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Application of Amino Acids in Structural Modification of Active Ingredients of Traditional Chinese
Medicine with Antitumor Effects

HUANG Zhiyong, GUO Yihua, HUANG Zhen, LI Rongdong (School of Pharmacy, Hunan University of Chinese
Medicine, Changsha 410208, China)

ABSTRACT: Amino acids, as the basic constituent units of biological macromolecular proteins, participate in the processes of
metabolic regulation and information transmission in the body. In recent years, studies have found that the use of amino acids to
modify active ingredients of traditional Chinese medicine with antitumor effects, such as arctigenin, oleanolic acid, podophyllotoxin,
betulin, and betulinic acid, can improve the solubility of active ingredients of traditional Chinese medicine, increase
bioavailability, and improve the targeting of tumor cells. This article summarizes the research progress and application of amino

acid modification of active ingredients in Chinese medicine with antitumor effects.
KEYWORDS: amino acid; active ingredients of Chinese medicine; anti-tumor activity
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Fig. 1 Modification route of arctigenin
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Fig. 2 Modification route of oleanolic acid
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R=L-Val, D-Val, L-Phe, D-Phe,
L-Lys, L-Tyr

X=L-Val, L-lie, or L-Ala Y~ H,L-Val, or L-Ala
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Fig. 3 Rhein lysinate
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Fig. 4 Modification route of betulin and betulinic acid
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Fig. 5 Modification route of TOA
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Fig. 6 Modification route of podophyllotoxin modification

JNE G N ) F AR, LA
S e 24 B TR P 1) 22 2 24 ),
ISR 5T AT e B PT  fe JH A4 e e R e
PERI, Xu SEPIDEHETHRFE A U )15 3R
R 177 4 W (tetramethylpyrazine-betulinic acid, TBA)
FEGE, EH 3 (REG | AT R AR K,
DA 2 T Igg 106 P R bR S 1 e, B 2k L
Bl 7. R MTT EMERTEYI 5 Bl 40
(HepG2. HT-29. Hela. BCG-823 7l AS49)FIiE 3
A (MDCK) I BEFRIE A I #EE . 5 TBA HLL,
KR ZHAG W 7R S 2 oot i 08 95 1 A i

Chin J Mod Appl Pharm, 2021 May, Vol.38 No.10 <1277 -



P o KRBT A AP 5 6 M L P 245 9 4
%, X MDCK 41 6 20 i 75 I T . =
FALA Y BA-25(WLE R & 1) 1) 40 i B2 1 [1Cso=
(2.31£0.78)umol - L HLI4A &5 2 475, I H X MDCK
200 L P 40 7 AR T A . RO R TR A

N R g iR S W 7 A ) L o7 B iR A S e Al
YRR3R S BR AT A ) LA T U A P B T

1T /N3 i J R S R A A 400 L s 01 B W Tk 4
BT A E BIEE . AN, WEEE)I = R e
RIEFRAT A W LT EL IR e i P S S R i 2 o L
.

0 kn
R=Gly, L-Phe, L-Ala, L-Asp, L-Pro,
L-Leu, L-Ile, L-Pyr, L-Lys, L-Trp,
L-Sar, L-Val, L-Thr, L-Ser

B 7 TBA 4% 4
Fig. 7 Modification route of TBA
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Fig. 8 Modification route of betulin
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R=Gly, L-Sar, L-Ala, L-Pro, L-Phe,
L-Ile, L-Leu, L-Val, L-Pyr
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R=Gly, L-Ala, L-Val, L-Leu,
L-Ile, L-Phe, L-Met
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Fig. 9 Modification route of celastrol
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Fig. 10 Modification route of curcumin
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Fig. 11 Modification route of chrysin
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Fig. 12 Modification route of B-elemene

R E B 227 2021 4E 5 45 38 B4 10

5 RE

AR YIRS S A Y T,
1R R A R 2 R B A% 3 45 Jr THI 403 1 o EE
P, Tk, C) iz AR 2A b
AT T 25 ORI S5, ek HOK VA
Ve, WRIE RN, IR B 5] AR T DAREAR
AR R S AL A AR e RS,
K2 BB FH v 22 5 R A8 e e 98 v 2454 350RR
O3 BER R R B BN, R RN R R
B R H L Bl X R AT AR IR OE R
K AEHBLE ) AW s 52, UKz & E 1
(PepTD)SIFN L AVEILFRFLZ R 1 1(LAT-1)PI%h
S, BB TR A RO A, A R R 5t
FALE W IE R . SRR AE BT 2y
AR ST BRGNS R, PR
Jib I8 T 2545 A50R o Y 24 BRTE 1 R R 25 PR BRI TR

wie

o

REFERENCES

[1] GARRETT A R, WEAGEL E G, MARTINEZ A D, et al. A
novel method for predicting antioxidant activity based on
amino acid structure[J]. Food Chem, 2014(158): 490-496.

[2] CAI E B, GUO S J, YANG L M, et al. Synthesis and
antitumour activity of arctigenin amino acid ester derivatives
against H22 hepatocellular carcinoma[J]. Nat Prod Res, 2018,
32(4): 406-411.

[3] CAI E B, YANG L M, JIA C X, et al. The synthesis and
evaluation of arctigenin amino acid ester derivatives[J]. Chem
Pharm Bull, 2016, 64(10): 1466-1473.

[4] CAIE B, SONG X Z, HAN M, et al. Experimental study of
the anti-tumour activity and pharmacokinetics of arctigenin
and its valine ester derivative[J]. Sci Rep, 2018, 8(1): 3307.
Doi: 10.1038/s41598-018-21722-1

[5] LIBY K T, SPORN M B. Synthetic oleanane triterpenoids:
Multifunctional drugs with a broad range of applications for
prevention and treatment of chronic disease[J]. Pharmacol Rev,
2012, 64(4): 972-1003.

[6] CAO F,JIA JH, YIN Z, et al. Ethylene glycol-linked amino
acid diester prodrugs of oleanolic acid for PepT1-mediated
transport: Synthesis, intestinal permeability and
pharmacokinetics[J]. Mol Pharm, 2012, 9(8): 2127-2135.

[7] CAOF, GAO Y H, WANG M, et al. Propylene glycol-linked
amino acid/dipeptide diester prodrugs of oleanolic acid for
PepT1-mediated transport: Synthesis, intestinal permeability,
and pharmacokinetics[J]. Mol Pharm, 2013, 10(4): 1378-1387.

[8] FANG L, WANG M, GOU S H, et al. Combination of amino
acid/dipeptide with nitric oxide donating oleanolic acid
derivatives as PepT1 targeting antitumor prodrugs[J]. J Med
Chem, 2014, 57(3): 1116-1120.

[9] SHI P, HUANG Z W, CHEN G C. Rhein induces apoptosis
and cell cycle arrest in human hepatocellular carcinoma

Chin J Mod Appl Pharm, 2021 May, Vol.38 No.10 -1279 -



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

(23]

-1280 -

BEL-7402 cells[J]. Am J Chin Med, 2008, 36(4): 805-813.
LIN Y J, ZHEN Y S, LIU X J, et al. Preparation technique of
lysine rhein and use thereof in tumour therapy: China,
CN101255121[P]. 2008-09-03.

LIU J, ZHANG K, ZHEN Y Z, et al. Antitumor activity of
Rhein lysinate against human glioma U87 cells in vitro and in
vivo[J]. Oncol Rep, 2016, 35(3): 1711-1717.

LIN Y J, ZHEN Y S. Rhein lysinate suppresses the growth of
breast cancer cells and potentiates the inhibitory effect of
Taxol in athymic mice[J]. Anticancer Drugs, 2009, 20(1):
65-72.

LIN Y J, ZHEN Y Z, SHANG B Y, et al. Rhein lysinate
suppresses the growth of tumor cells and increases the
anti-tumor activity of taxol in mice[J]. Am J Chin Med, 2009,
37(5): 923-931.

ZHEN Y Z, LIN Y J, GAO J L, et al. Rhein lysinate inhibits
cell growth by modulating various mitogen-activated protein
kinases in cervical cancer cells[J]. Oncol Lett, 2011, 2(1):
129-133.

LINY J,ZHEN Y Z, ZHAO Y F, et al. Rhein lysinate induced
S-phase arrest and increased the anti-tumor activity of 5-FU in
HeLa cells[J]. Am J Chin Med, 2011, 39(4): 817-825.

ZHEN Y Z, HU G, ZHAO Y F, et al. Synergy of taxol and
rhein lysinate associated with the downregulation of ERK
activation in lung carcinoma cells[J]. Oncol Lett, 2013, 6(2):
525-528.

DRAG-ZALESINSKA M, KULBACKA J, SACZKO J, et al.
Esters of betulin and betulinic acid with amino acids have
improved water solubility and are selectively cytotoxic toward
cancer cells[J]. Bioorg Med Chem Lett, 2009, 19(16):
4814-4817.

WANG P, SHE G, YANG Y, et al. Synthesis and biological
evaluation of new ligustrazine derivatives as anti-tumor
agents[J]. Molecules, 2012, 17(5): 4972-4985.

CHU F H, XU X, LI G L, et al. Amino acid derivatives of
ligustrazine-oleanolic acid as new
Molecules, 2014, 19(11): 18215-18231.
ZI C T, YANG L, KONG Q H, et al. Glucoside derivatives of
podophyllotoxin: Synthesis, physicochemical properties, and
cytotoxicity[J]. Drug Des Devel Ther, 2019(13): 3683-3692.
WEN J, LIU F Y, TAO B B, et al. GSH-responsive
anti-mitotic cell penetrating peptide-linked podophyllotoxin

cytotoxic agents[J].

conjugate for improving water solubility and targeted
synergistic drug delivery[J]. Bioorg Med Chem Lett, 2019,
29(8): 1019-1022.

WU G R, XU B, YANG Y Q, et al. Synthesis and biological
evaluation of podophyllotoxin derivatives as selective antitumor
agents[J]. Eur ] Med Chem, 2018(155): 183-196.

Al'Y, ZHU B, REN C, et al. Discovery of new monocarbonyl

ligustrazine-curcumin hybrids for intervention of drug-

Chin J Mod Appl Pharm, 2021 May, Vol.38 No.10

[24]

(23]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

sensitive and drug-resistant lung cancer[J]. ] Med Chem, 2016,
59(5): 1747-1760.

WANG X, TANG Y, ZHANG Y L, et al. The novel
TOGA

induces anti-hepatocarcinogenesis by inhibiting the effects of

glycyrrhetinic  acid-tetramethylpyrazine conjugate
tumor-associated macrophages on tumor cells[J]. Pharmacol
Res, 2020, 161(6): 105233. Doi:10.1016/j.phrs.2020.105233.
XU B, YAN W Q, XU X, et al. Combination of amino
acid/dipeptide with ligustrazine-betulinic acid as antitumor
agents[J]. Eur J Med Chem, 2017(130): 26-38.
GUO W B, ZHANG H, YAN W Q, et al. Design, synthesis,
and biological evaluation of ligustrazine-betulin amino-
acid/dipeptide derivatives as anti-tumor agents[J]. Eur J] Med
Chem, 2020(185): 111839.
WANG G, XIAO Q, WU Y, et al. Design and synthesis of
novel celastrol derivative and its antitumor activity in
hepatoma cells and antiangiogenic activity in zebrafish[J]. J
Cell Physiol, 2019. Doi: 10.1002/jcp.28312.
LU P, TONG Q S, JIANG F C, et al. Preparation of curcumin
prodrugs and their anti-tumor activities in vitro[J]. Chin
Pharmacol Bull(H [E 25 Bi2£3 4it), 2006, 22(3): 321-324.
VESELOVSKAYA M v, GARAZD M M,
OGORODNIICHUK A S, et al. Synthesis of amino-acid
derivatives of chrysin[J]. Chem Nat Compd, 2008, 44(6):
704-711.
LIUY M, LIY, LIU R F, et al. Synthesis, characterization and
preliminary biological evaluation of chrysin amino acid
derivatives that induce apoptosis and EGFR downregulation[J].
J Asian Nat Prod Res, 2021, 23(1): 39-54.
SONG X D, LIU Y M, MA J, et al. Synthesis of novel amino
acid derivatives containing chrysin as anti-tumor agents
against human gastric carcinoma MGC-803 cells[J]. Med
Chem Res, 2015, 24(5): 1789-1798.
LIU Y M, LI Y, XIAO J, et al. Design, synthesis, and
preliminary biological evaluation of chrysin amino acid
derivatives that induce apoptosis and suppress cell
migration[J]. J Asian Nat Prod Res, 2020, 22(6): 547-561.
LI Y, ZHANG Q Z, HE J, et al. Synthesis and biological
evaluation of amino acid derivatives containing chrysin that
induce apoptosis[J]. Nat Prod Res, 2021, 35(4): 529-538.
XULY,ZHANG X Z, DU H L, et al. Synthesis and antitumor
activity of B-elemene derivatives bearing amino acid moiety[J].
Chin J Med Chem(T1E 25#11k2%4%3K), 2013, 23(3): 169-176.
HONG S, FANG Z H, JUNG H Y, et al. Synthesis of
gemcitabine-threonine amide prodrug effective on pancreatic
cancer cells with improved pharmacokinetic properties[J].
Molecules, 2018, 23(10): E2608. Doi: 10.3390/molecules2310
26.08.

ek B 2020-06-03

(R3CTE4: FHTY)

R E I P22 2021 4F 5 A5 38 4855 10 1



