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This study investigated the antimalarial activity of _Agadirachta indica leaf extract complexed with 2-
hydroxypropyl-8-cyclodextrin (HP-3-CD) alone and a combination of HP-8-CD and polyvinylpyrrolidone
(PVP) with a view to improving the antimalarial activity of the complex. Hot aqueous extract (HAE), hot
hydroalcoholic extract (HEE) and cold hydroalcoholic extract (CEE) of A. indica were assessed for suppressive
and curative /7 vivo antimalarial activity following established procedures. HAE was selected for complexation
because aqueous extraction is the most commonly used preparation in ethnomedicine; CEE and HEE did not
show superior efficacy in the antimalarial tests. HAE-HP-3-CD complexes (at each of 50, 100, 200 and 400
mg/kg) were prepated by freeze-drying at a weight ratio 1:1. HAE (400 mg/kg) - HP-8-CD-PVP complexes
were also prepared with each of 5%, 10%, and 20% w/w PVP. The complexes wete subjected to curative tests
and data were analyzed. In the suppressive tests, CEE, HAE and HEE produced chemosuppression of 75.0%,
78.2% and 77.7% at 400 mg/kg, respectively. HAE at 400 mg/kg produced the lowest percentage parasitemia on
day 5 in the curative tests. In the curative test, HAE (400 mg/kg) - HP-8-CD complex showed supetior efficacy,
(F 5. = 5.06, P < 0.05), when compared to complexes of lower doses. HAE (400 mg/kg) alone attained 57.9%
chemosuppression on day 6 while HAE (400 mg/kg) — HP-8-CD complex attained 51.5%. HAE-HP-8-CD-
PVP complexes gave about 30% chemosuppression. The study concluded that complexation of an aqueous
extract of Agadirachta indicaleaf with HP-B-CD at 400 mg/kg produced significant improvement in the activity
of the extract while HP-B-CD and PVP complexes did not significantly improve the curative activity.
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ABSTRACT

complexation, 7 vivo curative antimalarial activity.

INTRODUCTION

Agadirachta indica A. Juss (Meliaceae), is
particularly well known to the populations of
West and East Africa as a reputed folklore
antimalarial agent (Iwu, 2014). Itis a native of Asia
but has now naturalized in West Africa. The neem
tree known locally as Dogon Yaro or Darbejiya
(Hausa), Ogwu-akom (Igbo), Aforo-Oyinbo
(Yoruba) is widely cultivated throughout Nigeria
as an ornamental plant. The Natural Products
Alert NAPRALERT) database lists 152 general
plant medicines which have been used for the
treatment of malaria (Phillipson and Wright,
1999). Neem is regarded as one of the priority
plants for ethnomedicine production on this list.
It is classically taken as a reference in malaria
phytomedicine (Benoit-Vical e al, 2003; Lim,

2014)

Several workers have reported the in wvitro
antimalarial activity of A. indjca (Khalid e al., 1980;
1989; Bray e al. 1990; Udeinya 1993; Dhar ez al.
1998; Udeinya er al. 2003, 2008; Oshikoya e al.
2008; Kaur ef al. 2009; Ogbuewu ez a/. 2011) which
was highly active against Plasmodium falciparum.
Most of the reports of the 7# vivo antimalarial
activity evaluation of A. indica point to the fact that
it exhibits significant prophylactic and suppressive
effects 7z vivo but very minimal curative activity
(Isah et al., 2003; Oshikoya ez al., 2008; Farahna ez
al.,2010).

Cyclodextrins (CD) are non-toxic macrocyclic
biodegradable oligosaccharides which are
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obtained biotechnologically in large scale by the
enzymatic degradation of starch. They consist of
D-(+) glucopyranose units attached by o-(1, 4)
glycosidic bonds and contain a relatively lipophilic
central cavity and a hydrophilic outer surface.
They interact with many compounds by inclusion
into the hydrophobic cavity via non-covalent
hydrophobic interactions, van der Waals forces
and hydrogen bonds (Loftson and Brewster, 1996;
Al-Burtomani and Suliman, 2017). Consequently,
cyclodextrins can improve the solubility, stability
and other physicochemical characteristics of
respective guest molecules (Challa ez a/., 2005; Sa
Couto et al., 2014). Cyclodextrins have been used
to enhance the solubility of drugs and other
substances in aqueous solutions. Drug
bioavailability is expected to improve through
enhancement of the solubility and dissolution rate
(Sharma and Baldi, 2016). The enhanced drug
bioavailability is expected to bring about an
increase in the pharmacological activity of the
drug,

Studies have shown that the use of
pharmaceutical polymers enhances the
complexation efficacy of the cyclodextrins
(Ansari, 2015; Pacheco ez al., 2018). The use of
polymers enhances the capacity of cyclodextrins
to include the therapeutically active compound
and induces as well as enhances a more rapid
release of the active compound out of the
pharmaceutical formulation (Challa ez a/., 2005).
Examples of such polymers include
hydroxypropyl methylcellulose (HPMC),
hydroxypropyl cellulose and polyvinylpyrrolidone
(PVP). PVP is a water-soluble polymer which has
been used to enhance the capacity of
cyclodextrins to include therapeutically active
compounds in their hydrophobic core. Water-
soluble polymers participate directly in the
complexation process thereby improving both
pharmaceutical and biological properties of
guest—cyclodextrin complexes, independent of
guest's physiochemical properties (Hirlekar ez al.,
2009).

In this study, 4. /ndicaleaf extract was complexed
with 2-hydroxypropyl-g-cyclodextrin alone and
with a combination of 2-hydroxypropyl-B-
cyclodextrin (HP-B-CD) and
polyvinylpyrrolidone (PVP). This was done with
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the aim of evaluating the effect of complexation
on the chemotherapeutic activity of A. indica leat
extract on established malaria parasite infection in
mice.

MATERIALS AND METHODS

Plant material

The leaves of Azadirachta indica were collected by
noon at Obafemi Awolowo University, Ile- Ife,
Nigeria, and identified in the Faculty of Pharmacy
Herbarium. A voucher specimen was deposited at
Forestry Research Institute of Nigeria for
reference (FHI-103435). The leaves were dried in
the oven at 40 "C for one week, powdered and
stored at room temperature for extraction.

Extraction Procedures

Three different extraction procedures were
carried out and 100 g of powdered leaves of
Agzadirachta indicawere used in each procedure.

(i) Aqueous Soxhlet Extraction: Powdered leaf
(100 g) was extracted with 100 mL of distilled
water for 48 h, using the Soxhlet apparatus. The
aqueous-derived extract was concentrated under
reduced pressure in vacuo at 60°C using a rotary
evaporator (Buchi Rotavapor, Switzerland) and
lyophilized to give a solid paste. This extraction
gave hotaqueous extract (HAE).

(if) Ethanol - water Soxhlet Extraction: Powdered
leat (100 g) was extracted with 100 mL of 50%
ethanol — water for 48 h, using the Soxhlet
apparatus. The solvent - derived extract was
concentrated and lyophilized as described in (i)
above. This extraction produced hot
hydroalcoholic extract (HEE).

(i) Ethanol — water (cold maceration method):
Powdered leaf (100 g) was soaked in 500 mL of
50% ethanol - water for 24 h with constant
shaking. The residue after filtration was soaked in
another 500 mL of 50% ethanol - water for 24 h.
The filtrate was pooled, concentrated and
lyophilized as described above. This extraction
produced cold hydroalcoholic extract (CEE).

Extracts Partitioning

Five grams (5 g) of each of the extracts (HAE,
HEE and CEE) was dissolved in 55 mL of
distilled water. The solution was poured into a 250
ml separating funnel and partitioned with n-
hexane (8 X 10 mL portions). The n-hexane
fractions were pooled and concentrated at 40 °C.
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The aqueous layer was further partitioned with
chloroform (8 X 10 mL portions), the chloroform
fractions were pooled and concentrated at 40 °C.
Lastly, the aqueous layer was further partitioned
with ethyl acetate (8 X 10 mL portions) and the

fractions were pooled and concentrated at 40 °C.
This procedure was repeated with HAE and HEE.

Thin Layer Chromatography of the fractions

Silica gel pre-coated aluminium plates (Alugram sil
G/UV 254) and ultra-violet lamp (254 and
365nm) were used for thin layer chromatography.
The three partitioned fractions (n-hexane,
chloroform and ethyl-acetate) were spotted on the
pre-coated TLC plates after the appropriate
solvent system for gedunin (reference compound)
was determined to be n-hexane - ethyl acetate
67%:33%. Gedunin (10 mg) was dissolved in 1 mL
of chloroform before spotting. About three drops
each of gedunin and the extract fractions were
spotted separately on the TLC plates and
developed with the appropriate solvent system (n-
hexane - ethyl acetate 67%:33%) in a shandon
tank. The plates were viewed under daylight and
under ultra violet light at 254nm and 365nm. The
plates were then sprayed with Anisaldehyde
solution and scanned immediately after spraying,

Experimental Animals

Female and male adult Swiss albino mice (Vom
strain), weighing between 18 and 24 g were used
for the experiments. The animals were maintained
at 25 £ 2 °C under natural 12 h daylight/night
conditions for atleast 5 days before the treatment.
All the animals were fed with standard diet and
water ad /ibitum in the Department of
Pharmacology, Obafemi Awolowo University,
Animal House. The “principle of laboratory
animal care” (NIH publication No. 85-23)
guidelines and procedures were followed in this
study. Approval for this research was given by
University Research Council (URC) of Obafemi
Awolowo University with the approval number
URC/05032010/PHP05/06/R/0826. The
chloroquine-sensitive strains of Plasmodium berghei
(NK 65) used in this study was a donation to
Professor O. G. Ademowo, Institute for Advanced
Medical Research and Training, College of
Medicine, University of Ibadan, Nigeria by
Malaria Research and Reference Reagent
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Resource Centre (MR4) U.S.A. The parasites were
maintained in animals by serial passages of blood
collected from a patent donor mouse to a naive
recipient.

Evaluation of antimalarial activity

Three different extracts of _Agadirachta indica;
(HAE, HEE and CEE) were prepared and
assessed for their zz vivo suppressive and curative
antimalarial activity, following established
procedures described by Peters (1980) and Ryley
and Peters (1970), respectively. The hot aqueous
extract (HAE) was then complexed with HP-3-
CD. The extract at doses of 50, 100, 200 and 400
mg/kg body weight, were dissolved in 5 mL of
50% ethanol. Each of these was mixed (ata weight
ratio 1:1) with HP-B-CD dissolved in 5 mL of
distilled water. The mixture was agitated with
magnetic stirrer (Gallenkamp, England) for 24 h.
Separately, HAE (400 mg/kg) — HP-8-CD
complex was also complexed with 5%, 10%, and
20% w/w of PVP. The resulting solution was kept
in a freezer at -20 "C and lyophilized in a freeze-
dryer for 24 h to produce the dried complexes
which were stored in airtight containers. The
complexes were dissolved in distilled water and
assessed for their 7z vivo curative antimalarial
activity.

Suppressive tests

This assay protocol was based on Peters (1980)
using P. berghe: NKO65 - chloroquine sensitive
strain. Suppressive (4-day schizonticidal) tests
were carried out on the extracts (CEE, HEE and
HAE) in order to determine the one with the
highest level of suppressive activity. A diluted
inoculum (0.2 mI.) containing 1 x10 parasitized
erythrocytes was injected intraperitoneally into
four groups of 5 mice per group for each extract.
The extracts were administered at 4 dose levels
(50,100,200 and 400 mg/kg) using a stainless steel
feeding needle-oral cannula from day of infection
(day 1) up to day 4. A negative control group of 5
mice was administered 10ml/kg of normal saline
solution while Chloroquine base (10 mg/kg) was
administered to another group of 5 mice (positive
control group).

On day 4 (96 h post-infection), thin blood films
from the tail vein of the mice were prepared and
stained with 10% Giemsa for 10 min, rinsed with
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distilled water and allowed to dry. The smears were
dried and by the aid of immersion oil using a light
microscope. The average percentage
chemosuppression expressed in relation to the
negative control result were determined using the
formula:

Average % chemosuppression =
average parasitaemiaintestgroup  x 100
average parasitaemiain control 1

Curative tests

This mode of malaria treatment in experimental
mice was carried out according to the method of
Ryley and Peters (1970). The mice inoculated with
the parasite were left until parasitemia was
established before commencement of treatment.
Thereafter, the three extracts (CEE, HAE and
HEE) were administered at four dose levels (50,
100, 200 and 400 mg/kg) as previously described
for five consecutive days. Thin blood smears of
each animal were made daily for 5 days. The
survival time was determined after observing the
animals for 28 days in each group noting and
recording the number of deaths per day
throughout the 28 days period of conducting the
experiment. The survival time per group is the
average of number of days the animals in each
group were alive.

For the HAE-HP-3-CD complexes; 2,4, 8 and 16
mg of complex were administered to each mouse
at 50, 100, 200 and 400 mg/ke dose respectively
for five consecutive days after parasitemia was
established. This was because the complexes
contained equivalent weights of HAE and HP-3-
CD. A negative control group was administered
8mg of HP--CD in 0.2 mL of distilled (this is the
quantity of HP-8-CD in 400 mg/kg HAE - HP-j3-
CD complex while Chloroquine base (10 mg/kg)
was administered to positive control group.

For the HAE (400mg/kg)-HP-3-CD-PVP
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complex; 16.8, 17.6 and 19.2 mg was
administered to each mouse in HAE-HP-3-CD-
5% PVP, HAE-HP-3-CD-10% PVP and HAE-
HP-B-CD- 20% PVP groups respectively. Normal
saline (10 mL/kg), HP-3-CD + PVP (8 mg+3.2
mg) were given separately to two negative control
groups, while Chloroquine base (10 mg/kg) was
administered to positive control group. The
animals were treated for five consecutive days
after parasitemia was established.

Thin blood smears of each animal were made daily
for 5 days and survival time was determined as
previously described.

Temperature readings

Rectal temperature was measured daily using a
digital thermometer, after infection was
established, to observe the effect of HAE and the
complexes on body temperature in the curative
test.

Statistical Analysis

The data from this study were subjected to
ANOVA statistical analysis with significant level
taken at P<0.05 followed by
Student—Newman—Keuls post hoc test.

RESULTS

The yields of HAE, HEE and CEE were 11.38%,
16.43% and 22.94% respectively. The result of the
TLC shown in Table 1 indicates that three
fractions (n-hexane fractions of CEE and HEE
and chloroform fraction of CEE) had brick red
spots with R values of 0.85 which is similar to that
of gedunin. The n-hexane fraction of CEE had
the same color intensity as gedunin after spraying
with anisaldehyde solution while that of HEE was
not as deep. Trace amounts are probably present
in the chloroform fraction of CEE since the spot
had a faint brick reddish tint. HAE fractions did
not show evidence of gedunin in this
chromatogram.
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Table 1: Thin Layer Chromatography characteristics of Gedunin and fractions of CEE, HAE and

HEE
SPOTS
R values
DAYLIGHT UV Light (254nm) After spraying
with anisaldehyde
0.85 Gedunin (colorless)  Purple Deep brick red
0.85 Hexane Purple Brick reddish (not as
HEE((colotless with deep as Gedunin)
a greenish tint)
0.85 Hexane CEE Purple Deep brick red close
(greenish) to Gedunin
0.85 Chloroform fraction  Purplish (faint) Did not pick up the

HAE (colorless)

brick red color

HAE-Hotaqueous extract, HEE-Hot ethanolic extract, CEE-Cold ethanolic extract

The results of the 4-day schizonticidal
(suppressive) test for the different extracts of 4.
indica leaves are shown in Table 2. The three
extracts produced significant (P<0.05) dose-
dependent chemosuppression. There was no
difference in activity between the 200 and 400

mg/kg doses for the three extracts. Chloroquine
produced 68.1% chemosuppression. This is lower
than the chemosuppression produced at 100, 200
and 400 mg/kg doses of the three extracts. The
results of the established infection test for the
extracts are as presented in Table 2.

Table 2: Suppressive activity of A. indica extracts on Plasnmodinm berghei (NK65)

Cold ethanol extract

Hot aqueous extract

Hot ethanol extract

(CEE) (HAE) (HEE)

Dose Average Average Average Average Average Average
(mg/kg) Parasitemia =~ Chemosup Parasitemia Chemosup Parasitemia ~ Chemosup

(%) pression (%) pression (%) pression

(%) (%) %)

0 188+ 2.2 0.0 188+ 2.2 0.0 18.8 £ 2.2 0.0

50 142+ 1.1° 24.5 64 + 04 66.0 75 + 0.7° 00.1

100 55+ 0.5 70.7 42 * 0.6* 7.7 52 + 04° 72.3

200 47+ 05" 75.0 40 * 0.3* 78.7 43 + 0.2° 77.1

400 47+ 03" 75.0 41 £ 05° 78.2 42 £ 03" 77.7

CQ (B 60+£05° 068.1 0.0 £0.5° 068.1 0.0 £0.5° 08.1

*a = P<0.05 between control and test dose, b= P<0.05 between 50 mg/kg and other doses.

CQ-chloroquine. (Mean = SEM, n = 5)
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Table 3: Curative activity of A. indica extracts on Plasmodium berghei INKG65)

Average Parasitemia (%)

Cold ethanol extract

Hot aqueous extract

Hot ethanol extract

(CEE) (HAE) (HEE)
Days after infection

Dose

mg/kg 3 5 7 3 5 7 3 5 7

0 5909 56=x05 35x05 5909 5605 3.5+0.5 59+ 09 5.6x0.5 3.5+0.5
50 3.6x0.3* 7.6£0.6® 5.0+ 0.6 48*+04 47106 3.7£04 44+ 04  55%0.7 4104
100 2.9+0.3* 5.6 0.6 3.6x05 45+x0.5 5.8+0.8 6.5£0.5" 6.0£ 0.7 42+05 24%1.2
200 41£0.4* 2.3%0.5* 5.6£0.6* 4.2+0.5 4.9%+0.6 4.6x0.6 3.8t 04 6.710.6 4.4%0.7
400 45+0.5 5.6%05 42+04 28+0.3* 33103 2704 7.7£1.6 55109 22103
CQ() 2.8+0.3* 45+0.6 28+03 28+0.3" 45+0.6 2.8+0.3 2.810.3* 45x0.6 2.8%0.3

*a = P<0.05, between control and test dose

The three extracts (CEE, HAE and HEE) did not
show any appreciable curative antimalarial effect
(Table 3). In addition, CEE and HEE did not
exhibit superior activity when compared with

HAE. Thus, the complexation study was done
with HAE.

Table 4 shows the effect of HAE complexed with
HP-3-CD on established infection. Percentage
parasitemia decreased for chloroquine and HAE-
HP-3-CD test doses on day 4 after infection.
Average percentage parasitemia decreased with
chloroquine till day 7 after infection compared to
controls. Chloroquine and HAE-HP-3-CD at 400
mg/kg gave a significant (P<0.05) increase in

(Mean * SEM, n= 5)

chemosuppression, compared to control,
throughout the duration of the test although the
extent of suppression achieved by the latter is less
than that of chloroquine.

The survival period of mice treated with HAE -
HP-3-CD complex is shown in Table 5. The
chloroquine group had the highest survival period
of 28.00 days while 50 mg/kg, 200 mg/kg and 400
mg/kg groups survived for a mean period of
19.00, 20.40 and 22.00 days respectively. These
values were higher than the survival period of
18.20 days in the controls although there were no
significant differences in the survival period.

Table 4: The effect of HAE complexed with 2-hydroxypropyl-B-cyclodextrin on established

infection.
Doses (mg/kg) Day 3 Day 4 Day 5 Day 6 Day 7
Average ACS  Average ACS  Average ACS Average ACS  Average ACS
Parasitemia (%) Parasitemia (%) Parasitemia (%) Parasitemia (%) Parasitemia (%)
(%) (%) (%) (%) (%)
Control (CD) 11.36£1.22  0.00 8.92+1.21 0.00  13.40£0.93  0.00 11.99£1.04  0.00 20.41+1.84  0.00
50mg/kg + CD 12.68+1.14  0.00  8.04£0.75" 9.87  12.57£1.00" 6.20 13.26+0.88" 0.00 21.1241.70°¢  0.00
100mg/kg +CD  15.72+0.93  0.00  9.90%0.64°¢ 0.00  15.90%1.21° 0.00 12.79%0.86"  0.00 19.70£0.92°¢  0.00
200mg/kg +CD  9.36%0.55 17.61 6.87+0.53 2298 11.33+0.90" 15.41 17.11£1.84°  0.00 22.44%1.97°¢ 0.00
400mg/kg +CD  9.1510.83 19.45  6.25+0.44*¢ 29.93 8.36+0.64*" 37.61 13.93£1.46° 0.00 12.50+0.76**  38.76
Chloroquine 6.11£0.53 46.21 4.22+0.35° 5269 1.86%0.22° 86.12 1.46£0.25*  87.82  2.42%0.30° 88.10

(10)

*a = P<0.05 between control and test dose, b=P<0.05 between chloroquine and other test doses,
c=P<0.05 between 400 mg/kg + CD and (50,100,200) mg/kg+CD, ACS - Average chemosuppression,
50+CD, 100+CD, 200+CD, 400+CD — HAE - HP-3-CD complexes, Control - 8mg of HP-3-CD,

(Mean = SEM, n = 6)
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Table 5: Mean survival period of mice treated with HAE - HP-8-CD complex in established

infection

Dose of HAE-HP-3-CD

Survival (days)

Control

CQ (10mg/ke)
50 mg/kg + CD
100 mg/kg + CD
200 mg/kg + CD
400 mg/kg + CD

1820 + 3.84
28.00 £ 0.00
19.00 + 1.97
16.50 = 3.77
20.40 £ 3.49
22.00 £ 2.12

50+CD, 100+CD, 200+CD, 400+CD — HAE-HP-$-CD complexes, Control - 8mg of HP-3-CD. (Mean +

SEM, n = 6).

Table 6: The effect of HAE complexed with 2-hydroxypropyl-B-cyclodextrin and polyvinyl

pyrollidone on established infection

Day 3 Day 4 Day 5 Day 6 Day 7
Drug Dose Average ACS Average ACS Average ACS Average ACS Average ACS
(mg/kg) Parasitemia (%) Parasitemia (%) Parasitemia (%) Parasitemia (%) Parasitemia (%)
) ) ) ) )
Normal 10 ml/kg 9.00+1.00 0.00 7.1940.67°  0.00 12.76+1.75  0.00 21.45+4.31°  0.00 22.8940.63" 0.00
saline
HP-3-CD 8 mg+3.2 mg 11.36+1.21 0.0 8.85+1.16"  0.00 14.50£5.68"  0.00 15.79£4.80>  0.00 16.83£5.08 0.00
+ PVP
cQ 10 10.91£1.02  0.00 0.81+0.47 88.73  1.02%0.19 92.00  0.45%+0.15 97.90  1.89%+1.52 91.74
HAE 400 7.00+2.51 2222  611+1.94 15.02 10.08+4.34  21.00 9.04£1.01 57.86  12.05+0.86  47.36
PVP
concentration
)
HAE - 0 7.13%1.81 20.78  7.80%£2.98 0.00 9.931£0.91 22.18 10.41+2.09 51.47  23.01%+6.54° 0.00
HP-3-CD
5 10.03£3.93  0.00 7.44+1.54 0.00 16.32£2.52>  0.00 15.6314.83  27.13  24.64+5.74" 0.00
10 6.60+1.38 26.67  6.16+1.17 14.32 10.90£2.38 1458  14.30+3.76  33.33  21.49%3.85 6.12
20 9.20+2.13 0.00 7.74+1.53 0.00 10.71£5.93  16.07 14.66£1.00 31.66 16.91+2.40 26.12

*b= P<0.05 between chloroquine group and other groups, ACS - Average chemosuppression CQ —
chloroquine, PVP-polyvinyl pyrollidone, HAE - HP-3-CD: 400 mg/kg of HAE + HP-3-CD (Mean +

SEM, n = 6).

The established infection (curative) effect of
HAE complexed with HP-3-CD and PVP on
established infection is as shown in Table ©.
Chloroquine produced a significant (p < 0.05)
increase in chemosuppression which was 91.74%
on day 7. On day 6, suppression of parasitemia
produced by HAE (57.86%) was higher than that
of HAE- HP-B-CD complex (51.47%).

HAE-HP-3-CD-PVP complexes attained
chemosuppression of 27.13%, 33.33% and
31.66% at 5%, 10% and 20% PVP content
respectively on day 6. Thus, the HAE showed
greater activity than HAE-HP-3-CD and HAE-
HP-B-CD-PVP complexes.

The results of the effect of HAE-HP-3-CD-PVP
on body temperature of mice in curative test are
shown in Table 7. HAE at 400 mg/kg caused a
steady decrease in temperature while temperatures

decreased and increased on alternate days with
HAE-HP-8-CD and HAE-HP-3-CD-PVP 5%.
The other PVP complexes did not increase the
temperature in the infected mice. Chloroquine
caused a steady increase in temperature up till day

0.

The mean survival period of mice treated with
extract alone and the complexes in established
malaria infection is shown in Table 8. Chloroquine
gave the highest survival of 28 days while control
1 (normal saline) and control 2 animals had
survival periods of 15.20 and 19.20 respectively.
HAE-HP-8-CD-PVP 5% and HAE-HP-B8-CD-
PVP 10% had slightly increased survival periods
compared to controls, but these differences were
not significant (P>0.05). The HAE-HP-3-CD-
PVP 20% group had the lowest mean survival
period of 14.60.
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Table 7: Effect of HAE — HP-3-CD — PVP on body temperature of mice in curative test

Temperature readings on days after infection (°C)

3 4 5 6 7
Control 1 35.94+1.03  36.72£0.19  36.37£0.72  34.97£0.50  35.45%0.45
Control 2 36.7220.50  36.07£0.64  36.18%£0.52  35.44+0.20  35.11£0.39
CQ 10mg/kg 35.92+0.47  36.81£0.44  37.16%£0.28  37.1+0.25 36.78%0.46
400 mg/kg 36.55+0.57  36%0.81 35.77£0.52  35.43+0.47  35.33%10.43
400 mg/kg + CD 36.410.94 35.5%£0.93 36.22+0.66  35.05X0.75  35.65%0.77
400+CD+PVP5% 36.38+0.44  34.88£0.54  35.58%0.14  34.7+0.65 35.481+0.21
400+CD+PVP10%  36.34+0.43  36.05+0.32  36.02+0.22  34.56+0.53  35.16%0.45
400+CD+PVP20%  34.86%0.55  35.49%0.63  35.6£0.33 35.2%0.10 35.05£0.95

Control 1 - normal saline, Control 2 - 8 mg of HP-3-CD +3.2mg of PVP, CQ - chloroquine 10 mg/kg 400
mg/kg- 400 mg/kg HAE, 400+CD - 400 mg/kg HAE + HP-3-CD, 400+CD-+5% - 400 mg/kg HAE + HP-j3-
CD + PVP 5%, 400+CD+10% - 400 mg/kg HAE + HP-3-CD + PVP 10%, 400+CD+20% - 400 mg/kg HAE

+ HP-8-CD + PVP 20%. (Mean+ SEM, n=06).

Table 8: Mean survival period of mice treated with HAE-HP-3-CD-PVP complex in established

infection

Dose of HAE-HP-8-CD-PVP

Survival (days)

Control 1 (normal saline only)
Control 2 (CD + PVP alone)
CQ (10mg/kg)

400mg/kg

400mg/kg + CD

400mg/kg + CD + PVP5%
400mg/kg + CD + PVP10%
400mg/kg + CD + PVP20%

15.20 + 1.53
19.20 + 3.31
28.00 + 0.00*"
17.00 + 3.26
16.60 + 2.14
19.20 + 2.63
19.80 + 0.80
14.60 + 0.81

*a =P<0.05 between control 1 (normal saline) and chloroquine
b = P<0.05 between control 2 (8 mg of HP-8-CD and 3.2 mg of PVP) and chloroquine

400 mg/kg- 400 mg/kg HAE,
400+CD - 400 mg/kg HAE + HP-3-CD

400+CD+5% - 400 mg/ke HAE + HP-8-CD + PVP 5%
400+CD+10% - 400 mg/ke HAE + HP-8-CD + PVP 10%
400+CD+20% - 400 mg/ke HAE + HP-8-CD + PVP 20%

(Mean = SEM, n = 6).

DISCUSSION

The enormous therapeutic potentials of A. zndica
have been identified (Achi ez a/., 2018) and efforts
have been made to improve the 7z vivo antimalarial
effect of gedunin, which is believed to be its main
antimalarial component (Khalid e a/, 1989;
Mackinnon ezal., 1997).

In this study, an attempt was made to increase
bioavailability of A. /ndica extract constituents by
complexation with 2-hydroxypropyl-B-
cyclodextrin (HP-B-CD) alone and with the
combination of 2-hydroxypropyl-8-cyclodextrin
and polyvinyl pyrrolidone (PVP) at different
concentrations. Bray e a/. (1990) indicated A.

indica has better zn vitro and poor 7n vive activity,
which could be due to poor absorption from the
gastrointestinal (GI) tract. Therefore, appreciable
amount of the plant constituents did not reach the
site of action (that is the blood) in the mice model
of  Plasmodium berghei infection. Hence, the
complexes were prepared to assess the possibility
of increasing the absorption of the extract
constituents and enhancing pharmacological
activity.

The hot aqueous extraction method gave the
lowest yield which might be due to the fact that a
large proportion of A. indica constituents are
limonoids. Limonoids are moderately polar
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substances which are insoluble in water and
hexane but are soluble in ethanol (Aliero, 2003). It
is therefore expected that 50% ethanol will
capture more of these constituents as seen in the
higher yield obtained from the hot hydroalcohol
extraction process. The highest yield was obtained
with the cold extraction with 50% ethanol. The
low yield of both HAE and HEE might be due to
the fact that some of the volatile constituents
might have evaporated with the application of
heat.

The presence of gedunin in the extract fractions
was confirmed using chromatographic technique.
The detection of a minimal quantity of geduninin
the chloroform fraction of HAE may be due to its
low expression in A. indica leaves. This is likely to
have contributed to the little activity observed
with the HAE and HAE-HP-3-CD.

CEE, HAE and HEE were subjected to
suppressive and curative antimalarial activity tests
but HAE was selected for complexation for two
reasons. Aqueous extraction is the most
commonly used preparation in ethnomedical
practice and the other extracts (CEE and HEE)
did not show superior efficacy in the suppressive
and curative tests in this study. Moreover, it has
been suggested that for the purposes of
production of antimalarials, priority should be
given to water extracts rather than organic
solvents since water is the solvent commonly used
in ethno-medicine (Rukunga and Simons, 2000).

The results of the present study showed that 4.
indica produced mild 7z vivo curative antimalarial
activity at 400 mg/kg. The poot #n vive activity
could be due to poor absorption of its bioactive
constituents from the GIT and first-pass
metabolism effects like previously reported (Bray
et al., 1990; Omar et al, 2003). Furthermore,
gedunin had been identified as the most active
antimalarial component of A. indica and Melia
azedarach (Mackinnon ez al., 1997) but the amount

of gedunin in A. indica leat is low (Omar ef al.,
2003) and variable (Bray ez a/., 1990; Mackinnon e#
al., 1997). The curative activity of HAE at 400
mg/kg complexed with HP-B-CD showed
superior efficacy when compared to complexes of
the lower doses. Also, the survival period of mice
treated with HAE-HP-3-CD complex was highest
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at the 400 mg/kg dose. However, HAE-HP-§3-
CD-PVP complexes produced lower
chemosuppression than HAE-HP-B-CD complex
while the HAE-HP-3-CD attained comparable
chemosuppression with the extract alone. The
complexes did not reverse hypothermia when
compared with the positive control (chloroquine).
Malaria parasitemia in rodents is characterized by a
decrease in temperature (hypothermia) thus an
antipyretic agent, like chloroquine, will increase
the temperature in infected rodents (Farahna ez 4/,
2010).

The results of this study showed that HAE-HP-3-
CD complex improved the 7z wivo curative
antiplasmodial activity of A. indica aqueous leaf
extract while combination of HAE-HP-8-CD
with PVP did not increase the zz wivo curative
efficacy. Cyclodextrins encapsulate
compounds/drugs with low aqueous solubility in
their hydrophobic cavity to improve transport
across biological membranes (Muankaew and
Loftsson, 2018). In addition, previous studies
have revealed that cyclodextrin complexation
enhanced bioavailability and pharmacological
efficacy of medicinal agents, crude extracts and
natural products. The efficacy of Resveratrol (a
plant-based agent), in prevention of
dimethylbenz[a]anthracene-induced oral
carcinogenesis, was significantly improved when it
was complexed with HP-3-CD (Bertaa ez al.,
2010). Dima e# al. (2014) showed that HP-3-CD
encapsulated coriander essential oil had a
comparable free radical scavenging activity
(79.77%) with the free coriander essential oil
(87.89%). The encapsulated coriander oil retained
about 41-46 % antifungal activity of the coriander
essential oil against Aspergillus niger and Penicillinm
Gancum MIUG M5, Berberis  vulgaris extract-3
cyclodextrin formulation presented better
hepatoprotective effects, against carbon
tetrachloride—induced acute toxicity in mice, than
free extract on oral administration probably due to
improved bioavailability (Hermenean, ¢z a/., 2012).
The findings of these studies corroborate the
improved 2 vivo curative antimalarial activity seen
with HAE-HP-3-CD complexation.

Alarge number of compounds have been isolated
from different parts of _A. /ndica thus the extract
(HAE) contained several bioactive constituents
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(Biswas et al., 2002; Alzohairy, 2016). Some of
these phytoconstituents, especially those with
high molecular weights, were not likely to have
been tightly entrapped in the cavity of the
cyclodextrins. The constituents with smaller
molecular weights might have been entrapped in
the cyclodextrin cavity thus reducing the efficacy
of the complex formed. An example of this is the
effect of encapsulation in B-cyclodextrin on the
water solubility and 7 vitro releasing properties of
constituents of an ethanol extract of Greek
propolis (Kalogeropoulos e al., 2009). Propolis
extract is a multi-component matrix containing
compounds with diverse sizes and functional
groups which differentiate their ability for
interactions with the 3-CD cavity. The authors
concluded that complex formation with 3-CD
resulted in an increase of water solubility for
several propolis extract bioactive constituents.
The more effectively encapsulated small phenolic
molecules were released from the B-CD cavity
with more difficulty, while the opposite was true
for flavonoids, anthraquinones and terpenes. The
net release of specific compounds from the
encapsulated extract depended not only on their
chemical properties but also on their relative
abundance in the propolis extract sample
(Kalogeropoulos e al., 2009). An extrapolation of
this previously reported finding to our study
implies that a bioactive constituent, like gedunin,
which is not abundant in our extract and has a
relatively higher molecular weight, may have been
readily released from the complex into solution
but it was not likely to be in abundance in the
solution. This could be one of the reasons why
HAE and HAE-HP-B-CD complex exhibited
lower antimalarial and little or no antipyretic
activity compared to chloroquine.

Apart from this assertion, some other reasons
which include the ratio factor for complexation
may be attributable. The ratio of HP-B-CD to
guest molecule has been shown to affect the
degree of encapsulation. In this study, HAE —HP-
B-CD complex was prepared at a ratio 1:1 based
on the assumption that most inclusion complexes
formed by interaction of guest molecules with
host cyclodextrin molecules occur at a ratio 1:1
(Wankar ez al., 2020). However, some studies have
shown that use of ratio 1:1 may not achieve
optimal encapsulation and solubility. Lopez and
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Pascual-Villalobos (2010) investigated the effect
of using different ratios of B-cyclodextrin to
monoterpenoids during the complexation process
on the efficiency of encapsulation of 6
monoterpenoids (linalool, camphor, geraniol, S-
carvone, Yy-terpinene, and fenchone) and 2
phenylpropanoids (E-anethole and estragole).
They found that encapsulation, at the ratio of
3.33:1 of B-CD to linalool and y-terpinene, was
higher whereas S-carvone, camphor, E-anethole,
geraniol, estragole and fenchone showed the
greatest encapsulation when the ratio was 6.66:1.
In another study, the effects of complexing
ethanolic extract of Angelina sinensis (AS) extract
with HP-8-CD on human hepatoma cells Hep3B
cell growth was determined by analyzing
cytotoxicity and cellular uptake. The complex with
a weight ratio of AS extract: HP--CD (1: 5) had
the best solubility. It produced cytotoxicity
inhibition of the hepatoma cells by 94% while AS
produced about 68% (Hu ef al, 2014). The
inclusion of anthraquinones from rhubarb extract
in HP-B-CD was achieved at a weight ratio of
rhubarb extract: HP-3-CD of 1:9. The inclusion
complex increased the aqueous solubility and
bioavailability of rhubarb and thus enhanced its
effect on hepatoma cells (Hu ¢z 4/, 2013). In the
case of olive leaf extract, an inclusion complex
was formed with -cyclodextrin at a molar ratio of
1:1. The molar ratio calculations were based on the
molecular weight of oleuropein, since this
compound was the main constituent of the olive
leaf extract. The NMR data established the
formation of a 1:1 complex with (3-CD
(Mourtzinos et al., 2007). It can be deduced that
ratio 1:1 was optimal for inclusion complex
formation because oleuropein is the major
constituent of oliveleaf extract.

For complex multicomponent extracts, whose
ratio calculations are based on weight of the
extract not on molar value of one constituent, a
weight ratio 1:1 of extract: cyclodextrin might not
be the mostideal for inclusion complex. The ratio
of extract to HP-B3-CD used in this present study
was 1:1. This ratio might not have been optimal
for complexation and enhancement of biological
activity, a higher weight of HP--CD might have
produced a more effective HAE-HP-3-CD
complex. This is also a probable reason for the
inability of PVP to improve the activity of HAE -
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HP-B-CD complex since the complexation
achieved between extract and HP-$3-CD might not
have been atits best.

CONCLUSION

In conclusion, this study revealed that the
complexation of an aqueous extract of A. indica
leaf with HP--CD produced significant
improvement in the activity of the extract at 400
mg/kg only while HP--CD plus PVP complexes
with the extract did not improve the curative
activity. These results suggest that HP-3-CD is
useful for the enhancement of .A. indica leaf
extract antimalarial activity and .A. indica extract-
HP-3-CD complexation should be further
investigated for clinical applications.
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