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ABSTRACT
Purpose: To compare the retinal function of a diurnal murid rodent, Psammomys obesus, with that of
Wistar albino rat and human subjects.
Materials and methods: Adult Psammomys obesus were captured and transferred to the animal facilities
where they were maintained at 25°C with standard light/dark cycles and natural halophilic plants, rich in
water and mineral salts. Standard full-field photopic and scotopic electroretinograms were obtained.
Results: The right eye of all animals displayed well detectable and reproducible scotopic and photopic
electroretinogram (ERG) responses. Results were compared with those obtained from human subjects
and Wistar rats. ERG measurement showed that the amplitudes of scotopic responses in Psammomys
obesus are quite similar to those of human subjects. The amplitude of the photopic a-wave was
comparable to that of humans and six times higher than that of the albino rat. The amplitudes of
photopic b-wave, photopic oscillatory potentials (OPs), and 30 Hz flicker were all markedly larger in
Psammomys obesus compared to those obtained from human subjects and Wistar rats. Furthermore, like
the human photopic ERG, the photopic ERG of Psammomys obesus also includes prominent post b-wave
components (i.e. i- and d-waves) while the ERG of Wistar rats does not.
Conclusions: Our results suggest that the retinal function of Psammomys obesus, especially the cone-
mediated function, shares several features with that of human subjects. We believe that Psammomys
obesus represents an interesting alternative to study the structure and function of the normal and
diseased retina in a human-like rodent model of retinal function.
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Introduction

Psammomys obesus (P.obesus), a herbivorous rodent, has
become an important animal model of the nutritionally
induced type-2 diabetes used in biological and medical
research.1–3 The retina of P.obesus contains a high proportion
of cone, which is estimated to be at approximately 41% of the
total photoreceptors.4 Several neuronal and vascular anoma-
lies, similar to those found in human diabetic retinopathy
(DR), have also been identified in P.obesus.5,6 While several
rodent models of DR exist, with varying degrees of similarity
to the human disease,7 some structural and molecular changes
observed in P.obesus and human retinas have not been
observed in other animal models, attesting to the value of
using this animal model in translational research.5

It is well documented that the retinal function, as assessed
with the electroretinogram,8 is impaired (especially the oscil-
latory potentials, OPs) in patients affected with diabetes, and
that, often long before the appearance of clinical signs at
fundus examination.7 The OPs are known to be a highly
sensitive diagnostic tool to detect and follow-up disease

progression of retinal degeneration, such as DR.9–11 Given
the similarities shared between the retinal structure of P.
obesus and human subjects and the fact that P.obesus also
represents a valid animal model of human type-2 diabetes,
the purpose of this study was to characterize the retinal func-
tion of P.obesus to determine if it could represent a better
animal model of human retinal function compared to the
more widely used albino Sprague Dawley albino rats.

Materials and methods

Animals

Psammomys obesus are common in North Africa and were
captured in a semi-desertic area of southern Tunisia (near the
Bouhedma national park) in strict accordance with the
national regulations on the treatment of wildlife. Following
capture, each P.obesus specimen was examined by a veterinar-
ian, found healthy, and subsequently held in quarantine for
adaptation prior to experimentation. This study was per-
formed on 12 adult males P.obesus (mean weight 120 g;
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range 100–140 g). Data was compared to that obtained from
Wistar rats (n = 6: adult males from a total of 10 animals used
at the beginning in ERG measuring) and human (n = 6: adult
males 20–28 years). During the study, P.obesus and Wistar
rats were maintained on 12 h light/dark cycle (light ~ 30 cd/
m2), with free access to food and water. P.obesus received a
natural hypocaloric (0.4 kcal/g wet weight) vegetable diet, i.e.,
halophilic plants (chenopodiaceae), rich in water and mineral
salts, whereas Wistar rats received a standard diet. All treat-
ments were in compliance with both standards for wildlife
and standards for laboratory animals. The room temperature
was 24°C and the relative humidity varied between 65 and
70%. Animals were used and handled according to the prin-
ciples of the ARVO statement for the use of animals in
ophthalmic and vision research.

ERG recording

Following overnight dark adaptation, animals were pre-
pared for ERG recording under a dim red light. All ERGs
were collected between 9 and 15 h. After an anesthesia with
ketamine (120 mg/kg), the pupil of the right eye was dilated
with drops of Tropicamide (25 mg/5 ml; UNIMED,
Tunisia) and the animal was laid on its left side on a
homoeothermic blanket set at 38°C. A modified contact
lens electrode (ERG-Jet Lens, Fabrinalsa, Sweden) lubri-
cated with ophthalmic gel (Lacryvisc, Carbomer 974 P,
Alcon), to prevent dehydration and to ensure optimal elec-
trical contact, was used. The reference and ground electro-
des were inserted subcutaneously on the forehead and tail,
respectively. The Vision Monitor system (Metrovision,
France) provided stimulus presentation and data acquisi-
tion. The five different basic ERG responses advocated by
the International Society for Clinical Electrophysiology of
Vision12 were used to compare the retinal function of the
three groups.

The scotopic ERG responses (Amplification: x 12500;
1–1200 Hz bandwidth) were evoked to flashes of white light
of 0.01 cd.s/m2 (rod responses) and 3cd.s/m2 (mix rod-cone
response and OPs). The OPs were extracted from ERG signal
by Fourier transform using an 80–200 Hz bandwidth.
Photopic ERG responses were obtained after the scotopic
responses following a 10-minute period of light adaptation
to a background of 30 cd.m−2. Photopic ERGs (average, 20
flashes, interstimulus interval: 1 second) were evoked to a 3cd.
s/m2 flash presented against a rod desensitizing background of
30 cd/m2. A 30 Hz flicker response was also obtained using
the same flash intensity and background luminance.

Finally, photopic OFF response was recorded using a flash
of 312 ms in duration, which was delivered against a photopic
background light of 30 cd.s/m2 in luminance.

Human subject

The ERG responses of human subjects were collected using
the same protocol and recording system described above
except for the dark adaptation period, which only lasted 20
minutes as recommended by the ISCEV standard.12

Data analysis

Responses were analyzed as suggested by the ISCEV standard.
The amplitude of the a-wave was calculated from the baseline
to the first negative deflection, and the amplitude of the
b-wave was measured from the trough of the a-wave to the
positive peak of the b-wave. We also measured the amplitude
of the i-wave from the trough of the b-wave to the peak of the
i-wave. The amplitudes of the OPs were estimated by measur-
ing the heights from the baseline drawn between the troughs
of successive wavelets to their peaks. The OPs were extracted
digitally by using the Metrovision software. The amplitude of
the flicker ERG was measured from the trough to the peak.
The peak time was measured from stimulus onset to the
corresponding peak.12,13 For all data presented, the values
on the graph represent the mean ± SEM. Statistical compar-
isons between the results obtained from the different species
were performed with multiple comparison one-way ANOVA.
T-test was used to compare two groups. P values less than
0.05 were considered significant. All values are presented as
mean ± SEM.

Results

As evidenced from Figure 1, the scotopic ERGs of all three
species are comparable in amplitude, peak time, and morphol-
ogy. Response differences were more pronounced with the
photopic ERG signal, which differed not only in amplitude,
but also in morphology and peak time. Of note, like in human
photopic ERG response, the b-wave of P.obesus was also
followed by another positive wave (the i-wave), while, as
previously shown,14 the photopic ERG of Wistar rats does
not include a visible i-wave. All individual values were illu-
strated as scatter and box plots (Figures 2 and 3).

Scotopic conditions

Figure 1A shows the scotopic ERG evoked at an intensity of
0.01 cd s/m2. Amplitude and peak time measurements are
reported at Table 1. We notice that the amplitude of the
scotopic b-wave of P.obesus (339.75 ± 16.52 µV) is quite
similar to that measured in human subjects (309.18 ± 12.96
µV) compared to that of Wistar rats (403.25 ± 15.26 µV),
which is the largest (rat vs. P.obesus: p < 0.05; rat vs. human: p
< 0.01). In contrast, no significant amplitude differences were
noted with the mix rod-cone b-wave (Figure 1B) as seen in
Table 1 (P.obesus, human, and rat: 492.33 ± 22.26 µV, 454.33
± 20.76 µV, and 542.66 ± 13.71 µV, respectively; p > 0.05)
while the amplitude of the a-wave measured in human ERGs
(218 ± 17 µV) is significantly larger than that of P.obesus
(181.91 ± 10.53 µV, p < 0.05) and close to that of the rat
ERG (201.83 ± 9.9 µV).

Moreover, we also examined the b/a ratio (Figure 4) at 3 cd
s/m2, which is an index to compare the synaptic transmission
from the photoreceptor to the inner retina.16,17 In scotopic
condition, similar b/a ratios were obtained from all three
species (P.obesus, human, and rat: 2.79 ± 0.17, 2.05 ± 0.14,
2.7 ± 0.13 respectively; p > 0.05).
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As for the temporal parameters (Table 1), the peak time of the
dim flash rod b-wave (0.01 cd s/m2 stimulus) of P.obesus ERG
(54.17 ± 1.69 ms) was similar to that of theWistar rat (56.3 ± 3.96
ms; p > 0.05) and significantly faster than that of human subjects
(77.05 ± 2.35 ms, p < 0.001). However in the mix rod-cone ERG,
the peak time of the b-wave of P.obesus ERG (47.00 ± 1.32 ms) is
similar to that of human (45.17 ± 2.18 ms) and significantly faster
than that of the Wistar rat (35.22 ± 1.76 ms, p < 0.001). Similarly,
the peak time of themix rod-cone a-wave of P.obesus (17.86 ± 0.71
ms) was similar to that of human (20.57 ± 1.96 ms), but signifi-
cantly faster in rats (12.82 ± 1.38 ms, p < 0.01).

Faster components of lower amplitude, known as the OPs,
are seen on the ascending limb of the scotopic b-wave
(Figure 1C). Table 2 shows the amplitudes and peak time of
individual OPs (OP2, OP3, and OP4) in scotopic condition
measured for the three species.

The sum amplitudes of the scotopic OPs in P.obesus
(164.94 ± 12.08 µV) are quite close to those of humans

(143.89 ± 12.64 µV), while significantly larger OPs were
measured in the ERG of Wistar rat (284.98 ± 35.35 µV; P.
obesus vs. rat: p < 0.01; human vs. rat: p < 0.001).

The data given in Table 2 indicates that there is no
significant difference measured in OP2 amplitude among
P.obesus, human, and rat (74.04 ± 7.71 µV, 61.43 ± 5.08 µV,
and 98.73 ± 16.84 µV, respectively). However, a significant
peak time difference was noted between human and rat (p
< 0.01). Similarly, while the amplitude of OP3 was similar
in P.obesus (49.28 ± 4.67 µV) and human (45.40 ± 4.99
µV), it was significantly lower than the ERG of Wistar rats
(104, 30 ± 20.33 µV). Finally, while no significant OP4
amplitude difference was noted between P.obesus (41.62 ±
6.31 µV) and human (37.06 ± 4.58 µV), a significantly
larger amplitude was noted in rat (61.85 ± 8.71 µV; p <
0.05). There is also a significant time difference measured
for OP3 and OP4 such that the OP2–OP3 and OP3–OP4
interpeak intervals were significantly longer in P.obesus and

Figure 2. Values of the scotopic and photopic ERG amplitude and peak time between Psammomys obesus (P), human (H), and Wistar rat (W). (A, B) Scatter plot
representation for ERG amplitude and peak time. (C, D) Box plot representation for ERG amplitude and peak time.

Figure 1. Standard responses for full-field electroretinography in Psammomys obesus, human, and Wistar rat, including a typical electroretinographical curves
response: a rod-driven response, a combined rod–cone response, oscillatory potentials, a cone response, and a flicker response. (A) Rod response stimulated using
0.01 cd.s/m2 light intensities stimulation under scotopic condition. (B) Mixed response elicited at 3 cd.s/m2 in the dark adapted eye. (C) Oscillatory potentials elicited
in the scotopic condition. (D) Photopic cone response at 3 cd.s/m2 after 10 minutes of light adaptation with 30 cd/m2 background. (E) Photopic oscillatory potential
extracted from 3 cd.s/m2 cone response. (F) Flicker 30 Hz response: (a) a-wave, (b) b-wave, (i) i-wave, (PhnR) photopic negative response, (2) OP2, (3) OP3, (4) OP4.
Horizontal calibration: 40 ms. Vertical calibration: 200 µV (scotopic ERG); 100 µV (photopic ERG); 20 µV (OPs).
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Wistar rat than in human. Finally, despite the above-men-
tioned differences, the morphology of the scotopic ERG and
OPs recorded from P.obesus and human subjects is strik-
ingly similar and quite different from those recorded from
the Wistar rats.

Photopic conditions

Under light adaptation, the a- and b-waves reflect cones-
driven responses and these are typically smaller than
responses recorded under scotopic conditions (Figure 1B
and D). The a-wave amplitude for P.obesus (32.81 ± 2.63

Figure 3. Values of the OPs amplitudes and peak times between Psammomys obesus (P), human (H), and Wistar rat (W). (A, B) Scatter plot representation for ERG
amplitude and peak time. (C, D) Box plot representation for ERG amplitude and peak time.

Table 1. Comparison of ERG recordings values of the amplitude (µV) and implicit time (ms) between Psammomys obesus, human, and Wistar rat.

Adaptation status Responses (Amplitude: µV) Psammomys obesus Human Wistar Rat

Dark Rod response 339.75 ± 16.52† 309.18 ± 12.96## 403.25 ± 15.26
Mixed a-wave 181.91 ± 10.53* 218 ± 17 201.83 ± 9.9
Mixed b-wave 492.33 ± 22.26 454.33 ± 20.76 542.66 ± 13.71

Light a-wave 32.81 ± 2.63††† 37.20 ± 2.90### 5.54 ± 1.87
b-wave 316.13 ± 21.41***,††† 135.58 ± 6.00 90.94 ± 5.53
PhnR 71.89 ± 4.03 67.64 ± 7.2 NA
i-wave 60 ± 8.25* 32.5 ± 3.07 NA
Flicker 207.52 ± 27.29*,††† 113.95 ± 18.20# 12.26 ± 0.36
OFF response 88.5 ± 7.03 69.10 ± 7.97 NA

Peak time (ms)

Dark Rod response 54.17 ± 1.69*** 77.05 ± 2.35### 56.3 ± 3.96
Mixed a-wave 17.86 ± 0.71†† 20.57 ± 1.96### 12.82 ± 1.38
Mixed b-wave 47.00 ± 1.32††† 45.17 ± 2.18## 35.22 ± 1.76

Light a-wave 17.04 ± 0.63† 16.83 ± 0.75 21.38 ± 1.34
b-wave 40.85 ± 1.39**†† 31.6 ± 0.68## 47.98 ± 2.42
PhnR 106.84 ± 3.88** 69.33 ± 2.26 NA
i-wave 89.74 ± 3.67** 60.2 ± 0.32 NA
Flicker 34.54 ± 0.08††† 34.52 ± 0.43### 17.5 ± 1.03
OFF response 40.45 ± 2.35*** 24.05 ± 2.7 NA

NA: not applicable
Data for Psammomys obesus (n = 12), human (n = 6), and Wistar rat (n = 6) were generated in this study. Values are reported as mean ± SEM. Statistical significance
was tested with one-way ANOVA (Tukey Multiple comparison test).

*; †; #: p < 0, 05
**; ††; # #: p < 0, 01
***; †††; ###: p < 0,001
*: P.obesus vs. Human; †: P.obesus vs. Wistar rat; #: Human vs. Wistar rat.
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µV) was similar to that of human (37.20 ± 2.90 µV), and
six times smaller in Wistar rats (5.54 ± 1.87 µV). Similarly,
the amplitude of the b-wave in P.obesus (316.13 ± 21.41
µV) was significantly larger than human (135.58 ± 6.00 µV)
and rat (90.94 ± 5.53 µV). As expected from the results
presented above, the amplitudes of photopic flicker
responses in P.obesus (207.52 ± 27.29 µV) were also sig-
nificantly larger than those of human (113.95 ± 18.2 µV)
and Wistar rats (12.26 ± 0.23 µV). No significant differ-
ences were observed in the peak time of photopic flicker
responses in P.obesus compared to human (Table 1).
Similar to the human photopic ERG response, the ERG of
P.obesus also included an easily identifiable i-wave, while
the ERG of Wistar rats was devoid of this post-b-wave
deflection. Of interest, the i-wave of P.obesus’s ERG (arrow-
head in Figure 1D) is almost twice the amplitude in human
(60 ± 85.25 µV vs. 32.5 ± 3.07 µV; p < 0.05). Similarly,
while the photopic negative response (PhNR) appears to be
missing from the ERG of Wistar rats, it is easily identifiable
and of similar amplitude in the ERGs of P.obesus and
human subjects (71.89 ± 4.03 µV vs. 67.64 ± 7.27 µV; p >
0.05). The same goes for the OFF response (Figure 5),
which was also absent from the recordings of Wistar rats
while being the most prominent in P.obesus compared to
human subjects (88.5 ± 7.03 µV vs. 69.10 ± 7.97 µV; p <
0.05). In photopic condition, the b/a ratio (Figure 4) mea-
sured for P.obesus (10.15 ± 0.84) is significantly lower than
that of Wistar rats (27.49 ± 8.35) and significantly higher
than that of human (3.53 ± 0.13).

Finally, as shown in Figure 1 (panel E) the photopic OPs were
of significantly higher amplitude in P.obesus (188.38 ± 14.14 µV)
compared to those in human (94.33 ± 7.84 µV) and Wistar rat
(17.94 ± 2.62 µV). This amplitude difference between P.obesus

and human was the most pronounced with OP3 and OP4
(Table 2). As exemplified in Table 2, the OP peak times were
similar between P.obesus and slightly faster for Wistar rat. The
latter had however no significant impact on the OP interpeak
interval, which was similar for all species.

Discussion

In this paper, we present novel ERG data, which suggests that
ERG of Psammomys obesus, especially the photopic ERG,
shares several features with that of human subjects, making
it an interesting alternative to study the structure and function
of the normal and diseased retina in a human-like rodent
model of retinal function. The amplitude of the photopic
a-wave of P.obesus is close to that measured in human and
higher than those obtained in rats and mice as well as those
recorded from pure-cone transgenic mice, indicating strong,
cone-driven, retinal responses.15 Large a-wave amplitudes,
similar to those of P.obesus, were also reported for the diurnal
Nile grass rat whose retina contains more than 35% of cones16

as well as the Mongolian gerbil with 13% of cones
photoreceptors.17 This result can be explained by the closure
of cGMP-dependent Na+ channels leading probably to larger
changes in the corneal potential in P.obesus than in rats and
mice. Among other factors likely to contribute to larger light-
driven changes in corneal potential are a higher number of
cone and an elevated total surface area of cone. Estimates
based on structural retina investigations show that P.obesus4

retina has a considerably higher number of cones compared
with rats and mice.18–20 This cornea-negative component
reflects mainly light-induced electrical activity in the
photoreceptor.

Figure 4. Comparison of values of the ratio of b-wave and a-wave amplitudes between Psammomys obesus, human, and Wistar rat. Data were obtained at a light
intensity of 3 cd s/m2 in both scotopic and photopic conditions, the significance levels are given by asterisks as follows: *p ≤ 0.05, ** p ≤ 0.01, and *** p ≤ 0.001.
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Furthermore, the lower ratio of photopic b-/a-wave ampli-
tude in P.obesus compared with Wistar rats is another dis-
crepancy from nocturnal rodents. This lower ratio is closer to
the values recorded in human. Lower b/a values for cone-
driven responses recorded under photopic and dark-adapted
conditions reflect a higher proportion of a-wave contribution
to the ERG response, implying cone hyperpolarization. The b/
a ratio is significantly lower for P.obesus than for rat under
photopic adapted conditions. The functional characterizing
ERG studies in diurnal rodents, e.g. Nile grass rat16 and
Mongolian Gerbil17, shows that the lower b/a ratio indicates
that these animals have better synaptic transmission from
cone to cone bipolar cells for amplification and bigger
b-wave. Moreover, it had been reported that the b/a ratio
can be used as a measure of the degree of retinal ischemia
in central retinal vein obstruction.21

OPs, which are superimposed on the ERG b-wave (attrib-
uted to ON bipolar cell responses), are said to reflect synaptic
activity within the inner retinal layers.22 OP amplitude is an
important parameter in assessing the function of the inner
retina of the healthy and diseased retinas.23,24 Many studies
suggest that OPs reflect the activity of multiple generators25–27

while others suggest that they are most probably generated by a
single source.28,29 Abnormalities in the OPs are of great interest
in the assessment of DR where they have been reported to be
reduced in amplitude10,30–32 and delayed in timing.33,34 By
measuring the sum of OPs, we found that the photopic OPs
of P.obesus were of higher amplitudes compared to human
subjects and rats. P.obesus would therefore represent an inter-
esting animal model to further investigate the origin of the OPs
and to predict the development of proliferative DR.

The presence of a well-identifiable i-wave is another photo-
pic ERG feature that P.obesus and human subjects share. This
positive, post-b-wave, deflection is believed to represent the
activity of ganglion cells and /or optic nerve.35,36 It was pre-
viously shown to be present in the photopic ERGs of several
other diurnal species like monkey, guinea pig, dog, rabbit, and
mini-pig, but not in rats and mice.14 The PhNR is another
post-b-wave component that human and P.obesus shared.
Several lines of evidence indicate that the PhNR originates

from the spiking activity of the retinal ganglion cells and their
axons in human and primates,37–39 but in animals such as
rodent its origin is controversial.28,40–42 Previous studies have
indicated that the PhNR may also be useful in the evaluation
of retinal function for patients with retinal ischemic disorders,
such as DR or central retinal vein occlusion.37,43 Thus, the P.
obesus model might offer complementary information to
further study the physiological basis of the PhNR in rodents.

The results from white flicker 30 Hz stimuli on a 30 cd/m2
luminosity background indicate that P.obesus has a signifi-
cantly higher flicker fusion than Wistar rat and human. Light-
adapted flicker responses include cone photoreceptors, depo-
larizing bipolar cells,44,45 and hyperpolarizing bipolar cells.
The fast-flicker ERG is used to examine inner retina (cone-
driven response) because rod-driven responses generally do
not respond to fast flicker.46 The ERG amplitude of P.obesus
at 30Hz is much higher than that of rodent47,48 and similar to
the cone flicker of monkey49 and human.50

In addition, similarity with human ERG51 is that photopic
OFF responses (d-wave) are larger in P.obesus than in Wistar
rat and mice.16 The d-wave is generated from OFF-cone
pathway such as the OFF bipolar cells.52,53 Our results indi-
cate that OFF-cone circuity is more similar to human than
nocturnal rodent.

Our findings indicate that cone-driven processing in the inner
retina in P.obesus is physiologically closer to humans than rats.

The features of the present results recording in accordance
with the ISCEV characterize diurnal mammal and are close to
results obtained in human features. The difference with other
rodents is especially in i-wave components, which generally
are missing from photopic ERGs of rats. So as to provide a
stable basis for comparison in future studies of pharmacology
and disease, P.obesus promises to be a very interesting animal
model for the exploration of disease affecting cone pathways.
Moreover, genetic tools developed for the Rattusgenus are
generally applicable to P.obesus.4,6
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