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Abstract:

[Background] The reproductive damage induced by pentadecafluorooctanoic acid (PFOA) has
raised increasing concerns, but if lipoic acid (LA) alleviates the damage is unknown.

[Objective] This experiment investigates whether LA could protect against the reproductive
toxicity of PFOA in male rats.

[Methods] Forty male SD rats aged six weeks were randomly divided into five groups (eight
rats in each group): blank control group (corn oil), LA control group (100 mg-kg™* LA), PFOA
exposure group (10 mg-kg™ PFOA), low-dose LA intervention group (10 mg-kg™ PFOA+50 mg-kg™
LA), and high-dose LA intervention group (10 mg-kg* PFOA+100 mg-kg™ LA). After seven weeks
of administration by gavage, blood samples were collected from abdominal aorta, testes and
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epididymis were harvested, and viscera coefficients were calculated. The sperm count was measured using computer aided sperm analysis
system. Pathological observation of testicular tissues was conducted after HE staining. The activities of succinic acid dehydrogenase (SDH)
and lactate dehydrogenase (LDH) in testis were detected by spectrophotometry, the contents of testosterone (T) and follicle-stimulating
hormone (FSH) in serum by enzyme-linked immunosorbent assay (ELISA), and the protein expression level of follicle-stimulating hormone
receptor (FSHR) in rat testis by Western blotting.

[Results] The testicular organ coefficient of the PFOA exposure group was higher than those of the blank control group and the LA
control group [(9.41£0.40)%o, (7.50%0.66)%., (8.21£0.94)%0; P<0.05], and the epididymal sperm count was lower [(10.63+2.07)x105,
(21.00+3.89)x10°%, (17.63+5.01)x10°% P<0.05]. The results of testicular histopathology showed reduced layers of disordered spermatogenic
cells in the rat spermatogenic tubule of the PFOA exposure group compared with the blank control group, along with more vacuolization
changes in the spermatogenic epithelium and less and disarranged leydig cells; while these lesions in the LA intervention groups
were significantly reduced. The activities of SDH and LDH decreased after the PFOA treatment compared with the blank control
group [(1.15+0.44), (1.74+0.58) U-g*; (1.82+0.64), (2.58+0.64) U-g™; P<0.05], but the activity of SDH reversed after the 100 mg-kg* LA
intervention (P<0.05). In addition, compared with the blank control group, the rats in the PFOA exposure group had lower T levels, higher
FSH levels, and lower FSHR protein expression levels in the testicular tissues (P<0.05), and the rats after LA intervention showed lower
FSH levels (far bigger falls for the high-dose LA intervention group) and alleviated reduction of FSHR protein expression levels.

[Conclusion] PFOA has a reproductive toxicity effect on male rats, while appropriate LA supplementation can protect against the

reproductive injury caused by PFOA.
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PFOA. LA (D #r 4, EBMHI T £ RIS
BERAF, RE), OB B ZE (follicle-stimulating
hormone, FSH) Az 2 fff B BX %2 & T Ff1 120 36 (enzyme-
linked immunosorbent assay, ELISA) #M3x 7 & (Cloud-
Clone Corp, &), LDHIXFIE. SDHIXF R (BRE
AV TIZARFT, FE), RITEZ 7 E FSHRFUA
(BOSTER, %), %52 f& B-actin FifA. LWFETMEZH
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www.jeom.org



#5455 J2 3 &% | Journal of Environmental and Occupational Medicine | 2020, 37(9) 893

1.2 SISO E

40 R 6 AT SD AR, AE (160£10) g, WH
HiDlfE (b R) EMRABRAE, HFEIIES | SCXK
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0.05), BEAREFIZ LA FMAS LAXTEBAMR LB AR
EEE (P<0.05), WE 1, FABAKREARETLH
EE5, PrOARSAMERES EEWRAMLIAT
FnAFEELBA & % (P<0.05), PFOA REBAMAREF
E A TASAFERAHNS ERXTRAN LAXTERA
FEEEI9FE (P<0.05) , 1B PFOARFAASHNBE,
PFOARFZAHANESTIE LA TIAMZRBAKSIER
XTERLAMEELIFAE (P<0.05), MK 1o
2.2 BFIHHER

HE 2 5H, PFOARBHARIBEFHRERERT
EEXBAF LASTIELA (P<0.05), M#HITLA TG
ABRBEFHREREASHZTAEHEFH (P<0.05), B
BEARBEIRREREKF,
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(10mg-kg*PFOA) ; D : &2 LA TN (10 mg-kg* PFOA+50 mg-kg™
LA) ; E : BFIE LATFA (10mg-kg? PFOA+100mg-kgLA)
1 LAFFPFOARBARRAELZN (n=8)
Figure 1 The changes of body weight of PFOA exposed rats after
LA intervention (n=8)
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R1 LATHIPFOARZRR T ARHERRER (xts, n=8)

Table 1 General information of rats with 7-week PFOA exposure after LA intervention (xts, n=8)

2871 A& /g EARE /g MIZRE /g Z AR F IR /%o M SEAERS FR 2K /%0
IEEXTERA 491.19+44.61 3.72:0.24 1.67+0.08 7.50£0.66 3.41+0.31
LAXTEBLE (100mg-kg ' LA) 472.98+38.25 3.69:0.25 1.7240.21 8.21+0.94 3.64+0.50
PFOA #2548 (10mg-kg™ PFOA) 388.24451.94% 3.6510.18 1.48+0.10% 9.410.40% 3.85+0.32°
RS LA FFi4H (10mg kg PFOA+50mg-kg ' LA) 414.61+26.98%° 3.69+013 1.52+0.09%° 9.14+0.80%° 3.69+0.35
ERIE LA T (10mg-kg ' PFOA+100mg-kg ' LA) 425.2320.78%° 3.60£0.22 1.61+0.12 8.97+0.58%° 0.3840.29°

[E] a: SIEEXEBAALLE, P<0.05 ; b : 5LANEBALLES, P<0.05,
30
% 20 - =
]
ﬁ ab
mﬁ 10 '
0
A B C D E
48351
[E] A: IEEITHEA ; B : LAXTHFEZE (100mgkg?LA) ; C : PFOAZELR

(10mg-kg* PFOA) ; D @ {EFIE LA FFM4E (10 mg-kg'PFOA+50 mg-kg™
LA) 5 E: &7 2 LAF A (10mg-kg? PFOA+100 mg-kg? LA) o a :
S5EENEBALLIR, P<0.05; b 5LAXRALLER, P<0.05; c:
5 proa EFALLE, P<0.05,
2 LAFF PFOA LERRFFITEEN (xts, n=8)
Figure 2 The sperm count changes of PFOA exposed rats after LA
intervention (xxs, n=8)

2.3 ERALHREFRT

HERBLERER, EEXBAM IASEBAKR
SANNHAFEFLSTE, HABERNIREREHA
BHEFIEESS, IESHN, BRER ; ZIFHmRESS
REBARHY, SREBHAREEERETRFHY, 15
TFHERIE FEMTTEE, HPBFTEE, 2HAERA
BERBEDTERIRAN, BIRARMESH, &
BIE®, PFOARSAHAKREZNEENERNARZ TR
o, AR EREL, AR EEHIREZNT AL
T, MipE R, SREREIKIF, 8R40
MERL, HEYIZEEL, LA FTFE AR PFOA RS
AAREBHARFIEATARERNE, WE 3FIT.
2.4 SDHFILDH E4EMNT L

5 1F &% 3t B8 40 [(1.82+0.64) . (2.58+0.64) U-g"]
A LAXTBRZAAE L, PFOA 2255 20 K & =2 341, SDH A1 LDH
SEMEIIBA R FEAE [(1.15+0.44) . (1.74+0.58) U-g'] (P<
0.05) ; LARFIETFH LDH JE M TEEE L BIAYR
EEWRAB TR, BHERITEESR (P>0.05)
10 SDH & METE 100 mg-kg™ LA FF4H 5 PFOA 22540 4H
tbERAZEEFHR (P<0.05), LE 4,

T 1y f TR S P!
ALY o R (I
SRR 7 o NN
! i ..‘y{(t}{.. R "Jm }
S 267 SoeNYH
NESESLANNTIYILA ek SN V222 IR
] A EEXTEBLA ;B : LAXEBZA (100mgkg!LA) ; C : PFOA ZE LR

(10mg-kg* PFOA) ; D : 1E5TIE LA FF52H (10 mg-kg* PFOA+50 mg-kg?
LA) ; E : BFIE LA T (10 mg-kg? PFOA+100 mg-kg™ LA) o i3k
Frig N HIARAE B B IE M ST 40RR, 1B XTHRLAA] LA X BR ZH fh 4
BEMZIFAMEEDEINTE ; PFOSESAEREANT I AERFA
BfsE, STIFAREHYIZEEL ; FRFIE/ LA FHRAHERINE,
RIMAZREEHIBHT RN EETT, SZHRARRA 8] B4y 48
WEZEERF.

3 LAF PFOA 5 KR EHNALREF T (<400, HEFLER)

Figure 3 Histopathological changes of testis in PFOA exposed rats

after LA intervention (x400, HE staining)

F 35 £ |8 .
3.0 I 2.0
By 2.5 . B 2
= 20 x b2
T 15 T 1.0
210
= o5
1 2 3 4 5 1 2 3 4 5
4831 A5
[7X]A:LDH;B:SDHo 1: IEEXTBR4E ; 2 : LAXT BR4H (100mg-kg?

LA) ;3 : PFOAZZE 4H (10mgkg PFOA) ; 4 : IR FIZLATF A
(10 mg-kg* PFOA+50 mg-kg™ LA) ; 5 : =7l & LA T (10 mgke?
PFOA+100mg-kg'LA)o a : SIEEXTERALLIR, P<0.05;b: 5LA
YTERLALLER, P<0.05 ; ¢ : 5 PFOAFS AL, P<0.05,
4 LATFIPFOAZREZARENLHLA SDHH LDH EEEN
(x+s, n=8)
Figure 4 The changes of SDH and LDH activities in testicular
tissues of PFOA exposed rats after LA intervention (x+s, n=8)
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2.5 M;EZEFFSHZE2MTL

S5EEXXRAM AXTIRAELL, PFOAZSAHK
RIS FSHEEAE, ZEE2 T (P<0.05). FFE
FIELATFHES PrOAR S AL, FFHEEB AR
FEETBE (P<0.05), BEERM—TEMFIZE-MNUXR,
ZREEEFRREE LA, WE 5,

1.0
b 3.0
— 0.8 ab ¢ ¢
o 28
1 =
ﬁ 0.6 226
H] S~
41 04 B 2.4
T 4
Y 0.2 =22
712 3 4 s 2075 3 s s
4851 A5

CEIAFSHEEZ ;8. ES=2.1: EEXRA ; 2 LAXEA
(100mgkg?LA) ; 3 : PFOAZELH (10mgkg! PFOA) ; 4 : IRFIZ LA
FFi4H (10 mg-kg™ PFOA+50 mg-kg'LA) ; 5 : &8 LA FFi
(10mg-kg' PFOA+100mg-kg'LA) s a : SIEEXTIRLALLER, P<0.05 ;
b : 5 LARBLALLES, P<0.05 ; ¢ . 5 PFOARELALLEL, P<0.05 ;
d : 582 LA FIALLER, P<0.05,

5 LAFFPFOA#E K FSH, EFKFLZK (xts, n=8)
Figure 5 The changes of FSH and testosterone levels in PFOA
exposed rats after LA intervention (xts, n=8)

2.6 ZRALFSHREALT®

Western blotting 45 & &£ 7", PFOAZ EZ A FSHR &
HEE5HMZAMELY, BRAEZEE TR (P<0.05),
mkEE LA FIFIENFAE, BBEFEE T X TE (P<
0.05), HF100mgkg! LATFFENRRENEE, W0E
6 Ffi7TNo

1 2 3 4 5
FSHR S D e
B-action ...“
0.6
0.5 abed
s
g 04
s
z\‘. 0.3 abc
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T 02 2
w
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285

CEIA: BAEHE ; B: BEAMANKRER, 1 EEXRBH;2: LA
SFEBLH (100 mg-kg®LA) ; 3 : PFOAZE4H (10mg-kg? PFOA) ; 4 :
{58 LA F 7148 (10 mg-kg' PFOA+50 mg-kg™LA) ; 5 : &I E LA
FF4H (10 mg-kg' PFOA+100 mg-kg™ LA) o a : SIEEITFRLALLER,
P<0.05; b : 5 LAXIERLALLIR, P<0.05 ; ¢ | 5 PFOARFALLE,
P<0.05 ; d : S51&FI= LA FTIALLER, P<0.05,

6 LAFFPFOAZEB AR FSHRERFRIALW (x5, n=6)

Figure 6 The changes of FSHR protein expression levels in PFOA

exposed rats after LA intervention (xts, n=6)
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BFHER VXA RBRECEY R ENSEER
FIMEAALNEMMSREBARNEK, SHE
FALEABEFERRBEZR Y, MUTEBEAR
FZFFAHREMN LDH 5 4K (A iR 758 SDH RFE FHERE
MEEERESIETNEER, LEERNSHETFIN
HEIEX P, ALIOH, PFOARFTAHAARRIZIFA
MEIZARIRIR, BRI, AR HYIREL, £15
MEHYIRELE ORI, KEBEFHREREREEK, £
FLLHZR LDH. SDH /&M T P&, M 100mgkg! LAFFiifG
SDHKFEZ1RE, EBA I 50 mg-kg™ A 100 mg-kg™*
LA FFEENAREMFIEFHRENBARRBRE, 5
Mohasseb & ¢ 5 F LA %} 78 AJ LA 2K & ¥ FR 5 F 20N
HERFRGINEREMARB T NERER, HBESE
B9 LA RN FEREISIRIPE A LHLR, JRER PFOAE R BY TR
ARG A.

FSHREZFSHREIRRA T EAZFABRRENT
K, WFRETHNAEEEGERER, THMP, FSHS
STIFRERE E FSHREE S, TRARE BRI LES, (MR
BB EKEAS, MMEEZHER, BERE
EHEREEEEFEL™Y, RIFERTHABEETD
HIREE, T8RRI SRS Y, MEERHET
B AR B2 = 1 1 St T F A - SRS FSH BV,
FSH IR ADEI A TG R B RIAT 2, &NRAR A
I, EER/KFIEPFOARFHTIE, MFSHKFEHS,
X5 EEFE " WEFRGIEERKERRERE
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—H, ZERIERPFOATE R RIAAR T BERE T NIR
MMHENER, —FEANESHT PFOABEENE
FLIEI RIS T 6, Z— A E R fed@id T BN -
R - 20N RBUATING T ZERMN SR D W
i FSH 7K A S T aE R B TR fE, RAH
SIFAE D WM —MEE BB INGI B A DM FSHINEH
B — MEIR R, FE XS BT FSH E’\H[I]%'J
e RMS B, Prathima 2 " BF5RREE, LAREH
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