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Abstract— Cassia occidentalis Linn (CAESALPINIACEAE) is a
plant commonly used in traditional medicine to treat various
illnesses, especially hypertension, in the Salobe, Betioky-Sud, District
of Toliara in southwest of Madagascar. High blood pressure is
actully a major public health problem, affecting both adults and
children. It is one of the leading causes of death, resulting in nearly 8
million deaths per year. This study aimed to scientifically validate the
traditional use of this plant to treat hypertension. Then, formulate an
antihypertensive oral solution with the aqueous root extract as the
active ingredient. In vivo tests showed that the root extract (EBACO)
had dose-dependant hypotensive potential in normotensive rabbits.
Under the experimental conditions, 500 mg/kg of EBACO induced a
greater drop in blood pressure than 1-20 ug of acetylcholine.
According to OECD guidelines, EBACO is in the lowest toxicity
(class 5). A prototype of an oral, multidose antihypertensive solution
was formulated. This traditional remedy is safe, non- toxic, sterile,
free of sugar and other endocrine-disrupting preservatives. All
control parameters comply with Good Manufacturing Practices. This
new herbal formulation offers several advantages in the treatment of
hypertension in both adult and pediatric patients. However, further
preclinical testing is needed to fully assess the plant’s activity.

Keywords—Antihypertensive, Cassia occidentalis, formulation, oral
solution, quality, toxicity

I INTRODUCTION

High blood pressure (hypertension) that has no clear cause, is
a global health problem influenced by a combination of
factors, including genetics, lifestyle, psychosocial stress, and
environmental exposures. Significant contributors include
dietary habits such as high sodium intake and weight gain, as
well as psychosocial factors such as chronic stress and lack of
physical activity. Environmental factors like noise and air
quality, can also play arole[1]. Currently, exposure to chronic
stress and social factors, urbanization and education level, as
well as chronic social conflicts, are associated with higher
blood pressure [2]. Several studies that high work demands
and low work capacity, combined with coronary heart disease,
are contributing factors to hypertension [3].

Based on statistics from 2000, estimates indicated that
hypertension affected 972 million adults worldwide.
Projections showed thatthis number would increase by 60 %
to 1.56 billion by 2025[4,5]. This augmentation was primarly

228

due to a higher prevalence in developing countries, through
high-income countries experienced a decline or stabilization
during this period. Nearly two-thirds of people with
hypertension live in low- or middle-income countries, which
represent a considerable economic burden. Essential public
health measures include raising awareness, preventing,
treating, and controlling hypertension [4]. In the face of this
alarming situation, the World Health Organization (WHO) has
incorporated high blood pressure screening and treatment into
its health programs for developing countries. The WHO
supports these countries in strengthening their primary
healthcare systems, implementing standardized protocols, and
increasing access to affordable or free medication [6].

In Africa, the fight againsthypertension is hindered by the
by the high cost of clinical treatment. Medication prices are
beyond the reach of more than 80 % of the population [7].
Faced with such poverty, traditional medicine is the only
option forthese populations to reduce the risk of death from
hypertension. Thus, the use of local medicinal plants is seen as
an alternative to conventional medicine [8].

For the Malagasy people, the use of traditional herbal
medicines (THMs) is common in urban and rural areas for
managing hypertension. Patients typically use decoctions or
preparations of plant belonging to the ASTERACEAE,
PIPERACEAE, RUTACEAE, or ZINGIBERACEAE families
[9]. Many medicinal plants and traditional remedies are sold
and used by the local population [10]. However, only a few of
these plants have undergone clinical testing or chemical and
biological studied to identify their active constituents or
mechanisms of action [11]. Using traditional antihypertensive
plants without rigorous scientific testing poses risks because
the active compounds, dosages, and potential side effects have
not been scientifically validated, unlike modern medications.
This absence of evaluations means there is no scientific basis
for specific dosages, which can lead to toxicity or
uneffectiveness. In order to safely use these plants, research
must first identify their active constituents and determine their
mechanisms of action. Then, clinical trials mustbe conducted
to establish their safety and effectiveness [12].
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The goal of this study's is to develop an Improved
Traditional Remedy (ITR) effective and safe to help manage
of high blood pressure in poor populations.

Cassia occidentalis Linn, belonging to the FABACEAE
family and a subfamily of the CAESALPINIACEAE, is a
plant with significant medicinal properties [13]. In
Madagascar, this shrub is known by various names, including
"Tsotsoronangatra,” "Bemaimbo," "Voanembanalika,"
"Tsatsinangatra," "Famonoakoho," and "Sarongazany" [14]. It
is an Ayurvedic plant used in traditional medicines to treat
various ailments [ 15]. Ethnobotanical surveys of the people of
Salobe, in the Betioky-Sud district (southwest of Madagascar),
revealed that they use the roots of C. occidentalis to treat
various diseases, in particularly hypertension.

This study was initiated because previous research has
indicated that C. occidentalis has various medicinal properties
(antibacterial, antifungal, antidiabetic, anticancer, and
hepatoprotective) but there is a lack of data on its potential as
an antihypertensive remedy [16,17]. The objective is to
scientifically investigate the traditional use of root of this
specific plant, confirm its antihypertensive capacity, and then
use these findings to develop and control a new herbal remedy
for hypertension.

II.  MATERIALS AND METHODS

A. Plant material

C. occidentalis roots were collected in January 2021 in
Salobe, Betioky-Sud district of Toliara (southwest
Madagascar). The specimen was identified by the botanist of
the National Center for Pharmaceutical Research Applications
(CNARP) and a reference herbarium was deposited there

(Fig.1).

Fig. 1. Photo of Cassia occidentalis Linn : plant (a) and roots (b)

B. Animals

Male and female rabbits of the species Oryctolagus
cuniculus (LEPORIDAE), weighing between 1.7 and 2.5 kg,
were used for the pharmacological tests of the hypertension
experiment. They were obtained from the Department of
Animal Physiology and Pharmacology at the University of
Antananarivo.

Oral acute toxicity assays were carried out on SWISS
mice weighing between 20 g and 30 g, which were supplied
by the animal house of the Department of IMVAVET (Institut
Malgache des Vaccins Vétérinaires).
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The animals were acclimated to room temperature for two
to three days prior to use. They had free access to tap water
and were fed a standard diet. The tests were carried out
according to the Organization for Economic Co-operation and
Development or OECD guidelines [18]. The 3Rs
(Replacement, Reduction, and Refinement) principles were
applied to this procedure. All animal experimentation was
approved by the Pasteur Institute of Madagascar (IPM) Ethics
Committee and aligned with the established standards.

C. Preparation of plant extract

To prepare the aqueous extract of dried C. occidentalis
roots (EABCO), the process involves harvesting the roots,
drying them in the shade forseven days, grinding them into a
powder, and storing it in an airtight, light-protected container.
Next, the powder is extracted by aqueous decoction at 100° C
under reflux at a ratio of 1/10 (w/v) for 30 minutes. Then, it is
filtered through a Biichner funnel, and the solvent is
evaporated using a rotary evaporator (Biichner type R-114,
Switzerland) to obtain the final dry extract [19]. This powder
extract constitutes the aqueous extract of C. occidentalis roots
(EABCO).

D. Acute oral toxicity test

The oral acute toxicity study of the aqueous extract
(EABCO) was performed according to the method of the
OECD guidelines (423,425) as mentioned by Rakotoarisoa et
al.(2025)[20]. Swiss albino mice of both sexes were selected
and divided into ten groups of three animals. Each group
received a dose ranging from 10 to 5,000 mg/kg orally. The
median lethal dose (LDso) was calculated as the geometric
mean of the dose that did not produce mortality and the
highest dose that produced mortality, assuming that the
exposure was above the highest recorded dose if no mortality
was observed [21].

E. Hypotensive test

The method described by Léandre K. (2008), slightly
modified, was used for the hypotensive test [22]. The animals
were anesthetized with an intraperitoneal injection of
Thiopental (40 mg/kg body weight) and secured to a
dissection table. A small midline incision was made in the
trachea to expose it, the right jugular vein, and the carotid
artery. The trachea was cannulated to maintain spontaneous
respiration. The right jugular vein was cannulated to facilitate
the intravenous administration of the reference drugs and the
test substances. The carotid artery was cannulated to record
blood pressure. Heparinized saline was used to prevent blood
clotting. The animal's body temperature was maintained using
a ceiling-mounted heater. After surgery, blood pressure was
allowed to stabilize before injecting the test substance :
Acetylcholine (ACh : 1 to 20 pg/kg body weight), which was
chosen as the drug standard curves for hypotensive
mechanism [23,24].

F. Oral solution formulation

The oral solution was prepared using a cold process. This
multidose liquid dosage form contains excipients that are
suitable for a pediatric population and compatible with

RAKOTOARISOA Mbolatiana Abigaila, TOHANDRAINY Mbola Adrien, and Rivoarison Randrianasolo, “Formulation and Evaluation of
an Antihypertensive Oral Solution Based on Sarongazany’Roots (CAESALPINIACEAE) from Madagascar,” International Journal of
Multidisciplinary Research and Publications (IJMRAP), Volume 8, Issue 6, pp. 228-233, 2025.



metabolic disorders. First, the active ingredient (EABCO) was
dissolved in purified water. Then the mixture was
continuously stirred to ensure homogeneity. Next, the
excipients and preservatives were added and thoroughly
mixed. The solution was then filtered to obtain a stable and
homogeneous finished product. The galenic formulation was
conducted in strict accordance with the European
Pharmacopoeia guidelines [25]. The finished product was
transferred to an amber-colored bottle, tightly closed, and
stored in a cool and dry place.

G. Quality control

Physicochemical parameters analysis

The developed product has undergone a physicochemical
evaluation. This includes verification of pH, density, specific
gravity, viscosity, color, odor, crystalization, sterility, and
taste, all of which are essential to ensuring consistency and
consumer acceptability [26]. The pH value was measured
potentiometrically on three 3-ml batches using a pH meter.
Organoleptic characteristics such as appearance (e.g.,
sedimentation and color), taste, odor, and texture, were
monitored from day 0 to day 28. Color and the presence of
particles were also assessed by visually on white and black
backgrounds.
Accelerated stability testing

The goal of accelerated stability testing is to determine the
storage conditions and expiration date that meet Good
Manufacturing Practice (GMP) requirements [27]. The testing
is conducted under varying environmental conditions to
evaluate the product’s resistance to degradation. Samples were
stored at three different temperatures (+4° C,20° C and 45° C)
and observed for changes in color, odor, taste, and turbidity at
at 24-, 48-, and 72-hour intervals over three months.
Additionally, density, pH, homogeneity and the appearance of
degradation products were measured over time [21,28].
Freeze-Thaw cycling testing

For the Freeze-Thaw cycling testing, the vials were
alternately kept at 40° C and 4° C for 24 hours each, and
shaken daily for five minutes on a vortex mixer. Two vials of
the formulation were taken ; one was kept at 40° C, and the
other was kept at 4° Con the first day.

Then, they underwent temperature cycling and shaking as
described above. After 7-7 such cycles at 4° C and 40° C
(alternately), the vials were observed to check for turbidity
and precipitation, if any [21].

Sterility and microbiological stability testing

The selection of the preservative, its amount, and Good
Manufacturing Practices are all supported by the
microbiological stability and sterility studies. The agar plate
inoculation method was used. This consisted of adding 1 ml of
the sample to be examined to 19 ml of liquid agar in a Petri
dish. This allows for the examination of a larger sample
volume compared to surface inoculation.

After mixing and solidifying, the dishes were incubated at
different temperatures: 30-35° C during 3 days for bacterial
and 20-25° C during 5 days for fungi. Colony counts are then
performed onspecific days: days 1, 2, and 3 for bacteria and
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days 1, 2, 3, 4, and 5 for fungi. Each test was performed in
duplicate [29,30].
Preservative Efficacy Test (PET)

Most multi-dose products depend on chemical
preservatives to preventmicrobial spoilage. As antimicrobial
agents, preservatives are incorporated into formulations to
inhibit microbial proliferation and ensure product integrity
[31]. According to the European Pharmacopoeia's preservative
efficacy test, a product's preservative effectiveness is assessed
by challenging it with high microbial loads: 10® CFU for
bacteria (Staphylococcus aureus, Esherichia coli and
Pseudomonas aeruginosa) and 10° CFU for yeast (Candida
albicans) in 40 ml vials. The samples are stored at room
temperature (20—25° C) protected from light and moisture.
Inoculum testing is performed on day 0 to confirm the
bacterial load. Then, to ensure the preservative prevents
microbial growth, the microbial load is assessed at 14 and 28
days using the agar plate method, with the required dilutions
for each microorganism. This PET, with its high inoculum and
specific time points, helps validate the quantity and
effectiveness of preservative to ensure product safety [32].

H. Statistical analysis

All experiments were repeated three times, and the results
are expressed as the mean + standard error of mean (SEM). A
Student's t-test was performed using Microsoft Excel software.
Differences were considered significant at p < 0.05.

III.  RESULTATS

A. Extraction result

The yield of the aqueous extract (EBACO) obtained from
C.occidentalis root powder is 11.3 %.

B. Acute oral toxicity

Doses ranging from 10 mg/kg to 5,000 mg/kg did not
result in the death of any within 72 hours of observation. Since
no mortality was observed at theses doses, the median lethal
dose of EBACO is therefore greaterthan 5,000 mg/kg by oral
route. According to OECD’s 2008 guidance, the aqueous
extractof C. occidentalis root may be classifed as having the
lowest toxicity, class 5 (LD50 > 2000 mg/Kg) [33]. The
animals did exhibed any signs of acute toxicity or any major
behavioral changes. Signs such as changes in locomotion and
piloerection were found to be primarly traditional indicators of
illness. The absence of the traditional signs of toxicity in the
tested animals led to the conclusion that the EBACO aqueous
extract was safe in cases of acute exposure because severe
poisoning would have produced such effects. These results
indicate that the drug concentrations were non-toxic and safe
for use [34].

C. EBACO and ACh effects on the blood pressure of rabbits

Figure 2, curves (B) and (D), show typical recordings of
dose-dependent hypotension induced by EBACO and ACh,
respectively, in rabbits. Under the experimental conditions,
acetylcholine (ACh) caused an increase in hypotension when
injected in doses between 1 pg and 20 ug. EBACO doses
between 100 and 500 mg/kgb.w also induced reversible, dose-

RAKOTOARISOA Mbolatiana Abigaila, TOHANDRAINY Mbola Adrien, and Rivoarison Randrianasolo, “Formulation and Evaluation of
an Antihypertensive Oral Solution Based on Sarongazany’Roots (CAESALPINIACEAE) from Madagascar,” International Journal of
Multidisciplinary Research and Publications (IJMRAP), Volume 8, Issue 6, pp. 228-233, 2025.



dependent hypotension. An aqueous EBACO extract at a dose
of 500 mg/kg of body weight was able to induce a drop in
blood pressure (BP).
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Fig. 2. Effect of the aqueous extract (EBACO) and acethylcholine (ACh) on
blood pressure in rabbits in a dose-dependant hypotension manner

D. Formulation results

The prepared pharmaceutical form was a multidose oral
solution. More than tests were carried out to determine the
most suitable formula, as presented in table 1 and figure 3.
Potassium sorbate was chosen as the preservative due to its
good tolerability and lack of side effects.

TABLE I. Antihypertensive oral solution formula

Denomination Composition (125 ml) | Proportion
Plant extract
. . . N
Antlhypenensw'e multidose oral (EBACO) 1.85%
solution of -
. , Potassium sorbate Qs
C. occidentalis —
Excipients Qs

4 (=
Fig. 3. Manufacturing process of the antihypertensive oral solution based on
C. occidentalis root extract
(1 : Homogenization ; 2 : Filtration ; 3 : Addition of excipients and
preservatives ; 4 : Quality controls)

E. Physicochemical and organoleptic parameters of the
manufactured oral solution

Table 2 summarizes the quality controls results on the finished
product.

TABLE II. Physicochemical and organoleptic parameters of C. occidentalis
oral solution

Parameters Results Parameters Results
Color Dark brown Crystallization Absence
Odor Good Clarity Clear
Taste Slightly sweet pH 4.67
Form Liquid Density 1.29

Precipitation Absence Viscosity Non-viscous

Appearance Hor;;(;f;gious Tem]()oe(l;;iture 21.8°C
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F. Oral solution stability

No differences or changes in color, odor, taste, or turbidity
were observed when the bottle was stored at room temperature
(20-25° C) for up to three months. The physicochemical
parameter values showed no significant difference compared
to the initial formulation. However, when the solution was
stored at 35-40° C, changes in color, turbidity, and taste
occured within 48 hours. These changes indicate that higher
temperatures accelerate chemical degradation, impacting
solution stability and possibly efficacy.

G. Oral solution sterility

The oral solution is safe for consumers as it is free from
bacterial and yeast contamination, with a total germ count of
zero Colony-Forming Units (CFUs) after a five-day incubation
period. These results indicate that the product is sterile and
meets the standards of the European pharmacopoeia and Good
Manufacturing Practices for oral medications.

H. Preservative efficacy of the formulated oral solution

The results of the preservative efficacy test are
summarized in table 3.

TABLE III. Results of preservative test on formulated oral solution

Colony count (CFU) Day-0 | Day-14 | Day-28
S. aureus - 0+0 0+0
Innocuous control (dilution 1/10°) 90 >500 >500
E. coli - 0£0 0+0
Innocuous control (dilution 1/10°) 40 >500 >500
P._aeruginosa - 0+0 0+0
Innocuous control (dilution 1/10°) 70 >500 >500
C. albicans - 0+0 0+0
Innocuous control (dilution 1/10%) 25 >500 >500
Negative control 0+0 0+0 0+0

According to these findings, the oral preparation meets the
European Pharmacopoeia’s criteria for antimicrobial
preservation. No bacterial growth was observed for 28 days at
a temperature between 20 to 25° C. This result is similar to
that of the negative control, and the preparation’s organoleptic
characteristics remained unchanged. These results indicate that
the preservative in this preparation has sufficient antimicrobial
activity to prevent microbial growth. Therefore, the addition
of another preservative is unnecessary under these conditions.
These findings also confirm the stability of the preparation
formulated according to Good Manufacturing Practices.

1. Packaging and labeling

The solutions were packaged in 125-mlamber glass bottles
(Fig. 4). These bottles are inert to the contents and effectively
protect against air, light and other potential contaminants.
Amber glass absorbs most UV radiation, which protects the
filling material from possible changes.
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Compositions for 125 ml :
 Cassia occidentalis roots
extract:1.85%
* Potassium sorbate : QS
« Excipients : Qs
Method of administration :
Oral route
Indications :
High blood pressure
Precaution :
Regular blood pressure monitoring

—_—
Fig. 4. Labeling of the C. occidentalis antihypertensive oral solution

Form and Presentation :
It is an Improved Traditional Remedy (ITR) to
treat high blood pressure. This Herbal
antihypertensive is a multidose oral solution
based on Cassia occidentalis oot extract.
This oral form allows for easy dosage

HERBAL
ANTIHYPERTENSIVE

ORAL SOLUTION
Cassia occidentalis roots

adjustment based on the patient and clinical
progress. It is formulated for both adult and
pediatric patients. The formulation is free of
sugar, triglycerides, and their analogues. It
contains  no endocrine-disrupting
preservatives or chemical colorings.

Contraindicat
i

Fig. 4. Packaging of the C. occidentalis antihypertensive oral solution

IV. DISCUSSIONS

The aim of this study is to develop an oral antihypertensive
solution based on a roots extract. To achieve this objective, a
multidose liquid was chosen as the pharmaceutical form due to
its ease of oral administration. C. occidentalis was selected for
its traditional use in ethnomedicine. During an ethnobotanical
survey in southern Madagascar, a decoction of its roots was
found to be used for treating hypertension.

Experimental results on normotensive rabbits demonstrated
its dose-dependent hypotensive effect. Thus, following the
injection of EABCO at higher doses, the duration of the
hypotensive effect increaded, as evidenced by the lower,
sustained blood pressure level. At lower doses, however,
EABCO produced only temporary hypotension. The
hypotension induced by EABCO appeared comparable to that
induced by acetylcholine. Various antihypertensive
mechanisms have been reported in the literature, and
numerous studies have shown that plant extracts exert
antihypertensive effects through the combined activities of
their bioactive components [35]. Previous phytochemical
studies on the plant have revealed its richness in active
constituents [36]. These results suggests that the hypotensive
effect of the roots extract of C. occidentalis on hypertension is
probably linked to the presence of antihypertensive and
hypotensive metabolites.

In light of these results, and after demonstrating its safety in
animal models, the aqueous extract (EBACO) was used as the
active ingredient in the oral solution formulation.

The yield obtained during the decoction extraction of the
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root was 11.13 %. This value is high compared to the
decoction extraction results obtained with other plant species
[37]. The roots of C. occidentalis appears to contain numerous
active compounds that can be extracted with water. This
finding could facilitate its use in the pharmaceutical industry
to produce and market a new, affordable, accessible
antihypertensive solution. Furthermore, it is a plant that grows
worldwide and multiplies easily [13].

Studies on the galenic formulation of the aqueous root
extract have yielded promising results. The manufactured
product complies with the physicochemical standards of the
European Pharmacopoeia and Good Manufacturing Practices
for oral liquid dosage forms [38].

This multidose formulation offers several advantages for
treating hypertension. First, it is ready to use, unlike the
single-dose powder form, which requires dissolution in water
and increases the risk of handling errors or underdosing.
Second, an oral solution allows for larger doses to be
administered at once than solid forms, such as capsules or
tablets, can. Thus, the oral formulation is preferred for
pediatric patients or those with swallowing difficulties. It
allows for easy adjustment based on weight changes in
consultation with a physician without needing to prepare a
new formulation. However, drawbacks were observed during
product quality control of the oral solution form. Compared to
solid forms, liquid preparations appear to have a short shelf
life despite the addition of effective preservatives.

In summary, this new antihypertensive formula fulfills all
the conditions necessary to be considered an improved
traditional remedy. It is accessible to all and has no harmful
side effects when managing high blood pressure in both adult
and pediatric patients.

V. CONCLUSION

The aim of this study is to address the needs of both adult
and pediatric patients, primarily in developing countries. The
objective is achieved by the formulation of an oral
antihypertensive solution based on an aqueous extract of C.
occidentalis roots, which has demonstrated hypotensive effects
in vivo. This improved, non-toxic traditional remedy is
supported by scientific evidence, complies with Good
Manufacturing Practices, and is free of sugar and other
endocrine-disrupting preservatives. Further, in-depth studies
are necessary to identify the active compounds in the extract,
investigate its mechanism of action, and conduct clinical trials.
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