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Abstract
AIM: To evaluate the role of the 13C-methacetin breath 
test (13C-MBT) in the assessment of acute liver injury in 
a rat model.

METHODS: Acute liver injury in rats was induced by 
a single intraperitoneal injection of D-galactosamine 
(D-GalN). Forty-eight male Sprague-Dawley rats were 
randomly assigned to a control group (n  = 8) and five 
model groups (each n  = 8), and acute liver injury was 
assessed at different time points (6, 12, 24, 48 and 
72 h) after D-GalN injection. The 13C-MBT, biochemi-
cal tests, 15-min retention rate of indocyanine green 
(ICGR15), and liver biopsy were performed and com-
pared between the control and model groups. Correla-
tions between parameters of the 13C-MBT (Tmax, MVmax, 
CUM120 and DOBmax), biochemical tests, ICGR15 and liver 
necrosis score were also analyzed using Spearman’s 

correlation analysis.

RESULTS: Tmax, MVmax, CUM120 and DOBmax, as well as 
most of the traditional methods, correlated with the 
liver necrosis score (r  = 0.493, P  < 0.05; r  = -0.731, P  
< 0.01; r  = -0.618, P  < 0.01; r  = -0.592, P  < 0.01, re-
spectively). MVmax, CUM120 and DOBmax rapidly decreased 
and were lower than those in the controls as early as 
6 h after D-GalN injection (3.84 ± 0.84 vs  5.06 ± 0.78, 
P  < 0.01; 3.35 ± 0.72 vs  4.21 ± 1.44, P  < 0.05; 52.3 
± 20.58 vs  75.1 ± 9.57, P  < 0.05, respectively) and 
reached the lowest point 24 h after D-GalN injection. 
MVmax, CUM120 and DOBmax returned to normal levels 72 
h after D-GalN injection and preceded most of the tra-
ditional methods, including liver biopsy.

CONCLUSION: The 13C-MBT is a sensitive tool for the 
timely detection of acute liver injury and early predic-
tion of recovery in a rat model. Further clinical studies 
are warranted to validate its role in patients with acute 
liver injury.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The 13C-methacetin breath test (13C-MBT) is 
a promising tool for the assessment of metabolic liver 
function. Previous studies have mainly been conducted 
in the setting of chronic liver disease; however, evi-
dence on acute liver injury is scanty. The present study 
evaluated the role of 13C-MBT in the assessment of 
acute liver injury in an animal model and showed that 
13C-MBT was sensitive for the timely detection of acute 
liver injury and for early prediction of liver function re-
covery.
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INTRODUCTION
Acute liver disease may progress to fulminant hepatic 
failure, as a result of  which, a high proportion of  patients 
will die unless liver transplantation is performed[1]. There-
fore, timely and accurate assessment of  the degree of  
liver damage in acute liver disease outweighs specific dis-
ease etiologies with regard to treatment and prognosis[2]. 

However, current methods of  disease severity assessment 
in patients with acute liver disease are far from optimal. 
Conventional biochemical tests, such as transaminase, 
bilirubin, albumin (ALB) plasma levels and prothrombin 
time (PT), provide information on a mixture of  injury 
and function, but none of  these are regarded as a sensi-
tive and reliable marker of  the severity of  liver injury[3]. 
Although the 15-min retention rate of  indocyanine green 
(ICGR15) is considered to be a reliable method for as-
sessing liver function impairment[4-6], several drawbacks, 
such as cumbersome processing, potential allergic reac-
tion, and its invasive nature limit its use in clinical set-
tings. Many patients with liver disease, acute or chronic, 
undergo a liver biopsy to guide therapeutic decisions[7]. 
However, liver biopsy is highly invasive and impractical as 
a follow-up test. Thus, a simple, noninvasive and power-
ful alternative to liver biopsy in the management of  liver 
disease is required.

Non-invasive breath tests using carbon isotope 13C 
have been proposed as a measure of  metabolic liver 
function. 13C can be incorporated into organic substances 
and metabolized by the liver. The by-product of  this 
metabolism is 13CO2, which changes the 13CO2/12CO2 iso-
tope ratio of  the patient’s exhaled breath. Measuring the 
13CO2/12CO2 ratio in exhaled air enables quantification of  
microsomal function[8]. Thus, the breath test can be used 
early to evaluate quantitatively liver function damage or 
hepatic reserve function at hepatocyte metabolic level. 
The substances used in breath tests include aminopyrine, 
methacetin, caffeine, galactose and others[9]. Methacetin 
is widely used for breath tests because of  its low toxicity 
in small doses. The 13C-methacetin breath test (13C-MBT) 
is considered a safe, simple and repeatable method for 
monitoring dynamic liver function. 

The 13C-MBT could accurately identify liver fibrosis 
and differentiate the grades of  fibrosis in patients with 
chronic hepatitis C infection[7,8,10]. In patients with acute 
liver disease, preliminary evidence indicated that clinical 
improvement and normalization of  biochemical param-
eters were accompanied by progressive improvement of  
the 13C-MBT scores[11]. Detection of  improvement using 
13C-MBT occurred 1-3 d earlier than any of  the other 
clinical and laboratory parameters, suggesting that the 
13C-MBT might serve as a more sensitive decision-making 

tool for the follow-up of  these patients in the setting of  
severe acute liver disease[12]. 

The present study was designed to preliminarily evalu-
ate the role of  the 13C-MBT in the assessment of  acute 
liver injury in an animal model. Parameters of  the 13C-
MBT, as well as ICGR15 and biochemical variables, were 
tested and compared between the control and model 
groups (at different time points during the study); their 
associations with liver biopsy were also analyzed.

MATERIALS AND METHODS
Animals and materials
Forty-eight male Sprague-Dawley (SD) rats of  similar age 
and weight (200 ± 20 g) were obtained from Shanghai 
Laboratory Animal Center and were fed a Purina labora-
tory chow, ad libitum, in an internal animal breeding house 
at Beijing Tiantan Hospital. The rats were individually 
housed in a temperature and humidity controlled envi-
ronment with a 12-h light-dark cycle and were free to 
drink tap water until the week before the study began. 
All animals received human care in compliance with the 
“Guide for the Care and Use of  Laboratory Animals” 
published by the National Academy Press[13]. The study 
was approved by local ethic committee of  Beijing Tiantan 
Hospital, Capital Medical University. D-Galactosamine 
(D-GalN) was purchased from Sigma Chemical Com-
pany (St. Louis, MO, United States). Indocyanine green 
was purchased from Dandong Yichuang Pharmaceutical 
Co., Ltd. (Dandong, China). 13C-methacetin powder and 
the Infra-Red Isotope Analyzer (IRIS) were purchased 
from WAGNER Analysen Technik (Bremen, Germany). 
A UV-vis spectrophotometer was purchased from Beijing 
Purkinje General Instrument Co., Ltd. (Beijing, China).

Experimental design
The 48 rats were randomly assigned to six groups, in-
cluding a control group and five acute liver injury model 
groups (M6h, M12h, M24h, M48h and M72h). The variables 
in the subscript after the capital letter “M” denote the 
time points after intraperitoneal injection. Acute liver 
injury was induced by a single intraperitoneal injection 
of  D-GalN (450 mg/kg), which was dissolved in saline 
(0.6 mL/100 g of  body weight)[14]. The rats in the control 
group received the same volume of  saline as a substitute 
for D-GalN. ICGR15 and biochemical analyses were con-
ducted at predetermined time points (6, 12, 24, 48 and 72 
h) for each model group after D-GalN injection, while 
the 13C-MBT was conducted 2 h ahead of  the predeter-
mined time point because of  the time taken to perform 
the test. The rats were then sacrificed under anesthesia 
and liver tissues were harvested and used for histopatho-
logical analysis. The rats in the control group underwent 
the same procedure within 6 h after intraperitoneal injec-
tion of  saline. 

13C-MBT
13C-methacetin powder was completely dissolved in dis-
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tilled water to a final concentration of  4 g/L. According 
to the experimental design, each rat was given 13C-meth-
acetin (200 mg/100 g of  body weight) by gavage after 
10 h fasting. For the 13C-MBT, a home-made device was 
used to collect expiratory air; Shirin et al[9] describe the 
details of  the device structure. Breath samples for 13CO2 

measurement were collected for 15 s continuously by an 
aspirator pump and were collected at baseline and 10, 20, 
30, 40, 50, 60, 80, 100 and 120 min after gavage. Each 
sample was then transferred into a special aluminum cov-
ered plastic bag (100 mL capacity). The bag was closed 
with a plastic cork immediately at the end of  exhalation 
and prepared for analysis. After connecting the bag to the 
IRIS, the machine analyzed the breath samples automati-
cally and provided several valuable parameters such as 
DOBmax, Tmax, MVmax and CUM120. DOBmax is the peak 
value of  the delta over baseline (DOB) curve, which re-
flects the change in the natural 13CO2/12CO2 ratio exhaled 
to the ingestion of  a labeled substrate during the test pe-
riod. Tmax reflects the time at which the peak amplitude of  
DOB curve appears. MVmax reflects the largest metabolic 
rate of  13CO2, and CUM120 reflects cumulative percentage 
of  administered dose of  13CO2 recovered over time at 
120 min[15,16]. 

ICGR15 and biochemical analyses
The ICG standard curve was drawn according to the 
manufacturer’s instructions. Indocyanine green was 
completely dissolved in distilled water and prepared to 
a final concentration of  0.1 mg/mL. According to the 
experimental design, each rat was given a caudal intrave-
nous injection of  indocyanine green at 50 mg/100 g of  
body weight. Abdominal aortic puncture was performed 
to collect blood in a heparinized tube at 15 min after 
injection of  ICG, followed by isolation of  plasma with 
centrifugation at 1500 × g for 15 min. Plasma (0.25 mL) 
was extracted and diluted with 1.25 mL saline. Absor-
bance value of  the plasma sample at 805 nm was deter-
mined by A UV-vis spectrophotometry determined the 
absorbance of  the plasma sample at 805 nm, which were 
compared with the value for normal plasma. The stan-
dard curve was used to calculate the serum concentration 
of  ICG. An automatic biochemical analyzer detected the 
biochemical parameters, including alanine transaminase 
(ALT), total bilirubin (TBIL), ALB and PT, from a fur-
ther 0.6-1.0 mL of  extracted plasma. 

Hepatic histopathology
Rats were sacrificed after the 13C-MBT, ICGR15 and 
blood collection were completed. Their livers were har-
vested and midsections of  the left lobes were fixed with 
10% formalin solution and processed for staining with 
hematoxylin and eosin (HE) and then studied by light 
microscopy. The extent of  liver necrosis was determined 
by counting the number of  necrotic foci under low-
power field (LPF) magnification, using a × 10 objective. 
A necrotic area of  3600 µm2 measured by a 0.01 mm 
microscope micrometer was defined as a necrotic focus. 
Ten LPFs were chosen randomly along with a W-shaped 

sampling path for each slice. The liver necrosis score was 
obtained by counting the total number of  necrotic foci in 
10 LPFs.

Statistical analysis
Data analysis was performed using SPSS 17.0 statistical 
analysis software (SPSS, Chicago, IL, United States). Con-
tinuous variables were described as mean ± SD and were 
analyzed by the Student’s two-independent-sample t test 
(normal distribution) or Mann-Whitney non-parametric 
U test (skewed distribution). Normality of  distribution 
was determined using the Kolmogorov-Smirnov test 
(cut-off  at P = 0.01). Associations between the liver ne-
crosis score and biochemical parameters, ICGR15 and the 
13C-MBT were described using Spearman’s correlation 
analysis. All tests were two-sided and considered signifi-
cant at P < 0.05.

RESULTS
Histopathological assessment of acute liver injury
In the control group, the hepatic architecture was nor-
mal, with little necrosis and inflammatory cell infiltration. 
At 6 h after intraperitoneal injection of  D-GalN, the 
structure of  the hepatic lobules was largely normal with 
spotty, focal necrosis and little inflammatory cell infiltra-
tion. At 12 h, the structure of  hepatic lobules was slightly 
damaged, with focal necrosis and moderate inflammatory 
cell infiltration. At 24 h, there was an extensive area of  
central-central and central-portal bridging necrosis, con-
taining many red cells trapped in the collapsed reticulin 
network, and significant inflammatory cell infiltration was 
observed. At 48 h, hepatic necrosis and inflammatory cell 
infiltration gradually reduced and at 72 h, hepatic lobular 
structure had returned to normal with very little inflam-
matory cell infiltration (Figure 1). Thus, the severity of  
liver necrosis increased with time after D-GalN injection, 
and reached a peak between 24 and 48 h, and then gradu-
ally returned to normal. The liver necrosis scores in the 
control group and model groups at 6, 12, 24, 48 and 72 h 
were 0.4 ± 0.2, 28.6 ± 18.5, 59.5 ± 9.5, 80.3 ± 4.2, 36.0 ± 
3.4, and 21.1 ± 4.1, respectively. The liver necrosis scores 
in the model groups at 6, 12, 24, 48 and 72 h were signifi-
cantly higher than those in the control group (Table 1).

Comparison of parameters of the 13C-MBT between the 
model groups and control group
The mean value of  Tmax (min) in the control group and 
model groups at 6, 12, 24, 48 and 72 h were 18.3 ± 4.1, 
21.7 ± 4.7, 23.3 ± 5.16, 33.3 ± 4.3, 28.3 ± 3.83, and 23.3 
± 5.16, respectively. Compared with the control group, 
the Tmax in the model groups at 12 h, 24 h, 48 h and 72 
h were significantly higher. The MVmax (%), CUM120 (%) 
and DOBmax (%) in the control group were 5.06 ± 0.78, 
4.21 ± 1.44, and 75.1 ± 9.57, respectively. These three 
parameters followed a similar pattern and decreased si-
multaneously, reaching the lowest value at 24 h, and then 
returning to normal. MVmax, CUM120 and DOBmax in the 
model groups at 6, 12, 24 and 48 h were significantly 
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rapidly and reached a peak (994.3 ± 427.5 U/L) at 24 h, 
and then gradually decreased. ALT levels in the model 
groups at 12, 24 and 48 h were significantly higher than 
that in the control group (444.1 ± 230.4 U/L, P < 0.01; 
994.3 ± 427.5 U/L, P < 0.01; 436.8 ± 103.7 U/L, P < 
0.01, respectively). Correlation analysis revealed that 
ALT was positively correlated with liver necrosis score 
(r = 0.768，P < 0.01). The changes in TBIL following 
D-GalN injection were similar to those of  ALT. Levels 
of  TBIL (µmol/L) in the model groups at 12, 24, 48 and 
72 h were significantly higher than that in the control 
group (2.41 ± 0.98, P < 0.05; 13.74 ± 0.82, P < 0.001; 
12.99 ± 1.67, P < 0.001; 12.81 ± 0.71, P < 0.001, re-
spectively). Correlation analysis revealed that TBIL was 
positively correlated with liver necrosis score (r = 0.368, 

lower than those in the control group. At 72 h, the dif-
ferences in these three parameters between the control 
group and model groups were no longer significant (Table 
1, Figure 2). Correlation analysis of  the parameters of  
the 13C-MBT and liver necrosis score revealed that Tmax 
was positively correlated with liver necrosis score (r = 
0.493, P < 0.05), while MVmax, CUM120 and DOBmax were 
negatively correlated with liver necrosis score (r = -0.731, 
P < 0.01; r = -0.618, P < 0.01; r = -0.592, P < 0.01, re-
spectively) (Table 1).

Comparison of biochemical blood tests and ICGR15 

between the model groups and control group
The mean level of  ALT in the control group was 45.5 ± 
7.0 U/L. After injection of  D-GalN, ALT level increased 
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Figure 1  Histopathological findings of liver tissues in control and model groups (hematoxylin and eosin × 100). Control: Hepatic architecture was normal 
with little necrosis and inflammatory cell infiltration; M6h: The structure of the hepatic lobules was largely normal with spotty, focal necrosis and little inflammatory cell 
infiltration; M12h: The structure of hepatic lobules was slightly damaged, with focal necrosis and little inflammatory cell infiltration; M24h: There was an extensive area of 
central-central and central-portal bridging necrosis containing many red cells trapped in the collapsed reticulin network, and significant inflammatory cell infiltration was 
observed; M48h: Hepatic necrosis and inflammatory cell infiltration gradually reduced; M72h: Hepatic lobular structure returned to normal, with very little inflammatory cell 
infiltration. 

Control M6h

M12h M24h

M48h M72h
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P = 0.01). The mean level of  ALB in the control group 
was 34.52 ± 2.69 g/L. After injection of  D-GalN, ALB 
level decreased and remained low at 72 h. ALB levels (g/L) 
in the model groups at 24, 48 and 72 h were significantly 
lower than that in the control group (32.08 ± 4.04, P < 
0.05; 31.48 ± 1.57, P < 0.05; 28.79 ± 1.73, P < 0.001, 
respectively). Correlation analysis revealed that ALB was 
not correlated with liver necrosis score (r = 0.009, P > 
0.05). PT values in the model groups at each time point 
were significantly longer than that in the control group 
(P < 0.01), and correlation analysis revealed that PT was 
positively correlated with liver necrosis score (r = 0.627, 
P < 0.01) (Table 2). ICGR15 (%) in the control group and 
model groups at 6, 12, 24, 48 and 72 h were 2.8 ± 0.4, 

3.1 ± 0.6, 6.8 ± 1.4, 17.0 ± 2.3, 11.5 ± 1.6 and 5.7 ± 1.2, 
respectively. Compared with the control group, ICGR15 
in the model groups at 12, 24 and 48 h were significantly 
higher (P < 0.05; P < 0.001; P < 0.001, respectively). 
Correlation analysis revealed that ICGR15 was positively 
correlated with liver necrosis score (r = 0.604, P < 0.01) 
(Table 2).

DISCUSSION
In recent years, the role of  the 13C-MBT to assess liver 
function has been investigated in patients with chronic 
liver disease. Matsumoto et al[11] found that the 13C-MBT 
value (the 13C recovery over 30 min) was significantly re-
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Table 1  Comparison of parameters of the 13C-methacetin breath test and liver necrosis score between the control and model groups

Group Tmax (min) MVmax CUM120 DOBmax Liver necrosis score

Control 18.3 ± 4.1 5.06% ± 0.78% 4.21% ± 1.44% 75.1% ± 9.57%  0.4 ± 0.2
M6h 21.7 ± 4.7  3.84% ± 0.84%b  3.35% ± 0.72%a    52.3% ± 20.58%a   28.6 ± 18.5b

M12h  23.3 ± 5.2a  3.52% ± 1.32%b  2.77% ± 1.40%b  40.1% ± 4.13%b 59.5 ± 9.5b

M24h  33.3 ± 4.3b  2.55% ± 1.31%b  2.67% ± 0.71%b    37.3% ± 18.50%b 80.3 ± 4.2b

M48h  28.3 ± 3.8a  2.72% ± 0.31%b  2.77% ± 0.81%b  52.23% ± 14.16%a 36.0 ± 3.4b

M72h  23.3 ± 5.2a 4.72% ± 0.81% 4.12% ± 0.44%   69.1% ± 13.96% 21.1 ± 4.1a

DOBmax is the peak value of the delta over baseline (DOB) curve, which reflects the change in the natural 13CO2/12CO2 ratio exhaled to the ingestion of a 
labeled substrate during the test period. Tmax reflects the time at which the peak amplitude of DOB curve appears. MVmax reflects the largest metabolic rate 
of 13CO2, and CUM120 reflects the cumulative percentage of administered dose of 13CO2 recovered over time at 120 min. aP < 0.05, bP < 0.01 vs control. 
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duced in patients with chronic aggressive hepatitis and in 
those with liver cirrhosis, but not in patients with chronic 
persistent hepatitis or healthy controls. Patients with either 
advanced cirrhosis or hepatocellular carcinoma showed 
significantly lower values than those with well-compensat-
ed cirrhosis, indicating that the 13C-MBT[11] can effectively 
evaluate the severity of  liver damage. Goetze et al[10] tested 
100 patients with untreated chronic HCV infection, and 
100 age- and sex-matched healthy volunteers using the 
13C-MBT following ingestion of  75 mg methacetin. They 
found that the 13C-MBT was an accurate tool for measur-
ing the degree of  inflammation and fibrosis in patients 
with chronic HCV infection and normal serum alanine 
aminotransferase (NALT)[10]. Further studies have sup-
ported the role of  the 13C-MBT in the assessment of  
chronic liver disease[17-19]. A few studies have focused on 
the assessment of  the degree of  hepatic damage in acute 
liver disease. A recent study showed that the 13C-MBT 
was a sensitive test and may be a useful tool to evaluate 
functional liver mass in animal models of  acute liver fail-
ure and cirrhosis[9].

The present study was designed to explore the role 
of  the 13C-MBT in assessing acute liver injury using a rat 
model. The histopathological analysis showed that the 
severity of  liver necrosis increased with time after intra-
peritoneal injection of  D-GalN, reached a peak between 
24 and 48 h, and then gradually returned to normal. Cor-
relation analysis revealed that parameters of  the 13C-MBT, 
as well as most of  the traditional methods, correlated with 
liver necrosis score, which was in accordance with the 
morphologic findings. The changes in MVmax, CUM120 and 
DOBmax reflected the severity of  liver injury after D-GalN 
injection. Liver function abnormalities were recognized 
by the 13C-MBT as early as 6 h after initiation of  liver 
damage, which was earlier than most of  the traditional 
methods, including ALT, TBIL, ALB, ICGR15 and liver 
biopsy. In addition, the 13C-MBT reflected the recovery of  
liver injury after D-GalN injection. The parameters of  the 
13C-MBT gradually returned to baseline levels after 24 h, 
which was in accordance with the liver necrosis score. The 
differences in the parameters of  the 13C-MBT between 
the model groups and control group at 72 h were no lon-
ger significant, while most of  the other methods, includ-
ing liver histopathology are not sufficiently informative, 
indicating that the 13C-MBT may be a sensitive tool for 
predicting recovery from acute liver injury.

Some limitations in the present study should be ac-
knowledged. Firstly, the limited number of  rats in each 
group may have lowered the statistical power and led 
to false positive or false negative results. This could be 
minimized by enlarging the sample size in future studies. 
Secondly, we used a self-defined liver necrosis score to 
evaluate the severity of  liver injury, according to previ-
ously published literature, as no consensus standardized 
method or scoring system is available in the setting of  
acute liver injury[20]. We found that the liver necrosis 
score reflected the severity of  liver injury following cor-
roboration of  the results with other methods. Thirdly, 
whether the results of  animal experiments are applicable 
to humans is unknown, and further studies on patients to 
validate the results of  our study are warranted. Lastly, we 
used liver biopsy as the standard method to evaluate the 
role of  the 13C-MBT in acute liver injury. Although liver 
biopsy has been widely regarded as the “gold standard” 
for defining liver disease status, it also has drawbacks that 
have prompted questions about its value[21,22]. However, 
there are currently no other tools that can serve as alter-
native methods. Although the Child-Turcotte-Pugh score 
and the model for end-stage liver disease score were 
reported to be valuable to predict liver disease progres-
sion[23-25], their suitability for use in animal models is un-
known. 

In conclusion, the results of  the present study suggest 
that the 13C-MBT may be a valuable tool to assess liver 
function in acute liver injury in a rat model. The 13C-MBT 
is sensitive for timely detection of  acute liver injury and 
early prediction of  liver function recovery. To validate its 
role in patients, further clinical studies are warranted.
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Table 2  Comparison of biochemical tests and 15-min retention rate of indocyanine green between control group and model groups

Group ALT (U/L) TBIL (µmol/L) PT (s) ALB (g/L) ICG15

Control 45.5 ± 7.0 1.36 ± 0.61 13.55 ± 0.55 34.52 ± 2.69 2.8% ± 0.4%
M6h 166.8 ± 40.7 1.56 ± 0.72 18.89 ± 3.38b 33.93 ± 1.27 3.1% ± 0.6%
M12h     444.1 ± 230.4b   2.41 ± 0.98a 23.99 ± 3.09b 33.65 ± 1.57  6.8% ± 1.4%a

M24h     994.3 ± 427.5b 13.74 ± 0.82b 36.36 ± 2.45b  32.08 ± 4.04a 17.0% ± 2.3%b

M48h     436.8 ± 103.7b 12.99 ± 1.67b 33.05 ± 3.22b  31.48 ± 1.57a 11.5% ± 1.6%b

M72h 238.7 ± 70.7 12.81 ± 0.71b 29.13 ± 2.94b  28.79 ± 1.73b  5.7% ± 1.2%

aP < 0.05, bP < 0.01 vs control. ALB: Albumin; ALT: Alanine transaminase; AST: Aspartate transaminase; ICGR15: The 15-min retention rate of indocyanine 
green; PT: Prothrombin time; TBIL: Total bilirubin. 
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Research frontiers
Recent studies have shown that the 13C-MBT is an accurate tool to identify liver 
fibrosis and differentiating grades of fibrosis in patients with chronic hepatitis 
C infection. In patients with acute liver disease, preliminary evidence indicated 
that clinical improvement and normalization of biochemical parameters were 
accompanied by progressive improvements in 13C-MBT scores. The 13C-MBT 
detected improvement 1-3 d earlier than the other clinical and laboratory param-
eters, suggesting that the 13C-MBT might serve as a more sensitive decision-
making tool for the follow-up of patients with severe acute liver disease.
Innovations and breakthroughs
Although the 13C-MBT has been studied in the clinical setting for several years, 
most of these studies were case reports or case series, and were related to 
chronic liver disease. There are few studies focusing on patients with acute liver 
injury, probably because of concerns for the safety of patients with serious con-
ditions. This study evaluated the role of the 13C-MBT in the assessment of acute 
liver injury in an animal model. Parameters of the 13C-MBT, as well as ICGR15 
and biochemical variables, were tested and compared between the control and 
model groups (at different time points during the study); their associations with 
liver biopsy were also analyzed.
Applications
The 13C-MBT is a sensitive tool for timely detection of liver injury and early pre-
diction of liver function recovery in the setting of acute liver disease.
Terminology
13C-MBT: 13C can be incorporated into organic substances and metabolized by 
the liver. The by-product of this metabolism is 13CO2, which changes the 13CO2/
12CO2 isotope ratio of the patient’s exhaled breath. Measuring the 13CO2/12CO2 
ratio in exhaled air enables quantification of microsomal function. Methacetin is 
widely used for breath tests because of its low toxicity in small doses.
Peer review
Zhu et al presented the results of their study on the role of 13C-MBT in the as-
sessment of acute liver injury induced by D-galactoamine in rats. It has to be 
noted that there are already some studies concerning the role of 13C-MBT in 
the evaluation of hepatic damage/reserve during both chronic and acute liver 
damage. However, to date, the 13C-MBT has not been evaluated significantly 
or comprehensively in the acute setting. Overall, the study is well-designed, 
results are somewhat interesting and the paper is well-written.
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