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Abstract

Introduction Trypanosomiasis is a neglected disease of humans and livestock caused by single-celled flagellated haemo-
protozoan parasites belonging to the genus Trypanosoma.

Purpose Widespread resistance to trypanocidal drugs creates urgent need for new, more effective drugs with potential to
inhibit important trypanosome molecular targets.

Methods Nine column chromatographic, partially purified leaf fractions of Azadirachta indica (AIF) were subjected to
trypanosome alternative oxidase (TAO) inhibition assay using ubiquinol oxidase assay. The potent TAO inhibitors were
evaluated for trypanocidal activities against 7. congolense in rat model using in vitro, ex vivo, and in vivo assays. Complete
cessation or reduction in parasite motility was scored from 0 (no parasite) to 6 (greater than or equal to 6 X 10 trypanosomes/
milliliter of blood), and was used to evaluate the efficacy of in vitro treatments.

Results Only AIF1, AIF2, and AIFS significantly inhibited TAO. AIF1 and AIF5 produced significant, dose-dependent
suppression of parasite motility reaching score zero within 1 h with ECs, of 0.005 and 0.004 pg/uL, respectively, while
trypanosome-laden blood was still at score six with an ECs, of 44,086 ug/uL. Mice inoculated with the concentrations
at scores 0 and 1 (1-2 moribund parasites) at the end of the experiment did not develop parasitaemia. The two fractions
significantly (p <0.05) lowered parasite burden, with the AIF5 exhibiting highest in vivo trypanocidal effects. Packed cell
volume was significantly higher in AIF1 (p <0.05) and AIF5 (p <0.001) groups compared to DMSO-treated group. Only
AIFS5 significantly (p <0.05) lowered malondialdehyde.

Conclusion AIF1 and AIF5 offer prospects for the discovery of TAO inhibitor(s).

Keywords Drug discovery - Ex vivo - In vitro - In vivo - Malondialdehyde - Trypanosome metabolism

Introduction

Trypanosomiasis is a disease of humans and livestock
caused by several species of single-celled flagellated haemo-
protozoan parasites belonging to the genus Trypanosoma.
African animal trypanosomiasis (AAT) is caused primarily
by infection with Trypanosoma congolense, T. vivax, and
T. brucei, either singly or in combination [1], while human
African trypanosomiasis is caused by 7. brucei gambiense
and T. b. rhodesiense. Trypanosomes are transmitted cycli-
cally from infected to uninfected animals through the bite
of blood-sucking tsetse flies (Glossina species) [2]. Tsetse-
transmitted trypanosomiasis is an important constraint to
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livestock development in sub-Saharan Africa (SSA) with
estimated annual economic losses exceeding US$4.5 billion
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[3]. Furthermore, the disease hampers cultivation of over 10
million square kilometers of arable land in SSA.

Widespread resistance to the available antitrypanosomal
drugs [4] and weak prospect for vaccine development against
trypanosomiasis have rekindled concerted efforts focused
on molecular biological target identification and validation
as frontier of hope to roll back trypanosomiasis ravaging
SSA. Uniquely, trypanosomatids package the first six to
seven enzymes of glycolysis into the glycosome, a special-
ized form of the peroxisome [5]. Glycolysis is especially
important for the bloodstream forms of African trypano-
somes, which rely exclusively on this pathway for energy
production. The compartmentalization of glycolysis in trypa-
nosomatids is accompanied by fundamental differences in
allosteric regulation of the pathway compared to most other
eukaryotes [6]. Chemical biology has demonstrated distinct
inhibition profiles for host and parasite kinases [7], suggest-
ing that selective inhibition of parasite kinases is feasible.
Furthermore, both genome-wide and kinome-wide RNAi
knockdown screens indicate that several of these enzymes
are essential [8] for the parasite survival.

Target-based approach (T-BA) to drug discovery involves
screening for inhibitors against a purified protein (e.g., an
enzyme) and any compound shown to inhibit the protein or
enzyme is optimized for efficacy in a cellular model. T-BA
is a good reductionist approach that breaks down diseases
to molecular drug targets and facilitates identification of
compounds that can inhibit these targets [9]. Trypanosome
alternative oxidase (TAO) is an indispensable cytochrome-
independent, cyanide-insensitive enzyme in the mito-
chondrion of bloodstream form of trypanosomes [10] that
is responsible for energy production in aerobic condition
[11]. Interestingly, this enzyme is absent in mammals which
makes it an important target for drug discovery. Although
salicylhydroxamic acid (SHAM), ascofuranone, aurachin D,
and 3,4-dihydroxybenzoic acid have been shown to inhibit
TAO, their in vivo antitrypanosomal effects are far from sat-
isfactory [12]. TAO is also being implicated in other cellular
activities, such as, protection against reactive oxygen species
and regulation of surface protein expression [12]. The iden-
tification and development of new trypanocidal drugs with
potential to selectively inhibit important metabolic molecu-
lar target in the trypanosomes will revolutionize treatment
of trypanosomiasis and will be of immense agricultural and
socio-economic benefits to the SSA. Therefore, our aim is to
investigate an important ethnomedicinal plant, Azadirachta
indica, for potential inhibitor(s) of TAO and demonstrate its
antitrypanosomal effects on 7. congolense using in vitro, ex
vivo, and in vivo assays.

Natural products are important sources of compounds
for drug discovery. The use of medicinal plants in the man-
agement and mitigation of diseases is gaining momentum
in different parts of the world, including the developed

countries [13, 14]. For example, approximately one quarter
of drugs approved for health promotion in the last 2 decades
by the Food and Drug Administration and European Medi-
cal Agency are from natural products or their derivatives
[15, 16]. Extracts of Azadirachta indica have demonstrated
a broad spectrum anti-protozoan activity against 7. evansi
[17], T. brucei rhodesiense [18], T. cruzi [19], Leishmania
amazonensis [20], and Toxoplasma gondii [21]. Here, anti-T.
congolense activity of hexane extract of A. indica is evalu-
ated along with its potential to inhibit TAO.

Azadirachta indica (neem English, dogon yaro/delbejiya
Hausa—Nigeria), family Maliaceae is a fast-growing tree of
up to 23 m high with a straight trunk of diameter 4-5 ft
and compound, imparipinnate leaves native to India but
naturalized and grown widely in tropical and semitropical
regions [22]. The ethnopharmacological applications of A.
inidica include management of tuberculosis, trypanoso-
miasis, malaria, cancer, diarrhea, gastric ulcer, wound, and
fungal infection [22, 23]. Phytochemical constituents such
as nimbin, nimbidin, nimbolide, limonoids, 7a-acetyl-15p-
methoxy-29 methylene 7,15-deoxo nimbolide, 2-oxo0-3-dea-
cetyl salannin, and 7a-hydroxy-15p-hydroxy-7,15-deoxo
nimbin have been isolated from the plant [21, 22].

Materials and Methods
Plant Collection and Identification

Leaves of Azadirachta indica were collected in area A,
behind Botanical Garden of the Department of Botany on
the main campus of Ahmadu Bello University (ABU), Zaria,
Nigeria. A sample of the plant, comprising leaves and seeds,
was sent to the Herbarium Unit, Department of Botany, Fac-
ulty of Life Science, ABU, Zaria for identification and the
voucher number 900151 was given for reference. The leaf
was dried in the laboratory to a constant weight and pulver-
ized with mortar and pestle for extraction.

Plant Extraction, Concentration, and Purification
of the Fractions

The solvents and thin-layer chromatography (TLC) plates
used in the study were products of Merck KGaA, Germany.
Two kg of the pulverized leaf was successively and exhaus-
tively extracted with hexane, ethyl acetate, and methanol
with Soxhlet apparatus. Based on data from in vitro prelimi-
nary study, hexane extract was the most potent extract and it
was subjected to column chromatography (liquid chromatog-
raphy), whereupon 128 fractions were collected. Monitoring
of these fractions on TLC using their R; values yielded nine
fractions termed partially purified fractions (AIF1-F9). In
each case, concentration to dryness was done with rotary
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evaporator at 60 C, and the extracts and fractions were
weighed and kept in appropriately labeled bottles in fridge
(4 °C) before usage.

Experimental Animals

The rats and mice used in the study were from outbred
stock, obtained from the Animal House of the Department
of Veterinary Pharmacology and Toxicology, ABU, Zaria.
The animals were acclimatized for 2 weeks in the laboratory
before the commencement of the experiment. They were
kept in clean plastic cages with wood shavings as beddings.
The bedding was changed twice weekly. The rats were fed on
standard rat feed and given access to clean water ad libitum.
Approval for the use of the animals was given by the Ethical
Committee on Animal Use and Care, Ahmadu Bello Univer-
sity, Zaria, with reference number: ABUCAUC/2019/005,
in line with international best practices.

Test Organism

Trypanosoma congolense was obtained from the Nigerian
Institute for Trypanosomiasis Research, Kaduna, Kaduna
State, Nigeria. Continuous passage was used to maintain
the parasite in the laboratory during the course of the experi-
ment. Each cycle of passage was done when parasitaemia
of a donor rat was in the range of 8.4 x 107 parasites per
milliliter of blood (64 parasites per field). Briefly, 3 ml of
blood was obtained from a donor rat by cardiac puncture
into a 5 ml syringe and emptied into a vial containing 9 ml
of normal saline (NS). Approximately 1 x 10° parasites in
0.2 ml blood/NS solution was injected, intraperitoneally,
into a rat previously unexposed to trypanosomal infection.

Enzyme Inhibition Assay

The recombinant trypanosome alternative oxidase (rTAO)
used in this study was kindly provided by Dr. Emmanuel O.
Balogun, Department of Biomedical Chemistry, Graduate
School of Medicine, University of Tokyo, Japan. Inhibitory
effect of the PPFs and crude methanol extract of Azadirachta
indica was carried out on TAO using the ubiquinol-1 oxi-
dase assay [24]. Briefly, 10 pg of each fraction/extract
(sample) was pre-incubated with 75 ng rTAO and 50 mM
Tris—HCI, pH7.4 for 2 min in a 1 mL quartz cuvette. There-
after, 150 uM of ubiquinol-1 was added to initiate the reac-
tion. A pre-incubated rTAO, Tris—HCI and ubiquinol-1 only
served as control. The inhibitory activity of the samples on
the enzyme was measured by recording change in absorb-
ance at 278 nm with UV-Vis spectrophotometer (Cary 300
UV-Vis Agilent Technologies).
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Determination of Median Lethal Dose of the Extract
and PPFs (LDs,)

The limit dose of 5000 mg/kg [25] was used to determine
the LDs, of extracts and fractions of A. indica. Healthy
young adult non-pregnant nulliparous female rats with aver-
age weight of 130 g were used. Feed was withheld from
7.00 pm before the administration at 8.00 am and for addi-
tional 4 h after the administration. One rat was dosed daily
with 5000 mg/kg and observed for a period of 48 h. A total
of five rats were dosed and observed daily for any sign of
toxicity for 14 days.

Experimental Design
In vitro and Ex vivo Studies

For the in vitro and ex vivo assays, 50 uL, of 0.1, 0.2, 1, 2,
10, and 20 pg/pL of PPFs, crude extract of A. indica and
diminazene aceturate (DA, positive control) was pipetted
into individual wells of 96-well round-bottom microtiter
plate. Fifty microliters of trypanosome-laden blood, T-LB
(8.6 x 107 parasite/mL of blood) was added to each well
containing the different concentrations of PPFs, extract, and
DA (7 mg/mL, B. No AT00161A, Alivira Animal Health
Limited, India), giving a final concentration of 0.05, 0.1,
0.5, 1, 5, and 10 pg/uL, respectively. Each experiment was
conducted in triplicate. Similarly, three wells each with
50 pL of T-LB + 50 pL of 5% dimethyl sulfoxide (DMSO)
and 50 uL of T-LB only served as negative and untreated
controls, respectively. The set-up was incubated at 25 °C,
while the efficacy of treatment measured as complete
immobilization or reduction of parasite motility relative to
negative control was observed at 1 h interval for 6 h and
scored [26] (Table 1). At the end of the 6 h in vitro study, ex
vivo inoculation of mice was done. Accordingly, concentra-
tion that produced complete cessation of parasites motility
was immediately inoculated into mouse and observed daily

Table 1 Scoring chart for assessing trypanosome viability under in
vitro study [26]

Score  Number of trypano- Inference
somes per microscopic
field
0 0 No viable (motile) parasite in > 20
fields
1 12 Moribund parasites in > 20 fields
2 3-5 Motile parasites in > 3 fields
3 6-10 Motile parasites in > 3 fields
4 1120 Motile parasites in> 3 fields
5 21-40 Motile parasites in> 3 fields
6 >40 Motile parasites in> 3 fields
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for possible development of parasitaemia. Similarly, the con-
centrations that did not immobilize the parasite at the end
of the experiment were also individually inoculated into one
mouse each and observed daily for possible development of
parasitaemia.

In vivo Study

Twenty-five adult male rats weighing 130-170 g were
divided into five groups of five rats each. The rats were
infected intraperitoneally with 10° 7. congolense in 0.2 mL
of PBS-diluted blood. Upon establishment of parasitaemia,
rats in groups I, II, and III were treated with crude methanol
extract, AIF1 and AIF5 of A. indica at 200 mg/kg, respec-
tively, rats in groups IV and V were treated with dimina-
zene aceturate, DA (7 mg/kg), and 5% dimethyl sulfoxide
(2 mL/kg), which served as positive and negative controls,
respectively. Five additional rats that were neither infected
nor treated in group VI served as normal control group. All
the treatments were administered via the intraperitoneal
route and for 5 days except DA, which was given once. The
efficacy of the treatments was assessed daily using a drop of
blood collected from rat tails onto a microscope slide, cov-
ered with cover slip, and observed under a light microscope
at X400 magnification. Degree of elimination/suppression
of parasite multiplication from/in the systemic circulation
of the experimental animals, hematological parameters,
and serum malondialdehyde (MDA) were used to evaluate
in vivo antitrypanosomal effects of the treatments. The rats
were observed for three weeks, beginning from the day of
commencement of treatment. Thereafter, the experiment
was terminated by jugular venesection, and blood and serum
were collected for the evaluation of hematological param-
eters and MDA, respectively.

Hematological Profile

One ml of blood from each rat was collected into EDTA bot-
tle and analyzed for packed cell volume (PCV), hemoglobin
concentration, and total and differential leukocyte and plate-
let counts. Also, erythrocytic indices mean corpuscular vol-
ume, mean corpuscular hemoglobin, and mean corpuscular
hemoglobin concentrations were determined using autoana-
lyzer (Mindray Hematology Analyzer BC3600, Hoevelaken,
Netherlands).

Determination of Serum MDA

Three ml of blood sample from each rat was equally col-
lected into plain bottle without anticoagulant and was
allowed to clot, and centrifuged at 1000g for 15 min to
obtain the serum. Serum MDA was determined as described
by Draper and Hadley [27]. Briefly, 0.5 mL of serum sample

was mixed with 2.5 mL of 100 g/L trichloroacetic acid
(TCA) solution in a centrifuge tube and placed in boiling
water bath for 15 min. After cooling it under running tap
water, it was centrifuged at 1000 g for 10 min. Thereafter,
2 mL of the supernatant was taken and added to 1 ml of
6.7 g/L thiobarbituric acid (TBA) in a test tube and returned
to the bath again for another 15 min. It was cooled again
under running tap water and its absorbance was taken at
532 nm with spectrophotometer (Spectrum lab 23A China).
A tube with 1 mL of 10% TCA and 1 ml of 0.67% TBA
served as blank. The intensity of pink coloration indicates
the extent of lipid peroxidation.

Data Analysis

Results obtained were expressed as mean =+ standard error of
mean and subjected to one-way analysis of variance followed
by Tukey post-test. The results of the in vitro studies were
subjected to Kruskal-Wallis and Dunn’s post-tests. Graph-
Pad prism version 5.0 was used and values of p <0.05 were
considered statistically significant. Excel was used to cal-
culate ECs, using the linear regression equation of best fit
y = ax + b; where y=dependent variable (ECs;), x=explana-
tory variable, a =intercept (the value of y when x=0), and
b =slope.

Results
Enzyme Inhibition Assay

Out of the nine partially purified fractions of A. indica that
were subjected to TAO inhibition assay, only fractions one
and five (AIF1 and AIF5) significantly inhibited the enzyme
compared to the negative control. AIF4 also inhibited the
enzyme, though not statistically significant (p <0.05), when
compared to the control group. Crude methanol extract of A.
indica (AICM) significantly inhibited TAO compared to the
negative control. Nonetheless, the inhibitory effect of AICM
was not comparable to the three fractions (Fig. 1).

In vitro and Ex vivo Studies

The effect of in vitro trypanocidal study of PPFs is expressed
in percentage inhibition of parasite motility and shown in
Fig. 2. AIF1, AIF5, and AICM demonstrated significant
and dose-dependent suppression of parasite motility in the
in vitro study. The fractions achieved score zero within
60 min at the highest concentration of 10 pg/uL, while DA
and T-LB were still at score six. AICM, however, reached
score zero within 120 min. Paradoxically, AICM produced
complete cessation of motility of the parasites at as low as
1 ug/ul with an effective concentration (ECs,) of 0.0033 pg/
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NC AIF1 AIF2 AIF3 AIF4 AIF5 AIF6 AIF7 AIF8 AIF9 AICM
Treatment group

Fig.1 Enzyme inhibition assay of partially purified fractions and
extract of A. indica on TAO. Bars with different letters show signifi-
cant inhibition (p <0.05) of the enzyme. a" means significantly low-
ered (p<0.05) than a. NC normal control, Al Azadirachta indica, F
partially purified fraction (PPF), CM crude methanol

uL, lower (greater effect) than AIF1 and AIFS5 which pro-
duced similar effect at 5 pg/uL with the ECs; of 0.005 and
0.004 pg/uL, respectively. However, DA and T-LB produced
an ECs, of 0.068 and 44,086 ug/uL, respectively. Further-
more, ALCM exhibited significant reduction of parasite
motility up to 0.1 ug/uL when compared to 0.5 and 1 pg/
uL of AIF1 and AIFS5, respectively. The values of ECs, are
shown in Table 2

The concentrations of the fractions and AICM that com-
pletely immobilized the parasite motility and immediately
inoculated into the mice did not develop parasitaemia within
4 weeks. Similarly, with the exception of AICM at 0.1 pg/
uL, all the concentrations that reached score one at the end

Fig.2 Percentage inhibition

of T. congolense by partially
purified fractions in the in vitro
study. Al Azadirachta indica, F
partially purified fraction, CM
crude methanol, DA diminazene
aceturate, DMSO (5%) dimethyl
sulfoxide, 7-LB Trypanosome-
laden blood
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AlF1 AIF5 DA

Table 2 Concentrations of the half-maximal response of the experi-
mental groups

Group AICM AIF1 AIF5 DA T-LB
ECs (ug/uL) 0.003 0.0045 0.0041 0.0675 44.086
R? 0.9624  0.955 0.974 0.971 0.930

Al Azadirachta indica, CM crude methanol, F Fraction (PPF), DA
diminazene aceturate, 7-LB trypanosome-laden blood, ECj, mini-
mum effective concentration

of the experiment and inoculated into mice did not develop
parasitaemia after lmonth post-inoculation (Table 3). The
highest concentration of DA (10 pg/uL) was at score 4, while
DMSO was at score 6 at the point of inoculation into the
mice.

In vivo Studies of PPFs

AICM significantly reduced levels of parasitaemia on days
5 and 7 (p<0.01) and day 6 (p <0.05) compared to the
DMSO group (Fig. 3). Days 8—-14 showed marked signifi-
cant (p <0.001) reduction in the levels of parasitaemia com-
pared to DMSO-treated group. Furthermore, AIF1 produced
significant (p <0.05) decrease in the level of parasitaemia
from systemic circulation on day 4 compared to the DMSO-
treated group. Days 5—14 and 16 recorded marked significant
(p<0.001) reduction in the levels of parasitaecmia compared
with the DMSO group. The levels of significant reduction
in parasitaemia were recorded on day 4 (p <0.05) and days
5-16 (p<0.001). DA completely eliminated the parasites

Concentration (ug/uL) ®m0.01 m0.1 =05 m1 m5 ®m10

DMSO (5%) T-LB

Treatment group



Acta Parasitologica (2022) 67:120-129 125
Table 3 Ex vivo antitrypanosomal assessment of the partially purified _. 801
fractions § 70 | b
Concentra- AICM AIF1 AIF5 DA DMSO 5% E 6o |
tions (ug/uL) Xy =
g 50 - a
0.05 0/3 0/3 0/3 0/3 0/3 2
0.1 1/3° 073 0/3 03 03 5
0.5 33 33 03 03 03 g 30 a
1 3/3 33+ 3303 03 B 0.
5 3/3 3/3 3/3 0/3 0/3 E a
10 313 33 303 33 03 § 19 -
x/y survived mice/inoculated mice ° AICM I AIF1 ' AIFS ! DA I DMSO (5%)
Al Azadirachta indica, F partially purified fraction, CM crude metha- Treatment group

nol, DA diminazene aceturate, DM SO dimethyl sulfoxide
#One or two of the wells completely immobilized the trypanosomes

®Contained 1-2 sluggish parasites per microscopic field at the point
of inoculation into the mice

140 ~

120

100 == AICM
3
(Y]
E 80 - == AlIF1
2
% e AIFS
5
- 6= DA

40 -

—3#=DMSO (5%)
20 4
0 .

1234567 8 910111213141516
Time (Day)

Fig.3 In vivo result of the partially purified fractions on mean daily
levels of parasitaemia. Al Azadirachta indica, F partially purified
fraction, CM crude methanol, DA diminazene aceturate, DMSO dime-
thyl sulfoxide

from systemic circulation of the treated rats within 48 h of
the treatment and without relapse parasitaemia.

The overall performance of each treatment group on
reduction of multiplication of 7. congolense in the systemic
circulation of the experimental rats is shown in Fig. 4. The
two fractions and crude extract significantly suppressed
multiplication of 7. congolense compared to DMSO. AIF5
exhibited highest in vivo suppressive effect on parasitaemia
compared to AIF1 and AICM-treated groups.

Hematology
The AIF5-treated rats had significantly (p <0.001) higher

PCV than the 5% DMSO-treated rats. Similarly, the PCV
of rats in AIF1 was significantly (p <0.05) higher than

Fig.4 Cumulative mean parasite reduction as a measure of overall
performance of each treatment group. Bars with different letters indi-
cate significant (p <0.05) suppression of parasite multiplication. A/
Azadirachta indica, F partially purified fraction, CM crude methanol,
DA diminazene aceturate, DMSO dimethyl sulfoxide

the negative control group (Table 4). The PCV of AICM
(33.10+1.38) was non-statistically (p > 0.05) higher than the
DMSO-treated group (26.96 +2.19). DA-treated rats main-
tained significantly (p <0.001) higher PCV than the DMSO
group. The extract and the fraction-treated rats showed
higher mean corpuscular hemoglobin when compared with
DMSO group, though not statistically significant (p >0.05).
AICM produced significantly (p <0.01) higher white blood
cell count and lymphocytes compared to DMSO.

Serum Malondialdehyde

Effect of treatment with partially purified fractions of A.
indica on serum malondialdehyde (MDA) is shown in
Fig. 5. AICM and AIFS5 significantly decreased serum MDA
at p <0.05 and p <0.001, respectively, when compared to
the DMSO-treated group. Furthermore, AICM and AIF5
showed significantly (p <0.05) lowering effect on serum
MDA compared to AIF1. Although serum MDA of AIF1
is lower than that of DMSO, it is not statistically significant
(p>0.05). Interestingly, AIF5 exhibited non-significantly
(p>0.05) lower serum MDA compared to the DA. Finally,
DA significantly (p <0.05) lower serum MDA compared to
DMSO.

Discussion

A primary step in target-based drug discovery is the identifi-
cation of specific putative molecular target(s) that play lead-
ing role in the pathophysiology of the disease [28]. Trypano-
some alternative oxidase (TAO) is an important enzyme for
energy requirements and survival of trypanosomes and has
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Table 4 Hematologic parameters of experimental T. congolense-infected rats treated with partially purified fractions and crude extract of

Azadirachta indica

Parameter AICM AIF1 AIF5 DA DMSO (5%) NC

RBC 10%uL 4.90+0.16 5.05+0.22 4.66+0.39 7.14+0.46 4.92+0.17 8.26+0.42
HGB g/dL 9.38+0.58 9.66+0.34 8.48+0.78 13.78 £0.61 8.54+0.40 14.47£0.72
PCV% 33.10+£1.38 36.48 +1.80° 41.20+2.31° 43.86+2.88"" 26.96+2.19° 49.50+1.01*"
MCV fL 63.06+2.55 58.02+2.10 58.86+2.23 53.66+1.20 58.86+1.43 56.60+1.04
MCH pg 19.26+0.78 19.18 +£0.38 19.02+0.49 18.48 +0.80 17.82+0.29 17.87 £0.60
MCHC g/dL 28.72+0.53 29.42+1.24 30.00+0.60 31.24+1,21 29.80+0.25 31.43+1.67
WBC 10*/uL 56.70+11.78%" 12.44+1.12 9.50+1.12 10.54+0.88 15.14+3.82° 11.13+1.37

Different superscripts show significant different, “0.05, *“0.001

Al Azadirachta indica, F partially purified fraction, CM crude methanol, DA diminazene aceturate, DMSO dimethyl sulfoxide, NC normal con-

trol

= 035

o

% 0.3 -

g 0254

8

o 02-

<

Z 015

S

© 011

2

o 0.05 4

(T

S 0+ : : . . .
AlCM AIF1 AIFS DA DMSO(5%) NC

Treatment group

Fig.5 Serum malondialdehyde of 7. congolense-infected rats treated
with PPFs. Bars with different letters indicate significant different
*p<0.05, "p<0.0001. Al Azadirachta indica, F partially purified
fraction, CM crude methanol, DA diminazene aceturate, DMSO dime-
thyl sulfoxide, NC normal control

been the focus of new drug discovery against trypanosomia-
sis [12]. Our enzyme-inhibition assay of TAO shows that out
of the nine partially purified fractions of A. indica tested,
only AIF1, AIF2, and AIFS5 significantly inhibited TAO. The
inhibition of TAO by these fractions coupled with significant
in vitro and in vivo activities reported in the present study
will rekindle hope in the search for new metabolic inhibitors
of trypanosome. This is particularly important as resistance
to the only defined target inhibitor of ornithine decarboxy-
lase, eflornithine has been reported [29]. Our results show
that the AIF1 and AIF5 contain bioactive metabolites capa-
ble of potently inhibiting energy metabolism of bloodstream
form of trypanosome via inhibition of TAO.

The AIF1 and AIFS5 rapidly produced complete cessa-
tion of T. congolense motility within 1-3 h of incubation.
This effect is superior to long incubation time required
for diamidines and amidines to exhibit in vitro antitrypa-
nosomal effect [30]. Of these fractions, fraction five of
Azadirachta indica designated as AIF5 had the lowest ECs,
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and, therefore, exhibited highest in vitro antitrypanosomal
effect. The absence of parasite from systemic circulation of
the inoculated mice following complete cessation of motility
further supports the findings of the in vitro study. Kaminsky
et al. [31] had earlier reported the use of drug incubation
infectivity test (DIIT) following in vitro enumeration of cul-
tured trypanosomes. Therefore, we observed that DIIT gives
more objectivity to the enumeration of cultured trypano-
somes and offers alternative to other more expensive meth-
ods of screening compounds for in vitro antitrypanosomal
activity. These methods include an indicator of metabolic
cell function Alamar Blue assay [32], fluorometric measure-
ment of hydrolysed BCECF [33], cleavage of the tetrazolium
salt MTT (3,(4,5-dimethylethiazol-2-yl)-2,5-diphenyltetra-
zolium bromide) [34], colorimetric measurement of pH
change due to pyruvate production [35], and incorporation
of radioactive nucleotides, [*H] hypoxanthine [36]. These
assays are expensive, laborious, and time-consuming, and
in addition, the use of radioactive nucleotides poses a seri-
ous health hazard. Furthermore, these tests are not suitable
for routine field screening in Africa where simple, inexpen-
sive assays are needed [32]. Taken together, the 6 h DIIT
described here could be of immense value in resource-con-
strained settings like SSA and field screening where simple,
sensitive and cheap techniques, and rapid results are required
to identify potential drug candidates. It can also hasten com-
pound profiling for antitrypanosomal study in the face of
high-throughput screening.

The ability of the partially purified fractions to signifi-
cantly suppress proliferation of 7. congolense in the sys-
temic circulation of the treated rats demonstrates promising
in vivo antitrypanosomal effects of A. indica. Anaemia is one
of the most detrimental consequences of trypanosomiasis
and most consistent clinicopathological findings [37]. More
commonly, a sharp decrease in PCV of livestock suspected
of trypanosomiasis is often used to aid diagnosis of Afri-
can animal trypanosomiasis. Anaemia often persists after
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the first wave of parasitaemia even when parasitaemia has
declined to lowest level in systemic circulation [38, 39]. The
significantly lower PCV in the present study lends credence
to this. The generally upheld mechanisms of trypanosome-
induced anaemia include immune-mediated galectin-3
erythrophagocytosis and macrophage migration inhibitory
factor-mediated suppression of erythropoiesis [40], destruc-
tion of the erythrocyte membrane from either the oxidative
damage [39, 41], infection-induced anti-variable surface
glycoprotein-mediated haemolysis [42], or cleavage of sialic
acid of the erythrocyte membrane by trypanosome sialidase
[43] and haemodilution [44]. Treatment with extract and
fractions of A. indica was able to alleviate T. congolense-
mediated anaemia in the present study and maintained sig-
nificantly high PCV. Thus, the plant, particularly AIF5 could
be of immense value in enhancing livestock productivity in
trypanosome-endemic areas owing to its ability to maintain
significantly adequate PCV. Naessens [45] earlier observed
that control of anaemia is more beneficial to the survival and
productivity of trypanosome-ridden animals than the control
of parasitaemia. Mean corpuscular volume and mean cor-
puscular hemoglobin concentration are erythrocytic indices
used to assess the nature and extent of anaemia. Our findings
show that these parameters were not significantly different
from the values of the negative control, which translates into
normocytic-normochromic anaemia. This is in agreement
with the findings of earlier researchers who reported nor-
mocytic—-normochromic anaemia in rodents [46], cats [47],
and dog [48] infected with trypanosome. Normocytic-nor-
mochromic anaemia is the type of anaemia found in chronic
inflammatory diseases [49]. Indeed, we observed decrease in
the inflammatory cells in the fraction-treated groups. It fol-
lows that 7. congolense-mediated anaemia is not the result of
down-regulation or suppression of myeloid tissue. The high
WBC and lymphocyte counts in the infected rats in our study
agree with the finding of [46]. However, treatment with frac-
tions of A. indica kept leukocytosis at basal levels. This may
not be unconnected with promising antitrypanosomal effects
that keep parasitaemia at bay and thus prevent activation of
inflammatory processes.

The ability of AIF5 to significantly lower serum levels
of MDA in the treated rats implies amelioration of lipid
peroxidation of cell membrane, especially erythrocytes and
thus reduction in serum MDA. Maintenance of integrity of
cell membrane is a function of its lipid content. Conditions
such as trypanosomiasis that produce high free radicals
beyond the capacity of natural antioxidant system predis-
pose to peroxidation of lipid membrane with resultant higher
MDA in the serum [50, 26]. The negative group produced
significantly highest MDA, indicating excessive peroxida-
tion of lipid membrane and perturbation of the 7. congo-
lense-infected rats. MDA is the most important metabolite
of omega-6 polyunsaturated fatty acid and commonly used

biomarker of oxidative stress [51]. Furthermore, MDA trig-
gers inflammation and aggravates onset of clinical disease
[50]. Hence, AIF5 protects cell membrane against deleteri-
ous effect of MDA mediated by lipid peroxidation and main-
tains fluidity of cell membrane. The superior in vivo antit-
rypanosomal effects of AIF5 observed in the present study
could be explained by its ability to significantly increase
PCV and decrease MDA.

Conclusion

We conclude that AIF1 and AIF5 potently inhibited TAO
and demonstrated significant antitrypanosomal effects. Fur-
thermore, the significantly higher in vivo antitrypanosomal
effects of AIF5 can be attributed to its greater ability to
increase packed cell volume and lower malondialdehyde,
in addition to inhibition of TAO. Optimization of AIF5 may
open another opportunity for the synthesis of a novel trypa-
nosome metabolic inhibitor.
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