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Abstract
Today, plant compounds and substances of natural origin as bio products are strongly recommended for the prevention and 
treatment of cancer. In the field of biomedicine anti-viral, anti-inflammatory, anti-oxidant properties among the most known 
activities of Humus and the products obtained from humus. In this study, the effect of humic and fulvic acids (HA, FA), bio 
product of humus, on breast cancer cells (MCF7), the most common cancer among women, was investigated. To achieve 
optimum cytotoxic time and determine the effect of the different parameters the Response Surface Methodology (RSM) was 
applied. The main parameters influencing the cytotoxic performance in the MTT assay, such as time and concentrations were 
regarded. The cell viability was measured using different concentrations of HA and FA including 10, 50, 100, and 200 µg/
mL for 14, 24, and 48 h, respectively. Apoptosis, cell cycle, mechanical properties and survivin gene expression of MCF7 
cells treated with HA and FA were analyzed after 14 h. Our results showed that HA and FA induced apoptosis, reduced cell 
viability and gene expression in the cured MCF7 cells. We have seen a dose-dependent behavior of HA in increasing the cell 
population in phase Sub-G1. The results of AFM showed that the increasing behavior of elastic modulus value and cell–cell 
adhesion forces were dose-dependent in cells treated with HA and FA. The golden result of this study was the matching of 
laboratory and statistical results which confirms the success of the RSM model in biological researches.
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Abbreviations
MCF7  Breast cancer cell line
RSM  Response surface model
FA  Fulvic acid
HA  Humic acid
MTT  3-(4,5-Dimethylthiazol-2-yl)-2,5 diphenyl tetra-

zolium bromide
AFM  Atomic Force Microscopy

Statement of Novelty

The effect of humic and fulvic acids as bio stimulants in 
agriculture has been proven. The current research aimed to 
examine the anticancer attributes of biopolymers extracted 
from soil. Another advantage of this study over other stud-
ies in the field of cancer is the combination of experimental 
tools and statistical tools for optimization. It seems that the 
optimal time presented in this study can help researchers in 
this field, because the effectiveness of drugs in a short time 
and fewer side effects are more beneficial to patients.

Introduction

Today, more than 2/3 of anticancer drugs worldwide are 
derived from plant metabolites [1]. These plant compounds 
have anticancer potential and are found in foods such as 
fruits and vegetables. Among the plant metabolites, most 
cancer-related researches have been done on the flavonoid 
family compounds [2]. Along with herbal ingredients, 
another significant source of anticancer drugs in health-
ful foods and plants are natural organic substrates. Humic 
substances (HS) are commonly found in decaying organic 
matter including plants, animal residues, sewage and soil. 
utilization of HS, composed of humic (HA) and fulvic acid 
(FA), has been recognized as a long run product since the 
1980s [3]. Humus and the products obtained from humus 
are used in agricultural and biomedical fields. The HA, a 
type of polymer including macromolecules that has a high 
molecular weight, is obtained from decomposing organic 
matter [4]. In HA, aromatic rings and groups of alkoxyl, 
carboxyl, quinone carbonyl, ketonyl, and phenolic hydroxyl 
are responsible for most anticancer properties [5]. However, 
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HA, due to some functional groups such as carboxyl, phenol, 
quinone showed intense antioxidant activity [6].The HA is 
degraded by microbial reactions, oxidation, and reduction, 
producing resorcinol, meta- and ortho-phthalic acids, and 
different phenolic compounds [5, 7]. Another compound that 
is an attractive candidate in many pharmaceutical studies 
due to its structure and active groups is FA [8]. The FA is 
an admixture of complex polymers with active functional 
groups [9]. FA, used as a supplement, contains active func-
tional groups of phenolic hydroxyl, ketone carbonyl, qui-
none carbonyl, carboxyl, and alkoxyl and aromatic rings 
that mediate absorbing several necessary nutrients into the 
body [10]. Several reports confirm the antimicrobial and 
anti-inflammatory properties of FA [11, 12]. Several stud-
ies have demonstrated the anticancer properties of HA and 
FA [13, 14], and its biological significance recognized for 
several years, there is still minimal scientific understand-
ing the claims of its biological properties. Breast cancer is 
the most prevalent cancer and the first cause of mortality in 
women aged 44 and over in the world. Also, this cancer is 
responsible for about 19% of cancer-related deaths [15–17]. 
According to the world health organization, about 1.3 mil-
lion females around the world are diagnosed with breast can-
cer yearly. After lung cancer, the highest mortality is related 
to this type of cancer. The highest death rate from breast can-
cer in 2014–2017 were observed in Madison County, Missis-
sippi (the mortality rate of 52 individuals per 100,000). The 
lowest death rate was in Presidio County, Texas (the mortal-
ity rate of 15 individuals per 100,000) [18]. The mainstays of 
treatment and control of breast cancer are surgery (mastec-
tomy), Radiation therapy, and systematic treatments such as 
chemotherapy, immunotherapy, and thermo-chemotherapy 
[19]. Despite the radical mastectomy surgeries, only 50% of 
the patients' rescue [20]. Chemotherapy also has many side 
effects and can have strong cytotoxic effects on the body's 
healthy cells [21]. So far, each type of chemotherapy drug 
was effective only on a limited percentage of the patients. 
For example, Tamoxifen has been effective in 1/3 of breast 
cancer patients. Several studies have shown that a proper 
diet can prevent up to 30% of cancers in some cases [22]. 
The most critical limitation in cancer treatment has been 
the cancer cells' resistance against drugs. This limitation 
can be due to the resistance of the Dotti tumor cells to the 
drug or chemotherapy and their function is such that resist-
ant cells are chosen from heterogeneous ones. Therefore, by 
increasing the resistant cells, the healing procedure becomes 
more challenging. Therefore, choosing suitable drugs having 
fewer side effects is a priority in the treatment of cancers. 
One functional mechanism of anticancer medications is 
inducing apoptosis, causing cancer cells death.

The current research aimed to examine the anticancer 
attributes of biopolymers extracted from soil (HA and FA) 
on MCF7 cells. Consequently, we will optimize the time 
of treatment exposure on cell viability and this optimiza-
tion will be performed using the RSM. Finally, the selected 
time's correctness is determined by evaluation of apopto-
sis, cell cycle, physical properties of cells by atomic force 
microscopy (AFM), and survivin gene expression.

Materials and Methods

Preparing HA and FA

Preparation and purification process of HA was done based 
on the protocols described by Ting et al. [23]. Also, the 
extraction of FA from Humus was conducted by using the 
base-acid extraction method [24]. Lastly, stock solutions 
(HA and FA) were prepared at 10, 50, 100, and 200 µg/mL 
concentrations.

Cell Culture

The researchers supplied a Human breast adenocarci-
noma (MCF-7) cell line through Pasteur Institute (Pasteur 
In., Iran). Then, they activated MCF7 cells in cell culture 
medium of DMEM, supplemented with 10% (v/v) FBS, 
with incubation at 37 °C and 5% CO2 and modified the 
medium every other day. Researchers routinely sub-cultured 
the cells whenever they were 80% confluent, using 0.25% 
trypsin–EDTA solution (Biochrom, L2143). When enough 
cells were obtained, an inverted microscope (Optika IM-3) 
was used to monitor regularly the proliferation, passages, 
and tracking of the cells. They removed the cells from the 
flasks when were confluent, by applying the solution of 
trypsin–EDTA. Next, they transferred the cells to 96 well 
Microplates. Cells treated with HA and FA dilutions and the 
control sample were harvested.

Cell viability Assessment

To investigate the viability of cured cancer cells the 
3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bro-
mide (MTT) was applied. HA and FA were diluted in the 
culture medium at five various concentrations of 10, 50,100, 
and 200 μg/mL. At first, the cell suspension preparation was 
done at 3000 cells per well in a 96-well plate. MCF-7 cells 
were cured with definite concentrations for 14, 24, and 48 h 
and were incubated at 37 °C for 4 h. In the following, after 
removing the MTT solution, 100 μl of DMSO was added to 
every well and incubated for 15 min. To assess the absorp-
tion of the each well the micro Plate Reader (Biotek, USA) 
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device was employed [25, 26]. Using the following equation, 
the cell viability was calculated.

Apoptosis and Cell Cycle Analysis

In analyzing apoptosis and cell cycle phases of the treated 
cancer cells the flow cytometry was used. The apoptosis of 
treated MCF7 cells was evaluated using a flow cytometer 
device (Dickinson Immunocytometry System, CA, USA) 
and a Bioscience cell apoptosis kit (Ebioscience, San Diego, 
USA) containing Annexin V-FITC staining and propidium 
iodide (PI). According to the cell apoptosis kit protocol, cells 
were seeded in microplate wells and treated in two selective 
IC50 and 100 µg/mL value concentrations of HA and FA. 
We allowed the cells to incubate at 37° C for 14 h. After 
harvesting the cells, phosphate saline buffer (PBS) was used 
to wash them. The harvested cells' set with Annexin V-FITC 
and PI for 30 and 5-min, respectively, was performed. 
Finally, the flow cytometry device was used to measure the 
expression of Annexin V-FITC and PI. We also evaluated the 
cell cycle. Floating and adherent cells were pooled and then 
washed using ice-cold PBS. In the following, after fixing 
in the solution of PBS-methanol (1:2 v/v), eventually, they 
were stored at 4◦C for at least 18 h. After rinsing with PBS 
twice more, the cell pellet was stained using the solution of a 
fluorescent probe comprising PBS, 40 g/mL of PI, and 40 g/
mL of DNase-free RNaseA for 30 min in the darkness and at 
room temperature. DNA fluorescence of the PI-stained cells 
was examined through exciting at 488 nm and monitoring 
by a 630/22 nm bandpass filter employing a flow cytometer 
of Becton–Dickinson FACS-Calibur. At least 10,000 cells 
in each sample were analyzed. To estimate the percentage of 
cells in different cell cycle phases the DNA histograms were 
more analyzed applying Modfit LT 3.2 software.

Extraction of RNA, Synthesis of cDNA, 
and Expression of Gene

Expression of survivin gene was measured for viability 
evaluation of MCF7 cells treated with HA and FA. Reverse 
transcriptase real-time PCR coupled to  2−ΔΔCt method was 
used to express the survivin gene in treated (with IC50 and 
100 µg/mL value concentrations of HA, FA) and control 
MCF7 cells. According to the protocol the RiboEx total 
RNA extraction kit was used to extract the total RNA of cells 
harvested (GeneAll Biotechnology Co., Korea). Reverse 
transcription of the extracted RNA was performed using the 
GeneAll cDNA synthesis kit (GeneAll Biotechnology Co., 

(1)

Cell Viability(%)

= Absorbance of Control − Absorbance of HAor FAtreatedCells
Absorbance of Control

× 100

Korea) and ABI PCR thermal cycler machine model 9092 
(Applied Biosystems, USA). The qRT-PCR SYBR green 
master mix (Ampliqon, Denmark) with the Rotor Gene 
real-time PCR machine 6000 (Qiagen, USA) were used to 
perform the Real-time PCR. In every reaction tube, there 
was 25 μl reaction mix containing 0.5 μl of each primer 
(10 μM/μl), 12.5 μl supermix kit, and 1 μl cDNA template 
and sterilized deionized water to the ultimate reaction vol-
ume. Researchers used the primers of GAPDH (glyceral-
dehyde 3-phosphate dehydrogenase) as internal controls. 
Primer sequences synthesized by SinaColon (SinaColon Co., 
Iran) have been described as following: Survivin forward 
5′- GCC TCC TCT CCT ACT TTG -3′ and reverse 5′-CTC AGC 
CCA TCT TCT TCC -3′; Bax forward 5′TGG GAA GTT TCA 
AAT CAG C-3′ and reverse 5′-TGG GAA GTT TCA AAT CAG 
C-3′,  Bcl2 forward 5′-CAA TGA CCC CTT CAT TGA CC-3′, 
reverse 5′-TGG AAG ATG GTG ATG GGA TT-3′. As primary 
denaturation, the qRT-PCRs were carried out at 95 °C for 
15 min, followed by 40 cycles, including 15 s at 95 °C and 
1 min at 60 °C.Also, the caspase-3 gene primers forward 
AAG CGA ATC AAT GGA CTC TGG and reverse CTG TAC 
CAG ACC GAG ATG  TC was used in study [27, 28]. The 
cDNA samples were subjected to quantitative PCR in a light 
cycler apparatus (Rotor-Gene6000, Qiagen, USA) with 40 
cycles consisting of 94 °C for 15 s, 58 °C for 30 s, and 
72 °C for 30 s. Melting curve analysis was performed from 
60 to 95 °C to assess the specificity of PCR products. When 
the cycle threshold  (Ct) for each reaction was determined, 
then, the  2−ΔΔCt method was used to measure relative gene 
expressions [29].

Atomic Force Microscopy (AFM) Analysis

Initially, researchers seeded MCF7 cells in Petri dishes and 
put them into a  CO2 Incubator device at 37 °C. Then cells 
were cured by 50 and 100 µg/mL of FA and HA. After 14 h, 
the washing process was done by PBS. Then, the cell fixation 
process was performed for 1 min with 0.5% Glutaraldehyde 
solution. The Glutaraldehyde solution was removed and the 
process of cell washing continued for 5 min with three rep-
lications with PBS. In the last step, after the removal of the 
buffering, the Petri dishes were dried at room temperature. 
Nanowizard-2 AFM (JPK Instruments) was used to evalu-
ate the treated cells' elastic behavior. An AFM installed on 
an inverted optic microscope was mounted to a camera. A 
V-shaped high sensibility Tip (MIKROMASCH-NSC15/
AIBS) with nominal spring constant 0.07–0.35 N/m, 10 nm 
radius, and side angle 10°, was mounted to the stand. The 
morphology and ultrastructure of cells were examined in 
non-contact mode at T:37 ± 2 °C (PetriDishHeater, JPK 
Instrument). Moreover, standardization methods such as 
ISO 5725, ISO/IEC 17,042, and ASTM E691 were used for 
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quality control of images. This equation was also employed 
in calculating the young’s modulus:

F Loading force, E Young's modulus,  v Poisson ratio @ 0.5 
is appropriate for cells,  � Indentation, α Half opening angle 
of a conical tip [30].

Statistical Analysis

The differences between the groups of treatment and con-
trol were compared using one–way analysis of variance. The 
calculation of meaningful differences among data groups 
was performed applying Duncan's multiple range test and 
SPSS software version 20 (SPSS®, Armonk, NY, USA). 
The t-test, F-test, and Z-scores in SPSS and JPK software 
were applied in the process of the AFM data analysis. The 
Graphpad Prism8 software was used to draw graphs. The 
significant level for data was considered less than 0.05.

Optimization Methodology Using the Statistical 
Tools

Response Surface Methodology was done for optimization 
in this study via applying the Design–Expert package ver-
sion 10.0.3.1 (Stat-Ease Inc., Minneapolis, USA) software. 
RSM was employed in estimating the mathematical relation-
ship between a set of processes as variables and response 
as a function of the variables and analyzing the impact of 
different parameters on the cells' cytotoxicity. The impact of 
independent variables was examined using a  32 full factorial 
design. Drug concentration  (X1) and time  (X2) in this sta-
tistical model, including interactive and polynomial terms, 

(2)F = 2
�

tan (�) E
1 − v2

�2

were independent variables, while Cell Viability (%) was a 
dependent one. The coded mathematical model for 3 2 facto-
rial designs is given:

Here that Y is the dependent variable,  b0 is the arithmetic 
mean response of the nine runs, and  bi is the predicted coef-
ficient for the factor  Xi. Whenever two factors synchroni-
cally change, the interaction terms  (X1X2) display how to 
change the response. The polynomial terms  (X12 and  X22) 
were included to study non-linearity.

Results

Optimization of Treatment

In this study, we used RSM for optimizing the treatment 
time of cancer cells with drugs. In previous studies, cyto-
toxicity of FA and HA at different concentrations after 24, 
48, and 72 h was investigated [31–34]. To prepare stock 
solutions, HA was first dissolved in 1 N NaOH solution 
(pH > 10), and any undissolved material was removed by 
filtration. The solution was then acidified with 1 N HCl (pro-
analysis grade, Merck, Darmstadt, Germany) to a pH < 2.0 
to precipitate the HA, and dissolved metals which bind with 
HA. Any precipitate formed was collected by centrifuga-
tion at 3000×g for 30 min, and redissolved in 1 N NaOH. 
The alkaline-acid treatment was repeated three times to 
obtain the purest HA. After the third round of acid precipi-
tation, the precipitate was dis-solved in 0.1 N NaOH, and 
the pH of the resulting solution was adjusted to 7.2–7.4. 
Also, extraction of FA was conducted from Humus by base-
acid extraction methods. Briefly, humus was extracted by 

(3)Y = b
0
+ b

1
X

1
+ b

2
X

2
+ b

12
X

1
X

2
+ b

11
X

12
+ b

22
X

22

Table 1  Optimal time results 
of drug effect (HA and FA) on 
MCF7 cells using RSM

X1drug concentration (µg/m L): Low (10), Mid(50), High(100), X2 Time (h): Low (14), Mid (24), High 
(48), Low = -1, Mid = 0, high = 1, A Drug Concentration, B Time, Response %Cell viability

Variables level Coded independent vari-
able levels

% Response
HA

%Response
FA

X1 X2 A B

1 − 1 − 1 10 14 91.48 64.23
2 − 1 0 10 24 95.32 78.33
3 − 1 1 10 48 98.72 82.8
4 0 − 1 50 14 50.99 28.82
5 0 0 50 24 70.08 54.32
6 0 1 50 48 75.32 70.32
7 1 − 1 100 14 35.8 14.32
8 1 0 100 24 58.3 52.3
9 1 1 100 48 68.93 60.95
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treating with 0.1 M NaOH alkaline solution, filtering, and 
removing insoluble humic acid. Then, the residual solution 
was acidified to pH 1 ~ 2 using 6.0 M HCl to yield FA. The 
precipitated FA was centrifuged to produce FA fractions 
at 4500×g for 30 min. The purified HA and FA were then 
freeze-dried to a powder form. To optimize the efficiency of 
the drug regarding three different concentrations and times, 
we examined the cell viability percentage. The results were 
obtained after 9 replications with Design–Expert package 
version 10.0.3.1 (Stat-Ease Inc., Minneapolis, USA) soft-
ware (Table 1). After obtaining the appropriate times using 
the computational model, these results were also evaluated 
in the experimental section. The HA and FA at concen-
trations of 10, 50, 100, and 200 μg/mL were used to treat 
MCF-7 cells, for 14, 24, and 48 h. The Cell Viability was 
significantly affected by FA and HA at the concentrations of 

10, 50, 100, and 200 μg/mL (Figs. 1 and 2). Therefore, it was 
clear that treatments after 14-, 24-, and 48-husing HA and 
FA were at concentrations ranging from 10 to 200 μg/mL. 
Our results indicated that, the effect of HA and FA toxicity 
at 14, 24, and 48 h were observed in the highest toxicity and 
best efficiency at 50 and 100, and 200 μg/mL, respectively, 
and according to the selected concentrations of the statistical 
model, we set the continuation of experiments at 14 h and a 
concentration range of IC50 and one concentration higher 
(100 µg/mL). The anticipated response  (Y1) of the process to 
the independent variables have been provided graphically in 
3D space to facilitate the visualization of the response sur-
face's shape in Fig. 3. The effect of time and concentration 
on Cell viability % is shown in plots A and B, Fig. 3. It is 
seen from plots A and B that there are significant effects of 
time and concentrations in the scope of the parameter levels 
examined. The results show that by decreasing the time and 
increasing the concentration of viability of cells, it is also 
decreasing Fig. 3, C; shows the predicted values and experi-
mental values of the Cell viability. High values of  R2 = 1 
and  R2 = 0.9918 for (HA and FA, 14 h),  R2 = 0.9993 and 
 R2 = 0.9976 (HA & FA, 24 h),  R2 = 0.8998 and R 2 = 0.9912 
(HA and FA, 48 h) indicated that the model was successful 
in correlating the response to the studied parameters. Finally, 
these concentration ranges (50 and 100 µg/mL) and time 
(14 h) were employed in all following experiments.

Effect of HA and FA on MCF7 Cell Apoptosis

The results of flow cytometry, including Annexin V/PI stain-
ing assay for apoptosis analysis of cured and control MCF7 
cells after 14 h, are shown in Fig. 4a, b(a–e). The necrotic, 
late apoptosis, early apoptosis, and live cell ratios were 
appointed in Q1, Q2, Q3, and Q4 quadrants, respectively. 
Also, total apoptotic cell ratios were determined (Q2 + Q3) 
[35]. Cell apoptosis in cured MCF7 cells was computed 
26.5, 15.95, 23.9, and 17.84 in HA and FA (100, 50 µg/
mL) after 14 h, respectively. Figure 4a, b(a–e). The overall 
effect of drugs on MCF7 cell lines confirmed late apoptosis 
induction.

Impact of HA and FA on MCF7 Cell Cycle

Besides, to measure the fluorescence of PI binding to 
DNA, the profile of the DNA content of HA and FA cured 
MCF7 was achieved applying flow cytometric analysis. It 
was ascertained that at which phase HA and FA-induced 
growth inhibition occur in the cell cycle progression 
in MCF7, by cellular distribution in various phases at 
0, 4, 8, and 14 h of HA and FA (50, 100 µg/mL) treat-
ments. Table 2 and Fig. 5 (A-R) indicated that HA and 
FA (100 µg/mL) treatments led to a continuous and sta-
ble accumulation of cells in the G1 phase that was also 

Fig. 1  The MTT assay results in treatment with 0-200  μg/
mL concentrations of Humic acid for 14, 24 and 48  h. 
(P-Value < 0.05*/ < 0.01**/ P-Value < 0.001***)

Fig. 2  The MTT assay results in treatment with 0-200 μg/mL concen-
trations of Fulvic acid for14, 24 and 48 h (P-Value < 0.05/ < 0.01**/ 
P-Value < 0.001***)
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dependent to time. The results of current study suggested 
that the reduction of viability observed in MCF7 after HA 
and FA treatments could be due to cell cycle arrest in the 
G1 phase. Table 2 shows evident changes among groups 
of control and treatment. These findings stated that HA 
and FA affected the growth of MCF7 cells at a concen-
tration of 100 µg/mL. Furthermore, no accumulation of 
G2 populations was observed in treatment with HA and 
FA. Also, treatment increased the cell cycle retardation 
degree. Moreover, there was a more increase in the Sub-G1 
population in treatment with HA (50 and 100 µg/mL) and 
dose-dependent behavior was confirmed by the results of 
the analysis, but in the case of FA, we could not reach the 
correct conclusion in phase Sub-G1, and only at a concen-
tration of 50 μg/ml did we see time-dependent behavior 
in population growth. Besides, the percentage of MCF7 

cells reduced in the S phase when the concentration of FA 
and HA increased. After treatment with FA and HA at a 
time of 0–14 h the cells' percentage in the S phase reduced 
to 16.57 ± 1.8%, 9.42 ± 0.4% in FA (50 and 100 µg/mL) 
which was notably less than those of the control group 
30.59 ± 2.5%, 32.57 ± 1.8%. There was also a significant 
decrease in HA with concentrations of 50 and 100 µg/mL 
compared to the control group in phase S. (34.62 ± 2.3%, 
29.31 ± 1.6% to 22.32 ± 3.2%, 11.96 ± 0.2% respectively. 
The results of phase S analysis confirm the time and dose-
dependent behavior.

Fig. 3  The response surface plot representing the effect of time and concentrations drug (a HA and b FA) on the MCF7 Cells. c Matching the 
experimental and statistical results (RSM) of the effect of drugs at14, 24, 48 h
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Fig. 4  a Apoptosis and necrosis percentage of MCF7 cells based on 
the flow cytometry assay in treatment with50 and 100 μg/mL concen-
trations HA and FA for 14  h. (P-Value < 0.05*/< 0.01**/< 0.001***
). b The flow cytometry assay results in cell treatment with (a): Con-
trol, (b): FA 50 µg/ mL, c FA 100 µg/mL, d HA 50 µg/mL and e: HA 
100 µg/mL for 14 h. It shows parts of the flowjo software results. c: 
The gene expression BAX and  BCL2 in MCF-7 breast cancer cell line 
treated with concentrations of HA and FA acids (50 and 100  µg/m 
L) for 14  h, (P-value < 0.05*/< 0.01**/< 0.001***). d: The rela-
tive expression level of caspase-3 gene in MCF-7 breast cancer cell 
line treated with concentrations of HA and FA acids (50 and 100 µg/

mL) for 14  h, (P-value < 0.05*/< 0.01**/< 0.001***). e The Atomic 
Force Microscopy images of the cytoplasmic membrane of MCF7 
cells treated with concentrations of HA and FA acids (50 and 100 µg/
mL) for 14  h, (A). Control, (B). FA (50  µg/mL), (C). FA (100  µg/
mL), (D). HA (50  µg/mL), (E). HA (100  µg/mL) were shown. The 
blue arrows show the highest elastic modulus areas. The image reso-
lution value was 0-45 μm. (G and F). View of membrane changes and 
induction of Apoptosis HA (50 and 100  µg/mL) (H). The Youngs’ 
Modulus values of MCF7 cells in each of the treatments in different 
scratches. (K) The mean of Youngs’ Modulus values (kpa) of MCF7 
cells in treatment with HA and FA
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Change in Expression of Bax and Bcl2 Genes in MCF7 
Cells

In the current research, the anticancer activity of HA and 
FA against MCF7 cells was studied by assessing variations 
in relative gene expression. The changes in relative gene 
expression were identified through real-time PCR assay. 
Figure 4c has presented the estimated relative gene expres-
sions after 14 h treatment in concentrations (50,100 µg/
mL). There was a significant reduction (p < 0.05) in rela-
tive gene expression in cured MCF7 cells. As you can 
see in the figure, the apoptotic gene expression in the HA 
(100 µg/mL) treatment group was significantly reduced.

Caspase‑3 in MCF7Cells Treated with HA and FA

The expressions of the caspase3 gene as the target gene and 
the GAPDH gene as the reference gene were investigated in 
14 h incubation time with real-time PCR. Gene expression 
analysis was done on treated and non-treated MCF-7 cells 
after 14 h. Caspase-3 is a vital executioner molecule during 
the apoptotic process. Numerous studies have revealed the 
close association of caspase-3 expression and breast cancer. 
Nevertheless, the prognostic value of caspase-3 expression 
for patients with breast cancer remains uncertain. Figure 4d 
has presented the estimated relative gene expressions after 
14 h treatment in concentrations (50,100 µg/mL). There was 
not a significant reduction (p < 0.05) in relative gene expres-
sion in cured MCF7 cells by FA. As you can see in the fig-
ure, the apoptotic gene expression in the HA (100 µg/mL) 
treatment group was significantly increased. Increasing evi-
dence has shown that down-regulation of caspase-3 is cor-
related with the development of breast cancer [27, 36]. Sev-
eral studies reported that caspase-3 expression decreased the 
likelihood of developing breast cancer [37, 38], while other 
studies reached the opposite conclusion [39, 40]. Likewise, 
several studies indicated that caspase-3 expression was sig-
nificantly correlated with prognosis in breast cancer patients 
[28, 41], while some studies found the opposite [42, 43]. 
Generally previous result studies that high caspase-3 expres-
sion was significantly associated with a worse prognosis for 
patients with breast cancer. Moreover, caspase-3 expres-
sion is significantly related to the PR and HER-2 status of 
patients with breast cancer. Therefore, caspase-3 might be a 
potential biomarker for predicting advanced stage and poor 
overall survival in breast cancer patients.

Fig. 4  (continued)
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Mechanical Properties

The results of the analysis of the images taken using the soft-
ware JPK showed that with increasing concentration of drugs 
(HA and FA), the flexibility of the treated cells decreases. 
AFM images usually show striations on the topographic sur-
face that reach the dendrites from the cell body. Henderson 
et al. and Breat et al. reported in 1992 and 2001 that, in AFM 
topographies, such constructions depend on the subsurface 
cell actin cytoskeleton [44, 45]. Another study showed that 
supple surface constructions imaged and recorded by AFM 
can be actin-based [46]. Thus, the prevalent constructions 
on cells with notable genetic disparities can be recognized 
by surface technique (AFM). The center zone of both live 
MCF-7 cells was investigated using AFM imaging in contact 
mode (Fig. 4e. A). Probably, the observed filamentous con-
structions were actin stress fibers because actin structures are 
the main part of the cytoskeleton localized under the cellular 
membrane [47]. The pores and apoptotic bodies around the 
cytoplasmic membrane were observed in cells treated with 
the HA and FA, shown in Fig. 4eB–E. The blue and brown 
arrows indicate the apoptotic bodies and visible pores on the 
surface of cells. The Young modulus values were in control, 
2.93 ± 0.016 kpa in FA, 50 µg/ mL,3.32 ± 0.032 kpa in FA, 
100 µg/mL, 9.41 ± 3.51 kpa in HA, 50 µg/mL and 100 µg 
/ mL8.39 ± 0.9 and 15.32 ± 5.32 treated cells, as shown in 
Table 3, Fig. 4e, H and K. The Young's modulus value in the 
cells cured with HA (100 µg/mL), was more in comparison 
with the control group. Also, there was a direct relation-
ship between the adhesion force and the elastic modulus. 
The highest value of the cell-to-cell adhesion force belonged 
to the cells treated with HA (100 µg/mL). We showed that 
treated cells were less stiff than normal MCF-7 cells because 

there were reinforced filamentous structures underneath the 
cell membrane for backing the MCF7 cells, not for the cured 
cells (Fig. 4e).

Discussion

Recently, the consumption of herbs and natural products 
to prevent illnesses and preserve public health has become 
popular. Several reports confirm the anti-inflammatory, 
antimicrobial or antioxidant properties and apparent neuro-
protective effects of FA [8–10]. It is indicated that HA can 
protect humans against cancers and cancer-causing viruses 
[48]. The association between apoptosis and cancer has been 
affirmed by previous researches. Also, several researchers 
have proposed that the neoplastic transformation, progres-
sion, and metastasis processes involve changes in the usual 
apoptotic path [49]. Yen et al. and yang et al. has stated 
that HA can cause the induction of apoptosis in HL-60 and 
HIT-T15 cells [31, 50]. There was notable cytotoxicity of 
HA in MCF7 cells after the exposure times and the statis-
tical (DOE) and laboratory results confirmed it (Figs. 1, 
2, 3 Table 1). Scholars have described apoptosis as a very 
regulated process, in which a cascade of molecular events 
is activated causing cell necrosis. We showed the induc-
tion of HA apoptosis at concentrations of IC50 and 100 µg/
mL, which was similar to the previously reported results 
[33, 51]. Also, several studies reported that Bax genes and 
Bcl-2 have crucial roles in the cells apoptosis [52, 53]. An 
association was observed between the increment of FA and 
HA-induced apoptosis and the increment of Bax protein lev-
els, which heterodimerizes with Bcl-2 and thereby inhibits 
it, Fig. 4c. Along with this change, we see a decrease in 

Table 2  Results of Cell cycles 
analysis of the effect of Humic 
and Fulvic acids (50, 100 µg/m 
L) on MCF7 Cells at 0,4,8 and 
14hrThe analysis was performed 
based on the Mean ± SD and 
the *sign indicated that it was 
significant(P < 0.05)

Time (h) Factor F50 F100 H50 H100

0 G1 61.96 ± 1.9 48.92 ± 1.3 54.97 ± 1.4 57.23 ± 2.8
S 30.59 ± 2.5 32.57 ± 1.8 34.62 ± 2.3 29.31 ± 1.6
G2 9.65 ± 1.1 14.32 ± 1.1 7.77 ± 0.8 9.35 ± 1.2
SubG1 2.01 ± 0.9 8.64 ± 0.4 8.67 ± 0.5 8.6 ± 0.7

4 G1 69.55 ± 2.2 61.84 ± 1.8* 54.94 ± 2.2 72.9 ± 4.1*
S 18.66 ± 0.8* 25.72 ± 0.6 19.23 ± 1.1* 15.58 ± 1.8*
G2 8.65 ± 0.3 5.4 ± 0.1* 8.39 ± 0.3 5.4 ± 0.6
SubG1 5.98 ± 0.1 2.2 ± 1.1* 3.11 ± 2.3 7.03 ± 1.1

8 G1 60.42 ± 1.8 61.41 ± 2.4* 59.41 ± 3.8 59.48 ± 4.5
S 26.4 ± 0.9 23.12 ± 0.8 25.78 ± 1.2 22.57 ± 1.9
G2 6.76 ± 0.2 10.79 ± 1.1 6.35 ± 1.1 6.31 ± 0.65
SubG1 4.3 ± 0.1 5.12 ± 0.45 * 5.2 ± 0.1 7.84 ± 1.1

14 G1 84.22 ± 1.9* 94.08 ± 3.3* 74.79 ± 5.2* 85.36 ± 7.1*
S 16.57 ± 1.8* 9.42 ± 0.4 * 22.32 ± 3.2 11.96 ± 0.2*
G2 4.15 ± 0.2 5.08 ± 0.2* 7.45 ± 1.8 7.22 ± 0.5
SubG1 6.11 ± 0.4 2.06 ± 0.6* 2.59 ± 0.7* 4.59 ± 0.2*



Waste and Biomass Valorization 

1 3

Fig. 5  Cell cycle results at different times and concentrations of 0.50 to 100 µg/mL FA and HA Images A–D. 0 h, Images (E–H). 4 h, Images 
(K–N) .8 h, Images (O–R). 14 h

Table 3  Atomic force 
microscopy data analysis

Youngs modulus and mean adhesion force values of MCF7 cells.p and p1: comparsion of The mean of 
Youngs’ Modulus in treatment groups with control 
*p value 0.05

Compounds Mean Young’s Modulus 
value(kpa) ± SD

Mean Adh. Force 
(pN) ± SD

Mean Z pulling 
(µm) ± SD

p P1

Control 2.93 ± 0.016 148 ± 7.2 1.56 ± 0.06 – –
FA 50 3.32 ± 0.032 193 ± 6.3 1.32 ± 0.01 0.062 0.015*
FA 100 9.41 ± 3.51 210 ± 7.1 1.82 ± 0.02 0.033* < 0.001*
HA 50 8.32 ± 0.9 252 ± 11.3 1.91 ± 0.05 0.01* 0.017*
HA 100 15.23 ± 5.32 298 ± 13.8 2.56 ± 0.09 < 0.001* 0.01*
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expression in gene Bcl-2, though. The current research has 
confirmed that HA and FA might change the ratio of Bax 
and Bcl-2 and, accordingly, causes the apoptosis of MCF7 
cells, as Hsin Ling Yang et al. pointed out [31].The expres-
sion levels of the caspase-3 gene have been measured in 
different cancer cell lines. The treatment of Hone1, AGS, 
HCT-116, and CL1-0 cell lines with Carla extract led to 
increase in caspase-3 activity (two-fold changes) [54]. In 
this study, we present evidence demonstrating that HA-
induced apoptosis of MCF7 cells is mediated by increased 
cytosolic translocation of cytochrome c, activation of cas-
pase 3, and degradation of PARP (Fig. 4d). many papers 
have reported that internucleosomal DNA fragmentation is 
not essential in apoptotic cell death, and that some necrotic 
cell death is accompanied by internucleosomal DNA frag-
mentation, suggesting that this fragmentation may not be 
sufficient as an indicator of apoptotic cell death in MCF7 
cell line. it is clear, however, that the central mechanism 
of apoptosis is evolutionary conserved, and that caspase 
activation is an essential step in these complex apoptotic 
pathways. Our data, therefore, provide additional important 
evidence that HA-induced cell death is apoptosis related as 
Hsin Ling Yang et reported in HL-60 cells [29]. But we did 
not reach the right conclusion about FA. Liang et al. showed 
that by producing superoxide anion could mediate the HA-
induced oxidative injury in cultured articular chondrocytes 
of rabbit [55, 56]. Additionally, Visser et al. indicated that 
HA and FA obtained from podzol-instigated respiration in 
liver mitochondria of rats led to the production of intracel-
lular reactive oxygen species [57]. Based on previous find-
ings, we guess that oxidative stress may mediate apoptosis 
in MCF7 cells induced by the FA and HA in the present 
research. The results of current research showed that HA 
and FA exert anti-proliferative and growth prevention per-
formance in MCF7 cells. Moreover, in the present research, 
the biochemical and ultrastructural characteristics indicated 
by dying cells were apoptosis characteristics. Just like it has 
been indicated by cell viability reduction, related to chroma-
tin condensation, and internucleosomal DNA fragmentation. 
There are still ambiguities about the therapeutic effect of HA 
on cancer, but reports such as that L.u.et.al; indicated that 
the neoplastic transformation of mouse epidermal JB6 cells 
was increased by the HA noncytotoxic concentrations [58]. 
According to the HA structure, it showed that this compound 
produced superoxide anion and depleted the glutathione 
and several antioxidant enzymes [51, 59]. According to the 
study of Ting et al., HA inhibits cell proliferation through 
ROS and apoptosis induction [23]. AFM is used to study the 
mechanical features and dynamics of intact cells related to 
the various cellular events, including ageing, locomotion, 
differentiation, cell pathology, and physiological activation 
and electromobility. In this study, the examination of cells 
by atomic force microscopy showed that the most values of 

Young's modulus and cell–cell adhesion force were in the 
cells cured by HA. Aligned with our study, many articles 
have indicated that increasing malignancy led to a reduc-
tion of Young's modulus values. Due to the less adhesion 
potential, the malignant cells are more flexible, which can be 
because of changing the actin fibers organization and vary-
ing the cytoplasmic pressure and density. Also, the cell will 
be softer due to cell membrane collapse [30, 60, 61].

Conclusions

In conclusion, we observed more anticancer and effective 
cytotoxic activity of the HA against MCF7 cells. We found 
that HA and FA can induce apoptosis, and reduce gene 
expression in cured MCF7 cells. However, we observed HA 
was more efficient in inducing apoptosis in MCF7 cells. We 
have seen the dose-dependent behavior of HA in increasing 
the cell population in phase Sub–G1. Using the HA and FA 
increased the elastic modulus values and cell–cell adhesion 
forces and a dose-dependent manner was confirmed. The 
high regression coefficient between the predicted values and 
experimental values of the % Cell viability indicated that 
the model was successful in correlating the response to the 
studied parameters.
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