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ABSTRACT

Chemotherapy is a major etiology of cachexia, and ginseng have various anti-cachetic and 

health-promoting effects such as inhibiting inflammation and promoting energy production. 

BST204 is ginseng purified dry extract containing multiple ginsenosides that can reduce 

chemotherapy-related fatigue and toxicity.

To investigate the effects of BST204 on the alleviation of chemotherapy-induced cachexia 

using a multimodal approach.

In a CT26 mouse syngeneic colon cancer model, cachexia was predominantly induced by 

chemotherapy with 5-fluorouracil (5-FU) rather than tumor growth. BST204 at doses of 100 

or 200 mg/kg was administered to 5-FU-treated mice.

BST204 significantly mitigated the decrease in tumor-excluded body weight (change in 5-

FU group and BST204 groups: -13% vs. -6% on day 7; -30% vs. -20% on day 11), muscle 

volume (-19% vs. -11%), and fat volume (-91% vs. -56%). The anti-cachetic effect of BST204 

was histologically demonstrated by an improved balance between muscle regeneration and 

degeneration and a decrease in muscle cross-sectional area reduction.

Chemotherapy-induced cachexia was biochemically and metabolically characterized by 

activated inflammation, enhanced oxidative stress, upregulated protein degradation, 

downregulated protein stabilization, reduced glucose-mediated energy production, and 

deactivated glucose-mediated biosynthesis. These adverse effects were significantly impacted 

by BST204 treatment. Overall, our multimodal study demonstrated that BST204 could 

effectively alleviate chemotherapy-induced cachexia.

Keywords: Chemotherapy-induced Cachexia, BST204, Multimodal study
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I. INTRODUCTION

Cancer cachexia, a complex metabolic syndrome characterized by the severe loss of body 

weight (BW), which deteriorates the quality of life of cancer patients. In addition to tumor 

growth, the adverse effects of chemotherapy are a major etiologic factor in cachexia, and could 

trigger oxidative stress, inflammation, ubiquitin-dependent catabolism, and nitrogen 

imbalance [1]. These unfavorable responses rather than the tumor growth itself may have a 

stronger effect on cachexia development. Accordingly, various treatment strategies have been 

developed to alleviate cancer cachexia [2].

Ginseng is an important natural product for use in the supportive therapy of cancer patients 

[3]. BST204 is Ginseng purified dry extract that suppresses chemotherapy-related fatigue and 

toxicity [4]. High concentrations of ginsenosides, the major pharmacological components of 

ginseng, particularly Rh2 (7.1%) and Rg3 (12.1%) in BST204 can effectively reduce 

inflammatory activity and nitric oxide production [5]. Other components (e.g., Rg2 and Rg5) 

also inhibit inflammation and oxidative stress and prevent muscle insulin resistance [6-9]. 

Therefore, it is important to validate BST204 treatment effects for chemotherapy-induced 

cachexia.

While analyzing multi-component agents such as BST204, a multimodal approach is 

required to understand their pharmacological modes of action. In this study, the

morphological severity of cachexia was estimated using tumor-excluded BW, and the muscle 

and fat volumes were separately measured by magnetic resonance imaging (MRI). Then, the 

changes in weight and volumetric indices were pathophysiologically interpreted using 

histological, biochemical, and metabolomic parameters. Finally, based on the results, we 

evaluated the effect of chemotherapy on the development of cachexia and the anti-cachexic 

mechanism of BST204.
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� . MATERIALS AND METHODS

1. Study design

Detailed information on study design is presented in Figure 1. We generated a cachexia 

model by administering 5-fluorouracil (5-FU) to CT26 colon cancer mice based on the 

following rationales: (a) a CT26 syngeneic colon cancer model allows easy establishment 

and monitoring of cachexia [10]; (b) cachexia degree may vary according to clinically 

used combination regimens for colon cancer [1] such as FOLFOX, FOLFIRI, and 

FOLFIRINOX [11]; and (c) 5-FU is commonly included in these combination regimens 

[12] and can consistently induce cachexia [13-16].

Eight-week-old male BALB/c mice were used in this study. Mice were randomized into 

five groups (n = 10 each): untreated, non-tumor-bearing mice (NTB group); untreated, 

tumor-bearing mice (TB group); tumor-bearing mice receiving 5-FU (5-FU group); 

tumor-bearing mice receiving 5-FU and 100-mg/kg BST204 (BST204100 group); and 

tumor-bearing mice receiving 5-FU and 200-mg/kg BST204 (BST204200 group).

CT26 murine colon carcinoma cells (1 × 106) resuspended in 100 μL of phosphate-

buffered saline were subcutaneously implanted in the right flank of mice.

When tumor volumes reached 100–200 mm3 (approximately 10 days after tumor cell 

injection), day 0 was assigned and drug administration started for 5-FU and BST204 

groups. BST204 (batch number 31037/H1) was obtained from Green Cross Wellbeing 

(Seongnam, South Korea), and 5-FU was purchased from Sigma-Aldrich (St. Louis, MO, 

USA). 5-FU (50 mg/kg) was injected intraperitoneally in 3-day cycles (1st cycle: days 0–

2; 2nd cycle: days 6–8), in doses that did not exceed the clinically acceptable [17]. BST204 

(100 or 200 mg/kg) was orally administered in 5-day cycles (1st cycle: days 0–4; 2nd cycle: 

days 6–10). The BST204 doses were determined according to its effects on 

chemotherapy-related fatigue and toxicity [4].

The endpoint of our study was determined according to IACUC guidelines, which 

recommend euthanasia with a maximum tumor volume of 1,500 mm3 and a BW loss of 
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20%. Therefore, our study period was limited to day 11. At this point, the change in tumor 

volumes was up to 810%, and significant cachexia was observed.

2. Animals and cell lines

This study was reviewed and approved by the Institutional Animal Care and Use 

Committee of Asan Medical Institute of Convergence Science and Technology, Seoul, 

Korea (IACUC number: 2017-01-050). All procedures were performed according to the 

relevant guidelines of the National Cancer Institute.

All animals were purchased from Orient Bio (Seongnam, Korea). Five mice were housed 

per individual cage with environmental enrichment. The housing facility was maintained 

at automatically controlled system with temperature (24 ± 1 °C), humidity (50 ± 10%) 

and lighting (12-hour light/dark cycle, lights on at 08:00 AM). Food and water were 

provided ad libitium throughout the experimental period.

Murine CT26 cells (Korean Cell Line Bank, Seoul, Korea) had been cultured in RPMI 

1640 supplemented with 10% fetal bovine serum, 100 U/mL penicillin, and 100 μg/mL 

streptomycin and maintained at 37 °C in a humidified incubator with 5% CO2

3. MRI for measuring muscle and fat volume

The muscle and fat volumes were separately estimated by MRI. MRI was performed on 

days 0 and 11. MR images were acquired using a 9.4-T system (Varian; Agilent 

Technologies, Palo Alto, CA, USA). T1-weighted images were acquired using a fast spin 

echo pulse sequence (TR = 1100 ms, TE = 10.75 ms, average = 1, field of view = 30 × 30 

mm, slice thickness = 1 mm, matrix size = 128 × 128). The region of interest was drawn 

to include all muscle and fat in each mouse, and these parameters were calculated using 

Image J software (National Institutes of Health, Bethesda, MD, USA).
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4. Body and muscle weight

To exclude the effect of increasing tumor weight on the assessment of cachexia severity, 

we measured the tumor-excluded body weight (BW) rather than the total BW twice a 

week. The tumor volume (width2 × length × 0.52) was measured with a digital caliper 

and converted to tumor weight by assuming a density of 1 g/cm3 (Figure 2). Then, the 

tumor-excluded BW was calculated as the difference between total BW and tumor weight.

As an additional parameter, the weight of the tibialis anterior and gastrocnemius muscles 

was measured immediately following the sacrifice of mice on day 11.

5. Histological analysis

After sacrifice on day 11, the tibialis anterior muscles were removed and fixed 

in 4% paraformaldehyde overnight. The muscle samples were then embedded into 

paraffin blocks. Sections (3-μm thickness) were stained with hematoxylin and 

eosin. Muscle degeneration was assessed according to the number of hyalinized 

and hypereosinophilic muscle fibers per total fibers (approximately 2500) [18, 19]. 

Muscle regeneration was assessed according to the number of muscle fibers with 

central nuclei per total fibers [20]. The cross-sectional area (CSA) of each muscle 

fiber was analyzed using ImageJ software.

6. Biochemical and metabolomics assay

To obtain information on a molecular level, we assessed the levels of 

inflammation, oxidative stress, protein degradation, glucose-mediated energy 

production, and glucose-mediated biosynthesis in the muscle and plasma. 

Inflammation degree was estimated based on interleukin-6 (IL-6) and histamine 

concentrations, which are widely used inflammation measurement parameters [4, 

21], as well as kynurenine, since tryptophan is converted to kynurenine during 
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inflammation [22]. Oxidative stress was measured using methionine sulfoxide, 

produced from free and/or protein-biding methionine by reactive oxygen species 

[23]. Protein degradation severity was evaluated based on protein-composing and 

protein-stabilizing amino acids. Specifically, hydroxyproline was used as an 

indicator of protein stabilization, as it promotes sharp twisting of the collagen 

triple helix [24]. Glucose-mediated energy production was assessed measuring 

glycolysis and tricarboxylic acid (TCA) cycle activities. Finally, glucose-

mediated biosynthesis was evaluated by the pentose phosphate pathway activity, 

as it contributes to fatty acid, nucleotide, nucleic acid, and aromatic amino acid 

synthesis [25].

7. Plasma IL-6 measurement

For plasma samples, whole blood was harvested via cardiac puncture at 

terminal stage of the experiment and collected in Ethylenediaminetetraacetic 

acid (EDTA) containing tubes [26]. To collect plasma, centrifuge the blood 

sample for 15min at 1500g, 4°C and obtain the supernatant (plasma). Plasma 

interleukin-6 (IL-6) level was measured using the IL-6 Quantikine mouse 

enzyme-linked immunosorbent assay kit (R&D Systems, Minneapolis, MN, 

USA) according to the manufacturer’s protocol.

8. Targeted metabolomics by LC-MS/MS

For amino acid and bioamine analysis, the gastrocnemius muscle tissue (25–35 mg) 

was homogenized using TissueLyser (Qiagen, Hilden, Germany) with 500-μL 

chloroform/methanol (2/1, v/v). The homogenate was incubated at 4 °C for 15 min. An 

internal standard containing 13C5-glutamine, serotonine-d4, dopamine-d4, tryptophan-d5, 

and serine-d3, at final concentrations of 10, 0.4, 0.6, 2, and 6 μM, respectively, was 
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prepared. The plasma samples (50–100 μL) were combined with 375 μL of 

chloroform/methanol (1/2, v/v; 375 μL) and mixed with the internal standard. Samples 

were centrifuged at 14,000 rpm for 15 min, the supernatant was collected, and H2O and 

chloroform (125 μL each) were added. Samples were mixed vigorously and centrifuged 

at 4,000 rpm for 20 min. The aqueous phase was collected after liquid-liquid extraction 

(LLE), and half of the solution was used for the chemical derivatization of amino acids 

and bioamines with phenyl isothiocyante. Subsequently, the derivatized amino acids and 

bioamines were extracted with 5 mM ammonium acetate in methanol and used for liquid 

chromatography with tandem mass spectrometry (LC-MS/MS) analyses. The remaining 

aqueous phase after LLE was used for the analysis of energy metabolites: it was dried 

under vacuum pressure and reconstituted with 40 μL of H2O/acetonitrile (50/50, v/v) prior 

to LC-MS/MS.

Amino acids and bioamines were analyzed using an LC-MS/MS instrument equipped 

with 1290 HPLC (Agilent Technologies, Palo Alto, CA, USA), Qtrap 5500 (AB Sciex, 

Framingham, MA, USA), and a reverse-phase column (Zorbax Eclipse XDB-C18100 ×2 

mm; Agilent Technologies). The sample (3 μL) was injected into the LC-MS/MS system 

and ionized with a turbo spray ionization source. Mobile phases A and B consisted of 0.2% 

formic acid in H2O and in acetonitrile, respectively. The separation gradient was as 

follows: 0% B for 0.5 min, 0% to 95% B for 5 min, hold at 95% B for 1 min, 95% to 0% 

B for 0.5 min, then hold at 0% B for 2.5 min. The LC flow rate was 500 μL/min and 

column temperature was 50 °C. Multiple reaction monitoring was used in the positive ion 

mode, and the extracted ion chromatogram (EIC) corresponding to the specific transition 

for each analyte was used for quantitation. The calibration range was generally 1 nM-600 

μM, with R2 > 0.98.

For energy metabolites, an LC-MS/MS equipped with 1290 HPLC, Qtrap 5500 and a 

reverse-phase column (Synergi fusion RP 50 × 2 mm; Phenomenex, Torrance, CA, USA) 

was used. Mobile phases A and B consisted of 5 mM ammonium acetate in H2O and in 

acetonitrile, respectively. The separation gradient was as follows: 0% B for 5 min, 0% to 

90% B for 2 min, hold at 90% B for 8 min, 90% to 0% B for 1 min, and then hold at 0% 
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B for 9 min. The LC flow rate was 70 μL/min except at 7-15 min when it was 140 µL/min, 

at 23 °C. Multiple reaction monitoring was used in the negative ion mode, and the area 

under the curve of each EIC was normalized to the internal standard. Data analysis was 

performed using Analyst 1.5.2 software.

All of the metabolomics data are publicly available at Metabolomics Workbench (study 

ID: ST001467).

9. Statistical analysis

Statistical analysis was performed using SPSS (SPSS Inc., Chicago, IL, USA). Non-

parametric (Mann-Whitney U-test for two-group comparisons and the Friedman test for 

multiple group comparison) or parametric (Student’s t-test for two-group comparisons 

and ANOVA with post-hoc test for multiple group comparison) tests were selected 

according to normality test (Kolmogorov-Smirnov) results. P < 0.05 indicated statistical 

significance.
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� . RESULTS

BST204 attenuated tumor-excluded BW loss in chemotherapy-induced cachexia 

model

From day 0 to day 11, cachexia was predominantly induced by chemotherapy rather 

than by tumor growth. 5-FU group presented a rapid decrease in tumor-excluded BW 

(up to -30% on day 11), with lower results on days 4, 7, and 11 than TB group, which 

displayed a -1% tumor-excluded BW change on day 11. The weight gain in NTB group 

resulted in a significantly greater tumor-excluded BW than in TB group on day 11 (5% 

vs. -1%) (Figure 3).

BST204 (200 mg/kg) markedly alleviated chemotherapy-induced cachexia. The 

decrease in tumor-excluded BW was significantly lower in BST204200 group than in 

5-FU group on days 7 and 11 (-6% vs. -13% on day 7; -20% vs. -30% on day 11). 

Despite the anti-cachexic effect, BST204200 group presented significant decrease in 

tumor-excluded BW during days 7-11. In contrast to BST204200 group, BST204100

group did not display significant effect.

BST204 treatment reduced muscle and fat loss in chemotherapy-related cachexia 

model

5-FU group displayed a marked decrease in muscle (-19%) and fat (-91%) volumes 

during day 0-11 (Figure 4). Although TB group also presented lower muscle (-3%) 

and fat (-7%) volumes than NTB group (0% and 14%, respectively), muscle and fat 

losses were more severe following chemotherapy than by tumor growth. BST204200

group (-11% for muscle; -56% for fat) presented significantly alleviated 

chemotherapy-induced cachexia, with a lower degree of muscle and fat loss than 5-

FU group. BST204100 group showed significant results only for fat loss (-18% for 

muscle; -71% for fat).
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BST204 administration alleviated muscle weight loss in chemotherapy-induced 

cachexia model

Intergroup comparisons for muscle weight demonstrated both chemotherapy-

induced muscle atrophy and an anti-cachexic effect in both BST204 groups (Figure 

5). Muscle weight was significantly lower in 5-FU group than in TB group. Although

TB group presented a lower gastrocnemius muscle weight than NTB group, muscle 

atrophy degree was more severe following chemotherapy than tumor growth.

Compared with 5-FU group, both BST204 groups presented significantly greater 

weight of both muscles, thereby demonstrating the anti-cachetic effect.

BST204 increased muscle regeneration activity and decreased muscle 

degeneration activity in chemotherapy-related cachexia model

Histological analyses provided cell-level evidence of chemotherapy-induced muscle 

atrophy and the anti-cachexic effect of BST204 (Figure 6).

An imbalance between muscle degeneration and regeneration was the main cause of 

chemotherapy-induced muscle atrophy. Compared with TB group, 5-FU group had 

higher muscle degeneration activity and lower muscle regeneration activity. Similar 

parameters between TB and NTB groups indicated that muscle atrophy was caused 

predominantly by chemotherapy than by tumor growth.

Compared with 5-FU group, both BST204-treated groups demonstrated higher 

muscle regeneration activity and lower muscle degeneration activity. Muscle CSA

was significantly lower in 5-FU group than in TB group. Although muscle CSAs in 

TB group were also lower than in NTB group, this reduction was more affected by 

chemotherapy than by tumor growth. BST204200 group had a significantly higher 

muscle CSA than 5-FU group, whereas BST204100 group did not present statistically 

different results.
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BST204 suppressed inflammation and oxidative stress in chemotherapy-induced 

cachexia model

Inflammation degree was evaluated based on IL-6, histamine, and kynurenine levels [4, 21, 

22], and oxidative stress was quantified according to methionine sulfoxide level [23]. 

Comparisons of inflammation and oxidative stress between groups are summarized in Figure 

7, Tables 1 and 2. Higher levels of these parameters in 5-FU group than in TB group 

indicated chemotherapy-induced upregulation of inflammation and oxidative stress.

Chemotherapy-induced inflammation and oxidative stress were effectively suppressed by 

BST204 treatment. Compared with 5-FU group, both BST204-treated groups had lower 

kynurenine and methionine sulfoxide levels in the muscle and/or plasma. Moreover, the 

levels of these parameters in BST204-treated groups were similar to those in NTB group, 

indicating alleviation of chemotherapy-induced inflammation and oxidative stress. These 

parameters did not differ between BST204100 and BST204200 groups.

BST204 reduced the chemotherapy-induced imbalance of protein degradation 

and stabilization in chemotherapy-related cachexia model

Protein degradation and stabilization were measured based on the level of protein-

composing amino acids and of a protein stabilizer (t4-hydroxyproline [24]), respectively. 

Intergroup comparisons of protein degradation and stabilization are summarized in Figure 

7, Tables 1 and 2. Compared with TB group, 5-FU group had higher levels of protein-

composing amino acids in the muscle, including alanine, asparagine, aspartate, histidine, 

isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 

tyrosine, and valine. This indicated that these amino acids were released from damaged 

proteins and accumulated in the muscle. 5-FU group had a lower protein stabilizer level in 

muscles. These results indicate that chemotherapy disrupted the balance between protein 

degradation and stabilization.
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BST204 treatment reduced the chemotherapy-induced imbalance in protein degradation and 

stabilization as protein-composing amino acid levels were lower and protein stabilizer level 

was higher in both BST204-treated groups than in 5-FU group. These effects were similar 

between BST204100 and BST204200 groups.

BST204 activated glucose-mediated energy production in chemotherapy-

induced cachexia model

Glucose-mediated energy production was assessed based on the muscular and plasma levels 

of glucose, glycolysis intermediates, and TCA cycle intermediates (Figure 8, Tables 3 and 4). 

Compared with TB group, 5-FU group demonstrated decreased glucose-mediated energy 

production, indicated by lower levels of glucose, glycolysis intermediates (glucose-6-

phosphate, fructose-1,6-bisphosphate, 3-phosphoglycerate, and phosphoenolpyruvate in the 

muscle and plasma), and TCA cycle intermediates (succinate in the muscle; citrate, succinate, 

fumarate, and malate in the plasma). Owing to inactivated glucose metabolism, 5-FU group 

had a lower ATP level and a higher AMP/ATP ratio (a marker of ATP depletion [27]) compared 

with TB group considering both the muscle and plasma.

BST204 treatment reversed this effect. Compared with 5-FU group, BST204200 group had 

significantly higher glucose, glycolysis intermediate (glucose-6-phosphate, fructose-1,6-

bisphosphate, 3-phosphoglycerate, phosphoenolpyruvate, pyruvate, and lactate in the 

muscle; glucose-6-phosphate and phosphoenolpyruvate in the plasma), and TCA cycle 

intermediate levels (succinate in the muscle; citrate, succinate, and fumarate in the plasma). 

Owing to an increased activity of glycolysis and the TCA cycle, BST204200 group had higher 

ATP level and lower AMP/ATP ratio than 5-FU group in the muscles. A smaller number of 

metabolites returned to their normal values in BST204100 group than in BST204200 group.

BST204 activated glucose-mediated biosynthesis in chemotherapy-induced 

cachexia model

Glucose-mediated biosynthesis was evaluated based on the level of pentose 
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phosphate pathway metabolites [25] (Figure 9, Tables 3 and 4). Compared with TB 

group, 5-FU group displayed lower plasma levels of pentose phosphate pathway 

metabolites (6-phosphogluconate, ribulose-5-phosphate, ribose-1,5-bisphosphate, 

and sedoheptulose-7-phosphate). Compared with 5-FU group, both BST204-treated 

groups had higher levels of these metabolites, thereby indicating reactivated glucose-

mediated biosynthesis.
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� . DISCUSSION

Tumor progression and chemotherapy are two major causes of cancer cachexia. Although 

these factors share some common signaling pathways [17], their effects on the development 

and sustainment of cachexia may be differ according to the time course, anticancer agents, 

tumor types, and tumor-drug interactions. Recognizing this differences is important for 

establishing pathophysiology-specific treatment strategies. In comparison with tumor-host 

interactions, the molecular mechanism of chemotherapy-induced cachexia remains mostly 

undiscovered. In a related study, Barreto et al. reported the effect of chemotherapy alone in 

cachexia development and observed that cisplatin administration to NTB mice led to severe 

muscle wasting via upregulated ERK1/2 and p38 MAPK pathways [1]. However, this may not 

reflect the conditions of cancer-burdened hosts; hence, we observed chemotherapy-induced 

cachexia in TB mice. In addition to the tumor-excluded BW and muscle/fat volume, various 

histological, biochemical, and metabolomic parameters indicated that cachexia was caused 

predominantly by chemotherapy rather than tumor growth.

In our multimodal analysis, 5-FU increased stress levels (i.e., inflammation and oxidative 

stress) and altered the metabolism (i.e., enhanced protein degradation, inactivated protein 

stabilization, decreased glucose-mediated energy production, and reduced glucose-mediated 

biosynthesis). These results suggest that multiple molecular pathways may be closely related 

to chemotherapy-induced cachexia; therefore multipotential therapeutic agents may be more 

helpful than those targeting a single pathway for its treatment.

As a multipotential therapeutic, BST204 contains a various ginsenosides including Rh2, Rg3, 

Rb1, Rc, Rd, Rg1, and F2 [28]. Notably, its high Rh2 and Rg3 concentrations strongly suppress 

the action of inflammatory mediators, such as prostaglandin E2, cyclooxygenase-2, tumor 

necrosis factor-α, IL-6, inducible nitric oxide synthase, and nitric oxide [4, 5, 29]. Other 

ginsenosides are also known to have several health-promoting effects. Representatively, the 

ginsenosides Rb1 and Rg3 can mitigate dysregulated glucose metabolism by increasing insulin 

sensitivity through activating AMP-activated protein kinase [30, 31]. Increased glucose uptake, 
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possibly due to Rb1 and Rg3 in BST204, might be related to the upregulated energy 

metabolism and biosynthesis of non-essential amino acids, because these amino acids are 

mainly generated from glycolysis and TCA cycles (reference: book chapter; Metabolism at a 

glance, 4th ed. J. G. Salway, Wiley Blackwell). In our study, most of the amino acids in the 

muscles of BST204200 group was reduced compared to those in the 5-FU group, because the 

amino acids were consumed for protein regeneration. However, the reduction in non-essential 

amino acids, such as alanine and aspartate, was not significant, possibly due to enhanced 

energy metabolism. Futher, the decreased oxidative stress due to Rh2 in BST204 group may 

increase the availability of recycled amino acids for protein regeneration. In our study, 

methionine sulfoxide was significantly increased in the 5-FU group and reduced in BST204200

group.

Several studies reported that cancer and chemotherapy-related cachexia induced loss of 

skeletal muscle and fat mass [1, 32]. Particularly, an imbalance between muscle degeneration 

and regeneration is the primary mechanism of muscle wasting [33]. In this study, BST204 

demonstrated significant anti-cachetic effects. BST204 (200 mg/kg) significantly attenuated 

the decrease in tumor-excluded BW (from -13% to -6% on day 7 and from -30% to -20% on 

day 11). The chemotherapy driven muscle and fat losses were reduced from -20% to -11% and 

from -91% to -56%, respectively. These phenotypic effects may be attributed to restoration of 

histological and molecular parameters. BST204 strongly suppressed chemotherapy-related 

inflammation and oxidative stress and significantly restored the altered amino acid and glucose 

metabolism to normalcy. These modes of therapeutic action improved the balance between 

muscular degeneration and regeneration and eventually alleviated BW and muscle/fat volume 

reduction.

A comparison between BST204100 and BST204200 groups revealed that the anti-cachetic 

effect of a 200 mg/kg dose was superior to that of 100 mg/kg; tumor-excluded BW restoration 

was significant only in BST204200 group. Moreover, the anti-cachexic effect in BST204200

group was variable over time; this group maintained tumor-excluded BW from day 4 to 7 but 

experienced significant BW loss from day 7 to 11. Therefore, the anti-cachetic effect of 

BST204 may depend on the burden of the cachexia stage in addition to the therapeutic dose. 



１５

These factors should be carefully considered when planning clinical trials.

Increased inflammation and oxidative stress in cancer and chemotherapy-associated cachexia 

have been reported in a number of studies [34-36]. Futher, glucose metabolic dysfunction 

related to chemotherapy-induced cachexia has been shown in previous studies [17, 32]. Thus, 

inflammation, oxidative stress and glucose metabolism, which are the key-biomarkers of 

chemotherapy-induced cachexia, were investigated in this study. Owing to extreme cachexia 

in the 5-FU group, we could not obtain a sufficient amount of fat for molecular analysis. We 

assume that this chemotherapy-induced fat loss was driven by both stress-induced lipolysis 

and excessive lipid consumption. Lipolysis is accelerated by inflammation via pro-

inflammatory cytokines and by oxidative stress via reactive lipid aldehydes [37, 38]. Moreover, 

the glucose overconsumption under upregulated inflammation and oxidative stress is 

compensated by using fatty acids in ATP production [39]. Therefore, the reduction in fat loss 

caused by BST204 treatment appears to be the result of improved energy metabolism.

The use of animal models is vital in preclinical cachexia study. We generated a cachexia 

model by inoculating CT26 colon cancer cells to BALB/c mice. In comparison with 

genetically engineered mouse models, the commonly used CT26 syngeneic mouse model is 

characterized by a rapid onset of tumor growth and cachexia, allowing easier establishment, 

monitoring, and reproduction [10]. However, in contrast to previous studies [40, 41], our 

model did not show significant cancer-driven cachexia. We believe that differences in the study 

periods may be mostly responsible for this inter-study variation. Our study was interrupted at 

11 days after the tumors were palpated (approximately 100-200 mm3) because the tumor 

volumes reached 1,500 mm3 or the BW was decreased to 20% of the initial value. In this period, 

cancer-driven cachexia was not apparent despite significant tumor growth; nonetheless, 

notable cachexia was induced by chemotherapy. Considering that combination chemotherapy 

regimens are administered as adjuvant treatments for colon cancer without significant cancer-

driven cachexia, our study would be more similar to the clinical conditions than studies with 

cancer-driven cachexia. Therefore, our results suggest that significant cachexia can occur even 

before the onset of cancer-driven cachexia, and treatment for chemotherapy-induced cachexia 

should be considered when planning adjuvant chemotherapy.
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This study measured the tumor-excluded BW rather than total BW because the exclusion of 

tumor volume improves the accuracy in estimating the severity of cachexia. The strength of 

this approach was demonstrated in the comparison between NTB and TB groups (Figure 10).

On day 11, the tumor-excluded BW was significantly lower in the TB group than in the NTB 

group, although their total BW values were similar.

The results of our biochemical and metabolomic assays may be dependent on tumor growth 

or shrinkage, in addition to the 5-FU and BST204 treatments, because cancer cells can affect 

inflammation, oxidative stress, and glucose/nitrogen metabolism. However, the differences in 

these parameters were greater between the 5-FU and BST204 groups and the TB and 5-FU 

groups than between the NTB and TB groups, indicating that our molecular analyses were able 

to demonstrate the effects of 5-FU and BST204 rather than those of only tumor-host 

interactions.

In present study, the muscle regenerative potential of BST204 was confirmed through 

histological analysis; however, it is necessary to identify molecular markers of muscle 

regeneration, such as PAX7, Myogenin, MyoD, and MyHC-embrional/neonatal in the 

muscle [42]. In addition, further research is needed to confirm the molecular mechanism for 

the anti-cachectic effect of BST204. For example, it has been reported that muscle atrophy is 

related to the IL6-mediated JAK/STAT3 pathway in both mouse models and patients with 

cachexia [43-45]. The anti-inflammatory effect of BST204, especially the inhibition of the 

plasma IL-6 levels, suggests that BST204 is associated with the IL-6/JAK/STAT3 pathway.
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TABLES AND FIGURES

Table 1
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Table 1. Intergroup comparison of IL-6 and amino acid metabolite concentrations

↑ indicates significantly higher levels, and ↓ indicates significantly lower levels (P < 0.05). 

The numbers between parentheses represent the relative concentrations between groups. IL-6 

concentration was measured in 5 mice from each group, and amino acid metabolites were 

evaluated in 6 mice from each group. NTB, untreated, non-tumor-bearing mice; TB, untreated, 

tumor-bearing mice; 5-FU, tumor-bearing mice treated with 5-fluorouracil; BST204100, tumor-

bearing mice treated with 5-fluorouracil and 100 mg/kg of BST204; BST204200, tumor-bearing 

mice treated with 5-fluorouracil and 200 mg/kg of BST204; n.s., not statistically significant.
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Table 2
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Table 2. Concentration of amino acids and plasma IL-6

NTB, untreated, non-tumor-bearing mice; TB, untreated, tumor-bearing mice; 5-FU, tumor-

bearing mice treated with 5-fluorouracil; BST204100, tumor-bearing mice treated with 5-

fluorouracil and 100 mg/kg of BST204; BST204200, tumor-bearing mice treated with 5-

fluorouracil and 200 mg/kg of BST204; n.d., not detected.
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Table 3
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Table 3. Intergroup comparison of glucose metabolite levels

↑ indicates significantly higher levels, and ↓ indicates significantly lower levels (P < 0.05). 

Levels between groups are indicated between parentheses. The concentrations of glucose 

metabolites were analyzed in 6 mice from each group. NTB, untreated, non-tumor-bearing 

mice; TB, untreated, tumor-bearing mice; 5-FU, tumor-bearing mice treated with 5-

fluorouracil; BST204100, tumor-bearing mice treated with 5-fluorouracil and 100 mg/kg of 

BST204; BST204200, tumor-bearing mice treated with 5-fluorouracil and 200 mg/kg of 

BST204; n.s., not statistically significant.
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Table 4
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Table 4. Level of glucose metabolites

NTB, untreated, non-tumor-bearing mice; TB, untreated, tumor-bearing mice; 5-FU, tumor-

bearing mice treated with 5-fluorouracil; BST204100, tumor-bearing mice treated with 5-

fluorouracil and 100 mg/kg of BST204; BST204200, tumor-bearing mice treated with 5-

fluorouracil and 200 mg/kg of BST204; n.d., not detected.
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Figure 1

Figure 1. Schematic illustration of the experimental design.

NTB, untreated, non-tumor-bearing mice; TB, untreated, tumor-bearing mice; 5-FU, tumor-

bearing mice treated with 5-fluorouracil; BST204100, tumor-bearing mice treated with 5-

fluorouracil and 100 mg/kg of BST204; BST204200, tumor-bearing mice treated with 5-

fluorouracil and 200 mg/kg of BST204; MRI, magnetic resonance imaging; p.o. oral 

administration; i.p., intraperitoneal administration; H&E, hematoxylin and eosin staining; 

ELISA, enzyme-linked immunosorbent assay; LC-MS/MS, liquid chromatography with 

tandem mass spectrometry.
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Figure 2

Figure 2. Percentage change in tumor growth.

The tumor volume was significantly decreased by 5-FU treatment. BST204 did not have a 

tumor inhibitory effect, as BST204-treated groups had a similar tumor volume compared with 

5-FU group (P > 0.05). TB, untreated, tumor-bearing mice; 5-FU, tumor-bearing mice treated 

with 5-fluorouracil; BST204100, tumor-bearing mice treated with 5-fluorouracil and 100 mg/kg 

of BST204; BST204200, tumor-bearing mice treated with 5-fluorouracil and 200 mg/kg of 

BST204.
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Figure 3

Figure 3. Changes in tumor-excluded body weight. 

Chemotherapy with 5-FU caused significant cachexia (up to -30% tumor-excluded body 

weight change). This effect was significantly reduced in BST204200 group. NTB group 

presented a significantly greater tumor-excluded body weight than TB group on day 11. The 

tumor-excluded body weight was measured in 10 mice from each group. NTB, untreated, non-

tumor-bearing mice; TB, untreated, tumor-bearing mice; 5-FU, tumor-bearing mice treated 

with 5-fluorouracil; BST204100, tumor-bearing mice treated with 5-fluorouracil and 100 mg/kg 

of BST204; BST204200, tumor-bearing mice treated with 5-fluorouracil and 200 mg/kg of 

BST204.
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Figure 4
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Figure 4. Change in muscle and fat volumes as observed using magnetic resonance 

imaging (MRI).

(A) MRIs revealed the considerable loss of muscle (arrows) and fat (arrowheads) in 5-FU 

group. Changes in muscle (B) and fat (C) contents. Muscle and fat volumes were analyzed in 

10 mice from each group. NTB, untreated, non-tumor-bearing mice; TB, untreated, tumor-

bearing mice; 5-FU, tumor-bearing mice treated with 5-fluorouracil; BST204100, tumor-

bearing mice treated with 5-fluorouracil and 100 mg/kg of BST204; BST204200, tumor-

bearing mice treated with 5-fluorouracil and 200 mg/kg of BST204.
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Figure 5

Figure 5. Intergroup comparisons of the tibialis anterior and gastrocnemius muscle 

weights.

Chemotherapy-induced cachexia was observed in 5-FU group, whereas BST204 treatment 

significantly alleviated chemotherapy-induced muscle atrophy. Data are presented as means 

± standard deviations (n = 6 per group). NTB, untreated, non-tumor-bearing mice; TB, 

untreated, tumor-bearing mice; 5-FU, tumor-bearing mice treated with 5-fluorouracil; 

BST204100, tumor-bearing mice treated with 5-fluorouracil and 100 mg/kg of BST204; 

BST204200, tumor-bearing mice treated with 5-fluorouracil and 200 mg/kg of BST204.
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Figure 6

Figure 6. Histological examination of the anti-cachexic effect of BST204. 

(A) H&E staining of the tibialis anterior muscle (×200) revealed an increased number of 

hyalinized and hypereosinophilic fibers (arrows) and a decreased number of fibers with 

central nuclei (arrowheads) in 5-FU group. Activities of muscle degeneration (B) and

regeneration (C) were examined in 6 mice from each group. (D) Muscle CSA analyzed in 3 

mice from each group. NTB, untreated, non-tumor-bearing mice; TB, untreated, tumor-

bearing mice; 5-FU, tumor-bearing mice treated with 5-fluorouracil; BST204100, tumor-

bearing mice treated with 5-fluorouracil and 100 mg/kg of BST204; BST204200, tumor-

bearing mice treated with 5-fluorouracil and 200 mg/kg of BST204; CSA, cross-sectional 

area.
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Figure 7

Figure 7. Heatmap for comparing 21 amino acids metabolites between groups. 

Amino acid metabolites were evaluated in 6 mice from each group. NTB, untreated, non-

tumor-bearing mice; TB, untreated, tumor-bearing mice; 5-FU, tumor-bearing mice treated 

with 5-fluorouracil; BST204100, tumor-bearing mice treated with 5-fluorouracil and 100 

mg/kg of BST204; BST204200, tumor-bearing mice treated with 5-fluorouracil and 200 

mg/kg of BST204; Met-SO, methionine sulfoxide; t4-OH-Pro, 4-hydroxyproline.
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Figure 8

Figure 8. Heatmap for intergroup comparison of glucose, glycolysis intermediates, and 

TCA cycle metabolites.

The concentrations of glucose and metabolites in glycolysis and TCA cycle were analyzed in 

6 mice from each group. NTB, untreated, non-tumor-bearing mice; TB, untreated, tumor-

bearing mice; 5-FU, tumor-bearing mice treated with 5-fluorouracil; BST204100, tumor-

bearing mice treated with 5-fluorouracil and 100 mg/kg of BST204; BST204200, tumor-

bearing mice treated with 5-fluorouracil and 200 mg/kg of BST204; GLU, glucose; 

G6P/F6P, glucose-6-phosphate/fructose-6-phosphate; FBP, Fructose-1,6-bisphosphate; 3PG, 

3-phosphoglycerate; PEP, Phosphoenolpyruvate; PYR, Pyruvate; LAC, Lactate; CIT/ISO 

CIT, Citrate/Iso citrate; SUC, Succinate; FUM, Fumarate; MAL, Malate; AMP, Adenosine 

monophosphate; ATP, Adenosine triphosphate; TCA cycle, tricarboxylic acid cycle.
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Figure 9

Figure 9. Heatmap for intergroup comparison of pentose phosphate pathway 

metabolites.

The concentrations of pentose phosphate pathway metabolites were analyzed in 6 mice from 

each group. NTB, untreated, non-tumor-bearing mice; TB, untreated, tumor-bearing mice; 5-

FU, tumor-bearing mice treated with 5-fluorouracil; BST204100, tumor-bearing mice treated 

with 5-fluorouracil and 100 mg/kg of BST204; BST204200, tumor-bearing mice treated with 

5-fluorouracil and 200 mg/kg of BST204; 6PG, 6-phosphogluconate; R5P, Ribulose-5-

phosphate; R15BP, Ribose-1,5-bisphosphate; S7P, Sedoheptulose-7-phosphate.
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Figure 10

Figure 10. Percentage change in total body weight. There was no significant 

difference in the total body weight in TB group compared with that in NTB group (P 

> 0.05). NTB, untreated, non-tumor-bearing mice; TB, untreated, tumor-bearing mice; 

5-FU, tumor-bearing mice treated with 5-fluorouracil; BST204100, tumor-bearing mice 

treated with 5-fluorouracil and 100 mg/kg of BST204; BST204200, tumor-bearing mice 

treated with 5-fluorouracil and 200 mg/kg of BST204.
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국문요약

악액질의 새로운 치료 전략 개발을 위한 항암 화학 요법에

의해유도된악액질마우스모델에서 BST204의치료효과

에관한연구

암악액질 (cancer cachexia)은암에의한신체의비정상적대사기능으로인하여체중과

근육등이지속적으로소실되는상태로암환자의삶의질및항암치료효과의저하를

초래한다. 암을치료하기위해사용되는항암화학요법 (chemotherapy)또한암악액질

의주요원인중하나로알려져있어효과적인항암치료를위해항암화학요법으로인

한악액질을개선시킬수있는치료전략의개발이필요하다.

인삼사포닌의일종인진세노사이드 (ginsenosides)는염증 (inflammation)및산화적스

트레스 (oxidative stress)의억제그리고에너지생산촉진과같은다양한건강증진효과

를가지고있다. BST204는여러종류의진세노사이드중특히 Rh2와 Rg3의함량이증

진된인삼정제건조추출물로써항암화학요법과관련된피로와독성을줄일수있는

가능성을보여주고있다.

항암화학요법으로유발된악액질에서 BST204의악액질개선가능성을확인하기위

하여, CT-26 세포주를동종이식한대장암마우스모델에항암제인 5-플루오로유라실

(5-Fluorouracil, 5-FU)를투여를통해항암화학요법으로유도된악액질마우스모델을

만들고 BST204를농도별로투여하였다.

항암제로 인한 악액질 모델에서 BST204의 투여는 종양을 제외한 체중 (5-FU 그룹 대

BST204 그룹의변화: 7 일에 -13 % 대 -6 %, 11 일에 -30 % vs. -20 %), 근육량 (-19 % 대

-11 %) 그리고지방량 (-91 % 대 -56 %)의감소를완화시켜주는주는효과를보였다. 

또한조직학적으로 BST204는항암화학요법에의한근육의재생과퇴행사이의불균

형을개선시키고근육단면적 (cross-sectional area)의감소를완화시켰다.
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대사체분석을통해항암화학요법으로유도된악액질은염증, 산화적스트레스및골

격근의분해를활성화시키고골격근의안정화및탄수화물대사 (glycolysis, TCA cycle, 

and pentose phosphate pathway)의 활성을감소시키는 특징을보였다. 이러한화학항암

요법에 의한 악액질의 대사체적 특징들은 BST204 투여에 의해 유의미하게 개선됨을

확인할수있었다. 

결론적으로,이번연구에서는다각적연구방법을통해 BST204가항암화학요법으로

인한악액질을효과적으로완화시킬수있음을보여주었다.
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