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Table 1. Frequency of dicentric bridges 30 hr after 
irradiation in different high- ancl low-intensity experi- 
ments with 80 r of gamma rays. 

High intensity I Low intensity 

First First 

Expt sna. Per- ana- Per-


phase Bridges cent- phase Eridges cent- 


cells age cells age 

I 384 1 5  3.90 
I1 1175 5 8  4.94 

I11 492 23  4.67 
IV 2025 85 4.20 
V 919 40 4.35 

Total 4995 221 
Mean Oj, 4.42 

strengthened the conclusion that the bridges origi-
nated not through two independent breaks in a chro- 
mosome but largely as a result of a single break in 
an unsplit chromosome, caused by a single ionization 
track. 

The sensitivity of the chromosomes of the primary 
spermatocyte resting cells of Gesonula to x-ray break- 
ages does not alter appreciably for  a relatively long 
period, inasmuch as Ray-Chaudhuri and Sarkar (3) 
have demonstrated the constancy of the frequency of 
first anaphase bridges recorded a t  different hours after 
irradiation up  to a period of 148 hr. I t  is also likely 
that there is a silnilar stable period in the meiotic 
resting cells of plants. I t  has recently been shown by 
Darlington and LaCour ( 5 )  that in Traclescantin b ~ a c -  
teatn a constant frequency of first anaphase bridges 
is found between 16 and 48 hr  after irradiation with 
x-rays. They, hou~ever, interpreted these bridges as 
originating from sister union of broke11 ends of chro- 
matids (physiological effect) and not from chromo- 
some breakage. 

But the dicentric bridges in the meiotic cells of 
Gesonula are undoubtedly due to breakage in the chro- 
mosomes and not to any kind of physiological disturh- 
ance. This can be substantiated by the followiug evi- 
dence. An examination of the numerous bridges ob-

Fig. 2. a-d, dicentric bridges resulting from proximal 
breaks; e-h, bridges resulting froni distal breaks. 

tained by us during the course of our experiments re- 
veals that the length of the dicentric portion of the 
chromatid between the two centromeres varies in dif- 
ferent nuclei, in such wise that the length of the ac- 
companying fragment (Fig. 2a, nz) has a negative 
correlation with the length of the dicentric portion 
of the bridge (Fig. 2a, 2 ) .  From the size of the mono- 
centric free arms a t  the two ends of the bridge (Fig. 
2 a .  n), we can get a n  idea about the size of the bi-
valent. A comparatively short dicentric portion rela- 
tive to the size of the unaffected chromatid (free arm) 
indicates a break near the centromere. A bridge re-
sulting from such a proximal break will be accom-
panied by a comparatively large fragment (Fig. 
2n-d). On the other hand, the bridge originating from 
a distal break (Fig. 2r-h) will have a large dicentrie 
portion and a srriall fragment. These conditions are 
always satisfied in all the bridges examined by us 
from this point of view. 
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Quantitative Flocculation of S.  schott-
muelleri Cells by Quaternary 
Ammonium Germicides1 

R. L. Stedman, E. Kravitz, and H. Bell 
industrial Test  Laboratory, Philadelphia 
Naval Shipyard, Naval Base, Philadelphia 

In recent years, relationships have been shown to 
exist between bactericidal properties and certain 
physico-chemical properties of quaternary ammonium 
germicides, f o r  example, the release of conducting 
material by quaternary-treated cells ( 1 )  and the ad- 
sorption of quaternaries on wool (2) .  This report de- 
scribes an attempt to relate bactericidal activities of 
quaternaries to the property of these agents of caus-
ing nlacroscopic flocculation of the test orgallisms. 
Clumping of bacteria as a result of the action of the 
quaternaries has been observed microscopically ( 3 ) ,  
but we are aware of no previous attempts to develop 
this observation into a macroscopic method for  study- 
ing antibacterial action. 

The addition of graded levels of quaternary germi- 

lThe  opinions expressed herein are  those of tlle authors 
and are not necessarily similar to the views of the Depart- 
ment of the Kavy. 



Tak~le1. l ie lxt io~lships 1)etweeu flocculation and  
bacter icidal  activities of three quaternaries .  

Relat ive values 
l<'loccu- B a c t e ~ i -

Quater- lat ion ciclal Floccu- Bacter i-
~ i a r i e s *  col1Cell- Collcell-

la t ion ci'lal 
tva t ion i  t rat ion;  values activi-

t ies  

DAC 1 :  2380 1 :  21,000 1 1 
ARC: 1 :  2050 1 :  24,000 0.86 1.14 
DBC 1: 1300 1: 17,000 0.55 0.81 

* l>hC= p-diinohntyl rrhenosy e t l~osy  ethyl dimethyl benzyl 
nmmoninm cllloride ; .4BC -;alkyl clin~ethyl herrzyl arn~noniurn 
cllloride ; DRC = dodecyl ~ne thy l  benzyl a ~ n ~ n o n i n m  chloride. 
:All tuhcn contained 6.0 ml of \~raslledAS. schott?nirelleri 

cells (Klett reading= 1803, 0.75 n11 of quaternary dilution 
and 0.75 ml of 1.0.li KaC1. A11 tubes centrifuged 60 sec a t  
2200 rev/~nin on International Clinical Centrifuge to sepa-
ra te  clumped cells and then read in Klett. The concentrations 
giving 50 percent flocculation of cells were arbitrarily selected 
as  ftoccnlation c ~ n c e n t ~ a t i o n s .  

$ Indicated concentrations kill in 10 min hut not in 5 .  

cides, such as p-diisobutyl phenoxy ethoxy ethyl di- 
methyl benzyl aninlonium chloride, to a constant d m -  
sity of washed S. schottmzcrlleri cells suspended in 
NaC1 solution gives gradation5 of flocculation that can 
be estitnated v~sually o r  read turbidimetrically. Con- 
trols have repeatedly den~onstrated that the floccula- 
tion is the reiult of a recation between the cells and the 
quaternary amiiionium germicidei. Thus fa r ,  no quan- 
titative relationihip between bactericidal activity, as 
determined by the phenol coefficient method, and the 
degree of flocculation has been eitablished. Table 1 
illustrates the bactericidal activities and flocculation 
valuei fo r  three structurally different quaternaries. 

Kivella, et al. (3) and Dyar and Ordal (4) have 
shown that strongly adsorbed quaternary germicides 
lower the electrophoretic mobilities of cell5 and ulti- 
mately reverse their negative charge. I n  the former 
work ( 3 ) )  clumping wai demonstrated microicopically 
in the ranges giving poiitive mobilities. Flocculation 
as reported In the present paper occurs in  the same 
range of concentrations. Froni these observationi, i t  
appears that the flocculation is an expl.ession of the 
alteration of the charge a t  cell iurfacei due to adsor-a- " 
tion of quaternary ger~nicide. Quaternaries of diverse 
chemical structure show differences in hydrophobic, 
polar, and other properties affecting adsorption ( 5 ); 
these differences in properties might result in the set- 
ting up  of different zeta potenials a t  cell surfaces with 
dissimilar quaternaries, and flocculation niight then 
occur a t  different levels of germicide, as shown in 
Table 1.From this, i t  would follow that the property 
being measured by the flocculation is the relative ad- 
sorption of the germicides, and since adsorption may 
be only a par t  of the bactericidal mechanism, it  might 
not be unexpected that  this flocculation test does not 
measure bactericidal activity. This would seem to be 
in contrast to  the work cited'in the first paragraph (2)  
in  which a correlation between adsorption on an 
amphoteric material (wool) and bactericidal activity 
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was indicated.' However, cloie scrutiny of the data 
presented by theie worker5 shows that the correlation 
i b  not quantitative. 

Work  is now in progress to determine other physi- 
cal aipects of flocculation. Detaili on all findings will 
be published a t  another time. 
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Experimental Dental Caries, IV. 
The Effect of Feeding Desiccated 
Thyroid and Thiouracil on 
Dental Caries in Rats1 

Joseph C. Muhler and William G. Shafer 
Department of Chemistry and Scbool o f  Dentistry, 
Indiana Universi ty ,  Bloomington and Indianapolis 

The most cdlnmonly accepted niechanism by which 
fluorine reduces dental caries is by means of ionic sub- 
stitution of various components of the hydroxyapa- 
tite by fluorine during the calcification of the enamel. 
The result is the formation of enamel less soluble 
in  the intraoral acids produced from ingested food. 
Unequivocal proof for  such a mechanism, however, is 
lacking. Nevertheless, it is readily accepted that a 
marked diminution of salivary flow predisposes a n  
increased incidence of dental caries. The corollary to  
this fact-that is, that a reduction in caries experi- 
ence follows a n  increased salivary flow-also lacks ex- 
perimental evidence but is an attractive hypothesis, 
since niany investigators feel that  caries resistance is  
associated with the ability of saliva to neutralize 
p ro~npt ly  intraoral acid formation. 

Rathje ( 2 )  postulate5 further that the resistance to 
dental caries afforded by fluorine and the relationihip 
of salivary flow to dental caries are intimately re-
lilted. I t  is liii opinion that the reduction in dental 
cariei produced by fluorine may be mediated through 
the thyroid gland by increasing salivary flow. Other 
work also has indicated a relationship between the 
activity of fluorine and the thyroid gland. 

When fluorides are given in conjunction with the 
thyroid hormone, they appear to accentuate the effect 
on basal metabolic rate norinally produced by thyroid 
hormone alone (2). Also, evidence indicates that the 
thyroid hormone enhances the bleaching of r a t  incisors 
normally produced by fluorine (3).  However, the rela- 
tionship between altered metabolism and salivary flow 

1 This investigation was supported in part  by the Medical 
Research and Development Board, Office of the Surgeon Gen- 
eral, Department of the Army, under Contract No. DA-49-
007-MD-832. Paper I in this series appeared in J .  J3emtnZ 
Itas~arcl~31, 798 (1952) ; papers I1 and I11 are in press in 
d .  Dental Research. 
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