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I ntegrated targeted sphingolipidomics and transcriptomics explorethe
mechanism of efficacy and toxicity of Tripterygium glycosides tabletson
delayed-type hyper sensitivity model
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Abstract: Tripterygium glycosides tablets (TGT) have good immunosuppressive activity, but they can also
significantly injure the liver and kidney and its mechanismis unclear. In this study, delayed-type hypersensitivity
(DTH) Balb/c mouse were administrated with different doses of TGT. Then the changes of sphingolipids levels
in live, kidney and plasma as well as the mRNA expression levels of their metabolic enzymes were studied by
the integrated targeted sphingolipidomics and transcriptomics methods to reveal the mechanism of efficacy and
toxicity of TGT. It was found that low dose of TGT could significantly decrease levels of total ceramide in the
plasma, long chain sphingolipids and saturate sphingolipids in the liver and kidney, but increase them in the
plasma, which were related to the efficacy mechanism of TGT. High dose of TGT can significantly increase
levels of total ceramide, Cer(d18:1/18:0)-1-P, long chain sphingolipids and decrease saturation sphingolipids
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in the liver and kidney, but increase saturation sphingolipids in the plasma, which were related to its toxic
mechanism. TGT can also cause significant changes of mMRNA expression levels of various sphingolipid
metabolic enzymes in the liver and kidney, which were correspond to the changes of sphingolipid levels.
The efficacy and toxicity of TGT were related to the regulation of these key enzyme expression levels. In
conclusion, the efficacy and toxic mechanism of TGT were closely related to the sphingolipids metabolism.
A variety of potential biomarkers were found and they can provide valuable information for the evaluation of

the efficacy and toxicity of TGT.
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FMEEEH. 24 ZHEHAK (2,4-dinitrofluoro-
benzene, DNFB) I Sigma-Aldrich &7 /A &]; #
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iy (ALT). 5% (aspartate aminotransferase,
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(malondialdehyde, MDA) . & J7 & & Bt H ik (glu-
tathione reduced, GSH) . % LY 4L (superoxide
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FHT. G G250 I SERVA A F]; gPCR #H
Fe 7 [ 24 E Invitrogen /A & ; 29 # SPL i () 51
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55% + 5%, H HCKBER). BhWssik sy dh [E X 2
FF2E B 29V FLRT S ) LB AR B 5L 2 AR o /) BRUE
JSL IR 5T W J5 T a5 . /N BRBE AL 4 4, FE4H 10
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SEEEAEAFE ST R AL 2 0 4 M O
SRR, FPEHLA MM i SPL 4
FR LA T SE k4R S R A Agilent 6410B = 5 U AR 4T
TR e A 3 4 o SR C8 i (150 mmx 3.0 mm,
3 um; Peeke Scientific, Redwood City, CA). —Jul# &
Velbi, WEhH A A 0.2% R 2 mmol L ) Z.1R
B K, TEhH B N E 0.2% H R 1 mmol-L 7 Z,
Tk e VAR, JR0E N 0.4 mL-min Y. % T AR [E 268
ff) SPL R HIAS IR f P B Bh FE PR 2 ERE RN 10 pL,
FEIR N 30 °C. fHH ESI HESYRIE S RN, £
YA ML 4000 V, FEARE: 350 C; TR
: 6 L-mint; FALSRE: 15 psi; KA MRM 4
B F e 76 Ff SPL. SR MassHunter
Quantitative Analysis #1155 SPL Ik FE, i H 2
) SPL ZK-F-2K F B R FE AT I I o

RNA I BB EE PCR 44 KH
Invitrogen RNA I3 U E AL H S RNA, 28
J& LA beta-actin /E N 255K, K SYBR green 7
Applied Biosystems 7500 Fast Real-Time PCR £ % I
HEATSERS SE B PCR 43 H7. 20 pb 3% R G 3
cDNAZ1 pL. #H RNA (% 5pg) 1 uL. dNTP2 L.
Taq buffer 2 uL. Tag DNA polymerase 0.2 uL. SYBR
Green | 0.3 pL. fFillf§ (& 5 pmol) 1 pL. 1 pL
beta-actin ] i A1 T il 51 Y ALE2E7K 11.5 pl. PCR
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KEFE I ACTB JEIRIE AR FE IR, SR A 272 Jr ik
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KH] Shapiro-Wilktest /e B & IEA D4R, T
FFEmA R, RHABRET 200, EESHTMKNA
&, X H Mann-Whitney U test 56 . {2 2 11 J1 b br v
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Figurel Effectsof TGT on liver and kidney tissues of delayed-type hypersensitivity (DTH) model mouse. A: Ear swelling index; B:
Alanine aminotransferase (ALT); C: Aspartate aminotransferase (AST); D: Maondialdehyde (MDA) in the liver; E: Glutathione reduced
(GSH) in the liver; F: Superoxide dismutase (SOD) in the liver; G: histological picture =200 in the liver; H: Blood urea nitrogen (BUN);

I: MDA in the kidney; J: GSH in the kidney; K: SOD in the kidney; L: histological picture x200 in the kidney.

control group; "P<0.05, "P<0.01 vs model group

4p<0.05, #4P<0.01 vs
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B IHIE A .
2 BREBRZEHRAMBEREBH R NIEE/NRITEA
At op A

ANFEFIEI)E A2 6 DTH AL/ R
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I AR 28 ] S 808 1A A R A 2 S
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i EREERL, KFERE AR S TR R
T Al H SRS BOK T E Ay, WA A R
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AN BRI RE R, 25 R EHARE
PSR B, O~ T R B R
3 RANBHREMELBRLSHAXALFMIE T
SPL 7K FRy%2 0

SR FEV S G 2 2 20 # P 2 B2 2305 M /N B 4 47
AL ) 76 Rl SPL, I ELEAN R4 1E SPL AR 4
M2 HXTREARLL, BB M. HHLS M MK
A 2. 9 f 6 Fl SPL kAR AL, HREEAIA
L, KR 2 8 R e A &2 5 A FHA
Sy A4 6 FhFN 20 Al SPL Kk AE AR, 1R AL
Sy 18 B Al 19 Fh SPL kA= AR AL, TR I H o)
WA 9 FiAl 30 Bk SPL & 4E R E AL .
31 REBBHERMMBELAFEZHERIARLR
SPL EEMIM K 2A Fiar, DTH 1 5] 2 /N BT
BRI 2R SPL S & DA AN [F] 2K SPL Bk

B, KUK E R E AR T g HH T AR FEAA . S0 AR, SR A 2
WRBEEAE R o @) R 2 1 4L GSH A SOD v Cer(d18:1/18:0)-1-P &3 Jh i, M3 Cer MR FE
A B Fold change
Liver Kidney Plasma Lowdose  High dose
total SPL total SPL |

dhSph thph‘
dhSph-1-pP nd nd ":“:“I"(‘_(” — 2
e ota er I
total dhCer total HexCer
total Cer rE total SM 0
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Sph nd nd D
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total SPL w | o | :“"":"ﬂ'](:"
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Figure 2 Effects of DTH model and TGT on different subspecies sphingolipids. A: Change in different tissues in DTH reactions; B:

Change in the liver exposure to TGT; C: Change in the kidney exposure to TGT; D: Change in the plasma exposure to TGT.

“P<0.05,

“P<0.0l. Cer: Ceramide; Cer-1-P; Ceramide-1-phosphate; dhCer: Dihydroceramide; dhSph: Dihydrosphingosine; dhSph-1-P: Dihydro-
sphingosine-1-phosphate; HexCer: Glucosylceramide or galactosylceramide; SM: Sphingomyelin; Sph: Sphingosine; SPL: Sphingolipid



FOERSE ST A IR A M SR LR I TR A R R IR e B R U B R B R LR AR

+ 1873

Fhiei. 10 Cer FIF i1 45 s A 48 i 15 AR 909,

TERFHZR R, ik 2B B, SEBVHAALE, K7
HEZH U Cer(d18:1/18:0)-1-P /K #E T, Hib
T2 SPL TG B S5 . Cer-1-P 2t 48 i Je i, [
PEHEAR ) & 0 A2 8 A TR R A2 %0
HHERH. BAEZTH Y Car RERFEFK. SPL
ME. SM MEAM Cer(d18:1/18:0)-1-P B&E &, =
AR A2 i EE 5] Cer(d18:1/18:0)-1-P &
ETtE, BEIFIEAMACHE, FIEm, KBk,
XATREE KSR 21 gl RS RN 2 —.

EF AL, E 2C frs, SEAAALE, K
FIEZH 4 SPL M & . dnCer M &, Cer M &E. SM
SR Cer(d18:1/18:0)-1-P & & & 2 J1 5, dhSph 7K
R FBRAK . dhCer X4 M TS B3 4 A 1,
IWH A BT =R S5 AMZ B R A RERA K.
7 4 SPL S &\ SM L i Cer(d18:1/18:0)-
1-P B2 Ft &, dhSph /K-F 2 3 F# (K. HH Cer(d18:1Y/
18:0)-1-P [T} w2 1 v Sl B A 2 F eI
HEAERNS . SFHSEL, FABREZ T R XEH
AR ) SPL (1 5 5277 AR O

RN, il 2D B, SR, K57
EEZHH M 1-BEER -5 & BE  (dihydrosphingosine-1-
phosphate, dhSph-1-P) 7KV &3 Ft- &1, 1M Cer &&= i
FHEAI, Cer S & M PR TT B 5 A DTH 25 801F
AR, MmfEmAEZ A, B Sph sk, Mkd
F K SPL & s I E T, Ho HexCer B i
Cer M8 Cer(d18:1/18:0)-1-P 1 FH e il fig 5 H B 1k
TERA R, BAMEZH A TIE+H SPL S &Y
i) [ R B R AR DGk o Ah, MBI E AL
/A 5l Sph-1-P /K& 3 T . A W7t % B Sph
B Sphk % il )4 Sph P4 Sph-1-P KA 47,
X — AR 52 S XoF 4% 1) £4H A7 i AR 10 R O 4
P FBA, DR O T 2 T 22 vk L OB 4 T R B
BHEHMERZ —.

i FIREE R, mIKAIERE AR E R
a] PLEA 5]k AT B 4 21 R ) Cer(d18:1/18:0)-1-P & & i
ETbwE, MAh, mRIENE ARKEZ s st E
A HoAh 2 25 A ) SPL BT, #E— 2 S8
Mg rR SPL Bk & & BT, i B B HE AR5 2L
HHAEMERE VX,
32 RENBHERMMELABEZHRANARKEK
& SPL EE GRS SZIm 42 [l Dy R 00 4 & 52, SPL ml 43
K4 SPL (16~20 Mk, long chain SPL) Al K 4%

SPL (22~24 Mk, very long chain SPL). 41 3A Fr
N, TERFAZH, Sxt MR b, #5580 20 [F) Ak K
FE() SPL EL ) TE i 5 ARk . SRR A LA, (KA 2
R K HE HexCer MILLEIR ZEFEK, mAEZH
HKBE SPL. K4 dnCer. K% Cer (1L B2 T,
KA HexCer ) LL 1 2 3 B

TR A, St IR A, AT 2 AN [ he e
FE ) SPL I Hu 9 T 25 A0k . SR ARLAH LR, AR
ZAF A K BE SM LB B E TR, SRR A4
K8 dhCer LU 35 Th s, IXLLAR {0 AT RE 5 L 4
LR AR AR K.

TR, AL K BE SMLE i) (. 35 Ik T 1 Y
M, SEBHLE, KAE2TFHAHNKE Cor. K
B HexCer MIKHE SM U@ 2 2E THm, KAIENE A
2T o6 TIE R G R K EE SM E A BRI T
TER, "TRESZBERIAEC. mflE 2 A K e
SM LEBI 53 T, KA Cer (1 L 7) 52 25 FRAIK

A CHRRIE K BE Cer MR INFEREE M RIE T, K
[ B P Cer 22 T f1t 1 1 o 4 i Py A7 375 45 o E 391,
A ERABREZ T AR KE Cer LA
BETE, JF AT AL P AR K2 R
SPL Hufl kA AL, RORPATHAIN, X ATRES
FLAF AR ML 2 DA G
33 RENBYRMMELBZHRATARAIEF
& SPL ELGIBISINE  F2 8 T T mR I B Ay ANV AN E, SPL
o AR SPL (A& XU, saturated sphingolipids,
satSPL) FIAMIFN SPL (2 /0% 1 S X#E, unsaturated
sphingolipids, unsatSPL). 1l 3 iz, 7EAF4 4,
XA, BRAEEF SM L F 5 EF K. 5
FERY2H LA, KR8 2 1 v 4 1 A0 dnCer ()LL) S5
HRK, HEFIEZ TR AR dhCer. MR SM
Ee ) i 2 7, YR Cer FNYLAT HexCer LL i3 i 2 B¢
fiko Hrh MRl SM ) b Tt s A 5 | AT SM
ECA AR AR e, T g5 H 2 381 AR 9K .

W HL N, XA, BAHF A Cer
MIHEAT HexCer B ECE) W25 s, M AT SM )LL)
BE K. SRRV, (KA E 2 A 4R
SPL. Hifl dnCer. HIF1 SM L5 H i 25 FAK, 25181
Hh, mAE 2 AR SPL. HRT dnCer. AN
SM. A1 Cer Lbfl3y &2 K. HApWAl Cer (IP%
X E B 5] MR Cer 5% TH s #0I/EF, 7T 6E
HHARAE MG A2 5 oo AR A RA
PEURIEE SPL (14 52 Wi B 7 525 19 hn s n gl IX BT R
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Figure 3 The fractions of SPLs and its subspecies with various length and unsaturated acyl chain in liver, kidney and plasma.

&&p<0.01 vs control group; ‘P<0.05, P <0.01 vs model group
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TR % KT R A AR, SRRERLAL AR L, KT
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o, S IR AR b, A2 SR B 6 B SPL AR U )
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Figure 4 Possible regulatory effect of TGT on key enzymes
and sphingolipidsin different tissues. A: Network of sphingolipid
metabolism; B: Possible regulatory effect of low dose TGT; C:
Possible regulatory effect of high dose TGT
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BEFE. EFEZT 4 Sph A 1 (sphingosine
kinase 1, Sphk1) ) mMRNA Fik/KFEZ L, 5l
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=) Cer BB R ZEFIR. N ERGERTIH, FA
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Tablel Changeof 6 CerSsat transcriptional levelsin liver and kidney induced by TGT

Enzymes Specific substrate Kidney
Low dose of TGT High dose of TGT Low dose of TGT High dose of TGT
CerS1 C18, C20 (long chain) -11 -15 12 =37
CerS2 C22, C24 (very long chain) 26 -38 —2.7 -101.2
CerS3 No specifity 75 -1.6 -1.6 -54
Cer4 C22, C24 (very long chain) 2.8 —208.8 -4.6 -957.7
CerSs C16 (long chain) 2 -51.4 -1.3 —476.8
CerS6 C16 (long chain) -15 -32.6 -4.1 -101.2
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Fas A — 5, 5 ERIMRIE B S e . &
K4% Cer ) CerS il (CerS2. CerS4) AR HUK
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TELEDIRR &), W 2 Frow, fERF. B SR i 2%
SRR 2. 16 fi 2 B SPL AEWbR B

WX BRI SRR A SPL R 518
TIEJHF 55 L 25 2 0 A A 48 A RS A BT B 2R 4T AR
KMk ArHr, IR AR AE B A B 2 1 B VEAE B R
VIR EW . MRIEEALFR AR EA N B R bR B, 4%
ALT. AST. SOD. GSH fE NV 2H 235 E A FH (1)
b5, SOD. GSH 1E AP B 4 2 # A FH 14845
WK 2 s, 7ERTFELSUR I 3% A 43 551 & B 13 A1 10 Fif
58 B AR bR B, A5 F SR IS oy
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Table2 Fold changes of SPL biomarkers associated with therapeutic effects, hepatotoxicity and nephrotoxicity of TGT

Biomarkers of therapeutic effects

Biomarkers

e e e R e
Cer (d18:1/16:0) 1.535 2.755
Cer (d18:1/18:0) 3.349 2.769
Cer (d18:1/20:0) 1.99 1.928
Cer (d18:1/22:0) 0.297
Cer (d18:1/24:0) 0.318 2.314
Cer (d18:1/24:1) 1.775
Cer (d18:1/18:0)-1-P 2.839 2.581 2.09 3.232
HexCer (d18:1/18:0) 1612
HexCer (d18:1/18:1) 0.782 0.762 0.698
HexCer (d18:1/20:0) 0.789 1.924
HexCer (d18:1/22:0) 0.66
HexCer (d18:1/24:0) 2.221 0.622 4721
HexCer (d18:1/24:1) 1671 2.898
dhCer (d18:0/16:0) 0.751
dhCer (d18:0/18:1) 3.626 3.348
dhCer (d18:0/20:0) 0.601 0.341 0.453
dhCer (d18:0/22:0) 0.222 0.161
dhCer (d18:0/24:0) 0.503
dhCer (d18:0/24:1) 1.946
dhSphingosine (d18:0) 0.02
dhSphingosine (d18:0)-1-P 1.136
SM (d18:1/14:0) 2.427
SM (d18:1/16:0) 2.307
SM (d18:1/18:0) 1.248 2.401 1.231
SM (d18:1/18:1) 153
SM (d18:1/20:0) 1.267 1.829 1.154
SM (d18:1/22:0) 1.228 2.992 1.133
SM (d18:1/24:0) 1.283 1.823
SM (d18:1/24:1) 1.306 1.227
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ANFIF R A BELZH A G DTH BN U B 4 4UR
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RABEZ T R DTH 4 B ARIE - . w&f &
12 F ee gl i E A M, R NETE bR
S A IO AN AU R . Kk, I
JRHSTBMAREIE SPL &8 . ANRTREEK A
ANURIEE IR SPL ELl A BE Ar A B O IR &1 7
AL R 5 R M2 Cer 48 E R, WS
HAAE MG, R o2 vl 5l i
. HFE AL Cer 2= A Cer(d18:1/18:0)-1-P /K-
BT, X LARE AT B — D S RS R A
ORI AR T2 AR S M 5 Il g, S BOLE VAR
H. @ GHEMEARZ H R EE5ERKSE SPL L
I E JT B 20 23 B AT I 2% rp 56 38 T v, T v R
TR A2 T R 51K EE SPL E {5 75 4L 4R if 2
BIRE T . WAk, BRABRZ T Sl A SPL EL A
TP B L 4vh 28 BR AR i 3 b B 2 T v, LR
A 2 R R, Hrh— 2R WX DTH 5l
S AR A H], FTRES RS, A — e &
T AL AR AN SPL A A ik
7, AT 5 Ve 20 i JEE 1 AH OC TR S M D Re, 5 & PR A
Ko ffm, W FRATBRRKINE AL H et
TR M SPL AU oK R A RN,
ITPT R R T AR 2 1 24 ORI 3 PR AR F I B2 i 56
EARUIEY, B HEF4 2P CerS1. Smpdl. Smpd 2.
Sphk1 A1 4H 41 () Degsl. Smpdl. Smpd 2. M4,
6 il CerS s /K Y12 7 5l 1 H LA A
B SPL LI 2 5. 45 DR SR 2H 2 A i S 4 2
(R 45 SR AT DLHEN B A T 2 1 R i 20 S AR AT
RE 2 e Al 20 8 o X T B 4 4R A s A A R T
AT 5162 5 2H 23 8 s A 1 e A 6L 22 02 3R 4L,
B R AR U ) A 23 NAE IR R 4, i 51k I 3%
IR R EEN. B2, FABRLZH R
HEMAEMAILG S SPL AREIE DI, KILHRIE
RO FEPEAE I E SPL A= Wkn S5t T IR -
TR Z T 2O EE AR ) B R IR 4
ZEAME, ke G O Fe e fit 7 B E R
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