


159 39 g slulo 40 (539099 0 5,5 g ol » (8L
S Pl b o paSS b

W GI (520 JIASD
Sgno JoSo g il gl wab 0SS Sole Slus grac

o olonln s




a0

OT Colual 5 5lule

Sl b o s i et 5 S ol GleansilSa 5 Lol
OT 151 5 585, Cumnl 5 oy 5

Slal b mbie 53 0kl 51 56 6T

Sh Slule 5 05 S8 p s sy sSTE

sl s lele i SNl Gl Cb o s S s s 08 Ol



ssbie 4 cCalies LA Sl onlital b diven S3L 5 b Gees 5 b glaaY (65K 4 ek
Ju,sgu}, Sl Jols Slule .ol (BT 5 G3el)T g5 5 Oleys Lg) 53 ¢SS 0 Shas ol 33l
9 el (il cé)TcQuiﬂ cg';ﬁwsl{uﬁ\japﬂ\fw‘ oL éf&.o C)\ffs\.gdi.«f) cul)j’\.ig:aff
3L ple b Jolie (g (bl dably ol skl (IMae Jold Slule s S3b 58 e plnil Laly

RGIO I U PG O Slaelbl o5 5l SLeS ) imman 5 (dian

S o cu...e)).b‘ cwj U"'"‘J'Q‘ cu?)\.w.e ufbjw.e‘ cu‘,ﬁp\c.)).s u...ej.a u«.{b\f Mo Lsg"‘e; 6)

)J)L»jg_,o-j.w w‘ﬁ‘)uwjg)? 2 LSA.&A J‘j.o U’""; ",9*@"’ cu‘? g_,...*...aj J)...@.:)Q? Ql.’j>-
057 0L Sl L oSt STl 5 <SSVl 5 gl 150 5 5 4SS (0



Slele HBT It glgans S

-y SRSy 2 Gl b il Pl <SG Olsie 4 5 Slese W O 53 ) (iluslyT el &G Slons Slele tglual )T ety 1

O slid talS (il 5 B 0L s el der el S sl desazme Jold (il el S Jas e il b g e (S5 58

s oskins JUEI &S Ol gim 1y (555 o o craly ol e 5 a0 STl (e 5 Ll Blae (L3 5 il Dgepsn 5 el
Al il 108 SU stk dble Candy s lives oS

‘;@chjv\sﬁf&iﬁu:i\p\@Muwu:.alfuuww@u@ﬁaLssu)ajuuﬁygu_{i}g@&w:uﬁg&&wg 2
o 55,8 Sl SGe Slolddl ¢ pimman 5 e 353 wlal 5 O > aiels (Jlad b SDae  hu 3 5« SHie cas ¢ o &K oo
)wsw”ow;uu%@;ﬁ;\fﬁ.gw&aguj&gf‘y.w.uugjsawgge‘s\@gﬁm@wg@p,%gﬁ
e eulosl 5 de (S alS Eobans 53 5 S Jlb 1y (S35 sledshe 5 38 056 pll alax 3 ee (sl 0 ;S Gas

.,\..;E)U;M&L@f}gébbSb\)()jj.sél.a%jﬁ\4.1.‘,.?-)\&..,4.0u.i\.:.o.,i':\y/c&jéﬁiﬁ&U‘j@b)sjulﬂ:!jojjséuu\;ﬁ\ 3
..\JJbC,f)U...p.s)sag.d):j.\.;&:.aJ.o.oupl:s-Lgl.aao.,b'ﬂfL;jjﬁb'oj).aLgbugﬁ‘d\.uuu\:»()wum&\.@.ﬂ‘

s 9 omebed sy e ke L;v\:.lpr_p&l.@.léljmbj): slos Sl 45/4.&4.:4 Ol dal b 31 sladsl s sluay 1 seee sla JSL,V.:EJ 4
IR 36 o 9 Gl 55,5 ST ane a5 a4l A 8

ES s S0y 4 1y 051930 Fan ysb 4 Ll (8SUs s 1o s Sl s 05 5 Jleb L Slule (Gate Control Theory) ): ojls,0 J =8 & ki .5
Aas el 5 ys eleet 505 S sadins Iy s S s cpl 51 Gl s 5 3y SSTUs s sla



e Slele ! (glgansSia sl

>oU 9 55 bl s Sij LA/L:.»B Gizajf (WJLa g (g lusl3T ASle &L@.it.ﬁ (JLab g g 3LuslT 8
Si S Sl il gy U
bw‘wc%ﬂ}iﬁjﬁowéwjbqwﬁ\}‘Q.U\j:g@bjsjbb:@i\w&uw.v
Llad Lol gams 5 35 @, g Olgdl falS j3 1y sage il 9 LS fidw

il ATy AT I (W 050 98) e s (ST Rl 5 (Gl 090 58) 5055 RalS




il 3 o ol 31 30é 9 SIS kol gloommilSio g Sl

sas g &Y 528 035 (S8

e 03 5 655 oS s S sb,y b 23 b Lol Bole Jubows

pie mlaw 0357 is $E G B O 5 oy ol
e gy g Lezee (63 23 P A RS
SR 9 oo

/ .
N3 (6 g 03l ke



1 00 (Subs 0>

@‘5,\;{@thsJasw;,;(,{;“MM(&\;M;,);L»LU\:T,Jmsa,p,;@TMﬁ,z;@

L el
455 05 5 Tu sl G b Sasb) 5 O OT BN ) (papee 5 (b0 18 5 10l O 3 00 )
(5 ghucs aisls M Jom

cé}b}\ecmﬂjcu g"éffvcwbUzﬁl{oﬁm)ﬁsﬁf‘:‘fﬁbiﬁ@)‘ﬁDreej‘@fvlléu.ulﬁ—\‘
(e 3 3028 IR 3 50 ¢ S Sbgby ide Jals 5 0ot

25 et 199 9 21901 OMw 9 Ob 2 Sgm@ 1> Ol i 1) Slube LBT J3e ool ey oo i



SIP P R

Sls 3 $3Sg el Ok SR wd 9 Ok ple i(rheology) (s3gighs L (wbidily;
Slaule b L8 Sl sl plad (sl (6550555 Camlosd bl el OL 2 (gline 4 U glofls 8 Rheos .,

C.wu‘ &Jﬁ)\f

AS o s n AR L DL S 9 [ D590 4 ) Wprbus iVl 9 9509 SUSS &1 55 555,
(35500 bl osle (oslal (5l 5 ks bo 4 areza¥) 5 OL o ol 53 Cooglie 4 a5 S g b (S i)

C.,Jz.:b-):j.UJJ?L;«S}L{«:S)\C.Jb—Quﬁ:ﬁJJ\;J{ijo:\:ﬁ&mﬁcﬂdw‘gﬁmdg\yj&ja\y
&S@;ﬁbb@b}bé}j‘d{

Sl (i Codo b g onls Ko ok (6,8 o 5 AT S By 45 Aiteas (5090 ¢SVl Lo s Ao 5l
.uL:SL_SAoﬂﬁ-.’:.>)>'-J.>boajbngJJ\JfJSo:LwQJL;QvU:J?@ij«:b‘

.ﬁ)‘b&ﬂY‘M)DMj}&jM)JMJ‘f&g&)&)gm&J‘jﬁ:@Y‘&jJ‘jﬁ



S99 EN

° Hemorheology: is the science of deformation and flow of blood and its formed elements
LIS s 9 Ok > b Skl 6

o Perihemorheology: The flow dynamics of lymph flow resulting from microcirculation have recently been attributed to an
own discipline, the “perihemorheology”

Sl Dbgby O 9 Ul > b Gkl b6

o Electrorheology: is the science of the flow behavior of electrically polarizable particles in a non-conducting fluid, such as
electrorheological fluids (ERF)

> Magnetorheology: is the science of the flow behavior of magnetically polarizable .Magnetorheological fluids (mr fluids)
consist of magnetically polarizable particles which are suspended in a carrier fluid.
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Blood transports oxygen, nutrients, and wastes. Lymph primarily functions to
maintain fluid levels, transport substances, and participate in the immune
response.

Blood and lymph vessels are particularly important for tissue regeneration and
healing.

blood and lymphatic vessels are key players in acute and chronic inflammatory
processes, and thus might serve as new therapeutic targets in inflammatory and
allergic diseases.

The Function of Blood Vessels and Lymphatic Vessels in Tissue Homeostasis.

Role of lymphatic system in bone healing revealed
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Hemorheology

The rheological properties of blood depend highly on the properties of its red blood cells:
concentration, membrane elasticity, and aggregation

Blood viscosity is determined bK plasma viscosity, hematocrit, erythrocyte deformability and
aggregation. Plasma viscosity and hematocrit are directly regulated by the organism. The molecular
biology of the principal determinants of plasma viscosity, i.e., fibrinogen, immunoglobulins, albumin,
and lipoproteins is outlined in this work. Hematocrit is regulated by erythropoietin, which is primarily
induced by tissue hypoxia. Evidence begins to emerge that autoregulatory mechanisms may be
involved in blood viscosity.

By controlling blood volume and red blood cell mass, the renin-aldosterone-angiotensin system and
the systemic vascular resistance response control the hematocrit, the strongest intrinsic determinant
of blood viscosity

Hormones that modulate blood viscosity include erythropoietin, angiotensin Il, brain natriuretic
factor, epinephrine, prostacyclin E2, antidiuretic hormone, and nitric oxide

Thick blood is caused by heavy proteins, or by too much blood in the circulation
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formula for blood viscosity

The following formula expressed the relationship:

n=0.1710 + 0.1005 M + 0.0090 H

n is viscosity (in centipoise at 115 sec-1)

M is macroglobulin concentration (in g/100 ml)

H is hematocrit (in percent)

Normal value of blood viscosity is 2.3 - 4.1 centipoise at 37 degrees Celsius. Viscosity increases
when the body loses water due to diarrhea, loss of sweat during labor or sudden cold,...
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Stand

Lift motor with position control for the rheometer head

Optical encoder for setting and/or measuring the
deflection angle

Motor for setting and/or measuring the torque

R Air bearing and normal force measurement

Quick-fitting coupling and measuring system detection
(Toolmaster™)

Measuring system (cone-plate, parallel plate, cylinder,
etc.)

. . ! - . 1 : suring s and ter = rremen
ERY $YBRID RHEOMETER - ‘ __ Measuring cells and temperature measurement

' Quick Start e-Training Course
— |ORTHOGONAL (B4 : B , A b
€5 |Superrosimon [ ARER O Ieatneler

QUICKSTART
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Thermistor Meter Het, % 41.0+5.0
. nb, mPa.s~!
DAQ : Flowmeter — Shear rate 225s~ !, mPa-s 53406
 — | ~ Shear rate 90s™', mPa-s 59+0.7
Computer Actuator Control US Module Shear rate 45s™!, mPa-s 6.8£0.8
I ) S S | | Bl
ITemperature US Probe %_ ! Shear stress 30.00 Pa 0.589 +0.019
ITest Chamber ;Ta'-';'eaf : Shear stress 16.87 Pa 0.5534+0.019
| Tisbiaier v i Shear stress 9.49 Pa 0.501 £ 0.020
| e 60° : Shear stress 5.33 Pa 0.425£0.022
: = \I' i Shear stress 3.00 Pa 0.331+0.024
, ™ Entrance Length Pipe (800 mm) : Shear stress 1.69 Pa 0.232 +0.026
L . Shear stress 0.95 Pa 0.136 £ 0.025
Heating Coil ~ Co0ling Jacket d El, 0.664 + 0.017
Blood : — ‘t 1 SS1 2 3.29+0.52
Pump ' o AL % 55.7+7.7
oo R e Sy s "I—_" SoL] Yoins 5™ 136.0:+55.2
\ Supply Heating Con Powe} SUEEly {mlg-Jacket Data presented as mean + SD. Hct: haematocrit. nb: whole blood
viscosity. EI: elongation index. El,;,,, : maximum elongation index
Power Supply

Ch : ) FT . Turbul f Bl d at infinite shear stress. SS /»: shear stress for half-maximal defor-
aracterization ot Iransition to Turbulence for Bloo mation. Al: aggregation indexX. yn;,: minimal shear rate required

In_a Straight Pipe Under Steady Flow Conditions to disperse RBC aggregates.
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Rheology of peripheral LYMPH

Subtitle: Methodical Approaches, Functional Morphological Aspects and Immunobiological Function
Article type: Review Article

Authors: Castenholz, A.

——  Affiliations: Dept. of Human Biology, University of Kassel, Germany

Abstract: Lymph formation and lymph flow involved in the “inner circulation” (Eppinger) as vital events
are influenced by histomechanics and physico-chemical factors. The flow dynamics of lymph flow
resulting from microcirculation have recently been attributed to an own discipline, the
“perihemorheology” (Copley, Witte). Visualization of flow phenomena just at the origin of the lymph
vascular system needs some technical requirements encompassing appropriate tissue models and
optimum equipment for microscopy, recording, and flow analysis. A review on the history of
observations on lymph flow phenomena is given. New approaches are described referring to the rat
tongue as appropriate organ for studies of peripheral lymph flow. New techniques based on the use of
fluorescent flow markers are applied. Flow registration is made by ‘maximum trace image” technique.
Characteristic now patterns such as partial and parallel streams, fountain-like and jet-like currents are
found in initial lymphatics. Rhythmic lymph now caused by breathing and suction activity of the lymph
collectors. Transport of labelled cells in peripheral lymph could be registered as well. The interaction
of peripheral lymph now with the highly specialized endothelium provides an effective filter function
for the elimination of particulate matter by absorption and phagocytosis assigning to the prenodal
sector of the lymphatic system an important defence task. Moreover, endothelial interaction with
different cells (leucocytes, macrophages, mast cells) suggests additional functions for
immunobiological mechanisms and control of vascular permeability of fine lymphatics.

Keywords: Lymph flow, rheology, initial lymphatics, histomechanics, vitalmicroscopy, fluorescent flow
markers

DOI: 10.3233/CH-1996-16502
Journal: Clinical Hemorheology and Microcirculation, vol. 16, no. 5, pp. 5//-601, 1996
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no electric field weak electric field strong electric field
at constant shear rate (v) at constant shear rate (v) at constant shear rate (v)

Particle alignment at constant shear rate (v), with increasing electric field
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Figure 1: Viscosity of representative electrorneological
fluid as a function of an increasing shear rate at two

different electric voltages



Magnetorheology

Similar to the ER effect, the magnetorheological effect (MRE) is termed the remarkable increase
of the rheological properties of magnetorheological fluids (MRF) induced by an external
magnetic field.

When a magnetic field is applied, the particles align themselves accordingly, form chain-like
superstructures, and the rheological properties often change substantially.
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