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Low-power laser irradiation fails to improve liver regeneration
in elderly rats at 48 h after 70 % resection
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Abstract The liver regeneration is an important clinical issue
after major hepatectomies. Unfortunately, many organs (includ-
ing the liver) exhibit age-related impairments regarding their
regenerative capacity. Recent studies found that low-power laser
irradiation (LPLI) has a stimulatory effect on the liver regenera-
tion process. However, its effects in elderly remain unknown.
Thus, this study aimed to investigate the main molecular mech-
anisms involved in liver regeneration of partially hepatectomized
elderly rats exposed to LPLI. The effects of 15 min of LPLI
(wavelength of 632.8 nm; fluence of 0.97 J/cm2; total energy
delivered of 3.6 J) were evaluated in hepatectomized elderly
Wistar male rats. Afterwards, through immunoblotting ap-
proaches, the protein expression and phosphorylation levels of
hepatocyte growth factor (HGF), Met, Akt and Erk 1/2 signaling
pathways aswell as the proliferating cell nuclear antigen (PCNA)

were investigated. It was observed that LPLI was not able to
improve liver regeneration in elderly rats as evidenced by the
lack of improvement of HGF and PCNA protein expression or
phosphorylation levels of Met, Akt and Erk 1/2 in the remnant
livers. In sum, this study demonstrated that the main molecular
pathway, i.e. HGF/Met→Akt and Erk 1/2→PCNA, involved in
the hepatic regeneration process was not improved by LPLI in
elderly hepatectomized rats, which in turn rules out LPLI as an
adjuvant therapy, as observed in this protocol of liver regenera-
tion evaluation (i.e. at 48 h after 70 % resection), in elderly.
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Introduction

Currently, liver surgery has achieved standards that were not
imaginable in the past, especially in terms of the amount of
parenchyma that can be resected. Indeed, this procedure is
now being performed more safely due to progress in surgical
techniques and instruments [1–3]. The capacity of the liver to
regenerate is an important clinical issue after major hepatec-
tomies and certainly makes the difference between life and
death in some cases of postoperative malfunction when the
liver remnant is too small or has an impaired regenerative
capacity [1–6]. In this sense, several approaches have been
tested to stimulate liver regeneration after a massive resection
and in situations in which the liver remnant may be too small;
however, they have produced controversial results [4, 5, 7–9].

Recently, an important review demonstrated that low-
power laser irradiation (LPLI), particularly red and near infra-
red light, plays an important role by inducing regeneration in
various tissues, especially by stimulating cell proliferation
[10]. LPLI has been presented as a simple, easy, safe, and
effective adjunctive tool for improving the capacity of liver
regeneration [11–16]. A recent study by our group
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demonstrated the mainmolecular mechanisms associated with
the abovementioned effect, since it demonstrated that LPLI
acts by increasing hepatocyte growth factor (HGF) protein
expression and the phosphorylation levels of Met, Akt and
Erk 1/2, accompanied by higher levels of proliferating cell
nuclear antigen (PCNA) and Ki-67 (established proliferating
markers) in the remnant liver of partially hepatectomized rats
[16].

It is now recognized that many organs exhibit important
age-related impairments and accordingly, a modest amount of
information is available regarding the behaviour of the cellular
and molecular mechanisms that regulate liver regeneration
during the aging process [17]. Furthermore, it is important to
study techniques for conditioning the liver remnant that can be
used to improve this age-related deficiency. As far as we
know, there are no studies that demonstrate how the
abovementioned molecular mechanisms involved in laser-
induced hepatic regeneration behave during aging. Indeed, it
is unknown whether the well-characterized laser-induced liver
regeneration occurs in the elderly. For this reason, the purpose
of this brief report is to present the age-related effect of LPLI
on the main molecular mechanisms involved in liver regener-
ation in elderly hepatectomized rats (70 % hepatectomy).

Materials and methods

Animals

Fifty-week-old male Wistar rats weighing 550–600 g were
obtained from the State University of Campinas Central
Breeding Centre. The animals were maintained under a con-
trolled room temperature (23±2 °C) under a 12/12 h light and
dark cycle and were fed standard laboratory (rodent) chow and
water ad libitum. All experimental protocols were approved
by the Animal Care and Use Committee at the State Univer-
sity of Campinas (no. 1962-1) and were in accordance with
the guidelines for the Care and Use of Laboratory Animals.

All aged animals were randomly assigned to three groups,
each comprising six rats: A-sham (sham-operated controls),
A-PHx (subjected to partial hepatectomy (70 %)), and A-
PHx+laser (subjected to partial hepatectomy (70 %) and laser
therapy).

70 % partial hepatectomy (Higgins procedure)

Animals were anaesthetized with ketamine 5 % (30 mg/kg)
and xylazine 2 % (30 mg/kg) intraperitoneally. Under strict
sterile conditions, two thirds partial hepatectomy was per-
formed according to the method of Higgins and Anderson
[18]. In sham-operated controls that were anaesthetized as
described above, the livers were briefly removed from the
peritoneal cavity, but were not tied or excised.

During surgery, the animals were kept in the same condi-
tions as previously described [16].

Laser treatment

Before closing the surgical wound, the laser group was treated
by direct irradiation of the remnant liver with a He-Ne laser
model 3184H V1.0 (Hughes® Aircraft Company Electron
Dynamics Division, Culver City, CA, USA). All LPLI char-
acteristics are shown in Table 1. The parameters of laser
irradiation and the anatomical points were selected based on
earlier study [16]. The laser beam was optically expanded to
match the entire size of the remaining liver to guarantee
uniform exposure. Recordings from the thermocouple placed
under the irradiated area showed no elevation of temperature
in the abdomen of the rats.

Tissue extraction and immunoblotting

Forty-eight hours after the partial hepatectomy and laser ex-
posure, rats were anaesthetized and used 10–15 min later, as
soon as anaesthesia was assured by the loss of pedal and
corneal reflexes. The abdominal cavity was opened and any
remaining liver tissue was removed and homogenized imme-
diately in extraction buffer at 4 °C as described previously [16,
19]. After centrifugation, the whole tissue extracts were sub-
jected to SDS-PAGE and immunoblotted according to a pre-
vious report [16, 19]. The homogeneity of gel loading was
evaluated by blotting the membranes with antibodies against
β-actin, Met, Akt, PCNA and Erk 1/2 as appropriate.

Materials

As described previously, all antibodies were obtained from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA), with the
exception of phospho (Tyr1234/1235)-Met, Met, phospho
(Ser 473)-Akt and Akt, which were obtained from Cell Sig-
naling Technology (Beverly, MA, USA) [16]. Routine re-
agents were purchased from Sigma Chemical Co. (St. Louis,
MO, USA) unless specified otherwise.

Statistical analysis

Data are displayed as mean±standard error of the mean
(S.E.M.). The results of blots are presented as direct compar-
isons of bands or spots in autoradiographs and quantified by
optical densitometry (UN SCAN IT gel®, Silk Scientific Inc.,
Orem, UT, USA). Multiple comparisons were tested by one-
way ANOVA, followed by Tukey’s post hoc test, with the
significance level set at p<0.05 using SPSS software (SPSS
for Windows, version 16.0, Chicago, IL, USA).
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Results

The HGF/Met axis does not respond to stimulation with laser
in elderly hepatectomized rats

As expected, HGF protein expression in the remnant liver
of the A-PHx group was augmented (approximately two-
fold) in comparison to the A-sham group, but surprisingly,
any additional improvement in HGF expression in the A-
PHx+laser group when compared with the A-PHx group
(Fig. 1a) was not observed. The phosphorylation levels of
the HGF receptor (Met) were also evaluated, and unsur-
prisingly, the A-PHx group showed an increase in tyrosine
phosphorylation levels of Met (~3.5-fold) in comparison
with the A-sham group (Fig. 1b). On the other hand, the
elderly hepatectomized rats exposed to laser showed no
improvement in activation of Met compared with the A-
PHx group (Fig. 1b). Additionally, no changes in Met
total protein expression were observed among any of the
groups (Fig. 1b; lower panel).

Proliferation and growth-related pathways showed no
improvement in elderly hepatectomized rats exposed to LPLI

The results showed that the expression of phospho-Akt
protein in the A-PHx+laser group was similar to that in
the PHx group (Fig. 2a). Likewise, expression of the
phospho-Erk 1/2 protein in the A-PHx+laser group was
unchanged in comparison with the A-PHx group
(Fig. 2b). Indeed, no changes in Akt and Erk 1/2 total
protein expression were observed among any of the
groups (Fig. 2a, b; lower panels). It was also observed
that the absence of improvement on activation of Akt
and Erk 1/2 was closely related to the lack of changes
in PCNA expression in the A-PHx+laser group when
compared with the PHx group (Fig. 2c).

Discussion

It has previously been reported that there is a three to fivefold
higher rate of deaths from liver disease in those aged over
65 years compared with those under 45 years [20]. Moreover,
there are data showing that the decline in the rate of hepatic
regeneration following partial resection (hepatectomy) or
chemically induced injury is the main clinical age-related
deficiency in liver regeneration [17]. Also, it has been dem-
onstrated in the clinical setting that elderly patients may have
an impaired capacity for recovery after major hepatectomies
due to primary or metastatic tumours [17]. In the face of these
difficulties, this paper demonstrated the effects of LPLI expo-
sure (i.e. a technique for conditioning the liver remnant) in
elderly hepatectomized rats, mainly by studying some of the
molecular mechanisms involved in liver regeneration (i.e.
HGF/Met system and their downstream signaling).

Table 1 Parameters of the laser used in the experimental procedures

Parameters of laser (He-Ne) Values

Wavelength 632.8 nm

Frequency Continuous wave (CW)

Optical power output 4 mW

Spot diameter 1.6 cm

Fluence 0.97 J/cm2

Total energy delivered 3.6 J

Distance 10 cm

Irradiation time 15 min

Application mode: a single application of laser was used in the A-PHx
laser group; the laser beam irradiation was directed to the remaining liver
with a 90° angle

Fig. 1 Representative blottings
show HGF expression (a) and
Met phosphorylation (b) levels in
remaining livers of partial elderly-
hepatectomized rats exposed or
nonexposed to the laser. Total
protein expression of Met (b
lower panel). Western blots were
quantified after standardization
with β-actin. Data were
representative of three
independent experiments. The
values represent the mean±SEM
(n=6). *p<0.05 vs. A-sham. IB
immunoblot

Lasers Med Sci (2015) 30:2003–2008 2005



Initially, this study was based on a well-established model
known as ‘Higgins procedure’, which mimics the hepatic
regeneration process, and previous studies using animals and
hepatocytes culture that found that the molecular mechanisms
associated with the initiation and control of proliferative
events after partial hepatectomy procedure are closely related
to HGF signaling [16, 21]. It is worth to mention that the
hepatocytes initiate mitosis 6–8 h after the surgery, reaching
its maximum 48 h later [21]. Therefore, it was chosen to study
the remaining livers 48 h after partial hepatectomy and expo-
sure to laser surgery. Indeed, the HGF pathway is the most
important contributor to hepatic regeneration [16, 21]. With
this in mind and also given that our group has previously
demonstrated the key role of this pathway in the improvement
of liver regeneration following treatment with LPLI [16], we
decided to study this pathway in elderly hepatectomized rats
exposed to LPLI. Surprisingly, the current research demon-
strated that in elderly hepatectomized rats, LPLI did not im-
prove the expression of HGF or phosphorylation levels ofMet

in the remnant liver. Therefore, these data conflicted with
previous study in which laser exposure induced an improve-
ment in the HGF/Met system during liver regeneration in
young rats [16]. In this way, this study identified the influence
of age on the effect of lasers on the hepatic regeneration
process. This was reinforced by the fact that the downstream
proteins of Met, such as Akt and Erk 1/2, which are associated
with the cellular process of differentiation, proliferation,
growth and apoptosis, unlike in young rats [16], were not
upregulated in the remnant liver of old rats that were exposed
to laser. Moreover, we observed that the expression of PCNA
(a well-established proliferation marker) following laser irra-
diation showed the same behaviour as the other proteins
mentioned above in the remnant liver of aged rats.

In order to discuss the effects of LPLI on the main molec-
ular mechanisms involved in liver regeneration in elderly
hepatectomized rats in more detail, the following points
should be taken into consideration. Without doubt, the reac-
tive oxygen species (ROS) is a collaborator in this lack of

Fig. 2 Representative blottings show Akt (a) and Erk 1/2 (b) activation
as well as PCNA content (c) in remaining livers of partial elderly-
hepatectomized rats exposed or nonexposed to the laser. Total protein
expression of Akt and Erk 1/2 (a and b low panel, respectively). β-actin

was used as a normalization housekeeping protein. Data were represen-
tative of three independent experiments. The values represent the mean±
SEM (n=6). *p<0.05 vs. A-sham. IB immunoblot

Fig. 3 Schematic representation shows a comparison of the effects of LPLI on liver regeneration in younger versus older animals. Furthermore, it is
suggested the mechanisms behind the ineffectiveness of the laser to increase liver regeneration in aging
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effect of laser irradiation, since an increase in ROS generation
accompanied by the initiation of apoptosis in hepatocytes was
observed after partial hepatectomy in elderly mice [22]. In-
deed, another study proposed that decreased activation of Erk
in old rodents following partial hepatectomy is also an impor-
tant contributor [23]. Furthermore, it has been shown that the
lag period (the interval between two related phenomena) for
cell division correlates with the age of the animal [24]. Fol-
lowing this line of reasoning, a previous in vitro study dem-
onstrated through satellite cells that the activation and prolif-
eration induced by laser irradiation decreased with age and
also suggested that this reduction in the effect of the laser is
related to the longer lag time in satellite cells derived from
older rats [25]. In other words, the older cells remain dormant
and do not become active, while the younger cells immedi-
ately respond to the stimulus. In this sense, a previous hypoth-
esis helps to explain these findings by stating that the ‘phys-
iological state’ of the cells is the determining factor of the
effects of laser irradiation [10].

In summary, unlike in our previous study conducted in
younger hepatectomized rats, we have demonstrated that the
main molecular pathway, i.e. HGF/Met→Akt and Erk 1/2→
PCNA, involved in the hepatic regeneration process is not
improved by LPLI in elderly hepatectomized rats (Fig. 3).
Thus, based on the data of this study, we concluded that LPLI
is not suitable as an adjuvant therapy at least in this investi-
gated protocol of liver regeneration, i.e. at 48 h after 70 %
resection, in elderly. Finally, it is clear that the development of
tools that are able to improve liver regeneration during aging
should be an issue of extreme interest to the scientific
community.
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