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Abstract: NPC1L1 is one of the transporters of cholesterol in the intestinal lumen. The way the transporter acts 

became a filed of research due to the high levels of cholesterol in the global population. With the increased cases 

of coronary heart disease and the connection of it with high levels of cholesterol it was important to obtain drugs 

that act in the transporters instead of statins.  

Since there are herbal mixtures commercialized with the aim of lowering the cholesterol in circulation, and they 

represent a common practice even in the developed countries it is necessary to evaluate and verify the action in 

the human body with more interest in the influence in the transports. To achieve these results was analyzed the 

variation in the expression of the transporter NPC1L1 as well as it’s presence in HepG2 cells grown in contact 

with the herbal mixture by performing an electrophoresis and western blot using a polyclonal antibody to identify 

the transporter. A 2D electrophoresis was also performed to analyze the variation of the proteins. To verify the 

influence in the metabolism of the HepG2 cells was analyzed the variation of cell metabolites and the major 

compounds of the extract was done by an analysis in a high performance chromatography. It was also studied the 

variation of protein content of HepG2 cells grown in contact with the extract by the Bradford method.

With the different studies and analysis it was possible to verify the presence of the transporter in the cultured cells 

with the lowest extract concentration. It was also concluded that the extract leads to a reduction in the protein 

content as also in the expression of some proteins. In the metabolites analysis the differences among the cells 

grown in different conditions were minimal. When compared with the extract used it is concluded that the cells 

probably metabolize these compounds. 
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1. Introduction 
Cholesterol was first discovered in the bile and 
gallstones by Poulletier de la Salle in 1769 (Dam) 
and then rediscovered in 1815 by Chevreul who 
named it as cholesterine. Only a few years later was 
found in the blood. Cholesterol (C27H46O, M=386.65 
g.mol-1) is an organic molecule more specifically a 
sterol or modified steroid also called cholest-5-en-
3β-ol. It’s a lipid molecule and is biosynthesized by 
all mammals in order to maintain a stable pool when 
dietary intake is low. 
The main functions of cholesterol are as a support 
compound of the membrane given it fluidity, integrity 
and permeability and as the precursor of vitamin D 
(synthesized in the skin), adrenal and gonadal 
steroid hormones and bile acids. The presence of 
cholesterol in the membranes enables animal cells 
to not need a cell wall (like plants and bacteria), to 
protect membrane integrity/cell-viability and thus be 
able to change shape and move (unlike bacteria 
and plant cells which are restricted by their cell 
walls) (Lecerf and Lorgeril).  
Cholesterol can be synthesized or absorbed in the 
intestinal lumen from the diet. There are many 
transporters involved in the cholesterol secretion 

and absorption, which include NPC1L1. NPCL1 is 
abundantly expressed in the small intestine and in 
the liver (Manuscript and Transport) and resides 
mainly at the apical membrane of enterocytes and in 
the canalicular membrane of hepatocytes. In the 
case of hepatoma cells NPC1L1 is localized in both 
plasma membrane and endocytic recycling 
compartment (ERC). The subcellular localization of 
the transporter is regulated by the cellular 
cholesterol availability (van der Velde et al.). When 
the cells are enriched with cholesterol NPC1L1 is 
localized predominantly in the endocytic recycling 
compartment in contrast when there is a depletion 
of cholesterol the transporter moves to the plasma 
membrane (Manuscript and Transport).  
NPC1L1 recruits extracellular free cholesterol 
through its N-terminus to the cell membrane 
location, which creates a RAFT-like plasma 
membrane microdomain. The cholesterol in this 
micro domain is sensed by the sterol sensing 
domain (SSD) from the NPC1L1. The uptake of 
cholesterol through the NPC1L1 is regulated by 
clathrin-mediated endocytosis (Betters and Yu).  
The high levels of cholesterol in the population led 
to the discovery and development of statins and 
more recently of Ezetimibe. Ezetimibe, or 
commercially known as Zetia, inhibits the 
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cholesterol absorption, lower plasma cholesterol 
levels and inhibits the development and progression 
of atherosclerosis (Betters and Yu), one of the 
targets of Ezetimibe is NPC1L1 (Manuscript and 
Transport).  
For a long time the humans used the medicinal 
plants to treat a wide variety of diseases. 
Nowadays, the use of the plants remains in a lot of 
cultures, either as a tea or a mixture to apply in the 
skin in the developed countries (Veiga, Pinto, and 
Maciel). According to World Health Organization 
herbal medicines correspond to plant-derived 
materials, which contain either raw or processed 
ingredients from one or more plants. There are 
three kinds of herbal medicines: raw plant materials, 
processed plant materials and medicinal herbal 
products (Organization). The medicinal plants are 
rich in polyphenols which are micronutrients present 
in the diet and that have a role in the prevention of 
degenerative diseases such as cancer and 
cardiovascular diseases. This compounds has also 
antioxidant proprieties and modulate the activity of a 
range of enzymes and cell receptors (Manach et 
al.). 
The teas represent other sources of phenols since 
are prepared from mixtures of plants. 
According to some previous studies the major 
phenolic compounds reach the human organs 
acting as inhibitors of the cholesterol synthesis and 
as inhibitors in the cholesterol uptake in the 
intestinal lumen representing a possible way of 
treatment that can be used along with 
pharmaceutical drugs. 
 

2. Materials and Methods 

2.1. Cell culture 
HepG2 ATCC No. 8065 HB cells were maintained in 
a DMEM medium (Dulbecco’s Modified Eagle’s 
Medium, Lonza) containing 4.5 g.l-1 glucose 
supplemented with 5 ml of glutamine (200 mM in 
0.85 % NaCl solution, Lonza), 50 ml of FBS (Heat 
inactivated, Lonza) and 5 ml of pen-strep (10.000 U 
Penicillin.ml-1, 10.000 Streptomycin.ml-1, Lonza) in a 
humidified 5 % CO2 incubator at 37 °C (CO2 
incubator, Sanyo). The cells were passed every 4 to 
5 days.  
 

2.2.  Cell culture with the extract 

HepG2 cells were seeded at a density of 5×104 
cells/cm2 in 12-well plates with 2.3 cm diameter 
(Polystyrene, BD Falcon) and in T25 flasks (4.5×6.3 
cm2, VWR and Orange Scientific) seeded with the 
same density of cells (with a volume of 7 ml). After 
two days or 4 to 5 according to the confluence of the 
cells was applied the medium containing the 
solutions in study. The medium contained the herbal 

mixture and cholesterol (99 %, 386.66 g.mol-1, 
Sigma). The cholesterol was applied at a 
concentration of 50 µg/ml and the herbal mixture in 
a range of concentrations from of 1 mg/ml and 0.1 
mg/ml.  
 

2.3. Lysis 
After an optimization step and selection of lysis 
buffer was chosen two lysis buffers to perform a 
differential lysis. The first lysis contained 50 mM 
Tris-HCl (121.14 g.mol-1, 99.5 %, Merck) pH 7.5, 
100 mM NaCl (58.44 g.mol-1, 99.5 %, Sigma) and 5 
% (v/v) glycerol (92.10 g.mol-1, 99 %, AnalaR, BDH 
Chemicals). The second lysis buffer contained 4 % 
(v/v) Igepal (Electrophoresis reagent, Sigma), 2 % 
(w/v) DTT (154.25 g.mol-1, 99 %, Fluka), 6 M Urea 
(60.06 g.mol-1, high purity grade, Sigma).  
To perform the lysis the cells were collected with 
PBS from the flasks and centrifuged to eliminate the 
PBS. It was added 100 µl of lysis buffer to the 
samples. The cells were kept in the ice for 10 
minutes. After that time they were taken to the 
ultrasound bath and centrifuged at 10 000 rpm for 
10 minutes. The supernatant was kept and the 
pellet was ressuspended with 50 µl of the second 
lysis buffer. The sample was taken to the ultrasound 
bath to ensure the lysis of the remaining proteins 
and centrifuged.  
To perform the electrophoresis 2D the cells were 
lysed with 8 M Urea (60.06 g.mol-1, high purity 
grade, Sigma) and 4 % (w/v) Chaps (615 g.mol-1, 
Merck). The procedure was the same as described 
before. 
The analyze of the metabolites of the cells were 
used samples from the differential lysis and the total 
lysis performed using Urea and Chaps. 
 

2.4. Protein quantification – Bradford 
method 

To measure the protein concentration was 
performed a Bradford assay. To analyze the 
samples were prepared two cuvettes, one with 
distilled water (795 µl), Bradford reagent (200 µl) 
and lysis buffer (5 µl) and the other cuvette with the 
sample (5 µl), distilled water (795 µl) and Bradford 
reagent (200 µl). The absorbance was measured at 
a wavelength of 595 nm in an UV-spectrometer 
(UV/VIS spectrometer, Jasco V-560). Using a 
calibration curve was calculated the protein 
concentration of the samples. 
 

2.5. Electrophoresis 
To perform the electrophoresis was used a 
horizontal system (Gel Box, Amersham, GE 
Healthcare) with an electrical source (Power Source 
300 V, VWR) using a gel 4-12 % of acrylamide 
(Amersham ECL, GE Healthcare, 10 wells).  
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The system was filled with migration buffer 
containing 25 mM Tris (121.14 g.mol-1, 99.5 %, 
Merck), 190 mM glycine (75.07 g.mol-1, 99.7 %, 
AnalaR, BDH and 75.07 g.mol-1, 99 %, Sigma), 0,1 
% (w/v) SDS (288.38 g.mol-1, 99 %, Sigma), pH of 
8.3. The samples were mixed with Laemmli buffer 
(2x) (4 % (w/v) SDS (288.38 g.mol-1, 99 %, Sigma), 
10 % (v/v) 2-mercaptoethanol (78.13 g.mol-1, 
Merck), 20 % (v/v) glycerol (92.10 g.mol-1, 99 %, 
AnalaR, BDH Chemicals), 0.004 % (w/v) 
bromophenol blue (669.99 g.mol-1, Merck) and 
0.125 M Tris-HCl ((121.14 g.mol-1, 99.5 %, Merck) 
pH of 6.8) and boiled for 5 minutes at 95 – 100 °C. 
The volumes applied in the gel were in a range of 
25 to 30 µl and the molecular weight marker at 5 µl 
(NZY Blue Protein Marker, NZY Tech). 
The electrophoresis ran for 1.30 hours at 120 V.  
 

2.6. Electrophoresis 2D 
To perform the electrophoresis 2D was followed the 
protocol in (Falé et al.). 
The separation gel (10 %) with 40 % of 
acrylamide/Bis-acrylamide used was prepared using 
the following reagents added gradually: 48.5 % 
distilled water, 25 % 1.5 M Tris-HCl pH 8.8 (121.14 
g.mol-1, 99.5 %, Merck, HCl fuming 37 %, 36.5 
g.mol-1, Merck), 25 % of acrylamide/Bis 40 % 
(Acryl/Bis 29:1, Amresco), 1 % of 10 % SDS 
(288.38 g.mol-1, 99 %, Sigma), 0.5 % of 10 % APS 
(98 %, Sigma) and 0.05 % TEMED (116.21 g.mol-1, 
VWR). The concentration gel, added after the 
polymerization of the first, was prepared by the 
addition of the following reagents: 3.18 ml of distilled 
water, 1.26 ml of 0.5 M Tris-HCl pH 6.8, 500 µl of 40 
% of acrylamide/Bis, 50 µl of 10 % SDS, 25 µl of 10 
% APS and 5 µl of TEMED (116.21 g.mol-1, VWR). 
The samples (125 µl) were mixed with 2.5 µl of IPG 
buffer at pH 3-11 NL (GE Healthcare), 1.25 mg of 
DTT (154.25 g.mol-1, 99 %, Fluka) and 0.002 % of 
bromophenol blue (669.99 g.mol-1, Merck), under 
agitation for 1 hour. The samples were applied to a 
7 cm Immobiline DryStrip pH 3-11 NL (GE 
Healthcare) with 1 ml of oil (Plus One Dry Strip 
Cover Fluid, Amersham Biosciences). The 
isoelectric focusing was performed at 30 V over 
26.32 hours with the final values for the run of 1150 
V, 17359 V per hour. The strips were then kept 
overnight at -80 °C (Panasonic).  
The focused strips were incubated in an equilibrium 
buffer (6 M Urea, 75 mM Tris pH 8.8, 29.3 % (v/v) 
glycerol, 2 % (w/v) SDS, and 0.002 (w/v) 
bromophenol blue) with 1 % (w/v) DTT for 15 
minutes at room temperature with gentle agitation. 
Then they were transferred to equilibrium buffer 
containing 2.5 % (w/v) iodoacetamide (184.96 
g.mol-1, SigmaUltra, Sigma) for 15 minutes at room 
temperature with gentle agitation. 

The second dimension was performed in a vertical 
system (15 W, Mini-Protean, Biorad) for 1.30 hours 
at 100 V, and more 30 minutes at 120 V. The strip 
was placed in the gel and on top was added a 
solution of agarose (200 µl of 1 % (m/v) 
bromophenol blue (669.99 g.mol-1, Merck), 20 ml of 
5 X running buffer and 0.5 g of agarose). 
The gels were stained using the PlusOne silver 
staining kit (Healthcare). The silver nitrate was from 
Merck (167.87 g.mol-1, 99.8 %, Merck); Na2CO3 
from Merck (105.99 g.mol-1, 99.9 %, Merck) and 
EDTA-Na2.2H2O was replaced for the EDTA 
solution since it had sodium in its composition 
(Disodium- calcium salt, 374.3 g.mol-1, 100 % purity 
based on H2O 2.3 mol.mol-1, Sigma). The fixation 
step was performed overnight and the developing 
for 6 minutes. The results were registered using the 
LAS 500 machine (LAS 500, ImageQuant LAS 500, 
GE Healthcare).  
 

2.7. Western Blot 
To perform the wet transfer was used a transfer 
system (TE22 Mighty Small Transphor Unit, 
Hoefer). The buffer used to the wet transfer 
contained 20 % (v/v) methanol (2.04 g.mol-1, 
Ultragradient, Carlo Erba), 25 mM Tris (121.14 
g.mol-1, 99.5 %, Merck) and 190 mM glycine (75.07 
g.mol-1, 99.7 %, AnalaR, BDH and 75.07 g.mol-1, 99 
%, Sigma). The membrane used was nitrocellulose 
(NC) membrane (Hybond ECL Nitrocellulose 
membrane, Amersham, GE Healthcare). The 
membrane was pre-wet in distilled water for 5 
minutes and then in transfer buffer for 10 minutes. 
The membrane should have, approximately, the 
size of the gel.  
The transfer ran for 1.30 hours at 100 V under 
agitation. 
After the transfer finished, the membrane was wet in 
Ponceau S Stain (1 X ready-to-use solution, 
Amresco) for 2 to 10 minutes. The membrane was 
washed and the results were photographed in LAS 
500 machine (ImageQuant LAS 500, GE 
Healthcare). The membrane was incubated with 2 
% blocking solution (1 g of blocking powder (ECl 
Prime Blocking Agent, Amersham, GE Healthcare) 
and 50 ml of Tris Buffered Saline solution (TBS) 
with 0.1 % Tween-20 (M)) on an orbital shaker for 1 
hour at room temperature. The TBS contained 
24.23 g of Tris (121.14 g.mol-1, 99.5 %, Merck), 
80.06 g of NaCI (58.44 g.mol-1, 99.5 %, Sigma) 
diluted in Mili-Q water and with a pH 7.6. The 
membrane was washed with TBS and tween-20 and 
incubated with the primary antibody (Niemann-Pick 
type C1 Like-1, polyclonal, from Rabbit, Novus 
Biologicals). The membrane was washed two times 
with the same solution and then 4 to 6 times for 5 
minutes in an orbital shaker. The membrane was 
then incubated with the secondary antibody (ECL 



 4 

Anti-Rabbit IgG Horseradish Peroxidase-Linked 
Whole Antibody (from Donkey), Amersham, GE) for 
1 hour at room temperature on an orbital shaker. 
The membrane was washed again and incubated 
with the detection solutions: Luminol and Peroxide 
(ECL Prime Western Blotting Detection Reagent, 
Amersham, GE Healthcare) in a ratio of 1:1. The 
mixture was applied in the surface of the membrane 
and incubated for 5 minutes at room temperature. 
The excess was drained and the results were 
captured using LAS 500 machine (ImageQuant LAS 
500, GE Healthcare). 
 

2.8. HPLC-DAD 
The HPLC analysis was carried out in an Elite 
LaChrom® VWR Hitachi Liquid Chromatograph 
equipped with a Column Oven L-2300 and Diode 
Array Detector L-2455 (VWR, USA). The column 
used was a LiChroCART® 250-4 LiChrospher® 100 
RP-8 (5 µm). 
The volume of sample injected was 25 µl. The 
analysis was carried out between 200 and 500 nm 
with a diode array detector for 30 minutes (each 
sample). The analysis was done using a gradient 
composed of solution 0.05 % TFA, prepared with 
Mili-Q water (A) (114.02 g.mol-1, 99.8 %, Uvasol, 
Merck) and methanol (B) (32.04 g.mol-1, 
Ultragradient, Carlo Erba): 0 min - 80% A and 20% 
B; 20 min 20% A and 80% B; 25 min - 20% A and 
80% B, 28 min up to 30 min – 80 % A and 20 % B. 
The flow rate was 1 ml.min-1 and the pressure 
between 0 and 392 and the temperature at 30 °C. 
 

3. Results and discussion 

3.1. Variation in the protein 

concentration 
The protein concentration varied for each sample. In 
the case of the cells grown in contact with the 
extracts and cholesterol, the overall concentration 
was lower than in the control cells. This evidence 
may suggest that the expression of some proteins is 
lost when the culture conditions are not the normal. 
In fact the stress of the cells in contact with the 
extract leads to their death and in variations of 
protein content. In figure 1 is presented the average 
of protein concentration for each sample. In the 
case of the cells grown with extract at 1 mg.ml-1 the 
average is higher although the values in almost all 
cases were lower comparing with the cells grown in 
contact with the extract at 0.5 mg.ml-1. 
 

 
Figure 1 – Average of the concentration of the 
different samples taking into account the values of 
protein concentration. 

 

3.2. Antibody bands 
Analyzing figure 2 (appendix) and taking into 
account the information from the supplier for the 
antibody used, it can be concluded that the bands 
signalized in the figure with the box are antibody 
connections to the proteins of NPC1L1 at 
approximately 140 kDa (band representing 
NPC1L1). Despite the molecular marker is not too 
visible in the membrane, the location of the protein 
bands it’s approximately at that molecular weight. 
The other two bands present in the membrane are 
not considered as proteins from the transporter and 
it may be due to some nonspecific interaction of the 
antibody since it’s not expected to see bonds with 
protein in that molecular weight. These bands 
represent non-specific connections that normally 
occur when using polyclonal antibodies (Portable 
and Laser). 
 The bands correspond to the sample 
control cells and cells in contact with extract at 0.5 
mg.ml-1. In the case of the cells in contact with 
extract at 1 mg.ml-1 there are no bands from the 
antibody. This may be due to an insufficient 
extraction of the protein since there are no 
certainties in the effect of the herbal mixture in the 
expression of NPC1L1. Since it was verified that the 
mixture decreased the absorbance of cholesterol 
(Manuscript and Transport) it would led to the 
increase of endogenous NPC1L1 in the cell surface 
of HepG2 (Manuscript and Transport) and therefore 
It was expected to see the connection of the 
antibody with the protein. 
 

3.3. Electrophoresis 2D 
The two gels represented in figure 3 (appendix) 
correspond to the soluble fraction (supernatant) 
from the lysed cells after the centrifugation. This 
fraction represents the cytosolic proteins and some 
membrane proteins. 
Analyzing the proteins inside the black squares in 
the gel A it’s visible that some proteins lost their 
expression when they were in contact with the 
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extract and other increased their expression (black 
square in the image on gel B). These conclusions 
corroborate the results from the protein 
quantification. 
Taking in consideration what was concluded in (Falé 
et al.)it can be hypothesized that some of the cells 
that changed their expression may correspond to 
adhesion cells or cadherins (Goodwin and Yap). 
 

3.4. Metabolism of HepG2  
 
Taking into account the chromatograms in figure 4, 
5 and 6 (appendix) it is visible some decreases in 
the maximum values for the samples when 
compared with the extract sample. The 
chromatogram for the control cells and the cells 
cultivated with the extract is very similar and 
therefore it can be concluded that the cells didn’t 
change the metabolism when they grew in contact 
with the extract and therefore maintained the 
mechanism. It’s tempting to admit that the proteins, 
which changed their expression in contact with the 
extract, weren’t proteins involved in critical 
pathways necessary to the survival of the cells.  
Analyzing the values of absorbance presented in 
table 1 and 2 (appendix) belonging to each major 
compound of the herbal mixture it is also possible to 
verify that in general the values for each compound 
is lower than in the case of the extract sample. This 
makes sense since the human cells don’t produce 
phenolic compounds and therefore the expected is 
to have equal or lower values of absorbance even in 
the cells cultivated with the extract solution.  
Since in general the values present in both table 
tend to decrease even for the cells cultivated with 
extract. The cases were the values are higher are 
not similar in both tables.  
 

4. Conclusion 
It was verified that the herbal mixtures led to 
differences in the protein concentration for the cells 
grown in contact with the extracts and therefore it 
would be necessary to identify these proteins and 
their role in the human body. It would be expected 
to see a difference in the expression of the 
transporter NPC1L1 since as said and studied 
before the herbal mixture inhibits the absorbance of 
cholesterol. The transporter was found in the control 
cells and the cells gown in a medium containing 
extract at 0.5 mg.ml-1.  
Taking into account that the compounds from the 
herbal mixtures reach the organs during the 
simulation of the digestion, was also confirmed the 
presence of the compounds after 24 hours of 
contact with the cells. It’s possible to hypothesize 
that the cells used the main compounds in their 
metabolic pathways. Comparing the metabolism of 
the cells HepG2 in the different conditions it can be 

concluded that besides the existence of some 
decreases in the maximum peaks, the 
chromatograms obtained are similar for all the 
samples.  
Since the herbal mixtures introduce different 
compounds in the body, is necessary to ensure that 
they don’t have unwanted reactions compromising 
the main effect that is lower and inhibit cholesterol 
absorption and synthesis and become a substitute 
or a complementary treatment to the drugs sold.  
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Appendix 
 
Figures 
 

 
Figure 2 – Membranes obtained after the wet transfer (right side) and incubation with the antibody (left side). The 
membrane on the right was stained with Ponceau Red. In the left side the membrane was incubated with the first 
antibody (Niemann –Pick type C1 Lyke-1, polyclonal, from Rabbit, Novus Biologicals) and after with the second 
antibody (ECL Anti-Rabbit IgG Horseradish Peroxidase-Linked Whole Antibody (from Donkey), Amersham, GE) 
detected with the detections reagents. The membrane on the left side was obtained after 1 minute of exposure 
with the detection solutions. 

 

 

 
Figure 3 – Gel obtained after the second step of the electrophoresis 2D. The gel on the left (A) corresponds to 
the control cells and cells in contact with extract at 1 mg.ml-1 (B). The gels were stained with silver nitrate. The 
marker was loaded at a quantity of 4 µl (NZY Blue Protein Marker, NZY Tech). 
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Figure 4 – Chromatograms obtained by the average of the wavelength 200 to 500 nm. The different lines 
correspond to the samples tested before: control cells, cells in contact with extract at 0.5 mg.ml-1 (extract 0.5), 
extract 1 mg.ml-1 (extract 1) and extract solution that correspond to the extract diluted in distilled water and with a 
concentration of 1 mg.ml-1. The first chromatogram corresponds to the samples collected after the first step of the 
lysis (supernatant from the centrifugation), the second figure to the samples after the second step of the lysis 
(supernatant from the second centrifugation). The extract solution was moved up to see the peaks. 

 
Figure 5 – Chromatogram obtained by the average of the wavelength 200 to 500 nm. The different lines 
correspond to the samples tested before: control cells, cells in contact with extract at 0.5 mg.ml-1 (extract 0.5), 
extract 1 mg.ml-1 (extract 1) and extract solution that correspond to the extract diluted in distilled water and with a 
concentration of 1 mg.ml-1. The chromatogram corresponds to the remaining pellet after the second step of the 
lysis process. The extract solution was moved up to see the peaks. 

 
Figure 6 – Chromatogram obtained by the average of the wavelength 200 to 500 nm. The different lines 
correspond to the samples tested before: control cells, cells in contact with extract at 0.5 mg.ml-1 (extract 0.5), 
extract 1 mg.ml-1 (extract 1) and extract solution that correspond to the extract diluted in distilled water and with a 
concentration of 1 mg.ml-1. The chromatogram corresponds to the supernatant obtained after performing a lysis in 
one step. The extract solution was moved up to see the peaks. 
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Table 1 – Values for the absorbance of the main components of the herbal mixture identified in appendix B. 
These values correspond to the chromatograms presented in figures 16 and 17. The major compounds are: 
caffeoylquinic acid (5.48 min), kaempferol-3-O-sophoroside-7-O-glucoside (7.34 min), chlorogenic acid (8.71 
min), A-type procyanidin trimer (9.12 min), chryoeriol 6.8-di-C-hexoside (9.94 min), rhamnosylvetexin (11.67 min), 
quercetin glucoside (13.94 min) and acetyl-rhamnosylvitexin (14.15 min). 

 

Table 2 – Values for the absorbance of the main components of the herbal mixture identified in (artig0). These 
values correspond to the chromatogram in image 18. The major compounds are: caffeoylquinic acid (5.48 min), 
kaempferol-3-O-sophoroside-7-O-glucoside (7.34 min), chlorogenic acid (8.71 min), A-type procyanidin trimer 
(9.12 min), chryoeriol 6.8-di-C-hexoside (9.94 min), rhamnosylvetexin (11.67 min), quercetin glucoside (13.94 
min) and acetyl-rhamnosylvitexin (14.15 min). 

Retention time 
(min) Absorbance 

- Samples 
- 

Extract 
solution 

First supernatant 

Control cells Extract 0.5 Extract 1 
5.48 2,95×104 8,87×102 4,22×104 4,18×104 
7.34 4,56×104 -3,60×103 3,87×104 3,81×104 
8.71 3,58×104 -7,35×103 3,54×104 3,53×104 
9.12 3,52×104 -7,34×103 3,68×104 3,63×104 
9.94 3,65×104 -9,79×103 3,32×104 3,34×104 
11.67 3,53×104 -1,34×104 3,01×104 3,06×104 
13.94 3,13×104 -1,58×104 2,78×104 2,85×104 
14.15 3,74×104 -1,62×104 2,75×104 2,82×104 

 

Retention 
time (min) Absorbance 

- Samples 

- Extract 
solution 

Control Extract 0.5 Extract 1 

 Lysed 
cells 

First 
supernatant Pellet Lysed 

Cells 
First 
supernatant Pellet Lysed 

Cells 
First 
supernatant Pellet 

5.48 2,95×104 2,14×104 2,50×104 1,95×104 1,57×104 2,72×104 2,09×104 2,27×104 2,87×104 2,11×104 

7.34	   4,56×104	   1,93×104	   5,12×104	   2,12×104	   1,39×104	   4,55×104	   2,15×104	   2,13×104	   5,05×104	   2,17×104	  

8.71	   3,58×104	   2,00×104	   2,07×104	   1,83×104	   1,41×104	   1,66×104	   1,95×104	   2,13×104	   2,06×104	   1,98×104	  

9.12	   3,52×104	   1,89×104	   2,04×104	   1,82×104	   1,37×104	   1,63×104	   1,95×104	   2,05×104	   2,04×104	   1,96×104	  

9.94	   3,65×104	   1,92×104	   2,03×104	   1,82×104	   1,37×104	   1,60×104	   1,96×104	   2,06×104	   2,03×104	   1,97×104	  

11.67	   3,53×104	   1,95×104	   2,04×104	   1,86×104	   1,42×104	   1,69×104	   1,98×104	   2,11×104	   2,10×104	   2,01×104	  

13.94	   3,13×104	   2,16×104	   2,20×104	   2,03×104	   1,80×104	   2,03×104	   2,15×104	   2,29×104	   2,35×104	   2,18×104	  

14.15	   3,74×104	   2,20×104	   2,24×104	   2,07×104	   1,89×104	   2,11×104	   2,19×104	   2,32×104	   2,38×104	   2,22×104	  


