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Therapeutic prospect of tetrandrine against SARS-CoV-2 based on
its pulmonary pharmacology and exposure character
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Abstract: As the main active compound of Stephania tetrandra S. Moore, tetrandrine (TET) has been used to
treat silicosis for nearly 50 years. TET has clear therapeutic effect on pulmonary fibrosis and lung cancer. A recent
study suggests that TET may inhibit the replication of SARS-CoV-2 by blocking the two-pore channel 2 (TPC2),
revealing its potential as a natural medicine to treat COVID-19. To explore the material basis of TET targeting lung
efficacy and its potential toxicity, available literatures related to the pharmacological activity on pulmonary, dosage,

toxicity and pharmacokinetics of TET are systemically reviewed. The prospect and current problems of TET to be a

therapeutic agent for COVID-19 are further investigated on this basis.
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Figure 1 Chemical structure of tetrandrine
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Table 1 Summary of the usage and efficacy of tetrandrine in clinical trials of pulmonary diseases

Pulmonary . .
. Subjects Dosage Therapeutic effect
diseases
Silicosis 150 cases of Both groups were treated with whole-lung mass lavage FEV,, FEV /FVC, MVYV, PaO, and SaO, were higher than

Lung cancer

Interstitial
lung disease

Pulmonary

hypertension

Radiation
lung injury

silicosis

84 cases of
silicosis

84 cases of
silicosis

103 cases of
silicosis

80 cases of
silicosis

30 cases of
silicosis

74 cases of
silicosis

240 cases of
lung cancer

76 cases of
lung cancer

97 cases of
lung cancer

32 cases of
CTD-ILD

102 cases of
CTD-ILD

28 cases of
pulmonary
hypertension

80 cases of
lung cancer

therapy. TET was taken orally for 6 days, 3 times a day,
60 mg each time. Then TET was stopped for 1 day and
treated for 6 months. Fudosteine was also used.

TET was taken orally for 6 days, 3 times a day, 100 mg
each time. Then TET was stopped for 1 day and treated
for 6 months. Budesonide powder inhaler was also used.
TET was taken orally for 6 days, 3 times a day, 80 mg
each time. Then TET was stopped for 1 day and treated
for 3 months. Shenmai injection was also used.

TET was taken orally 2 times a day, 100 mg each time
for 3 months. Then TET was stopped for 1 month and
treated for 1 year.

TET was taken orally 3 times a day, 40 mg each time for
6 months.

TET was taken orally for 6 days, 2 times a day, 100 mg
each time. Then TET was stopped for 1 day. 1% oxypo-
vidinum 144 mL was intratracheal dripped through
fiberoptic bronchoscope once a year.

TET was taken orally for 6 days, 3 times a day, 60 mg
each time. Then TET was stopped for 1 day and treated
for 3 months.

GP regimen was combined with TET injection 150 mg
each day from day 1 to 10, while control group was
treated with chemotherapy alone, every 21 days as a
cycle.

TET was taken orally 3 times a day, 40 mg each time on
the day of '*’I seed implantation, for 3 months.

270 mg TET was added into saline 2 hours before each
radiotherapy, once a day for 5 days, and the drug was
stopped for 5 days. TET was taken orally 3 times a day,
40-60 mg each time during drug withdrawal.

TET was taken orally 3 times a day, 40 mg each time for
3 months. Glucocorticoids and immunosuppressants
were also used.

TET was taken orally 3 times a day, 40 mg each time for
3 months. Glucocorticoids and immunosuppressants
were also used.

TET was taken orally 3 times a day, 200 mg each time
for 14 days.

TET was taken orally 3 times a day, 60 mg each time
from the beginning of radiotherapy.

those in control group, and PaCO, was lower than that in

control group'”*',

FEV,and FVC of the observation group were higher than
those of the control group, and the total effective rate was
higher than that of the control group****".

The total effective rate was 95.2%. The levels of type 1
collagen peptide, type III procollagen peptide, fibronectin,
laminin and transforming growth factor §, were signifi-

cantly improved compared with before treatment™*".

The improvement rate (cough, sputum, chest pain, chest
tightness and dyspnea), pulmonary ventilation function
(FVC, FEV and FEV /FVC) and X-ray radiographs were

significantly better than those of the control group®”.

The symptom score of the experimental group was
significantly lower than that of the control group, and
the effective rate was significantly higher than that of
the control group™*”.

The improvement rate of symptoms was higher than that
of discontinuation group and control group, especially
dyspnea symptoms. Chest X-ray showed obvious
improvement in 2 cases, and the cases with progress
were less than those in other groups®™.

Respiratory symptoms were significantly improved,
serum ceruloplasmin level was significantly decreased.
FVC and FEV, were increased, and X-ray radiograph
showed improvement in silicosis"”.

The treatment group can improve the short-term efficacy
and prolong the survival of A-NSCLC patients with
chemotherapy without obvious adverse effects, and

can reduce the adverse reactions of chemotherapy and

improve the quality of life of patients”.

The treatment of locally advanced NSCLC has good short-
term efficacy, high local control rate, high survival rate,
few complications and no obvious adverse reactions™.
Symptoms such as cough, shortness of breath, chest pain
and fever were relieved compared with those before
treatment. Tumor size of 61.9% patients was reduced to
varying degrees"".

The effective rate was 87.50%. The pulmonary function
indexes were significantly improved compared with those
before treatment™”.

The scores of FEV,, FVC, FVC% and QLQ-C30 were
significantly higher than those in the control group, and
the incidence of adverse reactions was significantly lower
than those in the control group. °, FVC, FVC% were

significantly higher than those in the control group”®.

After two weeks of medication, the mean pulmonary artery
pressure and systolic blood pressure were significantly
decreased, right ventricular function was significantly
improved. There was no adverse effect on the mean
somatic artery pressure and heart rate™.

The incidence of grade II or above radiation pneumonia
and radiation. pulmonary fibrosis in TET group was
significantly lower than that in control group™".
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Figure 2 Profiles of mean plasma (left) and tissue (right) C-¢ of TET in rats after iv administration™”
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Figure 3 MALDI MS imaging analysis of the tetrandrine distribution in lung tissues after iv administration *"'. A: Single-pixel MALDI
TOF MS spectrum of tetrandrine, IS and lipids from lung tissue (left) and MALDI CID-FT-ICR MS/MS spectrum of tetrandrine (right); B:

H&E staining of tissue sections obtained at different time points (top) and MALDI images represent the spatio-temporal distribution of

tetrandrine across lung tissue sections (bottom); C: Comparison of tetrandrine in lung tissues between the Seg 1 and 2 quantified using

LC-MS/MS. The results were expressed as the mean + SD from three independent animals. Student's t-test was used for comparing two

groups. P <0.001
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5 Demethylation

P450s

HsC”

Figure 4 Proposed metabolic activation of TET®Y, 1: TET; 2: M1, O-demethylated tetrandrine; 3: Quinone methide; 4: M4, O-demethylated

tetrandrine GSH conjugate
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SER B ARALPE, DRLMHE I T TET B Ca J8 38 FH
FURAE H AT BEWT TPC2, W] RE [FIFE X 37 76 25 1 & 5
HIVE . FE/RSP LI o, TET RO H b Ath Ca® i@
T8 BEL ¥ 75 5 58 1) X MERS-CoV Al HCoV-OC43 [1] #I
HI/E Y, i F HCoV-0C43 5 SARS-CoV-2 4 ¥4 #f]
8L, B HCoV-OC43 #i4ll SARS-CoV-2 &% 4 MRC-5
HIEAT T ARSI ST . TET X MRC-5 40 2 508 1
WE (CCyy) 2974 13.41 pmol-L', 17 I H i kb B MRC-5
I B Ji5 F K G HCoV-0C43 1) 2 M il vk I (IC,,) N
0.33 wmol-L™ (kb FAth AF Pyl 1) 3% 14 # 5t), CClo/IC4, K
T 40, HL A0 205 L FR A [R] FI9R B RAKHOC R, |
BCHEN, TET A G845 2040 i1l SARS-CoV-2 & il /£ FH 1M
HABUH M & TS5 785 — IR H SARS-CoV-2 &
I3 B JX 4 HEK293/hACE2 41 g (1) S 56 v, 32 7 H TET
Ak PR A9, W] Y gk I R E N A L ) R, HL R R
Hi R A&, 1C, N 4.8 pmol-L™ (3 pg-mL™")1,

B H A 1k, TET (4087 76 78 25 7F AR T4k 4b
WK . TET RedS 24 ZURTT B fiti 4, R KFRRE
AR FLAE I ZH 23 b BE AT 280k FE A SN A 2R R
Ko MR A 2 R SR, KB L 7,510 F130 mg kg
PAREHELA ), LT TET (R 5 20 51 9 ~2006)
~83PUHI~120 pg-g' P, ik i TR IR E . 24
U RORE R A R A4 A R R IE G M IR E,
P HESCHRROE TET B A 45 & KT 90% v 5, KR
BRI 7.5 mg-kg! B, Jili A R RE A 0% 0k B4R
e BE S IR A RO B o 3% IR N A %5 050 & (HED)
AT 60 kg NR B BT ~72.6 mg, ik T
SCHRUOO TE N AR FRE BT (10 mgrkg™) YaH .
P [ H AT TET B A0 158 B 15 45 25 16 5 K IRGR) 255 K
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300 mg, WIS TET AR FH BE KT 25% 5t v] LA #|
A B I 1 % R

TR 1A% 45 v 5 24 4700 et s 2 10 A4 A 2 T
FUI A, AR FHATL IR0 XT L (14 o 2 245 e 4 G TR o097
© @5 K5k R LR 2 (ACE2) 32 A1 3C ¥
I (3CL pro) &5 &, ELHEAM Il e 9 25 %0 15 32 4H
R R A2 ) P 2 A T A R R )i A
@ IR 7% 47 AL R 7, BE WA e DR X, g iE
i IS B 4 BR AR L BE R BV AURS B D 555 ) 10 i) it
RRE, WD il bR ks )1 TURE RS @ TP %
R, K SIS © TP 4EL, o
MR 2R F RS, BRGIRZ A REE S F Y
X VR TT BT I 46 1A, (B K 22 500 R R AR IR VE
T 4% 0 T e 9 B R I e B AL A R A L A
o FEARIE (14 3% 637 T 1 X e 410 b P Ak M
e, 1C,, ik 411.2 pg-mL " 81 HAE A oA o 31 2 i 3
B A5 21 2 9% = 1 2R FE I T ZER AN 9L 1 TET
1E SARS-CoV-2 i 13 J8& e 1) 41 ff v 3R 151 1C,y0 20
3 pgmL'.

AR TET 76 B 1l R 82 A B i 4, (BT sk =
1R 2B P01 FH FEE 591 R B R 00 R L 25 - 25 A ELAE
5 RS 25430 g 2 005, SOk AE 1) 24 AR08
AR HAHGGE o
5 HiE5RE

TET £E/ Jifi (1 PRVG I7 R #5 1 E 2R, Ho il
TG HLNE T 2 EE AL S R R AR . AR
L2 R, TET 2424 5 J2 7 £ 44 A R A0 F 78 A0 AN % 5
35, DUE B FUAE 25 2570 8 IR 2 L 45 2538 (R RN S 56
YNEFE T HEA A, SR ALERAR
— 3. HAT L ESHIR B RE & TET M 250 fi i T
112 2H 23 {1 B B o T A K i e 3 B DAAR i 3R
HBREE. T TET 7RI R B F #8247 PR 45 24, Kok
YRIT BT I R A 2 IR A 2, B R 2 I AR
U 1) 53 AT A1 & R Ol B 2 s e FL 2 R B .
R, TET — R85 HARZG W& R A, B T AR SERI0)
P-gp 1l £ FH DA AR, o o Ath 4% 3 A4 R4 1 18 ) 4 A5
BH ARG LG . XT LR, BRI K
L TET 245 $iL SARS-CoV-2 & il FI1E H, 1% I & 24 &
TENLFF R T, 1A 1R 2 55 0] iR 1) L

AT 58 BT B #1 IE7ETF B TET 78 SARS-CoV-2 %5 &
SR G /N B A IR 24 S0OHIE 9, W00 3R AR T AR R
R fEULEEAE L, IETETFE TET 0 R SRk R 1T 25130
IR 2 A P VPAR, HESD TET BN VA IT 37 76 il 28 1 %

B & DTRR: T AR T 2 B SCHR 38 5 SR T H Bl
KOS 1 5 R RD B R SR A B SR 4R SRS S AN DL

B
FIEHSE: T EE B B HAGER E P,
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