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TOM TAT

B-glucan khéi luong phén tr thap (LMWRG) va dung dich oligoB-glucan da dugc ché tao
bang phuong phap hip thuy nhiét két hop véi phuong phap chiéu xa tia gamma Co-60. Anh
huong qua trinh cat mach dén sy thay ddi khoi lugng phén tr (KLPT) da dugc xédc dinh bang sac
ki gel thim qua (GPO). Két qua thu dugc cho thdy KLPT giam khi tang thoi gian hap, nong do
H,0, va liéu xa. Dbi véi LMWBG KLPT giam tir 296.600 Da xudng 44.400 Da khi nong dd
H,0, ting tir 0 1én téi 10 % va ddi vdi oligop-glucan KLPT giam tir 56.700 xubng con 7.100 Da
khi chiéu xa dung dich B-glucan/1 % H,O, tai liéu xa 16 kGy . C4 rd phi dugc cho an thirc 4n c6
bd sung LMW va oligop-glucan ¢ ham Iuong 100 mg/kg thirc &n trong vong 45 ngay va sau do
duoc gay nhidm bénh véi vi khuan Streptococcus agalactiae dé khao sat hiéu ung kich khang
bénh. Két qua cho thiy oligop-glucan c6 hiéu ung kich khdng bénh cao hon LMW} va tai ham
luong 150 mg/kg thire an, ti 16 cd sdng st sau khi giy nhidm bénh dat cao nhét (76,75 %) d6i
véi oligofB-glucan

Tir khéa: B-glucan, oligop-glucan, mién dich, gamma Co-60.

1.MO PAU

Cdc chit kich thich hé mién dich da duogc sir dung rong rdi trong cic trang trai dé tang
cuong stic dé khang cho vat nuéi.. Sy ting cuong kha nang mién dich chéng lai c4c tdc nhan gay
bénh nay khong phai la sy tang cuong ddp ung mién dich cy thé ma bing cdch ting cudng cic
co ché bao vé khong dic hiéu té bao va mién dich dich thé. Men pB-1,3 glucan da dugc ching
minh 1a chat c¢6 kha nang tang cudng hé mién dich chdng lai céc tic nhin giy bénh chi yéu do vi
khuin Vibrio anguillarum, Vibrio salmonica, Yersinia ruckeri, Edwardsiella tarda va
Aeromonas hydrophila trong mot sd loai cd nhu cd chép Cyprinus carpio [1], c4 hdi Dai Tay
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Duong Szalmo, salar [2], dudi vang Seriola quinqueradiata [3], ca hdi van Oncorhynchus mykiss
[4], cd hoi sudi Salvelinus fontinail [5], va cd da tron Afican, Clarius gariepinus [6].

Céc chit kich thich va diéu hoa hé thdng mién dich bao gdm nhém cic hop chat sinh hoc tir
nhién va téng hop c6 kha ning tang cuong cdc co ché bao vé té bao va mién dich dich thé dic
hiéu & dong vat c6 vi. Nhitng chat nhu levamiso, p-glucan, peptidoglican, chitin, men f-glucan
va két hop vitamin cling nhu céc san pham khéc nhau c6 nguén gdc tir thyc vat va dong vat c6
hiéu qud trong viéc ngdn ngtra bénh [7, 8]. Hau hét cdc nghién clru vé cdc chét kich thich hé
mién dich da tap trung vao viéc diéu tri cdc khdi u trong con nguoi va dong vat [9]. Co ché diéu
tri khéi u la tao ra cdc chat c¢6 kha ning ting cuong hé mién dich tir c4c hoat dong clia dai thuc
bao, bach cau trung tinh c6 kha nang tiéu diét khdi u, tang sitc dé khdng khi bi nhiém virus, vi
khuén va nAm [10, 11]

p-glucans la polisaccarit dugc céu tao tlr cic monome D-glucozo lién két véi nhau bang
lién két B-glucozit. Cdc B-glucan dwoc céu tao tir nhiéu phén tir véi lién két khac nhau va ching
dugc phan bi¢t qua khéi lugng phan tir (KLPT), kha ning hoa tan, d6 nhét va cdu tric khong
gian 3 chiéu. p- -glucan trong thyc vét phong phi nhu xenlulozo, ching thuong dugc dleu ché tur
ngi cdc, thanh te bao ctia nAm men, mot vai lodi nim an hay trong vi khuan hodc ndm bénh.
Nam men va nidm duoc liéu duoc biét dén nhu 1a nhitng chét ¢ kha nang diéu chinh va ting
cuong hé thdng mién dich. Mot sé nghién ciru trudc ddy cho thay (1,3/1,6) p-glucan khong hoa
tan c6 hoat tinh sinh hoc cao hon (1,3/1,4) B-glucan hoa tan [2]. Sy khac biét gilta céc loai lién
két cua B-glucan va cau tric héa hoc anh huéng dang ké dén do tan cua B- glucan va hoat tinh
sinh hoc. Trong nudi trong thily hai san B-glucan thuong duge sir dung nhu 1a chat kich thich hé
thong khang thé dé bao vé vét nudi khoi dich bénh [5, 6, 7]. Myc dich cua nghién ctru nay la che
tao B-glucan KLPT thap (LMWBG) va oligoB-glucan bd sung vao thic dn nudi cd ro phi, tlep
theo 12 khao sit kha ning kich khdng bénh cta cd khi dugc gy nhidm bénh bang vi khuan
Streptococcus agalactiae.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit ligu

Ba men bia (Saccharomyces uvarum) duoc mua tir nha mdy bia Sai gon. Hydrogen peroxit
(H,0,), nudc tinh khiét 12 san phim ctia hang Merck, Duc. C4 rd phi dwoc mua tir mot trang trai
& tinh Binh Duong. Vi khuén Streprococcus agalactiae dugc phan lap tir cd bénh & tinh Dong
Thép.

2.2. Phwong phap nghién ciru

Ché tao B-glucan: B-glucan duge chiét tir ba men bia bang dung dich kiém theo quy trinh
ciia Suphantharika et al (2003) [12]. Piéu kién tich chiét t6i vu 1a nhiét d6 90 °C, ndng do
NaOH 1IN va ti 1¢ dung dich NaOH/ba men bia1a 5 : 1 (v/w). San pham sau khi tach chiét duoc
li tam voi téc do 10.000 vong/phiit trong thoi gian 15 phiit, sau d6 tich phan dung dich ldy phan
rén rira sach bang nudc, li tim va sdy kho nhan duoc ché phdm bot B-glucan. Ham lwong B-
glucan trong ché pham bot kho 1a khoang 51 %.

i Ché tao dung dich LMWSG: Bot p-glucan dugc ngdm truong trong dung dich H,O, véi cic
nong do: 0; 2,5; 5,0; 7,5 va 10 %. Mau B-glucan truong trong dung dich H,O, dugc hap thuy
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nhiét trong thoi gian 30 phit, nhiét d6 125 °C va 1,3 atm. Loc dung dich sau khi hép nhan dugc
dung dich LMWG.

Ché tao dung dich oligop-glucan: Hydrogen peroxit ¢ cdc nong d¢ khic nhau tir 0,5 dén
5 % dugc cho vao dung dich LMWPG. Céc mau dugc hip thay nhiét trong thoi gian 30 phat ¢
nhiét 6 125 C va 1,3 atm hoic 1a dung dich LMWPG/1%H,0, dugc chiéu xa & céc liéu khac
nhau trén ngudn gamma Co-60 tai trung tim VINAGAMMA vdi lidu xa cho dén 20 kGy.

Xdc dinh KLPT: KLPT cia B-glucan dugc xdc dinh trén mdy sic ki gel thim qua (GPC)
LC-20AB, véi dau do RID-10A ciia hiang Shimadzu. Cot duge st dung 12 cot ultrahydrogel 250
va 500 cia hang Water, My. Chét chuin duoc sir dung 1a pullulant va dung méi sir dung 13 nudc
voi tbe do dong 1a 1ml/phit. Dung dich mau B-glucan dwoc tiém vao cot & ndng do 0,3 %.

Nghién ciru hiéu tng kich khdng bénh cia LMWSG va oligof-glucan: C4 r6 phi dugc nudi
trong 3 bé xi mang vdi s6 lugng 200 con trong mdi bé. BE 1, c4 dugc cho an thirc dn khong bd
sung LMWPBG va oligop-glucan. Bé 2 va 3 cd duoc cho an thirc dn bd sung twong tmg la
LMWG va oligoB-glucan v6i ham lugng 100 mg/kg thirc an trong vong 45 ngay. Sau d6 20 con
c4 duoc bét ngiu nhién trong mdi bé dé gay nhiém bénh bang vi khuén Streptococcus agalactiae.
Thi nghiém dugc 13p lai 3 lan. C4 dugc theo dbi sau 21 ngay gdy nhiém va ghi nhan s6 lugng ci
chét dé tinh phan tram sbng sét.

Nghién ciru hiéu vmg kich khdng bénh theo nong dg oligop-glucan: C4 1o phi dugc cho én
thirc an c6 bd sung oligop-glucan véi ham lugng khac nhau 1a: 0, 50, 100 va 150 mg/kg thirc an
trong vong 45 ngay sau d6 c4 dugc gay nhidm bang vi khuan Streptococcus agalactiae nhu da
mb ta & trén. Ca duoc theo ddi sau 21 ngay giy nhidm va ghi nhan sb lugng chét dé tinh phan
tram sbng sét.

3. KET QUA BAN LUAN

3.1. Anh huéng néng d9 H,0, dén sy giam KLPT cia p-glucan
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Hinh I. Sy giam KLPT ctia p-glucan theo nong do H,0,.
B4t B-glucan duge ngdm truong trong dung dich H,O, ¢ n?)ng d6 0; 2,5, 5,0, 7,5 va 10 %
voi ti 1€ 1 : 6 (w/v) va hap thuy nhiét trong thoi gian 30 phit dé che tao LWMPBG. Két qua xac

dinh KLPT (hinh 1) cho thdy KLPT cia B-glucan sau khi hap giam khi ndng d¢ H,O, ting.
KLPT giam tir 296.600 Da xu6ng 44.400 Da khi ndng d6 H,0, tiang tir 0 dén 10 %.
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Bdng 1. KLPT (Mw, Mn) va chi s da phan tan (PI = M,/M,) ciia LMWG.
Nong d6 H,O, (%) 0 2,5 5,0 7,5 10,0
Mw 296.600 141.600 81.600 58.000 44.400
Mn 141.200 71.000 44.700 34.100 28.600
PI 2,10 1,99 1,83 1,70 1,55

Két qua trong bang 1 cho thdy khi nong do H,0, tang thi gid tri PI giam tir 2,60 dén gid tri
nho hon (~1,55), chimg t6 LMWBG ¢6 d6 phén b KLPT ddng nhit hon. KLPT giam nhanh khi
nong d6 cua H0O, tang tr 2,5 % dén 5 ,0 % va sau d6 giam ch@m voi su gia tang nong do 1én dén
10 %. C6 thé nhan thay rang nong do toi uu cua H,O, sir dung dé cat mach KLPT B-glucan la
trong khoang 5 — 7 %.

Co ché ciia qué trinh cit mach céc polisaccarit néi chung va B-glucan néi riéng bang H,0,
da dugc nghién cuu [13, 14]. Theo Quin et al (2002) [13] H,0O, cé tinh axit manh hon nudc voi
pKa = 11,6, do d6 trong nudc H,O, phan li theo phuong trinh:

H,0, — H" + HOO

Anion HOO khong bén va 12 nguyén nhan lam phan hiy H,0,. Nhiét va moi truong kiém
s€ lam gia tang qud trinh phan huy H,O,. Anion HOO™ phan tng véi H,0O, dé tao ra goc tu do
OH’ ¢6 hoat tinh oxi héa manh.

HOO — OH + (O

H,0, + HOO — ‘OH + O0,” + H,0
RH + HO — PP + H,0

P (polime) — P+ P,

Theo von Sontag et al (1980) [14], céic géc tw do "OH nhanh chéng tn cong cAu tric
cacborhydrat mot cdc ngau nhién khong chon loc bang céch bt nguyén tir hidro ciia cdc nhém
C-H trén vong glucozo va tao thanh cac gbe tu do dai phan tu, sau d6 qua trinh m¢ vong hoac la
dut lién két glucozit s& xay ra do tic dung ctia goc tu do nay.

3.2. Anh huéng ti 18 H,0, : p-glucan dén sy giam KLPT cia p-glucan

Anh huéng cia ti 18 dung dich H,0, : fB-glucan dén qué trinh cit mach cia bot B-glucan
duoc trinh bay trén hinh 2. Két qua cho thay v6i nong do H,O, 6 %, ti 1¢ dung dich H,0,: B-
glucan anh huéng déng ké dén qua trinh cit mach B-glucan. KLPT -glucan giam nhanh khi ti 16
dung dich H,0,: B-glucan ting tir 2 : 1 dén 6 : 1 va giam cham khi ti 1¢ tang 1én 10 : 1.
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Ti 1€ H,0,: B-glucan
Hinh 2. Su giam KLPT cua B-glucan theo ti 1¢ H,O,: B-glucan.

Bang 2. KLPT (Mw, Mn) va chi s6 da phan tan (PI) cia cic mau B-glucan sau khi hip & céc ti 1¢
H,0,:B-glucan khac nhau.

Ti 1€ dung dich H,O,/ B-glucan 2 4 6 8 10
(v/w)
Mw 93.900 73.200 56.700 50.100 47.900
Mn 51.700 42,600 35.100 31.300 30.300
PI 1,82 1,72 1,68 1,60 1,58

Su thay d6i KLPT va d¢ da phan tén cua cung dich B-glucan dat dugc sau khi hap dugc
trinh bay trong bang 2. K&t qua cho thay ti 1¢ dung dich H,O,: p-glucan khoang 6 : 1 1a ti ¢
thich hop dé cat mach B-glucan ché tao LMWfG.

3.3. Anh huéng cia thoi gian hip dén sy giam KLPT cia p-glucan

Bang 3. KLPT (Mw, Mn) va chi s6 da phan tén (PI) ctia cic mau B-glucan sau khi hip theo
thoi gian khac nhau.

Thoi gian hap (phuit) 15 30 60
Mw 75.500 56.700 54.600
Mn 43.000 34,400 33.700
PI 1,71 1,65 1,62

Bot B-glucan dugc ngdm truong trong dung dich H,O, 6 % & ti 1€ H,O,: B-glucan 6 : 1
(v/w) sau d6 dwoc hép & nhitng khoang thoi gian khac nhau dé nghién ctru sy anh hudng cua
thoi gian hap dén qua trinh cit mach ciia B-glucan. Két qua bang 3 cho thiy khi ting thoi gian
hap KLPT cuia B-glucan giam xudng 75.500, 56.700 va 54.600 twong tng véi thoi gian hip 1a 15,
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30 va 60 phiit. Tir két qua nay c6 thé chon thdi gian hap 1a 30 phit d¢ cit mach B-glucan véi
nong do H,0, 12 6 % va ti I¢ H,O,: B-glucan1a 6 : 1.

3.4. Anh huwéng ndng dé H,0, va lidu xa dén sy giam KLPT cia LMWBG
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Hinh 3. Su giam KLPT cua dung dich Hinh 4. Su giam KLPT cua dung dich
LMWG theo ndng d¢ H,0.. LMWG theo li€u xa.

KLPT cua LMWBG tiép tuc giam khi hip dung dich LMWPG chira H,0, & cic ndng do
khac nhau. Két qua trén hinh 3 cho thiy dé ché tao duoc oligop-glucan véi KLPT khoang 9.000
Da thi néng d6 H,O, can su dung 1a 5 %. Tuy nhién & néng d0 H,O, cao bén canh cét duat lién
két glucozit thi c6 thé pha v& vong glucozo 1am thay ddi tinh chét héa i ciia B-glucan. Do vay,
hiéu ung déng van két hop buc xa voi 1 % H,0, dugc su dung cit mach LMWBG dé ché tao
oligoB-glucan [15, 16]. Két qua sy giam KLPT khi ting liéu xa dugc thé hién trong hinh 4 cho
thy oligop-glucan nhan dugc trong khoang li¢u xa tir 12 dén 16 kGy. Két qua tuong tu ciing
dugc cong bo trong cong trinh ctia Byun et al (2008) [17], nhung khoang liéu sir dung 1a kha cao
dén 50 kGy do khong sir dung H,0,.

3.5. Hiéu ung kich khang bénh cia LMWG va oligop-glucan

Sau 21 ngay gy nhidm bénh, ti 1& c4 chét ¢ ¢ cdc nghiém thirc dugc ghi nhan. Nghiém thirc
DC1, cd chét véi ti 1é trung binh 1a 10 %. Mau ciy phan 1ap c4 chét khong thiy c6 su hién dién
ctia vi khuan gdy nhiém bénh. Nhu vay, cd chét & nghiém thirc ny c6 thé do strc khoe cé yéu. Ti
1& chét cua c4 16 phi ¢ cdc nghiém thirc thi nghiém dugc trinh bay trong bang 4.

Bdng 4. Phan trim sng s6t ctia cd ro phi sau 21 ngay gay nhiém bénh véi vi khuan Streptococcus
agalactiae cua cdc nghiém thirc thi nghiém.

Nghiém thirc bC1 DC2 NT1 NT2
Phan trim séng | 89,75 + 5,00° 44,67 + 10,41 61.25+10,41™ 76.75 +2,89%°
st (%)*

*Gi4 tri cing hang giéng nhau ki ty thi khéng khéc nhau y nghia thng ké (p < 0,05).
DCI1: Khong bd sung p-glucan, khong giy nhidm vi khuan Streptococcus agalactiae.

DPC2: Khong bd sung p-glucan, giy nhidm vi khuin Streptococcus agalactiae.

742



Naghién ctru hiéu trng kich khdng bénh cta B-glucan cat mach bang phwong phép chiéu xa. ..

NT1: B6 sung LMWBG 100 mg/kg thiic in, gay nhidm vi khuan Streptococcus agalactiae.

NT2: B sung oligop-glucan 100 mg/kg thirc dn, gy nhiém vi khuén Streptococcus agalactiae.

K&t qua bang 4 cho thy nghiém thirc DC2 ¢6 phan trim s6ng sot clia cd 1a 44,67 + 10,41
thap hon so v6i nghiém thirc NT1 (61,25 + 10.41) va NT2 (76,75 + 2,89). Nhu vay ¢ thé thay
rang Oligof-glucan c6 hiéu tng kich khang bénh tot hon LMWG.

Diéu nay c6 thé giai thich 1a do p-glucan chi c¢6 tic dung kich thich hé¢ mién dich khong
dic hiéu (nonspecific immunity). Mién dich dich thé va mién dich té bao 1 hai qué trinh quan
trong ctia mién dich khong déc hi¢u dbi v6i ca. P61 véi mién dich dich thé, B-glucan c6 tic dung
giup tang cudng bb thé (complement), interferon (IFN) va hoat tinh men lisozyme. Bo thé 1a hé
thong protein trong huyét tuong cé vai ro tiéu diét mam bénh khi xam nhap vao co thé c4,
Interferon 1a cic glicoprotein do bach cau (T-limphocyte) san xuét ra nham chéng virus nhéan
ban va lay nhiém sang té bao cua vi khuén, dac biét 1a mot s6 vi khuan gram (+). Déi v6i mién
dich té bao, B-glucan c6 vai trd kich thich qud trinh thyc bao (phagocytosis) cua tiéu thuc bao
(microphage) va dai thuc bao (macrophage). Trong qué trinh ndy, oxy dugc sir dung dé chuyén
thanh cic anion oxy héa manh nhu superoxide (Oz') va nitrogen oxide (NO) cé thé tiéu diét vi
khuén va virus [2, 4, 7]. Qué trinh nay cting lam tang hoat tinh men superoxide dismutase (SOD)
va glutathione peroxidase (GPx) nhiam 1am giam anh huéng xau cta céc anion oxy héa manh 1én
té bao cua ca.

3.6. Anh huwéng ndng dp oligop-glucan dén kha ning kich khang bénh ciia c4 rd phi

Sau 21 ngay gy nhiém bénh, phan trim c4 séng sét & cac nghiém thirc dugc ghi nhén.
Nghiém thirc DC1 voi phan trim song s6t 12 89,67 + 2,89 va mau cdy phan lap cd chét khong
thdy c6 sy hién dién ctia vi khuan gy nhiém thyc nghiém.

Bang 5. Phin tram song s6t ciia ¢4 ro phi sau 21 ngdy gdy nhidm bénh véi vi khuan
Streptococcus agalactiae cia cdc nghiém thtrc thi nghiém.

Nghiém thirc bCl1 PC2 NTI NT2 NT3
Phin trim séng | 89,67 +2.89" | 49,43 + 10.41° 63,33 +5.77™ |73,76 +2.89" | 76,00 + 5,00°°
56t (%)*

*Gid tri ciing hang gidng nhau ki ty thi khéng khéc nhau ¥ nghia thng ké (p < 0,05).
DPC1: Khong bd sung B-glucan, ngdm bing nuéc mudi sinh 1i vo tring.
DC2: Khong bo sung B-glucan, gay nhidm vi khuan Streptococcus agalactiae.
NT1: B6 sung oligop-glucan 50 mg/kg thirc an, giy nhiém vi khuan Streptococcus agalactiae.
NT2: B6 sung oligop-glucan 100 mg/kg thirc dn, giy nhiém vi khudn Streptococcus agalactiae.

NT3: B6 sung oligop-glucan 150 mg/kg thirc an, gay nhiém vi khuan Streptococcus agalactiae.

Két qua bang 5 cho thay khi nong do oligop- -glucan tang thi hiéu tng khang bénh cua ca
tang 1én biéu hién qua phan trim song sot tang. D6i véi mau khong bo sung oligop- -glucan phan
tram séng s6t 12 49,43 + 10,41, véi mau cd bd sung ham lwong 50 mg/kg thirc an phan tram séng
tang 1&€n 63,33 £ 5,77 va dat cao nhét & ham Iwgng 150 mg/kg thire an (76,00 + 5,00).

743




Nguyén Ngoc Duy, Nguyén Quéc Hién, Bdng Van Phu

4. KET LUAN

LMWBG vé&i KLPT khoang 40.000 - 60.000 Da dugc ché tao bang phuong phép hap thuy
nhiét B-glucan truong trong dung dich H,0,6 %, ti 1¢ H,O,:B-glucan 1a 6 : 1 (v/w) v6i thoi gian
hap 12 30 phit ¢ 125 °C. Oligop-glucan c6 KLPT trong khoang 7000 - 9000 Da duoc ché tao
bang céch chiéu xa dung dich LMWPBG chira 1 % H,O, trong khoang lidu xa 12 - 16 kGy. Hiéu
mg kich khang bénh cia LWMPG va oligop-glucan da dugc nghién ctru. Két qua cho thay
oligoB-glucan c6 hiéu ung kich khang bénh tét hon LMWPBG. Ham lugng oligop-glucann sir
dung nhu 1a chit kich khang bénh d6i v6i c4 ro phi trong khoang 100 - 150 mg/kg thuc an.
Oligof-glucan ché tao bang phuong phép chiéu xa tia gamma Co-60 rat c6 trién vong g dung lam
chét kich khang bénh loai oligosacarit tw nhién an toan va hiéu qua déi v6i vat nudi va ciy trong.
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ABSTRACT

STUDY ON EFFECT OF IMMUNE STIMULATION OF y-RAY IRRADIATED
B-GLUCAN ON TILAPIA

Nguyen Ngoc Duy, Dang Van Phu, Nguyen Quoc Hien

Research and Development Center for Radiation Technology, Vietnam Atomic Energy Institute
202A, Str. 11, Linh xuan Ward, Thu duc District, Ho Chi Minh City

Email: ngocduyl158 @yahoo.com

Low molecular weight B-glucan (LMWPG) and oligoB-glucan solution were prepared by
the hydrothermal steaming combination with 7-irradiation method. The efficiency of the
degradation process was demonstrated by gel permeation chromatography (GPC) analysis of the
average molecular weight (Mw) of B-glucan. Results showed that the Mw decreased with
increasing steaming time, concentration of H,O, and doses. For LMWG, Mw reduced from
296,600 Da to 44,400 Da when concentration of H,O, raises from 0 to 10 % and for oligof-
glucan Mw reduced from 56,700 to 7,100 Da at 16 kGy. Tilapia fish was fed with LMW} and
oligof-glucan of 100 mg/kg feed for 45 days and then was challenged with Streptococcus
agalactiae bacterial to investigate immune stimulation. The results indicated that oligop-glucan
has higher immune stimulation effect compared to LMWBG. The effect of oligop-glucan with
various concentrations of 50, 100 and 150 mg/kg feed was investigated. Results showed that the
highest survival rate was attained for oligof-glucan of 150 mg/kg as feed additive.

Keywords: B-glucan, oligop-glucan, immune stimulation, gamma Co-60.
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