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in the 2 fractions of liver cells of laying hens
were not those induced by residual serum pro-
teins in liver homogenates. The antigenic
properties of phosphoproteins found in micro-
somal and supernatant fractions of laying
hens and estrogenized chickens appear to be
specific for the 2 fractions of their liver cells.
These findings give immunological support
to the idea that the liver is the locus of phos-
phoprotein production in the laying hen.
Microsomal and supernatant fractions of
liver cells of laying hens had both specific
antigenic properties of S-I and S-III, in which
antigenicity of S-I in the microsomal fraction
was weak. The reason for this weakness is
not clear. The results permit the assumption
that microsomes play an important role in
phosphoprotein syntheses in liver cells or that
they produce the S-1 fraction (low density
lipoprotein) and S-III fraction (phosphopro-
tein) in liver cells of laying hens and secrete
them into blood stream.

Summary. Microsomal and supernatant
fractions of liver cells of laying hens and es-
trogenized chickens showed immunologically
specific antigenic properties similar to those
of phosphoproteins found in the sera of lay-
ing hens. However, nuclear and mitochon-
drial fractions derived from liver cells of lay-
ing hens, 4 fractions from spleen cells of lay-
ing hens and 4 fractions from liver cells of
cocks, did not show any such specific anti-
genic properties. Microsomal and superna-
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tant fractions of liver cells of laying hens
and estrogenized chickens had both specific
properties of S-I and S-III fractions. Micro-
somal and supernatant fractions absorbed
well anti-S-ITT and anti-S-T antibodies, re-
spectively.
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Elevation of Proteolytic Activity in the Pancreas of Hypophysectomized

Rats by Hormonal Therapy.*

(26902)

B. L. Bakegr, H. W. Crarp, C. R. ANNABLE AND M. M. DEWEY
Department of Anatomy, University of Michigan Medical School, Ann Arbor

Following hypophysectomy a severe reduc-
tion in weight of the pancreas occurs in the
rat(1) and dog(2). In the rat most acini
are partially involuted with loss of cellular
size, zymogenic granules and cytoplasmic
RNA(3,4,5). Concurrently, the amount of

* Supported in part by research grants from
USP.HS, Inst. Res. Grant, Am. Cancer Soc., and
Upjohn Co.

amylase(6) and proteolytic activity(7) is
reduced. Experiments aimed at clarifying
the hormonal pathway by which the hypo-
physis exerts its influence over the pancreas
have entailed both ablation of other endo-
crine glands and hormonal replacement ther-
apy of endocrine-deficient animals. These
studies reveal that thyroid hormone plays a
key role(3,8,9,10,11,12) in maintaining the
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normal structure of pancreatic acini. Hypo-
physeal somatotropin(13,14) and adreno-
corticosteroids(15,16,17,18) are also impli-
cated. Indeed, administration of combined
somatotropin, corticosterone and l-thyroxine
to ad libitum-fed hypophysectomized rats
restores pancreatic weight and histology to
an approximately normal condition(19).
Few attempts have been made to restore
to normal the content of digestive enzymes
in the pancreas of hypophysectomized ani-
mals by hormonal therapy. Nishikawara
et al.(20) found feeding of thyroid tissue to
be effective with respect to amylase. This
report is concerned with the capacity of
combined administration of somatotropin,
corticosterone and l-thyroxine (STC) to ele-
vate proteolytic activity (PA) in the pan-
creas of hypophysectomized rats.
Procedures. Young adult, female Sprague-
Dawley rats were fed ad libitum a diet con-
sisting of Purina Laboratory Chow supple-
mented with greens and cod liver oil. After
hypophysectomy, a mean of 16 to 25 days
elapsed before initiation of hormonal therapy
(Table I). The rats were divided into the
following groups: (a) hypophysectomized,
vehicle - treated, (b) hypophysectomized,
hormone-treated, and (c) nonhypophysecto-
mized, vehicle-treated. Somatotropint was
dissolved in distilled water (1.25 mg/ml);
corticosterone was suspended in 0.9% NaCl
(150 pg/ml) with one drop of Tween 80 be-
ing added/10 ml of saline; and sodium l-thy-
roxine pentahydrate was dissolved in distilled
water (60 pg/ml) with one drop of N/10
NaOH per 50 ml of solution being used to fa-
cilitate solution of the hormone. Twice
daily, 125 pg of the somatotropin, 15 ug of
corticosterone and 3 pg of thyroxine were
administered together in one injection. One-
half unit of insulin was added in Experiment
1 to the treatment of Group 3. Nonhypo-
physectomized rats received an equal volume
of 0.9% NaCl, with Tween 80 and N/10

t We wish to express our appreciation to the En-
docrinology Study Section, USP.HS., for soma-
totropin (Armour’s Somar), to Merck and Co.,
Inc., for corticosterone, and to Smith, Kline and
French Laboratories for sodium I-thyroxine penta-
bydrate (Elthrin Sodium).
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NaOH being added in the amounts used for
dissolving the hormones. Treatment was
continued for 14 to 43 days at which time
food, but not water, was denied the animals
for 24 hours in Exp. 1 and 18 hours in Exp. 2
and 3 prior to termination of experiment.
The pancreas was removed while the rats
were under sodium amytal anesthesia and dis-
sected free of extraneous fat and connective
tissue. Completeness of hypophysectomy
was verified by microscopic examination of
sections of the pituitary area in all hypophy-
sectomized rats treated with hormones and
in the hypophysectomized, vehicle-treated
rats which exhibited a questionable loss in
body weight.

The procedure for determination of PA
(activated trypsinogen, chymotrypsinogen)
was described previously(7), and is based on
release from a substrate containing hemo-
globin(21) of tyrosine-like compounds by
pancreatic proteolytic enzymes. The color
developed following addition of the Folin-
Ciocalteu reagent was determined in a Klett-
Summerson colorimeter and PA expressed as
mg of tyrosine released per minute at 37°C
by reference to a standard curve previously
worked out with the pure amino acid. Our
previously published procedure was altered
in the following ways. The original pancre-
atic homogenate was diluted to a final con-
centration of 1 g of pancreas in 1.25 L of
physiological saline. The homogenate was
brought to pH 5 by addition of 0.1 M phos-
phate buffer in Exp. 1 and 2 and by addition
of acetate buffer in Exp. 3. Five ml aliquots
of the homogenate were activated by addition
of 0.1 ml (10 pg) of trypsin and warming at
37°C for 24 hours. Trypsin was found to
effect complete activation much more con-
sistently than was true of the enterokinase.
Nitrogen content of the homogenate was de-
termined by the micro-Kjeldahl method(22)
and expressed in relation to wet weight of the
gland.

Results. Treatment with STC increased
the body weight of hypophysectomized rats
to a level comparable with that of the non-
hypophysectomized controls (Table I). Si-
milarly, the weight of the pancreas was in-
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TABLE I. Data on Treatment and Body Weights.

Mean days Mean Mean body wt (g)
No.of  hyp. to days of Mean wt pan-
Group Treatment rats  freatment treatment Athyp. Atinj. Final creas (mg)
Exp. 1
1 Hyp.—veh. 11 24 4 2% 29 +3 174 +-6 159 + 3 164 +3 516 + 35
2 Hyp-STC 9 27 +3 3144 174 +5 167 +6 2397 920 + 43
3 Hyp—STC-ins. 3 25 +5 29 +~1 188 +5 16446 250+9 1052 + 19
4 Nonhyp.~veh, 13 — — 182 +-4 212344 2405 1128 + 44
lovs2 <.001t 1ws2 <.001
2vs4 >.05 2ws4 <01
Exp. 2 los4 <.001 1ws4 <.001
5 Hyp.—veh. 4 16 + 0 21 +2 197 +3 175+1 174+ 2 603 + 21
6 Hyp-STC 5 16 -0 21 +2 197 +2 183 +3 235+1 924 + 22
7 Nonhyp.~veh. 5 — — 198 +2 214+2 229+4 1049 + 43
5vs6 <.001
6vs7 >.05
Exp. 3 SwsT <.001
8 Hyp.—veh, 13 22 +1 17 +1 172 +3 153 +3 150+ 2 454 + 23
9 Hyp.-STC 14 22 + 1 17 +1 172 +2 148 +3 2152 840 + 18
10 Nonhyp.-veh. 14 — — 170 +1 200+2 214 +3 930 + 23
8vs 9 <.001 8ws 9 <.001
90810 >.06 9wusl0 <.01
8vs10 <.001 8vsl10 <.001

* Stand. error of mean,

t Student Fisher ‘“t’’; probability of error.

Hyp. = hypophysectomized; STC — somatotropin, corticosterone, thyroxine; veh. — vehicle; ins, =

insulin,

creased in hypophysectomized rats but not
to non-operated control levels.

The amount of nitrogen per g of pancreas
(Table II) was reduced by hypophysectomy
in Exp. 3; in Exp. 2 change in the same di-
rection was indicated. Hormone therapy
failed to alter the concentration of nitrogen.
However, total nitrogen content was reduced
by hypophysectomy and increased by hor-
mone treatment.

Total PA was reduced by hypophysectomy
and increased significantly by STC over that
in hypophysectomized rats although not up
to the level observed in nonhypophysecto-
mized rats (Exp. 1 and 3). However, the
influence of hypophysectomy and of treat-
ment with STC on concentration of PA var-
ied from experiment to experiment. PA per
g of pancreas was reduced by hypophysec-
tomy in Exp. 1 and was increased by STC.
When related to nitrogen per g of pancreas,
PA was increased by hypophysectomy, these
values being restored to the level of those in
nonhypophysectomized rats by hormone
therapy. This trend was also evident in Exp.
2 and 3 when PA was related to the wet
weight of the pancreas.

Addition of insulin (Exp. 1) to the hor-
mone therapy appeared to increase the effec-
tiveness of the treatment in every respect.

Discussion. In a previous study, in which
the pancreatic homogenate was activated
with enterokinase(7) a reduction in concen-
tration of PA was demonstrated consistently
after hypophysectomy, although with the
exception of those animals studied 3 days
after operation, this decline was not great.
Haist(23) observed variable changes in PA
after pituitary ablation. In the present
study, a reduction was observed only in Exp.
1 when the significance of the difference be-
tween the activity in hypophysectomized and
nonhypophysectomized rats appeared to arise
chiefly from the high values for the latter
group. The high level in the controls prob-
ably occurred because these animals were de-
prived of food for a longer time before being
killed than was true for the rats in Exp. 2
and 3. Thus, a greater build-up of stored
enzyme was permitted in the nonhypophysec-
tomized rats.

The response of pancreatic PA to hypophy-
sectomy differs somewhat from that of amy-
lase. Although total content of both is low-
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TABLE II. Effect of Hormone Treatment on Proteolytic Activity and Nitrogen.

Proteolytic activity (mg tyrosine)

Total Per mg
Nitrogen nitrogen nitrogen*
Group Treatment (mg/g pancreas) (mg) Per g pancreas  Total X 100
Exp.1
1 Hyp.—veh. 88+ 5t 46+ .5
2 Hyp-STC 116 + .8 106+ .8
3 Hyp.—STC-ins. 13.3 +1.6 141 +2.0
4 Nonhyp.—veh. 108+ 5 123x .8
lvs2 <.01t <.001
2vs4 >.05 >.05
los4 <.01 <.001
Exp. 2
5 Hyp.—veh. 344 + 1.0 20.8 + 1.0 109 + 1.2 65+1.0 3l4x+ 3
6 Hyp.-STC 36.7 = 1.2 344 + 1.6 8.6 +£ 2.0 79+ .7 23416
7 Nonhyp.—veh. 36.2 + 1.2 37.7x18 84+ .6 87+ .7 231x14
5vs6 >.05 <.001 >.056 >.05 >.05
6vs7 >.05 >.05 >.05 >.05 >.05
5vs7 >.05 <.001 >.05 >.05 =.05
Exp. 3
8 Hyp.—veh. 30.6 +~ .8 138+ .8 84+ 4 38+ .3 275x14
9 Hyp.-STC 305+ .8 255 + .8 69+ 5 58+ .5 221x17
10 Nonhyp.~veh. 340+ .7 31.6 + 1.1 73+ 5 69+ .5 2L1x+13
8vs 9 >.05 <.001 <.05 <.01 <.O§
9 vs 10 <.01 <.001 >.05 >.05 >.05
8 vs 10 <.01 <.001 >.05 <.001 <.01

mg tyrosine ancreas
L Mgty /g 100,

mg nitrogen/g pancreas
t Stand. error of mean.

} Student Fisher ¢‘t’’; probability of error.

ered, the concentration of only amylase is
reduced(6). Correlated with this evidence of
depressed protein synthesis are the depletion
of RNA as revealed by basic staining(3) and
biochemical analysis(5) and the reduced
quantity of zymogenic granules(4).

It is clear that a large measure of restora-
tion of total PA can be effected by adminis-
tration of somatotropin, corticosterone and
thyroxine if the period of treatment is suf-
ficiently prolonged (Exp. 1). Addition of
insulin facilitates the effect. It is probable
that other hormones, especially from the hy-
pophysis, would augment the restoration fur-
ther.

Summary. Hypophysectomy of the rat
failed to reduce consistently the concentra-
tion of PA in the pancreas when computed on
the basis of wet weight. When related to mg
of nitrogen per g of pancreas the amount of
PA was increased. Treatment with STC re-
stored body weight, increased pancreatic
weight and total PA. Except when insulin

Hyp. = hypophysectomized; STC = so-
matotropin, corticosterone, thyroxine; veh. =
vehicle; ins. — insulin.

was added to the hormonal regimen, PA did
not reach the level observed in the nonhypo-
physectomized controls.
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Predictability of the Changes in Hematocrit which Follow Repeated

Withdrawal of Blood.*
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A formula was derived for determining
hematocrits (Hcts) of successive blood sam-
ples on the basis that sampling losses were
being exactly replaced by extravascular fluid.
When applied to experimental data, good
agreement between measured and theoretical
Hcts were encountered in several series of
tests, as described herein.

Procedure. With the assumption that to-
tal blood volume remains constant through
replacement of lost cells and plasma by extra-
vascular fluid, it can be shown that the he-
matocrit of any particular blood sample
(Hct,) in a consecutive series of samples of
constant size, is given by the exponential
equation:

s n-1
Hct, — Hct, ( 1- )
BV

Where:
Hct, = hematocrit of the initial sample
in a series
s — sample size (constant over the
series)

BV = total blood volume
n = number of blood samples taken
Hematocrits so calculated were compared to
Hcts measured during experiments which re-

quired repeated handling and multiple blood
samplings in the chicken.

All studies were conducted on unanesthe-
tized adult male chickens of the White Leg-
horn breed, 12-24 months of age. Hema-
tocrits were measured on heparinized blood
samples centrifuged in graduated tubes for
20 minutes at approximately 1500 X g. As
the blood volume (BV) required by the for-
mula had not been determined on the birds
for which Hcts were available, and as litera-
ture values for BV of adult male chickens
varies from 9-10% (1) to 5.6 ml/100 g body
weight(2), it was necessary to measure this
parameter in a group of comparable animals.
The method used was basically the T-1824
dilution technic(3), except that the calcula-
tions were made on a single sample of wing
vein blood taken 2 min. after injection of
dye.

Results and discussion. Blood volume.
Total BV of 8 chickens weighing 2491 =+
48 g (SE) was determined to be 6.6 =+ 0.25
m] (SE) per 100 g body weight (BW), and

* Paper of the Journal Series, N. J. Agric. Exp.
Station, Rutgers, The State University, New Bruns-
wick. Supported in part by grants from Commercial
Solvents Corp., American Cyanamid Co., and PHS.






