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Verapamil, cyproheptadine, and anisodamine antagonized [Ca®* ];
elevation induced by TNFe in a single endothelial cell!
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ABSTRACT

AIM: To study the effect of tumor necrosis factor alpha
(TNFe} on intracellular free Ca®* concentration
([Ca* ;) and the effects of verapamil ( Ver),
cyproheptadine {Cyp), and anisodamine (Ani) on TNFe-
induced [Ca®* ]; changes in single endothlial cell, and to
explore the mechanisms of TNFa-mediated shock and
antishock actions of Cyp and Ani. METHODS:
Human umbilical vein endothlial cell strains (ECV304)
were seeded in 35-mm tissue culture dish with 2 mL
DMEM culture medium. The cultured cells were loaded
by Fluo-3/AM. The spatial distribution and the dynamic
changes of [ Ca®* |; in single endothelial cell were
determined by laser scanning confocal microscopy.
RESULTS: After stimulation with TNFe, [C£* ], in
single endothelial cell rapidly increased in a concentration-
dependent manner and arrived at the peak value within 60
s, afterwards, decreased and kept above the basal level.
The confocal scanning image showed that [ Ca®* J;
elevation was more obvious in nuclear than in cytoplasma
and decreased slowly. Ver (1, 2 pmol/L), Cyp (30,
60 umol/L), and Ani (20, 40 pmol/L) markedly
inhibited TNFa 1.2 nmol/L-induced [Ca®* ]; elevation.
CONCLUSION: TNF: markedly induces elevation of
[Ca* ], in a single endothelial cell, it may be an
important mechanism of TNFa-induced shock and tssue
injury. That Cyp and Ani obviously suppress TNFe-
induced [ Ca®* ]; elevation probably is ome of the
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mechanisms of their antishock effects.

INTRODUCTION

Tumor necrosis factor alpha (TNFa) is a polypeptide
cytokine that has been found to occupy a pivotal mole in
the development of shock and tissue injury during
septicemia'?),  Infusion of rat with TNFa results in a
syndrome of shock that was pathologically similar to
septic shock". Clinical studies have demonstrated that
serum TNF levels predict morbidity and mortality in
humnan meningococcemia and in clinical septic shock of
oiher etiologies’.  Anti-TNF monoclonal antibodies
prevent septic shock during lethal bacteremia™ . Our
studies had found that plasma TNFx levels in rats
markedly increased after lipopolysaccharides { LPS )
challenge, and inhibiting TNFe production had a obvious
anti-endotoxic shock effect™® . In this study, using laser
scanning confocal microscopy (LSCM), we detected the
spatial distribution and the dynamic changes of [Ca’* J; in
single endothelial cell after TNFa stimulation and
investigated the effects of Ver, Cyp, and Ani on the
changes of [C#** J; induced by TNFe, so as to elucidate
the mechanisms of TNFe-mediated shock and antishock
actions of Cyp and Ani.

MATERIALS AND METHODS

Drugs and reagemts TNFa ( provided by
Biotinge Biomedicine Co); Ver (Jiangsu Lianyungang
Pharmaceutical Factory); Cyp (Jinan Yongning Pharma-
ceutical Co); Ain ( Wuhu Changjiang Pharmaceutical
Co); Fluo-3/AM (Molecular probes, Bugene, Oregon,
USA) ; Dulbecco’s modified Engle’ s medium ( DMEM)
and fetal bovine seum (Gibeo BRL, USA); HEPES
( Boehringer Mannbeim, Germany ); Other chemicals
were of AR grade.

Cell culture Human umbilical vein endothelial
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cell strains ( ECV304, Institute of Basic Medical
Sciences, Chinese Academy of Medical Sciences) was
seeded onto 35-mm tissue culture dish with 2 mL of
DMEM culture medium (DMEM 10 g/L, HEPES 35.76
g/L, NaHCO; 37 g/L, fetal bovine seum 100 mL,
penicillin 100 kU/L, streptomycin 100 kU/L, pH 7.2 -
7.4) and incubated at 37 € in 5 % CO, atmosphere
(CO, humidified incubator, Heraeus, Germany). The
culture medium was repewed every 2 d.
Fluo-3/AM-loaded cells Fluo-3/AM in Me,SO
was added into Hanks® solution (final concentration 5
pmol/L). Freshly prepared fluorescent solution 2 mL
replaced the medium in the dish. The cells were
incubated at 37 C for 45 min for analysis®’.
Measurement of [Ca?*]; The fluorescent
intensity was increased as the Fluo-3 binding fo inira-
cellular free Ca** . The changes of fluorescent intensity
might represent the corresponding alteration of [ Ca®* J,.
Cells were scanned with a 1 pam spot argon ion laser beam
at 355 nm. FEmissions at 405 and 485 nm from the
illuminated spot on the cells were directed to a sensitive
photomultiplier tube and acquisition interface. The ratio
of the intensities of flucrescent emission at 530 and 630
nm with excitation at 488 nm was measured with the same
system. The [Ca®* ], in various parts of single cells was
calculated from the ratio of fluorescence at each emission
wavelength using standard calibration curve of Ca®*
concentration. Using a 5 W argen ion laser emitting at
488 nm and 514 nm, the phase-contrast microscope ( x
20), and Time Series scanning program, we continually
observed the spatial distribution and the dynamic changes
of [Ca* J; in a single cell by laser scanming confocal
microscope {Bio-Tek Meridian Instruments, USA)(67
Experimental protocol The endothelial cell
loaded-well with Fluo-3 in culture dish was found in the
screen, the normal fluorescent image and [C2%* |, in a
single resting cell were detected. Then, the samples
were divided into two groups. (1) TNFa group: After
the fluorescence was in the sieady state, seven
concentrations of TNFa were added into the dish. Final
concentrations of TNFa in Hanks™ solution were 0 ( the
saline replaced the TNFz), 0.3, 0.6, 1.2, 1.8, 2.4,
and 3 nmol/L., respectively. The spatial distribution and
the dynamic changes of [ Ca®* J; in a single cell were
observed. (2) Drug treated group; pretreatment with
Ver 1 or 2 ymol/L, Cyp 30 or 60 pmol/L, and Ani 20
or 40 pmol/L { final concentrations in Hanks® solution ),
the effects of Ver, Cyp, and Ani on the fluorescent

image and curve of [ Ca£* |; were observed. After 1
min, TNFa (final concentration of 1.2 nmol/L) was
added. The effects of Ver, Cyp, and Ani on the
changes of [ Ca®* ], induced by TNFa in a single
endothlial cell were observed.

Analysis of data The changes of [ Ca®* ]; were
indicated by the percentage of the fluorescent intensity
combining Fluo-3 with Ca**. The formula is shown as
follows; Percentage of increase in [ Ca®* ], fluorescent
intensity (%) = ( Fug — Fo)/ Fy x 100 %, where Fipy
is the peak value of the fluorescent intensity of the
[Ca** ]; elevation induced by TNFa. F, is the fluo-
rescent intensity before administrating drog.

Data were expressed as ¥ = 5§ and cmpared with -
test,

RESULTS

The effects of TNFa on [ Ca’* ]; in single
endothelial cell After stimulaied with TNFa, the
fluorescent value of [ Ca** ], in a single cultured
endothelial cell rapidly increased and arrived at the peak
value within 60 s, afterwards, decreased and kept above
the basal level. The confocal scanning image of spatial
distribution of [ C22* ]; showed that [ Ca®* ], elevation
was more obvious in- nuclear than in cytoplasma, and
decreased slowly (Figl). TNFe-induced [ C2* ),
clevation was in a conceniration-dependent manner,
With increase of TNFa concentration, the fluorescent
intensity of [ Ca** ], rose more obviously and declined
more slowly (Tab 1).

Tab 1. Effect of TNFa on [Ca?* ], in a single cultured

endothelial cell. » =6 samples., % ts. P<0.01 vs
basal fluorescent values.
Percen of increase in

TNFa/nemol- L™ ﬂngfn intensity/ %

0 (saline control ) 0

0.3 971

0.6 176+ 27°

1.2 216 + 34¢

1.8 280 +£37°

2.4 323£3%

3 393 +41°

Effects of Ver, Cyp, and Ani on [Ca’* };
elevation induced by TNFu  Pretreated with Ver 1 or
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Fig 1. The confocal scanning image showes the effect of TNFu on [Ca™* ]; in a single endothelial cell,

The color

scanning picture could directly reflect the changes of single endothelial cell [Ca’* ]; in various typical phases. The

color index at right-upper comer indicates that the different colors correspond to the diffe

nt fluorescent intensity.

The right-lower corner is the curve of the fluorescent intensity of [Ca®* ]; with time. A saline conitrol; B: TNFo 0.3
nmol/L: C: TNFg 0.6 nmol/L; D; TNFa 1.8 nmol/L; E: INFa 2.4 nmol/L; F: TNFa 3 nmol/L.

2 pmol/L, Cyp 30 or 60 pmol/L, and Ani 20 or 40

pmol/L,  The peak values of fluorescent intensity of
[Ca®* |, elevation induced by TNFz 1.2 nmol/L in a
single  endothelial obviously reduced

comparison with TNFa 1.2 pmol/L alone. Tt supgesied

cell  was
that Ver, Cyp, and Ani have obvious antagonistic effects
TNFo-induced | C&#* |,

endothelial cell (Tab 2, Fig 2).

on glevation in a sngle

DISCUSSION

Intracellular free Co** as a second messenger plays
an important role in cellular various functions such as cell
division, differentiation, gland secretion, and peurotrans-
mitter release. Control of [ Ca* ]; homeostasis includes
maintaining Ca’* gradient on both sides of membrane,
mediating celluar response on external stimulus, and
[8,9]

performing message transduction acToss membrane

[ Ca** |, is increased in many pathophysiclogic processes

Tah 2. Effect of verapamil, cyprohepiadine, and aniso-
damine on TNFa (1.2 nmol/L)-induced [Cs* ]; elevation
in single cultured endothelial cell.
P <(),01 vs TNFo.

n = 6 samples.

X*E 5.

Percenmge of increase

AT L}
Drugs/ ol -1 flucrescent intensity.” %

TNFa 216+ 34
TNFa + Ver I I = 1T
2 G5 £ 14
THFz + Cyp M 117 £ 1%
ol 5+ 16°
ThFa + Ani ) 184+ 21°
4 O+ 18°

including shock. Many of the invasive stimuli known to
cause sepsis, such as endotoxin and enteroloxin, promote
macrophages to release TNFa.  As TNFa binds to tumor
necrosis factor receptors on cellular membrane, phas

pholipase C is activated and catalyzes phosphatidylinositol
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Fig 2.
cultured endothelial cell.

A: TNFe 1.2 nmol/L; B: Ver 1 pmol/L + TNFo 1.2

Inhibitary effects of verapamil, cyproheptadine, and anisodamine on [Ca

* ], elevation induced by T™NFa in
nmol/L; C: Ver 2 pmol/L + TNFr 1.2

=

nmol/L; D: Cyp 30 pmol/L + TNFa 1.2 nmol/L; E: Cyp 60 pmol/L + TNFiz 1.2 nmol/L; F: Ani 20 pmol/L + TNFa 1.2

mmol/L: G: Ani 40 pmol/L + TNFe 1.2 nmol/L.

4, 5-diphosphate into 1,4, 5-inositol triphosphate ( IP;)

1.2 +

IP, leads to the intercellular Ca™ " release and extracellular
Cat influx'™, [ Ca®* ], elevation could disturb the
process of oxidative phosphorylation in mitochondria,
reduce adenosine triphosphate ( ATP) production, activate
certain phospholipases, and seriously damage cellular and
In the meantime, the
certain

subcellular organelles membranes .
Cee* might
profeinases to produce a great amount of free radicals,
and promote the expression of the genes 10 produce the
inflammaory mediators such as TNFo and interleukin-| A
Therefore,

overload directly activale

which are important factors of septic shock.
the [ C#** ], overload is the common pathway for cell

death, and closely related to the development of shock.
Al present LSCM is the best means to study the
spatial distribution and the dynamic changes of [ Ca®* |, in
single cell. This results showed that INFa markedly
induced [ Co®* |, elevation. The [Ca* ||
induced by TNFr was more obvious in nuclear than in

elevation

cytoplasma, it may be the event released from Ca'* pool

in nucleust!!” . The increase of nuclear calcium promotes
the gene transcription and expression of certan she wkgenic
cytokines such as TNFa and interleukin-1 3. It may be
an important mechanism of TNFu-induced shock and
Verapamil, cyproheptadine, and anisoda

TN Fo-induced

rissue injury

mine have an agtagonistic effects on
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[C* |; elevation. Verapamil, a C2** channel specific
antagonist, mhibit elevation of [ Ca®* ]; induced by
TNFa, suggesting that TNFo-induced [ Ca?* T; elevation
also result from the increase of calcium influx. Our
previous studies found that Cyp and Ani strongly inhibited
LPS-induced TNFa production, and had a beneficial ant-
endotoxic shock effects.  This study indicated that
antishock mechanism of Cyp and Ani may be related to
inhibiting the [Ca®* ]; elevation induced by TNFe.
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Biumx. BRENLRERER TNFe 5821
P MBI AN Ca™ REMEE'

EAR, KA, AR, & T AR
CHTRE¥RWELESHWE, 2 ETE,
BT 272013; WA KR EDERABYHANE, Kl
250012, PHE)

XA ERTEE T, 5; A BRIk,
BE; \WHEM; BRMaR; tRESHERE

Bl 15T 98 3R 58 B F ( TNFa) X84 P9 Bz 40 M
Wl Ca** B[ Ca* 1) B B SR K (Ver) |
B BEE (Cyp) M1 1L R 35 98 ( Ani ) 4 TNFo i % [Ca®*
TR W, LT TNFe fr KA Cyp. Ani #9
Ptk L. HiEk ABBRKAKFIRHK
(ECV304)BEA T 35 mm &4 2 mL DMEM B s 549
AR TIRR. Fuo-3/AM RBANM, B
MERERMHEAMER I AEARIC ). &
R: TNFo RN ARARICH ), B BR#E A
B, TE60 s PUAPINME, RIFTRIFBEAELMA
Fzlb. FREEAHEREAERER[CE] T
WHHREEAE, FTREERREKE. ERmk 1
2, BESRUE 30 7 60 251 H 5 B 20 A1 40 pmol/L 68
BEME & TNFa 1.2 nmol/L % 5 8 85 M 2 4 I
([CE*TAE. Bt N BEBESLHEAKE
[ca* ] 7+, AIBER TNFo SR M EEHH;
Zhdnck, mRERAILDESHRA TNF BS 8
[Ca | ARB O, FERma il SR
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