L]
lee Journal of Visualized Experiments www.jove.com

Video Article
Preparation of Herbal Medicine: Er-Xian Decoction and Er-Xian-containing

Serum for In Vivo and In Vitro Experiments

Shufen Liu', Yueli Sun”, Ji Li", Jingcheng Dongz, Qin Bian"?
1Longhua Hospital, Shanghai University of Traditional Chinese Medicine
2The Academy of Integrative Medicine of Fudan University

Correspondence to: Qin Bian at gbian1@jhmi.edu

URL: https://www.jove.com/video/55654
DOI: doi:10.3791/55654

Keywords: Medicine, Issue 123, er-xian decoction, drug-containing serum, serum pharmacology, herbal medicine, integrative medicine, traditional
Chinese medicine, in vivo, in vitro

Date Published: 5/31/2017

Citation: Liu, S., Sun, Y., Li, J., Dong, J., Bian, Q. Preparation of Herbal Medicine: Er-Xian Decoction and Er-Xian-containing Serum for /n Vivo and
In Vitro Experiments. J. Vis. Exp. (123), €55654, doi:10.3791/55654 (2017).

Traditional herbal medicine, an alternative medicine in the clinical setting, has received increased attention in recent years. Before delivery to the
body, an additional extraction procedure is commonly required to release the active constituents from raw herbs. Water decoction is a classical
extraction procedure that is still broadly used in the clinical settings. Here, we propose a detailed protocol for er-xian decoction (EXD) in order

to apply herbal decoctions to experimental studies. The calculation of an animal-appropriate dose is described, as well as the four main steps

of EXD: soaking, water decoction, filtration, and concentration. In addition, serum-containing EXD is introduced to rats as a means of in vitro
validation. Here, rats were orally administered EXD for three days. Blood samples were then collected, inactivated, centrifuged, and filtered. The
serum, diluted with the culture medium, can be utilized to treat cells or tissues in vitro. For example, EXD was applied to both in vivo and in vitro
studies and demonstrated that EXD enhances osteogenesis. This protocol can be used as a reference for the preparation and application of
herbal medicines.

Video Link

The video component of this article can be found at https://www.jove.com/video/55654/

Introduction

Interest in the study and application of traditional herbal medicine is currently growing. As opposed to modern drugs, in which chemical
ingredients are definite, herbal formulas have some unknown ingredients and require extraction processes to enable the delivery of their active
compounds. Although many studies try to select one small compound with a well-known structure as a representative of the whole herb or herbal
formula, neither the pharmacological efficacies nor mechanisms can be considered equivalent1'2. While fingerprinting enables the analysis of

the constituents of complex herbal formulas, some constituents are still not clearly analyzed, leading to a challenge when combining all extracts
for study3. The interactions of numerous constituents/extracts mediate the therapeutic effects of herbal medicines. To retain this advantage, the
traditional extract form—decoction—is still widely used in the clinic. Since the extract procedure has a great impact on the therapeutic efficacy, a
standard protocol of traditional water decoction is necessary, especially for in vivo studies o,

On the other hand, when exploring pharmacological mechanisms, the administration of herbal decoctions during in vitro or ex vivo studies is also
a challenge. The concept of a drug-containing serum was first proposed by Tashino in 1988°. Since then, increasing numbers of researchers
have applied it to herbal medicine 88, Although the method of drug-containing serum has some limitations, such as the influence of certain
components of the serum, it is still considered to be a method that closely mimics physiological conditions.

The er-xian decoction was developed in the earLyJQSOs to relieve menopausal symptoms1°’”’12‘13. It has also been applied to the treatment of

aplastic anemia”, menopausal osteoporosis””1 , premature ovarian failure18, breast cancer19, ovarian cancerzo, and delayed puberty21. Here,
we present detailed protocols for the preparation of both the er-xian decoction (EXD) and its drug-containing serum. In addition, we describe the
application of EXD and EXD-containing serum to murine menopausal osteoporotic models.

An EXD is composed of 9 g each of Curculigo orchioides Gaertn, Herbaa Epimedii, Radix Morindae Officinalis, and Radix Angelicae Sinensis
and 6 g each of Cortex Phellodendri and Rhizoma Anemarrhenae per adult 3patient per day. The equivalent dose for a mouse is 0.1418 EXD/
kg/day based on the following equation22: dB =dA*RB/RA* (WA /WB) 2 dA and dB refer to the dose per bodyweight (mg/kg) of the human
and mouse, respectively. The dose, in mg/kg, is replaced by the number of EXD/kg. RA and RB refresent the human body factor and mouse
body factor, respectively, which are proportional to the (body surface area (m2) / body weight (kg)) 3 (See Table 1). WA and WB indicate the
bodyweight (kg) of the human and mouse, respectively.
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The protocol follows the animal care guidelines of Shanghai University of Traditional Chinese Medicine and is approved by the animal
experiment Shanghai Animal Ethics Committee.

1. Protocol I: Preparation of EXD

1. Calculation
1. Administer the EXD to a treatment group of 10 Six month-old female Imprinting Control Region (ICR) mice (0.02 kg/mouse), 5 days per
week for 12 weeks.
NOTE: A total of 1.702 EXDs are needed. Because EXDs are measured in discrete increments, in real practice, administer 2 EXDs.
2. Calculate the volume of EXD applied per mouse (i.e. V = (0.1418 EXD/kgeday) * (0.02 kg/mouse) * 50 mL/EXD = 0.14 mL/mouse-day).

2. Soaking
1. Put all the raw materials of two EXDs (ie., Curculigo orchioides Gaertn (18 g), Herbaa Epimedii (18 g), Radix Morindae Officinalis (18
g), Radix Angelicae Sinensis (18 g), Cortex Phellodendri (12 g), and Rhizoma Anemarrhenae (12 g), 96 g in total) into a container with
a lid.
NOTE: A ceramic container is recommended.
2. Macerate the raw herbs with 500 mL of distilled water for 1 h; the water should cover the herbs by about an inch. Let all the herbs
thoroughly soak.

3. First water decoction
1. Heat the herbs using a gas cooker or an induction cooker on high power until the water boils (about 5 - 10 min; the time span depends
on the heating power, the container, and the quantity of herbs and water). Turn down the power to a low simmer for 2 h.

4. First filtration
1. Cover a 500-mL glass beaker with regular filter paper or with gauze and cotton. Carefully pour off the decoction into the beaker through
the filter. Leave the herbs in the container.
2. Return the remaining herbal residue on the filter paper to the container.

5. Second water decoction
1. Add distilled water to the container with the herbs; let it cover the herbs by about an inch.
2. Repeat step 1.3.

6. Second filtration
1. Repeat steps 1.4.1 and 1.4.2.
2. Pour off the second decoction into the same beaker. Mix the first and second decoctions together.

7. Concentration
1. Put the beaker onto a gas cooker with asbestos-free wire gauze between them, heat the decoction using a low simmer, and slowly and
continuously stir with a glass rod.
2. When the decoction reduces to 200 mL, transfer it to a 500-mL beaker.
3. Repeat step 1.7.1 until the decoction reduces to 100 mL.

8. Storage and administration
1. Transfer the concentrated decoction to a sterile glass bottle. Let it cool to room temperature (RT). Store at 4 °C if using within one week
or at -70 °C for long-term storage.
2. Using a gavage needle, administer 0.14 mL/mouse of the decoction to ovariectomized (OVX) mice once per day, 5 days a week for 12
weeks.

2. Protocol lI: Preparation of EXD-containing Serum

1. Calculation

1. Calculate the rat-equivalent dose (RED) using 0.15 kg as the body weight of each rat (1 month old): dB = (1/60) * (90/100) * (60/0.15)1/3
= 0.111 EXD/kg/day.
NOTE: A total of 10 mL of EXD-containing serum is needed to prepare 100 mL of culture medium (10% EXD-containing serum). Each
rat is expected to provide 2 mL of serum. Thus, 6 rats (a 20% loss is taken into account) are needed for EXD administration once a
day for 3 days. The number of EXDs is: (0.111 EXD/kgeday) * (0.15 kg/rat) * (6 rats) * (3 days) = 0.300 EXD. Again, because EXDs are
measured in discrete increments, use 1 EXD.

2. Calculate the volume of EXD applied per rat (i.e., V = (0.111 EXD/kgeday) * (0.15 kg/rat) * (50 mL/EXD) = 0.83 mL/rat-day).

2. Soaking
1. Put the raw materials for 1 EXD into a container with a lid. Macerate the raw herbs in distilled water for 1 h; the water should cover the
herbs by about an inch. Let all the herbs thoroughly soak.

3. First water decoction
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1. Heat the herbs using an induction cooker on high power until the water boils (about 5 - 10 min; the time span depends on the heat
power, the container, and the quantity of herbs and water). Turn the power down to a low simmer for 2 h.

4. First filtration
1. Cover a 500-mL glass beaker with regular filter paper or with gauze and cotton. Carefully pour off the decoction into the beaker through
the filter. Leave the herbs in the container.
2. Return the herbal residue on the filter paper to the container.

5. Second water decoction
1. Add distilled water to the container with the herbs; let it cover the herbs by about an inch.
2. Repeat step 2.4.

6. Second filtration
1. Repeat steps 2.5.1 and 2.5.2.
2. Pour off the second decoction into the same beaker as in step 2.4.1 and mix the first and second decoctions together.

7. Concentration
1. Put the beaker on a gas cooker with asbestos-free wire gauze between them, heat the decoction using a low simmer, and slowly and
continuously stir with a glass rod.
2. When the decoction reduces to 100 mL, transfer it to a 100-mL beaker.
3. Repeat step 2.7.1 until the decoction reduces to 50 mL.

8. Storage and administration
1. Transfer the concentrated decoction into a sterile glass bottle. Let it cool to RT. Store at 4 °C if using within one week or at -70 °C for
long-term storage.
2. Intragastrically administer 0.83 mL/rat once per day for 3 days.

9. EXD-containing serum preparation

1. Anesthetize the rats by intraperitoneally injecting of 300 mL/100 g of 80 mg/kg ketamine and 10 mg/kg xylazine at 1 h after the last
administration of EXD. Confirm proper anesthetization by toe pinch.

2. Incise the skin and peritoneum of the rat from the abdomen to the bottom of the thorax using a scalpel (or straight operating scissors).
Create an incision of length and depth of about 5 cm and 0.5 cm, respectively. Move the abdominal viscera to the left using tissue
paper.

3. Using tissue paper, remove the connective tissue of the abdominal aorta to clearly expose the vessel.

4. Draw the blood slowly from the abdominal aorta using a 10-mL, 22-gauge syringe. Transfer it to a 15-mL sterile tube after removing the
needle; one rat can produce 8-10 mL of blood.

NOTE: The rat should be alive (i.e., with the abdominal aorta pulsating) when beginning the blood drawing and dead after the drawing
completes.

5. Clot the blood in an upright position for 30 - 60 min at room RT. Centrifuge at 500-600 x g for 20 min. Carefully place all the
supernatant (serum) in one 50-mL sterile tube and mix all the serum (from different animals) together.

6. Perform heat inactivation by incubating the serum in a 56 °C water bath for 30 min. Filter the serum using a syringe filter with a 0.22-um
pore size hydrophilic polyethersulfone membrane. Use the serum fresh or store it at -20 °C.

10. Control drug-containing serum preparation (used in the control group)
1. Administer each rat with the same volume of saline (0.83 mL) once per day for 3 days. The other steps are the same as in step 2.9.

11. Application
1. Add 10 mL of EXD-containing serum or drug-containing serum to each 100 mL of medium, plus 1% penicillin-streptomycin (PS

Representative Results

The effect of EXD on the bone density of OVX mice

)23_

Hematoxylin and eosin (H&E) staining of the lumbar vertebra section shows increased bone trabeculae after EXD treatment in vivo (Figure 1A,
right panel) compared with those in the OVX group (Figure 1A, left panel). Figure 1B shows the representative uCT images of the 4™ lumbar
in OVX mice (Figure 1B, left panel) and OVX mice with EXD treatment for 12 weeks (Figure 1B, right panel). More trabecular bones are seen
inside the lumbar vertebra of EXD-treated mice than those of control OVX mice. The data from the uCT imaging indicates an increased bone
volume/tissue volume (BV/TV), trabecular number (Tb. N), and trabecular thickness (Tb. Th) and decreased trabecular spacing (Tb. Sp) of the
4" lumbar in EXD mice (Figure 1C).

The effect of EXD on the osteogenesis of bone mesenchymal stem cells (0MSCs) from OVX mice

Figure 2 represents the osteogenic potential of bMSCs. Fat droplets (asterisk, irregular shape of a lipid droplet) are automatically formed when
bMSCs of OVX mice are cultured for 7 days (Figure 2A, left panel). In EXD-treated mice, bone nodules (arrow) are formed instead of a fat
droplet (Figure 2B, right panel). An alkaline phosphatase (ALP) assay demonstrates that more ALP-positive cells (purple) can be detected in
EXD-treated bMSCs (Figure 2B, right panel) compared with those in bMSCs from control OVX mice (Figure 2B, left panel).
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The changes in gene expression between OVX and EXD mice?*
Hierarchical clustering shows that the expression of 389 genes revealed by microarray in bMSCs was fold changed (> 1.5, normalized by non-
OVX mice) between OVX and EXD-treated mice in vivo (total: 26,991 genes) (Figure 3). Green indicates that the expression was upregulated,
while red indicates that the expression was downregulated. Three samples in the same group are clustered together first, indicating the reliable
qualities of the profile. Figure 4 shows the overlapped signaling pathway targeted by EXD, both in vivo and in vitro.
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Figure 1: The Effect of EXD on Bone Morphology.

(A) H & E staining of the lumbar 4™ section of OVX and EXD-treated mice. (B) Three-dimensional uCT reconstructive images of the lumbar 4"
trabecular bone in control OVX and EXD-treated mice. (C) Quantification of uCT. BV: bone volume, TV: tissue volume, Tb.N: trabecular number,
Tb.Th: trabecular thickness, and Tb.Sp: trabecular spacing. The columns represent the means + SE. n = 6 per group. * p < 0.05, ** p < 0.01 EXD
versus OVX (Student's t-test). (A-C) have been modified from Shufen Liu et al.?* Please click here to view a larger version of this figure.
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Figure 2: The Effect of EXD on bMSC Differentiation.

(A) Images of bMSCs cultured for 7 days after being isolated from the femur of OVX or EXD-treated mice. * indicates a fat droplet. An

arrow indicates a bone nodule. (B) ALP staining of OVX and EXD-treated bMSCs cultured for 7 days (purple represents ALP positive). (C)
Quantification of (B). The columns represent the means + SE from three dishes (six mice) per group. ** p < 0.01 EXD versus OVX (Student's t-
test). (A-C) have been modified from Shufen Liu et al®* Please click here to view a larger version of this figure.
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Figure 3: The Effect of EXD on the Gene Expression Profile.
Heatmap of the hierarchical clustering of expression of 389 genes in OVX and EXD bMSCs harvested on the 7t day post-disassociation. The
scale (small image) indicates fold changes normalized by non-OVX bMSCs. The list of genes is provided in Supplemental File 1. The figure has

been modified from Shufen Liu et al.

" Please click here to view a larger version of this figure.
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Figure 4: The Effect of EXD on Overlapped Signaling Pathway in Both In Vivo and In Vitro Experiments.

The first 10 overlapped signaling pathways that are reversed by EXD in vivo and EXD-containing serum in vitro based on the KEGG pathway.

The genes related to the pathways are shown in Supplemental File 2. Please click here to view a larger version of this figure.

Species

Mouse

Rat

Guinea pig

Rabbit

Cat

Monkey

Dog

Human

R

59

90

99

93

82

111

104

100

Table 1: R-factor in Different Species.

The R-factor in 8 species that are commonly used in pharmacological research. The R-factor is proportional to: (body surface area (mz) / body

weight (kg)) 2
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Supplemental File 1.
Information on 389 genes that are upregulated or downregulated =1.5-fold but are rescued by EXD in vivo. Please click here to download this
file.

Supplemental File 2.
Information on the signaling pathway (based on the KEGG pathway) and related genes in both in vivo and in vitro experiments. Please click here
to download this file.

In recent years, more attention has been paid to herbal medicines, one type of alternative medicine that has been applied in the clinical setting in
the Eastern world for thousands of years. Different from the "bench to bed" pattern of modern medicine, traditional herbal medicine first require
the "bed to bench" pattern to explain their mechanisms. This can be followed by validation performed at the bench stage and processing for the
development of newly optimized drugs. So far, there are several extraction methods that have been reported to the release active components
from whole formulas or herbs. Among them, water extraction is the most broadly used.

The water extraction of herbal medicines has four basic steps. The first step is soaking. A complex herbal medicine is macerated in water for a
period of time, usually from 0.5 to 1 h. The time span for soaking depends on the quantity and property of the raw herbs. To ensure that the raw
herbs are thoroughly soaked, the center of every piece or block should be steeped. The volume of water depends on the total volume of herbs.
Sometimes, the weight of the herbs is used to determine how much water is needed for soaking. However, herb densities vary widely. Since

the purpose of soaking is to macerate all the herbs, facilitating the release of the active components during the following steps, the volume of
herbs is preferred for use as a reference standard for the volume of water. The second step is cooking. The boiling and simmering processes
have been developed over thousands of years. The variation in the cooking time depends mostly on the kind of herbs, due to their different
physical, chemical, and pharmacological characteristics 2. Diaphoretics are suggested to cook for a short period of time, usually less than 20
min, while aromatics should be added only a few minutes before the first boiling to avoid volatile reactions. For tonic herbs, a long period of

time is reguired to leach out their therapeutic constituents. In this case, EXD is used for the treatment of postmenopausal osteoporosis over
decades'. In traditional Chinese medicine theory, this syndrome is considered to be caused by a kidney-related deficiency. EXD is mainly
designed to tonify the kidney. Therefore, the EXD was cooked for 2 - 3 h to allow the EXD to exert its anti-osteoporotic effects"®. The third step is
filtration. Filtration helps to prevent the gavage needle from being clogged with the herbal granules. The fourth step is concentration. The volume
of gavage administration should be carefully considered. It has been reported that large volumes, such as 10 mL/kg or more, administered by
oral gavage can result in several problems related to absorption, including the ragid shunting of the compounds to the duodenum or aspiration
pneumonia associated with the passive reflux of the material into the esophagus ®. Thus, the volumes chosen for the mice and rats were around
7.5 mL/kg and 5.5 mL/kg, respectively.

It is important to confirm whether the effective components of digested and metabolized EXD in the blood are similar to those of the raw extract.
In terms of EXD bioequivalence, Wu et al. reported the determination of 7 components in dog plasma: epimedin A, epimedin B, epimedin C,
icariin, sagittatoside B, 2"-O-rhamnosyl icariside Il, and baohuoside I”®. Hu et al. found 21 compounds in rat plasma after oral administration®’.
So far, the raw extract from EXD has not been reported. However, some of the effective components tested in blood, such as icariin and
berberine, have been directly applied to animals for comparative observation®.

There are multiple approaches to calculate the animal bioequivalent dose. The traditional method based on bodyweight (mg/kg) is not
appropriate because the pharmacokinetics vary in different species. The calculation based on body surface area (mg/mz), in which the metabolic
rate is related to the individual animal size, is frequently used®. The equation applied here takes both body surface area and body weight into
account and is commonly utilized in traditional Chinese medicine™.

Many kinds of animals, such as rabbits, guinea pigs, rats, and mice, can be chosen for drug-containing serum preparation. The same species

as that of the in vitro-treated cells is preferred. In this study, rats were chosen because they provide more serum than mice do and are closer to
mice in terms of species compared to other animals. In addition, the dose equivalent in in vivo or clinic usage is recommended, as the in vitro
protocol showed. The dilution of serum (1:10 is recommended) is not taken into account; that is, 10-fold of the equivalent dose is not applied to
the serum-provided animals due to the potential toxic reaction caused by treated cells or organ331. The drug administration frequency varies from
once a day for 3 to 14 days to two times per dag/ (2 h between each administration)7’8’32. The collection time usually occurs between hours 1 and
2 (before hour 6) after the last administration®***. The aim is to keep the drug concentration in the blood relatively stable and at its peak level
when the samples are collected®. The administration routines can include injection, skin administration, or inhalation, in accordance with the in
vivo administration routines.

The inactivation of drug-containing serum is still controversial. Supporters think that the presence of many active components, such as
hormones, enzymes, antibodies, and complements in the serum itself, may result in unexpected reactions that affect the results®. The opposition
believes that the active components produced by the drugs might also be removed by the inactivation processw. To balance this, people design
the control group such that the serum from saline-treated animals is used.

There are some limitations to the protocol. The quality of the extract is not evaluated before starting in vivo and in vitro experimentation. Second,
antibiotics are used in the culture medium, which may cause herb-drug interactions and requires further testing. Third, the soaking and simmer
time are determined based on the experience garnered from clinical practice and animal experimentation. More periods of time can be chosen
for comparison. The soaking and simmer times can be modified for different herbal formulas. The decoction volume for animal administration can
be modified according to the species and the age and weight of the animal. The animal chosen for the preparation of drug-containing serum and
for the administration routines can be changed, as discussed above.
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Taken together, the protocol and results provide an example for the preparation and application of herbal decoction in in vivo and in vitro studies.
In different cases, some of the details must be optimized, including the treatment periods, species, and administration routines, based on the
herbal characteristics.
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