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SUMMARY

STUDY ON THE CHEMICAL COMPONENTS
AND BIOACTIVITIES OF ELSHOLTZIA CILIATA IN VIETNAM

Thirty four compounds were identificated in both n-hexane (EH) and ethyl acetata
(EE) extracts of Elsholtzia ciliata, including fatty acids (both saturated fatty acids and
unsaturated fatty acid), terpenoids and steroids by GC-MS. The total phenolic and
flavonoid contents in EH and EE extract were investigated, the results showed that
total phenolic index were 79,20 and 48,98 mg galic acid /100g dry sample; total
flavonoid index were 23,15 mg va 10,42 mg catechin/100g dry sample. The half
maximal inhibitory concentration (ICsgy) of both n-hexane (EH) and ethyl acetata (EE)
extracts were over 256 ppm while Acarbose (reference) with ICsy of 176,86 ppm.
Keyword(s): Elsholtzia ciliata, chemical constituents, total phenolic, total flavonoid,
enzyme a-glucosidase.

1. MO PAU

Chi kinh gidi (Elsholtzia) 1a chi thuc vat
thudc ho Lamiaceae vdi khoang 40 loai
duoc cong nhan, phan bd chu yéu tai
cac qudc gia khu vuc Poéng Nam A,
Trung Qubc, Nga...[1,3]. Tai Viét
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Nam, loai Elsholtzia ciliate (E. ciliate)
duoc biét dén nhu mot loai rau thom,
cling nhu vi thudc chita bénh. Kinh gidi
sao den, tao vién dung lam thube chita
cam cam, chdy mau cam ¢ tré em. Kinh
gidi tuoi dung cling girng hodc huong



nhu, ngai ctru dung 1am thudc xong [2].
Céc thu nghi¢m hoat tinh sinh hoc cho
thdy kinh gidi c6 kha ning khang virut,
khang viém, khang khuin, chdng oxi
hoéa, bao vé co tim [4-7]. T.G.Hul va
cac cong su nghién ciru thiy su khac
nhau vé& cac thanh phin hoéa hoc trong
tinh diu cac phan than, 14 va hoa cia
loai E. ciliate; theo d0, la cua loai E.
ciliate c6 lugng tecpenoid cao c6 kha
nang han ché hoat dong cua sau loai vi
khudn trong nghién ctu [5]. Mic du da
c6 nhitng nghién ctru vé thanh phan hoa
hoc, cling nhu hoat tinh sinh hoc cua
loai E.ciliata tai mot s6 qudc gia nhu
Trung Quéc, Nga nhung tai Viét Nam
thi van chua c6 nhitng nghién ciru cu
thé vé thanh phﬁn hoéa hoc va hoat tinh
sinh hoc cua cay kinh gidi dang dugc
ding phd bién ¢ Viét Nam. Trong cong
trinh ndy, nhém tac gia mong mudn
khao sat thanh phan hoa hoc cua ciy
kinh gi¢i ctia Viét Nam , dong thoi cac
thi nghiém khao sat hoat tinh chéng oxi
héa va khao sat mirc d§ anh hudng cua
dich chiét cay kinh gi¢i voi enzyme a-
glucosidase cua kinh gidi cling dugc
tién hanh.

2. THIET BI VA PHUONG PHAP
2.1. LAy miu nghién ciru

Mau thuc vat tuoi duge thu thap tir siéu
thi dia phuong vao thang 9 nam 2015.
Mau thuc vat duoc xac dinh 1a cAy kinh
gi61 (Elsholtzia ciliate). L4 va than kinh
gioi duoc rira sach bang nudc, trang
bang nudc cat khir ion, duoc phoi kho
cho rdo nudc trong boéng ram, sau do
sdy khé ¢ nhiét do 45°C, cudi cing
duoc xay thanh bot min.

2.2. Chuin bi dich chiét

1,5 kg nguyén li¢u kho duoc ngam
trong dung moi metanol (MeOH) ¢
nhiét d6 phong, ba ngay loc ldy dich
chiét mot lan. C6 quay loai bst dung
mdi & ap suét thip (Biichi, Rotavapor
R215). Tién hanh chiét dich metanol
v6i hai dung méi c6 do phan cuc khac

113

nhau: n-hexan va etylacetat. Cac phin
chiét nay duoc co quay ¢ ap suét thip
dé loai bo dung méi thu dugc céc can
chiét twong tmg ky hiéu 1a: can chiét n-
hexan, ki hi¢u la EH - 5,6 gram; can
chiét etylacetat, ki hiéu 1a EE - 15,5
gram.

2.3. Phan tach cac phan doan

Céc can chiét duoc phan tach thanh cac
phan doan trén cot sic ky nhdi silicagel.
Tién hanh gradient voi cac hdn hop
dung moi khac nhau va trién khai sic ky
16p mong TLC dé gom cac phan doan
gidng nhau: cin chiét EH, n-
hexan/etylacetat (20:1->1:20, v/v), thu
duoc 7 nhom phan doan, ky hi¢u EH1-
EH7; can  chi&t EE  n-
hexan/etylaceta/axit  acetic ~ (20:1:1
—>1:20:1, v/v), thu dugc 8 nhoém phan
doan, ky hi¢u EE1-EES.

2.4. Khao sat dinh tinh cac nhom
phén doan trén hé thong GC/MS

Mot luong nho cuia tung nhom phan
doan dugc hoa tan trong dung moi
aceton. Piéu kién 1am viéc cua thiét bi
GC/MS  (Agilent-6890N/5973i, MSD
6890; cot tach mao quan HP-5MS 30m
x 0.25mm ID, 0.25um): khi mang He
(99.999%); thé tich mau bom 1ul, ché
do bom split (15:1); nhi¢t do injector 1a
250°C; nhiét do detector la 280°C;
chuong trinh nhi¢t do 1o: 50°C giir
trong 2 phut, ting 40°C/phit dén 250°C
tong thoi gian chay 1a 60 phat. Ning
lugng ion hoa 70 eV, ché do lam viéc
scan (0.5 gidy) o ving m/z 45-550. Sic
dd chay GC cua phan doan EH2 duoc
trinh bay & Hinh 1. Céc thanh phan hoa
hoc c6 trong mau duoc nhan dang b?mg
cach so sanh phd khdi luong MS cua
cac chat voi phd MS cuia cac chat chuan
c6 trong hai thu vién phd Wiley 7n.l
and NIST.

2.5. Khao sat hoat tinh sinh hoc

Xdc dinh tong ham lwong phenolic
Xac dinh tong luong phenolic bang
phuong phap phan tich v6i thudc thir



Folin- Ciocalteux [8] Lay chinh xac 1
mL dich chiét hoic dung dich chuin
cua axit galic (néng do: 60, 80, 100,
120 va 140 mg/L) vao binh dinh muc
25 mL da c6 san 9 mL nudc cat. Thém
1 mL thudc tha Folin-Ciocalteux lic
déu. Sau 5 phut, thém 10 mL dung dich
Na,CO; 7% vao hén hgp. Pinh mirc
bang nudc cat. Binh dinh mirc duogc giit
& nhiét do phong 90 phut. Do do hap
thu quang & budc séng 750 nm. Tong
luong phenolic dwogc tinh bing mg axit
galic (GAE)/100 g khdi luong nguyén
liéu kho ban dau.

Xdc dinh tong ham lwong flavonoid
Lz?iy chinh xac 1mL dich chiét hodc
dung dich chuan catechin (ndng do 60,
80, 100, 120, 140 mg/L) vao binh dinh
muc ¢6 chira 4 mL nuée cat. Thém 0,3
mL dung dich NaNO, 5%. Sau 5 phut,
thém chinh x4c 0,3 mL dung dich AICI,

10%. O phut thtr 6 thém 2 mL dung
dich NaOH 1M. Binh mirc bﬁng nudc
cat. Lac déu va do d6 hip thu quang &
buéc soéng 510 nm. Toéng luong
flavonoit dwgc xac dinh bing s6 mg
catechin/100 g khdi lwong nguyén liéu
kho ban dau.
Hoat tinh wc
glucosidase
Phuong phap xac dinh hoat tinh @c ché
enzyme o-glucosidase dugc thuc hi¢n
trén dia 96 giéng vai tong thé tich phan
tmg 13 200 pl/giéng. Mau thir duoc pha
lodng bang DMSO 100% hodc nudc cat
vo tring dén ndng d6 cudi cung trong
phan ung la 256; 64; 16; 4; 1; 0,25
ug/ml. Acarbose duoc sir dung lam chat
tham khao [9,10].

Cac thanh phan phan ung bao gom:
40ul dém phosphate 100 mM pH 6,8;
25ul a-glucosidase 0,4 U/ml; 10 pl mau
thu; 25 ul  p-nitrophenyl  a-D-
glucopyranoside 2,5 mM.

O mau d6i chimg am, mau thtr duogc
thay bang dém phan tng. Thi nghiém

ché enzyme a-

duoc 0 6 nhiét @6 37° C. Sau 30 phut,
phan tng dugc dung bang 100 pl
Na,COs. D6 hap thu ciia phan tng duoc
xac dinh trén may Tecan GENios voi
budc song 405 nm (A).

Kha ning wc ché enzyme a-
glucosidase ciia mau thir duoc xac dinh
bang cong thirc:

Do Gic ché (%) = [Awéi chimg am) — Aqmiu
thir)) /A(déi chimg am) X 100%

1Cs (half  maximal inhibitory
concentration) 13 ndng d6 chit thir uc
ché 50% hoat dong cua enzyme o-
glucosidase.

3. KET QUA VA THAO LUAN

3.1. Thanh phéan héa hoc

Thanh phan héa hoc c6 trong dich chiét
ciia cdy kinh gioi duoc gieo trong &
Viét Nam duogc liét ké trong bang 1. Két
qua phan tich GC-MS nhan biét dugc
34 hop cht véi 7 axit béo, 4 flavonoid,
20 terpenoid va steroid va mot sé hop
chit khac. Thanh phan chinh gbém

terpenoid va steroid nhu phytol
(35,42%), PB-sitosterol (15.18%) va
nerolidol (9.07%).

Bang 1. Thanh phan héa hoc trong dich
chiét kinh gioi

A Thanh
TT Hop chat ph?m %
1 phytol 35,42
2 B-sitosterol 15,18
3 nerolidol 9,07
4 farnesol 9,01
5 limonene 7,99
6 (Z)-B-farnesene 6,58
7 a-pinene 3,19
8 B-caryophyllene 2,76
9 geraniol 2,14
10 p-cymene 1,80
11 1,8-cineole 1,41
12 Selinene 0,94
13 8,11-octadecadienoic acid 0,84
14 palmitic acid 0,74
15 2,3-octadecadienoic acid 0,64
16 o-humulene 0,45
17 heneicosylic acid 0,29
18 sabinene 0,28
19 B-cubebene 0,25
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A Thanh
TT Hop chat ph?m %
20 B-bisabolene 0,22
21 linoleic acid 0,19
22 oleic acid 0,19
23 germacrene B 0,16
24 B-pinene 0,11
25 eicosanoic acid 0,07
26 t-muurolol 0,04
27 (Z2)-B-ocimene 0,04
28 1-Octen-3-ol <0,01
29 3-octanol <0,01
30 3-octanone <0,01
31 acacetin v
32 apigenin v
33 luteoin v
34 5-hydroxy-6,7- v
dimethoxyflavone
(“v”: chat phén tich dang vét)
Axit  oleic, axit linoleic, axit
octadecadienoic va acid 8,11-

octadecadienoic 1a bdn axit béo khong
no duoc tim thiy trong mau nghién ctru.
Axit oleic da duoc chung minh 1a co tac
dung trong viéc lam cham lai sy phat
trién cua bénh tim, thac ddy qué trinh
san sinh ra cac chit chéng oxi hoa trong
co thé [11]. Palmatic axit, heneicosylic
axit, ecosanoic axit la cac axit béo no
duoc nhan dang trong mau cdy kinh
gidi. Mot nghién cuu trén chudt bi gay
bénh béo phi cho thay, khi bd sung 20%
Palmatic acid vao khau phin n cia
chudt trong mot thoi gian dai cho thay
su thay doi ¢ hé than kinh trung wong
trong viéc diéu tiét isulin va lam giam
sy cam giac them an ty nhién [12].
Acacetin, apigenin, luteoin and 5-
hydroxy-6,7-dimethoxyflavone 1la 4
flavonoid dugc tim thiy trong dich chiét
cay kinh gioi ¢ dang vét. Apigenin la
mdt hop chét duogc st dung nhiéu trong
cong nghiép duoc pham dung trong
diéu tri ung thu tuyén tién liét, ung thu
budng tring [13,14].

3.2. Tong ham lwgng Phenolic

Ham luong phenolic trong dich chiét
kinh gioi duoc tién hanh tuong tu, két
qua thu dugc nhu Hinh 2. Két qua thuc
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nghiém cho thay, cac hop chat phenolic
déu co thé tan vao trong etylacetat va n-
hexan.

Ta c6 thé du doan cac dich chiét tir hai
dung moéi nay déu co kha ning chéng
oxy hoa. Chi s tong phenolic cta dich
chiét etylacetat va n-hexane tuwong ddi
cao, lan luot 1a 79,20 va 48,98 mg axit
galic/100g nguyén li¢u kho.

Bang 2. Két qua do hdp thu quang
trong thi nghiém khao sat ham luwong

phenolic
Nong do 60 | 80 | 100 | 120 | 140
galic (mg/l)
Bohdp 153610334 | 0419 | 0492 | 0561
thu quang
160

y=246.17x-0,5366 .

R=0,9945 ~

120

80

40

Néng d6 Gallic (mg/L)

0.25 0.3 0.35 0.4 0.45 0.5 0.55
D3é hap thu quang (Abs)

0.6

Hinh 1. Puong chudn phenolic

Ta c6 thé du doan cac dich chiét tir hai
dung moéi nay déu co kha ning chéng
oxy hoa. Chi s tong phenolic cta dich
chiét etylacetat va n-hexane tuwong ddi
cao, lan luot 1a 79,20 va 48,98 mg axit
galic/100g nguyén liéu kho. Tong luong
phenolic cua loai E. ciliata trong nghién
ctru nay nhiéu hon so voi loai E. densa
trong nghién ctru cua Misba Khan va
cong su v6i tong luong cao nhit l1a
trong dich chiét etanol 50% 1a 77,5 mg.
Maic du vay, khi so sdnh voi loai E.
cilata trong nghién clru ctua Xiangping
Liu va cong su lai thdp hon rat nhiéu
[15.16].
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Hinh 2. Téng phenolic cia cdc dich
chiét tir kinh gici
3.3. Tong ham lwgng flavonoid
Bang 3. Két qua do hdp thu quang
trong thi nghiém khao sat ham luwong

phenolic
Nong do
Catechin | 60 | 80 | 100 | 120 | 140
(mg/1)
Bohap 1 53610 334(0.419/0,492|0,561
thu quang

Phuong trinh xac dinh tong luong
flavonoid bang chit chuan: y = 312,84x
+ 3,897 (gia tri R* = 0,984). Két qua xéac
dinh téng luong flavonoid cua hai dich
chiét 1an luot 13 23,15 mg va 10,42 mg
catechin/100 g mau khé (Hinh 3). Két
qua cho thiy sy phu hop véi tong luong
phenolic. C6 thé nhan thiy sy phan bd
cua cac flavonoid trong etylacetat cao
hon so v61 n-hexan. So sanh v&1 ham
lugng flavonoid trong loai E. blanda
theo nghién ctru ciia O. Gangarani Devi,
thi loai E. ciliata c6 tong ham luong
flavonoid thap hon [17].
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sy

Etvlacetat

Tfmg flavonoid (g catechin/100gkho)

n-hexan

Hinh 3. Tong lugng flavonoid trong
dich chiét kinh gioi.

3.4. Hoat tinh c ché enzyme o-
glucosidase.

Can chiét etyl axetat va n-hexan dong
vai tro 14 mau thor duoc khao sat hoat
tinh tai cac gia tri néng do la 0; 0,25;
1,0; 4,0; 16; 64; 256 ppm. Két qua do
hép thu quang thu dugc nhu bang 3:

Bang 4. Két qua dg hdp thu quang
trong thi nghiém khao sat hoat tinh wrc
ché enzym a-glucosidase

N,f‘mg do ] etyl axetat n-hexan
chat irc ché % ek
(ppm) Abs Ue ché Abs % Uc che
0.00 0.102 0 0.102 0
0.25 0.096 588 ]0.136 | -33.33
1.0 0.093 8.82 [0.104 | -1.96
4.0 0.091 10.78 | 0.097 | 4.90
16 0.087 | 14.71 |0.093 8.82
64 0.073 | 28.43 |0.093 8.82
256 0.070 | 31.37 |0.087 | 14.71
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Gia tri tc ché 50% cia miu thir thu
duoc qua dd thi su phu thudc cua néng
d6 mau thir v6i phan tram Gc ché. Gia
tri ICso cua chit tham chiéu arcabose la
175,89 ppm. Tir két qua khao sat dbi
v6i ca hai can chiét etyl axetat va n-
hexan cta kinh gidi cho thdy kha ning
rc ché cua enzym a-glucosidase kha
thap, v6i ndong do cua vuot qua 256
ppm nhung van chua dat duoc kha ning
trc ché 50%. Piéu nay ching to, ca hai
cin chiét cua kinh gidéi déu co tiém
nang rat thap cho tac dung diéu tri bénh
tiéu duong type I1.
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Nong d¢ miu tha (ppm)
Hinh 4. 6 thi khdo sdt kha nang trc
ché enzym a-glucosidase
Két qua ctuia nghién ctru nay cho thay,




loai kinh giéi ¢ Viét Nam 1a ngudn
cung cip cac chat chdng oxy hoa rat
tiém ning, co thé sir dung cay kinh gidi
dé san xudt cac loai tra thao mdc c6 tac
dung an than, cai thién sy ldo hoa cua
co thé, hd tro diéu tri cac bénh do su
oxy trong co thé giy nén.

TAI LIEU THAM KHAO

1. P& Tat Loi. (1999) Nhing cdy
thuée va vi thuéc Viét Nam. NXB Y
hoc, 611-613.

2. V& Van Chi. (2000) Tir dién cdy
thuéc Viét Nam. NXB'Y hoc, 520-523.

3. Z.Guo, Z.Lwmu, X.Wang, W.Liu,
R.Jiang, R. Cheng, G.She. (2012)
Elsholtzia: Phytochemistry and

biological activities. Chemistry central
jounal, vol 6.

4. ALwmn, S.M.Y. Lee, Y.Wang,
G.H.Du. (2007) Elsholtzia: review of
tradutuibak  uses,  chemistry  and
pharnacology. J. of Chin. Pharm.
Scien., vol 2, 73-78.

5. Tian Guang-hui. (2013) Chemical
constituents in essential oils from
Elsholtzia ciliata and their
antimicrobial activities. Chinesse herbal
medicines, vol 5(2), 104-108.

6. Elena A. Korolyuk, Wilfried Konig,
Alexey V.Tkachev. (2002) Composition
of essential oil of FElsholzia ciliata
(Thunb,) Hyl. From the Novosibirsk
region, Russia. Khimiya Rastitel'nogo
Syr'ya, vol 1, 31-36.

7. Hu HB, Zheng XD, Hu HS, Zhang
YQ. (2006) Studies on chemical
constituents from Elsholzia bodinieri
vaniot in Ganzu. China. J. Baoji Univ
Arts Sci. Vol 26, 196-199.

8. Marinova D., Ribarova F.,
Altanassova. (2005) Total phenolics
and total flavonoids in Bulgarian fruits
and vegetables. Jounal of the university
of  Chemical Technology and
Metallurgy, vol 40, 255-260.

9. Haimin Chen, Xiaojun Yan, Wei
Lin, Li Zheng, Weiwei Zhang. (2004) 4

117

New  Method for Screening a-
Glucosidase Inhibitors and Application
to Marine Microorganisms.
Pharmaceutical Biology, 42(6), 416—
421.

10. Hakamata W, Kurihara M, Okuda
H, Nishio T, Oku T. (2009) Design and
screening  strategies  for  alpha-
glucosidase  inhibitors  based  on
enzymological information. Curr. Top.
Med. Chem., 9(1), 3-12.

11. Lukas S., Georg H. (2012)
Monounsaturated Fatty Acids and Risk
of Cardiovascular Disease: Synopsis of
the Evidence Available from Systematic
Reviews and Meta-Analyses. Nutrients,
4(12), 1989-2007.

12. Benoit SC, Kemp CJ, Elias CF,
Abplanalp W, Herman JP, Migrenne S,
Lefevre AL, Cruciani-Guglielmacci C,
Magnan C, Yu F, Niswender K, Irani
BG, Holland WL, Clegg DIJ. (2009)
Palmitic acid mediates hypothalamic
insulin resistance by altering PKC-0
subcellular localization in rodents. J. of
Clin. Invest. 119 (9), 2577-2587.

13. Shukla S., Bhaskaran N., Babcook
MA., Fu P., Maclennan G.T., Gupta S.
(2014)  Apigenin inhibits prostate
cancer progression in TRAMP mice via
targeting  PI3K/Akt/FoxO  pathway.
Carcinogenesis, 35(2), 452-60.

14. Margaret A. G., Allison F. V.,
Shelley S. T., Bernard R., Linda T.E.,
Susan E. H., Daniel W. C. (2009)
Flavonoid intake and ovarian cancer
risk in a population-based case-control
study. Int. J. Cancer, 124(8), 1918-
1925.

15.Misa K., Showkat A.G., Ishfak
H.W., Bashir A.G., Akbar M.,
Mohmmad A.A., Akhter H.,M., Rabia
H. (2012) Free radical Scavenging
activity of Elsholtzia densa. J. of
Acupuncture and Meridian studies, vol
5, 104-111.

16. Xiangping L., Lei

Jia ], Y.,



Fengjian Y., Hongshuang G., Chunjian
Zhao, Lin Zhang and Yuangang Zu
(2012), “Evaluation of antioxidant
activities of aqueous extracts and
fractionation of different parts of
Elsholtzia ciliata”, Molecules, vol 17,
pp. 5430-5441.

17. O. Gangarani Devi, T. Chand Singh,
O. Ibeton Devi, E. J. Singh. (2016)
Phytochemical analysis of six aromatic
plants.  International  journal  of
scientific research, vol 5, pp. 389-391.

PHAN TICH PONG THOI CAC SAN PHAM

13. Salleh, N. H. M., Daud, M. Z.
M., Arbain, D., Ahmad, M. S., and
Ismail, K. S. K. (2011) Optimization of
alkaline hydrolysis of paddy straw for
ferulic acid extraction, Industrial Crops
and Products 34, 1635-1640.

14. L, Z., Wang, J., Shen, P.,
Wang, C., and Shen, Y. (2006)
Microwave-assisted  extraction and
high-speed counter-current
chromatography purification of ferulic
acid from Radix Angelicae sinensis,
Separation and Purification Technology
52,18-21.

15. Torre, P., Aliakbarian, B.,
Rivas, B., Dominguez, J. M., and
Converti, A. (2008) Release of ferulic
acid from corn cobs by alkaline
hydrolysis, Biochemical Engineering
Journal 40, 500-506.

16. Zhao, S., Yao, S., Ou, S., Lin, J.,
Wang, Y., Peng, X., Li, A., and Yu, B.
Preparation of ferulic acid from corn
bran: Its improved extraction and
purification by membrane separation,
Food and Bioproducts Processing.

17. Bhalerao, U. T., Chaudhuri, A.,
Das, P. K., and Kaimal, T. N. B. (1999)
Process for the isolation of oryzanols
from crude dark acid oil (rice bran),
Google Patents.

18. Hayashi, C., Kato, K., Minami,

118

............ (tiép theo tr. 127)

S., Nomura, E., Taniguchi, H., and
Tsuno, T. (1994) Method of
manufacturing ferulic acid, Google
Patents.

19. Krishna, A. G. G., Khatoon, S.,
Shiela, P. M., Sarmandal, C. V., Indira,
T. N., and Mishra, A. (2001) Effect of
refining of crude rice bran oil on the
retention of oryzanol in the refined oil,
Journal of the American Oil Chemists'
Society 78, 127-131.

20. Cho, J.-Y., Lee, H. J., Kim, G.
A., Kim, G. D., Lee, Y. S., Shin, S. C,,
Park, K.-H., and Moon, J.-H. (2012)
Quantitative analyses of individual y-
Oryzanol  (Steryl  Ferulates) in
conventional and organic brown rice
(Oryza sativa L.), Journal of Cereal
Science 55, 337-343.

21. Weon, J. B.,, Ma, J. Y., Yang, H.
J., and Ma, C. J. (2012) Simultaneous
determination of  ferulic  acid,
hesperidin, 6-gingerol and glycyrrhizin
in Insampaedok-san by HPLC coupled
with diode array detection, Journal of
Analytical Chemistry 67, 955-959.

22. Santos, H. M., Lodeiro, C., and
Capelo-Martinez, J.-L. (2009) The
Power of Ultrasound, In Ultrasound in
Chemistry, pp 1-16, Wiley-VCH Verlag
GmbH & Co. KGaA.





