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A B S T R A C T

Introduction: Protein kinase B (PKB)/Akt is a kinase that is responsive towards insulin-like growth factor
(IGF-1) and nerve growth factor (NGF). Detected in the cytosol, Akt is activated by phosphorylation at
Thr308/Ser473 residue. The phosphorylated Akt (pAkt) is translocated into the nucleus via the of
phosphatidylinositide 3-kinases (PI3K)-Akt pathway. Contradicting results have been reported on the
expression of Akt and pAkt in aged animals. The study is conducted to determine the effect of aging on the
Akt and pAkt signaling in the L5 dorsal root ganglia (DRG).
Methods: Twenty-four female Sprague-dawley rats were sacrificed at 3, 10, 20 and 27 months. L5 DRG was
harvested and subjected to immunofluorescence staining.
Results: The expression of Akt and pAkt was detected in almost all neurons in all groups. Image analyzer
analysis showed that the average intensity of Akt signaling increased from M10 to M27 compared to the
M3. However, the average intensity of pAkt signaling was only significantly increased in M27 compared
to the younger animals.
Conclusion: The expression of Akt and pAkt may indicate that increase activity is taking place in the aged
neurons. The activation of Akt and its phosphorylation may be one of the mechanisms in response
towards aging process.
© 2017 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of Anatomical Society of India.
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1. Introduction

The process of aging has been known to affect peripheral
nervous function. For instance, the deterioration of somatosensory
function is known to occur and is extensively investigated in aged
subjects.1–3 Meanwhile, the loss of motor function in aging has
been identified as the main cause of impairment of physical
activity and independence in the elderly.4–7 The alteration of
physiological function in aged individual is associated with, among
others, the degeneration of cutaneous receptors,2 morphological
changes of peripheral nerve,5,8 as well as changes in axonal
components,4,9 slowing of motor response towards stimuli 6 and
alteration in neuropeptides levels and their receptors.10,11

Protein kinase B, PKB/Akt, is a kinase responsive towards
insulin-like growth factor and nerve growth factor that controls
metabolism, growth, apoptosis and differentiation.12 Akt is
phosphorylated at Thr 308 and Ser 473 residue to generate high
level activity.13 Three isoforms of Akt (Akt1, Akt2 and Akt3) have
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been found in mammalian cells,14–16 normally in the cytosol in its
inactive form and can be activated by the stimulation of numerous
transmembrane receptors.17 Once activated, the Akt will be
phosphorylated and translocated into the nucleus. This requires
the activation of phosphatidylinositide 3-kinases, PI3K.18

In several studies, Akt activation and phosphorylation is found
to be beneficial for the proliferation, protection and survival of cells
against neurodegeneration in injury and aging. The expression of
Akt and phosphorylated Akt is up-regulated in response towards
injury.19–22 Meanwhile, in aging studies, contradicting results have
been reported on the expression of Akt and its phosphorylated
form.23–27 In this study, we explored the effect of aging on Akt
signaling and the phosphorylation of Akt in L5 DRG using
immunofluorescence double staining procedure. The signaling
intensity of each protein was measured at different stages of life.
We showed that the intensity of Akt and phosphorylated Akt
signaling inL5 DRG is increased at advanced age. Furthermore, at
advanced age, the phosphorylated Akt is shown to be translocated
into the nucleus of the neurons. Therefore, at this age, the Akt
signaling and the phosphorylation of Akt is required, probably to
maintain the survival of cells against aging-related neurodegen-
eration.
f Anatomical Society of India.
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2. Materials and methods

All animal procedures were conducted according to the local
guidelines for care and use of experimental animals and approved
by Institutional Animal Care and Use Committee (IACUC),
University of Malaya. Female Sprague-dawley rats were used in
this study. Animals were obtained from the Animal Experimental
Unit, Faculty of Medicine, University of Malaya. All animals were
housed in an individual flat surface cage under controlled
environment; with a temperature range between 22�–25 �C and
12 h light/12 h darkness. Animals were given free access of
standard rat chow and water ad libitum. The animals were divided
into 4 groups: 3 months (young adult), 10 months (mature), as well
as 20 months (early aged) and 27 months (advanced aged) with 6
animals per group.

The animals were weighed prior to the experiment, after which
they were anaesthetized with intraperitoneal injection of 3.5%
chloral hydrate 1 ml/100 mg body weight and perfused with 4%
paraformaldehyde in 0.1 M phosphate buffer solution at pH 7.4.
Immediately after perfusion, a cut was made using surgical scissors
parallel to the spine to separate the vertebral column from the rib
cage. Caudally, the column was cut at the level of hip joint whereas
rostrally, the column was cut the level of T8. Muscles attached
along the column were removed as much as possible to minimize
tissue mass. The vertebral column was then immersed in the
fixative for at least 72 h. The spinal cord and the intact DRG were
carefully harvested for identification. The lumbar and sacral spinal
were identified with the aid of the adherent ventral roots.28 The
tissues were processed, embedded in paraffin wax (Paraplast, USA)
and oriented accordingly.

Specimens were sectioned at 5 mm and mounted on poly-L-
lysine (Sigma) coated slides and air-dried overnight. Sections were
dewaxed, rehydrated and subjected for antigen retrieval treatment
in 60 mM sodium citrate buffer pH 6.0. Sections were incubated
with 10% sheep normal serum for 20 min to block non-specific
binding of immunoglobulin. Then, sections were immediately
covered with a mixture of primary antibody; Neurofilament NF200
(mouse monoclonal anti-NF200, 1:200; Sigma) and Akt (rabbit
polyclonal anti-Akt, 1:200; Cell Signaling) or phosphorylated Akt
Thr308 (rabbit polyclonal anti-phosphorylated Akt; 1:100; Milli-
pore) for 1 h in humidity chamber at room temperature.
Subsequently, the sections were treated with a mixture of
fluorescent conjugated secondary antibody sheep anti-rabbit
CY3 (1:150; Sigma) and sheep anti-mouse FITC (1:150; Sigma)
and incubated for 1 h at room temperature. After washing, the
slides were mounted using DAPI ProLong Gold Antifade Reagent
(Invitrogen). The slides were examined with digital microscope
Eclipse 80i (Nikon Instruments) fluorescence microscope. Mean-
while, images were captured and intensities were measured using
NIS Image Analyzer (Nikon Instruments).

The means of all parameters were calculated and shown with
standard error of mean (SEM). Statistical analysis was performed
using one-way ANOVA on all parameters and Tukey or Games-
Howell for post-hoc test. Statistical significance was established as
Table 1
Changes in the body weight in rats at various ages. Body weight was measured prior
to sacrifice. The body weight increased from M3 to M10. From M10 onwards, the
body weight is maintained throughout the study. Values are mean � SEM; n = 6.

Age of Animals BW (gm)

M3 208.33 � 4.01
M10 266.00 � 10.30*

M20 253.83 � 12.65*

M27 283.00 � 14.52*

* Significantly different from M3; p < 0.05.
p < 0.05. All statistical analysis was performed using IBM SPSS
Statistic 22 software.

3. Results

The general health of all animals appeared to be intact. There
was no apparent weakness of the extremities shown by the
animals. Body weight significantly increased from M3 to M10.
Minimal mean body weight difference was seen afterwards, the
body weight of the animals was maintained until the latest age
studied, M27, agreeing with previous studies.26,29,30 Table 1
represents the summary of body weight of all the groups studied.

Fig.1 shows the expression of Akt within the L5 DRG at M3, M20
and M27 against NF200, generally known as a marker for large-
sized neurons. There was a signaling of Akt in the cytoplasm of both
small and large neurons in all groups of animals at various
intensities. However, the Akt signaling in the small-sized neurons
were more intense compared to the larger-sized, NF-immunore-
active (NF-IR) neurons with some intense signaling on the certain
areas in the NF-IR neurons. There was also some but hardly
noticeable signaling in the nucleus of the majority of the neurons.
It was not possible to determine if the signaling in the cytoplasm is
increasing or decreasing as the animals aged. For that reason, we
measured the average intensity of the signaling of the tissue using
the NIS-Elements Image Analyzer (Fig. 2). The average intensity of
NF200 was slightly increased in M10 (23.84 � 0.92) and M20
(26.11 �1.85) compared to M3 (21.41 �1.01). The intensity was
then decreased at M27 (23.82 � 1.52). However, the differences
were not statistically significant. Hence, the maintained intensity
level of NF200 was used as an internal control when measuring the
Akt and pAkt intensity.

The measurement of Akt signaling intensity is summarized in
Fig. 3. The current study shows that the result for the analysis of
variance of Akt signaling intensity was significant. The average
intensity of Akt signaling was lowest at M3 (9.23 � 0.39) and
increased as the animals aged. The increase of average intensity at
M10 (13.70 � 1.63) was not significant when compared to M3. The
slight increase of average intensity at M20 (14.03 � 0.60) was not
significant when compared to M10 but the difference was
significant when compared to M3. In all animals studied, M27
(22.77 � 1.52) produced the highest average intensity of Akt that
was statistically significant when compared to the younger groups.

The activation of Akt/PKB is shown by the phosphorylation of
the protein. In this study, we examined the signaling of
phosphorylated Akt at the residue of Thr308. At M3, the expression
of pAkt was intense in cytoplasm of smaller neurons compared to
the larger ones (Fig. 4). Similarly, the signaling of pAkt was seen to
be prominent in the cytoplasm of small-sized neurons compared to
NF-IR neurons in both M20. In addition, there were noticeable
expressions of pAkt in the nucleus of some of the neurons. The
expression of pAkt was also intense in the peripheral part of the
NF-IR cells compared to the overall intensity of the cells. In M27,
the expression of pAkt was robust in most of the nucleus of both
small- and large-sized neurons. The signaling in both nucleus and
the peripheral area were also intense compared to those seen in
the cytoplasm.

The analysis of variance conducted on the average intensity of
pAkt signaling demonstrated significant results. The average
intensity of pAkt remained constant from M3 to M20. However,
the average intensity increased tremendously at M27. The average
pAkt intensity per cells is remarkably high (22.17 � 1.26) compared
to the younger groups. The average intensities of pAkt at M27 were
significantly different when compared to M3 (6.18 � 0.61), M10
(11.52 � 0.56) and M20 (11.15 � 0.43). Fig. 5 shows the summary of
the average of pAkt signaling intensity at different ages studied.



Fig. 1. Akt immune-reactive was detected in almost all DRG neurons, especially in small-sized, non-NF-immunoreactive neurons. A–I: showed the results of double
immunofluorescence staining in L5 DRG between Akt (CY3 red; B, E, H) and NF (FITC Green; A, D, G) at the age of M3 (A–C), M20 (D–F) and M27 (G–I). C, F and I show images
merged for NF and Akt. The results indicated that Akt is localized in the cytoplasm of majority of cell neurons. The signaling is more prominent in older rats. Arrow – Small-
sized neurons, arrowhead – intense Akt staining in the NF-immunoreactive neurons, scale bar A-I: 20 mm.
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4. Discussion

Akt is one of the most multifaceted kinases, whose actions may
regulate diverse cellular functions; cell survival, cell growth,
proliferation, transcription and metabolism.12 In mice embryo, for
Fig. 2. The signaling of neurofilament-200 (NF) in the L5 DRG neuron of animals at
different stages of life. The average level of signaling intensity was measured. The
signaling intensity of the neurofilament is not significantly different in all groups.
instance, Akt is required for normal muscle development. The
elimination of Akt1 will prevent muscle differentiation whereas
Akt2 deficiency will hinder the maturation of myotubes.31

However, injured nerve in neonates fails to utilize the survival
role of Akt. Instead, Akt in the motoneuron of injured nerve is
down-regulated. The decreasing level of Akt will eventually induce
neuronal cell death.20 Another study showed that hyperactivation
of Akt in human fibroblast will rapidly induce aging process via
mTORC1 activity.32 In the current study, the signaling of both Akt
and phosphorylated Akt were seen in all ages. It is typical for naive
cells to have a signaling of Akt and phosphorylated Akt,19,22,33,34

suggesting that Akt and its phosphorylated form is indeed required
for regular cell homeostasis. Signaling of both forms of Akt will
increase depending on the metabolic need of the cells.33 The
activation of Akt is a critical event for cell survival.19,35 Akt becomes
activated as a result of phosphorylation at Thr308 and Ser473
residues 13 after its recruitment to plasma membrane.18

A study conducted on sympathetic neurons showed that Akt
acts as an important mediator for PI3K-dependent survival
signals.35 An injury in a nerve may activate the PI3K-Akt pathway
36. This is evident by the robust increase of pAkt level in the DRGs
and motoneurons following injury 19,22,33 probably via the PI3K-
Akt pathway.20 The activation of this pathway will initiate nerve
regeneration and neurite elongation.20 Without PI3K, activation of
Akt will decrease, hence, attenuate the neurite outgrowth.37



Fig. 3. The signaling of Akt in the L5 DRG neuron of animals at different stages of
life. The average level of signaling intensity was measured. Low level of Akt
signaling is detected in the M3 neurons. The intensity is higher in M10 and M20,
showed the increase need of Akt for cells homeostasis. At advanced aged, M27, the
signaling of Akt showed intense staining, significantly higher compared to the
younger counterparts.
* Significantly different from M3 and M27.
y Significantly different from M3, M10 and M20.

Fig. 4. Phosphorylated Akt (pAkt) immunoreactive was detected in almost all DRG ne
advanced aged, the pAkt is seen to be localized in the nucleus of all neurons (G–I). A–I: sh
red; B, E, H) and neurofilament (NF) (FITC Green; A, D, G) at the age of M3 (A–C), M20 (D–F
that pAkt is localized in the cytoplasm of majority of cell neurons. However, in advanced
degree of activity is occurring in the nuclei. The signaling of pAkt is also intense in the S
satellite glial cells (SGCs), Scale bar A–I: 20 mm.
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There are several studies that showed decreasing levels of Akt
activation and phosphorylation in aging animals, like in hepato-
cytes,23,24 muscles38,39 and artery.27 In aged subjects, the
circulating level of IGF-1 and in muscular tissue is reduced, which
later leads to muscle atrophy.40,41 The reduced level of IGF-1 could
be one of the reasons of attenuated Akt expression in aging
animals. On the other hand, previous studies showed that the
activation of Akt and its phosphorylated form is increased in aged
animals.25,26,39 Meanwhile, our study showed that the signaling
intensity of Akt is increased after M10. However, the spurt of pAkt
signaling intensity is seen at M27. It is suggested that the activity of
Akt in the DRG neurons is increased as the animals aged.

Furthermore, our study showed that the translocation of pAkt
occurred in aged DRG in both large- and small-sized neurons. The
translocation of pAkt into the nuclei of the DRG has been seen in
the axotomized and inflamed nerve.22 This translocation is
induced by NGF.42,43 In addition, PI3K is suggested to be directly
involved in the translocation since the introduction of cells to
LY294002, a PI3K inhibitor, prevents the translocation of Akt and
pAkt into the nucleus.18,42,43 Previously, it has been suggested that
phosphorylation of Akt has been used as an indicator for PI3K
activity.44 In this study, in addition to Akt and phosphorylated Akt,
it is indicated that IGF-1 and PI3K are also increased to directly
initiate the activation of Akt and for translocation of pAkt into the
urons, with higher intensity in small-sized non-NF-immunoreactive neurons. At
ow the results of double immunofluorescence staining in L5 DRG between pAkt (CY3
) and M27 (G–I). C, F and I show images merged for NF and pAkt. The results showed

 aged animals, the pAkt has been translocated into the nuclei, indicating that higher
GCs of the NF-immunoreactive neurons. Arrow – Small-sized neurons, arrowhead-



Fig. 5. The signaling of pAkt in the L5 DRG neuron of animals at different stages of
life. The average level of signaling intensity was measured. Low level of pAkt
signaling is detected in the M3, M10 and M20 neurons. At advanced aged, M27, the
signaling of pAkt showed intense staining, significantly higher compared to the
younger counterparts.
* Significantly different from M27; p < 0.05.
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nuclei. However, more studies on the signaling of IGF-1, PI3K and
their related kinases in the pathway are needed to confirm the
speculation.

Satellite glial cells (SGCs) have been mostly ignored by
researchers until a couple of decades ago. Since then, studies
have been conducted on the role of the SGCs in relation to the
neuronal proper functions. Pannese 45 described that all neuronal
cell bodies are enveloped by a SGCs sheath. Under normal
condition, the SGCs are able to meet the metabolic requirement
of their respective neurons.46 However, in extremely advanced
aged, the ability of the SGCs to produce energy is decreased, hence
the ability to support their associated neurons is also reduced.47,48

The inability of SGCs to produce sufficient energy may be due to the
structural changes of the mitochondria that occurred in advanced
aged animals.48,49 In this study, it is speculated that as the animals
aged, the signaling of the pAkt is increased SGCs. Unfortunately, the
association between the signaling of pAkt in the SGCs and neuronal
Akt activity of aged animals is unknown. More study is needed to
conclude the relation between the activation of Akt in the SGCs,
neuronal cell bodies and aging. Our finding may perhaps
contribute to the study of protein kinases influence on aging
process particularly in peripheral nervous system and may add a
value on the research for neurodegenaration therapy.

5. Conclusion

In conclusion, the expression of Akt and the signaling of pAkt
are suggested to be the indicators that more activities are taking
place in the DRG as a response to aging. The type of activities is
unknown given that our study is limited to the signaling of Akt and
pAkt. Furthermore, the activation of Akt in the SGCs of aged ganglia
needs further investigation. In addition, there are other relevant
participants suggested to be involved in the pathway, including
IGF-1 and PI3K.
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