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Introduction

Population aging is a global phenomenon [1].
This fact is marked by the increase in the share of elderly
population (60 years and over) worldwide. The global
population of those aged 60 years or over totaled 962
million in 2017, and is expected to double to reach nearly
2.1 billion by 2050, with most of the increase in developing
countries [2]. Age-associated immune system dysfunction
indicated by
susceptibility to infections and chronic diseases, such as
hypertension, diabetes mellitus, autoimmune diseases,
heart disease, and atherosclerosis [3]. Age-associated
immune system dysfunction also includes changes

or “immunosenescence” is

Abstract

BACKGROUND: Population aging is considered to be a global phenomenon today. Age-associated immune system
dysfunction or “immunosenescence” is indicated by increased susceptibility to infections and chronic diseases,
such as hypertension, diabetes mellitus, autoimmune di , heart di , and atherosclerosis. One of the
immunosenescence markers is a significant drop in CD28 and reduced proinflammatory cytokine interleukin-2 (IL-
2). The mango mistletoes are deemed to have a better affinity for docking the CD28 and IL-2R receptors of a and 8
subunits than other plants.

AIM: This study aims to determine the effect of ethanol extract of mango mistletoes on IL-2 levels, the percentage of
CD4+CD28+, and the percentage of CD8+CD28+ in aged female mice.

METHODS: The leaves of mango mistletoes were extracted using 96% ethanol solvent, and the extract was
administered to aged female mice (18—-20 months) orally with different doses for each group, namely 150, 300,
and 600 mg/kg. Mango mistletoe leaves extract was administered once a day for 14 days. Then, the IL-2 levels
of the mice were checked from their heart blood samples using Enzyme-Linked Immunosorbent Assay, while the
percentages of CD4'CD28" and CD8'CD28" were examined from the spleen samples using flow cytometry.

RESULTS: The ethanol extract of mango mistletoe leaves was able to increase the percentage of CD4'CD28"
significantly (p < 0.05) at doses of 300 and 600 mg/kg and increase the percentage of CD8'CD28" significantly (p <0.05)
at a dose of 600 mg/kgBW, while other various doses had a strong enough correlation (r = 0.48) to increase IL-2 levels.

CONCLUSION: The ethanol extract of mango mistletoe leaves has the good potential to inhibit the aging process
in the immune system, as characterized by an increase in IL-2 levels and the percentage of CD4'CD28" and
CD8'CD28".

in immune tolerance, increases in autoantibodies,
decreased function of NK cells, B lymphocytes, and
especially T lymphocytes [4]. Another characteristic of
immunosenescence is a chronic state of basal inflammatory
activity that may result from increased production of pro-
inflammatory cytokines, such as (interleukin-6) IL-6, tumor
necrosis factor-o,, and free radicals. In addition, molecules
such as the cytokines IL-2 and interferon-gamma which are
associated with T lymphocyte activation and proliferation
also contribute to a high incidence of neoplastic disease
and infection [3]. Immunosenescence or aging of immune
cellsis also correlated with several other changes, including
decreased naive T cells, increased memory T cells, and
loss of the CD28 molecule. CD28-T cells are considered
to be replicating aging T cells in humans, and thus, the

increased

414

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Handono et al. Effect of Mango Mistletoes Leaves on Aged Balb/c Mice

frequency of CD28-T cells in peripheral blood increases
with age [5].

Preliminary in silico study revealed that
mango mistletoes leaves (Dendrophthoe pentandra)
had better affinity for docking the CD28 receptors and
IL-2R o and  subunits than other plants. Moreover, our
previous study found that the mango mistletoes leaves
(D. pentandra) were able to inhibit the immune aging
process in stimulated T cell cultures. The results of the
study showed that administering the ethanol extract of
mango mistletoe leaves with a dose of 1 mg/ml was able
to reduce the percentage of aging cells, as indicated
by an increase in CD8"CD28™" T cells, a decrease in
CD4'CD57", and a significant decrease in CD8'CD57"
compared to the control. In addition, the research also
disclosed that the inhibition of the aging process due to
the influence of mango mistletoes leaves was mediated
by an increase in secretion of the proinflammatory
cytokine IL-2, which was proven to be significantly
higher after the provision of ethanol extract of mango
mistletoe leaves at a dose of 1 mg/ml in cell culture.

Based on the results of the study of in silico
and in vitro, this study aims to carry out further testing
of mango mistletoe leaves in vivo on aged female
Balb/c mice in inhibiting the immune aging process. It
is expected that this research can develop a new drug
derived from Indonesian herbs for an anti-immune
aging therapy in the elderly.

Methods

Animals

Aged balb/c female mice about 18—20 months
of age were used for the study. The animals were housed
in standard cages at the animal house of Faculty of
Medicine Universitas Brawijaya-Malang, Indonesia, and
acclimatized to the new environment under optimum
feeds with full access to drinking water for a period of
7 days before the commencement of the experiment.
The mice had free access to water and were fed ad
libitum. Mice that had been used for other studies,
mice that were pregnant, and mice that died during the
treatment process were excluded in this study. This
research was approved by the Ethics Committee of
Faculty of Medicine Universitas Brawijaya. Mice were
housed at room temperatures of 26—-7°C.

Plant material extraction

The leaves of mango mistletoe (D. pentandra)
were collected from UPT Materia Medica, Batu, Indonesia.
The leaves of the mango mistletoe, an arum manis type
that grow in Pasuruan, East Java, Indonesia, were dried
for 5 days at room temperature and then made into a

powder. The leaves were macerated with 96% ethanol for
72 h and then filtered. The filtrate was evaporated under
reduced pressure to obtain a solid extract.

Administration of ethanol extract of mango
mistletoe (D. pentandra) leaves

The diluted mango mistletoe leaves extract
was administered orally to the mice using a feeding
cannula with a total volume of 0.5 ml of the extract. The
ethanol extract of mango mistletoe leaves was given
in three different doses (150, 300, and 600 mg/kg,
respectively) of the body weight and was administered
once a day for 14 days.

Flow cytometry analysis for marker
measurement of aging T cells

The spleen samples were stained with CD4
anti-mouse PE (Biolegend), CD8 anti-mouse PerCP
(Biolegend), and CD28 anti-mouse FITC (Biolegend).
Samples were prepared according to the Biolegend
protocol, and flow cytometry was performed with BD
FACSMelody (BD Bioscience). The number of cells was
analyzed by BD Cell Quest software. The analysis resulted
in the percentage (%) of cells. Based on this, we measured
the percentage of CD4'CD28"and CD8'CD28"cells.

Enzyme-linked immunosorbent assay
(ELISA) analysis for measurement of IL-2 levels

IL-2 levels were measured from cardiac blood
serum by ELISA. IL-2 concentrations were measured
with the ELISAIL-2 mouse (Legend Max) kit according to
the manufacturer’s instructions. The IL-2 concentration
was obtained in the form of pg/ml.

Statistical analysis

Normality test was conducted using the
Shapiro—-Wilk test. Homogeneity test was carried out
using Levene’s test. Data that were normally distributed
and homogeneous were analyzed using the one-way
ANNOVA difference test, while the data with significant
differences for each treatment were further tested with
the post hoc test using the least significant difference
(LSD) multiple comparison test with a confidence level
of 95%. If the data were not normally distributed and/
or not homogenous, a difference test analysis was
performed with Kruskal-Wallis. However, when the
results were significant, the process continued with the
post hoc test using the Mann—Whitney test. Correlation
test was performed using Pearson correlation test
for the data with normal distribution, and Spearman
correlation test was used for the data that were not
normally distributed. The calculations were performed
with the SPSS for Windows software.
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Results

The effect of D. pentandra administration
on the percentage of CD4°CD28"

The aging of CD4 and CD8 T cells is
illustrated by the decrease in the percentage of
CD4°CD28" cells. The results of the one-way
ANNOVA test showed that the ethanol extract of
mango mistletoe leaves had a significant effect
(p < 0.05) on the percentage of CD4'CD28"
(Table 1). The results of the LSD test highlighted that
the ethanol extract of mango mistletoe leaves had a
significant effect on the percentage of CD4'CD28" at
doses of 300 and 600 mg/kgBW. The correlation test
using Pearson disclosed that the ethanol extract of
mango mistletoe leaves had a strong correlation
(r = 0.5) to the percentage of CD4'CD28" (Table 1).
This correlation is positive, which means that the
higher the dose of ethanol extract of mango mistletoe
leaves, the higher the percentage of CD4°CD28"
(Figure 1).

D. pentandra administration increases the
percentage of CD8'CD28"

A decrease in the percentage of CD8'CD28"
is also an indicator of the aging immune system.

Table 1: The effect of Dendrophthoe pentandra on
immunosenescence marker

Variables
CD4+CD28+
Group:
150 mg/kgBW
300 mg/kgBW
600 mg/kgBW
CD8+CD28+
Group:
150 mg/kgBW
300 mg/kgBW
600 mg/kgBW
IL-2
Group:
150 mg/kgBW
300 mg/kgBW
600 mg/kgBW

*has a significant value versus control group.

Different test (p value)
0.015

Post-hoc (p value) Correlation (r)

0.536

0.303
0.004*
0.015*
0.027 0.632
0.675
0.076
0.016*
0.049 0.482
0.206
0.530
0.117

The Kruskal-Wallis test revealed that the ethanol
extract of mango mistletoe leaves had a significant
effect (p < 0.05) on the percentage of CD8'CD28"
(Table 1). The results of multiple difference test
analysis with LSD indicated that the ethanol extract of
mango mistletoe leaves had a significant effect on the
percentage of CD8'CD28" at a dose of 600 mg/kgBW.
The correlation test using Spearman proved that the
ethanol extract of mango mistletoe leaves had a strong
correlation (r = 0.5) to the percentage of CD8'CD28"
(Table 1). The analysis presented that the higher
dose of ethanol extract from mango mistletoe leaves
means the higher percentage of CD8'CD28" (positive
correlation) (Figure 2).

The ethanol extract of mango mistletoe
leaves induces IL-2 levels

In addition to changes in T cells, another
indicator of immune system aging is decreased IL-2
levels. The different test analysis using Kruskal—
Wallis highlighted that the ethanol extract of mango
mistletoe leaves had a significant effect (p < 0.05) on
the percentage of IL-2 levels (Table 1). The analysis
was continued with a multiple difference test with the
LSD test which showed no significant difference at
the dosage of 150, 300, or 600 mg/kgBW. Correlation
analysis was performed using the Spearman
correlation test, denoting that the ethanol extract of
mango mistletoe had a strong enough correlation
(r = 0.48) to IL-2 levels (Table 1). This correlation
generated a positive result, which means that the
higher the dose of ethanol extract of mango mistletoe
leaves is, the higher the IL-2 levels will be (Figure 3).

Discussion

Mice are a widely used model for aging and
senescence because of their similarity to humans. The
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Figure 3: The effect of orally administered Dendrophthoe pentandra on interleukin-2 (IL-2) level in mice; (a) percentage IL-2 level in mice with
orally administered D. pentandra; (b) correlation between dose of D. pentandra and IL-2 level

difference between the two terms is that aging refers to
biological changes over time, while senescence refers
to normal progressive dysfunction that occurs with
age [6]. Balb/c is an albino congenital, immunodeficient
strain of mice. Balb/c mice are characterized by easy
reproduction and minimal weight variation between
males and females. While the balb/c mouse serves
as a general-purpose animal model, this strain is used
extensively for hybridoma and monoclonal antibody
production, for example, for the formation of anti-
neuropilin-1 antibodies [7], antibody anti-tryptase [8],
and very useful for cancer therapy and immunology
study [9].

Aged balb/c mice become susceptible to
infection with Streptococcus pyogenes, representing a
possible analogy with decreased resistance to infection
in elderly humans [10]. This study used mice aged
18-24 months, which correlates with human aged
56-69 years. This age range meets the definition of “old,”
the change in old age in almost all biological markers
in all animals, including immunosenescence [6]. In
aged balb/c mice, a decrease in the proportion of
T cells in the blood is associated with an increase in
memory cells, a decrease in naive T cells and CD4/CD8

ratios [10], a decrease in T cells expressing CD28 [4]
and regulatory T cells in the peritoneal cavity [10],
and also a decrease of IL-2 levels [11]. The sign of
immunosenescence that also appears in aged balb/c
mice is the thymus involution which also occurs in
elderly humans [4], [12]. Thymus involution results in
changes in T cells, which implies a decreased immune
response [4]. Aged balb/c mice showed a decreased
response to CD8 T cells [13] as well as faster disease
progression, earlier morbidity, and increased mortality
compared to young balb/c mice [14].

In humans, with age, viral infections, exposure
to antigens, thymus involution, and accumulation of
ROS lead to aging of the immune system or known
as immunosenescence [15]. These changes have an
impact on disease progression, including cancer and
autoimmune and cardiovascular diseases, worsening the
severity of infection, and decreased response to vaccines,
and increasing morbidity and mortality in the elderly [16].

There are two phenotypes of T lymphocytes,
CD4 and CD8. The success of CD4 T cell activation is
influenced by two signals, namely, TCR stimulation as
the primary signal (signal 1) and antigen-independent
costimulation as a secondary signal (signal 2), one of
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which is CD28. CD28 is a major signaling receptor that
transduces costimulatory 2 signals and is essential
for activation, proliferation, and successful survival
of T cells [17]. The CD28 molecule is expressed on
CD4 and CD8 T cells. However, repeated antigenic
stimulation over a lifetime results in CD28 progressively
disappearing with age [18].

The administration of ethanol extract of mango
mistletoe leaves to aged female mice showed an
effect on the percentage of CD4°CD28", as indicated
by the fact that the doses of 300 and 600 mg/kgBW
were able to increase the percentage of CD4'CD28"
after administration for 14 days. The correlation test
revealed that there was a strong positive correlation
between the ethanol extract of mango mistletoe leaves
and the percentage of CD4'CD28". Similar results
were also seen in the percentage of CD8'CD28", in
that the ethanol extract of mango mistletoe leaves
was proven to have a significant effect at a dose of
600 mg/kgBW. This result is in line with that of the
previous research that mango mistletoe leaves extract
contains flavonoids, one of which is quercetin [19],
which serves as an immunomodulator to improve
immunosenescence conditions by suppressing mTOR
activities [20]. The immunostimulatory effect of mTOR
inhibition can be explained by increased activation of
nuclear factor-xB [21], [22], [23] and inhibition of signal
transducers and transcription activator 3 and glycogen
synthase kinase 3p [24]. The effect of quercetin in
modulating the immune system has been shown in
previous studies that found a decrease in CD8 T cells
thereby increasing the immune response [25].

Flavonoids are known to inhibit cancer cell
proliferation, inhibit the cell cycle, induce apoptosis,
and inhibit angiogenesis [26]. Flavonoids modulate the
immune system, but its molecular mechanism remains
unknown. Flavonoids suppress the PI3k/Akt/mTOR
pathway which can decrease effector T cell differentiation
and increase Treg cells [20]. This increase in apoptosis
by flavonoids is thought to improve markers of aging
which modulate CD28 expression characterized by
increases in CD4'CD28" and CD8'CD28".

Flavonoids are known to have antioxidant
activity that can protect the body from oxidative damage
caused by reactive oxygen species or reactive oxygen
species (ROS). Antioxidants are able to donate one or
more electrons they have to free radicals. The body is
naturally able to produce antioxidants but sometimes
the number of antioxidants produced is unable to
neutralize free radicals. Therefore, the body requires
exogenous antioxidants or intake of antioxidants from
outside the body [27]. The flavonoids and tannins
contained in the sample are phenolic compounds that
are very reactive donating hydrogen atoms to free
radicals so that these compounds are classified as
primary antioxidants. Primary antioxidants are chain-
breaking antioxidants that can react with free radicals to
form stable radicals [28]. The flavonoid and triterpenoid

compounds contained in D. pentandra are able to act
as ROS scavenger, inhibit enzymes in ROS formation,
and prevent cellular and extracellular oxidation events.
Flavonoids are able to inhibit cancer cell proliferation,
inhibit the cell cycle, induce apoptosis, and inhibit
angiogenesis [26].

Until now, it is not certain that the mechanism
of the ethanol extract of mango parasite leaves in
increasing CD4°CD28", CD8'CD28", and IL-2 levels;
however, the active compounds of flavonoids in mango
parasites have been shown to act as immunomodulators
through several mechanisms. These mechanisms
include D. pentandra’s potential to attenuate neutrophil
migration and infiltration. Quercetin in D. pentandra
extract is also able to increase regulatory T cells (CD4 +
Foxp3 +), which increases IL-10 secretion and reduces
Th17 cells.,Th17 cells secrete IL-17, which is capable
of acting as a neutrophil chemoattractant [29]. This
increase in Treg has a good impact on aging conditions.

Other than that, the inhibitory effect of quercetin
contained in D. pentandra on inflammatory responses
can also occur due to the blocking of Kappa B (IKB)
by phosphorylation inhibitors. This plant is also able to
induce p53 expression, which is useful for overcoming
excessive cell inflammation and preventing cancer cell
proliferation by inhibiting it in the S phase. D. pentandra
is able to reduce IL-22, which regresses the presence of
breast cancer cells. A decrease in the amount of I1L-22
causes a decrease in COX-2 and proinflammatory
cytokines [19]. This reduction in proinflammatory
cytokines improves the decreased immune response
to immunosenescence, thereby reducing the risk of
developing infectious diseases.

D. pentandra also has the ability to function
as an immunomodulator by increasing the proliferation
of splenocytes and thymocytes, which increases
the potential for the treatment of cancer cells [30]. In
addition, D. pentandra has great potential for cancer
treatment since it does not induce cytotoxic activity in
normal cell lines [26]. The increase in the percentage
of CD4°CD28" and CD8'CD28" by ethanol extract of
mango mistletoe leaves has positive implications for the
provision of vaccination in the elderly. It is noteworthy
that there has been a decreasing immune response of
the elderly population to vaccination [31], [32] due to
the suppressant effect of vaccines [33], especially a
decrease in the cytolytic capacity of CD8" [32] T cells.

The administration of mango parasite
extract was also proven to provide changes in the
liver hepatology of codeine-induced rats [34]. The
administration of mango parasite leaf extract orally at
doses of 150, 300, and 600 mg/kg for 7 days in colitis-
induced mice with 2,4,6-trinitrobenzene sulfonic acid
per rectal (TNBS) gave the therapeutic effect of the
extract depending on dosage; the extract provides
strong protection against TNBS-induced colonic
damage. Colon injury due to TNBS administration
is also characterized by increased myeloperoxidase
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activity (MPO) which indicates neutrophil infiltration in
the inflamed tissue. TNBS-induced mice showed the
highest MPO activity in the large intestine. MPO levels
in the 300 and 600 mg/kgBW extract groups decreased
significantly, whereas treatment with a dose of 150 mg/
kgBW did not affect MPO levels in mice with TNBS-
induced colitis. In addition, administration of mango
parasite leaf extract at all doses can inhibit Th17 but
increase the Treg response in TNBS-induced colitis
[29]. Toxicity test of mango parasite leaf extract which
was carried out on mice with various doses for 14 days
showed the acute toxicity value (LD50) of male mice
was 34.28 g/kgBW, while in female mice it was 22.41 g/
kgBW [35].

Loss of CD28 with aging also results in
decreased IL-2 levels [36], which results in inadequate
immune response [37]. The results of this study
indicated that the ethanol extract of mango mistletoe
leaves was proven to increase IL-2 levels. Mango
mistletoe leaves contain flavonoids [19]. Flavonoids
have been shown to increase NFAT, which plays a role
in the formation of IL-2. Increased NFAT activates the
IL-2 promoter so that IL-2 transcription increases [38];
however, the mechanism of flavonoids to increase IL-2
definitely still needs further research.

Increased IL-2 has a positive effect on the
elderly since it can improve response to vaccines [36].
Therefore, the results of this study indicate that the
administration of ethanol extract of mango mistletoe
leaves has a good potential to increase the immune
response as indicated by an increase in CD4°'CD28",
CD8'CD28", and IL-2. Nevertheless, further research
is needed before its application for immunosenescence
therapy in humans.

Conclusion

The results of this study indicate that the ethanol
extract of mango mistletoe leaves has a good potential
to inhibit the aging process in the immune system
based on the observable changes in aging markers,
including increased levels of IL-2 and an increase in the
percentage of CD4°CD28" and CD8'CD28" of T cells.

Acknowledgment

The authors would like to express their
gratitude to Mr. Bambang for his technical assistance
in flow cytometry analysis and Ms. Lilis for her technical
assistance in ELISA analysis.

Declarations

Ethic approval and consent to participate

The study was approved by the Ethical
Committee of Universitas Brawijaya (ethical number:
161/EC/KEPK/09/2020).

Author Contribution

This study was carried out in collaboration
betweenallauthors. KH: Designing the study, supervising
the study, editing manuscript. MZP: Designing the
study, supervising the data analysis, editing manuscript.
IAS: Extracting D. pentandra, administrating D.
pentandra, and analyzing data. MGY: Extracting D.
pentandra, administrating D. pentandra, and analyzing
data. NPS: Extracting D. pentandra, administrating
D. pentandra, and analyzing data. MBS: Extracting
D. pentandra, administrating D. pentandra. SH:
Extracting D. pentandra, administrating D. pentandra.
EN: Supervising the research. ATE: Supervising the
research. YI: Supervising the research.

References

1. Public Bank Berhad. World Population Ageing 2019 Highlight.
Kuala Lumpur, Malaysia: Public Bank Berhad; 2019.

2.  United Nations. Department of Economic and Social Affairs,
Population Division. United States: United Nations; 2017.

3. Colombo P, Crawley ME, East BS, Hill AR. Aging and the Brain.
Encyclopedia of Human Behavior (Second Edition); 2012.

4. Aiello A, Farzaneh F, Candore G, Caruso C, Accardi G,
Turner JE. Immunosenescence and its hallmarks : How to
oppose aging strategically ? A review of potential options for
therapeutic intervention. Front Immunol. 2019;10:2247. https://
doi.org/10.3389/fimmu.2019.02247

PMid:31608061

5. Jung MK, Shin EC. Aged T cells and cardiovascular disease.
Cell Mol Immunol. 2017;14:1009-10. https://doi.org/10.1038/
cmi.2017.111.

6. Flurkey K, Currer JM, Harrison DE. Mouse models in aging
research. In: The Mouse in Biomedical Research. Ch. 20.
United States: Academic Press; 2007. p. 637-72.

7. Cantuti-Castelvetri L, Ojha R, Pedro LD, Djannatian M, Franz J,
Kuivanen S, et al. Neuropilin-1 facilitates SARS-CoV-2 cell entry
and infectivity. Science. 2020;370(6518):856-60. https://doi.
org/10.1126/science.abd2985
PMid:33082293

8. Maun HR, Jackman JK, Choy DF, Loyet KM, Staton TL, Jia G,
et al. An allosteric anti-tryptase antibody for the treatment of
mast cell-mediated severe asthma. Cell. 2019;179:417-31.e19.
https://doi.org/10.1016/j.cell.2019.09.009

PMid:31585081

Open Access Maced J Med Sci. 2021 May 23; 9(A):414-421.

419



A - Basic Sciences

Immunology

9.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Johnson M. Laboratory mice and rats. Mater Methods.
2012;2:113. https://doi.org/10.13070/mm.en.2.113

Boldizsar F, Mikecz K, Glant TT. Immunosenescence and its
potential modulation: Lessons from mouse models. Expert
Rev Clin Immunol. 2010;6(3):353-7. https://doi.org/10.1586/
eci.10.16

PMid:20441421

Esquivel N, Garcia Y, Lores B, Gutiérrez M, Rodriguez C.
Characterization of aged male BALB/ccenp mice as a model
of dementia. Lab Anim Res. 2020;36:7. https://doi.org/10.1186/
$42826-020-00038-0

Fulton RB, Weiss KA, Pewe LL, Harty JT, Varga SM. Aged mice
exhibit a severely diminished CD8 T cell response following
respiratory syncytial virus infection. J Virol. 2013;87(23):12694-
700. https://doi.org/10.1128/jvi.02282-12

PMid:24049171

Goldmann O, Lehne S, Medina E. Age-related susceptibility to
Streptococcus pyogenes infection in mice: Underlying immune
dysfunction and strategy to enhance immunity. J Pathol.
2010;220(5):521-9. https://doi.org/10.1002/path.2664

PMid:20020512

Palmer S, Albergante L, Blackburn CC, Newman TJ. Thymic
involution and rising disease incidence with age. Proc Natl
Acad Sci U S A. 2018;115(8):1883. https://doi.org/10.1073/
pnas.1714478115

PMid:29432166

Castelo-Branco C, Soveral . The immune system and aging:
A review. Gynecol Endocrinol. 2014;30(1):16-22. https://doi.org/
10.3109/09513590.2013.852531

PMid:24219599

De Araujo AL, Silva LC, Fernandes JR, Benard G. Preventing
or reversing immunosenescence: Can exercise be an
immunotherapy? Immunotherapy. 2013;5(8):879-93. https://doi.
org/10.2217/imt.13.77

PMid:23902557

Chen L, Flies DB. Molecular mechanisms of T cell co-stimulation
and co-inhibition. Nat Rev Immunol. 2013;13:227-42. https://doi.
org/10.1038/nri3405

Weng NP, Akbar AN, Goronzy J. CD28(-) T cells: Their role in the
age-associated decline of immune function. Trends Immunol.
2009;30(7):306-12. https://doi.org/10.1016/}.it.2009.03.013

PMid: 19540809

Endharti AT, Wulandari A, Listyana A, Norahmawati E,
Permana S. Dendrophthoe pentandra (L.) miq extract effectively
inhibits inflammation, proliferation and induces p53 expression on
colitis-associated colon cancer. BMC Complement Altern Med.
2016;16(1):374. https://doi.org/10.1186/s12906-016-1345-0

PMid:27670445

Hosseinzade A, Sadeghi O, Biregani AN, Soukhtehzari S,
Brandt GS, Esmaillzadeh A. Immunomodulatory effects of
flavonoids: Possible induction of T CD4+ regulatory cells through
suppression of mTOR pathway signaling activity. Front Immunol.
2019;10:1-12. https://doi.org/10.3389/fimmu.2019.00051

PMid:30766532

Endale M, Park SC, Kim S, Kim SH, Yang Y, Cho JY, et al. Quercetin
disrupts tyrosine-phosphorylated phosphatidylinositol 3-kinase and
myeloid differentiation factor-88 association, and inhibits MAPK/
AP-1 and IKK/NF-kB-induced inflammatory mediators production
in RAW 264.7 cells. Immunobiology. 2013;218(12):1452-67.
https://doi.org/10.1016/j.imbio.2013.04.019

PMid:23735482

MatchamF, CarrollA, Chung N, Crawford V, Galloway J, HamesA,
et al. Smoking and common mental disorders in patients with
chronic conditions: An analysis of data collected via a web-
based screening system. Gen Hosp Psychiatry. 2017;45:12-8.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

https://doi.org/10.1016/j.genhosppsych.2016.11.006
PMid:28274333

Li X, Shen J, Jiang Y, Shen T, You L, Sun X, et al. Anti-
inflammatory effects of chloranthalactone B in LPS-stimulated
RAW264.7 cells. Int J Mol Sci. 2016;17(11):1938. https://doi.
0rg/10.3390/ijms17111938

PMid:27879664

Weichhart T, Hengstschlager M, Linke M. Regulation of
innate immune cell function by mTOR. Nat Rev Immunol.
2015;15(10):599-614. https://doi.org/10.1038/nri3901

PMid:26403194

Rostamzadeh D, Yousefi M, Haghshenas MR, Ahmadi M,
Dolati S, Babaloo Z. mTOR signaling pathway as a master
regulator of memory CD8(+) T-cells, Th17, and NK cells
development and their functional properties. J Cell Physiol.
2019;234(8):12353-68. https://doi.org/10.1002/jcp.28042

PMid:30710341

Elsyana V, Bintang M, Priosoeryanto BP. Cytotoxicity and
antiproliferative activity assay of clove mistletoe (Dendrophthoe
pentandra (L.) Miq.) leaves extracts. Adv Pharmacol Sci.
2016;2016:3242698. https://doi.org/10.1155/2016/3242698

Kurniasih N, Kusmiyati M, Sari RP, Wafdan R. Potensi daun sirsak
(Annona muricata Linn), daun binahong (Anredera cordifolia
(Ten) Steenis), dan daun benalu mangga (Dendrophthoe
pentandra) sebagai antioksidan pencegah. J Istek. 2015;9:556.
https://doi.org/10.35617/jfi.v9i1.556

Fitrilia T. Ekstrak Benalu Cengkeh (Dendrophthoe petandra
(L.) Miq) Sebagai Agen Antioksidan Dan Antidiabetes Secara
in vitro. India: IPB University Scientific Repository; 2015.

Endharti AT, Permana S. Extract from mango mistletoes
Dendrophthoe pentandra ameliorates TNBS-induced colitis
by regulating CD4+ T cells in mesenteric lymph nodes. BMC
Complement Altern Med. 2017;17:468. https://doi.org/10.1186/
$12906-017-1973-z

Ang HY, Subramani T, Yeap SK, Omar AR, Ho WY, Abdullah MP,
et al. Immunomodulatory effects of Potentilla indica and
Dendrophthoe pentandra on mice splenocytes and thymocytes.
Exp Ther Med. 2014;7(6):1733-7. https://doi.org/10.3892/
etm.2014.1657

PMid:24926376

Haralambieva IH, Painter SD, Kennedy RB, Ovsyannikova IG,
Lambert ND, Goergen KM, et al. The impact of
immunosenescence on humoral immune response variation
after influenza A/H1N1 vaccination in older subjects. PLoS
One. 2015;10(3):e0122282. https://doi.org/10.1371/journal.
pone.0122282

PMid:25816015

Pawelec G. The aging immune system: Dysregulation,
compensatory mechanisms, and prospects for intervention.
In: Handbook of the Biology of Aging. 8" ed. United States:
Academic Press; 2016. p. 407-31. https://doi.org/10.1016/
b978-0-12-815962-0.00016-0

Whaley MM, Connon SB. The aging process. In: Lohman HL,
Byers-Connon S, Padilla RL, editors. Occupational Therapy
with Elders. 4" ed. Amsterdam, Netherlands: Elsevier
Health Sciences; 2019. p. 30-40. https://doi.org/10.1016/
b978-0-323-49846-3.00003-2

Sekar M. Pemberian ekstrak benalu mangga terhadap perubahan
histologis hepar tikus yang diinduksi kodein. Biosaintifika J Biol
Biol Educ. 2014;6:80-6. https://doi.org/10.15294/biosaintifika.
v6i2.3103

Nurfaat DL, Indriyati W, Farmakologi L, Farmasi F, Padjadjaran U.
Uji toksisitas akut ekstrak etanol benalu mangga (Dendrophthoe
petandra) terhadap mencit swiss webster. IJPST. 2016;3(2):53-
65. https://doi.org/10.35799/jm.4.2.2015.9132

Connolly CK. Advances in Infectious Diseases. Vol. 9. Berlin:

420

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Handono et al. Effect of Mango Mistletoes Leaves on Aged Balb/c Mice

Springer; 2012. https://doi.org/10.7861/clinmedicine.9-6-632 38. Xuan TD, Khanh TD. Chemistry and pharmacology of Bidens

37. Montoya-Ortiz G. Immunosenescence, aging, and systemic pilosa: Ap overview. J Pharm Investig. 2016;46(2):91-132.
lupus erythematous. Autoimmune Dis. 2013;2013:1-15. https:/ https://doi.org/10.1007/s40005-016-0231-6
doi.org/10.1155/2013/267078. PMid:32226639

Open Access Maced J Med Sci. 2021 May 23; 9(A):414-421. 421



