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Effect of androgen on immune response, hepatic and cardiovascular functions after severely traumatic injury.
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[Abstract] It was well known that sexual difference exists in prognosis of trauma. Studies had revealed that

there was a significantly higher incidence of life-threatening complications and mortality in traumatized males than in

females. However, clinical studies had showed controversial results on the role of gender in outcomes of severe trau-

matic patients. Laboratory studies of trauma had confirmed that immune response was markedly depressed in males

but was normalized in castrated males. Moreover, administration of testosterone receptor antagonist following trau-

ma-hemorrhage could also improve immune, hepatic and cardiovascular functions. Several studies were conducted to

explore the effect of sex hormones on immune response and organ functions following trauma. These results had

showed that estrogen played an important role in mediating immunoprotective effects. In contrast, androgen was im-

munosuppressive. In this review, we discussed the effect of androgen on immune response, hepatic and cardiovascular

functions in an experimental model of trauma-hemorrhage, and further analyzed the potential mechanism which re-

sponsible for gender dimorphism in outcomes of trauma patients. The results gained from the experimental studies

would be helpful in designing innovative therapeutic approaches for the treatment of trauma patients.

[Key words] Trauma; Androgen; Immune response; Hepatic; Cardiovascular

ST SEUESE , B0 TS A AR B A1 25 52
Tl AT A — LA AE A, ¥R e R W] Lok
O 05 £ B0 5 SE T AR HE I R K A AR ] A A1
FHRAET, WMk A — R W 7 A N Lok 8 3 TiUs
SIREAH O 22 5 BIFTEad & B4 8 T

Stk 22 55 BA I RE R . Wohltmann 255 2 2
T A5 3 B R B, AR < 50 % i Lo Pk ™ E A
SBE TR AR T R 5 P AR =50 %5 i Lotk
R 5[] B AR HJC B 825 5% o Frink S BFEAR
RIS < 50 201 ™ H A 47 8 4 MOF K IR (1)

HEWH Bl iR FEARZ RSP TRIE (G : 12410710700)

THIRAEE : B0 . E-mail : fengqiming04@126.com

& % Xk
[1] BAFIAR, 81 4N, ol vhoos s B 20 AN ST (0], SR H 4
Az, 2009, 16(12): 1021.
[2] e IEBR I SRA HASR AR RIA YT i 3 ST I IR B 22,

2008, 3(4): 74-75.
[3] BA& M. TSI H A S B I R PRI [J]. 55 FH AP B 2% 5, 1985, 1
(10): 5-6.
(Wi H 181 2014-01-21)

- 2249 -



BEEF2014E8HE 255 151

Hainan Med ), Aug. 2014, VYol. 25, No. 15

KA R BALT RS B R . s Ry
T Sl ) 49 I MLAAR G2 52 1o % 45 Wik T e 34 2 2|
JA , T A SO Sl B A I U 2 B R e e i
25 E 2% D RE 2 F5 7 1E 7 K02 HLAR A5 2% i s
B g3 S B 45 I T BB T PE B K AR e, A
R SE 70 Bl AN [R] K- A 3R 29 T g 3 Je L
IR T S 45 R B ShREAR AL O P ) 25 55 . ot AE
50 % L 4 2 ), 6 2 S5 Lo PR N S B K R
R, T HERL AN JC A28 A . s T R B,
PRI 2 K2 Bl AR ARG TR R, shd)
WFFEUFSCMESS 2 HA Sy (R VR, T R 5
G RRE A o A SC 3 2 AR TE sh Wt 5% P R R K-
X5 Je ILAAR G I g A B0 i A8 28 5 A 52 T 1
FH i — 8 B0 5 P 591 22 S B R HE ML

1 HHEAENHEET

TR 2% T D S A = R 9 KBRSl 7K -2 Bl
R A BE I T N . BETE 30 % A2 47 52 K
KB, Z 5 F YR TR 1%, 2947 20% 55 4
1E.60 % LG, 50% 1) 53 75 80 % LA il 3% 52 il 7K -
I T4 55 M I 0 SE A G E B R RR™ . R RS
SR R 2948 98% ARG 8 AE LR &R 11 b, PP 2R
455 BRI H (SHBG) IE 2 13K % (25 HHS2 i 1) 32 L
GEAE, RA 1% 2%0 2 T kS BoA
S5 SHBG Z [A] HA w6 Ay, T LA S SHBG 4545
(SRR JCTE LT R . SR, S2 05 (2R AR
AR, 5 A8 AL A AGER A 2 %) S2 X 4521
SRyl A HA W vE . BFoE & Bl 2K SHBG /Y
W 2 B IR A3 T BT, BT LA A PR SRR Y e
st 2 Bl 2 B, A6 Bz, HA A= 03 1 B SE i 7K OF
Mk TR, B, AR K—F &4 A H
A = W6 P ) SE R K SF- 22 B AR TAE R B R IR H
IR RS

2 EMEXVEE S & ATRE RO ME )
BERIRZIM

2.1 HEBE NSRBI B E LA
JE 119 9 E 07 (SIRS) Kz B 2 41 il 6 e 5 iE S MODS
1y K A R A AR S A S, S X
B3 JE AR Gz ey AR AR A, i B S AL DBk
Jer ML S22 7S B T B, LA S e Dy E U 45321 B i
OO 2N B RS Q405 AL 1 S I g R
TEEAEM . W & B BB 495 J D4 i 14 5 e 1 B
R BN IL-2 3 Rk RE J1 B B T B, BELAE A2 IR
JIES 5 58 400 T~ 1, 6 I RE 0 I B 5 i 2 AL DI B B
B 455 i R 20 B G % B 5 I A 5 9 R DH 7R
A4 00 52 T, R R4 1 5 A5 3 B i
e, Samy ZEMRRANAG 2% I RS RIS T K L 40
. 2250 -

J TL-6 A RO K Y- , T 19 51 A P e 35 2% 32 (A o1 551
(ALK ) RE % B 1 A5 T 94K 0 40 i TL—6 B BTk
Vo Angele ZEPIF 5T A 052 UV Bk BRA 49 2K ot AT
Ji MBI % 6 s s 24 AfE 4R [l 7 TIL—18 . IL-6 ST &
K IL- 10 BEHOKFEJC A A8 4k, I #5645 7 DHT (1)
SEILUIBRIRE BRI % 0L G0 R I IS s A 118
IL-6 FE ik 7K S BH 5 R [, TL-10 Bk 7K S 00 B & F
Fto Angele %55 — A5 e I S2 ALY B e SR 4%
J% IR JE B2 B TH 48 Jif 8l (IL-2.. 3, INF-y) &
TH2 4l g K- (IL-10) B 0 K ~F- 24 T BH I AR Ak, T4
Y5 DHT J& ,IL-2 .3, INF—y O BSIK F- B I2 L T
IL-10 B K70 B 38 1. Mayr Z520F 53 18 % 30
Tk B A3 )5 SR B8 300 ) T -5 H R R 5 s 24 i
MHC- Il (Ta)Z& 534G 5. Angele % W57 18 & YL
T SR B4 J B8 B v RE 55 41 p38 Wi Ak AT %, Ik
BB 9 i FL I % S 5 e 4 p3 8 Ml A8 o, 5
SEALYIRR e 01 AT DA ) e B p38 2 W Ak, 1
25T WU 2 (DHT) A S2 AL VI BR I R p38 26 I iR fL
DR IG N . 4-F2 55 -1 — Il (4-OHA) N Sa—id )i
SN F0), 00 05 S 52 W ] DHT B %54k 1 RLE)
135 T K B A M S o3 Dt il 8 S G PR 14, 2 1
S ) NI SEEREE AL N, TS S ez AR
Fe AP Schneider 25 57 L & BUME BB 45 )5 13
TNF-a . IL-6 J¢ IL-10 7K *F- | F, B8 B 4 g
TNF-a 2 IL-6 BEHOK -8 2. R B, IL-10 AR RIUOK -
T 5 W25 T 4-OHA J5 IfiL 3% TNF- . IL-6 & IL-10 7K
SR B R B, BB W40 0 TNF-o  IL-6 & IL-10 B
KB AT IE R AL,

22 HEBEMIEThRER RN A2 S BUFIE
eI , B AFIE a3 B H K sS4 RS K- LB
o AT TG A S I R T B SR 3, i s2 )
FREEMS IH B ol EaRFEHRC, IL-6 & —Fh 2301k
AL 1, B3 )5 IL-6 HAT g fmiil A e, R 5%
KIBIG e I3 TL-6 B AT IL-6 mRNA ik /K
BRI, IL-6 /KF- T 5 1 e T Re el 2 1
JERYLIF REAR I o 75 41 B TL-6 1 3 EER A, A
A5 I PV Ay 75 200 B TL 6 A SO/ S 18 ™™ i S2 ALY
I e BB 47 5 A 7 200 L TL—6 B i K S DU B i R
257 DHT J& IL-6 B AIK IR 38 hn =, 3 T g &
T ¥R T BOL AR S i — A T TR BL .
ICAM-1 J2& 2 RS B 53— Hh S e BR AR 1R A0 1 —
B, HAE TS ALY IS PN R AR 3Rk, XU i i
5 1075 PN B2 20 3 sl RN 9 e e B R . #afk
PRI, A 20 Jf 15 S v 1 4 i s £k L+ (CINC) -1 %
CINC-3 % H M r 20 it HL A AR5 () Fa A VE T, vl s
sk AR, Bl E LR PR 2 4 T8



Hainan Med J, Aug. 2014, Vol. 25, No. 15

EEEF2014E8HE 255515

JHEREAB 5 , T A e 40 AR SR s D R A5 43 I 45
PR FR R, Shimizu ZECOWFSE B IR, B4
S HUIFIE NF-«B [ DNA 454 15 1, 248 i e kG 49
T -1 55 50k K P PR R A0 e kb R - (CINC-1 A
CINC-3) /K F-BH S 380 5 iz it 5% 8 % B, S At oK
AEN% 38 3 W R 2 AR B 12 PR IK NF-«B DNA 45 &
6 304 E NF-« B 35 4k, R 9 I CINC-1 .
CINC-3 JZ ICAM-1 ByRIR K-, ik /D s 4 I AR
AT S8 B A A . R TR e B, Il 21 R 4
A (HO)—1 AT LA RFARAS Al 40 it P57 R B 47 St
AR T (92635, 3 Fp s 4 i AR | ek iR 7 3 3
FA A B 30000, T L SRUA K R A 1A RE S 1 9 HO-1 3%
IREY A, G K AR IS T A SE S R S E S
N7 SR P 7 8 R 20 L R T A DA TR A T 45 45
FEEE . Kan Z5P7BIF5Y & BA0 05 i e Bl 1t 2% 2 I (4
2 A M R A5 40 ) TNF-o IL—6 . £ Jo 40 At 1k
FER SRS R ) IR A A= R Svy & i T S
1 T LA KA TT DA RAAEG 3R B 1 (R ik AR 5 1
Y0 & BRAG JE IR 5 7 — S AL R A T R k1
i, L FF 200 K S 75 240 i DNA b 24 48 i, 1
FALK R R AE AT Aok F RIS L . Schneider 45 >
WF 5T 2 BB )i T RS 75 40 s 410 il TNF-oc . IL—6
K IL-10 BEOK - BT, 1 4-OHA RERE AR iR A
TR,

2.3 HEEENOLIMAEDIRERR M RIS O
o O RO LR T B B R R, SR B T
1o 5 TS AUTIBR A RO o O S O LA 1%
AT BT, RANEBE T T TR, MR R 2 st
ST [ L BEAE 3 IO & O SO L
Wi Ty, BEAESMEIBE 354, A B9 ke A1 1
J O LA i TL-6 7K P 5.0 D RE 2 fURH 56, Yang
ZEPIIF S BRAIAG J5 CIE TL—6 25 PSP O LA Py
IL-6 7K Rz U JULZH Y IL-6 mRNA 26358 B 7+ &, M
SALYI R E BB )5 O I TL—6 25 11 /K1 KU LA i
P9 IL~6 /K- [ FF 7K S B S BEAR, (ELO LA AR TL-6
mRNA FB KA B3, ok W o8ad & Bk L
145 J5 0> JIL4H L ER—a and ER-8 mRNA 2 25 131k
TR, A R MK R RE 5 14 I ER- and
ER-BmRNA J% %& |11 3355, Hsieh ZCUHF 5% & M
B3 J5 0 0 2L SR AL P TR 38 A 0 01 2 My JL ST
K F 1 (PGC-1) 8 H Rk A HLE R, SR FRRE
% 54 i PGC—1 9 28 11 3= 3k, 1T e 38 28 =2 AR5 e il
(ICD) M BE A% BEL W S At K Ay F3RVE T o 10 98 38 & 30
B35 O WAk A rp ATP 255 IH S R R, i i
25T S K RO LA i 2Rk 1 v ATP 5
s

25 FRTIAR  MERCR RERS IR DA G 1 15 0 i S

IO, A5 P I B o LA T RE , T S AL DT B 0 I T e 3

EAUSTENRE R SE ARG Al s o e (AT

HAZAE R RAS MR R 2 R AR S, b, AR

FARV- 2B A S AT TR R, MR

KB B AR B HX B IS AL RS RERI A

FAE R AT RE 2 S BOUS PE 22 S ) S R R

TR Sy — TR BT BB TR L 7 REA T G5 A

(e R

3 BRYERRFFRTE
e PR T 60 13 R85 F s 1001 22 S RO BIF S 25 2R 0

FAESL, T o) 22 S AL AN TS RE . HFTG

TSR A5 BIE TUR A58 2 AR b T sk

5, PESCEOKF5 B0 RE TUS R AR A B R

HIUE R E ARG, LR s s

MR KT 1 R 55 M S A M B KO B AR

ST M T BRI AT AT RE S M B TS 5 — b

a2 2 IR LA A PR R 0 X e (AR DG [ %2

ASVE , A AT RE S 43 S TS M 0l 22 S 5 o [

o AT EIEAT HE 2 Bk R FE R UE S 615 8

UG PR 22 S A AE o RN, AT T 2 gk — 25 43

Mr @i ek f8 3 AP ER K R PR K Y

B S FEAE S UG B OC &R IR R MR

B £ TS A9 B AHIL , B T -4 A5 A4 A AR

T PR it A Dol B 475 i 4% Rl ™ B R B R AR R

FEARAE T4

2 % Xk

[1] Haider AH, Crompton JG, Oyetunji T, et al. Females have fewer com-
plications and lower mortality following trauma than similarly in-
jured males: A risk adjusted analysis of adults in the national trauma
data bank [J]. Surgery, 2009, 146(2): 308-315.

[2] Haider AH, Crompton JG, Chang DC, et al. Evidence of hormonal
basis for improved survival among females with trauma-associated
shock: An analysis of the national trauma data bank [J]. J Trauma,
2010, 69(3): 537-540.

[3] Wohltmann CD, Franklin GA, Boaz PW, et al. A multicenter evalua-
tion of whether gender dimorphism affects survival after trauma [J].
Am J Surg, 2001, 181(4): 297-300.

[4] George RL, McGwin Jr G, Windham ST, et al. Age-related gender
differential in outcome after blunt or penetrating trauma [J]. Shock,
2003,19(1): 28-32.

[5] Gannon ClJ, Pasquale M, Tracy JK, et al. Male gender is associated
with increased risk for postinjury pneumonia [J]. Shock, 2004, 21
(5): 410-414.

[6] Magnotti LJ, Fischer PE, Zarzaur BL, et al. Impact of gender on out-
comes after blunt injury: A definitive analysis of more than 36,000
trauma patients [J]. J Am Coll Surg, 2008, 206(5): 984-991.

[7] Sperry JL, Vodovotz Y, Ferrell RE, et al. Racial disparities and

sex-based outcomes differences after severe injury [J]. J Am Coll
Surg, 2012, 214(6): 973-980.

- 2251 -



BEEF2014E8HE 255 151

Hainan Med ), Aug. 2014, VYol. 25, No. 15

[8] Napolitano LM, Greco ME, Rodriguez A, et al. Gender differences
in adverse outcomes after blunt trauma [J]. J Trauma, 2001, 50(2):
274-280.

[9] Bowles BJ, Roth B, Demetriades D. Sexual dimorphism in trauma?
A retrospective evaluation of outcome [J]. Injury, 2003, 34(1):
27-31.

[10] Frink M, Pape H-C, van Griensven M, et al. Influence of sex and
age on mods and cytokines after multiple injuries [J]. Shock, 2007,
27(2): 151-156.

[11] Kawasaki T, Chaudry IH. The effects of estrogen on various organs:
Therapeutic approach for sepsis, trauma, and reperfusion injury.
Part 2: Liver, intestine, spleen, and kidney [J]. Journal of Anesthe-
sia, 2012, 26(6): 892-899.

[12] Kawasaki T, Chaudry IH. The effects of estrogen on various organs:
Therapeutic approach for sepsis, trauma, and reperfusion injury.
Part 1: Central nervous system, lung, and heart [J]. J Anesth, 2012,
26(6): 883-891.

[13] Matsumoto AM. Andropause clinical implications of the decline in
serum testosterone levels with aging in men [J]. The Journals of
Gerontology Series A: Biological Sciences and Medical Sciences,
2002, 57(2): M76-M99.

[14] Harman SM, Metter EJ, Tobin JD, et al. Longitudinal effects of aging
on serum total and free testosterone levels in healthy men [J]. Journal
of Clinical Endocrinology & Metabolism, 2001, 86(2): 724-731.

[15] Morley JE, Charlton E, Patrick P, et al. Validation of a screening
questionnaire for androgen deficiency in aging males [J]. Metabo-
lism, 2000,49(9): 1239-1242.

[16] Hildebrand F, Hubbard WJ, Choudhry MA, et al. Effects of 178-es-
tradiol and flutamide on inflammatory response and distant organ
damage following trauma-hemorrhage in metestrus females [J].
Journal of Leukocyte Biology, 2006, 80(4): 759-765.

[17] Wichmann MW, Zellweger R, DeMaso CM, et al. Enhanced im-
mune responses in females, as opposed to decreased responses in
males following haemorrhagic shock and resuscitation [J]. Cyto-
kine, 1996, 8(11): 853-863.

[18] Wichmann MW, Ayala A, Chaudry IH. Male sex steroids are respon-
sible for depressing macrophage immune function after trauma-hem-
orrhage [J]. American Journal of Physiology-Cell Physiology, 1997,
273(4): C1335-C1340.

[19] Samy AT, Schwacha MG, Ciofti WG, et al. Androgen and estrogen
receptors in splenic t lymphocytes: Effects of flutamide and trau-
ma-hemorrhage [J]. Shock, 2000, 14(4): 465-470.

[20] Angele MK, Knsferl MW, Schwacha MG, et al. Sex steroids regu-
late pro-and anti-inflammatory cytokine release by macrophages af-
ter trauma-hemorrhage [J]. American Journal of Physiology-Cell
Physiology, 1999, 277(1): C35-C42.

[21] Angele MK, Knoferl MW, Ayala A, et al. Testosterone and estrogen
differently effect thl and th2 cytokine release following trau-
ma-haemorrhage [J]. Cytokine, 2001, 16(1): 22-30.

[22] Mayr S, Walz C, Angele P, et al. Castration prevents suppression of

- 2252 -

mhe class ii (ia) expression on macrophages after trauma-hemor-
rhage [J]. Journal of Applied Physiology, 2006, 101(2): 448-453.

[23] Angele MK, Nitsch S, Knosferl MW, et al. Sex-specific p38 map ki-
nase activation following trauma-hemorrhage: Involvement of tes-
tosterone and estradiol [J]. American Journal of Physiology-Endo-
crinology And Metabolism, 2003, 285(1): E189-E196.

[24] Samy TA, Knoferl MW, Zheng R, et al. Divergent immune respons-
es in male and female mice after trauma-hemorrhage: Dimorphic al-
terations in t lymphocyte steroidogenic enzyme activities [J]. Endo-
crinology, 2001, 142(8): 3519-3529.

[25] Schneider CP, Schwacha MG, Samy TA, et al. Androgen-mediated
modulation of macrophage function after trauma-hemorrhage: Cen-
tral role of Sa-dihydrotestosterone [J]. Journal of Applied Physiolo-
gy, 2003, 95(1): 104-112.

[26] Shimizu T, Yu HP, Hsieh YC, et al. Flutamide attenuates pro-inflam-
matory cytokine production and hepatic injury following trau-
ma-hemorrhage via estrogen receptor-related pathway [J]. Ann
Surg, 2007, 245(2): 297-304.

[27] Kan WH, Hsieh CH, Schwacha MG, et al. Flutamide protects
against trauma-hemorrhage-induced liver injury via attenuation of
the inflammatory response, oxidative stress, and apopotosis [J].
Journal of Applied Physiology, 2008,105(2): 595-602.

[28] Yu HP, Yang SC, Lau YT, et al. Role of akt-dependent up-regulation
of hemeoxygenase-1 in resveratrol-mediated attenuation of hepatic
injury after trauma hemorrhage [J]. Surgery, 2010, 148(1): 103-109.

[29] Yang S, Zheng R, Hu S, et al. Mechanism of cardiac depression af-
ter trauma-hemorrhage: Increased cardiomyocyte il-6 and effect of
sex steroids on il-6 regulation and cardiac function [J]. American
Journal of Physiology-Heart and Circulatory Physiology, 2004, 287
(5): 2183-2191.

[30] Mizushima Y, Wang P, Jarrar D, et al. Estradiol administration after
trauma-hemorrhage improves cardiovascular and hepatocellular
functions in male animals [J]. Ann Surg, 2000, 232(5): 673-679.

[31] Hsieh YC, Yang S, Choudhry MA, et al. Pgc-1 upregulation via es-
trogen receptors: A common mechanism of salutary effects of estro-
gen and flutamide on heart function after trauma-hemorrhage [J].
American Journal of Physiology-Heart and Circulatory Physiology,
2005, 289(6): H2665-H2672.

[32] Yu HP, Yang S, Choudhry MA, et al. Mechanism responsible for the
salutary effects of flutamide on cardiac performance after trau-
ma-hemorrhagic shock: Upregulation of cardiomyocyte estrogen re-
ceptors [J]. Surgery, 2005, 138(1): 85-92.

[33] Chaudry IH, Moeinpour F, Wang WK, et al. Sex hormones and gen-
der effects following trauma-hemorrhage [J]. Signa Vitae, 2010, 5
(Suppl. 1): 24-27.

[34] Remmers DE, Wang P, Cioffi WG, et al. Testosterone receptor block-
ade after trauma-hemorrhage improves cardiac and hepatic functions
in males [J]. American Journal of Physiology-Heart and Circulatory
Physiology, 1997, 273(6): 2919-2925.

(ki H A :2014-02-12)



