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Morinda citrifolia (Rubiaceae) or mengkudu is familiarly known as Ba JiTian, Noni or
Nonu, Indian Mulberry, Nhau and Cheese fruit. There has been no literature reported on
the mechanism of Morinda citrifolia leaf extract and its effects on leukemia. Therefore,
the anti-leukemic effect of Morinda citrifolia leaf extract was examined on a human T-
lymphoblastic leukemia (JURKAT) cells line and on WEHI-3B (myelomonocytic
leukaemia) cell-induced murine leukemia.

MTT assay, fluorescent microscope, flow cytometric analysis after Annexin V-FITC
staining, cell cycle, TUNEL assay, and caspase-3, -8 and -9 assays were employed. The
study showed that Morinda citrifolia leaf extract significantly (P<0.05) suppressed
proliferation of JURKAT and WEHI-3B cells in vitro in a time-dependent manner with
an I1Cs of 14.5 £ 0.1 and 17.05 + 0.14 ug/ml at 72 hours. The anti-proliferative effect of
Morinda citrifolia leaf extract on JURKAT and WEHI-3B cells was shown to induce apoptosis
via extrinsic pathway. The study also attempts to determine the effect of Morinda
citrifolia leaf extract and Zerumbone on WEHI-3B cells. The results show that exposure
of WEHI-3B cells to Morinda citrifolia leaf extract along with Zerumbone caused a
greater level of cell progress inhibition than either extract alone.

BALB/c mice were leukemia-induced with a single intraperitoneal injection of WEHI-
3B cells (1x10° cells/animal). The in vivo study revealed that oral Morinda citrifolia leaf
extract at doses of 100 mg/kg and 200 mg/kg suppressed the proliferation of leukemic
cells in leukemic mice by the decrease in leukemic cell population in the spleen.
Histopathologic, electron microscopic, immunochemical evaluations and TUNEL assay
studies showed the Morinda citrifolia leaf extract leukemia suppression is via apoptosis.
To determine whether the leukaemia was restricted to the peritoneal cavity, this study
evaluated whether i.p. inoculated WEHI-3 cells were able to migrate to the bone
marrow. It is observed that WEHI-3 cells were present in the marrow of inoculated mice
as early as 24 h post-inoculation, demonstrating the ability of these cells to colonise
secondary sites. This observation demonstrates their aggressive nature, which resulted in



the mortality of all animals tested within 30 days. By contrast, under identical
conditions, Morinda citrifolia leaf extract markedly promotes the proliferation of mouse
normal mononuclear bone marrow cells.

Using gRT-PCR Array, on the spleen cells of Morinda citrifolia leaf extract treated
leukemic mice indicated the molecular mechanisms accountable for the effective
treatment included anti-inflammatory and immune-modulating responses, JAK-STAT
signaling, and hematopoiesis pathways.

To define potential toxicity of Morinda citrifolia leaf extract, human peripheral blood
mononuclear cells (PBMC) were treated in vitro with serial concentrations of Morinda
citrifolia leaf extract up to 100 pg/mL and normal BALB/c mice treated orally with
Morinda citrifolia leaf extract at doses up to 200 mg/kg. The treatment did not
produce any sign of toxicity in either normal human peripheral mononuclear cells or
mice at any of the doses used, indicating that Morinda citrifolia leaf extract is safe for
parenteral use.

In conclusion, the Morinda citrifolia leaf extract, inhibited the proliferation of leukemia
in vitro and in vivo leading to the programmed cell death. The in vivo study on a
zenographic leukemia BALB/c mice model clearly shows that Morinda citrifolia leaf
extract inhibited the proliferation of leukemia via the induction of apoptosis and other
signal transduction pathways.
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Morinda citrifolia (Rubiaceae) atau mengkudu biasanya dikenali sebagai Ba JiTian,
Noni atau Nonu, Indian Mulberry, Nhau dan Cheese fruit. Tiada kajian yang dilaporkan
berkenaan mekanisme ekstrak daun Morinda citrifolia dan kesannya terhadap leukemia.
Oleh itu, kesan antileukemia bagi ekstrak daun Morinda citrifolia telah diuji ke atas
titisan sel leukemia T-limfoblastik manusia (JURKAT) dan leukemia murin yang
dicetuskan oleh sel WEHI-3B (leukemia mielomonosit).

Sel JURKAT dan WEHI-3B diguna untuk menentukan sifat antikanser ekstrak daun M.
citrifolia. Assai MTT, mikroskopi pendarfluor, elektron imbasan dan pancaran, analisis
sitometri aliran selepas pewarnaan annexin V-FITC, assai kitaran sel dan TUNEL, assai
kaspase-3, -8, -9 telah diguna. Kajian ini menunjukkan ekstrak daun M. citrifolia
bersandarkan masa pemproliferatan sel JURKAT in vitro dengan ICsy 14.5 + 0.1 dan
17.05 £ 0.14 ug/mL, masing-masing pada jam 72. Kesan antipemproliferatan ekstrak
daun M. citrifolia terhadap sel JURKAT dan WEHI-3B disabitkan dengan pengaruhan
apoptosis melalui arah extrinsik. Kajian ini juga bertujuan untuk menentukan kesan
Morinda citrifolia ekstrak daun dan zerumbon pada sel-sel Wehi-3B. Keputusan
menunjukkan bahawa pendedahan sel Wehi-3B untuk Morinda citrifolia daun ekstrak
bersama-sama dengan zerumbon disebabkan tahap yang lebih besar daripada kemajuan
sel perencatan daripada sama ada mengekstrak sahaja.

Mencit BALB/c diaruh untuk mendapat leukemia dengan suntikan WEHI-3B cell
(1x10° cells/mencit) secara intraperitoneum. Kajian in vivo ini menunjukkan dos oral
ekstrak daun M. citrifolia pada 60 mg/kg telah merencat pemproliferatan sel leukemia
dalam mencit BALB/c yang ternyata dengan penurunan populasi sel leukemia dalam
limpa. Berasaskan penilaian histologi, mikroskopi elektron, imunokimia dan assai
TUNEL, kesan ekstrak daun M. citrifolia ekstrak daun dalam perencatan leukemia ialah
melalui apoptosis.



Untuk menentukan sama ada leukemia ini dihadkan kepada rongga peritoneal, kita
dinilai sama ada i.p.-disuntik Wehi-3 sel-sel dapat berhijrah ke sum-sum tulang. Kami
mendapati bahawa Wehi-3 sel terdapat di dalam sumsum tikus disuntik seawal 24 h
selepas inokulasi, menunjukkan keupayaan sel-sel untuk menjajah laman menengah.
Pemerhatian ini menunjukkan sifat agresif mereka, yang mengakibatkan kematian
semua haiwan yang diuji within30 hari. Sebaliknya, di bawah keadaan yang sama,
Morinda citrifolia ekstrak daun ketara menggalakkan percambahan tetikus mononuklear
normal sel-sel sum-sum tulang.

Untuk menentukan ketoksikan potensi M. citrifolia ekstrak daun, sel mononukleus darah
periferi manusia (PBMC) telah diperlakukan in vitro dengan kepekatan bersiri M.
citrifolia ekstrak daun sehingga 100 pg/mL dan mencit BALB/c diperlaku secara oral
dengan M. citrifolia ekstrak daun pada dos setinggi hingga 200 mg/kg. Perlakuan ini
tidak menghasilkan sebarang petanda ketoksikan sama ada terhadap PBMC manusia
atau mencit normal pada mana-mana dos yang diguna, menunjukkan ekstrak daun M.
citrifolia adalah selamat untuk diguna secara parenteral.

Setelah menggunakan tatasusunan gRT-PCR pada sel limpa tikus leukemia yang dirawat
dengan ekstrak daun Morinda citrifolia, didapati bahawa mekanisme molekul yang
bertanggungjawab ke atas rawatan yang berkesan termasuklah tindak balas antiradang
dan tindak balas modulasi imun, pengisyaratan JAK-STAT dan laluan hemopoiesis.

Kesimpulannya, ekstrak daun M. citrifolia merencatkan proliferasi leukemia in vitro dan
in vivo dan menyebabkan kematian sel terprogram. Kajian in vivo ke atas model tikus
leukemia BALB/c xenograf jelas menunjukkan bahawa ekstrak daun M. citrifolia
merencatkan proliferasi leukemia melalui induksi apoptosis dan laluan transduksi isyarat
yang lain.
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Photomicrograph of a section of a spleen of a leukemia group mouse.
The spleen with loss of its normal architecture due to diffused
proliferation of the cells with giant tumor cells formation (yellow
arrowheads) and newly formed blood vessels (black arrowheads)
(H&E, x200).

Photomicrograph of spleen in leukemia BALB/c mice (H & E). A)
Normal spleen B) ATRA-treated represented a significant reduction
in leukaemic cells in comparison to controls. C) M. citrifolia leaf
extract low dose (100mg/kg) group demonstrating significant
reduction in the number of leukaemic cells D) M. citrifolia leaf
extract high dose (200mg/kg) group demonstrating significant
reduction in the number of leukaemic cells. Leukaemic cells (black
arrows), normal cells (white arrow) (400 x<Magnification).

Spleen tissue of leukemic BALB/c mice. A) Normal spleen B)
Leukemia group C) ATRA-treated represented significant changes
in leukemic cells in comparison to controls. D) M. citrofolia leaf
extract low dose (100mg/kg) group demonstrating significant
changes in leukemic cells. E) M. citrofolia leaf extracts high dose
(200mg/kg) group demonstrating significant changes in leukemic
cells (1000 =< Magnification).

Spleen tissue of BALB/c mice analysed by TUNEL assay. A)
Untreated cells and B) leukemic group. Both groups showing large
number of non-apoptotic cells and a few apoptotic cells (400 x
Magnification).

Spleen tissue of leukemic BALB/c mice analysed by TUNEL assay.
ATRA-treated. This treatment caused significant increase in number
of apoptotic cells. Non apoptotic cells (blue arrow), apoptotic cells
(pink arrow) (400 < Magnification).
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CD3 T cell marker. A) Untreated control shows positive expression
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Immunohistochemical staining of BALB/c mice spleen tissues with
CD19 B cell marker. A) Control group B) ATRA group C) M.
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Magnification).

Top differentially expressed genes in treated groups compared with
control group from the cDNA PCR array.

Gene expression analysis with M. citrifolia leaf extracts to compare
with leukemia group.

JAK/STAT pathway with M. citrifolia leaf extract.

Gene expression analysis with M. citrifolia to compare with
leukemia groups.

Cell cycle pathway with M. citrifolia leaf extract.

Gene expression analysis with M. citrifolia to compare with
leukemia groups.

The Ras/Raf/MEK/ERK pathway with M. citrifolia leaf extract.

Gene expression analysis with M. citrifolia to compare with
leukemia groups.
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Gene expression analysis with M. citrifolia to compare with
leukemia groups.
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Research process flow chart.

Proliferation of WEHI-3 leukemia cells and normal bone marrow
MNCs of BALB/c mice in the presence of different concentrations
of M. citrifolia leaf extract. A) MNCs after 72 h treatment with M.
citrifolia leaf extract. B) WEHI-3B and MNCs after 72 h treatment
with M. citrifolia leaf extract. Each value is the mean = standard
deviation of at least 3 independent assays. * P<0.05.

The effects of M. citrifolia leaf extract on A) the total leukocytes
count and B) the percentage of blast cells of BALB/c mice inoculated
with WEHI-3B leukemia cells in peripheral blood.

The blood cells smear with Wright staining (A) normal mice, (B)
leukemic induced mice without treatment, (C) leukemic induced
mice treated with ATRA, (D) leukemic induced mice treated with M.
citrifolia leaf extract high dose (200mg/ml), (E) leukemic induced
mice treated with M. citrifolia leaf extract low dose (100mg/ml)
(magnification 1000x%). Leukemia cells (black arrow).

Giemsa staining of the bone marrow cell smear (A) Normal mice,
(B) leukemic mice group without treatment, (C) leukemic mice
group treated with ATRA, (D) leukemic mice group treated with M.
citrifolia leaf extract high dose (200mg/ml), (E) leukemic mice group
treated with M. citrifolia leaf extract low dose (100mg/ml)
(magnification 1000x). Leukemia cells (black arrow).

Photomicrograph of spleen with H&E staining (A) Normal mice, (B)
leukemic mice group without treatment, (C) leukemic mice group
treated with ATRA, (D) leukemic mice group treated with M.
citrifolia leaf extract high dose (200mg/ml), (E) leukemic mice group
treated with M. citrifolia leaf extract low dose (100mg/ml)
(magnification 1000x). Leukemic cells (black arrow).
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Photomicrograph of liver with H&E staining (A) Normal mice, (B)
leukemic mice group without treatment, (C) leukemic mice group
treated with ATRA, (D) leukemic mice group treated with M.
citrifolia leaf extract high dose (200mg/ml), (E) leukemic mice group
treated with M. citrifolia leaf extract low dose (100mg/ml)
(magnification 1000x). Leukemia cells (black arrow).

Kidney of male BALB/c mice treated orally with A) water (control)
B) Leukemia group and C, D) at concentrations 100 or 200 mg/kg
M. citrifolia leaf extract for 14 days. No significant sign of leukemia
induction were observed in the kidney of these mice (400 x
Magnification).
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CHAPTER 1

INTRODUCTION

Leukemia is a group of heterogeneous neoplastic disorder of white blood cells
characterized by uncontrolled proliferation and blockage in differentiation of
hematopoietic cells (Lee et al., 2007). Basically, leukemia is a cancer of the organ that
involves the blood: the bone marrow and the lymph system (Le Clerct et al., 2002).
Leukaemia is the seventh most common occurring types of cancer in all races in the world
(Alitheen et al., 2012). In 2014, 52,380 people are expected to be diagnosed with leukemia
in malaysia. Decreased in incidence of infectious diseases and increased human life span
caused prevalence of leukaemia (American Cancer Society, 2014). In Malaysia for
myeloid leukemia, the incidence rates were 3.0 and 2.7 per 100,000 populations, in males
and females, respectively. About 52,380 cases of leukemia are detected in 2014, causing
24,090 deaths in malaysia. Males are expected to account for approximately 57 percent of
the new cases of leukemia (American Cancer Society, 2014) (Figures 1.1, 1.2 and Table
1.1).

Leukemia 15%

52.380 cases Lymphoma 51%

79,990 cases

Myeloma 15%
24.050 cases

Total cases: 156,420

Figure 1.1 : Estimated new cases of leukemia, lymphoma, and myeloma, 2014 in
malaysia. Cancer Facts and Figures, American Cancer Society, 2014.



CML 11%
3,980 cases

Leukemia, other 11%
5,800 cases

ATT 11%
6,020 cases

CLL 30%
13,720 cases

Total cases: 52.380

AML 36%
18,860 cases

Figure 1.2 : Estimated proportion of new cases in 2014 for types of leukemia, adults
and children in malaysia. Cancer Facts and Figures, American Cancer

Society, 2014.

Table 1.1 : Estimated Deaths (All Age Groups) from All Types of Leukemia, in

Malaysia, 2014.

Type Total Male Female
Acute Lymphoblastic Leukemia 1,440 810 630
Chronic Lymphoblastic Leukemia 4,600 2.800 1.800
Acute Myeloid Leukemia 10,460 6.010 4,450
Chronic Myeloid Leukemia 810 550 260
Other Leukemia 6,780 3.870 2,910
Total 24,090 14,040 10,050

Source: Cancer Facts and Figures, American Cancer Society; 2014.

There are some factors for developing of leukemia: hereditary syndromes such as Down
syndrome, prior chemotherapy, ionizing radiation, smoking and viruses’ infection. The
use of therapeutic herbs in developing countries as cures against leukaemia is prominent.
The plants being investigated for their leukemia therapeutic potential include Hibiscus
cannabinus (Foo et al., 2012), Vernonia amygdalina root (Khalafalla et al., 2009),
Euphorbia formosana (Hsieh et al., 2013), Allium sativum (Abdullah et al., 1988),
Moringa oleifera (Eltayb et al., 2010), Typhonium flagelliforme (Mohan et al., 2010).

Morinda citrifolia (M.c) (Noni) or named mengkudu in Malaysia has been extensively
used for its broad therapeutic effects, including anticancer activity, in both clinical practice
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and laboratory animal models (Monthanapisut et al., 2004). Six substances which are
anthraquinones, epigallocatechin gallate, monoterpenes, terpenoid compounds and
proxeronine had been identified in M. citrifolia that possess cancer preventive effects
(Wang and Su, 2001). M. citrifolia anticancer effects had been reported in human and
animals, both in vivo and in vitro. Damnacanthal, isolated from this herb can inhibit some
human cancers in the colon, pancreas, lung as well as leukemia (Hiramatsu et al., 1993).

Currently, the most widely used anti-leukemia therapies are chemotherapy, radiotherapy,
hormonal therapy, immune therapy and bone marrow transplantation. Generally, most of
these treatments will damage healthy cells and tissues with short to long-term side-effects
(Butler, 2008). To avoid the side-effects extensive research is being conducted to discover
innocuous therapeutic compounds as candidates for next generation anti-leukemic drugs.
Although pharmaceutical companies prefer synthetic compounds to natural materials, the
search for new and effective natural therapeutic agents, which offer better survival rates
and fewer side-effects, still persists among researchers worldwide (Butler, 2008). The
previous logical facts propose that M. citrifolia have possible to be developed as a new
anti-cancer drug against leukemia. Then it can be hypothesized that this plant contains
rich epicatechin and scopoletin and the mode of action of it may be apoptosis in leukemia
cells in vitro (Lim, 2016). There is no information signifying the apoptosis pathways
connected to this plant, that has to be severely evaluated.

This study attempts to determine the effect of M. citrifolia leaf extract on JURKAT T-
lymphoblastic leukemia cells and WEHI-3B cell-induced myelomonocytic leukemia in
mice. Therefore, the objective of this study is to investigate the anti-proliferative and
cytotoxic effects of M. citrifolia leaf extract on human lymphocytic leukemia (JURKAT)
cell line and WEHI-3B cell-induced myelomonocytic leukemia in mice and the
biomolecular mechanisms involved.

Objectives of the Study

Main Objective

To evaluate the in vitro and in vivo anti-leukemic properties of M. citrifolia leaf extract.

Specific Objectives of the Research

1. Toassess the cytotoxic and apoptotic effects of M. citrifolia leaf ethanolic extract
and M. citrifolia leaf ethanolic extract-Zerumbone combination on JURKAT and
WEHI-3B cells in vitro.

2. To determine the anti-leukemia effect of M. citrifolia leaf extract in male
BALB/c mice model in vivo.

3. To determine the effect of M. citrifolia leaf extract on the metastasis of WEHI-
3B cell-induced myelomonocytic leukemia to bone marrow and liver in BALB/c
mice model.



4. To determine the mechanism of action of M. citrifolia leaf extract in leukemic mice
by monitoring changes in gene expression of important cell regulatory pathways
in selected cells.

Significance of the Present Study

Previous studies showed the immune modulatory and antitumor effects of M. citrifolia
fruit juice on cancers induced in laboratory animals (transgenic mice and rats) using
cultured cells (cultured leukemia cell line, K-Ras-NRK cells, Lewis lung carcinoma
(LLC) cells and murine effector cells) and its synergistic effect with anticancer drugs
(Hirazumi et al., 1996; Hirazumi and Furusal999; Liu et al., 2001; Wang and Su, 2001).
There was a lack of demonstration of the effects of M. citrifolia leaf extract on WEHI-3B
induced leukemia in BALB/c mice. From the outcome of this study, this remedial herb
can be potentially suggested alone or synergistically used in combination with human
leukemia anticancer drugs to prevent and treat leukemia in both man and animals.
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APPENDICES

Appendix A

Table Al: Histopathology lesion scoring for leukemic mice spleen tissues after
staining with H & E staining.

Groups Leukemic cells  Non leukemic cells Score Degree
% %

Control 0.040.0 100.040.0 0 Normal

Leukemia 85.5+1.08* 14.4940.9 4 More severe

M. citrifolia leaf 28.1540.75** 71.8540.75 1 Mild

extract

(100mg/kg)

M. citrifolia leaf 20.230.62** 79.830.22 1 Mild

extract

(200mg/kg)

ATRA 15.0040.86** 85.0040.86 1 Mild

Values are expressed as mean £SD. Data been analyzed using post hoc comparison test-
one way ANOVA, means compare by Tukey’s-b test. (*): significant (P<0.05)
increasing of leukemic cells in comparing to that of untreated control. (**): significant
(P<0.05) reducing of leukemic cells in comparing to that of untreated leukemia control.

Table A2: Apoptotic lesion scoring for leukemic mice spleen tissues after staining
with rTdT staining.

Groups Apoptotic cells Non apoptotic cells %  Score Degree
%

Control 4.040.5 95.5240.5 0 No
apoptosis

Leukemia 3.240.4 96.840.4 0 No
apoptosis

M. citrifolia leaf 74.8314.8 25.1740.8 4 Massive

extract apoptosis

(100mg/kg)

M. citrifolia leaf 60.0+.7* 38.17+%.9 4 Massive

extract apoptosis

(200mg/kg)

ATRA 83.040.5* 17.040.5 4 Massive
apoptosis

Values are expressed as mean £SD. Data been analyzed using post hoc comparison test-
one way ANOVA, means compare by Tukey’s-b test. (*): significant (P<0.05) increasing
of apoptotic cells in comparing to that of untreated control.
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Histopathology of Tissues
Formalin 10%

Formaldehyde 40%
Sodium chloride
Distilled water

Harri’s Haematoxylin Solution

Aluminium potassium sulphate
Absolute ethanol

Mercuric oxide

Hematoxylin crystals

Distilled water

Eosin Solution

Stock Eosin Solution (1%6)
Eosin Y
Distilled water

Working Eosin Solution

Stock eosin solution
Ethanol (80%)

100 mL

99
900 mL

209
10 mL
059

200 mL

100 mL

1 part
3 part

Harri’s Hematoxylin and Eosin (H & E) Staining

Solution Time period
Xylene 5 min
Ethanol 100% 5 min
Ethanol 70% 5 min
Rinse 2 min
Hematoxylin 5 min
Rinse 2 min
Acid alcohol (1%) 3 sec
Running tap water 2 min
Eosin 1 min
Ethanol 70% 5 min
Ethanol 100% 5 min
Xylene 5 min

Mounting with DPX
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Appendix B

Electron Microscopy Solutions

Sodium Cocodylate (0.1 M) Solution

Sodium cocodylate

Distilled water

Hydrochloric acid
PH=7.4

Resin Mixture

DDSA

MNA

BDMA

Agar 100 resin

Appendix C
Cell Cycle Buffers
Washing Buffer
PBS
EDTA

BSA
Sodium azide

Staining Buffer
PBS
EDTA
Triton X-100
RNAase A (50 mg/mL)
P1 (10 mg/mL)
Appendix D
TUNEL Assay Solutions
rTdT Incubation Buffer
Equilibration buffer
Nucleotide mix

rTdT enzyme

PBS-triton X-100-BSA

2149
400 mL
02M

6 mL

55mL
0.5mL
10 mL

100 mL
0.2¢g
0.1g
0.1g

100 mL
0.00374 g
0.1 mL
0.1 mL
0.03 mL

45 i
S5
1y
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PBS

Triton X-100

BSA
PBS-PI-RNAase A

PBS

Pl (10 mg/mL)

RNAase A (50 mg/mL)
Appendix E
Wright Stain Reagents
Wright Stain Solution

Wright’s dye

Glycerin

Absolute methanol

Wright’s Buffer

Potassium phosphate

Dibasic sodium phosphate

Distilled water

Appendix F

Immunohistochemistry Solutions
Citrate Buffer Solution pH 6.0

Sodium citrate trisodium salt dehydrate

Distilled water

TBST

TBS
Tween-20

DAB+ Substrate - Chromogen Solution

DAB-substrate
Chromogen

1mL
0.01 mL
0.005¢g

1mL
0.005 mL
0.01 mL

0349
3mL
100 mL

6.63 g
2.56¢
1000 mL

2.94¢
1000 mL

1000 mL
1mL

1mL
20 L
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