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Introduction 

The nervous system is composed of two types of cells: neurons and glia. Whereas 
neurons are responsible for propagating electrical and chemical signaling along the nervous 
system, glia are critical to the functioning of neurons (Kandel et al., 2012). Myelin is the 
structure that insulates the axon to conduct action potentials (Morell & Quarles, 1999). In the 
central nervous system, myelination occurs with oligodendroglia, and in the peripheral nervous 
system (PNS), myelination occurs with the Schwann cell (SC). The myelin sheath is the 
extended plasma membrane of the SC, wrapping around the axon in a spiral fashion, forming 
multiple layers to insulate the axon, as well as nodes of Ranvier for saltatory conduction (Morell 
& Quarles). This allows the cell to propagate electrical and chemical signaling.  

The source of energy for SC myelination is ATP, the result of cellular respiration by the 
mitochondria. Therefore, mitochondrial activity is a limiting ingredient of myelination (Ino et al., 
2015). By analyzing the relationship between myelin and mitochondria, insight can be yielded on 
the extent that the two influence each other in cellular function. Previous research has illustrated 
how SC mitochondrial dysfunction is contributes to human peripheral neuropathies. Mouse 
models with tissue-specific deletion of mitochondrial transcription factor, essential for 
mitochondrial DNA transcription and maintenance, developed a progressive neuropathological 
disease characterized by nerve conduction abnormalities and hypomyelination in the PNS 
(Viader et al., 2011). Furthermore, disorders of hypomyelination is one of the main 
characteristics of undiagnosed genetic leukoencephalopathies (Barkovich & Deon, 2016) 
Pelizaeus-Merzbacher disease is caused by mutations of the PLP1 gene, which encodes one of 
the main structural protein of myelin, proteolipid protein. Symptoms of this disease include 
dystonia, a state of abnormal muscle tone resulting in spasms and irregular posture (Barkovich & 
Deon). Due to the similarity in symptoms between Pelizaeus-Merzbacher disease and the 
knockout mice in the Viader et al. study, it is no understatement that myelination and 
mitochondrial functioning are deeply interconnected to a functioning peripheral nervous system.  

Under fluorescent light and specific wavelengths, cells exhibit autofluorescence due to 
intrinsic endogenous fluorophores, such as aromatic amino acids, lipo-pigments, pyridinic 
(NADPH) and flavin co-enzymes (Monici, 2005). The extra cellular matrix (ECM) contributes 
most to autofluorescence due to the fluorescent properties of collagen and elastin (Monici). 
Autofluorescence has unique clinical applications in diagnosis for oncology, where cancerous 
cells exhibit reduced autofluorescence due to decreased collagen, an increase in oxyhemoglobin 
and NAD(P)H (Monici).  

The goal of the current study is to observe the fluorescent properties of myelin and 
mitochondria in embryonic Gallus gallus dorsal root ganglion (DRGs) using two different 
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labeling dyes: FluoroMyelin™ (FM) (Thermo Fisher Scientific) and Rhodamine123 (Rh123) 
(Sigma Aldrich). FM is a water-soluble dye that labels the plasma membrane of the glia cell in 
red fluorescent light (Monsma & Brown, 2012). Rh123 is a vital fluorescent dye that labels the 
mitochondria in green fluorescent light (Karpow, 2008). My hypothesis is that if myelination 
increases, so does mitochondrial activity as measured by fluorescence. Two experiments were 
performed: first to calculate the extent of autofluorescence in an unlabeled cell, and then the 
labeling of FM and Rh123 in separate cell cultures, as well as a dual-labelled cell culture with 
FM and Rh123.   

 
Methods 
Dissection 

Primary culture of chick embryonic peripheral neurons was performed according to the 
protocol outlined in Primary Culture of Chick Embryonic Peripheral Neurons provided by R. 
Morris (2019). The sympathetic chains and the DRGs of 8-day old eggs were harvested and 
placed on treated coverslips with poly-lysine and laminin. Cell cultures were treated with growth 
medium to ensure survival of cells.  
Imaging Agents 

FM was diluted from its stock solution (300x) in HBSS. 3.33μL was pipetted in 500μL of 
HBSS for a concentration of 2x. After applying the solution, the cells were incubated at 37° C 
for 20 minutes. Three washes were performed with growth medium every two minutes. Washes 
are necessary to remove excess imaging agents from the background of the cell. The protocol 
was adapted from Monsma & Brown, 2012. 

Rh123 was diluted from its stock solution in growth medium. 5μL of Rh123 was pipetted 
into 500μL of growth medium for a concentration of 1x. After applying the solution, cells were 
left to incubate at 37° C for 10 minutes. Three washes were performed with HBSS every two 
minutes. The protocol was adapted from Karpow, 2008. 
Microscope slides 

Chip chambers were assembled to image treated and untreated cells. First, coverslides 
were cleaned with RO water and a Kimwipe. Glass shards were placed in the formation for the 
treated coverslip to land on, with a drop of growth medium in the middle. Afterwards, the 
medium in the cell culture was aspirated out and the coverslip was removed with blunt forceps. 
The bottom side of the coverslip was wiped clean of medium with a Kimwipe, and the coverslip 
was placed cell side down upon the coverslide. Afterwards, VALAP was applied to the edges of 
the coverslip to seal the growth medium on the inside. The final step was to clean the coverslip 
with a drop of RO water and a Kimwipe.  
Fluorescent Microscopy 

Imaging was performed using the Nikon Eclipse E200 Phase Contrast Compound 
Microscope using Spot software (version 5.2) on an iMac computer (Scorpio) running on macOS 
(version 10.13.6). Cells were imaged at 40x magnification with Köehler illumination set to Phase 
2 contrast. For both the control and the experimental dishes, three pictures were taken of glia in 
brightfield, red fluorescent and green fluorescent light. 
Fluorescent Quantification 

Analysis was performed using ImageJ software (version 2.0.0) on a MacBook Pro 
running on macOS High Sierra (version 10.13.6). To quantify fluorescence over area, macros 
were used to ensure the same area of the cell was analyzed in different fluorescence. First, create 
a macro (Plugins à Macro à Record), then open the brightfield image and select the area of 
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interest using the polygon tool. Afterwards, save the macro in the proper file format (.ijm). Then, 
select the image to quantify, and select the following parameters (Analyze à Set 
measurements): area, integrated density, and mean grey value. Before running the macro, 
measure the background integrated density (Analyze à Measure). The background integrated 
density is the sum of the value of the pixels in the entire image. Then, run the macro (Plugins à 
Macro à Run) with the assigned image and measure the area selected and the mean grey value. 
The mean grey value is the average brightness of the pixels measured in the area.  

To account for autofluorescence, corrected cell fluorescence (CTCF) is calculated using 
the following formula: CTCF = Background Integrated Density – (Area of selected cell * Mean 
grey value). The protocol was adapted from Fitzpatrick 2014. 

 
Results 
 Over the course of two days, the following data was gathered: two control cells in 
brightfield, red fluorescent light and green fluorescent light. With the experimental groups (FM, 
RH and FM/RH), there were three cells imaged in the different light settings, giving me 33 
images to analyze. Figure 1 shows a dual-labelled cell, whereas Figure 2 and Figure 3 shows 
experimental values of the mean pixel intensity, background integrated density and corrected cell 
fluorescence (CTCF). 
 
Figure 1a      Figure 1b 

 
Figure 1c     Figure 1d 

 
Figure 1. The following images make up a single dataset of the experimental dual-labelling of 
FM/Rh123. All figures are at 40x magnification. Figure 1a is a glia cell with Phase 2 Köehler 
illumination. Figure 1b is red fluorescent light with a 10,000 ms exposure. Figure 1c is green 
fluorescent light with a 2,000ms exposure. Figure 1d is an overlay of the red fluorescence and 
green fluorescence. Notice how the two illuminate the same intracellular structure. 
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Figure 2. The following chart shows the calculated mean fluorescence of the pixels in the area of 
the cell. Notice how the dual-labelled FM/RH group has the highest mean of green fluorescent 
value and lowest mean of red fluorescent value. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 5 

Figure 3 includes the background mean integrated density of red and green fluorescence, as well 
as the corrected cell fluorescence value of red and green across the experimental groups.  
 
Discussion and Conclusion 
 Through fluorescent quantification and on a qualitative level, we were not able to observe 
the rates of myelination and mitochondrial abundance through fluorescent intensity of the 
different imaging agents. The data does not support my hypothesis that the greater the 
myelination, the greater the of mitochondria. Rather, the data illuminates the extent of 
autofluorescence with FM and Rh123. This is seen in Figure 2 with the similarities of the mean 
fluorescent values in the RH experimental group. In nearly all of the cells imaged, FM and RH 
bound to the same organelles and fluoresced at different intensities. This could be due to the 
similar wavelength that the two dyes are activated, with FM peaking at 655nm and RH peaking 
at 560nm (Monsma & Brown; Prahl, 2017).  
 Another potential limitation of the study is the extent of photobleaching in the samples. 
Photobleaching is the phenomenon by which oxygen changes the chemical structure of the 
fluorophore into a non-fluorescent molecule (Monici). This could possibly account for the 
reduced mean fluorescent value of red in the FM/RH experimental group in Figure 2. All 
experimental groups received the same concentration of FM and RH and went through three 
washes. However, the concentration for FM could have been increased due to the low 
fluorescence observed during the imaging experiments. Furthermore, there could have been 
competitive inhibition for FM in the FM/RH experimental group, which could account for the 
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highest rate of mean green value in Figure 2. In Figure 1b and 1c, FM and RH labelled the same 
organelle, the mitochondria.   
 Although separate organelles were not able to be dual-labelled, a future application of 
this technology could be a fluorophore to be used in the diagnosis of hypomyelination disorders. 
The thickness of myelination can be quantified on the level of fluorescence in exhibited by the 
cell. Furthermore, autofluorescence is already used in diagnostic technology for lung cancer, 
where spectra emission past 325nm excitation allowed the detection of pathological conditions at 
a higher rate than conventional white light bronchoscopy (Monici). Though the hypothesis of the 
study was disproved, autofluorescence, as well as the dual-labelling of cellular structures, has 
exciting clinical application in the future.  
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