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WEISS, G. T. AND M. DAVIS. Automated system for acqutxttton and reduction of  startle response data. PHARMAC. 
BIOCHEM. BEHAV. 4(6) 713-720, 1976. - A system specifically designed for the acquisition and reduction of startle 
data is described. It is able to (1) sample startle responses from 5 ammals simultaneously during a specific time band after 
the ehcltmg stimulus, (2) convert the analogue startle amplitudes into 2-dlglt numbers, (3) print the digital results of each 
startle m each animal; (4) add up the startle amplitudes for each rat over a preset number of stimuli and print the totals, 
(5) print the mterstlmulus interval and (6) code for up to six different types of trials A non-techmcal description and 
complete wrong diagrams are provided. 

Startle response Data acquisition Data reduction 

THE startle response m the rat is being increasingly used for animals over  substantial  periods of  t ime at several 
the analysis of  animal  behavior.  This reflex,  which lS This is the only  way to get a stable est imate of 
typical ly elicited by a loud sound,  has a short ,  reproducible  ampl i tude  over  periods long enough to sample 1 
latency and occurs  in vir tually every rat. Startle is durat ion o f t h e d r u g e f f e c t .  Very quickly,  the inves t i  
ex t remely  sensitive to a large number  of  variables which can faced with  li terally thousands o f  startle ampli t t  
be exper imenta l ly  manipula ted.  Thus it can be altered by  quant i fy .  The prospect  o f  measuring each start le in 
changes in the parameters  o f  the el ici tmg stimulus,  pen def lect ion is awsome and somet imes  persua, 
surroudlng envi ronmenta l  s t imuh or general state of  the investigator to sample startle in a l imited way, whi 
animal (see [3] ) .  During repet i t ive  s t imulat ion,  startle lead to er roneous  conclusions.  
ei ther habi tuates  or  sensltizes, depending on the exact  In addi t ion,  when using a pen recording syste 
parameters  used, and has provided an excel lent  mode l  of ten  diff icult  to discriminate st imulus-elici ted mo~ 
system for the analysis o f  behavioral  plastlc~ty. In addi t ion,  (startle) f rom spontaneous  movemen t s  that  n 
startle is sensitive to various drugs and is current ly  being occurmg at about  the same t ime (e.g. af ter  certain 
used to investigate the pharmacology  of  behavior.  In fact,  with certain drugs it is essentlaUy lmpos: 

To date, many  different  systems have been described for make this discr iminat ion unless one actual ly watc 
measuring startle. In all cases, startle is de tec ted  by record as it comes out ,  or  runs the paper at very fast 
movemen t  o f  a cage which is translated into a voltage, For  these reasons, we have developed a systen" 
suitably amplif ied,  and then displayed,  typical ly  with some markedly  improves the acquisi t ion and reduct ion  o: 
type o f  pen recorder .  A variety of  t ransducers such as data. It has the abil i ty to (1) sample cage movemen t  
accelerometers  [6] magnets  within coils [5] phonograph  cages s imul taneously  during a specified t ime ban 
cartridges [2] strata gauges [7] or  even purely  mechamcal  presenta t ion o f  the start le-el icl tmg st imulus;  (2) con' 
systems [1 ] have been used. All of  the systems produce analogue startle ampl i tudes  into a 2-digit number ,  ( 
comparable  results, in the sense that  startle is repeatedly  the digital results o f  each startle m each ammal ,  and 
shown to be dependent  on st imulus intensi ty ,  interst irnulus up the startle ampl i tudes  for each rat over  a preset : 
interval, background noise, etc. of  s t imuh and print  the totals. In addit ion,  the 

A major  problem in this area, however ,  is no t  so much  m between st imulus presentat ions (ISI) or  be tween  th~ 
the measurement  o f  startle, but  what  to do with  the data st imulus and a prior event  (e.g. for pre-pulse hal 
once it is gathered.  Fo r  example ,  to evaluate the effects  of  a exper iments)  and a code for 6 di f ferent  types of  tJ 
given drug on startle properly,  it ts necessary to test many  printed au tomat ica l ly  alongside the startle scores. 
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FIG. 1 Front panel of the Data Reduction Umt. 

DATA ACQUISITION 99. 81. 19. 33. 21. 150 
Five stabdimeter devices are used to record the 97 9 5  20 19 37 150 

amplitude of the startle response. Each stabilimeter consists . . . . .  
of an 8 X 15 X 15 cm Plexiglas and wire mesh cage 8 8 .  98. 38. 31. 08. 150 
suspended within a 25 x 20 x 20 cm steel frame. Within / 40  9 7  2 4  23 1 6 150 
th~s frame the cage is rigidly sandwmhed between 4 . . . . .  
compression springs above, and a 5 x 5 cm rubber cylinder, 9 9  9/4 3 6 3 9  22 1 5 0  
below. An accelerometer (M. B. Electronics Type 302), ° . . . .  
w~th a sensitivity of 40-60  mV/g, is located between the 0 0 .  0 0 .  0/4. 09. 0 0 .  150 
bottom of the cage and the top of the rubber cylinder. Cage 0/4 0 3  0 5  0 I O 0  1 5  0 
movement results in a slight and ~mperceptible d~splace . . . . . .  
ment of the accelerometer. The resultant voltage ~s fed to a 9 4 7 7 24 23 3 I 1 5 0  
matched accelerometer amplifier (M. B Electronics Model . . . . .  
N50a), the output of whlch is proportlonate to the veloczty 9 ~ .  9 9 -  6 1 .  43. 9 7 .  150 
of accelerometer displacement. Measuring velocity (i.e. 145 65 34 65 35 150 
amplifier on the Integrate position) rather than acceleration . . . . . .  
proved to be more sensitive and ehmmated artifacts durmg /42 7 8  2 5 .  17  2/4  1 5 0  
presentation of the eliciting tone. Since the cage ~s rigidly . . . . .  
held m place and no mechanical adjustments are required, 5 8 .  81 . 31 . 2 3 .  3 0 .  150, 
the system has remained very stable over several years. 

DATA REDUCTION 5 9 1 . 6 0 0 . 3 3 4 . 2 1 2 . 3 1 9 .  105, 
Figure 1 shows the front panel of the Data Reduction 47 77 30 23 27 105 

Unit. Five independent BNC input connectors accept the . . . . . .  
outputsofthe5accelerometeramplifzers.  Theusefulrange 6 / 4 .  72. 35. 35. 57. 105, 
of Input voltages extends from 0.1-9.9 volts, which 4 8  6 6  2 8  25 52 105 
ultimately correspond to startle amphtudes from 1-99. ° . . . . .  
Although we happen to use the startle cages described 6 1  69. 32 2 5  4 4  105 
above, the unit can be used with any of the types of startle . . . . .  
cages in current use, by adjusting their outputs to be within 140o 9 9 .  09. 1 5 .  0 8 .  105, 
the 0.1 -10  volt range. 

The unit was designed to be interfaced with electro- 51. 65. 68. 19. 18. 105. 
mechanical programming equipment with appropriate safe- 75.  47 .  37 .  13. 29 .  105. 
guards for relay bounce and electrical artifacts. The NO, C 
and NC studs of a conventional double throw relay are 5 7 -  /47. 3 0 .  17. 26. 105. 
connected to the NO, C and NC Initiate jacks. When the 14"9 20 2 6  0 7  1 6  105 
relay is operated a complete cycle of the unit begins. Upon . . . . . .  
initiation, the analogue output of the startle cage is sampled 99.  38 .  39 .  33 .  4 2 . >  536.  
for a specified time band. This time band can be vaned 
from 20-200 msec in 20 msec steps by the Sample dial. FIG. 2. Photograph of a sample printout. The beginning of the sample period can be delayed from 
5-50  msec after the initiate pulse by the Delay dial. This 



ACQUISITION AND REDUCTION OF STARTLE DATA 
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FIG. 3. Block diagram of the overall action of the Data Reduction System 

was included to compensate for relay delays in electro- stimulus over identical sample t]me bands If the n 
mechanical equipment when different relays are used to and dummy trials are alternated, the sample cou~ 
initiate the unit and to deliver the startle stimulus, stdl sum over the real trmls, leaving only the dumn 

The Preset Sample Counter dials are used to determine to sum by hand. This technique has been very succ( 
the number of trials over which the startle scores are added, discriminating amphetamine-induced increases m 
A total of  29 trials are possible. Depending on the location from increases in activity [4] and is an important cc 
of the .3-position toggle switch below these dials, the any drug study on startle. In other sltuatlons 
summing counter will either sum over all trials (All) or different types of  trials are alternated, such as two s 
every other trial (Odd-Even). This feature was included for intensities, the odd-even switch allows half the tria 
the following reasons. As mentioned earlier, in evaluating summated, leaving the other half to do by hand. 
the effects of certain drugs on startle, it is often the case The Intensity jacks allow 6 types of trials 
that these drugs greatly increase activity. Since increased identified on the paper print out. This is accomph 
activity results in increased cage movement,  part of the applymg ground during the trial to one of the si 
voltage sampled during the sample period, and considered This is helpful when complicated, balanced schet 
as startle, may actually result from drug-induced increases different trial types are used, and insures that t~ 
in activity, rather than drug-induced increases in startle. To ]dentff]cahon is permanently affixed next to the 
determine the contribution of this activity in contaminating values for future reference. 
the measures of  startle, dummy trials can be included in The Internal-External trigger jacks and switch r 
which the initiate pulse is given m the absence of a the measurement of  inter-event intervals. In the 
startle-eliciting stimulus. In this way, cage movement  can be position, the interval between print cycles (up to 9 
compared to cage movement shortly following the startle is automatically printed and used to momtor  inter-., 
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FIG 4 Overall czrcuzt diagram of the control logic 

interval. If intervals greater than 99.9 sec are used, a > sign The block diagram of Fig. 3 gwes a general vie~ 
is printed to the left. In the External posztion, the interval logic structure of the instrument. 
between a ground pulse to the External Trtgger jack and the The control logic circuit (Fig. 4) generates the n( 
lmtiate signal is measured. In this case the range is up to signals in the proper sequence for the samphng, con 
999 msec and can be used when very short pre-pulse and print functions. The timing diagram (Fzg. 5 ) h  
inhibitory effects are being studied, the sequence of the various control signals. 

Finally, the Sample Monitor jacks are provided to give a The Sample and Hold-A/D converter circmt ( 
- 1 5  volt DC signal during the Sample hme band for samples and transforms the analog signal together 
calibration on an oscilloscope. When this is displayed Channel and Summing Counter (Fig. 7) into a 
alongside the actual anlogue output  of the startle cage, it is number which can be recorded by a printer. The S~ 
easy to determine exactly what components of cage Counter section adds all or alternate (odd or even) 
movement are being sampled, recezved from the A/D converter after a preselected 

Fzgure 2 shows an example of  the actual printout whzch of trials. 
is read from bot tom to top. The 5, 2-dig~t numbers on the The Sample Counter and Clock Circuit board 
left correspond to the mdzvidual startle amplitudes of the 5 contains a presettable counter to choose the nur 
rats. After 10 trials in this sample the separate startles of  trials to be added. The oscdlator which provides th 
each rat are summed and prmted out m red as 5, 3-digit for the analog to d~gital conversion zs also located 
numbers (separated by periods) m the left 15 columns, board. 
Column 21 is used for the trial code which was initially M The Interval Counter (Fzg. 9) prowdes the data 
on each trial and then vaned as shown. Columns 17-19  printer to record the time interval between sarr 
correspond to the ISis, which were initially all 10.5 sec, but tenths of seconds The timing pulses are generated 
then 15.0 sec. Hz multivibrator. The interval counter may also be 
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FIG 5 Overall timing diagram of the control logic 
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FIG 6. Circuit diagram of the Sample and Hold and A-D Converter. 
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FIG. 7 Circuit diagram of the Channel and Summing Counter.  
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measure o the r  t tme intervals which  are external ly  deter-  The pr in te r  used wi th  this i n s t rumen t  was a Mod 
mined.  Ano the r  oscil lator  is act ivated in this case, which  Digital Data Pr inter  made  by  N ew p o r t  Laborator ies .  

provided t iming pulses at a rate of  100 pps. 
The Power  Supply  (Fig. 10) provides all requi red  ACKNOWLEDGEMENTS 

voltages for  the  ope ra t i on  of  the ins t rument .  The  au tomat i c  This work was supported by NSF Grants GB-2368 
and manual  reset and the trial code  ctrcults are also located  75-01470, USPHS Grant MH-53314, Research Scientist I 
on thin board  as well as the black and red pr int ing logic and ment Award 5 K01 MH 00004 (M. Davis) and the 
the circuit  for the > symbol .  Connecticut 

REFERENCES 

l. Brown, J. S., H. 1 Kahsh and I. E. Farber. Conditioned fear as 5. Hoffman, H. S. and M. Fleshier. An apparatus for the 1 
revealed by magnitude of startle response to an auditory ment of the startle response in the rat. Am. J. Psyc 
stimulus. J. exp. Physml. 41: 317-329, 1951 307-309, 1964 

2 Carlton, P. L and C. Advocat Attenuated habituation due to 6. White, E. H. and M. Horhngton. An apparatus for m 
parachlorophenylalanlne. Pharmacol Blochem. Behav. 1: startle response and motor activity m rats. Med. Biol. £ 
657-663, 1973 325-327, 1969. 

3. Davis, M. and P. M. Gendelman. Plasticity of the acoustic 7. Wilson, C. and P. M. Groves Measurement of acoustic : 
startle reflex m acutely decerebrate rats. J comp phystol mice. Behav Res Meth. lnstrum, 4: 13-14, 1972. 

PsychoL, in press. 
4 Davis, M., T H. Svensson and G. K. Aghajaman. Effects of d- 

and 1- amphetamine on habituation and sensit~zation of the 
acoustic startle response m rats. Psychopharmacolog,a 43: 1-1  I, 
1975. 


