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ABSTRACT

The present investigation was carried out to evaluate the safety of aqueous and methylene
chloride/methanol extracts of Croton macrostachyus stem bark by determining its potential
toxicity. For the cytotoxicity study, the aqueous and organic extracts were administered to
larvae of Artemia Sp., the number of death is determined after 6 hours and 24 hours; while for
the acute study, the extracts were administered to mice. In the sub-chronic study, the extracts
were administered orally for 28 days. In the cytotoxicity study, aqueous and organic extracts
showed LCsy (lethal concentration 50) values of 569 and 425 pg/ml, respectively. In acute
toxicity study, aqueous extract did not provoke death until the dose 16 g/kg; whereas the
organic extract caused general behaviours, adverse effects and mortality. Mortality increased
with increasing doses, with LDsq (lethal dose 50) of 10.2 and 9.4 g/kg b.w. respectively for male
and female mice. In the sub-chronic study in rats, we observes a significant variation of ALT
(alanine aminotransferase) and proteins serum levels; AST (aspartate aminotransferase)
hepatic level. In view of the dose of C. macrostachyus consumed in traditional medicine, there
is a wide argin of safety for the therapeutic use of the extract of Croton macrostachyus stem
bark.
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INTRODUCTION

The use of plants for therapeutic purposes
is getting increasingly popular as they are
believed to be beneficial and free of side
effectl. However, the rationale for the use of
medicinal plants has twelled largely on
long-term clinical experience with little or
no scientific data on their efficacy and
safety2. Medicinal plants have their use as
drugs based simply on a traditional folk use
that has been perpetuated along several
generations3. With the upsurge in the use of
plants medicines, a through scientific
investigation of these plants is imperative
based on the need to validate their folkloric
use4.

Croton macrostachyus (Hochst) pipe cleaner
ex and Galinier (Euphorbiaceae) is a large
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what with cylindrical trunk. The stem is
more or less pyramidal in sharp with
widespread branches. The stem is gray
clear, smooth and fissure with age. Leaves
are almost as heart-shaped large that long,
they have 10 to 15 cm of length, they are
flexible, green or brunette according to the
season and present some prominent ribs.
Flowers are regrouped in inflorescence on
stems of about 25 cm of long. They are
visible but their life span is very short. They
are colour creamy and slightly fragrant
yellow. Fruits are regrouped along an axis.
This plant is wide spread in Africa and in
America; it is present in the hottest parts of
the tropical forests of mountain. Outside of
forests, species are distributed extensively
in the more humid sectorss. 6.
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Croton macrostachyus is very common plant
in Cameroonian traditional medicine. Its
roots and fruits are used for constipation,
diabetes and as purgative. Leaves are used
to treat cough. Roots are used for malaria,
venereal illnesses and like antidiabetic?. Our
recent work showed that the stem barks of
this plant have analgesic and anti-
inflammatory activitiess.

Taking into account all these traditional
uses of this plant, we become interested to
the toxicity profile of this plant which had
not been previously evaluated in order to
bridge the gap in knowledge about it
toxicological effects and to propose this
extract Croton macrostachyus as a new drug
for therapy of inflammation and pain.
Hence, the cytotoxicity, acute and sub-
chronic toxicity profile of the extract was
studied on Artemia Sp., mice and Wistar rats
oral dosing for 4 weeks, since sub-chronic
toxicity data are required to predict the
safety associated to the use of medical
product®.

The use of Artemia, which permits to
determines the LCso value of the active
compounds and extracts in saline medium
in pg/mL1, has been used in research on
medicinal plants carried out in different
countries in order to evaluate toxicity,
gastro-protective  action, and  other
biological actions, which in some cases have
been related to pharmacological studies
carried out for different chemical
compoundstt 12 as a screening method
mainly for products of plant origin. In this
study the effectiveness of the bioassay of
Artemia Sp. for predicting the toxicity of
plant extracts was evaluated by comparison
with LDso value-results obtained from oral
acute toxicity tests in mice.

MATERIAL AND METHODS

Plant Material and extraction

The stem barks of Croton macrostachyus
(Euphorbiaceae) were collected in the town
of Bangangte (west region, Cameroon) in
October 2006. The plant was identified by
M. Ghogue Jean Paul of the National
Herbarium, Yaounde-Cameroon where the
specimen is preserved.
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Preparation of extract

Aqueous extract

One thousand grams of the powder were
boiled in five litters of distilled water for 20
minutes. The decoction was allowed to cool
for 30 minutes at room temperature and
then filtered. The filtrate was evaporated to
dryness in an air oven at 40 °C, to give 25 g
of the aqueous extract corresponding to an
extraction yield of 2.5 %. This extract was
dissolved in distilled water upon
administration.

Methylene chloride/methanol extract

Six kilograms of the powder were
macerated in 10 L of a mixture of
CHCI>/CH30H (1:1 v/v) for 2 days at room
temperature, filtered and concentrated at
45°C and 65 °C successively, using a rotative
evaporator. This process produced 160 g of
organic extract, which correspond to 2.67 %
yield. This extract was dissolved in a
solution made wup of 25 % of
dimethylsulfoxide (DMSO) and 25 % of
tween 80 prior to oral administration.

Animals

Adult mice, Mus musculus weighing 20-30 g
and adult Wistar rats weighing 150-200g, of
both sexes and of 3 months old were used
for these studies. These animals were raised
in the animal house of the Laboratory of
Animal Physiology and Phytopharmacology
of the University of Dschang, Cameroon,
under standard natural conditions and had
free access to water and food. All
experimental procedures used in the
present study followed the “Principles of
Laboratory Animal Care” from NIH
publication Nos. 85-23 and were approved
by the ethic committee of the Cameroon
Ministry of Scientific Research and
Technology which has adopted the
guidelines established by the European
Union on Animal Care and Experimentation
(CEE Council 86/609).

Cytotoxicity

Eggs of Artemia sp. are hatched in the sea
water filtered and sterilized. Larvae are
paid out and distributed test tubes. 10
larvae are placed whole in a test tube of 10
ml containing 5 ml of water of sea filtered
and sterilized.
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The extract is added in tubes in order to is introduced in control tubes. The surviving
make bathe larvae in solutions of larvae will be counted 6 h and 24 h after
concentration 30 - 100 - 300 or 1000 pg/ml. administration of the extract. Each dose will
The water of sea filtered and sterilized or be repeated 5 timest3 .14,

solution of 2.5 % DMSO and 2.5 % tween 80

2(Zxd)
LC50 = Lcloo - Wlth,
n

Z: the half sum o f animals having succumbed in 2 groups corresponding to successive doses.
n: the number o fanimals by group
d: differences between 2 successive doses.

Acute toxicity and 2.5 % tween 80). Animals were starved
In order to study any possible toxic effect or for 12 h prior to administration and were
changes in normal behaviour, groups of 10 monitored continuously for 3 h after
mice (5 males and 5 females) were used in administration for any sign of toxicity. The
this experiment. The acute toxicity of the symptoms, mobility, aggressiveness,
plant was studied by preparing four sensitivity to the pain, sensitivity to the
different concentrations of the aqueous noise, the broadcast of stools and the
extract (2, 4, 8 and 16 g/kg b.w.) and six mortality were checked. Animals were kept
different concentrations of the organic under observation for 7 days and were
extract (2, 4, 6,8, 10 and 12 g/kg b.w.), and monitored daily for changes in body weight,
administered orally. The other groups were food and water consumption and for any
taken as a control and given vehicle sign of toxicity.

(distilled water or solution of 2.5 % DMSO

The LDso values were determined according to the formula of Behrens?s:
Z(Z X d)
LDso = LDygo - where,
n

Z: the half sum o f animals having succumbed in 2 groups corresponding to successive doses.
n: the number o fanimals by group
d: differences between 2 successive doses.

The graphic determination of the LDsois given orally 0.3, 0.6 and 1.2 g/kg b.w. of
carried out starting from the curve of aqueous and organic extracts of C.
variation of the death according to the dose, macrostachyus daily for 4 weeks.

traced on semi-logarithmic paper.
Weekly body weight

Sub-chronic toxicity The body weight of each rat was assessed
The rats were divided into groups of 10 during the acclimatization period, once
animals each. They were kept under the before the beginning of administration,
same conditions as described above. The once every 7 days during the administration
first and second groups were given vehicle period and once on the day of sacrifice. The
of the extract (distilled water or solution of relative body weight of each animal was
2.5 % DMSO and 2.5 % tween 80) and taken then calculated as follows:

as control. The remaining eight groups were

Absolute body weight of one time interval (g)
Relative body weight = X 100
Body weight of rat at the beginning of administration
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Feed and water consumption puncture, in plastic test tubes and allowed
The amounts of feed and water consumed to stand for complete clotting. The clotted
were measured daily from the quantity of blood samples were centrifuged at 4900
feed and water supplied and the amount rpm for 15 min and serum samples were
remaining after 24 h. aspirated off and frozen.
Mortality and clinical signs Relative organ weight and preparation of
During the 4 weeks administration period, homogenate samples
all animals were observed daily for clinical After taking the blood, the abdominal cavity
signs and mortality patterns once before of each animal was opened and organs
dosing, during dosing and up to 3 h after namely the heart, lung, spleen, liver and
dosing. kidneys were quickly removed, cleaned
with ice-cold saline, weighed and stored at —
Preparation of serum samples 20 °C. A part of the liver tissue was thawed
24 hours after the administration of the 28" and homogenized 20 times (w/v) by
day, the urine of animals was taken and homogenizer in plug phosphates (KH2POs,
preserved at - 20 °C then animals was NaHPO4, pH 7.4). The homogenates were
anesthetized by injection of thiopental. centrifuged at 6000 rpm for 30 min to
Blood has been collected by cardiac obtain the supernatant.

The relative organ weight of each animal was then calculated as follows:
Absolute organ weight (g)
Relative organ weight = X100
Body weight of rat on day of sacrifice (g)

Serum and homogenate biochemistry protein  hepatic  concentration, the
Serum sample were analyzed for the enzymatic activities of aspartate
determination of total protein and creatinin aminotransferase  (AST) and alanine
respectively according to the methods aminotransferase (ALT), while using the
described by Gornall1¢ and Slot!?. Enzymatic same methods that previously.

activities of aspartate aminotransferase The wurine was analyzed for the
(AST) and alanine aminotransferase (ALT) determination of creatinin concentration
were analyzed according to Reitman and using the method cited above. The renal
Frankells, clearance of creatinin was given for each
The homogenates of the liver tissues were dose of extract by using the following
analyzed for the determination of the total formula:

V XU
Renal clearance = where
P

V= Urinary volume by minute
U= Concentration of the substance in the urine
P= Concentration of the substance in plasma

Statistical analysis RESULTS

The values were expressed as mean = Cytotoxicity

standard error of the mean (S.E.M). The The study of the toxicity of the aqueous and
statistical analysis of data was carried out organic extracts of C. macrostachyus on
by analysis of variance (ANOVA) using 5 % larvae of Artemia sp. reveal that, after 24
level of significance. The statistical package hours of incubation, the aqueous extract at
used was GraphPad InStat. A one-way the concentrations of 300 and 1000 pg/ml
ANOVA enable us to see the significant provokes 24 and 100 % of mortality
differences between the values. The Tukey respectively; while the organic extract, at
test was used to identify these differences. the same concentrations provokes 50 and
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100% mortality. The LCso determined by
calculation are 0,569 and 0,425 mg/ml for
the aqueous and organic extract,
respectively (table 1).

Acute toxicity

Behavioural observation

The animals did not showed behavioural
changes after the administration of the
aqueous extract up to 8 g/kg. At the dose of
16 g/kg we observed a modification in the
mobility, aggressiveness, sensitivity to noise
and touch. All these parameters come back
to normal at the end of 24 h.

The administration of the organic extract
provokes a modification of the behaviours
from the dose 6 g/kg. At the dose of 16 g/kg
all animals are completely immobile,
insensible to pain and noise. Faeces become
liquid from the dose 4 g/kg.

Mortality patterns

The oral administration of a unique dose of
the aqueous extract of 2, 4, 8 and 16 g/kg
didn't provoke any death during the 7 days
of experimentation.

All male mice treated with dose 2, 4, 6 and 8
g/kg of the organic extract remained alive
during the 7 days of observation. But 40 %
of mortality occurred in the 10 g/kg. Dose
dependant mortalities of 20 and 60 %
occurred in the 8 and 10 g/kg females
groups, respectively. The plot of this
progressive increase in mortality with
respect to the dose of the extract showed
that the oral LDso values of the organic
extract were about 10.2 and 9.4 g/kg b.w.
respectively for male and female mice
(figure 1).

Consumption and body weight trends

The aqueous extract causes no significant
variation of the body weight of the animals.
In addition, the body weight of the animals
decreases with the dose of 4 g/kg and
increases with the dose of 16 g/kg
compared to the control group. The organic
extract, administered at doses of 4 to 10
g/kg, cause a significant decrease in body

weight of the animals on the 2" day
compared with the control group. In
addition, starting from the 3 day, no
significant variation of the body weight was
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observed (figure 2).

The aqueous extract provokes an increase
of the food consumption from the doses of 8
and 16 g/kg, this increase is significant at
animals treated at doses of 10 g/kg of body
weight at days 4, 5 and 7. The
administration of the organic extract
provokes a decrease of the food
consumption in relation to the animals of
the control group (figure 3).

The water consumption  decreases
significantly on the first day of treatment
and increase significantly on the 2" 6" and
7" day of treatment with the aqueous
extract. The increase of the water
consumption is only observed at strong
doses of the organic extract (figure 4).

Sub-chronic toxicity

Clinical signs and mortality patterns
Animals resumed normal behaviour and
activity immediately after each
administration of the aqueous and organic
extracts. During the 28 days of treatment,
no death has been recorded for animals
treated at the different doses.

Weekly body weight, feed and water
consumption patterns

There were variable changes in the body
weight of rats from day O to day 28 in all the
groups. Body weight of treated and control
rats increase throughout the duration of
treatment. We observe an increase of the
body weight with the dose in animals
treated with the aqueous extract and a
reduction of the body weight in animals
treated with the organic extract (figure 5).
Food consumption patterns during 28 days
treatment period (figure 6) revealed that, at
the lower dose (0.3 g/kg) the aqueous
extract provokes a significant decrease,
while at strong doses the food consumption
increases. Otherwise, the organic extract
provokes an increase of the food
consumption at all doses of extract; this

increase is significant on the 2™ and 4™
week at the dose of 0.6 g/kg.

The water consumption doesn't vary
significantly after administration of the
aqueous extract during 28 days of
treatment. The organic extract provokes a
significant  decrease in the water
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consumption on the first week of treatment,
then a non significant increase during the
last 3 weeks (figure 7).

Relative organ weight

There were no significant changes in the
relative weights of the heart, kidneys, lungs
and spleen of the treated rats in relation to
control group. However, the doses 0.3 and
1.2 g/kg of aqueous extract produced a
significant increase in the relative weight of
the liver. The organic extract provoke a
significant increase (p<0.001) of the mass of
the liver at the all animals treated (figure 8).

Serum, hepatic and urine biochemical
findings

Our data show a significant increase in
serum concentration of ALT at high-dose of
C. macrostachyus treatment tested in this
study (0.6 and 1.2 g/kg). No significant
changes were observed in AST serum level.
The total protein level significant reduced in
animals treated with the aqueous and
organic extracts. Otherwise, the aqueous
extract provokes a significant increase in
the creatinin level at the dose of 0.6 g/kg
(figures 9, 10 and 11).

No significant changes were observed in
ALT, AST and protein hepatic level with the
aqueous extract. The administration of the
organic extract in animals during 4 weeks
doesn't provoke any significant variation of
the hepatic values of ALT and total protein.
On the other hand, we observe a significant
reduction of the hepatic value of AST at all
doses compared to control group (figures 9
and 10).

The organic extract does not cause any
significant variation of the urinary
creatinin; nevertheless, we observe a
reduction in urinary creatinin. In addition,
the serum creatinin increases in all the
animals treated with the two extracts; this
increase is significant at the dose of 0.6 g/kg
of aqueous extract. The clearance of
creatinin decreases in the animals treated
with the doses 0.6 and 1.2 g/kg of aqueous
extract and this clearance increases in a
dose dependent manner with the organic
extract (figure 11).

DISCUSSION
The evaluation of the toxic action of plant
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extracts is indispensable in order to
consider a treatment safe; it enables the
definition of the intrinsic toxicity of the
plant and the effects of acute overdose?.

The Artemia sp. lethality assay is
considered a useful tool for preliminary
assessment of toxicity. In addition, the
method is rapid, simple, reproducible and
economical. A wide variety of biologically
active chemical compounds, in particular
cytotoxic agents, are toxic to Artemia sp.;
the death of this organism when exposed to
varying concentrations of these compounds
forms the basis of a toxicity test. Bioactive
compounds are nearly always toxic at high
concentrations and, as toxicology can be
described as pharmacology at higher doses,
this premise has been applied to the
screening of medicinal plant extracts in the
Artemia toxicity test20. Indeed, Meyer:s;
Solis?t; Hartl and Humpf22 showed that
larvae of Artemia constitute a good
biological material for the assessment of
cytotoxicity. The results of Artemia testing
are summarized in Table 1. The results
revealed that the aqueous and organic
extracts of C. macrostachyus exhibited weak
toxicity, with the LCso values the 569 and
425 pg/ml for the aqueous and organic
extracts, respectively. In toxicity evaluation
of plant extracts by Artemia bioassay, an
LCso value lower than 1000 pg/ml is
considered bioactive!3. In our study all the
extracts have LCso values < 1000 pg/ml;
therefore, they can have biological activity.
Pharmacological properties of these plants
have been demonstrated in preclinical and
clinical studies, including those of Croton
macrostachyus to relieve constipation,
cough, diabetes and as purgative. This test
is a quick, simple, practical, and low-cost
method (it does not require aseptic
techniques) and allows a great number of
samples to be tested and processed
adequately23, In general, the Artemia salina
test is useful for the screening of plant
extracts in order to predict their toxicity.

The aqueous extract of C. macrostachyus
didn't provoke any death until the dose 16
g/kg during 7 days of observation; what
could be explained by the fact that the
aqueous extract of this plant doesn't contain
any toxic compounds. Otherwise, exposure
of mice to single p.o. doses of C.
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macrostachyus produced a number of
treatment-related effects, particularly in the
group with the highest dose. What provokes
the oral LDsp values of the organic extract
the 10.2 and 9.4 g/kg b.w. respectively for
male and female mices. Fortunately, ethno-
medicinal doses commonly used have been
estimated to be less than this. Following
numerous legislations aiming at regulating
the use in the trade of toxins, and supposing
values of LDsy lower to 5 g/kg correspond
to the highly poisonous substances and
values of LDsp superior to 5 g/kg to the
weakly toxic substances24 25, results show
that the extract of C. macrostachyus
possesses a very weak toxicity.

At the doses of 16 g/kg for the aqueous
extract and 6 g/kg for the organic extract,
we observe a depressive state of mice,
resulting in a reduction in locomotion,
sensitivity to pain, sensitivity to noise and
aggressiveness. These behavioural changes
would be in principle, except in particular
cases, in report is with a reach of certain
elements of the nervous system?26, or with a
reduction of the sensory or motor
conduction consecutive to a depressive
action of the extract on the central nervous
system whose picture clinic is super
imposable the one observed in certain cases
of medicinal poisoning?s, or then of an
inhibition in the production of algogenics
substances (prostaglandin, histamines...)
that are regulators of the perception of the
pinch2?, or to the action of extract on
nociceptors, or to the inhibition at the
central level of the transmission of the
painful message2s.

The agqueous extract causes an increase in
the body weight at the dose of 16 g/kg; a
significant increase in food and water
consumption. The increase in food
consumption would be due to an action of
the extract on the receptors of the hunger
which would stimulate the appetite with
consequently an increase of the body
weight. In addition, in the animals having
received the organic extract, the body
weight, food consumption decrease and
water  consumption  increased. The
reduction of food consumption could be due
to the loss of appetite (anorexia), which
related to an inhibition of the feeling of
hunger by action on the receptor of the
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hunger would be located in the stomach or
then at an irritation of the lining of the
gastro-intestinal tract, without interference
with the absorption or the metabolism of
the food of reserves. The reduction in food
consumption would cause the reduction in
the body weight observed in the animals

It has been pointed out that there is no real
correlation between acute dose LDsp and
prediction of adverse effects of chronic daily
dosing?®. In addition, the LDso in animals
does not predict the human lethal dose of a
drug or the symptomatology of acute
poisoning after overdose3. Nevertheless,
the acute dose study provides a guideline
for selecting doses for the chronic low-dose

study, which may be more clinically
relevant.
Animal behavioural changes were not

altered during the sub-chronic dose study
with the aqueous and organic extracts. The
body weight of the animals treated during 4
weeks with the aqueous extract is weak,
whereas the organic extract induces a
significant reduction in the body weight. On
the other hand, the extract causes an
increase in food consumption and water
consumption. These results show that the
repeated administration of the various
extracts would stimulate the receptors of
the hunger, which would explain the
increase of food consumption. However all
these extracts caused a reduction in the
serum and hepatic protein in all the treated
animals. It is known that all variations in
body weight is not always related to the
variation of food consumption3?, this leads
us to think that the reduction in serum
proteins would prevent the mobilization of
proteins in tissue32, what would be at the
origin of the dropping cell multiplication
and the reduction in the body weight
observed in the treated animals

The drop of the hepatic and serum protein
could be explained by a bad metabolism of
proteins. Thus, the extracts would cause
insufficiency in the metabolism of the
hepatocytes. Under normal conditions, the
synthesis of serum proteins by the liver
depends on the concentration of blood
amino acids33. In the event of reduction in
plasmatic proteins without process able to
supply blood with amino acid, the blood
proteins fall. The fall of the blood protein
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could be also explained by the anomalies
observed  (vascular  Congestion and
exudates) on the histological cuts of the
treated animals; these anomalies caused the
reduction in the hepatic synthesis of
proteins, since the synthesis of plasmatic
proteins takes place in the livers4,

The weight of the animal spleen doesn't
present any significant variation, what
could reveal the possibility of the absence of
immunotoxic effect of the extract for it's
true that the spleen plays a major role in the
immunological mechanisms. A light
reduction of the relative weight of the heart
would mean a possible toxic effect of this
organ induce by the extract.

The relative weight of the liver increases in
all the treated animals. Moreover, the
extracts cause vascular congestions and
inflammatory exudates which would be at
the origin of the inflammatory infiltrations
and liquid, which could explain the increase
in the weight of the liver. The function of the
liver in detoxification would also be
disturbed by the extracts, because the
activity of enzymes ALT and AST decreases
in the liver and increases significantly in
blood. The increase of the serum enzymes
ALT and AST would be correlated to the
morphological damage which appears at the
level of the liverss. The ALT and AST are
markers of the syndrome of cytolysis or
lesion of the hepatocytes36. The ALT being
localised mainly in the hepatocytes, is
regarded as the principal marker of the
damage of the hepatocyte that the AST and
can in this direction provide information on
the sudden degree of the damage by the
livers?.

The extract involves a dose-dependent
decrease of the relative weight of the
kidneys. The extracts do not cause
significant variation of the serum creatinin
and urinary creatinin. Indeed, the values of
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reference of creatinin are included between
0.39-2.29 mg/dI38. Values of the serum
creatinin obtained in this study, 0.74 mg/dl
at controls group and 1.12 mg/dl in the
animals treated with the high doses of C.
macrostachyus extracts, are contained in the
interval of reference. Consequently, the
increase in the serum creatinin observed is
not significant at the medical consideration.
This is comforted by the fact that the renal
clearance of creatinin does not show
significant variation in all the treated
animals. Thus, the presence of the
antioxydant compounds such as the
flavonoids in the various extracts3®
probably protected the kidneys against a
possible nephrotoxic effect. Because the C.
macrostachyus extracts are pcontained in
phenolic compounds, particularly the
flavonoids  which are  antioxydant
compounds. This assumption is all the more
probable as Djemna% showed the
antioxydant effects of the aqueous and
methanolic extracts of the stem barks of C.
macrostachyus.

In conclusion, a number of significant
physical, clinical and pathological changes
were associated with the p.o. administration
of C. macrostachyus to mices and Wistar
rats, either acutely (up to 2 g/kg) or sub-
chronically (up to 1.2 g/kg). The fact that no
substantial toxic effect occurred in animals
that were administered C. macrostachyus at
a dose 0.6 g/kg b.w. suggest that the margin
of safety of the extract is high at
administration  used clinically.  The
preliminary study seems to be conclusive
but further investigations are necessary
notably  "in  vitro" evaluation  of
cytogenotoxicity on cell lines registered in
the guidelines and "in vivo" alcaline comet
assay on at least five organ (like blood, liver,
kidney, brain, lung).
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Table 1: Mortality obtained of Artemia salina and estimate of LCsp values

Extracts Concentration Mortality LCso values Limits 95 % Confidence Slope
(ug/ml) (Hg/mi) (ug/ml)
30 0
Agqueous extract 100 0 569 0.00-1.62 6.29
300 24
1000 100
CH2Cl2/CH3OH extract 30 0
100 0 425 294.3-305.9 9.056
300 50
1000 100
125+
- Males
1004 —— Femeles

Mortality (%)
o
1

0 4
0 1 2

Log dose (g/kg)

Fig. 1: Overall mortality (%) observed in mice having received a single oral
dose of the CH2Cl./CH30H extract of C. macrostachyus to 7 days
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Fig. 2: Body weight trend for mice dosed once with aqueous (A) and CH>Cl>/CHz0H (B)

extracts of C. macrostachyus. Each data point represents the mean = SEM. (n=10).2p <
0.05; bp < 0.01 compared with the control group (0 g/kg).
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Fig. 3: Food consumption trend of mice dosed once with aqueous (A) and CHxCI

=10).

+SEM. (n

Values for consumption are based on total intake and average body weight of the
preceding time interval. ap < 0.05; bp < 0.01 compared with the control group (0 g/kg).

extracts of C. macrostachyus. Each data column represents the mean
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Fig. 4: Water consumption trend of mice dosed once with aqueous (A) and CH2Cl./CH3;0H
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Values for consumption are based on total intake and average body weight of the
preceding time interval. ap < 0.05; bp < 0.01; ¢p < 0,001 compared with the control group
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Fig. 5: Relative body weight pattern in Wistar rats fed with aqueous (A) and
CHCI>/CH30H (B) extracts of C. macrostachyus. Each data point represents the mean +
S.E.M. (n=10).23p < 0.05; °p <0.01; ¢p <0.001 compared with the control group (0 g/kg)
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Fig. 6: Food consumption trends of rats fed with aqueous (A) and CH>Cl>/CHsOH (B)
extracts of C. macrostachyus. Each data point represents the mean = S.EM. (n=10),3p <
0.05; bp <0.01; ¢p < 0.001 compared with the control group (0 g/kg)
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Fig. 7: Water consumption trends of mice fed with aqueous (A) and CH2Cl>/CHz0OH (B)
extracts of C. macrostachyus. Each data point represents the mean = S.SEM. (n=10),3p <
0.05; bp < 0.01 compared with the control group (0 g/kg)
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Fig. 8: Effect of aqueous (A) and CH2Cl./CH3;0H (B) extracts of C. macrostachyus on the
relative organ weights Wistar rats after 4 weeks oral dosing. Each data column

represents the mean + S.E.M. (n=10).2p <0.05; °p <0.01; ¢p <0.001 compared with the
control group (0 g/kg)
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Fig. 9: Variation of the serum and hepatic enzymes ALT (alanine aminotransferase) and
AST (aspartat aminotransferase) in the rat treated with the aqueous (A) and
CH2Cl>/CH30H (B) extract of C macrostachyus in sub-chronic toxicity. Each point
represents the mean of 10 values £ESM. ap < 0.05; bp < 0.01; ¢p < 0.001; significant
difference compared to the control group (0 g/kg)
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Fig. 10: Variation of the serum and hepatic proteins in the rat treated with the aqueous
and CH2Cl,/CHsOH extract of C macrostachyus in sub-chronic toxicity. Each point
represents the mean of 10 values £ESM. ap < 0.05; Pp < 0.01; ¢p < 0.001; significant
difference compared to the control group (0 g/kg)
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Fig. 11: Variation of the creatinin (A) and the renal clearance (B) in the rat treated with
the aqueous and CH2Cl»,/CH3;0OH extract of C macrostachyus in sub-chronic toxicity. Each
point represents the mean of 10 values + ESM. ap < 0.05; bp < 0.01significant difference
compared to the control group (0 g/kg)
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