i
|
it
i

os™

THE EFFECT UPON THE LIVER OF EVISCERATION
WITH OR WITHOUT HORMONE REPLACEMENT

Thomas E. Starzl, m.p., F.A.c.s., Denver, Colorado, Antonio Francavilla, M.D., Barz, ltaly,

Kendrick A. Porter, M.p., London, England, and Joseph Benichou, M.D.,

Denver, Colorado

DurING the last decade, the influence of portal
venous blood upon the liver has been of increas-
ing interest to hepatologists, as reported by
Whelan and Porter (33). Numerous publica-
tions from our laboratories have shown how
crucial endogenous insulin is in its so-called
hepatotrophic benefits but have emphasized that

additional humoral and nonhumoral portal sub-:

stances from splanchnic viscera are, undoubt-
edly, also of importance (26, 27,28,29,30, 31).

In the present study, some, almost all or all of
the nonhepatic splanchnic viscera were removed,
and the effect upon the liver during a two or
three day period was determined with or without
infusion therapy with insulin, glucagon or epi-
dermal growth factor.

METHODS

Eighty-two normal mongrel dogs, weighing 14
to 25 kilograms, were used. Anesthesia for opera-
tion and later sacrifice was with pentobarbital
sodium, supplemented with phencyclidine hy-
drochloride and succinylcholine chloride.

Because of the high mortality during the two
or three days of study after evisceration, only 30
of the 82 evisceration experiments could be car-
ried to completion. The completed experimental
groups are summarized in Table I.

With one kind of evisceration, all of the non-
hepatic splanchnic organs were removed, except
the colon or terminal part of the ileum and colon
(Fig. 1a and b). By anastomosing the ileum or
colon to the distal part of the esophagus, saliva or
even fluid could be swallowed and would pass
promptly to the anus (Fig. 1a and b). In the
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other preparation (Fig. 1c), all of the nonhepatic -

splanchnic viscera were removed including the
rectum from above or below by a pull-through
procedure. The distal part of the esophagus or
the proximal part of the stomach was closed in
three layers. The amount of gastric cardia re-
tained never exceeded 1 centimeter.

Postoperatively, fluids were given intrave-
nously or subcutaneously to maintain hydration
and electrolyte balance. This usually required
1.5 to 2.0 liters per day of electrolyte solutions,
with or without glucose.
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In all the evisceration operations, the base of

the mesentery of the small and the large intestine
was retained, so that a small volume of hepatope-
tal portal venous flow was preserved (Fig. 1a, b
and c). In groups 2 and 3, insulin was infused in-
to the tied off left portal vein (Fig. 2b); poten-
tially offsetting this hormone advantage for the

left lobes was the.advantage for the right lobes of

flow returning from the mesenteric base. The ex-
perimental comparisons in groups 2 and 3 were
between the right lobes versus the insulin infused
left lobes.

With groups 4, 5, 6, 7 and 8, the experimental
comparisons were between the livers of dogs two
or three days after evisceration and the livers of
normal dogs. Hormones in groups 6, 7 and 8
were infused into the main portal vein (Fig. 2a),
using a previously described continuous pump
system (317,

In group 2 and half of the dogs in group 3, the
insulin infused was regular commercial insulin,
prepared from beef and pork pancreases. For the
other dogs of group 3 and for all the dogs for
group 6, research quality crystalline bovine in-
sulin was administered. The glucagon was pure,
as was the epidermal growth factor.

About two hours before sacrifice, the dogs
were given 0.2 millicurie per kilogram of body
weight of (CH;-"’H) thymidine by the intrave-
nous route. The specific activity was 47 curies
per millimole.
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Fic. 1. a, Evisceration, retaining a few centimeters of the
terminal part of the ileum and all of the colon for anastomosis
to the esophagus, part of group 2. In all evisceration
procedures, the base of the mesentery was preserved, so that
the portal vein still had a small volume of hepatopetal flow. b,
Same as Fig. 1a, except that the ileum was removed and an
esophagocolostomy was performed, part of groups 2 and 4. ¢,
Same as Fig. 1a, except that the colon and rectum were ex-
cised with closure of the esophagus and anus, groups 3, 5, 6,7
and 8.

Esophagus

HORMONE MEASUREMENTS

Plasma hormone concentrations were mea-
sured. Insulin analysis was by the immunoassay
of Herbert and associates (13). Glucagon and
glucagon-like immunoreactivity were determined
by the radioimmunoassay methods of Faloona Bile

/ A catheter

and Unger (7). The primary pancreatic glu-
cagon measured with this technique has a mo-
lecular weight of 3,500, although other larger
moieties have some activity. Glucagon-like im-
munoreactivity arising from a variety of sources,
Including the gastrointestinal tract and salivary
glands, consists of at least two different molec-
ular weight fractions, as demonstrated by Moody
(20). The cross reactivity of glucagon and

glucagon-like immunoreactivity is about 2 per
cent,
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TABLE 1.—DATA FOR EXPERIMENTAL GROUPS

Days
duration
Group Attempted No. of postoperative
No. experiments completed experiments study Organs retained Hormone infused
COMPARISONS BETWEEN RIGHT AND LEFT LOBES AFTER INSULIN INFUSION INTO LEFT PORTAL VEIN
2 16 7 3 Ileocolon, 5 dogs, Insulin, 0.5420.19 $.D., units/kgm./day
or colon, 2 dogs

3 25 6 2 None Insulin, 0.59+0.07 S.D., units/kgm. /day

COMPARISONS OF NORMAL DOGS VERSUS EXPERIMENTS WITHOUT AND WITH HORMONE INFUSIONS INTO MAIN PORTAL VEIN
4 16 3 3 Colon None
5 13 5 2 None None
6 8 5 2 None Insulin, 0.67+0.17 8.D., units/kgm./day
7 2 2 2 None Glucagon,0.53and 0.25 mgm. /kgm. /day
8 2 2 2 None Epidermal growth factor, 5.9 and 5.4

gamma/kgm./day

Group 1, not shown, consisted of unoperated upon normal dogs. For different biochemical or morphologic measurements, the numbers of dogs in the control study var-

ied from six to 19.

TABLE IL.—-GLUCAGON, GLUCAGON-LIKE IMMUNOREACTIVITY AND INSULIN ASSAY OF PLASMA

Control:

Time in days after evisceration.

. —0 days— —Tday. _—2days.. __3days— _ddays—. __Sdays—. —bdays—. _7days__
Animal G GLI I G GLI I G GLI 1 G GLI'IT G GLI'I G GLI'I G GLI'I G GLI I
No. ALL VISCERA EXCEPT COLON REMOVED.

1 110 2.7 94 0 22 5 50 25 5

2 86 1.9 27 50 2.7 5 0 29 6 66 27 5 0 25 5 40 25 5 50 22 5 76 26 5
3 76 1.4 34 50 22 6 40 1.7 5 50 15 5

4 50 34 13 40 5 66 22 6 145 29 5

ALL VISCERA REMOVED,

5 125 3.6 120 0 35 5 0 28 5

6 110 2.9 78 0 24 5 0 27 5

7 76 2.1 13 0 19 5 0 19 5

G, Glucagon, in ./ml.
GLI, Glucag, -lﬂ;‘len'
1, Insulin, in uU./ml. .

eactivity, in ngm./ml.

In the Dallas laboratory of Dr. R. H. Unger, glucagon is considered absent at values <30 pgm., and insulin is considered absent at values <2 pU./ml.’

TABLE III.—ADENYLATE CYCLASE, NANOMOLES PER MILLIGRAM PROTEIN HOMOGENATE PER 15 MINUTES

Basal,
— HO___ ___107M___ ___10™M___

Group No. Rp Lp Rp Lp Rp Lp Rp

Inted

NaF sti
—TM _—107M___ 10 mM. et

Lp  Rp Lp Rp Lp Rp Lp

2 7 27£6 5029 6416 9645 7722 11053 91£21 12958 107x£26 145164 117222 14760 17234 233x74
p Value* NS NS NS NS NS NS NS

3 6 214 4227 32x7 71x43 43x7 127+101 62+11 151£99 8619 236122 87+28 209+128 135438 298128
p Value* <0.05 <0.05 <0.05 <0.05 <0.02 <0.05 <0.02

*Data are mean = standard deviation, S.D. All statistical comparisons are between the right, Rp, and left, Lp, lobes at the time of sacrifice using the Students t test.

NaF, Sodium fluoride; NS, not significant.

BIOCHEMICAL ANALYSES

At the time of sacrifice, biopsies were made of
the liver. Some tissue was used fresh and some
was frozen and stored in liquid nitrogen until the
analyses were completed. Tissue protein was
analyzed by the method of Lowry and colleagues
(18).

Deoxyribonucleic acid concentration and syn-
thesis. Extraction and purification of deoxyribo-
nucleic acid were carried out by the method of
Schneider and Greco (24). Deoxyribonucleic
acid content was measured by Giles and Myers’
(11) modification of the diphenylamine method
of Burton (3). The deoxyribonucleic acid con-
tent was expressed as micrograms per gram of
wet liver. The in vivo incorporation of (CH;-"H)

thymidine into deoxyribonucleic acid was ex-
pressed as disintegrations per minute per 100
micrograms of the purified deoxyribonucleic
acid. . “

The results in experimental groups 4, 5, 6, 7
and 8 were compared with those of six normal
control study dogs. In groups 2 and 3, the right
and left lobes were compared against each other
postoperatively.

Adenylate cyclase. Fresh dog liver was homog-
enized and incubated by the method of Makman
and Sutherland (19) under basal conditions and
conditions of glucagon and sodium fluoride stimu-
lation. To obtain a better dispersal of membrane
before analysis, the original procedure of Mak-
man and Sutherland (19) was modified by freez-
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5 | ingthe homogenate in liquid nitrogen. The cyclic dipping in Ilford K2 nuclear emulsion before
¢ 3 5-adenosine monophosphate formed during drying and exposing for three to six weeks. After
__ . incubation was determined by the methods of passing through a developer, they were stained
*  White and Zenzer {34), Krishna and co-authors through the emulsion with methylene blue. Cells
(15) and Salomon and co-workers (23). The were counted as labeled if there were more than 3
. adenylate cyclase activity was expressed as the grains over the nucleus.
¢ nanomoles of cyclic 3, 5’-adenosine monophos- For electron microscopy, specimens were fixed
¢ phate formed in 15 minutes by 1 milligram of the in buffered glutaraldehyde, then postfixed in
. protein homogenate. buffered 2 per cent osmium tetroxide, dehydrat-
s The results postoperatively in groups 4,5, 6,7 ed and embedded in epoxy. Sections, 0.5 mi-
4, | and 8 were compared with the values obtained cromole, were cut, stained and examined by light
—  from 19 normal dogs. In groups 2 and 3, the right microscopy and areas selected for electron mi-
.4 . andleft lobes were compared against each other croscopy. Ultrathin sections were cut, stained
¢ postoperatively. with Reynolds lead acetate and with azure II and
128 | Cyclic 3', 5'-adenosine monophosphate. About examined in an electron microscope. The size of
. 50 milligrams of the quick frozen liver was hepatocytes in the middle zones of the lobules
't analyzed by the radioimmunoassay method of was determined on stained sections by a method
. Harper and Brooker (12) after purification of a previously described (26),and Loud’s (17) mor-
x- | trichloroacetic acid extract through a column phometric method was used to determine the
)0 | that had a 200 to 400 mesh. length of rough endoplasmic reticulum per area
ic The results postoperatively in groups 4, 5, 6,7  of cytoplasm in these cells.
. and 8 were compared with the values obtained
7 . from 12 normal dogs. In groups 2 and 3, the right ~RESULTS )
al | and left lobes were compared against each other Hormone Studies
ht |  Postoperatively. After removal of all the nonhepatic splanchnic
er PATHOLOGIC STUDIES viscera (Fig: 1g), detectable circulating glucagon
5 was gone within 24 hours. However, when the
g- | Pieces of liver were fixed in a buffered 10 per colon was retained (Fig. 1b), significant quanti-
m | Cent aqueous solution of formaldehyde. Frozen ties of glucagon were always detectable (Table
id | sections were cut and stained for fat. The tissue II). Glucagon-like immunoreactivity was un-
1- 7 Wwas then processed, and paraffin sections were affected by evisceration (Table II). Trace quan-
1e | Produced. Some of these were stained with a tities of insulin remained one and two days
<~ wide range of reagents, while others were after either type of evisceration, as shown in
z- Prepared for autoradiography by dewaxing and Table II.

|
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TABLE IV.—CYCLIC 3, 5-ADENOSINE MONOPHOSPHATE, DEOXYRIBONUCLEIC ACID CONCENTRATIONS AND

DEOXYRIBONUCLEIC ACID SYNTHESIS

Cyclic AMP,
—_pM/gm. of wet liver—__
Group No. Rp Lp
2 7 998308 1844420
p Value® NS
3 6 1348392 1000256
p Value* NS

AMP, Adenosine monophosphate.
DNA, Dcoxyribonucleic acid.

Rp, Right lobe.

Lp, Left lobe.

DPM, Disintegrations per minute.
NS, Not significant.

*Statistical comparisons are between the right and left lobes by Students t test.

DNA synthesis,
—DPM/ 700 ugm. DNA_.

DNA concentrations,
—ugm./gm. of wet liver—

Rp Lp Rp Lp
2513350 2730256 504117 810273
NS <0.01
28734583 2811806 476194 565220
NS NS

TABLE V.—CELL SIZE AND AUTORADIOGRAPHY

Mean = S.D.

Mean = S.D. labeled hepatocytes
hepatocyte size, units. ——per 1,000 hepatocytes—
Group Description No. Rp Lp Rp Lp
Normal* Controls 11 0.1810.04 0.175+0.05 1.53x0.46 1.54+0.37
p Valuet NS NS
2 Partial evisceration 7 0.115+0.02 0.170£0.01 0.79+0.06 1.63=x0.18
Insulin into left portal
p Valuet <0.01 <0.001
3 Total evisceration 7 0.090+0.01 0.166=0.02 0.67+0.04 1.32:0.4
Insulin into left portal '
p Valuet <0.01 <0.01

INER Not significant.

The data comparing the right and left lobes in these 11 normal dogs were obtained from earlier experiments, Surg. Gynecol. Obstet., 1975, 141: 843. Students t test

res the right and left lobes.

com
Tgnaatistia[ comparison between right, Rp, and left, Lp, lobes at time of sacrifice using Students t test.

Right Versus Left Lobes After Operation

Biochemical studies. The left lobes of the liver
which were receiving commercial or highly puri-
fied insulin in groups 2 and 3 had higher adenylate
cyclase activity than did the right lobes. Adenyl
cyclase activity is separable into receptor and cat-
alytic components. Basal activity is receptor plus
catalytic, glucagon stimulated activity is receptor
in nature and sodium fluoride stimulated activity
is catalytic.

The increases in the insulin perfused tissues
were of both the receptor and the catalytic parts
of adenyl cyclase, with elevations of the basal,
glucagon stimulated and sodium fluoride stimu-
lated components. The higher adenyl cyclase ac-
tivity in the left lobes was evident in both groups
2 and 3 but reached significance only in group 3
(Table IIT). In group 3, the results were the
same with commercial as with purified insulin.
Cyclic 3’, 5'-adenosine monophosphate concen-
tration was not significantly different between
the two sides, in either group 2 or 3, as shown in
Table IV.

Deoxyribonucleic acid synthesis was height-
ened in the insulin infused left lobes compared
with that in the right lobes. However, this effect
was statistically significant only in group 2 (Ta-
ble IV). Deoxyribonucleic acid concentration

was essentially the same on both sides (Table
Iv).

Pathologic studies. During the two or three
days of postoperative observation, the insulin in-
fused left lobes retained their cell size far better
than did the acutely atrophying right lobe hepa-
tocytes (Table V). The morphologic characteris-
tics of the hepatocytes of the left lobe were more
normal. In the totally eviscerated dogs, the cyto-
plasm of the hepatocytes in the right lobes
became laden with fat droplets. This lipid ac-
cumulation was greatly reduced or prevented by
insulin infusion. Ultrastructurally, the rough en-
doplasmic reticulum was nearly normal in
amount and appearance in the hepatocytes in the
insulin infused left lobes compared with that in
the right lobes in which the rough endoplasmic
reticulum was reduced in amount, disorganized,
depleted of ribosomes and had many dilated cis-
ternae. Both sides of the liver contained fewer
glycogen granules than normal, and there were
increased numbers of autophagosomes and lipid
droplets. .

The rate of spontaneous cell renewal, as re-
flected by the mitotic index and by thymidine
labeling, was twice as great in the insulin infused
left lobes in both groups 2 and 3 (Table V). In
group 3, the results in half the dogs that received

it
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BLE VI.—ADENYLA'.TE CYCLASE, NANOMOLES PER MILLIGRAM PROTEIN HOMOGENATE PER 15 MINUTES

TA
NaF
Glucagon stimulated. stimulated,
Group No. Basal, H,0 10°M 107%M 107™ 10-M 107°M 70 mM.
Normal 18 18.64.8 40.3x12.6 59.2+13.2 77.2x17.2 93+21.8 97+24.2 12639.3
4 3 33.3x=14.9 75.9x18.1 105£45.6 179.4£96.3 287+128 238.6x=104.5 352+128.6
Value NS NS NS NS NS <0.05 <0.05
g 5 8.8+4.6 14.1£6.9 24.9+16.7 35.3x£19.9 53.2+36.3 57.2+48.9 81.6x54.7
Value <0.01 <0.001 <0.001 <0.001 <0.01 <0.02 NS
g 5 24x6.6 37.5x8.7 54.4+12.5 76.8+24 111.4x25.5 127.9x31.2 222x71.5
Versus
P normal NS NS NS NS NS <0.05 <0.05
p Versus
group 5 <0.01 <0.01 <0.02 <0.02 <0.02 <0.05 <0.01
2 15.5+10.6 16.8+10.8 31.4£29.1 40.6x37.4 61+48 66.6:49 120.2x113
p Versus
normal NS <0.05 <0.02 <0.02 NS NS NS
p Versus
group 5 NS NS NS NS NS NS NS
8 2 11.5%6.3 13.5+£9.1 20.3+4.3 24.6x7.4 44.4+17.5 42.5x14.5 82.8+32.2
p Versus .
normal NS <0.01 <0.001 <0.001 <0.01 <0.01 NS
p Versus
group 5 NS NS NS NS NS NS NS

In each group, the test group is compared by the Students t test with the normal dogs. In groups 6, 7 and 8, a second companion, lower p value, is made with the evis-

cerated dogs of group 5 which did not receive hormones.
NaF, Sodium fluoride; NS, not significant.

commercial insulin were the same as in the other
half that received highly purified insulin.

Preoperative Versus Postoperative

Biochemical studies. Compared with normal
controls, the adenylate cyclase activity under ba-
sal and stimulatory conditions was elevated in
the dogs of group 4 which had all of the nonhepa-
tic splanchnic viscera removed, except for the

colon (Table VI). In some instances, these in-
creases were statistically significant (Table VI).
In contrast, the adenylate cyclase activity was
reduced to a highly significant degree under basal
and stimulatory conditions in the dogs of group 5
which had the colon as well as the other non-
hepatic splanchnic viscera excised. The ade-
nylate cyclase activity was not restored by infu-
sion of glucagon, group 7, or by epidermal
growth factor, group 8, but it was returned es-
sentially to, or even above, normal when research
quality insulin was infused into the main portal
vein, group 6, Table VI.
Hepatic cyclic 3', 5’-adenosine monophos-
phate was increased above the normal level in
dogs which had evisceration, except for the colon,
group 4, and in completely eviscerated dogs
which were given glucagon intraportally, group

deoxyribonucleic acid synthesis was restored to
normal when research quality insulin was in-
fused into the portal vein, group 6, Table VIII.
Incongruously, in view of the results with auto-
radiography, the dogs of group 4 with retained
colons had spontaneous deoxyribonucleic acid
synthesis more than twice that of normal.
Pathologic studies. At the end of two days of
postoperative observation, the liver cells in dogs
infused intraportally with purified insulin had
less atrophy, less fat and fewer ultrastructural
changes than did the untreated dogs or the dogs
infused with glucagon or epidermal growth fac-
tor (Table IX). The insulin treated dogs of
group 6 also had a normal mitotic index and a
normal rate of thymidine incorporation, as mea-
sured by autoradiography compared with that of
all the other groups of test dogs in which the rate of
spontaneous cell renewal was about half normal.
The subnormal rate of hepatocyte mitosis in
the dogs of group 4 (Table IX) was inconsistent
with the elevated deoxyribonucleic acid synthesis
shown for those same dogs in Table VIII. These

TABLE VIL—CYCLIC 3%, 5-ADENOSINE MONOPHOS-

7, Table VIL.

Hepatic deoxyribonucleic acid synthesis was
depressed when evisceration of the nonhepatic
splanchnic organs was complete, group 5, or
when glucagon, group 7, or epidermal growth
factor, group 8, were infused intraportally after
complete evisceration ( Table VIII). In contrast,

PHATE
Cyclic AMP, .

Group No. pPM./gm. of wet liver p Value*
Normal 12 1076213
4 3 1581787 <0.1>0.05
5 5 Not done Not done
6 5 1360413 NS
7 2 1516426 <0.1>0.05
8 -2 780244.6 NS

*Comparison by the Students t test with the normals.
AMP, 3', 5'-Adcnosine monophosphate.
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TABLE VIIL.—DEOXYRIBONUCLEIC ACID CONCENTRATION AND SYNTHESIS
DNA synthesis,

DNA concentration, DPM/17,000 ugm. Agreement
Group No. ugm./gm. of wet liver p Value® of DNA p Value™ with ARGt
Normal 6 2691381 461107 Yes
4 3 5553748 <0.001 103947 <0.001 No
5 5 2963507 NS 188+33 <0.001 Yes
6 5 2930632 NS 564380 NS Yes
7 2 3066+1181 NS 277139 <0.05 Yes
8 2 4392830 <0.01 2488 <0.05 Yes
*All statistical comparisons are with the normal dogs using the Students t test.
tSee actual ARG, autoradiography, in Table IX.
NS, Not sngmﬁcant
DPM, Disintegrations per minute.
TABLE IX.—HEPATOCYTE SIZE AND AUTORADIOGRAPHIC LABELING
Mean + S.D. labeled
Mean = §.D,, hepatocytes per
Group Type experiment No. hepatocyte size p Value* 1,000 hepatocytes p Value*
Normal Control 17t 0.173x0.038 _— 1.55+0.33 _
4 Partial evisceration; no infusion 3 0.107+0.017 <0.001 0.69:0.02 <0.001
S Total evisceration; no infusion S 0.086=+0.010 <0.001 0.62+0.035 <0.001
6 Total evisceration plus insulin 5 0.160+0.010 NS 1.482:0.42 NS
7 Total evisceration plus glucagon 2 0.097+0.008 <0.001 0.69+0.015 <0.001
8 Total evisceration plus
epidermal growth factor 2 0.0910.005 <0.001 0.65+0.035 <0.001

* roups pared with normal dogs using Students t test.

disparate findings in the dogs with a retained dis-
tal part of the colon in group 4 could be partly
explained by the infiltration of the livers by mono-
nuclear cells, many of them in division, and by
the active proliferation of the endothelial cells
lining the vessels of the liver. Something odd
seemed to have happened to these dogs to account
for the vascular damage and to have caused the
cellular invasion. The hepatocytes also contained
much more fat than was present in the right lobes
of the comparable dogs in group 2.

DISCUSSION

Many past studies of portal hepatotrophic fac-
tors have lasted for weeks or months. The short-
est observation times used by us in the past have
been four days (29, 30, 31). It was well estab-
lished from these studies that the anatomic
changes in the liver caused by deprivation of
portal venous blood are well advanced within
four days.

In the present experiments, it was necessary to
reduce the duration of the experiments even
further. The reason was that survival for more
than two or three days was extremely difficultto
achieve after complete, or nearly complete, evis-
ceration. This situation was not improved by the
infusion of replacement hormones. Fortunately,
the evolution of the end points under study was
fast enough to permit conclusions, even after two
or three days.

An unequivocal conclusion from the patho-

Experi 1 g
tEleven of the normals were the left lobar samples of previously studied dogs, the other six were new controls.

logic studies in the eviscerated dogs was that in-
sulin, as a single factor, had a profound effect
upon the structure and spontaneous cell renewal
of hepatocytes. In past studies in dogs with a por-
tacaval shunt, it has been demonstrated that in-
sulin administered into the tied off central portal
vein of livers deprived of portal blood augmented
the rate of mitoses, prevented atrophy and pre-
served the ultrastructural qualities of hepa-
tocytes (30, 31). The same effect of insulin was
seen in the eviscerated dogs of the present study
and approximately to the same degree. Glucagon
and epidermal growth factor had no demonstra-
ble effect on the autoradiographic or structural
Imeasurements.

The effects of insulin upon the blochcmlcal
composition of the liver are well known, as we
(26, 27, 28) and others have reported. In the
present investigation, attention was directed to
deoxyribonucleic atid, adenyl cyclase and cyclic
3’, 5'-adenosine monophosphate. Deoxyribonu-
cleic acid synthesis was heightened by insulin
infusion, which was.consistent with the auto-
radiographic studies.’. This was particularly
evident in experiments in which insulin was
provided for one portal branch only, allowing a
comparison of the lobes on that side with the con-
tralateral lobes.

Somewhat unexpected was the seeming main-
tenance of adenyl cyclase activity under the
influence of insulin. After total nonhepatic
splanchnic evisceration, including the pancreas,
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hepatic adenyl cyclase levels were generally de-
pressed under both basal and stimulatory condi-
tions. The prevention of this effect by intraportal
administration of either commercial or purified
insulin was paradoxic, since insulin in contrast
with glucagon has been thought by Sutherland
and Robison (32) to be an adenyl cyclase and cy-
clic 3', 5'-adenosine monophosphate inhibitor.
The effect of insulin in the evisceration exper-
iments was presumably due to nonspecific mem-
brane stabilization. It is well known that insulin
can stabilize cell membranes and, as reviewed by
Kono and Barham (14), Freychet and associates
(10) and Cuatrecasas (4), that it can have wide
ranging beneficial effects upon the organelles of
hepatocytes and other kinds of cells. In the ab-
sence of exogenous insulin in the eviscerated
dogs, the intraportal infusion of glucagon to two
dogs in many times the physiologic dosages to the
damaged liver cells did not increase adenyl cy-
clase. At the same time, the cyclic 3’, 5'-adeno-
sine monophosphate concentrations underwent
the expected increases.

The only inconsistency internally within these
experiments or with past work done in our labo-
ratories was the biochemical profile observed in
the dogs of group 4 which retained their colon
after evisceration. The deoxyribonucleic acid
concentration and deoxyribonucleic acid synthe-
sis were incongruously high in the livers of these
dogs, as was the level of adenyl cyclase activity
relative to all the other evisceration groups. The
probability that these biochemical findings were
due to some kind of experimental artifact rather
than to an hepatotrophic effect of the retained
colon was evident from the morphologic and au-
toradiographic studies which revealed no evi-
dence of a beneficial colonic influence upon the
liver.

Results of these studies further underscore the
primacy of insulin as a hepatotrophic substance
in experimental systems that do not involve
hepatectomy. The probable relevance of this kind
of information to hepatic regeneration has been
the subject of a number of recent reports from
our own laboratories (29) and by Broelsch (1),
Bucher and Swaffield (2), Duguay and Orloff
(5, 6), Farivar and colleagues (8), Fisher and
co-authors (9), Richman and associates (22),
Skivolocki and co-workers (25), Whittemore
and colleagues (35), as well as by Price (21) and
Leffert (16). In spite of the extensiveness of
these studies, the role of portal factors in regener-
ation of the liver has not been clarified. In future
studies, it will be necessary to repeat work in
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which hepatectomy is carried out at the same
time as the evisceration procedures to test directly
the influence of such extirpation with or without
hormone replacement upon the expected hepatic
regeneration process. Investigations of this kind
have been pioneered by Price (21), Bucher and
Swaffield (2) and Whittemore and associates
(35), but the results have not been consistent.

SUMMARY

All, or nearly all, of the nonhepatic splanchnic
viscera were removed in dogs. In most untreated
dogs, the liver cells underwent changes similar
to those caused by portacaval shunt, including
structural deterioration of organelles and fatty
metamorphosis. The rate of division of the hepa-
tocytes, as measured by the mitotic index and by
autoradiography, was depressed as were deoxyri-
bonucleic acid synthesis and adenylate cyclase
activity. These changes were restored to, or
toward, normal with the intraportal administra-
tion of commercial or purified insulin but not
with glucagon or epidermal growth factor. The
results of both the pathologic and biochemical
studies were consistent, except for an incongruity
in some of the dogs in which the colon was re-
tained.
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