was tested,
tests with adenosine confirmed that it stimulates active Nave found that forskolin could still markedly activate *Na
transport in A6 epithelia and that its action blunted the effedransport in tissues pretreated with adenosine, whereas the
of the NA extract (Fig. 7). effect of adenosine after forskolin addition was rather small (F.

Adenosine regulates both Naptake and Clsecretion in  Atia, unpublished observation). So, it remains possible that the
A6 cells, as in other epithelia. It has been reported that theAMP levels reached by adenosineN# extract treatment are
regulation of Ct secretion is mediated by iAadenosine still too small to activate Clconductance but are sufficiently
receptors located at the apical cell surface and transduck&ge enough to activate Ndransport. This issue requires
by C&* release from intracellular stores (Banderali et al.further investigation and leaves the possibility open of the
1999; Schwiebert et al., 1992). Similar results were showimvolvement of a CAMP-independent pathway.
by a metabolically stable analogue of adenosiNg The present study is of importance because of the
cyclopentyladenosine (CPA), which binds to both theaAd  widespread use of spices and other plant products by humans.
A2 adenosine receptors in A6 cells (Casavola et al., 1996) b&ants have always been used in traditional medicine. Their
has a higher affinity for the Areceptors. When CPA was effects may provide a source of inspiration for the development
added to the apical side, it induced an increase in Cbf new drugs based on careful scientific studies that are
conductance by acting on tha feceptors. Recently, Di Sole required to avoid adverse effects that may occur. In fact, there
et al. (1999) reported results indicating that stimulation #f Aare numerous plants, including nigella, awaiting further
receptors induced an elevation of cytosoli@GaA6/Cy cells.  investigation of their therapeutic potential.
These findings were confirmed by Reshkin et al. (2000), who
demonstrated the presence of Peceptors in the apical  This project was supported by research grants from the
membrane. When added to the basolateral side, adenosifends voor wetenschappelijk onderzoek — Vlaanderen’
increases Na transport by interacting with basolaterally (G.0179.99), the Interuniversity Poles of Attraction Program —
located /A receptors. The activation of Neonductance occurs Belgian State, Prime Minister's Office — Federal Office for
through an adenylate cyclase-dependent mechanism (LangStientific, Technical, and Cultural Affairs IUAP P4/23. F.
al., 1985). Moreover, Dobbins et al. (1984) have demonstratestia was supported by a grant from the Belgian Ministry of
that adenosine and some of its analogues increase cAM®reign Affairs (ABOS).
levels, which results in secondary-Gecretion, indicating the
presence of an Aadenosine receptor on rabbit ileum mucosal
cells that activates adenylate cyclase. On the other hand, References
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