O
i DOI10.1515/abm-2020-0004 — Asian Biomed (Res Rev News) 2020; 14(1):19-26
$sciendo il BigMEDICINE ( 2020740

Original article

Open access

Variation in contents of active components
and antibacterial activity in different parts of
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Abstract

Background: Lonicera japonica Thunb has been comprehensively used as a traditional Chinese medicine which
contains a variety of medicinally active substances.

Objectives: The active constituents in various parts of L. japonica Thunb (leaves [LE], flowers [FL], and green buds
[GB]) were studied to rational and efficient use of this medicinal plant.

Methods: UV—-vis spectrophotometry was used for the determination of the total flavonoids; gas chromatography—
mass spectrometric method was employed for the analysis of volatile components; and high-performance liquid
chromatography technology was applied to detect nine bioactive components including chlorogenic acid, neochlorogenic
acid, isochlorogenic acid C, caffeic acid, luteolin, galuteolin, hyperoside, rutin, and quercetin in different parts of
L. japonica Thunb. The antimicrobial effects of LE, FL, and GB were further measured using agar plate drilling method.
Results: The content of the total flavonoids in different portions of L. japonica Thunb has significant difference, and
the content with the decreasing sequence is found in GB, LE, and FL. The contents of main volatile components
were highest in FL, followed by GB and LE. Besides, the contents of galuteolin, luteolin, rutin, and isochlorogenic
acid C were higher in LE than those in FL and GB, and neochlorogenic acid content was similar in LE and FL. The
antimicrobial effects showed that LE had the best inhibitory activity on Staphylococcus aureus (SA) and extended
spectrum -lactamases SA.

Conclusions: The research in this study provided valuable evidences for the reasonable and efficient utilization of

L. japonica Thunb.
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Lonicera japonica Thunb is a common medicinal plant,
which plays a significant role in traditional Chinese medi-
cine formula for treating exogenous wind-heat, sores, epide-
mic febrile diseases, carbuncles, and some other infectious
diseases [1]. The modern pharmacological researches show

that L. japonica possesses a wide range of pharmacological
activities, such as antibacterial, anti-inflammatory, anti-
viral, anti-endotoxin, and hypolipidemic activities [2-7].
Additionally, it is also used in health products, cosmetics, and
soft drinks for its specific activities [§—11]. Therefore, many
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scholars have drawn great attention on L. japonica Thunb.
L. japonica Thunb contains a variety of medicinally active
ingredients, mainly including organic acids, flavonoids,
iridoids, saponins, and volatile oils [12—18].

Among them, flavonoids are the main constituents which
have a vital role in the treatment of liver injury, cardiovascu-
lar disease, and cerebrovascular disease [19, 20]. Moreover,
volatile components exist in the aerial parts of L. japonica Thunb
and used in medicine, cosmetics, spices, and other industries
[21-23]. In addition, organic acid is another significant
component of L. japonica Thunb [24]. Chlorogenic acid, as
well as galuteolin, is the main antimicrobial component which
is considered as the criterion for evaluating the quality of
L. japonica Thunb [25].

However, the conventional medical part of this plant is
flower (FL) [26]. In China, the output of leaves (LE) was
about nine times more than FL [27] but they are considered
as a useless part of the plant and discarded by herbal medicine
market which might lead to a huge loss of potential medical
resources.

In this study, we focused on the active ingredients in
different parts of L. japonica Thunb. Through the preliminary
experiments, it was found that the contents of luteoside and
galuteolin in LE were greater than those in FL [28, 29]. To get
more comprehensive data, rational exploitation, and utilization
of this medicine, UV—vis, high-performance liquid chromato-
graphy (HPLC), and gas chromatography—mass spectrometry
(GC-MS) measurements were used to determine the contents
of active components. Additionally, the antimicrobial effect of
contents were also investigated and compared using agar plate
drilling method.

Materials and methods

Neochlorogenic acid, isochlorogenic acid C, and hyperoside
were purchased from Vic’s Biological Technology Co., Ltd.
(Sichuan, China). Rutin was purchased from Aladdin Indus-
trial Corporation (Shanghai, China). Luteolin, quercetin,
chlorogenic acid, and caffeic acid were provided by National
Institutes for Food and Drug Control (Beijing, China). Galuteolin
was separated and identified from LE of L. japonica Thunb
in our laboratory (over 98% purity) [30]. HPLC-grade aceto-
nitrile was purchased from Merck (Darmstadt, Germany) and
water was supplied by a Millipore Water Purification System
(Millipore, Bedford, MA, USA). Other chemicals were all of
analytical reagent grade.

The strains including Staphylococcus aureus (SA,
ATCC25923), extended spectrum [-lactamases SA
(ESBL-SA), Escherichia coli (EC), and ESBL-EC were
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obtained from Huaihe Hospital affiliated to Henan University
(Kaifeng, China).

The LE, GB, and FL were collected in June from
Medicinal Plant Garden, Henan University (Kaifeng,
China). All voucher specimens, which were authenticated
as L. japonica Thunb LE, GB, and FL by Professor Qin Li
(School of Pharmacy of Henan University), were dried in
oven at 40°C until the weight remained constant. The dried
plant material was ground into powder and passed through
a 40-mesh sieve.

The UV-vis absorption spectra was carried out on
a TU-1900 spectrophotometer (Puxi Analytic Instru-
ment Ltd., Beijing, China) equipped with 1.0 cm quartz
cells. The HPLC analyses were measured on an Agilent
1200 HPLC system (Agilent Technologies, MA, USA),
equipped with a quaternary pump, an autosampler, a column
heater—cooler, and a diode array detector (DAD). The
separation was performed on a COSMOSIL 5C18-PAQ
(4.6 mm i.d. 250 mm, 5 um). The GC-MS analyses were
carried out using “Agilent 7890 A” gas chromatograph
coupled with 7000B triple quadrupole mass spectrometer
(Agilent Technologies).

Determination of total flavonoids

Of note, 2 g powder of different parts of L. japonica Thunb
was refluxed three times at 80°C using 100 mL of 80%
aqueous methanol (v/v) for 3 h. The extracting solution
was merged for vacuum rotatory evaporation at 35°C and
completely dried in an atmospheric oven. Then the crude
extract solutions were obtained and diluted with methanol to
50 mL. All extracts were stored in refrigerator and filtered
before analysis.

Total flavonoids were determined according to the
methods in Pharmacopoeia of the People’s Republic of
China, using rutin as the standard [25]. In a 10-mL Eppen-
dorf tube, 0.2 mL of extract, 0.5 mL of 5% NaNO,, 0.5 mL
of 10% AICL, 4.0 mL 4% NaOH, and 4.8 mL distilled
water were added sequentially every 5 min. The absorbance
was measured at 510 nm. Accuracy was evaluated by
analyzing the standard solution six times. Then, the rela-
tive standard deviation (RSD) of the absorbance of the
standard compounds was calculated. To confirm the repea-
tability, five different sample solutions prepared from
the same sample were analyzed and RSD was used to indi-
cate the change. For stability studies, each of the above
sample solutions was analyzed at 10, 20, 30, 40, 50, and
60 min, respectively. Recovery test was used to evaluate the
accuracy ofthemethod. Theratioofdetection quantity (actual)
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to scalar quantity (theoretical) was used to calculate the
recovery rate.

Determination of volatile oil using GC-MS

One gram of powder was immersed with ether for 12 h to
obtain the crude extract solutions. Then the extracts were
stored at 4°C until use.

Using helium as a carrier gas, the components were sepa-
rated at a constant flow rate of 1.0 mL/min for 45 min. The
5 uL sample extract was injected. The initial temperature was
set at 100°C, whereas the injector temperature was set at
280°C. Throughout the process, temperature flow was set at
the speed of increasing 10°C/min.

The mass ionization was carried out using electron
ionization mode at +70 eV and acquired m/z from 30 to 650.

Determination of nine analytes using HPLC

The samples prepared as 2.3 were filtered through a Mil-
lipore filter (0.45 um) before analysis. The nine analytes
were measured according to our previous work [31]. A
mixture of solvent A (0.5% aqueous acetic acid; v/v) and
solvent B (acetonitrile) was used as the mobile phase at a
flow rate of 1.0 mL/min. The gradient elution program was
0-10 min, 12-20% B; 10-20 min, 20% B; and 20—40 min,
20-30% B. The column temperature was kept at 25°C; the
detection wavelength was 327 nm; and the injection volume
was 10 puL.

In vitro antibacterial activity study

The antimicrobial activity was tested by agar well diffusion
method against both gram-positive and gram-negative bacte-
ria. Each strain was grown in sterile nutrient broth at 37°C
for 24 h and stored at 4°C before use. Twenty milliliters of
sterilized agar medium were poured into each petri dish. Four
holes were drilled in the agar medium orderly of each dish
after medium was solidified. Plant extracts (50 puL) dissol-
ved in sterile water at 1 g/mL concentration were added in
the holes, and the same volume (50 uL) of sterile water was
used as a negative control. Approximately 50 uL of suspen-
sion (10° cfu/mL) of the test microorganisms was smeared uni-
formly onto the medium. The inoculated plates were incubated
for 24 h at 37°C. Each sample was assayed in triplicate (1 disk/
plate). After incubation, the diameters (mm) of the inhibition
zone were measured.

Variation of contents and ABA in honeysuckle = 21

Results

Total flavonoids in L. japonica Thunb LE, GB, and FL

The total flavonoids concentration was calculated from
a calibration curve using rutin as the standard. A series
of rutin standard solutions were prepared in methanol in
the range of 10-70 pg/mL to obtain the linear response
(Y=0.00329+0.0122X, r=0.9995, where Y is the absorbance
at 510 nm and X is the concentration of total flavonoids
[ug/mL]). The precision, repeatability, and stability were
presented as RSD of 1.42, 2.13, and 1.79%, respectively.
The recovery of the total flavonoids was 98.32%. All data
demonstrated that the established method is accurate enough
for the determination of total flavonoids in L. japonica Thunb
LE, GB, and FL.

Qualitative evaluations were performed on L. japonica
Thunb samples of LE, GB, and FL, which are shown in
Table 1. The contents of total flavonoids in LE, GB, and
FL were 6.68, 7.38, and 6.35%, respectively. It can be seen
that the content of total flavonoids in LE of L. japonica
Thunb is lower than that in GB; however, it is comparable
with that in FL, which is consistent with the reports in
literatures [28].

Nine analytes in LE, GB, and FL

From the above results, it can be seen that there was
difference in total flavonoids in different part of L. japonica
Thunb. However, it is not clear which flavonoid or compo-
nent plays the determinative role. Therefore, nine analytes
that commonly appeared in this plant were used for further
comparison. The nine bioactive components including
chlorogenic acid, neochlorogenic acid, isochlorogenic acid C,
caffeic acid, luteolin, galuteolin, hyperoside, rutin, and
quercetin were determined in different parts of L. japonica
Thunb. The typical chromatography of standards and leaf
sample are shown in Figure 1. Their contents are summa-
rized in Table 2. First, the content of isochlorogenic acid C

Table 1. Total flavonoids in L. japonica Thunb leaves (LE), green buds
(GB), and flowers (FL) (n =3)

LE* GB FL
Content/% 6.68 7.38 6.35
RSD % 0.63 0.41 1.42

*The LE were collected in June 2015 with FL and GB.
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Figure 1. Representative high-performance liquid chromatograms of standard mixture (A) and sample (B) of honeysuckle leaves. Peaks identifi-
cation: 1, neochlorogenic acid; 2, chlorogenic acid; 3, caffeic acid; 4, rutin; 5, galuteolin; 6, hyperoside; 7, isochlorogenic acid C; 8, luteolin; and 9,

quercetin. Chromatographic conditions are as depicted in the text.

Table 2. The contents of nine components in L. japonica Thunb leaves
(LE), green buds (GB), and flowers (FL)

Compound Content/mg/g

LE* GB FL
Galuteolin 1.80 0.03 0.045
Neochlorogenic acid 0.55 0.51 0.40
Chlorogenic acid 17.75 24.91 16.96
Isochlorogenic acid C 140.47 112.20 120.09
Caffeic acid 0.011 0.03 0.018
Rutin 13.82 0.95 2.50
Hyperoside - - -
Luteolin 0.17 0.066 0.074
Quercetin - - -

*The LE were collected in June 2015 with FL and GB.

was much higher than other components in each part of
L. japonica Thunb. Furthermore, the results indicated that
the contents of galuteolin, luteolin, rutin, and isochlorogenic
acid C were obviously higher in LE than those in FL and GB,
and neochlorogenic acid content was similar in LE and FL.
The contents of caffeic acid and chlorogenic acid detected in
GB were the highest. Quercetin was not detected in all the
samples even with sample concentration or using different
sample disposal method. It can be concluded that quercetin
does not exist in this kind of plant that we investigated.
Interestingly, hyperoside was not detected in FL, GB, and LE
which were collected from April to September. However, it
can be found in other 6 months. It may relate to the tempe-
rature or the plant metabolism. The specific reason remains
unknown at present and needs further research.

Volatile components in LE, GB, and FL

The volatile components in different sections of L. japonica
Thunb were determined by GC-MS. Their content percentage
is expressed by the area normalization method of total ion
current (Figure 2). As shown in Table 3, the contents of 45
volatile components in samples were listed in details. There
were 25 types of compounds detected in GB, compared with
21 in LE and 20 in FL. The results showed that there were
no significant differences of the main compositions among
FL, LE, and GB, and most of the contents were hydrocarbons
with 66.07% in LE, 70.75% in FL, and 67.94% in GB,
respectively. Apart from hydrocarbons, the content of terpe-
noids was the highest in LE (15.36%), which was higher than
that of GB (10.69%). Interestingly, no terpenoid was found in
FL. In addition, the content of (3)-9,19-cyclolanost-24-en-
3-ol was the highest in LE (13.51%), and 17 and 26 methyl
carbonate were found only in FL and GB.

Antibacterial activity assays

SA belongs to gram-positive bacteria and is one of the most
common pathogens. It can cause systemic infection such as
sepsis, pneumonia, and pseudomembranous enteritis, and it
is commonly found on the surface of skin and upper respira-
tory tract mucosa. EC is a gram-negative bacterium, which
can cause neonatal meningitis, urinary tract and intestinal tract
infection, and other diseases, and it is commonly found in
human and animal intestines. Based on these points, SA and
EC were selected as the tested strains to study the antibacte-
rial effect of different parts of honeysuckle. The bacteriostatic
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Figure 2. Total ion chromatogram of the volatile components in June in leaves (LE) (A), flowers (FL) (B), and green buds (GB) (C) of L. japonica
Thunb. The chromatographic and mass spectrometric conditions are as depicted in the text. The LE were collected in June 2015 with FL and GB.
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results of inhibition zone are shown in Figure 3 and Table 4.  Table 3. Continued.
As can be seen, all the samples had antibacterial effect on SA
and ESBL-SA. However, there was no obvious effect on EC Compound Content/%*

and ESBL-EC. The cell wall of gram-positive bacteria mainly LEE GB FL
composed of the peptidoglycan, and flavonoids and organic acids

30 15-Isobutyl-(130H)-isocopalane 1.46 - -

31 8,14-Seco-3,19-epoxyandrostane-8,14-di- 0.39 - -
one, 17-acetoxy-3B-methoxy-4,4-dimethyl-

32 (3B,242)-Stigmasta-5,24(28)-dien-3-ol - - -

in L. japonica Thunb can solubilize peptidoglycan components
which can dissolve the cell wall. The cell wall of gram-negative

. o ) 33 (3)-9,19-Cyclolanost-24-en-3-ol 13.51 1069 -
Table 3. Volatile components in L. japonica Thunb leaves (LE), green
buds (GB), and flowers (FL) Terpenes/% 1536 10.69 0
34 Docosanoic acid, methyl ester - 0.41 -
Compound Content/%* 35 (Z,2,2)-9,12,15-Octadecatrienoic acid, - - -

LE! GB FL methyl ester

36 Tetracosanoic acid, methyl ester - 381 172
1 1,4-Eicosadienel 0.94 047 042

37 Hexacosanoic acid, methyl ester - 1.26 0.72
2 Tricosane - 0.50 0.50

38 Hexadecanoic acid, methyl ester 0.41 - 0.79
3 (2)-9-Octadecenamide - 0.37 -

39 Heptanoic acid, docosyl ester - - -
4 3-Ethyl-5-(2-ethylbutyl)-octadecane - 1.42 -

40 (Z,2)-9-Hexadecenoic acid, 9-octadecenyl - 0.24 -
5 Heptacosane - 6.70 759 ester
6 Tetratriacontane 679 479 B 41 Oleic acid, 3-(octadecyloxy)propyl ester - - -
7. Nonacosane 10113071 3282 45 Oleic acid, eicosyl ester 037 - -
8 Tetratetracontane - 0.62 - Lipids% 078 572 323
9 Triacontane 833 1460 1967 43 55 Methylenebisle-(1,1-dimethylethyl)- 142 - -
10 17-Pentatriacontene 1767 724 7.24 4-methyl-phenol]
11 Squalene 872 052 066 44 VitaminE 242 203 151
12 Pentacosane - - 1.85 Derivatives/% 3.84 203 1.51
13 Hexadecanamide - - -

o *The content was calculated by area normalization method.
14 9-Octadecene 1,1 -[1,2-ethanediylbis(oxy)] - = = 7o | E were collected in June 2015 with FL and GB.
bis-(Z,2)-
Hydrocarbons/% 66.07 67.94 70.75

15 2-Heptadecanone - 149 159
16 Bacteriochlorophyll-c-stearyl 0.41 - -
17 6,10,14-Trimethyl-2-pentadecanone 0.17 - -
18 2-Nonadecanone - 0.33 -
19 Phytol 1.85 1.90 0.52
20 (2)-Ethanol, 2-(9-octadecenyloxy)- - 020 -
21 +-Sitosterol 692 658 835

22 (Z,Z2,.2)-9,12,15-Octadecatrien-1-ol - - -
23 Stigmasterol - - _

24 Trans-Geranylgeraniol - - 0.37
25 14,16-Hentriacontanedione - - 6.74
Alcohol ketones/% 935 1050 17.57
26 n-Hexadecanoic acid - 0.75 3.76
27 Phytol, acetate 3.56 136  1.13
28 (Z,2,2)-9,12,15-Octadecatrienoic acid 074 029 -
29 (2)-13-Docosenamide 6.34 - 1.41
Acids/% 1064 240 489 Figure 3. The antibacterial effect on Staphylococcus aureus. (A) Leaves

(LE) were collected in June, (B) LE were collected in July, (C) green buds
(continued)  (GB), and (D) flowers (FL). The FL and GB were collected in June 2015.
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Table 4. Bacteriostatic results of L. japonica Thunb leaves (LE), green buds (GB), and flowers (FL)

Samples Concentration (g/mL) Diameters of the inhibition zone (mm)
SA RSD/% ESBL-SA RSD/% EC ESBL-EC
LE* 1.0 13 0.78 14 0.74 - -
GB 1.0 1 1.17 13 043 . -
FL 1.0 12 0.45 1 1.30 - -

*The LE were collected in June 2015 with FL and GB.

SA, Staphylococcus aureus; ESBL-SA, extended spectrum B-lactamases SA; EC, Escherichia coli; ESBL-EC, extended spectrum (-lactamases EC.

bacteria is mainly composed of the lipid composition, and the
antibacterial ingredient in L. japonica Thunb is difficult to
dissolve, thus the inhibitory effect on gram-negative-bacteria
is relatively poor [32]. Results showed that the LE had better
inhibitory effect on SA and ESBL-SA (bacteriostatic ring was
13 and 14 mm, respectively) than GB (bacteriostatic ring was
12 and 11 mm, respectively) and FL (bacteriostatic ring
was 11 and 13 mm, respectively) at the same picking period.
From Table 2, the results indicated that the contents of galute-
olin, luteolin, rutin, and isochlorogenic acid C were obviously
higher in LE than those in FL and GB. Therefore, the extract
of LE more easily dissolves the cell wall of SA and ESBL-SA.
As a result, L. japonica Thunb LE had the best antibacterial
activity that was even better than FL and GB.

Conclusions

In summary, this study investigated the natural biologically
active ingredients of the different parts of L. japonica Thunb.
The content of total flavonoids in LE and GB in June was 6.68
and 7.38%, respectively, higher than that in FL (6.35%). There
were no significant differences in the main volatile compo-
nents among FL, LE, and GB, and dominant constituents are
hydrocarbons with 66.07% in LE, 70.75% in FL, and 67.94%
in GB. In addition, the contents of galuteolin, luteolin, rutin,
and isochlorogenic acid C were higher in LE than those in
FL and GB, and neochlorogenic acid content was similar in LE
and FL. All samples had only antibacterial effect on SA and
ESBL-SA. LE had the best inhibitory effect on SA and ESBL-
SA, which was even better than FL and GB.

The results are helpful in understanding the rational use of
resources of L. japonica Thunb, and they provide additional basic
evidence for the quality evaluation of L. japonica Thunb. This
study also suggested that L. japonica Thunb is a sustainably used
resource, especially the LE and it deserves further exploiting.
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