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Purpose: To study the distribution pattern of cholinergic amacrine cells in the diurnal Mongolian gerbil retina.
Methods: Immunocytochemistry and confocal microscopy were used to investigate the localization of choline
acetyltransferase-immunoreactive (ChAT-IR) cells in the gerbil retina. The cell density of ChAT-IR cells was
quantitatively analyzed. Results: ChAT-IR cells were present in the inner nuclear layer and the ganglion cell layer; the
processes of these cells form two distinct narrow bands in the inner plexiform layer, as previously reported in various
animals. The average density of ChAT-IR cells in the ganglion cell layer was 1,242+111 cells/mm? and 1,487+257 cells/
mm? in the inner nuclear layer, demonstrating the number of ChAT-IR cells in the inner nuclear layer was higher than
that in the ganglion cell layer. The cholinergic amacrine cells in the gerbil retina contained the calcium-binding protein
calretinin but not calbindin-D28K or parvalbumin. Conclusions: The distributional pattern shows that cholinergic
amacrine cells in the gerbil retina are similar to those in other animals. Calcium-binding proteins expression in
cholinergic amacrine cells are species-specific. The cholinergic amacrine cells play key roles in the motion detection
mechanisms in the retina. Therefore, this study on the gerbil retina may provide better information for further
physiological studies involving a diurnal animal model.
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Fig. 1. Micrographs from whole mounts and vibratome-sectioned gerbil retina labeled with anti-ChAT antibody (Cy3, red).
(A) ChAT-IR neurons in the central part of the GCL of the whole mount. (B) ChAT-IR neurons in the peripheral
part of the GCL of the whole mount. (C) ChAT-IR neurons in the central part of the INL of the whole mount.
(D) ChAT-IR neurons in the peripheral part of the INL of the whole mount. (E) Merged ChAT-IR cells (Cy3, red)
and DAPI staining (blue) Mongolian gerbil retina in a 50 um thick vertical section. Two narrow dendritic strata
were labeled in the IPL. ChAT, choline acetyltransferase; IR, immunoreactive; GCL, ganglion cell layer; INL, inner
nuclear layer; IPL, inner plexiform layer. Scale bar = 50 ym
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Fig. 2. Mean density of the ChAT-IR cell distribution in
the whole mount Mongolian gerbil retina of three
animals. (A) The mean density of dorsal and
ventral ChAT-IR cell distribution in the whole mount.
(B) The mean density of nasal and temporal
ChAT-IR cell distribution in the whole mount.
ChAT, choline acetyltransferase; IR, immunoreactive;
GCL, ganglion cell layer; INL, inner nuclear layer.
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Fig. 3. Confocal images of the immunocytochemical locali-
zation of ChAT and calcium-binding protein-IR
cells in the Mongolian gerbil retina. ChAT-IR cells
(Cy3, red; A, D, G J, M, P) and calcium-binding
protein-IR cells (FITC, green; B, E, H, K N, Q)
by doubledabeling FITC in whole mount. (A) ChAT-
IR cells in the ganglion cell layer. (B) CB-IR
cells in the GCL. (C) Merged ChAT-IR cells and
CB-IR cells in the GCL. (D) ChAT-IR cells in
the INL. (E) CB-IR cells in the INL. (F) Merged
ChAT-IR cells and CBHR cells in the INL. (G)
ChAT-IR cells in the GCL. (H) CR-IR cells in
the GCL. (I) Merged ChAT-IR cells and CR-IR
cells in the GCL. (J) ChATHR cells in the INL. (K)
CR-IR cells in the INL. (L) Merged ChAT-IR
cells and CR-IR cells in the INL. (M) ChAT-IR
cells in the GCL. (N) PV-IR cells in the GCL. (O)
Merged ChAT-IR and PVHR cells in the GCL. (P)
ChAT-IR cells in the INL. (Q) PV-IR cells in the
INL. (R) Merged ChAT-IR cells and PV-IR cells
in the INL. ChAT, choline acetyltransferase; IR,
immunoreactive; CB, calbindin-D28K; CR, calretinin;
PV, parvalbumin; GCL, ganglion cell layer; INL,
inner nuclear layer. Scale bar = 50 ym.
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Fig. 4. Tissues obtained by vertical sectioning of Mongolian
gerbil retina at a thickness of 50 um were stained:
ChAT-IR cells (Cy3, red), calcium-binding protein-
IR cells (FITC, green), and DAPI (blue). (A) ChAT-
IR cells. (B) Merged image of DAPI (blue) and
CB-IR cells (green). (C) Merged image of ChAT-
IR cells (red), DAPI (blue), and CB-IR cells (green).
Merged images of ChAT and CB immunoreactivity
in the GCL and INL show that ChAT-IR was not
colocalized with CB-IR cells. (D) ChAT-IR cells. (E)
Merged image of DAPI (blue) and CR-IR cells.
(F) Merged image of ChAT-IR cells (red), DAPI
(blue), and CR-IR cells. Merged ChAT and CR
images immunoreactivity in the GCL and INL show
ChAT-IR cells colocalized with CR-IR cells. (G) ChAT-
IR cells. (H) Merged image of DAPI and PV-IR
cells. (I) Merged image of ChAT-IR cells, DAPI,
and PV-IR cells. Merged images of ChAT and
PV immunoreactivity in the GCL and INL show
ChAT-IR cells not colocalized with PV-IR cells.
ChAT, choline acetyltransferase; IR, immunoreactive;
CB, calbindin-D28K; CR, calretinin; PV, parvalbumin;
GCL, ganglion cell layer; INL, inner nuclear layer.
Scale bar = 50 ym.
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