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SOME PHARMACO-
LOGICAL EFFECTS OF

GRIFFONIN

A.K. Abaitey, BPham MPharm PhD MPSG and
Christiana S. Atuobi, BPham MPharm MPSG

ABSTRACT

Griffonin st mulated intestinal smooth muscle prepa-
rations from the guinea-pig and the rabbit, [ alsc stimu-
lated pregnant and non-pregnant ral ulerus prepasations,
The responses produced by griffonin in these prepara-
tions were dose-dependent and were antagonised by
aroping, Low doses of gnifomn prodaced areduction in
the fores of contraction of the (solated cabbit perfused
heart preparation. The reduction in ferce of contracuon
of the heart was antogonized by atropine. High doses o
griffonin produced wreversible redection in force and
rate of contraction of the heart followed by death of the
heart preparation. Griffonin also caused atropine-sens
tive depressor effect on the systemic blood pressure of
the anacsthetized cal, Griffonin (up 1lo6.4 me/ml) had no
cffect on isolated skeletal musgcle preparations and the
olated guines-p.g awnicle.

Keywords: Griffonin, Griffonia simplicifoiia, giycoside,
antisickling, muscarinic, hypoltensive,

INTRODUCTION

The plant Griffonia simplicifolia, (Baill), (Twi:
Kapya; Ga; Kanya; Ewe: Cbogbowi) of the family
Caesalpinaceae is used for various ailments. The leaves
are fed 1o sheep and goats 1o sumulaie reproduction. The
juice of the leaves is vsed as an engma for the (reatmeny
of kidney troubles. A decoction cf the leaves is used as
anancseptic 1o aid in the healing of suppuradng wounds,
1o stop vomiting, diarrhoes and w ezt congestion of the
nelvis. Thedecoction is also used as an aghrodisiac [15].
A decoction of the roos isreporned o be used (o contol
sickle-cell erisis in Nigeria [9],

Griffonin, a nitrile glycoside, was Tirst isolaed by
Drwenm a- Badu, Watson, Copalakirshina, Okaner, Knapp,
Schiff, Jr. and Slatkin in 1976 from the roots of Grifonia
stmplicifodia [10]. Preliminary pharmacological investi-
gations have shown that griffunin has ganglion blocking
activity and thatit prodeces aninital increase in the force
of the heart beat followed by a reduction in the foree and
sate of contracton of the izolated rabbil perfused hean
preparauon, Haematological studies have also shown
that griffonin has antisickling effect on in viro gickled
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red blood cells reverung the sickled cells 1o nomal size
and shape [1, %].

The aim of the present work s 1o study further the
pharmacoiogical affects of griffonin.

MATERIALS AND METHODS

Extraction of Griffonin

One kilogram of dried, powdered root bark of
Graffonia simplicfolia was refluxed with 8 litres of 95%
alcohaol for 2 hours. The aleoholic extract was concen-
trated by evaporation fn vacus at65°C o about a lenth aof
itz original volume. The concentrate was lefl to stand
overnight and white flaky crysials of gnffonin precipi-
tated out. The crystals were filtered in vacus and succes-
sive amounts of chloroform were used to wash the
crystals untl all the brown colour had been discharged.
The crystals were left w dry on a filier paper and then
they were refluxgd for ong hour in 200ml petroleum ether
o remove all impurites. Gnffonin was recrystatlised
trom 90% methanol in water,

The meling point of the crysials obtained was
determined and a comparative T.L.C. was run using a
pure sample of griffonin provided by Professor Dwuma-
Badu as standard and the Bf valuss were calculated. The
[ntra-red spectram was also run 101 the crystals obtained
using Philips Infra-red specmrophotometer (Model PLI
UT00). The peaks obtained were compared with the
published results obtained by Dwuma-Badu and col-
leagues [10]. The resulls confumed that the crystals
obtined were griffomn,

Guinea-pig Ileum

Guinea-pigs weighing beoween 3 50g and 400g were
stunned by a blow on the back of the head and bled. The
ileum was removed and pieces of about 2cm length were
cut from the distal end after discarding approximately
[0 nearest 1o the ileo-caecal junction. The tissue was
suspended in allm] organbath comaining Tyrode physi-
ological soluton {Composition: NaCl 137mmol/L, K1
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2. nmolfl, CaCla 2.2mmolfl, MgClz 0.5mmolf],
NeHzPy 0.4 mmolfl, NaHCO3 19mmol/l, glncoss
S.5mmolf1), acraed with air and mainiined at 32°C,
Contractions were recorded isotomically on smoked pa-
per by means of an izotonic fronial writing lever. The
resting tension was 0.5g.

Rabbit Duodenum

Fieces of duodenum obtamed from rabbius weigh-
ing between 1.5 kg and 2.0kg were setup ina 10ml organ
bath containing Locke solution (Compogiton: NaCl
154mmalf!, KOl 56mmol/l, CalCls 2.2 mmald,
MaHCO 60mmolil, glurnse L1 Immo1/1) mamiaine:d
at 37°C and bubbled with air. Conlactions were re-
porded sotonically on smoked paper by means of an
isotonic frontal writing lever, The resting tension was 1g,

Rat Uterus

Non-pregnant adult female albino rats
{Wistar Strain] weighing between 120p and
150g, pretreated with 0.1ugfkg of stilboestrol 24
hours carlier wers used for these experiments. Longitu-
dinal pieces of uterug were set up in a 10m!l organ bath
comtaining De Jalon solution {Compasidon: NaCl 154
mmalfl, NaHCOy 6.0 mmol/l, KCI 5.6 mmold, CaCla
.54 mmal/l, glucoss 2,735 minol/l) maintained at 28°C
and asrated with mir. A resting tension of O.5g was
applied to the tissues and izotomic contractions were
recorded on smoked paper by means of an isnmic
frontal writing lever. The priceduse was repeated vsing
pregnantrals. The preghant Tals Were not pretreated wath

stilboestrol.

Toad Rectus Abdominis Muscle

Rectus abdomims muscle isclaed from oad was set
up in a 10ml organ bath containing Ringer solution
(Compasition: NaCl 111 mmol/l, KC11.9 mmal/, CaCla
1.1 mmoy1, NaHzP0: 0.1 mmoif, NaHCO; 2.4 moold,
slucose 11,1 mmald) maintained at roem lernperature
and bubhled with air. Cuutactions were rocorded
isotonicatly on smoked paper by meins of an isotomic
frontal writing Jever. The resting tension was 1g.

Chick Biventer-Cervicis Muscle [12].

Biventer-cervicis muscles obtaiend from 5
to 10-day old chicks were seLup in a 10ml vogan bath
contaning Krebssolution {Composition: MaCl 118 mmol/
1LKCI 4,7 memolfl, CaC122.5 mmolid. MgSCa L. 2mmalf
1, NaH7P04 1.2 mmaoll, MaHCOh 25 mmol/l, glucose
11.1 mroli) et 37°C, Thesoluten was bublbled with air.
A resting tension of 0.5¢ was applied 1o the tissue,
Contractions were recorded isotonically on smoked pa-
per by means of an isolonic frontal whiting lever,

Rat Phrenic Nerve-hemidiaphragm []
Adull alkine rals (Wistar soain} wcip,h_ing_ belweon
150 and 200g wore used. The lefi hemi-diaphragm
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together whith its phrenic nerve was disected out and
mounted in a 50ml organ bath containing K rebs solution
at 37°C and bubbled with oxygen. The preparation was
simuleied electrically via the plenic nerve using single
square. wave shocks of L0 misee duration and of
supramaximal strength delivered from SRI stimulator,
CAT. Mo. 6052 w a frequency of 0.2 Hz. Conracuons
wese reconded on smoked paper by means of a light
sprng-loaded lover.
Guinea-pig Auricles (Clark’s method}
Anreles oblained from gninea-pigs weighing be-
rween 350g and 400z wers set op in a 20ml organ bath
containieg Locke solution bubbled with oxygen and
maintgined &l 30°C. Coontracions were recovded on
sinoked pageer Uy vozans of a light spring-loaded lever,

Rabpit Heart Perfusion (LangendoriTs
Meilbod ],

Hear:s obiained from rabbirs weighing be-
tween |.8kg and 2.0 kg were used. The heart
wis perfused with oxygenated Locke solution
maintainad at 37°C. The conrractions were
recorded on smoked paper by means of a light
spring-loaded lever. The perfusate was collacted and
the rate of perfugion was measured, Readifgs were taken
every twominutes. Funher doses ware not administerod
nntil the: prepamtion had recovered or ontil new sleady
control 12vels were ohtaingd.

Anaesthetized Cat

Male ard female cats weighing between 1.4 kg and
2.2 kg, were anassthelized with 3 mixture of 1% wiv -
chloralose and 0.6% wyiv pentobarkitone sodium solo-
tiomg adrninistered intraperitoneally.

Drugs were adminiseered through the femoral vein
and the arisnal blood pressure was recorded from the
carotid arery by meang of a Sarham pressore ransducer
Type 21094715 AC coupled toa Grass Polygraph, Modat
T The veis were mantamed on atficial reapivation
using the Harvard respiraor Model $61.

.

Drugs

Dracs wse! were acetylcholine todide, histamine
acid phosphae, micoine hydrogen wartrate, carbachol
chloride. adrenaline acid wartrate, noradrenaline acid
tartrate, stilbo:2strot, atropine sulphate, e-chloralose
{BDHY; propranaled Rydrechloride, dibenamine,
{Sigma); mepyramine maleate, hexamethoniom bro-
mide (May and Baker); (-)-isoprenaline Litarrate
{Wyerh), d-whbocerarme (Borroughs Wellcomea),
pentobarbitone sodivm (Halewood chemicals); griffonin.

RESULTS

Guinea-pig Heum
Griffonin, in concentrations between 0.2mg/ml and
3.2mg/ml, caused dose-dependent contractions of the
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guinea-pig ifeum (five preparations). Airopine (0.0
pg/ml and §.002 pgfmi) inhibited the responses po-
duced by griffonin (0.4 mg/ml) by £6.2% and 100%
respectively. The same concentrations of atropine (0,001
pgfml and 0.002 pg/mi) inhibited the responses pro-
duced by acetylcholine (0.04 pg/ml) by 66.7% and
96 0% respectively.  Mepyramine (0.01 ug/ml) inhib-
ited the response prodoced hy grifforun (0.4 mafml) by
only 5.0% while the same concentration of Mmepyrumine
inhibited the response produced by histamine (0.08 pg!
mil) by 55.0%. Hexamethoniam (1.0pg/mi} had no affect
on the responss produced by griffonn (0.4 mg/ml) but
inhibited the cffect of nicotine (1.0 pgiml) by B1.4%.
These results indicale that the responses produced by
griffoninase samuar 1o 1hose pratiuced by acetyicholing,
The dose-response curves of griffonin and acetyl-
' choline and of griffonin in the  absence and in the
presene 2of various concentrations af atropine are shown
in Figs.t and respectively The antagomism belween

griffonin and afroping 15 NN -COmpeTitive.
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Flg. 1. Log dosaresponse curves 1o griffonin [A} &nd

asetyicholing fu) on guinea-pig eum. Each point 18 the masn £
H a.r. of five xmrvm g

Rabbit Duodenam

Griffonin (0.4 to6.4 mg/m1) cansed doss-dependent
conractons of the rabbit duodenun (five preparations).
In one out of the five preparations used, the contractions
produced by griffonin were preceded by refaxanons. The
results were essentially similar to those obtaned on the
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Fig. 2: dosainespansa cLnms (o gritionin en guinea-pig #eum
i.r:gﬂ-m- pL?mEama ol atroping, Tha concentations of atoping ussd
ware OM {», contraly; 10°9M (m 3 4077 M [4); mean £ sam. of
frvi shsermbons.
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guinca-pig ileum in [hat the responses produced by
griffonin (1.6 mg/ml} were inhibited by atropine (0.04
ug/m), 30%) and mepyraming (0,04 pg/mb, 20%) boino
by hexamethonium (2.0 pg/mi).

Rat uterus

Griffonin, :n concentrations between 0.2mg/ml and
3.2 m/ml, produced dose -dependentconmactions of the.
non-pregnant and pregnant rat uterus preparations (five
preparations sach). On the non-pregnant ulerus atropine
(002 g/} inkibited the responses produced by griffonin
{0.2my/ml) by 309 .Em the pregnamt utcrus the contrac-
tior produced by griffonin (0.8 mg/ml) was inhibited by
atropine (0.004 pp/m!} by 68%. Atropine inhibited the
responses produced by acetylcholine on bath the non-

- pregnant and pregnant uterys preparations. Dibenamine

(0.04 pg/mD did not inhibit the responses produced by
griffonin (0.8 mg/ml) on the pregnant rat uierus. The
dose-response curves of gnffonin and acetylcholine on
the non-pregnant and pregnant wierus preparations are
shown in Figs. % and 4 respeclively,

Effect of Griffonin on Isolated Skeleial

Muscle

Griffonin, in concentrations vp w 8mg/ml, had no
effect on the load recius abdominis, chick bivenier-
cervicis and rat phrenic nerve-hemidiaphragm prepara-
tions {six preparations each), Ciriffonin (up o 2mg/mt)
di_d ||{}‘Jhafft:.cl the responses produced by acetyleholine
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Guinea-pig Auricles

Griffenin {up 6.4 mg/ml) had no effect oa the rate
. and force of contractionof the isclatzd guinea-pig auricles
(s1x prepamitioos).

Rabbit Heart Perfusion
Doses of griffonin below &mg had no effect on the
' perfused heart, Griffonin{Bmg) produced an nitial slighs
. increase fu!!cwni by redyetion in the farce of contrac-
" uueh be p&;_ghitm-eﬁ,g;t an the rajpfdontsac-
twon. G4 umn {lomg) ceused 53, 4% reduction in the

forte of contraction of the kean withow an mitial in--

creasz and 29,7% reduction io the rate ol contmcLio,
This dose of griffonsm Msp cavzed reeversible abnommal

heas beats which occured about 20 minues after admin-

" istrazion of the drug. The abnonnal heart beats and
the reduction in te rate and focee of contraclion caused
by griffonin {16 mg)} were not affected by atropins (0.4
). Noradrenal ine (up o 1.6 ugthad noeffect on hearts
that have been exposed o griffonin {16mg) though
noradrenaline (0.4 pg) conged marked increase in the
rate and force of contraction of untreated hearts, Ilow-
ever adrenaline (3.2 pg)increased the mie but decreased
the force of contraction of hearts thal have been exposed
1o the high dose of griffonin (16 mg}.

Griffonin {8mg and above) produced dose-depznd-
entreducton in the raw: of coronary perfusion. There was
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. Lrg:.'kg} and gnbloom (s E.

02 5% reduction is the rate of coronary perfusmn when

griffonin (16 mg} was admiafstered,

Anaesthetized Cat

Griffonin,in dosesbetween 285mgkgand 22 84myg/
ki, prodiced dose-dependent Jowering of the arterial
Blcod pressurz of the anaesthetized cal (Fig.3).
Propranolo! (upto 5.7 pgfeg) did not heve any etfect on
the hypotensive eifect of griffonin. Mepyramine (2.85
Hgkg) abolished the hypokensive cffeet of histamine
(14 pgdeg) bul had no effect on the response (o
anifforin ¢11,42 mgheg) (Figb), Aropine (5.7 pgkg)
ahoistied the by pitensive offet Lof acervicholine-(0.14
42 mghke) Fig. 7.

MSCUSSION

The conractions produced by griffoninonthe guinea-
pig ileum, rabbit duedenum and pregnant and nen-
prégnant at ulerus preparations wers inhibeted by atro-
pine, suggesting that griffonin has muscarinic aclions.
On the guina-pig ilcum and the ral pregnant merus
preparations, gri ffonin behaved like & true agonist in that
gnffonin ard acetylcholine produced similar maximom
responses, However on all the smooth muscie prepara-
tions used, grilflonin was fcund 1o be less potert than
acetylchaline.

Thez anlagonism between atropine and grif fonin was
of the non-competitive type, This interaction differs
from the competitive antagonism be(waen atropine ard
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Fig. 5: Tha eftects of an intravenous injection of griffonin (G4,
285mgfMg. Gz, 5.71mphg. Ga, 11.42mpkg; Gy, 22 Bdmgg) on
the systemic blood pressure of an anasethetized cat.

Fig. 6: The eliects of an Intravenous injection of histamin (Hy,
0.07pgho; He, 0. 14pgkg) and grifionin (Gy, 11,42mgka) on the
systemic blood pressure of an anaesthetized cat after the
administration of mepyramine (My, 1.42ughkg; M2, 2.85uMg).

Fiy. 7: The eftects of an intavenous injection of acetyldhaline (A,
0.14pg/kg) and grifionin (G, 11.42ma/ka) on the systemic biood
prassure of an anaesthetized cat after the adminisiration of

atropine (AL, 5 7ugkg).




acetylcholine. This result shows that though griffonin
behaved like acetylcholine in the experiments, there are
dissimilarities in the way the two drugs interacted with
the muscarinic receplors,

The contractions produced by gniffonin onthe guinea-
pig ileum and the rabbit duodenum were slightly inhib-
ited by high doses of mepyramine only. Though the
slight inhibitory effect of mepyramine on the responses
to griffonin suggests possible histaminic properties of
griffonin, this is doubtful because of the high doses of
mepyramine required since high doses of antagonists
become non-specific,

Hexamethonium did not have any effect on the
contractions produced by griffonin suggesting that
griffonin does nothave any nicotinic actions. The lack of
nicotinic action of griffonin is further indicated by the
absence of stamuolatory effect of eriffonin on all the
skeletal muscle preparations used. # o -
doses exeris nicotinic actions at different sites such as
ganglia and the neuromuscular junction, in addition (o i1s
muscarinic effects [4]: griffonin was expecied o have
similar effacts. However, muscarine and pilocarpine
have only muscarinic actions and it is possible thal
griffonin which is a natural plant product like muscarine
and pilocarpine, behaves more like these two drugs
rather than like acetylcholine, Griffonin did nothave any
anti-nicotinic actions either. This result differs from that
obtained by Aloka [ 1], Alokaobserved that griffonin had
an antagonistic effect on nicotine-induced contractions
of the guinea-pig ileum, The differences in these results
may be due to various factors. For example, the purity of
griffonin wsed in the experimenis may influence the
resulls obtained. In the present study, the authentcily
and purity of the griffonin used were determined by thin
layer chrematography, infra-red specuroscopy and melt-
ing point determination methods. The resulis obtained
from these tests compared favourably with results ob-
tained with an authentic sample of griffonin provided by
Professor Dwuma-Badu and also with literature values.

The contractions produced by griffonin on the preg-
nant rat uterus were not antagonized by dibenamine an
c-adrenoceplor blocker, The pregnant ulerus contains
a-and [ -adrenoceptors. Stimulation of the a-receptors
causescontraction whilst stimulation of the - receptors
causes relaxation of the uterus, Thus the inability of
dibenaming to mhibit the contractions produced by
griffonin shows that griffonin does not stimulate -
adrenoceptors. Histamine has no effect on the ral uterus.
Therefore griffonin cannot be said to have contracied the
uterus through histaminic receptor stimulation.

Results obtained from the Langendorff's rabbit heart
perfusion and the anaesthelized cat experiments indicate
that griffonin has dose-relaied depressor effecis on the
cardiovascular sysiem, The hypotensiveeffectof griffonin
is not due to histaminic action nor mediated through B-
adrenoceptor stimulation since mepyramine and
propranoiol failed o have any effect on the hypotensive
responses produced by griffonin.
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Atropine abolished the hypotensive effects of
griffonin and acetylcholine suggpesting that griffonin
exerted its effect through muscarinic receptor stimula-
tion. The depressor cffect observed inthe anaesthetized
cat agrees with the results obuined from the rabbit
perfused heart experiment in which the ampliwde of
contractions was depressed by griffonin. The negative
ionotropic and chronotropic effects observed with the
high dese of griffonin (16mg) were nol antagonized by
atropine, but those produced by the low dose of griffonin
(8mg) were antagonized. The high dose of griffonin did
not only produce negative ionotropic and chronotropic
cffects but also produced irregular heart beats, Death of
the heart always ensued following exposure of the heart
to the high dose of griffonin. Failure of atropine io
antagonize the effect of the high dose may probably be
due to toxic eficct nf this dose of gnffﬂmn on the heart.

“z reduced foree and
irregular contractions produced by the high dose of
griffonin (16m g} probably because noradrenaline is pre-
dominantly an o -receptor stimulant, Adrenaline on the
other hand has equal - and B-adrenoceptor stimulant
actions and the increase in the rate of contraction and the
restoration of the heart Lo normal rhythm is due to the -
effect. However, the irregular contractions and the re-
duced rate of contraction reappearsd after the effect of
adrenaline had wom off. The failure of adrenaline 1o
increase the force of contraction of the heart suggests that
the high dose of griffonin {16mg) impairs the contractile
ability of the myocardium,

The muscarinic effect of griffonin observed on the |
izolated smooh muscle preparations, the anaesthetized
cat and gn the rabbit perfused heart was not seen on the
guinea-pig auricle preparation, This again portrays a
digsimilarity between griffonin and acetylcholine.
Griffonin was expected 1o produce negative ionotropic
and chronoiropic effects on the auricles similar to the
effects it produced on the perfused rabbit heart. Thg
failure of griffonin wohave any effect on the contractions
of the auricles cannot be readily explained. This finding
however lends support to a similar resull reported by
Aloka [1]. Griffonin was expected 0 have marked nega-
tive ionotropic and chronotropic effects on the awricles
because muscannic receptors on the ventricles are rather
sparse as compared 10 the auricles [5]. The observed
differsnces may probably be due to the existence of
different muscarinic receptor Lypes.

In recent years, muscarinic acetylcholine receptors
have been classified into Mj and Mg subclasses cHiefly
on the basis of the differences in affinities for the antago-
nist pirenzepine [14]. Mj-receptors were defined as hav-
ing a high affinity for pirenzepine whilst Ma-receptors
were defined as having a lower aflinity. Apart from this,
studies have shown that muscarinic receptors couple 10
twaosecond messenger systermns, namely, adenylatecyclase
inhibition and phosphandyl inositol tumover [6, 18] and
on the basis of studies in the central nervous system, it
was suzzested that pirsnzepine-sensitive (My) receptors
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stimulate phosphatidyl inosiwl umover whilst the Ma-
receptors inhibit adenylate cyclase [11]. Mj-recepiors
are distributed in the brain and autonomic ganglia and
Ma-receptors are found in the heart, imestines and
submandibular glands [13,16).

The classification does nol seem o apply 1o
muscarinic receptors in all issues. In the chick heart cells
pirenzepine had a higher affinity at cyclase-coupled
receptors Lthan at receptors coupled w phosphaudyl
inositol wrmover (7). In mammalian heart, muscarinic
receptors inhibit adenylate cyclase and stimulate
phosphatidyl inositcl tumover.

Mizushima, Uchida, Zhou, Eagivae and Yoshida
[ 171 have proposad thatcardiac Mo muscarinic recepiors
can be [urther classified into Mo and Map based on
refationship o different agonist binding sites, namely,
superhigh (SH}, high (H)} and low (L} agonist binding
sites on the basis of their affinity for carbachol.

More recently five muscarimc acetylchaling recepior
subtypes have been identified [3]. 1L 5 now well gstab-
lished that odd-numbered muoscannic accrvicholine
receptors (M, Ma and Ms mc'j:pmrs} couple preferen-
tially o phosphatidyl inositol urnover via several possi-
ble G proteins, and that the even-numbered receptoss
(M2 and My receptors) couple preferentally to sdenylyl
cyclase inhibition via Gy or Gy [2., 19]

The initial increase in the force of conraction pro-
duced by the low dose of griffonin {8 mg) was not
observed in the anagsthelized cat, Similarly, the irrevers-
ible abnormal conractions of the perfused rabbir hear
praduced by griffonin (16 mg) were not observed in the
intact animal preparation with doses of grillonin up to
22.8mp/ke. Possibly in the intact animal, the doses
administered were not high enpugh to affect the heart
because the final concentration presenied to the hear
may be affected by various factors such as distribution
and metabolism, Inthe simple 1solated heart preparabon,
the concentration of the drug in the biophase is consid-
ered to e the same as that adminislered.

The reducton of the rate of perfusion prodoced by
griffonin was due (o constriction of the coronary vessels
as a result of coronary muscarinic receplor stmulation.
Acctylcholine causes constriction of coronary vessels
and this effect is mediated through muscarinic receplors

(5.
CONCLUSION

Results obtamed in this study show that grifionin is
predominanty 8 muscarnnic drog deveid of nicotinic
actions, Al high dose levels, griffonin is toxic to the
isolated rabbit heart.
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