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Abstract Malaria is still one of the most common infectious
diseases and leads to various public health problems world-
wide. Medicinal plants are promising sources for identifying
novel agents with potential antimalarial activity. This study
aimed to investigate the antimalarial and the antioxidant ac-
tivities of Indigofera oblongifolia on Plasmodium chabaudi-
induced spleen tissue injury in mice. Mice were divided into
five groups. The first group served as a vehicle control; the
second, third, fourth, and fifth groups were infected with 1×
106 P. chabaudi-parasitized erythrocytes. Mice of the last
three groups were gavaged with 100 μl of I. oblongifolia leave
extract (IOLE) at a dose of 100, 200, and 300 mg IOLE/kg,
respectively, once daily for 7 days. IOLE was significantly
able to lower the percentage of parasitemia. Themost effective
dose was the 100 mg IOLE/kg, which could reduce the
parasitemia from about 38 to 12 %. The infection induced
spleen injury. This was evidenced by disorganization of spleen
white and red pulps, appearance of hemozoin granules and
parasitized erythrocytes. These changes in spleen led to the
increased histological score. Also, the infection increased the

spleen oxidative damage where the levels of nitrite/nitrate,
malondialdehyde, and catalase were significantly altered. All
these infection-induced parameters were significantly im-
proved during IOLE treatment. In addition, the mRNA ex-
pression of inflammatory cytokines interleukin-1beta, inter-
leukin-6, and tumor necrosis factor-alpha were upregulated
after infection with P. chabaudi, whereas IOLE significantly
reduced the expression of these genes. Our results indicate that
I. oblongifolia leaves extract exhibits a significant antimalarial
and antioxidant effects, and protects host spleen tissue from
injuries induced by P. chabaudi.
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Introduction

Malaria is a worldwide disease with major negative effect on
economic development (Worrall et al. 2005). The disease is
widespread in the tropical and subtropical regions that exist in
a broad band around the equator. This includes much of Sub-
Saharan Africa, Asia, and Latin America (Mehlhorn 2008). It
was documented that parasite resistance to antimalarial drugs
results in a delayed or incomplete clearance of parasites from
the patient’s blood when the person is being treated with an
antimalarial (Foster 1991; Ridley 2002). One important strat-
egy to fight the parasite resistance is to encourage the discov-
ery of new antimalarial compounds from various sources, es-
pecially from traditional medicinal plants where focus on me-
dicinal plant research has been increasing all over the world.
In traditional medicine, plant formulations and combined ex-
tracts of plants are used for the treatment of a wide variety of
diseases (Sasidharan et al. 2011; Zhang et al. 2014).
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Many studies used plant extracts against malaria infection
(Al-Adhroey et al. 2010; Taherkhani et al. 2013). Recently,
Toma et al. (2015) used Echinops kebericho extract as
antiplasmodial agent. Also,Mubaraki et al. (2014) used pome-
granate peel extract as a hepatoprotective agent from Plasmo-
dium chabaudi infection.

Indigofera oblongifolia belongs to the family Fabaceae and
is widely distributed in Asia and Africa. All parts of the plant
are useful in enlargement of the spleen and liver (Kirtikar and
Basu 1984). The leaves of I. oblonifolia are used in folk med-
icines in urinary tract infection, urolithiasis, cough, and skin
infection (Ali et al. 2001). Also, Dahot (1999) reported the
antimicrobial activity of the plant (Dahot 1999). The current
study aimed to investigate the antimalarial activity of
I. oblongifolia leaves extract and its effect on spleen immune
response of P. chabaudi infection in mice.

Materials and methods

Preparation of the plant extract

I. oblongifolia leaves (Fig. S1) were obtained from Jazan
Province in the southwest of the Kingdom of Saudi Arabia.
The identity of this specie was confirmed by Dr. Jacob
Pandalayil (Department of Botany and Microbiology, College
of Science, King Saud University). Leaves were air dried at a
temperature not exceeding 40 °C and ground into powder. The
powdered leaves were extracted with 70 % methanol. In brief,
the powder was incubated at 4 °C for 24 h with mixing from
time to time. I. oblongifolia leaves extract (IOLE) was filtered
and then evaporated to dryness in vacuum evaporator
(Heidolph, Germany). The residue was dissolved in distilled
water and used in this experiment.

Animals

This study was conducted using apparently healthy female
C57BL/6 mice. The animals were 9–12 weeks old. They were
obtained from The Department of Comparative Medicine,
King Faisal Specialist Hospital & Research Center, Riyadh,
Saudi Arabia. The mice were bred under specified pathogen-
free conditions and fed a standard diet and water ad libitum.
The experiments were approved by the state authorities and
followed Saudi Arabian rules on animal protection.

P. chabaudi infection

Blood-stage infections of P. chabaudi were routinely kept in
Swiss albino mice at weekly passages (Wunderlich et al. 1982).
The experimental female C57BL/6 mice were intraperitoneally
injected with 106 P. chabaudi-parasitized erythrocytes.

Parasitemia was determined in Giemsa-stained smears from tail
blood. Cell number was counted in a Neubauer chamber.

Experimental design

A total of 50 adult female C57BL/6 mice were divided into
five groups with ten animals per each group. The first group
(non-infected) served as a vehicle control. This group gavaged
only with 100 μl distilled water. The second, third, fourth, and
fifth groups were intraperitoneally infected with 1×106

P. chabaudi-infected erythrocytes. Then, after 60 min, mice
of the third, fourth, and fifth groups were gavaged with 100 μl
of IOLE at a dose of 100 (infected+IOLE), 200 (infected+
IOLE), and 300 (infected+IOLE)mg/kg body weight of
IOLE, respectively, once daily for 7 days.

Hematological studies

Mice were killed and dissected on day 7 p.i. Blood was taken
from the heart into heparinized tubes for the determination of
some important hematological parameters (total erythrocytes
count, total leucocytes count, and hemoglobin contents) using
an automatic counter (VET-530 CA Medonic; Medonic,
Stockholm, Sweden).

Preparation of spleen tissue

Both non-infected and infected mice were sacrificed by cervi-
cal dislocation on day 7 p.i.. Spleens were aseptically removed
from mice, cut up in small pieces, some of them were fixed in
formalin for histological study and the others were washed in
sterile physiological saline, and rapidly frozen and stored at
−80 °C for further investigations.

Spleen histopathology

Mice spleens were fixed in 10% neutral buffered formalin and
then embedded in paraffin. Sections of 5 μm thickness were
stained with hematoxylin and eosin. To evaluate the splenic
histological alteration, a semi-quantitative scoring system was
used (Giamarellos-Bourboulis et al. 2006). Segments of
spleen were scored for the enlargement of white pulp areas
(0, absent; 1, slight; 2, moderate; and 3, pronounced) and for
the increased numbers of apoptotic cells, macrophages, ne-
crotic cells, and presence of pigments (0, absent; and 1, pres-
ent). Scoring of each tissue sample represented the mean score
of high microscopic power fields of five different sections.

Oxidative stress in the spleen

Spleens were weighed and homogenized immediately to give
50 % (w/v) homogenate in ice-cold medium containing
50 mM Tris–HCl and 300 mM sucrose (Tsakiris et al. 2004).
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The homogenate was centrifuged at 500×g for 10 min at 4 °C.
The supernatant (10 %) was used for the various biochemical
determinations.

Nitrite/nitrate

The assay of nitrite/nitrate in spleen homogenate was done
according to the method of Berkels et al. (2004). In acid me-
dium and in the presence of nitrite, the formed nitrous acid
diazotized sulfanilamide, which is coupled with N-(1-
naphthyl) ethylenediamine. The resulting azo dye has a bright
reddish-purple color which was measured at 540 nm.

Malondialdehyde

Lipid peroxidation in spleen homogenate was determined ac-
cording to the method of Ohkawa et al. (1979) by using 1 ml
of 10 % trichloroacetic acid and 1 ml of 0.67 % thiobarbituric
acid, followed by heating in a boiling water bath for 30 min.
Thiobarbituric acid reactive substances were determined by
the absorbance at 535 nm and expressed as malondialdehyde
equivalents formed.

Catalase

Catalase activity in spleen homogenate was assayed by the
method of Aebi (1984). In this assay, catalase reacts with a
known quantity of H2O2 and the reaction is stopped after
exactly 1 min with a catalase inhibitor. In the presence of
horseradish peroxidase, the remaining H2O2 reacts with 3,5-
dichloro-2-hydroxybenzene sulfonic acid and 4-
aminophenazone to form a chromophore with a color intensity
inversely proportional to the amount of catalase in the original
sample, and measured at 240 nm.

Quantitative PCR

Tissues frozen at −80 °C were thoroughly ground with a mor-
tar under liquid nitrogen, and total RNA was isolated with
TRIzol (Qiagen, Hilden, Germany). Quality and integrity of
RNAwere determined using the Agilent RNA 6000 Nano Kit
on the Agilent 2100 Bioanalyzer (Agilent Technologies).
RNA was quantified by measuring A260nm on the ND-1000
spectrophotometer (NanoDrop Technologies) (Delic et al.
2010). All RNA samples were treated with DNase (Applied
Biosystems, Darmstadt, Germany) for at least 1 h and were
then converted into cDNA using the reverse transcription kit
following the manufacturer’s protocol (Qiagen, Hilden, Ger-
many). Quantitative real-time PCR (RT-qPCR) was per-
formed using the ABI Prism 7500HT sequence detection sys-
tem (Applied Biosystems, Darmstadt, Germany) with SYBR
green PCR master mix from Qiagen (Hilden, Germany).
Genes were investigated encoding the mRNAs for interleukin

1beta (IL-1 β), interleukin-6 (IL-6), tumor necrosis factor al-
pha (TNF-α), and glyceraldehyd-3-phosphat-dehydrogenase
(GAPDH). All primers used for RT-qPCRwere obtained com-
mercially from Qiagen. PCRs were conducted as follows:
2 min at 50 °C to activate uracil-N-glycosylase (UNG);
95 °C for 10 min to deactivate UNG; and 40 cycles at 94 °C
for 15 s, 60 °C for 35 s, and 72 °C for 30 s. Reaction speci-
ficity was checked by performing dissociation curves after
PCR. For quantification, mRNA levels were normalized to
those of GAPDH. The threshold cycle (CT) value is the cycle
number, selected from the logarithmic phase of the PCR
curve, in which an increase in fluorescence above background
can be detected. ΔCT is determined by subtracting the CT of
GAPDH from the CT of the target. The fold change of mRNA
expression was determined using the 2−ΔΔCT method.

Statistical analysis

One-way ANOVA was carried out, and the statistical
comparisons among the groups were performed with
Duncan’s t test using a statistical package program
(SPSS version 17.0). P≤0.05 was considered as signif-
icant for all statistical analysis in this study.

Results

The course of P. chabaudi infections in female C57BL/6 was
previously characterized in detail (Krücken et al. 2005;
Wunderlich et al. 2005). Treatment of infected mice with
IOLE induced marked changes in parasitemia on day 7 p.i.
with P. chabaudi-infected erythrocytes; mice treated with
100 mg of IOLE/kg appeared with a significant (P<0.001)
decrease in parasitemia compared to the infected non-treated
group (infected −IOLE). The parasitemia of infected treated
mice with a dose of 200 mg IOLE/kg was not significantly
changed from the infected control group, while parasitemia of
mice treated with 300 IOLE mg/kg of IOLE was significantly
decreased by about 50 % (Fig. 1).

Anemia was diagnosed by measuring the hemoglobin con-
tent and erythrocytes count in blood of mice at day 7 p.i. with
P. chaboudi. Hemoglobin of infected (−IOLE) groupwas 5.8±
1.8 g/dl while that of the non- infected mice was 16.9±0.5 g/dl.
Also, erythrocytes of infected (−IOLE) group was 4.5×1012

erythrocyte/mm3 while that of the non-infected mice reached
9.5×1012±0.3 erythrocyte/mm3. This indicated a clear state of
anemia in the infected group. I. oblongifolia significantly re-
duced the loss in hemoglobin as well in erythrocyte count,
especially in the mice group treated with 100 mg/kg IOLE
(Table 1). Also, the infection induced a marked decrease in
leucocytes count but this was not significantly changed by
IOLE treatment (Table 1).
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Examination of the spleen tissue sections reveal the pres-
ence of parasitized erythrocytes and hemozoin granules in the
spleen of P. chabaudi-infected mice. Nevertheless, the spleen
exhibits structural reorganizations (Fig. 2). The spleen re-
vealed larger white pulp areas, and the marginal zone normal-
ly separating white and red pulp areas was highly enlarged
with a more diffuse appearance, in comparison to the spleen
of non-infected mice (Fig. 2). The structural reorganization of
the spleen of infected mice became also evident as an in-
creased number of apoptotic cells. Treatment of mice with
100 mg IOLE/kg induced an improvement in the spleen ar-
chitecture. This was evidenced by the return of the white and
the red pulps nearly to the normal appearance (Fig. 2). The
number of the infected erythrocytes in the spleen section be-
came low. Also, the hemozoin granules were much less when
compared to the infected spleen. Mice treated with either 200
or 300 mg IOLE/kg did not show marked improvements in
spleen histology (Fig. 2). The histological score of the splenic
tissue was significantly larger in infected mice than that in
non-infected mice. After treatment, only the dose of 100 mg
IOLE/kg could significantly reduce the enlarged score due to
P. chabaudi infection (Fig. 3).

Since with the dose 100 mg of IOLE/kg mice was more
efficient than the other two used doses against P. chabaudi

infection, we only studied this dose for quantifying the mice
spleen antioxidant activity as well as the spleen cytokine ex-
pression using QT-PCR.

P. chabaudi infection was able to significantly increase the
level of nitrite/nitrate (Table 2). Treatment of mice with IOLE
could induce a significant decrease in the level of nitrite/nitrate
(Table 2). Furthermore, infection with P. chabaudi resulted in
a significant increase in the level of malondialdehyde. On the
other hand, supplementation with the plant extract significant-
ly reduced the levels of malondialdehyde (P≤0.05) in infected
groups (Table 2). Moreover, the effect of the plant extract on
catalase levels in the spleen of mice infected with P. chabaudi
was visible on day 7 p.i. and the level of catalase in the group
of mice treated with I. oblongifolia was significantly higher
than (P≤0.05) non-infected and infected groups (Table 2).

In this study, the mRNA expression of inflammatory cyto-
kines, IL-1β, IL-6, and TNF-α (Fig. 4), was upregulated after
infection with P. chabaudi, whereas IOLE significantly re-
duced the expression of these genes (Fig. 4).

Discussion

n an effort to find new strategies for malaria control, recent
research has investigated the role medicinal plants in regulat-
ing infections with Plasmodium spp. (Mohd Abd Razak et al.
2014; Mubaraki et al. 2014; Odediran et al. 2014; Vale et al.
2015). Clearance of malaria parasites appears to be mediated
by both acquired and innate immune responses (Wunderlich
et al. 2014). Female C57BL/6 mice were able to heal infec-
tions with P. chabaudi and to develop long-lasting immunity
against homologous rechallenge (Dkhil 2009). Medicinal
plants have been used for dietary therapy for several
millennia, and some of them allegedly exhibit significant an-
tiparasitic and antioxidant activities (Mau et al. 2002; Mohd
Abd Razak et al. 2014; Dkhil et al. 2015).

In this study, I. oblongifolia was used as the target natural
product against malaria. Infections of P. chabaudi in mice at
maximal parasitemia on day 7 p.i. induced responses in the
spleen. These responses became evident as severe structural
reorganizations, oxidative spleen damage, and as differential
gene expression detected by microarray technology in

Table 1 I. oblongifolia leaves
extract (IOLE)-induced changes
in leucocytes, erythrocytes, and
hemoglobin of mice infected with
P. chabaudi on day 7 p.i

Groups Leucocytes (×109/mm3) Erythrocytes (×1012/mm3) Hemoglobin (g/dl)

Non-infected 9.5±0.7 9.5±0.3 16.9±0.5

Infected (−IOLE) 6.5±1.7* 4.5±1* 8.5±1.8*

Infected (+IOLE 100) 6.8±3.1* 8.7±2*, ** 15.1±3.2**

Infected (+IOLE 200) 6.6±3* 6.6±2.7*, ** 11.1±2.4*, **

Infected (+IOLE 300) 6.5±0.8* 7.2±0.6*, ** 12.6±1.0*, **

Values are means±SD

*P≤0.05 (significance against non-infected group); **P≤0.05 (significance against infected (−IOLE) group)

Fig. 1 I. oblongifolia-induced changes in parasitemia of female C57BL/
6 mice on day 7 p.i.. All values are means±SD. Significance against
infected (−IOLE) group at *P≤0.05

3434 Parasitol Res (2015) 114:3431–3438



combination with quantitative PCR. Treatment of mice with
I. oblongifolia could ameliorate the altered changes due to
infection.

The leaves extract was able to significantly decrease the
percentage of parasitemia by approximately 68.4 % when
mice were treated with 100 mg/kg of the extract. This is the
first study to use such a plant against parasites. These results
are comparable to that obtained by Mubaraki et al. (2014)

using extract from another plant, pomegranate, which
contained also rich natural ingredients (Shahjahan et al. 2005).

Dkhil et al. (2015) reported that anaemia is the major clinical
sign and cause of mortality in animals with malaria infection
where malaria parasites invade erythrocytes of infected
animals, resulting in the destruction of the parasitized
erythrocytes. In this study, I. oblongifolia was able to
significantly increase the reduced number of erythrocytes as

Fig. 2 I. oblongifolia leaves
extract (IOLE) induced changes
in spleen of mice infected with
P. chabaudi on day 7p.i.. a, b
Non-infected spleen sections with
normal architecture. c, d Infected
mice spleen. White pulps are
fused. Infected erythrocytes
(black arrow) and hemozoin
granules (white arrow) are
common in the red pulp. Some
apoptotic bodies appeared in the
spleen (white arrow head). e, f
Spleen of mice treated with
100 mg/kg IOLE. Some white
pulps are fused together and
others are clearly separated.
Infected erythrocytes and
hemozoin granules are less
common in the red pulp. g, h and
i, j Spleen of mice treated with
200 and 300 mg/kg IOLE,
respectively. White pulps are
fused. Infected erythrocytes and
hemozoin granules are common
in the red pulp. Some apoptotic
bodies appeared in the spleen.
Sections are stained with
hematoxylin and eosin. Scale
bar = 50 μm for a, c, e, g, i and
25 μm for b, d, f, h, j
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well as the hemoglobin content. Also, Kumar et al. (2007) used
ethanolic extract of Indigofera trita against induced cancer in
mice, and the extract was found to have a protective effect on
the change in the hematological parameters including red blood
cells and hemoglobin.

Histologic examination of spleen tissue of C57BL/6 mice
during the course of P. chabaudi infection showed disturbed T
cell areas and changes in splenic architecture (Achtman et al.
2003). Rich natural ingredients present in I. oblongifolia
(Shahjahan et al. 2005) could improve the altered changes in
spleen histology.

The role of the spleen as an anti-parasite effector is further
substantiated by our finding that the spleen displays hemozoin
granules during the acute phase of blood stage malaria.
Hemozoin is generated by intraerythrocytic parasites to detoxify
the lytic host ferriprotoporphyrin IX (Pagola et al. 2000) released
during hemoglobin digestion by parasites (Zhang et al. 1999).
The hemozoin granules are almost exclusively localized in the
red pulp of the spleen, thus indicating that the red pulp predom-
inantly harbors the antimalaria effectors of the spleen.

The role of oxidative stress in the pathophysiology of ma-
laria is a multifactorial phenomenon and represents an

important aspect of the intricate and complex host-parasite re-
lationship. Recent studies suggest that the generation of reac-
tive oxygen and nitrogen species (ROS and RNS) associated
with oxidative stress plays a crucial role in the development of
systemic complications caused by malaria. Malaria infection
induces the generation of hydroxyl radicals (OH·), which most
probably is the main reason for the induction of oxidative stress
and apoptosis (Guha et al. 2006). Oxidative stress markers in
infected animals are found in high levels compared to uninfect-
ed controls (Guha et al. 2006; Sohail et al. 2007).

In this study, oxidative stress seems to result from increased
production of free radicals, a fact suggested by increased
malondialdehyde, an important lipid peroxidation marker,
and not from a decrease in levels of antioxidants, reinforcing
the suggestion that oxidative stress is an important mechanism
in parasite infection. This result is in agreement with Cabrales
et al. (2011). Also, a free radical species, which appears to be
involved in this disease, is nitric oxide (Pabón et al. 2002;
Cabrales et al. 2011). However, its role is still controversial.
Moreover, several antioxidant enzymes are important in the

Fig. 3 I. oblongifolia induced alteration in the histological score of the
spleen infected with P. chabaudi. Values are means±SD. (a) Significance
against non-infected group at P≤0.05. (b) Significance against infected
(−IOLE) group at P≤0.05

Table 2 Changes of antioxidant
biomarkers in spleen of mice
infected with P. chabaudi and
after treatment with
I. oblongifolia leaves extract

Group Nitrite/nitrate (μmol/g) Malondialdehyde (nmol/g) Catalase (U/g)

Non-infected 170±4 1.6±0.06 15±0.8

Infected 241±1* 2.8±0.01* 12±0.1*

Infected-treated 138±1*, ** 1.3±0.02*, ** 18±0.1*, **

Values are means±SD

*P≤0.05 (significance against non-infected control group); **P≤0.05 (significance against infected
group) (n=6)

Fig. 4 Anti-inflammatory effect of I. oblongifolia leaves extract (IOLE)
on P. chabaudi infected mice. Expression of IL-1β, IL-6, and TNF-α-
mRNA in spleen tissues was analyzed by quantitative RT-PCR in non-
infected mice, and P. chabaudi-infected mice on day 7 p.i. with and
without IOLE treatment. Relative expression is given as fold increase
compared to the non-infected control mice. Values are means±SD. (a)
Significance against non-infected group at P≤0.05. (b) Significance
against infected (−IOLE) group at P≤0.05
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defense system. In this study, catalase was measured dur-
ing the infection with P. chabaudi infection. This enzyme
acts directly on some free radicals, making them less
reactive.

Cytokines in malaria are reported to be important molecu-
lar markers of cell-mediated immune response and known to
be critical players in the regulation of disease. Several studies
have shown cytokines to be associated differentially with ap-
pearance of disease symptoms, levels of parasitemia, and with
disease severity and complications (Malaguarnera and
Musumeci 2002; Wunderlich et al. 2014). The inflammatory
response that is needed to remove parasites leads to consider-
able tissue damage, and activation of phagocytes to kill intra-
cellular or extracellular parasites requires the production of
inflammatory cytokines. In this study, the infection of mice
with P. chabaudi-parasitized erythrocytes induced a signifi-
cant increase in TNF-α, IL1β, and IL-6 mRNA expression.
It has been reported that increased TNF-α levels stimulated
phagocytosis and thereby enhanced clearance of parasitized
erythrocytes (Lyke et al. 2004; Stevenson and Riley 2004). To
the contrary, proinflammatory cytokines were seen to contrib-
ute to adverse disease outcome where a strong and prolonged
response of cytokines like TNF-α, IL1β, and IL-6 was asso-
ciated with severe disease syndromes in both human and ex-
perimental models (Day 1999; Malaguarnera and Musumeci
2002). Moreover, Pichyangkul et al. (1994) proved that
TNF-α is the first characterized parasite-induced cytokine
which was induced in macrophages by erythrocytes infected
by Plasmodium, malarial pigment. In this work, treatment of
mice with IOLE successfully improved the change in cytokine
expression in the infected mice spleen. This curative effect of
the plant extract made successive usage of the whole parts of
I. oblongifolia in the treatment of splenomegaly (Shahjahan
et al. 2005). Other species of Indigofera named (Indigofera
suffruticosa) which has nearly similar active ingredients as
I. oblongifolia was used to activate the immune system
through macrophage activation (Lopes et al. 2010; de ACarli
et al. 2010). Activation of macrophages led to phagocytosis of
the parasitized erythrocytes (Dkhil 2009). This process could
lower the parasitemia and splenomegaly induced by
P. chabaudi.

Collectively, our results indicate that I. oblongifolia
leaves extract exhibits a significant antimalarial and an-
tioxidant effects, and protects host spleen tissue from
injuries induced by P. chabaudi. Further studies are re-
quired, however, in order to elucidate the exact mecha-
nism of these effects and to examine its potential ther-
apeutic effects in more detail.
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