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Abstract: Objective To discover and isolate a new nano-components in Descurainiae Semen Carbonisatum (DSC-NCs), and
evaluate its protective effect and its possible mechanism through lipopolysaccharide (LPS)-induced acute lung injury (ALI) model.

Methods A muffle furnace was used to carbonize Tinglizi (Descurainiae Semen), and the carbonized product was extracted, separated
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and dialyzed to obtain a water-soluble nano-component, named Descurainiae Semen Carbonisatum nano-components (DSC-NCs).
Modern instruments such as transmission electron microscope (TEM) and X-ray photoelectron spectroscopy (XPS) were used to
characterize DSC-NCs, and CCK-8 experiments were used to evaluate the safety of DSC-NCs. At the same time, the LPS-induced ALI
rat model was used to evaluate the protective effect of DSC-NCs. The pathological morphology of lung tissue and the cytokine content
changes of interleukin-1p (IL-1p), interleukin-6 (IL-6), tumor necrosis factor-o (TNF-a) in serum and superoxide dismutase (SOD)
and malondialdehyde (MDA) in oxidative damage of lung tissue were observed to study the protective effect of DSC-NCs on ALI in
rats and its possible mechanism. Results TEM results showed that the DSC-NCs had a nearly spherical appearance and good
dispersion, mainly concentrated in the range of 2.5—6.5 nm, with a lattice spacing of 0.224 nm. XPS analysis showed that DSC-NCs
contained C, O, N and other elements, of which C and O were the dominant elements. Combined with infrared spectroscopy, it could
be found that the surface functional groups were rich, containing a large number of hydroxyl, carboxyl and other groups. In addition,
cytotoxicity experiments showed that the safe dose of DSC-NCs was within 500 pg/mL. The results of animal experiments showed
that the degree of lung tissue destruction and inflammatory cell infiltration in the DSC-NCs treatment group were effectively alleviated.
DSC-NCs could significantly reduce the levels of TNF-a, IL-6, and IL-1f in rat serum, increase the activities of SOD and reduce the
content of MDA. Conclusion DSC-NCs had a certain protective effect on LPS-induced ALI in rats. The preliminary study of its
mechanism was related to inhibiting the secretion of inflammatory cytokines and reducing excessive oxidative stress. This research not
only provides new insights for exploring the material basis of charcoal drugs, but also provides a new way for the research and
development of therapeutic drugs for ALI diseases.
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2.1 DSC-NCs By

FREUE 5 1T 182584 480 g, TR, 454
A EIE NS T S Iy et . 5oy RE T AR
%1 B Smin JHEZE 70 °C, £ 25 min; 55 2
Bt 25 min FHEZE 350 °C, fRIE 1 ho BEkemlir o=
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Fig. 1 HPLC profile of Descurainiae Semen (a) and DSC-
NCs (b)
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F i, DSC-NCs ¥ TESIEERTE, H Image J A
XF 200 MRLEAT G 8T, S5 FONIZAUKR IR
HIRIAR AR TE 2.5~6.5 nm, FEIESD . K 2-c
79 DSC-NCs [ 5170 #3759 LA R AE 45 2, DSC-NCs
B A AT R, SRAS TR N 0.224 nm. R XRD i



FEH 2021107 $52% B 208 Chinese Traditional and Herbal Drugs 2021 October Vol. 52 No. 20

* 6191 -

35 45 55
Fif%/mm

|

15 30 45 60 75 90

200 300 400 500 600 200 300
J/nm

500 600 4000 3000 2000 1000
v/iem™!

a-TEM B b-Rif2 4 Ailsl  c-HR-TEM [ d-XRD B e- 50 £5000I0E o iEi
a-TEM images b-histogram depicting particle size distribution c¢c-HR-TEM image of DSC-NCs d-XRD
pattern e-ultraviolet-visible spectrum  f-fluorescence spectrum g-FTIR spectrum
B2 DSC-NCs HyRAEEE
Fig. 2 Characterization of DSC-NCs

—5 30T DSC-NCs 4 #3J5 775 2% (8] 70 A1 PR AS
M 2-d FHET LR 1 A SR AR AR AT S0,
X5 H T ik E e A T FERRAZ I gk
oA R0,

DSC-NCs HIAMERE W& 2-e Fi7x, DSC-NCs
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7£ DSC-NCs &0 #F XPS Witk h, & 3-b Cls i
b, St 284.71. 285.77. 28823 eV 3 Mg, 5
ZARXE R 43 C-NL C=0. C-0. 7E 3-c 1)
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Fig. 3 Surface composition and elemental analysis of DSC-NCs by XPS
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FXT G, FIH CCK-8 5256 K P4 DSC-NCs X A549
Y B FEPE /NI, MG TR AS49 AR SRR
BEA 1X 1054 /mL, BT 96 LR . 75 PUJE 10 % 2%
&N\ PBS Z2F¥R (100 pL/mL), ¥ H N CO, 4H
Mk AT G, KR EN 5% COs 37 C,
B 24 he Z a3 5 BiEW, TEXTRRA A
McCoy’s SA £5 773k, 1E25 25 MU\ TR 45 1
8 Fh N [A] i &34 5 (1000.00- 500.00- 250.00- 125.00-
62.50. 31.25. 15.63. 7.81 ug/mL) ) DSC-NCs ¥
W, BRAL 100 uL, FFIURAN CO, 5747 A 24 ho
HUH Bk 96 FLANARER 78R, A CCK-8 71 (10
pL/AL), 4RI CO, 57746, 4h JEHUH . # HK
FEEARACRHATA I, 4K 450 nm, 1 FRERE (4D
{8, TR,

YIHIATE % R = (Ae— Ab)/(Ac— Ab)

Ae NERPIHERIBOICRE, Ac JIRTRAOCE, Av 7 AABOGEE
252 guitseoth SEREERERM SPSS 25.0 4tit
BT, GERVAX £ Rom. Gt s BRI %
M. BRI ANOVA 73 7592 - S e ik A
BT, [EJ7 2255 . 4182 7 W8 A LSD 7
giit.

253 SLIREER SRR 1 PR, 24 DSC-NCs i)
%1 TERERER DSC-NCs Xt A549 LHATFERME
M (X+s,n=26)

Table 1 Effect of different concentrations of DSC-NCs on
viability of AS549 cells (X £ S, n=6)

5 &/ (ng-mL™) SHIAE T2 /%
payi - 100.00£10.37
DSC-NCs 1 000.00 53.97+3.29

500.00 103.57+7.21
250.00 130.95+11.14
125.00 144.58+7.58
62.50 133.99+11.85
31.25 112.64+7.20
15.63 118.3949.50
7.81 100.33+7.34
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WaRELER, T EIRELE 7.81~125.00 pg/mL, [
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B P R EALES: 10dip 4824, HA4LY ip
AR A F AR K o PH A IR 4L AR A RT 1 h ip M
FEKFAEW, 1 hJa, BRRHRA ip SR FR AL T 27K
Ab, HApE A ip il % PG 2 BEE R (5 mg/kg) i
lipy

2.6.2 JREDIAUIEE &R 8h JE, H 4% KA AR
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SR IEH, WA T8, f ) ot 45 74 7 hi
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B, I e R )5 58k 200 AR IR A AR R 4 B
B (E4-c); SHEMALLE, 4 TFARFIER
DSC-NCs J&J7 5, FHSUIRFERE . 440 fiR i
A7 AR AR BA RN R R s (F
4-d~D), HiEREdrRCRsRE, BA—E
PERR R

2,63 [MiEHHMEE KT IE8 8h 5, H 4%K
AR (040 ghkg) BRI A8 AR ML AT LA
KIME, ZMEFINCRERBRIME . FREL TR
BRI E T =R T, §E 60min, A5G
UK B OHLE L 3000 r/min FIEEE B0 15 min,
B, T-80 CIafE, WHERH. %M
S48 S UL TR, 43 e i 1IL-6. 1L-
1B Al TNF-a (7K F. TL-6. IL-1B Al TNF-o /& 2
RAEMEEIIER 7, S RRIMEF 1L-18
S
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Fig. 4 Effect of DSC-NCs on pathological changes of lung tissue in rats with ALI induced by LPS (x 50)
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EILRWNER 2 frox, S0RAE, BRH NG+
IL-1B KPR ETHE (P<<0.01). SERAM L,
HhZEKAA AT DSC-NCs 151+ H - IR F B2 35 mT DLEA
BRRRORRUME S IL-1p K, ZREBSE
B (P<0.01), Hr DSC-NCs /&7l & 4K T 3 %€
Kia2H, ULHH DSC-NCs miifl &4l Gy 7E s
FRATEZ . k% DSC-NCs HIFIEFFL, i
IL-1B /KT, AFAEB R ERZE SR . DSC-NCs X
KR IMIE A IL-6 1 &5 TL-18 2L, S5 HE4LAH
b, BERLH MIEH IL-6 /KPR ETHE (P<0.01).
LRI ML, HhZEKFAZH AN DSC-NCs &, . iK%
R ZH 35 e W B PR LT b IL-6 7K~ (P<<0.01),
Horb DI ZEKFAZH A DSC-NCs =7 B2 1R IT 2L
R

# 2 DSC-NCs Xt LPS Bl AR ALI & IL-18. IL-6 F0
TNF-a BYS0E (X+s,n=8)

Table 2 Effect of DSC-NCs on IL-1f, IL-6 and TNF-a in

serum of rats with acute lung injury induced by LPS (X £ s,
n=38)

FilHE/ IL-1p/ IL-6/ TNF-o/

285 L L L y

(mg'kg) (pgmL™) (pgmL") (pgmL™)

oyl - 4354+0.58 2.94+0.62 23.17+1.31
it 5 21.07£2.26%20.29+1.27%66.61 +£8.26%
HFEKFS 5 9.4940.86" 6.30+1.06"*27.394+2.70"

DSC-NCs 3.33  898+1.31" 8.75+1.15"28.14+£5.17"
1.67 11.57+£1.21"13.98+1.36"29.24+4.57"
0.84 16.81+0.53"14.47+1.26"29.39+5.85"

XA #P<0.01; SHAANE: ~P<0.01

#P < (.01 vs control group; **P < 0.01 vs model group

FAH KR IMES TNF-o (& EREmE 2 B
N, SXTHRALAR L, AR IS TNF-o 7KFBH 52
e, BAERENZERE (P<0.01). SR
Eb, HhZEKFALLA DSC-NCs =+ H. (KF A fE
B S B K SUMILTE TNF-0 /KT (P<<0.01), 4 H2Z
(] FR) 22 e T AN B

2% iR, DSC-NCs & . (KA EZH I RERH
BB K UM E TP Y TNF-a. 1L-6. IL-1p HI/KF,
FH] DSC-NCs R4 28 A 40 M K141 730, 1
FEC 3| ek it 1 B VR
2.6.4 PrEMIKE BN N, HIEL0R
2 H B 2K T, B 53 Ja A HL R
HATRERARE KRR T2 10 mL EP 45
o, FRFREAARFEE A 109 IIANAFE SR K A Rk

10%MIZHZR SIS, SRIG NN BEBK, A AR &
BREEACIATOIEE ,  H50 e 18 FH Rl v R 250 L (3000
r/min, 10min) BEAT B0y, SKEUMZH 5] 3 LI,
PR S, I SOD JEPEATA - EHI/K T

AARIBOE ALL JORE R A2 R S I B E ML 2
—, RIS SOD VE TR EE KSR
FRAEEMIEFURE AL . FAHmHZH SOD i
PEEE IR 3 B, SRR, BRI+ SOD
(A9 1 B S A (P<<0.01), Ui B flE 2 5 S 1 ALL
KR PG R AT ™ E A . SR ZHA
b, HuZEKRFAZHA DSC-NCs il E 4l hE ] & 7T
40 SOD [yt (P<<0.01), BIEHRE THL
PRIIHTEAGRE 17, DSC-NCs 715 4t B 42 v fifi 20
Zirh SOD [HNEME, 2257 B Giih 8 L (P<<0.05),
1M DSC-NCs 1K H SR H LR A PR E R

AR TR AT e 3k 3 R,
5t HRALA b, AR 2 Bl 2 21 b T RS B B T
L, LRI U E . SRR AR, HhEEK
Fa2HF1 DSC-NCs e+ 1 AR & 2H Mt 2 2 T i
VR R K, 2R A E L (P<0.01).
DL s 45 LB, DSC-NCs At st 2 m bt Eik
R 77 R B AR A T 2 1) 7 A SR ek i i A ST
IS O ) A A o
3 g

ARSI I — FR A A ) 25 L ERIREE T
T RN G ENT, 4 TEM. HR-TEM. ¢
Ft ik FTIRXPS 4% #% % %€ F- 1 44 4 DSC-NCs.
DSC-NCs #MUESUEERTE, 738U R4F, RifR K/
B, FEAENLE 2.5~6.5nm, &% EEE A 0.224 nm.

% 3 DSC-NCs xt LPS KR ALI B2+ SOD jEHEFN
MDA KERIEN (X+s,n=8)

Table 3 Effect of DSC-NCs on SOD activity and level of
MDA in lung tissue of rats with ALI induced by LPS (X £ s,
n=28)

Al FE/(mgkg") SOD/(U-mg™') MDA/(nmol-mg™")

it - 149.33+18.32 3.83+0.14
gt 5 71.98+9.15% 6.3940.12
HhZEK A 5 139.33+11.61"  4.59+0.27"
DSC-NCs 3.33 128.83+£9.37"  4.81+0.75"
1.67 9521+11.72"  4.95+0.61*"
0.84 85.16+£29.71 5.17+0.63*

Hx AR #P<0.01; SEMALLE: "P<0.05 “P<0.01
#P <0.01 vs control group; "P <0.05 P <0.01 vs model group
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XPS 43#71 i~ DSC-NCs F&H C. 0. NZUH,
Hirc. o R ETHAN, SHaIMEERT LK
WEDFRKER S EIERAFEE, SHEKE
(P, FRILTEHEA,

23t HPLC MMiEExftl, Zidi@EdT 5 DSC-
NCs W MEAB Ny IAEE, (£ EfREE
Hebg 7 /AN FARE T, deAh, ARSI F A
CCK-8 ¥:ill5E T DSC-NCs 224 PEVuE#E 500
ug/mL CAPY, AEW)@ stk e,

ALI J&— R 5 80 S5 N AN AR 1 DR 98 i 512 i
i, W RREA ORI RS A0 MY, 0 5 [
Zr, HHIRZ RTINS RZH, gl R
S AVEAL ST SO AR A, 2 T VRN 20
ALLEF £ SUBRI000 AR SEZEG (il 2 21 07) 1ok
E, BACKRES TAFIFIER DSC-NCs 677 )5 »
i 2H S0 IR B A0 98 P 2 R IR S 15 B U 2%
FRFIAN[RIFE BE 1) 23, Wi B DSC-NCs HATRYT ALL
IE A

16 ALT [ R A2 rp i B 31 22 5 T 0 1 F 45
R, BA%- B AN MR R A BT 52 2140 SR
b RIS, FEAE KRR T, RS RS
5, I IO R SR SORE R R, S B R
FA120, TNF-a 2 i 725 ALL RIR SRR 2 0E
T, FEZH LPS HIER-E g5 R, Br T
BRI N R 0B, 3 RE R0 40 BRI 22 1Y)
RAER T, BEMA T b ok 40 R0 g4 4 5
R, JrAk, TNF-a G5 S a0 iBFEFe . 3901
IR IEE DL il A R, 5 SR AL,
NI 3t — 25 0 S 454 o TL- 1B 2 [ S i A 28 P
VA I 5 Vi el PR R FLA= e ok s v i B 2 o2 SR i
i, IR IREA BB, N SRR, Rk IL-18
(R 235 7K Tt 2 S e ALT 7™ B B 4 g 22,
IL-6 FERET Hi%-Ermgiig, Hagfeidt %K

, B A B A A KA Ak, KB TL-6 i 4>
(a3t I A Vi T A2 RN PR MR PR PR R, R 22 WA
FFHURE, BEskmE] IL-6 KA T e, =&
Kl ALT f4EhR 2 —231, ACSZIGHTF 7t &5 1 B oK,
DSC-NCs 5~ H ARG AL 5 HE W 5 PR K ML
) TNF-a. IL-1p. IL-6 HJ7K°F, W] DSC- NCs
RefE 7 — B FE R L4 28 S 40 B R 71 2, AT
B AR 45 4 (P E

KEFFLIR, FARE 2 ALL RIRT
HEHLH], BERSIEANHE N TE MR R N, 51K AR

Bt AL, B AWK E LB E H3E, G R
HAU . SOD & —FhEZ M HUEAEE, XA
AMMPUAN RGP TR EEE N, HiETE R
W T HUADTEALRE T RN, & s R =1
SHEpL AL, AR e, R RERE N
Wi i S5 A 7 AR P OB B 200 A SR FERTIER
A 151 AR 25 REA R0 ALL SIS I« 7K
S CA L S AR IR AL, HLALHI T B3 A% 25280
N TRBERS T KEIER A S SRR A
SERAER T ANEE 5 R U B ) DSC-NCs
REAT R P ALL K U s R fio 1) Jog v ) 9K P4
RAHRESEE, SCEMKM, JCH s A
w3, HALHI TR 575 SOD gt ks P — %
IS EA K, REIEE RS ITALRE I AMPERE A
HT 256 £ 77 A R D A 3 52 S A S R i U ) 953 495 1
F o ABAR SR 19 AR A A5 5 3 B (K1 £ 07T
DSC-NCs KAEL LI NAENL], 7524 5 B AT 7t
7Tz o Al RS2 DSC-NCs #YA LRI
IRITIRZHEE ALL IR, AMONE B TR KETE
B BRAE T —ASETRIRT ST R, B9 DSC-NCs 1
N—HNGEITT ALT T 25 R BEE 1 S S
BEAil

AR SG I FH vei il PR A2 ) N 1 Ak R A L
I B HUBT R A K B B4 DSC-NCs. 7EJIE 2 BEE
ALIERL R, R #55 F 5 5 B 1) DSC-NCs #2217
R AR ERT, SRR VLRI 2 5
P/ TL-6. TL-1B A1 TNF-o 25 4G40 A1 /K P
Ky WATLAE—EREEE LI/l FR i 2AE, 3 9L
EIFTENE . B FE )y DSC-NCs fEIm PR PUfii
R HIR B T KA, 9 DSC-NCs WA
BUE 1 SEI LA
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