


STUDIES ON THE ALIMENTARY TRACT OF MERINO SHEEP 1IN SOUTH AFRICA.

with a fine dropper for taking samples. The potassium nitrate was added
to the tubes in the form of a 01 or a 0-5 per cent. solution, either alone
or in conjunction with a measured quantity of glucose solution. The contents
were mixed and drops taken from the tubes at regular intervals of time and
tested for nitrate with diphenylamine reagent (Feigl, 1935), or for nitrite
with sulphanilic acid and naphthvlamine reagent (Feigl, 1935).

FXPRRIMENTAL.
I. Conditions for the Production of Nilrite.

In the experiments mentioned above (Sapiro, in press) comparatively
small quantities of nitrate were used. Subsequent investigation, however,
has shown that, with larger quantities of nitrate, nitrite is produced when
ingesta of either grass hay fed sheep or lucerne fed sheep is used. Further-
more, 11 such cases nitrite is found to be present verv soon after the addition
of the nitrate to the ingesta and to persist for some time after the disappear-
ance of nitrate. The following differences were noticeable in the results
hetween the ingesta of well-fed (lucerne) and poorly-fed (grass hay) sheep :—

(1) The ingesta of well-fed sheep accounted for the disappearance
of much larger quantities of nitrate.

(11) In ingesta from well-fed sheep the nitrite produced disappeared
again more rapidly than from ingesta of poorly-fed sheep.

In all cases, however, the concentration of nitrite, as judged by the
colour produced in the test, was at a maximum at the time of complete
disappearance of nitrate.

Typical results are illustrated in Table 1, where ruminal ingesta from
sheep 16, a sheep fed on lucerne hay and sheep 14, on a diet of poor quality
grass hay, are compared.

TapLe 1.
——— : = = _!
Potassium Tme 15 MINUTES. Ratio,
Nitrate Nitrite
Qhoop added, | disappearance
Diet. mg. per Nitrate Nitrite Nitrite Nitrite | time/nitrate
20 c.c. Dis- Appear- a0 o Dis- disappearance
: . Maximum. :
ingesta, |appearance.| ance. ! appearance. time.
- : }
16 Lucerne. ...... i 2-5 14 4 14-16 20 1:43
i 5-0 (a) 30 4 28-38 48 1-60
7-5 (b) 48 1 38-52 68 1-42
10-0 80 4 80 115 1-44
15-0 125 4 130 168 1.34
f i ‘ Average, ‘ 1-45
14 Grass Hay..... 0-4 8 | 2 12 20 2-50
0-7 16 2 14-16 34 2-13
1-0 (¢) 28 2 26 56 2:00
1-4 (d) 46 2 50 ‘ 90 1.-96
1-7 65 2 55-65 | 135 2:08
! V —
{ | i ‘ Average. | 2-13
1 | ; | |
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I1. Graphical Presentation of the Disappearance of Nitrate.

Tt was found that a graphical represemtation of quantity of nitrate
ve iced/time, took the form’ of a half parab . In Table 2 typical values
are given for the disappearance of nitrvate from the ingesta of four different
sheep, while Figure 1 illustrates the curves drawn from these values.
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Daily Varmation of Rate of Disappearance of Nitrate.

~ Construction of curves for the nitrate disappearance rate in ingeste
from the same sheep showed a daily variation even though the diet remaine
constant, This variation can be represented graphically: The quantities
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af nitrate reduced by the ingesta in any arbitrary period of time (45 minutes
1s o suitable value) are read from the curves of mtmt() disappearance [time;
these values are then plotted against the dates on which the readings were
taken. Figure 2 illustrates the variations in Sheep 3, on a lucerne hay diet
and Sheep 6, on a diet of grass hayv, over a period of ten days.

Lt is noticeable from the figure that the two sheep, on different diets
show o similar daily variation. This phenomenon has been noticed also
in the measurement of cellulose digestion and of fermentation of glucose
by ruminal ingesta. No Satlsfa(,t(ny explanation of these obscry ations can
as vet be advanced.

Nitrate Disappearance as a Test for Ruminal Actroity.

EFrom comparative experiments it has rvepeatedly been shown that the
variation of nitrate disappearanee rate follows the sanre trend as the variation
of cellulose digestion and of glucose fermentation in any particular sheep.
Thus, apart from either its to‘nwloglcal or nutritional aspects, the disappeax-
ance of nitrate from ruminal ingesta constitutes an additional test for
ruminal activity.

1. The Effect of Glucose on the Rate of Nitrate Disappearance.

Comparatively small amounts of glucose added to ruminal ingesta were
found to cause marked acceleration in the disappearance + nitrate. Ifor
e study of this effect two types of experiment were conducted: (a) where
varying amounts of glucose were applied with a fixed quantity of nitrate,
and (b) where the gquantiy of nitrate was varied while using a fixed quantity
of glucose. '

(a)y Varration of the Quantity of G'lucose.

It was found that increasing quantities of glucose caused further
reduction 1n the time of nitrate disappearance until a maximum effect was
produced, after which the further addition of glucose had no etfect. The
maximal depression of time was normally brought about by as little as
to 30 mg. of glucose per 20 c.c. of ingesta. The rate of fermentation by
ingesta 1s reduced oun the addition of a comparatively large amount of
glucose. It was found, however, that the depression of nitrate disappearance
tzme was not further affected, after the maximal depression had been reache
by the addition of as much as 2 grams of glucose 1 20 e.c. of ingesta.

Iigures 3 and 4 show graphically the reduction of time of nitrate
disappearance due to varying amounts of glucose. Values are given, in
Figure 3, obtained with the mgesta of Sheep 15, on a diet of lucerne hay:
each tube in the experiment contained 1-5 mg. of potassimm nitrate in
20 c.c. of ingesta . Figure 4 represents readings obtained with ingesta from
Sheep 10, fed on grass hay; each tube contained (-6 mg. of potassium niteate
and 20 c.c. of Ingesta.

(b) Varwation of the Quantity of Nitrate.

A fixed quantity of glucose had the effect of altering the position of the
«ve of nitrate disappearance/time, by reducing the tzme values, without
. cting the proportionate shape of the curve. The percentage reduction
o7 time of mitrate disappearance was found to be constant for varyving
quantities of nitrate, and 1s hereafter refrred to as (onstant B.
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calculated, where f iz the ratio of variances for two groups. A
comparison of the group where 16 mg. of glucose was added (a
and b) with the group in which 80 mg. of glucose was used
(¢c and d) gives f 103-2, a highly significant value. This value
indicates that it least one of the quantities of glucose (viz. 16 mg.)
is below that necessary to give the maximum effect.

(ii) The total effect of glucose was similar for the lucerne-fed and
hay-fed sheep. In this case the data for lucerne sheep (a and ¢)
were compared with the data for sheep on grass hay (b =nd d)
and an insignificant value of f, viz. 1-4, was obtained. ; was
noted, however, that within the group in which 80 mg. of glucose
was added (¢ and d) a ¢ value is obtained which shows a significant
difference between the hay-fed and the lucerne-fed sheep, viz.
t=2-61.

V. The Effect of Glucase on the Rate of Disappearance of the Nitrite
Formed.

It was found that the presence of glucose accelerated the disappearance
of the nitrite formed from the nitrate in the same manner as it accelerated
nitrate disappearance. The percentage reduction of time (from zero) of
nitrite disappearance was constant for a fixed quantity of glucose; this valve
is referred to as Constant C.

Defining nitrite persistence as the interval of time between the disappear-
ance of nitrate and of nitrite, it can be deduced mathematically, from the
constancy of 4, B and C, that the percentage reduction of nitrite persistence
due to a fixed quantity of glucose is also constant for varying amounts of

ucose. This constant is designated Constant ). . Experimental results show
tne constancy of D within reasonable limits of error, and thus provide further
evidence of the coustancy of 4, B and C.

Table 4 quotes experimental values to illustrate the above points.

Statistical analysis of these figures, by calculation of values of ¢ for
the corresponding constants of the two sheep, illustrates the marked difference
in two of the constants, viz. B and C, between the lucerne-fed and the hay-fed
sheep. The following values are obtained:—

Constant B (lucerne)/Constant B (grass): t=9-33, highly significant.

Constant C (lucerne) /Counstant C (grass): t=12-02, highly significant.
Constant D (lucerne)/Constant D (grass): t= 2-12, insignificant.

A graphical confirmation of the constancy of C is provided in Figure 7,

constructed from the values in the second part of Table 4. Tt will be noted

that the curve for nitrite disappearance/time is affected in the same manner
by the addition of glucose, as is the curve for nitrate disappearance/time.

values for nitrvite persistence in the presence of glucose are very small and
of the same order as the experimental errors.
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TaBLE 4.
Time N MINUTES. PERCENTAGE REDUCTION
x TimE.
Nitrate | Without Glucose. With Glucose. R
) added o Of of Of
Sheep. Dict. mg. per Nitrate | Nitrite | Nitrite
Ii?f;’& Nitrate | Nitrite | Nitrate | Nitrite a Dl:{;r_ ag)l;;r_ I;glséz
gesta- | pis. Dis- Dis- Dis- I;Il’we A;I’we (Com
appear- | appear- | appear- | appear- (Con- (Con- |stant .)
ance. ance. ance. ance. stant B.) stant C.)
‘ |
(
) (i) (i)
16 Lucerne. . .... 2:5 14 20 6 0 57 — —
50 30 48 14 16 53 67 89
75 48 68 20 26 58 | 62 70
10-0 80 115 30 45 62 61 57
15-0 125 168 50 60 60 64 77
| Average|s....... 58 63 73
O ) N
1 (i) (i) \
14 | Grass hay.... | 0-4 ] 8 20 0 4 — 80 —
o 16 34 4 6 7> 82 89
bo1o b 28 56 6 8 79 8 | 93
;14 | 46 90 8 16 83 82 82
|17 6 135 14 24 78 | 82 | 86
: B b
! * l 3 Average|s....... 79 J 82 ‘ 88

(i) Quantity of glucose : 64 mg. per 20 c.c. ingesta.
(ii) Quantity of glucose: 48 mg. per 20 c.c. ingesta.

Vo In Vivo Kaperiment—The Kifects of Diet and the Dosing of Sugar on
the Toxicity of Nilrate.

lemgton and Quin (1933) showed that methaemoglobinaemia could

ha caused 1 sheep by dosing watery extracts of plants belongulg to the genus

“bulus. This effect was proved to be due to the action of imorganic nltl ite

produced from pre-exizting nitrate by a plant enzyme oxid on—zreduction
system.

The #n vitro experiments here described have shown (a) that nitrite
formed from mitrate persists longer in ingesta from a poorly-fed sheep than
in that from a well-fed animal and (b) ﬂlaf the addition of sugar greatly
accelerates the disappearance of the nitrite in either type of ingesta. These
findings suggest that both the nature of the previous diet and the presence
of sugar in the rumen would exert an effect on the tolerance of sheep to
nitrate.

T order to test this hvpothesis, cight sheep were divided into two
eroups, four recelving lucerne htay «ad 6., and 300 grams each of maize
dailv, while the other four were fed ou poor cmality grass hay only. After
a preliminary of three weeks on the above  ets, the animals were dosed
with varving amounts of polassium nitrete 1 solution, given either alone
or 1o conjunction with suear (sucrose). The dose of nitrate was calculated
for each sheep individually on the basis of body weight. On the day of
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dosing, all food was removed at noon and dosing carried out at 3 p.m. The
animals were kept without food till 9 a.m. the following morning, when
they were bled for methaemoglobinnemia examination. An interval of a
week was allowed between each of the four trials.

Table 5 gives a summary of the results obtained. 'T'he symbols given
denote the extent of methaemoglobinaemia found on spectroscopic examina-
tion of the blood. The gradation from + to 4 + + 4 1is based on the degree
of dilution at which the methaemoglobin bands were visible.

TaBLe 5.
Potassium ‘ ‘i SHEEP'
Nitrate - .
Sucrose |
- Dosed, Hay Feb. LucerNe FED.
Trial. gm.£100 . | (]})r":;‘i l ] -
ive | . |
Weight. i | 1 ' 2 ‘ 3 \ 4 5 J\ 6 | 7 8
| ! ‘
N 2 ’( 0 i : \ | | ‘
2 | 1 ]t ‘ = =
20 [ s0 ' o | - - | J I - !
‘ | ‘ | |
2 30 0 i | | -
30 | 30 | Died)| -4 T —
3 40 0 ‘ \ | o —
40 30 | | R ‘{ _
I — | | ——
4 50 Lo 1 l ‘ | T
50 ‘ 30 | f | + -

As will be seen from this table, a dose of 20 grams of potassium nitrate
per 100 1b. live weight (Trial 1) caused a demonstrable methaemoglobinaemaia
i both the sheep fed on grass hay. The addition of 30 grams of sucrose to
the above dose of nitrate prevented the development of methaemoglobinaemia
in the other two animals of this group. When, however, the dose of nitrate
was increased to 30 grams per 100 1b. body weight (Trial 2), a very severe
methaemoglobinaemia followed in all four of the hay-fed sheep and resulted
in the death of one. When the remaining sheep were subsequently dosed
with the same amount of nitrate but with sugar ad d, the methaemoglo-
binaemia produced was definitelv less severe.

Turning to the sheep on the lucerne and maize diet, it will be seen from
the table that a dose of 50 grams of potassium nitrate per 100 . body weight
was required to cause methaemoglobinaemia even when given without sugar

i shown in the case of poorly-fed sheep, the sugar also exerted a marke
protective action in these animals.

To sum up these results, it can be stated that a dose of 20 grams of
potassium nitrate caused a more severe methaemoglobinaemia in the poorly-
fed sheep than did a dose of 50 grams in the well-ted animals. This is in
accordance with the in wvitro experiments, in which the nitrite was found
to persist much longer in the ingesta from poorly-fed sheep. TFurthermore,
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the findings that the addition of sugar to ingesta tn wvitre accelerated the
disappearance of nitrite formed, was likewise confirmed by the protective
action of sugar in preventing methaemoglobinaemia.

SuMMARY.

1. In witro experiments have been conducted on the disappearance .
potassium nitrate 1n ruminal ingesta from sheep on different diets.

2. Nitrate disappears more rapidly from ingesta of lucerne-fed she
than from that of sheep on grass hay.

3. Nitrite is formed from the nitrate. It appears very soon afler the
addition of nitrate to the ingesta, reaches its maximum concentration at the
moment of complete disappearance of the nitrate and subsequently itse
disappears. Nitrite thus formed represents an intermediate stage in the
conversion of nitrate to more fully reduced compounds.

4. The ratio nitrite disappearance time/niirate disappearance time is
constant for varying quantities of nitrate (Constant A).

5. The nitrite formed also disappears more rapidly from ingesta of
lucerne-fed sheep than from that of sheep on grass hay.

6. The disappearance of nitrate from ingesta is represented graphically
by plotting quantity of nitrate against time of disappearance. The resulting
curve 1s a half parabela, with values varving for different ingesta. Daily
variation for ingesta can be plotted from a series of such curves.

7. Nitrate disappearance rate can be used as an additional measure of
juminal activity.

8. The addition of glucose shortens the time of nitrate disappearance;
the maximum effect for a fixed quantity of nitrate is produced by as little
as 15 to 30 mg. of glucose per 20 c.c. of ingesta.

5. The ‘‘vitrate disappearance curve 7’ 1s shifted in position, but
remains unaltered in relative proportions, by the addition of a fixed quantity
of glucose to the tube in each reading. The percentage reduction of time
of disappearance of different quantities of nitrate due to a fixed quantity of
glucose 1s a constant (Constant B).

10. The {ime of disappearance of nitrite formed from the unitrate is
siiilarly affected by the presence of glucose. The percentage reduction of
nitrite disappearance time due to a fixed quantity of glucose 1s also constant
(Constant C).

11. ““ Nitrite persistence ” is defined as the interval of time between

the disappearance of nitrate and of nitrite. The percentage reduction of
nitrete persistence due to a fixed gquantity of glucose constitutes a fourth
constant (Constant D ).

12. An in viro experiment confirmed the in vitro findings on the effects
of mnitrate, supplied either alome or in conjunction with. sugar, on the
ruminal ingests of sheep. Tt demonstrated clearly the effect of diet and of
sugar on nitrate persistence and therefore on nitrite poisoning.

13. Further work on this subject, both from the toxicological and the
nutritional aspects, is in progress.
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