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Fig. 1 Flow curve of human bile in gallbladder
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and shear rate (D)—
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Table 1 Bile viscosity in galibladder of patients (N =15)

2 (non-Newtonian coefficient of viscosity)

2.63+0.68

Shear rate (sec™!) 37.5 | 75

Viscosity (mPa « s)

n (viscosity index)

0.98+0.01

| 150 375 | 750

] | 1 =
2.55+0.51 2.49%0.47 2.44+0.46 2.41x0.44 | 2.3910.43

(mean=+SD)
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Fig. 2 Casson prot of human bile in gallbladder
—calculation of the yield stress—
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Fig. 3 Correlation between non-Newtonian
coefficint (¢) and viscosity index (n) of human
bile in gallbladder
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Fig. 4 Relationship between %BW (a), Ht (b),
WBC (c) and fasting days of dogs during the
experimental peried
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Table 2 Bile viscosity in gallbladder or the dog

u (non-Newtonian coefficient of viscosity) |

n (viscosity index)

6.36+2.36 0.95+0.04
Shear rate (sec™!) 18.75 37.5 75 150 375
Viscosity (mPa - s) 5.33+1.35 | 5.22+1.24 | 5.04+1.08 | 4.83+0.93 | 4.53%0.79
(mean-+SD)

Fig. 5 Flow curve of dog bile in gallbladder
—relationship between apparent viscosity (z)
and shear rate (D)—
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Fig. 6 Changes of u of control group with starva-
tion
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Fig. 7 Changes of 5 of control group under each
shear rate (D) with starvation
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Fig. 8 Changes of x4 of each group with starvation
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Fig. 9 Maximal 4 (a) and AUC (b) of each group
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Fig. 10 Correlation between non-Newtonian
coefficient (u) and viscosity index (n) of dog bile
in gallbladder
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FHEKX, ThbbBT YIS (shearstress) s &30 &
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LROEBEIBED ORI, RELRRVIESLOENE
TETEI DD, MBS TR B RIIBEIRE
LHEEL TS EELZLRD, EL Y BEENIBITH
Eoffc L 58, BEOMBHEECT YHEX
n, FRFMC L 3 REHEO UL E R IR IEERIR
friETro it b, BEABETOHME ER*{E
ET2EARBIhL, AR, ZERCETSE
RT3 2 R EWE OB EATRE s h
5,
ERTFHEOEEZ DT LIc L A, u-nEiCiE A
BA»r@ED SR, logunficiir=-0.977, p<
0.001 (EFE log £ =4.39—23.75n) @ X b 5&\ AHET 48
Rdbhic, TZTEFDOUVA RS —ERYE LD,
—BIZ BT ORE & TV EED & oz
TOXEZRAIHID,

72 =uD"!

I aREICn BV ISARRERFEOMET, FhE
NOEIRGHRERSL T B,
WEEROEIONERED, ZhikSEOEIER
log 4=4.39-3.7on 2 »TitH 5 &, 5=4.37, D=
55403 RDBENB, LTI O—FHDY v 7 LrTBw
T, Fh b3 9 EE D=55%sec 12T A h T O X5
7e=4.3TFA L, 2F HEGCTHERETRNTOR
BErgvwobsBitd, ok EETE,
ST ORERREBERTZZ ERERT S,
TREEOBEEHHOBEOT OV ERERLOBRETH
55, UTAELMERFHEL &,
TTREEHOThOMB Y25 d e + BT
BIBVA 7V XH Re XEHET S, Re ML TIES
ENLBERILETH S,

Re=pDU/7

p R, v HENBEHOBER1.003~1.013g/
cm®??, JAfEY &5, D XAEETONER, HELTD
REEH2mm, UREATHEETH S, B3 L Re
RARELS 8B, RANMROBELHETZ L1
60ml o fBEEM B 23 B KIRMERF I 289 5 & CiziE 8k
HEh 5 5 560cm?/300sec=0.2cm?/sec, U 13 4EE
THHed Ik X HLIKER (#R?=0.0314cm?) T
b U=6.3Tcm/s. n 3HE, +HKEhhTHEET
HDERELTC, T HEEOsec DR TDOME
7=2.39mPass, LIEXHRATS L,

Re=54.0

Re 232,000L) L& @ icdlik & 3570, v hEEE
FoOfI, BRTHAS., 12CBTLRAEEE 2



76(2136)

7z,

STHHEHNOEFHRECEL TRREYY L
Stokes DBRR & X A RPBIL2. TibbME
BTERZREL, 2HHECHIRCFELES [ 23
ROABORERT2E 2 5, BHEEOENETE
dp & LTcE ¥

7=dpr/21
THH, bk rFERr OABOEZRT BT VI
Ths.

BIR O D BBENILEH, w5 telescopic flow
ERINBFENTH DD, EE S v 7 4 — A 3HED
B ies, TBEHREA L S cBEBEDE
=a— bVETHYUTONERANCHES,

s=uD"

ChbE rBIVUDROWTHEE, BET AL, &
FLh b r=07Ti3, D=0, FhTETRbLLr=
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Clinical and Experimental Evaluations of Bile Viscosity in the Gallbladder
—Relation of the Viscosity and Starvation—

Yoshihisa Saida
Third Department of Surgery, Toho University School of Medicine

Concentration and high viscosity of the bile are important aspects in the pathology of postoperative acute
acalculous cholecystitis. Therefore, at direct measurement and analysis of the bile viscosity was attempted. The
viscosity levels of bile in the intact gallbladder of patients were measured in clinical cases. Starvation-induced
changes in viscosity of the bile in the canine gallbladder were analyzed by using rheological procedures under
conditions with or without gallbladder contraction and vagotomy. The bile viscosity of humans showed a non-
Newtonian coefficient of viscosity of #=2.63 + 0.68 and a viscosity index of n=0.98 + 0.001, and showed structural
viscosity belonging to non-Newtonian liquid. In dogs, starvation caused a significant increase in viscosity which
was reinforced by vagotomy, simple starvation without any treatment, and gallbladder contraction in that order.
However, in view of the rheological characteristics, when the physiological shear rate was applied, the effects of
stravation were markedly reduced and the significant increase in the bile viscosity due to vagotomy disappeared.
From these findings, it is suggested that the bile is not subjected to excretory disorders physiologically due to
concentration alone, and factors other than starvation and vagotomy are involved in the onset of postoperative
acute acalculous cholecystitis.
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