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Study of intracellular and extracellular fluids in the human body

with three spectral points
Li Yong Liang Zhuguan Wang Yuanyuan

(School of Information Science & Engineering, Yunnan University, Kunming 650500, China)

Abstract: Through the characterization of the two parameters of intracellular and extracellular fluids, it is possible to
predict or diagnose certain diseases in the human body. When calculating these two values using traditional bioelectrical
impedance spectroscopy, human bioelectrical impedance data of hundreds or even thousands of frequency points is
required, and the data collection and processing are extremely complex. Based on the Cole-Cole theory, this paper
proposes a method for the study of intracellular and extracellular fluids by combining the three-spectral point method and
the Moissl equation. In this method, only three frequency points of bioelectrical impedance values need to be collected
and applied, the bioelectrical impedance parameters can be extracted, and the intracellular and extracellular fluids can be
further calculated. The results verify that the results obtained by this method are consistent with these gained by the
commonly used bioelectrical impedance spectroscopy method, and the time taken to collect and process the data is only
12. 73% of that of the traditional method.
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Fig. 1 Electrical impedance model of a cell
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Fig. 2 Equivalent model of RC three-element circuit

MR 2 A 7R 5 5AR 8, N A i A= 9 e B3 26 % O
R, (1+jwC,R)
1+jwC, (R, +R,)

Z=17Z1]e =R+iX.=

Hh BB O T



2024 7 B

e $43% B 7 5

R. 4+ 'C:R.R.(R, + R, wC,R?
14w CL(R. + R’ ' 1T+w' CL(R. +R)

Rl O, FRAIBEHE R, FoR AL R,
AR AW B o 227 S 55 0 0% S 0 =
2nf . f BB A SR, Wik, AREYE AP
IEMH | Z | \TRAR A,

7 ‘:J Rf(}jwzci,feﬂ 2 (2

14+ C5(R. +R,)
ML 0 Al FR N .

(@)

wC, R’
R, +w’C:R.,R, (R, +R))
(3)

6 = tX“— t
= arctg - = —arctg

1.2 ANE@EAIHE

N AR 230 L PN Y200 L A/ T e — P RS A X 4 B i
FEAEEEM, BT K. TV EF, A J 5t
R A% R S A L/ 43 9 L AR BRI 19 W R g 5 KB
BB A I CAn il 3% 285 1) R4 F W Bt . 40 P9 i R 40 il A
TR A SR AR R — o 1 He B, — B L A B R
N s o WL A LUK M AIG Jrsgs, EANE
PN A 3%l b O S A AR N B B F (R Na ' (CL AT
KO W& A0 A B AR AT AR Hi 19 . MR 4E Schwan #
SPERIETT, b T A RS G 7 R R AE . 24 3 el e O Y A R AR
AT EST 40 A 55 1% R B T (AR &0 P HG A A W B Wbt s 3Rl
FEL I TG 7 2 375 A0 At . T RE I 40 AN B AN B 5 AR T
T4l R TS S BB 8 T 28 A0 AN 5 14 T LA B O AN IR R
20 B L AN BT 3 TR

ARSI L
C © — B

P 3 il v i A MR 2 2
Fig. 3 Excitation current injected into human tissue
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by the three-spectrum points method
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Table 1 Basic physical information of 8 subjects

s B /cm 1A /ke BMI/(kgem %)
1 1. 65 52 19.10
2 1.74 60 19. 82
3 1.71 56 19. 15
4 1. 64 50 18.59
5 1.77 75 23.94
6 1.72 62 20. 96
7 1. 66 54 19. 60
8 1. 66 51 18.51
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Fig. 6 Illustration of data acquisition
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Fdl: 2fc = 2fc. SCURmE, XSRS R RE 5 kHz3 DA RMEI:E 2 AR AP HEFEY
1 kHz~2 MHz S FHIN 2 000 A FESRK A HEE 10.20.50 kHz 3 A4~ AS [F 590 3 09 804l 55 3 I A w4t
PUEdE . i FE Y 100,200,500 kHz 3 AN 7 [6] 4% 2 19 %% 4 . T 56

BT L0 2 000 AN EW B B BLEIE H T4 4 A BIHCA KM 5 kHz, 45 50 kHz, & 4 500 kHz
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Table 2 Bioelectrical impedance data of four groups of 8 subjects in different frequency ranges
i 2w
T f=1kHz /=2 kHz f=5 kHz f=10 kHz =20 kHz =50 kHz
WEE/Q FMA/C) WRE/Q MG WRE/Q M/ C) RE/Q M/ C) RE/Q M/ C) TEE/Q AL/ C)
1 557. 70 2.64 554.21 —0.52 546.02 —1.89 534.15 —3.87 512.01 —5.61 473.40 —6.52

2 509.50 —2.37 493.74 —3.30 474.86 —4.22 457.59 —5.51 435.97 —6.82 398.85 —7.52

3 621.88 —2.56 611.67 —4.12 604.17 —4.68 600.40 —5.00 570.53 —6.62 521.08 —7.31

4 510.58 —2.09 534.59 —2.21 582.41 —8.30 629.70 —6.54 605.58 —6.17 566.30 —4.73

5 468.78 —5.94 449.08 —6.62 437.91 —6.96 478.95 —5.16 459.55 —6.53 421.99 —6.74

6 474.78  —1.26 469.66 —2.88 465.62 —3.35 464.45 —3.50 448.72 —5.13 418.26 —6.22

7 450.57 —6.98 443.16 —6.88 414.84 —5.60 512.51 —5.08 491.77 —6.20 453.00 —6.97

8 596.55 —3.00 582.77 —4.07 564.72 —5.24 561.75 —5.52 532.81 —6.94 486.30 —7.60

5534 |
R £=100 kHz F=200 kHz £=500 kHz F=5 kHz £=50 kHz £=500 kHz

WEME/Q MO/ C) WE/Q MEC) RE/Q A/ C)) MEE/Q MM/ IEE/Q MO/ C) EE/Q FAL/C)

1 411.97 —1.50 408.63 —4.41 414.28 —6.70 546.02 —1.89 473.40 —6.52 414.28 —6.70

2 349.85 —1.72 364.22 —3.71 378.63 —4.83 474.86 —4.22 398.85 —7.52 378.63 —4.83

3 487.10 —6.35 461.94 —4.36 446.33 —1.01 604.17 —4.68 521.08 —7.31 446.33 —1.01

4 775.63 —15.06 677.63 —10.86 650.14 —7.29 582.41 —8.30 566.30 —4.73 650.14 —7.29

5 401. 25 1.88 410.57 5.27  416.87 5.42  437.91 —6.96 421.99 —6.74 416.87 5.42

6 393.88 —5.96 382.02 —5.38 375.71 —4.90 465.62 —3.35 418.26 —6.22 375.71 —4.90

7 424.25 —6.25 410.33 —5.16 402.40 —4.21 414.84 —5.60 453.00 —6.97 402.40 —4.21

8  454.37 —6.72 429.78 —4.98 411.27 —1.77 564.72 —5.24 486.30 —7.60 411.27 —1.77
3.2 HIESW I PN R BEL L 200 A R BEL L A0 B PN RS R L A0 AN W

7 =3 57 L Moissl 2 2, 23 il 5 i 4 — 4 Ko, I G HES Tk LSRG LM, ik 3.4
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Table 3 Calculation results and comparison of intracellular and extracellular fluid impedance

- i B BT/ Q 4i fg SM I BH BT/ Q

LS | o4 %34 B4 LS | o4 %34 544
1 1430.10  929.19 1571.50 1370.40 1566.70  581.74 552. 84 555. 65 582. 41 553. 06
2 1152.00  669.32 953.12 1197.80 1311.70  482.22 541. 83 498. 85 479. 35 509. 67
3 1881.50 4522.30 1410.30 1792.90 1376.70  587.60 621. 31 640. 80 591. 00 642. 21
4 1691.40 2296.80 1397.40 1 694.40 777.92  874.06 696. 90 814.33 1023.00 1 863.80
5 1297.40  395.87 1577.40 1274.80 1806.50  527.33 580. 13 502. 86 506. 18 510. 05
6 1315.60 5217.20 1537.60 1279.50 1302.30  483.12 472.74 479. 07 479. 80 482. 83
7 1428.50 1428.50 1111.00 1395.70 1254.80  543.53 543.53 557. 45 532.51 547. 76
8 1436.20  845.50 1128.30 1466.40 1127.00  575.06 626. 30 613.53 562. 66 616.17
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Table 4 Calculation results and comparison of intracellular and extracellular fluids

- 4 WL/ L 4 Hf A/ L

LS Eom el %2H %34 el LS Eom el %2 %34 Had
1 19. 34 25.78 18. 16 19. 89 18. 20 14. 45 14. 95 14. 90 14. 44 14.95
2 24.76 35.56 28.09 24.13 22.71 18. 42 17. 04 18. 00 18. 49 17. 75
3 17. 29 9. 64 20. 96 17. 86 21. 30 15. 43 14. 87 14. 56 15. 37 14. 54
4 17.12 13. 96 19. 45 17.10 28. 74 10. 80 12. 56 11. 32 9.72 6.52
5 23. 41 51.65 20. 55 23. 69 18.77 19. 02 17. 84 19. 63 19. 54 19. 44
6 22. 05 8. 80 19. 88 22. 47 22. 20 18. 28 18. 55 18. 38 18. 36 18. 29
7 19. 54 19. 54 23.11 19. 85 21. 31 15. 42 15. 42 15.17 15. 64 15. 34
8 19. 57 27. 87 22.99 19. 30 23.01 14. 60 13.79 13.98 14. 82 13.94
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Fig. 7 Comparison of intracellular fluids calculations
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Fig. 8 Comparison of extracellular fluids calculations
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