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A B S T R A C T   

Ethnopharmacological relevance: Aloe vera (L.) Burm. f. is a typical traditional Chinese medicine (TCM) collected in 
the Pharmacopoeia of the People’s Republic of China (version 2015). It has been traditionally used for the 
treatment of constipation, and its potential therapeutic activities have been widely evaluated, including anti- 
tumor, anti-inflammatory and immune regulatory effects. The wide application of Aloe vera in food and ther-
apy has raised safety issues and there are multiple safety assessments with a diverse toxicity and adverse effects 
from clinics and animals. 
Aim of the study: This study aimed to investigate the safety of Aloe vera barbadensis extract C (AVBEC) in rats and 
analyze its anticancer activity in cell lines. 
Materials and methods: We administrated AVBEC orally in an acute toxicity study and a 6-month chronic toxicity 
study to observe and confirm its safety in Sprague-Dawley (SD) rats. Additionally, we explored the cytotoxicity of 
AVBEC in cancer cells and non-cancer cells. We further investigated the anti-tumor activity of AVBEC, and in the 
meantime, probed the function of component from AVBEC. 
Results: No deaths or substance-relative toxicity were observed in the acute toxicity study or the 6-month chronic 
toxicity study with doses of 44.8 g⋅kg-1 and 4.48 g⋅kg-1, respectively. In the chronic toxicity study, AVBEC did not 
cause organ toxicity, including crucial organ structure and chemical function, and peripheral and central im-
mune system damage. Additionally, we found that AVBEC could induce cancer cell apoptosis with a relatively 
higher apoptotic ratio than in non-cancer cells by decreasing adenosine triphosphate (ATP) concentration and 
enhancing reactive oxygen species (ROS) production. We also identified components in AVBEC using high- 
performance liquid chromatography with tandem mass spectrometry (HPLC-MS/MS) and probed the function 
of malic acid. This demonstrated that under the same circumstances, malic acid induced cell necrosis in cancer 
cells and non-cancer cells, while AVBEC did not. 
Conclusions: These results reveal a novel mechanism of aloe gel extract in regulating cancer cell apoptosis via 
modulating the mitochondrial metabolism and imply a possible application of AVBEC for the treatment of 
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malignant cancer with the safety evaluation from rats and anticancer investigation from cancer cells and non- 
cancer cells.   

1. Introduction 

Aloe vera (L.) Burm. f. (synonym Aloe barbadensis Mill.) is a tradi-
tional Chinese medicine (TCM) herb catalogued in the Pharmacopoeia of 
the People’s Republic of China (version 2015). Aloe vera has been widely 
used as a therapeutic agent and food for over 2000 years in Egypt, 
Greece and China, and its traditional applications include constipation, 
wound healing and anti-tumor (Hekmatpou et al., 2019; Radha and 
Laxmipriya, 2015; Zagórska-Dziok et al., 2017), which is also indicated 
in Chinese Materia Medica (version 1999). Some bioactive compounds 
enriched in Aloe vera are anthraquinones from aloe latex, including aloin 
and emodin, and polysaccharides from aloe gel, including glucomannan 
and ace-mannan. Accumulating preclinical evidence demonstrates that 
those compounds from Aloe vera have anticancer, anti-inflammatory, 
wound healing and immune modulation functions (Budai et al., 2013; 
Lopez et al., 2019; Majumder et al., 2019). 

Cancer is a major public health issue worldwide, and lung cancer and 
breast cancer are the most frequently diagnosed and leading causes of 
cancer-related mortality in men and women respectively (Sung et al., 
2021). Considering the rapidly growing burden of cancer mortality, the 
development of novel anticancer drugs with selective targeting for 
cancer cells and low toxicity for normal cells remains a key research 
topic. Accumulated studies have demonstrated that Aloe vera can func-
tion as a potential therapeutic agent for various cancers, including breast 
and lung cancers (Majumder et al., 2019). The anticancer effects of Aloe 
vera may be mediated coordinately by its bioactive compounds, 
including polysaccharides and anthraquinones. Polysaccharides, espe-
cially ace-mannan, have immunomodulatory activity (Liu et al., 2019), 
including anti-inflammation (Budai et al., 2013), immune activation 
(Harlev et al., 2012; Kumar and Tiku, 2015), including pluripotent 
effector cells, macrophage. Anthraquinones, including emodin and 
aloin, have been well researched for their antitumor effects. This has 
drawn attention to their chemopreventive and radioprotective potential 
(Haddad et al., 2013; Hamiza et al., 2013), anti-proliferative and 
apoptosis-inducing potential with or without anticancer agents (Hussain 
et al., 2015; Im et al., 2016; Lee et al., 2014a,b; Sanders et al., 2017). 
From the clinical trials, Aloe vera, as a complementary therapeutic 
product, was proven to be effective for the alleviation of side effects 
induced by chemotherapy and radiotherapy, and therefore substantially 
facilitates patients to recover (Farrugia et al., 2019; Mansouri et al., 
2016). For instance, some clinical trials have shown that Aloe vera is 
beneficial to alleviate acute proctitis and dermatitis occurs after radia-
tion (Haddad et al., 2013; Sahebnasagh et al., 2017). Besides, Damani 
et al. reported the application of Aloe vera eye drops in a 64-year-old 
patient induced the regression and finally resolved the ocular surface 
squamous neoplasia (Damani et al., 2015). 

However, due to the underestimation of toxicity and insufficient 
safety evaluation, the consumption of Aloe vera often raises some safety 
issues. Currently, with the widespread medical application of Aloe vera, 
an exhaustive investigation for the toxicity and other relevant adverse 
impacts are required, and there were plenty of clinical trials already 
focusing on the study of this area. Hepatic toxicity is one of the most 
common adverse effects of herbal supplement use (Lin et al., 2019). In 
some previous cases, patients identically exhibited toxic hepatitis or 
liver injury with abnormalities in liver enzymes and histopathology with 
oral Aloe vera products, nevertheless, the patients recovered after 
discontinuation of the Aloe vera administration (Lee et al., 2014a,b; 
Parlati et al., 2017; Yang et al., 2010). As a type of laxative, the appli-
cation of Aloe vera latex also resulted in functional damage, such as 
colorectal lesions and kidney dysfunction (Cholongitas et al., 2005; 
GORKOM et al., 1999). Although there were no severe adverse effects or 

carcinogenicity reported owing to the application of Aloe vera gel, the 
occurrence of allergy or hypersensitivity of skin might be an obstacle 
limiting the extensive use for this specific portion of it (Ferreira et al., 
2007; Morrow et al., 1980). Overall, the current state of Aloe vera 
application is a controversial issue. On the one hand, the benefits of Aloe 
vera indicated that it could have a high potential to be used as an 
excellent therapeutic agent for numerous diseases. On the other hand, 
the safety issues have impeded the further application of Aloe vera. 
Under these circumstances, a thorough safety evaluation is needed to 
offer a deeper insight into the judgement of toxicity of Aloe vera and 
facilitate the application of Aloe vera products. 

Commonly, Aloe vera gel has been used as concentrated powder with 
the application of organic solvent and lyophilization/vacuum evapora-
tion during the procedure. The gel powder should be dissolved to a 
certain concentration when it was subject to analysis for functional 
investigation or clinical treatment (Huseini et al., 2012; López et al., 
2017; Rajasekaran et al., 2005; Rathor et al., 2012). Here, we obtained 
an Aloe vera gel extract named AVBEC (Aloe vera barbadensis extract C) 
solution without supplement of organic solvent and lyophiliza-
tion/vacuum evaporation for dehydration to powder during the pro-
cedure. Most importantly, we presented the chemical constituents of 
malic acid, citric/isocitric acid by HPLC-MS/MS and several poly-
saccharides (isolated with column chromatography and identified with 
1H-NMR and 13C-NMR, data not shown here). These components are the 
quality control markers of Aloe vera products (Jiao et al., 2010), and also 
the essential bioactives, which synergistically act in the therapeutic 
activities of Aloe vera. In the current study, we evaluated the safety of 
AVBEC via acute and chronic (6-month) toxicity studies in 
Sprague-Dawley (SD) rats. In addition, we have found that AVBEC could 
induce a relative higher ratio of cell apoptosis in breast cancer (MCF7 
and MDA-MB-231 with different malignancies) and lung cancer cells 
(small cell lung cancer cell NCI-H 524 and non-small cell lung cancer cell 
NCI-H 1975) than non-cancer cells (HEK293), which might be mediated 
by modulating mitochondrial metabolism. This is the first safety eval-
uation in both human cell lines and animals (6-month chronic test) of 
Aloe vera gel extract, and investigation of its effect on cancer cells. 

2. Material and methods 

2.1. Plant materials and sample preparation 

Leaves of Aloe vera (L.) Burm. f. were purchased (batch number: 
20180806) from Yunnan Evergreen Biological Corporation, Yuanjiang 
(Latitude: 23◦62′N, Longitude: 101◦98′E), Yunnan Province, China. The 
obtained leaves were identified by Dr. Tian from school of Southern 
Medical University, in compliance with the quality standard of the 
Chinese Pharmacopoeia (version 2015). A voucher specimen was 
deposited in the Department of R&D, Biotech&Science Company of UP 
(No. UP-R&D-20180811). 

The freshly collected aloe leaves were washed with distilled water, 
water was removed under ventilated conditions and the leaves were 
peeled. The AVBEC was obtained with fresh gel by homogenization, and 
the debris was removed by centrifugation at 300 g for 3 min, mixed with 
3 vol of water and stirred at low speed at 60 ◦C for 3 times (2 h per time), 
sterilized with autoclave, concentrated to a suitable volume under 
reduced pressure and filtered again. The yield of AVBEC from Aloe vera 
gel was 12.5%, with a density of 1.12 g mL− 1 and was stored at 4 ◦C. The 
compositions of AVBEC were detected by HPLC-MS/MS after freeze- 
drying. For the animal experiments, the storage solution was ready for 
use. For the cell culture, the stock solution was diluted to the appropriate 
concentration by the corresponding culture medium and then filtered 
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with a 0.22 μm sterilizing membrane filter before use. 

2.2. HPLC-MS/MS analysis 

The contents of AVBEC were detected using HPLC-MS/MS (Thermo, 
Ultimate 3000LC, Q Exactive HF) equipped with a Zorbax Eclipse C18 
(1.8 μm*2.1 mm*100 mm, Agilent) after multiple pre-processing steps. 
In brief, AVBEC was analyzed after the processes of freeze-drying, 
grinding, dissolution, centrifugation, and filtration. The mobile phase 
was as follows: solvent A, acetonitrile, and solvent B, H2O containing 
0.1% formic acid. The gradient elution was 0–2 min, 5% (A), 2–6 min, 
5–30% (A), 6–7 min, 30% (A), 7–12 min, 30–78% (A), 12–14 min, 78% 
(A), 14–17 min, 78–95% (A), 17–18 min, 95% (A). Other important 
parameters are the flow rate of 300 μL/min, injection volume of 2 μL, 
source temperature of 325 ◦C, the ESI voltage of 3.5 kV, sheath gas flow 
rate of 45 arb, and auxiliary gas flow rate of 15 arb. The data were 
obtained and analyzed using available MS/MS databases including 
Thermo mzCloud and Thermo mzValut. 

2.3. Safety evaluation of AVBEC in SD rats 

2.3.1. Experiment animals 
The experimental procedures followed the good laboratory practices 

(GLP) and were authorized by the Institutional Animal Care and Use 
Committee of the Sci-tech Industrial Park, Guangzhou University of 
Chinese Medicine. The approval numbers for acute toxicity study and 
chronic toxicity studies were PZ19071 of and PZ19072, respectively. 

SD rats were purchased from the Guangdong Medical Laboratory 
Animal Center (SCXK [Guangdong] 2018-0002). In the acute toxicity 
study, the weights of male and female SD rats (7–8 weeks old) ranged 
from 180 to 200 g and 140–180 g, respectively. In the chronic toxicity 
study, the weights of male and female SD rats (6–7 weeks old) ranged 
from 140 to 170 g and 130–160 g, respectively. All animals were housed 
at the animal facility with a 12 h dark and 12 h light cycle, 40–70% 
humidity, 22 ± 2 ◦C temperature (SYXK [Guangdong] 2018-0014). All 
animals were quarantined and raised for five days to adapt to the altered 
conditions before the experiments. 

For some low-toxicity substances, the maximum feasible dose (MFD) 
can be used to carry out the acute toxicity tests. It is currently believed 
that the maximum volume of intragastric gavage for rats is approxi-
mately 40 ml kg− 1 (Diehl et al., 2001). In the acute toxicity study, rats 
were administered 20 ml kg− 1 AVBEC twice within 24 h to evaluate its 
acute toxicity. Therefore, the dose of AVBEC given to each rat was 40 ml 
kg− 1, which is equivalent to 44.8 g kg− 1 (the density of AVBEC: 1.12 g 
mL− 1). 

According to the technical guidelines for repeated drug dose toxicity 
testing (20140513, SFDA), the high, medium and low doses are 
commonly set to 1/10 LD50, 1/50 LD50 and 1/100 LD50, respectively 
(Li et al., 2020). Acute toxicity testing showed that there was no mor-
tality or toxic reaction due to the addition of AVBEC during the exper-
iment. In our chronic toxicity experiment, the dosage of the high-dose 
group was set 4.48 g kg− 1 (1/10 of the MFD in the acute toxicity study). 

2.3.2. Acute toxicity study 
The acute oral toxicity study of AVBEC was evaluated following the 

CFDA guidelines (20140513). We selected 40 SD rats from the available 
rats for the acute toxicity test. The SD rats were randomly divided into 
two groups of 20 (equally divided by sex): negative control group 
(treated with purified water) and AVBEC treated group (44.8 g kg− 1). All 
rats were fasted overnight prior to the intragastric administration. Two 
groups were separately administered of water or AVBEC twice via 
intragastric gavage (20 ml kg− 1) in the span of approximately 4 h. An-
imal were allowed food approximately 2 h after the first administration. 
The rats were closely monitored for 4 h after the dose administration. 
The day when the rats were exposed to the test substance was recorded 
as D0. General health observations (daily), mortality (daily), weight 

(once a week), and symptoms of poisoning (daily) were monitored and 
registered for two weeks. The observation period of two weeks’ post- 
treatment was recorded as rD1 to rD14 (recovery period). The rats 
were sacrificed and examined for histopathological changes at rD14. 

2.3.3. 6-Month chronic toxicity study 
The 6-month chronic toxicity of AVBEC was evaluated according to 

the CFDA guidelines (20140513). We selected 200 SD rats from the 
available rats for the chronic toxicity test. The SD rats were randomly 
divided into four groups of 50 (25 of each sex): negative control group 
(treated with purified water), low-dose group (treated with 1.12 g 
kg− 1⋅d− 1 AVBEC), medium-dose group (treated with 2.24 g kg− 1⋅d− 1 

AVBEC) and high-dose group (treated with 4.48 g kg− 1⋅d− 1 AVBEC). The 
rats were given these experimental treatments as described above at 
every morning for six months and the corresponding period was recor-
ded as D1-D181. In addition, there was a four-week observation period 
after the final administration which was recorded as rD1 to rD29. 
General health observations were conducted daily, and the weights and 
food intakes for each survival rat were recorded once per week. The 
volume of AVBEC was adjusted according to the weights of the rats. At 
the mid-term administration period (D90), 50 rats (half of each sex) 
among each group were fasted for 12 h, and their urine samples were 
collected. On the next day (D91), 20 rats were sacrificed and three blood 
samples were collected from the abdominal aorta to conduct a hema-
tologic analysis (EDTA-K2 tubes), a biochemistry analysis (dry tubes) 
and coagulation tests (sodium citrate tubes). Vital organs, including the 
heart, liver and kidney, were excised, weighed and fixed in 10% form-
aldehyde while the testis were uniquely fixed in Davidson fixative so-
lution for histopathological examination after euthanasia. The femur 
marrow was used for the bone marrow smear. Similarly, the urine of 30 
rats and the remaining 10 rats for each group were collected at the end of 
the administration period (D181) and the last day of the recovery period 
(rD28), respectively. The rats were sacrificed on the first day of the re-
covery period (rD1, 20 rats) and the end of the recovery period (rD29, 10 
rats), respectively. 

2.3.3.1. Blood biochemistry analysis. For the blood biochemistry anal-
ysis, the blood samples collected with dry tubes were rested for 30 min 
in a constant-temperature tank at 37 ◦C. Then the samples were 
centrifuged at 3000 rpm for 10 min and the supernatant was carefully 
transferred to another cleaning tube. Alanine transaminase (ALT), 
aspartate transaminase (AST), alkaline phosphatase (ALP), creatine ki-
nase (CK), creatinine (CRE), total bilirubin (TBIL), γ-glutamyltransferase 
(GGT), albumin (ALB), total protein (TP), urea nitrogen (urea), total 
cholesterol (CHOL), glucose (GLU), and triglycerides (TG) were detected 
using a Hitachi 7080 analyzer, while potassium (K+), sodium (Na+), 
chloride (Cl-) were detected using a MEDICA Easylyte analyzer 
(MEDICA, USA). 

2.3.3.2. Urinalysis 

Urine samples were collected using stress stimulation. Glucose 
(GLU), protein (PRO), pH, occult blood (OB), ketone bodies (KET), 
bilirubin (BIL), urobilinogen (URO), specific gravity (SG), white blood 
cells (WBC), and nitrite (NIT) were detected by CLINITEK100 (BAYER, 
Germany). 

2.3.3.3. Hematologic analysis 

For the hematologic analysis, the samples were collected in EDTA-K2 
tubes and analyzed within 30 min. The white blood cell count (WBC), 
neutrophil ratio (%NEUT), lymphocyte ratio (%LYM), monocyte ratio 
(%MONO), eosinophil ratio (%EOS), basophil ratio (%BASO), red blood 
cell count (RBC), hemoglobin (HGB), hematocrit level (HCT), mean 
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), 
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mean corpuscular hemoglobin concentration (MCHC), platelet count 
(PLT), and reticulocyte ratio (%RETIC) were examined using an 
ADVIA2120 automatic cell analyzer (Siemens, Germany). Samples 
collected with sodium citrate-containing tubes were used for the coag-
ulation test. The prothrombin time (PT) and activated partial throm-
boplastin time (APTT) were measured using a Sysmex CA1500 
(SYSMEX, Japan). 

2.3.3.4. Histological analysis and bone-marrow smear 

The fixed organs were dehydrated in gradient ethanol, vitrified, and 
embedded in paraffin. Sections (5 μm thick) were cut with an RM2235 
microtome (Leica, Germany) and stained with hematoxylin and eosin. 
Bone marrow from the femur was smeared. Histological observations 
were performed using a Leica DMLB bright field microscope (Leica, 
Germany) at 200 and 400 magnification to evaluate the degree of 
pathological alteration. Pathological evaluation of the tissue sections 
was performed by an experienced pathologist. 

2.4. Investigation of AVBEC in human cell lines 

2.4.1. Cell culture 
Four cancer cell lines (MCF-7, MDA-MB-231, NCI-H 524, NCI-H 

1975) and normal human embryonic kidney cells (HEK293) were ob-
tained from the Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). MDA-MB-231 and HEK293 
cells were cultured in Dulbecco’s modified Eagle’s medium and the 
other cell lines were maintained in RPMI-1640 medium, containing 10% 
fetal bovine serum and 1% penicillin/streptomycin in a 5% CO2 atmo-
sphere at 37 ◦C temperature. With the exception of the conditions 
mentioned above, 1% insulin transferrin-selenium was required for the 
cultivation of NCI-H 524. 

2.4.2. Cell viability analysis (CCK-8 assay) 
Cells were seeded in 96-well plates at an appropriate density over-

night. The medium was replaced with fresh medium containing or not 
AVBEC at a concentration of 2.5, 5, and 10 mg/ml and the cells were 
further cultured for 24 h. After treatment, CCK-8 solution (C0038, 
Beyotime) was added to each well and the 96-well plate was incubated 
at 37 ◦C for another 4 h. The OD450 values were recorded using a 
microplate reader (SynergyTM LX, BioTek, USA). The cell viability was 
then calculated. 

2.4.3. Cell apoptosis analysis 
Cells were plated in 12-well plates and ensured that the density of the 

next day can reach about 70%. After incubation overnight, the medium 
was replaced by fresh medium with AVBEC at a concentration of 2.5, 5, 
and 10 mg/ml for 8 h. Then, we detected the apoptosis rate following the 
instructions of the protocol of FITC-Annexin V apoptosis Detection Kit 
(556547, BD Biosciences). After that, the cells were treated with 10 mg/ 
ml AVBEC for different durations, and the apoptosis was detected to 
assess the relationship between dose and effect. 

2.4.4. Western blotting 
Cells were seeded in 6-well plates and treated with AVBEC (10 mg/ 

ml) for different durations, which was determined by the rate of 
apoptosis in different cell lines. Total protein was collected from the cell 
lysates. Western blotting was used to quantify the expression of cleaved 
caspase-3 (1:1000, 9661S, Cell Signaling Technology), β-actin 
(1:10,000; ab6276, Abcam). Detection was performed using horseradish 
peroxidase (HRP)-conjugated secondary antibodies. The blots were 
visualized by ECL and measured using ImageJ software. 

2.4.5. Apoptosis and necrosis analysis 
Malic acid (HPLC≥98%, B20937) was purchased from Shanghai 

Yuanye Bio-Technology Co., Ltd. The concentration of malic acid in 

AVBEC was 36.06%, as detected by HPLC-MS/MS. Malic acid was al-
ways freshly dissolved in the culture medium before use. 

Cells were cultured in 6-well plates and treated with 10 mg/ml 
AVBEC or 3.6 mg/ml malic acid (10 mg AVBEC containing malic acid 
3.6 mg) for 30 min. Cells were collected and stained with Apopxin green 
and 7-AAD dye for 30 min to indicate the cells in early apoptosis, late 
apoptosis and necrosis according to the description of apoptosis/ne-
crosis detection kit (ab176749, Abcam). Apoptosis was measured with 
Apopxin Green by using FITC channel and the necrosis of cells was 
measured with 7-AAD by using the PerCP channel. 

2.4.6. Intracellular ROS determination 
Cells were plated in 12-well plates as mentioned above and treated 

with 10 mg/ml AVBEC for 8 h. The determination process was con-
ducted according to the instructions of the Reactive Oxygen Species 
Assay Kit (CA1410, Solarbio). The cells were labeled with DCFH-DA for 
30 min. The cells were then washed thrice with PBS. The cells were 
collected to detect the fluorescence intensity of DCF using flow cytom-
etry at Ex/Em = 488/525 nm. Meanwhile, cells plated in chamber slides 
were imaged immediately after labeling with DCFH-DA by fluorescence 
microscopy. 

2.4.7. ATP analysis 
Cells were cultured in T75 culture flasks and treated with 10 mg/ml 

AVBEC for 8 h. Cells (1 × 106 cells) were collected, snaped-frozen in 
liquid nitrogen for 1 s, and immediately stored at − 80 ◦C. After col-
lecting samples from the four cell lines, the ATP concentrations were 
quantified according to the instructions of the ATP assay kit (ad83355, 
Abcam). 

2.5. Statistical analysis 

The data were processed using SPSS19.0 and expressed as mean ±
SD. If the data met the normal distribution, the statistical significance 
between groups was determined by one-way ANOVA, t-test or SNK-q. If 
it did not meet the normal distribution and the homogeneity of variance 
test, the Kruskal-Wallis H test was used. 

3. Results 

3.1. HPLC-MS/MS analysis of AVBEC 

We identified the components of AVBEC by applying high- 
performance liquid chromatography (HPLC) with tandem mass spec-
trometry (MS/MS) in higher-energy C-trap dissociation (HCD) positive 
mode and negative mode (Fig. 1A, B). After analyzing the data, we ob-
tained 50 compounds in the AVBEC. As shown in Fig. 1C and Table S1, 
the top five components were malic acid (36.06%), gluconic acid 
(16.63%), lactobionic acid (6.34%), isocitric acid (5.35%), citric acid 
(5.08%). 

3.2. Safety evaluation of AVBEC in SD rats 

3.2.1. Acute toxicity study of AVBEC 
After 14-days observation period, no abnormal clinical signs or 

deaths occurred in SD rats with the AVBEC treatment. Body weight was 
measured at D0, rD1, rD7, and rD14, and there was no statistically 
significant difference between the AVBEC-treated and non-treated 
groups (P > 0.05, Fig. 2A, C, and D). At the end of the acute adminis-
tration evaluation, pathological examination showed no obvious lesions 
or abnormalities in the volume, color, or texture of isolated organs due 
to the treatment with AVBEC (data not shown). 

3.2.2. 6-Month chronic toxicity study of AVBEC 
We performed ophthalmology and urine examinations on rats at the 

mid-term administration period (D90), the end of the administration 
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period (D181) and the recovery period (rD28), and the hematology, 
blood biochemical assay and histopathological examinations were per-
formed at D91, rD1 and rD29 (Fig. 2B). From the chronic toxicity testing, 
there was no mortality or toxic pathological damage to tissues and or-
gans occurred due to the addition of AVBEC. We considered the lack of 
toxicological significance with some changes in blood biochemistry 
analysis, urinalysis and peripheral blood assay from AVBEC-treated 
groups because they are neither time-dependent nor dose-dependent 
(see Table S2-5). Additionally, there was no abnormality in rats after 
the recovery period. We provide representative data from the negative 
control and high-dose groups. 

3.2.2.1. Body weight and food consumption. There was no significant 
difference between the high-dose AVBEC-treated group and the negative 
control group in body weight (Fig. 2E and F). The food consumption for 

some rats in the high-dose group was comparatively low, which could be 
considered as a transient change because there was no significant dif-
ference in body weight between the AVBEC-treated group and the 
control group during the same period (Fig. 2G and H). 

3.2.2.2. Organ chemistry. First, the organ coefficients, which is a com-
mon toxicology indicator reflecting animal damage from drug testing, 
showed that there was no difference between the two groups, indicating 
that no obvious organ damage was caused by the addition of AVBEC 
(Table S2), and hematoxylin-eosin (H&E) staining of crucial organs, 
including the liver (Fig. 3A–F), kidney (Fig. 3G-L) and heart (Fig. 3M–R), 
manifested that there was no pathological injury displayed in the his-
tologic structure at different stages during the repeated treatment of 
AVBEC, which emphasized the non-toxicity of AVBEC for organs in a 
certain duration. 

Fig. 1. HPLC-MS/MS analysis of AVBEC. (A) Main procedures of analyzing AVBEC composition using HPLC-MS/MS. (B) Total ion chromatography of negative mode. 
Numbers 1–5 represent the peak position of the five compounds with the highest content in AVBEC. (C) Structures of the five compounds with the highest content 
in AVBEC. 
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Based on the analysis of organ histology, we further performed the 
clinical pathological observations. From the clinical blood chemistry 
analysis conducted, at the end of the recovery period, the Urea con-
centrations of the AVBEC-treated groups were found to be lower than 
that in the negative control group (Table 1 and Table S3). This finding is 
considered to be not toxicologically significant because no increases in 
CRE, ALT and AST were observed at the end of the recovery period 
(Table 1 and Table S3). In addition, there was no biological significance 
with a decrease of AST in the males from high-dose group since it is not 
observed in other periods, especially in the recovery groups. Addition-
ally, the TP of males from the high-dose group was lower than that of the 
negative control group, which may be resulted from the loss of urine 
protein (Tables 1 and 2). 

The urinalysis results showed that the concentration of PRO in rats 
from medium- and high-dose groups was higher than in the control 
group, which was partly accompanied by an increase in blood Urea, and 
there was no abnormality at the end of the recovery period (Table 2 and 
Table S4, Table 1 and Table S3). This was considered to be relative to the 
substance and result in changes with other indicators in urinalysis. From 
Table 2, BIL of the high-dose group was higher than that of the control 
groups, which is considered to be unrelated to AVBEC because there was 
no significant difference between the two groups with respect to ALT 
and TBIL levels during the same period (Table 1). Similarly, the higher 
level of KET is considered to be unrelated to AVBEC, as Glu from blood 

and urine in the AVBEC-treated group was within the normal range 
(Table 2). In the recovery group, the changes in WBC were regarded to 
be non-biological and non-toxic significance because the relative in-
dicators were also within the normal range. Furthermore, no significant 
changes in BLO and SG were observed in the recovery groups. During the 
administration period, the alterations in PH in rats from the AVBEC- 
treated groups were not dose-dependent and time-dependent (Table 2 
and Table S4). In summary, there is no biological and toxicological 
significance in the clinical blood chemistry and urinalysis in both sexes 
from the high-dose group. 

3.2.2.3. Hematology. Peripheral blood analysis showed that the signif-
icant changes in BASO and RET were not dose-dependent or time- 
dependent (Table 3 and Table S5). There were no correlative findings 
of RBC and HGB related to the decrease in MCV at the end of the 
treatment, which can be considered to be non-toxicological significance. 
From the coagulation assay, there was a significant decrease in the PT of 
rats from the high-dose group during the administration period, whereas 
this was not observed in the recovery group. Most importantly, ac-
cording to the bone marrow cytology, there was no abnormality in the 
bone marrow of rats in each dose group. The specimens of the high-dose 
group were similar to those of the control group, which showed similar 
active proliferation of cells, and the cell morphology, size, and propor-
tion of each stage were normal. Moreover, mature red blood cells are 

Fig. 2. Body weight and food consumption of SD rats in acute and chronic toxicity studies. (A) Timeline of the acute toxicity study. (B) Timeline of the 6-month 
chronic toxicity study. Weights of female rats (C) and male rats (D) in the acute toxicity study. Weights of female rats (E) and male rats (F) in the 6-month 
chronic toxicity study. Food consumption of female rats (G) and male rats (H) in the 6-month chronic toxicity study. Statistical analysis was performed using the 
T-test. 
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double-concave and disc-shaped, and uniform in size (Fig. 3S–X). 
Consistent with the results of organ chemistry, AVBEC did not cause 

organ toxicity nor induce changes in crucial organ structures or chem-
ical function; moreover, no peripheral and central immune system 
damage was observed, suggesting that AVBEC is sufficiently safe for 
further functional analysis. 

3.3. Anticancer potency of AVBEC in human cell lines 

With the safety evaluation of AVBEC from acute and chronic toxicity 
studies, we explored the function of AVBEC in human cell lines, 
including malignant breast cancer (MCF-7 and MDA-MB-231), lung 
cancer (NCI-H 524 and NCI-H 1975) cells and non-cancer cell line 
(HEK293). 

3.3.1. AVBEC induced cell apoptosis 
First, the CCK-8 assay was employed to investigate the effect of 

AVBEC on cell viability, including MCF-7, MDA-MB-231, NCI-H 524 and 

NCI-H 1975 cells. After the treatment with AVBEC at various concen-
trations for 24 h, cell viability was found to be significantly lower than 
that of the control group in a dose-dependent manner (Fig. S1A-D). We 
further carried out propidium iodide (PI) and annexin V (FITC) double 
staining to detect apoptotic cells. Treatment with 10 mg/ml AVBEC for 
8 h significantly increased the apoptosis of MCF-7 cells (Fig. S1E, H and 
U), MDA-MB-231 (Fig. S1I, L and V), NCI-H 524 (Fig. S1M, P and W) and 
NCI-H 1975 (Fig. S1Q, T and X), and the lower concentrations of AVBEC, 
2.5 mg/ml and 5 mg/ml induced cell apoptosis in MCF-7 cells (Fig. S1E- 
G, U) and NCI-H 524 cells (Fig. S1M-O, W). Time-course analyses indi-
cated that the treatment with 10 mg/ml AVBEC could induce apoptosis 
of MCF-7 (Fig. 4A, B and Q), NCI-H 524 (Fig. 4I, J and S) and NCI-H 1975 
(Fig. 4M, N and T) cells within 4 h, and MDA-MB-231 cells within 8 h 
(Fig. 4E, G and R). In response to previous results, western blotting 
showed increased levels of cleaved caspase-3 in the four cell lines treated 
with 10 mg/ml AVBEC (Fig. 4U–X), confirming that the apoptotic 
pathways were activated. 

Additionally, we explore the specificity of AVBEC to induce cell 

Fig. 3. Organ specimens from organs in the 6-month chronic toxicity study. The histopathological analysis (H&E staining, × 200 and × 400) of liver (A–F), kidney 
(G–L), and heart (M–R) of the negative control group and high-dose group were performed at D91, rD1, and rD29, respectively. (S–X) The bone marrow smears ( ×
200 and × 400) of the negative control group and high-dose group were performed at D91, rD1, and rD29, respectively. The scale bar is shown in A. KC: Kupffer cell; 
RC: renal corpuscle; WBC: white blood cell; RED: red blood cell. 
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apoptosis in non-cancer cell line (HEK293). And we found that 16 h 
treatment with 10 mg/ml AVBEC induced HEK293 cells apoptosis (3% 
more cells than control) and the ratio of apoptotic cell was significantly 
lower than that of cancer cells (Fig. 5A–D). 

3.3.2. Investigation of specificity of AVBEC 

3.3.2.1. Investigation of malic acid in cell lines. The safety evaluation 
revealed that there was no toxicity in rats with AVBEC although it was 
found to induce cancer cell apoptosis, suggesting that AVBEC may work 
with specific components or specific targets. It has been reported that 
malic acid has an anti-proliferative effect in HaCaT cells through the 
inhibition of cell cycle progression at G0/G1, and the induction of cell 
apoptosis through endoplasmic reticulum (ER) stress- and 
mitochondria-dependent pathways (Zhang et al., 2017). Herein we 
explored the effect of malic acid on breast and lung cancer cells at a 
corresponding concentration of 3.6 mg/ml. Apoptosis and necrosis 
analysis showed that malic acid induced cell necrosis time-dependently 
in MCF-7 (Fig. 6A, B and Q), MDA-MB-231 (Fig. 6E, F and R), NCI-H 524 
(Fig. 6I, J and S) and NCI-H 1975 (Fig. 6M, N and T). Compared with 
malic acid treatment in a certain duration, AVBEC did not induce cell 

Table 1 
Blood biochemistry analysis of rats treated with AVBEC.  

Parameter D91(N = 10) rD1(N = 10) rD29(N = 5) 

Control High Control High Control High 

Female 
ALT (U/L) 26.9 ±

6.7 
30.0 ±
3.5 

40.9 ±
19.7 

39.2 ±
14.8 

52.9 ±
21.2 

38.0 ±
6.7 

CRE(μmol/ 
L) 

39.6 ±
8.8 

37.8 ±
7.3 

44.9 ±
14.6 

40.6 ±
7.4 

42.9 ±
8.3 

35.5 ±
5.3 

GLU 
(mmol/L) 

7.74 ±
0.63 

7.24 ±
0.90 

7.65 ±
0.40 

7.97 ±
0.71 

7.65 ±
1.05 

8.16 ±
0.73 

Urea 
(mmol/L) 

7.38 ±
1.42 

7.01 ±
1.04 

8.05 ±
2.45 

6.50 ±
1.04 

8.50 ±
1.19 

5.79 ± 
0.45a 

TBIL (μmol/ 
L) 

0.9 ±
0.5 

0.8 ±
0.3 

1.9 ±
0.4 

1.7 ±
0.5 

1.7 ±
0.7 

2.0 ±
0.6 

ALP(U/L) 51.7 ±
10.7 

49.7 ±
11.7 

33.9 ±
6.3 

33.5 ±
8.6 

29.6 ±
4.2 

42.8 ±
13.9 

CHOL 
(mmol/L) 

2.06 ±
0.44 

2.15 ±
0.24 

2.32 ±
0.48 

2.21 ±
0.36 

1.90 ±
0.26 

2.18 ±
0.48 

GGT (U/L) − 0.32 
± 0.54 

− 1.03 
± 2.10 

− 0.06 
± 0.42 

0.04 ±
0.53 

0.15 ±
0.37 

0.05 ±
0.25 

TP (g/L) 67.48 ±
2.33 

65.83 
± 3.10 

70.13 ±
5.68 

68.09 
± 1.84 

65.54 ±
3.42 

71.46 
± 3.20 

ALB (g/L) 46.94 ±
1.42 

45.57 
± 2.49 

47.63 ±
3.95 

45.07 
± 2.46 

45.00 ±
2.06 

48.85 
± 1.61 

CK(U/L) 451.7 ±
146.6 

397.7 
± 71.8 

243.6 ±
67.3 

321.6 
± 99.7 

505.0 ±
64.2 

356.9 
± 95.9 

TG (mmol/ 
L) 

0.76 ±
0.50 

0.62 ±
0.31 

1.30 ±
0.89 

0.69 ±
0.28 

0.99 ±
0.50 

1.64 ±
0.55 

AST (U/L) 112.0 ±
25.4 

105.9 
± 17.2 

133.6 ±
76.9 

118.8 
± 36.4 

185.9 ±
71.8 

105.6 
± 35.5 

Na+(mmol/ 
L) 

141.2 ±
1.6 

140.6 
± 1.3 

140.5 ±
0.9 

139.9 
± 1.0 

140.4 ±
1.3 

141.4 
± 0.7 

K+(mmol/ 
L) 

4.5 ±
0.4 

4.5 ±
0.4 

4.2 ±
0.2 

4.5 ±
0.4 

4.2 ±
0.4 

3.8 ±
0.1 

Cl-(mmol/L) 109.0 ±
2.2 

109.5 
± 2.1 

109.4 ±
1.4 

109.0 
± 0.8 

109.6 ±
1.8 

109.2 
± 2.2 

Male 
ALT (U/L) 30.2 ±

5.5 
27.5 ±
8.1 

34.8 ±
15.0 

35.5 ±
24.1 

94.4 ±
120.1 

26.5 ±
4.4 

CRE(μmol/ 
L) 

32.8 ±
3.7 

35.5 ±
9.5 

31.7 ±
4.5 

31.5 ±
6.6 

37.5 ±
8.1 

29.9 ±
2.2 

GLU 
(mmol/L) 

7.32 ±
0.58 

7.73 ±
1.46 

8.47 ±
1.01 

8.33 ±
1.30 

8.32 ±
1.01 

8.15 ±
1.25 

Urea 
(mmol/L) 

7.70 ±
1.06 

6.70 ±
1.27 

5.97 ±
0.91 

5.52 ±
1.12 

8.05 ±
1.73 

6.10 ± 
1.03a 

TBIL (μmol/ 
L) 

1.0 ±
0.4 

1.2 ±
0.2 

1.6 ±
0.6 

1.8 ±
0.7 

2.6 ±
0.8 

1.5 ±
0.2 

ALP(U/L) 87.5 ±
15.1 

97.7 ±
16.0 

71.0 ±
11.1 

65.3 ±
8.6 

103.2 ±
39.7 

68.5 ±
7.4 

CHOL 
(mmol/L) 

2.06 ±
0.46 

1.98 ±
0.26 

2.00 ±
0.32 

2.04 ±
0.44 

1.82 ±
0.41 

1.92 ±
0.37 

GGT (U/L) − 0.40 
± 0.31 

− 0.15 
± 0.30 

0.30 ±
0.41 

0.51 ±
0.60 

0.32 ±
0.58 

0.20 ±
0.19 

TP (g/L) 57.35 ±
2.15 

59.88 
± 1.99a 

61.12 ±
1.55 

61.54 
± 1.19 

59.88 ±
3.22 

62.16 
± 2.07 

ALB (g/L) 39.41 ±
1.95 

40.92 
± 1.38 

39.22 ±
1.23 

39.34 
± 1.06 

39.13 ±
1.71 

39.99 
± 1.81 

CK(U/L) 451.0 ±
69.0 

371.9 
± 111.1 

385.9 ±
179.3 

297.0 
±

122.6 

427.1 ±
165.2 

447.4 
±

234.6 
TG (mmol/ 

L) 
0.53 ±
0.16 

0.59 ±
0.25 

0.80 ±
0.16 

0.91 ±
0.67 

0.90 ±
0.33 

0.98 ±
0.32 

AST (U/L) 131.5 ±
22.1 

108.3 
± 14.7a 

125.0 ±
34.1 

121.6 
± 29.3 

156.6 ±
97.4 

107.5 
± 24.8 

Na+(mmol/ 
L) 

140.0 ±
0.8 

140.0 
± 0.8 

140.2 ±
0.7 

140.7 
± 1.3 

140.5 ±
0.9 

140.7 
± 0.9 

K+(mmol/ 
L) 

4.7 ±
0.2 

4.8 ±
0.2 

4.6 ±
0.2 

4.7 ±
0.2 

4.5 ±
0.2 

4.5 ±
0.3 

Cl-(mmol/L) 107.9 ±
1.2 

107.3 
± 1.3 

108.2 ±
0.7 

108.0 
± 1.2 

108.9 ±
1.1 

109.7 
± 0.9  

a Represent the significance level for the difference with the Control for p <
0.05. 

Table 2 
Urinalysis of rats treated with AVBEC.  

Parameter D90(N = 25) D181(N = 15) rD28(N = 5) 

Control High Control High Control High 

Female 
GLU 1.0 ±

0.0 
1.0 ±
0.0 

1.0 ±
0.0 

1.0 ±
0.0 

1.0 ±
0.0 

1.0 ±
0.0 

BIL 1.2 ±
0.4 

1.2 ±
0.4 

1.1 ±
0.3 

1.1 ±
0.3 

1.0 ±
0.0 

1.4 ±
0.5 

KET 1.2 ±
0.5 

1.3 ±
0.6 

1.0 ±
0.0 

1.2 ±
0.4 

1.0 ±
0.0 

1.2 ±
0.4 

SG 1.023 ±
0.007 

1.027 
±

0.005 

1.021 ±
0.007 

1.023 ±
0.007 

1.029 ±
0.002 

1.024 
±

0.005 
BLO 1.4 ±

0.8 
1.2 ±
0.4 

1.5 ±
0.8 

1.1 ±
0.4 

1.0 ±
0.0 

1.0 ±
0.0 

pH 7.9 ±
1.0 

6.8 ± 
0.7a 

7.3 ±
1.1 

7.4 ±
0.7 

6.7 ±
0.4 

8.6 ± 
0.2a 

PRO 1.9 ±
1.2 

2.6 ± 
1.2a 

1.9 ±
1.3 

1.7 ±
1.1 

1.8 ±
1.1 

2.6 ±
1.5 

URO 4.2 ±
3.5 

3.7 ±
2.6 

1.0 ±
0.0 

1.0 ±
0.0 

8.3 ±
7.0 

5.8 ±
5.7 

NIT 1.0 ±
0.2 

1.1 ±
0.3 

1.0 ±
0.0 

1.0 ±
0.0 

1.0 ±
0.0 

1.0 ±
0.0 

WBC 1.2 ±
0.8 

1.0 ±
0.0 

1.4 ±
0.5 

1.1 ± 
0.3a 

1.0 ±
0.0 

1.6 ± 
0.5a 

Male 
GLU 1.0 ±

0.0 
1.0 ±
0.0 

1.1 ±
0.3 

1.0 ±
0.0 

1.0 ±
0.0 

1.0 ±
0.0 

BIL 1.0 ±
0.0 

1.8 ± 
0.4a 

1.1 ±
0.3 

1.6 ± 
0.5a 

1.2 ±
0.4 

1.2 ±
0.4 

KET 2.1 ±
1.0 

2.8 ± 
0.8a 

1.5 ±
0.7 

2.5 ± 
0.9a 

2.4 ±
0.9 

1.8 ±
0.8 

SG 1.023 ±
0.007 

1.026 
±

0.007 

1.018 ±
0.006 

1.029 
± 
0.002a 

1.026 ±
0.004 

1.028 
±

0.004 
BLO 2.0 ±

0.7 
1.5 ± 
0.7a 

2.5 ±
0.8 

1.7 ± 
0.7a 

2.6 ±
0.9 

2.0 ±
1.0 

pH 7.7 ±
1.0 

7.3 ±
0.9 

7.5 ±
1.0 

7.1 ±
0.7 

7.3 ±
0.9 

7.7 ±
0.6 

PRO 3.5 ±
1.0 

4.0 ± 
0.9a 

3.1 ±
1.0 

4.0 ± 
0.5a 

3.4 ±
1.3 

4.0 ±
1.7 

URO 3.7 ±
2.6 

6.3 ±
5.6 

1.0 ±
0.0 

1.1 ±
0.4 

5.8 ±
5.7 

5.8 ±
5.7 

NIT 1.0 ±
0.2 

1.1 ±
0.3 

1.1 ±
0.3 

1.0 ±
0.0 

1.0 ±
0.0 

1.0 ±
0.0 

WBC 1.4 ±
0.5 

1.0 ± 
0.0a 

1.7 ±
0.6 

1.3 ±
0.5 

2.4 ±
0.5 

2.4 ±
0.9  

a Represent the significance level for the difference with the Control for p <
0.05. 
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apoptosis and necrosis in MCF-7 (Fig. 6C, D and Q), MDA-MB-231 
(Fig. 6G, H and R), and NCI-H 1975 (Fig. 6O, P and T), and induced 
less cell apoptosis and necrosis in NCI-H 524 cells (Fig. 6K, L and S). 

Similarly, 3.6 mg/ml malic acid induced HEK293 cell necrosis and 
AVBEC did not induce HEK293 cell apoptosis and necrosis in a certain 
duration (Fig. 5E–I). Considering that we previously observed that 16 h 
treatment with 10 mg/ml AVBEC induced HEK293 cell apoptosis with a 
significantly lower ratio than cancer cells (Fig. 5A–D), this suggested 
that malic acid is toxic to cancer cells and non-cancer cells and that the 
toxicity of malic acid was reduced with the integrated AVBEC com-
pound. In addition, it is noteworthy that, unlike malic acid is toxic to 
cancer cells and non-cancer cells, AVBEC could induce cancer cells 
apoptosis with a specific way from non-cancer cells. 

3.3.2.2. AVBEC modulated mitochondrial function. As shown in 
Table S1, most of the dominant components of AVBEC from HPLC-MS/ 
MS are metabolites that work in the tricarboxylic acid cycle (TCA) of 
mitochondria. Mitochondria are important bioenergetic organelles that 
play an essential role in signaling pathways, including metabolism and 
cell apoptosis. We examined the function of AVBEC in mitochondria and 
found that the fluorescence intensity of ROS was significantly enhanced 
with a shift to right compared with the control (Fig. 7A–E). Additionally, 
the ATP concentration in cell lysates decreased when cells were treated 
with AVBEC for 8 h (Fig. 7F). 

4. Discussion 

Aloe vera is widely used as a functional food and therapeutic product. 
It is more used as a folk medicine and limited official clinical medicine 
typically applied as a laxative. Thus, it warrants controlled and 
comprehensive studies to investigate the adverse effects, toxicity and 
efficacy of Aloe vera. There have been plenty of reports researching on 
the safety evaluations of Aloe vera in vivo and in vitro. Diverse toxic and 
adverse effects have been identified, which might be relevant to the 
tested parts of the plant, the processes of extraction or purification, 
indicated dosages and the tested animal system (Cosmetic Ingredient 
Review Expert, 2007; Guo and Mei, 2016). In the current study, we 
performed acute and chronic toxicity test on 240 rats in total according 
to the CFDA Guidelines (CFDA, 20140513), and no mortality was 
observed. Moreover, clinical testing and histological observation 
revealed that AVBEC did not give rise to any organ toxicity or immune 
system damage in tested rats (Figs. 2 and 3, Tables 1–3 and S2-5), and 
we found that treatment with 10 mg/ml AVBEC decreased the cell 
population of S phase in MCF-7, MDA-MB-231, NCI-H 524 and NCI-H 
1975 (data not shown), which suggested that AVBEC induced cells in 
S phase to undergo apoptosis while without toxicity in the rats immune 
system. Thus, AVBEC may exert effects on cellular function with specific 
components or targets. 

Many TCM compounds are considered to have low or almost no 
toxicity because the phytochemicals from herbs function synergistically 
and reduce the toxicity of individual ingredients (Hsiao and Liu, 2010; 
Lao et al., 2012). And, it is well believed that bioactive compounds from 
Aloe vera function synergistically instead of single chemical component. 
Fifty compounds were detected in AVBEC obtained by HPLC-MS/MS, 
and malic acid was found to be the most dominant organic acid 
(Table S1). Unlike the purchased malic acid treatment which 
time-dependently induced cell necrosis in cancer cells and normal cells, 
AVBEC did not exhibit similar effects according to the results of the 
present study (Figs. 5 and 6). This observation may result from the 
synergistic function produced within the AVBEC compound or the 
presence of some antidotal components from AVBEC, for instance, 
another dominant component, lactobionic acid (LA, Table S1). LA offers 
perfectly efficient targeted drug delivery and this is regarded as a more 
potent approach for effective, precise and safe therapeutic interventions 
(Alonso et al., 2013; Fu et al., 2014). It warrants investigation of 

Table 3 
Hematologic analysis of rats treated with AVBEC.  

Parameter D91(N = 10) rD1(N = 10) rD29(N = 5) 

Control High Control High Control High 

Female 
WBC( ×

109/L) 
3.08 ±
1.38 

3.81 ±
1.51 

2.73 ±
0.91 

3.05 ±
1.75 

3.26 ±
1.66 

3.63 ±
0.89 

RBC( ×
1012/L) 

8.02 ±
0.43 

8.16 ±
0.28 

7.84 ±
0.37 

8.16 ±
0.40 

7.95 ±
0.19 

8.03 ±
0.27 

HGB (g/ 
dL) 

14.4 ±
0.6 

14.5 ±
0.6 

14.3 ±
0.7 

14.3 ±
0.8 

14.2 ±
0.5 

14.5 ±
0.3 

HCT (%) 42.6 ±
1.7 

43.4 ±
1.5 

45.1 ±
2.2 

45.5 ±
2.6 

45.9 ±
1.6 

46.6 ±
0.5 

MCV(fL) 53.2 ±
2.0 

53.2 ±
1.6 

57.6 ±
1.6 

55.8 ± 
1.6a 

57.7 ±
2.4 

58.1 ±
1.8 

MCH(pg) 18.0 ±
0.9 

17.8 ±
0.6 

18.2 ±
0.8 

17.5 ±
0.5 

18.0 ±
0.9 

18.0 ±
0.5 

MCHC(g/ 
dL) 

33.7 ±
0.7 

33.4 ±
0.5 

31.7 ±
0.8 

31.4 ±
0.4 

31.1 ±
0.6 

31.0 ±
0.3 

PLT ( ×
109/L) 

1043.3 
± 87.7 

1049.7 
± 101.6 

956.2 
± 81.8 

1035.8 
± 112.1 

1084.2 
± 114.8 

959.0 
± 86.1 

NEUT (%) 14.1 ±
5.3 

17.6 ±
4.0 

20.8 ±
2.9 

22.1 ±
6.9 

15.4 ±
5.5 

21.5 ±
5.4 

LYM(%) 81.6 ±
6.1 

76.9 ±
5.8 

73.2 ±
3.6 

72.1 ±
7.4 

78.6 ±
6.4 

72.1 ±
6.3 

MONO(%) 2.0 ±
0.8 

2.7 ±
0.8 

2.8 ±
1.0 

2.7 ±
1.1 

3.0 ±
0.7 

2.9 ±
0.8 

EOS(%) 2.2 ±
0.8 

2.8 ±
1.8 

3.0 ±
0.9 

2.9 ±
0.9 

2.9 ±
0.6 

3.3 ±
1.1 

BASO(%) 0.0 ±
0.0 

0.1 ± 
0.1a 

0.2 ±
0.1 

0.2 ±
0.1 

0.2 ±
0.0 

0.2 ±
0.0 

Ret (%) 2.7 ±
0.4 

2.5 ±
0.4 

2.3 ±
0.5 

1.9 ±
0.6 

2.0 ±
0.3 

1.9 ±
0.2 

PT (Sec) 8.9 ±
0.2 

8.4 ± 
0.3a 

8.9 ±
0.5 

8.7 ±
0.1 

9.3 ±
0.3 

9.0 ±
0.1 

APTT 
(Sec) 

16.6 ±
1.2 

15.3 ±
0.5 

15.6 ±
1.5 

15.0 ±
1.0 

15.6 ±
1.2 

14.5 ±
0.5 

Male 
WBC( ×

109/L) 
7.23 ±
2.19 

6.54 ±
3.46 

6.36 ±
1.48 

5.95 ±
1.52 

6.77 ±
2.18 

6.31 ±
1.94 

RBC( ×
1012/L) 

9.04 ±
0.27 

9.03 ±
0.37 

9.18 ±
0.41 

9.07 ±
0.22 

8.94 ±
0.32 

8.95 ±
0.31 

HGB (g/ 
dL) 

15.1 ±
0.5 

15.2 ±
0.6 

15.2 ±
0.4 

14.8 ±
0.5 

14.8 ±
0.6 

14.6 ±
0.5 

HCT (%) 45.2 ±
1.5 

45.9 ±
2.4 

48.6 ±
2.0 

48.1 ±
1.7 

48.4 ±
1.3 

48.2 ±
1.7 

MCV(fL) 50.0 ±
1.0 

50.8 ±
1.3 

53.0 ±
1.7 

53.0 ±
1.9 

54.2 ±
2.0 

54.0 ±
2.6 

MCH(pg) 16.7 ±
0.5 

16.9 ±
0.3 

16.6 ±
0.6 

16.3 ±
0.5 

16.6 ±
0.7 

16.3 ±
0.8 

MCHC(g/ 
dL) 

33.3 ±
0.8 

33.2 ±
0.7 

31.3 ±
0.8 

30.8 ±
0.4 

30.6 ±
0.4 

30.2 ±
0.2 

PLT ( 
×109/L) 

1082.2 
± 68.9 

1088.1 
± 171.8 

1083.5 
± 111.9 

1092.7 
± 203.2 

1076.6 
± 78.2 

1124.8 
± 184.3 

NEUT (%) 19.8 ±
4.5 

23.0 ±
8.6 

22.4 ±
5.3 

24.2 ±
4.8 

26.8 ±
3.4 

28.0 ±
3.8 

LYM(%) 75.0 ±
4.8 

71.5 ±
9.0 

72.0 ±
5.7 

71.1 ±
4.8 

67.4 ±
3.9 

66.0 ±
3.6 

MONO(%) 3.2 ±
0.7 

3.2 ±
0.8 

3.3 ±
1.7 

2.6 ±
0.8 

3.2 ±
1.2 

3.7 ±
1.1 

EOS(%) 2.0 ±
0.6 

2.2 ±
1.4 

2.2 ±
0.5 

1.9 ±
0.2 

2.5 ±
0.7 

2.2 ±
0.8 

BASO(%) 0.0 ±
0.0 

0.0 ±
0.1 

0.2 ±
0.1 

0.1 ±
0.1 

0.1 ±
0.1 

0.1 ±
0.0 

Ret (%) 2.2 ±
0.2 

2.6 ± 
0.2a 

2.3 ±
0.3 

2.4 ±
0.4 

2.1 ±
0.5 

2.1 ±
0.4 

PT (Sec) 10.2 ±
0.8 

9.3 ±
0.6 

10.2 ±
0.7 

9.6 ± 
0.4a 

10.2 ±
0.6 

10.0 ±
0.2 

APTT 
(Sec) 

20.9 ±
2.3 

19.8 ±
1.9 

17.8 ±
1.2 

17.2 ±
1.9 

17.6 ±
1.7 

18.1 ±
1.0  

a Represent the significance level for the difference with the Control for p <
0.05. 
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components in AVBEC and we will further explore its function with 
purified or specific components from AVBEC. 

Moreover, the toxicity of drugs can be significantly reduced by 
increasing their specificity. Our data show that AVBEC induces 
apoptosis by targeting the mitochondria (Fig. 7). Apoptosis is an 

efficient way to prevent tumor progression because defects in the 
apoptotic pathway play an essential role in the transformation from 
normal cells to dysfunctional cells and evasion from programmed cell 
death (Wong, 2011). Most cell death is managed by mitochondria, and 
this organelle is known as the center for maintaining the precise balance 

Fig. 4. AVBEC induced breast and lung cancer cells apoptosis in a time-dependent manner. (A–D) MCF-7, (E–H) MDA-MB-231, (I–L) NCI-H 524, and (M–P) NCI-H 
1975 were treated with AVBEC (10 mg/ml) for 4 h, 8 h and 16 h. The apoptotic cells were detected by FITC-PI. (Q–T) Apoptosis ratios are expressed as mean ± SD. 
(U–X) Expressions of cleaved caspase-3 were detected by Western blot after treatment with AVBEC (10 mg/ml) for varying durations. The experiments were repeated 
for three times independently. Statistical analysis was performed with one-way ANOVA. *, **, *** and **** represent the significance levels for the difference with 
the control for p < 0.05, 0.01, 0.001 and 0.0001, respectively. 
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of multiple signaling pathways, including energy production, biosyn-
thesis, redox homeostasis, calcium and cell fate regulation. However, 
many cancer cells prefer aerobic glycolysis (Warburg effect) bypassing 
the TCA cycle with oxidative phosphorylation and electron transport 
with damaged mitochondria or uncoupling of mitochondria (Vander 
Heiden et al., 2009). Under these conditions, mitochondrial recoupling 
has become a novel strategy for cancer therapy since the aberrant or 
malignant cells with damaged mitochondria are prone to undergo 
apoptosis (Baffy et al., 2011). Indeed, increased production of ROS could 
induce cell apoptosis mediated by mitochondria, p53, ER stress or MAPK 
(Redza-Dutordoir and Averill-Bates, 2016). Simultaneously, ROS over-
production impairs mitochondrial function and the ATP production 
(Thirupathi and de Souza, 2017). Previous studies have suggested that 
aloe-emodin can induce mitochondria-mediated glioma cell apoptosis 
(Ismail et al., 2013) and lung cancer cell apoptosis by targeting ROS 
generation (Wu et al., 2017). In the current study, we observed an in-
crease of ROS and decrease in ATP following AVBEC treatment in breast 
and lung cancer cells as well as the activation of the energy sensor, 
AMPK from breast cancer cells, MCF-7 and MDA-MB-231 (data not 
shown). Activation of AMPK directly represents the energy status of cells 
and regulates numerous cellular activities, including cell cycle and cell 
apoptosis, most through phosphorylation of P53 (Nieminen et al., 2013). 
We also found the increased protein levels of Bax and enhanced Cyto-C 

when treated with AVBEC in two lung cancer cell lines (data not shown). 
In summary, increased cellular ROS and decreased ATP production due 
to the treatment of AVBEC suggested the influence of AVBEC on mito-
chondrial function, and the mechanism by which mitochondria play in 
mediating cancer cell apoptosis with AVBEC treatment is worthy of 
further study. 

The main reason for the adverse effects of chemotherapy is the low or 
non-selectivity of anticancer agents, which arises because they are 
designed to kill cells with higher proliferation rates, including cancer 
cells and immune cells residing in the bone marrow. We observed 
AVBEC induced the cell apoptosis to a considerably different degree as 
the number for apoptotic cancer cells was far greater than that of 
HEK293 cells (Figs. 4 and 5A-D). As a transformed cell line, HEK293 
cells can easily and quickly reproduce with abnormal chromosome and 
protein expression, which might explain the phenomenon that the 
designed normal cells were also partially subject to death by AVBEC 
(Thomas and Smart, 2005). Considering the evaluation of AVBEC did 
not show any influence on the peripheral and central hemopoieti-
c/immune system, it shows a significant potential as a natural anticancer 
medicine with high efficacy and safety. 

Fig. 5. Investigation of AVBEC and malic acid in HEK293 cell. (A–B) HEK293 were treated with AVBEC (10 mg/ml) for 16 h and the apoptotic cells were detected by 
FITC-PI. (C) Apoptosis ratios of HEK293 were expressed as mean ± SD. (D) Apoptotic cells ratios were normalized against the control and are expressed as mean ±
SD. (E–H) HEK293 were treated with malic acid (3.6 mg/ml) and AVBEC (10 mg/ml) for 30 min, and the rate of apoptosis and necrosis were detected. (I) Ratios of 
apoptosis and necrosis were normalized against control and are expressed as mean ± SD. The experiments were repeated for three times independently. Statistical 
analysis was performed with T-test and one-way ANOVA. *, **, *** and **** represent the significance levels for the difference with the control for p < 0.05, 0.01, 
0.001 and 0.0001, respectively. 
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5. Conclusion 

We found that AVBEC did not yield toxicity in rats from acute and 
chronic safety evaluation; moreover, it was found to induce cancer cell 
apoptosis, which may be because AVBEC modulates the function of 
mitochondria. Components within AVBEC work synergistically to 
detoxify some toxic components and finally facilitate their function. As 
an integrated compound, AVBEC induced cell apoptosis by targeting 
mitochondria in vitro and did not cause toxic changes in the main organs 
or to the peripheral and central immune system in vivo, suggesting that it 
could be a potential natural medicine for anticancer treatment with 
excellent safety and efficacy. 
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