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Abstract:

Background: It is prepared from crushing and fermentation of the rims of the leaves of Camellia sinensis. It contained a plenty
quantity of polyphenols that differed from that in the green or black tea.

Objectives: This study aimed to demonstrate the anticancer effect of oolong tea extract against in situ mammary tumor in mice
ex vivo experimental model, and to compare its effect with the gallic acid as antioxidant substance.

Materials and methods: Mice bearing mammary tumor are used as a source of mammary tumor cells. The animals are treated
intraperitoneally with 0.2 ml of distilled water (Group I) or gallic acid (1% w/v) or oolong tea-extract prepared with micro-
wave assisted method (10% w/v) twice weekly. The animals were sacrificed by cervical dislocation after two weeks and the tu-
mor masses were excised and processed for determination of total protein, malondialdehyde and histopathological findings.
Results: Oolong tea extract and gallic acid induced changes in the morphology and texture of tumor mass compared with dis-
tilled water treatment. Oolong tea non-significantly increased the tumor mass-protein and malondialdehyde levels compared
with Group I and Group II. The histopathological findings in term of giant multi-nucleated cell, necrosis, hemorrhage, and
fibroblast cells infiltration that observed in Group (I) treated animals are improved in Group (III) animals

Conclusions: Oolong tea acts as anti-cancer substance in a mechanism differed from that proposed by the gallic acid as an-

tioxidant.
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Introduction:

olong tea or black dragon (Oo means black and Long

means Dragon) appeared firstly in in Qing dynasty pu-
plications (1644 to 1911) (http://www.amazing-green-tea.
com/oolong-tea-history.html) (2014). It is prepared from the
rims of the leaves of Camellia sinensis that crushed and sub-
jected to fermentation process for short time period that gives
the tea’s specific flavor and taste (Sang et al., 2011). Its leaves
contained catchins polyphenols, theaflavins and thearubigins.
Other substances are also identified in oolong tea leaves such
as epigallocatechin esters, theasinensins, dimeric catechins,
and dimeric proanthocyanidins (Sang et al., 2011). Theasin-
ensins are a group of polyphenols found in oolong tea which
differed from green tea catechins (in green tea) and black tea
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theaflavins (in black tea) characterized by having antiinflam-
matory effects by the evidence of reducing the proinflam-
matory markers and nitrative oxygen species (nitric oxide )
(Hisanaga et al., 2014). The other bioactive polyphenol that
isolated from oolong tea is chafuroside B which ameliorate
the keratinocyte damage induced by ultraviolet radiation by
increasing the synthesis of interleukin 12 (Hasegawa et al.,
2013). High molecular weight polyphenols that isolated from
oolong tea are able to increase the mitochondrial membrane
potential and they referred as mitochondrial activation fac-
tors. These factors are found to be heterogeneous polymers of
flavan-3-ols and flavan-3-ol gallates (Fujihara et al., 2007).
There is no specific mechanism that tea polyphenols exert
their anti-cancer effects. In brief, Thakur et al (2012) in their
review, included 68 references, summarized the pathway by
which the tea polyphenols de-or-under-regulated the growth
of cancer. And Kanwar et al (2012) summarized, in their re-
view included 149 references, the changes in the biomarkers
that linked to the cancer and the effects of tea polyphenols.
The aim of this study is to demonstrate the anticancer effect
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of oolong tea extract administered intraperitoneally rather
than orally against in situ mammary tumor in mice ex vivo
experimental model, and to compare its effect with the effect
of gallic acid as antioxidant substance.

Materials and Methods:

his study is conducted in The Iraqi Center for Cancer and
Medical Genetic in cooperation with the Department of
Pharmacology, College of Medicine at Al-Mustisiriya Uni-
versity in Baghdad, Iraq during 2014.
a. Oolong tea extraction
In brief, a known weight of oolong tea is dissolved in known
volume of distilled water to get 10% w/v herbal tea beverage
and then exposed to microwave irradiation. The specifica-
tions of microwave irradiation are the power was 600 Watts
and the temperature adjusted at 84°C. The procedures of
extraction by microwave is as following: each extract was
preheated for 45 sec. followed by a cycle of 10 sec. turn off,
then a three sec. irradiation by microwaves up to three cycles
(Tatke p and Jaiswal, 2011)
b. Animal preparation
Mice bearing mammary tumor are used as a source of mam-
mary tumor cells. The mammary tumor cells (AM3) were as-
pirated from the tumor mass using a wide bevel, gauge 18
needle in sterile condition. The aspirated materials washed
frequently using phosphate buffer solution contained antibi-
otics (amoxicillin and streptomycin) at a concentration higher
than that used with in vitro cell line study by five times. Then,
the suspended tumors left to settle down for fifteen minutes.
A volume of 0.2 ml suspension of tumor cells were injected
(subcutaneously once) to each mouse of the following treated
three groups, each of five animals:
Group I (n=5): injected intraperitoneally with an equivalent
volume 0.2 ml of distilled water
Group II (n=5): injected intraperitoneally with an equivalent
volume of gallic acid (1% w/v distillled water).
Group III (n=5): injected intraperitoneally with an equivalent
volume of oolong tea extract (10% w/v) prepared by micro-
wave assisted method.
Animals were housed in stainless cages (five per cage),in the
Iraqi Center for Cancer and Medical Genetic Research, un-
der standard environmental conditions (28 + 2°C, 12 h light/
dark cycle). The animals were allowed a standard diet and
water ad libitum. The animals kept under observation dur-
ing the period of experiment reporting the evolution of tumor
mass and the mice lethality
At the end of two weeks period, the survival mice were
sacrificed by cervical dislocation and the tumor mass that lo-
cated beyond the scruff of neck exposed and inspected for its
size, shape, color, texture, matted and muscle invasion. The
tumor mass excised and divided into two pieces , the first im-
mersed immediately in 10% formalin for histopathological
study and the second freezed and kept at - 4°C for biochemi-
cal determination of tissue protein and malondialdehyde (a
marker of lipid peroxidation).

c. Determination of total tissue protein

The frozen pieces of tumor mass allowed to melt, dried by
filter paper, weighed and homogenized in 5 ml isotonic saline
solution (0.9% NaCl) using tissue homogenizer. Total protein
was assayed using Bradford method (1976). 100ul of homo-
genate solution was added to 5 ml of Bradford’s solution.
(The compositions of Bradford’s solution are 100 mg Como-
ssie reagent 250G dissolved in 50 ml ethanol and 100 ml of
phosphoric acid (85%) and the volume was completed with
distilled water up to 1L. The protein content was calculated
using the linear equation based on the standard diluted hu-
man albumin (22%) calibration curve (0.022 x concentration
of protein (pg) + 0.046) and it expressed per mg dry weight.
d. Determination of tissue malondialdehyde

Malondialdehyde was determined in tumor tissue mass us-
ing the method prescribed by Bird and Draper (1984). Two
volumes of cold trichloroacetic acid (10% w/v) was added
to one volume supernatant of homogenized heart tissue,
centrifuged 10 minutes to precipitate protein. Then an equal
volumes of supernatant and thiobarbituric acid (0.67% w/v)
were mixed, incubated in boiling water bath for 30 minutes.
The absorbance was recorded at 532 nm using UV-visible
spectrophotometer. The concentration of malondialdehyde
was calculated using the extinction coefficient (¢) 1.56 X
10-5 M-1.cm-1 and is expressed as nmol/mg dry weight mass
tissue and as nmol/mg protein content. The preserved tumor
mass tissues in formalin (10%) were manually processed in
different alcoholic and organic solutions and slides were pre-
pared and stained by eosin and hemotoxylene stains. Several
sections were processed. These slides then examined by tak-
ing different fields randomly and comparing the frequency of
occurring of abnormal nucleated malignant cells, inflamma-
tory cells, fibroblast cells, fibrosis and necrosis among groups
of different treatments.
e. Statistical analysis

The results are expressed as number and mean + SE. The
data are analyzed using Student’s t test (unpaired, two tailed)
taking the probability of < 0.05 is the lowest limit of signifi-
cance.

Results:

11 the animals are survived over the two weeks from the

treatment. Table 1 shows that the macrospical findings
of tumor masses that related to each treatment showed varia-
tion even in each treated group. Tumors obtained from gallic
acid and oolong treated groups are less likely to extended into
the adjacent muscles.
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Table 1: The macroscopical findings of the tumor masses obtained from mice treated with distilled water,
gallic acid and oolong tea extract.

Tumor . .
features Control group Gallic acid group Oolong tea group
1 cm, 1*9*9 ml, 6*9
Si mm, 5%2,5%6, 1*1*1, 6*9 T*5, 15%7*5, 4%4,2%2
ze and 9*11*8 mm and 14*7 mm
7*9 mm and 1 cm.
Two circular, two
Shape All oval A.H oval and one ovals and one
circular. o
longitudinal.
Texture All hard All hard and one soft All hard
Matted All single and one All single and one Two sngle mass and
scattered scattered three with two masses.
Color All gray and one with All pmk and one white All pink
black spots. grayish color.
Musc} © All invade the muscle. No invasion Thr.ee 1nyade and two
invasion no invasion

The total mass protein of animals treated with distilled water  gallic acid (43.4 4+ 10.9) pug /mg tissue) or oolong (44.3 £ 16.1
is (37.4 + 7.9 ug /mg tissue) non significantly less than that of  pg /mg tissue) treated groups. as shown in figure 1.

® Gallic acid (control), gallic acid or oolong tea ex-

tract. The results are expressed as mean
+SE

W control

Figure 1: Total protein content in tumor
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The tissue malondialdehyde level of animals treated with  or oolong (5.74 + 2.15 nmol/ug protein) treated groups, as
distilled water is (4.65 £ 1.3 nmol/pg protein) significantly ~ shown in figure 2.
less than that of gallic acid (4.92 + 1.91 nmol/ug protein)
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Figure 2: Malondialdehye level in tumor

i Oolong tea mass of mice treated with distilled water

™ Gallic acid (control), gallic acid or oolong tea ex-
tract. The results are expressed as mean

m Control
+SE

0 2 4 6 8 10
tissue malondialdehyde level (nmolfug protein)
Histopathology results mice treated with gallic acid (Figure 4). Oolong tea attenu-

Mice treated with distilled water showed extensive giant  ated the histopathological findings that observed in distilled
multinucleated cancer cells, few inflammatory cells infiltra-  water or gallic acid treatment groups. A patchy multinucle-
tion, slight hemorrhage by the evidence of red cells, tissue  ated cells infiltration associated with cellular necrosis were
fragmentation and slight cellular necrosis. Few fibroblasts are  observed (Figure 5).
also observed (Figure 3). This picture is more pronounced in

Figure 3: Sections obtained from masses excised from mice treated with distilled water (serve as control. Section [A]
shows giant multinucleated cells (black arrows), few inflammatory cells infiltration (purple arrows), hemorrhage by the
evidence of red cells (red arrows), tissue fragmentation and slight cellular necrosis (white arrow). Section [B] shows the
appearance of fibroblasts (blue arrows). The magnification of these slides is 40 X.

Figure 4: Sections obtained from masses excised from mice treated with gallic acid. Heavy giant multinucleated cancer cells
(black arrows) (sections A, B), few inflammatory cells infiltration (purple arrows), hemorrhage by the evidence of red cells
(red arrows), tissue fragmentation and prominent cell necrosis (white arrows). The magnification of these slides is 40 X.
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(sections A, B)

Figure 5: Sections obtained from masses excised from mice treated with oolong tea extract. Giant multinucleated cancer
cells (black arrows), infiltration accompanied with cellular necrosis (white arrows) and few fibroblasts (blue arrows).

Discussion:

he results of this study show that the oolong extract at-

tenuate the histopathological findings of in situ mam-
mary tumor in a mechanism related to the generation of free
radicals by the evidence of increased level of tissue malondi-
aldehyde level. In this study, the volume, shape, consistency
and the other macroscopical characteristics of the evolution
masses are used as indices of the anti-tumor effect of herbal
tea extract. Such assessment carried pitfall as well it does not
indicate that herbal tea extracts exhibit anti-tumor effect. Luo
et al (2014) assessed the metastasis of breast cancer cell after
using oral administration of Camellia sinensis plant extracts
in BALB/c mice bearing 4T1 tumors and found that this ex-
tract inhibits the metastasis to the other organs. In this study,
three variables are considered to assess the antitumor effect
of herbal tea extracts. The histopathological findings show
that oolong tea-extract clearly attenuate but not completely
obviate the development of breast cancer. The mechanism of
action of oolong seems to be related to the suppression key
enzymes that involved in carcinogenesis. In hepatoma cell
line, incubation of oolong tea with hepatoma cell line result-
ed in inhibition a number of enzymes and nuclear factors and
such effect not observed when the hepatoma cell line incu-
bated with low- molecular weight catechins such as (-)-epi-
gallocatechin gallate (Yasui et al., 2011). The other mecha-

nism is related to the induction of apoptosis in the malignant
cells as reported with rat hepatoma cell line (AH109A) and
murine B16 melanoma cells but not normal rat mesothelial
(M) cells (Zhang et al., 2000). The histopathological find-
ings are associated with the activation of lipid peroxidation
and increase protein content in tumor masses that confirmed
the previous studies that generation reactive oxygen spe-
cies by tea extract is the mechanism of inducing apoptosis
in cancer cells. In vitro experimental studies, the oolong
extract exerts antioxidant activity by scavenging the activ-
ity of the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and
2,2’-azo-bis(2-amidinopropane) dihydrochloride (AAPH)-
induced lipid oxidation in erythrocyte membranes (Satoh et
al., 2005). The difference in the methodology can explain the
discrepancy between our results and others. Our results are
in agreement with others who found that administration of
green tea extract orally in rats treated with a potent oral car-
cinogen (4-Nitroquinoline 1-oxide) resulted in a significant
improvement of catalase, superoxide dismutase, thiol....etc
except the malondialdehyde level which still remained high
(Pandurangan et al., 2012).

We conclude that oolong tea protects the mice from bear-
ing mammary tumor by the histopathological evidence and
through the mechanism beyond the antioxidant property by
the evidence that its effect is more pronounced than that ob-
served with gallic acid.

References:

1.

(http://www.amazing-green-tea.com/white tea.html). Chi-
nese White Tea: Finally! Popular Myths And Misconcep-
tions Busted (accessed on 10 June, 2014)

Bird RP, Draper HH. Comparative studies on different
methods of malonaldehyde determination. Methods in En-
zymology 1984;105:299-305

Bradford MM. A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 1976; 72:
248-254.

Fujihara T, Nakagawa-lzumi A, Ozawa T, Numata O.
High-molecular-weight polyphenols from oolong tea and
black tea: purification, some properties, and role in increas-
ing mitochondrial membrane potential. Biosci Biotechnol
Biochem. 2007; 71(3):711-719.

Hasegawa T, Shimada S, Ishida H, Nakashima M. Chafu-
roside B, an Oolong tea polyphenol, ameliorates UVB-in-
duced DNA damage and generation of photo-immunosup-
pression related mediators in human keratinocytes. PLoS
One. 2013; 8(10):e77308

Iraqi Journal of Cancer and Medical Genetics

Volume 7 - Number 2 - 2014 131



10.

Hisanaga Al, Ishida H, Sakao K, Sogo T, Kumamoto T, 2011;64:87-99
Hashimoto F, Hou DX. Anti-inflammatory activity and 11. Satoh E, Tohyama N, Nishimura M.Comparison of the

molecular mechanism of Oolong tea theasinensin. Food antioxidant activity of roasted tea with green, oolong, and
Funct. 2014 Jun 19 black teas. Int J Food Sci Nutr. 2005 Dec;56(8):551-9.
Kanwar J, Taskeen M, Mohammad I, Huo C, Chan TH, 12. Thakur VS, Gupta K, Gupta S. The Chemopreventive
Dou QP. Recent advances on tea polyphenols Front Biosci and Chemotherapeutic Potentials of Tea Polyphenols Curr
(Elite Ed). 2012; 4: 111-131 Pharm Biotechnol. 2012; 13(1): 191-199

Luo KL, Luo JH, Yu YP. (-)-Epigallocatechin-3-gallate in-  13. Tatke p, Jaiswal Y. An overview of microwave assisted ex-
duces Dul45 prostate cancer cell death via downregulation traction and its applications in herbal drug research. Jour-
of inhibitor of DNA binding 2, a dominant negative helix- nal of Medical plant. 2011; 5: 21-31.

loop-helix protein. Cancer Sci. 2010; 101(3):707-712. 14. Yasui K, Miyoshi N, Tababe H, Ishigami Y, Fukutomi R,
Pandurangan AK, Periasamy S, Anandasadagopan SK, Imai S, Isemura M. Effects of oolong tea on gene expres-
Ganapasam S, Srinivasalu SD. Green tea polyphenol pro- sion of gluconeogenic enzyames in the mouse liver and in
tection against 4-nitroquinoline 1-oxide-induced bone rat hepatoma H4IIE cells. ] Med Food. 2011; 14(9):930-
marrow lipid peroxidation and genotoxicity in Wistar rats. 938.

Asian Pac J Cancer Prev. 2012;13(8):4107-12. 15. Zhang G, Miura Y, Yagasaki K. Induction of apoptosis and
Sang S, Lambert JD, Ho CT, Yang CS. The chemistry cell cycle arrest in cancer cells by in vivo metabolites of
and biotransformation of tea constituents. Pharmacol Res teas. Nutr Cancer. 2000;38(2):265-273.

Qbﬂ\gﬁéém u&ﬂu@@\ga’\mh\gé éb&@'ﬂj\l\ éb&
4y idall

30l G gy (AU 2 il dasa mllia (5 5 e cladla gl 58

M‘EJ‘J}/@J}A‘)&“ Sl |

iy peatind) dnalall /ol S 2
4 paiiall daalall Agdal) 251 ) 5l 5 Gl puall & gad B 2l S 5al1 3

@ © 6 0 0 0 6 0 06 0 00 0 0 s 0 0 s e 00 e 00 e 00 s 00 e 0000000000000 0cc0e0c00c000000000c00 0 e

.
'MM\
.

A5 _mall (L3l A (31,5Y JalS e pedi 5 (amn wany Bl Leisl 5 atall (315531 JSAT (m¥) Cpiill) (amay 5 gmisls) (sl sy i dasia
A 5 =AY LA 85 sa gall Al e CAliAS Cua Jsid (ol SIS ja (g0 808 40aS (5 5305, Camellia sinensis

Ay 5 80 ) 8 e il g L e sai e e b ) (5L Radind Sl Galiaal 55 (s e syl Ayl ing s ) i)
B3SO Balcas SJL«Sga]]ic acid J) sk );.'\l.u )331..\3\ )28

Slecall Jala giall o) M Aladall ol 8l (g paf i (a8l (Ua ps WAL jaiaeS (o2l (la jus o 5) Alala 4y juida o) b Cilantial sdanl) Gk g 2 g0
(gallic acid (1% w/v 33 (e el (a5 | ( IV de sanall Hlaall el e (ml 0.2) 4xsbie CliaSy Le sual 5 intraperitoneally
, O sl Baal | Cayg s Slally (DALY A8y jhay sl (W/v 10%)zsts) gLl (Al (aliiud) (e 2aSll s 5 ¢ 400 e ganal) i) al
o ALl Sl (e byt 5 il SN 5 amadl Cum (3o sl Alaale 5 i oyl S o3 8 Jomiy ()il Al o5 Lasey
Al pa (G Adlzal ol ) W1 (8 (5 o) SN Al o LS sanlil) BauS gy Cagaa (530 5 3935 Ao d5<S malondialdehyde s sise b8
Lot o) ) Y1 das

Alee aaall 5 ol sl g JSEN Cum e ol ABS 8 ) s ciaal gallic acid ) 33k 5 mishs) sbd paliiue dallaall of giliill o jelal sgiladl)
e saaally 45 5lie MDA J) s siase 883k ) Caaal g o ) sl (8 (555 5all (6 e B3l ) (A Ganndi 38 i gl o) (L Galiions () LS il e Lally dadleally
Ol (e saaally 43 e gl 5) gL (aliiue Ao sana (o Ll a1 Al )0 & gl 5 LaS il

LS 3alias 338 gallic acid 3ol Jae 48y jla e dalida dy Hlay Ll ) gl Baliaa 3aLeS GJ;X)\ L;UZ: Jany salaliiigy)

132  TIraqi Journal of Cancer and Medical Genetics Volume 7 - Number 2 - 2014



