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Introduction 
 

Alzheimer’s disease (AD) is one of the most common neurodegenerative diseases, and 
the leading cause of dementia, with its pathology still unknown. It is believed that Aß 
aggregation into plaques is one key hallmark of AD (Hamley, 2012). Another sign of 
neurodegenerative diseases can be axonal dysfunction and degeneration (Kanaan et al., 2013), 
and thus treating axonal degeneration is one of the target for treating AD and other 
neurodegenerative diseases (Lingor et al., 2012). 

Ginkgo biloba leaves have been used in medications for centuries by traditional Chinese 
medicine (Yao et al., 2004). Ginkgo extract has been shown to have protective effect on neurons 
from degeneration (Shi et al., 2010), by inhibiting intracellular oxidative stress (Xia et al., 2014), 
and by lowering free cholesterol levels (Yao et al., 2004). EGb 761 is the standard extract from 
Ginkgo biloba leaves (Shi et al., 2010), which contains 24% flavonol glycosides, 6% terpenoids 
(ginkgolides, bilobalide), and 7% proanthocyanidins and other constituents ((Yao et al., 2004; 
Shi et al., 2010). The terpene and the flavonoid components of EGb 761 are suggested to be the 
active ingredients account for the neuroprotective properties of ginkgo leaves (Smith et al., 
1996). 

However, the therapeutic mechanism of Ginkgo biloba extract on neurons still remains 
unclear (Wan et al., 2014). In order for further acceptance of Ginkgo biloba extract for its 
neuroprotective effects in clinical usage, its mechanism which underlies its shown therapeutic 
effects should be further understood. Since axonal degeneration is one sign of neurodegenerative 
diseases and Ginkgo biloba extract has shown some unclear neuroprotective properties, this 
preliminary study looked at whether the therapeutic mechanism of ginkgo extract might be 
having facilitative effects on axonal growth in neurons. The hypothesis of this study was that 
Ginkgo biloba extract, EGb 761, will increase axonal growth of chicken embryo neurons. In this 
study, the effects of Ginkgo biloba extract were tested on chicken (gallus gallus) embryo 
neurons.  
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This study was done in collaboration with Jiali Zhu, whose study was to look at the 
effects of ginkgo biloba extract on apoptosis in Aß 25-35 treated neurons. The results of the effects 
of Ginkgo biloba extract on chicken embryo neurons served as control for Jiali, in that ginkgo 
extract EGb 761, alone, should be demonstrated to be safe to treat cell cultures and will not 
increase neuronal mortality. The results from these two studies will complement with each other 
on the effects of Ginkgo biloba extract on growth of chicken embryo neurons and Aß 25-35 treated 
neurons.  

 
 

Materials and Methods 
 
Growth Medium Preparation 
 

F-plus growth medium was prepared by Robert L. Morris for growth of cell cultures. F-
plus growth medium consisted of Leibovitz L-15, glutamine, glucose, pen/strep, FBS (Fetal 
Bovine Serum), and NGF (Nerve Growth Factor) (Morris, 2017).   
 
Primary Cell Culture Preparation 
 

Dissections and culture of Gallus gallus chick embryo neurons were performed by Dr. 
Robert L. Morris following the protocol from Primary Culture of Chick Embryonic Peripheral 
Neurons 1: DISSECTION (Morris, 2015). Dorsal root ganglia (DRGs) and sympathetic nerve 
chains were collected from 10 day old chicken embryos for primary culture preparation. After 
dissection, cells were plated with growth media and were grown in incubator at 37ºC for 48 
hours before treatment. Two dense culture of mixed glial cells and neuronal cells were used for 
this study.  

 
Ginkgo Extract Solution Preparation 
 

Tebonin EGb 761, the ginkgo extract, was purchased from Amazon (ASIN number: 
B0096R3P0A). One tablet of Tebonin EGb 761, 120 mg, was ground by using a mortar and 
pestle. The ground ginkgo extract powder was added into 10 ml of deionized water to reach a 
concentration of 12 mg/ml for the ginkgo extract stock solution. The ginkgo extract were 
dissolved by water because the organic acids in the extract contribute to its water solubility 
(Maclennan et al., 2002). The stock solution was incubated at 35ºC for 20 minutes to solubilize 
the powder, followed by centrifugation for 1 minute by Sorvall RT6000B Refrigerated 
Centrifuge. The temperature of the centrifuge was set as 25ºC. The speed was set as 2200 
revolutions per minute (RPM) to create a centrifugal force (RCF) of 1000 g. The precipitate was 
discarded. The clear supernatant was then sterile filtered. 17 µl of the stock solution were added 
into 1983 µl of growth medium to get a 100 µg/ml concentration of the ginkgo extract working 
solution.  
 
Cell Culture Treatment 
 

Control: Cells were incubated at 37ºC for 48 hours. The original growth media in the 
control cell culture was removed. 17 µl of deionized water and 1983 µl of new growth medium 
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(a total of 2 ml solution) were added into the culture, and then incubated at 37ºC for 32 hours 
before imaging. 

Experimental: The original growth media in the experimental cell cultures were removed 
before 2 ml working solution of ginkgo extract were added to reach a concentration of 100 µg/ml 
of ginkgo extract EGb 761. Then the culture was incubated at 37ºC for 32 hours before imaging. 
 
Data Collection 
 

Images of the neurons were taken by using SPOT Software program (version 4.6.1.26), 
on a Macintosh computer, and a Nikon Eclipse TS100 Inverted Compound Microscope at 10x 
magnification with transmitted light. Image analysis was done by ImageJ, which is an image 
enhancement program developed by the NIH (National Institute of Health). 
 
Data Analysis 
 

Measurements by ImageJ were in the unit of pixel. By measuring a stage micrometer at 
10x magnification, a conversion from pixel to micron (µm) can be obtained: 1.6688 pixel = 1µm. 
A scale bar of 10 µm was inserted into the images. 

Two images from each of the control and experimental cultures were analyzed. The 
widths and lengths of all the axons in the images were measured by ImageJ. Data were recorded 
and graphed by Microsoft Excel.  

Width of axons were measured by zooming in the image and measuring the distance at 
the middle of the axon from one end to the other by straight line of ImageJ. Length of axons 
were measured by zooming in the image and measure the distance from one of its edge to the 
other by using either straight, segmented, or freehand line of ImageJ. Axons were classified into 
three groups by width: thin (<2.397 µm), medium (2.397-3.895 µm), and thick (>3.895 µm).  

The lengths and widths of axons in each of the three classifications in each culture were 
averaged and were contrasted between two cultures. Thus, in the control group, one mean length 
and one mean width of all three classifications of axons were obtained. Same for the 
experimental group. 

Two charts showing the contrast of lengths and widths were made by Microsoft Excel.  
T-tests for widths and lengths of each classification of axons between control and 

experimental groups were done by Minitab Express, version 1.3.0, which is a statistic software 
for statistical and econometric analysis on Macintosh system. 

 

Results 
 

Two images of each control and experimental group were analyzed. The widths and 
lengths of all the axons in the images were measured by ImageJ.  

Neurons are mostly round shaped cells with a width about four to 100 microns (Davies, 
2002) with bright color and halo around their cell bodies in light microscopy images. Sometimes 
neurons will be pulled by axons and form oval shape. Glial cells usually have irregular tetragonal 
or triangular shapes and a less bright halo around their cell bodies. Axons are long projections 
from cell bodies and connect with either other axons, glial cells or neurons.  

Axons were classified into three groups by width: thin (<2.397 µm), medium (2.397-
3.895 µm), and thick (>3.895 µm).  
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Figure 1. Control image of Axon loop formed with neurons and glial cells. Image taken at 10x 
magnification with light microscopy. A total of 167 segments of axons in two images from control cell 
culture were measured, where 66 of the segments were classified as thin; 82 were medium; 19 were thick.  
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Figure 2. Experimental image showing various lengths and widths of axons. Image taken at 10x 
magnification with light microscopy.  A total of 189 segments of axons in two images from experimental 
cell culture were measured, where 65 of the segments were were classified as thin; 97 were medium; 27 
were thick. 
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Figure 3. Chart of Mean Length Contrast of three Classifications of Axons in both Control and 
Experimental Cultures. Note that in the experimental culture, the mean length of the thick axons was 
longer than those of other two kinds of axons; the mean length of the medium axons was longer than that 
of the tin axons. Also note that in the control culture, the mean length of medium axons was longer than 
that in the experimental culture; while the mean lengths of thin and thick axons were shorter than those in 
the experimental culture. 
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Figure 4. Chart of Mean Width Contrast of three Classifications of Axons in both Control and 
Experimental Cultures. Note that for all three classifications of axons, the mean widths of the 
experimental culture were larger than those in the control culture, suggesting that there were more axonal 
aggregation in the experimental culture with ginkgo extract. 
 

Paired t-tests were done for widths and lengths of each classification of axons between 
control and experimental groups. With confidence interval set at 95%, p-values obtained were all 
above 0.05, which means that the differences between the widths and lengths of either 
classification of axons between control and experimental groups were not significant. 

 
 

Discussion and Conclusion 

The hypothesis of this study was that Ginkgo biloba extract, EGb 761, would increase 
axonal growth of chicken embryo neurons. Due to a small sample size, the differences between 
the mean lengths and widths of three classifications of axons between control and experimental 
groups were not significant. So the hypothesis was not supported by the results. However, in the 
charts that show contrasts between the mean widths and lengths in both cell cultures, a trend of 
increase in the width and length of neuronal axons after the treatment of Ginkgo biloba extract, 
EGb 761, can be seen. The results showing that the width and length of axons in the 
experimental group were slightly increased, suggests more axonal growth in the culture with the 
addition of Ginkgo biloba extract.  

Synaptic vulnerability, related to axonal degeneration, is shown together with cognitive 
dysfunctions (Wishart et al., 2006). Neuroprotective effects can help preserve or facilitate axonal 
and synaptic functions and growth. So even though the cellular and molecular mechanisms of the 
suggested therapeutic effects of ginkgo extracts are still not understood (Yao et al., 2004), the 
results from this study may suggest a possible way of how ginkgo can possibly increase 
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cognitive functions by facilitating axonal growth. To refine this experiment, different doses of 
Ginkgo biloba extract should be tested on the cultures to obtain a safe and effective dosage range 
of medical use of EGb 761, because previous researches has suggested that within a certain range 
of dosage, EGb 761 shows protective effects within a certain range of dosage, and an excessively 
high dosage will may aggravate cellular oxidative damage and apoptosis (Shi et al., 2010).  

In this study, the effects of Ginkgo biloba extract were only studied in young and healthy 
cell cultures. In future experiments, researchers can test on the effects of Ginkgo biloba extract 
on neurons which are aged or are under the early process of apoptosis, to see if ginkgo extract 
can restore axonal elongation and aggregation or can prevent axons from further degeneration 
and mortality. 

The topic of the effects of Ginkgo biloba extract on neuronal growth is worth researching 
on, due to small number of scientific researches are about the cellular and molecular mechanisms 
that might help explain the suggested neurotherapeutic effects of Ginkgo biloba extract 
(Maclennan et al., 2002). There have been inconsistent and limited data suggesting that Ginkgo 
biloba extract helps slowing down cognitive decline associated with different types of dementia, 
including AD related dementia (Maclennan et al., 2002). If further researches can emphasize on 
the neuroprotective effects of Ginkgo biloba extract, possible progress in the design of an 
effective treatment for neurodegenerative diseases might be made. 
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