
246 Med J Indones, Vol. 26, No. 4
December 2017
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ABSTRAK

Latar belakang: Saat ini belum terdapat obat untuk terapi 
pencegahan iron overload (IO) pada penderita talasemia. 
Penelitian in vitro maupun in vivo sebelumnya telah 
membuktikan ekstrak daun Mangifera foetida L. dapat 
menurunkan kadar besi pada tikus model IO. Penelitian 
ini dilakukan untuk membuktikan efektifitas ekstrak daun 
Mangifera foetida L. dalam mencegah terjadinya IO.

Metode: Tiga puluh ekor tikus Sprague-Dawley jantan dibagi 
ke dalam 5 kelompok: kontrol (tanpa perlakuan), IO, dan 3 
kelompok terapi ekstrak daun Mangifera foetida L dengan dosis 
setara mangiferin 50, 100, and 200 mg per kg BB. Fe-dextran 
(15 mg) diberikan secara intraperitoneal dua kali seminggu 
selama 4 minggu untuk semua kelompok, kecuali kelompok 
kontrol (IO, DSM50, DSM100, dan DSM200). Sampel darah 
dan urin diambil sebelum dan setelah terapi 2 dan 4 minggu. 
Di akhir perlakuan, tikus dimatikan dan diambil organ limpa, 
hati, dan jantung. Parameter yang diukur adalah kadar feritin, 
kadar mangiferin, dan aktivitas SOD dalam plasma serta kadar 
besi dalam plasma, urin, dan limpa.

Hasil: Pemberian besi berlebih pada hewan model IO 
meningkatkan kadar Fe dan kadar feritin plasma dalam plasma 
sebesar 4,23 kali dan 6,9 kali dibanding normal. Ekstrak daun 
Mangifera foetida L. dosis 50 mg/kgBB menghasilkan kadar 
mangiferin dalam plasma tertinggi sebesar 212 ng mangiferin 
per mL dan terlihat, walau tidak signifikan, mencegah 
peningkatan kadar feritin dalam plasma dan IO di jaringan 
serta memproteksi stres oksidatif.

Kesimpulan: Ekstrak air daun Mangifera foetida L. kemungkinan 
dapat berguna untuk terapi preventif dan stres oksidatif pada 
pasien talasemia.

ABSTRACT

Background: Recently, there is no agent available for the 
prevention of iron overload (IO) in thalassemia patients. 
Previous studies showed that Mangifera foetida L. leaf 
extracts reduced the levels of iron in IO in vitro and in vivo 
models. The present study aimed to determine the efficacy 
of Mangifera foetida L. leaf extract in the prevention of IO 
induced in rats.

Methods: Thirty male Sprague-Dawley rats were divided 
into 5 groups: control (untreated), IO, 3 treatment groups 
with leaf extract equivalent to 50, 100, and 200 mg of 
mangiferin per kg BW. Fe-dextran (15 mg) was administered 
intraperitoneally twice a week for 4 weeks to all groups 
except control (IO, DSM50, DSM100, and DSM200). Urine and 
blood samples were taken before and after treatments. After 
4 weeks of treatment, rats were terminated, and samples of 
spleen, liver, and heart were taken. Ferritin and mangiferin 
levels and SOD activities were determined in plasma. Iron 
levels were measured in plasma, urine, and spleen.

Results: Experimental IO increased plasma Fe content 
4.23 times and plasma ferritin levels 6.9 times vs normal. 
Mangifera foetida L. leaf extract DSM50 resulted in the 
highest blood levels of 212 ng mangiferin per mL and 
moderately, although not significant, prevented increased 
plasma ferritin levels and IO in organs and protected against 
oxidative stress.

Conclusion: Aqueous Mangifera foetida L. leaf extract may 
be useful to prevent IO and oxidative stress in thalassemia 
patients.

https://doi.org/10.13181/mji.v26i4.1829
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Iron overload (IO) is a serious chronic condition 
that develops when the body absorbs too 
much iron over years, and then excess iron is 
accumulated in organ tissues.1 In thalassemia, 
iron overload can cause progressive organ injury 
before clinical symptoms develop.1 Thalassemia 
is widely spread over the world covering the 
Mediterranean, Africa, Middle East, Burma, South 
East Asia, and Southern China.2 In Indonesia, 
the prevalence of thalassemia is 0.1% with the 
highest numbers in Nanggroe Aceh Darussalam, 
South Sumatera, and Riau island.3

Thalassemia is an inherited disorder caused 
by mutations and/or deletions that decrease 
the synthesis of α- or β-globin chains. Impaired 
hemoglobin synthesis induces increased iron 
absorption from the gastrointestinal (GI) tract. In 
β-thalassemia major, severe anemia with massive 
erythroid hyperplasia in the bone marrow and 
heavy cachexia can occur.4 

The supportive management of thalassemia 
includes blood transfusions to maintain 
hemoglobin levels of at least 9 to 10 g per 
deciliter (dL). These sporadic transfusions in 
thalassemia intermedia and regular transfusions 
in thalassemia major patients ameliorate anemia, 
improve the oxygen uptake into tissues, and 
reduce hematopoietic stimuli that can cause 
hepatosplenomegaly and bone deformities.5 

Increased iron absorption from the GI tract of 
thalassemia patients and receiving (regular) blood 
transfusions leads to iron overload, frees iron in 
blood circulation, and accumulates iron in the 
visceral organs (e.g., liver, endocrine glands) and 
the heart. Excess iron in the systemic circulation 
can saturate transferrin (iron-binding protein in 
plasma). As a result, free iron will bind to other 
compounds with low molecular weight, e.g., 
citrate. Non transferrin-bound iron (NTBI) is easily 
absorbed by certain cells, including hepatocytes 
and cardiomyocytes. NTBI is also very sensitive 
to oxygen directing Fe(II) to the Fenton reaction 
which will generate superoxide anion radical and 
hydrogen peroxide.1,2 Iron overload in myocardium 
and the iron-mediated generation of free radicals are 
associated with cardiovascular and other diseases 
and may eventually cause myocardial failure.6

Iron chelating agents were introduced in 1960 
for the treatment of iron overload. The use of 

chelating agents aims to bind iron and prevent 
the formation of iron-mediated free radicals. 
Presently, deferoxamine, deferasirox, and 
deferiprone are used for iron chelating therapy, 
but all of them can cause severe unwanted side 
effects. Deferoxamine as the main standard 
drug has additional drawbacks such as lack of 
intestinal absorption and thus the inconvenience 
of parenteral application. Deferiprone and 
deferasirox can be administered orally, but they 
are too expensive for regular administration to 
thalassemia patients in Indonesia. Hence, it is 
necessary to search for novel chelating agents 
from domestic plants.7

One of the alternatives as chelating agent is 
mangiferin, which is contained Mangifera species, 
e.g., Mangifera foetida L. and some other medicinal 
plants. Many studies indicate that mangiferin exerts 
a wide pharmacological range, e.g., as antidiabetic, 
anti-HIV, anticancer, immunomodulatory, anti-
oxidant, and iron chelating agent.8–11 Its iron-
chelating and free radical scavenging properties 
can prevent the early stages in the iron-induced 
formation of hydroxyl radicals.12 

In rats with experimentally established iron 
overload, the therapeutic application of 
mangiferin and Mangifera foetida leaf extract 
reduced high plasma iron concentrations.13 
However, the prevention of iron overload in vivo 
has not yet been investigated. Therefore, the 
present work aimed to study the preventive effect 
of Mangifera foetida leaf extract towards the iron 
overload in Spraque-Dawley rats induced by 
administration of excess iron.

METHODS

Materials
Spraque-Dawley strain rats were purchased from 
the Indonesia National Agency of Drug and Food 
Control. Mangifera foetida L leaf powder was 
purchased from the Research Institute for Spices 
and Medicinal Plants (Bogor, Indonesia). Iron 
dextran (Fahrenheit, Indonesia), epinephrine 
(Sigma Aldrich, US), NaHCO3 (Merck, Germany), 
NaEDTA (Merck, Germany), rat ferritin enzim-
linked immunosorbent assay (ELISA) kit (Genway, 
US), TLC plate (Merck, Germany), mangiferin 
reference (Sigma Aldrich, US) were obtained at 
the highest purity available.
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Mangifera foetida L. leaf extract
Mangifera foetida L. leaves were obtained from 
LIPI Cibinong in the form of analyzed dry powder. 
Dried powder was extracted using infundation at a 
temperature of 70°C for 15 minutes. This method 
refered to the research previously performed by 
Wahyuni.13 

Mangifera foetida leaf extracts were prepared by 
infusion of 1 part of dried leaf powder in 5 parts 
of water at 70°C for 15 minutes and processed 
to obtain a mangiferin-containing extract. Each 
infusion was carried out in triplicate. The solvent 
was evaporated with vacuum evaporator at 60°C 
and 74 mBar pressure to obtain a viscous ‘thick 
extract’.

Study design
This experimental study was conducted in Animal 
House and Pharmacology Laboratory from July 
2014 until November 2014. Thirty male Spraque-
Dawley rats were divided into five groups of 6 
rats, each (normal, iron overload (IO), DSM50, 
DSM100, DSM200). The normal control group 
received no treatment. The animals in the iron 
overload group were administered iron dextran 
15 mg intraperitoneally, twice a week for 4 
weeks. Extract groups (DSM) were administered 
Mangifera foetida leaf extract equivalent to 
mangiferin 50, 100 or 200 mg/kg body weight 
(BW) daily for 4 weeks and iron dextran 15 mg 
intraperitoneally, twice a week for 4 weeks. After 
4 weeks, all rats were killed. The blood of each rat 
was drawn. Moreover, spleen, heart, and liver were 
excised.14,16 This study was approved by the Health 
Research Ethics Committee Faculty of Medicine, 
Universitas Indonesia, Cipto Mangunkusumo 
Hospital No 205/H2.F1/ETIK/2013.

Thin layer chromatography
Thin layer chromatography (TLC) was used to 
identify mangiferin content in the extract. TLC 
was performed using methanol-acetic acid-
water (9:0.5:0.5) as mobile phase.13 Mangiferin 
plasma concentration was analyzed using high 
performance liquid chromatography (HPLC) 
with a C18 column and PDA detector. The mobile 
phase was composed of methanol and 0.5% 
aqueous formic acid (30:70). The mobile phase 
was filtered through 0.22 µm membrane and 
degassed by ultrasound. The isocratic elution 
run time was 10 min at a flow rate of 1.0 mL per 
min.14

Further determinations
The measurements of iron were performed 
using atomic absorption spectroscopy (AAS). 
Samples were prepared by destruction of plasma, 
urine, and spleen sample with 1.0 mL nitric acid. 
Subsequently, the solution was heated on a hot 
plate until brown vapor disappeared. Furthermore, 
the solution was added to 5 mL of distilled water, 
and the iron content was measured.15

Superoxide dismutase (SOD) activity assay was 
carried out in accordance with Fridovic methods.16 
Ferritin plasma concentration was analyzed using 
Rat Ferritin-GWB-76152C ELISA kit Genway.

RESULTS

 
Mangiferin levels
Mangiferin was identified in the extract by thin 
layer chromatography (TLC). TLC of the ethanol 
fraction of the Mangifera foetida L. extract 
showed two spots with Rf 0.84 and 0.43 (Figure 
1). Similar Rf values of the extract spot with the 
mangiferin standard Rf indicated mangiferin in 
the extract. Besides mangiferin, the extract also 
contained other compounds marked by other 
extract spots (Figure 1, lanes 2), i.e., alkaloids, 
flavonoids, saponins, and triterpenoid.

Furthermore, mangiferin was also proven by 
measuring mangiferin levels in the plasma of 
rats treated with Mangifera foetida leaf extract 
at week 4 of the experiment: DSM50 group 212 
ng/mL; DSM100 group 116 ng/mL; DSM200 
group 145 ng/mL (Figure 2). The peak obtained 
from Mangifera foetida leaf extract had the 
same retention time as the standard mangiferin 
indicating identical compounds.   

 

 
Figure 1. TLC of Mangifera foetida L. leaf extract detected at 
λ 254 nm (A) and λ 366 nm (B). Lane 1, mangiferin standard; 
lane 2, ethanol fraction; lane 3, hexane fraction

http://mji.ui.ac.id
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Plasma iron and ferritin
The experimental induction of IO in rats 
successfully increased plasma Fe content by 
4.23 times and plasma ferritin levels by 6.9 
times compared with the normal group (Figure 
3 and 4). 

The concomitant administration of Mangifera 
foetida L. leaf extract for 4 weeks lowered iron 
plasma levels in the DSM100 group and ferritin 
levels in the DSM50 group although statistically it 
was not significant (Figure 3 and 4).

Organ iron content 
After four weeks of experimental iron overload 
and administration of Mangifera foetida L. leaf 
extracts, the organs (heart, liver, and spleen) 
in the iron overloaded groups had darker color 
compared to the normal group. The color change 

 

 

 
Figure 2. Mangiferin levels in plasma after 4 weeks of treat-
ment with Mangifera foetida L. leaf extract

Figure 3. Percentage of plasma iron showing the differences 
between baseline and 4 weeks of iron administration

 

 

 
Figure 4. Ferritin plasma concentration

indicates the elevated levels of iron in the 
respective groups. 

The spleen weight  showed differences between 
the IO (1.26 g) and DSM50 (0.92 g) and DSM200 
(0.83 g) although statistically it was not 
significant, indicating an influence of mangiferin 
on iron distribution into the spleen. Measurement 
of the total iron content in the spleen showed that 
DSM50 group had about 10% and DSM200 12% 
less total iron than the IO group (Figure 5).

SOD activity 
After 4 weeks, SOD activity in plasma decreased 
along with the induction of iron overload (Figure 
6). The administration of Mangifera foetida L. leaf 
extract equivalent to the lowest dose of 50 mg 
mangiferin (DSM 50) prevented this decrease in 
SOD activity, compared with the IO group. With 
higher doses of mangiferin, the protective effect 
got lost: in the DSM100 group, there was almost 
no protection vs. IO and in the DSM 200 group, 
SOD activity was even lower than in IO alone 
(Figure 6).

 

 

 
Figure 5. Spleen total iron content
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Figure 6. SOD activity, difference from baseline after 4 weeks 
of treatment

DISCUSSION

Iron-overload is a common condition in 
thalassemia patients due to increased absorption 
from the gastrointestinal tract and additional 
blood transfusions.1,5 High levels of iron 
concentration in thalassemia patients lead to 
increased free radical formation mediated by 
NTBI. The increase in free radicals is associated 
with final cardiovascular complications as a 
major cause of deaths in thalassemia patients.7

Mangiferin as a lead compound in Mangifera 
foetida L. leaf extracts has been known for its 
antioxidant activity. There are two antioxidant 
mechanisms of mangiferin against free radicals 
induced by iron; firstly, it prevents free radical 
generation by chelating iron and secondly, it 
scavenges free radicals.17 

Water extract from leaves was used in this study 
because the glucoside of native mangiferin has 
better solubility in water than in ethanol. According 
to Kim et al,18 mangiferin has the highest solubility 
in methanol followed by water and ethanol. We 
preferred water as extraction medium because it 
is less toxic than methanol, and aqueous extract is 
most easily made by the community.

Several studies have been conducted to assess 
the potential of Mangifera foetida L. leaf extract 
towards iron-overload. An ex-vivo study conducted 
by Pohan et al.17 showed that mangiferin from 
Mangifera foetida L. leaf extract can bind to ferritin 
in blood plasma of patients with thalassemia. In 

another study, administration of Mangifera foetida 
L. leaf extract was equivalent to 75 mg/kg BW of 
mangiferin in experimentally iron-overloaded rats 
reduced iron plasma levels by 51% after one week 
of therapy and increased the elimination of 90% 
of Fe in urine.13 The study showed that Mangifera 
foetida L. leaf extract had the pharmacological 
potential of reducing iron levels in iron-overloaded 
conditions. Therefore, the aim of the present work 
was to further document the ability of Mangifera 
foetida L. leaf extract in preventing elevation of 
iron levels in rats administered with excess iron.

The highest blood levels were obtained with 
DSM50. Increasing doses of the extract in the 
DSM100 and DSM200 groups did not lead to dose-
response relationship in blood levels indicating 
non-linear pharmacokinetics of mangiferin.

Mangiferin has poor solubility and permeability 
in the gastrointestinal (GI) tract, with only 1.2% 
bioavailability.19 Increasing doses of the extract 
are suspected of causing conglomerations, which 
make mangiferin absorption from the GI tract 
more difficult. In several studies, administration of 
more than 40 mg mangiferin resulted in non-linear 
pharmacokinetics of its absorption process.19 From 
these results, only the administration of the extract 
equivalent to 50 mg of mangiferin per kg BW can be 
accounted for pharmacological effects. 

In this study, the administration of Mangifera 
foetida L. leaf extract started when plasma iron 
conditions were still normal. Under normal 
conditions, almost all iron circulating in the 
blood binds to transferrin. Through the strong 
iron-transferrin, binding mangiferin cannot bind 
free iron and remove it from the body. Hence, the 
preventive effect will not be very strong and only 
moderate. Possibly, no significant pharmacological 
effects might be expected. That does not mean that 
mangiferin and the applied extract are ineffective 
because the iron-binding and iron-removing effect 
may increase with the increasing iron overload.   

Plasma ferritin concentration is an indicator of 
iron-overload in humans and in this condition, 
therapy with chelating agents is initiated when 
ferritin levels are above 1,000 ng/mL or 10 times 
the normal ferritin concentration. At high ferritin 
concentrations above 3,000 ng/mL or 30 times 
the normal male ferritin levels, treatment with 
chelating agents decreased iron more effectively 

http://mji.ui.ac.id
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than at lower ferritin concentrations.20 This 
demonstrates the relationship between the 
plasma iron concentration and the effectiveness 
of chelating agents in binding it. In this study, 
plasma ferritin concentration in the IO group 
was 5,038 ng/mL or 7 times the concentration 
of the normal group. Thus, the concentration 
of ferritin in this study was intentionally lower 
than the concentration of ferritin in thalassemia 
patients when iron chelation therapy is started. 
Low plasma levels of iron and ferritin appear 
to be the cause of the relatively weak capability 
of Mangifera foetida leaf extracts to prevent 
the increase of iron in the body or to remove it 
through the urine (not shown).

The study design of Wahyuni13 differed from this 
study. The former study examined the therapeutic 
effects of Mangifera foetida L. leaf extract towards 
experimentally established IO, whereas this study 
investigated whether this extract had also an effect 
in preventing experimentally induced IO in rats. 
The effect of Mangifera foetida L. leaf extract was 
much more expressed in the former13 than in this 
preventive study design. In the condition of iron 
overload,13 plasma transferrin was fully saturated, 
and high NTBI was formed that was easily bound 
by mangiferin. Our result raised an assumption 
that mangiferin from the extract was bound to 
plasma transferrin or ferritin and prevented the 
iron release from these proteins, thus diminishing 
the formation of NTBI. In a previous ex-vivo-study 
with thalassemia patients, Mangifera foetida leaf 
extract formed a complex with ferritin in serum.21 
Another assumption is that Mangifera foetida L. leaf 
extract increased the expression of iron binding 
proteins like transferrin and ferritin and inhibited 
the generation of NTBI via this mechanism. 

SOD is an enzyme that converts superoxide 
anion radical into hydrogen peroxide in the 
body. Hydrogen peroxide is formed and then is 
converted into water and oxygen by catalase. 
Thus, SOD provides protection against superoxide 
free radicals by transforming them into 
compounds that are not toxic to the body. When 
the body is moderately exposed to free radicals, 
gene transcription of endogenous antioxidants 
is induced which leads to increased antioxidant 
activities that can detoxify free radicals.22

In this study, SOD activity in plasma decreased by 
the induction of iron overload. The ability of SOD 

in protecting tissues against free radicals is greatly 
affected by its concentration and the severity of 
the radical attack. SOD dose response curve to 
the protection capability is bell-shaped. In early 
stages of moderate oxidative stress, increased 
SOD expression and activity improved the 
protection against free radicals. Further increase 
of SOD concentration lowered the protection 
against free radicals. In studies conducted by 
Pardo-Andreu et al12 and Wahyuni,13 plasma SOD 
activity decreased with free iron confirming the 
results of this study. 

Under massive experimental and pathological 
oxidative stress in skin, SOD activity decreased.23 
It was proposed that the increase in SOD activity 
develops superoxide radical dismutation to 
hydrogen peroxide, which in turn accumulates 
and attacks biomolecules, thus reducing the all-
over protective effects of SOD.24

DSM50 showed a protective effect in this study, but 
this protective effect decreased with increasing 
doses of the extract. In the DSM200 group, there 
was significant decrease of the antioxidant 
activity indicating – under linear pharmacokinetic 
conditions - DSM overdose in this group leading to 
prooxidant activity. Mangifera foetida L. leaf extract 
contains mangiferin, flavonoids, and terpenoids. 
Mangiferin itself is known to have antioxidant 
and prooxidant activities. The mechanism of 
antioxidant mangiferin is iron binding, therefore 
inhibiting the formation of hydroxyl radicals 
and free radicals by scavenging with its phenolic 
catechol group. When mangiferin captures free 
radicals, its catechol group is oxidized transiently 
forming a semiquinone radical, which is potentially 
toxic to biomolecules.25 This raises the suspicion 
that increasing doses of mangiferin may cause an 
increase in semiquinone radicals with increasing 
prooxidant effects rather than the antioxidant 
effects of lower doses. Moreover, other compounds 
in the extract such as flavonoids and terpenes may 
affect SOD activity in our experiments.

However, since higher doses of the applied extract 
created lower rather than higher blood levels 
of mangiferin, this non-linear pharmacokinetic 
effect should be accounted for the lower 
antioxidant effect of DSM200.

In conclusion, Mangifera foetida leaf extract 
equivalent to 50 mg mangiferin per kg BW exerts 
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moderately preventive effect on the parameters of 
experimentally induced iron overload in rats. Higher 
doses of mangiferin are not more effective because 
of non-linear pharmacokinetics. Thalassemia 
patients can be advised to use Mangifera leaves and 
fruit peels for preparing an aqueous infuse for daily 
drinks. Future research should better clarify the 
activities of Mangifera foetida L. leaf extract in the 
prevention of iron-overload. Some changes in study 
design, such as longer iron dextran induction period 
and/or extract administration can be expected to 
give more information about the capability of extract 
components, especially mangiferin to interact 
with iron-binding proteins, also using computer-
simulated molecular docking. 
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