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The effects of pregnancy and lactation on the activities of trypsin
and a-chymotrypsin in the rat pancreas
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1. The food intake, pancreas weight and trypsin (EC 3.4.21.4) and a-chymotrypsin (EC 3.4.21.1)
activities in the pancreas were measured in rats during pregnancy and lactation and after the young were
weaned.

2. All the quantities measured increased significantly during lactation and had returned to their original
values by 4 weeks after weaning. Food intake and pancreas weight were highest after the second week of
lactation. Total trypsin and a«-chymotrypsin activity, and the activity per g tissue, fell during pregnancy and
rose during lactation, reaching a maximum 1 week after weaning,

3. From these and other results it is suggested that the hypertrophy and hypersecretion of pregnancy and
lactation are initiated by changes in insulin secretion and mediated by the trophic effects of gut hormones,
and that differences in the nature and timing of the response may be controlled by nutrient availability.

Pregnancy and lactation are associated with changes in many extra-reproductive organs
(Fell, 1977). Work in rodents and in sheep has shown that there are increases in the weight
of the heart, kidneys (Souders, 1955), rumen (Weekes, 1972), stomach (Crean & Rumsey,
1971) and liver (Souders, 1955; Kennedy et al. 1958 ; Schwenk & Joachim, 1961 ; Leake et al.
1968 ; Smith, 1975); while in the small intestine there are increases in weight, length, nitrogen
content, villus height, mucosal surface area, epithelial cell migration rate and amino acid
absorption (Schwenk & Joachim, 1961; Fell ef al. 1963; Craft, 1970; Fell, 1972; Fell et al.
1972; Moon, 1973; Snook, 1974; Cripps & Williams, 1975; Rolls, 1975). The mechanisms
by which these changes are initiated and effected are the subject of much debate.

The food intake of rats increases slightly during pregnancy and markedly during lactation,
falling sharply after the pups are weaned (Schwenk & Joachim, 1961; Crean & Rumsey,
1971; Rolls, 1975; Fell, 1977). The effects of gastrointestinal hypertrophy appear to be that
the digestive capacity of the gut is increased without loss of efficiency. For this reason
investigation of the digestive functions in pregnancy and lactation may throw light on some
of the mechanisms of adaptation. Recent work in this laboratory has shown that in the rat
small intestinal mucosa there are increases, slight during pregnancy and considerable during
lactation, in the dipeptidases (Rolls, 1975) and in the metabolic enzymes at different sites in
the cell (M. F. Palmer & B. A. Rolls, unpublished results). In this present study we have
investigated the changes in trypsin (EC 3.4.21.4) and a-chymotrypsin (EC 3.4.21.1) that
take place in the rat pancreas during pregnancy and lactation, and after weaning. These
enzymes, like the dipeptidases, are affected by diet (Snook, 1974) and as the endocrine
pancreas is affected by pregnancy and lactation (Green & Taylor, 1972; Saudek et al. 1975)
effects might also be expected in its exocrine function.

MATERIALS AND METHODS

Chemicals

Laboratory chemicals were of Analar grade. Enzyme substrates and biochemicals were
bought from Sigma (London) Chemical Co., Kingston-upon-Thames KT2 7BH.
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Animals

Female Norwegian Hooded rats, 3—4 months old and weighing 230-250 g, from the Institute
colony were used. Vaginal smears were examined to determine the stage of oestrus so that
matings could be timed. The presence of spermatozoa in subsequent smears was taken to
indicate impregnation. For pregnant animals, pregnancy was confirmed by inspection of the
uterus at the end of the experiment. All rats were allowed unrestricted access to food
(Spratts Laboratory Diet 1) and water. Food consumptions were measured immediately
before sampling.

At weekly intervals during pregnancy and lactation, and after weaning, rats were taken at
the same time of day without previous starvation. The pancreas was quickly removed under
light diethy! ether anaesthesia, freed of fat and connective tissue, weighed, cooled rapidly
and stored at — 20° until analysis.

Measurement of enzyme activities

The pancreases were homogenized individually in 0-05 M-Tris buffer, pH 8-2, containing
0-02 M-calcium chloride. Portions were incubated at 37° with enterokinase (EC 3.4.21.9)
extracted from fresh pig duodenal contents (Kunitz, 1939). The activities of trypsin and
a-chymotrypsin were assayed separately using the chromogenic substrates N-benzoyl-L-
arginine-p-nitroanilide hydrochloride (BANA) and N-benzoyl-L-tyrosine-p-nitroanilide
(BTNA) (Erlanger et al. 1961; Henschel, 1973). The substrates were dissolved in dimethyl
sulphoxide and diluted appropriately for use: BANA with the Tris-calcium buffer and
BTNA with equal volumes (separately) of methanol and the buffer. The homogenates and
substrates were incubated at 30° for 1 h, the reaction was stopped by the addition of acetic
acid and the extinction was measured at 410 nm after filtration. The results are expressed as
#mol substrate hydrolysed per min for the whole organ and per g tissue.

RESULTS

The results are given in Table 1 and Fig. 1. The control group of unmated animals was killed
throughout the period of the experiment. However, there were no significant changes with
time in any of the quantitics measured. The changes in food intake during pregnancy and
lactation were similar to those reported previously (Crean & Rumsey, 1971; Cripps &
Williams, 1975; Rolls, 1975). The maximum food intake was at the end of the third week of
lactation. There was a slight, insignificant fall in pancreas weight in early pregnancy and the
pancreas was heaviest after 2 weeks of lactation. At 2 weeks after weaning, pancreas weight
was similar to weights found in control rats.

The enzyme activities, whether total (which was taken to indicate the digestive capacity of
the animal) or expressed per g pancreas (which were taken to reflect changes in the tissue)
followed the same pattern. There was a fall in activity in the second and third week of
pregnancy, significant in one instance, followed by significant rises during lactation.
Maximum enzyme content was found at the end of the first week after weaning, and there-
after there was a steady fall. At 5 weeks after weaning the activities were not significantly
different from control values. The proportional changes in a-chymotrypsin activity were
greater than those for trypsin.

DISCUSSION

In the present study it was found that food intake, pancreas weight and pancreatic proteo-
lytic activity increased strikingly during lactation and returned gradually after weaning to
values close to those found before impregnation. This general pattern was similar to changes
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Table 1. Effects of pregnancy and lactation on food intake, pancreas weight and pancreatic
trypsin (EC 3.4.21.4) and a-chymotrypsin (EC 3.4.21.1) activities in groups of rats

(Results are given as mean values with their standard errors. Activities of enzymes
are expressed as umol substrate hydrolysed/30 min at 30°)

Physiological state of rats

No. rats/group

Food intake (g/d)

Difference, unmated rats, P < *
Pancreas wt (g)

Difference, unmated rats, P <
Total trypsin activity
Difference, unmated rats, P <
Trypsin activity/g pancreas
Difference, unmated rats, P <
Total a-chymotrypsin activity
Difference, unmated rats, P <

a-Chymotrypsin activity/g pancreas

Difference, unmated rats, P <

Physiological state of rats

No. rats/group

Food intake (g/d)

Difference, unmated rats, P < *

Pancreas wt (g)

Difference, unmated rats, P <
Total trypsin activity
Difference, unmated rats, P <
Trypsin activity/g pancreas
Difference, unmated rats, P <
Total a-chymotrypsin activity
Difference, unmated rats, P <

a-Chymotrypsin activity/g pancreas

Difference, unmated rats, P <

Physiological state of rats

No. rats/group

Food intake (g/d)

Difference, unmated rats, P < *

Pancreas wt (g)

Difference, unmated rats, P <
Total trypsin activity
Difference, unmated rats, P <
Trypsin activity/g pancreas
Difference, unmated rats, P <
Total a-chymotrypsin activity
Difference, unmated rats, P <

a-Chymotrypsin activity/g pancreas

Difference, unmated rats, P <

Unmated Pregnant (weeks)
2 3
12 8 7 7
——r— ——r— — — —
Mean SE Mean SE Mean SE Mean SE
19°1 05 21°3 11 24'9 21 253 19
— NS 001 001
I'13 007 I'12 005 1'16 003 1'17 005
— NS NS NS
892 114 8-65 1°34 652 088 697 1'33
— NS NS NS
777 079 766 104 558 o071 578 088
— NS NS NS
20°45 270 1802 276 13:41 1-87 1444 242
— NS NS NS
17°99 2009 1602  2-21 I1'44 - 146 1194 163
— NS 005 NS
Lactating (weeks)
I 2 3
7 7 9
f—_‘g’_"—‘_\ la A N -~ A N
Mean SE Mean SE Mean SE
402 2:2 613 51 70-8 81
0001 0°001 0001
1-31 005 1-51 005 1-38 006
NS 0°01 005
1332 0-81 1524 2:65 1521 102
005 005 0001
10°15 054 1017 1-88 11-02 052
0'05 NS 001
26-80 1°43 3161 305 37-86 2:14
NS 005 0°001
2043 1'10 2122 2:32 27-56 132
NS NS 001l
Period after weaning (weeks)
I 3 4 5
10 9 6 7 7
—t—— —P— ——Pr— —f— —t—
Mean S Mean SE Mean S Mean S Mean SE
284 16 256 17 213 06 199 06 187 20
0'001 0001 005 NS NS
1'34 007 118 006 105 005 108 006 090 007
005 NS NS NS NS
16478 193 1223 097 1112 095 830 069 700 072
ool 005 005 NS NS
1245 098 1033 0'52 1064 086 793 095 775 043
001 005 NS NS NS
4005 372 2838 245 2646 311 2407 182 2082 230
0001 005 NS NS NS
20'71 1'54 2387 121 2542 319 2268 184 2310 1I-61
0001 0'05 NS NS NS

* The significances of the differences of the values from corresponding values for the unmated rats.

NS, not significant (P > 0-05).
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Fig. 1. Activities (umol substrate hydrolysed/min) in the rat pancreas of total trypsin (EC 3.4.21.4;
@—@®), trypsin/g tissue (O- - -O), total a~chymotrypsin (EC 3.4.21.1; A— A) and a-chymo-
trypsin/g tissue (A- - -A) during pregnancy and lactation and after weaning. Measurements were
made on non-pregnant rats (NP); after 1, 2 and 3 weeks of pregnancy (P1, P2, P3); after 1, 2,
and 3 weeks of lactation (L1, L2, L3) and at 1, 2, 3, 4 and 5 weeks after the young were weaned
(W1, W2, W3, W4, Ws). The vertical bars indicate the standard errors of the observations.

found in small intestinal dipeptidase activity (Rolls, 1975) and metabolic enzymes (M. F.
Palmer & B. A. Rolls, unpublished results) and reported in other extra-reproductive organs
(see p. 573). These results are also consistent with the much greater amylase and protein
production by the rat pancreas in the second week of lactation, as compared with unmated
animals (Barrowman & Mayston, 1973).

When the present results are considered together with previously published information
two apparent inconsistencies emerge. First, pancreatic weight and enzyme activity fall, or
fail to rise, during pregnancy and there is a slight fall in liver weight in the first, but not in
the second and third week of pregnancy (Schwenk & Joachim, 1961 ; Smith, 1975). This fall,
or lag, is not seen in the food intake or in the weights and enzyme activities in the intestinal
tract (Crean & Rumsey, 1971; Rolls, 1975). Secondly, the maximum food intake, gastric
hypertrophy, intestinal hypertrophy and secretion and pancreas weight occur in mid- or
late lactation (Crean & Rumsey, 1971; Rolls, 1975; Barrowman & Mayston, 1973) whereas
pancreatic tryptic activity and liver weight are at their highest shortly after weaning, when the
demands of lactation are over (Schwenk & Joachim, 1961; Smith, 1975).
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Any explanation of the changes in extra-reproductive organs during pregnancy and
lactation should answer three questions. How is the original stimulus applied, and how is it
removed after weaning? How is this stimulus mediated to promote increased food intake,
organ hypertrophy and higher enzyme secretion? Why do organ weights and secretions
change in different ways and at different times?

We suggest that the original stimulus comes from the reduction in blood glucose and rise
in insulin secretion that occurs in pregnancy. The fall in blood glucose may result from the
insulin rise or from the demands of the foetuses, since it is abolished by hysterectomy
(Scow et al. 1964). Insulin output from pancreatic islets is higher and sensitivity to glucose is
greater in pregnant than in non-pregnant rats (Green & Taylor, 1972) and plasma insulin
also rises (Saudek ez al. 1975). Gluconeogenesis may be restrained to prevent N loss (Saudek
et al. 1975; Smith, 1975). Increased insulin secretion may be a combined effect of placental
and maternal hormones since rises in insulin production have been evoked in rats by the
administration of human placental lactogen (Malaisse et al. 1969) and by the chronic
administration of progesterone and oestradiol (Costrini & Kalkoff, 1971; Hager et al. 1972).
A placental stimulus is consistent with the time-scale for hyperplasia of the gastric mucosa
(Crean & Rumsey, 1971) and the fact that increased protein synthesis in the maternal liver
depends on the placenta (Campbell ef al. 1953). Higher food consumption resulting from the
action of high insulin and low blood sugar on the hypothalamus would stimulate gastrin
secretion via vagal activity and this is known, in turn, to have a trophic effect not only on the
stomach and small intestine but also on the pancreas (Mayston & Barrowman, 1971; Fell,
1972). The increased food intake would also stimulate secretion of most gastrointestinal
hormones, which would contribute to the trophic effect. Moreover, gastrin, secretin and
cholecystokinin stimulate insulin secretion (Unger et al. 1967) so that food intake would be
further increased. It may be noted that the administration of placental hormone to hypo-
physectomized rats not only increased insulin secretion but also restored the rate of body
growth, presumably by stimulating food intake (Malaisse et al. 1969). Food restriction
reduces the effect on insulin secretion of pregnancy, although apparently not completely to
the unmated state (Green & Taylor, 1972, 1974), and many of the hypertrophic and secretory
effects that can be abolished by food restriction are probably affected by restricted availability
of the necessary nutrients.

The fall in pancreatic trypsin and chymotrypsin content and the initial lag in liver and
pancreas weight increases that occur despite a slightly increased food intake may be attri-
buted to the demands of the foetoplacental unit, which would have priority of available
nutrients. The intestinal tract may not display this effect because of its advantageous physio-
logical position. Once food intake rises sharply, sufficient nutrients would be available for
other organs. If the insulin-gastrin effect provides the stimulus, and the food intake the
means, for hypertrophy, it is easy to explain why many hypertrophic and secretory effects
reach their maximum in mid- or late lactation, together with food intake. It is possible that
liver weight and the tryptic activity of the pancreas are less immediately sensitive than other
organs to factors promoting a return to the non-breeding state. Since food intake is still
markedly above that of unmated rats and the demands of lactation are removed, nutrient
availability might permit further hypertrophy during the first week after weaning. One
factor involved in the return to the non-breeding state may be a rise in blood glucose.

Whether the hypertrophic effects of pregnancy and lactation are mediated through insulin
or, as suggested elsewhere (Elias & Dowling, 1976), via pancreatic or enteric glucagon,
an hormonal stimulus seems more probable than a simple teleological response to food
intake, particularly in the instance of the digestive organs, whose reserve capacity is thought

to be considerable even in the unmated state.

The authors thank Miss M. Tyler and her staff for their care of the rats.
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