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Abstract

The objective of this experiment was to establish sex-related differences in the
parameters of bioimpedance spectroscopy of the Wistar rat’s bodies in the experimental
metabolic syndrome (endocrine-salt model).

Sexual dependencies of bioimpedance measurements in intact animals have been
determined for the first time: males have higher amount of total fluid, but lower one of total
fat. The intra/extracellular fluid balance in males is characterized with ratio 2:1, while in
females is the other one - 1:1.

For the first time the formation of the metabolic syndrome has already been
determined on the seventh day in females which lead to decreasing in the percentage of total
fat and to changing of the intra / extracellular fluid balance to ‘male’ type - 2:1. The last one
should be considered as a sign of intracellular hyperhydration. In males the examined
parameters have been being within the control values throughout 21 days of experiment.

Key words: bioimpedance spectroscopy; sex-related differences; metabolic

disorders; corticosteroids; rats.
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BIIVIMB EKCITIEPUMEHTAJIBHOI'O METABOJITYHOI'O CUHAPOMY HA
MOKA3HUKH BIOIMIIEJJAHCHOI CHEKTPOCKOIIIL TLIA II[YPIB

T. B. IBanenko, T. A. I'pexoBa, T. B. AOpamoBa, A. O. lllupsieBa, I'. B. Bacusienko

Metoro 11i€i poOOTH CTajl0 BCTAaHOBIICHHS CTaTeBUX BIAMIHHOCTEH TIOKa3HUKIB
010IMITIETAHCHOT CHEKTPOCKOIMIi Tima mrypiB JiHiIH Wistar mpu eKkcrepuMeHTaTbHOMY
MeTa0O0IIYHOMY CUHIPOMI (€HIOKPUHHO-COJIOBA MOJIENh ).

Jnst peanizaiii MOCTaBiI€HOT METH, a caMe€ BCTAaHOBJICHHS CTAaTEBUX BIAMIHHOCTEH
MOKa3HUKIB  OlOIMIEJAaHCHOI  CHeKTpockomii  Tula  mypiB  miHIM ~ Wistar  npu
€KCIIEPUMEHTAIbHOMY METa0O0JIIYHOMY CHHAPOMI (€HJIOKPUHHO-COJIbOBA MOJIeNh) OyB
MPOBEACHUN KOMIUIEKC JOCIIIKEeHb, KU BKJIFOYAB: JTOCHIKEHHS TOKA3HHWKIB Macu TiIa,
apTepialbHOTO THUCKY 1 YaCTOTH CEpIEBUX CKOPOUYCHb y IHTAKTHHUX TBApHWH, BU3HAYCHHS
MMOKAa3HUKIB MAacH TiIa, apTepialbHOTO THUCKY 1 YaCTOTH CEPIIEBUX CKOPOYEHb Yy TBAPWH 3
3MOJICTHOBAHUM META0OJIYHIUM CHHAPOMOM; JOCITI/DKEHHSI TOKa3HHUKIB O0l0IMIETaHCHOT
CHeKTpocKoIii (o0cArn 3araabHOi, BHYTPINIHBO-1 MO3aKJIITHHHOI PIIWHM, Maca BUIBHOTO
KUPY) y IHTAaKTHUX TBapWH; TOCIIDKEHHS TIOKa3HUKIB OI0IMIEJAaHCHOT CHEKTPOCKOITii
(oOcsaru 3aranbHOi, BHYTPINIHBO-1 MO3aKIITUHHOT PIAMHKU, Maca BUIBHOTO KUPY) y TBapHH 3
3MOJIeTThbOBAHUM META0OJIYHUM CHUHIIPOMOM.

Brnepie Bu3HaueHO cTaTeBl 3aJ€KHOCTI MOKA3HHUKIB OloiMIIEIaHCMETPIl y IHTAKTHUX
TBapHH: y CaMIliB OLIbII BUCOKI MOKA3HUKHU 3araJibHOI PiIMHHU, ajie OUTII HU3bKI 3arajJbHOTO
xkupy. bamanc BHYTpIIHBO/MO3aKIITHHHOT PIIMHM Y  CaMIliB  XapaKTePU3YETHCS
CHIBBIIHOMICHHSM sIK 2:1, Tofl K y camutb sk 1:1.

Brnepuie Bu3zHaueHo ¢popMyBaHHS METa0OIIUHOTO CHHAPOMY, BXKe Ha 7-y 100y y caMullb
NPU3BOAUTH 1O 3HWKEHHS BIICOTKY 3arajlbHOro JKHPy Ta JI0 3MiH OamaHcy
BHYTPIIIHHO/TIO3AKTITUHHOT PITUHU 32 «UOJIOBIYUM» TUIOM —2:1, IO CHix pO3riAgaTH SK
03HaKy BHYTPIIHBOKIITHHHOI rimeprigparamii. Y camiiB — JOCHiIKyBaHI MOKa3HUKHU
3aITUIIAIOTHCS B MEKaX KOHTPOJIBHUX 3HAYEHB MPOTITOM BChOTO JOCHIKEHHS 10 21-1 1o6wu.

KurouoBi ciaoBa: OioiMmenaHcHa  CHEKTPOCKOMisi; cTaTeBi  BiAMIHHOCTI;

MeTa00J1ivHI NOPYIIeHHs; KOPTUKOCTEPOIaH; LIypPH.
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BJAUAHUE SKCIIEPUMEHTAJIBHOI'O METABOJIMYECKOI'O CHHAPOMA HA
MOKA3ATEJN BUOUMIIEJAHCHOM CIIEKTPOCKOIINUM TEJIA KPBIC

T. B. UBanenko, T. A. I'pexoBa, T. B. AOpamosa, A. O. IllupsieBa, I'. B. Bacujienko

lenpto 9TOii pabOTHI CTaJl0 YCTAHOBUTH IIOJIOBBIE PA3IMUMi  IOKa3aTeseu
OMOMMIICITAHCHOW CIIEKTPOCKONMU Tena Kpbic JuHMA WiStar mpu SKCepUMEHTAIbHOM
MeTa0O0JIMUYEeCKOM CHHAPOME (SHIOKPUHHO-COJIEBAs MO/IEINb ).

BrniepBbie ompeneneHbl MOJOBbIE 3aBUCHMOCTH IOKa3zaTeiae OMOMMIIETaHCMETPUHU Y
MHTAKTHBIX JKUBOTHBIX: y CaMIIOB 0oJiee BBICOKME IMOKa3aTelIH OOIIeH JKUIKOCTH, HO OoJiee
HU3KHE oOmero >kupa. bamanc BHyTpeHHE / BHEKJIETOYHOM JKMJIKOCTH Yy CaMIlOB
XapaKTepU3yeTCsi COOTHOIIEHHEM Kak 2:1, Torjga Kak y camok kak 1:1.

Brnepsrie onpeneneno popmupoBaHre MeTabOJIMYECKOTO CUHAPOMA, YK€ Ha CEIbMOM
JIeHb Y CaMOK MPUBOJUT K CHM)KEHMIO INPOILIEHTa OOIIEro XUpa W K M3MEHEHUsM OanaHca
BHYTpEHHE / BHEKJIETOUYHOM JKHUIKOCTH 3a «MYKCKMM» TUIOM - 2:1, 4r0o ciexyer
paccMaTpuBaTh Kak MPU3HAK BHYTPUKIETOYHOW TUIEpruipaTaluy. ¥ caMLOB - HCCIEAyEeMbIe
[TOKA3aTeIN OCTAKOTCS B Ipefesaax KOHTPOJbHBIX 3HAYEHUN B TEUEHHE BCErO MCCIIEIOBAHUS
10 21 cyTok.

KiroueBbie ciioBa: OHOMMIIEAHCHASl CIEKTPOCKONMS; I0JIOBbIEe Pa3JIN4Msl;

MeTa0oIHYecKne HAPYIIeHUsl; KOPTHKOCTEPOH/IbI; KPBICHI.

Background and rationale. Bioelectrical impedance analysis of body composition is
widely used in sports and clinical medicine now. This method is based on the ability of tissues
to conduct electric current. Tissue electrical resistance depends on their water content. So,
tissues with a high degree of hydration (muscle) act as current conductors, whereas less
hydrated (adipose tissue) are isolators [1]. Bioimpedance analysis of body composition
provides an opportunity to monitor the state of lipid, protein and water metabolism, assess the
risk of metabolic syndrome development and estimate the total volume of body fluid [5]. This
technique is able to assess changes in water balance, body fluid redistribution and medicines
choice for cardiovascular disease patients [6].

According to the WHO statistics, such diseases as type 2 diabetes mellitus (DM),

obesity, atherosclerosis, hypertension and metabolic Syndrome X are widespread among
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Ukrainian population today, while the number of patients has continued to rise steadily and
their age is getting younger [2].

Today, the links between glucocorticoids and the diseases listed above, regardless of
the nosology, remains debatable [2]. Scientists from Fondazione Policlinico and the
University of Milan found that cortisol secretion is increased in patients with type 2 DM due
to complications and impaired metabolic control [9]. Analysis of the obtained results has
revealed an increase in hypothalamic-pituitary-adrenal activity in patients with complicated
DM, and the increased level of cortisol secretion was associated with the presence and
number of chronic complications [9]. The role of cortisol as a factor for chronic complications
development in DM deserves highlighting. The risk factors for vascular complications include
not only specific ones like hyperglycemia and hyperinsulinemia, but also common for the
population - arterial hypertension, dyslipidemia, obesity, heredity, age, and so on.

According to Dr. Biley M., hypertension is known to be multifactorial in etiology and
increases mortality from cardiovascular diseases, type 2 DM, and cancer as a component of
metabolic syndrome [8]. The prevalence of these comorbidities is about 25-30% in the world,
so hypertension in the metabolic syndrome is a global healthcare issue. Clinical and
preclinical studies provide evidence that glucocorticoid excess is an underlying cause of
metabolic syndrome due to increase in active tissue glucocorticoids.

Another determining factor of DM development is obesity. The role of glucocorticoids
in fat metabolism disorders has been long known. According to the experiment results of
researchers from Anhui Medical University, the level of hair cortisol concentration was
directly proportional to the child weight and girls aged 6-9 years had a higher level of
hormone concentration than their opposite-sex peers [7].

The scientific literature review clearly shows that a detailed study of the sex-related
differences in the bioimpedance spectroscopy (BIS) of the Wistar rats body in experimental
metabolic syndrome (endocrine-salt model) would provide answers to the following
questions: 1. Are there any differences in the body BIS between male and female rats? 2. How
the indicators of water balance and fat metabolism will change in the metabolic disorders?
Thus, the purpose of our work was to identify sex-related differences in the BIS indicators of
Wistar rats body in the experimental metabolic syndrome (endocrine-salt model).

Materials and methods

A total of 40 Wistar rats (20 males and 20 females), aged 8 months and weighing 180-

200 g were used.
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A complex study was carried out to achieve the goals and included:

1. Study of the BW, BP and HR indicators in intact male and female Wistar rats aged
8 months.

2. Determination of the BW, BP and HR indicators in male and female Wistar rats
aged 8 months with modeled metabolic syndrome.

3. Study of BIS parameters (total, intracellular and extracellular fluid volumes, free fat
mass) in intact male and female Wistar rats aged 8 months.

4. Study of BIS parameters (total, intracellular and extracellular fluid volumes, free fat
mass) in male and female Wistar rats aged 8 months with modeled metabolic syndrome.

The animals were divided into 4 groups: the groups 1 and 2 were control males and
females Wistar rats, respectively, (10 animals in each). The similar groups 3 and 4 were with
experimental metabolic syndrome. Body weight (BW), heart rate (HR) and blood pressure
(BP) were measured and body BIS was performed on day 7 and 21 of the experiment.

Experimental model of metabolic syndrome. From the 1% day of hormonal and
metabolic disorders modeling, animal were fed a standard chow rich in hydrogenated
vegetable fats (margarine) in the amount of 5% of the total mass. Tap water was changed to
20% fructose solution as the water source on alternate day. A two-stage dexamethasone
administration was performed via subcutaneous injection at a dose of 0.125 mg/kg body
weight at 8 p.m. from the 1% to 7" days and from the 13" to 20" days of the experiment [3].

To assess the state of carbohydrate metabolism in the animals fasted for 10 — 14 hours,
plasma glucose level was measured using a glucometer Glucocard Il (ARKRAY Inc., Japan)
by glucose oxidase-based test strips in drops of blood taken from the tail vein on days 1, 7 and
21 of the experiment.

The study of BP and HR in rats. The non-invasive blood pressure analyzer BP-2000
Blood Pressure Analysis System™ (Visitech Systems, USA) was used for BP and HR
measurements. The rats were placed in individual restraint holders on a thermostatic platform
at 37-39°C on days 1, 7 and 21. The average time of BP reading was 3-7 minutes in order to
measure 3-5 preliminary cycles followed by 3-5 effective measurements with the average
values of HR, systolic and diastolic pressure calculation.

BIS measurements. BIS was performed using the ImpediVet BIS1 system
(ImpediMed Limited, Australia) on days 1, 7 and 21. The weight of rats and body length
measured from the tip of the nose to the base of the tail were entered into the BIS analysis

system for automatic calculation of body mass index (BMI). Animals were anesthetized
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(thiopental sodium 45 mg/kg) for the electrodes insertion via hypodermic needles according
to the standard scheme. After the matching color-coded leads were attached, 3-5 consecutive
impedance measurements were taken with the average value calculation [4].

Statistical analysis. All experimental data were processed using the VIDAS-2.5
application and statistical software package (Kontron Elektronik, Germany) and EXCEL 7.0
(Microsoft Corp., USA). All indicators were presented as mean(M) + standard error of the
mean (M) and its variance. Student's t-test was used in order to evaluate the significance of
differences between the study results of the experimental and control groups of rats, and then
the probability of the difference in samples (p) and the confidence interval of the mean were
determined according to the Student’s distribution tables. A p value < 0.05 was considered
statistically significant.

Results and discussion. The study of the sex characteristics of body composition
(bioimpedancemetry), BW and physiological parameters (systolic BP (Ps), diastolic BP (Pd),
HR) has revealed significant differences in Pd and HR of both male and female control

groups of animals (Table 1).

Table 1 - BW, BP and HR indicators of the experimental rats at day 7 of metabolic

syndrome modeling (M £ m)

BP,

Experimental groups BW, ¢ mmHg HR, bpm
Ps Pd

Control group, males (n=10) | 197.7+£1.96 | 117.2+3.07 60.9£2.13 33412
Control group, females

193.6+1.15 | 118.7+2.84 68.7+1.78" 353+2*

(n=10)
Metabolic (S'X:r‘fgg’me MaleS | 518.0+1.332 | 143.141.647 | 80.0:2.382 | 366247
Metabolic Sg]”:dlrg)me’ females | o5.141.1412|136.742.19'2 | 86,141,382 | 3841512

Notes: 1. (1) significant difference (pst <0.05) between indicators in the female and male
groups;

2. (%) significant difference (pst <0.05) between indicators when compared to the sex-
matched control group.

At the same time, despite the fact that indicators of HR and Pd were within normal
(physiological) range, Pd and HR were 12.8% (pst <0.05) and 5.6% (pst <0.05) significantly

higher, respectively, in female than in male rats (Table 1).
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Metabolic syndrome formation in the female and male rats was characterized on day 7
by a significant increase in all the studied parameters: BW, BP and HR. Thus, in males with
metabolic syndrome an increase in BW by 10.6% (pst <0.05), Ps by 22% (pst <0.05), Pd by
31.3% (pst <0.05), HR by 9.5% (pst <0.05) was noted. An increase in all studied parameters
was also found in the group of female rats on day 7 of metabolic syndrome modeling
compared to their matched control group: BW increased by 16.3% (pst <0.05), Ps by 15.2%
(pst <0.05), Pd by 25.3% (pst <0.05), HR by 8.7% (pst <0.05). When comparing the studied
parameters in female and male rats with metabolic syndrome on day 7, it was observed that
male rats were more likely to have increased Ps, whereas female rats - increased Pd, HR and
BW (see Table 1).

BIS of the animal body (water balance and fat free mass) revealed significant sex
differences in the control group rats. It was found that total fluid volume in males was
significantly 38.3% (pst <0.05) higher than that in female rats. Measurement of the
intracellular and extracellular fluid balance showed an important trend. Thus, an almost
double increase in intracellular fluid was detected in males, whereas female rats represented a
larger percentage of extracellular fluid, and the extracellular to intracellular fluid volume ratio
was about 1:1. The percentage of total body fat mass reached almost half of BW in females,

whereas it was no more than 30% in male rats (Table 2).

Table 2 - Bioimpedance spectroscopy indicators of the experimental rats at day 7 of

metabolic syndrome modeling (M £ m)

. | Total body Intracellular Extracellular Total body
Experimental groups fluid, % fluid, % fluid, % fat mass, %
Contro'(r?iilé';” males | g3 974591 64.21+3.76 36.78+3.78  |27.63+7.12

Control o109 females | 39.0:476' | 47.51:629' | 5248+6.20' |46.71%5.15'
Metabolic syndrome, | ) g3, 65 53.6+2.03 45.39+2.032  |29.04+4.99
males (n=10)
Metabolic syndrome, | o5 y014 932 | 62.3043.6412 | 36.643.6412 [29.6643.392
females (n=10)

Notes: 1. () significant difference (pst <0.05) between indicators relative to the sex-matched

control group;

2. (%) significant difference (ps <0.05) between indicators relative to the opposite-sex

group.

On the 7th day of metabolic syndrome development in male rats, the ratio of water

balance parameters continued at the same level, the total body fluid and intracellular fluid did
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not significantly differ from the control indicators, the percentage of extracellular fluid was
23.4% higher than in the control group. Nevertheless, the water balance remained constant
with the intracellular fluid prevalence over the extracellular fluid (see Table 2).

The changes in water balance parameters of female rats on day 7 of metabolic
syndrome formation were somewhat surprising. An inversion of the internal and extracellular
fluid indicators was observed. Instead of the extracellular fluid prevalence, there were reliable
signs of intracellular hyperhydration due to a significant 31.3% increase in the percentage of
intracellular fluid and a 43.3% decrease in the extracellular fluid (see Table 2).

The total body fat mass on the 7th day of metabolic syndrome modeling in male rats
did not significantly change, whereas it was significantly 60.8% decreased in female rats (see
Table 2).

BW, BP and HR remained continuously increased by the end of experimental
metabolic syndrome modeling (on the 21st day) in both male and female rats. At the same
time, BW, Ps, Pd and HR were increased in male rats by 26.7% (pst <0.05), 44.7% (pst <0.05),
67.6% (pst < 0.05) and 9.6% (pst <0.05), respectively, compared to the matched control. In
addition, the same indicators were increased in female rats by 25.8% (pst <0.05), 30.7% (pst
<0.05), 62.2% (pst <0.05) and 8.4% (pst <0.05), respectively, (Table 3).

Table 3 - BW, BP and HR indicators of the experimental rats at day 21 of metabolic

syndrome modeling (M £ m)

BP,
Experimental groups BW, ¢ mmkig HR, bpm
Ps Pd

Control group, males | 195 14967 | 115.1+2.96 62.8+1.93 333t3
(n=10)

Control group, females | 196 3:304 | 11742335 | 69.4£1972 | 356542
(n=10)

Metabolic (S'X:f(;?me 247.1#1.72 | 166.6+2.77" | 105.3:2.6' | 36543"

Me}fg‘g}‘;'l'g:%”:dlrg)me’ 254.2+1.08'7 | 153.5+1.47"% [112.6+185'% | 385+5'2

Notes: 1. () significant difference (pst <0.05) between indicators relative to the sex-matched
control group;

2. (%) significant difference (pst <0.05) between indicators in the female and male
groups.
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Comparative analysis of BW indicators and functional parameters (Ps/Pd, HR) in male
and female rats with the developed metabolic syndrome on day 21 of modeling showed that
male rats had significantly higher Ps than female rats, while the females showed higher
indicators of BW, Pd and HR (see Table 3).

BIS demonstrated that all the studied parameters stabilized at the control group level,
the water balance indicators returned to normal values in male rats at the end of metabolic
syndrome modeling on day 21. Whereas in female rats the total body fluid decreased
compared to day 7, and the extracellular to intracellular fluid volume ratio remained
unchanged, moreover, it was entirely consistent with the distribution in male rats (Table 4).

Table 4 - Bioimpedance spectroscopy indicators of the experimental rats at day 21 of
metabolic syndrome modeling (M = m)

. | Total body Intracellular Extracellular Total body
Experimental groups fluid, % fluid, % fluid, % fat mass, %

Control group, males | c) gg14.99 | 63104369 | 35.08£345 | 27.45:6.14

(n=10)
CO”trO'?gggg’)fema'es 30.4+4.67' | 46.99+53' | 52.85:59' |48.0144.47"
Metabolic syndrome, | c) 954466 | 64.04387 | 37.99:387 | 3359257
males (n=10)

Metabolic syndrome, | 7 5715352 | 621442232 | 37.8542.232 | 31.045.812
females (n=10)

Notes: 1. () significant difference (pst <0.05) between indicators relative to the sex-matched
control group;
2. (%) significant difference (pst <0.05) between indicators relative to the opposite-sex

group.

Conclusions. 1. BW, BP and HR indicators are within normal (physiological) range
but influenced by sex in rats of the control groups without metabolic disturbances: Pd and HR
is 12.8% and 5.6% higher, respectively, in female rats than these indicators in male rats.

2. Metabolic syndrome development due to corticosteroid excess in rats of both sexes
is characterized by a dynamic (from day 7 until day 21) increase in BW, BP and HR, but
changes in studied parameters are sex-associated: male rats have more significant increase in
Ps, while female rats - BM, Pd and HR.

3. Bioimpedance spectroscopy measurements of the water balance and body fat mass
have showed that the control male rats have higher indicators of total body fluid, but lower
values of total body fat mass. The extracellular to intracellular fluid volume ratio is 2:1 in

male rats, whereas it is 1:1 in female rats.
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4. Metabolic syndrome development on study day 7 is characterized by decrease in
body fat mass in female rats and changes in the extracellular to intracellular fluid volume ratio
following the "male" pattern - 2:1, which should be considered as a sign of intracellular
hyperhydration. The studied parameters remain within the control values in male rats
throughout the entire study.

Prospects for the further development in this regard. The next stage of our research
would be aimed at studying the molecular mechanisms of gasotransmitters CO and H2C
action in pancreatic tissues in the development of experimental metabolic syndrome.

References

1. Baranovskiy A.Yu. Diyetologiya. 5-ye izdaniye. SPb.: Piter; 2017. 1104 s.

2. Dedov LI, Melnichenko G.A., Fadeyev V.F. Endokrinologiya. [Internet] M:
GEOTAR-Media. 2013:432s. Dostupno:
http://www.studmedlib.ru/book/ISBN9785970425351.html.

3. Kolesnik Yu.M., Hancheva O.V., Abramov A.V., Ivanenko T.V., Tishchenko S.V.,
Kuzo N.V. Zaporizkiy derzhavniy medichniy universitet, patentovlasnik. Sposib

modelyuvannya simptomatichnoi arterialnoy gipertenzii u dribnikh grizuniv. Patent Ukraini
na korisnu model Ne 102234. 2015 zhovten 26.

4. Kolesnik Yu.M., Gancheva O.V., Abramov A.V., Kolesnik M.Yu., Ivanenko T.V.,
Tishchenko S.V. ta in. Suchasni pidkhodi i novi metodichni mozhlivosti v otsintsi
funktsionalnogo stanu dribnikh laboratornykh tvarin. Patologiya. 2017. 14; 3 (41): 364-370.

5. Nikolayev D.V., Smirnov A.V., Bobrinskaya 1.G., Rudnev S.G. Bioimpedansnyy
analiz sostava tela cheloveka. M.: Nauka; 2009. 392 s.

6. Tornuyev Yu.V., Nepomnyashchikh D.L., Nikityuk D.B., Lapiy G.A., Molodykh
O.P., Nepomnyashchikh R.D. i dr. Diagnosticheskiye vozmozhnosti neinvazivnoy
bioimpedansometrii. Fundamentalnyye issledovaniya. 2014 Ne 10-4: 782-788.

7. Hu JJ, Duan XN, Fang J. Association between hair cortisol concentration and
overweight and obesity in 6-9 years old childhood. Zhonghua Yu Fang Yi Xue Za Zhi. 2017.
51;12:1065-1068.

8. Matthew AB. 11B-Hydroxysteroid Dehydrogenases and Hypertension in the
Metabolic Syndrome. Current Hypertension Reports. 2017. 9;12:100.

9. Muhtz C, Zyriax BC, Klahn T. Depressive symptoms and metabolic risk: effects of
cortisol and gender. Psychoneuroendocrinology. 2009. 34;7:1004-1011.

479


http://www.studmedlib.ru/book/ISBN9785970425351.html
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=29262485
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duan%20XN%5BAuthor%5D&cauthor=true&cauthor_uid=29262485
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29262485
https://link.springer.com/journal/11906
https://www.ncbi.nlm.nih.gov/pubmed/29138984
https://www.ncbi.nlm.nih.gov/pubmed/29138984
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muhtz%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19278789
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zyriax%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=19278789
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kl%C3%A4hn%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19278789
https://www.ncbi.nlm.nih.gov/pubmed/19278789

