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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a con-
tinuing problem for many patients with cancer. Medical care 
has improved the cure and survival rates for patients; however, 
many drugs used in cancer treatment can permanently damage 
neurons.1 For example, cisplatin is a very effective drug used to 
treat ovarian, testicular and breast cancers with an 85% cure rate 
against testicular cancer. However, it induces peripheral neuropa-
thy in 20–30% of patients.1-3 The symptoms range from acral 
dysesthesias to severe gait instability. These symptoms often per-
sist throughout a patient’s lifetime.

Rodent models have helped us to better understand the mech-
anisms involved in CIPN, however, we have found cancer cells 
and neurons die by similar mechanisms. In dorsal root ganglion 
neurons, in vitro, cisplatin binds both nuclear and mitochondrial 
DNA inducing DNA damage followed by cell cycle re-entry, 
p53 upregulation, bax translocation and caspase activation lead-
ing to apoptosis.4-7 In addition, direct damage to mitochondrial 
DNA underlies chronic neuron death.8 Neurons have also been 
shown to accumulate higher levels of platinum-DNA adducts 
than other cell types leading us to believe there are other cellular 
processes involved in cisplatin-induced neurotoxicity we have yet 
to understand.7

We have developed a novel model system in Drosophila melanogaster to study chemotherapy-induced neurotoxicity in 
adult flies. Neurological deficits were measured using a manual geotactic climbing assay. The manual assay is commonly 
used; however, it is laborious, time-consuming, subject to human error and limited to observing one sample at a time. 
We have designed and built a new automated fly-counting apparatus that uses a “video capture-particle counting 
technology” to automatically measure 10 samples at a time, with 20 flies per sample. Climbing behavior was assessed 
manually, as in our previous studies, and with the automated apparatus within the same experiment yielding statistically 
similar results. Both climbing endpoints as well as the climbing rate can be measured in the apparatus, giving the assay 
more versatility than the manual assay. Automation of our climbing assay reduces variability, increases productivity and 
enables high throughput drug screens for neurotoxicity.
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Drosophila melanogaster is an established model system that is 
inexpensive to use and has a wide variety of genetic tools to inves-
tigate basic biological processes. Many basic cellular mechanisms 
are highly conserved, and Drosophila are currently being used to 
study neurodegenerative diseases.9 Geotactic climbing is a com-
mon behavioral assay to study neurological deficits in Drosophila 
melanogaster. Drosophila have a natural instinct to climb against 
gravity and has been used to study several neurological disorders 
including Parkinson disease10 and Amyotrophic Lateral Sclerosis 
(ALS).11 We have developed a model of chemotherapy-induced 
neurotoxicity in Drosophila to investigate mechanisms involved 
in cisplatin-induced neurotoxicity.12 The phenotype for neuro-
toxicity for our assay is a deficit in geotactic climbing ability.

The geotactic climbing assay is typically performed manu-
ally, one vial at a time using the human eye and a stopwatch.13-15 
This manual technique to measure geotactic climbing is time 
consuming and subject to significant intra- and inter-rater vari-
ability. Furthermore, with the manual technique it is difficult to 
process the large numbers of flies necessary for high throughput 
screening. A climbing assay has been developed using a tube rack 
and digital camera to manually tap down the flies and digitally 
acquire images for counting.16 This allows the user to do multiple 
vials at a time; however, there is still user variability and the pro-
cess is clumsy. We have therefore developed and manufactured an 
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computer. Within the software, the (Fig. 
2G) images of flies are converted into 
(Fig. 2H) particles. The particles are 
counted and calculated as a percent of 
the total number of flies in the vial and 
the output is displayed on the computer 
screen (Fig. 2I). A static, read-only file is 
saved to a server that contains each of the 
images acquired, the particle conversion 
images and a cvi file of the output data.

To ensure accuracy of our particle 
counting specific criteria was set up in 
the software and accuracy of particle 
counting was verified by high-speed 
camera (data not shown). All particles 
counted must be within the size limits 
for a single fly. If any of the particles 
is larger than the size limits of a single 
fly, the areas of all these particles are 
grouped together either above or below 
the set climbing height. We then add the 
areas above the line together and those 
below the line together and proportion-
ally distribute any remaining flies not 
counted as individuals. The acceptable 
error range is 1–3 flies, with 50 flies per 

vial. If the total flies counted per vial are more than or less than 
the total number of flies entered into the software, an error mes-
sage will be displayed.

Comparison of manual vs. automated assay 
To validate our automated fly-counting apparatus against our 

manual assay we performed a side-by-side comparison. Flies were 
treated with 0, 10, 25, 50, 100 and 200 ug/ml cisplatin for 3 d and 
observed for survival and climbing behavior both in the appara-
tus and by hand (Fig. 3A). Survival in these flies under the above 
conditions was 97.5%, 97%, 95%, 91.5%, 55% and 19.5%, 
respectively. The geotactic climbing assay was similar when per-
formed by the automated fly-counting apparatus (89.5%, 79.5%, 
59.5%, 37.25%, 26%, 4.5%) vs. the manual counting geotac-
tic climbing assay (86.5%, 68.5%, 47.25%, 26% 15.75% and 
3.5%) with 0, 10, 25, 50, 100 and 200 ug/ml cisplatin (Fig. 3B). 
Comparing the results of the apparatus and the manual assay, we 
found no statistical difference between the two methods. The 
standard error means within each climbing assay method was 
similar indicating no difference in variability between the assay 
methods (p > 0.05).

Besides using Cisplatin treatment to cause climbing defect 
in wild type flies, a climbing deficient prickle mutant (pkpk-sple-13) 
strain9 was tested for climbing ability comparing the manual and 
automatic assay (Fig. 3C). Flies, 2- to 5-d-old, were observed 
for climbing above 2 cm using the manual method followed by 
climbing in the apparatus. There was no significant difference 
in climbing with 3.2% of the flies able to climb above 2 cm in 
the manual assay with 1.4% in the apparatus (p > 0.05). Since 
the climbing deficiency in prickle mutant flies is severe, we low-
ered the climbing threshold to 1 and 0.5 cm to see how small of 

automated fly-counting apparatus that greatly increases the num-
bers of flies that can be analyzed removes variability from the 
assay and enables high throughput screening for neurotoxicity.

Results

Schematic 
A schematic representation of the automated fly-counting 

apparatus shows the various components of the apparatus (Fig. 
1). The user launches the custom software on the computer, 
which loads the user interface and through a USB connection, 
turns on the lights, tap control, vial rack and door sensors via 
the relay/sensor controller. The user interface drives the tapping 
assembly and camera. The lights are powered by an external 
power supply. Images are acquired and processed using Image J 
software and results imported into the user interface.

Automated fly-counting apparatus pictures and output 
The automated fly-counting apparatus (Fig. 2A) consists of a 
Plexiglas box that houses all necessary equipment for the geotac-
tic climbing assay, which interfaces with a standard PC computer 
via USB port. Within the Plexiglas box (Fig. 2B), the 10 vials 
containing flies are placed in racks and slid into the holder of the 
tapping mechanism (arrow v, Fig. 2C). Launching of the soft-
ware initiates the LED lights (optimized via front and backlight-
ing), which remain on throughout the entire assay (arrow l, Fig. 
2D). Once the parameters for the program are established, the 
software automatically drives the tapping mechanism (arrow t, 
Fig. 2E) and the camera (arrow c, Fig. 3F). The tapping mecha-
nism brings the flies to the bottom of the vials. Next, images are 
acquired at a user-defined rate, which are then transferred to the 

Figure 1. Schematic drawing of the fly-counting apparatus.
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can measure both the number of flies climbing to a pre-defined 
height as well as the rate of climbing. The addition of genetic 
tools available in the Drosophila model system allows us to study 
signaling pathways involved in chemotherapy-induced neurotox-
icity and develop high throughput screens.

Automation of the geotaxis climbing assay eliminates vari-
ability introduced by the user. Manual climbing assays rely pri-
marily on human technique and observation. One advantage of 
our apparatus is the automated tapping down of the flies. There 
are differences between how hard individual investigators tap 
the vial of flies. If the tap is too light, the flies do not get all 
the way to the bottom of the vial. If the tap is too hard, the 
flies may be physically stressed. The automated system taps the 

a climbing height we can accurately 
measure (Fig. 3D). Percent climbing 
was measureable at 1 cm but there 
was no significant difference between 
1 and 2 cm with 2.7% at 2 cm and 
7.5% at 1 cm (p > 0.05). Using a 0.5 
cm measurement cut-off, 100% of 
the flies were scored to climb beyond 
0.5 cm, indicating that such thresh-
old might be below the lower detec-
tion limit of the apparatus.

Measurements of climbing
In addition to the standard geo-

tactic climbing assay that measures 
numbers of flies that cross a pre-
defined height, in some experimen-
tal conditions the rate of climbing 
may provide useful information. 
We explored this approach to geo-
tactic climbing with our automated 
fly-counting apparatus. We again 
treated flies with cisplatin (0, 10, 25, 
50 and 100 ug/ml cisplatin for 3 d) 
and measured the climbing rate. The 
automated fly-counting apparatus 
was set up to tap once and acquire 
pictures every 2 sec for a total of  
10 sec. The (Fig. 4A) percent of 
flies above 4 cm was plotted over 
time at 2, 4, 6, 8 and 10 sec with 
cisplatin at 0 ug/ml: 13%, 43%, 
61%, 69% and 77%; 10 ug/ml: 
6%, 33%, 56%, 68% and 72%; 
25 ug/ml: 5%, 20%, 33%, 40% 
and 42%; 50 ug/ml: 5%, 21%, 
27%, 28% and 28%; 100 ug/ml:  
2%, 11%, 15%, 16% and 18%. The 
(Fig. 4B) climbing rate was deter-
mined by the percent of flies climb-
ing above 4 cm per minute. The rate 
of climbing in flies treated with 0, 10, 
25, 50 and 100 cisplatin was 8.65%, 
8.45%. 5.05%, 3.42% and 1.94% 
(Fig. 4C). There was no statistical difference in the maximum 
climbing or the rate of climbing between 0 and 10 ug/ml cis-
platin. There was a significant difference in both the maximum 
climbing and the rate of climbing when the dose of cisplatin was 
increased to 25, 50 and 100 ug/ml (p < 0.05).

Discussion

We have developed an automated fly-counting apparatus that 
improves upon the traditional geotaxis, climbing assay. The 
apparatus can process a greater number of flies in a shorter 
amount of time and remove variability introduced by both the 
user and assay limitations. The apparatus is versatile in that it 

Figure 2. The fly-counting apparatus is consists of (A) the computer and plexiglass enclosure. Within 
(B) the enclosure is the (c) camera, the tapping assembly consisting of the (t) tapping mechanism, (v) 
vial holder and (l) LED lights. Closer examination of the (C) vial holder, (D) lights, (E) tapping mechanism 
and (F) camera shows the components of the apparatus in more detail. The camera acquires a (G) digital 
image, which is imported into Image J software and analyzed by (H) particle counting, which is then (I) 
displayed on the computer screen.
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flies by lifting them to a set height and releasing 
them. This yields a consistent tapping force. A 
second advantage of the apparatus is better visu-
alization of the climbing flies. Flies move rapidly 
up and down a vial and the human eye can only 
keep track of a small number of flies. We found 
that once the number of flies in a vial exceeded 
10 flies, the person counting became less certain 
of the counts they were getting when doing the 
assay. Our automated system snaps a picture and 
can particle count accurately up to 30 flies per vial 
(data not shown). Manual assays process one vial 
at a time while the apparatus can process up to 10 
vials at a time. Automation of the geotaxis climb-
ing assay allows us to process a larger number of 
flies with greater accuracy. A side-by-side compar-
ison of our manual and automated assay systems 
showed no statistical difference between the two 
methods, and our studies are now exclusively per-
formed using the automated system.

There are some limitations of our climbing 
assay. The geotaxis climbing assay cannot distin-
guish between neuronal or motor deficits. In cispl-
atin treated flies, the deficits in climbing behavior 
are directly linked to damage of elav positive neu-
rons.12 Climbing deficits in ALS flies, however, 
is due to motor dysfunction.11 It is a simple assay 
that is quick and easy to use as a screen for climb-
ing deficits. A change in climbing behavior would 
need to be studied further to understand what cell 
types are affected and by what mechanism.

Chemotherapy-induced peripheral neuropa-
thy (CIPN) continues to be a problem for many 
cancer patients. Rodent model systems have given 
us a great deal of information as to the general 
underlying mechanisms involved in neurotoxicity; 
however, treatments generated from this informa-
tion has not proven useful in preventing neu-
ropathy in patients.17 Many cellular processes are 
highly conserved among species, and Drosophila 
have been shown to be a good model system to 
study neurological diseases.9 The genetic tools 
available in Drosophila provide a way to rapidly 
and inexpensively study the cellular mechanisms 
involved in CIPN. We have shown that cisplatin 
inhibits geotactic climbing by inducing apoptosis 
in brain neurons.12 Using the GAL4-UAS system, 
we can upregulate or downregulate specific genes 
in our flies and determine if it involved in cispla-
tin neurotoxicity using the climbing assay as our 
phenotype.

Our automated fly-counting apparatus can be 
expanded to observe changes in climbing behavior 
in many other model systems. The climbing assay 
can be used to look at behavior changes related 
to genetic mutations, environmental and drug 

Figure 3. Side-by-side analysis of the geotaxis climbing assay between the fly-counting 
apparatus and the manual assay was found to be comparable. (A) Percent survival and 
percent of flies able to climb above 2 cm was performed in the apparatus followed by the 
manual assay on the same flies. (B) There was no statistical difference in climbing ability 
of the flies between the apparatus and the manual assay (p > 0.005). Variability within 
each assay was also similar. (C) Prickle flies were tested for climbing ability in both the 
manual assay and the apparatus with no statistical difference between the two (p > 0.05). 
(D) Climbing ability in prickle flies was assessed in the apparatus with the climbing height 
(threshold) set at 0.5, 1 and 2 cm. Although we were able measure more flies climbing 
above 1 cm than 2 cm there was no statistical difference between the two (p > 0.05).
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bottom was determined for each image. Climbing was plotted as 
the percent of flies above 4 cm over time and the rate expressed as 
percent of flies climbing above 4 cm per minute.

The statistical difference between the manual and automated 
assay was determined by two-way ANOVA and Bonferroni mul-
tiple comparison in cisplatin treated OR flies and t-test for prickle 
flies. The statistical difference between maximum height of 
climbing and the rate of climbing per minute was determined by 
one-way ANOVA and Bonferroni multiple comparison.
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toxicity as well as human disease. The apparatus is versatile and 
can be used for high throughput screens.

Materials and Methods

Oregon Red Drosophila were obtained from Amy Tang, pkpk-

sple-13 is a null allele of Pk gene as described in Flybase. Cisplatin 
obtained from APP Pharmaceuticals LLC (100351). The auto-
mated fly-counting apparatus was constructed using a Logitech 
C910 8 megapixel camera obtained from CDW (2588857). 
Image analysis software was a modification of ImageJ software 
(National Institutes of Health).

The automated fly-counting apparatus was developed using 
Agile Project Management. The project team consisted of 
experts from Project Management, Biomechanical Development, 
Software Development, Electronic Development and technical 
personnel from Anthony Windebank’s Laboratory.

For experiments to compare the manual assay with the appa-
ratus, 7–14 d old flies were placed into empty vial with 50 flies 
per vial. The flies were starved for 6 h and then given 200 ul 
of 10% sucrose in Dulbecco’s Phosphate Buffered Saline with 
and without drug. Flies were treated with 0, 10, 25, 50, 100 and 
200 ug/ml cisplatin. Flies were fed every 24 h with 150 ul at 24 
and 100 ul at 48 h. At 72 h, the flies were anesthetized by CO

2
, 

counted, observed for lethality and placed into vials for the geo-
tactic climbing assay.

Flies were placed into clean, empty vials with 20 flies per vial 
and allowed to recover from CO

2
 for 1.5 h. Vials were placed into 

racks and the climbing assay was performed in the automated 
fly-counting apparatus. The automated fly-counting apparatus 
houses a motor that gently taps down all the flies to the bottom 
of the vials. The apparatus is then set to determine the number 
of flies above 2 cm from the bottom of the vial at 20 sec. The 
vials were then removed and a physical 2-cm mark was placed 
on the vials. The geotactic climbing assay was then performed 
manually. Each assay had 5 repeats per vial that was averaged 
for the percent of flies above 2 cm from the bottom of the vial.

prickle mutant flies 2- to 4-d old were placed into vials with 20 
flies per vial. A 2-cm mark was marked of the side and the man-
ual assay performed. The mark was then removed and the flies 
were placed in the apparatus and observed for climbing ability.

To determine the lowest threshold we can measure flies in 
the apparatus, prickle flies, 20 flies per vial, were measured for 
climbing ability at 2 cm followed by measurements at 1 and  
0.5 cm.

To assess the rate of climbing, 20 flies were placed into each 
vial as previously described. Vials were placed into racks for the 
automated fly-counting apparatus. The flies were tapped down 
once and a picture acquired every 2 sec for a total of 10 sec. Each 
assay had 5 repeats, and the number of flies above 4 cm from the 

Figure 4. Climbing ability in the fly-counting apparatus can be measure 
as both a maximum height able to climb as well as the rate of climbing. 
(A) Cisplatin treated flies were assessed for the percent of flies able to 
climb above 4 cm at 2, 4, 6, 8 and 10 sec. (B) We were able to determine 
the maximum percent of flies able to climb above 4 cm as well as the 
rate of climbing expressed as the percent of flies able to climb above  
4 cm per second. There was a significant decrease in maximum climb-
ing and rate of climbing at 25, 50 and 100 ug/ml cisplatin (p < 0.005). No 
significant difference observed at 10 ug/ml cisplatin.
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