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Abstract: Indirubin is the key active component of two traditional Chinese medicinal
Sformulations, Danggui Longhui Wan and Qingdai. Since the 1980s, indirubin has been used in clinical
practice to treat chronic myelocytic leukemia (CML). However, due to its limited pharmacokinetic
properties and efficacy, numerous indirubin derivatives have been designed and synthesized to enhance
its pharmacological profiles. The aim of this review was to provide a comprehensive summary of the
natural and synthetic sources of indirubin and its derivatives. Our investigation revealed that indirubin-
based compounds can be extracted from a variety of plants, mollusks, and recombinant bacteria.
Additionally, indirubin derivatives can be synthesized by biological and chemical pathways, with isatin
and indole derivatives serving as starting materials. Among them, the enzyme-based method shows

promise for industrial production of indirubins in the foreseeable future.
Keywords: Danggui Longhui Wan, Indirubin; Natural Origin,; Synthetic Methods, Qingdai.

1. Pit véan dé

Thube nhudém indigo tur 1au da dugc sur dung
trong cong nghiép nhudém vai, loai thudc nhudém
nay chira hop chit indigo va mot lugng nhod
indirubin. Trong do6, indirubin dugc quan tam
nhiéu hon vao nhitng nim 1990 sau khi hop chét
nay dugc xac dinh 1a hoat chit dem lai tac dung
dugc 1y chinh cho bai thude ¢b truyén cta Trung
Qudc ¢6 tén “Danggui Longhui Wan”, tir 1au dugc
su dung dé diéu tri bénh bach ciu dong tiy man
(CML) (Jautelat et al., 2005). Indirubin vé sau tiép
tuc dugc kham phé thém vé tac dung sinh hoc nhu
diéu tri bénh ty mién, viém dai trang, chéng viém
va chdng virus (Gaboriaud-Kolar et al., 2015; Mok
et al., 2014). Két qua kha quan vé tac dung sinh
hoc ciia cac indirubin da thic day nhitng nghién
ctru méi vé chiét xuat, phan 1ap va tong hop nhém
chat nay. Indirubin dwoc chiét xuat tir nhidu ho
thuc vat khac nhau nhu Indigofera tinctoria,
Lonchocarpus cyanescens, Polygonum
tinctorium, Isatis tinctoria, nhung ham luong
trong cay khong phai luc nao ciing cao va con phu
thudc vao khi hau, mua vu (Gilbert et al., 2004).
Phuong phéap téng hop hoa hoc tir cic ngudn
nguyén liéu ¢ sin cho phép san xuét indirubin
trén quy mo6 hang tan, tuy nhién con han ché do

phu thudc vao cac hoa chét doc hai va khong than
thién vdi moi truong. Bén canh do, hudng cai tién
cac enzym va vi sinh vét trong sinh tong hop
indirubin ciing dang dugc nhiéu nha khoa hoc
nghién ctru, nhung hau hét cac quy trinh da duoc
cong bd déu c6 nguyén liéu dau vao dit tién va co
thé gay trc ché sy phat trién ciia té bao vi sinh vat
(Du et al., 2018; Jiang et al., 2025). Cac phuong
phép san xuét indirubin hién van con nhiéu tiém
ning dé khai thac va phat trién, dac biét 1a hai
hu:0‘ng tong hop hoa hoc va smh tong hop. Do do,
can c6 mot cai nhin tong quat vé nhung cong trinh
nghién ctru phuong phap chiét xuat va tong hop
indirubin. Nghién ctru téng quan nay duoc thuc
hién v6i muc tiéu trinh bay vé ngudn gdc tw nhién
cling nhu cac phuong phéap tong hop indirubin va
cac din chat, tir d6 dwa ra mot hudng tiép can méi
vé nhom chét ¢6 gia tri y hoc cao nay.
2. Téng quan nghién ciru

Indirubin 12 mot alcaloid ¢6 ngudn goc tu
nhién, c6 mit trong hai bai thuéc Péng y cb truyén
Quindai (Thanh Pai) va Danggui Longhui Wan
(Puong Quy Long HOi Hoan). Quindai, hay
Indigo naturalis, tir 1au dugc da su dung dé chéng
viém, nhidm tring, cAm mau va c6 hiéu qua lam
sang rat tot trong diéu tri viy nén, bénh bach cau
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va viém loét dai trang. Quindai chita ham luong
cao indigo, tuy nhién indirubin lai 13 déng phan
duoc cho 1a dem lai duoc tinh du chi chiém ty 1¢
nho trong hdn hop (Qi-yue et al., 2020a; Sugimoto
et al., 2016). Indirubin con Ia thanh phan hoat chit
chinh cta Danggui Longhui Wan, duoc st dung dé
diéu tri CML, dem lai hiéu qua o rét trén lam
sang, trong duong véi cac thude diéu tri CML phd
bién 1a busulfan va hydroxyurea (J. Han, 1988;
Xiao et al., 2002). Cac nghién ctru vé co ché phan
tir da ching minh indirubin va dan chét c6 tac
dung chéng ung thu nhd Gc ché cac kinase nhu
Aurora kinase, GSK-3f (glycogen synthase kinase
3 beta) va CDK (cyclin-dependent kinases)
(Gaboriaud-Kolar et al., 2015; Hoessel et al.,
1999). Tiém nang diéu trj trén da thuc ddy cic nha
khoa hoc tim ra quy trinh chiét xuit méi nham ting
hiéu sudt va do tinh khiét cua indirubin tir cac
ngudn nguyén liéu ty nhién. Song song véi viéc
phat trién cac phuong phap chiét xuét tir thuc vat
v6i hidu sudt va d¢ tinh khiét cao, nhiéu nghién
ctru vé tdng hop hoa hoc va sinh tong hop cac
indirubin di tir nhitng nguyén liéu dau don gian,
san ¢6 ciing dd dugc tién hanh. Muc tiéu cta bai
téng quan nay nham tong hop céc tai liéu vé& ngudn
gbc ty nhién cua indirubin ciing nhu cac phuong
phap chiét xuat va tinh ché da dugc cong bd, cac
phuong phap sinh tong hop va tong hop héa hoc
cta indirubin, tir d6 thic ddy cic nghién ctru vé
san xuat indirubin véi hiéu suét cao va ing dung
Hinh 1. CAu tric ciia indirubin (1) va indigo (2)

Indirubin

Indigo naturalis (Qingdai) 1a chat bot kho hodc
bdt nhido c6 mau xanh thim, dugc chiét xudt tir 14
va than coa mot sb loai thuec vat nhu
Baphicacanthus cusia (Nees) Bremek, Indigofera
suffruticosa Mill, Polygonum tinctorium Ait va
Isatis indigotica Fort. Theo y hoc ¢6 truyén Trung
Hoa, Qingdai c6 tac dung thanh nhiét, giai doc, tat
phong, trit kinh, duoc st dung dé tri cac bénh nhu
s6t, ho ra mau, co giat ¢ tré em, loét miéng va viém
hong (Qi-yue et al., 2020b; Tang & Eisenbrand,
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cac dan chat co tac dung sinh hoc tiém ning dé dua
vao diéu tri ung thu va cac bénh 1y ké trén.
3. Phwong phap nghién ciru

Bai bao st dung cac co s¢ dit li€u truc tuyén
nhu PubMed (https://pubmed.ncbi.nlm.nih.gov/),
Google Scholar (https:/scholar.google.com/) dé
tim kiém nhitng nghién ctru va tai liéu dugc cong
b tir ndm 1821 cho dén nam 2025 vé ngudn gbc
ty nhién, phuong chiét xuit, phuong phéap sinh
tong hop va tong hop héa hoc cua indirubin. Cac
tr khoa duoc s dung dé tim kiém bao gdom:
Indirubin; Quindai; Dangui Longhui Wan; Indigo
naturalis Synthesis approaches; Biosynthesis;
Extraction method; Purification. Cac thong tin thu
thap dugc sap xép thanh 3 ndi dung chinh: Ngudn
gbc chiét tach indirubin tir ty nhién, cic phuong
phap sinh téng hop indirubin va cac phuong phap
tong hop héa hoc indirubin.
4. Két qua nghién ctru
4.1. Nguén géc trong tw nhién

Indirubin (3Z)-3-(3-0x0-1,3-dihydro-2H-indol
-2-yliden)-1,3-dihydro-2H-indol-2-on) 1a m¢t
ddng phan mau d6 6n dinh cua indigo, c6 cau trac
gdm 2 vong indol ndi véi nhau thong qua lién két
do6i o vi tri 3 va 2’ (3,2’-bisindol) (Hinh 1). Pay 1a
thanh phan hoat chit quan trong cé trong hai bai
thudc cta y hoc ¢6 truyén Trung Hoa 1a Qingdai
(Indigo naturalis) (Tang & Eisenbrand, 1992) va
Danggui Longhui Wan (Xiao & Hao, 2006).

Q H
(L~
N
O
2
Indigo

1992). Trong nhimg nam gan déy, nhiéu tac dung
dugc 1y cua bai thubc nay dd duoc tim ra nhu
chéng oxy hoa, chdng viém, khang khuédn, khang
virus, diéu hoa mién dich va chdng ung thu. Bai
thudc nay duoc sir dung trong 1am sang vai cac chi
dinh trén mot s6 bénh nhu tén thuong phdi cip,
viém rudt man tinh, ung thu da, bach cau cép tién
tiy bao (APL), vy nén va viém loét dai tryc trang
(Qi-yue et al., 2020b). Danggui Longhui Wan la
bai thudc chta 11 thanh phén dugc liéu (Guo,
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1983), trong do, cac nha khoa hoc da kham pha ra
thanh phan dem lai tac dung diéu tri CML chu yéu
1a Indigofera tinctoria L. Cac nghién ctru tiép theo
ciing chi ra rang indirubin 1a thanh phan hoat chét
chiém ty 18 nho trong cay nhung dem lai tac dung
dugc 1y chinh trong diéu tri CML.

Trong ty nhién, indirubin va ddng phén indigo
c6 mat trong hon 200 loai thuc vat thudc nhiéu ho
khac nhau, tiéu biéu c6 thé ké dén nhu ting lam
(Isatis tinctoria L.), nghé cham (Polygonum

tinctorium Ait.), cham 1a nho (Indigofera tinctoria
L.), cham méo (Strobilanthes cusia (Ness)
Kuntze) va long mirc nhudom (Wrightia tinctoria
(Roxb.) R.Br.) (Jenny Balfour-Paul, 1998) (Hinh
2). Ngoai ra, indirubin con c¢6 mét trong tim Tyrian
(mot loai thube nhudém c6 ngudn gde tir dc bién)
(Vougogiannopoulou & Skaltsounis, 2012), tu
nudce tidu nguoi (Adachi et al., 2001) va tir mot s6
lodi vi khuan (G. H. Han et al., 2012).

Hinh 2. Tir trai sang phai: Isatis tinctoria L., Wrightia tinctoria (Roxb.) R.Br., Indigofera tinctoria

L. (Edwards, 1821; Masclef, 1893)

4.2. Cic phwong phdp chiét tach va tong hop
4.2.1. Chiét tach tir t nhién
4.2.1.1. Tt thyc vat

Indirubin va céc indigoid khac thuong dugc
tim théy trong 14 va than cac loai thuc vat thude
chi Isatis (ho Brassicaceae), Polygonum (ho
Polygonaceae), Wrightia (ho Apocynaceae) va
Indigofera (ho Fabaceae) (Vougogiannopoulou &
Skaltsounis, 2012). Nhimng nghién ciru gan day

',:-
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cho thay, dudi tac dong clia nhiét va anh sang trong
qué trinh x1r Iy nguyén liéu lam thubc nhudm,
indirubin c6 thé duoc tao thanh nhd phan tng
dime hoa cac dan chat indol glycosid nhu isatan A
(3), isatan B (4) hay indican (5). Ham lugng céac
tién chit nay trong 14 va than cdy phu thudc vao
phuong phép xu ly nguyén li¢u tho sau khi thu
hoach, bao gém sdy dong kho, sdy & nhiét do
thuong hodc trong 16 sdy (Oberthiir et al., 2004).

Hinh 3. CAu tric cic tién chit indol glycosid trong sinh tong hop indirubin tir thwe vét

o O
OH OH
AN
HO o) HO )
0O OH = OH —
4 OH = \H 0 NH NH
3 5
(Isatan A) (Isatan B) (Indican)

Indirubin ¢6 thé duoc tach chiét tir thuc vat
bang cac phuong phap khic nhau nhu sic ky
nguoc dong toc do cao (HSCCC) (Lii et al., 2012),
sic ky nhanh pha dao (Huang et al., 2016) hay
chiét bang chat 1ong siéu tdi han (Chen et al.,
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2011). Lii va cong su (2012) da sir dung sic ky
nguoc dong tbc do cao dé tach riéng indigo va
indirubin tur 14 cay Tung lam (Isatis tinctoria L.).
Két qua cho thy & 30°C, khi str dung hé dung moi
hai pha n-hexan : ethyl acetat : ethanol : nudc
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(1:1:1:1), téc d6 dong 1,5 ml/phut, indigo va
indirubin dugc tach riéng khoi nhau véi hiéu sut
va do tinh khiét cao (> 98,0%) (Lii et al., 2012).
Nam 2016, Yan va cong su ciing st dung 14 cay
Tung lam 1am nguyén liéu dau dé tach va tinh ché
indirubin tir hdn hop véi indigotin. Pau tién, cao
chiét Folium isatidis duoc dua qua cot nhdi nhua
trao doi ion D3520 (kich thudc 15 8,5 — 9,0 nm) dé
lam giau ham Iugng indirubin 1én 9,0%. Sau do,
mAu d3 1am giau duoc tinh ché bang séc ki cot pha
dao sur dung cot C18, pha dong 1a chit long ion
[Bmim]BFs4. Indirubin dugc tach ra véi do tinh
khiét 96,0% va higu suat 92,0%. Uu diém ndi bat
ctia phuong phap nay 1a chit 16ng ion co thé tai sir
dung cho cac quy trinh ké tiép (Huang et al.,
2016).

Nhirng nam gan ddy, phuong phap chiét bang
chit 1ong siéu t6i han dang dugc quan tim do tinh
than thién voi moi truong va tiém ning trong mé
rong quy mo san xuat. Nam 2012, Chen va cong
su da su dung CO; ¢ trang théi siéu toi han lam
dung méi tach chiét indirubin va tryptanthrin tir
Folium isatidis. Viéc thém chat diéu chinh
(modifier) nhu acetonitril va nudc lam tang hi¢u
suét chiét do do tan ctia chét tan trong dung moi
siéu toi han dugc cai thién. So voi chiét truyén
thong, phuorng phap chiét CO; siéu téi han c6 hidu
suét chiét cao hon va hau nhu khong st dung dung
moi hitu co trong qué trinh chiét (Chen et al.,
2011).

Mic du cai thién dugc hiéu sudt va do tinh
khiét cua san phim, cic quéa trinh tich chiét
indirubin tu thyc véat chua dugc g dung nhiéu
trong quy mo cong nghi€p do ham luong indirubin
trong cay thap, qua trinh chiét tach ton nhiéu thoi
gian va chi phi.
4.2.1.2. Tir dong vat

Céc indirubin c6 ngudn gbc tir bién co chira
trong tim Tyrian, loai thudc nhudém duge l?iy tir cac
loai dong vat c6 vo thudc ho Muricidae va
Thaisidae (Cooksey et al., 2006), trong do
Hexaplex trunculus 13 loai duoc sir dung phd bién
dé san xuét thudc nhuém (Vougogiannopoulou &
Skaltsounis,  2012). Nghién cou cua
Karapanagiotis va cong su da chi ra rang mau chiét
tur cac loai Hexaplex trunculus, Murex brandaris,
Nucella lapillus va Thais haemastoma c chira chu
yéu 1a indirubin va cdc dan chat bromo bao gom
6,6’-dibromoindirubin, 6-bromoindirubin va 6’-
bromoindirubin (Karapanagiotis et al., 2006). Mac
di co ché tao thanh indirubin trong céc loai
nhuyén thé nay chua dugc lam rd, nhimg nghién
clru moi day di phéan 1ap thanh cong mot sé dan
chat indoxyl déng vai trd 1a tién chét trong qua
trinh sinh tong hop céc indirubin. Mot sb din chat
dién hinh bao gdm indoxyl sulfat (c6 trong loai
Hexaplex trunculus), tyrindoxyl sulfat (c6 trong
loai  Dicathais orbita), tyrindoleninon va
tyriverdin (c6 trong cac loai thudc ho Muricidae)
(Cooksey et al., 2006).

Hinh 4. CAu triic mdt sb tién chit trong sinh tong hop indirubin & dong vat thin mém

6
(Indoxyl sulfat)

0
I
/=S

Br N

8
(Tyrindoleninon)

Br

0S05

m/

7

(Tyrindoxyl sulfat)

(Tyriverdin)

Trong nghién ciru cia Meijer va cong sy nim 2003, dé thu dwoc 15 mg hdn hop cac indirubin, nhom
tac gia da phai sir dung 60 kg loai Hexaplex trunculus (Meijer et al., 2003). Diéu nay cho thiy viéc san
xuét indirubin va dan chat tir dong vat bién 1a kém kha thi do ham lugng hoat chat rat nho, dong thoi

qué trinh chiét tach ton thoi gian va chi phi.
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Hinh 5. Cau tric ciia mgt so dan chat bromoindirubin c6 nguon goc tir dong vat

10

(6,6'-Dibromoindirubin)
4.2.2. Phurong phdp sinh tong hop
4.2.2.1. St dung enzym B-glucosidase

1"

(6-Bromoindirubin)

Br

12
(6'-Bromoindirubin)

So d6 1. Sinh téng hop indirubin tir indican sir dung enzym p-glucosidase

B-Glucosidase
— e
NH

(Indoxyl)

(Indican)

Néam 2002, Maugard va cong sy da su dung
enzym P-glucosidase dé thuy phéan indican duoc
chiét tir 14 loai Polygonum tinctorium, thu duoc
indoxyl. Sau d6 indoxyl dugc oxy hda bdi oxy
khong khi dé tao hdn hop indigo va indirubin.
Trong khao sat anh huong cua pH dén ty 1é san
pham tao thanh, nhém nghién ctru nhén thay rang
khi tang gia tri pH, ty 1€ indirubin thu dugc tang
1én (Thierry Maugard et al., 2002).

Cung str dung co chit ban dau 1a indican, Lee
va cong su di tién hanh sinh tong hop indirubin
nho ching vi khuan khong tai to hop Escherichia
coli. Nghién curu chi ra réng indirubin dugc tao ra
cht yéu nho cac enzym glucosidase co sin cua
chung vi khuan trén. Hiéu suét tao indirubin ciia
qué trinh dat 25-35%, dong thoi lugng indigo thu
dugc trong hdn hop san pham twong ddi nho (<
10%) va co6 thé d& dang duoc tach ra dé thu duoc
indirubin tinh khiét. Phuong phap sir dung ching
vi khuén E. coli khong tai to hop co tiém ning dé
san xuét indirubin tir indican do quy trinh don
gian, chi phi tiét kiém hon khi sir dung indol hogc
tryptophan 1am co chat dong thoi ngudn indican
c¢6 thé thu dugc d& dang nho chiét tach tir loai
Polygonum tinctorium (JinYoung & YounSook,
2011).
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15

(Isatin)
4.2.2.2. Stk dung cdc enzym oxygenase

Céc nghién ciru gan day chi ra rang indirubin
¢6 thé dugc tong hop nhd cac ching vi khuan tai
t6 hop biéu hién cac enzym oxygenase nhur
monooxygenase chua flavin (FMO) (G. H. Han et
al., 2008), cytochrom P450 (Gillam et al., 2000)
hay naphthalen dioxygenase (NDO) (Zhang et al.,
2014). Co chat thuong duoc sir dung 1a indol hoidc
tryptophan v sy c¢6 mat cla enzym
tryptophanase dé tao san phdm thuy phan indol.
Trong mdt sb nghién ctru, san pham thu duoc chu
yéu 1a indigo va indirubin chi thu dugc voi luong
nho (Gillam et al., 2000; G. H. Han et al., 2008).
Do véy, nhiéu nghién cuu da dugc tién hanh vé cac
phuong phap sinh téng hop médi va chon loc dé wu
tién tao san pham indirubin.

Nam 2012, Han va cdng su da chi ra ring viéc
thém cystein vao méi truong nudi cdy chira
tryptophan cuia ching E. coli tai t& hop DH5a
mang gen biéu hién FMO giup gia ting ty 18 tao
thanh san pham indirubin. Trong nghién ctru nay,
khi thém 0,36 g/L cystein, lugng indirubin tao
thanh gap 33 lan luong indigo (G. H. Han et al.,
2012). Giai thich vé co ché, Kim va cong su da
chung minh do cystein phan Gng véi indoxyl tao
2-cysteinylindoleninon, tir 6 trc ché su dimer hoa
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ctia indoxyl. Pong thoi nho kha ning khtr cia cystein, enzym FMO oxy héa indoxyl tao isatin va isatin
tao thanh phan tmg v6i 2-cysteinylindoleninon dé thu dwoc indirubin (Kim et al., 2019).
So dd 2. Sinh tong hop indirubin tir tryptophan sir dung chiing E.coli tai t6 hop mang gen FMO

(G. H. Han et al., 2012)

NH,
COOH /
b o O
N Tryptophanase N p’h
H H &
16 17
(Tryptophan) (Indol)

Mot s6 nghién ctru khac da tién hanh gay dot
bién cac gen ma hoa cac enzym oxygenase dé ting
ty 18 tao indirubin. Sheng Hu va cong su da tién
hanh gy dot bién cytochrom P450 BM-3 tai vi tri
D168 dé tang kha nang chon loc tao 2-
hydroxyindol tir indol. Dang enzym mdi tao ra c6
kha ning sinh tong hop indirubin véi ti 18 90%
trong khi 6 enzym ban dau chu yéu tao ra indigo
(85%) (Hu et al., 2010). Nghién ctu ctua Rui va
cong sy ciing chi ra rang chung E. coli TG1 biéu
hién enzym TOM c6 dot bién tai vi tri A1131,
AT113F va A113S c¢6 kha nang tao indirubin 1a san
pham chinh (54-64%) tir co chit indol (Rui et al.,
2005).

Viéce str dung hai co chat indol va tryptophan
¢6 nhugc diém 1a gia thanh cao, ton kém, dong thoi
indol con c6 kha ning {rc ché manh su phat trién
ctia chiing vi khuén nhu E. coli & ndng d6 > 3mM
(Chant & Summers, 2007). Nam 2018, Du va cong
su da cong bb phuong phap tong hop indirubin tir
mdt ngudn carbon don gian voi gia thanh thap 1a

Volume 4, Issue 3

(3-Hydroxyindol)
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(3-Oxyindol)
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Dime hoa ‘jg_;
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N
H

(2-Hydroxyindol)

[
-

(2-Oxyindol)
glucose. Nghién ctu da st dung chung E. coli tai
t6 hop biéu hién gen FMO va E. coli tryptophanase
dé sinh tong hop indirubin tryuc tiép tir glucose véi
lugng indirubin thu dugc 1a 0,056g/L (Du et al.,
2018).
4.2.3. Phuong phdp tong hop héa hoc
4.2.3.1. Téng hop indirubin theo Russell va
Kaupp

Trong nghién ctru cia Russell va cong su
(Russell & Kaupp, 1969), indirubin dugc tao
thanh tir phan ing ngung tu gitia isatin va indoxyl
trong moi trudng base. Nhuoc diém cia indoxyl 1a
rat d& bi oxy hoa, khong bén trong méi truong
phan Gng ngay ca khi cé base va dung mdi nén
indoxyl acetat da dugc su dung lam tac nhan thay
thé. Xuc tac base thuong duoc sir dung trong phan
tng 1a mudi carbonat hodc natri methoxyd.
Indoxyl acetat c6 thé dugce tao thanh tr 3-iodo-1H-
indol théng qua phan tmg véi cac mudi HgOAc (T.
C. Wang et al., 2010) hodac AgOAc (Loosley et al.,
2013). Ngoai indoxyl acetat, indoxyl-V,O-diacetat
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c6 thé dugc s dung dé ngung tu voi isatin tao ra  hop indirubin va cac dan chét do diéu kién phan
indirubin (Choi et al., 2010). Hién nay, ddy 1a tngdon gian, isatin va indoxyl acetat déu 1a nhiing
phuong phéap duoc sir dung phd bién nhit dé tong  hoa chit sin co.

So d6 3. Quy trinh tong hop indirubin di tir isatin va indoxyl acetat

OAc
b o
N MeOH
H
(Isatln) (Indoxyl acetat)
42.3.2. Téng hop indirubin tir indol-3- acetonitril va nudc voi ty 1€ 2:1, thuc hién ¢ nhiét

carbaldehyd

Nam 2013, Nelson va cong sy (Nelson et al.,
2013) di cong bd quy trinh tong hop tryptanthrin
di tr indol-3-carbaldehyd véi tdc nhan oxy hoa la
oxon (mudi kali peroxymonosulfat). Phan tng
dugc tién hanh trong dung méi 1a hdn hop

do phong trong 16 gid. Sau phan Gng, ngoai thu
duoc tryptanthrin, indirubin dugc tao ra voi hiéu
suat thip 6%. Trong phuong phéap nay, indirubin
thu dugc chi 1a san pham phu vé6i hiéu sudt khiém
t6n, khong phu hop dé san xuat trong quy mé cong
nghiép.

So d6 4. Quy trinh tong hop indirubin di tir indol-3-carbaldehyd

@*@ L,

CHO

oo

Oxon

4.2.3.3. Tong hop indirubin tir isatin

Nhém nghién ctru cua Saito va cong su (Saito
etal., 2011) da tién hanh téng hop cac dan chét thé
5’ va 6’ methoxy cia indirubin thong qua phan Gng
ngung tu cua 2-cloroindol-3-on va 2-oxoindol
trong dung méi toluen va dun hoi luu trong 1 gio.
San pham 2-cloroindol-3-on duoc tao thanh khi

2% 2%)

CH3CN/H20 2:1
H
21

(5%) (2%)

clo hoa isatin bang tic nhan phospho pentaclorid.
Céac din chét cua indirubin dugc tao thanh véi hiéu
sudt trung binh dat 44-60%. Mac du hiéu sudt qua
trinh ¢6 thé chap nhan dugc, nhuge diém cua
phuong phap 13 san pham indirubin thu duoc tir
isatin can di qua 2 giai doan, dung méi sir dung la
benzen va toluen déu 1a nhitng hda chét doc hai.

So dd 5. Quy trinh tong hop indirubin di tir isatin va 2-oxoindol

1. PCl5, CgHg
2. Oxindol, PhCH3

0
Rs

0

R¢ N
Dé khic phyc nhimg nhugc diém cua phuong
phép trén, Wang va cong su (C. Wang et al., 2017)
da phat trién mot phuong phap méi tong hop
indirubin chi v6i mét giai doan phan ung di t
isatin, sir dung KBH, lam chit khtr trong cac dung

0
Do
NH
Rg ”
0

1. Rg: OMe, Rg: H
2.Rs: H, Rg: OMe

mai alcol nhu methanol va ethanol. Uu diém cua
phuong phap 1a khong hinh thanh san phdm phy,
san phém indirubin thu duge két tinh khi 1am lanh
nén thu dugc san pham tinh khiét dong thoi higu
suét phan tmg kha cao, dat tir 66,3 dén 88,4%. Tuy
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nhién, nhuoc diém cta phuong phap 1a chi ¢ thé tong hop dugc cac dan chét indirubin ddi ximg do chi

di ttr 1 dAn chét isatin ban dau.

So dd 6. Quy trinh tong hop indirubin sir dung phwong phap ghép cip khir isatin

; e )
o KBH4, Co,Hs0H —_
N Khéng khi N NH
H H 4
15 1
(isatin)

4.2.3.4. Toéng hop indirubin tir dan xuét cta indol

Nam 2020, Shriver va cdng su (Shriver et al.,
2020) da phét trién mot phuong phap méi tong
hop indirubin va cac din chét nitro, cyano,
carboxylic va methoxy. Phan tng duoc tién hanh
di tir indol va cac dan chat véi xtc tic cumyl
peroxid va Mo(CO)e. Két qua cho théy khi st dung
indol, indirubin khong duoc tao ra. Voi cac dan

chat khéac, san pham thu dugc bao gdm hdn hop
cua indirubin va indigo. Mot két luan khac duoc
dura ra 1a khi str dung dan chit indol chira cic nhom
hut dién tir thi indirubin tao thanh véi ty 1€ 16n hon
s0 v&i cac nhom day dién tir. Phan ing ngung tu
tr 7-azaindol thu dugc dong phan 7,7-
diazaindirubin duy nhat vi hiéu suit 78%.

So d6 7. Quy trinh tong hop cic din chét indirubin di tir cic din chét indol

Cumyl peroxid
t-BuOH

Mo(CO)s 0,5%
AcOH 1%

£
Lz
S

26

Béng thoi, viéce st dung céc triflat ciia kim loai
dat hiém tao diéu kién tao ra déng phén indirubin
ddi voi cac dan chat indol chira nhom hut dién tir
duogc khao sat trong nghién cuu. Khi st dung
Yb(OTf); 2%, ty 1& dong phan indirubin : indigo
ctia dan chit 6-NO, thu duogc cao hon so voi khi

R

7\

X X=cC,N

R =-H, 6-NO,, 5-CN,
5-COOH, 5-OMe

27

khong c6 mat xtc tdc nay (3:1 so véi 2:9).

Ngoai ra, nhom nghién ctru con tién hanh téng
hop 7,7’-diazaindirubin tir tién chét 7-azaindoxyl
acetat trong diéu kién xuc tac acid va phan tng chi
tao ra dong phan indirubin.

So d6 8. Quy trinh tdng hop 7,7’-diazaindirubin tir 7-azaindoxyl acetat

OAc
l X \ DMSO, hexanol
P N xuc tac acid,
N H 150°C, khd i
, khéng khi

29

Trong céc nghién ciru tiép theo, Shriver va
cong su tiép tuc phat hién ra anh huong cta nhiét
d6 dén ty 18 hai dong phan dugc tao thanh bang
phuong phap Yamamoto, trong d6 dong phan
indirubin dugc tao ra chon loc hon khi giam nhiét
dd phan ung, dac biét voi cac dan chét indol c6
nhom hut dién tir hodc dan chat halogen (Shriver
et al., 2022).

Volume 4, Issue 3

5. Ban luén

Bén canh cac tac dung 1am sang trén CML,
viém loét dai trang va vay nén véi d6 an toan cao,
indirubin con cho thdy tiém ning trong diéu tri
alzheimer, cim va bénh tu mién (Suzuki et al.,
2013; L. Yang et al., 2022; Kumar et al., 2025).
Mac du indirubin dang don chit da duoc st dung
& Trung Qudc dé diéu tri CML tir ndm 2002,
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nhung kha nang hoa tan kém trong nudc gay han
ché dang ké trong tng dung 1am sang. Dé khic
phuc, nhiéu nghién clu téng hop da duoc thuc
hién nhim cai tién ciu tric hoa hoc cta indirubin
va tao ra cac dan Xuét co dac tinh dugc 1y tdt hon
nhu cai thién do tan va sinh kha dung. Phuong
phap téng hop hoa hoc ciing tao ra nhiéu dan chat
mang khung indirubin manh hon vé& hoat tinh
chéng ung thu, khang khuén, trc ché GSK-3B (Dan
et al., 2020; H. Wang et al., 2021; F. F. Yang et
al., 2022). Do vy ma viéc tiép tuc nghién ctru cac
phuong phap tong hop indirubin khéng chi nhim
tang hi¢u suat ma con 1a hudng phat trién thude
moi day tiém nang. Sinh tong hop indirubin 12 mot
chién lugc duogc cho bén virng do than thién véi
moi truong, khong bi phu thudc vao nguyén li¢u
hoa diu va gy 6 nhiém nhu tong hop hoa hoc. Cac
chién lugc bao gom tai to hop gen, k¥ thuat chuyén
hoa (metabolic engineering), gy dot bién gen da
duoc thuc hién nham tao ra cac enzym méi va cai
tién chiung E. coli nhdim san xuét indirubin tir

nguyén liéu ré hon nhu glucose véi hiéu suét cao,
& quy 16n va chi phi thap (Du et al., 2018).
6. Két luan

Nghién ctru trinh bay téng quan vé& ngudn gdc
tu nhién va cac phuong phéap tong hop indirubin
va dén chat. Indirubin va dan chat co thé dugce
chiét tach tr mot sd loai dong vat, thyc vat, tuy
nhién cic qua trinh nay thuong cin luong 16n
nguyén liéu tho dong thoi ton kém nhiéu thoi gian
va chi phi. Hién nay, phan 16n indirubin duoc san
xuit trong céng nghiép bang phwong phap tong
hop hoa hoc, trong d6 phuong phap ctia Russell va
Kaupp dugc tmg dung rong rai do tac nhan va diéu
kién phan ung don gian, hi¢u suét tao thanh san
pham cao (Russell & Kaupp, 1969). Bén canh do,
cac phuong phap sinh tong hop indirubin sir dung
enzym va cac chung vi khuan mang gen tai to hop
ciing 1a mot hudng nghién ctru méi mé va nhiéu
tiém ning, hira hen s& thay thé cac phuwong phap
hoéa téng hop trong twong lai gan.

Tai liéu tham khao

Chant, E. L., & Summers, D. K. (2007). Indole
signalling  contributes to the stable
maintenance of Escherichia coli multicopy
plasmids. Molecular Microbiology, 63(1), 35—
43. https://doi.org/10.1111/J.1365-2958.2006.
05481.X.

Chen, H. J., Tsao, H. H., Lo, J. G., Chiu, K. H., &
Jen, J. F. (2011). Supercritical fluid extraction
coupled with solvent-less spray collection
mode for rapid separation of indirubin and
tryptanthrin from folium isatidis. Separation
Science and Technology, 46(6), 972-977.
https://doi.org/10.1080/01496395.2010.53772
5

Choi, S.J., Lee, J. E., Jeong, S. Y., Im, L., Lee, S.
D, Lee,E.J., Lee, S. K., Kwon, S. M., Ahn, S.
G., Yoon, J. H., Han, S. Y., Kim, J. Il, & Kim,
Y. C. (2010). 5,5'-substituted indirubin-3'-
oxime derivatives as potent cyclin-dependent
kinase inhibitors with anticancer activity.
Journal of Medicinal Chemistry, 53(9), 3696—
3706. https://doi.org/10.1021/JIM100080Z

Cooksey, C. J.,, Meijer, L., Guyard, N.,
Skaltsounis, L., & Eisenbrand, G. (20006).
Marine indirubins. Indirubin, the Red Shade of
Indigo, 23-30.

90

Dan, N. T., Quang, H. D., Van Truong, V., Huu
Nghi, D., Cuong, N. M., Cuong, T. D., Toan,
T. Q., Bach, L. G., Anh, N. H. T., Mai, N. T.,
Lan, N. T., Van Chinh, L., & Quan, P. M.
(2020). Design, synthesis, structure, in vitro
cytotoxic activity evaluation and docking
studies on target enzyme GSK-38 of new
indirubin-3'-oxime  derivatives.  Scientific
Reports, 10(1), 1-12.
https://doi.org/10.1038/S41598-020-68134-8

Du,J., Yang, D., Luo, Z. W., & Lee, S. Y. (2018a).
Metabolic engineering of Escherichia coli for
the production of indirubin from glucose.
Journal of Biotechnology, 267, 19-28.
https://doi.org/10.1016/J.JBIOTEC.2017.12.0
26,

Edwards, S. (1821). The Botanical register:
consisting of coloured figures of exotic plants
cultivated in British gardens with their history
and mode of treatment.

Gaboriaud-Kolar, N., Vougogiannopoulou, K., &
Skaltsounis, A. L. (2015). Indirubin
derivatives: A patent review (2010-present).
Expert Opinion on Therapeutic Patents, 25(5),
583-593. https://doi.org/10.1517/13543776.
2015.1019865

JOURNAL OF SCIENTIFIC RESEARCH AND DEVELOPMENT



KHOA HOC SUC KHOE

Gilbert, K. G., Maule, H. G., Rudolph, B., Lewis,
M., Vandenburg, H., Sales, E., Tozzi, S., &
Cooke, D. T. (2004). Quantitative analysis of
indigo and indigo precursors in leaves of Isatis
spp. and Polygonum tinctorium.
Biotechnology Progress, 20(4), 1289—1292.
https://doi.org/10.1021/BP0300624,

Gillam, E. M. J., Notley, L. M., Cai, H., De Voss,
J. J., & Guengerich, F. P. (2000). Oxidation of
indole by cytochrome P450 enzymes.
Biochemistry, 39(45), 13817-13824.
https://doi.org/10.1021/B1001229U

Guo, X. (1983). Ancient and modern applications
of Danggui Longhui pill. Research on Chinese
Patent Medicines, 3838-3839.

Han, G. H., Gim, G. H., Kim, W., Seo, S. II, &
Kim, S. W. (2012). Enhanced indirubin
production in recombinant Escherichia coli
harboring a flavin-containing monooxygenase
gene by cysteine supplementation. Journal of
Biotechnology, 164(2), 179-187.
https://doi.org/10.1016/j.jbiotec.2012.08.015

Han, G. H., Shin, H. J., & Kim, S. W. (2008).
Optimization of bio-indigo production by
recombinant E. coli harboring fmo gene.
Enzyme and Microbial Technology, 42(7),
617-623. https://doi.org/10.1016/J.ENZMIC
TEC.2008.02.004

Han, J. (1988). Traditional Chinese medicine and
the search for new antineoplastic drugs.
Journal of Ethnopharmacology, 24(1), 1-17.
https://doi.org/10.1016/0378-8741(88)90135-
3,

Hoessel, R., Leclerc, S., Endicott, J. A., Nobel, M.
E. M., Lawrie, A., Tunnah, P., Leost, M.,
Damiens, E., Marie, D., Marko, D.,
Niederberger, E., Tang, W., Eisenbrand, G., &
Meijer, L. (1999). Indirubin, the active
constituent of a Chinese antileukaemia
medicine, inhibits cyclin-dependent kinases.
Nature  Cell  Biology, 1(1), 60-67.
https://doi.org/10.1038/9035,

Hu, S., Huang, J., Mei, L., Yu, Q., Yao, S., & Jin,
Z. (2010). Altering the regioselectivity of
cytochrome P450 BM-3 by saturation
mutagenesis for the biosynthesis of indirubin.
Journal of Molecular Catalysis B: Enzymatic,
67(1-2), 29-35. https://doi.org/10.1016/J.MO
LCATB.2010.07.001

Volume 4, Issue 3

Huang, Y. Y., Liu, X. F., Liu, J. Z., Li, L., Cui, Q.,
Wang, L. T, Fu, Y. J., & Luo, M. (2016).
Separation and purification of indigotin and
indirubin from Folium isatidis extracts using a
fast and efficient macroporous resin column
followed reversed phase flash
chromatography. Journal of the Taiwan
Institute of Chemical Engineers, 67, 61-68.
https://doi.org/10.1016/J.JTICE.2016.07.030

Jautelat, R., Brumby, T., Schifer, M., Briem, H.,
Eisenbrand, G., Schwahn, S., Kriiger, M.,
Liicking, U., Prien, O., & Siemeister, G.
(2005). From the insoluble dye indirubin
towards highly active, soluble CDK2-
inhibitors. ChemBioChem, 6(3), 531-540.
https://doi.org/10.1002/CBIC.200400108

Jiang, M., Li, Z., Huang, Z., Hu, H., Chen, R.,
Zhu, Y., & Mu, W. (2025). Enhancing
indirubin biosynthesis in Escherichia coli by
engineering Methylophaga aminisulfidivorans

favin-containing monooxygenase.
International ~ Jouwrnal  of  Biological
Macromolecules, 320, 146074.

https://doi.org/10.1016/J.1JBIOMAC.2025.14
6074

JinYoung, L. L., & YounSook, S. S. (2011).
Production of natural indirubin from indican
using non-recombinant Escherichia coli.
Bioresource Technology, 102, 9193-9198.
https://doi.org/10.5555/20113338179

Karapanagiotis, 1., De Villemereuil, V., Magiatis,
P., Polychronopoulos, P.,
Vougogiannopoulou, K., & Skaltsounis, A. L.
(2006). Identification of the coloring
constituents of four natural indigoid dyes.
Journal of Liquid Chromatography and
Related Technologies, 29(10), 1491-1502.
https://doi.org/10.1080/10826070600674935

Kim, J., Lee, J., Lee, P. G, Kim, E. J., Kroutil, W.,
& Kim, B. G. (2019). Elucidating Cysteine-
Assisted Synthesis of Indirubin by a Flavin-
Containing Monooxygenase. ACS Catalysis,
9(10), 9539-9544. https://doi.org/10.1021/AC
SCATAL.9B02613

Kumar, H., Datusalia, A. K., Kumar, A., & Khatik,
G. L. (2025). Network pharmacology
exploring the mechanistic role of indirubin
phytoconstituent from Indigo naturalis
targeting GSK-3B in Alzheimer’s disease.

91



KHOA HOC SUC KHOE

Journal of Biomolecular Structure and
Dynamics. https://doi.org/10.1080/07391102.
2025.2472406

Loosley, B. C., Andersen, R. J., & Dake, G. R.
(2013). Total synthesis of cladoniamide G.
Organic  Letters, 15(5), 1152-1154.
https://doi.org/10.1021/0OL400055V

Li, H. T., Liu, J., Deng, R., & Song, J. Y. (2012).
Preparative Isolation and Purification of Indigo
and Indirubin from Folium isatidis by High-
speed  Counter-current  Chromatography.
Phytochemical Analysis, 23(6), 637-641.
https://doi.org/10.1002/PCA.2366

Masclef, A. (1893). Atlas des plantes de France,
utiles, nuisibles et ornementales: 400 planches
coloriées représentant 450 plantes communes,
avec de nombreuses figures de.

Meijer, L., Skaltsounis, A. L., Magiatis, P.,
Polychronopoulos, P., Knockaert, M., Leost,
M., Ryan, X. P., Vonica, C. A., Brivanlou, A.,
Dajani, R., Crovace, C., Tarricone, C.,
Musacchio, A., Roe, S. M., Pearl, L., &
Greengard, P. (2003). GSK-3-Selective
Inhibitors Derived from Tyrian Purple
Indirubins. Chemistry and Biology, 10(12),
1255-1266. https://doi.org/10.1016/j.chembio
1.2003.11.010

Mok, C. K. P, Kang, S. S. R., Chan, R. W. Y.,
Yue, P. Y. K., Mak, N. K., Poon, L. L. M.,
Wong, R. N. S., Peiris, J. S. M., & Chan, M. C.
W. (2014). Anti-inflammatory and antiviral
effects of indirubin derivatives in influenza A
(H5N1) wvirus infected primary human
peripheral blood-derived macrophages and
alveolar epithelial cells. Antiviral Research,
106(1), 95-104. https://doi.org/10.1016/j.antiv
iral.2014.03.019

Nelson, A. C., Kalinowski, E. S., Jacobson, T. L.,
& Grundt, P. (2013). Formation of tryptanthrin
compounds upon Oxone-induced dimerization
of  indole-3-carbaldehydes.  Tetrahedron
Letters, 54(50), 6804—6806. https://doi.org/10.
1016/J.TETLET.2013.09.124

Oberthiir, C., Graf, H., & Hamburger, M. (2004).
The content of indigo precursors in Isatis
tinctoria leaves — a comparative study of
selected  accessions and  post-harvest
treatments. Phytochemistry, 65(24), 3261-
3268.

https://doi.org/10.1016/J.PHYTOCHEM.2004
.10.014

Qi-yue, Y., Ting, Z., Ya-nan, H., Sheng-jie, H.,
Xuan, D., Li, H., & Chun-guang, X. (2020a).
From natural dye to herbal medicine: a
systematic review of chemical constituents,
pharmacological  effects and  clinical
applications of indigo naturalis. Chinese
Medicine (United Kingdom), 15(1), 1-13.
https://doi.org/10.1186/S13020-020-00406-
X/TABLES/2

Rui, L., Reardon, K. F., & Wood, T. K. (2005).
Protein engineering of toluene ortho-
monooxygenase of Burkholderia cepacia G4
for regiospecific hydroxylation of indole to
form various indigoid compounds. Applied
Microbiology and Biotechnology, 66(4), 422—
429. https://doi.org/10.1007/S00253-004-
1698-Z,

Russell, G. A., & Kaupp, G. (1969). Oxidation of
Carbanions. ['V. Oxidation of Indoxyl to Indigo
in Basic Solution. Journal of the American
Chemical  Society, 91(14), 3851-3859.
https://doi.org/10.1021/JA01042A028

Saito, H., Tabata, K., Hanada, S., Kanda, Y.,
Suzuki, T., & Miyairi, S. (2011). Synthesis of
methoxy- and bromo-substituted indirubins
and their activities on apoptosis induction in
human neuroblastoma cells. Bioorganic and
Medicinal Chemistry Letters, 21(18), 5370—
5373. https://doi.org/10.1016/J.BMCL.2011.
07.011,

Shriver, J. A., Kaller, K. S., Kinsey, A. L., Wang,
K. R., Sterrenberg, S. R., Van Vors, M. K.,
Cheek, J. T., & Horner, J. S. (2022). A tunable
synthesis of indigoids: targeting indirubin
through temperature. RSC Advances, 12(9),
5407-5414.
https://doi.org/10.1039/D2RA00400C

Shriver, J. A., Wang, K. R., Patterson, A. C.,
DeYoung, J. R., & Lipsius, R. J. (2020).
Exploring an anomaly: the synthesis of 7,7'-
diazaindirubin  through a  7-azaindoxyl
intermediate. RSC Advances, 10(60), 36849—
36852. https://doi.org/10.1039/DORA07144G

Sugimoto, S., Naganuma, M., Kiyohara, H., Arai,
M., Ono, K., Mori, K., Saigusa, K., Nanki, K.,
Takeshita, K., Takeshita, T., Mutaguchi, M.,
Mizuno, S., Bessho, R., Nakazato, Y.,

92 JOURNAL OF SCIENTIFIC RESEARCH AND DEVELOPMENT



KHOA HOC SUC KHOE

Hisamatsu, T., Inoue, N., Ogata, H., Iwao, Y.,
& Kanai, T. (2016). Clinical Efficacy and
Safety of Oral Qing-Dai in Patients with
Ulcerative Colitis: A Single-Center Open-
Label Prospective Study. Digestion, 93(3),
193-201. https://doi.org/10.1159/000444217

Suzuki, H., Kaneko, T., Mizokami, Y., Narasaka,
T., Endo, S., Matsui, H., Yanaka, A.,
Hirayama, A., & Hyodo, I. (2013). Therapeutic
efficacy of the Qing Dai in patients with
intractable ulcerative colitis. World Journal of
Gastroenterology :  WJG, 19(17), 2718.
https://doi.org/10.3748/WJG.V19.117.2718

Tang, W., & Eisenbrand, G. (1992). Qingdai.
Chinese Drugs of Plant Origin, 805-812.
https://doi.org/10.1007/978-3-642-73739-

8 103

Thierry Maugard, Estelle Enaud, Anne de la
Sayette, Patrick Choisy, & Marie Dominique
Legoy. (2002). Beta-glucosidase-catalyzed
hydrolysis of indican from leaves of
Polygonum tinctorium. Biotechnology
Progress, 18(5).
https://doi.org/10.1021/BP025540+

Vougogiannopoulou, K., & Skaltsounis, A. L.
(2012). From tyrian purple to kinase
modulators: Naturally halogenated indirubins
and synthetic analogues. Planta Medica,
78(14), 1515-1528. https://doi.org/10.1055/S-
0032-1315261,

Wang, C., Yan, J., Du, M., Burlison, J. A., Li, C.,
Sun, Y., Zhao, D., & Liu, J. (2017). One step
synthesis of indirubins by reductive coupling
of isatins with KBH4. Tetrahedron, 73(19),
2780-2785.
https://doi.org/10.1016/J.TET.2017.03.077

Wang, H., Wang, Z., Wei, C., Wang, J., Xu, Y.,
Bai, G., Yao, Q., Zhang, L., & Chen, Y.
(2021). Anticancer potential of indirubins in
medicinal chemistry: Biological activity,
structural modification, and structure-activity
relationship. European Journal of Medicinal

Volume 4, Issue 3

Chemistry, 223, 113652.
https://doi.org/10.1016/J.EJMECH.2021.1136
52

Wang, T. C., Wei, J. Z., Guo, C. S., Zhang, H. Bin,
& Fan, H. X. (2010). Design, synthesis and
anti-proliferative studies of a novel series of
indirubin  derivatives. Chinese Chemical
Letters, 21(12), 1407-1410.
https://doi.org/10.1016/J.CCLET.2010.05.026

Xiao, Z., & Hao, Y. (2006). From Danggui
Longhui Wan to meisoindigo: experience in
the treatment of chronic myelogenous
leukemia in China. Indirubin, the Red Shade of
Indigo. France: Life in Progress, 203-208.

Xiao, Z., Hao, Y., Liu, B., & Qian, L. (2002).
Indirubin and Meisoindigo in the treatment of
chronic myelogenous leukemia in China.
Leukemia and Lymphoma, 43(9), 1763—-1768.
https://doi.org/10.1080/104281902100000629
5

Yang, F. F., Shuai, M. S., Guan, X., Zhang, M.,
Zhang, Q. Q.,Fu, X. Z.,Li, Z. Q., Wang, D. P.,
Zhou, M., Yang, Y. Y., Liu, T., He, B., &
Zhao, Y. L. (2022). Synthesis and antibacterial
activity studies in vitro of indirubin-3'-
monoximes. RSC Advances, 12(38), 25068.
https://doi.org/10.1039/D2RA01035F

Yang, L., Li, X., Huang, W., Rao, X., & Lai, Y.
(2022).  Pharmacological  properties  of
indirubin and its derivatives. Biomedicine &
Pharmacotherapy, 151, 113112.
https://doi.org/10.1016/J.BIOPHA.2022.1131
12

Zhang, X., Qu, Y., Ma, Q., Kong, C., Zhou, H.,
Cao, X., Shen, W, Shen, E., & Zhou, J. (2014).
Production of indirubin from tryptophan by
recombinant Escherichia coli containing
naphthalene  dioxygenase genes from
Comamonas sp. MQ. Applied Biochemistry
and  Biotechnology, 172(6), 3194-3206.
https://doi.org/10.1007/S12010-014-0743-3,

93



KHOA HQC SU'C KHOE
TONG QUAN VE NGUON GOC TU NHIEN VA PHUONG PHAP
TONG HQP INDIRUBIN

Nguyén Thi Nga! Nguyén Pirc Thién?
V6 Thi Minh Huyén3 Nguyén Thi Phwong Thao* Dwong Tién Anh®

12,34 5Tryong Pai hoc Dugc Ha Noi

Email: nganguyen01.hup@gmail.com’; nguyenducthienhsgs@gmail.com’;
huyenvo2804@gmail.com’; ntpt08042003@gmail.com?; anhdt@hup.edu.vn’

Ngay nhan bai: 11/8/2025; Ngay phan bién: 20/8/2025; Ngay tac gia sua: 3/9/2025;
Ngay duyét dang: 29/9/2025

DOL: https://doi.org/10.58902/tcnckhpt.v4i3.268

Tém tat: Indirubin la thanh phan hoat chdt quan trong cé trong 2 bai thudc y hoc ¢é truyén
Trung Hoa la Danggui Longhui Wan va Qingdai. Tuw nhitng nam 1980, indirubin da dwoc sir dung trén
lam sdng trong diéu tri bénh bach cau man dong tiry. Tuy nhién, do han ché vé dwoc dong hoc va hiéu
qua diéu tri, hang loat dan chdt cia indirubin da dwoc thiét ké va tong hop nham cai thlen nhu’ng nhu’oc
diém trén. Nghién ciru tong quan nay dwoc thwe hién nham muc dich he thong héa vé nguon goc tw
nhién ciing nhw phu’o‘ng phap tong hop indirubin va cdc ddn chat Ve nguon goc tir nhién, cdc hop cht
indirubin cé thé dwge chiét xudt tir thwe vdt, ddng vdt thian mém va mét s6 ching vi khudn tdi t6 hop.
Bén canh do, cdc indirubin ciing co thé thu duoc bang con dwong sinh hoc hodc tong hop hoa hoc, di
tir nguyén liéu dau la dan xudt cia isatin va indol. Trong d6, phwong phdp sinh tong hop sit dung enzym
ddc hiéu c6 nhiéu tiém ndng g dung trong san xudt cdc indirubin & quy mé cong nghiép trong twong
lai gan.

T khéa: Danggui Longhui Wan; Indirubin; Nguon goc tw nhién; Phirong phdp tong hop;
Qingdai.
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