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Hematopoiesis Activity of Sambucus javanica on Chloramphenicol-induced
Aplastic Anemia Mouse Model
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Abstract — Hematopoiesis has a pivotal role in the maintenance of body homeostasis. Ironically, several
hematological disorder caused by chemicals, drugs, and other environmental factors lead to severe bone marrow
failure. Current treatments like stem cell transplantation and immunosuppression remain ineffective to ameliorate
this diseases. Therefore, a newtreatment to overcome this entity is necessary, one of them by promoting the usage
of medicinal plants. Thus, this study aimed to evaluate the hematopoiesis potency of S. javanica berries and
leaves extracts in chloramphenicol (CMP)-induced aplastic anemia mice model. In this present study, several
types of blood progenitor cell such as TER-119"VLA-4" erythrocytes lineage, Gr-1" granulocytes, and B220" B-
cell progenitor cells were evaluated by flow cytometry analysis. Accordingly, we revealed that S. javanica berries
and leaves extracts significantly promoted TER-119"VLA-4" erythrocytes lineage and Gr-1" granulocytes after
exposed by CMP. Thus, these results suggested that S. javamica berries and leaves extracts might have
hematopoiesis activity in CMP-induced aplastic anemia mice model.
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Introduction

Aplastic anemia is the uncommon form of the
hematological disorder that characterized by pancytopenia
followed with bone marrow failure."* A report revealed
the incidence of aplastic anemia is between 1.4 to 14
cases per million people.* Furthermore, the incidence of
this entity is higher in Asia compared with West
Countries.” Aplastic anemia is clinically dangerous due to
the low number of marrow. This rare disease usually
associated with other hematological disorder such as
myelodysplasia, pure red cell aplasia, and myelofibrosis.®

Generally, aplastic anemia is caused by two factors,
genetic and acquired. Importantly, it has been revealed
that acquired aplastic anemia influenced by environment
exposures such as drugs, radiation, viruses, and other
chemicals.”® One of the most common medicine that
caused aplastic anemia is CMP.>!' The CPM has been
widely known as an antibiotic against numerous infectious
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diseases. Even though, many studies showed that CMP
has toxicity in the hematopoietic system.'”

Currently, treatments for aplastic anemia include stem
cell replacement and immunosuppressive therapy.'"!'>!*
Alongside with this therapy, such supportive treatment
also employed such as transfusion, antibiotics, and
hematopoietic growth factor.'* The most challenging
problems for aplastic anemia treatment are a relapse and
the clonal evolution to another hematologic disease.'®
Therefore, the new therapy to overcome this disease is
necessary.

The genus of Sambucus is already known as food
resources and folk medicine. Sambucus plants are common
shrub with a heightapproximately up to 7 m and are found
in almost continents.'”!® People usually used several parts
of Sambucus including berries, flowers, and bark for
particular purposes.'® It has been reported that Sambucus
contained massive numbers of bioactive compounds such
as anthocyanins, procyanidins, triterpenoids, flavonols,
quarcetin, kaempferol, rutin, and cathecin.'®**?! Numerous
reports also revealed the medicinal advantageous of
Sambucus such as antivirus, anti-inflammation, and
antidiabetic.”>** Despite this interest, no one to the best
our knowledge has studied about the potency of
Sambucus toward hematopoiesis. Thus, this present study
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aimed to evaluate the effect of S. javanica on hematopoiesis
in acquired-aplastic anemia mice model. Finally, we
expect the outcome of this report could provide beneficial
information about the medicinal properties of S. javanica,
especially in hematopoiesis therapy.

Experimental

Plant materials preparation — In this study, S. javanica
berries and leaves extracts were used as herb treatment
toward experimental mice. Further, plant materials were
obtained from Materia Medica Batu, The Ministry of
Health Indonesia. Moreover, S. javanmica berries and
leaves were proceeded by ethanol extraction. Ethanol
extraction is a popular approach to press out the plants'
secondary metabolites. Then, S. javanica berries and
leaves powders were dipped into 70% ethanol for five
days. After macerate filtration, rotary evaporator was
employed to evaporate the solvent. Then, final yields
stored in the 4 °C room for the next experiment.

Animal treatment and ethical clearance — Three-
month-old BALB/c mice were purchased from Laboratory
of Animal, Gadjah Mada University following with
pathogen-free authentication. The experimental mice were
orally treated with 130 mgkg™' BW of CMP (Sanbe Farma)
for two weeks to induce acquired-aplastic anemia, then
subsequently followed by oral administration of S.
Javanica berries and leaves extracts with respective doses
such as 50, 100, and 200 mgkg™' BW for two weeks.
Moreover, this study already passed the ethical clearance
by the Brawijaya University Research Ethics Committee,
Indonesia.

Immunostaining and flow cytometry analysis — Flow
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cytometry analysis was performed to evaluate the relative
number of particular cell or protein of interest which
marked by the antibody.’*** In this study, bone marrow
was isolated from femur and tibia of experimental mice.
After that, the samples were filtered and resuspended for
immunostaining. Further, various cells lineage were
observed such as erythrocytes lineage (TER-119"VLA-
4"), granulocytes (Gr-17), and B-cell progenitor cells
(B220%).%* Therefore, several antibodies used in this
experiment were mouse anti-TER-119, mouse anti-VLA-
4, mouse anti-Gr-1, and mouse anti-B220 antibody
(BioLegend). FACS Calibur™ flow cytometer (BD-Bio-
sciences, San Jose, CA) and BD Cell Quest Pro™
software were employed in this study.

Statistical Analysis — Student t-test was used to
perform statistical analysis. Replication of each data set
was applied and was shown as mean + SD values. This
experiment was carried out the significance level (o)
equals to 0.05.

Result and Discussion

In this present study, CMP was applied to induce the
acquired-aplastic anemia in the experimental mice.
Furthermore, S. javanica berries and leaves extracts were
used to treat the CMP-administrated mice (Fig. 1). To
greater extend, we evaluated the relative number of TER-
119"VLA-4" erythrocytes lineage, Gr-1" granulocytes, and
B220" B-cell progenitor cells by flow cytometry analysis
(Fig. 2).

According to the flow cytometry diagrams, we found
that the relative number of TER-119°VLA-4" were
decreased in the CMP group. However, after treatment
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Fig. 1. A schematic diagram showed that CMP administration in BALB/c mouse induces acquired aplastic anemia, nevertheless the
bioactive compounds from leaves and berries extracts of S. javanica can ameliorate the adverse condition by enhancing hematopoiesis.



Vol. 25, No. 1, 2019

] —_ w w
w2 o ~ g
el o | et ot ieesiwg O - 3
b =] I =| b =) S
Vehicle CMP BD1 BD2
w r I\}| T Y
g O g I il bl
Il on | sl oo i on | e o
| ” R 1 B e
E BD3 LD1 LD2 LD3
E via-4
; 597% | 3.97% . 10.74% | 12.41%
Vehicle CMP BD1 BD2
) 12.14% . 10.25% . 29.43% . 33.35%
5 BD3 LD1 LD2 LD3
o
o Gr-1
: 16.81% ; 27.88% 8.05% Kk 17.12%
Vehicle CMP BD1 BD2
11.83% . 10.61% . 10.40% . 6.70%
B ‘-l*' v o - C - w - o - - -_L'
£ 8D3 LD1 LD2 LD3
8 B220

Relative Number (%)

Relative Number (%)

Relative Number (%)

61

40

30

20

10

Vehicle CMP BD1 BD2 BD3 LD1 LD2 LD3

50

40 [
30 * *
20

10

Vehicle CMP BD1 BD2 BD3 LD1 LD2 LD3

50

* %*

]

40
30
20

10

Vehicle CMP BD1 BD2 BD3 LD1 LD2 LD3

Fig. 2. The representative flow cytometry diagrams show TER-119*VLA-4", Gr-1*, and B220" expression. S. javanica extracts promoted
the relative number of TER-119"VLA-4" erythrocytes lineage and Gr-1" granulocytes, while CMP induce the relative number of B220*
B-cell progenitor cells. The bars are calculation of the relative number TER-119"VLA-4", Gr-17, and B220" expression. The results were
shown as the mean + SD. *P<0.05, indicate significant difference. Treatment group in this study were vehicle, CMP 130 mgkg™' BW;
BD1, CMP 130 mg.kg ' BW+ berries extracts 50 mg.kg ' BW; BD2, CMP 130 mgkg ' BW + berries extracts 100 mg.kg™' BW; BD3,
CMP 130 mgkg ' BW + berries extracts 200 mg.kg™! BW; LD1, CMP 130 mg.kg ! BW + leaves extracts 50 mg.kg™' BW; LD2, CMP
130 mgkg ™' BW + leaves extracts 100 mg.kg™' BW; LD3, CMP 130 mg.kg™' BW+ leaves extracts 200 mg.kg™' BW.

with S. javanica berries and leaves extracts the trend was
significantly increased, especially on dose-1 of berries or
leaves extracts. Similarly, the relative number of Gr-1
demonstrated the same pattern with erythrocytes lineage
sample. The number of Gr-1" were suppressed under
CMP induction, but it was importantly promoted in dose-
2 of berries and dose-3 of leaves extracts. Otherwise, the
interesting findings revealed that the relative number of
B220" was sharply enhanced by CMP induction. Afterward,
the S. javanica extracts suppressed the amount B220"

(Fig. 2).

Aplastic anemia is a severe hematologic condition in
which the bone marrow failure caused by direct toxicity,
metabolite-driven toxicity and immune-mediated damage
of hematopoietic stem cells.”?” Therefore, it has been
pointed out that the hematopoiesis failure is the most
common hallmark of aplastic anemia which was also
marked by the significant decreasing amount of all
hematopoietic progenitor cells.”'> Hematopoiesis have a
pivotal role in producing the components of blood
cells.”®* Every mature blood cells are coming from the
single lineage, hematopoietic stem cells (HSCs). The
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HSCs have a pluripotent ability which allowed them to
develop into several progenitor cells such as myeloid and
lymphoid progenitor cells.’*®*! Therefore, inducing the
hematopoiesis to generate blood progenitor cells is one of
the therapeutic strategies to ameliorate aplastic anemia.

In summary, we demonstrated that CMP exposures to
experimental mice could decrease the relative number
of TER-119"VLA-4" erythrocytes lineage and Gr-1"
granulocytes. A group of researchers showed that p-
nitrosulfathiazole substances which were known as
chloramphenicol derivative causing inhibition of DNA
synthesis in marrow stem cell and eventually cell death.'
On the other hand, we found that the treatment of S.
Javanica berries and leaves extracts significantly promoted
those blood lineage cells (Fig. 2). These findings suggested
that the bioactive compounds of S. javanica might
contributeto enhancing the hematopoiesis activity.

Medicinal plants are the alternative medication for any
diseases compared to chemicals drug because it properties
with fewer side effects, more adaptive to the human body,
and convenient to use.”” Generally, medicinal plants
contain bioactive compounds such as phenolic, flavonoids,
and another plant-derived chemical that used in reparative
and regenerative therapy. Several studies already showed
that the bioactive compounds of medicinal plants could
inhibit the tumor growth and promote stem cell
proliferation.”®** It has been noted that iron absorption-
increasing agent is the general mechanism how medicinal
plants promote hematopoiesis.** Furthermore, Pawar et al.
(2006) showed the effects of several medicinal plants
such as Syzygium aromaticum, Cinnamomum zeylanicum,
and Salvia triloba extracts induce proliferation and
differentiation of dental pulp stem cells.*> Moreover,
Mendi et al. (2017) demonstrated the hematopoietic
activity of Asteracantha longifolia toward bone marrow
suppression caused by cyclophosphamide.*® Surprisingly,
pomegranate juice also showed the protective effect toward
blood cells in lead-exposed rats.” Moreover, phitochemicals
extracted from olive leaves such as oleuropein, apigenin
7-glucoside, and luteolin 7-glucoside have been shown
the hematopoiesis activity by promoting viability, self-
renewal, and differentiation of hematopoietic stem cells.*®
Other study conducted by Ferri-Lagneau et al. (2012)
revealed that bioactive compounds from ginger upregulated
the expression of hematopoietic progenitor markers such
as gatal, cmyb, and scl in zebrafish model. Furthermore,
it has been confirmed that ginger extracts mediate the
hematopoiesis via Bmp/Smad pathways by using LND193189
and DMH1.%*

Finally, in this present study, we revealed that S.
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Jjavanica promoted erythrocytes lineage (TER-119"VLA-
4") and granulocytes (Gr-1") after exposed by CMP. Thus,
these results suggested that S. javanica berries and leaves
extracts have hematopoiesis activity in CMP-induced
aplastic anemia mice model. Finally, future research needs
to emphasize in order to evaluate more details about the
specific pathways of S. javamica bioactive compounds
stimulated hematopoiesis activity in CMP-induced aplastic
anemia mice model.
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