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ABSTRACT

Exploration of Mekongga national park resulted in novel finding of anticancer property from Tetrameles
nudiflora. The investigation of toxic features of 7. nudiflora is vital for further studies of its pharmacological
activities. Acute toxicity test was done on methanolic extracts of 7. nudiflora in DDY mice. Animal models were
ordered into five groups. Group 1 was given 1 ml solution of 2.5% Tween 80 in a sole oral dose. The remaining
groups were appointed a sole dose of 1, 2, 4 and 8 g/kg body weight T. nudiflora, respectively. Toxic effects of the
extract were evaluated on the basis of behavioral observations in the form of locomotor activity; curiosity; defecat-
ion; urination and also animal mortality. Observations were carried out for 14 days. No significant changes in
body weight and behavioral activities were recorded. Mortality was recorded up to 22% of the male group, and
11% of the female group. The 7. nudiflora extracts tested for toxicity against brine shrimp had 50% lethal concen-
tration (LC50) values of 46.67 ug/ml. It can be concluded that methanol extracts of 7. nudiflora are potential to be
explored as anticancer (LC50= 46.67 pg/ml). The extract is slightly toxic in male mice with Lethal Dose 50 (LD50)

12.6 g/kg body weight, and practically nontoxic for female (LD50>15 g/kg body weight).
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INTRODUCTION

Plant-derived bioactive components are potential to
be developed as drugs. Indonesians have used herbals
as traditional healing substances over decades. Cur-
rently, rapid changes have been observed in the use of
popular natural products from plant sources for health
maintenance and also for alternative therapies world-
wide.

Tetrameles nudiflora, a member of Araceae family,
is scarcely distributed in soft, damp and shady places.
The natural habitat of T. nudiflora has wide distribu-
tion, namely Australia, Bangladesh, Bhutan, China, In-
dia, Laos, Malaysia, Myanmar, Sri Lanka, Thailand,
Vietnam and Indonesia. In Indonesia, this plant is
known as binong or winong and widely distributed
throughout the island of Sumatra, Java, Sulawesi, Nusa
Tenggara, and Papua [1]. A report by Kerala Forrest
Research Institute described that decoction from the
bark of this plant has been used as a laxative, diuretic
agent, and anti-rheumatic [2]. Previous studies showed
that the bark and leaves of T. nudiflora have potential
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therapeutic effects as anti»ailergy and anti-cancer [3].
Limited information regarding the safety of T
nudiflora is available.

Toxicity is the expression of hazardous substances
as the consequence of interactional activity between
toxicants and hosts. This toxic relationship may vary
relying on the chemical features of the toxicants and
cell membrane, as it may present either on or inside
the cellular milieu or in the extracellular matrix. Mani-
festations of the toxic effects can occur at any stage
prior to the binding with major organs like kidneys
and liver.

Exposure to chemical despite being natural are not
always safe and can create a hostile response in hu-
man’s body [4]. Thus, investigation of the potential
toxicity of a substance is critical when developing
plant»derived bioactive drugs.

Various methodoiogies for toxicity testing are
available nameiy acute, sub-chronic, chronic, carcino-
genic, and specific functional tests. The objective of
this study was to characterize the potential toxicity of
methanol extract of T. nudiflora leaves using two stan-
dardized methods including brine shrimp bioassay and
acute oral toxicity in animal models.
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MATERIALS AND METHODS
Plant Sample

Tetrameles nudiflora was collected from Mekongga
forest, southeastern part of Sulawesi in March 2012.
The voucher specimen has been deposited in the
Herbarium Bogorienses, Research Centre for Biology,
Indonesian Institute of Sciences.

Methanolic extraction

Fresh whole plants were dried and cut into small
pieces (1280 gr) before extracted comprehensively us-
ing macerator in n-hexane and methanol at room tem-
perature for three times before evaporated using vac-
uum technique to obtain the thick extract.

Phytochemical screening

Phytochemical screening enables the detection of
secondary metabolites in a plant extract. This is per-
formed as a procedure towards the identification of po-
tential lead compounds in the extract [5]. Tests for cer-
tain leading compounds were performed according to
Fehling’s test, Lead subacetate test, Frothing test, Shin-
oda test, Liebermann-Burchard’s test, Mayer’s test,
Dragendroff s test, Wagner’s test, and Borntrager’s test.

Brine shrimp lethality test
Hatching shrimp

Brine shrimp eggs were incubated in a tank con-
tains sterile artificial seawater composed of 38 g table
salt in 1 L distilled water. The tank was kept under an
inflorescent bulb and provided with proper aeration for
48h at room temperature. After brooding, nauplii dis-
charged from the eggshells were collected at the flash-
ing side of the tank by using micropipette. The larvae
were sequestered from the eggs by aliquoting them in a
small beaker containing the seawater.

Brine shrimp test

The brine shrimp lethality test was used to monitor
the presence of cytotoxic activity of the extract [6]. The
extract was dissolved in methanol and diluted with
artificial seawater. The assay was performed by formu-
lating solution consisting of seawater in a series of con-
centrations from 100 to 0.195 mg/ mL. Potassium
dichromate was dissolved in artificial seawater and
functioned as a positive control with concentrations ex-
tending from 0.1 to 0.9 mg/mL. An aliquot (0.1 mL)
containing about 10 to 15 nauplii was administered to
each bottle, and the setup was allowed to continue for
24 h. The bottles were monitored, and the dead larvae
from each bottle were calculated after 6 and 24 h.

Table 1. Phytochemical screening of Tetrameles nudiflora

methanolic fraction

No Compound
1 Alkaloid )
2 Flavonoid )
3 Terpene (+)
4 Saponin (+)

(-)= negative; (+)= positive

The concentration that resulted in 50% lethality
(LC50) to the nauplii was prescribed by using the
graph of mean percentage mortality in contrast with
the log of concentration [7]. The average results of
mortality percentage of the brine shrimp against the
log of concentrations were plotted using the Microsoft
Excel spreadsheet application, which also expressed the
regression equations. These equations were further
used for calculating LC50 values for the samples tested.
A value less than 1000 pg/mL is considered cytotoxic

[6].

Acute Oral Toxicity and LD50 Determination

The acute oral toxicity of T. nudiflora methanol ex-
tract was examined in mice as specified in the proce-
dure profiled by the Organization for Economic Co-
operation and Development (OECD) with modifica-
tion [8]. The experimental procedures were performed
upon approval from the Ethics Committee Medical
Faculty, University of Indonesia.

The experiment was conducted on 50 healthy DDY
mice of both sexes weighing between 25 — 30 g aged 8
to 10 weeks obtained from the Laboratory of Non-Ru-
minant, Veterinary Faculty, Bogor Agricultural Insti-
tute. The animals were subjected to acclimatization for
a week before used, and fed with standard growers
mash feeds and water ad libitum. These mice were ran-
domly distributed into five groups, ie., four treated

Table 2. Means of general appearances and behavioral
observations. The observations expressed in more

than half of the group; N= Normal.

Male Female

Observation
1 2 3 4 3 1 2 3 4 3
Skin and fur N N N N N N N N N N
Eyes N N N N N N N N N N
Mucous membrane N N N N N N N N N N
Behavioral patterns N N N N N N N N N N
Salivation N N N N N N N N N N
Lethargy N N N N N N N N N N
Sleep N N N N N N N N N N
Diarrhea N N N N N N N N N N
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Table 3. Potential toxic effects of methanolic extract of
Tetrameles nudiflora. a: Control group (Treatment
with Tween 80); b: Test groups; c: Number of dead

mice/number of mice used.

Male Female
1 (control)* 0/10° 0/10
2 (1 g/kgbw)® 0/10 0/10
3 (2 g/kgbw) 1/10 0/10
4 (4 g/kgbw) 5/10 3/10
5 (8g/kgbw) 6/10 1/10

groups and one control group of the opposite sex.
Prior to the actual study, a preliminary test on a
small group of mice was carried to determine dose
ranges. A single dose of 1, 2, 4, and 8 g/kg body
weight of T. nudiflora were administered orally. Be-
fore handling, mice were kept fasted overnight to re-
move the feed from the digestive tract. All mice were
thoroughly examined after suspension administration
immediately for the emergence of any toxic signs and
once daily afterward for 14 days of the treatment pe-
riod to document any late-onset toxic effects. Survival,
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feed consumption, and body weight were monitored.
The LD50 of the extract was calculated using the arith-
metic method of Reed and Muench [9].

Organ and Body Weight Analysis

On 14" day, surviving mice were sacrificed. Gross
necropsy was conducted, and organs were weighted.
Sample of livers, kidneys, and hearts were taken for
histological study. The animals were dissected and
careful examinations of selected organs were carried
out. Tissue samples were embedded in 10% buffered
formalin, reguiarly processed and fixed in paraffin wax.
Paraffin sections (5 pm) were sliced on glass slides and
dyed with hematoxyiin and eosin. The selected tissue
sections were examined under a light microscope
[Zeiss Primo Star, DMCe, (x40)] and the amplified im-
ages of the tissues structure were captured for further

study [10].

Statistical Analysis

Results are demonstrated as the mean+SD. Behav-
ioral observations, body weight, organ weight, and
food intake were tested by conducting One-Way
ANOVA using SPSS 17 statistical software.
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Figure 1. Feed consumption during the 14 days of treatment in male mice (A) and female mice (B). Body weight changes during the

14 days of treatment in male mice (C) and female mice (D)
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Table 4. Effect of T. nudiflora methanolic extract on organ-to-
body-weight index (%) in male (A) and female (B)
mice. Organ body index = (organ weight x 100)/body
weight; values are mean = SD, P<0.05

Body Organ-to-body-weight (%)
No o Growp  Weight it Lungs Liver  Kidneys  Spleen  Testis
(&)
1 Control  34.06 0542007 1.41:0.17 7.80:1.05  152:012 1.23:0.53 0.50:0.10
2 1 g/kgbw 3454  0.43:0.06 0.7:0.00 6.91:1.51  1.30:0.14 0.92:0.26 0.64:0.14
3 2 glkgbw  31.49 0.43:0.1 0.83:0.13 6.63:1.53 1442045 0.90:0.28 0.65:0.13
4 4 glkgbw 28.56 0.5020.1 1.12:0.21 6.15:1.88  1.43:0.37 1.01=0.12 0.54:0.22
5 8 g/kgbw 28.73  0.5520.16 1.53=0.26 7.67=1.14  1..30:0.44 1.16:0.21 0.680.13
A
Body Organ-to-body-weight (%)
No  Group  Weight
Heart Lungs Liver  Kidneys  Spleen  Ovarmum
(g7)
1 Control 328 0.46=0.05 0.76:0.07 6.93:0.82 1.44:0.13 0.92:0.38 0.1020.04
2 1ghkgbw 3203 056:008 009:0.15 7.12:1.10 1.36=0.15 0972050  0.0420.03
3 2 glkgbw  33.03  0.47:0.07 0.87:0.14 6.19:0.47 1.3620.19 0.52:0.3 0.0520.03
4 aglgbw 3227 045:015 1=031  6.32:121 1.22:02 066=027 0.10:0.13
5 8 gikgbw 33.8 0.49:0.07 0.70:0.17 6.02:0.48 1.2320.14 0.55:0.25  0.2120.28
B

RESULTS AND DISCUSSION
Extraction and Phytochemical Screening

1.28 kilogram (1.28 kg) of the dried leaves of T.
nudiflora yielded 185 gr of the crude extract equivalent
to 14.45%. The extract is a dark brown thick oily sub-
stance and kept at room temperature (in a bottie). Phy»
tochemical screening results showed the extract was
composed of terpenes and saponins (Table 1).

Acute Oral Toxicity and LD50 Determination

The potential toxicity effect of the methanol ex-
tracts of Tetrameles nudiflora on the manifestation and
behavioral motif mice are shown in Table 2. Alter-
ations of feed consumption and also body weight dur-
ing the treatment is one of the quantitative criteria for
toxic effects. Mean amounts of feed intake by male
mice in the treated groups and the control group are
shown in Figure 1A. Likewise, the same profile is also
noticed on the treated and the control group of female
mice (Fig. 1B). Both sexes showed no significant
changes of feed and fluid consumption.

Monitoring of weight showed no significant
changes (P> 0.005) as seen in Figure 1C and Figure
1D. The body weight of the female mice given the
highest dose during the first days of treatment showed
a significant decrease (Fig. 1D) (P<0.05). This indicates
that the extract might have potentiai effect on metabo-
lism with increasing dose.

However, it could be argued that these fluctuations
may not be toxic, as they were not corroborated with
other findings (organ weight, gross necropsy). None of

the animals expressed any behavioral changes, and no
changes, or toxic signs or symptoms were noticed. Ac-
cordingiy, it seems likely that methanolic extracts of 7.
nudiflora administered hy the nasopharyngeai route are
not toxic at the doses studied.

Up to the provision with the iargest dose (8 g/kg
body weight), the LD50 by Reed Muench can be calcu-
lated. LD50 calculation results based on mortality data
as presented in Table 3, showed that the LD50 value in
the group of females is apparent; this means that the
methanol extract of T. nudiflora is practically non-
toxic. Meanwhile, the value of LD50 for male mice was
12.6 g/kg body weight. This value indicates that for
male mice, the methanol extract of T. nudiflora is
slightly toxic [11].

Organs such as the heart, lungs, liver, kidney, and
spleen are strongly influenced by the presence of me-
tabolites of toxicants [12]. Therefore, assessment of or-
gan»to»body»weight index is also the frontline markers
of potential toxicity of a substance. Measurements of
relative organ weight in both the control and the treat-
ment mice are presented in Table 4A and Table 4B.
Based on the data obtained, no significant weight
changes (P> 0.05) were found from the vital organs.

Evaluation of internal organs is beneficial for as-
sessing the toxic spectrum of the extracts, which or-
gans are potentialiy undermined by the presence of
toxicants. The changes of structure and function in
celis, tissues, organs and even organ system in the body
can be used as a marker of the metabolic effects of con-
taminants [13]. Gross necropsies of both sexes showed
no significant changes as presented in Table 5.

Drugs metabolism is recruiting major organs, in-
cluding the small intestine, lung, kidney, and plasma.
However, the liver is the most metabolicaily active for
the majority of drug metabolism [14]. The pericentral
zone, which is closest to the central vein, is poorly oxy-
genated; therefore this area has become the most
vulnerable site in the liver [15]. Histopathology of the

Table 5. Histopathoiogical findings in mice treated orally with
Tetrameles nudiflora for 14 days of treatment.
1=Control, 2=1 mg/kgbw, 3=2 mg/kgbw, 4=4 mg/kgbw,
5=8 mg/kgbw; M= Male, F= Female; 0=No finding

1 2 3 4 5

Organs P
M F M F M M M F M F
Liver Hemorrhage 0 0 0 0 0 0 o 0 0 o
Vacuolar degeneration 0 o 0 o 0 0 o 0 0 o
Wegener 0 0 0 0 0 0 0 0 0 0
Kidneys Interstitial calcification 0 0 0 0 0 0 0 0 0 0
Cystic disease 0 0 0 0 0 0 0 0 0 0
Heart  Focal myocardial degeneration 0 o 0 0 0 0 0 0 0 o
Inflammatory cell infiltration 0 0 0 0 0 0 0 0 0 0
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F G H I ]
Figure 2. Liver section of male (top: A, B, C, D, E) and female (bottom: F, G, H, I, J) mice. A&F: Control; B&G: 1 gr/kgbw;
C&H: 2 gr/kgbw; D&I: 4 gr/kgbw; E&J: 8 gr/kgbw; long arrows (central vein); short arrows (hepatocyte). (H&E, 40x).

F G H I ]
Figure 3. Kidney section of male (top: A, B, C, D, E) and female (bottom: F, G, H, I, J) mice. A&F: Control; B&G: 1 gr/kgbw;
C&H: 2 gr/kgbw; D&I: 4 gr/kgbw; E&J: 8 gr/kgbw; long arrows (central vein); short arrows (hepatocyte). (H&E, 40x).

F G H I ]
Figure 4. Heart section of male (top: A, B, C, D, E) and female (bottom: F, G, H, 1, ]) mice. A&F: Control; B&G: 1 gr/kgbw;
C&H: 2 gr/kgbw; D&I: 4 gr/kgbw; E&J: 8 gr/kgbw; long arrows (central vein); short arrows (hepatocyte). (H&E, 40x).
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Figure 5. Brine shrimp lethality test

liver sections in each group showed normal hepatic
structure and normal liver lobular architecture (Figure
2). Methanolic extract of T. nudiflora results in no sig-
nificant differences in the structure of the central vein
(P> 0.05) in each group.

The kidney is a compiex organ consisting of one
million functional units. This organ is responsible to
filter out around 150-180 liters of piasma per day and
to produce hormones that are critical to maintain the
work of certain tissues.

These compiex functions and structures handle the
sensitivity to toxicants due to its function [16]. Accord-
ing to Kincaid-Smith and Whitworth, measuring the
number of cells of the glomerulus and glomerular di-
ameter is very useful to detect disorders of the kidneys.
Damage to the kidneys is due to iysis of the glomerular
cells, resulted in the shortening of glomerular diameter
and enlarging the space between the Bowman's capsule
and the glomerulus [17]. The results as seen in Figure
3, show unnoticeable differences in the histological
section of the kidneys between the control and the
treatment group in both sexes. These findings indicate
that methanolic extract of T. nudiflora produces no
significant changes in kidney tissue.

Conventionally, the heart has been considered as a
rare target for the development of toxic lesions com-
pared to more common target tissues such as the liver
and kidneys. However, in recent years, the heart is in-
creasingly acknowledged as an important focus for a
Variety of toxic agents, including environmental poHu»
tants, chemicals, and drugs. Heart tissue has a limited
regenerative function. Thus, it will lose its function as
tissue is destroyed. Inflammation caused by the effects
of free radicals can lead to cellular changes and struc-
tural abnormalities of the heart.

These free radicals cause the instability of the heart
muscle cells by affecting the iipid biiayer membranes,
proteins, and DNA base composition. Damage to the
heart muscle will change the shape of the cytoplasmic
membrane iipid bilayer due to rupture and lead to

necrosis [18,19]. Microscopic sections of the cardiac tis-
sue (Figure 4) show no cardiotoxic effects.

Brine Shrimp Lethality Test

Brine shrimp iethality test of the methanolic ex-
tracts of 7. nudiflora express as mortality percentage
versus log of concentration is shown in Figure 5. The
methanolic extracts resulting in LC50 values of less
than 1 mg/mL are considered as significantly active. T.
nudiflora extract with LC50 value of 46.67 ug/mL have
a strong toxicity and potential to be used as anticancer
agent [20]. Additionaliy, there is a direct corresponding
relation between the concentration of the extract and

the degree of lethality.

CONCLUSIONS

QOur results indicate that the methanolic extract of
Tetrameles nudiflora appears to be slightly toxic when
administered acutely through the enteral route in male
mice, however no consistent histopathological changes
in internal organs were showed in each group. In fe-
male mice, the administration of Tetrameles nudiflora
is practically safe to be consumed through oral admin-
istration. Further biochemical studies to furnish more
information relating to the toxicity are recommended.
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