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Abstract
AIM: To investigate the hepatoprotective effect of 
MK615, a Japanese apricot extract, in an animal model, 
and its clinical therapeutic effect.

METHODS: Wistar rats were administered physiologi-
cal saline (4 mL/kg) or MK615 solution (4 mL/kg) for 7 
d. On the sixth d, acute hepatic injury was induced by 

administering a single intraperitoneal injection (ip ) of 
D-galactosamine hydrochloride (D-GalN) (600 mg/kg). 
Plasma levels of alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) were determined, 
and liver tissues were used for histopathological analy-
sis. Fifty-eight patients with liver disorders [hepatitis C 
(n  = 40), non-alcoholic fatty liver disease (n  = 15), and 
autoimmune liver disease (n  = 3)] were orally admin-
istered commercially available Misatol ME-containing 
MK615 (13 g/d) daily for 12 wk. Blood and urine were 
sampled immediately before and 6 wk, 12 wk, and 16 
wk after the start of intake to measure various bio-
chemical parameters. The percentage change in ALT 
and AST levels after 12 wk from the pre-intake baseline 
served as a primary endpoint.

RESULTS: D-GalN effectively induced acute hepatic 
injury in the rats. At 48 h after the ip  injection of D-GalN, 
the plasma levels of ALT (475.6 ± 191.5 IU/L vs  225.3 
± 194.2 IU/L, P  < 0.05) and AST (1253.9 ± 223.4 
IU/L vs  621.9 ± 478.2 IU/L, P  < 0.05) in the MK615 
group were significantly lower than the control group. 
Scattered single cell necrosis, loss of hepatocytes, and 
extensive inflammatory cell infiltration were observed 
in hepatic tissue samples collected from the control 
group. However, these findings were less pronounced 
in the group receiving MK615. At the end of the clinical 
study, serum ALT and AST levels were significantly de-
creased compared with pre-intake baseline levels from 
103.5 ± 58.8 IU/L to 71.8 ± 39.3 IU/L (P  < 0.05) and 
from 93.5 ± 55.6 IU/L to 65.5 ± 34.8 IU/L (P  < 0.05), 
respectively. A reduction of ≥ 30% from the pre-study 
baseline ALT level was observed in 26 (45%) of the 58 
patients, while 25 (43%) patients exhibited similar AST 
level reductions. The chronic hepatitis C group exhibit-
ed significant ALT and AST level reductions from 93.4 ± 
51.1 IU/L to 64.6 ± 35.1 IU/L (P  < 0.05) and from 94.2 
± 55.5 IU/L to 67.2 ± 35.6 IU/L (P  < 0.05), respective-
ly. A reduction of ≥ 30% from the pre-study baseline 
ALT level was observed in 20 (50%) of the 40 patients. 
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ALT levels in both the combined ursodeoxycholic acid 
(UDCA) treatment and the UDCA uncombined groups 
were significantly lower after Misatol ME administration. 
MK615 protected hepatocytes from D-GalN-induced 
cytotoxicity in rats. Misatol ME decreased elevated ALT 
and AST levels in patients with liver disorders. 

CONCLUSION: These results suggest that MK615 and 
Misatol ME are promising hepatoprotective agents for 
patients with liver disorders.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Japanese apricot (Prunus mume Sieb. et Zucc.), hereinaf-
ter referred to as ume, was brought to Japan from China 
around the eighth century. The flesh of  this fruit has 
been used not only as food but also as medicine. Ishinho, 
the oldest medical monograph in Japan, which was writ-
ten in AD 984, indicates that both umeboshi (pickled ume) 
and ubai (smoke-dried ume) were used as medicines (e.g., 
as anti-diarrheal agents and for detoxification in food or 
drug poisoning). Shokokukodenhiho, published in 1817, 
also refers to the effectiveness of  ume extracts. It is thus 
evident that ume was used extensively as a folk remedy in 
Japan. Syringaresinol, a lignan in ume, was recently shown 
to control infection by inhibiting the migration of  Heli-
cobacter pylori[1]. MK615, an extract from Japanese apricot, 
contains triterpenoids such as ursolic acid (UA)[2], oleano-
lic acid (OA)[2-4], lupeol[2,4], α-amyrin[2], and β-sitosterol[4]. 
These substances have been shown to exert various bio-
logical actions. Reports have described diverse effects, in-
cluding anti-tumor activity (against tumor cell lines such 
as those of  gastric cancer[5], leukemia[5], breast cancer[4,6], 
hepatocellular carcinoma[7,8], colon cancer[9], pancreatic 
cancer[10], and malignant melanoma[11]) and immunopo-
tentiation in experimental animals exposed to X-rays[4]. 
MK615 was previously reported to inhibit the release of  
high-mobility group box 1 (HMGB1) from lipopolysac-
charide (LPS)-stimulated macrophage-like RAW264.7 
cells and to activate the transcription factor nuclear fac-
tor erythroid 2-related factor 2 (Nrf2), resulting in the 

induction of  heme oxygenase-1 (HO-1). MK615 was 
also shown to suppress the formation of  inflammation-
inducing cytokines [tumor necrosis factor α (TNF-α) and 
interleukin-6 (IL-6)] by inactivating mitogen-activated 
protein kinases (MAPKs) and the transcription factor 
nuclear factor-κB (NF-κB)[3,12]. It is thus evident that ume 
extracts exert anti-inflammatory and antioxidative actions. 
However, the significance of  these actions in the liver has 
not been adequately clarified.

Given the anti-inflammatory and antioxidative ac-
tions of  MK615, we investigated the hepatoprotective 
effects of  MK615. In addition, the effects of  Misatol 
ME, a beverage containing MK615 that is approved as 
a health food product in Japan, were clinically evaluated 
in patients with liver disorders that included hepatitis C, 
chronic inflammation of  the liver, as well as fatty liver 
disease, which is closely involved in oxidative stress.

MATERIALS AND METHODS
Effect of MK615 on D-galactosamine hydrochloride-
induced acute hepatic injury in rats
Preparation of  MK615 solution: MK615 solution was 
prepared from a condensed extract of  ume. In brief, ume 
were squeezed using a press, and the ume juice was then 
heated and concentrated 20-fold[5]. The condensed ex-
tract was neutralized using NaOH and was then heat-
sterilized. The MK615 solution contained the neutral, 
condensed ume extract.

D-galactosamine hydrochloride-induced hepatic in-
jury in rats: Seven-week-old male Wistar rats (Crlj:WI) 
weighing 200-240 g were purchased from Charles River 
Laboratories Japan (Yokohama, Japan). All rats were 
maintained under controlled temperature and lighting 
conditions (12/12-h dark/light cycle), and water and 
standard diet were provided ad libitum in accordance 
with the institute’s guidelines for care and use of  labora-
tory animals in research.

Acute hepatic injury was induced by administering a 
single intraperitoneal (ip) injection of  D-galactosamine 
hydrochloride (D-GalN) (600 mg/kg; Wako Pure Chemi-
cal Industries, Osaka, Japan). In this study, rats were 
divided into 3 experimental groups. In group Ⅰ (the ve-
hicle control group), rats were administered physiological 
saline (4 mL/kg per day) via gavage for 7 d and injected 
with D-GalN (ip) 2 h after the sixth oral administration 
of  saline (6 d from the first oral administration). In group 
Ⅱ (the MK615 group), rats received MK615 solution (4 
mL/kg per day) via gavage for 7 d and were injected with 
D-GalN (ip) 2 h after the sixth oral administration of  
MK615 solution. In group Ⅲ, rats were administered the 
neutral MK615 solution (4 mL/kg per day) via gavage for 
7 d and were injected with saline (ip) 2 h after the sixth 
oral administration of  MK615 solution. group Ⅲ served 
as a negative experimental control without D-GalN-
induced hepatic injury (Figure 1). Treatments involving 
oral administration by gavage were conducted between 
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9:00 and 10:00 AM and ip injections were administered 
between 11:00 AM and 12:00 noon. All rats were sacri-
ficed by exsanguination under anesthesia 48 h after the 
ip injection of  D-GalN or saline (8 d after the first oral 
administration). Blood samples from the abdominal aorta 
were immediately heparinized, and plasma samples were 
isolated by centrifugation. Plasma samples were frozen 
and stored at -80  ℃ until used, and subsequently ana-
lyzed to determine the levels of  alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST). Liver tissue 
samples were also obtained from each rat and used for 
histopathological analysis. The plasma levels of  ALT and 
AST were determined using a commercially available ana-
lytical kit (Transaminase CII-Test; Wako Pure Chemical 
Industries).

Evaluation of the effects of MK615 in patients with liver 
disorder
Subjects: This study involved patients who were defini-
tively diagnosed with a liver disorder at the Jikei Uni-
versity School of  Medicine Hospital, the St. Marianna 
University School of  Medicine Hospital, or the Kurihara 
Clinic between December 2007 and December 2009 and 
who met the following requirements: (1) ALT level ex-
ceeding reference limits when tested within 3 mo before 
the start of  this study, indicating the presence of  hepa-
topathy; (2) serum hepatitis C virus (HCV)-RNA positiv-
ity (determined by real-time polymerase chain reaction) 
in patients with chronic hepatitis C; and (3) presence of  
fatty liver confirmed by diagnostic imaging in cases of  
non-alcoholic fatty liver disease (NAFLD). The following 
patients were excluded from the study: (1) those receiving 
treatment for liver cirrhosis, hepatocellular carcinoma, or 
other malignant tumors; (2) patients receiving treatment 
with Stronger Neo-Minophagen C; (3) those receiving 
treatment with interferon (IFN); and (4) habitual drink-
ers (alcohol consumption, > 30 g/d) or occasional heavy 
drinkers. Concomitant use of  drugs or any treatment with 
antiviral, immunomodulating, or marrow-suppressive ac-
tivity was prohibited during the study period, but contin-
ued use of  drugs that had been initiated before the study 
was permitted. No patients were heavy drinkers. The eth-
ics committee of  each participating facility approved the 
study protocol. Informed consent to participate in the 
study was obtained in writing from all patients. 

Methods: In Japan, MK615 solution is commercially 
available as Misatol ME (AdaBio Co. Ltd., Takasaki, Ja-
pan). For the clinical study, Misatol ME was used as the 

MK615 solution and was ingested orally every d (2 × 
6.5 g packs/d) for 12 wk. Blood and urine were sampled 
immediately before and 6 wk, 12 wk, and 16 wk after 
the start of  MK615 intake to measure the following 
parameters: white blood cell (WBC) count, differential 
leukocyte count, red blood cell (RBC) count, hemoglo-
bin, hematocrit, platelet count, ALT, AST, γ-glutamyl 
transpeptidase (γ-GTP), alkaline phosphatase (ALP), 
total protein, albumin, total cholesterol, cholinesterase, 
and total bilirubin, as well as urinalysis parameters. The 
percentage change in ALT and AST levels after 12 wk 
of  intake from the pre-intake baseline served as primary 
and secondary endpoints, respectively. In the analysis of  
these endpoints, an improvement of  ≥ 50% from the 
pre-intake baseline was regarded “markedly effective”, 
≥ 30% was regarded “effective”, ≤ 30% as “ineffec-
tive”, and an aggravation of  ≥ 30% as “worsened”. The 
response rate was defined as the percentage of  “markedly 
effective” plus “effective” cases.

Statistical analysis
Data are expressed as mean ± SD. Statistical analyses 
were performed using Stat View for Windows Version 
5.0 (SAS Institute Inc., North Carolina, United States). 
Differences between 2 groups were analyzed using the 
Mann-Whitney U test. Comparisons between baseline 
and each time point were performed using Dunnett’s test. 
P < 0.05 was considered significant.

RESULTS
The effect of MK615 on D-galactosamine hydrochloride-
induced acute hepatic injury in rats
ALT and AST plasma levels in control rats were elevated 
48 h after D-GalN induction, with mean values of  475.6 
± 191.5 IU/L (n = 8) and 1253.9 ± 223.4 IU/L (n = 8), 
respectively. In the MK615 group, the ALT and AST levels 
were 225.3 ± 194.2 IU/L (n = 9) and 621.9 ± 478.2 IU/L 
(n = 9), respectively. The levels of  ALT and AST in the 
MK615 group rats were significantly lower than in those 
of  the control group (P = 0.0433 for ALT, P = 0.0124 for 
AST by Mann-Whitney U test) (Figure 2A and B).

Liver tissues were obtained from both control group 
rats and MK615 group rats at 48 h after D-GalN injec-
tion. Scattered single cell necrosis (swollen eosinophilic 
hepatocytes) and loss of  hepatocytes was observed in 
hepatic tissue samples from the control group. Extensive 
inflammatory cell infiltration was also noted (Figure 2C). 
Figure 2D shows that these features of  D-GalN-induced 
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Figure 1  Experiment protocol of D-galactosamine hydrochloride-induced acute hepatic injury in rats.
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ceiving the MK615 solution.

The effects of MK615 in patients with liver disorders
We enrolled 58 patients in this clinical study (mean age, 
61.4 ± 12.7 years; range: 29-82 years; 40 men and 18 
women). The diagnosis was chronic hepatitis C in 40 
patients, NAFLD in 15 patients, and autoimmune liver 
disease in 3 patients (2 with autoimmune hepatitis and 1 
with primary sclerosing cholangitis). Table 1 lists the back-
ground variables in relation to the diseases diagnosed.

Analysis of  the entire study population determined 
that ALT levels had decreased significantly from 103.5 
± 58.8 IU/L before the start of  the study to 81.3 ± 45.7 
IU/L (P < 0.05) at 6 wk, 71.8 ± 39.3 IU/L (P < 0.05) at 
12 wk, and 72.3 ± 40.3 IU/L (P < 0.05) at 16 wk (Figure 
3A). AST levels decreased significantly from 93.5 ± 55.6 
IU/L before the start of  the study to 77.6 ± 47.1 IU/L 
(P < 0.05) at 6 wk, 65.5 ± 34.8 IU/L (P < 0.05) at 12 wk, 
and 68.3 ± 37.8 IU/L (P < 0.05) at 16 wk (Figure 3B). A 
reduction of  ≥ 30% from pre-study baseline ALT levels 
was observed in 26 (45%) of  the 58 patients, whereas 25 
(43%) patients exhibited a similar reduction in AST levels 
(Table 2).

When the effects of  Misatol ME were analyzed in 
relation to the disease diagnosed, the chronic hepatitis C 
group exhibited significant ALT level reductions from the 
pre-study baseline of  93.4 ± 51.1 IU/L to 75.3 ± 46.6 
IU/L (P < 0.05) at 6 wk, 64.6 ± 35.1 IU/L (P < 0.05) at 
12 wk, and 64.6 ± 33.8 IU/L (P < 0.05) at 16 wk (Figure hepatic injury were reduced in the treatment group re-
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Figure 2  Effect of MK615 in D-galactosamine hydrochloride-induced acute hepatic injury in rats. A: AST plasma levels; B: ALT plasma levels; C: Control group 
(liver); D: MK615 group (liver). AST:Aspartate aminotransferase; ALT: Alanine aminotransferase. 

DC

BA

Table 1  Background of patients with liver disorders

Chronic 
hepatitis C

NAFLD Autoimmune 
liver disease

Number 40 15 3
Gender (M/F) 25/15 14/1 1/2
Age (yr)   64.4 ± 11.3   52.5 ± 13.7 65.7 ± 4.0
HCV viral load(10n/mL)   6.2 ± 0.8
≥ 5log/< 5log/ND 35/3/2
WBC count (/μL) 4153 ± 994   6800 ± 1578 3967 ± 723
RBC count (104/μL) 415 ± 59 490 ± 51 448 ± 48
Hemoglobin (g/dL) 13.1 ± 1.8 15.5 ± 1.1 12.5 ± 1.7
Platelet count (104/μL) 13.8 ± 5.7 20.3 ± 8.4 17.2 ± 5.1
AST (IU/L)   94.2 ± 55.5   84.5 ± 50.0 129.3 ± 90.5
ALT (IU/L)   93.4 ± 51.1 131.9 ± 72.5   96.7 ± 50.1
γ-GTP (IU/L)   72.9 ± 60.5   181.9 ± 197.5 120.3 ± 74.2
LDH (IU/L) 237.8 ± 54.8 228.9 ± 44.4    270 ± 44.3
ALP (IU/L)   318.1 ± 116.8   303.4 ± 106.8      391 ± 293.1
Total bilirubin (mg/dL)   0.84 ± 0.29     0.8 ± 0.44   0.67 ± 0.15
Total cholesterol (mg/dL)    162 ± 35.2 188.5 ± 49.1 174.7 ± 40.1
Total protein (g/dL)   7.5 ± 0.6   7.7 ± 0.3   7.9 ± 0.9
Albumin (g/dL)   3.9 ± 0.4   4.4 ± 0.3   3.9 ± 0.9
BUN (mg/dL) 16.2 ± 4.0 13.6 ± 3.2 15.3 ± 3.1
Creatinine (mg/dL)   0.76 ± 0.16 0.75 ± 0.1   0.62 ± 0.06

Data are expressed as the mean ± standard deviation. NAFLD: Non-
alcoholic fatty liver disease; ND: Not done; M: Male; F: Female; HCV: 
Hepatitis C virus; WBC: White blood cell; RBC: Red blood cell; AST: 
Aspartate aminotransferase; ALT: Alanine aminotransferase; γ-GTP: γ 
guanosine triphosphate; LDH: Lactate dehydrogenase; ALP: Alkaline 
phosphatase; BUN: Blood urea nitrogen. 
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3C). This same group of  patients exhibited significant 
AST level reductions from the pre-study baseline of  94.2 
± 55.5 IU/L to 78.8 ± 49.5 IU/L (P < 0.05) at 6 wk, 67.2 
± 35.6 IU/L (P < 0.05) at 12 wk, and 66.6 ± 33.7 IU/L 
(P < 0.05) at 16 wk. In the chronic hepatitis C group, a 
reduction of  ≥ 30% from the pre-study baseline ALT 
level was observed in 20 (50%) of  the 40 patients, while 
16 (40%) patients exhibited similar AST level reductions 
(Table 2). Among the patients with chronic hepatitis C, 
ALT data before the start of  test beverage intake (24 
wk before starting intake) were available for 32 patients. 
These patients were subdivided into combined ursode-

oxycholic acid (UDCA) treatment (n = 20) (Figure 4A) 
and UDCA uncombined (n = 12) groups (Figure 4B). In 
both the combined UDCA treatment and UDCA uncom-
bined groups, ALT levels were significantly lower after the 
intake of  Misatol ME compared with those before intake.

The NAFLD group exhibited significant ALT level 
reductions from 131.9 ± 72.5 IU/L before the start of  
the study to 102.8 ± 37.6 IU/L (P < 0.05) at 6 wk, 90.9 
± 45.6 IU/L (P < 0.05) at 12 wk, and 96.9 ± 50.8 IU/L 
(P < 0.05) at 16 wk (Figure 3D). This group also exhib-
ited significant AST level reductions during the Misatol 
ME intake period compared with the pre-start baseline 
level; levels were 84.5 ± 50.0 IU/L before the start of  the 
study, 66.7 ± 24.2 IU/L (P < 0.05) at 6 wk, 58.1 ± 26.0 
IU/L (P < 0.05) at 12 wk, and 69.8 ± 41.9 IU/L (NS) 
at 16 wk. In the NAFLD group, a reduction of  ≥ 30% 
from the pre-study baseline ALT level was observed in 5 
(33%) of  the 15 patients, whereas similar AST level re-
ductions were observed in 6 (40%) patients (Table 2).

The levels of  γ-GTP in the entire study population 
also decreased significantly after Misatol ME intake com-
pared with pre-intake baseline levels (data not shown).

Table 3 presents the hematological and biochemical 
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DC

BA

Table 2  Response rate of MK615 therapy in patients with 
liver disorder (%)

ALT AST

Chronic hepatitis C 20/40 (50) 16/40 (40)
NAFLD   5/15 (33)   6/15 (40)
Autoimmune liver disease     1/3 (33)       3/3 (100)
Total 26/58 (45) 25/58 (43)

NAFLD: Non-alcoholic fatty liver disease; AST: Aspartate aminotransfer-
ase; ALT: Alanine aminotransferase.
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data obtained for the clinical study. No change associated 
with Misatol ME intake was noted in any hematological 
or biochemical parameter other than in the indicators 
of  liver function, which improved after MK615 intake. 
An unexplained eruption was observed in 1 patient with 
NAFLD, which was the only adverse event observed dur-
ing this study, and was not found to have a causal rela-
tionship with the intake of  Misatol ME.

DISCUSSION
This is the first study demonstrating that Misatol ME (a 
beverage containing MK615, an ume extract) lowers blood 
transaminase levels in patients with liver disorders such 
as chronic hepatitis C and NAFLD. ume has been used 
as traditional medicine and food in Japan since ancient 

times[5]. The clinical effects of  ume have been attributed 
to the biological activity of  MK615. MK615 contains 
triterpenoids such as OA, UA, lupeol, α-amyrin, and β-si-
tosterol[2-4], and has been shown to exert anti-tumor activ-
ity against various tumor cell lines, including those of  
gastric cancer[5], leukemia[5], breast cancer[4,6], hepatocellu-
lar carcinoma[7,8], colorectal cancer[9], pancreatic cancer[10], 
esophageal cancer[2], and malignant melanoma[11]. The 
possible mechanisms underlying the anti-tumor activity of  
MK615 include induction of  apoptosis[2,6,9,11], induction of  
autophagy[9], cell cycle arrest[2,6,7,10], reduced expression of  
receptors for advanced glycation end products (RAGE) 
on membrane surfaces of  cancer cells[8,11], and immuno-
potentiation following exposure to X-rays[4]. MK615 in-
hibits the release of  HMGB1 from mouse macrophage-
like RAW264.7 cells[3]. This inhibitory activity is mediated 
by Nrf2 activation and HO-1 induction, suggesting that 
MK615 possesses antioxidative activity[3]. The authors 
also previously demonstrated that MK615 suppressed the 
release of  the inflammatory cytokines TNF-α and IL-6 
in RAW264.7 cells[12]. This suppression was mediated by 
the inactivation of  MAPKs and NF-κB, thus indicating 
an anti-inflammatory effect of  MK615[12].

The present study reveals that MK615 also exerts hep-
atoprotective activity in a rat model of  D-GalN-induced 
hepatopathy, given that treatment with MK615 resulted 
in lower plasma ALT and AST levels accompanied by his-
tological evidence of  suppressed destruction of  hepatic 
parenchymal cells when compared with untreated con-
trols. Therefore, MK615 protected the rats from D-GalN-
induced hepatopathy.

Previous studies using animal models of  D-GalN-
induced hepatopathy revealed the activation of  MAPKs 
in the liver[13], suggesting that liver protection might be 
achieved by the induction of  HO-1[14] or by the inhibition 
of  NF-κB in Kupffer cells[15]. In the present study, the ef-
fects of  MK615 in suppressing MAPK phosphorylation, 
inducing HO-1, and inhibiting NF-κB activation may have 
protected the rats from D-GalN-induced hepatopathy. 

Additionally, it was shown that the intake of  Misatol 
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Figure 4  Effects of MK615 in patients with chronic hepatitis C (alanine aminotransferase). A: Misatol was added on ursodeoxycholic acid; B: Only Misatol was 
used. aP < 0.05 vs 0 wk group. Dunnett’s test. NS: Not significant. 
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Table 3  Changes of serum level during MK615 therapy in 
patients with liver disorders

Before 
therapy

During therapy 
12 wk

P  value1

WBC count (/μL)   4828 ± 1640   4977 ± 1855 NS
RBC count (104/μL) 436 ± 65 435 ± 65 NS
Hemoglobin (g/dL) 13.7 ± 2.0 13.8 ± 1.9 NS
Platelet count (104/μL) 15.7 ± 7.0 15.6 ± 6.6 NS
AST (IU/L)   94 ± 56   66 ± 35 < 0.05
ALT (IU/L) 104 ± 59   72 ± 39 < 0.05
γ-GTP (IU/L)   104 ± 121   74 ± 93 < 0.05
LDH (IU/L) 237 ± 52 227 ± 52 < 0.05
ALP (IU/L)   318 ± 124   298 ± 126 < 0.05
Total bilirubin (mg/dL)   0.8 ± 0.3   0.8 ± 0.3 NS
Total cholesterol (mg/dL) 170 ± 40 171 ± 43 NS
Total protein (g/dL)   7.6 ± 0.6   7.6 ± 0.5 NS
Albumin (g/dL)   4.0 ± 0.5   4.1 ± 0.4 NS
BUN (mg/dL) 15.5 ± 3.9 14.7 ± 3.5 NS
Creatinine (mg/dL)   0.75 ± 0.15   0.74 ± 0.15 NS

Data are expressed as the mean ± standard deviation. 1Dunnett’s test. 
NS: Not significant; WBC: White blood cell; RBC: Red blood cell; AST: 
Aspartate aminotransferase; ALT: Alanine aminotransferase; γ-GTP: 
γ-guanosine triphosphate; LDH: Lactate dehydrogenase; ALP: Alkaline 
phosphatase; BUN: Blood urea nitrogen; NS: Not significant. 
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ME, which contains MK615, lowered the elevated levels 
of  AST and ALT in patients with hepatic impairment. 
This effect was observed in patients with etiologically 
different hepatic diseases, i.e., those with hepatitis C and 
those with NAFLD. No adverse event was associated 
with the intake of  Misatol ME during this study. Further-
more, add-on Misatol ME in combination with UDCA, 
which had been initiated before the start of  Misatol ME 
intake, resulted in further AST and ALT level reductions 
in patients with hepatitis C. Moreover, the reduction in 
ALT levels was also noted in patients who were previ-
ously resistant to UDCA therapy. 

A major approach to treating HCV infection is antivi-
ral therapy using a combination of  IFN and ribavirin[16]. 
In cases in which the virus cannot be eradicated or IFN 
is not indicated, it is important to prevent the progression 
of  HCV infection to liver cirrhosis or liver cancer[17]. In 
practice, the progression of  HCV infection to liver fibro-
sis is accelerated by higher levels of  ALT[18-21]. Therefore, 
when dealing with cases in which virus eradication is dif-
ficult, therapeutic interventions that result in lower ALT 
levels are important for delaying disease progression. In 
the present study, Misatol ME was shown to significantly 
reduce ALT levels in patients with chronic hepatitis C, 
and further reductions in ALT levels were also observed 
in patients refractory or poorly responsive to UDCA. 
Given the significance of  these findings, Misatol ME 
warrants further evaluation as a potential treatment for 
liver disease, including an evaluation of  its efficacy dur-
ing prolonged use. Because Misatol ME is a functional 
food, conducting the same controlled study to investigate 
its potential as a medicine was difficult. Nevertheless, the 
usefulness of  Misatol ME as a functional food was clari-
fied. A future investigation is required in which a detailed 
analysis of  the active principal component of  Misatol 
ME should be conducted to elucidate the mechanism un-
derlying its effectiveness as a functional food.

The mechanism underlying the hepatoprotective ac-
tivity of  Misatol ME in patients with chronic hepatitis C 
appears to involve the anti-inflammatory and antioxida-
tive actions of  the MK615 component of  Misatol ME. 
Patients with chronic hepatitis C have high levels of  
inflammatory cytokines such as TNF-α and IL-6[22-25]. 
MK615 inhibits the phosphorylation of  MAPKs in LPS-
stimulated macrophage-like RAW264.7 cells and sup-
presses the formation of  TNF-α and IL-6 by inhibiting 
NF-κB activation[12]; these findings suggest that the effect 
of  MK615 in suppressing cytokine formation contributes 
to the suppression of  hepatocyte damage in patients with 
hepatic impairment. Given that Nrf2 activation[26-29] and 
HO-1 induction[14,30-32] are known to be hepatoprotective, 
the authors previously demonstrated that MK615 and 
its component OA activate the transcription factor Nrf2 
in LPS-stimulated macrophage-like RAW264.7 cells and 
induce HO-1, one of  the target genes[3]. Whether MK615 
also activates Nrf2 and induces HO-1 in clinical cases is 
unknown. However, it appears highly probable that the 
antioxidative action of  MK615 protects the liver.

MK615 was also effective in patients with NAFLD, 

reducing serum AST and ALT levels in these patients, 
as well as in those with hepatitis C. The involvement of  
factors such as oxidative stress, insulin resistance, and 
TNF-α in the progression of  NAFLD into non-alcoholic 
steatohepatitis (NASH) has been suggested[33-35]. Diet and 
exercise are the standard therapies for the treatment of  
such cases[36,37]. However, the outcomes of  these treat-
ments are often unsatisfactory. The effects of  MK615 
on oxidative stress and insulin resistance in patients with 
NAFLD are most likely based on the antioxidative ef-
fect and the inflammatory cytokine-suppressive action 
of  MK615. Therefore, MK615 therapy may be a promis-
ing new means of  treating such cases clinically. Obesity 
is considered a major factor associated with NAFLD. 
The livers of  obese individuals display disturbances in 
autophagy, with upregulation of  autophagy reducing in-
sulin resistance[38]. Since MK615 has been demonstrated 
to induce autophagy in colorectal carcinoma cell lines[9], 
this effect is also expected to be useful for treatment[39]. 
More recently, it was reported that a rat model of  NASH 
exhibited increased expression of  RAGE in the liver, 
suggesting that inhibiting RAGE expression can protect 
the liver[40]. MK615 reduces the expression of  RAGE 
on the cell membranes of  the high-RAGE expression 
hepatocellular carcinoma cell line HuH7[8]. This RAGE 
suppression may also play a role in the hepatoprotective 
effects of  Misatol ME.

In the present study, MK615 and Misatol ME, which 
contains MK615, were shown to potentially alleviate 
various types of  hepatic impairment caused by different 
factors. MK615 contains multiple triterpenoids (OA, UA, 
lupeol, etc.); previous in vitro and in vivo studies have 
shown that these triterpenoids protect the liver from vari-
ous hepatotoxic substances, such as D-galactosamine, ac-
etaminophen, carbon tetrachloride, and ethanol[27-29,41-47]. 
As a result of  these diverse actions, Misatol ME may ex-
ert extensive hepatoprotective effects in patients with he-
patic impairments of  differing etiologies. Therefore, fur-
ther studies are required to elucidate the diverse actions 
of  Misatol ME and to assess the significance of  its long-
term use and its clinical efficacy in suppressing the onset 
and progression of  cancer, as previously demonstrated at 
experimental level.
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