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Abstract: Two new lycoctonine type C19-diterpenoid alkagyidwatinine-A 1), and swatinine-B2), along
with four knownC19-diterpenoid alkaloid$presticine 8), neoline 4), delvestine §), and chasmanines), were
isolated from the aerial parts of tAeonitum laeveRoyle. The structures of compountisnd2 were deduced
on the basis of spectroscopic techniques (EI-MSEHRS, 'H NMR, **C NMR, HMQC, and HMBC).
Biological activities like inhibition of the multiinctional copper-containing enzyme tyrosinaser@itant and
anti-inflammatory have also been carried out fortteé compounds and reported herein. The structotieity
relationships for the inhibition of the enzyme tyirase by the compounds have been discussed.
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1. Introduction

The gnusAconitumis a rich source of diterpenoid alkaloids, manywdfich exhibited a
broad spectrum of biological activities. Lappacowit hydrobromide has been used as an
antiarrhythmic drug [1]The methyllycaconitine perchlorate is used in cemametic preparation [2].
Some aconitine and mesaconitine derivatives pogsseat analgesic and anti-inflammatory activities
[3]. The methyllycaconitine and lycaconitine exhdéoi neuronal nicotinic acetylcholine receptor
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affinity [4]. Lycaconitine, obtained from severatonitumspecies, was found to be effective against
multi-drug resistance cancer&conitum plants are widely used in Chinese and Indian ticatdil
systems of medicine [5-6Jurkish Aconitumspecies are used externally in the treatmentexfntatic
pain and sciatica and also against body lice [7We have reported many diterpenoid and
norditerpenoid alkaloids froconitumandDelphiniumspecies [9-12].

Tyrosinase (EC 1.14.18.1), also known as polyphexadase (PPO), is a multifunctional
copper-containing enzyme widely distributed in ptarand animals. Tyrosinase inhibitors may
therefore be clinically useful for the treatment ssfme dermatological disorders associated with
melanin hyperpigmentation and also important innetgcs for whitening and depigmentation after
sunburn [13].

Free radicals play an important role in carcinogenthrough their involvement in breaking of
DNA strands [14]. They are known to be involvedriiammation processes, cardiovascular disease
[15-17], rheumatoid arthritis, neurodegenerativeedse and the aging process [18-19]. The harmful
actions of free radicals can be blocked by antdarts. During this study, the diterpenoid alkaloids
isolated fromA. laevehave been tested for their anti-oxidant activities

Neutrophils are essential elements for the hostisnde. The uncontrolled release of reactive
oxygen species (ROS) is suspected to be resporisibtertain pathological conditions such as heart
attacks, septic shocks, rheumatoid arthritis antemiia reperfusion injury [20]. In these cases the
administration of agents that can decrease themadetion of neutrophils in the inflamed area might
be a remedy for these conditions. A cell-baseditro bioassay [21] has been used in this study to
examine the anti-inflammatory activities of the gmunds isolated frorA. laeve

In the continuation of our study @h laeveRoyle, we report herein the isolation and struetur
determination of the two new C19-diterpenoid allgdp swatinine-A(1) and swatinine-B(2), along
with four known C19-diterpenoid alkaloids, foresie 3) [22], neoline 4) [23], delvestine §) [24],
and chasmanines)[25]. In the present study inhibitory potentialstbése C19-diterpenoid alkaloids
against themultifunctional copper-containing enzyme tyrosinadbeir anti-oxidant and the anti-
inflammatory activities have been performed andrigul. The structure-activity relationships (SARS)
for the inhibition of the enzyme tyrosinase by toenpounds have been discussed.

2. Materialsand Methods
2.1. Equipments

Optical rotations were measured on a JASCO DIP@gf@rimeter. IR spectra were recorded on a
JASCO 302-A spectrophotometer. EI-MS and HREI-MSewmecorded on Jeol JMS HX 110 with
data system and on JMS-DA 500 mass spectrometieesHT and"*C-NMR spectrum were recorded
on Bruker NMR spectrometers, operating at 500 ad@ KIHz (100 and 125 MHz fol’C). The
chemical shifts values are reported in ppinunits and the coupling constandy &re given in Hz.

2.2. Chromatographic conditions

For thin layer chromatography (TLC) precoated ahio sheets (silica gel G-60F-254, E.
Merck) were used. Visualization of the TLC plateaswachieved under ultra-violet (UV) at 254 and
366 nm and by spraying with Dragendor’s reagentve®d systemn-hexane-acetone-diethylamine
(7:3:5 drops) was used.

2.3. Plant material

The aerial parts, (5 kg dry wt) &. laeveRoyle were collected from Loweri top, near Ziarat
village of the Chitral district of Pakistan at dewation of 1200 m in August 2007 and was iderdifie
by Prof. Dr. Habib Ahmad, Department of Geneticqiviersity of Hazara, Mansehra, Khyber
Pakhtunkhwa, PakistanA voucher specimen (RA-01) has been depositedhat department
herbarium.
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2.4. Extraction and Isolation

The air-dried powdered plant material (5 kg) wastfexhaustively extracted wittkhexane
and 11.5 g gummy residue was obtained. The renmiplant material was extracted with 90%
ethanol. The ethanolic extract was concentratedaamdified with 0.5N H,SO, and extracted with
CHCls. The acidic aqueous solution was basified with 209¢1 solution and extracted with CHQb
obtain 10.3 g of a crude alkaloidal mixture. Thigde alkaloidal mixture was fractionated by vacuum
liquid chromatography (VLC) using a column packdthvibasic alumina (200 g 4Ds; EM 1085) and
eluted with petroleum ether, and gradients of,Cllland MeOH. A fraction obtained on elution with
2% MeOH-CHCI, was fractionated further by silica gel column e¢hadography, using an isocratic
solvent system of 5% acetone in n-hexane with pslaf diethyl amine per 100 mL. Fractions 5-14
(0.6 g) were combined and again subjected to colahmomatography to obtain foresticine (3) (13
mg), neoline (4) (10 mg) and delvestine (5) (14g) nkractions 15-30 (1 g) contained swatinine-A
(1) (5 mg), swatinine-B (2) (7 mg) and chasmanifg (5.6 mg). The known compounds were
identified by comparing their spectral data andgitsl properties with the reported values.

Swatinine-A(1) white amorphous powder (5 mg); melting point 145°C; [0o] *% + 63.0 (c = 1.0,
CHCL); IR Vynax i (CHCL): 3429 (OH), 1115 and 1087 (C-O), 864 and 1006d(irether)’H, **C-
NMR 3 (see Table-1); EIM&Vz 465 HREI-MS m/z465.5802 (GsH3oNO;, calcd. 465.5814)

Swatinine-B(2) white amorphous powder (7 mg); melting point 173°C; [a] *% + 28.2 (c = 1.0,
CH;0H); IR V jax cmi* (CHCL): 3462 (OH), 3355 (NH), 1695 (C = 0), 1620 and3.59 = C), 1080
(simple ether);H, *®C-NMR (see Table-1); EIM3n/z 586 HREI-MS m/z 586.71631 (GHzNO;,

calcd. 586.71643)

2.5. Tyrosinase inhibition assay

Tyrosinase inhibition assay was performed in a @8-wnicroplate format using a
SPECTRAmMaX" 340 (Molecular Devices, CA, USA) microplate readecording to the method
developed by Hearing [26]. Briefly, first the conymuls were screened for ttediphenolase
inhibitory activity of tyrosinase using L-DOPA asibstrate. All the active compounds from the
preliminary screening were being subjected tg Eudies. Compounds were dissolved in methanol to
a concentration of 2.5%. Thirty units of mushrogymosinase (28 nM from Sigma Chemical Co.,
USA) was first pre-incubated with the test compauimd 50 nM Na-phosphate buffer (pH 6.8) for
10 min at 25 °C. Then the L-DOPA (0.5 mM) was tlagided to the reaction mixture and the enzyme
reaction was being monitored by measuring the achamgbsorbance at 475 nm (at 37 °C) due to the
formation of the DOPAchrome for 10 min. The perdehibitions of the enzyme have been calculated
as follows, by using MS Exc®&M 2000 (Microsoft Corp., USA) based program devetbfor this
purpose:

Percent inhibition =B — S/B x 100

Here theB andS are the absorbances for the blank and samplggeategely. After screening
of the compounds, median inhibitory concentratifi@g,) were also calculated. All the studies have
been carried out at least in triplicates and ttseilte represents the mean = S.E.M. (standard efror
the mean). Kojic acid and L-mimosine were usedtasdard inhibitors for the tyrosinase and have
been purchased from Sigma Chem. Co., USA.

2.6. Anti-oxidant assay: DPPH (1,1-diphenyl-2-pictyydrazyl) free radical scavenging
activity

The reaction mixture containinguh of test sample (1 mM in DMSO) and @& of DPPH
(Sigma, 30QuM) in ethanol was taken in a 96-well microtiter tgland incubated in the plate reader
SPECTRAmMax™ 340 (Molecular Device, CA, USA) at &7for 30 min. The absorbances were being
measured at 515 nm. Percent radical scavengingtgatias determined by comparison with a DMSO
containing control (shown in Table 3). The valuédQy, represent concentrations of compounds to
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scavenge 50% of DPPH radicals. Thel&ityl-4-hydroxyanisole (BHA) has been used as sitive
control. All the chemicals used were of analytigalde (Sigma, USA).

2.7. Anti-inflammatory assay

Heparinized fresh venous blood was being drawn fh@althy volunteers in a local blood
bank and neutrophils were then isolated by the otk Siddiqui et al. 1995 and Daeseok et al., 1995
[27-28]. Briefly whole blood was mixed with Ficall Dextran (6%) with the ratio of 1:3 and allowed
to settle down. Buffy coat was collected and adayethe bed of the Ficoll (3 mL) was centrifuged a
1500 rpm for 30 min. The pellets were collected mrashed with PBS Buffer (pH 7.4). The RBCs
were lysed with ammonium chloride solution and thentrifuged. The pellets were then washed with
PBS and then resuspended with the same buffee aiicentration of 1x2@ells/mL.

To determine anti-inflammatory activity of a compdithe modified assay of Berridge et al.
was used [21]. Thim vitro assay is based on the reduction of a highly wsdkrble tetrazolium salt
WST-1 in presence of activated neutrophils. Antiammatory activity was determined in a total
volume of 20QuL PBS (pH 7.4) containing 0.5-1.0 x*1@eutrophils/mL, 75@M WST-1, and
various concentrations of test compounds. The obaotily contained buffer, neutrophils and WST-1.
All compounds were equilibrated at 37 °C for 10 raimd the reaction was then initiated by adding
Zymosan Activated Serum (ZAS), prepared as destieviously [28]. Indomethacin has been used
as positive control.

Absorbances were measured at 450 nm using a SPEQARA 340 (Molecular Device, CA,
USA) microplate reader for 30 min. Each value is thean of reactions in six wells for a single
compound placed in a 96-well plate. They@as calculated by comparing with DMSO as a blank
and expressed as % inhibition of the superoxiddured.

3. Resultsand Discussion
3.1. Structure elucidation

Swatinine-A (1) was isolated from the chloroform fraction Af laeveRoyle, as a white
amorphous powder. The mass spectrum (MS) of thepoand1 is characteristic of those alkaloids
with a lycoctonine skeleton [29]. The compoundas assigned the formulas8sJNO; on the basis of
ion peak atm/z 465.5802 [M+1] (calcd. 465.5814) in high resolution electroninimtion mass
spectrometry (HREI-MS), and nuclear magnetic resoeaNMR) spectral data. The infrared (IR)
spectrum of compountishowed absorption bands at 3429 (OH), 1115 and (0&J), 864 and 1006
cm* (inner ether) [30-31].

The 'H-NMR spectrum of swatinine-A1j (Table-1) exhibited signals foN-ethyl, four
methoxy groups, and several methine protons gemixyden substituents. The overall spectral data
of compoundl was similar to that of 18-methoxygadesine [30jcept the presence of a methoxy
group instead of a hydroxyl group at C-14. In tloevd field region of the spectrum, a triplet of one
proton integration a 3.57 0 = 4.7 Hz) was observed which is characteristidfdr4 methine proton.

In the upfield region, a triplet of three protonegration a5 1.01 § = 7.1 Hz) was assigned to the
methyl of N-ethyl. Two singlets each of one proton integratibé 3.82 and 4.04 were assigned to the
H-6 and H-19 methine protons. The signals appearéd.41, 3.38, 3.31 and 3.22 were assigned to
the methoxy groups present in the molecule of tmepoundl.

The ¥C-NMR spectrum (Broad Band decoupling (BB), Disimntess Enhancement by
Polarization Transfer (DEPT)) (Table-2) showed tiyefive signals, including four methoxy, one
methyl, six methylene, ten methine, and four queer carbons. ThéH-*C correlations were
determined by hetero nuclear multiple quantum categ (HMQC) spectrum, while the long range
'H-13C connectivities were obtained through the heterdear multiple bond connectivity (HMBC)
technique (Figure 1). In the HMBC spectrum, the @éthine protond 3.82) showed correlations
with C-5 @ 45.8), C-6 § 90.6), C-7 § 84.2) and C-114(51.9). The C-5 methine proton showed
correlations with C-6§90.6), C-7 § 84.2), C-18 § 69.6), C-11 & 51.9), and C-4§38.1). The C-1
methine § 3.61) protons showed correlations with the G-B3.6), C-2 § 18.4) and C-11§(51.9).
Similarly C-14 methine proton showed correlationshwC-13 ¢ 43.7), C-9 § 45.1), and C-14&(
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83.9). Furthermore, C-19 methine proton showed HMi@€ractions with C-4)38.1), C-5 § 45.8),
and C-3 § 31.0). Thus, the structure of compouhdwas deduced as 14,18-dimethoxygadesine
(swatinine-A).

Figure 1. Selected HMBC correlations of compouhd

Swatinine-B R) was isolated from the chloroform fraction Af laeveRoyle, as a white
amorphous powder, had a molecular formulaHgsN,Og (M/z 586.71631, calcd. 586.71643) in the
HREI-MS, and NMR spectral data. The IR spectruntaipound2 exhibited absorption bands at
3462 (OH), 3355 (Np), 1695 (C = 0), 1620, 1595 (C = C) and 1080'dsimple ether bonds). The
mass fragmentation of compouB@dwvas characteristic of alkaloids with a lycoctonsieleton. The
base peak was that of the (M81) ion which is indicative of the presence oframethoxy group at
C-1[29].

The 'H-NMR spectrum of swatinine-B2) (Table 1) exhibited signals fax-ethyl, four
methoxy groups, and several methine protons gemixyien substituents. The overall spectral data
of compound2 was similar to that of anthranoyllycoctonine [32kcept the presence of an
methoxy group instead @gfmethoxy group at C-1.

The'C-NMR spectrum (BB, DEPT)) (Table-2) of compouith chloroform exhibited thirty
two signals, including four methoxy, one methylvese methylene, thirteen methine, and seven
quaternary carbons, showed a closed resemblant&t®f anthranoyllycoctonine [32], except the
signal at G and G. The upfield shift of Catd 77.2 and @atd 28.7 ppm supports the presence of a
methoxy group at Cin the a-configuration. Norditerpenoid alkaloids with;48-methoxy group
exhibited a sharp increase in the intensity of Mhe-15 peak as compared with theicounterpart
[33-35]. Compoun@, with a- methoxy group, exhibited a distinct'ML5 peak and a very weak peak
in the chemical ionization mode due to the lossradf methoxy group from the base peakz(421).

On the basis of these data, swatinine-B has beajgested as a &pimer of
anthranoyllycoctonine and structu2éas been assigned. Thé-'*C correlations were determined by
HMQC spectrum, while the long rande-*C connectivities have also been obtained through th
HMBC technigue (Figure 2). Thus, the structure odmpound 2 was deduced asu-
methoxyanthranoyllycoctonine (swatinine-B).
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Figure 2. Selected HMBC correlations of Compouhd

Position (H) 1 2
1 3.61, brd. dJ=11.14 3.21,t)=11.41
2 1.88, m 2.09, m
3 1.65, brd. s 1.75, m
4 - -
5 1.89, s 2.15, brd, s
6 3.82, s 3.88, brd, s
7 - -
8 - -
9 2.42,2.39,dd) = 4.47 2.37,t)=3.89
10 2.56, m 2.31, m
11 - -
12 2.21, m 2.58, m
13 2.29, m 3.05, m
14 3.57,tJ=4.7 3.57,tJ=45
15 2.21, m 1.64, m
16 3.05,t)J=5.14 3.19,t)= 4.98
17 2.89, s 2.92, brd, s
18 3.18, brd, s 4.09, brd, s
19 4.04, s 1.74, brd, s
N—CH, 2.77,m 2.54,m
| 1.01,tJ=7.1 1.05,tJ=7.2
CHy
OCH; 3.41,s 3.37,s
OCH; 3.38, s 3.34,s
OCH; 3.31,s 3.31,s
OCH; 3.22,s 3.23, s
1' - -
2' -
3 6.66, m
4 7.25, m
5 6.61, m
6' 7.77, m
CcC=0 -

*The H- connectivities were dedu

ced according to HMQC.

88

Besides two new compounds, we have isolated foawkncompounds from the same plant.
These are foresticine, {§£139NOg) (3) [22], previously reported frorA. forestii,neoline (G4H3z9gNOg)
(4) [23], previously reported frord\. nagarumgdelvestine (G:H4eN2Os) (5) [24], previously isolated
from Delphinium vestitumand chasmanine (H4NOg) (6) [25], previously isolated fromA.

chasmanthum.

Tyrosinase inhibition studies on all alkaloids§) have been conducted. The compouhd
5 and6 exhibited mild inhibition against the enzyme (simow Table 3). The compounds swatinine-A
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(1), swatinine-B 2), delvestine §) and chasmanines) were found to be active against the enzyme
tyrosinase having I values of 115.17, 83.28, 96.33 and 137, respectively, whereas the
reference inhibitors L-mimosine and kojic acid skowpotent inhibition against tyrosinase having
ICso values of 3.68 and 16.iM, respectively.

Table 2. *C NMR data of Compoundsand? (in CDCk at 100 MHzj in ppm)

Position (C) 1 2
1 83.6 (CH) 77.2 (CH)
2 18.4 (CH) 26.3 (CH)
3 31.0 (CH) 28.7 (CH)
4 38.1 (C) 37.5 (C)
5 45.8 (CH) 46.1 (CH)
6 90.6 (CH) 90.8 (CH)
7 84.2 (C) 88.4 (C)
8 80.4 (C) 77.6 (C)
9 45.1 (CH) 50.3 (CH)
10 38.1 (CH) 38.2 (CH)
11 51.9 (C) 49.1 (C)
12 28.7 (CH) 32.2 (CH)
13 43.7 (CH) 43.2 (CH)
14 83.9 (CH) 83.9 (CH)
15 33.5 (CH) 33.6 (CH)
16 82.6 (CH) 82.5 (CH)
17 64.8 (CH) 64.5 (CH)
18 69.6 (CH) 68.2 (CH)
19 87.5 (CH) 51.1 (CH
N—CH, 51.1 (CH) 52.4 (CH)
<|3H3 13.2 (CH) 14.1 (CH)
OCH, 58.8 (CH) 57.9 (CH)
OCH, 57.9 (CH) 57.8 (CH)
OCH, 57.8 (CH) 56.3 (CH)
OCH; 56.4 (CH) 55.8 (CH)
1 - 110.3 (C)
2 - 150.7 (C)
3 - 116.8 (CH)
4 - 134.3 (CH)
5 - 116.3 (CH)
6 - 130.7 (CH)
C=0 - 167.8 (C)

*The C connectivities and multiplicities were deducedading to HMQC and DEPT experiments.

Compoundl has an ether linkage between C-1 and C-19 andHs @®up at the position 14,
whereas compound3 and 6 have differences in the same positions; probalgigabse of these
differences are the reasons for the inactivationoshpound3 against the enzyme tyrosinase and less
inhibitory action of compound (ICs, = 137.21uM) when compared with the activity of the
compoundL (ICso = 115.17uM) against tyrosinase. Similarly, differences betweompoundg and5
are present, compound having amn-OCH; functional group at C-1 instead of OH group, ando
group instead of OCHat C-8, and stereochemically different methoxy grai C-6 ass-OCHs,
probably led to compourn2ito be a better inhibitor (Kg = 83.28uM) than that of compoun8 (ICs, =
96.33uM).
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Table 3. Tyrosinase inhibitory activities of Compountiss

Compounds IG (mean + SEN) (in uM)
Swatinine-A () 115.17 £ 0.1739
Swatinine-B R) 83.28 £ 0.1527
Foresticine §) NA°®

Neoline @) ND*

Delvestine §) 96.33 £0.1432
Chasmanineq) 137.21 + 0.19645

Kojic acid’ 16.67 + 0.5190
L-Mimosin€e’ 3.68 + 0.02234

#SEM is the standard error of the mean.

P The standard inhibitors (KA and LM) of the enzytysinase.
°Is not active against Tyrosinase.

¢ Not done due to insufficient quantities.

Table 4. Anti-oxidant activities of Compounds-6
DPPH radical % scavenging

Compounds activity (at 1 mM)
Swatinine-A () 63.4
Swatinine-B ) 33.4
Foresticine §) 51.4
Neoline @) 65.3
Delvestine §) 32.2
Chasmaninef) 35.1
3--Butyl-4-hydroxyanisole 92.5

The free-radical scavenging action is known asmpoirtant mechanism of anti-oxidation.
Compoundsl-6 have been screened for their anti-oxidant aatisitising DPPH radicals (shown in
Table 4). Among the compounds screened, only simatiA (1) (63.4%) and neolined] (65.3%)
exhibited significant DPPH radical scavenging dtitig at concentrations of 1 mM, while standard
anti-oxidant BHA inhibited 92.1% at the same corticion.

Anti-inflammatory activities of all the compoundave also been determined by ianvitro
approach. Only compound® (38.71%) and4 (34.12%) exhibited significant anti-inflammatory
activity (Table 5) when compared with standard -arftammatory agent indomethacin (42.02%) at
concentration of 100g/mL.

Table 5. Anti-inflammatory activities of Compounds6

Compounds % Inhibition (at 1Q®@/mL)
Swatinine-A () 25.82
Swatinine-B ) 38.71
Foresticine §) ND

Neoline @) 34.12
Delvestine ) 28.10
Chasmaninef) 19.31
Indomethacin 42.02

4. Conclusions

In the present study, aerial partsAf laeveroyle have been investigated phytochemically.
Two new C19-diterpenoid alkaloids were isolated adracterized in addition to four known
alkaloids isolated for the first time from this ptaThe inhibitory potentials of these C19-diterpiein
alkaloids against the multifunctional copper-conitay enzyme tyrosinase along with their anti-
oxidant and anti-inflammatory activities have bemmmducted. Swatinine-B (38.71 %) and neoline
(34.12 %) demonstrated very good anti-inflammatacyivity in comparison to the standard drug
(indomethacin 42.02 %). The structure-activityatieinships (SARs) for the inhibition of the enzyme
tyrosinase by the compounds have also been distusse



91

Seema et.alRec. Nat. Prod(2014) 8:2 83-92

Acknowledgments

We are grateful to Prof. Dr. Habib Ahmad, Departmeh Genetics, University of Hazara,

Mansehra, Khyber Pakhtunkhwa, Pakistan, for helpirige collection and identification of the plant.

References

(1]

(2]
(3]
(4]
(5]

(6]
[7]

(8]
9]

(10]

(11]

(12]
(13]
(14]
(15]
(16]
(17]
(18]
(19]
(20]

(21]

(22]

(23]

F. N. Dzakhangirov, M. N. Sultankhodzhaev, Bashkhdjaer and B. T. Salimov (199Diterpenoid
alkaloids as a new class of antiarrhythmic age®taicture-activity relationshipChem. Nat. Comp.
33:22, 190.

M. H. Benn and J. M. Jacuno (1984). In: Alkalsi Chemical and biological perspectives, Pelledier
W., (Ed), Wiley, New York1, 153-209.

M. Muroyama and T. Mori (1993). European Pat&pplication EP-564648-A-1, Sanwa Shoyaku K.K.
J. M. Jacyno, J. S. Harwood, Nan-Horng LinEJCampbell, J. P. Sullivan and M. W (1996). Hodigd
Lycaconitine Revisited: Partial Synthesis and Neafdicotinic Acetylcholine Receptor Affinities].
Nat. Prod.59, 707-709.

N. G. Bisset (1981). Arrow poisons in ChinaftPlid Aconitumbotany, chemistry, and pharmacology,
J. Ethnopharmd, 247.

K. S. Mhaskar, E. Blatter and J. F. Caius (200tdian Medicinal Plantsl, 28.

T. Baytop (1984). Theraphy with Medicinal Plarnih Turkey (Past and Present), Istanbul University
Publication No3255, 187.

U. Kolak, A. Tiirkekul, F. Ozgokce and A. Ulukel (2005). Two new diterpenoid alkaloids from
Aconitum cochleargPharmazie 60, 953.

M. Ahmad, W. Ahmad, M. Ahmad, Obaidullah, M. &han and F. Shaheen (2008). Norditerpenoid
alkaloids from the roots ofconitum heterophyllunwall with antibacterial activityJ. Enzy. Inhib.
Med. Chem23:6, 1018-1022.

M. Nisar, Obaidullah, M. Ahmad, M. A. Lodhi,. FShaheen and M. |. Choudhary (2009). New
diterpenoid alkaloids frori\conitum heterophyllurivall: Selective butyrylcholinestrase inhibitods,
Enzy. Inhib. Med. Cher@4:1, 47-51.

F. Shaheen, M. Ahmad, M. T. H. Khan, S. Jail Ejaz, M. N. Sultankhodjaev, M. Arfan, M. I.
Choudhary and Atta-ur-Rahman (2005). Alkaloids Aafonitum laeveand their anti-inflammatory,
antioxidant and tyrosinase inhibition activiti®)ytochem66, 935-940.

F. Shaheen, M. Zeeshan, M. Ahmad, S. AnjumAls. H. K. Fun, M. I. Choudhary and Atta-ur-
Rahman (2006). Norditerpenoid Alkaloids frd»elphinium nordhagenii. Nat. Prod 69, 823-825.

M. Shiino, Y. Watanabe and W. Umezawa (20@nthesis of Nsubstituted N-nitrosohydroxylamines
as inhibitors of mushroom tyrosina&o. Med. Chen®, 1233-1236.

M. A. Pathak and P. C. Joshi (1983). The reatand molecular basis of cutaneous photosensitivity
reactions to psoralens and coal farinves. Derm80, 66-68.

M. G. Hertog, E. J. Feskens, P. C. Hollman,BviKatan and D. Kromhout (1993). Dietary antioxitia
flavonoids and risk of coronary heart diseaseZmphen Elderly Studyl,ancet.342, 1007-1011.

A. Moure, J. Cruz, D. Franco, J. M. Dominguéz,Sineiro, H. Dominguez, M. J. Nunez and J. C.
Parajo (2001). Natural antioxidants from residwairsesFood Chem72, 145-171.

P. C. Hollman and M. B. Katan (1999). Dietdlgvonoids intake, health effects and bioavail&pili
Food Chem. Tax37, 937-942.

A. S. Meyer, M. Heinonen and E. N. Frankel 48R Antioxidant interactions of catechin, cyanidin
caffeic acid, quercetin, and ellagic acid on humBh oxidation,Food Chem61, 71-75.

E. J. Hunt, C. E. Lester, P. A. Lester and_RTackett (2001). Effect of St. John's wort orefradical
production Life Sci.69, 181-190.

D. Bagchi, M. Bagchi and S. J. Stohs (199 9mparativein vitro oxygen radical scavenging ability of
zinc methionine and selected zinc salts and amtzons,Gen. Pharm28:1, 85-91.

An. S. Tan and M. V. Berridge (2000). Supedmiproduced by activated neutrophils efficiently
reduces the tetrazolium salt, WST-1 to produce lab#® formazan: a simple colorimetric assay for
measuring respiratory burst activation and for egitegy anti-inflammatory agentdnmun. Methods
238, 50.

S. W. Pelletier, C. S. Ying, B. S. Joshi and Kl Desai (1984). The structures of forestine and
foresticine, two new ¢-diterpenoid alkaloids fromAconitum forrestistapf,J. Nat. Prod47, 474.

S. A. Ross and S. W. Pelletier (1988). Newthgtic esters of delphisine and neolikieterocycles?7,
1381.



(24]
(25]
[26]
[27]
(28]
(29]
(30]
(31]
(32]

(33]
(34]

(35]

The aerial parts oiconitum laevdRoyle 92

H. K. Desai, B. S. Joshi and S. W. Pelleti#®85). Two new diterpenoid alkaloids frdelphinium
vestitumWall, Heterocycles23, 2483.

S. W. Pelletier, W. H. De Camp and Z. Djarn{a®76). Proof of the structure of the diterperalaliid
chasmanine: the crystal and molecular structurehamanine 14-benzoate hydrochloridd, Chem.
Soc. Chem. CommuB53.

V. J. Hearing (1987). Methods in Enzymologyaélemic Press, New York42, 154.

R. A. Siddiqui, D. English, Y. Cui, M. I. Marj J. Wentlands and L. Akard (1995). Phorbal ester
induced priming of superoxide generation by photighaacid-stimulated neutrophils and granule-free
neutrophil cytoplastsl. Leuk. Bio58, 189-195.

H. Daeseok, J. K. Seok, D. M. Kwang and SJé&bon (1995). Measurement of superoxid dismutage lik
activity of natural antioxidanBiosci. Biotech. Biochen?9:5, 822.

A. A. Nishanov, M. N. Sultankhodzhaev, M. Sunusove and B. Tashkhodzhaev (1992kaloids of
Aconitum kirinenseStructure of akirineChem. Nat. Com28:5, 466.

A. G. Gonzalez, G. de la Fuente and O. Mungifa83). 18-Methoxygadesin, a new diterpenoid
alkaloid,Heterocycles20:3, 409-411.

A. G. Gonzalez, G. de la Fuente and O. Mundu@81). Structure of 18-hydroxy-Xd-methylgadesine

a new diterpene alkaloid fro@onsolida orientalisTetr. Lett.22:48, 4843-4844.

M. Shamma, P. Chinnasamy, G. A. Miana, A. Khein Bashir, M. Salazar, P. Patil and J. Beal (3979
The alkaloids oDelphinium cashmirianum, J. Nat. Prot2, 615.

M. S. Yunusov, Ya. V. Rashkes and S. Yunusk®7@). Yu.Khim. Prir. Soedin8, 85.

S. W. Pelletier, N. V. Mody, R. H. F. In Maresland R. Rodrigo(1979) (Eds.): the Alkaloids, New
York, Academic Press. 17.

Yu quan De and B. C. Das (1983). AlkaloidsAa@initum barbaturPlanta Medica49, 85.

ACG

publications
© 2014 ACG Publications.



