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Abstract Non-alcoholic fatty liver disease is the most 

common cause of chronic liver diseases which is 

characterized by the increased level in obesity, and diabetes. 

Liver lipid content has been suggested to play an important 

pathogenic role in the development of liver fibrosis, and 

cirrhosis In particular, it is associated with the risk of 

hepatocellular carcinoma (HCC). Liver biopsy is still the 

gold standard for diagnosing and assessing the disease. 

However, the invasive and limited tissue sampling of the 

biopsy presents problems. Proton magnetic resonance 

spectroscopy (1H-MRS) enables the study of cellular 

biochemistry and metabolism and provides a non-invasive 

means to determine disease abnormalities and progression 

in vivo and longitudinally. With the increased availability 

of high-field magnetic resonance (MR) systems for clinical 

and preclinical studies, both signal-to-noise ratio (SNR) 

and spectral resolution of metabolites in the MR spectra 

can be improved significantly, allowing more accurate 

metabolite identification, quantification and thus disease 

characterization. 1H-MRS permits longitudinal assessment 

of fat fraction, saturated and unsaturated. This study is to 

characterize early hepatic lipid changes in fatty liver mouse 

model by in vivo short-echo time (TE) 1H-MRS (Proton-

Magnetic Resonance Spectroscopy). 
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Department of Research Equipment Operation 
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Republic of Korea 
 

 
This study examined 17 male C57BL/6 mice, 

including 8 high-fat diet (45%) mice for 20 weeks and 9 

normal mice for 17 weeks. C57BL/6 mices were fed with 

60% high fat diet containing 60% fat, 20% protein and 20% 

carbohydrate. MR imaging with single-voxel 1H-MRS was 

performed using a PRESS sequence at 9.4T magnetic 

resonance imaging (MRI). The full width at half maxium 

(FWHM) ranged from 4 to 8 Hz. Water suppression was 

accomplished with "VAPOR" pulses. The examination 

(voxel size, 2×2×2 mm3) were performed from liver 

parenchyma in mice at normal and at high-fat diet, 

respectively. The spectral acquisition parameters were 

TR/TE = 2500/16 ms, and 256 acquisitions for averaging. 

LCModel fitting was conducted using experimental basis 

sets. Less than 10% standard deviation (%SD) of 

metabolite quantification data was allowed. The areas 

under the peaks were measured as the follows: signal 

integrals of lipid methyl protons (-CH3; 0.9 ppm), 

methylene proton ((-CH2-)n; 1.3 ppm), allylic protons (-

CH2-C=C-CH2; 2.1 ppm), α-methylene protons (-CO-CH2-

CH 2; 2.3 ppm), diallylic protons (=CCH-2C=; 2.8 ppm), 

glycerol protons (CH2-COO; 4.1 ppm), glycerol protons 

(CH2-COO; 4.3 ppm) and methene protons (CH=CH; 5.3 

ppm). For relative quantification, total lipid (TL), total 

saturated fatty acid (TSFA), total unsaturated fatty acid 

(TUFA), total unsaturated bond (TUB), polyunsaturated 

bond (PB) and choline-containing compound (Cho) were 

normalized by separating each peak of (-CH2-)n, -CH2-

C=C-CH2-, -CO-CH2-CH2=C-CH-2-C= and –CH=CH-. 



Significant increases in lipid signals of 0.9, 1.3, 2.1, 2.3, 

2.8, 4.1, 4.3, and 5.3 ppm were found in animals at high-fat 

diet(p<0.01, p<0.001). TL, TSFA, TUFA, TUB, PUB and 

Cho were significantly increased at high-fat diet(p<0.01, 

p<0.05). Therefore, 1H-MRS is useful in detecting and 

characterizing various hepatic lipid alterations. 

 

Key word : Fat liver; Hepatic lipids; MRS; Ultrashort 
TE; 9.4T MRI 

 

1. INTRODUCTION 

 
 Obesity increases death rate by causing liver 

disease, diabetes, gallstones, chronic hepatitis, 

cerebrovascular disorders, and heart disease[1]. There 

is NAFLD(non-alcoholic fatty liver disease) in liver 

disease that causes obesity. NAFLD is a disease in 

which triglycerides are accumulated in hepatocytes 

regardless of alcohol consumption. Currently, 30% of 

the total population falls under NAFLD, and 90% of 

patients who underwent surgery for severe obesity 

are considered to be due to NAFLD[2]. NAFLD is 

associated with obesity and diabetes, and liver lipid 

content has been known to play an important role in 

the development of liver fibrosis and cirrhosis[3]. 

Animal model experiments for hepatocellular 

carcinoma are starting, but additional studies are 

needed for treatment, diagnosis, and prevention[4].  

1H-MRS can provide the chemical structure or state 

of metabolites in vivo in a non-invasive method[5], 

and has been used to diagnose non-alcoholic fatty 

liver disease[6]. Recently, the development of high 

magnetic field devices has greatly improved the 

signal-to-noise ratio (SNR) and resolution of 

magnetic resonance imaging system.  

Therefore, it is necessary to identify and quantify 

metabolites in vivo using a high magnetic field 

magnetic resonance system to determine the 

characteristics of NAFLD[7]. The high magnetic field 

magnetic resonance imaging system can analyze the 

signals of lipid metabolites such as total lipid, total 

saturated fatty acid, total unsaturated fatty acid, total 

unsaturated bond, and polyunsaturated bond using 

1H-MRS. Choline-containing compounds can be 

analyzed using 1H-MRS through signal integration 

of Lipid methyl protons(-CH3; 0.9 ppm), Methylene 

protons((-CH2-)n; 1.3 ppm), Allylic protons(-CH2-

C=C-CH2; 2.1 ppm), α-methylene protons(-CO-CH2-

CH2; 2.3 ppm), Diallyic protons(=C-CH-2-C=; 2.8 

ppm), and methene protons(-CH=CH-; 5.3 ppm) 

(Cheung et al. 2011).  
The purpose of this study was to analyze liver lipid 

metabolites and fatty acid components of normal 

mouse and fatty liver mouse through 1H-MRS using 

ultra-high magnetic field 9.4T MRI. We are trying to 

characterize non-alcoholic fatty liver disease through 

analysis. 

 

2. EXPERIMENTAL METHODS 
 
2.1. Experimental animals 
 

The experiment was conducted for 20 weeks. In the 

laboratory environment, the temperature was set to 

22 degrees Celsius, and the humidity was set to 50% 

to 60% and checked every 12 hours. A total of 17 

animals were divided into 8 control animals and 9 

experimental groups. The control group was fed a 

general diet containing mainly carbohydrates and 

proteins, and the experimental group was fed a high-

fat diet containing 60% carbohydrates, 20% fat, and 

20% protein. The weight and blood glucose levels of 

the control and experimental mice were measured for 

each week of age. Breathing was monitored, and 

warm water was circulated through the heating pad to 

maintain body temperature at 36.5 degrees.  

Pulse sequence for MRI used a PRESS(point-

resolved spectroscopy) sequence. After the MRI 

experiment, for histopathological evaluation, liver 

tissue was excised and the liver samples were fixed 
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in formalin. The sufficiently fixed tissue was washed 

with water to remove an excessive amount of fixing 

reagent. In order to embedding by infiltrating 

paraffin that does not mix with water into the liver 

tissue, the liver tissue was dehydrated using alcohol 

with a difference in concentration. Dehydration was 

gradually processed from a low-concentration 

alcohol solution to a high-concentration alcohol 

solution, followed by treatment with pure 100% 

alcohol and benzene. Paraffin dissolved in benzene 

as an organic solvent was penetrated into the 

dehydrated tissue, and then treated with pure paraffin 

in the liquid state at high temperature (60°C) to 

completely penetrate. The paraffin that has 

penetrated into the tissue was cooled at low 

temperature to make a solid-state, and then cut into 

appropriate size and trimmed. It was cut to an 

appropriate thickness(3~20  μm) in a thin-cutting 

machine. The sliced tissue adhered to a glass slide, 

and tissue paraffin was removed with xylene, an 

organic solvent. Since most staining solutions are 

aqueous solutions, the slides with liver tissues were 

hydrated by treating them with a high concentration 

of alcohol to a low concentration of alcohol aqueous 

solution. Primary staining was performed with an 

aqueous hematoxylin solution. At first, after staining 

it thick, it was stained through the process of 

properly matching the staining degree of the sample 

that was excessively stained with an alcohol solution. 

Then, secondary staining was performed with eosin. 

Hematoxylin was stained blue when it encountered 

acids such as the nucleus of cells and other acidic 

structures (the cytoplasm is rich in RNA, cartilage 

matrix). And eosin met basicity and stained other 

cytoplasmic components and collagen in red. After 

the first and second staining was done, a microscopic 

examination was performed. The stained results were 

read by two pathologists. The level was decided by 

comparing the liver of the control group and the liver 

of the experimental group with the level of the 

pathology score. As a result of the comparison, the 

degree of fat content and the degree of inflammation 

were discriminated from 0 to 3. 

 

2.2. 9.4T MRI  
 

A number of studies have been performed on the 

imaging of mice using 9.4T MRI equipment[8]. The 

purpose of this study is to find a method for 

diagnosing non-alcoholic fatty liver similar to an 

invasive histopathological examination by 

confirming that the signals of lipid metabolites are 

clearly different in 9.4T MRI for animals. This is 

because the recent introduction of the high magnetic 

field (≥3.0 Tesla) MRI devices is expanding, and 

high magnetic field MRI devices provide high SNR 

and spectrum resolution so that the peaks for each 

material are well separated in MRS. The 4-channel 

animal coil used in this experiment is a 9.4T-only 

coil, and it is able to greatly improve SNR and 

resolution by putting it closer to the experimental 

mouse. Figure 1(a) is a 9.4 Tesla (Broker System 

9.4T animal MRI device) and Figure 1(b) is a picture 

of a 4-channel mouse heart receive-only animal coil. 

 

 
Figure 1. Broker system 9.4T animal MRI(a) and a 

4-channel mouse heart receive-only array animal 

coil(b) 



 

2.3. MR signal acquisition 
 

In 9.4 T MRI, T2-weighted fast spin-echo was used 

to obtain the transverse, sagittal, and coronal (FOV 

60 mm × 60 mm, slice thickness = 1.5 mm) in the 

axial direction of three sections. 1H-MRS used a 

Point-resolved spectroscopy (PRESS) sequence[9]. In 

order to determine the 3D position of the ROI with 

the PRESS sequence, a 90° slice selective RF pulse 

and a 180° RF pulse are applied twice[10]. During the 

90° pulse stimulation, the z-direction slice is 

determined by the gradient magnetic field GZ. 

During the following two 180° pulse stimuli, Gy and 

Gx determine the thickness of the slices in the y and 

x directions, similar to the principle of determining 

the z-direction slice, and the volume of interest is 

determined as the intersection point of the three 

slices found.  

As a parameter, TR/TE = 2500/16 ms was used, and 

data were obtained with a matrix size of 256. The 

single voxel method was used, and the voxel size was 

2×2×2 mm3 so that the largest blood vessels were 

avoided and placed in the uniform liver parenchyma. 

In particular, the 1H-MRS voxel size can create a 

smaller voxel size as the magnetic field strength of 

the magnet increases, and in general, the optimal 

voxel amount is determined through the signal-to-

noise ratio and scan time.  

Typical water peak signals were suppressed using 

variable power and optimized relaxation delays 

(VAPOR) pulses, and the line width (FWHM) 

included 37-69 Hz (mean±SD, 52.1±9.62 Hz). For 

each lipid metabolite, the baseline was 0 weeks 

before feeding the high-fat diet, and the 

concentration values of the metabolites were 

measured and the percent (%) was calculated by 

comparing by week age.  

Lipid metabolites below the peak are listed in Table 1, 

Lipid methyl protons (-CH3; 0.9 ppm), Methylene 

protons ((-CH2-)n; 1.3 ppm), and Allylic protons (-

CH2-C=C-CH2; 2.1 ppm). ), α-methylene protons (-

CO-CH2-CH2; 2.3 ppm), Diallylic protons (=C-CH-

2-C=; 2.8 ppm), glycerol protons (CH2-COO; 4.1 

ppm), glycerol protons (CH2 -COO; 4.3 ppm) and 

methene protons (-CH=CH-; 5.3 ppm) were 

measured [11]. Fatty acid components of each of these 

lipid metabolites were calculated using a 

mathematical formula, and the percentage (%) was 

obtained by measuring the concentration of the 

metabolite by comparing each week with age 0 

weeks before feeding the high-fat diet.      

Fatty acid components in Table 2 are total lipid, total 

saturated fatty acid, total unsaturated fatty acid, total 

unsaturated bond, polyunsaturated bond, It was 

measured as choline (Choline-containing compound, 

CCC)[12]. Considering the fact that the SNR is similar 

between spectra due to the same voxel size and 

hardware configuration for total lipid and choline, (-

CH2-)n, CCC was quantified by dividing the peak by 

spectral noise. In addition, total saturated fatty acid, 

total unsaturated fatty acid, total unsaturated mixture, 

polyunsaturated mixture were peaked by (-CH2-)n, -

CH2-C=C-CH2, -CH=CH-, =C-CH-2-C by –CH3 

Was quantified by dividing[13]. 

 

Table 1. Peak area ratio of various metabolite name 

in proton magnetic name in proton magnetic 

resonance spectroscopy(1H-MRS) 

No Name Peak area ratio Chemical shift 

1 methyl -CH3 0.9 ppm 

2 methylene -(CH2)n- 1.3 ppm 

3 allylic -CH2-CH=CH-CH2- 2.1 ppm 

4 α-methylene -CO-CH2-CH2 2.3 ppm 

5 diallylic -CH=CH-CH2-CH=CH- 2.8 ppm 

6 glycerol CH2-COO 4.1 ppm 

7 glycerol CH2-COO 4.3 ppm 

8 vinyl -CH=CH- 5.3 ppm 
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Table 2. Fatty acid ratios and resonant 

frequency(ppm) in proton magnetic resonance 

spectroscopy(1H-MRS) 

Index of fatty acid Fatty acid component 

Total lipid Lip13 

Total saturated fatty acid 3×Lip13/2×Lip09 

Total unsaturated fatty acid 3×Lip20/4×Lip09 

Total unsaturated bond 3×Lip53/2×Lip09 

Polyunsaturated bond 3×Lip28/2×Lip09 

Choline-containing compound (CCC) Lip32 

 

 

2.4 Sattistical analysis 
 

Raw data obtained through 1H-MRS were 

analyzed using LCModel software (Linear 

Combination of Model, Version 6.3-1H, Stephen W. 

Provencher).  LCModel is a widely used algorithm, 

and it is a method of quantifying magnetic resonance 

spectroscopy using a semi-parametric NLLS(Non 

Linear Least Square) method based on a priori 

information through metabolite base set. The model 

is built on the basis of the real part of the Fourier 

transformed spectrum and consists of two parts. The 

first is the term that describes the baseline, and the 

second is the term that describes the spectral line 

shape. 

The model is as follows. 

 

 

 ----------------------- (1) 

 

What we want to find in the end using the model is 

to find P, B, and S that satisfy the conditions that 

minimize the equation below. 

 

 

Constraint :  ------------ (2) 

 

This minimization process is performed using 

CONTIN, a uniform nonlinear least-squares method 

developed by Dr. Provencher[14]. The baseline of the 

spectrum is modeled by LCModel using the cubic B-

spline method. In addition, the metabolite database 

obtained by in vitro measurement or simulation is 

stored internally in the LCModel[15]. The error 

estimation is given through the CRLB(Cramer-Rao 

lower bound), where CRLB is the theoretical 

minimum of the variance (σ2) that an estimator (e.g., 

metabolite concentration) can take. And is defined as 

the inverse of Fisher's information F as follows. 

 

 

 ---------------------- (3) 

 

Here, L represents a likelihood function, 

p=(P1,P2,...,PN) represents a model parameter, T 

represents a transpose, and E represents an 

expectation value. In general, a likelihood function is 

assumed to determine what distribution the rest, 

which is the difference between the measured data 

and the model function, will be shown. In the case of 

LCModel, it has not yet been reported how to 

accurately calculate CRLB[16]. This algorithm 

requires a base set, a collection of pure metabolite 

spectra, in order to quantify the concentration of 

metabolites present in the acquired signal. The 

metabolite signals that make up the base set are 

fitted to the acquired spectrum, which includes a 

spline function to model the lower part of the 

spectrum baseline due to a sufficiently uninhibited 

water signal or macromolecules. For linear 

combination model fitting, an experimental basis set 

(LCModel provoded) was used. For the basis set, 

curve fitting was performed using the basis set 



provided by LCModel. A standard deviation (%SD) 

of less than 10% of the lipid metabolite 

quantification data was allowed. Error estimation 

was used as a useful reliability indicator through the 

CRLB named %SD. In order to see the difference in 

fatty acids quantified in the liver of normal mouse 

and in the liver of mouse induced by a high fat diet, 

SPSS version 21 software package (SPSS, Chicago, 

IL, USA) was used to analyze. For each interlipid 

metabolite and fatty acid component, it was 

expressed as mean ± standard deviation. Paired 

student's t-test was performed. At this time, a value 

of p<0.05 was judged to have statistical significance. 

 

3. RESULT 
 

For the experiment, 6-week-old male mice 

(C57BL/6 mice) weighting 20±5 gram were fed a 

general diet to 8 control animals, and 9 mice in the 

experimental group were fed a high fat diet(fat-60%, 

protein-20%, Carbohydrates -20%) were fed. 

Thereafter, at 20 weeks, the parenchymal tissues of 9 

mice in the experimental group were examined. 

 

3.1. Fatty liver mouse model weight and blood 
glucose level comparison by week 
 

Figure 2(a) shows the results of measuring the 

weight of the control group and the experimental 

group for each week. After 6 weeks, the control 

group was 26.4±3.24 g and the experimental group 

was 28.8±2.20 g. These results indicate statistical 

significance (p<0.05) (Table 3). In addition, Figure 

2(b) shows the blood glucose measurement results 

after 11 weeks. As a result of measuring blood 

glucose, the control group was 98.7±2.34 g and the 

experimental group was 136±3.20 g. This result also 

showed a statistically significant increase (p<0.01) 

(Table 4). 

 

Table 3. Body weight(g) indices in proton 
magnetic resonance spectroscopy (1H-MRS) at 9.4T 
MRI 

Week Normal High-fat diet P-value 

0 20.5 20.5 0.000 

3 24.4 25.7 0.116 

6 26.4 28.8 0.019 

7 26.7 31.4 0.001 

8 26.9 31.9 0.001 

9 27.6 32.8 0.000 

10 28 34.2 0.000 

11 29 35.2 0.002 

12 28.2 35.5 0.000 

13 27.7 35.1 0.000 

14 28.2 37.2 0.000 

15 28.7 38.5 0.000 

16 28.6 39.3 0.000 

17 28.6 39.9 0.000 

18 28.9 40.2 0.000 

 

Table 4 Blood sugar indies in proton MRS at 9.4 T 
MRI 

Week Normal High-fat diet P-value 

8 102.6 110.8 0.210 

11 97.6 127.6 0.002 

13 147.6 169.3 0.001 

16 139.3 170.8 0.008 

17 138 170.8 0.009 
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Figure 2. Body weight(g)(a) and blood sugar(b) 
in normal mice compared to high fat mice. Data 
shows mean±SD for each group using a two tailed t- 
test with significance threshold of *p<0.05, **p<0.01,  
***p<0.001. 

 

3.2. Comparison of liver lipid metabolites 
in vivo 
 

Through 1H-MRS, the metabolites of interlipid 

metabolites corresponding to 0.9, 1.3, 2.1, 2.3, 2.8, 

4.1, 4.3 and 5.3 ppm are shown. Through this, it can 

be seen that the corresponding interlipid metabolites 

appear differently for each frequency. Interlipid 

metabolites corresponding to 4.1 and 4.3 ppm, which 

were not seen in previous 3T MRI, were found. Lipid 

metabolites below the peak were measured as shown 

in Table 7. Figure 3 shows the comparison of the 

liver lipid metabolites of the control group and the 

liver lipid metabolites of the experimental group in 

1H-MRS, and there was a statistically significant 

difference with an increase of 0.9 ppm (p<0.01). In 

addition, there was a statistically significant 

difference as 1.3, 2.3, 2.8, 4.1, 4.3 and 5.3 ppm 

increased (p<0.001) (Table 5). 

 

 

 

 

 
Table 5. Lipid signals indies in proton magnetic 

resonance spectroscopy(1H-MRS) at 9.4T MRI 

Name Normal High-fat diet P-value 

Lip09 0.010 0.080 0.007 

Lip13 0.066 0.466 0.000 

Lip21 0.012 0.078 0.000 

Lip23 0.006 0.060 0.000 

Lip28 0.005 0.032 0.000 

Lip41 0.005 0.023 0.000 

Lip43 0.005 0.023 0.000 

Lip53 0.011 0.106 0.000 

 

 

Figure 3. Lipid signals quantified normal and 20 

weeks after high fat diet. Data shows mean±SD for 

each group using a two tailed t-test with significance 

threshold of **p<0.01, ***p<0.001. 

 

3.3. Comparison of liver fatty acid 
components in vivo 

  

Figure 4 shows the lipid metabolites obtained using 
a mathematical formula. The percentage (%) was 
calculated by comparing the liver fatty acid 
component of the control group and the liver fatty 
acid component of the experimental group. When 
comparing the liver fatty acid components of the 
control group and the liver fatty acid components of 
the experimental group, there was a statistically 



significant difference due to an increase in total lipids 
(p<0.01). Also, there was a statistically significant 
difference due to the increase in saturated fatty acid, 
unsaturated fatty acid, unsaturated mixture, 
polyunsaturated mixture, and choline (p<0.05) (Table 
6). 

 

Table 6. Fat fraction indices in proton magnetic  

resonance spectroscopy(1H-MRS) at 9.4T MRI 

Name Normal High-fat P-value 

TL 0.066 0.466 0.001 

TSFA 0.012 0.068 0.020 

TUFA 0.010 0.054 0.038 

TUB 0.018 0.087 0.011 

PB 0.010 0.045 0.040 

CCC 0.019 0.057 0.034 

UI 0.108 0.155 0.030 

 

 

Figure 4. Fat fractions quantified normal and 20  

weeks after high fat diet. Data shows mean±SD for  

each group using a two tailed t-test with significance  

threshold of *p<0.05, **p<0.01. 

 

3.4. Histopathological evaluation 
 

Figure 16(a) shows the comparison of hepatocytes 

of the control group and the hepatocytes of the 

experimental group. It was found that fat 

accumulation was significantly increased in the 

hepatocytes of the experimental group, and 

conventional cell necrosis and apoptosis were 

observed. Iron pigmentation is indicated in bright 

blue, nuclei in red, and cytoplasm in bright pink. 

Figure 16(b) shows that two pathologists compared 

the control liver cells and the experimental group 

liver cells with the mean pathology score level. As a 

result of comparison, the score of inflammation 

increased, but there was no statistically significant 

difference. On the other hand, the score of steatosis 

increased and was statistically significantly higher 

(p<0.05, p<0.001) (Table 13). 

 

Table 7. Pathological score reading’s indices of  
normal and high-fat diet liver in Hematoxylin-eosin  

(H&E) staining at Microscope 

Reader Name Normal High-fat P-value 

Reading 1 
Inflammation 0.111 0.375 0.389 

Steatosis 0.222 2.250 0.000 

Reading 2 
Inflammation 0.111 0.375 0.378 

Steatosis 0.444 1.625 0.048 

 

 

Figure 5. Typical hematoxylin-eosin(H&E)  

staining(400×; left column) normal liver(a, top) and  

livers subjected to high-fat diet liver(a,bottom) and  

pathological scores for 20 weeks(b). Data shows  

mean±SD for each group using a two tailed t-test  
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with significance threshold of *p<0.05, ***p<0.001. 

 

4. Discusion 

In this study, it was demonstrated that 1H-MRS can 

be used to detect interlipid abnormalities in fatty liver 

disease. The 1H-MRS is the most standard MR 

image scanner for obtaining high-resolution images 

and functional information. It has been used to 

investigate local liver lesions and has been found to 

be useful by characterizing human and animal liver 

cancer models. 

 

4.1. Difference between 1H-MRS PRESS and 

STEAM 

 

Unlike ultrasonography, which subjectively 

determines the presence of fatty liver, 1H-MRS can 

non-invasively measure the visceral fat area and the 

degree of liver fat infiltration by objective values. 

Therefore, it is possible to diagnose fatty liver by 

accurately and quantitatively measuring it, and it is 

useful for follow-up observation of improvement in 

health status after diagnosis[17]. In this study, the 

highest magnetic field was used to study fatty liver 

compared to previous studies. At high magnetic 

fields, 1H-MRS provides a high-quality spectrum 

within an acceptable scan time due to the inclusion of 

a good SNR and increased spectral resolution. This 

study confirmed in vivo accurate biochemical 

information that can be used for characterization and 

monitoring of liver diseases including fatty liver in 

9.4T MRI. In previous studies, it was relatively 

difficult to accurately analyze and quantify multiple 

lipid signals due to limited spectral resolution. On the 

other hand, in this study using 9.4T MRI, various 

lipid peaks (eg, -CH2-C=C-CH2-, =C-CH2-C=, -

CH=CH-) were analyzed in the fatty liver. Through 

this, accurate information on the lipid composition 

was obtained. Currently, 1H-MRS is divided into two 

methods: a single voxel technique and a multi-voxel 

technique. The single-voxel technique is a single 

volume method that selects one 3D pixel at a local 

area in an MR image, and because this method can 

be obtained with a high-frequency resolution, it is 

easy to distinguish each metabolite and the data 

analysis time is short. The multi-voxel technique is a 

multi-volume method for obtaining multiple 3D 

pixels by adding an additional selective gradient. In 

this method, a CSI(chemical shift imaging) image is 

also possible to image information of specific 

metabolites from each location. STEAM(stimulated 

echo acquisition method) is a method of continuously 

giving three-time slice-selective 90° RF pulses. If 

three RF waves were selected on a right-angled plane, 

a stimulated echo would be obtained only in the 

volume of the three samples at the intersection of the 

right-angled planes. Generally, the CHESS pulse is 

used to suppress the water signal, and the size of the 

signal appears smaller than PRESS. In PRESS(point 

resolved spectroscopy), a 90° slice selective RF pulse 

is applied and then 180° RF pulses are applied twice. 

PRESS sequence is the same as the STEAM 

sequence and includes CHESS pulse waveform. If a 

180° pulse is used and the SNR is approximately two 

times higher than that of stimulated echo by spin 

echo, it can be used in a local area of about 1 cc 

(1×1×1 cm3). In the abdominal magnetic resonance 

spectroscopy test, because the SNR is low due to 

respiration, the PRESS method, which has an SNR of 

about 40% or more compared to the STEAM method, 

had superior results in this experiment. 

 

4.2. Efficacy of high magnetic field 9.4T MRI 
 
The characteristics of this study using high magnetic 

field 9.4T MRI are as follows.  



(1) High magnetic field 1H-MRS can obtain 

information on various lipid metabolites by 

separating two peaks of lipid metabolites well. 

Through 9.4T MRI, the 4.1 and 4.3 peaks were well 

separated and information on various lipid 

metabolites could be obtained due to the high 

magnetic field's 1H-MRS resolution[18].  

(2) Respiration was continuously monitored to 

reduce artifacts caused by respiration, and uniform 

hepatic parenchymal tissue was obtained using a long 

TR. 

(3) In order to correct the non-uniform magnetic field 

to a uniform magnetic field, the noise was blocked in 

the region of interest by repeatedly shimming. 

(4) The accuracy of quantification of fatty acid 

components was improved by examining 

pathological tissue specimens[19] . 

 

4.3. Comparison of liver lipid metabolites and 
fatty acid components in vivo 
 

When comparing lipids and saturated fatty acids 2 

weeks after starting the high-fat diet, the 

concentration of metabolites was significantly 

increased (p<0.01). The most significant changes in 

lipid and saturated fatty acid showed that the increase 

of saturated fatty acid was mainly involved in the 

increase of lipid. It was found that the increase in 

lipid was due to fat infiltration and changes in 

hepatocytes.  It was found that the increase of 

saturated fatty acid in the liver is related to activated 

cell death induced by saturated fatty acid[20]. In non-

alcoholic fatty liver disease, endoplasmic reticulum 

stress associated with increased saturated fatty acids 

in the liver has been shown to promote liver damage. 

It partially contributed to the progression of diseases 

ranging from simple fatty liver to fatty hepatitis. In 

unsaturated fatty acids, unsaturated mixtures, and 

polyunsaturated mixtures, a significant increase in 

metabolite concentration was observed (p<0.05). 

More unsaturated double bonds were formed and 

increased in monounsaturated fatty acids 2 weeks 

after eating a high-fat diet[21]. This increased degree 

of polysaturation and increased cell necrosis and 

death were observed in various experimental models. 

After hematoxyline-eosin staining for histological 

evaluation, hepatic fat accumulation was confirmed 
[21]. In 2014, Pacifico and Scorletti, a study found that 

administration of n-3 PUFA affected non-alcoholic 

fatty liver. Therefore, the long-term administration of 

a high-fat diet may indirectly be a factor that may 

adversely affect the liver. 

 

4.4. Limitation of this study and future studies 
 

The limitations of this study are as follows. In 9.4T 

MRI, the age and number of mice in the control 

group and the experimental group are different. The 

experiment was attempted to be divided by week age 

as much as possible, but due to movement artifacts 

caused by breathing during the experiment, breathing 

monitoring had to be continuously performed, and it 

took a long time to perform one test, so the age of the 

week was different. There was a case where the 

experimental mice died during the experiment, and 

the number of the control group and the experimental 

group became insufficient. Therefore, in future 

studies, it is necessary to diversify the types of 

control and experimental groups, increase the 

number of experimental mice, and conduct 

experiments under the same conditions. If so, it is 

thought that it will be able to provide a new direction 

for accurate quantitative evaluation of liver disease 

models. 

 

5. Conclusion 
In this study, a hepatic steatosis model was 

established by verifying that the lipid signal in the 

liver parenchyma of mice increased for a long time 
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20 weeks after feeding a high-fat diet through 1H-

MRS in a 9.4T MRI experiment. As a result of the 

evaluation by the histopathological method, it was 

not possible to confirm even a liver fibrosis model. In 

the future, by injecting a CCl4 solution into olive oil, 

various chemical substances secreted from kupffer 

cells, which are macrophages in the liver, change the 

phenotype of hepatocytes and astrocytes, thereby will 

test the mechanism of accumulation of extracellular 

matrix such as collagen. Based on this, we will 

establish a liver fibrosis model by magnetic 

resonance spectroscopy.  In addition, the high 

magnetic field 1H-MRS and MRI will be useful for 

diagnosing fatty liver by accurately measuring the 

visceral fat area and liver fat infiltration degree non-

invasively, and for follow-up observation of 

improvement in health status after diagnosis. If such 

research is carried out continuously, it will be 

possible to develop new therapeutic drugs and 

propose new treatment methods by analyzing 

changes in a wide range of metabolites through 

quantitative evaluation of liver disease models. 
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Abstract Squamous esophageal carcinoma is highly 

prevalent in developing countries, especially in China. Tu 

Bei Mu (TBM), a traditional folk medicine, has been used 

to treat esophageal squamous cell carcinoma (ESCC) for a 

long term. tubeimoside I (TBMS1) is the main component 

of TBM, exhibiting great anticancer potential. In this study, 

we investigated the mechanism of TBMS1 cytotoxic effect 

on EC109 cells. Comparative nuclear proteomic approach 

was applied in the current study and we identified several 

altered protein spots. Further biochemical studies were 

carried out to detect the mitochondrial membrane potential, 

cell cycle and corresponding proteins’ expression and 

location. Subcellular proteomic study in the nucleus from 

EC109 cells revealed that altered proteins were associated 

with mitochondrial function and cell proliferation. Further 

biochemical studies showed that TBMS1-induced 

molecular events were related to mitochondria-induced 

intrinsic apoptosis and P21-cyclin B1/cdc2 complex-

related G2/M cell cycle arrest. 

Considering the conventional application of TBM in 

esophageal cancer, TBMS1 therefore may have a great 

potential as a chemotherapeutic drug candidate for ESCC. 
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I. INTRODUCTION 

 
 Esophageal cancer (EC) is one of the most lethal 

cancers and ranks as the sixth leading cause of 

cancer-related death throughout the world (1). EC, 

arising from the inner layer of esophagus, represents 

two histological subtypes, including esophageal 

squamous cell carcinoma (ESCC) and esophageal 

adenocarcinoma (EAC) (2). Generally, most of EC in 

developing countries is ESCC, while EAC is more 

often in Western countries, which has the 

distinguishing etiologies and results in different 

therapeutics and prognosis. Moreover, ESCC is the 

major predominant cancer of esophagus, accounting 

for more than 90% of diagnosed cases, especially in 

China (3). Although multimodal therapies and the 

optimal approaches are still controversial issues, 

chemotherapy or chemoradiotherapy is also applied 

widely in clinic, particularly in unresectable EC (1).  
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The tuber of Bolbostemma paniculatum (Maxim.) 

Franquet (Cucurbitaceae), Chinese name as Tu Bei 

Mu (TBM), is a traditional folk medicine, and due to 

the heat and toxin clearing action, it has been applied 

in the treatment of mastitis, breast abscess, tubercular 

lymphadenitis and cancers, especially EC. 

Tubeimoside I (TBMS1) (Figure 1), a triterpenoid 

saponin, is the main component of TBM with 

anticancer activity. However, the detailed 

mechanisms and intracellular targets underlying 

TBMS1-induced EC cells toxicity remain elusive.  

Mitochondrion is a key organelle inducing cell 

apoptosis in many tumor treatments. Increasing 

investigations have found that mitochondrial 

dysfunction is an effective way to suppress tumor 

progression, and numerous anticancer drugs 

 

 

Figure 1 Chemical structure of TBMS1 

 

evoke cancer cell death through mitochondrial 

dysfunction. The classical mitochondria- related 

apoptosis is to transport death signals via Bcl-2 

family proteins, leading depletion of outer membrane 

potential, release of proteins residing in 

mitochondrial intermembrane space (MIS) and 

activation of caspase cascade (4). The proteins 

leaking out from the MIS include cytochrome c, 

endonuclease G and apoptosis inducing factor (AIF) 

(5).  

Deregulation of cell cycle regulators in different 

levels is detected in many human cancers. At the 

same time, cell cycle checkpoints are usually the 

potential anticancer chemotherapeutic targets. There 

are two conversed types of anticancer agents evoked 

by G2/M checkpoint deregulation (6). One affects the 

abrogation of G2/M checkpoint, making the damaged 

cells to mitosis stage and further inducing apoptosis 

(7). Another way is to promote the G2/M checkpoint, 

subsequently inducing apoptosis (8). Increasing 

evidence showed that many anticancer compounds 

trigger apoptosis, accompanying G2/M cell cycle 

arrest.  

In the present study, we applied proteomics approach 

to predict the cytotoxicity mechanism of TBMS1 in 

ESCC cells (9). Our findings indicated that TBMS1 

exhibited its cytotoxicity associated with 

mitochondrial dysfunction and G2/M cell cycle arrest. 

Further biochemical study revealed that caspase-3 

and -9 were activated and AIF released. In addition, 

cyclin B/cdc2 complex and P21 were proved to play 

a critical role in TBMS1-induced EC109 cell G2/M 

arrest. Our findings may provide a rationale for the 

further investigation of TBMS1 in ESCC treatment. 

 

II. Materials and methods 

1. Materials 
 

TBMS1 was purchased from National Institute for 

the Control of Pharmaceutical and Biological 

Products (China), dissolved in phosphate buffered 

saline (PBS) and stored at –20 ℃. JC-1 was 

purchased from Molecular Probes (Invitrogen, CA, 

USA). 4',6-diamidino-2-phenylindole (DAPI) was 

brought from Roche (Mannheim, Germany). 
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Subcellular proteome extract kit (S-PEK) was 

obtained from CalBiochem (San Diego, CA, USA). 

All other chemicals, except otherwise noted, were 

purchased from Sigma. 

 

2. Cell culture and treatment 
EC109 cells were cultured in DMEM (High Glucose) 

supplemented with 10% fetal bovine serum (FBS) 

under standard culture condition. At 80% confluence, 

cultures were treated with desired TBMS1 for cell 

growth and cell cycle analysis. 

 

3. Cytotoxicity assay 
Cytotoxicity was evaluated by MTT assay. Cells 

were suspended at 1×104 cells/well and 200 μL of 

suspension was plated onto each well of a 96-well 

plate. After 24 h, the medium was replaced by 

various concentrations of TBMS1. At the end of 

treatment, the medium was removed, and 20 μL 5 

mg/mL MTT in DMEM medium was added. The 

cells were further incubated in 5% CO2 at 37 ℃ for 

4 h. Formazan was solubilized with 100 μL 

dimethylsulfoxide (DMSO) and measured at 595 nm. 

 

4. Colony formation efficiency analysis 
The assay was performed in 6-well plates with a 

bottom layer containing 0.6% agar in DMEM 

containing 20% FBS. Cells were seeded at a 

concentration of 5,000/mL in top layer with 0.3% 

agar, 20% FBS, and treated with desired doses of 

TBMS1. The plates were incubated at 37 ℃ for 14 d 

and the medium with or without TBMS1 was 

changed every three days. The number of colonies 

was counted with a microscope and showed as x±s 

with three independent assays. 

 

5. DNA laddering 
DNA laddering was analyzed by Lei’s protocol (9). 

Equal DNA extractions from treated or untreated 

EC109 cells were run on 1% agarose gel, and bands 

were detected by ethidium bromide staining. 

 

6. Flow cytometry analysis of cell cycle 

distribution 
EC109 cells were treated with desired doses of 

TBMS1 for 24 h. At the end of each experiment, 

1×106 EC109 cells were harvested, stained with 

propidium iodide (PI) and evaluated by FACStar Plus 

flow cytometer. Cell cycle was distributed via the 

WinMDI 2.9 software. 

 

7. Confocal microscopic analysis 
EC109 cells were attached on cover slips and then 

exposed to TBMS1 for indicated time. 

Corresponding primary and fluorescein 

isothiocyanate (FITC)-conjugated secondary 

antibodies were used to stain the specific proteins. 

DAPI was used to stain the nucleus (blue). Mito 

Tracker red (Molecular Probes, Invitrogen) was 

performed to dye mitochondria. Corresponding 

primary and FITC-conjugated secondary antibodies 

were used to stain AIF and P21 proteins (green). 

Confocal laser-scanning immunofluorescent 

microscopy analysis was applied on Zeiss LSM510 

Confocal Microscope System (Carl Zeiss, 

Thornwood, NY). 

 

8. Two-dimensional electrophoresis (2-DE) 
and mass spectrometry (MS) analysis 
2-DE was performed with GE IPGphor IEF and Ettan 

Dalt Six electrophoresis units by following protocol 

described previously. Image analysis was carried out 

with the ImageMaster 2D Elite software (GE 

Healthcare, UK). Only those protein spots showing 

reproducible alterations in three independent 

experiments (over 2.0-fold up- or down-regulation) 

were selected for tryptic in-gel digestion and MS 

analysis. Peptide mass spectra were obtained on an 

ABI 4800-plus MALDI TOF/TOF mass spectrometer 
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in a reflector positive ion mode with average 1,500 

laser shots per spectrum. Peptide ion masses were 

internally calibrated using trypsin autolytic peptides 

at m/z 842.51 and 2,211.10. TOF/TOF tandem MS 

fragmentation spectra were acquired in a data-

dependent fashion based on the MALDI-TOF peptide 

mass map for each protein, and 10 most abundant 

ions present were selected in each sample (excluding 

trypsin autolytic peptides and other known 

background ions). All these data were processed by 

using the GPS Explorer software (V3.6, Applied 

Biosystems). MASCOT was used in searching for 

protein identification by NCBInr protein database. 

The mass tolerance was set at 75 ppm. Species search 

was limited to human. 

 

9. Western immunoblotting 
Total cell lysates were denatured with sample loading 

buffer and then subjected to sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) for 

protein separation. After transferred onto membranes, 

the proteins were probed with corresponding 

antibodies and detected by ECL detection reagents 

(GE, UK). The primary antibodies for cdc2, PARP 

and P21 were purchased from Cell Signaling 

(Beverly, MA, USA). Primary antibodies for cyclin 

B1, Bcl-2 and Bax were purchased from Santa Cruz 

Biotechnology (Santa Cruz, CA, USA). Anti-cdc2 

was from Abcam. Antibodies for β-actin and 

secondary anti-mouse and rabbit antibodies were 

from Sigma (USA). 

 

10. Statistical analysis 
Statistical analysis was done through Excel data 

analysis using a two tailed Student’s t-test and 

P<0.05 was considered statistically significant. Data 

are expressed as x±s of triplicate samples, and the 

reproducibility was confirmed in three separate 

experiments. 

 

III. Results 

1. EC109 cells show apoptotic characteristics 

with TBMS1 treatment 

After treatment with indicated concentration of 

TBMS1 (Figure 1) for 24 or 48 h, we concluded 

that IC50 of TBMS1 to EC109 was almost 45 

and 35 μmol/L at 24 and 48 h, respectively 

(Figure 2A,B). DNA laddering was analyzed 

after 30 and 45 μmol/L TBMS1 administration 

for 12 h in EC109 cells. The degradation of 

cellular DNA elevated in a dose-dependent 

manner (Figure 2C). In addition, typical 

apoptotic morphological changes of EC109 cells 

were detected by DAPI staining (Figure 2D). In 

Figure 2D, TBMS1-induced chromatin 

condensation was clearly detectable after 

TBMS1 treatment and a large amount of 

apoptotic bodies particularly appeared after 24 h. 

The percentage of apoptotic cells increased by 

about 13% and 40% over untreated EC109 cells, 

after 30 and 45 μmol/L TBMS1 treatment for 24 

h, respectively. All above data implicated that 

TBMS1 induced obvious apoptosis in EC109 

cells. 

 

 
 

Figure 2 The cytotoxicity induced by TBMS1 
in EC109. Concentration dependence of TBMS1 
cytotoxicity on EC109 cells with 24 h (A) or 48 
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h (B) treatment. C. DNA ladder was formed 
after TBMS1 treatment for 12 h at indicated 
concentrations (representative from three 
independent experiments); D. The cells were 
stained by DAPI and visualized by fluorescent 
microscope at indicated time; the values are 
listed as x±s of triplicate experiments (×320); *, 
P<0.05 compared with untreated EC109 cells 
 

2. Cellular proteins alter in response to 

TBMS1 administration 

S-PEK kit was used to separate the total proteins 

from EC109 into mainly 3 different parts, including 

cytoplasm, membrane and nucleus fractions (Figure 

3A). Figure 3A shows the representative 2-DE 

images for nuclear proteins extracted from EC109 

cells treated and untreated with 45 μmol/L TBMS1 

for 24 h. More than 1,000 protein spots were detected 

from MW 6-200 kDa and pI 3-10. The altered spots 

were exhibited in Figure 3B. The spots with great 

differences (up- or down-regulation over 2-fold) 

were selected to run MS. Finally, we identified 10 

proteins and their spot number, ID, MW/pI values, 

fold difference, scores and main function are listed in 

Table 1. These altered proteins are up-regulation of 

prohibitin (PHB), Tu translation elongation factor, 

mitochondrial (TUFM) and annexin A2; and down-

regulation of β-tubulin, γ-actin, heterogeneous 

nuclear ribonucleoprotein K (HNRNPK), 

nucleophosmin 1 (NPM1), lamin B2 (LMNB2), 

aldolase A and histone H1. 

 

TBMS1 causes mitochondrial dysfunction 

Considering that mitochondria were a kind of 

important organelles initiating apoptosis and 

proteomic changes related to glycolytic enzyme and 

mitochondrial stress, we further evaluated the 

function and corresponding markers of mitochondria-

associated proteins. The activity of caspase-3 and 

caspase-9 was firstly estimated (Figure 4A). Then, 

mitochondrial transmembrane potential (ΔΨm) was 

measured to detect the mitochondrial integrity by JC-

1 staining (Figure 4B). The activation of caspase-3 

and caspase-9 was observed upon TBMS1 treatment 

with different concentrations and the depletion of 

ΔΨm exhibited apparently under 45 μmol/L TBMS1 

for 6 h. 

The mitochondrial cell death pathway is regulated by 

Bcl-2 family. Particularly, the ratio of Bax (pro-

apoptotic member) to Bcl-2 (antiapoptotic member) 

is critical for MIS molecule release and the following 

caspase activation. Western blot analysis indicated 

that increased Bax expression was concurrent with 

suppressed Bcl-2 in a dose-dependent manner 

(Figure 4C). In addition, fluorescent analysis of AIF 

revealed that after 45 μmol/L TBMS1 exposure for 

12 h, AIF released from mitochondria to cytoplasm, 

even into nucleus (Figure 4D). These results 

confirmed that TBMS1 evoked mitochondrial 

dysfunction-related apoptosis in EC109 cells. 

 

 
 

Figure 3 2-DE analysis of subcellular proteomic 
from nuclear fractionation of EC109 cells after 
TBMS1 administration. A. Western blotting against 
protein markers for cytosolic (C), membrane (M) and 
nucleic (N) protein fractions (C, control; T, TBMS1 
treatment). After treated or untreated with 45 μmol/L 
TBMS1 for 24 h, representative 1-DE and 2-DE 
images from three independent experiments for 
nuclear proteins extracted from EC109 cells were 
exhibited; B. The interested altered protein spots of 
nuclear proteins from EC109 cells were identified by 
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MS 
 
The mitochondrial cell death pathway is regulated by 

Bcl-2 family. Particularly, the ratio of Bax (pro-

apoptotic member) to Bcl-2 (antiapoptotic member) 

is critical for MIS molecule release and the following 

caspase activation. Western blot analysis indicated 

that increased Bax expression was concurrent with 

suppressed Bcl-2 in a dose-dependent manner 

(Figure 4C). In addition, fluorescent analysis of AIF 

revealed that after 45 μmol/L TBMS1 exposure for 

12 h, AIF released from mitochondria to cytoplasm, 

even into nucleus (Figure 4D). These results 

confirmed that TBMS1 evoked mitochondrial 

dysfunction-related apoptosis in EC109 cells. 

 

Table 1. Protein alterations related to cell growth 
regulation in response to TBMSI exposure(25 umol/L 
for 24 h) 
Spot 

No.  

Protein ID  MW 

(kDa)/pI  

Difference 

(x±s)  

Score/CI

%  

Peptide 

count  

801  Prohibitin 

(PHB)  

30.0/5.57  +3.13±0.5 356/100  6  

382  β-tubulin  49.6/4.75  –2.83±0.36  250/100  12  

357  HNRNPK  50.9/5.39  –3.33±0.43  133/100  15  

366  TUFM  49.8/7.26  –2.74±0.24  120/100  11  

763  NPM1  32.6/4.64  –4.27±0.38  88/99.98  6  

462  LMNB2  69.9/5.50  –3.84±0.54  150/100  9  

474  actin, 

gamma 1  

41.8/5.31  –3.74±0.61  121/100  7  

556  Aldolase 

A  

39.4/8.30  –2.13±0.32  235/100  14  

520  Annexin 

A2  

38.0/7.57  +2.03±0.4 118/100  8  

800  Histone 

H1  

23.7/11.58  –2.22±0.31  96/99.98  8  

 

 

 
Figure 4 Mitochondrial dysfunction induced by 
TBMS1 in EC109 cells. A. The activation of caspase-
3 and -9 was evaluated by caspase activity kit after 
indicated concentration of TBMS1 treatment for 6 h; 
*, P<0.05 compared with untreated EC109 cells; B. 
Mitochondrial transmembrane potential (ΔΨm) was 
measured with JC-1 staining under 45 μmol/L 
TBMS1 for 6 h; C. Western blotting detected the 
proteins of Bcl-2, Bax and PARP-1 after 24 h 
TBMS1 treatment; D. Fluorescent analysis of AIF 
revealed after 45 μmol/L TBMS1 exposure for 12 h. 
All these results are representative from three 
independent experiments 
 

3. Modulation of G2/M cell cycle regulators 
by TBMS1 

Proteomic alteration also gave us a clue that TBMS1 

affects the proliferation of EC109. The soft agar 

colony formation assay was applied to monitor 

anchorage-independent growth, measuring 

proliferation in a semisolid culture media. In the 

present study, after TBMS1 treatment for 14 d, the 

number of colonies formed was significantly fewer 

than the untreated cells (P<0.001) (Figure 5A). 

Figure 5A clearly shows that TBMS1 caused a 

concentration-dependent reduction of colony 

formation, with 54.7% and 21.9% colonies 

corresponding to the treatment with 30 and 45 

μmol/L TBMS1, respectively. Further, we detected 

the cell cycle distribution via flow cytometry. Figure 

5B,C showed that the treatment with 45 µmol/L 
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TBMS1 for 12 and 24 h resulted in an increased 

population of G2/M phase cells, resulting in 15-24% 

cell increase in G2/M phase.  

Three regulatory molecules, cyclin-dependent 

kinases (CDKs), cyclins and cyclin-dependent kinase 

inhibitors (CDKIs), determine the cell cycle 

progression by controlling the cell cycle. CDK-cyclin 

complexes are the ultimate target of cell cycle 

transition. Western blot analysis in Figure 5D 

showed a strong decrease of cdc2 and cyclin B1 in 

both cytoplasm and nucleus fraction. Other negative 

regulators of CDKs are a family of inhibitory 

proteins known as CDKIs, including Cip1/P21 and 

Kip1/ P27. Our results revealed that TBMS1 

treatment caused a strong overexpression of 

Cip1/P21 in cytoplasm and nucleus (Figure 5D). We 

also detected the decrease of Cip1/ P21 with 

fluorescent analysis (Figure 5E), verifying that 

Cip1/P21 accumulated to the nucleus to interrupt the 

cell cycle progression. In this respect, our data 

suggest that TBMS1 affected cdc2/cyclin B1 

complex pathway and P21 expression and location, 

contributing to the G2/M arrest. 

 

 
Figure 5 Effect of TBMS1 on EC109 cell cycle 
distribution. A. EC109 cells were incubated with 
increasing concentrations of TBMS1 for 14 d and 
then the number of colonies was counted; *, P<0.05 
compared with untreated EC109 cells; B,C. An 
increased population of G2/M phase cells was 
evoked after treatment with 45 µmol/L TBMS1 for 
12 and 24 h; D. Western blotting detected the 
proteins of cyclin B1, cdc2 and P21 in cytosol and 
nucleus fractions after 45 μmol/L TBMS1 
administration for 24 h; E, Immunocytochemical 
analysis for the cytoplasmic and nuclear localization 
of P21 after 12 and 24 h treatment with 45 μmol/L 

TBMS1 by confocal microscope 

 

IV. Discussion 

TBM is the key herb constituent in the Chinese folk 

medicine to treat cancer for thousands of years. 

Numerous evidences indicated that TBMS1 is the 

crucial component of TBM with anticancer effect on 

several cancer cell lines. Especially, our previous 

results demonstrated that TBMS1 could induce death 

of HeLa, HepG2, A549 and HL-60 cells (data not 

shown). In addition, earlier reports demonstrated that 

TBMS1 has low toxicity in vitro and in vivo (10). 

This conclusion coincided with that triterpenoid 

saponins extracted from traditional Chinese herbal 

medicines have been shown low cytotoxicity to 

normal cells. Particularly, based on a long term 

clinical experience in traditional Chinese herb 

medicine for EC treatment, we suggested that 

TBMS1 could be used in chemotherapy and has low 

toxicity. Because ECSS is a main subtype of EC in 

China, here we choose EC109 as the cell model. In 

the present investigation, the evaluation of the 

mechanism underlying TBMS1-induced EC109 cell 

death could contribute to the development of TBMS1 

as a promising anticancer agent in ECSS treatment.  

From previous results, we have known that there 

is a broad spectrum of carcinoma cell species for 

TBMS1-induced cytotoxicity, including HeLa, A549, 

HL-60, SGC- 7901, PC-3 and Bel-7402 (11). Here, 

we examined the effect on EC109, showing the dose- 

and time-dependent cytotoxicity. Then, we evaluated 

TBMS1-induced alteration of nucleus morphology 

and DNA fragmentation, which indicated TBMS1-

associated apoptosis. To give an insightful 

understanding of TBMS1’s effects on EC109, 

nuclear comparative proteomic analysis was further 

carried out. Compared to the total protein profiling, 

this method will reveal more detailed information 
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from nucleus, implicating several involved cell 

signaling pathways. The altered spots proteins are 

listed in details as follows.  

LMNB2 is believed to be critical for eukaryotic 

cells in DNA replication and in the formation of the 

mitotic spindle. The absence or down-regulation of 

LMNB2 in HeLa cells was demonstrated to arrest 

cell growth and lead to apoptosis (12). β-tubulin is 

one of the essential components of microtubule and 

its dynamic alteration has been proposed as a target 

of anticancer drugs, inducing mitotic arrest of cells in 

the G2/M stage (13). HNRNPK belongs to the 

subfamily of ubiquitously expressed heterogeneous 

nuclear ribonucleoproteins (hnRNPs). Several 

experiments verified that HNRNPK acted as a 

cofactor for P53 in response to DNA damage (14-16). 

Knockdown of HNRNPK by siRNA inhibited 

pancreatic cancer cell growth and colony formation, 

implying its function during cell cycle progression 

(15).  

Of note, all these altered proteins in current study 

are located in nucleus; however, most of them 

participate in the integration cell signaling process 

between nucleuses and cytoplasm or mitochondria, 

such as TUFM, NPM1, PHB, aldolase A and annexin 

A2. TUFM plays a central role in protein translation 

in mitochondria. Thus, in our experiment, down-

regulation of TUFM will directly influence on the 

synthesis of mtDNA-encoded proteins, implicating 

the mitochondrial damage. Moreover, over-

expression of TUFM was proved to rescue 

mitochondrial dysfunction (17) and ShRNA-

mediated knockdown of TUFM in leukemic cells 

exhibited the similar outcome to the interrupted 

mitochondrial translation and antileukemia activity 

(18). NPM1 is multifunctional nuclear acidic 

chaperone, which moves between the nucleus and the 

cytoplasm involving in several processes, including 

ribosome biogenesis, chromatin remodeling, and 

mitosis as well as in DNA repair, replication and 

transcription (19). Expression of NPM1 is weak in 

normal hepatocytes and has an obvious positive 

correlation with the increased tumor grading and 

poor prognosis (20). In addition, suppression of 

NPM1 expression was found to enhance adriamycin 

chemosensitivity in adriamycin-resistant human 

gastric cancer cell line (21). NPM1 also plays an 

important role in the regulation of the alternate 

reading frame (ARF)-P53 tumor-suppressor pathway 

(22). PHB is an evolutionary conserved protein, 

involved in the regulation of cell growth, 

proliferation, differentiation, aging, and apoptosis 

(23,24). It was initially believed to be a chaperone 

with tumor suppression function that resides in the 

mitochondrial inner membrane (25); however, 

increasing evidence revealed that PHB also located 

in nuclear matrix and carried out its function through 

being exported from the nucleus to the mitochondria 

(26). Accumulation of PHB in nucleus may reflect 

the unsuccessful translocation to mitochondria and 

dysfunction of mitochondria. Aldolase A is a 

glycolytic enzyme, existing both in nucleus and 

cytoplasm (11), even in mitochondrial fraction (11). 

Knockdown of aldolase A in Ras-transformed NIH-

3T3 cells causes inhibition of the cell proliferation, 

whereas it could be recovered by exogenous aldolase 

A. Accordingly, knockdown of aldolase A by RNAi 

was indicated as a potential therapeutic target for 

cancer treatment (27). Annexin A2 is a pleiotropic 

protein and plays its role depending on its different 

location. It involved in diverse cellular processes 

such as cell motility, endocytosis, cell proliferation, 

apoptosis and cytoskeleton reorganization (11). Some 

evidence shows that annexin A2 could interact with 

PHB for its function (28).  

Therefore, based on the above analysis, these 

proteins mainly contributed to abnormal 

mitochondrial function and cell proliferation 

inhibition. Consequently, mitochondria-related 

function and TBMS1-induced cell proliferation were 
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further evaluated.  

Disruption of mitochondrial transmembrane 

potential and the elevated caspase-9 and -3 activities 

(Figure 5A,B) provided a powerful hints that intrinsic 

apoptotic pathway was involved in TBMS1-related 

EC109 cytotoxicity. The intrinsic apoptotic pathway 

is initiated mainly by the dysfunction of 

mitochondria, which is regulated via the Bcl-2 family 

proteins. In our current study, the apparently 

increased ratio of Bax to Bcl-2 and the cleaved-

PARP confirmed the mitochondria-initiated intrinsic 

apoptosis. In addition, after mitochondrial 

transmembrane damage, cytochrome c, 

Smac/DIABLO and AIF would release from the MIS. 

Especially, AIF, a mitochondrial flavoprotein, leaked 

out from MIS, and then translocated from cytoplasm 

to nucleus during apoptosis, finally leading to 

chromatin condensation and large scale DNA 

fragmentation independent of caspases (4,29-31). 

Therefore, our results implied that TBMS-1 induced 

mitochondrial intrinsic apoptosis through caspase-

dependent and -independent pathways.  

Next, we focused on the TBMS1-mediated 

proliferation and cell growth. TBMS1 inhibited the 

proliferation of EC109 and arrested the cells in the 

G2/M phase. Furthermore, we found the increased 

population of G2/ M cells has a great positive 

relation with elevated apoptotic population (Figure 

5B). The heterodimeric complex of cdc2 and cyclin 

B1 is the ultimate target of G2/M cell cycle. TBMS1 

decreased cdc2 protein levels, with a concomitant 

decrease in cyclin B1 expression in EC109 cells, 

both in cytoplasm and nucleus fractions.  

Besides cyclin and CDK complex, CDKIs are the 

other key regulators in the cell cycle progression. 

P21 is not only the principal mediator of G1-phase 

arrest in response to DNA damage (32), but also 

participates in the maintenance of cells in G2/M 

phase through multiple mechanisms (33). Although 

P21 has a relatively low affinity to cyclin B1-cdc2 

complex, it has been demonstrated to contribute to 

cdc2 inactivation by inhibiting the cdc2 

phosphorylation at Thr161 to enforce the G2/M DNA 

damage checkpoint (34). In current study, P21 was 

observed not only elevated expression, but also 

translocated to nuclear (Figure 5D,E), which further 

demonstrated its function on cyclin B1 and cdc2 

complex.  

In this project, we explored the alteration of nuclear 

proteins after TBMS1 exposure to EC109. From the 

identified protein, mitochondrial dysfunction and cell 

cycle arrest were speculated to involve in the process 

of TBMS1- mediated EC109 cell death. Further 

functional studies demonstrated that TBMS1-induced 

apoptosis is through mitochondrial intrinsic apoptosis 

and P21-cdc2/cyclin B1 signaling pathway. In 

addition, mitochondria-nucleus communication in 

TBMS1-induced EC109 cytotoxicity excites our 

attention, and it may be the main role in this process 

and deserved further investigation. 
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Abstract In this study, chest X-ray images from 
the “COVIDGR Dataset” were formalized, and both 
normal images and disease severity images (mild, moderate, 
and severe) were extracted by the discrete wave transform 
(DWT) method. The characteristics of Approximation, 
Horizontal, Vertical, and Diagonal were analyzed as normal, 
mild, and vector frequencies. The standardized pixel was a 
format of 512 x 512 images and was intended to include all 
lung fields, except the original image did not include the 
apex of the lung. The standardized images were extracted 
by DWT for the characteristics of Approximation, 
Horizontal, Vertical, and Diagonal and stored as 
COVIDGR-19 Feature Data. Theses data were entered into 
an Excel file to calculate the sum, and the average value 
was obtained and confirmed as the “Feature value of 
images by disease.” Experiments showed that images of 
severe disease had little or no Approximation, high 
Diagonal content, and similarity between the Horizontal 
and Vertical characteristics. Normal images had the largest 
proportion of Approximation because there was no change 
in frequency due to the absence of disease, while mild and 
moderate images were similar in Approximation, 
Horizontal, and Vertical but had a one-sided bias in small 
areas for Diagonal. It is hoped that the results of this study 
can be used as an important parameter in an automatic 
identification system of chest X-ray images to allow timely 
diagnosis of patients with COVID-19 and other lung 
conditions. 
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I. Introduction 

 
The World Health Organization (WHO) declared a 

global pandemic [1] on March 11, 2020, after the 

coronavirus disease 2019 (COVID-19) epidemic in 

China spread beyond a specific regional window to 

more than two continents [2]. Since establishment of 

the WHO in 1948, only two other pandemics have 

been declared: the “Hong Kong Flu” pandemic in 

1968, and the “Influenza A virus subtype H1N1” 

pandemic in 2009 [3].  

An unknown respiratory epidemic began in 

December 2019, in Wuhan, China, and gradually 

spread to all regions and countries of the world. On 

January 9, 2020, the WHO declared that it was a new 

strain of coronavirus officially named COVID-19 [4]. 

Throughout 2020, the pandemic occurred in 

developed countries, such as continental Europe and 

the United States, as well as around the world, with a 

total of 81,997,998 infections and 1,789,927 deaths 

as of December 31, 2020. [5]. In 2021, the 

coronavirus developed mutations named Beta, 

Gamma, and Delta; Delta mutations became the 
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predominant strain worldwide in the summer of 2021.  

Academic organizations are distributing research to 

overcome the COVID-19 pandemic, and universities, 

public research institutes, and pharmaceutical and 

biotechnology companies are working together to 

develop diagnostic methods, vaccines, and treatments. 

To date, diagnosis of COVID-19 has been verified 

using one of the three following methods [7]: 

 

Computed tomography (CT)-based evaluation: 

Three-dimensional images obtained from various 

angles can be analyzed, but small medical institutions 

often do not have these devices available. CT also 

requires more than 15 minutes of testing and has the 

disadvantage of radiation exposure. 

Reverse transcription polymerase chain reaction (RT-

PCR) examination: RT-PCR is a method of detecting 

viral RNA in sputum or non-pharyngeal swab 

specimens. Specific materials and equipment 

frequently are not accessible, and testing requires 12 

hours. This method has the limitation of needing an 

extended time for testing, which is not advantageous 

when positive patients must be identified as soon as 

possible. In addition, some studies have shown that 

RT-PCR results can produce false negatives in the 

same patient. If the RT-PCR test is positive, 

additional tests, such as CT scanning, might be 

required for confirmation. 

Chest X-ray (CXR): A method that requires less 

auxiliary equipment, involves lighter equipment, and 

can be administered using mobile medical devices. In 

general, CXR testing is an easy way to assess 

patients prior to RT-PCR and CT-scan testing. CXR 

is the most efficient method of testing for COVID-19 

in terms of both time and cost. 

 

Automatic determination of medical images by 

machine learning requires images to be acquired in a 

form that is stereotyped by image acquisition 

equipment and data mining (i.e., preprocessing) 

through feature extraction of acquired images [8]. It 

takes many steps to create models that incorporate 

pretreated image data (extracted feature values) and 

clinical data and to build an evidence-based decision 

tree. 

 

In this study, the CXR images of the “COVIDGR 

Dataset” were formalized. Normal images and 

COVID-19 patient images (mild, moderate, and 

severe) were extracted by discrete wavelet 

transformation (DWT) to characterize the low-

frequency region, horizontal high-frequency region, 

vertical high-frequency region, and diagonal high-

frequency region. It is believed that the results of this 

study can be used as an important parameter for an 

automatic identification system of CXR images that 

will be available in the future. 

 

II. Materials and methods 

 

1. COVIDGR Dataset 

The COVIDGR Dataset is part of a homogeneous 

and balanced database, COVIDGR-1.0, that includes 

positive RT-PCR patients who have been classified 

with mild, moderate, or severe COVID-19 and was 

developed in collaboration with the Hospital 

Universitario San Cecilio in Granada, Spain [8]. 

COVIDGR-1.0 contains 426 positive posteroanterior 

(PA) CXR images and 426 negative PA CXR images 

[7]. 
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Figure 1. A sample of the negative (normal) images 

in the COVIDGR-1.0 Dataset 

 

 
Figure 2. A sample of positive (severe) images in the 

COVIDGR-1.0 Dataset 

 
2. Extracting characteristics of chest X-ray 
images 

 

The Matlab wavelet toolbox was used to extract 

features of CXR images. A major challenge of 

wavelets is that time-frequency interpretation can be 

variable at the same time as the characteristics of 

Fourier’s interpretation of signals in the frequency 

domain. Because Fourier transforms do not have time 

information and cannot be used for time-frequency 

analysis, STFTs that introduce the time window 

concept for Fourier transforms are available. 

However, in the time-frequency analysis of STFT, 

there is no coherence of the underlying data, so 

sensitivity to singularity is reduced. Thus, a method 

to conduct a time-frequency analysis without 

compromising the toposociality of the base has been 

devised, which is the wavelet transformation [8]. 

The defining characteristics of time-frequency 

analysis by wavelet transformation are that the time 

resolution is high in the high-frequency domain and 

the frequency resolution is high in the low-frequency 

domain. Therefore, wavelet transformation is more 

effective in time-frequency analysis than is STFT 

because the rapidly changing signal’s position at the 

time of the change is important, and the period or 

frequency of the change is important for the gently 

changing signal [9]. 

The dwt2 command provided in the Matlab wavelet 

toolbox performs single-level, two-dimensional 

wavelet decomposition for specific wavelets or 

specific wavelet decomposition filters (Lo_D and 

Hi_D). 

[cA,cH,cV,cD] = dwt2 (X, “wname”) contains the 

wavelet name in the input matrix X and the string 

“wname”. 

[cA,cH,cV,cD] = dwt2 (X,Lo_D,Hi_D) calculates the 

two-dimensional wavelet decomposition based on the 

specified wavelet decomposition filter, as shown 

above. Here, Lo_D is a decomposition low-pass filter, 

and Hi_D is a decomposition high-pass filter, and the 

two are equal in length. Figure 3 shows an example 

of the wavelet transformation of the input images. 

 

 
Figure 3. An illustration of 2D DWT 

 

 
Figure 4. An example of wavelet decomposition 
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III. Experiment and Results 
 

The final goals of this study were to standardize 

aspects, to extract features by DWT using the 

COVID-19 dataset, and to establish a system for 

automatic determination of the presence or absence 

of COVID-19 lung disease through mechanical 

learning combined with clinical data. 

 

 
Figure 5. The research concept and final goal 

 

In this paper, we extracted the features shown in 

Figure 6, stored them as a COVID-19 feature dataset, 

and analyzed their spatial frequencies. 

 

 
Figure 6. A flowchart of the feature extraction and 

spatial frequency analysis process 
 

1. Image standardization 

The COVIDGR Dataset was assembled in 

collaboration with the Hospital Universitario San 

Cecilio in Granada, Spain, from the homogeneous 

and balanced COVIDGR-1.0 Database, which 

includes images of patients confirmed by RT-PCR as 

COVID-19-positive and ranked in severity as mild, 

moderate, or severe. However, many images obtained 

early in the COVID-19 pandemic were derived from 

basic CXRs. Therefore, the images in the COVIDGR 

Dataset were standardized according to the basics of 

chest imaging. Figure 7 shows examples of original 

and standardized images. 

 

 
Figure 7. Examples of standardization images 
 

2. Feature extraction 

The standardized images were extracted by DWT, 

and the average feature values obtained by disease 

severity by summing the feature values of the 

extracted images are shown in Tables 1 through 4. 

 

Table 1. Feature extraction values of normal images 

 
 

Table 2. Feature extraction values of mild images 
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Table 3. Feature extraction values of moderate 

images 

 
 

Table 4. Feature extraction values of severe images 

 
 

3. Spatial frequency analysis 

The average feature values extracted by disease were 

analyzed to determine the Approximation, Horizontal, 

Vertical, and Diagonal frequency characteristics. 

Figure 8 shows the low-frequency region of 

Approximation by disease severity. Normal images 

cover a large area; the mild and moderate images are 

similar, and the severe images do not appear at all. 

 

 
Figure 8. Spatial frequency analysis of the 

approximation data 

 

Figure 9 shows the Horizontal section by disease. 

The normal images cover a large area. The mild and 

moderate images are similar, and the severe images 

represent very small areas. 

 

 
Figure 9. Spatial frequency analysis of the 

Horizontal data 

 

Figure 10 shows the Vertical section by disease 

severity. The normal images and the mild and 

moderate severity images are similar, and severe 

images represent very small areas. 

 

 
Figure 10. Spatial frequency analysis of Vertical 

data 

 

Figure 11 shows the Diagonal characteristics by 

disease severity. The severe images represent a wide 

range, while the normal and moderate images are 
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similar. The mild images represent small areas and 

are skewed to one side. 

 

 
Figure 11. Spatial frequency analysis of the 

Diagonal data 

 

IV. Discussion 
 

Since the COVIDGR Dataset was obtained in urgent 

situations, there was a departure from the basic 

methods of breast imaging. Therefore, the images in 

the COVIDGR Dataset have been standardized to 

adhere to the basic methods of chest imaging (Figure 

7). The standardized pixel format included 512 x 512 

images and was intended to include all lung fields, 

except that the original image did not include the 

lung apex part. The standardized images were saved 

by DWT as the characteristics of Approximation, 

Horizontal, Vertical, and Diagonal are extracted and 

COVIDGR-19 Feature Data[10][11]. The COVIDGR-

19 Feature Data were entered into an Excel file to 

calculate the sum, and the average value was 

obtained and confirmed as the “Feature value of 

images by disease.[11][12]” A frequency 

(Approximation, Horizontal, Vertical, Diagonal) 

analysis was performed [10]. 

Approximation analysis revealed that normal images 

occupy a large area; mild and moderate images are similar, 

and severe images are not shown at all. Severe images are 

likely due to severe pneumonia, and most of the 

characteristic values are high-frequency (video-changing) 

components.  

The Horizontal images have a large area. The mild and 

moderate images are similar, and the severe images 

represent very small areas, resulting in similar results to the 

Approximation analysis. 

The Vertical images had similar results as the normal 

images, and the mild and moderate images represented 

very small areas. 

The Diagonal shows a wide range of severe images. The 

normal and moderate images are similar, while the mild 

images represent a small area, and the image appears to be 

skewed to one side. 

 

V. Conclusion 
 

In this study, the CXR images in the COVIDGR Dataset 

were formatted, and the features of the normal images and 

disease images (mild, moderate, and severe) were extracted 

by DWT in an approximation, horizontal, vertical high 

frequency region (Vertical) and a diagonal post-frequency 

region (Diagonal). 

The standardized format used 512 x 512 images and was 

intended to include all lung fields, except that the original 

image did not include the apex of the lung. The 

standardized images were extracted by DWT for the 

characteristics of Approximation, Horizontal, Vertical, and 

Diagonal and were stored as COVIDGR-19 feature data. 

The COVIDGR-19 feature data were entered into an Excel 

file to calculate the sums, and the average values were 

obtained and confirmed as the “Feature value of images by 

disease.” 

 

A frequency (Approximation, Horizontal, Vertical, and 

Diagonal) analysis of feature extraction values by disease 

severity produced the following results. 
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 Approximate: Normal images occupy a large area. 

Mild and moderate images are similar, and severe 

images are not present. 

Horizontal: Regular images cover large areas. Mild 

images and moderate images are similar, and severe 

images are very small.  

Vertical: Normal images and mild and moderate 

images are similar, while the severe images occupy 

very small areas. 

Diagonal: The severe images were broad in scope. 

The normal images and the moderate images were 

similar, and the mild images showed a small, one-

sided area. 

Studies have shown that severe images have little or no 

approximation, a high diagonal content, and similar 

horizontal and vertical values. Normal images traditionally 

have the largest proportion of approximation because there 

is little change in frequency due to the absence of disease. 

The mild images and moderate images were similar in 

approximation, horizontal, and vertical but produced a one-

sided bias in small areas in diagonal. 

 

The results of this study can be used for development of an 

automatic identification system of CXR images. 
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Abstract To detect brain glioblastoma, which is 
difficult to treat and has a very poor prognosis, a method 
for early detection on magnetic resonance imaging (MRI) 
using podoplanin (PDPN), a biomarker for glioblastoma, is 
proposed in the present study. Magnetic nanoparticle 
(MNP)-PDPN was prepared using manganese (Mn) iron 
targeting PDPN. Axial and coronal images of 3 brain 
model (GSC11_G19_No.4) mice were acquired with a 
9.4T high-magnetic field MRI, and an experiment was 
conducted. The mean value and standard deviation were 
larger in the image after the contrast agent (MNP-PDPN) 
was injected, confirming that injection of the contrast agent 
improved the image of the brain glioblastoma area. In 
addition, the area of the segmented image using the region 
of interest was large in the image obtained after injection of 
contrast agent (MNP-PDPN). PSNR evaluation showed 
values from 13.77 dB–20.09 dB. In conclusion, in the 
present study, the MNP-PDPN contrast agent was shown 
useful for early detection of brain glioblastoma. Future 
research is needed to develop a theragnostic technology to 
diagnose and treat glioblastoma simultaneously using 
MNP-PDPN. 
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I. Introduction 

Modern medicine is based on understanding human 

health and controlling the course of chronic diseases, 

correcting disabling physical conditions, and treating 

molecular deficiencies [1]. The expected medicine of 

the future will detect diseases at an early stage and 

develop into personalized and precision medicine 

based on individual diseases [2]. A brain tumor is a 

mass of cells that grow abnormally, and various types 

exist. Brain tumors can be benign or malignant, as 

well as primary or metastatic . Growth speed of a 

brain tumor varies greatly depending on the type of 

brain tumor, and the location and growth rate of the 

brain tumor have a significant effect on the nervous 

system. Among brain tumors, glioblastoma 

multiforme is a deadly intracranial cancer with an 

aggressive malignant progression. This tumor is 

highly resistant to conventional combination 

therapies such as traditional radiation and 

chemotherapeutic agents [3]. Therefore, early 

detection of glioblastoma is very important for 

effective treatment. Traditionally, magnetic 



resonance imaging (MRI) plays an important role in 

the imaging of angiogenesis in the tumor 

microenvironment and is important for predicting 

cancer metastasis [4]. However, MRI has low 

sensitivity. The use of optical imaging can increase 

sensitivity and compensate for the MRI shortcomings 

[5]. In particular, optical imaging can increase the 

contrast and sensitivity to new blood vessels, creating 

a synergistic effect. In the present manuscript, a 

technique is proposed for early detection of 

glioblastoma on MRI using podoplanin (PDPN) as a 

biomarker to detect glioblastoma, which is difficult 

to treat and has a very poor prognosis. Therefore, 

magnetic nanoparticle (MNP)-PDPN contrast agent 

was developed using manganese (Mn) iron targeting 

PDPN. For the experiment, images of 9 mouse brains 

(GSC11_G19_No.4) were acquired with a 9.4T high-

magnetic field MRI device. The image processing 

results confirmed good resolution using the MNP-

PDPN contrast agent. Future research goals include 

synthesizing the therapeutic agent in MNP-PDPN 

contrast agent to develop theragnostic technology 

targeting glioblastoma cells. 

 

II. Materials and methods 

 

1. Animal model and experimental 
procedure 

 
All animal experiments were conducted with the 

approval of the Association for Assessment and 

Accreditation of Laboratory Animal Care 

International. Female BALB/C-Slc nude mice 7–8 

weeks of age were anesthetized by intraperitoneal 

injection of Zoletil/Rompun mixture, and 200 mL of 

saline containing 1.0 × 107 GSC11 cells was injected 

into the brain. After cancer cell implantation, MRI 

was performed at 2–3 weeks. Glioblastoma 

multiforme is a lethal intracranial cancer that exhibits 

an aggressive malignant progression highly resistant 

to conventional combination therapies such as 

radiation and chemotherapy agents [3]. Therefore, 

early detection of glioblastoma is critical for 

effective treatment. Traditionally, because MRI plays 

a major role in the imaging of neovascularization in 

the tumor microenvironment, predicting the 

metastasis of cancer is very important [4]. However, 

MRI has low sensitivity, and use of optical imaging 

enables an increase in sensitivity and compensates 

for the disadvantages of MRI [5]. In particular, 

optical imaging can increase the contrast and 

sensitivity for new blood vessels, which can result in 

great synergy. 

 

2. Glioblastoma biomarkers 

Podoplanin (PDPN) is a transmembrane mucin-like 

protein broadly associated with lymphatic 

endothelium and lymphangiogenesis, and it augments 

the separation of blood and lymphatic vessels during 

embryonic development. Widespread PDPN 

expression has been described in various human 

tumors in which platelet aggregation caused by 

PDPN through C-type lectin-like receptor-2 (CLEC-

2) has been associated with metastasis [6]. In 

addition, PDPN has been linked to cytoskeleton 

regulation and increased migration and invasion. In 

gliomas, a grade-dependent expression of PDPN 

usually is found in tumor cells. 

 
3. Magnetic nanoparticles 

 

Manganese ferrite has become an important 

research area in the past two decades mainly due to 

its magneto-optical and magneto-resistive properties, 

which are applied in various fields from technology 

to medicine [7, 8]. Ferrites are usually metal oxides 

with iron as the main metallic constituent. These 

ferrites have a superparamagnetic property that 



allows wide use in the field of biomedical 

applications [9]. However, as most are susceptible to 

weak chemical stability, surface modification or 

doping of other elements is necessary. Therefore, 

researchers use doping elements such as Co, Mg, Mn, 

Zn, and Ni to produce chemically stable ferrites in 

biological systems and for tuning their magnetic 

behavior [10]. Among ferrites, Mn ferrite is a well-

known soft magnetic material with high coercivity, 

moderate magnetization, excellent physiochemical 

stability, and high cubic magneto-crystalline 

anisotropy, for which it is used for various biological 

applications [11]. Mn-doped ferrite is an efficient 

MRI contrast agent compared with magnetite 

because it has the same saturation magnetization as 

iron oxide but possesses a higher order of crystalline 

anisotropy, causing slower magnetic moment 

relaxation [12]. Furthermore, anisotropic 

nanostructures have attracted much interest in recent 

years [13]. Therefore, various synthesis techniques 

have been developed to produce different 

nanostructure shapes such as rods, prisms, 

octahedrals, and cubes. 

 

4. Image acquisition 

All MRI experiments were performed using a 9.4T 

Bruker BioSpec scanner (RF SUC 400 1H M-BR-

LIN ROAD, Bruker Medical Systems, Germany).  

 

Table 1. Results of 9.4T MRI 

 

Agent 

Inj. 
T2 Axial Image  

T2 Coronal 

Image 

Model_

1 

Befor

e inj. 

After 

inj. 

Model_

2 

Befor

e inj. 

After 

inj 

Model_

3 

Befor

e inj 

After 

inj. 

 

 

5. Image quality evaluation based on 

contrast agent injection 

Image quality evaluation characterizes the content 

and texture of an image. Basically, evaluation metrics 

can be categorized into primary, secondary, and 

higher-order scales. Primary metrics focus on 

properties such as mean intensity, standard deviation, 

and variance. Therefore, first-order metrics only 

measure individual pixels in the image and do not 

account for spatial relationships between pixels, 

ignoring neighbor relationships. Conversely, 

quadratic or higher metrics measure the properties of 

two or more pixels relative to each other at a specific 

location. In medical images, the mean often is used 



as a matrix representative value of pixels. The 

standard deviation of one of the scatter plots is 

representative of dispersion of the medical image 

pixel data around the mean. A standard deviation 

close to 0 indicates that the data values are 

concentrated near the mean, and a larger standard 

deviation indicates the data values are spread more 

widely. Peak signal-to-noise ratio (PSNR) is the 

maximum signal-to-noise rati, an objective 

measurement method that numerically indicates the 

difference between the image before contrast agent 

injection and the image after contrast agent injection 

during medical image evaluation. PSNR is most 

easily defined as the mean square error (MSE). 

Given a before contrast agent injection image m × n 

monochrome image I and an after contrast agent 

injection image approximation K, MSE is defined as: 

 

 

------------------------------------------------------------(1) 

 

The PSNR (in dB) is defined as: 

 

 

 

 

-----(2) 

 

Here, MAXI is the maximum possible pixel value of 

the image. When the pixels are represented using 8 

bits per sample, MAXI is 255. More generally, when 

samples are represented using linear pulse-code 

modulation (PCM) with B bits per sample, MAXI is 

2B-1. Image processing for image evaluation was 

performed with an M-program using MATLAB 

image processing toolbox as shown in Figure 1. 

 

 

Figure 1. MATLAB program for the experiment 

 

III. Experiment and Results 
 

1. Experimental process 

All MRI experiments were performed using a 9.4T 

Bruker BioSpec scanner (RF SUC 400 1H M-BR-

LIN ROAD, Bruker Medical Systems). The 

following parameters were used at room temperature 

for T2 and FLASH sequences: T2 sequence (Echo = 

1, TR = 2300 ms, TE = 22.0 ms, FA = 180 deg, TA = 

O h 4 m 54 s 400 ms, NEX = 2, FOV = 4.00); 

FLASH sequence (TR: 280.0 ms , FA = 25 deg, TA = 

O h 7 m 10 s, NEX = 4, FOV = 4.00). The 

experiment was evaluated by comparing the images 

before and after injection of contrast agent in the 

order shown in Figure 2. 

 

 
Figure 2. Experiment flow chart 



 

 

2. Experimental results 

To evaluate the 9.4T MRI images of brain 

glioblastoma before and after contrast agent injection, 

the acquired images were pre-processed with 256 × 

256-pixel 256-level grayscale images. The mean 

value and standard deviation of each pixel of the pre-

processed original image were calculated. Then, the 

distribution of pixels was confirmed on a histogram 

of the image, and the image was segmented after 

setting the region of interest. Tables 2–7 show the 

experimental results of T2 axial and T2 coronal 

images before and after contrast agent injection in 

experimental Models 1–3. 

 

Table 2. T2_Axial experimental results of Model_1 

 
 

Table 3. T2_Coronal experimental results of 
Model_1 

 
 

Table 4. T2_Axial experimental results of Model_2 

 
 

 

 

 
Table 5. T2_Coronal experimental results of 
Model_2 

 
 

Table 6. T2_Axial experimental results of Model_3 

 
 

 
Table 7. T2_Coronal experimental results of 
Model_3 

 
 

The experimental results showed larger mean and 

standard deviation in the image after contrast agent 

injection than in the image before injection. In the 

histogram, the background showed a much larger 

distribution of pixels, and the foreground area (with 

glioblastoma) showed a small value. When the image 

was segmented with the region of interest as the 

boundary of the threshold value, the image after 

contrast agent injection showed a larger segmented 

region than did the image before injection. 

 Table 8 shows the MSE and PSNR calculations for 

T2 sequence axial images before and after contrast 

agent injection for experimental Model 1. In the 

experiment, MSE was 636, root mean square error 

(RMSE) was 25.22, and PSNR was 20.09 dB. 

 

 



Table 8. T2 axial images of experimental Model 1 

Pre-injection Post-injection Result 

 

MSE 636.2 

RMSE 25.22 

PSNR 20.09 

 

Table 9 shows the MSE and PSNR calculations for 

T2 sequence coronal images before and after contrast 

agent injection in experimental Model 1. In the 

experiment, MSE was 2,727, RMSE was 52.22, and 

PSNR was 13.77 dB. 

 

Table 9. T2 coronal images of experimental Model 1 

Pre-injection Post-injection Result 

 

MSE 2,727 

RMSE 52.22 

PSNR 13.77 

 

Table 10 shows the MSE and PSNR calculations for 

T2 sequence axial images before and after contrast 

agent injection in experimental Model 2. In the 

experiment, MSE was 699.90, RMSE was 26.46, and 

PSNR was 19.68 dB. 

 

Table 10. T2 axial images of experimental Model 2 

Pre-injection Post-injection Result 

MSE 699.89 

RMSE 26.455 

PSNR 19.680 

 

Table 11 shows the MSE and PSNR calculations for 

T2 sequence coronal images before and after contrast 

agent injection in experimental Model 2. In the 

experiment, MSE was 1,570, RMSE was 39.62, and 

PSNR was 16.70 dB. 

 

Table 11. T2 coronal images of experimental Model 

2 

Pre-

injection 
Post-injection Result 

MSE 1,570.33 

RMSE 39.6274 

PSNR 16.1709 

 

Table 12 shows the MSE and PSNR calculations for 

T2 sequence axial images before and after contrast 

agent injection in experimental Model 3. In the 

experiment, MSE was 2,006, RMSE was 44.78, and 

PSNR was 15.11 dB. 

 

Table 12. T2 axial images of experimental Model 3 

Pre-injection Post-injection Result 

MSE 2,005.9 

RMSE 44.78 

PSNR 15.10 

 

Table 13 shows the MSE and PSNR calculations for 

T2 sequence coronal images before and after contrast 

agent injection in experimental Model 3. In the 

experiment, MSE was 1,983, RMSE was 44.53, and 

PSNR was 15.16 dB. 

 

Table 13. T2 coronal images of experimental Model 

3 

Pre-injection Post-injection Result 

  

MSE 1,983 

RMSE 44.53 

PSNR 15.15 

 

 

IV. Discussion 



 
Improving medical imaging or visual quality of 

digital images can be subjective, and it is uncertain 

whether one method produces a better-quality image. 

Therefore, establishing quantitative/empirical 

measures to compare the effect of image 

enhancement on image quality is necessary [14]. 

Quality analysis of medical images characterizes the 

content and texture of the image. Basically, rating 

scales can be classified into primary (first-order), 

secondary (second-order), and higher-order scales. 

Primary metrics focus on properties such as mean 

intensity, standard deviation, and variance and only 

measure individual pixels in the image. A first-order 

metric does not account for spatial relationships 

between pixels, leaving out neighbor relationships. A 

quadratic or higher metric measures the properties of 

two or more pixels relative to each other at a specific 

location. MSE is used to measure the difference 

between an expected outcome and the actual 

outcome. This metric is a variance measure and can 

be used to analyze image enhancements such as noise 

and blur removal [14]. The PSNR is an important 

metric used to measure the quality of the image when 

enhanced by a contrast agent. Higher PSNR value 

indicates higher quality rate. The MSE determines 

the PSNR value. When comparing two images, 

PSNR is calculated as the MSE between the pixel 

intensities and taking the ratio of the maximum 

possible intensity to the result of the calculation. The 

standard value of PSNR is 35–40 dB. In general, a 

higher PSNR value corresponds to a better-quality 

image. The PSNR standard value is subjected to 

correlation analysis and depends on MSE, which is 

indirectly proportional to the PSNR. The histogram 

represents the frequency of differences in intensity 

between two images [14]. 

 

1. Mean and standard deviation before 

and after contrast agent injection 

 

Average intensity plays a role in image contrast; the 

higher is the value, the greater is the contrast in the 

image. The average value represents the contribution 

of individual pixel intensities to the overall image. 

The standard deviation quantifies the amount of 

change in the image. This is an optimal metric for 

evaluating the quality of enhanced images and can be 

used in applications where images are enhanced by 

injecting a contrast agent. Table 8 shows the pixel 

mean values and standard deviations of the axial and 

coronal plane images before and after injection of 

contrast agent in experimental Models 1–3; the mean 

value and the standard deviation are larger in the 

image after contrast agent injection. 

 
Table 14. Mean and standard deviation  

 
 

Figures 3 and 4 are graphs showing the contents of 

Table 14; the images after injection of the contrast 

agent in experimental Models 1–3 show larger values. 

 

 
Figure 3. Mean and standard deviation of axial plane 

images 

 



 
Figure 4. Mean and standard deviation of coronal 

plane images 

 

2. PSNR evaluation before and after 

contrast agent injection 

 

Higher PSNR value indicates higher quality rate. The 

MSE determines the PSNR value. When comparing 

two images, PSNR is calculated using the MSE 

between the pixel intensities and the ratio of the 

maximum possible intensity to the result of the 

calculation. In general, a higher PSNR value 

corresponds to a higher-quality image. The PSNR 

standard value is subjected to correlation analysis 

and depends on MSE, which is indirectly 

proportional to the PSNR. 

 

Table 15. MSE, RMSE, and PSNR values 

Model Plane MSE RMSE PSNR 
(dB) 

Model_1 
Axial 636.25 25.22 20.09 

Coronal 2,727 52.22 13.77 

Model_2 
Axial 699.9 26.46 19.68 

Coronal 1,570 39.63 16.17 

Model_3 
Axial 2,005 44.79 15.11 

Coronal 1,983 44.53 15.16 
 

 

V. Conclusion 
 

Herein, a method was proposed for early detection of 

glioblastoma based on MRI using PDPN as a 

biomarker to detect glioblastoma, which is difficult 

to treat and has a very poor prognosis. The mean 

value, standard deviation, histogram, image 

segmentation, and PSNR of images acquired before 

and after contrast agent injection using the 9.4T MRI 

device were evaluated. Consequently, the following 

conclusions were obtained. 

1. The mean value and standard deviation showed 

larger values in the image after contrast agent (MNP-

PDPN) was injected, confirming that injection of the 

contrast agent enhanced the image of the brain 

glioblastoma area. 

2. The area of the segmented image using the region 

of interest was large in the image obtained after 

injection of the contrast agent (MNP-PDPN), 

confirming that injection of the contrast agent 

enhanced the image of the brain glioblastoma area. 

3. Based on PSNR evaluation, the values ranged 

from 13.77–20.09 dB. 

In conclusion, in this study, the MNP-PDPN contrast 

agent was useful for early detection of brain 

glioblastoma. Future research to develop a 

theragnostic technology for simultaneous diagnosis 

and treatment of glioblastoma using MNPs-PDPN is 

needed. 
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Abstract In this randomized, double-blind, dose-
ranging, multicenter trial, 84 patients with visceral 
leishmaniasis refractory to antimony therapy were 
administered liposomal amphotericin B (AmBisome) at 
cumulative doses of 3.75, 7.5, and 15.0 mg/kg for 5 
consecutive days. Posttreatment apparent cure and definite 
cure were assessed at 2 weeks and 6 months after the end 
of therapy, respectively. Mild to moderate infusion-related 
fever and rigors were seen in 29 and 44% of patients, 
respectively. One patient each in the 3.75- and 7.5-mg 
groups had detectable parasites on splenic smear at 
posttreatment evaluation. At 6 months’ follow-up, however, 
2, 1, and 1 patients relapsed in the 3.75-, 7.5-, and 15.0-mg 
groups, resulting in definite cure rates of 89, 93, and 97%, 
respectively. There was no significant difference in the cure 
rates of the 3 groups. Low-dose liposomal amphotericin B 
given for 5 days can cure most patients with Indian kala-
azar 
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1. INTRODUCTION 

Visceral leishmaniasis (VL), also known as kala-azar, 

affects a large population (12 million) in Bihar and 

neighboring states in India, with an estimated annual 

incidence of 100,000–250,000 cases.1 If untreated, 

the disease is almost always fatal. Sodium 

stibogluconate (Sbv ) is the first-line drug for its 

treatment. For the last 2 decades, there has been a 

steady decline in the response to Sbv ; 37–64% of 

patients currently fail to be cured by antimony 

treatment.2–3 Alternative drugs are pentamidine and 

amphotericin B, but both are toxic. Declining 

efficacy of pentamidine4 leaves only amphotericin B 

for these Sbv -refractory patients. Administration of 

amphotericin B, which is given on alternate days for 

1 month or more, is associated with infusion-related 

chills, rigors, and fever and with cardiac and renal 

toxicity.5,6 In order to alleviate the side effects, as 

well as to improve efficacy by targeted delivery, 

lipid-associated amphotericin B has been used in 

patients with refractory VL in India and elsewhere.7–

14 The high cost of lipid formulations of 

amphotericin B puts them beyond the reach of most 

patients in developing countries. In this multicenter, 
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dose-ranging study, low-dose liposomal amphotericin 

B (AmBisome, Gilead Sciences, Inc., Foster City, 

CA) was used for 5 days in an effort to find an 

affordable and effective regimen for patients 

refractory to initial Sbv treatment. The aim of the 

trial was to determine the lowest dose of liposomal 

amphotericin B able to cure at least 90% of the 

patient population 

 

 

2. PATIENTS AND METHODS 

 
Eighty-four patients enrolled in this trial were 

randomized to receive the following regimens of 

liposomal amphotericin B infusions: 1) Group A, 

0.75 mg/kg per day for 5 consecutive days 

(cumulative dose, 3.75 mg/kg); 2) Group B, 1.5 

mg/kg per day for 5 consecutive days (cumulative 

dose, 7.5 mg/kg); and 3) Group C, 3.0 mg/kg per day 

for 5 consecutive days (cumulative dose, 15 mg/kg). 

Four centers participated, and recruitment of 21 

patients (7 per group) at each center was planned. 

The ethical committees of the Institute of Medical 

Sciences, Banaras Hindu University; the Kala-azar 

Research Center, Muzaffarpur; Balaji Uthan 

Sansthan, Patna; and the Kala-azar Research Center, 

Darbhanga, approved the protocol, and the trial was 

conducted as per Good Clinical Practices (ICH E6) 

and the Declaration of Helsinki. Written informed 

consent from patients or legal guardians of minors 

were obtained before the inclusion in the trial, which 

included consent for the pre- and posttreatment 

splenic/bone marrow aspirates and testing for human 

immunodeficiency virus (HIV). Patients of any age 

or sex were eligible for enrollment into the trial if 

they had signs and symptoms of VL confirmed by 

the presence of parasites in splenic or marrow 

smears if they had failed to respond or VL relapsed 

after a full course of Sbv treatment. Pregnant or 

lactating women, HIV-positive patients, and 

intravenous drug abusers were excluded from the 

trial. Patients were randomized into preassigned 

treatment groups by the sealed-envelope technique, 

and liposomal amphotericin B was administered by 

an independent coinvestigator who broke the seal of 

the envelope and prepared infusions. The drug was 

dissolved in 50–100 mL of 5% dextrose solution and 

administered for 30–60 min. No premedication was 

used. Patients, principal investigators, and other 

workers were blinded to the dose used. Codes were 

broken after the end of the study, after the 

completion of 6 months of follow-up for all the 

patients. Clinical examination and laboratory 

investigations were performed before treatment, 

immediately after treatment (Day 5), and 2 weeks 

after the end of treatment (Day 19). Splenic or 

marrow smears for parasitological examination were 

performed before the start of treatment and 2 weeks 

after the end of therapy (Day 19).  

 

1. Apparent cure.  

Evaluation of apparent cure was performed 2 

weeks after the end of treatment (Day 19), which 

was defined as resolution of fever, regression of 

splenomegaly, and absence of parasites in splenic 

or marrow smear. Once apparent cure had been 

established, patients were followed for 6 months. If 

symptoms recurred within this period, splenic or 

marrow smears were examined for relapse of 

disease, and patients with documented relapse were 

given highdose (25 mg/kg) liposomal amphotericin 

B as rescue treatment.  

 

2. Definite cure.  

After posttreatment apparent cure, patients were 

followed for at least 6 months for evaluation of 

definite cure. Patients were designated as definitely 
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cured if there was absence of signs and symptoms 

of VL after 6 months of follow-up.  

 

 
 

3. Statistical analysis.  

Comparison of the trial groups was performed by 

the Kruskall-Wallis test for ordinal/continuous data 

(and the chi-square test for nominal data). The 

Conchran Armitage trend test was used to evaluate 

dose response. Fisher’s exact test was used to 

compare groups by means of pairwise comparison 

with 95% confidence intervals. The Wilcoxon 

matched-pair signed-rank test was used to evaluate 

changes from baseline. The sample size calculation 

was based on a complete cure rate hypothesis of 90% 

for the highest dose and 50% for the lowest dose. 

To detect a difference of 40% in cure rates with a 

power of 80% and a significance level of 5% in a 

2-tailed approach, 25 patients per treatment arm 

were required. 

 

3. RESULT 
 

Eighty-four patients were treated with this protocol, 

28 patients in each of the 3 groups. Seventy-eight 

(93%) of 84 patients were unresponsive to their 

initial sodium stibogluconate treatment; the 

remaining 6 patients (7%) relapsed after initial cure. 

Clinical and laboratory characteristics of the patients 

are provided in Table 1. Although randomization and 

treatment was blinded, Group A was significantly 

younger, which contributed to the lower mean weight 

(P 0.043) of this group. Otherwise no significant 

difference in other clinical or laboratory parameters 

between groups was seen. At posttreatment 

evaluation on Day 19, a decrease in spleen size and 

rise in hemoglobin, white blood cell count, and 

platelets were seen. Compared with baseline values, 

changes in these parameters were similar among the 

3. groups and was not drug-dose dependent (Table 1). 

One patient each in Groups A and B had detectable 

parasites in splenic smears; these patients were 

considered to have failed to respond to primary 

treatment. One patient in Group C failed to return for 

the Day 19 follow-up. Thus, in the initial short-term, 

posttreatment evaluation, 27 patients (96%) each 

were free of parasites and were considered 

apparently cured. Patients were followed up for 180 

days. Two patients in Group A, one in Group B, and 

one in Group C relapsed with recurrence of fever, 

splenic enlargement, and presence of parasites in the 

splenic/marrow smears. The missing patient of 

Group C returned for a final evaluation at Day 180 

and was found to be free of disease. Nonresponding 

patients as well as those who relapsed during the 

follow-up period were given a high dose of 

amphotericin B (25 mg/kg cumulative dose) as 

rescue medication and were cured successfully. None 

of the patients died during the study. 

 

 

With a cumulative dose of 3.75 mg/kg (Group A), 7.5 

mg/ kg (Group B), and 15 mg/kg (Group C) of 

liposomal amphotericin B, long-term (definite) cure 

occurred in 89, 93, and 96% patients, respectively. 
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No significant difference was seen between the cure 

rates of the 3 groups (Table 2). Overall, liposomal 

amphotericin B was well tolerated. The most 

frequent side effects were observed during infusion. 

Forty-six episodes of infusion-related rigors were 

experienced by 37 patients (96%); 91% of the 

episodes were of mild intensity. Thirty patients (36%) 

experienced rigor only once. Similarly, 49 episodes 

of fever were recorded in 25 patients (30%), 

occurring only once in 13 of the 84 patients included 

in the trial. Elevation of temperature was considered 

mild in 34 of 49 of the episodes, and 11 episodes 

were of moderate intensity. Eight patients (30%) 

experienced back or lumbosacral pain, which in 2 

patients was of severe intensity. This occurred in one 

patient each of Groups B and C. Seven patients (8%) 

had one episode of vomiting during the treatment 

period. There was no significant change in renal or 

hepatic biochemistry, although in 7 patients (8%), 

there was grade I rise (up to 1.26–2.5 times of upper 

limit of normal value) in serum creatinine, which had 

returned to normal by the posttreatment evaluation 

on Day 19. No hepatic or bone marrow toxicity was 

detected. Overall, the incidence of adverse reactions 

was similar among the 3 treatment groups. No 

serious adverse events related to this formulation of 

liposomal amphotericin B were recorded.  

 

4. Discusion 

The liposomal amphotericin B preparation was 

effective in curing antimony-unresponsive patients in 

all 3 dosage groups. In India, conventional 

amphotericin B has been shown to be remarkably 

effective at low doses in the treatment of VL. The 

lowest reported effective cumulative dose of 

conventional amphotericin B has been 7 mg/kg, with 

a cure rate of 98%.15 In one study, 84% of the 

patients, who were treated with a cumulative dose of 

5 mg/kg of amphotericin B lipid complex (Abelcet, 

Liposome Co., Princeton, NJ), were cured of Indian 

VL.8 Liposomal amphotericin B is approved in 

several European countries for primary treatment of 

VL, and the U.S. Food and Drug Administration 

approved it recently, recommending a total dose of 

21 mg/kg16; however, in a pilot trial in Indian VL, 

liposomal amphotericin B in cumulative doses of 6, 

10, and 14 mg/kg cured all 10, 9, and 10 patients, 

respectively.11 The cumulative dose of 3.75 mg/kg 

of amphotericin B is by far the lowest total dose of 

amphotericin B used for the treatment of VL. 

Nevertheless, even at this low dose, 96% of patients 

were cured initially, a rate similar to those treated 

with 7.5 and 15 mg/kg. Given that 2 patients in the 

3.75 mg/ kg group and one each in 7.5 and 15 mg/kg 

group relapsed, a definite cure rate of 89, 93, and 97% 

was achieved with these 3 groups, respectively. The 

differences in these cure rates were not statistically 

significant because the sample size was too small to 

measure a small effect. Although infusion-related 

reactions were measured, they were milder than those 

usually seen with conventional amphotericin B 

treatment. Although clinical availability of liposomal 

amphotericin B is a major therapeutic advance in the 

treatment of leishmaniasis, it may remain out of 

reach of most patients with VL because of its higher 

cost. The low-dose regimens evaluated here not only 

reduce the cost by one third to one sixth of the 

currently recommended doses, but the shortened 

duration of treatment reduces the usual hospital stay 

from  5 weeks or more to just 5 days. The shortened 

hospital stay will further reduce the hospital cost and 

the person-days lost for both patients and attendants, 

and it will increase the availability of hospital beds 6- 

to 7-fold. Although hospital and other associated 

costs in India are not high, they can partially offset 

the higher cost of the drug. The decreased number of 

infusions from 15 or more to 5 reduces the costs of 

fluids, tubing, and other hospital supplies. Of course, 
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patients who either fail to respond to treatment or 

who relapse after initial cure have to be retreated, and 

while calculating the cost of therapy, we took into 

account the cost of retreating this subset of patients. 

Safety of antileishmanial drugs is a major concern in 

the treatment of VL, as all available antileishmanial 

drugs result frequently in drug-induced toxicity. 

Conventional amphotericin B is frequently associated 

with moderate to severe infusion-related reactions. 

Premedications such as antipyretics, antihistamines, 

and hydrocortisone are often used. Thrombophlebitis 

and sudden death due to drug-induced myocarditis 

are other serious problems encountered with 

conventional amphotericin B.5,6 In this trial, the 

incidence of adverse reactions was low, and they 

were minor. In some patients, a mild but reversible 

rise in serum creatinine was observed. Infusion-

induced reactions of a milder nature were only seen 

in one third of the patients, and these did not require 

any intervention. Infusion-related side effects with 

amphotericin B occurred less frequently compared 

with amphotericin B lipid complex.7 This trial 

supports other reports in the conclusion that that 

liposomal amphotericin B can be used at low doses 

in a short course without compromising its 

efficacy.17 Although no statistically significant 

differences where measured between the 3 treatment 

groups, the lowest effective cumulative dose 

reaching the definite cure rate level of 90% is 7.5 

mg/kg. Liposomal amphotericin B is safe and well 

tolerated. However, if it is to be used in epidemics in 

Bihar or elsewhere in the world on a large scale, 

purchase of this drug needs to be available 

commensurate with resources of the health care 

system.  
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