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SUMMARY

Black pepper (Piper nigrum) is an autoicous and decorous vine cultivated in many local regions

of Gia Lai. Black pepper is one of the most commonly consumed spices, and its pungency is due to
the presence of alkaloids, such as piperine. This compound represents diverse biological activities,
including anti-inflammatory, anticancer, antiviral, anti-larvicidal, pesticide, anti-alzheimer’s
activities, etc. However, due to its poor solubility as well as its toxic effects at high use concentration,
piperine is still in limit of pharmaceutical applications. In this study, we have used black pepper seed
collected at Chu Se - Gia Lai to extract piperine. The compound extracted efficiency was
approximately 18% with 96.7% of purity. Based on the obtained pure piperine, the hybrid
nanopiperine-CD133 monoclonal antibody (mAb~CD133) complexes were fabricated with the
nanoparticle size of about 170 nm, the polydispersity index (PDI) of 0.23 and the zeta potential of -
9.4 mV. The nanocomplex was subjected for growth inhibitory activities against cancer colorectal
cells (HT-29 cell line). The results showed that the nanopiperine-mAb”*"CD133 complex exhibited
significant in vitro growth inhibition HT-29 colorectal cancer cells (46.56 + 2.78%), while the
viability of healthy cells remained unaffected (17.77 + 0.82 %). The nanocomplex could also label
12.17% of HT-29 cells, which was rather higher than 3.83% from mAb~CD133 conjugated
phycoerythrin (PE) as positive control. The fabricated nanopiperine-mAb"CD133 complex has
proved the enhanced cytotoxic activities against colorectal cancerous cells as well as promising
biopharmaceutical potency.

Keywords: Cancer colorectal cells, CD133 monoclonal antibody, HT-29, nanoliposome, piperine,
polydispersity index, zeta potential

INTRODUCTION

Pepper is the second staple crop in Central
Highlands of Vietnam besides coffee. As
reported, black pepper (Piper nigrum L.)
contains a high content of an active compound
which is piperine (Zarai et al., 2013). Piperine is
an alkaloid and a main chemical component of

black pepper. Piperine was discovered to inhibit
the enzymes which were involved into different
drugs’ metabolisms. As reported, piperine
attends into phase | of drug metabolism (such as
oxidative reaction through cytochrome P-450
forms). Besides, piperine also involves in phase
Il of metabolisms (called as conjugation or
biotransformation reactions). Thus, piperine
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could help to increase drug accumulation and
therapeutic potency (Stojanovic et al, 2019). As
such, piperine combined with theophylline, a
drug that has been clinical used for inhibition of
phosphodiesterase isoenzymes, antagonism of
adenosine, enhancement of catecholamine
secretion, and modulation of calcium fluxes,
could increase 1.5 times higher concentration of
theophylline in patients’ serum than using the
drug itself, as well as reduce the elimination
process considerably. Therefore, nowadays,
piperine is often used in combination with other
drugs as a factor to reduce excretion process,
increase the accumulation of drugs in targeted
site which help to enhance the medical properties
of drugs (Stojanovic et al, 2019). Piperine has
also been used globally with curcumin in a
category of functional foods such as
“TURMERIC” (Doctor Formulate); “ENZEST-
DHA” (Enomark Healthcare) to support illness
treatment in cancer, hepatitis, senescence etc.
Moreover, piperine increased the absorption and
bioavailability of different kinds of drug
molecules (Khatri et al., 2016). However, due to
its poor solubility in water and its toxicity,
pharmaceutical applications of piperine are still
in limit.

On the other hand, nanoliposomes were
recently applied popularly in medicine since they
could amplify drug distribution, improve
performance features of the products, prevent
early degradation of encapsulated drugs, and
effective treatment by decreasing toxicity
(Deshpande et al., 2013). Moreover, drugs that
conjugated into liposomes have pharmacokinetic
characteristics changed explicitly compared to
free drugs in solution (Malam et al., 2009).
Recently, liposomes have been often used as
effective carriers for many kinds of bioactive
agents including drugs, vaccines, cosmetics, and
nutraceuticals (Deshpande et al., 2013). Besides,
CD133 antigen, the most commonly surface
marker of cancer stem cell (CSC) population
from various gliomas to carcinomas, has become
a new cancer treatment targeting. Moreover,
there has not been any research to entrap piperine
into nanoliposomes in combination with
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monoclonal antibody for the pharmaceutical
improvement. Thus, this study had tried to
conjugate into liposomes together with anti-
CD133 monoclonal antibodies (MAb*CD133) to
produce nanopiperine - antibody complex.
Piperine would be isolated and purified from
black pepper harvested in Chu Se — Gia Lai. The
nanopiperine-mAb”*CD133 conjugation will be
tested on colorectal cancer cells (HT29) to assess
its cancer targeted inhibitory effects.

MATERIALS AND METHODS

Materials

Black pepper was harvested at Chu Se area
in Gia Lai province.

Colorectal cancer cells (HT-29), human
colon normal cells (CCD-18Co) were kindly
provided by Dr. Chi-Ying Huang, Yang-Ming
National University, Taiwan;

DMEM, Fetal Bovine Serum (FBS), human
CD133 monoclonal antibody conjugated with PE
(CD133-PE), human CD133 monoclonal
antibody were purchased from Miltenyi
(Germany). All other chemicals including pure
piperine (> 97%) as standard compound, 1,2-
distearoyl-sn-glycero-3-phosphoethanolamine-
N-[maleimide(polyethylene glycol)-
2000] (DSPE-PEG2000-Maleimide) were from
Sigma Aldrich (St. Louis, M.O., USA).

Extract and purify piperine from black
pepper

Supersonic extraction: 50 g black pepper
powder was extracted with 150 mL ethanol
(EtOH) 96° at the temperature of 40 °C (three
times). After 1 hour of solvent evaporation, the
collected sediment was extracted continuously
with EtOH two more times.

Purification of piperine: 94 g of the above
extracted sediment was mixed in 150 mL of 10%
NaOH solution in EtOH 96%, stirred at room
temperature (RT) for 1 h. Then, 250 mL distilled
water was added and refined the precipitation to
collect rough piperine in solid form. This solid
piperine was mixed with EtOH, added activated
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carbon and stirred at 40°C in 1 hour. After that,
the mixture was filtered out activated carbon,
eliminated EtOH and stored overnight for
obtaining crystals before filtering to yield pure
piperine.

Piperine quantitization was carried out by
using HPLC. Exactly 0.25 g of pepper powder
was put into 100-mililitre glass flask and further
adding with 80 mL of EtOH. The mixture was
supersonic extracted in 30 minutes before adding
just enough EtOH to the mark and mixed well.
The mixture was filtered through a 0.45 um filter
before analyzing by HPLC.

HPLC specifications: C18 (4.6 x 250 mm; 5
um); UV detector: 343 nm; dynamic phase:
MeOH-water (77:23, v/v); 1 mL/min flow rate;
Sample injection volume: 10 pL. Sample
injection volume is 8.0 pL. Detector DAD:
wavelength 345 nm.

Produce nanopiperine-antibody complex

Lipids including phosphatidylcholine (PS),
cholesterol and DSPE-PEG2000-maleimide
were dissolved in dichloromethane solvent.
Piperine was then mixed with this lipid mixture
according to the different molar ratios of
PS:Cholesterol:DSPE-PEG-Mal:Piperine. The
solution was then vacuum evaporated to
remove solvent and to create thin lipid layer.
The thin lipid layer contained piperine was
hydrated completely by using PBS (phosphate
buffer saline) at 40 °C for 10 minutes. The PBS
buffer was supplemented with anti-CD133
monoclonal antibody (mAb~CD133) at a
suitable concentration (1 pg/mL). Solution was
sonicated at 2 atm for a 20 second cycle and
rested for 10 seconds, then repeated 10 times.
Next, the solution was centrifuged at 12000
rpm for 30 minutes to collect nanoliposome
residue (LP).

Assess  the  physical
nanoliposomal complex

properties  of

The nanoparticle size, polydispersity index
(PDI) and zeta voltage were determined by using a
DLS light scattering equipment named as Zetasizer
Nano-Z meter (Malvern Instruments, UK).

In vitro cell culture

HT-29, CCD-18Co cells were cultured in
DMEM medium containing 2 mM L-glutamine,
10 mM HEPES and 1.0 mM sodium pyruvate,
10% fetal bovine serum (FBS). Cells were sub-
cultured every 3-5 days at the ratio of 1: 3 and
incubated at 37 °C, 5% COs..

Determine the ability of LP to label cancer cells

HT29 and CCD-18Co cells were seeded into
wells of a 6-well plate and cultured in 24-hour
with DMEM medium in an incubator of 37 °C,
5% CO,. Then, the samples including either
blank-liposome or liposome-piperine-
mAb CD133 (LP) or CD133-PE was added into
cell-seeded-wells and further incubated for 3
hours in the incubator. After the incubation
period, culture medium was removed, washed
with PBS. Cells were detached from the well
bottom by using Trypsin-EDTA 0.04%. Cells
were then collected into eppendorf tubes and
analyzed for sample labeling capacity using
using Novocyte flowcytometry system and
NovoExpress software (ACEA Bioscience Inc.).

MTT anti-proliferative assay

The in vitro cellular viability measurement
using (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) dye was
strictly followed as described by Mosmann et al.
(1983). In the assay, this tetrazolium salt was
used as colorimetric reagent to assess cellular
survival. The number of surviving cells were
calculated using the formula: % cell survival =
[OD (reagent) — OD(blank)]/[OD(DMSO) -
OD(blank)]. The concentration to inhibit cell
survival at 50% (ICso) was determined using
TableCurve 2Dv4 software (Systat Software
Inc., US).

RESULTS AND DISCUSSION

Pipirine extraction and purification from
black pepper collected at Chu Se area

In this study, piperine was efficient isolated
from black pepper using EtOH with up to 18.37
% yield. This percentage was calculated based on

673



the amount of obtained pure piperine over the
total quantity of collected sediment. It has been
reported that piperine content is up to 9% higher
in black pepper (Chopra et al., 2016). Piperine
content may be affected by changes in farming
conditions such as climate or drying conditions
and origin (Sozzi et al., 2012).

By using 94 g of the sedimental extract to
isolate piperine, we obtained crude piperine
solids (28 g). Raw piperine product was further
purified as mentioned in the method. The results
showed that purified product reached 96.7%
purity (Fig.2) . This piperine extraction and
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purification method of the study was based on
the reported protocols from other previous
researchers with small modification to optimize
the efficiency (Han et al., 2016; lkan, 1991).

According to Hien et al. (2014), piperine extracts
from black pepper purchased in Ha Dong, Hanoi
reached 96.6% of purity. Thus, the black pepper
seed in Chu Se - Gia Lai and Ha Dong, Hanoi
have similar piperine content in the same
extraction conditions. With this result, the
piperine extracted and purified from black
pepper collected at Chu Se area, Gia Lai province
was used as material for our further researches.

Figure 1. Gas Chromatography Mass Spectroscopy of piperine
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Figure 2. HPLC chromatogram of purified piperine showing approximately 96.7% of purity

Characterization of the
mMAb~CD133 complex (LP)

nanopiperine-

Characteristics of nanoliposomal piperine-
antibody LP such as particle size, polydispersity
index (PDI) and zeta potential were determined and
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shown in Table 1 and Figure 3. Several basic
physical properties of LP complex were measured.
The results showed that the nanoparticle size was
about 170 nm, the PDI reached 0.23 and the zeta
potential was -9.4 mV. This is the right size for
nanoliposomes to be well distributed in blood
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vessels as well as increase circulation time of drugs
in the circulatory system.

The nanopiperine-mAb~CD133 complex (LP)
capacity to label HT-29 cells

As reported, CD133 is a typical surface
antigen of CSCs. Thus, CD133 monoclonal
antibody was selected to conjugate onto LP
complex with the CSC targeting purpose. In this
research, HT29 colorectal cancer cells were
employed since this cell line were reported to
contain a sub-population of CSCs (Yeung et al.,
2010). Thus, we will be able to clarify the CSC
labeling capacity of LP. After piperine and anti
CD133 monoclonal antibodies incorporated to

liposomes, the obtained LP complex were
evaluated the ability to label HT-29 colorectal
cancer cells using flow cytometry technique.
Results presented that LP could distinguish up to
12.17% HT29 cells, which was better than that
of the control CD133-PE with 3.83% labeled
cells (Fig.4). It seemed that LP complex with
piperine incorporated component holding the
improved cellular labeling and uptaking
capacity.

The results also showed that number of
labeled cells by nanoliposome-blank was only
1.81%. In addition, the HT-29 morphology under
the effect of the research samples has had certain
changes (Figure 5).

Table 1. Effects of active ingredient ratio on liposome creaty ability.

Complex liposome Size (nm) PDI Zeta (mV)
Liposome-piperine- 171,2 0,23 -9,4
mAb~CD133

Liposome -piperine 175,2 0,32 -13,8
Blank liposome* 130,0 0,26 -12,2

Note: *Blank liposome contained neither piperine nor mAb*CD133
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Figure 4.The ability of LP to label HT29 cells.
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Figure 5. Image of HT-29 cells under impact of study samples observed from the reversed microscope (20X

magnification, transmitted light).

The growth inhibitory effects of LP on HT-29
colon cancer cells

The cytotoxicity of the study samples
presented in Table 2 showed that piperine
dissolved in water could not inhibit HT-29 cells
to growth, even at the highest concentration
(2.27%), while it affected much stronger on
healthy cells (11.79%) at the same tested
concentration. This result exhibited that piperine
itself was not cancerous targeting and the
bioavailability of piperine was rather poor. In
contrast, piperine which was dissolved in
dimethyl sulfoxide (DMSO), could inhibit HT29
cells’ survival at the 1Cso = 391.09 + 24.04 uM,

Table 2. Inhibitory effect of sample on cancer cells.

showing that the compound had very low
solubility in water but only in polar solvent.

The result also noted that the relative target
of piperine to HT-29 cells is relatively high. In
the case that piperine was nanoliposomal
conjugated and combined with CD133
monoclonal antibody, the complex LP improved
significantly its inhibitory activity on HT-29
surviving rate. The survival percentage of HT29
cells under LP treatment was 46.56%, in
compared with that on healthy cells was 17.77%.
This result again reflected that the LP complex
had better target activity on cancer cell (HT-29)
than on healthy CCD-18Co cells.

Conc. (uM) LP Piperine - DMSO Piperine —=H20
CCD-18Co HT29 CCD-18Co HT29 CCD-18Co HT29
500 17.77 46.56 40.41 74.71 11.79 2.27
100 -0.47 11.29 5.82 4.44 472 -0.17
20 -2.04 5.08 2.04 2.80 1.94 -3.63
4 -9.86 -7.81 -2.04 -3.46 -9.30 -4.38
ICso >500 >500 >500 391.09 £ 24.04 >500 >500
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Thus, piperine in black pepper seeds from
Chu Se- Gia Lai, after conjugated in LP complex
initially showed their positive signals, in terms of
bioavailability and cancer cell targeting. Some
other reports showed that piperine suppressed
tumor growth by modulating reactive oxygen
species (ROS)-induced apoptosis and cell cycle
regulation (Siddiqui et al., 2017; Rather and
Bhagat, 2018). In this study, the LP complex
could inhibit HT-29 cells’ proliferation
significantly. That effect might come from
piperine as main component active compound of
LP, while anti-CD133 monoclonal antibody
should be the factor to improve the targeting
capacity of the complex. The result implies
further researches should be conducted on this
issue.

CONCLUSION

The piperine purification process has been
established to achieve 96.7% purity from black
pepper collected at Chu Se - Gia Lai. This
study has also fabricated a complex
nanopiperine - antibody (LP) successfully,
with a size of about 170 nm, the PDI about 0.23
and the zeta potential at neutral form (-9.4
mV). The LP complex has been shown its
influence on HT-29 cell morphology. The LP
complex also exhibited 46.56% inhibition of
HT-29 cells’ growth, while the level of
inhibition of healthy cells was only about
17.77%. The nanocomplex could also
distinguish up to 12.17% of CSC
subpopulation from HT-29 cells, which was
better than 3.83% labeled cells of the
mADb”~CD133 conjugated phycoerythrin (PE)
as positive control.
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CHE TAO NANOLIPOSOME CHUA PIPERINE CHIET XUAT TU HAT HO TIEU
VA KHAO SAT HOAT TINH UC CHE SINH TRUONG TE BAO UNG THU RUQT
KET

Lé Nhat Minh?, Tran Thi Minh Anh?, Tran Vin L§c?*, Phung Thi Kim Hué'*, P§ Thi Thao®

'Triong THPT chuyén Hing Vicong Gia Lai

2Vien Hoa hoc, Vién Han Lam Khoa hoc va cong nghé Viét Nam

%Vien Cong nghé sinh hoc, Vién Han Lam Khoa hoc va cong nghé Viét Nam
“Vién nghién cizu sirc khde va phat trien Gido duc Tay Nguyén

TOM TAT

Hat tiéu den duoc trdng nhiéu tai Gia Lai la mot trong nhiing loai gia vi dugc tiéu thy phé bién
nhat, va vi cay cua né 1a do su hién dién caa mot alkaloid duoc goi la piperine. Piperine dai dién cho
c4c hoat dong sinh hoc da dang, chang han nhu chdng viém, chéng ung thu, khang vi rat, chéng au
tring, thudc trir sau, chdng bénh alzheimer v.v. Tuy nhién, do tinh kém tan va cé doc tinh, nhitng tng
dung cuaa piperine trong linh vire y dwoc con bi han ché. Trong nghién ctru nay, chung toi di sir dung
hat tiéu den thu hai tai Chu Sé - Gia Lai dé chiét tach va phan 1ap piperpine. Hiéu suat phan lap hoat
chat nay l1a khoang 18% véi d6 tinh sach dat 96.7%. Hoat chét piperine phan tach duoc sir dung dé
ché tao phuc hop lai nanopiperin-khang thé khang CD133 (MAb~CD133) véi dic tinh kich thudc
khoang 170 nm, d6 ddng déu hat dat 0,23 va thé zeta & khoang trung tinh (-9.4 mV). Phirc hop dugc
danh gia hoat tinh wc ché té bao ung thu ruot két dong HT-29. Két qua cho thay cac té bao ung thu
HT-29 thé hién bi trc ché ting truong dang ké trong thuc nghiém in vitro khi dwoc o véi phuc hop
nanopiperin-khang thé, dat tgi 46,56 + 2,78%. Trong khi do, tac dong cua té hop toi té bao lanh &
ngudi (dong CCD-18Co) van chi la 17,77 + 0,82%. Phic hop ciing cho thay kha nang danh dau tiéu
quan thé té bao gdc ung thu trén dong HT-29 dat 12.17%, cao hon so véi 3.83% cua ddi chimg la
khang thé khang CD133 cong hop phycoerythrin (PE). Phuc hop nanopiperine-mAb~CD133 d3 cho
thiy sy tang cuong hoat tinh khang té bao ung thu rudt két va tiém nang ung dung trong y sinh.

Tur khoa: Té bao ung thu rudt két, khang thé khang CD133, HT29, nanoliposome, piperine, chi sb
PDI, thé zeta
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