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Clinical Efficacy Observation on Dysmenorrhea of Cold—damp Stag—
nation Type with Graphene Thermotherapy Based on the Idea of
TCM ''Preventive Treatment of Disease'

Jinghua LI' Siyuan XIN Fei GAO Jianén GUO Jinyang WU
Chengde Medical College Chengde 067000 China

Abstract Objectives
Methods 150 patients with cold-damp stagnation type were randomly divided into 3 groups: 50 cases in the experimental group ( using gra—

To explore the clinical efficacy of graphene waist protector on dysmenorrhea of cold-damp stagnation type.
phene waist protector) 49 cases in the blank group ( using the waist protector for removing the heating plate) and 51 cases in the control group
( taking the Tongjingbao granules) . After intervening for 3 menstrual cycles visual analogue scale and the COX menstrual symptom scale were
used to evaluate the clinical efficacy of graphene waist protector. Results The clinical effective rate of dysmenorrhea in experimental group
was 64.00% while that of control group was 72.54% . With the effective rate of symptoms the test group was 56.00% and the control group
was 64.70%; VAS dysmenorrhea visual score duration of dysmenorrhea severity of COX dysmenorrhea and duration of symptoms after inter—
vention were significantly decreased in both experimental group and control group the differences were statistically significant ( P <0.05) ; for
the differences of the scores before and after the intervention: the differences of the experimental group and the control group were statistically
significant ( P <0.05) compared with those of the blank group. There was no significant difference between experimental group and control
group (P >0.05). Conclusions
effects on dysmenorrhea of cold-damp stagnation type. Graphene waist protector can relieve the pain and its accompanying symptoms in patients

Graphene belt of experimental group and Tongjingbao granules of control group both have therapeutic

with primary dysmenorrhea of cold-damp stagnation type.

Key words Graphene Waist protector Cold-damp stagnation type Primary dysmenorrhea Clinical efficacy

1 Introduction
Primary dysmenorrhoea ( PD) is a kind of periodic lower abdomen
pain for females before and during the menstruation caused by non-or—
ganic lesion which have many symptoms such as soreness of waist
and legs inappetence weakness and so on' . PD is a common and
frequently-occurring disease for adolescent females also a periodic
chronic disease. Based on epidemiological investigation the incidence
rate has reached up to 30% -50% what$ worse that reached up to
64.8% among college students that high morbidity has had a strong
impact on female patients living quality >~ .
According to traditional Chinese medicine dysmenorrhea has

five types of syndrome such as qi-stagnation and blood stasis

qi and
in which

the incidence rate of dysmenorrhea of congealing cold-damp is the

congealing cold-damp liver depression dampness-heat

blood weakness and the deficiency of liver and kidney
highest in clinical practice *  whose aetiological agent is congea—
ling cold-damp and blocked meridian vessel the disease location
is uterus. Based on the therapeutic principle of " treating cold with
hot drugs" thermotherapy can effectively relieve the symptoms of
dysmenorrhea such as moxibustion electro-heating Bian-stone

thermal therapy and so on °~7 . On the basis of taking the patent

technology of graphene heating film as the new material combined
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with the principle of ergonomics and the physiotherapy effect of
far-infrared life light wave graphene abdominal protecting belt
was researched and developed which has the characterisctis of
rapid heating warm relieving pain and improving human immu-
nity and so on. In this study PD patients were taken as the re—
search objects to observe the curative effect of dysmenorrhea using
graphene waist protector thereby providing data support for its

clinical popularization and application.

2 Materials and methods
2.1 General materials Cases from Chengde Medical College
and Hebei Normal University for Nationalities were collected then
these cases were screened according to inclusion and exclusion cri—
teria finally 156 qualified cases were chosen subjects were ran—
domly divided into three groups based on the method of random
number table. In 52 females of the experimental group 50 females
were tested; in 52 females of the control group 51 females were
tested; in 52 females of the blank group 49 females were tested.

Total attrition rate was 3.84% which was less than 15%
ming to statistics requirement.

2.2 Baseline information of patients from three groups Ac-

confor—

cording to the comparison on the differences of age disease course
severity degree of the COX Menstrual Symptom Scale ( CMSS)
COX duration Visual Analogue Scale ( VAS) score and pain dura—
tion of three groups of subjects
significance ( P >0.05)
of subjects were balanced and had comparability ( Table 1) .

the differences had no statistical

showing that the baselines of three groups
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Table 1 Baseline information of subjects

Disease course

COX severity

Pain duration

COX duration

Groups Age VAS score .

year degree min min
Experimental group 50 20.72 +1.41°" 4.78 +1.89* " 14.94 +4.48* " 15.36 +4.61* " 6.36 +1.28" 4.50 £2.18*"
Control group 51 20.14 +1.97° 4.49 +1.84" 14.29 +5.49° 15.86 +4.60° 5.89 +1.51® 4.57 +2.19°
Blank group 49 20.33+1.44 4.82£1.95 13.53 £4.75 15.80 4. 68 6.41 +1.69 5.00 £2.20

Note: Compared with blank group a: P >0.05; compared with control group b: P >0.05.

2.3 Diagnostic criteria

2.3.1 The diagnostic criteria of Western medicine. According to
the diagnostic criteria of primary dysmenorrhea in Gynecology and
Obstetrics *

before and during menstruation; (ii) reproductive organ has not

(1) there is periodic lower abdomen pain for females

obvious organic lesion the secondary dysmenorrhea like endome—
triosis and adenomyosis etc. is ruled out.

2.3.2 The diagnostic criteria of traditional Chinese medicine. By
referring to congealing cold-damp dysmenorrhea in Guiding Princi—
ples for Clinical Research on New Drugs of Traditional Chinese
Medicine °

the menstruation

there is lower abdomen crymodynia before and during
dark

or menstrual blood loo—

pain relieved by heat hypomenorrhea
menstrual blood or menstrual blood clot
king like black soya bean juice chills cold hands and feet whit—
ish glossy coating of the tongue deep wiry pulse or tight pulse.
2.4 Inclusion and exclusion criteria

2.4.1

dysmenorrhea from Western medicine and were diagnosed as con—

Inclusion criteria. Subjects were diagnosed as primary

gealing cold-damp dysmenorrhea from traditional Chinese medi-
cine; menstruing cycle was periodic; one month before the experi—
ment there were not any other treatment means such as taking
pain killers orally moxibustion and so on; subjects must volun—
teer to participate in the experiment and sign informed consents.

2.4.2

disease

Exclusion criteria. Patients with cardio—cerebrovascular

hepatopathy and nephropathy — pregnant or lactating
women and unqualified persons caused by other reasons were ex—
cluded.

2.5 Therapeutic effect index

2.5.1 VAS scale. Pain degree was showed by 10 ¢cm ruler ruler
0 and 100 mm respectively represented painless and the most pain—
ful; subjects marked the pain degree on the ruler of testing record
sheet.

2.5.2 CMSS scale. CMSS scale was used to grade the pain de—
gree of lower abdomen severity degree of simultaneous phenome—
non and duration of symptoms of subjects S—point scoring method
was adopted. (i) Severity degree: O point represented no uncom—
fortable; 1 point represented perceptible; 2 points represented
symptomatic but did not affect the life; 3 points represented
symptoms already affected the life; 4 points represented symptoms
seriously affected the life. (ii) Duration: The duration of symp—
toms was divided into0 <3 h 3-6h 6-12hand 12-24 h
which respectively represented O point 1 point 2 points 3 points
and 4 points. Severity degree and duration of symptoms were re—
spectively scored. The accompanying symptoms included nausea
emesis inappetence headache pain/soreness/heaviness in waist
and back pain/soreness/heaviness of legs dizziness fullness in
head lacking in strength depression and so on.

2.5.3 Criteria for overall clinical efficacy of dysmenorrhea and
clinical efficacy of accompanying symptoms. The criteria were
drawn up by referring to Criteria for Diagnosis and Clinical Effica—
¢y of Diseases from Traditional Chinese Medicine '° . Overall clini-
cal efficacy: remarkable effect meant the integrals of lower abdo—
men pain and duration after the intervention respectively fell to less
than 1/2 before the intervention there were not uncomfortable
symptoms like dizziness and palpitation etc. ; effect meant the in—
tegrals of lower abdomen pain and duration after the intervention
respectively fell to 1/2 —3/4 before the intervention and other
symptoms turned good; no effect meant lower abdomen pain and
other accompanying symptoms did not alleviate obviously and even
worsened. Clinical efficacy of accompanying symptoms: Remarka—
ble effect meant the integrals of COX accompanying symptoms and
symptom duration after the intervention respectively fell to less
than 1/2 before the intervention; effect meant the integrals of COX
accompanying symptoms and symptom duration after the interven—
tion respectively fell to 1/2 —3/4 before the intervention; no effect
meant accompanying symptoms did not alleviate obviously and even
worsened.

2.6 The drop-eut and discontinuation of cases (i) The de—
pendency of subjects was poor they still disobeyed and did not co—
operate after repeated explanations by doctors and quit on their
own. (ii) During the experiment subjects had serious adverse re—
action and complication or the patients “ condition worsened so
these subjects could not participate in the experiment. ( iii) Dur—
ing the experiment subjects assertively changed therapeutic meth—
ods and experienced other therapeutic methods.

2.7 Test methods

2.7.1 Experimental group. Danbao graphene waist protector pro—
duced by Shenzhen Grahope New Materials( GNM) was used; gra—
phene thin film of the waist protector was put on the hypogastrium
when using then the waistband was tied up and adjusted to com—
fortable temperature by yourselves such as red yellow and green
lights were respectively adjusted to 45°C 40°C and 38°C

used no less than 3 times a day and no less than 60 min at a time.

that was

2.7.2  Control group. Yueyueshu Tongjingbao granules produced
by Henan Wanxi Pharmaceutical Co. Ltd. were taken orally
each bag of granules contains 10 g net the medicine should be
taken with boiled water twice a day and one bag once.

2.7.3 Blank group Danbao graphene waist protector without
graphene heating film should be used every day and no less than 3
times a day no less than 60 min once.

2.7.4 Course of treatment Patients of each group were inter—
vened at the 7th d before the menstruation which was finished at the
3rd d after the menstruation one menstrual cycle was one course of

treatment and each group was intervened for 3 cycles continuously.
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2.7.5 Obvervational index

COX menstrual symptom scale. The three groups were all evalua—

Visual analogue scale ( VAS) .

ted in each menstrual cycle timely using VAS and COX scale and
observed for 3 menstrual cycles continuously.
2.7.6 Statistical methods

SPSS( v17.0) software was taken for statistical analysis mean +

Excel was used for logging data

standard deviation ( x +s) was adopted for measurement data;
paired t-test or Wilcoxon rank sum test was used for the compari—
son between pre-intervention and post-intervention within each
group one-way analysis of variance or Kruskal-Wallis one-way a—
nalysis of variance ( & sample) was used for the comparison a—
mong groups x° test was used for statistical analysis of measure—

ment data. P <0.05 showed that the differences had statistical

significance.

3 Results

3.1 Comparison on the overall clinical efficacy after the in—
tervention Overall clinical effective rate of dysmenorrhea in the
experimental group 3 months after the intervention was 64. 00%
while that of the control group and the blank group was 72. 54%
and 2. 04%
among the three groups had statistical significance ( P < 0. 05)
( Table 2) .

respectively the differences of the effective rates

Table 2 Comparison on the overall clinical efficacy of each group 3 months after the intervention

Groups Case number //cases  Remarkable effect //cases  Effect // cases No effect // cases  Effective rate // % XZ value P value
Experimental group 50 8 24 18 64.00 67.847 <0.001
Control group 51 20 17 14 72.54

Blank group 49 0 1 48 2.04

3.2 Comparison on the clinical efficacy of accompanying  trol group and the blank group was 64.70% and 2.08% respec—

symptoms after the intervention The clinical effective rate of
accompanying symptoms of dysmenorrhea in the experimental group
3 months after the intervention was 56.00% while that of the con—

tively the differences of the effective rates among the three groups

had statistical significance( P <0.05) ( Table 3) .

Table 3 Comparison on the clinical efficacy of accompanying symptoms of each group 3 months after the intervention

Groups Case number //cases ~ Remarkable effect //cases  Effect // cases No effect // cases  Effective rate // % XZ value P value
Experimental group 50 6 22 22 56.00 48.733 <0.001
Control group 51 11 22 18 64.70
Blank group 49 0 1 48 2.08

3.3 The improvement on scores of COX dysmenorrhea
symptom scale after the intervention
the comparison on the scores of COX dysmenorrhea symptom scale

Intra—group comparison:

between pre-intervention and post-intervention respectively in the
experimental group and the control group was carried out showing
that the differences had statistical significance ( P < 0. 05) ; the
comparison on the scores of COX dysmenorrhea symptom scale in
the blank group showed that the difference had no statistical signif—
icance ( P >0.05) .

Comparison among groups: compared with blank group the
difference value on the scores of COX dysmenorrhea symptom scale
between pre-intervention and post-intervention in the experimental
group and the control group showed that the differences had statis—
tical significance ( P <0.05) ; compared with the control group
the difference value on the scores of COX dysmenorrhea symptom
scale between pre-intervention and post-intervention in the experi—
mental group showed that the difference had no statistical signifi—

cance (P >0.05) .

Table 4 The improvement on scores of COX dysmenorrhea symptom scale after the intervention ( x +s)

Case number Before the intervention

After the intervention Difference between pre-intervention

Groups . . . .
cases points points and post-intervention
Experimental group 50 14.94 £4.48 9.26 +4.47* -5.68 £0.86%
Control group 51 14.29 +5.49 8.53 +4.71" -5.76 +1.10¢
Blank group 49 13.53 £4.75 12.76 £4.02°¢ -0.78 £1.43

Note: Intra-group comparison: compared with baseline value a: P<0.05 b: P<0.05 ¢

d: P <0.05; compared with control group e: P >0.05.

3.4 The improvement on the duration of dysmenorrhea symp—
toms after the intervention Intra-group comparison: the compari—
son on the scores of the duration of dysmenorrhea symptoms between
pre-intervention and post-intervention respectively in the experimen—
tal group and the control group was carried out showing that the
differences had statistical significance ( P <0.035) ; the comparison

on the scores of the duration of dysmenorrhea symptoms between pre—

P >0.05; comparison among groups: compared with blank group

intervention and post-intervention in the blank group showed that the
difference had no statistical significance ( P >0.05) .

Comparison among groups: compared with blank group the
difference value on the scores of the duration of dysmenorrhea
symptoms between pre-intervention and post-intervention in the ex—
perimental group and the control group showed that the differences

had statistical significance ( P < 0. 05); compared with control
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group the difference value on the scores of the duration of dys—

menorrhea symptoms between pre-intervention and post-interven—

tion in the experimental group showed that the difference had no
statistical significance ( P >0.05) .

Table 5 The improvement on the duration of COX dysmenorrhea symptoms after the intervention ( x +s)

Case number Before the intervention

After the intervention Difference between pre-intervention

Groups . . . .
cases points points and post-intervention
Experimental group 50 15.36 £4.61 11.52 £4.24* -3.84£2.01%
Control group 51 15.86 £4.60 9.41 £4.70" -3.69 +4.23¢
Blank group 49 15.80 +4.68 15.04 £3.71° -0.76 £1.53

Note: Intra-group comparison: compared with baseline value a: P <0.05 b:

d: P <0.05; compared with control group e: P >0.05.

3.5 Comparison on VAS dysmenorrhea scores of two groups
of patients between pre-intervention and post-intervention
Intra—group comparison: the comparison on VAS dysmenorrhea
scores between pre-intervention and post-intervention respectively
in the experimental group and the control group was carried out
showing that the differences had statistical significance ( P <
0.05) ; the comparison on VAS dysmenorrhea scores between pre—
intervention and post-intervention in the blank group showed that
the difference had no statistical significance ( P >0.05) .

P <0.05

¢: P>0.05; comparison among groups: compared with blank group

Comparison among groups: compared with blank group the
difference value on VAS dysmenorrhea scores between pre-inter—
vention and post-intervention in the experimental group and the
control group showed that the differences had statistical signifi—
cance (P <0.05); compared with control group the difference
value on VAS dysmenorrhea scores between pre-intervention and
post-intervention in the experimental group showed that the differ—
ence had no statistical significance ( P >0.05) .

Table 6 The improvement on VAS dysmenorrhea scores of two groups of patients after the intervention ( x +s)

Case number Before the intervention

After the intervention Difference between pre-intervention

Groups . . . .
cases points points and post-intervention
Experimental group 50 6.36 +1.28 3.46 +1.70* -2.90 £1.73%
Control group 51 5.89 +1.51 4.00 +1.91" —1.89 +1.361
Blank group 49 6.41 £1.69 6.18 +1.78°¢ -0.23 £0.56

Note: Intra-group comparison: compared with baseline value a: P <0.05 b: P <0.05

d: P <0.05; compared with control group e: P>0.05.

3.6 Comparison on dysmenorrhea duration of two groups of
patients between pre-intervention and post-intervention In-
tra-group comparison: the comparison on scores of dysmenorrhea
duration between pre-intervention and post-intervention respective—
ly in the experimental group and the control group was carried out

differences  had

(P <0.05); the comparison on scores of dysmenorrhea duration

showing that the statistical ~ significance

between pre-intervention and post-intervention in the blank group

showed that the difference had no statistical significance

¢ P>0.05; comparison among groups: compared with blank group

(P>0.05).

Comparison among groups: compared with blank group the
difference value on scores of dysmenorrhea duration between pre—
intervention and post-intervention in the experimental group and
the control group showed that the differences had statistical signifi—
cance ( P <0.05); compared with control group the difference
value on scores of dysmenorrhea duration between pre-intervention
and post-intervention in the experimental group showed that the

difference had no statistical significance ( P >0.05) .

Table 7 The improvement on scores of dysmenorrhea duration of two groups of patients after the intervention ( x +s)

Case number Before the intervention

After the intervention Difference between pre-intervention

Groups . . . .
cases points points and post-intervention
Experimental group 50 4.50 +2.18 2.46 £1.79* -2.04 £1.78%
Control group 51 4.57 £2.19 2.86 £1.82" -1.71 +1.11¢
Blank group 49 5.00 £2.20 4.61 £2.12¢ -0.39 £0.57

Note: Intra-group comparison: compared with baseline value a: P<0.05 b: P<0.05 ec:

d: P <0.05; compared with control group e: P >0.05.

4 Discussions

Primary dysmenorrhoea belongs to the category of " dysmenor—
thoea" in traditional Chinese medicine. Complete Collection of Pre—
scriptions for Women recorded that "for the women with dysmenor—
which is bad for
Chong pulse and Ren pulse. .. blood is invaded by cold wind

rhoea the cold wind invades uterine vessels

blood and cold wind collide with each other thereby causing the

P >0.05; comparison among groups: compared with blank group

pain. " Primary dysmenorrhoea is mainly that cold-evil rushes into

uterus and damages Chong pulse and Ren pulse thereby causing

the disorder of Qi and blood of Chong pulse and Ren pulse stag—

"

nation leads to pain the therapy is " warm therapy". At present

moxibustion therapy or taking warming and activating meridian
drugs orally has been the main therapy clinically to cure the dys—

menorrhea of cold-damp stagnation type >~° "' .
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At present graphene is a thinnest novel nanomaterial with the
maximum intensity and the strongest electrical and thermal per—
formance in the world is also known as " the king of new materi—

al" 2

length of far infrared radiation is very close to that of human body

It has strong infrared radiation performance its wave

thus having physical therapy effect ® . Lier al. " made the phar—
maceutical effect release at the therapeutic target by modifying
combined with the characteristics of high absorbability of near-in—
frared radiation and high specific surface area of oxidized gra—
phene which not only gave play to the effect of chemotherapy and
the irradiation of near-infrared light but also played the role of
phototherapy. Graphene waist protector produced by combining
graphene technology with the principle of ergonomics and the phys—
iotherapy effect of far-infrared radiation had the characterisctis of
rapid heating warm relieving pain and improving metabolism
and so on which had unique advantages in the treatment of dys—
menorrhea.

In this study after intervening for three months in the experi—
mental group and control group overall clinical effective rates of
dysmenorrhea in the two groups respectively reached 64.00% and

72.54% which

showed that graphene waist protector in the experimental group and

the differences had statistical significance

Tongjingbao granules in the control group both had therapeutical
effects on cold-damp dysmenorrhea; compared with blank group
VAS dysmenorrhea visual scores scores of dysmenorrhea duration
scores of COX dysmenorrhea symptoms and duration all were im—
proved obviously and the differences had statistical significance
showing that graphene waist protector in the experimental group
and Tongjingbao granules in the control group both could relieve
the symptoms of dysmenorrhea of cold-damp stagnation type and its
accompanying symptoms but the effects of improving the VAS dys—
menorrhea visual scores and scores of dysmenorrhea duration in the
experimental group were better than those of the control group
however the difference had no statistical significance thus these
could not show that the effect of relieving pain in the experimental
group was better than this in the control group.

In general the effects of graphene waist protector on relieving
the clinical symptoms of dysmenorrhea of cold-damp stagnation
type and its accompanying symptoms were doubtless and its miti—
gative effect may be superior to Tongjingbao granules; according to
the analysis it showed that graphene waist protector can directly
act on the abdomen which on the one hand made local skin tem—
perature rise by warm and hot stimulation skin hemangiectasis
and blood flow quicken thereby giving play to the role of warming
and dispelling coldness. Warming itself also can stimulate the
channel and acupoint of lower abdomen the acupoints of Qihai
and Guanyuan of the position are the common acupoints for treating
dysmenorrhea clinically " . On the other hand the vibrational fre—
quency of far infrared wave emitted by graphene waist protector was
close to that of cellular elements inside the human body thereby
generating thermal energy by molecular resonance causing tem—
perature increment promoting blood circulation especially speed—

ing up microcirculation improving oxygen supply = strengthening
cell regeneration ability allaying tiredness improving the immuni—

ty of the organism giving play to the role of calming the spirit and

5-

easing pain ' . The method provides a new way for treating dys—

menorrhea it is noninvasive and no toxic side it deserves further
development and promotion. It is necessary to further observe the
effects of moxibustion and graphene waist protector on relieving the
dysmenorrhea of cold-damp stagnation type.

In the study

controlled trial the sample size was small

the experiment was small sample randomized
thus the power of test
was low thereby afftecting the intensity of argumentation on the
true result. In the future large-sample and multicenter randomized
controlled trial should be carried out to comprehensively evaluate

the therapeutic effect of graphene waist protector.
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Fig.2 Comparisons of rat left foot thickness among different groups ( x
+s n=8)

sis. In the two moxibustion groups the pathological changes such as
inflammatory infiltration fibrosis and angiogenesis were alleviated
and the moxibustion effect of the AB group was better than that of the
CD group ( observed under a 400old optical microscope) .
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Fig.3 Morphology of synovial tissue of rats in the experimental

groups ( optical microscope 400 x)

4 Discussion

Complementary acupoints are based on the theory of meridians and
acupoints with the theory of acupoints with yin and yang as the
core. Its effect in clinical treatment of RA is remarkable with ac—
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curate and convenient acupoint location. In previous clinical and
experimental studies researchers have used moxibustion at Shens—
hu and Zusanli points as one of the routine treatments for RA and
its effects have been unanimously recognized by researchers *~°

As a traditional Chinese medicine moxibustion is a combina—
tion of warming action moxa efficacy and special action of acu—
points to produce a comprehensive therapeutic effect. In this ex—
periment the complementary points of Yinlingquan and Yan-
glingquan were selected as research points and the anti-inflamma—
tory effects of moxibustion and the synergistic effect of complemen—
tary acupoints were combined to study the therapeutic effect and
mechanism of moxibustion at complementary acupoints on CIA
rats so as to supplement the theoretical basis and method for clin—
ical treatment of RA.

The results of this study showed that under the combination of
synergistic effect of complementary acupoints and the immunomod-
ulatory effects of moxibustion in terms of left foot thickness and
pathological changes of the synovial tissue in the AB and the CD
group the advantages of combining moxibustion with complemen—
tary acupoints were observed. This might be related to the posi—
tional advantages of the complementary acupoints of Yinlingquan
and Yanglingquan which were close to the lesions and the special
synergistic effect of complementary acupoints. The therapeutic
mechanism of moxibustion at the complementary acupoints of Yin—
lingquan and Yanglingquan on RA still needs further study.
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Therapeutic effects of graphene thermal therapy for benign thyroid nodules

REN Huiya', GAO Hongbo’, LI Yueqiu®, LI Aihong', ZHANG Guilin', LI Jinghua®

1. Department of Endocrinology, Baoding No.1 Hospital, Baoding 071000, China; 2. Department of Cardiology, Baoding No.1 Central
Hospital, Baoding 071000, China; 3. Grahope New Materials Technologies Inc., Shenzhen 518057, China; 4. Department of Preventive
Medicine, School of Traditional Chinese Medicine, Chengde Medical College, Chengde 067000, China

Abstract: Objective To explore the responses of benign thyroid nodules to graphene thermal therapy. Methods A total of 97
patients with benign thyroid nodules were enrolled in this study and then randomly divided into control group (n=47) and
treatment group (n=50). Control group did not receive any intervention measure, while treatment group received 4 courses
(120 days) of graphene neck protection bandage treatment. The maximum diameter and maximum cross-sectional area of
the thyroid nodules before and after treatment in both groups were measured with ultrasound. Thyroid functions (FT;, FT,
and thyroid stimulating hormone) in both groups before and after treatment were detected by direct chemiluminescence.
Results The maximum diameter and maximum cross-sectional area of the thyroid nodules before and after treatment
showed no obvious changes in control group (P>0.05). However, the maximum diameter and maximum cross-sectional area
of the thyroid nodules in treatment group were reduced by (0.17+0.13) cm and (0.41+0.45) cm’, respectively (P<0.05). The
hyroid functions remained stable in both groups before and after treatment (P>0.05). Conclusion Graphene thermal therapy
which can reduce the maximum diameter and maximum cross-sectional area of benign thyroid nodules and has no
significant effects on the thyroid functions is worthy of clinical application.

Keywords: thyroid nodule; grapheme; thermal therapy; maximum diameter; maximum cross-sectional area
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1.1 M&

TEHULE LR 55— R B (ARG HH 1 HER AR S 1
L9751, o, 55 28 441, 4z 69 141], I RfAIL 43 A X 1R
HANAIFLH . XS IRAL 47 1], P H4F0% (44.19+11.96) %/
TR AHE £ (24.78+3.39) kg/m?; 1AV TLH 50 ], F-H4F S
(47.94+9.54) % KT HEHE 41 (24.42+2.94) kg/m’,

1.2 NiktriE

AEFREALRE . (1) AE<T5 % 5 (2) A IESE M B
K2 K SRS B REETY EAR N 5~25 mm; (3)
ARBRIIREAEIE T EE N o HEBRARAERE : (1) HARAR D)
RESEH 5 (2) HURBR = DI BEMRIRT 5 (3) A M HUR AR 5
(OFARRIRAR ; (5) HEARRRES T oA Fe bRy (6)
HERTAR JEHRIT S 5 (7) BV s
1.3 BT A%

X BREH AN SICHEATART T 100, A7 408 R A S50
RHH B AP 20 B R T 25 39 °C, FlTE U HUIR R
SEVTAL, RN RN AT B2 007 30 min, JELE
i 20 dJSREL 10 d y— Y7 FE, 4 7R (2R 120 d)
Je A R R 7
1.4 WELIEHR

X RRLH NG AL TR A N CRH HDY
ATHLIR AR PRI, 4K AR L12-5, 451% 4 8.8 MHz,
BEASTREE (DPT) H 40 mm, 3425 (GAIN) 24 33/100 dB,
TGCIAZEH I, LSRIAY T RTE ML HORIRES T i
K EA% (Maximum Diameter, MD) , J&J7 R MDI , J877
J& S MD2 ; B KR #E A A (Maximum Cross-Sectional
Area, CSA) ,JAITHIN CSALI6YT I H CSA2, £ K5E
PEEE T LUK FRIRES 1o . 2 IS ik 3 mL,
S B IS R IR R T BB (% (8 : FT; 3.5~6.5 pmol/L;
FT,11.5~22.7 pmol/L ; TSH 0.35~5.50 mIU/L ) , 1% %
VG XP RN o B A R kA
RARERG A 35 i [R]— 24 e A e I B TR A 454
DA N TR
1.5 Grit=4bE

iz I SPSS 22.0 Bt A ki v Ge it 5. it
B PORER bR E 22 0N R L e KL 0 2017 e
BT RER F n (%) 2w IR RO b A7 e
B P<0.05 Fon = A gt .

2 82 B

2.1 —ERILEE

TRITRIPLLER B AR 5] A 8 BO% IR AR
2597 MD FIICSA b, 2 R TE80 -2 L (P>0.05),
W1,

1 MLAE AR (2 +s)

Tab.1 Comparison of general information between two groups (Mean+SD)

el e

205 n R 5

MDl/cm  CSAl/em’

4 $/kg-m?

WAL 47 44.19£11.96  17(36.2%)

VBRI 50 47.9449.54  11(22.0%)

30(63.8%) 24.78+3.39  0.91+0.35  1.86+1.36

39(78.0%) 24.4242.94 0.77+0.36  1.53+1.54

MDI1 RIF AT OR AT s CSAL IR Y7 Fi e Rl i i FAe

2.2 MARERTHIERRIRIIEEEN
PIAL R E IR YT AT HUIR IR DD BE LU, 22 5+ 44 4t

P27 L(P>0.05) 3677 Ja P4 3 HUIR IR Th RE L
B, 2RISR L (P>0.05), W3k 2,

R2 ATTAIEFRREBRINGELL R (2 £5)

Tab.2 Comparison of thyroid function before and after treatment (Mean+SD)

PPl WY IS
251 n
FTs/pmol-L" FT./pmol-L' TSH/mIU-L" FTs/pmol-L"  FT./pmol-L* TSH/mIU-L"
X IEH 47 4.97+0.57 16.39+2.53 1.90+1.11 5.12+0.77 16.21+£2.12 1.93+1.12
IRIT 50 4.96+0.47 16.15+1.87 1.77£1.05 5.01+0.49 16.17+£2.10 1.89£1.16

TSH i HFUIR IR &
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2.3 JBITRIE A E BIRARZE 15 MD #1 CSA EEE
X RRZH 285 120 d AUREE, 45 5 /R MD1 5 MD2
J CSAL 5 CSA2 Lb#, 22 o4t it2¢ s L (P>0.05)
BT ZE 120 d 93RYT ,MDI1 5 MD2 i & BT
Jii R PR 255 MD 3877 (0.17+0.13) cm; CSAT 5 CSA2
A R IRAST I F R ARZS 5 CSA I8/ IN(0.4140.45) e,
A G E L (P<0.05), L33,

R3ATAERRBRETEAEEMEAESEERER(x+s)
Tab.3 Comparison of the maximum diameter and maximum cross—
sectional area of the thyroid nodule before and after treatment
(Mean+=SD)

YRITHT BITE
MDI1/cm CSAl/cm’ MD2/cm CSA2/cm’

25 n

XTHRZH 47 091035 1.86+1.36  0.93+0.36 1.90+1.40
VAT 50 0.77+0.36 1.53+1.54  0.61+£0.31%°  1.12+1.24**

HARIT G HLEL, P<0.05 5 “1RYT L0 BRELIRYT IS LE#L, P<0.05.
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TSR D RERE A SCHb, (A= 2R 7 3R 38 PA K
A1 SRR AN R Gl A M o3 2 [ AR A
—E MR AT AR R T A S 0 S AT AR
BV LLAN A SR iz T T A By 7 L RN
PROR A AU A SR IR L AN I Oy 4~
14 pm, 7E2E 21 SN B, A s iR A 4
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Fig.1 Infrared spectrum of graphene thermal film
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Fig.2 Nonthermal effect of far infrared radiation
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[(HE] BN NELEREGRETVRIETHRXATEELT X (KOA) WIEKRTH, HBER
BRFRANETRATEMRXRTRAF Tk, Fik BFHEITE _ARERTEFHH
12697 HI KOA B 126 ¥, HMHLA N A 2HRERETIFRIETH (62 ) R b HERK
BTHAETE (646D » 2ANERALTHEHNERTRR - ESAINER. £8 D
FERAERBRBRETFRANERSATRARMK THEA, 7 E2EERETHRENIERT
AL R E 88.7%; X P 54.7%, P<0.05, =R AR UFEN. 2) EHAA EHEGHET
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BlIER, B—MEE. HBWTE,
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PR, BRZRHER RO EE RS .
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2,241, 34 SRABENLE T RIER 126 5] KOA I B EBEHL > 2. 097 T4 A&
17 B e BT SRR T 4H 62 45, o 55tk 24 9, Lok 38 45, T4 58. 714,20 % ¥Ry T4
WIEIT A 64 4, Horb e 25 1, Lotk 39 ], P61, 1+£4.72 % . AL — RGBT
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RITALIRTT G I =40 8 0 it , KA SPSS 11,0 fEFCH t f46%, P < 0.05 FRZER
BB G533

2 R

2.1 P4 KOA B IRTT 5 AT G, R 1.

® 1 PIALKOA FBFEIRIT A Bk 7 A% il

ZH ) R it R i 7= LR
=854  70-854F  60-69 7 <59 %

wIT T 624 31 43 24 41 5 43l 2 1 88. 7%

WP 6414 8 13l 27 151 17 %1 12 %1 54. 7%

T S 1989 3 EIE RTINS0 R S5 KSS YR AT W .
JERE XA 126 61 KOA B 3F 697 5 JHEAT BARIT R0 HT, 45 REIR: AR ae T IR 4L
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UF R IEARAE IR G2 fife 3, I HA v -3 4
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5 54 (steps/min) A (s) B E (cm) 5 (em/s)
T Tm | cm | e | mm | cm | p@m | Bm | tE | PE | WE | t@m | P@
YBIT HT 101. 87 1.21 104. 43 90. 04
- 3.080 | 0.004 2.795 | 0.008 3.939 | 0.000 4.223 | 0.000
BIT G 106. 80 1.14 111.93 100. 87
5 54 (em) HAEK (em) PR Am#%E (cm) JESTHER (%)
A YA t{E P{E WiE t{E P1E WiE t{E P{E WiE t{E P1E
YBIT R 52. 02 52. 41 5.35 60. 76
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AR5 4: e )b (S )7 ST

SBRREY, & g & M, BWA!
(. FINKE HEHSB42REERYIEER S HERBRETT TEIZBRE H 518060;
2V MA G SRIHETHEEFRAT E1 518057)

E: 21404 (Infrared Ray) HEERFREFRT 1800 £ X H. LS EMBEK AT IL
XNFRE. UG EREREFREBRNARE, PAREWB LA EREWRE, Wb
SEERENRANKSTFHRBBFBEALTHENEE, FALFEARE. TRKNED
SR REARAS T B RRRGE TR, FAMGEENAMLE, WEASERLTEY
RAWEES. AT SHRBYEAER: Goke. BFhtl. BREERGRS. #
NEME. FRESEL. THER. BARRRE. BEOESERSHITR.

XEE: a4 AWRE; BWERBA; was

Biological Effect of Infrared Ray and Its Clinical Application

FENG Xiaoxing'?, LIYan', YU Hang', GE Binjie'
(1. Shenzhen Laboratory of IC Design for Internet of Things, College of Computer Science and Software Engineering, Shenzhen
University, Shenzhen 518060, China; 2. Shenzhen KGM Company Ltd.)

Abstract: Infrared ray was discovered by German scientist Hoshel in 1800. In the solar spectrum, the
infrared wavelength is between visible light and microwave. Infrared has multiple beneficial effects to
the organism, which are divided into thermal and non-thermal biological effects. Near infrared is
mainly absorbed by water molecules which causes destruction of intermolecular hydrogen bonding,
and the water will be activated. The absorption of far infrared rays will cause the quantum vibration of
amide bonds in protein molecules. Therefore, the biological energy can be smoothly transferred from
one place to another, which will keep life in normal state. Infrared therapy has a beneficial effect on
various diseases: wound healing, blood circulation, diabetic foot, hypertension, relieve stress, bad
sleep quality, pain, hyperglycemia and so on.

Key words: infrared, biological effect, clinical application, far infrared

0 5|5

AHRRRGFET KLY, EERERET/RT 1800 ERI T AL, ERMNIETS, aHL
BB KT A A UM TR, SKEEN 0.75~1000 pm. AAMETHA=84, KR 0.75~1.5um
[EENELLSr, BKE 1.5~6um Z KOs, LULREKAN 6~1000 um 2 (& T 5.

AL T YRR = ER MR, ABMEB MBIEH . XEMLEBRAILR. RFAREKER
SRR, LSRR ATLMEEMARNEKRE, EET LINTRANEBET LR, flfoitss
& EIRE., BRREBRERE. WiTRME. SFREEES. MEIZRH. MITmRERE. R ms
SRR F TR

AR ALK ERAF ARSI AEE RMRRL, TFEROLBR T ERRMNS T RS /K
Kit. HRAALI ARKERNEF S TL2EN, BRAS5E, TEMREHERE.
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SEBHANBRLIIMABLINEZRBIN BN RBRUHESE

EXERNBTLMEEDRN, HHER T FIELS TS AR, REEHARN S
FHRARAILTRMOERANE, K, XEMTT BRIAIMTEER KRENT R XENEE T
Rxt B AT AR AR SR E.

1 OSNERI BN

1.1 ELS KB EXIER

IFEELERMAZLAMEKEZ S, EREIBEETSULNEE 76 il. EOHMKERRKS HiE
LSRR T E R, HARAELHNKERRS LKA, B, M. RREERE
EETLRAENBR, MEFKUEEXEENHEE, BOWKEFEKFEGFBKER. KHF. KHH.
BT AMMBER, #ERDMKERDNYFRIEIANFRKN,

MREREY, KoTHEED, KO TFHREERNEBARESE, Ko TFEMAENIIRREBR,
SFHFEAEEREK, FTRABREBHA. BE. KRB0, OSSR A YR, M THEKEe
W KEEMEFROERREZWL, WK FHEPKSFHAE, ATLL MK EYRES R, #8
A R B R AR LA B R R AR BE R . KRR/ FHEIKHE 5~8 MK FEKR, EERES
FIERFME TR, Pl K-S T, MBKS FZEMAERG|EARER, BIaammk
KK REME, KA FE. BT, BERR/NGFRK, HEERDKS FEKLGES, @dsbm
FeB SRR AER, CRBSEESTRERPHEN. Hil, FHEIMNESE. SMmBigix.
BOLE SR BB MAEE HER R K FRAN.

KPEEKBENFER, XMHBSBARERG THSEENRAEE, FAFTUREN TR, &
EET (>1000C) FHEBTLIHEWESR, BB 17~23 ki/mol, BE XEOEREHIR, HEABUE
AHREBHSRAHEERGE . ARAEEEERRT OH HEBKNEA. URAE 2007EENERMN
BERARAMHTN, MEABNBKEYWHBEEANEENRER, MESBRBKMEN, 28EER
BEFER. BERENAR, ABRAHERHNES, S8EERE Y, BHEROWMBERI KT
B BE B (E 1K 5 FRERE AN

HREH, 2 FEEENRINFRERLINE (10~500cm ), HF AN 350 cm™' AR ABAK
SFENOHRERX, HLWEFEFERTHE B, HHEKERANELIRIERT/KE, RIERNMN
KM PIEEGERE, RO ES5KSFRERHR, EREH &K FRIARITHFMERNIKS FHE.
R, KETLIMEFPIERT, KNG ER> FRARERENE, AEROB+IRES S TA
RREIK 5y F B AL 6~8 MNK 4 FAMEI/-DERE, BI/NFFHEIK.

KaFHBEN, KBRS, BEH. R §E. AN9RE, ATTREFEER,
NS FERZK AT LA SR A M4 O ST AR L A A8 BEVE I DA R GUB Thigk, IXFE R K L FRoIE Lk CL,
EHKBEEAS FRAZEHE/D, BREEKEEIMM, A4 —cBNBEAE FEHE, &N
HERETFERERAMEAREGE. BURERNIER, M FRERKHENMERA, 7T{E3HHMR0H
PR, WSRAEMIE S, NERKMER, HETERMANS AR,

Bt xR RN KRB A LR R RIS, L FE KA KR NBEERRESS, &G0
DA FI PR Bk B RO E D), RS MoK RS R EE /38598, ATEMEHKK S EBME, HmE
R AL R R if SR ULAE A ATP BRAWE T, ¥R /B BE RS ML AU L AR R 1, AT = A2 380 53
AR R . BT EAKMBERERTEEK, BN TYRESELERD, ERTHEE
EIE, (RHMMA Na®. Ca' B TAMA, XA — 2R b0 5 0 [E R mE B &AM Na*. Ca™ B
FIRET B MR B UAEM. Rotzingel® IR LI, ANKSTHETE V', M Z&BETHRAKE
¥, EREFHAEE 6 MK FrHR, FHFEIRAETE, EHTRXMEMRRESE. XMAKED
A CABUF B KB R, B — e s8I,
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EEETABLIMABLIEZRBHT SR L RRIHEEL

KESEEMEDRGEEFERTRES, SHEMETIEER IS TEUMERE. FNESFEN
REIH, KRUSFEHEAGEEFSERM, KOMNEWRNZEEHRSER T EYWAS TR R
RAEYERE.

Davey'M& NI AL, ER/MEREE, BAERKS DNA 2B 5K T 08 1E B REN,
HERFEEA-DNA HFERIME, HAKHEHa EBHRE SR AAMHEEN DNA SEMEHETSHR.

MEMELA (bacteriorhodopsin, EiFR bR) REHEAENN—FELAR, BEELRESRET
BHRE, R TR ATP B)& . 7E bR WA 8 NMEFIFFHIKD TR UEER A (R Fems, Rt
W4 R bR ESEMREERM,

AEBERRMEYR S FIEEN—TEERR, HADRBRT &Pk st 14 ik 8 IR 1 & R AR .
VKRS TFAMGEEKNAREHAR, KAFEBHARKEN, BHPRA DSC HiExt ARFEL
FIK R+ I BN UK S TR R A X B A R A M BT Jr S T AL BT T i, SRR E: B
HRAX AR RSN FER B TR =RENNBAKEEERAER, i IR &2
BRSKEHBERHETERNEARFESKEBENEHRNB U EEEENXE. Ef—5
ML BRI, KOAHEHEABREHEHLE TUEAERS TRERERASAEREENE, F
HEHZWEMRE, AEHERRE 847K,

Finney!" "2 A X ERTE B 5 1 sk UGS MO RS0 /126 8E 4T TR, AR R AU B 7 B 7K FE F B
HAR, EENEARMTBNESERRHEEHBRERER. 25BAR=ZREMERNER. B
Sh, MR BE T AARSEARNBHNAESINARANEAKE, E2RRIAFARARTHLESKER
AEE, BHEART LGB WA R P L &K ARG ARG R AT

ZERR, MR, RHERTAIMRIEN R —FE R INK S TRBEEHR T, RETHE S
FEMERINMN . Ko FHEEHE/NEERTEDE, TLUEREMEKERALS. MRS, 4
MRIES . BBiEME LR R ThEE, [FIETREBBIR A P E FR 9 10 2 B AR M A HE it .

1.2 PIELTIMOFAE IR

EMIASNEBRBEREABRZRER, XFHBNREGENEERIERK TOIRE, X
HRERNB S TREFNER. FRAIEMOARPONE, HSEERRET—8s TEBER T a4
KR EMRFTFHEER. DNA. RNA BHERFAEE S TEHEESTFRKR, BRI EEK
REERACIRBXERSFREMRENN, FHEEARTEEE EBHERZITHRXE RS FHEEBE
B, BE. #RE. BRSEMUTHEELEERXONREEFNAORSTPRBELER, AL
iz, HBRT RS F, BTHHR—NZRRKS T, EREGETEBEEENEYN/INDGT, BUIEILH
LR US| R MR NS,

BAMEGEABEERENK, BN HEERENS A, WMRA. HE. HE KK
o NBEEBENERMELIELEHK, KERSTART, HHKERIKDIME. WK 0N BiF A
TKBERWERK A 1 ~3um EA LS, 02.82um, 2.77um %%, BXRLTHELIES. HRAE
B, iXLE5iR OH 5 HOH BMMERINE RSB, KELYENNEEE RS mglon,

D) AP RK B AHFE LR B ERUERE R FKE RN £ TR KR SE K
R REVAKTFENEERR.

2) KRMMSTR. BHEMER.

3) KRB FAEYNZE R BIRFEITRGE 7R %MT . — V14 S iSSPtk 32 R SEEB 06 ZR7E 7K
BT

4) IKAMEDRR S FRIMRBIRGEE LR

S KB RETEMGRREIFENEREE. Aok PrRS, SIEMRMED KD FE LA
HEEEEREE 300~310K Z A, WRXMEEED, ARAEAT. ¥E, BEAARETRNEK.
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6) MRAEEF A B IE R B IBTRE AT 0 k. IMER, A MmER. /MR & M ARAET &/ KEKH
M. HKEMERREA M MRS KBESNERBEH TAN. XMELESEANLE+
BN M R % K T A 7K B 40 B R RN 4R P (A £

2 A oy o B TR A KRR — B K AL Sh 8 e, AT 5142 OH =X HOH & iiRsh. FR, KA
g, MNTEEER LT HKERENIKS T, FHEF—DKSFRIAGN, X35 aRIRMERELMR
AR AT EE N AEEE, REEARGMEN K FEIEs 06, NMEKREERE. XL
L2 I .

P A AN I T A ik K &R E R AEMRM I T

D KBREE—STHEEANAGSINEARE S BAMERE. FAMRS . ERMNERBREA
T k. X0 T4 F o R MERHEAMMRAE TN . M FREFEHMRETUEHERMEE. BN T
FHRT. FROMRESNE ST,

2) KBHIFAESIMEAELR MR, XA UAFENFERER. —RKEAFBLSESMMLERN
M9 FRISEHEERM, MTMET REKHE. “REEAURNTHEFERNSS. EKE RN,
IR T B MBI RIR MRS, 485 T SR BEAR I .

3) EAEFERETHRE EWERAETEENE. CRE AR, BRNERSTR, @iEN SR
. TR T AR A it AR .

4) BEFEEHET MBIERMBIEIR.

5) KIBMFHE, ATHBENKSTRIFEKEARS T DNA I RBHBURSEEE, ATl #
ENH A ThEE.

AR, YR RBEEAEANEERNKE SR LR, BknoATHME. MRE. AR
SR L P KRS, 251 #8K 4 FH OH B HOH 8MIHR3N, ML s & ae K
NFEHEF M AEE, EKEAE, TRSIIEATKIEPHMBLRMBREEM, FENRPEE
FEFORE RO TE PRI R, [RIM (6 & (R 4 770 DNA 4 MK A FRMRBIE5E, FH4 mmisEEgin.
WOEER AN M G ER O . IR R tK O THB AR R AE MRS, B RIS MRS
1.3 OMERIEREIY R |

EM AR EREYRS, BAMNEARNS FERREYRRERINERBERRE.

B 4 ik BN 2 7K F Lt 2 h & 5 A1 DNA 4K, DNA R#EWE, MEARS
F—MEVITIEE R R MR AR, FUAKERSE, HE DNA MEFIZRRTRE. ERABSEA
RS FRURASMEHBWARR, FFUBRINBM AN EARS FREM. FENDIRERABR. BiR¥E
AUk A Y RE B A 3% AL FNARAE DA R AL SMR TP A AL B R BE, D AE A JER IR N
BEERMY TFEMHRRITEREARS FRIRRIES .

ZERMEBEAORSTFHRD 20 SHARMEEBRERE, TEE R HEE NH, MRE COOH F i
FoBtEF LM R Aff. MENTARNEERETRAN. BAMEERS TEEE BRI —
NKSTF, BIREELER—MCE, AR T EARN—BEH, KESTINERAFOURESEW. pA M
% 3 AR =4TmAs, mE 1w,

FEalBlesEh, Z4SIKERAMY MES, ERPHERIHEBN=4IIRREAE, mE 2
Fi7s.

ERH S, Ko “RmA KW, ERBAST, KEXLAWTEBTHALRR. £—RIELT
BEARSFHREASRUBIRMBH, EREMELUMHASHRE. X TEOREY, HiEtEm
BEMERMATEAWEERARS T LN EBERRE (ATP) 4 FHURAERIINT BI7K 88 B R R
(#1043 eV BER:

ATP*”+H,0>ADP*” +HPO,> +H" +0.13eV (1)
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SR L AT MR LT SR R EBIE LS 23 i SO AL I SO S ke

& & AH uH
HO—C-C-N-H + HO—? ‘N-H — HO—?-(': -?-?-N—H + H,0
OR OR OR [OR
PEPTIDE K&
(a)
EARAH
HOR M M om o WM OH
N—("3-C-N'?—C—N—(II-C-N-(IZ-C-N'(.}C'N'('}C'N-?C’N-("'J-C-N-(li-c""--
o) 6] ") 00 o o) 0 0
[} ¢ GiA
@ §

(b)
BT BN FIRR IR Ty AL

P2 ool B SIS TGS RS T
e A Re B R AL SO A TEREME . T GTRENG ER R AL . BERCRD), AN
FIDLAIAC i A0 DNA Z I AL B DU EIR A KRR .
{1 ATP KRR BP0 i b 8 i o #3350 E AL SURI M AR I B DNAL S 1EIDLIA TR s 4
DNA (P800, JEAE ARl AN B L T 1L A g v 1 K o)
XA LS 1973 SE TR A Davydov P GTER S HHE UL S ARANGE WAL i o] LU LI A
iX

IR ARSI (el 10 R VERT AT i hG3RAk, SRR R A TE ALY JE2 K
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THALF, BHTIHLFRIFFE, ErTLMETIAEMRR RN - M EEBARS T, RERR. B, 218
FIH A AR TAHE AL B 5 — M7 o B /NE I Davydov B E A FIRH T /MR F—IR FIGLF
PR, EXAMERIP, REMRFEDER T —MNELMER/ MR FERIRR R, RMELEHE T Davydov
HAMAHEERRE, TEER THMBRERZ 1A IL1EH S B R R 20 B AR 3,

i Davydov 8 Fll Pang #AY Frak H (IR RAE R AHR LI BT T R 1. NE 1 IBELR S A5 T LAR
HERE B E AR S T HER S MR A

D WNTFRE-ANEBFE a SNEZANTREY, BEE o FIEIMEERK 2 (8] 8] FE AR SRR/

2) EARENENEBIF[BEER, REAMRBEFEHIE n=4 HEBESH BN

R1MEREFRA], NBIBEBHRNES RS F, fEENERBE RS Y 1~3.5um f1 5~
7um BEKFGEFE R 0.2eV. 0.4eV F 0.8eV HILLIMER.

MEL ERE e B A RN RN AR —RIIPNARERE L, RWWLILATLASIREAFR S T+
FIB BB E TR . AT EEYREIRFMM—04EES 5 —&, FEGBLT EERS, R
EaElEK. RERBE. B8, XHEYURRAIHERGR . FFENRLETFBITHEYRE
B ATP M/KMIEAEH. BR — B ATP 4 T8 ATP BEBUK RN E, BE E B R 04 MR H R i3 ol w4
FHEEFER, FEEREMEDREDS RS EBRRN EFERIIBAEMEEANGER4FR, £HHHN
ERAZRBEERN, EAREFAEK, SERKEMEK. EXMERT, SR LREKHg
SPRFRSS, FHEeBEORRW, MATLMEEAR S FIRE EE S REEEMEGER, NTEEMESMN
RASKERERE RS, MRBEEVET, Easextey, s AEEEZENEYMNESNEE. &
AR ETT IRR AR F IR, MEMRBAE —EEBTRENO/IREETR—REREKTEEA,
Bl 1~15um. XERLILIIERENRBFIEZEDIMPE KR

2 RLISMEEMF BN ADIGK R A W5

AR RAARERAARY, FREFRBOKER, ERBHRMBIEAMR, LB K EREE
F. WapK LR ARSI IE M DT AL SR R ST RIS TT 4B, RIS 30 LR, IR E 4 b ek 3t
HRAZHATHRIT, SRIE. \LANERN ETHRAM, HL0RY, 4EYRETL LN
HRIT RE BT R MHRGARENIGT, USERARBR LT 3REY. WEPENELI, E4%
RIS AR R I B A A SRR R B IR L0 S R AP R4 L P U . BIESE, TR
W, HEM. IRE. BEES . EMEATEAEERR. RRBEERE. FOKESRER A
SOTERREF, RIS T LUB G B 3 AR A SR 0 B7E ) LRSS LU B SR AT S B 254
Vet R ARFF TRETTEMLABGG, TREBHER. RAGLIMREE S INERS LL8FB R 7 8 Lt
1TIRTT, RITHRX ML, TR artgEE, AREREE . BEUERERIT + 88 i ) B £
EITRTRINEERY, TERAYERMEFERYIRRE, WERMAZAIERERTRS BILKE
SRR TR, MR EEERH.

RMAIER BRI EIRR EH DRARB I RE, TERFE MR, BT EAR RS 7
%o BPHIBTERERNERFE HEREMOBIERRN, FIFT 2.5~15 pm W KR LSR5
WAGERIRR . RKIVZL SRR RS R AR T IMEY KA E N, B MBI RE KM
WEE, RERTREEEATH LEERY.

A &H ¥ &M A ERMIRELIMR AT EFRRMBRH W BI85, BRRIRGLL SMRA
TRIBYERAT R SRR T8RRI, T aEC!. B A R A AR E A RR A L4
IR IUREHG T ISR R ML MIGTAHE, BRIELIMH BT REE TS E IR,
B¥Irad), e REMLEBGTARATRIES, RXERS, FARARSER. HE
AR R AR RIBRAE A, BB RO LR R, BT AEINBI M NET . MBI, &F
FROE . WANMAE, RIEMEBEIR, REEEEFR™E, W RITIERR.
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£1 BORSTRIIBFREE (B4 om™)

rg nn XRE' N2 e S A
1 A 1666.0 1666.1 1666.2
E 1650. 0 1627.1 1628.1

2 A 2150.3 3228.8% 3170, 48

E 3216.1 3250, 956 3197.12

E 1250.0 1303, 46 3284.75

A 3280.0 3319.56 3288.14

3 E 4795.08 4675.08

E 4804, 68 4677.93

A 4752 4865, 536 4775.67

A 4803.0 4290.0 4802, 03

A . 4931.10 4845.39

E 4864.0 672,72 4858, 25

A — 4972. 51 4904. 31

4 E an 6316.43 6104. 83

E 6223 6317.32 6273.40

A 6304 6417. 08 6290.77

A 6438. 46 6314, 44

A 6354 6464.93 6326.84

E 6478.18 6338. 44

E 6408 6517.78 6404. 01

A 6539, 50 6427.31

E 6547. 43 6482, 35

A 6592. 63 6489. 57

5 E 7784.11 7463. 41

B 7784, 62 7463. 43

A 7941. 89 7463. 43

E 7951.74 773.48

E 7951.74 7728

A 7973.12 7718.28

E £793.12 7741.28

A 2920, 83 7745 45

A 2030. 55 7834.16

E BOMS. 86 7844. 67

E 2083, 31 7910. 96

A 8108.40 7913.57

E 8118. 44 7921. 8

A 2130.21 7956.91

E 8179.85 8017.11

E 2204, 47 8049.87

E 2204, 47 8049. 87

: 1 XRERTFS%OMR18-22); 2. Davydov MRHHER, 3. Pang IHHLR

HAXE 66 B0 3 L A\ 2R B IR IE L SR IG ST AT /S R ML BORS BE BT LR, R B R WO IZ AL 5h
SRR UMRERINRMBA TR E AR, AERER ORI E 2% B H RIS . B AL 2 7
B BEBMER, WERE. 0F. LB, FRAZERD.
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EEEBHABAISMMRELINE SR BT 20 RIL X EE

LT HMRIATF X CAH BE RBHEEHE — T FF1ER, B#& SG. 1gG. yBREH T, ANA. RF ¥,
SA. CH50. C3 L, #hMieBa ERLamt, 4iMREaidas{ti# Con-A BA4 L2 MEH, B3F
RE KRB ADCC 00, f#/NR5T PHA RIBK T HEMMEE, BEfdEX, ®REDRS
JE e bk EX AR F 2 B AT ) EREARAR RO SR E 1A, XHLE B B EARA K& NK HHRTE R R .

i 414 PR S BEBE X va T R B A e 5y B tk, Pl sE, AN EHnE, 5
\AEZ. OHRERTRKE, SREMREHE ARG EEEAE, RIBEKRARBRZSE, BT
oG S S I T AL e, MEY Tk, MAEHMIE, (REBHBRK, FITRMHER, REVIAKEK
FuEaE, FETN R BRI RAER,

ERRERMKK 2~25 pm KIZIAMERBE THBERX (BFSE. XK. #KERL KiETT
BERREAEKR, BF 62 Fl, WEOTHEKRRES B #Hi2, HF THEBEMBAER, ORI ESM
B AL, RRENE 88.6%, HAMEK 96.6%. T FMR BT IGTT S & M AT LA N /& 3 A1
TEIRTHRE, WREMARMIWEE AR/, (R SOEIR AP,

HARAZASERBEHETTNUEEZE 208 6, KMIITRHERTFAWHRIT, BRERHIT. TR
R, LES TR,

4T 4 S B RS R I B R AE A B B R E ALY, HABHAT S A R HRIALE (AC)
T A 0 [ B RS BEBE —BRAS (PDED Wi, FIBERRIRE (cAMP) & RUZBHMIKMINE, cAMP 7K
SERPE, MUBEREZ FEAK.

BAES AR LR 7 IEA M X HHE R S18 KM RS A KR R, RIS P iE A
SNRIGIT & R KR B-PI ERK . R BRI MERR A B A BN, AXEHERK B AP 2 TC A R R S R AR A\
RS- A, FeFE AR SRR . XONIER B R RIE AL AMNR G TT AR R B A A R
#RAEE . BRI T EHIKE.

FEFZHFERRET, BTFERETETE R ENEERIEERR, 7T5RMERE R MG
BT R T MMSET. HRERE, WEEEEREAENR IR RARANELABHEL
AR . BEASEMARTR, BT T7THREair i R R B hERHMRL, RIMAT
BAAMRIEIT, FFAE SOD. GSH-Px Gt R FH &, MDA # BB BMK. MDA & XUk As by Bt 8k ™
W, ERSERN TR EAIRE. Pin L2k i T iE 40 B 4 e 9 R B4R 2R MDA S B
¥R/, FFAE SOD Fi GSH-Px & /198 B Jt 8, AT fiyai1is 7B Rk B B LA RE /73858, i) ity 4 R 1)
HK. B,

WBELTEEERNEDLESEPRETPEENEM. BIMEANKEHYRNEEARES>. 5
BUAAEKRE. CHOERR. 2R, NAEESEEETSFVRXR, RN & FERR I RAH
BrErd 8RS, BRINTE EREIT HiEk. TERSHR T &8 86T (B S5/ B &
TLRRIRN, KIVEEBK 7~10 pm KO SME S X BT R RERES BT W AT, X T IE
e B LR, RERFHPIR. Bk, REER

YR & R TREIHIAY, RIMZTEIILT R RN ABMERERERN. BAlE
WITHEEHIRA b, BREBFREITE. HARBOIML TG EINRAERSAERE, FEasrRii
STRYCHEIRA, B TBIFRIT L. HEMLER. ai4MREKE AL, HETFRED, EHILRERN
A, BAMBERHRERN, SERIMRERBIACEMREGTERBEM. LIRMRERTRRERMHE
KRN, STUIPIALS A IER . BT LAXT AR S5 AR L AR R 1,

Schramm JM 253538 B2 R 40 MR RO BRI V4 77 7T ARG D B & &1, m 4T SME BT IR ST &L
18 RERRRE . BIMER . TEALR B R RGBT

BESEKNE (AVF) REKBETEEREEAERKY, £REL 70%U L. Feldman %
308 7 3 (] DR) 30 e R 2 5 £ 8 3 7E MM ABOE AT AR B AR 2 b ol 20%, RH4ETERRIX 10 2 Y.
Gf I8 3 PR 1 3 B TAE R AR MBS T B A SRR — KBk
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REFVLRENEHFARIN, TASMLBHEEFEEIMG. BRBEIEHZEES R 5 K
BRifl. SRICIRAGEIES1. AVF AL T LB B LR R AL, A RYNE IR RB S IA T X 4 Re 4 MRS
PriE& AVF MRPIER . MBENTEEN AVF KK HEREF R ENERNRE LRKIRG, REiE
FULE P THREZ I, A T3 AVF THRERERS . (M8 I8 B Th RE RS 0 R I 9 P B b 26 1 186 A e 22 BRI A
FERSEMMAEARE, LIN %K IER K E <500 mL/min 5 & @8 K R INAE> . L bk
BITRR T RBBAER S, JERBBEREMRY AVF P RIET EE/ER.

AL SRR TR B B A B BRSO B AL o RRE, SRR IR IRF &, ¥ kBN L, iR I AE,
AR TRAFRBMAE. XRZELIMNGTRIRBPEREER. 7—FHEH, WEXHR, TO/LKE
TR BRIEREYFRN, LREDEREZIENRPFTE. YU SYIR IR MR TTE T
& LHER S BERFHESE SR A mE KN REY . HRKIAEL MRS TR
M4 EHNEAE-1 mRNA FRik, MTMHIE R RERME), 3B, EORGTETEETSRE
BRI B R KRS, MR DEREEE. RIPFLE.

ELLAMR IS ST MBOET BE W B A BRANBER ML E ST ENET AR, EIRERR R
FEREBNVRFLBENT BEALMAME, MR RAER MM RE AVF G, EFEERE 3 K, 8K
40 min MYRYT A7 NAT LR BIRERR, EBIRKE #EH.

3 REERE

LZER, CAMRMEMERNARRNAFTLTERR. FIRLSEZEREDEA BRI TR
BRsTHEOER, Ko TERKEENNGTEK, EKEENELER: HBEMEFEAS . LA
R HRRES . AU R TEE, RGBSR EAERDRNSEMERDH. TRIEKE
LASMEFTUAS B E AR T FRIBRERKE TiRSN. ATREEEERIRAMM — 5B 2 5 — 4k, &
EETIERRS, REEMENEK. RERBR.

MHMTEN ZRHEFYAAERER, W HHOLHEE. FOLR. BRAEREEE. BITH
Mk SFREREMES. MEAR. MHEIRRE. MRLESERSITIT.

BAT, CHMRAAEVMBAEREY B IEER ZHRBR, 172 IaRM R T & ANIME
B, BRXEHR. MNUREENEMESFREMREEEBEFNR, IHETREOFATENE
BRI
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