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AMPA (x-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid) receptor channels me-
diate the fast component of excitatory postsynaptic currents in the central nervous
system. Site-selective nuclear RNA editing controls the calcium permeability of these
channels, and RNA editing at a second site is shown here to affect the kinetic aspects
of these channels in rat brain. In three of the four AMPA receptor subunits (GIUR-B, -C,
and -D), intronic elements determine a codon switch (AGA, arginine, to GGA, glycine) in i
the primary transcripts in a position termed the R/G site, which immediately precedes the
alternatively spliced modules “flip”” and “flop.”” The extent of editing at this site progresses
with brain development in a manner specific for subunit and splice form, and edited
channels possess faster recovery rates from desensitization.
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Fig. 2. The dsRNA structure mediating R/G edit-
ing of GIuR-B transcripts. The RNA comprising
distal exon 13-proximal intron 13 sequences is
folded into a hairpin structure showing G-U base
pairs and mismatches. Exonic nucleotides are

AMPpA receptors in different types of neu-
rons have remarkably different ion conduc-
tance and kinetic properties (1), in part as a
direct consequence of the molecular make-
up of the different AMPA receptors. The
architecture of this receptor channel per-
mits combinatorial assembly from a pool of
four subunits, termed GluR-A to -D or
GluR1 to GluR4 (2). Each subunit is en-
coded by a single gene, and hence the rel-
ative expression of each gene largely deter-
mines the type of AMPA receptor in a
given cell (3). Additional complexity arises
from two alternatively spliced versions for
each subunit, termed flip and flop, which
differ in the sequence of a small segment
that affects pharmacological properties and
channel desensitization (2, 4—6) and whose

relative amounts in the central nervous sys-
tem change during development (7). Fur-
thermore, in GluR-B the residue in a chan-
nel position termed the Q/R site, which is
critical for the Ca?" permeability of the
agonist-activated receptor channel (8), is
controlled by site-selective RNA editing
(9). Q/R site editing operates before intron
removal on a double-stranded RNA
(dsRNA) structure formed by complemen-
tary exonic and intronic sequence (10).

In addition to the Q/R site, alternative
codons for arginine (R; AGA) and glycine
(G; GGA) specity residue 764 in rat,
mouse, and human GluR-B and the homol-
ogous position of rat GluR-D (4, 11). The
Arg’®* codon is the last codon on exon 13
of the gene encoding GluR-B and is spliced

boxed, nucleotide substitutions and their designa-
tions are indicated, and R/G editing in PC-12 cells
is depicted by bar graphs [wild-type (WT), 500-
bp Bgl II-Hind Ill] (Fig. 1).

alternatively to either the flop module
(exon 14) or the flip module (exon 15). A
polymerase chain reaction (PCR)-support-
ed survey of the AMPA receptor subunits in
adult rat brain demonstrated that flip and
flop forms of GluR-B, GluR-C, and GluR-D
transcripts exist in both glycine and argi-
nine versions (GluR-C, position 769;
GluR-D, position 765), whereas for
GluR-A (position 757) only the arginine
version was found. Unspliced GluR-B se-
quences also possessed codon 764 heteroge-
neity. These findings suggested that except

Fig. 1. The R/G site and  G1uR-B subunit QR R/G
exon complementary in- ¢
tron sequences in genes i___:_

; NH., m— 71 — z@;- 1COOH
encoding AMPA recep- Ho M1 M2 M —— 77
tors. The GIuR-B subunit T T, NN
is depicted with signal == e e A4 \\ \\ 100 aa
sequence and trans- o oo gene RG Pt T // // « \_ 300bp
membrane regions M1 = o Y NN

Exons 13 — — 14 — 15 2 N\ 16

to M4 (black boxes) and . . % Flop 7 Flip E-j .
the alternative module =" ‘ B'
flip or flop (shaded box) Bg | Be Hi Hp St 9
in front of M4. The Q/R RIG
and R/G sites targeted / V
by RNA editing are indi- Thr Pro Lys Gly Ser Ser Leu Ar Intron 13 ECS

- -+
cated by open arrow - « ACACCTAAAGGATCCTCATTAAG |G TGGGTGGAATAGTATAACAATAT GCTCAATGTTCTTATAGTATCCCACCTACCCTGATGTGTCTTTAAGACCTTA « » 3¢

GluR-B 5' 3
heads. Exons 1310 16 giur-c s5'-. ACCCCTAAAGGCTCAGCATTAAS |GTGCGTGGARTAATATARCANTA - ~TCCUTGTIGTTATAGTATTCCACCTACCCTGATGCATTTTGTTGTCGTTT « - 31
encoding the GlUR-Bse-  Glur-p 5'-- ACGCCCAAGGGTTCCTCATTAAG |G TGGGTOGAATAGTATAACAATAG ATCATGCATTGTTATAGTATICCACCTTCCOTGATGTCCCTGAAAGAATATT » 3"
quences around the R/G GluR~-A 5'++ ACACCCAAGGGGTCCGCCCTGAG |GTAAGTACCCAGATCTGCTTCCT T CGTGCTCCCTCTGCCCTCCCTATCTCTCAGGAACGAAGCTGCTGCATTTACC * * 3

site and intervening in-

trons are drawn to scale (77); broken lines connect exons to subunit domains
(4, 11). Only restriction sites used for constructing GIuR-B minigenes (all start at
the Bgl Il site in exon 13) are indicated (Bg, Bgl II; Be, Bel I; Hi, Hind Ill; Hp, Hpa
l; and St, Stu I). Constructs, approximate sizes, and R/G editing in PC-12 cells
were Bgl II-Bcll, 370 bp, 3.4 = 0.8% (n = 5); BgllI-Hind Ill, 500 bp, 7.0 = 0.9%
(n =9): Bglll-Hpa |, 760 bp, 8.5 = 1.1% (n = 3); Bgl I-Stu |, 1.1 kb, 13.56 =
1.2% (n = 3); and Bgl lI-Bgl II, 2.8 kb, 13.4 = 1.9% (n = 5). The nucleotide
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sequences of the distal part of exon 13 and the proximal part of intron 13 are
shown for GluR-A to GIuR-D. The open arrowhead marks the arginine codon
changed by R/G editing, with the targeted adenosine shown in bold. This
codon is intersected (vertical line) by the 5’ donor of intron 13. Complementary
nucleotide sequences are shaded; horizontal arrows indicate the inverted re-
peat critical for RNA editing. Complementarity between exonic and intronic
sequence (ECS) is indicated by the thickened arrow stems; aa, amino acid.
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Fig. 3. Developmental pro-
gression of R/G editing for the
flip and flop splice versions of
the GIuR-B, -C, and -D sub-
units. The percentage of R/G
site glycine codons in GIuR-B
to -D subunit cDNAs in their
flip (left) and flop (right) ver-
sions was determined (77) at
developmental stages E14 to
P42 in rat brains (whole em-
bryos for E14). Data = SEM
are plotted: B, GluR-B (H); C,
GluR-C (A); D, GIuR-D (O).
The broken line for GIuR-C 0
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flop indicates that a different
method was used (77) to eval-
uate the edited and unedited
forms.

T
E14

for GluR-A, all AMPA receptor subunits
may be targeted by nuclear RNA editing to
incorporate a glycine residue in the position
preceding the flip and flop modules. We
termed this position the R/G site.

PC-12 cells from rats and expressing
only GluR-B types of AMPA receptor (12)
were used to determine whether the codon
variability in the R/G site is indeed gener-
ated by RNA editing. More than 99% of
GIluR-B transcripts endogenous to PC-12
cells are edited in the Q/R site (10) and
26% in the R/G site for both splice forms.
Vector constructs harboring exon 13 and
intron 13 sequences of the murine AMPA
receptor subunit genes (13) under the tran-
scriptional control of the human cytomeg-
alovirus promoter-enhancer region (14)
were transiently expressed in PC-12 cells
(15). Transcripts derived from these vector
constructs were analyzed by reverse tran-
scription-PCR  (RT-PCR), followed by
probing recombinant phage M13 plaques
containing the amplified DNAs with oligo-
nucleotides specific for-the alternative R/G
site codons (15). Large fractional amounts
of the R/G site glycine codon were obtained
for three of the four genes encoding the
subunits (GluR-B, 13.4 * 1.9%, n = 5;
GluR-C, 5.5 = 1.0%, n = 3; and GluR-D,
174 = 3.0%, n = 3), indicating that RNA
editing generates codon variability in these
gene transcripts. Analogous to Q/R site ed-
iting (10), R/G site editing levels of exog-
enous sequences were lower than those for
the endogenously expressed GIuR-B se-
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Table 1. Functional differences of AMPA receptor channels edited and unedited at the R/G site. Flip, i;

flop, o; R, arginine; G, glycine. The t . values

rec

describe the decay phase of the time-dependent

depression of the current response to the second agonist pulse. The percentages of maximal depression
of the current response to the second agonist pulse are from the same set of experiments. The peak to
steady-state current ratios were calculated from desensitization experiments (current amplitude at the
peak and average current amplitude 50 to 59 ms after agonist application). All values are mean + SD,

except for the ratio of the peak current to the steady state current (/o /ls), Which is mean + SEM. t,,

les’

desensitization time constant. Numbers in parentheses are the number of patches recorded.

t ... after

Maximal

rec . t 4o (60-mMs

1-ms depression of des V=
GluR type prepulse second pulse app(hr(r:]atlon) loeai/ss

(ms) (%) ®
C(R) 36 +7(3) 3B =+7 40 +0.5(12) 41 +6(12)
C(Q) 15 = 6 (4) 24 + 4 4.9+06(8) 36 + 9 (8)
D(R) 14 + 4 (8) 24 +5 3.6 + 0.6 (10) 180 + 50 (9)
D(G) 6+ 2(15) 11+3 6.6 = 1.0 (21) 25 + 4 (21)
D.(R) 43 =9 (5) 79+7 1.6 =0.2(8) 390 + 70 (8)
D,(G) 31 £3(12) 9B +5 0.9 +0.1(19) 310 = 50 (16)
ARY/B,R) 67 =17 (7) 62 = 11 3.5+0.5(12) 130 =30 (7)
A(RV/B,G) 37 +8(7) 57 + 4 3.5 +0.7(13) 140 + 15 (13)
A(RY/B(R) 61 +15(5) 59 + 10 3.2+0.6(09) 230 + 50 (9)
A(R/B(G) 28 + 4 (10) 31+5 5.4 + 1.0 (28) 120 *+ 40 (22)
B(G)/C(R) 26 + 4 (9) 33=3 4.2 +0.7 (9 67 =15 (14)
B(G)/C(G) 15 + 3 (8) 28+ 4 4.9 + 0.8 (19) 46 = 8 (19)

quence (10). The failure of PC-12 cells to
edit the GluR-A gene sequence (no G form,
n = 2) is consistent with the lack of in vivo
editing for this gene and might reflect the
absence of an intronic element, analogous
to the editing site complementary sequence
(ECS) for Q/R site editing (10). Indeed,
DNA sequence analysis located such an
element in the proximal part of intron 13 in
the genes encoding GluR-B, -C, and -D but
not in GluR-A (Fig. 1).

The presence of the ECS site predicted
(10) that the putative exon-intron dsRNA
(Fig. 2) is involved in R/G editing. We
tested this by introducing nucleotide substi-
tutions (16) in a murine GluR-B gene con-
sttuct [500-bp Bgl II-Hind III fragment
(Fig. 1)], which yielded 7.0 = 0.9% (n = 9)
R/G editing in PC-12 cells (Fig. 2). When
two blocks of three consecutive intronic
nucleotides in the predicted stem region of
the dsRNA were replaced by guanosines to
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generate mutants S1 and S2 (Fig. 2), R/G
editing dropped to nearly undetectable lev-
els (<0.2%; n = 4). Editing of these mu-
tants was partly restored by substituting cy-
tosines for correct base paring in the com-
plementary exonic sequence [double mu-
tants RS1 (8.5 * 0.5%; n = 3) and RS2
(3.1 £ 0.2%; n = 4)]. Mutations in the
intronic ECS sequence had variable effects.
The mutant El, which contains a point
mutation opposite of the adenosine that is
to be edited, decreased the extent of R/G
editing (2.2 = 0.5%; n = 4). The point
mutation E2, designed to stabilize the stem
of the exon-intron dsRNA, increased the
percentage of editing by more than twofold
(17 = 2%; n = 5), and the double mutant
E3 yielded 5 = 1% (n = 3) R/G editing.
Overall, these data indicate that the se-
quence-predicted dsRNA structure is essen-
tial for R/G editing, as observed for Q/R site
editing (10). Furthermore, GIuR-B gene



Fig. 4. Differences in the time
courses of desensitization and re-
covery from desensitization for het-

M1 |

eromeric GIuR-A/B AMPA recep-
tors. Flip, i; flop, o; R, arginine; G,
glycine. (A) Several superimposed
current traces mediated by GIuR-
A/B(764G) channels were ob-
tained by a 1-ms double-pulse pro-
tocol. The time interval between
two pulses was 0.5 ms for the first
pulse and was increased by a factor
of 2 for the following pulses. The
holding potential was —40 mV. The
upper trace is the open tip re-
sponse to an application of normal
frog Ringer solution (diluted 10
times) (6) with the same pulse se-
quence, reflecting the time of gluta-
mate application. (B) The depres-
sion of the peak current amplitudes
in response to the second gluta-
mate pulse in relation to the first
current response is shown versus
the time interval between the two
pulses. The lines represent the dou-
ble-exponential functions (as a su-

GIUR-A/B/(764G)

vd 0oL

20 ms

GluR-A/B|(764R)

GluR-A/B(764G)

b4
- - = P

perposition of the exponential rising
phase and the exponential decay
phase) fitted to pooled data (n = 11
and 5),with decay time constants of
28 and 61 ms for the GIuR-A/
B(764G) (@) and GIuR-A/B|(764R)
(©) channels, respectively. The on-
sets of desensitization as estimated

Depression of second response (%)

T T T |
100 200 300 400
Time between pulses (ms)

1 mM glutamate

by the rising phase of the depres- [
sion had time constants of 0.5 and
1.3 ms; the maximal percentages of
desensitized channels by the 1-ms
prepulse were 31 and 59%, re-
spectively. Error bars are SEM. (C)
Current traces mediated by GluR-
A/B(764G) and GIuR-A/B(764R)
channels to an application of 1 mM
glutamate for 60 ms were superim-

GIUR-A/B{(764R)

GIUR-A/B,(764G)

vd 002

20 ms

posed and scaled to their peak amplitude. The holding potential was —40 mV, and each trace represents
an average of 10 single pulse responses. The small peaks at the beginning and at the end of the glutamate
pulse are caused by the high voltage driving the piezo element for the fast application system. The upper
trace shows the open tip response after disruption of the patch.

constructs containing the ECS site and pro-
gressive lengths of intron 13 and beyond
yielded increasing extents of R/G site edit-
ing, from 3 to 14% (Fig. 1). The point
mutation E2 more than doubled R/G edit-
ing in all constructs (the E2 mutation was
introduced into the Bgl II-Bgl II construct;
350 * 2.5%; n = 4), and the longest
construct (Bgl II-Bgl II) (Fig. 1) when car-
rying the intronic block mutation S1 (Fig.
2) was virtually unedited (<0.2%, n = 2).
Thus, unlike Q/R site editing distal intron
sequences, although not prerequisite for
R/G site editing, increase editing efficiency.

We studied the extent of editing at the
R/G site in the alternatively spliced flip and
flop versions of the GluR-B, -C, and -D
subunits during rodent brain development
(17). The extent of R/G editing in the
embryonal brain is generally small for both

splice forms but increases dramatically dur-
ing development (Fig. 3). Differences are
apparent in the extent of R/G editing for
the alternative splice forms of a subunit,
perhaps indicating that different cell types
edit the R/G site to different extents. This is
exemplified for GluR-D, whose flip version
manifests a biphasic developmental progres-
sion and, in the adult rat brain, has 55%
R/G editing. The most likely explanation is
that cerebellar Bergmann glial cells, which
proliferate postnatally and express large
amounts of GluR-D flip (7), do not edit the
R/G site. This was corroborated by single-
cell PCR analysis (3, 18, 19) of eight Berg-
mann glial cells harvested by a patch pi-
pette in postnatal day 15 (P15) rat cerebel-
lar slices (20). Besides GluR-A, these cells
contained only the R form of GluR-D flip,
consistent with our observation that in
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adult rat cerebellum only about 10% of
GluR-D flip has R/G editing. In contrast,
95% of cerebellar GluR-D flop sequences
are edited, and this form is prominently
expressed in late postnatal stages by the
abundant cerebellar granule cell population
(7).

We investigated the functional differ-
ences between the R and G forms of AMPA
receptors by expressing the appropriate
complementary RNAs in Xenopus oocytes
(21). We determined values for the median
effective concentration (ECs,) for the glu-
tamate-activated steady-state currents, be-
cause the region around the R/G site and
the flip-flop modules may be a part of an
extracellularly located bipartite agonist
binding site (2, 22). The ECs, values in-
creased for edited forms, but this effect was
not observed for all channels (21). We then
analyzed recombinant channels in outside-
out patches excised from oocytes, using a
fast application system for L-glutamate (23).
For all channels tested, the 20 to 80% rise
time of current was on average less than 0.5
ms, and the time constant of deactivation
after rapid removal of glutamate was on
average less than 1 ms. These values did not
appear to differ for channel forms with or
without R/G site editing.

We next measured the recovery of mac-
roscopic current responses from desensitiza-
tion by applying two 1-ms pulses of 1 mM
glutamate separated by increasing time in-
tervals. This short-pulse protocol may mim-
ic the synaptic situation where the gluta-
mate concentration peaks around 1 mM for
about 1 ms (24). The time course of recov-
ery from desensitization was affected by the
subunit configuration and, for a given con-
figuration, consistently by the R/G site (Ta-
ble 1). All recovery time courses could be
fitted well by monoexponential functions
described by the time constant ¢, . GluR-
A,/B,(764G) channels, a subunit combina-
tion likely to occur in neurons (3, 4, 7), are
characterized by a t,,. value of 28 ms (Fig.
4A), whereas GluR-A/B,(764R) channels
show a ¢, of 61 ms (Table 1), indicating
considerably faster recovery from desensiti-
zation when GluR-B, has R/G editing. Plot-
ting the depression of the current response
to the second agonist pulse as a function of
the duration of the interpulse interval (Fig.
4B) illustrates that only half as many GluR-
A/B,(764G) channels (31%) as GluR-A/
B,(764R) channels (59%) are maximally
desensitized after a 1-ms prepulse of 1 mM
glutamate. Hence, for a given subunit con-
figuration, channels with R/G editing re-
spond to agonist even after a very short
time interval after the prepulse (Table 1).
The ¢, values (6 to 70 ms) cover the same
approximate range recorded in channels
from central neurons (9 to >100 ms) (25,
26). Because of faster recovery and a ten-
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dency for slower desensitization. rates, the
edited versions of AMPA receptors show
larger steady-state currents than the uned-
ited forms (Fig. 4C and Table 1).

Thus, in addition to cellular control over
the expression of the individual subunit
genes (3), the size and shape of the fast
component of excitatory postsynaptic cur-
rents (EPSCs) can be determined by the
developmentally directed interplay of alter-
native splicing and R/G editing. Desensiti-
zation may shape the decay phase of a single
EPSC (25) but is in many cells slower than
the decay of EPSCs (25, 26). The rate of
desensitization determines the fraction of
channels that are desensitized by a gluta-
mate pulse and hence, together with the
recovery rate, controls the excitability of a
single postsynaptic site in response to sub-
sequent stimuli. Fast desensitizing, slowly
recovering AMPA receptors should respond
only to the beginning of a sequence of fast
stimuli, whereas rapidly recovering recep-
tors should integrate the incoming signals
as they will transmit virtually undepressed
an entire train of fast stimuli.
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Resetting the Biological Clock: Mediation of
Nocturnal Circadian Shifts by Glutamate and NO

Jian M. Ding, Dong Chen, E. Todd Weber, Lia E. Faiman,
Michael A. Rea, Martha U. Gillette*

Circadian rhythms of mammals are timed by an endogenous clock with a period of about
24 hours located in the suprachiasmatic nucleus (SCN) of the hypothalamus. Light syn-
chronizes this clock to the external environment by daily adjustments in the phase of the
circadian oscillation. The mechanism has been thought to involve the release of excitatory
amino acids from retinal afferents to the SCN. Brief treatment of rat SCN in vitro with
glutamate (Glu), N-methyl-D-aspartate (NMDA), or nitric oxide (NO) generators produced
lightlike phase shifts of circadian rhythms. The SCN exhibited calcium-dependent nitric
oxide synthase (NOS) activity. Antagonists of NMDA or NOSpathways blocked Glu effects
in. vitro, and intracerebroventricular injection of a NOS inhibitor in vivo blocked the
light-induced resetting of behavioral rhythms. Together, these data indicate that Glu
release, NMDA receptor activation, NOS stimulation, and NO production link light acti-
vation of the retina to cellular changes within the SCN mediating the phase resetting of

the biological clock.

Diurnal oscillations of endocrine, physio-
logical, and behavioral functions are ubig-
uitous features of eukaryotes (1). In mam-
mals, the mechanisms responsible for the
generation and synchronization of these cir-
cadian rhythms reside in the hypothalamic
SCN (2). The dominant signal that coor-
dinates internal time with environmental
changes is light. Photic information is con-
veyed to the SCN by way of a direct retinal
projection, the retinohypothalamic tract
(3). Under conditions of continuous dark-
ness, brief light exposure during the early
subjective night causes phase delays, where-
as exposure during the late subjective night
causes phase advances of circadian thythms
driven by the SCN clock (4). Light expo-
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sure during the subjective day does not alter
the circadian- phase. Neither the mecha-
nisms responsible for clock resetting, nor
those underlying nocturnal restriction, or
“gating,” of the response are understood.
Glutamate (Glu) is the putative neuro-
transmitter that mediates photic entrain-
ment. Glu and its bipeptide precursor are
localized in retinal fibers innervating the
SCN, and Glu is released after optic nerve
stimulation in vitro (5). Antagonists of the

Fig. 1. Sensitivity of the SCN to phase resetting by
Glu. We' assessed sensitivity by measuring the
phasing of endogenous circadian rhythms of neu-
ronal firing rate of the SCN in brain slices (74).
Circadian rhythms of the ensemble of neurons
were derived by random sampling of single units
extracellularly at 10-min intervals for two 2-min
periods. Units (82 to 124) were sampled per slice;
activities were grouped into a 2-hour running av-
erage + SEM to determine the time of peak firing
activity (73). (A) Circadian rhythms of neuronal ac-
tivity in SCN slices in vitro shown in a continuous
record over 38 hours from a single SCN on days 2
to 3 after slice preparation. The horizontal bars
indicate the subjective night of the circadian cycle.
The ,dashed vertical lines mark the time of the
normal peak activity at CT 7 in unperturbed and
EBSS-treated controls (73). (B) Effect of Glu at CT
14 on the activity rhythm. A 0.2-pl droplet of 10
mM Glu was applied directly to the SCN for 10 min

REPORTS

NMDA subtype of Glu receptor block pho-
tic phase shifts of the free-running activity
thythm in rodents (6, 7). Although at-
tempts to affect phase in vivo by Glu with
bolus injections near the SCN have failed
to elicit lightlike effects on circadian
thythms (8), preliminary reports suggest
that SCNs in vitro show nocturnal sensitiv-
ity to Glu (9).

Activation of NMDA Glu receptors in
neural systems leads to an influx of Ca?*.
This, in turn, can activate nitric oxide syn-
thase (NOS), resulting in the production of
nitric oxide (NO) (10). NO is a short-lived
gaseous neurotransmitter that can readily
traverse cell membranes and produce inter-
cellular effects. Thus, NO can activate gua-
nylate cyclase or adenosine diphosphate—
ribosyltransferase or facilitate neurotrans-
mitter release in cells neighboring the site
of NOS stimulation (11).

In order to selectively probe the pathway
of phase resetting of the biological clock, we
studied a SCN rat brain slice preparation
maintained in vitro for 3 days (12). The
mean firing frequency of SCN neurons in
vitro forms a sinusoidal €arve, with a 24-
hour period and a peak midday, near circa-
dian time 7 (CT 7) (Fig. 1A) (13). A
microdrop of 10 mM Glu was briefly applied
to the SCN and the time of subsequent
peaks in neuronal activity assessed (14).
Glu induced robust phase shifts, depending
on the phase of the circadian cycle at which
it was administered (Fig. 1, B through D).
When applied to the SCN in the early
subjective night, Glu caused a 3.0-hour de-
lay in the neuronal circadian rhythm. Peak
activity remained delayed by the same in-
terval relative to the normal peak for the 2
days studied after Glu treatment, indicating
that a stable phase resetting of the SCN
clock had been induced. Later in the sub-
jective night, Glu application advanced
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(arrow), followed by EBSS rinse, during the early subjective night at CT 14. (C) Effect of Glu at CT 19. (D)

Effect of Glu at mid-subjective day, CT 6.
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