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The effects of the spermicide benzalkonium chloride (BKC) were studied on the conceptus of rat. Single 
doses (0, 25, 50, 100 or 200 mg kg-') of aqueous solutions of BKC were administered intravaginally 
(1 ml kg-I) on gestational day 1 .  The vulval metallic clips, used to prevent leakage of the solution, were 
removed 24 h post-treatment. Fetuses were obtained and examined for malformations on day 21 of gesta- 
tion. Slight to copious amounts of vaginal discharge and vaginitis were noticed in rats treated with the two 
largest doses of BKC. A dose-related increase in resorptions and fetal death, reduction in litter size and 
weight were observed in BKC-treated dams. The conceptus loss seemed to occur both before and after im- 
plantation. BKC did not cause any discernible visceral malformations, although minor sternal defects 
occured in fetuses exposed to 100 and 200 mg kg-' of the spermicide. These results suggest that single 
vaginal application of BKC is embryo- and fetocidal in the rat at a dose about 143 times higher than that 
recommended for controlling conception in women. 

INTRODUCTION 

Benzalkoniuni chloride (BKC), a cationic antiseptic deter- 
gent, is the active ingredient of vaginal spermicide ovules 
available over-the-counter in Canada since September 1982. 
Each ovule or suppository contains approximately 19 mg 
of BKC.' This amount calculated on a per kg basis for a 55 
kg woman will be about 0.35 mg per vaginal application. 

Besides being a spermicidal agent BKC has several other 
uses, namely preoperative topical disinfection, sterilization 
of surgical instruments and gloves, antisepsis of contact 
lenses, and pliarmaceutical preservation. It has also proven 
useful in ophthalmic preparations, in lozenges intended for 
the treatment of superficial infections of the mouth and 
throat and in uro-genital tract irrigation.273 The estimated 
lethal dose of BKC in humans is 1-3 g, and daily administra- 
tion of 25 mg kg-' to  dogs can be fatal within a few weeks.4 
The oral LDSo of BKC in the mouse is 0.34 g kg-',' and a 
single topical application of an aqueous BKC solution 
(2.5 mg/mouse) produces skin lesions and deaths in BALB/c 
and RFM male mice within 24 h.6 

BKC is purported t o  be an effective vaginal contracep- 
tive, however, its failure rate in wonien is not yet known 
precisely. Large-scale retrospective studies have shown that 
15-40% of spermicide (foam, cream or jelly) users can 
become accidently pregnant within one year following 
initiation of A high occurrence of spontaneous 
abortions and a number of congenital defects in children 
(limb-reduction deformity, hypospadia, heart anomaly, 
brain neoplasm and chromosomal abnormality) were 
tentatively linked with the use of vaginal spermicides 
(nonoxynol-9 or octoxynol) prior to  c o n ~ e p t i o n . ~  However, 
some other studies have suggested that malformations in 
the offspring of spermicide users are not higher than in 
those using other contraception methods."-'* 

There is a lack of published observations regarding the 
reproductive toxicity, transvaginal absorption and meta- 
bolic disposition of BKC as a single entity and as a commer- 

cial formulation. The present study was devised t o  gather 
data on the embryotoxic potential of  BKC in rats treated 
intravaginally during very early pregnancy. 

EXPERIMENTAL 

Animals and treatment 

Adult nulliparous female Wistar rats (169-203 g) (Canadian 
Breeding Farms Montreal, Quebec) were acclimatized to the 
laboratory environment for  1 week before breeding. Groups 
of 6-8 females were kept  in stainless-steel cages an! were 
maintained in a room having a temperature of  21-22 C and 
SO f 5% relative humidity with a 12 h light/darkness cycle. 
The animals had free access t o  food (Rodent Laboratory 
Chow) and water a t  all times. 

After acclimatization, females were paired ( 2 :  1) over- 
night with proven male breeders o f  the same strain. Females 
were presumed to  be pregnant (day 0 of gestation) if sperm 
were found in vaginal smears examined between 08.00 and 
09.00 hours the following morning. Pregnant females were 
transferred t o  individual cages and randomly assigned t o  
test and control groups. 

Benzalkonium chloride (Lot No. 9667-A, ICN Pharma- 
ceuticals, Inc., Plainview, NY) was dissolved in distilled 
water. Single doses (0 ,  25,  SO, 100 or 200mgkg- ' )  of 
freshly prepared aqueous solutions were instilled (1 ml kg-') 
into the vagina of briefly ether anesthetized rats 24 h post- 
conception. While the females were still in supine position 
with their hind quarters slightly raised, metallic wound 
clips (Clay Adams, Division of  Becton-Dickinson and 
Co., NJ: Size, 9 mm) were applied for u p  to 24  h on the 
vulvar labia t o  prevent solution leakage. Immediately after 
dosing the dams were returned t o  their respective cages. 
They were weighed periodically t o  assess maternal toxicity. 

The dams were killed by C a  inhalation on  the morning 
of  day 21 of  gestation. The fetuses were removed by 
cesarean section, dried on  absorbent paper and live fetuses 
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weighed as a litter. All fetuses were examined for viability 
and external malformations. The maternal viscera including 
uteri and vaginal canal were examined for gross pathological 
changes. Early resorptions and fetuses dying late in their 
development were recorded. Two-thirds of the live fetuses 
from each litter were examined stereomicroscopically for 
skeletal abnormalities after staining with Alizarin Red S. 
The remainder were fured in Bouin's fluid and examined for 
visceral anomalies using the freehand razor blade sectioning 
method of Wil~on. '~  

Statistics 

Statistical evaluations of the data for body weight, number 
of live and dead fetuses, and the number of resorptions and 
corpora lutea were done using one-way analysis of variance 
and Student-Newman-Keuls multiple comparison tests for 
comparing the control with test groups (Hewlett-Packard 
Statistical Library for the series 200 computer). For all 
other data. each treatment group was compared with 
respective control group by the contingency Chi-square 

(x2) test.I4 Differences were considered significant at 
P < 0.05. 

RESULTS AND DISCUSSION 

A significant reduction in maternal body weight gain was 
noticed on day 6 of pregnancy in 200 mg kg-' BKC treated 
dams, whereas on gestational days 15 and 20 the maternal 
body weights were markedly reduced in both 100 and 200 
mg kg-' BKC dosed groups as opposed to the controls. This 
reduction was attributed mainly to small litter size and 
decreased litter weight (Table I), since post-cesarean body 
weights without uterine contents were similar to that of 
the control group (Fig. 1). Some reduction in maternal 
body weight at the top dose level might have resulted from 
BKC-induced maternal toxicity. However, no visible effects 
on general appearance or demeanour were observed among 
pregnant rats treated with BKC. 

Slight to copious amounts of watery discharge were 
noticed from the vaginas of dams treated with 100 or 200 

Table 1 .  Fetal effects of benzalkonium chloride in rats treated intravagindy 24 h postconception 

No. of dead 
No. of dams No. of live No. resorbed fetuses 

Litter weight Fetal weight Dose pregnant at fetuses 
(mg kg-'1 termlbred (meanllitter f SE) Total implants Total fetuses (9, mean + SE) (9, mean f SE) 

5.3 f0.7 
25 7/10 8.7i1.3 6/67 2/61 42.9 f6.0 4.9 20.1 
50 811 0 5.4 f 1 .la 8/53 2/45 31.7 f4.6' 5.2 f 0.2 
100 5/10 4.0 f 1 .3a 1 8/43b 5/25b 25.8 f 5.8' 5.2f0.1 
200 511 0 2.8 + 1 .2' 1 0/27b 3/17b 15.5 t 5.9' 4.4 k0.2' 

0 8/10 9.6 f 0.6 8/85 2/77 50.1 f3.1 

a Significantly different from control values at P < 0.05. 
xz significant at P < 0.05 when compared with control group. 

0 CONTROL 
25 BKC (mglkg) 

a 50 
rm 200 * P < 0.05 

1 6 9 12 15 20 BC AC 
DAYS OF GESTATION 

Figure 1. Maternal body weights (on the last day, BC = before, and AC = after cesarean section) for groups of rats 
treated intravaginally with benzalkonium chloride 24 hours post-conecption. Each bar represents the mean f SE of 10 
animals per group. ' P  < 0.05 when compared with control values. 
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Table 2. Reproductive performance of rats treated intravaginally with benzalkonium chloride 24 h post- 
conception 

No. of 
No. of dams No. of corpora implantation No. of resorption No. of live 

Dose pregnant at lutealdam si tes/dam si tes/dam and dead fetuses 
(mg kg-') term (mean f SE) (mean f SE) (mean f SE) (meanhitter f SE) 

0 8 11.9f0.4 10.8 k0.5 1.0t0.3 9.8 t0.7 
25 7 11.9 20.3 9.8 i 1.2 0.9 +0.6 8.9 f 1.3 
50 8 1 1 .O f 0.6 6.6 * 1 .O 1 .o 20.1 5.6 f 1 .Oa 

100 5 12.6 f 0.4 8.6 f 1.6 3.6f1.7 5.0 f 1 .Oa 
200 5 11.2f0.9 5.4 t 1.1 a 2.0 t0.9 3 . 4 t l . l a  

a Significantly different from control values at P < 0.05. 

mg kg-' of the spermicide. Also, the vaginas of all necrop- 
sied rats given the two largest doses of BKC looked in- 
flammed to the naked eye. A variety of adverse reactions 
such as heat or burning sensation, itching and increased 
vaginal discharge were experienced by a number of women 
who had used vaginal ovules to prevent pregnancy.' The 
BKC-induced irritation or inflammation is not limited only 
to the vaginal canal but appears to be more general, for 
other studies have documented that topical application of 
aqueous BKC solution produces injury to the human oral 
m u c o ~ a ~ ~  and skin,I6 as well as to the rabbit cornea including 
the end~thelium."~ '' Blonder et a1.I9 observed signs of 
intoxication and corrosive damage of the upper alimentary 
canal in a patient who had intentionally swallowed an un- 
known quantity of BKC solution (Asepsol). The detergent 
or biomembrane solubilization property of BKC may be 
responsible for the tissue damaging actions of this anti- 
niicrobial/spermicidal drug. 

As shown in Table 1, the pregnancy rate was decreased, 
from 80% to 50% in 100 or 200 mg kg-' groups, although 
the differences were not statistically significant amongst the 
control and BKC-treated dams. Around 80-90% pregnancy 
rate has been observed historically among control groups of 
Wistar rats in our laboratory. Thus, the pregnancy rate in 
the control group of this study was similar to that observed 
previously. The incidence of resorptions, fetal death, 
reduction in litter size and litter weight were high in BKC- 
treated dams. Dose-related reductions occurred in the mean 
numbers of live feti and the litter weights. and the dif- 
ferences were statistically significant at 50, 100 or 200 
mg kg-' dose levels. No visceral anomalies were observed 
in BKC-exposed feti, although sternal defects (absent, 
retardedly ossified or non-aligned sternebrae) were more 
frequent in the feti of 100 and 200 mg kg-' treated dams. 
These results indicate that when administered during 
early pregnancy BKC is embryo- and fetocidal in the rat 
at a dose appoximately 143 times that used by women 
to prevent pregnancy. The relevance of the rat findings to 
humans remains to be determined, however. 

The data summarized in Table 2 show that the average 
number of corpora lutea for the BKC-treated groups were 

comparable with the control values. On the other hand, 
there was a reduction in the number of implantations in the 
treated groups, and a significant difference appeared in the 
mean number of implantations (5.4 _+ 1.1 vs. 10.8 k 0.5; 
P < 0.05) in 200 mg kg-' BKC-treated dams as opposed to 
the control group. These findings suggest that per vaginarn 
application of BKC during the preimplantation stage seems 
to cause a high degree of preimplantation embryonic loss in 
the rat. 

The results of this study are consistent with our previous 
observations which indicated that a single vaginal applica- 
tion of an aqueous solution of the nonionic spermicide 
nonoxynol-9 (25 mg kg-I) during early pregnancy produces 
embryolethal and fetocidal effects without causing any 
congenital malformations in the rat." It therefore appears 
that irrespective of the chemical nature of the spermicidal 
agent, cationic or nonionic, similar kinds of embryotoxic 
and fetotoxic responses are produced following their 
vaginal application to rats. 

Gastmeier and co-workers*' have reported three BKC- 
related fatal intoxications in humans. In two cases a 3% 
BKC solution (amount unknown) was inadvertently admin- 
istered by enema, while the 3rd individual intentionally 
used BKC-containing vaginal douche to secure abortion. All 
patients succumbed to death very rapidly. According to 
these observations it appears that BKC is readily transferred 
to systemic circulation from the human rectum and the 
vaginal canal. Whether the embryo- and fetolethal effects, 
as observed in the present study, are due to the vaginal 
absorption of BKC and its subsequent transfer from the 
maternal circulation into the uterine luminal fluid and 
penetration into the developing conceptus, or as a result of 
BKC-induced genital tract injury, or due to the combination 
of these two factors, remains to be established. Also, the 
contribution, if any, towards embryo- and fetolethality of 
BKC transmitted through anterograde seepage from the 
0s  uteri into the uterine horns remains to be verified. 
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