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Original Research Article
ANTIPLASMODIAL POTENTIAL OF CRUDE EXTRACT RICH IN CYSTEINE
PROTEASE INHIBITORS FROM CALOTROPISPROCERA LATEX.

Abstract.

To study the inhibitory activity of crude cysteipeotease inhibitors fror@alotropis procera
againstPlasmodium berghei infected micevarious extracts obtained from the leaves, roots,
flowers, latex and stem bark G&lotropis procera using extraction media that included Sodium
Chloride, Sodium Hydroxide, Hydrochloric acid, Sali phosphate buffer and distilled water
were used to evaluate f@ysteine Protease inhibitory activity against Pamaizyme. Sodium
phosphate buffer extract of latex QRalotropis procera with the highest Protease inhibitor
activity was concentrated by cold acetone predipitafreeze-dried and used for further studies.
Subchronic toxicity study of the extract was aarout in mouse model. Inhibitory effect of the
extract onPlasmodium berghel Cysteine protease and invivo studies on infectedenwas
investigated using incremental doses of 20, 30,5mdg/kg body weight/day.The crude extract
exhibited inhibitory activity against Cysteine prase with an I§; value of 25.50 pg/ml. The
highest percentage parasite suppression of 48%obtaged for the group treated with 50mg/kg
bodyweight/day of the extract. Subchronic toxigtydy using the effective dose of the extract at
50mg/kg body weight/day showed a significant elewain body weight of the animals and
Alanine transaminase activity. A dose-dependeraticeiship was observed in the elevation of
Total protein and glucose concentrations in treaadnals, but there were no significant
changes in percentage PCV, triacylglycerol conegioin, Aspartate transaminase and Alkaline
Phosphatase activities.The result of this studywshihat crude extract obtained from Latex of
Calotropis procera is active against plasmodium Cysteine Proteasedant malaria modeind
could beconsidered as a potential source for antimalaria development. .

Key Words: Cysteine Protease; InhibitioRtasmodium berghei; Calotropis procera.

Introduction.

Malaria is a major cause of morbidity and mortaditd it is estimated that more than half of the
World population were at risk of malaria with astimated 0.7-1 million deaths per year and
over 97 countries are malaria-endemic(WHO,20¥alker et al., 2015) .Evolution of resistance
to most affordable drugs such as chloroquine aratiugl decline in the efficacy of artemisinine
based combination therapies(ACTs) Rhasmodium species(Alexandriagt al.,2015),with no
effective vaccine in sight and resistance of vetansecticides, necessitate the need for novel
entities, ideally directed against new targets sash malarial cysteine proteases(Karthik
al.,2014 and Rosenthal,2011) . The life cycle of malgarasite exhibits two stages: exo-

erythrocytic and erythrocytic life cycles. The dngcytes life cycle was responsible for all
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clinical manifestations and it begins when paessimerozoites) invade erythrocytes and
develop to larger, more metabolically active fofttophozoites) followed by multinucleated
schizont stages which bust out of red blood cedisd reinvade the erythrocytes(Karthrak
al.,2014 and Bhallat al., 2015). Plasmodium Cysteine protease is requioedhfe invation,
rupture of erythrocytes and subsequent degradatimin haemoglobin from the
host(Rosenthal,2011).The amino acid released fraemioglobin degradation is used for the
synthesis of parasite protein and hence surakahis parasite inside the host organism(Partha
et al.,2013 Rosenthakt al.,1999; Zhao-Yuet al.,2014). Inhibition of haemoglobin degradation

offers a valid target for developement of novemotherapeutic agents.

Cysteine protease inhibitor (CPI) in plants fuoms as: storage proteins, regulators of
endogenous proteolysis, defence against insegpatgens attack(Ceros and Carbonel 1993)
Protease inhibitors from plants has been reportednhibited the growth of a variety of
pathogenic bacterial and fungal strains(Muni amea,3014; Sharmat al.,2011; Kuharet
al.,2014).Cysteine protease inhibitor have been identified studied in many plant sources
such as rice (Quaimt al.,2015), maize (Fowler and Pa2R15) soyabean, cowpea potato,
Chinese cabbage and carrot(Mei+tial.,2015). Efficacy of synthetic peptides CPI and non
protein CPI from plants in treatment of diseasagsed byTrypanosoma cruzi, Leishmania
major, viruses andcancer treatment has been established(Coomb artttlakl@997; Edgaet
al.,2012; Manet al.,2015; Zhao-Ywet al.,2014;).

Calotropis procera, a plant ofAsclepiadaceae family are widely distributed in West Africa, has
received special attention because of its uselkniedicine(Marcieet al.,2010. Previous reports
have confirmed that this plant possesses varioaswydcological properties that may be used for
the treatment of inflammatory disorders such dsriéid, cancer,sepsis(Bhakhal.,2015 Syedet
al.,2013; Kumaret al.,2014; Oliveiraet al.,2010) and also antiplasmodial activity Muei
al.,2011. Despite numerous reports on the protein coraed presence of proteases(Abdullahi
and Isah ,2009; Asraet al.,2012; Upadhyay,2013; Onyinke and Abdullahi,200&hd
chemotherapeutic proteins(Fowler and Park,2015héo best of our knowledge information
concerning the identification of protease inhibitorthis plant is lacking hus, the plant was

chosen based on its high cysteine proteases d¢@ndrthat it may contain inhibitor protein(s)
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regulating the activity of endogenous proteoly$mlerstanding of the inhibitory mechanism
they employed may offer prospects for treatmenttha various disorders resulting from
defective control of proteolytic processes.Thiseegsh was designed to evaluate the toxicity
and antiplasmodial properties of the cysteine @s#einhibitor crude extract dalotropis
procera, inorder to come up with a safe efficacious,reliadole sustainable alternative to be used

in malaria chemotherapy.

Materials& Methods:

Chemicals:Azocasein, Benzyl-arginine paranitroanilide(BApNAnd Papain were from
Sigma.All other reagents used were of analyticatigr

Plant Material: The plant was collected and identified in the Da&pant of Biological
Sciences, Ahmadu Bello University,Zaria,Kaduna&tafith a voucher number of 900219. The
leaves, latex, flowers, roots, and stem bark weesldor the study.

Animals. Swiss albino mice of either sex, aged 4 - 6 wesllsand weighing 20 - 25 g each
were used as experimental animals. The mice wereeriently housed, free access to
commercial food pellets and water and natural 1@aylight/night cycles. Experiments were
conducted in strict compliance with internationakycepted principles for laboratory animal use
and care as contained in the Canadian Council om&rCare Guidelines and Protocol Review
(CC,1997).

Parasite. Plasmodium berghel NK65 chloroquine sensitive strain was obtained fridational
Institute of Pharmaceutical Research and DevelopiN#PRD) Abuja, Nigeria and maintained

in laboratory by serial passage in mice.

Extraction of proteaseinhibitor:

Twenty five (25q) of fresh leaves, latex, rootwkrs and stem bark ofalotropis Procera were
blended with 100 ml each of sodium chloride 15%v}w sodium hydroxide 0.2% (w/v), 0.05M
hydrochloric acid, 0.1M phosphate buffer (pH 7) afistilled water as described by(Bijireh
al.,2011). The clear supernatant obtained after hompogion and centrifugation (at 10,000xg,

15 min, and 2C) was assayed for protease inhibitory activity pratein content.
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Acetone precipitation:

Four (4) volumes of cold acetone were added withirgj to the crude extract. After 20 minutes
of stirring, the precipitate was collected by soetfiltration, and washed with cold acetone. The
precipitate was air dried and stored at 4°C. Acetderived powder was suspended in 50m
phosphate buffer, pH 7.6. This was designatedeasride acetone extract(Retal.,1983).

Protease inhibitor assay:

Protease inhibitor activity was assayed accortbritpe method described in(Wannagha
al.,2006). An aliquot of 500pl of the extract was predbated for 10 min at 3 with 500 pl
papain prepared in 100mM phosphate buffer, pHWi#®, 0.3mM EDTA and 2 mM cysteine -
HCI. The assay was initiated by the addition of mibstrate solution (0.5% (w/v) azocasein),
incubated for 20 min at 8¢, and 2ml of trichloroacetic acid (TCA, 20% w/vasvadded at the
end of the experiment to terminate the reactioterA0 min at room temperature, the mixture
was centrifuged at 10,000xg for 10 min and the ddzswe of the supernatant was measured at
410 nm. BApNA assays was performed by adding 299.80mM Tris—HCI (pH 7.6) and
200uL of 1.25mM BApNA solution to the previouslsepincubated cysteine protease enzyme
(papain) and crude inhibitor extract for 10 mirsué 28 C. After 30 min at 3%C , the reaction
was stopped by adding 150uL of acetic acid (30%¢g dbsorbance of the resulting color was
measured at 405nm. Percentage inhibitory activayg then calculated.

% inhibitory activity =Ac -Ai/ Acx100.
Ac=Absorbance without inhibitor

A= Absorbance with inhibitor

Protein estimation.

Protein concentration was determined accordirtbeéanethod of Bradford, using

bovine serum albumin (BSA) as a standard (Bradi&b).

L Dso Deter mination and Sub chronic toxicity test.

LDso was obtained using the method described by (Adiyal.,2014). Subchronic toxicity was

determined according to the method(Alistual.,2014). Mice (20) were divided into four groups
of five mice each, the first group served as cdngiven only 20ml/kg/bw phosphate buffer
saline(PBS), while the remaining 3 groups rece@ahg/kg/bw, 30 mg/kg/bw and 50 mg/kg/bw
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respectively of crude extracts intraperitonealg)(for 21 days.Weights of mice and packed cell
volume(PCV) of each group were compared beforeadtet a 21 days period. Serum glucose
was assayed with Randox glucose diagnostic kit edam glucose oxidase method. Total
proteins were evaluated with method of bradforfly6).Serum triglycerides measured by
method (Rabiaet al.,2015). Aspartate aminotransferase (AST) and Alammenotransferase
(ALT) were valuated using the method of Reitmawa &rankel as described by(Molet
al.,2013). alkaline phosphatase (ALP) was assayed basd¢lde methods of Kind and King as
described by (Giridharagt al.,2012).

I noculation of Mice and Parasite count:

A donor mouse with a parasitemia level of 20 % wasrificed and blood was drawn into a
Heparinised syringe and diluted with phosphate dyeff saline. Infection was initiated by
injecting 0.2ml of the parasite preparation fromdanor mouse to healthy mice via
Intraperitoneal route. Parasitemia was monitorednbgroscopic Giemsa-stained thin blood
smears. The number of parasitized erythrocytebauial0-50 fields were counted twice and the
average was computed to give the parasitemia ¢f eacise.

Percentage parasitemia was calculated as:

% Parasitiemia = (Number of parasitiRR®IC/ Total number of RBC) x 100

Preparation of parasite cysteine protease Extracts:

Blood obtained from infected mice at the peakarfbgitemia was incubated with 0.01% saponin
in 100 mM phosphate buffer saline (PBS) pH 6.08€3@r 10min to lyse red blood cell (RBC)
and was washed four times in ice cold PBS(10,09(®min). The released parasite was lysed
by addition of 0.5 % Triton X-100 in Tris-buffealine followed by incubation at af@ for 90
min as described by(Amlalsial.,2012).The supernatant was collected after an initial
centrifugation at 10,000 x g for 30 min &C4and the pellets from preparation was re exteacte

twice .The extracts were then pooled togetherade enzyme sample.

In vivo Antiplasmodial suppressivetest of crude extract:
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The extract from latex of the plant which exhibitbd highest specific papain inhibition was use
for in vivo 4-day antiplasmodial suppressive test. Mice weaintained and bred at the animal
facility of the University. Thirty five mice wergrouped into seven groups (1to7). They were
infected with diluted parasitized erythrocytes framtlonor mouse with 0.2ml (i @arasitized
erythrocytes/ml) each intraperitoneally (i.p). Gosul and 2 were not infected but treated with
phosphate buffer saline(PBS) and crude extraceotsely. Groups 3 and 4 were infected and
treated with (PBS) and 5mg/kg/b.w Artesunate servas Negative and positive control
respectively. Groups 5, 6 and 7 were infected amdted with 20mg/kg/b.w,30mg/kg/b.w and
50mg/kg/b.w. of the extract. Treatment of mice canoed 2hours after infection and repeated
daily for four days consecutively(i.e 2, 24,48daf® h after inoculation). Mean Body weight,
packed cell volume, percentage parasitemia ancepege survival were determined for each
experimental groups.

%Parasite inhibition of the extract=
(Parasitemia in negative control - Parasitemiaeattnent group) x100/ Parasitemia in negative
control group.

Statistical Analysis

Data obtained were analyzed using One-way Analg§i¥ariance (ANOVA). Variant 152
means were separated using Duncans Multiple rangenBc Test. Results were 153 presented
as Mean + Standard diviation.

RESULTS:

Crude cysteine protease inhibitor(CPI) from d#éf&r part ofCalotropis procera was extracted
using various aqueous solvents. Among all theesit/used, phosphate buffer extract had the
highest specific inhibitory activity for crude CRbm latex ofCalotropis procera (Fig.1) and
this was precipitated using cold acetone,folloviigdits evaluation toxicity test aneh vivo
antimalarial activity.
The crude CPI extract from latex showed inhilyito activity against Cysteine protease of
Plasmodium berghel with 1Cs value of 25.50pug/ml (Fig.2). Median lethal dos®4$) of the
crude CPI was 490mg/kg body weighT(Table 1).
Subchronic toxicity effect of crude CPI extract anean body weight and packed cell volume
(PCV) showed no significant difference (p<0.05)kaoth parameters in respect of treatment
groups compared to control.However mice treatedh wsDmg/kg crude CPl showed a
6
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significance in mean body weight and packed cdlime, before and posttreatment respectively
(Fig.3 and 4).

Some biochemical parameters in mice administetieel crude CPI extract showed Alanine
transaminase activity, Total protein and glucoeacentrations to be elevated as dosage
concentration increased(Table 2), but no signiticahanges (p<0.05) were observed in
PCV(Fig.4), triacylglycerol concentration, Aspaetdransaminase, and Alkaline Phosphatase
activities compared to control(Table 2).

Crude CPI extract produced a dose dependent 4-dema suppressive effect(Fig.5) at the
various doses used in the study correspondinggprsasion of 39.42%, 47.67%, 48.00% by 20
mg/kg, 30mg/ kg and 50mg/kg crude CPI respectiy€gble 3). All infected mice treated with
20, 30 and 50mg/kg extract survived much longen thatreated group (Fig.6), infected but
untreated group animals were all dead by day liteatment. Only mice treated with 50mg/kg
survived for 25days of treatment period with paesspersisting in circulation; the group treated
with standard drug had parasites cleared completelthe 5th day of treatment.Table 4 shows
a significant increases in mean body weigth anke@cell volume of plasmodium berghei
infected treated groups compared to placebo comtoop.
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210 Fig 1:Specific Protease inhibitory activitycalotropis procera parts with different solvents.
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212 Azocasein.

213 Values are Mean + SD(n=3)

214  Different letters within the same parts of plandicate significant different(<0.05) tested by
215  Duncan Multiple Range Test
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Fig 2 :Plasmodium berghel Protease inhibtory activity of the acetone precipitated latex of

Calotropis procera

Inhibitory activity was quantified by preincubagi crude parasite lysate extract with plant
acetone extracts and 1.25mM BAPNA use as subst@ye was calculated to be 25.5ug/ml

Values are Mean + SD(n=3)

Tablel: Determination of Median lethal dosegb)D

Death
Plant sample ExperimenbDose(mg/kg) After24hrs| LDso(mg/kg/b.w)
Phasel 10 0/3
100 0/3
Calotropis procera (Latex) 1000 3/3




Phase2 200 0/3
400 0/3
600 2/3

490.00

226  The LDsovalue was determined by calculating the geometgamof the animal survived.
227  LDso= (Highest non lethal dose) x (Lowest lethal dose)
228
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229

230 FIG3:Mean Body Weight of Experimental Mice treated with CPI from latex of Calotropis
231 procera for 21 days
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Calotropis procera latex for 21 days
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Table2:Effect of Biochemical parameters on mice treated with crude CPI extract from calotropis

procera latex

Glucose Protein Triacylglycerol

(mg/dl) (mg/dl) | (mg/dl) AST(U/L) | ALT(U/L) | ALP(U/L)
PBS(control)| 95.73+0.42 | 4.86+0.09 | 150.88+2.33 | 36.560.47 | 39.24+0.39 | 129.88+0.63
20mg/kg/b.w| 93.28+0.42 | 5.44+0.23 | 145.54+1.28° | 36.40+0.8G | 40.64+0.7%" | 128.94+0.72
30mg/kg/b.w| 103.02+2.00 | 4.74+0.28 | 140.66+0.67 | 37.32+.94 | 38.50+0.31 | 128.04+0.3%
50mg/kg/b.w| 108.04+1.07 | 5.52+0.08 | 148.12+2.68 | 37.64+1.44 | 42.82+1.48 | 126.70+0.73

Values are Mean + SD (n=5)

12

Values with different superscript letters withinettsame vertical column are significantly
different (P < 0.05) tested by Duncan Multiple Rafgst
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252  Fig 5:Parasiteamia levelof the experimental mice infected with P.berghe and treated with
253  crude CPI from Calotropis procera latex

254  Values are Mean + SD

255  CPI-Cysteine protease inhibitor
256

257  Table 3:Four days suppressive test of crude CRietstr

Calotropis procera (latex)
%Parasitaemid %Suppression
Infected+PBS(negative
control) 14.56+0.80
Infected+artesunate 1.82+0.34 87.50+0.24
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10mg/ml(positive control)
Infected+20mg/kg/b.wCP|

8.82+.86 39.42+0.42
Infected+30mg/kg/b.w
CPI

7.62+ 0.62 47.67+0.52
Infected+50mg/kg/b.w
CPI

7.57+0.35 48.00+.32

Values are Mean + SD

Values with different superscript letters withireteame column are significantly different (P <

0.05) tested by Duncan Multiple Range Test

TABLE 4: Effect of crude CPI extract on the bodyig¥gs of P. berghel infected mice

Body weight(g) PVC(%)

Pre treatment post treatment | Pre treatment post treatment
Normal Control(PBS) 26.20+2.48 35.00+1.87° 50.60+2.07 52.40+3.84°
Inhibitor control(IC) 27.80+1.30 37.60+1.14° 47.60+2.07 48.60+7.07%°
Infected+PBS(negative
control) 28.00+1.58 19.5042.12° 43.80+7.85 33.0046.69°
Infected+artesunate 24.20£1.92 33.40+2.88° 49.20+1.92 50.00+2.19"
Infected+20mg/kg 27.00+1.58 32.404.77° 46.00£3.16 46.40+4.63*°
Infected+30mg/kg 28.6043.64 31.80+4.91° 47.60£2.07 45.00+2.23"
Infected+50mg/kg 29.00+1.58 33.6016.22° 50.60+2.07 52.40+3.84°

Values are Mean + SD

Values with different superscript letters are digantly different (P < 0.05) tested by Duncan
Multiple Range Test
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Fig 6: Percentage survival of the experimental mice infected with P. berghel and treated
with crude CPI from Calotropis procera latex

Discussion

Several parasites responsible for mammalian disease dependent on cysteine protease for
various life-cycle functions.Inhibition of these proteases by natural peptigg will not have
off target binding, could be useful in the treattneh these parasitic diseases especially in
Plasmodium infections (Karthiket al.,2014 ; Rosenthal,2011)..

Malaria is responsible for substantial morbiditydamortality in several nations, principally in
tropical and subtropical regions(46). Also, the girwavailable for cure of this desease are
unsatisfactory because of their limited efficacgnd increasing drug resistance. Thus, new,
safer, and more efficacious drugs are urgently eg@dexandrieet al.,2015).

In this studies,higher specific cysteine proteagabition was exhibited by phosphate buffer
extract from latex ofCalopropis procera compared to other solvents,thus phosphate bufésr w
selected as the potent extraction medium for maxertaction of protease inhibitor from the
latex without any loss in activity. This is based the fact that reports on solubilization of
therapeutic proteins using various solvent sysgfmowed that phosphate buffer extraction
conferred stability to these agents(8).Saline ektfeom latex ofC. procera had anticancer
activities(Oliveiraet al.,2010).Other researchers have used different aéidramedia such as
0.01 N NaOH(Marconet al.,1993), distilled water( Jung al.,2014; Kumaet al.,2014) and 0.1

M phosphate buffer, pH 7.5 (Bijiret al.,2011).

Crude acetone extract from latex@fprocera inhibited plasmodium cysteine protease with
ICso value of 25.50pg/ml indicating that the crude astrbind to parasite protease at low
concentration.The median lethal dosage{f)Dof 490mg/kg for this extract is classified as
moderately toxic according to (Corbetial.,2011).

In the subchronic toxicity experiment, there wasign mean body weight of the mice in all the
groups. This may be attributed to normal growttih&f mice with age and also may be due to
improved feed consumption and to the protein matfrthe extract. Crude extracts did not

produce any significant changes in packed cell mal{(PCV) of the treated animals in all the

16
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doses used when compared to the control group. duggests that the extract may have no
toxicological effects on the hemopoietic system.

Liver is the major organ involved in drug biotramshation. Levels of serum liver biomarker
enzymes are assayed to evaluate any toxic effactthe liver (Mukinda Syce ,2007). Increases
in AST levels are considered to be indicative rfemsive tissue necrosis and hepatic cell
damage. Increased ALT levels in the serum refigpertrophy and other conditions of the liver
(Han, et al.,2011). ALP is an enzyme in the cells lining the biliadycts of the liver that has
been used to diagnose biliary obstruction (Oeddl.,2010). In this study, ALT levels increased
only in the mice treated with 50 mg/kg, and thePAand AST were not significantly different
from the control group.However , the increase liTAlevels was modest and did not go above
normal ranges in mice. A significant increasehe mean total protein level of the treated mice
at the dose of 50 mg/kg may be atributed to pnateture of the extract.

The untreated mice had parasite count increasedaanthirked decrease in PCV decreased
markedly until the death of the animal, which mayas a result of destruction of red blood cells
by the parasites leading to erythro-phagocytosieréstingly, our data also show that at death,
the extract treated mice with 20 and 30mg/kg hadhrhugher parasitemias than control mice
which died betweem 9 to 10 days after infectiorvierngs studies have shown that this strain of
P.berghei causes a rodent form of cerebral malaria and l&adsath at relatively low parasitemi

a (Fenget al.,2012). In contrast, the extract-treated miceised/7 to 14 days longer . A dose of
50 mg/kg/day crude CPI clearly delayed progressibparasitemia, as mice lived through the
lethal infection, for almost 14 days more than th&ected and untreated mice, and their
parasitemias reached very high levels, signifyhrg extract treatment supported them to escape
the early death fron. berghei infection. One possibility is that slower growthtlee parasite in
the presence of the extract inhibitor, is thahé&y be modulating the immune response of the
host and thereby alters the outcome of the infactlwy preventing the cascade of events that
leads to early death seen wRRhberghei infection(Fenggt al.,2012). However, it is also possible
that initial suppression of the parasite by extaud posttreatment rise may be due to the fact
that crude extract is inhibiting Cysteine proteasereated by mature parasite(trophozoite
,schizont and merozoite), but had no effect on timg stages of the parasite.The ring stage is

known to produce little or none Cysteine proteaseymeand might be escaping the effect of

17
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inhibtor. The findings in this study indicate the preveatpotential of the extract,since cysteine
protease activity is involved in the invation of &nd degradation of immunoglobulins of the
host. Severaln vitro and in vivo studies using inhibitors such as peptidyl fluortmEketones,
vinyl sulfones, aldehydes and non-peptidic inloiistimpedes cysteine proteases activity of
Plasmodium parasites and show curative effect in mice infeateth Plasmodium berghei
parasite (Rosenthal ,2011;Magteal.,2013) Similarly, Karthiket al., identified a serine protease
inhibitor isolated from Marine Actinobacteria thatired Plasmodium berghel infected mice
(Karthik et al.,2014).

Crude cysteine protease inhibitor from Latex @procera was active againsplasmodium
berghei Cysteine Protease, with consideraivlerivo antiplasmodial activity in a mouse malaria
model. The extract also exhibited low toxicity imetexperimental animals. We are currently

involved in the purification of this inhibitor frortine plant using Hydrophobic chromatography.

Conclusion

Crude CPI extract dE.procera latex inhibited cysteine proteasepbasmodium berghei invitro.
CPI treatment has antiplasmodial potential whisheffective in delaying parasitemia rise in
mice and improved survivability caused Byberghei NKG65 infection. Toxicity studies of the
extract indicate Mean lethal dose(#gpthat is moderately safe to the experimental alamihe
results obtained suggest that the CPI possessglasttiodial activity and could be considered as

a potential source for antimalarial drug developmen
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