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Original Research Article
CYSTEINE PROTEASE INHIBITORS FROM CALOTROPIS PROCERA WITH
ANTIPLASMODIAL POTENTIAL IN MICE

Abstract.

Inhibitory activity of crude extract of cysteinegopease inhibitors fron€Calotropis procera
againstPlasmodium berghei infected micewas investigated/arious extracts obtained from the
leaves, roots, flowers, latex and stem barfCalbtropis procera using different extraction media
that included Sodium Chloride, Sodium Hydroxide drbchloric acid, Sodium phosphate buffer
and distilled water were used to evaluate@gsteine Protease inhibitory activity against Papai
enzyme. Sodium phosphate buffer extractlaf latex of Calotropis procera with the highest
Protease inhibitor activity was concentrated by@tetone precipitation, freeze-dried and used
for further studies. Subchronic toxicity study betextract was carried out @imouse model.
Inhibitory effect of the extract oRlasmodium berghei Cysteine protease and invivo studies on
infected mice was investigated using incrementatedoof 20, 30, and 50mg/kg body
weight/day.The crude extract exhibited inhibitocfity against Cysteine protease with ardC
value of 25.50 pg/ml. The highest percentage parasippression of 48% was obtained for the
group treated with 50mg/kg bodyweight/day of thé&rat. Subchronic toxicity study using the
effective dose of the extract at 50mg/kg body wedgty showed a significant elevation in body
weight of the animals and Alanine transaminaseviéi¢tiA dose-dependent relationship was
observed in the elevation of Total protein andcghe concentrations in treated animals, but
there were no significant changes in percentage,RfAtylglycerol concentration, Aspartate
transaminase and Alkaline Phosphatase activities/Hsult of this study shows that crude
extract obtained from Latex dfalotropis procera is active against plasmodium Cysteine
Protease in rodent malaria mo@eld could beconsidered as a potential source for antimalarial
drug development.

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

| ntroduction.

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 aratluzl decline in the efficacy eftemisinin
based combination therapies(ACTs) Rhasmodium species(Alexandriagt al.,2015),with no
effective vaccine in sight and resistance of vettansecticides, 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 requinedhieinvasion
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 faievelopmenof novel chemotherapeutic agents.

Cysteine protease inhibitor (CPI) in plants fumes as storage proteins, regulators of
endogenous proteolysis, defence against insecpatitgens attack(Ceros and Carbonel 1993)
Protease inhibitors from plantsave been reported tonhibit 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 (Quaiet al.,2015), maize (Fowler and Pa2R15)soybeancowpea potato, Chinese
cabbage and carrot(Mei-k al.,2015). Efficacy of synthetic peptides CPI and nootgin CPI
from plants in treatment of diseases causedrypanosoma cruz, Leishmania major, viruses
and cancer treatment has been established(Coomb attidaW&997; Edgaet al.,2012; Mane

et 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 proteasegent, andhat 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, in order to come up with a saédficacious, reliableand sustainable alternative to be

used in malaria chemotherapy.

Materials& Methods:

Chemicals: Azocasein Benzyl-argininepara nitroanilidBApNA) and 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 Belloniversity, Zaria, Kaduna Statwith a voucher number of 9002109.
The leaves, latex, flowers, roots, and stem banewsed for the study.

Animals. Swiss albino mice of either sex, aged 4 - 6 wesllsand weighing 20 - 25 g each
were used as experimental animals. The miees conveniently 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 thelaboratory by serial passage in mice.

Extraction of proteaseinhibitor:

Twenty-five (259) of fresh leaves, latex, root, flowers arehrsbark of Calotropis Procera were
blended with 100 ml each of sodium chloride 15%vjwsodium 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.



99
100
101
102
103
104
105

106
107
108
109
110
111
112
113
114
115
116
117

118

119

120

121

122
123
124
125
126
127
128
129

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 sotiiltration 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 additioriraf 1ml substrate solution (0.5% (w/v)
azocasein), incubated for 20 min af@7and 2ml of trichloroacetic acid (TCA, 20% w/visv
added at the end of the experiment to terminateghetion. After 20 min at room temperature,
the mixture was centrifuged at 10,000xg for 10 amd the absorbance of the supernatant was
measured at 410 nm. BApNA assays was performeidyng 290uL of 50mM Tris—HCI (pH
7.6) and 200uL of 1.25mM BApNA solution to the yawmsly pre-incubated cysteine protease
enzyme (papain) and crude inhibitor extract fonfiflutes at 25C. After 30 min aB7°C, the
reaction was stopped by adding 150uL of acetic ¢986). The absorbance of the resulting
color was measured at 405nm. Percentage inhibatctryity was 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 Subchronic 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 extradtsiraperitoneally(i.p) 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 methodtiog Bradford 1976).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 base¢tdemethodof 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 fromd@nor mouse to healthy mice viathe
intraperitonealroute. Parasitemia was monitored by microscopicnSeestained 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 timesiae-coldPBS(10,000 x g,5min). The released parasite wseslly
by addition of 0.5 % Triton X-100 in Tris-buffealine followed by incubatioat 4°C 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:xtracted

twice.The extracts were then pooled togetherade enzyme sample.

In vivo Antiplasmodial suppressivetest of crude extract:
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The extract fronihe latex of the plant which exhibited the highest@fic papain inhibition was
usedfor in vivo 4-day antiplasmodial suppressive test. Mice weaéntained and bred at the
animal facility of the UniversityThirty- five mice were grouped into seven groups (1to7). They
were infected with diluted parasitized erythrocyfesm a donor mouse with 0.2ml L0
parasitized erythrocytes/ml) each intraperitoneélly). Groups 1 and 2 were not infected but
treated with phosphate buffer saline(PBS) and cexdect respectively. Groups 3 and 4 were
infected and treated with (PBS) and 5mg/kg/b.w guteate serving as Negative and positive
control respectively. Groups 5, 6 and 7 were idéc and treated with
20mg/kg/b.w,30mg/kg/b.w and 50mg/kg/b.w. of therast Treatment of mice commenced
2hours after infection and repeated daily for falays consecutively(i.e 2, 24,48, and 72 h after
inoculation). Mean Body weight, packed cell volunpercentage parasitemia and percentage
survival were determined for each experimental gsou

%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 * Standardieviation Differences in survival curves between groups waralysed
using the Log-rank (Mantel-Cox) test

RESULTS:

Crude cysteine protease inhibitor(CPI) fraime different part of Calotropis procera was
extracted using various aqueous solvents. Amdnfp@lsolvents used, phosphate buffer extract
had the highest specific inhibitory activity forude CPI fromthe latex of Calotropis procera
(Fig.1) and this was precipitated using catebtone, followedby its evaluation toxicity test and
in vivo antimalarial activity.

The crude CPI extract from latex showed inhityito activity against Cysteine protease of
Plasmodium berghei with the ICso value of 25.50ug/ml (Fig.2). Median lethal dos®4g) 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)kbath parameters in respect of treatment
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groups compared to contridbwever, mice treated with 50mg/kg crude CPIl showed a
significance different (p<0.05) in percentagerdes in mean body weight and packed cell
volume, before and posttreatment respectively coenfzaplacebo control (Fig.3 and 4).

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

Crude CPI extract producedlase-dependedi-day chemo suppressive effect(Fig.5) at the
various doses used in the study correspondingppression of 39.42%, 47.67%, 48.00% by 20
mg/kg, 30mg/ kg and 50mg/kg crude CPI respectiEable 3). All infected mice treated with

20, 30 and 50mg/kg extract survived much longen tiidreated group (Fig.6), infected but
untreated group animals were all dead by day tfeatment. Only mice treated with 50mg/kg
survived for 25days of treatment period with paesspersisting in circulation; the group treated
with the standard drug had parasites cleared completellgenfth day of treatment and the
group survived more than 25days. Thidicates a direct relationship between dose of extract
and survival time. The log-rank (Mantle-Cox) an&yshowed that the survival curves are
significantly different.Table 4 shows a signifitacreasan mean bodyveightand packed

cell volume of plasmodium berghel infected treated groups compared to placebo clogitoup.
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218  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

229  The LDsovalue was determined by calculating the geometgamof the animal survived.
230  LDso= v (Highest non lethal dose) x (Lowest lethal dose)
231
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232

233  FIG3:Mean Body Weight of Experimental Mice treated with CPI from latex of Calotropis
234  procera for 21 days
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Values are Mean + SD

Same letters indicate non significant different0&).tested by Duncan Multiple Range Test

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+2.34 | 36.56+0.47 | 39.24+0.39 | 129.88+0.63
20mg/kg/b.w| 93.28+0.42 5.44+0.29 | 145.54+1.28° | 36.40+0.8C | 40.64+0.71"| 128.94+0.74
30mg/kg/b.w 103.02+2.00 | 4.74+0.28 | 140.66+0.67 | 37.32+.94 | 38.50+0.3% | 128.04+0.3%
50mg/kg/b.w| 108.04+1.07 5.52+0.08 | 148.12+2.69 | 37.64+1.44 | 42.82+1.48 | 126.70+0.73

Values are Mean £ SD (n=5)

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

260 Values are Mean + SD

261  CPI-Cysteine protease inhibitor
262

263  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

p < 0.05, Log-rank (Mantel Cox) test (n = 5)

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 treatment of these parasiiseases 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, thegdravailable fothe cure of this desease are
unsatisfactory because of their limitefficacy and increasing drug resistance. Thus, new,,safer
and more efficacious drugs are urgently needed@kldriaet al.,2015).

In this studies, highespecific cysteine protease inhibition was exhibityy phosphate buffer
extract fromthe latex ofCalotropis procera compared to othesolvents, thusphosphate buffer
was selected as the potent extraction medium fodma extraction of protease inhibitor from
the latex without any loss in activity. This is bdson the fact that reports on solubilization of
therapeutic proteins using various solvent sysgfmowed that phosphate buffer extraction
conferred stability to these agents(8).Saline ektirmm the latex of C. 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).

The crudeacetone extract from latex @f procera inhibited plasmodium cysteine protease
with theICso value of 25.50ug/ml indicating that the crude aetrbind to parasite protease at
low concentration.The median lethal dosage{l[®f 490mg/kg for this extract is classified as
moderately toxic according to (Corbetial.,2011).

In the subchronic toxicity experimemtgain in mean body weight of the mice in all theugs.
This may be attributed tthe normal growth of the mice with age and alsway 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
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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.

The Liver is the major organ involved in drug biotréorsnation. Levels of serum liver
biomarker enzymes are assayed to evaluate anyffeicts on the liver (Mukinda Sy@®07).
Increases in AST levels are considered to be atishe of extensive tissue necrosis and hepatic
cell damage. Increased ALT levels in the serurecehypertrophy and other conditions of the
liver (Han,et al.,2011). ALP is an enzyme in the cells lining thigaby ducts of the liver that
has been used to diagnose biliary obstruction (Oadal.,2010). In this study, ALT levels
increased only in the mice treated with 50 mgém] the ALP and AST were not significantly
different from the control group.Howevehe increase in ALT levels was modest and did no
go above normal ranges in mice. A significant @&ase in the mean total protein level of the
treated mice at the dose of 50 mg/kg maytebuted to protein nature 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 dhe destruction of red blood
cells by the parasites leading to erythro-phagagtdnterestingly, our data also show that at
death, the extract treated mice with 20 and 30mbAd) much higher parasitemias than control
mice which diedbetween9 to 10 days after infection.Previous studies hslvewn that this
strain of P.berghei causes a rodent form of cerebral malaria and leadeath at relatively low
parasitemigFenget al.,2012). In contrast, the extract-treated miceised/7 to 14 days longer.

A dose of 50 mg/kg/day crude CPI clearly delayedgpession of parasitemia, as mice lived
through the lethal infection, for almost 14 daysrenthan the infected and untreated mice, and
their parasitemias reached very high levels, sygmif that extract treatment supported them to
escape the early death frof. berghei infection. One possibility is that slower growthtbe
parasite in the presence of the extract inhibitorthat it may be modulating the immune
response of the host and thereby alters the outodnine infection by preventing the cascade of
events that leads to early death seen Ritherghei infection(Fenget al.,2012). However, it is
also possible that initial suppression of the pgeedsy extract and posttreatment rise may be due
to the fact that crude extract is inhibiting Cysée proteasesecretedby the mature
parasite(trophozoiteschizont and merozoite), but had no effect on thieg stages of the

parasite.The ring stage is known to produce littlenone Cysteine protease enzyane might
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be escaping the effect of inhibitor. The findings in this study indicate the preveatpotential of
the extract, since cysteine protease activityvslved in thenvasionof RBC and degradation of
immunoglobulins of the host. Severia vitro and in vivo studies using inhibitors such as
peptidyl fluoromethyl ketones, vinyl sulfones, dlgdes and non-peptidic inhibitors impedes
cysteine proteases activity Bfasmodium parasites and shoile curative effect in mice infected
with Plasmodium berghel parasite (RosenthdD11 Maneet al.,2013) Similarly, Karthiket al.
identified a serine protease inhibitor isolatedrfrblarine Actinobacteria that cur@fasmodium
berghei infected mice (Karthilet al.,2014).

The survival curves for plant extract dosage amohddrd drug(artesunate)treated mice differ
significantly from the control mice. In additiorhe survival curves for plant extract at higher
dosage andrtesunate-treatamice were also significantly different from eadher indicating a
lower efficacy and safety of extract compare tod#ad drug.

Crude cysteine protease inhibitor from Latex @procera was active againsgplasmodium
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 dT.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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