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[Abstract] Objective To observe the effect of hyperbilirubinemia on glomerulus of rats, and to explore its
dose-response and mechanism. Methods Twenty-four adult male Sprague-Dawley (SD) rats were divided into four
groups according to the random number table method, with 6 rats in each group. Hyperbilirubinemia rat model was
reproduced by intraperitoneal injection of bilirubin once every 12 hours for 4 times, at doses of 50, 100, and 200 mg/kg
in low, medium, and high dose bilirubin group (LB group, MB group, HB group), respectively. The rats in negative
control group (NC group) were given the same solvent without bilirubin powder. Urine was collected 24 hours after
administration, and total protein (TP) level was detected. Then the rats were sacrificed, the blood was collected hy
cardiac puncture, and the total bilirubin (TBil) and direct bilirubin (DBil) levels were measured by automatic biochemical
analyzer. The renal tissue was collected and stained with periodic acid-Schiff (PAS) staine, the glomerular morphology
was observed under light microscope, and the glomerular injury score was performed. Podocyte morphology was observed
by transmission electron microscopy after uranium acetate and lead citrate double staining. The activity of superoxide
dismutase (SOD) and content of malondialdehyde (MDA) were determined by colorimetric method. The expression level
of podocyte specific marker Wilms tumor protein-1 (WT-1) was determined by Western blotting. Results With
the increase of bilirubin dose, the contents of 24-hour urine TP, blood TBil, blood DBil and MDA content in kidney
tissue were gradually increased, and the SOD activity and WT-1 expression in kidney tissue were gradually decreased.
The differences between LB group, MB group, HB group and NC group were statistically significant [24-hour urine
TP (mg): 24.85+2.22, 52.57 +3.66, 56.84 +3.49 vs. 7.50+1.33; blood TBil (umol/L): 37.75+2.19, 81.37+2.13,
125.1349.96 vs. 5.53+0.41; blood DBil (umol/L): 15.50+1.96, 37.88 +1.05, 64.53+2.89 vs. 2.38 +£0.35; kidney



FRAEFE TG A B EE S 2022 4F 1 H 45 34 3545 1 8] Chin Crit Care Med, January 2022, Vol.34, No.1

e 5 o

MDA (umol/g): 3.14 +0.65, 5.01 +0.28, 7.50 = 1.08 vs. 2.30 =0.20; kidney SOD (kU/g): 95.91 +10.43, 57.06 + 15.90,
37.12£11.72 vs. 113.91 £12.16; kidney WT-1 protein (WT-1/GAPDH): 0.280 £ 0.006, 0.239 £0.006, 0.198 £0.001
vs. 0.361 £0.005; all P < 0.05]. It was shown under light microscope that uneven thickness of mesangial membrane

and basement membrane of the glomerulus, and some of them were accompanied by hyperplasia and widening. The

glomerular injury score increased with the increase in bilirubin dose. The differences between LB group, MB group, HB
group and NC group were statistically significant (17.50 4 1.05, 25.00 = 1.41, 34.00 = 1.41 vs. 11.67 =0.82, all P < 0.05).

Transmission electron microscopy showed that with the increase of bilirubin dose, the damage of glomerular podocytes

was aggravated. Conclusions Hyperbilirubinemia induced damage to glomerulus in a dose-dependent manner. In the

lethal dose range, the higher the dose, the stronger the damage, which might be related to the oxidative stress promoted

by bilirubin and the damage of glomerular podocytes.
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5 MB 4, °P<0.05

5 Western blotting %3l 45 2H K RS HA+
WT-1 EHRE



0680

FPAEFE TG AR EE S 2022 4F 1 H 45 34 3545 1 8] Chin Crit Care Med, January 2022, Vol.34, No.1

3 3t i

SRy o3 || R REA R ) O S| A v R0
2y S A P AL B R B T HE
ok NRIE M3 TBil ZKEA 1.7 ~ 17.1 pmol/L.
IEFREBLT R AR A IR LT N S XL i B
i 5 241078 TBil KV 1E 5 S i, WA &
LT Z IAE

K AR 2T 28 FLAT AR A B , vl 412 22 440 it
L 1 1 07 e ) O o e s | o )
5 DNA 19 1 BeAb . A0 il IR b 22 2 s B L Sohr
AR ERL A7 T AR R A A S 3 P 1 TR R A R
TSR e 2R B U 3 (caspase-3 ) B N 45 o
FRET 2558 35 Sbr A N 1) A BEAH B AR S - Lo A
FW AL FI ToA 6 1 Bax B0, 15 SRR THHLL
E O CPZSTRES S AL N ) e g oA 229 EEA N i
1 FLNR R DURAE A 2 AR L I L4 2 , DT
Sl T, RS £ T H RN
REPE B S 32 2ok i 5 A P T Mk 240 R 5 |
03t RRLT F AR B 2T, 17 ELA R B
AR B AR S s K P IR 2T 2K g i
75 ST Bz AR R TS AR A

KT RRLT Z X B E AR, R RS &R A
ARG . AR FE I AR 2T Zamad i e/ i, T
TE—E AR B R . (A T L B,
KRR 2T 2 BE T BOCE 5403 , EL S 46403 1) B ™
TR S IRLT KR IEAE L B4k, A
LR MAEEHEZ CT X RIS 2otk B s
fh ST R P 0 A AT R,
JIRLT 2 IfE RES | B /NG e AR T3 e

AT 414 PAS Yot 25 R i ow B IR 2T
FRm BB, B NERB B, RIS AL R
IMAE I, ARET 28X B /NBR 1S & T 461473 B /K 2 2
3 B NBRUE A I R AR o A N ER U
i A T AR R, A AR /N ER R A R R A
FEMM Y, R, RALFLAR I K, 2 5
SEEARMIEA . ABFF AR TP R4 5
N, Bl BT RS R, R BRUR TP & iAW
o, BB AT o, B/ BRI i A2 2SRl AT
I, 2 W HELT 28 I st B 21 28 368 1K U /N ek i
i, AR S AN o6, BFTER, WT-1 &2
AR ETEIE N B SEE , WT-1 HFE B 2
AR L WT-1 IR AT L L ) 2 e
RN S E T TN 7 = A0S %€ i P N O

FEH WT-1 Kkt Kl 45 R BoR , A F5H &= HL0 R
ARBE AN WT-1 RIAEH BT NC 4, H
HHELZGA S, WT-1 Rk BB, RS LR
IMAE I BZTRARA AT RERRAIR T 2 4 b WT-1 f%
I8, MTTHE S AT 38 3 i B/ INER 5 3 v] BE 45 12 40
PIAHC

v JIELEET 2R I 2 2 3 1 1 200 L AT X R
B /INERGEE JAb s r W7 A F ST, R IHZL R Il
NI EN =Y S EEA e i W a3 SRy
20 i A e H R, S EOIR B AU | BUAR
xRN N Ay R X =R ANz S A = Az &
LA p38 228 AL F I (p38 mitogen-
activated protein kinase ,p38MAPK ), caspase-3 SF{(E i7F
AR T AT O AR 5 A A0 A 5
A BRI R , S BN IRE B I 2R IE AL
B ARSCISE S R, AR R AR LT 241K
Fl 24 h R TP & &I 2 T NC 24, a5,
REUEZHZL SOD I LR . MDA & it T, & Wl
PR3 A ) L 2R AT R 3 A 4 o A N A 45 A
i DT JSC R /N , 355 HAAT DG B2 2R 1 o
SEARI oK ORI 5 SR — T, (H LR TR AL
T EIRAIRTT

25 BRI, i IBEL R AR v] 5 R BNk, HL
BEAHZLZ 50 s, e o g e fn e, HCAE P AL
T RE S S L B TR B /N R A G
PR ARSI 5 15

S 30k

[ 1] Shped . AR e o MeRRAE AT s TR (). e f s 2
2%, 2013, 25 (4): 198-200. DOI: 10.3760/cma.j.issn.2095-4352.
2013.04.003.

[2] 2%t Tl R . 55 | PRSI 404 W T e e AR 1
VIR (7). v E G B 2o B2 | 2012, 24 (2): 86-89. DOL:
10.3760/cma.j.issn.1003-0603.2012.02.008.

[3] Ak, Wkias . s, 5 ARSI A S S B b g
PBZTZ MAE Y A2 28 fa b PR 28 K25 5 1. 2 I R R 25 24
2017, 21 (13): 56-60. DOI: 10.7619/jcmp.201713015.

[4] %06, FBGS , AR, % . MIEWRTA YT w5 AR 3 M I R
WL [1]. v E G Fp a2 | 2006, 18 (1): 12. DOIL: 10.3760/
j-1ssn:1003-0603.2006.01.017.

[5] Park S, Kim DH, Hwang JH, et al. Elevated bilirubin levels are
associated with a better renal prognosis and ameliorate kidney
fibrosis [J]. PLoS One, 2017, 12 (2): e0172434. DOI: 10.1371/
journal.pone.0172434.

[6] YuanL, Liao PP, Song HC, et al. Hyperbilirubinemia induces pro—
apoptotic effects and aggravates renal ischemia reperfusion injury [J].
Nephron, 2019, 142 (1): 40-50. DOI: 10.1159/000496066.

(7] 20 TBET, BRLh, 55 52 (A L ARZL 3R AR Y B )
AERCZE [J]. HrE BEITIZ% L 2006, 8 (1): 110-111. DOI: 10.3760/
cma.j.issn.1008-1372.2006.01.057.

(8] BIMEH . BINGG , & 0505 . 55 . m BH L0 3R e B I 2138 i
TR K RURE B Y A S ST A (D], AP P R 5O N I
i, 2018, 16 (15): 2142-2145. DOIL: 10.12102/j.issn.1672—1349.
2018.15.009.

[9] Uil M, Scantlebery AML, Butter LM, et al. Combining streptozotocin
and unilateral nephrectomy is an effective method for inducing



FRAEFE TG A B EE S 2022 4F 1 H 45 34 3545 1 8] Chin Crit Care Med, January 2022, Vol.34, No.1

e 6O -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

experimental diabetic nephropathy in the 'resistant' C57Bl/6] mouse
strain [J]. Sei Rep, 2018, 8 (1): 5542. DOI: 10.1038/s41598-018—
23839-9.

Demirogullari B, Ekingen G, Guz G, et al. A comparative study
of the effects of hemin and bilirubin on bilateral renal ischemia
reperfusion injury [J]. Nephron Exp Nephrol, 2006, 103 (1): el-5.
DOI: 10.1159/000090113.

Rodrigues CM, Sola S, Silva R, et al. Bilirubin and amyloid-
beta peptide induce cytochrome c release through mitochondrial
membrane permeabilization [J]. Mol Med, 2000, 6 (11): 936-946.
DOI: 10.1007/BF03401828.

Grojean S, Koziel V, Vert P, et al. Bilirubin induces apoptosis
via activation of NMDA receptors in developing rat brain
neurons [J]. Exp Neurol, 2000, 166 (2): 334-341. DOIL: 10.1006/
exnr.2000.7518.

Rodrigues CM, Sol4 S, Brites D. Bilirubin induces apoptosis via
the mitochondrial pathway in developing rat brain neurons [J].
Hepatology, 2002, 35 (5): 1186-1195. DOL: 10.1053/jhep.2002.32967.
Hanko E, Hansen TW, Almaas R, et al. Bilirubin induces apoptosis
and necrosis in human NT2-N neurons [J]. Pediatr Res, 2005,
57 (2): 179-184. DOI: 10.1203/01.PDR.0000148711.11519.A5.
Jiang ZD, Wilkinson AR. Impaired function of the auditory
brainstem in term neonates with hyperbilirubinemia [J]. Brain Dev,
2014, 36 (3): 212-218. DOI: 10.1016/j.braindev.2013.03.003.
Fujiwara R, Haag M, Schaeffeler E, et al. Systemic regulation of

bilirubin homeostasis: potential benefits of hyperbilirubinemia [J].
Hepatology, 2018, 67 (4): 1609-1619. DOI: 10.1002/hep.29599.
Cui J, Zhao HL, Yi B, et al. Dexmedetomidine attenuates
bilirubin—induced lung alveolar epithelial cell death in vitro
and in vivo [J]. Crit Care Med, 2015, 43 (9): e356-368. DOI:
10.1097/CCM.0000000000001035.
R IR IELIRE A IBZD R AN B R i B ST
JE 0], BE2RLRIR | 2020, 26 (4): 712-716, 722. DOL: 10.3969/j.issn.
1006-2084.2020.04.017.
SRR, BT A LR 2L RE 5 ERS B (9], h TR
JURHARR , 2007, 22 (4): 254-256. DOI: 10.3969/j.issn.1673-6710.
2007.04.027.
Wu YH, Wu CY, Cheng CY, et al. Severe hyperbilirubinemia is
associated with higher risk of contrast—related acute kidney injury
following contrasti—enhanced computed tomography [J]. PLoS One,
2020, 15 (4): €0231264. DOL: 10.1371/journal.pone.0231264.
Nicholas SB, Basgen JM, Sinha S. Using stereologic techniques for
podocyte counting in the mouse: shifting the paradigm [J]. Am J
Nephrol, 2011, 33 Suppl 1 (Suppl 1): 1-7. DOI: 10.1159/000327564.
Liu F, Zong M, Wen XF, et al. Silencing of histone deacetylase 9
expression in podocytes attenuates kidney injury in diabetic
nephropathy [J]. Sei Rep, 2016, 6: 33676. DOI: 10.1038/srep33676.
P . AL 2 DNA H AR B A 7 o I 21 3R 10 B0 U
0P BVE IR [D]. 22« 2290 K24, 2020.

(Hicks H Y1 - 2021-08-19)

[E) 7 4k & BE AL A 4 B 35 7 U IR E B

—Ing ., BEL. WE . ZEFIXTERA 1/2 818

- BHIEHT R I

REIE:

VA A AT T — I RO IRIESE , B AE T i (R Fh S50 22 R AL A0 AT 2 PERF I 38 275 1E (acute respiratory
distress syndrome, ARDS) M e R . X —T e EASE E 12 T30 172 Wik, izt a3 Nt
FEBNF, BAF 1 FNEAS 2 43531l 3 451 ARDS 210 H:3Z 3 444058 9 A AR Fp TR Z e s AR AN TGy 7 J5 1) 722 4 5 BA
Y1) 3 JE—TRFENL  BUE LR BB 0 A7, 2R A 96 h N3 AR 9 A TR b AR 22 RE AR 4RI (n=20) =l 22t
F (n=10). FEIFNTEIR N BE ML PERM 21 PPN R U FE B F IR RS R AL 6 TR (quality of life, QoL.) FlIf 3¢
HEYITREY) . AR NEIR T8 3 A BAS RS8R B0 5 AT AR DG S B N RN . FEBAA 3 IS Y Al AT 4 R
H 28 dFHALIFN 25% , LRI ANR 45%, AIM0EYT 45 LRI 28 d JCEIE Wid 9 7 (intensive care unit, ICU) 5%
KA A58 12.5 (0, 18.5)d F14.5(0, 16.8) d, TAUMGE T RA A h (744571 18.5(0, 22.0)d #16.5(0, 18.3)d. 4
MBI T BRF S 365 K QoL PP . WHFE A SR IAS M 518 « FFP SR Z Be A ATIETARYT ARDS 24, (R T 2T
Je SRR e R AP HAB Y PSR AR A 1 FR B AT

F 485, %% B (Intensive Care Med ), 2022, 48 (1) : 36-44

BEREFENERIEZNEES : —TIARH I

T FREEAE M 5 (intensive care unit, ICU) 2778 1947 U2 3hHE 1 & 1CU M5 38 B i)™ SR A s slifig 1 2 )
PR, ELFI 25 HEAT T AHOCIFY o 1T 58 XS — T A G5 (EPaNIC BRI ) i) — W EE AT o IFFEXT 42k ICU HiBE 1 ~ 5 4F
Tt O RIS B (cardiopulmonary exercise testing, CPET) FE# . TFR ALV ICU F73E B3 (n=361) 5 iz 3k
155 S AT U, I —2 5 N D2 BORICEC A AR 1CU B3 O BRAL AT L g, ZEEATad CPET /9 ICU 2474,
1B BT 5 H POE SOIEEAEA R (peak oxygen consumption, VO,peak ) < 85% K&y 82 Ji AR A UG FE S0 . AT
ATHTT S R AT A B RE I AR L IR S A ST T — AN ERMIR AR i R RS B e T R (ICU
1 B B 1] e K B 48 B 25387743 (maximal sequential organ failure assessment, SOFAmax ) ] 545 532 8l1iE 71 (VO,peak ) Z [A] {1
KFo GERWIR :37.7% W 1ICU SEAFEAFTEIS ENRE ) S0, W B T 0 BRER ) 2.1% (P<0.01). ICU 32474 AT IS 3l hk
IE TR IRZH [ VO,peak (mL - min™ - kg™') : 24.0+9.7 It 31.7+8.4, P<0.01 ). WL RS E SE R EEEhHEE N T REM EER R
(60.2%). AFEABEVERET, SOFAmax 55 VO,peak 57 AHIG, WFFEA RURILAR 2598 « fE TR EAFE IR 2 1IN 02 3))
eI S50 i HARAE S LA IR ARG ; FRE TCU AR Be &8 5 Rl 1™ SR 55 s shne J1 F Bl sy A G .
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