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Introduction 

Berge G. N., S. H. Sterri and N. E. Sell: Cholinesterase activities in uterus of nor
mal and fenchlorphos treated blue f,oxes (Alopex lagopus) during various repro
ductive states. Acta vet. scand. 1988, 29, 117-123. -The uterine acetylcholineste
rase and total cholinesterase (acetylcholinesterase plus butyrylcholinesterase) acti
vities in normal and fenchlorphos treated blue fox vixens were determined during 
various reproductive states. 
AChE and Total-ChE of non-medicated vixens in oestrus were about one half of 
those in anoestrus. In pregnant uteri (luteal phase) the activities were 250Jo and 
30% compared to anoestrus. 
In vixens given 100 mg/kg fenchlorphos for 3 weeks during anoestrus, the remai
ning activity of AChE in uterus were in average 37%. Pregnant and non-pregnant 
vixens in the luteal phase medicated prior to mating and during time of implanta
tion, displayed AChE activities which were only moderabely reduced (remaining 
activities 83% and 72% compared to medicated animals in anoestrus: remaining 
activity 37%). 
Plasma ChE-activity increased during pregnancy in the controls while enzyme ac
tivity was strongly reduced in animals given 100 mg/kg fenchlorphos daily 
through the whole pregnancy. 
It was concluded that the previous reported embryotoxic effect of fenchlorphos in 
the blue fox did not seem to be directed towards the moderate inhibition of the ute
rine cholinesterases. 

organophosphorus compound; enzymes; breeding season; smooth 
muscle; vixens. 

In a clinical investigation, Berge (1981) 
found that fenchlorphos was effective 
against sarcoptic mange in blue foxes at a 
dose of 100 mg/kg daily for 3-5 weeks. Ssli 
et al. (1977) examined the effect of systemi
cally administered fenchlorphos on the 
blood cholinesterase. It was concluded that 
fenchlorphos administered in doses recom
mended to dogs, 100 mg/kg daily for 3 
weeks, was well tolerated by healthy foxes. 

Berge & Nafstad (1983) found, however, 
that the compound was embryotoxic and te
ratogenic when given orally in therapeutic 
doses to pregnant foxes. The mean number 
of living whelps at term was only 1.2 per vi
xen versus 9.5 in the control groups. Since 
very little information was available concer
ning normal cholinesterase activities in the 
uterus during the breeding season, we deci
ded to examine normal activities during va
rious reproductive states. Particular atten-
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tion was focused on the effects of fenchlor
phos upon the cholinesterases in the uterus 
in order to examine whether the previously 
reported low number of whelps from medi
cated vixens could be connected with cholin
esterase inhibition. 

Materials and methods 
Chemical 
The organophosphorus insecticide fench
lorphos, O,O-dimethyl-0-(2,4,5-trichlorop
henyl) phosphorothioate was used in the 
form of Ectoral15 tablets (250 mg), Pitman
Moore, Inc., USA. 

Animals and housing 
The blue foxes used were I-year old vixens. 
All the animals were housed individually 
outdoors at the Research Farm for Furbea
ring Animals, Heggedal. They were given a 
standard Norwegian wet feed and water ad 
libitum. 

Animal experiments 
Experiment I: Five vixens in anoestrus 
and 5 vixens in induced oestrus were used for 
the experiment. Oestrus was induced by in
tramuscular injection of 500 IU serum gona
dotropin (Antex15) daily for 3 days, and of 
500 IU serum gonadotropin (Antex) + 5 mg 
diethylstilboestrol i.m. on the fourth day, 
and 500 IU serum gonadotropin (Antex) on 
the fifth day. Three days later 10 mg diethyl
stilboestrol was injected. By this procedure 
oestrus appeared the day after the last treat
ment. 
All the vixens were ovariohysterectomized. 
The operation was performed through a 
midline incision under xylazine (Rompun•) 
sedation. The uterine samples were collected 
from the middle of the uterine horns. 

Experiment II: The experiment was con
ducted with 10 female blue foxes in anoe-
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strus divided in 2 groups. The non-medica
ted group comprised 5 vixens (the same ani
mals as in Experiment I). The 5 vixens in the 
medicated group were given 100 mg fench
lorphos/kg orally daily for 3 weeks. At the 
end of the experiment the animals were ova
riohysterectomized and the samples were 
collected as in Experiment I. Blood samples 
for cholinesterase examination were taken 
from all animals prior to ovariohysterecto
my. 

Experiment III: Ten female blue foxes 
were employed in the experiment. All the vi
xens were mated twice, generally on the 2nd 
and 4th day of sexual receptivity. The last 
day of mating was considered as day 0 of ge
station. Four animals were orally administe
red 100 mg fenchlorphos/kg daily from ap
proximately 10 days before oestrus until day 
21 of gestation. The vixens were ovariohy
sterectomized 2 days later. The same proce
dure was performed in 6 nonmedicated ani
mals. Following the result of the mating, the 
vixens were divided in 2 groups, pregnant 
and nonpregnant animals, respectively. In 
all the vixens, samples of different parts of 
uterus were collected for analysis. 

Experiment IV: The experiment was con
ducted with 9 pregnant animals. Blood sam
ples for butyrylcholinesterase activity deter
minations were taken at selected intervals 
during pregnancy and for a short time after 
delivery. Four vixens served as controls whi
le 5 were given 100 mg fenchlorphos/kg 
orally through the whole pregnancy. 

Preparation of the samples 
Uterine samples. The uterus was remo
ved and cooled on ice immediately and then 
stored in plastic bags at -18°C. Samples of 
intact uterus wall consisting of both uterine 
myometrium and mucosa were taken after 
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thawing of the intact uterus in room tempe
rature. The tissue preparations were kept 
cold until analysed. For the acetylcholineste
rase analysis a 80/o (w/v) homogenate was 
prepared in 20 mmol/l phosphate buffer pH 
7.4 containing 20/o Triton X-100. For the to
tal cholinesterase analysis, the homogenate 
was diluted with 3 volumes of the same buf
fer. Preliminary investigations showed that 
centrifuged homogenate revealed the same 
enzyme activity as non-centrifuged samples. 
For convenience all samples were therefore 
centrifuged before analysis. 

Blood samples. Heparinized blood was 
centrifuged and plasma removed. The eryth
rocytes were then resuspended in 0.90/o 
NaCl to the original volume and 0.2 ml of 
the mixture was centrifuged. The erythrocy
tes were washed once more with 0.90/o 
NaCl. Then the erythrocytes were dissolved 
in 0.5 ml 0.1 O/o Triton X-100, and diluted 
with 3 ml of 20 mmol/l sodium phosphate 
buffer pH 7.4. 

Determination of cholinesterases 
The acetylcholinesterase activity was measu
red by the radiochemical method of Sterri & 
Fonnum (1978). Total cholinesterase activi
ty (acetylcholinesterase + butyrylcholine
sterase) was determined by the same me
thod, omitting ethopropazine in the assay 
mixture. The standard deviation of 10 paral
lel measurements was less than 3 O/o. 

Results 
The results from Experiment I (Table 1) sho
wed that both uterine AChE and Total-ChE 
activities in oestrus of non-medicated blue 
fox vixens were about one half of those in 
anoestrus (460/o and 550/o, respectively). 
In vixens given 100 mg/kg fenchlorphos dai
ly for 3 weeks during anoestrus (Experiment 
II), the remaining activities of AChE in ute-

Table I. Uterine acetylcholinesterase (AChE) and 
total cholinesterase (Total-ChE) activities 
(nrnol/h/rng tissue) in non-medicated anoestrus and 
oestrus blue fox vixens (mean±SD). Experiment L 

AChE Total-ChE 

Anoestrus 24±5 191±29 
(n=5) 

Oestrus 11±3 106±24 
(n=5 (460Jo) (550Jo) 

rus and erythrocytes were 37 and 31 O/o, re
spectively (Table 2). 
In Experiment III pregnancy was recorded in 
2 of 4 medicated and in 3 of 6 control ani
mals at day 23 of gestation. Implantation si
tes were detected in the non-pregnant con
trol animals but not in the medicated group. 
There was no obvious difference between 
AChE activities in the body of the uterus (in 
average 12 nmol/h/mg tissue) and activities 
in uterine horns (in average 11 nmol/h/mg 
tissue) of non-pregnant animals in the luteal 
phase. Similar results were observed in ute
rus of pregnant animals (7 and 6 nmol/h/mg 
tissue, respectively). Samples of the uterine 
horns taken between 2 fetuses indicated si
milar activities (6 nmol/h/mg tissue). The 
AChE activities in the cervix, however, were 
higher (16 nmol/h/mg tissue) than the acti
vities measured in other parts of the uterus 
of pregnant vixens. In pregnant uteri the 

Table 2. Acetylcholinesterase (AChE) activities 
(nrnol/h/rng tissue) in uterus and erythrocytes of 
anoestrus blue fox vixens given oral doses of 100 mg 
fenchlorphos/kg daily for 3 weeks (mean ± SD). 

Controls 
(n=5) 

Medicated 
(n=5) 

Experiment II. 

Uterus 

24±5 

9±2 
(370Jo) 

Erythrocytes 

58±4 

19±3 
(310Jo) 
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ding to these results there is no direct indica
tion that the embryotoxic and teratogenic ef
fects of fenchlorphos was associated with 
hormonal disturbances. 
The inhibition of plasma butyrylcholineste
rase (BuChE) was extensive in the medicated 
vixens, especially because the activity of Bu
ChE increased during pregnancy. A tenden
cy toward increment in BuChE activity from 
the start to the end of gestation, was also ob
served in the rabbit (Nafstad et al. 1983). 
However, the pattern of the enzyme in these 
species is in contrast to the situation in wo
men where a rapid fall takes place during the 
first trimester (Levine & Hoyt 1949, Howard 
et al. 1978, Kuhnert & Kuhnert 1979, Evans 
& Wroe 1980, Ravindran et al. 1982). 
Suggestions that non-neuronal cholinestera
ses in the uterus are related to secretory func
tions has been postulated (Silver 1978). 
Whether an alteration in the uterine secreto
ry functions caused by fenchlorphos could 
influence the normal embryonic develop
ment remains to be clarified. 
Since the significance of the cholinesterases 
in uterus is rather obscure, we can not exclu
de the possibility that small variations in the 
activities may influence normal develop
ment. However, minor reduction in choline
sterase activities are usually not associated 
with toxicological alteration of permanent 
nature. 
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Sammendrag 
Kolinesteraseaktiviteter i uterus under seksualsyklus 
og drektighet hos normale ogfenklorfos-behandlede 
bldrever. 
Acetylkolinesterase og total kolinesterase (acetylko
linesterase pluss butyrylkolinesterase) aktiviteter i 
uterus hos normale og fenklorfos-behandlede bl!re
ver ble unders0kt under seksualsyklus og drektighet. 

Resultatene viste at kolinesteraseaktivitetene varierte 
i de ulike reproduksjonsstadiene. Aktivitetene var 
heyest i anestrus og lavest i lutealfasen (drektige 
dyr). 
Hos blarevtisper som ble administrert 100 mg/kg 
fenklorfos daglig i 3 uker av anestrus, var aktiviteten 
av AChE i uterus 37%. Tisper, administrert fra 10. 
dag fer parring ti! 21. dag etter, viste imidlertid bide 
hos drektige og tomme dyr i lutealfasen kun en mo
derat hemning av AChE sammenlignet med behand
lede dyr i anestrus. 
Plasma kolinesteraseaktiviteter 0kte under drektig
heten pA kontrolldyrene, mens enzymaktivitetene 
falt tydelig hos dyr gitt 100 mg fenklorfos/kg daglig 
gjennom hele drektighetsperioden. 
Det konkluderes med at det er liten sannsynlighet for 
at den tidligere rapporterte embryotoksiske effekten 
av fenklorfos kan settes i forbindelse med den mode
rate hemningen av kolinesterasene i uterus. 

(Received September 28, 1987). 

Reprints may be requested from: N. E. Seli, Department of Pharmacology and Toxicology, Norwegian College 
of Veterinary Medicine, P. 0. Box 8146 Dep., Oslo 1, Norway. 

Acta vet. scand. vol. 29 no. I - 1988 






