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Effect of compound houttuynia mixture on influenza virus in vitro
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Abstract: Compound houttuynia mixture belongs to OTC class A medicine, which is made from Houttuynia
cordata, Scutellaria baicalensis, Radix Isatidis, Forsythia, and Lonicera. As a kind of compound preparation of
traditional Chinese medicine, houttuynia cordata mixture has extensive pharmacological effects, for example, clearing
away heat and detoxifying, thus it is used for the sore throat, acute pharyngitis, and tonsillitis with wind-heat
syndrome. In this study, the antiviral activity against influenza viruses and the primary mechanism of compound
houttuynia mixture was evaluated. The antiviral effect of compound houttuynia mixture was determined by
cytopathic effects (CPE), Western blot, quantitive reverse transcription PCR (qRT-PCR), and virus titer assays. The
effect of houttuynia mixture on the replication cycle of influenza virus was evaluated by time-of-addition assay. In
conclusion, the results showed that the compound houttuynia mixture had a broad-spectrum effect against influenza
virus, including the international common influenza virus strains, the drug-resistant strains and the highly pathogenic
avian influenza viruses H5N1 and H7N9. It mainly impairs the early stage of the viral replication.
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W6 B) Je g i 7 (R R AN AR 2K 2 l8) 4. CHM
JiE B 3 1 b v L #2020 FiCrp [ 2 04, 5 SR s
B b, CHM R R 4% 75 SE30E 47 1 24 A B R /o 13 FHDSY. B
P T [ 24 5 152 B =] 4l =5 (oseltamivir phosphate, OP). F)
ELFH#K (ribavirin, RBV) 14 NI k2% (amantadine, AH)
(MCE 2 ). 4 il 5% 7% B - MEM £5 32 5 (minimum
essential medium). it 4= Ifil & - NEAA (non-essential
amino acids) . 75 5 # R W & (100x) Al pH 4 7.2 (1) 1
PR 5 2% 3 (phosphate buffer saline, PBS) (Invitrogen
A H]); 4+ I3 2 A (bovine serum albumin, BSA) Al
TPCK Jik fily (Sigma 2t w); g-actin § A (Cell Signaling
N H); I B 2 JE 45 M 8 11 1 (nonstructural protein 1,
NS-1) #iifA (Santa Cruz 22 7).

ICRE bR O AR RGBS O L (3
Thermo 2 wl); % AR A% (38 B AE 5K 2 7); B bR AL
(ELX808, 3 [# BioTeK 2 ]); 7500-fast real time PCR
system (Applied Biosystems /A &]); £ ¥ % 4 fi (35 [H
NUAIRE 2 &]); {58 B W5 (BARE ST AR]).

Y0 B = M M F [CCK (cell counting Kit) %]
MDCK 41 ffg (4 FL 1.5x10* 4™) Al Calu3 41 g (% 4L
2.5x10%/N) 40T~ 96 LA A, T~ 37 °C.5% CO, 5 4 1%
TR, HI 4 i 4E 55 7 (MEM 5% 57 2 L 0.08% BSA.
1% NEAA. 2 pg-mL™* B i f1 1% W) 4% 9K B 36
TR, “FAT 34L, MBI B TR (SR 85 77 2 57)
Yk 25 85 9% 48 h, LN 10 ul CCK k5, T 37 °Ci
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25%). 0+ (4 T2 & R K 4 B A s & A7 35). M
Reed-Muench 7% 11 5 25 4 %F 98 55 16 2= 25090 i ik
(50% inhibitory concentration, 1Cy,) Jf it 5 ¥4 57 18 %
[SI (selective index) = TCgy/I1Cs]
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Ve 35 I B BRI A A Pl AR iC i — Bt 1 h, TBST
Pe i3 E, InE s B4k & & % (enhanced chemilu-
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JE B M2 1 mRNA R 7K P 2 8 Evia il {8
% % s & qRT-PCR ik 7] & (TransScriptTM Green
One-Step qRT-PCR SuperMix, TransGen Biotech), S
A 4% 18 50 °C 5 min, 94 °C 30 s, 35 ME¥F (94 °C 5 s,
60 °C 155, 72 °C 10 s) #EAT 9 M B Bi. FH 27 24CUHf
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Table 1 Oligonucleotides used for quantitive reverse transcrip-

tion PCR (gqRT-PCR). GAPDH: Glyceraldehyde-3-phosphate dehy-
drogenase

Oligonucleotide
5' GAPDH (human)
3' GAPDH (human)
5' M2 (influenza)

3' M2 (influenza)

Sequence (5—3')
CTCTGGAAAGCTGTGGCGTGATG
ATGCCAGTGAGCTTCCCGTTCAG
GACCRATCCTGTCACCTCTGAC
GGGCATTYTGGACAAAKCGTCTACG

Fif T 12 L AR R B TR O A, U O B FML (HIND)
(MOI = 0.02) /&Y A i 2 h J5 e, 75 8% G (1A [ B (7]
TIOR3 A R . E 3 F5 K L J5 8 h 4 B4 ffa i 2
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BT 12 fUARcHb B SRR, YRR F FM1 (MO = 0.02)
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W, PR B 2GR L 5 2 h NN . JE L 24 h G =1k =
R, B0 25 bR A0 R R B, B RE AR R 3 O K g
MDCK 411, 48 h J5 52 HX CPE, it 3% J H Reed-Muench
ETEER RO A K G & (50% tissue culture
infective dose, TCIDy).

T HEN1 F0 H7NO 7t B s B 7E M40 (I %% %)
MDCK 4iifitd (£ FL 1.5x10% ™) 5 96 FLET 774, B 5%
CO,.37 °C 4 1F 85 9% . 24 h J5 & 4k 100 TCIDy, it B
B, WO 1 h J5 7000 B, N B 6 A (50  B 5E A5 M A
site J B P R FR 245 %) A R AR, T R 2 00 i ko R L AT
X R AL o A0 23 R ZH G AR FR BE (CPE) & 3+ LA b
K FH AL 35 S 564G 0 4 L 9 B35 5 . #% Reed-Muench
THE 50% i1l 25 S 1l T B (1C,) AR YT Fa 2K (S)-
I8 SR 5 1 5 ) 58 Fn k2 B OSCHR AT I

LAt F oM TSI A 0 S o A B
GraphPad Prism 6.0 43R 58 i, Hii % m hx + s, % H
LK & J7 % 7 BT (one-way ANOVA) Jf: i Holm-Sidak
EHHTARIN Z B . P<0.05 % KA BEMS
TR
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1 CCKIEMEMMSMHLER

K CCK L% CHM ZEA [F) 21 Jfd v 1) 75 1 3k AT A
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& (atoxic concentration, TC,) ¥J4 CHM 1 2.5%, [A] 1t
T i 82 24 3 S 56 A B A A FE 32 /T 2.5% 1) CHML
2 MDCK ZAffiFh CHM iR Bem S R 253

1 %6, 1E MDCK 4t i - oA I 53 77 8 J1 555 750 % It
B B R RIS . W 2 R, B 7 IR R A5
o s 7 [E Bl F /R AIFMI/1/47 (HIND) AT A/PR/8/34
(HINZ) BL R I PR 43 25 #& Aldiangxidonghu/312/2006
(H3N2) 3/ 45 Mk 3t 8 2 bk 35 6 AR L 4k /5 F, w7
FIE AL & Bk R S5 1 B B NS-1 IR IA .
3 CHME MBS RS H5NLFI H7TN B 253

B 1 ARSI CHIM X 25715 P It 86 2 (1 2 M o1, AR AT
FUILNT 1o 5003 P PR B8 Ui 23 B R AT TRl . SEER 4G
R 7R, CHM X sy B0 P 8 i /&% 2 A/Duck/Jiangsu/
Sheyang/2004 (H5N1) F1 A/Chicken/Jiangsu/JTC4/2013
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Figure 1 The cytotoxicity of compound houttuynia mixture (CHM) on MDCK and Calu3 cells by CCK assay. The MDCK (A) and Calu3
(B) cells were cultured in the 96-well plates. The various concentrations of CHM were added to the MDCK and Calu3 cells for 48 h. The

cell viability of CHM was measured by cell counting kit (CCK) assay

A
A/Fort Monmouth/1/1947
CHM
Mock Con 2% 1%  0.5% AH 10 pmol-L?
[ swe—— |
Bt tt—t—t R
B A/PR/S/34
CHM
Mock  Con 2% 1% 0.5%  OP 20 pmol-L"!
A S | NS-I
T S - ———| [\
C Alliangxidonghu/312/2006
CHM
Mock Con 2% 1%  0.5% AH 20 pmol-L?

NS-1

- ey
| . \ctin

L2

Relative NS-1 level
/fold of control

o
0.0-
Con _2% 1%

CHM

0.5% AH 10 pmol- L

ta

Relative NS-1 level
s
in
*

[fold of control
s

o
=]

Con _ 2% 1%  0.5% OP 20 pmol-L?

=} in

Relative NS-1 level
=
u

ffold of control

o
=

Con 2% 1%
CHM

0.5% _ AH 20 pmol-L"

Figure 2  Effects of CHM against seasonal influenza virus. MDCK cells were infected with influenza virus A/Fort Monmouth/1/1947
[multiplicity of infection (MOI) = 0.002, A], A/PR/8/34 (MOI = 0.002, B), and A/Jiangxidonghu/312/2006 (MOI = 0.002, C) for 2 h, and
treated with CHM (2%, 1%, and 0.5%) for 24 h at the same time. After treatment, cells were harvested and lysed. Western blot analysis was
performed to detect the influenza virus nonstructural protein 1 (NS-1) protein. The NS-1 and f-actin protein blots were used for densitometric
analysis. n =3, x = s. “P < 0.05, P < 0.01, *P < 0.001 vs control (Con). AH: Amantadine; OP: Oseltamivir phosphate

(H7NO) ¥4 — e il i M, £ 1Cq, 735128 CHM (1) 1.8%
F11.6% (£ 2).
4 CHM¥IUREIR ST 2RI 25

i 24 72 3 B0 PR BT BEIR T R £ 2R 2
—, AR 70 I CHM X 22747 14 7 8 s 25 A0 v B0 1
B EA S PR EER, EIEZ P T CHM
XTIl PR 43 85 1) 98 3E i 24 #% A/Tianjindinnan/15/2009
(HINZL) 04 Wil e i i 25 #k A/Hunanzhuhui/1222/2010
(H3N2) FIfEH 455 2o, CHM X i 24 bk [F FE B A

Table 2 The inhibitory activities of CHM on influenza H5N1
and H7N9. RBV: Ribavirin; TC,: 50% Toxic concentration; 1C,:
50% Inhibitory concentration; SlI: Selective index, SI = TCgy/ICy,.
2 The unit of CHM concentration is volume fraction

A/Duck/Jiangsu/ A/Chicken/Jiangsu/

Group /u;-?r?:- . Sheyang/Z(_JO4 (H5N1) JTC4/201_3 (H7N9)
ICy/ug-mL* Sl ICy/Hg-mL* Sl
CHM®*  >10% 1.8% >5.6 1.6% 6.1
oP >10 <25 >4.0 <25 >4.0
RBV >50 <6.25 >8.0 <6.25 >8.0
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Figure 3 Effects of CHM against drug resistant strains of influenza virus. MDCK cells were infected with influenza virus A/TianjinJinnan/
15/2009 (MOI = 0.02, A), A/Hunanzhuhui/1222/2010 (MOI = 0.02, B) for 2 h and treated with CHM (2%, 1%, and 0.5%) for 24 h at the
same time. After treatment, cells were harvested and lysed. Western blot analysis was performed to detect the influenza virus NS-1 protein.
The NS-1 and g-actin protein blots were used for densitometric analysis. n = 3, x +£s. **P < 0.001 vs Con
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Inhibitory activities of CHM against influenza virus in Calu3 cells. Calu3 cells were infected with influenza A/Fort Monmouth/1/

1947 (MOI = 0.02) for 2 h in the presence of CHM (2%, 1%, and 0.5%). A: After 24 h of infection, proteins were collected for Western blot
analysis; B: After 12 h of infection, the total RNA extracts were used for gRT-PCR analysis; C: Calu3 cells infected with virus for 24 h were

frozen and melted thrice, and cell culture supernatant were collected and subjected to virus titer assay using MDCK cells with a series of
ten-fold dilutions of the supernatants. n = 3, x £s. P < 0.01 vs Con. TCID,,: 50% Tissue culture infective dose
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Figure 5 Time-of-addition of CHM on the replication of influenza A virus (1AV). A and B: MDCK cells infected with influenza A/Fort
Monmouth/1/1947 (MOI = 0.02) were treated with 2% CHM at different time described in figures, and virus protein NS-1 were detected by

Western blot at 8 h post infection
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