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Abstract: Objective To discover and extract dried Rehmanniae Radix Carbonisata nano-components (DRC-NCs) from dried
Rehmanniae Radix Carbonisata (DRC), and evaluate its therapeutic effect and possible mechanism in rats with ulcerative colitis (UC)
induced by 2,4,6-trinitrobenzene sulfonic acid/ethanol solutionts. Methods The dried Rehmanniae Radix was calcined in a muffle
furnace at a high temperature to obtain DRC, which was extracted, filtered and dialyzed to obtain DRC-NCs. Transmission electron
microscopy, X-ray diffraction, UV-Vis spectroscopy, fluorescence spectrum, Fourier transform infrared spectroscopy and X-ray
photoelectron spectroscopy were used to characterize DRC-NCs, and CCK-8 cytotoxicity assay was used to evaluate the safety of

DRC-NCs. According to the rat with UC model, the general condition, disease activity index (DAI), colon tissue injury degree, thymus
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index, spleen index, the content of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), IL-10, malondialdehyde (MDA), and the
activity of myeloperoxidase (MPO), and superoxide dismutase (SOD) in the colon tissues of rats were compared to evaluate the
therapeutic effect of DRC-NCs and its mechanism. Results DRC-NCs were well dispersed under TEM, nearly spherical appearance
with uniform particle size, with a particle size distribution concentrated at 1.1—2.6 nm and a lattice spacing of 0.354 nm, mainly
composed of elements such as C, N and O, and the surface contained amino, hydroxyl and carboxyl groups. DRC-NCs had low
cytotoxicity and the safe mass concentration was within 2 500.00 pg/mL. Results of animal experiments showed that DRC-NCs could
improve the general condition of model rats, significantly reduce DAI score, alleviate colon injury, and increase thymus index and
spleen index. DRC-NCs could decrease the contents of TNF-a and IL-6, increase the content of IL-10, decrease the content of MDA
and the activity of MPO in colon tissue, and increase the activity of SOD. Conclusion DRC-NCs had a certain therapeutic effect on
UC, and its mechanism may be related to reducing the levels of inflammatory factors and oxidative stress, and improving the anti-
inflammatory and antioxidant capacity. This research not only provides a unique research angle for the exploration and development
of Chinese herbal charcoal drugs, but also provides an experimental basis for the clinical application of DRC in the treatment of UC.

Key words: dried Rehmanniae Radix Carbonisata; nano-components; material basis; ulcerative colitis; inflammatory cytokines;

oxidative stress; characterization; nanomaterials
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Vis). w61 (fluorescence spectrum, FL). & 5L
AR 21 4b 5% 1% ( Fourier transform infrared
spectroscopy, FTIR) PLK& X SFEJGHFREIE (X-
ray photoelectron spectroscopy, XPS) i K3k HL DRC-
NCs HITESURAEAN 7 I 5E - 83 CCK-8 2L s
P DRC-NCs 12241, NIGR 222543
%, I MEAILECOR R UC BB — st %
JRTESNFE L (disease activity index, DA P43, &5
Jit eH 2395 B AR A Ko 45 iy 4H 23 A 24 it PR A A4 S 3
PSR, DLUPFA DRC-NCs XF UC FIVRITEA -
1 (EEHH
1.1 Y&

T1612 Ry gfdr,  Jbat BRI R A7 R
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SN I AR N, AN 1g/mL, 4 C
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334 nm; WENHA L HE-0.1% LR/ 156 FE el -
0~20 min, 10%~25%Zfif§; 20~30 min, 25% i
30~45min, 25%~10%4E; 45~50min, 25%Z.
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Fig. 1 HPLC profile of dried Rehmanniae Radix (A) and
DRC-NCs (B)

2.3 DRC-NCs HIFRIE
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fHifE 0.8~3.2nm, HEHTE 1.1~2.6nm, “FHIR1E
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1580~1491 cm™' A-NH-fIW il 1380 cm™! 4L
Wiy CH3-X 725 i 4k3), 1150~1070 cm™! B
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Fig. 2 Characterization of DRC-NCs
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Fig. 3 Surface composition and elemental analysis of DRC-NCs

OH ##. & 3-D Jy N 1s [ XPS [&li¥, IE(E7E 399.12,
399.48 eV &b, 7 mlXtRL C-N-C. N-C fg26-281,
2.4 CCK-8 S£1§
2.4.1 SEGBE WEL RAW264.7 i EIFTR 10
ul, FFHSFEI R0 EOR b THECERUE, A
J VIR K 1 X 105 N/mL, SR J5 K HLAHTE 96 fL
YRR IR b, TAZ N 100 uL/FLIY PBS 2210,
NS 5% 37 CHIBEFAETINE . B35 24h
G, I IER, EXTIRA IR IR, 4
ZiL A NN R R (10 000.004 5 000.00.
2500.00. 1250.00. 625.00. 312.50. 156.25. 78.13.
39.06 pg/mL) [ DRC-NCs ¥, BN FE46 s
H 24 ho BUHAMREFER, FSLIMA 10 uL CCK-8
WA (FEH, TRFRMETEETE Lh, Bpba okl
WK N 450 nm KWL (4) fH, HHEAIEE R,
YHMIAE % T = (4o — Ab)/(Ac—Ab)
Aev Abs Ac P NFIRAE 450 nm KK FAZHHE. FAH.
RO ()
242 GuitfEaott BdERH SPSS 20.0 Gt At;

BTG 2200 . Bl X £ s Fow, S4B R
B AT Ho7 2550, REBREITT 20, 4HIE
ZE 5% K LSD Hik4rir » BEgiit 45 - b, P<<0.05
NEARZ A 25, P<0.01 NEEZ A BEE
ZEt.

243 SEIGZER MR 1 ATLUEH, 7 DRC-NCs
JREWRE N 2 500.00 pg/mL I, ZHAIE Fy O )
PR A 100%, 1M1 24 DRC-NCs it &K & KT 2 500.00
ug/mL i DRC-NCs %} RAW264.7 I i i 14
AR, BIfERTiZ sk E R DRC-NCs &
— & HIAHBER AR . AR IR T 2 500.00
pg/mL B, DRC-NCs X4 — e FIE G -
% DRC-NCs #HAT 2 &M R F Hik— 5T
RAFNH -

2.5 DRC-NCs ¥t UC BI1ER

251 IERERZAZG K HENE SD K RBENL v 6 4,
SR A B, BHPEZ (SASP A, #
SASP Wit )5, F28 F/KECR 42 mg/mL iR E
) M DRC-NCs ik H. milEH. A4S
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=1

RISIE (X +s,n=6)

AEIRERER DRC-NCs %t RAW264.7 {RAETFER

Table 1 Effect of different concentrations of DRC-NCs on
viability of RAW264.7 cells (X s, n=106)

451 JREWE (ngmL ™) AR %
X e - 100.00+15.72
DRC-NCs 10 000.00 72.60£15.68
5000.00 73.15+£16.40
2 500.00 100.09+14.53
1250.00 112.37424.56
625.00 110.06+25.70
312.50 105.53+12.78
156.25 117.51£5.57
78.13 145.32+15.53
39.06 162.70+7.26

0.9% F AN B N, AR 42 Uk 77 VR
R UC B8, REAEEAZIK 120 5, B 4%
(PI7K A SV TG s R S DURR IR K B, o — PRI
R BN KRBT TRZ) 8 em &b, ZZ1BHEA
TNBS/ LB (5% TNBS &5 50% OB A%
PEFRRCH], BFHILAD, &N 3mLkg. EBRY)
J& . B EHKER A S E AR A B R UK SASP 44
SASP JE ) 420 mg/kg; DRC-NCs k. H. =7 &
H (1. 2. 4mg/kg) 7 A% ig 45 DRC-NCs ¥ 0.01
mL/g. &FH 1R, 45257 d. RiIRGZj)E 12 h,

ML HAE MRS . . W3l B, KM
AR F IS, %R 2 4T DAL {F4BY, 1
HARBRAAHIRE R, REIER, RMRE, shiE
B, BRTEEICE, REIER, $kT8HET
R R, RZETIR. BRI RGMEEE, e
B, RSGRE, B, BRENRERZOGE,
KAFRGIE, AR IR i (e, okl B A B
SR, WIETEGE % . SASP 41 DRC-NCs 41
KBRS, BRAIAARKSE, REEE
s IESEERN, BRIFHKENCPE, KAEIZRH
¥, RIEHGEE K.

FHKRE) DAL Pk 3 Frs. 4255 1
K, SHREE DAL V3 REBUER —/KF E, 4524
%5 2. 3 K, HAIZ A DRC-NCs {KFIE 411 DAI iF
o RGNS IS, TR 4~7 K DAL WiE
Wi R F%; SASP 4. DRC-NCs H1. &#IE4L N 2
REViE, DALV 2 FRF&ESH, 25 7 X DALV
43 W AR TR 2H . DRC-NCs 7 BA S 3 PR AR AR K
B DAL, X} UC H—EMiEIT1ER
253 4SSN SiHA R E S,
K, AT, Wbk s HE 4ot LR
BT ISR E I L E 57 9% PR IR e 2 s B 2
FHIE. SRR RALSUREY W 4 s, =

=2 DAIENFRE
Table 2 DAI scoring criteria

BAREOK, BEESIKEUL, BIASERR, R A0 R NEEPEAR fEE 15 ¢
HLTT 2 em AEWUEE Gl 2H 2, BTRGE B 452, H 0 <1% IEH (R BT
4%% BRI E, KRGS HALUE T-80 CIki+ L% 5%) e3P AL el
TRAT#5 o 2 [5% 10%) KABL, EMRIR, CERIE K
252 KE WS RIE IS (disease 3 [10%, 15%) AT HiHEZHE T PE I
activity index, DAID) H e PR K B ot 2 5 4 =15% NS ML fE
%3 DRC-NCs 3t UC AR DAl FES RIS (X£s,n=8)
Table 3 Effect of DRC-NCs on DA score of rats with UC (X £ s, n=8)
. IR/ DAI ¥4}
(mgkg")  H1R ENPR ERPN EXPN ERDN ENPN ENIPN
T H 0.00+0.00  0.00+0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00%0.00
TR - 2.4240.52%  2.5440.53% 2.54+047% 2424032% 1.794033% 1.584+0.32% 1.4240.22%
SASP 420 2.3340.60 2.13+0.69 1.92+046 1.42£032" 1.08%£043 0.924+046 0.75+022"
DRC-NCs 1 2.38+0.51  2.2940.56 2.50+£0.57 1.83%£055 1.75£0.52 1.46+037 1.46%0.29
2 2.2940.59 2214037 2.08+£0.36° 1.24%039™ 1.00+0.44" 0.71+0.11" 0.71+0.11™
4 2334047 2.00+0.24" 1.83£0.29 1.25£0.49” 1.00£0.65 0.924+028" 0.794+0.23"

g #p<0.01; SHERIAELE: *P<0.05

"P<0.01, £ 5. 6

#P <0.01 vs control group; P <0.05 **P <0.01 vs model group, same as tables 5 and 6
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4 DRC-NCs 3t UC KR4 AERRIELZERIFN (X100)
Fig. 4 Effect of DRC-NCs on pathological changes of colonic tissue of rats with UC (x 100)
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20 T A7 2 A 200 0 S /> B 1 4 3R i1 . DRC-NCs
FIEA KR RIS E, ik B e %, |’
PRHEFVEC N, R AEAH 3 1 B 952> - DRC-NCs
R K RS RN A W, A TS, 4
HEARPVEON RS, R AR B B s>
254 MfRAEEL MAEREEOHE RERIERAE UC
R A AR, AT R A D EE L
G E, WIE AR B AR BT B T AR EIAL
NP AS Rl

JI60 i 8 = i o /K B A o

IR 35 50 = R U 5T /K B A o

RO KRR A B IR 45 A =R 4 s
#& 4 DRC-NCs f UC KEMIBRIEE. MEREE AR 00
(Xxs,n=8)
Table 4 Effect of DSC-NCs on thymus index and spleen
index of rats with UC (Xt s,n=28)

L AR, AR 2 P R e ORI AT e H B
i, $&/5 TNBS/CEBEAWEE I UC BB K R 1) 4
o RGA —E MAMHIE . S, SASP 4
(P>0.05) 5 DRC-NCs 4. (P<<0.01) HfigisEus 7+
15 SASP 41 DRC-NCs fik+ . @I E 4L
Bedhrfe 2T (P<<0.05.0.01), #2275 SASP 5 DRC-
NCs XK R 5% Ra A — €T HER.
255 4SipHS P MK H ELISA V&
TE K RS I 23 TNF-o. IL-64 IL-10 H7KF.
B R RS R T TNF-a. IL-64 IL-10 FI7K P40
5 PR, SEAYIMEL, A KRS58
TNF-a. IL-6 [I7K P T (P<0.01); SAEAILLAHEE,
SASP #4i. DRC-NCs fik. #. mlEAHAKNR LA
ZUFF TNF-a. 1L-6 FIZKFHIFEE (P<0.05. 0.01).
R KRR EE B 4L 2R TL-10 H 7K P42 1 2H AR
(P<0.01); S5HAIZHAMEL, SASP 41, DRC-NCs .
AR KR A AL IL-10 KK TR (P<
0.01), DRC-NCs &FAIEAT mAHE (P>0.05),
# 5 DRC-NCs X UC KR E&AHELF TNF-a. IL-6. IL-
10 /K FEHIEM (X+s,n=8)

Table5 Effect of DRC-NCs on TNF-q, IL-6 and IL-10 levels
in colonic tissue of rats with UC (Xt s,n=28)

i3 &/ io)ins=gd) JRIEE B . billk—v] TNF-o/ IL-6/ IL-10/

(mg-kg™) (g'kg™ (g'kg™ (mgkg") (pgmL™)  (pgmL™)  (pgrmL™")

FH - 2.53+0.34 2.8240.43 TH - 31724679  23.84+424 71.09%15.19
isis) - 1.13£0.30%  2.07£0.31% iR - 6846+ 11.68" 54.01+6.89" 3474+ 11.16"
SASP 430 1.50+0.25 2.48+0.22° SASP 430 45.86+10.18™ 33.89+7.09" 52.55+547"

DRC-NCs 1 1.96+£0.50"  2.514+027" DRC-NCs 1 5852411407 29.61+8.67" 35.02+8.24
2 2594050  2.85+0.48" 2 2991£526" 29.53+3.95" 58.48+10.47"
4 1.93+£0.73"  2.8140.39" 4 40.70£9.99" 27.58+647" 51.36+12.94"
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%i I, SASP fll DRC-NCs 1] LAFEI UC KR 4572
2t TNF-a., IL-6 (17K, i IL-10 B7KF, HIG
PA DRC-NCs Hi & 2H 250 R et

2.5.6 PUAMIKE  KEHERREUK 845 2 211 5
&, TEUKOKI R U5 - AR B B K AR AR (1 :
9) [IELM A LS T, FF A R B AL
(3000 r/min, Z.0F42 7.75cm) &L 10 min, HE
TERAZ IR SR, JIlE SOD 5 /7. MDA (1)
FEN MPO i1, HFHKRERAL+ SOD i
71~ MDA & & MPO ik 6 . 578 HA
AL, AR RSS2 SOD 13 /10 2 1%
ik (P<<0.01); H#RIHAHLL, SASP 240 /% DRC-NCs
L mEAEAKRERAL T SOD g it
(P<<0.01), DRC-NCs fi&FlEH GHAH T % 7 .
R KR4 2k MDA & &/ MPO & /1%
FHMAEETE (P<0.01); SHEAAMLEL, SASP
#H J2 DRC-NCs H. 741K R 45 41 23 MDA
P EM MPO & J#IK (P<<0.05. 0.01), DRC-
NCs A& MPO JE LR K (P<<0.01). AT
W, DRC-NCs 7£— & _ER LUK UC KR 451
A MDA &8 MPO 3% /7, 47 SOD % /7,
PRI A A N O &8 i 2R B 4 4% o

# 6 DRC-NCs ¥t UC KR &FZHZE+ SOD. MDA, MPO
KRB (X£s,n=8)

Table 6 Effect of DRC-NCs on SOD, MDA and MPO levels

in colonic tissue of rats with UC (Xt s,n=28)

5 &/ SOD/(U-  MDA/(nmol-  MPO/
(mg'kg™) mgprot™)  mgprot™)  (Ug™)
=M - 2279%+2.16 3.43+053  0.98+0.94
8t - 16.09%1.80" 6.11£1.51% 7.96+1.69%
SASP 430 20.88+1.48™ 3.45+0.68" 523+1.65"
DRC-NCs 1 1533%1.69 5.09%+130 5.76+1.14™
2 20.12%1.66" 4.4940.74" 2.60+1.48"
4 20601249 477+1.11° 2.17£1.607
3 g

ARSEISAE BN EIR, B ORI A R
BYUKERS, PR HRAE LI, DRC-NCs 7>
B R, NIEERIE HoRARR/NE—, ki srfite
HEE 1.1~2.6nm, @ifglEIEE 0.354nm, HA K4
R, 8 H C Ny O ZnEk, ®
MATRE T AR Fodk. RILSEHEN], xR T
it 5 DRC-NCs KIEZBIEHAE VNI RR.

HPLC 25 EM, R 17/ T4,

o1 75 S2 6 45 R, DRC-NCs FI4H i aEPEIR
K, LAFEKREL 2 500.00 pg/mL LLA . UC 3
YRR S 6 4k L B, DRC-NCs 1 PABca K R —
FECAR 0 I 55 25 BAAIK DAT V43, 42 v i i s 5 % JI ke
ek, Wit s, %9 DRC-NCs % UC AH —
SEERITIER .

RAE RN FEREERKENE UC. IL-6 255K
i SN B IR, FENUARSZ SORE RIS K&
Gy, TL-6 b 5 3R REE 3G N i b Rz 4 i 36 3 12k
TN 7 TE () JE [ S, BRI UC iE 3 R 1)
IL-6 /KRR8I, H5WE™ERE R EMEX,
SRR R, HoKCPEB SRR, B
SR HH IR R4

TNF-o AJ {2 MRS IR, AT AR
WAZHAEE 3, HESEWR NO, INERE
AR, 5 FmiE E R AR T3, ghAh, wf
PASIEEH R A M R A, RO A, A7 1L-8
S5 RAEDR RIS NG, 0 = 45 T B A A 4
R W RIMARZIRTT M UC i35 TNF-o £ 1
FIRBEIEH N B4 RE B3 B8, TL-10 2Pt HE4H
MR-, LB sk ml N ELAE 28 PR R 7%
TR, (AR R TR &EL, HiE
Thfe W R AR SOREFIEEME R BB, B RER UC
BETESHIA N IL-10 7KF B BAR T 1IEH K,
L 5 9 155 11 T k40410, TSR AR AT TL-10 11
S EIFETHE, B, IL-10 7] LUE 5 UC s
K TG B R bR 2 — 142, ARseag st BR8] DRC-
NCs Xf & PEAHIHI 7 KA — 2 I, LR
PR RN T TNF-a )2 IL-6 [F/KF, H EBibt
R T IL-10 MK, JERER 28 K1 F 4 25 R
TFIRIPA, AT kR 45 i

R AARIEE UC X —EHE R E.
MDA & 5 WA N A N IR, AN
k=S [E2E S s uit=110 W | b2ty o) s R N O
Wit Mg it 2k, 7o K& MDA S8 84k =1,
SN F44 B EoR UC B 1L iE + MDA
B B T 401, SOD 1R ik Py BN H AT
BRFAT, HyEMHE KPR 52 MDA S A= &
BRI, MHUAME KBS HHIEES, SOD K&
THFE, WEHEACTERRE, Rk, SmA SRR
ALEE A MDA 2281 SOD 3K F s,
MPO 2 HE4H M (1 5 AR E, 2 BAZLE T+ kL
Y, ADEOAAE T A A B, 2
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R T AR B, AR SZ B G EE 2E
ST, P AL 2 i R 5 0 o le 2 e e K R T
MPO, N J0E SN 58 . (K, MPO ()35 P
AT DL e A PR A0 A 2R IR AR B,
WAL JORE Ko Bh4h, MPO A7 AR5 H 2%,
JnEXFH R AL, A5 7R, DRC-NCs 7] LA
BAR K R 45 i 4144 MDA ()48 K% MPO i 17,
P& SOD 13 71, ARSI L RE /1,
S SO 45 R 20 AR T VR T UC

AT FETE YRR A e i AR A DA B R B
T RN K2R B> DRC-NCs, I H & ¥l DRC-NCs
X UC B REFIEITER, HAERNLH AT e 28
T g K AR AR B AL N, YRR S
PAFRE R R IEIRITE . ARWF5ER UC AT H
BETSRIRAKYE, SRR R A SR T AR R
.
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