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In this study, the 4-week oral toxicity and anti-cancer activity of the hexane layer of Melia azedarach L.
var. japonica Makino's bark extract were investigated. We carried out a hollow fiber (HF) assay and 28-
day repeated toxicity study to confirm the anti-cancer effect and safety of the hexane layer. The HF assay
was carried out using an A549 human adenocarcinoma cell viaintraperitoneal (IP) site with or without cis-
platin. In the result, the 200 mg/kg b.w of hexane layer with 4 mg/kg b.w of cisplatin treated group,
showed the highest cytotoxicity aginst A549 carcinoma cells. For the 28-day repeated toxicity study, 6
groups of 10 male and female mice were given by gavage 200, 100, or 50 mg/kg b.w hexane layer with or
without 4 mg/kg b.w of cisplatin against body weight, and were then sacrificed for blood and tissue sam-
pling. The subacute ora toxicity study in mice with doses of 200, 100, and 50 mg/kg b.w hexane layer
showed no significant changes in body weight gain and genera behavior. The cisplatin-treasted group sig-
nificantly decreased in body weight compared to the control group but regained weight with 100 and
200 mg/kg b.w of hexane layer. The biochemical anaysis showed significant increase in severa parame-
ters (ALT, tota hillirubin, AST, creatinine, and BUN) in cisplatin-treated groups. However, in the group
given aco-treatment of hexane layer (200 mg/kg b.w), levels of these parameters decreased. In hematol og-
icad anaysis, cisplatin induced the reduction of WBCs and neutrophils but co-treatment with hexane layer
(100 and 200 mg/kg b.w) improved these toxicities caused by cisplatin. The histological profile of the liv-
ers showed eosinophilic cell foci in central vein and portal triad in cisplatin treated mice. These results

show that hexane layer might have an anti-cancer activity and could improve the toxicity of cisplatin.
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INTRODUCTION

Several adult diseases including cancer are increasing
because of change of dietary life and extension of life span.
This activates the development of therapeutics (Baguley
and Nash, 1981; Boyd, 1989; Geran et al., 1977; Thayer et
al., 1971). Among them, cancer is the disease that causes
high mortality worldwide second only to cardiovascular
disease. It also takes up high mortality in Korea. For this
reason, the screening of anti-cancer agents in foods and the
investigation of cancer-causng materids are ongoing (Miyazaki
and Nishijima, 1981). It has been reported that 200 kinds of
medicinal herbs are prescribed to cancer patients in Korea
(Cha, 1977; Hong, 1972). Also, it has been reported that
several medicina herbs (Hwang et al., 1982), such as gar-
lic (Son and Hwang, 1990), ginseng (Hwang and Oh,
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1984), and balloon flower, have anti-cancer activity.

The stem or rhizome bark of M. azedarach may be found
in Korea, China, and Japan. It has been reported that beta-
dihydroagarofuran isolated from the bark of M. azedarach
has anti-parasitic and pesticidal acitivities (Cespedes et al.,
2001). Moreover, the anti-malaria activity of hot-water and
ethanol extracts from the bark of M. azedarach, the contra-
ception activity of the extracts from the bark of M. azedar-
ach in SD rats (Keshri et al., 2003), and the extracts anti-
bacterial effect (Khan et al., 2001) and anti-cancer activity
(Itokawa et al., 1995; Takeya et al., 1996a, b) have been
reported. Also, it has been known that the ethanol extracts
from the bark of M. azedarach suppress the induction of
iNOS. The beta-carboline alkaloid, in particular, suppresses
the production of iINOS in Raw 264.7 cell line leaving an
anti-inflammatory effect (Kwon et al., 1999; Lee et al.,
2000). In addition, the bark of M. azedarach is used for
treatment of taeniacide and malaria. In terms of anti-cancer
activity, Takeya et al. (19964, b) reported that trichilin-type
and azadirachtin-type limonoid have a cytotoxicity in HeLa
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and P388 cell lines.

The antitumor drug cisplatin is used as a firgt-line chemo-
thergpeutic modality in the treatment of epithelid malignan-
cies, including lung, ovarian, testicular, and cervix cancer,
among others (Gonzalez et al., 2001). The principd mecha
nism of cisplatin-induced damage to tumors involves the
interaction with DNA and activation of the mitogen-activated
protein kinase (MAPK) signding a pathway, which controls a
wide spectrum of cellular processes including growth, differ-
entiation, and apoptosis (Losa et al., 2003). However, the ffi-
ciency of chemotherapy is so far from satisfactory due to its
side effects and to the resistance of tumor cells.

In the previous study, we investigated the anti-cancer
activity of the bark of M. azedarach through an MTT and
HF assay in the HCT-15, A549, and SK-Hepl cdl lines
(Kim and Kang, 2009). In this study, we investigated the
anti-cancer activity and the improvement of toxicity caused
by cisplatin with co-treatment of the hexane layer from the
bark of M. azedarach using an HF assay and a 28-day
repeated toxicity study.

MATERIALS AND METHODS

Cell culture and hollow fiber (HF) assay. A549 cells
(purchased from ATCC; CCL-185) were grown at 37°C,
95% relative humidity, and 5% CO, atmosphere in a 75-cm?
culture flask. Polyvinylidene fluoride (PVDF) HFs with a
1-mm internal diameter and a molecular weight cutoff point
of 500 kDa (Spectrum Laboratories, Houston, TX, USA)
were used (Itokawa et al., 1995). Sterile HFs were flushed
with normal growth media before being loaded with A549
cells at a density of 5x 10° cells/ml. Each fiber was heat-
sealed with preheated forceps every 1.5 cm aong its length
and cut into segments with 2-mm tails for ease of handling;
a the highest seeding density, each was at 1.5-cm.

The HF segment contained approximately 10° cells.
Loaded HFs were maintained under normal growth condi-
tions in vitro for 24 hours before implantation. For in vivo
implantation of HF, 6 week male nude mice were used. All
animals were housed under 12 hourly light-dark cycles in
an air-conditioned room and had unrestricted access to
water ad libitum and food (Purina 5001 Rodent Chow;
Purina, St. Louis, MO, USA). Mice were anesthetized by
Zoletil and Rompun. HFs were implanted at i.p and inci-
sions were closed using skin staples. After 2 days, 6 groups
of 4 male mice were given by gavage 200, 100, or 50 mg/kg
b.w hexane layer with or without 4 mg/kg b.w of cisplatin
against body weight for 7 days. To anayze viable cell num-
bers within the HFs, the HFs were transferred to 0.5 ml of
EDTA, cut in half (longitudinally) using a scalpel, and
washed in EDTA solution for 3 minutes. The HFs were then
washed in 0.5ml of trypsin for 5minutes, then washed
again with media for 3 minutes. All washes were collected
and pooled, and cells were harvested by centrifugation (500 g

for 5 minutes). Numbers of viable cells were determined
using atrypan blue exclusion assay.

Animals. Made and female ICR mice (20~25g) were
purchased from SLC Laboratories (Japan). The mice were
housed in an animal facility and were kept on a 12-hr light/
dark cycle at atemperature of 22 + 2°C. Food (Purina 5001
Rodent Chow; Puring, &t. Louis, MO, USA) and water were
available ad libitum. Body weight and health conditions
were monitored during acclimation. Then, the rats were ran-
domly assigned to dosage groups. Groups of 10 mice were
housed together in stainless steel cages in negative flow
cage racks in a biohazards suite. This study was conducted
in accordance with the Code of Ethics for Anima Experi-
mentation of Semyung University. All experiments were
conducted in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals.

Chemicals, extracts and dosing. The hexane layer of
M. azedarach was fractionated from 80% EtOH crude
extract. Dried bark of M. azedrach (2.0kg; collected in
Jgju, august, 2010) were extracted with 80% EtOH three
times at room temperature. The resulting EtOH extract was
subjected to successive solvent partitioning to produce n-
hexane (22.6 g) and H20 (1.8kg). The chemicas were
obtained from Sigma Chemica Co. (St. Louis, MO, USA)
and 0.5% of carboxymethyl cellulose (CMC) was used as a
vehicle. Appropriate quantities of hexane layer were dis-
solved in a sufficient vehicle on the day of oral administra-
tion. For the 28-day repeated toxicity study, each hexane
layer with or without cisplatin dosage level was as follows:
50, 100, and 200 mg/kg b.w with or without cisplatin
(4 mg/kg b.w). The control group received 0.5 ml of 0.5%
of CMC. The solutions were administered as a bolus by
gavage, using a curved, ball-tipped intubation needle affixed
to a syringe. Cisplatin was injected intravenously every
other day for 6 days and re-injected every other day for 6
days again 2 weeks from first injection.

28-day repeated toxicity study protocols. |n the 28-
day repeated toxicity study, 8 dosage levels of hexane layer
(0, 50, 100, and 200 mg/kg b.w; 0, 50, 100, and 200 mg/kg
b.w with cisplatin) were given daily by gavage to groups of
10 male and 10 female rats for 28 days.

Clinical observation, body weight, food intake, and
water consumption. All animals were examined at least
once a day after 1 to 4 hrs of administration for death and
toxic symptoms during the experiment period of 28 days.
Body weight, food intake, and water consumption of each
animal were measured weekly.

Hematology. Hematological examinations were carried
out on al animals after 28 days of treatment. Blood sam-
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ples were collected from infraorbital plexus after 12 hrs of
fasting. The following parameters were analyzed using a
HEMAVET950 anayzer (Drew, USA): white blood cdl
(WBC) density, red blood cell (RBC) density, hemoglobin
(Hb) density, hematocrit (HCT) percentage, mean corpuscu-
lar volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC), and
platelet (PLT) density.

Clinical chemistry. At sacrifice, blood was collected
via infraorbital plexus. Serum was prepared and stored at
-70°C prior to analyses. Standard serum anayzer proce-
dures were used to quantify the total protein (TPROT),
albumin (ALB), tota bilirubin (TBILI), aspartate aminotrans-
ferase (AST), aanine aminotransferase (ALT), akaline
phosphatase (ALP), cholesterol (CHOL), glucose (GLU),
creatinine (CREAT), blood urea nitrogen (BUN), calcium
(Ca), and phosphorus (P) levelsin serum.

Necropsy and organ weight measurement. After 28
days of treatment, an entire necropsy was performed for all
animals and the gross findings were recorded. The abdomi-
nal cavity of each animal was incised and the heart, liver,
spleen, left/right kidney, large intestine, small intestine, left/
right testis, left/right ovary, prostate, uterus, urinary blad-
der, stomach, lung, and brain were excised and weighed.
Small pieces of tissue were placed into neutral buffered for-
malin for fixation.

Histopathology. After sacrifice, pieces of al excised
tissues were individually placed into neutral buffered for-
malin for histological examination. The tissue specimens
were routinely processed into paraffin; 5-um thick sections
were stained with hematoxylin and eosin (H&E). The dlides
were coded and examined in asingle-blind fashion.

Statistical analyses. The datistical significance of
hexane layer and cisplatin-induced changes in toxicity was

assessed by a one-way analysis of variance. The signifi-
cance of the apparent differences was evaluated by the Stu-
dent-t test. The minimum level of significance selected for
these testswas p < 0.05.

RESULTS

HF assay. All groups except the 50 mg/kg b.w of hex-
ane layer treated group had significantly decreased cell via-
bility compared to the control group. The 200 mg/kg b.w of
hexane layer with cisplatin treated group showed signifi-
cantly decreased cell viability compared to the cisplatin
treated group (Fig. 1).

28-day repeated toxicity study. All treated groups did
not show morbidity or abnormal clinical signs caused by
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Fig. 1. Inhibitory effect on cell proliferation by hexane layer
and cisplatin in A549 using HF assay. Data represented Mean +
SE, * significantly different from control group (p < 0.05); ** sig-
nificantly different from control group (p <0.01); # significantly
different from cisplatin only (p < 0.05).

Table 1. Body weight change of male rats treated with hexane layer and cisplatin for 4 weeks by PO

Dose (mg/kg b.w) 0 weeks 1 week 2 weeks 3 weeks 4 weeks
Control 26.1 + 2.60° 294+ 255 314+276 332+ 270 351+288
50 26.0+3.50 294+ 422 31.9+3.90 33.8+3.36 36.0+3.74
100 26.3+4.03 28.9+3.63 31.9+456 33.8+£4.66 36.3 £ 4.60
200 26.0+£4.99 2891228 325+3.95 33.8+£4.96 36.6 + 3.86
Cisplatin® 259+431 270+ 245 305237 314+ 344 326+ 165
Cisplatin + 50 258+421 28.1+498 282+424 31.3+283 31.9+281
Cisplatin + 100 250337 26.5+3.63 30.6+4.53 320+3.89 334+453
Cisplatin + 200 26.5+3.92 28.9+493 29.5+ 3.60 36.0+4.19" 36.9+ 4.86"

*Values expressed are mean + standard deviation, n = 10. °Cisplatin (4 mg/kg b.w).

“Significantly different from the control at p < 0.05.
*Significantly different from the cisplatin only at p < 0.05.
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Table 2. Body weight change of female rats treated with hexane layer and cisplatin for 4 weeks by PO
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Dose (mg/kg b.w) 0 weeks 1 week 2 weeks 3 weeks 4 weeks
Control 239+ 233 26.1+2.60 28.3+3.09 302+274 31.3+231
50 237+343 27.6+263 295+3.34 31.3+241 31.8+2.39
100 23.9+453 25.4+313 27.7+347 31.9+335 329+ 260
200 243+ 4.79 254+ 255 27.6+3.06 302+286 32.6+3.06
Cisplatin 24.7 +3.89 253+3.13 257+ 149 27.3+295 282+175"
Cisplatin + 50 24.3 + 347 250+ 4.94 251+321 26.8+3.85 289+4.95
Cisplatin + 100 249+ 218 257+481 25.8+2.90 28.38+4.32 28.6+347
Cisplatin + 200 240+1.94 245+ 2.80 27.0+4.29 28.1+513 282+ 4.02

®Values expressed are mean * standard deviation, n=10.
“Significantly different from the control at p < 0.05.
“Significantly different from the control at p < 0.01

Table 3. Food consumption of the male mice treated with

hexane layer and cisplatin for 4 weeks by PO

hexane layer and cisplatin for 4 weeks by PO

Table 4. Food consumption of the female mice treated with

Dose (mg/kgbw) 1week 2weeks 3weeks 4 weeks Dose (mg/kg bw) 1week  2weeks 3weeks 4 weeks
Control 50+0.21°51+0.17 52+0.25 57+0.10 Control 45+044°45+020 49+0.15 50+0.15
50 6.0+0.76 58+042 57+044 65+035 50 35+021 47+040 394017 56+045
100 79+0.70 57+0.27 54+062 65+064 100 46+0.76 44+040 34+040 52+021
200 75+125 74+049 59+095 7.1+095 200 50+0.81 49+0.76 42+0.87 6.4+0.38
Cigplatin 81+157 59+067 6.7+127 63+131 Cigplatin 48+157 53+081 55+0.81 51+0.36
Cisplatin + 50 7.7+205 75+0.78 59+1.69 58+ 1.00 Cisplatin + 50 6.0+139 51+157 74+061 58+0.60
Cisplatin+100 81+140 65+0.25 6.0+0.87 66+1.31 Cisplatin+100 6.1+0.70 6.3+1.34 80+064 54+099
Cisgplatin+200 85+0.90 65+040 7.2+0.80 6.1+1.00 Cisgplatin+200 57+125 64+0.70 7.8+1.04 6.0+151
*Values expressed are mean +S.D,, n=10. *Values expressed are mean +S.D,, n=10.
Table 5. Biochemical findings of the male mice treated with hexane layer and cisplatin for 4 weeks by PO
([:T(Slekg TPROT ALB TBILI AST ALT Glu CREAT BUN Ca P Na Cl
bw) (g/dl) ((SID)] (mgydl) (SI)] wun (mg/dl)  (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mEgl) (mEgl)
Control 83 4.0 25 27.0 16.2 72.6 1.0 19.3 8.4 31 163.2 155.1
+069 +081 +030 +926 +568 +915 +028 +669 +078 +130 +5036 =+31.78
50 8.6 39 26 30.9 19.7 76.2 0.9 21.3 8.7 29 2115 174.6
+083 +106 +027 +620 +365 +1006 +031 +745 +048 +090 +6538 +54.18
100 89 4.0 2.8 317 19.0 777 0.9 21.1 9.0 31 229.3 208.1
+070 +082 +046 +885 +630 +1215 +032 +581 +074 +113 +8560 =*71.84
200 8.8 4.3 26 329 19.9 79.6 0.8 24.4 91 3.0 197.9 2129
+048 +111 +051 +79 +801 +1067 +032 +821 +104 +119 +3876 18251
Cisplatin 8.8 45 26 37.2 ) 23.0" 79.4 14 . 29.4“ 9.1 34 228.2 193.0
+055 +132 +051 +768 +350 +1088 +0.17 +7.01 +068 +128 +86.14 +5590
Cisplatin 8.8 4.8 29 36.1 21.7 814 14 29.2 9.0 35 2223 194.1
+50 +045 +150 061 417 530 +1226 024" +487° +062 +123 =+7458 4847
Cisplatin 8.8 4.8 2.7 334 21.0 78.8 12 28.6 8.9 31 230.8 167.1
+100 +081 +082 +037 +372 +498 +503 +027" 644 +068 +076 +9659 =+62.37
Cisplatin 8.8 4.7 26 32.2 20.0 774 0.8 24.0 9.0 35 204.4 203.9
+200 +081 +108 +042 +677 677 658 +032% +350° +058 +064 +3613 =67.40

“Significantly different from the control at p < 0.05.
“Significantly different from the control at p < 0.01.
*Significantly different from the cisplatin only at p < 0.05.
*Significantly different from the cisplatin only at p < 0.01.

TPROT, total protein; ALB, albumin; TBILI, total bilirubin.
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hexane layer and cisplatin. The rates of body weight increase
show significant differences compared to the control group
in cisplatin and the 50 mg/kg b.w of hexane layer with cis-
platin treated groups on 4 weeks. The rates increased signif-
icantly on the cisplatin treated male group in 200 mg/kg b.w

61

of hexane on 3 and 4 weeks (Table 1). In the female groups,
the body weight gain decreased significantly in the 50 mg/
kg b.w of hexane with cisplatin group on 2 and 3 weeks
(Table 2) compared to the control group in cisplatin treat-
ment. There was no change of food consumption in all

Table 6. Biochemical findings of the female mice treated with hexane layer and cisplatin for 4 weeks by PO

(Dr;’;/ekg TPROT ALB  TBILI AST ALT Glu CREAT BUN Ca P Na cl
bw) (g/di) (UM  (mgd) (N UM  (mgid) (mgd) (mg/d) (mg/dl) (mg/d) (mEgl)  (MEg)
Control 8.7 5.0 2.2 28.0 15.7 80.6 0.9 1.2 5.8 5.3 1726 1449
+064 +067 +053 +577 +469 +740 +009 +456 +094 +058 +5606 =+29.22
50 85 5.1 25 31.0 195 80.9 0.9 10.1 5.7 5.1 2020 1621
+058 +093 +058 +690 +362 +1204 +010 +452 +097 +063 +5449 =+53.87
100 9.1 55 2.7 295 20.3 83.1 0.8 12.8 6.0 5.4 2050 1836
+063 +090 +082 +752 +580 +1029 +029 +630 +070 +047 +6826 =+6815
200 89 5.4 3.0 338 194 88.3 1.0 15.7 5.8 5.7 2014 1842
£079 +078 +102 +789 +365 +11.70 +009 +7.92 +065 +067 +57.00 =+7495
Cisplatin 9.3 5.7 2.7 391 222 868 13 220 5.8 5.7 2169 2002
+110 +0.88 +055 +482° +481 +696 +016  +695° +085 +053 +37.04 +86.02
Cisplatin 9.4 5.7 2.7 37.7 211 88.5 1.2 21.3 6.0 5.8 2152  172.7
+50 +080 +078 +049 414" +344 +965 +036 +452° +065 +056 +3226 +36.12
Cisplatin 9.3 5.7 2.7 35.0 205 86.7 11 19.7 6.0 5.8 2293 1603
+100 +050 +083 +052 +660 +367 +597 +031 +259° +076 +046 +8015 +57.38
Cisplatin 9.3 5.7 25 305 19.6 85.9 1.0 125 5.8 5.7 2235 1808
+200 +081 +076 +031 +174% +332 +824 +028 +282% +075 +021 +7256 +5016

“Significantly different from the control at p < 0.05.
“Significantly different from the control at p < 0.01.
*Significantly different from the cisplatin only at p < 0.01.
TPROT, total protein; ALB, albumin; TBILI, total bilirubin.

Table 7. Hematological findings of the male rats treated with hexane layer and cisplatin for 4 weeks by PO
(Drr?;ekg WBC NE LY MO EO BA NE LY MO EO BA RBC MCV HCT PLT
bw) (Kiul) - (K/l) (K/ul) (Kiul) (Kiu) (Kul) (%) %) () (%) (%) Md) (L) (%) (Kl
Control 9.2 23 55 0.8 04 0.1 251 59.9 9.5 49 0.6 96 581 545 10371
+222 +139 +£189 +0.18 +010 +0.03 +11.83 +1248 +2.64 +1.19 +0.31 +4.15 +7.39 +2204 +450.34
50 9.3 2.7 52 0.9 05 0.1 28.4 551 100 59 0.6 95 614 581 1246.7
+296 +149 +243 +016 +008 +0.04 +1321 +13.04 +3.09 +1.95 +043 +4.87 +7.62 +2841 +529.16
100 16 37 6.5 0.9 05 0.1 324 54.5 7.9 4.8 05 79 614 481 10446
+382 £1.73 +333 £016 +004 +0.02 +14.98 +1595 +2.08 +1.38 +022 +3.73 +4.67 +2235 +408.27
200 106 41 51 0.9 05 0.0 375 47.8 8.9 53 04 72 657 455 736.6
+314 +£282 +£290 +0.15 +0.06 +0.04 +2024 +20.33 +335 +239 +0.30 +3.39 +893 +1844 +3475
Csplatin 71 . 12 ) 4.7 0.8 04 00 1646 652 118 59 06 100 633 625 12128
+181 +080 +170 +0.16 +0.07 £+0.01 +10.16 +12.06 +558 +193 +047 +4.42 +3.98 +2657 +544.49
Cisplatin = 6.1 11 38 0.8 04 0.1 16.1 580 160 83 10 108 652 702 944.0
+50 +271 £095 +209 +0.15 +0.03 +0.02 +11.39 +1572 +9.97 +4.95 +067 +296 +855 +2198 +368.77
Cisplatin 8.2 25 44 0.8 04 0.0 29.8 524 114 6.0 04 103 647 6248 10010
+100 +345 +141" +253 £015 +0.04 +0.01 +12.84" +11.42" +455 +253 +0.21 +3.72 +6.86 +26.57 +379.33
Cisplatin 112 43 55 0.9 04 0.0 36.2 499 8.8 47 04 80 640 515 10958
+200 +386" £267% 298 +£0.19 +0.09 +0.01 +1832" +14.61" +4.98 +2.67 +0.26 +343 +552 +£2290 +54515

“Significantly different from the control at p < 0.05.

*Significantly different from the cisplatin only at p < 0.05.

*Significantly different from the cisplatin only at p < 0.01.

NE, non-esterified; LY, lymphocytes; MO, monocytes; EO, eosinophils; BA, basophils.
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Table 8. Hematological findings of the female rats treated with hexane layer and cisplatin for 4 weeks by PO

Dose

(mgkg WBC NE LY MO EO BA NE LY MO EO BA RBC MCV HCT AT
bw) (Ki) -~ (Kiul) - (Kud) (Kid) (Kiwl) - (Kiwl) (%) () (0) () (%) (M) (L) (%)  (K/ul)
Controf W7 39 675 07 04 01 337 548 71 38 07 96 589 570 10203
+387 +170 £329 +008 +018 +0.05 +11.14 +12.80 +305 +2.38 +046 +3.37 +811 +20.29 +55157
5 131 50 68 07 04 01 390 490 65 49 07 108 586 632 11220
+571 +298 +4.25 +023 +016 +0.04 +1323 +16.23 +528 +509 +0.63 +2.80 +7.46 +17.90 +526.13
100 124 51 60 07 05 01 427 45 56 44 09 78 560 435 13515
+389 +194 +299 +023 +017 +0.06 +1201 +13.36 +220 +2.71 +072 +340 +6.23 +18.93 +39367
200 122 52 58 07 05 01 430 463 59 40 08 80 584 456 108438
+311 +200 237 +0.23 +0.14 +005 +1548 +1525 +252 +129 +043 +4.45 +6.96 +2301 +451.96
Ceplatin 85, 15 39 07 04 01 205 508 1U5 72 11 109 591 628 10569
+256° +137° 171 +022 +0.11 +003 +14.21" +14.95 +8.11 +545 +052 +4.73 +10.88 +26.38 +471.25
Cisplatin 74 19 40 07 04 01 261 556 106 63 06 98 592 565 11423
+50 +347 +135 +236 +023 +011 +004 +11.70 +12.02 +6.11 +294 +043 +3.81 =835 +20.00 +51512
Cisplatin 101 24 66 06 04 00 230 658 68 39 05 120 610 716 89961
+100 +268° +173° £241 +024 +011 +0.04 £1537 +1571 +3.38 +156 +0.60 +3.36 +10.12 +17.64 +47551
Cisplatin 111 51 50 06 04 01 440 457 65 34 05 96 638 590 11391

+200 +356%+266" £223 £0.23 +0.11

+0.03 +1954" +17.18

+474 £146° £032" +380 +11.73 +19.04 +491.06

“Significantly different from the control at p < 0.05.
“Significantly different from the control at p < 0.01.
*Significantly different from the cisplatin only at p < 0.05.
*Significantly different from the cisplatin only at p < 0.01.

NE, non-esterified; LY, lymphocytes; MO, monocytes; EO, eosinophils; BA, basophils.

groups (Table 3 and 4).

In the serologica anaysis, the AST, ALT, CREAT, and
BUN contents in the cisplatin and 50 mg/kg b.w of hexane
layer with cisplatin treated male groups increased signifi-
cantly compared to the control group. In the 100 mg/kg b.w
of hexane layer with cisplatin treated group, the BUN
increased significantly compared to the control group. The
level of CREAT in 100 mg/kg b.w with cisplatin and the
levels of CREAT and BUN decreased significantly com-
pared to the cisplatin treated group (Table 5). There were
significant increases in the AST, ALT, CREAT, and BUN
levels in cisplatin and 50 mg/kg b.w of hexane layer with
cisplatin treated female groups. In the 100 mg/kg b.w of
hexane layer with cisplatin treated group, the AST, ALT,
and BUN levels increased significantly compared to the
control group. The 200 mg/kg b.w of hexane layer with cis-
platin treated group showed significant decreases of AST
and BUN compared to the cisplatin treated group (Table 6).

Hematological analysisis as follows: the WBC and neu-
trophil contents in the cisplatin and 50 mg/kg b.w of hex-
ane layer with cisplatin treated male groups decreased
significantly compared to the control group. In the 100 mg/
kg b.w of hexane layer with cisplatin treated group, neutro-
phil increased significantly compared to the cisplatin treated
group. The contents of WBC and neutrophil in the 200 mg/
kg b.w with cisplatin group increased significantly com-
pared to the cisplatin treated group (Table 7). There were
significant decreases in the WBC, neutrophil, and lympho-
cyte in the cisplatin treated group, and WBC and neutoro-

phil in the 50 mg/kg b.w of hexane layer with cisplatin
treated female group. In the 100 and 200 mg/kg b.w of hex-
ane layer with cisplatin treated group, WBC and neutrophil
contents increased significantly compared to the cisplatin
treated group (Table 8). Absolute and relative organ weight
did not changed compared to the control group (Table 9, 10,
11 and 12).

In the histopathological analysis, the eosinophilic cell foci
present in the early proliferative pathogen in hepatocyte
were found in the cisplatin treated group (Fig. 2). No other
histological changes were seen in other organs at all hexane
layer and cisplatin treatments.

DISCUSSION

In this study, we investigated the anti-cancer activity and
the improvement of toxicity caused by cisplatin with the
addition of the hexane layer from the bark of Melia azedar-
ach L. var. japonica Makino using an HF assay and a 28-
day repeated toxicity study.

In the HF assay, the hexane layer decreased cell viability
further compared to the cisplatin treated group. This result
is consistent with the previous reported study (Itokawa et
al., 1995; Takeyaet al., 19964, b).

Our results showed that hexane layer did not cause the
toxicity but cisplatin increased the levels of major biomark-
ers that indicate damage of the liver and kidneys, such as
ALT, AST, CREAT, and BUN by serological analysis. Also,
cisplatin-induced hematological side effects were improved
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Fig. 2. Histopathological examination of the liver. The eosino-
philic foci were found in cisplatin-treated mice (H&E stain,
%200).

by hexane layer administration.

The histopathological analysis showed that hexane layer
from bark of Melia azedarach L. var. japonica Makino
improves the hepatotoxicity caused by cisplatin. With these
results, it is suggested that hexane layer from the bark of
Melia azedarach L. var. japonica Makino might act as adju-
vant chemotherapeutics by having anti-cancer activity and
improving cisplatin-induced toxicity. According to previ-
ous our study, M. azedarch was induced autophagy system,
however, further study of autophagy inducing mechanisms
of M. azedarch for confirmation is needed.
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