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Species Differences in the Geometry of the Anterior
Segment Differentially Affect Anterior Chamber

Cell Scoring Systems in Laboratory Animals

Sara M. Thomasy,1,2 J. Seth Eaton,1,2 Matthew J. Timberlake,3 Paul E. Miller,2,4

Steven Matsumoto,5 and Christopher J. Murphy1,2,6

Abstract

Purpose: To determine the impact of anterior segment geometry on ocular scoring systems quantifying anterior
chamber (AC) cells in humans and 7 common laboratory species.
Methods: Using normative anterior segment dimensions and novel geometric formulae, ocular section volumes
measured by 3 scoring systems; Standardization of Uveitis Nomenclature (SUN), Ocular Services On Demand
(OSOD), and OSOD–modified SUN were calculated for each species, respectively. Calculated volumes were
applied to each system’s AC cell scoring scheme to determine comparative cell density (cells/mm3). Cell
density values for all laboratory species were normalized to human values and conversion factors derived to
create modified scoring schemes, facilitating interspecies comparison with each system, respectively.
Results: Differences in anterior segment geometry resulted in marked differences in optical section volume
measured. Volumes were smaller in rodents than dogs and cats, but represented a comparatively larger per-
centage of AC volume. AC cell density (cells/mm3) varied between species. Using the SUN and OSOD–modified
SUN systems, values in the pig, dog, and cat underestimated human values; values in rodents overestimated
human values. Modified normalized scoring systems presented here account for species-related anterior segment
geometry and facilitate both intra- and interspecies analysis, as well as translational comparison.
Conclusions: Employment of modified AC cell scoring systems that account for species-specific differences in
anterior segment anatomy would harmonize findings across species and may be more predictive for determining
ocular toxicological consequences in ocular drug and device development programs.

Introduction

B iomicroscopic observation of anterior chamber

(AC) cell is a common diagnostic feature of anterior
segment inflammation in humans and laboratory species.1–7

Furthermore, slit lamp-facilitated scoring of AC cell permits
clinicians and investigators to characterize patterns of in-
flammation, assess severity, and to longitudinally monitor
disease progression and response to therapy. Accuracy and
precision of such scoring schemes, however, are likely to be
influenced by a number of factors, including the semi-
quantitative grades for AC cell count, as well as slit lamp
parameters such as beam height and width, angle of illu-
mination, light intensity, and magnification.

The Standardization of the Uveitis Nomenclature (SUN)
system is the most widely utilized system for scoring AC
cell in physician-based ophthalmology, adapted from crite-
ria developed by the International Uveitis Study Group.1

The slit lamp technique for SUN scoring is simple to per-
form, using a table-mounted slit lamp with 25· magnifica-
tion and an optical section measuring 1-mm height ·1-mm
width.1 By establishing a scoring standard and specifications
for slit lamp settings, the SUN system enhances the com-
parability of clinical data between individuals and across
databases and may provide a more comprehensive under-
standing of uveitic disease in human patients.

The SUN system and other slit lamp-based scoring systems
have become standards for preclinical ocular drug/device
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safety programs8 and are used to evaluate the AC cell in
laboratory species.2,9,10 Between species and even among
different strains, a varied spectrum of ocular inflammatory
responses may be observed in response to a given insult and
may differ considerably from those in humans. Currently, no
scoring systems account for species-specific anatomic and
geometric parameters, including AC depth, posterior corneal
radius of curvature, corneal diameter, and/or anterior lens
curvature. Acknowledging that such factors may heavily in-
fluence AC scoring in a given species, lack of consideration
may bias data evaluation and influence the toxicologic or
translational significance assigned to the AC cell score (or
other findings involving the anterior segment). As the Food
and Drug Administration currently requires an investiga-
tional ocular drug or device to be evaluated in at least 2
species, use of a scoring metric that can be applied across all
species would not only improve comparison of preclinical
data but also may enhance translatability to humans.

There are additional aspects of the SUN system not ide-
ally suited to evaluation of the anterior segment in labora-
tory species. Table-mounted slit lamp examinations are
often impractical in animals, requiring additional time, tech-
nical support, and often sedation or general anesthesia. In
addition, systems that do not specify an angle of slit beam
illumination (like SUN) permit variability in the AC volume
sampled by an optical section. This may impact consistency
and repeatability of AC sampling, particularly in unanes-
thetized animals.

To address these limitations and allow assessment of a range
of laboratory species, Ocular Services On Demand (OSOD,
Madison, WI) utilizes a unique scoring system and grading
scheme, as well as a modified version intended to mimic the
SUN system and permit use of the SUN grading scheme (Table
1). Both systems utilize a hand-held slit lamp (eg, Kowa SL-
15�), permitting assessment of the anterior segment in non-
anesthetized or anesthetized laboratory species. The technique
for the OSOD system and OSOD–modified SUN system,
which utilizes altered beam dimensions to mimic the
*3.5 mm3 volume optical section in human patients created
using the SUN system, is described in Table 2.

Hypothetically, consideration of comparative ocular
anatomy will reveal dramatic differences in AC cell scoring
between species, regardless of the system and scheme being
employed. Furthermore, mathematical characterization and
correction for such variations will facilitate comparison
between species and potentially permit better translatability
to the human condition. Presented is a detailed comparative
analysis, evaluating the effect of anterior segment geome-
try on AC scoring in common laboratory species and hu-
mans using the SUN, OSOD, and OSOD–modified SUN
systems.

Methods

A comparative analysis of all 3 systems for evaluation of
AC cell (SUN, OSOD, and OSOD–modified SUN) was
performed. Analysis of the system cited by Krzystolik
et al.11 (Tables 1 and 2) was not performed due to lack of
specificity regarding slit lamp settings and beam dimen-
sions. Values for ocular biometric or volumetric parameters
in sexually mature humans and 7 relevant laboratory species
(cynomolgus macaque [Macaca fascicularis)], cat [Felis
catus], dog [Canis familiaris], rabbit [Oryctolagus cunicu-
lus], pig [Sus domesticus], rat [Rattus norvegicus], and
mouse [Mus musculus]) were derived from published or
approximated data collected by OSOD members.

The optical section volumes (mm3) examined by each
system were calculated for all aforementioned species, using
both simplified and complex analytical calculations. Sim-
plified calculations were performed by multiplying slit lamp
beam area and AC depth. This value was also multiplied by
a 1.15 correction factor to account for a 30� angle light
source incidence. For the OSOD and OSOD–modified SUN
systems, actual vertical corneal diameter (VCD) was sub-
stituted in species with a VCD less than 10 mm.

To account for species-specific differences in corneal and
lens curvatures, complex geometric formulae (Fig. 1) were
derived to provide a more accurate estimate of optical sec-
tion volumes used in the OSOD and OSOD–modified SUN
systems. Complex calculations also accounted for 30� angle
light source incidence. Again, in species with VCD less than
10 mm, the actual VCD value was substituted for slit beam
height.

The percentage of AC volume sampled by each system
was determined by using data from simplified or complex
calculations. Also using the values derived from these cal-
culations, the SUN, OSOD, or OSOD–modified SUN
grading schemes for AC cells were applied to all afore-
mentioned species to calculate cell density (cells/mm3 of
optical section volume) for each, respectively. To directly
compare AC cell density across species, modified scoring
systems yielding normalized cell density values across all
species were then derived by multiplying the human values
for AC cell density (cells/mm3) by the optical section vol-
umes for each species using the SUN, OSOD, or OSOD–
modified SUN grading schemes, respectively. A conversion
factor for each species was determined by dividing the hu-
man AC cell density by the AC cell density for each species
using the SUN, OSOD, or OSOD–modified SUN grading
schemes.

Additional analytical comparisons were performed to
evaluate the effect of species-specific anatomy on optical
section and AC volumes. To demonstrate the effect of anterior

Table 1. Description of Grading Schemes for Commonly Used Scoring Systems to Quantify AC Cell

Scoring system

Grading scheme (cells in field)

0 Trace (0.5+) 1+ 2+ 3+ 4+

SUN1 0 1–5 6–15 16–25 26–50 >50
OSOD 0 1–5 6–25 26–50 51–100 >100
OSOD–modified SUN 0 1–5 6–15 16–25 26–50 >50
Krzystolik et al.11 0 — <10 10–20 21–30 TNTC

AC, anterior chamber; SUN, standardization of uveitis nomenclature; OSOD, Ocular Services On Demand; TNTC, too numerous to count.
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segment anatomical features (corneal diameter and curvature,
iris position/thickness, and anterior lens curvature) on optical
section volume, optical coherence tomography (OCT) images
of the anterior segments of 6 species (human, nonhuman
primate, rat, mouse, dog, and rabbit; n = 1 for each species)
were analyzed. A computer-aided drafting (CAD) program
(SketchUp Make�, Trimble�, Sunnyvale, CA) was used to
manually trace and measure the cross-sectional areas of the
AC and iris leaflets (when applicable), providing an area
measurement of each traced region.

All animal procedures were approved by the Institutional
Animal Care and Use Committee at the University of
California, Davis (Davis, CA) and Covance (Madison, WI),
and were conducted in accordance with the ARVO State-
ment for Use of Animals in Ophthalmic and Vision
Research.

Results

Values calculating the approximate human AC volume
(mm3) examined by common AC cell scoring systems are
presented in Table 2. Values for selected ocular biometric
and volumetric parameters (axial globe length, corneal di-
ameter, posterior corneal curvature, AC depth, AC volume,
anterior lens curvature, and lens diameter) that are important
for calculating optical section volumes are presented for the
human, cynomolgus monkey, cat, dog, rabbit, pig, rat, and
mouse; marked differences in values for these parameters
are observed between some species (Table 3). CAD-
analyzed anterior segment OCT images representing 6
species (human, cynomolgus monkey, rat, mouse, dog, and
rabbit) are also presented in Fig. 2. The majority of the AC
area is shown in orange, the iris (when reducing effective
AC area) in green, and increase in AC area adjacent to the
peripheral anterior lens in blue. Spatial analysis of these
individual images reveals that anterior lens curvature in-
creases the AC area in the mouse by 35%, the rat by 6%, the
dog by 30%, and the rabbit by 19%.

Optical section volume (mm3) calculations and percent-
age of AC volume calculations using simplified and com-
plex (Fig. 1) formulae for all 3 scoring systems are
presented in Tables 4 and 5, respectively. Regardless of the
formulae and/or scoring system utilized, optical section
volumes are much smaller in rats and mice, but represent a
larger percentage of AC volume compared to other species.
By contrast, cats and dogs have the largest optical section
volumes sampled, but represent a smaller percentage of AC
volume in comparison to other species.

The AC cell grading schemes for each system (Table 1)
were applied to optical section volume calculations to de-
termine AC cell density (cells/mm3) for each species and are
presented in Tables 6 and 7. For the OSOD scoring system,
note that the simplified calculations underestimate AC cell
density by 25%, 40%, 25%, 25%, and 15% in the human,
cynomolgus monkey, cat, mouse and rabbit, respectively,
and overestimate the AC cell density by 50% and 30% in the
pig and rat, respectively (Table 6). For humans, cynomolgus
monkeys, and rabbits, the SUN and OSOD–modified
SUN grading schemes both yield similar cell densities with
less than 12% difference between the 3 species for each
individual scheme (Table 7). However, the SUN and
OSOD–modified SUN grading schemes yield cell densities
measuring between 77% and 88% of the human values in
pigs and 58% and 71% of the human values in dogs and
cats, while rats and mice have much higher values compared
to humans at 442%–2,390% (Table 7). The SUN grading
scheme yields less variability between species in compari-
son to the OSOD–modified SUN grading scheme (Table 7).

A modified scoring scheme and conversion factor for
each species were calculated for the SUN, OSOD–modified
SUN, and OSOD grading systems (Table 8). Scoring
schemes for cynomolgus monkeys and rabbits are the most
similar to humans and require the smallest conversion fac-
tors in comparison to other species for all 3 scoring systems.
Modified scoring schemes and conversion factors substan-
tially differed in species with comparatively larger AC
volumes, such as the cat, dog, and pig, or species with
substantially smaller AC volumes, such as the rat or mouse,
compared to the human. In general, the size of the conver-
sion factor required for each grading scheme was
SUN<OSOD–modified SUN<OSOD.

Discussion

Identification and quantification of the AC cell is a critical
element of assessing ocular inflammation in human patients
and in laboratory animals used in preclinical drug safety in-
vestigations. The results of this analysis demonstrate the dra-
matic influence of anterior segment anatomy and geometry on
optical section volume and semiquantitative AC cell count
when using standard scoring systems in common laboratory
species. As the majority of preclinical drug safety investiga-
tions utilize more than 1 nonhuman species, awareness of these
comparative differences is critical in the application and ac-
curate interpretation of any ocular scoring system and/or AC
cell grading scheme. Furthermore, parameters, such as beam

Table 2. Approximate Human AC Volume Examined and Slit Lamp Specifications

for Commonly Used Scoring Systems to Quantify AC Cell

Scoring system
Approximate examined

volume (mm3)a

Slit lamp Specifications

Width Height Angle (�) Magnification

SUN1 3.50 1 1 NSb 25·
OSOD 7 0.2 14 30–45 16·
OSOD–modified SUN 3.50 0.1 10 30 16·
Krzystolik et al.11 ND NS 2 NS High

aAC depth used was 3.03 mm.6
bCalculated at 30�.
ND, not determined; NS, not specified.
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FIG. 1. Asimpleestimateof theoptical sectionvolumecanbecalculatedusing theheightandwidthof the slit beamand theanterior
chamber (AC) depth. To develop a more accurate calculation of optical section volume within the AC, the following geometric
formulae were derived to account for the curvature of the cornea and lens, the angle of the light source, and the effective length of the
light source intersecting the AC. The standard and modified Standardization of Uveitis Nomenclature [SUN] using the slit beam
height and width specified in Table 2 for each scoring system. The formulae used for calculating optical section volume calculations
for SUN scoring systems. These formulae provide values for Ocular Services On Demand measurements, both are also below. Color
images available online at www.liebertpub.com/jop

h¼ 2 � sin� 1 Half of Slit Lamp Beam Height (mm)

R (Corneal Curvature) (mm)
(1)

Area created by the angle in formula 1:

A0¼
h

360
� p � R2 (2)

Area of circle segment, shown in red:

A1¼Ah1
� R2 � sin h

2
(3)

Area of the slit lamp through the AC, shown in orange:

A2¼ Slit Lamp Beam Height (10 or 14 mm) � AC Depth (in mm)�R 1� cos
h
2

� �� �
(4)

Remaining area of the slit lamp through the AC, shown in blue:

A3¼R2 1� cos
h2

2

� �
� Slit Lamp Beam Height (10 or 14 mm)� Ah2

� R2 � sin h
2

� �
(5)

Volume of Slit Lamp Beam Penetration in mm3 (Divide by 1000 for ml):

V ¼ Slit Lamp Beam Width (0:1 or 0:2mm) � (A1þ A2þ A3) (6)

As comparison, Table 4 also includes values for the SUN criterion:

V ¼ 1mm � 1mm � AC Depth (mm)
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area and AC depth, can be used to derive simple calculations of
optical section volume, but the results of such calculations do
not adequately account for all features of anterior segment
anatomy.

When comparing optical section volume using complex
geometric formulae that incorporate parameters such as corneal

curvature and anterior lens curvature, this analysis demonstrated
that simplified calculations may over- or underestimate optical
section volume depending on the species evaluated (Table 4).
The results of both simplified and complex calculations also
demonstrate comparatively larger optical section volumes in
cats and dogs, ranging from 1.5- to 2.5-fold larger in comparison

Table 3. Relative Comparison of Selected Ocular Parameters of Relevant Laboratory Animal Species

Species
Axial globe
length (mm)

Corneal
diameter (mm)

Posterior corneal
curvature (mm)

AC depth
(mm)

AC volume
(ml)

Anterior lens
curvature (mm)

Lens
diameter (mm)

Human 25.113 H: 11.81 6.515 3.0316 0.1717 10.1518 9.519

V: 11.2614

Cynomolgus 17.9220 H: 9.821 5.1220 3.2420 0.10122 10.3420 7.523

Cat 22.324 H: 16.5 7.8924 4.5224 0.8226 6.027 9.027

V: 16.225

Dog 20.828 H: 13–17 8.029 4.2928 0.7730 6.227 10.9227

V: 12–1627

Rabbit 15.1231 H: 13.4 6.8931 2.932 0.2832 7.133 1132

V: 13.031

Pig 23.934 H: 14.3 8.9529 3.4529 0.2635 7.4729 11.136

V: 12.034

Rat 5.9837 5.1 (Est) 2.9638 0.7138 0.01539 2.5438 5.140

Mouse 3.3841 3.15 (Est) 1.4638 0.4538 0.00742 1.2538 1.943

Values are approximates and derived from published values using a variety of techniques. Calculations based on published values for
schematic eyes and data collected by OSOD members. Values in the literature vary by technique, age, strain, and study.

Est, estimated.

FIG. 2. A central anterior segment cross-section from a human (a), cynomolgus monkey (b), dog (c), rabbit (d), rat
(e), and mouse (f) using an image obtained by optical coherence tomography (OCT). The majority of the AC area is
represented by orange, a reduction in AC area by iris is shown in green, and an increase in AC area is shown in blue. Note
that the regions represented in blue and green result in a 4% decrease in the calculation of the human AC area and a 5%
increase in the cynomolgus monkey AC area. Thus, anterior lens curvature has a minimal impact on calculation of AC
volume in the human and cynomolgus monkey. However, the dog, rabbit, rat, and mouse would have significant
underestimation of their AC volume if anterior lens curvature was not taken into account. Using the OCT images depicted
here, the anterior lens curvature increased AC area in the dog, rabbit, rat, and mouse by 19%, 47%, 6% and 35%,
respectively. Color images available online at www.liebertpub.com/jop
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to humans, nonhuman primates, rabbits, and pigs. This differ-
ence is primarily due to a deeper AC in cats and dogs in com-
parison to all other species examined. Accordingly, the optical
section volumes in these 2 species represent a smaller percent-
age of total AC volume for all 3 scoring systems examined
(Table 5). In contrast, optical section volumes sampled using the
SUN system are comparatively smaller in rats and mice, but
represent a larger percentage of AC volume compared to all
other species examined. This difference is primarily due to the
relatively wide slit beam utilized in the SUN system.

Comparing the application of simplified and complex
optical section volume calculations within a scoring system
demonstrates the effect of species and features of anterior
segment anatomy on AC cell density (cells/mm3) (Table 6).
In the human and cynomolgus monkey who share similar
features of anterior segment anatomy, and thus, similar
optical section volumes, the OSOD system provides rela-
tively comparable AC cell density regardless of the calcu-
lation used. In smaller species like the rat and mouse, whose
anterior segment geometry differs, however, AC cell counts
determined using simplified formulae are considerably dif-
ferent from those determined with complex formulae.
Compared to complex calculations, simplified calculations

using the OSOD system may overestimate AC cell by as
much as *25% in the rat and may underestimate AC cell by
*30% in the mouse.

As SUN is widely considered the standard system for
determining the AC cell in physician-based ophthalmology,
use of the same system in preclinical investigations in-
volving laboratory species would hypothetically improve
translatability. Comparison of the application of both the
SUN and the OSOD–modified SUN grading systems to
optical volume calculations is presented in Table 7. The
SUN system yields less variability in cell number per optical
section volume in comparison to the OSOD–modified SUN
and OSOD systems. It is noteworthy that this analysis uti-
lized only a simplified calculation for the SUN system, as
the dimensions of the beam would have yielded very similar
values to the complex calculation. The observed differences
between the 2 grading schemes are due to the dimension
of the beam; the larger beam length used in the OSOD–
modified SUN and OSOD systems is more susceptible to
species differences in posterior corneal curvature and ante-
rior lens curvature compared to the SUN system. Thus, use
of the OSOD–modified SUN system results in dramatically
different cell numbers per optical section volume between
some species. While the OSOD–modified SUN grading
scheme yields similar numbers of cells per optical section
volume in humans, cynomolgus monkeys, and rabbits, this
scheme yields lower cell counts per optical section volume,
measuring *75% of the values of the 3 aforementioned
species in pigs and *60% in dogs and cats. In addition, the
smaller optical section volumes of mice and rats yield dra-
matically higher cell counts per optical section volume
compared to larger species for both the SUN and OSOD–
modified SUN systems. This analysis demonstrates the
shortcomings of both systems in laboratory species and
identifies the need for species-specific AC cell grading
schemes for pigs, dogs, and cats, and for species with small
eyes such as rats or mice, where cell numbers differ so
significantly in comparison to larger animals.

Alternatively, the number of AC cells within the optical
section can be standardized to human values for the SUN,

Table 4. Comparison of the Volume of the Optical Section Used by Various AC Cell Grading Schemes

Species

SUN
(simplified)a

(mm3)

OSOD
(simplified)a,b

(mm3)

OSOD
(complex)b,c

(mm3)

OSOD–modified
SUN

(simplified)a

(mm3)

OSOD–modified
SUN

(complex)c

(mm3)

Human 3.03 7.88 6.38 3.50 2.95
Cynomolgus 3.24 7.33 5.41 3.74 2.71
Cat 4.52 14.6 13.2 5.22 5.01
Dog 4.29 13.9 13.3 4.95 4.79
Rabbit 2.90 8.71 7.80 3.35 3.13
Pig 3.45 9.56 10.9 3.98 3.90
Rat 0.71 0.84 1.09 0.41 0.55
Mouse 0.45 0.33 0.25 0.16 0.13

aCalculation based on multiplication of beam area and AC depth with no adjustment for corneal curvature. This value is then multiplied
by 1.15 to account for 30� light source.

bCalculation taking into account increased slit lamp height (14 mm). In species with a VCD less than the slit beam height used by OSOD,
the VCD value is substituted for 14 mm.

cCalculation applying corneal curvature, with an increased volume to account for the 30� light source (varying from 5.3% to 10.2%,
length modeled using a computer-aided drafting program), depending on the ratio of corneal curvature to AC depth. In species with a VCD
less than the slit beam height used by OSOD (14 mm) or OSOD–modified SUN (10 mm), the VCD value is substituted for slit beam height.

VCD, vertical corneal diameter.

Table 5. Comparison of the Optical Section Volume

as a Percentage of AC Volume Using Slit Lamp

Specifications for Various AC Cell Grading Schemes

Species

SUN
(simplified),

%

OSOD
(complex),

%

OSOD–modified
SUN (complex),

%

Human 1.8 3.8 1.8
Cynomolgus 3.2 5.4 2.7
Cat 0.6 1.6 0.6
Dog 0.6 1.8 0.6
Rabbit 1.0 2.8 1.1
Pig 1.3 4.2 1.5
Rat 4.6 7.3 3.6
Mouse 5.7 3.6 1.8
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OSOD–modified SUN, and OSOD scoring schemes, re-
spectively (Table 8). These modified scoring schemes can
facilitate analysis in preclinical drug/device development
programs by providing similar numeric scores across all
species based on an equivalent number of cells per mm3. In
addition, conversion factors for each species were derived
in the present study to facilitate direct comparison to hu-
mans for each scoring scheme in the event that data had
been acquired in the past. Given the similarity of AC

volume sampled, it is not surprising that cynomolgus
monkeys and rabbits were the most similar to humans and
required the smallest conversion factors in comparison to
other species for all 3 scoring systems. However, conver-
sion factors will be especially useful for species with
substantially larger or smaller AC volumes sampled in
comparison to humans, such as the cat, dog, and pig or rat
and mouse, respectively, where up to a 50% adjustment is
required depending on the grading scheme used.

Table 6. Comparison of AC Cell Counts Per mm
3

of Optical Section Volume

Using the OSOD AC Cell Grading Scheme

Species 0 Trace/0.5+ 1+ 2+ 3+ 4+

(A) OSOD simplified (AC cell/mm3)
Human 0 0–1 2–3 4–6 7–13 >13
Cynomolgus 0 0–1 2–3 4–7 8–14 >14
Cat 0 0–1 2 3 4–7 >7
Dog 0 0–1 2 3–4 5–7 >7
Rabbit 0 0–1 2–3 4–6 7–11 >11
Pig 0 0–1 2–3 4–5 6–10 >10
Rat 0 0–6 7–30 31–60 61–120 >120
Mouse 0 0–15 16–76 77–153 154–305 >305

(B) OSOD–complex (AC cell/mm3)
Human 0 0–1 2–4 5–8 9–16 >16
Cynomolgus 0 0–1 2–5 6–9 10–18 >18
Cat 0 0–1 2 3–4 5–8 >8
Dog 0 0–1 2 3–4 5–7 >7
Rabbit 0 0–1 2–3 4–6 7–13 >13
Pig 0 0–1 2 3–5 6–9 >9
Rat 0 1–5 6–23 24–46 47–92 >92
Mouse 0 0–20 21–99 100–198 199–397 >397

(A) Optical section volume using only the AC depth and light beam width and height (simplified), (B) optical section volume using the
formulae described in Fig. 1 (complex). Note that the simplified calculations underestimate AC cell density by as much as 25%, 40%, 25%,
25%, and 15% in the human, cynomolgus monkey, cat, mouse, and rabbit, respectively, and also overestimate the AC cell density by as
much as 50% and 30% in the pig and rat, respectively.

Table 7. Number of AC Cells per mm
3

of Optical Section Volume

Species 0 Trace (0.5+) 1+ 2+ 3+ 4+
Percent of

human value

(A) SUN–simplified (AC cell/mm3)
Human 0 0–2 3–5 6–8 9–17 >17 100
Cynomolgus 0 0–2 3–5 6–8 9–16 >16 94
Cat 0 0–1 2–3 4–6 7–11 >11 67
Dog 0 0–1 2–4 5–6 7–12 >12 71
Rabbit 0 0–2 3–5 6–9 10–17 >17 104
Pig 0 0–1 2–4 5–7 8–15 >15 88
Rat 0 1–7 8–22 23–37 38–73 >73 442
Mouse 0 1–13 14–38 39–64 65–128 >128 772

(B) OSOD–modified SUN–complex (AC cell/mm3)
Human 0 0–2 3–5 6–9 10–18 >18 100
Cynomolgus 0 0–2 3–6 7–10 11–19 >19 107
Cat 0 0–1 2–3 4–5 6–11 >11 58
Dog 0 0–1 2–3 4–6 7–11 >11 61
Rabbit 0 0–2 3–5 6–9 7–17 >17 95
Pig 0 0–1 2–5 6–7 8–14 >14 77
Rat 0 1–10 8–30 31–50 51–101 >101 552
Mouse 0 1–44 45–131 132–219 220–437 >437 2,390

(A) The SUN and OSOD–modified SUN AC cell grading scheme; (B) optical section volume calculations derived using the formulae
described in Fig. 1. A simplified calculation was used for the SUN system because the dimensions of the beam would yield very similar numbers
to the complex calculation. For humans, cynomolgus monkeys, and rabbits, the SUN and OSOD–modified SUN grading schemes both yield
similar cells per mm3 of optical section volume. However, both grading schemes result in cell counts per optical section volume measuring
between 77%–88% of the human values in pigs, 58%–71% of the human values in dogs and cats, and 442%–2,390% in rats and mice.
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The OCT images in Fig. 2 provide an in vivo illustration
of comparative anterior segment anatomy and its effect on
cross-sectional AC dimensions. In monkeys, for example, a
larger radius of anterior lens curvature yields a demonstra-
bly ‘‘flatter’’ anterior lens surface, therefore contributing
only a minimal amount to the total AC volume. In contrast,
the mouse, rat, dog, and rabbit have a smaller radius of
curvature, which expands the effective AC volume. Using
these images to quantify the additional chamber volume, AC
area is increased by *20%–30% in the rabbit, mouse, and
dog and to a lesser extent in the rat. Without considering this
anatomical feature in these species, AC volume would be
underestimated. The most accurate calculation of AC vol-
ume in a given species would consider additional anatomical
features beyond those examined here. In some species, iris
anatomy may also contribute to AC and optical section
volumes. Represented in green in the OCT images in Fig. 2,
iris volume visibly reduces the effective cross-sectional
volume in the rat, but has little effect in other species. Iris
location would also have a theoretical effect, but this feature
would be more difficult to measure quantitatively, varying
depending upon both the species and pupil diameter.

Veterinary ophthalmologists have observed both qualita-
tive and quantitative differences in the ocular responses of

certain laboratory species to identical insults (C.J. Murphy,
P.E. Miller, pers. comm., 2014). For example, rabbits tend to
exhibit a greater collective inflammatory response compared
to nonhuman primates.12 Nonhuman primates, however, tend
to develop comparatively greater AC cell counts than rabbits,
whose inflammatory responses are generally less cellular and
characterized by greater degrees of aqueous flare. These
differences may, in part, be a function of a species’ ratio of
uveal surface area to globe volume. In species with small
eyes such as rats or mice, this ratio is considerably greater
than in larger species and putatively translates into a com-
paratively greater capacity for these species to fill their ACs
with inflammatory cells derived from the uvea.

The results demonstrated by this analysis take into con-
sideration published or widely accepted species-specific
anterior segment anatomy and geometry and, thus, provide a
more accurate determination of optical section volume
among common laboratory species. It should be acknowl-
edged, however, that there is inherent uncertainty and var-
iability to the reported values in Table 3, not only between
different breeds and/or strains but also between individual
animals. The effects of such variations are beyond the scope
of this analysis, but may be an important subject of future
investigation.

Table 8. Number of AC Cells in Field for Each Species Using the SUN,

OSOD–modified SUN, and OSOD Scoring Schemes

Species 0 Trace (0.5+) 1+ 2+ 3+ 4+ Conversion factor

(A) SUN–simplified (AC cell in field)
Human 0 1–5 6–15 16–25 26–50 >50 1.00
Cynomolgus 0 1–5 6–16 17–27 28–54 >54 0.94
Cat 0 1–8 9–23 24–38 39–75 >75 0.67
Dog 0 1–7 8–21 22–36 37–71 >71 0.71
Rabbit 0 1–5 6–14 15–24 25–48 >48 1.04
Pig 0 1–6 7–17 18–29 30–57 >57 0.88
Rat 0 0–1 2–3 4–5 6–12 >12 4.27
Mouse 0 <1 1–2 3 4–7 >7 6.73

(B) OSOD–modified SUN (complex) (AC cell in field)
Human 0 1–5 6–15 16–25 26–50 >50 1.00
Cynomolgus 0 1–5 6–14 15–23 24–46 >46 1.09
Cat 0 1–9 10–26 27–43 44–85 >85 0.59
Dog 0 1–8 10–25 26–41 42–81 >81 0.62
Rabbit 0 1–5 6–16 17–27 28–53 >53 0.94
Pig 0 1–7 8–20 21–33 34–66 >66 0.76
Rat 0 <1 1–2 3–4 5–9 >9 5.37
Mouse 0 <1 <1 1 1–2 >2 22.7

(C) OSOD (complex) (AC cell in field)
Human 0 1–5 6–25 26–50 51–100 >100 1.00
Cynomolgus 0 1–4 5–21 22–42 43–85 >85 1.18
Cat 0 2–10 12–52 53–104 105–207 >207 0.48
Dog 0 2–11 12–53 54–105 106–208 >208 0.48
Rabbit 0 1–6 7–31 32–61 62–122 >122 0.82
Pig 0 1–9 10–43 44–86 87–171 >171 0.58
Rat 0 <1 1–4 5–8 9–17 >17 5.84
Mouse 0 <1 1 2 3–4 >4 25.5

Data were calculated by multiplying the human values for AC cells per mm3 (from Tables 6B and 7A, B) by the optical section volumes
for each species as shown in Table 5 for the SUN–simplified, OSOD–modified SUN complex, and OSOD–complex scoring schemes,
respectively. A conversion factor for each species was determined by dividing the human AC cell in field by the AC cell in field for the
species of interest. Cynomolgus monkeys and rabbits were the most similar to humans and required the smallest conversion factors in
comparison to other species for all 3 scoring systems. Conversion factors will be especially useful for species with substantially larger AC
volumes such as the cat, dog, and pig or species with substantially smaller AC volumes such as the rat or mouse in comparison to humans.
The size of the conversion factor required for each grading scheme was SUN–simplified<OSOD–modified SUN complex<OSOD–complex.
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In conclusion, there are numerous factors to consider
when choosing and interpreting a scoring system and
grading scheme for AC cell. The SUN, OSOD–modified
SUN, and OSOD scoring systems result in a similar number
of cells per mm3 of optical section in humans, cynomolgus
monkeys, and rabbits. In comparison, all 3 grading schemes
underestimate the number of cells per mm3 in species with
relatively larger AC volumes, such as pigs, dogs, and cats,
as well as markedly overestimate the number of cells per
mm3 in species, such as rats and mice, with relatively
smaller AC volumes in comparison to humans. The modi-
fied scoring schemes and conversion factors developed here
yield more accurate AC cell densities per mm3 across all
species for the SUN, OSOD–modified SUN, and OSOD
grading systems and, thus, will provide data that have a
rational basis when comparing scores between species, and
making interpretations with regard to number of cells per
optical section volume sampled using a slit beam with de-
fined dimensions.
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