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Background: Fuzheng Yiliu decoction (FZYLD), a Chinese formula consisting of four herbs, can be clinically used as an adjuvant 
therapy after surgery or palliative treatment for advanced liver cancer.
Methods: This study identified the endogenous and exogenous metabolites of FZYLD in rat serum to characterize the underlying 
mechanism of its antitumor activity, as well as relieving cancer-related weakness. An orthotopic transplantation rat model of HepG2 
cells was established and administered with FZYLD by gastric perfusion for 14 days. Cardiopulmonary function and tail suspension 
test were used to evaluate the bodily weakness of hepatocellular carcinoma (HCC) rats. Tumor weight and size were measured to 
calculate inhibition ratios. Serum of different concentrations of FZYLD was used to culture the 2-[N-(7-nitrobenz-2-oxa-1, 3-diaxol- 
4-yl) amino]-2-deoxyglucose-labeled HepG2 cells. IC50 value was measured using MTT assay. Endogenous and exogenous metabo-
lites in rat serum were detected using nuclear magnetic resonance or LC-MS/MS spectroscopy.
Results: FZYLD improved cardiopulmonary function, decreased immobility time in tail suspension test, and yielded tumor inhibition 
ratios of up to 27%. Serum endogenous markers, such as lipoproteins (high- and low-density lipoproteins), glucose, and valine, and 
lactic acid metabolic disturbance were recovered, to some extent, in HCC rats. Exogenous metabolites, diosgenin, apigenin- 
7-O-acetyl-β-D-glucoside, calycosin-7-glucoside, calycosin, ganoderic-acid-A, formononetin, and methylnissolin, became detectable 
in the blood. FZYLD-containing serum substantially inhibited the proliferation of HepG2-cells. IC50 value was found to be 24.31%. 
Further, we confirmed that FZYLD could revert energy and lipid metabolism disorders and that its constituents could be bioactive 
components that induce apoptosis in cancer cells.
Conclusion: The present study explained the mechanism of the effect of FZYLD on body empty, fatigue, and low immunity in 
patients with cancer, offering an efficient way for research of natural compounds in traditional Chinese medicine.
Keywords: HCC rat model, Fuzheng Yiliu decoction, regulation of metabolic balance, ameliorating cancer-related weakness, anti- 
liver tumor

Introduction
Traditional Chinese medicine dates back more than 2000 years ago. As the first line of defense in maintaining health and 
combating disease, traditional Chinese medicine plays an important role in the Chinese health care system. The Chinese 
pharmacopeia contains thousands of substances of plant, animal, or mineral origin, most of which are herbs.1–6

Fuzheng Yiliu decoction (FZYLD), a multi-herb formula that consists of four herbs: Radix astragali, Fructus ligustri 
lucidi, Ganoderma, and Rhizoma dioscoreae, has been clinically employed, more than 10 years ago, for the management 
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of alimentary canal neoplasms. Moreover, it can improve the clinical symptoms, delay body weakening, and prolong the 
survival time of patients with tumors.7–9 Further, FZYLD was found to upregulate the expression of apoptosis-related 
markers, Bax and p53, in H22 tumor-bearing mice and substantially decrease the expression of a proliferation-inducing 
ligand in ICR mice,10–12 showing that FZYLD may have multiple targets in the management of anticancer metastasis 
process.13

Our previous studies identified 21 chief constituents in FZYLD chemical composition: daidzin, ganoderiol F, 
specnuezhenide, calycosin-7-O-β-D-glucoside, calycosin, apigenin-7-glucoside, luteolin-7-O-β-D-glucoside, luteolin, 
ononin, oleanolic acid-3-acetate, ganode-8-en-ric acid A, ganoderic acid D, ganoderic acid G, ganoderic acid B, 
formononetin, ganoderic acid C2, ganoderic acid A, ganoderic acid H, ganoderic acid F, astragaloside IV, and dios-
genin-3-di-b-O-glucopyranoside. The contents of the four flavonoids, calycosin-7-O-β-D-glucoside, ononin, calycosin, 
and formononetin, in Radix astragali were determined to be 0.38, 0.30, 0.18, and 0.53 mg/g, respectively. Additionally, 
the contents of ganoderic acids, ganoderic acid G, ganoderic acid B, ganoderic acid C2, ganoderic acid A, and ganoderic 
acid H, in Ganoderma were 0.32, 0.29, 0.17, 0.24, and 0.27 mg/g, respectively. Moreover, the contents of astragaloside 
IV, specnuezhenide, and diosgenin were 0.22, 0.19, and 0.19 mg/g, respectively.14
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Molecular docking studies for B-cell lymphoma extra-large (Bcl-XL), interleukin (IL)-2, and tumor necrosis factor-α 
(TNF-α) were used to evaluate the anticancer activity of FZYLD. HepG2 cells were used for in vitro evaluation of the 
killing effect of FZYLD-activated natural killer (NK) cells that regulate the immune response by modulating IL-2 and 
TNF-α expression. In the “Fuzheng” Chinese medicine formula, many substances participate in the complex regulation 
of the immune network to execute the anti-tumor effects.14,15

Metabonomics, which covers an impressive and ever-increasing amount of endogenous compounds, focuses on the 
holistic investigation of multi-parametric metabolite responses of living systems, consistent with the overall concept and 
theory of traditional Chinese medicine.16 Nuclear magnetic resonance (NMR) spectroscopic analysis coupled with 
principal component analysis (PCA) and orthogonal signal correction-partial least squares (OSC-PLS) methods offers 
a powerful new approach for the assessment of metabolic function. Moreover, Carr-Purcell-Meiboom-Gill (CPMG) and 
Longitudinal eddy-delay (LED) have been used for pattern recognition.17

Many active ingredients are present in the traditional Chinese Medicine formula. High-performance liquid chromato-
graphy (HPLC)-mass spectroscopy (MS) is among the analytical techniques that can be used for phytochemical research 
and has been widely applied to investigate the substance basis of the pharmacodynamics of traditional Chinese 
medicine.18–20

HepG2, an immortalized cell line that consists of human liver carcinoma cells, is commonly used in drug metabolism 
and hepatotoxicity studies. HepG2 cells are inoculated in rats to create the HepG2 cell line-derived xenograft liver cancer 
model. The HepG2 xenograft of human hepatocellular carcinoma (HCC) is usually used to study the inhibitory effect on 
tumor growth.21

In this study, we established an orthotopic transplantation rat model of HepG2 cells and administered it with FZYLD 
by gastric perfusion for 14 days. Cardiopulmonary function and tail suspension test were used to examine the bodily 
weakness of HCC rats. Tumor weight and size were measured to calculate tumor inhibition ratios. Endogenous 
metabolites were assessed in HCC rat serum using NMR to investigate the potential biomarkers associated with the 
efficacy of FZYLD. Exogenous metabolites were identified using HPLC/MS to study the bioactive components of 
FZYLD in rat serum. Using serum pharmacologic method, 2-[N-(7-nitrobenz-2-oxa-1, 3-diaxol-4-yl) amino]-2-deox-
yglucose (2-NBDG) was used to mark the HepG2 liver cancer cells. The change in cellular proliferation was observed at 
different time points with the aid of fluorescent microscopy, by co-culturing with different concentrations of serum- 
containing FZYLD. Further, we explored the mechanisms underlying the effect of Fuzheng Yiliu in improving body 
weight and fatigue in patients with tumor.

Materials and Methods
Herbal Materials and Chemicals
Radix astragali and Ganoderma made in Fuzhou Huichun Chinese medicine Yinpian Factory Co. Ltd. (batch number: 
10010818 and 10010605), Fructus ligustri lucid made in Shanghai Leiyunshang Chinese medicine Yinpian Factory 
(batch number: 20110101), and Rhizoma dioscoreae made in Anhui Wansheng Chinese medicine Yinpian Factory Co. 
Ltd. (batch number: 110108).

Standard compounds were purchased from BioBioPha Co., Ltd., Kunming Institute of Botany and China, and China 
Shanghai Tauto Biotech Co., Ltd., with a purity up to 98% by HPLC. HPLC-grade acetonitrile was purchased from 
Thermo Fisher Scientific, (USA). D2O was purchased from Cambridge Isotope Laboratories, Inc., (USA), and 
3-trimethylsilane-2,2,3,3-tetradeuterated sodium propionate (TSP) was procured from Merck & Co., Inc., 
(Germany). Other chemicals, including glacial acetic acid, were of analytical grade and purchased from commercial 
sources.

Instruments
A MedLab_Model U/4c501H bio-signal acquisition and processing system (MedLab) with a Model YP200 pressure 
transducer and Model HX200 pneumotachograph transducer (Nanjing Medease Science and Technology Co., Ltd., 
Nanjing, China), was employed.
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A Waters Technologies Alliance 2695 separation module was equipped with an auto-sampler and a Waters 2996 
photodiode array detector. Mass spectrometry was performed using a Quattro Micro mass spectrometer equipped with 
ESI and APCI probes and a tandem quadrupole analyzer. Control of the LC-MS/MS system and data acquisition were 
performed using a Masslynx 4.0 workstation (Milford, CT, USA). The INOVA 600 MHz high-resolution NMR spectro-
meter with pulsed field gradients was produced by Varian, Inc. equipped with the triple resonance (1H, 13C, 15N) 
Inverse 5 mm 13C Enhanced HCN Cold Probe (Lake Forest, California, USA).

Eppendorf MiniSpin Plus personal microcentrifuge was produced by Eppendorf AG (Hamburg, Germany). A TGL- 
16G high-speed refrigeration centrifuge and TDL-40B low speed centrifuge from Shanghai Anting Science Instrument 
Factory (Shanghai, China) and an SK-1fast mixer from Changzhou Guohua Electric Appliance Co., Ltd. (Changzhou, 
China) were also employed. Ultrapure water was prepared using a Milli-Q system (Millipore, MA, USA).

FZYLD Preparation
The four-herb mixture in the prescribed proportions was crushed to powder (60 smash). The total weight of a mixed 
450.0-g dose included 150 g Radix astragali, 150 g Ganoderma, 75 g Fructus ligustri lucid, and 75 g Rhizoma 
dioscoreae. They were soaked in six times their weight of cold water for 30 min and let simmer for 20 min. A total 
of 1500 mL of the decoction was drained. Then, the process was repeated. Two filtrates were combined, filtrated again, 
and concentrated to 1 mL containing 0.45 g crude medicine.

In situ Liver Cancer Model in SD Rats Induced by HepG2 Cells
Specific-pathogen free, Sprague-Dawley (SD) male adult rats (250 ± 20 g) were obtained from Shanghai SLAC 
Laboratory Animal Co., Ltd. (Shanghai, China). Rats were allowed free access to tap water and were provided with 
standard rodent diet. The animals were maintained at 60% relative humidity and a 12 h light/dark cycle at ambient 
temperature. Rats were fasted for 12 h before the experiment. Animal experiments were carried out in accordance with 
the Guidelines for Institutional Animal Ethics and were approved by the Committee of the Second Affiliated Hospital of 
Fujian University of Traditional Chinese Medicine (License number: FJTCM-IAEC2011001).

HepG2 tumor cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS). The liver cancer model was prepared by direct injection of HepG2 tumor cells into the rats. Rats 
were anesthetized using isoflurane, and 2×106 HepG2 cells were injected into the liver lobe to prepare the orthotopic 
transplantation model of human HCC.

Animal Experiment Protocol
Twenty-one SD rats were randomly divided into three groups (n = 7): model and low- and high-dose groups. Starting 
from the third day after surgery, FZYLD was administered to animals via gastric infusion. Based on clinical experience, 
the low-dose group received FZYLD at a dosage of 2.0 g/kg (equivalent clinically used dose), whereas the high dose 
group received FZYLD at a dosage of 4.0 g/kg (twice as much as the clinically used dose), twice a day, for a total of two 
weeks. The model group was administered an equal volume of saline.

Assessment of the Cardiopulmonary Function
After treatment, to observe the effect of FZYLD on cardiopulmonary function, rats were sedated using an intraperitoneal 
injection of 4 mL/kg of 10% chloral hydrate. Common carotid artery intubation, pressure transducer, and flow transducer 
were individually connected to the MedLab U/4c 501H biological signal acquisition and processing system. Fourteen 
days after FZYLD administration in HCC rats, parameters of cardiopulmonary function, including systolic blood 
pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), tidal volume (Vt), airway flow (V), and trans- 
pulmonary pressure (Ptp), were recorded.

Tail Suspension Test
Tail suspension test was used to evaluate fatigue in rats. The tail of each rat was placed on a horizontal plate 1 m above 
the ground, with its sight blocked using a board on both sides. Initially, rats struggled to overcome the abnormal posture, 
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but after a certain period of time, intermittent immobility was observed. During a six-minute test period, the longer their 
immobility time, the greater their weakness.

Assessment of the tumor growth inhibition rate
Laparotomy was performed after FZYLD administration for 48 h. The tumor weight and size were measured. HCC 

model and treatment groups contrast analysis was used to calculate the tumor inhibition rate.

NMR Analysis of Endogenous Metabolites
At the end of the experiment, all rats were anesthetized, and blood samples were acquired via the abdominal aorta. The 
blood was centrifuged at 4 °C and 3000 rpm for 15 min. Supernatants (sera) were stored at 80 °C for NMR analysis. 
A total of 100 μL of TSP heavy water solution (1 mg/mL), 200 μL heavy water (D2O), and 300 μL serum were added to 
the centrifuge tube. After shaking and mixing, the serum solution was centrifuged at 13,000 rpm for 10 min. The 
supernatant was added to 5-mm NMR tube.

Data were collected by relaxation editing pulse sequence (CPMG pulse sequence): -RD-90°- (t-180°-t) n-ACQ; and 
diffusion edit pulse sequence (LED bpp pulse sequence): -RD-90°-G1-180°-G1-90°-T-90°-G1-180°-G1-90°-t-90°-ACQ. 
Small molecule metabolites and lipid metabolites were observed in the serum. The spectrum width of the CPMG 
experiment was 8000 Hz, and the sampling number was 32 k. The sampling time was 2 s, the cumulative number was 64 
times, τ 400 s, the relaxation delay was 2 s; a low power pulse was used to pressurize the water peak. The left peak of the 
lactic acid methyl signal was chosen as δ 1.33. The free inductive attenuated (free induction decay, FID) signal data were 
zeroed, and the line broadening factors of 0.5 Hz (CPMG experiment) and 3 Hz (LED bpp experiment) were added, and 
the 1H NMR spectrum was obtained by Fourier transform.

Chromatographic and Mass Spectrometric Analysis of Exogenous Metabolites
The blood was centrifuged at 4 °C and 3000 rpm for 15 min, and the serum was stored at −80 °C. Serum (1 mL)- 
containing drug was placed in a polystyrene tube. Then, eight times its volume of ethyl acetate-methanol (1:1) was added 
and vortexed for 5 min. This was followed by centrifugation for 10 min at 3500 rpm. The resulting supernatant liquid 
was dried by N2 at 40 °C. Then, water (100 μL) and methanol (100 μL) were added, vortexed for 5 min, and centrifuged 
for 10 min at 12,000 rpm. The resulting supernatant liquid was analyzed by HPLC (20 µL injection volume) after 
filtration (0.22 µm micro-porous filtering film).

LC-MS/MS determination was achieved using a Waters XTerra®MS C18 (2.1 mm × 150 mm, 5 μm) column. 
The mobile phase was composed of acetonitrile (20 mmol/L)-ammonium acetate aqueous solution. The flow rate 
was set at 0.2 mL/min at 40.7 bar. The sample injection volume was 10 μL, and the detection wavelength was 260 
nm. The gradient program included four steps: first, the ratio of acetonitrile was increased from 2 to 10% within 20 
min, 10 to 45% within the next 20 min, and 45 to 70% within the following 10 min, until final acetonitrile 
concentration was 70% for the next 5 min.

Positive and negative ESIs were compared, and the response of positive ESI was found to be remarkably higher than 
that of negative ESI. Different cone-hole voltage (10–100 V), capillary voltage, and collision energy were investigated, 
and sensitivity for the fragment ions was compared to optimize the mass spectral conditions (Table 1).

Table 1 Parameters of Mass Spectrometric Analysis

Parameters Setting Value Parameters Setting Value

Ion source ESI Detection mode Positive/negative ion

Detection range (m/z) 200–800 Capillary voltage 3KV(+)/2.5KV(-)

Cone-hole voltage 30V Two-stage cone-hole voltage 3V
Desolvent gas temperature 300°C Ion source temperature 120°C

Desolvation gas flow rate 350 L·hr−1 Cone-hole gas flow 50 L·hr−1
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Determination of the Effect of FZYLD-Containing Serum on HepG2 Cell Proliferation
SD rats were randomly divided into model control and test groups. The test group was perfused with FZYLD at a dose of 
2.0 g/kg (equivalent clinical dose), whereas the model control group was perfused with an equal volume of saline for 10 
days. After fasting for 12 h and 40 min after the last administration, rats were anesthetized using ethyl carbamate 
injection (1.5 g/kg body weight), and blood samples (3 mL) were acquired via the abdominal aorta. Blood was 
centrifuged at 4 °C and 3000 rpm for 15 min, and the serum was stored at −80 °C.

Approximately 5×104 cells/mL HepG2 immortalized rat liver cells were grown under an atmosphere of 5% CO2 at 37 
°C in KRP buffer solution. Cells were cultured in 96-well plates (200 μL/hole). After 24 h, the cell monolayer was 
sufficient to achieve confluence. Then, culture medium was removed, followed by washing three times using KRP buffer 
solution. Next, 2-NBDG-KRP buffer solution (100 μmol/L) was added and incubated with the cells for 60 min, and the 
supernatants were discarded.

The FZYLD and blank sera were prepared. The FZYLD serum containing 5, 10, 15, 20, 25, and 30% was used to 
culture the 2-NBDG labeled cells for 12, 24, and 48 h. The proliferation inhibition rate and IC50 were detected using 
MTT assay. After adding 70 μL of phosphate buffer containing 1% Triton X-100 and avoiding light for 10 min, the 
intensities were measured using a fluorescence enzyme labeling instrument (excitation and emission wavelengths 465 
and 540 nm). The morphology of HepG2 cell-labeled 2-NBDG was observed using a fluorescence inverted microscopy at 
100× magnification.

Statistical Analysis
Data are expressed as the mean ± standard error of the mean. All statistical analyses were performed using the SPSS 
software. Statistical differences among multiple groups were analyzed by one-way analysis of variance followed by 
t-test. Statistical significance was set at p <0.05.

Results
Effect of FZYLD on Blood Pressure and Heart Rate in a Rat Model of HCC
The mean SBP values (mmHg) in the model and low- and high-dose groups were 90.97 ± 7.82, 110.63 ± 11.20, and 
125.11 ± 9.17, respectively, whereas DBP values were 78.45 ± 5.96, 85.72 ± 7.48, and 93.56 ± 6.81, respectively. 
The mean HR values in the model and low- and high-dose groups were 195.34 ± 38.69, 247.88 ± 46.07, and 296.39 
± 53.98, respectively (Table 2). With FZYLD medication, SBP, DBP, and HR levels continued to increase. Mice in 
the two FZYLD-treated groups showed significantly higher levels of all cardiac indicators than those in the HCC 
model group. All p-values were lower than 0.01, except that of DBP values measured for the low-dose group, which 
exhibited p < 0.05.

Breathing rate was recorded using the MedLab system for 30 min. In the model and low- and high-dose groups, 
the V mean values (mL/s) were 474.85 ± 23.75, 494.56 ± 22.22, and 541.78 ± 27.54 and Vt (mL) values were 7.55 
± 1.21, 9.46 ± 1.34, and 11.43 ± 2.98, respectively. The mean Ptp values (cm.H2O) were 10.12 ± 2.13, 8.89 ± 1.78, 
and 8.41 ± 1.56, respectively (Table 2). FZYLD treatment resulted in a significant elevation in V, Vt, and Ptp 
compared with those of the HCC model group (p < 0.01 or p < 0.05) in the FZYLD group, with the results showing 
a better effect of the high dose than that of the low dose. Experimental results showed that FZYLD improved 
pulmonary function in HCC rats.

Immobility Time in the Tail Suspension Test
Before modeling, no significant difference was detected in the tail suspension test among all rats (p > 0.05). The 
immobility times in the tail suspension test in the model and low- and high-dose groups were 247.42 ± 9.04, 198.85 ± 
10.74, and 177.01 ± 9.52, respectively, (p < 0.01). FZYLD decreased the immobility time of the rats in the tail 
suspension test in a dose-dependent manner (Table 2).
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Table 2 Cardiopulmonary Function and Tail Suspension Test Results of Rats (n=7, �x� sd)

Groups Blood Pressure and Heart Rate Tidal Volume, Airway Flow and Trans Pulmonary Pressure Immobility Time in Tail

SBP (mmHg) DBP (mmHg) HR (Beats per Minute) V (mL/s) Vt (mL) Ptp (cm.H2O) Before Molding (s) After Molding (s) After Treating (s)

Normal control 130.02±6.61 97.23±3.15 298.28±22.47 550.65±16.43 13.12±1.54 8.05±0.99

HCC model 90.97±7.82 78.45±5.96 195.34±38.69 474.85±23.75 7.55±1.21 10.12±2.13 137.48±7.67 247.42±9.04

Low dose 110.63±11.20▲▲ 85.72±7.48▲ 247.88±46.07▲▲ 494.56±22.22▲ 9.46±2.34▲▲ 8.89±1.78▲ 139.36±10.11 249.23±10.18 198.85±10.74▲▲

High dose 125.11±9.17▲▲ 93.56±6.81▲▲ 296.39±53.98▲▲ 541.78±27.54▲▲ 11.43±2.98▲▲ 8.41±1.56▲▲ 141.07±7.54 245.56±10.73 177.01±9.52▲▲

Note: Remark:FZYLD vs model, ▲p<0.05, ▲▲p<0.01.
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FZYLD Tumor Inhibition Rate
Compared with those of the model group, reduced tumor weight and size were detected in the treatment groups (p < 
0.05). The tumor inhibition ratios were 27.35 and 27.77%, respectively, for the low- and high-dose groups, without any 
significant difference in the tumor inhibition rate between the two doses (p > 0.05) (Figure 1).

Profiling of Endogenous Serum Metabolites Using NMR
Figure 2A and B shows a typical 1H-NMR spectrum of the serum of rats in the model group. The CPMG pulse sequence 
can suppress the signals of macromolecules such as lipids and obtain the metabolic information of small molecules such 
as glucose, amino acids, and Krebs cycle (TCA) intermediates (lactate). Figure 2C and D shows the 1H-NMR spectrum 
of the LED pulse sequence, which can block the signal of small molecules, such as amino acids, and obtain the reliability 
of changes in macromolecules metabolites, such as lipids. These metabolites contained O-acetyl glycoprotein, N-acetyl 
glycoprotein, and fatty acids.

SIMCA-P software (v10.04, Umetrics, Umeå, Sweden) was used for multivariate statistical analysis. The data were 
pretreated with average central (mean centering) or Pareto scale (Pareto scaling) and then analyzed by PCA. To 
strengthen the difference between groups, PLS-DA or OSC analysis was used. The results are expressed in the form 
of score chart (scores plot) and load chart (loading plot). The chemical shifts of representative metabolites in the serum 
are shown in Tables 3 and 4. The PCA analysis results are shown in Figure 3A and B and Figure 4A and B, and PLS-DA 
analysis results are shown in Figure 3C and D and Figure 4C and D.

PCA and PLS-DA, based on the profiling of NMR CPMG spectra of serum samples from the HCC model group and 
the two FZYLD groups, were employed to explore the intrinsic metabolic differences between these rats. Samples from 
different groups were classified, and the results were presented in the form of a score plot, where each mark represents an 
individual sample (to reveal the group clusters), and a loading plot, where each coordinate represents one 1H-NMR 
spectral region, to identify the classification variables. The PCA and PLS-DA score plots both show a division of HCC 
and FZYLD groups into two distinct clusters, clearly separated based on the first PCA component. However, the low- 
and high-dose groups are not separated based on the second PCA component, indicating that both FZYLD groups are 
consistent.

Seven metabolites were identified. Compared to those of the FZYLD group, the HCC model group showed higher 
levels of endogenous serum metabolites, valine (Val), 3-hydroxybutyrate, and lactate (Lac), which were markedly 
decreased after the rats received FZYLD. Lower levels of lipoprotein, alanine (Ala), and glucose were found in the 
serum of the rats of the HCC group compared with those of both FZYLD groups. However, they were markedly 
increased after the rats received FZYLD (Table 3).
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Figure 1 Comparison of the tumor inhibition rate. (A) Tumor inhibition rate; (B) Tumor size. Data are represented as mean ± sd (n=7).
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PCA and PLS-DA, based on the profiling of NMR LED spectra of the serum samples from the HCC model group and 
both FZYLD groups, were employed to explore the intrinsic metabolic differences between these rats. Samples from 
different groups were classified, and the results were presented in the form of a score plot, where each mark represents an 

B

C D

A

Figure 2 1H-NMR spectrum of the serum (n=7). (A) Model group rats by CPMG pulse sequence; (B) Low doges group by CPMG pulse sequence; (C) Model group rats by 
LED pulse sequence; (D) Low doges group by LED pulse sequence.

Table 3 1H-NMR CPMG Data and Assignments of the Metabolites in Rat Serum

Chemical 
Shift (ppm)

Compound HCC Model Group Low Dose Group High Dose Group Concentration 
Change After Treating

0.86, 0.90 Lipoprotein 134.52/97.67 185.22/128.21 184.99/128.15 ↑
0.98, 1.02 Val 124.91/64.84 103.13/54.31 81.035/39.96 ↓
1.18 3-hydroxybutyrate 169.94 98.99 45.68 ↓
1.26, 1.30 Lipoprotein 753.24/172.59 771.54/267.59 782.73/252.76 ↑
1.34, 4.10 Lac 899.58/324.83 836.69/300.21 835.41/293.86 ↓
1.46 Ala 159.66 158.89 161.81 —
3.40–4.00 Sugars 486.57 556.68 571.49 ↑

Note: The symbols indicate: ↑ (Rise), ↓ (Fall), — (No difference).

Cancer Management and Research 2022:14                                                                                     https://doi.org/10.2147/CMAR.S377621                                                                                                                                                                                                                       

DovePress                                                                                                                       
2793

Dovepress                                                                                                                                                           Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


individual sample (to reveal the group clusters), and a loading plot, where each coordinate represents one 1H-NMR 
spectral region, to identify the classification variables. As displayed in Figures 3 and 4, the PCA and PLS-DA score plots 
show a division of the HCC and FZYLD groups into two distinct clusters clearly separated based on PCA component 1. 
However, the low- and high-dose groups are not separated based on PCA component 2, indicating that both FZYLD 
groups are consistent.

Nine metabolites were identified. Compared to those of the FZYLD group, the HCC model group showed lower 
levels of endogenous serum metabolites, very low-density lipoprotein (VLDL), low-density lipoprotein (LDL), high- 
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Figure 3 PCA scores plots and loading (p[1] p[2]) plots of 1H NMR CPMG spectra and PLS-DA scores plots and loading (w*c[1] w*c[2]) plots of 1H NMR CPMG spectra. 
(A) PCA scores plot between FZYLD groups and model group; (B) Intrinsic metabolic differences between FZYLD groups and model group; R2X(cum)=61.7%; Q2(cum) 
=38.3%. (C) PLS-DA scores plot between FZYLD groups and model group; (D) Intrinsic metabolic differences between FZYLD groups and model group. R2X(cum)=57.5% 
R2Y(cum)=56.2%; Q2(cum)=37.3%. Model group (■), Low dose group (▲), High dose group (◆).

Table 4 1H-NMR LED Data and Assignments of the Metabolites in Rat Serum

Chemical Shift 
(ppm)

Compound HCC Model Group Low Dose Group High Dose Group Concentration Change 
After Treating

0.86, 0.82 HDL 474.49/195.54 486.56/232.98 485.39/202.12 ↑
1.26 VLDL 793.62 976.18 810.06 ↑
1.34,1.3 LDL 210.32/491.51 246.90/614.61 236.45/545.54 ↑
1.58 Lipid 108.82 121.76 121.98 ↑
2.02 NAc 466.44 464.07 490.48 ↑
2.14 OAc 239.11 244.83 265.47 ↑
2.22 FA 132.33 161.94 143.06 ↑
3.22 PtdCho 127.26 130.47 123.20 —
5.3, 5.26 UFA 238.47/105.47 235.89/104.28 214.26/86.35 ↓

Note: The symbols indicate: ↑ (Rise), ↓ (Fall), — (No difference).
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density lipoprotein (HDL), fatty acid (FA), N-acetyl glycoprotein (NAc), and O-acetyl glycoprotein (OAc). However, 
they were markedly increased after the rats received FZYLD. Higher levels of unsaturated fatty acid (UFA) were found 
in the serum of the rats of the HCC group compared with those of both FZYLD groups; however, UFA level markedly 
decreased after the rats received treatment. The content of lipid and phosphatidylcholine (PtdCho) was approximately the 
same before and after treatment. Lipid metabolism was better regulated using low-dose FZYLD than using high-dose 
FZYLD (Table 4).

Exogenous Metabolic Serum Profiling by LC-MS/MS
The HPLC fingerprints of rat serum were determined at different times. FZYLD was quickly absorbed and removed, and 
the drug concentration reached a maximum in 40 min; rats could metabolize various FZYLD ingredients in 300 min. 
Under experimental HPLC conditions, the rat serum fingerprints identified seven exogenous substances in the blood of 
FZYLD treated animals (labeled as 1–7). Peaks 1, 2, 3, and 7 were the major constituents (Figure 5).

The mass spectra revealed fragment patterns of seven compounds, and the chemical structure of the components was 
characterized based on the previous literature. The compounds were diosgenin, apigenin-7-O-acetyl-β-D-glucoside, 
calycosin-7-glucoside, ganoderic acid A, calycosin, formononetin, and methylnissolin (Table 5).

Effect of FZYLD-Containing Serum on HepG2 Cell Proliferation
The concentration of the drug-containing serum should be <30% the medium volume. Cellular viability was negatively 
correlated with the dose of the serum-containing FZYLD. HepG2 cells were labeled using 2-NBDG. Changes in cell 
proliferation at different time points were observed by co-culturing with different concentrations of FZYLD-containing 
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Figure 4 PCA scores plots and loading (p[1] p[2]) plots of 1H NMR LED spectra and PLS-DA scores plots and loading (w*c[1] w*c[2]) plots of 1H NMR LED spectra. (A) 
PCA scores plot between FZYLD groups and model group; (B) Intrinsic metabolic differences between FZYLD groups and model group; R2X(cum)=78.9%; Q2(cum)= 
72.1%.(C) PCA scores plot between FZYLD groups and model group; (D) Intrinsic metabolic differences between FZYLD groups and model group; R2X(cum)=61.5%; R2Y 
(cum)=22.9%; Q2(cum)= 63.5%. Model group (■), Low dose group (▲), High dose group (◆).
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serum with the aid of fluorescent microscopy and an enzymatic marker. Incubation with drug serum at 5–30% 
concentrations for 12 or 24 h showed an increase in inhibition of HepG2 cells proliferation from 13.84 to 15.22% and 
from 10.97 to 31.39%, respectively, in a dose-dependent manner. HepG2 cells were incubated with serum-containing 
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Figure 5 HPLC Chromatograms of rat blank and medicated serum. (A) Blank serum; (B) Medicated serum.

Table 5 Identification of 7 Constituents Immigrating to Serum After Rat Oral FZYLD

Peak No. ESI -MS Deduce Compound Structure

m/z (+) m/z (-)

1 [M+H]+ 415 
[M+Na]+437

Diosgenin

(Continued)
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Table 5 (Continued). 

Peak No. ESI -MS Deduce Compound Structure

m/z (+) m/z (-)

2 [M+H]+ 475 Apigenin-7-O- acetyl-β-D-glucoside

O

OH

OH

OH

O

OH

O

O

OH

OH

3 [M+H]+447 
[M+H-162]+ 285

[M-H]−283 Calycosin-7-glucoside

O

OH

OH

OH O O

O

OH

OOH

4 [M+H]+ 516 [M]515 Ganoderic acid A

5 [M+H]+285 [M-H]−283 Calycosin
O

OH

O

OH

O

6 [M+H]+269 
[M+Na]+291

[M-H]−267 Formononetin

O

O
O

CH3

OH

7 [M+H]+ 301 Methylnissolin
O

O

HO

OCH3

OCH3
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FZYLD for 48 h compared to a negative control. The inhibition rate was 13.84% ± 3.43%, 14.85% ± 3.02%, 18.10% ± 
4.57%, 33.22% ± 4.38%, 52.68% ±4.65%, and 65.66% ± 4.84%, respectively. IC50 was found to be 24.31%. FZYLD- 
containing serum inhibited HepG2 cell proliferation and promoted apoptosis. The detailed data are available in Figure 6.

Discussion
FZYLD, a multi-herb formula, is our hospital prescription. It has been used for more than 10 years to cure liver tumors 
and can improve clinical symptoms, decelerate weakening after chemotherapy or radiation, improve the quality of life, 
and prolong the survival time of patients with tumors. However, the mechanism underlying these effects is still unclear.

In the terminal stage of cancer, multiple organ failure leads to weakness that may be accompanied with 
cardiopulmonary function decline. The decline of the physical health of HCC model group is associated with 
impaired heart function, hypotension, bradycardia, decreased cardiac output, and reduced pulmonary function 
parameters, V and Vt but increased Ptp. Treatment of HCC rats with FZYLD showed apparent changes in 
cardiopulmonary function indices.

BA

DC

FE

Figure 6 Fluorescence micrographs of 2-NBDG labeled HepG2 cells incubated using serum contained FZYLD for 48 h. (A) 2-NBDG labeled HepG2 cells (negative control); 
(B) 5% drug serum inhibits the proliferation of HepG2 cell; (C) 10% drug serum inhibits the proliferation of HepG2 cell; (D) 15% drug serum inhibits the proliferation of 
HepG2 cell; (E) 20% drug serum inhibits the proliferation of HepG2 cell; (F) 25% drug serum inhibits the proliferation of HepG2 cell; (n = 5).
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To evaluate the effect of FZYLD on serum endogenous metabolism in HCC rats, we used metabolomics and 
found that PCA and PLS-DA analyses of serum NMR spectrum and the metabolic spectrum in both HCC and 
FZYLD groups were substantially different. Because tumor cells consume a lot of energy to sustain their prolifera-
tion, serum levels of glucose, lipoprotein, HDL, lipids, NAc, acetate, VLDL, LDL, and FA were decreased, whereas 
the contents of Lac, Val, 3-hydroxybutyrate, and UFA were increased. A high concentration of lactic acid is 
a marker of tumor metabolic adaptability. The production and accumulation of lactic acid in vivo can promote 
tumor growth and metastasis and is related to poor tumor prognosis. Furthermore, tumor cell growth requires a large 
amount of valine, and valine restriction can prevent the synthesis of tumor cell structural proteins and enzyme 
proteins, thereby obstructing energy metabolism. After two weeks of FZYLD treatment, some indicators such as 
lipoprotein, glucose, HDL, LDL, valine, and lactic acid levels were recovered to some extent. FZYLD reverted the 
metabolic and energy disorders in HCC rats.

FZYLD-containing serum inhibited the proliferation of HepG2 cells. HPLC/MS/MS was used to determine exogen-
ous metabolites in serum. Diosgenin, apigenin-7-O-acetyl-β-D-glucoside, calycosin-7-glucoside, ganoderic acid A, 
calycosin, formononetin, and methylnissolin were detected. The fragment ion peak m/z 285 of calycosin may be 
a metabolite produced by deglycosylation to remove a glucoside from calycosin-7-glucoside. In addition, calycosin 
and formononetin are original constituents of Radix astragali in FZYLD and potential metabolites of campanulin and 
ononin that lose a glucoside by glucuronic acid reaction.

Dioscoreae rhizoma contains a large amount of diosgenin. A reduction in HepG2 cell viability was observed due to diosgenin 
treatment at concentrations >30 μmol/L, which could be attributed to genetic instability, cell cycle disruption, and cell death.22 

Apigenin-7-O-acetyl-β-D-glucoside derived from Fructus ligustri lucid reduced HepG2 cell viability and induced apoptotic cell 
death. Apigenin induced a dose-related elevation of intracellular reactive oxygen species levels, whereas NADPH oxidase 
activation plays an essential role in apoptosis induced by apigenin in HepG2 cells. These results further suggest that apigenin may 
be valuable for the therapeutic management of human hepatomas.23 Ganoderic acid A promoted cisplatin-induced cell death by 
enhancing the sensitivity of HepG2 cells to cisplatin mainly via suppression of the signal transducer and activator of transcription 
3, suggesting a potential therapeutic effect of ganoderic acid A in combination with chemotherapeutic agents for cancer 
treatment.24 Calycosin-7-glucoside, calycosin, formononetin, and methylnissolin are derived from Radix astragali. Calycosin 
is the hydrolysed material of calycosin-7-glucoside. It inhibits proliferation and promotes apoptosis of a variety of cancer cell 
types, such as HepG2, HCT116, and MCF-7,25 whereas formononetin showed a mild cytotoxic effect on HepG2 cells with an 
IC50 of 200 μmol/L, which implies a remarkable anti-tumor activity in human hepatoma cells.26

Conclusion
The findings of this study indicate that FZYLD ameliorated metabolite changes in the serum of a rat model of HCC. This 
effect is mainly related to immune function, energy, and lipid metabolism. Seven bioactive components of FZYLD were 
detected in the blood. This study will help to better understand the underlying mechanisms of FZYLD in attenuating 
fatigue and low immunity. The combined method developed herein offers an efficient way for the clinical application of 
bioactive natural compounds and understanding the mechanisms of traditional Chinese medicine.
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