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Abstract
Background—Saponosides (horse chestnut seed extract, escin) and flavonoids (diosmin, Daflon
500) exhibit venotonic properties that have been utilized in treatment of varicose veins. However,
the cellular mechanisms underlying the venotonic properties of escin and diosmin are unclear.
Because Ca2+ is a major regulator of venous smooth muscle (VSM) function, we tested the
hypothesis that escin and diosmin promote Ca2+-dependent venous contraction.

Methods—Rings of inferior vena cava (IVC) from male rats were suspended in a tissue bath for
measurement of isometric contraction. Following control contraction to 96 mM KCl, the effects of
escin and diosmin (10−10 to 10−4 M) on vein contraction were measured. To test the role of
intracellular Ca2+ release, the vein response to escin and diosmin was measured in Ca2+-free
(2mM EGTA) Krebs. To test for Ca2+-dependent effects, IVC segments were pretreated with escin
or diosmin (10−4 M) in 0 Ca2+ Krebs, then extracellular CaCl2 (0.1, 0.3, 0.6, 1, 2.5 mM) was
added and the [Ca2+]e-contraction relationship was constructed. To test for synergistic effects of
diosmin, IVC segments were pretreated with diosmin (10−4 M) then stimulated with KCl (16 to 96
mM) or escin (10−10 to 10−4 M) and vein contraction was measured. Contraction data were
presented as mg/mg tissue (means±SEM).

Results—In IVC segments incubated in normal Krebs (2.5 mM Ca2+), escin caused
concentration-dependent contraction (max 104.3±19.6 at 10−4 M). Escin-induced contraction was
not a rigor state, because after washing with Krebs the veins returned to a relaxed state. In Ca2+-
free Krebs, there was essentially no contraction to escin. In escin-treated veins incubated in 0 Ca2+

Krebs, stepwise addition of extracellular CaCl2 caused corresponding increases in contraction
(max 80.0±11.1 at 2.5 mM). In the absence of escin, the α-adrenergic agonist phenylephrine (PHE,
10−5 M), angiotensin II (AngII, 10−6 M), and membrane depolarization by KCl (96 mM) caused
significant contraction (122.5±45.1, 114.2±12.2 and 221.7±35.4, respectively). In IVC segments
pretreated with escin (10−4 M), the contractile response to PHE (9.7±2.6), AngII (36.0±9.1) and
KCl (82.3±10.2) was significantly reduced. Diosmin (10−4 M) caused small contraction in normal
Krebs (11.7±1.9) and Ca2+-free Krebs (4.2±2.2). In diosmin-treated veins incubated in 0 Ca2+

Krebs, addition of extracellular CaCl2 caused minimal contraction. Diosmin did not enhance the
IVC contraction to PHE, AngII, or escin, but enhanced the contractile response to KCl (24 to 51
mM).

Conclusion—In rat IVC, escin induces extracellular Ca2+-dependent contraction, but disrupts α-
adrenergic and AT1R receptor-mediated pathways, and depolarization-induced contraction. The

Correspondence and Reprints: Raouf A Khalil, MD, PhD, Harvard Medical School, Brigham and Women’s Hospital, Division of
Vascular Surgery, 75 Francis Street, Boston, MA 02115, Tel: (617) 525-8530, Fax: (617) 264-5124, raouf_khalil@hms.harvard.edu.

NIH Public Access
Author Manuscript
J Vasc Surg. Author manuscript; available in PMC 2012 August 1.

Published in final edited form as:
J Vasc Surg. 2011 August ; 54(2): 489–496. doi:10.1016/j.jvs.2011.01.043.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



initial venotonic benefits of escin may be offset by disruption of vein response to endogenous
venoconstrictors, limiting its long-term therapeutic benefits in varicose veins. Diosmin does not
cause venous contraction or potentiate the venotonic effects of endogenous venoconstrictors or
escin ex vivo, and its use as venotonic may need to be further evaluated.
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INTRODUCTION
Varicose veins is a common disease of the lower extremity characterized by vein valve
dysfunction, vein dilation and tortuosity.1–3 If untreated, varicose veins can progress
causing severe venous insufficiency, and may lead to significant pain, venous
thrombophlebitis and lower extremity skin unlceration.1, 4–6 Surgical treatment approaches
of varicose veins include vein ablation and stripping. Other more conservative treatment
strategies to reduce the pain and edema associated with varicose veins include compression
stockings and oral venotonic medication.7, 8

Saponosides such as horse chestnut seed extract (Aesculus hippocastanum, Aescin, Escin, β-
Escin) and flavonoids such as diosmin (Daflon 500, Servier, France) exhibit venotonic
properties that have been utilized in treatment of chronic venous disorders including
varicose veins and lower extremity venous ulcers.9–11 Escin is also used clinically to treat
edema, pain, leg fatigue/heaviness, calf cramps, and itching.12, 13 Some of the suggested
mechanisms of venotonic action of escin include increasing endothelial cell permeability to
Ca2+ and the release of vasoconstrictor prostanoids such as prostaglandin F2α, and
sensitization of the vein wall to the contractile effects of serotonin and histamine.10, 14, 15
Escin also forms small pores in the cell membrane and has been used as a pharmacological
tool to assess the sensitivity of the contractile mechanisms of blood vessels to different
agonists,10, 16 and for permeabilization of VSM membranes and manipulation of
intracellular ionic environment and regulatory proteins.15, 17 The escin-induced pores in the
plasma membrane permit Ca2+ to diffuse freely across, and make the cell membrane
permeable to higher molecular weight solutes (>3000) of biological interest, such as heparin
and calmodulin, yet retain coupled receptors.18 On the other hand, diosmin has been
suggested to decrease the vein tissue inflammatory response, increase lymph drainage, and
to inhibit venous catechol-O-methyltransferase (COMT) and thereby decreases the
metabolism of norepinephrine and prolongs its venoconstrictor effects.19, 20 Another study
has shown that diosmin enhances the effects of other venotonics such as escin.16 However,
the cellular mechanisms underlying the venotonic properties of escin and diosmin have not
been clearly established. Also, the direct effects of escin and diosmin on vein tissue function
and their synergistic effects with each other and with other endogenous venoconstrictors
have not been fully examined. Because Ca2+ is a major regulator of VSM function,21 we
tested the hypothesis that escin promotes Ca2+-dependent mechanisms of venous
contraction, and that diosmin potentiates these mechanisms.

MATERIALS AND METHODS
Solutions, drugs and chemicals

Normal Krebs solution contained in mM: NaCl 120, KCl 5.9, NaHCO3 25, NaH2PO4 1.2,
dextrose 11.5 (Fisher Scientific, Fair Lawn, NJ), CaCl2 2.5 (BDH Laboratory Supplies
Poole, England), MgCl2 1.2 (Sigma, St. Louis, MO). Krebs solution was bubbled with 95%
O2 and 5% CO2 for 30–45 min, at an adjusted pH 7.4. For nominally 0 Ca2+ Krebs, CaCl2
was omitted. For Ca2+-free Krebs, CaCl2 was omitted and 2 mM ethylene glycolbis[β-
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aminoethyl ether]-N,N,N',N'-tetraacetic acid (EGTA, Sigma) was added. KCl depolarizing
solution (16 to 96 mM) was prepared as normal Krebs but with equimolar substitution of
NaCl with KCl. Stock solutions (10−1 M) of β-escin, diosmin, phenylephrine (PHE),
angiotensin II (AngII, Sigma), and diltiazem (Calbiochem, La Jolla, CA) were prepared in
distilled water. Other chemicals were of reagent grade or better.

Animals and tissues
Male Sprague-Dawley rats (12 wk, 250–300g, Charles River lab, Wilmington, MA) were
housed in the animal facility and maintained on ad libitum standard rat chow and tap water
in 12 hr/12 hr light/dark cycle. Rats were euthanized by inhalation of CO2. The inferior vena
cave (IVC) was rapidly excised, placed in oxygenated Krebs solution, and carefully
dissected and cleaned of connective tissue under microscopic visualization. The IVC was
portioned into 3 mm rings in preparation for isometric contraction experiments. Extreme
care was taken throughout the vein isolation, dissection procedure, and mounting in the
tissue bath in order to minimize injury to the vein wall and endothelium. Using this careful
approach we have previously shown that acetylcholine causes significant relaxation of IVC
segments precontracted with PHE, indicating that the endothelium is intact and functional.22
All procedures followed the NIH guide for the Care of Laboratory Animal Welfare Act, and
the guidelines of the Animal Care and Use Committee at Harvard Medical School.

Isometric contraction
Circular segments of IVC were suspended between two stainless-steel hooks, one hook was
fixed at the bottom of a tissue bath and the other hook was connected to a Grass force
displacement transducer (FT03, Astro-Med Inc., West Warwick, RI). Vein segments were
stretched under 0.5 gm of resting tension and allowed to equilibrate for 40 min in a tissue
bath filled with 50 ml Krebs solution continuously bubbled with 95% O2 5% CO2 at 37°C.
The changes in isometric contraction/relaxation were recorded on a Grass polygraph (Model
7D, Astro-Med Inc.). Control IVC contraction in response to 96 mM KCl was first elicited.
Once the KCl contraction reached a maximum and a plateau was achieved (within 10 to 15
min) the vein was washed 3 times in Krebs, 10 min each. The control contraction to 96 mM
KCl was repeated twice prior to further experimentation.

Escin and diosmin concentration-response curve and Ca2+-dependent contraction
Following KCl-induced control contractions, increasing concentrations of escin or diosmin
(10−10 to 10−4 M) were added and their effect on IVC contraction was measured. In vivo
studies in 18 healthy human volunteers have shown that after administration of escin 50 mg
tablet daily the average plasma levels reach 10 ng/ml (~ 10−5 M) at 12 hr and 7 ng/ml (~
7×10−6 M) at 24 hr. Over the course of a week, escin plasma levels were maintained at 8 ng/
ml (~ 8×10−6 M).10 The present experiments demonstrated measurable effects of escin on
vein contraction at 1, 10 and 100 micromolar concentrations. To test for the role of Ca2+

entry from the extracellular space through Ca2+ channels, the veins were pretreated with the
Ca2+ channel blocker diltiazem (10−5 M) followed by increasing concentrations of escin
(10−10 to 10−4 M) and the venous contraction was measured. To test for the extracellular
Ca2+-independent effects and possible intracellular Ca2+ release mechanisms, the vein
response to increasing concentrations of escin or diosmin was measured in Ca2+-free (2 mM
EGTA) Krebs. To test for extracellular Ca2+-dependent effects, IVC segments were
pretreated with escin or diosmin (10−4 M) in 0 Ca2+ Krebs for 5 min, then increasing
extracellular CaCl2 concentrations (0.1, 0.3, 0.6, 1, 2.5 mM) were added and the [Ca2+]e-
contraction relationship was constructed.
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Effects of escin and diosmin on PHE, AngII, and KCl contraction
IVC segments were incubated in normal Krebs solution containing 2.5 mM Ca2+, nontreated
or pretreated with escin or diosmin (10−4 M) for 2 hr. The veins were washed with Krebs
solution 3 times 10 minutes each, then stimulated with PHE (10−5 M), AngII (10−6 M), or
KCl (96 mM), and the vein contraction was measured. These doses of PHE, AngII and KCl
have previously been shown to produce maximal IVC contraction.22, 23

Synergistic effects of diosmin
To test if diosmin pontentiates the Ca2+-dependent mechanisms of VSM contraction, IVC
segments were pretreated with diosmin (10−4 M) then subjected to increasing concentrations
of KCl (16 to 96 mM). To test if diosmin pontentiates the effects of other venotonics, IVC
segments were pretreated with diosmin (10−4 M) then subjected to increasing concentrations
of escin (10−10 to 10−4 M), and the venous contraction was measured.

Statistical analysis
Each rat IVC produced 4 circular segments. One IVC segment was used for each
experimental protocol, and the average data from different IVC segments for each
experimental protocol were measured. The “n” value represented the number of experiments
on different IVC segments from different rats. Vein contractions in mg/mg tissue weight
were presented as means±SEM (n) and compared using Student’s t-test for paired and
unpaired data. Differences were considered statistically significant if P < 0.05.

RESULTS
In IVC segments incubated in normal Krebs (2.5 mM Ca2+), escin caused concentration-
dependent contraction reaching a maximum of 104.3±19.6 mg/mg tissue or 48.3±4.4% of
control KCl contraction (Fig. 1A, 2A). The escin-induced contraction was reversible, and
after washing 3 times with Krebs, the veins returned to a relaxed state, suggesting that the
escin-induced contraction does not constitute a rigor state. Topical application or
pretreatment of IVC segments with the Ca2+ channel blocker diltiazem (10−5 M) did not
cause significant reduction in escin-induced contraction (Fig. 1A, 2A). In Ca2+-free (2 mM
EGTA) Krebs, escin caused minimal IVC contraction (3.8±2.0 at 10−4 M) (Fig. 1C, 2A),
supporting that escin-induced contraction is not solely due to its pore forming properties and
potential loss of intracellular ATP and consequently contractile rigor. In comparison with
escin, increasing concentrations of diosmin caused a very small vein contraction in normal
Krebs solution (maximum 11.7±1.9 mg/mg tissue or 13.3±3.3% of control KCl contraction)
(Fig. 1B, 2B) and Ca2+-free (2 mM EGTA) Krebs (4.2±2.2 at 10−4 M) (Fig. 1D, 2B).

We tested the Ca2+-dependent component of escin contraction. In IVC pretreated with escin
(10−4 M) in 0 Ca2+ Krebs, stepwise addition of extracellular CaCl2 (0.1 to 2.5 mM) caused
corresponding increases in contraction that reached a maximum of 80.0±11.1 at 2.5 mM
CaCl2 (Fig. 1E, 2C). Control experiments in IVC segments nontreated with escin
demonstrated minimal contraction in response to increasing concentrations of CaCl2
(3.8±2.0 at 2.5mM CaCl2) (Fig. 2C). In comparison with escin, IVC segments pretreated
with diosmin (10−4 M) in 0 Ca2+ Krebs, stepwise addition of extracellular CaCl2 elicited
only a very small contraction (1.2±1.2 at 2.5 mM CaCl2) (Fig. 1F, 2D).

Because escin and diosmin demonstrated different vein contraction profile and Ca2+-
dependent contractile responses, we tested whether they also differentially affect the venous
contractile response to other vasoconstrictor agonists. In the absence of escin, the IVC
demonstrated significant contraction in response to the α-adrenergic agonist PHE
(122.5±45.1 at 10−5 M), AngII (114.2±12.2 at 10−6 M), and membrane depolarization by 96
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mM KCl (221.7±35.4) (Fig. 3). In IVC segments pretreated with escin (10−4 M) for 2 hr, the
PHE, AngII and KCl-induced contraction were significantly reduced (Fig. 3). In contrast
with the experiments with escin, the PHE, AngII, and 96 mM KCl-induced contractions
were not significantly different in IVC segments pretreated with diosmin (10−4 M) as
compared to control contractions in the absence of diosmin (Fig. 3).

Membrane depolarization by KCl is known to stimulate Ca2+ entry via voltage-gated Ca2+

channels.21 Some studies also suggest that KCl may activate Ca2+ sensitization pathways.
24, 25 To evaluate possible potentiation and Ca2+ sensitization effects of diosmin, we tested
whether pretreatment with diosmin (10−4 M) enhances the vein response to increasing
concentrations of KCl (16 to 96 mM). At KCl concentrations 24 to 51 mM, diosmin caused
a small but significant enhancement of vein contraction (Fig. 4A). On the other hand, vein
pretreatment with diosmin (10−4 M) did not enhance the contractile response to increasing
concentrations of escin (Fig. 4B). In effect, a significant inhibition of contraction to escin
(10−5 M) was observed in veins pretreated with diosmin (Fig. 4B).

DISCUSSION
The main findings of the present study are: 1) escin causes Ca2+ dependent venous
contraction, 2) escin decreases contraction to venoconstrictors such as α-adrenergic and
AngII (AT1R) receptor stimulation, and membrane depolarization, 3) diosmin does not
cause contraction or enhance contraction to endogenous venoconstrictors such as PHE and
AngII or other venotonics such as escin, but enhances vein contraction to KCl-induced
membrane depolarization at low concentrations.

An important property of escin is that it forms small plasma membrane pores, allowing
investigators to examine various Ca2+-dependent and Ca2+-sensitization pathways of
vascular contraction.10, 15–17, 26, 27 The present study demonstrated that escin induced
Ca2+-dependent venous contraction because: 1) escin contraction was observed in normal
Krebs (2.5 mM Ca2+) and was significantly attenuated in Ca2+-free Krebs, and 2) increasing
concentrations of extracellular Ca2+ caused significant contraction in escin-treated IVC, but
not in control veins in the absence of escin. Previous studies have shown that escin-induced
contraction of the rat aorta is reduced by 25% in endothelium-denuded vessels or in the
presence of the cyclooxygenase inhibitor indomethacin, and suggested a partial role of a
vasoconstrictor prostaglandin-dependent pathway.15 We should note that, when compared
to the rat aorta, the rat IVC is very delicate and mechanical removal of the endothelium
often causes injury to the adjacent VSM and considerable reduction in vein contraction.
Although we did not test the effects of escin in endothelium-denuded IVC, the potential role
of escin-induced prostaglandin release needs to be further examined. It could be argued that
the observed escin-induced vein contraction is solely due to formation of pores in the plasma
membrane which would allow loss and depletion of intracellular ATP and consequently
VSM contractile rigor.28, 29 If this is the case then the escin-induced contractile rigor
would be difficult to reverse, which is opposite from the observed return of the veins to the
relaxed state upon washing with normal Krebs. Also, if escin contraction is a rigor state due
to loss of intracellular ATP, then escin should also produce contraction in Ca2+-free
solution. The observation that escin contraction was almost abolished in IVC incubated in
Ca2+-free Krebs is consistent with reports that the contractile response of escin is abolished
in a Ca2+-free perfusion fluid.15 These data indicate that escin-induced contraction is not
solely due to its pore forming properties, loss of intracellular ATP and VSM contractile
rigor. However, upon the addition of extracellular Ca2+ up to 2.5 mM, escin caused
contraction of the IVC, suggesting that Ca2+ entry from the extracellular environment is the
major cause of the contractile response. One possibility is that escin may enhance Ca2+ entry
through specific Ca2+ channels. Ca2+ antagonists such as diltiazem block Ca2+ entry through
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voltage-gated L-type Ca2+ channels.30 The observation that diltiazem did not significantly
affect escin-induced contraction suggests that escin may not be acting by enhancing Ca2+

entry through L-type Ca2+ channels. The data suggest that the mechanism of escin-induced
contraction more likely involves formation of non-specific membrane pores small enough to
allow Ca2+ movement across the plasma membrane, rather than activation of specific Ca2+

channels. However, VSM also express N- and T-type Ca2+ channels,31, 32 and the effects
of escin on these channels need to be examined in future studies.

An important finding of this study is that pretreatment of IVC with escin decreased the
contractile response to the α-adrenergic receptor agonist PHE. The decreased PHE
contraction in escin-treated veins may not be due to damage of α-adrenergic receptors
because: 1) previous studies demonstrated robust response to PHE in rabbit portal vein and
mesenteric artery permeabilized with escin (75 µM) for 35 min,18, 33, 34 2) escin decreased
another receptor-mediated contractile response induced by AngII which is known to activate
AT1R receptor-mediated signaling pathways, and 3) escin decreased the contractile response
to membrane depolarization by KCl, a receptor-independent response that involves Ca2+

entry from the extracellular space. We have previously shown that matrix metalloproteinases
(MMPs) are expressed in rat IVC, and cause membrane hyperpolarization and inhibition of
vein contraction.23 Because MMPs are Ca2+-dependent, it is likely that escin-induced
increase in venous Ca2+ could activate MMPs which may in turn cause membrane
hyperpolarization and inhibition of vein contraction. Another possibility is that prolonged
treatment of the rat IVC with escin may cause structural or chemical changes in the vein that
reduce the vein responsiveness to various contractile stimuli. Future histology studies would
further examine any potential phenotypic damage following vein treatment with escin.

Escin is a major constituent of horse chestnut seed extract that is used clinically to treat
chronic venous disorders including varicose veins, edema, pain, leg fatigue/heaviness, calf
cramps, and itching.12, 13 The escin-induced IVC contraction suggests a measurable
venotonic effect that, in the short-term, could be useful in improving the venous tone of
varicose veins. However, the observed reduction in the contractile response to endogenous
venoconstrictors in escin-treated veins suggests that the initial venotonic benefits of escin
may be offset in the long-term due to decreased VSM responsiveness to venoconstrictor
stimuli, and possible disruption of the normal physiologic vein response to increased
sympathetic activity and changes in the hormone environment during exercise and stress.
Further studies in human veins are needed to determine if prolonged treatment with escin
inhibits the physiological receptor-mediated signaling pathways and disrupts the VSM
contractile mechanisms.

Diosmin is a flavonoid processed as a micronized purified flavonoid fraction (Daflon 500).
Diosmin has been promoted for its inhibitory effects on inflammation, improved lymphatic
drainage and venotonic properties, and is used in the treatment of chronic venous
insufficiency and venous leg ulcers.35, 36 Previous studies have suggested that the
vasoconstrictor effects of diosmin involve inhibition of COMT, decreased metabolism of
norepinephrine and enhanced sympathetic activity.19, 20 Other studies have demonstrated
potentiation effects of diosmin on norepinephrine induced contraction of both human normal
saphenous vein and varicose veins in vitro.37 The present study demonstrates that diosmin
alone does not cause significant Ca2+-dependent or Ca2+-independent contraction in rat IVC.
Also, pretreatment with diosmin does not enhance the rat IVC contraction to PHE. The
differences in the results could be related to the species or vein tissue studied, or the
activator of the adrenergic receptor, where norepinephrine activates α-receptors and some β-
receptors, while PHE is a specific α1-receptor agonist. Future studies should compare the
effects of diosmin on vein contraction induced by different α-adrenergic receptor activators
including epinephrine, norepinephrine and PHE.
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Our experiments with AngII and high concentrations of KCl supported that diosmin did not
potentiate IVC contraction. Since various concentrations of KCl cause various degrees of
membrane depolarization and consequently extracellular Ca2+ entry, we explored whether
disomin potentiates the contractile effects of low KCl concentrations. Diosmin potentiated
KCl-induced contraction at concentrations 24 to 51 mM. Other studies have shown that
diosmin at 10−6 M concentration enhances Ca2+ sensitivity in escin skinned rat femoral
vein.16 However, we were not able to demonstrate any significant contraction elicited by
diosmin at a concentration range of 10−10 to 10−4 M. Also, diosmin at 10−4 M did not
potentiate escin-induced venous contraction. The difference in the results could be related to
the tissue studied (IVC versus femoral vein), and the temperature of the bathing medium
(37°C versus 25°C). Other explanations are that diosmin requires specific cofactor(s) to
increase venous Ca2+ sensitivity and produce an effective contraction, or that diosmin itself
may need to penetrate the veins in order to sensitize the VSM cells to Ca2+.

Thus in rat IVC, escin induces extracellular Ca2+-dependent contraction that could translate
into measurable venotonic effects, but may also disrupt α-adrenergic and AT1R receptor-
mediated pathways, and depolarization-induced vein contraction. The initial venotonic
benefits of escin may be offset by disruption of VSM response to endogenous
venoconstrictors and thereby limit its long-term therapeutic benefit in varicose veins. The
present ex vivo experiments also demonstrate that diosmin does not cause venous
contraction or potentiate the venotonic effects of endogenous venoconstrictors or escin, and
its use as venotonic may need to be further evaluated in carefully-designed clinical trials.

Limitations of the present study include the use of rat veins, the absence of circulating
blood, and the concentrations of α-adrenergic receptor agonist and AngII that may exceed
the physiologic levels. It should be noted that diosmin has been shown to decrease
inflammation in the microcirculation, and to reduce leukocyte activation and the surface
expression of CD62L by neutrophils and monocytes.38–42 Given the ex vivo conditions of
the present study and the absence of circulating cellular elements, the lack of venotonic
effects of diosmin should not minimize other potential beneficial anti-inflammatory effects
of diosmin on varicose veins in vivo.

CLINICAL RELEVANCE

Venotonic agents are used in clinical practice for treatment of varicose veins.
Saponosides such as escin (horse chestnut seed extract) and flavonoids such as disomin
(active ingredient in Daflon 500) are commonly prescribed venotonic agents. Although
escin is known to form pores in the plasma membrane, the mechanisms of its venotonic
action are less clear. Also, while diosmin may affect the venous tissue inflammatory
response and lymphatic drainage, its direct effects on vein function have not been fully
examined. The present results suggest that escin has significant Ca2+-dependent
venotonic effects, but also reduces the effects of endogenous venoconstrictors, which
could limit its long-term therapeutic benefits in varicose veins. Disomin has negligible
direct venotonic effects, and does not potentiate the effects of endogenous
venoconstrictors or escin, and its use as a venotonic agent may need further evaluation.

List of Abbreviations

AngII angiotensin II

Ca2+ calcium

PHE phenylephrine
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VSM vascular smooth muscle
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Fig. 1.
Representative traces of the effect of escin and diosmin on rat IVC. Rat IVC segments were
treated with escin or diosmin (10−10 to 10−4 M) in normal Krebs (2.5 mM Ca2+) (A and B)
or in Ca2+-free (2 mM EGTA) Krebs (C and D). In other experiments, IVC segments
incubated in 0 Ca2+ Krebs were treated with 10−4 M escin (E) or diosmin (F) then increasing
concentrations of extracellular CaCl2 (0.1 to 2.5 mM) were added and the contractile
response to Ca2+ was observed. Traces are representative of 4 to 9 experiments. Horizontal
bar = 4 min, Vertical bar = 0.5 g.
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Fig. 2.
Effect of escin and diosmin on rat IVC. Rat IVC segments were treated with increasing
concentrations (10−10 to 10−4 M) of escin (A) or diosmin (B) in normal Krebs (2.5 mM
Ca2+), in the presence of diltiazem (10−5 M), and in Ca2+-free (2 mM EGTA) Krebs. In
other experiments, IVC segments incubated in 0 Ca2+ Krebs were either nontreated (control)
or treated with 10−4 M escin (C) or diosmin (D) then increasing concentrations of
extracellular CaCl2 (0.1 to 2.5 mM) were added and the Ca2+ concentration-contraction
curve was constructed. Data represent the means±SEM (n=4 to 9).
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Fig. 3.
Effect of escin and diosmin on PHE, AngII and depolarization-induced contraction in rat
IVC. Rat IVC segments were treated with PHE (10−5 M) (A), AngII (10−6 M) (B) or 96 mM
KCl (C) in the absence (open bars) or presence of escin (10−4 M) (black bars) or diosmin
(10−4 M) (shaded bars). The contractile response was recorded and presented as % of
control contraction (A, C) or as mg/mg tissue weight (B). Data represent the means±SEM
(n=4 to 19). * Significant p<0.05.
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Fig. 4.
Effect of diosmin on KCl and escin-induced IVC contraction. IVC segments were either
non-treated (open circles) or pretreated with diosmin (10−4 M) (closed circles) then
stimulated with increasing concentrations of KCl (16 to 96 mM) (A) or escin (10−10 to 10−4

M) (B) and the contractile response was recorded. Data represent the means±SEM (n=7 to
8). * Significant p<0.05.
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