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The increasing demand of hemp (Cannabis sativa L.) has attracted more
interest in exploring its phytochemical profile and bioactivities, such as anti-
inflammatory effect. In this study, the phytochemicals of different hemp leaves
were investigated, with the content order: total saponins content (TSC) > total
alkaloids content (TAC) > total phenolics content (TPC) > total flavonoids
content (TFC) > cannabinoids. Hemp leaves from Shanxi accumulated higher
flavonoids and cannabinoids (i.e., THC, CBD, and CBN), while phenolics
were more abundant in those from Hunan. A lipopolysaccharide (LPS)-
induced inflammatory Matin-Darby canine kidney (MDCK) cell model was
established to evaluate the anti-inflammatory effects of hemp leaf extracts.
Hemp leaf extracts, especially the D129 and c7, significantly increased cell
viability of LPS-induced inflammatory MDCK cells, and D132 significantly
decreased the secretion of pro-inflammatory cytokines (TNF-a and IL-6)
and the lactate dehydrogenase (LDH) activity. Except for c12, other hemp
leaf extracts obviously decreased the cell morphological damage of LPS-
induced inflammatory MDCK cells. The correlation analysis revealed that
cannabinol (CBN) and TPC showed the strongest correlation with anti-
inflammatory activities, and hierarchical clustering analysis also showed that
hemp germplasms from Shanxi might be good alternatives to the common
cultivar Ym7 due to their better anti-inflammatory activities. These results
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indicated that hemp leaves were effective in LPS-induced inflammatory
MDCK cells, and flavonoids and cannabinoids were potential geographical
markers for distinguishing them, which can provide new insights into the anti-
inflammatory effect of hemp leaves and facilitate the application of hemp
leaves as functional ingredients against inflammatory-related disorders.

hemp germplasm, hemp leaves, phytochemicals, anti-inflammatory effects, Matin-
Darby canine kidney cells

Introduction

Hemp (Cannabis sativa L.) plant is a multipurpose industrial
crop widely cultivated in the world (1). In recent years, the
application of various parts of hemp plant, such as hemp
inflorescence, hempseed oil, and hemp sprouts, has represented
a valuable source of nutraceuticals and functional foods (2, 3).
While hemp leaves are usually consumed as a raw food, like
juices and salads (2). A vast array of phytochemicals including
cannabinoids, flavonoids, phenolics, alkaloids, and saponins has
been successfully isolated from hemp (4-7). Phytochemicals are
responsible for diverse pharmacological functions. In particular,
hemp leaves contain more abundant phytochemicals than other
parts of hemp, because the phytochemicals in the hemp plant
chronologically decrease from flowers, leaves, stems, and seeds
to the roots (8, 9). Hemp leaves are regarded as a universal
material of great practical and economic value due to their
diverse pharmacological functions, such as antioxidant, anti-
inflammatory, and hypoglycemia effects (10).

Inflammation is a normal process of host defense and tissue
healing, but excessive or unresolved inflammation can lead to
many health disorders (9, 11, 12). As a potential supplement
of the nutraceuticals and functional foods, hemp leaves may
have an overall positive effect on inflammation. However, the
details about the anti-inflammatory properties of hemp leaves
and their protective mechanism are scanty. Thus, there is an
increasing interest in exploring the anti-inflammatory activities
of hemp leaves. There are different hemp leaves available
from different major cultivating regions in China, which may
vary in phytochemicals (cannabinoids, flavonoids, phenolics,
alkaloids, and saponins) as well as anti-inflammatory properties.
Therefore, it is necessary to compare and identify potential
hemp leaves rich in bioactive components and exhibiting good
anti-inflammatory activities.

A previous study reported that flavonoid variation in hemp
leaves has the potential as a geographical marker (13). Therefore,
it is speculated that hemp leaves from different regions can be
distinguished by comparing their phytochemicals. In this study,
itis aimed to compare the phytochemical profiles of hemp leaves
from 12 germplasms in 2 regions (Shanxi and Hunan) of China,
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and to further test their anti-inflammatory activities in LPS-
induced Matin-Darby canine kidney (MDCK) cells. This study
can provide a better understanding of the relationships between
hemp phytochemicals and anti-inflammatory activities of hemp
leaves, which can have potential use as novel alternative sources
for food, cosmetic, and medical ingredients.

Materials and methods

Materials and reagents

Hemp leaves of different germplasms, “D129, D130, D132,
D134, D142, D361” cultivated in Fenyang, Shanxi Province and
“Yunma?7 (Ym7), c2, ¢4, c7, c8, c12” cultivated in Changsha,
Hunan Province, were provided by the Institute of Bast Fiber
Crops, Chinese Academy of Agricultural Sciences, China, which
were collected before flowering by the local police in 2019.
Cell Counting Kit-8 (CCK-8; CK04), Rayson-jimsa staining
solution (Biosharp, BL880A), and lipopolysaccharide (S11060-
10 mg) were purchased from Yuanye Bio-Technology Co.,
Ltd. (Shanghai, China). Canine TNF alpha ELISA Kit (Mm-
3698802), Canine IL-6 ELISA Kit (MM-154602), and LDH
Cytotoxicity Assay Kit (Cominbio, LDH-1-Y) were purchased
from Zhongchuang Hongda Technology Co., Ltd. (Beijing,
China). Standards of cannabidiol (CBD), tetrahydrocannabinol
(THC), cannabinol (CBN), rutin, gallic acid, tea saponins
(98%), and colchicine were purchased from Yuanye Bio-
Technology Co., Ltd. (Shanghai, China). All other reagents
were purchased from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China) and were of analytical grade unless otherwise
stated. Ultrapure water (18.2 MQ cm, resistivity) was obtained
from an ELGA water purification system (Veolia Water
Company, Frankfurt, Germany).

Heat reflux extraction of hemp leaf

Hemp leaves were dried in a drying oven (BPG-9140A,
Shanghai, China) at 45°C for 48 h, and the dried samples
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were crushed to powders by a pulverizer (KY15-19, Tianjin,
China) before passing through an 80-mesh sieve. The powders
were preserved at 4°C and extracted by the heat-reflux-extract
method according to a previous study with some modifications
(14). The extracts were prepared by mixing 1 g of each sample
with 20 mL of 70% aqueous ethanol solution in a thermostat
water bath (WEB-6, DAIHAN Scientific Co., Ltd., Korea) at
80°C for 3 h. All extracts were centrifuged and the supernatants
were stored at 4°C for later use.

Phytochemical analysis

HPLC quantification of main cannabinoids

CBD, THC, and CBN are leading cannabinoids in
hemp leaves. Therefore, their contents in hemp leaves were
quantified using HPLC following a previous method with slight
modifications (15). The HPLC analysis was conducted using an
Agilent HPLC-1260 system with a Thermo Hypersil GOLD-C18
column (4.6 x 100 mm, 5 pum) thermostated at 25°C. Gradient
elution was used with solvent A as 0.1% aqueous acetic acid
solution (v/v) and solvent B as 100% acetonitrile. The gradient
elution was as follows: 0-10 min, 1-62% B. The flow rate was set
at 0.5 mL/min with the sample injection volume of 1 pL and the
detection wavelength was set at 220 nm. The cannabinoids were
quantified using their respective calibration curves prepared
from the standards at different concentrations: CBD (10-100
pg/mL), THC (10-50 pg/mL), and CBN (10-100 j.g/mL). The
results were expressed as the percentage of yields (mg/100 g) of
these compounds from the hemp leaf powders. The lower limit
of detection (LOD) of CBD, THC, and CBN were 0.03, 0.06,
and 0.02 pg/mL, respectively. The quantification (LOQ) of CBD,
THC, and CBN were 0.11, 0.20, and 0.079 pg/mL, respectively.

Total phenolic content

Total phenolic content (TPC) in the hemp leaf extracts
was determined using the Folin-Ciocalteu method described
previously with a little modification (16). A 20 wL of hemp leaf
extract (0.2 mg/mL) diluted from the supernatant mentioned
in section “Heat reflux extraction of hemp leaf” was mixed
with 1,980 pwL of water and subsequently with 200 pL of
Folin-Ciocalteu reagent. After 5 min incubation, 0.8 mL of
sodium carbonate (10%, w/v) was added and allowed to incubate
in dark for 60 min at room temperature. The absorbance
was measured at 765 nm using a UV-vis spectrophotometer
(UV2700, Shimadzu, Kyoto, Japan). TPC was quantified using
a calibration curve of gallic acid (0-20 wg/mL). The results
were expressed as mg gallic acid equivalents/g of hemp leaf
powders (mg GAE/g).

Total flavonoid content

Total flavonoid content (TFC) was determined according to
the method described by Bajalan et al. (17). The extract (1 mL
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at 0.2 mg/mL) was mixed with 2 mL of AICl; solution (0.1 M).
After 6 min of incubation, 3 mL of potassium acetate solution
(0.1 M) was then added to the mixture before incubating at room
temperature for another 6 min. The absorbance was measured
at 420 nm using a UV-vis spectrophotometer. The TFC was
quantified using a calibration curve of rutin (5-90 pg/mL), and
the results were expressed as mg rutin equivalents/g of hemp leaf
powders (mg RE/g).

Total saponin content

The determination of TSC was performed according to a
previous method with minor modifications (18). Briefly, 0.2 mL
of vanillin-glacial acetic acid solution (5%, v/v) was added to
0.2 mL of extract (0.2 mg/mL). Then, the mixture was added
with 0.8 mL of perchloric acid and heated at 70°C for 15 min.
After heating, the mixture was immediately placed in ice water
for 15 min to stop the reaction. The final volume was made up
to 5 mL with glacial acetic acid. The absorbance of the reaction
mixture was measured at 545 nm. The TSC was quantified using
a calibration curve of tea saponin (0-120 pg/mL). The results
were expressed as mg tea saponin equivalents/g of hemp leaf
powders (mg TSE/g).

Total alkaloid content

Total alkaloid content (TAC) was determined using the
Dragendorff precipitation assay (19). After removing the solvent
from the 1 mL extract, 1 mL of HCl (2 M) was used to
dissolve the extract. The sample was transferred to a separatory
funnel before adding with 5 mL of 0.1% bromocresol green
aqueous solution and 5 mL of phosphate buffer. The mixture
was then mixed with 4 mL of chloroform by vigorous shaking
twice. The chloroform layer was collected in a volumetric flask
and made up to 10 mL with chloroform. The absorbance
of the reaction mixture was determined at 470 nm using a
UV-vis spectrophotometer. The TAC was quantified using a
calibration curve of colchicine (0-70 pg/mL), and the results
were expressed as mg colchicine equivalents/g of hemp leaf
powders (mg CE/g).

Anti-inflammatory effects of hemp leaf
extracts on
lipopolysaccharide-induced
Matin-Darby canine kidney cells

Cell culture

MDCK cell line was kindly provided by the Institute
of Animal Sciences, Chinese Academy of Agricultural
Sciences (Beijing, China). MDCK cells were cultured
in a T25 cell culture flask at 37°C in 5% CO, for 24 h
Modified Eagles Medium (DMEM)/F12
5% fetal (FBS).

the medium was removed and the cells were

in  Dulbecco’s
supplemented  with bovine

Then,

serum
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washed with 1 mL PBS. The PBS was removed and
the MDCK cells were treated with 1 mL of trypsin

(100 U) for about 6 min in the 5% CO, incubator

until all cells were detached from the culture flask.
After trypsinization, cells were suspended with a
medium supplemented with 5% serum to prepare a

cell suspension.

Cellular viability assay

Cell counting kit-8 (CCK-8) assay is a classic test
for evaluating cellular activity (20). It is performed by
utilizing 2-[2-methoxy-4-nitrophenyl]-3-[4-nitrophenyl]-
5-[2,4-disulfophenyl]-2H-tetrazolium (WST-8)
by dehydrogenases in cells to give formazan soluble in

reduced

culture medium, and the amount of the formazan dye is
directly proportional to the number of living cells (21).
The effect of hemp leaf extracts on cellular activity was
measured according to the instruction of the CCK-8 assay.
Ym7 hemp leaf extract was used to determine a suitable
concentration of hemp leaf extracts on MDCK cells. MDCK
cell suspension (1 x 10° cells per well) from section “Cell
culture” was plated in 96-well plates and incubated at
37°C in 5% CO,. After cell confluency reached 80%, cells
of each well were washed with PBS before being added
with 100 pL of medium with 2% FBS and 10 pL of Ym?7
hemp leaf extract (0.005, 0.05, 0.5, and 5 mg/mL), and then
incubated for 24 h at 37°C in 5% CO,. A 10 pL CCK-8
was added to each well and incubated for 4 h at 37°C in 5%
COs.
viability of cells.

Culture supernatants were collected to measure the

The effect of LPS on cellular activity was also measured
using CCK-8 assay to determine the optimal LPS concentration
for inducing cellular inflammatory damage. Briefly, MDCK
cells (1 x 10° cells per well) from section “Cell culture” were
seeded into 96-well plates and allowed to incubate at 37°C
in 5% CO; for 4 h. Two hours before LPS intervention,
serum-free medium was used to continue culturing for
another 2 h. Like the above cellular activity assay for Ym?7,
cells were then plated and treated for 24 h with LPS
(10, 50, 100, and 200 pg/L). Culture supernatants were
collected to measure the viability of cells. The optical density
(OD) was measured by a microplate reader (Epoch, Biotek,
United States) at 450 nm.

Cell survival rate% = (As — Ap)/(Ac — Ap) x 100%.

Where, Ag is the absorbance of treatment (cells + medium +
CCK-8 + LPS/hemp leaf extracts), Ac is the absorbance
of control (cells + medium + CCK-8 + water), Ag is
the absorbance of blank (medium + CCK-8). Curves were
depicted with concentrations as the abscissa and the survival
rate of MDCK cells as the ordinate. Each experiment was
conducted in triplicate.
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Different treatments on
lipopolysaccharide-induced inflammatory
Matin-Darby canine kidney cells

LPS aqueous solution (200 ug/mL) that induced the highest
cellular inflammatory damage and hemp leaf extract (50 pg/mL,
diluted with water) with no evident growth inhibitory activity
on MDCK cells were chosen for the subsequent experiments.
A 100 wL MDCK cells (1 x 10° cells) were seeded into 96-well
plates for 4 h, and the medium was removed and replaced with
four different treatments for 24 h: (a) control group (water), (b)
LPS aqueous solution (200 pg/mL), (c) 12 hemp leaf extracts
(50 pg/mL) + LPS aqueous solutions (200 pg/mL), and (d) 12
hemp leaf extracts (50 pg/mL), with each treatment conducted
in triplicate. Culture supernatants from the basolateral side were
collected for the measurement of cell viability, the contents of
lactate dehydrogenase (LDH), and the levels of tumor necrosis
factor-alpha (TNF-a) and interleukin 6 (IL-6). Subsequently, the
MDCK cells were collected for morphology observation.

Wright-Giemsa staining of Matin-Darby canine
kidney cells

The Wright-Giemsa stain, a modified Romanowsky stain, is
a combination of basic dyes (methylene blue and its oxidative
products, azure A and azure B) and acidic dye (eosin) (19). The
effect of hemp leaf extracts on the morphology of MDCK cells
was studied by the Wright-Giemsa staining. The MDCK cells
of different treatments from section “Different treatments on
lipopolysaccharide-induced inflammatory Matin-Darby canine
kidney cells” were collected and centrifuged at 1,200 x g for
5 min. Then, 100 L of sterile PBS was added to resuspend the
cells. After that, three drops of Wright stain were added and
incubated for three min. The same amount of Giemsa stain was
then added and allowed to stain for 10 min. The cell morphology
was observed under an inverted microscope after the staining.

Lactate dehydrogenase cytotoxicity assay

The membrane integrity of MDCK cells was measured by
the LDH cytotoxicity assay kit. The culture supernatants of
different treatments were prepared and collected as described
in section “Different treatments on lipopolysaccharide-induced
inflammatory Matin-Darby canine kidney cells” The culture
supernatants were centrifuged at 6,600 x g for 10 min. The
LDH activity in the culture supernatant was determined strictly
following the instructions of the LDH detection kit. The assay
was conducted in triplicate.

Cytokine measurements using enzyme-linked
immunosorbent assay

The expression of TNF-a and IL-6 were measured by
the commercial enzyme-linked immunosorbent assay (ELISA)
kits, according to the manufacturer’s protocol. The culture
supernatants of different treatments were collected as described
in section “Different treatments on lipopolysaccharide-induced
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inflammatory Matin-Darby canine kidney cells” and centrifuged
at 1,200 x g for 15 min. After the color reaction was terminated,
the OD value of each well at 450 nm was measured by a
microplate reader, and the concentrations of TNF-a and IL-6 in
the culture supernatants were calculated based on the standard
curve. The assay was conducted in triplicate.

Statistical analysis

Results were expressed as means =+ standard deviations
(SD). One-way analysis of variance (ANOVA) coupled with
post hoc Least Significant Difference (LSD) and Duncan tests
were performed using IMB SPSS 20.0 software (IBM Corp.,
Armonk, NY, United States). Statistical significance was defined
at p < 0.05. The heatmap was generated by OriginPro 2021b
(OriginLab, Northampton, MA, United States).

Results and discussion

Phytochemical analysis of different
hemp leaves

Colorimetric methods and HPLC are the convenient and
important first-line methods for phytochemical analysis. In this
study, HPLC analysis was accomplished within 12 min. The
typical HPLC chromatogram showed peaks of CBD, THC, and
CBN with satisfied separation at 3.39, 6.77, and 9.66 min,
respectively (Supplementary Figure 2). The contents of CBD,
THC, and CBN in 12 hemp leaf extracts (6 germplasms from
Shanxi Province and 6 germplasms from Hunan Province)
are depicted in Table 1. Usually, C. sativa can be mainly
divided into two types according to the content of THC,
including the drug-type (commonly called cannabis, with
THC > 300 mg/100 g) and the fiber-type (commonly called
hemp, with THC < 300 mg/100 g) (6, 22,
study, the THC in the 12 hemp leaf extracts was lower than

23). In the current

300 mg/100 g, especially THC in the germplasms c2, c4, c7,
and c8, which were below the detection limit. Hence, it is
confirmed that these 12 hemp germplasms are the industrial
hemp that could be cultivated and utilized. CBD and CBN,
known as non-psychoactive cannabinoids, are commonly found
in hemp that has shown anti-inflammatory and analgesic
effects (24). Recently, anti-inflammatory effects of CBD have
been demonstrated in various preclinical models, and CBD
presenting in the A°-THC environment can reduce undesirable
effects of A°-THC, therefore, improves its safety profile (25).
The current study found that the contents of CBD and CBN
in 12 hemp leaf extracts were different, D134 had the highest
level of CBD (281.5 £+ 6.0 mg/100 g), and D132 had the
highest content of CBN (16.5 £ 0.1 mg/100 g). Additionally,
the contents of CBD in ¢7 and c12, and CBN in Ym?7, c2, c4,
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and c12 were below the detection limit. Overall, the contents of
CBD, THC, and CBN were more abundant in hemp leaves from
Shanxi, indicating that cannabinoids (i.e., THC, CBD, and CBN)
in hemp leaves are potential geographical markers.

Other than cannabinoids, phenolics, flavonoids, saponins,
and alkaloids in the hemp can also serve as important candidates
for the biological effects of hemp (24). The contents of TPC,
TFC, saponins, and alkaloids in the 12 hemp leaf extracts were
found to have great differences, as shown in Table 1. Generally,
their contents in hemp leaves are in the descending order
as follows: TSC > TAC > TPC > TFC. TSC values ranged
from 52.74 + 2.43 (c12) to 107.16 + 2.14 (D142) mg TSE/g.
TAC values ranged from 11.23 £ 0.67 (D361) to 37.10 £ 1.65
(D129) mg CE/g. TPC values ranged from 12.02 & 0.24 (D142)
to 39.49 £ 0.38 (Ym7) mg GAE/g. TFC values ranged from
1.33 £ 0.13 (c7) to 5.21 £ 0.26 (D129) mg RE/g. In addition,
the highest contents of TPC, TFC, saponins, and alkaloids were
found in Ym?7, D129, D142, and D129, respectively. Hemp leaves
from Shanxi accumulated higher TFC, while TPC were more
abundant in those from Hunan, indicating that TFC in hemp
leaves are also potential geographical marker like a previous
study (13). Overall, our results indicated that flavonoids and
cannabinoids were potential geographical markers of hemp
leaves from different regions. In the meantime, hemp leaves with
high levels of cannabinoids, flavonoids, phenolics, saponins, and
alkaloids can be potential sources for the development of feeding
materials for animals as well as nutraceuticals, cosmetics, and
pharmaceuticals for humans.

The effects of hemp leaf extracts on
cellular activity

So far, no studies have focused on the effect of hemp
leaf extracts on cellular activity of MDCK cells. In recent
years, hemp variety Ym7 has been widely -cultivated
for hemp fiber production. It is the main cultivar in
Yunnan Province, one of the main production areas of
hemp (23). Thus, the cellular activity of this cultivar
was first evaluated using the CCK-8 assay to identify
a suitable concentration of hemp leaf extracts to be
treated on MDCK cells.

As shown in Figure 1A and Supplementary Figure I,
different concentrations of hemp leaf extract (0.005, 0.05,
0.5, and 5 mg/mL) exhibited different effects on the
viability of MDCK cells. When the concentrations of
Ym7 were 0.05 and 0.005 mg/mL, the cell survival rate
was 101.36 £+ 0.32% and 101.78 =+ 0.16%, respectively,
close to the control (100%), indicating that the extract
had no inhibition of the viability of MDCK cells at lower
When MDCK cells
Ym7 at 5 and 0.5 mg/mL, the cell viabilities were very
low (430 £+ 0.14% and 15.02 £ 0.23%, respectively),

concentrations. were treated with
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TABLE 1 The content of cannabinoids, flavonoids, phenolics, saponins, and alkaloids in hemp leaves from Shanxi and Hunan of China.

Samples CBD THC CBN TFC TPC TSC TAC
(mg/100 g) (mg/100 g) (mg/100 g) (mg RE/g) (mg GAE/g) (mg TSE/g) (mg CE/g)
D129 215.6 + 5.2¢ 79.1 + 2.2 11.3 +£0.142° 5.21 4 0.26* 16.44 + 0.291 101.20 + 2.14* 37.10 + 1.65%
D130 214.5 4 2.3 195.3 4 1.4 14.5+0.2° 3.46 4 0.20° 12.66 + 0.474 87.40 + 1.79° 11.33 + 0.76°F
D132 141.5 + 3.14 257.9 + 1.5° 16.5 + 0.10% 2.17 +0.16% 14.96 + 0.268" 84.58 4 2.244 13.96 + 0.59%¢
D134 281.5 4 6.0 171.9 4 2.24 8.7 + 0.08%P 4.86 4 0.09° 13.15 4+ 0.61M 99.46 = 0.95" 14.28 + 0.954¢
D142 261.8 + 6.9° 157.0 + 14° 10.6 = 0.112b¢ 4.45+0.31° 12.02 + 0.241 107.16 + 2.72° 12.58 4 0.96°
D361 11.5 +0.118 285.3 4 13° 9.9 4 0.05% 417 +0.19° 15.94 + 0.238 105.14 + 3.47% 11.23 + 0.671
Ym?7 117.5 4 2.14 32.6 £ 0.098 ND 1.37 4 0.20° 39.49 + 0.38° 54.27 + 1.9 14.85 = 0.424
2 118.1 4 54 ND ND 3.07 £ 0.15¢ 32.49 + 0.064 53,98 + 3.521¢ 13.91 + 0.44d¢
c4 68.3 + 4f ND ND 2.45 4 0.264 37.40 4 0.24° 64.60 + 3.64° 26.73 + 0.57%
7 ND ND 5.0 4 0.07¢ 133 +0.13° 35.72 4 0.47¢ 104.68 + 2.73* 36.12 + 0.34%
8 89.8 + 2.3¢ ND 3.9 +0.06° 2.34+0.22¢ 36.64 - 0.26 62.44 + 2.82° 28.27 4 0.83"
cl2 ND ND ND 1.59 4 0.18¢F 30.28 4 0.34¢ 52.74 4 2.43 25.63 % 0.72°

ND, not detectable; CBD, cannabidiol; THC, tetrahydrocannabinol; CBN, cannabinol; TFC, total flavonoids content; TPC, total phenolics content; TSC, total saponins content; TAC, total
alkaloids content. The superscript letters (a—i) for the same column indicated a statistical significance at p < 0.05.
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any inhibition of the viability of MDCK cells. Hence,
0.05 mg/mL was selected for the following experiments
to compare the influences of 12 hemp leaf extracts on the
viability of MDCK cells.
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FIGURE 3

The levels of LDH released by MDCK cells treated with hemp
leaf extracts and LPS-induced inflammation. Data are expressed
as the mean =+ SD (n = 3). The superscript letters (a—k) indicated
statistical significance at p < 0.05.

As shown in Figure 1C, the viability of cells treated by 12
hemp leaf extracts at 0.05 mg/mL were, 104.01 % 0.06%
(D129), 10671 4 0.16% (D130), 10520 =+ 0.24%
(D132), 10580 4 0.19% (D134), 103.95 + 0.16%
(D142), 103.44 £ 026% (D361), 103.62 + 0.21% (Ym?),
106.79 £+ 0.26% (c2), 107.30 £ 0.26% (c4), 107.40 & 0.26%

(¢7), 107.208 + 0.26% (c8), and 10850 =+ 0.26%
(c12), higher than the control, indicating that the
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hemp leaf extracts enhanced the viability of MDCK

cells at 0.05 mg/mL.

The protective effects of hemp leaf
extracts on lipopolysaccharide-
induced inflammation

As shown in Figure 1B, compared with the control group,
LPS (10, 50, and 100 pg/mL) did not cause damage to
MDCK cells (p > 0.05), and LPS at 200 pg/mL causing
the most obvious damage to MDCK cells was selected as
the best concentration to induce inflammation in MDCK
cells with statistical significance (p < 0.05). As shown in
Figure 1D, the cell viability of the control group was higher
than that of the LPS group, indicating that LPS (200 pg/mL)
successfully induced MDCK cell damage. Except for the
LPS + cl2 group, the cell viabilities of all LPS + hemp
leaf extract groups were significantly higher than that of
the LPS group but lower than that of the control group,
while cell viabilities of the LPS + DI129 and LPS + ¢7
groups were the highest. The results showed that 12 hemp
leaf extracts at 0.05 mg/mL have different protective effects
on LPS-induced inflammatory damage in MDCK cells, and
the leaves of germplasms D129 and c¢7 had the best anti-
inflammatory effect.
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The morphologies of MDCK cells treated with hemp
leaf extracts and LPS-induced inflammation are shown in
Figure 2. The MDCK cells of the control group had no
change in morphology and with clear contours. The cells
treated by LPS were enlarged, with increased intercellular
space, and intercellular
affected the normal growth and adhesion of MDCK
cells. To observe the protective effect of the extracts,
MDCK cells were pre-treated with 0.05 mg/mL hemp

leaf extracts for 4 h and then exposed to LPS to induce

wiredrawing occurred, which

a slight inflammatory insult. Compared with the LPS
group, the intercellular space and cell morphology of
MDCK

more

cells pre-treated by hemp leaf extracts
the though the
morphology images of groups LPS + ¢2, LPS + c4,
and LPS + c12 showed the cell space slightly larger
than that of normal cells, it is still smaller than that
of the LPS group. The results indicated that all 12

hemp leaf extracts had protective effects on LPS-induced

were

similar to control. Even cell

inflammation in MDCK cells through reducing cell structural
changes and damage.

Hemp leaf extracts decreased
membrane damage of
lipopolysaccharide-induced
Matin-Darby canine kidney cells

When cell membranes were damaged, the release of LDH
increased. As shown in Figure 3, compared with the control
group, LDH concentration in the supernatant of cell suspension
increased significantly after being treated by LPS (200 pwg/mL)
for 12 h, indicating that the cell membrane was damaged.
MDCK cells were pre-treated with hemp leaf extracts at
0.05 mg/mL for 4 h followed by treatment with LPS for
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FIGURE 5

Correlation heat map between the phytochemicals and
anti-inflammatory effects of 12 hemp leaves. The degree of
correlation is marked in colors with different intensities, red
(positive correlation) and blue (negative correlation). *Indicated
statistical significance at p < 0.05

12 h. The concentrations of LDH in the supernatants of
cells treated with extracts were significantly lower than that
of the group treated by LPS alone. In addition, the LDH
concentrations of D130, D132, D361, and c8-treated groups
were significantly lower than the control. The results showed
that the 12 hemp leaf extracts have certain protective effects
on the membrane integrity of LPS-induced inflammatory
MDCK cells. Among all the germplasms, D130, D132, D361,
and c8 had better effects on preventing cell membrane
injury or damage.

Hemp leaf extracts reduced the
secretion of cytokines in
lipopolysaccharide-induced
Matin-Darby canine kidney cells

The levels of TNF-a and IL-6 inflammatory factors released
into the supernatants of cell suspensions were measured using
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FIGURE 6
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Hierarchical clustering heat map of the 12 hemp leaves, with the degree of differences marked with red and gray.
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the ELISAs kit to explore whether the reduction of MDCK cell
inflammation by hemp leaf extracts was related to the inhibition
of inflammatory factor secretion. As shown in Figure 4, TNF-
o concentration was increased in the LPS group compared to
the control group (p < 0.05). The concentrations of TNF-a
in the hemp leaf extract-treated groups were lower than those
in the LPS group, with the LPS + D123 and LPS + D142
groups even lower than the control group (p < 0.05). These
results indicated that 12 hemp leaf extracts at 0.05 mg/mL
could significantly reduce the cell secretion of TNF-a, especially
the extracts from the germplasms D132 and D142. TNF-q,
one of the most abundant cytokines released in patients with
hyperinflammatory contexts (i.e., severe COVID-19), appears
to prevent the formation of germinal center, resulting in not
enough B cells capable of producing high-quality antibody
responses, reducing the immune response which predisposes
the host to infections (26). Thus, developments of cytokine
inhibitors, especially TNF inhibitors, from natural products,
may be an important means of regulating immune response.
For IL-6 (Figure 5), its concentration was greatly increased
in the LPS group. However, LPS + D142 and LPS + c8 groups
did not reduce the MDCK cell inflammation by inhibiting the
release of IL-6 but triggered a sharp rise of IL-6 than LPS. Other
hemp leaf extract groups significantly reduced the release of
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IL-6, indicating that the addition of hemp leaf extracts could
reduce MDCK cell inflammation by suppressing the secretion
of IL-6, especially the extracts from the germplasms D129,
D130, D132, and D134.

Heatmap correlation and clustering
analysis

In order to evaluate the correlation between the main
phytochemicals and anti-inflammatory activities of different
hemp leaves, a correlation analysis was performed. As shown
in Figure 6, TPC and CBN were negatively correlated with the
TNF-a level (r = —0.85 and —0.74, respectively), suggesting
that the phenolics and CBN in the hemp leaves might be
the main contributors to their anti-inflammatory activities by
inhibiting TNF-a secretion. CBN was negatively correlated
with the level of LDH (r = -0.8), indicating that CBN in the
hemp leaves might be the main contributors to their anti-
inflammatory activities by inhibiting LDH secretion. Overall,
these results clearly indicated that phenolics and CBN of hemp
leaves were significantly contributed to their anti-inflammatory
activities by inhibiting TNF-a and LDH secretion. Indeed,
some phytochemicals in hemp and other plants were reported
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to exhibit anti-inflammatory activities, which provide a useful
support for the better use of natural products in functional
foods and nutraceuticals. For example, previous studies have
shown that phenolics present in many plants with anti-
inflammatory properties, such as Zingiber officinale (ginger)
(27), Curcumma longa (turmeric) (27), Pomegranate peel (28),
and Rosmarinus offininalis (rosemary) (27). C. japonicum
flavonoids and saponins significantly inhibited IL-6 secretion
and NO production in LPS-induced RAW 264.7 cells (29).
Furthermore, CBN, a degradation product of THC, was reported
to inhibit pro-inflammatory cytokine, IL-2 (30). In addition,
CBD and THC were reported to exhibit significant anti-
inflammatory activities (31). In particular, some previous studies
demonstrated that CBD prevented LPS-induced microglial
inflammation by inhibiting ROS/NF-kB-dependent signaling
and glucose consumption (32) and ameliorated arthritis by
targeting synovial fibroblasts (33). Also, some previous studies
demonstrated that various parts of hemp plant exhibited good
anti-inflammatory effects in different in vitro and in vivo
models. For example, hemp inflorescence extracts substantially
reduced IL-6 levels in an alveolar epithelial (A549) cell
line (34), and the aqueous extract of hemp roots exhibited
good anti-inflammatory effects in mice by reducing the
migration of inflammatory cells (35). Anti-inflammatory natural
products are regarded as important alternative treating sources
for inflammatory-related disorders (36). Thus, hemp leaves
with high anti-inflammatory effects may begood sources of
functional ingredients against inflammatory-related disorders.
Hemp germplasm is frequently dioecious, so, is easily
cross-fertilized (37). Therefore, it is vital to establish methods
for distinguishing hemp germplasm from different regions of
China. As the results shown in Figure 6, the hemp leaves
of 12 germplasms from 2 regions of China could be divided
into two groups based on their main phytochemicals and anti-
inflammatory activity. The first group included six germplasms
(D129, D130, D132, D134, D142, and D361) from Shanxi,
and the second group consisted of six germplasms (Ym7, c2,
c4, ¢7, ¢8, and c12) from Hunan. The results showed that
there were significant regional differences in the contents of
bioactive components and anti-inflammatory activities in the
studied hemp leaves, indicating the genetic distribution of hemp
resources is roughly related to geographical locations without
regional hybridity. One possible reason was that the overall
distribution of native hemp germplasms in China shows a
geographical pattern and the northern germplasms differ from
the southern germplasms to a certain extent. Other possible
reasons include climates, growth conditions, soil patterns, and
cultivation practices of different regions. Particularly, some
hemp leaves from Shanxi Province performed better in anti-
inflammatory activity than Ym?7, so, it is suggested that these
germplasms from Shanxi can be good alternatives to Ym?7.
The present study indicated that the content of TPC and
CBN might be used to distinguish different germplasms in
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major cultivating regions. As a potential valuable source of
functional foods and nutraceuticals, hemp leave is predicted
to be expanded in the upcoming years as demand grows, with
enormous social and economic implications (38). In the future,
the scientific community should aim at discovering more hemp
germplasms rich in bioactive phytochemicals, and the legislative
and regulatory departments should aim at encouraging adequate
clinical research to prove the safety of hemp-derived products.

Conclusion

The current findings demonstrated that the contents
of various phytochemicals in hemp leaves were generally
descending from TSC > TAC > TPC > TFC > cannabinoids.
In addition, hemp leaves (0.05 mg/mL), especially hemp
(D129, D130, D132, D134,
D142, and D361), reduced the release of pro-inflammatory
cytokines (TNF-a), reduced LDH levels, and inhibited the cell
morphological changes and the membrane damage of LPS-

leaves cultivated in Shanxi

induced inflammatory MDCK cells. Furthermore, correlation
analysis indicated phenolics and CBN might be the leading
contributors to protecting the MDCK cells from LPS-induced
inflammation. Meanwhile, hierarchical clustering indicated
hemp leaves from Shanxi performed a better anti-inflammatory
activity than the common cultivar Ym?7. Thus, it is suggested
that these germplasms from Shanxi can be good alternatives to
Ym?7. Overall, the present study provides scientific evidence for
the anti-inflammatory potential of hemp leaves, which can be
used in nutraceuticals and functional foods.
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