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Low-level Laser Therapy Ameliorates CCl4-induced Liver Cirrhosis in Rats
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ABSTRACT

This study investigated the effects of low-level laser therapy
(LLLT) in the liver function, structure and inflammation in a
experimental model of carbon tetrachloride (CCl4)-induced
liver cirrhosis. Wistar rats were divided into Control, LLLT,
CCl4 and CCl4+LLLT groups. CCl4 groups received CCl4
(0.4 g kg�1; i.p.), three times a week, for 12 weeks. A 830 nm
LLLT was performed with a continuous wave, 35 mW,
2.5 J cm�2 per point, applied to four points of the liver (right
and left upper and lower extremities, in the four lobes of the
liver) for 2 weeks. Liver structure and inflammation (cirrhotic
areas, collagen deposition, inflammation, density of Kupffer
and hepatic stellate cells) and function (aspartate aminotrans-
ferase, alkaline phosphatase, gamma glutamyltransferase, lac-
tate dehydrogenase, total proteins and globulins) were
evaluated. LLLT significantly reduced CCl4-increased aspar-
tate aminotransferase (P < 0.001), alkaline phosphatase
(P < 0.001), gamma-glutamyl transferase (P < 0.001) and lac-
tate dehydrogenase (P < 0.01) activity, as well as total pro-
teins (P < 0.05) and globulins (P < 0.01). LLLT also reduced
the number of cirrhotic areas, the collagen accumulation and
the hepatic inflammatory infiltrate. Of note, LLLT reduced
CCl4-increased number of Kupffer cells (P < 0.05) and hepa-
tic stellate cells (P < 0.05). We conclude that LLLT presents
beneficial effects on liver function and structure in an experi-
mental model of CCl4-induced cirrhosis.

INTRODUCTION
The liver has an enormous functional reserve capacity and an
amazing capability of regeneration after resection or when sub-
mitted to toxic substances (1). Carbon tetrachloride (CCl4) is a
widely used experimental model to induce liver cirrhosis (2–5).
Between the mechanisms involved in CCl4-induced liver cirrho-
sis are the activation of hepatic stellate cells, as well as Kupffer
cells (2–5). Additional mechanisms include increased oxidative
and nitrosative stress, proinflammatory cytokine release, matrix
metalloprotease (MMP) and antiprotease release and apoptotic
events (2–5). These cellular and molecular events increase with

chronic administration of CCl4 leading to biochemical, functional
and structural alterations (2–5). These biochemical and functional
alterations are evidenced through increased activity of liver
enzymes, such as aspartate aminotransferase (AST), gamma glut-
amyltransferase (GGT), alkaline phosphatase (AP), and other
enzymes, i.e. lactate dehydrogenase (LDH), total proteins and
globulins, which are also increased during hepatic cirrhosis (2–5).
Increased levels of hepatic enzymes (AST, GGT, AP), as well as
other biochemical markers (LDH, total proteins and globulins) are
normally attributed to impaired hepatic function, i.e. capacity of
protein synthesis, and also decreased metabolic capacity (2–5). In
addition, increased levels of AST are more related to liver
inflammation, while increased levels of GGT and AP to possible
blockage of bile duct, a signal of biliary cirrhosis (2–5). In gen-
eral, increases in the LDH levels, total proteins and globulins
reflect impairment in hepatic function, while re-establishment to
normal levels, especially with concomitant improvement in AST,
GGT and AP levels, reflect liver regeneration (2–5). The most
prominent structural alterations in CCl4-induced liver cirrhosis are
the increased deposition of components of the extracellular matrix,
mainly collagen, forming cirrhotic areas, which are characterized
by nodules of regeneration encircled by fibrotic tissue (2–5).

Low-level laser therapy (LLLT) has been used in several
therapeutic strategies because it has shown analgesic, anti-
inflammatory, bio-stimulatory and antioxidant effects (6–10).
The effects of LLLT on the liver have been studied, especially
after partial hepatectomy, and some beneficial effects have been
reported (6–8,11). On the other hand, the effects of LLLT in
CCl4-induced liver cirrhosis have not been investigated. Thus,
the present study investigated the effects of LLLT on liver func-
tion through biochemical assays for AST, AP, GGT, LDH, total
proteins and globulins, as well as the liver structural/inflamma-
tory alterations (cirrhotic areas, collagen deposition, inflamma-
tion, density of Kupffer and hepatic stellate cells) induced by
CCl4.

MATERIALS AND METHODS

Animals and experimental groups. Forty male Wistar rats (250 ± 19 g
body mass) were randomized in four groups: Control, Laser, CCl4,
CCl4+Laser. The control group (Control) did not receive any treatment;
the laser group (Laser) received LLLT transdermally; the CCl4 group
(CCl4) received CCl4 intraperitoneally; the CCl4+Laser group (CCl4+La-
ser) received both CCl4 and laser administration.
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CCl4-induced hepatic cirrhosis. Intraperitoneal injection of 8% CCl4
diluted in mineral oil (0.4 g kg�1) was performed three times per week
for a total of 8 weeks, as described previously (12). CCl4 administration
(three times per week) was continued during the following 2 weeks
accompanying laser treatment. Therefore, the total period of CCl4 admin-
istration was 10 weeks.

Laser treatment. After 8 weeks of CCl4 administration, Laser and
CCl4+Laser groups were treated transdermally (laser was pressed on the
skin), for 2 weeks, 5 times per week, using a 830 nm diode laser, admin-
istered at four points of the liver (right and left upper points [correspond-
ing to right, left, caudate and quadrate hepatic lobes) and right and left
lower points [corresponding to right, left, caudate and quadrate hepatic
lobes]), 71 s per point. The laser power was 35 mW, which resulted in
an energy dose of 2.5 J cm�2 per point.

Animal euthanasia, blood and tissue collection. Twenty-four hours
after the last day of LLLT, all animals were anesthetized (ketamine
150 mg kg�1 and xylazine 50 mg kg�1) and the abdominal cavity was
opened and 5 mL of blood was collected from the inferior vena cava.
Blood samples were centrifuged at 5°C for 15 min at 140 g and the
serum was used for determining the hepatic function of biomarkers. Fol-
lowing blood collection, the liver was carefully removed, weighed, cut in
slices of 0.5 cm and fixed in 10% formalin for 24 h.

Biochemical assay for hepatic functions. The serum was used for
determination of hepatic functions using a Hitachi U-2001 spectrophotom-
eter. The following analysis were performed with Gold Analisa® (MG,
Brazil) commercial kits—AST, AP, GGT, total proteins, total globulins
and LDH, according to the manufacturer’s instructions.

Structural and inflammatory analysis using liver histology and cyto-
chemistry. After fixation, liver fragments were processed by standard his-
tological routine, cut in slices of 5 lm and stained with eosin–
hematoxylin for structure and inflammation analysis and Masson’s tri-
chromic for collagen detection. The morphometry technique was applied
for determination of the number of hepatic stellate cells and Kupffer
cells, by using a reticulated ocular (Weibel reticule of 50 straight and
100 points), at 91000 magnification (corresponding a 10 000 µm2 area
for 100 points) (13). Briefly, the number of points hitting the liver tissue
area was counted followed by counting the number of hepatic stellate
cells and Kupffer cells inside this area (13). In addition, the inflammatory
infiltrate, collagen accumulation and cirrhotic areas were semiquantita-
tively analyzed by two specialists, blinded to the experimental protocol.
The semiquantitative score was designed as follows: 0 = no presence of
inflammatory cells, collagen accumulation and cirrhotic areas; 1 = scarce
(monofocal) presence of inflammatory cells, collagen accumulation and
cirrhotic areas; 2 = discrete (monofocal) presence of inflammatory cells,
collagen accumulation and cirrhotic areas; 3 = moderate (multifocal)
presence of inflammatory cells, collagen accumulation and cirrhotic areas;
4 = intense (multifocal) presence of inflammatory cells, collagen accumu-
lation and cirrhotic areas.

Statistical analysis. All results were presented as mean and standard
error (SEM) and were analyzed statistically by one-way ANOVA fol-
lowed by the Newman–Keuls multiple comparison test, with the level of
significance set at P < 0.05.

RESULTS

LLLT improves liver function after CCl4-induced cirrhosis

Figure 1 shows the serum levels of AST (Fig. 1A), GGT
(Fig. 1B), AP (Fig. 1C), LDH (Fig. 1D) in all groups studied.
The results demonstrated that CCl4 administration significantly
increased the AST levels compared with the Control group
(P < 0.001), while LLLT significantly reduced AST levels
(P < 0.01) (Fig. 1A). Similarly, CCl4 administration signifi-
cantly increased the GGT levels compared with the Control
group (P < 0.001), while LLLT significantly reduced GGT lev-
els (P < 0.05) (Fig. 1B). We also observed that CCl4 increased
the AP levels compared with the Control group (P < 0.001)
and that LLLT significantly reduced AP levels (P < 0.05)
(Fig. 1C). In Fig. 1D we observe that CCl4 significantly
increased LDH levels compared with the Control group

(P < 0.01) and that LLLT significantly reduced LDH levels
(P < 0.05).

LLLT restores liver protein synthesis in CCl4-induced
cirrhosis

Figure 2 shows the levels of total proteins (Fig. 2A) and globu-
lins (Fig. 2B) in all groups studied. In Fig. 2A we observe that
CCl4 significantly increased the levels of total proteins compared
with the Control group (P < 0.01), while the LLLT-treated group
(CCl4+LLLT) significantly reduced the levels of total proteins
when compared with the CCl4 group (P < 0.05). However, the
levels of total proteins in the CCl4+LLLT group are still higher
when compared with the Control group (P < 0.05). In Fig. 2B
we observe a similar response, when CCl4 administration signifi-
cantly increased globulin levels compared with the Control group
(P < 0.01), while LLLT significantly reduced globulin levels
(P < 0.01).

LLLT abolishes CCl4-induced formation of cirrhotic areas
and inflammation

Figure 3 shows representative photomicrographs of the Control
group (Fig. 3A), Laser group (Fig. 3B), CCl4 group (Fig. 3C)
and CCl4+Laser group (Fig. 3 D) at 9100 magnification. Histo-
logical analysis clearly demonstrates that CCl4 administration
significantly induced hepatic cirrhosis (Fig. 3C) and that LLLT
significantly reduced the formation of cirrhotic areas (nodules of
regeneration encircled by fibrotic tissue) (Fig. 3D). In addition,
while CCl4 significantly induced collagen accumulation (please
see collagen fibers forming encircled nodules) (Fig. 3C), LLLT
significantly reduced the areas of liver fibrosis (collagen accumu-
lation) (Fig. 3D). We also observed that CCl4 increased the num-
ber of inflammatory cells in the liver (please see increased
number of leukocytes in the fibrotic areas) (Fig. 3C), and that
again, LLLT significantly reduced the leukocyte infiltrate
(Fig. 3D). These histological observations were confirmed by the
semiquantitative analysis technique, as demonstrated in Table 1.
The semiquantitative analysis of histology revealed that CCl4
administration significantly increased the density of the inflam-
matory infiltrate (P < 0.001), collagen deposition (P < 0.001)
and the number of cirrhotic areas (P < 0.001) when compared
with all other groups.

LLLT inhibits CCl4-induced hepatic stellate and Kupffer cell
accumulation

As hepatic stellate and Kupffer cells play a central role in the
pathogenesis of hepatic cirrhosis (2–5,12), we investigated
through a quantitative histomorphometric method the precise
number of these cells in the hepatic tissue. Figure 4A shows that
CCl4 administration resulted in a significant increase in the num-
ber of hepatic stellate cells in hepatic tissue compared with the
Control group (P < 0.05) and that LLLT significantly reduced
the number of hepatic stellate cells in hepatic tissue (P < 0.05).
Figure 4 B shows that CCl4 administration resulted in a signifi-
cant increase in the number of Kupffer cells in hepatic tissue
compared with the Control group (P < 0.01) and that LLLT sig-
nificantly reduced the number of Kupffer cells in hepatic tissue
(P < 0.05).
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DISCUSSION
The present study shows for the first time that LLLT presents
potential therapeutic effects for liver cirrhosis. The study demon-
strated that LLLT positively affects both functional and structural
aspects of the liver in an experimental model of CCl4-induced
liver cirrhosis, demonstrated through improved values for AST,
GGT, AP, LDH, total proteins, globulins and mainly by reduced
inflammatory infiltrate, liver fibrosis (collagen deposition) and
specially by reduced cirrhotic areas.

Hepatic cirrhosis is a devastating disease and until a few
years ago, the unique viable treatment was liver transplantation
(14). Although the first study claiming that liver fibrosis/cir-
rhosis can be reversible was published more than 40 years ago
(15), only in the recent past, a growing number of clinical
studies have demonstrated that in some cases, the fibrosing
process can be reversible (16–19). Aiming to investigate the
cellular and molecular mechanisms involved in reversion of
the fibrotic process, many animals studies have been per-
formed (20–22). These studies show that the reversion of the

fibrotic process can be attributed to decreased oxidative stress,
while additional mechanisms also have been demonstrated, for
instance, reduction in the expression of intracellular mediators
such as nuclear factor jB (NF-jB), activating protein 1, extra-
cellular regulated kinase and mitogen-activated protein kinase
(20–22). The fibrotic process in the liver is characterized by
increased deposition of extracellular matrix proteins (i.e. colla-
gen fibers), which is attributed to an imbalance between the
activation of MMPs and tissue inhibitors of matrix metallopro-
teases (TIMPs) (22). In general, the studies claim that the
molecular mechanisms cited above play a central role in the
resolution of the fibrotic process by reducing the imbalance
between MMPs and TIMPs resulting in an increased rate of
degradation of extracellular matrix proteins (22). In this way,
the role of hepatic stellate cells (HSC) in the liver fibrotic
process has been well established (20,22). HSC express several
MMPs and TIMPs and these cells present a capacity both to
increase synthesis as to degradate extracellular matrix proteins
(20,22). Interestingly, the present study demonstrated that
LLLT was able to reduce CCl4-induced liver fibrosis and cir-

A B

Figure 2. Effects of LLLT on (A) total protein (**P < 0.01 and *P < 0.05 when compared with the Control group and #P < 0.05 when compared with
the CCl4 group) and (B) globulin levels (**P < 0.01 when compared with the Control group) after CCl4-induced hepatic cirrhosis for all experimental
groups.

A B 

C D 

Figure 1. Effects of LLLT on hepatic function after CCl4-induced hepatic cirrhosis for (A) aspartate aminotransferase levels (***P < 0.001 compared
with the Control group), (B) gamma-glutamyl transferase levels (***P < 0.001 and *P < 0.05 when compared with the Control group and #P < 0.05
when compared with the CCl4 group), (C) alkaline phosphatase levels (***P < 0.001 and *P < 0.05 when compared with the Control group and
#P < 0.05 when compared with the CCl4 group) and (D) lactate dehydrogenase levels (**P < 0.001 and *P < 0.05 when compared with the Control
group) for all experimental groups.
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rhosis. In addition, the present study also showed that LLLT
reduced the accumulation of HSC, suggesting a possible cellu-
lar mechanism of action of LLLT on liver cirrhosis. In this
direction, we hypothesize that in the present study, LLLT
could have reduced CCl4-induced liver fibrosis and cirrhosis
by decreasing MMP and TIMP activation in HSC. In addition,
some studies have already reported that LLLT modulates
MMP and TIMP expression (23,24).

In some studies, the activation of HSC is attributed to the
inflammatory mediators released by Kupffer cells, i.e. proinflam-
matory cytokines and chemokines (4,25–29). Kupffer cells, the
resident hepatic macrophages, are important cells in the reticulo-
endothelial system, playing an important role in the defense sys-
tem of the liver (4,25–29). However, when activated, the harmful
products released by Kupffer cells kill the hepatocytes and acti-
vate the HSC, initiating the fibrotic process (30). The clear role

of Kupffer cells in the cirrhosis process was demonstrated in an
elegant study from Muriel and Escobar when the authors killed
Kupffer cells, resulting in a very efficient protection against
CCl4-induced liver fibrosis (30). Of note, the present study
shows that LLLT significantly reduced CCl4-induced Kupffer
cell accumulation in the liver. As a possible consequence of
LLLT-reduced Kupffer cell and hepatic stellate cell accumulation
in the liver, the present study showed that LLLT reduced the
areas of hepatic cirrhosis, the fibrotic areas (collagen accumula-
tion) in the liver as well as the inflammatory infiltrate. This
hypothesis is supported by previous studies, confirming that
reduced accumulation of Kupffer cells and HSC results in
reduced fibrosis and inflammation (4,5,20–22,25–30). These
results, therefore, reinforce the possible cellular mechanism of
protection of LLLT in a model of CCl4-induced cirrhosis, fibro-
sis and inflammation, which seem to be mediated by inhibition
of Kupffer cells and hepatic stellate cells. Furthermore, we
hypothesize that LLLT could reduce proinflammatory cytokine
production by Kupffer cells, as other studies have already dem-
onstrated that LLLT can modulate the balance between pro and
anti-inflammatory cytokines (31,32).

Beyond the beneficial effects of LLLT on cirrhosis, fibrosis
and inflammation, the present study also shows that LLLT
resulted in improved liver function/reduced hepatotoxicity. The
present study showed that LLLT significantly reduced CCl4-
increased AST, GGT, AP, LDH and total protein and globulin
levels, which are classical markers of hepatic function
(2,20,33,34). Previous studies have investigated the effects of
LLLT in models of partial hepatectomy (6–8,35). These studies
reinforce the concept that LLLT may improve hepatic function

Figure 3. Representative photomicrographs of liver from Control, LLLT, CCl4 and CCl4+LLLT groups, stained with Masson’s trichromic. Effects of
LLLT on liver structure and inflammation for all experimental groups (A—Control; B—LLLT; C—CCl4; D—CCl4+LLLT). (A), (B) and (D) show liver
with normal histopathological aspects, with normal hepatocyte distribution, normal sinusoid distribution, normal inflammatory aspects and no presence
of fibrotic or cirrhotic areas. In (A), (B) and (C), we can observe only the presence of normal amount of collagen (arrows). (C) The formation of several
cirrhotic areas (open arrows) is shown clearly, with intense fibrosis/collagen deposition (arrows) and intense inflammatory infiltrate (traces—see black
points in fibrotic areas corresponding to nuclei of leukocytes), especially in fibrotic areas.

Table 1. Effects of LLLT on CCl4-induced liver inflammation, collagen
accumulation and formation of cirrhotic areas.

Control LLLT CCl4
CCl4 +
LLLT

P-
value

Inflammatory
infiltrate

1.0 ±
0.0

1.0 ±
0.0

3.83 ± 0.37* 1.5 ± 0.76 0.001

Collagen
accumulation

1.0 ±
0.0

1.0 ±
0.0

3.57 ± 0.72* 1.42 ± 0.49 0.001

Cirrhotic areas 0.0 ±
0.0

0.0 ±
0.0

3.87 ± 0.33* 1.12 ± 1.05 0.001

LLLT = low-level laser therapy; CCl4 = carbon tetrachloride. *P < 0.001
when compared with all other groups.
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after liver injury induced by hepatectomy (6–8,35). Considering
that AST is located predominantly in the mitochondria, the
present results may suggest that part of the beneficial effects of
LLLT on liver function could be attributed to improved mito-
chondrial function. In line with this concept, previous studies
have shown that LLLT and LED therapy may improve mito-
chondrial function in hepatectomized rats (36,37). The fact that
LLLT reduced the levels of liver enzymes such as AST, AP,
GGT and LDH and also the total protein and globulin levels is
extremely relevant and points out the possible mechanism of
action of LLLT in CCl4-induced hepatic cirrhosis. This affirma-
tion is true considering that during the course of hepatic cirrho-
sis, all these markers of hepatic function are increased and
reflect the inflammatory process (2–5,12,16,18). In addition, we
speculate that another possible mechanism underlying the
effects of LLLT in the present model of CCl4-induced liver cir-
rhosis could be through LLLT reducing oxidative stress, as sev-
eral studies have shown that reduction of oxidative stress
results in improvement of hepatic cirrhosis (20,21,29). Corrobo-
rating our findings, some studies have already shown that
LLLT also reduces oxidative stress, resulting in improvement
of different diseases and injuries, including reducing fibrosis
(38–40).

In conclusion, the present study shows that LLLT may be a
promising strategy for the treatment of hepatic cirrhosis, consid-
ering that LLLT improved the hepatic function and structural
alterations typical of hepatic cirrhosis, for instance, fibrosis and
inflammation. However, further studies aiming to understand
the cellular and molecular mechanisms involved in the anti-
inflammatory and antifibrotic effects of LLLT should be
addressed.

Acknowledgements—This study was supported by Fundação de Amparo à
Pesquisa do Estado de São Paulo (FAPESP).

REFERENCES

1. Chen, L., W. Zhang, Q. D. Zhou, H. Q. Yang, H. F. Liang, B. X.
Zhang, X. Long and X. P. Chen (2012) HSCs play a distinct role
in different phases of oval cell-mediated liver regeneration. Cell
Biochem. Funct. Apr 26. DOI: 10.1002/cbf.2838 [Epub ahead of
print].

2. Sebastiani, G., K. Gkouvatsos, C. Maffettone, G. Busatto, M. Guido
and K. Pantopoulos (2011) Accelerated CCl4-induced liver fibrosis
in Hjv�/� mice, associated with an oxidative burst and precocious
profibrogenic gene expression. PLoS ONE 6, e25138.

3. Bisht, S., M. A. Khan, M. Bekhit, H. Bai, T. Cornish, M. Mizuma,
M. A. Rudek, M. Zhao, A. Maitra, B. Ray, D. Lahiri, A. Maitra and

R. A. Anders (2011) A polymeric nanoparticle formulation of curcu-
min (NanoCurcTM) ameliorates CCl4-induced hepatic injury and
fibrosis through reduction of pro-inflammatory cytokines and stellate
cell activation. Lab. Invest. 91, 1383–1395.

4. Liu, C., Q. Tao, M. Sun, J. Z. Wu, W. Yang, P. Jian, J. Peng, Y.
Hu, C. Liu and P. Liu (2010) Kupffer cells are associated with apop-
tosis, inflammation and fibrotic effects in hepatic fibrosis in rats.
Lab. Invest. 90, 1805–1816.

5. Okazaki, I., T. Watanabe, S. Hozawa, M. Arai and K. Maruyama
(2000) Molecular mechanism of the reversibility of hepatic fibrosis:
With special reference to the role of matrix metalloproteinases.
J. Gastroenterol. Hepatol. 15(Suppl.), D26–D32.

6. Oron, U., L. Maltz, H. Tuby, V. Sorin and A. Czerniak (2010)
Enhanced liver regeneration following acute hepatectomy by low-
level laser therapy. Photomed. Laser Surg. 28, 675–678.

7. Silva Junior, O. C., S. Zucoloto, L. A. G. Menegazzo, R. G. Granat-
o, L. G. Marcassa and V. S. Bagnato (2001) Laser enhancement in
hepatic regeneration for partially hepatectomized rats. Lasers Surg.
Med. 29, 73–77.

8. Silva Junior, O. C., L. C. Prozilo, O. Potenciano, G. Muccillo and S.
Zucoloto (1991) The effect of low-energy He-Ne laser irradiation on
liver regeneration. Res. Surg. 3, 192–194.

9. Ma, W. J., X. R. Li, Y. X. Li, Z. X. Xue, H. J. Yin and H. Ma
(2012) Antiinflammatory effect of low-level laser therapy on Staphy-
lococcus epidermidis endophthalmitis in rabbits. Lasers Med. Sci.
27, 585–591.

10. Esper, M. A., R. A. Nicolau and E. A. Arisawa (2011) The effect of
two phototherapy protocols on pain control in orthodontic procedure
–a preliminary clinical study. Lasers Med. Sci. 26, 657–663.

11. Oliveira, A. F., T. C. Silva, A. K. Sankarankutty, E. G. Pacheco, J.
Ferreira, V. S. Bagnato, S. Zucoloto and O. C. Silva (2006) The
effect of laser on remanescent liver tissue after 90% hepatectomy in
rats. Acta Cir. Bras. 21(Suppl. 1), 29–32.

12. Muriel, P. and Y. Escobar (2003) Kupffer cells are responsible for
liver cirrhosis induced by carbon tetrachloride. J. Appl. Toxicol. 23,
103–108.

13. Vieira, R. P., R. F. França, N. R. Damaceno-Rodrigues, M. Dolhnik-
off, E. G. Caldini, C. R. Carvalho and W. Ribeiro (2008) Dose-
dependent hepatic response to subchronic administration of nandro-
lone decanoate. Med. Sci. Sports Exerc. 40, 842–847.

14. Chakraborty, J. B., F. Oakley and M. J. Walsh (2012) Mechanisms
and biomarkers of apoptosis in liver disease and fibrosis. Int. J.
Hepatol. 2012, 648915.

15. Powell, L. W. and J. F. Kerr (1970) Reversal of “cirrhosis” in idio-
pathic haemochromatosis following long-term intensive venesection
therapy. Australas. Ann. Med. 19, 54–57.

16. Arthur, M. J. P. (2002) Reversibility of liver fibrosis and cirrhosis
following treatment for hepatitis C. Gastroenterology 122, 1525–
1528.

17. Poynard, T., J. McHutchison, M. Manns, C. Trepo, K. Lindsay, Z.
Goodman, M. H. Ling and J. Albrecht (2002) Impact of pegylated
interferon alfa-2b and ribavirin on liver fibrosis in patients with
chronic hepatitis C. Gastroenterology 122, 1303–1313.

18. Chang, T. T., Y. F. Liaw, S. S. Wu, E. Schiff, K. H. Han, C. L. Lai,
R. Safadi, S. S. Lee, W. Halota, Z. Goodman, Y. C. Chi, H. Zhang,
R. Hindes, U. Iloeje, S. Beebe and B. Kreter (2010) Long-term
entecavir therapy results in the reversal of fibrosis/cirrhosis and

A B

Figure 4. Effects of LLLT on the number of (A) hepatic stellate cells (*P < 0.05 when compared with all groups) and (B) Kupffer cells (*P < 0.05
when compared with all groups) for all experimental groups.

Photochemistry and Photobiology, 2013, 89 177



continued histological improvement in patients with chronic hepatitis
B. Hepatology 52, 886–893.

19. Pares, A., J. Caballeria and M. Bruguera (1986) Histological course
of alcoholic hepatitis. Influence of abstinence, sex and extent of
hepatic damage. J. Hepatol. 2, 33–42.

20. Wang, H., W. Wei, N.-P. Wang, S.-Y. Gui, L. Wu, W.-Y. Sun and
S. H. Xu (2005) Melatonin ameliorates carbon tetrachloride-induced
hepatic fibrogenesis in rats via inhibition of oxidative stress. Life Sci.
77, 1902–1915.

21. Zima, T. and M. Kalousova (2005) Oxidative stress and signal trans-
duction pathways of alcoholic liver disease. Alcohol. Clin. Exp. Res.
29, 110S–115S.

22. Zheng, W. D., L. J. Zhang, M. N. Shi, Z. X. Chen, Y. X. Chen, Y.
H. Huang and X. Z. Wang (2005) Expression of matrix metallopro-
teinase-2 and tissue inhibitor of metalloproteinase-1 in hepatic
stellate cells during rat hepatic fibrosis and its intervention by IL-10.
World J. Gastroenterol. 11, 1753–1758.

23. Gavish, L., L. Perez and S. D. Gertz (2006) Low-level laser irradia-
tion modulates matrix metalloproteinase activity and gene expression
in porcine aortic smooth muscle cells. Lasers Surg. Med. 38, 779–
786.

24. Dias, F. J., J. P. Issa, F. T. Vicentini, M. J. Fonseca, J. C. Leão,
S. Siéssere, S. C. Regalo and M. M. Iyomasa (2011) Effects of
low-level laser therapy on the oxidative metabolism and matrix
proteins in the rat masseter muscle. Photomed. Laser Surg. 29,
677–684.

25. Baffy, G. (2009) Kupffer cells in non-alcoholic fatty liver disease:
The emerging view. J. Hepatol. 51, 212–223.

26. Seki, S., H. Nakashima, M. Nakashima and M. Kinoshita (2011)
Antitumor immunity produced by the liver Kupffer cells, NK cells,
NKT cells, and CD8+ CD122+ T cells. Clin. Dev. Immunol. 2011,
868345.

27. Suh, Y. G. and W. I. Jeong (2011) Hepatic stellate cells and innate
immunity in alcoholic liver disease. World J. Gastroenterol. 17,
2543–2551.

28. Johnson, S. J., J. E. Hines and A. D. Burt (1992) Macrophage and
perisinusoidal cell kinetics in acute liver injury. J Pathol. 166,
351–358.

29. Burt, A. D. (1993) Cellular and molecular aspects of hepatic fibrosis.
J. Pathol. 170, 105–114.

30. Muriel, P. and Y. Escobar (2003) Kupffer cells are responsible for
liver cirrhosis induced by carbon tetrachloride. J. Appl. Toxicol. 23,
103–108.

31. de Lima, F. M., A. B. Villaverde, R. Albertini, J. C. Corrêa, R. L.
Carvalho, E. Munin, T. Araújo, J. A. Silva and F. Aimbire (2011) Dual
effect of low-level laser therapy (LLLT) on the acute lung inflamma-
tion induced by intestinal ischemia and reperfusion: Action on anti-
and pro-inflammatory cytokines. Lasers Surg. Med. 43, 410–420.

32. Laraia, E. M., I. S. Silva, D. M. Pereira, F. A. Dos Reis, R. Alber-
tini, P. de Almeida, E. C. Leal Junior and P. D. de Carvalho (2012)
Effect of low-level laser therapy (660 nm) on acute inflammation
induced by tenotomy of Achilles tendon in rats. Photochem. Photo-
biol. (In press, DOI: 10.1111/j.1751-1097.2012.01179.x)

33. Allis, J. W., T. R. Ward, J. C. Seely and J. E. Simmons (1990)
Assessment of hepatic indicators of subchronic carbon tetrachloride
injury and recovery in rats. Fundam. Appl. Toxicol. 15, 558–570.

34. Lee, G. P., W. I. Jeong, D. H. Jeong, S. H. Do, T. H. Kim and K.
S. Jeong (2005) Diagnostic evaluation of carbon tetrachloride-
induced rat hepatic cirrhosis model. Anticancer Res. 25, 1029–1038.

35. Castro-e-Silva, O., Jr, S. Zucoloto, L. G. Marcassa, J. Marcassa, C.
Kurachi, C. A. Melo, F. S. Ramalho, L. N. Ramalho and V. S. Bag-
nato (2003) Spectral response for laser enhancement in hepatic
regeneration for hepatectomized rats. Lasers Surg. Med. 32, 50–53.

36. Lima, A. A. L. A., L. N. Z. Ramalho, I. R. C. Brasil, S. Zucoloto,
V. Bagnato and O. Castro e Silva Jr (2009) Efeitos do laser na fun-
ção mitocondrial e regeneração hepática em ratos cirróticos hepatec-
tomizados. Acta Cir. Brás. 15(Suppl. 2), 97.

37. Castro-e-Silva Jr, O., T. Castro-e-Silva, F. S. Ramalho, L. N.
Zambelli, S. Zucoloto, L. G. Marcassa and V. S. Bagnato (2002)
LED enhancement in mitochondrial oxidative phosphorylation for
hepatectomized rats. Acta Cir Bras 17(Suppl. 3), 92–95.

38. De Marchi, T., E. C. Leal Junior, C. Bortoli, S. S. Tomazoni, R. A.
Lopes-Martins and M. Salvador (2012) Low-level laser therapy
(LLLT) in human progressive-intensity running: Effects on exercise
performance, skeletal muscle status, and oxidative stress. Lasers
Med. Sci. 27, 231–236.

39. Fillipin, L. I., J. L. Mauriz, K. Vedovelli, A. J. Moreira, C. G. Zet-
tler, O. Lech, N. P. Marroni and J. González-Gallego (2005) Low-
level laser therapy (LLLT) prevents oxidative stress and reduces
fibrosis in rat traumatized Achilles tendon. Lasers Surg. Med. 37,
293–300.

40. Servetto, N., D. Cremonezzi, J. C. Simes, M. Moya, F. Soriano, J.
A. Palma and V. R. Campana (2010) Evaluation of inflammatory
biomarkers associated with oxidative stress and histological assess-
ment of low-level laser therapy in experimental myopathy. Lasers
Surg. Med. 42, 577–583.

178 Manoel Carneiro Oliveira-Junior et al.


