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ABSTRACT

The herbicide glyphosate wur tesed for its teratog€nic effects by
injection of zublethsl doses of LDdl0, LDx/50, LDjo/100 and
LDidl000 in fertile eggs on day 6 of incubation Body weilght of fertile
chicken eggs were recorded on 0,6,9, 12, 15 and 19 days. The fetuses
on day 2l were examined. The resuhs showed that mortality of fetus€s
wrur lWo for LDx/10 level, and decreased with the decrease of
conc€ntration. Similarly, the body weight of fetus and the abnormalities
wef,e dose dependem. Cases of opened aMomen, brain edemq eye
enlargemenf deficiency in feathers and appendages were recorded in
eggs treated either with LDs</50 or LD:d100, while at LDso/l000level
least abnormalities were obssved. Acetylcholinesterase (AClrE) and
Alkaline phosphatase (ALP) activities were measnrred in brain and liver
of chicks. The results indicated that AchE activity was inhibitd while
ALP activity was stimulated in a dose dependeril manner. Finally, it can
be concluded thst both AChE and ALP enzymes can be used as
biomarkers for o<posure to glyphosate which can be harmful to humans
and nontarget organisms.

INTRODUCTION

Glypbosate is a pos-ernergem, systemic and non-selective
herbicide used in both agricultural and non-agricultural areasrworldwide.
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The n4ior formulation is Roundup in which glypbsateis formulate as

ttp propylamine ssh (WS$A," 1983). Arapiduptaksof r'rC-glyphosate

v'ithin few hours was indicatd in ilgar beets (Gougler and Geiger,

1981) and potsoes (Snti'f and Fiiller, 1981). As tlre glyphosate

concentration in fcliage may increase up to high levels imnnediately after
applicatioq this implies the possibility of entry the fod chain and

exerting toxicological impact on hurnans eitlrer directly or indirectly, Tle
mechanisnn of toxic action of gtyphosate was snrdied in rats by
Olorunsogo et al., (1979) and they found a dos+'dependent resphatory

toxicity and increas€d phosphatase in viw activity in rat liver
initochondria after doses rangrng from 15-120 mgftg ( Babaunmi et al.,
1979 arld Olorunsogo, 198?). They sugge$ed thd ttp modeoftoxic
action is ttrough uncoupling of oxidarive phospb,orylatkn. Glyphosate

el/sn at very iow concentrations cause hepatic cbanges thnxgh indugion
of aminotransferases and phosphatnses enzymes (Osmanr" 1994). Thesc

changes also res{rlts in changing of normal levels cf endogenous

hormones and biogenic amines which regulate many vital biological
procers Gnan and Berberiaq 1986). Tlre few data available for the

longterrn and chronic toxicity effects of glyphosate encotrraged the

initiation of this work to sardy the tr*ogenic toxic potential ofthe
compound on chick embryo and to record the in vivo biochemicel effect
of the compourd on AChE and ALP enzymes in liver a,nd brain of the

developd exposed embryos. Beide6' the molphological tnratogenic and

fetcoxic will be recorded and discussed-

Meterials rnd Methodr

Chemicels A technical gade of glyphosate, N{pltosphonomethy
glycine) was obtaind from Kafr El-zayat Co., Eglpt. The chemical
reagents and enzymes substrUes were obtained from BDI{ Chem. Co. as

chemical pure agents.

Fcrtilc Eggr- The Red Road Island fbrtile eggs ryere used in the present

study. Eggs were obtained from the Poultry Improvemen! Celter, Hoash

Essa" Behers Goverrrorde.
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tncubrtbn Technirpra Sclected bornogenos eggs of averags weigh
54.55 t 0,43 gm werc assigned to s€ven groups,eEchof l'Oeggsand

incubated for six days at 37.5-37.toQ, and relative humidity qf 60-65%.

Automatio rotation of the eggt w{ts perfonned 4 times wery 24 hours. the

living chi& embryo in ttre incubated eggs was confirmed by candling
using a tigb bulb on ttrc 6ti day of incubation. The wei;ght of the

incubated eggg vnts recorded on days 6,9,12,15, and 19. On dry 6tla
the eggs wac pierced by a piercing electrical machine and treated with
the soived or glyphosate. Treatment includd unh'eated mntrol,
isopropanol-treaed control sodium chloride (0 g9lo)-treded cor*rol l/10,
l/50, l/Iffi nnd i/1000 of LDe value cf glyphosate. Theholeswere
'waxed to be closed under antiseptic conditions The chanrges in the

irreatEd incubated eggs were recorded. On day l9#t, th€ hallinumber of
the eggs wtre inspected by opening weighting and exarnining the
embryo and recording the observuion regarding the rnortelity, the
abnormal grolvttL size and morphalogical features. On dlry 21rd th€

iintreated conti'ol eggs begin to hatch. Few of the treated qggs hatched

normally especially d tlrc lower concentration. The other eggs were

forced to cpen and ernbryos were weighed. Chick embryos were

sacrificed ard brain and liver quickly dissected and frozen at -20 oC until
used lor erzyme ass:rys,

Assey of AChE rnd ALP
Brains and livers were homoganized in 10 volumes (lV/rQ of ice

cold 0.lM Phosphate buffer pH 8.0 using a polytron hornogenizcr for 15

second. Homogenates were centrifuged d 10000 xg for 20 min. at 4oC in
HS-21 (MSE) Centrifuge. The zupernatarf obtained (microsomal plus

sotuble fractions) were used for determination of AChE and /\LP.
AChE activity was determined according to Ellman et aL, (1961)

using acetyhhiocholine as a substrate. Activity was expres*d as lrmole
of acetylthiocholine hydrolyzdrr. min pe" gram tissu€.

ALP activity was mea$.lred according to the method of Bessy el
al., (1946) using sodium pnfuophenyl phosphate as a substrate. Enzyme

sctivity was calculated as pmole of liberated pnitrophenolper min per
gram tissrc.
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RESULTS AI{D I}IS'SUS$ON

for ?l.da:vq
DatainTablelshowtheEadualchangesineggs.Heightfuring

incr-rbation periods. ihs nsrroal tntU.yo Sro{lrin ttr uirtreated controls

;A;g th" frlglt*rr-p€rc.entage of egg weight redulnon. The highe$

r-r*i giypno*t*i g,r:*l t*& t{ Jtower *gg'"?gltt rexiuction due to

retarded gfowtb. Lower concegtrations strowed relatively lows growth

res.rltir.g, in high€f reduciioa in egg's weight after incub'atiorn.

.isss&efiss
Data in Tabie 1 show the percentages of mortality, embryo

.weight, and body siae *reasurements S day Z1 aftg ineubation' F{atural

mortalrty did nat- exceed 76lo in tbe controls' The hilghest Je.vel of

;tp;;r, GDy/lot ,my{ l00p/o nrortality of ttre emlrryos followed

ff 96, 60 La Cez"'*ortality for l/50, li 100 and.l/1000 of LDm value,

,J*p."tirury. The offspring embryos were of lower body weight in a

CoL Cepenarrrt treod. fneioa' size dimensions were all lower than the

u:*reated control. Being dose 
-oepenoent 

suggests that glyphosate is the

causing aged.

Teretogenic effegut of ql.Yphogste 
.

Figure r ,f;ffi-tt*l growth- in the chicls that normally

hatched 0n day 2l from the untrated-control. In contrary' fetus rnortality

and undeveloped embryos of eggs treated with the highest concentrdion'

I-DrdlO is ctearly t#; inFig- 2' At l/50 LIlr Fearment' fetus

mortality **.r# and cases of-early toxicity fu fo;rmation of early

O**-# sho'n in Fig. 3 where t"uT; malformations of'open a*omen'

il; edema and ent"argernent swallowed eyes irr the dead fetus are

for.rnd. At LDdIOO tr&menr' the fetus was dwelopel but with lower

;;y *.tght *a t"fformed wings and legs qig'. +1' The chick was

helped to hatch and was unable to *and on legsr.feathersr incomplete and

*re yolk .r*, noi*nsumed. tlre least conc"niution [LD:/1000) showed

le^sr teratologiJ-;y*pt;* where the fetus mortality was slightly

higha than the coniroi. The fetu, weight was also lower than the control"

ard the wings 1rrJ- l.gt w'ere malfotittd not enabling the chick to sta$d

on legs (Fig. 5)
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weigh in gnms& D = decrease of egg weigh as perc€rrtage sf c.ootroD
The average egg rrus$ d z€ro day of incubuion is 54.55 t 0.43 gram.

Table 2; Effcct of gtyphosetr on mortdity, body weight
and sirc of chidr

#The tabulated values ar€ averages of all the fetuses after 2l days.
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Trble l: Cbangc in egg weigbt during incubrtfun

Treatmed
Decrease in egg weight during incuba,tion

w
(em)

D
%

w
(em)

D
lo

w
{m}

D
lo

w
iern)

Dt
oAt

w
{om}

D
oA

Contrcl
Untreatd

52.26 4.19 51"16 6.21 fr.22 7.93 19.70 t.ti9 4E.90 10.35

Control
Isryop
ancil

52.03 ,t.61 50.90 6.69 50.06 t.23 49.52 9.2t2 4E.83 l0..lE

Contr,ol
@.f/o\

52.n 4.47 51.07 6.37 50.0E 8.i9 49.63 9.01 {8.86 10.43

LDs,/10 52.80 3.20 52.59 3.59 52.32 4.08 52.t2 4.{t5 51.70 5.22
LDd50 5 1.90 4,E5 51.33 5.9 50.50 7.42 50.04 8.2t6 49.70 8.89
LDv/100 52.23 4.25 51.E0 5.04 51.30 5.95 50.E9 6.'7 50.50 7.42
LDJIOOO 52.26 4.l9 51.50 5.59 50.&f 6.E 50.,t4 7.53 49.74 8.El

in erams& D = decrease of ecn we as sf

rftcr 2 of incubrtirrn

TreatrneC %
Mor-
l.ality

Body
weigH
(sn)

Measurenets (Cm)

Body Wing Foot Thigh

Control
(Utrtr€tod)

6.0 38.04 8.50 3.50 2.74 :].30 t.72

Cartrol
Isoroanol

6.5 37.99 E.20 3.41 2& 3.24 r.69

Cmrol
NaCl.0.9clo

7.0 37.61 t.00 ?.35 2.62 '].22 1.70

LD/to 100
LDy/50 95 5.50 4.41 t.32 112 r.56 l0t
LDd100 60 34.50 7.32 z,& 2.22 2.54 r.25
LDdl000 20 35.00 7.t6 3.20 2.24 3.00 t.04



Table 3: In viw effect of glyphosate on ALP acrivity ofbrain ard liver of
chick s

Treatmed Brain
Mean t SDt

Liver
Mean t SDI

Control
LD50/10
LD50/50
LD50/100
LD50i 1000

194.24+14.59
2]t.2ttt2.tt.
239.01t7.33r
221.42+l0.Et.

205.43X7.71

244.6M:7.19
283.53i12.31'
24 ffit11.9
237.4t12.N
239.81*8.58

Sh-tI. A&llo&' et d-

Activity is expressed as pmole of pnitrophenol produced,tmin. g tissue.
f . Significantly different from cortrol value (p s0.05).

Aaivity is expressed as pmole of acetylthiocholine hydrolyzed /min. g
nssue.
f . Significantly different from control value (p s0.05).
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Table 4: In vivo effect of glyphosate on AChE activity of brain and liver
of chick em

Treatment Brain
Mean t SDr

Livrer
Mean * SDr

Control
LDsoi l0
LD50i50
I-D50/100
LD50ll000

372.55!37.07
2J7.77*'18.52f
254.90130.61r
29D.02t33.96t
328_M*37.7r

600.49134.75
348.04115.31r
372.55Lr7.73'
539.21i48.96'
555.t5j37.42
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The fetotoxicity and teratolgical effects being dos; dqeoderf
sugge$ th* glyphosste is responsible for these toxic effects. Tbe present

dara coincide with ttte dua by Yousef (1995) who reported tld
gtyphosate hAs no advers€ effect on reproduCion in mammals. L,ong term

laboratory trials have shown d€creasd body weigltt gaiq incressd
inciderrce of cataract urd lens abnormalitieg increasd liver weight and

degen€ration of liver and kklney at high doses (USEPA 1993).

Bkrchcmtcel Efrectr of Glvohocetc
Ia v.iru efieqt of Stvohosrtc on .{LP Actiyitv of brsin Ud livcr chich
embr"vo

Table 3 represents the activity of ALP in both untreated and

treat€d fertile eggs with glyphosate d differec conc€rfration. The

alkaline phosphatase activity in either brain or liver was stinrulated d th€

high€r level of glyphosde (I-Ddl0). This induction effegt was reduced

at lowa concentrations. Ttle activity of ALP etzyme was relatively
high€r in liver tissues than b'rain Ttris is expected as the liver is the active
orgso for dephosphorylation of xenobiotics by phosphttases in the
elkaline medium (Osmaq 1994). Thus ALP which act ut a detoxiSing
enzymc particularly in the liver will be highly released in both liver and

brain How€ver, this inductive sffect when extendd is hannful to the
balance bertween metabolic and catabolic enzymes :incoqporcing
phosph*e groups. The long term effect is undesirable and crrn be toxic.

Ia vfva effcct of slvohoretq. oo ACFE ectivitv olbrfin anid livqtghic*
enbtvo

The activity of AChE in both brain ald liver of chir:k embryos is
iltustrated in Table 4. h{axinnrm inhibition of AChE was exerted st the
higl€r glyphosate level (LDd!O). The enzJme activity was almost
recoverod a[ ttrc lowest corrc€ffistion of glyphosae, Thus The ACtiE
inhibition goca pErallel to the long tetm teratoloscsl effects. The high
abilrry of glyphosate to inhibit liver AChE is probably duc to high
residues in livs (Osmaq 199{). Thc ability of glyphosate to inhibit
AChE explains its poisoning incideats to farmers and field workers of
weed control as reported in New Zealand by Wattts (19!)4). Finally, it
can be corpluded thsr ttrc herbicide gtyptrcsate can be hazardous to
farmers during application and its residues cao be of ctronic adrrerse

effect to mass and ttn nontarg€t orgurisms.
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Fig. 2. Undeveloped embryo in eggs
treatd with l/10 LDso of glyphosate.

{}

Frg. 3. . Re*aded and malformed growth
Of the emkyo of eggs treated with
1/50 LDr of glyphosate.

'irl'rr--lr-;,
C t I lt rl

Fig. 4. Malformed chick of egg treated
with l/100 LD56 of glyphosatc.

Fig 5, Retrded and malformed growth of
embryo of Egs treated with l/ 1000

LD3j of glyphosate.
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Fig l. Conrol of untreded eggs ( normal growth).
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