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Background: The neonatal period, especially postnatal day 10 (P10), is important for mouse retinal 
ganglion cells (RGCs) development, and an effective labeling technique to track neonatal RGCs is needed. 
Retrograde fluorogold (FG) labeling is widely used for adult mouse RGCs, but its applicability for the 
neonatal mouse is still unknown. This study aimed to evaluate the safety and efficiency of retrograde FG 
labeling in P10 mice.
Methods: The anatomic location of the superior colliculus (SC) of P10 wild-type C57/BL6J mice was 
clarified by histological brain section and hematoxylin and eosin (H&E) staining. Three doses of 3% FG 
were injected into the SC of 30 mice, and 3 days post-surgery, labeling efficiency was quantified by retinal 
flat-mounts, and labeling safety was evaluated by mice mortality.
Results: Samples of brain tissue from 2–3.5 mm posterior to the bregma, and from 0.5–2.0 mm lateral to 
the midline showed major SC-related structures. The FG-positive RGC density in the 0.3 μL group was 
3,563.9±311.9 cells/mm2, significantly more than in the 0.6 μL group (1,718.6±177.1 cells/mm2) or 1.0 μL 
group (2,496.8±342.2 cells/mm2). The mortality rate was 10% in both the 0.3 and 0.6 μL groups, but 40% in 
the 1.0 μL group.
Conclusions: The appropriate labeling site in P10 mice was confirmed and 0.3 μL FG is an appropriate 
dose for retrograde labeling of RGCs.
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Introduction

The neonatal period is important for retinal development 
in the mouse, during which time many retina precursor 
cells exit from mitosis and develop into mature retinal 
neurons. For retinal ganglion cells (RGCs), specifically, 
postnatal day 10 (P10) is quite critical: it is the end stage 
of RGCs developmental culling process (1); it is the time 

when the retinal neurotransmitter gamma-aminobutyric 
acid’s immune reactivity starts to effect RGCs (2); and it 
is the beginning of the process of eliminating topographic 
targeting errors of RGCs (3). These processes indicate 
the variability of RGCs at P10 and an appropriate RGC 
labeling technique is needed for effective tracking of the 
cells.

Retrograde fluorogold (FG) labeling is a well-known 

878

Original Article

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-21-2022


Hu et al. FG labeling of RGCs in neonatal mice

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(10):878 | http://dx.doi.org/10.21037/atm-21-2022

Page 2 of 8

method of tracking adult RGCs in animal research (4-8), 
with regard to RGC development, survival and regeneration 
(9-12). FG is a widely used neuronal tracer that shows 
persistent RGC labeling. It travels from the superior 
colliculus (SC) to the RGC soma in rodents within 1 week  
and pers is ts  for  several  weeks ,  enabl ing rel iable 
quantification of RGC density (11). However, there is 
no evidence that retrograde FG labeling is applicable in 
neonatal mice, especially P10 mice.

Therefore, the present study was designed to investigate 
the applicability of retrograde FG for labeling RGCs on 
P10 mice, including the most suitable injection site and 
dose of FG.

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-2022).

Methods 

Animals and materials

All animal studies were conducted according to the 
Association for Research in Vision and Ophthalmology 
(ARVO) Statement for the care and use of animals and 
approved by the Animal Ethics Committee of Zhongshan 
Ophthalmic Center, Sun Yat-sen University. Pregnant C57/
BL6 mice were provided by the Laboratory Animal Center 
of the Sun Yat-sen University (Guangzhou, China). Mice 
were kept on a 12-h light/dark cycle with standard diet 
provided by the Laboratory Animal Center of Zhongshan 
Ophthalmic Center. All experiments were performed on 
P10 mice of either sex. Pups were returned to their dams 
after FG labeling.

FG and phosphate-buffered saline (PBS) were obtained 
from Invitrogen (Carlsbad, CA, USA). 26G and 30G 
microneedles were purchased from Becton, Dickinson and 
Company (Franklin Lakes, NJ, USA). All other materials 
were from Sigma Chemical Corporation (St. Louis, MO, 
USA), unless otherwise indicated.

Mouse brain histology

Two P10 mice were killed by overdose of an anesthesia 
cocktail (100 mg/kg ketamine + 20 mg/kg xylazine) followed 
by heart perfusion of 5 mL ice-cold PBS and finally 5 mL  
of 4% paraformaldehyde in PBS. The skin along the 
midline between ears was incised, the skull was punctured 
through the bregma toward the brain with a 30G needle to 

locate the point on the brain under the bregma. The brain 
was gently dissected free from the skull and placed dorsal 
surface up in a 35-mm petri dish on ice. Coronal plane and 
sagittal plane specimens were respectively obtained from 
three mice brains. Specifically, four coronal specimens were 
taken from 2.0 to 3.5 mm posterior to the bregma, with 
0.5 mm intervals between each, and four sagittal specimens 
were taken from 0.5 to 2.0 mm lateral to the midline, with 
0.5 mm intervals. Specimens were fixed for 48 h in 10% 
formalin at room temperature, then blocked with paraffin 
and cut into 3-μm sections, before final staining with H&E, 
as per standard protocols (13).

FG retrograde labeling

In this experiment, 30 P10 C57/BL6J mice were randomly 
divided into three groups (n=10 mice/group) and injected 
with three doses of 3% FG (0.3, 0.6, 1.0 μL/injection site). 
Random numbers were generated using the standard = 
RAND() function in Microsoft Excel. We selected a small 
sample size because FG labeling was evaluated in neonatal 
mice for the first time in the present study, and therefore, 
the initial intention was to gather basic evidence regarding 
the use of this method. Briefly, mice were anesthetized 
by intraperitoneal injection of ketamine (20 mg/kg) 
and xylazine (3 mg/kg) cocktail. The surgical area was 
disinfected with 10% povidone iodine solution followed 
by 70% alcohol. The skin along with the center line of the 
head was cut with micro scissors to expose the SC area, and 
then stereotaxic apparatus was used to accurately locate the 
injection site: 3.0 mm posterior to the bregma and 1.0 mm 
lateral to the midline. A 26G needle was used to penetrate 
the skull through the injection site, then replaced with a 
30G microneedle to inject FG to a depth of 1.5 mm. The 
needle remained in place for 2 min after injection to allow 
dye absorption. The wound was closed with a suture. 

Quantification of FG labeling efficiency 

Mice were killed with an overdose of ketamine/xylazine 
cocktail 3 days after labeling. Eyes were enucleated and 
fixed for 15 min with 4% paraformaldehyde, then the 
cornea and lens were removed using corneal scissors and 
toothed forceps. The neural retina was excised and flat-
mounted with four cuts, then placed on a microscope 
slide. Using a fluorescent microscope (Carl Zeiss AG, 
Oberkochen, Germany), images were obtained at ¼, ½ and 
¾ distance from the optic nerve on each retinal petal. FG 
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intensity was quantified by Image J software (NIH). For the 
retina fluorescence assay, all fluorescence intensities in each 
quadrant of each group of retinas was normalized to mean 
levels in the temporal quadrant of the 0.3 μL group. FG-
positive cells were counted by two individuals, and the cell 
density was calculated as cell number/area (mm2).

Statistical analysis

All data are expressed as mean ± standard error of the 
mean. Significance was assessed with Student’s t-test for 
two variable comparisons or by two-way ANOVA of 
multivariable comparisons using SPSS software (version 
13.0; SPSS, Inc., Chicago, IL, USA). All data with P<0.05 
were defined as significantly different. Data was analyzed by 
an individual with no knowledge of the groups.

Results

SC localization inP10 mice

To localize the SC in the P10 mouse, the brain structure of 
C57/BL6J mice was compared with an atlas of the mouse 
brain (14). In the coronal plane, we found that the first 
SC structure, the brachium of the SC (bsc) was 2.0 mm 
posterior to the bregma point (Figure 1A,B), whereas it is 

2.54 mm posterior to the bregma point in the adult mouse 
brain. The section taken 3 mm posterior to the bregma 
point showed a similar structure to the 3.16 mm section of 
adult mouse brain and contained many more SC-related 
structures, including the bsc，commissure of the SC (csc), 
deep gray layer of the SC (DpG), deep white layer of the 
SC (DpWh), intermediate gray layer of the SC (InG), 
intermediate white layer of the SC (InWh), optic nerve layer 
of the SC (Op), superficial gray layer of the SC (SuG) and 
the zonal layer of the SC (Zo) (Figure 1C). Fewer SC-related 
structures (bsc, DpG, DpWh, InG, InWh, Opand SuG) 
were found in the section taken 3.5 mm behind the bregma 
point (Figure 1D), comparable to3.88 mm in the adult 
mouse. In the sagittal plane, we also found the SC-related 
structures varied according to the distance from the midline: 
the section taken 0.5 mm from the midline showed the bsc, 
DpG, DpWh, InG, InWh, Op, SuG and Zo (Figure 2A,B),  
the 1.0 mm section had fewer SC-related structures (bsc, 
DpG, InG, InWh, Op, SuG) (Figure 2C), and the 2.0 mm 
section had only the bsc (Figure 2D), indicating the boundary 
of the SC in the sagittal planes. Corresponding brain 
sections of the adult mouse were 0.6, 1.08 and 2.28 mm 
lateral to the midline. These results revealed that the region, 
2–3.5 mm posterior to the bregma point and 0.5–2.0 mm  
lateral to the midline, contained the major structures of the 
SC in the P10 wild-type mouse. 

Figure 1 Localization of the superior colliculus (SC) in the coronal plane of postnatal 10 days (P10) mice. (A) Schematic of coronal plane 
sections across the SC area (yellow). (B,C,D) Hematoxylin and eosin-stained sections showing different SC structures at 2.0, 3.0 and 3.5 mm 
posterior to the bregma point (magnified details of these structures shown in 2nd row). Brachium of the SC (bsc); commissure of the SC (csc); 
deep gray layer of the SC (DpG); deep white layer of the SC (DpWh); intermediate gray layer of the SC (InG); intermediate white layer of 
the SC (InWh); optic nerve layer of the SC (Op); superficial gray layer of the SC (SuG); zonal layer of the SC (Zo). 
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Figure 2 Localization of the superior colliculus (SC) in the sagittal plane of postnatal 10 days (P10) mice. (A) Schematic of sagittal plane 
sections across the SC area (yellow). (B,C,D) Hematoxylin and eosin-stained sections showing different SC structures at 0.5, 1.0 and 2.0 mm 
lateral to the midline (magnified details of these structures shown in 2nd row). Brachium of the SC (bsc); deep gray layer of the SC (DpG); 
deep white layer of the SC (DpWh); intermediate gray layer of the SC (InG); intermediate white layer of the SC (InWh); optic nerve layer 
of the SC (Op); superficial gray layer of the SC (SuG); zonal layer of the SC (Zo).

RGC labeling efficiency

Bright FG was detectable throughout the whole retinal 
flat-mount (Figure 3), with no obvious differences 
in relative fluorescence intensity among the three 
dose groups (1.11±0.09 in 0.3 μL group, 1.36±0.09 
in 0.6 μL group and 1.43±0.10 in 1.0 μL group, all 
fluorescence intensity normalized to mean level in the 
temporal quadrant of the 0.3 μL group) (Figure 4A,B). 
Despite the similarity of fluorescence intensity among 
the groups, there was a significant difference in FG-
positive cell density: 3,563.9±311.9 cells/mm2 in the 
0.3 μL group, which was significantly more than in the 
0.6 μL group (1,718.6±177.1 cells/mm2, P<0.001) and 
1.0 μL group (2,496.8±342.2 cells/mm2, P<0.05); no 
significant difference was found between the 0.6 and 1.0 μL  
groups (Figure 4C). Interestingly, we found a distinctive 
distribution of FG-positive RGCs across the retina: within 
¼ distance from the optic nerve converged the highest 
density of RGCs (3,946.9±253.0 cells/mm2 in the 0.3 μL 
group, 1,488.0±102.2 cells/mm2 in the 0.6 μL group and 
2,475.5±397.1 cells/mm2 in the 1.0 μL group), with the 
density gradually reducing from ½ to ¾ the distance from 
the optic nerve (Figures 3,4D). This distribution model 
was consistent in the three groups, though no statistical 

difference was found. As for dose-related effect on the 
distributions described, the low-dose group (0.3 μL) still 
presented the highest FG-positive RGC density in all 
distributions (Figure 4D) compared with other two groups.

Mice mortality

As shown in Table 1, in the 0.3 and 0.6 μL groups, 1 out 
of 10 mice died 24 h after recovering from anesthesia. In 
the 1.0 μL group, the mortality rate was 40%. All deaths 
occurred between 24 and 48 h post-surgery. 

Discussion

Since its introduction in 1986, FG has been widely used to 
label RGCs in different animals, but especially the mouse, as 
the most applicable model for studying RGC development, 
degeneration and regeneration (15-17). Most of the previous 
studies focused on the adult mouse, whose RGCs have 
matured thus making them less preferable for development 
studies (17) than neonatal mice. P10 is considered as one 
of the key points for RGCs fate orientation. However, it is 
hard to retrogradely track RGCs in P10 mice, given the lack 
of anatomic evidence of the SC region in neonatal mice (18).  
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Figure 3 Comparison of fluorogold (FG) labeling efficiency in three dosing groups. Low-magnification fluorescence images of FG 
intensity in whole-retina flat-mounts (1st row). Scale bar: 500 μm. High-magnification fluorescence images of FG-positive cell density and 
distribution at ¼ distance from the optic nerve (2nd row), ½ distance from the optic nerve (3rd row) and ¾ distance from the optic nerve (4th 
row). Scale bar: 50 μm.

By analyzing the anatomy of the P10 mice brain, we 
identified the appropriate injection site; that is, 2–3.5 mm 
posterior to the bregma point, and 0.5–2.0 mm lateral to 

the midline. The location is distinctive from the adult SC 
region, which ranges from 2.54–3.88 mm posterior to the 
bregma point to 0.6–2.28 mm lateral to the midline.
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Figure 4 Imaging region, relative retinal fluorescence intensity and FG-labeled cell density in three dosing groups. (A) Schematic of imaging 
region at ¼, ½ and ¾ distance from the optic nerve. (B) Quantification of relative retinal fluorescence intensity (all fluorescence intensity was 
normalized to mean level in the temporal quadrant of the 0.3 μL group (n=18 in 0.3 and 0.6 μL groups, n=12 in 1.0 μL group). (C) Statistical 
analysis of FG-positive RGC density in 0.3, 0.6 and 1.0 μL groups (n=216 in 0.3 and 0.6 μL groups, n=144 in 1.0 μL group). *P<0.05, 
***P<0.001 vs. 0.3 μL group. (D) Comparison of FG-positive RGC density at different distribution sites (n=72 corresponding regions in 0.3 and 
0.6 μL groups, n=48 in 1.0 μL group). Data are presented as mean ± standard error of the mean. FG, fluorogold; RGC, retinal ganglion cell.

Successful RGC labeling has two critical elements: the 
efficiency of RGC labeling and the safety for recipients. 
Compared with other fluorescent dyes, FG has been 
demonstrated to be a good retrograde axonal tracer with 
the properties of intense fluorescence, extensive filling of 
dendrites, high resistance to fading and no diffusion from 
labeled cells (11,15). In addition, distinctive from other 
dyes, it has wide duration of action and compatibility 
with all other tested neurohistochemical techniques (15). 
Another factor in effective and safe labeling is the dose 

of dye, apart from its natural characteristics. Individual 
dosing according to animal species is needed; for instance, 
5.0 μL FG is used for labeling adult rat RGCs (10), 
whereas 1.0 μL FG is preferable in the adult mouse (19). 
We compared RGC labeling efficiency in P10 mice by 
injecting three doses of FG, and found that 0.3 μL was the 
most effective. Compared with the 0.6 and 1.0 μL groups, 
the density of FG-positive RGCs in the 0.3 μL group was 
3,563.9±311.9 cells/mm2, comparable to that in adult mice 
(3,230±157 cells/mm2) (19,20). Note that the number 
is slightly more than in adult mice, which is reasonable 
considering the elimination of incorrectly projected RGCs 
after P10 (3). The finding is interesting because high-
dose FG is theoretically supposed to label more RGCs 
than low-dose FG; conversely, we found that the lowest 
dose (0.3 μL) could trace the highest number of RGCs. 
This may be attributed to low efflux from the pretectum 
when reducing the injected dye volume. Further studies 
regarding fluorescent molecular transportation in the 
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Table 1 Mortality in the three fluorogold dosing groups of P10 mice

Dose (μL) Injected mice (n) Dead mice (n) Mortality (%)

0.3 10 1 10

0.6 10 1 10

1.0 10 4 40

P10, postnatal day 10.
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visual pathway are needed to understand the exact 
mechanism of the different performance among the three 
doses.

Given the varying distribution of RGCs across the 
retina in rodents (21-24), we further evaluated if FG 
labeling could reveal the comparable RGCs distribution 
in P10 mice. RGC density of three regions ranging from 
the central to the peripheral retina was compared in the 
three FG dose groups. A gradual reduction in RGC density 
from the center to the periphery was observed in all three 
groups, and again, the 0.3 μL group showed the highest 
RGC density from the center to the peripheral retina. This 
central-peripheral gradient pattern was consistent with that 
in the rodent retina.

Although injecting FG into the hippocampus, dorsal 
raphe nucleus, amygdala, and mediodorsal thalamic nucleus 
of rats has confirmed that it is non-neurotoxic (25-27), 
in comparison with adult mice, neonatal mice are more 
sensitive to chemicals (e.g., FG) and physical stress (e.g., 
trauma, intracranial pressure change). The mortality rate 
of the mice in this study is considered to be related to the 
FG dosage rather than the anesthesia for three reasons: (I). 
ketamine (20 mg/kg)/xylazine (3 mg/kg) anesthesia is safe in 
neonatal mice (28); (II) all the neonatal mice recovered well 
from anesthesia within 1 h post-surgery without abnormal 
behaviors, whereas deaths of mice occurred 24 h post-
surgery; (III) the high-dose FG group suffered significant 
higher mortality than the low-dose groups. The increased 
mortality in the high-dose FG group may have resulted from 
increased intracranial pressure caused by high volume of FG 
injected into the brain. It was also noticed that one mouse 
died in the 0.3 μL group, so lower doses of FG (0.1 μL,  
0.2 μL) were adopted to reduce modality, but they 
showed much lower fluorescence intensity and density 
(data not shown) on retinal flat-mounts, indicating poor 
labeling effectiveness. Accordingly, 0.3 μL FG could be an 
appropriate dose to balance efficiency and safety. 

In conclusion, the appropriate site for retrograde RGC 
labeling in P10 mice is the region located 2–3.5 mm 
posterior to the bregma point toward 0.5–2.0 mm lateral of 
the midline, and 0.3 μL FG is an appropriate dose for a safe 
and effective technique of tracing RGC development in the 
neonatal mouse. 
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