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ABSTRACT

Background: Faced with the limits of synthetic antipyretic substances, in particular their involvement in the
occurrence of numerous and often serious adverse effects; the challenge is in search of new antipyretics especially
from the African traditional pharmacopoeia. The objective of this study was to evaluate the antipyretic activity of an
aqueous extract and a formulation of Ceiba pentandra, with a view to designing an herbal antipyretic drug.

Methods: Trials of formulation of an antipyretic syrup with leaves extract of Ceiba pentandra were carried out. The
antipyretic activity was investigated by the bewer's yeast induced pyrexia. Physicochemical and microbiological
stability tests were carried out on the syrup.

Results: It was found with the extract an antipyretic activity at doses of 125 mg/kg and 150 mg/kg. The effect was
greater for the 125 mg/kg dose with inhibition percentages ranging from 27.58% to 71.25%. This antipyretic activity
was early (from 30 minutes) and was preserved during the four hours of the experiment. The syrup dosed at 125
mg/kg gave an activity similar to that of the extract by significantly reducing the hyperthermia in the rats. Regarding
the stability tests, the syrup remained stable both physico-chemically and microbiologically throughout the study
period (28 days) both when exposed to low temperature (5 °+3 ° C) and at high temperature (40°+2° C).

Conclusions: Ceiba pentandra leaves have antipyretic activity and could be used for the development of an herbal

antipyretic drug.
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INTRODUCTION

Fever is an increase in body temperature above 38°C.* It
classically refers to a body temperature >38° C in the
morning (38.3° C in the evening).! The main symptom of
infectious pathology, it is generally a reaction of the body
in the presence of a foreign body (toxic substances,
bacterial infections, etc.) that affect temperature
regulation.? The mechanism of fever occurrence is
closely related to the concentration of prostaglandin
PGE.? Thus, fever occurs when the concentration of PGE
increases in the hypothalamus which is the center of

thermoregulation disturbing the balance between loss and
production of heat.® Rapid treatment of this should be
done because it can be the cause of serious complications
(dehydration, convulsions, etc.) in infants and the
elderly.*

Drug management of fever is essentially based on the use
of synthetic substances endowed with antipyretic
activities, in particular paracetamol, aspirin and certain
anti-inflammatory drugs. Although widely prescribed,
these substances are responsible for many often-serious
side effects. Paracetamol, the most widely used
analgesic-antipyretic drug in the world, is the leading
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cause of fulminant hepatitis in the United States and
Europe.®

Therefore, it would be desirable to direct research
towards the development of phytomedicines that are just
as effective and free from adverse effects.

Ceiba pentandra or silk cotton tree, an imposing tree
from the forests of tropical regions is a medicinal plant
widely known for its uses in traditional medicine.®” Also,
the leaves are prized for their edible character and
consumed as a leaf vegetable in West Africa, with an
acute toxicity greater than 5000 mg/kg.81*

Previous work has shown the antipyretic activity of the
ethanolic extract of the leaves of Ceiba pentandra.'?
However, scientific data on the antipyretic activity of the
aqueous extract is limited. The present study therefore
aimed to evaluate the antipyretic activity of an aqueous
decoction and of a formulation of Ceiba pentandra for
the development of a herbal drug.

METHODS
Plant collection and identification

Fresh leaves of Ceiba pentandra were collected from
Nabélékaha in the department of Komorodougo (North of
Cote d'lvoire). The plant was identified by the Centre
National de Floristique (CNF) of the botany department
of the Félix Houphouét-Boigny University of Abidjan.

Extraction of plant material

Two hundred grams (200g) of fresh leaves were brought
to a boil for thirty (30) minutes in two (2) liters of
distilled water. After filtration, the decoction was
evaporated dry in an oven at a temperature of 50°C for 72
hours. The anhydrous material obtained was collected by
scraping. After crushing, the brown dry extract obtained
was stored at 4°C in the refrigerator. This was used for
phytochemical and pharmacological tests.

Experimental animals

All experiments performed on the laboratory animals in
this study followed the standard operating procedures. A
total of forty (40) wistar rats (Rattus norgevicus)
weighing between 100-170 g of both sexes were used for
the study of antipyretic activity. These animals were
provided by the animal facility of the Pharmacology
Laboratory of the Training and Research Unit of
Pharmaceutical and Biological Sciences of Félix
Houphouét-Boigny University in Abidjan. The rats were
acclimated under standard conditions of temperature
24°C+£1°C with 75% humidity and light (approximately
12/24 light-dark cycle). All the animals were fasted for
24 hours but allowed water ad libitum were used for the
experiment.

Phytochemical screening

In order to identify the presence of different classes of
secondary metabolites in the plant material, a qualitative
phytochemical screening was carried out on the dry
extract following standard procedures and tests.'®

Antipyretic activity

The antipyretic activity of leaves of Ceiba pentandra was
evaluated by using the brewer’s yeast-induced pyrexia
method in rat. After taking the basal temperatures,
hyperthermia was induced by the subcutaneous
administration in the dorso-lumbar region of a 20% saline
suspension of beer yeast in rats at 10 mil/kg body
weight.** The animals were then fasted, after sixteen (16)
hours the rectal temperature was taken again in each rat,
and six (6) groups of rats were formed with rats with a
temperature increase greater than or equal to 0,5°C. The
groups have been made homogeneous in terms of
hyperthermia. The individual batches were orally
administered either 0.09% NaCl solution, or extract from
Ceiba pentandra leaves (100; 125 and 150 mg/kg), or
syrup based on extracts from Ceiba pentandra leaves
(125 mg/kg), or the reference substance paracetamol (100
mg/kg). Thirty minutes after the administration of the
substances, the temperature (T° n) was taken using a
digital thermometer TMP 812 RS™. Then the
temperature was measured every hour for four hours.

Fever inhibition percentages were calculated in relation
to control (NaCl 0.9%) according to the following
formula:

% inhibition = [(T° n - T°-16) control - (T° n - T°-16)
treated] / (T° n - T°-16) control x100

Where, T° n = temperature measured after administration
of antipyretic treatment, T°-16 = basal temperature

Procedure for preparation of syrup

To prepare liquid oral form of the extract, the following
steps were taken:

Preparation of simple syrup

Distilled water was heated to the water bath at a
temperature of 60°£2°C. 1650 g of sucrose was gradually
added to the water by stirring with a glass rod until a
homogeneous whole was obtained (complete dissolution
of the sugar). The preparation was then filtered using a 50
pum diameter sieve and the simple syrup was used as
vehicle.

Preparation of Ceiba pentandra leaf extract syrup

One hundred milliliters of 125 mg/5ml of drug syrup was
prepared by adding to 2.5 grams of dried extracts of
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Ceiba pentandra leaves a sufficient quantity of simple
syrup until saturation.

Stability testing of Ceiba pentandra leaf extract syrup

The physical and microbiological stability of the
formulation was evaluated. Three storage conditions were
tested: room temperature (25+2°C), oven (40+2°C) and
refrigerator (5+3°C).1°

At the physicochemical level, the constancy of
organoleptic characteristics (colour, appearance), density,
viscosity and pH were evaluated.

Total viable aerobic count, moulds and yeasts count, and
the search for the following germs: Escherichia coli,
Salmonella, Staphylococcus aureus, Pseudomonas
aeruginosa were carried out according to the procedures
listed in the 8th edition of the European Pharmacopoeia.

Measurements were taken on Day 0, Day 1, Day 2, Day
7, Day 14, Day 21 and Day 28 for each storage
temperature for physical parameters. For microbiology v,
the assessment was conducted on Day 0 and Day 28.

Ethical approval

The experimental procedures were conducted after the
approval of the Ethical Guidelines of the University (Cote
d’Ivoire) Committee on Animal Resources. All these
procedures used, were in strict accordance with the

test was used as statistical processing. The values of
p<0.05 were considered as statistically significant.

RESULTS
Phytochemical screening

The phytochemical screening of the dry extract of leaves
of Ceiba pentandra showed presence of sterols, phenolic
compounds, quinones, tannins, flavonoids and saponins
(Table 1).

Antipyretic activity

Treatment of the animals with the aqueous extract of
Ceiba pentandra, at the dose of 125 mg/kg and 150
mg/kg body weight, significantly (p<0.05) decreased the
rectal temperature of the test rats. The antipyretic effect
started from the first 30 minutes for all the extract doses
and the standard drug. This effect was maintained for the
4 hours of experimentation and was increasing with plant
extracts unlike the reference drug. The syrup of dried
extracts of Ceiba pentandra leaves showed a similar
activity to that of not-formulated extracts during the two
hours following administration of the different substances
(Table 2).

Table 1: Chemical composition of the aqueous extracts
of Ceiba pentandra leaves.

Secondary metabolite Leaves extract

guidelines for Care and Use of Laboratory Animals and Sterols +
the statements of the European Union regarding the Polyphenols +
handling of experimental animals (86/609/EEC). Quinones +

Catechetical tannins +

Statistical analysis

Gallic tannins -

Flavonoids +
The analysis of the test results was carried out on the Alkaloids =
basis of statistical processing using Graph Prism software Saponins Foam index <100

version 7.0. One-way ANOVA followed by Dunnett’s

Table 2: The effect of aqueous leaf extract and syrup of Ceiba pentandra on yeast-induced pyrexia in rat.

(Noag('%) 36.45:0.32 37.3840.32 37.42+022 37.95:020  38.03:028  37.58+0.34  37.78+0.28
37.23+047% 37.35+033* 37.82t0.24  384%041  38.4%0.61
Paral0D  37.18:0.42 38.22:012 gl LS (5090) sy (a0
37254017 37.850.22  38.12+015  37.640.20  37.73:0.23
CPD100 36572021 37.420.07 93106  (14.44%) (2.11%) (8.82%) (12.5%)
36.93+0.23  37.05:0.78%  36.95+0.38%  36.73:0.6%  36.62+0.25*
CPD125  36.23:0.34 37.33:0.33  (57580)  (45.55%)  (54.73%)  (55.88%)  (71.25%)
37.05+0.1  37.22+0.3%  37.48+0.28*  37+0.26 36.78+0.36*
CPD150  3615:029 37.0880.1 (g o e s o
36.7740.30% 36.85+0.28%  36.88+0.18%  37.140.33  37.18+0.41
182042 37.02£0.38 39 6505) (55.55%) (55.79%) (19.11%)  (25%)
Syrup 125 36.18

Results are mean £ SEM; (n=6); each value in parenthesis indicates the percentage inhibition, *significantly at p<0.05 when compared
to control, CPD= aqueous extract of Ceiba pentandra leaves. Para= paracetamol.
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Table 3: The Physico-chemical stability of the syrup.

Organoleptic characters . Viscosit
Color Limpidity pH LI (Pa.s) .
CP1A 10 5+3 Brown Limpid 6.20 1.302 222.33
CP1B 2542 Brown Limpid 6.21 1.302 222.66
CP1C 40+2 Brown Limpid 6.21 1.302 222.66
CP2A 1 5+3 Brown Limpid 6.18 1.302 224.33
CP2B 2542 Brown Limpid 6.20 1.304 221.33
CP2C 402 Brown Limpid 6.21 1.303 220.66
CP3A 1 5+3 Brown Limpid 6.15 1.301 220.33
CP3B 25+2 Brown Limpid 6.03 1.304 219.00
CP3C 402 Brown Limpid 6.19 1.303 217.33
CP4A 37 5+3 Brown Limpid 6.12 1.301 222.33
CP4B 2542 Brown Limpid 6.03 1.304 217.00
CP4C 40+2 Brown Limpid 6.20 1.303 215.66
CP5A J14 5+3 Brown Limpid 6.10 1.302 222.33
CP5B 25+2 Brown Limpid 5.94 1.304 216.33
CP5C 40+2 Brown Limpid 6.18 1.303 211.00
CP6A 5+3 Brown Limpid 6.13 1.302 221.33
CP6B J21 25%2 Brown Limpid 5.86 1.305 217.00
CP6C 40%2 Brown Limpid 6.20 1.303 209.33
CP7A 128 53 Brown Limpid 6.15 1.302 223.33
CP7B 25+2 Brown Limpid 5.87 1.305 216.00
CP7C 40+2 Brown Limpid 6.22 1.303 207.66

T: temperature; CPD1A: Syrup stored at room temperature (25£3°C); CPD1B: Syrup stored in an oven (40£2°C); CPD1C: Syrup stored

in the refrigerator (5£3°C).

Table 4: Microbiological control of Ceiba pentandra leaf extract syrup.

Microbiological examinati

on

Results

European pharmacopoeia

Day 0 Day 28 standards 8th edition
CPD1A <10 CPD1A :10*
Total viable aerobic count CPD1B <10 CPD1B <10 <10* UFC/ml
CPDI1C <10 CPDI1C :60
CPD1A <10 CPD1A :34.10°
Yeast and mould CPD1B :<10 CPD1B : <10 <10? UFC/ml
CPDI1C <10 CPDI1C :10
Bile-tolerant gram-negative CPD1A :<10 CPD1A: <10 9
bacteria CPD1B <10 CPD1B : <10 <10? UFC/ml
CPDI1C <10 CPD1C : <10
Salmonella Absence Absence Absence
Escherichia Coli Absence Absence Absence
Pseudomonas aeroginosa Absence Absence Absence
Staphylococcus aureus Absence Absence Absence

T: temperature; CPD1A: Syrup stored at room temperature (25£3°C); CPD1B: Syrup stored in an oven (40+£2°C); CPD1C: Syrup stored

in the refrigerator (5+£3°C).

Stability testing of Ceiba pentandra leaf extract syrup

The syrup of dried extracts of leaves of Ceiba pentandra
had the following characteristics: a good appearance
without deposit, a sweet taste, a color of caramel (brown).
The density was 1.30 and the pH was 6.

After 28 days, the syrup remained clear, the organoleptic
parameters did not change; density and viscosity have not
been changed at different storage temperatures. A slight
decrease in pH was observed in syrup stored at room

temperature, as opposed to those in the refrigerator and
oven (Table 3).

The microbiological quality according to the requirements
of the European Pharmacopoeia did not reveal the
presence of any microorganisms in the syrup beyond the
limits set. Also, during 28 days of storage there was no
mould formation in the syrup stored in the refrigerator
and oven (Table 4).
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DISCUSSION

The limits of synthetic antipyretic substances, in
particular their involvement in the occurrence of harmful
effects on the organism, open other avenues for the search
for new antipyretics from the traditional pharmacopoeia.
The objective of this work was to evaluate the antipyretic
activity of an aqueous extract and a formulation of Ceiba
pentandra extract, with a view to designing an antipyretic
herbal drug.

The antipyretic effect of the leaves of Ceiba pentandra
was studied by Brewer's yeast-induced pyrexia in rat. The
brewer's yeast consists of lipopolysaccharides of the
Saccharomyces cerevisiae cell wall. Its administration
induces hyperthermia by releasing of cytokines, in
particular interleukins (IL1, IL6). When they reach the
blood vessels, they stimulate the synthesis of
prostaglandins E2 around the hypothalamic center.1®1’
The aqueous decoction of the leaves of Ceiba pentandra
reduced the hyperthermia induced by the brewer's yeast.
Of the three doses tested, the 125 mg/kg dose resulted in
significant antipyretic activity. Indeed, the dry extract
dosed at 125 mg/kg shows an early febrifuge effect,
which is maintained over time with percentages of
inhibitions that increase with time. The most active dose
was lower than in previous studies of an ethanolic extract
from leaves of Ceiba pentandra. Authors had found an
effective dose of 189mg/kg. Also, the antipyretic effect
was not dose-dependent as demonstrated by the same
authors 12. This observed effect could be due to the
presence of bioactive compounds which justified the
phytochemical screening.

Phytochemical screening revealed the presence of sterols,
flavonoids, tannins and polyphenols, saponosides and
quinones in Ceiba pentandra leaves dry extract. The
presence of some of these chemicals in the leaves may be
responsible for the pharmacological properties observed.
Indeed, the antipyretic activity could be explained by the
presence in the aqueous extract of Ceiba pentandra of
flavonoids, polyphenols, tannins and saponins which have
the property of inhibiting the synthesis of pro-
inflammatory cytokines (IL-1b, IL-6, TNF o and INF
gamma).'81° In addition to these antipyretic properties the
toxicity studies showed that the plant could be considered
non-toxic. The LD50 greater than 5000 mg/kg and the
edible character of the leaves of Ceiba pentandra would
guarantee the security of use of the plant within a finished
drug formulation.®1!

After the aqueous extracts have been put in galenic form,
the syrup obtained has the following characteristics:

The pH of the syrup was 6.21 to 25+2°C. The results are
consistent with those of two studies in which syrups based
on plant leaf extracts were formulated. John et al had
obtained a pH of 6.61 and Swain et al had found a pH 4.5.
The pH of the stomach being acidic: 1.5 at night and 5 at
the beginning of digestion, Ceiba pentandra leaf extract

syrup is therefore suitable for absorption at this level
since it is limited to acidic medicines.?%?? The density of
the syrup of dried extracts was 1.30; this is close to the
density of the simple syrup which is 1.32.%

In terms of conservation of the antipyretic effect, the
syrup showed an early antipyretic activity superimposed
on that of the raw extract during the first two hours of the
experiment. However, a decrease in activity was noted
starting at the third hour compared to the aqueous extract.
This could be due to an interaction between active
substances and sugar syrup within the formulation.

The organoleptic characteristics of the syrup remained
unchanged in the stability tests at the three storage
temperatures. In fact, no change in colour or appearance
was noted. Also, no suspended particles were observed in
the preparation: the syrup remained clear during the 28-
day storage period. The density with an average value of
1.30 did not change. Regarding pH, a non-significant
decrease was noted in syrups stored at room temperature
from the 14th day of storage.

Viscosity also remained constant. In addition to physico-
chemical stability, microbiological stability is another
problem related to the quality of liquid oral forms. This
microbiological quality is particularly important since the
presence of a micro-organism in the formulation may
reduce the effectiveness of the active ingredient or be
dangerous for at-risk patients such as infants and young
children. Microbial enumeration and microbial research
tests, carried out in accordance with the recommendations
of the European Pharmacopoeia, demonstrated the
microbiological stability of the preparations stored in the
refrigerator and oven after manufacture over a period of
28 days.

However, total aerobic sprout counts were positive for
syrup stored at room temperature. The search for
microorganisms came back positive for yeast and mould
only, which could explain the lower pH of syrups kept at
this temperature. Therefore, the formulation should be
improved by adding a preservative to allow storage at
room temperature.

CONCLUSION

This study demonstrated that the aqueous decoction of
Ceiba pentandra leaves has antipyretic properties. The
Syrup of dried extracts has retained its febrifuge property.
The low toxicity and edibility of the plant represent a
safety of use; Ceiba pentandra could be used for the
development of antipyretic herbal drug of simple
formulation, with pharmaceutical quality, effective and
safe to use.
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