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ABSTRACT

An undergraduate thesis of Ryan Albert Leonard N. Boquiren and Alvin E. Te
Tan, presented to the faculty of the Department of Biology, College of Arts and Sciences,
University of the Philippines Manila, for the degree of Bachelor of Science in Biology,
March 2000. The Radioprotective Effects of Noni {Morinda citrifolia L.) Juice on the
Bone Marrow of Irradiated Mus musculus L., Prof. Florencio-Isagani S. Medina III,
Ph.D. and Prof. Ma. Ofelia M. Cuevas, M.S., thesis advisers.

The radioprotective effects of Noni Juice on the bone marrow of irradiated Mus musculus
L. (7-week old IRC strain) was studied using the micronucleus test. Five mice were used
for each of the six groups: negative and positive control, 25%, 50%, 75%, 100%
treatment. Both negative and positive control groups were not treated with Noni Juice.
However the negative control was not irradiated. Four different concentrations, a mixture
of distilled water and commercial Noni Juice, were administered via oral gavage to mice
in their specific groups during the 15-day feeding schedule. A day (24H) after the last
treatment, the mice were irradiated (6 Gy of Gamma radiation). Two days (48H) after
irradiation, the mice were sacrificed and the femur was extracted. The bone marrow
cells were collected and slides were prepared. One thousand polychromatic erythrocytes
(PCE) were screened for the presence of micronucleus per mouse. The mean frequency
of micronucleated PCE were as follows: negative control, 15; positive control, 45; 25%
treatment, 21; 50% treatment, 18; 75% treatment, 11; 100% treatment, 7. The Kruskal-
Wallis Test showed that the groups' responses varied (ct=0.05). Multiple comparisons
showed that there were significant differences between: (1) 25% and 100% treatment
group; (2) positive control group and 75% treatment group; (3) positive control group
and 100% treatment group, thus indicating that Noni Juice is effective in inhibiting
micronucleus formation at high concentrations. The results also showed that
radioprotective potential of Noni Juice follows a dose-dependent pattern.

XI



1.0 INTRODUCTION

1.1 Background of the Study

Although radiation therapy involves only a partial exposure, side effects affecting

the body are seen to occur especially if high doses of radiation are used. Large doses of

radiation can cause extensive cellular damage and result in death. With smaller doses,

the person or particular irradiated organ(s) may survive, but the cells are damaged,

increasing the chance of the recurrence of cancer (Brusby, 1998).

Cancer is a mutation and it easily claims six million lives each year. Today,

people are resorting to alternatives to the expensive chemotherapy and radiation therapy

sessions. They find these alternatives in fruits, which in the past were deemed to be of no

particular use other than satisfying man's hunger.

Switching to the matter of interest, scientists have performed numerous tasks in

order to search for those chemicals involved in the fruit's reputed health benefits.

Although there are now thousands of fruits approved of their curative properties, Noni

Juice (Figure 1), the new dietary supplement which took the Philippines and world

market by storm, still is one of those waiting in line for scientists to prove its potential as

a radioprotective agent.

Noni Juice promises to alleviate and/or cure cancer, infection, arthritis, digestive

and respiratory problems, stroke, high blood pressure, and heart disease. Often, when an

herbal medicine is abundantly available and inexpensive, we do not appreciate it.

Although there are numerous, even millions of claims about the effectiveness of

Noni Juice to cure almost all kinds of disease, even cancer, at present there are very few



validated studies about the therapeutic effects or the ability of Noni Juice to cure these

diseases. With these reasons, the researchers had chosen to embark on this field of study.

Since there have been no previous studies about the radioprotective effects of Noni Juice,

it could be said that this study is a pioneer work. The study is aimed to determine the

radioprotective potential of Noni Juice based on its potential to arrest micronucleus

formation in irradiated mouse.

1.2 Statement of the Problem

This study aims to find out the radioprotective potential of Noni Juice by

inhibiting the production of radiation-induced micronucleus in the mouse using the

Micronucleus Test. The study seeks to answer the following questions:

(1) Does pre-administered Noni Juice have a radioprotective effect on the

polychromatic erythrocytes in the bone marrow by inhibiting micronucleus

formation in irradiated 7-week old IRC mice?

(2) What is the effect of varying concentrations of Noni Juice on radiation-

induced micronucleus production?

1.3 Research Objectives

(1) To determine if pre-administered Noni Juice has a radioprotective effect on

the polychromatic erythrocytes in the bone marrow by inhibiting

micronucleus formation in irradiated 7-week old ERC mice.

(2) To know whether the effects of Noni Juice on radiation-induced micronucleus

production follows a dose-dependent pattern.



1.4 Hypothesis

1. Research Hypotheses (HA):

Noni Juice possesses radioprotective properties

2. Null Hypotheses (Ho):

Noni Juice does not possess radioprotective properties.

1.5 Significance of the Study

The emergence of Noni Juice as a cure-all dietary supplement has triggered

sudden worldwide media hype. Thousands testified to the wide range of physiological

responses that Noni Juice offered. Most striking among its alleged curative properties is

its reported ability to alleviate and/or cure cancer, usually developing from mutations and

one of the leading causes of mortality in the human population. Therefore it is highly

significant to study the effects of radiation, one of which is mutation. Even worth noting

will be the elements from fruits that protect cells from mutagenic agents. However, there

have been only a number of scientific experiments attempting to prove the claims of the

Noni Juice consumers. The commercial Tahitian Noni Juice is quite expensive. One

bottle costs around P2000. The recommended maintenance dose is 1-2 oz a day

(Solomon, 1998), equivalent to two bottles or P4000 a month. Once the radioprotective

potential of Noni Juice is evaluated and established through the micronucleus test, the

study may provide the impetus for further research and development especially on the

fruit's active chemical components and other various potentialities.



1.6 Scope and Limitations

(1) The study dealt only with 7-week old IRC mice.

(2) Only one dose of gamma radiation (6 Gy) was used to induce micronucleus

formation.

(3) The micronucleus test was the sole index of mutation. Other mutation assays

were not used and therefore not discussed.

(4) The study did not isolate and characterize the particular chemicals present in

Noni Juice. It did not discuss the effects of Noni Juice on mice prior to

irradiation.

(5) A commercial product, Tahitian Noni Juice, was used.

1.7 Definition of Key Terms

Cancer - a disease characterized by uncontrolled cell division and ability of these cells to

metastasize.

Noni Juice - the product sold in the market that has the brand name "Tahitian Noni

Juice"; the product is manufactured and bottled by Morinda, Inc. USA.

Gamma radiation - radiation given out by 60Co; emission of energy that follows beta

decay.

Gy - Gray; a unit of radiation dose, which is equivalent to 100 rad (1 rad = 100 ergs per

gram of absorbed energy in any medium from any type of ionizing radiation).

Micronucleus - a fragment of the genetic material that is distinguishable from the

nucleus, which is evident during the interphase stage of the cell cycle; this



structure arises from the breakage of a chromosome arm that appears to be a small

nucleus.

Micronucleus Test - an assay used to determine the mutagenicity of a chemical or

radiation dose; the method involves the determination of the incidence of

radiation-induced micronucleus formation.

Mutagens - substances or factors that cause mutation; one of which is radiation.

Mutation - the process that produces and alteration in DNA or chromosome structure.

Radiation - the process in which energy in the form of rays of light, heat, etc. is sent out

through space from atoms and molecules as they undergo internal change.

Radioprotective potential - the property of a substance to prevent or reduce the harmful

effects of radiation.



2.0 REVIEW OF RELATED LITERATURE

2.1 Mutation and Cancer

Mutation is characterized by a change in the genome of a cell. It could either be

induced or spontaneous. Adaptation and natural selection bring about spontaneous

mutations while induced mutations are caused by artificial factors (e.g. mutagens,

radiations, etc.). When these changes occurred in gametes, they could be passed on to the

organisms' progeny, thus heritable. (Klug and Cummings, 1997).

Mutations, caused by mutagens, can cause cancer. But not all mutagens.are

carcinogens but most carcinogens are mutagens. A cancer tumor is created when cell

division goes out of control. When clustered, these tumor cells, or neoplasm, are

classified as benign. Only if it has invaded, compressed, and eventually destroys other

tissues, or malignant, can they be termed as cancer. The cancer cells are carried by the

blood or lymph (fluid from other tissues) to other parts of the body, where they continue

to multiply and form new tumors. This spread to other sites is called metastasis (Alberts

etal., 1994).

Cancer involves genomic alterations, which can be small-scale changes (e.g.

single nucleotide substitution or large-scale changes (chromosomal aberrations)). Large-

scale events are the common features of cancer; most human tumors are characterized by

observable chromosomal changes (Klug and Cummings, 1997). Normal cells reproduce

at exactly the rate required to replace dying cells. Cancer cells also reproduce by

dividing. But unlike normal cells, they have lost the ability to reproduce at a controlled

rate. The faulty aspect of cell division regulation is being handled by the inactivation of



tumor suppressor gene or by the hyperactivity of the altered gene, the oncogene (Alberts

et a l , 1994). The uncontrolled cell division is due to a mutation in the genes that control

the cell cycle.

2.2 Radiation and Its Effects

Ionizing radiation affects people by depositing energy in body tissue, which can

cause cell damage or cell death. In some cases there may be no effect. In other cases, the

cell may survive but become abnormal, either temporarily or permanently, or an

abnormal cell may become malignant. With high doses of radiation, cellular damage can

be extensive and may even lead to death but with smaller doses, the person or particular

irradiated organ(s) may survive, however, the surviving damaged cells increases the

probability of cancer (Brusby, 1998). The rate at which the cell divides is decreased.

DNA synthesis is impaired in 2 manners: (1) the rate of synthesis is slower; (2) cells may

continue DNA synthesis and become polyploid (Wintrobe et al., 1970). The extent of

the damage depends upon the total amount of energy absorbed, the time period and dose

rate of exposure, and the particular organ(s) exposed (Brusby, 1998).

Any change brought about by ionizing radiation is detrimental to the viability of

the cell. Ionizing radiation upsets the status quo for the total amount of energy in the cell

is changed. There is no dose of radiation too small to be without any hazard at all

(Pizzarello and Witcofsky, 1967). The biologic effects of radiation come in three steps.

First, photons or particles penetrate the protoplasm to produce ion pairs. This reaction

takes of the order 10"13 sec. The second step is a radiochemical reaction of these ions

with water, producing free radicals such as H and OH. These take about 10"9 sec. Chain



reactions are produced to create reactive forms such as H2O2 and HO2. The last reaction

is between these products and protoplasmic molecules, which are substances of low

concentration but of major importance to the system (e.g. nucleic acids or enzymes). The

observable histologic or chemical lesions unfold with time (Wintrobe et al., 1970).

Radiation alters the information system of proliferating somatic and germ cells.

The bad or inadequate information in altered DNA is passed to their progeny resulting in

late somatic disease. Radiation can produce mutation of genes. Not all mutations are

harmful, but the chances are overwhelming that a change will be detrimental to the

species. Not all mutations produce visible and immediately detectable effects (Wintrobe

et al., 1970). However, the most important long-term effect of radiation is

carcinogenesis, the formation of cancer. Statistics show that there is a high correlation

between radiation exposure and development of cancer. Professionals, health workers

and, other people continually exposed to some amount of radiation have a higher risk of

developing cancer.

2.3 Radioprotection

During irradiation, the energy of ionizing radiation is transferred to the organism.

This phenomenon may cause genetic alterations or biochemical lesions in the cells of the

organisms. These lesions depend on the extent of irradiation and biologic response of the

organism (Pizzarello and Witcofsky, 1967).

Many substances are found to be effective in reducing or preventing the adverse

effects of radiation in biologic systems. This is known as chemical protection, and the

substances responsible for this are called chemical radioprotectors (Pahl, 1980). The



mechanisms at which these compounds work vary. Some compounds work by stopping

the formation of free radicals (e.g. hydrogen peroxide H2O2), which are potentially

harmful to the cell. They also operate by interacting with cellular components and

reducing the amount of oxygen (hypoxia) in tissues (Pizzarello and Witcofsky, 1967;

Pahl, 1980). Antioxidants, which are abundant in fruits, Sulfhydryl Compounds, Vitamin

E, and Cobalt, are capable of minimizing the damaging effects or radiation by

terminating reactions that alter the vital molecules of the cells. Other substances, such as

chelating agents (EDTA, DEDTA, etc.), are able to remove heavy metals like copper that

catalyzes such reactions (Pizzarello and Witcofsky, 1967). Nevertheless, the most

effective class of chemical radioprotectors is the aminothiols, including the amino acid

cysteine. This class of compounds is characterized by -SH and -NH2 groups that are

separted by two carbons. It prevents acute mortality, decrease in spleen weight, decrease

in lymphocyte or granulocyte count as well as protection against late effects such as lens

opacity and hair loss (Pahl, 1980).

2.4 Radioprotective Potential and Anti-carcinogenic Effects

Radioprotective potential is the property of a substance to prevent or reduce the

adverse effects of ionizing radiation. Many studies were conducted to determine the

radioprotective potential of many plant extracts or one of its chemical components.

Oltipraz has a radioprotective property. It was hypothesized that this compound has a

radioprotective role by enhancing the expression of genes, thereby, increasing the

survival rate of mice (Kim et al., 1998).



Another compound, resveratrol (3,5,4'-trihydroxystilbene) that can be found in

grapes (Vitis sp), is found to have radioprotective property (Clemente and Gomez, 1999).

The radioprotective potential was determined using the micronucleus test. Gamma

radiation (6 Gy) was used to induce micronucleus in Swiss-Webster mice. Three groups

of mice were given a corresponding dose (low, medium and high) administered before

irradiation. Results showed that high doses of resveratrol had the greatest capability to

inhibit micronucleus formation the most while low doses had the least. This suggested

that its radioprotective potential may follow a dose-dependent pattern.

Aside from having radioprotective' effects, some plants were also reported to have

anti-carcinogenic effects. Plants such as guava, kalatsutsi, malunggay, mayana, and

tanglad have anti-carcinogenic as well as anti-genotoxic. Guava, kalatsutsi, and mayana

have been found to increase fertility, gestation, and implantation indices in mice

administered with germ cell genotoxins. Another study showed that these plants fully

inhibited carcinogen-induced skin tumors, liver tumors, and colon tumors in mice.

Malunggay and tanglad have also been shown to exhibit anti-genotoxic effects (Sylianco

et al., 1991; Serrame and Sylianco, 1995; Balboa and Sylianco, 1993).

Plant flavonoids exhibited both anti-oxidative and anti-genotoxic activities in

mice exposed to gamma radiation (Shimoi et al., 1996). Another flavonoid from citrus

and non-citrus plants was able to demonstrate its ability to inhibit human breast cancer

cell proliferation and to delay mammary cell tumorigenesis (So et al., 1996). Tea was

reported to have both radioprotective and anti-carcinogenic properties. Chemicals

extracted from tea inhibited the formation of tumor in mice (Yang, et al., 1994). Tea was

also shown to reduce the frequency of micronucleated reticulocytes in mice after

10



exposure to gamma-irradiation, exhibiting its radioprotective potential (Shimoi et al.,

1990).

A study conducted by Singh and others (1995) on garlic {Allium sativum) found

that its extract can give protective effects against gamma-irradiation-induced

chromosomal damage in mice. It is assumed that garlic contains sulfur moieties that act

as radical scavengers which are responsible for the inhibition of mutagenesis or

chromosomal damage produced by radiation. The garlic component allicin (thio-2-

propene-1-sulfinic acid S-allyl ester) accounts for the reduced radiation-induced

mutagenesis in one strain of Salmonella. In addition, garlic also has anti-carcinogenic

property. It was able to suppress tumor formations and mammary DNA adducts induced

by various carcinogens (Amagase and Milner, 1993; Amagase et al., 1996).

Leaf extracts from chichirica (Catharanthus roseus) lowers the incidence of

micronucleus formation induced by chemical mutagens such as dipyrone, metronidazole,

mitomycin C, and safrole. Using the micronucleus assay, the leaf decoctions were able to

significantly reduce the frequency of micronucleated polychromatic erythrocytes caused

by the mutagens mentioned above (Sylianco and Blanco, 1986). However, a study by Go

and Lupena (1998) on chichirica showed it is a radiosentisizer (promoting or enhancing

the harmful effects of radiation). The chichirica leaf decoction administered in mice prior

to irradiation increased the frequency of micronucleated polychromatic erythrocyte in

bone marrow cells. Go and Lupena hypothesized that the extracts contain certain

alkaloids that act as spindle poisons inducing chromosomal damages.
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2.5 The Noni {Morinda citrifolia L.) Plant

2.5.1 General Description of the Plant

Morinda citrifolia is called apapatot, apatot-nga-basit in Iloko, bangkudo,

lino in Bisaya, Tagalog, bangkuro Cebu Bisaya, bangkoro in Tagalog,

Magindanao, bankuro in Tagbanua, bankvru, taeng-aso, twnbong-aso in

Tagalog, galongog in Subanun, nino in Sulu, Tagalog, Bisaya, rukurok in

Kunyonon, Indian mulberry in English, and great morinda, menkudu in

Singapore (Quisumbing, 1995). And presently worldwide known as Noni.

Morinda citrifolia is an erect, smooth shrub or small tree 3 to 10 meters in

height. The leaves are broadly elliptic to oblong, 12 to 25 cm long, and

pointed or blunt at the tip. The upper surface of the leaf blade is glossy green

and with prominent lateral veins. The peduncles are leaf-opposed, solitary,

and 1 to 3 centimeters long. The flowers are not bracteolate and form dense,

ovoid, or rounded heads, and are 1 to 1.5 cm in diameter. The calyx is

truncate. The corolla is white and about 1 cm long; the limb is 5-lobed and

lcm in diameter. The fruit (Figure 2) is fleshy, white or greenish-white,

ovoid, and 3 to 10 cm in length (Merill, 1974).

The plant is indigenous to Australia, Southeast Asia and Polynesia. In the

Philippines, they are found in thickets and along the seashores throughout the

country (Madulid, 1995).

2.5.2 Domestic Value of the Plant and Medicinal Uses

In Java, the roots are used for dyeing and the young leaves are eaten as

vegetables. The pulps of the fruit are used for cleansing the hair and

12



sometimes iron and steel. In Malaysia and Thailand, it is used as a support for

pepper plants (Quisumbing, 1995).

In the Philippines, the fruit is used as an emmenagogue. The fresh leaves

are applied on ulcers while sap of the leaves is said to be anti-arthritic

(Quisumbing, 1995).

In India, it is used as a cathartic, and the fruit is also used as an

emmenagogue and a deobstruent. The unripe berries, charred and mixed with

salt, are applied successfully to spongy gums. And the juice of the fruit is

made into syrup and used to relieve soar throat. While in Malaysia, the leaves

when heated is used to apply on the chest or the abdomen for coughs, enlarged

spleen, nausea, colic, and fever (Quisumbing, 1995).

2.5.3 Noni as a Treatment for Cancer

There are many ongoing studies about the anti-cancer activity of noni

juice. Recent findings conducted on laboratory animals showed that Morinda

citrifolia has anti-tumor property.

Hirazumi and others (1994) conducted a study on the anti-cancer activity

of Morinda citrifolia. The study was conducted on laboratory mice

(C57B1/6) that are very receptive to injected Lewis Lung Carcinoma cells.

The mice were injected with active Lewis Lung Carcinoma cells (LLC). A

portion of the experimental units was administered with noni juice in five

separate daily treatments. Results showed that untreated mice died 9-12 days

after injection from tumor growth while the treatment of noni juice

significantly increased the life span of the treated mice (from 105-123%) with

13



9 of 22 mice surviving more than 50 days. The study was repeated, and it

showed similar results. At a dose of 12 mg and 6 mg of the juice per mouse,

the life span of the mice was prolonged by 40% and 119%, respectively, with

4 out of 13 mice surviving. Ethanol fractionation demonstrated that the

precipitate possessed significant activity against LLC, causing an increase in

life span of 105% and 123% at a dose of 1.6 and 0.8 mg per mouse,

respectively. A 10.4 or 5.2 mg dose of the EtOH-sol had no activity against

the LLC.

Hiramatsu and others (1993) studied the effect of more than 500 extracts

from tropical plants on the K-ras^-MlK cell. Damnacanthal, an

anthraquinone compound found in Morinda citrifoUa, was postulated to

inhibit the ras function. RAS cells were seeded into 96 plates and incubated at

33°C for 24 hours. Damnacanthal was isolated from the chloroform extract of

the root of Morinda citrifolia and was injected into the culture. Cell

morphology was examined everyday for 5 days and showed that

damnacanthal induced normal morphology and cytoskeletal structure in K-

rasts-NRK cells at the permissive temperature, without changing the amount

and localization of ras. The effect of damnacanthal was reversible and the

compound had no effect on the morphology of RSV^-NRK cells that

expresses the src oncogene. The results show that the ras function was

inhibited and the compound damnacanthal has been found to inhibit the

Epstein-Barr virus early-antigen activation.
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Hirazumi and Furasawa (1999) studied a polysaccharide-rich substance

(noni-ppt) found in the fruit juice of Morinda citrifolia antitumour activity in

Lewis Lung Carcinoma (LLC) peritoneal carcinomatosis model. Therapeutic

administration of noni-ppt significantly enhanced the survival time of inbred

syngenic LLC tumor-bearing mice. Noni-ppt did not exert cytotoxic effects

on adapted culture of LLC cells; however it could activate peritoneal exudate

cells (PEC) to impart toxicity when co-cultured with tumor cells. This

suggested the possibility that noni-ppt suppress tumor growth by activating

the immune system. The corfcomminant treatment with immunosuppressive

agent such as 2-chloradenosine (Cl-Ade) or cyclosporin (cys-A) reduces its

activity, thereby supporting the immunomodulatory mechanism. There was

an improved survival time and curative effects when noni-ppt was treated in

combination with sub-optimal doses of the standard chemotherapeutic agents,

adriamycin (Adria), cisplatin (CDDP), 5-flurouracil (5-FU), and vincristine

(VCR), suggesting the important clininical application of noni ppt as a

supplemental agent in cancer treatment.

2.6 The Micronucleus Test (MNT)

The micronucleus test in vivo is a method devised primarily for screening

chemicals for chromosome-breaking effects. The technique was developed by Schmid

and his co-workers in 1975. The method is based on the observations that during cell

division, the undamaged chromosomes and centric fragments give rise to daughter nuclei

after telophase. However, broken chromosomes and other lagging elements are
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transformed into secondary nuclei, which are smaller than the principal nuclei and thus

called micronuclei. Similar events occur if the functioning of the spindle apparatus is

impaired, for example under the influence of colchicine, in this case, the main nucleus is

often replaced by a whole group of small nuclei, which are considerably larger than a

micronuclei (Schmid, 1975).

The most sufficiently developed is the in vivo mammalian bone-marrow

polychromatic erythrocyte (PCE) assay or mouse PCE micronucleus test (Heddle et al.,

1983). When the erythroblast develops into an erythrocyte, the main nucleus is extruded

and may leave a micronucleus in the cytoplasm. The visualization of micronuclei in

these cells can be easily recognized because they lack a nucleus. As an additional

advantage for the micronucleus test, young erythrocytes stain differently from older

forms. For the duration of their "adolescence," lasting approximately 24 h they are not

red but bluish, technically, they are polychromatic (Schmid, 1975). Micronuclei form

under normal conditions. The assay is based on an increase in the frequency of

micronucleated polychromatic erythrocytes in bone marrow of treated animals.

Micronuclei can also be found in other bone marrow cells of animals such as

myeloblasts, myelocytes, erythroblasts, etc. But, majority are observed in polychromatic

erythrocyte (Schmid, 1975; Medina, 1986). Micronuclei may also be detected in other

test systems, namely, tissue culture, plants, blood smears, fetal tissues, meiotic cells, and

hepatic cells. They persist for some time and so may be scored at interphase. Since most

of the cells of a tissue are obvious, scoring will thus be very rapid. The rate-limiting step

is often the rate at which the keys can be depressed on a cell counter (Heddle, 1973).
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The most common experimental design of the MNT consists of: (1) the

experimental groups, which were treated with various doses of the test material, and the

control groups; (2) preparation of bone marrow smears from each experimental unit at an

appropriate interval after treatment; and (3) scoring the incidence of polychromatic and

normochromatic erythrocytes with micronuclei (Medina, 1986).

The parameters to be compared and evaluated among experimental groups are the

incidence of micronucleated PCE, the incidence of micronucleated normochromatic

erythrocytes, and scoring of the incidence of both polychromatic erythrocytes and

normochromatic erythrocytes (NCE) with micronuclei. PCEs are distinguishable from

mature erythrocytes or the NCE by their bluish to purple stain. NCE's stain reddish to

yellow (Schmid, 1975).
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3.0 MATERIALS AND METHODS

3.1 The Experimental Animals

The experiment was composed of 30 mice (Mus musculus L.). Seven-week old

IRC mice were obtained from the Bureau of Food and Drugs (Alabang, Muntinlupa City)

because the bone marrow tends to accumulate fats with age, which can affect the scoring

of micronucleus (Heddle et al., 1983). The weight of the mice ranged from 15 grams to

20 grams. Since sex difference is of no significance in the mouse PCE assay (Heddle et

al., 1983), the test subjects were not screened for sex homogeneity. The mice were

maintained in the Animal Laboratory of the College of Arts and Sciences, University of

the Philippines Manila.

3.2 Design and Procedure

3.2.1 Preparation of the Experimental Set-ups

The experiment used Complete Randomized Design (CRD). The setup

mainly contained two sections: the control and the treated group. Two

experimental setups were made for the control: positive control and negative

control (Figure 3). The positive control was irradiated but did not receive the

treatment while negative group was not irradiated and did not receive the

treatment. For the treatment group, four setups were made: 25%, 50% (Figure 4),

75% and 100% (Figure 5). Five mice were randomly assigned in each group.

The setups were kept in a mouse cage and were given water ad libitum.
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3.2.2 Administration of Noni Juice

Noni Juice was administered in different concentrations. Four dilutions

were prepared: 25%, 50%, 75%, and 100% by volume. The solutions were made

by mixing Noni Juice with distilled water.

The amount of treatment that was administered was 2.34 ml, which was

based on the maximum volume capacity of the mouse's stomach. This volume

was computed by multiplying 0.0026, the body surface ratio of mice to humans

(Navarro, 1989), by 900 ml, the maximum capacity of the human stomach

(Radcliffe, 1999).

The treatment was administered in each mice everyday at 10 a.m. via oral

gavage (Figure 6) for 15 days. Standard mouse diet (pellets) were given

afterwards. However, the feeds were taken 4 p.m. in the afternoon, to ensure that

the gastric cavity is empty when Noni Juice is administered the next day.

3.2.3 Irradiation of the Mice

Twenty-four hours after the last administration of Noni Juice, the

experimental subjects were irradiated using gamma radiation from a radioisotope

60Co using the irradiating chamber, GammaCell 200 (Figure 7) from the

Philippine Nuclear Research Institute (PNRI). The mice were given a LD50 dose

(6 Gy) to induce micronucleus formation in polychromatic erythrocytes of the

bone marrow. After irradiation, the mice were given the usual diet and water.

However, one group, the negative control, was not irradiated.
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3.2.4 Preparation of the Slides

Forty-eight hours after irradiation, the mice were sacrificed by cervical

dislocation. Both femora were removed by cutting through the pelvis and tibia

(Figure 8). The bones were freed of muscles. The distal and proximal ends of the

femur were carefully cut to expose the marrow canal. A 0.5-ml fetal calf serum

was collected into a 1-ml syringe and fitted with a needle. The needle was then

inserted a few millimeters into the proximal part of the bone (where the cut was

made). The marrow was flushed into a petri dish containing 2.0-ml fetal calf

serum. The solution was transferred to a 5-ml centrifuge tube and was

centrifuged at 1000 rpm for five minutes. The supernatant was removed with a

syringe. The pellet with a small amount of the supernatant was resuspended by

shaking. Using a Pasteur pipette, a small drop of the viscous suspension was

placed on one end of a microslide. Using a slide, the cells were spread (held 45°

from the horizontal) (Figure 9). The slides were dried overnight at room

temperature.

3.2.5 Staining

Staining followed a day after drying the slides. The slides were first

stained with undiluted May-Grunwald solution for 3 minutes. Immediately after

that, the slides were placed in 50% May-Grunwald in distilled water for 2

minutes. The slides were then dipped five to seven times in a beaker of distilled

water. Lastly, the smears were stained with 15% Giemsa stain solution in

distilled water for 10 minutes. The slides were washed in xvlene and blot dried.
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Using a mounting medium, the coverslips, 24mm x 56mm, were mounted. A

total of four slides were prepared from each mouse.

3.2.6 Analysis of the Slides using the Micronucleus Test

The slides were first screened under low power objective. Areas where

cells were well spread, undamaged, and evenly stained were selected for counting.

After selecting the area, the slide was analyzed by screening 250 polychromatic

erythrocytes (Figure 10). The erythrocytes were then screened for the presence of

micronucleus (Figures 11-14) under oil immersion objective. A total of one

thousand cells were counted for each mouse (Appendix A).

3.2.7 Statistical Analysis of the Gathered Data

Since the frequency of micronucleus does not follow a normal distribution

(Schmid, 1975) a non-parametric one-way analysis of variance was used. The

Kruskal-Wallis test was used for the statistical analysis. Multiple comparisons

were employed to detect significant differences among groups.
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4.0 RESULTS

The positive control group had the highest frequency with a mean of 45.2

micronucleated PCEs (Figure 15). The 25% treatment group had the second highest

frequency with a mean of 21.2, followed by the 50% treatment group with a mean

frequency of 17.6. The mean frequencies of 75% and 100% treatment group are 11.2 and

7 micronucleated PCEs, respectively. The negative control group had a mean frequency

of 15. As the concentration of Noni Juice increases, the mean frequency of

micronucleated polychromatic erythrocytes in irradiated mice decreases (Figure 16).

The distribution of micronuclei in PCEs was also screened. There was a

decreasing trend in the frequency of micronucleated PCEs with one micronucleus (Figure

17). The mean frequency of micronucleated PCEs with one micronucleus (Figure 11) in

the 100% treatment was 6.6. The positive control, which corresponds to the 0%

treatment, elicited the highest response with 28.6 micronucleated PCEs. The mean

frequencies of 25%, 50%, and 75% treatment were 16.2, 14.8 and 8.4, respectively.

As the treatment concentration increases, the mean frequency of micronucleated

PCEs with two micronuclei (Figure 12) decreases (Figure 18). However, two groups, the

50% and the 75% treatment group had the same mean frequencies of 1.8 micronucleated

PCEs. The positive control still had the highest frequency with a mean of 13.8 while the

100% treatment group had the lowest with a mean of 0.2. The mean frequency of the

25% treatment was 2.8.

A downward trend was also seen in the mean frequency of micronucleated PCEs

with three micronuclei (Figure 19). There was a decline from the positive control with a
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mean of 2 to the 25% treatment group with a mean of 0.4. However, there was no change

from the 25% to the 50% treatment group. There was an increase in mean frequency

from the 50% to 75% by 0.2 micronucleated PCEs. Although there was an increase, the

deviation did not affect the over-all trend. The 100% treatment group exhibited a mean

ofO.

Figure 20 displays an inverse relationship between the mean frequency of

micronucleated PCEs with four micronuclei (Figure 13) and the concentration of Noni

Juice. The positive control and the 25% treatment group had the highest frequency, a

mean of 0.6 micronucleated PCEs. Following this were the 50% and 75% treatment

groups with same means of 0.4. Lastly, a mean frequency of 0 was noticed in the 100%

treatment group.

In the mean frequency of micronucleated PCEs with five micronuclei (Figure

21), a reduction was only seen from the 50% to the 75% treated group with means of 0.2

and 0, respectively. The positive control, 25%, and 50% treatment group had the same

means while the 100% and 75% treatment group also had the same means.
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5.0 DISCUSSION

Since the frequency of micronucleated polychromatic erythrocyte does not follow

a normal distribution (Schmid, 1975), a non-parametric one-way analysis of variance was

used. The Kruskal-Wallis one-way ANOVA was employed to analyze the results. The

Kruskal-Wallis test was used to determine if there are significant differences among the

means of each treatment. Multiple comparisons were employed to detect significant

differences among paired groups. The confidence level was set to 0.05.

From the statistical analysis, the responses of the groups (both the control and

treatment) were not equal (Appendix B). Therefore, it has been shown that Noni Juice

was able to inhibit micronucleus formation in polychromatic erythrocyte in irradiated 7-

week old IRC mice.

Multiple comparisons showed that there were significant differences between the

positive control and 100% treatment group and the positive control and the 75%

treatment group (Appendix C). This meant that Noni Juice effectively inhibited

micronucleus formation in treatments of high concentrations. The 75% and 100%

treatment groups even had lower frequencies of micronucleated polychromatic

erythrocytes than the negative control.

A significant difference was also detected between the 25% and 100% treatment

groups. From this, it can be deduced that low concentrations of Noni Juice are not

effective in inhibiting radiation-induced micronucleus formation.

The negative control group and the 50% treatment group had similar frequencies.

Therefore 50% treatment offered protection as if the mice were not irradiated.
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The mean frequency of polychromatic erythrocytes with two or more micronuclei

also decreases as the concentration of Noni Juice increases. A decrease in multi-

micronucleated polychromatic erythrocytes (Figure 14) was also observed.

Since the mechanism by which Noni Juice exerts it radioprotective effects is not

yet known, some hypotheses can be formulated. The way which Noni Juice exhibits

radioprotection can be analyzed by, first, understanding how ionizing radiation produces

mutation.

Ionizing radiation, such as gamma radiation, produces free radicals that can

potentially damage the genetic material. The extent of these damages ranges from DNA

base alterations to gross chromosomal damages. Some chromosomal damages include

chromosome breakage, which can lead to formations of dicentric chromosomes, circular

chromosomes, anaphase bridges, and fragments called micronucleus (Pizzarello and

Witcofsky, 1967). Some components of Noni Juice can act as anti-oxidants that can react

with free radicals and therefore reduces the chances of chromosome damages.

An alkaloid called xeronine (the inactive form of which can be found also in Noni

Juice) regulates the shape and rigidity of specific proteins that have a wide range of

physiological functions (Heinicke, 1985). One of these functions could be its ability to

correct alterations and damages to the genetic material.

From the gathered data and statistical analysis, it has been shown that Noni Juice

indeed possesses radioprotective properties, and the effect of which follows a dose-

dependent pattern.
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6.0 CONCLUSIONS

The radioprotective potential of Noni Juice was investigated using the mouse

polychromatic erythrocyte (PCE) assay. The experiment consisted of two control groups

and four treatment groups. Each treatment group was given a corresponding

concentration of Noni Juice.

Results indicated that all four treatment groups had mean frequencies of

micronucleated PCEs lower than that of the positive control group. The Kruskal-Wallis

test proved that the responses of the experimental groups differed from one another.

Multiple comparisons revealed that there were significant differences between the

positive control group and 75% treatment group; the positive control group and 100%

treatment group; and, positive control and 25% treatment group. This suggested that

Noni Juice effectively inhibited micronucleus formation with treatments of high

concentrations of 75% and 100%.

It has been shown that Noni Juice is capable of inhibiting micronucleus formation

in polychromatic erythrocytes of irradiated 7-week old IRC mice. The frequency of

micronucleated PCE decreases as concentration of Noni Juice increases. This

observation confirms that the radioprotective potential of Noni Juice is dose-dependent.
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7.0 RECOMMENDATIONS

The researchers recommend that the crude fruit extract be used to determine and

evaluate its radioprotective effects and compare its effectiveness with the commercial

product.

To statistically evaluate the dose-dependency of the radioprotective potential of

Noni Juice, the employment of linear regression analysis is suggested.

Moreover, to assess the radioprotective potential in long term treatments, it is

suggested that a 30-day (or more) feeding schedule be used instead. An increase in daily

dose (computed based on body mass) of administered Noni Juice is also suggested (e.g.

twice daily).

Isolation of particular compounds, such as damnacanthal, anthraqumone, etc. can

also be done and used as treatments to further evaluate the effects of Noni Juice.

The researcher recommends that the toxicity of the fresh fruit be determined and

assessed since some amount of toxicity were reported.

It is also recommended that more test subjects be used to increase the accuracy of

data to be collected.

The radiation dose can be varied to determine the range of protection Noni Juice

can provide.

Other mutation assays can also be used to further confirm the protective effects of

Noni Juice.
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FIGURES

Figure 1. Tahitian Noni Juice
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FIGURES

Figure 2. The Noni Fruit {Morinda citrifolia L.)

Figure 3. The positive and negative control groups



FIGURES

Figure 4. The 25% and 50% treatment groups

Figure 5. The 75% and 100% treatment groups



FIGURES

Figure 6. Administration of Noni Juice via oral gavage
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FIGURES

Figure 7. The irradiating chamber- GammaCell 200 (ALCL)
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FIGURES

Figure 8. Extraction of the femur

Figure 9. Using a slide the cells were spread



FIGURES

Figure 10. Normal polychromatic erythrocyte

Figure 11. Polychromatic erythrocyte with one micronucleus
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FIGURES

Figure 12. Polychromatic erythrocyte with two micronuclei

•1

Figure 13. Polychromatic erythrocyte with four micronucleus
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APPENDIX A

The Collected Data

NEGATIVE CONTROL

Distribution of Micronucleus

POSITIVE CONTROL

Distribution of Micronucleus

25% TREATMENT

Mouse
Distribution of Micronucleus
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APPENDIX B

Statistical Analysis

Frequency of Micronucleated Polychromatic Erythrocyte per 1000 Cells in 30 Irradiated Mice
Treated with Varying Concentrations of Noni Juice (UP Manila, February 2000)

negative

9(7)

17(15)

20 (20.5)

18(17)

11(9.5)

Q 69

positive

21 (22)

76 (30)

26 (27)

34 (28)

69 (29)

136

25%

25 (25.5)

24 (24)

25 (25.5)

14 (13.5)

18(17)

105.5

50%

9(7)

20 (20.5)

18 (17)

19 (19)

22 (23)

86.5

75%

13 (12)

8(4.5)

12(11)

14(13.5)

9(7)

48

100%

11(9.5)

6(2.5)

4(1)

6(2.5)

8(4.5)

20

(1) Ho: The effects of varying concentrations of Noni Juice are equal.
Ha: The effects of varying concentrations of Noni Juice are not equal.

(2) a = 0.05

(3) Test statististic: Kruskal-Wallis Test

12 k

KW = [ I
H

] - 3 (N+l)
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(5) Critical region

Values of KW > tabulated KW (k=6, nr=oraarn^=as=a^5t cc=O.O5)

tabulated KW = 5.78

(6) Computation

12 6<? 1362 105.52 86.52 48s 202

r „ A _ _ i- . . „ „ . . . « _ + „ „ » _ „ _ _ + „ „ . _ . . 4 - , , , • ,, i -An\\ = •??

30(31) 5 5 5 5 5 5

KW, corrected for ties

Tied Ranks
6
8
9
11
14 .
18
20
25

No. of ties
2
2
3
2
2
3
2
2

ST = 2(1X3) + 2(1X3) + 3(2X4) +
2(1X3) + 2(1X3) + 3(2X4) +
2(1X3)+ 2(1X3)

= 84

KW 22.028
= 22 097

- ET/(N3-N) 1 - 84/(303-30)

(6) Conclusion

Since 22.097 > 5.78, reject Ho.

The effects of the varying concentrations of Noni Juice are not equal.
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APPENDIX C

Multiple Comparisons

Frequency of Micronucleated Polychromatic Erythrocyte per 1000 Cells in 30
Treated with Varying Concentrations of Noni Juice (UP Manila, February 2000)
Negative (A)

9(7)

17(15)

20 (20.5)

18 (17)

11(9.5)

Q 69

Positive (B)

21(22)

76 (30)

26 (27)

34 (28)

69 (29)

136

25% (C)

25 (25.5)

24 (24)

25 (25.5)

14(13.5)

18(17)

50% (D)

9(7)

20 (20.5)

18(17)

19 (19)

22 (23)

75% (E)

13 (12)

8(4.5)

12(11)

14 (13.5)

9(7)

105.5 86.5 48

Irradiated Mice

100% (F)

11(9.5)

6(2.5)

4(1)

6(2.5)

8(4.5)

20

13.8 27.2 21.1 17.3 9.6

Groupings:

A , B :
A,C:
A,D:
A,E:
A,F:
B,C:
B , D :
B , E :
B , F :
CD:
C , E :
C , F :
D , E :
D , F :
E . F :

13.8-27.2
13.8-21.1
13.8-17.3
13.8-9.6
13.8-4
27.2-21.1
27.2 - 17.3
27.2 - 9.6
27.2-4
21.1-17.3
21.1-9.6
21.1-4
17.3-9.6
17.3-4
9.6 - 4

13.4
7.3
3.5
4.2
9.8
6.1
9.9
17.6
23.2
3.8
11.5
17.1
7.7
13.3
5.6
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(1) Z value

#c = k(k-l)/2 =

at a = 0.05, Z = 2.935

(2) Critical difference

/ N(N+1) 1 1
7 / r +
LJ I I -r

V 12 nj n/

30(31) 1 1
2.935/ [ + ] = 16.34

12 5 5

(3) Conclusion

At a = 0.05, the following groupings have significant differences.

B,E(17.6) — positive and 75%
B,F (23.2) — positive and 100%
C,F(17.1) — 25% and 100%
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