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hnsTB.%cT.-Deplii,iiirlll c a s h i i r i a n i t n i  Royle (Ranunculaceaej has yielded the new 
base cashmiradelphine (E), together m-ith the known alkaloids anthranoyllycoctonine 
19), lycaconitine WI), avadharidine (17) ,  lappaconitine (4), and Al--deacetyllappaconi- 
tine ( 5 ) .  Pyridinium chlorochromate oxidation of lycoctonine furnished the new 
aldehyde Iycoctonal (11). The arrhythmogenic and heart rate effects of several of 
these diterpenoidal alkaloids have heen measured on the isolated guinea atria.  Lap- 
paconitine was arrhythniogenic at 10-91 concentrations. But in contrast to the refer- 
ence drug aconitine, lappacunitine did not increase the hearr rate.  I n  anesthetized 
rabbits injected m-i th lappaconit ine, -l--deacet yllappaconit ine, and lappaconine up t n 
1 mg'kg, cardiac arrhythmia m-as quickly observed. Even lip to 5 mg kg: the other 
substances were non-arrhythmogenic. 

A recent investigation of the alkaloids of the dwarf larkspur, Delphinium fri- 
corue 1Iichaux (Ranunculaceae), has ;\-ielded the well known alkaloid meth;\-ll>-ca- 
conitine (11, as well as an inseparable mixture of alkaloidal artifacts con 
structures 2 and 3 formed from 1 during treatment with ammonium hydroxide (1). 
Additionally, the alkaloid "delsemine," obtained from the Russian species D. 
semibarbatzrm and originally assigned alternative structures 2 or 3, ( 2 ,  3): \vas shorn 
also to be an  artifact of isolation and to consist of a mixture of compounds 2 and 3. 

I n  the present study, the ethanol extracts from D. cashmir ia izum Royle col- 
lected in Kashmir, Pakistan, were chroniatographed on a silica gel column with 
chloroform and chloroform-methanol mixtures as eluent. Elution with chloroform 
supplied the knon-n (+)-lappaconitine (4) (1) the basic hydrolysis of n-liich yielded 
lappaconine ( 5 )  and Al--acetylantlmnilic acid (6) ( 5 ,  G! 7 ) .  

Further elution of the column with 2 7 ,  methanol in chloroform provided addi- 
tional quantities of (+)-lappaconitine (4) together u-ith the knon-n (+)--)--de- 
acetyllappaconitine (i) (S). Hj-drolysis of the latter alkaloid led to lappaconine 
(5 )  and anthranilic acid (8). I t  should be noted that this is the first report of the 
isolation of 4 and 7 from a Delphi~iiziwz species; these had been found previously 
only in A coizitum species. 

Three compounds were found in the 5% metliano chloroform eluate. Tlie 
first n-as (+)-anthranoyllycoctonine (9) the hydrol. of u-hich afforded (+)- 
lycoctonine (10) and antliranilic acid (8). Khen  9 10 were indepenc!ently 
.subjected to pj-ridium chlorochroniate in methylene chloride treatment: 10 but 
not 9 underwent oxidation to the Ilex- aldehyde 11. (+)-lycoctonal, confirniing 
that the masked primary alcohol function of 10 is esterified. 

The second compound obtained from the 5yc methanol in chloroform eluate 
n-as the new compound (+)-cashniiradelphine (E), the ir ctrum of 71-liich shon-ed 
amide (1GSO crn-l), aromatic ester (1710 cni-I), and a1 atic ester (lid0 em-') 
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peaks. Hydrolysis of 12 gave rise to (+)-lycoctonine (10) and the acid 13, which 
corregonda to the hitherto unknown o-(.I--succinimidyl)benzoic acid. Lithium 
aluminum hydride reduction of (+I-cashmiradelphine (12) led to (+)-lycoctonine 
(10) and the amino alcohol 14. Pyridinium chlorochromate oxidation of cashmira- 
delphine did not yield any well-defined product, pointing to the fact that no free 
primary alcohol is present in the molecule. Finally, condensation of anthranoylly- 
coctonine (9) with the acid chloride of mononiet’hyl succinate furnished material 
identical in all respects with cashmiradelphine (12). 

__.’ 

1, R = - 

2 ,  R = - 

3 ,  R = - 

9 ,  R = - 

10, R = H - 

The third alkaloid from the 5% methanol in the chloroform fraction was 
determined to be (+)-lycaconitine (15) (3). Hydrolysis of 15 afforded lycoctonine 
(10) and the acid 13, whereas lithium aluminum hydride reduction of 15 provided 
10 and the amino alcohol 16. 

The column eluate consisting of 10% methanol in chloroform furnished (+)- 
avadharidine (17) as a colorless, amorphous, powder. I t s  lithium aluminum 
hydride reduction gave rise to  lycoctonine (10). 

It has been previously pointed out that avadharidine (17) could be an artifact 
of isolation, derived by aminolysis of lycaconitine (15) (3). I n  view of this obser- 
vation, and of the isolation of artifact? 2 and 3 from D. tricorne and D. semibar- 
batzmt, one is justified in questioning whether cashmiradelphine (12) is a true 
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alkaloid. This compound, however, is probably a natural product because the 
original plant extraction was carried out with ethanol, and the crude plant ex- 
tracts revealed the presence of cashmiradelphine (12) by tlc prior to column chro- 
matography. On the other hand, it should also be stated that the imide ring in 

COO H 

- S , R = H  

3 ,  R = 1: - 

h 

,-- 

c 4 3  

16 14 - 13 - - 

lycaconitine (15) can be very readily cleaved, as indicated by our finding that, 
upon standing over silica gel or alumina in methanol for 16 hr, lycaconitine (15) 
solvolyzed to  produce cashmiradelphine (12). Alternatively, refluxing 1)-caconitine 
in methanol for one hour also generated cashmiradelphine. 

CHEMICAL STUDY 
EXPERIMESTAL1 

EXTRILTIO\ ~ S D  PRELIVIA ~ R T  I RICTIOSLTIOX.-G~~UII~ roots of Delphznzzini cushniz~zu~i~iwi  
When the solvent wasevaporated, a thick residue Roylez (2.5 kg) were extracted n i t h  ethanol 

(150 g) resulted 

lllelting points are uncorrected. Pmr  spectra 
are a t  60 MHz. 

2The Delphziizztni cahsiiitriaiizini plant was collected by l l r .  Jan Alohammod, research 
assistant at Gomal University, in the Seelam \-alley of ilzad Kashmir, Pakistan; and n-as 
identified by Dr. A. R. Beg, Plant Taxonomist, Forest Research Institute, University of 
Peshawar, Peshawar, Pakistan. 

All tlc s-ere on Merck 254 silica gel plates. 
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The crude ethanolic exrract (90 g) was loaded on a silica gel (hlerck 70-230 mesh) column, 
with chloroform as the first solvent. As the column was continuously eluted with increasingly 
polar mixtures of methanol and chlorbform, the following fractions %-ere collected: Fraction 
I: chloroform: Fraction 11: 2Yc methanol-chloroform; Fraction 111: 5'7, methanol-chloroform; 
Fraction IV: lo%;, methanol-chloroform. 

Anal. high res.'ms, calc. for C32Hd4N203: 584.3095. 
The above data  compare favorably ivith those reported for (+)-lappaconitine (9). 

HYDROLYSIS OF 4.--Alkaloid 4 (15 mg, 0.03 mmol) was refluxed with ten ml of methanolic 
I$'ork-uu gave iiblanuaconine 15) 19 me. 83%): ir lCHClql 3400-3500 and 

Fd. 584.3073. 

KXO,  for four hr. 
36uo cm-l;  and .\---acet).lant~ranilic acid (6), mp 185" (LIeOgj; ir yKBr)'1650J i690, 2500, 2940, 
31-10, and 3375 cm-', pmr (TFA) 6 2 43 (3H, s, CH,CONH), 7 21 ( lH,  t ,  J = 8  Hz, ArH), 7.58 
( lH,  t ,  J=8  Hz, ArH), 8 08 ( lH,  d ,  J=8  Hz, ArH), and 8.23 ( IH,  d,  J=8  Hz, ArH); ms m/e  
179 (65) (AI-), 138 (go), 119 (base), and 92 (40). 

(+)-,\--DE LCETYLLIPPKOSITISE (7).-Evaporation of fraction I1 left (+)-a, and (+)-X- 
deacetvllaDDaconitine 17) 12 e )  uurified bv tlc R-ith 2% methanol in chloroform. mD 120-121" 
(MeOH,, ?a)2iD+42" (c 0.34 E t b H ) ,  ir (CHC1,) 1662 &d 3460 cm-l; pmr (CDC12) s'1.13 (3H, 

6 70 (2H, m, -4rH), 7.27 ( lH,  t ,  J = 8  Hz, ArH), and 7 81 (IH, d ,  J = 8  Hz, ArH). 
t ,  J=6.5 Hz, CH3CH&), 3 28 (3H, S, OCH,), 3.32 (3HJ S, OCHB), 3.42 (3H, S, OCH,), 6.49- 

Anal. high res. ms, calc. for C3&2xzOi: 542 8919. Fd .  542 2997. 

HYDROLYSIS OF 7.-H~-drolysis of i (20 mg, 0.04 mmol) in methanolic K&03 provided (+)- 
lappaconine ( 5 )  (13 mg, 83%) and anthranilic acid (8)  (4 mg, 80%); mp 143" (hleOH). 

(+)-ASTHR~SOYLLYCOCTOKISE (9) .-Fraction I11 was evaporated and was found by tlc 
to contain three major components which x-ere separated by use of 57, methanol in chloroform. 
The band (Rf 0.27) with a blue-white fluorescence under uv lieht corresuonded to [+)-an- 
thranoyllycoctonine (9) (2 9) ;  mp 132-136" (hIeOH), [lit. 132-1f5 (hIeOHj (lo)]; [aI2ib+42' 
(c 0.54 EtOH):  ir (CHC13) 1690 and 3500 cm-1; pmr (CL)C13) 6 1.05 (3H, t ,  J=T Hz, C H ~ C H Z N ) ,  

J = 7  _ _  Hz, ArH), 7.10 ( lH,  t ,  J=7 Hz, BrH), 7.75 ( lH,  d ,  J = H z ,  ArH), and 8.27 ( lH,  d, J = i  Hz, 
3.23 (3H, S, OCH,), 3.32 (3H, S, OCH,), 3.35 (3H, S, OCHa), 3.38 (3HJ S, OCHa), 6.58 ( lH,  t ,  

ArH) .  
Anal. high res. ms, calc. for C32H,,N20?: 568.3147. 
The above data compare favorably with those reported for (+)-anthranoyllycoctonine 

Compound 9 (20 mg, 0.03 mmol), when hydrolyzed by use of methanolic KzC03, yielded 
(+)-lycoctonine (10) (15 mg, 94yo); mp 103-108" (MeOH) [lit. 139" (aq. MeOH) (11) or 96-97' 
(aq. EtOH)] (IO); [a]2iD+470 (c 0.40 EtOH);  ir (CHC13) 3440 and 3620 cm-l; identical with 
an authentic sample; and anthranilic acid ( 8 ) ,  (4 mg, 85%). 

(+)-LI-COCTOSAL (ll).-(+)-Lycoctonine (10) (20 mg, 0.04 mmole) in methylene chloride 
(10 ml) a t  0" was treated n i t h  pyridinium chlorochromate (32 mg, 0.16 mmol). The mixture 
was brought to  rooni temperature and stirred for 5 hr. Dilute ammonium hydroxide was 
added, and the methylene chloride layer was separated and evaporated. The product sepa- 
rated by tlc with ammoniated ether as solvent (Rf 0.14) was (+)-lycoctonal (11) (7 mg, 357,); 
mp 73" (MeOH); [~r]2iD+7-1' (c 0.59 EtOH);  ir (CHC13) 1722 and 3440 cm-1; pmr (CDC13) 6 1.06 

(3H, s, OCH,), and 9.38 ( lH,  s, CHO), ms nt/e  465 (80) @'IA) (Cz0H3sNOi), 450 (80) (M-CH3)-, 
434 (base) (1\f-OCH3)-, and 406 (75) (434-C0)-. 

Fd.  568.3157. 

(10). 

(3H, t ,  J = 7  Hz,  CHaCHzN), 3.23 (3H, S, OCH,), 3.26 (3H, S, OCHs), 3.30 (3H, S, OCHa), 3.37 

hnal. high res. ms, calc. for C*,H,,SOi: 465.2725. 
(+) -CASHMIR\DELPHI~E~ (12) .-The band with Rf 0.22 from fraction 111 corresponded to  

the new base (+)-cashmiradelphine (12) (2 g);  mp 130-135' (methanol-ether); [aI2'D+56' 
(c 0.39 EtOH);  A niax (EtOH) 253 and 310 nm (log E 4.15 and 3.74), ir  (CHC13) 1680, 1710, 1740, 
3280 and 3420 cm-1. pmr (CDC1,) 6 1 0 8  (3H, t ,  J=7 Hz, CHaCHZK), 2.72 (4H, s, 
CH2CH2COOCH3), 3.50 (3H, s ,  OCH,), 3.28 (3H, s, OCH,), 3.35 (GH, s, 2 x OCH3), 3.62 (3H, 
s ,  COOCH,), 6.80 (IH, t ,  J = S  Hz, ArH), 7.40 ( lH,  t ,  J = 8  Hz, ArH), 7.83 (IH, d ,  J = 8  Hz, 
ArH), 8 46 ( lH ,  d ,  J = 8  Hz, ArH), and 10.75 ( lH,  br  S, HSCO);  ms m / e  700 (15) 
(;I+)-(C4-H52N2011), 682 (80) (M-H20)+, 6G9 (base) (hI-OCH,)+, 651 (70) (669-H20)+, and 

Fd. 465.2733. 

420 ( J O ) .  
.inal. high res. ms, calc. for CsiHJ2011: 700 3569. 

'.\"ate A d d r d  t o  A c c e p t e d  Mui~trscrzp t :  We have discovered that our cashmiradelphine cor- 
responds to septentriodine, recently isolated from Acomtum septentrzonule Koelle.: S. W. 
Pelletier, R .  S. Sawhney and A. J. Aasen, Heterocycles,  12, 377 (1979). 

Fd .  700.3570. 
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HTDROLTSIS OF 12.-(+)-Cashmiradelphine 112) (20 mg, 0.02 mmole) was hydrolyzed with 
methanolic K ~ c 0 3  to produce (+)-lycoctonine (10) (12 mg, 905) and o-(.~--succlnlmldyl)benzolc 
acid (13, (5  mg, 80%): nip 170” (MeOH): X mas IEtOH) 252 and 303 nm (log E 4.24 and 3.72): ir 
(KBr) 16i5 and 3000 em-’: pmr (TF-1) 6 2.98 (4Hj s, COCH2CH2CO), i.25 ( l H ,  t ,  / = 7  Hz, 
- l rH) ,  7 . 6 5  ( l H ,  t ,  J= i  Hz, AlrHJ,  8.18 ( lH,  apparent d, J = 7  Hz, - i rH) ,  and8.31 ( l H ,  apparent 
d, J = 7  Hz,  ArHi: ms W I  e219 (42) (MA), 1i5 (58) (?rl-C02i-and 119 (base) (lTB-CH?CH&O)-. 

REDUCTIOS OF 12.-(+)-Cashmiradelphine (12) (50 mg, 0.07 mmol) M-as reduced with 
excess LiAllH4 in hot THF.  The products %-ere separated by tlc with ammoniated ether as 
solvent. The 
band with R f  0.50 proved to be the aniino alcohol 14 (8 mg, 5 7 5 ) :  X niax 1EtOH) 248 and 296 
nm (log e 3.91 and 3.31): ir ICHC1;) 3400 and 3600 em-’: nis v7 e 195 (33) (11-1 (CIIHI.SOZ), 
136 (301 (11- CH2CH2CH20H)-, and 118 (base) (136-H201-. 

The band with R f  0.25 was identified as (-)-lycoctonine (10) (20 mg, 6 0 5 ; .  

.knal. high res. nis, calc. for C1,H1;LO?: 195.1258. 

PARTIAL S i - s T H E s I s  OF c.mmIR.mELPHIsE (12) .--;ibout 5 mg of ($)-anthranoyllycoctonine 
(9) was treated with mononiethylsuccinic acid chloride in ethanol-free chloroform for 16 h r  a t  
room temperature. Work-up yielded 12. 

(+)-L~-CACOSITISE (15).-The band n-ith Rr 0.05 from fraction I11 corresponded to (+)- 
lycaconitine (15) (500 mg):  mp 113” (MeOH); [a]?;D+lG” (e 0.G4 E tOH) :  ir ICHCl3) 1705 sh,  
1720 and3450cni-1:pmr (CDC1,) 6 1.05 (3H, t ,  J =  Hz, CHC3H,S), 2.87 (4H, s, COCH2CH2COj, 
3.23’(3H, S, OCH,), 3.31 (3H, s, OCH,), 3.33 (3H, s ,  OCH,), 3.38 (3H, s, OCH,), 7.25 ( lH,  t ,  
J = 7  Hz, - l rH) ,  7.58 ( lH,  t ,  J=T Hz, ArH), 8.08 ( lH,  d ,  J = 7  Hz, ArH), and 8.47 ( lH,  d, J = 7  
Hz, ArH). 

Fd.  195.1269. 

Anal. high res. ms, calc. for C36H4&2010: 668.3291. 
The above data compare favorably with those reported for (-)-lycaconitine (3). 

HYDROLI-SIS OF 15.-hiethanolic K2C03 hydrolysis of 15 120 mg, 0.03 mmol) yielded 1-k)- 
lycoctonine (10) (12 mg, 865) and o-(A*-succinimidyljbenzoic acid (13) (5  mg, i6Yc). 

REDUCTIOX OF lj.-(+)-Lycaconitine (15) (50 mg, 0.07 mmol) was reduced with excess 
LiAlH, in hot THF.  The products were separated by tlc with ammoniated ether as solvent. 
The band with R i  0.25 was collected to obtain (+)-lycoctonine (10) (18 mg, 51%). The com- 
pound q-ith Rf 0.75 was collected to  give the amino alcohol 16 (i mg, 53TC), X mas (EtOH) 253 
and 285 sh nm (log E 3.78 and 3.13): ir (CHCls) 3400 cm-l. 

.lnal. high res. ms, calc. for C1lHliSO: lii.1153. 

(+)-AVADHARIDISE (17).--Amorphous (+)-avadharidine (100 mg) was obtained by evapo- 
ration of fraction I\-, [cx]~~D+~O’ ( e  0.37 EtOH);  ir (CHCl,) 1690, 1705, 3300 and 3430 em-’; 
pmr (CDC13) 6 1.05 (3H, t ,  J = i  Hz, CH~CHIN) ,  3.22 (3H, s, OCH,), 3.30 (3H, s ,  OCH,), 3.33 
(3H, s, OCH,), 3.37 (3H, s, OCH,), 7.00 ( lH,  t ,  J=8  Hz, .4rH), 7.46 ( lH,  t ,  /=& Hz, .4rH), 
7.88 ( lH,  d, J=8  Hx, @H), 8.5i ( lH,  d, J = 8  Hz, ArH), and 10.87 ( lH,  br s, ArNHCO); ms 
m,’e 668 (8) (X-SH, jT  (C3~H,s?i2Ol~) 650 (10) (668-H20j-, 637 (40) (668-OCH3)+, 619 ( 5 )  
1637-H20)-, and 555 (base). 

Fd.  668.3186. 

Fd.  lii.1151. 

-4nal. high res. ms, calc. for C36H46S209 (M-KH-H*O)-, 650.3199. 
The above data  compare favorably with those reported for (+)-avadharidine (3, 12). 

HI-DROLYSIS OF AVADHARIDISE (17) .-Methanolic K2C03  hydrolysis ,Of li (20 mg, 0.03 

REDUCTIOS OF l7.-Compound 17 (50 mg, 0.07 mmol), w-hen reduced with LiAIHa in hot 

Fd .  650.3131. 

mmol) afforded (+)-lycoctonine (10) (12 mg, 8 8 5 )  and the acid 13 (5 mg, 1 8 % ) .  

THF,  yielded (+)-1;vcoctonine (10) (17 mg, 50%). 

CARDIOVASCULAR STUDY 
NETHODS4 

EXPERIMESTS in ri tro.  
Isoiafed Guinea-pig d tria.--?\Iale albino guinea pigs weighing between 350-400 g were used. 

The animals A-ere killed by a blow on the head and quickly exsanguinated by cutting the neck 
a t  the level of the carotid arteries. The heart was isolated and placed in oxygenated Locke 
solution. The atria were dissected and suspended in oxygenated (955  02 and 5% (COP) Locke 
solution in a 10 ml tissue bath which n-as maintained at 37’C. The composition of the salt 
solutior. in milimolar n-as sodium chloride, 154.0: potassium chloride, 5.63; calcium chloride, 
2.10; sodium bicarbonate, 5.96; and dextrose 5.55.  

,Physiograph 4 for nieasiiring beat of atria and the blood pressure trandricer was from 
E I% ?ri Instruments, Houston, Texas. The anesthetics xylazine u-as Rompuna and the katamene 
was Tetalars .  For the solutions all drugs were dissolved in 1 ml of 0.2 S HC1 and completed 
to  the required volume with physiological solution (Sac1  8 . 9 5 ) .  
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The atrium was tied to a glass tissue hook at one end, and the other end of the preparation 
%-as connected to the recording system. The spontaneous beat of the atrium was recorded ita 
an isometric transducer type A on a Physiograph 4. A resting atrial tension of 1 g was 
maintained. 

EXPERIVESTS zn zzi'o. 
Albino rabbits, either ses, neighing between 2 . 5 3 . 0  kg n-ere used. The animals Rere 

obtained from Lane Bailey (Xenia, Ohio). The rabbits were anesthetized with 10 mg/kg of 
uylazine, IM., and 5 minutes later 50 mg/kg of ketamine, 1.11. In  most cases, it F-as necessary 
to give a maintenance dose of 10 mg/kg of ketamine GO minutes after the first dose. The 
animal v a s  maintained under artificial respiration via a tracheal cannula connected to a 
respirator. The left carotid artery 
was isolated and cannulated v i th  a polyethylene tube connected to the recording system. 
Blood pressure was recorded via a blood pressure transducer. 

For the recording of the heart rate, a pair of electrodes vias placed a t  the hind left leg and 
right fore leg, respectively. The electrodes were connected to a preamplifier, and both the 
blood pressure and heart rate mere recorded on a Physiograph 4. All solutions of drugs mere 
administered through a polyethylene tube connected to  a needle placed in the rabbit 's ear 
marginal vein. h larger dose of drug was administered nhen no effect p a s  observed m-ithin 
five minutes after administration of the previous dose. The appearance of arrhythmias R as 
taken as the end point of the assay. Horrever. in most cases Then no response was observed 
with the administration of a dose of 1 mg kg of drug, no additional doses were tested. 

The respiratory rate %-as maintained a t  20 strokes/min. 

RESGLTS 
Experimeizts iiz titro.-Figure 1 shows the heart rate and arrhythmogenic ef- 

fects of aconitine and four alkaloids obtained from Delphinium cashmiriamm. 
Aconitine produced a dose-related increase in heart rate previous to  the produc- 
tion of arrhythmias. Arrhythmias were produced at  a final bath concentration 
of 3 x 10-% aconitine. Of the Delphinium alkaloids tested i?t zitro, only lappa- 
conitine showed an arrhythmogenic effect. The arrhythmias appeared xi th  a dose 
of 1 x 10-4AI. However, in contrast with aconitine, this effect was not preceded 

I 

7 [Ar-hythm a )  253 c 
~ - , ISOLATED GUINEA PIG ATRIA 

W ACONITINE \ 
I 

Q M A PFACO N IT I NE 
m : x-x LYCOCT3NAL 

W 

G LT n .5  

.- 1 5 0 r  --A LvcoC-or,iruE 
:--E AVADHARIDINE 

(Arrhythmia) 50 r 

I I , 1 1 1  1 1  I I l l l l L  1 I I l l 1 1  I I I I L I l  1 1 I l . l l I I  

IO+ io-'  IO-^ lo-4 01 

DRUG [ M I  

FIG. 1. Effects of the alkaloids from Dephinium cnshmrzunuwz on the isolated guinea pig 
atria. At 3 x lO-jRI,  aconitine cardiac arrythmia was observed. Although 
lappaconitine did not change the heart rate, cardiac arrythmia at 10-81 was 
observed. 
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T ~ B L E  1. Effects of the alkaloids from Delpiiznz:cni cashiiiirianzim on the 
rabbit heart rate, in ' i z io .  Group I--.hrhythmogenic Substances. 

Basal 1 Dcse producine Time tq produce  
SEme Heart Rdte 0 o j  0 10 0 ?j 0 j o  1 00 j 00 arrhjthmias rng LE arrhthmia -ec 

I 

by an increase iil heart rate. The arrh>-tlimins produced bJ- lappaconitine di.<ap- 
peared with repeated n-asliings of the tissue and n-ere reestablished u-itli the addi- 
tion of a dose of 1 s 10-4M lappacoiiitine. The aconitine-induced arrhythmias 
did riot disappear n-it11 m.4iing of the tissue. The other alkaloids did not produce 
significant changes in the basal atrial rate. 

Espevin ie i i t s  in Fiw-Tables 1 and 2 sliou- the effects of Delphiiiii~m caslz- 
~iiriaiium alkaloids on the heart of the rabbit, i r i  vivo.  Only drugs belonging to 
group I shon-ed arrhythniogenic activitj- : namely, lappaconitine and its deriva- 
tive -17-deacet>-llappaconitine. S o  changes in the cardiac activity were observed 
n-it11 administration of lappaconine. The arrhythmias induced by lappaconitine 

TABLE 2 .  Effects of the alkaloids from Deipiiiuizcnz cashmiriamini on the 
rabbit heart rate, in 0 .  Group 11-Sonarrhythmogenic Substances. 

S a m e  
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were preceded by a marked decrease in heart rate. This did not happen with 
S-deacetyllappaconitine. The presence of arrhythmias iTas accompanied by a 
marked fall in blood pressure. Both effects persisted until the end of the experi- 
ment. Lappaconine did not produce any significant change in the blood pressure 
of the rabbits. 

Drugs belonging to group I1 did not produce any significant changes in heart 
rate or blood pressure. These drugs did not show any arrhythmogenic effect in 
the range of doses used. At doses above 0.25 mg, kg, lj-caconitine produced a 
small increase in blood pressure and cashmiradelphine produced a small decrease 
in blood pressure. 

TABLE 3. 

These changes, lion-ever, u-ere not dose related. 

Effects of aconitine on the rabbit heart rate, in m i o .  

Dose m g k g  I Basal 1 
Same  Heart Rate 0 00.5 

I ! I 

6 HR beats/min 1 
lconitme 12 

0 005* 180 
30 

_ _ _ ~  

+liO 
- 1 O 010 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ ~ ~ 

*The heart activity x a s  completely normal 30 min after the administration of this dose. 

I n  the range of doses studied, aconitine consistently produced an increase in 
The arrhythmias induced by 

At higher doses, the arrhythmias persisted until the 
A marked fall in blood pressure was observed together 

At doses above 0.005 mg/kg, the fall in blood pres- 

heart rate previous to the induction of arrhythmias. 
0.005 mg/kg were reversible. 
end of the experiment. 
with the arrhythmic activity. 
sure u-as maintained until the end of the experiment. 

DISCUSSIOS 
The results presented above show that compounds belonging to group I have 

arrhj-thmogenic activity. However, this activitl- is limited to  compounds having 
an anthranoyl or S-substituted anthranoyl groups in position 4 (table 1). -4s can 
be seen in table 1, lappaconine does not have a substituent in that position. It 
also appears that the S-acetyl group does not interfere with the arrhythmogenic 
activity. These drugs, however, are about 100 times less potent than aconitine 
in the rabbit. Lappaconitine has been reported to  be 20-40 times less toxic than 
aconitine in mice, depending on the route of administration (13). In spite of the 
structural similarities with drugs in group I and aconitine, drugs in group I1 did 
not show any arrhythmogenic activity. On the basis of structure-activity rela- 
tionship, it is tempting to  suggest that  the substituent in position 4 must be im- 
portant for the arrhythmogenic activity. The methylene group in the cyclohexane 
ring and the oxygen atom does not seem to affect the arrhythmogenic activity 
since it is also present in aconitine. It x-ould be difficult, however, to  do a com- 
plete analysis of the structure-activity relationship of these compounds on the basis 
of the present results. Hov-ever, due to  the structural similarities among these 
compounds. the therapeuticallj- important possibility may exist that  an ap- 
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parently inactive analogue may block the arrhythmogenic effects of the other 
substances. -4 more detailed study would be necessary t o  prove or disprove this 
possibility. 
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