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BIOLOGICAL ACTIVITY IN STEROIDS POSSESSING
NITROGEN ATOMS

PART II. STEROIDAL ALKALOIDS]
By M. ALaupDIN*, B.Pharm. AND M. MARTIN-SMITH?, M.Sc., Ph.D,

Division of Experimental Pharmacology, Institute of Physiology, The University,
Glasgow, W.2

CHEMICALLY the steroidal alkaloids form a complex group, the individual
members displaying much diversity in molecular structure (Fieser and
Fieser, 1959; Goutarel, 1961; Jeger and Prelog, 1960; Morgan and
Barltrop, 1958; Schopf, 1961). Some occur unconjugated as the free
alkamines in nature, but others occur as glycosides or esters. It has
been customary to base classification of the group on botanical origin,
but with the number of representatives now known, it is more convenient
to consider them according to the nature of the skeleton of the alkamine.
Such a classification in point of fact does not diverge too greatly from
the botanical classification, but it should serve to give greater emphasis
to possible structure-action relationships. Chemically, four main groups
can be recognised.

3-Aza-A-homoandrostane derivatives.

Bases formally derived from the pregnane skeleton.

Bases formally derived from the unrearranged cholestane skeleton.
Bases possessing the ‘“‘jervi” skeleton.

The first group is small and the only known representatives are the
four salamander alkaloids samandarine (I), samandarone, samandaridine
and cycloneosamandione (II) (Schopf, 1961; Habermehl, 1962). Their
pharmacological properties have been studied in detail by Gessner and his
co-workers (1948 and earlier papers) who showed that these compounds
exhibit analeptic activity, producing convulsions in mice and antagonising
the narcotic effects of barbiturates, ethylurethane and tribromoethanol in
salamander larvae and small fish.

OH
. I 1
Their action on smooth muscle appears to be variable. Thus they
produce vasoconstriction of the Lowen-Trendelenburg preparation of

*Colombo Plan Fellow, 1958-62.

tPresent address: Department of Pharmacy, Royal College of Science and
Technology, Glasgow, C.1.

tPart I appeared on pp. 325-349 of June, 1962 issue,
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isolated frog vessels, relax the carotid artery of calves, relax the guinea-pig
uterus and antagonise the action of adrenaline on certain preparations.
Intracutaneous injection in man produces pain and hyperaemia.

Bases Formally Derived from Pregnane

The alkaloids of this group occur in various plants belonging to the
family Apocynaceae and are characterised by the possession of amino
functions at C(3) or C(20), or at both positions. Usually the members

TABLE I
MONOACID BASES DERIVED FROM PREGNANE
3-AMINOPREGNANES

Alkaloid Structure m.p. °C.| [alpin CHCI, Source Refs.

Funtumine 3a-Amino-20-oxo-5o- 126 +95 Funtumia latifolia 1
C,;;HssNO pregnane

Funtumidine 3a-Amino-20a-hydroxy- 182 +10 F. latifolia 1
C,:Hy,NO Sa-pregnane

Holamine 3a-Amino-20-oxo-pregn- 135 +23 Holarrhena floribunda| 2
CyHysNO S-ene

Holaphyllamine 33-Amino-20-oxo-pregn- | 260 as +33 as HC1 | H. floribunda 2,3

21 Has -ene HCl salt salt

Holaphylline 3{3-Methylamino-20-oxo- 128 +23 H. floribunda 3
C,sHyNO pregn-5-ene

Paravallarine 3#-Methylamino-20o- 181 —52 Paravallaris micro- 4
C,:HyNO, hydroxypregn-5-en-18- phylla

carboxylic acid lactone

20-AMINOPREGNANES

Alkaloid Structure m.p. °C.| [alp in CHCI, Source Refs.
Funtuphyllamine A | 20x-Amino-3{3-hydroxy- 173 +13 Funtumia africana 5
CuHyNO So-pregnane
Funtuphyllamine B | 20a-Methylamino-3§3- 214 +24 F. africana and 56
2aH 30 hydroxy-Sa-pregnane Malouetia
bequaertiana
Funtuphyllamine C | 20a-Dimethylamino-33- 172 +24 F. africana 5
"~ hydroxy-5a-pregnane
Funtumafrine B 20o-Methylamino-3-oxo- 160 +43 F. africana 5
C,,Hy:NO Sa-pregnane
Funtumafrine C 20a-Dimethylamino- 174 +45 F. africana and 5
C,3HNO 3-oxo-5a-pregnane M. bequaertiana
Gluco-alkaloid 20x-Amino-3{3-hydroxy- —_ -— Conopharyngia 7
C;H ;NOg ! pregn-5-ene-f3- pachysiphon
i p-glucoside
Holafebrine 20a-Amino-38-hydroxy- 177 —61 Holarrhena febrifuga 8a
C, Hy:NO pregn-5-ene and Kibatalia [
arborea !
1

ALKALOIDS NOT FULLY CHARACTERISED

Alkaloid ' Structure ‘ m.p. °C. ~ [a}p in CHCl, Source Refs.
Holadysamine i —_ 173 —178 Holarrhena 8
C,3H,y,NO ' antidysenterica
Holadysine ‘ — 120 —199 H. antidysenterica 8
CyHy;NO
Irehine | — 163 —30 Funtumia elastica 8
CyyHyNO |
Latifoline — 135 —4 F. latifolia 8*
C;H,;,NO {

1. Janot, Qui Khuong Huu and Goutarel (1959). 2. Janot, Cavé and Goutarel (1960). 3. Janot,
Cavé and Goutarel (1959). 4. Le Men (1960). 5. Janot, Qui Khuong Huu and Goutarel 1960).
6. Janot, Lainé and Goutarel (1960). 7. Dickel, Lucas and MacPhillamy (1959). 8. Goutarel (1961).
8a. Janot and others (1962b)

*Latifoline is now known to be the 3f-hydroxy compound corresponding to conamine (Table II)
(Janot, Qui Khuong Huu and Goutarel, 1962).
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of this group occur in nature as the free alkamine but at least one repre-
sentative is found in glycosidic combination (Dickel, Lucas and Mac-
Phillamy, 1959) and at least two others are found in the form of pyro-
terebate ester conjugates (Rostock and Seebeck, 1958).

The chemistry of the monoacid bases has recently been reviewed
(Goutarel, 1961) and the known alkaloids belonging to this group are
listed in Table I. Examples of the monoacid bases with the nitrogen atom
in the 3-position are funtumine (III) (Janot, Qui Khuong Huu and
Goutarel, 1959), and paravallarine (IV) (Le Men, 1960) which possesses
a saturated lactone ring, and thus bears some structural resemblance
to the dihydrocardenolides. A typical example of the monoacid bases
possessing the nitrogen atom in the 20-position is afforded by funtu-
phyllamine A (V) (Janot, Qui Khuong Huu and Goutarel, 1960).

H
SN

HNT

H
1 v

The alkaloids containing two nitrogen atoms in the molecule can be
subdivided into three main groups. Where the nitrogen atom on C(20)
is not incorporated in a ring the alkaloids belong to the holarrhimine
class, which is exemplified by holarrhimine itself (VI) (Cerny,
Labler and Sorm, 1957). Where the nitrogen atom on C(20) forms
a bridge to C(18) the conarrhimine and conkurchine groups result.
In the conarrhimine group the nitrogen ring is fully saturated whilst in
the conkurchine group the nitrogen ring possesses a double bond in the
17-20-position (Tschesche and Roy, 1956). The most extensively investi-
gated alkaloids of the conarrhimine and conkurchine groups are conessine
and conessidine respectively. The known diacid alkaloids of the pregnane
group are listed in Table II.

2 NH,

H,N

v VI

Two main pharmacological actions appear to be characteristic of the
pregnane group of alkaloids. These are hypotensive activity and local
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anaesthetic activity and both properties do not appear to be dependent
upon either the number or the position of the nitrogen atoms. Thus
hypotensive activity has been reported in kurchicine (Chopra, Gupta and
Chopra, 1933) (later shown to be impure holarrhimine (Bertho, 1939))
and conessine (Bakhsh, 1936; Burn, 1915; Paris, 1938) as well as in
funtumine, funtumidine and related alkaloids (Quévauviller and Blanpin,
1960, and earlier refs.) and in 20x-amino-38-hydroxy-5-pregnene-f8p-
glucoside (Dickel and others, 1959). The activity of this last compound
inspired the synthesis of several related glycosides (Lucas and others, 1960)
and some of these synthetic compounds also exhibited hypotensive activity
when administered intravenously to dogs, although like the parent
alkaloid, they were inactive by the oral route. For similar reasons
the 20-glucoside of funtumidine (glucofuntumidine) was prepared syn-
thetically for pharmacological studies (Quévauviller and Blanpin, 1960).

More detailed studies have indicated that the hypotensive properties
stem from direct actions on the heart and blood vessels. Conessine and
holarrhimine, in the anaesthetised cat (Bakhsh, 1936; Burn, 1915) show
a preliminary rise in blood pressure before a prolonged depression and
this has been attributed to an initial stimulation of the smooth muscle
of the blood vessels, followed by slowing and incoordination of the heart.
Section of the vagi has no influence on the drop in blood pressure (Bakhsh,
1936; Chopra and others, 1933) although the magnitude of the fall is
smaller in decerebrate cats (Chopra and others, 1933), indicating that the
medullary centres are playing some réle.

Conessine and holarrhimine have been shown to produce a dilatation
of the splanchnic vessels but to contract the renal vessels (Bakhsh, 1936;
Chopra and others, 1933) whilst funtumine and funtumidine have been
shown to dilate both peripheral and coronary vessels (Quévauviller and
Blanpin, 1958), and to exhibit a positive inotropic and negative chrono-
tropic action on the isolated rabbit heart. Conessine and holarrhimine
have been reported to stimulate intestinal and uterine contractions
(Bakhsh, 1936; Chopra and others, 1933) but later work (Stephenson,
1948) has shown that conessine has a quinidine-like action and antagonises
the action of acetylcholine on skeletal, cardiac and smooth muscle. In
this connection it is interesting that funtumidine has been reported to
slightly inhibit peristalsis of the dog intestine in situ (Quévauviller and
Blanpin, 1958).

The local anaesthetic activity exhibited by the pregnane group of
alkaloids (Burn, 1915; Chopra and others, 1933 ; Quévauviller and Blan-
pin, 1958) is in most compounds more pronounced than that of cocaine
{Quévauviller and Blanpin, 1960; Stephenson, 1948; Stephenson and
Dutta, 1948; Trevan and Boock, 1927) but as the compounds produce
necrosis on injection (Stephenson, 1948; Stephenson and Dutta, 1948)
they are without clinical value,

Other actions which have been shown to be present in the group include
antipyretic activity (Quévauviller and Blanpin, 1960; Paris, 1938) and
ability to potentiate barbiturate hypnosis (Quévauviller and Blanpin, 1960).
Holarrhimine and conessine exert a direct narcotic effect on frogs, but
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this action is absent in mammals (Bakhsh, 1936; Burn, 1915). Although
funtumidine has been classed as a tranquilliser on the basis of its ability
to depress motility in rats (La Barre and Desmarez, 1959) it is possible
that the effect could be produced by a direct paralysis of the peripheral
motor nerves rather than by a reserpine-like action. Conessine has
been shown to inhibit certain enzymes (Chopra and others, 1927;
Kaushiva and Ghatak, 1956) and holamine on intraperitoneal administra-
tion gives rise to Parkinsonian-like tremors (Quévauviller and Blanpin,
1960).

The structural similarity of the funtumia alkaloids to the steroid
hormones inspired an investigation of these agents for hormonal activity
(Blanpin and Quévauviller, 1960). The results showed that all the alka-
loids studied were devoid of positive hormonal properties, but there were
some indications that the bases exhibited a degree of antagonism towards
a limited number of specific effects of the natural hormones.

Conessine has been termed a general protoplasmic poison since it
exhibits marked toxicity towards various micro-organisms, especially
protozoans (Bertho, 1944b; Chopra and others, 1927; Goyal, 1935;
Henry and Brown, 1923; Paris, 1938). It appears to have little or no
activity against the malaria parasite (Stephenson, 1948) or helminths
(Janot and Cavier, 1949 ; Mackie and others, 1955) although it has been
reported to show weak antituberculous properties (Lambin and Bernard,
1953; Meissner and Hesse, 1930). Its toxicity towards Entamoeba
dysenterige has led to a limited clinical use (see for example Acton and
Chopra, 1933; Lavier, Crosnier and Merle, 1948; Tanguy, Robin and
Raoult, 1948) particularly on the Indian subcontinent and there have
been several studies (see for example Durieux, Trenous and Tanguy,
1948; Kaushiva, 1957; Mubhlpfordt and Martinez-Silva, 1956; Piette,
1950) in which its efficacy has been compared to that of emetine. The
results indicate that it is inferior to emetine as an amoebicide, but not
such a potent emetic. Studies have also been made on the distribution
and fixing of conessine in the monkey (Auffret and Tanguy, 1950) and
on its rate of elimination in man, which is very slow (Pluchon and Pille,
1950). Several reviews concerning the clinical potentialities of conessine
in the treatment of amoebiasis have been published (Duviau, 1953;
Kerny, 1948; Leake, 1932) and the authors all agree that conessine is
not a suitable drug.

Alkaloids Formally Derived from Cholestane

Members of this group have been isolated as the free alkamines or
as glycosides of mono-, di-, tri- and tetrasaccharides but it is possible
that at least some of the alkamines and lower glycosides are produced
by the hydrolysis of higher glycosides during the isolation procedure.
The group embraces steroidal alkaloids occurring in various Solanum spp.
and at least three alkaloids occurring in Veratrum spp., namely rubijervine
(128-hydroxysolanidine), isorubijervine (18-hydroxysolanidine) and iso-
rubijervosine, which is the 3-glucoside of isorubijervine.  These alkaloids
are all characterised by a hexacyclic skeleton incorporating a piperidine

473



M. ALAUDDIN AND M. MARTIN-SMITH

«OuZmnmanU
144 2q vuvoiifv g 6vl— SL¥L *H'O000 SN S N _JulduLIR[OH
aOuvama«o
[14 oa vuvarfv g 1-61— L11-911 *H'D0D0 H SN N SULIEBIOH
O«Zenmvuo
9T ‘s spsuajoduod ‘[ L 861 HO SN N S QUIUAULIB[OF]
3 Zeqmvuo Z m m
¥T—7TT ‘91 *dds vusysivjory - (4} H SN AN SN (unySHIM uds) dulssouo) ‘
z z:mnao
1z voruasdpnyuo “i | (HOM) Of + 76 H N H SN DUIUISSIUOIOS]
3 Zmnmnwo
0z ‘61 DILIIUISAPIIUD " €70~ 001 H H N SN QUILUISSOUO) -N..¥
8 ZQnmauO \\m o
81 ‘€1 voppussApyuY [ | {a o€l H N H H QUILIBUO
sz.oﬂmnuo
81°LI vopapgussfpyur g | (HOW) Of — pel H H H SN QUIUTUOY
uoneredoid EN"SH™D
€1 DOIIUISAPIIUY “FT — sandwyf H H H H QUIUIYIIBUOD)
i5g: | JvInog FIDHD ut %] Do d'w o 7 A A profexry
dNOUD ININIHYUVNOD g
0nszmnuo
91 ‘1 DoLdUISAPIUD "] SE€— 6TT-LTT 9U3-G-UB1d-AXOIPAY-G ] -(OUIIBIAYISUIIP)SIE-POT ‘O € oEEEEEOE»E»ESJH.%Z NNN
O°'N*"H*™D
ST vopauasApIuY " ( 61— Y91-€91 2Ud-¢-uford-outwe[AYIaW-00Z-AX0IPAY-8 | -OUNUY~¢§ SUIUIYLIBJOYIAYISIN-N-(0T)
HOWN ut
pLIoYd (apuIopyo
~0IPAYIp) -0IpAYyIp) ONHYO
[} voLapUISAprIuy gy ( 8T — 09¢ dAa0qe ous-g-udord-oururg{AY1aui-¢ ¢ -AXOIPAY-§ | -OUTUIY-X(T SUIWHLIRIOYIAUIRIN-N-(£)
1918M Ul
apLIoIYd) (sre101d) +INFTHED
4! vupiaonbaq vlInow €+ 9T sueuFard-» ¢ -WNIUOWRIAYIPWILNSIF-00T J € wamwnm_uz
O°N""H"™D
£I-11 VOLIIIUISAPIIUD "I Tyl — 9-€81 AUS-g-uBdrd-Ax0IPAY-§ | -OUTWRL-0QZ E € (ouIdIYdIN UAS) oamﬁmwb.mﬂo H
O°N"H"*D
01 vopauasApaun um&t;ﬁa 128 £T— 181 sua-g-ufard-Ax0IpAy-g J-OURUBI(T-0QZ 0€ ummmwﬁwm%m
StsuaBuouad -5
6 SuvaSpif vydiowouoy?y ST+ [441 surugard-0¢-OUnURIAIOULIP-DOT-OUTUI Y -¢) € surydiowdsuoy)d
it ¢ 221n0g SIOHD ut af 0] 0, drwr 2In3onIng proreyry

dNOYO INIWIHYAVIOH 'V
INVNOdYd WOYA QIANAQ saSvd dIOVI(

II 9T19V.L

474



STEROIDS POSSESSING NITROGEN ATOMS

(2961 ‘|PIEINOD pue yule ‘jouer) [e-g]-ueudard-vg-OUNL|AYIOWIP-L)T-OPIWIEINE — € 9 0} UMOUN MOU ST surjjAydnojew Jo aInIonIIs 94y ¢

YUOMPH ‘T¢
}39Qa9g pue }20)s0Y ‘ST
Ae[iid puk IbIppIS 61 "(9561) A0Y PUE dYISIYIST, "8
sute ‘jouef ‘pI  “(9£61) INDIPPIS €1

“(€€61) 19812qUOYDSS puUR UURPWNONYDS UOA ‘oYL "[€
*(b£6]) INDIPPIS T “(£561) SISYIO pue SIAe] €7
“($€61) TbIPPIS pue INDIPPIS “LT
*(ze61) 9sog pue ysouon ‘gl

‘(Bpp61) oyuIdg "0f

*(Lp61) ourRd ‘67
(8561) Z100) puUB OULIRg ‘T
(6$61) AUy pue 19QEY 9]
*(6$61) wiIog pue IBqYY ‘AU 0]

*(LS6Y) WI0g pue Qe ‘Ui "]

(1961) 12IBINOD "t
(6£61) oyRd ‘8T
*(§£61) MDBIPPIS 1T
*(8S61) ZSUSIAN PUR SYOSOYISL "ST

(SE61) AIypmoyD pue }o00edJ ‘€€
*(Is61) oymag LT

($S61) UasIa_g pue dYISIYIST, ‘0T
*(0961) [PIEINOD puE

"(9661) 1280 '9T

*(TE61)
(8561)
(zE6l)

(8Z961) SI9Yl0 pue jouef ‘¢

NON Ze- mvao
343 vuvyisvnbaq ‘| or— 65T suriAydno[ey
NOZnumn~U
€€ vaLauISApLIUD “Ff — TSE-0S¢E ouroNa|
«Zn»:nuo
€ ‘8T ‘T vorisuaS pruy ‘g L— SL (oUISSaUO-I10U ‘QUIYOINY) UAS) auTydiny
nZecmnuo
S1 Do 1UuISAPIIUY T 9€ — ET-TET ouissaydIny
uO«Z«nmﬁuo
1€ pojsuasipluD ‘g (3918M Ul 'OS"H) 8L — 9€E-SEE suruaydINS[
«z-nmauo
1! DOl uISKPIUD K 91— L11-S11 SUBYOIN DY
O«Z_.-mnuo
w DIlMISAPIIUD | (HOY) 6— — QUISSIUOIAXOIPAE]~0
nOn ZQameuO
61 poLUISAPpUUD “H (HOSW) L1 — ove suryLIejoy
O-Zonm«uo
0z vora23uISApLuUY " 0f— $91-091 QUILKISSOYLIR[OH]
nz.nmnno
8T DoLIduIsApIIUY H (HOM) LY — 191 urUIoINNUO)
uZun:u-o
0ot o142 UISAPIIUD E — 8818 oseq
anamnuU
62 voipuaIsApyuv " — $6T1 aseg
s sounog *IDHD ut 9fx] "D, "dw 1312 A4
QISNILOVIVHD XATILATAWOONI SAIOTVITY '
«Zcumnuo
81 DILIdUISAPIIUY "F 0TI+ LTI-$TH N SN SN SUIYIINNUOSJAYISWLL], Z‘m Y
nZunm-o
8T ‘81 DoRUISAPIIUD “H T8 €T H H N SUIPISSAUOTy
(3 Zunm:o
x4 DOLIUISAPIIUD "E] yL9— (43 H H H AUIYIINNUOD rml N
g | ?dmog *[DHD ut 9] D, "'t k ~d ~ A q prorexy “

panuauor—IJI F14dV.L

dNOYH ANIHOYNAINOD D

475



M. ALAUDDIN AND M. MARTIN-SMITH

wnqp 4 FONH™D (HOM) sus-¢ FONTH®D
¥ ‘ov ‘8¢ apraja °A asoonjn-a oT— 08Z-6LT | sursoasofiqniosy $9+ LET-SET | -PIUBIOSAXOIPAYICI-81'YE SuIALfIqnIos
wnqmp QuU-¢ *FON""H*D
6€ 'S¢ wn. 4 8+ EVT-THT | -PIURIOSAXOIPAYIT-0T | ‘P SurArA{IqNy
e “ Al surundoy
& “ — — — 111 suruidoy
asoon[8-a sjow |
pue IsOUIRYI~T SjOU |
9s030u[e8-q Sjouw | "ONH"™D
33 N JO SPLIEYIOBSL, 79— (Y44 11 Putandey
ssounTeys~1 sAoul 7
pue Owoon—m -q ofour | nuoz-.:-o ¢ qoz,u-—'_:nv
<€ asuz000Y2 g JO 9pLIEYORSLIL, 06—~ 0z 1 sutundoy e 8YZ-LYT | -PIUTIOS-AXOIPAYIC-X-"dg surpupda
(950B1191004)
950003~ VoW T
pue sso198[R8-1 jow |
9SOJAX-a1 SjoWr | ON**H**D
30 (p sutuR[Og UAS) suep ON""H*)
LE '9E WnSS{UIap °S' | OPHEYIOBSEINN} pyoUeIy 07— 80£-50€ Nm:om.m_-.eaﬂoh e+ TTTOTT ~IUe[0s-0G-AXOIPAH-F € surpisstwaq
«“ 1] sunday
“ 2soon8-a ojow | pue 1] sundary
asus000y2 2SOUUTLYI-T SIOW T "ON**H"D QUS-C-pruL[os *ON""H*D
<3 wnupjog JO IpLIByYddesSU L $8— 0£T 1oundoy - 961-T61 -AX03308-X-AXOIPAH-¢§ suIpIUndd[L10Y
‘s Qonog JeBng suipuAd ut afo]l -, d'w | sprofexye paAnLQfIOHD Ul [} D, ‘d'w IMdING surare[y
..... z

ANVAINYTOS WOYd QIAINHA SISV

III a19vL

476



STEROIDS POSSESSING NITROGEN ATOMS

&

*(8661) 110 pue usssnwsey ‘9p . “(QLC61)

“(£561) WIng PUB LIOQUISIOM T

‘(€561) $3Y10

Jaqraayog * *(Sy61) sqodef PUBSNYN “$b  "(95$6)) UURUYSLLY, pue MOT ‘ugn "gp  “(2°a°SCE]) UUBWIYSILY, U MO ‘Uynf Th ! ;
vﬂnu Eogmww “(L§61) 9700 Pue IHOHAJ “6¢ (S¥6I) BIRID pue sqOoRf ‘gf “(PS61) 19QISIYDS ‘LE  “(LS6]) UUBRUIYOSLY PUE MOT ‘Udny ‘9 "(Q°B [961) MQT PUT UYNN ‘¢
T
osouIqere-1 SIOW 7 . |
IsouIBYI-] oot |
9soonjs-a djour | SONS“H"D (HOIW) ON"'H**D
9% pivwodinp g JO IpueYOBSRIID L - L61-£61 | dunremRdNpR[OS 8L— 0T — sutpuewEd[RpEOg
OSOJAX~d SO T o
pue asoony8-d dJow | YON*H"D :
LE oynwD °§ JO opLIByadesi], ot — €97-09T ulnesejog
asodeed-a dow §
Is0on[3-a Wow 7
950JAx~a Sjou §
St o1nvIY g JO IPUEYIIESEIII], —_ —_— apsonax
.OZunmunw
k44 * 9sojoeen-a | (HOSW) 92— | 0ST—OFC UTUR]OS-
asojoejes-a (¢ « |) TON*H*D
(44 “ JAsoueiidooniny-a-g | (HOSW) 1€ — S6T suiuejog-g
osoyreres-a TONHH™D
(ss0100[eB(g < 1) (suruniefog
[AsoueiAdoony3 3 sururiog
-a-g-(9s018[88 T «— |) uUIUR[OS UAs)
by ‘P L « AsoweiLdouureyy-1-0 65— $8T sulukio§-0
OOZQQm.uo
44 “ asoonin-a or— PPT-£PT | SuIUORYY-A
9500n[3-a (Y «- 1) CTONSH*D
4’4 a 1AsouesAdoutueyy-1-» 19— $ST sutuosey)-g
HSU0IDYD °S ssoon8-a
DiDIUDOIND ° S (2500018 § +— 1) ON"H*D
wunspu g jAsouelidouureys (3 suipiuejog
wnsoiaqny ~1-0-~(9S00R[B T «+ 1) MON*H"D suiqnye|og uAs)
F42 wnupjog j4soueifdounrey -1 s8— we UIUOIRY D)X LT— 6T QUI-G-PIUB[OSAXOIPALL-6i€ suIprurog
‘s svInog Iesng sulpuid ura{n]| D, "d'w | sprofe[e PAARR(|FIDHD W &{»]| 'O, "d'w InpPNng surwrey|y

panunuod—II] HTdVL



M. ALAUDDIN AND M. MARTIN-SMITH

ring and they may be divided into two subclasses according to the im-
mediate environment of the piperidino nitrogen atom. These subclasses
are the solanidane and spirosolane groups and are exemplified by
the alkamines solanidine (VII) and tomatidine (VIII) respectively.
The known alkaloids belonging to the solanidane group are listed in
Table III and those belonging to the spirosolane group are shown in
Table IV.

I viu

The literature contains a number of references to the poisonous nature
of various Solanum spp. and this can be attributed to the presence of
cholestane-type alkaloids (see for example Griebel, 1923; Lowe, 1929;
Riihl, 1951 ; Schowalter and Hartmann, 1924 ; Sirotina and Spirina, 1948).
Potato sprouts and potatoes which have turned green through exposure
above the ground develop a detectable amount of solanine and its aglycone
solanidine and human consumption of such potatoes or potato shoots
has led to a number of outbreaks of potato poisoning, several of which
have been discussed by Willimott (1933). The most extensively investi-
gated alkaloid of the cholestane group from a biological point of view
is a-solanine (solanine), but it is to be noted that commercial samples
of solanine have been shown to consist of 6 components (Kuhn, Low and
Trischmann, 1955b).

The cholestane group of alkaloids show certain similarities in their
pharmacological properties to the pregnane group. Thus solanocapsine
has been shown to slow the heart and induce incoordination by a direct
action on cardiac muscle (Watt, Heimann and Epstein, 1932) and solanine,
like conessine, has been shown to possess local anaesthetic properties
(Weill, 1913). Rubijervine and several of its synthetic esters possess
hypotensive properties (Poethke and Kuntze, 1958). Both solanine and
solasonine induce haemolysis (de Lavergne and Kissel, 1935; Fischer,
1929 ; Macht, 1933) whilst solanine diminishes blood catalase (Levi, 1936),
and inhibits non-specific cholinesterase (Pokrovskii, 1956). Solanine is
also active as a mitotic poison (Danneberg and Schmihl, 1953) and has
been shown to inhibit the oxygen uptake of mouse ascites tumour cells
(Schmitz, 1951).

The discovery that extracts of tomato leaves exhibited antifungal
and antibacterial activity led to the isolation of tomatine (Fontaine and
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others, 1948) and similarly the observation that the leaves of Solanum
demissum were resistant to the attacks of the larvae of the potato beetle
Leptinotarsa decemlineata had as a result the isolation of demissine (Kuhn
and Gauhe, 1947). Later work showed that other cholestane-type
glycosidic alkaloids possessed the ability to prevent the ravages of the
potato beetle and as tested on the leaves of solanum tuberosum, the order
of potency was leptine I, then tomatine, then demissine, then a-solanine,
and finally a-chaconine (Kuhn and Loéw, 196la). Independent work
showed demissine to be more active than solacauline, which was more
active than solanine (Shreiber, 1954). The insecticidal activity of various
preparations of solanum steroidal alkaloids has, however, been shown
to be but slight (Bergmann, Levinson and Mechoulam, 1958; Pollacci
and Gallotti, 1940; Sievers and others, 1949).

Several studies have been devoted to the investigation of the anti-
microbial properties of the group. Tomatine and several other alkaloids
are antifungal (Chanussot, 1957; McKee, 1959; Sackman, Kern and
Wiesman, 1959) and solanocapsine is claimed to possess in vitro activity
against Mycobacterium tuberculosis (Boll and others, 1955-56). A number
of synthetic solanine-type glycosides have been prepared, but they do
not appear to have been investigated biologically (Schreiber, 1955).

Alkaloids possessing the “‘Jervi” Skeleton

The completely characterised alkaloids possessing the modified or
“jervi” steroid skeleton in which ring C is 5-membered and ring D is
6-membered, are conveniently divided into two subclasses with the fritil-
laria alkaloids whose chemical constitution is as yet incompletely estab-
lished, forming a third subclass. The first group consists of alkaloids
whose alkamines possess a secondary nitrogen atom and contain only
two or three atoms of oxygen. They occur in nature as the free alkamine
or as D-glucosides and may be termed the “jerveratrum’ alkaloids, as
suggested by Fieser and Fieser (1959). Representative alkamines of
this class are jervine (IX) and veratramine (X). The second subclass,
which may be termed the “ceveratrum” group, consists of alkaloids
whose alkamines are polyhydroxy tertiary bases possessing seven to nine
atoms of oxygen and incorporating a quinolizidine ring system.

Ox N

HO
X

The alkamine germine (XI) and the closely related alkamines, proto-
verine, veracevine and zygadenine possess a masked oa-ketal system and
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H
I HO

I
N
X

HO

undergo rearrangement with base. In veracevine, the rearrangement is
particularly facile to yield first cevagenine and then cevine and for a time
it was believed that cevine was the actual alkamine of the veracevine
ester alkaloids. The ceveratrum alkaloids occur in various Veratrum,
Zygadenus and Schoenocaulon species and are the agents responsible for
the poisonous nature of these plants (Bealth and others, 1933 ; Reinhardt,
1509).

OH

X1

The ceveratrum group have been isolated as the free alkamines or as
mono-, di-, tri- or tetra- esters of various organic acids. Partial de-
acylation of the ester alkaloids occurs readily, however, and it is possible
that some of the lower esters which have been isolated are in fact artefacts.
It is the ceveratrum ester alkaloids, more particularly the tri- and tetra-
esters which are the agents responsible for the hypotensive properties
present in crude extracts of veratrum alkaloids. The known alkaloids
of the ceveratrum group, together with the known jerveratrum alkaloids,
are shown in Table V,

The jerveratrum alkaloids (both the alkamines and the glucosides) are
characterised by an ability to antagonise the cardioaccelerator action of
sympathetic nerve stimulation or of sympathomimetic amines (Krayer,
1952). This effect is thought to arise from a highly selective action upon
the pacemaker of the heart and is not shown by adrenergic blocking agents.
Accordingly the term “anti-accelerator agent” has been coined to describe
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compounds exhibiting this particular pharmacological action (Krayer,
1950). Since antiaccelerator activity is absent in the tertiary veratrum
alkaloids, it was corcluded that such activity was associated with a
secondary nitrogen atom incorporated in a piperidine ring (Krayer,
Uhle and Ourisson, 1951) and attention was devoted to the prepara-
tion of synthetic steroids possessing a piperidine ring in the side chain
(Krayer and Briggs, 1950; Uhle, 1951), among which were included
several compounds prepared by cleavage of the ether link in deriva-
tives of spirosolane These compounds indeed proved active, but
later work showed antiaccelerator activity to be present both in
tertiary amino-steroids (Gould, Shapiro and Herschberg, 1954) and in
secondary amino-steroids in which the nitrogen atom was not part of
a piperidine ring (Gould and others, 1954; Margolin and others, 1954).
These observations serve to emphasise the dangers of postulating
structure-action relationships from a consideration of an inadequate
number of compounds of insufficient chemical diversity. Quinidine was
also shown to possess dual anti-accelerator and antifibrillatory activity
and in this connection it is interesting that certain nitrogenous steroids
(Gould and others, 1954; Robson and Trounce, 1955; Schallek and
others, 1957) such as 17x-(2-piperidylmethyl)-38,178-dihydroxyandrostane
(XII) and 16a-cyclohexylamino-3B-hydroxy-20-oxopregn-5-ene show
quinidine-like properties.

Iz

XII

Detailed investigations have shown that veratramine decreases the
oxygen consumption of atrial tissue without any initial augmentation
of uptake (Reiter, 1950). In high doses veratramine produces excitation
of the central nervous system (Krayer, 1949) whilst it is claimed that
jervine in high doses produces hypotension in dogs (Wood, 1906).

Preparations of the ceveratrum ester alkaloids of varying purity have
been employed medicinally from the time of the ancient Greek herbalists
until the present day, the modern interest lying in their hypotensive
properties, but as their pharmacology is covered in standard texts and
has been extensively reviewed elsewhere (Krayer and Acheson, 1946;
Stoll, 1954), a relatively brief summary will suffice in the present article.
No attempt will be made to cover the literature pertaining to each
individual ceveratrum ester.

Much of the earlier work was done with a preparation known as
veratrine, which was first obtained by Pelletier and Caventou (1820),
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but as this proved to be a complex mixture (Auterhoff, 1955; Blount,
1935), care must be taken in assessing this work owing to the great
variation in potency exhibited by the alkamines and their esters (Krayer
and Acheson, 1946; Krayer, Moe and Mendez, 1944). Other mixtures
of alkaloids which have been employed in biological studies or medicinally,
are cevadilline (also called sabadilline), cryptenamine (Kupchan and
Gruenfield, 1959), protoveratrine, sabadine and sabatrine. As a broad
generalisation it would appear that the alkamines are almost devoid of
hypotensive activity, the naturally-occurring monoesters are feebly active,
the diesters more active and the tri- and tetra-esters very active (Winter-
steiner, 1953). In this connection it is to be noted that the highly active
ester alkaloid germitetrine, although giving rise to four molecules of
organic acids per molecule on hydrolysis, is really only a triester, as one
of the esterifying acids is 2-hydroxy-2-methyl-3-acetoxybutyric acid
(Kupchan and Ayres, 1959). Similar potency relationships have been
found amongst synthetic esters of germine, where it was also discovered
that several synthetic tetraesters were virtually inactive (Weisenborn
and others, 1954).

More recent structure-action studies of a large number of synthetic
esters of protoverine (Kupchan, Hensler and Weaver, 1961) have shown
that esterification at positions 3 and 15 is necessary for high activity
and that esterification at position 16 is accompanied by a profound loss
of activity. Positions 6 and 7 need not be esterified for high activity.
Esterification by a branched chain acid is advantageous at position 15,
of no great import at position 3 and disadvantageous at position 7.
Moreover, these relations were found to be broadly true for both the
naturally-occurring and the previously prepared synthetic esters of germine
(Weisenborn and others, 1954) whose structures were unknown at the
time of the original experiments.

The pharmacological actions exhibited by the ceveratrum ester alkaloids
are complex, making it difficult to analyse the exact contribution each
makes to the total response, but there would now seem to be general
agreement that in low doses they act by triggering reflex mechanisms.

The most pronounced pharmacological effect of the ceveratrum esters
at therapeutic doses is the production of a rapid fall in arterial pressure,
which is mediated by a reflex general vasodilatation, and a fall in heart
rate. Thus they act in a unique fashion, differing from all other hypo-
tensive agents. They are without any direct action on the blood vessels.
The drop in blood pressure is also accompanied by respiratory depression.
These effects have been demonstrated in various species of animals as
well as in man and the experiments have indicated the existence of
species differences (Rothlin and Cerletti, 1954), rodents being much more
resistant to the hypotensive effect than man, the dog, or the cat.

The experimental evidence indicates that the afferent sensory receptors,
upon which the ceveratrum esters act to produce the reflex fall in blood
pressure, lie in the lungs and the heart (Heymans and Neil, 1958), with
their afferent fibres lying in the vagi. Elicitation of the Benzold-Jarisch
reflex (Aviado and Schmidt, 1955; Jarisch and Richter, 1939; von
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Benzold and Hirt, 1867) as it is now known, however, is not the only
reflex action produced by the ceveratrum esters, as vagotomised animals
may still show a fall in blood pressure, indicating that other receptors
are also involved (Heymans and Vleeschhouwer, 1950; Wang, Ngai
and Grossman, 1955). The most important of these other receptors
appear to be the baroreceptors situated in the region of the carotid
bifurcation (see for exampie Aviado and others, 1955; Martini and
Calliauw, 1955). Experiments with dogs would seem to indicate that
stimulation of receptors witain the nodose ganglion are responsible for
the production of emesis (Borison and Fairbanks, 1952).

In higher concentrations the ceveratrum esters induce vasoconstriction
and so exert a pressor effect. This action is mediated in part at least
by the liberation of adrenaline from the adrenal medulla (Krayer, Moe
and Mendez, 1944; Mendez and Montes, 1943).

At high doses the ceveratrum esters also produce changes in the electro-
physiological state of nerve and muscle (see for example Shanes, 1958)
which manifest themselves in the elicitation of a series of repetitive
responses to a single stimulus—the so-called ““veratrinic’ response (see
for example Acheson and Rosenbleuth, 1941; Gregor, 1904). It is
thought that these electrophysiological changes result from alterations
in the concentration of calcium ions on the cell membrane (Gordon and
Welsh, 1948 ; Straub, 1954) with disruption of the normal ion transport
mechanisms across the membrane (Shanes, 1952 and earlier papers;
Straub, 1956) although muscle and nerve do not show the same changes
in ionic migration when exposed to ceveratrum esters. Thus there is
an increase of potassium ion efflux from nervous tissue (Shanes, 1952)
and cardiac muscle (Lister and Lewis, 1959; Vick and Kahn, 1957) but
no increase from skeletal muscle (Lister and Lewis, 1959). In view of
the general assumption that ionic exchange occurs by similar mechanisms
in all tissues (Davson and Danielli, 1952 ; Heilbrunn, 1956 ; Hodgkin, 1951)
these facts are disturbing. It has also been shown that the ceveratrum
esters do not promote potassium ion influx into potassium-poor cold-
stored human erythrocytes (Kahn, Acheson and Cohen, 1955).

Whatever the detailed mechanism, it would appear safe to conclude
that the ceveratrum esters interfere with the functioning of the cell
membrane and it is probable that similar changes occur at the sensory
afferent receptors (Jarisch and Zotterman, 1948) which would appear
to have a far greater sensitivity than nerve or muscle cells.

Experimentally veratrine has been used to induce auricular arrhythmias
in order to screen drugs for antifibrillatory activity (Scherf and Chick,
1951).

Other Actions of Ceveratrum Esters

Pronounced insecticidal activity is present in the ceveratrum group
and dusts and extracts prepared from the seeds of Schoenocaulon spp.
(sabadilla seed) have been tried as insecticides (see for example Anderson,
1945 ; Frazier, 1945; Filmer and Smith, 1946; Ikawa and others, 1945;
Walton, 1946), over eighty publications dealing with their efficacy against

487



M. ALAUDDIN AND M. MARTIN-SMITH

various insect species appearing in the years 1944+-1956. These studies
have also been extended to include ceveratrum alkaloid preparations
from Veratrum spp. (see for example Fisher, 1940 ; Jaretzky and Janecke,
1940 ; Krupp, Lendle and Stapenhorst, 1952 ; Seiferle, Johns and Richard-
son, 1942). A particularly active preparation is produced by treating
sabadilla seed with lime (Allen and Brunn, 1945; Walton, 1945). As
is true for hypotensive activity, the alkamines appear virtually inactive
as insecticides (Allen and others, 1945). In attempts to elucidate the
exact mechanism by which the ceveratrum esters act upon the insect,
several studies have been concerned with their effect on various enzyme
systems (Collias, McShan and Lilly, 1952; Hartley and Brown, 1955).

Other studies have been concerned with their ability to induce mutations
in Drosophila funebris (Tinyakov, 1947) and their ability to produce
C-mitotic effects (Burroni, 1955).

TABLE VI
FRITILLARIA ALKALOIDS
Alkaloid m.p. °C [e}p in CHCI, Refs.
Alginine 271272 +108 (EtOH) 112
C,HyoNO,
Amianthine 251-253 —87 113
C,,H,NO,
Base 256 — 114
CI'IHISN.OI
Beilupeimine 155-157 — 53 (EtOH) 114
CHHHNO:
Chinpeimine 247-248 —21 114
CyHsNO,
Fritiminine 258-260 — 114
Imperoline 237-238 -8 115
an‘Nos
Imperonine 239 —65 115
CaHsNOy
Peimidine 222 —74 (EtOH) 116
CyHNO,
Peimine 223-224 —26 (EtOH) 117-120
(syn Peimunine
Verticine
apo Verticine)
CarHNOy
Peiminine 212-213 —78 116, 120, 121
(syn Peimiphine
Peimitidine
Verticilline
Fritillarine)
Cn}{uNOx
Peimissine 270 —51 (EtOH) 116
CI7H d!No‘
Sipeimine 267 -36 122-124
(syn Imperialine)
nHuN 3
Sonpeimine 256-258 —_ 114
CyH( NO,

112. Yunusov, Konovalova and Orekhov (1939). 113. Neuss (1953). 114, Chu and Loh (1956b).
115. Paul and Boit (1958). 116. Chou (1947). 117. Chou and Chu (1941). 118. Chu and Loh (1956a,
b, and earlier papers). 119. Ito and others (1961). 120. Wu (1944). 121. Chi, Kac and Chang (1940).
122, Bauer and others (1958). 123. Boit (1954). 124, Chu and Loh (1955).

The Fritillaria Alkaloids

The fritillaria group on present indications would appear to possess
the same skeleton as the ceveratrum group, but to possess only two or
three hydroxyl groups (Chu and Loh, 1956b and earlier papers). The
group deserves more research, especially on the inter-relations of the
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alkaloids which are claimed to be individual entities. These alkaloids
are listed in Table VI.

The pharmacology of the group is also in need of re-investigation with
modern techniques. The Chinese drug pei-mu (Chou, 1954), from which
many of the alkaloids have be:n isolated, was used quite irrationally
for widely diverse conditions (Chi, Kao and Chang, 1936). Claims
(Liu, Chang and Chang, 1936) that one of the alkaloids, peimine (also
called peimunine) resembles atropine in its pharmacological properties
seem surprising, as do claims of veratrine-like activity (Narumi, 1935),
since these alkaloids do not possess the ester groups now known to
be essential for this activity. On the other hand, reports (Chen, Chen
and Chou, 1933; Narumi, 1936) that peimine and peiminine possess
hypotensive properties and induce incoordination in the heart are more
in line with the known activity of the pregnane group of alkaloids and
may further illustrate the lack of dependence of these properties upon
the position and configuration of the nitrogen atom in nitrogenous
steroids. Additional evidence on this point would be provided by the
reports (Zolotukhina, 1945) that alginine, the alkaloid from Fritillaria
sewerzowii, possesses pronounced local anaesthetic activity, comparable
to that of cocaine and exhibits vasodilatatory properties—if one assumes
that the originally proposed molecular formula (Yunusov, Konovalova
and Orekhov, 1939) is in error and that alginine does indeed have a
cevane skeleton.

Amianthine, whose admission to the group is by no means certain,
is obtained from the plant known as staggergrass or fly poison (dmian-
thium muscaetoxicum) (Neuss, 1953). This alkaloid has been shown to
depress respiration and lower blood pressure and to be definitely without
a typical veratrinic action on muscle (Alsberg, 1914).

There are a number of other alkaloids which, in all probability, belong
to the steroid group, but their purity, identity or chemical constitution,
are still unknown. Three such alkaloids which would appear to be pure
entities are geralbine (Stoll and Seebeck, 1952), which is a C,, compound
and raddeanine (Aslanov and Sadykov, 1956) and veratrobasine (Stoll,
Stauffacher and Seebeck, 1955), which are C,, compounds. Raddeanine
has been shown to stimulate the central nervous system of cats, rabbits
and dogs in small doses, but in larger doses to be a depressant (Zolotukhina,
1944).

CONCLUSIONS

Despite the shortcomings of current theories of drug action and the
lack of a simple correlation of chemical structure and biological activity,
it is nevertheless clear from the foregoing account that much of the recent
interest in the biological properties of nitrogenous steroids has a rational
basis. Two examples may be quoted. The first is the application of
the conclusions drawn from the receptor theory to the synthesis of the
anabolic steroidal [3,2~c] pyrazoles and [2,3-d] isoxazoles, and the second
is the synthesis of new drugs suggested by the supporting moiety theory.
Both represent significant steps forward. Only within the last ten years
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has interest developed in the synthetic nitrogenous steroids and, in view
of the encouraging progress in the field, it would seem that even greater
attention will be devoted to these compounds in the future. This is
especially true now that aza-steroid hormone analogues have been
synthesised (Zderic, Carpio and Limon, 1962) and with the interesting
demonstration that the anabolic steroid 178-hydroxy-17«-methylandros-
tano-[3,2-c]-pyrazole loses its ability to promote nitrogen retention on
introduction of a double bond into the 4-position whilst it is converted
into an oestrogenic compound showing no anabolic or androgenic
properties when the 4,-6-diene system is introduced (Beyler, Potts and
Arnold, 1961). With the recent discoveries that anabolic properties are
present in a number of steroidal Schiff’s bases (Irmscher, 1962) and that
hypotensive properties are present in certain steroidal enamines (Clinton
and others, 1962), it can be confidently predicted that nitrogenous steroids
will play a further rdle in studies of drug action.

Moreover, the nitrogenous steroids as a group faithfully reflect the
biological properties of the steroids in general, affording a broad spectrum
of biological action and emphasizing changes in pharmacological
properties with species, and routes of administration. Certain individual
members, notably the ceveratrum ester alkaloids, display a variety of
pharmacological actions which in themselves have led the pharmacologist
to disentangle basic mechanisms of action, thus contributing to a better
understanding of biological phenomena. Nitrogenous steroids are not
unique in this respect, but they do present a happy choice with which
to illustrate the slow but certain development of the theoretical aspects
of pharmacology.
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