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ABSTRACT

This study was carried out to screen for anti-trypanosomal activities of Sterculia setigera
crude and nano-conjugated ethanol extracts of synthesized gold nanoparticles (AuNPs).
Fresh stem bark of S. setigera was separately extracted with ethanol (ES) and aqueous
(AS) followed by green synthesis/reduction of ethanol extract with AulNPs, and its
formulation into nano-conjugate with the addition of standard drug Diminazine aceturate
(berenil). The synthesized AuNPs were also characterized. Both the extracts and drug
were separately administered to Trypanosoma brucei brucei infected animals orally at
200mg/kg bodyweight for 12 consecutive days. Two separate groups were infected
untreated and infected treated with Diminazine aceturate (Berenil) to serve as positive
and negative controls respectively. Similarly nanoconjugates of S. satigera and berenil
were also orally administered to different groups of rats for 12 days consecutively. The
results showed that the ethanol extract treated group recorded significant decrease in
parasitaemia than the aqueous treated group when compared with the untreated control
groups (p<0.05). Furthermore, treatment with both the nanoconjugates effectively
cleared the parasites from the blood circulation of the infected animal (p<O0.05).
Bodyweight and PCV of treated groups improved significantly in all the treated animals
(p<0.05). The ethanol extract of S. setigera exhibited trypanostatic activity while its
nano-conjugated was trypanocidal.

Keywords: Nanotechnology, Gold nanoparticles, Sterculia setigera, Antitrypanosomal,
Nanoconjugated, Parasitaemia.

INTRODUCTION increased parasite resistance (Afewerk et al.,
One of the neglected tropical infectious diseases ~ 2000), which maintains its resistance after
that affect human and animal, transmitted by  cyclical tsetse transmission (Gray and Robert,
the bite of tsetse flies, African trypanosomiasis, 1971). Moreso, for most pharmaceutical
is prevalent in sub-Saharan Africa (Brun ef a/,  companies, the high cost of developing new
2010). In humans, the disease is caused by two  drugs, with little prospect of a fair financial
sub-species of the protozoan T7rypanosoma  return on their research and development
brucei while the African animal trypanosomiasis  investment, is a significant disincentive. Plants
is caused by 7. congolense, T. vivax, T. simia, T. have always been a common source of orthodox
evansi and T. b. brucei (Brun et al, 2010). drugs. In Africa, traditional medicine has a
Protozoan disease is responsible for significant  strong position in medical and veterinary care in
morbidity and mortality worldwide. An estimated  the form of herbal therapy (Felerman, 2001).

60 million people are at risk of African Sterculia setigera, Del (synonyms- S. tomentose,
trypanosomiasis infection with approximately  Guill and Perr), is a savanna tree wide spread in
300, 000 new cases every year (WHO, 1998). tropical Africa. The plant S. setigera has been
The most widely accepted method of managing used in traditional medical practice by various
the disease involved the use of trypanocidal = communities in Africa (Tor-Anyiin ef a/ 2011).
drugs. The few available drugs, however, are  The anti-viral activity of S. setigera against three
faced with problems ranging from high cost, human and three animal viruses (Poliovirus
toxicity to prolonged duration of administration (type 1), astrovirus, human herpes simplex virus
(Onyekwelu, 1999). The common, unregulated (type 1), equine herpes simplex virus, bovine
and underdosed use of the few drugs against  parvovirus and canine parvovirus have also been
the trypanosomes by quacks has resulted in  reported (Caleb and Myint 2000). Several studies
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have provided supporting evidence of the use of
this plant as an antimicrobial and anti-
inflammatory in folk medicine (Babalola et al.,
2012).

Nevertheless, nanomedicine via nanocarrier and
nano-delivery systems are rapidly developing
sciences where materials in the nanoscale range
are employed to serve as means of diagnostic
tools or to deliver therapeutic agents to specific
targeted sites in a controlled manner (Jayanta et
al, 2018).Gold nanoparticles (AuNPs) are
particularly preferable because of their favorable
properties such as non-toxicity, ease of
functionalization via ligand exchange, which
enhances the capability of binding with drug
molecules and simple fabrication in various sizes
and shapes. Hence, AuNPs, owing to their small
size, can be good candidates as drug carriers
(Kimling et al, 2006).The high cost of
trypanocides, their unavailability in remote
areas, and, in particular, resistance (Afewerk et
al2000) and their serious side effects have all
led the pendulum of medical treatment to swing
back to the side of traditional medicine in recent
years. The importance and value of traditional
and indigenous herbal medicine was the subject
of a campaign of the World Health Organization
(WHO).

The purpose of this research was therefore to
determine the efficacy of the trypanocidal
activities of Sterculiasetigera crude and it's
AuNPs-nano-conjugate against 7. brucei brucei
infection in mice.

Experimental

Materials

The chemicals used in this study include
polyethylene glycol (Molecular Weight = 2000),
1 mM Hydrogen tetra auric acid (HAuCl;) and
ethanol. The parasite (7rypanosoma brucei
bruce)) used was Federe strain obtained from
the Nigeria Institute for Trypanosomiasis
Research (NITR) Kaduna, Kaduna State, Nigeria.
Healthy albino mice of weighing between 25-27g
were purchased from Ahmadu Bello University
Zaria. They were fed with rat pellets and were
allowed to tap water ad /ibitum throughout the
study period. The experiments were conducted
in strict compliance with internationally accepted
principles for laboratory animals’ use and care as
contained in the Canadian Council on Animal
Care Guidelines and Protocol Review (Ernest et
al, 1993) as approved by the departmental
committee on postgraduate studies of the
Federal University of Technology, Minna.
Collection and Identification of the Plant Material
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The Stembark of Sterculia setigera was
harvested from Gidan-kwano area of Federal
University of Technology, Minna, Niger state,
Nigeria. It was identified and authenticated in
the Department of Plant Biology, Federal
University of Technology, Minna, Nigeria with a
voucher number, FUT/PLB/STER/001.
Preparation and Extraction of plant sample

Fresh stem of S. setigera together with the
barkwas washed with distilled water, and then
air dried at room temperature (25x3°C)for
fourteen days at the research laboratory of the
Department of Biochemistry, Federal University
of Technology Minna, Niger State. The plant
material was milled to coarse powder using a
mortar and pestle, and then kept in refrigerator
(-4°C).Powdered S. setigera (30g)was extracted
by reflux for 2 hours with 300 ml each of ethanol
and deionized water respectively. These extracts
produced ethanol (ES) dried by heating in a
water bath set at 40°C for 24 hours while the
aqueous (AS) extract was dried using steam
bath and percentage yield was then calculated.
The dried extracts were finally stored in the
refrigerator until required.

Phytochemical Screening of the Extracts

The qualitative phytochemical screening of the
plant extracts was carried out as described in
the methods of Sofowora (1993)to confirm the
presence of alkaloids, saponins, tannins,
steroids, flavonoids, terpenes, phenols and
cardiac glycosides

Synthesis of Gold Nanoparticle

Fresh stem bark of Sterculia setigera was
washed with running tap water and rinsed with
distilled water and then air dried at room
temperature. The dried bark was then reduced
into coarse form using mortar and pestle. Five
grams (5g) of powdered S. setigera stem bark
extract was transferred into 100 ml of sterile
deionized water Erlenmeyer flask.The solution
was heated and allowed to boil for 3 minutes. It
was cooled and filterered using whatman filter
paper. The qualitative phytochemical analysis
was carried out on the
plant extract according to the methods of
Sofowora (1993) to confirm the presence of
alkaloids, saponin, flavonoids, cardiac
glycosides, tannins, steroids, phlobatannin,
terpenoids and anthraquinones. Then 0.5ml of
filtrate was added to 9.5 ml of aqueous 1
mMHAUCI, solution for the reduction of Au®*
according tothe method described by Sivaraman
et al(2009). Colour change was observed and
UV-Vis  spectrophotometer was used to
determine the wavelength.
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Characterization of Synthesized Gold
Nanoparticle

The Ultraviolet-Visible spectrophotometry
measurement of the synthesized gold

nanoparticle was carried out using a UV 1800
Shimadzu spectrophotometer. The various peaks
present in the mixture were measured over a
range 190-800 nm. Dynamic Light Scattering
(DLS) Malvern Zetasizer was used to measure
the hydrodynamic particle size and distribution
while High Resolution Transmission Electron
Microscope (HRTEM, JEOL 1200EX) measured
the morphological structure, shape and purity of
particle produced (Shittu et al, 2017). The
HRTEM analysis comes along with Energy
Dispersive X-ray Spectroscopy (EDS) and
Selected Area Electron Diffraction to determine
the elemental composition and crystallinity of
the sample respectively. Raman spectroscopy
analysis was utilized to investigate the attached
functional groups in the sample.
Functionalization of Gold Nanoparticles (AuNPs)
The conjugation was carried out using
synthesized S. setigera gold nanoparticle and
powdered S. setigera extract to form nano-
Sterculia setigera conjugate. The conjugate was
functionalized using  polyethylene  glycol
(Molecular Weight = 2000).

The functionalization of the AuNPs was carried
out using a standarddrug (Diminazene
aceturate) and polyethylene glycol (PEG).
Different formulations were formed from three
individual components to form three different
composites. The first formulation
(composite of PEG, gold nanoparticles and the
extract) was prepared by adding 0.5 ml of
synthesized gold nanoparticle with 0.2 g of
powdered S. setigera stem bark extract and
properly stirred. Polyethylene glycol (2g) was
then added and the resulting mixture was stirred
for 1 hour using magnetic stirrer, and denoted
as PNS. Second formulation (composite of
polyethylene glycol and gold nanoparticles (PN)
was obtained using 0.2 g of powdered S.
setigera stem bark extract added to 0.5 ml
sterile deionized water. Two grams (2 g) of PEG
was also added to the mixture with proper
stirring for 1 hour and this was denoted as PS.
The third formulation (composite of PEG and the
plant nanoparticle) was obtained by adding 0.5
ml of synthesized S. Setigera gold nanoparticle
was added to 2 g PEG, and then stirred for 1
hour. The resulting mixture was denoted as PN.
All the formulations were compounded into
tablet form and left for 24 hrs in an incubator

set at 37 °C to enable wet digestion of the
mixture, and then properly air dried.

Similar procedures for the 3 formulations were
also carried out replacing plant extract with the
standard  trypanocidal drug, diminazene
aceturate at 0.0035g.

Concentration of the Drug Release

Three test tubes containing 3 ml of sterile
deionized water were set up for each of the
formulations above. The tablets were separately
dissolved in each testube in a sterile
environment for 3, 6 and 9 minutes. The height
of each tablet and its diameter were first
measured and then placed in a 3ml of sterile
deionized water for 3min, then removed and the
height and diameter were measured. The
process was repeated at various time intervals
until the whole tablet dissolved. The standard
concentration of the drug and the absorbance of
the various formulations were measured using
the UV - Visible spectrophotometer (Shittu et
al2017).

Inoculations of Laboratory Animals

Blood from heavily infected donor mouse was
obtained by cardiac puncture and collected with
EDTA coated syringe to avoid clotting. The blood
was immediately diluted with physiological saline
(pH 7.4) to give 1.0 x 10’ parasites per ml to
serve as inoculum. Healthy mice for testing all
the extract and nanoconjugates were then
infected intraperitoneally with 0.1ml of the
inoculum containing 10° trypanosomes/ml.
Screening for Antitrypanosomal Activities of
Extracts

The extracts were screened forantitrypanosomal
activity using sixteen (16) mice grouped into A -
D of four (4) animals each. All Animals were
infected with 0.1ml containing 1x10°parasites.
Mice in groups A and B were untreated and
Berenil treated at 3.5 mg/kg respectively while
groups C and D mice were treated orally with
ethanol and aqueous extracts at 200 mg/kgbw
for 12 consecutive days respectively. The details
of animal grouping are as shown below:

Group A: infected and untreated (negative
control) (INT),

Group B: infected treated with standard drug
(positive control) (ITD),

Group C: infected treated with Sterculiasetigera
ethanol extract (ITES),

Group D: infected treated with Sterculiasetigera
aqueous extract (ITAS)

Screening for Antitrypanosomal Activities of the
Nanoconjugates
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This involved using a total of thirty-six (36) mice
grouped E-M comprising of four animals per
group. All the mice were infected with 0.1ml of
infected blood containing 1 x 10° parasites and
treatment with S. satigera conjugated nano-
extract and diminazene aceturate were also by
oral administration of 0.2ml each of the drug
released at 3, 6 and 9 minutes for 12
consecutive days. The detail of animal grouping
was shown below:

Group E: infected, treated with S. setigera gold
nanoparticle plus PEG" (PN, negative control)
Group F: infected treated with free Diminazine
aceturate (ITFPD)

Group G: infected treated with free S. setigera
extract (ITFPS)

Group H: infected treated with 3 minutes release
S. setigera conjugated nano-extract (IT3PNS)
Group I: infected treated with 6 minutes release
S. setigera conjugated nano-extract (IT6PNS)
Group J: infected treated with 9 minutes release
S. setigera conjugated nano-extract (IT9PNS)
Group K: infected treated with 3 minutes release
Diminazine aceturate conjugate (IT3PND)

Group L: infected treated with 6 minutes release
Diminazine aceturate conjugate (IT6PND)

Group M: infected treated with 9 minutes
release = Diminazine  aceturate  conjugate
(IT9PND).

Monitoring the Activities of the Extracts

A drop blood samples collected from the tail end
prick of each mouse were examined for the
parasitemia at 2 days interval using the
microscope (Herbert and Lumsden, 1976). The
Packed Cell Volume (PCV) was determined at
the commencement of treatment, and after 12
days post-treatment using the haematocrit
centrifuge. The anti-trypanosomal effect of the
extracts was assesed by comparing the level of
parasitaemia (expressed as log of absolute
number of parasites per milliliter of blood) in the
treated animals with that of the control animals.
Data Analysis

All data obtained in this work were statistically
analyzed using analysis of variance (ANOVA) and
Students T - test. Data obtained were subjected
to a one-way analysis of variance to derive
mean values of parasitemia among the treated
groups and were considered to be significantly
different if the level of probability was < 0.05.

RESULTS

Percentage Yield and
Compositions of the Extracts
The percentage yield after the ethanol and
aqueous extraction was 10.15% and 31.91%
respectively. The aqueous extract of the plant,
S. setigera showed a higher yield than ethanol
extract. The phytochemicals present in the plant
extracts are presented in Table 1 below.

Phytochemical

Table 1: Phytochemical Composition of S. setigeraStemback Extract

Phytochemicals Inference
Agueous Ethanol

Tannins + +
Flavonoids + +
Saponins + +
Alkaloids + +
Cardiac glycosides + +
Steroids - -
Phenol - -
Terpenes -

Keys: (+) present, (-) absent.

Antitrypanosomal Activity of S. setigera crude
extracts

It was observed that there was appearance of
parasite in the blood stream of the infected
animals after forty-eight hours (2 days) of
infection. The ethanol extract of Sterculia

setigera (ITES) treated group recorded reduced
parasitaemia when compared with the infected
not treated group (INT). The aqueous treated
group (ITAS) recorded steady increase in
parasitaemia (Figure 1).
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Figure 1:Parasitaemia (x10%/ml) of infected Mice and Treated with Sterculia setigeraEthanol and

Aqueous Extracts
Key
IT AS: Infected treated with aqueous extract of Sterculia setigera
ITES: Infected treated with ethanol extract of Sterculia setigera
INT: Infected not treated (Negative control)
ITD: Infected treated with standard drug (positive control)

Synthesis of Gold Nanoparticles

Figure 2: Changes in colour in the syntheis of Gold Nanoparticles

The Figure 2shows the colour change observed during the synthesis of gold nanoparticles.The (A)
showed the aqueous stem bark extract of Sterculia setigera which was slightly red in colour, (B) was
the gold chloride solution yellow in colour before reaction, and (C) was the reddish colloidal dispersion
formed within three minutes after the reaction of the aqueous stem bark extract of S. setigera and
the gold chloride were combined resulting in the formation of gold nanoparticles.

Ultraviolet-visible (UV-vis) spectrophotometer of biosynthesized gold nanoparticle using Sterculia
setigera aqueous stem bark extract The UV-vis spectra showed an absorption peak at 531.00 nm,
which is due to the surface plasmon resonance for the formation of gold nanoparticle (Figure 3)
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Figure 3: Absorption Spectra of Biosythesized Gold Nanoparticle
Hydrodynamic particle size by Dynamic Light Scattering of gold nanoparticle using agueous stem bark
of Sterculia setigera
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Figure 4: Particle size of gold nanoparticle using aqueous stem bark of Sterculia setigera
The average particle size of biosynthesized gold nanoparticles was 82 nm with intensity of 13 %.
Morphology of biosynthesized gold nanoparticles
The HRTEM monograph of biosynthesized and functionalized nanoparticle is shown in Figure 5. The
image revealed the shape to be spherical.

Figure 5: HRTEM of the Biosynthesized AuNPs
Energy Dispersive X-ray Spectroscopy (EDS) results of the biosynthesized gold nanoparticles.
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Figure 6:EDS spectrum of the Biosynthesized AuNPs (Inset: TEM image of a 20 nm-sized gold
particle)
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Figure 7:Selected Area Electron Diffraction (SAED) patterns of Biosynthesized AuNPs
Raman spectrum of colloidal biosynthesized AuNPs
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Figure 8:Raman spectrum of the Biosynthesized AuNPs. Inset: enlarged spectrum showing
carboxylate stretching modes.

Drug Release for Nano-conjugated Sterculia setigera Extract and Diminazine Aceturate

The concentration of S. setigera extract released by PS (5 mg/ml) was significantly higher than that
of Diminazine aceturate released by PD (0.02 mg/ml), at zero minutes. The nanoconjugated
S.setigera (PNS) recorded higher releasing efficacy (p>0.05) than that of nanoconjugated Diminazine
aceturate (PND). At 9 minutes, PNS (9PNS) released 48.00 mg/ml amount of extract while PND
(9PND) released 30 mg/ml of Diminazine aceturate. The concentration of PNS, released at 3 and 6
minutes (3PNS and 6PNS) are 31 and 37 mg/ml while PND (3PND and 6PND) released concentrations
of 0.05 and 0.12 mg/ml respectively (Figure 9).
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Figure 9: Release Capabilities of Nano-conjugated Sterculia setigera and Diminazine aceturate
aceturate

Keys: PS: Free S. setigera, PD: Free Diminazine aceturate, PNS: nano-conjugated S. setigera extract,

PND: nano-conjugated Diminazine aceturate

Antitrypanosomal Activities of Nano-conjugated Sterculia setigera Extracts at Different Release Time
Nano-S. setigera-conjugations releasing time denoted as ITPNS (3PNS, 6PNS and 9PNS) resulted in
the significant reduction of parasitaemia at various concentrations after day 6 (p<0.05). The
concentration released at 6 minutes (6PNS) releasing time gave the best activity leading to significant
reduction (p<0.05) in the parasitaemia between 4-10days with total clearance at twelve (12) days
post treatment of the infected mice. However, 3PNS, 9PNS and FPS also showed a decrease in
parasitaemia from 6th day of treatment when compared with negative control but could not clear the
parasite from the blood of the infected mice. In contrast, the parasitaemia of the negative control
kept increasing indefinitely till death, while the positive control (ITFPD) Diminazine aceturate treated
mice cleared the parasite at six (6) days post treatment (Figure 10).
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Figure 10:Parasitaemia of Mice Infected with 7. brucei and Treated with Nano Conjugated S.
setigera extract

Key: ITPN: infected treated with S. setigera gold nanoparticle and PEG (negative control), ITFPD:
infected treated with free Diminazine acetutate extract, ITFPS infected treated with free S. setigera
extract, IT3PNS: infected treated with 3 min release nano-conjugated S. setigera extract, IT6PNS:
infected treated with 6 min release nano-conjugated S. setigera extract, and IT9PNS: infected treated
with 9 min release nano-conjugated S. setigera extract

Antitrypanosomal Activities of Nano-conjugated  They cleared the parasite completely from the
Diminazine Aceturate at Different Release Time blood of infected mice at 10th days post
The  concentrations of nano-conjugated  treatment when compared with the negative
Diminazine aceturate ITPND ( 3PND, 6PND and control group, which has its parasitaemia
9PND) at different releasing time have shown to  increasing steadily until the animal died of
significantly cleared the parasitaemia (p<0.05). infection (Figure 11).
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Figure 11:Parasitaemia of Mice Infected with 7. brucei and Treated with Nano-Conjugated Diminazine
Aceturate

Key: ITPN: infected treated with S. setigera gold nanoparticle and PEG (negative control), ITFPD:
infected treated with free Diminazine acetutate, ITFPS infected treated with free S. setigera extract,
IT3PND: infected treated with 3 min release nano-conjugated Diminazine aceturate, IT6PND: infected
treated with 6 min release nano-conjugated Diminazine aceturate and IT9PND: infected treated with
9 min release nano-conjugated Diminazine aceturate

pretreatment (DOT), with the exception of IT3PNS animals which have its PCV reduced (p<0.05)
Changes in Packed Cell Volume of infected mice Treated with Ethanol Extract and Nano- Conjugated
Diminazene Aceturate and S. setigera

The mean percentage Packed Cell Volume (PCV) of 7. b. bruceiinfected mice treated with S. setigera
ethanol crude extract is presented in Table 2. There was a general decrease in PCV of all the groups
after establishment of infection and at pretreatment (PI). At day twelve post treatment (PT12), the
PCV of animals in all the treated groups (ITAS, ITES and ITD) increased significantly (p<0.05) when
compared to pretreatment (PTO) and preinfection (PI) values. All animals in infected and untreated
control (INT) died before twelve days of treatment.

Similarly, Table 3 shows the PCV of all the infected and treated at day twelve post treatment (D12T)
increased significantly (p<0.05) when compared to their values at

Table 2:Changes in PCV of 7. brucei Infected Mice and Treated with S. sefigera Extracts

Groups Preinfection (PI) Pretreatment (PT0) Post Treatment (PT12)
INT31.00+0.99° 30.00+0.61° D

ITD28.00+0.31° 27.00£0.65° 34.00+0.37°
ITAS29.00+0.52° 28.00+0.80° 34.00+0.48°
ITES32.00+0.98° 30.00£0.92° 44.00+0.78°

Key

INT: Infected not treated (Negative control) control

ITD: Infected treated with standard drug (positive)

IT AS: Infected treated with aqueous extract of S. setigera

IT ES: Infected treated with ethanol extract of S. setigera

D = Died

Different superscripts @ and ° along the same row are statistically significant at p<0.05
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Table 3:Changes in PCV of 7. brucei Infected Mice and Treated with Nano-Conjugated Diminazene
Aceturate and S. setigera Extract at Different Releasing Time

Groups Preinfection(PI) Pretreatment(PTO) Post Treatment (PT12)
ITPN 52.00+0.82° 48.00+0.87° D
ITFPD 57.00+0.81° 56.00+0.73° 61.00+0.61°
ITFPS 48.00+0.61° 44.00+0.86° 55.00+0.79°
IT3PNS 48.00+0.51° 46.00+0.30° 41.00+0.91°
IT6PNS 58.00+0.70° 59.00+0.19° 60.00+0.812
IT9PNS 50.00+0.90° 48.00+0.95° 56.00+0.612
IT3PND 50.00+0.90° 49.00+0.11° 59.00+0.98?
IT6PND 42.00+0.89° 40.00+0.41° 53.00+0.92°
IT9PND 46.00+0.99° 44.00+0.18° 59.00+0.85?
Keys:

ITPN: infected treated with S. setigera gold nanoparticle and PEG (negative control)
ITFPD: infected treated with free Diminazine acetutate

ITFPS  infected treated with free S. setigera ethanol extract

IT3PNS: infected treated with 3 min release nano-conjugated S. setigera extract
IT6PNS: infected treated with 6 min release nano-conjugated S. setigera extract
IT9PNS: infected treated with 9 min release nano-conjugated S. setigera extract
IT3PND: infected treated with 3 min release nano-conjugated Diminazine aceturate
IT6PND: infected treated with 6 min release nano-conjugated Diminazine aceturate
IT9PND: infected treated with 9 min release nano-conjugated Diminazine aceturate

D: Died

Different superscripts @ and ® along the same row are statistically significant at p<0.05

Changes in bodyweight (g) of T. b. brucei Infected Mice and Treated with Nano- Conjugated S.
Setigera and Ethanol extract

In Table 4, the animals in all the groups have their bodyweight decreased (p>0.05) just before the
commencement of the treatment (PT0), but the values later increased significantly (p<0.05) at day
twelve (12) post treatment (PT12) particularly mice in ITES group.

Similar observation was also recorded for the nano conjugated diminazene aceturate and S. setigera
treated groups (Table 5). However, the bodyweight of animals in groups treated with IT6PNS and
IT6PND increased significantly (p<0.05) at day 12 post treatment (PT12) more than other treatment
when compared to that at day zero of tratment (PTO).

Table 4:Bodyweight (g) of 7. brucei Infected Mice and Treated S. setigera Extract

Groups Preinfection(PI) Pretreatment(PTO0) Post Treatment (PT12)
INT24.00£0.41° 22.00+0.83° D

ITD 26.00+0.86° 24.00+0.31° 27.00+0.99°
ITAS25.00+0.18° 24.00+0.52° 25.00+0.79°
ITES26.00+0.41° 25.00+0.19° 30.00+0.80°

keys

INT: Infected not treated (Negative control) control

ITD: Infected treated with Diminazine acetutate (positive)

IT AS: Infected treated with crude aqueous extract of S. setigera

IT ES: Infected treated with crude ethanol extract of S. setigera

D=Died

Different superscripts @ and ® along the same row are statistically significant at p<0.05
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Table 5:Bodyweight (g) of 7. b. brucei Infected Mice Treated with Nano-Conjugated Diminazene

Aceturate and S. sefigera Extract.

Groups Preinoculation(PI) Pretreatment(PTO) Post Treatment (PT12)
ITPN 20.00+0.69° 19.00+0.612 D

ITFPD 21.00+0.58° 20.00+0.80° 21.90+0.58°
ITFPS 23.50+0.83° 22.30+0.19° 25.00+0.81°
IT3PNS 19.00+0.48° 17.30+0.70° 16.50+0.81°
IT6PNS  20.40+0.69" 19.20+0.69° 25.50+0.59°
IT9PNS  20.00+0.69° 19.80+0.81° 16.00+0.98°
IT3PND 24.80+0.80° 21.50+0.98° 26.20+0.17°
T6PND 25.30+0.17° 19.80+0.40° 26.20+0.17°
IT9PND  26.00+0.91° 23.50+0.97%° 22.20£0.29°
Different superscripts @ and ® along the same row are statistically significant at p<0.05
Keys

ITPN: infected treated with S. setigera gold nanoparticle and PEG (negative control)
ITFPD: infected treated with free Diminazine acetutate

ITFPS: infected treated with free S. setigera extract

IT3PNS: infected treated with 3 min release nano-conjugated S. setigera extract
IT6PNS: infected treated with 6 min release nano-conjugated S. setigera extract
IT9PNS: infected treated with 9 min release nano-conjugated S. setigera extract
IT3PND: infected treated with 3 min release nano-conjugated Diminazine aceturate
IT6PND: infected treated with 6 min release nano-conjugated Diminazine aceturate
IT9PND: infected treated with 9 min release nano-conjugated Diminazine aceturate

DISCUSSION

Biosynthesis of Gold Nanoparticles

The use of herbal medicine is another approach
for the treatment of disease; however because
of differences in composition, the biological
effects on the parasite differ. Nanotechnology is
a technology that enhances the use of gold
nanoparticles (AuNP) in area of medical
applications, especially as a drug carrier for
targeted drug delivery. Thus, the use of
nanoparticle to deliver the active component to
the target cells has potential to alleviate the
drawbacks of the conventional and herbal
therapy.

This study revealed a variation in the percentage
yield of the extracts when ethanol and aqueous
solvents were used for their extraction. These
variations might be due to the polarity of solvent
used. The aqueous extracts have higher yield
than that of the ethanol, suggesting a high
proportion of water-soluble components. Water
is a solvent with highest polarity and as such, all
polar compounds will be removed by water,
including those extracted by less polar solvents
(Ogoti et al.,, 2009).

The qualitative phytochemical composition of the
two extracts of Sterculia setigerais presented in
Table 2, which indicates the presence of tannins,
flavonoids, saponins, alkaloids, and cardiac
glycoside whilesteroids phenols and terpenes
were absent. The presence of tannins and
flavonoids (Table 1) which are examples of
polyphenolic compounds are of great importance

in green synthesis of nanoparticles due to their
reductive and antioxidant abilities. Tannins have
been reported as reducing and stabilizing agents
in the synthesis of silver nanoparticles
(Raghunandan et a/, 2010). The flavonoids
present also were found to be responsible for
reduction process to  produce  AuNPs
(Raghunandan et a/, 2010). The presence of
alkaloids and saponins shows that the Sterculia
setigeradoes contain compounds with basic
nitrogen atoms and foaming characteristic which
basically are reported to have trypanocidal effect
(Ene et al., 2009).

The reduction in parasitaemia observed in the
group treated with Sterculia setigera ethanol
extract (Figure 1), may be due to secondary
metabolites in the extract. Some secondary
metabolites have previously reported to possess
antitrypanocidal properties (Ene et al, 2009).
Therefore, ethanol extract of Sterculia setigera
was said to be trypanostatic since it has the
ability to prolong the life of the treated groups
beyond that of the infected untreated control
group. However, trypanostatic effects are known
to suppress the activity of the parasite thereby
prolonging the life of the infected mice when
compared to the untreated infected control. The
aqueous extract of the stembark of S. setigera
had no antitrypanosomal effect (Figure 1). The
possible reason could be that the aqueous
extract has several polar compounds extracted
and could be masking the effect of the most
active compound(s).
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The anti-trypanosomal activities of nano-
conjugated Sterculia setigera extract (PNS),
could be attributed to nanoparticle’s ability to
deliver the active component (Secondary
metabolites) in the plant extract to the target
site. Gold nanoparticles (AuNPs) have been
reported as an excellent candidate for drug
delivery vehicles due to their unique physical
and chemical properties, enabling the transport
and subsequent release of therapeutic payloads
such as drugs or genetic materials to specific
tissue sites (Ghosh, 2008). Also, the high surface
area (>900 m 2/g) and large pore volume (>0.9
cm 3/g) of gold nanoprticle have been reported
to allow easy loadings of drug molecules
(Slowing et al,, 2008). Hence, the observation
recorded agrees with Olbrichet a/.(2002), who
have shown that gold nanoparticle delivered
Diminazine aceturate to target site. In this tudy,
it was observed that 6PNS, which has the lower
released concentration of extract as compared to
9PNS, had better activitites (Figure 9). In PNS,
9PNS has the highest releasing efficacy (48.00
mg/ml) but its biological activity was lower when
compared with 6PNS (37.00 mg/ml). All PND
show a progressive increase in concentration of
Diminazine aceturate release, but have similar
biological activity (Figure 10). This means that
PND delivered activity at 3, 6, and 9 minutes to
the target site while PNS (6PNS) only delivered
completely at 6th minute, as compared to the PS
and PD (free extract and diminazine aceturate).
The anti-trypanocidal activity of PND and PNS
(6PNS) confirms the use of metal nanoparticles
as a carrier to target site.

Comparatively, Sterculia setigera stembark
ethanol extract has lesser activity than its
nanoconjugations. There was reduced
parasitaemia which resulted into prolongation of
life beyond that of control when ethanol extract
of S. setigera was administered (Figure 3).
However, the administration of Nano-
conjugations of the same plant extract resulted
to total clearance of parasites from blood
circulation (Figure 10). Consequently, the
ethanol extract was trypanostatic while its
nanoconjugation was trypanocidal. The gold
nanoparticle has increased the efficacy of the
extracts by conveying and delivering the extracts
to the target trypanosomal parasites. This result
has indicated that, conjugating Sterculia setigera
stem bark extracts with gold nanoparticle
minimizes the extracts instability, deliver extract
to target sites and thereby increasing its
therapeutics effects. Nanocarriers as applied to
herbal remedies will deliver optimum amount of
the drug to their site of action, bypassing all the
barriers such as acidic pH of stomach, liver
metabolism and increase the prolonged

circulation of the drug into the blood due to their
small size (Kuntal et al/, 2005). Also, Wang et
al(2010) had demonstrated that nanoparticle
improved performance of drugs in both stability
and hydrophilicity.

Characterization of the Biosynthesized Gold
Nanoparticles

A characteristic absorbance peak at 531 nm
further confirms the presence of gold
nanoparticles in the final suspension (Figure 3).
Generally, gold nanoparticle displays a single
absorption peak in visible range between 500-
550 nm (Ghosh, 2008) as seen in Figure 4.
Absence of other peaks above 550 nm indicates
the mono-dispersity of the particles. This can be
attributed to the excitation of Surface Plasmon
Resonance (SPR) vibration in the AuNPs due to
its special shape and structure which often
exhibit distinctive SPR peaks in the UV-visible
region which was coincident with the plasmon
band of spherical gold nanoparticles. Similar
results were reported earlier by Aromal et
al(2012); Kumar et al(2012) and Shenyet
al(2011).

The size distribution (hydrodynamic radius) of
the biosynthesized AuNPs in suspension was
measured using Nano-zetasizer DLS. Results
obtained as presented in Figure 5 indicate that
the hydrodynamic average size in diameter of
the AuNPs synthesized is in the range 44 - 144
nm (hydrodynamic size range peculiar to
spherical shape of gold nanoparticles). The
HRTEM analysis depicts the morphology in terms
of shape, purity and size of colloidal
nanoparticles. The size and shape of gold
nanoparticles strongly influence their properties
and this might have contributed to the
antitrypanocidal activities of AuNPS-nano-
Sterculia setigera conjugate. Spherical shape of
gold nanoparticle was observed in Figure 5 with
particle size of approximately 20 nm (Figure 6)
and has been reported to have antibacterial
activities against both Gram positive and Gram
negative bacteria (Smitha and Gopchandran,
2013). This shape was consistent with the work
by Huang et al (2001) that synthesized
spherical shaped as well as triangular gold
nanoparticles of 80 nm in size using sun-dried
biomass of Cinnamomum camphora leaf.

The elemental analysis of the biosynthesized
AuNPs was performed using the EDS and the
result obtained is presented in Figure 6. Results
as presented clearly indicate that particle
produced was AuNPs. The peaks situated at
bonding energies of approximately 1.1, 8.1 and
9 keV belong to copper while the first peak
belong to carbon (both represent TEM holding
grids). On the other hand, the elemental carbon
could also be from the carboxyl group in the
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synthesized colloid. It can be deduced from the
TEM/EDS results that the biosynthesized gold
nanoparticles have high purity. The SAED
patterns of the biosynthesized AuNPs in Figure 8
showed that the samples are polynanocrystalline
having narrow particle size distributions
accompanied with multiple rings (ring represents
diffraction from specific crystal groups of similar
size). The rings are indicative of different phases
present in the gold nanoparticles. Also, there are
several bright spots which are consequence of
reflections from few individual crystals.

Raman spectroscopy is an effective means of
evaluating the quality and chemical compositions
of nanoparticles (Afolabi et a/, 2011). The
Raman spectra of the biosynthesized AuNPs as
presented in Figures 8 indicate different peaks at
different wavenumber in the ranges of 500 cm™
to 3000 cm™’. The OH stretching mode is absent
in the Raman spectra indicating that phenol
present in the reducing agent (plant extract)
was reactive to form other functionality within
the new product (AuNPs). Again, the stretching
modes of the carboxylates between 1300 and
1600 cm™ are evidence of certain molecular
interactions in the biosynthesized AuNPs.

Effect of Biosynthesized Gold nanoparticles

The observed trypanostatic effect of the
Sterculia setigera ethanolic extract (ES) was
accompanied by corresponding increase in PCV
(Table 2). The increase in packed cell volume
observed in ITES and ITAS (Infected treated
with aqueous extract of Sterculia setigera) is in
conformity with the work of Musaet a/ (2011)
who had previously reported that Sterculia
setigera have hematopoietic-stimulating factor.
Similarly, animals in groups 6PNS, 9PNS, 3PND,
6PND and 9PND treated groups suffered less
anaemia as compared with the negative control
group (Tables 2 and 3). This can be
substantiated with the reports of Hauck ef
al(2010) where 80nm gold nanoparticle
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