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The Effect of Aureomycin on the Gut of the Pig 

BY R. BRAUDE, MARIE E. COATES, MARY K. DAVIES, 
G. F. HARRISON AND K. G. MITCHELL 

National Institute for Research in Dairying, University of Reading 

(Receiwed 7 May 1955) 

Antibiotics given in the diet have been shown to reduce the weight of the chick’s 
intestine; Gordon (1952) demonstrated this effectwith penicillin, and Pepper, Slinger & 
Motzok (1953) with aureomycin (chlortetracycline). In our own studies with chicks 
(Coates, 1953; Coates, Davies&Kon, 1955)wefound amarkedreduction intheweightof 
the small intestine when procaine penicillin was given in the diet, but were unable to 
obtain evidence of any chemical or histological changes to account for the loss. The 
experiments reported here have been undertaken to study whether or not antibiotics 
have a similar effect on the pig’s gut. It was hoped that if the gutweightwerereduced, 
any changes in the structure of the gut would be more easily observed in the pig than 
had been possible in so small a subject as the chick. I t  seemed of interest also to 
determine the effect of the antibiotic on the weights of other organs besides the gut. 

EXPERIMENTAL 

Management of the animals. Large White weaners, 9-12 weeks old at the beginning 
of the experiments, were used. The pigs were individually fed twice daily, according 
to live weight, on a basal meal mixture consisting of fine miller’s offal 50, barley meal 
30, flaked maize 10 and white fish meal 10, all parts by weight. Each pig received 
once weekly I oz. cod-liver oil added directly to the trough, and water at the rate of 
3 lb. to every lb. of meal was added immediately before feeding. Aurofac 2A (Lederle 
Laboratories Inc.), containing 3.6 g aureomycin/lb., was added at the rate of 5 lb./ 
2000 lb. diet to the basal meal of one of each pair of animals. There was no direct 
contact between the control pigs and those receiving the antibiotic-supplemented 
diet. 

Measurements of the organs. The small intestine, from the pylorus to the ileo-caecal 
junction, was removed from the animal at slaughter. The contents were squeezed out 
and the gut was washed in cold running water. Its length was measured to the 
nearest # yd. against a yardstick. It was then weighed, after detaching any adhering 
mesenteric fat. 

In  the first experiment with pigs killed at bacon weight the liver, kidneys and spleen 
were also removed at slaughter, cleaned of any extraneous tissue and weighed. 

Preparation of the gut for analysis. The weighed intestine was roughly chopped into 
pieces and homogenized in a Waring Blendor. The Blendor was too small to deal at 
once with the whole intestine which was therefore homogenized in several portions ; 
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364 R. BRAUDE AND OTHERS I955 
these were then pooled in a mechanical mixer. Duplicate samples for all analyses were 
taken immediately. 

Determination of dry matter. A 10 g sample was taken in a shallow aluminium dish 
and dried to constant weight in an oven at 98", which was usually achieved in about 

Determination of f a t .  A 10 g sample was weighed into a boiling tube and digested 
with about 10 ml. conc. HCl on a water-bath. When cool, the mixture was extracted 
with 50 ml. of a mixture of equal parts of light petroleum (b.p. 40-60") and diethyl 
ether and then with two further lots, each of 30 ml., of the solvent mixture. The com- 
bined extracts were transferred to a weighed flask, evaporated to dryness and weighed, 
after removal of the last traces of solvent under reduced pressure. 

Determination of total nitrogen. Total nitrogen was determined on 5 g samples by the 
macro-Kjeldahl method. 

Statistical analysis of the data. Since the weight of the organs is, to some extent, 
dependent upon body-weight, the results were treated by analysis of covariance 
(Snedecor, 1940), and the organ measurements were adjusted to a constant body-weight. 
When litter-mates were used, the variance between litters was eliminated. The 
significance of difference between groups was calculated from the covariance 
analysis. 

Experimental procedure. A preliminary trial was carried out with five pairs of litter- 
mates, which were killed at pork weight after 12 weeks on experiment. One of each 
pair was given the basal diet with, and one without, aureomycin. The  small intestine 
of every animal was weighed immediately after slaughter. 

Two further experiments were done on animals slaughtered at bacon weight 
14-18 weeks after the beginning of the experiment. The  first of these involved thirteen 
pairs of litter-mates, again one of each pair receiving the basal meal with, and one 
without, aureomycin. Gut length and weight were determined immediately after 
slaughter. From the first nine pairs of pigs the liver, kidneys and spleen were also 
weighed and determinations of dry matter, fat and total N were made on the 
gut. 

In  the last experiment there were not enough pigs available for litter-mate com- 
parisons, and the treatments were allocated at random to eight pairs of pigs of similar 
initial weights. Measurements of weight and length were made on the intestine, but 
no other organs were examined. After weighing, some of the intestines were slit 
longitudinally and preserved in formol-saline for histological examination. 

4-5 h* 

RESULTS 

Preliminary trial. I n  the preliminary trial with five pairs of porkers, the pigs re- 
ceivingaureomycinreached a mean live weight of 153 lb., comparedwith 142lb. attained 
by the controls, whereas their mean gut weight was 1428 g, against 1486 g for the 
control animals. 

Experiment I, In  the first experiment with bacon pigs there was an increase in body- 
weight and a decrease in gut weight, both of which were significant, in the aureomycin- 
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treated animals. The apparent reduction in gut length was not significant. The mean 
results are shown below: 

Adjusted Adjusted 
Body- Gut gut Gut gut 

No. of weight weight weight length length 
Pigs (Ib.) (g) (8) (yd.1 (yd.) 

Basal diet 13 I79 I521 1560 21'1 21.3 
Diet with aureomycin I 3  I97 I456 1416 20.8 20.7 
F' 
Pt 

1 '9 
> 0.5 

* Variance ratio (elz). 
t Probability of the difference arising by chance in a homogeneous population. 

For the first nine pairs of baconers the figures for organ weights and chemical 
analysis of the gut are given in Table I .  There was a significant increase in body-weight 
( P <  0.05) in the animals given aureomycin. Gut weight and gut length, adjusted to 
constant body-weight, were both reduced, but only the reduction in length was 
significant ( P =  0.05). No change in fat, moisture or total nitrogen content of the gut 

Table I .  Effect of aureomycin on organ weights and chemical composition of the gut 
of nine pairs of pigs kept on experiment from weaning to bacon weight 

Litter 
Diet no. 

Basal I 
I 
I 
I 
2 
3 
4 
5 
6 

Mean 
Adjusted mean* 

With aureomycin I 
I 
I 
I 
2 
3 
4 
5 
6 

Mean 
Adjusted mean" 

Ft 
pr 

Body-weight 
at 

slaughter 
(lb.) 
I75 
I 60 
138 
I43 
206 
I74 

130 
191 
170 

211 

5'3 

Liver Kidnev Spleen Gut 
weight 

(9) 
1622 
I449 
I435 

I545 
I727 
I925 
1170 
1842 
I574 
1656 

I 860 
I534 
1415 
1692 
I 808 
I653 
1655 
I695 
I693 
I 667 
1585 
1'53 

I448 

0*0~>P>0.01 >02 

weigh; weight length 
(gi (~d.1 
78 21.5 
60 20 

77 21 
73 22 
75 22 
73 22 
98 24 
81 20.75 
84 21.75 
78 21-67 
79 22.08 

66 21 
74 19'75 
84 18-75 
84 23 
82 21-75 
88 18 
73 23'25 
93 22-75 

1 0 0  19'75 
83 20.89 
82 20.47 

< I  4'97 

Gut 
weight 

I435 
1162 
I237 
I585 
I 460 
1805 
1820 
1214 
I 620 
1482 
I571 

I525 
I220 
1092 
I755 
I545 
I 680 
I500 
1625 
I307 
I472 
I383 
3.83 

(€9 

- 0.05 0'1 >P>o*o5 

Chemical analysis of gut - 
Dry 

matter 
(%) 
18.0 
17.9 
17.6 
17'7 
18.8 
18.7 
18-5 
18.7 
17'5 
182 

17'7 
18.0 
18.8 
18.6 
19'9 
19'3 
19.2 
I 8.0 
17'9 
18.6 

* Calculated from covariance analysis. 
t Variance ratio (eaz). 
1 Probability of the difference arising by chance in a homogeneous population. 

( % I  
1'97 
I '87 
2-06 
1-74 
1'95 
1.81 
2.06 
I -76 
"54 
1.86 

1-83 

2-16 
I -78 
2.07 
I -90 
2-05 
1'72 
I .78 
1-93 

2'10 

Crude Total 

( Y o )  
fat nitrogen 

2.30 

2-35 
2.30 
2-46 
2.38 
2'44 
2-46 
2.3 I 
2.36 

2'37 
2.26 
2-42 
2'42 
2-59 
2'52 . 
2.42 
2.36 
2'34 

2'22 

2-41 
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was observed, nor were the weights of the liver, kidneys or spleen markedly altered by 
the antibiotic treatment. 

Experiment 2. The second experiment on groups of eight bacon pigs, not litter- 
mates, gave the following results : 

Adjusted Adjusted 
Gut gut 

Pigs Ub.1 (g) (9) (Yd.) ( ~ d . )  
Basal diet 7* I99 1460 1.507 23'75 24'1 

24'38 240 

pUt length length No. of weight weight weight 
Body- Gut 

Diet with aureomycin 8 212 I 486 I444 
1.8 
0'2 

< I  
- 

< I  

- 

* Intestine of one pig damaged at slaughterhouse. 
t Variance ratio (e"). 
1 Probability of the difference arising by chance in a homogeneous population. 

On this occasion, although in the treated pigs body-weight was greater and the 
adjusted gut weight less, neither effect was significant. The adjusted gut length was 
almost the same in both groups. Some of the intestines were examined macroscopic- 
ally in an attempt to assess the amount of lymphatic tissue present. The number 
and size of the Peyer's patches were estimated, but no difference could be observed 
between the guts from treated and untreated animals. As the effect on the gut had been 
so small, no more detailed histological study was undertaken. 

General. The results of all experiments considered together show a tendency for 
the gut weight to be reduced in the aureomycin-treated pigs, but the effect on gut 
length was less marked. Thus it appeared that in the pig, as in the chick, the gut was 
thinner as a result of antibiotic treatment. In the two experiments in which the gut 
length was determined the weight per unit length of intestine for all animals was 
calculated, and analysis of variance gave the following results: 

Adjusted 
Body- Gut weight/ gut weight/ 

No. of weight yd. length yd. length 
Pigs Ub.) (g) (g) 

Basal diet 20 I 86 68.3 68. I 
Diet with aureomycin 2 1  203 66.7 66.9 
F* 6. I < I  

0.05>P>o.o1 - pt 
Variance ratio (e-). 

t Probability of the difference arising by chance in a homogeneous population. 

Although the weight of the gut per unit length seemed less in the pigs given 
aureomycin, the difference was too small to be significant. 
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DISCUSSION 

In these experiments with pigs there was a tendency for aureomycin to reduce the 
weight of the small intestine, but the effect was less well marked than we had found in 
previous experiments with chicks given penicillin (Coates et al. 1955). There was little 
consistent effect on length, so that the reduction in weight was due to a thinning 
rather than a shortening of the gut. Although the difference in weight was not great, 
it was probably sufficient for any alteration in the fat, moisture and total nitrogen 
contents of the gut to be detected if it had occurred; however, chemical analysis of the 
gut revealed no such change. 

These results support those reported by Taylor & Harrington (1955) who found that 
aureomycin feeding significantly reduced the weight of the small intestine of pigs 
killed at about 200 lb. live weight. Contrary to our findings, however, the spleen 
weight was significantly lower in their antibiotic-supplemented animals. 

The results reported here do not add much to the evidence on the mechanism by 
which antibiotics reduce gut weight. The results with chicks suggested that sup- 
pression of an unidentified ‘infection’ preventing maximal growth rate is accom- 
panied by reduction in the weight of the intestine. It is not known whether an 
analogous condition exists in pigs, but it is possible that in the pig also the thinning of 
the gut resulting from feeding aureomycin indicates the elimination of some dele- 
terious micro-organism(s). 
A lowering of the number, or alteration in the type, of micro-organisms present in 

the gut might result in the formation of less lymphoid material and hence in a thinner 
gut wall. With this possibility in view we examined the intestines from the final 
experiment. Unfortunately, on that occasion the antibiotic had very little effect on 
gut weight, so that our failure to detect any gross differences in quantity of lymphatic 
tissue has little meaning. In any event, since the pig intestine is specially rich in 
lymphatic tissue, any change might need to be fairly substantial to be detectable. 

SUMMARY 

I .  In three experiments, involving a total of fifty-two pigs, aureomycin was given 
in a normal fattening ration at the rate of 20 g/ton in the form of Aurofac 2A (Lederle 
Laboratories Inc.) from weaning until slaughter at pork or bacon weight. 

2. Immediately after slaughter the weights and lengths of the small intestines were 
measured. A few of the intestines were examined for histological changes. Deter- 
minations of fat, moisture and total nitrogen were made on the gut of nine pairs of 
pigs, and the liver, kidneys and spleen of these animals were also weighed. 

3. In all experiments there was a tendency for gut weight, adjusted to constant 
body-weight, to be reduced in the aureomycin-supplemented pigs. 
4. There was no significant effect on the weights of the liver, kidneys or spleen, nor 

was there any consistent effect on gut length, which indicated that the reduction in 
weight was due to a thinning rather than to a shortening of the gut. 

5 .  No chemical or histological changes in the intestines were detected. 
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Influence of Diet on the Acute Toxicity of Hypoglycin-A in Rats 

BY P. C. FENG AND E. A. KEAN 

Dinkions of Pharmacology and Biochemistry, Department of Physiology, 
University College of the West Indies, Jamazka, B. W.I. 

(Received I I  May 1955) 

Hypoglycin-A (Hassall, Reyle & Feng, 1954), is a toxic polypeptide isolated from the 
fruit of Blighia sapida-known as the ackee in Jamaica. The  toxin produces an acute 
hypoglycaemia and a depletion of liver glycogen in experimental animals. The fruit 
is a common dietary item locally, and it has been suspected as one of the causes of 
‘vomiting sickness ’, which is an acute syndrome with high mortality usually occurring 
in Jamaican children with a history of malnutrition (Jordan & Burrows, 1937 ; Evans & 
Arnold, 1938; Hill, 1952; Jelliffe & Stuart, 1954). Since dietary deficiency has been 
suggested as a contributing factor in ‘vomiting sickness’, the present study was under- 
taken to examine the relationship between the local diet and the acute toxicity of 
hypoglycin-A in rats. 

EXPERIMENTAL 

Plan of experiment. Three groups of rats were fed respectively on the following diets : 
(a) a high-carbohydrate, low-protein diet, designated as ‘Jamaican diet ’, comprised 
mainly of items of vegetable origin commonly consumed by the poorer classes of 
Jamaicans; (b )  the same diet, modified by the replacement of some of the carbo- 
hydrate with casein, designated as ‘modified Jamaican diet’; and (c) the stock diet, 
which served as a control. The  relative toxicity of hypoglycin-A in the different groups 
was then compared. 

Animals. Albino rats of both sexes from the stock colony were weaned on to the 
experimental diets at 5 weeks of age, at which time they weighed from 50 to 70 g. 
Diets, and’water with I % sodium chloride, were fed ad lib. I n  addition to eighty 
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