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Abstract
Background This study aims to �nd out renal-yin-de�ciency syndrome (RYDS) treating component of
Anemarrhenae Rhizoma (AR) and its RYDS-treating mechanism, the contents of neomangiferin and
mangiferin in raw AR after salt stir-frying, and the cause of enhancement of RYDS-treating effect of salt
stir-fried AR.

Methods HPLC method was used for determining contents of mangiferin and neomangiferin in the
various AR samples and simulative salt stir-fried neomangiferin. Western Blot, ELISA, RT-PCR and some
conventional methods were used to investigate the RYDS-treating effect of raw AR, salt stir-fried AR and
mangiferin.

Results Content of neomangiferin decreased and that of mangiferin increased in water stir-fried AR and
salt stir-fried AR; HPLC chromatogram showed a mangiferin peak in simulative salt stir-fried
neomangiferin; both AR samples and mangiferin exerted RYDS-treating effect by reducing/increasing
certain general and speci�c physiological indexes, reducing levels of T3, T4, FT3, FT4, cAMP, and the ratio
of cAMP/cGMP; elevating levels of TSH and cGMP; and increasing mRNA and protein expressions of
PI3K/AKT/mTOR pathway in kidney in RYDS rats. The RYDS-treating effect of salt stir-fried AR and
mangiferin was stronger than that of raw AR.

Conclusions Results of the study show that mangiferin in AR is the material basis of the RYDS-treating
effect, the mechanism of the effect is rectifying and adjusting a series of physiological, endocrino-
immunological and genetic abnormalities caused by RYDS, and enhancement of effect of salt stir-fried
AR is because of the increase in the content of mangiferin.

Background
As an important herb used in traditional Chinese medicine (TCM), Anemarrhenae Rhizoma (AR) comes
from the dried rhizome of Anemarrhena asphodeloides Bge. [1]. According to the recordings in
Shennong’s Classic of Materia Medica, a �rst-appeared book on traditional Chinese pharmacy (�rst
published about in 220–265 AD), AR was �rst mentioned by Erhya (an earliest Chinese encyclopedia �rst
published about in 475–221 BC) and has been used as a herb for more than 2000 years in China.
Shennong’s Classic of Materia Medica holds that AR is medicinally characterized by a bitter/sweet �avor
and a cold/cool nature, exerting the effects of clearing out heat/�re and nourishing yin and moistening
dryness [2], and in TCM practice, AR is considered to be able to clear out �re from the lung and treat renal
dryness and heat. AR contains complex categories of chemical components, mainly including steroidal
saponins, phenylpropanoids, alkaloids and �avonoids, and among of them, the anemarrhena saponins
and mangiferin are principal biologically active components according to the existing literature[3, 4].
Anemarrhena saponins has been found to have senile dementia-preventing or -curing[5, 6], cerebral
ischemia injury-protecting[7], and blood pressure-lowering effects[8, 9], etc., and mangiferin has been
found to have anti-in�ammatory, anti-tumor, immunomodulatory and renal function-protecting effects[10,
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11, 12]. In TCM clinical practice, AR is used in both raw and processed forms. The methods for
processing AR mainly include the grain-liquor stir-frying, bran stir-frying and salt stir-frying. The salt stir-
fried AR decoction slices were �rst recorded in the TCM classic Bianque Xinshu (�rst published about in
1146)[13]. In the Pharmacopoeia of the People's Republic of China (2015-edition), both raw AR decoction
slices and salt stir-fried AR decoction slices were included. According to the TCM herb processing
theories, AR, after being stir-fried in salt, can be specially guided to the Kidney Channel of Foot-Shaoyin
and exert a stronger effect for nourishing renal yin. The salt stir-fried AR, in TCM clinical practice, is
frequently used for treating renal yin de�ciency syndrome (RYDS). For example, salt stir-fried AR is just
one of the ingredients of a TCM patent medicine Zhibai Dihuang Pills, which was recorded in the TCM
classic Yizong Jinjian (�rst published in about 1742 AD)[14], for treating renal yin de�ciency, tidal fever
and night sweat, and spermatorrhea. Results of modern medical researches suggest that salt stir-fried AR
can be used to treat some diseases caused by RYDS, such as diabetes, hypertension and nephritis[15, 16,
17, 18, 19]. Some TCM herb researchers have found in their pharmaceutical and pharmacological
researches that the content of neomangiferin and anemarrhena saponins can be decreased and that of
mangiferin can be increased in AR after being stir-fried in salt[20, 21, 22, 23], and they have also found
that the RYDS-treating effect of the salt stir-fried AR can be enhanced to a certain extent[24, 25],
compared with that of the raw AR. Up to now, however, the material basis and the mechanism of the
RYDS-treating effect of AR, the cause of the change in the contents of neomangiferin and mangiferin in
the AR after being stir-fried in salt, and the cause of the enhancement of the RYDS-treating effect of the
salt stir-fried AR, all remain unclear.

In the present research, we carried out a series of HPLC determinations and pharmacological experiments
to investigate the principal chemical components and the RYDS-treating effect of both raw AR and salt
stir-fried AR, in order to solve the above-mentioned problems.

Materials And Methods

Experimental Animals
56 SPF male SD rats weighing 250–280 g were purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd. (Beijing, China), and the license number of experimental animals was SCXK (J)
2016-0002. The rats were raised in the animal feeding room of Beijing University of Chinese Medicine
(BUCM) under speci�ed conditions, i.e. temperature: 22 ± 2 °C; relative humidity: 50 ± 5%; and 12/12 h
light-dark cycle. All the experimental rats were audited and approved by the Animal Experimental Welfare
Ethics Committee of BUCM.

Instruments and Equipment
(1) Analytical Balance (Model FA1104B), purchased from Shanghai Yueping Scienti�c Instrument Co.,Ltd.
(Shanghai, China); (2) Ultrasonic Cleaner (Model SB25-12DTDN), purchased from Ningbo Xinzhi
Biotechnology Co.,Ltd. (Ningbo, China); (3) High-Speed Universal Shredder (Model FW100), purchased
from Beijing Kewei Yongxing Instrument Co.,Ltd. (Beijing, China); (4) Electric Thermostatic Drying Oven
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(Model DHG-9070A), purchased from Changzhou Nuoji Instrument Co.,Ltd. (Jiangsu, China); (5) Salt Stir-
frying Pot (Model PC32Y4), purchased from Wuhan SUPOR Cooker Co.,Ltd. (Wuhan, China); (6) Electronic
Thermometer (Model MC-246), purchased from Omron (China) Co.,Ltd. (Beijing, China); (7) Electronic
Balance (Model JY20002), purchased from Shanghai Hengping Instrument Factory (Shanghai, China); (8)
High-Speed Refrigerating Cryogenic Centrifuge (Model BY-R20), purchased from Beijing Baiyang Medical
Equipment Co.,Ltd. (Beijing, China); (9) Microplate Reader (Model SIN601-0723), purchased from Bio-
Gene Technology Limited (Hong Kong, China); (10) Intelligent Hot Plate Instrument (Model YLS-6B),
purchased from Beijing Zhongshi Dichuang Science and Technology Development Co.,Ltd. (Beijing,
China); (11) Waters 2965 High Performance Liquid Chromatograph (2965 Chromatographic Pump, 2996
Detector, and Empower Workstation), purchased from Waters Technology (Shanghai) Co.,Ltd. (Shanghai,
China); (12) SunFire C18 Chromatographic Column (4.6 mm × 250 mm, 5 µm), purchased from Waters
Technology (Shanghai) Co.,Ltd. (Shanghai, China); (13) PCR Ampli�er (Model MA-6000), purchased from
Suzhou Yarui Biotechnology Co.,Ltd. (Suzhou, China); (14) Electrophoresis Apparatus (Model DYY-TC),
purchased from Beijing Liuyi Biotechnology Co.,Ltd. (Beijing, China); (15) Gel Imaging System (Model
5200), purchased in Shanghai Tanon Science & Technology Co., Ltd. (Shanghai, China). (16) Non-contact
Infrared Thermometer (Model: SmartSensor AR882), purchased from Dongguan Wanchuang Electronic
Products Co., Ltd. (Dongguan, China); (17) Electric Stove (Model TL1622), purchased from Foshan Aisi
Kaiqi Electric Co., Ltd. (Foshan, China); and (18) Salinometer, pH meter (Model 86555, 10150893),
purchased from Hengxin Technology Co., Ltd. (Taiwan, China).

Medicines
(1) Raw AR Decoction Slices: Purchased from Beijing Shuangqiao Yanjing Decoction Slices Factory
(Batch Number: 1904083, Beijing, China), and identi�ed as the dried slices of the rhizome of
Anemarrhena asphodeloides Bge., a plant of Liliaceae family, by Prof. Jingjuan Wang of the School of
Chinese Materia Medica, BUCM, and the voucher specimens were deposited at the same school. In the
experiments with rats, the raw AR decoction slices were used in the dosage form of decoction, which was
prepared according to the procedure of �rst taking 100 g of raw AR decoction slices and putting it into a
container, next adding 10 times the amount of water into it for 30 min of soaking, then decocting the
soaked raw AR decoction slices for 2 times, 1 hour for each time, and �nally, mixing the decoctions and
concentrating the mixture to a concentration of 0.75 g/mL.

(2) Salt Stir-fried AR Decoction Slices: Prepared by ourselves according to the procedure[26] of �rst taking
100 g of raw AR decoction slices and put it into a container, then adding 60 mL 2% salt solution into it for
a thorough moistening, and �nally, stir-frying the moistened decoction slices at 160–170℃ for 20 min. In
the experiments with rats, the salt stir-fried AR decoction slices were used in the dosage form of
decoction, which was prepared according to the procedure of �rst taking 100 g of the salt stir-fried AR
decoction slices and putting it into a container, next adding 10 times the amount of water into it for
30 min of soaking, then decocting the soaked salt stir-fried AR decoction slices for 2 times, 1 hour for
each time, and �nally, mixing the decoctions and concentrating the mixture to a concentration of 0.75 g/
mL.
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(3) Water Stir-fried AR Decoction Slices: Prepared by ourselves according to the procedure [26] of �rst
taking 100 g of raw AR decoction slices and putting it into a container, then adding 60 mL water into it for
a thorough moistening, and �nally, stir-frying the moistened decoction slices at 160–170℃ for 20 min. In
the HPLC determination of chemical components, a sample solution of the water stir-fried AR decoction
slices was prepared. (For details, see 3.2.1.2 of this paper.)

(4) Thyroxine Tablets: Purchased from Shandong Laiyang Biochemical Pharmaceutical Factory (Batch
Number: H31022151, Shandong, China). In the experiments with rats, thyroxine tablets were used in the
form of a suspension, which was prepared according to the procedure of �rst taking an appropriate
amount of thyroxine tablets and put it into a mortar, next pestling it into powder, then adding 0.5% CMC-
Na solution (prepared with sterile saline) into the powder, and �nally, well mixing the powder of thyroxine
tablets and the 0.5% CMC-Na solution for getting a suspension with a concentration of 1.25 mg/mL. The
suspension should be kept in a refrigerator at 4℃ and well shaken before use.

(5) Mangiferin Powder: Purchased from Shanghai Yuanye Bio-Technology Co., Ltd. (Purity ≥ 90%, Batch
Number: C21MGY61363, Shanghai, China). In the experiments with rats, mangiferin was used in the form
of a suspension, which was prepared according to the procedure of �rst taking an appropriate amount of
mangiferin and put it into a container, then adding 0.5% CMC-Na solution (prepared with sterile saline)
into it, and �nally well mixing the mangiferin and the 0.5% CMC-Na solution for getting a suspension with
a concentration of 20 mg/mL. The suspension should be kept in a refrigerator at 4℃ and well shaken
before use.

(6) Liuwei Dihuang Pills: Purchased from the A�liated Pharmaceutical Factory of Beijing Tongrentang
Science and Technology Development Co.,Ltd. (Batch Number: Z19993068, Beijing, China). In the
experiments with rats, Liuwei Dihuang Pills were used in the form of a suspension, which was prepared
according to the procedure of �rst taking an appropriate amount of Liuwei Dihuang Pills and put it into a
container, then adding 0.5% CMC-Na solution (prepared with sterile saline) into it, and �nally well mixing
the Liuwei Dihuang Pills and the 0.5% CMC-Na solution for getting a suspension with a concentration of
0.52 g/mL. The suspension should be kept in a refrigerator at 4℃ and well shaken before use.

(7) Propylthiouracil Tablets: Purchased from Shanghai Yuanye Biotechnology Co.,Ltd. (Batch Number:
H26J9Z66436, Shanghai, China). In the experiments with rats, propylthiouracil tablets were used in the
form of a suspension, which was prepared according to the procedure of �rst taking an appropriate
amount of propylthiouracil tablets and put it into a mortar, next pestling it into powder, then adding 0.5%
CMC-Na solution (prepared with sterile saline) into it, and �nally well mixing the powder of
propylthiouracil tablets and the 0.5% CMC-Na solution for getting a suspension with a concentration of
5 mg/mL. The suspension should be kept in a refrigerator at 4℃ and well shaken before use.

Reference Substances

(1) Mangiferin (Batch Number: 111607–201503, purity ≥ 98%), (2) Neomangiferin (Batch Number:
111839–201504, purity ≥ 98%, and (3) Anemarrhenasaponin B  (Batch Number: 111839–201505, purity 
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≥ 98%), were purchased from the National Institutes for Food and Drug Control (Beijing, China); (4) Icariin
(Batch Number: T09N6B5664, purity ≥ 98%) was purchased from Shanghai Yuanye Biotechnology Co.,
Ltd. (Shanghai, China).
Main Reagents
(1)Triiodothyronine (T3) Kit (Batch Number: AE16221RA), (2) Tetraiodothyronine (T4) Kit (Batch Number:
AE16236RA), (3) Thyroid Stimulating Hormone (TSH) kit (Batch Number:AE13132MO), (4) Free
Triiodothyronine (FT3) Kit (Batch Number: AE43217MO), (5) Free Tetraiodothyronine (FT4) Kit (Batch
Number: AE43100MO), (6) Cyclic Adenosine Monophosphate (cAMP) Kit (Batch Number: AE61565RA)
and (7) Cyclic Guanosine Monophosphate (cGMP) Kit (Batch Number: AE60957MO), were all purchased
from Nanjing Jiancheng Bioengineering Institute (Nanjing, China); (8) Real-Time PCR Kit (Model: AQ131-
01) and (9) TRIZOL Kit (Model: H10318) were all purchased from Beijing TransGen Biotech Co., Ltd.
(Beijing, China); (10) BCA Protein Assay Kit (Model: PC0020) and (11) ECL Hypersensitive Luminous
Liquid Kit (Model: PE0010A + B), RIPA Lysate (Model: R0020), were all purchased from Beijing Solarbio
Technology Co., Ltd. (Beijing, China); (12) GAPDH Internal Reference Antibody (Model: TA-08), (13) Goat
Anti-Rat-HRP (Model: 134560), (14) Goat Anti-Rabbit-HRP (Model: ZB-2301) and (15) Rabbit Anti-Goat-
HRP (Model: ZB-2306) were all purchased from Beijing Zhongshan Jinqiao Biotechnology Co., Ltd.
(Beijing, China); (16) Rabbit Anti-MTOR (Model: Ab2732), (17) Rabbit Anti-PI3KP85α (Model: Ab191606),
and (18) Rabbit anti-AKT1/2/3 (Model: Ab179463) were purchased from Abcam (Shanghai, China); (19)
Glacial Acetic Acid (Chromatographic Grade), (20) Acetic Acid (Chromatographic Grade), (21) Ethanol
(Chromatographic Grade) and (22) Methanol (Chromatographic Grade), were all purchased from Thermo
Fisher. Scienti�c (China) Co., Ltd.(Shanghai, China); (23) Ultrapure Water was prepared with Milli-Q
System (Milford, USA); and (24) Sterile Saline (Batch Number: 1901013202) was purchased from Hebei
Shijiazhuang No.4 Pharmaceutical Co., Ltd. (Hebei, China).

Experimental Methods
Conditions for Performing HPLC Determinations
HPLC determinations were performed by use of the Waters HPLC 2965 (with 2695 chromatographic
pump, Empower workstation, ultraviolet detector), under the conditions of SunFire C18 column (4.6 mm × 
250 mm, 5 µm; column temperature: 30℃); mobile phase: acetonitrile for phase A and 0.2% glacial acetic
acid-water for phase B; gradient elution (0–10 min, 15–25%A; 10–20 min, 25–80%A; 20–30 min, 80 − 
15%A); the �ow rate: 1.0 mL.min-1; the wavelength of the detector: 258 nm; and the injecting volume of
the sample: 20µL.

Preparation of the Sample Solutions of Raw AR, Salt Stir-fried AR and Water Stir-fried AR for a HPLC
Determination

(1) Preparation of the Sample Solutions of Raw AR, Salt Stir-fried AR and Water Stir-fried AR: Accurately-
weighed 0.1 g powder (through sieve No.3) of raw AR (or salt stir-fried AR, or water stir-fried AR) was put
into a conical �ask with cover, and accurately-measured 25 mL of 50% ethanol was added into the �ask.
The mixture of the powder and ethanol, after weighing, was undergone an ultrasonic treatment (power:
400W; frequency: 40 kHz) for 30 minutes, and after cooling, the mixture was replenished with 50%
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ethanol for its loss of weight. And then, the mixture was �ltered after being shaken well, and the
subsequent �ltrate was taken to �lter again through a 0.45 µm micro�ltration membrane. The �nal �ltrate
was kept for later use.

(2) Preparation of the Sample Solutions of Mangiferin, Neomangiferin, Icariin and Anemarrhenasaponin
BII: First, an appropriate accurately-weighed amount of mangiferin (or neomangiferin, or icariin) was put
into a 25 mL volumetric �ask, and then, an appropriate accurately-measured volume of 50% ethanol was
added into the volumetric �ask to gain a mangiferin solution at a concentration of 1.25 mg/mL (or to
gain a neomangiferin solution at a concentration of 1.54 mg/mL, or an icariin solution at the
concentration of 1.05 mg/mL). Or similarly, �rst, an appropriate accurately-weighed amount of
anemarrhenasaponin BII was put into a 25 mL volumetric �ask, and then, appropriate accurately-
measured volume of 30% acetone was added into the �ask to gain an anemarrhenasaponin BII solution
at a concentration of 0.5 mg/mL.

Preparation of the Sample Solutions of Simulative Salt Stir-fried Neomangiferin and Salt Stir-fried
Simulative Neomangiferin Decoction Slices for a HPLC Determination

(1) Preparation of Simulative Salt Stir-fried Neomangiferin: 2 mg of accurately weighed neomangiferin
was put into a heat-stabile container, and then accurately measured 5 mL of 2% salt solution was added
into the container. After the mixture of the neomangiferin and the salt solution in the container being well
shaken, the container holding the mixture was put into an oven and baked at 160–170℃ for 20 min.
Finally, the container was taken out for cooling and the mixture inside it was kept for later use.

(2) Preparation of the Sample Solution of Simulative Salt Stir-fried Neomangiferin: An appropriate
amount (accurately weighed) of the simulative salt stir-fried neomangiferin was placed into a conical
�ask with cover, and an appropriate volume (measured accurately) of 50% ethanol was added into the
�ask. The mixture of the simulative salt stir-fried neomangiferin and ethanol, after weighing, was
undergone an ultrasonic treatment (power: 400W; frequency: 40 kHz) for 30 minutes, and after cooling,
the mixture was replenished with 50% ethanol for its loss of weight. And then, the mixture was �ltered
after being shaken well, and the subsequent �ltrate was again taken to �lter through a 0.45 µm
micro�ltration membrane. The �nal �ltrate was kept for later use.

(3) Preparation of Salt Stir-fried Simulative Neomangiferin Decoction Slices: An appropriate amount of
raw AR decoction slices was put into the percolator, and then, certain volume of 50% ethanol was put into
the percolator to start percolating. When the percolate became colorless, the raw AR decoction slices were
taken out of the percolator, and the residual ethanol with the slices was completely removed by
volatilization. And �nally, the slices were put into an oven to be dried at 50℃ for 2 h. The dried slices
were then considered as “blank AR decoction slices.” In order to prepare the salt stir-fried simulative
neomangiferin decoction slices, �rst, an appropriate amount of neomangiferin (weighed accurately) was
loaded into the “blank AR decoction slices” to simulate the “neomangiferin decoction slices”, which were
then mixed with an appropriate amount of 2% salt solution. After being well moistened with the salt
solution, the simulative neomangiferin decoction slices were stir-fried in a special pot at 160–170℃ for
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20 min. Finally, the salt stir-fried simulative neomangiferin decoction slices were taken out of the pot for
cooling for later use. (See Fig. 1)

(4) Preparation of the Sample Solution of the Salt Stir-fried Simulative Neomangiferin Decoction Slices:
An appropriate amount (weighed accurately) of the powder (through sieve No.3) of the salt stir-fried
simulative neomangiferin decoction slices was put into a conical �ask with cover, and an appropriate
volume (accurately measured) of 50% ethanol was added into the �ask. The mixture of the powder and
ethanol, after weighing, was undergone an ultrasonic treatment (power: 400W; frequency: 40 kHz) for 30
minutes, and the mixture, after cooling, was replenished with 50% ethanol for its loss of weight. Then,
after being shaken well, the mixture was �ltered and the subsequent �ltrate was taken to �lter again
through a 0.45 µm micro�ltration membrane. The �nal �ltrate was kept for later use.

Grouping of the Experimental Rats
All the experimental rats were adaptively raised for 1 week before starting the pharmacological
experiments, during which, the rats had a free daily access to standard food and distilled water. After the
adaptive raising, according to the random number table method, the rats were assigned to the following 7
groups (8 rats in each group) for a 14-day experiment on the RYDS-treating effect of raw AR and salt stir-
fried AR. At the end of the experiment, the relevant indexes for evaluating the RYDS-treating effect were
detected.

(1) Blank Control (BC) Group: During an experiment, the rats were allowed to have a free daily access to
standard food and distilled water, and their mental state, physical condition, behavior, and certain
physiological indexes were observed and detected regularly. At the end of the experiment, certain
endocrino-immunological and genetic indexes were measured and detected. (For details, see 3.2.2.2 of
this paper, and the same below.)

(2) RYDS Model Group: During an experiment, besides being allowed to have a free daily access to
standard food and distilled water, the rats were intragastrically given thyroid hormone suspension
(1.25 mg/mL) at a dose of 1 mL/100 g in the morning, and sterile saline at a dose of 1 mL/100 g in the
afternoon. And their mental state, physical condition, behavior, and certain physiological indexes were
observed and detected regularly. At the end of the experiment, certain endocrino-immunological and
genetic indexes were measured and detected. The dose of thyroid hormone was decided according to the
results of our preliminary experiment. (The same below.)

(3) Raw AR Treating (RART) Group: During an experiment, besides being allowed to have a free daily
access to standard food and distilled water, the rats were intragastrically given thyroid hormone
suspension (1.25 mg/mL) at a dose of 1 mL/100 g in the morning, and the decoction of raw AR
(0.75 g/mL) at a dose of 1 mL/100 g in the afternoon. And their mental state, physical condition,
behavior, and certain physiological indexes were observed and detected regularly. At the end of the
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experiment, certain endocrino-immunological and genetic indexes were measured and detected. The dose
of raw AR was decided according to literature[1]and the results of our preliminary experiment.

(4) Salt Stir-fried AR Treating (SSART) Group: During an experiment, besides being allowed to have a free
daily access to standard food and distilled water, the rats were intragastrically given thyroid hormone
suspension (1.25 mg/mL) at a dose of 1 mL/100 g in the morning, and the decoction of salt stir-fried AR
(0.75 g/mL) at a dose of 1 mL/100 g in the afternoon. And their mental state, physical condition,
behavior, and certain physiological indexes were observed and detected regularly. At the end of the
experiment, certain endocrino-immunological and genetic indexes were measured and detected. The dose
of salt stir-fried AR was decided according to literature[1]and the results of our preliminary experiment.

(5) Mangiferin Powder Treating (MPT) Group: During an experiment, besides being allowed to have a free
daily access to standard food and distilled water, the rats were intragastrically given thyroid hormone
suspension (1.25 mg/mL) at a dose of 1 mL/100 g in the morning, and the mangiferin suspension
(20 mg/mL) at a dose of 1 mL/100 g in the afternoon. And their mental state, physical condition,
behavior, and certain physiological indexes were observed and detected regularly. At the end of the
experiment, certain endocrino-immunological and genetic indexes were measured and detected. The dose
of mangiferin was decided according to literature[27, 28]and the results of our preliminary experiment.

(6) Propylthiouracil Tablets Treating (PTT) Group: During an experiment, besides being allowed to have a
free daily access to standard food and distilled water, the rats were intragastrically given thyroid hormone
suspension (1.25 mg/mL) at a dose of 1 mL/100 g in the morning, and the propylthiouracil suspension
(5 mg/mL) at a dose of 1 mL/100 g in the afternoon. And their mental state, physical condition, behavior,
and certain physiological indexes were observed and detected regularly. At the end of the experiment,
certain endocrino-immunological indexes were measured and detected. The dose of propylthiouracil was
decided according to literature[29]and the results of our preliminary experiment.

(7) Liuwei Dihuang Pills Treating (LDPT) Group: During an experiment, besides allowed to have a free
daily access to standard food and distilled water, the rats were intragastrically given thyroid hormone
suspension (1.25 mg/mL) at a dose of 1 mL/100 g in the morning, and the Liuwei Dihuang Pills
suspension (0.52 mg/mL) at a dose of 1 mL/100 g in the afternoon. And their mental state, physical
condition, behavior, and certain physiological indexes were observed and detected regularly. At the end of
the experiment, certain endocrino-immunological indexes were measured and detected. The dose of
Liuwei Dihuang Pills was decided according to literature[30, 28]and the results of our preliminary
experiment.

Detection of the Relevant Indexes for Evaluating RYDS-
treating Effect
(1) Detection of Certain Physiological Indexes: Both at the time of starting the RYDS modeling and at the
time of �nishing the RYDS modeling, the values of the variation in body weight, anal temperature, pain
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threshold, water-intake, food-intake and urine volume were measured in the rats in each experimental
group, respectively.

(2) Detection of the Organ Index of Certain Immune and Endocrine Organs: At the time of �nishing the
RYDS modeling, the rats, after body weighing, were anesthetized by an intraperitoneal injection of 1%
sodium pentobarbital and then, their kidneys, adrenal glands, thymus and spleen were immediately
separated and washed with pre-cooled sterile saline for removing the blood stains. After being cleaned by
rubbing with �lter paper, these organs were weighed with an analytical balance for getting their respective
wet weight to calculate an organ index. The organ index of a relevant organ was calculated by using one
of the following 2 formulas:

Organ Index % = Organ Wet Weight/Body Weight × 100% (for the kidney, or thymus, or spleen)

Adrenal Gland Index % = Wet Weight of Adrenal Gland /Body Weight × 1000‰

(3) Detection of Relevant Endocrine-immunological Indexes in Serum/Plasma: First, the rats were
anesthetized by an intraperitoneal injection of 1% sodium pentobarbital, next, their abdominal aortic
blood was collected and put into the anticoagulant blood collecting tube containing heparin sodium, then
the blood was centrifuged (4000 r/min) at 4℃ for 10 min with a high-speed refrigerated cryogenic
centrifuge, and �nally, the obtained serum and plasma were stored at -80℃ in a refrigerator for later use.
The serumal levels of T3, T4, FT3, FT4, TSH, the plasmatic levels of cAMP and cGMP, and the plasmatic
ratio of cAMP/cGMP were detected by use of ELISA. (See an ELISA kit for instructions.)

(4) Detection of the Genetic Index Concerning the mRNA Expression of PI3K/AKT/mTOR: 30 mg of rat
renal tissue of the rats in each relevant group was used to extract total mRNA by the Trizol method
(Invitrogen), then each group of mRNA was reversely transcribed into cDNA by using a reverse
transcription kit, and �nally the change in the level of target gene mRNA expression was detected by use
of RT-PCR method. The primers used were synthesized by Shanghai Jinglai Biotechnology Co., Ltd. (see
Table 1).

(5) Detection of the Genetic Index Concerning the Protein Expression of PI3K/AKT/mTOR: Western Blot
was used to detect the protein expression of PI3K/AKT/mTOR of the rats in each relevant group. An
appropriate amount of lysate was added to an appropriate amount of rat renal tissue for
homogenization, and the mixture was kept still on ice for 30 min. And then, the mixture was transferred to
a 1.5 mL centrifuge tube for centrifuging at 12,000 r/min for 15 min at 4℃. The supernatant of the
mixture was collected and used for detecting the protein concentration in the rat renal tissue by the BCA
method, and the protein concentrations in the renal tissue of the rats in each relevant group were then
adjusted to an identical level. Next, the supernatant with the adjusted protein concentration was analyzed
by the SDS-PAGE (10% separating gel and 5% concentrating gel) electrophoresis at a voltage of 80V,
which was increased to 120V when the concentrating gel over�owed from the sample, and the
electrophoresis was not terminated until the dye (marker) just started to over�ow. After the
electrophoresis, the protein bands of the supernatant with the adjusted protein concentration were
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transferred, through wet transfer at a voltage of 100V, to PVDF membranes, which were then sealed in a
container at room temperature for 2 h. Afterwards, the primary antibody (diluted at a ratio of 1:1000) and
β-actin were added to the PVDF membranes, which were then incubated at 4℃ overnight. The PVDF
membranes were then washed with TBST for 3 times, 7 min each time. And then, the secondary antibody
was added to the PVDF membranes, which were then incubated once more at room temperature for 2 h.
Afterwards, the PVDF membranes were washed with TBST for 3 times, 7 min each time. And then, the
working liquid, i.e. an even mixture of the liquid A and liquid B (subordinate to the ECL hypersensitive
luminous liquid) at a ratio of 1:1, was dropped on the PVDF membranes to react for 1 min, and the
redundant luminous liquid was removed by absorbing with �lter paper. Next, the PVDF membranes were
coated with the preservative �lm for exposing and imaging with a chemiluminescent imager. Finally, the
molecular weight and gray value of the target band of the PVDF membranes were scanned by the gel
image processing system, and a comparison between the gray value of the target band and that of the
corresponding β-actin protein was made to gain a ratio for explaining the level of the relative expression
of each histone.

Statistical Analysis of the Experimental Results
SPSS 16.0 (SPSS, Inc., Chicago, IL, USA) statistical software was used to process all the experimental
data, which were expressed as mean (±) standard deviation; the comparison of the experimental data
between the BC group and the RYDS model group was conducted by t-test, and the difference was
considered to be statistically signi�cant when P < 0.05; and the comparison of experimental data between
the RYDS model group and each of the treating groups (including the RART group, SSART group, MPT
group, PTT group and the LDPT group) was conducted by using one-way ANOVA, and the difference was
considered statistically signi�cant when P < 0.05.

Experimental Results
Results of HPLC Quantitative Determination of the Principal Chemical Components in Raw AR, Salt Stir-
fried AR and Water Stir-fried AR

The HPLC chromatograms of both raw AR and salt stir-fried AR (see Fig. 2) show 4 chromatographic
peaks, representing neomangiferin, mangiferin, icariin and anemarrhenasaponin BII. Although the peaks
of both neomangiferin and mangniferin are higher than those of other components in both raw AR and
salt stir-fried AR, compared with raw AR, salt stir-fried AR shows a lower peak of neomangiferin and a
higher peak of mangniferin, implying that there happened a transformation of neomangiferin to
mangniferin in salt stir-fried AR, which causing an increase in the content of mangiferin and a decrease in
the content of neomangiferin. However, the HPLC chromatograms show no implication of any new
chemical components formed during the neomangiferin-mangniferin transformation.

The above-mentioned chromatographic peaks of mangiferin and neomangiferin were the characteristic
peaks of the chromatograms of both raw AR and salt stir-fried AR, which can be quantitatively expressed
with their own relative peak areas. The PCA score plot of the relative peak areas of the chromatographic
peaks of mangiferin and neomangiferin (see Fig. 4) show that the samples of raw AR and salt stir-fried



Page 13/34

AR are a�liated to 2 different clusters, which are separated by a relatively long distance, indicating that in
the HPLC determination, the contents of the principal chemical components, i.e. mangiferin and
neomangiferin, were different in the samples of raw AR and salt stir-fried AR.

Moreover, the peaks of mangiferin in the HPLC chromatograms (Fig. 2–3) implies that in the relevant
experiment, the magnitude of the amount of mangiferin in a sample of AR followed the sequence that
amount in salt stir-fried AR > amount in water stir-fried AR > amount in raw AR. The above-mentioned
sequence can be veri�ed by the numerical values, which were calculated by using the relative peak area
method of the contents of mangiferin in raw AR, water stir-fried AR and salt stir-fried AR (see Table 2).
The results of the HPLC determination of the contents mangiferin and neomangiferin show that there
was a neomangiferin-mangiferin transformation during the process of salt stir-frying or water stir-frying
of AR, it was found that through calculation, the transformation rate of neomangiferin-mangiferin
transformation in water stir-fried AR was 9% and that in salt stir-fried AR was 14%, and the
transformation rate can be calculated by using the following formula:

(amount of mangiferin in Processed AR – amount of mangiferin in raw AR) / amount of neomangiferin in
raw AR

Notes: In the above formula, processed AR = salt stir-fried AR or water stir-fried AR.

Results of the HPLC Quantitative Determination of the
Simulative Salt Stir-fried Neomangiferin
The chromatograms of the HPLC determination of simulative salt stir-fried neomangiferin (see Fig. 5)
show that before being simulatively stir-fried in salt, neomangiferin only presents 1 peak, but after being
simulatively stir-fried in salt, neomangiferin presents 2 peaks, the later appeared one of which is that of
mangiferin. The results imply that there was also a neomangiferin-mangiferin transformation during the
simulative salt stir-frying of neomangiferin. It can be seen from Fig. 6A-B, that raw AR decoction slices
show 2 principal chromatographic peaks corresponding to neomangiferin and mangiferin, while after the
extraction of the chemical components by percolation, raw AR decoction slices show almost no any
chromatographic peaks in the corresponding positions, implying that the raw AR decoction slices were
made free from all chemical components by the percolation (see 3.2.1.3 of this paper) and became
basically “blank”. Figure 6C indicates that in the relevant determination, neomangiferin and mangiferin
were simultaneously detected in the salt stir-fried simulative neomangiferin decoction slices, which were
prepared by “loading” neomangiferin into the “blank AR decoction slices” and salt stir-frying, and the
determination results also imply that there was a neomangiferin-mangiferin transformation during salt
stir-frying of the simulative neomangiferin decoction slices.

Inducement of the Rat RYDS Model
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It can be seen from the data in Fig. 7–8 that in the relevant experiment, after intragastric administration
of the suspension of thyroxine tablets for 14 days, compared with those in the BC group, the rats in the
RYDS model group showed typical RYDS-related abnormalities in relevant indexes, including a decrease
in the variation of body weight and pain threshold (P < 0.01); an increase in anal temperature, water-
intake, food-intake and urine volume (P < 0.01); an increase in organ indexes of the kidney, adrenal gland
and spleen (P < 0.01); a decrease in the organ index of the thymus (P < 0.01); an increase in the levels of
T3, T4, FT3 and FT4 (P < 0.01); an increase in both the level of cAMP and the ratio of cAMP/cGMP (P < 
0.01); a decrease in the level of TSH (P < 0.01); and a decrease in the level of cGMP (P < 0.05). The heat
map of cluster analysis of the values of the detected physiological and endocrino-immunological indexes
(see Fig. 9) shows that the heat map consists of 2 different areas, the blue one of which, represents the
decreased values of relevant indexes, and the red one of which, represents the increased values of
relevant indexes. According to the heat map, the BC group and RYDS model group can be easily
recognized, implying that the inducement of the rat RYDS model was successful.

Results from the Experiments on the RYDS-treating Effect
of the Positive Control Agents Liuwei Dihuang Pills and
Propylthiouracil Tablets in the Rats with RYDS
The data of the RYDS-treating effect of the 2 positive control agents, i.e. Liuwei Dihuang Pills and
propylthiouracil tablets are arranged in Fig. 7–8, from which, it can be seen that in the relevant
experiments, after intragastric administration of the suspension of Liuwei Dihuang Pills or the
suspension of propylthiouracil tablets for 14 days, compared with those in the RYDS model group, the
rats in the LDPT group and PTT group showed an increase in pain threshold (P < 0.01); a decrease in anal
temperature, water-intake, food-intake, and urine volume (P < 0.01); a decrease in the organ indexes of the
kidney, adrenal gland (P < 0.01) and spleen (P < 0.05); an increase in the organ index of the thymus (P < 
0.01); a decrease in the levels of T3, T4, FT4, cAMP, and in the ratio of cAMP/cGMP (P < 0.01); and an
increase in the level of cGMP (P 0.05). Compared with those in the RYDS model group, the rats in the
LDPT group showed an increase in the variation of body weight (P < 0.05) and no obvious change in the
levels of FT3 and TSH (P > 0.05); while compared with those in the RYDS model group, the rats in the PTT
group showed a decrease in the level of FT3, an increase in the level of TSH (P < 0.01), and no obvious
variation in body weight (P > 0.05). The above-mentioned experimental data explain that in the relevant
experiment, Liuwei Dihuang Pills and propylthiouracil tablets exerted their RYDS-treating effect by
rectifying and adjusting a series of physiological and endocrino-immunological abnormalities caused by
RYDS. In the present research, we used the data of the RYDS-treating effect of the 2 positive agents for
reference in the evaluation of the RYDS-treating effect of the experimental medicines included in the
present research.

Results from the Experiments on the RYDS-treating Effect of Raw AR, Salt Stir-fried AR and Mangiferin in
the Rats with RYDS
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The data of the RYDS-treating effect of the decoctions of raw AR and salt stir-fried AR in the rats with
RYDS are arranged in Fig. 10–13. It can be seen that in the relevant experiments after 14 days of
intragastric administration of the decoction of raw AR or the decoctions of salt stir-fried AR, compared
with those in the RYDS model group, the rats in both the RART group and the SSART group showed an
increase in the variation of body weight and pain threshold (P < 0.01); a decrease in anal temperature,
water-intake, food-intake and urine volume (P < 0.01); a decrease in the organ indexes of the kidney,
spleen and adrenal gland (P < 0.01); an increase in the organ index of the thymus (P < 0.05); a decrease in
the levels of T3, T4, FT4, cAMP and in the ratio of cAMP/cGMP (P < 0.01, P < 0.05). And in the same
experiments, compared with those in the RART group, the rats in the SSART group showed a decrease in
the level of FT3 (P < 0.01), an increase in the level of TSH (P < 0.01); and no obvious change in the level of
cGMP (P > 0.05). In addition, in the same experiments, compared with those in the BC group, the rats in
the RYDS model group showed a decrease in the mRNA and protein expressions of PI3K, AKT and mTOR
(P < 0.01); compared with those in the RYDS model group, the rats in both the RART group and the SSART
group showed an increase in the mRNA expression of PI3K, AKT and mTOR in the kidney (P < 0.01);
compared with those in the RART group, the rats in the SSART group showed an increase in the level of
the protein expression of PI3K, AKT and mTOR in the kidney (P < 0.01, P < 0.05), among which, the level of
the protein expression of PI3K and mTOR was higher than that done by the rats in the RART
group(P 0.05). The above-mentioned results imply that in the relevant experiments, the RYDS-treating
effect of the salt stir-fried AR was signi�cantly stronger than that of the raw AR in the rats with RYDS.

The data of the RYDS-treating effect of the suspension of mangiferin powder in the rats with RYDS are
arranged in Fig. 10–13. It can be seen that in the relevant experiments, after 14 days of intragastric
administration of the suspension of mangiferin powder, compared with those in the RYDS model group,
the rats in the MPT group showed an increase in the variation of body weight and pain threshold (P < 
0.01); a decrease in anal temperature, water-intake, food-intake, urine volume, and the organ indexes of
the kidney, spleen, and adrenal gland (P < 0.01); an increase in the organ index of the thymus (P < 0.05); a
decrease in the levels of T3, T4, FT3, FT4, cAMP, and in the ratio of cAMP/cGMP (P < 0.01); an increase in
the level of TSH (P < 0.01); and no obvious change in the level of cGMP (P > 0.05). In addition, in the same
experiments, compared with those in the BC group, the rats in the RYDS model group showed a decrease
in the levels of the mRNA and protein expressions of PI3K, AKT and mTOR (P < 0.01); and compared with
those in the RYDS model group, the rats in the MPT group showed an increase in the levels of the mRNA
and protein expressions of PI3K, AKT and mTOR in the kidney (P < 0.01, P < 0.05). The above-mentioned
results imply that in the relevant experiments, the suspension of mangiferin powder exerted a very good
RYDS-treating effect in the rats with RYDS.

Discussion
AR is a TCM herb frequently used to treat RYDS. It has been proved by the TCM clinical experiences that
the RYDS-treating effect of raw AR can be strengthened by salt stir-frying. In TCM, RYDS is considered to
manifest a series of symptoms, such as low fever, sore waist and knees, dizziness and tinnitus, feverish
dysphoria, emaciation and weakness, tidal fever and night sweats, and spermatorrhea[31, 32]. In modern
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medicine, RYDS is one of the commonest TCM syndromes considered to be with the so-called sub-health
state[33, 34]. Moreover, certain common diseases in modern medicine, such as hypertension[35, 36],
diabetes[37, 38], coronary heart disease[39, 40], and menopausal syndrome[41], can also be found to
have a relation with RYDS. Therefore, it is of great signi�cance to carry out pharmaceutical and
pharmacological researches on the RYDS-treating effect of AR.

In our experiments on the RYDS-treating effect of AR, the thyroxine-induced rat RYDS model[42]was
adopted. During RYDS modeling with the rats, compared with those in the BC group, the rats in the RYDS
model group manifested abnormal outward appearance and behavior, and abnormalities of various
detected indexes (see Fig. 7–9). The RYDS-related abnormalities detected in the RYDS model rats mainly
included a decrease in the variation of body weight and pain threshold (P < 0.01); an increase in anal
temperature, water-intake, food-intake and urine volume (P < 0.01); an increase in the organ indexes of the
kidney, adrenal gland and spleen (P < 0.01); a decrease in the organ index of the thymus (P < 0.01); an
increase in the levels of T3, T4, FT3 and FT4 (P < 0.01); an increase in both the level of cAMP and the
ratio of cAMP/cGMP (P < 0.01); a decrease in the level of TSH (P < 0.01); and a decrease in the level of
cGMP (P < 0.05). In our experiments, Liuwei Dihuang Pills and propylthiouracil tablets, 2 frequently-used
effective RYDS-treating preparations, were chosen as the positive control agents. Compared with those in
the BC group, the rats in the LDPT group and PTT group showed a satisfactory RYDS-treating result of
the 2 positive control agents (see Fig. 7–8). In our experiments, when raw AR and salt stir-fried AR were
used to treat the rats with RYDS, we found that, compared with the 2 positive control agents, both of raw
AR and salt stir-fried AR showed a satisfactory RYDS-treating effect. The data of the detections of
various indexes (see Fig. 10–13) showed that both raw AR and salt stir-fried AR exerted their RYDS-
treating effect by adjusting or restoring RYDS-affected general physiological indexes or endocrino-
immunological indexes, such as increasing the variation of body weight and pain threshold (P < 0.01);
decreasing anal temperature, water-intake, food-intake and urine volume (P < 0.01); reducing the organ
indexes of the kidney, spleen and adrenal gland (P < 0.01); elevating the organ index of the thymus (P < 
0.05); lowering the levels of T3, T4, FT3, FT4,cAMP and the ratio of cAMP/cGMP (P < 0.01;P < 0.05);
increasing the levels of TSH and cGMP (P < 0.01;P < 0.05); and elevating the mRNA and protein
expressions of PI3K/AKT/mTOR pathway (P 0.01), which imply that the mechanism of the RYDS-treating
effect of both raw AR and salt stir-fried AR is just the same as that of the 2 positive control agents.

We found in our experiments that both raw AR and salt stir-fried AR could exert RYDS-treating effect, and
that the effect of the salt stir-fried AR was stronger than that of raw AR (see Fig. 10–13); and we also
found that neomangiferin and mangiferin were the principal chemical components in both raw AR and
salt stir-fried AR, and that compared with those in the raw AR, the content of neomangiferin became
decreased and that of mangiferin became increased in the salt stir-fried AR (see Fig. 2–4,Tab. 2), which
was in accordance with the results from the previous researches done by other scholars[20, 21, 22, 23].
According to these experimental results we inferred that mangiferin was possibly the material basis of
the RYDS-treating effect of both raw AR and salt stir-fried AR. The results from our experiment on the
RYDS-treating effect of mangiferin (see Fig. 10–13) showed that, just as what the raw AR and salt stir-
fried AR did, mangiferin could also increase the variation of body weight and pain threshold (P < 0.01);
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decrease anal temperature, water-intake, food-intake, urine volume, and the organ indexes of the kidney,
spleen, and adrenal gland (P < 0.01); increase the organ index of the thymus (P < 0.05); lower the levels of
T3, T4, FT3, FT4, cAMP, and the ratio of cAMP/cGMP (P < 0.01); elevate the levels of TSH (P < 0.01) and
the mRNA and protein expressions of PI3K/AKT/mTOR pathway in the kidney of the rats with RYDS (P < 
0.01, P < 0.05), which implies that our inference is reasonable. And at the same time, the results from our
experiments also imply that the cause of the enhancement of the RYDS-treating effect of the salt stir-fried
AR is just the increase in the content of mangiferin, and that there is a possible dose-effect relationship
between mangiferin and the RYDS-treating effect.

The results of the HPLC determination (see Fig. 2–3) show that the peaks of mangiferin in the
chromatograms of salt stir-fried AR and water stir-fried AR are higher and the peaks of neomangiferin are
lower, compared with those in the chromatogram of raw AR, which implies there was a change in the
contents of neomangiferin and mangiferin in raw AR after being stir-fried in water or in salt, which could
be expressed by 2 sequences: for the content of mangiferin, salt stir-fried AR > water stir-fried AR > raw AR,
and for the content of neomangiferin, salt stir-fried AR < water stir-fried AR < raw AR. The amounts of
neomangiferin and mangiferin calculated by using the relative peak area method (see Table 2) can verify
these 2 sequences, which is in accordance with the results from the previous researches done by other
scholars[20, 21, 22, 23]. Therefore, we inferred that the change in the contents of neomangiferin and
mangiferin in raw AR after being stir-fried in salt or in water was just because there was a possible
neomangiferin-mangiferin transformation induced by the factors of salt, temperature and water during
the salt (or water) stir-frying of raw AR. In order to certify the rationality of our inference, we prepared the
simulative salt stir-fried neomangiferin and simulative neomangiferin decoction slices (see Fig. 1). The
HPLC chromatograms of the simulative salt stir-fried neomangiferin (see Fig. 5) show that before being
simulatively stir-fried in salt, neomangiferin exhibits only 1 peak, which represents neomangiferin, and
however, after being simulatively stir-fried in salt, neomangiferin exhibits 2 peaks, the newly-appeared one
of which, represents mangiferin. Similarly, the HPLC chromatograms of the salt stir-fried simulative
neomangiferin decoction slices (see Fig. 6) also show 2 peaks, the lower one of which represents
neomangiferin, and the higher one of which represents mangiferin. The results the 2 HPLC determinations
imply that the salt stir-frying can induce a neomangiferin-mangiferin transformation, which caused the
content of neomangiferin to decrease and the content of mangiferin to increase in AR.

We may speculate that key point of the neomangiferin-mangiferin transformation was the hydrolysis of
the 7-O-glc bond in the chemical construction of neomangiferin under the in�uence of certain factors
from the salt (or water) stir-frying process, such as heating, sodium chloride, cl− 1-radical, water, etc. (see
Fig. 14.)

In our present research, concerning the RYDS-treating effect of AR, only the neomangiferin and
mangiferin in AR were studied; and the in�uence of other chemical components in AR on the RYDS-
treating effect of AR, the actual process of the neomangiferin-mangiferin transformation during the salt
stir-frying of raw AR, and the possible dose-effect relationship between mangiferin and the RYDS-treating
effect will be studied in future.
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Conclusion
The material basis and mechanism of the RYDS-treating effect of raw AR and salt stir-fried AR, the cause
of the change in the contents of neomangiferin and mangiferin in raw AR after being stir-fried in salt or in
water, and the cause of the enhancement of the RYDS-treating effect of salt stir-fried AR, were
investigated in the present paper. Based on the results of our investigation, we may conclude that (1)
mangiferin may be the material basis of the RYDS-treating effect of both raw AR and salt stir-fried AR; (2)
raw AR and salt stir-fried AR exert their RYDS-treating effect by adjusting or restoring some RYDS-
affected general physiological and endocrino-immunological indexes, such as increasing the variation of
body weight and pain threshold; decreasing anal temperature, water-intake, food-intake and urine volume;
reducing the organ indexes of the kidney, spleen and adrenal gland; elevating the organ index of the
thymus; lowering the levels of T3, T4, FT3, FT4; cAMP and the ratio of cAMP/cGMP; increasing the levels
of TSH and cGMP; and elevating the mRNA and protein expressions of PI3K/AKT/mTOR pathway; (3) the
salt (or water) stir-frying may induce a neomangiferin-mangiferin transformation in AR, which causes the
content of neomangiferin to decrease and the content of mangiferin to increase in AR; (4) the cause of
the enhancement of the RYDS-treating effect of salt stir-fried AR may be the increase in the content of
mangiferin; and (5) the technological theory of the salt stir-frying of AR may be considered as the
enhancement of its RYDS-treating effect by increasing the content of mangiferin.
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Table 1 Primer Sequences for Real-Time RT-PCR

Primer Names Primer Sequences

PI3K Forward:5'-TGCTATGGCAGACACCCTTG-3'

Reverse:5'-CTTCCCGGGGTACTTCCAAC-3'

AKT Forward:5'-ACAGGTCGCTACTATGCCATGAAGA-3'

Reverse:5'-GCAGGACACGGTTCTCAGTAAGC-3'

mTOR Forward:5'-TGTGGCAAGAGCGGCAGACT-3'

Reverse:5'-TGTGGCAAGAGCGGCAGACT-3'

GAPDH Forward:5'-GGCAAGTTCAACGGCACAG-3'

Reverse:5'-CGCCAGTAGACTCCACGACA-3'

Table 2 Results of the HPLC Determination of the contents of Neomangiferin and Mangiferin in Raw AR,
Salt stir-fried AR and Water Stir-fried AR (x ± s, n = 3)

Samples Mangiferin
(%)

Neomangiferin
(%)

Value of Ratio of
Mangiferin / Neomangiferin

Raw AR 0.64 ± 0.05 2.41 ± 0.05 0.27

Water Stir-fried AR 0.85 ± 0.06 1.68 ± 0.05 0.51

Salt Stir-fried AR 0.97 ± 0.06 1.21 ± 0.03 0.80

Note: The value of the ratio of mangiferin / neomangiferin represents the magnitude of the amount of
mangiferin in a sample.

Figures
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Figure 1

Schematic Diagram of the Salt Stir-frying of Simulative Neomangiferin Decoction Slices Notes: A =
preparation of "blank AR decoction slices”, and B = salt stir-frying of the simulative neomangiferin
decoction slices.

Figure 2

HPLC Chromatograms of the Principal Chemical Components of Raw AR and Salt Stir-fried AR Notes: A =
raw AR. B = salt stir-fried AR. 1 = neomangiferin, 2 = mangiferin, 3 = Icariin, and 4 = anemarrhenasaponin
BII.
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Figure 3

HPLC Chromatograms of the Principal Chemical Components of Water Stir-fried AR Notes: 1 =
neomangiferin, 2 = mangiferin, 3 = Icariin, and 4 = anemarrhenasaponin BII.

Figure 4
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PCA Score Plot of Salt Stir-fried AR and Raw AR Notes: the green markers (1-5) = salt stir-fried AR, and the
red markers (6-10) = raw AR.

Figure 5

HPLC Chromatograms of Simulative Salt Stir-fried Neomangiferin Notes: A = HPLC chromatogram of
neomangiferin before being simulatively stir-fried in salt, B = HPLC chromatogram of neomangiferin after
being simulatively stir-fried in salt, C = HPLC chromatogram of mangiferin, 1 = neomangiferin, and 2 =
mangiferin.
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Figure 6

HPLC Chromatogram of the Salt Stir-fried Simulative Neomangiferin Decoction Slices Notes: A = HPLC
chromatogram of raw AR, B = HPLC chromatogram of “blank AR decoction slices”, C = HPLC
chromatogram of salt stir-fried simulative neomangiferin decoction slices, 1 = neomangiferin, and 2 =
mangiferin.
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Figure 7

Effects of Propylthiouracil Tablets and Liuwei Dihuang Pills on Physiological Indexes and the Organ
Indexes of Endocrine-immunological Organs of the Rats with RYDS. A = Data of the detection of
physiological indexes. B= Data of the detection of the organs indexes of endocrine-immunological
organs. All the data are expressed as the means ± SD (n = 8). *Compared with BC group, P < 0.05;
**compared with BC group, P < 0.01; # Compared with RYDS model group, P < 0.05; and ## compared
with RYDS model group, P < 0.01.
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Figure 8

Effects of Propylthiouracil Tablets and Liuwei Dihuang Pills on Endocrine-immunological Indexes in the
Serum or Plasma of Rats with RYDS. All the data are expressed as the means ± SD (n = 8). *Compared
with BC group, P < 0.05; **compared with BC group, P < 0.01; # Compared with RYDS model group, P <
0.05; and ## compared with RYDS model group, P < 0.01.
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Figure 9

Heat Map of Cluster Analysis of the Values of the Detected Physiological and Endocrino-immunological
Indexes of the Rats in the BC Group and RYDS Model Group. Notes: 1 - 8 = BC Group, 9 - 16 = RYDS
Model Group, AGI = Adrenal Gland Index, AT = Anal Temperature, VBW = Variation in Body Weight, and PT
= Pain Threshold.
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Figure 10

Effects of Raw AR, Salt Stir-fried AR and Mangiferin on Physiological Indexes and the Organ Indexes of
Endocrine-immunological Organs of the Rats with RYDS. A = Data of the etection of physiological
indexes. B = Data of the detection of the organs indexes of endocrine-immunological organs. All the data
are expressed as the means ± SD (n = 8). *Compared with BC group, P < 0.05; **compared with BC group,
P < 0.01; # Compared with RYDS model group, P < 0.05; and ## compared with RYDS model group, P <
0.01.
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Figure 11

Effects of Raw AR, Salt Stir-fried AR and Mangiferin on Endocrine-immunological Indexes in Serum or
Plasma of the Rats with RYDS. All the data are expressed as the means ± SD (n = 8). *Compared with BC
group, P < 0.05; **compared with BC group, P < 0.01; # Compared with RYDS model group, P < 0.05; and
## compared with RYDS model group, P < 0.01.
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Figure 12

Effects of Raw AR, Salt Stir-fried AR and Mangiferin on mRNA Expression of PI3K/AKT/mTOR Pathway
in Rats with RYDS. A = The relative mRNA expression of PI3K. B = The relative mRNA expression of AKT.
C = The relative mRNA expression of mTOR All the data are expressed as the means ± SD (n = 8).
*Compared with BC group, P < 0.05; **compared with BC group, P < 0.01; # Compared with RYDS model
group, P < 0.05; and ## compared with RYDS model group, P < 0.01.
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Figure 13

Effects of Raw AR, Salt Stir-fried AR and Mangiferin on Protein Expression of PI3K/AKT/mTOR Pathway
in Rats with RYDS. A = The relative protein expression of PI3K. B = The relative protein expression of AKT.
C = The relative protein expression of mTOR. D = Representative western blot in PI3K/AKT/mTOR
pathway.

Figure 14

Possible Process of the Transformation of Neomangiferin to Mangiferin


