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Enhancement of water solubility and anti-tuberculosis
activities by a novel artemisinin derivative
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Abstract: Artemisinin and its derivatives have been proved for their anti-tuberculosis activities, despite its
low water solubility which hampered its efficacy and corresponding formulation development. In this study we
designed and synthesized a novel artemisinin analog by conjugating an arginine through a succinic acid linker.
This design not only enhanced the water solubility of the artemisinin, but also increased the efficacy of the
molecule towards tuberculosis bacteria due to disruption by arginine. The results showed that the solubility of
the synthesized derivatives A-2 and A-3 increased 19.8-27.8 folds compared to artemisinin. In vitro cytotoxicity
experiment showed that compound A-3 had negligible toxicity to THP-1 cells up to 1 mg - mL*, the minimal
inhibitory concentration (MIC) of A-2 and A-3 was 20 and 10 pg - mL?, respectively, which was 5 or 10 times
lower than that of artemisinin. Intracellular bacteria inhibition experiment showed that compound A-3 at lower
concentrations such as 100 or 200 pug - mL™* significantly inhibited the growth of tuberculosis bacteria (P<0.05 or
P<0.01), which efficacy was stronger than artemisinin at the concentration of 100 pg - mL™. These results strongly
suggested that compound A-3 was a potential anti-tuberculosis lead compound.
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Scheme 1 Synthesis routes of target compounds. Reagents and conditions: a: Et;N, CH,Cl,, RT,1 h; b: SOCI,, CH,OH, overnight; c: EDCI,

HOBT, DMF, RT, 2-3 h
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Table 1 Solubility of the synthesized compounds

Solubility/mg-mL™!

Compound Water pH 7.0 pH 9.0
Acetate buffer Phosphate buffer Borate buffer
Artemisinin 0.118 £+ 0.005 0.113 £ 0.006 0.109 + 0.004 0.104 +0.003
Compound A-2 2.34 £0.093 2.76 £0.108 2.29 £ 0.086 2.01£0.067
Compound A-3 3.28 £ 0.084 3.70 £ 0.072 3.19 £ 0.105 2.63 £ 0.058
Table 2 In vitro anti-tuberculosis test for synthesized compounds. 110 -
MIC: Minimal inhibitory concentration ]
100 =
Compound MIC/ ug-mL* ]
Artemisinin 100 i
Compound A-2 20 e
Compound A-3 10 £
Arginine >2 000 % ]
Isoniazid 1 3 i
5] 70 -
férm 1 5~101%. H5EMMLEY A-2 2 A-3HLL, ¥ 60 -
R AR T W ST B TS S 24 ) S O A ]
50 = T T T
Bon TR E . BT A A-BTESR I R 0 so100 300 0 0 300 1000

N EE A-2 BESRITEE, DL SEG R A-3#EAT .
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1A A-3 % THP-1 [ I8 48 B 11 4% &1 2 12 A6 ) 45
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JIED ) L A 0 R A AR LI 20 FEER A R RNER T R
i, 525 A G A B, A-3 7E 100~1 000 pg - mL™ 3K &
W, BB E (100 F1200 pg-mL™Y) K AJ 2 3 0
1B P 48 T 0 2E K (P<0.05 B P<0.01), HAF 58 T
100 pg-mL 5 2, AH AN G BH 4 % HE 28590 S R i

CFU /mL
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Figure 1  Cytotoxicity test of different concentrations of A-3 on
THP-1cells(n=3,X*5)
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Figure 2
0.05, "P<0.01 vs blank group; *P<0.05 vs artemisinin

In vitro inhibition of the intracellular bacteria growth of A-3 on THP-1 cells (n = 3, X £ s). CFU: Colony-forming units. "P<
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