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Background “The ethanol extract of Artocarpus champeden stem bark (ACEE) has been proven o exhibit antimalanal activity

Desprte the antimalarial effects obscfffR. mechanisins of immune response to explain the affBalarial activity of ACEE remain
poorly charactenized. Here, we show the production of pro- and anti-inflammaory cytokines iper 1 (Thi: IEN-y. TNF-a) and
U helper 2 (Th2: IL- 10 {rom Plasmaodim bergher-intected mice treated with tormulateBACEE in order to better charadtenize the
mechanism behind ACEE Ef8timalarial activity. In addition, we have also determined the effect of formulated ACEE o parasite
grow Iver funetion. Methods. Balbic mice were infécted with P berghor strain ANKA and then administered daily doses of
ACEE ata dose of 20, 50, and 100mg/kg BW., and survival time was recorded. We determined the presence of P berghei in the
blood of the infected mice and inhibition of £ berghes growth. [n order to assess the hver function n%dcd mice, we determined
aspartate transaminase (AST) and alanine transaminase (ALT) levels. Determmation of ¢ytokines AFN-y TNF-a? and Th2
(-1} levels was conducted using enzyme-linked immunosorbent assay [ELISAY. Resudts. We found that formulated ACEE
nhibited parasite growth and showe e highestantumadarlactivity a0 100 mgdhg BW.AST and ALT levels were found tobe in
the normal range, and there w significant ditfference among control and tréatment groups (P 5 0.05). Infected muce treated
with formulated ACEE showed $5ignificant increase in the production of IFN-y on day 7 and an increased production of TNF-a
ou day 4 and day 7. No effect on L 10 production was observed. Decreased parasitemia and longer survival tise were observed
when compared with untreated infected mice. Concfusion. This study suggests that the administration of ACEE was effective in
inhibiting F'. berghei growth in infected mice and extending survival time. NEEBect on liver function was observed based on AS1

and ALT levels. The antimalarial effects of ACEE could be explaned i part by the enhanced production of the proinflammatory
eytokines [EN-y and TNF-a. ACEE treatment mav provide novel therapeutic strategies for malaria in future

1. Introduction

In 2018, there were an estimated E& million new cases of

malaria worldwide, in which 405,000 were estimated to have
resulted in death [1]. Between 2010 and 2015, the malaria
mortality rate among children under five years of age fell by
an estimated 35%. Nevertheless, malaria remains a significant

threat to under fives, claming the life of one chuld every two
minintes {1}, Morcover, increasing resistance to current an
timalarial drugs remains a threat o global efforts to control
and climipate malaria (2] Therefore, sale and effective al
ternative antimalarial drugs are urgently needed

Plants have long been potential sources ot antimalanial
drugs. Cinchona species are well known tor their antimalarial




properties. Quinine, solated from Cinchona .\pu‘ic?mu: of
the most common drugs used to treat malana. Artemisia
anmit bhas been used in traditonal Chinese medicing, and
artemisinin, its active compound, has a higher chemothera
peutic index than chloraquine, a common antimalarial drug
{3]. Plants used to treat malaria traditionally are potential
sources of new antimalanal drugs (4, 51.

Indonesia’s high biodiversity makes it an excellent bio
prospecting source for new antimalanal drugs. Artocirpus
champeden (Moraceae family), which in Indonesia is com
monly known as compedak, has been used as a waditional
medicine to cure malaria [6]. In our previous studies, several
prenviated flavones were isolated from A, champeden stem
bark extract and showed potent antimalarial activity against
Plasmadium fulciparum [7]. Heteroflavanone C was the most

ent compound among the compounds isolated, which has
inhibitory activity against the growth of £ falciparum 3D7
steain with an 1€, value of 0.0006 yg/ml [7]. hermore,
artopeden A, an isoprenylated flavone, was also isolated irom
the bark of A, dhampeden. This compound showed potent
antimalarial activity with an ICy, value of §.045 ug/ml. (8]
Hafid et al. isolated another antimalarial active compound
from A cha@@den stem bark, which identified as mor
achalcone A with an 1C4, value of 018 ug/ml. [9].

It is known that the most substantial content of A
champeden 1s lavonoids (10} Flavonoids can affect immune
responses and act as an anti-nflammatory agent. This has been
demonstrated in vitro by inhibiting TNF-a {promflammatory
cytokines) as well as through upregulation of Thl and
downregulation mechanisms such as Th2 [11-13]. Another
study has been done by Chang (2007). who stated that fla
vonoids modulate IFN-y expression [14]. FE8pnoids also have
the ability to increase the production of NO and tumor necrosis
factor (TNF-a) [15]. Flavonoids isolated from Budens pilosa,
centaurin, and centaareidin can increase IFN-y production in
T cells of the mice spleen [14] Therefore, we assumed that
flavonowds trom A. champeden were possible to have activity in
modulating TNF-a and IFN-y expression as well.

In malara intection, cytokines are mediators involved in
pathogenesis and the chimination of the parasite [16]. Clark
stated that TNF-a is a mediator of severe malaria. Proin
flammatory cytokines, including TNF-a and TFK-y, are
thought to be responsible for cercbral symptoms {16, 17].
Cytokines control Plasmoduen  infection  intracellularly
through Thl cells. Later, this requires counterbalance
through the Th2 response to climinate the pathogen ex
tracellularly by Th2 cells by producing antibodies. 1L-10 is a
cviokine of Th2 that can decrease parasitemia i the late
phasc [18].

In order to develop the herbal product of A. champeden,
its stem bark extract was further formulated by adding several
excipients as capsule dosage form (formulated ACEE: Arto
carpus champeden ethanal extract). The formulation of the
extract could affect the activity; therefore, the antimalarial
activity of the formulated extract needed to be evaluated. In
this study, there is evidence that the administration of for
mulated ACEE was effective in inhibiting P. bergher growth in
infected mice and extending survival nme. No effect on liver
tunction was observed based on AST and ALT levels.
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Currently, the immune response to formulated ACEE ad-
ministration s not well known, especially in relation o
malaria. Herein, we demaonstrated the effect of tormulated
ACEE on host immune response, especially on the expression
of Th1/Th2 cytokine when infected by P. herghei. Treatment of
formulated ACEE resulted in an increased production of
avtokines Thl IEN-y, TNF-a) when compared with un
treated mice.

2. Materials and Methods

21 Matenial. An 80% ethanol extract of A. champeden stem
bark (ACEF) was formulated as a capsule dosage form
contamning 15 mg extract per 300 mg granule. A wet gran
ulation method was conducted to produce tormulated ACEE
by adding several excipients, including PEG 6000, PV K25,
lactose, Avicel PH-101, and Primogel. The formula is pro
prictarv. The formulation was produced at the Faculty ot
Pharmacy, Universitas Airlangga, Surabava, Indonesia.

2.2 Parasite. P berghei ANKA strain was obtained from the
Enkman Institute tor Molecular Biology. Jakarta. This
parasite has been maintained at the Institute of Tropical
Discase, Universitas Airlangga, Surabava, Indonesia.

23 Apimals. Female mice Balb/c strain at the age of 68
weeks and 20-30g of weight was obtained from the Animal
Experimental l)c\'cl()pm@fnll’“(;ﬂdji\h Mada University
(Yogyakarta, Indonesia). Animals were maintained at the
Animal Laboratory of the Institute of Tropical Disease,
Universitas Aurfangga Fermission and approval for animal
studies were obtained from the Faculty of Veterinary
Medicine, Universitas Airlangga, with ethival chearance Nox
194 KE

2 dm Vive Anttmwdarial Activity and  Effect on Liver
Function. in vivo antimalanal testing was pertormed based
on Peter's test {a 4-day suppressive test) with modifications
[19]. The test was perforned using 6 mice per group. Mice
were intected intraperitoneally with 0.2mlL (1 = 107 of /.
bergher on day 0. The treatment was initiated after parasite
infection occurred (day 2). F. berghei infected mice were
treated orally with formulated ACFE (granule form sus
pended in CMC-Na 0.5%) twice a day for iive days {day 2
until day 6} at a dose equal to ACEFE 20, 30, and 100 mg'kg
body weight. Giemsa-stained thin blood smears were made
tor 7 days {day 2 until day 8). The infected red blood cells
were counted under the microscope to determine the par-
asitemia and the inhibition of parasite growth. Mice blood
was taken intracardially at day 8 to determine the effect on
liver tunction by the rrved AST and ALT levels.

[he percentage of growth mhibition of P. falciparum was
caiculated using the following formala:

X
100 ~( - % ltm'*._.), (1
X
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where X, is the % parasitentia growth of an experimental
group and Xy is the % parasitemia growth of the negative
control.

2.5. Deternunation of Immune Response &\"-)’, TNF-a, and
IL-10) on P, berghei-Infected Mice. Female mice Balb/c stramn
was divided into uninfected and £, berghei-infected groups.
Each group was further divided into untrd@®d and treated
groups. Each group consisted of 6 mice. For the infected
group., mice were infected ntraperitoneally with 0.2 mlL
{1 x107) of P. berghei on day 0. For the treated group, nuce
were givelACEE orally {granule form suspended in CMC

Na 0.5%) ata dose of 100mgkg BW or CMC-NEEB % twice
a day for four days {day 2 unti! day %). ACEE at a dos¢ of
100 mg/kg BW was chosen bhased on previous m vive an

timalarial test results (Table 1) The uninfected and ufcated
group was used as controls to determine the normal fevels ot
Ny, TNEF-a, and IL-10. The infected and untreated group
was used as a nawral malaria pathogenesis modf@® Para

sitemia was observed every day (day 2 until day 12). On days
2, 4 and 7 after infection, i were cuthanized, and blood
was colffifed to determine IFN-p, TNF-a, and IL-10 by
ELISA. Indirect sandwich SA TNF-a, IFN-yp, IL 10 oy

tokine of TNF-a, IFN-p, and IL-10 was conducted using
pairs of capture and detection Abs (Biolegend: Mouse
cyvtokane ELISA MAXTM Deluxe Sets).

2.6 gﬁsn‘ml Analysis. The numerical data are presented as
mean + standard deviation. Data were analyzed by SPSS 20.0
The sig@f¥ance of the mean difference between independent
groups was determined Fl.\ing a one-way analysis of var

fance (ANOVA) and least  significant  difference (LSD)
analysis. The P value <005 is considered signihicant.

3. Result

3.1 In Vive Antimalarial Activity and Toxicity Effect on Liver
Function. Formulated ACEE at a dose equal to ACEE 20, 50.
and 100 mg/kg inhibited parasite growth by 57.36% (+9.18),
6448% (+538), and 72.24% {+4.30), respectively. The

wst inhibition shown was at a dose equal 0 ACEE

mykg. There was a significant difference in parasite
growth inhibition among groups (P >0.05). The parasite
growth and inhibition data are described in Table 1 and
Figure 1.

The effect of ACEE on liver tuncti@®was observed by
determining the AST and ALT levels of the treated mice
groups compared with the control group. The AST and ALT
leveds of the treated groups ranged tfrom 264.33-278.33 U/L

d 7916-115.66 U/L, respectively. Meanwhile, AST and
ALT levdds of the control group were 266.28 U/L and
8Y.57 USL, respectively

The normal AST and ALT levels of mice are 70300 U/L
and 25200 U/L, respectively. We observed that AST and
ALT of all groups were in §e normal range. Statistical
analysis rcsﬂ;hnwcd that there were no significant dif-
fereffs in and ALT fevels among groups (P> 0.05).
The ASTand ALT levels are described in Table 2.

Iasie 1: Percentage of parasite growth and inhibition of P. berghei
at day 6 and day 8,

: . Parastic growth
Parasite growth {%} &

Group inhibition {%)°

Day 6 Day 8 Day 6 Day &
‘;“'H'. 1284026 148 4032 62.67 4749 3730+ 918
20 mgikg
ACEE
. 1.39+0.24 124 +018" 3934 + 698 64481 538
S0 mg‘kg
ACEE

00:026 097 +0.153° 7066+ 758 T224+ 430
100 mg/ kg H_H_ _U ’ :
Untreated 342+ 060 348+ 033" — —

“Data represent mean+ 8D (n =) *Psgnificant ditference among groups
(P« 005): untreated group as control group.
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Picvge 10 The mean of parasitenma of treated and untreated groups
on dayv 2 until day 8 after parasite infection

Tasie 2 AST and ALT levels of the treated and control groups
AST ULy
278331 31,08
264.33 4 2533
26900 + 70 01
266.28 + 67 48

Group ALT (U/L)°
8566 ¢ 2914
11566 + 3491
7916 + 17 RT
3957 + 4022

ACEE 20mg/kg

ACEE s50mg/kg

ACEE 100mg'ky
Untreated

“Dats represent nwan r S (4 = 6); no
P> 0051

sgaificamt different among growps

ACEL showed the highest antimalarial activity at a dose
equal to ACEE 100 mg/kg: no eflect on liver function based
on AST and ALT levels was observed. Therefore, turther
investigauen of the immune response of P. berghei-infected
mice treated with ACEE was done by administering ACEE at
a dose equal to 100 mg'kg.

3.2 Determunation of Immane Response !g;‘\'—y. TNFoa, and
IL-10) on P. berghei-Infected Mice

321 Parasstemia Observation. The antimalanal activaty of
ACEE on P berghei-infected mice was determined by the
percentage of parasitemia (observation on day 2 until day
i2), para ia growth, and inhubition of growth (obser
vation on day 4 day 7, and day 12). The results showed that




4
lavik 3: Parasite growth and inhib
. Parasitemia growth (%1
Groups _
e B i, 4 Day7  Daylz
Infected/untreated 38 SH092 44802070

592+ 77"

375 00,890

6.10+ 1.87

137004
036+ 022" 191057

Inlected/CMC-Na
l:lll'cctcd.'.’\(.'Eh

"Data tepresent mean <81 {(m=6) infeced/untreated group as contnd grou

on the infected and untreated groups, the parasites began to
grow on day 2 and increased until day 12, ACEE demon

strated the highest inhubitory effect on parasite growth on
day 4 {Table 3).

3.2.2 Survival Rate Observation. There was increased sur

vival for intected mice given ACEL, in which mean of
survival days was 11.83 (+ 1.60) days. Infected and untreated
mice survived until day 11, Meanwhile, the admimstration of
CMC Na 0.5% resulted in decreased mean survival davs by
1033 (+1.75) days. It was possibly caused by a high para

sitemia level of mice in infected/untreated and infected/
CMC-Na groups {Table 3},

323 Cytakine Determunation. Immune responses of mice
were conducted thmnﬂthc determination of the produc
tion ot cytokine Th-1 (IFN-y and TNF a) and cytokine Th
(IL-10} (Tabie 4). g

Statistical analysis showed that there was no significant
difference in cytokine production between uninfected
groups on day 4 and day 7. However, the production of
TNF-a was significandy diferent between intected/
ACEE group and the other groups on day 4. ﬁre was no
significant difference between the infected/ACEE group and
the infected/CMC Na group on day 7. The production of
IFN-y was significantly different between uninfected and
infected groups on day 4 and dav 7. Infected groups had
increased TNF-a and IFN-y levels compared with unin
tected groups. IL-10 production was not different among
groups on day 4 and dav 7

b

4. Discussion

4.1 In Vivo Antimalarial Activity and Toxwcity Eflect on Liver
Function. Artocarpus (Moraceae family) contains approxi-
mately 50 species; many of these are used in traditional
medicine {20]. Several Artocarpus species are reported to
exhibit antimalarial activities against P. falciparum and P.
berghei. A prenylated stlbene compound :s.icd trom
aerial parts of A, integer was reported to have antimalarial
activity an 1C value of 1.7 ag/ml [21]. A wlrifis leat
extract showed antimalarial activity with an 1C., value of
1.32 pgiml. against P falciparum and ED_, value of 0.82 mg/
kg body weight against . berghei [22]. Several compounds
isolated trom A champeden extract showed outstanding
activity aganst P falciparum [7-9). Therelore, A. champeden
stem bark extract was formulated as a capsule dosage torm
{tormulated ACEE) and further develeped as an antimalarial
drug,
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nton on P berghei-mfeaed mice.

Inhibition (%)
‘ Mean of survival days

Pava ~ Dyy? = Dayi2 S
C - 1100 « D00

N1 h| NI 10334 1.75
D3+ 1616 3333412465 2633+ 1509 1183+ 160

™ NE o inhibgion significant difference amoay groups (P < 6.03)

This sluqshnwcd that formulated ACEE exhibited
antumalarial achvity against P. berghei in a dose-dependent
manner'mulawd ACEE at a dosc equal to ACEE 20, 50,
and 100 mg/kg body weight given twice a day for five days
inhibited 2. bergher growth by mere than 50% by day 8 of
abservation

Antplasmodial activity of an extracfghat performs
percentage parasitemia suppression =50% at a dose 00,
250, and 100 mg/kg body weight per day in vivo can be
dassified as moderate, good, and very good. respectively
[23}. Based on this classifi n. we can suggest that ACEE
showed very good activity at dases of 20, 50. and 100 my
body weight. The highest inhibition resulted from ACFE ata
dose of 100mg/kg body weight. This result was in accor
dance with previous study as stated above |7 22].
FE3 The results of liver function observation showed that

and ALT levels of treated groups and the untreated

group were in a normal range. It is theretore likely that
ACEE treatment, even at the highest dose, does not affect the
liver tunction.

4.2 Determmnation of Immune Response {ﬂN-y, INF-a,
and IL-10) on P. berghei-Infected Mice. The results showed
that TNF - a levels were higher with lower parasitemia in the
infected/ ACEE treated group compared with  infected/
CMC Na treated and intected/untreated group on day 4 and
day 7 An increased TNT o level was in accordance with
decreased parasitemia in the infected group. ACEE treat
ment mncreased cvtokine production that resulted 1 lower
parasitemia. This is shown by lower parasitemia in the in
tected/ACEE group compared with infected?CMC-Na and
intected/untreated group on day 4 and day 7. Increased
INF-a at the beginning of the infection is likely 10 have
inhibited parasite multiplication and pfi§ided immunity
protection through plasmodium |24, 23] TNF-a is induced
in monocytes and macrophages when infected ervthrocytes
rupture, releasing parasite antigens into the bioodstream.
TNF a also acts on lymphocytes and monocytes by in
creasing P falciparion hibition via mechanisms without
phagocytosis [26]. Previous studies have reported that TNF
@ increases within 24 hours after P berghi infection. The
response of TNF-a at the beginning of the intection indicates
immunity protection against plasmodium [25]. Macrophage
activation as an initial response ater the infection was likely
to have increased TNF-a production and stimulate NK cells
to produce IFN-y [27].

IEN-y levels were significantly increased on day 7, and
the nfected/ACEE group had the highest IFNy of
29032+ 100.64 pg/mL compared with infected/untreated




Fam i 42 Cytokines productions {IFN-y, TNF-a and IL-10) of mice

INF-a (pg/ml) IFN-y (pg/mlL3 IL-10 {pg/mlL)

Greups ki - . -

Day 2 Day 4 Day Day 2 Day 4 Day 7 [ay 2 Day 4 Day 7
Uninfected/CMU-Na 9.04 + 0,00 1.46 1 0.76" 1.21 + 0.62* 18.09 + 697 1874 +0.29°™ 18.56 + 000 19.76 + 8.30 445194213 4324+ 1.73
Umniected/ AUEE A0 1+ 0,00 112+ 048 0.66 + 0,197 1809+ 697 19.4 + 201 73.09 s 38.32% 49.76 1 8.30 45951 2.29 46,67 + 115
Infected funtreated L34 5050 139 ]2 3770259 210050 4 96,50 25652 ¢ 5657 185.22 4 3327 7452 ¢ 4R15 5019+ 13,40 7714+ 3032
Indected /CMC-Na 1.34 + 0,30 174+ 0R4™ 7940 3307 009650 1891+ 193.9y" 225130+ 01 13" TH52 4805 60.001 19.65 49521 369
Infected/ACEE 134 4050 S DR 919+ 358 201050 « 96 50 20874 78 290 32 ¢ 100610 7452 1 4813 3167+ 1269 5119+ 1155

*Lata represens mean 2 S s = bk 2" lapmiticant diference among groaps (F < 005)
: ®
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and infected/CMC-Na groups with 1FN ¢ of 18522+
3327 pg/mL and 225.13 + 6113 pg/mL, respectively. IFN -y s
2 Thl cvtokine, which activates macrophage. Active mac
rophage will release NO to eliminate the parasites present
{28]. This condition was in accordance with the result in
which the IFN-y level was higher in the group with lower
parasitemua (infected/ ACEE) compared with the group with
higher parasitemia (infected/untreated and infected/CMC
Na} on day 4 and day 7.

The TNF-a and IFN-p levels of the infected/ACEE
group were increased on day 7, even though inh:bition ot
patasite growth considered high compared with the
fected/untreated group. Prolonged induction of prein

flammatory cytokines might be assogiated with the risk of

developing severe disease. Therefore, 1L- 10 was necessary
tor prointlammatory suppression in the host during in
fection [29]. Meanwhile, this study result showed that the
production of [L-10 on infected groups was not signifi-
cantly different among groups on day 4 and day 7. ACER
treatiERt has not demonstrated the ability to balance the
Thi (ENF-a, IEN-y and Th2 (IL-10) response. Additienal
study is needed to improve antimalarial outcomes of ACEE
treatment. Observation of the toxic effect regarding the
modulating impact of proinflammatory cviokines needs to
be addressed. P

The IFN-y levels in the uninfected/ACEE group were
higher than those in the uninfected/CMC Na group on day
7. This result demonstrates that ACEE could stimulate IFN -
production in normal conditions. Therefore, it 1s possible o
use ACELE for preventative malaria treatment.

5. Conclusions

This study suggests that the administration of form@ted
ACEE was effective in inhibiting parasite growth i P,
berghei-intected mice and there was no effect on liver
function based on ASTand ALT levels. Furth@Sg§ore, ACEF
treatment was associated with the enhanced production of
the promflammatory cvtokines IFN-y and TNF a. ACEE
treatment also decreased the parasitemia level and extended
survival time of P. bergher-infected mice. The formulated
Artocarpws champeden ethanol extract (ACEE) treatment
may provide novel therapeutic strategies for malaria.

Data Availability

ihe data used to support the findings of this study are in
cluded within the article.

Conflicts of Interest

The authors declare no conflicts ol nterest.

Acknowhedgments

The authors wish to express their gratitude to Prof. Dr. Dt
Tahir ot Tahir Foundations tor the article submission sup-
port tunding. This rescarch was funded by project research
grant IM HERE Faculty of Pharmacy, Universitas Asrlangga,
Surabava, Indonesia

?\-idmcc— Based Complementary and Alternative Medicine

References

1] Wordd Health Organization. World Malarin Report 2019,
Waord Health Organisation, Geneva, Switzerland, 2019, httper/
www whont/publications- detail/world- malari -report- 2019

{2} World Health Onganization, “Responding to antimalarial
drug resistance.” 2017, htip/ywww.whe.mt malaria/arcas/
drug_resistance/overview/ e/

[3] F. Mojab, "Antimalarial natural product: a review,” Avicenna
lowrnal of Phytomedicine, vol. 2, no. 2, pp. 52-62, 2011,

[41 I Bernand [. Quetin-Leclercq, "Natural products pubhished 1n
2009 from plants traditionally used 10 treat malaria,” Planta
Medica, vol. 77, no. 6, pp. 631-640, 2011,

{31 €I Noguara and [ M X Lopes, "Antiplasmodial natural
products,” Molecudes, vol. 16, no. 3, pp. 2146-2190, 2011

i6! E H. Hakm, S A. Achmad, L. D. Juliawaty et al., “Prenylated

flavonoids and related compounds of the Indonesian Arto-

carpus {Moracear),” journal of Natural Medicines, vol. 60,

no. 3, pp 160-184, 2006

L Widvawargvanti, Subehan, S K, Kalawm et al, “New

prenylated flavones trom Artecarpus champeden, and their

antimalanal activity in vitro,” Journal of Natwral Medicmes,

vol 61, na. 4, pp. 410-413, 2007

8 H Mont, N €. Zaimi, T. 5 Wahyuni, W. Ekasan,

A Widvawaruyanu, and Y. Hirasaws, “Artopeden A, a new

antiplasmodial  isoprenylated  Havone from  Artocarpus

champeden.” Heterocycles, vol. 79, na. 1, pp. 1121- 1126, 2009

A F Hatd, N P. Anantari, L. Tumewu et al. “The actve

Marker compound denhfication of Artocarpus chamipeden

spreng stembark extract, morachacone A as antimalarial.”

fourmal of Phamiacy and Pharsacentical Sci-
ences, vol. 4, o, 3, pp. 246-249, 2012

(10} B H. Hakim, L. D, Juhawaty, Y. M. Syah, and 5. A Achmad,
“Molecular diversity of Artocanpus dhanipeden | Moraceae): a
species endemic to indonesta.” Molecular Diversity, vol 9,
no. 1-3, pp. 149-158, 2005

[1Lh S Y. Lvuand W -B Park, "Production of cytokine and NO by
RAW 264 7 macrophages and PEMC in vitro incubation wath
Havonoids,” Archives of Pharmacal Research, vol. 28, no. 5,
PP 3V3-581, 2005

(121 M Comalada, L Ballester, E. Bailon et al, “Inhibition of pra-
milammatory markers i primary bone marrow-derived
mouse  macrophages by naturally occurring  Havenoids:
analysis of the structure-activity relationship,” Biochemical
Pharmacology, vol. 72, no. 8, pp. 1010-1021, 2006.

(13 I Messaoudeno, H, Belguendouz, M. L. Ahmed et al, “Ex
vive etfect of thvonods extracted from Artemisia herba atha
on cvtekines and nitric oxide production in Algerian patients
with Admantiades-Beheets's disease,”
tien, vol. 8 no. 1, p. 35, 2011

[14] 5-LoChang, Y.-M. Chiang, C L.-1. Changet al., "Flavonoids,
contawrein and centaurddin, from Bidens pdisa, stimudate

internatio

fownal of Diflamma-

IFN-y expression,” feumal of Ethnopharsacology, vol. 112,
na 2, pp. 232-236, 2007.

115] R Gomez-Flores, C. L Calderon, L. W Scheabel et al,
“Immunocnhancing properties of Planfage maior leal ex-
tract.” Phytotiwrapy Rescarch. vol. 14, no. 8, pp. 6l7-622,
2000,

[i6! M. Englsh and C K. 1 C. Newton, “Malara: pathogemqcity
and disease.” Cheyiical Immunology and Allergy. vol. 80,
pp. 30-69, 2002,

(170 © A Clark, W B. Cowden, G A. Butcher, and N H. Hunt,
“Passible roles for twmor necrosis factor in the pathology of




Evidence-Based Complementary and Alternative Medicine

P18}

[19)

(20]

124]

mataria,” The American Jownal of Pathelogy, vol. 127, no. 1,
pp. 192-198, 1987

L Angulo snd M. Fresno, "Cytokine m the pathogenesis of
and protection against makania,” Clinical and Vaccine Im-
munelagy, vol. 9. no. 6, pp. 11451132, 2002

W. Peters. | H. Portus, and B. L. Robinson, “The chemo-
therapy ot rodent malara, XXI1," Amnals of Tropical Medicome
& Parasitology, vol. 69, no. 2, pp. 155 171, 1975

U B. Tagtap and V. A, Bapat, “Artocarpus: a review of its
traditional uses, phytochemistry and pharmacology,” fourvial
of Ettmopharmacolagy, vol. 129 no. 2, pp. 142-166, 2010

C. Boonlaksiny, W. Oomamant, P. Kengsacrer, P. Kittakoop,
M. Tanticharaen, and Y. Thebtiranonth, “An antimalaral
stitbene from Arfocarpus integer.” Phytochennstry, vol. 34

no. 4, pp. 45417, 2000

Ao b Hahd, R P. Septiani, L. H. Fabnana. N Fehriamy,
). Ranggaditya, and A. Widvawaruyanti, “ Antimalarial ac

tvity of crude extracts of Artocarpus heterapindlus, Artocarpus
altifis and Artocarpus casmansi,” Asian lournal of Pharma-
ceutical and Clinical Research, vol 9, no 1, pp. 279-281, 2016
L. Bantie, 5. Assefa, T. Teklehaimanot. and E. Engidawork, “In
vivo antimalanal activity of the crude leaf extract and solvent
fractions of Crefon macrostachyus Hoesht. (Euphorbacese)
against Plasmodiv bergher in mice.” BMC Conplenentary
and Altermative Medicine, vol. 14, no. 1, p. 79, 2014

LA, Clark. |. L Virelizier, E. A Carawell, and P. R. Wood,
“Possible importance of macrophage derved meduators
acute malana.” Infect tmmunology. vel. 981, no. 32,
pp- 10581066, 1941

L B. Souza, K. H. Wilhamison, 1. Otani. and ). H. Playfair,
“harly gamma mterferon responses i lethal and nonlethal
murine blood-stage malaria,” Irfect fmmunclogy, vol. 63,
no. 5, pp. 1593-159, 1997

A. L. Richard, “Tumour necrosis factor and associated oy
tokines m the host's response to malaria,” Iaternational

leumal for Parasitology, vol. 27, no. 10 pp. 1251-1263, 1997

I Gk Bancroft and 1. P. Kelly, "Macrophage activation and

inpate resstance to infection in SCID mice.” fmmunslogy,
vol. 191, no. 4-3, pp. 424-431, 1993,

L. Malaguarmera and . Musumeci, “The immune response to
Plasmiodium Kl iparum malara,” The Lancet Infections Dis-
ease, vol. 2, no. 8, pp. 472-478, 2002,

P M. Nukura, S -L Inoge, and | Kobayashs, “Rale of Inter-

leukin- 10 m malane: locusing on comnfection with lethal and
nonlethal murine malaria parasites,” journal of Biomedicone
and Biotechnology, vol. 2011, Article 1D 383962, 8 pages, 2011.




Effect of Formulated Artocarpus champeden Extract on Parasite

Growth and Immune Response of Plasmodium berghei-Infected
Mice

ORIGINALITY REPORT

13. 5. 12 Ow

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Rajesh Kumar. "Evaluation of localized and 1 ”
systemic immune responses in cutaneous °
leishmaniasis caused by Leishmania tropica:
interleukin-8, monocyte chemotactic protein-1
and nitric oxide are major regulatory factors :

Immune profile of CL patients”, Immunology,
01/22/2010

Publication

T. K. Lim. "Edible Medicinal And Non Medicinal 1 o
Plants", Springer Science and Business Media °
LLC, 2012

Publication

Kenny Ang, Michael Holmes, Ursula Kara. 1 "
"Immune-mediated parasite clearance in mice °
infected with Plasmodium berghei following

treatment with manzamine A", Parasitology
Research, 2001

Publication

www.fags.org



internet Source

Fakhereldin M. Omer, Eleanor M. Riley.
"Transforming Growth Factor 8 Production Is
Inversely Correlated with Severity of Murine

Malaria Infection", The Journal of Experimental
Medicine, 1998

Publication

Nagib, P.R.A.. "Trypanosoma cruzi: Populations
bearing opposite virulence induce differential
expansion of circulating CD3A+CD4A-CD8A- T
cells and cytokine serum levels in young and
adult rats", Experimental Parasitology, 200708

Publication

Waranya Lakornwong, Kwanjai Kanokmedhakul,
Somdej Kanokmedhakul, Palangpon
Kongsaeree et al. " Triterpene Lactones from
Cultures of sp. KM01 ", Journal of Natural
Products, 2014

Publication

Huseyin Fidan. "Influence of Different Atropine
Therapy Strategies on Fenthion-Induced Organ
Dysfunction in Rats", Basic & Clinical
Pharmacology & Toxicology, 5/2007

Publication

C. Chiyaka, W. Garira, S. Dube. "Modelling
Immune Response and Drug Therapy in Human

1%

<1%

<1%

<1%

<1%

<1«



Malaria Infection", Computational and
Mathematical Methods in Medicine, 2008

Publication

Fakhreldin M. Omer, J. Brian de Souza, Eleanor
M. Riley. " Differential Induction of TGF-B
Regulates Proinflammatory Cytokine Production
and Determines the Outcome of Lethal and
Nonlethal Infections ", The Journal of
Immunology, 2003

Fublication

Laychiluh Bantie Mekonnen. "In vivo
antimalarial activity of the crude root and fruit
extracts of Croton macrostachyus
(Euphorbiaceae) against Plasmodium berghei in
mice", Journal of Traditional and
Complementary Medicine, 2015

Fublication

Matalka, K.Z.. "Prolactin enhances production of
interferon-@c, interleukin-12, and interleukin-10,
but not of tumor necrosis factor-@a, in a
stimulus-specific manner", Cytokine, 20030221

Publication

Wills, P.J.. "Protective effect of Lygodium

flexuosum (L.) Sw. extract against carbon
tetrachloride-induced acute liver injury in rats",
Journal of Ethnopharmacology, 20061206

Publication

<1%

<1%

<1%

<1y



..

bmcmusculoskeletdisord.biomedcentral.com

Internet Source

malariajournal.biomedcentral.com

Internet Source

www.thieme-connect.de

Internet Source

Mbnica M. de Almeida Lopes, Kellina O. de
Souza, Ebenezer de Oliveira Silva. "Cempedak
— Artocarpus champeden", Elsevier BV, 2018

Publication

Navneet Kishore, Pradeep Kumar, Karuna
Shanker, Akhilesh Kumar Verma. "Human
disorders associated with inflammation and the
evolving role of natural products to overcome",
European Journal of Medicinal Chemistry, 2019

Publication

Kou, Wei. "Central catecholamine depletion
inhibits peripheral lymphocyte proliferation and
spienocyte cytokine production", DUuEPublico:
University of Duisburg-Essen Publications
Online, 2004.

Fublication

socalip.org

Internet Source

www.jimmunol.org

Internet Source

<1%

<1%

<1%



22

7

24

23

26

i

28

29

academic.oup.com

internet Source

T Fujioka. "Effect of methylprednisolone on the
kinetics of cytokines and liver function of

regenerating liver in rats", Hepatology Research,
2001

Publication

www.brazjurol.com.br

Internet Source

Petteri Nieminen, Pirjo Lindstrém-Seppéa, Minna
Juntunen, Juha Asikainen et al. "IN VIVO
EFFECTS OF BISPHENOL A ON THE
POLECAT ( MUSTELA PUTORIUS )", Journal

of Toxicology and Environmental Health, Part A
2002

Publication

]

www.tandfonline.com

Internet Saurce

Mary Gawthrop. "Guidelines for malaria
prevention in travellers: what is new?", Practice
Nursing, 2020

Publication

lai.asm.org

Internet Source

scielo.conicyt.cl

Internet Source



32

Hort, G.. "Delayed type hypersensitivity-
associated disruption of splenic periarteriolar

lymphatic sheaths coincides with temporary loss

of IFN-@c production and impaired eradication
of bacteria in Brucella abortus-infected mice",
Microbes and Infection, 200302

Publication

A. Ishih, T. Nagata, F. Kobayashi, T. Miyase, M.
Terada. "Cytokine and antibody production
during the course of resolution in Plasmodium
yoelii 17XL-infected BALB/c mice treated with
febrifugine and isofebrifugine mixture from
leaves of Hydrangea macrophylla var. Otaksa",
Parasitoiogy Research, 2004

Publication

www.iosrjournals.org

internet Source

Mohamed Balaha, Samah Kandeel, Ahmed
Kabel. "Phloretin either alone or in combination
with duloxetine alleviates the STZ-induced
diabetic neuropathy in rats", Biomedicine &
Pharmacotherapy, 2018

Publication

pt.scribd.com

Internet Source

Shefalee K. Bhavsar, Paulomi Joshi, Mamta B.

<1%

<1%

<1%

<1 %

<1



Shah, D.D. Santani. " Investigation into
Hepatoprotective Activity of . ", Pharmaceutical
Biology, 2008

Publication

Wang, G.J.. "Flavonoids with iNOS inhibitory

activity from Pogonatherum crinitum”, Journal of
Ethnopharmacology, 20080619

Publication

V. Mufioz, M. Sauvain, G. Bourdy, J. Callapa, S.

Bergeron, |. Rojas, J.A. Bravo, L. Balderrama,
B. Ortiz, A. Gimenez, E. Deharo. "A search for
natural bioactive compounds in Bolivia through
a multidisciplinary approach", Journal of
Ethnopharmacology, 2000

Publication

Fumiaki Tanaka, Hiroshi Yamaguchi, Mitsuhiko
Ohta, Kohjiro Mashino, Hideto Sonoda, Noriaki
Sadanaga, Hiroshi Inoue, Masaki Mori.
"Intratumoral injection of dendritic cells after
treatment of anticancer drugs induces tumor-
specific antitumor effect in vivo", International
Journal of Cancer, 2002

Publication

Biology of C Reactive Protein in Health and
Disease, 2016.

Publication

D. Klayman. "Qinghaosu (artemisinin): an

<1%




antimalarial drug from China", Science, 1985

Publication

WWwWW.ISS.it

internet Source

47 "Abstracts", Fundamental and Clinical
Pharmacology, 04/2011

Publication

"Progress in Immunology", Springer Science
and Business Media LLC, 1989

Fublication

Exclude quotes Exclude matches

Exclude bibliography

<1%
<1%

<1%

<1%




Effect of Formulated Artocarpus champeden Extract on Parasite

Growth and Immune Response of Plasmodium berghei-Infected
Mice

SENERAL COMM -_\,u\

/ O Instructor



