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Total alkaloids (VTA) and veratramine of Veratrum nigrum L. were tested for hypotensive effect using
spontaneously hypertensive rats (SHR). Acute toxicities were also evaluated. There was a dose-de-
pendent reduction in blood pressure and heart rate after a single ingestion (1.0 to 4.0 mg/kg, intragas-
tric administration) of VTA. A single oral ingestion (0.56 to 2.24 mg/kg) of veratramine, the major com-
ponent of VTA, dose-dependently decreased blood pressure and heart rate, suggesting that
veratramine was involved in the hypotensive effect of VTA in SHR. The hypotensive effects of VTA

and veratramine are directly positively correlated with the dosage. Side effects were not obvious.

1. Introduction

The genus Veratrum (Family: Liliaceae) has been found to
be a rich source of new and bioactive steroidal alkaloids,
some of which are well known for their pharmacological
potential (Atta-ur-Rahman and Choudhary 1997, 1998). In
China, the dried roots and rhizomes of Veratrum nigrum
L. have been used to treat aphasia arising from apoplexy,
wind-type dysentery, jaundice, headache, scabies, chronic
malaria, and so forth (Jiangsu College of New Medicine
1986). From V. nigrum L. a folk medicine in general use
in Jilin Province, China (Jiangsu College of New Medi-
cine 1986), steroidal alkaloids (Tezuka etal. 1998; Li
etal. 2007, 1998; Zhao 1987; Liu et al. 1966; Zhao et al.
1991a), stibenoids (Zhao et al. 1998), and peptides (Zhao
etal. 1991b, 1998) have been isolated. Pharmacological
evaluation of V. nigrum L. has revealed hypotensive prop-
erties (Li etal. 2000; Liu et al. 1966), a protective effect
on ischemia-reperfusion injury in rat liver (Wang et al.
2007), and toxic effects (Lin and Gao 1992).

The hypotensive action of VTA has been documented, but
the alkaloid responsible for this activity has not yet been
verified, and so VTA and veratramine (the major compo-
nent of VTA) were used in this study of their hypotensive
effects. Acute toxicity tests were also performed to estab-
lish the safety of VTA and veratramine.

2. Investigations, results and discussion
2.1. Effects of veratranine and VTA on blood pressure

High blood pressure is a major risk factor for stroke, cor-
onary heart disease and renal vascular disease. The current
and usual method for controlling hypertension is long-
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term drug therapy. Drugs may have side effects which
may complicate the patient’s medical condition. Tradi-
tional physicians and even patients prefer and tend to use
older herbal medicines. A considerable number of hypo-
tensive plants and herbs are known through folklore but
their introduction into modern therapy awaits pharmacolo-
gical testing by modern research methods. The pharmaco-
logical properties shown here serve to explain the wide
use of V. nigrum roots and rhizomes by the Chinese popu-
lation to treat hypertension.

Veratramine is a known veratramine C-nor-D-homosteroi-
dal Veratrum alkaloid (Agrawal et al. 1991). It antagonizes
the Nat channel-gating mechanism of ceveratrum alka-
loids by blocking Na' channels (Honerjager 1982). Vera-
tramine also shows serotonin (5-HT) agonist activity, act-
ing on presynaptic 5-HT neurons. The administration of
vertatramine induces generalized tremors, myoclonus, hind-
limb abduction, backward gait, and Straub tail, similar to
the 5-HT syndrome in mice (Nagata and Izumi 1991; Izu-
mi etal. 1978). Veratramine has more recently been re-
ported to induce hemolysis of human red blood cells (Ba-
dria etal. 1995; El sayed 1998). Veratramine causes
bradycardia and periodic thythm in the sinoatrial node of
the guinea pig (Thron and McCann 1998, 1999). How-
ever, the hypotensive effect of veratramine is reported here
for the first time.

The effects of veratramine on systolic blood pressure and
heart rate in controls and veratramine-treated rats are com-
pared in Tables 1 and 2. There was a significant difference
between the basal blood pressure of control and veratra-
mine-treated rats. Therefore, veratramine was demon-
strated to be the compound responsible for the hypoten-
sive activities of this plant.
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The present study demonstrates that VTA and veratramine
are effective in reducing blood pressure and heart rates in
SHR rats. This effect is shown to be dose-related and ra-
pid in onset.

The synergistic effect of VTA can be attributed to the pre-
sence of veratramine and other steroidal alkaloids. The
main class of compounds isolated from V. nigrum L. is
steroidal alkaloids, which can be divided into five types
on the basis of the carbon framework: veratramine, jer-
vine, cevanine, solanidine and verazine. These five types
of steroidal alkaloids may be different not only in terms
of potency, but also at least partially in terms of their me-
chanism of action, and this may explain their synergistic
effect observed when they are tested in combination in
VTA. Further studies with other pure steroidal alkaloids
and other experimental animal models (anesthetized nor-
motensive and renal hypertensive rats) will be required in
order to elucidate the mode of action to fully explain the
antihypertensive activity shown by the complex of VTA
obtained from V. nigrum L.

The above findings may partly justify the rationale for the
use of V. nigrum L. in folk medicine in China, for the
treatment of suspected hypertensive patients. Although its
mechanism is still unknown, VTA and veratramine seem
to be effective and safe antihypertensive phytomedicines.

2.2. Acute toxicity

The LDsy of VTA was calculated to be 23.5 mg/kg, and
the LDs of veratramine was calculated to be 15.9 mg/kg.

2.3. Effect of VTA on systolic blood pressure and heart
rate in spontaneously hypertensive rats

At the initiation of the study, the systolic blood pressure
(SBP) in 50 rats were measured by the tail-cuff method
every day for a week using a blood pressure-monitor. The
mean initial SBP was calculated as the base value. Mean
blood pressure and heart rate + S.EIM. of control and
treated rats after oral administration of different doses of
VTA at various time intervals are summarized in Tables 3
and 4. After 0.5 h treatment, the effect of oral administra-
tion of VTA on blood pressure was examined. Systolic
blood pressure in ten rats in each group was measured by
the tail-cuff method, using a blood pressure-monitor. The
maximum and dose-related effect can be observed 2h
after treatment with VTA. The results obtained in the pre-
sent study showed that administration of VTA to SHR
rats, at dose levels of 2.0 and 4.0 mg/kg, produced a sig-
nificant decrease in blood pressure between 0.5 and 2 h
after oral administration. Treatment with lacidipine
0.36 mg/kg orally, caused a highly significant reduction in
blood pressure levels up to 3 h. The heart rate was de-
creased by VTA as shown Table 2, while lacidipine had
the side effect of accelerating heart rate.

2.4. Effect of veratramine on systolic blood pressure and
heart rates in spontaneously hypertensive rats

SBP and heart rate after oral administration of veratramine
in SHR are shown in Tables 1 and 2. The initial SBP values
were 22.2 4+ 1.01, 22.2 £+ 1.54 Kpa in the negative and po-
sitive control groups, and 22.3 + 1.35, 22.1 + 0.716, and
22.4 4+ 1.07 Kpa in the 0.56, 1.12, and 2.24 mg/kg vera-
tramine groups, respectively. There were no significant
changes in SBP in the negative control distilled water
group throughout the experimental period. Veratramine
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significantly decreased blood pressure in a dose-dependent
manner, the changes in SBP 1.5h after administration
being 4.89 and 7.44% in the 1.12 and 2.24 mg/kg veratra-
mine groups, respectively. The reduction in blood pressure
persisted for 2h after administration. The initial heart
rates were 462 £ 8.04 (beats/min) in the negative control
distilled water group; the heart rate was slowed down by
veratramine after oral administration as shown in Table 2,
while the heart rate was accelerated by lacidipine after
oral administration.

2.5. Identification of veratramine

Veratramine was identified by comparing spectral data with
those reported (Tezuka et al. 1998; Atta-ur-Rahman et al.
1991). Veratramine formel colorless crystal line needles;
melting point: 214.2-216.5 °C; [(1]2D5D—55.9 (CHCl3,
¢ =0.5); IR (KBr) cm~!, 3311, 2900, 2927, 2844, 1670,
1458, 1062, 962, 813; UV: 220, 268, 270 nm; EI-MS(m/z):
410[M + H]*; 'H-NMR (CDCls, 500 MHz): 0.83 (3H, d,
J=70Hz, 27-H), 1.15 3H, s, 19-H), 140 (3H, d,
J=7.5Hz, 21-H), 2.11 (1H, brs, 20-H), 2.32 3H, s,
18-H), 2.50(1 H, dd, ] =9.0, 4.0 Hz, 22-H), 3.27 (1H, m,
23-H), 3.52 (1H, m, 3-H), 5.49 (1 H, brd, J = 4.0 Hz, 6-H),
6.97 (1H, d, J=7.5Hz, 15-H), 7.22 (1H,d, J =7.5Hz,
16-H); 3C-NMR (CDCl): 37.3 (C-1), 29.5 (C-2), 70.1
(C-3), 41.1 (C-4), 141.8 (C-5), 120.5 (C-6), 40.3 (C-7),
43.5 (C-8), 56.1 (C-9), 36.0 (C-10), 29.6 (C-11), 139.5
(C-12), 131.9 (C-13), 142.6 (C-14), 118.7 (C-15), 124.7
(C-16), 1422 (C-17), 15.0 (C-18), 18.1 (C-19), 31.4
(C-20), 18.4 (C-21), 66.3 (C-22), 69.6 (C-23), 34.6 (C-24),
30.4 (C-25), 53.2 (C-26), 19.7 (C-27).

3. Experimental
3.1. General experimental procedures

The melting point was measured on an X4 micro-melting point apparatus
and was uncorrected. IR spectra were recorded in KBr disks on a Nicolet
Impact 410 spectrophotometer. NMR spectra were obtained in CDCIl3 con-
taining TMS as an internal standard on a Bruker Am-500 NMR spectro-
meter. EI-MS spectra were performed on an EI-TOF mass spectrometer
(Agilent, U.S.A.).

3.2. Plant material

The roots and rhizomes of V. nigrum L. were collected in Antu Prefecture,
Jilin Province, China in June 2002, and a voucher specimen (VN2002003)
was taxonomically certified by Professor Minglu Deng, College of Phar-
macy, Changchun University of Chinese Medicine, P. R. China.

3.3. Animals

Kunming mice of both sexes, weight 19-21g, aged 8-10 weeks were
used. They were obtained from the Changchun High-Tec Medical Animal
Center. Male SHR (SHR/NCrj) rats purchased from Charles River China,
Inc. (Beijing, China) were used. All animals were maintained at a tempera-
ture of 25+ 1°C, 55+ 10% humidity, and 12h on/off light cycle
(7:00 AM—-7:00 PM). The animals had unlimited access to water through-
out the period of the study. They were allowed to acclimatise under cli-
mate-controlled conditions for a week before use. Animal experiments
were conducted in accordance with current ethical regulations for animal
care and use at Changchun University of Chinese Medicine.
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3.4. Reference drug

Lacidipine tablets (Harbin Pharm. Group Sanjing Pharmaceutical Share-
holding Co. Ltd., China) were used as the reference drug (positive con-
trol). It was dissolved in distilled water prior to administration.

3.5. Extraction and isolation

The finely powdered roots and rhizomes of V. nigrum L. (2kg) were
soaked for maceration in 0.4% NaOH for half an hour and then were ex-
tracted thrice with CHCI; for 2 days each time at room temperature, yield-
ing 105 g of a dark brown tarry mass after evaporation of the solvent. The
mass was acidified (pH = 4) with 5% tartaric acid, followed by filtration,
and the acidic aqueous filtrate was then basified with NH4OH to pH =9,
to allow alkaloids to precipitate out from the solution. Finally, the alka-
loids (VTA) were obtained after filtration of the solution and drying the
precipitate at 55 °C. The solid residue (51 g) was maintained at —4 °C
overnight, and the filtrate was extracted with CHCI3/MeOH (9: 1) to give a
solid residue of VTA (12 g), which when recrystallized form MeOH,
yielded veratramine (350 mg), one of the major components of the total
alkaloids. The total alkaloid content was 90%, determined by a colorime-
trical method, veratramine being used as standard.

3.6. Acute toxicities of VTA and veratramine in mice

Kunming male and female mice (19-21g) were housed in cages at 22 °C.
Prior to the experiments, they were starved overnight with free access to
water. Seven groups of 10 animals each containing an equal number of
males and females were formed. Intragastric doses of 34.1, 30.0, 26.4,
23.2, 20.4, 18.0, and 16.2 mg/kg of VTA were prepared and suspended in
vehicle (Tween-80, 0.2% in distilled water), and administered intragastri-
cally to the animals in the test groups. In each case the volume adminis-
tered was 20 mL/kg. After administration of the product, animals were
closely observed for the first 9 min, and at intervals thereafter, for 7 days,
for toxicity symptoms or death. The weight of each animal was measured
to obtain the body weight loss or gain. After a 7-day experimental period,
the mice were sacrificed and the vital organs were macroscopically ob-
served. Mice were observed daily over a period of 7 days for mortality,
toxic effects and/or changes in behavioral pattern. At the end of the experi-
ments the animals were sacrificed in a CO, chamber. Using the same pro-
cedure, intragastric doses of 25.5, 21.7, 18.4, 15.7, 13.3, 11.3, 9.6 mg/kg
of veratramine were prepared and administrated.

3.7. Blood pressure and heart rate of spontaneously hypertensive rats

In an attempt to validate the hypotensive properties attributed to V. nigrum
L., a biological evaluation of total alkaloids and veratramine of V. nigrum
L. was carried out using on experimental model. Blood pressure and heart
rate were measured using the tail-cuff method in conscious SHR rats. After
warming in a warmer at 37 °C for 15 min, the rats were placed in a holder,
and the blood pressure and heart rate of the tail artery were measured
using an automatic blood pressure monitoring system (RBP-1; Institute of
Clinical Medical Research, China-Japan Friendship Hospital).

3.8. Statistical analysis

Statistical evaluation of the results was done using Student’s t-test to deter-
mine the significance of difference in the mean values; the values were
expressed as means + S.E.M. (standard error of means). Significant differ-
ences were indicated by P values.
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