- CHAPTER II

MATERIALS AND METHODS

In this chapter materials and methods used generally through-

Adul Tt '200-250"g.) were obtained from The

National Labora alaya, Nakornpatom,

Thailand. Lab cl gapore) and Bangkok tap water

were allowed ad 1ii

B. Chemicals .

Gengta gents were analytica i‘ade supplied by:- local dis-
tributor. Certa a “were obtained from the

following suources '-
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Ammonium acetate
DL-alanine
L-alanine
Aminopyrine
Barium hydroxide

Bovine serum albumin (fraction V)

N



Calcium chloride
2,4-dinitrophenylhydrazine
B-D-fructose

D-Glucose

Glycogen

a-ketoglutaric acid

Sodium b1carbon
Sodium hydr

Sodium ° v;?

Tr1chlor et1c acid
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Trypan blue

E. Merk:
Ethanol absolute
Glacial acetic acid

Perchloric acid
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Phenol

Potassium hydroxide
Sulfuric acid concentrated
O-toluidine

Zinc sulfate

May & Baker Ltd., Dagenham, Eng

Ether anestheti

NOVO Ind., Copenhagen

Heparin 5,

Disposik h needle
Operating

Metabolic sh , HETO, Denmark)

ig. 1)
Mic 1'3_‘,..T.m;:‘:;.';;;;;;.;.’.:;:.;:;.; S01-S, WATSON-MARLO Ltd.,
L7 A

Eng ! a : l'l'

Set of perfusion’

Centrlfuge (Roto-Uni II BHG Co., Germany)

H‘-ﬂ%}’}%’l@’ﬁ@%ﬁﬂﬂi

L ht microscope .
QTR T G A frfon, s
land)
Single pan balance (Sartorius 1213 MP Animal, Gottengen,
Germany) |

Spectrophotometer
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Vortex mixer (CYCLO-MIXER, Clay Adams, USA.)

Autopipets 50-5,000 ul. (Pipetman, Gilson Medical Electro-

nic, France)

Transmission electron microscope (JEM-200 CX, JEOL)

Water bath

Screw-cap plastic tubes

Glasswares

All so a'iére pregassed with carbogen (95% 0. : 5% €o,)

2

and prewarmed to nditions throughout the

experiment.

E. Compositi cubation Medium

The composd i
&
perfusion during the is

ological solution used for liver
iepatocytes was the modified formula

of Krebs and gnate was incorporated to

[ R S ==¥1 . LR
allow the " : ‘e physiological level

mote the dissociation of

hepatowte@;ﬁﬁ; ﬁﬁ ﬂ % %’Wrﬂ ;fﬂqj and the modified for-

¥ 5 e ; il
(Bretag, 1969).-Ela1cium was omitted to p d

mula used
¢ = o/
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:  Krehs-Henseleit Modified formula

Na* e i s {4

g ‘ 5.9 3.9

ca*? 2.45 i

+2

Mg : 1.18 0.74
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Cl 128.0 : 97.4
HCO, ' : | 24.9 ' 30.0
Phosphate . 1.18 : 2.5
50, + 1.18 0.74
Gluconate ion : _  i 21.7

These modifications ed on measured values of the rele-

Incubation * calcium chloride

(1.02 mM) and Bovi (1.2%) to this modified

Krebs-Hensleit physi

F. Liver Perfus

The perfusion shown in Fig. 1

1. The water j d tube which maintained the

perfusate temperat vu'
X

R Y oY, connected to the coiled

tube (1) w1th a pi ce of 5111cone rubber tubing which long enough to

move freely aﬁ ﬁﬂ?&ﬂﬁﬂﬂﬁﬂaﬁ&?wer from the rat

body to the liyer funnel.

QYT TR ERTEIAET BY DR B s

(37 C) chamber with a sintered glass opening gas inlet to aerate the

perfusate. The perfusate outlet was connected to the other end of the
‘coiled tube(l) with a silicone rubber tubing. The chamber was fixed
with a clamp ento the-operating table to give 20 cm. height from the

table.
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FIG. 1



Methods

35

4. Microtubule pump which delivered perfusate at a rate
ranging from 70-100 ml/min.

5. The 100 ml water jacketed (37°C) chamber with a liver
funnel placed on top. A silicone rubber tubing from this perfusate
outlet was connected to chamber (3) via the microtubule pump (4).

6. A 2-litter erlenmeyer flask (not shown) was used as the

total buffer reservoir p. ﬁ' ermoregulating metabolic shaker

bath. A long silicon tu s inserted into the flask and
.J

‘.—

the other end leadin he ‘puiip_to the chamber (3) Carbogen

was led into the 1S ~.-._. e.rubber tubing.

which would supp armed water : ving through the outer
jackets of the ap "“(3), (5).. This bath was also used for

the later incubati

tacey and Priestly (1978). Surgery

o T AT is‘ﬂﬁ Wi e
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Surgical Procedure

The rat was placed in a 5-litter sealed desicator with a big
piece of cotton wool soaked with 3 ml of ether. After a few minutes

the hypnotized rat was rapidly transfered to the operating table. The

31bb0J0B3
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rat should lie on its back and a very light anesthesia was maintained

by placing the opening of a 25 ml-beaker, containing a cotton wool

" soaked with 1 ml of ether, infront of the rat’s nose.

The abdomen was opened by a midventral incision and the liver
exposed. Connective tissue surrounding the liver was carefully dis-

joined. The oesophagus and

!’m anying blood vessels were doubly

ntestines were then removed

to the left of the @rtal vein. The small blood
vessel joining th( in| and runn ?close to the bile duct was

Rd, around the portal vein and

. i fml 1‘:'-" ;gfd into the inferior vena
cava, the injectibn s pre: ed _3\\\p ece of gauze for a few

ligated and cut between

The distal 1i and tension was placed to the

vessel via this tie. imal ligature was lifted slightly

to reduce backiflow o m the 1iver S /ith fine scissors: a
cut was then ma-: : nnula was immediately

inserted, pushedrpast the prox1mal ligatures and then tied tightly

P“”F?ﬂﬁf‘m BRINEINT
—‘ﬁﬂﬁﬁﬂimﬂlﬁﬁ’mmﬁ&l

When the ligatures were secured, the inferior vena cava and
the posterior vena cava were cut, and perfusion was started with Ca2+-
free physiological solution at a rate of 70 ml/min. from a 100 ml
water jacket (37°C)'chamber at a constant pressure of 20 cm of water.
The initial perfusion was performed in situ, since in this position

there is less danger of flow interruption due to compression, bending,
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or twisting of the blood vessels than when the liver was being cut,
The washout of blood could be improved by gently moving the liver

lobes with fingures. A sign of adequate perfusion seemed to be that

the liver cleared immediately and completely. While the perfusion

3 2+ : 2
with Ca” -free buffer was continued, the liver was excised and removed

second 100 ml water jackete The perfusion was res-

* _free physiological buffer
e IV) the pressﬁre was kept
logenase buffer was con-
ked swollen and pale,

indicating an ade ; ion he intracellular matrix.

~ taining 20 ml of 50 mg%-

-
o a
=

§

from the connectiae vas and t@i volume was made up to

50 ml with collagemase buffer from, the recirculating medium. The

dispersed ﬂmvu &L’}mgmoﬁ %ﬂ.ﬂﬂ@ metabolic shaker

bath at 80 oscillation /minfite and 372; in 2 x 250gml Erlenmeyer

RASAIUNBAINY A Y

At the end of 10 minutes Bovine Serum Albumin (BSA) was added
to give a final concentration of 12 mg/ml and the cell suspension was

sieved through nylon meshes to remove connective tissue debris and

clumps of infarctious tissue. The resulting initial cell suspension

is a mixture of parenchymal and nonparenchymal cells. Hepatocytes
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x were separated from other cells and cellular debris by differential
centrifugation (500 g, % min, room temperature) with this fresh medium,
2-3 times, supernatant was discarded each time. Then washed once with
incubation medium (modified Krebs Henselei_t physiological solution
containing 12 mg/ml BSA and 1.62 mM calcium chloride). Finally cells

were resuspened in this medium at the concentration of approximately

Cell viability e i @ated by trypan blue exclusion
S e prepaﬁ . pan.blue exclusion index of less

than 90% were not

10 x 106 cells per ml.
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Fig 2. Preparation and purification of isolated hepatocytes.

1. Two-steps perfusion of isdlated rat liver.: first with
Caz+-free‘buffer (nonrecirculating), then 10-15 minutes
with collagenase (recirculating).

2. Mechanical disruption of collagenase-perfused tissue with

a blunt spatula. Preincubation of the resulting cell sus-

ension (10 min ¢
2 (0 oM ,
- )

°C in two 250 ml Erlenmeyer flasks
- g _din metabolic shaker-bath) may
= Wy s - 4

——
x“\;h ion (intact cells round up,
S ;

ture of intact hepatocytes

es (large black dots)

and no 1l-cell ;\lg 1 black dots).
5. es by differential centrifugation
OO.g for % minute .
6. .Fiv;tfﬁf‘;-fjtjﬂ?ﬂ*'“' £ purified-and intact hepatocytes.
\ XS

iz

y
AULINENINeINg
PAANTUAMINGIAY
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B. Incubation of Hepatocyte Suspension

Three replicate hepatocyte suspensions (3.0 ml) were
incubated in 25 ml rubber stoppered erlemmeyer flasks. Carbogen
(95% 0, : 5% COZ) was continuously supplied into each flask via a gas

manifold of fi’ne polyethene tubings throughout the incubation period.

,/C and 80 oscillations per minute in

Incubation were carried out

a metabolic shaker bath

C. Determi f___dgn_‘o'

All expe pressed on a wet weight basis.

N

The wet weight was d he method of Seglen (1976 a).

Douplicate sample ifuded at 3,000 g for S5 mlnutes,

and then inverting t utes, any fluid on the tube

' ; \
walls was wiped off a - esiwere weighed separately. The net weight
was obtained by lessenir =+ dividual empty tube weight.

the average val ‘used as the T tative wet weight of each

experiment. Yy R

i

D. Trypan Blue ExclusiongTest

%wamwmm
AR TSI IR 2

plus 120 mg sodium chloride were disolved in 25.0 ml of distilled

water.

Procedure

A 50 pl of an isotonic 0.6% trypan blue solution was mixed

with an equal volume of cell suspension. Cell mixture was counted in
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Fig 3. Grid markqagm a standaxd, hemocytometer. Cells were counted

o b BTSRRI e corer vorme os

4 x 0 i mm of diluted cell suspention.

ama\m‘smumwmaﬂ
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a Burker chamber. The cover glass was mounted. Cell suspension was
applied at the edge of the cover glass and was drawn into the chamber
by capillary force. Cell counting was performed under the light micro-
scope at 40 x magnification. Cells were counted from the 1 st, 2 nd,

3 rd, and 4 th square (Fig. 3) which held the total volume of 4 x 0.1
mm3 of diluted cell suspension. In case of hepatic parenchymal cells,

intact cells with their 1y ’#2; well defined outline, and refrac-

tile appearance were 1s ed: from the flattened ground -
" T———

glass looking damage

The tr . (% viability) was defined

as the number of d the number of total cells x

10C%.
E. * Activity of Alanine Amino-
engions were centrifuged at
1,000 g for 1 “’- for intracellular X'
(flame photometr)g, ‘ ernatant fomALT
LAY P MBI o s o 0 v
ment using the method of Re*tman and Frankel (1957 The reaction are

e @mmnmmmmmaﬂ

= -ketoglutarate + alanine — pyruvate + glutamate

Reagent

Phosphate buffer, 0.1 M, pH 7.4. Mixed 420 ml of 0.1 M

disodium phosphate and 80 ml of 0.1 M potassium dihydrogen phosphate,
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Pyruvate, 2 mM (for standard curve). Dissolved 22.0 mg of

sodium pyruvate in 100 ml of phosphate buffer (0.1 M, pH 7.4).

o-ketoglutarate, 2 mM, dl-alanine, 200 mM (for ALT substrate).

Placed 29.2 mg of a-ketoglutaric acid and 1.78 g. dl-alanine in a

small beaker. Added 1 N sodium hydroxide until the solution was

completed. Adjusted to a pH of 7.4 with sodium hydroxide, transfered

quantitatively to a 100

exactly 30 minutg;, each tes

> was remcﬂd from the water bath
immediately_an 1ﬁ 4-din henylhydrazine reagent was

added to s@ ﬁe eﬁtﬁg ﬂﬁﬂgﬁ jom temperature for

a mini 20 minute ‘ ‘ ) i ﬁﬂﬂe were added,
mixeﬁﬂgla q:ﬁi Wﬁjﬁmu{t , the optical density

of the solution was measured at 505 mp , using water as the blank.

Any filter in the range of 490 to 530 mu may be used satisfactorily.

The standard curve was prepared by mixing 0.1, 0.2, 0.3,
0.4, 0.5 ml of 2 mM pyruvate and 0.9, 0.8, 0.7, 0.6, 0.5 ml of ALT
substrate respectively to make the total volume of 1.0 ml. Each con-

centration was prepared in douplicate and 0.1 ml substrate was used’
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as blank. After adding of 0.2 ml water, the hydrazine reagent and the

alkali were added as described in the procedure. The change in optical

density was plotted against the activity of transaminase, expressed in

U as 11.2, 22.5, 37.3, 56.6 and 67.8 respectively.

The activity of alanine aminotransferase of each sample was

determined from standard v results were expressed as IU per

ml.

— / - + :
F. Determipat® F/ Intrac Concentration -

Reageg

Perciflogdc fagid ;3% r‘W
7. 3
Proceduze ; Q_jg 4 \

Cell pelffets{the er of the centrifuged 1.0 ml

cell suspension) was gégéafgg..i 2 m1 of 3% (w/v) perchloric acid

(PCA). After“f:“—*“T“??'r“—??—f;;;;:;;:;;sb10 minutes, the resulting
R ’ AY )
clear supernataﬁ.~. .’w lame photometry.
: : : 1

ANENINBINT
BADNLIAEL Blesciyisse sccsviey

The microsomal demethylase activity was determined accor-

Intraé%ﬁtular otassidm content was calculated as umoles per
g« cells \%

ding to the method described by Mazel (1972), using aminopyrine which
is a model substrate to study N-dealkylation of drugs. The measurement
of the metabolic conversion of aminopyrine is based on the following

reaction.
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CH H H, -
3\ \ \
N ©H N—,——-— CH, /4 ===7— CH
! [ cH/ k H I | '
3 7 SN Mc 3 2N NeH P e
N e i
@ HC*HO O HCHO @
Aminopyrine 4-Aminoantipyrine
incubation is trapped as
semicarbazone and j “ . imetric procedure of Nash
(1953).
JORM, pH 7.4
Aminopyrine_ gnesium chloride (25 p moles),
semicarbazide (45 4 moles) in 0.5 M : phosphate-buffer 0.5 ml. Preweig-

N
mWa,lOl.l mg of magnesium
A

chloride and 100.4 mo of semlcarba21de with 0.5 M phosphate buffer

195 ‘“ﬂﬁﬂﬁl?ﬂﬁlﬂ‘ﬁwmﬂi

a nesium chloride (25 u ’]g h mlcargdnde (45 umoles)

in 0 8l SNAUABRIINEINE

Zinc sulfate (15% ) Dissolved 15.0 g. of Zinc sulfate in

hed and dissolved-

50.0 ml of distilled water, adjusted to 100.0 ml.

Saturated barium hydroxide. Added barium hydroxide to
boiling water until the solution was well saturated. Filtered the hot

solution. (noted : cryétal growth on cooling)
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Nash reagént. Dissolved 30.0 g ammonium acetate in 50.0
ml of distilled water. Added 0.4 ml acetyl acetone and adjusted to

100.0 ml with distilled water (Kept in refrigerater and discarded if

the reagent turned yellow).

Fomaldehyde solution (40% w/v)

I@epﬁ were incubated with 0,5
D1 v chloride (25 u moles)

minopy m was omitted in the tubes

Procedure

Triplica

ml of am1nopyr1ne(’

and semicarbazide (

of cell blanks. # ¢ ‘_ \tat 37°C with shaking for

30 minutes. At ibatio \;- , flasks were removed from
water-bath and the r I, ST ERRL S "-~- adding 2.0 ml zinc sulfate

room temperature for 5 minutes. Satu-

rated barium hydroxide - was added, mixed and leaved at Toom

temperature for:i B 5 25, he sjentire contents were poured
L e

into centrifuge. jin, using speed high

=

enough to settle& ive milmlitters of the supernatant

were transfered t ube rs_of Nash reagent were

added, m1x ﬂi&ﬂﬁu?ﬂﬂﬁ)ﬁ 30 minutes. (Filtra-

tion eccessa ﬂ ﬁ ing Whatman
ﬂﬁeﬁ ;a)g ﬁ i @bﬁtﬂ?m ﬂ}’[ ﬂured using cell

blank to set the zero absorbance. (Thereby the endogenous formaldehyde

1 prec1p

formed by the tissue blanks was substracted from the total amount of

formaldehyde formed).

A standard formaldehyde curve was prepared by diluting

formaldehyde solution (40% w/v) with distilled water to abtain the
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following concentrations : 4,2,1 and 0.5 pg/ml. Each concentration
was analyzed in douplicate. Aliqouts of 5 ml. of each concentration
were pipetted into test tube, and 5.0 ml of distilled water was used
as a blank. Two mil_lilitters of Nash reagent were added and mixed well.
- Tubes were placed in a 60° water bath for 30 minutes and allowed the

color to develope. The absorb

e of each concentration was measured
at 415 mp . The avera

&y of each concentration was

plotted versus the : rma resent in 5.0 ml pf standard
solutions (2.5, Sy g spectively). Quantity of formal-
dehyde formed from dj cuz termlned and converted to
u moles by devidin ‘mole ‘3 of formaldehyde (30,026).
Results were exp i oxmaldehyde formed per g. cell wet

weight per 30 mi

H. »neogenic Capability
1e isolated hepatocytes was
determined using the met orn 'qu ins (1974).

Reagentg

ﬂ%&i ammwmnﬁ
ﬂw”iﬁiﬁ ST INYAAY o e

buffer to 5.0 ml.
B-D-fructose (M.w 180.1),

~ Dissolved and adjusted 279.16 mg of B-D-"_fructose with
phosphate buffer to 5.0 ml.

L(+) lactic acid (M.W. 90.1),
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Dissolved and adjusted 139.7 mg of L(+) lactic acid with
phosphate buffer to 5.0 ml .

Sodium pyruvate (M.W. 110.0),

Disolired and adjusted 170.5 mg of sod. pyruvate with

phosphate buffer to 5.0 ml.

Procedure ’,y/
Rats werems w'th&f water for 24 hours prior
‘ T— ]

to the isolation. .0 ml of hépatocyte suspension were in-

\ ubstrates (L-alanine, B-D-

NN
dium. p \ e) to give the final

cubated with 0.1
fructose, L(+)-1
concentration of gere given 0.1 ml of 0.1 M
phosphate buffer. & ' wer€! g wi carbogen and incubated at
37°C in metabolic | ons/min.). After 1 hour
of incubation, 1 ml- oteinized with 3% TCA and super-
natant of each ose_using the O-toluidine

method. v——_\ '}

Glucomic.)genic rate was calculat.:@ﬂ as micromoles of glucose
-3 - o/
P RUYTITETTINEANG
_Determination.of T o/
QRIEIT IR AT1INY1a Y

9 Glucose was assayed sing the O-toluidine method.

Reagents

Trichloroacetic acid (TCA), 3% w/v.

D-Glucose, 25 mg% (for standard curve)
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O-toluidine reagent

Dissolved 1.5 g. of thiourea in 940 ml of glacial acetic
acid, added 60.0 ml of O-toluidine. The reagent must be kept in refri-

gerator and protected from light.

/&e e deproteinized with 3.5 ml of

3% TCA and centrif 000 g utes to sediment all the

precipitate (filt : \\\ “H\\\\ cessary). The 0.5 ml of
deproteinized su isti

7 gual volume of distilled
4 e \\\\ : .

Procedure

Aliqouts

water to give 1.0

ing the 25 mg% glucose
solution with distilled wafetr to ébtain the following concentration :

-l".?
D503 0,15 and 0.20 T 0.6 ml. Water (0.6 ml) was

used as blank. added to each tube to make to

final volume of 7.0 ml s ] J dedtration was analyzed in

y
ﬂ\ﬂﬁw {Mﬂeﬁ ded 4.5.m1 of O-to-

luidine rea@ént and mixed tgproughly Tubes were 1 ced in boiling

P A 1960 o o

The absorbance at 630 my was measured. The average optical density

douplicate.

of each concentration of standard glucose was plotted versus the mg
glucose presented in 1.0 ml standards. The mg ' of glucose in samples
was determined from standard curve and converted to p moles by dividing

with molecular weight of glucose (180.16).
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J. Morphological Examination

Cell counting, cell appearance and trypan blue exclusion
tests of isolated hepatocytes were performed using a Nikon optical

light microscope:

Transmission electon micrographs of isolated hepatocytes

were taken at 3,000 x to agnifications. Cells were fixed

nson’ i0sphate buffer (pH 7.3) for 2
haﬁ', cells were dehydrated

with graded etnano S5 ,wajmiﬁﬂuﬁwwnh

4

hours. After washing

with 1.2% 0s0, in 0.1

propylene oxide and _pla JET: Or 2-3 days. The embeded
cells were sectionedf wi ‘trami Crotone 2d stained with uranyl

acetate and lead cit#a fior to Phe \ography

ere expressed using the g wet

denerally expressed as

4

mean + S.E. of ¥;

3 » replicate sa.nﬁ
ﬁ‘%f:} AR I TV ormine o

Student’s t- st. The levelgof significance was setjat p < 0,05.
q Wl@ qxrelxj oniw]atémil:(] ’gove]sgijmate the quantity of

each observed value from its standard curve prepared within each

n each experiment,

, : |
es were used to generat?‘ld ean values.

experiment.
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