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was calculated from the flow rate and the difference
between inlet and outlet temperature, amounted to
0.005 watt/kg for 1°C difference between rectal tempera-
ture and perfusion temperature. At the most intense
levels of stimulation, this could increase mean body
temperature at a rate of 0.008°C/min. The experiments
were performed in the conscious animals 3 to 6 days after
surgery.

The Figure shows an experiment in dog 1 at an air
temperature of 4+ 30°C. 3 periods of spinal cord warming
were performed by perfusing the thermode with water of
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Selective warming of the peripherally denervated spinal cord in a
conscious dog and its effect on respiratory rate (above). Filled circles:
Rectal temperature. Open circles: Temperature in the vertebrate
canal at the level of the lowest intact segment. Bars and numbers:
Stimulation periods and temperature of the water used to perfuse
the thermodes.
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46-47°C. In all warming periods, clear increases of re-
spiratory rate up to a peak value of 195 min-? were found.
Since rectal temperature and peridural space temperature
at the level of the lowest intact segment (Th 10) changed
insignificantly*, this panting response was elicited by
signals originating in the peripherally denervated part of
the spinal cord. The rapid rate of respiration was ac-
companied by all the characteristic signs of panting which
occur in the intact animal when it is exposed to an exter-
nal or internal heat load: i.e. increased salivation, opened
mouth and protrusion of the tongue. However, in con-
trast to the typical pattern of response to spinal cord
warming in intact dogs#4, the highest levels of respiratory
rate were found towards the ends of the stimulation
periods. This may have been caused by the paralysis of
the lower part of the body, which generally rendered
panting difficult and seemed to oppose the thermal drive,
when higher respiratory rats were expected.

The Table comprises the results of 14 periods of warm-
ing the denervated part of the spinal cord in the 3 animals.
In 2 of the 3 animals, the respiratory rate during the
control periods was higher than the normal resting values
in conscious dogs®. This was due to the elevated air tem-
perature, which was chosen to facilitate responses. How-
ever, in all cases respiratory rate increased during spinal
warming and declined after spinal warming had been
finished. This effect was least pronounced in animal 2, in
which the spinal roots were cut intradurally.

In conclusion, the experiments have shown that the
lumbar and sacral spinal cord, after being deprived of
all inputs via dorsal or possibly ventral® roots, can still
generate temperature signals and convey them to
supraspinal centers to produce panting. These findings
extend earlier results about the generation of thermo-
regulatory cold defence responses in dogs? and pigeons?
with dorsal roots cut.
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Fermentative Digestion of Food in the Colobus Monkey, Colobus polykomos
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Summary. Fermentation of leafy food occurs in the enlarged saccus gastricus of the colobus monkey with the forma-
tion of volatile fatty acid, as in the rumen of ruminant animals. About half of the digestible organic matter and cellulose

of the diet is digested in this way.

Although herbivorous mammals do not secrete cellulo-
lytic enzymes, they are able to digest cellulose in their
food by subjecting it to microbial fermentation. The
microbes are accommodated either in an enlarged com-
partment of the stomach, as in ruminant animals, or in
an enlarged caecum and colon, as in horses. While there
are many herbivores that employ gastric fermentation,
among the primates only the colobus, langur and pro-
boscis monkeys, the Colobinae, appear to have adopted
this mode of digestion® . This subfamily lead an arboreal
life, feeding mainly on leaves, fruit and seeds. The first
part of the stomach, the saccus gastricus, is greatly

enlarged® and it is here that food is fermented yielding
gases and volatile fatty acids similar to those produced
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Table I. Weights of animals and of their digestive tracts and salivary
glands

Colobus A Colobus B
Body weight (kg) 6.2 3.4
Gut weights (g)
Stomach 197 114
Smallintestine 69 68
Large intestine 66 35
Salivary gland weights (g)
Both parotids 8.0 7.6
Both submaxillaries 4.6 2.7
Both sublinguals 1.6 1.0

in the rumen of sheep and cattle®-%. The contents of the
saccus then pass to the second part of the stomach, the
tubus gastricus, where they are acidified.

‘While it is clear that this fermentation in the saccus is
qualitatively similar to that seen in the rumen, it is not
known how important it is quantitatively. It was, there-
fore, decided to study the disappearance of food from the
various compartments of the gut of slaughtered colobus
monkeys by use of the lignin ratio technique.

Two young male colobus monkeys were provided for
study. They were housed separately in small cages. We
wished to feed them on a single species of plant to avoid
there being any uncertainty concerning the food eaten.
The only plant available locally that these monkeys
would eat in any quantity was Commelinum benghalense,
an exotic succulent plant, which was offered fresh each
day. Even so, the monkeys, who were not accustomed to
confinement, ate only about 400 g fresh weight daily and
were in a rather emaciated condition when slaughtered
after receiving this diet for 3 weeks.

Each monkey in turn was anaesthetised by an i.p.
injection of pentobarbitone sodium. The abdominal
cavity was opened and clamps were placed at the junction
between the saccus and the tubus, at the pylorus and at
the ileo-caecal junction. The gastro-intestinal tract was
then excised and the monkey was killed. The contents of
each compartment of the gut were rapidly removed,
weighed and mixed. A sample was taken within 5 min of
excision for determination of pH; this was then acidified
and frozen for subsequent analysis of volatile fatty acids
(VFA) by Markham distillation, and of total nitrogen by
a Kjeldahl procedure. The remainder of the contents’
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was dried at 105°C for dry matter determination. One
portion of the dry sample was ashed at 500°C for 16 h to
measure organic matter by loss of weight, and another
was analyzed for cellulose?® and acid-detergent lignin!®.

Some anatomical measurements are given in Table I.
Table 1I shows the composition of the food and of the
digesta. Large amounts of epithelium had been shed into
the contents of the small intestine and so this sample was
excluded from further consideration. The contents of the
large intestine were divided into a fluid portion (caecum
plus first 20 cm of colon) and a pasty portion (remainder
of colon and rectum). A 24-hour faeces collection was
available from Colobus B. It can be seen that a fairly
high concentration of VFA was found in both the saccus
gastricus and the caecum-colon. The pH remained near
neutrality. Higher concentrations of VFA were found in
the saccus of 2 colobus monkeys shot in the wild by
Onwaki et al.8. The interval between death and prepara-
tion of samples for VFA determination in the wild mon-
keys, 35 and 41 min, was greater than the 10 min that
elapsed in our monkeys. This may partly explain the
greater acidity of the stomach contents of the former,
though their rich diet of fruit and seeds will no doubt have
led to a more rapid fermentation than that of our rather
inappetant leaf-eating monkeys

Most of the VFA produced in the rumen of sheep and
cattle is absorbed directly and little flows to the aboma-
sum and intestine. The VFA produced in the saccus of the
colobus monkey was also largely absorbed from the sto-
mach, though it is not possible from our results to deter-
mine whether the saccus or the tubus was the most im-
portant site of absorption. The contents of the tubus
were sufficiently acid (pH 2.2 and 2.4) to arrest further
fermentation. The high concentration of VFA in the
caecum-colon indicates that fermentation was proceeding
actively in this organ as well, though the relatively small
dry weight of contents suggests that digestion in this
compartment is of subsidiary importance.

In sheep and cattle normal ruminal fermentation is
prevented if the rumen contents become too acid. It is
therefore important that a fraction of the volatile fatty
acids produced are neutralized to provide a well buffered
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Table I1. The composition of the food and the contents of the digestive tract

Wet weight Dry matter (DM) Lignin Cellulose Total N Volatile fatty acids pH
(g) (2/100 g wet weight) (g/100 g DM) (g/100gDM) (g/100 gDM) (mM/l)
Commelinum benghalense — 9 9 15 3.7 — —
Colobus A
Saccus gastricus 426 5 10 14 3.1 65 6.5
Tubus gastricus 36 4 11 — 4.0 4 2.4
Caecum + proximalcolon 100 10 11 11 2.4 80 7.2
Distal colon + rectum 78 20 15 15 2.6 — —
Colobus B
Saccus gastricus 130 9 14 11 4.0 53 7.0
Tubus gastricus 47 11 17 13 3.1 3 2.2
Caecum + proximal colon 34 21 15 — 2.7 47 7.2
Distal colon 4 rectum 22 31 12 - 3.1 — —
Faeces 105 28 18 12 2.4 — —
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Table IT1. Progressive disappearance of food constituents during
passage through the digestive tract.

Dry Organic Cellulose Total N
matter matter
Commelinum benghalense 100 100 100 100
Colobus A
Saccus gastricus 920 86 82 76
Tubus gastricus 85 72 — 90
Caecum + proximal colon 80 66 56 52
Distal colon - rectum 60 55 60 41
Colobus B
Saccus gastricus 62 59 46 67
Tubus gastricus 54 51 46 45
Caecum + proximal colon 62 51 — 45
Distal colon 4+ rectum 74 64 — 62
Faeces . 48 40 39 31

The concentration relative to lignin in the gut contents is given as a
percentage of that in the food.

medium at about pH 6. The Ruminantia do this mainly
by secreting large volumes of alkaline saliva®l. The
contents of both saccus and caecum-colon of our colobus
monkeys were quite well buffered, 10 ml of supernatant
fluid from the saccus requiring 0.7 ml N —-H,SO, to reduce
the pH below a value of 3, and an equal volume from the
caecum-colon requiring 1.5 ml N-H,S0,. It is not clear
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how the colobus maintains the buffered nature of the
contents of its saccus. This compartment, like the
camel’s rumen??, has a glandular epithelium which may
secrete an alkaline fluid, but the colobus also has well-
developed salivary glands (Table I) though nothing is
known of the volume or composition of the saliva secreted.

By assuming that lignin is wholly indigestible, the
apparent digestibility of the dietary constituents shown
in Table II may be estimated. The amount of each com-
ponent remaining undigested in successive compartments
of the gut is given by its concentration per g lignin in the
digesta divided by its concentration per g lignin in the
food. Table ITI gives the values obtained, expressed as
percentages of the amounts eaten. About 40-509, of dry
matter, organic matter and cellulose had disappeared by
the time the distal colon was reached, and some further loss
appeared to take place before the faeces were voided in
Colobus B. Both the saccus and the large intestine seemed
to be important sites of digestion. Total nitrogen showed a
rather greater apparent digestibility.

The absence of cellulolytic activity in colobus stomach
contents reported by Kvan® and by OBEWAKI et al.8 was
probably due to the diets of fruit and seeds being eaten by
their animals. Foods rich in starch and sugar are asso-
ciated with suppression of cellulolysis in cattle and sheep.
Our observations indicate that microbial fermentation of
food, including extensive cellulolysis, can occur in the
colobus monkey receiving a leafy diet.

1 R. N. B. Kav, Wid Rev. Nutr. Diet. 6, 292 (1966).
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Increased Plasma Creatine Kinase Activity in Rabbits: Effect of Systematically Repeated Blood

Sampling?
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Summary. Various physical, chemical and bioclogical factors are involved in an increased plasma creatine kinase activity.
Repeated blood sampling induced in all rabbits studied a reaction of similar pattern but of different intensity, expressed
by a maximum of plasma CPK activity. The physiological origins of this variation of CPK activity seems to be, as
seen in control animals, the consequence of emotional stress due to handling and possibly an additional stress due to the

venepunctures.

Increased plasma or serum creatine kinase activity
(E.C.: 2-7-3-2; CPK) is generally used in pathology to
detect cardiac (myocardial infarction) or muscular
anomalies (dystrophy or hypertrophy)?; it would also
enable the determination of the degree of stress suscepti-
bility which partially conditions certain pathological
forms of muscular hypertrophy in pigs3-6.

Interpretation of a significant increase in this enzymatic
activity may be complicated by many factors, such as
ingestion of alcohol, strennuous . exercise”$, hypothy-
roidism®-11, cerebrovascular disease, burns, adaptation
to cold!?, im. injections?3, or, as in man, emotional
stress? 14,

During experiments on several breeds of rabbits, we
observed, as have many scientists, a considerable varia-
bility in the results; this led us to examine the importance
of another factor which could affect the plasma CPK
activity, that is systematically repeated blood sampling.

Material and methods. In a preliminary study on both
anesthetized and non-anesthetized rabbits, we verified
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