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ABSTRACT

Results obtained from in virro haecmatological stud-
ies show that griffonin causes sickled red blood cells to
revert to the normal shape. The antisickling effect of
griffonin was dose-and time-dependent. There was no
difference between the antisickling effectof griffonin on
red blood cells containing the various types efabpormal
haemoglobin, namely, haemoglobins SS, ASkad SC.On
weight basis™ griffonin was more potent antisickling
agent than urea. C :

Keywords: Griffonin,red blood ‘cell, sicklc~ééll anac-
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INTRODUCTION

"The plant Griffonia simplicifolia (Baill), family

Cacsalpinaceae, is used for various ailments. The leaves
are fed to sheep and goats to stimulate reproduction, and
the juice of the leaves is used as an enema for the
treatment of kidney troubles. A decoction of the leaves
is used as an antiseptic in the healing of suppurating
wounds and also to stop vomiting, diarrhoea and to treat
congestion of the pelvis [7]. A decoction of the roots is
reported to be used for the control of sickle-cell crisis in
Nigeria [5].

The main constituent of the roots, griffonin, a nitrile
glycoside, was isolated by Dwuma-Badu, Watson,
Copalakirshina, Okarter, Knapp, Schiff, Jr. and Slatkin
in 1976 [6). Preliminary in vitro haematological studies
by Aloka {2] showed that griffonin has antisickling
effect on sickled red blood cells but it had no effect on
normal blood cells. Griffonin has also been shown to be
a muscarinic drug devoid of nicotinic properues [ 1].

Sickle-cell anaemiaisahereditary and familial form
of chronic haemolytic anaemia essentially peculiar to
Negroes. It is characterized clinically by symptoms of
anaemia, rheumatoid manifestations, legulcers and acute
auacks of pain (crisis).

In S haemoglobin, the sixth amino acid of the beta
chain, glutamic acid, has beenreplaced by valine. Sickle-
cellanaemiais found in people withhomozygous sickling
gene, i. e. HbSS, but the trait is found in those with the
heterozygous gene, HbAS. A clinical picture closely
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resembling that of sickle-cell anaemia is produced by
simultaneous heterozygocity for the sickle-cell gene and
the genes responsible for thalassaemia, hacmoglobin C
or haemoglobin D. The most common sickle-cell dis-
eases found in Ghana are the HbSS and HbSC anaemias.
HbS-thal is not very common in Ghana [11]. The sickle-
cell crisis may develop without a precipitating cause or
may follow infection or even blood transfusion. It has
be_en reported that malaria accounts for 16% of painful
crises requiring hospital admission in Accra [9].

Treaument of sickle-cell disease may be aimed at.
maintenance of good health and avoidance of crises or
complications. Prophylactic treatment of infections and
malaria should be maintained and established infections
should be treated promptly.

In recent times, wreatment aimed at preventing
sickling by chemically reversing the binding of HbS
molecules has generated great interest [4]. Examples of
drugs used fo this purpose include urea, sodium cyanate
and carbamyl phosphate. Some agents may inhibit
sipkling_l.hrough membrane modifications, for example,
zinc and procaine hydrochloride [14]. Other agents like
cetiedil inhibit sickling by modifying erythrocyte so-
dium or potassium movements in a manner that would
increase cell water content and thus dilute cell haemo-
globin 3] - } '

The aim of the present study is to re-examine the
antisickling properties of griffonin, a nitrile glycoside,
isolated from Griffonia simplicifolia .

MATERIALS AND METHODS

Identification of Haemoglobin Typesin Blood
Samples

Fresh blood samples obtained from subjects at the
Komfo Anokye Teaching Hospital, Kumasi, were used.

The blood sample was-washed with normal saline to
get rid of the plasma. This was done by adding normal
saline to the blood sample and centrifuging at speed 2
with the M. S. E. Minor Centrifuge for 3 minutes and
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decanting the supernatant soluuon This proceaurc was |

repeated two times.

.. A few drops of distilled water were added to the
blood cells, shaken and then a few drops of carbon
- tetrachloride were added. The blood mixtures were again
- centrifugéd and the supernatant solution (i.e. the
haemolysate) watcollected and used to spot Whatman's

No. 3mm electrophoretic paper using a capillary tube.
The electrophoretic paper was soaked in Tris-ED
TA-boric acid buffer (1-10 dilution), pH 8. 6, and hung
in the electrophoretic tank containing barbitone buffer,
pH 8. 6 and ionic strength 0. 05. The voltage was kept at
300 mV and the duration of electrophoresis was 8 hours.

Microscopic Examination of Blood Samples
Blood samples containing haemoglobin AS, SC, S
and AA werecollected from outpatient subjects at Komfo
Anokye Teaching Hospital, Kumasi, and placed into
.bottles containing 5% sodium citrate solution to prevent
coagulation. _
One millilitre of the blood-citrate mixture of blood
‘'samples containing either haemoglobin AS, SC or SS
was pipetted into a tube containing one millilitre of 2%
w/v freshly-prepared sodium metabisulphite solution
and incubated at 37°C for one hour or until sickling was
observed in about 95% of the cells. One millilitre of
freshly-prepared 1% w/v aqueous solution of griffonin
“in normal saline was added to the blood-citrate-sodium
metabisulphite mixture and incubated again at 37°C for
one hour. Then the cells were observed under the micro-
scope using the dry high power objective. The mixture
was incubated for another hour and the cells observed
again under the microscope.
The procedure was repeated using 2% w/v griffonin
solution and 2% w/v urea, a known antisickling drug.
To haemoglobin AA, one millilitre of normal saline
and an equal volume of griffonin or urea solution were
added and the cells observed under the microscope. To
serve as a positive control, one millilitre of normal saline
was added to an equal volume of sickle-cell blood
sample. One drop of this mixture was put on a slide
mixed with one drop 2% w/v sodium.metabisulphite
solution and observed under the microscope. The pH of

the various mixtures waschecked to find out if there were -

any changes.

RESULTS
Identification of Haemoglobin Typesin Blood
Samples

Electrophoresis utilises the charge on the haemo-
globin which determines the raie of migration of the
haemioglobin molecule under the influence of electric
curreni. The bands of the various hdaemoglobins, AA,
AS, 88 and SC, are shown in Fig. 1.

The bands obtained with blood samples 1,2,3,6,7,
8. 10 and 11 moved.the same distance from the origin,
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Fig. 1: Paper electrophoresis of normal haemoglobin AA (Band
5): sickle-cell trait haemoglobin AS (Bands 'og 3,6,7, 8, 10,
::el} sickel-cell anaemia haem iobm SS (Bend 9) and sickle-
ey Sen'boglobln C disease, SC Band 4) usmg barbitone buffer, -

and they were made up of two spots. The haemoglobin
type was AS and these bands moved faster than band 4,
‘which was also made up of two spots representing
haemoglobin SC. Haemoglobin AA was represented by
one spot, band 5, which moved faster tha haemoglobin
S. Band 9, a single spot, representing haemoglobin SS
moved to a distance between bands 4 and 5 representing
haemoglobins SC and AA respectively,

Microscopic Examination of Blood Samples

The proportions of 500 red blood cells which sickled
in blood samples containing haemoglobins AS, SS and
SC after one hour and two hours of incubation with
griffonin (1% w/v and 2% w/v) and urea (2% w/v) in five
different fields on the slide were estimated. The results
are shown in Tables 1 and 2.

The effects of griffonin and urea on the erythrocytes
were dose-related and time-dependent irrespective of the
sickle haemoglobin type used. Griffonin (1% w/v) re-
verted 58% of the erythrocytes in the blood sample
containing haemoglobin AS to the normal spherical
biconcave shape after one hour of incubation and re-
verted 73% of the cells back to the normal shape after two
hours incubation. The corresponding values for 2% w/v
griffonin were 73% and 93% in one hour and two hours
respectively whilst those for urea (2% w/v) were 62%
and 70% [See Tables 1 and 2 and Figs. 2, 3 and 4].

Statistical analysis using the Student’s T-test showed
that there were no significant differences between the
effects of griffonin and urea on the various types of
sickle-cell haemoglobin (i.e. AS, SC and SS) used.

There was no change in the pH of the incubated
blood-griffonin-sodium metlabisulphite mixtures used.
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Fig. 4: Intensity of Group 1 Neutrons Behind Ghanaian Peki,
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variation of fast neutron flux with thickness of
Ghanaian serpentine from Anum (SGA) is presented
in Fig.1 and for the two epithermal groups (6 and 7)
in Fig.2. It can be noticed that the flux intensity
decreases at different rates for different neutron
energy groups. However, the rates of depression in
flux intensity for fast groups 1,2 and 3 are higher at
the first thickness than that at deep depression. From
these plots it can be noticed that for layer thickness
less than 10 c¢m the attenuation behaviour shows a
slight build-up effect starting from group 4 and
becomes more pronounced for the epithermal
neutrons of groups 6 and 7. The build-up effect
could be attributed to scattered neutrons. Similar
trend of behaviour was noticed for all tested shields.

Comparison is made of the rates of
attenuation of group 1 fast neutrons with those from
ordinary concrete and foreign serpentine in Figs. 3-5.
It can be observed from those plots that concrete is
the most efficient shield, followed by the Ghanaian
Peki-Dzake serpentine (SGP), then the Golokwati one
(SGG) which is also better than tie Libyan one (SL)
which exhibits better attenuation of neutrons than the
Anum (SGA) shield. The least in attenuation is the
foreign serpentine from Japan (SJ) [8].

Based on the fact that the decrease of flux
intensities over all thickness is not exponential,
relaxation lengths of the shields were calculated using
the relationship [9]

1 o dlng(x) -1l déx M
N dx p(x) dx

where A is the relaxation length, ¢(x) 1s the flux at a
selected thickness x.

The computed relaxation lengths at 30cm for
the shields for energy group 1 are listed in Table 4.

Table 4: Relaxation lengths for diff t shi
Fnbe e g ifferent shields at 30 e¢m

Shield Relaxation Length
(cm)

" ¢ 6.072
| sop 6.151
| soc | 6.349
6.532

5L

A 6.811

7.427

o
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Table 5: Neutron Attenuation Factors for Different Shieids

Shield Albedo )} Absorption | Transmissio
. n

C 6.522E-01 3.2]19E-01 2.589E-02
SGP | 7.663E-01 | 2.054E-01 | 2.827E-02
SGG 7.337E-01 2.319E-01 3.438E-02
SL. 7.574E-01 2.022E-01 4.046E-02
SGA 7.527E-01 1.963E-01 5.105E-02
{ s5 |[6.9668-01 | 2.2248-01 | 8.105E-02

The results indicate that concrete with the least value
of A is the best of all the shields. Among the
serpentine shields the SGP is the most effective
followed by SGG, next SL., then SJ.

In Table 5 we report the "absorption®,
"albedo” and "transmission" of neutrons obtained in
the various serpentine shields in comparison to values
for ordinarysconcrete. The smaller the value of
transmission the better is the material for neutron
radiation shieiding. From the listed values one
observes that the concrete is the best of the tested
shields. The superiority of SGP over all the other
serpentine shields is again noticed, followed by the
SGG one which is also more effective than SL, then
SGA and finally ST as the least.

The different rates of neutron attenuation
could be explained in terms of the concentration of
the various elements in the shields. The combined
effect of them play a major role in the bahaviour of
the attenuation. The higher contents of Ca, Mg, Al
and Mn in the two local serpentine from Peki-Dzake
(SGP) and Golokwati (SGG) as compared to the
foreign ones caused them to exhibit better attenuation
properties. The local SGP is the best among the
serpentines due to:its higher content of water. It is
likely that the Anum serpentine (SGA) is inferior to
the Libyan one because it has lower contents of Si
and Fe in it. The two shields have almost the same
contents of H and Ca. The effect from low mass
number elements of Na and K with low
concentrations in the Libyan serpentine is
insignificant. Despite the fact that the Anum one has
higher contents of Mn and Al the combined:effect of
neutron attenuation due to the elements Si and Fe in
the Libyan serpentine dominated over the effect
produced by Al and Mn in the local shield. The
serpentine from Japan has the least number of
elements and most of them are of. very low
concentrations which is the cause of its inability to
attenuate neutrons better than any shields
investigated.

384



CONCLUSIONS

The attenuation properties of neutrons in the - - -

local serpentinite rocks were studied and their
suitability for radiation shielding was determined by
comparing their characteristics with those of foreign
serpeatines and, .concrete presently employed for
shielding. From the trends of attenuation .and
computed ' factors such as relaxation lengths and
transmission for the shields it can be concluded that
all the Ghanaian sepentine shields possess good
shielding properties to neutrons of fast energies. The
serpeatines from Peki-Dzake and Golokwati are more
effective than any of the foreign serpentines from
Libya and Japan. The least among the local
serpentines which is the Anum, one although inferior
to the Libyan one, it is superior to the Japanese
serpentine which is already used for shielding of a
nuclear reactor. In comparison with ordinary
concrete their effectiveness to neutron attenuation is
less. However, the attenuation of the local shield
from Peki-Dzake, the best among the local shields is

slightly lower than that of concrete. Its ability to ~

exhibit good attenuation to fast neutrons can be
attributed to its large water content of 15%.

_ In an earlier investigation the local shields
were found suitable for shielding of photons [2].
Since this study has also proved their capability of
attenuating neutrons, it will be expected that they will
be safer than ordinary concrete used adjacent to the
pressure vessel of the reactor. They can retain the
water of crystalisation in them even at elevated
temperatures up to 480°C. The use of them in
radiation shielding will avoid expensive cooling
system with sophisticated design.

It is expected that the addition of ferric oxide
and boron-10 to the local serpentines will enhance
their shielding properties to both photons and
neutrons and this could make them superior to the
ordinary concrete.

. Experimental results using y-emitting sources
such as Co-60 and Cs-137 etc are needed to validate
results of photon attenuation. Neutron sources from
Cf-252 and research reactors may be used to check
the results of attenuation of neutrons.
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