Nghién ctru khoa hoc c6ng nghé

NGHIEN CUU CHUYEN HOA MANGIFERIN THANH
CANXI MANGIFERIN CO PQ TAN CAO TRONG NUOC

NGUYEN TRUONG GIANG ", NGUYEN TRONG DAN | LE THI BINH @
1. PAT VAN PE

Hién nay bénh tiéu dudng 1a bénh dang co tdc do phat trién nhanh chéng trén
pham vi toan cau. Ty 1¢ gay tr vong cua bénh nay rt cao, chi dimg sau bénh tim
mach va ung thu. O Vlet Nam, ty 1é mic bénh tiéu duong uoc tinh trén 5% [1, 3].
Pa s6 nhitng nguoi méc bénh nay déu thudc loai tiéu duong typ 2, chiém dén 90%
[2, 6]. Vi vy, viéc tim ra chit c6 tac dung tt trong viéc diéu tri bénh tiéu dudng
dang rat dugc quan tdm, nhét 1a cac chat c6 ngudn gde thién nhién.

Mangiferin 1a chat thuc nhom polyphenol-xanthone, c6 kha ning chdng oxi
hoa va dugc chiét xuét tir 14 cay xodi Mangifera indica L. hoic tir cay Hedysamm
alpinum L. va Hedysarum flavercens ho canh buém Fabaceae [4, 8]. Da c6 nghién
ctru chi ra rang mangiferin c6 tac dung t6t ddi v6i bénh tiéu duong typ 2 khi thir
nghiém trén chudt [5]. Hoat chit nay trc ché enzym a-glucosidase, kim ham sy hoat
dong cua enzym nay [9], do d6 1am cham sy phan giai tinh bot thanh glucose dan
dén 1am cham sy ting lugng dudng trong mau sau bita dn. Tuy nhién, mangiferin c6
do tan trong nude kém, sinh kha dung thap, diéu nay gdy ra kho khan khi ap dung
thuc té. Do do, bai bao nay dat véan dé nghién ctu chuyén héa mangiferin thanh mot
dang khéc c6 do tan tdt trong nudc, cu thé 1a mudi canxi mangiferin. Hoat chét co do
tan trong nudc tt hon rat nhiéu so véi mangiferin [7]. Day 1a budc khai dau dé tién
hanh céc nghién ctru sdu hon vé chat nay trong viée xir 1i bénh tiéu duong typ 2.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

Mangiferin dugc str dung c6 do tinh khiét 98,2%.

Phé IR dugc do trén may FTIR Affinity-1S cua My. Phé 'H-NMR va “C-
NMR dugc do trén may Avance Bruker cia DPuc. Céc loai phé IR, NMR duoc do tai
Trung tAm cac phuong phap pho tng dung, Vién Hoa hoc, Vién Han 1am Khoa hoc
va Cong ngh¢ Viét Nam.

Hoa chat, dung médi (Merck): natri etoxit, natri hydroxit, natri cacbonat, canxi
acetat, ethanol, methanol, DMSO, isopropanol, dung dich EDTA 0,05M, dung dich
dém amoni/amoniac pH = 10, chi thi ET-OO.

2.1. Chuyén héa Mangiferin thanh mudi Canxi mangiferin

Canxi mangiferin dugc chuyén hoa theo so do 1 sau:
1. C2H5ONa

2 Mangiferin (Mangiferin - H),Ca

2 CanX| axetat

HO A_OH
8b 4a 3 CH2OH
Mangiferin = e o 4 0 ; H= H phenol
HO 1 OB
O OH OH
OH

(Mangiferin - H),Ca = Canxi mangiferin

So d6 1. Chuyén hoa mangiferin thanh canxi mangiferin
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Muoi canxi mangiferin dugc tao thanh qua hai giai doan:

- Giai doan 1: Cho mangiferin phan Gng v6i cac bazo khac nhau, trong cac
dung mdi khac nhau tao thanh muo6i natri mangiferin.

Cac bazo khac nhau 1a: NaOH, Na,COj;, EtONa.
Cac dung moi khac nhau la: ethanol, methanol, isopropanol, DMSO.

- Giai doan 2: Cho mudi canxi acetat phan tng véi mudi natri mangiferin tao
thanh muoi canxi mangiferin.

Quy trinh chung diéu ché mudi canxi mangiferin

Can 8,6 g (0,02 mol) mangiferin cho vao cdc 250 ml, thém 100 ml dung méi
(ethanol, methanol, isopropanol, DMSO) vao coc, dat 1én bép khuay tur, bat may
klguéy o nhi’ét do phbqg. Sau @6 thém 0,02 mol be}zo (NaOH, Na,COs;, EtONa) vao
hon hop, tiep tuc khuay trong 30 phut. Loc thu lay phan dich vang sang vao trong
coc 250 ml khdc, trang rira phéu loc bang 5 ml dung moi tuong tmg. Dit coc 1én bép
khudy tir, khudy manh dung dich. Sau d6 thém nhanh dung dich canxi acetat (1,6 g
canxi acetat trong 10 ml nudc cat, tuong tmg 0,01 mol canxi acetat) vao coc, ti€p tuc
khuay trong 30 phut thi ding lai. Pua hdn hgp phan tmg vao trong ti lanh 4°C, sau
3 gi6 dem loc két tua trén phéu loc Buchner, rira bang 20 ml dung mdi tuong ung,
sy kho chat ran trén phéu loc & 60°C trong 2 gid. San pham canxi mangiferin thu
dugc c6 mau vang xanh.

2.2. X4c dinh ham lwong canxi ¢é trong sian pham canxi mangiferin bang
phwong phap chuan do EDTA

Can chinh xac 100 mg canxi mangiferin vao binh nén 250 ml, thém 100 ml
nuoc cat 2 1an vao binh non va lac cho chat ran tan hoan toan. Thém 10 ml dung
dich d¢m amoni/amoniac pH = 10, vai giot chi thi ET-OO. Tién hanh chuan d¢ dung
dich trong binh non bang dung dich EDTA 0,05M dén khi dung dich chuyén tir mau
do nho sang mau xanh thi dung lai (qué trinh chuan do duoc lap lai 3 lan).

Ham luong canxi (%) trong san phiam canxi mangiferin duogc tinh theo cong thirc sau:

%Ca = 2VEDTA

Trong d6: Vepra 14 thé tich dung dich EDTA 0,05 M da dung dé chuén do (ml).

2.3. Xac dinh ham lwgng canxi mangiferin biang phwong phap UV-VIS

2.3.1. Ldp duong chudn biéu thi sw phu thugc cua mat do quang vao no”‘ng do
mangiferin

- Dung dich A: Can chinh xac 100,8 mg mangiferin c6 do tinh khiét 98,2%,
hoa tan bang dung dich ethanol-nudc (1:1, v/v), dinh mic dén 1000 ml, lac déu.
Dung dich A ¢6 nong d6 100 mg/I1.

- Pha loang dung dich A bang dung dich ethanol-nudc (1:1, v/v) thanh cac
dung dich c6 nong do: 2,5; 5; 10; 20; 40; 80 mg/I.

- Lap duong chuan biéu thi su phu thudc cua méat do quang vao néng do
mangiferin, & budc song 367 nm theo bang 1.
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Bang 1. Cac mau dung dich ndng do khac nhau ctia mangiferin dung dé 1ap
duong chuén biéu thi su phu thudc ciia mat d quang vao néng do mangiferin

STT | Crmangiferin (Mg/) | Vdd mangiferin (M1) | Vaancioosm (ml) | Mat d quang Y
1 2,5 2 5 Y,
2 5 2 5 Y,
3 10 2 5 Y;
4 20 2 5 Y4
5 40 2 5 Ys
6 80 2 5 Y
7 100 2 5 Y5

* M;i]t t(cfng la dung dich gom Iml nuée cat, Iml ethanol tuyét doi, 5 ml HCI
0,05 M, lac deu.

Phuong trinh dudng chuan thu dugc c6 dang:
Y=kX+d (1)
Trong d6: k va d 1a hé sb cua dudong chuén.
2.3.2. Xdc dinh ham lwong canxi mangiferin trong san pham sau chuyén héa
- Dung dich B: Can chinh xac 100 mg canxi mangiferin, hoa tan bang dung
dich ethanol-nudc (1:1, v/v), dinh muc dén 1000 ml, lac déu.
- Lay chinh xac 2 ml dung dich B, 5 ml dung dich HCI 0,05 M, trén déu trong
1 phut, sau d6 tién hanh do mat do quang ¢ budc song 367 nm.
- Ham luong canxi mangifeirn dugc tinh theo cong thure sau:
441(Yg — d)
422k @
Trong do: Y la gia tri mat d6 quang do dugc, k va d la cac hé sb trong phuong
trinh duong chuan (1)

%canxi mangiferin =

2.4. Xac dinh do tan cia mangiferin va canxi mangiferin trong nuwéc &
37+1°C

2.4.1. Pha cac dung dich bdao hoa cua mangiferin va canxi mangiferin

- Can 20 mg mangiferin vao céc 100 ml, thém 50 ml nuéc cat 2 1an, khudy déu
& 37+1°C trong 30 phut, loc qua phéu loc dé loai bo phan mangiferin khong tan, thu
duoc dung dich mangiferin bao hoa (dung dich C).

- Can 200 mg canxi mangiferin vao cdc 100 ml, thém 50 ml nuéc cat, khudy
déu & 37+1°C trong 30 phut, loc qua phéu loc dé loai bé phan canxi mangiferin
khong tan, thu dugc dung dich canxi mangiferin bio hoa (dung dich D). Lay 10 ml
dung dich D, dinh mtrc bang nudc cat dén 250 ml (dung dich E).
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2.4.2. Xac dinh do tan cua mangiferin va canxi mangiferin

- Lay 1 ml dung dich C, 1 ml ethanol tuyét d6i, 5 ml dung dich HCI1 0,05 M,
tron déu 1 phut, tién hanh do mat do quang ¢ budc song 367 nm. Gia tri do tan ctua
mangiferin trong 1 lit nudc & 37+1°C duoc tinh theo cong thirc sau:

2(Yo —d)
Smangiferin = 9T 3)

Trong do:

Smangiferin 1a 0 tan ciia mangiferin trong nudc ¢ 37+1 °C (mg/);

Yo 1a gia tri mat d6 quang do duoc, k va d 1a hé sé trong phuong trinh duong
chuén (1).

- L4y 1 ml dung dich E, 1 ml ethanol tuyét dbi, 5 ml dung dich HCI 0,05M
tron déu 1 phut, sau d6 tién hanh do mat d6 quang ctia dung dich nay & bude séng 367
nm. Gia tri d0 tan cua canxi mangiferin trong 1 lit nudc 37+1°C duoc tinh theo cong
thirc sau:

11025(Yy9 — d)
Scanxi mangiferin = 211K (4)

Trong do:

Scanxi mangiferin 18 d0 tan ctia canxi mangiferin trong nudc ¢ 37+1°C (mg/l);
Yo la gia tri mat d§ quang do dugc;

k va d 1a hé sd trong phuong trinh dudng chuan (1).

2.5. Xac dinh thoi gian xuét hién két tia mangiferin khi hoa tan canxi
mangiferin vao dung dich acid c6 pH =2

Thi nghiém nay nham danh gia khi ding canxi mangiferin theo dudng udng,
vao trong da day c6 pH ~ 2 thi mangiferin bao lau bi két tia (néu tao thanh két tua
ngay lap tirc thi viéc chuyén thanh mudi canxi mangiferin khong ¢6 y nghia). Thoi
gian tao thanh két tia mangiferin cang lau thi cang tot. Thi nghiém duoc thiét ké nhu
sau: 10 mg canxi mangiferin dugc cho vao éng nghiém 15 ml, thém vao 10 ml dung
dich acid HCI c6 pH = 2. Lic déu dén khi canxi mangiferin tan hét, dé yén & nhiét
d6 37+1°C va theo ddi thoi gian xuat hién két tia mangiferin.

3. KET QUA NGHIEN CUU VA BAN LUAN
3.1. Chuyén héa mangiferin thanh canxi mangiferin

3.1.1. Anh huong cia cia cdc dung méi khdc nhau dén hiéu qua tao thanh
canxi mangiferin su dung bazo EtONa

Két qua nghién ctru dugc trinh bay trong bang 2.
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Bang 2. Két qua tao thanh canxi mangiferin str dung bazo EtONa

ne Mcanxi mangiferin P % Ca % Ca
STT Dung moi ) H(%) im th ﬁy Iy thuy &
1 Methanol 443 50,2 4.48
2 Ethanol 5,76 65,3 4.47
4,54
3 Isopropanol 6,91 78.3 4,50
4 DMSO 1,07 12,1 4,49

Két qua bang 2 cho thay, hiéu suit thu dugc canxi mangiferin trong dung moi
isopropanol, sir dung bazo EtONa 14 tt nhat c6 18 1a do do tan cta canxi mangiferin
trong dung méi isopropanol 14 kém nhat. Vi vay khi ha nhiét d6 hon hop xudng 4°C,
canxi mangiferin tach ra nhiéu nhat. Hiéu suét thu duoc canxi mangiferin trong dung
moi DMSO 1a thap nhét béi vi canxi mangiferin tan tot trong dung méi DMSO.

3.1.2. Anh huong cia cia cic dung méi khic nhau dén hiéu qud tao thanh
canxi mangiferin su dung bazo NaOH

Két qua nghién ctru duoc trinh bay trong bang 3.

Bang 3. Két qua tao thanh canxi mangiferin str dung bazo NaOH

ns Mcanxi mangiferin 0 % Ci} % Ca’
STT Dung moi (9} H(%) tim thay ly thuyet
Methanol 425 48,2 4.48
Ethanol 5,5 62,4 4.49
4,54
Isopropanol 6,62 75,1 4,49
DMSO 0,997 11,3 4,50

Két qua bang 3 cho thay, hiéu suat thu dugc canxi mangiferin trong dung moi
isopropanol, str dung bazo NaOH 14 t6t nhét, tuy nhién hiéu suat nay khong t6t bang
sir dung bazo EtONa. C6 1& do EtONa c¢6 do tan trong cac dung mdi tot hon NaOH
nén phan Ung triét dé hon, dan dén hiéu suét thu dugc canxi mangiferin cao hon.

3.1.3. Anh huong ciia cdc dung méi khdc nhau dén hiéu qud tao thanh canxi
mangiferin s dung bazo Na,COs.

Két qua nghién ctru duge trinh bay trong bang 4.
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Bang 4. Két qua tao thanh canxi mangiferin st dung bazo Na,CO;

s Mcanxi mangiferin % Ca % Ca

TT D canxi mangtie H(® . .
S ung mot (® (%) tim thay | ly thuyét
1 Methanol 3,25 36,8 4.47
2 Ethanol 4,1 46,5 4,52
4,54

3 Isopropanol 5,82 65,9 4,51
4 DMSO 1,05 11,9 4,51

Két qua bang 4 cho thiy, hiéu suit thu duoc canxi mangiferin trong dung méi
isopropanol, sir dung bazo Na,COj; 1a tot nhat, tuy nhién hiéu suat nay khong tot
bang st dung bazo EtONa va NaOH. Diéu nay co6 thé giai thich Na,CO; c¢6 do tan
trong cac dung moi va tinh bazo kém hon EtONa va NaOH.

Tir cac két qua bang 2, 3, 4 chon dugc dung méi isopropanol va bazo EtONa
t6t nhét cho viéc chuyén héa mangiferin thanh canxi mangiferin, hiéu suat tao thanh
caxi mangiferin H = 78,3%, %Caim iy = 4,5% (%Caiy thuyét = 4,54%). Két qué nay
cao hon so v&i cong bd trong [7], hiéu suat tao thanh canxi mangiferin H = 60+70%.
Ngoai ra, dé tao thanh canxi mangiferin can qua 2 quy trinh: Dau tién 1a diéu ché
riéng natri mangifein, sau d6 mai chuyén héa thanh canxi mangiferin [7]. Bai bao
nay c6 sy cai tién gop 2 giai doan vao mot, khong tach thanh hai quy trinh riéng nhu
trong Patent ma van dat hiéu suit thu dugc canxi mangiferin tdt hon, véi dung moi
isopropanol va bazo EtONa (trong patent khong cong bd dung méi va bazo nay).

Trén co s& két qua nghién ctru, bai bdo dua ra quy trinh hoan chinh chuyén
hdéa mangiferin thanh canxi mangiferin nhu sau:

Can 8,6 g (0,02 mol) mangiferin cho vao cbc 250 ml, thém 100 ml isopropanol
vao cdc, dat 1én bép khqu tur, bat may khqu 0 nhiét do phong. Sau d6 thém 0,02
mol EtONa vao hén hop, tiép tuc khudy trong 30 phut. Loc thu iy phan dich vang
sang vao trong cdc 250 ml khéc, trang rira phéu loc bang 5 ml isopropanol. Dt coc
1én bép khudy tir, khudy manh dung dich. Sau d6 thém nhanh dung dich canxi acetat
(1,6 g canxi acetat trong 10 ml nudc cat, twong tmg 0,01 mol canxi acetat) vao cdc,
tiép tuc khudy trong 30 phut thi dimg lai. Pua hdn hop phan tng vao trong tu lanh
4°C, sau 3 gid dem loc két tua trén phéu loc Buchner, rira bang 20 ml dung mdi
trong Ung, sdy kho chét rin trén phéu loc ¢ 60°C trong 2 gid. San phim canxi
mangiferin thu dugc 6,91 g, H = 78,3%. %Caim may = 4,5% (%Caiy tuyé = 4,54%).

*Cac dir liéu phd:
+ Phé IR (KBr), 0 (cm™): 3520; 3297 (OH); 1635 (C=0); 1472 (phenyl).
+ Phé "H-NMR, 500 MHz, DMSO-dg:
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CanxiMan-DMSO-1H
B ER

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 ppm

P =
~ =
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1.00
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Hinh 1. Phé 'H-NMR ciia canxi mangiferin

Nhin vao phd 'H-NMR ciia canxi mangiferin nhan thay, sb proton phii hop véi
sO proton trong phan tir canxi mangiferin, 2 trong 3 proton ctia OH phenol khong xuat
hién do c6 hién tugng trao doi dong vi. Cac tin hiéu H cia CH vong thom cé xu
hudng tach tin hiéu (chan pic rong), diéu nay cho thdy: Phan tir canxi mangiferin
khong c6 tinh chat dbi ximg, nghia 1a ion Ca®* khong lién két v6i O” ¢ cing mét vi tri.

+ Phé *C-NMR, 125 MHz, DMSO-dg:

CanxiMan-DMSO-C13CED 33@8"

Hinh 2. Phé "C-NMR cuia canxi mangiferin
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Nhin véo phd *C-NMR cuia canxi mangiferin nhén thiy, cac tin hiéu nguyén
tir C ¢6 xu hudng tach tin hiéu (chan pic rong), diéu nay cling mot 1an nita cho thay:
Phan tir khong co tinh chéat d6i xung, nghia 1a ion Ca>" khong lién két v6i O™ & cing
mot vi tri. Khi do phd 2 chiéu HSQC, HMBC ciing thay rd diéu nay.

Nhu vay bang phuong phép chuan do complexon xac dinh ham luong canxi va
phuong phap phé "H-NMR, "C-NMR khéng dinh: Canxi mangiferin thu duoc c6 dang
(Mangiferin - H)>Ca véi H 1a nguyén tir hidro cua mot trong cac nhém OH phenol.

3.2. X4c dinh ham lugng canxi mangiferin bang phwong phap UV-VIS

3.2.1. Lap duong chudn biéu thi sw phu thugc cua mat do quang vao no”‘ng do
mangiferin

Sau khi do d6 hap thu quang cic nong d6 khac nhau ciia mangiferin, thu duoc
cac gia tri mat do quang nhu bang 5.

Bang 5. Gia tri mat do quang cac nong do khac nhau cua mangiferin

STT C mangiferin (mg/1) Mt d quang

1 2,5 0,018295
2 5 0,036691
3 10 0,080882
4 20 0,15397
5 40 0,3131

6 80 0,63027
7 100 0,79203

Tu cac gia tri n6ng do, mat do quang ¢ bang 5, thu dugc duong chuén biéu thi
su phu thudc ctia mat do quang vao nong d¢ mangiferin c6 phuong trinh nhu sau:

Y =0,0079X - 0,0021

0,9

08 y =0,0079x - 0,0021
0,7 R2=0,9999

0,6
0,5
0,4
03
0,2
01

Mit d6 quang

0 20 40 60 80 100 120
Nong d¢ mangiferin (mg/l)

Hinh 3. Buong chuén biéu thi su phu thudc cua
mat do quang vao nong do mangiferin
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Pudng chuan thu dugc ¢ hé sO tuong quan R%=0,9999, ching t6 su phu thude
ciia mét do quang vao nong do manglferm 1a rat tuong quan va co thé sir dung duong
chuan nay dé xac dinh ham lugng canxi mangiferin trong san pham sau chuyén hoa
hodc str dung dé x4c dinh d¢ tan cua mangiferin va canxi mangiferin trong nudc.

3.2.2. Xdc dinh ham lwong canxi mangiferin trong sdan pham sau chuyén héa

Sau khi do d hép thy quang cta dung dich d3 chuan bi, thu duoc gia tri mat
do quang Ys = 0,74252, ap vao cong thirc (2), tinh duoc ham lugng canxi mangiferin
c6 trong san pham sau chuyén hoa la 98,5%.

3.3. Xé4c dinh d9 tan ciia mangiferin va canxi mangiferin trong nuéc & 37+1°C

Sau khi do d6 héap thu quang cua dung dich bdo hoa mangiferin (dung dich C)
va dung dich canxi mangiferin (dung dich E), xac dinh duoc gia tri mat do quang
Yy=0,27436, Yi0=0,1642, &p vao cong thuc (3) va cong thuc (4) tinh dugc do tan
cua mangiferin Smanglfem 70 mg/l, d0 tan cua canxi mangiferin Scanx, mangiferin = 1100
mg/l. Nhu véy c6 thé thdy canxi mangiferin tan trong nudc tot hon mangiferin
khoang 15,7 1an.

3.4. Két qua xac dinh thoi gian xuit hién két tia mangiferin khi hoa tan
canxi mangiferin vao dung dich acid cé pH =2

Canxi mangiferin hoa tan vao trong dung dich acid HCI pH = 2, nhi¢t do
37+1°C, sau 15 gid thi thiy xuat hién két tua mangiferin. Didu nay 1a do mudi canxi
mangiferin phan img véi acid HCl tao thanh mangiferin, nhung do qua trinh két tinh
mangiferin chdm nén trudc 15 gid mangiferin van ton tai 0 dang tan trong nudc
(dang c6 sinh kha dung cao) [7].

4. KET LUAN
- P xay dung duoc quy trinh chuyén héa mangiferin thanh canxi mangiferin,

stt dung dung méi isopropanol, bazo EtONa. Hiéu suit tao thanh canxi mangiferin
khoang 78,3%.

- Xéc dinh dugc ham lugng canxi mangiferin c6 trong san pham sau chuyén
hoa 14 98,5% bang phuong phap UV-VIS

- D6 tan trong nudc clia canxi mangiferin 16n hon 15,7 1an d6 tan trong nudc
cua mangiferin & 37+1°C.

- Khi hoa tan canxi mangiferin vao dung dich acid HCI pH = 2 ¢ nhiét do
37+1°C, sau 15 gio s& xuat hién ket tua mangiferin.
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SUMMARY

STUDY ON METABOLISM OF MANGIFERIN TO
MANGIFERIN CALCIUM WITH HIGH SOLUBILITY IN WATER

Mangiferin is a substance that can be well-applied in treating diabetes type 2.
Having moderating effect on enzyme a-glucosidase and restraining activities of this
enzyme, Mangiferin can lower the absorption of carbonhydrate in bowels and slow
down the increase of sugar level of diabetes patients after meals. However,
Mangiferin has poorly solubility in water (70 mg/l) so the capability of absorption
into human body is lowered; therefore it needs transforming into another form which
bears high solubility into water to increase the capability of absorption. Mangiferin
calcium salt is a substance having good solubility into water (1100 mg/l) compared
to Mangiferin with simple transformation process. Thus, it can be applied to
improve the Mangiferin solubility and absorption capability into human body.

Keywords: Mangiferin, calcium mangiferin, solubility, salts, dé tan, mudéi.
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