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Abstract:

Recent studies have found close correlations between the explosive growth of several clinical diseases and the widespread use
of glyphosate. Glyphosate acts on populations through chronic low-dose exposure, which may cause comprehensive intestinal flora
imbalance, obstruction of sulfate transport, and inhibition of cytochrome enzyme function, and possibly be associated with elevated
risks of coeliac disease, autism spectrum disorder, infertility, obesity, and cancer. This article reviewed the toxicity of glyphosate and
the relationships between glyphosate and various clinical diseases, aiming to rise concerns among relevant researchers and institutes

to take actions to reduce public health risks.

Keywords: glyphosate; toxic effect; clinical disease; coeliac disease; autism spectrum disorder; infertility; obesity;
cancer

Citation: WANG Fang, YANG Guang-xue. Advance on clinical study of glyphosate toxicity[J]. Journal of Environmental and Occupational
Medicine, 2018, 35(2): 175-179. DOI: 10.13213/j.cnki.jeom.2018.17646

BT, 4 N-CERR TP ) TR, 2 BRiriilfk
ik ®( Roundup® )Y AIE PR, e A A A
HAEFIE BT, BIAEPAH, & B &
Z R IE T, Tz T A
2 MRl R A 2 AR, FOHBERR T N BR
B, AR TR RAERGR] Iz B TR AR R
Pyt FERRT L B ERE L R A S A
BRI PRI HH 257 AN 3 B AR B W . ARl
FHEH LR T 20 tHE22 90 AE4X, A4 36 [ Rl vk £ afa

AEEERAX A LRSEERNF IR,

[EEEN 1E55(1991—), L, MLA BT Rk LB B R
FE5AEBATH; E-mail: wangfangl 8@foxmail.com

[BE1EE 1) %, E-mail: yangex2789@163.com

[MEE B AL MR ARE R A BAERTTE PG, R 200062

Gaib O M ZE 5, 1991—2010 45 55 H- i 1 i FH 2 1
T 6504%" 4, [, AEBEEFSEFEWRITIAL, &
AR i R P B R R AU . 2016 4R
JHET Ik 84 17 t, HLMGAE2) 20% HYHEIBIE

AR BOR B2 ok A S Wil RS R R
LA R NS AR BRI SE B TE DG R B, B ] %) -3¢ |
KA Ko A 0y 26 3 U R B 75 e, IS B B Y AR
W e SR AE T X A7 A T R K B, F
FLEETS | H FAE i 3 [ A5 (autism spectrum disorder,
ASD ), ANZEARNEARE . NEREAE | JRE S5 I RPN 14 & A
AHOG o B 18 PR B R R T A, AT
LRGN I IE AR, fRER iR sZBH, DL A4
J R (CYP) EERYDIREZ B, 51 & ERIE | %
PE R ZE AL LA B R Ge 07,



- 176 -

www.jeom.org  FEE S P2 (] Environ Oceup Med ) 2018, 35(2)

20154F3 A, ik A 1A EK 17608 557
HHOVEAL, PR AEAT TNV TT T O T R R0
TIPS, FOBTAL A 24 9% AR AT REXT NS0,
I 5 L AIE Xk T R R SRt B R
A ERBI TR g B O o AR SO B et e L 5 2
Tollf PRGN 5 2R R TE R EA T 2704

1 EHBESIES

FLEETE , MR AN 248, Jb 38 FIERIH A RE
BRI 5%, LA/ M NI TEZES, T
T FRY R A, REAR R B M E i | RS L o
B, A0, E IR L AAR Y RO AT A TR B &
ol E LS .

SENAPATI &5 e kB, B H B 5 R AR
[ RE N FERE NI SR B A ZETL, 18 . B AmiEE
P . I 7 Tl R A0 T ) P ARG, DA S T AR TE R
YU s XS TR R R R, i
ARGELI Ko FIRE S i A B i v, SE/NEN
BEMELE, 51 28I RGEMERGL, BBETE .
A BSOS B A FLBETE REAR . IbAh, FLBETE IR 57
ARTE P ER A . SUBAT T A FLAT R 7K B REAR A B 3
PP 2% PG S B A 2 B AR K AT 9 . SHEHATA 211
WFFE s, T I RE RS A IR i 1 40 B - A, e K
R AR, RIEA IR VT TR B . M S5 808 1k
22 PG RH M TR R AR R T, WA ER TR . AL
I A R L TR 1A 46 i A DR 25 2 e R, DT I 2L,
BETE AR

BRUbZAb, ZLBETE 55 H B 2 87 5 | i i IR JE D g
235 K AR o WA A A e 2 IR R R 7 A 2
AR R A — A SR M S, JLRRIE R R A A
BH, SFBEERA K4, BAFLEE N JLERA S H
THER AU SR FLBE VS AR A0 i A1 e Tl A R R
W SRR A A, PR X i A g e P s 4 o 38 s v
b, BRAEHEZS 0 IH S BB VR BT FLEETS Y
— PP, T LA L K e B AT e R
V0 CYP BEEMESZ 4004 ¢, CYP BEAENRYT R A& A%
FIH [ RERR S i 5 EE MR, FH B RE S %
R H CYP il D PP AR DA % 3 v 55 B e AR T )
TN B A S B R R AR, BRI AR
FRER RS, IS & R A R bl S T & Al s 251k
G, VR R B R R % Z B Rk . — HOREE
PRk, W 2Ra A A BE Y 0T, R R,

S WENRFI DNA R AEBIRPE RN 1 ph 05 A T G BRI AT
A BB 2 A A il LATE g FIRE =22 R [ 26, DA
LI P A R P B R ER AL, MUTFIE 2 i i i
T P B A A BT RR AL o B, B R S 4t vl AR
By, fRRRRERHE , VAR IE M HAB SR E B B RAE o

2 EHEES ASD

ASD J& —Fl HL A I IR 22 P L I 2 5 o 4 I
P 2R ARG IE 1Y #h 2 % R AS 0, AT, 55
ASD By &R 2 3k 1/451 ) BF9E R, 9%~91%
() ASD JLEE [FI A B ip i8R, 46 /Ma 45
Tk, H9. BER. HIEEBEER I SORE B
A, TN 50% 1A TS S RL 2, 45 36.7% 11
ASD L @B g, S L ) % i il kA
I 2R G, i i B B K i & B2 ST R
IR, FERE SRR B SR T T 75 N TR A B8 A2 3]
HBEE Y, sAE Ly ) LA o i e R 00 e 2 i H g
FIRGE R ZEALSON TR, #4 T REE e -
JriE — KM% 35 ASD Ay A 2,

FOH W B T N A BOIR ZE AT B L SR AT R
5% R TR S SO B T I ST R B, PR R RIS Yy
B PR G EL W IR 2L, HAE PRk 2
JRRT TR A 51, ASD B9 & 0% 00 i = TR FLIE 3R
R LT, RROR ZE AT B AT BB —Fh ASD AR 17 19
FEE A o FINEGOLD 45 2 /457 10 £ B 1714 ASD JL#
6 A IR B FEIRIT G, 8 4 JLEMI M 21T AIE
RANE i AR R B T ERERE, B
A Z AR W38 AT A RE AR Y 2 5 o X R
W5 K AT AR RN, VP 2 R ZE Ak b 1 7
A, WPl RAASENKIUN, FRE SR
Ao BEAL, BRR ZE MO B 6 AR R B AR K R
P X PR X P T A e L R G R R R T R (1Y)
R, &—Fm 2R ay, sk, TR
i, & ASD B — A 2WHEFR 2. BR T HRIR ZEAAT B LA
Gh, RNAT BE SR T, ISk IRT I, Rl A s g
AW, BETHIE R Ge A K ARAE , JINEE [ PHAER TR o
FINEGOLD %7 & ., 6 Hefihid % H 4 M8 h
RERTAS 9 ASD JLE H, 8 ad 50% i L # iz 38 A7 e
BRI L 3 P LA - bR R T
FEBREE R, ©REHITINAR, BRARAE R —Fh S IR R,
TR O g vh s, AbE S | A I
WAL R, 145 BIE B0 A (e . ASD JLEE (1 TA 60 1 e



www.jeom.org PR ST BE2% (] Environ Occup Med ) 2018, 35(2)

- 177 -

M B m] BB e H IR B IR B R A 5

BEAb, B BRE B LB B G BRI SEE EE
YRR T, SELA™ A3 23, fE
R FANARSE , Xt ASD R LA . R R
HEGER, WAL M T, SECMAO TR AL,
TR AR DIRE , SO B N T AR
AR P RERREE , S EOT 00 HURIR R B ML R
Pk, R 1S B2 A 22 U RETR AL, SN B iR LA
PRGEWERET, TR RS, WIS A HAE
i RURE 2,

3 EHBMSAEAREE

VERKI AR L4k — B AE T, 78344
AL AT 1.36 M4 T-. 2007 4655 2 [ 1 2E B Rt T
R RE, SEEMNMOLET 1908 TF 2

o8 e B, R H B a2 5 oo S A N RN B IR A
SHUTR P FLMEE K R A R ), Xl kAT
SRR R A TS DY B R CYP
T A 0 A 2 T O 2% ) A, T SIS R
Z A A WL E R . — I/ RS LA
7] SR 0 R AT 98 52 36 % B, o H 2 T P e i e
PR A SR 15 2 1 (steroidogenic acute regulatory
protein, StAR ) A3k, MM T 52 AL ER A A 22,
BV 2 Al AR Y R, 2 TS LE A
JIZ, TS 9 14 D S 80N B SE L JT 4
WICHIPAT . XSS R A A, BR T StAR Z 9k, Ml 2d
fif B ( P450sce ) A Wh AN A1), A3k BB [m] s 1
P450sce F1StAR BTGP o T 0 B 5E, AR IA(H StAR
W/ 90%, fi P450sce IR PE R[4 719% 3,

ek, FH S & REA S0 2 S EE A A
P SR M 2 A P A R R R Y XU, B A
il £ F2 5 DNA, AT PEEL AR I & & - ARBUCKLE
LDV I ) B Xt 2 110 Z R 10 Lo i A 1 s A 7R
2, RPURCH T A i RG A A L, PR
ot % R P 0 8 5 AT IR R T B % T B XU ( OR=1.7,
95%CI: 1.0~2.9 ),

4 EHBESIEME

20144, 4Bk 18 % K LU E WY RUAE A i 1942 A
M, e fc 2 A ERHE.

B I A A o R v e B R 1) A 4 ) P R TS B
JEJHE o I 355 0 S R v T SO i 11 5— % €5 e R el

PRPCR AR, S-SR R — R B A
Hiph = 25 FECR R RN, RO B 2R
PO AR, BE AT LAE I T2 A R & I, don]
DAE = U g 20 T 0 € 28 R ) 5 R S B

HEAh, FH BT | A I8 RAE , (2 FREEIAE FRAL
R LA R IR IR, FF-8 B Wk 2 i A g vk
KL AT, T2 ORI FES , Kt — AR
CRERA AL . R, AR 2 iK1
VR

5 EHBSEE

AT, FEE LT BRI, 2012 4E4
A 1400 T3 8 RIEFERH, T4 I 20 4587 &9 4L
W38T 70938, AR [ Prss e i o LA B4R A, A
BRI UE BA R ) Bom I

O BB B U E AN ) DNA, TR
HEBRNERS, ISR S, 2484, Bool
ZWEUE ST, WO RS IS BN O R . ILA, 12
AV ) e o e s Tl IR P T AR A 0 22 ) ) S A
T 3 P P AR 1 IR AE XU

il 4, ROOS &%) % B H g BROY 22 fioh o 1 A7
WFIE, & A B AR 22 S P 6 I 90 1) S AU s 338
(RR=2.6; 95%CI: 0.7~9.4), ‘& %59 5 5| & DNA $i
P A 5, T DNA 5835 MO K 3R M o 2 5
) J 40T 3k S 4 1 ) S gl S P R IRV T
TR PR LR AW CY P RS T 7= A 1 VR SR T
TR (BEERY ) M E et Rt 2 3 5L
DNA $5iffi o 22 K1 BB o 5 16 B A1 bk B2 25 1 21 80
W 15% VA K AR RE SET R 1 A0 29+ 1 L E
PEALHEH BTIRAE . i MBS AE | 23 000 . B 0L DA Sk
Y 553 1) AR A ) AR I

Ty — i BT R R G R ) R 2 F L
FOH B2 X CYP 3k PRI B R A 4 R R i T4k
IR . FLARIE o XU 5 CYP 5L CYPIA2 R R
SRS REILIN SULTIAL M ZBMA K, 28R
SRBMEN R FB I, R RE S 554
SEPEMEMRU AL, HRRS RS, I
4 U3 i 42

g bprid, R BEES T E A, A CYp
Mg, DA K5 i) Bt PR &k 11432 i 16 21y, vl 8 m LTS |
B PAIRE TS R Rl AT AE . N EAE LA S E S5 I
PRI 1) B IRURSS: o {EL i ] N A% FEEEAE AL 5



- 178 -

SV EE2£ () Environ Occup Med ) 2018, 35(2)

www.jeom.org  IEE

Kot 4, HAFR 20 E T sess, wixt ARER
FEPEFIR L, X T B G AT B S AR GBI ] 44k
PSE

S0k

[ 1 JSAMSEL A, SENEFF S. Glyphosate’s suppression of

cytochrome P450 enzymes and amino acid biosynthesis by the

gut microbiome: pathways to modern diseases[ J ]. Entropy,
2013, 15(4): 1416-1463.

[ 2 16, VI, B6SCar . B BB A o ik
PEAAREAAR, 2012, 37(6): 743-745.

(3 AR, 567, T, 45 RO IERR B0 5k B A DU Fry
FEikfEL ] ] &R Tk, 2017, 39(3): 197-202.

[ 4 JISHIT S. HASHIMOTO-TORII K. Impact of prenatal

J]. B

environmental stress on cortical development[ J ]. Front Cell
Neurosci, 2015, 9. 207.

[5 1Bt B B iR R B s U SO s ) .
RZTIEL., 2017(2): 36.

L6 JJuRtEl, Minme, sRIRYS . BB 5L T B4 T A iF 5 ik
JEL) ] IR S RS, 2017, 34(1): 91-94.

[ 7 JLITTMAN DR, PAMER E G. Role of the commensal
microbiota in normal and pathogenic host immune responses
[J]. Cell Host Microbe, 2011, 10(4): 311-323.

[ 8 JSHREINER AB, KAO JY, YOUNG V B. The gut microbiome
in health and in disease[ J |. Curr Opin Gastroenterol, 2015,
31(1): 69-75.

[ 9 JSAMSEL A, SENEFF S. Glyphosate, pathways to modern
diseases Il: Celiac sprue and gluten intolerance[ J ].
Interdiscip Toxicol, 2013, 6(4 );

[ 10]SENAPATI T, MUKERJEE AK, GHOSH A R. Observations

159-184.

on the effect of glyphosate based herbicide on ultra structure
( SEM )and enzymatic activity in different regions of alimentary
canal and gill of Channa punctatus (Bloch )[ J]. J Crop
Weed, 2009, 5(1): 233-242.

[11]SHEHATA A A, SCHRODL W, ALDIN A A, et al. The effect
of glyphosate on potential pathogens and beneficial members of
poultry microbiota in vitro[ J . Curr Microbiol , 2013, 66( 4 ):
350-358.

[ 12 ]BENINI F, MORA A, TURINI D, et al. Slow gallbladder
emptying reverts to normal but small intestinal transit of a

physiological meal remains slow in celiac patients during

gluten-free diet[ J ]. Neurogastroenterol Motil, 2012, 24(2):

100-¢80.

[13]DICKEY W, MCMILLAN SA, CALLENDER ME. High
prevalence of celiac sprue among patients with primary biliary
cirrhosis[ J 1. J Clin Gastroenterol, 1997, 25(1): 328-329.

[ 14 ]DEPREZ P, SEMPOUX C, VAN BEERS BE, et al. Persistent
decreased plasma cholecystokinin levels in celiac patients

respective roles of histological changes

110(1):

under gluten-free diet:
and nutrient hydrolysis[ J |. Regul Pept, 2002,
55-63.

[15]MATON PN, SELDEN A C, FITZPATRICK ML, et al.
Defective gallbladder emptying and cholecystokinin
release in celiac disease. Reversal by gluten-free diet[ J ].
Gastroenterology, 1985, 88(2): 391-396.

[16 ]LORBEK G, LEWINSKA M, ROZMAN D. Cytochrome
P450s in the synthesis of cholesterol and bile acids-from mouse
models to human diseases[ J ]. FEBS J, 2012, 279(9):
1516-1533.

[17 JHIETANEN E, LINNAINMAA K, VAINIO H. Effects of
phenoxyherbicides and glyphosate on the hepatic and intestinal
biotransformation activities in the rat[ J ]. Acta Pharmacol
Toxicol ( Copenh ), 1983, 53(2 ):

[18 JGOLDMAN R, CLAYCAMP GH

103-112.

, SWEETLAND MA, et al.
Myeloperoxidase-catalyzed redox-cycling of phenol promotes
lipid peroxidation and thiol oxidation in HL-60 cells[ J ]. Free
Radic Biol Med, 1999, 27(9-10): 1050-1063.

[ 19 JAMERICAN PSYCHIATRIC ASSOCIATION. Diagnostic and
Statistical Manual of Mental Disorders: DSM-5TM[ M ]. 5th
ed. Arlington, VA: American Psychiatric Press, 2013.

[20 JCHRISTENSEN DL, BAIO J, VAN NAARDEN BRAUN K, et

al. Prevalence and characteristics of autism spectrum disorder

among children aged 8 years-autism and developmental

disabilities monitoring network, 11 sites, United States, 2012

[J ]. MMWR Surveill Summ, 2016, 65(3): 1-23.

fote, R, W) AFAE L B A8 4 R

e[ 3] A4 P, 2013, 28(2): 374-379.

[22]DE MAGISTRIS L, FAMILIARI V, PASCOTTO A, et al.

[21]%

Alterations of the intestinal barrier in patients with autism
spectrum disorders and in their first-degree relatives[ J ]. J
Pediatr Gastroenterol Nutr, 2010, 51(4): 418-424.
[23]DAVID LA, MAURICE CF, CARMODY RN, et al. Diet
rapidly and reproducibly alters the human gut microbiome[ J |.

Nature, 2014, 505( 7484 ): 559-563.



www.jeom.org  FRIESHMY BE2% (] Environ Occup Med ) 2018, 35(2)

- 179 -

[24 ] AZAD MB, KONYA T, MAUGHAN H, et al. Gut microbiota of
healthy Canadian infants: Profiles by mode of delivery and infant
diet at 4 months[ J ]. Can Med Assoc J, 2013, 185(5): 385-394.

[25]FINEGOLD SM, DOWD SE, GONTCHAROVA V, et al.
Pyrosequencing study of fecal microflora of autistic and control
children[ J ]. Anaerobe, 2010, 16(4 ): 444-453.

[26 INORIEGA DB, SAVELKOUL HF. Immune dysregulation in
autism spectrum disorder[ J 1. Eur J Pediatr, 2014, 173( 1):
33-43.

[27 JFINEGOLD SM, DOWNES J, SUMMANEN P H. Microbiology
of regressive autism[ J |. Anaerobe, 2012, 18(2): 260-262.

[28 IDING HT, TAUR Y, WALKUP JT. Gut microbiota and
autism: Key concepts and findings[ J ].J Autism Dev Disord ,
2017, 47(2): 480-489.

[29 IMARTIN JA, HAMILTON BE, BENTURA SJ, et al. Births:
Final data for 2010[ J ]. Natl Vital Stat Rep, 2012, 61 (5):
1-18.

[30]de LIZ OLIVEIRA CAVALLI VL, CATTANI D, RIEG CE, et
al. Roundup disrupts male reproductive functions by triggering
calcium-mediated cell death in rat testis and Sertoli cells[ J ].
Free Radic Biol Med, 2013, 65: 335-346.

(31—, #h207, 450, 45 BT BT A ML A= fL 4 r
AR L) ). P Tl BER2ak, 2015, 28(5): 362-364.

[32]CLAIR E, MESNAGE R, TRAVERT C, et al. A glyphosate-
based herbicide induces necrosis and apoptosis in mature rat
testicular cells in vitro, and testosterone decrease at lower
levels[ J ]. Toxicol in Vitro, 2012, 26(2): 269-279.

[33]WALSH LP, MCCORMICK C, MARTIN C, et al. Roundup
inhibits steroidogenesis by disrupting steroidogenic acute
regulatory ( StAR ) protein expression[ J ]. Environ Health
Perspect, 2000, 108(8): 769-776.

[34 JARBUCKLE TE, LIN Z, MERY LS. An exploratory analysis
of the effect of pesticide exposure on the risk of spontaneous

abortion in an Ontario farm population[ J |. Environ Health

Perspect, 2001, 109(8): 851-857.

[35]WHO. WHO Global Infobase[ EB/OL ].(2013-02-18 ). https:/
apps.who.int/infobase/Indicators.aspx/.

[36 JZIMMERMANN R C, MCDOUGLE CJ, SCHUMACHER
M, et al. Effects of acute tryptophan depletion on nocturnal
melatonin secretion in humans[ J . J Clin Endocrinol Metab,
1993, 76(5): 1160-1164.

[37 ]BREISCH ST, ZEMLAN FP, HOEBEL B G. Hyperphagia
and obesity following serotonin depletion by intraventricular
p-chlorophenylalanine[ J ]. Science, 1976, 192(4237):
382-385.

[38 JTORRE LA, BRAY F, SIEGEL R1L, et al. Global cancer
statistics, 2012[ J ]. Ca Cancer J Clin, 2015, 65: 87-108.

[39]de ROOS AJ, BLAIR A, RUSIECKI J A, et al. Cancer
incidence among glyphosate-exposed pesticide applicators in
the agricultural health study [ J ]. Environ Health Perspect,
2005, 113(1): 49-54.

[40 JFLOWER KB, HOPPIN JA, LYNCH CF, et al. Cancer risk
and parental pesticide application in children of Agricultural
Health Study participants[ J ]. Environ Health Perspect,
2004, 112(5): 631-635.

[41 ]WALTERS DK, WU X, TSCHUMPER RC, et al. Evidence
for ongoing DNA damage in multiple myeloma cells as revealed
by constitutive phosphorylation of H2AX[ J ]. Leukemia,
2011, 25(8): 1344-1353.

[42]YONG M, SCHWARTZ SM, ATKINSON C, et al.
Associations between polymorphisms in glucuronidation
and sulfation enzymes and mammographic breast density
in premenopausal women in the United States [J]. Cancer
Epidemiol Biomarkers Prev, 2010, 19(2): 537-546.

[43]MCCORMACK V A, DOS SANTOS SILVA I. Breast density
and parenchymal patterns as markers of breast cancer risk: A
meta-analysis[ J ]. Cancer Epidemiol Biomarkers Prev, 2006,
15(6): 1159-1169.

(WFm B 2017-11-07; FAEH: 201801-22)
(BESCG: TR i JEIR; Ko £BET)



