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Infertility is a global issue for childbearing couples, 
and currently, assisted reproductive technology (ART) 
brings about new hope to them. However, low clinical 
pregnancy rate remains to be a great problem. How 
to raise the ovum quality becomes a study hotspot. 
Follicular fl uid provides living environment for ovum, in 
which the constituents refl ect the status of sex hormone 
production of the ovum, the oocyte development and 
the ovulation process.

Kidney (Shen)-yin deficiency syndrome is the 
high generalization of the etiology and pathogenesis 
in a certain stage during the disease genesis and 

development. Follicular developmental disorder is due 
to Kidney-yin, especially Kidney-essence deficiency 
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in Chinese medicine, insufficient Kidney-essence 
leads to oligomenorrhoea, resulting in follicular 
maldevelopment, atrophy, and atresia, etc. 

Since different diseases may be differentiated as 
same syndrome with similar clinical manifestation and 
pathogenesis, they must share a common material 
basis. Combining modern science and technology, 
general rules of Kidney-yin defi ciency syndrome could 
be summarized from a systematic biology viewpoint.
Proteomics is applied to recognize, and identify all 
the proteins in the cells or the body fl uid, which could 
reflects the internal hereditary character, as well as 
the external factor infl uence.

The holistic view in Chinese medicine presents 
mutual effects of different organs, while proteomics 
studies the activity of the whole proteins inside a cell, 
which also emphasizes the whole. Therefore, this 
study aims at exploration of the infl uence of Chinese 
recipe, Liuwei Dihuang Granule (六味地黄颗粒, LDG) 
on the fi nal outcome of in vitro fertilization (IVF), and 
its effect on proteomics expression in the follicular 
fl uid during implantation period.

METHODS

This was a randomized, placebo-controlled trial. 
The required approvals from the health authorities and 
ethics committees were obtained.

Diagnosis 
Western Medicine Diagnosis

Infertility is defined as failure of a couple of 
reproductive age to conceive after two years or more 
with regular coitus and without using contraception. 
Tubal obstruction is defi ned as obstructed oviduct or 
hydrosalpinx confirmed by hystero-salpingography; 
obstructed oviduct and adhesion inside pelvic cavity 
confi rmed by hydrotubation through laparoscopy. With 
one of the above two, the diagnosis could be made.(1,2)

Chinese Medicine Diagnosis
Diagnosis of infertility of Kidney-yin deficiency 

syndrome type:(3,4) primary symptoms: infertility; sore 
waist and knees; dry vagina; dysphoria with feverish 
sensation in the chest, palms and soles. Secondary 
symptoms:  preceded or delayed menstural cycle, less 
menses, or even amenorrhea; dizziness and tinnitus; 
tidal fever and red cheek; dry mouth and throat; 
emaciation; insomnia and amnesia. Typical tongue 

and pulse manifestation: red tongue with little coating, 
thin and rapid pulse. If there are two or more than 
two of the 4 primary symptoms and one or more than 
one of the secondary symptoms, the diagnosis would 
be made. Syndrome differentiation was done by two 
associate professors in dependently on each patient, 
one would be included if the two syndrome diagnosis 
consisted with each other. 

Chinese Medicine Symptom Scoring 
According to the 1st to 4th symptom degrees (the 

1st: continued symptoms that affect daily life; the 2nd: 
repeated symptoms; the 3rd: occasional symptoms; 
the 4th: no symptom), the primary symptom score 6, 4, 
2, 0, and the second score 3, 2, 1, 0 to the 1st to 4th 
symptom degrees, respectively. 

Inclusion Criteria  
Married women aged 25–40 years old; those 

diagnosed as infertility and tubal obstruction; those 
diagnosed as Kidney-yin deficiency syndrome; 
no infertil ity factor in their male partner, clear 
communication skills with hospital researchers, and 
normal hormonal test result range.

Exclusion Criteria  
The patients (1) received hormonal therapy in 

the latest 3 months; (2) can not endure pregnancy 
due to severe body diseases; (3) accompanied with 
severe mental diseases, acute urogenital system 
inflammation, sexually transmitted disease; (4) with 
hereditary disease that are not allowed to have baby; 
drug abuser or having harmful addiction; in touch with 
radiation, toxin, drug within action period that could 
cause malformation.

The patients participating in this trial had to 
withdraw all the other Chinese herbal decoctions 
and Chinese patent medicines. Patient compliance 
was monitored depending on the empty medicine 
bottles provided by the patients during monthly clinic 
reexamination.

General Information
All the 99 infertility cases were from Integrative 

Medicine Research Centre of Reproduction and 
Heredity, the Aff i l iated Hospital of Shandong 
University of Traditional Chinese Medicine from 2012, 
Jan. to 2012, Dec. All participants signed informed 
consents when entering the trial.
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The 66 cases with Kidney-yin deficiency 
syndrome were assigned with a random number table 
to a treatment group and a control group. Another 33 
cases of non-Kidney-yin deficiency syndrome was 
taken as a syndrome-control group. 

Treatment Protocol
The clinical trial was conducted with the approval 

of the ethics committees of the relevant hospital and 
in strict accordance with the principles stipulated 
in Declaration of Helsinki and Guidelines for Good 
Clinical Practice.

Drug Regimens
The treatment began three menstruations before 

IVF, for the patients in the treatment group, LDG was 
given orally, 6 g per time, 3 times a day, from the 3rd 
day of a menstruation for 14 days. For the patients 
in the control group a placebo granule was given 
instead in the same way. Both groups were treated for 
altogether 3 menstruations. 

The LDG was composed of Radix Rehmanniae 
praeparata, Fructus Corni , Rhizoma Dioscoreae, 
Poria , Rhizoma Alismatis , Cortex Moutan , and 
was prepared in the Drug Manufacturing Room of 
the Affiliated Hospital of Shandong University of 
Traditional Chinese Medicine, 3 g per bag containing 
crude drug, batch number Z37020693. The placebo 
granule was mainly composed of dextrin, prepared 
in the Drug Manufacturing Room of the Affiliated 
Hospital of Shandong University of Traditional 
Chinese Medicine, batch number 01FZ032-03-1. 

Controlled Ovarian Hyperstimulation 
All the subjects were treated with a long protocol for 

controlled ovarian hyperstimulation [COH, onadotropin 
releasing hormone agomist (GnRHa)/follicle-stimulating 
hormone (FSH)-r/human menopausal gonaclotxopin 
(hMG)/human chorionic gonadotrophin (hCG) proposal].

Treatment was continued until the day before 
the serum hCG test. All subjects received a single 
dose of hCG 10 000 IU (5 000 IU per ampoul, Livzon 
Pharmaceutical Group Inc., Zhuhai, China, batch number 
090515B) to trigger final maturation when 3 follicles 
of 18 mm, endometrium thickness 8–10 mm, and 
Cervical mucus wire drawing 10 cm were observed. 
About 36 h after hCG injection, oocyte retrieval (OR) 
was conducted under transvaginal ultrasound, then, in 

vitro fertilization was performed, and transfer of 2–3 high 
quality embryos was done on day 3 after OR. Luteal 
support was provided with progesterone to positive hCG 
test 14 days after ET or to the day of clinical pregnancy 
assessment. Clinical pregnancy was defined as at 
least one intrauterine gestational sac with fetal heart beat 
documented by transvaginal ultrasound 5 weeks after ET.

 

Syndrome Scoring    
According to the scoring standard of Chinese 

syndrome of Kidney-yin defi ciency, the symptoms are 
scored and recorded in the recruit day and the OR 
day to evaluate the effect on Chinese syndrome.

Oocyte Morphology Grading Standard Maturity 
Oocytes  are  c lass i f ied  by  a  four -grade 

morphological scale (Ⅰ–Ⅳ).(6) 

High quality oocyte rate (%) = oocyte number 
of Ⅲ/total oocyte number×100%; Fertilization rate 
(%)=oosperm number/total oocyte number×100%; 
Cleavage rate (%) = blastomere number/oosperm 
number×100%.

Embryo quality is classified by a five-grade 
morphological scale,(7) and high quality embryo is 
defi ned as 3 embryonic scores.

High quality embryo rate (%) = high quality 
embryo number/oosperm number×100%.

Expression of Differential Protein
Two dimensional gel electrophoresis was applied 

to extract the proteins. The protein concentration was 
detected by Bradford method.(8) After polyacrylamide 
gel electrophoresis and silver staining, the gel was 
scanned. This was repeated 3 times and the 9 maps 
were got and analyzed by Image Master 2D platinum 
5.0 (SIB, Swissland) with the same parameters. The 
differential protein was defi ned as those with changes 
of expression > 2 folds. Mass spectrum verifi cation was 
performed by Shanghai Applied Protein Technology 
Co., Ltd., China.(9,10)

Adverse Reactions  
Patients were observed for adverse reactions 

during the treatment period.

Statistical Analysis 
Statist ical analysis was performed using 
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SPSS16.0 for Windows. Data were expressed as 
mean±standard deviation. t-test was used to compare 
the mean value of measurement data between pre-
treatment and post-treatment in the same group; one-
way ANOVA was used for comparing those among 
groups. Categorical data were analyzed with the Chi-
square criterion (χ2). Image Master 2D platinum 5.0 
software as applied for analysis of differential proteins.

 
RESULTS

All the 99 patients had completed the whole 
observation without any drop-out (Figure 1).

No significant differences were found in the 
general material among the 3 groups (Table 1).

Table 2. Comparison of the Symptom Scores between Groups ( ±s）

Group Case       Time Symptom score Difference Value

Treatment   33 Pre-treatment 16.09±2.58 7.42±2.80△

Post-treatment   8.67±2.13

Control   33 Pre-treatment 15.82±2.89 1.21±1.14

Post-treatment 14.61±2.52

Notes: P<0.05, compared with pre-treatment in the same group; △P<0.05, compared with the control group

Table 3. Comparison of Rates of High Quality 
Oocytes and Embryos, and Clinical 
Pregnancy Rate between Groups

Group Case 
High quality 
oocyte rate (%)

High quality 
embryo rate (%)

Clinical 
pregnancy 
rate (%)

Treatment 33 86.29 76.76 63.64

Control 33 78.08 68.79 36.36

Note: P<0.05, compared with the control group

while it changed insignifi cantly in the control group. And 
a significant difference was found in the decreasing 
score between the groups (P<0.05, Table 2).  

Comparison of Rates of High Quality Oocytes 
and Embryos, and Clinical Pregnancy Rate 
between Groups

The rates of high quality oocytes and embryos 
were superior in the treatment group to the control; 
and the clinical pregnancy rate was also higher in the 
treatment group than the control group (P<0.05, Table 3).

Table 1. General Information in the Three Groups

Group Case Age (Year, x–±s) Disease course (Year, x–±s)
Medical history (Case)

Primary infertility Secondary infertility

Treatment 33 30.33±3.23 4.21±2.30 14 19

Control 33 30.70±3.42 3.30±2.15

Syndrome-control 33 30.33±2.89 3.33±1.94 16 17

Figure 1. Flow Diagram of the Randomized Trial

Comparison of Kidney-yin Defi ciency Syndrome 
Scores between Groups

Compared with that before treatment the score 
was signifi cantly lower in the treatment group (P<0.05), 

Protein Expressions in the Follicular Fluid 
among the 3 Groups

After two-dimensional gel electrophoretic 
separation, approximately 400 protein expression spots 
were obtained. The results from the three repeated 
experiments were similar. At the same set value, 
protein expression spots were 389±8, 390±11, and 
392±9 in the treatment, the control, and the syndrome 
control groups (Figure 2). 

Comparison of Protein Expressions in the 
Follicular Fluid among Groups

The protein expression map from the follicular 
fl uid showed that compared with the control group, 33 

Patients registered (n=99)

Analyzed (n=33)
Withdrawn (n=0)

Analyzed (n=33)
Withdrawn (n=0)

Analyzed (n=33)
Withdrawn (n=0)

Randomized

Non-Kidney-yin deficiency 
syndrome group (n=33)

Kidney-yin deficiency 
syndrome group (n=66)

Treatment 
group (n=33)

Placebo control 
group (n=33)
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differential protein expression spots were found in the 
syndrome-control group, among which 18 were down-
regulated, and 15 up-regulated; and 28 were found 
in the treatment group, among which 15 were down-
regulated, and 13 up-regulated (Figure 2). 

Identification of the Differential Proteins by 
MALDI-TOF-MS 

Through MALDI-TOF-MS, 14 proteins were 
identified (P<0.05), including haptoglobin, retinol 
binding protein 4, transthyretin, apolipoprotein A-Ⅰ, 
apolipoprotein E, complement C4-B, human surface 
immunoglobulin antigen related protein, immunoglobulin 
polypeptide 5, immunoglobulin heavy chain, anti-
RHD blood type gamma heavy chain, albumin, α-1B-
glycoprotein, plasma proteinase inhibitor C1, and 
fibirinogenβchain. Compared with the syndrome 
control group, the expressions of retinol binding protein 
4, transthyretin, and apolipoprotein increased, while  
complement C4-B decreased in the control group; in 
the treatment group, all the 3 increased expressions 
were lower, and the complement C4-B was higher than 
in the control group. 

Adverse Reaction   
No obvious adverse reactions were found in the 

3 groups during the whole observation. Routine tests 
of blood, urine and stool, liver and kidney functions and 
electrocardiogram result remained normal after treatment.

DISCUSSION

Follicular fluid consists of multiple hormones, 
fluid exuded from the blood circulation, and some 
other substances such as proteins and glucose, which 
accumulate among the granule cells around the follicle.(11) 
It plays important roles in nourishing the follicle, regulating 
the follicle maturity and ovulation, and preventing zona 
pellucid from induration so as to raise fertility rate.(12,13) 

Some proteins in the follicular fluid might be 

biomarkers of some reproductive diseases. Comparing 
proteins under a normal condition with abnormal 
with proteomics method, differential proteins could 
be obtained, which are the biomarkers of a disease. 
Kim, et al(14) studied the protein expression features in 
the follicular fluid of recurrent spontaneous abortion 
women and found 5 abnormal protein expressions, 
among them, expressions of f ibrinogenγ and 
antithrombin declined, which was closely related to fetal 
malformation and abortion.

The Kidney controls reproduction, follicular fluid 
belongs to "Kidney yin". Suffi cient Kidney-yin, especially 
Kidney-essence, is the base of reproduction. Patients 
with Kidney-yin deficiency syndrome would be infertility 
due to weakened reproductive function. Kidney-
essence may influence the quality of the embryo, its 
developmental potential, and even the child constitution 
after birth. Chinese medicines for nourishing Kidney could 
significantly improve the oocyte and embryo quality, as 
well as the clinical pregnancy rate.(15) Liuwei Dihuang Pill 
(六味地黄丸) was put forward in the Qing Dynasty, and 
has been used till now as a basic tonic prescription for 
Liver (Gan)-Kidney yin deficiency syndrome. There are 
many modifi ed prescriptions based from it. Studies have 
shown that LDG had immunoregulative, estrogen-like and 
reproduction-improving effects.(16-18)

This study observed the clinical effects and 
explored the mechanism of LDG. The results showed 
that LDG could improve the symptoms and the clinical 
pregnancy rate, one of the mechanisms may be 
through regulating the protein expressions in follicular 
fl uid to raise quality of the oocyte and embryo.

We found 14 differential proteins in the follicular 
fluid of the infertility women with Kidney-yin deficiency 
syndrome; compared with the syndrome-control group, 
5 protein expressions increased in the control group, 
among them, compared with the syndrome control group, 

Figure 2. Protein Expression Map in the Follicular Fluid of the 3 Groups
Notes: A, the treatment group (389±8 spots of protein expressions); B, the control group (390±11 spots); C, the syndrome-

control group (392±9 spots)

A B C
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expressions of retinol binding protein4, transthyretin, 
and apolipoprotein increased, while  complement C4-B 
decreased in the control group; in the treatment group, 
all the 3 increased expressions were lower, and the 
complement C4-B was higher than in the control group.

Transthyretin (TTR) was composed of 127 amino 
acids with relative molecular weight of 13758000 
and short half-life period. TTR combines thyroxine, 
triiodo thyroid amino acid, and retionl binding protein 
as a tetramer to transport the thyroxine.(19) Retinol-
binding protein 4 (RBP4) is a kind of protein with 
sole peptide chain, composed of 181 amino acids, 
relative molecular weight of 21000, which is one of the 
early diagnostic and therapeutic evaluation index for 
diseases of the liver and kidney.(20) Studies showed 
that it is relative to insulin resistance.  Takebayashi K, 
et al(21) found that in the patients with type 2 diabetes 
plasm RBP4 level increased significantly, positively 
related to the triglyceride level, and negatively to the 
high density lipoprotein. Klöting N, et al(22) reported 
that the RBP4 and TTR (transportprotein of RBP4) 
increased in the obese, and after 70-day-exercise, 
they both decreased, while insulin sensitivity raised.

This study showed that protein expressions of 
TTR and RBP4 elevated in the follicular fluid of the 
infertility patients of Kidney-yin defi ciency syndrome, 
while they declined signifi cantly in the LDG treatment 
group. Therefore, we deduced that the symptoms 
such as dry throat and mouth, dysphoria with feverish 
sensation in the chest, palms and soles, tidal fever 
and red cheek, emaciation, were related to the lower 
insulin sensitivity and imbalance of hypothalamo-
pituitary-thyroid (HPT) axis. 

Apolipoprotein (Apo) A-I plays an important role 
in cholesterol reverse transport, it efficiently binds 
to and mediates cholesterol and phospholipid efflux 
from human aortic smooth muscle cells;(23-26) it also 
showed antiviral and antiendotoxin action, and could 
downregulate neutrophil functions.(27-29)

Brown SA, et al(30) found that the level of Apo E 
in human ovarian follicular fluid was negatively related 
to serum estrogen. Zerbinatti, et al(31) reported that Apo 
E was a putative autocrine regulator of the rat ovarian 
theca cell compartment, which may induce apoptosis 
of theca and interstitial cells, inhibit androgen secretion 
from theca folliculi-interstitial cells, so as to decrease 

estrogen secretion.

Our study also showed that Apo E expression 
increased in the follicular fl uid of the infertility women 
with Kidney-yin deficiency syndrome, indicating the 
symptoms of Kidney-yin deficiency patients might 
related to lipid metabolism disorders.

Complement system exerts bacteriolysis, 
eliminating immunocomplex, promoting phagocytosis 
of phagocytes, and immunoregulation effects through 
different pathways.(32) Complement (C)4-B, as one 
of the main components in the classic and the lectin 
pathways, plays an essential role for complement 
system activation. Our study showed that C4-B was 
weakly expressed in the follicular fluid of infertility 
women with Kidney-yin deficiency sybdrome, 
indicating lowered activation function of complement 
system in infertility patients. 

In conclusion, this study confi rmed the favorable 
effects of LDG on infertility women with Kidney-yin 
deficiency syndrome, the mechanism may include 
infl uence on HPT axis, lipid metabolism, estrogen level, 
cellular immunity, activation function of complement 
system, etc. The differential proteins might be the 
action targets for the treatment of infertility with LDG.
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