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Abstract

tography (HPLC) determination method and a TLC identification method for loganic acid in decoction pieces, standard decoction and formula

[ Objectives | In order to develop Triplostegia glandulifera Wall. ex DC. into foromula granules, a high performance liquid chroma-

granules of T. glandulifera were established, and the quantity value transfer relationship of 7. glandulifera pieces-standard decoction-formula
granules was investigated. [ Methods] An Agilent 1260 II high performance liquid chromatograph and a Waters Symmetry C column
(4.6 mm x250 mm, 5 um) were used to perform gradient elution with acetonitrile-0. 1% phosphoric acid solution as the mobile phase at a
column temperature of 30 “C and a flow rate of 1 ml/min, and the detection wavelength was 240 nm. The TLC identification method of
T. glandulifera was established using ethyl acetate-methanol-water (10 : 2 : 1) as the developer, and examination was carried out under a UV
lamp (254 nm). The quantity value transfer law was analyzed by using the extract yield, the content of loganic acid and TLC chromatograms
as the main evaluation indexes. [ Results] The method for the determination and identification of loganic acid is stable, reproducible and relia-
ble. The average yield, average loganic acid content and average loganic acid content transfer rate of 3 batches of T. glandulifera formula gran-
ules were, respectively, 18.7% , 41.1 mg/g and 43.1% , each of which was within corresponding range of mean +3SD of the 15 batches of
standard decoction. [ Conclusions] The content determination and TLC identification methods of loganic acid can be used to evaluate the qual-
ity of T. glandulifera formula granules. This study provides data basis for further research on T. glandulifera formula granules, and promotes

the modernization of medicines for ethnic minorities.
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1 Introduction

Triplostegia glandulifera Wall. ex DC. , also known as Luoboshen,
Tongzishen, etc. , was first recorded in Selected Chinese Herbal
Medicines in Yunnan Province ( Yunnan Zhongcaoyao Xuan) :]].
The dried tuberous roots of T. glandulifera are used as a medi-
cine, which has the effects of regulating menstruation, promoting
blood circulation and tonifying the kidney, and is mainly used for
treating amenorrhea, irregular menstruation, lumbago due to kid-
ney deficiency, nocturnal emission, impotence and infertility.
T. glandulifera is generally collected in autumn, and then washed
and dried"”’.

T. glandulifera is a medicinal plant for ethnic minorities in
Yunnan Province, and there are few modern literatures on it. Ex-
isting literatures mainly focus on the isolation and identification of
chemical components and pharmacological effects' """, Studies
have shown that the medicinal materials of 7. glandulifera mainly
contain iridoids, triterpenoids and alkaloids''> """, Zhi et al. "’
quickly identified the medicinal materials of 7. glandulifera by
UPLC-ESI-Q-TOF-MS/M, and found that they contain chemical

components such as chlorogenic acid, cryptochlorogenic acid, iso-
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chlorogenic acid A, isochlorogenic acid B, isochlorogenic acid C,
loganin, loganic acid and sweroside. Some studies proved that
T. glandulifera has hypoglycemic, anti-tumor, anti-virus, anti-
stress and anti-oxidation effects'” """
[19-22]

In addition, Shuangshen

Granules , which is widely reported in the literature, is a

" prepared from several

compound Chinese patent medicine™
different Chinese herbal medicines, and does not contain 7. glan-
dulifera. The research of T. glandulifera formula granules is still
in the blank stage.

In this study, 15 batches of T. glandulifera decoction pieces
from different producing areas were collected to prepare standard
decoction and formula granules of T. glandulifera and establish
the content determination and TLC identification methods of logan-
ic acid, and with the standard decoction as a briolgem’321 , the
transfer law of loganic acid content and TLC identification quantity
of T. glandulifera decoction pieces-standard decoction-finished
product was studied. This study provides a technical basis for fur-
ther establishing the quality standard of T. glandulifera formula

granules and better developing T. glandulifera formula granules.

2 Materials and methods

2.1 Instruments High performance liquid chromatograph:
Waters Alliance €2695, provided by Waters Corporation;
LC-15C, provided by Shimadzu Corporation; 1260 Infinity II,

provided by Agilent Technologies Inc. ; chromatographic column .
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Waters Symmetry C g (4.6 mm x 250 mm, 5 pm), provided by
Waters Corporation; Agilent Eclipse Plus C 4 (4.6 mm x 250 mm,
5 wm), provided by Agilent Technologies Inc. ; Thermoscientific
Acclaim™ 120 C,, (4.6 mm x250 mm, 5 um) , provided by Ther-
mo Fisher Scientific Inc.

Analytical balance, provided by Sartorius Scientific Instru-
ments (Beijing) Co., Ltd. ; JM-A5002 electronic balance (d =
0.01 g), provided by Yuyao Jiming Weighing and Calibration
Equipment Co. , Ltd. ; water-circulation vacuum pump, provided
by Shanghai Senco Technology Co., Ltd.; ultrasonic cleaner
(KQ-250, power 250 W, frequency 40 kHz), provided by Kun
Shan Ultrasonic Instruments Co. , Lid. ; three-purpose UV analy-
zer (ZF-2 model ) , provided by Shanghai Anting Electronic In-
strument Factory; healthy medicated diet pot, provided by Hefei
Royalstar Household Appliances Co., Lid.; rotary evaporator
(RE-3000 model) , provided by Shanghai Yarong Biochemical In-
strument Factory; freeze dryer (FD-1C-50 model ), provided by
Beijing Biocool Experimental Instrument Co. , Ltd. ; UPR-II-220L
ultra-pure water system, provided by Sichuan ULUPURE Ultra-
pure Technology Co. , Ltd.

2.2 Reagents Loganic acid reference substance (batch No. :
111865-202005, purity: 97.5% ), provided by National Institutes
for Food and Drug Control; acetonitrile ( chromatographically
pure ), provided by Fisher Company, USA; phosphoric acid
(chromatographically pure), provided by ACS company, USA;
ultra-pure water, homemade.

2.3 Decoction pieces Fifteen batches of medicinal materials of
T. glandulifera were identified as dried tuberous roots of T. glan-
dulifera by Sun Baohui, director of Hebei Institute for Drug Con-
trol. Impurities were removed from the medicinal materials of
T. glandulifera to obtain T. glandulifera decoction pieces .
Table 1 shows details of the samples.

Table 1 Information of 15 batches of Triplostegia glandulifera decoction
pieces

Batch number of

No. . . Producing area

decoction pieces
1 2010101 Shuangbai County
2 2010102 Shuangbai County
3 2010103 Shuanghai County
4 2011101 Eryuan County
5 2011102 Eryuan County
6 2011103 Eryuan County
7 2011131 Weishan Yi and Hui Autonomous County
8 2011132 Weishan Yi and Hui Autonomous County
9 2011133 Weishan Yi and Hui Autonomous County
10 2011134 Yulong Naxi Autonomous County
11 2011135 Yulong Naxi Autonomous County
12 2011136 Yulong Naxi Autonomous County
13 2011141 Luquan Yi and Miao Autonomous County
14 2011142 Luquan Yi and Miao Autonomous County
15 2011143 Luquan Yi and Miao Autonomous County

2.4 Preparation of standard decoction 7. glandulifera has
the effects of tonifying the kidney, nourishing the liver, tonifying
the spleen and calming heart, and belongs to nourishing medi-
cines. Combined with the guiding principle of standard decoction
preparation in Technical Requirements for Quality Control and
Standard Formulation of Traditional Chinese Medicine Formula
Granules™ | T. glandulifera decoction pieces were decocted
twice, and the appropriate decocting time was 60 and 40 min re-
spectively. Meanwhile, it is advisable to add water to a level 3 ¢cm
higher than the decoction pieces of T. glandulifera.

The 15 batches of T. glandulifera decoction pieces were pre-
pared into standard decoctions, respectively. Specifically, 100 g
of T. glandulifera was weighed each time, and the weighed mate-
rial was added in a healthy medicated diet pot and soaked with wa-
ter 9 times the mass of the pieces for the first time for 30 min. The
liquid in the pot was heated to boiling with strong fire and kept at
a state of slightly boiling for 60 min with slow fire. Next, the lig-
uid medicine was filtered with a piece of 200-mesh (0. 075 mm,
the same below) filter cloth while it was hot, and the filtrate was
added in a container for later use. Subsequently, water was added
for the second time at an amount 7 times the mass of the decoction
pieces, and the liquid in the pot was heated to boiling with strong
fire and kept at a state of slightly boiling for 40 min. Next, the
liquid medicine was filtered with a piece of 200-mesh filter cloth
while it was hot. The two decoctions were combined, and the com-
bined decoction was quickly cooled, and vacuum concentrated at
low temperature (the temperature should not exceed 65 °C) until
the ratio of the mass (g) of the decoction pieces to the volume
(mL) of the liquid medicine was about 1 : 3. Finally, the con-
centrate was freeze-dried to obtain the standard decoction of
T. glandulifera.

2.5 Preparation of formula granules Through the investiga-
tion of different technical conditions, the pilot-scale process of
T. glandulifera extraction preparation was determined. In specif-
ic, a proper amount of T. glandulifera decoction pieces was de-
cocted in water twice. For the first time, the medicinal material
was decocted in water with an amount 10 times of the material for
90 min. For the second time, the decoction was obtained by de-
cocting in water with an amount 8 times of the material for 60 min.
Filtration was performed to obtained decoctions, which were com-
bined, concentrated and spray-dried. Finally, granulation was
performed after adding a proper amount of dextrin. Three batches
of T. glandulifera decoction pieces with serial numbers 1 -3 were
taken to prepare T. glandulifera formula granules, respectively.
2.6 Content determination method

2.6.1 Chromatographic conditions. The chromatographic column
used was Waters Symmetry Cj; column (4.6 mm x 250 mm,
5 wm), and acetonitrile-0. 1% (volume fraction, the same be-
low) phosphoric acid was used as the mobile phase. Gradient elu-
tion was carried out according to the procedure in Table 2. The
flow rate was 1.0 mL/min; the detection wavelength was 240 nm;
the column temperature was 30 °C; and the sample volume was
10 pL. The number of theoretical plates should be no less than
5 000 according to the peak of loganic acid.
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Table 2 Gradient elution procedure

Time // min ¢ (acetonitrile) // % ¢ (0.1% phosphoric acid) /%
0-12 9 91

12 -13 9—85 91—15

13 -18 85 15

18 =19 85—9 15-91

19 -25 9 91

2.6.2 Preparation of reference solution. A proper amount of lo-
ganic acid reference substance was weighed accurately. Methanol
was added to prepare a solution containing 0.2 mg per 1 mL, that
is, the reference solution.

2.6.3 Preparation of test solutions. (i) Preparation of test solu-
tion of standard decoction; A proper amount of standard decoction
of T. glandulifera was ground, and about 0. 1 g was weighed accu-
rately, and added into a conical flask with a stopper. Next, 25 mL
of 75% (volume fraction, the same below) methanol solution was
added accurately, and the conical flask was weighed for its mass.
Next, ultrasonic treatment ( power 250 W, frequency 40 kHz) was
performed for 20 min. Subsequently, the conical flask was
weighed again, and the lost mass was made up with 75% methanol
solution. Finally, the extraction system was mixed well and fil-
tered to obtain the filtrate.

(ii) Preparation of test solution of formula granules: Because
the content of dextrin in formula granules was less, the sampling
amount of formula granules after conversion was close to that of
standard decoction, and the material basis of formula granules was
consistent with that of standard decoction, the preparation method
for the test solution of formula granules was the same as that of
standard decoction.

2.7 Methodological investigation of content determination
2.7.1

trin was weighed and prepared into a negative sample solution ac-

Investigation of specificity. An appropriate amount of dex-

cording to the preparation method of test solution in Section
2.6.3. The reference solution, negative sample solution and test
solution were determined according to the content determination
conditions. The results are shown in Fig. 1. The results showed
that dextrin did not interfere with the content determination, and
the content determination method established in this study had
good specificity and could be used to determine the content of lo-
ganic acid in standard decoction and formula granules of 7. glan-
dulifera.
2.7.2

ic acid with the mass concentration of 0.201 3 mg/ml was accu-

Investigation of linearity. The reference solution of logan-

rately injected into the liquid chromatograph according to the vol-
umes of 4, 6, 10, 15 and 20 pL, respectively, and determined
according to the chromatographic conditions in Section 2.6.1. A
standard curve was drawn with the peak area value of loganic acid
as the y-axis and the sample volume of loganic acid as the x-axis.
The regression equation was obtained as y = 1. 395 9 x 10°x —
2.924 9 x10°, R* =0.999 1, indicating a good linear relationship
within the mass range of 0. 885 2 —4.026 g for loganic acid.

0.30
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0.20 F
= 0.15 F

0.10 ~ A—— S3

0. 05 “ S2

0 : : A . ; e -S1

0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

Time [l min

NOTE Sl1. Negative control; S2. loganic acid control; S3. T. glandu-
lifera standard decoction control.

Fig.1 Assay chromatogram of Triplostegia glandulifera standard
decoction

2.7.3
pared from T. glandulifera decoction pieces with the batch number

Investigation of precision. The standard decoction pre-

of 2010101 was prepared into a test solution according to the prep-
aration method of test solution in Section 2.6.3. Next, 10 uL of
the loganic acid reference solution and test solution were accurate-
ly pipetted and continuously injected for 6 times according to the
determined chromatographic conditions, respectively, and the
RSD values of loganic acid peak area were calculate to be 0. 98%
and 0.64% . The results showed that the precision of the instru-
ments was good.

2.7.4

pared from T. glandulifera decoction pieces with the batch number

Investigation of repeatability. The standard decoction pre-

of 2010101 was prepared into six parallel samples according to the
preparation method of test solution in Section 2. 6.3. The samples
were injected and determined according to the determined chroma-
tographic conditions, and the RSD of loganic acid content was cal-
culated to be 0.98% , which met the requirement of <1.5% stip-
ulated by Pharmacopoeia of the People’s Republic of China (2020
edition, Volume IV) "™ (hereinafter referred to as Chinese Phar-
macopoeia) <1.5%.

2.7.5

from T. glandulifera decoction pieces with the batch number of

Investigation of stability. The standard decoction prepared

2010101 was prepared into a test solution according to the prepara-
tion method of test solution in Section 2. 6. 3. The solution was de-
termined at 0, 6, 12, 18 and 24 h, respectively. The RSD of lo-
ganic acid peak area was 1. 13% , indicating that the sample was
stable within 24 h.

2.7.6
T. glandulifera decoction were accurately weighed, 0.05 g each.

Investigation of accuracy. Six portions of standard
The reference substance of loganic acid was added accurately ac-
cording to 50% , 100% and 150% of the mass fraction of loganic
acid in the sample, and test solutions were prepared according to
the preparation method of test solution. After determination, the
recovery was in the range of 98. 7% —101. 1% , with an average
value of 99.50% , and the RSD was 0.98% , which was in line

[34]

with the provisions of Chinese Pharmacopoeia'™ on the recovery

limit of 95% —-105% .

2.7.7 Study on durability. (1) Investigation of different col-
umn temperatures. The content of loganic acid was determined
at column temperatures of 30, 35 and 40 °C respectively, and
the effects of different column temperatures on the content deter-
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mination were investigated. The results showed that under dif-
ferent column temperature conditions, the quantitative detection
of the same sample showed good separation of loganic acid, and
the results were basically consistent, indicating that the durabil-
ity meets the requirements within the column temperature range
of (35+5) C.

(ii) Investigation of different flow rates. The content of lo-
ganic acid was determined at the flow rates of 0.9, 1.0 and 1.1
ml/min, respectively, and the effects of different flow rates on
the content determination were investigated. The results showed
that the quantitative detection of the same sample at different flow
rates resulted in good separation of loganic acid, and the results
were basically consistent, indicating that the durability met the re-
quirements within the flow rate range of (1.0 £0.1) mL/min.

(iii) TInvestigation of different detection wavelengths. The
content of loganic acid was determined at the detection wave-
lengths of 235, 240 and 245 nm, respectively, and the effects of
different detection wavelengths on the content determination were
investigated. The results showed that the quantitative detection of
the same sample using different detection wavelengths resulted in
good separation of loganic acid, and the results were basically con-
sistent, indicating that the durability met the requirements within
the wavelength range of (240 £5) nm.

(iv) Investigation of different initial ratios of mobile phases.
The content of loganic acid was determined with the initial ratios of
mobile phases ( acetonitrile-0. 1% phosphoric acid solution) at
8:92,9:91 and 10 : 90 ( volume ratio, the same below) , re-
spectively, and the effects of different initial ratios of mobile pha-
ses on the content determination were investigated. The results
showed that when different initial ratios of mobile phases were
used for quantitative detection of the same sample, loganic acid
was well separated and the results were basically consistent. It in-
dicated that the durability met the requirements when the initial
volume fraction of acetonitrile in the mobile phase solution was in
the range of (9+1)%.

(v) Investigation of different chromatographic columns. Dif-
ferent chromatographic columns ( Agilent Eclipse Plus C,
4.6 mm x250 mm, 5 pm; Waters Symmetry Cs ,4.6 mm x250 mm, 5
pum; Thermoscientific Acclaim™ 120 C,,, 4.6 mm x 250 mm, 5
pm) were used to determine the content of loganic acid, and the
effects of different chromatographic columns on the content deter-
mination were investigated. The results showed that when different
chromatographic columns were used for quantitative detection of
the same sample, loganic acid was well separated, and the results
were basically consistent, indicating that the durability met the re-
quirements.

(vi) Investigation of different chromatographs. Different liq-
uid chromatographs ( Waters Alliance E 2695, L.C-15C, 1260 In-
finity II) were employed to determine the content of loganic acid,
and the effects of different chromatographs on the content determi-
nation was investigated. The results showed that different chromat-
ograms performed well in the quantitative detection of the same
sample, and loganic acid was well separated, and the results

were basically consistent, indicating that the durability met the

requirements.

2.8 Identification method

2.8.1 Preparation of reference solution. The reference substance
of sweroside was added with methanol to prepare a solution contai-
ning 0.5 mg per 1 mL as the reference solution.

2.8.2 Preparation of test solution. A 0.2 g of standard decoction
sample was weighed and ground, and added with 5 mL of metha-
nol. The mixture was ultrasonically treated for 15 min, and then
filtered to obtain the filtrate as a test solution.

2.8.3
TLC plate was selected, and ethyl acetate-methanol-water ( vol-

Thin layer chromatography conditions. A silica gel GF,,

ume ratio; 10 : 2 : 1) was used as the developer. The sample
amount was 2 —4 pL, and it was examined under an ultraviolet
lamp at a wavelength of 254 nm. In the chromatogram of the test
sample, a spot with the same color appeared at the position corre-
sponding to the chromatogram of the control sample.

2.9 Methodological investigation of identification

2.9.1

weighed and prepared into a negative sample solution according to

Investigation of specificity. First, 0.2 g of dextrin was

the preparation method of test solution in Section 2. 6.3. Next, 3
pL of negative sample solution, sweroside reference solution and
test solution were pipetted, developed and examined according to
the above TLC conditions, as shown in Fig.2. The results showed
that the negative sample solution did not show the same spot at the
corresponding positions of the control solution and the test solu-
tion. Therefore, the excipient did not interfere with the thin-layer
chromatography identification of 7. glandulifera standard decoc-
tion. The method has good specificity, and can be used for the
identification of standard decoction and formula granules.

2.9.2 Investigation of identification methodology. (i) Different
brands of silica gel plates. Different brands of silica gel GF,s, thin-
layer chromatography plates ( provided by Yantai Institute of
Chemical Industry, Qingdao Ocean Chemical Co. , Lid. and Mer-
ck of Germany) were used to investigate the development of T.
glandulifera standard decoction. The results showed that different
brands of TLC plates had no effect on the identification of T. glan-
dulifera standard decoction.

(ii) Different temperatures. The development of T. glandu-
lifera standard decoction was investigated at the development tem-
peratures of 20, 25 and 30 “C, respectively. The results showed
that the temperature in the range of 20 —30 °C had no effect on the
identification of T. glandulifera standard decoction.

(iii) Different developer ratios. FEthyl acetate-methanol-
water was used as the developer with the ratios of 9 3 : 1,
10:2:1and11:1:
ditions of T. glandulifera standard decoction were investigated.

1, respectively, and the development con-

The results showed that the fine adjustment of developer ratio had
no effect on the identification of T. glandulifera standard
decoction.

(iv) Different sample volumes. The sample volumes of 2, 3
and 4 pL were selected to investigate the development of T. glan-
dulifera standard decoction. The results showed that the slight
change of sample size had no effect on the identification of
T. glandulifera standard decoction.
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— Front

Start

NOTE 1. Negative sample solution; 2. Sweroside reference solution;
3,4,5. T. glandulifera standard decoction.

Fig.2 Thin layer chromatogram of standard Triplostegia glandulif-
era decoction

3 Results and analysis

3.1 Determination results of loganic acid content Fifteen
batches of T. glandulifera standard decoction powder were pre-
pared into test solutions. The determination results are shown in

Table 3.

Table 3 Loganic acid content and content transfer rate in 15 batches of
standard decoction (n=2)

Standard Extract @ (star.ldard  (decoction Content
decoction No. yield // % decoction) pieces) // % ransfer
mg/g rate // %
S1 16.8 39.2 1.7 38.7
S2 16.3 45.3 1.9 38.9
S3 16.0 45.5 1.8 40.4
4 15.7 34.6 1.7 32.0
S5 16.5 35.9 1.7 34.8
S6 15.9 34.9 1.7 32.6
S7 18.0 35.1 1.6 39.5
S8 17.8 35.8 1.6 39.8
S9 18.4 34.8 1.5 42.7
S10 17.9 38.3 1.7 40.3
S11 18.5 38.2 1.7 41.6
S12 18.1 37.3 1.7 39.7
S13 15.4 45.8 2.0 35.3
S14 16.3 45.2 2.0 36.8
S15 16.3 44.9 2.0 36.6
Mean 16.9 39.4 1.8 38.0
RSD/% 6.3 11.6 8.9 8.4
+3SD 13.7-20.1 25.7-53.1 1.3-2.2 28.4-47.5

NOTE Content transfer rate = o ( standard decoction )/ ( decoction pieces )
x Extract yield x 100% .

As shown in Fig. 3, TLC identification chromatograms of
T. glandulifera decoction pieces, standard decoction and formula
granules exhibited consistent spots and positions, indicating that
the substance transfer of TLC identification chromatograms from
the decoction pieces to formula granules was consistent.
3.2 Identification Three batches of T. glandulifera decoction

pieces, standard decoction and formula granules were subjected to
thin-layer development, respectively. The determination results

are shown in Fig. 3.

Front

Start

NOTE 1,2,3. T. glandulifera formula granules; 4,5,6. T. glandulif-
era standard decoction; 7. sweroside reference solution; 8,9,
10. T. glandulifera decoction pieces.
Fig.3 Thin layer chromatogram of Triplostegia glandulifera decoc-
tion pieces, standard decoction and formula granules

3.3 Value transfer relationship of Triplostegia glandulifera
decoction pieces, standard decoction and formula granules

The average extract yields, loganic acid contents and content
transfer rates of 3 batches of T. glandulifera decoction pieces, 15
batches of standard decoction and 3 batches of formulated granules
are shown in Table 4 and Table 5. According to the data analysis
of the 15 batches of standard decoction in Table 4, there were
great differences in the extract yield, loganic acid content and
content transfer rate among T. glandulifera standard decoction
from different producing areas. The extract yields, loganic acid
contents and content transfer rates of the 3 batches of formula
granules in Table 5 showed that the extract yield, loganic acid
content and content transfer rate of 7. glandulifera formula gran-
ules were stable, and the loganic acid content and content transfer
rate of finished 7. glandulifera product were higher than those of

standard decoction.

Table 4 Value transfer of 3 batches of Triplostegia glandulifera decoc-
tion pieces-standard decoction-formula granules

No. Ttem Extract ® (loganic  Content transfer
yield//%  acid) //mg/g rate // %
1 Decoction pieces 16.5
Standard decoction 16.8 39.2 39.9
Formula granules 18.2 40.0 4.1
Decoction pieces 18.8
Standard decoction 16.3 45.3 39.3
Decoction pieces 18.8 42.0 42.0
3 Decoction pieces 18.2
Standard decoction 16.0 45.5 40.0
Decoction pieces 19.1 41.2 43.2
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Table 5 Value transfer of standard decoction-formula granules

[tem Extract yield // %  (loganic acid) //mg/g Content transfer rate // %
Mean value of formula granules 18.7 41.1 43.1

Mean value of standard decoction 16.9 39.4 38.0

Mean value +3SD of standard decoction 13.7 -20.1 25.7-53.1 28.8 -47.3

It can be seen from Table 6 that the extract yields, loganic
acid contents and content transfer rates of standard decoction pre-
pared from different batches of T. glandulifera decoction pieces
from the same producing area were stable except for Shuangbai
County, Yunnan Province. The extract yield of standard decoction

prepared from different batches of T. glandulifera decoction pieces
produced in Shuangbai County, Yunnan Province was stable, but
the content and content transfer rate of loganic acid in decoction
pieces and standard decoction were quite different.

Table 6 RSD summary for standard decoction prepared from different batches of Triplostegia glandulifera decoction pieces %

Producing area of decoction pieces

Extract yield

w (standard decoction)  (decoction pieces)  Content transfer rate

Shuanghai County, Yunnan Province 2.6
Eryuan County, Yunnan Province 2.7
Weishan Yi and Hui Autonomous County, Yunnan Province 1.9
Yulong Naxi Autonomous County, Yunnan Province 1.7
Luquan Yi and Miao Autonomous County, Yunnan Province 3.3

8.2 6.7 1.2
1.9 2.3 2.3
1.5 1.3 1.8
1.4 1.0 1.4
1.0 0.8 1.9

The average extract yield, average loganic acid content and
average content transfer rate of the 3 batches of T. glandulifera
formula granules were, respectively, 18.7% , 41.1 mg/g and
43.1% , each of which was within corresponding range of mean +

3SD of the 15 batches of standard decoction.

4 Conclusions

In this study, HPLC and TLC were used to establish an HPLC de-
termination method and a TLC identification method of loganine
acid content in T. glandulifera, a Yi medicine, for the first time,
and the material basis transfer law of decoction pieces-standard de-
coction-formula granules was clarified, which provides a method
for quality evaluation of T. glandulifera formula granules and tech-
nical support for the improvement and scientificity of quality con-
trol of T. glandulifera formula granules. The specific conclusions
are as follows.

(1) An Agilent 1260 II HPLC and a Waters Symmetry C,
column (4.6 mm x 250 mm, 5 wm) were used to establish the
method for the determination of loganic acid content. The method
adopted gradient elution, which was carried out using acetonitrile-
0.1% phosphoric acid solution as mobile phase with a flow rate of
1 mL/min and a column temperature of 30 C, and the detection
wavelength was 240 nm. The TLC identification method was estab-
lished using sweroside as the reference substance and ethyl ace-
tate-methanol-water (volume ratio; 10 : 2 : 1) as the developer,
and observation was carried out under an ultraviolet lamp
(254 nm). Both methods had high stability and credibility.

(ii) Fifteen batches of T. glandulifera decoction pieces were
prepared into standard decoction, and the extract yield (13.7% -
20.1% ), loganine acid content (25.7 —53.1 mg/g) and content
transfer rate (28.8% —47.3% ) of T. glandulifera standard de-
coction were determined. Three batches of T. glandulifera formula
granules were prepared in a pilot scale, and the average extract
yield, loganine acid content and content transfer rate of the formu-
la granules were, respectively, 18.7% , 41.1 mg/g and 43.1% ,

each of which was within corresponding range of mean + 3SD of
the 15 batches of standard decoction. The extract rate, loganine
acid content and content transfer rate of the 3 batches of formula
granules were basically the same as those of its standard decoc-
tion, and the TLC material transfer of decoction pieces-standard
decoction-formula granules was consistent, suggesting that there is
a reasonable material transfer law of T. glandulifera decoction
pieces-standard decoction-formula granules.

(iii) This study makes up the blank of the research on the
standard decoction and formula granules of T. glandulifera. Tak-
ing the standard decoction as a bridge, the feasibility of preparing
T. glandulifera formula granules was preliminarily explored, pro-
viding a good example for the modernization of medicines for eth-
nic minorities.

There were great differences in the extract yield, loganic acid
content and transfer rate among the 15 batches of T. glandulifera
standard decoction, which shows that there are great differences
among medicinal materials from different regions of Yunnan Prov-
ince, which may be influenced by geographical environment and

1831 1n the future, the influencing factors that

growth conditions
cause differences in different producing areas will be further ex-
plored. In addition, due to the limitation of time and conditions,
we have not studied the fingerprints/characteristic spectra, which

need further exploration.

References

[1] WANG XQ. TIridoids of Medicinal Plants Triplostegia glandulifera[J].
Electronic Journal of Clinical Medical Literature, 2019, 6(64) : 173. (in
Chinese) .

[2] Yunnan Food and Drug Administration. Yunnan provincial standard of
Chinese herbal medicines: Book II-Yi Traditional Medicines (2005 ed)
[M]. Kunming: Yunnan Science and Technology Press, 2005 25 -26.
(in Chinese).

[3] GUI X, WANG FS. Study on iridoids of medicinal plants Triplostegia
glandulifera[ J]. Chinese Journal of Ethnomedicine and Ethnopharmacy,
2018, 27(22) : 37 —40. (in Chinese).



Fang TIAN et al. Study on Quantity Value Transfer Relationship of Triplostegia glandulifera Wall. ex DC. Decoction Pieces-Standard Decoction-Finished Product 17

[4] CHEN YF, ZHANG ZZ, WANG FS. Study on chemical components from
n-butanol fraction of medicinal plants Triplostegia glandulifera[J]. Jour-
nal of Dali University, 2017, 2(4): 9 —11. (in Chinese).

[5] LICY, XIE WJ, WANG FS. Study on the antioxidant activity of polysac-

charides from Triplostegia glandulifera with different molecular weight

[J]. Chinese Journal of Ethnomedicine and Ethnopharmacy, 2020, 29

(8): 34 -36. (in Chinese).

ZHANG ZZ, CHEN YF, WANG FS. Study on trierpenoid compositions of

medicinal plants Triplostegia glandulifera[ J]. Journal of Dali University,

2017, 2(4): 6 =8. (in Chinese).

KOCSIS A, SZABO L, PODANYI B, et al. New bis-iridoids from dipsa-

cus laciniatus[ J]. Journal of Natural Products, 1993, 56(9): 1486 —

1499.

[8] REN H, XU QL, DONG LM, et al. Phenolic compounds from Wedelia
trilobata (L. ) Hitche. [ J]. Journal of Tropical and Subtropical Botany,
2015, 23(4) : 469 —473. (in Chinese).

[9] WANG LQ, ZHAO YX, ZHOU L, et al. Lignans from Gnetum monta-
num Markgr. f. megalocarpua[ J]. Chemistry of Natural Compounds,
2009, 45(3) : 360 —361.

[10] ZHOU L, WANG N, YANG WX, et al. The chemical consitituents of
Gentiana apiata N. E. Br. [J]. Journal of Northwest University of A&F
(Natural Science Edition) , 2004, 32(1): 89 =92. (in Chinese).

[11] FENG T, CAI XH, DU ZZ, et al. Iridoids from the bark of Alstonia
scholaris[ J]. Helvetica Chimica Acta, 2008, 91(12) ; 2247 -2251.

[12] LIU XB, GUO MX, LI LX, et al. Study on the hypoglycenmic effect of
Triplostegia glandulifera Wall. [ J]. Yunnan Journal of Traditional Chi-
nese Medicine and Materia Medica, 2008, 29(5): 49 —50. (in Chi-
nese) .

[13] LIU XB, GUO MX, SHI GR, et al. Studies on hypoglycemic mecha-
nism of Triplostegia glandulifera Wall. [ J]. Journal of Anhui Agricul-
tural Sciences, 2012, 40(33); 16111 —16112. (in Chinese).

[14] LIU XB, GUO MX, XU J, et al. Study on the anti-stimulation action of

Triplostegia glandulifera Wall [ J ]. Journal of Modern Medicine

&Health, 2008, 24(9) : 1265 —1266. (in Chinese).

MI D, LI CY, YANG ZB, et al. Research on extraction technology of

polysaccharides from Triplostegia glandulifera by response surface meth-

odology[ J]. Journal of Dali University, 2020, 5(2) : 43 -=49. (in Chi-

nese) .

[6

[

(7

[

[15

[

[16] LI'Y. Influence of loganin on lipid metabolism and NF-kB signaling in-
duced by ApoC III[ D]. Changchun; Jilin University, 2016. (in Chi-
nese) .

[17] WANG FF, ZHANG YM, ZHENG XW, et al. Research progress of the
structure and biological activities of iridoids compounds[ J]. Chinese
Pharmaceutical Affairs, 2019, 33(3): 323 —330. (in Chinese).

[18] ZHI YJ, ZHEN YQ, XI ZW, et al. ldentification of chemical constitu-
ents in Triplostegia glandulifera Wall by UPLC-ESI-Q-TOF-MS/MS
[J]. Chinese Pharmaceutical Journal, 2022, 57 (19): 1611 - 1620.
(in Chinese).

[19] CHENG WH, YANG XX, CAI HJ, et al. Mechanism of Shuangshen
Granules promoting myocardial angiogenesis in rats with myocardial in-
farction[ J ]. Chinese Heart Journal , 2023, 35(4) : 389 —=395. (in Chi-
nese) .

[20] QI RZ, MI X, ZHAO YW, et al. Inhibitory effects of Shuangshen Gran-

ules on tumor-associated macrophages in mice with lung cancer [ ] ].

China Journal of Traditional Chinese Medicine and Pharmacy, 2021, 36
(5): 2652 -2656. (in Chinese).

[21] WEI HM, YU J, GUO QJ, et al. Establishment of an in vitro model of
microenvironment before lung metastasis and the intervention mechanism
of Shuangshen Granule[ J]. World Chinese Medicine, 2021, 16(6):
906 —910. (in Chinese).

[22]JIANG LP, HOU HF, WANG ZB, et al. Determination of ginsenoside
content in compound granules from red ginseng and sea cucumber|[ J ].
Ginseng Research, 2019, 31(4): 11 —16. (in Chinese).

[23] LI GR, HOU HF, SHANG JY, et al. Study on the preparation method
of compound granules about red ginseng and sea cucumber[ J]. Ginseng
Research, 2019, 31(4): 5 -7. (in Chinese).

[24] FU J, YUAN GX, AN LP, et al. Preparation of double ginseng granules
[J]. Lishizhen Medicine and Materia Medica Research, 2018, 29(3) .
598 —600. (in Chinese).

[25] WANG M, XIE HG, HUANG NT, et al. Research on key quality at-
tributes and quantity transfer of classical formula Wandai Tang com-
pound preparation[ J ]. Western Journal of Traditional Chinese Medi-
cine, 2023, 36(3): 68 —=77. (in Chinese).

[26] WAN YY, DU WB, CHEN JR, et al. Study on quantity-quality transfer
from Lonicera Japonica Flos to standard decoction[ J]. Hebei Journal of
Industrial Science and Technology, 2022, 39(2): 129 —=134. (in Chi-
nese).

[27] GUO XL, SONG CC, XIAO YX, et al. Analysis of quality value trans-

mitting of volatile oil in bran-processed Atractylodes lancea and its stand-

ard decoction with different physicochemical forms[ J]. Chinese Journal
of Experimental Traditional Medical Formulae, 2023, 29 (12): 168 —

174. (in Chinese).

DOU ZH, XU B, JU YF, et al. Study on law of quality value transmit-

ting of Gardeniae Fructus standard decoction[ J]. Chinese traditional

and herbal drugs, 2021, 52(23); 7162 —7175. (in Chinese).

[29] YAN L, PU JZ, GUAN YQ, et al. Study and analysis on transmission
law of quantity value between Thesii Herba and standard decoction[ J].
Chinese Traditional and Herbal Drugs, 2023, 54(4) . 1098 - 1105. (in
Chinese) .

[30] WANG X, SUN S, WANG XG, et al. Quantitative transfer relationships
of Rubia yunnanensis Diels formula granules based on standard decoc-
tions[ J]. Chinese Journal of Pharmacovigilance, 2023, 20(8) : 891 —
898. (iin Chinese).

[31] MA ZL, CHEN JR, DU WB, et al. Study on the quality correlation of

American Ginseng decoction pieces, standard decoctions and formula

granules based on UPLC fingerprint[ J]. Hebei Journal of Industrial Sci-

ence and Technology, 2023, 40(5) ; 387 —=396. (in Chinese).

GENG YM, GAO H, LI XL, et al. Study on quality of Aurantii Fructus

Immaturus standard decoction[ J]. Hebei Journal of Industrial Science

and Technology, 2021, 38(1): 63 —70. (in Chinese).

[33] State Drug Administration . Circular of the State Drug Administration on

[28

[

[32

[a

the Publication of the Technical Requirements for Quality Control and
Standard Setting for Chinese Medicinal Formula Particles [ EB/OL ].
(20210126 ) [ 2023-11-10 ]. https: // www. gov. cn/zhengce/
zhengceku/2021-02/11/ content_5586817. htm. (in Chinese).
National Pharmacopoeia Commission. Pharmacopoeia of the People’s Re-
public of China; four parts (2020 edition) [ M]. Beijing: China Phar-
maceutical Science and Technology Press, 2020, 482. (in Chinese).

[34

[



