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INTRODUCTION

. Urolithiasis is characterized:by. . the formation of_célculi
in .the kidney, bladder and urethra with resultant obstruction of
urine excretion,

The first symptoms of urolithiasis are an white opaque
appearance in urine and white precipitates at the prepuital hair.
Then, animals show dysuria, anorexia and painful manners, When
the worst symptom of urolithiasis. appears, theranimal must be
slaughtered immediately. The words, urolithiasis, was used in this
study when a harmful effect was given to animals with this disease.

The chemical composition of urinary calculi was investigated

in Australia ) NewZealand® and usa®’’) 7)

. -Blout ‘lists seven types
of calculi in cattle, namely, silicate, calcium oxalate, xanthine,
calcium and magnesium carbonates, calcium and magnesium phosphates,
triple phosphate and iron carbonate.

Although the chemical composition of urinary calculi was
well established, the causative factor of urolithiasis is still
remarkably confused. -

It has been known in Japan that the urolithiasis was induced
in poultry and sheep, while these urinary calculi were mainly
composed of uric acid and calcium respectivelégrﬁg fattening cattle,
the incidence of urolithiasis appeared to increase from about
1965.

Recently the occurrence of urolithiasis has been frequently

observed among fattening cattle in Japan and caused considerable



damage to livestock production. For example, the percentage of
urolithiasis in fattening cattle slaughtered because of the

disease was 7 % in Japan'(1973)47£nd was 6.5 % in Kyoto prefecture

(1974)441

.. -A feedlot operation; in which high concentrate rations were
given in order to shorten the fattening period, has prevailed
in Japan from about 1965 and the occurrence of urolithiasis in
fattening cattle seems to have increased_from that time.

The author began to study the association between the
etiology. of urolithiasis and dietary factors. In this process
it was found that the formation of urinary calculi was closely
associated with mineral metabolism. The purpose of this study

is to clarify the relationships between the incidence of

urolithiasis and mineral metabolism.



CHAPTER 1 INCIDENCE OF URINARY CALCULI AND ITS EFFECT ON

"URINARY ORGANS IN FATTENING.STEERS

Anatomical and histological studies on urinary organs in
sheep suffered from urolithiasis have been conducted by Pontius

6g)a'nd Cornelius and Moultonl3).‘However, these workers.

et al.
used sheep and only studied the morbid changes at autopsy.

As a preliminary étep‘to determine the etioclogy of
urolithiasis, this experiment was conducted to find where
urinary calculi lodged and to determine the relationship between

calculi formation and the morbid changes of urinary organs in

fattening steers.
Materials and Methods

- This experiment, using two Wagyu steers, was conducted for
240 days, beginning in summer and ending in the next spring.
These steers full-fed the concentrate ration containing 70 %,
steam-rolled milo; 10 %, wheat bran; 10 %, rice bran; 8 %,
soybean meal; 1 %, sodium chloride; 1 %, calcium carbonate;
and the roughage, mainly Italian ryegrass.

One steer (A steer) showed normal ‘growth and its average

daily gain was over 1.0 kg/day. However, this animal showed
anoréxia, dysuria and painful manners, and later the inability

to urinate at the end of the experiment. The body weight of the



othef:stter (B steer) hardly increased after three months from
the'begihning'of this experiment, and the symptoms of |
urolithiasis alSo'appeared.and the urination of the animal
stopped at the end of this ekperiment. |

| When the symptoms of urolithiasis got worse, 30 g of
ammonium chloride was given to each steers'daily for two weeks
before slaughter, but it did not treat urolithiasis, and |
urination wasVCompletely stopped for a few days. Therefore,
bdth animals.wére slaughtered, and the post mortem examination
was conducted.

The kidney, the bladder and>the uréthré-weré examined to
find thé incidence of ufinary calculi and lesions. Sample tissues
were'collected‘ffom these viscera in order to conduct microscopic
‘examination. Each of tissue samples was placed in formalin, and
then studied inytwo ways, with hematoxylin and eosin and with

hematoxylin and PAS.
‘Results

‘Hemorrhage and infiltration were found around the kidney
of A steér. Kidneys‘wefe slightly enlarged. The weight of right
kidney was 450 g and left one wés 470 g. The color of right
kidnéy was ﬁormal, while that of left kidney was partially
decoibrized. Thelsépafatidn of'éapéule fibrosa was difficult at

both‘kidneyé.



in B steer, hemorrhage and infiltration in the fat around
the kidneys were less than those of A steer. However, kidneys
were enlarged and were two or three times heavier than those of
normal weight. The weight of right kidney was 970 g and left
kidney was 1250 g. As shown in fig. 1-1, the color of kidneys
were severely decolorized all over the sufface; The sepération
of dapsule‘fibrosa was difficult for bofh kidneys.

Many calculi were found in most of the renal calix of both
steers (fig. 1~2). Renal calculi found in A steer were large and
hard concretions, and showed'whitish color. While the calculi
found in B steer were sand-like stones. The result of
-histopathological study of the kidneys is shown in table 1-1,

Microscopic pictures of samples from A steer showed the
disappearance of glomerulus (fig, 1-5), compensafory enlargement
of glomérulus, hyaline degeneration in glomerulus, thickening
glomerulhs basement membrane (fig. 1-6) and morbid changes of
renal tubule. These observation suggested that the kidneys from
A steer had suffered with chronic nephritis,

In B steer, glomerular changés were comparatively less.
However, renal tubule and interstitial tissue were temarkably
degenerated. Round cells infiltration into interstitial tissue
and edema in epithelium cells and interstitial tissue (fig. 1-7)
appeared to show chronic inflamation of the kidney. Suppurative
foei (fig. 1-8) were also observed in some parts. Interstitial

connective tissue appeared to be progressively increased and



Tablel-1 Characteristics of morbid changes of the kidney by

microscopic examination

Steer
A B
‘Glomerulus -
Disappearance | . o +
Disappearance of nuclei | ++ o+
‘CompénSatofy enlargemeht ‘ ++
' Hyaline :degenexration ' ) e +
- Fattening of basement membrane +
Renal tubule '
Dilatation ' AR 4+
Protein urinary casts - S L4+
~Disappearance of brush border ++4
Atrophy and disappearance b+
Vacuoloxr degeneration of epithelium ++ +
Interstitial tissue
Round cells infiltration +
Suppurative foci A | +
'Incréasing-in'numbef of cells: ++
- Edema ' C ++

The symbols, +, ++, +++, show the séVeriEy‘bf lesions
(+: mild, ++: moderate, and +++: severe).



many renal tubuli appeared to be involved and disappeared

(fig. 1-8). These changes suggested that there was serious renal
insufficiency. The function of the kidney of B steer appeared to’
be more disturbed than that of A steer. |

The tissue of the bladder appeared to become thin and
severe hemorrhage was found in the mucosa of the bladder
(fig. 1-3). The hemorrhage found in B steer’s bladder was more
severer than that of A steer. Many globular and glassy ealculi
like rice were found in the bladders of both steers. These
calcull were qulte hard and were not crushed by fingers, and
were different from those of renal calculi.

It was observed that urinary calculi, about 0.6 cm in
diameter,'filled-the endrof S-shaped curve of the urethra of
both steers (fig. 1-4). From the bladder to the end of S~shaped
curve of the inner urethra, severe hemorrhage was found, but the
urethra beyond the S-shaped curve was not affected at all. These
grayish‘white calculi consist of small and sand-like calculi.
The result of hlstopathologlcal study of the bladder and the
urethra is shown in table 1-2.

Hemorrhage, edema and necrosis found in the mucosa and the
musele of the bladder of both steers indicate cystitis in the
bladder. The intensity of cystitis appeared to be more. severe in
B steer than in A steer, because water lodged cells (fig. 1-9),
round cells infiltration and suppurative foci were found in the

bladder of B steer. Severe hemorrhage and round cells infiltration



Table 1-2 Characteristics of morbid changes of the bladder and

the urethra by the microscopic examination

Steér
Bladder
Hemorrhage in mucosa and muscle | ++ ++
Edema in mucosa and muscle e+ ++
Necrosis of muscle _ + L+
Increase in number of transitibnal _ }+
epithelium cells : ' '
‘Water lodged cells in transitional o+
-epithelium ,
Round cells infiltration in mucosa +
Suppurative foci in mucosa | T+
Urethra '
. Hemorrhage and congestion ++ +++
Desquamation of epithelium ++ ++
| RoUnd-cells infiltration : +
Formation of glanulation tissue +

The symbols, +, ++, +++, show the severity of lesions
(+: mild, ++: moderate, and +++: severe).



found in the inner tissue of the urethra indicated that the
urethra suffered from urethritis. The formation of granulation

tissue was found in the urethra of B steer (fig. 1-10).
Discussion

“When urinary calculi were present at the prepuce, both steers
suffered from dysuria. When they were removed from the prepuce,
dysuria disappeared. Therefore, calculi at the prepuce may be one
of the causes of dysuria in fattening steers. Since urinary
calculi were_occasionary found in the bladders of normal animals,
the preseﬁce.of calculi in the bladder may not be the main
causes of urolithiasis. However, the urinary calculi was found
at the S-shaped curve of the urethra in both steers having
urolithiasis, and it was considered that inability to urinate may
be caused by the presence in the urethra. Pontius et al.69)and

61)

Newsom et al. had previously reported that urinary calculi in

the urethra would be a direct cause of urolithiasis in sheep.
The considerable morbid changes were observed in the

kidneys of both steers at autopsy and by the microscopic

57,61,69)

examination. Several workers observed the dilatation of

the kidneys in sheep suffered from urclithiasis. Howevér, Beeson
5)

kidney structure of sheep having urolithiasis. The renal organs

et al. 'reported that the very little damage was found in the

of B steer showed greater changes than the other steer. This



animal had been frequently suffered from dysuria since relatively
earlier period of fattening.

There may be the positive relationship between the duration
of dysuria and the degree of morbid changes in the urinary organ.
If an animal is slaughtered shortly after finding the symptoms
of urolithiasis, the kidney may not be damaged much because of
the short peériod of dysuria. Most of renal morbid changes may
not be the primary cause of calculi formation in steers, because
urolithiasis was found even in animals not having renal merbid
changes. Desquamated epithelium of the kidney may form the nuclei
of urianry calculi., Further studies would be necessary to find
the effect of renal morbid changes on the formation of urianry

calculi.

- 10 -



Fig. 1-3 Enlargement and decolorized kidneys of B
steer.

Fig. 1-4 Many renal calculi were found in almost
every renal calix.



Fig. 1-5 Severe hemorrhage in the mucosa of bladder
and small globular urinary calculi.

Fig. 1-6 Lodging of a urinary calculus at the end
of S-shaped curve of urethra.



Fig. 1-5 Disappearance of glomerulus Fig. 1-6 Enlargement of glomerular
and protein substances, x 140, HE basement membrane, x 280, HP
staining. staining.

Fig. 1-7 Edema in renal eplthellum Fig. 1-8 Suppurative foci,
cells and 1nterst1t1al tissue, x 150, increasing in number of connective
HE staining. tissue cells, and involuting and
disappearing of renal tubule,
x 140, HE staining.

Fig. 1-9 Water lodged cells in Flg' TS0 Formation of glanulatlor:
interstitial epithelium of bladder, tissue in urethra, x 150, HE ;
X 150, HE staining. staining.




Summary

Two fattening steers having urolithiasis were slaughtered
to. flnd where urlnary calcull had lodged and to observe the
morbld changes of the urinary organs.

The kldneys of both steers were sllghtly enlarged and
decolorlzed It was dlfflcult to separate the capsule flbrosa
of the kldney. Many calculi were found in most of the renal
callx. By hlstopathologlcal study of the kldneys, chronlc
nephrltls was observed in one steer and serious renal 1nsuff1c1ency
was observed in the other steer. It was also observed that
the tissues of the bladders had become thin and the inner
tissue had extremely 1n3ected Many glassy calcull llke rice
were found in the bladders.

y:\ urlnary calculus about 0.6 om in diameter was present
at thelend of the slgmoid flexture of both steers. The hemorrhage
vas found in the inside of the urethra from the bladder to
the end of S—shaped curve. However, the urethra beyond the
S-shaped curve was not affected. The lodging of urinary calculus
at the S-shaped curve would cause dysuria, which might lead to

urolithiasis.

';Desqnamated epithelium cells of the kidney may form
the nuclei of urinary calculi. However, further studies
would be necessary to determine whether the histological damage

of the kidney is the cause of calculi formation or not.

- 14 -



CHAPTER 2 CHEMICAI, COMPOSITION OF URINARY CALCULI IN FATTENING

CATTLE

if has been fepofted in<foreigﬁ COUntfies that varidus
kinds of urinary calculi having different chemical‘compoéition
were found:in hervivoféﬁs animals. Lawsz)described eight types
"of calculi from cattle, classifying them according to their
appearance and chemical composition. Theifour types ére ﬁainly
calcium carbonate with varying amount of magnesium ammonium

phosphate, siliceous and carbonate types. Blout7)

lists seven
types of calculi in cattle. ”

. As a preliminary step to study the etiology of urinary
calculif the chemical composition of calculi must be determined.
The pie$ent expériméﬁt was conducted to determine the chemical
composition of calculi found in fattening steers in Japan and
to study the differenCe in shape and chemical composi;ion among

calculi in various urinary organs.
Materials and Methods

The samples of urinary éalcpli were collected from animals
kept at several places of western Japan as shown in table 2-1.
Calculi in the prepuce, crystals found in the prepuital hair
and the precipitates in the urine were collected from Wagyu

fattening steers and bulls. Fresh urine were left stand for

- 15 =



an hour and filtered‘to get precipitates. Urinary calculi from
the kidney, the bladder and.the urethra were collected from two
Wagyu.fattening steers which wére used in the preliminary
experiment and.those of analytical data were shown in table 2-2,
Table 2-1 Sampling places and urinary organs from which urinary

calculi were collected

Bladder Urethra Prepuce Prepuital Precipitates

hair in urine

Aichi pref. institute of 1 | 1

animal industry
Hyogo pref. livestock 1 : 6

station

Gifu pref. livestock r 2

station
Tottori pref. livestock - 2

station |
a farm in Hiroshima pfef." 1 ' 3
Farm-stock of Kyoto Univ. 7 6 2
Total | | 4 2 3 18 2

- P P L IR R e N —— —— R ———— e e

Urinary calculi were dried at 105 C for five hours and then
total nitrogen was determined by the micro-Kjeldal method. After
measu:ing total ash, phosphorué was determined by the method of

29). Calcium, magnesium, sodium and potaésium

Fiske .and Subbarow
were determlned by atomic absorptlon spectroscopy. Carbonlc,
oxalate, uric ac1d, xanthln, cystine and cholesterol in calcull

were analyzed qualitatively. The presence of polysaccharide was

- 16 -



checked.by the PAS staining method and the presence-of protein
by the xanthoprotein reaction.

" The macroscopic and microscopic observation on the-
appearance of calculi and precipitates in the urine were made.

Some of calculi were examined by the PAS staining method.
Results

The chemical composition of urinary calculi .and urine

precipitates are shown in table 2-2,

Table 2-2 Composition of urinary calcﬁii and'precipitates in urine

o _ - { Precipi
Bladder Urethra Prepuce Prepuital Frecipitates

hair in urine
No. of samples 4 2 3 18 : 2
Dry matter % 82.75 78.00 62.84  57.72 -
Total ash §°  73.17 72.47 79.91  78.50 €0.07
Nitrogen % 1.76 1.62 5.55 . 5,83
Calcium & 2.73  0.30  -0.32 1.02 0.03
Phosphorus - 24.63 21.83 25.19  24.80  11.29
Magnesium 19.83  16.32 19,01 19.31 . 17.42
Sodium 0.37 0.41 0.91  1.05 0.81
Potassium ° - 4.88 5.49 9,00 10.35 19.00

Silica . 0.14  0.17 0.13 o.11 0.08

$* : percentage to dry matter.
$**: percentage to total ash.

- 17 -



Dry matter of urinary calculi from the bladder and the
urethra was about 80 %, of which approximately 73 % was ash.:
Phosphorus amounted to 23 % of ash and it was the largest
component of minerals. Following phosphorus content, magnesium
content was larger component of ﬁinerals. Pbtassium content was
5 to 10 % of ash, and calcium content varied from 0.3 to 8 % of
ash, |

The composition of urinary calculi obtained from the bladder
was similar to that of the urethra, and the component of calculi
in the ppépuce was similar to that of the pfe?ﬁital hair. Calculi
from the bladder_and the urethra had higher content of dry matter
and significaﬁtly-lqwer éontents of ash ana ﬁitrbgén‘ﬁﬁaﬁ thoée
in the prepuce and the prepuital hair. Sodium and potassium
contents of ash were significantly lower in the former than the
latter.

There appeared to be little difference among 1ocatipns and
between steers and bulls_in the chemical cqmposition Qf urinary
calculi._Therefore,rmost of urinary calculi from fattening
cattle in Japan seemed to be made of magnesium phosphate. When
compared with pregipitates of urine, urinary ca19uli contained
higher total ash and phosphorus, and lower 1eve;s of’potassium.

. In the qualitative analysis, oxalate, cystine and‘cholesterol
were not found,,but carbonate,:protein and polysaccharide were
observed in urinary calculi.'UFic,acid and xanthine were not

found in calculi £rom the bladder, but observed in calculi from

- 18 -



the prepuital hair.
-Table 2-3 indicates the analytical result of calculi from

two stteers used in the preliminary experiments (chapter 1).

Table243 Mineral composition of urinary calculi

Kidney Bladder Urethra
Total ash &* - 78,90 | 80.18 83.12
Calcium gk ' 0.17 , 0.08 . 0.35
Phosphorus 24,95 27.54 27.36
Magnesium | 21.38 22.55 24.24
Sodium 5.82 " 2.98 2.50
Potassium 4,95 , 4.92 4,47

$* : percentage to dry matter

g**: percentage to total ash

‘Total ash and each mineral contents of these urinary calculi
were similar to those shown in table 2-2. The chemical composition
of urinary calucli from the kidney was similar to that of the
bladder and the urethra except that sodium content of the former
was about twice as much as that of the latter.

Characteristics of urinary calculi of the kidney appeared
to be different from those of the bladder and the urethra. The
calculi from the kidney were somewhat hard and sand-like, and
showed large irregular concretions (fig. 2-1). Most of calculi
in the bladder were hard, globular and glassy like rice. The

calculi in the urethra were whitish and globular, about 0.5 to

- 19 -



0.6 cm in diameter, and consisted of small particles similar to
those found in the bladder. The calculi in the prepuce and
prepuital hair were gray-whitish color and were fragile.

Under the microscopic observation, calculi from the kidney
had indeterminate shapes. Most of micro calculi from the bladder
were like semitransparent stones {fig. 2~2). 'The large calculus
from the bladder had many layers in it and the layers were also
found by the PAS staining method (fig. 2-3). Small crystals of
triangle prism were found in the precipitates of the urine -
(fig. 2-4). The same many crystals as found in the precipitates
of the urine and a few granular crystals were found in microScopic
pictures of calculi from the prepuce and the prepuital hair
(fig. 2-5). PAS positive materials of Yed-purple color were
always found around calculi from the prepuce and- the prepuital

hair.

Discussion

that caleculi from grazing cattle and sheep were mainly made of

silica2r5r17:59) Lo o urgl02)

reported urinary calculi consisted
of calcium phosphate. It was also reported in the USA that
phosphorus and magnesium were the main components of calculi in.
cattle and sheep which were full-fed concentrate rations, such

as milola’21'57'64'73).'

- 20 -



.Phosphorus and magnesium were the main components of
urinary calculi in this experiment. Calcium content in calculi
was generally low, and silica was a minor compohent.'Therefore,
urinary calculi from fattening cattle in Japan may be magnesium-
phosphate -type.

The mineral composition of urinary calculi of the kidney
was little different from those of calculi in- the bladder and
the urethra. Calculi of the kidney contained larger amount of
sodium than those of the bladder and the urethra. The reason for
this ‘is not known yet, but the process of calculi formation in
the kidney may differ from those of the bladder and the urethra.

The mineral composition of urinary calculi in the bladder
and the urethra was similar. It was found that éalculi in the
urethra’ consisted of small calculi similar to calculi found in
the bladder. Therefore, it was considered that calculi in the
bladder moved into the urethra with the urine, lodged at the
narrow curvature of urethra, and formed calculi in the wurethra.

Calculi in the prepuce and the prepuital hair had higher
nitrogen content than those of the bladder and the urethra.
Therefore, ammonium might be one of the components of caleculi in
the prepuce and the prepuital hair. Cornelius et al.l4)rep0rted
that fine crystals of triangle prism found in calculi from the
prepuce and the prepuital hair were ammonium magnesium phosphate.
The dry matter percentage of calculi in the prepuce and the -

prepuital hair were lower than those of the bladder and the

- 21 -



urethra. The apparent differences in gross appearance and
microscopic observation were found between the former and the
latter. Therefore, it was suggested that calculi in the prepuce
and the prepuital hair were ammonium magnesium phosphate type and
calculi in the bladder and the urethra were magnesium phosphate
type.

The bhemical composition of calculi in the prepuce was
similar to that of the prepuital hair. The apparent structual
difference between calculi in the prepuce and the prepuital hair
was not found under the microscope. Therefore, the process of
calculi formation in the prepuce would be similar to that of the
prepuital hair.

Next to phosphorus and magneéium, potassium was found to be
considerably high in urinary calculi. Potassium content was
higher in calculi of the prepuce and the prepuital hair than
those of the bladder and the urethra. Urine precipitates
contained higher lével of potassium than urinary calculi. In
other experiments of this gstudy, it was found that the ratio of
potassium to phosphorus and magnesium was considerably higher
in the urine than in calculi. Therefore, it . was considered
that the increase of potassium content in calculi was due to the
contamination of calculi by the urine.

A small amount of sodium was found in urinary calculi. As
similar to the case of potassium, calculi in the prepuce and the

prepuital hair contained larger amount of sodium than those of

- 22 -



bladder and the urethra. This may be caused by urine sodium.
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Fig. 2-1 Urinary calculi from the
kidney.

Fig. 2-3 Microscopic picture of a
large calculus from the
bladder.

- > - — — e ¥ W’
3
v

Fig. 2-5 Microscopic picture of
urinary calculi from
the prepuce.

'
..

Fig. 2-2 Microscopic picture of
micro calculi from the
bladder.

Fig. 2-4 Microscopic picture of
the precipitates in
urine.



Summary

This experiment was conducted *o determine the chemical
composition of urinary calculi found in fattening cattle in
Japan and to study the differences in shape and chemical
composition among calculi obtained from various organs.

Urinary calculi were collected from the kidney, the
bladder, the urethra, the prepuce and the prepuital‘hair.

Ash occupied 70 % of dry matter of urinary calculi and the
major components of ash were phosphorus and magnesium.
Therefore, urinary calculi found in fattening cattle in Japan
may be principally magnesium-phosphate type.

Sodium content of urinary calculi obtained from the
kidney was about twice higher than those of calculi found
in the bladder and the urethra. Dry matter contents of calculi
obtained from the bladder and ﬁhe urethra were significantly
higher, and nitrogen contents were lower than those of calculi
from the prepuce and prepuital hair. Sodium and potassium
contents in ash of the former group were significantly lower
than those of the latter.

In microscopic observation, crushed calculi of the kidney
showed indeterminate shapes, and most of micro calculi found
in the bladder looked like semitransparent stones; The larger

calculus from the bladder consisted of many layers. Layers
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were also found by PAS staining métﬁod. Many»crysfals of
triangular prism and a few granular crystals were found in
calculi oi the prepuce and prepuital hair.

~ Since chemical compositions and miqrpséopic‘éicﬁures
of calculi from the kidney, the bladdér, the urethra, the
prepuitalrhair are{different, the variouélprocesschalquli_

formation can be expected for each calculi.
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CHAPTER 3 RELATIONSHIP BETWEEN URINE AND SERUM MINERAL LEVELS
AND INCIDENCE OF URINARY CALCULI IN FATTENING

STEERS

The occurrence of urollth1a51s in steers 1s often found
at the end of fattenlng period when high concentrate rations
are given, If the formation of urlnary calculi is induced by
the concretion of urine minerals, the concentratlon of various
urine minerals may change when urolithiasis occures in an
animal.

This experiment was conducted to'examine the changes of
mineral ievelsrin the urine and the serum throughout the
fattening period and to determine the relationship between
the mineral levels of the urine and the serum and the

cccurrence of urolithiasis in steers.
Materials and Methods

Fifteen castrated Wagyu calves were divided into two
groups, and were fed for 10 months. Feeding‘period, initial‘_.
and final body weight, daily gain and feed consumption of
the animals were shown in table 3-1.

In A group, concentrate ration was liberally and roughage
was fed about 2 kg daily throughout the fattening period and

in B group, concentrate ration was given approximately 1.3 g ©Of the
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Table3-1 Experimental design and feeding performance

Group . s ' .. A 1 B
Steer No.. . 1 _ 2 _ 3 é—ls
Feeding days 295 283 283 3287
Initial body weight, kg 212 217 222 | 213,
Final body weight 544 500 516 450
Daily gain 1.13 1.00 - 1.,04 0.72
Feed consumption ’ o
Concentrate | 1944 1660 2012 1406
Roughage (dry matter) 586 637 593 1562

body Weight ahd roughage was full-fed. The concentrate ration of
both groups consisted of the following : ground corn 45 %, barley

25 %, wheat bran 15 %, rice bran 7 %, soybean meal 6 %, sodium

the concentrate ration was the following : 0.36 % calcium, 0.49 %
phosphorus, 0.22 % magnesium, 0.43 % sodium and 0.86 % potassium.
The roughage were mainly seoiling corn, soiling grass and
grass hay. Water was available at all times. Hormone treatment was
done, that is, 60 mg of hexesterol dicapricate was injected at 3
and 6 months after the beginning of the experiment. .
Blood samples were obtained by jugular vein puncture once a

month. Urine samples were obtained twice a week in A group and



twice a month in B group. After the pH.values of urine samples
were determined, a few dréps 6f'acetic‘acid and toiuen were
added to the samples and stored in the stocker at -20"C until
analyzed. Blood samples were also stored in thé-stoéker.

Urine pH values were determined by glass rod pH meter.
Calcium, magnesium, sodium and potassium of the_uriﬁé and the
serum samples were determined by atomic absorption spectrometer.
Urine and serum phosphorus were determined by the method of

17)

Fiske and Subbarow , urine chloride by the method of Volhard-

Harvey, urine mucoprotein by the method of Anderson-Maclaganl).
Results

As shown in table 3-1, the initiai body weiéht was similar
between A and B group. The final body weight and daily gain were
larger in A group than in B group. Throughout the fattening
period, A group consumed more concentrate ration than B group,
and had one third of roughage volume fed to B group.ri

Urolithiasis occurred in all steers of A group. Especially
steer No. 1 had the most serious urolithiasis among them.
Whitish crystals were found in the prepuital hair in early fall
and the urinatioﬁ of this animal stopped in winter. Ammonium
chloride, 40 g daily, was given to the animal several times,

In steer No. 2 and No. 3 of A group, whitish crystals were also

found in the prepuital hair in mid-fall, but these animals were
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not suffered from serious urclithiasis during the fattening period.
Twelve steers of B group did not show a sign of urolithiasis at
all throughout the fattenlng period. Therefore, all the data of

B group were comblned and the mean values of the group were used.

The data of mucoprotein, mineral and the pH values of the
urine were‘shown in figure 3-1. No clear differences of the urine
pH values were feuﬁd(betweenlthe beginning and the end of the
fattening periodband betweenVA ana B groups. The urine pH values
of steers:showed around 7.0 throughout the fattening period.

Urine calciﬁm levels of ail steers remained considerably low,
but its sudden-inereaee'wae observed occasionally. No apparent
differences of urine calicum level were found between the
initial and the final period and between A and B group.

Urine phosphorus, magnesium and sodium levels tended to
increase at the latter half of the fattening period in steers
suffered from urolithiasis. However, urine phosphorus and sodium
levels remained low throughout the experiment period in steers
of B group. Urine magnesium levels increased at the latter half
of the fattening period in B group. |

There was no clear trend for urine potassium and chloride
levels but they seéemed to decrease slightly in summer. Urine
potassium level of A group was always lower than that of B
group. When ammonium chloride was given to steer No. 1, the urine
PH value decreased and urine calicum and chloride levels increased.

The changes of serum mineral levels were shown in figure 3-2.
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_ Calcium,,phosphorus and magnesium levels of the serum
samples from A group were lower than those of B group thrgughout
the fattening period{ Serum calcium levels increased and
phosphorus levels decreased during the latter half of the

fattening period in B group.
Discussion

From the results mentioned above, it wés found thatruxine
phosphorus, magnesium and sodium levels tended to increase
during the latter half of the experiment: in steers which
developed urclithiasis, The increase of these minerals may be
due to the increased intake of these minerals from.rations,_and
may be due to the abnormal mineral metabolism. There wére no
apparent trends for urine calcium, potassium and chlo;ide for
the_entire fattening trial in all steers. However, urine
potassium énd chloride decreased a little in summer. This may
be due to the increased water intake by animals which causes the
ingrease of the urine volume in summer.

For steers not having urclithiasis, urine phospho;us and
magnesium levels were high. However, urine potassium levels N

' ' ’ ' 10,57,64,73)
were low in steers suffered from urolithiasis. Some workers
reported that the high urine phqsphorus level would be the most
important measurable factor associated with the incidence of

Phosphatic urinary calculi in lambs. As mentioned in the chapter



2, the main components of urinary calculi were phosphorus and-
magnesium., The increased urine phosphorus level may be the most
important factor to induce the formation of calculi..

Cornelius et al.lB)indicated that high levels of phosphorus
and sodium were present in the urine of lambs given calculi-
provoking ration. However, it was reported that feeding of.
sodium chloride to animals was an effective means to prevent

. 11,22,89,90)
calculi formation, which increased the urine sodium levels.
Therefore, the increase of urine sodium level may not be. the main
cause of the formation of urinary calculi. The urine potassium
levels of steers having urolithiasis were low, but this may not
have a direct relation to the incidence of urolithiasis.

Packett et'al.64)reported that urine magnesium levels were
high in animals fed calculi-provoking rations. Although urine
magnesium levels increased during the latter half of the
fattening period, there seemed to be no clear relationship in
urine magnesium level between animals having urolithiasis and
animals not having it. Therefore, the high level of urine.
magnésium may not be the main inducing factor to calculi
formation, but one of the factors to cause calculi.

61) 30)

Newsom and Frank et al. ‘indicated that the occurrence

of urolithiasis in sheep and cattle depended on urine pH.
Crookshank et altls)also.reported that alkaline urine seemed.
more conducive to phosphatic calculi than acidic urine. On the

other hand, Lindley et.a1.57)postulated that there was no -
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apparent relationship between the occurrence of urOlithiasis‘and
the levels of urine pH. -

In this experiment, the urine pH values of steers having
urolithiasis were the same as those of steers not having it, It
was found in a series of this study when urine pH was increased,
the amount of urine precipitates increased. However, it had been
well known when ruminants were fed the high 1eVel'of7grain, urine
pH decreased and the occurrence of urolithiasis increased.
Therefore, the occurrence of urolithiasis in ruminants may not
be associated with the variation of urine pH;

Packett et al.65)reported that the higher level of urine
protein, mainly mucoprotein, were found in lambs which developed
urolithiasis than those in lambs which did not develop .. However,
the urine mucoprotein level was not evidently different between
the beginning and the end of the fattening period.

Calcium, phosphorus and magnesium levels in the serum were
lower in steers having urolithiasis than in steers not having it.

The data of Bushman et al.?’g) Robbins et al.73)

64)

and Packett et
él. indicated that the amount of serum phosphorus was greater
than that of serum calcium in sheep having urolithiasis. However,
the amount of serum calcium was greater than that of serum
phosphorus in.all steers having urolithiasis in this experiment°
The différence between the amount of serum calcium and that of

serum phosphorus was similar in steers which developed

urolithiasis than in steers which did not develop urolithiasis.
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Kunkel et al.?l) Packett and Hauschild

15)

64)and Crookshank et

al. reported that serum magnesium levels had been higher in
sheep having urolithiasis than in'sheép‘not having it. Johnson
et al.%®)indicated that the occurrence of urolithiasis had not
been found in lambs which plasma magnesium levels had been
increased threefold. In this experiment, the clear relationship
was not found between the serum magnesium level "and the

occurrence of urolithiasis.
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Summary

This experlment using flfteen steers was conducted to
examine the changes of mineral levels in the urine and the
serum throughout the fattening period and to determine the
relatlonshlp between the mlneral concentratlon in the urine
and the serum and the occurrence of urolithiasis.

Urollth1a51s occurred during the latter half of fattenlng
period in steers given hlgh concentrate ration, but did not
occur in steers given enough roughage. Phosphorus, magnesrum
and sodium in the urlne increased during the latter half of
fattening perlod in all steers. The 1nc1dence of urollth1a51s
was frequently observed when hlgh concentratlon of phosphorus
and sodium and low concentratlon of potass1um were found in
the urine. The pH value of experimental animals were about
7.0 throughout the fattenlng period and seemed to have no
relationship to the 1nc1dence of urollthlaSls. 7

The dlfference between calc1um and phosphorus levels
in the blood serum was smaller in steers having urolithiasis
than in steers not hav}ng it. Magnesium , sodium and potassium
levels in the serum-had no apparent reiationship to the
occurrence of urolithiasis. It is suggested that the high

level of urlne phosphorus may be one of the most 1mportant

factors for the calcull formation.
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CHAPTER 4 EFFECT OF FEEDING HIGH CONCENTRATE RATIONS ON MINERAT,

METABOLISM AND INCIDENCE OF URINARY CALCULI

SECTION 1 Effect of Feeding High Concentrate Rations on Urine

Lahd‘Serum-Mineral Levels in Wethers

It was observed in a previous experiment that urine
concentrations of phosphorus, magnesium and sodium increased
and urolithiasis had occurred during the latter half of fattening
period in steers given high concentrate rations. But these changes
had not occurred in'steers'given enough roughage. Hawkin533)'.
indicated the higher the level of concentrate to the level of
roughage, the greater the incidence of urolithiasis. Intake of
high concentrate ration may bring the special effects on the
mineral metabolism in ruminants.,

The study in this chapter was conducted to determine the"
effect of high concentrate ratidns«on mineral metabolism and then

examine the relationship between mineral metabolism and

physiological changes in rumen.
Materials and Methods

This experiment consisted of two trials. In trial l, six
wethers, averaging about 35 kg, were fed for 67 days in
spring. In trial 2, six wethers, averaging approximately 43

kg, were fed for 67 days in summer, Wethers were given
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four differentvdoﬁcentrate to roughage ratio consisting of
following in percent ; 90:10, 80:20, 70:30, 60:40, in each of
four periods of twenty days. The composition of basal ration
is shown in table 4-1,

When a high concentrate ration is abruptly giyen, the effect
on mineral metabolism may be different from that in the case
which a high concentrate ration is gradually increased. Therefore
six wethers were‘élloted two groups with three wethers each in
both trials. One group was giveh ffom'90:10 to 60:40, and the
other group from 60;40 to 90:10. The ration was given twice daily
at the level of 1 % of the body weight, and water was available
at all times. The mineral contents of ration are shown in table
4-2, o

After thirteen days of preliminary period, urine, serum and
fecal samples were obtained during the next seven days in each
four periods. Urine samples were-bollected‘underrtoluéne~énd urine
pH values were determined for each 24-hr collection. Fecal samples
were dried'prior to storage. Blood samples were obtained by jugular

vein puncture twice a sampling period.
Results

The results of mineral intake, exXcretion and retention in

both trials are shown in table 4-3.
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Table 4-1 Composition of basal ration

__Concentrate _ Roughage
Trial 1 7 Composition. |
o Flaked corn 90 % Rice straw

. .Soybean meal 10 %

Mineral supplemeﬁt ‘ )
o valcium carbonate 1 % of the ration =

Sodium chloride 1 % of the ration
A Trial 2 . Composition ) - - ,
Barley - 75 % Alfalfa hay cube

‘Soybean meal 25 %

~ Mineral suppiement |
o Calcium carbonate 1 % of the concentrate
codium chloride 1 » of the coincentrate

Table4-2 Dietary mineral contents

Conéentratifroughage ratiol)

I 60: 40 70.30 80:20 90:10
Trial 1 | , :
Calcium. 0.51 - 0.50 - 0.48 0.45.
‘Phosphorus . 0.21 0.2 . . 0.21 0.21
Magnesium 0.12 _ 0.12 0.11 0.11
Sodium . 0.5k 0.54 0,53 0.53
Potassium 1.07 0.96  0.87 0.77
Trial 2
 Calcium- 0.95 0.88 - 0.82  0.75
Phosphorus  0.38 "~ 0.40 0.41  0.43
Magnesium 0.33 0.30 0.27 | 0.24
Sodium 0.49 0.52 0.54 0.57
Potassium 0.81 0.75 0.68 0.62

Minerals are represented as percentage of dry matter,

1) : & of air dry matter i



Table4-3~1 Effect of concentrate to roughage‘ratio on mineral

balances ( Trial 1 )

___ Concentrate to roughage ratiol)

60:40 ° - 70:30 -80:20 - 90:10 - -

Calcium, g per day

Intake ° 3.81 3.65 3.33 2.88
Urinary excretion 0.01 0.01 0.01 0.04
Fecal excretion 1.45  0.95 0.71 0.92
Retention - 2,35 2.69 2.61 2.02
Phosphorus ;, g per day- '
Intake 1.49 1.48 1.43 1.30
Urinary excretion 0.06 0.11 0.17 0.24
Fecal excretion 1.48 1.43 °  1.39 1.35
Retention -0.05 -0.06 -0.13 -0.29
Magnesium, g per day '
Intake 0.84 0.82 0.78 0.69
Urinary excretion 0.33  0.33  0.27 0.27
Fecal excretion 0.52  0.50  0.45 0.42
Retention -0.01 -0.01  0.06  0.00
Sodium, g per day -
Tntake - 4.03 3.96 3,71 3.35
Urinay excretion 2.94 2,71 2.88 2.30
Fecal excretion 0.45 0.58 0.34 0.26
Retention - 0.64 0.67 0.49 0.79
Potassium, ¢ per day : R '
Intake ' 7.83 7.20 6.11 4,82
Urinary excretion 4.71 4.33 3.36 2.34
Fecal excretion 0.65  0.65  0.38 0.36

Retention 2,47 2.22 2,37 2.12

1)1 0% of-—~-é.i-r dry matter
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Table 4-3- 2 Effect of concentrate to roughage ratlo on mlneral

balances ( Trial 2 )

Concentrate to roughage ratiol)

60:40 70:30. 80:20 90:10

Calcium, g per day ‘ _ ) ‘
Intake ‘ 8.21 7.61 _7.09 6.49

Urinary excretion 0.08 0.07 0.06  0.05
Fecal excretion 2.59 2.24 1.95 1.64
Retention o 5.54 5,30 . 5.08 . 4,80
Phosphorus, g per .day ‘
Intake 3.29 3.46 3.35 3.72
Urinary excretion - 0.34 0.57  0.72  0.69
Fecal excretion . , 2.36 2.46 2.43 - 2.12
Retention 0.59 0.43 0.40  0.91
Magnesium, g-per day |
Intake 2.85  2.59  2.33 2.08
- Urinary excretion . 0.76 - - 0.69 0.58 - 0.53
Fecal excretion . 1.34 1.18 1.03 0.74
Retention " ' 0.7¢  0.72 0.72 0.81
Sodium, g per day
Intake 4.24 4,50  4.67 4.93
Urinary excretion 2.34 2.87 3.03 3.02
Fecal excretion 0.23 0.29 0.23 0.27
Retention : '1.67  1.34  1.41  1.64
Potassium, g per day : : ,
Intake ; 7.00  6.49 5.88 5.36
Urinary excretion ' 7.53  6.57 5.93 5.59
Fecal excretion 0.38  0.47  0.45 0.38

Retention . ‘ o -0.91 -0.55 - -0.500.  -0.61

1) : % of air dry matter
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The fecal calcium excretion and the calcium retention tended
to be parallel to the amount of calcium intake'in both trials.

In comparison with the fecal excretion, the urine calcium excretion
was very low. The urine_excretiéh averaged about 1.5 and 3.0 %

of total excretion in each trials. The urine calcium e#éretioﬁ
tended to be.indreasea slightly in higher concentrate rations

in trial 1, while it was decreased'a little éktent.in-higher
concentrate rations in trial 2,

The fecal excretion and the retention of phosphorus were
approximately parallel with changes of phosphorus intake in trial
1. But, in both trials, the urine phosphorus excretien increased
in higher concentrate rations and was not pérallel the phosphorus
intake. The phosphorus intake was evidently lower in trial 1 than
in trial 2. And negétive phosphorqs retentions were found in
trial 1. The urine phosphorus excretion falled into the range
from 3;9 to 15.1 % of total excretion in tfial 1 and the range
from 12.6 to 24.6 % in trial 2.

The fecal magnesium excretion and the urine magnesium
excretion were parallel to tﬁe amount of"magnesium”intake, and
the magnesium retention appeared to be no obvious difference among
four treated rations in both trials. The mean urine magnesium
excretion was 38.1 % of total excretion in trial 1 and 37.7 %
in trial 2.

In comparison with the fecal excretions of sodium and
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Table 4-4 Effect of concentrate to roughage ratio on urine
_volume, pH values and mineral levels in wethers -

Concentrate-roughage ratio 1)

. 60340 " 70:30 80:20 90:10
Trial 1 " o
Urine values,mg/100ml
Calcium 1.0 l.2 1.4, 7.0
Phosphorus 127 21 36 - 65
Magnesium : -58 - 65 56 57
Sodium . 574 . 560 - 604 531
Potassium 925 880 725 - 528
Chloride . 1039 1053 1062 877
Urine volume, ml 575 - 535 525 492
Urine pH = 8.3 8.4y 8.1 . . 7.3
Trial 2 : -
Urine values, mg/100ml _
 calcium | 4.8 3.6 3.8 2.8
Phosphorus .~ 17 340 49 36
Magnesium h2 ;' w8 - - - 37 31
Sodium 129 182 217 213
potassium 401 473 437 367
Chloride ~ - 390 - 410 412 435
Urine volume, ml 2529 2056 . 2100 2335
Urine pd 8.2 g.7 85 8.0

1) : % of air dry matter

- 45 -



potassium, the urine excretions of these two minerals were
extremely higher. In t¥ial 1, 87.2 % of sodium was excreted via
urine and 91.8 % of sodium in trial 2. The urine potassium
excretion was 87.9 % of toal excretion in trial 1 and 93.8 % in
trial 2. The urine excretions of these two minerals were parallel
to the intakes of sodium and potassium respectively in two trials.
There seemed to be no obvious difference among treated rations

in the retentions of sodium and potassium in. two trials. Negative
potassium retentions were found in trial 2.

Urine mineral concentrations in trial 1 and 2 are shown in
table 4-4. The urine calcium level was apparently increased in
wethers given the highest concentrate ration in trial 1. On the
contrary, the urine calcium concentration tended to be slightly.
decreased as the concentrate to roughage ratio increased in
trial 2. The urine phosphorus level tended to be increased in high
concentrate rations in trial 1 and.2. Particularly, the increasing
of urine phosphorus was more evident in trial 1 than in trial 2.
In high concentrate to roughage ratio, the decreasing of urine
potassium level was found in both trials.

No difference in urine magnesium, sodium and chloride was
obviously found among four rations in two trials. In comparison
with trial 2, urine levels of magnesium, sodium, potassium and
chloride were.higher in trial 1. The lower pH values in urine were
found in the highest concentrate ration in trial l,'while, in
trial 2, there was no difference in urine pH among treated rations.

The urine volume was decreased to a little extent in higher
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concentrate to roughage ratio in trial. 1, while there appeared
to be no obvious difference in the urine volume among four
rations. in trial 2. The urine. volume was. markedly more in trial
2 than in trial 1. This dlfference may be due to the season in
trials were conducted . 7 - o -

Serﬁm data from trial 1 and 2 are shown in table 4- 5. Serum
levels of" calcium and potassium tended to be decreased to a
little extent in higher concentrate ratlons in. both trials. Serum
phosphorus levels appeared to be increased 1n‘h1gh concentrate
to roughage ratic in trial 1, while no difference was found

among four treated rations in trial 2.
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Table 4-5 Ef fect of concentrate to roughage ratio on gerum
mineral levels in wethers

( mg/lQOm} }

Concentrate-roughaga.ratio*l)

e .. 603140 70:30 . 80:20  90:10
Trial 1
caleium 9.2 9.0 9.0 8.7
-Phosphorus 6.1 . 6.6 7.0 7.0
Magnesium . 2.9 : 2.9__ 3.2 3.0
Sodium 306 316 271 322
Potassium - - 25 26 24 23
Cerial 2 |
' Calciﬁm 9.9 10.0 9.6 9.5
Phosphorus 745 7.4 8.1 7.6
Magnesium . 3.1 3.3 3.4 : 3.3
Sodium 332 337 336 3h0

‘potasaium 25 24 ' 23 23

1) : % of air dry matter
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Discussion

From the results of this expériment,‘it was generally found
that there wés a close relationship between the amount of intake
and the urine nineral excretion and the serum miﬁeral level. But,
in trial 1, it was observed in wethers given the high concentrate
ration tha£ the urine calcium level and'excretion, the urine
phosphorus level were not parallei to the amount of each mineral
intake. Howéver; these ﬁrends were nét'fOund in weéthers of trial
2 given the ratiOn»which contained the higher 1evel of prbtein.

When wethers were given the.high level of concentrate
ration, urine pH were lowered in triai 1. This result was in
accordance with the report of Reed et al.7l)that a mild form of
acidosis was observed in cattle'giveﬁithe high‘cbnéentrate
diets and the acidosis was manifested by a high titratable
acidity. On the 6therfhand, urine pH was not decreased in wethers
of trial 2. The cause was considered as folléwing that rumen pH
was heightened by increasing ammonia production when a high
protein ration was given in trial 2. |

It was found that urine calcium levels were increased in
wethers given the higher level 6f concentrate fation‘in trial

4)

l. Lennon et al.5 réborted that glucbse ingestion had caused
acidification of the urine and had increased urine calcium
exéretion in man. As previously reportedlo'll'ss), urine

calcium were markedly increased and urine pH were lowered when
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ruminants were administered ammonium chloride. The increased
urine calcium excretion would be owing to metabolic acidosis
which was induced by ammonium chloride. Lemman et al.concluded

Vin their'report53)

that metablic acidosis produced -a sharp increase
of urine calcium excretion by causing decreased urine éalcium
reabsorption -in the kidney.

The clear increases of urine phopshorus level and of urine
phosphorus excretion were found in wethers which were fed with
the higher level of concentrate which was high-energy and\low—
protein ration in trial 1. This result was in acdcordance with the

'al.72) 1.71)_

report of Ricketts et and Reed et a

It was suggested by Pitts et al.68)that changes in acid
load were effectively compensated by changes in titratable acid
and ammonia excretion when renal function was normal in non-
ruminant. The results -in this experiment suggested that acids
produced by giving high concentrate rations are excreted, in
most part, as free titratable acid, namely, phosphate ion. On the
other hand, Scott et al.’’) showed that all Gf acid were excreted
as ammonium ions when hydrochloric acid was infused into the
rumen. It was also found in ghapter 7 that supplement of ammonium
chloride increased the urine phosphorus level in samll extent
although it lowered the urine pH. It may be considered from these
findings that the kidney may excrete acid largely in combination
with ammonia when acids are loaded as inorganic acids, such as,

hydréchloric acid or ammonium chloride.
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!»in trial 2, the urine phosphorus level and‘excrgtiqn were
incfeased.tq.lesser.extent than in trial 1 when a high concentrate
ration was given. The urine.pHrwas not so different among four'
treated :a;ions.‘Since_the‘dietary_phopshorus content was
slightly increased ahd_the»dietary calcium_was”decreased when the
concentrate and roughage ratio was heightened in trial 2.
Increased uringrphésphorus level and excretion would be, in part,
owing to the lowered dietary calcium to phosphorus ratio.

The urine levels of magnesium, sodium and potassium were
higher in trial 1 than those in trial 2. This difference might
be due to the difference of urine volume between both trials.
Since potassium intake in trial 2 was not so different from the
value in trial 1, the reason why negative retentions were shown
in trial 2 was not known.

Since the heightened urine calcium level may not be associated
with the formation of urinary calculi, other changes induced by
the high concentrate ration must be considered in relation to
calculi formation. An acid urine seems to prevent the formation
of urinary calculi. And a high level of urine phosphorus should
be the most important factor in calculi formation as discussed
in chanpter 3. It may be considered that there may be boundary
line of calculi formation between urine phosphorus level as
aninducing factor and urine acidity as a preventive factor. If

the inducing factor is stronger than the preventive factor,

pPhosphatic urinary calculi would be formed. Adversely, if urine

- 51 -



acidify ig superior to the increasing of urine phosphorus level,
urinary calculi would not be formed.

In addition, early‘work with rats by EatOnzo)indicated that
the addition of an excess of acid or basic sodium phosphate to
the food was followed by extensive pathological changes in the
kidney. It'is“aisoﬁconceivable that the increase of urine
phosphorus concentration induced by a high concentrate ration may
become'a'cause 0f1renal'pathological changes and an inducing factor

of urolithiasis.
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Summary

The experiment of this section Qas conducted’ to study the
effect of giving high concentrate rations on the urine and serum
mineral'levels_and mineral metabolism and to examine an inducing
factor of calculi formation in wethers.

The experiment was consisted of two trials. In both trials
animals were given four different ratio of concentrate to
roughage consisting of following in percent ; 90:10, 80:20,
70:30, 60:40,. The concentrate ration in trial 2 contaiqed'higher
protein level than in trial 1.

In trialyl;,ﬁrine»pH valuesiwere lowered :and the urine
calcium and phosphorus levels and serum phosphorus levels elevated
és the ratio of concentrate to roughage increased, and these
changes were not parallel to the amount of these ﬁineral intakés.
The increased urine phosphorus concentration induced by a mild
acidosis may become one of causative factor to produce urinary
calculi.

In trial 2, urine pH values were not changed and a close
relationship between the intake and the excretion of minerals with
the exception of phosphorus were found as the concentrate to
roughage ratio increased. Urine concentration and excretion of
phosphorus were only increased to a small extent when-a higher
concentrate ration was given. The increase of urine phosphorus

would be owing to lowered dietary calcium to phosphorus ratio.
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SECTION 2 .. Relationship Between Urine Mineral_Levels and Rumen
~Fermentation in Wethers Fed‘with High_COpCEntrate.
_Ration.

It was‘shown‘;n the_experiment of qhabte; 4,¢§ection 1l that
urine pH values had been lowered and the urine”calcium and
phosphorus levels had been elevated by giving high level of high-
energy and low-protein concentrate ratiQﬁ to wethers. quever there
is little information about a cause why change$ of_urine#mineral
levels werefindqud_by:giving_a\highrconqentratg ration.

It is well established that excessive grain consumption

by ruminants causes.overingestion, acute iqgestigq,digrrhéa and

lactic acidosi%aflg’;?oﬁnd it is:also well known that volatile

fatty acid and lactic. acid productigns in.the rumen are changed

by giving a high concentrate.ratiqn19'74'87'88f109)-

This exp;riment was conducted tolstudy‘the cause of changes
of urine mineral levels through rumen fermentation when a high

concentrate ration was given in wethers.
Materials and Methods -
Six wethers, averaging abput_35 kg, were fed with four
different rations of which concentrate to roughage ratio

consisting of the following percentages ; 90:10, .80:20, 70:30,

60:40; in éach four periods of twenty days.
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Six wethers were alloted two groups with three wethers
each. One group (A) was given from 90:10 to 60:40, and the
other group (B) -from 60:40 to 90:10. The ration was given -
twice daily at the level of 1 % of the body weight, and water
was available at all times. The composition of basal ration
and the chemical data of the ration are shown in table 4-6 and
4-7.

After preliminary thirteen days, rumen and serum samples
were obtaiﬁed dﬁting-the next seven days in each four periods.
~Urine samples were collected everyday, and rumen and serum
samples 6nce'a sémpling pefibd.'Rumen and setum\samples wére
collectedltwice a sampling day, (1) just before the morning
feed, (2) at three hours after the morning feed. Rumen samples -
were taken by stomach tube and the pH value of ‘rumen flULd was
lmmedlately determlned with pH test paper. Rumen samples were
preserved w1th mercuric chlorlde for volatlle fatty acid
analy51s. | - ) - .

The volatile fatty acids were analyzed as free fatty acids
by gas chromatograph, and total content of volatile fatty acids
acqording to the method of Conway43). Lactic acid '
concéntratiqns wete détermined by the method-of Baker aﬁd‘

Summerson4)

. Blood samples were obtained from jugular vein and
collected into tubes containing heparin sodium. Blood sugar
concentrations were determined by the method of Somogyi and

Nelsonsz).
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Table 4-6 Composition of the basal ration

_Concentrate ' Roughage
Compositidnr
Flaked corn = 90 % . Rice straw. .
Soybean meal 10 ¢
‘Mineral supplement » o . ,
Calcium carbonate 1 % of the ration
"Sodium chloride 1'% of the ration
Table 4-7  Chemical analysis of the basal ration

Corn flake Soybean meal Rice straw

Dry matter (%) 86.9 90.3 _ 9l1.4

Organic matter o 85.5 84.0 ' 80.7
Crude -protein. = 9.1 - . 33,5 v 4,5
Crude fat -0 2.3 1.6 2.0
Nitrogen free extract 73.1 | 45.4 7 49.3
Crude fiber 1.1 3.5 T 25,0
Crude ash S 1.4 . 6.2 .. 10.0
Energy (K cal/qg) 11.1 4,7 3.8
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'ReSultsr'

The results of urine calcium,. phosphorus and»magnesiumn‘
concentrations are shown in table 4-8. Urine ¢a1c1uﬁ end
phosphorus eeneentrations were siénificantiy-higher'(p<505) in
tﬁe‘highest.concentrate to roughage ratio than in the lowest
concentrate to roughage ratio in A group. The urine phosphorus
level in B groilip was increased to a little extent with
heightening.the‘cepcentrate to rpughage ratio, but thie trend
was not significant. Urine pH values were significantly
decreased (p¢.05) with increasing the high concentrate in both -
groups. | |

The results ef‘ﬁH‘valﬁe_iﬁ rumen fluid are shown in table
4-9., Rumen pH values of post-feeding were significantly lower
(p<.01), as compared with those of pre-feeding;‘Although a
Hpoticeable‘chaqge wes‘not.foﬁnd-inrrumen‘pH_values_of pre-
feeding, pH values of post-feeding were significantly
decreased (p<.05) with heightening-the cencentretelto roughage
ratio- in both groups..A substantial difference in pH values was
not found between A and B greﬁp.

The data of total VFA content and VFA composition in

rumen fluid were shown in table 4-10 and 4-11 respectively,

- 57 -



Table 4-8 Effect of concentrate to roughage ratio on urine

mineral levels and pH values
S o S { mg/100ml )

Concentrate-roughage ratio<t)

Growup = - - 60:40 ~ 70:30 -~ 80:20 - 90:10
Urine Calcium 1.1 é‘ ' 'l.4"a - 1.8 - - 12.8 b

a ‘Phosphorus - 1l;a E 29 - - 49 ilo'b“
“‘Magnesium 79 72 - 61 56 b

a a
pH - 8.0% 8.2° . 8.4° 7.2
Urine Calcium ) 1.0 1.0 1.0 | 1.1
B Phosphorus 12 13 23 21

Magnesium . 38 58 51 59 .

a a.
pH : 857 . 8-6 . 8-0 7.5

a and b : Means with different superscript letters differ
significantly (pg. 05) .
1) : % of air-dry matter

Table 4-9 Effect of concentrate to roughage ratio on pH vglues
- in ruminal fluid

. _ ] l )
Concentrate-roughage ratio °

60:40 70:30 80;20 90:10
Pre-~feeding -mg/100ml . _ S
6.9 6.8 6.9

B 7.0 6.9 6.9 - 7.0

3 hr after feeding '

A - 6.1 6.32 - 5.6P . 5,5D

B . . . . 6.32 6.32  5,7P 5.7%

a ané‘b : Means with different superééript letters differ
significantly (p{.05).

1) : % of air dry matter
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rable 4-10 Effect of concentrate to fdughage ratio on total

VFA concentration in ruminal fluid .
' ' ‘ - ( mM/100ml)

Concentrate-roughage ratio 1)

60:40 70:30 80:20 90:10
Pre-feeding
A 49,7 44.7 45.7 42.3
B | 46.1%  39.1 28.7 32.1°
3 hr after feeding , |
' a a o b

B o 73.1 64.7 62.1 64.2

a and b : Means with different superscript letters differ
significantly (p<}05).

1) ¢ % of air dry matter - S mr———

The concentrations of total VFA Were.significantly higher (P<.01)
in post-feeding than thosé in pre-feeding. In ruminal fluid of
pre-feeding, a signifiCanf difference ﬁas not found in A group,
but, in B group, the total VFA concentration in the highest
concentrate ration was significantly lower (p<.05) than that in
the lowest concentrate ration. Adversely in rﬁminal fluid of
post-feeding, a_significant.increase (§<.05) was found in A group,
while a certain tendency was not observed in B group with
increasing the éoncentrate ration. When the :ation containing

60 % concentrate was given, the total VFA concentration of
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Table 4-11 Effect of concentrate to roughage ratio on VFA

composition in ruminal fluid

{ mol & )
- Concentrate-roughage ratio l)
.60:40 70:30 ) 80:20 90:10
Pre-feeding _

| | _.a . b b

C 66.2 61.9 55.8 56.0

C 18.9 : 21.4 - 26,7 - 24.9

A Cyg 2.7 3.5 3.8 3.3
: : a S b b
C5 1.2 1.5 3.5 4.3b

C,/Cy 3.5 2.9 2.1 2.3

o ) . a L . b

c, 65.2 62.4%°  56.9°°  56.4°

C3 ’ 20.0 18.0 ~25.6 25.8

B - 4 C4 o 10,2 N . 12.0 11.6, 10.3
Ci5 3.3 4.0 3.8 4.9

C5 1.5 1.8 2.5 2.8

3 hr after feeding : ‘ ‘ :

a b b

c,  65.3  59.2 52.3 . 52.6

Cy 20.9 24,4 27.4b' 21,5
N c, 1ll.e" 1317 15.27° 18.9°
a c b b

Ce 0.8 1.3° 4.6 5.9

CZ/CB 3.1 .2.4 179 2.4

C2 62.6 63.5 54.1 62.3

C3' 23.8 19.4 28.5 18.9

5 ¢, . 10.9 14.0 . 13.5 14.9
. Ci5 1.4 . 1.6 o 0.5 0.6

C5 1.4 1.6 3.0 3.4

C2/03 2.6 i 3.3 1.9 3.3

a, b and ¢ : Means with different superscript letters differ
significantly (p«.05).
1) : % of air dry matter
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post-feediﬁg was significantiyllowef”(p<;05f in A group than
in B. On the,cdntrary_, when the'higheSt-éoncénﬁréte ration
was given, the total VFa cdnceniratioh:in pbst—feeding was,
.alﬂhough not significant,.highéf'in‘A‘than in B.

‘A significant difference befwéeh:prleeedihg and post-
feeding was not found in a ﬁblar'percentage of VFA'éxéept
iso-valeric acid. As the concentrate ration increased, the
molar pércéntage of‘acétic acid was significanﬁly(p<;05)
decreased ih'pre—feeding'of both groups. Although the same
trend was observed in post-feeding of A grOup; a certain
tendency was not found in B group. When the highest concentrate
ration was given, the difference between A and B group was

significant (p¢.05) in acetic acid.

Though the difference was not significant, a molar
percentage of propionic acid‘in pre-feediné tended to be
increased 'as increésing‘tﬁg cOncentrateirégion.'However'a
constant tendency was not observed ih‘prépiOnic acid of
post-feeding. The ﬁblar percentage of butyric-acid of pre-
feeding was not signifiééntl& affected by varying thé
‘concentrate to roughagé‘ratio.‘h'conétént trehd Qas not aléb
found in butyric acid of A grdup in péét—féediﬂg,:while the
>significant-increase(p<;OSi was found in B groﬁp with
inéreasing’ﬁhe éoncenfrété ration. When the ratioh

containing 90 % concentrate was given, the difference between
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A and B was significant (p<305) in bgtyric acid,
‘As the concentrate ration ingreased, the molar percentage
of valeric acid in pre—féeding and post-feeding was significantly
(p<.05) increased in A group, while no significant increase was
found in B group. The difference of C2/C3ﬂratio of pre-feeding
in A group was significant between the‘grOups given 60 % and 90 %
concentrate. - R -
The_cpngeqt;ation_of_ladtic_géia‘in rumehrfiﬁid is showg in
table 4-12. The lactic acid concentration in post~feeding were
significantly higher (p<.01) than those in pre-feeding. Though
the slight increase was observed in poSt-feeding as increasing
the concéntrate'ration, this was not  significant. Particularly,
this trend appeared to be clearer in A than in B.
The lactic acid in blood plasma were shown in table 4-13,
An obvious difference was not observed between'pre—feeding and
pbst—feeding, between A and B group and among treated ratiorms.
Table 4-14 shows single correlation coefficients between the
concentrations of ﬁrineﬁcaicium;-phosbﬂorus énd ﬁaéﬁesium, and
the VFA in rumen fluid.vThe uﬁépe ﬁaicium_wasTéignificanﬁif_
correlated with the molar percentage of butyric acid (r=0.462,
P<-05), the valeric acid (r=0.499, p<.05), the total VFA (r=0.440,
P<.05), the rumen pH (r=-0.437, p<&05) and the urine pH (r=-0.656,
p<361). TheAphoséhbfus had a high relationships with the molar
percentage of acetic acid (r=-0.479, pg.05), the butyric acid

(r=0.652, p<.05), the valeric acid (r=0.842, p<.001), the total
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VFA (r=0.436, p<.01), the lactic acid (r=0.646, p<L0l), the

rumen pH (r=-0.640, p¢.01) and the urine pH (r=-0.643, pL.01).

Table 4-12 Effect of concentrate to roughage ratio on lactic
‘acid level in ruminal fluid

Concentrate-roughage ratio

(% of air dry matter) 60:40 70:30 '80:20 90:10

Pre-feeding mcg/ml
A. ' 3.9 4.5
B 2.3

3 hr after feeding

A 9.9 16.6 21.3 20.3
B 9.0 16.8 . 14.6 13.7

Table 4-13 Effect of concentrate to roughage ratio on lactic
acid level in blood plasma

Concentrate-roughage ratio

(¥ of air dry matter) 60:40 70:30 g80:20 90:10
Pre-feeding mcg/ml

A 51 56 64 66

B 72 78 62 58

3 hr after feeding
A 66 92 72 72
B 56 99 69 58
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Table 4-14 Correlation coefficients between urine minerals and

rumen VFA

~ Urine mineral levels

. Calcium ' Phosphorus Magnesium
Rumen fluid. , . .
¢,  -0.352-  -0,429" -0.161
c -0,159 -0.233 0.006
3 ' - R 1 : ko : .
C, 0.462 0.652 0.098
. * *kk B
Ce - 0.499. : 0.842 -0.122
C,/Cyq  ~0.032 -0.085 -0.363
* *
Total VFA 0.440 0.436 0.027
. AU A . )
Lactic acid . 0.288 " 0.646" ~0.055
. * * %
pH . =0.437 ~<0.640 . 0.017
* % * %
Urine pH -0.656 . =0.643 ‘ 10.033
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Discussion.

Dunlop and.Hammondlg)reported rumen concentration of
approximately 160 mM/L of L-lactate and 60 mM/L of D-lactate
and pH values between 4.0 and 4.5 in a steer engorged with corn.

18)

Dirksen -~ ‘also Qbsérved an increase of blood lactate reaching
maxima of total lactate 240 mg% during thejfirst phase of acute
acidosis. The degree of\acidosisjwhich was found in this study
was considered to be mild, since the lowest mean pH value in
rumenrfluid was 5.5 and the highest_mean lgvel=of rumen lactic
acid was 21.3 mg%.

When 90 % of concent:ate ration was given, the significant
increase of urine calcium and phosphorus levels were found only
in A group as. the ratiorof concentrate to roughage increased.

The increase of lactic acid and-total‘VFArchcentrations in rumen
fluid was more in A group‘than»in.B, AndVVFA compqsitipn was
significantly affected only in A group as_increasinglthe ratio
of concentrate,. that is, a molar percentage of acetic acid was
decreased and that of butyric acid was increased. The.differences
of urine mineral levgls between A and B group may be owing to
those of rumen VFA. _ .

- Telle et.al.Bj}reported that the excretions of urine-calcium
had_beenumarkedly‘increased whithin 3 hrs. post infusion of racemic
solution of D-L lactic acid intraruminallyr followed by a rapid

8)

. 1 .
decrease over the next 2 hrs,. Dirksen "also observed the increase
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of urine and serum phosphorus concentrations during.the acidosis.
Therefore, the increase of lactic acid level in rumen fluid seems
to have surely a positive association to the elevation of urine
calcium and phosphorus levels.

Since the increase of rumen lactic acid concentration was
a small amount in this experiment, other factors also may affect
the elevation of urine calcium and phosphorué levels. Topps et

88)

al, observed the increase of urine phosphorus without any

increasing of rumen lactic acid concentration when the high

concentrate ration was given to cattle. Dunloplg)

reported that
an exponental decline in the concentration of lactate had been
observed after the addition of sodium lactate to the rumen of

cattle in a dose of 11.4 mM/kg. Dirksenla)

also postulated that
the lowering of rumen pH was not caused by an increase in lactic
acid concentration when the acidosis was less severe form.

The molar percentage of butyric acid, valeric acid, total
VFA, the rumen pH and the urine pH had high correlations with
the urine calcium and phosphorus. However, the molar percentage
of acetic acid and the rumen lactic acid was significantly
associated with the urine phosphorus only. Therefore it is
conceivable that urine levels of calcium and phosphorus may be
affected, in part at least, by different causes in wethers given
‘a high concentrate ration.

The lactic acid level in blood plasma was not clearly

changed when the.concentrate to roughage ratio increased.
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Huber et a1.42)reported that injected L-lactate had a half-life

of 22 min., and injected D-lactate had a half-life of approximately
90 min.. It might be resulted from a rapid disappearance of

lactic acid from blood plasma that there was no difference in

lactic acid levels in blood plasma.

- 67 -



Summary

This experiment was conducted to study the cause of changes
of urine mineral leuels through‘rumen fermentation'in'wethers fed
with a high concentrate ration.

Animals were'given the ration of four different ratio of
concentrate to roughage consmstlng of the follow1ng percentages :
90:10, 80.20 70 30, 60: 40,. One group (A) was glven from 90:10
to 60:40, and the other group (B) from 60 40 to 90: 10

Urine calcium and phosphorus were 1ncreased in A group
by g1v1ng the hlghest concentrate ratlon. The rumen pH value
lowered in both groups, but the total VFA in rumen fluid increased
only in A group as increasing the ratio of concentrate. The rumen
lactic acid 1evel,'althoughrnot significant,rincreased in both
groups;'whilerthiS'trendhwas more obvious in A group than in B.
Molar percentages of acetlc ac1d butyrlc a01d ‘and valeric acid
in rumen flUld of post—feedlng were 51gn1f1cantly changed only
in A group with varylng the concentrate to roughage ratio.

Many VFA were hlghly correlated with the urine calc1um and
phosphorus concentratlons, but some VFA were 51gn1f1cantly
assocrated W1th the urine phosphorus only. Therefore it is
conceivable that urine calcium and phosphorus may be affected
in part at least by different causes in wethers given a high

Concentrate ratlon.
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CHAPTER 5 EFFECT OF DIETARY CALCIUM AND PHOSPHORUS LEVELS ON

MINERAL.METABOLISM AND INCIDENCE OF URINARY CALCULI

SECTION 1 Effect of Addition. of. Calcium Carbonate on. Mineral
Metabolism and Incidence of Urinary Calculi in

Wethers

In éeneral a concentrate ration contains more phosphorus
and less calc1um than a roughage. EspeCially wheat bran and rice
bran, whlch have been frequently used for fattenlng cattle in
Japan, are rich 1n phosphorus. When a high concentrate ration is
glven,-it is conceivable that dietary ca1c1um and phosphorus ratio
is low. |

A high dietary phosphorus level has been shown to induce a
high 1nc1dence of phosphatic urlnary calculi in cattle and
shee% 16 64{ On the other hand it was reported that the increase
of calcium level in the ration reduced‘the incidence of
calculi 8f9'25’26) | o

In this chapter, the effect of dietary calcium and phosphorus
levels on urine and serum mineral levels and the 1n01dence of
urinary calculi was 1nvest1gated And then the effect of dietary
calc1um level on the dlstributlon of minerals in the digestive
tract was studied | B

This 1nvestigation was conducted to determine the influence-
of differentrcaiciumuand phosphorus leveis on the forming of
urinary calculi, urine‘hineral 1evels,>serum mineral levels and

mineral balances in wethers.



Materials and Methods

This experiment was consisted of two trials. The composition
of basal rations and its mineral contents -are shown in table'
5-1 and 5-2. The ration was given twice a day at the level of 1
$ of the body weight, Water was offered ad libitum. Wethers were
placed in metabolic cages throughout the experimental pexriod.

Urine samples were collected under toluene and urine pH
values were determined for each 24-hrs collection. Fecal samples
were dried prior to atorage. Blood samples were obtained by
jugular vein puncture twice a sampling period. These samples were
obtained during the last week of thé experimental period in both
trials.

Trial 1 : Nine Qethers averaging about 42 kg in weight were
divided into three groups, three wethers each, and were fed sixty
seven days from November to January. The each group was given
the following rations which contained 0.1 % calcium and 0.6 %
phosphorus, 0.6 % calcium and 0.6 % phosphorus and 1.2 % calcium
and 0.6 % phosphorus. The approximate levels of calcium and
phosphorus were achieved by adding calcium carbonate to the basal
ration. At the end of the sampling period, two wethers in each
group were slaughtered for the examination of urinary calculi.

Trial 2 : Six wethers averaging about 53 kg in weight were
alloted for two groups, three wethers each, on the basis of weight,
and were fed for fifty days from March to May. The one group was

given the ration which contained 0.1 % calcium and 1.1 % phosphorus.
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The ration of the other group which was supplemented with calcium
carbonate contained 1.3 % calcium and 1.1 % phosphorus. At the
end of the sampling period, all wethers were slaughtered and

the bladder and the kidney were examined for urinary calculi.

.a']l'_



Table 5-1 quposition of thg basal ‘rations

Tfial
‘Ingredients 1 | 2
Ground barley 56 40
Wheat bran 24 24
Rice bran - -15.l
Rice straw 20 20
Sodium chloride - 1

Table 5-2 Mineral composition of the basal rations

(¢ of air dry matter)

Trial
"Minerals 1 2
Calcium 0.10 -0.10
Phosphorus :0.53 1.13
Magnesium 0.22 0.25
Sodium 0.10 0.39
Potassium ~1.00 0.88
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Results’

At the autopsy, sand-like micro calculi were observed visually
in the kidney of bne‘wether'given the lowest calcium ration in trial
1 and each one wether in both groups of trial 2 had urinary calculi
in the kidney (table -5-3). Urine mineral levels, urine pH and urine

volume are shown in _table 5-3. - .

rable 5-3 Effect of various dietary calcium and phosphorus levels
on the incidence of urinary calcull and urine mineral

levels in wethers

Trial ' ' co 1 ‘ 2

Calcium % . 0.1 . 0.1 1.3
_ Phosphorus % . 0.6 .0.6 0.6 1

Urinary calculi incidence

., No. of wethers : 1 0 0 1 1
Urlne values, mg/lOO ml 7 _
calcium 0.6 1.2 1.0 2.7 3.8
Phosphorus 1802 93P 36C 223¢  333f
Magnesium | 37 45 59 22° g6t
Sodium 104 1192 247° 176 216
Potassium - 5032 4932 g845P  450°  s582f
' Chloride 135 129 171 429 414
Urine volume, ml 784 570 585 970 743
Urine pH 6.892 7.352 8.26P 6.86 6.52

..

a, b and ¢ : Means with different superscript: letters differ
51gn1f1cant1y (p< 0l).

e and £

Means with different superscript 1etters dlffer
significantly (p<?05).
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Urine calcium levels appeared not to be influenced by
increasing of the dietary calcium in both trials. Urine
phosphorus ievels in trial 1 appeared to be lower than fhose
in trial 2. Urine phosphorus levels were significantly lowered
(p<l 0L) in trial'l, bﬁt'weré'advérseiy heightehed’(p<j05)rin
trial 2 by the giving of calcium carbonate. Urine magnesium
concentratibns were significantly (p<.05).ihcreased'in higher.
calcium group of trial 2, but the difference between trial 1 and
2 was not significant. |

Urine sodium and potassium concentrations tended té be
increased by increasing the dietary calcium content. The
difference in urine sodium levels among groups reached significance
in trial 1 (pg.01), add the increasing of urine'potassium was
significant in ﬁrial'l (p<;01) and in trial 2 (pg.05). There
was no substantial difference in the urine chloride and the
urine volume in both trials.

The urine pH heightened (p<.01l) when calcium carbonate was
supplemented to the ration in trial 1. However, the urine pH in
trial 2 was not significantly different between two groups and
these values seemed to be considerably low in comparison with
in trial 1. Mineral levels of blood serum are presented in
table 5-4..

"The serum calcium level was increased (p<. 01) by the
Supplementation of calcium in trial 1, while the serum calcium

level in trial 2 was not increased. The serum phosphorus level
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Table 5-4 Effect of various dietary calcium-and phosphorus levels

on serum mineral levels

Trial _ 1 _ 2
calecium % 0.1 0.6 . 0.1 1.3
Phosphorus & 0.6 0.6 0.6 1.1 I.1

Serum, values, mg/100 ml

 calcium 7.7% 9.1% 9.3% 7.0 7.4
Phosphorus 10,8 10.1 8.3 17.9 l6.9
Magnesium . 3.6 3.7 3.3 4.5d 4.2%
Sodium - = - . 393 402 - 369 . 362 347
Potassium 22 21 21 24 25

a and b : Means with different superscrlpt 1etters differ
51gnlf1cantly (p< 0l). _ ,

‘d and e :_Means with dlfferent superscrlpt letters differ
51gn1f1cantly (p( 05) .

tended_te.decrease with the elevation.of’dietary calcium in both
ktrlals, but the difference was not significant. In wethers

glven hlgher dletary calcium in. trlal 2, the serum magne51um
level decreased substantially (p<.05). There was no significant
difference in the serum levels of eodium and potassium in boﬁh
trials.

The mineral excretion and balances are shown in table 5-3.
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Table 5-5 "Effect of various dietary calcium and phosphorus levels

on mineral balances

Trial ,
Calcium & . 0. 1.2 0.1 1.3
Phosphorus % 0.6 0. 0.6 1.1 1.
.Calcium, g per day
" Intake * "0.74 3.76 9.16 0.69 -12.27
Urinary excretion 0.01 0.01 0.01 0.03 0.03
Fecal excretion 0.66% 1.31P 2.59¢ 1.09® 4.78F
Retention 0.07% 2.25P 6.57° -0.43% 7.46%
Phosphorus . |
Intake 4.39 3.84 4,35 8.78 10.27
Urinary excretion 1.53% 0.53° 0.26° 2.00 2.36
Fecal excretion 2.09 2.22 3.07 3.31 2.30
Retention 0.77 1.09 1.02 3.47 5.6l
Magnesium
Intake 2,23 1.59 2.23 1.92 2.25
Urinary excretion 0.28 0.23 0.26' 0.27 0.32
Fecal excretion 0.93 0.80 0.96 0.97 0.95
Retention- 1.02 0.92 1.01 0.68 0.98
Sodium .
Intake 2.17 1.88 2.13 3.01 3.52
Urinary excretion 0.81% 0.702 1.35% 1.38 1.58
~ Fecal excretion 0.61 0.29 0.23 .0.59 0.20
Retention 0.75 0,89 0.55 1.04 1.74
Potassium | | ‘
Intake 8.52 7.36 8.66 6.87 8.03
Urinary excretion . 3.362 2,722 4.31P 4.19  4.26
Fecal excretion 1.24 0.75 0.49 1.10° 0.49%
Retention '3.90 3.86

3.92

1.57

3.28

a, b and ¢ : Means with different superscript letters

significantly (p¢.01) in trial 1.

e and £

significantly (pg.0l) in trial 2,
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There was no significant diffgrence in the u;ine calcium
excretion_among treatment groups in both trials, while the
urine calcium excretion in trial 1 was larger in amount than
that in trialrz. The fgcal calcipm excretion and the calcium .
retention were significantly increased (p<.01) with the
supplementation‘of calcium ;Q the ;ation in hoth trials. Negative
calicum balanpes were observed in wethers given the lower calcium
ration in trial 2.

As the calcium level in the ration increased, the urine
phosphorus excretion decreased significantly (p<.01) in trial 1,
Though a significant difference was not found, the fecal phosphorus
excretion appeared to be increased by giving the high dietary
calcium in trial 1. The administration of calcium to the ration
appeared to increase_the urine phosphorus excretion and to
decrease the fecal phosphorus:excretion in trial 2, though
differences were not significant.

No significant difference in the .urine excretion, the fécal
excretion and the retention of magnesium was found among treatment
groups in both trials, while the increasings of urine magnesium
excretion and of the magnesiﬁm retentiqn approaphed significance
in trial 2 (p<.05) .

~Urine excretion of sodium and potassium increased (p<.0l)
in wethers given the highest dietary calicum ration in trial 1.
Inrtrial 2, the difference in urine excretion of sédipm and

Potassium waé not so apparent between two groups as. the



case in trial 1. The fecal excretion of sodium and potassium
were apparently decreased with the supplementation of calcium
carbonate to fhe rétibn in both trials. And the difference iﬁ
the fecal potassium excretion between two groups was significant=
in trial 2 (p«.0l). There was no significant difference in -
sodium and potassium retentions among three groups.in trial 1

and between two groups in trial 2.

Discussion

A small amount of urinary caleculi was found in the kidney
of one wetherrgiven'o.l,% ¢calcium ration .in trial :. This
suggests that there. is the protective effect of giving calcium.
carbonate on the forming of urinary calculi when the phosphorus
level of a ration was 0.6:%. This result was supported by the
reports of several workers that calcium carbonate offered some
degree of proﬁection of phosphatic urolithiasisg_ll'ls;lg‘24’25).

In the experiment of chapter 3, a positive relationship was
observed between the high level of urine phosphorus and. the
occﬁrrencé of urinary calculi. The urine phosphorus level and
excretion were decreased by the addition of cal¢ium carbonate
to the ration in trial 1 of this experiment. Therefore the efficacy

0f calcium carbonate on the protection of calculi formation seemed
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to be due to the reduction of urine phosphorus .level. This view
is in accordance with the demonstration of several
researcherslo'll'zs'zs{'

In this experiment fecal phosphorus excretion were ihcreased
in wethers which were given high dietary calcium-ration in trial
1. This result suggested that the addition of calcium to the
ration led to the precipitation of unsoluble calcium phosphate
and interfered the absorption of phosphate. Decreased urine and
serum phosphorus levels caused by adding calcium carbonate would
be, in part,owingmjg; the interference of phosphorus absorption.

Gill et.al.3l)reported that the proctective effect of
calcium carbonate. against pﬁosphatic urolithiasis in rats appeared
to involve a decreasing of phosphatic absorption from intestine.

1.55) 1.72)

Leuker et a and Ricketts et a

indicated that animals
given the ration of low calcium to phosphorus ratio absorbed the
greater amount-of dietary. phosphorus than animals given high
calcium to phosphorus ratio.

Moreover, it is generally believed that ionized calcium
levels in the blood regulates parathyroid hormone secretion.
It was also reported that a reduction of. urihe phosphorus
excretion followed the intravenous infusion of calcium 'in normal
me35'36’4})The apparent absorption of calcium was strikingly
increased and the serum calcium level was clearly increased by
giving calcium carbonate in trial 1. It may be possible to

consider in wethers given high calcium ration that high serum

calcium levels would induce.hypoparathyroid state and secondary
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hypoparathyroidism reduced urine phosphorus excretions.

" On the contrary, urinary calculi were found in the kidney .
in each one wether of tﬁo groups in trial 2' and calcium
supplementationAwas considered not to be effective to prevent
urinary calcium. It was also observed in trial 2 that the urine
phosphorus level was increased hy giving calcium carbonate and
these values were extremely high in both groups in comparison
with in trial 1. The urine calcium level was higher in trial 2
than in trial 1.

The phosphorus. level in the ration used in trial 2 was 1.1
$, and the dietary calcium level in calc¢ium supplemented ration

11)

was 1.3 %. Bushman et al. indicated that calcium to phosphorus

ratio in a ration should be at least 2:1 in order to prevent

6)

urinary calculi and Vipperman et al..9 also postulated that
calcium to phosphorus ratio of 1.3:1 was the borderline to the
occurrence of urinary calculi. The result in trial 2 that-
urinary caleculi was observed in a wether given calcium
supplemented -ration may support these postulation.

The fecal excretion of. phosphorus was not increased by
giving calcium carbonate in trial 2. Serum phosphorus levels in
both groups in trial 2 were exceedingly higher than any other
serum phosphorus levels obtained in pre&ious experiments. It may
also considerable from these results that phosphorus metabolism
may differ from it in animals which are given lower phosphorus
ration when animals are given a extremely high phosphorus ration.

Krishnaro et,al.SO)reported that a hyperparathyroidism
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induced by high dietary phosphorus‘could:not»be‘fully counteracted
by increasing: the calcium content of the diet because at high
intakes of calcium the fraction absorbed was markedly. depressed

1,34)and Levine et al.’®) helieve that an

in mice. Handler et a
increase in plasma inorganic phosphorus is a further stimulus
to the parathyroid glands. A low.calcium and a strikingly high
phosphorus level in blood serum may induc% hyperparathyroid state
and this state may not be changed by the addition of calcium to
a ration.

Urine pH values were clearly elevated by giving the calcium
carbonate in trial 1, while urine pH values were low and were
not different between two groups in triali2. In the reports of

South Dakota group 8r°2+10,11,38,39)

, the urine pH value seemed
not to be different among sheep given various calcium and
phosphorus levels, However, Emerick et al;27yrecently reported
that the giving of dibasic sodium phosphate as a phosphorus
supplement decreased urine pH in lambs. It can be consideted
that the increasing of urine pH may be owing to the decreased
phosphorus absorption by adding -calcium té the ration in trial
1, And no difference in urine pH between two groups in trial 2
may be due to the same amount of phosphorus absorption in two
groups.

The addition of calcium to the ration increased the urine
magnesium excretion in trial 2. Serum magnesium levels appeared

to be lowered in wethers given calcium carbonate in trial 1 and

2. This result was in agreement with the reports of Bushman et
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al.lo). Crookshank et al.ls)ana Kunkel et al.51)reported that
a higher level of serum magnesium was associated with the
incidence of urianry calé¢uli in lambs. But the serum magnesium
concentration was 10wered‘to:a'li£tle extent and the incidence
of urinary calculi was found in a wether which was fed with the
high calcium ration. Therefore, a decreased serum magnesium
level seemed not to be effective to prevent the formation of
calculi. |
When éalcium‘carbonate was added to the ration, urine
excretion of sodium and potassium were increased and fecal
excretion of these minerals appeared to be decreased in both
trials. These results were in accordance with the reports of

Bushman et al.lofll)

. It would be possible to consider from
above results that the supplementation of calcium carbondte
to a ration incredsed the absorption of sodium and potassium.
Since the ‘elevation of urine pH was found in trial 1 and,
in addition, the increasing of urine sodium-and potassium levels
were larger 'in trial 1 than those in trial 2, it would be
suggested that4the”urine'concentrations of sodium and potassium
might have the correlation with the urine pH. As previously
mentioned (CHapter'3f} the urine concentrations of sodium and
potassium may not havé the direct relation to the incidence of

urinary calculi.



e

Summary

The experimenE using fifteen wethers was conducted to
examine the effect of addition of calcium carbonate on the_

incidence of urinary calculi and on mineral metabolism,

Calcium carbonate was used to obtain 0.1, 0.6 and 1.2 %
calc1um, and the phosphorus level in the ratlon was shown to
be 0.6 % 1n trlal l The following percentages of calcium ;
0. l and l 3 were obtained by the addition of calcium carbonate

to the basal ration, and the phosphorus level was shown to be

1. 1 % in trlal 2.

Inhtrlal 1, the incidence of urinary calculi.was found .
in a‘wether given the lowest_dietary calcium. In trial 2,
urinéry calculi were observed in two wethers which were given
low and higg dietary calcium respectively.

Urine phosphorus concentrations were decreased by the
addition of calcium carbonate in wethers which were fed with
0.6 % phosphorus ration. However, urine phosphorus levels were .
not decréased by adding calcium carbonate to the basal ration
in wethers giﬁen 1.1 % phospho;us ration. The addition of
calcium qarbonate to the ration tendedAto increase urine éodium
and potassium excretions and to reduce fecal sodium and
potassium excretiqn.

| Tﬁe efficacf of calcium carbonate to the protection of
foxming of urinary calcﬁli was considergd to be due to thg

decrease of urine phosphorus level.
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SECTION 2 Effect of Dietary Calcium on Mineral Levelrand Its

Solubility of Digesta in Wethers

It was found in a previous section that urine phosphorus
excretion was decreased and urine sodium and potassium excretion
. were increased by the addition of calcium carbonate to the ration.

Gill et a1.31)

suggested that excess calcium in the diet resulted
in a fall of atine phosphorus beeapse'most of the food phosphate
was converted in the gut of rats to the non-absorbable calcium
phosphate.

This experiment wae condueted‘to‘examine the effect of
various level of dietary calcium on the mineral level and the

solubility of digesta in wethers given a high concentrate ration.
Materials and Methods

Six‘wethersvaveraging aboat 35'kg in weight were divided
into three groups, two Wethers each,. The each éroup was given
the felloﬁiag rations which contained 0.1, 0.6 and 1.2 % of
calcium The ration of all groups'contained 0.6 % of phosphorus,
The dletary calCLum level was adjusted by addlng calcium carbonate
to the ration. The composxtlon and 1ts mlneral contents are
shown in table 5- 6 | | |

The ratloh wae glveh tw1ce“a.day at the level of 1 % of
the body welght Water was offered ‘ad libitum. After sixtyseven

days feeding, all sheep were slaughtered at two hours after the
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Table 5-6 Composition of basal ration and its mineral composition

Ingredients Minerals

Grouhd'Barley 56 % Calcium . - 0.10

Wheat bran =~ 24 -+ Phosphorus 0.53.

Rice straw . 20 - Magnesium ' 0.22
| Sodium ©0.10

Potassium 1.00

morning féé&.'PéiyethYIEhe Glycol 4000 (PEG), as a marker, was
given for seven days befére slaughter at the level of two percent
of concentrate ration. Sodium chloride was not added to the ration.
Digesta samples were collected from rumen, omasum, abomasum,
upper small intestine, middle small intestine, lower small
intestine, cecum and colon. The pH value of digesta was
immediately determined after obtaining the samples. Supernatant
fluid .in digesta was obtained with centrifﬁgation'at 12000>rpﬁ e
for one hour.

Digesta samples were dried at 105°C for five hours and then
ashed with dry ashing method. Phosphorus was determined by the

method of Fiske and Subbarow 29)

. Calcium, magnesium, sodium and
potassium were determined with atomic absorption spectrophotometry.
The mineral concentration in supernatant corrected with the

marker was expressed by the following equation.
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Marker (% of daily oral intake) in 1 g feed (dry matter)

Marker (% of daily oral intake) in 1 g digesta (dry matter)

X mg mineral in 1 g digeéta"H mg mineral/ 1 g of feed digesta

The solubility of mineral was detérmined by the following
calculation method. The mineral .content and the dry matter were

expressed as gram and the mineral solubility was as percentage.

Mineral content of 1 ml supernatant

_l-dry matter of 1 ml supernatant

X 100 = Mineral solubility
Mineral content of 1 g digesta ,

14dry matter of 1 g digeéta ,
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Results

The pH values in digesta were shown in table 5-7.

~Table 5-7 The pH in digesta at different sites of digestive

tracts

Ca:P R0 fp S1 Sp Sm (e

0.1:06 L9 49 3.7 56 7,8 84 81
0.6:06 52 49 2,9 53 7.2 85 8.4

12:06 50 47 2.4 53 7,3 85 853

7
!

The pH of digesta was lowest in abomasum and was highest in
lower digestive traét. The pH values in rumen and omasaum were
higher than in abomasum. Although the pH value in abomasum
appeared to be lowered as dietary calcium increased, its trend
was not evident in other sites of digestive tract.

The calcium concentrations in supernatant and digesta, and

the calcium solubility are shown in figure 5-1.
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In the rations containing 0.6 and 1.2 % calcium, the
tvariation 0f calcium concentration in supernatant along with
."digestive tract was similar to the changes of the calcium

.solubility. The calcium concentration in supernatant and its
solubility were highest in abomasum, and then decrease in lower
sites of digestive tract. On the other hand, in the lowest calcium
irati‘bn, the change of calcium concentration in supernatant was
‘not parallel to the change of the calcium solubility. In all
.sités"of digéstivé tfact with the exception of abémasum, the
calcium solubility tended to be higher in the lowest calcium
ration than in the other rations.

The calcium‘COncentration in SuPErnaﬁant and digeé£a were
hgightened in all sites of digestive tract‘as increasing‘the
'dietary.calcium level. | |

The phoéphorus concentration in supernatant and digesta,
and solubility are shown in figure 5-2. The phosphorus concentration
in supernatént Qas hiéhef in 6masum and the upﬁer part of small
intestine than in'the othefréiteé of digéstiVe.tréét.'No apparent
difference in phosphorus concentration in supernatant was found
among three groups from rumen to the middle part of small intestine.
But, in the lower part of small intestine, cecum and colon, the
phosphorus concentration in supernatant was substantially lower
in the highest calcium ration than in the other two rations.

l;Likewise, there is also no constant difference among three
groups in the phosphorus solubility from rumen to the middle

part of small intestine. From the lower part of small intestine
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to colon, however, the phosphorus solubility was lowered as the

dietary calcium level increased. The total phosphorus content of
digesta tended to be heightened in all sites of digestive tract

with the exception of the upper part of small intestine. |

The magnesium concentration in-supernatant and digesta, and
magnesium solubility are- 'shown in figure 5-3. The maghesium
‘concentration in supernatant was heightened in the upper part of
small intesﬁiné.and lowered in the following sites of digestive

'tract; The difference in the magnesium concentration in supernatant
among treatment gfoups was not found in all sites of digestive
tract.

The méggésium-solubility appeared to be decreased in;émasﬁm
and colén. NO'blear.difference‘in the solﬁbilitY‘was obser#ed among
three treatment groups. The totéi'magnésiﬁﬁ,conﬁenf,in.digeéta |
appeared to be lowered in rumen and omasum, on the contrary, to
be heightened in the lower part of small intestine and colon as
increasing the dietary calcium level.

The sodium concentration in supernatant and digesfa, and
sodium solubility are shown in figure 5-4. The sodium concentration
in supernatant was heightened in omasum and the upper part of
small intestine. Among three treatment groups, there appeared to
be no clear difference in sodium concentration in supernatant.
Although the variation of sodium solubility was so wide that an
evident trend was not clear, the mean value of sodium solubility
tended to be increased from the lower part of small intestine to

cecul.
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The sodium content in digesta appeared to be lower in the’
heighest calcium ration than in the other two rations in the
sites of rumen, the lower part éf-small‘intestine; cecum and’
colon.

The potassium concentration in supernatant and digesta, and
the potassium solubility are-Shdwn‘in'figu:e 5-5." The potassium
concentration in supernatant was high in the upper part of small
intestine and then decreased in the following sites of digéstive
tract. The potassium solubility was obviously decreased in omasum.
Among three treatment groups, there apéeared to be no clear
difference in the potassium concentration in supernatant and
in the potassium solubility., The total potassium content in
digesta tended to be lowered in the sites of rumen, cecum and

colon as increasing the dietary calcium level,
Discussion -

The calcium concentration in supernatant was lower in the
lowest calcium ration' thaniin the other two rations. The changes
of calcium concentration in supernatant in two high calcium rations
were parallel with the changes of the-calcium solubility. The
calcium concentration in supernatant and the calcium solubility
seemed to be heightened as decreasing the pH value of digesta
when the ‘ratién contained 0.6 or 1.2 % calcium. Therefore, the
change of calcium conéentration in supernatant and the calécium

solubility would be strongly affected by the pH value of digesta.



3)

Storry8 reported that the proportion of ultrafiltrable caicium-~
in the ‘'small intestine appeared to be dependent on.the pH of
the digesta, and low pH values favouring higher proportions of
ultrafiltrable calcium,.

On the other hand, the calcium in supernatant ana the
calcium solubility were not correlated with the change of the
pH value of digesta when the dietary calcium lével was 0.1 %.
Thé calcium concentration in supernatant and the calcium .
solubility would not have the relationship to the pH value of
digesta when a dietary calcium level was extremely low.. .

'The decrease of calcium'concentfation in supernatant was
found in the upper and the middle part of small intestine.
Although the decrease of calcium concentration in-subernatant
would be partly owing tto the decrease of solubility, the
decrease would be partly due to. the absorption. Therefore, the
sites of calecium absorption found in this experiment was in

6){:hat calciuﬁ had

accordance with the report of Perry et al.
been almost absorbed in the intestine of calves.

The phosphorus concenﬁration was high in omasum and the
upper part of small intestine. The phosphorus solubility was
also high in omasum, but was not so high in the upper part of
small intestine. The former increase may be resulted from the
increase of solubility and the latter increase may be due to

1.79)and Chandler et alilz)

phosphorus secretion. Smith et a
reported that the upper part of small intestine was the main

part of phosphorus secretion in calves.
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. The phosphorus concentration in supérhatant and the phosphorus
solubi;ity appeared to be lowered in the lower part of small
intestine, cecum and colon as increasing thexdietary calcium
level., It was considered that the phosphorus concentration in
supernatant. was decreased by the formation of unsoluble calcium
phosphate complex when the. high dietéryrbalcium ration was given.
This result was in accordance with the assumption of Gill et al13l)
that most of the .food phosphate was converted in the gut to the
non-absorbable calcium phosphate. The totalrphosphorus'cdntent
in digesta tended to be increased in the sites of the middle
and the lower part of small intestine, cecum and colon when tﬁé
dietary'calcium‘level increased. This result would be due to
that unabsorbable calcium phosphate complex was formed in the
intestine and the absorption of phosphorus was decreased with the
addition of calcium carbonate to the ration.

An evident difference was not found in sodium énd potassium
concentrations in supernatant among treatment groups. However,
the total sodium and potassium contents in digesta were lower
in the sites of cecum and colon in high dietary calcium ration
" than in low dietary calcium ration. The solubility of sodium
and potassium in digesta were higher than those of calcium,
phosphorus and magnesium. Therefore, this result would be induced
by high solubilities of sodium and potassium.

32,67,81) :
It was reported by some workers that sodium and potassiu

were effectively absorbed in large intestine. The lower contents

of sodium and potassium in the sites of cecum and colon would be
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resulted from the absorption of these minerals.

Sodium and.potassiumleontents in rumen digesta were also
decreased as 1ncrea51ng the dletary calc1um 1evel Thls may be
ow1ng to the decrease in sodlum and potassrum excretlon through
'sallva or the 1ncrease in absorptlon of these mlnerals through
rumen, Yang and Thoma;ﬂ4?rnd1cated the absorptlon’of_sodlum and
potasslumﬂfrem:rumen wali‘ o # -

The ﬁaénesium, sodlum and pota551nn concentratlonsrln
supernatant were 1ncreased 1n the upper part of small lntestlne.
Ben~Ghedalla et aer) and Perry et al. 80) uggested the magne51um
secretlon 1n the upper part of small 1ntest1ne._Perry et al. 80}
~also reported that‘sodlum and potassrum were exereted 1n»the
npper part of snall intestine; Thezresulr fqundrin_thisiexperiment

-supported these observations.
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Summary

This ekperiﬁent,was.cbnducted toaéﬁhdy-theléffeét'of:dietary
calcium-level on the concentration and the solubility of minerals
in the digestive tract.

Six wethers were divided into three groups, two wethers each,.
The each group was given the rations which was adjusted to 0.1,
0.6 and 1.2 % of calcium contents by adding calcium carbonate
and 0.6 % of phosphorus by adding disodium phosphate to the ration.
After sixtyseven days feeding, all sheep were slaughtered at two
hours after the morning feed. Digesta samples were collected from
rumen, omasum, abomasum, upper small intestine, middle small
intestine, lower small intestine, cecum and colon. Polyethylene
Glycol 4000 (PEG) was utilized as a marker and the concentrations
of supernatant was showed as corrected values with this marker.

The calcium concentration in supernatant and the calcium
solubility appeared to be heightened as decreasing the pH value
of digesta when the ration contained 0.6 and 1.2 % calcium. The
phosphorus concentration in supernatant and the phosphorus
solubility were lowered and the total phosphorus content of
digesta was increased in the middle and the lower part of small
intestine, cecum and colon as increasing the dietary calcium
level. This result suggests that unsoluble calcium phosphate
complex was formed in the gut and the absorption of phosphorus
was interfered by giving a high dietary‘calcium ration.

The total sodium and potassium concentrations of digesta
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were lowered in cecum and colon which high dietary calcium
rations were given., The decrease‘qf sodium and potassium contents
of digesta may be resulted from the increase of the absorption

of these minergls,
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CHAPTER 6 EFFECT OF VITAMIN A DEFICIENCY ON MINERAI METABOLISM

AND INCIDENCE OF URINARY CALCULI

It was reported that vitamin A'deficiency might occur in
fattening cattle when high-concentrate and low roughage rations

5)

were given94). Schmidt7 reportéd that goats given a low vitamin
A ration developed urolithiasis. However,. Beeson et,al.s) and
Lindley et al.57)indicatedrthat the occurrence of urolithiasis
did not increase when sheep were given a vitamin A deficient
ration;_SWingle and Marshgﬁ)and Elam et al;zlglso found”ﬂo”
relationship between vitamin A deficiency and the occurrence of
urcolithiasis in cattle and sheep.

The present experiment was conducted to find the relationship
betweeh vifaﬁin A deficiency and the occurrence of urolithiasis
by studying the effects of vitamin A deficiency on urine.and

serum mineral concentrations and the morbid changes of urinary

organ.
’ Materials and Methods

Trial 1 : Six wethers, averaging about 35 kg, were given
a low vitamin A ration for approximately five months froﬁ éummer
to winter. After then, a level of 2000 I.U. of vitamin A per head
was supplemented to the ration daily during Successive one month.
Urine énd~éérum samples were obtaineduduring‘thé last week of .

the fifth month after the beginning of the experiment,
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low vitamin A period, and the last week of vitamin A supplemented,
sixth month,. The ration was given twice daily and water.was
available at all times. The composition of basal ration and its
mineral content are shown in table 6-1 and 6-2.

Table 6-1 Composition of low vitamin A rations

Ingredients Trial

‘ 1 2
Barley . ‘ , , 20 % 48 %
Ground corn | | 36 ' | -
Wheat bran | o 12 12
Rice bran ° ’ S 5.6 ' - 1e
Soybean meal o . - 4.8 . .4
Rice straw 20' 20
Sodium chloride - ' 0.8 -
Calcium carbonate S : 0.8 I

Table 6-2 Mineral compoéitionTOf the basal rations

(3 of air: dry matter)

Mineral = - o : , E . Trial
e 12
Calcium o , 0.38 0.20
Phosphorus | . 0.52 — 0.85
Mégnesium ' ‘ ‘ 0.17 ‘ 0.27
Sodium : o . 0.38 0.30
Potassium 0.64 0.84
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Urine samples were cbtained at ten o’clock every morning
from each wethers. After determining the PH values, a few drops
of acetic acid and toluen were added to the urine samples and
stored in the stocker at ;20_C=for analysis. Blood samples were
obtained by jugular vein puncture and stored for analysis. Serum
and liver vitamin A values were determined by the modified method
of the Association of Vitamin_Chemists3). The analytical methods of
mineral concentration.in urine and serum were the same as those
in chapter 4.

Trial 2 : Four wethers, averaging about 31 kg, were alloted
to two groups two.wethers each. The low vitamin A ration shown
in table 6-1 was given to all-wéthers for one year. The supplement
of 3000 I.U. of vitamin A and 200 I.U. of vitamin D pef head a
day were given to one group (vitamin A supplemented) and were
not given to another group (low vitamin A). Urine and serum
samples were ohtained in.the last week of one year experimental
period. Sampling and.analytiéal‘procedure were similar to those
used in trial 1. After collecting the urine and the serum samples,
all wethers were slaughtered and liver samples were obtained in
order to determine vitamin A levels of the livers. The tissue
samples from the kidney, the bladder and the urethra were
collected from every wethers and these samples weré-placed in.
formalin, embedded in paraffin and stained in two ways, with

hematoxylin and eosin and with-hematoxylin and PAS.
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Results

Trlal 1l : The levels of plasma vitamin A throughout the
experlment are shown in table 6-3. The plasma v1tam1n A level
at the end of low vitamin A period was decreased in one third
when compared to that of the beginning, The plasma vitamin A
level in the vitamin A supplemented period went back to the
initial level. The data»ofpurineland‘serum mineral levels in
trial 1 are shown in table 6-4.

There appeared to be no obvious differences in the urine
and serum mineral levels between the low vitamin A period and
the vitamin'A'supplemented'period.’ThOugh the urine volume tended
to be larger and the urine pH to be lower in the low vitamin A
period than in the vitamin A suppleﬁeuted period. However, these
diffetehces betWeenibothrperiods were hot.slgnificant:”

Trial 2 : The result of this trial is shown in table 6-5
and 6-6. The liver vitamin A level of the low vitamin A group
was decreased about one twentieth of that of the supplemented
group. Particularly, that of wether No. 4 was so low that this
animal seemed to be led to vitamin A deficiency. Urine and serum
mlneral 1evels of wether No. 3 in the low vitamin A group were not
different from those in the vitamin A supplemented group.

However, the urine volume of wether No. 4 appeared to be
25 % to 50 3 less and urine phosphorus, potassium and ammonia

levels of,the same animal were apparently higher than those of
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Table 6~3 Plasma vitamin A level in wethers (Trial 1)

Period - - B e L Plasma vitamin A
{mcg/100 ml)

Beginning of trial - S 98 + 14
End of low vitamin A period | 32 + 4
End of vitamin A supplemented'§eriod _ 84 + 14

Table 6-4 The effect -0of low vitamin A on urine and serum mineral

levels in wethers (Trial 1)

vitamin A supplemented Low vitamin A

period period
Urine values, mg/100 ml
Calcium 0.78 0.86
Phosphorus _ _ 78.1 ‘ 71.3
Magnesium 30.9 4 | 26.1
Sodium = - - - - 245 235
Potassium 414 453
Chloride . -369 .- 423
Urine_yolume, ml ' ﬂ,';- 4814 o S 1114
Urine pH o T gu12 7.76
Serum values, mg/100 ml o
calcium . 8.37 8.6l
Phosphorus 10.0 | 11.1
‘Magnesium 3.28 o . 3.03
 Sodium - 339 “ 346
) Potassium ) - 20.6 L 24.1
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Table 6-5 Effect of vitamin A deficiency on urine and serum mineral

levels (Trial 2)

re——

Group | '~ Vitamin A supplemented Low vitamin A
__Wether No.l No.2 ) No.3 No.4
Iiver vitamin A, mcg/g 53.7  24.3 3.7 0.5
Urine values, mg/100 ml
Calcium 1.16 0.80 0f32 0.45
Phosphorus 47.6 23.8 35.0 193.3
Magnesium 16.3 12.7 13.0 31.6
Sodium 14.0 6.6 14,2 12.9
Potassium 182 120 155 714
Chloride T 117 154, 198 132
Ammonia ' 141 96 89 693
Urine volume, ml - 1369 2354 2619 675
Urine pH | 8.53  8.27 . 8.64  8.79
Plasma values, mg/100 ml '
Phosphorus 11.5 9.8 8.2 13.4
Magnesium 3.1 4.3 4.8 3.3
Sodium 344 354 350 369

Table 6-6 Effect of vitamin A deficiency on urine mineral

excretion (Trial 2)

( mg/day )
Group Vitamin A supplemented Low vitamin A
Wether _ ~ No.l No.2 No.3 No. 4
calcium 15 20 9 3
Phosphorus 646 451 936 1262
Magnesium 216 305 374 - 179
Sodium 199 192 351 78
Potassium 2545 2689 4089 4733
Chloride 1362 3285 4667 908
Ammonia 1984 2014 2348 4950
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other wethers. The urine magnesium and the serum phosphorus of

the same animal appeared to be somewhat higher than those of

other wethers. The results of microscopic examination of the

" kidney, the bladder and the urethra are shown in table 6-7 and -

figures.

Table 6-7 Characteristics of renal morbid changes

Group'of wethers

Morbid changes

Vitamin A

Low vitamin

supplemented . A

Renal pelvis
Desquamated epithelium cells - o+

‘Renal tubule .

'Deéquamated epithelium cells + ++
Disappearance of nuclei - 4t
Atrophy - +
Necrosis . - +
Polysaccharide urinary casts + ++
Granular protein substance - ++

in glomeruli
The symbols, -, +, ++,E+++, show the severity of lesions

(-: normal, +: mild, ++: moderate, +++: severe).
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At the autopsy, there appeared to be no difference in
weight, shape and color of the kidneys between the low vitamin
A group and the vitamin A supplemented group. Urinary calculi were
not found visually in the urinary organs of all wethers, while
sand-like micro calculi were found in the peiVis of the kidney
of wether No.4 by microscopic examination (fig. 6-1). Though
PAS positive urinary casts in renal tubule were found in all
wethers, the amount of them was higher in the low vitamin A
group. than in the vitamin A supplemented group.

Some morbid changes were observed in the renal tubule of
the low vitamin A wethers. The desquamated renal epithelium
including PAS positive materials were also found in the pelvié
of the low vitamin A wethers (fig. 6-2 and 6-3). These renal
morbid changes suggested the occurrence of nephrosis in. the
kidney. The separation.of=transitional.epithelium‘was found in
the bladder and the urethra of the low vitamin A wethers. On the
other hand, the kidney, the bladder and the urethra of the
vitamin A supplemented wethers were little affected (fig. 6-4

and 6-5) ..
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Discussion

86)

Swingle and Marsh reported that the average liver vitamin

A level in‘éalves of the deficient group was 1.4 mcg per g and

Zl)alsO'reported

some of them had nightblindﬁeSS. Elam et al.
that'the average 1iVer vitaﬂin A content in the déficient steers
having nightblindness was 0.33 mcg per g. Recently, Kohlmeir et
a1.49)reported that no dietary vitamin A was required for good
feedlot performance as long as plasma and liver vitamin A levels
remained above 25 mcg per 100 ml and 2 mcg per g, respectively.

The plasma vitamin A in the end of the low vitamin A pe:iod
in trial 1 was 32 mcg per ‘100 ml. Therefore, the animals might
not need the supplemental vitamin A to maintain normal funétion.
This may be the reason why the obvious differences were not
found in the urine and the serum mineral levels between the low
vitamin A period and the control period. Liver vitamin A level
of the wether No. 3 and No. 4 of low vitamin A group in trial
2 was 3.7 and 0.5 mcg per g, respectively. Liver vitamin A level
of wether No. 3 seemed to be low but not below the critical
level, while that of wether No. 4 might be belowlthe critical
level of vitamin A deficiendy;

In this experiment, the urine volume of wether No. 4 was

101)

less than those of the other wethers. Woelfel et al.- reported

that the urine volume was increased in vitamin A deficient
1.98)

heifers and Webb et a reported that the similar result in
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92)

ewes, However, Webb et ‘al..9 indicated~iﬁ'the following report
that glomerular filtration rate and renal plasma flow were
significantly decreased in vitamin A deficient ewes.:
The,inc;ease of the urine phosphorus level was found in the
wether No. 4 in the low vitamin A group. This observation was

101)

in agreement with the report of Woelfel et al. and Webb et

a1.98,99)

.. As previously mentioned in chapter 3; the. increase of
the urine phosphorus level may cause'ﬁhe formation of urinary
calculi in ruminants.

Urine magnésium and potassium levels appeared to be higher
in wether ﬁo, 4 than those in other wethers. While, daily
excretion of urine magnesium and potassium in wether No. 4 was
not different from those in the others. Therefore, the increase
of urine magneSium and potassium levels may be caused by the
decrease of the urine volume in the vitamin A deficient wether.

There seemed to be no difference in urine calcium, sodium
and chloride concentrations between wether . No. 4‘and,the other
wethers. However, daily excretion of urine calecium,'sodium and
chloride were lower in wether No. 4 than those in the others.
This result was in agreement with the results of Webb et al.gB).

Urine ammonia level and daily excretion of urine ammonia
were evidently increased in the vitamin A deficient wether. As
previously mentioned (chapter 2); urinary calculi which were

found in the prepuital hair seemed to be made :of magnesium

ammonium phosphate. Therefore, it was suggested that the

- 110 -



formation of urinary calculi in the prepuce and the prepuital
hair might be accelerated with the increase_of urine ammonia
level. But the effect of urine‘ammopia level on calculi formation
in the kidney, the bladder and the urethra was not known clearly.
‘Plasma phosphorus level was found to be higher in the

98')also

wether No. 4 than those of the others. Webb et al.
reported that plasma phosphorus level was increased in vifamin

A deficient wethers. However, Swingle and Marshse);eported that
there was no difference in plasma phosphorus level between
vitamin A dificient calves and the control. The different result
of these studies may be due to the degree of vitamin A deficiency.
Liver vitamin A level was 0.5 mcg per g in this experiment and

l.4 mcg per g in the study of Swingle and Marshse). Some

workersg'16'24)indicated that the increased serum phosphorus
level may be associated with the occurrence of urolithiasis.

It was found in the low vitamin A wethers that the kidney
had nephrosis and the epithelium of the bladder and the urethra
were also affected to some extent. Micro calculi were found in
the kidney of the vitamin A deficient wether. Higgins et al.37)
reported that the incidence of keratinization of the epithelium
in the urinary tract and urolithiasis were increased in vitamin
A deficient rats. Schmidt75)reported that a large masses of
desquamated materials, and cast-off cornified epithelium cells

were found in the pelvis of the kidney, and the occurrence of

urolithiasis were increased in vitamin A deficient goats.
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Prien70)discussed in his review that blood clot and -

desquamated epithelium might become the nuclei and accelegate
the formation of urinary calculi. However, some workerss’16'24)
reported that there was no relationship between vitamin A
deficiency ahd the occurrence of urolithiasis in sheep and
cattle.

Sincé the urine and serum minerél'leveis andﬂhiéﬁological
changes of urinarf organs may be cauéea by.onlf the‘seridus
vitamin A deficiency, it may be safe to consider that vitamin
A dificiency becomes a causative factor of urinary calculi, but

is not a essential one.

- 112 =



Fig. 6-1 Sand-like micro calculi Fig. 6-2 Disappearance of nuclei

were found in the pelvis of the epithelium cells and desquamated

kidney of the vitamin A deficient renal epithelium cells in the low

wether, x 400, HE staining. vitamin A wether, x 200, HP staining.
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Fig. 6-3 Desquamated epithelium - Fig. 6=4 Normal renal tubule of

cells in renal pelvis of the low the vitamin A supplemented wether,

vitamin A wether, x 200, HP x 400, HE staining.

staining

23

Fig. 6-5 Norma
the vitamin A supplemented wether,
X 200, HP staining.
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Summary

The present experiment including ten wethers was conducted
to examine the relationship between vitamin A defiqiehcy and
t+he occurrence of urolithiasis by studying the effect of vitamin
A deficiency on urine and serum mineral concentrations and
the morbid changes of urinary organ.

Micro-calculi were found by microscopic examination in
‘the renal pelvis of the vitamin A deficient wether, but not
in vitamin A supplemented wethers. The urine voluﬁe of the
vitamin A deficient wether appeared to be smaller than the
vitamin A supplemented wethers. The amount of urihe phosphorus,
potassium and ammonium and the serum phosphorus of the vitamin
A deficient animal seemed to increase, It is suggested that
thelincrease of the urine phosphorus and ammonium levels may
- be 6ne of thé causes of the urinary.calculi formation.

The occurrence of nephrosis was found in the kidney of
the low vitamin A wethers and these animals had some amount
of the desquamated epithelium of the bladder and the urethra.
The desquamated epithelium may become the nuclei cf urinary
calculi.

However, the changes of the urine and serum mineral
concentrations, and the histological abnormalities of urinary

organs were found only among serious vitamin A deficient

animals. Therefore, vitamin A deficiency may become a causative

factor of urinary calculi, but may not be a essential one.
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CAHPTER 7 EFFECT OF ADDITION OF AMMONIUM CHLORIDE ON MINERAL

METABOISM AND INCIDENCE OF URINARY CALCULI

SECTION 1 Effect of Ammonium Chloride Administration on Urine

and Serum Mineral Levels in Wethers

Several dietary supplements have been shown to reduce the
incidence of urinary calculi in sheep and cattlelo'll'27'89'90)_
Ammonium chloride seemed to be most effective against urinary
calculi among these supplementsll’lS): Uesaka et al.93)reported
that ammonium chloride was effective in the treatment and the
prevention of urolithiasis in fattening steers in Japan.
However, the mechanism of ammonium chloride against urolithiasis
has not been clarified yet. If the cause why ammonium chloride
is effective may be known, the inducing factor of urinary calculi
may be demonstrable.

There are two experiments in this chapter, that is, in vivo
and in vitro, Firstly, the changes of urine and serum mineral
composition were examined when ammonium chloride was given to
wethers. And then, the mechanism of ammonium chloride was
studied by preparing the similar changes in vitro which was
found in urine composition.

The object of the: experiment in section 1 was to determine
the effect of ammonium chloride on the urine and serum mineral

levels and mineral retention.
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Materials and Methods

This experiment consisted to four trials. The effect of
ammonium chloride in the urine and serum mineral levels was
examined in three trials and the fourth was the mineral balance
trial. The composition of basal ration and its mineral content
are shown in table 7-1 and 7-2.

The ration was given twice daily and water was provided ad
libitum. Ammonium chloride was given at the level of 1 % of the
ration. Sampling procedure and the method of mineral analysis
were the same as those in chapter 4.

Trial 1 : Four wethers about 30 kg in weight were fed for
70 days in winter. After feeding for two months, all wethers were
given the ration supplemented with ammonium chloride for two
weeks. Urine and serum samples were obtained at one week before
and after ammonium chloride was given. |

Tria172 : Six wethers, averaging about 37 kg, were fed for
six weeks in early spring. All wethers were given ammorium
chloride during the thifd and the fourth week. Urine and serum
samples were obtained during the fourth week, and during the
second and the fifth week as controls;

-‘Trial 3 : Four wethers, averaging approximately 31 kg, were
divided into two grou?s, twe wethers each and wererfed for four
weeks in summer. The one group was administered ammonium chloride
and the other group was left for the control. Urine and serum

samples were obtained during the fourth week.
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Table 7-1 Composition of the basal rations

Ingredients Trial _

) 1 2 3 and 4
Barley » R 20 % 20 & 48 %
Ground corn 45 45 -
Wheat bran- =~ - ' 12 12 12
Rice bran . S 6 16
Soybean meal _ 5 5 4
Rice straw 20 20 20
Sodium chloride 1 1 -
Calcium carbonate : 1 1 -

Table 7-2 Mineral composition of the basal rations

Minerals _ ' Trial

(¢ of dry matter) 1 2 3 and 4
Calcium - - - 0.34 0.38 0.20
Phosphorus ‘ 0.51 0.52 0.85
Magnesium 0.17  0.17 0.27
sodium | | 0.51 0.38  0.30
Potassium - : 0.85 0.64 0.84
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Trial 4 : The'effect of ammonium chloride on mineral
retention was examined. The same wethers, rations and experimental
design were used as trial 3. After preliminary ten days from the
beginning of the trial, urine and fecal samples were obtained

for seven days.
Results

Tﬁé symptoms of urolithiasis was noticed in two wethers at
the first sampling in trial 1 and these wethers were given
ammonium‘chloride_at the level of 1 % of the ration daily until
the symptoms of urolithiasis disappgared. Therefore, the second
sampling was delayed about one month. In trial 2, 3 and 4, bloody
urine wasnobéervéd, hut urolithiasis did not occur.

| The results of urine mineral concentrations, urine pH values
and urine volumes are shown in table 7-3. In three trials, the
administration of ammonium chloride increased the urine calcium
and chloride leﬁels and decreased the urine pH. The urine
phosphorus level was slightly increased after the administration
of ammonium chloride.

There were sdme differencesAin the urine mineral concentrations
and tﬂe urine volume among three trials. The uriné calcium level
was lower and the urine phosphorus level was higher in trial 1
and 3 than those in trial 2. The sodium and chloride levels of
urine were apparently lower in trial 3 than in trial 1 and 2.

Serum data from trial 1,2 and 3 are shown in table 7-4.
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Table 7-3 Effect of ammonium chloride administration on urine

volume, pH values and minerai levels

i

Trial 1 2 3
Treatment . . Control +NH

401 Control +NH4Cl Control +NH4C1

Urine values,

mg per 100 ml

Calcium 0.8 32.3 4.3 36.5 0.4 9.0
Phosphorus 140 213 27 29 120 132
Magnesium 6L 74 67 41 26 28
Sodium : 382 276 244 252 . 1.3 13.3
Potassium 610 ' 594 564 378 323 298
Chloride | 577 953 522 983 139 274
Urine volume, ml 651 794 - 817 1003 2690 3451
Urine pH 6.95 5.52 8.17 6.85 7.16 6.36

Table 7-4 Effects of ammonium chloride on serum mineral levels in

wethers
Trial - . 1 _ 2 3
Treatment Control +NH4C1 Control +NH4C1 Control +NH4C1
Serum values,
mg per 100 ml
Calcium 6.7 6.2 11.0 11.4 - -
Phosphorus . 10.7 10.2 7.2 6.7 11.0 11.0
Magnesium 3.4 3.3 3.3 2.9 4.7 2.9
Sodium 388 347 400 346 358 364
Potassium 21 20 19 21 - -




Ammonium chloride administration appeared not to affect the
serum mineral levels except magnesium. When compared with the
control, the serum magnesium level tended to decrease slightly
in wethers given ammonium chloride. The serum calcium level
appeared to be lower and the serum phosphorus level to be higher
in trial 1 than those in triai 2. |

The result of the mineral balance trial, trial 4, are shown
in table 7-5. The urine calcium excretion was considerably higher
in wethers administered ammoniﬁm chloride than those in the |
control wethers. But the calcium excretion in the urine was much
lower than that of fecal excretion. And the calcium retention
appeared to be the same between thée control and the treatment
animals. The excretion of urine phosphorus appeared to be slightly
higher and the fecal excretion of phosphorus to be lower in
the treatment group than in the control. The fecal sodium excretion
in wethers given ammonium chloride appeared to be decreased to
one half of the control. The sodium retention appeared to be
increased in the treatment group. Ammonium chloride administration

appeared not to affect magnesium and potassium retentions.
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Table 7-5 Effect of ammonium chloride administration on minerél

balances
i o ( g per day )
Control - +NHACL

Wether No. 1 2 Mean 3 4 Mean
Calcium _ A |

Intake 3.17 3.58 3.38 3.38 3.46 3,42

Urinary excretion 0.009 0.003 0,006 '0.129 0,068 0.099

Fecal excretion 2,51 1.84 2.17 2,06 2,20 2,13

Retention 0.65 . 1.74 1.20 1.19 1.19 1.19
Phosphorus

Intake 6.94 7.84 7.39 7.38 7.57 7.48

Urinary excretion 0.94 1.26 1.10 2.45 0.78 1l.62

Fecal excretion 2.94 2.55 2.74 1.30 2.86 2.08

Retention 3.07 4,03 3,55 3.64 3.93 3.79
Magnesium

Intake -2.,19 2.47 2.33 2.33 2.39 2.36

Urinary excretion 0.37 0.18 0.28 0.28 0.32 0.30

Fecal excretion 1.11 1.18 1.15 l1.26 0.96 1.11

Retention 0.71 1.11 0.91 0.79 1.10 0.95
Sodium _ _

Intake 2.49 2.81 2.65 2.65 2,72 2.68

Urinary excretion 0.35 0.08 0.22 0.34 0.12 0.23

Fecal excretion 0.52 0.44 0.48 0.12 0.30 0.21

Retention 1.62. 2,29 1.96 2,18 2,30 2.24
Potassium

Intake 6.290 7.80 7.35 7.34 7,53 7.43

Urinary excretion 4.09 4.73 4.41 5.88 3.43 4.66

Fecal excretion - 1.33 1.31 1.32 0.32 1.93 1.13

Retention 1.48 1.76 1.62 1.14 2.17 1.65

- 121 -



Discussion

It was found in this experiment that urine pH values were
lowered by the administration of ammonium chloride. Elam et al.2l)
reported that magnesium and phosphorus, the principal constituents
found in calculi, were insoluble in alkaline solution and the
effect of decreasing urine alkalinity may prevent the precipitation

6) 3) 4)

of these minerals. Johnson4 , Elliot et al.2 and Suby8

reported
that the solubility of magnesium ammonium phosphate increased
when the concentration of hydrogen ion increased. On the other
hand, Lindley et a1.57)showed that there were no apparent
association between the occurrence of urolithiasis and the

difference of the urine pH. Udallgo)

also indicated that the urine
pH was decreased by feeding phosphoric acid, but no corresponding
difference was found in the occurrence of renal calculi. As
previously mentioned (chapter 3), the urine pH may have little
effect on the formation of urinary calculi. However, it is,
conceivable that the main function of ammonium chloride is to
decrease the urine pH, which prevents the formation of urinary
calculi.

It was found in this experiment that ammonium chloride
increased the urine calcium excretion, while the amount of the
fecal calcium excretion and retention were little affected.

0)

1 . . . |
Bushman et al. ' suggested that the increased urine calc1um level
may not affect the reduction of urinary calculi, and the decrease

of urine pH may increase the urine calcium level.
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It was found in this experiment that urine chlofide level
was increased by giving ammonium chloride. Udall and Chow? L)
reported that the administration of sodium chloride redﬁced the
‘occurrence of urolithiasis due to the increased urine chloride
ion which caused ion competition around calculi. Bushman et al.ll)
postulated that the increased urine chloride level did not protect
against calculi formation.

The serum magnesium level décreased in wethers when ammonium

1)

s . 1 -
chloride was given. Bushman et al. also reported the similar

result. Packett and Haushild64), Crookshank et al.l6)and Kunkel

et al.51)

reported. that high serum magnesium levels were found
in sheep developed urolithiasis. However, it was not known
clearly whether the decrease of the serum magnesium level has
a direct effect to the reduction of urolithiasis or not.
The urine volume appeared to be increased a little by
feeding ammonium chloride. Since ammonium chloride has been used
as a dieuretic, fhe increase of urine volume may be natural.
It was considered that the increase of urine volume would lead
to the dilution of urine minerals and other urine components,
and interfere the formation of urinary calculi. This was supported

62)

by the wo:k of Newsom et al. , urine volume was low in sheep

which developed urqlithiaéis. However, the prevention on calculi

formation by increasing the urine volume may be limited, because

5)

. . . . ' 8
the increase of urine volume is not so large. Swingle and Marsh

2)

and Udall et al19 reported that the increase of urine volume

had no effect on reducing the occurrence of urolithiasis.
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lo’ll)showed that there was no increase of

Bushman et al.
the urine sodium level by giving ammonium chloride. In this
experiment, the increase of urine sodium level was found in
wethers given ammonium chloride in trial 3, while any change in
urine sodium was not found in the treated wethers in trial 1 and
2. The urine sodium level was remarkably lower in trial 3 than.
in trial 1 and 2. This result may be due to that sodium chloride
was not supplemented in- trial~3. It was considered that the
administration of ammonium chloride might affect the urine sodium
level, but its effect might depend on the amount of sodium present
in the body. As previously mentioned (chapter 3}, the occurrence
of urolithiasis was associated with the high urine sodium level.
Therefore, the increase of urine sodium level seemed nhot to reduce
the occurrence of urolithiasis. This assumption was supported

by the report of Udall and Chowgl) 1)

and Bushman et al. that there
appeared to be no relationship between urine sodium level and
the occurrence of urolithiasis.

When compared with the control, the fecal sodium excretion
was decreased and the sodium retention was increased in wethers

ll)showed that

given ammonium chloride. While, Bushman et al.
there were no differences between sheep given ammonium chloride
and the control animals in the fecal sodium excretion and the
sodium retention. The contradiction between two studies might

be due to the different degree of the urine pH depression caused

by the administration of ammonium chloride. By giving ammonium

chloride, the urine pH was depressed about 0.8 in this experiment,
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11
and about 0.38 in the report of Bushman et al. ). The effect

of the administration of ammonium chloride on the fecal sodium
excretion and the sodium retention seemed to be related to the

acid-base balance in an animal body..
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Summary.

Four trials, utilized eighteen wethers, were conducted to
determine the effect of ammonium chloride on the urine and serﬁm
mineral levels and mineral retentions. Ammonium chloride was
given at the level of 1 % of the ration daily.

When compared with the control wethers, the urine volume
of animals_given ammonium chloride tended to increase slightly
and the difference of the urine pH values between tﬁe control
and the treated animals were 0.86 and 1.43.

The administration of ammonium chloride increased the
urine calcium concentration 10 to 40 times, doubled the urine
chloride concentration and decreased the serum magnesium level
to some extent. When ammonium chloride was given to animals of
which the urine sodium was low, the urine sodium level increased
10 times, fhe fecal sodium content tended to decrease, and sodium
retention increased.

Among these effects of ammonium chloride, the reduction of
the urine pH value. seemed to be the main factor to decrease the

incidence of urolithiasis.
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SECTION 2 The Mechanism of Ammonium Chloride on the Prevention

of Urolithiaéis

The experiment in section 1 of this chapter showed that the
addition of ammonium chloride to a ration had increased the urine
volume and the urine concentrations'of calcium, sodium and chloride,

and decreased the urine pH value in wethers.

Though the increase of urine volume méy be expected
to ?revent urolithiasis, the relation between the changes
of uriﬁe components and the treatment of urinary‘éalculi is
not definitely known. Assuming the changes'of urine components
by giving_ammonium chloride, these conditions were prepared
in vitro.

This experiment was conductéd fo determine the.mechanism
of ammonium chioride through the changes of solubilities of
magnesium phosphate and magneéium ammonium phdsphéte in

in vitro condition.
Materials and Methods

In this experiment, the solubilities of magnesium
phosphate (MgHPO4-3H20) and magnesium ammonium phosphate
(MgNH4PO4-6H20) were examined when pH values and the levels

of calcium, sodium chloride and ammonium were changed in

tris-maleate buffer solutions. Two grams of magnesium’
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phosphate or magnesium ammonium phosphate were added in 300
ml aliquots of buffer solution in a tightly stoppered flask.
The flask was incubated at 39°C and was shaken on a mechanical
shaker for 6 hours.

The pH values of buffer solution were changed approximately
5.5, 6.5, 7.5 and 11.5 through the changes of tris-maleate
and sodium hydroxide ratio. Calcium concentrations in buffer
silution were varied to 0, 10, 20, 30 and 40 mg% by the
addtion of calcium chloride or calcium carbonate. Sodium
concentrations in buffer solution were varied to 0, 200, 400,
600 and 800 mg% by the addition of sodium acetate or sodium
sulfaﬁe. Chloride levels were varied to 0, 200, 400, 600 and
800 mg% by the addition of sodium chloride. Ammonium levels
were varied to 0, 200, 400, 600 and 800 mg% by the addition
of ammonium sulfate or ammonium chloride.

Except for the trial with pH changés, pH values in
aliquots of buffer solution were adjusted approximately to
8.0 which was normal pH.value in cattleés) . Samplés of 5
ml were taken from each flask at intervals of 0, 1, 2, 4 and
6 hours after the beginning of shaking. The pH values were
determined in each sample soon after taking samples with a
glass rod pH meter. Then these samples were centrifuged at
3000 rpm for 30 minutes, and the concentrations of
phosphorus and magnesium in supernatant were determined by

_ 29 .
the method of Fiske and Subbarow )and by atomic absorption
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spectrometer.respectively,

Results
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As shown in figure 7-1-1 and 7-1-2, the solubilities
of magnesium phosphate and,magnesium ammonium phosphate were

- higher in buffer solutions of low pH than in solutions of
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high pH. This trend was more obvious in magnesium ammonium

phosphate than in magnesium phosphate.
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shaking with MgliP0,> 31,0 and MWL PO, . 6H,0
";Asthqwn'in figure 7-2, the phosphoruS'éoiubility after

shaking with magnesium phosphate and magnesiﬁm'éﬁmbnium
phosphate téndéd to be décreased by increasing the calcium
concentration. On the bthér hand, the magnesium sQlubility
appeaféd to bé increaseﬁ with the elevation of calcium
concentration after equilibration with magnesium ?hosphate.
The result of this trial, which used calcium carbonate as
calcium additive, was.similar to that.which-used_Calciuﬁ

chloride .
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In figure 7-3, slight increases in'p

- magnesium solubilities were found by addi

as sodium salts when equilibrated with ma
phosphate. However, there was.iittle chan

of phosphorus ana magne51um equlllbrated

hosphorus and
ng.sodihm‘acetate.
gnesium ammonium

ge in the solubility

w1th magne51um .

phosphate. The effect of sodlum sulfate was 51m11ar to that

of sodium acetate»on the solubilities of

and magnesium ammonium phosphate.
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As shown in figure 7-4, the increasing of chloride
concentration caused only slight increases in phosphorus and
magnesium solubilities after eqguilibration with magnesium
ammonium phosphate. And noticeable changes were not found in
phosphorus and magnesium solubilities by increasing the chloride
concentration in buffer solutions When-eéuilibrated‘with
magnesium phosphate. |

© The results.obtained by the addition of ammonium saltsito
aliquots Qf buffer solution were shown 'in figure 7+5. In the
range from 0 to 400 mg%, the phosphorus solubility was decreased‘
slightly and in the range from 400 +o 800 mg% “the phosphorus |
solubility was increased slightly with the elevation of ammonium
level after the equilibration with magnesium phosphate. The
magnesium solubility was also decreased at the ammonium level
of 400 mg%. Likeﬁise; when equilibration with magnesium ammonium
phosphate,lthe‘phosphOrus solubility was decreased in the range
from 0 to 600 mg% with increasing ammonium concentration; this
trend was especially evident‘in the range from 0 to 200 mg%. The
magnesium solubility was not so clearly ‘changed with the
variation bf“ammonium.level when magnesium ammonium phosphate
was used as a Substfate.

- It was found in all trials that phosphoruS'mofesreadily
dissolved than maénesium.'The'solubility.of phosphorus was
substantially higher'thanfmégnesium when magnesium phosphate

was ‘used as a substrate.
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Discussion

‘From the results of this‘experiment, it is evident that
a decrease of pH would increase_the-solubilities_of,magnesium
phosphate and magnesium ammonium phosphate., Thié bbservation is
supported by the report of Johnson46)that a decrease of pH wpuld
result in an increase_in‘the capacity of the_liquid\phase-td
Ahold_magnesium, phosphatg and ammonium in salt solution when
equilibrated with solid magnesium ammonium phosphate.

23{also_:eported that the solubility of

‘Elliot et al.
magnesium ammonium phosphate increased with increasing hydrogeh
ion copcentration. As.previously mehtioned, urine pH values
were decreased in pH ranges from 0.8 to 1.4 by the administration
of ammonium chloride in wethers} The-acidified urine, when given
ammoﬁium,chloride, seemed to increase the solubility of urinary
calculi. This may support the assumption by Bushman et al.lo'll)
that the mode of action of ammonium chloride would be through a
reduétion of urine pH in sheep. |

. When the calcium congentration increased in buffer solutiens,
the phosphorus level in supernatant liquid tended.to decrease
after the equilibration_wifh magnesium‘phosphaté.hThis result may
be caﬁsed'by thé formation of a complex of calcium and phosphorus
in the buffer_solﬁtion. When_urine,calcium levels are heightened
:by giving ammonium chloride, calgiumvand-phogphorus may combine

in urine and the decreased urine phosphorus level may interfere
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with the formation of phosphatic urinary calc¢uli. However, this
protective effect of heightened urine calcium level against
urolithiasis would be limited because the changiﬁg of solubility
of phosphOrus—wheﬁ'the variation of calcium levels was not so
severe. If the urine concentration of calcéium and phosphorus
are fairly high, then urinary calculi of calcium phosphate type
might be formed. However, when a high concentrate ration is
given to cattle and sheep, the urinary calculi of calcium |
phosphafe type will seldom be observed because a urine calcium
level is generally very low. | |

It was observed in this'experiﬁent that the solubility‘of‘
magnesium ammonium phosphate increased slightly as the sodium
concentretion'elevated-in'buffer'solutions.-Johnson et al.4®)
reported that increaeing'the concentration of sodium chloride,
sodium sulfate and sodium citrate had caused increases of the-
solubilitY'of-magnesium ammonium phosphate through the elevation
of icnic strength. Since the increase:’ of the solubility of
magnesium ammonium phosphate was slight, the giving of ammonium
chloride to the elevated urine sodium level would not correlate
with the preventlon of phosphatlc urollth1a31s. This indication

93)

is ‘supported by the sugqestlon of Uesaka et al. and Udall et

a1, 2%,

that there appeared to be no relationship between the urine
sodium level and the occurrenCe-of urolithiasis;
The-selubility of magnesium ammonium phoephate appeared

to increase slightly by increasing.the chloride-cOhcentrationﬂin-

- 134 ~



91'92)pOStﬁlated-that the

buffer solutions. Udall et al.
administration of sodium chloride reduced the occurrence of
urolithiasie due to the increased urine chloride ion which
caﬁsed.ion'competition around calculi. However, the éositive
relationship between the solubilities_of magnésium phosphate and
magnesium ammonium phosphate, and chloride concentratioﬁs in
‘buffer solutions,.was not definitely found in this experiment.
_Accordingly, this result méy not support the hypothesis of Udall
ot al_9-1,92)»_ , . '

It is known that fhe urine ammonium level is increased with
metabolic acidosig in ruminants77'78). But the urine ammonium
level will scarcely exCeed'GOO mg% even 1f the urine ammonium
level would be heightened with_acidbsis. Therefore, the elevated
ammonium level in urine may serve the forming of phosphatic
urinary calculi, but will not act_on.the prevention or treatment
of urolithiasis.

it was observed in all trials that phosphorus was more
réadilf dissolved in buffer solutions than magnesium. This céuse
was not definitely known, but it was suggested that phosphorus
and magnesium would not beidissolvéd simultaneously and magnesium
phosphate and magnesium émmonium.phosphate would be convérted to
other compounds. The conversion to other compounds may be more
obvious in magnesium phosphate than in magnesium ammon ium

phosphate,

AmOng the;changes of urine composition, which are induced
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by the administration of ammonium chloride, the decreased urine
?H will play the most important role in the prevention of

urolithiasis through increasing the solubility Qf_phosphatic

urinary -calculi.
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Summary

The mechanism of ammonium chloride on the prevention of
urolithiasis in fattening cattle was examined in vitro through
the solubility of magnesium phosphate and magnesium ammonium
" phosphate in tris~ﬁéleate-buffer soiution.

Two grams of magnesium phosphate of magnesium ammonium
phosphate were added to 300 ml aliquats of buffer Solution
in tightly étoppered flasks. These flasks were incubated at
39° C and were shaken on a mechanical shaker during 6 hours.
Samples of S ml were taken from each flask at intervals of
0, 1, 2, 4, and 6 hours after shaking. |

When pﬁ valués were decreased in buffer $¢luﬁi9ns'.the
solubilities of magnesium phosphate and magnesium ammonium
phosphate eievated clearly.'Phophorus concentrations in
supernatant liquids tended to be‘deCreasediby increasing the
calcium concenﬁration in aliqubts of buffer solution. This
result would be due to thé.formation of complex of calcium
and phosphofus;. |

Only slight.increases in the solubilities of mégnesium |
phoéphaﬁe and magnesium ammohium ?hosphaté were induced by
adding of sodium salts. In therranges from 0 mg% to 200 mg%,
and from 0 to 600, the éolubiiities of magnesium phosphate
and magnesium ammonium phosphate tended‘to be decreased

respectively with increasing the concentration of ammonium.
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Tt was suggested from these results that, among the effects
of ammonium chloride, the decreasing of urine pH would play the
most important role on the prevention of urolithiasis in’

fattening cattie. '
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GENERAL DISCUSSION AND'CONCLUSION_

Urlnary calcull were found 1n the kldney,.the bladder, the
urethra, the prepuce and the prepultal hair of fattenlng .cattle
fed w1th a hlgh concentrate ratlon, and the chemlcal comp051tlon
_of these calculi consrsted malnly of magne51um phosphate Qr
magneslum‘ammonlum phosphate. Among these urinary calculi, the
calcull which lodged 1n the urethra seems to cause dysurla, which
may lead urollth1a51s. Although the calcull 1n prepuce also

cause dysurla, urlnatlon 1s restored to normal after the removal.
of calcull._ | o | |
| It was shOWnkby chemlcal analy51s and mlcroscoplc examlnatlon
that there were some dlfferences between calcull in the kidney
“and those in the bladder and the urethra. Thls result may suggest
that the process of calcull formatlon in the kldney would be
somewhat dlfferent from that 1n the bladder and the urethra.

It was not deflnltely known whether the oalcull in the
bladder were made of mlcro calcull, whlch moved from the kldney,
or not The calculus in the bladder, whlch had many layers in
it, would become enlarged by the addltlon of mlnerals. Strong N
morbld changes of renal tubule were found in steers whlch had
urollth1a51s. In a v1tam1n A deflclent wether there was a
cons1derably large amount of desquamated eplthellum cells and
some of sand- llke micro calcull in the pelv1s of kldney, it may
be concelvable that desquamated eplthellum cells and/or bacterial

cells may become the nuclei of calcull, which grow up and become
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calculi in renal tubule or renal peivis; In aoditiOh,
/ mucopOIYSaCCharide‘seems to play a role to'ooncrete minerals
because PAS positivehhaterials-were found in calculi.

It may be pOssible‘rhat'calculi in the'bladder'moved into
the urethra and. formed calculi in the ﬁrethra sinoelthe”mineral
composition and CharacteriStios:of urinary.caioﬁli ih.the hladder'
and the urethra were similar. |

From the‘morphologioal findings'and'chemical'ana1YSes'of -
calculi,'fhe elevaticn in'urlne phosphorus and magne51um
conoehtrations,’hUClei of'calcull, mucopolysaccharlde and urine
ammonia concentration'may be major causes to form urlnary calculi;
while the decreasediurine'pﬂ seems to act as a‘prevehtive:factor
of u"r'o'l'it‘h'riasis.r

'The ihdﬁcing factors o change urine cOmposition are as
follows. | :

Dietary.faotors'{ The oocurrenCe'of uroiithiasis-was'found
-in’a latter half of the fatfehing”period when a high oonoentrate
ration was glven A concentrate ration commonly contalns hlgh
phosphorus and low ca101um in comparlson with roughage.
Therefore, a dietary mineral lmbalance, low calecium to phosphorus
ratlo, will be induced when a hlgh concentrate - low roughage |
ration is given. There may be a pOSitive relationship between
dietary'phosphorus content and urine phosphorus concentration.
Ahé‘fhe‘urineﬂphosphorus level was‘eVidently increased as

lowering dietary calcium to phosphorus ratio.

= 140 _':



‘A-concentrate ration, especially wheat bran and rice‘bran,
contéins.a-high level of magnesium., And so the ﬁrine-magnesium
levei may be alsc increased in cattle given a hiéh concentrate
ration. Thé incidenée of urinary calculi was found in steers |
when.urine‘phosphorus; magnesium and sodium-levels increased.
And thé-urinary"caiculi from cattle in Japan were shown to be
mainly,made.of phosphorus and_magnesiumt-Therefore,*it is
conceivable that the increase of-urine-phosphorus_ahd magnesium .
levels*which originated from dietary mineral1imbalances seem to
correlate with the incidence of ufinary caléuli.;.

Thé deficienéy of vitamin A may be indﬁced by. giving a_high
concentrate~lbw'foughage ratio. In particular,; the vitamin A
deficiency'is‘likely to occur when a low Quality of rbughage”is
fed in the winter seaSoh.'Asrshowh in this study, the renal
ﬂephrosis‘and.the increase of urine phosphorus were found in
wethers which had vitaminmA_deficiency; The desquamated epithelium -
cells induced by vitamin A déficiency may become the nuclei of

urinary calculi. It was shown by Uesaka et al.93)

that cattle .-
affected by urolithiasis have not always a vitaminrA deficiency.
Thérefore vitamin A-deficiéncy may become a causative factor of
urinary calculi} but méy not be-a esseﬁtial,one._.

Physiological factors : Aimild'form of acidosis which was
manifested with the decrease in urine pH and the increase in urine
phosphorus level was ?bserved-in wethers given a high concentrate

1.77)

‘ration., It was reported by Scott et a that the urine,ammonium

level was heightened in sheep. which had acidosis. The relationship
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between the increase of urine ammonium level and the incidence

of urinary calculi was not definitely known from this study.
60)

Mupakata et_al. reported the addition of ammohium salts to
fresh urine increased the precipitation of urine sediment.

?he decrease in urine pH appeared notjto accelerate the
formation of urinary calculi but prevent the calculi formationm.
This consideration may be supported by the finding in chaptexr. 7
that the main function of ammonium chloride was to lower the urine
PH. Eatonzo?, in his early‘work with rats, indicated that the
addition Qf gn ekcess_acid or basic sodium phosphate_to the food
was followed by_exténsive pathological changes in the kidney. of
raﬁ._Renal‘pathologicalrchanges may become the cause of the
formation of.ur;nary_calculi,similar to the case of vitamin A.
deﬁiciency.

Therefore thé_mild form of acidosis may be correlated with
the fgﬁmation-of'qrinary calculi through the increase of urine
phosphorus level or renal mofbid changes. |

.It was shown that urine volume decreased when the ratio of
concen;raﬁe to roughage was increaéed. The concentration of urine
volume will cause thg incfease of urine phosphorus, magnesium
and mucoprotein‘levelsibecaUse there appears torbe.a,negative

‘associdtion between urine volume and urine composition. It was

observed in Japan63)

"that the occurrence of urolithiasis in cattle
increased in winter and spring. It may be possible to consider
,that,the high incidence_of urolithiasis resulted;f:om a decreased

'amount of roughage:intake or a lowered winter water intake.
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Othe: factors : It was-a1Ways found'thg;g urolithiasis
occurréd”in'some‘animals'and-did not occur in‘Othefs when a -
same ration was qivén; Field and Sattleza)fobser§ed'in'the
experimeht'using twinﬂdattie‘that urine phosphorus concentration
| - was fiﬁmly accepted as the genetic control. Although the lodging
of urinary calculi in the urethra will lead to the occurrerice
of urolithiasis, there may be individual differences in the size
of urethra.

The diagram of causative factor of the incidence of urinary
calculi is shown in figure 1. It must be primarily considered
that not.one factor alone is the cause §f incidence of urinary-
calculi but many cémplicated factors.

- As the author know‘the causative factors of urclithiasis,
there may be mény ways for its prevention and treatment. The
treatment»and preventive method may be the followings ;

1l : Feeding with adaquate amount of roughage, especially green
forage. | ‘

2 : Adjustiﬁg the dietary calcium to ﬁhosphorus ratio by the

_additibn of calcium carbonate to the ration.

_3,: The administration or.-injection of vitamin A supplement.

4 Giving adequaté amounts of d:inking water, the administration
of salt for stimulating water‘intake or dieuretic agents. -

5 : Early removal of urinéry éalculi in the prepuce and at the
prepuital hair.

6 : The administration of.ammonium_chlofide as soon as. the

incidence of urolithiasis is observed.



7 : EXcluding the calves;, on fattening practicé;;which have .
urinary calculi in tﬁe:prepuital hair beCaQSéﬂSuCh calvés’;_]E
have, in many instances, hereditary charaétéfistics likely

. to induce urolithiasis.
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