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Introduction:
Autophagy is an intracellular degeneration process through which a portion of the
cytoplasm is delivered to lysosomes to be degraded (Hara et al., 2006). Autophagy is thought to
be important for the normal turnover of cytoplasmic contents, particularly in neurons (Hara et al.,
2006). During the process of autophagy small portions of the cytoplasm are taken up by
autophagic vacuoles, these contents are then degraded when the autophagic vacuole fuses with a
lysosome (Hara et al., 2006). Autophagy is particularly active during development to support
major changes in cell size and morphology (Nixon et al., 2005). Autophagy has also been
referred to as a surveillance system, as it removes damaged mitochondria and other organelles
that have the potential to cause apoptosis in stressed and injured cells (Nixon et al., 2005).
Autophagy is essential for the maintenance of cellular homeostasis, through its ability of
controlling the quality of the cell’s proteins and organelles and getting rid of malfunctioning or
damaged cellular components (Cuervo, 2008).
The continuous clearance of cytosolic proteins through autophagy is important for
preventing the accumulation of abnormal proteins that can disrupt neuronal function and cause
neurodegeneration (Funderburk, Marcellino, Yue, 2010). The most common neurodegenerative
disease, Alzheimer’s disease has been linked to a dysfunction in autophagy (Funderburk,
Marcellino, Yue, 2010). Alzheimer’s disease is characterized by an accumulation of misfolded
protein aggregates. These aggregates come in two forms, amyloid beta plaques and tau tangles
(Schmechel, 1993). Autophagy has been linked to Alzheimer’s disease through its merger with
the lysosomal pathway (Funderburk, Marcellino, Yue, 2010). The accumulation of lysosomes
within neurons is one well known characteristic of Alzheimer’s disease (Nixon et al., 2005).
As cells age, cellular damage increases and clearance mechanisms in turn become less
effective (DiLoreto, Murphy, 2015). One of the main clearance mechanisms being autophagy.
Dependence on autophagy for longevity suggests that autophagic clearing of damaged proteins,
protein aggregates, organelles, and other materials are required to provide new raw material for a
healthy cell (DiLoreto, Murphy, 2015). When organelles become too damaged, they are
degraded to component parts by autophagy. In older cells, accumulated damage leads to a less
effective process of autophagy, and therefore a less healthy cell (DiLoreto, Murphy, 2015). A
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decrease in autophagic activity has been observed in almost all cells as they age (Cuervo, 2008).
Malfunctions in autophagy result in the intracellular accumulation of damaged proteins and
organelles, which can lead to disease (Cuervo, 2008).
Tetrandrine is a bisbenzylisoquinoline alkaloid isolated from the root of a traditional
Chinese medicinal herb, Stephaniae tetrandrae (Wang et al., 2015). It has been actively used in
Chinese culture to treat a variety of different illnesses, such as, hypertension, rheumatoid
arthritis, inflammation, occlusive cardiovascular disorders, and silicosis (Wang et al., 2015).
Tetrandrine is a broad-spectrum potent autophagy agonist, it has been known to induce cellular
autophagy at low doses in cancerous liver cells and induce apoptosis in higher doses (Liu et al.,
2015). Tetrandrine has also been known to increase autophagic flux and the formation of
autophagic vacuoles in breast cancer cells (Wong et al., 2017).
Considering tetrandrine is a known autophagy agonist and there is little to no literature on
its effects on both young and old neurons, it is important to determine this drugs effects on these
neurons, if older neurons are less effective at autophagy then there is a possibility in targeting the
cellular aging process through autophagy, to treat neurodegenerative diseases, such as
Alzheimer’s disease. Based on previous literature, older cells seem to be less effective at
responding to stress (DiLoreto, Murphy, 2015), therefore an increased rate of autophagy may
increase cell survival. In the current preliminary study, it was hypothesized that if both young (1day-old) and older (7-day-old) Gallus gallus sympathetic neurons are exposed to tetrandrine, an
autophagy agonist, then the younger neurons will have an increased rate of autophagy when
compared to the older neurons, quantified by counting the number of autophagic vacuoles
present in the axons. For this experiment, both young and old Gallus gallus peripheral neurons
were exposed to two different concentrations of tetrandrine, a 5 µM concentration and a 10 µM
concentration and the number of autophagic vacuoles present in the axons were counted. Young
neurons were defined as being 1-day-old and the older neurons were defined as being 7-days-old.

Materials and Methods:
Materials
For this experiment high-density coverslips of Gallus gallus embryonic peripheral
neurons were used. The experimental conditions consisted of a 5 µM and a 10 µM working
solution of tetrandrine, Cat No. ab142464 purchased from abcam. A Nikon Eclipse E200
microscope at 40x magnification with SPOT idea adapter model #: 27.2-3.1 and SPOT 5.3
Software imaging program version 5.3.5 on Macintosh desktop Sagittarius was used for imaging
purposes. Macintosh desktop Sagittarius and ImageJ version 1.51 was used for the analysis.
Coverslip Treatment and Primary Culture of Chick Embryonic Peripheral Neurons
Coverslip treatment and primary culture dissection was performed as per Professor
Morris’ procedure (Morris, 2017). 10-day-old Gallus gallus embryonic peripheral neurons were
dissected from dorsal root ganglia and sympathetic nerve chains to be used for this experiment.
The cell cultures were plated for either 1 day or 7 days before being exposed to the control or
experimental conditions. Cells incubated for 24 hours in growth media before being exposed to
the control or experimental conditions. Coverslips containing high-density cells were used for
this experiment.
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Stock Solutions and Exposure
Control Stock Solution
The control stock solution consisted of 2 ml of DMSO. All cells underwent a complete
buffer exchange. All the growth media was removed and replenished with DMSO. The DMSO
was used as the vehicle control because the tetrandrine was diluted in DMSO to create the
experimental stock solution, this allowed us to determine that the tetrandrine was causing the
effects and not the DMSO.
Tetrandrine Stock Solution and Working Solutions
The experimental condition consisted of tetrandrine in growth media. A 100mg bottle of
solid tetrandrine powder Cat No. ab142464 from abcam was stored at 20° C and was used to
create the stock solution. The stock solution was created by dissolving 11 mg of tetrandrine in 11
ml of DMSO creating a 1.61 mM stock concentration. For this experiment we used a 10 µM and
a 5 µM concentration of tetrandrine. A previous study suggested that a 5 µM concentration of
tetrandrine was sufficient in inducing autophagy and a 30 µM concentration induced apoptosis
(Wang et al., 2015). The 10 µM working solution was created by adding 12.5 µL of stock
solution to 2 ml of growth media. The 5 µM working solution was created by adding 6.25 µL of
stock solution to 2 ml of media. Each of the solutions were used on both the young and older
neurons.
Control and Experimental Conditions
This experiment was conducted over the course of six weeks. Three 1-day-old and three
7-day-old high-density coverslips in growth media were obtained for this experiment, these were
to be used as our controls. The 2 ml of growth media was extracted from all dishes and was
replenished with 2 ml of DMSO. The controls incubated for 2 hours in a 37° C incubator. Three
1-day-old and three 7-day-old high-density coverslips in growth media were obtained, these were
to be used as our 10 µM experimental condition. Six test tubes of new growth media with 2 ml of
growth media in each and the 1.6 mM stock solution of tetrandrine were obtained. The growth
media was removed from each dish containing the coverslips by using a sterile air displacement
micropipette. 12.5 µL of the tetrandrine stock solution was then added to each of the six test
tubes containing the new growth media. The new growth media containing the tetrandrine was
then pipetted into each one of the high-density coverslip dishes. Each one of the dishes now
contained 2 ml of new growth media and 12.5 µL of the tetrandrine stock solution, creating our
10 µM working concentration that would be used as our experimental condition. These six dishes
incubated for 2 hours in a 37° C incubator. A previous study involving tetrandrine used a 24hour incubation period and they experienced a decrease in cell viability and apoptosis for the
higher doses (Wang et al., 2015). For this experiment all control and experimental conditions
incubated for 2 hours before imaging. This allowed us to determine the effect of tetrandrine
during a shorter incubation time and protect cell viability. Three 1-day-old and three 7-day-old
high-density coverslips in growth media were obtained, these were to be used as our 5 µM
experimental condition. Six test tubes of new growth media with 2 ml of media in each tube and
the 1.6 mM tetrandrine stock solution were obtained. The growth media was removed from each
of the six dishes containing the coverslips by using as sterile displacement micropipette. 6.25 µL
of the tetrandrine stock solution was added to each of the six test tubes containing the new
growth media. The new growth media containing the tetrandrine was then pipetted into each one
of the six high-density dishes containing the coverslips. Each one of the dishes now contained 2
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ml of growth media and 6.25 µL of the tetrandrine stock solution, creating a 5 µM working
concentration that would be used as our experimental condition. These six dishes incubated for 2
hours in a 37° C incubator. After incubation all 12 experimental high-density coverslips were put
on to chip chambers to image under the Nikon Eclipse E200 microscope at 40x magnification by
using the SPOT program version 5.3.5.
Chip Chamber Assembly
All control and experimental dishes were observed using chip chambers. A clean
25x75mm glass slide was obtained, and 4-8 glass chips were evenly spaced onto the slide to
create a raised surface that the coverslip would sit on. The growth media was carefully pipetted
out of each dish using a glass pipette. One drop of the solution was put onto the slide. The
coverslip was then carefully removed from the petri dish with forceps and flipped over on to the
slide, cell side down. The chamber was then sealed with valap. After the slide was sealed a clean
glass pipette was used to pipette a small amount of RO water onto the top of the slide to clean
any salt residue off. The water was carefully wiped off from the slide with a kimwipe, being
careful not to smear the valap across the slide, this was repeated three times to ensure that all the
salt residue was removed.
Data Collection and Analysis
Images were taken of all control and experimental coverslips using the SPOT 5.3
Software imaging program version 5.3.5 and the Nikon Eclipse E200 microscope with SPOT
idea adapter model #: 27.2-3.1 on Macintosh desktop Sagittarius, using phase-contrast
microscopy. Images were taken at 40x magnification with Köhler illumination with the optics set
at a phase 2 ring. A ceramic air heater was used to maintain all coverslips at 37° C, along with a
thermometer to monitor any fluctuation in temperature while imaging. All images were taken in
collaboration with Jordan Bauer. Images were taken of visible axons in the field of view for 1
minute, each image was taken 5 seconds apart from one another at 40x magnification to create a
time lapse. This allowed us to see movement of vacuoles down the axons. All images were then
saved to the BIO 324 folder and were backed up to the server, so the images could always be
accessible. Images were then opened in ImageJ version 1.51 on Macintosh desktop Sagittarius.
Two images taken 10 seconds apart, of each condition were opened with ImageJ. Two images
were used to determine any movement of autophagic vacuoles. Determining movement was
crucial to be confident that there was no recounting of vacuoles. Each axon was measured in
ImageJ using the “free hand line tool” and “ctrl M”, the measurement was computed in microns
by using the appropriate conversion factor of 6.4467pixels/micron. Five autophagic vacuoles
were measured in each image using the “straight line tool” and “ctrl M” to determine the
diameter in microns from one darkest edge to the other darkest edge, this process allowed the
experimenter to accurately determine that the structure was an autophagic vacuole. Autophagic
vacuoles have a diameter of approximately 0.4 µm-2.0 µm (Kilonsky, Eskelinen, 2013). Based
on previous literature, autophagic vacuoles are described as phase dense organelles with
considerable variation in morphology with highly plastic organelle motility, due to both
anterograde and retrograde movements (Hollenbeck, 1993). In this experiment, autophagic
vacuoles were defined as circular structures protruding from the axon that were darker than the
cytoplasm, made either anterograde or retrograde movements, and were approximately 0.4-2 µm
in diameter. Autophagic vacuoles were counted in each axon. For each axon a ratio was
computed. The number of autophagic vacuoles per micron was determined. All measurements
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were measured in microns by determining my field of view on the Nikon Eclipse E200
microscope at 40x magnification and using a conversion factor. All ratios for each separate
condition were later averaged together to create a single data point for each condition. This gave
me 6 data points in total. One data point for the 7-day-old control, one for the 1-day-old control,
one for the 10 µM 1-day-old condition, one for the 10 µM 7-day-old condition, one for the 5 µM
1-day-old condition, and one for the 5 µM 7-day-old condition. Observations were carried out on
nine cells in total, one 1-day-old control cell, two 7-day-old control cells, two 5 µM 1-day-old
cells, two 10 µM 1-day-old cells, one 5 µM 7-day-old cell, and one 10 µM 7-day-old cell.
Autophagic vacuoles were counted in 24 axons in total. A total of 31 autophagic vacuoles were
counted in 3 axons for the 1-day-old control condition. A total of 60 autophagic vacuoles were
counted in 6 axons for the 7-day-old control condition. A total of 63 autophagic vacuoles were
counted in 6 axons for the 1-day-old 5 µM condition. A total of 62 autophagic vacuoles were
counted in 6 axons for the 1-day-old 10 µM condition. A total of 38 autophagic vacuoles were
counted in 2 axons for the 7-day-old 5 µM condition. And a total of 26 autophagic vacuoles were
counted in 1 axon for the 7-day-old 10 µM condition.

Results:
Fig. 1 shows a smaller amount of autophagic vacuoles when compared to the cells treated
with tetrandrine, as typical for the control groups. The autophagic vacuoles are clearly visible, as
indicated by the arrows. Fig. 2 shows a comparison in autophagy between the 5 µM 1-day-old
and the 5 µM 1-week-old conditions. A higher rate of autophagy can be seen in the 7-day-old
condition, characterized by a larger amount of autophagic vacuoles present. Fig. 3 shows a
comparison in autophagy between the 10 µM 1-day-old and the 10 µM 7-day-old conditions. A
higher rate of autophagy can be seen in the 7-day-old condition, characterized by a larger amount
of autophagic vacuoles present. Fig. 4 shows that the tetrandrine appeared to increase autophagy
in the 1-day-old neurons when compared to the control, as seen by a larger number of autophagic
vacuoles per 1µm in both experimental conditions. The tetrandrine also appeared to increase
autophagy in the 7-day-old neurons when compared to the control, as seen by a larger number of
autophagic vacuoles per 1 µm in both experimental conditions. The 7-day-old neurons
experienced a larger increase in autophagy in both the 5 µM and 10 µM conditions when
compared to the 1-day-old neurons.
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Figure 1: Phase-contrast image of 7-day-old control treated with DMSO (left) and 1-dayold control treated with DMSO (right) at 40x magnification. The black arrows indicate an
example of autophagy. The circular structures protruding from the axons are autophagic
vacuoles. The scale bar located at the bottom right of the second image is 10 µm in length.
Images were taken in collaboration with Jordan Bauer.

Figure 2: Phase contrast images of 5 µM 7-day-old cell (left) and the 5 µM 1-day-old cell
(right) taken at 40x magnification. Both cells were treated with a 5 µM concentration of
tetrandrine for 2 hours. Black arrows indicate autophagic vacuoles that are present in the axon.
Notice that there seems to be more autophagic vacuoles present in the 7-day-old condition in
either axon. The scale bar located at the bottom right of the second image is 10 µm in length.
Images were taken in collaboration with Jordan Bauer.
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Figure 3: Phase contrast images of 10 µM 7-day-old cell (left) and the 10 µM 1-day-old cell
(right) taken at 40x magnification. Both cells were treated with a 10 µM concentration of
tetrandrine for 2 hours. Black arrows indicate autophagic vacuoles that are present in the axon.
Notice that there seems to be more autophagic vacuoles present in the one axon of the 7-day-old
condition than in the 1-day-old condition. The scale bar located at the bottom right of the second
image is 10 µm in length. Images were taken in collaboration with Jordan Bauer.

Figure 4: Compares the average number of autophagic vacuoles per 1 µm in the 1-day-old
control, 7-day-old control, 1-day-old 5 µM, 7-day-old 5 µM, 1-day-old 10 µM, and the 7day-old 10 µM condition. Indicates that tetrandrine appeared to increase autophagy, specifically
in the 7-day-old cells. Data were compiled from 31 autophagic vacuoles in 3 axons in the 1-dayold control, 60 autophagic vacuoles in 6 axons in the 7-day-old control, 63 autophagic vacuoles
in 6 axons in the 1-day-old 5 µM condition, 38 autophagic vacuoles in 2 axons in the 7-day-old 5
µM condition, 62 autophagic vacuoles in 6 axons in the 1-day-old 10 µM condition, and 26
autophagic vacuoles in 1 axon in the 7-day-old 10 µM condition.
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Discussion:
It was hypothesized that if both young (1-day-old) and old (7-day-old) Gallus gallus
sympathetic neurons are exposed to tetrandrine, an autophagy agonist, then the younger neurons
will have an increased rate of autophagy when compared to the older neurons, quantified by
counting the number of autophagic vacuoles present in the axons. Based on the results the
hypothesis was refuted. The tetrandrine appeared to increase autophagy, as described in previous
literature, in both the young and old neurons, but it did not cause a higher rate of autophagy in
the young neurons, but rather in the older neurons, which was contrary to what was
hypothesized. This increase in the number of autophagic vacuoles per micron in the older
neurons may have been due to the possibility that the older neurons were undergoing a larger
amount of stress, and therefore autophagic activity was increased to maintain cellular
homeostasis. When a cell is stressed, autophagy is induced, especially under starvation, cells
degrade proteins and lipids through autophagy to maintain energy homeostasis (Jin, Klionsky,
2014). Autophagy normally occurs at a consistent basal level, but is upregulated in the presence
of starvation, hypoxia, or infection (Jin, Klionsky, 2014). If the older neurons were undergoing
any type of stress, such as starvation, this could have contributed to the higher rate of autophagic
activity. The age of the neurons may play a key role in autophagic activity. Based on previous
literature, the results of this preliminary study could support the theory that Alzheimer’s disease
may be related to the decreased rate of autophagy (Nixon et al., 2011). The age of the neurons
may have played a key role in the rate of autophagy, which could explain the eventual
development of Alzheimer’s disease. In older cells, accumulated damage decreases the health of
the cell (DiLoreto, Murphy, 2015). This is specifically seen in Alzheimer’s disease with the
accumulation of the amyloid beta protein (Schmechel, 1993). The accumulation of cellular parts
can cause a deficiency in autophagic clearing mechanisms and in turn cause long term
neurodegenerative effects (DiLoreto, Murphy, 2015).
A limitation to this study was that autophagic vacuoles could not be distinguished with
100% confidence, some of the vacuoles that were counted may have been mitochondria,
lysosomes, or endosomes. This limitation was the same for both the experimental and control
conditions, and therefore introduces no bias to this study. A previous experiment used the
fluorescent dye RFP-LC3 to identify autophagic vacuoles (Bain, Heidenreich, 2009). RFP-LC3
can identify early and late autophagic vacuoles, before they fuse with a lysosome (Bain,
Heidenreich, 2009). If a fluorescent dye was used to identify autophagic vacuoles I would have
felt more confident when identifying the vacuoles and the results would have led to more
specific answers.
To further this experiment, it would be beneficial to test the effect of tetrandrine on glial
cells. Since glial cells are an essential part of the nervous system and are essential in maintaining
homeostasis within neurons, it is important to determine the effects of tetrandrine on these cells
as well. Glial cells have been known to facilitate the accumulation of amyloid beta plaques in the
brains of patients with Alzheimer’s disease (Nagele et al., 2004), if tetrandrine upregulates
autophagy in glial cells this could have a neuroprotective effect against neurodegenerative
diseases.
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