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Abstract

Spondia mombin stems are traditionally

used for managing benign prostatic

hyperplasia (BPH). This study examines the

impact of microencapsulation on S.

mombin’s anti-BPH properties, comparing

the crude and encapsulated extracts.

Microencapsulated particles of S. mombin

(S-Mp) were prepared using acacia gum and

characterized through Scanning Electron

Microscopy (SEM), Energy Dispersive X-

ray (EDX), Fourier Transform Infrared

Spectroscopy (FTIR), micromeritic analysis,

and dissolution studies. The anti-BPH

activity of S-Mp, blank particles (B-Mp),

and crude extracts was evaluated in vivo by

measuring prostate-specific antigen (PSA),

serum testosterone, and prostate index (PI)

in male rats. SEM analysis showed larger

particle sizes in S-Mp (50–80 µm)

compared to B-Mp (>50) which may

indicate the addition of active drug in the

blank microspheres or due to other cohesive

forces affecting particle size distribution,

drug agglomeration. EDX revealed the

presence of oxygen, sodium, carbon, and

sulfur in both S-Mp and B-Mp, with

significant compositional differences. FTIR

analysis identified additional peaks in S-Mp,

suggesting interactions with acacia gum.

Micromeritic analysis demonstrated

improved flow properties for S-Mp, with an

angle of repose of 27.9°, compressibility

index of 6.06%, and Hausner’s ratio of 1.06,

indicating better handling potential.

Dissolution studies revealed that S-Mp had

significantly higher absorbance values

compared to B-Mp at all time points,

indicating enhanced dissolution rates. The

absorbance of S-Mp steadily increased from

0.9085 at 5 minutes to 1.2600 at 60 minutes,

while B-Mp showed lower and relatively

constant values throughout. In vivo, the

crude extract demonstrated dose-dependent
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PSA reduction, peaking at 400 mg/kg, while

S-Mp showed maximum reduction at 100

mg/kg, with diminished effects at higher

doses. Encapsulation delayed release and

reduced overall efficacy, as reflected in the

dissolution data. Serum testosterone levels

also decreased significantly upon

encapsulation. S. mombin exhibits notable

anti-BPH activity, but microencapsulation

with acacia gum reduces efficacy due to

delayed release, despite improved

dissolution rates.

Keywords: Spondia mombin,

microencapsulation, pharmaceutics, benign

prostatic hyperplasia, acacia gum,

dissolution, prostate-specific antigen.

Introduction

Benign Prostatic Hyperplasia (BPH) is a

benign growth of the prostate gland that

typically affects older men and causes

problems related to urination. (Kim et al.,

2016). The prevalence of BPH rises with

age globally, impacting more than 50% of

men who are 50 years of age or older (Lee

et al., 2017; Xiong et al., 2020). Alpha-

blockers and 5-alpha reductase inhibitors are

two common treatments for BPH in

conventional medicine (Kim et al., 2018;

Lepor, 2016); nevertheless, adverse effects

and insufficient effectiveness have led to the

investigation of complementary and

alternative medicine. Drug delivery must

overcome biological barriers, minimize

adverse effects, and distribute therapeutic

chemicals to precise locations in the body in

a targeted and regulated manner, among

other difficulties (Adepu & Ramakrishna,

2021). These issues are addressed by

microencapsulation, which encapsulates

medications in tiny particles that are

frequently composed of biocompatible

materials (Singh et al., 2010). These

capsules range in size from 0.001 mm to 7

mm, and depending on their intended use,

they release their contents at a

predetermined time (Rani & Goel, 2021).

This method improves the drug's stability,

protects it, and permits a prolonged release

(Singh et al., 2010). Furthermore,

medications can be delivered to certain

tissues or cells through the use of

microencapsulation, increasing their

therapeutic efficacy and lowering systemic

toxicity (Lam & Gambari, 2014; Lengyel et

al., 2019). The precise control over release

kinetics and the ability to protect sensitive

drugs from degradation make

microencapsulation a valuable tool for

overcoming the complexities associated

with drug delivery (Lopez-Mendez et al.,

2021; H. Singh, 2023; Singh et al., 2010).

The capacity to precisely manage release

kinetics and shield delicate medications

from deterioration makes
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microencapsulation an invaluable tool for

navigating the challenges of drug delivery

(Sarode et al., 2024).

Spondia mombin is one of the herbal

remedies for BPH control that has been

studied (Iwu et al., 2022). It may have anti-

inflammatory and antioxidant qualities

(Adeniran et al., 2021; Asante Ampadu et al.,

2022; Nworu et al., 2011; Ogunro et al.,

2023). S. mombin, a member of the

Anacardiaceae family, is a plant species that

grows in Nigeria (Adeniran et al., 2021).

The fruit is known by several names in the

region: Iyeye or Yeye in Yoruba,

Ngulungwu in Igbo, Ughighen in Urhobo,

and Isada in Hausa (Aiyeloja & Bello, 2006;

Aromolaran & Badejo, 2014). Leprosy,

severe cough, diarrhoea, dysentery,

dyspepsia, gastralgia, colic, constipation,

haemorrhoids, gonorrhoea, leucorrhoea,

dystocia, postpartum haemorrhage,

inflammation have all been treated locally

with this plant (Iwu et al., 2022; Ogunro et

al., 2023; Osuntokun, 2018, 2019, 2019).

The objectives of this study are to produce

and analyze microencapsulated S. mombin

particles, compare the anti-BPH screening

efficaciousness of S. mombin extract and

microparticles, and experimentally validate

the use of S. mombin in the treatment of

BPH.

Materials and methods

Plant collection

The stem bark of S. mombin was obtained

from the Federal Research Institute of

Nigeria, located in Ibadan, Oyo State. This

collection involved a systematic and careful

harvesting process to ensure the quality and

authenticity of the plant material (Alamgir

& Alamgir, 2017). A voucher specimen was

deposited at the herbarium section of the

research institute

Animals

Male Wistar Rats weighing around 140 -

211.2 g were sourced from the Animal

House at the University of Benin, Edo State.

They were fed with a standard rat pelleted

diet (Bendel Feeds and Flower Mill, Edo

state, Nigeria) and water ad-libitum and

maintained under hygienic standard

laboratory conditions (temperature, 25 °C;

photoperiod, 12 h of natural light and 12 h

of dark).

Extraction

The stem bark of S. mombin was rinsed in

water and air-dried by spreading it on a

clean sack devoid of sand for 2 weeks. A

laboratory milling machine was used to

reduce the dried plant material to coarse

powder. The powdered plant material was

extracted with methanol using a Soxhlet

apparatus. The resulting extract was in turn
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concentrated to dryness using a water bath

(HH-S Water Bath; Searchtech Instruments)

at a temperature of 60 °C.

Preparation and characterization of s.

mombinmicrocapsules

Microencapsulation of S. mombin

In a modified coacervation process

(Thilagavathi et al., 2007), 40 g of acacia

was gradually made up to 400 mL with hot

water with stirred for 2 minutes on a hot

plate magnetic stirrer (Model TK23, Kartell,

Italy). The dispersion was allowed to stand

and swell for 1 hr. A mixture of 40 g S.

mombin and 40 mL sodium sulphate

solution (anti-aggregating agent) was made

and added to the swollen dispersion by

stirring on the hot plate for 2 minutes. An 80

ml absolute ethanol (for coacervation) was

added drop-wise at 1 mL/min from a height

of 5 cm. The coarse dispersion was kept in a

Pharmaceutical Lyophilizer Freezer Dryer,

(Harvest Right 110V Seven Tray Freezer

Dryer with Stainless Steel Vacuum Pump,

Model; SKU: HR-MEDPHRM) at - 18 C for

12 hr. The preparation was removed from

the freezer, pulverized to granule sizes, and

heated for 1 min at 140 C in an open Bunsen

burner flame to dry. The heated material was

allowed to cool to dryness. The dried

material was pulverized, passed through a

1.7 mm stainless steel sieve, packed,

labelled, and stored for further analysis.

Characterization of blank and SM-

Microparticles

Fourier Transform Infrared Spectroscopy

of Microencapsulated Spondia mombin L.

extract and blank

Fourier-transform infrared (FTIR) analysis

was used to identify the functional groups in

secondary metabolite compounds from the S.

mombin extract, and microencapsulated

products (Sangeetha et al., 2019). The FTIR

spectra for all the samples were obtained

using a Jasco FT-IR 4000/6000 series

spectrometer, Jasco Oklahoma, USA. A 5

mg sample was mixed with solid potassium

bromide (KBr) powder after which the

transmittance was recorded at wavelengths

of 700–4000 cm−1 (George et al., 2021).

Scanning electron microscopy (SEM) of

Microencapsulated Spondia mombin L.

extract and blank

Scanning electron microscopy Analysis of

the morphology of the S. mombin and

control microspheres was performed using a

JEOL JSM-65 10LV type scanning electron

microscope (SEM). The microcapsules were

coated with platinum. Resolution high

vacuum (HV) mode was 3.0 nm (30 kV),

low vacuum (LV) mode was 4.0 nm (30 kV),

and accelerating voltage ranged from 0.5 kV

to 30 kV (Jayanudin et al., 2019).
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Energy Dispersive X-ray (EDX) of

Microencapsulated Spondia mombin L.

extract and blank

The energy dispersive X-ray microanalytical

studies of the S. mombin and control

microspheres were carried out using the

same equipment for SEM (JEOL JSM-65

10LV type) provided with EDAX DX-4

eDXi System, version 2.11. Between 0 and

20 keV, EDAX spectra were obtained using

an X-ray detector that had an extremely

small window. The spectrum was collected

over 120 seconds (Liu et al., 2007).

Micromeritic Evaluation of

Microencapsulated Extract and Control

Angle of repose

The angle of repose, α, was determined by

measuring the height of the cone of the

powder and the width occupied by the

powder when poured by using the equation

below (Taylor &Aulton, 2021).

��� ( ∝ ) =
ℎ���ℎ�

0.5 × ����

Compressibility Index and Hausner ratio

The compressibility index and the Hausner

ratio were determined by measuring the

apparent unsettled volume, Vo, and the final

tapped volume, Vf, of the powder after

mechanically tapping a graduated measuring

cylinder containing the powder no further

volume changes occurred. The weight of the

powder was also determined using the

weight by difference method and was used

to calculate the Bulk density and tapped

density or vessel containing the powder

sample

The formula to obtain the Bulk and Tapped

densities is given below.

���� ������� (��) =
����ℎ� �� ������

��

������ ������� (��)

=
����ℎ� �� ������

��

The compressibility index and the Hausner

ratio are calculated by the following

Equations

��������������� ����� = 100 ×
�� − ��

��

������� ����� =
��

��

In vivo anti-bph effect of crude and

microencapsulated s. mombin particles

Induction of BPH using testosterone

In inducing BPH in the animals (Li et al.,

2018), 25 mg/kg of testosterone propionate

injection (Sustanon 250 mg/mL) dissolved

in olive oil was administered

subcutaneously to all Wister rats (n = 24)

except the normal control group (n=3) for

28 consecutive days after 7 days of

acclimatization of the entire animals.
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Biological evaluation of anti-BPH effect

Twenty seven male Wister rats were

grouped equally into nine (9) different

categories, namely; The negative controls

(NEC- distilled water), positive controls (PC

- 100 mg/kg Finasteride), normal controls

(NOC; no induction of BPH to this group)

while groups S1, S2 and S3 (S. mombin -

100, 200 and 400 mg/kg, and groups ES1,

ES2 and ES3 (microencapsulated S. mombin

- 100, 200, and 400 mg/kg body of

microencapsulated S. mombin) making three

rats per group. The oral administrations of

the samples were done for each group for 28

consecutive days.

Preparation of samples for biological analysis

On the last day of administration, the final

weight of the animals was taken, and the

animals were then anaesthetized using

chloroform and dissected. The prostrate was

carefully removed surgically using forceps

and scissors, the sample was immediately

transferred into a normal saline bath in a

sample bottle for homogenization and

further analysis (Smith & Xu,

2012).Untreated animals showed a

significant increase in prostate size

compared to the groups that received

treatment.

Additionally, the blood of each animal was

collected via cardiac puncture using a 5 mL

sterile syringe into each labelled clean

EDTA (to collect plasma) and non-coagulant

(plain; to collect serum) sample bottles and

frozen at 4℃ (Parasuraman et al., 2010)

Determination of serum PSA and serum

percentage prostate health index (PHI)

The homogenized prostate glands were

stored at 4℃ before centrifugation for 20

min at 1000×g at 4℃. The supernatant was

collected to carry out the assay. The blood

collection tubes prepared were disposable

and free from endotoxins. The fully

automated immunoassay device Access®

(Beckman Coulter, Brea, California) at Ekiti

State University Teaching Hospital was used

for the in vitro quantitative determination of

PSA concentrations and Prostrate Health

Index in the serum of the Wistar rats

Determination of Serum Testosterone

The amount of serum testosterone (ng/mL)

was assayed quantitatively using

testosterone coated-tube radioimmunoassay

kits (Siemens Healthcare Diagnostics, Inc.,

Washington D.C.), which had a lower limit

of detection of 0.04 ng/mL
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Dissolution study of the blank and sm-

microparticles

A calibrated dissolution apparatus (USP II)

was used with the paddle at 75 rpm and bath

temperature was maintained at 37 ± 0.5°C.

900mL freshly prepared 0.1 N HCl solution

was used as the dissolution medium.

Dissolution samples were collected at 5, 10,

15, 30, 45, and 60 min for the 0.5g blank

sample (B-Mp) and duplicates of 0.5g

Microencapsulated Spondia mombin

samples (S-Mp 1 and S-Mp 2) and replaced

with an equal volume of the fresh medium

to maintain a constant total volume. At each

time point, a 5 mL sample was removed

from each vessel and filtered into labelled

glass tubes, diluted and analysed by UV at

wavelength 300 nm.

Data analysis

One Way ANOVA was done to compare the

means of different groups as well as a

Dunnett’s test to analyze differences among

different means and the interaction between

the variables using GraphPad Prism 7

Software Package. Data was presented as

mean ± SEM of three replicates (n=3 per

animal group) and Differences at p ≤ 0.05

were considered statistically significant.

Results

Result of ftir analysis of blank and

microencapsulated particles of S. mombin

The FTIR analysis of the blank (B-Mp) and

microencapsulated particles of the plant

extract (S-Mp) showed several peak

similarities in terms of wavenumber and

intensity. Peaks with wave numbers 2929.7

and 2117.1 were observed with blank and

microencapsulated particles of S.

mombin spectra. However, despite the

similarities in these wavenumbers, the

difference in intensities was observed

((2929.7 - 80.111 (B-Mp) vs 70.984 (S-Mp)

and 2117.1 - 93.735 (B-Mp) vs 96.499 (S-

Mp)) indicating that both S. mombin extract

(core) and acacia (matrix) were mixed.

Microencapsulated particles were formed,

hence the changing intensity. Also, similar

wavenumbers in both indicate that the

matrix (acacia) is present in the S.

mombin microencapsulated formed, as

shown in Figure 5

However, there were some differences in

peaks which showed the peculiarity of the

blank (B-Mp) and S.

mombin microencapsulated particles (S-

Mp). Peak wavenumber 838.7 with an

intensity of 68.524 was noted in the B-Mp

but not in S-Mp particles, which might be a

distinct characteristic of acacia gum. In

addition, peak wavenumbers 1256.1, 1226.3,
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and 1599.0 with intensities of 80.262,

80.542, and 73.034 were not present in S-

Mp particles.

In addition, peak wavenumbers of 1110.7,

1449.9, and 1364.2 with intensities of

42.699, 71.605, and 68.665, respectively

were also peculiar to S-Mp particles but

absent in the B-Mp particles, these reflect

the composition of the active ingredient.

Figure 5: FTIR Spectroscopy of the blank microparticles (B-Mp).

Figure 6: FTIR Spectroscopy of microencapsulated S. mombin (S-Mp) particles.

Scanning electron microscopy (sem) and edx microanalysis of microencapsulated
extract and blank

A backscattered electron detector (BSD) that detects elastically scattered electrons was used
in the SEM. A comparison of the SEM of both B-Mp and S-Mp at a magnification of ×1500
(Figures 7a and 7b) showed that the S-Mp particle size is bigger with a diameter greater than
50 microns. This may either be due to which may indicate the addition of active drug in the
blank microspheres or due to other cohesive forces affecting particle size distribution . The
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microparticles of the B-Mp were smooth and sharp-edged whereas S-Mp particles were more
granular.

A comparison of the SEM of both the B-Mp and S-Mp at a magnification of ×1000 (Figures
8a and 8b) shows that the particle size of the S-Mp particles has a diameter of around 80
microns. This is not true for the B-Mp which has less than 50 microns in width. The observed
microparticles at this magnification of the blank are also smooth and sharp-edged whereas S-
Mp is more granular.

In addition, a comparison of the SEM of both the B-Mp and S-Mp at a magnification of ×600
(Figures 9a and 9b) shows that S-Mp has a width diameter of bigger than 100 microns. The
B-Mp still has width sizes which have less than 50 microns. Similar to the ×1000 and ×1500
magnifications, the observed microparticles at this magnification of the blank is also smooth
and sharp-edged whereas S-Mp maintains its more granular texture. Similar to the 1000× and
×1500 magnifications, the particle sizes of S-Mp are observed to be oval in shape and its
particle size distribution has more fines or smaller particles below 25microns, as compared to
the blank, some particles of the microencapsulated Spondia mombin and a majority of the
blank were observed to have irregular shapes with sharp edges.
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Figure 7a: SEM of B-Mp at ×1500 Figure 7b: SEM of S-Mp at ×1500

Figure 8a: SEM of B-Mp at ×1000 Figure 8b: SEM of S-Mp at ×1000

Figure 9a: SEM of B-Mp at ×600 Figure 9b: SEM of S-Mp at ×600
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Figure 10: EDX microanalysis of S-Mp showing the 3 identified spots where EDX
analysis was done
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A backscattered electron detector was also used in the EDX microanalysis at ×400
magnification. The elemental constituents in the B-Mp and S-Mp particles were determined.
However, three spots were identified and tested for the elements they contained at those spots.
The spots were numbered Spot 1, Spot 2 and Spot 3 and they were compared (Figure 10,
Table 4 - 6), prevalent elements that can be observed in EDX analysis were Oxygen, Sodium,
Carbon and Sulphur in Spot 1, Oxygen, Calcium, and Sulphur in Spot 2 and Oxygen, Sodium,
and Carbon in Spot 3. In all three spots, Oxygen presented with the most atomic and weight
concentrations at 66.09% and 58.70 % which is similar to the values found in S-Mp particles
at 63.60% and 56.18% in Spot 1, 75.25% and 57.37% in Spot 2, and 67.23% and 63.98% in
Spot 3 which is also remarkably similar to the values found in S-Mp particles at 66.50% and
63.47% in Spot 3.

Table 4: Constituent elements in Spot 1 of the EDX analysis of S-Mp particles.

Table 5: Constituent elements in Spot 2 of the EDX analysis of S-Mp particles.

Element Number Element Symbol Element Name Atomic Conc. Weight Conc.

8 O Oxygen 63.60 56.18
11 Na Sodium 21.57 27.38
6 C Carbon 8.86 5.87
16 S Sulphur 5.97 10.57

Element
Number

Element
Symbol

Element
Name

Atomic
Conc.

Weight
Conc.

8 O Oxygen 52.06 39.49
11 Na Sodium 28.79 31.38
16 S Sulfur 19.16 29.13
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Table 6: Constituent elements in Spot 3 of the EDX analysis of S-Mp particles.

In contrast to S-Mp particles, sodium was only found in two spots, and a different element
calcium was also observed, this could be a random occurrence as there may be a large
number of elements that may be present in trace amounts throughout the analysed samples,
but in all cases, oxygen was most predominant in the microencapsulated samples.

Figure 11: EDX microanalysis of B-Mp showing the 3 identified spots where EDX
analysis was done

Element
Number

Element
Symbol

Element
Name

Atomic
Conc.

Weight
Conc.

8 O Oxygen 66.50 63.47

11 Na Sodium 19.14 26.25

6 C Carbon 14.36 10.29
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Table 7: Constituent elements in Spot 1 of the EDX analysis of B-Mp

Table 8: Constituent elements in Spot 2 of the EDX analysis of B-Mp

Table 9: Constituent elements in Spot 3 of the EDX analysis of B-Mp

Result from micromeritic evaluation of microencapsulated extract and control

The flow and compressibility characteristics of two different powder samples, B-Mp and S-
Mp, were evaluated using various parameters, including bulk and tapped densities,
compressibility index, and Hausner’s ratio (Table 10). The angle of repose, which is a
measure of flowability, was found to be 32.00° for B-Mp and 27.90° for S-Mp, indicating that
S-Mp has slightly better flow properties compared to B-Mp.

B-Mp exhibited a bulk density of 0.71 g/mL, while S-Mp had a higher bulk density of 0.93
g/mL. Similarly, the tapped density for B-Mp was 0.81 g/mL, whereas S-Mp showed a higher
tapped density of 0.99 g/mL. These results suggest that S-Mp particles are more closely
packed than B-Mp particles when subjected to tapping.

The compressibility index, which reflects the powder’s ability to decrease in volume under
pressure, was calculated to be 12.35% for B-Mp and 6.06% for S-Mp. Lower compressibility
indices generally indicate better flowability, with S-Mp demonstrating superior flow

Element
Number

Element
Symbol

Element
Name

Atomic
Conc.

Weight
Conc.

8 O Oxygen 66.09 58.70
11 Na Sodium 18.17 23.19
6 C Carbon 8.89 5.93
16 S Sulphur 6.84 12.18

Element
Number

Element
Symbol

Element
Name

Atomic
Conc.

Weight
Conc.

8 O Oxygen 75.25 57.37
20 Ca Calcium 12.60 24.06
16 S Sulphur 12.15 18.57

Element
Number

Element
Symbol

Element
Name

Atomic
Conc.

Weight
Conc.

8 O Oxygen 67.23 63.98

11 Na Sodium 19.32 26.42

6 C Carbon 13.44 9.60
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properties compared to B-Mp. Hausner’s ratio, another measure of flowability, further
supports this finding, with values of 1.14 for B-Mp and 1.06 for S-Mp. Typically, a Hausner’s
ratio close to 1.00 suggests good flowability; thus, S-Mp exhibits better flow properties than
B-Mp.

Table 10 Micromeritic Results of Microencapsulated Extract and Control

Parameters B-Mp S-Mp
The base of Cone (cm) 4.80 6.80
Height of Cone (cm) 1.50 1.80
Angle of Repose (o) 32.00 27.90
Bulk Volume (mL) 9.40 9.60
Tapped Volume (mL) 8.20 9.00
Weight of Powder (g) 6.68 8.88
Bulk Density (g/mL) 0.71 0.93
Tapped Density (g/mL) 0.81 0.99
Compressibility Index (%) 12.35 6.06
Hausner’s Ratio 1.14 1.06

Effect of b-mp and s-mp particles on serum psa in BPH-induced male animals

Results from Figure 12A – C, showed that S. mombin extract possesses a significant anti-BPH
effect in a dose-dependent manner.

A
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B

C
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A – Effect of different doses of S. mombin extract; S1 -3 implies 100, 200, and 400 mg/kg,
respectively of Spondia mombin)

B – Effect of different doses of microencapsulated S. mombin (ES 1 -3 implies 100, 200, and
400 mg/kg respectively of S-Mp while NEC indicates S-Mp

C – Comparative effect of B-Mp and S-Mp at 400 mg/kg

Mean of three replicates. n=3. Values with superscripts * indicate a significant difference
relative value of negative control p<0.05 using Dunnett´s test

Figure 12A - C: Influence of S. mombin, B-Mp, and S-Mp on serum PSA level in BPH-
induced male animals

Moreover, the highest amount of PSA (4.82 ng/mL) was observed at 400 mg/kg, which is
significantly different at p<0.05 from 13.49 ng/mL observed with negative control (B-Mp) as
well as 2.51 and 1.79 ng/mL observed with finasteride (positive control) and normal control,
respectively as shown in Figure 12A. In addition, a reduction in activity was observed upon
encapsulation as shown in Figure 12B. The observed activity of the three doses of ES (also
called S-Mp) indicated a high amount of PSA, which is not significant from the values
observed with the negative control (B-Mp). Comparative anti-BPH activity at 400 mg/kg of
both crude extract of S. mombin and microencapsulated particles of S. mombin showed a loss
in activity which might be due to delayed release of the core (S. mombin) from acacia gum
matrix, as indicated in Figure 12C.

Effect of samples on serum testosterone in BPH-induced male animals

Considering the effect of all the samples on serum testosterone, it was observed that crude
extract, blank, and S. momobin microencapsulated particles have no significant effect on the
serum testosterone level for all the male animals as observed in Figure 13A, B, and C.

A



Gum Arabic microencapsulated Spondia mombin particles Igharo et al.

JCBR Vol 4 Is 5 Sept-Oct 2024 18211821

B

C

A – Effect of different doses of S. mombin extract; S1 -3 implies 100, 200, and 400 mg/kg,
respectively of Spondia mombin)

B – Effect of different doses of microencapsulated S. mombin (ES 1 -3 implies 100, 200, and
400 mg/kg respectively of S-Mp while NEC indicates S-Mp

C – Comparative effect of B-Mp and S-Mp at 400 mg/kg

Mean of three replicates. n=3. Values with superscripts * indicate a significant difference
relative value of negative control p<0.05 using Dunnett´s test
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Figure 13A - C: Effect of S. mombin, B-Mp, and S-Mp on serum testosterone level in
BPH-induced male animals

Effect of samples on animal weights

Results obtained from Figure 14A – D showed that the weight of the Wistar rats before and
after treatment, there was an increase in weight of the animals administered with S.
mombin extract, B-Mp, and S-Mp. It is noteworthy to state that, a slight reduction in the
weight of the animals administered with B-Mp (negative control) was observed, although the
reduction is insignificant as observed in Figures 14A, B, and C. Also, a slight improvement in
weight was observed among the animals administered with the crude extract of S. mombin,
this might explain the reason for the improved promising effect observed in the results of
PSA and prostrate index.

A
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B

C
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D

A –animal weight before treatment with S. mombin

B –animal weight after treatment with S. mombin

C – animal weight after treatment with microencapsulated S. mombin (ES) sample

D - relative weight of the male animals before and after treatment with S and ES)

Mean of three replicates. n=3. Values with superscripts * indicate a significant difference
relative value of negative control p<0.05 using Dunnett´s test

Figure 14A - D: Animal weight before the induction and after the treatment of
testosterone-induced BPH in male animals
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Effect of samples on the prostrate index in BPH-induced male animals

The influence of the S. mombin, B-Mp, and S-Mp on the prostrate index of animals induced
with BPH (Figure 15). The result showed that S-Mp and S. mombin induced a reduction in
the percentage prostrate index, although the percentage reduction is not significant (p=0.0630)

The values above are the mean of three replicates. n=3. Values with superscripts * indicate a
significant difference relative value of negative control p<0.05 using Dunnett´s test

Figure 15: Percentage prostrate index of the animal induced with BPH
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Dissolution profiles of blank and microencapsulated Spondia mombin

Overall, the microencapsulated Spondia mombin demonstrated superior dissolution
characteristics compared to the blank, as evidenced by the higher absorbance values at all
time point (Figure 16).

Figure 16. Dissolution Profiles of B-Mp and S-Mp
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Discussion

Characterization of microencapsulated

Spondia mombin l. leaf extract

Microcapsules are known to contribute to

the protection of important bioactive (Dias

et al., 2015; Sarode et al., 2024). They also

possess a wide range of applications in the

food industry and pharmaceutical industry

(Agnihotri et al., 2012; Sarode et al., 2024).

SEM analysis revealed differences in

particle size and morphology between the

blank (B-Mp) and microencapsulated (S-Mp)

particles, with S-Mp displaying a granular

texture and larger size, indicating

agglomeration of the active drug, while B-

Mp showed smooth, sharp-edged particles.

EDX microanalysis highlighted elemental

differences, with oxygen being the

predominant element in both, showing

atomic concentrations of 52.06% to 75.25%,

reflecting the organic nature of the materials.

Sodium was present in both samples, though

in higher concentrations in S-Mp,

suggesting its role in the encapsulation

matrix. Carbon and sulfur were detected in

varying amounts, while calcium was found

only in the blank, possibly indicating

contamination or a difference in matrix

composition between the samples.FTIR

analysis of B-Mp and S-Mp revealed

similarities and differences. Specific peaks

in S-Mp at 1110.7, 1449.9, and 1364.2

wavenumbers were absent in the B-Mp,

emphasizing the presence of acacia gum in

the blank and highlighting the composition

of the active ingredient in the

microencapsulated extract. It is noteworthy

to state that little or no information has been

seen vis a vis SEM analysis of S. mombin

from previous literature. However Adeyemi

et al., (2020) produced a simple non-toxic

product of green metallic (Ag, Zn and Cu)

nanoparticles using the leaf of Spondias

mombin and also highlighted that the

particles produced exhibited antimicrobial

potential.

The angle of repose is a key indicator of

powder flowability (Taylor & Aulton, 2021).

In this study, the microencapsulated samples

B-Mp and S-Mp exhibited angles of repose

of 32.00° and 27.90°, respectively. These

values suggest that both samples have

moderate flow properties, with S-Mp

displaying slightly better flowability than B-

Mp (Shah et al., 2023). The lower angle of

repose in S-Mp indicates reduced

interparticle friction, which can be attributed

to the differences in particle size, shape, or

surface characteristics between the two

samples (Shah et al., 2023). The

compressibility index and Hausner’s ratio

are vital parameters for understanding the

powder’s behaviour under compression. B-

Mp exhibited a compressibility index of

12.35%, while S-Mp had a lower
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compressibility index of 6.06%. A lower

compressibility index typically indicates

better flowability and lower susceptibility to

caking (Taylor & Aulton, 2021). The

corresponding Hausner’s ratios were 1.14

for B-Mp and 1.06 for S-Mp, with values

closer to 1.00 indicating superior flow

properties. These findings suggest that S-

Mp is less compressible and has better

flowability, making it potentially more

suitable for applications requiring precise

dosage and consistent performance (Taylor

&Aulton, 2021).

The characterization of the

microencapsulated Spondia mombin L. leaf

extract reveals important differences

between the two samples, B-Mp and S-Mp,

in terms of flowability, density, and

compressibility. S-Mp, with its lower angle

of repose, higher bulk and tapped densities,

lower compressibility index, and more

favourable Hausner’s ratio, demonstrates

superior physical properties compared to B-

Mp (Taylor & Aulton, 2021). These

characteristics are crucial for the successful

formulation of powders intended for oral

delivery, where uniformity, ease of handling,

and stability are essential (Taylor & Aulton,

2021).

Biological effects of methanolic crude

extract and microencapsulated extract of

Spondia mombin l. in the management of

benign prostatic hyperplasia

In addition, the crude extract of S. mombin

demonstrated a dose-dependent reduction in

PSA, with the most significant effect

observed at 400 mg/kg. However, S-Mp

showed a maximum reduction at 100 mg/kg,

with diminishing efficacy at higher doses

compared to the crude extract. The crude

extract exhibited superior PSA reduction

activity than S-Mp. A reduction in serum

testosterone was observed upon

encapsulation of the crude extract of S.

mombin, with the most effective decrease

observed at 200 mg/kg. Crude extract

showed fluctuating testosterone levels at

100 mg/kg, while microencapsulated extract

maintained consistent values. The disparity

in testosterone levels suggests variations in

their physiological effects. Both crude and

microencapsulated extracts increased

relative animal weight, with the crude

extract inducing more weight gain. The

varied effects on weight may be attributed to

differences in formulation and drug release

profiles. Both crude extract of S. mombin

and S-Mp reduced the percentage prostate

index compared to the B-Mp, although no

significant difference in the impact was

observed among the crude extract, It is

noteworthy to state that the variations in
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efficacy, especially in PSA reduction, serum

testosterone levels, and percentage prostate

index, suggest that the encapsulation

process significantly influences the

bioavailability and pharmacological activity

of S. mombin, this can be observed via the

reduction in activity observed upon

encapsulation. This reductive effect might

be linked to the delayed release of the plant

extract by the acacia gum matrix. Further

studies should explore the underlying

mechanisms influencing these variations

and optimize the microencapsulation

techniques for enhanced therapeutic

outcomes. However, no experimental data

have shown the anti-BPH potential of both

crude extract and microencapsulated

particles of S. mombin based on our findings,

but S. mombin extracts have been reported

to selectively inhibit cell proliferation in the

tumour cell line for prostate cancer (PC3)

and did not significantly affect healthy cells

(Guedes et al., 2020).

The study demonstrates several strengths,

particularly in its use of diverse

characterization techniques such as

Micromeritic evaluation, SEM, EDX, and

FTIR analysis, providing a comprehensive

understanding of the physical and chemical

properties of microencapsulated Spondia

mombin. This thorough approach enhances

the reliability of the findings. The biological

relevance of the research is also a major

strength, as it investigates the effects of

crude and microencapsulated S. mombin on

BPH-induced male animals, assessing

parameters like PSA reduction, serum

testosterone, and prostate index.

Additionally, the dose-dependent analysis

provides valuable insights into the optimal

dosage for therapeutic efficacy, making the

study more applicable to clinical settings.

The study contributes significantly to the

knowledge of S. mombin’s therapeutic

potential, particularly its anti-BPH effects. It

offers new insights into how

microencapsulation with acacia gum affects

the release profile and efficacy of S.

mombin’s bioactive compounds, providing a

basis for optimizing drug delivery systems.

Comparative pharmacological analysis

between crude and microencapsulated forms

furthers understanding of their physiological

effects, particularly in PSA reduction and

prostate health. The research highlights the

need for optimization in microencapsulation

techniques, directing future studies towards

improving the bioavailability and efficacy of

S. mombin extracts.

Dissolution study of microencapsulated

Spondia mombin l. leaf extract

The dissolution study results indicate that

the microencapsulation of Spondia mombin

significantly improves its dissolution profile

compared to the blank microencapsulated
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formulation. The higher absorbance values

for the Spondia mombin extract suggest

enhanced solubility and possibly better

bioavailability, which can be attributed to

the microencapsulation process (Chen et al.,

2019). Microencapsulation is known to

improve dissolution rates by reducing

particle size, increasing surface area, and

enhancing the interaction of the active

ingredient with the dissolution medium

(Jyothi et al., 2010; Kuang et al., 2010). In

this study, Spondia mombin demonstrated a

steady increase in absorbance over time,

indicating a sustained and gradual release of

the active components. This is particularly

important for formulations that require

controlled or extended release, as the

gradual increase in absorbance reflects the

efficient release of the encapsulated

compound. By 60 minutes, the absorbance

for Spondia mombin extract reached its peak

(1.2600), indicating that the

microencapsulation process was effective in

enhancing dissolution, possibly due to

improved wettability or interaction with the

dissolution medium. This finding is

consistent with other studies that show

microencapsulation can lead to improved

dissolution rates, particularly for poorly

soluble compounds (Khadka et al., 2014;

Molina et al., 2022).

Conclusions

The field of herbal medicine is advancing

through the standardization and

modification of herbal extracts, alongside

innovations like microencapsulation, which

enhances stability, bioavailability, and

controlled drug release. This study

demonstrates that S. mombin has significant

anti-BPH activity, supporting its traditional

use in prostate health. However,

encapsulation with acacia gum reduced the

extract’s efficacy, suggesting a need to

optimize the process for improved

bioavailability. Future research should focus

on refining microencapsulation techniques,

evaluating the drug release profiles, and

comparing encapsulating agents to

maximize therapeutic potential. Long-term

studies are essential to assess the safety and

efficacy of both crude and encapsulated

forms of S. mombin.
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