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ABSTRACT

Acute and subacpteToxicity tests show that griffonin
has slight central nkrvous systern depressant action,

resulting in reduced locomotor activity in mice. The

‘mice had increased urination and passed semi-solid
§tools. suggesting muscarinic activity. <The, LD, of
“griffonin in mice was 4.3110.58g/kg body weight.

In the subacule toxicity tests, mice were exposed to
griffonin for six weeks, Griffonin caused an initial reduc-
tion in red blood ¢efl count which later retumed to
normal. Microscopic examination of sections of the
lung, heart, kidndy, spleen andd liver showed that griffonin
had no effectvon the lung and spleen but had dose- and
time-dependent effects on the heart, liver and kidney.
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INTRODUCTION

Griffonin, the main constituent of ihe roois of
Griffonia simplicifolia (Baill), first isolated by Dwuma-
Badu, Watson, Copalakirshina, Okarter, Knapg,'Schiff
and Slatkin in 1976 [7] has been shown to be a predomi-
nantly muscarinic drug devoid of nicotinic propertes [[]
and an antsickling agent [2, 3, 6].

Before a new drug is introduced into medical prac-
tice, there should be evidence that toxicity tests have
been carried out on the drug. Toxicity tests are of great
importance because it is essential o know the nature of
the toxicity and side-cffects that can be produced by
drugs. Often, acute toxicity tests are performed and the
data obtained is used 10 determine the LD,, and the
therapeutic index of the drug.

Chronic or subacate toxicity ests become necessary
ifadrug is 1o be given overa long periad. One of the aims
of toxicity testing is to determine undesirable, harmful
effecis of a given substance and sohighenough doses are
administered 10 produce toxic effects in a reasonablc
time, :
In chronic toxicity testing the duration of adminis-
tration of the drug under investigation is a subject of
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conlroversy. Varnousterms such as subacute, subchronic
or chronic studies have been given different definitions
by various workers. The WHO [12] defines a short term
study of less than throe months as subacute, from three 10
six months as long term or chronic study.

During the subacute swudies, the general clinical
condition of animals, changes in general behaviour,
locomotor activity, foed and water intake and changes
in weight are cbserved. The effecl of the drug on the
clinical chemistry and haematology is also studied. His-
wlogical and other post-mornem studies are also carried
ou after sacrificing the animals.

METHODS

Acute Toxicity Test

Ninety mice of either sex weighing between 15gand
30g were used. The mice were divided inw six groups of
fiftees animals each. One group served as conrol. Five
different doses of griffonin were given intraperitoneatly
one to each group and the effects on the mice were
observed. 10%*/v aqueous solution of griffonin was
used. The control group was given normal saline
intrapéritoneally. Changes in the response of the mice to
different stimuli within the first six hours of admi.istra-
tion of griffanin were observed. The mice werc again
observed 24 and 48 hours later and the wtw numiber, of
dead mice in each group was noted. The LD, was
determined graphically and by the method of probits [8].
The experiment was repeated two times.

Subacute Toxicity Test

Three groups each containing six mice of either sex
were used in this experiment. One group was reated with
ahigh dose of griffonin (718mg/kg. i.e. 1/6thof the LTy, )
the second group received a low dose (144mg/kg, i.e. 1/
30th of the LD, ), whilst the third group which served as
contrel was treated with normal saline, Daily injections
of grifforin were given inL?ap'eriLUneallj; lor six weeks.
The animals were ebserved daily and they were weighed
weekly. Two mice in each group were sacnificed every
wwo weeks and the lungs, heart, liver, kidney and spleen
were rermmoved and preserved in 20% formaldehyde in
normal saline. The blood was collected and used for
haematological tests. The organs were used o prepare
slides and the histology studied. The experiment was
repealed 1w Limes.
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Haemalological Tests
Mice used in the subacule (oxicity Lests were used

for the haematological studies. Two mice in each group -

were killed every two weeks by flucrothane inhalation.
The thotacic cavity was opened and blood was coliected

byl carduu, punciure inio tubes conmmmg 0.Imi of a*

4% aqueous sclution of the di-potassium i salt of
ethylenediamine tetra-acetic acid (EDTA; which had
been dried al 80°C.

The number of red and white blood cells were
obtained by direct counting using a haemocyiometer
after suitable dilution of the blood in a Thoma pipetie,
Haemoglobin content was determined by colorimetric
method after diluting the blood with Drabkin's sojution,
The colour intensity was measured wilh a phatometer set
a1 540m1 band, Differential leucocyte couni was carried
out after staining the blood smear with Leishman’s stain.

RESULTS
Acute Toxicity Test

There was a dose-dependent reduction in inCHmoLoL
activity in ali the five groups within the [irst six hours
after administration of griffonin. The animals that re-
ceived griffonin 1.25g/kg {Group A} became active aler
24 hours but the surviving animals in the groups thal
received griffonin 2.50g/kg (Group B}, 5.00g/kg (Group
C), 7.50g/kg (Group D) and 10.00g/g (Grolip E) re-
mained sluggish and became active only after 48 hours.
In all the icst groups, the animals became sensitive 10
light and this was manifcsied by the endency for the
animals to hide in dark corners. They were however stiil
alert to sound stimuolus by Wying to run away from the
sound of snapping fingers. No animal lost its righting
reflex within the [irst six hours, neither was there a
decrease in grip strength of any animal. Animals n
groups B, C. D and E had semi-solid stoals and increased
urination. However, no diarrhoea and lacrimation were
observed in any of the animals. Antmals m groups C, D
and E went off their food within the first six hours and
surviving members ale again after 24 hours. The LD,
obtained graphically was 4.29g/kg and thal from he
method of probits {8] was 4,31+ 0.58g/ky. Table 1 shows
the mortality and probit in the groups 48 hours afier
admimjstration of griffonin.

Subacute Toxicity Test
Immediaiely after adminisration of the drug,, stretch-
ing of the body was observed inthe mice thatreceived the
high dosc of griffonin (718mg/kg}. The strewching con-
tinucd for one hour after which nornal movements were
resumed. Strewching was nol observed in the amimals that
received the low dose (Griffonin, 144mg/ke). There was
reduced locomotor activily in both groups without loss
of righting reflex and grip suength, There was the
tendency to hide in dark comers inboth groups afler drug
administratiop indicating photosensitivily. Food intake
was reduced for the first two hours after injection in the

group that received the high dose of griffonin. Animals
that received the high dose of griffonin passed sofl stoots
and had increased urination, but no diarrhoea was ob-
served, Lacrimation was not gbserved in either group,
There were no significant changes in body weight in both
groups over the period of drug administration.

Haematological Tests

The haematological values obtained in the mice
after two, four and six weeks of administration of the low
and high doses of griffonin are shown in Table 2. There
was severe leocopenia in the mice that received the high
dase of griffonin for six wecks. The few leucocytes
obtained in these mice were mostly lymphocyles. Very
few eosinophils (0.25 x 10°/mi) were obscrved only in
mice that received the low dose of griffonin for two
weeks. There was an initial reduction in haemoglobin
content of Lhe blood which returned to normal by the
sixth week of administration of both the low and high
doses of griffonin.

Histological Studies

Microscopic examination of sections of the organs
showed that griffonin had no toxic effects on the lungs
and the spleen.

The high dose of griffonin {718mp/kg) produced
degencration of 1he kidney cells after exposing the ani-
mials o the drug for six weeks (Fig. 1). The low dose of
griffonin {144mg/kg) had no toxic effects on the kidney
throughout the six weck period of drug weatment.

Griffonin produced dose- and time-dependent
changes in the liver cells. The low dose of griffonin
produced few damaged cells inthe liver after four weeks
and more damaged cells afler six weeks ol treatmenl.
The high dose of griffonin produced changes int the liver
cellsin the sccond week which were comparable tothose
produced by the low dose in the fourth week. The
damage produced by the high dose of griffonin was mare
pronounced in the ourth week and most pronounced 1n
the sixth week of meatment. Disintegration of the liver
cells was observed in the sixth week (Fig. 2).

Grilfonin produced dose- and time-dependent
changes in Lhe heart cells of the mice. The low dose of |
griffonin produced slight degeneration of the heart cells
after six weeks of drug treatiment. The high dose pro-
duced slight proliferation of the heart cells afier the
second weck, separation of the muscle fibres and a more
pronounced proliferation after the fourth week, andmaost
prollﬁ,rauon after the sixth week of treatment. Namer-
ous nuclei were observed (Fig. 3).

DISCUSSION

Griffonin produced slight reduction in locomotor
activily which could be due o depressant action of the
drug on the central nervous system which was not severe
cnough 1o cause lossof righting reflex or decrease in grip
strength. The increased urination and semi-solid stools
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Table 1: Mortality and probit in groups of mice 48 hours

after administration.of griffonin.

Dose cof griffonin. No. of No. of 3

{g/kg) An%m?ls Deaths Mortality Probit

n

¢ (Control) i5 0] 0] -
1.25 {(Group A) © 15 0 0 -
2.50 (Group B) is5 - 3 20 4.16
5.00 {(Group C) 15 9 60 5.25
7.50 {(Group D} 15 127 80 5.84
10.00 (Group E) . 15 15 100 -

Table Z: Heematological values obtained in mice after two, four and six weeks of griffonin
adminigtration. The rcontrol mice were injected with normal saline. The values
are the means of six expsriments : s.e.of the mean.

¥

Dose of RBC Hb WBC Neutro- Lympho- Eosine- Monocytes
" Griffenin %108 /m1 g/lo0ml x10*/ml phils cytes phyils x107 /ml
x103/ml %10% fml )_(10‘111\1

Control B.3:0.3 12.2:0.4  4.610.2 ©.8720.4  3.83;0.3 — 0.37
2nd Week l44mg/ kg €.3:0.4 B.8:20.3 5.0+0.8 2.30:0.2 2.05:0.% 0.25 0.4040.2
Flémgikg 6.0:0.2 §.380.6 B.d20.6 1.1820.4 6,97:0.1 — 0.25:0.1
Centrol 8.2:0.3 12.620.9 5.2:0.7 1.30:0.5 4.58:0.5 - 0.36£0.1
4th Week 1d4mgikg 9,210.1 12.8:0.4 10.021.5 2.60:0.4 7.40+0.8 — -
. ?18mg}-kg 6.2:0.3 9.710.4 4.3:0.8%  2.11:0.1 2.02:0.4 Pa—_— 0.17
Lontrol 10.5:0.5 15,420.3 5.4:0.4 1.20:0.3 5.75¢0.8 -— -
6th Weak  lddmg/kg 8.6:0.4 12.1:0.6 £.8:0.6 J,97:0.3  4.62:0.5 - 0.20
Tiemg kg §.0:0.6 12.&20.4 1.7:¢0.3 Leucopsnia. Few cells mostly lymphopytes
2

faurnal of tha Universily of Sca and Technology,-Kumasi. Volume 14. Number 2. June 1994



£

(B

Fig.1 Photomicrographs of sections of the kidney of mice
(a) untreated (control) and (b) treated with griffonin 718 kg
for six seeks. Mag. x 500. Note degeneration of the kidney cells
of the treated animal.



Fig.2: Photomicrographs of sections of the liver of mice (a) umr.eared
¢ (control) and (b) treated with griffonin 718 mglkg for six weeks.
Mag. x 500. Note the damage and disintegration of the liver cells
of the treated mouse.
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Fig. 3: Photomicrographs of sections of the heart of mice (a) untreated
(control) and (b) treated with griffonin 718 mglkg for six weeks.
Mag. x 500. Note separation of the muscle fibres and the
proliferation of the heart cells of the treated mouse.

observed may be due to the muscarinic effect of griffonin
reporied by Abaitey and Atuobi [1]. The streiching of the
body which oceurred in the group of mice that received
the high dose of gnffonin during the subacute testmay be
due to increased peristaltic movements of the
gastrointestinal tract which gave rise to colicky pain as
was observed with acetylcholine-like drugs by Rang and
Dale [9]. i

The LD, calculated by the method of probits was
4.31+0.58g/kg body weight and that from the graph was
4.29g/kg. Whenthe LD, is extrapolated toman, the LD,
for a 60kg human being would be 258.6g. This figure

shows that griffonin is of low toxicity. Extending these
results (o man may be highly presumptuous, because of
species variation. For example, the rate and pathway of
drug metabolism vary from species to species. In man,
pethidine is metabolised at a rate of 17% of the amount
present per hour, with a single dose being effective for 3
to 4 hours. In dogs, 70% to 90% of a dose of pethiding is
metabolised per hour and the drug is therefore,short
acting and without addictive properties in dogs. Further-
more in some laboratory animals, the rate of metabolism
of drugs is sex related. For example, hexobarbitone is
metabolised four times faster'in male than in female rats,
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The normal red blood cell count of the mouse is
between 7.7 and 12,5 x 10%/ml with a mean value of 9.3
x 10%ml [5]. F=suits obtained from the hacmatological
studies indicate that griffcni i causes an iaitial suppres-
sion of red bicod cell foimation within the first two
weeks of administration | ut az =drwinistration of the drug
is prolonged production ¢ e-throcytes returns {o nor-
mai. Haemoglobin conter of the blood alss followed a
similar pattern. The normal haemoglobia content of
blood for mice is between 10.0g and 18.0g /100mlwvith
& mean value of 14.8g A00mi [S). The reducton in
erythrocyte count may account for the anaemia that was
initially observed. Apart from the low leucocyte count
{1.7x10°/ml) in the mice treated with the high dose of

griffonin for six weeks, the total leucocyte counts forall’

the mice used were within the normal range of 4.0 o
12.0xKP/ml,

There are various causes. of leucopenia most of
which are due to infections, such as typhoid, influenza
and malaria. Haemopoietic disorders, for example, per-.

nicious anacmia, aplastic anaemia and disorders invoiv-

ing the spleen are all some of the causes of leucopenia
[11].

The cause of leucopenia in the group of mice that
received the high dose of griffonin for six weeks is
however not clear. There was no evidence of any type of
infection during the period of drug administration. For
example, the mice were healthy throughout the course of
drug administration and there wasno loss of weightinthe
animals. Again, microscopic examination of the spleen
did not show any abnormalities in the organ. Prohably
the precursors to feucocyte production are more sensi-
tive to the depressant effect of griffonin on haemopoiesis
than the precursors to erythropoiesis, ‘Moreover, the
processof maturation of the erythrocytes lakes about 4 to
S days whereas with the leucocyies the process takes
about 6,5 1o 11 days (10).

The differential leucocyte countrevealed that al) the
different types of cells were within the normal values
except the lymphocytes in animals treated with the low
dose of grffonin for two weeks and in those reated with
the high dose for four weeks, The normal tymphocyte
count of the mouse is 3.0 10 8.5x10%ml {5). Lymphocytes
are notnormally affected by drug toxicity and thechanges
observedinthe iymphocyte count in this study cannotbe
readily explained.

Griffonin had no sigmificant effect on the body
weight of the mice, showing that the drug had neither
debililating nor anabolic cffects on the animals.

Microscopic examination of the lung and spleen
showed that griffonin had no adverse effect on these
organs,

Griffonin produced time- and dose-dependent toxic
changes in the liver, heart and kidney. In the heart, there
was proliferation of the cells, loss of integrity of the cells
and an increase in the number of nuclet. The woxic effect
of griffonin on the hcart is supporied by the irreversible
negative chronotropic and ionowopic effects and

rasyswles observed on the isofated rabbit heart prepa-
Fation wogether with abnormal contractions and ultimate
death of the preparation {2]. In the 4cute toxicity tests,
death of the mice was probably due to cardiac arrest
induced by griffonin,
~ The 1oxic effect of griffonin on the liver was also
time- and dose-dependent. The liver is the main organ
concermed with drug metabolism and itis possible that as
the duration of exposure to griffonin was prolonged,
there was accumulation of the drug in the liver which,
resulied in liver damage.

The kidney receives the peak plasma concentration
of all substances in the blood, and so it is susceptible w0
direct drug-induced damage [4]. The toxic effect on the
kidney was observed when griffonin (718mg/kg)} was
administered for six weeks, At this stage there was
general toxicity of griffonin and most organs in the body
were affected.

The LDsq (4.3 1g/kg) obtained from the acute toxic-
ity tests was far in excess of the high dosc of griffonin
(718mg/kg)used in the subacule tests. This suggests that
even in low doses griffonin is likely to be toxic when
given over a long period. It must however be noted that
observations of toxic effects in one species may be due
to specics variation. )

The initial suppression of erythropoiests produced
by griffonin in the subacute toxicity tests is an unfavour-
able effect of the drug. Even though there wa$acompen-
salory increase in the production of red blood cells after
some time, griffonin may not be safe foruse insickle-cell
anacmia patients in whom there is an already low level
of erythrocytes. However, the ability of griffonin to
revert sickled red blood cells to the normal shape and
size[2,3,6] and thus preventing sickle-cell crises, may
weigh against its ability to suppress erythropoiesis. Fur-
thermore routine administration of folic acid in sickle-
cell anaemia patients may offset this unwanted effect.
The toxic effects of griffonin on the liver, heart and
kidney after prelonged administration indicate that
griffonin may not be used for long term treaiment.
Griffonin may however be used for symptomatic treat-
ment of sickle-cell crises but not for prophylactic treat-
menkl,

CONCLUSION

Griffonin has siight cenoral nervous system depres-
sant action which is manifested in reduction in locomotor
activity but not in Joss of righting reflex or reduction in
grip strength.

The LDsg of griffonin by probit analysis is 4.31 &
0.58g/xh body weight Griffonin induced increased uri-
nation, passing of semi-solid stools and body stretching
in mice which may be due to the muscarinic effect of the
drug.

The drug produced time - and dose-dependent toxic
effects on the liver, heart and kidney. Griffonin may be
recommended for symplomatic treatment of sickle-cell
crises but not for use as a prophylactic agent.
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