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Extended Abstract

Introduction: Triptolide (TP) possesses valuable therapeutic properties, including anti-
inflammatory, immunosuppressive, anti-rheumatoid, and anticancer effects. However, its
clinical application is severely limited by significant hepatotoxicity. Consequently, there is an
urgent need to mitigate TP-related toxicity without compromising its therapeutic efficacy.
Modern pharmacological studies on saffron and its primary constituents have revealed a wide
range of biological activities, such as anti-inflammatory, antinociceptive, antioxidant,
immunoregulatory, neuroprotective, cardioprotective, and anticancer effects, as well as
protection against natural and chemical toxins. Crocin (CR), the main bioactive compound of
saffron and a potent natural antioxidant, has demonstrated significant protective effects against
liver injury. The aim of this study was to elucidate the molecular mechanisms underlying the
protective effect of CR against TP-induced hepatotoxicity through the re-analysis of RNA-Seq
data.

Materials and Methods: In this study, 12 male Kunming mice (body weight 20 + 2 g) were
used for the reanalysis of transcriptomic (RNA-Seq) data to investigate differential gene
expression and identify key biological pathways involved in the attenuation of TP-induced
hepatotoxicity following CR treatment. Mice were randomly divided into three groups (4 mice
per group): a control group receiving normal saline (NC), a TP group receiving a moderate
dose (300 pg/kg; TP), and a group receiving TP (300 pg/kg) combined with CR (100 mg/kg;
TP+CR). All treatments were administered orally by gavage once daily for 7 consecutive days
at a volume of 0.2 mL per 10 g body weight. At the end of the treatment period, liver tissues
were collected, and total RNA was extracted. RNA quality and purity were evaluated using a
NanoDrop spectrophotometer and agarose gel electrophoresis, respectively. To elucidate the
molecular mechanisms of CR's protective effects, the publicly available RNA-Seq dataset
(accession number GSE202175) from the NCBI Gene Expression Omnibus (GEQO) database
was reanalyzed using the iDEP web-based analysis platform. Differential gene expression
analysis was performed using the DESeq2 package through pairwise comparisons between
treatment groups. During preprocessing, genes with low read counts were filtered based on a
minimum of 0.5 counts per million (CPM) in at least one library. For gene clustering and
principal component analysis (PCA), data were transformed as log2(CPM + ¢) using the edgeR
package, where the constant ¢ = 4 was chosen as recommended by iDEP. A total of 55,487
genes were detected from 12 samples, of which 18,248 passed the filtering threshold. Among
these, 18,121 genes were successfully mapped to Ensembl gene 1Ds, while the remaining 127
genes were retained in their original form for downstream analyses.
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Results and Discussion: Differential gene expression analysis using DESeg2 and k-means
clustering revealed that, out of 18,248 identified genes, 2,329 were upregulated and 2,261 were
downregulated across comparisons. KEGG pathway enrichment analysis indicated significant
enrichment in several pathways, including metabolic pathways, steroid hormone biosynthesis,
retinol metabolism, chemical carcinogenesis—-DNA adducts, arachidonic acid metabolism,
linoleic acid metabolism, drug metabolism—other enzymes, primary bile acid biosynthesis,
xenobiotic metabolism by cytochrome P450, steroid biosynthesis, neutrophil extracellular trap
(NET) formation, and systemic lupus erythematosus (SLE). Crocin stabilized and modulated
pathways related to drug, toxin, and inflammatory mediator metabolism, thereby exerting a
protective role against TP-induced hepatotoxicity and restoring hepatic cellular homeostasis
toward a normal state.

Conclusion: By stabilizing and regulating the metabolic pathways of drugs, toxins, and
inflammatory mediators, CR can exert a protective effect against TP-induced hepatotoxicity.
The activation of these pathways reflects the body's attempt to restore biological homeostasis
following exposure to TP. Overall, CR modulates the destructive activities of immune cells by
targeting immune and anti-inflammatory pathways, thereby restoring the cellular status of the
liver to a normal state. This targeted regulation of specific pathways may serve as the
fundamental mechanism underlying the hepatoprotective effect of CR against TP-induced liver
toxicity. Consequently, CR should be considered an effective strategy for reducing the adverse
effects of toxic drugs, particularly TP.

Conflict of Interest: There are no conflicts of interest by'the euthors

Keywords: Crocin, Differential gene expression analysis, Liver, Toxicity, Triptolide.

\

. &5 . \ - s N of e . A
w9y (Shadlxo JIL b po (JgSdg0 sBhrwo 95 (o Lwllh (gl (o9 Yl 5 U]

o iy §]  SOBBAS Caow 9 oy a0 )
\

\
"eld, sied Uil pledl o y9 ot o
gl 0 s B RSl (65,5l caSiisle « slo pale 09,5 JLslinl )
ORCID: 0000-0003-4109-9142
ORCID: 0009-0008-9371-4905
\ U‘ﬂ‘ A o A 0 oKisls ‘6})5L{;’S IRVGA S s‘sclb ‘0515 09; uul.».u)ls—v
ORCID: 0000-0002-8515-2497
hnaeimipour@Dbirjand.ac.ir wis y5 comti e Jsimms odinm g

RN

Samo Julowi @ yb 5l o g 5 oS Cano pilp 50 g S (S HT (J9SIge Lol g5le 9 L) (o lelid cadllian (pf Sun
ol 59 099 IDEP Gy caxs 3810 5 31 solisw! U NCBI oS5l 10 59290 GSE202175  ow yiws o)losis U RNA-Seq slaosls
Yoo) adgion 35 oS <l «(NC) Jloy rdl 1 568 iiidd ol (1S5 F 1) 09,5 duw j0 (Bolai jsbay g Giulosl
2 S skee Voo g S L olped 0,59l 1 0,590 Yoo) (g S ol e g i ouiiS el 9 (TP o 5olis 0 0 )59 50
DESeq2 (g, b by (Bl ol Jdoni ionds Jlosl ailigy (51595 5155 & yqu0as 95 catd ke &y b ylod (CR+ TP 10,5 L5

Y



YYYR b yan dbvaug lio dod (gl p Oglisio (ylo (sbay olows conds Ll (5 VAYFA £g0zx0 jl0ls yLiS K-means gusaies o
S s b i yo 5L o 45 010 LS (KEGG) (i 5 b yne (3l i gl 3oy iy 3 YU ol b o YYPY 5
o] nd g3lio DNA &5 (o5 Lot 3190 JUai1— (o3 oo (3130 jaw ¢ J gt 5 o 930 Gy yiaw] (SLy30 398 Jihuw gy ¢ Sl galio
B Sl 5 e lio gl (31 o (Sl gt Lo 5T 3 s — 109 315 poamd g3l (S gid sl o 93l Sriguianids T
«Saosmsw worgd (NETS) Juds g Jolwg s soali JuSid ousdy il jimwgs PA50 03,8 g by (S gugi3)
Gl G (! salanly 9 pgo «9)ld pudgilio G pune pulisd 9 o b (g S ilonds (55l é (5 lolre Hebas
Wolgd (Ladl (pl WS (o SuF b Gl w4 1) S Jelw Cordg 9 WS o0 Wl wdgity T GuaS o plp 0 i3
SRRl S0 plgheds S 5 ol ylan (o 45 9SS (o0 Sleddey 9 WO )l g S (Sle ST I (gladgl (oo g Sl

] B0l ) 5l €910 o C o 5O (oS

Caw9 35 (G Camomw cda gions 37 ¢ I (S8 yrmno Judxd 1 g’ (sLoo 19

\

!5l Tripterygium wilfordii HOok F oLS 5l a5 csl cins ) Jbd aunS gl S &\, (Triptolide) o Jgis 55

B lays Lolss 5925 b (YUAN et al., 2019) sl (555 TS oo ioslly il st slelas 31 s1ls 5 095 oo
(Hu et al., 2022) sl oo dg0mme adS 5 oS )0 o35a0 o dadhiaen WS @ adgis 5 51 b eolaiwl axg
(S sladsho s5mm T Gl slaasT 1 Gl b sy 5 5l b d»\e\f Saro a5 ool (Las sasite Slalllae
(Shenetal., 2023) cul Los o MAPK 3 NF-kB ol olel sl yons (55lo Jlad g (5,058 g0 o Shae ;o DL
N

osliiul 3lge Cpl 45 OIS o Sbxl gz si LB ol By led S BT 15 oS CedM enl o b TPl ol b
&lyogls 0925 T (Gloys @jad 51980 T P Lplali o o oS 4 (598 5L el pli 03l oo dgazma 1) T (b
QLS b b T oS 5 5 LRGNz gls oSt (b alaz 5l soanie ool pglate

.(Zeng et'al., 2020, Zh;ng et al., 2020; Yalikong et al., 2021) wlazs )5 )18 ) 5,50 (229,00
Sl alez 5lidlos 37 ST By 5 BT 51 gy el oo (ol SlaST 53 5 Gliie 595 2 oo SelsSle)é Slelllas
25 o B9 B GRS e Sl slen 50 SR (sl s 0aiS ot Gl ST T )0 s el 02
Attia et al., 2021%Ali, 2024 ; Xing ) oleowds 5 b pgoms plp j0 Cdablre 5 (5o bl 0o «o 3, 0d (b
Sl SB35 S 60 9 gige JS 4 a5 (CTOCIN) (g ,S (€t alL, 2021; Hosseinzadeh & Moudi, 2022
6T a5 el (Crocus sativus L) e soussisg S ol Jbd oloS 5 alex 5l w)ls 0925 o)l b SbewS 92,5 60
OlounST 5T S ylgie 4 cumg S .(Abdi et al., 2022; Salem et al., 2022; Xu et al., 2022) asj o0 03,1, o)1 Sleyo
od Wit o5 4 sl 25 5 286 8L slacal pln o T cilidle ST AS 358 e 4Ll (598 i
9 NIM2/HO-1 e g3l Jlad 5,k 51 Qilgh o (g S 45 S0 0 Hlis 00,20 awled (Anaeigoudari. 2021) ol

(Chenetal., 2021) 555 sa.S ook 10 005,40l Jsho S yo 5 Sled! 2alS g0 NF-KB s Lo

Y‘



Sl g oo MRNA mhas ;5 b5 Ol (58 Dl yeasS (s 2 00095 5 el 5 e Jloio| Jlie il 4y azgi L
(Zhan et al., 2019) sjlu eald adgin 5 5l (26 oS Caow GRlS 10 50 (S0 Sl pne 3550 ;0 (ke
5 oolS slag) ( SIKn by el 0 Sesleygiilens (sl 5l ooliul b eyt Sad s slaosls Julo
IDEP g e li8le 5 (Zhan et al., 2019) s slolids wilaidly s oS 5 ooy i1 50 a5 1) oenlats slaasios
Juo gl din )5 5 2l IS slaylsl 51 S (integrated Differential Expression and Pathway analysis)
(KEGG 5 GO) s s (5o s Juloos somaism o 1,280 lo b slaoys alolis oSl a5 cesl RNA-SE] (slaosls
sleosls saze Julos waslllas ol 5l Ban (Ge et al., 2018) wiS o pol 8 s gianl 4 Lo e 1) ol Sl )30 5
G5 oo 2550 50 (604l (S (Sl yrns alolids g a5 (B33 s 5IUT S (RNA-SEQ) (o5,

Oy iDEP Sy S )1)5|f=)., )‘ solawl Lv su|).a.c) U,WB; )9@} )Q\‘\A»JM)J Ja.w}s o L]l
\

b, 9 olge
oI5 5 Globe ol o 45 ab eslinal (Yan et al., 2022) o Samng ol fvgss 5l ol sloosls 5 gaiss ol o
ol 5 42,5 1,5 0olital 5,50 (CR) (amss S 5 (TP) syl S 5 5l sy sl (o5 ¥+ Y 59) Kunming
(S 09)5) Jlop el A 09,5 el el (Shge Sz °5} 58) 09,5 a3 (Bolal D50 4 b ige Gales]
2S5 Vo) bawgte 590 b ool 09,5 o (TP 0 SlS” 2 )55, ¥e ) Lage 90 L oot 55 :B og SUNC
959 5% )b Se Shys> 515 & jedu 59, Y ¢‘\~’“° 4 5lesd (TP+CR ¢p SolS" 15 0,5 oo Vo 0) (g S L ol ot (o35l
HIRNA 5 5 sl a5 Neloaiges ¢ Lo Syaagbly 53 Seul 0 plosl v 535 2,5 1+ 5o sl 0 sl oo </ o b
o5 el Ll eal
el (i sl SsmfSinotechiGenomics s )i lawgs  Sobeysilen sloJud=s g MRNA-se] lbsuls el
s 9 MRNA B0 EBeRNA CliS o)y g zlcnl 0y p) 70 4,8 IS aig, (Yan et al,, 2022) s 5
& 3ol s syl Jlail 5 (A-tailing) A es 35331 alel e s CDNA (gl alls « JoSio 4z,
23,5 solatul (samte <L) Hlumina NovaSeq 6000 olKiws 5 RNA oL Jlg sl ailbuls esls 3 PCR 3,
Cab S Gl ilgs s Qi B> gé 1ol sla Jlgs 5 oo acaas (raw reads) s> slaools (Yan et al., 2022)
Sy ds gy Slglhd ol 230l (6,108 aids x> 1o pg35 (53, (V.r.0 asewd) Hisat2 |l58ls 5 5l oslaxw! L (Clean reads)
sl Stringtie l8le 5 51.0:0,5 ol (oadasss askad (y5koe Sy j2 50 9351515k 5LS o (sl3l & axkad slaws) FPKM

(Yanetal., 2022) o soliw! 3l loy sl TMM 0 )61 515 5 0 9,0 Slakad b les



S9r GBI Gilel Ol sl Ty s S5 a Jilam o eVlie (55 4 sbil s RNA-SE] gl slos it ol
Ji 9 ool 5l eolarwl L RNA pols 5 coas (Lin etal., 2016) o solatwl |1 S5 o 5l (imgs (ol jo ol oo
el Basb et 5 (uuS Caens plp 58 (g S (e Sl J9SUge slapusilie (plulid b b)) 55589 5!
IDEP g cow 3810 5 5l eslatl b NCBI ool 0 09290 GSE202175 s s o,Leis LRNA-SEQ (sloosls sue
W slayge;l Ho olitsl iS5 S sl g ob bl DESER2 g, 5l ool b 31,80 Lo 5JUT .o alowl
ooliiwl 5,90 (slacols (LOVe et al., 2014) o a5 5,15 4 FDR < 0.05 4l L Benjamini-Hochberg (BH) s,
Counts Per ) e 5 (i1 i 3.8 iy Sty o5 Iy b ooy oo 25 S s Al o
5 samaigs sl (1002 (CPM + ) osls o am al> e 48 g o ploul caiblis, 58, 3158 (Million-CPM
Geet) as a5 L 5 F CLb8 i &,se 4 (Dai et al., 2014) os sl edgeR twb 51 ookl L PCA JG]
@ 00ld oL 4o 5 YAVYY 5 050,S jeue kb 5l 5 VAYFA 5 2l seial digas W 45 OOFAY g5 4o (@l., 2018
a5 255y >y ololid gl ol solatwl Lol &ygo 4 5 VYV Caoeadle 8L .wios Jous Ensembl 5 anlis
5| (down-regulated) sl zals L (up-regulated) aisy iolidhdale L slany 5l b sme aozs lagl o
A5 51 loline cag3909,5 (g5 QilgT co yamm S, Judzdn oLl ha®S" (Ferrari et al., 2011) o oolaw! PREDA a
GRS o a8 G o Bl Lo b slary o 50,5 QU:L;) o &lp (Geetal, 2018) ws slulis 1) bl
ools oL B1dl Lo b by cow peddn o Sl (Protein—Protein Interaction Network) _.s55,— 25
oolawl b ool aSiils punns .09 C\)x;wl@;,um Oy 00 ooy 5 00ubaS Ll sl S e b ol 0,13 STRING

(Ge etal., 2018) 45,5 Jodo 5 v 5 Cytoscape l3sle 5 5

4 Co g i

n.\Jl)‘-;A w.alf d«ivl...a L wlj g)““l")‘ﬁ as MOGA uLA.AAJ ‘) o.\.a.ukso.u)l.il J-“-\-*-' ‘_;Lasoolo (:n)g.w \J&m

1 Counts Per Million



Distribution of Transformed Data
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L Table 1. Samples, total count, and filtered reads
Samp, Total counts Total counts after filter Counts removed
N 18,430,566 18,423,834 6,732
_2\“ 16,455,979 16,449,596 6,383
NC_3 16,869,075 16,864,005 5,070
NC_4 15,623,775 15,618,380 5,395
X300TP_1 16,097,173 16,082,133 15,040
X300TP_2 15,655,910 15,648,707 7,203
X300TP_3 17,861,445 17,848,621 12,824
X300TP_4 17,343,289 17,335,577 7,712
X300TP_CR_1 16,243,496 16,235,573 7,923
X300TP_CR_2 15,509,226 15,503,619 5,607
X300TP_CR_3 17,915,632 17,910,005 5,627
X300TP_CR_4 16,912,326 16,907,638 4,688
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