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Abstract
Aim: To evaluate the clinical efficacy of the traditional Chinese medicine sea buckthorn (SBT) in
the treatment of patients with nonalcoholic fatty liver disease (NAFLD). Method: 94 patients with
NAFLD were randomly divided into two groups: 48 cases of patients received oral sea buckthorn
1.5 g (3 times a day) for three months as the treated group, and 46 cases received only the vehicle
for three months as the control group. Serum lipids, transaminase and serum liver fibrosis indices
were assessed at baseline and after SBT treatment. All patients underwent liver CT and Fibroscan
examination at baseline and after treatment. Results: SBT treatment resulted in a significant decrease in the serum levels of alanine aminotransferase (ALT), LDL-C, hyaluronic acid and collagen
type IV. The liver stiffness measurement (LSM) of the treated patients was significantly lower than
that in the control or baseline. The CT liver/spleen ratio of the treated patients was also significantly increased. Conclusion: The results of our study demonstrated the beneficial effects of SBT
on serum lipids, transaminase, and liver/spleen ratio and liver stiffness in patients with NAFLD,
which may be further developed as a promising therapy for the treatment of NAFLD.
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1. Introduction
Nonalcoholic fatty liver disease (NAFLD) is a one of the most common causes of chronic liver injury in the
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world [1] [2]. Although NAFLD is usually benign in early stages in most cases; about 40% - 50% NAFLD cases
progress to fibrosis, and 15% - 20% cases progress to cirrhosis or even end-stage liver disease. In NAFLD cirrhosis, 30% to 40% of patients will experience a liver-related death [3]. So, it is important to find ways or medicines to treat this disease.
Multiple factors have been reported to interact with the development of NAFLD. It has been shown that insulin resistance (IR), oxidative stress, genetic and immune factors, obesity, dyslipidemia, diabetes, and hypertension, are key risk factors for the development and progression of NAFLD [4]. It has been proved that insulin
sensitizers, weight loss medications, lipid lowering medications (Statins), antioxidants all have some therapeutic
effects in treatment of NAFLD; however, there is no definitive therapeutic strategy for effective treatment of
NAFLD [5].
SBT (Hippophae rhamnoides L) is a thorny nitrogen-fixing deciduous shrub, native to Asia and Europe. The
pharmacological effects of sea buckthorn were recorded in some medicinal classics. Recently, sea buckthorn
was reported to have diverse pharmacological effects [6]. It was found that, in a high-fat diet fed mouse model,
administration of flavonoids isolated from seed residues of Hippophae rhamnoides L (FSH) markedly reduced
the levels of both serum total cholesterol and low-density lipoprotein-cholesterol, and significantly lowered total
cholesterol and triglyceride concentrations in liver. Furthermore, the FSH treatment not only significantly suppressed the rise in serum glucose, but also improved the impaired glucose tolerance. The sea buckthorn leaf extract was found to have significant anti-inflammatory activity in adjuvant induced arthritis (AIA) rat model and
in lipopolysaccharide-induced inflammatory response [7] [8]. Crude extracts containing carotenoids from the
berries of various cultivars of SBT have been shown to have antioxidant capacity [9]. The SBT leaves and seed
oil also have hepatoprotective activity evaluated using CCl4-induced hepatic damage in animals [10] [11]. In
consideration of these demonstrated effects of SBT, we presume that SBT may have a therapeutic effect in patients with NAFLD. Therefore, the aim of this study was to investigate the effects of SBT in the treatment of patients with NAFLD.

2. Patients and Methods
This randomized, prospective, clinical trial was carried out at the outpatient department of Gastroenterology of
Shanghai Pudong New District ZhouPu Hospital and Shanghai Baoshan Central Hospital. The recruitment of
patients started in March 2008 and was concluded in March 2011. Of the patients diagnosed with NAFLD by
ultrasonographic evidence and elevated aminotransferase activity, 94 cases were consistent with the inclusion
and exclusion criteria as follows.

2.1. Inclusion Criteria
2.1.1. Diagnostic Criteria of NAFLD
NAFLD was diagnosed according to the criteria in Guidelines for Management of Nonalcoholic Fatty Liver
Disease set by Workshop on Fatty Liver and Alcoholic Liver Disease specified by the Chinese Society of Hepatology .
Inclusion criteria were as follows: 1) patients with no history of alcohol consuming or an alcohol-drinking
history of less than 140 g (ethanol) weekly for man and less than 70 g for women; 2) patients with no histories
of viral hepatitis, drug-induced liver disease, total parenteral nutrition, and hepatolenticular degeneration or autoimmune liver disease that could cause fatty liver; 3) patients whose histological changes in liver biopsy met
the pathological diagnostic criteria of fatty liver disease; 4) patients whose liver imaging met the imaging diagnostic criteria of diffuse fatty liver, which could not be explained by other reasons; and 5) patients whose serum
ALT and/or AST or GGT continued to rise in recent six months or longer.
2.1.2. Exclusion Criteria
Patients were excluded if they were in agreement with the following criteria: 1) patients whose fatty liver was
due to chronic cardiac insufficiency or malnutrition; 2) patients whose fatty liver was associated with viral hepatitis, hepaticdecompensation, positive testing for hepatitis B virus or hepatitis C virus, any other suspected causes of liver disease by history; 3) patients who had received treatment for fatty liver by other Chinese or modern
medicines; 4) patients with serious primary diseases, alcohol or drug abuse; 5) patients with encyesis; 6) patients
with genetic diseases; and 7) patients who did not cooperate with the treatment or could not guarantee comple-
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tion of the treatment.

2.2. Grouping and Treatment Method
The patients enrolled (n = 94) were randomly divided into two groups: the study group (n = 48, 25 male and 23
female) and the control group (n = 46, 27 male and 19 female). The age of the patients ranged from 18 to 67
years. The patients of the two groups were comparable in sex, age, duration of disease and severity of the pathological condition.
The study group was given SBT capsules (Hebei Shengxing Seabuckthorn Pharmaceuticals, Shijiazhuang
City, China) at a dose of 1.5 g in capsules 3 times/day for 90 consecutive days. The control group was given
starch 1.5 g in capsules 3 times a day (manufactured by the same company). Both groups were advised to follow
a diet tailored on the individual requirement, a regimen of daily physical exercise of walking for 30 - 60 min/day
for 3 months during the treatment. Patients with diabetes or hypertension were given the corresponding treatment at the same time.
Changes in symptoms and signs, blood pressure (BP), physical fitness index and adverse drug reactions were
assessed during the 3-month treatment period.
Diabetes was considered present if patients took medications for diabetes (metformin or sulfamides) or if the
fasting serum glucose level was 7 mmol/L or above in untreated patients. Arterial hypertension was considered
present if patients took antihypertensive drugs.

2.3. Evaluation and Monitoring
2.3.1. Laboratory Tests
Laboratory tests were performed at the baseline and at the end of treatment. Fasting blood was collected from
peripheral vein at observational points, using the automatic multi-parameter analyzer (Siemens, Germany). The
following liver function associated laboratory parameters including serum aspartate aminotransferase (AST) and
ALT levels, gamma glutamyl transferase (r-GT), blood glucose, serum lipid indices including triglycerides,
(TG), total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol,
(LDL-C), were evaluated. Liver fibrosis indices, including: laminin (LN), hyaluronic acid (HA, procollagen III),
PC III and collagen Type IV (C IV), were measured by radioimmunoassay (RIA).
2.3.2. B-Ultrasound Examination and Quantitative Standard
Liver ultrasounds measurement were performed at baseline and post-treatment, by a single, blinded, radiologist
in the two hospitals in order to avoid personal errors. The ultrasonographic diagnosis of fatty liver was confirmed in the presence of the following four findings: 1) a diffuse hyperechoic echotexture (bright liver); 2) increased liver echotexture compared with the kidneys; 3) vascular blurring; and 4) deep attenuation.
2.3.3. Transient Elastography
Liver stiffness measurement (LSM) was performed with a Fibroscan (EchoSens, Paris, France), based on elastometry or one dimensional transient elastography. Details of the technique and the examination procedure have
been described in previous reports [12] [13].
2.3.4. CT Examination and Quantitative Standard
The patients with NAFLD of both groups underwent liver CT scan. The degree of NAFLD was determined by
the liver/spleen ratio: 1) mild fatty liver: liver density decreased, the liver CT value was less than the spleen CT
value, and the liver/spleen ratio was smaller than 1.0; 2) moderate fatty liver: the liver/spleen ratio was smaller
than 0.7, and the intrahepatic vascular display was unclear; and 3) severe fatty liver: liver density decreased significantly and was even below zero, the liver/spleen ratio was ≤0.5, and the intrahepatic vascular display was
clear.

2.4. Statistical Analysis
The obtained data were analyzed by SAS 6.12 software. The clinical and laboratory findings within groups were
compared by analysis of variance (ANOVA). A confidence interval of 95% was used and a two-tailed, values of
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p < 0.05, p < 0.01 and p < 0.001 were considered statistically significant. For non-parametric data were compared using chi-square test.

3. Results
3.1. Characteristics of the Study Population
94 patients were enrolled in the study and no patients in the two groups dropped out or were excluded from the
study during the whole research period. During the treatment period no patient complained significant side-effects. Demographic characteristics of patients of both groups were well matched between groups with respect to
age, gender and BMI (Table 1).

3.2. Change in Liver Function, Blood Glucose and Serum Lipid
The serum levels of ALT of the patients in the treated group decreased significantly from 69.6 ± 16.5 IU/L to
50.1 ± 13.7 IU/L (p ≤ 0.05) after three months SBT treatment. By contrast, there was no significant difference in
the control group (67.6 ± 15.8 vs. 65.4 ± 18.4 IU/L; p > 0.05) (Table 1). Furthermore, there were significant decreases in the levels of both blood TG (from 2.26 ± 0.73 to 1.74 ± 0.51 mmol/L, p ≤ 0.05) and LDL-C (3.2 ± 0.5
vs. 2.6 ± 0.5 mmol/L) in the treated group. However, there were no significant differences in AST, r-GT, TC,
glucose and HDL-C before and after treatment between two groups (Table 2 and Table 3).
Table 1. Demographic characteristics of patients.
Treatment group (n = 48)

Control group (n = 46)

Male

28

24

Female

20

22

37.42 ± 7.53

42.77 ± 9.36

73.34 ± 11.3

69.58 ± 9.92

Sex

Age (years)
Mean ± SD
BMI
Mean ± SD

Table 2. Comparison of liver function indices between the treated and control groups (X ± SD).
Group

N

Treated
group

48

Control
group

46

Time

ALT

AST

r-GT

TBA

BG (mmol/L)

Before

69.6 ± 16.5

44.3 ± 6.9

79.8 ± 21.3

12.6 ± 1.4

5.24 ± 1.27

After

50.1 ± 13.7*#

45.5 ± 8.9

76.7 ± 16.2

13.6 ± 1.2

4.68 ± 1.16

Before

67.6 ± 15.8

38.8 ± 8.3

78.5 ± 12.3

11.8 ± 3.2

5.52 ± 1.62

After

65.4 ± 18.4

35.5 ± 6.4

75.6 ± 18.6

10.8 ± 2.4

5.36 ± 1.23

*

#

Compared with the same group before treatment, p < 0.05; Compared with the control group after treatment, p < 0.05.

Table 3. Comparison of blood lipids between the treated and control groups (X ± SD).
Group

N

Treated group

48

Control group

Time

TC

TG

Before

4.84 ± 1.10

2.26 ± 0.73
1.74 ± 0.51

*#

HDL-C

LDL-C

1.3 ± 0.2

3.2 ± 0.5

1.4 ± 0.3

2.6 ± 0.5*#

After

4.76 ± 1.03

Before

4.73 ± 0.7

2.43 ± 0.72

1.5 ± 0.3

3.3 ± 0.8

After

4.5 ± 0.7

2.27 ± 0.64

1.4 ± 0.2

3.1 ± 0.7

46

*

Compared with the same group before treatment, p < 0.05; #Compared with the control group after treatment, p < 0.05.
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3.3. Liver Fibrosis Indices

After three months SBT treatment, the level of blood HA of the patients in treated group decreased significantly
from 86.3 ± 22.3 to 73.5 ± 16.3 μg/L and collagen Type IV decreased from 37.3 ± 19.8 to 25.1 ± 3.5 ng/L (P ≤
0.05). By contrast, there was no significant difference in the control group (Table 4).

3.4. Findings of CT and Fibroscan
In consistency, significant decrease in LSM was observed as demonstrated by Fibrosca in the treatment group
(7.2 ± 1.5 vs. 5.8 ± 1.2; p ≤ 0.05), whereas the liver/spleen ratio as demonstrated by CT scan increased from
0.62 ± 0.12 to 0.86 ± 60.15, compared with the baseline parameters and that in the control group. There was significant difference between the two groups (p < 0.05, Table 5).

4. Discussion
This seems to be the first report of a therapeutic benefit of SBT in humans with NAFLD. In this study, we found
that SBT treatment of NAFLD patients could significantly decreased the liver/spleen ratio, which has been well
documented closely correlated with the degree of steatosis on histopathology [14] [15]. It has been proved a
good correlation between the liver fat content and the spleen-minus-liver attenuation difference elicited by CT in
NAFLD patients, can accurately estimate the amount of hepatic fatty infiltration in NAFLD. Therefore, the results derived from this clinical study strongly indicated that SBT treatment can ameliorate hepatic fatty infiltration NAFLD, which was further supported by the result of lowered LSM as demonstrated by Fibroscan transient
elastography as compared with that in the control group and baseline. Fibroscan is a novel non-invasive method
to assess hepatic fibrosis in patients with chronic liver disease by measuring liver stiffness. The result by Yoneda et al. indicated that Fibroscan transient elastography liver KPa closely correlated with the degree of liver fibrosis in patients with NAFLD [16]. The accuracy of TE to detect ≥F3 and F4 fibrosis were 0.77 and 0.95 in patients with histologically proven [17]. Studies by Cast’era et al. have compared the METAVIR classification
with stiffness values reported by the Fibroscan R system showing excellent correlation with fibrotic stages [18].
This was in agreement with serum liver fibrosis indices, as demonstrated in this study that hyaluronic acid and
collagen type IV in the treatment group were significantly lower than in the control and baseline indicating the
therapeutic effect of SBT on hepatic fibrosis.
Interestingly, after three months SBT treatment in this study, serum ALT levels of the patients in the treated
group decreased significantly compared with pre-intake baseline levels from 69.6 ± 21.56 IU/L to 50.1 ± 18.5
IU/L (p < 0.05). Moreover, blood triglycerides and low density lipoprotein cholesterol were also significantly
Table 4. Comparison of liver fibrosis indices between the treated and control groups (X ± SD).
Group

N

Treated group

48

Control group

Time

HA

Lamnin

III

IV

Before

86.3 ± 22.3

56.5 ± 31.7

5.5 ± 0.8

37.3 ± 19.8

After

73.5 ± 16.3*#

52.6 ± 18.5

5.5 ± 0.6

25.1 ± 3.5*#

Before

85.4 ± 19.7

55.5 ± 12.4

6.1 ± 2.2

34.5 ± 9.1

After

78.3 ± 15.8

51.9 ± 14.2

6.8 ± 1.8

36.1 ± 8.8

46

*

#

Compared with the same group before treatment, p < 0.05; Compared with the control group after treatment, p < 0.05.

Table 5. Comparison of CT value and liver/spleen ratio between the treated and control groups (X ± SD).
Group

N

Ttreated group

48

Control group
*

46

Time

L/S CT value

LSM

Before

0.62 ± 0.12

7.2 ± 1.5

After

0.86 ± 0.15*#

5.8 ± 1.2*#

Before

0.62 ± 0.11

7.1 ± 1.4

After

0.64 ± 0.10

6.9 ± 1.1

#

Compared with the same group before treatment, p < 0.05; Compared with the control group after treatment, p < 0.05.
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decreased after 3 month SBT treatment. This result derived from human study was consistent with the that reported by Wang et al. [19], in that a total SBT flavone could significantly reduce serum cholesterol and TG levels, and increase HDL-C level in mice with experimental hyperlipidemia. These results indicated that SBT may
play important roles in hepatoprotection and improvement of lipid metabolism in NAFLD.
Until now, the exact pathogenesis of NAFLD remains unclear. The pathogenesis of NAFLD and NASH has
classically been considered as a “two hit” theory: i) increased fat flux to the liver resulting in hepatic triglyceride
accumulation, which predisposes a patient to the second hit; ii) increased oxidative stress, lipoperoxidation, and
increased reactive oxygen species resulting in hepatocyte death and scar formation [20]. The major methods for
the treatment of NAFLD at present include optimizing diet and increasing physical activity for the sake of curing obesity, diabetes and hyperlipidemia. The main aim of these treatments is to improve insulin resistance
through using lipid-lowering and liver-protecting drugs such as fibrates and insulin sensitizers to maintain lipid
metabolism, energy metabolism and antioxidant balance. However, these agents may also induce some adverse
effects such as hepatic and muscular injuries, thus limiting their wider clinical applications [21] [22].
The present study was attempted to find effective drugs from the pool of traditional Chinese medicines that
have no or significant less toxic effects, and known therapeutic effects in improving lipid metabolism and promoting NAFLD reversal.
SBT, also called Hippophae rhamnoides L, is an edibble plant and used as a traditional Chinese medicine,
Tibetan medicine and Mongolian medicine. Various pharmacological activities of SBT, such as cytoprotective,
anti-stress, immunomodulatory, radioprotective, anti-atherogenic, anti-tumor, anti-microbial and tissue regeneration, have been reported [7]. Moreover, it was also reported that SBT has antihypertensive effects at least in
part through improving insulin sensitivity and blocking angiotensin signal pathway indicating its potential use in
the management of hyperinsulinemia in non-diabetic state with cardiovascular diseases [23]. A recent study reported that SBT can significantly increase the activities of superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), and GSH content in liver, and significantly reduced the elevated levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), triglyceride (TG), and cholesterol in
carbon tetrachloride (CCl4)-induced hepatic damage in ICR mice [11]. In agreement, other studies also demonstrated a protective effect of SBT against chronic hypoxic injury using primary rat hepatocytes through maintaining better levels/activities of GSH, GPx, and SOD [24].
Lipid accumulation in the liver is the major hallmark of NAFLD. In this study, we found that SBT has an effect of ameliorating lipid metabolism in NAFLD patients, although the mechanism is yet unknown. Alterations
in immune response have been implicated in the pathogenesis of NAFLD. It has been proved that abnormalities
in lipid and lipoprotein metabolism accompanied by chronic inflammation are considered to be the central
pathway for the development of several obesity-related co-morbidities such as NAFLD and cardio-vascular disease (CVD) [25] [26]. NAFLD is associated with increased levels of the proinflammatory T helper 1-associated
cytokines TNF-α and interleukin-12 (IL-12) [20]. Adipocytokines including TNF-α, IL-6, leptin and adiponectin,
are important inflammatory proteins generated by visceral adipose. They all flow directly to the liver via the
portal vein and have been implicated in the pathogenesis of NAFLD and NASH [27]. It was reported that intraperitoneal injection of SBT flavone could significantly increase the white blood cell and bone marrow nucleated
cell counts, stimulate the production of interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) in human
blood mononuclear cells (PBMCs) [28] [29]. SBT leaf extract also has a significant anti-inflammatory activity
in arthritis (AIA) rat mode

5. Conclusions
Our study demonstrated the beneficial effects of SBT treatment on serum lipids, transaminase; liver/spleen ratio
and liver stiffness in patients with NAFLD; we thought that the SBT mediated effects of amelioration of lipid
metabolism, manipulation of adipocytokine. SBT is especially suitable for complicating with hepatic dysfunction, obese patients with non-alcoholic fatty liver disease. SBT can improve insulin resistance, which has significantly reduced effect on TG accumulation in the liver, inhibit lipid peroxidation in liver cells, and improve liver
microcirculation and liver fibrosis.
SBT provides a new medication for the treatment of NAFLD with traditional Chinese medicine. Clinical
practice needs to be further implemented.
The limitation of this study is that the diagnosis of NAFLD was made mainly based on ultrasound, lacking
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pathological evidence. Pathological type and histological characteristic of the subjects enrolled in this study are
quite unknown. Although ultrasound and CT studies demonstrated the significant improvement of the histological features of liver in NASH patients after SBT treatment, the supporting evidence of the liver pathology is desired. The second limitation of this study is that we cannot exclude the synergetic effect of other factors, such as
the limited diet and physical exercise et al. Furthermore, in some patient with diabetes, hypoglycemic agents
were used. It has been reported that diformin in itself can be used for the treatment of NAFLD. Furthermore, the
observation period is too short for observation of the long-term effects of SBT treatment on NAFLD. Nonetheless, more extensive studies are needed for identification and isolation of the effective components or compound(s) in SBT and for elucidation of the underlying mechanism of SBT in the treatment of fatty liver. In conclusion, the promising results derived from this study will open up a new horizon for substantial treatment of
fatty liver.
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