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Research progress on the correlation of hyperthermia on erectile dysfunction in patients with
hyperuricemia
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'Department of Endocrinology, General Hospital of Southern Theater Command of the Chinese PLA, Guangzhou 510010, Guangdong,
China
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[Abstract] Hyperuricemia (HUA) is one of the established risk factors for erectile dysfunction (ED). By inducing vascular
endothelial dysfunction, insulin resistance and other pathological mechanisms, HUA forms a complex pathological network
interwoven by multiple pathways, which synergistically promotes the initiation and progression of ED. The available research
evidence indicates that high temperature environment can not only elevate serum uric acid level, but also synergistically aggravates the
risk of ED in HUA patients by activating pathways including inflammasome, polyol fructokinase pathway and oxidative stress. In this
review, we summarize the epidemiological association and underlying pathological mechanisms between HUA and ED, focusing on
the accelerator effect of high temperature environment in the relationship between HUA and ED, and propose the novel scientific
hypothesis of "heat-HUA-ED" triad. Further studies are required to verify this hypothesis via animal models and explore targeted
intervention strategies targeting common pathways, such as nucleotide-binding oligomerization domain-like receptor protein 3

(NLRP3) inflammasome, so as to provide novel insights from the cross-field of environment and metabolism for the prevention and
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treatment of HUA complicated with ED.

[Key words] hyperuricemia; erectile dysfunction; high temperature environment

%E(E&lfﬂ.ﬁ(hyperuricemia, HUA)%”E&K#W@Q’JPU%}L%%%, HEESRE, £FIH. REEREZT
A Ko 2015—2017 F 2 EEE W RATRFEEL &, FERFAHUALERITEMEREN 177%, EHERF
AB A Ky 1.8510 M, FF K, HUAX B M4 FE @ BRI E, 32 5 %) #2 ) #E % 7% (erectile dysfunction, ED)#y
KPR FRRE G ZWRE, RATFFEEL T, FE40% DL L5 W ABED B4 F BEE N 40.56%%;
— TR N 85406 ] HUA B3 B KA X B &, % ABED BimE A4 N 33%° . Wi, AHRAIN, HUAZ
ED# LR EE, REATAGEAIFRLXEMN BTN LSRR AEREL6E, LZXBEM LT
H e w HENREEAY, #—FPRETOERBRATABTSEDARWENX R, XL, HUAL
ED £ E % WA Ty R | B 5 R AA N8 M RE S EALFIC, R R M- KA VR PR Ay 2
I, EREENZ, BRIOETATE AR M A2, FEYHEFNRBR AT AR ER™, %
MAAHREH, AZEDAFRHUEHFL, HED \KARELAZTKEFEN, ERENTFFEHEER
~, BEFEZXFTH#EHUAMKXED R AL R PR EGFNEAFER, EFRIFEEL T NEEREREL> T
HyEGEAGEH, A, AXZAAREHUALED W XBHA, A ENBE N EETEWAESLELET
Jm B HUA B % th ED Zm M6, DI Mz 2k ARBTG5k RETEREFNHARENALS THESE.

1 HUAS5|#E ED BI#LH

L1 R R

111 A R #FE % A .5 (xanthine oxidase, XO) & ¥E 4 (X 4 18 B o By X 4 IR B, TR LR FERS A
e AEEL, FREFLEAMHRK, ARA, A FRBLEELMT, XONKERFEEF LR, XO&
BAEL NN PRI NS F AN B FZE, THIHERAEZ AR E T (superoxide anion, 0,)frit
4.1t & (hydrogen peroxide, H,0,)", Hit, YXOWEASRAEMFEREFHER, FREFRFBRAE KT
=, ﬂ:%f#ﬁﬁﬂ"fﬁti(reactweoxygenspecies, ROS)F= 4, N £ WE Rl EA R AR, PEHR R &
BRI E T £ 8O, & — A A (nitric oxide, NO) K £ & ¥4 th Pk & & K B, — 77 W B #% 3B NO &t
RiE. AMAFEREZETE, 5 —F @4 TRHAETHEEONOO)HH A, ONOO & A B E MK I
EHA, TSR . AR T R R A E R AN Wb, ONOO L™ & fb W& & 4 ¥ vd b &
WEEREN ZAENED, FRARNDE EMEARZT . DM N O A EWELIRETRUEANRA
— £ {t. & 4 ¥ (endothelial nitric oxide synthase, eNOS)#y IE & 1 (.70 fE B, eNOS 2 M A4 B NO 87 4 3 I gk A
BANE RO, WREHRA, KA RBPA Y eNOS B, d T N, RBAFHASZHEE O, & R
i, AR B NO &4 AH E A, ONOO 4 fk & 3 fm X eNOS #18 Bt S AL H U R B HEAEI, W
Bt —F 2, RO, & R, NOEMF A EH—FBRIK, ZRAHFKED,

L12 RE HBEABLZNEMSERFATEERLT, DRBRKFIAGTERINETEBERERERN, —
FE, MRGEAERIEEL, RRTFELFRSE 6 F KL W HE A Z K E A 3(nuceotide binding
oligomerization domain-like receptor protein 3, NLRP3) X JE /N K, HE T ¥ 2| A7 ¢ Mt & B R XA 2 % & & B 1
(cysteinyl aspartate specific proteinase 1, caspase 1), EHEANFALX, FhE caspasel'ﬂfz‘&/ﬁ? YRk )
M- (interleukin, IL)-1B 0 IL-18 t 37 4] ik 34 5 B, 8 o0 R R AE AR R RL, %L B 48 A B 38 Bk 0 2 48
LI P AFF NS, B — 7 W, NLRP3/caspase 15 5B ¥ 5 SEDWM ALK&, HBENGH T EGCFER 7
W: —REREBBETRAREFAFAEDE AR AREMEEGRE, HinhEFEEE, FHHALERERL
TAE IR A [ AR B ED;  Z & NLRP3 3RE /MAK B 808 K IL-1 89 K 78 1K T 8 48 7R3 NO K At 1
FORMESTRKE TSR, AT N ARG, SHED. BT L, KB H7E NLRP3/caspase 1 3% JE
whRE, BLRIFRLEMENZNIERTFREF BRI NOWRAYE, KRENF LFESIED WA £ X
o WA, AHRAN, RBEEAALZLAR ﬁfﬁﬁ'ﬂ?&]ﬂﬂﬁl\%%iﬁ?7"b‘?ﬂ(ﬁ@(mitogen—activatedproteinkinase, MEK)/
20 8 S 15 5 ] 37 55 (extracellular regulated protein kinase, ERK). Toll # % fK-4 By &, /-5 N & 40 i o & i #%
# jk % B B1(high mobility group protein B1, HMGBI1) #y 7. B fv. fn B i, Bk & i 4 89 HMGBI1 7 3 — 2% $E it
g Bk ??H(angiotensin II, Ang ), IL-8, *Z[E%—KB(nuclear factor-kappa B, NF—KB)%&E*@%T%%%\%W]O
NE-kBEFZEBHERTTHFRERTMEMETHELA, GFIL-8, £ 4 KK G -1(monocyte



chemotactic protein 1, MCP-1)fn £k [f Bl F, T HE M E N 4. LR MR E, B HFH KRk
ﬁﬁﬁm,%ﬂED%kﬁﬂﬁoﬁ”Rﬁni%,mm%%%mﬁﬁwKF%@EAﬁxﬁﬁﬁﬁﬂﬁ%,
KK CRMEAAKFIE, IL-6, BFE I E F-a(tumor necrosis factor-o, TNFE-or) 2 15 T 3% 48 i B F K °F
FHEP, WMAERKERFHERAKTEHIELSEDWmEREENE EAXE, £ R, HUAZ S X
FE/NEREEE, AP FRILIBFRERAEE FHRA ., &R 5Bk, X &l 77 AR5 845 %
A R T R NO A Rk, A E K ED.
1.1.3  #0E B % - % % 5K & % 4 (renin-angiotensin system, RAS) #F % &, JR B 713 3% 5 A0 B kHE A
FRAS, Jt % K & %K (angiotensin, AT)H &KL, T RAS BY B 7E o 3t — 5 2t & b L % 7= & IE RUAR 5
fER, (RIFEAMBF WK EE K, HRASHZ LR F Ang A5 7 /R BR At o 8 79 ) 40 i 3% 2 A0 8 =
#i% F, BB, Ponticelli %% I, B 7 It RAS R Wi 48 F 78 AL 40 38 8 An B ML L k. B e K L,
&%Agﬂ%km%zmm¢mxi&g%iﬂm $ 7~ Ang 117 48 3 S0 A0 B0 B 3T A A 22 B MR 48 55 47 K 3
W T, TS L ED W AR R, I RAFRAIE L, AT HA A0 B A B R B o 1 A
AT REREED B gy, &b, KB E T E RASH v Ang 114 A, 70 5 4 7 78 AL 40 . B 3
., R#EMEAEZARREERA T, LR —RFRE RN S HHUAE# WED AR EHE; MAERIEF,
RAS ¥ 76 14 B 89 IE RO IR, P 3F — 2 oK 40 M &L RSOk F, imE ED BRI Hidh o
12 BHEFHRN HUARHRLREZHXKFSSEDWAERE, Eﬁ%%?ﬁﬁi%ﬁﬂ%%ﬁﬁk” iR &
EHEIMAXEEEREORELI L, BF K Y % Z K (insulin receptor, IR). B AF Bt AL B -3- % B
(phosphatidylin-ositol-3-kinase, PI3K)/% ¥ # B B(protein kinase B, Akt)%3!, #f 7% & I, E%E%%&ﬁ%i%m%
#HED W L FN B F, i RE AT AT T B S ZHAD, Wi R HUA B4 % B 5 Z R mlsl
A HUAF D &5 % o) PISK/Akt 8 B W9 78, D TiFeNOSHy Bk B 1, AT SR AL B, 47
WEH AR A B S FERMDY; R AFRAN, WAL TR ESHER/ 5B — B 5 1(ectonucleotide
pyrophosphatase/phosphodiesterase 1, ENPP1) 7 # #| IR Y Ty &, H AR & R ML A H F 2 1 2 A K ABL
Tassone ¥4 3, UAT# 1t L ENPP1 5 IR E &, WH IR FE, AT THE G FETHEE, ERIEE
%%,MMTLLF%%E%%VL%E%E?ﬁ%%iﬁﬂ%?ﬁﬁﬁm U HUA &4 K & R B Z 0
B, TEANFBESZE TEMMHE T EHNIRE S, WM IR F B K # £ (gonadotropin-releasing
hormone, GnRH)# 2 it, T 5| A2 T Ui B M R T 6 ﬁ@‘g X AR 2 A R OR B A AT R ED &R
FHENIERNLEY, TR, HUATE SRR B S AR Ry REE, AT 5B HUA B A H 1
ED i R HE .

GEAH, HUAZERIFH TN EX A6 F FEDNAK L, ZX B R AR HHTE . 18 M RIER .
RAS/)‘?'JKJ%@F&?*&E%Q’J&HT/F)% TihEmE R K EHG, AT mED B AR L XNE ., Wi, HUA 47 #

8 £ ARG KR IR D GoRH 43, 3 T 38w BD B9 &5 A

2 SRR MR B R S T BE A R

21 BEALEXKWEHUANRKE G HFEK, BRESWARKA, HERIAEAZE K HUA WKL G
MEZE, ELZMEIHUA BB ARB XA MERGo X RN e U, BaEsxkN, 2R
B A A E AR R ERRRY, B EE LS HUAR R AR AR L EMXP, s, shxtE4 ABH
REIN, AW T S B ML R®RATHE AT,

211 AE[RAER N — TR R L 5 o A R M AT B9 PF R R, AT B 3 3 4 R W NLRP3
J caspase 1 #y & 38 KT T X W FE R E A K 4 F BBOIE 525 5 HUA B Z R L% X HUA % 5 ED By K JE
Bl T FARIEAE R, 8 B4 4 41 3 7% NLRP3/caspase 1 3% JE 8 B (R ¥ i R A K P H &, #W5S
EDWE L, —FHAMNAEEESRAXRKNAATRFHARLR, EFESHENER AR S EFHX,
HERR 23 K F{E B WM KR Rt — 5 3 et

212 FTHEBKRHASHY LEPRIA, GETARTIREABLRBRATHEAS, HEENFHEECHE
UTIAFE: DHREREABTIEINGCARBEHREELL, BARBMERYE, ATRD B ISR
M, i ERB AT AT, Q)RR A LR R R B AT B AR, TR R R B AT AR AR
RAEAER W) RS TE 20 T R R EMMA R, F K Tl RAESEFEY, 2 HKNLALT BERER
KA, HTRHFRBRER. QOREBEEFETHET NS TE-RERERE, B3 MIREERE N &£ &K,
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HAEKEATP, MTRBRER K ROS = &™) & by Fk 2 FHEHUAR FEDWARL S L EMER. K
WAL R BRI R B R S IR T 0 HUA K B AL, IR 508 R v W 3000 ] Bt 45 W i 3m N8 R B 4%
BEERAMKE G, FEOLRBRACEAR,

L, mEETRIRHARERNFER. FRRBMERTE, HESFTBE-RENHRRE. ERERG
%, M RBRAFIAE, ATEHUARE W E N E RGR B AT SRR S &R NHERETE, mEh
R 1 A R KOIE (2 ED) PR W R IE SEAR
2.2 T IRR P AT A IR B R AR
22,1 HEWH T EMN-ZA-UERHPG)H BETYHARE, wlnFHHRAGTEHEFENX
R#TEHRAGTEWNHARAN, GEFRBRTEFHNARML, HERTZHH AR T HIAED, #h#E
MM K R ILED 8 T 2 )R B R HPG # W & o0 2 2|40 % AR R A, BBt 2 & A 78 2 ik w0 30 1 °T f = iy
TR WUHFEESERBEN T m, P, AEHEH, KRANERELERAAHEZERAE
(corticotropin releasing hormone, CRH). 1 % Jiit & KT A5, E T LM 3E Y & (kisspeptin) Y & 3£ K, AT
X GnRH 8y 2 b & HE o AR 30 %] 4 F 975 A K B s & 7T B TR (R M IR % & 47 ) ¥ % (gonadotropin-inhibitory
hormone, GnIH)ﬁ’ﬁfEQ}‘JI}bﬁE, 5T 0 4] GnRH B 2 3 X R B R g &), BE RSB ELTRAEA
] T 4 LR T, 4k TR D B ER B U T, MR BR AR T BB AT A A R R AR B B AR R ol A A R Y
ke
222 HEFFAEBRAAAMEY HYERFAXER, GRIOETAGLRAYEE RS T HO, H_E
thy ik KT, BIR AR E 10 M 5 AL BE (superoxide dismutase, SOD) Y& M, #T%F & b5k £ £, WA
BLi 2 ED Z i AL of By 0 3R, 6T ot 4 i U B0 VT R A 0E A B R B (R #EED R A

LR, MERERS EE M IRy i ak A, HAEA B0 5 HPG 4 o 6 K 2 B K
FLABEFRFAMEHRAARESI., REENE, RN EREEERANSE S HUAY S ED W & W K
ER, AN HAEERESRENNGEESE A AR FNE RS, #5E%EHUA RS ED W AR
wRE “mEE” R, EEEFEDHHEHELN.

3 EiRIMESHUAREIZED B %18 B4 &

HUA 5 ED MR DA M8 N X S BB IR A0, E ARk, KAERM . B S MR H %

ZENHNERRENES, Ki, AAARSZEREERZMABIE R, AN T HRIOEEN WA R
WBEER., EHUARAORERLM b, BRTGARXET AN E MBS, THMEEDWA L R, H
Yo, EFRCRBOHLE, AT K EREIEIE 0 E T % F A HUA B R U7 .
30 AMNHEE AERMANHX —XBRENH L, SEFFEHUALRAET ERFER, mafe
WEMEMm, §4&, HUACRS TXO FHHE, LA EESREELA TR EFERNLTEA, £RO,
MH,0,%, XL ERWROSAREER AN, TR E NOWE FMAH RN T BRI L DA ERK, H#
%% ONOO M ik, #TEAMNTE A LM, £eNOSHEHRKIZISU, Ry, AHERFEFET, XM b
ROS/ S By AL R Rk — F ok, BRI AG N T HEF S AR AKX ME 4 A7 & L&MW H0,,
FlE R4 SOD B EMW, EhX#WE, SRTAXNMEE NS TE-FERBRAE, JIRATP KEH
¥, LM ROS By ] o 3 Al

F, YHUARHA THEAEFH, XONFHROSFHLEM i, [ & E RN F 8 SOD 31 4| K & 4 iy
ROS 4 ik, #FE FHNOHE L5 e NOSHEHREE L EE, REAHUAREE WYL, HUA S & RIHEE
FAG BB IR, RT RB AN R B R i HUA B2 ED K A B HE 3
3.2 NLRP3/caspase 1 K JE /NAE #  NLRP3/caspase 1 K IF /NRIE B 2 3% % HUA 5 & iR 045 09 KA, B
BHRIESE, iR KPS 7 5% NLRP3 K JE /MK, (Z{# caspase 1 B 3F 78 M TU K 44 4k 78 ME B, 3E T AT IL-
IR A IL-18 By AT AR HEAT VI 4], HEHBEZ W RAWESUHLR, FLAOLEALRET, EREIENE, BRF
B EAHENEREER, MAZKEREW WA B, LIXW, R AR EE 41K A NLRP3
&caspaselﬁ"]%iﬁ7}<¥m]o HEKRE, ATHUARET S, A& N RBRACEHE T SENK, 5 i&RFT
HENEBERETWERGET, HHETHRME R,

KHMEERAEIL-IBERAEFHAK, BREGHAY, BREXERNFEREZLERNRE, ©
AR R 8 w4 BE JR P S 5] AT o AR PR AR 0200 IR T PR 40 AR T NO S Y A Bl I B RS AR AT
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BRI, miEEHUAL GRS, LEHET AT TR KAER B, M ED WK EHAE,

33 MANPWAERE AWEANMWAEET, BRI ES HUAZLRE KR T X HPG 4 69 X & 11 4] F 4 .
HUA ¥ # 3t T3 & % 5 5 38 # (40 97 %] PI3K/Akt 3 % & L f ENPP1), S35 Z#H I, FH WD GnRH #
Ak, 5l R VE IR T fl AR Beesosssel R iy, B IR Oy — A ANIR M R R, A3t E I CRE F R K M E KR,
KAEFREWMEER, —FEARD T LM FE Y F KL LI H GnRH #2397, 5 — 77 @ W 7 3 3% GnIH
WA, FEBEMFHEAR T ARG ZEH 20", Ak, EXKNEHEEZET, HUARF AT IR RH &
ALFHNMERA T, EAZHEIIG R RO R EWIE, XN E HEHFED IR £ Rk E A,

4 BEIMER HUA £ ED &7 R &2 im ) Rk

HTw Xk, EXAENMRHBEFTFENHUAEFED KR XYW HRH: HUASED Z B AR T —
ANV E R T R A, BREAMM . RAE. BE EWMIUR IR E I AL AR E W %, &R
BRI THUAZ A BUR AR, T EERAT “HUAED” WHF*2W “WmEHE", HEFEELWE L
WX A R (HUA) #n 1 Bl T 3 & 785 /% (ED), B w8 F i E K%, 3t — %3 lnED t £ 55 R
K (FE 1),

- RIS \ TR
| MNLesES | £ TR S B PR ‘ o ’w . ‘ P, ‘
| wecwmn || R ALB 56
- w N e 4 =
il O; /H,0,##1 | e

RO UL kROST | e I;o?;q s | Lfm;mcnm J e/ W
\ y, / L Sepl ) A SN

SRR 4 P FAENE

LR

Bl mRFAEETE HUA S AR ED BUpLEI st
Fig.1 Schematic of the mechanistic hypothesis that a high temperature environment causes ED associated with HUA
NLRP3. 1 H R4 A SERALLE IR SZ AR 11 35 caspase 1 HEIEAMK L AR 1 1; ROSIGVES; XO. MRS S LAE; PI3K. B
PETEALEE-3- Rl s Ake SEFARB; O, BAEMET; H,0, AAS; NO. —FAMA; NOS. NE M —FMAEHE; GoRH. (EPEMRMER
FEHOMER s SOD. A Akt

PRI 25 T B I 5 HUA B 5CED W 3E R EALAL, R b S5 %, NLRP3 KMk,
BB R AT H R S T R B T £ AL, § 45, BIBIFE T H 4 b NLRP3 & 4 /M K/ caspase
13 J 8 3y A A AT HUA 38 8 ] — S 38 5 (23 11 2 4 1 oh B AR, Fi% 4 “NLRP3
R MEWE" S P B, B R, T ED B R AU Bk, BB WS S
TR REHEAESE, BABMRRATH, FH 0S5 RMCP-1 K ROS & H I, %5 W E WK
B R, S RERRME, BR, EHUARST, BFXOBMME, £ %Rk
I B Bk B ROS 7= 409, 5 38 R4 U 7T B 4 48 3t 6w MU BT MR M H,0,. 7 B, 3K/ SOD B4
RWEABED, T, BEFEKHUAE “BRAR" ¥ A4, SHNO Y NOSHSE, WEHL LYK
W BT L ED, BB, BRIMAEN—F MR KRR, THHERESE, KO EH
AR, T HUA & 7 8 A ) F 640 28> GoRHL, 512 Tl MM oh MRS, B4 M) iR
WA EREWE G AR, #TELRRATARNLES L, #— S WEEDHFERE,

18 2 8 B AR HUA R (23 T4 7 R AR ED AR, RIEE “m s
R, REME, BRFRALTHRRBRRMIEREEDRBRAT AT, EHARNE, HRTALY
R R B A, B HUA B A R E, XAk, EnRRATHLEEAT, BTk
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FETHRASENAES, TEEETHNHUARE AN ENHE N ENRERG S AL HCRA.

M Am Bl B HUA SN, Bt TIHFED I EE A W EBI 3t —F W, RERBETMH ERE R, BIK
EEWAT, TEEFRFLEAREE NN, FRVFH S5 HUAZH AL S EBFLEDOBRORERERE
— B, KEBRS G AN FERIE R R R EL Ry, [ oA ek IE R4 B B, & i A Bt 9 K o) 6
e R A, HTWEMRMEILES RERS, RARHAHUALGEDW AR £ KB, HUAM#E AT HH
RG-S MEDN R, WERFHA S B FHEEFETHUAAH N REHR BB EFEH
A#H, HWImEED Sk,

FRBREOEREXETHREREZANT “RM-ABRE T ETHEXRE-ANTTRATH &
MEE, WREREEEHUARZN, TEWERECE RN E BB Hm, T ARMA AT RIEZEH
ED W & 4 .

4 BEHRE

HUAFTHEDHFEL M E—RBENT, MTAEMNET —DULE NI EEFIZON KA K E- g
TMERMYE, EWHEF, SMNBRSRERNAHERE, REEHRAGERBMHMER ., THRF
BAE A — ARG SN M SR, B RME T MW SN A BN . ARG B AR R0 E L EHLH
BEAE MR AT, FBLHENLRP3 RAE/NME. £ TE-RAEUBRE . AR HR S B4 1 R4 %
% 45EY, SHUAWERRENG = EMERZLEL, REmENEBFHAHE, Bk, EFREEH: FEELE
BHUA S EDH) “Imsk &7, st TR THIEIFFENHUAAZ, LED KNG T A E I A B3 o by b B B8 o

EHUAMKMEE S, RRSmGHEGIS, NE “BEAKNTERER ANEFFATHEN, X7
AT EDRE—HEERA, BRAEHF RS, AXWHFPHET “EIE-HUAED" ZBKAEWMELESL, %k
KR R F RSN R E N HUA-ED £ 4 sh A, JH48 & 4t 25 B 38 3% o T 748 6 DL B P % #f HUA #n
ED. W4, FEETABNRATRFHEETERIEZBRILGXBERE, BV EHRBL SN FREEN XF
FAERHE+FHUAEFED B EWMER, S B BELIFES FHEFE THUAEFED “E R £
B, NTITARATRFEAE N “HIH-HUA-ED” ZRARMSEIHREITE, 52, FERTEEEZHANARH
WA FRRAT R AR, RN RFEIT M RRETE BRONEE—F, XEFEMNHUAEFED ¥
MR R R, EAH T E R BN B HEET A R EE LK.
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