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Abstract Various cobalt-containing agents (cyanocobalamin, sodium 
cobaltinitrite, and cobaltous chloride), which formerly had been shown 
to prevent the onset of cleft palate in CF-1 mice injected with cortisone, 
were studied to determine whether they would afford similar protection 
against phenytoin. Phenytoin, however, failed to cause cleft palate in the 
mouse fetus when given to pregnant animals alone; and cortisone, on the 
contrary, induced this anomaly in the presence of the so-called cobalt 
antagonists as well as when administered in their absence. It is suggested 
from these results that high dietary intake af cobalt prevents cleft palate 
caused by phenytoin challenge and also negates the protective effects 
associated with the acute administration of cobalt compounds. Therefore, 
it is concluded that these well-known teratogens inhibit palatal closure 
in mice by different mechanisms. 
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Phenytoin (diphenylhydantoin) was first used thera- 
peutically to palliate the seizures of grand ma1 epilepsy 
and later was used to mitigate the cortical dysrhythmias 
associated with psychomotor forms of this disease (1). Its 
clinical use has been extended to  the treatment of the 
schizophrenias (2), delirium tremens (3),  peripheral neu- 
ropathies (4), and ventricular dysrhythmias (5). Such di- 
versification eventually brought attention to previously 
unrecognized side effects including megaloblastic anemia 
(6), osteomalacia (7). gingival hyperplasia (€0, and various 
congenital malformations such as hare-lip and cleft palate 
(9). 

Kuenssberg and Knox (lo), after reviewing the findings 
of a prospective study involving more than 15,000 
pregnancies, noted that five offspring of 48 deliveries were 
born with anomalies (hydrocephalus, hypospadias, and 
anal defects) to mothers who had received antiepileptic 
therapy (phenytoin and/or other drugs) during their ges- 
tation periods. Massey (11) reported the appearance of 
cleft palate in A/Jax mice after phenytoin was employed 
unsuccessfully as an antagonist to cortisone-induced cleft 
palate. Gibson and Becker (12), assuming that Massey’s 
results might have been due to strain specificity, gave 
phenytoin to Swiss-Webster mice and succeeded in causing 
cleft palate along with decreased fetal weight, increased 
resorptions, and long bone deformities. Coincident with 
Massey’s work with phenytoin and cortisone, Kasirsky et 
al. (13,14) injected cobalt salts in CF-1 mice and produced 
a low incidence of this anomaly. However, when a cobalt 
salt was injected simultaneously with teratogenic doses of 
cortisone, the occurrence of the palatal defect was signif- 
icantly inhibited. 

Mann and Gautieri (15) reported a decreased incidence 

of cortisone-induced cleft palate with another cobalt- 
containing agent, cyanocobalamin (vitamin BL4. They 
proposed that other agents with a cobalt moiety might also 
inhibit the onset of the most prominent teratological 
manifestation associated with phenytoin administration 
in mice and humans, cleft palate. Therefore, the principal 
objectives of this study were to ascertain: ( a )  if cyanoco- 
balamin and its congener, hydroxycobalamin, could pre- 
vent this and other anomalies from arising after phenytoin 
administration in mice, and ( b )  if cobaltous chloride and 
sodium cobaltinitrite could protect against phenytoin 
teratogenesis as each agent did against cortisone challenge 
under comparable experimental conditions. The latter 
observation, if affirmative, would substantiate the phar- 
macological similarities presumed to exist between the 
steroidal hormone and phenytoin a t  fundamental levels 
of activity. 

Finally, the clinical benefit to be derived from this in- 
vestigation, if indeed cortisone and phenytoin proved to 
be alike in this respect, is that pregnant patients who re- 
quire phenytoin therapy can minimize the likelihood of 
giving birth to  malformed children through the simulta- 
neous administration of either cyanocobalamin or its 
congener, hydroxycobalamin, during their gestation pe- 
riods. 

EXPERIMENTAL 

Animals-CF-1 albino mice’ were utilized. The females were confined 
in groups of 10-15 to aggregate cages and were not mated until they 
weighed at  least 20 g. Males were placed individually in metal cages ( 1  2.5 
X 15 X 10 cm) with a wire-mesh front and floor2. All mice were main- 
tained on a mousehat diet“ (6% fat) and tap water ad libitum. The room 
housing the mice was protected from exposure to natural sunlight and 
was equipped with an electrical lighting system4, which allowed 12 hr of 
light (7:OO am-7:00 pm) and 12  hr of darkness. The temperature was 
maintained between 22 and 26”. 

Breeding Procedure  and  Dosage Regimen-The breeding proce- 
dure was described previously (16). Gravid mice were assigned to 29 ex- 
perimental groups, each consisting of a minimum of six animals. The 
various groups employed are listed in Table I according to treatment 
regimen. 

Suspected phenytoin antagonists were given intramuscularly in a fixed 
volume of 0.42 ml, except f o r  the cobalt salts (cobaltous chloride and 
sodium cobaltinitrite) which were injected intraperitoneally in a volume 
according to body weight. The cobalt salts were prepared in distilled water 
in concentrations of 0.25% (cobaltous chloride) and 0.5% (sodium 
cobaltinitrite), which permitted delivery of the required milligrams per 
kilogram dose in a volume of 0.01 ml/g. Thus, each animal received a 
volume of solution no greater than 0.42 ml/iiijection. 

Phenytoin was administered subcutaneously in a volume that corre- 

1 Charles River Breeding Laboratories, Wilmington, Mass. 
RD-T unit, Norwich Wire Works, Inc., Norwich, N.Y. 
Teklad Standard Diets, Division of AHWSprague-Dawley, Miinmouth, Ill. 

4 Astronomic dial time switch with “skipper,” model V.45073, International 
Register Co., Spring Grove. 111. 
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sponded to the volume required for delivery of the estimated dose of this 
agonist (50-mg/kg dose as 0.005 ml of a 1.0% solution/g). At a single in- 
jection, each animal received a volume of this agonist no greater than 0.26 
ml. Cortisone acetate5 was given intramuscularly in a fixed dose of 2.5 
mg (0.1 ml of a 2.5% suspension). All doses given subcutaneously were 
made beneath the loose skin of the back, while intramuscular doses were 
injected in close proximity to the semimembranous muscle. When mul- 
tiple injections were required, alternate leg sites were used and an aspi- 
ration was performed to avoid intravenous administration. 

The three dosage regimens were as follows: 
1. According to volume per gram of body weight: physiological saline6, 

0.005 ml/g, and propylene glycol7, 70% in saline, 0.005 ml/g. 
2. In a fixed dose in a volume of 0.42 ml: physiological saline and cy- 

anocobalamin*, 0.25% (1.05 mg), 0.5% (2.1 mg), and 1.0% (4.2 mg); and 
hydroxyc~balamin~, 0.25% (1.05 mg), 0.5% (2.1 mg), and 1.0% (4.2 mg). 
In a volume of 0.1 ml: cortisone acetate, 2.5% (2.5 me). 

3. On a milligram per kilogram basis: cobaltous chloridelo, 0.25% (25 
mg/kg); sodium cobaltinitrite", 0.5% (50 mg/kg); and phenytoin12, 1.Wo 
(50 mg/kg). 

Preparation of Solutions-A 70% concentration of propylene glycol 
(in saline) was chosen as the solvent for phenytoin, because it was less 
irritating than higher concentrations when given parenterally'" and the 
lower pH (9.39-9.95), approaching the physiological range, was less likely 
to cause fetal anomalies because of extreme alkalinity compared to the 
commercial preparation (pH 12). 

The phenytoin solution was freshly prepared prior to injection by ag- 
itating the drug in the propylene glycol vehicle for approximately 20 
mini*. Because agitation causes an exothermic reaction, the solution was 
allowed to equilibrate before administration. Determinations of pH were 
made prior to injectioni5. 

Cyanocobalamin and hydroxycobalamin solutions were freshly pre- 
pared by weighingI6 and dissolving each agent in physiological saline. 
Cobaltous chloride and sodium cobaltinitrite were similarly weighed and 
dissolved in distilled water immediately before injection. Cortisone ac- 
etate was available as a commercially prepared suspension in a multi- 
ple-dose vial. All injections were accomplished with a glass syringeI7. 

Examination of Fetuses-Following treatment, which ended on Day 
14, gestation was allowed to continue to Day 18,12-24 hr prior to expected 
delivery. At this time, each pregnant mouse was weighedI8 and sacrificed 
by cervical dislocation. A laparotomy was performed extending from the 
vaginal orifice to an area just below the xiphoid process along the linea 
alba to expose the uterine horns. The number and position of fetuses and 
resorption sites (metrial glands) were determined and recorded. The 
fetuses were removed and stimulated mechanically with a blunt probe 
to determine viability. Then they were blotted dry, weighed to the nearest 
hundredth of a gramIB, examined for gross external defects, and sexed 
on the basis of gross observations. 

The specimens were then prepared for macroscopic examination. 
Because it was desirable to evaluate structural changes of bone and soft 
tissues, two methods of preparation were employed. For skeletal exam- 
ination, every third fetus was prepared according to the method of Staples 
and Schnell(l7). The other fetuses were fixed and decalcified in Bouin's 
solution in preparation of freehand razor blade sectioning according to 
the technique of Wilson (18). This method permits the evaluation of a 
large number of animals quickly and efficiently. All specimens were ex- 
amined for bone and soft tissue defectslg. 

Statistical Methods and Analysis-The degree of significance of 
observed variations among the experimental groups was determined by 
the Student t test and the uncorrected x2 test for binomial populations 
(19). All t values and x 2  calculations were performed on a computer20. 

Cortone, lot 0772N, Merck Sharp and Dohme, West Point, Pa. 
t~ 0.9% Sodium Chloride Injection USP, lots G261A3 and G282X8, Baxter Lah- 

oratories, Division of Travenol Laboratories, Deerfield, Ill. 
Lot 766340. Fisher Scientific Co., Fair Lawn, N.J. 
Code 28625, courtesy of Dr. Walter J. Bagdon, Merck Sharp and Dohme, West 

Point, Pa. 
Lot E85428/70444, courtesy of Dr. Walter J. Bagdon, Merck Sharp and Dohme, 

West Point, Pa. 
lo Lot 713262, Fisher Scientific Co., Fair'Lawn. N.J. 
I 1  Lot 22658, J. T. Baker Chemical Co., Phillipshurg, N.J. 
12 Dilantin sodium, lots WS08K and PE398. Parke-Davis Co.. Detroit, Mich. 

As determined from a pilot study. 
14 Vortex Genie mixer, model S8223. 
15 Beckman Expandomatic SS-2 pH meter. 
16 Ainsworth substitution halance, type 28N. 
l7 B-D 1-ml tuberculin syringe with 1.27-cm, %%gauge needle. 
18 Torbal torsion balance, model PL-800. 

20 Wang 2200. 
Bausch & Lomb stereoscopic dissecting microscope, model ASZ30L2. 

Table I-Treatment Regimen of Experimental  Groups 

Group Treatmenta (Day) 

1 Untreated controls 
2 Saline (11) +saline (11-14) 
3 Saline (11) + 70% I in saline (11-14) 
4 Saline (11) + 11 (11-14) 
5 III,4.2 mg (ll),  + I1 (11-14) 
6 111, 2.1 mg (ll),  + I1 (11-14) 
7 111, 1.05 mg (ll), + I1 (11-14) 
8 Saline (10) + saline (11-14) 
9 Saline (10) + 70% I in saline 11-14) 

10 Saline (10) + I1 (11-14) 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

III,4.2 mg ( lo) ,  + I1 (11-14) 
111, 2.1 mg (lo),  + I1 (11-14) 
111, 1.05 mg (lo), + I1 (11-14 
IV (11) + I1 (11-14) 

IV (11) + cortisone (11-14) 
V (11) +cortisone (11-14) 
IV (11) + saline (11-14) 
V (11) + saline (11-14) 
VI, 4.2 mg ( l l ) ,  + I1 (11-14) 
VI. 2.1 me (11). + I1 (11-14) 

V (11) + I1 (11-14) 

22 
23 
24 
25 
26 
27 
28 
29 

VI; 1.05 k g  (ll),  + I1 (11-14) 
VI, 4.2 mg (111, +saline (11-14) 
VI, 2.1 mg ( l l ) ,  +saline (11-14) 
VI, 1.05 mg (l l) ,  +saline (11-14) 
III,2.1 mg ( l l ) ,  + saline (11-14) 
III,4.2 mg ( l l ) ,  + saline (11-14) 
Saline (11) + cortisone (11-14) 
111, 4.2 mg ( lo) ,  + saline (11-14) 

a I is propylene glycol, I1 is phenytoin, 111 is cyanocobalamin, IV is cobaltous 
chloride, V is sodium cobaltinitrite, and VI  is hydroxycobalamin. 

The probability, p ,  was determined for the t and x2 values using standard 
probability tables. 

RESULTS AND DISCUSSION 

Maternal Effects of Drugs-Injections of cobaltous chloride, sodium 
cobaltinitrite, and cortisone elicited slight lethargic responses in gravid 
mice that lasted approximately 5 min after each administration. This 
reaction is in agreement with the responses of malaise, weakness, and 
fatigue previously observed following the administration of cobalt salts 
(20). Spontaneous seizures caused by increased brain excitability at- 
tributed to cortisone were not, seen (21). Physiological saline, propylene 
glycol, phenytoin, and the cobalamins did not induce central stimulation, 
although, according to Massey ( l l ) ,  a dose of 50 mg of phenytoinlkg 
produced restlessness and agitation in mice followed by lethargy. 

Although previous studies utilizing propylene glycol (100%) as the 
solvent for phenytoin did not report skin reactions ( l l ) ,  this investigation 
revealed that the minimal concentration of this vehicle (70%) required 
to dissolve the antiepileptic agent caused local irritation, alopecia, and 
epidermal lesions in some mice several days after the initial subcutaneous 
injection. No deaths in gravid animals resulted from drug administra- 
tion. 

Table I1 presents the mean values for maternal and fetal deviations 
of the test groups in relation to their respective saline controls. Each group 
contained a minimum of six litters and approximately 120 fetuses. 

Maternal  Weights-Significantly higher mean terminal weights 
occurred in Groups 3 , 4 , 7 , 9 , 2 1 ,  and 22 whose animals received low and 
intermediate doses of the cobalamins o r  saline followed by propylene 
glycol. 

Fetal Ratio-Minor variations in the fetal ratio (the number of fetuses 
in the right uterine horn uersus the number of fetuses in the left horn) 
were noted in eight groups; the occurrence appeared to be of a random 
nature. 

Fetal  Resorptions and Sex Ratios-There were no differences in 
the fetal resorption and sex ratios among the various groups. 

Mean Fetal Weight-A significant decrease in mean fetal weight was 
observed in Groups 16 and 17 compared to the saline control. This re- 
sponse is i n  disagreement with that observed by Kasirsky et al. (13), who 
reported that cobaltous chloride prevented the reduction in mean fetal 
weight caused by cortisone. The decrease in mean fetal weight was sig- 
nificant when either saline control value (Group 2 or 8) was compared 
to that of the untreated group. This effect was probably due to injection 
trauma. 

A significant increase in mean fetal weight occurred when cyanoco- 
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Table 11-Mean Values of Test Groups 
Maternal Fetal Resorption - Sex 

Treatment Weight Ratio, Ratio, Ratio, X Fetal Ratio, Soft Tissue Skeletal 
Group" Start/Terminal Right/Left RightLeft  Weight, g MaleIFemale Abnormalities Abnormalities - 

1 27.5160.4 6.4b/4.36 0.410.1 1.24 5.415.3 2.4 0.5 
27.9144.9 4.217.6 0.210.2 1.05b 6.015.5 2.5 0.7 

0.9 
2 

4 30.9/51.8b 5.316.7 0.710.0 1.07 6.315.7 2.0 0.7 
3 

7 288.4/51.5b 5.216.2 0.010.1 1.23b 5.915.5 6.0 1.5b 
8 25.3142.9 4.815.0 0.310.0 1.01b 5.514.2 9.3 1.5 
9 :30.6b/51.3b 5.014.8 0.210.5 1.186 4.715.2 8.2 1.7 

10 25.8145.7 6.015.2 0.210.0 1.06 6.215.0 10.3 0.5 

29.8153.1 5.716.9 0.010.0 1.13 6.715.7 7.76 

5 29.7151.2 5.915.36 0.410.0 1.17 6.114.8 3.0 1.1 
6 30.6143.9 6.7b/5.2 0.010.0 0.95 6.015.5 10.0h 1.0 

11 262147.1 5.215.7 0.210.0 1.196 6.014.8 8.0 1 .o 
12 27.1147.9 5.316.0 0.310.3 1.16b 6.315.0 10.1 1.1 
1 3 26.1144.0 5.715.2 0.310.2 1.06 6.014.8 4.0 0.8 

15 27.014.5.8 4.115.3 1.110.9 1.16 4.015.4 4.7 O . l b  
16 29.2140.9 3.813.4 1.010.5 0.87h 4.814.2 8.2b-d 2.8b 

18 27.6149.5 3.715.5 0.710.7 1.18 4.814.3 1.3 1.2 

20 :30.ti/49.1 4.5/4.0b 0.210.0 1.25b 3.814.3 2.5 1.0 
21 29.8/51.8b 4,317.0 0.310.0 1.13 5.515.8 2.3 0.2 

14 254143.7 3.814.8 0.210.5 1.18 4.314.3 2.8 0.3 

17 28.0143.7 4.315.0 0.411.0 0.86b 5.815.2 11.4b-d 5.0b 

19 27.0148.1 4.216.3 0.010.7 1.11 5.515.0 3.2 1.3 

22 28.9/51.76 5.316.8 0.210.0 1.17 6.315.8 1.5 0.7 
23 27.1147.5 5.2/4.Sh 0.310.5 1.13 5.714.3 1.2 0.7 
24 2 8.9l50.6 5.215.7 0.810.5 1.18 5.015.8 1.2 0.5 
25 29.31.50.2 4.716.5 0.310.5 1.14 6,215.0 1.7 0.5 
26 25.7150.4 5.3/5.3b 0.310.2 1.25b 5.215.5 2.8 0.5 

28 29.9144.0 3.3/4.26 1.210.6 0.90 4.015.0 6.464 3.66 
29 30.56/53.8b 6.016.7 0.310.0 1.186 7.215.5 2.26 1.7 - 
27 26.7148.4 4.7/5.0b 0.210.7 1.27b 5.314.3 1.7 0.2 

(1 See Table I. As compared to saline (Day 10 or 11)  + saline (Days 11-14), p less than 0.05 (minimum of six litters per group). Litter incidence of cleft palate. Fetal 
incidence of cleft palate 

halamin was suhstituted for saline before the phenytoin administration. 
With this treatment regimen, doubling or halving the 2.1-mg dose of the 
vitamin given on Day 11 or 10 of gestation prior to phenytoin caused this 
response in Group 7 or 11, respectively. Intermediate and large doses of 
the cohalamins followed by saline (Groups 26, 27, and 29) also caused 
significantly greater mean fetal weights than those of their saline coun- 
terparts. Groups 9.12, and 20 likewise showed significantly greater mean 
fetal weights than did the saline group. 

Production of Soft  Tissue and  Skeletal Anomalies-The various 
soft tissue and skeletal malformations representing significant deviations 
from their respective saline groups in their occurrence and nature are 
presented in Tables 111 and IV, respectively. 

It was assumed a t  the onset of this study that cortisone and phenytoin 
produced cleft palate by a similar mechanism, because both agents had 
been shown to cause this defect in several strains of mice (11,12,22). Also, 
because cortisone induced cleft palate in CF-1 mice (13, 14), it was pre- 
sumed that phenytoin would elicit similar results in this strain and that 
the prophylactic administration of cobalt salts would prevent the ap- 
pearance of this anomaly in response to phenytoin challenge. However, 
in this study, the antiepileptic agent did not cause the palatal defect in 
either the cohalt salt- or saline-pretreated groups, whereas cleft palate 

Table 111-Significant Occurrence and Na tu re  of Soft  Tissue 
Anomalies - 

Num- 
ber 

Treat-  of 
ment l i t -  Mal. 6 C. 

Number of Fetuses with Defectsb 

~ ~- 
GroupUters C.P. P. C.T.T. Hyd. Cryp. Ano. D Ex. EcO. Tpa. 

2 6 0 4  4 0 0 4 0 0 0 0  
:i 7 0 1 8 1 1 1 2 0 3 0 0 0  
6 6 0 1 0  1 3 4 0 0 0 0 5  

1 6 6 2 4 0  8 0 4 0 1 1 1 0  
17 6 2 9  0 11 8 2 0 2 0 0 0 
2 8 6 2 2 0  2 3 3 0 1 0 0 0  
8 6 0 3 1 7 1 6 0 8 0 0 6  

2 9 6 0 0  3 0 6 0 3 0 0 0  

0 See Table I .  h C.P. = cleft palate, Ma1.P. = malformed palate, C.T.T. = con- 
nective tissue heneath temporal loheb), Hyd. = hydronephrosis (uni- or bilateral), 
Cryp. = uni- o r  hilateral cryptorchidism, Ano. = anophthalmia (uni- or bilateral), 
6 D = sixth digit on forepaw(s), Ex. = exencephaly, EcO = ectopicovary, and C.Tpa. 
= connective tissue in pelvic area. 

occurred after cortisone administration in both of these pretreated 
groups, contrary to previous findings (13, 14). 

A plausible explanation for these unexpected results may he the factor 
of diet, a major variable that could explain the earlier observations of 
Massey (11) and Kasirsky et al. (13, 14). The former investigator may 
have inadvertently revealed the important effect of food in her teratogenic 
studies when she reported the results of using two different kinds of diet 
in two otherwise similar experiments. The incidence of cleft palate among 
the fetuses of phenytoin-treated gravid mice fed a diet rich in cobalt and 
cyanocohalamin was lower than that among fetuses of such mice fed a 
diet poor in these constituents. Even greater amounts of cobalt and cy- 
anocobalamin were contained in the diet utilized in this study than in 
that employed by Massey, and all animals received this enriched regimen 
immediately upon arrival at  this facility. 

Therefore, with all other factors being equal, it is suggested that the 
chronic intake of large quantities of dietary cobalt is the principal means 
by which cleft palate production caused by phenytoin is inhibited. In fact, 
when gravid animals were given this diet, neither cobaltous chloride nor 
sodium cobaltinitrite injection alone produced this anomaly in the off- 
spring or, in conjunction with challenge by cortisone, prevented its onset 
as previously described by Kasirsky et al. (13, 14). Consequently, it is 
concluded that a relatively high dietary intake of cobalt is the principal 
means by which phenytoin-induced cleft palate is prevented in CF-1 mice 
and that, because cortisone teratogenesis referable to the appearance of 
this palatal defect remains unaltered under these dietary conditions, 

Table  IV-Significant Occurrence and Nature  of Skeletal 
Anomalies 

Num- 
Treat- her Number of Fetuses with Defectsh 
ment of 

GroupaLitters MalSt. F.St. Cr.St. Rud.St. D.O.St. ExR. S.O. 

1 0  0 0 2 6 2  1 0  
7 11 6 0 1 2 6 2 0  

0 0  15 7 0 1 0 0 0 
16 6 0 1 1 0 0 1 11 
17 6 0 6 0  0 0 2 17 
28 6 0 1 2 0 3 0 12 

See Table I. * Mal.St. = malformed sternehrae. FSt .  = fused sternehrae, <:r.St. 
= crankshaft sterneblae, Rud.St. = rudimentary sternebrae, D.O.St. = delayed 
ossification of sternehrae, ExR. = extra rib, and S.O. = split occiput. 
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different mechanisms of action for cortisone and phenytoin must be in- 
volved in the inhibition of palate closure in this strain of mice. Additional 
studies involving high and low dietary intake of cobalt to confirm this 
hypothesis are being contemplated. 
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Abstract Benzalkonium solutions obtained from different manu- 
facturers were shown to have different activities. This difference in ac- 
tivity was related to the composition of the benzalkonium chloride. The 
potential seriousness of this situation is emphasized, and a recommen- 
dation is made that the official monographs on benzalkonium chloride 
be amended appropriately, noting the apparently superior antibacterial 
activity of t.he tetradecyl (C14) homolog. 

Keyphrases Benzalkonium chloride-various commercial solutions, 
antibacterial activity evaluated and related to composition 0 Antibac- 
terial activity-evaluated in various commercial solutions of benzalko- 
nium chloride, related to composition 

The International Pharmacopoeia (IP 1967) (1) allows 
the alkyl chain of benzalkonium chloride to be a mixture 
of the alkyls from C8H17 to C18H37. USP XIX (2) states 
that the alkyl chain may represent a mixture including all 
or some of the group beginning with and extending 
through higher homologs, with the C12H25 homolog rep- 
resenting not less than 40%, on the anhydrous basis, and 
the C14H29 homolog representing not less than 20% of the 
total alkylbenzyldimethylamonium chloride content; the 
two homologs together must comprise not less than 70% 
of the total alkylbenzyldimethylammonium chloride 
con tent. 

BP 1973 (3) allows a mixture of alkylbenzyldimeth- 
ylammonium chlorides, without specifying any particular 
homolog or percentage composition. 

This permitted variation in the alkyl chain length may 
contribute to the variation in benzalkonium chloride ac- 
tivity (compare Refs. 4 and 5 and Refs. 6 and 7). Therefore, 
the comparative antibacterial activity of four commercial 
benzalkonium solutions was investigated to determine 
whether differences occur in the antibacterial activity due 
to variations in the number of carbon atoms in the alkyl 
radical and the relative percentage of particular chain 
lengths in a given benzalkonium chloride. Such investi- 
gations should also indicate whether a given formulation 
preserved with benzalkonium chloride might have differ- 
ent preservative capacities, depending on the commercial 
source of benzalkonium chloride. 

Two benzalkonium solutions had approximately 50% 
tetradecyl ( C I ~ )  derivative, and the other two products had 
approximately 65% dodecyl ( C I ~ ) .  Therefore, with respect 
to the proportion of the C ~ Z  and homologs, the four 
products were divided into two pairs. Other differences in 
composition, however, also existed among the four solu- 
tions. 
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