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and guinea pigs (n = 5). Bile was collected every 10 min during a
2-3 h experimental period. Blood was withdrawn from the ca-
rotid aretery (1.0 ml) during spontaneous secretion, and during
and after choleresis or cholestasis. Total phosphorus was mea-
sured as described by Bartlett®, whereas inorganic phosphate
was quantitated enzymatically as reported by Hwang and Cha’.
Choline-containing phospholipids (from now on referred to as
phospholipids) were determined enzymatically’. The accuracy
and reproducibility of these methods were validated in our
laboratory.

Results and discussion. Inorganic phosphate, total phosphorus,
and phospholipid concentrations in plasma were virtually con-
stant throughout the bile collection period, regardless of
whether bile secretion was stimulated of inhibited. Their plasma
levels in rats and guinea pigs were, respectively: inorganic phos-
phate = 0.88 + 12 (SD) and 0.97 + 0.15 mmoles/l; total phos-
phorus =2.33+0.35 and 1.67 £0.27 mmoles/l, phospho-
lipids = 1.68 £ 0.19 and 0.56 + 0.09 mmoles/l. The biliary con-
centrations are reported in the table. Two features of these
results are of importance. First, inorganic phosphate concentra-
tion in bile during spontaneous secretion accounted for approxi-
mately 12% of total biliary phosphorus in the rat, but as much
as 60 % in the guinea pig. Unlike the rat, in fact, the guinea pig’s
bile contained very low levels of phospholipids. Second, and
more importantly, inorganic phosphate concentrations in-
creased significantly in the post-choleretic period, and during
and after cholestasis. In either species, the increment in inorganic
phosphate levels accounted almost entirely for that seen in total
biliary phosphorus.

At present, it is not clear why biliary inorganic phosphate con-
centration changes following alterations in bile secretion-rate
produced by choleretic or cholestatic bile acids. The mechanism
by which inorganic phosphate enters bile is not known, so that
interpretation of the present results is not possible. Similarly, it
remains to be demonstrated whether the changes observed in the
rat and guinea pig occur in other laboratory animals and man.
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To our knowledge, detailed studies of inorganic phosphate ex-
cretion into bile of laboratory animals have not been conducted,
and available data are limited to clinical observations. Inter-
estingly, however, Wiegard and Murphy?® and Sutor and Wilkie®
have observed a wide variation in inorganic phosphate levels in
hepatic biles and duodenal aspirates of patients who underwent
cholecystectomy. In some cases, inorganic phosphate accounted
for up to 50% of total phosphorus®. It is thus possible that in
man and other animal species as well, changes in inorganic
phosphate concentrations occur, at least in part, secondarily to
changes in bile secretory function.

In conclusion, these findings stress the importance of deter-
mining inorganic phosphate in bile when total biliary phos-
phorus, measured in whole bile samples, is taken as an estimate
of phospholipid content. Our studies indicate that correction for
inorganic phosphate is essential 1) in animal species, e.g. the
guinea pig, in which the latter accounts for a major fraction of
total biliary phosphorus; and 2) under conditions associated
with changes in bile secretion rate.

1 This work was supported by grant HD-17556 from the National
Institute of Child Health and Human Development.

2 Fiske, C.H., and Subbarow, Y., J. biol. Chem. 66 (1925) 375.

3 Bartlett, G.R., J. biol. Chem. 234 (1959) 466.

4 Gurantz, D, Laker, M.F., and Hofmann, A.F., J. Lipid Res. 22
(1981) 373.

5 Qureshi, M. Y., Murphy, G.M., and Dowling, R. H., Clinica chim.

Acta 105 (1980) 407.

Sutor, D.J., and Wilkie, L. 1., Clinica chim. Acta 77 (1977) 31.

Hwang, W.1, and Cha, S., Analyt. Biochem. 55 (1973) 379.

Wiegard, J., and Murphy, G.H., Clinica chim. Acta 89 (1978) 169.

00 -2

0014-4754/85/091160-0281.50 + 0.20/0
© Birkhiduser Verlag Basel, 1985

Urogastrone-epidermal growth factor is trophic to the intestinal epithelium of parenterally fed rats
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Summary. The weight of the stomach, small intestine and colon and the mucosal crypt cell production rate of these tissues were
significantly decreased after 10 days on an isocaloric TPN diet when compared to orally fed controls. Continuous infusion of
recombinant beta urogastrone, at a dose below that needed to inhibit gastric acid secretion, largely prevented this decrease in crypt

cell production rate and gastrointestinal tissue weights.
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Despite the considerable interest shown in the in vitro actions of
urogastrone-epidermal growth factor (Uro-EGF) a definitive
physiological role for the polypeptide has yet to be confirmed.
However the location of the main sites of production of Uro-
EGF in the salivary glands and Brunners glands of the duode-
num of man' and the rat? implies that Uro-EGF may have a role
in the maintenance of gastrointestinal homeostasis.

B-urogastrone (human epidermal growth factor-hEGF) is a nat-
ural human polypeptide which has similar chemical, physical
and physiological properties to rat and mouse EGF>*. While the
growth promoting actions of Uro-EGF in vitro are well charac-
terized®, its role in vivo is uncertain: in the fetus and newborn
animal, Uro-EGF stimulates the proliferation and differ-
entiation of the epidermis, maturation of the pulmonary epithe-
lium and accelerates the healing of corneal epithelium®. Uro-

EGF also stimulates the proliferation and maturation of the
neonatal intestine®*, where it also increases the activity of intes-
tinal ornithine decarboxylase’, an enzyme associated with the
initiation of rapid cell proliferation. The presence of Uro-EGF
in a variety of body fluids, including saliva, plasma’® and milk'?,
its production by the salivary and Brunners glands'?, the trophic
action of saliva on the intestine'!, the demonstration of Uro-
EGF receptors in intestinal epithelial cells'* and the reported
cytoprotective effects on the duodenal mucosa'’ suggest that it
has a role in the control of gastrointestinal homeostasis other
than its ability to inhibit gastric acid secretion'®.

Although Uro-EGF would appear to stimulate intestinal epi-
thelial cell proliferation in the neonate, its role in the adult
intestine is not clear. Injection of Uro-EGF in rodents has been
reported to increase the incorporation of tritiated thymidine into
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DNA at all sites in the gastrointestinal tract!*®, or alternatively
only in the stomach' or only in starved animals'” '8, The use of
the gross incorporation of tritiated thymidine as the sole crite-
rion of proliferative rate has recently been extensively criti-
sized'®, because the incorporation of tritiated thymidine into
DNA by the salvage enzyme thymidine kinase depends on the
activity of many factors other than the proportion of cells in
DNA synthesis. A study of the short-term effects of Uro-EGF
administration using the more robust' stathmokinetic meth-
0d®, showed a trophic effect which varied from site to site in the
intestine and depended on the time after injection; however this
study used starved rodents which are considerably stressed and
no longer in a steady state of cell proliferation.

A more suitable model of the hypoplastic intestine exists in the
rat maintained by isocaloric total parenteral nutrition (TPN)?,
which is generally agreed to be the pertinent system for the study
of effects of humoral factors on the intestine?; since the TPN rat
is in a steady state, the direct and indirect effects of food (luminal
nutrition) are abolished, and the effects of endogenous secre-
tions are considerably reduced.

Methods. Male 200 g Wistar rats were housed individually in
wire bottomed cages and were fed either orally, or were main-
tained parenterally for 10 days, with or without f-urogastrone.
The urogastrone was recombinant polypeptide (supplied by ICI
and GD Searle), derived from the expression of a synthetic gene
in E.coli® and purified to > 97% as judged by amino acid
analysis. The biological activity of the cloned urogastrone was
identical to that of natural urogastrone purified from human
urine. 250 ng/ml of f-urogastrone were added to the test TPN
diet. The diet was infused at a rate of 60 ml/rat/day giving a daily
intake of 15 pg/rat/day.

The right jugular vein of the TPN rats was cannulated with a
silastic catheter which was brought round to the back of the neck
and then connected via a skin button and tether to a minature
fluid swivel joint (Harvard Apparatus Ltd, Fircroft Way, Eden-
bridge, Kent). The TPN diet was infused at 60 ml/rat/day which
gave 1.8 g N, 6.0 g triglyceride and 250 kcal per kg of rat. 1 1 of
the TPN diet contained 715 ml of Vamin glucose, 94 ml intrali-
pid 20% (Kabivitrum Ltd, Riverside Way, Uxbridge), 140 ml
dextrose 50%, 10 ml Vitlipid infant (Kabivitrum), 1 vial Solvito
(Kabivitrum), 20 m! Addiphos (Kabivitrum), 12.8 ml 10% cal-

Table 1. The effects of oral feeding, total parenteral nutrition (TPN) and
TPN plus 15 pg/rat/day urogastrone on the relative b.wts of the gastro-
intestinal tract (expressed as a percentage of total b.wt)

Group Orally TPN1 TPN2 TPN + TPN +
Fed UG 1 UG2

n= 10 8 7 6 10

Weight stomach

+/- 0.553 0.533 0.476 0.656 0.597
0.011 0.022 0.0313 0.023¢ 0.019°

Weight small intestine

+/- 2.327 1.490 1.334 1.856 1.859
0.046 0.029° 0.030° 0.027%¢  0.063>¢

Weight caecum

+/=- 0.458 0.321 0.287 0.355 0.340
0.024 0.020° 0.023% 0.016° 0.015%

Weight colon

+ /= 0.530 0.364 0.330 0.488 0.507
0.014 0.012° 0.011° 0.0184 0.0184

TPNI, rats maintained by total parenteral nutrition in the first experi-
ment; TPN2, rats maintained by total parenteral nutrition in the second
experiment; TPN + UGI, rats maintained by total parenteral nutrition
with 15 pg/rat/day of urogastrone in the first experiment; TPN + UG2,
rats maintained by total parenteral nutrition with 15 pg/rat/day of uroga-
strone in the second experiment. ®significantly lower than the orally fed
group p < 0.05; Psignificantly lower than the orally fed group p < 0.01;
Csignificantly higher than the ‘respective TPN group p <0.01;
4significantly higher than the respective TPN group p < 0.001.
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cium gluconate, 3.4 ml 50% magnesium sulphate and 8.7 ml
23.4% sodium chloride.

Crypt cell production rate. After 10 days on their diets, 1 mg/kg
of vincristine sulphate (Eli Lilly, Basingstoke) was injected via
the jugular catheter. The rats were then killed at timed intervals
and the gut was removed and fixed in Carnoys fluid. The tissue
was later stained with the Feulgen reaction and the antral pits,
intestinal crypts and colonic crypts were microdissected; the
number of arrested metaphases in 10 crypts was then counted
and the mean values plotted against time after injection. The
slope of the line, fitted by least squares linear regression, gave the
crypt cell production rate (CCPR)™.

Statistics. CCPR’s are shown +/— SE and weights are given +/—
SE. Differences between groups were tested by a two-sided Stu-
dent’s t-test.

Results. 10 days of TPN significantly decreased the weights of all
sections of the intestine (table 1), and whilst 15 pg/rat/day/ of
Uro-EGF significantly increased the relative weight of the stom-
ach, small intestine and colon in comparison with the relevant
TPN control groups, only the stomach and colon weights were
restored to the fed level. No significant changes in the weight of
the other major body organs were observed. 10 days of TPN
caused a reproducible reduction in the CCPR at all sites in the
gastrointestinal tract studied (table 2) and this was statistically
significant at the three sites in the small intestine studied in both
experiments and in the stomach in the second experiment. The
infusion of 15 pg/rat/day Uro-EGF along with the TPN diet
increased the CCPR at all sites in the gastrointestinal tract when
compared with relevant groups on TPN alone. This was sig-
nificantly so for all the sites in the second experiment and in two
of the small bowel sites in the first experiment.

Discussion. The results of these studies would indicate that one
of the in vivo actions of Uro-EGF is the maintenance of gastro-
intestinal epithelial cell proliferation and growth. There is strong
evidence for a humoral basis for the marked adaptation of the
intestine to a variety of stimuli, especially intestinal resection?,
and it is possible that Uro-EGF may also have a role in these
hyperplastic responses.

Table 2. The effects of oral feeding, TPN or TPN plus 15 pg/rat/day
urogastrone on crypt cell production rates

Orally TPN1 TPN2 TPN + TPN +
Fed UGl UG2
n= 10 8 7 6 10
The antrum of the stomach
+/- 2.47 0.89 0 2.11 2.00
0.80 0.35 0.24° 0.51 0.57°
10% of the length of the small intestine
+ /- 17.96 9.25 8.28 9.92 14.80
172 0.14° 1.16° 2.05° 1.95¢
50% of the length of the small intestine
+/= 24.52 7.35 7.54 15.37 20.14
2.86 0.92° 1.14° 2.31%¢ 2,73
90% of the length of the small intestine
+ /- 2171 8.37 5.44 14.10 12.19
3.32 1.43° 1.55° L77%4  2.11%¢
50% of the length of the colon
+/- 9.64 4.51 422 6.44 11.45
212 1.76 161 1.88 2.47¢

TPNI, rats maintained by total parenteral nutrition in the first investiga-
tion; TPN2, rats maintained by total parenteral nutrition in the second
investigation; TPN + UG1, rats maintained by total parenteral nutrition
with 15 pg/rat/day of urogastrone in the first investigation; TPN + UG2,
rats maintained by total parenteral nutrition with 15 pg/rat/day of uroga-
strone in the second investigation. ? significantly lower than the orally fed
group p < 0.05; ®significantly lower than the orally fed group p < 0.01;
“significantly lower than the orally fed group p < 0.001; 4significantly
higher than the respective TPN control group p < 0.05; ®significantly
higher than the respective TPN control group p < 0.01; fsignificantly
higher than the respective TPN control group p < 0.001.
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Antidiuretic hormone involvement in the release of a-melanocyte-stimulating hormone by hyperosmotic stimuli
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Summary. In the normal Wistar rat, the plasma «-MSH level was raised by hypertonic saline injection (as compared with control rats
injected with isotonic saline). No such rise in a- MSH followed hypertonic saline administration in the Brattleboro (hereditary
diabetes insipidus) animal (compared to isotonic saline injected controls). It is suggested that, in the rat, endogenous antidiuretic
hormone is involved in the secretory response of the pars intermedia to osmotic stimuli.

Key words. Antidiuretic hormone; pars intermedia; a-MSH secretion.

A functional relationship between the pars intermedia of the
pituitary gland and the adjacent neurohypophysis has been pos-
tulated'. This view is based essentially upon the observation that
the pars intermedia is activated to release melanocyte-stimu-
lating hormone (MSH) by various forms of osmotic stimuli,
such as the injection of hypertonic saline, ingestion of sodium
chloride, or deprivation of water?, stresses well known to repre-
sent potent stimuli for the release of the nenrohypophysial hor-
mones, antidiuretic hormone (ADH) and oxytocin®®. Such stim-
uli represent useful tools for the experimental investigation of
pars intermedia function, but neither the physiological signif-
icance of this response nor the mode of activation of the pars
intermedia under these conditions is clear.

Whether or not the release of MSH by osmotic stress is depen-
dent on neurohypophysial hormones could be tested by examin-
ing the response (MSH secretion) of the pars intermedia to an
osmotic stimulus in an animal lacking a functional neurohypo-
physial system. Experimentally, this poses technical problems;
for example it is virtually impossible to destroy either the ADH
or the oxytocin system selectively by lesion techniques. How-
ever, such a model is available in the form of the genetically
abnormal Brattleboro rat, an animal with hereditary diabetes
insipidus (D.1.), which is deficient in ADH while possessing a
normally functional oxytocin system®®. Experiments were,
therefore, carried out to see if the Brattleboro rat would release
MSH in response to an osmotic stimulus (hypertonic saline),
which was effective in causing the release of MSH in the normal
laboratory (Wistar) rat.

Materials and methods. A total of 14 adult male Wistar rats (b.wt
160-210 g) and 11 homozygous adult rats (both male and fe-
male) of the Brattleboro strain (b.wt 175240 g and exhibiting
marked diabetes insipidus), were used and were maintained un-
der standard conditions of lighting and temperature. The
animals were anesthetized with urethane (15% w/v in distilled
water, at a dose of 1.5 g/kg b.wt, i.p.). Both the Wistar and

The effect of i.v. injection of hypertonic (2%) saline on the plasma
a-MSH level in anesthetized Wistar and Brattleboro rats

Animal Injection Number Plasma a-MSH Significance
(iv.) of (pg/ml)
animals 12 min after NaCl
Mean + SEM
Wistar Hypertonic 9 4598 294
rats (2%) NaCl Significant
(p <0.01)
Control- S 1053 11
isotonic
(0.9%) NaCl
Battleboro  Hypertonic 5 922 81
rats (2%) NaCl Not
significant
Control- 6 1265 271
isotonic
(0.9%) NaCl




