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MO PAU

Cay MU u c6 tén khoa hoc la Calophyllum inophyllum L. Clusiaceae con goi la H6
dong, Khung tung, Khehyong, tir 1au da duvoc nhan dan ta st dung cac bd phan khac
nhau nhu: hat, dau hat, nhua cay, ré, 1a dé chita mot s6 bénh. C6 thé ké nhu: dau ép
tr hat MU u dung chi*a ghé, ndm t6c va cac bénh vé da néi chung, chita viém day
than kinh trong bénh cui, chdng nhiém khudn vét thwong va boi tri thap khop [2].
Tai An dd, toan cdy Mu u dung lam thudc chira bénh thdp khop va cac bénh ngoai
da. Nudc ép dung lam thubc tay x0 va dau hat cling dwoc chi dinh dung dé tri bénh
thap khdp va cac bénh vé da nhu: bénh ghé, bénh herpes mang tron, bénh da. Vé
cay dung chira xuat huyét ndi va la mot chat lam se. Tai Buso va Papua New
Guinea, nhya mu tir 14 dwoc pha lodng voi nudc va dung dich nay duoc boi 1én mat
bi kich (rng. Chat gém lam thu6c gay non va thudc tay xo [9].

ToOng quan vé cay Mu u cho thdy c6 cac thanh phan héa hoc thudc nhém coumarin,
xanthon, flavonoid, dan xuét chromanon, triterpen, steroid chira trong nhiéu b phan
khac nhau nhu: 14, qua, hat, phan tiép xuc vai khong khi, vo ré, gb. Trong dé cac
hop chéat phenol thuéc nhém coumarin, xanthon, flavonoid va neoflavonoid dwgc
nghién clru c6 céc tac dung sinh hoc dang ké nhu: khang virus, khang khuén, khang
nam, khang viém, chdng ung thw, chdng oxy hoa [9], [43]. Cu thé cac inophyllum B
va P cb tac dung e ché HIV-1 Reverse Transcriptase va hoat tinh khang HIV-1
trong moi trwvong nudi cdy té bao [21], hodc gan day tai Phap, cac nha khoa hoc da
xac dinh trong nhya tach tr dau Mu u trong & Polynesia thudc Phap mot so
coumarin thudc cac ho: inophyllum, calanolid, inocalophyllin va tamanolid trong do
dang quan tam nhét Ia calophyllolid, chét co tac dung ngén chan ung thw bang céach
trc ché elastase [101]. Do c6 nhiéu chat c6 hoat tinh sinh hoc nhu vay, cac bd phan
clia cdy Mu u la dbi twong c6 tiém nang rat 1on st dung lam thubc va trong nghién
clru phét hién cac chat lam thudc.

Tai Viét Nam, MU u khai thac bang cach dap qua bo vo, 1y hat dé ép dau. Tinh ché

dau thd bang cach loai nhua dé thu dwoc dau MU u dugc dung. Nhwaloai rakhi tinh



ché dau Mu u vavéd quad Mu u Viét nam chua dwgc nghién clru dé sr dung. Dau Mu

u duoc ding riéng hoac phdi hop véi cac duoc liéu khac st dung rong réi dé tri

bdng, viém loét da, lam mau lanh cac vét thuong...

V& mat tiéu chuan hoéa thi chi tiéu dinh tinh dau MU u theo duwoc dién Viét Nam 4

chua du dac hiéu va khong dé thyc hién do chua cd dau MU u chudn hodc chét

chuén ddi chiéu [1]. Céac duoc dién: Hoa ky 2012, Anh 2013, chau Au 7.0, Nhat

2006, Qudc té 4, Trung qudc 2010 déu chuwa thdy cé chuyén luan vé cac bo phan

dung cling nhw céc ché pham tlir dwoc liéu MU u.

Tiéu chuan co s¢ clia dau MU u ciing nhu cac ché pham tir dau Mu u nay tuy da co

nhwng chwa dap (ng véi cac nguyén tac, tiéu chuén thuc hanh t6t san xudt thude ddi

vGi co s& san xudt thudc tir dwoc liéu cla to chirc Y té thé gidi (GMP-WHO) [121]

ma BO Y t€ da dua ra 10 trinh ap dung ké tir ngay 01/01/2014 vi khong cé chi tiéu

xac dinh thanh phan cé hoat tinh hodc chat diém chi do thi€u chat chuan déi chiéu
va phrong phap phan tich, kiém nghiém tin cay.

Tai Viét nam, ngoai cdng trinh cta tac gid Tran Thanh Thao vé phan lap va xac

dinh cdu trdc cla calophyllolid tir hat cdy Mu u moc tai Viét Nam [5], c6 rét it cong

trinh nghién cttu xac dinh hop chat phenol tir nhya loai bd khi tinh ché dau MU u

cling nhv vo qua Mu u.

Vi vay, dé tai:

“Nghién ctru xac dinh hgp chat phenol tlr nhya va vé qua Mu u dé ¢ng dung

trong kiém nghiém” dugc thic hién véi cac muc tiéu nghién ctu cu thé sau:

- Nghién ofu xac dinh hop chét phenol tir nhya va vo qua Md u moc & Viét Nam
bang mot s6 k¥ thuat sic ky va phd nghiém dé chon chét diém chi dung trong
ki€ém nghiém nguyén liéu va ché pham tir dwoc liéu Mu u.

- Nghién ctu thiét 1ap 01 chét chuan ddi chiéu dé dinh tinh va 01 dung cho dinh
lvgng trong sb cac hop chat phenol phan [ap duoc.

- Ung dung chét chuin déi chiéu dathiét 1ap dé kiém nghiém nguyén liéu va ché

pham tir duoc liéu Mu u.



Dé dat dwoc cac muc tiéu trén, chiing t6i datién hanh cac ndi dung sau day:

- Xay dung quy trinh chiét xuat mét sé hop chat phenol tir nhyavavé qua Mu u.

- Phan lap, tinh ché va xac dinh ciu trac mot s6 hgp chat phenol tir nhya va vé
qua Mu u.

- Xay dung bd dir liéu nhan dang chéat chuan doi chiéu, céc chi tiéu chat lvong va
phuong phap phan tich dé danh gia chét lvong clia chat chuan doi chiéu.

- Xay dung vatham dinh mot s0 phwong phap xac dinh chat diém chi dé (rng dung
trong kiém nghiém nguyén liéu va ché pham tir dwgc liéu MU u.

Viéc nghién clru xac dinh céac hop chat phenol va (rng dung trong kiém nghiém nay

cling nham mé ra trién vong khai théc, tan thu bang cach xac dinh gia tri clia nhua

cling nhtr v qua la nhitng phan dwoc xem la dw pham trong qué trinh san xuét dau

Mu u dugc dung.



CHUONG 1
TONG QUAN

1.1. SO LUQCVE CAY MUU

Theo hé théng phan loai thuc vat Takhtajan va Pham Hoang Ho, cdy Mu u thudc chi
Calophyllum ho Clusiaceae. Chi nay c6 nhiéu loai, riéng & Viét Nam da xac dinh
dwgc 11 loai gom: inophyllum, dongnaiensis, thorelii, soulatri, balansae,
saigonense, dryobalanoides, pisiferum, tetrapterum, membranaceum, harmandii.
Mu u thudc loai inophyllum[9].

Tén khoa hoc: Calophylluminophyllum L. ho Bira (Clusiaceae)

Tén khac: HO6 dong, Khung tung, Khehyong, Alexander Laurel, Laurel Wood,
Laurier d’Alexandrie [2], [9].

1.1.1. M6 ta cay, bd phan dung, phan bd

Cay MU u c6 than go 16n, c6 thé cao dén 20 m, dudng kinh 80 cm, tan xanh luc, c6
m{ xanh nhat. La don, moc d6i, phién nguyén, hinh triing, 1ang va day. Hoa trang
pha vang cam, thom, tao thanh chum 6-10 hoa, & nach |4, dau canh (Hinh PL 1.1).
Qua c6 nhan clrng, tron, duvong kinh khoang 2,5 cm, mdt hat, c6 mam Ién, chira
nhiéu dau, khéng phoi nhii [2] (Hinh PL 1.2).

BO phan dung: toan cay, hat, 1a, vé cdy. Thu hoach qua t6t nhat vao IGc cay 7-10
nam tudi, qua chin rung réi khd cho nhiéu dau nhat. Hat ding tuoi hay ép dau.
Nhua cay, ré va la thu hai quanh nadm, phoi kho hay tan bot [2].

Mu u phan bd rong réi tir Thai Lan, Malaysia dén Lao, Campuchia, Philippin,
Indonesia va mot so dao @ Nam Théi Binh Dwong. Ngoai ra cdy con moc & mot sb
tinh mi&n nam Trung Quéc, Nhat Ban va dac biét rat nhidu & An D6 [10].

O Viét Nam, phan b6 chi yéu & cac ving nii thap thudc céc tinh mign Bic, mién
Trung, mién Bdéng va Tay Nam B6 nhu: Quang Ninh, Hai Phong, tir Quang Binh
dén Phan Thiét, Vinh Long, Tién Giang, Thanh phé H6 Chi Minh, Ba Ria Ving
Tau....Cay thwdng moc & ven rirng kin, rirng tht sinh varirng & cac dao Ion. & Nam
B&, Mu u moc doc theo cac bo kénh rach cao. Cay moc hoang thuong gap tai nhirng
vling dat cét gan bo bién [6], [10].



1.1.2. Hop chit phenol trong cac bo phan cua ciy Mu u
Cac hop chit phenol da biét trong cAdy Mu u cht yéu thudc 3 nhém: coumarin,
xanthon va chromanon.

Cac coumarin da hiét trong cac bd phan khac nhau ctia cay Mu u
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1.1.3. Hoat tinh sinh hoc clia cac hop chat phenol trong cay Mu u

1.1.3.1. Hoat tinh khang virus

Trong qua va dich chiét cltia la Calophyllum inophyllum da phan lap hai coumarin
c6 hoat tinh quan trong chong lai sy phién ma ngugc cla virus HIV la (+)-
inophyllum B (1) va (+)-inophyllum P (6) [21]. Thi nghiém in vitro cac xanthon
phan l1ap dugc tir ré gdm: caloxanthon C (43) va pyrano-jacareubin (65) trén
coronavirus cho thdy hoat tinh khang virus véi gia tri ECs, lan luot 1a 3 va 15
ng/ml. K&t qua nay cho thdy caloxanthon C (43) la chét cd tiém nang chira tri nhiém
coronavirus [ 71].

1.1.3.2. Hoat tinh khang khuan, khang ndm

Calophyllolid (22) c6 tac dung ¢ ché toan bd sy tang trudng ciia Mycobacterium
tuberculosis Ha7Rv khi phalogng & nong do 1/20000 khéng cé huyét thanh, va nong
dd 1/7500 voi sy hién dién clia 5% huyét thanh. Acid calophyllic (13) ¢6 hoat tinh
kém hon nhiéu, dinh chi toan bd sy tang tredng cla vi khuén chi Xay ra & ndng do
1/ 7500 khéng c6 huyét thanh va 1/1000 c6 5% huyét thanh [6]. O lidu 20 pg/dia,
calophyllolid (22), inophyllum C (9) va E (11) thé hién hoat tinh (c ché
Saphylococcus aureus vai duong kinh vong vo khuan Ian lvot 1a 16, 10 va 13 mm
(so v&i 30 mm cula chét déi chiéu oxacillin), nhung khéng cé hoat tinh trén Vibrio
anguillarium, Escherichia coli, ndm men va Candida tropicalis [123]. Inophynon
(21) tlr lA MU u ¢6 hoat tinh khang khuan cao doi véi Saphylococcus aureus. Diéu
nay ly gidi cho tinh chat s& tring ghi nhan trén dich ép hay cao 14 Mu u dung dé
chira tri vét thuong [14], [15]. Ba xanthon phéan lap tir Calophyllum inophyllum thé
hién hoat tinh khang khuan trén nhiéu chiing vi sinh vat khac nhau trong dé co
Saphylococcus aureus theo thir ty gidm dan la: 6-deoxyjacareubin (46), jacareubin
(55) va caophyllin B (36) [69]. Caoxanthon A (57) c6 t&c dung khéng
Saphylococcus aureus [123]. 1,5-dihydroxyxanthon cé tac dung khang Bacillus
subtilis [96], khadng Mycobacterium smegmatis [97], (¢ ché suv phat trién cla
Cladosporium cucumerum vai MIC la 0,25 pg/ml [24], ngoai ra con ¢ hoat tinh

khang Saphylococcus aureus véi MIC la 200 pg/ml [48]. Macluraxanthon (58) co



tac dung khang Staphylococcus aureus va Bacillus subtilis [24]. 1,5
dihydroxyxanthon (33) thé hién tac dung khang ndim Aspergillus fumigatus [25].
Candida albicans, Aspergillus fumigatus, Aspergillus flavus va Aspergillus niger bi
trc ché béi 1,3,5-trihydroxy-2-methoxyxanthon (50) [24].

1.1.3.3. Haoat tinh khang viém

Thtr nghiém tac dung khang viém cla calophyllolid (22) chiét xuat tr bt qua
Calophyllum inophyllum véi liéu 140 mg/kg trén chudt lang (LDsg = 2,5 g/kg) cho
két qud trong tw hydrocortisone liéu 10 mg/kg. Nam xanthon gém: jacareubin (55),
calophylin B (36), 6-deoxyjacareubin (46), mesuaxanthon B (37) va euxanthon (31)
phéan 1ap tir Calophyllum inophyllum thé hién tac dung khang viém cling nhw cé cac
tac dong khac nhau trén hé than kinh trung wong [68].

1.1.3.4. Hoat tinh chdng ung thv

Calophyllolid (22) c6 hoat tinh trc ché elastase manh nhat (1Csq = 8,4 uM) trong sb
cac coumarin thir nghiém phan lap tir nhya tach loai tir dau Mu u & Polynesia thudc
Phép [101]. Cac coumarin phan lap tir Calophyllum inophyllum L. Clusiaceae gobm
inophyllum A (3), D (5), E (11), calocoumarin A (15), B (26), calophyllolid (22),
apetalolid (23), acid isocalophyllic (14) c6 hoat tinh (rc ché Epstein-Barr Virus
(EBV) ma khong gay ddc tinh té bao, trong sé dé calocoumarin A (15) c6 tac dong
manh mé nhét rat ¢ thé do mach nhanh prenyl trong céu tric. Calocoumarin A (15)
cling c6 tac dong e ché dang ké trén mo hinh thic day tao u bwéu & da chudt trong
th&r nghiém chat sinh ung thv 2 giai doan in vivo [62], [71], [86]. 4-hydroxyxanthon
(29) (rc ché phat trién dong té bao ung thu & ngudi va tac dong trén sy tang sinh té
bao lympho & ngui in vitro [34].

1.1.35. Hoat tinh doc voi ca

Céc inophyllum A (3), B (1), C (9), D (5), E (11) chiét tir 1a Calophyllum
inophyllum c6 doc tinh trén ca Oryzas latipes manh nhét la inophyllum C (9) va
inophyllum E (11) do c6 2 nhdm ceton. Inophyllum A (3), B (1), D (5) ¢6 doc tinh
v0Oi ca trung binh trong do inophyllum B (1) cé cdu dang trans & vong chromanol
cho hoat tinh cao nhat [91], [92].



1.1.3.6. Hoat tinh d6i khang mot vai chat trung gian clia co thé

MOt s6 xanthon chiét duoc tir qua Calophyllum inophyllum nhu jacareubin (55), 6-
deoxyjacareubin (46), macluraxanthon (58) c6 kha nang trc ché mot 5 thu thé mang
t& bao vi sinh vat, co tac dung déi khang quan trong (63 -87%) trén 1-alkyl-2-acetyl-
glycero-3-phosphocholin (yéu t6 hoat hoa ti€u cau), mot chat trung gian héa hoc
clia vi sinh vat lién quan t6i mot sé dap (ng sinh ly vatrong mot vai bénh nhy viém,
di ing, hen suyén, céc thai trlr trong cdy ghép tang...[66].

1.1.3.7. Hoat tinh gidan mach va chéng oxy h6a

4-hydroxyxanthon (29) c¢6 tac dung gidn mach va chéng oxy hoa tuy 2 hoat tinh nay

khong twong quan véi nhau [30].



1.2. SO LUQC VE HOP CHAT PHENOL

1.2.1. Binh nghia

La nhitng hop chat c6 mot hodc nhiéu nhém hydroxyl gén truc tiép vao vong thom.
Phenol la hgp chéat phenol don gian nhét. Polyphenol la hgp chéat c6 trén mot nhém

hydroxyl gan vao mot hay nhiéu vong benzen. Hop chét phenol trong thuc vat

thuong & dang ester hay glycosid [74], [106].

1.2.2. Phan loai

Harborne da phan loai cac hop chat phenol thanh cac nhém dua trén sd carbon trong
phan t&r nhw trinh bay trong bang dwéi day (Bang 1.1.) [74], [106].

Bang 1.1. Phan loai cac hop chat phenol theo Harborne

S6 carbon Khung co ban  Nhém

6 Cs Hop chat phenol don gian, benzoquinon

7 Cs-Cy Acid phenolic

8 Ce-Co Acetophenon va acid phenylacetic

9 Ce-Cs Phenylpropanoid, acid hydroxycinnamic,
chromon, coumarin, isocoumarin

10 Cs-Cy Naphthoquinon

13 Cs-C1-Cs Xanthonoid

14 Ce-C1-Cs Stilbenoid

14 (C6-Co)2 Anthranoid

15 Cs-C3-Cs Euflavonoid, isoflavonoid, neoflavonoid

16 Cs-C4-Cs Homoflavonoid

30 (Ce-Cs-Cy)2 Biflavonoid

18 (Ce-Cs)- Lignan, neolignan

n (Ce-Ca)n Lignin

(C6-C5-Co)n

Flavolan (tannin ngung tu)




1.2.3. Cac hop chat phenol thuong gap & chi Calophyllum
1.2.3.1. Coumarin

Coumarin thudéc nhém phenylpropanoid bao gdm cac hop chat phenol R2._

tv nhién c6 nhan thom dinh vao mach nhanh 3 carbon. Cac coumarin gs

thudc chi Calophyllum cé cau triic co ban nhu hinh bén véi Ry ¢6 thé

la nhém: phenyl, methyl hodc n-propyl. Néu R; la nhém phenyl thi |

goi la neo-flavonoid [75], [100], [106].

Cac coumarin da phan lap va xac dinh cdu tric trong vai thap nién tré lai day la cac
pyranocoumarin, furocoumarin, furo-pyranocoumarin, cAc coumarin don gian [71].
1.2.3.2. Xanthon

Thanh phan hoa hoc cla chi Calophyllum c6 nhiéu dan suét o
xanthon la cac hop chét phenol thudng c6 mau vang va c6 cdu tric O O
co ban nhu hinh bén. 1

C6 thé xép loai xanthon phan lap tir Calophyllum inophyllum theo sb lwvgng nhém
thé chira oxy trén cdu tric co ban nhu: xanthon 1 oxy, 2 oxy, 3 oxy... [100], [106],
[75]. Cac nhdm thé cd thé la OH, OMe, isoprenyl, COOMe [71].
1.2.3.3. Chromanon

Ngoai coumarin va neo-flavonoid, xanthon, con c6 céc flavonoid,

O.

biflavonoid va & mot sé loai nhr inophyllum va tomentosum con co

cac dan xuat chromanon c6 céu trdc co ban nhw hinh bén [71], [100]. N

1.2.4. Mt 6 phwong phap chiét xuat hgp chat phenol [33]

1.2.4.1. Phuong phap chiét 1dng-léng

Céc yéu t6 gop phan vao hiéu lyc ctia sy chiét bang dung méi |&: loai dung mdi, pH,

nhiét do, so bwdc vathé tich dung moi.

- Ban chét ciadung méi: dung mdi s dung rong réi nhat dé chiét hop chat phenol
|& methanol va hon hop methanol/nuéc. Cac dung mdi khac nhu aceton, ethyl
acetat va hon hop thwdng cho hiéu suét thap hon.

- pH clia moi trvong chiét xuét: pH xac dinh mirc dd hoatan clia chat tan va dling

anh hudng dén sy hoatan cé thé cd clia phan cé thé thiy phan duoc.



- Nhiét d6: nhiét d6 cao lam gia tang hé s6 tan va khuéch tan cta cac chat duoc
chiét valam giam doé nhét ciia dung méi. Tuy nhién, nhiét do cao qua co thé lam
thoai bién cac hop chat phenal.

- S8 buwdc chiét xuat va thé tich dung mdi. Hiéu suat chiét gia tang theo so budc
chiét. Thi du chiét bang 50 ml dung méi x 4 Ian cho hiéu suat cao hon chiét 1 [an
X 200 ml dung mo6i. Chiét dé dinh lwgng cho hiéu sut cao nhat véi 3-5 lan chiét
tuan tu.

1.2.4.2. Phurong phéap chiét ran-long

Phuong phap chiét 16ng dwéi ap suat (PLE)

K¢ thuat chiét 16ng dudi ap sudt tic |a chiét bang dung moi & &p sudt va nhiét do

cao ma khong dat toi diém tdi han cla ching. Ky thuat nay c6 nhiéu tén goi khac

nhau nhu: chiét dung moi gia tdc (Accelerated Solvent Extraction-ASE), chiét 1dng
dw6i ap sudt (Pressurized Fluid Extraction-PFE; Pressurized Liquid Extraction-

PLE), chiét dung mdi néng ap suat cao (Pressurized Hot Solvent Extraction-PHSE),

chiét dung mdi ap sudt cao (High-Pressure Solvent Extraction-HPSE), chiét dung

moi nhiét dd cao, ap suadt cao (High-Pressure, High Temperature Solvent

Extraction-HPHTSE), chiét dung méi chua t¢i han (Subcritical Solvent Extraction-

SSE). Tuy c6 nhiéu tén goi nhwng thuat nglr chiét 1éng dudi ap suat (Pressurized

Liquid Extraction-PLE) duoc chap nhan rong rdi nhat. T nhirng nam 2000 phuong

phap PLE bat dau dwoc p dung dé chiét cac hop chat phenol. Trong phrong phép

nay, ding nhiét do va ap suét cao dé gia tc cho qua trinh chiét. Ap suét lam ting
tiép xdc gitta dich chiét va mau trong khi nhiét do cao pha v& cac lién két trong
matrix phenol. Dung mdi néng lam bién tinh t€ bao do lam d6ng lipoprotein lam
cho si tham thau cta thanh té bao ngay cang it chon loc. Qua sw lam néng lai, thé
tich pha 16ng ndi ting dan dén ting ap sudt gay ra sw tuan hoan ly tm cla cac dung
dich qua cac 16 [110].
Phuong phap nay thuc hién chiét trong khi quyén tro tranh anh sang cho hiéu suat

cao Vi cac hop chat phenol kém bén trong diéu kién c6 oxy va anh sang.



1.3.  TINH HINH NGHIEN CUU VE HOP CHAT PHENOL TU QUAMU U
1.3.1. Mét 6 cong trinh nghién clru xac dinh hgp chat phenol

Ngoai nuéc

N&m 2003, Shen vacong su chiét xudt hat MU u da nghién min bang EtOH. Sau khi
dubi dung méi, can hoa trong nréc va lac voi EtOAc roi cd dudi ép sudt giam thu
dugc cao EtOAc. Tién hanh sic ky cot silica gel, rira giai bang hon hop n-hexan-
EtOAc v&i do phan cuc tang dan thu dugc 8 phan doan. Hai phan doan trong sb dé
tiép tuc phan tach qua cot silica gel, rira gidi bang hon hop n-hexan-CHCl;-MeOH
vOi cac ty 1& khéac nhau phan 1ap duoc inocalophyllin A (18), B (12). M6t phan doan
khac dem sac ky trén silica gel, rira giai bang hon hop n-hexan-aceton thay déi ty &
thu dwoc 3 phan doan. Dung sic ky 16p mong diéu ché dé tach tir 3 phan doan nay
inocalophyllin A, B methyl ester (18, 16) va calophyllolid (22). Cac tac gia ti€p tuc
methyl hoa inocalophyllin A, B methyl ester (18, 16) bang diazomethan thu duoc
inocalophyllin A, B dimethylat [38].

Trong mot cong trinh khac vao nam 2004, Yimdjo va cong sy dé chiét hat Mu u
bang phuong phap ngdm kiét & nhiét d6 phong bang hon hop CH,Cl,-MeOH (1:1),
dudi dung moi dwdi dp suat giam roi tién hanh phan 1ap trén cot silica gel, rira giai
bang hon hop n-hexan-EtOAc véi do phan cuc ting dan thu dwoc 6 phan doan. Mot
phan doan trong sd d6 dem sac ky trén cot silica gel, rira giai bang hon hop n-
hexan-EtOAc thu dugc mot chét ran, dem két tinh lai va xac dinh la calophyllolid
(22) dang phién mau trang. Ngoai ra con thu dugc calaustralin (24), inophyllum C
(9), E (11) [123].

Gan day nhat, vao nam 2009, Leu va cong si da phan lap trong nhya tach loai tir
dau hat Mu u & Polynesia thudc Phap 16 coumarin thudc dong inophyllum bao gom
calophyllolid (22), dong calanolid, dong inocalophyllin va tamanolid. Tuy nhién,
chi tiét clia quatrinh chiét tach khong duoc cong bd [101].

Trong nuwéc

Tt nhya MU u du phdm, trong phong thi nghiém va trong san xuét pilot, 4p dung
nguyén tac dong mé vong lacton bang acid va kiém dé thay d6i do tan cla



coumarin, roi diing dung méi hiru co' thich hop dé chiét xudt da thu dugc 0,15% cén

coumarin.

TUr nhan hat da ép dau bang cach chuyén qua cac loai dung mai: benzen, ether dau
hda, methanol, ngudi ta ciing da thu dwoc 1,5% can coumarin,

Nam 2002, Tran Thanh Thao va cong si dé ap dung phuong phap Spath dé chiét
Xudt coumarin. Dwa vao nguyén tac coumarin tan trong nuéc khi ma vong lacton &
moi trwvong kiém vatan trong dung mdi hiru co kém phan cwc khi déng vong lacton
& moi trwdong acid, tac gia dd kiém hoa bang NaHCO; rdi acid hoa bang dung dich
HCI 10% thu dwoc cin coumarin. DUng kY thuat sic ky cot ép sudt giam voi pha
finh la silica gel 60H, cac dung méi nhu: n-hexan, cyclohexan, benzen, ethyl acetat
va methanol theo nguyén tac tang dan do phan cuc dé phan Iap calophyllolid (22)
[5].

1.3.2. Thanh phan héa hoc cia hat Mt u

TU nam 1985, cac nghién clru vé MU u tai Khoa Duoc — Pai hoc Y Dwgc TP. HO
Chi Minh cho biét: hat MU u chi*a 41 - 51% dau thd, trong dau thdé c6 71,5% dau
béo va 28,5% chit nhwa. Hoat chat chinh trong hat Mu u thudc nhém 4-
phenylcoumarin. Thanh phan coumarin clia nhan hat Mu u so sanh véi nhéan hat da
loai dau bang phrong phap ép (ba hat) gom 9 vét trén sic Ky I6p mong, da phan 1ap

dugc 4 hop chat coumarin dat tenla A2, A3, A4, A9 va 2 hop chédt khdng cho phan
(ng voi thube thir ctia coumarin. Thanh phan coumarin trong dau Mu u tinh ché
twong tw nht trong nhya dw phdm gom 8 vét trén sic ky 16p méng, da phan lap
dugc 4 hgp chit coumarin dat ténla A, D, E, F vahgp chat X khéng cho phén rng
voi thubc thir olla coumarin. Cac téc gia da so bd két luan do la cac coumarin thude

nhém 4-phenyl coumarin ma céc tai liéu khac dadé cap dén [3],[4].

Ham lugng coumarin chiét xudt duoc xac dinh bang phrong phap khéi lwong: trong
du MU u thé 1a4 0,77%, trong MU u dau tinh ché 1a 0,50%, trong nhya dw pham la
0,15%, trong bé hat d& loai dau bang phwong phap ép tir 1,75 - 2,13% [4].



1.3.3. Tacdung dugc ly ctia dau M u [4]
N&m 2000, cac nghién ctru vé tinh khang khuan, khang ndm, khang viém do cac nha
khoa hoc tai Khoa Dugc, Pai hoc Y-Dwoc TP.HCM thuc hién cho biét: so sanh dau
MU u thd, ddu MU u tinh ché vathudc m& BALSINO thi dau Mu u tinh ché tc dung
kém hon dau MU u thd. Thuéc m& BALSINO chi chra 61% dau mu u tinh ché phoi
hop voi 1,3% tersol van cho tac dung twong duong véi dau MU u tinh ché. Tuy
nhién khi nghién clru tc dung ldam lanh o0 va téc dung khang viém trén mo hinh
gay bong thirc nghiém thi dau Mu u tinh ché tt hon dau Ma u thé.
Nong do tic ché t6i thiéu MIC (nmg/ ml) cla dau Ma u

Dau Mu u thd Dau Mu utinhché BALSINO

Streptococcus faecalis 64 128 128
Sreptococcus aureus 32 64 64
MRSA 64 128 128

Dau MU u c6 tinh khang vi ndm va khéang khuén manh trén vi khudn Gram (+), yéu

hon vGi vi khuan Gram (-).
D0 pha loéing clia dau Mu u va tac dung tc ché vi khuén, vi ndm

Vi khuan Vikhuan Microsporum Trichophyton Epidermophyton

Gram (+) Gram (-) canis rubrum floccosum

PO phaloang  1/5000 14 1/100 1/100 1/200

1.3.4. Tiéu chudn héa dau MU u va ché pham

Theo chuyén luan Dau Mu u clia Dugc dién Viét nam 1V: Dau MU u la dau ép tlr
hat cta cay Mu u (Calophyllum inophyllum L.) ho Bira (Clusiaceae) da duwgc tinh
ché loai bd phan “nhya”. Céc chi tiéu kiém nghiém bao gom: md t4, ti trong twong
ddi, chi s6 acid, chi s6 xa phong hoa, dinh tinh hop chét phenol va coumarin bang
phrong phéap hoa hoc va sic ky [¢p mong d6i chiéu véi dau M u chudn [1]. Céc
duoc dién: Hoa ky 2012, chau Au 7.0, Nhat 2006, Qudc té 4, Trung qudc 2010 déu

chwa thay cé chuyén luan vé cac bd phan dung ciing nhu thudc tir duoc liéu Mu u.



Mot s6 ché phdm voi nguyén liéu la ddu MU u nhw: “Dau Mu u” cla cong ty c6

phan dwgc Minh Hai, thuéc m& “Tran Mu u” cla cbéng ty c6 phan dwoc pham

Quang Minh, ché pham “Dau MU u Inopilo” ctia Cong ty tréch nhiém hiru han

Thwong mai va san xuat Dugc phdm Binh Minh, ché pham “Dau Mu u SP” cla

Cong ty trach nhiém hiru han Dugc phdm Phrong Nam, thuéc m& Dau Mu u K9

clia co s& san xudt thuéc Bong dwgc Clu long...da co6 tiéu chuan co s¢ nhung

khong cao hon tiéu chuan duoc dién Viét nam IV.

1.4. MOT SO PHUONG PHAP PHAN TICH HOP CHAT PHENOL TU MU
U

1.4.1. Phuong phéap sac ky

Pinh tinh xanthon bang phwong phap sac ky 16p méng: [37], [75], [111].

Nabiel dd khao sat 60 hé dung méi trén chat hap phu la silica gel & 25 + 2 °C. Két

qua chon duoc cac hé dung mdi khai trién tot nhét:

—  Cloroform - acid acetic (4:1); (90:10); (85:15); (80:20)

—  Cloroform - benzen (7:3)

—  Cloroform - ethyl acetat (cac ty 1€ khac nhau)

— Clorform

Phét hién bang mau sac cac vét dwdi anh sang tir ngoai véi hodc khong cd amoniac

hodc bang cach phun thuéc thir clia hop chét phenol.

Gia tri R; tang khi tang dd phan cuc cla hé dung mdi trién khai. Khuyén cdo khong

dung cac hé dung mai co trén 60% dung moi phan cuc (nhu ethyl acetat, aceton va

methanol) vi gia tri Ry qua cao. Gia tri R ty 1€ nghich v&i s6 nhom hydroxyl, ty 1€

thuan véi s6 nhdom methyl. Néu xanthon & dang glycosid thi sé khong di chuyén véi

cac hé dung méi cho aglycon.

Nam 1975, Chawla va cdng sw da cong bod cong trinh khai thac hiéu (*ng tao phic «

trén gia tri Ry va da thu dwoc két qud phan tach va dinh danh mot s

hydroxyxanthon.

Ban méng bang thay tinh (15 x 20 x 0,3 mm) ph silica gel d€ vao binh sac ky hinh

chi* nhat chira dung dich nitrobenzen 2%/benzen trong 14 gio, sau dé dé kho trong



binh hat am truedc khi st dung. Chdm céc dung dich trong methanol (0,1 ml) cla
tirng hydroxyxanthon va hon hop ctia ching (1 mg/ml) tai diém xudt phat bang 6ng
mao quan. Say kho va trién khai bang hé dung moi: benzene — xylem - ethyl format
- acid formic (15:35:40:10) trong binh bo hoa 30 phut. Phat hién vét bang cach ho
hoi iod, dung dich sat (111) clorid trong cén va dung dich acid sulfuric 15%.

Xé&c dinh xanthon bang phwong phéap séc ky khi

N&m 1971, Jefferson va cdng s dd phan tich 1,5-dihydroxyxanthon bang phuong
phap sac ky khi trén mau chwa x& ly, mau tao dan sudt methoxy va trimethylsilyl
hoa. May sac ky khi Varian 1400 v&i dau do ion hoa ngon Ira, cot thép khong gi
hinh xoan 6c, dwong kinh ngoai 3,175 mm, dai 2,438 m. Pha tinh Ia silicon SE-30
2% ta&m trén Chromosorb W. Két qua cho thdy & nhiét do thdp, pic cla cac dan xuét
methoxy va trimethylsilyl hoa can d6i hon so véi mau khéng tao dan sudt [90].

X&c dinh coumarin bang phwong phap séc ky 16ng hiéu nang cao

Frederic va cdng su da ding cot silica (Uptisphere), 16 s6p 120 A° hat 5 pum, kich
thwéc 250 mm x 4,6 mm dé tach cac coumarin khac nhau c6 trong cao la& MU u
Calophyllum inophyllum bang hé théng HPLC tiém mau tw dong voi dau do UV-
DAD, phét hién & butc séng 360 nm. Téc dd dong 1 ml/phat. Chwong trinh dung
mai: i-propanol-i-octan tir 1-20% (tt/tt) trong 25 phut, tr 20/80 (tt/tt) trong 25 phut,
sau dé can bang trong 15 phat. Thoi gian lwu cta cac chat lan luot 1a calophyllolid
21,3 phat; inophyllum B 23,9 phat; inophyllum P 24,5 phat; inophyllum G1 25,6
pht; inophyllum G2 26,7 phdt; inophyllum C 31,4 phat. Dinh danh céc pic bang
cach so sanh vgi phd UV cla cac phan tlr tinh khiét da biét phan tich trong cung
diéu kién sac ky. Binh lugng bang cach sir dung don vi dién tich AU cla céc pic
twong rng & 360 nm [23].

X&c dinh coumarin bang phuong phap sac ky khi

Nam 1972, Games da cong bd cong trinh phan tich cac dan chéat 4-phenyl coumarin
bao gom calophyllolid trong Calophyllum inophyllum bang GC/MS ding c6t nhoi
OV 1 3% hoic OV 17 3% trén Gas Chrom Q ghép phd khéi bang thly tinh théng

qua b0 tach 2 thi Watson-Biemann. Két qua thuc nghiém cho thdy pic co ban dang



bang phan tr khdi cta chat calophyllolid 1a 416 trir 15 tirc 401 va co sw hién dién
clia 2 manh ion tai m/z 55 va 83 [64].

1.4.2. Phuong phap phd nghiém

Dinh tinh xanthon bang phwong phap quang phd hap thu tir ngoai va kha kién
Xanthon c6 cac déc trung pho riéng vai cac cuc dai & 230-245, 250-265, 305-330
va 340-400 nm. Pho c6 dac trwng chuyén dich bathochromic trong kiém, nhém
clorid va acid natri acetat-boric, chuyén dich nay thay doi tlly theo s va vi tri cac
nhom thé hydroxyl [75].

Pinh tinh coumarin bang phwong phap quang phé hép thu tir ngoai va kha kién
Coumarin cé hai dinh chinh & trong khoang 310-315 nm va 220-230 nm va thém
vao do 1 hay 2 cuc dai phu co thé chuyén thanh vai (Goodwin va Pollock, 1954).
Huynh quang mau xanh la hay xanh lam quan sat thdy du¢i den UV khi coumarin
phan (ng v&i mét sb thube thir va sau khi x& Iy véi dung dich amoniac.

Cac thubc thir bao gdbm: (1) dung dich sét 111 clorid 1-2% trong methanol; (2) thudc
thir Pauly (acid sulfanilic diazo héa); (3) thudc thir Gepfner (dung dich déng luvong
natri nitrit 1% va acid acetic 10%); (4) thudc thir Millon [109].

Pinh tinh xanthon bang phwong phap phd cong hwdng tir hat nhan

Philip va cong su da ghi phd *C-NMR ctia 36 xanthon tim thay trong tw nhién. D6
chuyén dich héa hoc clia cac xanthon thé c6 thé dw doan tlr cac bang ghi anh hudng
thé danh gia so véi xanthon don gian hay ndi cach khac c6 thé xéac dinh kiéu thé cua
mot xanthon chua biét tir phd “*C-NMR [72].

1.5. MOT SO KHAI NIEM VE CHAT CHUAN BOI CHIEU

Theo hwong dan cla co quan Dugc phdm chau Au (EMEA) vé tiéu chudn chét
lwvgng thude tir dwoc liéu ban hanh nam 2006, céc chi tiéu trong tiéu chuan chét
lvgng thudc tir dwgce liéu bao gdm: cadm quan, dinh tinh, nwéc, tap chat (dung moi
ton du, v co, kim loai nang, vi sinh vat va nam, thudc trir sau...) va dinh lwgng.
Trong do6 phép thi dinh tinh bang phwong phap sac ky chi duya vao thoi gian luu
khéng dwgc cong nhan la dac hiéu ma can phai dung cac ky thuat ghép ndi nhu
HPLC-DAD, LC-MS, GC-MS. Can c6 phuong phap chuyén biét dé dinh lvong céc



chat co tac dung tri liéu da biét hodc céc chat diém chi [57]. Theo EMEA, phai dinh
tinh va dinh lvgng thanh phan cé hoat tinh trong nguyén liéu va ché pham tir duoc
liu [56]. Trong 2 thap ky qua, cac k¥ thuét sac ky ghép khdi phé nham thu duoc
thong tin vé cdu tric chat phan tich trd thanh phuong phap quan trong nhat dé dinh
danh céc chét da biét hoic chua biét. Cac k¥ thuat nay bao gom sac ky khi mao
quan hay sac ky 16ng voi dau do DAD hodc phd khéi (HPLC-DAD, GC-MSvaLC-
MS) la cac phrong phéap wa thich dé phan tich thudc tr dwoc liéu [35].

1.5.1. Mot s6 dinh nghia vé chat chuan déi chiéu

Chat chuan doi chiéu héa hoc chinh [120]

MOt chat chuan déi chiéu héa hoc chinh dugc thira nhan rong réi la c6 chat lvgng
thich hop trong mot boi canh cu thé va gia tri clia né dwoc chap nhan ma khong dua
Vao s so sanh v&i mot chat hoéa hoc khac.

Chat chuan doi chiéu duoc dién My [116]

La cac chat chon Iya do cé dd tinh khiét cao, cé cac dac tinh do luong duoc vathich
hop cho muc dich dv kién.

Chét d6i chiéu hda hoc Dwoc dién chau Au [120]

Mot chét hay hon hop cac chdt du kién st dung nhu ndi rd trong chuyén luan hodc
chuyén luan chung ctia Duoc dién chau Au. DAy 1a cac chuén chinh, ngoai trir mot
sO chét, nhat la khang sinh tinh theo don vi qudc té la chuan thi cdp ndi tlr chuan
quoc té.

Chat ddi chiéu theo co quan Thuc-Dwoc pham Hoa ky [61]

Mot mé hay 16 thudc dwoc diéu ché dic biét, hodc la bang cach téng hop doc 1ap
hodc bang cach tinh ché nguyén liéu san xudt va bang mot tap hop cac phép phan
tich sau rong cho thay la mot chat dang tin cay cé do tinh khiét cao nhét cé thé dat
dén mot cach hop ly. Chuan nay thwong dung dé giai thich cau tric va dung lam
chuan lién két dé thiét lap chuan lam viéc.

Chat doi chiéu theo ICH-Q6A [58]

Chuan ddi chiéu hay chat doi chiéu la chat dwoc diéu ché dé co chat lugng thich

hop dung lam chuan trong dinh tinh, dinh lwong va thi tinh khiét. Chéat chuan doi



chiéu la duoc chat méi dung trong dinh lwgng thi tap chat phai duoc dinh danh va
theo ddi ham luong.

Chat chuan déi chiéu hoa hoc tham tra theo Duwoc dién Hoa ky vé dwoc liéu
[42]

Chuén doi chiéu hoéa hoc tham tra theo Dugc dién Hoa ky vé duoc liéu trinh bay
chinh xac mirc do tinh khiét, phuong phap hodc phuong tién dé danh gia do tinh
khiét. Chuan nay cling duoc tham tra mot cach doc 1ap vé dinh danh mic dd tinh
khiét.

Chat diém chi

Co quan Dugc phdm chau Au (EMEA) dinh nghia chat diém chi la cac thanh phan
hay nhom céc thanh phan hoéa hoc clia dwgc liéu hay thube tir dwoc lieu dwgc quan
tam s dung cho muc dich kiém tra chat lugng béat ké chiing c6 tac dung tri liéu hay
khong [59].

L wa chon cac chéat diém chi [73]

Theo EMEA c¢6 2 loai chat diém chi: chat di€ém chi phan tich la chat hodc nhém
chat chi phuc vu cho muc dich phan tich con chat diém chi cé hoat tinh la chat hoac
nhom chét dwgc thira nhan c6 déng gop vao tac dung diéu tri.

Srinivasan dé nghi 4 loai chat doi chiéu sau: hoat chat, chat diém chi c6 hoat tinh,
chat diém chi phan tich va chéat diém chi cdm doan. Hoat chat la chét c6 cac tac
dung 1am sang rd rang; chat diém chi c6 hoat tinh la chat cé déng gop vao hiéu luc
lam sang; chét diém chi phan tich khong co6 tac dung Iam sang hay duwoc ly; chat
di€ém chi cdm doan biéu thi tinh gay di (rng hodc gay doc. Tét ca cac chat diém chi
trén c6 thé gop phan vao viéc lvgng gia, tiéu chuén hda va danh gia an toan thudc
c6 nguodn goc duwoc liéu.

Lin va cong sv mé& rong su phan loai ctia Srinivasan thanh 7 loai bao gom: hoat
chat, chat diém chi c6 hoat tinh, chat diém chi nhém, dau van tay héa hoc, chat
diém chi phan tich, chat diém chi “ma” va chét diém chi cdm doan.

Chat diém chi nhém c6 céu tric hda hoc va/hoac ly tinh twong tw. Hoat tinh dugc ly

cta ching khong nhét thiét dwoc biét, thi du cac polysaccarid. Loai chat d6i chiéu



nay khong nhét thiét chuyén biét va cé thé dé dang bi che bdi cac thanh phan khéac
dac biét la trong cac biét duoc. Chat d6i chi€u “ma” la cac thanh phan c6é tac dung
duoc ly da biét; tuy vay, cé thé khong phat hién dwgc ching trong mot so thudc
thdo duogc do cd ham lwgng thap. Chat diém chi cdm doan la chat c6 doc tinh hoac
gay di rng khién cho su hién dién cta ching la khéng mong muén va can c6 gioi
han nghiém ngat vé ham luvgng [115].

Songlin Li va cong su dé xuéat chia cac chat d6i chiéu hda hoc thanh 8 loai: (1) cac
chét c6 tac dung tri liéu, (2) cac chét c6 hoat tinh sinh hoc, (3) cac chat dong van,
(4) céac chat dac trung, (5) cac chat chinh, (6) cac chat twong tu, (7) cac chat c6 doc
tinh, (8) céc chét pho bién dung chung véi phd dau van tay.

Cac chat c6 tac dung tri liéu

Cac chat nay c6 tac dung diéu tri truc ti€p trong thuéc c6 ngudn gdc dugc liéu va co
thé dung nhu chét déi chiéu hoéa hoc cho dinh tinh va dinh lvong.

Céac chat c6 hoat tinh sinh hoc

La céac chat c6 cau tric khac nhau trong thudc tir duoc liéu; tirng thanh phan cé thé
khong c6 tac dung diéu tri nhung két hop céac chat nay sé gop phan vao hiéu qua tri
liéu. Céc chat cd hoat tinh sinh hoc nay cé thé dung lam chat doi chiéu trong dinh
tinh va dinh luvong.

Cac chat dong van

Céac chat nay khong gbép phan vao hiéu qua diéu tri hodc tac dung sinh hoc cé lién
quan mot cach truc ti€p. Tuy nhién, ching tac dong hiép luc lam tang cuong hoat
tinh sinh hoc cac thanh phan khac, do dé diéu chinh hiéu qua diéu tri cla thubc tlr
dwoc liéu. Cac chat dong van dung lam chat déi chiéu trong dinh tinh, dinh lvgng.
Cac chat dac trung

Céc chét nay cd thé dong gop vao hiéu qua tri lieu va ching phai chuyén biét
va/hodc la cac chat dang chd y trong thudc tir dwoc liéu.

Cac chat chinh

La cac chat c6 ham lvgng cao nhat trong thu6c tr duoc liéu (hodc ham luong cao

hon dang ké so v&i cac thanh phan khac). Cac chat nay khong phai la cac chat dac



treng va hoat tinh sinh hoc ctia chiing cé thé chra duoc biét. Cac chat chinh nay cé
thé dung dé dinh tinh va dinh lvong thudc tir duoc liéu nhat la khi phan biét va danh
gia do 6n dinh.
Cac chat tuvong tu
Cac chat twong tu trong thudc tir dwoc liéu c6 mdi lién quan gan nhau. Thi du cac
chat nay cé thé la tién chéat, san pham hodc chat chuyén héa cla phan (rng thudc
enzym hodc hda hoc. Céac chat tvong t ¢ thé dung lam chat ddi chiéu dé danh gia
chét lwvgng thudc tir dwgc liéu c6 ngudn gdc tir cac vung dia ly khac nhau va bao
quan trong thoi gian khac nhau.
Cac chat c6 doc tinh
Theo tai liéu y duogc hoc ¢6 truyén va cac nghién clru doc chat hién dai cho thdy mot
sO chat cé doc tinh trong thudc tir duoc liéu. Cac chat nay co6 thé ding lam chat doi
chiéu dé phat hién cac chat c6 doc tinh trong thudc tir dwoc liéu.
Cac chéat phd bién dung cung véi kj thuat “dau van tay”
La cac chat théng thwdng va chuyén biét hién dién trong chi, loai hay ho dugc liéu.
Céc chét nay c6 thé str dung cung véi ky thuat dau van tay dé kiém tra chat luong.
1.5.2. Thiét l1ap cac chat chuan dai chiéu
Theo hwdéng dan clia WHO, can danh gia nhu cau thiét 1ap dé thu dwgc ngudn
nguyén liéu, sau do tién hanh danh gia vai chi tiéu phan tich tuy thudc vao muc dich
str dung chat chuan doi chiéu. So do cay dudi day cé thé ap dung dé danh gia chat
chuan déi chiéu dung cho dinh lvong [29], [120]:

Ph6 UV-Vis, phé IR-Binh danh va khang dinh nhém chtrc

Pho khoi lugng MS-Phan ti lvong

Ph6 cong hudng tir hat nhan (*H va**C)-Giai thich va khang dinh cau tric
“Ngudn: Browne, 2009 [29]”

Plasma cdm (rng (ICP) Phan tich nhiét trong lvong (TGA) Tinh khiét sac ky (HPLC-DAD)

Xac dinh tap chat vo co Xac dinh tap chat bay hoi Xac dinh tap chat hitu co

Hinh 1.1. So d6 cay danh gia chat chuan d6i chiéu dung cho dinh luvong



CHUONG 2

POl TUONG VA PHUONG PHAP NGHIEN CUU

2.1. BOI TUONG
Céc hop chat phenol.

2.2. NGUYEN VAT LIEU

e  Nhuwa tach loai khi tinh ché dau tho ép tir hat Mu u thu dwgc nhu trong so do
hinh 2.1.. Chét 16ng c6 mau xanh la dam, mui dac trung do Khoa Dugc-Dai
hoc Y Duoc TP. H6 Chi Minh cung cip nam 2008.

e V0 qua Mu u do cong ty Natural Pro thu tai tinh Bén tre cung cap nam 2008
(Hinh PL 1.3).

Hat Mu u

Bahat <« | Epnguoi

v

Dau tho (51,0%)
Tinh ché

l !

Dau Mu u tinh ché Nhua Mu u
(36,5%) (14,5%)

“Ngudn: Nguyén Khac
Quynh Ct, 1998 [3], [4]”
Hinh 2.1. So d6 qua trinh ép dau va tach loai nhwva Mu u
e  Ché pham dau Mu u Inopilo (Hinh PL. 1.4) cla cong ty TNHH throng mai
& san xudt dwgc phdm Binh Minh, s6 dang ky: VNB-4288-05, han dung:

2/2015, moi chai chtra:
La 16t (Herba piperislolot) 3,39
DauMuu  (Oleum Calophilli) vira du 15 ml



2.3. DUNG MOI, HOA CHAT VA THIET BI THi NGHIEM

2.3.1. Dung méi, hoa chat

Céc loai dung méi methanol, ethanol, ethyl acetat, cloroform, n-hexan dung trong

chiét xuét 1a loai k§ thuat. Ban mong silica gel 60 Fs, trang san (Merck). Silica gel

cd hat 0,040-0,063 mm (Merck va BDH).

Cac dung mdi dung trong kY thuat sac ky Ip mong, sac ky chan khoéng nhu:

methanol, ethanol, ethyl acetat, chloroform, n-hexan, acetonitril...la loai tinh khiét

phan tich (Merck va JT Baker).

Céac dung mdi dung trong k¥ thuét sic ky 16ng (phan tich va diéu ché), LC-MS, GC-

MS nhu: methanol, acetonitril, ethyl acetat... la loai dung trong phwong phap sac ky

(Merck). Nwéc dung loai Milli-Q c6 tré khang 18 megachm-cm.

Thudc thir pha ché theo Dwgc dién Viét nam IV:

Dung dich sat (111) clorid 5%

Hoatan 5 g st (111) clorid (TT) trong nwéc vira dd 200 ml.

Vi khuan thr nghiém, moi treong va dia khang sinh chuan

Vi khuan thr nghiém gom: Gram-duvong Saphylococcus aureus (ATCC 6538P),

Gram-am Pseudomonas aeruginosa (ATCC 9027), vi khuan khang con va acid

Mycobacterium smegmatis (ATCC 14468). Céc vi khuan nay duoc cung cap dudi

dang vong cdy clia hang Oxoid Ltd (Anh). Méi trwong thach dinh dudng clia hang

Oxoid Ltd (Anh). Méi truong thach Mueller Hinton (MHA) cla hdng BioMérieux

(Phép). BTa khang sinh chuén ctia hdng Oxoid Ltd (Anh).

Dung cu thi nghiém khac

Béng thuy tinh cla hadng Poly Glass Fibre (Malaysia) va bi thay tinh (dwong kinh 1-

2 mm) loai JM30 cua hdng Pan Abrasives (Singapore) dung trong chiét léng duéi

ap suat.

2.3.2. Thiét bi thi nghiém

e Kinh hién vi quang hoc Olympus BX 61.

e May do diém chay Buchi B-545 tai Khoa Kiém nghiém Déng duoc-Duoc liéu-
Vién Kiém nghiém thuéc TP.HCM va Khoa Dugc-Bai hoc Qudc gia Singapore.



Can phan tich Sartorius A200S (0,1 mg) tai Khoa Duwgc-Pai hoc Quéc gia
Singapore, Mettler Toledo AB 265-S (0,01 mg) tai Khoa Kiém nghiém céac dang
bao ché-Vién Kiém nghiém thuéc TP.HCM.

May quang pho t&r ngoai kha kién Shimadzu 2450 tai Khoa Vat ly Do lvong-
Vién Kiém nghiém thuéc TP.HCM va Khoa Dugc-Pai hoc Qudc gia Singapore.
May quang pho hong ngoai FTIR Nicolet Magna 760 tai Khoa Vat ly Do lvong-
Vién Kiém nghiém thudc TP.HCM va Khoa Hda-Pai hoc Qudc gia Singapore.
May sac ky khi khdi ph6 GC-MS Shimadzu 2010: B chich mau tw déng AOC-
20i, phan mém x& ly dir kién LabSolutions GCMSSolution phién ban 2.5. tai
Khoa Duoc-Bai hoc Quéc gia Singapore.

May cbng hwdng tir hat nhan Bruker AM 500 FT-NMR Spectrometer tai Vién
Hoa hoc-Vién Khoa hoc va Cong nghé Viét nam va Khoa Hoa-bai hoc Khoa
hoc Ty nhién TP.HCM; Bruker AM 300 FT-NMR Spectrometer tai Khoa Duoc-
Dai hoc Qudc gia Singapore.

May s&c ky 16ng hiéu ning cao Shimadzu: BO kiém tra hé thdng CBM-20Alite;
Bom LC-20AD; B0 chich mau tw dong SIL-20AC; Budng cot CTO-20AC; Pau
do PDA SPD-M20A; Phan mém xu ly di* kién LCsolution tai Khoa Duwgc-Bai
hoc Qudc gia Singapore va Khoa Kiém nghiém cac dang bao ché-Vién Kiém
nghiém thuéc TP.HCM.

May sac ky 16ng diéu ché Shimadzu: B kiém tra hé théng SCL-10A VP; Bom
LC-8A; Pau do UV-Vis: SPD-10 AV VP; Bo thu mau: FRC-10A tai Khoa
Duoc-Pai hoc Quéc gia Singapore va may sic ky 16ng diéu ché Merck-Hitachi:
Bom NOVAPREP 200; C6t: Phenomenex Luna Cyg 15 um, 130 A° 250 x 50
mm; B chich mau: Rheodyne, loop 25 ml; Bo thu mau: Gilson FC 204 tai Vién
Codng Nghé Hoba Hoc.

May chiét 1dng duwéi ap sudt Dionex ASE-100 tai Khoa Duwgc-Bai hoc Quéc gia
Singapore.

BO chiét Soxhlet tv dong Buchi B-811 tai Khoa Duwogc-Bai hoc Qubc gia
Singapore.



e May phén tich nhiét Shimadzu TGA-DTA model DTG-60A, b0 kiém soat dong
FC 60A tai phong thi nghiém Trung tam ho tro khach hang cong ty Shimadzu
(Asia Pacific) va thiét bi phan tich nhiét trong luc Mettler Toledo TGA/DSC 1
STAR® System tai Khoa Vat ly Do lvong-Vién Kiém nghiém thudc TP.HCM.

e May nhiéu xa tia X Bruker AXS SMART APEX CCD tai khoa Ho6a-Pai hoc
Qudc gia Singapore.

Dung cu thdy tinh da hiéu chuan va céc dung cu théng thuong khéac trong phong thi

nghiém.

Noi thuc hién deé tai:

- B m6n Hoéa Phan tich-Kiém nghiém, Khoa Dugc-Pai hoc Y Dwgc TP.HCM.

B6 mdn Duoc liéu, Khoa Duwoc-bai hoc Y Dugc TP.HCM.

- Khoa Kiém nghiém Bong dugc-Duoc liéu-Vién Kiém nghiém thudc TP.HCM.

- Khoa Kiém nghiém céc dang bao ché-Vién Kiém nghiém thuéc TP.HCM.

- Khoa Vat ly Bo luvong-Vién Kiém nghiém thuéc TP.HCM.

- Khoa Kiém nghiém Nguyén liéu-Vién Kiém nghiém thudc TP.HCM.

- Phong Hoéa hoc céc hop chat ty nhién-Vién Cong nghé Héa hoc.

- Khoa Dugc, Khoa Héa-bai hoc Qudc gia Singapore.

2.4, PHUONG PHAP NGHIEN CUU

2.4.1. Nghién cru xac dinh hgp chéat phenol

2.4.1.1. Nghién ctru chiét xuat cac hop chat phenol tlr nhya va vé qua Mu u

XU ly nhiya MU u dé chiét xuat

Pong nhat hoa nhua trong céc thing bang cach gdp nhwa vao mdt thing 120 lit,
khudy déu, dé yén mot tuan dé tach 1dy phan dau con Ian.

X0 ly vo qua Mu u dé chiét xuat

Xay vo qua thanh bot bang may nghién M5A-Fitzpatrick (Hoa Ky) va ray dé thu
duoc cac hat c6 kich thudce trung binh a 1,84 mm xac dinh theo phwong phap Dugc
dién My 30 (2007) [116].



Chiét xuat hgp chat phenol tr nhya

Phwong phép ding dung méi kém phan cuwc co thay déi pH

Dwa vao pK, anh hudng dén chiét xudt hop chat phenol. Nghién ciru kiém héa bang

cac dung dich kiém khac nhau nhu: natri carbonat (TT), natri hydroxyd (TT),

amoniac (TT) dén cac pH 7-8 va 8-9. Acid hoa dich kiem dén pH 3-4 rbi chiét bang

dung moi kém phéan cuc [101], [106].

Phwong phép dung dung méi phan cwc khong thay déi pH

Dwa vao nang luc ctia dung moi pho bién dung dé chiét hop chét phenol la methanol

[33], [106], nghién ctru ti 16 methanol/nuéc phu hop nhéat va phuong phap loai chat

can tré dé thu dwoc nhiu hop chét phenol va dich chiét khong bi 1an dau. Khao sét

quy trinh loai dau dwa vao d6 phan cuc:

- Chiét phan bd 1dng - 1dng dich chiét MeOH/nwéc véi ether dau hda dé loai bd
phan dau.

- Loai dau bang cach |lam gidm ndng do dung moi c6 trong dich chiét MeOH/nwéc
dudi ap sudt giam dén con mdt nira thé tich, dé 1ang va gan bd phan dau bén
duai [45].

Chiét xuat hop chat phenol tir vé qua [69], [87]

Hop chéat phenol trong vo quéa chiét bang cac phrong phap: (1) chiét bang dung moi dudi

ap suat (PLE); (2) chiét bang soxhlet; (3) chiét ngadm kiét.

Phuong phéap chiét 16ng dwéi ap suat (PLE) [117]

Dung moi chiét la n-hexan (TT) va methanol (TT).

Ong chiét dwoc dat loc 10 pm & mot dau, ké dén 1a 16p bdng thay tinh rdi cho vao

mot lvong bot vo qua, thém céc hat thly tinh day 1-2 mm dé han ché khoang tréng

trong 6ng, tiép tuc cho Iép bong thay tinh va loc 10 um & dau kia. Loc 10 um va
bong thiy tinh dé ngan cac hat bot vé min di vao dich chiét.

Diéu kién chiét

Thiét bi chiét ldng dudi ap suat: ASE-100-Dionex (Hoa ky)

Ap suft : 1500 psi

Nhiét do :120°C

Thoi gian chiét : 15 phat



Chu ky chiét 1

Theé tich rra : 60%

Thai gian 1am sach hé thdng bang khi nitrogen : 90 gidy

Co dich chiét dudi ap suét giam & 40 °C rdi dinh muc dén thé tich bang methanol
(TT). Loc dich chiét bang gidy loc Whatman 40.

Phuong phap chiét soxhlet

Can chinh x&c mét lvong bot vé qua MU u cho vao 6ng dung mau bang cellulose
kich thudc 25 mm x 27 mm x 100 mm (Whatman, UK) rbi lap vao bd chiét soxhlet
ti dong Buchi B-811(Thuy ST) dé chiét bang methanol (TT) trong 8 gid. Cd dich
chiét dudi ap sudt giam & 40 °C rdi dinh mic dén thé tich bang methanol (TT). Loc
dich chiét bang gidy loc Whatman 40.

Phuong phap ngdm kiét

Vo qua MU u xay thanh bot bang may xay Fritsch (Btrc), dwgc ngdm kiét nguoc
dong vai con 96% thu dwoc dich chiét cdn. C6 cach thiy dich nay dén cén sét nhu
sird. Thém nudc vao can ndy theo ty |é thich hop rdi chiét vai ethyl acetat. Co dich
chiét ethyl acetat dwdi ap suat giam & 40 °C.

2.4.1.2. Thir tdc dung khang khuéan ctia cao chiét tir nhya va vo qua Mua u

Ap dung phrong phap khuéch tan trén thach, tiéu chuén cia CLSI theo khuyén céo
cta FDA [67].

Vi khuan thir nghiém

1. Pseudomonas aeruginosa ATCC 9027

2. Saphylococcus aureus ATCC 6538 P

3. Mycobacterium smegmatis ATCC 14468

Céc vi khuan nay dwoc cdy va cdy chuyén trén thach dinh dwdng dén thé hé thi sau

trwéc khi dem thr nghiém.



Khang sinh chuan

Dung cac dia khang sinh chuan: methicilin 5 pg cho Staphylococcus aureus,
carbenicilin 100 pg cho Pseudomonas aeruginosa va streptomycin 10 pg doéi véi
Mycobacterium smegmatis.

M@i trueong

Moi truong hoat héa vi khudn thir nghiém: thach dinh dwdng. Moi trwong thir
nghiém khang sinh: thach Mueller Hinton (MHA) 3,8% (kl/tt). Chuan bi méi trvong
bang cach hoa tan vai nuéc theo hwéng dan clia nha san xuét. Tiét tring & 121 °C,
ap suat 1 atm trong 20 phit.

Chuén bi mau

Hoa tan mau trong dung moi d4 ding dé chiét cao. Ding micro pipet 18y mét lvong
mau c6 chira 100 g cao trong tng tdm trén cac dia gidy loc dwdng Whatman s6 54
da tiét tring & 121 °C, 4p suét 1 atm trong 20 phut. Say kho céc dia trén qua dém &
40 °C.

Tién hanh th nghiém

D0 20 ml thach Mueller Hinton (MHA) 3,8% (kl/tt) vao céc dia Petri 90 mm rdi dé
yén cho dong lai. Rira b& mét cac khom vi khuén thir nghiém bang nudc tiét tring.
Chuén héa do duc cta nhil dich vi khuan twong dwong véi 1,5 x 10® CFU/mI (6ng
McFarland 0,5). Pha lodng 10 lan nhii dich vi khudn d& chuan hoéa theo Ong
McFarland 0,5. L&y 200 pl dich treo nay (3 x 10° CFU) cho vao gitta dia mdi
treong thir nghiém. DUng que trai bang thay tinh dé trai déu nhii dich vi khuén thir
nghiém trén bé mét thach va dé kho trong 15 phit. Dt dia gidy loc tim méu va dia
khang sinh chuén cach khodng déu nhau trén bé mat thach va dé 30 phut cho cac
chét khang khuén khuéch tan. U 18 gio & 37 °C d6i voi Staphylococcus aureus,

Pseudomonas aeruginosa va 48 gio & 37 °C doi véi Mycobacterium smegmatis.
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Hinh 2.2. Do duong kinh vong vo khuan. (Vong tron nho c6 vach la dia chirng

dwong hodc dia cd tdm cao. Phan khong vach la ving ¢ ché vi khuan.)

Hoat tinh khang khudn xéc dinh bang phan tram ti s6 gitra trung binh dwong kinh
vong khang khudn cla dia tdim mau thir va trung binh duong kinh vong khang
khuén cta dia khang sinh chudn dat trong cing mét dia thach. Ti s0 nay cang cao
thi kha nang khang khuan cang manh trén chiing vi khuan thtr nghiém.

% hoat tinh khang khuén cta cao = (Puong kinh vong v khuin ctia mau thiy/
Puong kinh vong vo khuan cla dia khang sinh chuan) x 100

Chuén bi céc dia chirtng dwong (dTa thach cdy vi khuan khong dat dia khang sinh
chuan) dé danh gia kha nang phat trién clta vi khuan trén moi trwong va chirng am
(d7a thach khong cdy vi khudn khéng d&t dia khang sinh chudn) dé khang dinh hiéu

luc sw hap tiét trung va ky thuat thir nghiém vo trung.



2.4.1.3. Nghién ctru phan lap va tinh ché cac hop chat phenol

Phan 1ap

Phuwong phap sac ky 16ng chan khong (VLC)

Nap mau |a cao toan phan chiét xuét dwoc vao cot silica gel theo nguyén tac nap cot

khé. Ty 1@ silica gel ding dé nap cot gdp 7-10 lan lugng mau. Lan luot rira gidi

bang dung mdi kém phan cuc va thay d6i ty 1& dung mdi dé tang dan dd phan cuc
nham loai c&c dau béo ra trwdc, va cac hop chat phenol s& duoc tach ra sau. Lugng
tdng dung méi phan cuc hon dugc thém vao moi phan doan dung méi ké tiép nhau.

Tang do phan cwce lic dau it (1%, 2%, 3%...) va sau do6 c6 thé tang lén véi mic (5%,

10%, 20%...). Khi trién khai cot, cho vao cung mét thé tich dung méi/hé dung moi

nhw nhau dé thu cac phan doan, hit that kho roi ti€p tuc véi cac phan doan tiép theo.

Kiém tra bang sac ky I&p méng, phat hién bang quan sat dwdi dén & cac buéc song

254, 365 nm, phun dung dich sat (111) clorid 5% (TT) rdi gop cac phan doan c6 céc

thanh phan gidng nhau [78].

Tinh ché

Sau khi thu dugc cac hop chdt khac nhau, tinh ché bang phwrong phap két tinh lai

[18], [101], phuong phap sic ky 16ng diéu ché dé thu dwoc cac hop chét tinh khiét

[78]. Kiém tra do tinh khiét bang TLC, HPLC:

e Kiém tra biang TLC: ban mong silica gel 60 Fus, (Merck) véi cac hé dung méi
c6 dé phan cuc khac nhau: (1) Toluen-ethyl acetat (8:2); (2) n-hexan-ethyl
acetat (7:3); (3) Cloroform-methanol (9:1).

e Kiém tra bang HPLC: may sac ky léng Shimadzu LC-20AD, dau do chudi diod
guang SPD-M20A, cot pha ddo Shim-pack VP-ODS 150 mm x 4,6 mm X 5 um,
pha dong acetonitril/nuéc véi chuong trinh dung moi tang dan ti 1é dung moi
hitu co, toc do dong 0,6 ml/phit, nhiét do cot 40 °C, phat hién tai bwéc song
thich hop.



2.4.1.4. Nghién clru xac dinh cau trac cac hgp chat phenol phan lap duoc

Sir dung phoi hop cac phuong phap phé nghiém nhu: phé UV-Vis, ph6 IR, phd khoi

lvong, phd NMR 1 va 2 chiéu, phd nhiéu xa tia X dé xac dinh céu tric clia cac hop

chat phenol phan lap duoc [101].

Ghi pho UV-Vis dé phan loai khung cdu tric cla hop chéat phenol nhu:
coumarin, xanthon...va so sanh v&i pho cuia cac hgp chat dé biét cong bo trong
cac tai liu hoac duoc ghi pho song song.

Ghi phd hong ngoai dé xac dinh cac nhom chirc nhu: carbonyl, hydroxyl hoéc
vong thom...

Ghi phd khéi lvgng theo ché dd tao ion bang ban pha dién tr (EI-MS) & 70 eV
dé xac dinh céc ion dac trung va cd thé dinh danh bang cach di chiéu vai phd
khoi lvgng chuan clia hop chét phenol trong thw vién pho (néu c). Ghi pho khéi
lwvong cé do phan gidi cao HRESI-TOFMS dé xac dinh khdi lugng chinh xéc va
cong thic nguyén cla hop chat [11].

Ghi ph6 cong hwdng tir hat nhan proton va carbon 13 mét va hai chiéu: hoa tan
mau trong cac dung mdi nhu: methanol-d,, cloroform-d, DMSO-dg v&i ndi
chuan la TMS r0i ghi pho trén thiét bi cé tan s6 300-500 MHz. Bién giai pho doi
voi cac hop chat méi hoac so sanh vai phd cua cac hop chat da biét cong bo
trong céc tai liéu.

Ghi phd nhiéu xa tia X dé xéac dinh cdu hinh tuyét déi khi hop chét & dang tinh
thé.

2.4.2. Nghién clru thiét 1ap chat chuan dai chiéu
Theo phuong phap cia FDA, USP, WHO, ISO guide 35, 1SO 13528 va SO 17043

cling nhy mo6 hinh clia cac nha cung cép chat chuan déi chiéu tir duoc liéu nhu:

Chromadex, Sigma Aldrich, Cerilliant... bao gém cac buéc sau: danh gia cac yéu

cau wu tién va khang dinh nhu cau, nghién ctru tai liéu va 1ap k& hoach, phan lap

nguyén liéu va tinh ché, xac dinh dac tinh Iy hoa, danh gia dong nhat, thiét lap bao
cao phan tich va ching chi phan tich [20], [29], [47].



Ap dung phuong phap khao sat lién phong thi nghiém dé xac dinh ham lugng chét
chuan doi chiéu theo 1SO guide 35. Phuong phap xac dinh tap chat hitu co la HPLC
ghép voi dau do day diod quang sau khi da thdm dinh. Ap dung phuong phap phan
tich nhiét trong lwong theo USP 2007 [116] dé xac dinh tap chat bay hoi, phwong
phap plasma cam (ng dé xac dinh tap chat vo co (Pb, As, Hg) theo Duogc dién

Trung qudc 2010 [41].

2.4.2.1. Xay dwng bo dir liéu nhan dang chat chuan doi chiéu diéu ché

So sanh cac pho UV-Vis, IR, MS, NMR cta chat chuan doi chiéu diéu ché duoc voi

phd lién két chudn trong cung diéu kién thi nghiém. Néu khong san cé chdt chuén

doi chiéu da duoc thiét lap dé lién két thi so sanh véi cac phd twong ng ghi trong
tai liéu da céng bd, thw vién phd va’hodc xac dinh cdu hinh tuyét déi bang k¥ thuat
nhiéu xa tia X néu phan t&r & dang tinh thé.

2.4.2.2. Banh gia chat chuan doi chiéu diéu ché

Xay dung va tham dinh phuong phap phéan tich xac dinh tap chat hiru co [26],

[44], [82], [103]

Dva vao tinh phan cuc/khdng phan cuc cla cac chat can phan tich, xay duwng

phrong phap HPLC phéat hién bang dau do day diod quang (HPLC-DAD) dé xac

dinh tap chét hitu co chua biét khi khong dinh danh dwoc tap hodc khong co tap
chuén bang phurong phap phan tram dién tich:

e Khéo sat cac cbt pha ddo RP Cig nhu: Shim-pack VP-ODS, Gemini NX C-18,
Zorbax C-18.

e Khdo sat pha dong vé thanh phan, ty 1€ va chuvong trinh. Khao sat cac hé dung
moi acetonitril-nwdc, dung dich acid acetic 0,1-2%; methanol-nwéc, dung dich
acid acetic 0,1-2%.

e Khao st nhiét do cot o: 25, 30 va 40 °C.

e Khao sét toc do dong & 0,6; 0,8 va 1 mi/phtt.

e Khdo sat budc séng phat hién dé thu duoc ham lwgng tap chat la cao nhat tinh

theo phuong phap phan tram dién tich.



e Khdo sit ndng do dung dich hop chét phenol di nhay dé phét hién duoc tat ca tap
va pic chinh van nam trong khoang tuyén tinh dé khong lam sai |éch khi tinh két
qua.

e Thim dinh phurong phap phan tich, van dung theo hwdng dan ciia ICH: thir tinh
phu hop cla hé théng, tinh dac hiéu, tinh tuyén tinh, do chinh xac, gi¢i han phéat
hién.

Xac dinh tap chét bay hoi bang phwong phap phan tich nhiét trong luvong

Toc do gia nhiét: 6 °C/phlit.

Khoang nhiét do: 30-150 °C.

Khi: Nitrogen.

T6c do dong: 100 mi/pht.

Xac dinh tap chéat vo co (Pb, As, Hg) bang phuong phap ICP-M S

To6c do khi nebulizer: 0,55 I/pht.

To6c dd khi plasma: 15 I/pht.

Dwell: 15 ms.

Dong vi theo dbi: As: 75; Pb: 208, 206; Hg: 202.

2.4.2.3. Xay dwng tiéu chuan chat lwgng chat chuan doi chiéu

Dwa vao hwdng dan cia WHO, I1SO, xay dung chi tiéu chét lugng va phwong phap

danh gia chat doi chiéu hda hoc dung cho dinh lvgng bao gom:

Bang 2.1. Tiéu chuan chat lwgng chat chuan doi chiéu theo WHO

Chi tiéu Phuong phap thi
Cam quan Quan sat bang mat
Binh tinh UV-Vis, IR; MS; NMR; X-Ray
Diém chay Duoc dién
D0 tinh khiét
- Tap chat hiru co HPLC-DAD
- Nuéc va cac chat hitru co bay hoi TGA
- Kim loai nang ICP-MS

Dinh lvgng Duoc dién hodc khéng duoc dién




D0 tinh khiét (Tap chét hitru co) dwgc danh gia & toi thiéu 3 phong thi nghiém dat
tiéu chuan ISO/IEC 17025: 2005 va/hodc GLP dé xac dinh gia tri an dinh, do léch
chuan va do khéng dam bao do [83], [84]. Sau cung, xay dung chirng chi phan tich
cho hop chét phenol phan Iap dugc dung lam chat ddi chi€u dya vao céc tai liéu
qudc té vé chat chuan, chét ddi chiéu [20], [29], [42], [47].

2.4.3. Nghién ctu phuong phap dinh tinh, dinh lwvgng hop chat phenol tir nhuya
va vo qua Mu u.

2.4.3.1. Xay dung va thdm dinh quy trinh phan tich xac dinh hop chat phenol tir
nhwa va vé qua Mu u bang phuong phap GC-MS.

Xay dwng phuong phép phéan tich

NEéu chua c6 tai liéu tham khao vé phuong phap xay dung, dwa vao tinh tan cla hop
chat can xéac dinh dé chon pha tinh, khao sat chon chuong trinh nhiét do thich hop
[104], [105]. Thé tich tiém mau: 1 pl. Nhiét do dau do phd khéi: ngudn ion: 250 °C;
giao dién: 200 °C. Kiéu thu dit liéu: scan mode v&i khoang quét: 50-450 amu dé
dinh tinh va SIM mode dé dinh lwgng véi ion dich la pic co ban va 2 ion tham
chiéu.

Tham dinh phwong phap phan tich [82], [103]

- Thi tinh phu hg p clia hé théng

Tinh dac hiéu: phé khdi lvong dugce xt ly loai nén bang phan mém AMDIS cla

NIST va giai thich hodc so sanh véi pho khoi lwgng chuén ctia hop chat can xac

dinh.

- Tinh tuyén tinh: khao sat twong quan gilra cwdng d6 manh ion co ban va néng
d6 chat can dinh luong.

- D0 chinh xac: xac dinh do Iap lai va dd chinh xac trung gian.

- D0 dung: thém chuin vao mau da biét ham lwvgng & ba mirc ndng dd, moi mirc

ba mau, tinh ty 1& phuc hoi va %RSD.



2.4.3.2. Xay dwng va tham dinh quy trinh phan tich xac dinh hgp chét phenol
trong thudc tir dau MU u béng phuong phap HPLC-DAD

K hao sat quy trinh chuén bi dung dich mau

Duwa vao cac yéu td anh hudng dé thiét ké thi nghiém chon quy trinh x& Iy mau
thich hop [55]. Can chinh xac mdt lvgng mau, [am d&m & nhiét do thich hop, thém
hon hop dung méi véi ty 1€ thich hop va siéu am trong thoi gian thich hep. Loc qua
loc 0,45 um.

Chon quy trinh xt ly cho dién tich pic chat can dinh luvgng la Ién nhat.

Bang 2.2. Céc yéu t6 va mirc dé chon diéu kién xt Iy mau

Yéu t6 anh hudng Mtrc

1 2 3
A: Nhiét do mau (°C) 25 45 60
B: Ham lvgng methanol (%) 70 90 100
C: Thoi gian 1am &m mau (phat) 10 15 20
D: Thoi gian siéu &m (phut) 5 10 15

Bang 2.3. Thiét ké thi nghiém chon diéu kién x Iy mau

Sttt A:Nhiétdo mau (°C) B:Hamlwgng C:Thoigianlam  D: Thoi gian

methanol (%)  &m mau (phat) siéu am (phtt)

1 25 70 10 5

2 25 90 15 10
3 25 100 20 15
4 45 70 15 15
5 45 90 20 5

6 45 100 10 10
7 60 70 20 10
8 60 90 10 15
9 60 100 15 5




Xay dyng phuong phép phéan tich [17], [26].

Dwa vao kha nang hoa tan clia mau trong pha dong, xay dung phuvong phap gém cac

khao sat sau:

Khéo sat cac cdt pha dao khac nhau: Zorbax C.g 150 mm x 4,6 mm ID, 5 ym
(Agilent, Hoa ky), Gemini NX C.g 150 mm x 4,6 mm ID, 5 um (Phenomenex,
bwc), Shim-pack VP-ODS 150 mm x 4,6 mm x 5 um (Shimadzu, Nhat ban)
voi tién cot Thermosil® Cyig, 5 pm, 10,0 mm x 2,0 mm ID, (Thermo Electron
Corp., Anh)

Khéo sat pha dong: s dung cac dung mdi acetonitril, methanol, nwéc, acid
acetic 0,1-2%.

Khao sat nhiét do cot: 25-50 °C.

Khdo sat toc do dong tir 0,6-1 ml/phti.

Khao sat cac budc séng phat hién trong vung t&r ngoai-kha kién

Tham dinh phwong phap phan tich [82], [103]

Thir tinh pht hep cla hé théng

Tinh dac hiéu: phd UV-Vis va do tinh khiét cta pic so sanh véi pho UV-Vis
chuan cla hop chét can dinh lugng.

Tinh tuyén tinh: khao sat twong quan gitra dién tich pic va ndng do chat can dinh
luvgng.

Do chinh x&c: xac dinh do l1ap lai va do chinh xac trung gian.

Do ding: thém chudn vao mau da biét ham lwgng & ba mirc ndng dd, moi murc

ba mau, tinh ty 1& phuc hoi va %RSD.

Phan tich s6 liéu thwc nghiém

Tinh céc so liéu thong ké nhw gia tri trung binh, do léch chuan, do Iéch chuan tuvong

ddi, khoang tin cay, phuong trinh hoi quy va hé s6 twong quan hdi quy bang phan

mém Excel 5.0. Panh gia phwong trinh hdi quy, do chinh xac trung gian... bang test
t, test F[8], [47].



3.1.

3.1.1.

CHUONG 3
KET QUA NGHIEN CUU
NGHIEN CUU XAC BINH HOP CHAT PHENOL TU NHUA VA VO
QUAMU U

Chiét xuat cac hgp chat phenol tlr nhwvaMu u

3.1.1.1. Phuong phap dung dung mdi kém phan cuwc, thay doi pH

Tién hanh trong diéu kién tranh anh sang

Qua trinh chiét xuét cac hop chét phenol tir nhwa MU u bang n-hexan (TT) thwc hién

theo so dd hinh 3.1. Cao n-hexan c6 phan (ng duong tinh voi dung dich sat (111)
clorid 5% (TT) cho mau xanh dwong dam (Phu luc 2).

NhraMu u (3 kg)

Na,CO; 10%, pH 8-9

l l

Nhua Dich kiém

Dung dich HCI 3,65%, pH 3-4

l l

Dich nhay Dich acid
n- hexan
Dich acid Dich n-hexan

Co ap suét giam,
40°C

Cao n-hexan (40 g)
1,33%

Hinh 3.1. So do chiét xuat cac hop chat phenol tir nhira Mu u bang n-hexan



3.1.1.2. Phuong phéap dung dung moi phan cuc, khong thay doi pH
Tién hanh trong diéu kién tranh anh sang
Qué trinh chiét cac hop chét phenol tir nhia MU u bang hon hop methanol-nwdc
(9:1) thyc hién theo so do hinh 3.2. Cao methanol cé phan ting duvong tinh véi dung
dich sat (I11) clorid 5% (TT) cho mau xanh duvong dam (Phu luc 2).
Nhya Mu u (4 kg)
MeOH-nuéc (9:1)
l l
Nhua Dich methanol-nuac

CO ap sudt giam, 40 °C
Pé lang

! !

Dau Dich nuéc
CO ap sudt giam, 40 °C
Na,SO, khan
Cao methanol (50 g)
1,25%

Hinh 3.2. So db chiét xuét cac hop chat phenol tir nhia MU u bang MeOH-nuéc (9:1)

3.1.2. Chiét xuat cac hop chat phenol tir vé qua Mu u
3.1.2.1. Phuong phap chiét I16ng duwéi ap suat (PLE)
Tién hanh trong diéu kién tranh anh sang
Qua trinh chiét cac hop chat phenol tir vo qua Ml u bang n-hexan (TT) va methanol
(TT) thwe hién theo so d6 hinh 3.3. Cac cao tuong rng cé phan (ng dwong tinh voi
dung dich s&t (111) clorid 5% (TT) cho mau xanh dwong dam (Phu luc 2).
B6t vo qua Mu u
l n-hexan/MeOH, 15 phut
Dich n-hexan/MeOH
l CO ap suat giam, 40 °C
Cao n-hexan/M eOH

Hinh 3.3. So db chiét xuét cac hop chét phenol tir vd qua Mu u bang phuong phap PLE



3.1.2.2. Phuong phéap chiét soxhlet
Tién hanh trong diéu kién tranh anh sang
Qua trinh chiét cac hop chat phenol tir vo qua Ml u bang n-hexan (TT) va methanol
(TT) thwc hién theo so d6 hinh 3.4. Cac cao twong trng cé phan (rng dwong tinh véi
dung dich sat (111) clorid 5% (TT) cho mau xanh dwong dam (Phu luc 2).
B6t vé qud MU u
l n-hexan/MeOH, 8 gi¢y

Dich n-hexan/MeOH
l CO ap suat giam, 40 °C
Cao n-hexan/M eOH

Hinh 3.4. So do chiét xuét cac hop chat phenol tir vd qua Ml u béng phwong phap soxhlet
K&t quéa chiét bang phuong phap chiét PLE va chiét soxhlet trinh bay & bang 3.1.

Bang 3.1. K&t qua chiét xudt hop chat phenol tir vd qua MU u bang PLE va soxhlet

TT Dungmdi Khéiluwgng Khéi lvgng Hiéu suat M0 ta dich chiét

mau (g) cao (g) (% KI/Kl)
Chiét PLE
1 M ethanol 0,499 9,98 Dau nhay, mau nau dam
2 n-hexan 50 0,048 0,96 Sanh nhv dau, mau vang
Chiét soxhlet
1 Methanol 0,081 4,05 Sanh nhv dau, mau vang sam
2 n-hexan 2,0 0,019 0,95 Rén v6 dinh hinh, mau vang

3.1.2.3. Phuong phap ngam kiét

Tién hanh trong diéu kién tranh anh sang.

Qua trinh chiét cac hop chét phenol tir vé qua MU u bang ethyl acetat (TT) thuc hién
theo so dd hinh 3.5. Cao tuong (ng c6 phan (ng dwong tinh v&i dung dich sat (111)
clorid 5% (TT) cho mau xanh dwong dam (Phu luc 2).



Bot vo qua Mu u (4 kg)

l Ngém kiét/con 96%

Dich con
l C6 céach thiy loai con 96%

Cao léng
l Léc v6i EtOAC

Dich EtOAc
l CO ap suat giam, 40 °C
Na,SO, khan, than hoat

Cao EtOAc (20 Q)
0.5%

Hinh 3.5. So db chiét xuét cac hop chét phenol tir vo qua MU u bang
phuong phap ngdm kiét
3.2. THU TAC DUNG KHANG KHUAN CAC CAO CHIET TU NHUA VA
VO QUAMU U
K&t qua tac dung khang khuén thr bang phrong phap khuéch tan trén thach clia cac
cao chiét duogc trinh bay trong bang 3.2. (Hinh PL 3.1).

Bang 3.2. K&t qua thir tac dung khang khuén clia cao chiét tr nhya va vé qua Mu u

Puong kinh vong khang khuan
mau thtr (100 ny/dia)/mau chun (%, n =2)

Chding vi sinh vat thir nghiém S aureusATCC  Ps. aeruginosa M. smegmatis
6538 P ATCC 9027 ATCC 14468

Pfa khang sinh chuan Methicillin5ug  Carbenicillin 100 ug ~ Streptomycin 10 pg

BO Cao Phuwong
phén phap chiét
n-Hexan Dungméi 41,0 Amtinh 36,0
Nhua M ethanol Dungmoi 45,3 - 48,4
Methanol PLE 58,1 - 47,0
Vo qua Ethyl acetat Ngam kiét 58,0 - 47,0
n-Hexan PLE 53,8 - 37,5

Methanol Soxhlet 50,0 - 45,5




Nhan xét:

- Bang cac phuong phap chiét khac nhau nhw: dung moi (Long-long), PLE, ngdm
kiét va soxhlet, tit ca cac cao chiét tir nhwa bang n-hexan va methanol ciing nhw
cao chiét tir vd qua bang n-hexan, ethyl acetat va methanol déu cho tac dung
khang khuan trén Saphylococcus aureus va Mycobacterium smegmatis nhung
khong c6 tac dung trén Pseudomonas aeruginosa.

3.3. PHAN LAP CAC HOP CHAT PHENOL TU NHUA VA VO QUA MU U

3.3.1. Phan Iap cac hop chéat phenol tir nhyya Mu u

Phan 1ap bang phuong phap sac ky 1dng chan khong (VLC) theo so dd hinh 3.6.

(cao n-hexan) va hinh 3.7. (cao methanol). Céc cao trén chiét b&i quy trinh da khao

sét dé thu dwoc nhiéu hop chét phenol, it tap va co tinh khang khuan (Phu luc 2).

Cao n-hexan (40 g)
Silicagel, VLC

n-hexan‘ n-hexan: EtOAc‘ n-hexan: EtOAc( EtOAc:MeOH‘ EtOAc:MeOH‘ EtOAc:MeOH‘

100: 0 95l: 5 90: 10 88: 12 80: 20 60: 40
Pd. I Pd. II Pd. Il Pd. IV Pd. V Pd. VI

Hop chat N Hop chét N,
(8,1 mg) (105,0 mg)

Hinh 3.6. So do phan lap cac hgp chéat phenol tir cao n-hexan nhya Mu u



Cao methanol (50 g)

Silicagel, VLC n-hexan-EtOACc
0 | | |
100: 0 90: 1 98: 2 97:3 96: 4 95: 5 90: 10
[ S A R
Pd. | Pd. Il Pd. I Pd. IV Pd. Vv Pd. VI Pd. VII
l i
Hop chat N3 Hop chat Ny
(135,0 mg) (98,0 mg)

Hinh 3.7. So dd phan lap cac hgp chat phenol tir cao methanol nhya Mu u

3.3.2. Phan lap cac hop chat phenol tir vo qua Mu u
Phan 1ap hop chét phenol trong cao ethyl acetat biang phwong phap VLC theo so do
hinh 3.8. (Phu luc 2).

Cao EtOAC (20 g)
Silicagel, VLC n-hexan-EtOAC
100: 0 99l: 1 981: 2 91: 3 961: 4 95£ 5
Pd. | Pd. Il Pd. Il Pd. IV Pd. vV Pd. VI

Hop chét V,
(26,0 mg)

Hinh 3.8. So dd phan lap hop chéat phenol tir cao ethyl acetat vé qua Mu u



3.3.3. Kiém tra do tinh khiét cac hop chat phan lap duoc

Kiém tra do tinh khiét trén ban méng silica gel F,s4 (Merck) cho thay chi ¢ mot vét

trén sac ky do.

Hé dung méi R¢
N4 N, N3 Ny Vi
Toluen-EtOAC (8:2) 0,27 0,22 0,52 0,39 0,39
n-hexan-EtOAc (7:3) 0,37 0,31 0,63 0,53 0,53
CHCl;-MeOH (9:1) 0,63 0,61 0,72 0,75 0,75
Hé dung médi Phat hién: 254 nm
Ny N, N3 N4 Vi,
Toluen-EtOAC (8:2) Véttron  Véttron  VéEttron  Veéttron  Vét tron
n-hexan-EtOAc (7:3)  Véttron  Veéttron  Véttron  Véttron  Véttron
CHCIl3-MeOH (9:1) Véttron  Véttron  Véttron  Véttron  VEttron
Hé dung méi Phat hién: 366 nm
N, N, N3 N, V,
Toluen-EtOAC (8:2) Xanh Xanh Phéat Nau Nau
dwong  dwong  quang sam sam
n-hexan-EtOAc (7:3)  Xanh Xanh Phét Nau N&u
dwong  dwong  quang sam sam
CHCI3-MeOH (9:1) Xanh Xanh Phét Nau Nau
dwong  dwong  quang sam sam
Hé dung moi Phat hién: FeCl, 5% (TT) Hinh 3.9. S&c ky dd TLC
L S S clia cac hop chat phan 1ap
Toluen-EtOAC (8:2) Xanh Xanh ) ) )
tim tim tlr nhyra va vo qua Mu u
n-hexan-EtOAc (7:3)  Xanh Xanh ) “) ) (Hé: n-hexan-EtOAC (7: 3);
tim tim
CHCIyMeOH (9:1)  Xanh  Xanh (9 O © Phat hién ¢ 254 nm)
tim tim
Nhom hop chat C60H COOH Khong Khéng Khong
phenol  phenol c6OH c6OH cdOH
phenol  phenol  phenol




3.4. XAC BINH CAU TRUC CAC HOP CHAT PHENOL PHAN LAP BUQC
3.4.1. Xac dinh cau truc cac hgp chéat phenol phan lap tr nhwaMu u
Hop chat N,

B6t mau vang, vo dinh hinh, diém chay 245-247 °C.

Pho UV (MeOH) cla hgp chat N; cho céac cuc dai hdp thu (Ama, NM) 6 248,
315, 370 nm va mét vai & 235 nm trung khép véi tai liéu da cong bd cua B.
Jackson va cong si [87], phu hop véi pho do linuma va cong sv ghi (236 (sh),
248, 313 va 366 nm). Pho cho thay hop chat co khung xanthon [79],[89], [94]
(Phu luc 4.1).

Ph6 IR (KBr) clia hop chat N; cho céc bang hdp thu (v, cm™): 3421(O-H),
1647 (C=0), 1577 (C=), 1279 (C-O-), 792, 724 (C=H nhan thom): cho thay co
sy hién dién clia cac nhém OH phenoal lién két hydrogen ndi phéan tir véi dinh
rong & 3421 cm™* c6 cwong do trung binh (m), nhém carbonyl lién hop cla
vong keton 6 canh & 1647 cm™, ether vong & 1279 cm™, nhan thom benzen
mot 1an thé & 1577 cm™, 792 va 724 cm'[60], [113] (Phu luc 4.2).

Pho EI-MS clia hgp chat N, cho cdc manh ¢ mvz (rel. int.,%): 228 (100), 212
(1,37), 200 (11,12), 171 (11,46), 115 (23,3), 92 (13,75) twong tng voi cdng
thirc nguyén Cy3HgO, (M = 228), phui hop voi dif liéu pho EI-MS cla linuma
vacdng sy voi pic can ban tai m'z 228 [79] (Phu luc 4.3).

Pho NMR

Ph6 *H-NMR (CD3;OD va DM SO-ds, 500 MHz) ctia hop chat N; cho céc tin
hiéu (dy, ppm; J, H2) & 7,72t (8,0); 6,82 dd (8,0; 1,0); 7,12 dd (7,5; 0,5); 7,36
dd (7,5; 2,0); 7,30t (7,5); 7,74 dd (8,0; 1,5) cho thdy day la 3 proton lan can
cla vong thom A va B (Phu luc 4.4).

Ph6 *C-NMR (CD3OD va DMSO-dg, 125 MHZz) clia hop chat N; cho c4c tin
hiéu (dc, ppm) & 183,8; 162,9; 157,5; 147,7; 147,0; 138,2; 125,3; 122,6; 122,2;
116,5; 111,2; 109,7; va 108,4. Pho DEPT cla hop chat N; cho 13 tin hiéu
carbon trong d6 cé 7 carbon bac 4 va 6 methin carbon. Tat cd cac tuwong tac

HMBC clia hop chat N; trinh bay trong bang 3.3. So sanh céc dit liéu ph6 *H-



NMR va *C-NMR (Phu luc 4.9) véi phd *H-NMR va *C-NMR cta chat 1,5-
dihydroxyxanthon [32] cho két qua hoan toan phu hop (Phu luc 4.5, 4.6, 4.7 va
4.8).
e Tu nhitng di¥ liéu phan tich phé UV-Vis, IR, EI-MS, 'H-NMR va *C-NMR 1
va 2 chiéu, hop chat N, xac dinh la 1,5-dihydroxyxanthon.
Bang 3.3. Bang dit liéu phd NMR ctia hgp chat N, (CD;0D va DMSO-ds, may 500 MH2)

C DEPT dc, ppm O, ppm; m (J, H2) HMBC
1 -O-C= 162,9 -
2 —CH= 111,2 6,82 dd (8,0; 1,0) 4
3 —CH= 138,2 7,721 (8,0) 1,4a
4 —CH= 108,4 7,12dd (7,5; 0,5) 2
da >C= 157,5 -
5 -O-C= 147,7 -
6 —CH= 122,2 7,36 dd (7,5; 2) 8, 10a
7 —CH= 125,3 7,30t (7,5) 5, 8a
8 —CH= 116,5 7,74 dd (8,0; 1,5) 6, 9, 10a
8a >C= 122,6 -
9 >C=0 183,8 -
%9a >C= 109,7 -
10a >C= 147,0 -
O (|DH
PN )J\ PN
D
6\ )\ /4a\ /3
|5 O 4
OH

Hinh 3.10. Cong thirc cau tao clia hgp chat N



Hop chéat N,

Tinh thé hinh kim, khong mau, diém chay 228-230 °C.

Pho UV (MeOH) clia hop chét N, cho céc cuc dai hap thu (Ama, NM) & 231, 248,
va 348 nm chirng té hop chat c6 khung xanthon [75] (Phu luc 5.1).

Phé IR (KBr) clia hop chit N, cho cé4c bang hap thu (v, cm™): 3197 (O-H), 1652
(C=0), 1589 (C=), 1292 (C-O-), 754, 729 (C=H nhan thom): cho thdy c6 sv
hién dién ctia cac nhém OH phenal lién két hydrogen ndi phan t&r cho dinh rong,
cudng dd trung binh & 3197 cm™, nhém carbonyl lién hop clia vong keton 6
canh & 1652 cm', ether vong & 1292 cm™, nhan thom benzen mot 1an thé & 1589
cm™, 754 va 729 cm'[60], [113] (Phu luc 5.2).

Pho EI-MS clia hop chat N, cho cac manh c6 mvz (rel. int.,%): 212 (100), 184
(22,76), 155 (7,28), 128 (21,91), 102 (9,05), 63 (11,19) v&i pic cin ban tai nmvz
212. Doi chiéu véi phd cla 4-hydroxyxanthon trong thw vién pho NIST thudc
phan mém LabSolution phién ban 2.5 thdy cac manh ion trung khép véi nhau
(Phu luc 5.3).

Pho NMR:

Trén phé *H-NMR (CD50D, 500 MHz) clia hop chit N, nhan thay:

Batin hiéu (dy, ppm; J, H2) & 7,73 dd (8,0; 2,0); 7,25t (8,0); va 7,31 dd (8,0;
1,5) ladau hiéu ctia 3 proton ké can thudc vong thom B (Phu luc 5.4).

B&n tin hiéu (dy, ppm; J, H2) & 7,68 dd (8,5; 0,5); 7,83 dt (8,5; 1,5); 7,44 dit (7,5;
1,0); va 8,26 dd (8,0; 2,0) la dau hiéu ctia 4 proton ké can thudc vong thom A
(Phu luc 5.4).

Phd *C-NMR (CD30D, 125 MHz) clia hop chat N, cho céc tin hiéu (de, ppm)
&: 179,2; 157,4; 147,9; 147,1; 136,4; 127,3; 125,3; 125,1; 123,6; 122,5; 121,5;
119,4; va 117,1. Phd DEPT cuta hop chat N, cho 13 tin hiéu carbon trong dé c6
6 carbon b&c 4 va 7 methin carbon (Phu luc 5.5 va 5.6).

Téat ca cac twong tac HMBC cla hop chat N, trinh bay trong bang 3.4. So sanh
céc di liéu phd *H-NMR va *C-NMR (PL 5.9) vé6i ph6 *H-NMR va *C-NMR



cla 4-hydroxyxanthon [32], [72] cho két qud twong dong (Phu luc 5.7, 5.8 va

5.9).

e TU nhitng di liéu phan tich phé UV-Vis, IR, EI-MS, 'H-NMR va®*C-NMR 1 va
2 chiéu, hop chat N, xac dinh la 4-hydroxyxanthon.
Bang 3.4. Bang di liéu phd NMR ctia hop chat N, (CD;0D, may 500 MHZ)

C DEPT Oc, ppm O, ppm; m (J, H2) HMBC
1 —CH= 117,1 7,73dd (8,0; 2,0) 3,489
2 —CH= 125,1 7,251 (8,0) 4,9

3 —CH= 121,5 7,31dd (8,0; 1,5) 1, 4a

4 —-O-C= 1479 -

4a >C= 147,1 -

5 —CH= 119,4 7,68 dd (8,5; 0,5) 7, 83, 10a
6 —CH= 136,4 7,83dt (8,5; 1,5) 8, 10a

7 —CH= 125,3 7,44 dt (7,5; 1,0) 5, 8a

8 —CH= 127,3 8,26 dd (8,0; 2,0) 6,9, 10a
8a >C= 123,6 -

9 >C=0 179,2 -

9a >C= 122,5 -

10a -O-C= 157,4 -

Hinh 3.11. Cong thirc cau tao cta hop chat N,



Hop chat N

Tinh thé hinh phién, khéng mau, diém chay 98,2-100,5°C.

Pho UV (MeOH) ctia hop chat N3 cho céc cuc dai hdp thu (Ama, NM) & 239, va
311 nm (Phu luc 6.1).

Phé IR (KBr) cliahop chat N5 cho cac bing hap thu (v, cm™): 3440 (O-H), 2926,
2855 (CH, va CHjy), 1732 (C=0), 1603 (1,3-diketon enol), 1447 (CH, va CHy),
1376 (CHs), 1257, 1031 (=C-O-C-). Pho cho thdy phan tlr c6 sv hién dién cla
nhom 1,3-diketon enol véi lién két hydrogen ndi phan ttr, dao déng co dan, dao
dong ubn clia cac nhém alkyl [63], [113] (Phu luc 6.2).

Ph6 HRMS (ESI-micrOTOFQ) clia hop chét N3: [M+H]* & m/z 589,3422; [M-
H]" & myz 587,3368 va[M+Na]" & m/z 611,3325 cho [M]* 588,3400 m/z (Phu luc
6.4 va 6.5). Phd EI-MS clia hop chdt N3 cho cac manh c6 mvz (rel. int.,%): [M]”
588 (7,45); [M - CHa]" 573 (1,77); [M - CsHg]" 519 (10,81); 485 (1,58); [M —
CsHg - C4H7 + H]* 465 (2,65); [M - CioHy7 + H]* 452 (11,92); 419 (4,49); 411
(7,77); [M - CioHi7 — CsH, + H]* 397 (100); 379 (1,51); 363 (14,88); 323
(14,06); 289 (7,51); 267 (9,63); 235 (7,75); 177 (14,47); 135 (37,54); 121 (8,65);
105 (32,88); 97 (13,43); [CsHg]™ 69 (70,31);[C4H4]" 55 (37,42); [OC,Hs] 45
(6,43) (Phu luc 6.3) tuvong tng v6i cong thirc nguyén Cs7H4506; M = 588,3401
[71.

m/ g 69 miz 55

m/z 452

m/z 519
m/z 177

| 7VLLL m/z 69
V
o o j[\ o
B CioH17
-2H
miz 411 m/z 397 m/z 135

Hinh 3.12. So d6 phan manh EI-MScla hop chat N



Pho NMR:

Trén phd *H-NMR (CDCls, 500 MHZ) ctia hop chét N5 cho thay:

Tin hiéu (dy, ppm; J, H2) & vung trwdng thap 16,5 s la dau hiéu ctia mot proton
nhém OH.

Cac tin hiéu (dy, ppm; J, H2) ¢ 7,37d (7,5) x 2; 7,22t (7,5) x 2; 7,11t (7,5) la
dau hiéu ctia cac proton ké can thudc vong thom.

Cac tin hiéu (dy, ppm; J, H2) & 4,36 s; 4,92 m; 4,95 mladau hiéu cta cac proton
olefin.

Cac tin hiéu (dy, ppm; J, Hz) & 3,21 dd (11,0; 7,0); 3,32 dd (10,5; 7,0) la dau
hiéu cla cua cac nhém methylen.

Cac tin hiéu (dy, ppm; J,H2) & 1,75 s, 1,65 s; 1,5°s; 1,48 s la dau hiéu cla cac
nhém methyl olefin dinh don.

Céc tin hiéu (dy, ppm; J, Hz) & 1,25 d (6,0); 1,3 d (6,0) la dau hiéu ctia cac nhom
methyl dinh doi.

Cac tin hiéu (dy, ppm; J, H2) 6 1,29 t (3,5); 4,1 q (4,5) la dau hiéu cula ethyl
ester (Phu luc 6.6).

Phd *C-NMR (CDCl3, 125 MHz) clia hop chéat N3 cho céc tin hiéu (de, ppm) 6:
12,4; 14,1; 17,8; 18,1; 19,3; 25,5; 25,6; 35,2; 35,6; 36,8; 40,9; 41,7; 44,6; 60,1;
77,2; 109,7; 113,7; 115,2; 115,6; 117,1; 122,4; 125,6; 127,7; 128,1; 132,2;
143,6; 147,4; 163,1; 187,3; 187,4; 195,7; va 200,3. Phd DEPT cla hgp chat N3
cho 37 tin hiéu carbon trong dé c6 8 nhdm methyl, 6 nhdm methylen, 11 methin
carbon va 12 carbon bac 4 (Phu luc 6.7 va 6.8).

Trén ph6 *C-NMR (CDCl3, 125 MHz) clia hop chat N3 nhan thay:

Céc tin hiéu (dc, ppm) & 195,7 va 200,3 la dau hiéu clia 2 keton carbonyl lién
hop.

Cac tin hiéu (dc, ppm) & 14,1 va 60,1 la dau hiéu cta ethyl ester.

Tin hiéu (dc, ppm) & 187,3 ladau hiéu ctia nhdm carbonyl.

Cac tin hiéu (dc, ppm) & 125,6; 127,7; 128,1 la dau hiéu cliia carbon vong thom.



Céc tin hiéu (dc, ppm) 6 12,4; 14,1; 18,1; 17,8; 19,3; 25,5; 35,2 la ddu hiéu cta
céc nhdm methyl.

Céc tin hiéu (dc, ppm) & 143,6; 187,3 la dau hiéu ctia carbon olefin ndi véi O.
Tin hiéu (dc, ppm) & 113,7 ladau hiéu ctia carbon nhém methylen [12], [60].
Bang 3.5. Bang di liéu phd NMR clia hgp chat N3 (CDCl;, may 500 MHZ)

C DEPT dc, ppm On, ppm; m (J,Hz2) HMBC
2 CH sp° 77,2 4,15m 4, 8a, 3-CH;
3 CH sp° 41,7 2,5m 43, 2-CHs
4 ~O-C= 187,4 o
4a >C= 117,1 _
5 >C=0 200,3 .
6 115,2 o
7 >C=0 195,7 .
8 >C= 115,6 o
8a —O-C= 163,1 .
9 CH sp° 35,5 494 m 7,8a,11,2°, 6
10 —CHy 36,6 321dd (11,0;7,0); 8,1’
3,32 dd, (10,5; 7,0)
11 O-C=0 187,3 _
1’ >C= 143,6 o
2’ —CH= 127,7 7,37d(7,5) 9,46’
3 —CH= 128,1 7,221 (7,5) 1’5’
4 —CH= 125,6 7,111t (7,5) 2’6’
5’ —CH= 128,1 7,22t (7,5) 1", 3
6’ ~CH= 127,7 7,37d(7,5) 9,2, 4



2-CH; —CH, 12,4 1,3d(6,0) 3, 8a

3-CH; —CHj, 14,1 1,25d (6,0) 2,4

17 —CH, 40,9 2,15m 5,7,3”, 1

2" >C= 109,7 4,92 m 6, 4”, 5"

3” >C= 147,4 -

47 —CHs 35,2 1,755 o

5" —CHs 18,1 1,655 2", 47

1™ _CHy 446 2,1m 5,7,17, 3", 8™
2" >CH- 36,8 33m 6,47, 9™, 10"
3" _CHr~ 256 1,6m 17, 5™, 8"
4 >C= 122,4 4,95 m 27 67, T
5" >C= 132,2 -

6"  —CHs 255 155 4,7

7" —CH, 19,3 1,655 67, 4

8"  >C= 147,4 -

9" >C= 113,7 4,36 27" 10"

10 —CHs, 17,8 155 27 9

OH . 1655

12 —CH,O 601 4,1 (4,5) 11

13 _CH, 14,1 1,181 (3,5)

Phd nhiéu xa tia X don tinh thé:

Trén ph6 nhiéu xa tia X cta hgp chat N nhan thiy:

G6c DHA = 130,9° (> 120 °); d6 dai lien két hydrogen d(D...A) = 1,97 A
(<2,5A)vad(D...A) = 2,590 ladau hiéu ctialién két hydrogen ndi phan ti.



- DO dai lién két (A) gilta cac nguyén t6 C va O tiéu biéu cho ciu tric clia hop

chat N5 trinh bay trong bang 3.6.

Bang 3.6. D liéu d6 dai cac lién két tiéu biéu clia hop chat N

Lién két D6 dai thuc nghiem  Kiéu lién két Do dai ly thuyét (A)
(A) [118]

C (1')-C () 1,350 c=C 1,35

C (1)-C (2)) 1,388 C-Cthom  1,373-1,395

C (2))-C (3) 1,366 c=C 1,35

C (3")-C (4" 1,373 C-Cthom  1,373-1,395

C (4")-C (5) 1,357 c=C 1,35

C (5")-C (6) 1,391 C-Cthom  1,373-1,395

C (1)-C(9) 1,506 c-C 1,49-1,54

C (9)-C (10) 1,546 c-C 1,49-1,54

C (8)-C(9) 1,521 c-C 1,49-1,54

C (6)-C (7) 1,509 c-C 1,49-1,54

C (6)-C (5) 1,516 c-C 1,49-1,54

C (1)-C (6) 1,546 c-C 1,49-1,54

C(1”)-C(6) 1,545 c-C 1,49-1,54

C (4a)-C (5) 1,422 C=C-C= 1,421-1,46

C (5)-0 1,26 C=0 1,23-1,26

C(2’)-C(8") 1,523 c-C 1,49-1,54

C(17)-C(2’”) 1,513 c-C 1,49-1,54

C(2)-C(3”) 154 c-C 1,49-1,54

C(2)-0 1,472 C-0-C 1,47

C (4)-0 1,427 c-0 1,43

C (7)-0 1,226 Cc=0 1,23-1,26

C (11)-0 1,224 C=0 1,23-1,26

C (11)-0 1,274 0=C-O 1,36




Bang 3.7. D liéu do dai va goc lién két hydrogen clia hop chat N

D-H..A d(D-H) d(H..A) d(D..A) <(DHA)
O (3)-H (3)..0 (2 0,83 1,97 2,590 (14) 130,9
0 (3X)-H (3X)..0(2) 0,83 1,76 2,452 (15) 140,3

Toan bd céac dir liéu phé nhiéu xa tia X cla hop chit N3 da duoc giri tai Trung
tAm di liéu tinh thé Cambridge CCDC (Cambridge Crystallographic Data
Centre) dat tai Vwong qudc Anh dudi dang CIF file (Crystallographic
Information File) véi s6 dang ky 939550 (Phu luc 6.11).

Hinh 3.14. Cong thirc cau tao clia hgp chat N5



Hop chat N,

Tinh thé hinh lang tru, khong mau, diém chay 155 °C.

Pho UV (EtOH) clia hop chat N, cho céc cuc dai hap thu (Ama, NM) & 235, 270
va 295 nm va mot vai & 325 nm, cho thay phan t&r cé cdu tric coumarin va phu
hop véi dir liéu phé UV clia calophyllolid da cong bo [65] (Phu luc 7.1).

Phé IR (KBr) clia hop chat N, cho cac bang hap thu (v, cm™): 1726 (C=0), 1663
(-C=C-), 1580 (C-C vong thom), 1133 (C-O-), 757, 698 (C=H vong thom). Ph6
cho thdy phan t c6 dao dong co dan rat dic trung clia C=0 & 1728 cm™, dao
dong cla vong a-pyron & 1580 va 1663 cm', clia vong phenyl mot |an thé &
1580, 757 va 698 cm™ chirng t6 phan t& c6 céu tric neo-flavonoid [60], [113]
(Phu luc 7.2).

Pho EI-MS clia hop chat N, cho cac manh cé mvz (rel. int.,%): 416 (15,42), 401
(100), 83 (5,62), 55 (30,60) phu hop voi dir lieu phd GC-MS cua D. E. Games
[64] (Phu luc 7.3).

Pho NMR:

Trén ph6 *H-NMR (CDCl;, 300 MHz) clia hop chat N, nhan thay:

Cac tin hiéu (dy, ppm; J, H2) & 7,26 m x 2; 7,40 m x 2 la dau hiéu clia 4 proton
ké can thudc vong thom.

Cac tin hiéu (dy, ppm; J, Hz) & 0,97 sx 2; 1,9 d (6,3); va 2,01 s ctia cac nhom
methyl.

Céc tin hidu (du, ppm; J, HZ) & 5,48 d (9,9); 6,02 s, 6,45 d (9,6), va 6,57  (6,0)
cho thdy day la cau tric pyranocoumarin [28] (Phu luc 7.4).

Phé *C-NMR (CDCl3, 75 MHz) clia hop chat N, cho céc tin hiéu (dc, ppm) 6:
10,7; 15,2; 26,8 x 2; 63,0; 77,4, 105,6; 110,7; 114,2; 115,0; 115,9; 127,2 X 2;
127,5 x 2; 127,7; 129,0; 139,5; 139,9; 144,2; 151,7; 152,0; 155,0; 155,8; 159,4;
194,3.

Trén ph6 *C-NMR (CDCl3, 75 MHZ) cliahop chét N, nhan thay:

Cé&c tin hiéu (d¢, ppm) & 127,2 x 2; 127,5 x 2; 127,7 la dau hiéu clia cac carbon

vong thom.



- Tinhiéu (dc, ppm) & 63,0 ladau hiéu cia nhdm methoxy.

- Céctinhiéu (dc, ppm) ¢ 10,7; 15,2; 26,8 ladau hiéu clia cac nhdm methyl.

- Tinhiéu (dc, ppm) & 194,3 la dau hiéu ciia mdt nhém keton.

- Tin hiéu (dc, ppm) & 159,4 la dau hiéu ciia mét nhém keton thuéc nhéom
coumarin.

- So séanh dit liéu ph6 *H-NMR va**C-NMR (Phu luc 7.5, 7.6 va 7.7) véi phd *H-
NMR va**C-NMR ctia calophyllolid [65], [107] cho két qua hoan toan phul hop.

e T nhitng dit liéu phan tich ph6 UV-Vis, IR, EI-MS, *H-NMR va *C-NMR, hop
chat N, x&c dinh la calophyllolid.
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Hinh 3.15. Cong thirc cu tao clia hop chat Ny
3.4.2. Xac dinh cau tric hop chat phenol phan lap tir vo qua MU u
Hop chat V;
e Tinh thé hinh phién, khéng mau, diém chay 155,5 °C, tvong (rng v&i diém chay
cla hop chat N,.
e Sic ky I6p mong:
Ban mong: silica gel Fos,
Hé dung moi: [1]: CHCI;-MeOH (9:1); [2]: n-hexan-EtOAc (7:3)
Phat hién: soi den & budc séng 254/365 nm.
K&t qua: vét co cuing mau séc, hinh dang va R; vdi vét clia hop chét N, (hé 1:
R = 0,85; hé 2: R = 0,53) (Phu luc 8.1).



Pho UV (EtOH) clia hop chat V4 cho céc cuc dai hap thu (Ama, NM) & 235, 270
va 295 nm vathé hién mdt vai & 325 nm, phu hop véi pho UV cua hop chat N,
(Phu luc 8.2).

Phd IR (KBr) clia hop chat V; cho cac bang hép thu (v, cm'™®): 1728 (C=0), 1663
(-C=C-), 1580 (C-C vong thom), 1133 (C-O-), 757, 698 (C=H vong thom) cho
thdy phu hop véi phd hong ngoai clia hop chat N,.

Pho EI-MS clia hop chat V4 cho cac manh cé mvz (rel. int.,%): 416 (11,65), 401
(100), 83 (1,94), 55 (6,95) phu hop véi dir lieu phdé GC-MS cua D. E. Games
[64] (Phu luc 8.3).

Pho NMR:

Trén phé *H-NMR (CDCl3, 500 MHz) clia hop chat VV; nhan thay:

Cac tin hiéu (dy, ppm; J, H2) & 7,19 mx 2; 7,33 mx 2 la dau hiéu clia 4 proton
ké can thudc vong thom.

Céc tin hiéu (dy, ppm; J, H2) & 0,90 sx 2; 1,83 d (7,0); va 1,94 s clia cac nhom
methyl

Cac tin hiéu (dy, ppm; J, H2) & 5,40 d (10,0); 5,95 s; 6,38 d (10,0), va 6,49 m
cho thdy day la cdu trac pyranocoumarin [28] (Phu luc 7.4).

Phd **C-NMR (CDCl3, 125 MHz) clia hop chét V, cho céc tin hiéu (de, ppm) 6:
10,7; 15,1, 26,9; 27,8; 62,9; 77,4; 105,6; 110,7; 114,3; 115,1; 116,0; 127,3 X 2;
127,5 x 2; 127,8; 129,2; 139,6; 140,0; 143,9; 151,8; 152,0; 154,9; 155,9; 159,4;
194,2.

So sanh di lieu ph6 *H-NMR va **C-NMR (Phu luc 8.4 va 8.5) clia hop chat V,
voi phd *H-NMR va *C-NMR ctia calophyllolid cho két qua hoan toan pht hop
[65], [107].

TUr nhitng di¥ liéu phan tich phé UV-Vis, IR, EI-MS, *H-NMR va**C-NMR, hop
chét V1 xéc dinh ciing la calophyllolid.



3.5. NGHIEN CUU THIET LAP CHAT CHUAN BOI CHIEU

3.5.1. Thiét 1ap chéat chuan déi chiéu calophyllolid

Tién hanh chiét xuat (Phu luc 9), phan lap (Phu luc 10) va tinh ché (Phu luc 11)
calophyllolid dé danh gia lam chat chuan ddi chiéu. Két qua diéu ché duoc 1,44 g
tinh thé khong mau.

3.5.1.1. biém chay

Mau thir Két qua (°C)
1 155,6

2 155,3

3 155,8

Trung binh 155,6 + 0,4 °C
Tiéu chuan chap nhan 155,0+ 1,0°C
KE&t luan Dat

3.5.1.2. Binh tinh calophyllolid diéu ché

Pho UV-Vis

Pho hap thu tlr ngoai va kha kién cla calophyllolid (EtOH) diéu ché ghi trong dai
song tr 220 nm dén 350 nm ¢6 cac cuc dai hap thu &: 233, 269 va 294 nm, phu hop

v6i tai liéu d4 cong b6 [65].

E——can 21 - RawData

233

269

0,35000 \ b

, | 3 + : 234

o000 et J
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nm.

0.

Hinh 3.16. Pho UV-Vis (EtOH) cla calophyllolid diéu ché duoc



Phé IR
Pho hong ngoai cla calophyllolid (KBr) diéu ché cé cac dinh cd sd song: 1726,
1662, 1581, 1134, 758, 700 cm'*, phu hop voi tai liéu da cong b6 [65].
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Hinh 3.17. Pho IR (KBr) clia calophyllolid diéu ché duoc
Pho MS
Ph& khéi lwvong EI-MS (70 eV) cla calophyllolid diéu ché c6 céc pic m/z 416 [M]",
401 (pic can ban), m/z 83, 55, phu hop véi tai liéu da cong bo [65].
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Hinh 3.18. Phd MS (EI-MS) clia calophyllolid diéu ché duoc



Pho NMR
Ph6 *C-NMR va phé *H-NMR cua calophyllolid digu ché phu hop véi phé **C-
NMR va phé *H-NMR theo tai liéu da céng b [65].
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Hinh 3.19. Ph6 *H-NMR (CDCl;, 300 MHz) clia calophyllolid diéu ché duoc
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Hinh 3.20. Ph6 **C-NMR (CDCl5, 75 MHZ) clia calophyllolid digu ché duoc



Bang 3.8. Bang so sanh di liéu ph6 *H-NMR va **C -NMR ctia calophyllolid digu
ché dwgc voi tai liéu tham khdo

C Calophyllolid diéu ché Calophyllolid [65]
3¢ (ppm)®* 8+ m(J, Hg)" 3¢ (ppm)®* 8+ m(J, Hz)"
159,4 — 15,5 —
114,2 6,005s 114,2 6,02s
155,0 L 155,0 L
4a 105,6 L 105,6 .
4b 151,7 L 151,7 .
6 77,4 L 77,4 L
7 129,0 5,46 d (12,0) 129,0 5,48 d (10,0)
8 115,9 6,43d(9,0) 116,0 6,45d (10,0)
8a 110,7 L 110,7 L
8b 155,83 L 155,8 o
10 144,2 6,55q (6,0) 144,2 6,57 dq (7,0;
1,3)
11 139,9 L 139,9 _
12 194,3 L 194,3 L
12a 115,0 L 115,0 L
12b 152,0 L 152,0 L
13 139,5 L 139,5 _
14,18 1272 7.38m 127,3 7,40m
15,17 1275 7.24m 127,5 7,26 m
16 127,7 7,38 m 127,7 7,40 m
19 26,8 0955 26,9 097s
20 26,8 0955 26,9 0,97s
21 15,2 1,88d (6,0) 15,2 1,90 dd (7,0)
22 10,7 1,99s 10,7 2,01 m
OMe 63,0 3,745 63,0 3,75s

2 do trong CDCl3 & 75 MHz °: do trong CDCl3 & 300 MHz



3.5.1.3. Banh gia calophyllolid diéu ché
Xac dinh tap chat bay hoi

Tién hanh phrong phap TGA (Phu luc 12), so sanh voi tiéu chuan chap nhan.

Xac dinh tap chat vo co

Ma&u thir K&t qua (%)
1 0,99

2 0,96

3 12

Trung binh 1,05+0,3
Tiéu chuan chap nhan <11

Keét luan Pat

Tién hanh phrong phap ICP-MS (Phu luc 12), so sanh voi tiéu chuan chap nhan.

Mau ther

2

3

Trung binh

Tiéu chuan chap nhan

Két luan

Két qua

Pb
Khoéng phét hién

Khoéng phét hién
Khoéng phét hién

Pat (MDL: 2,49
ppb)

< 20 ppm

Pat

As
Khong phét hién

Khoéng phét hién
Khoéng phét hién

Pat (MDL.: 4,69
ppb)

< 20 ppm

Pat

Hg
Khéng phéat hién

Khéng phéat hién
Khéng phéat hién

Pat (MDL: 0,56
ppb)

< 20 ppm

Pat

Xac dinh tap chat hiru co
Xay dwng phwong phap phéan tich HPLC-DAD

K&t qué chon dwoc diéu kién sac ky nhu sau:

Cot: Gemini NX C-18 (150 mm x 4,6 mm , 5 um)

Buwdc song phat hién: 270 nm

Nhiét do cot: 40 °C



- Toc do dong: 0,6 mi/ phat
- Thétichtiém: 10 pl.
- Pha ddng: chuong trinh gradient

Thoi gian (phat) % acetonitril % nudéc

0 50 50
20 90 10
30 100 0
37 100 0
45 50 50
55 50 50

- Nong do mau tht: 0,06 mg/ml trong acetonitril-nwdc (50:50)
Két qua khao sat buéc song phat hién trinh bay trong bang 3.9.

Bang 3.9. Két qua khao sat % dién tich clia cac tap chat hiru co tai mot sé bwéc song

210 nm 233 nm 270 nm 295 nm

Téngtap Calophyllolid Tongtap Calophyllolid Téngtap Calophyllolid Tongtap Calophyllolid

(%) (%) (%) (%) (%) (%) (%) (%)
1 2,64 97,36 2,32 97,68 3,15 96,71 2,81 97,39
2 2,81 97,20 2,34 97,66 3,10 96,91 2,921 97,08
3 2,79 97,22 2,36 97,60 3,09 96,91 2,89 97,12
4 2,77 97,23 2,34 97,58 3,07 96,90 2,85 97,10
TB 2,75 97,25 2,34 97,63 3,10 96,86 2,86 97,17
RSD% 2,72 0,08 0,63 0,05 1,08 0,1 1,7 0,15

Tham dinh phwong phap phan tich HPLC-DAD

Tht tinh phu hop ctia hé théng

Chuan bi dung dich calophyllolid trong acetonitril-nwéc (50:50) nong dd 0,06
mg/ml. Tiém vao hé thdng sac ky véi diéu kién sic ky da chon 6 lan. Tinh céc
thong s6 s&c ky: thoi gian luu, %RSD clia dién tich, do phan giai va s6 dia ly thuyét

cta pic chinh calophyllolid va pic cac tap chat. K&t qua trinh bay trong bang 3.10.



Bang 3.10. Tinh phu hgp clia hé théng HPLC-DAD (n = 6)

héng sb Thoi gian %RSD dién Sbé dialy D6 phan giai
Hop chat lvu (phut) tich pic thuyét

Calophyllalid 14,98

Yéu cau - <2 > 2000 <2
Két qua - 1,56 34911 6,8%
Tapchat 1 12,89

Yéu cau - <2 > 2000 <2
Ké&t qua - 1,15 29446 6,8°
Tap chat 2 15,65

Yéu cau - <2 > 2000 <2
Két qua - 0,90 34733 2,0°

% Gitra pic clia calophyllolid vapic ciatap chat 1

®: Gifra pic cliatap chat 1 va pic clia calophyllolid

“ Gitra pic cliatap chat 2 vapic clia calophyllolid

Tinh dac hiéu

Tiém vao may sac ky Ian lvot cac mau sau: dung moi pha mau: acetonitril — nuéc

(50:50); dung dich thr: dung dich calophyllolid trong acetonitril-nwéc (50:50) c6

nong dé 0,06 mg/ml. Két qua nhu sau:

- SAc ky d6 clia dung mdi pha mau khéng xuét hién pic & thoi gian luu tvong tng
vGi thoi gian lvu ctiapic chinh trong sic ky do cda dung dich th.

- D0 tinh khiét clia pic calophyllolid, tap chat 1 va 2 lan lwgt 1a: 1,00; 0,99 va 0,99
(=0,99).

- D0 phan gidi gilta pic ciia calophyllolid va pic clatap chat 1 va 2 lan luot [a 6,8
vazz2 (=15).
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Hinh 3.21. Pho UV va do tinh khiét clia pic calophyllolid diéu ché duoc (1), tap chat 1 (2)

va tap chat 2 (3)

Hinh 3.22. Pho 3D clia calophyllolid diéu ché duoc

30 Founh




Tinh tuyén tinh

Két qua khao sa khoang tuyén tinh cho thdy cac tap chat hitu co va calophyllolid
cho cac dap (rng tuyén tinh trong khodng néng d6 calophyllolid tir 15,1-504,0 pg/mi
r = 0,995-0,999 ( r = 0,995).

Sttt Nong do (ug/ml) Dién tich

25000 - y = 45.9214x + 269.2681
1 15,1 1232 20000 - R = 0.9995
2 605 2911 £
55_ 10000 (1)

3 1512 7198 3 _ ] .

4 2419 11127 0

5 504,0 23547 ‘ ' ang do .(ug/ml). ‘ ‘

St N6ng do (ug/ml) - Dién tich 14000000 y = 24467.2640x - 90756.8130

1 151 351509 12000000 R* = 0.9097

2 605 1426677 § so0o000

3 1512 3548193 Cp— @

4 2419 5711179 e

5 5040 12308455 Nang do (ug/mi)

Stt Nong dd (ug/ml) Dién tich 450000 - y = 608.3300x + 9007.2456

300000 R? = 0.9947

1 151 10719 e

2 605 42658 5 20000 . ,

3 1512 106058 & oo @

4 2419 168628 e

5 5040 308708 S ey
Bang 3.11. Két qua khao sat khoang tuyén Hinh 3.23. B thi twvong quan gilta ndng do cac dung
tinh ctia tap chat 1 (1); calophyllolid (2); dich calophyllolid va dién tich pic tap chét 1 (1);
tap chat 2 (3) calophyllolid (2); tap chat 2 (3)

Gigi han phat hién
Theo ICH, tinh gi¢i han phét hién dvya vao dd doc cla duong chuan va do léch
chuan clia dap (rng. K&t qua gidi han phét hién clia tap chat 1 va 2 lan luot 12 11,6

va 36,1 pg/ml calophyllolid diéu ché.



D6 chinh xac
Thyec hién bdi 3 kiEm nghiém vién trén céc dung dich calophyllolid trong
acetonitril-nwéc (50:50) ndng dd 0,06 mg/ml. Két qua trinh bay trong bang 3.12.

Bang 3.12. K&t qua khao sat dd Iap lai va do chinh xac trung gian clia phuong phap

Stt Kiém nghiém vién 1 Kiém nghiém vién 2 Kiém nghiém vién 3
Ham lwong téng tap (%) Ham lwgng téng tap Ham lvgng tong tap

(%) (%)

1 2,93 4,10 4,06

2 3,15 4,04 3,66

3 3,02 3,92 3,61

4 3,14 3,96 3,93

5 3,05 3,99 2,97

6 3,39 3,95 3,76

Trung binh 311+0,17 3,99 + 0,07 367+04
Do léch
chudn 0,16 0,07 0,38
%RSD 5,08 1,66 10,36

Gia tri thong ké dd chinh xac trung gian:
Trung binh: 3,59 £ 1,11%

Do léch chuén: 0,24

%RSD: 6,7 (< 10)
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Hinh 3.24. Sac ky d6 HPLC-DAD calophyllolid tinh ché dwoc (phat hién & 270 nm)
Ap dung quy trinh phan tich HPLC-DAD dé xdy dyng va thdm dinh trén xac dinh

ham lvong % tap chat hiru co trong calophyllolid diéu ché dugc. KEt qua: 3,53%.



3.5.1.3. Bong lo va danh gia dong nhét calophyllolid diéu ché

Dong mau c6 khdi lvgng 10 mg trong lo thay tinh nau, han kin, c6 16p dém teflon
dat tiéu chuan chat lvong theo quy dinh trong Glove box duoc nap khi nitrogen
99,99%, d6 am twong d6i 40%, dan nhan tam ghi tén hoat chat va danh s6 thir tw
tirng lo. PO tinh khiét calophyllolid digu ché dugc xac dinh bang phuong phap
HPLC-DAD trinh bay trong bang 3.13.

Bang 3.13. B0 tinh khiét calophyllolid trong qua trinh déng lo
Stt Los6 Kétqual (%) KEétqua?2 (%)

1 2 97,07 96,61
2 97,08 96,72
3 96,85 97,01
4 11 96,98 96,86
5 20 96,98 97,00
6 27 96,74 96,84
7 30 96,86 96,84
8 36 96,94 96,98

Két qua phan tich phrong sai mot yéu té6 theo ANOVA

Nguon sai s Tong sO Bactw do Binhphuong Fy, Fic
binh phuong trung binh

Gilra cdc nhom 0,026 1 0,026 1,535 4,600

Trong tirng nhom 0,234 14 0,017

Tong cong 0,259 15

Nhan xét: F, = 1,535 < F. = 4,600. Do d6 két luan céc lo dong nhat trong qua trinh
dong goi (P =0,05).



3.5.1.4. Banh gia calophyllolid diéu ché thong qua lién phong thi nghiém

Xéc dinh dd tinh khiét calophyllolid diéu ché bang phuong phap HPLC-DAD tién
hanh tai cac khoa clia Vién kiém nghiém thuéc TP.HCM gom: khoa Kiém nghiém
céc dang bao ché (PTN 1), khoa Kiém nghiém nguyén liéu (PTN 2), khoa Vat ly do
lvong (PTN 3), két qua trinh bay trong bang 3.14.

Bang 3.14. Két qua xac dinh d tinh khiét clia calophyllolid tai 3 phong thi nghiém

PTN 1 PTN 2 PTN 3
1 97,07 95,94 95,90
2 96,85 96,34 95,96
3 96,98 96,39 96,08
4 96,86 96,07 96,04
5 96,95 97,03 96,01
6 96,61 97,24 96,05

Trung binh 96,89 96,50 96,01




3.5.1.5. Xéac dinh gia tri an dinh va dd khéng dam bao do (phwong phap HPLC-
DAD) ctia calophyllolid diéu ché

Chu ky 0 1 2

) - 0,99 0,81
X* -8 - 9538 95,66
X* + 3 - 97,35 97,27

95,9 95,9 95,9

9594 9594 9594
9596 95,96 95,96
96,01 96,01 96,01
96,04 96,04 96,04
96,05 96,05 96,05
96,07 96,07 96,07
96,08 96,08 96,08
96,34 96,34 96,34
96,39 96,39 96,39
96.61 96.61 96.61
96,85 96,85 96,85
96.86 96.86 96.86
96,95 96,95 96,95
96,98 96,98 96,98
97,03 97,03 97,03
97.07 97.07 97.07
97,24 9724 97,24

Trung binh 96,47 96,47 96,47
SD 0476 0476 0,476
X* 96,37 96,47 96,47
s* 0,660 0,539 0,539

Do khdng dam bao do W: 1,25 x 0,539/ 4,243 = 0,159
3.5.1.6. binh lvgng
Ham luvgng % tinh trén nguyén trang: 100 — (3,53) — (1,05) = 95,42% (> 95,0%).




3.5.2. Thiét l1ap chat chuan doi chiéu 4-hydroxyxanthon
3.5.2.1. biém chay

Ma&u thir Két qua (°C)
1 229,1

2 229,5

3 228,8

Trung binh 229,1+0,9°C
Tiéu chuan chap nhan 229,0+1,0°C
Két luan Dat

3.5.2.2. Binhtinh

Céc ph6 UV-Vis, IR, MS va*H-NMR va *C-NMR déu phu hop véi phé déi chiéu
trong bo dit liéu chuén clia 4-hydroxyxanthon.

3.5.2.3. Banh gia 4-hydroxyxanthon diéu ché

Xac dinh tap chat hiru co

Tién hanh phuvong phap HPLC-DAD ghi trong quy trinh phan tich (Phu luc 13).

Ma&u thir Két qua
Téng tap (%) 4-hydroxyxanthon

1 5,57 94,43

2 571 94,29

3 5,35 94,65

4 5,25 94,75

5 5,68 94,32

6 5,86 94,14

Trung binh 5,57

Tiéu chuan chdp nhan <6
KEt luan Pat
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Hinh 3.25. S&c ky do xac dinh tap chét hitu co clia 4-hydroxyxanthon
Xac dinh tap chat bay hoi
Tién hanh phurong phap TGA (Phu luc 13), so sanh voi tiéu chuan chap nhan.

Ma&u thir K&t qua (%)
1 0,5

2 0,47

3 0,58

Trung binh 052+0,1

Tiéu chuan chdpnhan <1,0
KEt luan Pat
3.5.2.4. Binh lvgng
Ham luvgng % tinh trén nguyén trang: 100 — (5,57) — (0,52) = 93,91% (> 90%).




3.6. XAY DUNG VA THAM DINH PHUONG PHAP GC-MS XAC PINH
CALOPHYLLOLID TRONG CAO METHANOL CHIET TU NHUA
MU U (PHUONG PHAP 1)

Chuén bi dung dich mau thi

Can chinh xac khoang 0,04 g cao methanol vao dng eppendorf, thém chinh xac 2,0

ml methanol (TT), lac xody (vortex) 1 phut rdi siéu am trong 10 phut. Ly tam 8000

vong/phut trong 5 phat. Hat chinh xéc 1,0 ml dich methanol cho vao binh dinh mic

10,0 ml r6i pha lodng bang methanol (TT) dén dinh mirc. Lac déu.

Chuan bi dung dich chéat ddi chiéu

Can chinh x&c mot lwvong chét ddi chiéu calophyllolid, hoa tan va pha lodng bang

methanol (TT) dé thu duoc cac dung dich c6 ndng dd cd ndng do lan lwot la 3,125;

6,25; 12,5; 25,0 va 50,0 pg/mi.

3.6.1. Xay dwng phuwong phap phan tich

Chon pha tinh

Chon cét DB-5MS 25 m x 0,22 mm ID, d; = 5 um do calophyllolid cé dd phéan cuc

trung binh.

Chon chuwong trinh nhiét do

Khao sét chon chwong trinh nhiét dé sao cho calophyllolid rira gidi trong thoi gian

ngan nhat ma khéng bi cac cdu tir khac phan giai ké can trong mau xen phu.

Bang 3.15. Khao sat chuong trinh nhiét do cbt

Chuong trinh Toc do gianhiét  Thoi gian lvu (phat) Manh ion dac treng (m/2)

nhiét do cot (°Clphat)
15 21,98 + 0,01 416, 401, 83, 55
20 18,5 + 0,006 416, 401, 83, 55
60-300 °C/9 phit 25 16,43 + 0,01 416, 401, 83, 55
30 15,06 + 0,012 416, 401, 83, 55
40 13,2+ 0,01 416, 401, 83, 55
80-300 °C/9 phit 40 12,83 + 0,006 416, 401, 83, 55

Két qua: Chon chuong trinh nhiét do: 80-300 °C/9 phut, tang 40 °C/phit.



Xac dinh cac manh ion dac trwng cho calophyllolid
Két qua thu dwgc cac manh ion chinh gém: manh phan ti: m/z 416, pic co ban: m/z

401 va cac manh ion: m/z 55 va 83 phu hop véi cong b6 clia Games [64].
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Hinh 3.26. Cac manh ion dac trung clia calophyllolid
K &t qua chon diéu kién sic ky:
Cot sac ky: DB-5MS25m x 0,22 mm ID, di = 5 pm.
Khi mang: heli dung cho sac ky (TT) voi téc do dong 1,43 ml/phut
Kiéu bom mau: khéng chia dong
Nhiét do:

Thoi gian (phat) Nhiét do (°C)

Ccot 0 80
55 300
14,5 300
Bubng tiém mau 250
Nguon ion 250
Giao dién 200

Kiéu ion - Ban pha dién tr
Khoang quét : 50-550 amu
Kiéu thu di liéu : SCAN vaSIM



Céc ion dinh lvgng

- lon dich - m/z401

- lontham chiéu : m/z 83, 55

Thé tich tiém mau  : 1 pl

3.6.2. Tham dinh phwong phéap phan tich [82],[95], [103]

Tham dinh phuong phap theo hudng dan ctia ICH véi céc két qua nhu sau:

Thir tinh phu hgop ctia hé théng

Tién hanh ché do tv chinh may (auto tune) roi tiém vao thiét bi GC-MS cac dung
dich chét ddi chiéu calophyllolid va dung dich mau thir da chuan bi nhu trén va diéu
kién sic ky da chon,

Bang 3.16. Tinh pht hop cla hé théng GC-MS (n = 6) trong phwong phap GC-MS
(phwong phép 1)

Céac théng sd Tiéu chuan chap nhan Két qua

Heé s6 d6i xing <20 1,2

Hé s6 tuong quan (r) cla duwong chudn > 0,995 0,9994

D0 léch cuong do twong doi cac manh  +20 % m/z 55: 10,36%
ion dac trwng (%) cla pic chit doi m/z 83: 12,3%
chiéu va pic mau thr m/z 416: 2,4%

m/z 401: 0,0%

Tinh dac hiéu
Kiém tra do tinh khiét ctia pic calophyllolid trong mau thr voi phan mém AMDIS
2.69 (NIST) bang cach xt ly loai nén rdi so sanh tinh pht hop véi phé khéi lwong

cta calophyllolid d6i chi€u nhap vao thu vién. Két qua: ti 1é twong thich la 95%.
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Tinh tuyén tinh

Cé twong quan tuyén tinh giira ndng dé calophyllolid va dién tich pic clia ca&c dung
dich ddi chiéu calophyllolid: 3,13-50,0 ug/ml va dung dich calophyllolid trong cao
methanol: 3,01-48,21 ug/ml v6i hé s6 twong quan lan lvot 40,9994 va 0,9989 (r =
0,995).

Dién tich pic (1)

140000
120000
100000 - y = 2560,9X — 7664
30000 - r =0,9994
60000
40000
20000
0

Nong do (ug/ml)

0 10 20 30 40 50 60

Dién tich pic (2)

140000
120000 -
100000 y = 2555,2X — 7704,8
30000 r =0,9989
60000
40000 -
20000
0

Nong do (ug/ml)

Hinh 3.27. D6 thi tvong quan gitta ndng dd cac dung dich di chiéu (1), dung dich mau
thtr (2) va dién tich pic can ban m/z 401



Bang 3.17. Twong quan gitra ndng do va dién tich pic cta calophyllolid trong
phuong phap GC-MS (phwong phap 1)

Dung dich chat Dién tich 121270 54809 24011 6861 2816
ddi chiéu pic (A)
calophyllolid L
trong methanol No6ng doé (C) 50,0 25,0 12,5 6,25 3,13
(TT) (ng/ml)
Hé s6 dap 24254 21924 1920,9 1097,8 901,1
trng (A/C)

Phuong trinh hoi quy: y = 2560,9X — 7664

r =0,9994
Dung dich Dién tich 116836 51544 21931 6784 3006
calophyllolid pic (A)
trong cao . A
methanol Nong dé (C) 48,21 24,1 12,05 6,03 3,01
(ng/ml)
Hé sb dap 24240 2138,8 1820,0 1126,0 997,8
trng (A/C)

Phuong trinh hoi quy: y = 2555,2X — 7704,8

r=0,9989

K&t qua tric nghiém t bat cip: t = 0,18 < togs = 2,78 cho thdy hé s6 dap (ng cla
calophyllolid trong cac dung dich mau d6i chiéu va mau cao methanol khong khac
biét c6 y nghta thong ké (P =0,05).

Nhan xét: Chat nén trong cao methanol khéng lam anh hwdng dén tinh tuyén tinh

cua calophyllolid trong khodng nong do tir 3,13-48,21 pg/ml.



P06 chinh xéac

Xac dinh ham lvgng calophyllolid (g/100 g) trong ngay va khac ngay cutia cac dung

dich c6 néng d6 cao methanol khoang 1,875 mg/ml trong methanol (TT).

Bang 3.18. Két qua dd 1ap lai va do chinh xac trung gian clia phuong phap GC-MS

(phuong phép 1)
Sttt Ngay thor 1 Ngay thir 2 Ngay thr 3
Dién tich Ham Dién tich Ham Dién tich Ham
pic m/z lvong%o pic m/z lvong%o pic m/z lvong%o
401 (9/100 g) 401 (9/100 g) 401 (9/100 g)
1 13085 0,66 11692 0,65 10376 0,64
2 12171 0,67 16338 0,65 6718 0,69
3 12720 0,70 20667 0,70 8589 0,66
4 14721 0,68 16009 0,66 10329 0,64
5 12098 0,68 15826 0,67 9841 0,68
6 12619 0,67 14363 0,67 7802 0,67
Trung binh: 0,68 £ 0,01%  Trung binh: 0,67 + 0,02% Trung binh: 0,66 £+ 0,02%
%RSD: 1,54 %RSD: 2,99 %RSD: 2,78
Gia tri théng ké do chinh xac trung gian
Trung binh: 0,67%
%RSD: 2,51 (< 3,0)
Ngay 1 Ngay 2 Ngay 3 So sanh So sanh
phuong sai gia tri trung binh
Trung binh; Trung binh; Trung binh: Fio=186<Fp05=505  t1,=0,157 <ty = 2,228
068+001%  067+002%  066+002% F13=229<Fy5=505  t;3=1,319<ty05=2,228
SD: 0,01 SD: 0,02 SD: 0,02 Fos= 1,23< Foy05= 5,05 tha= 0,294 < t0'05= 2,228
%RSD: 1,54 %RSD: 2,99 %RSD: 2,78
Két qua:

- D0 I3p lai: %RSD: 1,54 (< 3,0)

Két qua gilra cac ngay khac biét khong cé y nghia thong ké (P = 0,05)

Nhan xét: Phuwong phap dat yéu cau chi tiéu do l1ap lai va do chinh xéac trung gian



Do dung

Thém chinh x&c mot lugng chat déi chiéu calophyllolid vao mau thtr da biét trudc

ham lvong dé thu dwoc dung dich mau c6 nong do twong ¢ng véi 3 mirc nong do

80, 100 va 120% so v6i mic nong do dinh lwvong da chon va nam trong khoang

tuyén tinh clia phuong phap. Tai méi mirc nbng dd, thwe hién it nhit 03 mau doc

lap. Xac dinh ham lwong calophyllolid dé tinh ty I& phéan trdm gitra lwvong tim thay

so V@i lvgng thém vao.

Bang 3.19. Két qua dd ding cta phuong phap GC-MS (phwong phap 1)

Luong thémvao (ug) Luwongtim thay (ug) Ty Ié phuc hoi (%)
460 455 08,01 + 584
80% 460 458 99,56 + 5.84 %RSD = 2,33
46,0 475 103,26 + 5,84
57,5 57,3 99,65 + 1,75
100% 575 57.3 99,65 + 1,75 %RSD = 0,7
57,5 58,0 100,87 + 1,75
69,0 72,0 104,34 + 3,63
120% g9 71,0 103,26 + 3,63 %RSD = 1,42
69,0 70,0 101,45 + 3,63
Trungbinh 101,22 + 1,52 %RSD = 1,95
Két qua:

- Do ding: 101,22 + 1,52% (98-102%); %RSD: 1,95 (< 2,0)
Nhan xét: Phuwong phap dat yéu cau chi tiéu do ding.
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Hinh 3.28. S&c ky d6 GC-MS (Scan mode) cao methanol nhira MU u

3.7. XAY DUNG VA THAM BINH PHUONG PHAP GC-MS XAC BINH

CALOPHYLLOLID TRONG VO QUA MU U (PHUONG PHAP 2)
3.7.1. Chuén bi mau thir bang phwong phap chiét soxhlet
Can chinh xac khoang 1,0 g bt vo qua Mu u cho vao 6ng deng mau bang cellulose
kich thudc 25 mm x 27 mm x 100 mm (Whatman, UK), 1&p vao bd chiét soxhlet tw
dong Buchi B-811 dé chiét bang methanol (TT) trong 8 git. Co dich chiét dwdi ap
sudt giam & 40 °C rbi dinh mdc dén 20,0 ml bang methanol (TT). Lac déu. Loc dich
chiét qua gidy loc Whatman 40.
3.7.2. Chuén bi mau thtr bang phuong phap chiét 1ong duwdi ap suét (PLE)
Can chinh xac khoang 5,0 g b6t vé qua cho vao thiét bi chiét I6ng duwgi ap suat
Dionex ASE-100 dé chiét v&i methanol (TT).
Piéu kién chiét
Ap suét : 1500 psi
Nhiét do :120°C
Thoi gian chiét : 15 phat



Chu ky chiét 1

Theé tich rra : 60%

Thai gian 1am sach hé théng bang khi nitrogen : 90 gidy

Co dich chiét dudi ap sut giam rdi dinh mic dén 100,0 ml bang methanol (TT).
Lac déu. Loc dich chiét bang gidy loc Whatman 40.

Chuan bi dung dich d6i chiéu

Can chinh xac mét lwvong chéat ddi chiéu calophyllolid, hoa tan va pha lodng bang
methanol (TT) dé thu duoc cac dung dich cé nong dd c6 ndng do lan luot la 3,19;
6,38; 12,75; 25,5va 51,0 ug/mil.

Diéu kién sic ky

May séc ky khi ghép khéi phd Shimadzu GCMS-QP 2010 v&i phan mém xt ly di
kién LabSolutions GCMSSolution phién ban 2.5.

Cot: DB-5MS25mx 0,22 mm ID, dk =5 pum.

Chuong trinh nhiét do: 80 °C-300 °C/12 phut (40 °C/phit); nhiét do budng tiém
mau: 250 °C, khdng chia dong; nhiét do dau do phd khéi: ngudn ion: 250 °C; giao
dién: 200 °C; ion hoa bang b&n pha dién ti; t6c do dong khi mang (helium): 1,43
ml/phat; khoang phd: 40-450 amu. Thé tich tiém méau 1 pl. Cac ion dinh lugng: ion
dich m/z 401; ion tham chiéu m/z 83, 55. Kiéu thu di liéu: SCAN va SIM.

3.7.3. Tham dinh phuong phap GC-M S xac dinh calophyllolid tlr vo qua Mu u
Tham dinh phuong phap theo huéng dan cta ICH trén mau thir chuin bi bang
phwong phap chiét 16ng du6i dp suét (PLE) voi cac két qua nhu sau:

Thr tinh phu hop clia hé théng

Tién hanh ty chinh may (auto tune) roi tiém vao thiét bi GC-MS céc dung dich chat
d6i chiéu calophyllolid va dung dich mau thir da chuén bi nhu trén va diéu kién sic

ky dachon.



Bang 3.20. Tinh phu hop clia hé théng GC-MS (n = 6) trong phwong phap GC-MS
(phwong phép 2)

Céac thong sb Tiéu chuan chap nhan KEét qua

Hé s6 d6i xing <20 1,2

Hé s6 trong quan (r) cla dwong chuan > 0,995 0,9993

D0 léch cuong dd twong doi cac manh  + 20 % m/z 55: 13,66

ion dac trung (%) cla pic chat doi m/z 83: 13,11

chiéu vapic mau thr m'z 416: 2,1
m/z401: 0,0

Tinh dac hiéu

PhO khoi 14y tai dinh pic clia chdt d6i chiéu calophyllolid va mau thir c6 cac manh
ion dac trwng voi do léch vé cuong dd twong dbi nam trong khodng + 20 % (mvz 55:
13,66; m/z 83: 13,11; m/z 83: 13,11; m/z 401: 0,0).

Tinh tuyén tinh

Cé twong quan tuyén tinh giira ndbng d6 calophyllolid va dién tich pic clia cac dung
dich d6i chiéu calophyllolid: 3,19-51,04 ug/ml va cac dung dich calophyllolid trong
mau chiét PLE: 3,08-49,2 ug/ml voi hé s8 tvong quan 1an lugt 1&0,9993 va 0,9993
(r =0,995).

Bang 3.21. Twong quan gitra ndng do va dién tich pic cta calophyllolid trong
phuong phap GC-MS (phwong phéap 2)

Dung dich chat  Dién tich 121263 54853 24030 6861 2816
doi chiéu pic (A)
calophyllolid o
trong methanol Nong do (C) 51,04 25,52 12,76 6,38 3,19
(TT) (ng/ml)
Hé s6 dap 2377,8 21494 1883,2 1075,4 882,8
tng (A/C)

Phuong trinh hoi quy: y = 2510,9X — 7671,4

r=0,9993




Dung dich Dién tich 119936 52320 22431 7084 3311
calophyllolid pic (A)
trong mau chiét

PLE Nong do (C) 49,2 24,6 12,3 6,15 3,08
(g/mi)
Hé s6 dap 24377 21268 18237 11334 107638
(mg (A/C)

Phuong trinh hoi quy: y = 2566,4X — 7963,1

r =0,9993

Tién hanh trac nghiém t bat cip cho két qua t = 1,053 < ty5 = 2,776. Hé s dap (ing
clia calophyllolid trong cac dung dich mau d6i chiéu va mau cao methanol khdng
khac nhau c6 y nghia thong ké & P = 0,05.
Nhan xét: Chét nén trong dich chiét vo quéa bang phuong phap PLE khong lam anh
hwdng dén tinh tuyén tinh cla calophyllolid trong khoadng nong do tir 3,19-49,2
pg/ml.
P06 chinh xac
Xac dinh do I&p lai bang cach tién hanh dinh lugng mau thir 06 lan theo phwong
phap da xay duwng & nong dé 100%. Ghi nhan két qua la ham lwgng calophyllolid
(9/100 g) ctiacac lan thir vatinh %RSD gitra cac lan thi.

Bang 3.22. Két qua dd lap lai cia phwrong phap GC-MS (phwong phéap 2)

Stt Dién tich pic (uV.s) Ham lvong (g/100 g) Két qua

1 24343 0,0254

5 24030 0,0251

3 25214 0,026 X = 0,0255 + 0,0005%

SD = 0,0005

4 26039 0,0262 %RSD = 1,89 (< 3,0)
5 24746 0,025

6 24856 0,0254

Nhéan xét: Phwong phap dat yéu cau veé chi tiéu do lap lai



Do dung

Thém chinh xac mot lwong chdt ddi chiéu calophyllolid vao mau thtr da biét trudc
ham lvong dé thu dwoc dung dich mau c6 nong do twong (ng véi 3 mirc nong do
80, 100 va 120% so v6i mic nong do dinh lwvong da chon va nam trong khoang
tuyén tinh clia phuong phap. Tai méi mirc nbng dd, thwc hién it nhit 03 mau doc
lap. Xac dinh ham lwong calophyllolid dé tinh ty I& phéan trdm gitta lwong tim thay

so V@i lvgng thém vao.

Bang 3.23. Két qua dd ding cta phuong phap GC-MS (phwong phap 2)

Luvgng thémvao (ug) Lwong tim thdy (ug) Ty € phuc hoi (%)

83,2 83,1 99,88 + 2,05
80% 83,2 81,2 97,59+ 2,05 %RSD = 2,05
83,2 84,6 101,68 + 2,05
104,0 101,2 97,31+1,3
100% 104,0 102,9 98,94+ 1,3 %RSD = 1,33
104,0 103,9 999+1,3
124,8 129,4 103,67 + 3,05
120% 124,8 122,9 98,48 + 3,05 %RSD = 3,05
124,8 122,7 98,3, + 3,,05
Trung binh 99,53+ 2,05 %RSD =2,0

Két qua:
- D0 dang: 99,53 £ 2,05% (98-102%); %0RSD: 2,0 (< 2,0)
Nhan xét: Phuwong phap dat yéu cau chi tiéu do ding.
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Hinh 3.29. S&c ky d6 GC-MS (Scan mode) dich chiét bang PLE vo qua Mi u

Két qua ham lugng % (g/100 g) calophyllolid trong vé qua:
- Chiét I6ng du6i ap suéat PLE : 0,0255 + 0,0005%
- Chiét bang soxhlet : 0,025 £ 0,0005%



3.8. XAY DUNG VA THAM DINH PHUONG PHAP HPLC-DAD PINH
LUQONG CALOPHYLLOLID TRONG CHE PHAM DAU MU U
INOPILO

3.8.1. Xay dwng phuwong phap phan tich

Duva vao diéu kién sac ky dé xac dinh tap chét hitu co trong chdt ddi chiéu

calophyllolid da nghién ctru & trén, nghién ctru thay doi pH va thanh phan pha dong

dé phan tach calophyllolid trong diéu kién c6 nén mau.

K&t qué chon diéu kién sac ky nhu sau:

Cot Zorbax 250 mm x 4,6 mm, 5 um. Téc do dong: 1 mi/pht. Thé tich tiém mau:

10 pl. Nhiét do cot: 40 °C. Bwdc song phat hién 270 nm. Pha déng: acetonitril-dung

dich acid acetic 2% v@i chuong trinh dung moi nhu sau:

Thoi gian (phut) Acetonitril (%) Dung dich acid acetic 2% (%)
0 20 80
30 80 20
35 20 80
40 20 80

Khao sat quy trinh chuén bi mau thir

Chuén bi dung dich mau thir: Can chinh xac khoang 120,0 mg mau cho vao binh
dinh mc 10,0 ml, thém 6,0 ml hén hop methanol-nwdc voi ty 18 thich hop, siéu am
dé chiét trong thoi gian thich hop. Loc méau qua loc 0,45 um. Chon diéu kién chuén

bi mau la diéu kién sao cho dién tich pic calophyllolid 14 cao nhét.



Bang 3.24. Két qua thi nghiém chon diéu kién chuén bi mau

Sttt A: Nhiétddé B:Hamlwgng C: Thoigian D: Thoi gian Dién tich pic
mau (° C) methanol (%) lam am (phat)  siéu am (phat) Calophyllolid (uV.s)

1 25 70 10 5 837048
2 25 90 15 10 866757
3 25 100 20 15 1045915
4 45 70 15 15 922057
5 45 90 20 5 1034104
6 45 100 10 10 1032145
7 60 70 20 10 843891
8 60 90 10 15 1057318
9 60 100 15 5 1023195

3.8.2. Tham dinh phwrong phéap phan tich
Thr tinh phu hgp clia hé théng
Chuan bi dung dich chat ddi chiéu calophyllolid trong methanol (TT) c6 néng do
59,2 ug/ml. Tiém vao hé thdng sic Ky theo phuong phap phan tich da xay dung 6
lan. Tinh cac thdng s6 sac ky: thoi gian lvu, %RSD cua dién tich, hé s6 déi x(ng va
s0 dia ly thuyét cta pic calophyllolid. K&t qua ghi trong bang 3.25.

Bang 3.25. Tinh phu hop cua hé thng HPLC-DAD (n = 6)

Thong s6 Yéu cau Két qua
Thoi gian lvu (phat) _ 29,5
Hé s6 ddi xrng 0,8-1,5 1,2
%RSD dién tich pic <20 1,65
SG dia ly thuyét > 2000 254523
Tinh dac hiéu

Tiém vao may sac ky lan lvot cac mau sau: Dung mdi hoa tan mau: dung dich
methanol 90%; dung mdi pha dong; dung dich chat d6i chiéu calophyllolid trong
methanol (TT) ; dung dich tht trong dung méi hoatan mau.
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Hinh 3.30. Sic ky dd khao sat tinh dac hiéu cta phuong phap dinh lwong
calophyllolid trong dau Mu u INOPILO

Hinh 3.31. Phé UV va do tinh khiét pic calophyllolid trong mau thet dau Mi u
INOPILO
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Két qua:

- Séc ky dd pha dong va dung mdi pha mau khdng xuét hién tin hiéu tring voi

thoi gian lwu cla calophyllolid trong mau thir va miu déi chiéu.

- D0 tinh khiét ctia pic calophyllolid trong sac ky dd mau thir: 0,999 (> 0,99).

- D0 phan giai gitta pic calophyllolid va cac pic lién ké trong sac ky d6 mau thi:
1,52 va 1,58 (= 1,5).

Nhan xét: Phwong phap dat yéu cau vé tinh dac hiéu.

Tinh tuyén tinh

Cé twong quan tuyén tinh giira ndng dé calophyllolid va dién tich pic clia ca&c dung

dich d6i chiéu calophyllolid: 29,6-88,8 pg/ml va cac dung dich calophyllolid trong
mau thir: 31,2-84,7 pg/ml véi hé s3 twong quan I1an luot 1& 0,9998 va 0,9999 (r >

0,995).

Bang 3.26. Tuwong quan gitra ndng do va dién tich pic cta calophyllolid trong
phuong phap HPLC-DAD

Dung dich chdt  Dién tich pic 343587 515919 686280 843388 1058381
d6i chiéu (A) (uV.9)
caophyllolid Nong do (C) 29,6 44.4 59,2 71,0 88,8
(Hg/ml)
Hé sb dap 11608 11620 11593 11879 11919
ting (A/C)
Phuwong trinh hoi quy: y=12112,5X — 20280,7
r =0,9998
Dung dichmau Diéntichpic 365105 504192 695425 804107 991236
c6 chira (A) (HV9)
calophyllolid ~ Nongdo (C) 31,2 43,1 59,4 68,7 84,7
(ng/ml)
Hé s6 dap 11702 11698 11707 11705 11703
trng (A/C)

Phuong trinh héi quy: y = 11706X -144,6
r =0,9999
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Hinh 3.34. D6 thi twong quan gitta ndng dd cac dung dich ddi chiéu (1), dung dich mau
thtr (2) va dién tich pic calophyllolid

Tién hanh trac nghiém t bat cap cho két qua t = 0,29 < toos = 2,776. Hé s6 dap tng
clia calophyllolid trong cac dung dich mau d&i chiéu va mau déi chiéu cé ta dwoc
khong khac nhau cé y nghia thong ké & P = 0,05. Ta duoc khéng lam anh huéng
dén tinh tuyén tinh cla calophyllolid trong khoang néng d6 khao sat.

Nhan xét: Phuwong phap dat yéu cau vé tinh tuyén tinh.



P06 chinh xéac

Tién hanh dinh lvong 6 mau thir & nong do dinh lwong bdi 2 kiém nghiém vién
trong 2 ngay khac nhau. Xac dinh ham lwgng phan tram calophyllolid (g/100 g).
Tinh do6 léch chuan, %RSD va khoang tin cay cua cac két qua dinh lwong thu duoc
nay.

Bang 3.27. Két qua do lap lai va dd chinh xac trung gian cta phwrong phap
HPLC-DAD

Stt Kiém nghiém vién 1 Kiém nghiém vién 2
Dién tich pic Ham lvgng% Dién tich pic Ham lvgng%o
(HV.9) (9/100 g) (HV.9) (9/100 g)
1 695425 0,47 584530 0,47
2 700263 0,47 586515 0,47
3 677470 0,46 603457 0,47
4 678107 0,46 773898 0,48
5 684804 0,46 785385 0,50
6 704659 0,48 780604 0,49
Ngay 1 Ngay 2 So sanh So sanh gia tri
phuong sai trung binh

Trung binh: 0,47 £ 0,01% Trung binh: 0,48+ 0,01% F,=24<Fys=505 t3,=2,169 <types = 2,228
SD: 0,0082 SD: 0,0126
%RSD: 1,75 %RSD: 2,64

Két qua:
- DO l4p lai: %RSD: 1,75 (< 3,0)
- K&t qud gira cac ngay khac hiét khong cé y nghta thong ké (P = 0,05)

Nhan xét: Phuwong phap dat yéu cau chi tiéu do 1ap lai va dd chinh xéac trung gian



Do dung

Thém chinh xac mot lwong chdt ddi chiéu calophyllolid vao mau thtr da biét trudc
ham lvong dé thu dwoc dung dich mau c6 nong do twong (ng véi 3 mirc nong do
80, 100 va 120% so v6i mic nong do dinh lwvong da chon va nam trong khoang
tuyén tinh clia phuong phap. Tai méi mirc nbng dd, thwc hién it nhit 03 mau doc
lap. Xac dinh ham lwong calophyllolid dé tinh ty I& phéan trdm gitta lwong tim thay
so véi lvgng thém vao.

Bang 3.28. Két qua do dung cta phwong phap HPLC-DAD

Lwong thémvao (ug) Luwong tim thdy (ug) Ty Ié phuc héi (%)

482,4 482,4 100,0+ 0,8

80% 483,8 484,1 100,1+0,8 %RSD = 0,32
495,2 498,1 100,6 + 0,8
633,4 656,3 103,6 + 3,87

100% 632,7 644,3 101,8 + 3,87 %RSD = 1,53
635,4 638,7 100,5 + 3,87
746,3 765,7 102,6 + 0,87

120% 721,8 742,7 102,9 + 0,87 %RSD = 0,34
733,2 757,3 103,3 + 0,87

Trung binh 101,71+11 %RSD = 1,41

Két qua:
- B0 ding: 101,71 £ 1,1% (97-103%); %RSD: 1,41 (< 2,0)
Nhéan xét: Phrong phap dat yéu cau chi tiéu do ding.



CHUONG 4

BAN LUAN
T cac két qua cla dé tai, co6 mot s6 ban luan sau:
4.1. CHIET XUAT HOP CHAT PHENOL TU NHUA VA VO QUA MU U
Trong nghién clru clia ching téi, bang phwong phap chiét xudt voi dung moéi kém
phan cuic (n-hexan) c6 thay doi pH, ching t6i da phan l1ap duoc 8,1 mg hop chat N;
xac dinh la 1,5-dihydroxyxanthon (33) va 105,0 mg hop chat N, xac dinh la 4-
hydroxyxanthon (29) con vo&i phuong phap chiét xudt bang dung méi phan cuc
(MeOH) khong thay déi pH da phéan lap duoc 135,0 mg hop chat N3 va 98,0 mg
hop chét N, xac dinh 1a calophyllolid (22). Tir vo qua, bang phuong phap chiét xuét
vGi dung moi phan cuc trung binh (EtOACc), chiing téi da phan lap duoc 26,0 mg
hop chét V, xac dinh la calophyllolid (22) (Phu luc 2).
Diém qua cac cong trinh nghién cru xéac dinh hop chét phenol tir dau va nhya Mu u,
chua thdy c6 tac gia nao chiét xudt nham phan 1ap dwoc mot lwong dd dé xac dinh
cau trac 1,5-dihydroxyxanthon (33) cling nhu 4-hydroxyxanthon (29). Cling chua
thdy ¢ cong bo chiét xuat dé phan l1ap duoc hop chat N3 [a mot hop chat ty nhién
hoan toan méi. Hop chat N4 va V, déu la calophyllolid (22) xac dinh dwgc tir nhya
vavo qua trong khi mot s6 tac gid khac chi cong bo tim thay tir hat MU u ngoai trir
Leu va cdng su tim thdy tir nhwva Mu u nhwng khéng cdng b6 quy trinh chiét xuat
[101]. That vay, Tran Thanh Thao va cong st nam 2002 da chiét xudt va phan lap
dugc calophyllolid (22) tir hat MU u & Viét nam bang phwong phap sic ky cot
nhanh, sic ky cot ¢6 dién, sic ky ché hda véi mau nap l1a cao benzen [5]. Ndm 2003,
Chen va cong su chiét hat Mu u & Dai loan Ian lvot bang EtOH roi EtOAc va xac
dinh dwoc: 4 dan sudt pyranocoumarin va calophyllolid (22) [38]. Sau dé vao nam
2004, Yimdjo va cong s chiét xudt tir hat M0 u &@ Cameroon bang hon hop CH.,Cl,-
MeOH (1:1) ciling thu dwogc calophyllolid (22) va cac coumarin khac nhw
caaustralin (24), inophyllum C (9), E (11) la thanh phan cta hat Mu u theo tai liéu
clia to chirc Y té thé gigi WHO veé cay thudc & vung Nam Thai Binh Dwong [123],

[119]. Gan day nhat la cong trinh nam 2009 cua Leu va cdng su cling chua thay dé



cap chiét xuat va phan lap dwoc 1,5-dihydroxyxanthon (33) va 4-hydroxyxanthon
(29) trong nhra Mu u tach loai khi tinh ché dau ép tir hat MU u & Polynesia thudc
Phép [101].

42. THU TINH KHANG KHUAN CAC CAO CHIET TU NHUA VA VO
QUAMU U

Trong nghién ctru ctia chiing téi, cao nhwa MU u thu duoc bang phuong phap chiét
I6dng-1dng véi MeOH va n-hexan déu c6 tac dung khang Mycobacterium smegmatis
va Saphylococcus aureus. Nam 2000, céc tac gia & Khoa Dwoc-Dai hoc Y Dugc
TP. H6 Chi Minh da xéc dinh MIC clia dau Mu u thdé (bao gdém phan nhya) trén
MRSA la 64 pg/ml [3], [4]. Nam 2004, Yimdjo va cong sy cong bd cao hat Mu u &
Cameroon chiét bang CH,Cl-MeOH (1:1) c6 téc dung khang Staphylococcus
aureus. [123]. Céc cao MeOH va n-hexan chiét bang phrong phap PLE, cao EtOAc
chiét bang phwong phap ngdm kiét va cao MeOH chiét bang phuong phap soxhlet
cling déu c6 tac dung khang Mycobacterium smegmatis va Staphylococcus aureus.
Theo tra clru clia ching t6i, chwa thay c6 cac nghién clru va cong bd vé cac tac dung
khang khuan nay trudc day.

4.3. PHAN LAP HOP CHAT PHENOL TU NHUA VA VO QUA MU U

Trong nghién clru clia ching t6i bang phwong phap VLC, ching toi da thu dwoc
calophyllolid (22) tr nhia Mu u va tir vé qua cung 3 hop chat phenol khac truc tiép
tlr cac phan doan qua c6t ma khdng phai qua sac ky lai va/hodc tinh ché bang sac ky
|6p moéng diéu ché. Luong thu duoc cac hop chét nay da dé xac dinh céu tric bang
cac k¥ thuat pho nghiém.

Theo tong quan tai liéu, cac hop chét phenol tir MU u (Calophyllum inophyllum L.)
chd yéu la cac coumarin, neoflavonoid, xanthon, chromanon...[71]. Phan lap céc
hop chét nay c6 thé thuc hién bang cac phwong phap: sac ky cot cd dién, sic ky cot
nhanh [66], [79], [81], [123]. Tran Thanh Thao va cdng s nam 2002 da phan lap
calophyllolid (22) tir hat MU u & Viét nam bang phuong phap sic ky cot nhanh, sic
ky cot c6 dién, sic ky ché hoa véi mau nap 1a cao benzen [5]. Ndam 2003, Chen va

cong sy da dung sac ky cOt va sic ky 16p mong diéu ché phan 1ap duoc



calophyllolid (22) tir cao EtOAc chiét tir hat Calophyllum inophyllum & Bai Loan
[38]. Trong mét cdng trinh nghién ctru vé cac tac nhan khang khuan va gay doc tinh
t€ bao tr Calophyllum inophyllum vao nam 2004, Yimdjo va cong su da chiét xuat
dau trong hat Ml u bang phurong phap ngdm kiét trong 24 gio & nhiét dd phong voi
hé dung moéi CH,Cl,-MeOH (1:1) rdi diing phwong phép sac ky cot dé thu mot sé
phan doan, ke tiép rira giai gradient dé phan lap calophyllolid (22) [123].

4.4. XAC PINH CAU TRUC HOP CHAT PHENOL PHAN LAP BUQC

BANG PHUONG PHAP PHO NGHIEM

4.4.1. Phuvong phap quang phé hong ngoai

Khi so sanh phé hong ngoai clia hop chat N, véi pho hong ngoai cla 4-
hydroxyxanthon (KBr) thu dugc bang con dudng tdng hop do Gnerre va cong su

ghi thdy cd su twong (rng tirng dinh mat [32].

Nhom chirc 4-hydroxyxanthon [32]  Hop chat N,
OH phenol 3191 3197
C=0 1640 1637
C= 1588 1589
1502 1506
1480 1481
1460 1458
1353 1355
C-O- 1290 1292
1225 1228
1102 1102
1033 1034
C=H nhéan thom 753 754

Tong quan tai liéu chwa thay c6 tiéu chuén chét lvgng 4-hydroxyxanthon (29) vé chi
tiéu phd hong ngoai co thé do chwa cé chat doi chiéu thwong mai. Nhw vay co thé
ndi sau khi phoi hop véi cac k¥ thuat phd nghiém khac nhv phd UV-Vis, pho khoi
luong, phd NMR 1 va 2 chiéu dé& khang dinh cdu trac thi di¥ liéu phd hdng ngoai



nay cd thé dung dé thiét 1ap pho hdng ngoai chuan ding trong kiém nghiém, nghién
cu nguyén liéu va ché pham tir Mu u.

PhO hdng ngoai clia hop chat N, va N, cho thdy hop chéat c6 khung xanthon c6 1
hodc 2 nhdm hydroxy dinh vao vong thom thé hién cac bang dac trung voi cwong
dd phu hop vaéi dir liéu phd céc xanthon tong (rng cong b6 trong sach di liéu pho
cac hop chat tw nhién cta Yamaguchi [122]. Ngoai ra phé hong ngoai cla 4-
hydroxyxanthon (29) va 1,5-dihydroxyxanthon (33) thuc t€ khi ghi déu cho thay c6
s¢ hién dién clia cac nhom OH phenol lién két hydrogen ndi phan t&* cho dinh rong,
cudng do trung binh & khoang 3000-3500 cm™ trong khi linuma va cong sy va
Yamaguchi khong néu dac trung phd nay ma chi cong bd phd hong ngoai (KBr) cho
c4c dinh & 1625, 1605 va 1575 cm™ [79].

4.4.2. Phurong phap pho khai luvong

Khi phan tich hop chét Ny, 1,5-dihydroxyxanthon (33) bang phuong phap GC-MS
vaEl-MS, ching t6i thu dwgc két qua cac manh ion myz 228, 212, 200, 171, 115, 92
hoan toan phu hop véi dir liéu phd EI-MS cta linuma va cong s [79]. Theo cong
b6 trong cong trinh cia Yimdjo va coéng sy thi pho khoi lwong 1,5-
dihydroxyxanthon (33) ghi bang thiét bi ph6 khdi c6 do phan giai cao (HRESI-
TOFMS) [123]. linuma va cong st ghi phd khéi lwong bang k§ thuat duwa truc tiép
vao dau do phd khdi véi ché do EI-MS [79]. Uu diém cla phuwong phap GC-MS
trong kiém nghiém la nhay, va x& Iy mau don gian so véi LC-MS[112].

Tuong tw, khi phan tich hop chét N,, 4-hydroxyxanthon (29) bang k¥ thuat GC-MS
thu dugc cac manh m/z 212, 184, 155, 128, 102 va 63 phu hop véi pho khoi lvong
clia hop chét nay trong thw vién phd NIST.

Trong nghién clru clia ching t6i, pho khoi lvong clia hop chat N4 ¢d pic co ban &
m/z 401, ding bang phan tir khéi cta calophyllolid (mVz 416 trir 15) va co sy hién

dién ctia 2 manh ion tai m/z 55 va 83 phu hgp so dé phan manh dudi day.



N&m 1972, Games da cong b6 cong trinh phan tich cac dan chét 4-phenyl coumarin
bao gom calophyllolid (22) trong Calophyllum inophyllum bang GC-MS dung cot
nhdi OV 1 3% hodc OV 17 3% tdm trén Gas Chrom Q ghép voi phé khéi bang thay
tinh thong qua bo tach 2 thi Watson-Biemann [64].

4.4.3. Phuong phap pho cong hudng tir hat nhan

Nghién cru ctia ching tdi thu dwoc phé *C-NMR cla hop chéat N; 1a tring khép
voi 1,5-dihydroxyxanthon (33) do linuma va cong s ghi trong DM SO-ds. B6i voi
phé *H-NMR, do ldc dau chang t6i chon do trong dung mdi CD3OD (nhiét do sbi
64,6 °C) dé dé thu hdi mau cho cac nghién ciru ké tiép nhung do mau kho tan nén
da phdi hop véi DM SO-dg nham 1am tang do tan. K&t qua phd khéng thdy duoc cac
cac tin hiéu (dy, ppm; J, Hz) & 12,64 sva 10,57 br s cla proton trong cac nhém OH

gan vao C-1 va C-5 so v6i phé 'H-NMR do linuma va cong st ghi trong DM SO-dg



[79]. Chlng t6i da dwa vao cac pho hai chiéu HSQC, HMBC va phd DEPT dé doc
céc twong quan va twong tac xa gitra *H - *C cling nhv bac clia carbon trong si két
hop véi théng tin tir cac phd UV-Vis, IR, phd khéi lvong dé khang dinh hop chéat N,
chinh la 1,5-dihydroxyxanthon (33).
Twong tw, phd *H-NMR clia hop chat N, cling khong xuét hién tin hiéu ca proton
thudc nhém hydroxy khi do trong dung mdi CDs0D so voi tin hiéu (dy, ppm; J, H2)
& 10,51 s trong pho ghi trong dung méi DM SO-ds clia 4-hydroxyxanthon (29) ban
tong hop tlr 4-methoxyxanthon [32].
C6 thé giai thich hién tvgng nay la do co su trao doi deuteri. That vay, cac proton
lién két voi cac di nguyén (XH proton, X = O, N, S) ¢6 thé dinh danh trong phé
proton bang céach ding sv trao ddi deuteri (x& Iy mau vai mot lugng nhd D,O hay
CD3OD. Sau khi trao doi deuteri:

R-XH + D,O <«— R-XD + HDO
Tin hiéu cta proton XH trong ph6 *H-NMR khong xuét hién. Thay vao do, tin hiéu
HDO xuat hién & khoang 4,8 ppm. Hé qua cla su trao doi D,O la céc proton XH
thuong khong phat hién dugc trong phd *H-NMR néu ding dung méi nhw CD;0D
[27]. Két qua phd *H-NMR ctia 4-hydroxyxanthon (29) va 1,5-dihydroxyxanthon
(33) déu co céac tin hiéu & khodng 4,8 ppm (Phu luc 4.4 va 5.4) la hoan toan phu hop
vai ly luan trén.
Qi Xiao va cong su khi ghi phé *H-NMR ctia chét gerontoxanthon C trong CDzOD

cling khéng ghi nhan dwoc tin hiéu proton ctia nhom hydroxy chelat héa la thi du

minh hoa [49].
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V& phé *H-NMR ctia calophyllolid (22) thi di¥ liéu thu thap dwoc cla hop chat N,
hau nhw trung khop véi dir liéu cla Garazd va cong sy cong b6 nam 2003 vé
chuyén dich hda hoc va dang dinh, chi c6 khac biét nho vé hang s6 J [65]. K&t qua
nay do ghi pho trén thiét bi cd cling tr trvong (300 MHz) va st dung cung dung
modi (CDCl3). Mat khac, khi so sanh véi di lieu phé *H-NMR cta Nigam va cong
sy cong bo nam 1967 [107] thi c6 khac biét dang ké vé dang dinh cling nhu chuyén
dich hoa hoc va mot so dinh cta proton nhdm phenyl da khong thé hién. Laure cling
st dung phd *H-NMR clia Nigam dé so sanh véi dit liéu trong luan &n ctia minh va
sau d6 d& ghi phd COSY dé gop phan khang dinh cau trdc calophyllolid (22). Nam
1967, Nigam va cong su da ghi phd *H-NMR cta calophyllolid (22) véi dung moi
CDCIl; vamay 60 MHz, co thé vao may thap nién trudc, thiét bi co tir tredng thap
hon nén lwvong mau khong da dé 1am xuét hién tin hiéu [70]. Phé *H-NMR ciia hop
chdt N, ghi dwoc cho thdy c6 tin hiéu (dy, ppm; J, H2) 6 6,57 q (6,0) la phu hop Vo
proton ethylenic gan & C-10. Theo Garazd va cdng si, ph6 cho dinh bén ddi con
Nigam va cong su thi cong bé dinh da c6 thé do ghi trén may co ti Ié tin hiéu/nhiéu
thdp. Tin hiéu (dy, ppm; J, H2) & 1,9 d (6,3) la phii hop vai proton gan & C-21 va
tring voi két qua ctia Nigam trong khi Garazd cong bd tin hiéu (dy, ppm; J, Hz) &
1,9 dd (7,0). Cac proton gan & C-22 cho tin hiéu (dy, ppm; J, Hz) & 2,01 s la phi
hop va trung khép véi két qua clia Nigam vi day la proton thudc cau tric Me-C-C-
O con két qua cuia Garazd lai cho dinh da.

45. XAC BPINH THANH PHAN HOP CHAT PHENOL TU NHUA VA VO

QUA MU U

Trong nghién clru clia ching téi, bd di liéu nhan dang cac hop chat Ny, N, N3, Ny
phan ap tr nhva MU u va V4 phan lap tlr vo qud MU u bao gom céc ph6: UV-Vis,
IR, MS va NMR da dugc xéc lap (Phu luc 4-8). Theo céc tai liéu khoa hoc ma
chang téi tham khao dwgc, nam 1994, linuma va cdng s lan dau tién cong bé phan
lap 4-hydroxyxanthon (29) tir vo ré ctia Calophyllum inophyllum L. (Clusiaceag).
Tuy nhién, bai bao khong dé cap chi tiét xac dinh cau tric hay cac di liéu nhan

dang 4-hydroxyxanthon (29) bang cac phuong phap phd nghiém nhw céc phé: UV-



Vis, IR, MS, NMR [80]. Nam 2003, Chen va céng sv cling da xac dinh dwoc 4-
hydroxyxanthon (29) trong ré Calophyllum inophyllum nhung cling khong thay
cong bd thdng tin vé dir liéu pho [39]. Twong tw, linuma va cdng s da cong b6 lan
dau tién phan 1ap 1,5-dihydroxyxanthon (33) tir vo ré ctia Calophyllum inophyllum
& Nhat Ban nam 1994. Sau d6 vao nam 2004, Yimdjo va cong s ding da cong bé
phat hién hop chat ndy trong v ré Calophyllum inophyllum & Cameroon [79],
[123]. Nhv vay c6 thé ndi day la lan dau tién coéng bd phat hién 1,5
dihydroxyxanthon (33) va 4-hydroxyxanthon (29) trong nhya Mu u & Viét Nam.

Hop chat N3 phan 1ap tir nhwa MU u & Viét Nam la hop chét tw nhién méi chua thay
téc gid nao cong bo, dé nghi dat tén la inocalophyllin C. That vay, chi co thé ké cac
nghién ctru da cong bo tim thay cac chéat twong tw nhu: nam 2003, Chen va cong sv
da cong bd phan 1ap cac hop chat: inocalophyllin A (18), B (12) va céac dan chét
methyl ester A va B (19, 16) tir cao ethanol cia hat Calophyllum inophyllum L. &
Pai Loan. Céac téc gia da tiép tuc methyl héa inocalophyllin A (18) bidng
diazomethan thu dugc inocalophyllin A dimethylat véi phan ti lwvgng twong dwong

chét inocalophyllin C [38]. Tuy nhién, c6 sir khac biét vé cau tao nhu sau:

Diém khéc biét Inocalophyllin A dimethylat Hop chat Nj

Loai ester Methyl ester Ethyl ester
BC-NMR 3¢, ppm 51,3 BC-NMR 3¢, ppm 60, 1;
(COOCHs,) 14,1 (COOC,Hs)

Vi tri Dioxo 4,7 57

Vitri C-4 Keton Hydroxyl

1,3-diketon enol Khéng co Lién két hydrogen manh

'H-NMR &y m (J, Hz) 16,5

Vitri C-5 Methoxy Keton

Vi tri nhdm thé 8, 8; 6-yl 6, 6; 8-yl

Danh phap 2-isopropenyl Prop-1-en-2-yl

3-methyl-2-buten-1-yl 3-methylbut-2-en-1-yl




M&t cong trinh khac cong bé nam 2004 clia Cottiglia va cong sy da phat hién acid
brasiliensophyllic C tir vo cdy Calophyllum brasiliense Cambess (Clusiaceae) & Mé
hi cd c6 cdu tao twrong tu hop chét Ns. Tuy nhién, co sy khéc biét vé phé *H-NMR
va ®*C-NMR (CDCls, méy 500 MHz) do hop chét N3 c6 nhédm chitc ester con acid
acid brasiliensophyllic C ¢c6 nhdm chirc acid va mach nhanh con c6 thém mot
carbon [46]. Phét hién ra hop chat mgi inocalophyllin C nay c6 thé (rng dung trong

kiém nghiém phan biét MU u ¢ Viét Nam véi MU u & nwdc khéc.

C dc, ppm On, ppm; m (J, H2)
Hop chat N3 Acid brasiliensophyllicC  Hop chat N3 Acid brasiliensophyllic C
3”7 256 31,8 1,6m 1,3m
4 1224 351 495m 1,76 m
6"’ 25,5 109,7 15s 4,61s
8’ 147.4 1222 - 49m
9™ 113,7 132,0 4,36 s -
11 - 17,9

Acid brasiliensophyllic C



Mat khac, Nam 2009, Leu va cong su da tim thdy trong nhua MU u moc & Polynesia
16 coumarin: caophyllolid (22), dong inophyllum, dong calanolid, dong
inocalophyllin va dong tamanolid nhung khéng c6 cong bé phan lap hop chat N
[101].

Sau khi tra ctru tai liéu tong quan vé cac thanh phan héa hoc cla chi Calophyllum
do Shi va cong su viét ndm 2008 [71] cling nhuw tham khao céc tai liéu khac vé Mu u
(Calophyllum inophyllum) thudc cac ngudn dir liéu: ScienceDirect, Scopus,
PubMed, SciFinder (Chemical Abstracts), Patent Databases tai thuv vién Truwong Dai
hoc Qudc gia Singapore, ching tdi thay hop chat N5 chua tirng dwoc cong bé.

Do d6 c6 thé khang dinh hop chat N3 [amdt hop chét tw nhién mai.

Trong nghién ctru clia ching toi, hop chat N, xac dinh tir nhiravavé qua Mu u voi
bd dit liéu nhan dang c6 cac phé UV-Vis va NMR (*H-NMR va *C-NMR) trung
khép voi cac dir liéu pho twong (ng trong bo dir liéu phd cac hop chat nhém
neoflavon clia Garazd va cong s cong bd nam 2003 [65], ph6 khdi lvong ¢ pic co
ban & m/z 401 trung khép voi dir liéu cla Games nam 1972 [64], Garazd va cong sv
nam 2003 [107]. Nam 2002, Tran Thanh Thao va cong su ap dung phuong phap clia
Spath va Socias dé phan 1ap calophyllolid tir hat Mt u bang cach diing NaHCO; dé
mé& vong lacton cla coumarin tao mudi coumarinat kiém tan trong nuéc, sau doé
acid héa dung dich kiém bang HCl 10% dé lacton hda va chiét coumarin tai tao
bang dung mai hitu co (benzen) thu dwoc can coumarin. Sau dé tién hanh sac ky cot
dé phan lap caophyllolid (22) [5]. Nam 2003, Chen va cong sy da chiét hat
Calophyllum inophyllum & Dai Loan bang EtOH rdi tiép tuc phan bd trong EtOAC,
sau do dung sic ky cot va sac ky I6p mong diéu ché phan 1ap duoc calophyllolid
[38]. Nam 2004, Yimdjo va cong su cong b6 phan lap calophyllolid tir hat con 1,5-
dihyroxyxanthon thi tir vo ré Calophyllum inophyllum & Cameroon [123]. Nim
2009, Leu va cdng sy da phan |ap calophyllolid tir nhia trung tinh va nhra acid thu
dwgc khi tinh ché dau thd ép tir hat ciia Calophyllum inophyllum moc & Polynesia
thuéc Phap, khéng thdy co tim thdy 4-hydroxyxanthon va 1,5-dihydroxyxanthon

trong cac nhra nay. Tuy nhién, chi tiét quy trinh chiét xudt va phan 1ap khéng duwoc



cong b6 [101]. Trong nghién cru clia chiing t6i, khi diing Na,CO3 10% dé kiém hda
nhya dén pH 8-9 rdi acid héa bang HCI 3,65% dén pH 3-4, sau do chiét bang n-
hexan, tiép tuc phan 1ap bang VLC, rira giai bang n-hexan/EtOAc thi khong phan
lap duoc calophyllolid voi lwgng di dé dinh danh bang cac phwong phép phd
nghiém. Tréi lai, khi chiét nhra bang hon hop MeOH-nuwdc (9:1) rdi phan 1ap bang
VLC twong tv nhuw cao n-hexan thi phan lap duoc calophyllolid. Nhw vay cé thé noi
calophyllolid di vao dung moi phan cuc trung binh va manh va hau nhu khong tan
vao dung moi kém phén cuc.

Calophyllolid do Potier phan lap lan dau tién vao nam 1951 trong hat Calophyllum
inophyllum, sau d6 vao nam 1993, Patil cling d&d xac dinh hop chéat nay trong cao
chiét xuat tir [& Calophylluminophyllum[21].

Két qua xac dinh ham luong calophyllolid (22) tir cao nhya tach loai chiét véi
MeOH béng phuong phap chiét 16ng-16ng: 0,68 + 0,01 (g/100g) va tir vo qua chiét
v6i MeOH bang phwong phap PLE: 0,0255 + 0,0005 (g/100g) so véi ham lwong
calophyllolid 0,47 + 0,01 (g/100g) trong ché pham Dau Mu u Inopilo (chi dinh tri
bdng, u nhot, viém loét da, lam mau lanh vét thwong) cung véi tac dung khang
Saphylococcus aureus va Mycobacterium smegmatis da bté¢c dau cho thdy nhya
tach loai tir dau va vé qua MU u la doi twong tiém nang can tiép tuc nghién clru dé
st dung lam thudc.

4.6. THIET LAP CHAT CHUAN BOI CHIEU

Tra ctru danh muc chat chuan déi chiéu la hop chat tw nhién hay tong hop cla cac
nha chuyén san xuét va cung cap chuan nhv ChromaDex [42], Sigma Aldrich hay
USP khong thdy c6 cac hop chat 4-hydroxyxanthon va calophyllolid nén ching t6i
da lan dau tién nghién clru danh gia cac chat nay dé thiét l1ap lam chat chuan doi
chiéu ng6 hau co thé (rng dung vao kiém nghiém duoc liéu va thudc tir dwgc liéu
MU u. Theo huéng dan ctia WHO Ve thiét 1ap chat di chiéu, tredc tién can danh gia
nhu cau phai thiét Iap vi day la cong viéc tiéu ton nhiéu thoi gian cling nhw nhan lwc
va tai lvc. Do vay, phrong phap thir sé quyét dinh yéu cau phai cd chat déi chiéu dé

so sanh xac dinh. Van dé tién quyét can danh gia la c6 phwrong phéap nao thay thé dé



xac dinh hoat chat ma khong can dén chat déi chiéu hay khong [85]. Duoc liéu va
thudc tir dwoc lieu ludn chiva nhiéu thanh phan phitc tap nén cac phuong phap sic
ky ghép ndi v&i phd nghiém 1a lva chon hang dau dan dén su can thiét phai co chat
chuan ddi chiéu. Theo EMEA, chét dwoc lya chon lam chat chuan ddi chiéu la chat
c6 hoat tinh da biét hoac chat diém chi [56], [73]. Hién chua cé cac quy dinh vé do
tinh khiét clia chat chuan doi chiéu la hop chat tw nhién dwoc phan 1ap. Do vay, néu
van dung céc quy dinh vé do tinh khiét chat ddi chiéu héa hoc dung cho dinh lvgng
thu dugc bang cach téng hop nhu dé cip trong duoc dién qudc té 1an 3 thi do tinh
khiét clia chat chuan doi chiéu dung cho dinh lwvgng phai dat trén 99,5% tinh theo
ché pham khan. Tuy nhién, néu str dung phwong phap phan tich dac hiéu thi khong
nhat thiét diing chat chuan ddi chiéu c6 do tinh khiét cao nhu thé vi tap chat chi anh
hwéng trén phép thir khong dac hiéu [85]. Calophyllolid la chat cé cac hoat tinh
nhu: (rc ché elastas (ICso = 8,4 uM) [101]; khang viém (LDs, = 2,5 g/kg) [68]; doc
tinh té€ bao (1Csp = 3,5 pg/ml), khang khuén [123] va la thanh phan chinh clia nhiéu
bd phan ding tr MU u & Viét nam va trén thé gidi [14], [53] nén dap ng vai tiéu
chuan lya chon lam chat diém chi [73]. Theo tong két cila FHH (Forum for the
Harmonization of Herbal Medicine) nam 2005, Dwoc dién Han qudc 8 quy dinh
chat chuan doi chiéu c6 ngudn gdc hop chét tw nhién cd do tinh khiét trén 95% cb
thé dung cho muc dich dinh lvgng. Day la co s& dé xay dwng mirc chat lvong cho
chi tiéu dinh lvong calophyllolid (22) lam chdt chuan d6i chiéu. Nhuw vay, chon
calophyllolid dat do tinh khiét trén 95% lam chat chuan doi chiéu dung cho céc
phuong phap dinh tinh, dinh lvgng nhv: GC-MS, HPLC-DAD la phu hgp trong
kiém nghiém duoc liéu va thudc tir duoc liéu. Duoc dién Viét nam IV tuy da cé
chuyén luan vé dau Mu u nhung chua cé phurong phap xac dinh chat diém chi do
chwa cé chat doi chiéu va phwong phap thi thich hop [1]. Thiét lap chat chuan doi
chiéu calophyllolid dung cho dinh lvgng déng goép tich cuwc vao cong tac kiém tra
chét lvgng duoc liéu va thube tir duoc liéu ndi chung va Mu u néi riéng theo huéng
dan ctia WHO [56], [121].



4.7. CAC PHUONG PHAP GHEP NOI SAC KY-PHO NGHIEM XAC DINH
HOP CHAT PHENOL TRONG NHUA, VO QUA MU U VA THUOC TU
MU U
4.7.1. Phuong phap GC-MS
Nam 1972, Games DE da cong bd bai bao vé dinh danh cac hgp chéat 4-phenyl
coumarin trong Calophyllum inophyllum bang GC-MS dung cot thay tinh vai pha
tinh OV 1 hodc OV 17 3% tam trén Gas Chrom Q. Tuy nhién, tac gia da khéng mo
ta diéu kién sac ky ciing nhu ngudn gbc chét chuén di chiéu calophyllolid da st
dung. Do vay, ching t6i d4 nghién ctru xay dung vathdm dinh phwong phap sac ky
khi mao quan ghép pho khdi dé xac dinh nhanh va chinh xéac calophyllolid sau khi
da thiét l1ap dwoc chat chuan doi chiéu nay. Phuong phap phan tich dé xuat cla
ching tdi tuy la phrong phap ngoai chuan do khong tim dugc ndi chudn ndi dong vi
hodc chat co cau trac twong tu voi calophyllolid (22) nhung do tin cay cla chap
nhan dwoc do st dung bd tiém mau tv dong va quy trinh chuin bi mau khéng phttc
tap [76], [77], [93]. Két qua la lan dau tién da cdng bd phuong phap xac dinh
caophyllolid trong cao methanol chiét tr nhwva Mu u Calophyllum inophyllum L..
Phuong phéap nay sau do dwoc lam co s& dé xay dung va tham dinh phwong phap
GC-MS dé xé&c dinh calophyllolid cé trong vo qua Mu u. Khi thir hoa tan cao
methanol trong hon hop MeCN-nudc voi céc ty 1é khéc nhau thdy co hién tuong
mau bi duc anh hwdng dén qué trinh phan tach va phét hién néu sir dung phuong
phép LC-MS hodc HPLC-DAD. Do vay chon phuong phap GC-MS dé phan tich
voi nhitng ly do sau day: (1) Gia cua thiét bi GC-MS thap hon (75000-150000
USD) LC-MS (120000-trén 250000 USD); (2) Trong GC-MS lwvgng khi nap twong
doi thap vao dau do phd khoi nén bom tao chan khong yéu cau cong suat thap vatir
d6 chi phi ban dau cling nhu chi phi bao tri thp so véi LC-MS; (3) Phé El cho
nhiéu thong tin va thuwdng dung dé dinh danh cac hop chat chua biét; (4) C6 thé mua
thw vién ph6 El clia hang tram ngan hop chéat dé dinh danh trong trvdng hop khong
c6 chédt chuan doi chiéu va cé thé ding chung cho tat ca thiét bi clia cac nha san

xudt khéc nhau; (5) Khong ¢ céc van dé chuan bi pha dong (chi can khi helium hay



hydrogen); (6) it co yéu ciu vé bao tri (chi thay dé dang tién cot va vach budng tiém
mau) so voi bao tri van, seal valam vé sinh giao dién cliahé LC-MS; (7) Dé dao tao
ngudi sir dung thiét bi; (8) Ly twdng dé phan tich céc chat khong phan cuc [93].
4.7.2. Phuong phap HPLC-DAD

Khi xéac dinh calophyllolid (22) trong ché pham cé chira dau Mu u, do phuong phap
xt |y mau thir dé phan tich c6 nwdc nén khong khuyén khich &p dung phuvong phap
GC-MS [93]. Nam 2008, Frederic va cong sy da xac dinh cac coumarin ké ca
calophyllolid (22) trong cao chiét xudt tir a4 M u bang ky thuat HPLC-DAD pha
thuan dung cot silica 16 s8p 120 A° hat 5 pum, kich thuéc 250 mm x 4,6 mm.
Chuong trinh dung mai: i-propanol-i-octan tir 1-20% (tt/tt) trong 25 phat, tir 20/80
(tt/tt) trong 25 phdt, sau d6 can bang trong 15 phat. Tuy nhién, sic ky dd cho thdy
calophyllolid (22) kém phén giai va phwong phap chra duoc tham dinh. Chua thay
cong bd phuong phap HPLC pha ddo phéan tich xac dinh calophyllolid (22) véi do
tin cdy cao do st dung chat doi chi€u da thiét 1ap va dau do chuyén biét DAD. Mat
khac, sac ky long cot pha dao mot ky thuat phd bién tai nhigu phong thi nghiém
trong hé thong kiém nghiém do su pho cap clia cac cot Cqg, chi phi phan tich twong
ddi thdp va dé ap dung quy trinh vai pha dong thuong 1a nuéc va dung moi hivu co

nhw methanol, acetonitril [114].



KET LUAN VA KIEN NGHI

KET LUAN

Dé tai “Nghién clru xac dinh hop chat phenol tir nhya va vé qua MU u dé (rng dung

trong kiém nghiém” d& hoan thanh cac ndi dung nghién ctru dé dat duoc cac muc

tiéu dé rava cho nhirng két luan sau:

1. Xac dinh hop chat phenol tir nhya va vé qua Mu u

Bang mot s ky thuat sac ky nhu: sic ky I6p mong, sic ky 16ng chan khong, sac ky

l6ng (phan tich va diéu ché), séc ky khi va si phéi hop két qua mot s6 k§ thuat phd

nghiém nhu: phd UV-Vis, phé IR, ph6 khéi lvgng, phd NMR mdt va hai chiéu, phd

nhiéu xa tia X, da chiét tach, tinh ché va xac dinh cdu tric mdt s6 hop chét phenol

phan 1&p duogc tr nhya vavo qua Mu u nhu sau:

Tir 3 kg nhya MU u, d& chiét xudt bang n-hexan duoc 40 g cao, tir d6 phan 1ap
va xac dinh duoc 8,1 mg hop chdt N, xac dinh & 1,5-dihydroxyxanthon
(Ci13HgO4) va 105,0 mg hop chét N, xac dinh la 4-hydroxyxanthon (C13HgOs).
T 4 kg nhya MU u, da chiét xuat bang hon hop MeOH-nudc (9:1) dwoc 50 g
cao, tir d6 phan lap va xac dinh dwoc 135,0 mg hop chat N5 dé nghi dat tén la
inocalophyllin C (C3;H,s06) va 98,0 mg hop chat N, xac dinh la calophyllolid
(Cs6 H2405).

Hop chét N3 voi tén khoa hoc: ethyl 3-((2R,3R)-4-hydr oxy-2,3-dimethyl-6-
(5-methyl-2-(prop-1-en-2-yl) hex-4-enyl)-6-(3-methylbut-2-enyl)-5,7-
dioxo-3,5,6,7-tetr ahydro-2H-chromen-8-yl)-3-phenylpropanoate la mét
hop chat tv nhién méi, chuwa tlrng dwoc cong bd trong cac ngudn dir liéu:
ScienceDirect, Scopus, PubMed, SciFinder (Chemical Abstracts), Patent
Databases tra dtu tai thw vién Dai hoc Qudc gia Singapore (NUS) .

Tir 4 kg vO qua MU u, da chiét xuét bang EtOAc duoc 20 g cao, tir d6 phan [ap
va xéc dinh duvoc 26,0 mg hop chat V, xac dinh 1a calophyllolid (Cys H240s).



2. Thiét 1ap chat chuan dai chiéu

Pa xdy dyng duoc bd dit liéu nhan dang chat bao gdbm: phé UV-Vis, pho IR, phd
MS, phd NMR, diém chay cta calophyllolid va 4-hydroxyxanthon.

Pa xay dwng va tham dinh theo ICH quy trinh xac dinh tap chat hitu co di kém voi
calophyllolid trong qua trinh chiét xuét bang k¥ thuat HPLC-DAD voi céc chi tiéu:
tinh phu hop cta hé thdng, tinh dac hiéu, tinh tuyén tinh, dé chinh xac, gi¢i han
phat hién.

Lan dau tién déa thiét lap chat chuan déi chiéu calophyllolid (chuén chinh) loai ding
cho dinh lwong theo huéng dan ciia WHO, 1SO voi tiéu chudn chét lwvong bao gbm
cac chi tiéu: cAm quan; dinh tinh: UV-Vis, IR, MS, NMR; diém chay; dd tinh khiét:
tap chat hitu co, tap chat vo co, tap chat bay hoi; dinh lvgng. Mic chat lvgng va
phuwong phap thir theo cac qui dinh clia Duoc dién Viét Nam va cac Duoc dién quoc
t€ khac nhu: Hoa ky, Anh, Han qudc, Nhat ban, Trung qudc. SO lwgng chat chuan
ddi chiéu thiét 1ap duoc tong cong 100 lo 10 mg vdi ham lvong 95,27%.

Ngoai ra, con thiét lap chat chuan doi chiéu 4-hydroxyxanthon diing cho dinh tinh
V@i sO lwvgng 9 lo 5 mg v&i ham lvong 93,91%.

3. 'ng dung chét chuén déi chiéu thiét 1ap dé kiém nghiém (dinh tinh, dinh
lvong) calophyllolid tir nhwra, vé qua MU u va ché pham tir MU u

Phuwong phap GC-MS

Da xay dwng mdt phrong phap phan tich nhanh, phu hop, chinh xac va dac hiéu dé
x&c dinh calophyllolid tir nhira MU u bang k¥ thuat sic ky khi mao quan ghép khéi
phd (GC-MS). Tham dinh theo ICH v6i céc chi tiéu: tinh phu hop clia hé thong, tinh
dac hiéu, tinh tuyén tinh, do chinh xac, do dang.

Digu kién sac ky: “May sac ky khi GC-2010 ghép dau do phd khdi GCMS-QP 2010
Shimadzu; bd chich mau ty déng AOC-20i; phan mém xt Iy dit kién LabSolutions
GCMSSolution phién ban 2.5. Cét: DB-5MS 25 m x 0,22 mm ID, d = 5 um.
Chuwong trinh nhiét do: 80 °C-300 °C/9 pht (40 °C/pht); nhiét do budng tiém mau:
250 °C, khong chia dong; nhiét do dau do pho khoi: ngudn ion: 250 °C; giao dién:
200 °C; ion hda bang ban pha dién tir; téc do dong khi mang: 1,43 ml/phat; khoang



pho: 50-450 amu. Kiéu thu di¥ liéu: SCAN va SIM (ion dich: m/z 401; ion tham
chiéu: nvz 83,55). Thé tich tiém mau 1 pl”. Ham lugng calophyllolid (kI/kl) trong
cao methanol chiét tir nhwaMu ula0,67 + 0,01% (g/100 g).

Tl phuwong phap GC-MS da thiét lap, ti€p tuc xay dyng va tham dinh phuong phap
GC-MS dé xac dinh calophyllolid trong vé qua M0 u. Chudn bi mau thkt bang
phrong phap chiét 1ong dudi ap suét (PLE). Diéu kién sic ky chi thay ddi: Chuong
trinh nhiét do: 80 °C-300 °C/12 pht (40 °C/phdt). Ham lwgng calophyllolid (kI/kI)
trong vo qua Mu u 1a0,0255 + 0,0005% (g/100 g).

Phuwong phap HPLC-DAD

DPa xay dung phwong phap HPLC-DAD pha dao va tham dinh theo ICH voi céc chi
tiéu: tinh phu hop cha hé thdng, tinh dac hiéu, tinh tuyén tinh, dé chinh xac, do
dang thyc hién tai Vién Kiém nghiém thudc thanh phd H6 Chi Minh dé xac dinh
calophyllolid trong dung dich thudc tir duoc liéu c6 dau Mu u véi cac diéu kién
thwc nghiém la: “May HPLC Shimadzu: bd kiém tra hé thong CBM-20Alite; bom
LC-20AD; bd chich mau ty dong SIL-20AC, bubng cot CTO-20AC; dau do PDA
SPD-M20A; phan mém x& ly di¥ kién LCsolution. C6t Zorbax 250 mm x 4,6 mm, 5
um, pha dong acetonitril-dung dich acid acetic 2% véi ché do rira giai gradient:
acetonitril 20-80%: dung dich acid acetic 2% 80-20% trong 30 phdt. Téc do dong 1
ml/phat va nhiét do cot 40 °C. Phat hién tai bwdc song 270 nm. Thé tich tiém méau
10 pl””. Ham lwong calophyllolid (kI/kl) trong ché pham “Dau Mu u Inopilo” thu
duwoc 12 0,47 £ 0,01% (g/100 g).



KIEN NGHI

Dé c¢6 thé khai théc, tan dung cac san pham phé thai tr MU u nhw nhua va vo qua

cling nhu (ng dung cac két qua nghién cru da dat duoc trong cong tac kiém nghiém

dwoc liéu va thudc tr duoc liéu Mu u, mot sd kién nghi sau nén duoc nghién clru

trién khai:

Tiép tuc ap dung cac phuong phap GC-MS, HPLC-DAD dé xac dinh cac thanh
phan cé hoat tinh nhu calophyllolid, 4-hydroxyxanthon trong cac thu6c tir duoc
liéu MU u nhdam nang cap tiéu chuén co so.

Khao sat tdc dung sinh hoc cla chat N3 (hop chat méi): khang khuén, khang
virus, chéng ung thu...

Tiép tuc nghién ctru do 6n dinh clia chat déi chiéu calophyllolid nham cai tién qui
trinh chiét xudt, phan 1ap, tinh ché daxay dung.

B0 sung chat ddi chiéu calophyllolid vao Dugc dién Viét Nam xuat ban lan thir 5
va nghién clru nang cap tiéu chuan duwoc liéu ¢ hoat chat tvong rng nhw dau Ma

u thanh tiéu chuan quéc gia.



DANH MUC CONG TRINH NGHIEN CUU CUA TAC GIA
DA CONG BO LIEN QUAN BPEN BE TAI LUAN AN

. Ha Minh Hién, Pham Ngoc Dung, Nguyén Khic Quynh C&, Nguyén Van Thi, V& Thi
Bach Hué (2009), “Phan lap mot s6 hop chat phenol tir nhya MU u dw pham”, Tap chi
Duoc hoc, sb 395, tr. 33-36.

. Ha Minh Hien, Tran Thi Thuy Tien, Vo Thi Bach Hue, Nguyen Viet Kinh, “Phenolic
compound and other constituents determined from crude ethyl acetate extract of fruit peels
of Calophyllum inophyllum L.”, Analytica Vietnam Conference Proceedings 3/2009, Ho
Chi Minh City, Vietnam, pp. 228-232.

. Minh Hien Ha, Van Thi Nguyen, Khac Quynh Cu Nguyen, Emily LC Cheah, Paul WS
Heng (2009), “Antimicrobial activity of Calophyllum inophyllum crude extracts obtained
by Pressurized Liquid Extraction”, Asian Journal of Traditional Medicine, 4 (4), pp. 141-
146.

. Ha Minh Hien, Vo Thi Bach Hue, Nguyen Khac Quynh Cu, Nguyen Van Thi, Francoise
NEPVEU, “Antimicrobial and antioxidant activities of methanolic extract obtained from
resin of Calophyllum inophyllum L. nut oil”, Proceedings of the Sxth Indochina
Conference on Pharmaceutical Sciences 12/2009, Hue, Vietnam, pp. 64-68.

. Ha Minh Hién, Paul WS Heng, Nguyén Khéc Quynh Ct, Nguyén Van Thi, V6 Thi Bach
Hué (2011), “Nghién ctru thiét lap chat do6i chiéu calophyllolid diing trong kiém nghiém va
nghién ctru dwoc lieu MU u Calophyllum inophyllum L.”, Tap chi Kiém nghiém thudc, s0
3.2011, tr. 15-19.

. Ha Minh Hien, Paul WS Heng, Nguyen Van Thi, Nguyen Khac Quynh Cu, Vo Thi Bach
Hue (2011), “Development and Validation of a GC-MS Method for Rapid Determination
of Caophyllolide in Calophyllum inophyllum L.: A Quality Control Approach”, Chinese
Journal of Natural Medicines, 9 (6), pp. 429-434.

. Ha Minh Hién, Bui Thi Thu Thao, Nguyén Khac Quynh C&, Nguyén Van Thi, V& Thi
Bach Hué (2013), “Nghién cttu xéac dinh calophyllolid bang phwong phap HPLC-DAD (*ng
dung trong ki€ém nghiém dung dich thudc tir duoc liéu cé dau Mu u”, Tap chi Kiém nghiém
thuéc, s6 2.2013, tr. 14-18.



NHUNG BONG GOP MG1 CUA LUAN AN

1. V& mat hdéa hoc: Lan dau tién cong b6 xac dinh dwoc cac hop chat phenol tir nhyavavo

qua Mu umoc & Viét nam gom co:

Nhya Mu u c6 chira: 1,5-dihydroxyxanthon, Ci;3HgO4 (8,1 mg tvr 3 kg nhua); 4-
hydroxyxanthon, C;3HgO3 (105,0 mg tir 3 kg nhwa) va hgp chat Ns: inocalophyllin C (tén
dé nghi), Cz7H4g06 (135,0 mg tir 4 kg nhya) 1a mot hop chat ti nhién hoan toan méi (Xac
dinh nho cac phd UV-Vis, IR, MS, NMR 1, 2 chiéu va phé nhiéu xa tia X).

Nhwa Mu u cé chira: calophyllolid, CsH240s (26,0 mg tir 4 kg vo qud).

2. V& mat thiét 1ap chét chuan d6i chiéu: Lan dau tién da thiét 1ap 2 chat chuan doi chiéu tlr

nhya MU u moc & Viét nam theo hwdng dan clia TG chirc Y té thé gigi vé thiét 1ap, phan
phoi va bdo quan chat doéi chiéu héa hoc bao gobm: 4-hydroxyxanthon, C;3HgO,4 ding cho
dinh tinh (9 1o 5 mg; ham lvgng: 93,91%); calophyllolid, CysH240s dung cho dinh lvgng
(100 19 10 mg; ham lugng: 95,27%).

3. V& mat kiém nghiém thubc: Lan dau tién da (ng dung chat chudn doi chiéu

calophyllolid thiét lap dwoc dé xay dung va tham dinh quy trinh phan tich xac dinh
calophyllolid trong cao methanol tir nhira MU u, vo qud MU u moc & Viét nam bang k¥
thuat sic ky khi mao qua ghép khéi phd (GC-MS) vatrong ché phdm chira dau Mu u bang
k¥ thuat sic ky 16ng pha dao phat hién bang detector ddy diod quang (RP-HPLC-DAD).



TAI LIEU THAM KHAO

PHAN TIENG VIET

1.
2.

9.

B0 Y té (2009), Duwoc dién Viét nam tap 1V, Ha Noi, tr. 738.

V0O Van Chi (1997), Tir dién cay thudc Viét nam, Nha xudt ban Y Hoc TP.
HCM, tr. 770-771.

Nguyén Khac Quynh Cir (1998), Biém lai mdt s3 cong trinh nghién ctru va (ng
dung dau Mu u, Tong quan va chuyén khao y duwoc sd 37/98, tr. 2-6.

Nguyén Khéc Quynh Ct (1998), Mot sb két qua nghién clru ban dau vé thanh
phan héa hoc ctia dau Mu u, Téng quan va chuyén khao y dwgc sb 37/98,
tr. 10-13.

Nguyén Khac Quynh Ct, V& Thi Bach Hué, Tran Thanh Thao (2002), “Phan
lap va xac dinh cdu trac cla calophyllolid tir hat cdy Mu u moc tai Viét
nam”, Tap chi dwoc hoc, 9 317, tr. 16-18.

Nguyén Duy Cuong, Nguyén Hiru Quynh (1999), Tir dién bach khoa duoc hoc,
Nhaxuédt ban Tl Dién Bach Khoa, tr. 411.

Tran Thi Da, Nguyén Hiru Dinh (1999), Ung dung mdt s6 phwong phap phd nghién ctu cu
tric phan ttr, Nha xudt ban Giao duc, Ha Noi, tr. 325.

Pang Van Giap (1997), Phan tich dir liéu khoa hoc bang chuong trinh MS-
EXCEL, Nha xuat ban Gido duc, Ha Noi, tr. 21-87.

Pham Hoang Ho (1999), Cay c6 Viét Nam, Nha xudt ban tré TP. HCM, tr. 457.

10. D06 T4t Loi (2000), Nhirng cay thudc va vi thudc Viét nam, Nha xudt ban Y hoc,

Ha Noi, tr. 106.

11. Nguyén Kim Phi Phung (2004), Khdi ph8, Nha xuét ban Dai hoc quéc gia TP.

HCM, tr. 25-28.

12. Nguyén Kim Phi Phung (2005), Phd NMR str dung trong phan tich hitru co, Nha

xudt ban Bai hoc qubc gia TP. HCM, tr. 121-127.



PHAN TIENG NUGC NGOAI
13. Achari B., Khan N.U.D., Parveen N., Singh M.P., Singh R., Dastidar P.G.,

14.

15.

16.

17.

18.

19.

20.

21.

Dutta P. K. (1996), “Two isomericbenzodipyranone derivatives from
Calophyllum inophyllum”, Phytochemistry, 42 (4), pp. 1181-1183.

Ahmad V.U., Ali M.S, Mahmud S., Perveen S., Rizwani G.H. (1999),
“Screening for the antimicrobial properties of the leaves of Calophyllum
inophyllum Linn. Guttiferae”, J. Chem. Soc. Pak., 21 (2), pp. 174-178.

Ahmad V.U., Ali M.S, Mahmud S., Perveen S., Rizwani G.H. (1998),
“Antimicrobia studies on fractions and pure compounds of Calophyllum
inophyllum Linn. Guttiferae”, Pak. J. Pharmacoal., 15 (2), pp. 13-25.

Ahmad V.U., Ali M.S, Mahmud S., Perveen S., Rizwani G.H. (1999),
“Epimers from the leaves of Calophyllum inophyllum”, Phytochemistry, 50
(8), pp. 1385-1389.

AOAC Official Methods of Analysis (2012), Guidelines for Sandard Method
Performance Requirements, Appendix F, AOAC International, pp. 7-9.
Armarego Wlifred L.F., Cha ChristinaL.L. (2009), Purification of Laboratory

Chemicals, Elsevier Inc., UK, 6" edition, pp. 14-17.

Arya R., Babu V., llyas M. et Nasim K.T. (1994), “9-hydroxy-2,2,6,7-
tetramethyl-2H-[ 1]-benzopyran-(1-phenylethyl ene-10-yl)-(3,2-b-)-
dihydropyran-4-one from Calophyllum tomentosum”, Phytochemistry, 35
(2), pp. 507-510.

Barwick Vicki, Burke Shaun, Lawn Richard, Roper Peter, Bedson Peter,
Walker Ron (2001), Applications of reference materials in analytical
chemistry, Royal Society of Chemistry, UK, pp. 8-14.

Bean M.F., Eggleston D.S,, Freyer A.J., Haltiwanger R.C., Patil A.D. et al
(1993), “The inophyllums, novel inhibitors of HIV-1 reverse transcriptase
isolated from the malaysian tree, Calophyllum inophyllum Linn.”, J. Med.
Chem., 36 (26), pp. 4131-4138.



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Bhushan B., Rangaswami S., Seshadri T.R. (1975), “Calaustralin, a new 4-
phenylcoumarin from the seed oil of Calophyllum inophyllum Linn.”,
Indian J. Chem., 13, pp. 746-747.

Bianchini Jean-Pierre, Butaud Jean-Francois, Gaydou Emile M., Laure
Frederic, Raharivelomanana Phila (2008), “Screening of anti-HIV-1
inophyllums by HPLC-DAD of Calophylluminophyllum leaf extracts from
French Polynesia Islands”, Analytica Chimica Acta, 624, pp. 147-153.

Bohle D.S., Fotie J. (2006), “Pharmacological and Biological Activities of
Xanthones”, Anti-1nfective Agentsin Medicinal Chemistry, 5, pp. 15-31.

Bouchara J-P., Landreau A., Larcher G., Morel C., Richomme P., Seraphin D.,
Tronchin G., (2004), “Investigation of the antifungal activity of
caledonixanthone E and other xanthones against Aspergillus fumigatus”,
Planta Medica, 70, pp. 569-571.

Boysen Reinhard 1., Milton T. W., Hearn (2010), High Performance Liquid
Chromatographic Separation Methods, Elsevier Ltd., pp. 13-19.

Breitmaier Eberhard (2002), Sructure elucidation by NMR in organic
chemistry, John Wiley & Sons Ltd, England, 3" edition, p. 12.

Brown Stewart A., Mendez Jesus, Murray Robert D. H. (1982) The Natural
Coumarins-Occurrence, Chemistry and Biochemistry, John Wiley & Sons
Ltd, New York, pp. 14; 56-57; 486.

Browne David C. (2009), “Reference-Standard Material Qualification”,
Pharmaceutical Technology, 33 (4), pp. 66-73.

Capettini L.S., Campos L.V., Cortes S.F., LemosV.S., Nagem T.J., Dos Santos
M.H. (2009), “Vasodilator and Antioxidant Effect of Xanthones Isolated
from Brazilian Medicinal Plants”, Planta Medica, 75 (2), pp. 145-148.

Cardellina 2nd J.H., Fuller R.W., Gustafson K.R., Kashman Y., McMahon J.B.
(1992), “The calanolides, a novel HIV-inhibitory class of coumarin
derivatives from the tropical rainforest tree, Calophyllum lanigerum”, J.
Med. Chem, 35 (15), pp. 2735-2743.



32.

33.

34.

35.

36.

37.

38.

39.

Carrupt Pierre-Alain, Cruciani Gabriele, Gaillard Patrick, Gnerre Carmela,
Fernandes Eduarda, Hostettmann Kurt, Pinto Manuela, Pinto Madalena
M.M., Silva Francisco, Tesla Bernard, Thull Ulrike, Wolfender Jean-Luc
(2001), “Natural and Synthetic Xanthones as Monoamine Oxidase
Inhibitors: Biological Assay and 3D-QSAR”, Helvetica Chimica Acta, 84,
p. 567.

Celestino Santos-Buelga, Williamson Gary (2003), Methods in Polyphenol
Analysis, The Royal Society of Chemistry, UK, pp. 1; 11-12.

Cerqueira Fatima, Nascimento Maria Sao Jose, Pedro Madalena, Pinto
Madalena, Sousa Maria Emilia (2002), “Xanthones as Inhibitors of
Growth of Human Cancer Cell Lines and their Effects on the Proliferation
of Human Lymphocytes In Vitro”, Bioorganic & Medicinal Chemistry, 10,
pp. 3725-3730.

Chan Kelvin, Liang Yi-Zeng, Peishan (2004), “Quality Control of Herbal
Medicines”, Journal of Chromatography B, 812, p. 57.

Chang Y .-T., Cheng H.-C., Khalil A.T., Lin Y.-C., Wang L.-T., Shen Y .-C
(2004), “Pyranoxanthones from Calophyllum inophyllum”, J. Chin. Chem.
Soc., 51 (2), pp. 431-435.

Chawla H.M., Chibber S.S., Khera Urmil (1975), “Separation and identification
of some hydroxyxanthones by thin-layer chromatography”, Journal of
Chromatography A, 111, pp. 246-247.

Chen Ching-Yu, Hung Meng-Chieh, Shen Ya-Ching, Wang Li-Tang, (2003),
“Inocalophyllins A, B and Their Methyl Esters from the Seeds of
Calophyllum inophyllum”, Chem. Pharm. Bull., 51 (7), pp. 802-806.

Chen R.-Y., Liang X.-T., Wu Y., Yu D.-Q., Zhang P.-C. (2003), “Two new
xanthones from Calophyllum inophyllum”, Acta Chimica Snica (Huaxue
xuebao), 61 (7), pp. 1047-1051.



40.

41.

42.

43.

45.

46.

47.

48.

49,

Cheow Y. L., Ee G. C. L., Jong V., Kua A. S. M., Lim C. K., Rahmani M.
(2004), “A new pyranoxanthone inophyllin B from Calophyllum
inophyllum”, Natural Product Science, 10 (5), pp. 220-222.

Chinese Pharmacopoeia (2010), p. Appendix 1X A-61.

Chromadex (2011), Phytochemicals and Services, USA, pp. 18; 166-494.

Chua Tung Kian, Koh Hwee Ling, Tan Chay Hoon (2009), A guide to
medicinal plants, World Scientific, Singapore, p. 32.

Chung Chow Chan, Lam Herman, Lee Y. C., Zhang Xue-Ming (2004),
Analytical Method Validation and Instrument Performance Verification,
Wiley-Interscience, USA, pp. 29-30.

Colegate Steven M., Molyneux Russell J. (2008), Bioactive Natural Products-
Detection, Isolation, and Structural Determination, CRC Press, USA, 2™
edition, p. 40.

Cottiglia Filippo, Dhanapal Boopathy, Heilmann Jorg, Sticher Otto (2004),
“New Chromanone Acids with Antibacterial activity from Calophyllum
brasiliense”, J. Nat. Prod., 67 (4), pp. 537-541.

Crowther Jonathan B., Miller James M. (2000), Analytical Chemistry in a GMP
environment, John Wiley & Sons, Inc.,, USA, pp. 86-94; 365-366; 249;
361.

Cruz Alexandre Bella, Cechinel-Filho Valdir, Isaias Daniela E. B., Noldin
Vania F., Pretto Juliana B., Sartori Mara R. K. (2004), ”Antimicrobial
Activity of Fractions and Compounds from Calophyllum brasiliense
(Clusiaceae/Guttiferae)”, Z. Naturforsch., 59c, pp. 657-662.

Da Hao-Fu, Deng Yuan-Yuan, Mel Wen-Li, Xiao Qi, Zeng Yan-Bo, Zhao
You-Xing (2008), “Cytotoxic prenylated xanthones from Calophyllum
inophyllum”, Journal of Asian Natural Products Research, 10 (10), pp.
993-997.



50.

51

52.

53.

4.

55.

56.

S7.

58.

59.

60.

Da Hao-Fu, Han Zhuang, Me Wen-Li, Xiao Qi, Zeng Yan-Bo, Zhao You-
Xing (2010), “Caloxanthones O and P: Two new prenylated xanthones
from Calophyllum inophyllum”, Molecules, 15, pp. 606-612.

Daniel M. (2006), Medicinal Plants-Chemistry and Properties, Science
Publishers, USA, p. 98.

Deodhar V.B., Joshi S.P., Phalgurie U.D. (2000), “A new coumarin from the
seeds of Calophyllum inophyllum Linn.”, Indian J. Chem. Sect. B, vol 39
(7), pp. 560-561.

Dodier M., Sotheeswaran S., Spino C., (1998) “Anti HIV coumarins from
Calophyllum seed oil”, Bioorg. Med. Chem. Lett., 8 (24), pp. 3475-3478.

Ee G. C. L.,Jong V., Kua A. S. M., Lee H. L., Lim C. K. (2006), “Inophyllin
A, a new pyranoxanthone from Calophyllum inophyllum (Guttiferae)”,
Natural Product Research, 20 (5), pp. 485-491.

El-Hailk Basem S, Yang Kai (2009), Design for Sx Sgma A Roadmap for
Product Development, McGraw-Hill, USA, p. 481.

European Medicines Agency (2006), Guideline on Quality of Herbal Medicinal
Products'/Traditional Herbal Medicinal Products, pp. 7; 9.

European Medicines Agency (2006), Guideline on Specifications. Test
Procedures and Acceptance Criteria for Herbal Substances', Herbal
Preparations’” and Herbal Medicinal Products’/Traditional Herbal
Medicinal Products, pp. 11-12.

European Medicines Agency (2006), Specifications. Test Procedures and
Acceptance Criteria for New Drug Substances and New Drug Products:
Chemical Substances, p. 7.

European Medicines Agency (2008), Reflection Paper on markers used for
guantitative and qualitative analysis of herbal medicinal products and
traditional herbal medicinal products, p. 4.

Fleming lan, Williams Dudley H. (2008), Spectroscopic Methods in Organic
Chemistry, McGraw-Hill Higher Education, London, 6" edition, pp. 48-61.



61.

62.

63.

64.

65.

66.

67.

68.

Food and Drug Administration (1987), Guideline for Submitting
Documentation in Drug Applications for the Manufacturing of Drug
Substances, pp. 28-29.

Furukawa H., Ito C., Itoigawa M., Mukainaka T., Nishino H., Okuda M.,
Okuda Y., Tokuda H. (1999), “Anti-tumor-promoting effects of 8-
substituted 7-methoxycoumarins on Epstein-Barr Virus activation assay”,
Cancer Letters, 138, pp. 87-92.

Furukawa H., Ito C., Mishina Y., Ohta M., Tan H. et al (1999), “Studies on
anti-tumor promoter from tropical medicinal plants (8). Isolation and
structure elucidation of new coumarins from Calophyllum species
(Guttiferae)”, The 119" Annual Meetings of the Pharmaceutical Society of
Japan, Tokushima, Abstract I1, p. 156.

Games D.E. (1972), “ldentification of 4-phenyl and 4-alkylcoumarins in
Mammea americana L., Mammea africana G. Don and Calophyllum
inophyllum by gas chromatography-mass spectrometry”, Tetrahedron
Lettres, 31, pp. 3187-3190.

Garazd M. M., Garazd Ya. L., Khilya V.P. (2003), “Neoflavones, 1. Natural
distribution and spectral and biological properties”, Chemistry of natural
compounds, 39 (1), p. 86.

Goh S.H., Jantan 1. (1991), “A xanthone from Calophyllum inophyllum”,
Phytochemistry, 30 (1), pp. 366-367.

Goodwin Avery C., SteeleeMoore Lynn, Schwalbe Richard (2007),
Antimicrobial Susceptibility Testing Protocols, CRC Press, USA, pp. 3;
59-72.

Gopalakrishnan C., Kameswaran L., Nazimudeen SK., Shankaranarayanan D.,
Viswanathan S. (1980), “Antiinflammatory and CNS depressant activities
of xanthones from Calophyllum inophyllum and Mesua ferrea”, Indian J.
Pharmacol., 12 (3), pp. 181-191.



69.

70.

71.

12.

73.

74.

75.

76.

77.

78.

79.

Gopalakrishnan C., Subramanian S., Sundaram B.M. (1986), “Antibacterial
activity of xanthones from Calophyllum inophyllum L.”, Arogya Journal of
Health Science, 12 (1), pp. 48-49.

Gottlieb Hugo E., Kotlyar Vadim, Nudelman Abraham (1997), “NMR
Chemical shifts of common laboratory solvents as trace impurities”, J. Org.
Chem., 62, pp. 7512-7515.

Gu Yu-Cheng, Huo Chang-Hong, Li Li-Geng, Su Xiao-Hui, Shi Qing-Wen,
Zhang Man-Li (2008), “Chemical constituents of the plants of the genus
Calophyllum”, Chemistry and Biodiversity, 5, pp. 2579-2608.

Gunasekera Sarath P., Kazlauskas Rymantas, Sultanbawa S., Uvais M.,
Westerman Philip W. (1977), “Carbon-13 N.m.r. Study of Naturally
Occurring Xanthones”, Organic Magnetic Resonance, 9 (11), pp. 631-636.

Han Quanbin, Li Songlin, Cheng Chuen Lung, Qiao Chunfeng, Song
Jingzheng, Xu Hongxi (2008), “Chemical markers for the quality control of
herbal medicines: an overview”, Chinese medicine, 3:7, p. 2.

Harborne J. B. (1989), Plant Phenolics, Academic Press, UK, p. 6.

Harborne J. B. (1998), Phytochemical Methods, Chapman & Hall, UK, 3"
edition, pp. 40-42; 49; 84.

Hocart Charles H. (2010), Mass Spectrometry: An Essential Tool for Trace
| dentification and Quantification, Elsevier Ltd., p. 376.

Hubschmann Hans-Joachim (2009), Handbook of GC/MS-Fundamentals and
Applications, Wiley-VCH, Germany, 2™ edition, pp. 401-402.

Hostettmann K., Hostettmann M., Marston A. (1998), Preparative
Chromatography Techniques-Applications in Natural Product Isolation,
Springer, Germany, 2™ edition, pp. 39-41; 45.

linuma M., Tanaka T., Tosa H., Yonemori S. (1994), “Two xanthones from
root bark of Calophyllum inophyllum”, Phytochemistry, 35 (2), pp. 527-
532.



80.

81.

82.

83.

84.

85.
86.

87.

88.

89.

linuma M., Tanaka T., Tosa H., Yonemori S. (1995), “Two xanthones in the
underground part of Calophyllum inophyllum”, Heterocycles, 37 (2), pp.
832-838.

linuma M., Tanaka T., Tosa H., Yonemori S. (1995), “Two xanthones from
root of Calophylluminophyllum”, Phytochemistry, 38 (3), pp. 725-728.

International Conference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use (2005), Validation of
Analytical Procedure: Text and Methodol ogy, pp. 1-13.

International Organisation for Standardization 13528 (2005), Satistical
methods for use in proficiency testing by interlaboratory comparisons,
Geneva, pp. 64-65.

International Organisation for Standardization Guide 35 (2006), Reference
materials -General and statistical principles for certification, Geneva, pp.
74-82.

International Pharmacopoeia (2003), pp. 330-331.

Ito C., Itogawa C., Kuchide M., Tan H.T.W., Tokuda H., et al (2001), “Cancer
chemopreventive  agents, 4-phenylcoumarins from  Calophyllum
inophyllum”, Cancer Letters, 169 (1), pp. 15-19.

Jackson B., Locksley H. D., Scheinmann F. (1967), “The isolation of 6-(3,3-
dimethylallyl)-1,5-dihydroxyxanthone and two related metabolites from
Calophyllum scriblitifolium Henderson and Wyatt-Smith”, Tetrehedron,
24, pp. 3059-3068.

Jantan 1., Jalil J., Warif N.A. (2001), “Platelet Activating Factor (PAF)
antagonistic activities of compounds isolated from Guttiferae species”,
Pharm. Biol., 39 (4), pp. 243-246.

Jayaprakasha G. K., Ohnishi-Kameyama M., Ono H., Jaganmohan Rao L.,
Yoshida M. (2006), “Phenolic Constituents in the Fruits of Cinnamomum
zeylanicum and their Antioxidant Activity”, J. Agric, Food Chem., 54, pp.
1672-1679.



90.

91.

92.

93.

94,

95.

96.

97.

98.

Jefferson A., Scheinmann F., Stacey C.I. (1971), “Gas-Liquid Chromatography
of naturally occurring xanthones and related derivatives”, Journal of
Chromatography A, 57, pp. 247-254.

Kawazu K., Mitsui T., Ohigashi H. (1968), “The piscicidal constituents of
Calophyllum inophyllum Linn.”, Tetrahedron Letters, 19, pp. 2383-2385.

Kawazu K., Mitsui T., Ohigashi H., Takahashi N. (1972), “Piscicidal
constituents of Calophyllum inophyllum”, Bull. Inst.Chem.Res., Kyoto
Univ., 50 (3), pp. 160-167.

Kitson Fulton G., Penton Zelda E., Sparkman David O. (2011), Gas
chromatography and mass spectrometry: a practical guide, Elsevier, USA,
2" edition, pp. 213-216.

Komarova N. |., Korchagina D. V., Nechepurenko S. B., Nechepurenko I. V.,
Polovinka M. P., Salakhutdinov N. F. (2008), “Low-Molecular-Weight
Phenolic Compounds from Hedysarum theinum Roots”, Chemistry of
Natural Compound, 44 (1), pp. 31-34.

Krull Ira S., Swartz Michael E. (1997), Analytical Method Development and
Validation, Marcel Dekker, Inc, New Y ork, p. 60.

Kuete V., Beng V. Penlap., Etoa F.-X., , Komguem J., Lontsi D., Meli A.L.,
Tangmouo J.G. (2007), “Antimicrobial components of the methanolic
extract from the stem bak of Garcinia smeathmannii Olivier
(Clusiaceae)”, South African Journal of Botany, 73, pp. 347-354.

Kuete Victor, Komguem Justin, Lal N., Lontsi David, Louh Gabin N., Mdli
Alan L., Meyer JJM. Tangmouo Jean Gustave (2007),
“Antimycobacterial and antifungal activities of the methanolic extract and
compounds from Garcinia polyantha”, Pharmacologyonline, 3, pp. 87-95.

Kumar P.S.S., Murti V.V.S., Seshadri T.R. (1972), “Structure of ponnalide’,
Indian J. Chem., 10, pp. 255-257.



99. Kumar V., Ramachandran S., Sultanbawa M.U.S. (1976), “Xanthones and
triterpenoids from timber of Calophyllum inophyllum”, Phytochemistry, 15,
pp. 2016-2017.

100.Laure Frederic (2005), Etude de la composition chimique et de la biodiversite
du Calophyllum inophyllum de Polynesie francaise, Universite de la
Polynesie francaise, Nice-France, pp. 188-227.

101.Leu T., Bianchini J.-P., Faure R., Herbette G., Meajer L., Raharivelomanana P.,
Soulet S. (2009), “Elastase inhibitors and cancer preventive potential
agents from Calophyllum inophyllum (L.) grown in French Polynesia”,
Planta Medica, 75 (9), p. PE20.

101.Liu Willow J. H. (2011), Traditional Herbal Medicine Research Methods,
Wiley, USA, pp. 105-109.

102.Locksley H.D., Al-Jeboury Faik Shalan (1970), “Xanthones in the heartwood
of Calophyllum inophyllum: a geographical survey”, Phytochemistry, 10,
pp. 603-606.

103.Ludwig Huber (2007), Validation and Qualification in Analytical Laboratories,
Informa, USA, 2™ edition, pp.125-154.

104.Marvin C.M. (2008), GC/MS A practical user’s guide, John Wiley & Sons,
Inc., USA, p. 59.

105.McNair Harold M., Miller James M. (1997), Basic Gas Chromatography, John
Wiley & Sons, Inc., USA, p. 142.

106.Nicholson Ralph, Vermerris Wilfred (2008), Phenolic Compound
Biochemistry, Springer, USA, pp. 2; 40; 151.

107.Nigam S. K., Das B. C., Kunesch G., Mitra C. R., Polonsky J. (1967),
“Constituent of Calophyllum tomentosum and Calophyllum apetalum nuts:
structure of a new 4-alkyl-and of two new 4-phenyl-coumarins”,
Tetrahedron Letters, 8 (28), pp. 2633-2636.



108.Nigam SK., Bhalla T.N., Bhargava K.P., Misra G., Saxena R.C. (1980),
“Calophyllolide-a new non-steroidal anti-inflammatory agent”, Indian J.
Med. Res., 72, pp. 762-765.

109.Pascal Ribéreau-Gayon (1972), Plant Phenalics, Oliver & Boyd, Great Britain,
p. 105.

110.Rodriguez-Gonzalo E., Carabias-Martinez R., Hernandez-Mendez J., Revilla-
Ruiz P. (2005), “Pressurized liquid extraction in the analysis of food and
biological samples”, Journal of Chromatography A, 1089, pp. 1-17.

111.Saleh Nabiel A. M. (1974), “A thin layer and paper chromatographic study of
some naturally occurring xanthones”, Journal of Chromatography A, 92,
pp. 467-472.

112.Sheehan Terry L. (2002), “The best MS option: GC-MS and LC-MS”,
American Laboratory, pp. 40-43.

113.Silverstein  Robert M., Webster Francis X., Kiemle David (1998),
Soectrometric Identification of Organic Compounds, John Wiley & Sons,
Inc., New York, 6™ edition, pp. 86-87; 92.

114.Sherma Joseph, Waksmundzka-Hajnos Monika (2011), High Performance
Liguid Chromatography in Phytochemical Analysis, CRC Press, USA, pp.
7-8.

115.Srinivasan V. Srini (2006), “Challenges and scientific issues in the
standardization of botanicals and their preparations. United States
Pharmacopeia’s dietary supplement verification program-A public health
program”, Life Sciences, 78, p. 2041.

116.United States Pharmacopoeia (2007), pp. 318-320; 377-378.

117.Waldeback M. (2005), Pressurized Fluid Extraction, PhD thesis-Uppsala
Sweden, p. 25.

118.Weast Robert C., Astle Melvin J., Beyer William H. (1988), Handbook of
Chemistry and Physics, CRC Press, USA, 68" edition, pp. F-160-161.



119.WHO Regiona Publications Western Pacific Series No. 19 (1997), Medicinal
plants in the south pacific, World Health Organization, Geneve, p. 29.

120.World Health Organization (2006), General guidelines for the establishment,
maintenance and distribution of chemical reference substances, Geneve,
pp. 3-24.

121.World Health Organization (2007), WHO guidelines on good manufacturing
practices (GMP) for herbal medicine, Geneve, p. 16.

122.Y amaguchi K. (1970), Spectral data of natural products, 1, Elsevier Publishing
Company, pp. 111-112.

123.Yimdjo Marie C.Azebaze Anatole G., Bodo B., Fomum Zacharias T., Meyer
AM., Nkengfack Augustin E., , (2004) “Antimicrobial and cytotoxic agents
from Calophyllum inophyllum”, Phytochemistry, 65, pp. 2789-2795.



Phu luc sb
Phu luc 1

Phu luc 2

Phu luc 3
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Phu luc 12
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Phu luc 14
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Phu luc 16

DANH MUC PHU LUC

Tén phu luc
Hinh anh vé nguyén vat liéu nghién ctru

Quatrinh nghién clru chiét tach va tinh ché cac hgp chat phenol tir
nhua va vé qua Mu u

Mot s6 hinh anh tac dung khang khuan ctia cao chiét tir nhia Mu u
B0 di¥ liéu ph6 chuan N; (1,5-dihydroxyxanthon)

Bo di¥ liéu ph6 chuan N, (4-hydroxyxanthon)

BO di¥ liéu ph6 chuan Ns

B0 dir liéu ph6 chuan N4 (Calophyllolid)

B6 di¥ liéu sac ky 16p mong va phd V, (Caophyllolid)

So do chiét xuat hop chat phenol tir nhwva Mu u dé phan lap
calophyllolid lam chat chuan doi chiéu

So do6 phan 1ap calophyllolid tir cao methanol nhia Mu u
Quy trinh tinh ché calophyllolid diéu ché duoc
Tiéu chuan chat lwgng chat chuan doi chiéu calophyllolid CagH240s

Tiéu chuan chat lvgng chat chuan déi chiéu 4-hydroxyxanthon
C13HgOs3

Quy trinh xéc dinh calophyllolid trong cao methanol tir nhyaMu u
bang phwrong phap GC-MS

Quy trinh xé&c dinh calophyllolid trong vé qua MU u bang phuong
phap GC-MS

Quy trinh dinh lwgng calophyllolid trong ché pham “Dau Mu u
Inopilo” bang phuong phap HPLC-DAD

Trang
PL1

PL 2

PL 10
PL 11
PL 25
PL 39
PL 63
PL 70

PL 74

PL 75
PL 76
PL 78

PL 83

PL 87

PL 89

PL 92



PHU LUC 1
HINH ANH VE NGUYEN VAT LIEU NGHIEN CclU

s 7 N
Hinh PL 1.2 Qua Mu u phoi kho va hat Hinh PL 1.3 V6 qua Mu u

Hinh PL 1.4 Ché pham “Dau Mu u INOPILO”



PHU LUC 2
QUA TRINH NGHIEN CUU CHIET TACH VA TINH CHE

CAC HOP CHAT PHENOL TU NHUA VA VO QUA MU U
CHIET XUAT

Chiét xudt cac hop chéat phenol tir nhwa Mo u bang dung moi kém phan cuc
Tién hanh trong diéu kién tranh anh sang

Ldy 50 g nhva Mu u loai chua va daco loai con, dem kiém héa véi nhiéu loai kiém
khac nhau nhv: dung dich Na,COs; 10% (TT), ammoniac (TT), dung dich NaOH 1
M (TT) dén pH 7-8 va 8-9. Dich kiém sau d6 dwoc acid hda bang dung dich acid
hydrocloric 1 M (TT) dén pH 3-4. Dung n-hexan (TT) chiét cac hgp chét phenol
trong dich acid (40 ml x 3), loai nuéc bang natri sulfat khan (TT). D€ bdc hoi dung
moi & nhiét d6 phong thu duoc cao n-hexan, can dé tinh hiéu sudt. Chon quy trinh
chiét dugc nhiéu hop chét phenol nhét xac dinh bang phan tng véi thude thir dung
dich sat (111) clorid 5% (TT) cho mau xanh duong dam. Két qua chon quy trinh
chiét nhya chua cd loai cbn bang cach kiém héa voi dung dich natri carbonat 10%
(TT) dén pH 8-9 do dé tach I6p nhét vacho hiéu sudt chiét cao nhat (1,33%) dé thi
tinh khang khuan va phan 1ap hop chét phenol.



NhuaMu u (50 g)
Chua c0 loai con Paco loai con
PH 7-8 N&CO; | NHOH | NaOH | NaCO, | NH,OH | NaOH
10% dd IN 10% dd IN

Vang-xanh | Vang Vangriat | Vang-xanh | Vang Vang rat
Mo ta lama, déo nhat, mui | nhat, mui | lAma, déo | nhat, mti | nhat, mui
dich chiét quanh, mui | dac trwung | dac trung | quanh, mui | dac trung | dac trung

dac trung dac trung

Khoéng rd Khéng rd
Téachlop RO (Phai xt ly bang RO (Phai xt ly bang
NaCl) NaCl)

Luong hop
chéat phenol 0,47 0,34 0,04 0,22 0,02 0,03
thu dugc ()
Hiéu sudt (%) 0,94 0,64 0,08 0,44 0,04 0,06
S6 vét TLC 9
Pinh tinh
hop chat + + + + + +
phenol

Hinh PL 2.1 Sic ky d6 TLC (Toluen-EtOAc: 9:1) céc dich chiét & pH 7-8 kiem hoa
voi: 1, 4: Na,CO510%; 2, 5: NaOH 1 N; 3, 6: NH,OH dd; Cal: Caophyllolid.

Dich chiét tlr nhwa 1, 2, 3: chwa c6 loai con; 4, 5, 6: da cd loai con



NhyaMu u (50 g)
Chua c6 loai con Pa co loai con
pH 8-9 N&CO; NH,OH NaOH Na,CO; NH,OH | NaOH
10% dd IN 10% dd IN
Vang-xanh | Vang Vangrat | Vang-xanh | Vang Vang rat
Mo ta [Ama, déo | nhat, mti | nhat, mui | lama, déo nhat, mui | nhat, mui
dich chiét guanh, mui | dac trung | ddc trung | quanh, mui | dac trung | dac trung
dac trung dac trung
Téch6p RS Kh(‘)ng ro RS Kh(‘)ng ro
(Phai xt ly bang NaCl) (Phai xt Iy bang NaCl)
Luong hop
chéat phenol 0,65 0,06 0,03 0,64 0,06 0,03
thu dugc ()
Hiéu suat
) 1,30 0,12 0,06 1,28 0,12 0,06
S6 vét TLC
Pinh tinh + +
hop chat + + + +
phenol

Hinh PL 2.2 Sic ky d6 TLC (Toluen-EtOAc: 9:1) céc dich chiét & pH 8-9 kiém hoa

V0Oi: 1, 4: Na,CO510%; 2, 5: NaOH 1 N; 3, 6: NH,OH dd; Cal: Caophyllolid.

Dich chiét tr nhwa 1, 2, 3: chwa cd loai con; 4, 5, 6: da co loai con




Chiét xudt cac hop chat phenol tir nhwa Mo u bang dung médi phan cuc

Tién hanh trong diéu kién tranh anh sang

Chiét 50 g nhua MU u bang hdn hop methanol-nwéc (9:1) (50 ml x 3), tach 14y dich
methanol-nwdc. Loai tap (chi yéu l1a chdt béo, dau...) bang céach chia dich
methanol-nwéc thu dwgc lam hai phan, phan 1 chiét 1dng-léng véi n-hexan (70 ml x
3 1an) thu duoc dich n-hexan, c6 dudi 4p sut gidm dich n-hexan & 40 °C dén cén
thu duoc cao n-hexan (0,72 g), dich methanol-nuéc con lai cling dem cé dudi ap
suét giam & 40 °C dén can thu dwoc cao methanol 1 (2,52 g). Phan 2 duoc c6 dwdi
ap suét giam & 40 °C dén con ¥ thé tich. DE |ang dé qua dém, tach phan tap & 16p
dudi. Dich methanol-nudc & trén dwoc loai nwdc bang natri sulfat khan (TT) rdi cd
thu hdi dung moi dudi ap sudt giam & 40 °C dén cén thu dwoc cao methanol 2 (1,4
g). Ké&t qua trén TLC cho thdy cao methanol 2 loai tap bang cach giam thé tich
methanol van con chita nhiéu hop chét phenol va it tap, dugc chon dé thir tinh

khang khuan va phan 1ap hop chat phenol.

a!
-

2C

-

: -

Nhua 2A 2B 2C Nhra 2A 2B 2C Nhya 2A 2B
UV 365 nm UV 254 nm Phun FeCl; 5%

Hinh PL 2.3 Sic ky dd TLC (Toluen-EtOAc: 9:1) céc cao va dich chiét: 2A: Cao
methanol 1; 2B: Cao n-hexan, 2C: Cao methanol 2



Nhya Mu u (50 g)

MeOH-Nué6c (9:1)

50ml x 3
Nhuwa Dich MeOH-Nuwéc
(240 ml)
70mi 70mi
n-hexan CO ap suat giam, 40 °C
70ml x 3 dén con %2 thé tich
PE lang
Dich n-hexan Dich MeOH-Nuwéc Dau lang Dich MeOH-Nuoc
CO ap suat giam, 40 °C Na,SO, khan
C0 ap suat giam, 40 °C
Cao n-hexan Cao methanol 1 Cao methanol 2
(0,32 9) (1,13 g) (0,639)

Hinh PL 2.4 So d6 chiét xuét cac hop chét phenol trong nhya MU u bang MeOH-

nuwoc (9:1)

Chiét xuat cac hop chat phenol trong
I6ng dwéi ap suat

Xay vo qua thanh bdt bang may nghién

vé qua MU u bang phwong phap chiét

M5A-Fitzpatrick (Hoa Ky) va ray dé thu

duoc cac hat cé kich thudc trung binh la 1,84 mm theo phuong phap Dugc dién M.
Bot vo qua chiét voi n-hexan (TT) vamethanol (TT). Ong chiét dugc dat loc 10 um

& mot dau, ké dén la 16p bong thay tinh

roi cho vao 5 g bot vo qua, thém céc hat

thly tinh day 1-2 mm dé han ché khoang trong trong ong, ti€p tuc cho Iép bong

thay tinh va loc 10 um & dau kia. Loc 10

vo min di vao dich chiét.

um va bong thay tinh dé ngéan cac hat bot



Diéu kién chiét
Thiét bi chiét Idng dudi ap suat: ASE-100-Dionex (Hoa ky)

Ap suét : 1500 psi
Nhiét do :120°C
Thoi gian chiét : 15 phat
Chu ky chiét 1

Theé tich rra : 60%
Thai gian 1am sach hé théng bang khi nitrogen : 90 giay

Lam khé dich chiét dudi ap sut gidm bang may céat quay chan khong Eyela (Nhat
Ban). Tinh hiéu suét va gitr cao chiét & nhiét do 2-8 °C.

Chiét xudt cac hop chat phenol trong vo qua MU u bang soxhlet

Can chinh xac khoang 2 g bot vo qua MU u cho vao 6ng dung mau bang cellulose
kich thudc 25 mm x 27 mm x 100 mm (Whatman, UK) ri lap vao bo chiét Soxhlet
ti dong Buchi B-811(Thuy Si) dé chiét bang methanol (TT) va n-hexan (TT) trong
8 gio. CO dich chiét dudi ap suét gidm & 40 °C. Tinh hiéu sudt va gitr cao chiét &
nhiét do 2-8 °C.

Chiét xudt cac hop chat phenol trong vé qua MU u bang phuong phap ngdm
Kiét

Tién hanh trong diéu kién tranh anh sang.

Bot vo qua (1 kg) duoc chiét vai 3 lit con 96% bang phwrong phap ngdm kiét thu
dwoc 2,5 lit dich chiét con. C6 cach thiy dich chiét con nay dén sét nhu siro roi
thém nudc vao va chiét voi ethyl acetat. Co dich chiét dwgi ap sudt giam & 40 °C,
thu duoc 20 g cao ethyl acetat déo mau vang sam, ¢ mui thom.

PHAN LAP VA TINH CHE

Phan |ap tir cao n-hexan

Cao n-hexan (40 g) tron véi silica gel c& hat 0,040-0,063 mm theo ti 1€ 1:1 thanh
maot hon hop ddng nhét dé nap vao cot va tach phan doan bang phuong phép séc ky
chan khéng (VLC) végi pha tinh Ia silica gel cung loai (400 g) va pha dong la (1) n-
hexan-ethyl acetat voi ti 1€ ethyl acetat tdng dan: (100:0), (95:5), (90:10), (2) ethyl



acetat-methanol véi ti &€ methanol tang dan: (88:12), (80:20), (60:40). Kiém tra cac
phan doan bang sic ky I6p mong trén ban silica gel Fus, trang san (Merck) véi hé
dung modi khai trién n-hexan-ethyl acetat (7:3), phat hién bang cach quan sat dudi
anh sang tlr ngoai 254, 366 nm. Két qua thu dwoc 6 phan doan (H,, Hy;,... Hy)) va
cac hop chat N; (8,1 mg), N, (105,0 mg). Rira cac hop chat N, va N, bang ether dau
hoa (TT), két tinh lai trong n-hexan (TT) va kiém tra tinh khiét bang sac ky 16p
mong trén ban silica gel F,s, trang san (Merck) vai cac hé dung moi khai trién c6 do
phan cuc khac nhau [1] n-hexan-ethyl acetat (7:3), [2] cloroform-methanol (9:1),
[3] toluen-ethyl acetat (8:2), phat hién bang cach quan séat dwdi dén 254, 365 nm.
Phan |ap tir cao methanol

Cao methanol (50 g) tron voi silica gel c@ hat 0,040-0,063 mm theo ti Ié 1:1 thanh
mot hon hop ddng nhat dé nap vao cot va tach phan doan bang phuong phap VLC
v@i pha tinh la silica gel cung loai (500 g) va pha ddng la n-hexan-ethyl acetat voi ti
Ié ethyl acetat tang dan tir (100:0), (99:1), (98:2),...(90:10). Kiém tra cac phan doan
bang sac ky I¢p mong trén ban silica gel Fus, trang san (Merck) voi hé dung moi
khai trién toluen-ethyl acetat (9:1), phat hién bang cach quan sat dudi dén 254, 365
nm. Két qua thu dwgc 7 phan doan (M;, My,,...My,;) va cac hgp chat N3 (135,0 mg),
N, (98,0 mg). Rira cac hop chat N3 va N, bang aceton (TT) lanh, két tinh lai trong
n-hexan (TT) va kiém tra tinh khiét bang sac ky 1&6p mong trén ban silica gel Fus,
trang san (Merck) v&i cac hé dung moi khai trién c6 do phan cuc khac nhau [1] n-
hexan-ethyl acetat (9:1), [2] cloroform-methanol (9:1), [3] toluen-ethyl acetat (9:1),
phat hién bang cach quan séat du¢i dén 254, 365 nm.

Tién hanh tinh ché qua HPLC diéu ché trén may Shimadzu LC-8A, ¢t ACE 10 Cyg
150 mm x 10 mm ID, 10 um, pha dong acetonitril-nuéc (75:25), toc do dong 4,8
ml/pht thu dwgc 60,2 mg hop chat N3 va 52,2 mg hop chéat N..



Cao ethyl acetat

Cao ethyl acetat (20 g) tron véi silica gel c& hat 0,040-0,063 mm (Merck) theo ti 1€
1:1 thanh mdt hon hop ddng nhat dé nap vao cot va tach phan doan bang phuong
phap VLC véi pha tinh la silica gel cung loai (200 g) va pha dong la (1) n-hexan-
ethyl acetat véi ti Ié ethyl acetat tang dan tir (100:0), (99:1), (98:2),...(96:4). Kiém
tra cac phan doan bang sac ky I&p mong trén bang silica gel F,s, trang san (Merck)
vGi hé dung moi khai trién toluen-ethyl acetat (9:1), phat hién bang cach quan sat
duwéi den 254, 365 nm. Két qua thu duoc 6 phan doan (E;, E,...Ey,) va hop chét V,
(26,0 mg). Rira hop chét V, bang n-hexan (TT) lanh va aceton (TT) lanh va kiém tra
tinh khiét bang sic ky 16p mong trén ban silica gel Fs, trang san (Merck) voi cac hé
dung moi khai trién c6 dd phan cuc khac nhau [1] n-hexan-ethyl acetat (9:1), [2]
cloroform-methanol (9:1), [3] toluen-ethyl acetat (9:1), phat hién bang cach quan
sat dwdi den 254, 365 nm.



PHU LUC 3
MOT SO HINH ANH TAC DUNG KHANG KHUAN CUA
CAO CHIET TU NHUA MU U

(a) (b)

Hinh PL 3.1 Vong khang khuén tao ra do dia tdm cao methanol chiét tir nhwa MU u trén
cac vi khuan (a) Saphylococcus aureus, (b) Pseudomonas aeruginosa va (c)
Mycobacterium smegmatis. (Vong c¢é duong kinh 16n nhét do dia khang sinh chuan).
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Phu luc 4.9 Bang so sanh dit liéu phé *H-NMR, *C-NMR ctia hop chat N; va 1,5

dihydroxyxanthon

C Hop chat N; 1,5-dihydr oxyxanthon [32]
5 (pPm)*  3um(J, H)° S (pPm)° 3y m(J, HY)"

1 162,9 - 161,0

1-OH 12,64 s

2 1112 6,82 dd (8,0; 1,0) 110,0 6,83 br d (8,0)

3 138,2 7,72 (8,0) 137,4 7,75 t-like dd (8,0)

4 108,4 7,12 dd (7,5; 0,5) 107,3 7,11 br d (8,0)

4° 1575 - 155,6

5 147,7 - 146,4

5-OH 10,57 br s

6 1222 7,36 dd (7,5; 2) 120,9 7,37 dd (8,0; 2,0)

7 125,3 7,30t (7,5) 124,3 7,30, t-likedd, J=8

8 116,5 7,74 dd (8,0; 1,5) 114,6 7,61 dd (8,0; 2,0)

8° 122,6 - 1210

9 183,8 - 182,1

9° 109,7 - 108,1

10° 147,0 - 145,2

& do trong DM SO-dg-CDsOD & 125 MHz

¢ do trong DM SO-dg & 67,5 MHz

b do trong DM SO-ds-CDsOD & 500 MHz

9 do trong DM SO-dg- & 270 MHz
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Phu luc 5.9 Bang so sanh dit liéu phé *H-NMR, *C-NMR ctia hop chét N, véi
4- hydroxyxanthon

C Hop chat N, 4-hydroxyxanthon [106]
5 (pPm)*  3um(J, H)° 3c (pPm)° 84 m(J, Hz)"
1 1171 7,73 dd (8,0; 2,0) 1155 7,61dd (7,8; 1,8)
2 125,1 7,251 (8,0) 124,5 7,261 (7,8)
3 121,5 7,31dd (8,0; 1,5) 120,5 7,34dd (7,8; 1,8)
4 1479 . 146,8
4-OH 10,51 s
4 147,1 . 1454 .
5 1194 7,68 dd (8,5; 0,5) 118,1 7,73dd (8,0; 0,8)
6 136,4 7,83 dt (8,5; 1,5) 1351 7,88 ddd (8,0; 7,6; 1,6)
7 125,3 7,44 dt (7,5; 1,0) 124,0 7,48 ddd (7,8; 7,6; 0,6)
8 127,3 8,26 dd (8,0; 2,0) 125,9 8,19dd (7,8; 1,6)
8° 123,6 _ 1211 -
9 179,2 . 179,3 .
9° 122,5 . 121,7 .
10° 157.4 _ 155,7 _
& do trong CDs0D & 125 MHz b do trong CDsOD & 500 MHz

¢ do trong DM SO-dg & 67,5 MHz 9 do trong DM SO-dg- & 270 MHz
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Phu luc 6.6 Ph *H-NMR (CDCl3, 500 MHz) clia hop chét N
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Phu luc 6.7 Phd *C-NMR (CDCls, 125 MHZ) clia hop chét N3
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Phu luc 6.11 B0 dai lién két clia hop chat Nj

Do dai lién két thiee nghiém (A)

O(D)-C(1)
O(2)-C(3)
O(3)-C(5)
O(4)-C(8)
O(4)-C(7)
O(4)-C(7X)
O(6)-C(35)
O(6X)-C(35)
O(7)-C(35)
O(7)-C(36)
C(1)-C(9)
C(1)-C(2)
C(2)-C(3)
C(2)-C(12)
C(2)-C(22)
C(3)-C(4)
C(4)-C(5)
C(4)-C(5X)
C(4)-C(8)
C(5)-C(6)
C(6)-C(7)
C(6)-C(10)
C(7)-C(11)
O(3X)-C(5X)
C(5X)-C(6X)
C(6X)-C(10X)
C(6X)-C(7X)

1.226(4)
1.260(4)
1.427(12)
1.348(4)
1.451(11)
1.472(10)
1.224(11)
1.277(9)
1.274(6)
1.469(6)
1.454(5)
1.537(5)
1.516(5)
1.545(5)
1.546(5)
1.422(6)
1.398(8)
1.409(8)
1.444(5)
1.493(10)
1.509(11)
1.528(14)
1.501(14)
1.476(12)
1.520(10)
1.482(13)
1.529(9)

C(7X)-C(11X)
C(8)-C(9)
C(9)-C(27)
C(12)-C(13)
C(13)-C(14)
C(13)-C(17)
C(14)-C(16)
C(14)-C(15)
C(17)-C(18)
C(18)-C(19)
C(19)-C(20)
C(19)-C(21)
C(22)-C(23)
C(23)-C(24)
C(24)-C(26)
C(24)-C(25)
C(27)-C(28)
C(27)-C(34)
C(28)-C(33)
C(28)-C(29)
C(29)-C(30)
C(30)-C(31)
C(31)-C(32)
C(32)-C(33)
C(34)-C(35)
C(36)-C(37)

1.489(13)
1.363(5)
1.521(5)
1.513(5)
1.523(6)
1.540(6)
1.311(7)
1.485(7)
1.481(6)
1.321(7)
1.442(9)
1.507(8)
1.508(6)
1.301(7)
1.491(8)
1.510(7)
1.506(5)
1.546(5)
1.350(6)
1.383(6)
1.366(7)
1.353(8)
1.357(7)
1.391(7)
1.482(6)
1.427(9)




Phu luc 6.11a Goc lién két clia hgp chat N3

Goc lién két thue nghiém (A)

C(8)-O(4)-C(7)
C(8)-O(4)-C(7X)
C(7)-O(4)-C(7X)
C(35)-0(7)-C(36)
O(1)-C(1)-C(9)
O(1)-C(1)-C(2)
C(9)-C(1)-C(2)
C(3)-C(2)-C(2)
C(3)-C(2)-C(12)
C(1)-C(2)-C(12)
C(3)-C(2)-C(22)
C(1)-C(2)-C(22)
C(12)-C(2)-C(22)
0(2)-C(3)-C(4)
0(2)-C(3)-C(2)
C(4)-C(3)-C(2)
C(5)-C(4)-C(5X)
C(5)-C(4)-C(3)
C(5X)-C(4)-C(3)
C(5)-C(4)-C(8)
C(5X)-C(4)-C(8)
C(3)-C(4)-C(8)
C(4)-C(5)-O(3)
C(4)-C(5)-C(6)
O(3)-C(5)-C(6)
C(5)-C(6)-C(7)
C(5)-C(6)-C(10)
C(7)-C(6)-C(10)
O(4)-C(7)-C(11)
O(4)-C(7)-C(6)
C(11)-C(7)-C(6)
C(4)-C(5X)-O(3X)

116.1(6)
119.6(5)
27.1(4)
118.0(4)
121.3(3)
116.9(3)
121.8(3)
113.6(3)
111.9(3)
109.3(3)
106.3(3)
106.1(3)
109.5(3)
120.4(4)
117.9(3)
121.1(3)
25.3(6)
117.9(5)
120.2(6)
121.2(5)
117.9(5)
119.8(3)
114.6(9)
118.0(8)
118.5(9)
106.0(9)
110.7(10)
113.0(11)
113.4(9)
111.7(8)
114.7(11)
108.3(8)

C(4)-C(5X)-C(6X)

O(3X)-C(5X)-C(6X)
C(10X)-C(6X)-C(5X)
C(10X)-C(6X)-C(7X)
C(5X)-C(6X)-C(7X)

O(4)-C(7X)-C(11X)
O(4)-C(7X)-C(6X)

C(11X)-C(7X)-C(6X)

O(4)-C(8)-C(9)
O(4)-C(8)-C(4)
C(9)-C(8)-C(4)
C(8)-C(9)-C(1)
C(8)-C(9)-C(27)
C(1)-C(9)-C(27)
C(13)-C(12)-C(2)
C(12)-C(13)-C(14)
C(12)-C(13)-C(17)
C(14)-C(13)-C(17)
C(16)-C(14)-C(15)
C(16)-C(14)-C(13)
C(15)-C(14)-C(13)
C(18)-C(17)-C(13)
C(19)-C(18)-C(17)
C(18)-C(19)-C(20)
C(18)-C(19)-C(21)
C(20)-C(19)-C(21)
C(23)-C(22)-C(2)
C(24)-C(23)-C(22)
C(23)-C(24)-C(26)
C(23)-C(24)-C(25)
C(26)-C(24)-C(25)
C(28)-C(27)-C(9)

120.5(8)
119.6(9)
110.0(9)
114.6(9)
108.2(8)
109.6(9)
107.9(6)
116.8(9)
117.3(3)
118.6(3)
124.1(3)
119.0(3)
121.8(3)
118.8(3)
115.7(3)
113.9(3)
109.8(3)
110.7(3)
121.7(5)
120.1(5)
118.2(4)
115.2(4)
126.1(5)
123.3(5)
120.9(6)
115.7(6)
114.3(3)
128.0(4)
124.4(5)
121.4(5)
114.1(5)
110.5(3)




Phu luc 6.11a Goc lién két clia hgp chat Nj (ti€p theo)

Goc lién két thyc nghiém (A)

C(28)-C(27)-C(34)
C(9)-C(27)-C(34)

C(33)-C(28)-C(29)
C(33)-C(28)-C(27)
C(29)-C(28)-C(27)
C(30)-C(29)-C(28)
C(31)-C(30)-C(29)
C(30)-C(31)-C(32)
C(31)-C(32)-C(33)

114.4(3)
112.3(3)
115.9(4)
125.4(4)
118.7(4)
122.4(5)
120.3(5)
118.9(5)
120.2(5)

C(28)-C(33)-C(32)
C(35)-C(34)-C(27)
0O(6)-C(35)-0(7)
O(6)-C(35)-0(6X)
O(7)-C(35)-0(6X)
O(6)-C(35)-C(34)
O(7)-C(35)-C(34)
O(6X)-C(35)-C(34)
C(37)-C(36)-0(7)

122.2(5)
112.8(4)
115.3(8)

40.1(7)
122.0(7)
124.8(7)
115.1(4)
119.1(7)
109.1(5)




Phu luc 6.11b C4u tric clia hop chat N3 (nhiéu xa tia X)



PHU LUC 7
BO DU LIEU PHO CHUAN
N, (CALOPHYLLOLID)

Abs.
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Phu luc 7.1 Ph6 UV-Vis (EtOH) clia hop chat N4 (calophyllolid)
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Phu luc 7.5 Phé **C-NMR (CDCl5, 300 MHz) cia hop chat N4 (calophyllolid)



Phu luc 7.6 Bang so sanh dit liéu phd *H -NMR ctia N, va calophyllolid

C Hop chat N, Calophyllolid [107] Calophyllolid [108]
5y m (J, H2)? 5y m (J, H2)® 5y m (J, H2)°

2 _ _ _
6,02 s 6,02s 5,89s

4a - - -

4b o - -

6 _ _ _
5,48d(9,9) 5,48 d (10,0) 5,38 d (10,0)

8 6,45d (9,6) 6,45 d (10,0) 6,42 d (10,0)

8a L L L

8b o - -

10 6,57 q(6,0) 6,57 dq (7,0; 1,3) 6,5m

11 L L L

12 _ _ _

12a L L L

2 - -

13 . - -

14,18 74m 74m

15,17 7,26 m 7,26 m

16 7,4 m 7,4m

19 0,97s 0,97s 094s

20 0,97s 0,97s 09s

21 1,9d (6,3) 1,9d(7,0) 1,92 d (7,0

22 2,01s 2,01l m 1,95s

OMe 3,76s 3,75s

& do trong CDCl3 & 300 MHz

b do trong CDCl;3 & 60 MHz



Phu luc 7.7 Bang so sanh dt liéu phd *C -NMR clia N, va calophyllolid

C Hop chat N, Calophyllolid [107]
dc (ppm)* dc (ppm)*
2 159,4 159,5
3 114,2 114,2
4 155,0 155,0
4a 105,6 105,6
4ab 151,7 151,7
6 774 774
7 129,0 129,0
8 115,9 116,0
8a 110,7 110,7
8b 155,8 155,8
10 144,2 1442
11 139,9 139,9
12 194,3 194,3
12a 115,0 115,0
12b 152,0 152,0
13 139,5 139,5
14 127,2 127,3
15 1275 1275
16 127,7 127,8
17 1275 1275
18 127,2 127,3
19 26,8 26,9
20 26,8 26,9
21 15,2 15,2
22 10,7 10,7
OMe 63,0 63,0

& do trong CDCl3 & 75 MHz



PHU LUC 8
BO DU LIEU SAC KY LOP MONG VA PHO
V, (CALOPHYLLOLID)

CHCI3-MeOH (9:1) n-hexan-EtOAc (7:3)

Ny V, N, Ny Vi N,

Phat hién: 254 nm Phat hién: 254 nm

Phu luc 8.1 Sac ky dd TLC cla hop chat V4 song song véi hop chat N va N»
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Phu luc 8.2 Pho UV-Vis (EtOH) clia hop chat V1 (calophyilolid)
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Phu luc 8.4 Phd *H-NMR (CDCl3, 500 MHz) ctia hop chat V4 (calophyllolid)
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PHU LUC9
SO PO CHIET XUAT HOP CHAT PHENOL TU
NHUA MU U BE PHAN LAP CALOPHYLLOLID LAM
CHAT CHUAN Ol CHIEU

Nhwa Mu u (20 kg)

MeOH-nueéc (9:1)

201 x 3 lan
J A 4
Nhua Dich MeOH-nuwéc (60 )
C6 é&p suét giam, 40 °C
Pé lang
Dau Dich nuéc
Na,SO, khan
C0 &p suéat giam, 40 °C
Cao methanol

(250 )



PHU LUC 10
SO PO PHAN LAP CALOPHYLLOLID
TU CAO METHANOL NHUA MU U

Cao methanol (80 g)

+ Methanol
+ Silicagel 0,040-0,063 mm
+ Say 40°C

Cot silicagel

n-hexan

Phan doan 1

v  h-hexan-ethyl acetat (99:1)
Phén doan 2

v Nrhexan-ethyl acetat (98:2)
Phén doan 3

v Nrhexan-ethyl acetat (97:3)
Phan doan 4

n-hexan-ethyl acetat (96:4)

v

Calophyllolid tho
(480 mg)



PHU LUC 11
QUY TRINH TINH CHE CALOPHYLLOLID

PIEU CHE BUQC
Dung phurong phap két tinh lai v&i dung moi va nhiét do thich hop.
Dung phuong phap sac ky 16ng diéu ché dé tinh ché calophyllolid tach dwoc con 1an
tap. Xay dung diéu kién sac ky clia mau trén cot phan tich, tir d6 tinh toan céac thong
s6 vé téc dd dong va lwong mau dé sac ky trén cot diéu ché.
Diéu kién sac ky diéu ché:
Pha dong: HOn hop acetonitril: nwéc vai ty 18 thich hop
To6c do dong: 30 mi/phat
Theé tich tiém: 20 ml
Nong do chat diéu ché: 50 mg/ml
Hirng moi phan doan 30 ml
Kiém tra do tinh khiét cac phan doan co6 calophyllolid bang sic ky I¢p méng va
HPLC v6i céac diéu kién s&c ky sau:
Kiém tra do tinh khiét calophyllolid da tinh ché
Kiém tra bang TLC: ban méng silica gel 60 Fys, (Merck) véi cac hé dung méi (1)
Toluen-ethyl acetat (8:2); (2) n-hexan-ethyl acetat (7:3); (3) Chloroform-methanol
(9:1).
Kiém tra bang HPLC: may sic ky long Shimadzu LC-20AD, dau do chubi diod
quang SPD-M20A, c6t pha ddo Gemini NX C-18 (150 mm x 4,6 mm , 5um), pha
dong acetonitril/nwéc voi chuwong trinh dung méi tang dan ti Ié dung moi hitu co,
t6c d6 dong 0,6 ml/phat, nhiét d cot 40 °C, thé tich mau 1a 5 pl, phat hién voi dau
dod chudi diod quang cho két quéa phi hop véi phé UV cua calophyllolid.
Tap hop cac phan doan cé do tinh khiét > 95%, loai bd hét dung méi dé thu chét
sach. Céc phéan doan chua dat d6 tinh khiét 95% duoc loai bd dung moi dé lap lai

qui trinh tinh ché.



i)

125000+

14920 § Calophsdolicd

100000

15000+

50000+

5000+

12291 yUnlk 1
15850 f Unlk 2

=2
o

~23000 4 DA Wi 3

Hinh PL 11.1 S&c ky dd HPLC-DAD calophyllolid da tinh ché




PHU LUC 12
TIEU CHUAN CHAT LUONG CHAT CHUAN DOl CHIEU
CALOPHYLLOLID CH205

1. Cau trac

Cdng thirc cau tao:

Cong thirc phan tir: Cy6H2405

Phan tir lvong: 416,5.

Tén khoa hoc: 5-methoxy-2, 2-dimethyl-6-[ (2E)-2-methyl but-2-enoyl]-10-phenyl-
2H, 8Hpyrano [2, 3-f]chromen-8-one.

2. Kiém tra chat lwgng nguyén liéu

2.1. Tinh chét: ché phdm latinh thé khdng mau, dé tan trong aceton, benzen, ether
ethylic, alcol.

2.2. Binh tinh:

2.2.1. Pho hap thu tlr ngoai va kha kién:

Tién hanh theo phu luc 4.1. DBVN IV. Chuén bi dung dich mau thir trong ethanol
(TT) ¢6 néng dd 0,5 ng/ml. Pho hép thu tir ngoai va kha kién clia ché pham thu
dwgc trong dai séng tir 220 nm dén 350 nm phai cé cac cuc dai hap thu &: 235, 270

va 295 nm.



2.2.2. Ph6 hong ngoai:

Tién hanh theo phu luc 4.2. DBVN V. Chuén bi mau bang céch tao vién nén KBr.
Pho hong ngoai clia ché pham phai cé céc dinh cé so séng: 1726, 1662, 1579, 1133,
759, 702 cm’™,

2.2.3. Phé khéi lvong:

Phé khéi lwvgng EI-MS (70 eV) clia mau thir phai co cac pic miz 416 [M]", 401 (pic
can ban), m/z 83, 55.

2.2.4. Phé cong huwdng tlr hat nhan:

Phé *C-NMR va ph6 *H-NMR ctia mau thir phai phtl hop véi phd **C-NMR va phé
'H-NMR theo phu luc dinh kém.

2.3. Biém chay: Tién hanh theo phu luc 6.7 - DBVN IV

Tiéu chuan chap nhan: 154-156 °C.

2.4. B0 tinh khiét:

2.4.1. Xac dinh tap chat hiru co:

Phuong phap sac ky 16ng. Tién hanh theo phu luc 5.3. DBVN IV.

Pha dong: Hon hop acetonitril: nwéc véi chuong trinh dung moi

Thoi gian (phat) % acetonitril % nuwéc

0 50 50
20 90 10
30 100 0
37 100 0
45 50 50
55 50 50

Chuan bi dung méi pha mau: Acetonitril — Nudc (50 : 50)

Chuan bi dung dich thr: Can chinh xéc khoang 1,5 mg ché pham vao binh dinh
mc 25 ml, thém 20 ml dung méi pha mau, siéu &m hoa tan trong 30 pht, b6 sung
dung méi pha mau vira dd 25 ml, loc qua mang loc 0,45pum.

Diéu kién sac ky:



Cot: Gemini NX C-18 bang thép khong gi (15 cm x 4,6 mm x 5 pm).

Detector day diod quang (270 nm).

T6c d6 dong: 0,6 ml/phit.

Thé tich tiém: 5 pl.

Céch tién hanh:

Tiém dung méi pha mau. Tiém 6 Ian dung dich thir. S6 dia ly thuyét cla pic
calophyllolid va céc tap chét hitu co phai khdng du¢i 2000, do phan gidi gitia pic
calophyllolid va pic tap chat hitu co gan nhat phai khong dudi 1,5, do léch chuan
twong doi cla dién tich pic calophyllolid va cac tap chat hiru co khong duoc Ién hon
2%. Tinh ham lvgng phan trdm cla téng tap chét hitu co trong mau theo cong thic:
100 (ry/r1) trong do: ry la tdng dién tich cac pic thu duoc trong sac ky do clia dung
dich thr ngoai trlr pic ctia calophyllolid, rr latdng dién tich cac pic thu dugc trong
sac ky d6 ctia dung dich thir ngoai trir pic ctia dung moi pha mau.

Tiéu chuan chap nhan: Khong quéa 3,8% tinh theo ché pham nguyén trang

2.4.2. Xac dinh tap chat bay hoi (nwéc va cac dung mdi hiru co)

Phuong phap phan tich nhiét trong lugng. Tién hanh theo USP.

Toc do gia nhiét: 6 °C/phlit.

Khoang nhiét do: 30-150 °C.

Khi: Nitrogen.

T6c d6 dong: 100 ml/phdat.

Tiéu chuan chap nhan: Khoéng qua 1,1%

2.4.3. Xac dinh tap chat vo co (Chi, arsen, thiy ngan)

Phurong phap ICP-MS. Tién hanh theo phu luc IX Dwogc dién Trung qudc 2010.
Cong sudt ICP RF: 1300 W

Toc do khi nebulizer: 0,55 I/phut

Toc do khi plasma: 15 I/phit

Dwell: 15 ms

Tiéu chuan chap nhan: Khoéng qua 20 ppm



2.5. Binh lwvgng

% Calophyllolid = 100% — (% tap chat hitu co) — (% tap chét bay hoi) — (% tap chat
v0 c0)

Tiéu chuan chap nhan: Khong it hon 95% CygH2405

3. B4o quén

Pung trong lo thly tinh mau nau kin, tranh anh sang, nhiét do 2-8 °C.

Quy céach dong géi: 10 mg/lo.



KET QUA PHAN TiCH CHAT LUONG CHAT CHUAN BOI CHIEU
CALOPHYLLOLID

Chi tiéu M rc chéat lvgng Két qua Két luan
Tinh chét Ché pham latinh thé khéng mau, , dé tan  Tinh thé khéng mau, dé tan trong Pat
trong aceton, benzen, ether ethylic, alcol.  aceton, benzen, ether ethylic, alcol.
Pinh tinh
Pho UV-Vis Pho hép thu tir ngoai va kha kién ctia ché 233, 269 va 294 nm. Pat
pham thu dwoc trong dai séng tir 220 nm
dén 350 nm phai c6 cac cuc dai hap thu
¢: 235, 270 va 295 nm
Pho IR Phd hdng ngoai clia ché phdm phai c6 1726, 1662, 1581, 1134, 758, 700cm™.  Pat
cac dinh c6 s6 song: 1726, 1662, 1579,
1133, 759, 702 cm™.
Phé MS Ph6 khdi luvgng EI-MS (70 eV) clla mau vz 416 [M]*, 401, mvz 83, 55. Dat
thir phai c6 cac pic m/z 416 [M]", 401,
m/z 83, 55.
Ph6 NMR Ph6 **C-NMR va phd 'H-NMR clia mau 'H-NMR (CDsCls, 300 MHz): 7,26 mx  Dat
ther phai ph hop v6i phd C-NMR va 2 7,40mx 2, 0,97 sx 2,1,9d(6,3);
ph6 *H-NMR theo tai liéu tham khao. 2(5)% Z; (Eé’f;d (9.9); 6025 645d (9,6),
3C-NMR (CDsCls, 75 MHz): 10,7;
15,2; 26,8 x 2; 63,0; 77,4, 105,6; 110,7;
114,2; 115,0; 115,9; 127,2 x 2; 127,5 X
2, 127,7; 129,0; 139,5; 139,9; 144,2,
151,7; 152,0; 155,0; 155,8; 159,4;
194,3.
Diém chay 154-156 °C 155,6 °C. Dat
Tapchathlruco  Khdng qua 3,8% 3,59%. Pat
Tap chat bay hoi  Khoéng qua 1,1% 1,05%. Pat
Tap chét vo co Khéng qua 20 ppm Pb: Khéng phét hién (MDL: 2,49 ppb).  Pat
As: Khong phét hién (MDL: 4,69 ppb).
Hg: Khong phét hién (MDL: 0,56 ppb).
Binh lvgng Khong it hon 95% 95,42%. Pat




PHU LUC 13
TIEU CHUAN CHAT LUONG CHAT CHUAN DOl CHIEU
4-HYDROXYXANTHON C3HgO5

1. Cau tric
Cdng thirc cau tao:

o)

8 9a
DO
AN o 4 3

5 |
OH

Cong thirc phan tir: C13HgOs3

Phén ttr lvong: 212,2.

Tén khoa hoc: 4-hydroxy-9H-xanthen-9-one

2. Kiém tra chat lwong nguyén liéu

2.1. Tinh chét: Ché phadm latinh thé hinh kim, khéng mau, dé tan trong aceton,
methanol.

2.2. Binh tinh

2.2.1.Pho hép thu tlr ngoai va kha kién:

Tién hanh theo phu luc 4.1. DBVN V. Chuén bi dung dich méu thir trong methanol
(TT) ¢6 néng dd 0,6 ng/ml. Pho hép thu tir ngoai va kha kién clia ché pham thu
dwoc trong dai séng tir 220 nm dén 400 nm phai cé cac cuwc dai hap thu &: 231, 248
va 348 nm.

2.2.2.Pho hong ngoai:

Tién hanh theo phu luc 4.2. DBVN V. Chuén bi mau bang cé4ch tao vién nén KBr.
Pho hong ngoai clia ché pham phai cé céc dinh c6 s séng: 3197, 1652, 1589, 1292,
754,729 cm’™,



2.2.3.Pho khoi luvong:

Phé khéi lvong EI-MS (70 eV) clia mau thir phai ¢ cac pic m/z 212 [M] (pic can
ban), m/z 184, 155, 128, 102, 63.

2.2.4.Ph6 cong hwdng tlr hat nhan:

Ph6 **C-NMR va ph6 *H-NMR ctia mau tht phai pht hop véi ph6 *C-NMR va phé
'H-NMR theo phu luc dinh kém.

2.3. Biém chay: Tién hanh theo phu luc 6.7 DBVN IV

Tiéu chuan chap nhan: 228-230 °C.

2.4. Do tinh khiét

2.4.1. Xac dinh tap chat hiru co

Phuong phap sac ky [6ng. Tién hanh theo phu luc 5.3 DBVN IV

Pha dong: Hon hop acetonitril: nuéc véi chuong trinh dung moi

Thoi gian % acetonitril % nudc
(phiit)

0 50 50

20 90 10

30 100

37 100 0

45 50 50

55 50 50

Chuan bi dung méi pha mau: Acetonitril — Nudc (50 : 50)

Chuan bi dung dich thir: Can chinh x&c khodng 2,5 mg ché phdm vao binh dinh
mic 25 ml, thém 20 ml dung mdi pha mau, siéu 8m hoa tan trong 3 phdt, thém dung
mdi pha mau vira di 25 ml, loc quamang loc 0,45um.

Diéu kién sac ky:

Cot: Gemini NX C-18 bang thép khong gi (15 cm x 4,6 mm x 5 pm) hodc twong
duong.

Detector chubi diod quang (280 nm).



T6c d6 dong: 0,6 ml/phit.

Theé tich tiém: 5 pl.

Céch tién hanh:

Tiém dung moi pha mau. Tiém 6 lan dung dich thir. S8 dia ly thuyét cla pic 4-
hydroxyxanthon va cac tap chat hiru co phai khéng du¢i 2000, d6 phan giai gilta pic
4-hydroxyxanthon va pic tap chat hitu co gan nhat phai khong dudi 1,5, do léch
chuan twong doi cta dién tich pic 4-hydroxyxanthon va céc tap chat hitu co khong
dugc 1on hon 2%. Tinh ham lwong phan trdm cla téng tap chdt hiru co trong mau
theo céng thirc: 100 (ry/r7) trong do: ry 1a téng dién tich céac pic thu dugc trong sic
ky d6 cla dung dich thir ngoai trir pic ctia 4-hydroxyxanthon, r+ la tong dién tich
cac pic thu dugc trong sac ky dd clia dung dich thir ngoai trir pic clia dung moi pha
mau.

Tiéu chuan chap nhan: Khéng qua 6,0% tinh theo ché pham nguyén trang

4.2. Xac dinh tap chat bay hoi

Phwong phap phan tich nhiét trong lwvgng. Tién hanh theo USP 34.

Toc do gia nhiét: 6 °C/phdt.

Khoang nhiét do: 30-150 °C.

Khi: Nitrogen.

T6c d6 dong: 100 ml/phdt.

Tiéu chuan chap nhan: Khéng qua 1,0%

5. Binh lvgng

%4-hydroxyxanthon = 100% — (% tap chat hiru co) - (% tap chét bay hoi)

Tiéu chuan chap nhan: Khéng it hon 90% C;3HgO3



KET QUA PHAN TiCH CHAT LUONG CHAT CHUAN BOI CHIEU
4-HYDROXYXANTHON

Chi tiéu M (rc chat lvgng Két qua Két luan
Tinh chat Ché pham latinh thé hinhkim,  Tinh thé hinh kim, khdng mau. Dé tan Pat
khong mau. Dé tan trong aceton,  trong aceton, methanol
methanol
Pinh tinh
Phd UV-Vis Pho hap thu tir ngoai va kha 231, 248 va 348 nm. Pat
kién clia ché pham thu duoc
trong dai séng tir 220 nm dén
400 nm phai c6 cac cuc dai
hap thu 6: 231, 248 va 348 nm
Phd IR Ph& hong ngoai clia ché phdm 3197, 1652, 1589, 1292, 754, 729 cm™.  Pat
phai c6 cac dinh cé sb song:
3197, 1652, 1589, 1292, 754,
729 cm™,
Pho MS Pho khdi lwvgng EI-MS (70 eV) m/z212 [M]*, m/z 184, 155, 128, 102, Pat
clia mau thtr phai co6 cac pic 63.
m'z 212 [M]*, m/z 184, 155,
128, 102, 63.
Phé NMR Phé *C-NMR va phd 'H-NMR H-NMR (CD;OD, 500 MHz): 7,73 dd Dat
ctia mau ther phai phi hop véi (8,0; 2,0); 7,25t (8,0); va 7,31 dd (8,0;
theo tai liéu tham khao.
3C-NMR (CD50D, 125 MHz): 179,2;
157,4; 147,9; 147,1,; 136,4; 127,3; 125,3;
125,1; 123,6; 122,5; 121,5; 119,4; 117,1.
Diém chay 228-230°C 229,1°C. Pat
Tap chat hiru co Khdng qua 6,0% 5,57%. Pat
Tap chét bay hoi  Khoéng qua 1,0% 0,52%. Pat
Binh lvgng Khéng it hon 90% 93,91%. Pat




PHU LUC 14
QUY TRINH XAC BINH CALOPHYLLOLID
TRONG CAO METHANOL TU NHUA MU U BANG
PHUONG PHAP GC-MS

Cao nhya Mi u diéu ché bang phuong phap chiét voi methanol —nudc (9:1) nhua
Mu u loai ra khi tinh ché dau Mu u.

M6 ta

Cao nhira MU u cd thé chat mém, dong nhat. Mau nau sam. Mui dic biét.

Pinh tinh

Trong phan xac dinh ham lugng calophyllolid, trén sac ky do cla dung dich tht
phai c6 pic cé thdi gian lvu twong tng véi thoi gian lwu cta pic calophyllolid trén
sac ky do clia dung dich ddi chiéu (khac biét vé thoi gian lwu phai & trong khoang +
2%). Phdi c6 cac manh ion phan ti & nVz 416, pic can ban & nVz 401, manh ion &
m/z 83 va 55.

Ham lwvgng calophyllolid

Ti€én hanh trong diéu kién tranh anh sang

Phuong phap sac ky khi ghép phd khai

Dung dich thi: Can chinh xac khoang 0,04 g cao methanol vao éng eppendorf,
thém chinh xéac 2,0 ml methanol (TT), lac xody 1 phut rdi siéu &m trong 10 phat. Ly
tédm 8000 vong/phut trong 5 phat. HUt chinh xac 1,0 ml dich methanol cho vao binh
dinh mtrc 10,0 ml rdi pha lodng bang methanol (TT) dén dinh mirc. Lac déu.

Dung dich chuan ddi chiéu: Hoa tan chat chudn déi chiéu calophyllolid trong
methanol (TT) dé dwoc dung dich c6 nong do 12,5 ug/ml.

Diéu kién sac ky:

Cot sac ky: DB-5MS25m x 0,22 mm ID, di = 5 pm.

Khi mang: heli dung cho sac ky (TT) voi téc do dong 1,43 ml/phut

Kiéu bom mau: khéng chia dong



Nhiét do:

Thoi gian (phat) Nhiét do (°C)
Cot 0 80
55 300
14,5 300
Budng tiém mau 250
Ngudn ion 250
Giao dién 200
Kiéu ion : Ban pha dién tr
Khoang quét : 50-550 amu

Kiéu thu di liéu : SCAN vaSIM
Cac ion dinh lvong : lon dich m/z 401; ion tham chiéu m/z 83 va 55
Thé tich tiém mau  : 1 pl
Céch tién hanh:
Phép thir chi c6 gia tri khi hé s3 déi xding cla pic chinh trén sic ky do cla dung
dich chuan ddi chiéu khong qua 2 va do léch cwong do twong doéi (%) cacion & m/z
55, 83, 416 trong dung dich chuan déi chiéu va dung dich thtr khdng qué 20%.
Tiém lan lwot dung dich thir va dung dich chuan doi chiéu vao may GC-MS va ghi
sac ky do. Binh tinh bang cach so sanh thoi gian lwu va cac manh ion clia dung dich
th(r va dung dich chuan déi chiéu & kiéu thu dir liéu SCAN.
Xac dinh ham lwong phan tram calophyllolid (X%), CysH240s, bang cach so sanh
cwong dé6 manh myz 401 cua dung dich thir va dung dich chuan déi chiéu trong kiéu
thu di¥ liéu SIM theo cbng thirc:

X% (g/100 g) = (A/A) X (Cx D)/myx 0,1
A;  :Cuong dd manh m/z 401 cta dung dich thir
A;  :Cuong dd manh m/z 401 cla dung dich chuan doi chiéu
C : Ham lwgng calophyllolid trong dung dich chuan doi chiéu (ug/ml)
D : D0 pha lodng

m;  : Khdi lugng cao dem thir (mg)



PHU LUC 15
QUY TRINH XAC PINH CALOPHYLLOLID
TRONG VO QUA MU U BANG PHUONG PHAP GC-MS

Xt ly mau

Xay vo qua thanh bdt bang may nghién va ray dé thu duoc cac hat cé kich thwdc
trung binh la 1,84 mm xac dinh theo phwong phap Dwoc dién My 30 (2007).

Tién hanh trong diéu kién tranh anh sang

Can chinh xac khoang 5 g bot vé qua cho vao 6ng chiét dwgc dat loc 10 um & mot
dau, ké dén la I6p bong thay tinh, thém cac hat thay tinh day 1-2 mm dé han ché
khoang trong trong dng, tiép tuc cho I¢p bong thiy tinh va loc 10 um & dau kia.
Diéu kién chiét

Thiét bi chiét ldng dudi ap suat: ASE-100-Dionex

Ap suét : 1500 psi
Nhiét do :120°C
Thoi gian chiét : 15 phat
Chu ky chiét 1

Theé tich rra : 60%

Thai gian 1am sach hé thdng bang khi nitrogen : 90 gidy

Co dich chiét dudi ap xuét giam & 40 °C rbi dinh mirc dén 100 ml bang methanol
(TT). Loc dich chiét bang gidy loc Whatman 40 (Dich chiét V).

Pinh tinh

Trong phan xac dinh ham luong calophyllolid, trén sac ky dd cta dung dich thi
phai c6 pic cé thdi gian lwu twong tng véi thdi gian lwu cta pic calophyllolid trén
séc ky do cta dung dich chuén d6i chiéu (khac biét vé thdi gian luu phai & trong
khoang + 2%). Phai c6 cac manh ion phan tir & m/z 416, pic can ban & m/z 401,

manh ion & m/z 83 va 55.



Ham lugng calophyllolid

Tién hanh trong diéu kién tranh anh sang

Phuong phap sac ky khi ghép phé khi

Dung dich thi: Dich chiét V.

Dung dich chuan do6i chiéu: Hoa tan chat chuan doi chi€u calophyllolid trong
methanol (TT) dé duoc dung dich cé néng do 12,5 pg/ml.

Diéu kién sic ky:

Cot sac ky: DB-5MS 25 m x 0,22 mm ID, di = 5 pum.

Khi mang: heli diing cho sac ky (TT) voi téc do dong 1,43 ml/phat

Kiéu bom méau: khéng chia dong

Nhiét do:
Thoi gian (phut) Nhiét do (°C)
Cot 0 80
55 300
17,5 300
Bubng tiém mau 250
Ngudn ion 250
Giao dién 200
Kiéu ion : Ban pha dién tlr
Khoang quét : 50-450 amu

Kiéu thu di liéu : SCAN vaSIM
Céc ion dinh lvgng
lon dich - m/z401
lon tham chiéu : m/z 83, 55
Thé tich titm mau  : 1 pl
Cach tién hanh:
Phép thir chi ¢ gia tri khi hé s3 d6i xing clia pic chinh trén sic ky do cla dung

dich chuan doi chiéu khong qua 2 va do léch cwong do twong déi (%) cécion & Nz



55, 83, 416 cua calophyllolid trong dung dich chuan ddi chiéu va dung dich thi
khéng qua 20%.
Tiém Ian lwgt dung dich thtr va dung dich chuan doi chiéu vao may GC-MS va ghi
s&c ky d6. Binh tinh bang céach so sanh thoi gian lvu va cac manh ion clia dung dich
thir va dung dich chuan dai chiéu & kiéu thu di liéu SCAN.
Xac dinh ham Ilwong phan tram calophyllolid (X%), CyH240s, bang cach so sanh
cwong dé6 manh myz 401 cua dung dich thir va dung dich chuan ddi chiéu & kiéu thu
di liéu SIM theo cdng thirc sau:

X% = (A/A.) X (Cx D)/mx 0,1
A : Cuong dé manh m/z 401 cua dung dich thir
A. :Cuong ddo manh nvz 401 cta dung dich chuan déi chiéu
C : Ham lugng calophyllolid trong dung dich chuan doi chiéu (ug/mL)
D : B0 pha lodng

m;  : Khdi lugng vé qua dem thir (mg)



PHU LUC 16
QUY TRINH BINH LUQONG CALOPHYLLOLID TRONG
CHE PHAM “DAU MU U INOPILO” BANG PHUONG PHAP
HPLC-DAD

Tién hanh trong diéu kién tranh anh sang.

Tién hanh bang phuong phap sac ky 1ong theo DBVN IV (Phu luc 5.3)

Dung dich thtr: Can chinh xac khoang 120 mg mau thir cho vao binh dinh mirc 10
ml, 1am &m mau & 60 °C trong 10 phut rdi thém 6 ml hén hop methanol-nuéc (TT)
(9:1), siéu am trong 15 phut. B6 sung hon hop methanol-nwdc (TT) (9:1) dén thé
tich. Loc mau qua loc 0,45 pum.

Dung dich chuan ddi chiéu: pha cac dung dich chuén calophyllolid trong methanol
(TT) ¢6 ndng do khoang 75 pug/ml; 60 pg/ml va4s ug/ml. Loc mau qua loc 0,45
wm.

Diéu kién sac ky:

Pha dong A: Acetonitril (TT)

Pha dong B: Dung dich acid acetic 2%

Tién hanh chay séc ky theo chwong trinh & bang sau:

Thoi gian (phut) Acetonitril (%) Dungdich acid acetic 2% (%)

0 20 80
30 80 20
35 20 80
40 20 80

Cot thép khong gi (25 cm x 4,6 mm) dwgc nhoi pha tinh C4g (5 um), c6t Zorbax la
phu hop

Téc do dong: 1 ml/pht. Thé tich tiém mau: 10 pl.

Nhiét do cot: 40 °C.

Detector DAD dat & buéc séng 270 nm.



Céch tién hanh:
Kiém tra tinh pht hop clia hé théng sic ky: Tién hanh sic ky véi dung dich chuin
di chiéu. Hé s8 d6i xding thu duoc tir pic calophyllolid phai nam trong khoang 0,8-
1,5, d6 léch chuan tvong ddi clia dién tich pic calophyllolid trong 6 lan tiém lap lai
khong dwoc qua 2,0 %, s6 dia ly thuyét cla pic calophyllolid phai khéng dwéi 2000.
Tién hanh sic ky 1an lvot véi dung dich chuén ddi chiéu va dung dich thtr.
V& db thi biéu dién dién tich pic calophyllolid theo ndng dd clia calophyllolid trong
céc dung dich chuan doi chiéu va xéac lap phwong trinh hdi quy tuyén tinh, dva vao
do tinh ndng doé calophyllolid trong dung dich thtr (ug/ml).
Tinh ham lvgng phan tram (klI/kl) calophyllolid, CH»4Os, trong ché phdm dua vao
dién tich pic thu dwoc tir dung dich thr, cac dung dich chuan doi chiéu va ham
lvgng CysH240s clia calophyllolid chuan déi chiéu theo cong thirc:

X% (g/ 100 g) = C/m,
C:: Nong do calophyllolid trong dung dich thir (ug/ml).

me: Khéi lvong mau thir (mg).



