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Acute toxicity and anti-ulcerative colitis effect of safflower seed meal in mice
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Abstract: Objective To evaluate the acute toxicity and anti-ulcerative colitis (UC) effect of safflower seed meal which is the by-
product of extracting safflower seed oil from the seeds of Carthamus tinctorius in mice. Methods C57BL/6 mice were ig different
doses of safflower seed meal, the organ index was calculated after 7 d, hematoxylin-eosin (HE) staining was used to observe
pathological changes in liver, spleen and kidney tissues, liver function, kidney function and blood lipid levels in serum were measured
to evaluate the acute toxicity of safflower seed meal. A UC mouse model induced by dextran sulfate sodium (DSS) was established,
the body weight of mice was recorded every day, the disease activity index (DAI) score, colon length, and organ index were measured,
pathological changes of colon tissue was evaluated by HE staining and Alisin blue periodate Schiff (AB-PAS) staining, the expressions
of inflammatory and mucosal barrier related factors in colon tissue were detected by qRT-PCR and Western blotting. Results In the
acute toxicity experiment, there was no significant difference in organ index and blood biochemical indicators between safflower seed

meal group mice and control group, and no abnormalities were found in organ pathological sections. Safflower seed meal had a good
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protective effect on DSS-induced UC mice, which significantly improved clinical symptoms such as reduced body weight, increased

DAI score, and shortened colon length (P < 0.01), alleviated pathological damage to colon tissue, inhibited the infiltration of intestinal

inflammatory cells, protected goblet cells, increased the expressions of tight junction protein and mucin (P < 0.05, 0.01, 0.001), and

improved intestinal barrier integrity. Conclusion Safflower seed meal has high safety and significant therapeutic effects on DSS-

induced UC mice.
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SEEL AR . TRIE I RORE U N RHE RS 1
e e M SOREVE R U o e 3 5 AR DL vt 9 PR A
RE, BEURHEME. R ELRR A, R
BRI RAER . UC 5 KR R Jm AL R 5 52 2,
MG, FEHEER ERETFRAR, FE
WEEE K HIRIS . W R U . S e i 7 Fn A=
YRS, Hed S-Z KPR (5-aminosalicylic
acid, 5-ASA) &M BT R, W LAY E 4
i f~%-6 (interleukin-6, IL-6). IL-1B. MR IAEIA
F-a (tumor necrosis factor-a, TNF-a). y T E
(interferon-y, IFN-y). IL-10 %5 %8 P41 g [K 1~ 2 [8] 1)
PB4, SRR UC B I E IR 250, SR
KA I e 24 o 77 AL ™ B AN R OO, T AR
Ky IWmPR N A 245097 it M 46 W 28 ke iz 081,
LLACKFR R EHEM A48 Carthamus tinctorius L.
(R - 220 R VR SR IXLL AR I J5 B B i ) 204E
R RRE A AR 2 —, B AR 0 7 &
L T, XL LT AR R AT DU TR R 2 A
BHO, PR ER, AR EA DAL HR
FIB S S RO A oL A S5 AR g 14, ]
W BN R I ACATRO T I AR e, R 3R B R
AIETER A BORAR, RO LAERF R — 2 TF R
R 28 5E RISt R E N ASCER, MRk
BLLLAERFREXS UC HHOCHI T AR IE . AHIF 7T LLE 28
PEIR BR 4 (dextran sulphate sodium, DSS) %5 51 UC
N OB, BRI ZLAERFFARS DSS 531 UC /M
PEITAE X 2t s T B 8, R LA
FIH TG IRBI G UC B4 B G T $2 AL S50 45
1 M
1.1 7%

ZLAEKTR BB SR B B 2R LM 161 ] (B3
X ERE) THIZAE, S 1 REL
T R U 28 e N R ALY AAE C. tinctorius
L) e A R 52
1.2 ¥

SPF 2% CSTBL/6 /N, MEMES Y, MR & 18~

22 g, WEBERERRFELR S T O, TR S
SCXK CHr) 2023-0001. /NRIAFET SPF 355,
R 20~22 C. MHXEE 50%~60%. 12 h J:H/
12 h BRI, i Seie s i 7 KA B FAC B R
REfLE GitHES A2022-093-01).
1.3 @5

5-ASA (b5 C13983588) Wy g mamkt
TR A A B A W] s FITC-%1 5808 CEIIAHXT 4>+
i & 3 000~5 000, #t5 0456702411) W H & E
Merck A #]; DSS (X 73T i & 40 000, b5
S14049) MW H EHFEAAEMBEARA R BHIE
B8 1 (zona occludens 1, ZO-1) Pifk (Hit'5
1002002-4) . # I E H (Occludin) Piik (L5
1002475-17) WY P E Abcam 2w ; HEE-3-1E 1R
& (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) #ifk (35 230040406) W [ A2 &4
MEARANT]; 10% T ZFe LR 1.5 mol/L Tris-
HC1 22103 (pH 8.8). 1 mol/L Tris-HC1 22 (pH
6.8) E SR _EREE M. =R, B
T2 BEdks (550 38 12072034, 20230504
2308001 . A2306002 . 1130L072. 6230815001 -
3230609001 1 H AL &K FE AW BHLH PR A 7 5
R4 20 GItS CT31191180) W [ b mt ik ke
BHEA R AR s ECL 22 &6 (5 2120¢03)
W BT IR RHE YR 5T 0 FRA ] ;- TransZol Up
i )« EasyScript® One-Step gDNA Removal and
cDNA Synthesis SuperMix i 71 & + PerfectStart®
Green qPCR SuperMix i & (#5454 P61220.
R10208. Q20409 Iy H AL i A& AEMHFARA IR A
7, NRARE LM (alanine aminotransferase,
ALD) R7& G5 20230805). KA R IRA LR
(aspartate aminotransferase, AST) 7l & (L5
20230325). HAHLLE (total bilirubin, TBIL) R
& (k5 20230422). JRFEZE (blood urea nitrogen,
BUN) ®ifll& (b5 20230313). HAHMEEE (total
cholesterol, TC) W& (L5 20230414). =ftH
M Ctriglycerides, TG) jfll& (5 20230414).
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WLEF (creatinine, CRE) i#& (5 20230327)
0 e A AR T RERE AL
1.4 45

AR124CN B0t 1 BB s (Rl
HIRAF]; 5418R UK Z LML (F2E Eppendorf 2
#]); ECLIPSE E100 B 1E B B iE: (HZA Nikon
AF]); Cytation 3 BUEEARX (L[ Bio-Tek AF]);
Mini-PROTEANTetra %! H1kf# . MiniTransBlotCell %!
HEENRE . 164-5070 BUE R KA (3£E Bio-Rad
NA]); Tanon 5200 Multi B4 B k2R IERUE £
4 (L REERH AR AR D; Rotor-Gene Q A qRT-
PCR 1% (#2[E QIAGEN AF]); ZD-9556 RI/K-F /i th
PR (LIRSS HIE A PR AR,
2 7k
2.1 ORFFHNHIE

HU&E ELeM 7, e, T 50 CIREEZS
T 2 h, IZEVREL 106 TN ERAER, TR
IR (75 CIR#E3h), B8, Wkikgs. WEL
TEFFHRT, 45 CARIEMET 3h, RowE, 40 HiLis, #
KA KECHI AR 1 g/mL BITER . K-
FRIEIGE | g/mL AALFFRIVE R S 2 &, A
DMK 490 nmee LU 2 BEARE & 7 B A FE A A A4
b (), IR (A4) APAER (), RMERIATHRE
N y=13.396x+0.0944 (R2=0.9909), it5HFHHT
TEAFROVE I 2 T H0h 24.25%.
2.2 LITEFFRRM S
221 FHKRGY BUNR 70 R, MERESE, GER
PERRIFE 1 B G, BENL o B AL AERTR (0.25,
0.50. 1.00. 2.00. 5.00. 10.00 g/kg) #H, F41 10 H.
LAHI/NRAER 12 h (HHYOK), TRH BT ig
YR IR, HIETE, ESINEE 7d, IR
P N FIFET B -
222 —BAEKIRGMEE WEIFdR 7d W&
N R BEGEE. PR, dEe.
YOKS 3l B SR EE I DL dsk & 4/INRA
BRI thEE BRGNS A] . R AR, HF
SRITIE]). REAY RAET GO, IR T B
N B AT RIS A
223 RBENE  SE5 A A AE K (A — I A R
AN R T
224 SRS A 745, S
R, WMEEAAERS GO BF. B Bl B B
I ARRRFE A s BUFFE . BRAE. B

PR, tHEARSS TR

U 54 = W2 R R A R

i B AR 4% R EERE e, BRI
WK, A, SREHHALZRRAYIE 8 um JEH
YIF .« YIA AR E-FL (HE) Jeft, Bisimes
BAHL B T HR W AR .
225 MBKGE %425 7d 5, 2MshymiRERE
i, 4 °C. 3000 r/min £5.0» 10 min J5UEEIMTE, &
M IEH ALT. AST 351 & TBIL. BUN. TC. TG.
CRE /K°F-
2.3 ZI1EFFHFAXT DSS IESH UC /MRAVRIFER
231 S GEBKRGGY PRGENMMEMESE 1S,
BEHL 4. A2, 5-ASA (100 mg/kg) 4
RILAEFFRT (5g/kg) 2H, 4 10 H, /NI
Fo XTHRAL E R 4K, HAa/NR B B 3%
DSS /K¥E, ES:7d, HIFAM UC. EHFEI,
FERYIH ig M2, RTHRAMBIAIA ig SRR
MK, 1R/d, #EEE 14 d.
2.3.2  FIRIESI$EEL (disease activity index, DAI)
W BRI RGN R E, N R
fEHRFME MO, MRPEER 1 31T DAL U100,

DAT= (5 5875 1 73 30+ 13 153 B+ KA PR 4 %03

#= 1 DAIENFRAE
Table 1 DALI scoring criteria

Fihs A%
i PRETIE JERER SRR
0 <l 1IEH fafn (=)
1 1<x<5 FABL, 2RI RIR R (+)
2 5<x<10 FARUWI R, BEAREIE il (+5)
3 10<x<I5 MK A Faifl (+++)
4 =15 i {5 50 B S PR AR A 1f

233 JpiEEEMERI RIRG A E/NEESE 12h,
ig FITC-# 5 F# (50 mg/kg), 4 h Ja/M ip 1% E
EEZ4h (60 mg/kg) BRI, fiHRIRELIML, 4 ‘C. 3000
r/min &0 15 min. AEHREL 100 pL M7, 7EEEG
R TR IR B AR R, BEALIAFRE
100 uL, FEJP K 480 nm Al 520 nm ARG IIRE 5 1K 79¢
eomfE, I ESHRE FITC-H S0 = A i br ke
LRH S T FITC-3 R 17K

234 JIEESRIEEONE  DEARSESS, BUFIE RN
Ve, PRERiE, RIS

23.5 A4 HE MIRTRLENE - iR 5 % (AB-
PAS) Gutt /NRALIESE, EEE BN, IR SR
WA, MEKER, H4%2RFEREE, BE L



* 2604 »

FED 20244E4 7 $55% H 8B Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 8

BEML K, A, SREBHLSWR AR 8 um /&
MY R . VIR 43531 H HE fil AB-PAS 4ett, S T
WEZ 25 i SEREFIMARA Bt . SR VE b it
W4 2, 1] Image J #4347 E B St

R2 HARGITSIRE
Table 2 Tissue injury scoring criteria

RAE ARRE FREBIR  HAEE () /% PFR

2.3.6 qRT-PCR il &5 2HER IL-6. IL-10+ IL-1B-
TNF-a~ IFN-y. ZO-1. Occludin. %% 1 (mucin-
1, Mucl). Muc2 mRNA #i& W30 mg &5jim4144,
Trizol ¥£513K$2HUE RNA, fiif] EasyScript® One-
Step gDNA Removal and cDNA Synthesis SuperMix
R & RNA W35 cDNA, #4T qRT-PCR 73
Pre SIFFI I 3.

2.3.7 Western blotting 54 HX 50 mg 514144,

T & 7 7 0
ﬁf gﬂ%)% 112 % 1<x<25 1 111500 pL ZARWGIEAT 5934, Fok -3 30 min,
BERE  2/3 Bk 25<x<50 2 RN . TR .
= 12 000 r/min 25> 10 min B, M i
& MURREBE 100%5F  S0<x<75 3 ok LI, WE R
T LEBaEAG  75<x<100 4 B, ISR AN EAFEME T IR EN-
L BB RNIEE R vk, ¥ % PVDF B, A 5%Mifg
#=3 Sl1HFFI
Table 3 Primer sequences
HEH LY (5-3) S 514 (5°-37)
IL-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC
IL-10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG
IL-1p GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
TNF-a CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG
IFN-y CAGCAACAGCAAGGCGAAAAAGG TTTCCGCTTCCTGAGGCTGGAT
Z0-1 GTTGGTACGGTGCCCTGAAAGA GCTGACAGGTAGGACAGACGAT
Occludin TGGCAAGCGATCATACCCAGAG CTGCCTGAAGTCATCCACACTC
Mucl AGTGCCTCTGACGTGAAGTCAC GGGAGGGAACTGCATCTCATTC
Muc?2 ACTCTCCACACCCAGCATCATC GTGTCTCCGTATGTGCCGTTGT
GAPDH CATCACTGCCACCCAGAAGACTG ATGCCAGTGAGCTTCCCGTTCAG

A4, iR 2 hs srAmA—$t (111 000,
4 CRIRWFE R HBE S X, A HRP frid
=Pt (1:5000), =EFEE 2 h, BEE5 K, H
ECL 122 ROG AR 5617, 4 B s ROt it
RAEIAT MG, B Image ] A T EAL .
24 GESR

K H] GraphPad Prism 8.0 #4- X Hdi 3t 47 4347
B LA X £ s R, 4L ELIBCR F 3R 205 2 bt
(ANOVA), AP ELECRH ¢ 58704

3 %R

3.1 PN EN

3101 KRGS SR NI RBET
MtEHL, JFEHIEDNRAYTOKE. BEE. JREK
FAFEIIET, HEBHEIER . H0X5%E, WIS
RiE, HHRERE, MRS RL, R, B, M.
STCSE Y, T EEIR.

3.2 WRRERME R 4 Fon, 5XTIEA T,
ek SR EA DR ES TR EER

T4 BHNIBRERETH (Xts,n=5)
Table 4 Changes of body weight of mice in each group (X s, n=>5)
o e B R R/g
A5 /(e ke ™) LR 3d 5d 7d

pagil — 23.50+0.67 23.784+0.67 24.0140.53 23.45+1.01 23.61+1.24
AW | 0.25 24.1240.82 24.67+0.89 24.54+0.70 24.17+1.16 24.3941.96
0.50 23.55+1.46 24.14+1.76 24.51+1.99 25.24+2.50 25.04+2.53

1.00 22.89+1.19 22.64+1.43 22.88+1.74 23.41+1.41 23.64+1.78

2.00 23.1740.52 23.5940.40 23.60+0.92 24.02+0.95 24.02+1.10

5.00 23.33+1.31 23.76+1.43 23.59+1.62 23.6041.43 23.80+1.85

10.00 22.73+0.46 22.90+0.63 23.13+0.73 22.75+0.55 22.44+1.32




FED 20244E4 7 $55% H 8B Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 8

* 2605 »

3.1.3 ERMmEAG A SRERATR, N RUREE AR
M EE S GO B B B B B ), M
JE s BRI CHT AR, BERR (A, K/ b
1EH, JEWIE R AT WL AR o XA ) A
MOERE, THEMESIEEL Wk 5 PR, Sl
PLE, LLAERFRA & R /N R RS B, B f
KOS I FE B0 T i 2 1 22 7 AL U B A A (8]
1) KB, X BRI LA ERFAR A7) 2 B AT 4

VI RN Ee T AP R NI 1T UR 1l T Y
S bk oh rhcs e DU B SRR HES V)& R, T
SR s BRAELL R Fr G5 R R DL S H AR AL, R
FERWY K, FMER DR WA HEZL, 2 ABELT
BIR WS BHEARTI T SR W22k, B
NE E B HER RS, GERITE, R LK AR
W, BNERRUN B IEH, AR KRR R
o ZLAEN R B TS R BLD) F S X IRA W& .

*5 BENREFIEREN (X£s,n=5)

Table 5 Changes of organ index of mice in each group (X +s,n=5)

21 51 7B/ (g-kg™) TR %L LA FE 5 B kR 2L
payiict — 43.524+10.16 4.184+1.59 11.46+2.41
AR 0.25 43.45+6.29 5.58+1.52 11.51+1.72

0.50 52.60+7.28 6.061+1.06 12.0612.50
1.00 47.63+3.34 5.4141.06 12.08+1.44
2.00 41.40+5.27 5.4040.69 12.1242.63
5.00 49.93+1.64 4.64+0.57 9.80+2.17
10.00 45204236 497+1.25 11.54+1.41

JHE

ZLAERTH (g kg ™)

El1 SR, A, BIERETL HE, X200)
Fig. 1 Pathological changes of liver, spleen and kidney tissue of mice in each group (HE, x 200)

314 Mk E k6 i, HXTHRALE, 40
TEFFRT (10 g/kg) H/NRRIMIEH ALT. AST i& 1Y
B2 THE(P<<0.05), BUN /K- i 25 P (P<<0.05),
ZLAERF R S B A MR AT R AR Y B %
Fo FIRZAMEREMEIGLE RR, AR
B

3.2 ZITEFFHEXS DSS iIBESH UC /MRAVRIFER
3.2.1  ZLACKFRIN UC ZNER DAT P4 FLA i &= 152
PR N RIS SPIRES R, REMIRES RAF, 1K

KR IET, BROCEAICE, FER XL G,
RRAIZH /N RAE B EHIKH] 3% DSS KIS 3 d 5,
DA RIS WSS ATEIESE . FEMAR. &
BRORSS . BRI, FMERBEER SR, EEN
(8] A3 0, DAT P73 2 2 88 0, A5 20 2% TR (A
2), FEHEMKFEEEL (G, JEHMPIETHR. &
TR 5-ASA 67T )5, LIRIRFRA Pk
%, DALV RERFL, B ETw, HaqE
FERAF S HOR BN 7
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*6 BH/NBRMAENIERTL (Xts,n=5)
Table 6 Changes of blood biochemical indexes of mice in each group (X £ s, n=>5)
I/ TBIL/ BUN/ TC/ TG/
ZH5 ALT/(U-L! AST/(U-L! CRE/ I-.L!
HA (g'kg™h ( ) ( ) (umol-L™") (mo ) (mmol-L™!) (mmol-L™!) (mmol-L)
X et — 33.301+6.87 93.02+10.64 9.11+1.05 23.27+3.15 6.531+0.08 3.48+0.66 0.96+0.18
AR S| 0.25 32.67+10.92 87.08+12.48 8.52+1.06 24.02+7.62 6.35+1.03 2.84+0.41 0.78%+0.07
0.50 44.25+6.68 84.47+1694 9.59+1.35 36.00+11.92 7.54%+0.18 3.39+0.75 0.9240.07
1.00 27.041+4.68 79.07+12.98 9.79+1.50 33.80+11.40 5.55+0.79 2.94+0.56 0.83+0.15
2.00 42.20+8.47 86.80+16.20 8.54+1.20 30.71+14.81 6.71+0.09 2.85+0.49 0.89+0.14
5.00 51.04+10.38 112.95+7.33 9.81+1.67 37.66+10.76 592+1.04 3.28+0.49 0.89+0.19
10.00 111.96+16.15% 116.17£9.99%  8.64+1.76 3991+12.83  5.254+0.33% 3.324+0.17 0.97%0.06
SRR *P<0.05,
#P < 0.05 vs control group.
110 -t 7 - X
=100 = A J : = B
i * e SASA & - 5-ASA
= 00 ~ LLAEREH B LA w3 5t
I # =
£ 804 19 *
= *%
70 T T T T T T T T T T T T T T 0_
1234567 891011121314 1234567 891011121314
t/d t/d
R #P<<0.05 #P<<0.01 *¥P<0.001; SHERAHLE: "P<0.05 "P<0.01 "P<0.001, FEF.
P<0.05 *P<0.01 *#P<0.001vscontrol group; "P<0.05 “P<0.01 *P<0.001 vs model group, same as below figures.

& 2

LTIEFFHART UC INRARFREF DALIES RIS (X+s,n=6)

Fig. 2 Effect of safflower seed meal on body weight and DAI score of UC mice (X £ s, n=6)

3.2.2  ZLAEHFRART UC /D BRESS R3St BEAn

[ g E R R 0 IR /N R4S 2 2 BE S
THMT, RERIEDOLHE, BATE, ARG,

ToRhE ; BEARLYL/N B ) &5 %éﬂ,/\ﬁ B S R S 443
WTRIEBME S . BT, 05, BhE. AKIHRILLZ
W, i 3 fiw, SXTHRALERE, BN R
I 2485 E TS (P<<0.01. 0.001), Z5fpKER
FHHE (P<0.001), MpiEimiE LT (P<

0.001). SR LA, HA A/ NRE K ER

801 ##

{_ - i R
70 + = R

=15-ASA
60 ** = LT AERPH
50 i
#t

st
MK /em

A
&3

IIXH}"

15

&n 5

¥n (P<<0.05. 0.01), MpiE@EN: EE R (P<
0.01); ZIALFFFIZH/ N R PINES B B PR (P<
0.01), 5-ASA F#FRELE &2

323  ZLACKFRIRE UC /N BR 45 i 4 43993 B 1A S i)
WK 4 Fron, HE Jetagi R BIR, S0P ThE:, B
R/ R4 I 2L AR B B R 073, o P
B B BT I EU?JJAEI"UJL Y I
EUME’W RANHE R B e BE AR E)U:MEF

AP BB T <P<0001> AB-PAS Jeftgh
154
_ i
H a
£ w5
oSee VY =
B ahah - % *x
lﬂ: @ 54 sk
A
R
0_

LHHIJ o

T T T T
WPHE REED SIASA ZLAENFH WPEE KR 5-ASA ZIAEFHA

LITEFTHARS UC /MRAEZRIEH . S KERMZEEEMLNEIE (X£s,n=06)

Fig. 3 Effect of safflower seed meal on organ index, colon length and intestinal permeability of UC mice (X + s, n = 6)
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AB-PAS

SR R 5-ASA ZLAERHA

MR R S-ASA ZIAEFFHA

AW ES it

300

%]

(=3

(=}
|

PRI A am?
s
1

WHHE BEA S-ASA ZIAEKTHA

& 4 ZI1EFFHARS UC PMREZMBLRBENHFME (X£5,n=6)
Fig. 4 Effect of safflower seed meal on pathological changes in colon tissue of UC mice (X s, n=6)

KR, xR, YL BRAFAE™ M
RN ZE S5 A IR A AR, BB VR AR, b
WZBAIR, R SR, 5-ASA A
NRIE I AR 0 2R 2 T (P<0.05), #4
R FETE DU VAR LA RN R
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