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Abstract: Objective To investigate the protective effect and mechanism of tetrandrine on a mouse model of pulmonary sarcoidosis
induced by multi-walled carbon nanotubes combined with lipopolysaccharide. Methods C57BL/6 mice were randomly divided into
control group, model group, and tetrandrine (19.5, 39.0, and 78.0 mg/kg) groups, with 10 mice in each group. HE staining was used to
observe the pathological morphology of lung tissue; immunohistochemistry was used to detect CD3* T lymphocyte and F4/80*
macrophage infiltration, BCA assay was used to detect total protein content in BALF, colorimetric assay was used to detect LDH
activity, ELISA was used to detect the levels of IL-1P, IL-6, TNF-0, and IFN-y in BALF, as well as serum levels of SICAM-1, sVCAM-
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1, and OPN. Western blotting was used to detect the protein expression of N-cadherin, E-cadherin, ICAM-1, and VCAM-1 in lung
tissue. Results Compared with the model group, the number of granulomas, the proportion of granuloma area, and the lung injury
score in the tetrandrine 78.0 mg/kg group were significantly reduced (P < 0.05). Percentages of CD3" positive area and F4/80 positive
area in the lung tissue in the tetrandrine 39.0 and 78.0 mg/kg groups were significantly decreased (P < 0.01, 0.001). Compared with
the model group, the contents of SICAM-1 and the protein expressions of N-cadherin and VCAM-1 in each dose group of tetrandrine
were significantly decreased (P < 0.05, 0.01, 0.001). Compared with the model group, the total protein, TNF-a content in BALF and
the levels of sVCAM-1 and OPN in serum in the tetrandrine 39.0 and 78.0 mg/kg groups were significantly decreased (P < 0.05, 0.01,
0.001). The contents of LDH, IL-1f, IL-6 in BALF, and the protein expression of ICAM-1 in the tetrandrine 78.0 mg/kg group were
significantly decreased, while the protein expression of E-cadherin was significantly increased (P < 0.05, 0.01). The expression levels
of adhesion molecules in lung tissue were positively correlated with the infiltration degree of CD3" T cells and F4/80" macrophages.
Conclusion Tetrandrine exerts a definite protective effect against multi-walled carbon nanotubes combined with lipopolysaccharide-
induced pulmonary sarcoidosis in mice, which may be associated with downregulating the expression of adhesion molecules such as
ICAM-1 and VCAM-1, inhibiting inflammatory cell infiltration, and alleviating local inflammatory responses.

Key words: tetrandrine; pulmonary sarcoidosis; multi-walled carbon nanotubes; lipopolysaccharide; SICAM-1; sVCAM-1; OPN

IS 225 75 99 A — i D51 A BH ) 2R 0 1tk PR 2 i 4
I, DAAETBEREIR AU 1 52 40 B PA) 28 i MR AIE
RPN, TR T 30~60 & NBE, B Lotk #m X
B B 2, i BT R A BT AR, H 90% LA
b 5 DA B i s bk B A 57 BN A, IR 2 3R
DR bk B2 38 50 R e o K P M S B i ).
IPIRGERE R ARZ IR, %8 Mpe) S, ARG
AR, RIMBAME, FT RIS R
I A EEL s e R A T e IE R o AN TR S o 1 S
=, WEE S FHE A ERRERIK, 25%~40%F
N8 I T SiE iR R Ak 4, 8 PR 2 b 0 T
RIME R EN, R IF4Ei . IishikeE, &K
STt LT 5 v 1501 o 24 iy il 45 745995 R IR WL e oA 5
A B, DRIHR AR SO, 100 R AL I T4
RO PIsEms, STRHWer4etb it g . MeEME . Wk
BN TAMEEA EEE L.

A 25 755 0 1) IR 2= 2238 T DABE B T R
N2y, BT YD), (ERKIN R R R
RS 45245 5 SR US, H el A=)
K ATET Ak 25 AF AR RN . IR U T B =
PEUEUEHE S5 R BREY,  AMELFARToi: o 2 B i H
ATHAFAE PR 2 i A2 R RV 1100 o o g il 225 745 90 U
“EART AR aWE, UCHHEBAEARSE . R
BELE TIRLE TS, 6 B el . #y Bl kR
€, Hib. ks, BasRUbdE. RIKIE M 2,
HEBEER NG O R BGIR. RIT %
Z BRI, MERNLHIE, B CHRERNM
R RS AR, B PR, nT
il M MR T bk A B p) i A SR, F R

Ml 23 F-1 (ICAM-1) 536 o TRk 04; 1
EWVRAN . T Ik E2 40 A5 55 R P 7 7 S 1
9 E 2 M %5 P B 3 A L S i 4 10 IR 2 I TR
DT, ZHLEN LA Ak, AR
S AT HAE 70 AR S 2 2% T 0 2 B 4y
IR IE TR I S 5 £ At Je iU s-1e), H
X S 25 995 ) T PR T oA ol B, AR A —
SR LT 0 H 260 il 45 1 0 AR 2R N R I AR A A
& AT RERIE I AE .
1w
1.1 49

SPF It C57BL/6 /MR, 50 A, 6~8 Jilis,
R 18~22¢, T ILm4ei@F LIt sh iR
HIRAF, LIV AIES SCXK (F) 2023-
0077 /BRI R T [ v R R 2B HR 250t 5T B SPF
Wb, WFEEAMHN 12 h HEERZE, RE
(23+1) C, #BE (50+£15) %, HHEUKLFE.
ST R v [ R AR B R 25 7L BT IR AR AR
TR AR, LRIV ETFERS N
2024B027.
1.2 #Hm5RF

fig 2 W ( Sigma-Aldrich E 3§ A&, #its
0000135218); WP & i (L atE R ILAY)
FIZTA R AT, #k& 20 mg, 5 PH2110001A);
ZEERRAPRE (IR AR AR A, fits
S33198); [T (Sigma-Aldrich LigAw, fits
T48402); % FHEE (L ZEEREAMRAF, #t
5 20250613); LS TORKE R (AbRtgEAE
YIRHAE R AT, b5 H9627-100G); FLER i A



«2478 HAFBEIH 2026F9H

LR S

Drugs & Clinic Vol. 41 No. 9 September 2026

(LDH) 4t 75 1 A ke & (b R E R A TR
Aw], b5 20251126); AN E (IL) -6. IL-
1B+ PRAFEN F-0 (TNF-a)« v T2 (IFN-y).
HHEA (OPN). sSICAM-1. AJ VA I 40 A 24 b
5 F-1 (sVCAM-1) BHf G2 e % (ELISA)D
KA ZYE AL REEREER AR (#H5
20251017 . 20251021 « 20250918 . 20250630 .
20251104, 20251106 20251117); B-WLEhEE (p-
actin). E-45%i & (E-cadherin). N-45%i H (N-
cadherin). ICAM-1. VCAM-1 —Hi¥k g FHifF2# =
REVMHERBRARAF (5 A422261603 .
7872260526 . A424260505 . A365260031 .
A175262613); HRP #ricil % 1gG (H+L) —$i
WA ZEFERHCARA R (iS5 20250423);
HR i3 R B = o 4k

1.3 Y&

DH3600 BUEIRIEFRM (RIERMRHMEA R
yF]): Finesse 325 B M) ALK 4 B Bh G el
(£ Thermo A ]); VIP-6 B4 [ 3h4L 4B /KHL
(HAHEAE AT KD-BM R IHHL CREMAL 28 % %
H IR E]); MP Fastprep-24 BUHIE 515 A (3£ E MP
Biomedicals /A ] ); Centrifuge 5810R /A% 20041
({5 Eppendorf A ] ); Nikon Ci-S ZU{5| & & st
(HAJEHE/AT]); SpectraMax i3x % ThAEEEARX
(Z£[E Molecular Devices A7) ); Mini-PROTEAN
Tetra THIIK KRG ML EH I (£E Bio-Rad 2
7] ); Amersham Imager 600 4624 &% 6 A 43 BT AX
(Z£[H GE Healthcare 2~ 7))o
2 FHiE
2.1 FIDE. BERSHRZ

NG RIPERRSE 3 d e &, KA &
BEAL A Axt B AR ZH L BT L &R (19.5. 39.0,
78.0mg/kg) 4, FH 10 H. B ZEERAKE (5.3
mg/mL) 582 (3.3 mg/mL) LR FA# K,
Bic ] TR A o PR R Ah, H ARSI/ T% 1.5
ul/g IR ESETHERASRB, 87T R 1K, L4
RO, HiERZ B, G254/ RARIE I &=
TEIT RV IR TR B 300 mg BEAT AR R TRIAR 5,
i /N B A 2 I R SERGTI &8 39.0 mg/kg, ik
£ 19.5mg/kg (0.5 fFIMPKREFRGHIE) Al 78.0 mg/kg
Q2 FEIEREERGIE) MK, mflE. XWPiCH R
FAEARH ig 44 T RZGYIEIR 1 Ik, MRAS
FEAIZAN] ig 2R 0.9%FAENA W, BT 415134

HELTT 28 do
22 IRARE

KIREH 24 h J5, INRE ip 1.2%F# T (16
mL/kg) LRI . [ 2 B J5 , VR3IHT IE BT
ik, BErEURSREE, TREHREHEA
A 0.9%SFAANTE 0.5 mL BEHATHIRERE, it
HE 3R, EEABETELEN, SHXEM
VEEVR (BALF) [FISCR I & T 85%. FT3K BALF
#1500 r/min B0 5 min (0242 10 cm), T EL
0.5mL LifEl, Frl 4 gk /K. E4E
FEFBKEUML) 1 mL, PA 3000 t/min &0 10 min (&
A2 10 em), B IE 100 pL 7 E T-80 C%%
PERURAE . SRIEE R 5 58 B H /N RO, Hop oty
JR N 4%% 5 I b e, Zc il -1—80 °C
AL
23 NRARALTRIEEE

W 4% 2% 56 W VR 1] 5 24 h/ N BRI 44,
WO K EAT A, EsU A (B 4
um), KK - 4 (HE) vE4etn, H2rii
B MM H SRS F N, S Szapiel %5
(77080, ARIE bR A . v AL KR 28 PE4h
PRI R AT P 0 o VR A il A s R
Image J 3 € S5 BT R ZE I BE o B8R R /N 5~
10 MEESWE (X200), LLHSIR b € J5 2 i
LR A (mm?), TR HE bR GA TGS
R/ EVEA L. B =50 um) IR AL
N, THERZEMEE =NA; PP A AR S,
FTHIFIALEF T, H Image J 210X T HFE H A
ZEIECIER, MRS R ZE I T AR IR A (S, 5
) 1 [ — AW P A A S o X e, U R A A 2 1
M (SO THERZEMIA S (Sg/St).
2.4 NEREHZELZE CD3FN F4/80 EHFRIEME

HIEYI R E S K5, TP E A,
J& B0 PR A% S A AR BB Bk AT . 2 i
CD3 ik (FRBEFE 12000 &5 F4/80 —¥1 (WBREE
1:400), 4 CHWEER: XHLABERREZ MR 5
BB GO ) 1D D IVA £ 0] 5% Tt 7 W =/ & < O NS VA B
Ve E R 3,3 -2 AR I (DAB) R, 75K
W UM%, R . R T B
TMELNHHLN CD3* K F4/80 & [ I BH %A
EIELGRITE
2.5 /MR BALF #/2ZEB#1 LDH 5EMHAYNE

W BALF & 5 LDH #5735 & T EP



ENBEIOH 2026494 AR & 5tk &

Drugs & Clinic

Vol. 41 No. 9 September 2026  * 2479 -

B R IRGIRS, 37 CHROEEME R E 30 min,
Kb N JE IR AR 2 96 FLAR I, 18 A bR
AR 490 nm KA IO (4D H, FEIRIERR
PEPRUE RN R T EAEAE . BALF B R A& &R
BCA EI5E : 20 991F 20 uL B 5 5 R 51K B A 135
8 AFRAE R (0~2 000 pg/mL) FkET 96 LR,
FEFLIIH BT ] BCA TAEWE 200 pl, IR%GIRES)
30s, T 37 CHEAME 30 min, J5E 562 nm P K
MR SERE (D E, RIESRHEZIT R A EA S E.
2.6 BALF 7 IL-1p. IL-6. TNF-a. IFN-y 2 £H#Y
ME

BALF Lj#&H IL-1B+ IL-6. TNF-a. IFN-y & &
KH /N ELISA BRI G- T R, AR S IR
AIE VLIS
2.7 [05%F sSICAM-1. sVCAM-1. OPN 7K FAYME

% sICAM-1. sVCAM-1. OPN 7K°F%
ELISA R & il e, HAAREAES B & Ui 1.
2.8 Western blotting J£#ffi2H 20 & N-cadherin.
E-cadherin. VCAM-1. ICAM-1 EBKIAKF

A Bt 2H BT, RS FREL 100 mg & T-H B
BN, N 1.0 mL 2 1% (A BEH0 677 (10 704 241
W, VKA, 4 °C. 12000 r/min 5.0 10 min (%
O 10 em), FELEIEVKIB RN . B S0 pg 22 A
FE 2 SDS-PAGE 43 59 5 L% # 22 PVDF i, =i
UL 5% AR Wk E AT 1 h; BEJE 3 BN ICAM-1.
VCAM-1. E-cadherin. N-cadherin —J1 (FiRe L
BIA 1010000 N2 B-actin —4HT (1 :2000), &
4 CRIKWEERH. KHPEM 3 K. BIR 5min, N
A HRP #ric —41 (1:2000) =EMHE 1 h, P
J5% ECL WEEM, TREREHREEXTHE
1%, FHKH Image J A3 4T %% H b 557 K FEAE .
29 PHLELFMIY FRIZES CD3* T HEHER
F4/80" E I 4 A= E R M 4 4

PASE RN RO BRSIAEAS, R Z ICAM-1,
VCAM-1 H HAHX I &5 5% M) CD3*

LR AR
P

&1

T ZH0 . F4/80° B Wi 40 A BH 4 10 A1 & 43 B 2k 4T
Spearman FHX 74T, THEAHIC R EL.
210 ZitRH*&

Giit 2 M Fl SPSS Statistics 27 #4458 .
THEPORIE ISR KT 25 A S5, UL x %
WAEI; ZHMNILBCRH SRR R T Z 0, &5
2255 W 2H (8] 9 5 LUK B LSD v, 55 A5, I
K H Welch J5 2250 #T . Il 405 BV 20 S5 2 kL DA
AL (Pas, Prs) JFIRRIRR R, Z 4R LECR
F Kruskal-Wallis H £5.56;, 2H[8] %4 EL3CK ) Dunn
K%, 3FLL Bonferroni y:K:S IE K56 7KV
3 %R
3.1 XEFC BRI T RRE ) R FhE D fRIE
FXER

o} FECZEL /)N R MR JUE 48 S 4 S S T L E IR
25 BRIEMW AT W, PR SO S IR A
YRR, i o9 R LA A s . T2 /N R
Jiti oA WL 22 AN R ZE kL, R BN 15 g i B R R
MR RS HAPA REEB AN ARTR,
R m R AR 2SR I A 48 B o)
WA 2, RIAMVEEE R R4 B A
FLAIRIE . BB O 3 &R 4 v MR 2 et
RUUEMRAZER, HB M2 200N BT LA fkoRig vk
AR RS 1 %2, AR BT &R 78.0 mglkg 4H
BARBOE T HRSH, WHE 1. @& IExR,
SRR, W H & 78.0 mg/kg ML A
ZERNECE . IR AR A bl A TR A 2 R PR
ik (P<<0.05), WK 2.

3.2 XFpEHREMETRERNER CDIEAR
ey ofA1

X IEZH /N BRI ZH 2 mT /b & CD3* T 4l ik
e AR BN L CD3Y T IR i B B4
%, BAPEEI SRR T ZEI X 3, CD3*FH M
THIAR 40 EE 5 25 THE (P<<0.001) . LB 2L &K 39.0.
78.0 mg/kg HT-Fif5, CD3'PHMEEAE /L EE T

" 390

WP R (mgkg ™)

B C R EN T RIRE ) RATALRHIERFE (X200)

Fig. 1 Effect of tetrandrine on lung tissue pathology in a mouse model of pulmonary sarcoidosis (x200)



©2480 FEHNBEIH 20265FE9 A AN HHHkA  Drugs & Clinic Vol. 41 No. 9 September 2026
2.5 § 15- 509
E 20 = & 404
Hﬂ% ;; o ZE 40
% 1.5 :ﬁ # E_E:’ 304
= . =
;HE: 1.0 & s £ 204
T 0.51 K 104
0 0d— 0
A M 195 300 780 A B 195 390 780 Xj‘Eﬁ B 195 39.0 78

P S o/ (mgrkg ™)

Hx gt *P<0.001;

{Xﬁﬁdg'?:/(mg kg™)

39.0 780
BB U R/ (mgkg )

SRR LS #P<<0.05,

P <0.001 vs control group; *P < 0.05 vs model group.

B2 XBCHRRMAETSHEENRMALAFMEE. AFMERLLE. BRGITES ( x+s, n=10)

Fig.2 Effect of tetrandrine on lung tissue granuloma number, proportion of granuloma area, lung injury score in a mouse

model of pulmonary sarcoidosis ( xts,n=10)

% (P<<0.001), W& 3.
33 X B 2R R FhZE TR R F4/80 BB %
YN ORA
X REZH /N BRI ZH 23 m] /D & F4/80 B2 il
BUTE AT o RS2 i 2L 20N F4/80 15 I 4T iV 3] ¥
EWZ, BHENMRESA], ME e iR
W7 H % 39.0. 78.0 mg/kg 4L T-Ti)5, F4/80 FH
AR L (P<<0.01. 0.001), WK 4.
34 TR IEETIREEY MR A M e R AR
LR AR L, LB CH # 39.0. 78.0 mg/kg 4H

/N BALF H1 B . TNF-a & 85 E K (P<
0.05. 0.01. 0.001); i H# 78.0 mg/kg 41/ R
BALF 1 LDH. IL-1B1L-6 & & . 3 F#{% (P<<0.05.
0.01), WK 5.
3.5 NP2 BRI AT RIE BN 4R
FHIR M

ERRAML, WO RSFIEA sICAM-1
SEHEFERIL (P<0.05. 0.01. 0.001), W
H % 39.0. 78.0 mg/kg 0] sVCAM-1. OPN & &
BERIL (P<0.05. 0.01), WK 6.

-— _ $
% . " R & é 4 k%

Wil 5

L BRI e ikt #itH
; 3 ¥ Y8
: {4.8%7" &
b 3 ff:‘". 3 ; i
.a 0 -
. ' BRI AL A ¥ O X A 19.539.078.0
b ‘ T T195 78.0 WP EH R/ (mgkg ™)

SxRAL A T P<0.001;

39.0
B O H &R (mgkg ™)

SRR . #P<<0.001.

***P <0.001 vs control group; "*P < 0.001 vs model group.

3 XBERRMAHLET

HIEEUNER CD3 B ARILHR

01 (X200; X=+s, n=10)

Fig.3 Effect of tetrandrine on CD3" protein expression in lung tissue in a mouse model of pulmonary sarcoidosis (X 200;
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Fig. 4 Effect of tetrandrine on F4/80 protein expression in lung tissue in a mouse model of pulmonary sarcoidosis (X200;
x+s,n=10)
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Fig.5 Effect of tetrandrine on the contents of total protein, LDH, IL-1p , IL-6, TNF-a, and IFN-y in BALF in a mouse model
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sarcoidosis ( x*s,n=10 )
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Fig. 7 Effect of tetrandrine on the protein expression of N-cadherin, E-cadherin, VCAM-1, and ICAM-1 in lung tissue in a

mouse model of pulmonary sarcoidosis ( xts,n=10)
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