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' . . I .,,.These)initial studies have shown that cells of the inner ear · differ in their vulnerability to viral infections. Each virus caused a different pattern of infection: influenza virus. infection was limitt:d ro perilymphatic structures, mumps virus to endolymphatic cells. and measles virus involved both perilymphatic cells and· the organ of Corti and the crista. All three viruses infected ganglion cells of the eighth cranial nerve. It is significant that both measles and mumps viruses infected endolymphatic structures or cells in the organ of Corti, since an endolymphatic labyrinthitis has · been implicated as, the original cause of damage in patients with deafness associated with these two virus infections1 - 3• \ ' 
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Effect of electric fields on growth J?•~ 
of emb_ryonic chick tibiae in -vitro · 
NuMERous investigators have reported work on ihe~ stimulation· of bone· growth by electrtic currents in the microampere range, with varying degrees of success. Such work, along -with the various tentative _theories of the underlying mechanisms, have been summarised by Bassett', and some quantification of the effec-t. has -been attempted2

•
1

• Hambury et al! concluded that the n~essary crudity of the surgical techniques involved, and the overriding effects of the · trauma militated too severely against accurate quantification of the electrically-stimulated bone growth, and pro-. posed' that in vitro experiments might yield more definitive results. They also concurred with other workers that if electric currents do influence bone growth, then so should elc:ctric and magnetic fields, and Norton' has. already performed work in this area in vivo, using chickens. We report that the gross development of embryonic chick tibiae grown in vi-IN> is affected by a pulsed, transverse electric field, but that no significant changes were observed ·when a. static,. non-varying field was used. · 
Between one and three bones were placed in each c,f eight Petri dishes, four of the dishes being subjected to a l .000 V cm -i electric fi°eld, and four being placed between the inactive plates of a second control apparatus (see Table I for detailed method). Each bone was mea_sured before and afier a 9 d incubation period. The ratio of thi: final to the initial hone length was calculated for each bone, giving the fractional increase in length i!? each case. Also, the experiments were syst:-:m~,t:::::! so t.'1.:t the two ratios ob~.ained for the bcnes from each embryo could be related and compared. Wh::-:- !:::;~;;:; :!:.::!o:-:;;-! .;c.w'-'wl-1at, the lengths- of the longitudinal med~an lines were measured ,i,ncrementally. Table I gives the results in terms of the fractional increzse in length 
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Table 1 Effect of an invariant electric field on embryonic chick tibiae growth i11 vitro · 
Batch Fractional length increase 'One-tail'· t test 

Test Confidence 
Test Control Control t d.f. limit A 1.50 1.50 1.00 

1.42 1.57 0.90 
1.64 1.92 0.85 
1.29 l.43 0.90 1.52 6 >5% 1.67 l.67 1.00 (less growth) 1.58 l.67 0.86 

B 1.46 1.26 1.16 
1.27 1.24 1.02 
1.31 1.21 1.08 
1.18 1.25 0.94 1.35 7 >10% 1.34 1.28 1.05 
1.34 1.25 1.07 
1..58 1.44 1.04 
1.43 1.38 1.04 

C J.46 I.60 0.91 
1.43 1.48 0.97 
1.42 1.37 1.04 
1.43 1.50 0.95 0.68 7 Not significant 1.57 1.48 1.06 
1.49 1.44 1.03. 
1.44 1.41· 1.02 
1.30 1.47 0.88 

D 1.59 1.34 1.48 
1.41 l.48 0.95 
1.48 1.44 1.03 
l.43 1.45 0.99 1.67 7 >5% 1.64 1.21 1.36 
I.SO 1.51 0.99 
1.39 1.35 1.03 
1.46 1.46 1.00 

E 1.30 1.16 1.12 
l.19 U6 -1.03 
1.19" 1.15. 1.03 
1.20 1.19 1.01 0.65· 6 r:,l'ot significant 1.14 1.09 1.05 
1.20 1.21 0.99 
1.14 1.26 ·o.9o 

Overall 1.40 1.39 1.01 0.21 37 Not significant 

. The 8-9-d-old embryos were aseptically decapitated, and· extracted and the tibiae carefully excised. Each bone was then placed on a thin siliconised cellulose acetate mat supported by a 3 mm thick sponge of simi.lar material, both items being chemically clean and sterile. Each assembly. consisting of a sponge, mat and two or three bones was placed in a 35 mm disposable polystyrene Petri dish containing sufficient medium to thoroughly soak the spongewithoutimmersing the bone. The bones must be allowed free exposure to the incubator atmosphere of COrair (5:95). Chemically-defined BGJ-b nutrient medium• was used, as described previously. In particular, the medium was changed every 2 d by gently removing the cellulose mat and placing it on a new sponge in a new Petri dish. This enabled most of the metabolic by-products of the preceding 2 d to be removed in the interstices of rhe sponge. the mat to which the bones adhered being too thin·to retain more than a very small portion of these products. The bones were incubated for 9 d at 37 ~c. after which they reached their maximum length. This period was defined by trials in which t-he length of each bone was measured and plotted against time until the graph became horizontally asymptotic. These measurements were made outside the Petri dishes using a micrometer scale mounted 011 a dissecting microscope eyepiece. After excision, one bone from each embryo was placed in a Petri dish inserted between the plates of the apparatus applying the electrical field.• The other bone was placed in a dish within a similar, but inactive. apparatus as control. Both sets were placed in the same incubator. The apparatus for applying the field consisted essentially pf two cin::ular stain!~ steel plates. I 2.7 cm in diameter, and held l .4 cm apart by a Perspe:< framework. A Keith-. ley model 244 high voltage power supply was used to apply 1.400 V across the plates, so that a uniform invariant field of l.000 V cm·1 existed between them, the lower plate being grounded. A Plexiglass disk,· 3 mm thick. drilled wit~ four holes 38 mm in diameter, was used to slide the four 35 mm Petri dishes into the space between the stainless steel plates. In the fully operating system, an interlock microswitch was incorporated into the incubator so that the·opening of the door switched off the power supply. The stainle5s steel plates of the second apparatus, containing the controls. were short-<:ircuitcd and grounded. 
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.of each bone subjected to the field, ~compared with that for each corresponding control bone f.rom the same embryo. The ratio of each ,pair of fractional increases is also included. Further, a 'one-tairl' t test.was applied to each batch, · and ;ilso to the complete series. This shows that there is no significant dilfereriee between the test and control bone fractional increases. 
A second series of experiments was carried out using a 1,000 V cm· 1 field pulsed at approximately l pulse s· 1 using a high voltage relay driven at this ·pulse repetition rate by a unijunction transistor circuit. The live (upper) plate was alternately connected to the -1,400 V supply and to ground by this means, so that a good square wave of approximately 1 : 10 mark-space ratio was obtained. Table 2 shows that for batch A, · the chances that the pulsed electric field had no effect were no more than 0.5 % ; and for batches C and E, were no more than 2.5 % . These results can . therefore be .considered significant, whereas those for batches B and D could not, being more than 10 and 25%, respectively. The ·•one-tail' t test was also applied to the entire series taken as a whole (Table 2). The overall confidence limit was less than 0.5 % , clearly very significant. Bones were photogra,phed in their Petri dishes at the end of each test to provide a record of their macroscopic appez.rance, then fixed in neutral formalin for 3 d. After manual processing, they were embedded -in paraffin wax and sectioned longitudinally. The sections were then fixed to 

Table 2 Effeet of a pulsed electric field on. embryonic chick tibiae · growth in vitro 
Batch F ractionu Ier-..;th increase 'One-tail' ttest Test 

Test Control control t d.f. Confidence limit A 2.56 1.64 1..56 2.70 2.10 1.29 ~36 1.86 1.27 2.62 2.21 1.24 2.32 2.25 1.03 
4.49 6 <0.5% 

2.40 2.17 1.11 
2 . .50 1.87 1.34 

B 2.66 2.25 1.18 2.40 2.14 1.12 2.24 2.15 1.04 2.15 2.00 1.07 1.24 7 >10% 2.00 1.91 1.05 2.30 2.43 0.95 2.43 2.09 1.16 2.05 2.24 0.92 
C 1.80 1.45 1.24 2.11 1.50 1.41 1.68 1.65 1.02 1.62 l.43 1.13 3.32 7 <2.5% 2;06 1.37 1.50 1.83 1.62 l.l3 i.74 1.65 1.05 1.83 1.78 1.03 

D 1.67 1.52 1.10 1.45 1.50 0.97 1.74 1.67 1.04 l.67 1.74 0.96 1.32 1.57 0.84 0.58 9 1.39 1.61 0.86 1.56 1.05 1.49 1.58 1.72 0.92 1.67 1.25 1.34 l.64 J.60 1.02 
E 2.00 1.96 1.02 2.04 1.92 1.06 2:0:l 1.74 1.17 2.36 1.68 1.40 2.80 7 <2 . .5% 2.00 2.03 0.99 1.90 U!7 1.02 2.22 1.82 1.22 1.90 1.76 1.08 
verall 2.01 1.80 1.12 2.81 40 < 0.5~,~ 
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glass slides by means of a glycerin-albumin mix and de~ waxed in a hot air oven. They were then regressively stained with h-aemotoxylin, counterstained with eosin. and e:camined with an optical microscope. This did not reveal any differences between test a-nd control slides; nor did a macroscopic inspection of the photographs reveal any differences in growth patterns. 

We propose to grow further batches and perform more comprehensive tests including cell counts, wet and dry weight measurements and DNA content analyses, and to determine the effect of variation in field strength, frequency, waveform, and the spatial relationship of the field to the bone. 
If our trials are significant, it can be concluded that there is present in the embryonic bone a transduc~r mechanism which allows the electric field to interact directly and modify (at least) the growth rate. Since the bones are in a· pre-osseous phase, this mechanism clearly cannot ·be related to any properties of hydroxyapatite, thus ruling out at least one mechanism, the collagen-hydroxyapatite semiconductor in-terface1

• In addition, because only pulsed electric fields (as opposed to invariant fields) have an effect, it is li-kely that repeated cycles of charge separation are involved. This is equivalent to applying very small pulsed currents, and since such currents can also be induced by pulsed magnetic fields, a series of experiments using such fields has been initia,ted. ~ote that Bassett et" al. have reported that pulsed magnetic fields do modify bone growth patterns in viva1. 
We thank Mr H. J. Hambury of Swansea, who first suggested the use of bone cultures i-n the context of our work, and Professor C. A. L. Bassett of _the •Cclumbia University Orthopaedic Centre, for his encourag~ment and advice. · . . JOSEPH WATSON 
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Left~handed to right-handed helix conversion in Salmonella flagella ALTHoua;./-bacterial flagella can assume various helicaf configurations'-', the 'normal' and 'curly' configurations are encountered most frequently in nature. In Salmonella, normal and curly flagella have helical pitches of about 2.3 and I.I µm, respectively'. Macnab and Koshland• observed that normal flagella of living Salmonella we-re left-handed helical filaments, as shown. for Proteus and Bacillus•. Flagel!-a with this handedness and rotating counterclockwise (lqoking rn the direction of travel), would cause helical waves to propagate distally and provide forward thrust1· 9
• Normal flage-lla can transform reversibly into the curly type when physiological conditions, such as• pH, are variec:11"· 11

: this has been ·termed biplicity. Asakura et al. u, using Saimonel!a strarn SJ6i0 and others, found that reconstituted flagellar filaments also could be transformed reversibly, although they could 


