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Abstract
● AIM: To determine the impact of age on the morphology 
of endothelial cells and central corneal thickness (CCT) in 
Chinese tree shrew.
● METHODS: One-hundred and twenty eyes of 60 healthy 
Chinese tree shrews were studied. Based on age, the 
tree shrews were divided into four groups. After general 
anesthesia, the images of endothelium were acquired 
using non-contact specular microscope Topcon 3000P. 
Eight parameters of corneal endothelial cells were 
measured by built-in software, including CCT, endothelial 
cell density (ECD), percent hexagonality (HG%), coefficient 
of variability (CV), size of minimal cell (Smin), size of 
maximal cell (Smax), average cells size (Savg) and size 
standard deviation (Ssd). Data were analyzed using STATA 
software. The differences of eight parameters among 
groups and correlations with age were analyzed.

● RESULTS: In all studied animals, the average CCT was 
249.6±20.29 μm (202-301 μm), ECD was 3080.72± 
460.76 cells/mm2 (1239.6-4047.6 cells/mm2) and CV was 
29.10±7.60 (13.6-54.6). CV was significantly different 
among different groups (P<0.001). Strong correlation with 
age was found in ECD, Smax, Savg, Ssd and CV. 
● CONCLUSION: Cornea of Chinese tree shrews had half 
CCT of human cornea and similar ECD, CV and size of 
corneal endothelial cells. Young adult tree shrews had 
higher ECD, HG% and low CV. ECD, Smax, Savg, Ssd and 
CV correlated with age significantly.
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INTRODUCTION

C hinese tree shrews (Tupaia belangeri chinensis) have 
been used in researches of different diseases since 

1980s’, including hepatitis, liver cancers, fatty liver diseases, 
systemic lupus erythematosus (SLE), diabetes, myopia, etc[1-3]. 
Some studies on tree shrew ocular anatomy were performed, 
such as the changes in the diameters of scelral collagen fibrils 
in myopic tree shrews, the ultrastructure of the lamina cribosa 
of the tree shrew and ultrastructure of the tree shrew cornea[4-6]. 
Almubrad et al[6] found that the tree shrew cornea consists of 
5 layers: the epithelium, Bowman’s layer, stroma, Descemet’s 
membrane and endothelium, which is very similar to the 
normal human cornea. The ultrastructure evaluation only could 
be performed ex vivo. In vivo evaluation of cornea is important 
for researches. It is well known that corneal endothelial cells 
are critical for maintenance of corneal clarity. In human eyes, 
corneal endothelial cells lack of proliferation capacity, thus 
corneal endothelial cells experience aging changes[7]. The 
edema will present in cornea once loss of corneal endothelial 
cells is severe. Non-contact specular microscopy has been 
widely used to measure morphology of corneal endothelial 
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cells in human eyes clinically[8-9]. To the best of our knowledge, 
this is the first paper to describe the in vivo measurement of 
corneal endothelial cells of the tree shrew. This study is aimed 
to understand the characteristics and age-related changes of 
corneal endothelial cells in Chinese tree shrew using non-
contact specular microscopy.
MATERIALS AND METHODS
Animals  Sixty healthy Chinese tree shrews were provided 
from the Center of Tree Shrew Germplasm Resources, Institute 
of Medical Biology, Chinese Academy of Medical Sciences, 
Peking Union Medical College (Kunming, China). Tree shrews 
were divided as the following four groups according to the age. 
The gender ratio was 1:1. Group 1 (G1): 30 eyes of 15 infant 
tree shrews, which were aged less than 7mo; Group 2 (G2): 
30 eyes of 15 young tree shrews, which were aged 8-12mo; 
Group 3 (G3): 30 eyes of 15 middle age tree shrews, which 
were aged 24-36mo; Group 4 (G4): 30 eyes of 15 senile tree 
shrews, which were aged 48-60mo. 
All the tree shrews in this study were housed and treated 
according to the ARVO Statement for the Use of Animals in 
Ophthalmic and Vision Research. The experimental procedures 
were approved by the Ethical Committee for Animal Research 
in the 4th Affiliated Hospital of Kunming Medical University. 
A comprehensive examination, including slit-lamp and 
indirect ophthalmoscopy was performed to rule out any ocular 
pathological changes. 
Image Acquisition  The animals were anesthetized with 
intrapertoneal injections of ketamine (40 mg/kg body weight; 
Zhenhua Pharma, China). The animals were held by an assistant 
to keep eyes in front of the lens of specular microscopy 
(Figure 1). Endothelial cell measurements were performed 
using Topcon SP3000P (Topcon Corporation, Tokyo, Japan). 
Auto-focusing and manual cell selection was applied in the 
examination. At least five images were taken on each eye and 
three of them with good quality were chosen for measurement 
of parameters. The eight parameters of endothelium layer 
were analyzed by the built-in software, including endothelial 
cell density (ECD), percent hexagonality (HG%), coefficient 
of variability (CV), central corneal thickness (CCT), size of 

minimal cell (Smin), size of maximal cell (Smax), average 
cells size (Savg), size standard deviation (Ssd). The image 
acquisitions in all tree shrew eyes were performed by the same 
experienced technician.
Statistical Analysis  Data analysis was conducted using 
STATA software 13.0. A value of P<0.05 was considered as 
statistically significant. ANOVA and Kruskal-Wallis test were 
used to compare the eight parameters of endothelial cells 
among different study groups. Correlation of parameters with 
age was analyzed by curvilinear regression.
RESULTS
Under specular microscope, the corneal endothelial cells of 
tree shrew presented as regular aligned, tightly connected 
hexagonality. As shown in Figure 2, the appearance of corneal 
endothelium in tree shrews was very similar as it in human 
eyes we acquired clinically.
The measurements of all parameters in all studied eyes were 
shown in Table 1. And the parameters of corneal endothelium 
in different age groups of tree shrew were shown in Table 2 
and Figure 3. The ranges of the eight parameters in 4 groups 
were demonstrated in Figure 2. CCT was highest in middle age 
tree shrew (G3). ECD was highest in young tree shrew (G2) 
and lowest in infant tree shrew (G1). CV in infant (G1) and 
senile groups (G4) were slightly higher than that in young and 
adult groups. HG% was around 60% in all age groups. 

Figure 1 Examination using the specular microscope.

Figure 2 Images of corneal endothelium captured by SP3000P  A: 
Corneal endothelium in healthy human eye; B: Corneal endothelium 
in healthy tree shrew eye.



1800

ANOVA test indicated that CV was significantly different 
among different groups. Pairwise comparison of CV was 
performed with Bonferroni method. Statistically significant 
differences existed in G1/G2 (P<0.0001) and G1/G3 (P< 
0.0001). Kruskal-Wallis test was used in CCT, ECD, Smax 

and Savg. As shown in Table 3, Savg, Smax and Ssd had the 
significant reducing trend with age increased.
The results of curvilinear regression analysis was shown in 
Table 4. ECD, Smax, Savg, Ssd and CV were significantly 
related with age. No significant correlation was found in 

Table 1 Parameters of corneal endothelium

Parameters Range Mean

Counted cells (cells) 201-315 251±37

CCT (μm) 202-301 249.6±20.2

ECD (cells/mm2) 1239.6-4047.6 3080.72±460.76

HG (%) 33-100 64.07±19.81

Smin (S/μm2) 117.7-183.95 (range interquartile) 151.2 (median)

Smax (S/μm2) 238.9-1714.4 619.94±195.63

Savg (S/μm2) 247.1-806.7 334.26±72.68

Ssd (S/μm2) 72.9-109.7 (range interquartile) 91.8 (median)

CV 13.6-54.6 29.10±7.60

CCT: Central corneal thickness; ECD: Endothelial cell density; HG: Hexagonality; Smin: Size of 
minimal cell; Smax: Size of maximal cell; Savg: Average cells size; Ssd: Size standard deviation; 
CV: Coefficient of variability. 

Table 2 Parameters of corneal endothelium in different age groups of tree shrew

Parameters G1 G2 G3 G4 Hc/F P 

CCT (μm) 253.9±16.81 234.8±12.92 263.1±22.09 246.6±17.55 28.52 0.0001

ECD (cells/mm2) 2724.05±547.14 3467.31±234.80 3167.51±280.30 2964.01±360.55 49.164 0.0001

Smin (S/μm2) 155.9 (119.7,212.3) 139.95 (102.5,174.3) 150.65 (128.3,183.4) 160.6 (105.1,182.1) 3.895 0.273

Smax (S/μm2) 770.60±250.11 532.74±99.32 548.58±141.63 627.82±167.01 28.877 0.0001

Savg (S/μm2) 388.63±115.27 289.68±19.45 319.56±28.44 339.19±42.85 47.845 0.0001

Ssd(S/μm2) 121.6 (100.5,142.1) 74.4 (65.2,84.8) 77.0 (67.3,92.6) 101.5 (88.1,112.8) 43.571 0.0001

CV 34.25±8.27 25.81±5.56 25.84±6.56 30.49±6.55 10.76 0

HG% 61.8±22.26 68.53±18.92 64.3±18.92 61.63±19.14 0.79 0.5033

Counted cells (n) 262±45 257±39 249±48 253±31 0.54 0.65268

CCT: Central corneal thickness; ECD: Endothelial cell density; HG: Hexagonality; Smin: Size of minimal cell; Smax: Size of maximal cell; 
Savg: Average cells size; Ssd: Size standard deviation; CV: Coefficient of variability. 

Figure 3 Eight parameters in different study groups  A: Size standard deviation; B: Central corneal thickness; C: Endothelial cell density; D: 
Coefficient of variability; E: Hexagonality; F: Average cells size; G: Size of maximal cell; H: Size of minimal cell.
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other parameters. The relationships between age and different 
parameters were shown in Figure 4. ECD was lowest in 
infant and reached summit in young age, then decreased with 
age. Smax, Savg, Ssd and CV showed reverse trend. These 
parameters were lowest in young age and higher in infant and 
senile group.
Young adult tree shrews had smaller endothelial cell size, 
higher ECD, higher percentage of HG and low CV, while 
infant and senile tree shrews had lower ECD, HG% and high CV. 
DISCUSSION
Fan et al[10] revealed that the tree shrew is a close relative of 
primates in terms of revolution, through genome sequencing 
of the Chinese tree shrew and comparison with 14 species 
of animals. The tree shrews have been used in researches 
of multiple systemic diseases, including hepatitis B and C, 
lung cancer, social psychological stress and SLE, etc[1,3,11]. 
Visual system of the tree shrew is binocular cone-dominanted 

which lies between primitive monocular, rod-dominated 
mice and monkeys with well-developed visual system[12-15]. 
Because of the relatively advanced visual system, the tree 
shrews have also been used to study myopia[16-18]. Almubrad 
et al[6] found that the cornea of tree shrews has the following 
aspects which are similar to as normal human cornea: 1) five 

layers structures: the epithelium, Bowman’s layer, stroma, 
Descemet’s membrane and endothelium; 2) the proportion 
of different layers in corneal thickness; 3) lack a non-banded 
zone in Descemet’s membrane; 4) collagen fibril diameter. The 
corneal thickness of tree shrews was 320.96±2.95 µm, which 
was about half of the human corneal thickness. Chinese tree 
shrew (Tupaia belangeri chinensis), a squirrel-like and rat-
sized mammal, distributes widely in Southeast Asia, South 
and Southwest China. It has a short reproductive cycle (6wk) 
and life span (6-8y)[19-20]. In recent years, the artificial breeding 
populations of Chinese tree shrew have been established with 
strict quality control. Control of microbiology and parasites in 
the artificial breeding populations of Chinese tree shrews used 
in our study meets the criterion of conventional laboratory 
animals. 
In recent years,  confocal microscopy and specular 
microscopy have been applied for corneal measurements in 
vivo[20-21]. Confocal microscopy can obtain excellent image 
of all corneal layers both in human eyes and animal eyes, 
however it carries the disadvantages of contact instruments, 
for instance causing irritation or discomfort to the patients/
animals, abrasion of corneal epithelium, corneal edema, 
etc[21-22]. As a non-contact instrument, specular microscopy 
has been recognized as an easy-to-use, reliable tool in 
measurements of corneal endothlium in human eyes. Main 
applications of specular microscopy are to assess the health 
status of cornea, track the pathological changes of corneal 
endothelium and outcomes of interventions[23-25]. In corneal 
evaluation, the CCT, ECD and the CV of cell area are most 
important parameters[26]. These parameters indicate the health 
status of cornea and corneal endothelial morphology. In 
many ocular pathology, these parameters could be affected, 
for example endothelial decompensation, glaucoma, uveitis 

Figure 4 The curvilinear regression with age in different parameters  A: Average cells size; B: Size standard deviation; C: Size of maximal 
cell; D: Endothelial cell density; E: Coefficient of variability.

Table 3 The logistic regression of Smax, Savg and Ssd 

Regression Smax Savg Ssd
Regression coefficient -41.251 -11.852 -8.7202

Standard error -15.58 -5.858 -3.785
Constant Regression coefficient 723.11 363.91 121.71

Standard error -42.68 -16.04 -10.37
Observations 120 120 120
R-squared (R2) 0.056 0.033 0.043

1P<0.01; 2P<0.05.
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etc. It has been proved that a low CV value predicts a normal 
healthy endothelium[13]. Various specular microscopes were 
used clinically including Topcon SP-series, Konan Robo SP 
series, Rhine-Tec, etc. Topcon SP3000P is one of the widely 
used specular microscopes in clinical work, which has been 
proven that SP3000P is accurate with good reliability and 
repeatability[24,27-29]. It has auto-alignment function to capture 
clear image of specular reflected light from the corneal 
endothelium with high maginification and built-in software 
to analyze important parameters of corneal endothelial cells. 
Abib et al[30] found that sample size was strongly related to 
the sample errors in 6 different types of corneal specular 
microscopy, including BioOptics, CSO, Konan, Tomey EM-
3000 and Topcon SP-2000P and SP-3000P. To increase the 
reliability and reproducibility, more cells should be included 
in the endothelial sample size. The customized sample size 
calculated by the Cells Analyzer to Topcon SP-3000P was 
223±78 cells[31]. In order to minimize the sample errors, this 
study used 3 different images to obtain sufficient sample size for 
parameter analysis. This study focused on the measurements 
of endothelial cells in tree shrews and the age-related changes. 
To avoid the inter-observer variation, all the image acquisitions 
were performed by the same experienced technician. The 
average CCT of healthy tree shrew eyes was 249.6±20.29 μm; 
ECD was 3080.72±460.76 cells/mm2; HG% was 64.07±19.81 
and CV was 29.10±7.60. Comparative studies suggested that 
differences existed in measurements of corneal endothelium 
from various non-contact specular microscopes[24-28,30-31]. To 

improve the comparability, we compared the measurements 
of tree shrew cornea with the measurements of normal human 
cornea using Topcon SP3000P in literature (Table 5). Literature 
reported that in healthy human eyes, CCT ranged from 
518.53-563 μm; ECD ranged 2065-2998.26 cells/mm2; %HG 
ranged 55-64.91 and CV ranged 29-29.96[24,29,32-33]. Compared 
with these parameters in human eyes, the central CCT of tree 
shrew eyes was nearly half of the human eyes. Cornea of tree 
shrews had higher ECD, higher percentage of hexagonal cells 
and similar CV. This finding was consistent with findings from 
light microscopic observation[6]. 
The life of Tree shrews may be up to 8 years of age. At the 
age of 7mo, tree shrews reach sexual maturity. In four study 
groups, the infant group showed relatively low ECD with high 
CV. The cornea of young tree shrew had highest ECD, lowest 
CV with highest proportion of hexagonal cells. The senile 
group had lowest ECD, relatively high CV with low proportion 
of hexagonal cells. The corneal endothelial cells in young tree 
shrews were in very healthy status.
Researches on age-related changes in human eyes indicated 
that young people tend to have higher ECD, more endothelial 
cells and smaller, thicker corneas[33-35]. Lee et al[34] evaluated 
314 normal Korean subjects aged 19 to 82y and found ECD 
had significant negative correlation with age. Galgauskas 
et al[36] studied 211 Caucasian patients (358 eyes) aged 20 to 
89y and found a strong inverse correlation between age and 
corneal ECD and a weak inverse correlation between age 
and CCT. No correlation was found between age and CV or 

Table 4 The logistic regression analysis of parameters in corneal endothelial cells with age (curvilinear regression)

Parameters G1g_power Standard error G1g Standard error Constant Standard error Observations R-squared
CCT 0.65 -1.866 -2.61 -9.477 251.31 -10.39 120 0.002
ECD -236.71 -36.08 12251 -183.3 17921 -200.9 120 0.277
Smin -0.768 -8.98 0.683 -45.61 168.51 -50 120 0.001
Smax 79.281 -15.89 -437.61 -80.71 11191 -88.47 120 0.222
Savg 29.651 -5.98 -160.11 -30.37 512.11 -33.29 120 0.201
Ssd 21.031 -3.779 -113.91 -19.2 226.91 -21.04 120 0.243
CV 3.2701 -0.62 -17.471 -3.148 48.261 -3.451 120 0.215
HG -2.35 -1.81 11.28 -9.194 53.501 -10.08 120 0.015

1P<0.01. CCT: Central corneal thickness; ECD: Endothelial cell density; HG: Hexagonality; Smin: Size of minimal cell; Smax: Size of maximal 
cell; Savg: Average cells size; Ssd: Size standard deviation; CV: Coefficient of variability. 

Table 5 Overview of recent studies of healthy human cornea using specular microscope Topcon SP3000P

Authors Published year Sample size 
(person)

Age range 
(a)

CCT
(μm) ECD CV HG%

Gasser et al[24] 2015 34 23-82 N/A 2065±657 29±5 55

Liang et al[29] 2015
133 5-20 524.39 ±33.15 2998.26±262.65 29.89±5.03 64.91±11.64

105 5-20 523.71±32.82 2969.50±253.93 29.96±4.07 64.58±9.41

Almubrad et al[32] 2011 50 20-25 518.53±34.96 N/A N/A N/A

Galgauskas et al[33] 2013 211 20-89 540-563 2222-2931 N/A N/A

CCT: Central corneal thickness; ECD: Endothelial cell density; CV: Coefficient of variability; HG: Hexagonality. 

Corneal endothelium in healthy tree shrew



Int J Ophthalmol,    Vol. 10,   No. 12,  Dec.18,  2017         www.ijo.cn
Tel:8629-82245172     8629-82210956        Email:ijopress@163.com

1803

percentage of regular hexagonal cells.  Galgauskas 
et al[35-36] studied 19 elderly healthy eyes and 30 young healthy 
eyes, however no significant difference was found in CCT 
and average size of endothelial cells between two groups. 
Roszkowaska et al[37] measured 204 healthy subjects aged 20-
83y and found central and peripheral cell densities decreased 
with age.
Studies on cornea of C57BL/6 mice, cats, dogs, rabbits and 
chinchillas revealed ECD decreased with age with increase 
in endothelial cell area and pleomorphism, and Descemet's 
membrane thickens progressively with age[38-46]. As frequently 
used animal, corneal ECD of C57BL/6 mice decreased with 
age from 5232±892 cells/mm2 at 2wk to 2004±134 cells/mm2 
at 24wk of age[35]. In our study, we found that ECD was lowest 
in infant tree shrews and highest in young tree shrews, then 
ECD decreased with age. Smax, Savg, Ssd and CV showed 
reversed trend with age as ECD. In human eyes, ECD in infant 
was not able to be measured by specular microscopy. Thus 
the data was not available. It’s not clear whether ECD, Smax, 
Savg, Ssd and CV in human eyes had the same changing trends 
from infant to young adults. This study revealed that cornea 
of Chinese tree shrews has similar aging changes in adults as 
human and other species, and the parameters of endothelial 
cells were more close to human than other species.
There are some limitations in our study. Firstly, in comparison 
with measurements of corneal endothelial cells in human eyes, 
the data from literature were used. Differences may occur 
in measurements from different machines[30-31]. Thus, using 
of data in literature may reduce the power of comparability. 
In order to minimize the differences, data from researches 
using Topcon 3000P were used for comparison in this study. 
Furthermore, in this study only one subtype of tree shrews 
were recruited. The findings may not be able to represent CCT 
and morphology of corneal endothelium in other subspecies 
of tree shrews. Thirdly, the morphology and corneal thickness 
of periphery cornea were not studied. The size of Chinese tree 
shrews’ cornea is 8 mm in horizontal and 7 mm in vertical 
diameter. The range of image acquired in Topcon SP3000P is 
0.25×0.5 mm. Even though the head of examinations used in 
this study was human type, it is still difficult to get the image 
of peripheral endothelial cells in Chinese tree shrew. Thus, the 
age-related changes in periphery cornea were unclear. 
In conclusion, images of corneal endothlium in tree shrews 
could be easily acquired using non-contact specular microscope 
Topcon SP3000P. Non-contact specular microscope could be 
a useful tool in measuring corneal endothelium in tree shrews. 
Cornea of Chinese tree shrews had half CCT of human cornea 
and similar ECD, CV and size of corneal endothelial cells. 
Young adult tree shrews had smaller endothelial cell size, 
higher ECD, higher percentage of HG and low CV. ECD, 

Smax, Savg, Ssd and CV correlated with age significantly. The 
age-related changes in Chinese tree shrews’ cornea are similar 
to human eyes. Thus, tree shrews might be a good model for 
studying corneal disorders.
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