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I. Proteolytic activity in the stomachs and pancreases of infant doe- and hand-reared 
rabbits was studied to the age of 3-4 weeks. 

2. In the stomachs of both the doe- and hand-fed animals total proteolytic activity at birth 
was low, rising slowly during the first z weeks and then rapidly, until at 3 weeks of age the level 
was similar to that of the adult. 

3.  In the pancreases of the doe-suckled pups the level of proteolytic activity was highest 
during the 1st week of life, falling steadily after that to a minimum at 3 weeks of age. In contrast 
in the hand-rearcd rabbits, it fell sharply during the 1st week and then rose, reaching at 
z weeks of age a level slightly higher than that found in the doe-suckled pups. 
4. Growth and survival of hand-reared rabbits during the first 12 d of life were improved 

by predigestion of the diet with trypsin and z-chymotrypsin. 

Over the past decade a high death rate has been observed in this laboratory among 
infant rabbits hand-reared on cow’s milk in both conventional and germ-free condi- 
tions. The  deaths, which have involved about two-thirds of the total number of 
rabbits, take place during the first 4 or 5 weeks post partum, and fall into one of two 
categories. I n  the first, which accounts for about four-fifths of the deaths and occurs 
up to 12 d after birth, death is preceded by a steady decline in condition and a very 
poor growth rate. I n  the second, the animals that die often do so after aviolent ‘shock’ 
reaction which occurs during or immediately after feeding. Coates & O’Donoghue 
(1967) suggested that this reaction might be caused by allergy to a dietary protein. 

The  present paper is concerned with deaths in the first category only. The  signs 
exhibited by the rabbits before death strongly resembled those of malnutrition, and 
it was suspected that the diet, already deficient in fat as compared with rabbit’s milk, 
might not be adequately utilized by the rabbit pup. Studies were made of the ability 
of the neonatal rabbit to digest protein. The  development of both the gastric and the 
pancreatic proteases in doe-suckled and hand-reared rabbits was studied during the 
first 3 or 4 weeks of life. 

E X P E R I M E N T A L  

Animals. The rabbits were bred from pure New Zealand White stock. The  doe- 
suckled rabbits were left with the does until killed. The  hand-fed animals were either 
removed from the does as soon after birth as practicable and reared conventionally 
in a controlled-temperature room, or delivered by hysterectomy into a large Gustafs- 
son isolator and reared germ-free. The temperature of both environments on reception 
of the pups was 37’, lowered by an average of 0.5’/d to 27’ at 20 d of age when 
weaning began. 
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Table I. Composition of standard rabbit artiJicia1 milk 

Freeze-dried milk protein 62.5 g 
Vitamin supplement" 10 g 
Raw whole cow's milk to 1 1  

* After Coates, Gregory & Thompson (1964). I g contained: calcium pantothenate 4mg, nicotinic 
acid I mg, pyridoxine hydrochloride 0.4 mg, thiamin hydrochloride 0.2 mg, riboflavin 0.2 mg, 
pteroylmonoglutamic acid zj pg, biotin 25 pg, cyanocobalamin 10 pg, Kovimix AT (containing 15 mg 
retinol/g) 4 mg, Rovimix D, loot (containing 2.5 m g  cholecalciferol/g) I mg, glucose 0.99 g. 

t Roche Products Ltd, 15 Manchester Square, London WI .  

Table 2. Proximate analysis of rabbit diet and of colostrum and 
mature milk of New Zealand White does 

Diet 

Carbo- Energy value 
Fat Protein hydrate 
(giV (g/l) (giU k311 kcal/l 

Rabbit diet 32 95 48 3 600 860 

Does' colostrum, day 2" 260 130 19 13040 3116 
Does' colostrum, day I* 320 I45 7 14590 3487 

Does' milk" 1.50 140 20 8330 I990 

" Values from Cowie (1969). 

Pups were killed with diethyl ether at weekly intervals from birth to 3 or 4 weeks 
of age; four of the conventional hand-reared rabbits were killed at 3 d of age. The 
groups of doe-suckled pups at each age contained at least six animals from four 
different litters ; those of the hand-reared rabbits contained four from three litters. 
For additional pancreatic protease measurements only, individual members of three 
germ-free litters were killed, respectively, at birth, 3 and 7 d ;  zt birth, 7 and 14 d;  
and at birth, 3,7, 11, 13 and 15 d. For comparison, two adult rabbits were used. They 
were killed by a blow to the back of the head. 

Diet. The standard diet consisted of raw cow's milk to which was added freeze- 
dried protein previously separated from skim milk on columns of Sephadex G-50 
coarse, and a vitamin supplement. The composition of the diet is given in Table I. 

The proximate analysis of the diet is compared with that of doe's colostrum and 
milk in Table 2. The diet was sterilized in bulk by an indirect ultra high temperature 
(UHT) process and bottled aseptically in 500 ml screwtopped bottles. The fat 
content of the diet was not increased over that of the whole milk, since any such 
addition before sterilization caused a serious blockage in the UHT plant, and the 
subsequent addition of different lipids resulted in severe scouring by the rabbits. 

The predigested diet was prepared as necessary by treating 500 ml standard milk 
with 50 mg each of crystalline trypsin and a-chymotrypsin (Koch-Light Laboratories 
Ltd, Colnbrook, Bucks.) which had been sterilized by irradiation at 5.0 Mrad. This 
mixture was incubated aseptically at 30-37O for at least 24 h. 

Feeding with enzyme-treated diet. Survival and growth in thirty-nine rabbits fed 
from birth on the diet predigested with trypsjn and a-chymotrypsin were compared 
with thirty-six control animals given the untreated diet. 
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Table 3. Mean daily intakes of suckling Blue Vienna pups during the first 8 d of 
lactation and of eleaen New Zealand White hand-fed rabbits given the standard diet 

Doe-suckled Hand-reared 
h 

I I A 
3 

Dietary intake" (9) Energy intake Dietary intake (8) Energy intake 

(d) Mean SE kJ kcal Mean SE kJ kcal 
Age & & & & 

I 5'53 0.37 
2 8.02 0.40 
3 10'j9 0.51 
4 12.17 0.63 
5 14.18 0.67 
6 14.87 0.69 
7 15.68 0-74 
8 16.17 0.95 

80.7 19'3 14.18 0.85 51'4 12.3 
104.6 25.0 12.9 j I'll 46.9 11'2 
91.2 21.8 13'95 1'32 50'5 12'1 
101.3 24.2 17.86 0.88 64.7 15.8 
118.1 28.2 19'05 1'32 69.0 16.5 
123.8 29.6 22'73 2'20 82.4 19.61 
130'5 28.4 26.14 "95 948 22.6 
134.6 32'2 29'27 2.50 106.1 25'4 

* Venge (1963). 

Hand-rearing. Although rabbit pups are normally suckled only once each day 
(Venge, 1963), because of the considerably lower energy value of the artificial diet 
compared with rabbit milk, all the hand-reared animals were fed twice each day, at 
09.00 and 17.00 hours. The pups readily took the milk from a small bottle fitted with 
a latex teat and the mean daily intakes of eleven pups during their first 8 d of suckling 
are given in Table 3. The values can be compared with those reported by Venge (1963) 
for the daily intake of Blue Vienna rabbit pups. 

Sampling procedures. The stomachs of the adult and doe-reared rabbits were re- 
moved and separated into walls and contents, as described by Henschel (1973). The 
stomachs from hand-reared rabbits were kept intact since separation was difficult 
owing to the softness of the contents. The stomach samples were weighed and then 
stored at - 20'. 

The pancreases and small intestines were carefully removed, weighed and stored 
at -zoo. No separation of the small intestines into walls and contents, or division 
into duodenum, jejunum and ileum was attempted. 

Determination of gastric protease activity. The whole stomachs, separated walls and 
stomach contents were homogenized in, and appropriately diluted with, ice-cold 
0-01 M-HC1. Gastric protease activity was determined with casein as substrate, as 
described by Henschel (1973). T o  allow comparison with the results from the hand- 
reared rabbits the results for each pair of stomach walls and contents of the adult and 
of the doe-suckled rabbits were combined to give the activitylg whole stomach. 

Detwmination of pancreatic protease concentration. Trypsin and a-chymotrypsin 
each gave a flat peak of optimal activity between pH 7.0 and 9-0 with a casein sub- 
strate and could not be separated on the basis of their pH optima. They were therefore 
assayed separately with the chromogenic substrates AT-benzoyl L-arginine p-nitroani- 
lide for trypsin (Erlanger, Kokowsky & Cohen, 1961) and N-benzoyl L-tyrosine 
p-nitroanilide for chymotrypsin. Both substrates were supplied by Sigma (London) 
Chemical Co. Ltd, London SW6. The working substrates were prepared by dissolving 
each separately as a 0.05 &+solution in dimethyl sulphoxide and diluting 5 ml of this 
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Fig. I. Mean growth rate of eight doe-suckled rabbits (-) compared with that of eleven 
rabbits hand-reared on the standard diet based on cow's milk (---) and twelve given the 
standard diet predigested with trypsin and a-chymotrypsin (- -). 

Table 4. Effect of predigestion with trypsin aTzd a-chymotrypsin of the diet 
based on cow's milk on survival of rabbits during the$rst 12 d of life 

No. of No. of Survival 
Diet rabbits deaths (%I 

Predigested 39 9 77 
Control 36 20 44 

with 195 ml of tris-Ca buffer (0.05 M-(tris)(hydroxymethyl)methylamine and 0.02 M- 

CaCl,, adjusted to pH 8.2 with 5 M-HC1). 
The pancreases from each age group of doe-suckled and hand-reared rabbits were 

homogenized with ninety-nine times their wfeight of tris-Ca buffer. A volume of 5 ml 
of each homogenate was removed and incubated for 30 min at 37' with 5 mg entero- 
kinase, extracted from fresh pig duodenal contents by the method of Kunitz (1939). 
For chymotrypsin determination, the homogenates were used undiluted ; for trypsin, 
I ml of each was diluted to 50-100 ml with tris-Ca buffer. 

The individual small intestines urere homogenized with nine times their weight of 
tris-Ca buffer. The undiluted homogenate was used for both trypsin and chymotrypsin 
measurement without preliminary activation with enterokinase. 

Three I ml volumes of each sample were pipetted into test-tubes in a water-bath 
at 37". T o  one of the three, the blank, was added I ml aqueous acetic acid containing 
300 ml glacial acetic acid/l. All tubes then received 4 ml of the appropriate substrate. 
Concurrently, a range of standard solutions containing 0-20 pg crystalline trypsin 
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Fig. 2. Mean pH-activity curves for the whole stomachs of groups of infant and adult rabbits. 
Mean values for ( a )  groups of seven doe-suckled rabbits at birth (-), of six at I (----), 
2 (- -) and 3 (- -) weeks of age and of eight at 4 weeks (-.-), and (b)  groups of four hand- 
reared rabbits at 3 d (. . . . . . .  .), I (-----), 2 (- -) and 3(- -) weeks of age, and two adults 
(-1. 

or a-chymotrypsin/ml was incubated also with 4 ml substrateltube. At the end of I h, 
digestion was stopped by the addition of I ml of the aqueous acetic acid. The blanks 
and digestion mixtures were filtered through Whatman no. 542 papers, and the . .  . :.- -__L___L_. ._  1 ---- l..-..,J ,I---:-.- :--..I-...+:,.- .-+,, ,,.,A ,+ __  -- ~ TT..:--- increase 111 exuiiuiuii ucvc~upw uuiiiig iiiuuauuii waa A Z ~ U  ac + X U  1111~  UII a U I I I L ~ I I L  

SP500 spectrophotometer. Results were calculated as pug chymotrypsin or mg trypsin/g 
pancreas and as pg chymotrypsin or trypsin/g small intestine. 
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Age (4 
Fig. 3. Mean change with age in gastric proteolytic activity at pH 1.6-2.0 (-) and 3.5- 
4.0 (- -). in groups of six to eight doe-suckled (9) and four hand-reared (0) rabbits, com- 
pared with two adults (--b). 

Fig. 4. Change with age in concentration of trypsin (a) and chymotrypsin (b)  in pooled pan- 
creases of groups of four hand-rearcd, conventional rabbits (- - -), six to eight doe- 
suckled rabbits (@+), and in individual germ-free rabbits from single litters (A-A, 
w-0) compared with the mean value in two adults (-b). 

https://doi.org/10.1079/BJN
19730039  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19730039


Vol. 30 Proteolytic enzymes in neonatal rabbits 
- 12.5 

3 57 

I I I I 
0 7 14 21 28 

Age (4 
Fig. 5 .  Change with age in pancreatic trypsin content in doe-suckled (e), and in hand-reared 
conventional (0) and germ-free (A, 0) rabbits. (Individual members of four different litters.) 

R E S U L T S  

Feeding with predigested diet. The growth of doe-suckled pups and of pups receiving 
the standard and the predigested diet are shown in Fig. I .  Predigested diet led to a 
marked improvement in the proportion of rabbits that survived to 12d of age 
(Table 4). This improvement was reflected to a lesser extent in the mean growth rate 
(Fig. I), which was intermediate between that of the doe-suckled pups and of the 
control animals. 

Gastric proteases. The mean pH-activity curves for gastric proteolytic activity in 
each group of doe-suckled and hand-reared rabbits are given in Fig. 2(u) and (b) 
respectively. Fig. 3 shows the mean changes with age in activity at the pH optima. 

The level of activity at pH 3'5-4-0 in both groups remained low, whereas that of 
pepsin at pH 1.6-2.0 increased slowly to 2 weeks of age, then increased rapidly during 
the 3rd week to reach a level similar to that found in the adult rabbit stomach (Fig. 26). 

Pancreatic proteases. The development of chymotrypsin (Fig. 4b) paralleled that 
of trypsin (Fig. 4u) in the pancreases of both doe-suckled and hand-reared rabbits, 
but at a very much lower level. However, the patterns of development varied con- 
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Fig. 6 .  Mean change with age in the concentration of trypsin (-) and chymotrypsin (- - -) 
in the small intestines of groups of four hand-reared (0) and six to eight doe-suckled (e) 
rabbits during the first 3-4 weeks of life, compared with the mean levels of tq'psin (--b) 
and chymotrypsin (- -b) in the small intestines of two adults. 

siderably between the two groups. I n  the doe-suckled animals the concentration of 
both enzymes was highest during the 1st week of life, falling steadily after that to 
a minimum at 3 weeks of age; at 4 weeks the values were close to those found in the 
pancreases of the adult rabbits. In the conventional and germ-free hand-reared rabbits 
the concentration of both enzymes fell sharply during the 1st week postpartum before 
recovering to a value slightly higher than that of the doe-suckled pups. 

The differences in proteolytic activity between doe- and hand-reared pups were 
reflected in the mean total content of protease activity in the pancreases shown in 
Fig. 5 for trypsin only. The mean value at birth (2-1-2.7 mg) was similar in all groups 
and all environments. In  the doe-reared rabbits, as the pancreas weight increased 
with age, so there was a corresponding increase in total trypsin up to 2 weeks of age. 
During the 3rd week of life the weight increase was counterbalanced by the decrease 
in trypsin concentration, but when this rose in the 4th week it caused a further increase 
in total trypsin. In  hand-reared pups, the total trypsin content of the pancreas was 
generally below that of doe-suckled animals during the first 7 d of life. 

The small intestines contained only small amounts of proteolytic activity (Fig. 6), 
and a marked fall in the concentration of both enzymes in hand-reared rabbits occurred 
at the age of 3 d. It is of interest that the concentration of chymotrypsin was much 
closer to that of trypsin in the intestine than in the pancreas. 
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D I S C U S S I O N  

It is evident from Table 3 that the mean daily energy intakes of the hand-reared 
rabbits was below that expected of doe-suckled pups. The extent to which the lower 
intake of nutrients contributed to the high death rate observed among hand-reared 
rabbits during the first 12 d after birth cannot be assessed, though it may have con- 
tributed to the steady decline in condition that was observed before death. 

The main purpose of this investigation was to study the development of protein 
digestion in the rabbit pup and certain conclusions can be drawn. 

Pepsin, the main gastric enzyme, was slow to develop. The level of activity at 
pH 1.6-2.0 remained low in both the doe-suckled and hand-reared rabbits until the 
age of 2 weeks, when a rapid increase took place. Concurrently, a fall in the concentra- 
tion of the pancreatic enzymes occurred in the doe-suckled pups, which presumably 
shifted the main site of proteolysis from the small intestine to the stomach, but 
probably maintained a fairly even general level of activity. However, in the hand- 
reared rabbits the pancreatic protease level fell rapidly after birth, when proteolytic 
activity in the stomach was also low. It is possible that the resulting low level of total 
proteolytic activity in the gut was insufficient to allow protein digestion to proceed 
fast enough to support life. This would account to a large extent for the abnormally 
high death rate observed among hand-reared rabbits during the first 12 d after birth. 

Evidence to support this hypothesis was obtained by pretreatment of the diet with 
the deficient enzymes. The survival rate during the first 12 d improved markedly and 
there mas an improvement also in the growth rate. 

The cause of the early fall in pancreatic protease concentration in hand-reared 
rabbits is, as yet, not clear. It is possible that the stress of constant handling depressed 
the synthesis of the pancreatic enzymes, possibly as a result of changes in the balance 
of the adrenocorticosteroid hormones. Such an effect might be aggravated by some 
dietary deficiency, perhaps of readily utilizable carbohydrate, if the comparatively 
large amount of lactose in the diet based on cow’s milk were not at first adequately 
digested. Both these possibilities require further investigation. It would be of interest 
also to compare the output of the other exocrine pancreatic enzymes in doe- and hand- 
reared pups during the first z weeks of life. 

I should like to express my gratitude to Dr M. E. Coates for her help and advice. 
Thanks are due also to Mr E. V. Ruby and Mr D. A. F. Miles for the supply and 
maintenance of the rabbits. 
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