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Abstract: Daily rhythms of superoxide dismutase, glutathione peroxidase (GPx), and glutathione reductase
activities, as well as day-night oscillations of glutathione and malondialdehyde levels, have been described in
different tissues, including brain. In the present study, we investigate the temporal fluctuations of lipoperoxidation
and antioxidant enzymes in the rat hippocampus and evaluate to which extent vitamin A deficiency may affect
their amplitude or phase. Male rats from control, vitamin A-deficient and vitamin Arecovered groups were
sacrificed by decapitation troughout a 24-h period. Levels of lipoperoxidation, catalase (CAT) and GPx mRNA,
protein and activity were determined in the rat hippocampus obtained every 4 or 5 h. mMRNA expression of RARa
and RXRp was also quantified in the hippocampus of the three groups of rats. Our results show significant daily
variations of lipid peroxidation levels, CAT and GPx expression and activity, with maximal levels of
lipoperoxidation and enzymatic activities occurring during the dark period.

Vitamin A deficiency reduced significantly RXRB mRNA level, phase shifted the daily pattern of

lipoperoxidation and had a differential effect on CAT and GPx mRNA, protein, and activity oscillating levels.
Learning how vitamin A deficiency affects the circadian expression of genes involved in the antioxidant defense
system in the hippocampus may have an impact on the nutritional, neurobiology and chronobiology fields,
emphasizing for the first time the importance of nutritional factors, such as dietary micronutrients, in the regulation
of circadian parameters in brain.



Dr Anzulovich updated biosketch

NAME POSITION TITLE

Anzulovich, Ana Cecilia Associate Investigator (CONICET)

eRA COMMONS USER NAME Teaching Assistant (UNSL)

ANZULOVA

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral
INSTITUTION AND LOCATION (ifiﬁﬁfégﬁe) YEAR(s) FIELD OF STUDY

National University of San Luis Chem. Profes. 1992 Chemistry

National University of San Luis Lic. Biochem 1993 Biochemistry

National University of San Luis PhD 1998 Biochemistry and Nutrition

Milan University Post-doc 1999 Molecular Biology

NIMH/NIH Post-doc 2001-2004 | Molecular Chronobiology

A. Positions and Honors.

Positions and Employment

1994-present. Teaching assistant in the Chair of Biological Chemistry, Faculty of Chemistry,
Biochemistry and Pharmacy, National University of San Luis (Argentina).
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Oaxtepec, Mexico.
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Kerala, India.

2008- L.S. Navigatore Fonzo, R. Golini, S.M. Delgado, M.R. Bonomi, I.G. Rezza, M.S. Giménez
And A.C. Anzulovich. Temporal patterns of lipoperoxidation and antioxidant enzymes are modified in
the hippocampus of vitamin a-deficient rats. Possible impact on memory and learning. Sent to
Neuroscience, Elsevier Ed. Ms. No.: NSC-08-397.



Published abstracts:

2000.- E. De Fabiani, M. Crestani, D. Caruso, M. N. Orsini, A. C. Anzulovich, A. Pinelli and G.
Galli; Regulation of cholesterol 7a-hydrolase gene (CYP7A1) by bile acids, Chem. Phys. Lipids, 107
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2007- Ponce IT, Rezza IG, Bonomi MR, Delgado SM, Gimenez MS, Anzulovich AC. Circadian
Variation Of Glutathione Metabolism Is Modified In The Vitamin A Deficiency. Biocell 31 (Suppl.), 94.
ISSN 0327-9545.
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2007- Vega V, Anzulovich AC, Giménez MS, Oliveros L. Expression Of Retinoic Acid Receptors
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Progress Report (5R01-TW006974-03)

A. Specific Aims.

Even though the two specific aims originaly proposed in the application (RO1-TW006974-01A2)
have not been modified, we altered the chronological order of the studies directed toward them. That
was because of the easier accesibility to the methods described below, in the meantime we were
setting up all cell culturing conditions and getting the reagents to perform transfection experiments
(some times getting some reagents can take up to 3-4 months for us).



B. Studies and Results.

Animal Model. Last year we had some problems in getting the adequate number of Wistar rats as
proposed in the original proposal and, even keeping exactly the same animal protocol and maintaining
conditions, we had to swich to Holtzman strain in order to get the right number of animals. To compare
with our previous results in Wistar rats, we repeated the key experiments using Holtzman strain and
found results matched perfectly with those previously obtained with Wistars, then we continued and will
continue working with Holtzman rats.

Statistic analysis. Daily variations were statistically analized using One way ANOVA followed by
Tukey-Kramer post test with significance for P<0.05.

B.1. Studies in_hippocampus: In the previous progress report we showed that vitamin A deficiency
modifies temporal gene expression and activity of CAT and GPx in the rat hippocampus.

Here, we found lipoperoxidation follows a daily rhythm in the rat hippocampus with a peak at the
end-of-the-night-beginning-of-the-day, ZT22-ZT2 (P<0,01). Interestingly, we observed a significant
phase-shift in the pattern of lipoperoxidation in vitamin A-deficient rats (P<0.0001). Refeeding vitamin
A-deficient rats with the control diet shortened in 4 hours, but didn't completely reversed, the phase-
shift observed in vitamin A-deficient animals in comparison to controls (Figure 1).

Daily rhythms of CAT expression at protein level (P<0.005) were abolished in the hippocampus
of vitamin A-deficient rats (P>0.05) (Figure 2 left and central panels) and 15 days of vitamin A refeeding
reverted the effects of vitamin A deficiency and started recovering protein rhythms (Figure 2 right
panel). In the case of GPx, vitamin A deficiency attenuated (P<0,05) the daily rhythm of protein level
observed in controls (P<0.0001) (Figure 3 left and central panels). Daily oscillation of GPx protein level
started been restored in vitamin A-recovered rats (P<0.01).

We propose vitamin A deficiency might affect transcriptional and/or post-transcriptional
processes, either affecting the transcriptional regulation by RARs or RXRs through specific response
elements on CAT and GPx non-coding regulatory regions either affecting the interaction of
BMAL:CLOCK heterodimer with the antioxidant enzymes promoters, both of those possibilities will be
tested in the next coming project period.

Althought, we have done only one experiment with pooled hippocampus samples (n=2 per time
point), up to this moment, we observed a daily variation in Bmall and Per mRNA expression (3-actin
corrected) in the hippocampus of rat. Interestingly, vitamin A deficiency would atenuate rhythmic
expression of those clock genes (Figure 4) and, in that way, might interfere with the circadian
expression of clock-controlled genes, such as BDNF, CAT and GPx. A daily variation in the expression
of BDNF, a learning-and-memory-related gene, was also observed. Such rhythmicity was abolished in
the vitamin A-deficient rats as well, probably, as a consequence of the loss of Bmall and Perl rhythmic
expression (Figure 5), and was recovered after 15 days of vitamin A refeeding.

B.2. Studies in liver: Glutathione (GSH) is essential for the maintenance of an optimal cellular redox
state and the production of NADPH+H", which are critical for the transcriptional activity of the biological
clock (Rutter et al., Science, 2001). Retinoid receptor binding sites (RAREs and RXRESs) and E-box
sites were found in the regulatory regions of Glutathione Peroxidase (GPx) and Glutathione reductase
(GR) genes and shown in the original proposal of this work. Here, we report a daily variation of RARS,
RXRs, GPx and GR mRNA levels (P<0.025 and P<0.05) as well as of GPx and GR activity and
GSH/GSSG levels in the liver of control rats (Figs. 6, 7, 8 and 9). Vitamin A deficiency abolished
(RARalpha, P>0.05 ns) or attenuated (RXRalpha, P<0.05) daily rhthmicity which starts recovering after
15 days of vitamin A refeeding.

We observed different effects of vitamin A deficiency on the circadian expression of GR and
GPx. On one hand, Vitamin A deficiency phase shifted the peak of GR mRNA expression from ZT12 to
ZT2 (P<0.05, Fig. 7) and, on the other hand, it increased GPx expression at different time points
throughout the day, without affecting its temporal pattern (Fig. 8). GPx mRNA levels returned to
controls in vitamin A-recovered rats (Fig. 8) while phasing of GR mRNA expression was just partially
recovered in those animals (Fig. 7). Following temporal patterns in mRNA expression, enzymatic




activity of GR and GPx vary in a 24 h cycle (P<0.0001 and P<0.001, respectively). We observed a
phase shift in the daily activity of GR, from ZT2 to ZT7 ( P<0.0001), in the liver of vitamin A-deficient
rats and a significant increase in the GPx activity at the beginning of the day (ZT2-ZT7, P<0.025), in
comparison to controls (Fig 8), being the last consistent with previous results from our lab (Anzulovich
et al., 2000).

GSH levels decreased and its rhythmic variation was abolished in the liver of vitamin A-deficient
rats which start recovering after 15 days of vitamin A refeeding (Figure 9).

These results would suggest retinoids would participate in the circadian regulation of
GSH/GSSG levels and thus, in the circadian regulation of the cellular redox state in liver, a peripheral
clock with a relevant function in the control of circadian metabolism, and coordination with other
peripheral oscillators. The intrinsic mechanisms of such regulation will be probably elucidated during
the next project period.

C. Significance. The results reported here would contribute to define for the first time a putative role for
vitamin A as a rhythm regulator in the stablishment of circadian antioxidant enzyme systems in
peripheral clocks such as hippocampus and liver, as well as in the circadian expression of memory-
and-learning-related genes. Learning how vitamin A deficiency affects the circadian expression of clock
and clock-controlled genes may have an impact on the nutritional, neurobiology and chronobiology
fields, emphasizing for the first time the importance of nutritional factors such as dietary micronutrients
in the regulation of circadian parameters in peripheral clocks. VAD is a serious concern and has a
clinical and socio-economical significance worldwide, and particularly, in Argentina where the alarming
incidence of VAD reaches a fifth of the school-aged children. We would expect emerging data from
these and future studies will also highlight retinoid signalling pathways as potential novel therapeutic
targets for cognitive deficits as well as for circadian rhythms disorders.

C. Plans. Above results encourage us to continue with the studies proposed originally. Keeping same
original specific aims (#1 and 2), our timetable is as follows:

Years Studies

2008-2009 -Obtention of the Animal Model (twice per year).
- Behavioral studies (Specific Aim 1).
- Study of the circadian expression of clock genes in liver and hippocampus.(Specific Aim 1,
continuation)
- Study of the circadian expression of BDNF at the protein level in the hippocampus (Specific
Aim 1).
- Studies in vitro of the regulatory mechanisms through which vitamin A might
modulate the circadian expression of clock genes. (Specific Aim 1)
- Studies in vitro of the regulatory mechanisms through which vitamin A might modulate the
circadian expression of antioxidant enzymes genes. (Specific Aim 2)

E. Publications

Some of the results reported here have been presented in two posters to the Argentine Society of
Biochemical and Molecular Biological Research and their abstracts published as follow:

2007- Navigatore Fonzo LS, Delgado SM, Bonomi MR, Rezza |G, Gimenez MS, Anzulovich AC.
Circadian Variation Of Antioxidant Enzymes And TBARs In Hippocampus Of Vitamin A deficient rats.
Biocell 31 (Suppl.), 153. ISSN 0327-9545.

2007- Ponce IT, Rezza IG, Bonomi MR, Delgado SM, Gimenez MS, Anzulovich AC. Circadian Variation
Of Glutathione Metabolism Is Modified In The Vitamin A Deficiency. Biocell 31 (Suppl.), 94. ISSN 0327-
9545.



The following manuscript was recently sent to Neuroscience:

- L.S. Navigatore Fonzo, R. Golini, S.M. Delgado, M.R. Bonomi, |.G. Rezza, M.S. Giménez And A.C.
Anzulovich. (2008) Temporal patterns of lipoperoxidation and antioxidant enzymes are modified in the
hippocampus of vitamin A-deficient rats. Possible impact on memory and learning. Sent to
Neuroscience, Elsevier Ed. Ms. No.: NSC-08-397.

Manuscript in preparation:

- Ponce IT, Rezza IG, Delgado SM, Bonomi MR, Gimenez MS and Anzulovich AC. Daily variation of
glutathione metabolism in the rat liver. Effect of nutritional vitamin A deficiency.
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Figure 1. Day-night cycles of lipoperoxidation in the hippocampus of control, vitamin A-deficient and vitamin A-recovered rats.
MDA was measured by the thiobarbituric acid method. Each value represents the mean+SE of 4 animals. Horizontal bars

represent the distribution of light (open) and dark (closed) phases of the 24 h photoperiod. ZT is zeitgeber time, with ZT=0 when
light is on.



FIGURE 2
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Figure 2. Daily rhythms of CAT protein levels in the hippocampus of control, vitamin A-deficient and vitamin A-recovered rats.
Protein levels were determined by immunobloting against a goat anti-CAT IgG. Each value represents the mean+SE of 2 pools
of n=3 hippocampi. Horizontal bars represent the distribution of light (open) and dark (closed) phases of the 24 h photoperiod.
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Figure 3. Daily rhythms of GPx protein levels in the hippocampus of control, vitamin A-deficient and vitamin A-recovered rats.
Protein levels were determined by immunobloting against a goat anti-GPx 1gG. Each value represents the mean+SE of 2 pools
of n=3 hippocampi. Horizontal bars represent the distribution of light (open) and dark (closed) phases of the 24-h photoperiod.
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Figure 4. Daily rhythms of clock, Bmall and Perl, gene expression in the hippocampus of control, vitamin A-deficient and
vitamin A-recovered rats. mRNA levels were determined by RT-PCR and normalized to B-actin. Each value represents
the meant+SE of n=2 pooled hippocampi. Horizontal bars represent the distribution of light (open) and dark (closed)
phases of the 24-h photoperiod. ZT is zeitgeber time, with ZT=0 when light is on.
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Figure 5. Daily variation of BDNF gene expression in the hippocampus of control, vitamin A-deficient and vitamin A-recovered
rats. MRNA levels were determined by RT-PCR and normalized to B-actin. Each value represents the mean+SE of n=2 pooled
hippocampi. Horizontal bars represent the distribution of light (open) and dark (closed) phases of the 24-h photoperiod. ZT is
zeitgeber time, with ZT=0 when light is on.
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Figure 6. Temporal expression of RARa, RXRa and RXRg in the liver of control (closed squares), vitamin A-deficient (open
triangles) and vitamin A-recovered (open circles) rats. mRNA levels were determined by RT-PCR and normalized to B-actin.
Each value represents the meanSE of 4-5 liver samples. Horizontal bars represent the distribution of light (open) and dark
(closed) phases of the 24-h photoperiod. ZT is zeitgeber time, with ZT=0 when light is on.
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Figure 8. Temporal expression and activity of GPx in the liver of control (blue line), vitamin A-deficient (red line) and vitamin A-
recovered (green line) rats. mRNA levels were determined by RT-PCR and normalized to B-actin. Each value represents the
meanzSD of 4-5 liver samples. Horizontal bars represent the distribution of light (open) and dark (closed) phases of the 24-h
photoperiod. ZT is zeitgeber time, with ZT=0 when light is on.
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Figure 9. Daily variation of total GSH, GSH and GSSG levels in the liver of control, vitamin A-deficient and vitamin A-recovered
rats. Bars represent the mean+SD of 4 liver samples. ZT is zeitgeber time, with ZT=0 when light is on and ZT=12 when light is

off.



