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TOM TAT

Ung thu 1a can bénh nan y va gay ti 1é tir vong rat cao, trong khi chua ¢6 thudc chira tri hiéu qua. Do vay, viéc
tim kiém va phét trién nhiing loai thuc méi, hiéu qua, it tac dung phu va huéng dich t6i céc té bao ung thur hién
dang rat dugc quan tam. Desgalactotigonin (DGT) phan lép tir cay Lu lu duc (Solanum nigrum) da cho thdy hoat
tinh tiém ning uc ché sy phat trién cua nhiéu loai t& bao ung thu khac nhau. Tuy nhién, gidng nhu nhiéu hop chét
thién nhién khac, DGT cho thiy tinh tan kém, doc tinh manh. Nhim ting cuong tinh sinh kha dung cua hoat chét
DGT, mét phuong thirc higu qua 1 tich hop vao céc tiéu phan nanoliposome. Trong nghién ctru nay, DGT d3 duoc
t hop thanh cdng vao phirc hé nanoliposome véi hiéu suit 1a 70,26%, c6 cu tric hinh cdu mang kép dic trung. T
hop DGT-nanoliposome c6 kich thudc trung binh 93,17 nm, chi s6 PDI 12 0,168 va thé zeta 13 -3,67 mV. Hoat tinh
trc ché sy phét trién t& bao ung thu cta cia DGT-nanoliposome cé gia tri 1Cso nam trong khoang 38,94 - 61,69
pg/mL (twong tmg ham lugng hop chét trong t6 hop 12 1,30 - 2,06 pg/mL), khac nhau trén céc dong té bao ung thu
khac nhau. Bén canh do, t6 hop vao nanoliposome di khién cho doc tinh cua DGT giam déang ké trén té bao lanh

dong HEK-293 vi ICso chi con 1a 2,75 pg/mL va cho théy tiém nang tmg dung 1am sang caa té hop nay.

T khoa: desgalactotigonin, HEK-293, nanoliposome, PDI, Solanum nigrum

MO PAU

Hién nay, nhidu hoat chat phan 1ap tir ty nhién da
dugc nghién ctru va chimg minh c6 tac dung tt trong
diéu trj bénh. Tuy nhién, viéc trng dung cac hoat chét
nay vao 1am sang con gip nhiéu khé khan do tinh sinh
kha dung kém, thoi gian luu théng trong mau ngén, dé
bi dao thai khoi co thé hodc thé hién doc tinh véi co
thé. Vi vay viéc st dung cac hé thong van chuyén
thudc dang nano c6 y nghia to 16n trong nghanh cong
nghiép dugc phdm va c6 vai tro rét quan trong, cai
thién duoc tinh cho nhiéu loai thube duoc van chuyen
(Rekha, Sharma, 2011). Hién nay, liposome 1a mot hé
van chuyén thudc thu hit duge nhiéu sw chu y. Véi
chu truc dang ciu duoc tao béi 16p kép phospholipid,
nanoliposome c6 kha ning van chuyén dugc ca cac
phan tr, thude tan trong nuéc nhu dibucaine va cac
thubc khong tan trong nudc nhu 5-fluorouracil
(Nounou et al., 2006). Cac lgi thé ctia liposome khi str
dung 1am hé van chuyén thudc phai ké dén kha ning

tuong thich sinh hoc cao (Lee, 2020), bao vé cac hoat
chat khoi sy bét hoat sém hay bi giang hoa, va bi suy
giam noéng do khi luu thong trong hé tudn hoan
(Ulrich, 2002), lam giam ddc tinh toan than va c6 thé
tang cuong luong hoat chit dén co quan dich
(Sercombe et al., 2015). Bén canh do, kich thude hat
liposome c6 thé thay d6i dén kich thudc nanomet
khién cho cac thudc c¢6 thé d& dang dugc hip thu va
phan bd vao co thé. Vi vay, viéc su dung liposome co
tiém nang 16n trong cong nghé bao ché thude dac biét
d6i v6i cac hoat chét it tan trong nu6e. Hién nay dé co
mdt s6 thude diéu tri bénh ung thu st dung liposome
lam hé van chuyén di dugc chip nhan nhu
doxorubicine, vincristine (Douer, 2016). Ngoai ra,
nhiéu hoat chat tiém ning khac ciing di duoc nghién
ctru t6 hop véi liposome. Desgalactotigonin (DGT) 1a
mét hoat chit duoc tach tir cdy Lu lu duc (Solanum
nigrum) c6 hoat tinh gay doc té bao manh trén dong
té bao ung thu vii (MCF-7), ung thu gan (HepG2), ung
thu phdi (NCI-H460), ung thu than kinh (SF-268) véi
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gia tri ICsp trong khoang 0,25 - 4,49 uM (Zhou et al.,
2006). Hoat chat nay ciing thé hién hoat tinh gay doc
té bao trén cac dong té bao ung thu xuong nhu HOS,
143B, U20S, MG63, SAO, ZOS-M v.v. Bén canh do,
DGT c6 kha nang trc ché dén 57,6% su phat trién khoi
ung thu xuwong trén mé hinh gy ung thu bang dong té
bao U20S/MTX & chudt (Zhao et al., 2018). Céc két
qua nay cho thdy tiém ning cua hoat chét nay trong
diéu tri bénh ung thu. Tuy nhién, tinh tan trong nudc
khong hoan toan 1a mét tré ngai trong viéc ing dung
DGT vao lam sang. V1 vay, trong nghién cuu nay
ching t6i tién hanh t6 hop DGT véi cac tiéu phan
nanoliposome nhdm nang cao tinh sinh kha dung ciia
hoat chit va danh gia hoat tinh rc ché té bao ung thu in
vitro ctia t6 hop nay.
VAT LIEU VA PHUONG PHAP
Vat ligu

Desgalactotigonin (DGT) dwoc cung cap béi vién
Héa sinh bién, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam. DPPC, cholesterol, DSPE-PEG2000 dugc
mua tir Avanti-polar lipid (Alabaster, AL, USA). Moi
truong DMEM, huyét thanh phéi bd (FBS), khang
sinh (antibiotics-antimycotics), trypsin-EDTA duoc
nhap tir Invitrogen (Carlsbad, CA, USA). Cac hoa

chat khac dugc mua tir Sigma Chemical Co. (St.
Louis, MO, USA).

Phuwong phap ché tao nanoliposome va xac dinh
dic tinh

DGT duoc td hop vao liposome theo phuong
phap mang mong cua Bangham va cs. (1964) véi mot
s6 thay doi nho dé phu hop véi diéu kién phong thi
nghiém. Theo d0, cac lipid gdbm DPPC, mPEG2000-
cholesterol, cholesterol va DGT theo ti 18 V& Khéi lwong
khac nhau dugc hoa tan trong hé dung moi
dichloromethane-methanol (DMC) trong binh cau
thay tinh. Sau d6 hdn hop nay duoc co quay bing thiét
bi c6 quay chan khéng Rotoxy evaporator EYELA
N1110- Nhat Ban & nhiét 6 20°C, ap suat 541 mBar,
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téc do quay 200 vong/phiit dé loai bé dung méi va tao
thanh mang mong lipid (thin film). Tiép theo nho tir tir
dém PBS (pH=7,4) vao binh cau dé hydrate hoa lop
mang lipid & diéu kién 60°C. Sau khi 16p lipid di dugc
hydrate héa hoan toan, hon dich duoc siéu am & 2 atm
theo chu ky 20 gidy siéu am va nghi 10 giay, lap lai 10
lan. Tiép theo, dung dich dugc ly thm ¢ 12000 vong
trong 30 phut dé thu can liposome. Dich ndi dugc thu
giit dé xac dinh hiéu suat to hop. Bé ddng nhat kich
thuéce, hdn hop liposome thu dugc sau khi hydrat hoa
véi nhiéu loai kich thuéc s& duoc loai bo cac hat
liposome c6 kich thudc I6n bang cach, ép loc hdn dich
ba 1an qua mang loc PVDF kich thuéc 0,22 um.

Phuong phip dénh gia dic tinh t6 hop
nanoliposome - hoat chat

Dé danh gia dac tinh cua to hop liposome, cin
liposome duoc hoa lai trong nuée sau d6 sir dung thiét
bi Zetasizer Nano-Z (Malvern Instruments, UK) dé
xac dinh kich thugc (Z-average), phan b hat (PDI-
particle distribution index) va gia tri dién thé (zeta
potential) cua to hop. Hinh anh vé hinh thai ciu tric
cua liposome sau d6 dugce xac dinh boi cic bic anh
TEM nho phuong phap chup hién vi dién tir truyén
qua (transmission electron microscopy — TEM)

Phuong phap dinh gia higu sudt té hep
nanoliposome - hoat chat

Hiéu suat t6 hop DGT vao liposome duge danh
gia théng qua ti 16 DGT con du trong dich ndi sau khi
ly tdm so véi tong khdi lwong DGT dua vao ban dau.
Dich phén tach sau khi tao liposome va li tim duoc
lay ra 1 mL dé dinh luong hop chat khong duoc to hop
bang phuong phap quang phd. Hoat chat DGT dugc
pha trong DMSO 100% va pha lodng ¢ cac nong do
khac nhau dé tao diy dwong chuan. Tién hanh do gia
tri OD cua cac mau dich sau khi t6 hop va cac 6ng cua
day duong chuan. Dya vao duong chuan duoc V& trén
phan mém Microsoft office Excel dé tinh lugng hoat
chat dugc bao goi bai liposome. Higu suat to hop
duoc tinh theo cong thuc sau:

téng khdi lwong mau dwa vao — Khoi lwong mau trong dich li tam

EE(%) = 100 x

Phwong phap nubi ciy té bao

Céc dong té bao MCF-7 (ung thu vi ¢ ngudi),
SK-LU-1 (ung thu phdi & nguoi), SK-Mel-2 (ung thu
da ¢ nguoi), HepG2 (ung thu gan ¢ ngudi), Hela (ung
thu ¢o tu cung ¢ nguoi), va LNCaP (ung thu tién liét
¢ nguoi) va dong té bao lanh HEK-293 (té bao than
gbc phdi & ngudi) duoc nudi cdy trong moi truong
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téng khdi lwong mau dwa vao

DMEM c6 thanh phan kém theo gom 2 mM L-
glutamine, 10 mM HEPES va 1,0 mM sodium
pyruvate, 1% MEM non-essential amino acid
solution, ngoai ra bo sung 10% huyét thanh phoi bo
(fetal bovine serum, FBS). T¢é bao duoc cay chuyen
sau 3-5 ngay véi ty 1¢ (1:3) va nudi trong ti am ¢ diéu
kién 37°C, 5% COs.
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Phuong phap danh gia hoat tinh giy dgc té bao
ung thuw

Kha ning gay doc té bao cia to hop nanoliposome
v6i DGT dugc xéac dinh thong qua phuong phap SRB
(Skehan et al., 1990). Theo do, té bao ung thu duoc
nudi trong dia 96 giéng va duoc 0 Véi cac chat thir &
cac mirc ndng do khéc nhau. Sau 3 ngay nudi ciy trong
trong ti 4m CO;, & 37°C, té bao dugc ¢b dinh vao day
giéng bang TCA 20% ¢ 4°C sau do loai bo rira té bao
bang nudc cat va nhuém bang SRB 0,4% trong 1 gio &
37°C. Lugng SRB du duoc loai bo bang cach rira 3 1an
bang axit axetic 1%. Sau khi dia thi nghiém dugc dé
kho trong khdng khi ¢ nhiét do phong, lugng SRB da
bam nhuém cac phan tir protein dugc hoa tan bang
dung dich Tris base. Him lwong mau cua SRB duoc
xac dinh qua phd hip phu & budc séng 540 nm. Céc
phép thir dwoc lap lai 3 1an dé dam bao tinh chinh xac.
DMSO 10% sir dung nhu chét ddi ching am

Phuong phap phan tich s6 ligu

Cac két qua nghién ctru dugc trinh bay dudi dang
gia tri Trung binh (mean) * standard deviation (SD),
va duoc phan tich bang phan mém GraphPad Prism 7.
Cac sai khéc c6 gid tri P< 0,05 dugc xem 13 ¢6 y nghia
thong ké.

KET QUA VA THAO LUAN

Xac dinh thanh phan va ti 1é phospholipid phu hop
Theo nhiéu bao cao, thanh phan phospholipid nhu

DPPC sé c6 tac dung lam chéc cdu triic cua tiéu phan
nanolipsosome, trong khi mPEG-cholesterol s& gitip
tang do dan hdi cua 16p mang kép dong thoi gitp tranh
khoi tac dong cia hé mién dich (Akbarzadeh et al.,
2013; Briuglia et al, 2015). Do vdy cac thanh phan
phosphoslipid nay dugc chiing t6i sir dung dé ché tao
phirc hop nanoliposome chira hgp chit DGT. Tuy
nhién, trudc khi t6 hgp hop chét vao liposome, ching
t6i truc hét danh gia ti 18, thanh phan cua
phospholipid dén dic tinh cua liposome nhu kich
thudc hat va do dong déu vé kich thude hat thong qua
chi s PDI. Két qua ¢ Bang 1 cho thay to hop
liposome A c¢é chira DPPC, mPEG-cholesterol va
cholesterol ¢6 kich thude 131,05 nm trong khi t6 hop
B bao gdm DPPC va mPEG-cholesterol ¢6 kich thudc
nhoé hon 1a 81,22 nm. Bén canh d6, chi s6 PDI thé hién
d6 ddng déu vé kich thude hat ciing duge danh gia.
Théng thuong, chi sb PDI ¢6 gia tri tir 0 dén 1. Chi s6
nay cang nho thé hién kich thudc hat cang dong déu.
T4 hop liposome A va liposome B ¢6 PDI lan luot 1a
0,267 va 0,243 cho thiy cac hat ciia ca hai to hop nay
déu dong déu vé kich thude. Theo Magin va cong su,
kha ning loai bo va phan b cua liposome phu thudc
mot phan vao kich thude cua liposome (Magin et al.,
1986). Kich thude cua liposome tir 50 - 150 nm dugc
khuyén cao (Danaei et al., 2018). Theo Ma va cong
su, kha nang khuéch tan cua cac hat liposome nho tdt
hon so véi cac hat liposome c6 kich thude 16n (Ma et
al., 2017). Do tb hop khong chira cholesterol c6 gia
trj vé kich thudc va PDI déu thip hon so v&i t& hop ¢
cholesterol nén chung t6i lwa chon t6 hop khong chira
cholestrol dé t6 hop hoat chat vao liposome.

Bang 1. D&c diém cla cac tidu phan nanoliposome st dung céc thanh phan khéc nhau.

Té hop DPPC (mg) mPEG-cholesterol (mg) Cholesterol (mg) Kich thwéc (nm) PDI
Liposome A 16 4 1 131,05 0,267
Liposome B 16 4 0 81,22 0,243

Dic diém cua té hop liposome va DGT

Str dung cac thanh phan DPPC va cholesterol dé
t6 hop véi hoat chat DGT, chiing t6i tién hanh nghién
clru tac dong cua ndng do hoat chat dén dac tinh cua
liposome. Nong d6 hoat chat khac nhau anh huong
dén cac dic tinh cua liposome. Khi s dung hé
liposome bao gom DPPC:mPEG: DGT véi til¢ 16:4:1
(hé liposome A1), kich thuéc hat liposome 1a 93,17
nm, ting nhe S0 voi mau khdng liposome tring (khéng
t6 hop hoat chét). Thong qua chi sé PDI, c4c hat

liposome duoc td hop & ndng do hoat chit nay ciing
¢6 kich thudc kha dong déu. Khi ting nong d6 DGT
1én 2 1an (hé liposome A2), chi s6 vé kich thudc va
PDI déu tang 1én cho thdy hé liposome khong dong
nhét vé kich thudc hat. Cing véi viéc danh gia dac
diém cua hat liposome, hiéu suat to hop ciing dugc
xac dinh thong qua phuong trinh duong chuan cua
DGT ¢ budc song 254 nm. DGT duoc t6 hop vao
nanoliposome véi higu suat dén 70,26% ¢ nong do
thap trong khi gié tri ndy chi dat 44,02% khi tang ham
lwong hoat chét 1&n gap hai 13n & t& hop liposome A2.
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Nhu vay ti 18 DPPC, mPEG va DGT Ia 16:4:1 phil hop
dé thiét 1ap tao phuc hé nanoliposome véan chuyén
DGT. CAu tric cua td hop liposome ciing dugc tim
hiéu va phan tich bang kinh hién vi dién tir truyén qua
TEM. Két qua & Hinh 1 cho thiy t6 hop DGT-

Bang 2. Déc tinh cta té hop nanoliposome-DGT.
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liposome c6 cau trdc hinh cau mang kép dién hinh va
c6 su phan tan hat kha déu. Vi muc kich thudc trong
khoang 100 nm, t6 hop Al cho thdy tiém ning tuan
hoan tét va c6 thoi gian ton tai 1au hon trong hé mach
mau (Nag and Awasthi, 2015).

Té hop Thanh phan Kich thwérc (nm) PDI Zeta (mV) Hiéu suét té hop (%)
Liposome Al DPPC, mPEG, DGT (16:4:1) 93,17 0,268 -3,67 £0,34 70,26 + 6,13
Liposome A2 DPPC, mPEG, DGT (16:4:2) 146,35 0,400 -7,83 £ 0,68 44,02 £ 4,05

B

C

Hinh 1. Hinh thai ctia nanoliposome —DGT dwéi kinh hi&n vi dién tir quét (Jeol 1200EX TEM, Jeol Company, Tokyo, Japan);
(A) DGT-nanoliposome A1; (B) DGT-nanoliposome A2; (C) blank nanoliposome.

Kha ning gy doc té bao cua té hop DGT-liposome

Hé nanoliposome Al ¢ trén dugc ching t6i danh gia
hoat tinh gay doc té bao trén cac dong té bao ung thu
khéc nhau. Két qua ¢ Bang 3 cho thdy DGT-liposome
thé hién hoat tinh manh nhét trén dong té bao MCF-7 véi
gia tri 1Csp 1a 38,94 ug/mL (twong (g ham hwgng hoat
chat DGT trong t6 hop la 1,29 ug/mL). Hoat tinh cua
DGT-liposome trén cac dong SK-LU-1, Hela va LNCaP
twong duong nhau véi gid tri 1Cso nam trong khoang

45,08 - 48,64 ug/mL (twrong tng ham luong hoat chit
DGT trong t6 hop 12 1,49 — 1,61 pg/mL). Kha ning gy
doc té bao cua to hop DGT-liposome trén dong té bao
HepG2 yéu nhit trong c4c dong té bao ung thu nghién
clru Vo gid tri 1Csp cao nhét 61,69 ug/mL (twong tng
ham lwong hoat chat DGT trong t6 hop 1a 2,06 pg/mL).
Tuy nhién, trén dong té bao lanh & nguoi thi gia tri nay
14 82,17 pg/mL (twong tmg ham lwong hoat chit DGT
trong t6 hop 13 2,75 pg/mL), ¢6 sai khac dang ké so véi
c4c dong té bao ung thur (P<0,05);

Bang 3. Hoat tinh gay dac té& bao ung thw cia DGT-liposome trén cac dong té bao khac nhau.

Gia trj ICso Céc dong té bao

MCF7 SK-LU-1  Hela LNcaP SK-Mel-2  HepG2 HEK-293
DGT 1,05£008 1,01+0,03 1,19+0,14 1,03+0,08 1,31+0,14 1,25+0,10 0,98%0,08
(Hg/mL)
DGT- 38,94+4,44 4508+516 47,72+4,53 48,64 +2,56 56,90 +5,54 61,69 +4,74 82,17+5,62
liposome
(Hg/mL)
Ellipticine 0,35+0,05 0,38+0,04 0,43+0,02 0,40+004 057+0,06 038+0,04 0,32+0,03
(Hg/mL)
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Nhu véy, sau khi duoc to hop vao cac tiéu phan
nanoliposome thi hoat tinh cua phtc hop DGT-
nanoliposome déu giam nhe so véi hoat tinh ciia DGT
khi khong dwoc t6 hop trén cac dong té bao ung thu
khéc nhau. Vi du nhu, trén dong té bao MCF-7, gié tri
ICso twong tng ham Iwong hop chat DGT 141,30 £0,16
ng/mL, ting nhe so véi dang khong t6 hop 1a 1,05 +
0,08 pg/mL (P>0,05). Tuy nhién, véi dong HepG2 thi
giatrinay la 2,06 + 0,17 pg/mL, cho thiy hoat tinh cua
DGT da giam khé nhiéu. Két qua nay pht hop véi nhiéu
nghién ctiu ciia chiing t6i trude déy, ciing nhu ciia nhiéu
tac gia khac (Do et al, 2019; Cruz et al., 1993) do kha
nang giai phong thuéc khoi liposome cham hoic do té
bao hap thu t6 hop thudc cham hon so véi hoat chat
dang tu do. Két qua phan nao phan &nh su giam doc
tinh cho miu sau khi duoc t6 hop vao tiéu phan
nanoliposomes khi gié tri 1Cso cua té hop trén dong té
bao lanh ting manh 1én 82,17 pg/mL, twong ung ham
lwong hop chat DGT trong té hop 12 2,75 pug/mL so voi
dang tu do 1a 0,98 pg/mL. Hon nita, cac bao cao déu
cho thay sy tang cuong hoat tinh va sinh kha dung cua
t6 hop thudc-nanoliposome ludn thé hién rd va khéc
biét vai hop chat/thudc dang tu do trén mé hinh co thé
dong vat. Do véy, ching t6i ciing cho rang can danh gia
tiép tuc danh gia hoat tinh khang ung thu hay khang u
cua td hgp DGT-nanoliposome trén mé hinh chudt bi
gay u thuc nghiém.

KET LUAN

Nhim ting cuong tinh sinh kha dung caa hoat
chat Desgalactotigonin (DGT), mot phwong thirc higu
qua la tich hop vao cac tiéu phan nanoliposome.
Trong nghién ciru nay, DGT da duoc t6 hop thanh
cong vao phic hé nanoliposome bao goém
DPPC:mPEG: DGT ¢4 ti Ié 16:4:1, dat hiéu suét tich
hop la 70,26%, c6 cau trdc hinh cau mang kép dac
trung, voi kich thuéc td hop 1a 93,17 nm, kha dong
déu vé kich thudc véi chi s6 PDI 1a 0,168 va c6 dign
thé trung tinh véi thé zeta |4 -3,67 mV. Hoat tinh tc
ché sy phét trién té bao ung thu cua cia DGT-
nanoliposome c6 gié tri 1Cso nam trong khoang 38,94
- 61,69 pg/mL (twong tng ham lwong hop chat trong
t6 hop 12 1,30 - 2,06 pg/mL), khac nhau trén cac dong
té bao ung thu khac nhau. Két qua nay cho thay hoat
tinh tc ché té bao ung thu cua t6 hop DGT-
nanolipsome giam nhe so véi dang khdng té hop, phan
anh kha ning giai phong thudc khoi liposome cham
hon va c6 thé do té bao hap thu t6 hop thubc cham hon
s0 v6i hoat cht dang ty do khi nudi cdy & dang don
I6p. Bén canh do, t& hop vao nanoliposome di khién
cho doc tinh ciia DGT giam dang ké trén té bao lanh va

cho thay tiém nang g dung 1am sang cua t6 hop nay.

Loi cam on: Nghién ciru ndy duoct tai tro boi Quy
Phat trien Khoa hoc va Cong nghé Quoc gia
(NAFOSTED) trong dé tai ma so 106.02-2017.20.
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SUMMARY

Cancer is a deadly disease with high mortality and having no efficient drugs for treatment. Therefore,
discovering and developing new drugs with improved efficiency, lowering side effects and highly targeting, are
obtaining much attention over the world. Desgalactotigonin (DGT) isolated from the plant Lu-lu-duc (Solanum
nigrum) presented its promising anticancer activities by inhibiting a category of cancer cell lines. However, the
compound also showed the limitation in reality applications since its low solubility as well as highly toxic, same
as many other natural compounds. In order to improve DGT bioavailability, the compound was conjugated into
nanoliposomes, ideal drug carriers. In this research, DGT was entrapped into nanoliposomal particles with
entrapment efficiency (EE) at 70.26% and showed typical bilayer spherical morphology. The conjugation
presented average size as 93.17 nm, PDI as 0.168 and zeta voltage as -3.67 mV. The anticancer activities of the
DGT-nanoliposomes exhibited with ICso values ranging from 38.94 - 61.69 pg/mL (equal to DGT amount in the
complex as 1.30 - 2.06 pg/mL) on six different cancer cell lines. Typically, the DGT nanoliposomes presented much
lower toxicity on HEK-293 normal cell line with the 1Cso as 2,75 pg/mL, showing its potential clinical applications.

Keywords: desgalactotigonin, HEK-293, nanoliposome, PDI, Solanum nigrum
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