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Abstract

The oscillating phenomenon of a hematological cell model is investigated. Based on effective G-SCF
administration, the mathematical blood cell model is described as DDEs with multi-delays. Com-
monly, in blood cell models, the intrinsic mechanism is composed of triggering differentiating
mechanism and maturation mechanism, and hematoplogical cell model differentiating into three
types of necessary blood cells in the body. By applying numerical software DDE-Biftool, the bifur-
cation of periodic solutions with long period are derived, and the period doubling bifurcation of
periodic solutions is found at critical values. Chaotic solutions also appear afterwards period-
doubling bifurcation, and the stabilization of dynamical chaos to the expected periodic solution is
finished successfully by applying Pyragas feedback control method.
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Figure 1. Three types of different periodic solutions of system (1), r, =0.0908
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Figure 2. Continuation extending of periodic solutions with varying parameter r, . (a) Two branches of continu-

ation periodic solutions respectively obtained by extending periodic solution of type | and type II; (b) One branch
of periodic solutions obtained by continuation extending of type Il solution
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Figure 3. The whole solutions of continuation of two types of periodic solution, respectively, manifested by (a)
periodic solution branch 1; (b) periodic solution 2
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Figure 4. Phase portraits of stable periodic solutions of continuation branch of system (1) by varying pa-
rameter r,.(a) r,=0.0912; (b) r,=0.0907;(c) r,=0.0903; (d) r, =0.0901

B 4 BHSY r, BERERNESS X ERG)EHIMRIEE. (2) r,=0.0912 ; (b) r, =0.0907 ;
(¢) r,=0.0903; (d) r,=0.0901
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Figure 5. Chaotic control to stable periodic orbits due to negative feedback control. (a) Chaos with
r, =0.09008 ; (b) Poincare section of chaotic control
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Figure 6. Phase space contraction to expected stable periodic orbits. (a) Poincare section obtained by
controlling method which formulated by (3); (b) Phase portrait onto Poincare section (a) by choosing
r, =0.0909 ; (c) Poincare section obtained by controlling method which formulated by (3) and (4); (b)

Phase portrait onto Poincare section (b) by choosing r, = 0.09055

[E 6. 1Bz 8 E4 RS ARG ia EE I ERAFIE . () H(3)32AY Poincare £ L AIEHIRIR ;
(b) #ERZTF#iE@), r,=0.0909 KHEYHEE; (c) HI(3) (4)152IAY Poincare & EHYIEHIR; (d) 48
RZF&iiE(c) r, =0.09055 ATHIFEE



4. #5ig

ARG AR A W A IR . RS, Harrie S8 ARIL T W YRR T HOIR 5 A 9T RT

PA AR AE— MRS IZ VG N o« AR SO T T =307 I S 0 A MR N 2 73 5, RIS JA 310 S
AR 402 — o A Pyragas BURERS S TA, F0 S 50 2 RS AR SR e RN 245 A 190 S
ANFFESHIE Lo {E Pyragas HYSERS S U2 U5 12 rh AR 4, T S 25 v K R GeAR 8 B B IR
E[ESE

SE ik (References)

(1]
[2]
(3]

(4]
[5]
(6]

Apostu, R. and Mackey, M.C. (2008) Understanding Cyclical Thrombocytopenia: A Mathematical Modeling Approach.
Journal of Theoretical Biology, 251, 297-316. http://dx.doi.org/10.1016/j.jtbi.2007.11.029

Bernard, S., Bélair, J. and Mackey, M.C. (2003) Oscillations in Cyclical Neutropenia: New Evidence Based on Ma-
thematical Modeling. Journal of Theoretical Biology, 223, 283-298. http://dx.doi.org/10.1016/S0022-5193(03)00090-0

Haurie, C., Dale, D.C. and Mackey, M.C. (1999) Occurrence of Periodic Oscillations in the Differential Blood Counts
of Congenital, Idiopathic, and Cyclical Neutropenic Patient before and during Treatment with G-CSF. Experimental
Hematology, 27, 401-409. http://dx.doi.org/10.1016/S0301-472X(98)00061-7

Haurie, C., Person, R., Dale, D.C. and Mackey, M.C. (1999) Hematopoietic Dynamics in Grey Collies. Experimental
Hematology, 27, 1139-1148. http://dx.doi.org/10.1016/S0301-472X(99)00051-X

Zhuge, C.J., Lei, J. and Mackey, M.C. (2012) Neutrophil Dynamics in Response to Chemotherapy and G-CSF. Journal
of Theoretical Biology, 293, 111-120. http://dx.doi.org/10.1016/j.jtbi.2011.10.017

Lei, J. and Mackey, M.C. (2011) Multistability in an Age-Structured Model of Hematopoiesis: Cyclical Neutropenia.
Journal of Theoretical Biology, 270, 143-153. http://dx.doi.org/10.1016/j.jtbi.2010.11.024

Hans X3l

ISR K =32 00 T iR 55

ERATERS (QQ. S HEAEE)
IS UL L i A3 R A T

24 /NI DL R S O BT A B il

AT RIAE 2 R i

L [FAT VR

HIP RS 2R

A2 7 o I IS T AL

NoaprwhpRE

WehaiE A http://www.hanspub.org/Submission.aspx



http://dx.doi.org/10.1016/j.jtbi.2007.11.029
http://dx.doi.org/10.1016/S0022-5193(03)00090-0
http://dx.doi.org/10.1016/S0301-472X(98)00061-7
http://dx.doi.org/10.1016/S0301-472X(99)00051-X
http://dx.doi.org/10.1016/j.jtbi.2011.10.017
http://dx.doi.org/10.1016/j.jtbi.2010.11.024
http://www.hanspub.org/Submission.aspx

	Bifurcation of Periodic Solution of a Hematopological System and Feedback Control
	Abstract
	Keywords
	造血系统中的周期解分岔及反馈控制
	摘  要
	关键词
	1. 引言
	2. 造血系统的两房数学模型
	3. 数值模拟
	3.1. 造血系统的吸引子及混沌
	3.2. 反馈控制系统

	4. 结论
	参考文献 (References)

