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Introduction

In Chinese traditional medicine, Aconitu nplants have
been frequently used as a component of numerous
prescriptions used for the treatment of cold- and damp-
ness-induced ailments, rheumatoid arthritis and various
types of pain including migraine, swelling induced by trau-
ma and fracture, facial paralysis, efc. In the early 1950s,
phytochemists in China began to study the active princi-
ple in Aconitu nplants. Since then, the screening of these
plants for a wide range of biological activities continues
and many alkaloids have been isolated from plants of the
Aconitu mgenus (1). Pharmacological studies show that
at very low doses, many alkaloids from these plants
exhibit analgesic, antiinflammatory, immunomodulating,
antiarrhythmic, antithermic, as well as local anesthetic
activities, without obvious toxicity. Some of the alkaloids
have completed preclinical testing and are now in clinical
trials for the treatment of various types of pain and
rheumatoid arthritis.

The present paper briefly describes the source and
chemistry, pharmacological actions, pharmacokinetics,
toxicity and clinical effects of alkaloids of Chinese
Aconitu mplants.

Source and chemistry
There are about 170 species of plants of the Aconitum

genus throughout China, found mainly in provinces locat-
ed in the southwest and northwest. More than 40

Aconitu mspecies have been reported to be used medic-
inally for various ailments and about 20 species have
been scientifically tested in China. In the past decades,
Chinese chemists have extracted, isolated and identified
more than 150 types of alkaloids from these plants,
including known alkloids and some new ones. Among
them are 3-acetylaconitine, bulleyaconitine A,
N-deacetylranaconitine, N-deacetylfinaconitine, pendu-
line, beiwutine, nagarine, 3-O-acetylbeiwutine, karako-
mine, N-deacetyllappaconitine, 3,15-diacetylbenzoylaco-
nine, polyschistine A-D and others (2-4). In addition,
3-O-acetylbeiwutine can also be obtained by chemical
transformation from beiwutine (5) and 3-acetylaconitine
can be semisynthesized from yunaconitine (6).

Chemically, most of the alkaloids of Aconitu mplants
are diterpene compounds which can be divided into two
classes: C19 and C20. Other nonditerpene alkaloids such
as guan-fu bases and higenamine are also present in
plants of the Aconitu nmgenus (7). The chemical structures
of some alkaloids are shown in Figure 1. Generally, the
diterpene alkaloids of the C19 type are more bioactive
and more toxic than those of the C20 type and the non-
diterpene alkaloids.

Pharmacological actions

In therapeutic doses, the alkaloids in Chinese
Aconitu nplants exhibit various pharmacological activities
which have attracted many Chinese researchers.

Analgesic

The analgesic action of many Aconitu malkaloids has
been investigated in detail using such methods as acetic
acid-induced writhing, hot plate test, formaldehyde-elicit-
ed continuous pain stimuli in mice and tail-flick response
to light irradiation in rats. The analgesic effects of these
compounds are summarized in Table |. Some alkaloids
(e.g, bulleyaconitine A) had more potent analgesic
effects than morphine and aspirin (8), and the duration of
effect of bulleyaconitine A and 3-acetylaconitine was
longer than that of morphine. Lappaconitine, 3-acetyla-
conitine and N-deacetyllappaconitine potentiated the
analgesic action of morphine, an effect which was
reversed by naloxone. However, naloxone did not affect
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Fig. 1. Chemical structures of alkaloids from Chinese Aconitum plants.

the analgesia induced by these alkaloids (9-11). The
analgesic actions mediated by 3-acetylaconitine, bulley-
aconitine A and lappaconitine could be abolished by
reserpine and were enhanced by elevation of brain 5-HT
or norepinephrine. Analgesia induced by these three com-
pounds was also found to be attenuated or augmented by
administration of chemicals related to brain monoamines.
These results indicate that the central catecholaminergic
and serotonergic systems are involved in the modulation
of analgesia induced by the alkaloids (12, 13).

Further studies found that the analgesic action of
3,15-diacetylbenzoylaconine was abolished or reduced
by reserpine, diethyidithiocarbamate, phenoxybenzamine
and yohimbine, although prazosin and propranolol had no
effect. It is suggested that the analgesia mediated by the
compound may be related to a,-adrenoceptors of the
central noradrenergic system (14). In contrast, the anal-
gesic action of lappaconitine was reduced with calcium
chloride treatment and augmented by ethylene glycol
tetraacetic acid. The calcium antagonists nifedipine and
verapamil partially reversed the calcium-antagonistic
effect on analgesia induced by lappaconitine (15).
Electrolytic or kainic acid lesion experiments showed that
superspinal sites, especially the periaqueductal gray and
nucleus raphe magnus, are involved in lappaconitine-
and N-deacetyllappaconitine-induced analgesia (16).

In contrast to the central analgesic effect of opiates,
tolerance did not develop when mice were repeatedly
injected with 3-acetylaconitine, bulleyaconitine A and lap-
paconitine. Moreover, abstinence syndrome was not
observed after sudden withdrawal of the alkaloids and
upon nalophine challenge. No physical dependence on
the alkaloids was observed in rats and monkeys.
Footshock-induced analgesia showed a cross-tolerance
to morphine-induced analgesia, whereas lappaconitine
and N-deacetyllappaconitine had no such effect. These
results indicate that lappaconitine, bulleyaconitine A,
3-acetylaconitine and N-deacetyllappaconitine belong to
the nonnarcotic class of analgesics (11, 17).

Antiinflammatory

Some Aconitum alkaloids have been identified as
having antiinflammatory effects in several animal models
of inflammation (6, 8, 9, 18-22).

In ovalbumin- and formaldehyde-induced paw
swelling in rats, aconitine (0.05 mg/kg) and 3-acetyla-
conitine (0.05 mg/kg) had equivalent or slightly stronger
antiinflammatory effects as compared to sodium salicy-
late (200 mg/kg). N-Deacetylaconitine had significant
inhibitory effects on various acute inflammation models of
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Table I: Analgesic effects of Aconitum alkaloids in mice.

ED,, (mg/kg s.c.)

Alkaloid Hot plate Writhing
Aconitine 0.13 0.06
3-Acetylaconitine 0.16 0.16
Lappaconitine 5.60* 3.50
Ranaconitine 0.04 4.20
Yunaconitine 0.09 0.04
Bulleyaconitine A 8.60 0.05
N-Deacetylaconitine NT 2.30
N-Deacetyllappaconitine 7.10° 2.30
N-Deacetylranaconitine NT 8.60
N-Deacetylfinaconitine NT 8.60
Avadharidine NT 52.20
Lycoctonine NT 144
Penduline 0.94 0.89
Mesaconitine 0.07 0.04
Beiwutine 0.15 0.06
Songoline 100+ NT
Neoline 150+ NT
Denudatine 50+ NT
Deoxyaconitine 0.90 0.48
Hypaconitine 0.65 0.31
Nagarine NT 0.14
Morphine™ 5.70 0.80
Aspirin™ 626 195
3,15-Diacetylbenzoylaconine 3.50 2.76

NT: not tested; ‘formaldehyde test; “reference compound; *effec-
tive dose; **ineffective dose.

exudation and edema, and also had a higher therapeutic
index than 3-acetylaconitine, as demonstrated by weaker
action and lower toxicity. Aconitine, 3-acetylaconitine and
N-deacetylaconitine had no effect on the proliferation of
late-phase inflammation. Lappaconitine and N-deacetyl-
lappaconitine exhibited significant antiinflammatory
action on rat paw swelling induced by ovalbumin and car-
rageenin and suppressed inflammatory granuloma
caused by cotton pellets; the antiinflammatory action of
these compounds was independent of the adrenal
glands. Among the known alkaloids, yunaconitine was
identified as having the strongest antiinflammatory action,
being about 5-10 times more potent than 3-acetylaconi-
tine and having a larger therapeutic index. Yunaconitine
inhibited inflammatory exudation, edema, granuloma and
leukocyte migration. lts antiinflammatory effects were
independent of the pituitary-adrenal cortex system.
Guan-fu base A (98 mg/kg i.p.) had similar antiinflamma-
tory effects as sodium salicylate (400 mg/kg). The antiin-
flammatory mechanisms of action of higenamine, the
main crude drug used by doctors of traditional Chinese
medicine for the treatment of rheumatic diseases, may be
related to its scavenging of free radicals and inhibition of
lipid superoxidation.

Taken together, the Aconitum alkaloids exhibited
potent antiinflammatory effects on exudation and edema
in early-phase inflammation and some compounds were
also able to suppress late- phase inflammation. Their
antiinflammatory effects were independent of the pitu-
itary-adrenal cortex system, thus differing from conven-
tional steroidal antiinflammatory agents.
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Immunomodulating

The inflammatory process per se is considered to be
an immunological response. Inflammation may be the ini-
tiation or latest manifestation of immunological respons-
es. Many mediators and modulators of the inflammatory
process also mediate and modulate immunological
responses. Therefore, it is important to study the effects
of antiinflammatory agents of natural origin on immune
function. This work is now being carried out in China.

Aconitine was found to significantly increase IFN-y-
induced peritoneal macrophage la expression in normal
mice. Moreover, the corticosterone-inhibited expression
in “Yang-deficient” mice was also enhanced by aconitine
treatment. These results suggest that the compound
could enhance the antigen-presenting ability of
macrophages and promote the immune response (23).

Yunaconitine also had immunomodulatory effects in
addition to analgesic and antiinflammatory activity (24).
When excised heart tissue of newborn mice was trans-
planted into ear pinna of adult mice, yunaconitine
markedly prolonged the survival time of allografts, its
effect being comparable to that of the immunosuppres-
sant, prednisolone. Inhibition of delayed-type hypersensi-
tivity was also observed in rats administered the com-
pound. In experiments in mice, yunaconitine had no effect
on serum hemolysin and IgG levels, but decreased
plaque-forming cell counts in spleen. The compound also
increased serum total complement as well as the phago-
cytic activity of the reticuloendothelial system in mice,
which is considered to be beneficial in the clearance of
pathogenic antigens (Table ).

Antiarrhythmic

Results from animal studies suggest that guan-fu
base A, G and | have antiarrhythmic activity (25-27).
These compounds were shown to counteract choroform-
induced ventricular fibrillation in mice and increase the
dose of beiwutine necessary for inducing cardiac arrhyth-
mias in anesthetized rats. In isolated guinea pig hearts,
guan-fu base A and G antagonized electrically induced
ventricular fibrillation, reduced heart rate, prolonged P-R
and QRS intervals and prolonged the functional refracto-
ry period in isolated left atria.

Lappaconitine at low doses decreased heart rate,
increased P-R interval, prevented barium chloride-
induced arrhythmia and increased the dose of ouabain
required to induce arrhythmia. In addition, low doses of
lappaconitine had significant antagonistic effects on
arrhythmia induced by 3-acetylaconitine without affecting
the analgesic action of the compound (28, 29). Low doses
of aconitine antagonized the T inversion caused by calci-
um chloride, in addition to antagonizing the initial eleva-
tion and subsequent depression of the ST segment
induced by posterior pituitary preparations in rabbits (30).
Using the cell-attached configuration of the patch-clamp
technique, the single channel activities of L-type calcium
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Table II: Immunomodulating activity of yunaconitine (YAC, i.p.) in mice.

Group Dose (pg/kg) Heart Survival (days) DTH Complement Phagocytic index
Control - 8.7 3.5 55 3.56
YAC 5 NT 1.7 NT NT
YAC 10 NT 0.6 NT NT
YAC 20 NT NT 65 3.63
YAC 50 10.3 NT 66 4.40

NT: not tested; DTH: delayed-type hypersensitivity.

Table Ill: Anesthetic effects of Aconitum alkaloids on sciatic
nerve block in mice.

Alkaloid IC,, (mg/kg)
Aconitine 0.007
3-Acetylaconitine 0.003
Lappaconitine 0.040
Ranaconitine 0.100
Yunaconitine NT
Bulleyaconitine A 0.003
N-Deacetylaconitine 0.076
N-Deacetylranaconitine 0.100
N-Deacetylfinaconitine 0.102
N-Deacetyllappaconitine 0.076
Avadharidine 1.000*
Lycoctonine 1.000*
Penduline 0.105
Mesaconitine 0.004
Beiwutine 0.050*
Songoline 17.400
Neoline 20.000*
Denudatine 20.000*
Deoxyaconitine 0.011
Hypaconitine 0.016
Nagarine 0.010*
Cocaine’ 0.250

NT: not tested; ‘reference compound; *ineffective dose.

channels of ventricular myocardiocytes from neonatal
rats were recorded before and after the addition of aconi-
tine, with results demonstrating a blocking effect of the
agent at low doses (31). However, high doses of lappa-
conitine and aconitine caused ventricular premature
beats, ventricular tachycardia, ventricular fibrillation and
cardiac arrest.

Miscellaneous

Some alkaloids of Chinese Aconitum plants, such as
bulleyaconitine A, yunaconitine, lappaconitine and
3-acetylaconitine, were shown to possess antithermic
effects in normothermic and pyrexial rodents (6, 8, 9, 18).
Many alkaloids also had local anesthetic activity, as
shown by sciatic nerve block in mice (8, 9, 32) (Table IlI).

Pharmacokinetics

Preliminary studies on absorption, distribution and
excretion of bulleyaconitine A have been performed in

rats after administration of [3H]-bulleyaconitine A (8). The
plasma concentration-time curve of the agent was shown
to fit a three-compartment open model. Its half-life (t,,)
was as follows: t,, = 2.87 min; t,,, = 11.6 min; t,,; =
5 h. Volume of distribution was 1.79 I/kg and total plasma
clearance rate was 4.12 ml/kg/min. After i.v. administra-
tion, high concentrations were found in the liver, kidney,
lungs, spleen and heart; there was low distribution in the
brain. Of the total dose, 46% was excreted from urine and
21.9% from feces within 6 days after administration.

Toxicity

Acute lethal doses (LD,,) of some of the Aconitum
alkaloids are shown in Table IV. In rats, rabbits and dogs,
continuous administration of bulleyaconitine A for 30 (rat)
or 90 days (rabbit and dog) caused no significant drug-
related changes in body weight and hematological tests.
There was no liver or renal toxicity, and hereditary tests
showed no mutagenic effects of the compound (8).

In clinical studies with bulleyaconitine A, there were
no significant drug-related changes in liver and kidney

Table 1V: Acute toxicity of Aconitum alkaloids in mice.
Alkaloid

LD,, (mg/kg s.c.)

Aconitine 0.31
3-Acetylaconitine 1.40
Lappaconitine 11.70
Ranaconitine 9.00
Yunaconitine 0.37
Bulleyaconitine A 0.92
N-Deacetylaconitine 36.40
N-Deacetylranaconitine 27.50
N-Deacetylfinaconitine >50.00
N-Deacetyllappaconitine 36.40
3,15-Diacetylbenzoylaconine 21.68
Avadharidine 45.90
Lycoctonine >500.00
Penduline 3.90
Mesaconitine 0.16
Beiwutine 0.39
Songoline >300.00
Neoline >400.00
Denudatine 207.00
Deoxyaconitine 2.80
Hypaconitine 2.80
Nagarine 1.22
Guan-fu base A 582.20 (i.p.)
Guan-fu base G 185.50 (i.p.)
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Table V: Clinical effects of bulleyaconitine A on various types of
pain.

Pain Patients Response Rate (%)
Periomitis 197 92.4
Rheumatism 442 91.3
Benign joint 71 100.0
Lumbago 134 99.3
Toothache 62 100.0
Postoperative 154 79.9

function, hematological tests, urinalysis and electrocar-
diogram in most patients. Abstinence syndrome was not
observed after sudden withdrawal of the agent. The most
common side effects were nausea and dizziness; mild
cutaneous allergic reactions occurred in some patients

(8).

Clinical effects

Some of the Aconitum alkaloids, such as 3-acetyla-
conitine, bulleyaconitine A, lappaconitine and guan-fu
base A, are under clinical investigation to evaluate their
efficacy.

3-Acetylaconitine had potent analgesic activity and
was effective in the treatment of several types of chronic
pain (e.g., periomitis, vertebral cervical disease, lumbago,
leg pain) in a clinical trial in 1500 patients; overall
response rates were 95-99% (11).

Bulleyaconitine A reduced inflammatory swelling,
eased pain and improved function in patients with
rheumatoid arthritis. In addition, laboratory results (i.e.,
rheumatoid factor) for some patients were improved.
Most patients in the active period of disease reported a
satisfactory treatment effect. In 412 patients with rheuma-
tism, total response rates of 91.6% were obtained (8).
The compound was also effective in the treatment of var-
ious types of acute and chronic pain (Table V).

Lappaconitine has also been introduced into the
clinic for the treatment of pain and clinical trials of the
antiarrhythmic effects of guan-fu base A are currently
under way (32).

Conclusions

The alkaloids from Chinese Aconitum plants are
examples which demonstrate the role of traditional
Chinese medicines in new drug development. In the past
decades, Chinese pharmacologists, chemists and clini-
cians have extensively studied the chemical constituents,
biological activities and clinical efficacies of these alka-
loids (32). Some of the Aconitum alkaloids have the
potential to be developed as new drugs for the treatment
of various kinds of pain, inflammatory diseases and car-
diac arrhythmias. However, at high doses, some of them
(e.g., aconitine, beiwutine, 3-acetylaconitine and lappa-
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conitine) induce arrhythmias, a sign of severe toxicity.
Therefore, it will be necessary to carefully monitor the
doses administered in clinical practice to reduce toxicity.
These alkaloids possess potent biological activities, indi-
cating that it is possible to develop new and highly effec-
tive drugs by separating new components from the genus
or reconstructing the structures of existing compounds.
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