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. . Not a few reports have been published ori ‘studies

of the substances .in the liver that inactivate insulin. In
generalvnOrmal:animals‘were used in those studles.” The
Tivers of the animals ‘were ground up and extracts from the
ground tissues were transferred to test tubes;for;observation

of any change in .the characteristics of the insulin. 1,2 In

gome cases the.ektracts were subjested t0°insulin-iodine
analyses for determinatlon_o the effect of the inactivating
substances on the 1nsulin.§» ‘This paper reports our
studles on the actlon of‘insulin—inactivatinghsubstances

in animals under anesthesia by perfusing the liver in situ,

. and on our inguiry into what changes inactivating'subatances

s

' underwent‘whenvtolbutamide’rendered the anlmals.hypoglycemic.

. Materials and Procedure

N ‘Large white rats--all were mature and healthy, both
male and»female,”each weighing-lQOflso-grams; Feeding was
dispensed with the night before the experiwent. These ani-

mals were used for liver perfusion experiments.

" 'Rabblts--all were mature and healthy, both male and
female, each welghing 1.5 kllograms or more. These animals
were used for experiments,to determine ‘the activity of insulin.

ety ‘
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Feeding was dispensed with the night before the experiment.
In the morning of the day when the experiment was to take
place, each rabbit was glven & blood sugar content test
five times at half-hour intervals when its stomach was with-
out food. Those with comparatively stable sugar content of
blood were picked for experimentation.

Chemicals Used

Insulin<-Insulin Roxane (made in the Netherlands).
Label declared 40 internatidnal units per ml; released May
,,Locke*siﬁclution--&aCl 0.9%, KGl 0.04%, NaHCO3 0,05%s,

GaCly 04018%. - 3 e

Procedure’ -

(1) Liver Perfusion in Large White Rats. +As anes=
thesia, 1 g of a-25% solution of ethyl carbamate (urethane)
was injected~intoithe abdominal cavity of the animal.  When
the animal was anesthetized and its body temperature re-
gistered'about-3706 s horizontal incision was nade on 1its
abdomen.  The liver was carefully raised and a catheter was
inserted into-the portal vein, so that the 'Locke's solution
could enter the liver thru the catheter, Similarly another
catheter was inserted into the vena cava;inferior through
which the perfusate was to come out and be collegted. Then
the bile duct, the hepatic artery and the upper portion of
the portal vein above the septum were tied, so that the cir-
culatory system of the liver was completely 1solated from
the rest of the body. During the operation extraordinary
care was exercised 8O that the liver would not be injured
~ and perfusion would not fail. The £luid pressure of the

Locke‘s'solution.used for the perfusion was 25«30 mm. A
regulating ¢lip with a screw for adjustment was emnployed
to maintain the flow-of'perquion ot 0.2=0,4 ml per minutes.
The original position of the liver was strictly'maintained.
Difficulties will develop in the perfusate outilow when the
~ position of liver is changed during the operation.

~ 77" (2) Handling of the Various Xinds of Flulds for

the Experimente , ‘

(a) Preparation of blood fluid prior to per-
fusion-=-Prior to the process of perfuslon, some blood was
collected from the vena cava snferior with which approximate=
ly 10 ml Tocke's solution was made., To 20 international
units of Insulin Roxane we added Locke's solution until the
mixture measured 10 ml (each ml of the mixture thus contains




2,0 international units of Insulin Roxane), Observation
was made of the action of this blood fluid on the insulin
keDt at 4 constant temperature of 37°C for one hour.

(b) Perfusate~-When perfusion: was under way in-
sulln was added from time to time according to the require-
ment of the liver perfusate for the maintenance of its in-
sulin concentrate of 2.0 international uanits per ml, Simi-
larly, observation was made of the action of the liver per-
fusate on the insulin for one hour at a constant temparature

Of 37 Ce.

(c) Insulin perdeion fluidp- In the process of
perfusion 1 ml of frisbhlin with & ‘aoncentration of 40 1nter-,
national units 'per ml was introduced:at the rate of 8 in-
ternational units per mlnute into the rubber tubing at the’
entrance of the portal vein, In the meantime, the perfu-

- gate Was ‘collected at the exit, until 20 ml had been ob- .
tained, Rach ml of the perfusate collected supposedly con-
tained 2.0 international unites of insulin. The perfusate .
collected was set aside so that the insulin would settle,
To make sure that all the insulin that went in had been
entirely recovered in the 20 ml perfusate collected, a
separate experiment was performed in which a solution of
indigocarmine with a concentration of 6 mg per: ml was in--
troduced into the portal vein in & manner similar 40 tha+
stated above. It was obvious that 20 ml of the perfusate
was collected and all the indiwocarmlne had been drained
from the liver. -
_ B (d) Liver extracts--Follow1ng the perfusion the
liver was removeds To the liver an equal amount in welght
of Locke's solution was added to make a liver extract
according to Mirsky's nrocedure.@ The extract was then
placed in a centrlfuﬁe to rotate at a speed ‘of 3,500 revo~
lutions per minute. This done, 10 ml was taken out from
the substances in suspension in the top layer. To “this 20
international units of insulin and 10 ml of Locke's solution
were added and kept at -37°C for one hour. Observation was
made of the action of the liver extract on the insulin. .
(3) Observation of the activity of insulin., Deter=-
mination of the normal sugar content of the blood of the
rabbits picked for the experiment was made by testing the
blood of the animals three times.in half-hour intervals,
employing the Folin-Wu method. The average of measurements
was used as the normal sugar content of blood. Then the
various fluids, the amount of each of which being determined
by its strength being equivalent to 2.0 international units

g/‘ﬁe%er to footnote 2, page 1,



were injected intravenously 1nt6 two rabblise “After the
injection & test was glven every half an hour three times

to determine the gugar content of the blood. -The respective
sugar content yvalues obtained were‘compared,with the normal

sugar content yalue. The percentage of decrease indicated .
the desree of the activity of the insuline. .

() Rendetring the White Rats Hypoglycenic with :
Tolbutamide. After déterm nation‘has been made of the sugar:
content of the blood when the stomach 18 without food, tol- -
butamide was administenedw%yfmduﬂﬁfﬁovthe animal, the dosage
being 2 grams Dper kilogramubodyfwgight. A test wa# given
every hour after the sdministration of the tolbutamide %O
determine the sugar content of the plood. In general,'two
hours after the chemical had been introduced the sugar
content drovped +0 the minimum, namely about 30%. This done,

perfusion followed.

 Results end Discussion

(1) The Effect of Fluid Gollected Before and
* Fluid Collected After Perfusion of Liver on
the Activity of the Insulln B}

At the concluslon of four separate experiments

(see Table I) three portions of perfusion £luid were col- -
lected consecutively in the process,‘each portion contain=-
ing 20 ml. Non of these portions of perfusion fluid caused
any change in the activity of the insulin. . But the extract
obtainedffrom the ground-up 1iver that had been perfused .
did inactivate insulin in test -tube tests. The blood fluid
collected from the vena cava inferior before persulon had
“po inactivating effect on the insulin.. _ :

. In the light of the results of this experiment
it may be said that the insulin—inactivating gubstance
cannot be carried away from the liver by the perfusion
fluid, and that it-is not present in the blood fluid.
Even after the 1iver has been washed by a large guantity

of perfusion fluid, the.1nsulinrinaCtivating‘property of
the substancesﬂare'still preserved in the liver. 2

[Table I'follows.]
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(2) The Effect of Liver on the Activity of the
Insulin in the Perfusion Fluld

After seven experiments (see Table II) 1t was
found that the 1rgulin in-the porfusion fluld that had
passed through the liver was inactivated in the process,
ae shown in the tesis made of the perfusion collected
which did not bring about a decrease in the sugar content
of the blood of the pabbltes, Bub:.when inmsulln was added
to the perfusion f1uid before and after perfusion, the
former was not affected. We may infer from these phenomens
that when insulin PASSES through the liver 1t is inactivat-
ed, The resulls of our experiment confirm the findings of -
Mirsky who found that when he sdded some extract from -
ground-up 1iver to-a test tube containing insulin, the
latter was pendered insctive. The fact that the insulin
inactivating substances cannot be carried away frou the

“Jiver by the perfusion £iuid, and that they insctivate
the insulin only when the latter passes through the liver
tissues is a good indication that they possibly are close
related to. the liver tissues themgelves.

Taple 1T -
Changes of the Activity of Iusulin Wnhen it Passes
ihe Liver with Liver perfusion Fluld

- 1st Por- 2nd Extract
Por- fusion Por- of Liver
tion of} Fluld tion After
Perfu- | Contal -of Perfu-
Fluld Tested sion ing In-| Perfu-} sion
' _ © Fluid sulin sion '

Thtervalis
(in min.)
between In- , " N SR .
jQGtiOﬂS 30Em1!wi:m bnam\;m imé'm:myim, au
Given 1o — C
Rabbilts.

Eellvity jAverage , e
of Insu~ lof 7 37 45 45| =7 ..4" wt a7 ica fmasjors ey =0
g %3 i i v 1 !

1in (as Jresteld
indioated TDeviationy ..~ 1. ¥ iaiss e
by the ded (2} ;‘7.9' ‘ a.4 !' 9.5 1 4.0 3.2 \vz.4 7.7 2.0 l 60178, 001 176
crease of ‘ ' '
gugar con-
tent of
blood of
rabbit)




T henides, ae the resules of ows Srpariment 0hW,

aftor the perfusion fiuld sortaining Inaulin pogacd thovegh

the liver, the effect of extracte from ihue liver ou insullin
wag not dlways the same; eomgequently the regulis of the
az@nﬁiﬂ&ﬁt:ia<ﬁhiﬂ'@ﬁﬁﬁi@ﬂl&r‘tQME&ﬁt were eompirablively .
inoonsistent. Furiher ohservations shnowed that in easoh per
rugion it was not easy fer the perfesion fluld to pasze é

nreugh sach lobse. of the livere-in fast the perfusion fiuld

ﬁau&d‘n@ﬁ pass through certaln parts ef that organ. As &l

»

regult, ‘thoge parts kept thel: eriginal red sclor in the
p?@&@ﬁ&'@f*ﬁéﬁfﬂﬁl@ﬂ»ﬂ In two! separats experiments {age = -

Taple II1) ‘the perfused liver was divided inte twe portiona

pachipding e the twe colers, red and pale. Obdervations

were ‘made of the effect éf-tneirAraspéativ&:axtrae%ﬂ'wn,;;gi:'
the satlvity ef insulin, The resulis showed that the ok= I’

tract obtained from the portion of the liver through whish
the perfdsion fluid sontalnlung insulin hed passed, namely

the pale portion, lest its erlginel inastivating property, |

while the extract from the pertlion thai had not been pene-

retalned 148 1nau;@n~imﬁmtivating property, .

The Effeat of Extracts Obtutned frow Liver
. Through Whieh Parfusion Fluid Centalning
.. 7 Insulin Pasged - _

i

Porfu~ Perliua- B

E Per- slen sate . Fluld Extracts

s fue Qom~ - Cone - .. from Liver

Fluid Blon .taining iaining [ __Periien

. Tested Fluld Insulim Ireulin Tied

i Tntervals{in min)

7. 1st. 2ma

s [ivorags o7 e Eeee e
Begrud  Iverans pad-oi-ol- s i l{etferfos | fonlo ool
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(3) The Effect
the Former
Hypoglycemia

The results of four tests (
wasg adminls

" ed that when tolbutamide v
white rats to producezhyﬁdglyéemia,
fusion fliuld
through the 1llvsr.

fusion fluid collected before and after

The results also ghowe

of Tolbutamide on Insulin When
Was Adminstered to Produce '

gee Table IV) demonstrat-
tered to the large
the insulin in the per-

loat its 1nactivating property upon passing

4 that the per-
4nsulin perfusion

was made and extracts made of 1ivers after perfuslon had

the same effect on 1nsulin as perfusion
normal rabblits.

seem to be any
f tolbutamlide and the insulin-

from perfusion given
gulte, there does not
hypoglycenlo sction ©
vating substances of the llver.

Table IV

fluld obtained
Based on these re-
relation between the
inactie-

Effect of Liver on the Astivity of Insulln

~ After Tolbutanide Given Rats
S lst - Per- 2nd
Por- fusion Por~
tion - Fluld tion Liver
of =~ Coun~ of Extract
Pepe ~ tain- Per- After -
Fluid fusion ing fusion Perfu=-
~_Tested Fiuid Insulin Fluid sion
Tntervalse {(in min ,
between tests of : I
sugar content of- an ‘ A0 '.'m' 30 ‘ 0 l a0 § 300 60 i S TR
blood of rabblts b ‘ -

- after inlectlon

ivity

- 37 !~4| -2

= =i
42 L la
i

of Insulin

Degres of verage off ! ! TR
46 —49 =41 ] =3 -1 | &6

ac% p O %s‘ 7 e
V18010 : :

(as indicat{ " ‘Tqa a Ve elaabenlogios]malag 2
od by the |- (&) &2 17"‘%6'553'115'5‘2'2 5.417.5;10.3 2.54321.752.4.
deeroase -

of -sugar ,

content of blood

expressed percentagewisec)




In the past few years many researchers have studled
again and again the relation-between'tolbutamide and the
insulin~inactivating substances of the liver, hoping to ex-_:
plain @he-hypqglycemic mechanisn of chemicals of thié”typeaﬁzlg/
But the results were not consistent, and the explanations at-
tempted vary. Basing on thée results of our experiment, if
the hypoglycemic actlon of tolbutamide was caused by -the lin-
sulin-inactivating substances, then when tolbutamlde renders .
an animal hypoglycemic the activity of the insulin-inactivating
gubstances in the liver should be decreased, and after the
snsulin has passed through the liver,its_activity_should‘be
sustained. But Table IV clearly demonstrated that the insulin
in the perfusate wag definitely 1nact1vatea.ligyese results
are consistent with the results that Willlams== obtained in
his observationsfof'the reaction,of;the~liver?extraCt from
animals that he had injected tolbutamide into. ...~ "=

Conclusion
- In our . .study of the action of the insulin-inactivating
supbstances of the livers of large white rats by perfusing the
liver in situ,_when,a-certain'amount of 1nsuI1n'passed through
the liver, it might losé its activity. This proves that the

1iver has an inactivating action on insulin, -and that these
insulin-inactivating substances: are closely related to the

1iver tissués. Such substances could not be carried away

from the liver Dby the perfusate, After the insulin passed
through the liver, the action of the insulin-inactivating
substances of the liver was weakened, P R
When the animals were rendered hypbglycemic*by:toln
butamide, the action of the insulin~inactivating substances
of the liver was the same as that of ‘the liver of normal ani-
mals, Therefore we conclude that there 1s no relation between
the hypoglycemic action of tolbutamide and the insulin-inacti-
vating substances of thg liver. o
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