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Prunus mume extract and choline treatment in patients with
non-alcoholic fatty liver disease estimated by b-mode
ultrasonography and hepatorenal index

Abstract

Background: The aim of this study was to find the difference between the liver function
test (LFT) and hepatorenal index (HRI), before and after the administration of Prunus
mume (PM) and choline i.e., to find the predictors of the non-alcoholic fatty liver disease
(NAFLD) severity according its HRI, during the three-month follow-up period.
Methods: LFT, glucose, and lipid tests were determined in 168 NAFLD patients, at
baseline and after three-month drug treatment. HRI was calculated by Image J software
analyzing the ultrasound images, and according its value, 3 groups of NAFLD were
formed.

Results: The HRI at baseline (1.3598+0.1744) and after 3 months therapy
(1.3061+0.1923) differs significantly (p<0.0001). Plasma glucose (FPG) (p<0.0001),
glycated hemoglobin (HbAlc) (P=0.002), alanine aminotransferase (ALT) (p<0.0001),
aspartate aminotransferase (AST) (P=0.0006), gamma-glutamil transferase (y-GT)
(P=0.0053), high density lipoprotein cholesterol (HDL-Ch) (p<0.0001) and
triglycerides (P=0.041) differ significantly, too. HRI is positively correlated with:
HbAlc (P=0.035), ALT (P=0.002), AST (P=0.003), y-GT (P=0.043), and triglycerides
(P=0.002) and inversely correlated with HDL-Ch (P=0.011). In multiple regression
results (standard coefficient and p-value), the independent predictors for HRI in NAFLD
patients were: HbAlc (0.1443, 0.0004), ALT (0.001142, 0.0081), triglycerides (0.0431,
0.0235) and y-GT (0.001376, 0.0329).

Conclusion: Three-month administration of PM and choline have beneficial effects on
the regulation of glucose and lipid metabolism (HDL-Ch), and on LFT. This plant
extract significantly reduces the levels of FPG, HbAlc, ALT, AST, y-GT, triglycerides
and increases HDL-Ch. The triglycerides, ALT, y-GT and HbAlc are positive
independent predictors for the severity of NAFLD.

Keywords: Prunus mume, Choline, Non-alcoholic fatty liver disease, Hepatorenal index,
Functional liver tests, Ultrasonography.
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Non-alcoholic fatty liver disease (NAFLD) defines a wide spectrum of histological
abnormalities from fatty liver to nonalcoholic steatohepatitis (1) characterized by
deposition of adipose tissue in the liver (2). NAFLD patients are at increased risk of
liver-related diseases such as fibrosis, cirrhosis and hepatocellular carcinoma (2, 3).
There is strong association between NAFLD and type 2 diabetes mellitus (T2DM) and
endothelial dysfunction with increased risk of developing atherosclerosis which leads to
coronary heart disease (3, 4). Many herbal extracts have antioxidant and anti-
inflammatory activity and hepatoprotective effects [Silybum marianum, Curcuma
longa, Taraxacum officinale, Prunus mume (PM), Ginkgo biloba, etc.] which have been
previously demonstrated (5, 6).
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Aslam et al. reported a significant improvement of liver
function tests (LFT) in 247 patients with abnormal bilirubin,
alanine transaminase (ALT) and aspartate aminotransferase
(AST) after treatment with PM and choline (7). PM, also
known as Japanese apricot, is a herbal originating from
south-eastern China with known hepato-protective, anti-
inflammatory and antioxidant effect and potentially
therapeutic effects for T2DM, vascular dementia, and
hepato-cellular carcinoma (8).

The validity and accuracy of B-mode ultrasound in the
detection of steatosis, based on characteristic liver
sonographic findings (bright hepatic echoes, diffuse liver
hyperechogenicity and enlarged liver with vascular blurring
of the portal and hepatic vein) followed by a liver biopsy,
was approved by Dasarathy et al.’s prospective study (9).
An advanced B-mode ultrasound imaging method for the
detection of NAFLD is based on the ratio of the average
liver and kidney parenchyma echogenicity, which produce
hepatorenal index (HRI) (10). Marshall et al. based on the
results of strong correlation between HRI and histologic
analysis of their study, concluded that HRI is an effective
method for screening of patients with steatosis or abnormal
LFT, especially for the patients who do not accept an
invasive liver biopsy (10). The aim of this study was to find
the difference and correlation between the HRI and LFT,
before and after the administration of a fixed dose
combination of PM extract with choline i.e., to find the
independent predictors of the NAFLDs changes (by the
HRI) during the three-month follow-up period.

Methods

Patients: In this prospective longitudinal study, we enrolled
168 patients who came on abdominal B-mode ultrasound
diagnostics during one year period and were preliminary
selected from 450 consecutive patients, but only 168 were
eligible for entry because they never consumed alcohol and
had thicker subcutaneous tissue with a mean measurement
greater than d = 25 mm (11).

Patients under 18 years of age, the patients which were
diagnosed before or medically treated for liver disease,
severe heart disease and T2DM, the patients with
obstructive jaundice, pregnant and lactating mothers, apart
from a medical history, were excluded from the study. The
patients with renal disease, with the presence of right kidney
cortical scarring, hydronephrosis, or renal cysts, were also
excluded. The exclusion criteria in our study were the
similar as those of Marshall et al.’s study (10). The main
selection  criterion  for entry was  B-mode
ultrasonographically confirmed diagnosis of steatosis, in

accordance with ultrasound's criteria for it (12). All
participants signed an informed consent and the study was
approved by the Ethics Committee of our institution (code
28.08.2021/3).

Demographic data about the health condition and history
of the patients' past disease were taken from the medical
records and clinical register data to establish the criteria for
possible exclusion of some of the patients. Patients were
given one tablet LEVIKER®, PM (standardized extract &
150 mg) and choline (& 82.5 mg) preferably early in the
morning with breakfast, continuously daily for three
months. The patients agreed to take only tablets without
other additional activities such as exercise or change in the
hygienic-dietary regime. In this way, we perceive only the
effects of LEVIKER® with exclusion of the effects of
changed lifestyle, which is more objective to show only the
effects of its medicinal properties. Appropriate laboratory
analyses as venous blood samples and HRI were measured
before (baseline) and after 3 months drug treatment.
Assessment:

B-mode ultrasonography: We used B-mode
ultrasonography to provide images of the liver and adjacent
kidney. The sonographic examinations were performed by
Logiq pro 5 ultrasound scanner (GE Medical Systems-USA.:
4855WElectric  Avenue, Milwaukee) with abdominal
convex multi-frequency (1.8-5 MHZz) ultrasound probe GE
4-SC. To get the best quality images with good deep focus,
with proper brightness, contrast and resolution, manual
adjustment mode of the machine was used (13). The
distance "d" was ultrasonographically measured by placing
of the caliper between the skin and the liver surface (11).
Three ultrasonographers (radiologist, gastroenterologist and
internist with over than 35 years’ experience) performed
independent ultrasound examinations and "ImageJ"
analysis. Interobserver reliability was determined using
Cohen's kappa coefficient (k) for estimation of the HRI (x =
0.913).

Image analysis obtained by ultrasonography: We used
"ImageJ", free software to analyze the images obtained
ultrasonographically,
(https://imagej.nih.gov/ij/download.html) which has been
used and confirmed in several studies, previously (3, 12, 14,
15). This software compares the echogenicity of large
number of points in the liver parenchyma with
approximately the same number in the right kidney
parenchyma. Each of the analyzed small dots from both
parenchymas receives its own echogenicity gradation from
0 to 255 according to the gray scale. We analyzed 196
pixels with a measured mean value of 102.301 for the liver
tissue (A) and mean value of 74.23 for the kidney tissue (B).
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After that, “A” was divided by “B” to calculate the HRI
(102.301/74.23 = 1.378). The principle of analysis is shown
in figure 1.

Clinical and biochemical parameters: After an overnight
fast of at least ten hours, venous blood samples were
collected for evaluation of biochemical parameters. Fasting
plasma glucose (FPG), glycated hemoglobin (HbAlc),
ALT, AST, gamma-glutamil (y-GT),
cholesterol, high density lipoprotein cholesterol (HDL-Ch),
low density lipoprotein cholesterol (LDL-Ch), triglycerides,
total bilirubin and direct bilirubin were determined twice (at
baseline and after 3 months) in all 168 participants using
standard laboratory procedures performed on a Cobas Mira
S Analyzer (Roche Diagnostics, Holliston, Massachusetts,
USA).

Statistical analysis: MedCalc Statistical Software Version
20.006 (MedCalc Software Ltd, Ostend, Belgium) was used

transferase

for data analysis. The results were presented as median and
25M to 75" percentiles, mean and standard deviation (SD),
number (N) and percentage (%).

Student paired t-test, Wilcoxon signed-rank test or chi-
square test were used appropriately to find the differences
between baseline and after a 3-month data within a group.
Partial correlation was used to find the strength and
direction of the relationship between HRI and demographic
and laboratory variables. Linear regression analysis
between dependent and independent variables were
performed to find their relationships. Multiple backward
regression analysis was used to find the determinants of the
dependent variable HRI. Receiver operating characteristics
(ROC) curves and area under curves (AUC) was used to
calculate the sensitivity and specificity of HRI in predicting
NAFLD. A p-value less than 0.05 (two-tailed) considered a
statistically significant difference.

Area
196
196

L iver

Ren

Mean
102.301
74.23
Hepatorenal index (HRI) = 1.378 (102.301/74.23)

Min Max
82 135
57 93

Figure 1. Analysis of an ultrasound image using ImageJ software and calculation of the hepatorenal index

Results

Demographic characteristics: B-mode ultrasonography
and appropriate laboratory LFT, glucose and lipid tests were
successfully conducted on 168 patients from general
populations aged 51.27+10.04 years (range 26-70), with
their body mass index (BMI) of 26.45 kg/m?, 52 patients
were smokers and 28 were hypertensive, estimated at
baseline and after 3 months. The demographic and clinical
characteristics of the patients are presented in table 1.

The statistical significance of the differences between
pre-intake baseline results and results obtained after 3
months is represented by the p-value. We detected in 50
(29.8%) patients mild NAFLD (HRI = 1.1766+0.1744); 103
(61.3%) patients had moderate NAFLD (HRI
1.3971+0.1111) and 15 (8.9%) patients had severe NAFLD

(HR1'=1.7147+0.0511). There was a statistically significant
difference (p < 0.05) between weight and the majority of
laboratory test results obtained before and after drug
treatment (FPG, HbAlc, ALT, AST, y-GT, cholesterol,
HDL-Ch, triglycerides and total bilirubin), except in LDL-
Ch (P = 0.269) and direct bilirubin (P = 0.458). There was a
statistically significant difference (p < 0.0001) between the
HRI in total NAFLD patients, in mild and in moderate
NAFLD group, but not between the HRI in severe NAFLD
patients group (P = 0.361).

The last column “A (%)” in the table 1 shows percentage
decrease or increase of the examined variables during the 3-
month follow-up period in the variables which showed a
statistically significant difference before and after the
applied drug therapy, only. HRI decreased significantly
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from 1.3598 to 1.3061 by 3.95%, p < 0.0001. Treatment
response of PM on 168 patients show that only 6/168
(3.57%) patients do not respond in changing of LFT and
hepatorenal index, especially the patients which belong in
severe NAFL.

Comparison of the HRI at baseline and after three
months: The results of the HRI (mean, range, median and
25th and 75th percentiles) for all unclassified NAFLD
patients, for mild, moderate and severe NAFLD are shown
as comparative Box-and-Whisker plots in figure 2. The
results of the p-value for the significance of the difference
of the HRI between two estimated period were: for
unclassified, mild and moderate NAFLD (p < 0.0001) and
for the severe NAFLD patients (P = 0.361).

Table 1. Demographic and clinical characteristics of the patients at baseline and after 3-month follow-up period

Partial correlation: In partial correlation, at baseline, we
found a statistically significant correlation between HRI and
the following variables: HbAlc (P =0.032), ALT, AST and
v-GT (P =0.002, P = 0.003, P = 0.043, respectively), HDL-
Ch (P =0.011) and triglycerides (P = 0.002). There was no
statistically significant correlation between HRI and other
variables at baseline. The results are presented in table 2.
Linear regression and heat scatter plot: The heat scatter
plot of the linear regression analysis between HRI and y-GT
in three different NAFLD groups [mild (blue line 1),
moderate (purple line 2) and severe (orange line 3) and all
NAFLD patients group (red dashed line A) is shown on
figure 3.

Characteristics (N = 168) Baseline After 3-months Test P-value
Age (years) 51.27 £ 10.04 51.77 £ 10.04 0.456 0.648 /
Height (cm) 172.0 (165.0 - 183.75) 172.0 (165.0 - 183.75) / / /
Weight (kg) 78 (72.0 - 86.75) 77 (71 - 85.7) -2.1366  0.033  -1.28
Body mass index (kg/m2) 26.45(23.31-28.08)  26.30(23.2-27.89  -1.9167  0.055 /
Hypertension, N (%) 28 (16.6) 31 (18.4) 0.188  0.665 /
Smokers, N (%) 52 (30.9) 49 (29.2) 0.115 0.734 /
Fasting plasma glucose (mmol/L) 5.69 + 0.56 511+0.71 8.3135 <0.0001 -10.19
Glycated hemoglobin (HbAlc) (%) 5.81+0.53 5.65+ 0.42 3.0667 0.002 -2.75
ALT (U/L) 72.3+20.2 476+ 17.6 11.9495 <0.0001 -34.16
AST (U/L) 545+179 48.3+14.7 3.4695 0.0006  -11.38
v-GT (U/L) 36.17+12.8 325+£111 2.8076 0.0053 -10.14
Cholesterol (mmol/L) 5.61+1.05 532+1.04 2.5434 0.011 -5.17
HDL-Ch (mmol/L) 1.39+0.19 1.56 +0.21 7.7807 <0.0001 +12.23
LDL-Ch (mmol/L) 3.38+0.95 3.27+0.87 1.1068 0.269 /
Triglycerides (mmol/L) 254+1.12 2.34+0.93 2.0478 0.041 -7.87
Total bilirubin (mmol/L) 14 (8 - 23) 13 (7-21) 3.3144 0.00046 -7.14
Direct bilirubin (mmaol/L) 53B-7) 5B-7) -0.10532  0.458 /
Hepatorenal index (HRI) 1.3598 + 0.1744 1.3061 + 0.1923 -29.292 <0.0001 -3.95
HRI - mild; 50 (29.8) 1.1766 + 0.0381 1.1094 + 0.0405 -36.965 <0.0001 -5.71
HRI - moderate; 103 (61.3) 1.3971 £ 0.1111 1.3427 £ 0.1223 -29.997 <0.0001 -3.89
HRI - severe; 15 (8.9) 1.7147 + 0.0511 1.7107 + 0.05337 -0.945 0.361 /

ALT, Alanine Aminotransferase; AST, Aspartate Aminotranserase; y-GT, Gamma-glutamyl transferase; HDL-Ch,

high density lipoprotein cholesterol; LDL-Ch, low density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver

disease; HRI, hepatorenal index; A (%), delta percentage changes from the baseline to the third month.

Criteria for NAFLD: mild (HRI = 1.05 - 1.24), moderate (HRI = 1.25 - 1.64) and severe (HRI) > 1,65. The results are expressed
as: mean + SD (standard deviation), or median and (25th to 75th percentiles) and N (%), number and percent.
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Figure 2. Paired samples t-test, box and whisker plot of the mean, range, median, and 25th and 75th percentiles of
hepatorenal index at baseline and after 3-month period in non-alcoholic fatty liver disease patients (all patients and
three subgroups).

Table 2. Partial (rp) correlation between hepatorenal index and estimated parameters at baseline

Variables Hepatorenal index
Demographic and laboratory Ip P

Age (years) 0.072 0.354
Body mass index (kg/m?) 0.029 0.709
Hypertension, N (%) 0.119 0.124
Smokers, N (%) 0.086 0.267
Fasting plasma glucose (mmol/L) 0.146 0.068
Glycated hemoglobin (HbAlc) (%) 0.165 0.032
ALT (U/L) 0.241 0.002
AST (U/L) 0.229 0.003
y-GT (U/L) 0.156 0.043
Cholesterol (mmol/L) 0.054 0.486
HDL-Ch (mmol/L) -0.195 0.011
LDL-Ch (mmol/L) 0.141 0.068
Triglycerides (mmol/L) 0.241 0.002
Total bilirubin (mmol/L) 0.069 0.374
Direct bilirubin (mmol/L) 0.084 0.279

rp, Partial correlation coefficient;

ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase;

v-GT, Gamma-glutamyl transferase; HDL-Ch, high density lipoprotein cholesterol;
LDL-Ch, low density lipoprotein cholesterol.
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Figure 3. Heat scatter plot and linear regression lines represent the relationship between the hepatorenal index and
Gamma-glutamyl transferase in different non-alcoholic fatty liver disease groups

The equation of linear regression analysis (y = 1.2758 +
0.001616-x) represents the relationship between a scalar
dependent variable HRI and an explanatory variable y-GT.
The regression parameter b; (0.001616) signified that with
each increase of unit in y-GT (U/L), the HRI score increased
by 0.001616. The results of analysis of variance (ANOVA)
showed a statistically significant level for predicting
dependent variable HRI by independent variable y-GT (P =
0.0211, R? = 0.03474). The average administered doses
(mg/kg) of the prescribed drugs PM & 150 mg and Choline
4 82.5 mg were obtained by dividing the dose (mg) with
body mass (kg). Delta HRI (AHRI) is decrease of HRI after
the 3-month drug treatment [HRI (baseline) - HRI (3-
months)]. The median values of the administered doses of
PM and Choline and A HRI were as follows: 1.973 mg/kg
and 1.058 mg/kg, and 0.0595, respectively. The heat
scatters plot and correlation regression lines of the

0.5
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08}

0 i’ii) i) 02
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B

0.04

A HRI

0.06

administered dose with AHRI were shown in figure 4. There
is no statistically significant correlation between the drug
administered dose and A HRI (P =0.188, P = 0.204).
Receiver operating characteristics (ROC) curve: We
calculated the sensitivity (95.07%) and specificity (76.92%)
of the HRI in predicting the NAFLD, and we calculated the
optimal cutoff point of HRI (> 1.31) to predict the NAFLD.
Selecting our patients according to grayscale, we divided
them in two groups, steatosis identified as fat less than 5%
(category 0) and fat greater than 5% (category 1), and we
calculated area under curve (AUD) = 0.891 (p < 0.001),
Youden index J = 0.7199. Figure 5 shows ROC curve and
AUC in predicting NAFLD by the HRI. The accuracy of the
test depends on how well the test (HRI) separates the group
into those without or with the disease (fatty greater than
5%).
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Figure 4. Heat scatter plot and linear regression lines represent the correlation between the A hepatorenal index and
the dose of Choline and Prunus mume in non-alcoholic fatty liver disease patients
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Figure 5. Receiver operating characteristics of HRI in predicting non-alcoholic liver disease with different percent of
fatty mass accumulation

Multiple regression analysis: The results of a multiple
backward regression analysis which show the predictable
values of independent variables, HbAlc, ALT,
triglycerides, y-GT (as well as: cholesterol, FPG, AST,
HDL-Ch, LDL-Ch, total bilirubin and direct bilirubin -
rejected according to the model's criteria) on the dependent
variable Y (HRI) are shown in table 3. Based on coefficient
of elasticity n value (0.03660) we predict that HRI will
increase by 3.66% for every 1% increase of y-GT. There

was a positive correlation between HRI and HbAlc, HRI
and ALT, HRI and triglycerides and HRI and y-GT. The
coefficient of determination R? (0.2189) showed that
21.89% from HRI in predicting of the NAFLD was
dependent on predictive variables (input variables) HbAlc,
ALT, triglycerides and y-GT. The p-value followed the
order of statistical significance: HbAlc (0.0004), ALT
(0.0081), triglycerides (0.0235) and y-GT (0.0329)

Table 3. Multiple backward regression analysis of determinants of hepatorenal index

Multiple regression

Dependent Y

Least squares multiple regression
Method: Backward

Sample size

Coefficient of determination R?
Multiple correlation coefficient
Regression Equation

Indfependent Coefficient
variables

(Constant) 0.3825
Glycated

hemoglobin 0.1443
(HbAXc) (%)

ALT (U/L) 0.001142
Triglycerides

(mrg\c))/I 0 0.0431
v-GT (U/L) 0.001376
Cholesterol

(mmol/L) -0.008404

Hepatorenal index

Enter variable if P < 0.05; Remove variable if P > 0.5

168
0.2189
0.4679

Std.
Error

0.0395

0.0004
0.0188
0.0006
0.0100

r VIF P

partial
3.653 0.286 0.6165 1.133 0.0004
2.686 0.214 0.0607 1.084 0.0081
2.288 0.184 0.0805 1.186 0.0235
2.153 0.173 0.0366 1.039 0.0329
-0.836 0.068 -0.0346 1.109 0.4047

Variables not included in the model: Fasting plasma glucose, Aspartat Aminotransferase, High Density
Lipoprotein Cholesterol, Low Density Lipoprotein Cholesterol, Total bilirubin and Direct bilirubin.
Std. Error, standard error; VIF, Variance Inflation Factor; ALT, Alanine Aminotransferase;

y-GT, Gamma-glutamyl transferase; 1, (eta) coefficient of elasticity.
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Discussion

To the best of our knowledge, this is the first prospective
study that investigates the therapeutic effect of PM and
Choline in NAFLD patients using HRI obtained by B-mode
ultrasonography and LFT assessment over a three-month
follow-up period. The study of Aslam et al. is closest to the
objectives of our study, although our study assessed the
efficacy of three-month therapy with PM and Choline, not
only through the established difference in the results of
FLT, but also through the measured HRI difference in
patients with NAFLD, before and after the drug treatment
.

At the end of this study, FPG, HbAlc, serum ALT, AST,
v-GT, total cholesterol, triglycerides and total bilirubin
levels significantly decreased compared with pre-intake
baseline levels, with the exception of HDL-Ch levels which
significantly increased (table 1). The results of this study
also reported similar findings as findings in Aslam et al.’s
study where statistically significant decrease in the levels of
ALT (p<0.01), AST (p< 0.01) and total bilirubin (P = 0.04)
were reported in 247 patients with abnormal levels of LFT
(7). Similarly, Beretta et al. in their double-blind, placebo-
controlled study in 45 healthy volunteers, reported
significantly decreased levels in percentage of FPG (-11%),
ALT (-47%), AST (-7%), y-GT (-15%) and triglycerides (-
8%) and an increase in HDL-Ch levels by 13% after 3
months PM treatment versus baseline, in accordance with
our study (16). The significant percentage changes “A (%)”
in LFT and lipid status before the mentioned studies are
consistent with the percentage changes of biomarkers in our
study. The studies are also consistent with the fact that the
drug has no effect on changes in LDL-chin, the three-month
period studied. However, the comparative results and the
results of our study reliably confirm the effect of PM and
Choline on the regulation of lipid and glucose metabolism
and aminotransferases activity, as well as the effect on the
decrease of y-GT (17, 18).

Choline deficiency as a cause of alteration in choline and
phospatidylcholine metabolism has an impact on pathways
that predispose fatty liver. A secondary manifestation of its
deficiency is an increase in triglyceride synthesis (18).
Nakamura et al. discovered the association between
accumulation of liver lipids and Choline deficiency 55 years
ago (19). We found no statistically significant decrease of
HRI during 3 months supplementation among the patients
with severe NAFLD (P = 0.361). Possible explanation for
this finding could be related to the advanced substitution of
fat for fibrosis during NAFLD progression i.e. HRI is not
reliable enough for grading severe steatosis with advanced
liver fibrosis (20, 21). Besides, in our study, HRI was

proven to be a very reliable marker in predicting the level
of fatty accumulation with sensitivity of 95.07% and
specificity of 76.92% which is according the study of
Marshal et al. (10). They found similar results (sensitivity
of 100% and specificity of 54%) in their study on 101
patients with HRI cutoff value of 1.28.

A crucial effect of the administration of this fixed dose
combination is an increase of HDL-Ch which has a
significant cardioprotective effect and it is prerequisite in
reducing the percentage of fatty infiltration in NAFLD,
resulting in an echogenicity decrease of liver parenchyma
and thus a consequent decrease of HRI (21, 22). We found
a statistically significant partial correlation between the HRI
(as measure of the severity of NAFLD) and various glucose
(HbA1c) and lipid-related biomarkers (triglycerides and
HDL-Ch), also and between the HRI and LFT (ALT, AST
and y-GT), only. In the overweight patients (BMI > 25
kg/m?), the HRI showed a statistically significant
correlation with the BMI. The overweight subjects had a
3.5-fold increased risk for liver steatosis and NAFLD (23).
Tutunchi et al. found that severity of liver steatosis
significantly correlated with serum TG (P = 0.026), ALT (p
< 0.001), AST (p <0.001), TG (P = 0.026) and FPG (P =
0.041), but not correlated with total cholesterol (P = 0.271)
and LDL-Ch (P = 0.341), of which the results were very
close to our study results (22).

Kasapogly et al. found a strong positive correlation
between y-GT and NAFLD degree (23). Elevated y-GT
level has been reported to be of prognostic significance of
the severity of NAFLD, but also in prognostic significance
in coronary artery disease (24, 25). Reduction of y-GT under
hepatoprotective therapy would have a beneficial effect of
reducing NAFLD degree and reducing of cardiovascular
disease risk. I'-GT has high sensitivity and specificity for
the diagnosis and prognosis of liver disease with a value
greater than its simple association with biliary disease and
ALT, AST and alkaline phosphatase (25, 26).

The different color linear regression lines (figure 3) can
be used to predict the severity of the NAFLD (estimated by
HRI) in each of NAFLD subgroup by the known y-GT.
Beretta et al. examined the efficacy of standardized extract
of PM in liver protection during a 3-month treatment period
in two groups: the first treated was with a low dose of 150
mg, and the second with a double dose of 300 mg (16). The
high dose group did not show any significant decreases in
ALT, AST and y-GT, which differed from the decreases in
levels of these enzymes in low dose group. The results of
our study are the same: we did not find a significant
improvement of NAFLD severity (A HRI) which depends
on the average value of administered dose of the drug (PM



Caspian Journal of Internal Medicine 2024 (Winter); 15(1): 161-171

Prunus mume efficacy on liver disease

and Choline) because there is no statistically significant
correlation between the administered dose and A HRI
(figure 4).

In backward multiple regression analysis, we found that
HbAlc, triglycerides, ALT and y-GT are independent
predictors with positive correlation with HRI as marker for
the severity of NAFLD, but HbAlc plays superior role as
strongest independent predictor (P = 0.0004). Yu et al. in
their cross-sectional study performed on 4826 healthy
patients found that HbAlc was in strong and independent
correlation with increased risk for advanced fibrosis in
NAFLD patients without diabetes, which is consistent with
the results of our study. HbAlc level and insulin resistance
had a strong correlation with NAFLD, independently of
other metabolic components and obesity (26, 27).

A major underlying pathophysiological mechanism in
the genesis of NAFLD is insulin resistance because of
increased gluconeogenesis and glycogenolysis in the liver
(27). PM reduces cellular oxidative stress through inhibition
of mitogen-activated protein kinase’s (MAPK) activation
and p-53 and p38 mediated apoptosis signalling pathway,
thereby reducing liver-steatosis, inflammation and
apoptosis (7). Its action includes hepato-protective activity,
antioxidant/anti-inflammatory activity, boosting HDL
cholesterol as well as lowering glucose levels, elevating
liver function generally and avoiding metabolic and
inflammatory-based illnesses (7, 26). That suppresses
lipogenesis in liver tissue by inhibition of MAPK's
activation. Suppression of de novo fatty acids production
and enhanced non-esterified fatty acid release from adipose
tissue (lipolysis) caused by PM result in a reduction of liver
steatosis and in the reduction in its progression (27).
Reduced muscle’s glucose disposal with consequent
hyperinsulinemia, deregulated lipogenic factors and
activated hepatic lipogenesis, additionally contribute of
NAFLD development (27).

Tomizawa et al.’s study indicates that NAFLD is more
correlated with hypertriglyceridemia compared to hyper-
LDL cholesterolemia and hypo-HDL cholesterolemia (28).
They found by stepwise analysis in 168 patients, that
triglyceride is predictor of NAFLD in comparison with FPG
and HbAlc. In our study, triglyceride may slowly but surely
take the leads as independent predictor of NAFLD, step by
step with y-GT and ALT, but certainly leaving the lead to
HbAlc. However, it is still debatable whether triglyceride
is a cause, consequence, or mere marker of hepatocyte
injury. Banderas et al. studied 193 nondiabetic individuals
with metabolic syndrome and NAFLD (29). They found
that the main factors that predict the occurrence of the
NAFLD as a common complication of metabolic syndrome

are the levels of blood triglycerides and y-GT, as well as
obesity. In our study, the severity of NAFLD (HRI) will
increase by 3.66% and 8.05% for every 1% increase of y-
GT or triglycerides, respectively.

The previously proven antioxidant, anti-inflammatory
and hepatoprotective effect of PM and choline is manifested
as improve of the LFT, glucose metabolism and lipid-
related biomarkers leading to a decrease in the NAFLD
severity measured by the HRI.

The first limitation is the relatively small number of
patients, especially in the group of severe NAFLD. The
second limitation is a relatively short follow-up period to
detect significant reductive changes in the liver parenchyma
in severe NAFLD patients, although this period is sufficient
to highlight changes in biochemical functional tests.

PM and Choline (Leviker®) have beneficial effects on
the regulation of the glucose and lipid metabolism, liver
protecting property and in the increase of the HDL-CH.
Quarterly treatment with this plant extracts significantly
reduces FPG, HbAlc, ALT, AST, cholesterol, triglycerides,
total bilirubin and y-GT as surrogate marker for NAFLD,
which consequently reduces the severity of NAFLD and
HRI.

The triglycerides, ALT and y-GT are positive
independent predictor and HbAlc is strong positive
predictor for the severity of the NAFLD, and they can be
used in the NAFLD diagnosis and prediction of its
prognosis. There is no significant improvement in the
severity of NAFLD which depends on the different average
value of administered dose of PM and choline.

Acknowledgments

I would like to acknowledge a great gratitude to my chief of
Internal medicine department, D-r Marija Nalbanti and the
manager of the Public Health Institution Clinical Hospital
“D-r Trifun Panovski” D-r Elizabeta lIvanovska, for
showing an understanding for my science work and enabled
me to use diagnostic appliances and the laboratory as well
as for the possibility shown for rational time distribution for
patients and science work.

Funding: This research did not receive any external
funding or grants.

Ethical approval: All participants signed an informed
consent and the study was approved by the Ethics
Committee of our institution (code 28.08.2021/3).

Conflict of Interests: The authors declare that

there is no conflict of interest regarding the publication of
this paper.



Caspian Journal of Internal Medicine 2024 (Winter); 15(1): 161-171

Avramovski P, et al.

Authors’ contribution: Petar Avramovski, first
ultrasonographer, writing, editing, idea, working with
imageJ software, statistics support, writing the discussion
and conclusion, choose of the references; Miroslav
Lazarevski, language correction, creator of
including/excluding criteria, insertion data in excel, C,
control of post-processing of the images, controlling the
used statistical methods; Maja Avramovska, writing,
collecting the laboratory test data, working with MedCalc
software, language check, scanning the images, inserting
the data in excel, recalculating in excel, working with
CorelDraw; Stefan Talev, inserting the data in Medcalc, pre
and post-processing of images in Photoedition, language
natural English checking, critical review of discussion part,
selecting the including criteria for the patients; Julijana
Petrovska, second ultrasonographer, medical history chart
collection, working with imageJ software, check
hepatorenal calculation, writing in introduction part,
controlling the references, reordering the references; Vesna
Siklovska third ultrasonographer, collection and checking
all acquired images and calculation of the hepatorenal
index, post-processing of the images, working with imageJ
software, writing, controlling the agreement between
ultrasonographers and Kosta Sotiroski, checking and
correcting the used statistical methods, interpreting of the
results and statistics methods, filtering in excel, parallel
control of the Medcalc calculation in SPSS, critical review
on statistics.

References

1. Metin Basaranoglu, Necati Ormeci. Nonalcoholic fatty
liver disease: Diagnosis, pathogenesis, and
management. Turk J Gastroenterol 2014; 25: 127-32

2. Kanwar P, Kowdley KV. The metabolic syndrome and
its influence on nonalcoholic steatohepatitis. Clin Liver
Dis. 2016; 20: 225-43.

3. Avramovski P, Avramovska M, Nikleski Z, et al. The
predictive value of the hepatorenal index for detection
of impaired glucose metabolism in patients with non-
alcoholic fatty liver disease. Indian J Gastroenterol
2020; 39: 50-9.

4. EdaK, Yusuf Y. Non-alcoholic fatty liver disease: A
growing public health problem in Turkey. Turk J
Gastroenterol 2019; 30: 865-71.

5. Raszeja-Wyszomirska J, Lawniczak M, Marlicz W,
Miezynska-Kurtycz J, Milkiewicz P. Non-alcoholic
fatty liver disease—new view. Pol Merkur Lekarski
2008; 24: 568-71.

6. Xiao M, Guo-Yi T, Pin-He L, et al. Antioxidant
activity and hepatoprotective effect of 10 medicinal
herbs on CCl 4-induced liver injury in mice. World J
Gastroenterol 2020; 26: 5629-45.

7. Muhammad N. Aslam, Anwar Ali, Suresh Kumar.
Efficacy and safety of Prunus mume and choline in
patients with abnormal level of liver function test. IntJ
Clin Trials 2020; 7(3): 170-75.

8. Mitani T, Horinishi A, Kishida K. Phenolics profile of
mume, Japanese apricot (Prunus mume Sieb. etZucc.)
fruit. Biosci Biotechnol Biochem 2013; 77: 16-23.

9. Dasarathy S, Dasarathy J, Khiyami A, et al. Validity of
real time ultrasound in the diagnosis of hepatic
steatosis: a prospective study. J Hepatol 2009; 51:
1061-7.

10. Marshall RH, Eissa M, Bluth EI, Gulotta PM, Davis
NK. Hepatorenal index as an accurate, simple, and
effective tool in screening for steatosis. AJR Am
Roentgenol 2012; 199: 997-1002.

11. Riley TR, Bruno MA. Sonographic measurement of the
thickness of subcutaneous tissues in nonalcoholic fatty
liver disease versus other chronic liver diseases. J Clin
Ultrasound 2005; 33(9): 439-41.

12. Chauhan A, Sultan LR, Furth EE, et al. Diagnostic
accuracy of hepatorenal index in the detection and
grading of hepatic steatosis. J Clin Ultrasound 2016;
44: 580-86.

13. Avramovski P. Value of ultrasound machine settings
optimization for better diagnosis of focal liver lesions.
Maced J Med Sci 2009; 2: 149-52.

14. Barboriak DP, Padua AO, York GE, Macfall JR.
Creation of DICOM--aware applications using ImageJ.
J Digit Imaging 2005; 18: 91-9.

15. Dello SA, van Dam RM, Slangen JJ, van de Poll MC,
et al. Liver volumetry plug and play: do it yourself with
ImageJ. World J Surg 2007; 31: 2215-21.

16. Beretta A, Accinni R, Dellanoce C, et al. Efficacy of a
standardized extract of prunus mume in liver protection
and redox homeostasis: A randomized, double-blind,
placebo-controlled study. Phytother Res 2016; 30: 949-
55.

17. Dillon JF, Miler MH. Gamma glutamyl transferase "To
be or not to be" a liver function test? Ann Clin Biochem
2016; 53: 629-31.

18. Walker AK, Jacobs RL, Watts JL, et al. A conserved
SREBP-1/phosphatidylcholine  feedback  circuit
regulates lipogenesis in metazoans. Cell 2011; 147:
840-52.

19. Nakamura T, Nakamura S, Karoji N, Aikawa T,
Suzuki O. Hepatic function tests in heavy drinkers



Caspian Journal of Internal Medicine 2024 (Winter); 15(1): 161-171

Prunus mume efficacy on liver disease

20.

21.

22.

23.

24.

among workmen. Tohoku J Exp Med 1967; 93: 219-
26.

Horowitz JM, Venkatesh SK, Ehman RL, et al.
Evaluation of hepatic fibrosis: a review from the
society of abdominal radiology disease focus panel.
Abdom Radiol (NY) 2017; 42: 2037-53.

LiL, Liu DW, Yan HY, etal. Obesity is an independent
risk factor for non-alcoholic fatty liver disease:
evidence from a meta-analysis of 21 cohort studies.
Obes Rev 2016; 17: 510-9.

Tutunchi H, Saghafi-Asl M, Asghari-Jafarabadi M,
Ostadrahimi A. The relationship between severity of
liver steatosis and metabolic parameters in a sample of
Iranian adults. BMC Res Notes 2020; 13: 218.
Kasapoglu B, Turkay C, Yalcin KS, Carlioglu A,
Koktener A. Role of y-glutamyl transferase levels in
prediction of high cardiovascular risk among patients
with non-alcoholic fatty liver disease. Indian J Med Res
2016; 143: 30-6.

Kim MK, Ahn CW, Nam JS, et al. Association between
nonalcoholic fatty liver disease and coronary artery

25.

26.

27.

28.

29.

calcification in postmenopausal women. Menopause
2015; 22: 1323-27.

Dillon JF, Miler MH. Gamma glutamy!| transferase "To
be or not to be" a liver function test? Ann Clin Biochem
2016; 53: 629-31.

Yu C, Wang L, Xue H, et al. Association of glycated
hemoglobin with the risk of advanced fibrosis in non-
alcoholic fatty liver disease patients without diabetes.
Clin Res Hepatol Gastroenterol 2019; 43: 58-66.

Bae JC, Cho YK, Lee WY, et al. Impact of
nonalcoholic fatty liver disease on insulin resistance in
relation to HbAlc levels in nondiabetic subjects. Am J
Gastroenterol 2010; 105: 2389-95.

Tomizawa M, Kawanabe Y, Shinozaki F, et al.
Triglyceride is strongly associated with nonalcoholic
fatty liver disease among markers of hyperlipidemia
and diabetes. Biomedical reports 2014; 2: 633-6.
Banderas DZ, Escobedo J, Gonzalez E, et al. y-
Glutamyl transferase: a marker of nonalcoholic fatty
liver disease in patients with the metabolic syndrome.
Eur J Gastroenterol Hepatol 2012; 24: 805-10.



