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INTRODUCTION

Nowadays, up to 40% of all patients with epilepsy suffer from numerous side effects (e.g.
sedation and muscle relaxation), as well as convulsive resistance to modern antiepileptic
drugs. On the other site, some medicinal compounds of vegetable origin are claimed to
significantly decrease seizure response without aforesaid side effects, hence it is evident that
medicinal plants can be considered as a rich source for discovering safer and more effective

antiepileptics.

Plants of the genus Delphinium belong to the family Helleboraceae. 18 species of
Delphinium are represented in the flora of Georgia. [1]. Delphinium species are a rich source
of diterpene alkaloids, possessing a wide range of pharmacological activity: analgesic, non-
thyrotoxic, curare-like. In folk and traditional medicine, tinctures and decoctions of larkspur
were used in treatment of female and genitourinary diseases, jaundice, liver enlargement,
diseases of gastrointestinal tract, pneumonia, pleurisy and whooping cough [2-6]. Due to
ability to decrease skeletal muscles tone larkspur alkaloids are used in medical practice as
muscle relaxants in treatment of disorders of the motor function associated with diseases of
the central nervous system (parkinsonism, multiple sclerosis, etc.). In this regard, it was
advisable to search for new sources for the production of alkaloids of larkspur among species
growing in Georgia. In particular, we investigated yet poorly studied D. speciosum Beeb.,

widespread in Georgia.

The aim of the study was to study the aerial parts of D. speciosum Beeb. on the content of

diterpene alkaloids and estimate their pharmacological potency.
MATERIALS AND METHODS

D. speciosum in flowering phase was collected in 2018 in the Tsikhijvari, Georgia. The

object of study was alkaloids from the aerial organs of D. speciosum.

Air-dried ground aerial parts of larkspur (1.0 kg) were alkalized with a 5% sodium carbonate
solution and extracted with chloroform. The chloroform extracts were concentrated to 1/5 of
the original volume and the alkaloids were extracted with a 5% aqueous solution of sulfuric
acid. The acidic extract was rinsed with ether, then, with cooling, it was alkalinized with
sodium carbonate to pH 9, and the alkaloids were extracted with chloroform. After

dehydration with anhydrous sodium sulfate and vacuum-concentration, 9.6 g of the tertiary
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sum of diterpene alkaloids was obtained. Then crude alkaloids were fractionated according to
basicity (pH 10.0-2.0) [7, 8].

Fractions with a pH of 2-6 were separated on a silica gel column (100/400), eluted with
chloroform, 6 mixtures of chloroform-methanol (100:1; 90:1; 50:1; 25:1; 5:1, 1:1).

Fractions with a pH of 7-9 were processed on a silica gel column (100/400), eluting with
chloroform, a mixture of chloroform-methanol: (100:1; 90:1; 50: 1; 25:1; 5:1, 1:1).

Qualitative analysis of alkaloids was carried out by thin-layer chromatography on TLC Silica
gel 60 F,s, plates (Merck, Germany) in systems: I-chloroform-methanol (6:1), II-chloroform-
methanol (4:1), Ill-chloroform-benzene-95% ethanol-25% ammonia (40:40:10:0.2), in
comparison with reference samples of methyllycaconitin, karakoline, delkozin, gigactonine,
lycoctonin, lycaconitine [4]. Dragendorff’s reagent was used to detect alkaloids [9].
Identification of alkaloids was realized using 7890B GC System and 5977B Single
Quadrupole GC/MSD System (Agilent Technologies, USA). Alkaloids melting point was
determined by 1A 9100 melting point apparatus (WenkLabTec, Germany).

Animals

Inbred male rats, (n=40, b.w. 200£10 g) and mice (n=40, b.w. 24+2 g) were used. Animals
were randomly divided in groups of ten in each. All animals were kept in following
conditions: 12/12 hr light/dark cycle, temperature 20£2°C, humidity 40%, standard diet for
rodents, water access ad libitum. Maintenance of animals and all experimental procedures
were performed in accordance with internationally accepted ethical guidances [10, 11].
Experimental data statistical processing was done using Student’s t-test.

Evaluation of anticonvulsant activity in rats

Total alkaloids of D. speciosum (TADS) were administered by oral gavage and
intraperitoneally at doses of 10, 25, and 50 mg/kg. Thirty minutes after administration, each
rat was injected intraperitoneally 80 mg/kg pentylenetetrazole (PTZ, Sigma, USA). The doses
of used drugs were defined in a pilot study of acute toxicity. After PTZ injection, rats were
placed in a plexiglass acrylic cage and seizures were recorded until convulsions stopped and

rats were fully recovered. Seizure susceptibility was analyzed considering the following
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parameters: occurrence, severity, latency and duration of behavioral seizures, number of

animals displaying seizures and death due to seizures [12].

The severity of seizures was estimated according to the following scale: 0- no changes in
behavior; 1- isolated myoclonic jerks; 2- atypical minimal seizures (unilateral, incomplete);
3- full clonic seizure; 4- pattern of tonic-clonic seizures with a suppression of tonic phase; 5-
generalized tonic-clonic seizure and status epilepticus; percentage of mortality was recorded

for a period of 60 min. Animals surviving over 1 hour were considered to be protected[13].
Evaluation of analgesic activity in mice

Analgesic activity of alkaloids was evaluated using Eddy's “hot plate” test [14-16]. In brief,
animals were placed into a 12 cm wide and 25 cm height transparent polycarbonate cylinder
on a hot plate maintained at 55+0.2°C. Experimental mice were injected Delphinium extract 5
and 15 mg/kg intraperitoneally 15 min before the experiment. Normal saline 0.2 ml/animal,
intraperitoneally, was used as the control. The latency period (in seconds) between placing on
the plate and occurrence of response reactions (withdrawal of hind paws, jumping) was
recorded. Animals without response within 30 seconds were excluded from the experiment.
Latencies were recorded before (base level) and 15, 30, 45, 60 and 120 min after the injection

of test and reference compounds.
RESULTS AND DISCUSSION

Polybuffer separation of the total alkaloids revealed the presence of four dominant alkaloids
(Table 1, Fig.1).

Table No. 1: Dominant alkaloids eluted from the aerial parts of D. speciosum

. % . Content M.P.
Elution system Alkaloid (%) °C) m/z
: . " 682(M"), 667,
CHL + CHL:MET (100:1) methyllycaconitine 35 amorph. 651(100), 649
_ _ . : o  453(M™), 438(100),
CHL:MET (90:10) gigactonin 10 168-169 420, 397
: : - o 467(M"), 452,450,
CHL:MET (50:1) lycoctonin 19 136-140 436(100), 418
668(M"), 653, 650,
CHL:MET (25: 1) lycaconitine 8 amorph. 637(100), 650,434,

248,174
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*CHL — chloroform; MET - methanol
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Figure No. 1: Alkaloids from the aerial parts of D. speciosum.
Anticonvulsant activity

After the analysis of the convulsive behavior of rats treated with TADS, it was found that
seizure latency and severity was similar in all treated groups: time to seizure onset
significantly increase and most of the rats in treated groups corresponding to myoclonus and
minimal seizures. It is important to mention that the number of rats that survived to the

generalized tonic-clonic seizure, status epilepticus was high (Tabs. 2, 3).

Table No. 2: Anticonvulsant effect of TADS on PTZ-induced seizures in rats*

Dosep(r:g/kg) Time to seizure onset (min)  Death latency (min) Death rate (%)
control 3.6+05 55 100
10 155+ 2.4 ** 50 10
25 18.0 + 4.1 ** 0 0
50 20.0 + 3.2 ** 0 0

*Data represented as mean+SD(n=10); ** - p < 0.01 vs control.
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Table No. 3: Protective effect of TADS on the severity of PTZ-induced seizures in rats*

. . TADS (mg/kg/p.o.)

Seizures severity PTZ 80mg/kg 10 5 50
1 0 0 0 0
2 0 7 8 7
3 0 2 2 3
4 10 1 0 0
5 10 0 0 0

*n=10 for PTZ and each TADS dose
Analgesic activity

In “hot plate” model the TADS in dose-depend manner increases latency time, when
compared to control, with maximal effect (approx. 70%) at 30 min after the TADS
administration (Fig. 2).

«s@ .. Control

==e==DAE 5 mg/kg

—e— DAE 15 mg/kg

Latency period (sec)

0 15 30 45 60

Figure No. 2: Analgesic activity of TADS in mice. * - p<0.05 vs control.

The observed TADS-induced analgesia corresponds with the data on antinociceptive action
of some diterpene alkaloids [17] and may result, for example, from blocking of ligand-gated
Na*-channels that destroy cholinergic transmission and downstream Na*-current due to
selective interaction within AChRs. [18]. On the other site, the nAChRs are also involved in

the pathogenesis of epilepsy [19]. Moreover, recently it was shown that hippocampal
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cholinergic terminals establish effective GABA-ergic synapses as well [20, 21]. The results

obtained in PTZ induced convulsion test coincide with data described in [22].
CONCLUSION

According to the results of the study, it was found that the aerial parts of D. speciosum
growing in Georgia, contain mainly diterpene alkaloids methyllycaconitine; gigactonine,
lycoctonine, and lycaconitine. Summarizing the obtained pharmacological data and taking
into consideration that methyllycaconitine can antagonize nicotine-induced seizures and
antinociception in mice via blocking apha7 nAChR as well [22], it is highly likely that the
studied TADS modulated the observed analgesic and anti-seizure effects via cholinergic

structures of the CNS due to the diterpene alkaloids methyllycaconitine.
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