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precipitation as a clinical syndrome, since the mammary
output of magnesium is in the order of 0.1 g/kg of milk
(Todd, 1967). Grass tetany usually affects high-yielding
dairycows inthe field during spring and autumn in relati-
vely cold weather and when grass is still r}ch in nitrogen
and potash (samson, 1973; Wilcox and Hoff, 1974). - Such
conditions combined with poorly regulated magn-=sium homo-
eostasis facilitate the deveiopment of hypomagnesemia

which is itself accompanied by hypocalcemia.

~n effective way§f combating production diseases is
necegsary for ethical a§ well as for economic reasons. It
is ethically not justifiable to buy increased productivity
at the cost of iﬂcreased morbidity or increased suffering
on the part of the animal. It is also not justifiable that
increased productivity and newer gechniques discovered

are counterbalanced by losses through animal diseases.

Effective combating of production di seases recuires
ney methods to be used in veterinary medicine, which in

turn require new knowledge.

The metsbolic profile test is a diagnostic aid for

production diseaseg. Individual herd test can be used either

to elucidate the aetiology of outbreaks of metabolic dis-
orders or to reveal theknsuspected abnormalities in normal
herd, Useful indication can be gained from seasonal
changes in the profile test. Magnesium can be low in

winter as well as in summer indicating the need for
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supplementation in winter rations.

In rapidly growing calves of 2-4 months age, there

occurs a marked decrease in intestinal absorption of

. magnesium, while the need for its incorporation into the

developing soft tissue is greater, In seme of the calves
suffering from scéurs, there is greater intestinal drain-
age of magnesium and as such severe hypomagnesemic tetany
maydevelop irrespective of the diet on which they are
maintained., The disease is invariably fatal in fast

growing calves.

Sporadic occurrence of clinical cases of hypomagne-
semia has been reported by Prasad et al. (1979) and Sinha
-

(1980) in this country. Most of theﬁases are being diagnosed

only on the basis of clinical recovery after therapy.

In view of the wide prevalence of the condition in
high yielding cows and buffaloes in Punjab, it is necessary
to understand how the environment impinges upon the milieu
interieur, The present investigation was, therefore,

undertaken with the following objectives in view :

1, To study the symptoms in the experimentally
induced hypomagnesemia in buffalo calves,

2y To studﬂshe biochemical changes in the various
body secretions of the hypomagnesemic calves.

3, To study the physiological changes as a means
of rapid diagnosis.

4. To find out pathological changes in the vital
organs of the affected calves.
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jiodide (100 mg/kg body weight). Hypomagnesemic tetany
occurred after 5-8 days.

Takashashi et al. (1983) induced hypomagnesemir
experimentally by feeding three sheep with a magnesium-
deficient diet and introducing into the rumen a VFA-tri-
glyceride mixture (triacetin, tripropionin and tributyrin).
Plasma magnesium level fell below 0.5 mg/dl within six
days and one sheep died from severe hypomagnesemic tetany

two weeks later.

Terashima et al.(1983) observed that plasma calcium

- and magnesium decreased to about 88% of initial values at

2-3 hours after intravenous infusion of norepinephrine @
15/lg/kg body wt./min. in normal saline. The effect was

more marked in fasting animals.

Pathophysiology of hypomagnesemia
Dobson et al. (1966) took . saliva and blood

samples from ewe/l,ambs, both indoors and when grazing
heavily fertilized pasture. Grazing produced rise in
concentration of potassium (from 10 to 26 mEg/L) in saliva
and fall in concentration of magnesium in blood from 1.8
mg/dl to about 1.1 mg/dl after two nights at pasture.
Sodium concentration in the saliva fel! when potassium
concentration got elevated whereas the concentration of

sodium in plasma was erratic.

Holtenius et al. (1970) analysed the blood samples

of four groups of calves am;&wo flocks of sheep affected
™
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1 dehydration in acidotic
‘water of approximately eight

s observed. It was concluded
s shared by plasma, interstitial

mpartments,

d the symptoms associated with
sness, bellowing, muscular
tetany and epileptic convulsions.
, calcium, sodium and potassium

symptoms and 10 calves without

ime of tetany and 1.07 + 0.41
asma calcium was 3.89 + 0.59 mEg/L
+ 0.45 mEg/L, 3-5 days later.

) reported the mean values of
fluid and serum were 2,37 #
6 mg/dl respectively. They found

normal ratio of magnesium in
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They observed that in younger animzls, cerebrospinal
fluid magnesium decreased more slowly during magnesium de-
ficiency and correlation of the;éyﬁptoms was greater with
the cerebrospinal fluid magnesium level. Clinical signs
éould be anticipated at cerebrospinal fluid magnesium

values below 1.6 mg/dl.

Murakami et al. (1972) made observations on five cows
(3-5 years) old)and suckling calves (4-6 months old) affected
with grass tetany and reported symptoms which included
excitement, hyperaesthesia, trembling, stiffness, salivation,
breathing difficulty, diarrhoea, frequent micturition and
ultimately the convulsions with tetany. Serum magnesium
levels revealed hypomagnesemia, high calcium magnesium
ratio and increased serum-glutamic-oxalo’é}gnsaminase
activity. Serum magnesium levels generally ranged from
less than 1-2 mg/dl in other 76 beef cattle. Hypomagesemia
caused an increase iq?alcium magnesium ratio without
affecting actual concentration of calcium and other serum

ions.

Newton et al. (1972) conducted eight three-day
balance trials on 12 crossbred lambs. Potassium bicarbo-
nate @ 100 g was fed to the lambs and observed decreased
_ absorption of magnesium and increased absorption of sodium,
potassium and calcium. Although Hood serum, calcium, sodium
and potassium showed no distinct trends, there was a trend

toward lowered serum magnesium levels after 14 days of
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potassium supplementation which disappeared after 27
days.

Osbaldiston et al. (1972) collected midstream
urine samples from 48 healthy cows at various stages of
lactation and found mean value of pH, sodium and potassium

as 8.23, 34,3 mEg/L and 453.7 mEg/L respectively.

Rumsey and Putnam (1972) infused intraruminally
a solution containing 500 g potassium chloride and 500 g
citric acid in steers and found typical changes in the ECG
patte;.‘ns. There was increase in the P interval, decréase
in the PR and QT intervals, a more negative QRS complex
and an inverted T-wave. Concurrent with extreme toxic
conditions, the P wave - was lost and QRS and QT intervals
broadened. Changes in the ECG pattern were associated with
a serum potassium concentration of 9 mEq/L. Respiratory
rate increased and salivary flow decreased after the

infusion.

Scholz and Meyer (1972) observed that the range of
normal calcium, phosphorus, potassiumand sodium values in

th%erebmspinal fluid of sheep were only a half of that

| in the blood plasma, The CSF values found were 5,23 +

0.54 mg/dl for calcium, 1,27 + 0,22 mg/dl for phosphorus,

12,3 + 0.53 mg/dl for potassium and 349 + 14.35 mEq/L for
sodium, An experimental progressive hypomagnesemia induced

a fall in blood calcium level and an increase in potassium
content of bot\’t)l'::od and CSF, These changes were not considered

significant for the development of hypomagnesemic tetany.
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Bauda et al. (1973)collected cerebrospinal fluid
samples from 23 cattle and found that pH of CSF was lower
by 0.032 than that of blood. Sodium,potassium and inorga-
nic phosphorus values of the CSF were also lower. However,

chloride was higher in CSF than in blood.

Lotthammer and alsewede (1973) observed that sodium
content of th%@aliva of cattle remained fairly constant,
whereas potassipm content varied considerablyaccording to
the impurities present, On abalysis of thesaliva from
parotid and sublingual glands of ten cattle, it was found
that average sodium and potassium contents were 324.4 mg/dl

and 58.6 mg/dl respectively.

Luthman et al. (1973) observed symptoms associated
with hypomagnesemia iﬁfalves which included muscular spasms
or inability to rise, besides observing serum magnesium
values as low s 0.6 mg/dl. Also, serum magnesium levels in
the range of 0.3-1.0 mg/dl were detected in tetanic hereford
cows, They quoted the bovine rensl threshold values for

magnesium to be 1.7-1.8 mg/dl.

Chshima et al. (1973) reported serum magnesium levels
of 0.3 and 0.4 mg/dl respectively, in two clinical cases
bf hypomagnesemia in caétle. Post-mortem findings included
focal haemorrhagefin organs and tissues, cloudy swelling
of skeletal muscles, degenerative changes in liver, kidneys,
adrenals, lungs, spleen and heart. The primarily lesions of
hypomagnesemia appeared tﬁ?e tissue calcifica£ion and
degeneration of blood vessels.

-
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Garcia (1974) assayed rumén fluid, saliva and blood
samples for magnesium, calcium, inorganic phosphorus,
potassium and sodium during induced hypomagnesemia in sheep.
It was observed' that magnesium concentration in blood
declined to as low as 0.5 mg/dl. The calcium content
decreased to 7 mg/dl from a normal value of 9 mg/dl. No
significant changes were observed in potassium, sodium or
phosphorus in rumeq?luid or saliva. Instead of a normal
decrease of rumen fluid pH following a feed deficient in
magnesium content, a post-prandial increase {upto pH 8.0)

was detected.

Meyer et al. (1974) found that during hypomagnesemia,
magnesium secretion from choroid plexes ciearly diminished
from 3,27 to 1.83 mg/dl. It was also found that typical
tetanic seizures were induced in hypomégnesemic sheep by
ventriculo~cisternal perfusion with magnesium free fluigd,

but the seizures did not occur in normomagnesemic sheep.

Pauli and Alsop (1974) estimated the concentration
of magnesium in plasma and the cerebrospinal fluid in
eleven cows with clinical gmss tetany, four with hypomag-
nesemia but exhibiting no clinical signs and two calves
with experimentally induced grass tetany. It appeared that
1§ve1 of magnesium in the cerebrospinal fluid was better
ihdeg than the levels in plasma for indicating the onset
of grass tetany. Hypocalcemia was not always present in

tetanic cases; however, in acute tetany the plasma potassium
got elevated to dangerous levels.
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Iium chloride and 1.5-1.7 g/kg
; "pi:oduced a marked increase in
‘and potassium concentration.

died within three hours. sdminis-

| investigated the incidence of
‘gne-semia in sheep and found

cute clinical symptoms neither
19:1?1 level in blood nor the uptake
)%i., phosphate or citric acid was

d, a strong correlation could

fluid of the central nervous
_on‘al;rreversible disturbances,
uptake of the nervous cells.
ency the magnesium level in the
dly than in CSF. The magnesium

e brain against large fluctuations
which were typical of this

1d, therefore, occur in
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-'hypomagnesemic cows., However,

7) made observations in eighteen
administration of potassium chloride
¢ body weight each. There had been
tassium and a decrease in:serum

lead to tetany within few hours of

found decrease in magnesium
Bn‘b from 11.7 to 2 6 mg/dl and
'&;ﬁ to 8.22 mg/dl in twelve Merino

were given a magnesium deficient

; correlated the ECG changes with
n 155 cows. The R-wave amplitude
emic (13,4 mg/dl), hypomagnesemia-
on of both conditions were
spectively, while the corresponding
0.30 and 0.44 mv. The R-wave

ith normal blood calcium and
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luding hyperaesthesia, incoordi-

Further, sheep which developed

calcium as well.

11979) found that total proteins were
in the cerebrospinal fluid of

negh]
old calves an ”
Wﬁ’.e§ and minimum (17.5 + 6.06 mg/dl) above

£ ag é%ﬂf&, values were minimum (5.00 + 0.5
=7

imum (8.00 + 2.72 mg/dl) in young

. (1979) made observations after
h ;gg.:de and sodium chloride in reticulo

lves @ 0.29, 0.58 and 1.15, 1.73,

body weight in equal volumes of )
B agk”
. solids of plasma and PCV .were

 dosing. At the higher doses
¥
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of plasma increased about an

plasma potassium, Respiration

od were decreased. Clinical
excess salivation, muscular

ity Were. observed with

an 0.58 g/kg body weight. Three
'3 g/kg, 3 of the 4 values given

‘decrease in sod%um and potassium

' N, magnesium and inorganic

values of inorganic phosphorus
calcium, magnesium and potassium
. There was a decrease in the
lated with an increased urinary
sho sphorus.

980) induced rumen acidosis in
 oral feeding of molasses @ 25 g/kg
ession of acidosis there was a
secre«tion rate and bicarbonate

inorganic phosphorus,
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ged from hypertonic to hypo-

the rumen liquor.

‘serum and rumen fluid pH, magnesium

orus (except rumen fluid phosphorus)
intly; while the serum and rumen fluid
creased significantly from 4.833 to 13.26 and
1-, 14 mEg/L respectively. Post-mortem

. marked hyperaemia, congestion and
‘a"éhe mucosa of the rumen, abomasum,
lungs, kidney, spleen, meninges and

. induced hypomagnesemia; while echymotic
chae were observed in above mentioned

hloride and citric acid induced

) measured the concentration of various
Sy :Ln the cerebrospinal fluid taken from the

of the brain in sheep. Concentrations
of sodium, potassium, calcium and magnesium were

be 156.6 + 1.5,

2.94 + 0.02, 2.37 # 0.04 and

81) found that in experimentally

a, ratio of absorption to intake of

calcium decreased and of sodium
um increased in all animals. Urinary secretion

d phosphorus increased while magnesium and
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decreased with no change in calcium. Body retention
jum and potassium increased whereas that of magnesium

ﬁ’n ‘and phosphorus decreased. Serum concentrations of

ssl’mnﬂevels remained unchanged.

Vihan (1981) collected cerebrospinal fluid from ten
hy sheep and five with nervous system disorders. Physi-
attributes like turbidity and clotting were not seen
althy sheep but the fluid was turbid in three clinical
, Values for pH, total proteins, glucose, chloride
calcium averaged 8.2, 41.4 mg/dl and 43.5 and 20.02

and 4.94 mg/dl respectively in healthy sheep.

West et al. (1981) observed the occurrence of hypo-

emic tetany in a flock of 2500 mixed aged ewes in

bing. One ewe was staggering before death and post-
rtem examination of two ewes exhibited blood tinged

roth in the mouth and blood stazined discharge from the

. MNI5) observed that during hypo-
esemia the animals were sensitive to external stimuli
nd revealed opisthotonus, ears folded backwards, retrac-
loif eyelids, muscle twitching, tremors, tonic and

1 @ﬂg&sms of limbs, clonic convul:sions and tetanic

v ns were observed. The blood chemistry revealed
reduced calcium, magnesium, inorganic phosphorus,

d chloride and increased concentration of potassium.
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Kariya et al. (1983) reported that increased levels

of dletary potassium appears to further reduce serum levels
of mignesium in steers-%sd diets with decreased magnesium
content., Infusion of potassium chloride into the jugular
vein did not have this effect which leads to the conclusion
that the site of action where potassium induces reduction

of magnesium has been in digestive tract.

. Takahashi et al. (1983) induced hypomagnesemia in
three sheep. Magnesium level declined below 0.5 mg/dl
and one sheep died from severe hypomagnesemic tetany.
Plasma levels of calcium also decreased. Plasma sodium
level® was unchanged, during the experimental period. The
§heep which died during the experiment showed increase in
potassium levels from 13.7 to 27.0 mg/dl during convulsions

before death.

Treatment of Hypomagnesemia

Murakami et al. (1972) observed successful recovery
of clinical cases of grass tetany (hypomagnesemia) in cows
and suckling calves with subcutaneous injection of 100-200

ml of 25 per cent magnesium sulphate solution.

Ohshima et al, (1973) treated several clinical
cases of grass tetany (hypomagnesemia) in cows successfully
with magnesium sulphate solution.

Heen (1974) found that all cows suffering from
puerperal paresis, receiving 15 g of magnesium -DL-aspar-

tate alongwith 100 ml of calcium preparation, showed
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e of recovex.:y‘ (53%) than

rence was not significant.

) found that infusion of 2%

magnesium chloride and 5% glucose
ination,produced severe functional
'aeﬂvity and the respiration. The

> ﬁox;kéd out by them for the

s of hypomagne.semia was 10 g

g magnesium adp‘iate and 5 g calcium

distilled water (total dose = 500 ml).

and found to overcome the mineral
@ )

75& infused magnesium chloride
cattle and sheep _and observed
od magnesium level. The maximum
one minute. Simultaneous
lcium showed that magnesium
pleted sheep was less than when
and there was no change in
od. - Though magnesium is

\e of the rectum, this method
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 magnesium content of cerebrospinal fluid in sheep with

‘ normal and low levels of magnesium in the cerebrospinal

ﬂmd. They found that in normally fed sheep, the
administration of A single injection of magnesium gluco-
nate resulted in a slight brief rise (about 0.25 mg/dl)
in the magnesium levels of cerebrospinal fluid. The
greatest effect (increase upto 0.4 mg/dl) lasting about
2 hours occured in magnesium deficient diet with a low

level of magnesium in cerebrospinal fluid.

Alterskjner and Mosdal (1976) treated cows with
either hypocalcemia, parturient paresis, clinical paresis
and hypomagnesemiza. The recovery after intravenous
injection of calcium and magnesium chloride s‘olution
was 63.7%, 76.,7%, 86.9% and 94.4% respactively in the
above-mentioned conditions. Supplementars} treatment with

subcutaneous injection was suggested inall cases.
N

May et al. (1976) administered calcium, magnesium,
vitamin A and vitamin D in young hypomagnesemic calves

and treated them successfully.

Mieth et al. (1976) studied the efficiency of

- various combinations of drugs in 224 cows with serum

magnesium concentrations of less *than 1.8 mg/dl. The
treatment included intravenous injection of Parevert
(calecium chloride and magnesium chloride solution).

Solution A (magnesium adipate, calcium gluconate and

boric acid) or 25% magnesium sulphate solution or various
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in serum magnesium

by giving high doses

(g
Low dose /(100 ml) magnesium
a further drop in serum

d after the treatment.

) treated hypomagnesemic cows
solution 100 ml intravenously.
reated by them with calcium gluco-
very was followed in 2-3 hours.

‘given 100 ml of magnesium

1976) studied the efficacy of

u‘m adipate and 5 g calcium gluco-
ed water) with that of solution B
nd 12 g calcium 7gluconate per
'sion(500 ml)to 28 cattle

and hypocalcemia. After the
there was a considerable

in the serum. Efficacy of
etter when infusion was performed
inical signs. Grass tetany

e symptoms were recommended

B.
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pigs by intravenous, intramuscular or subcutaneous

1 . to see the persistence of the drug in the system for
"ﬁ{i’i’e‘ treatment and control of hypomagnesemia. The intra-
 yenous and intramuscular routes produced rise in serum
‘calcium and magnesium in one hour, which persisted upto

72 hours.

Flast -nd Meen (1978) treated a cémplicated case of
hypocalcemic hypomagnesemia in cows with a solution contain-
Q.ng calcium and magnesium salts with transitory improve-
éhent after a relapse (7 hours later). The cow was giwen

B thiamine chloride (3 g), calcium chloride (35 g) and
‘magnesium chloride (15 g) intravenously. The animal
mproved rapidly within 20 minutes and regained its normal

‘appetite after one and a half hour.

Haggard et al. (1978) treated clinical cases of
"t-etany associated with magnesium deficiency in 4-months-
©0ld beef calves with intravenous magnesium salts which
- responded very, well. Death losses ceased after a magne-

sium containing supplement was fed to the calves and cows.

Rutkowiak et al. (1978) treated an outbreak of
'og_r"ass tetany due to nitrogemous fertilizers application

n the pasture in a herd of 200 cows with magnesium salts.
YB:Lood levels of magnesium enhanced from an average of 0,72
to 2.@4 mg/dl that of calcium from 7.72 to 8.17 mg/dl and
the inorganic phosphorus from 4.08 to 5.19 mg/dl.

Yoshida (1978) conducted a therapeutic trial on

two complicated ketotic cows with low serum magne sium
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them with five daily .injections of

m &Tg intravenous). This treatment decreased

rine acetone to normal after five injections.
ketotic cow was injected daily with magnesium
’_':Qldsﬁkfavenous) and glucose (200 g intravenous); recovered
n three days.

Sinha (1980) treated the whole milk induced hypo-
esernic calves with 10% solution oﬁ’magnes:.um sulphate

»~ =2.0 ml/kg body weight intravenously daily for 2 days,
owed by half the dose intravenously and remaining

f dose subc;xtan'eously daily for 2 days. Treatment of

c acid and potassium chloride induced hypomagnesemic
ves was done with 50 ml of calcium borogluconate solution

oorol) in addition to 10% magnesium sulphate.

A Teuffert et al (1981) treated 14 cases of hypomagnesemia
cows by intravenous infusion of 500 ml solution of 60 g
magnesium adipate and 60 g calcium gluconate. Concomitant
alcemia occured in one cow only. The disorder had

no effect on the concentration of potassium and inorganic
phosphorus of blood. There occurred a slight reduction in
dium concentration. Blood glucose was high in the animal
W hypocalcemia in another that failed to respond to

g ."'e treatment. The changes in magnesium and calcium
ntration following infusion were similar to those

healthy cattle.

& Mottelib (1983) observed successful recovery
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cramuscular), 150 ml
(containing various
atorol 5 ml intramuscular
wﬁéyanacobalamin). Each
electrolyte solution contain-
0.4 g of calcium chloride,

and distilled water for



MALERIAL sND METHODS

' The series of experiments were conducted on 22
nically healtl’iy male buffalo calves, 3-7 months old
and weighing between 45-70 kg (mean + SEM 63.2 + 7.7).

.‘“ worming of the calves was carried out with Panacur*

@ 3 mg/kg body weight). The animals were randomly

ided into four groups of 5,5,6 and 6 animals each. The
animals of group I served as control, while hypomagnesemia
was induced in group II, IIT and IV. All the animals
were kept and maintained under similar managemental
conditions. ]

ontrol (Group I)

The animals were allowed to eat green fodder and

‘wheat chaff.

potassium chloride and citric acid Group II IIT & Iv)

The animals of these groups were kept on green
fodder and wheat chaff, Potassium chloride @ 1.3 g/kg
and citric acid 1.1 g/kg body we_{ght, dissolved in water

were administered slowly intraruminally daily. Five
observed. In the remaining animals of Group III and IV

magnesemia developed. Then they were subjected to

*Panacur (25% Fenbendazole), Hoechst-Pharmaceuticals Ltd.Bombay.
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Five ml of blood from jugular vein was collected

in a sterile vial containing heparin (0.1 mg/ml blood).
‘Another 15 ml of blood was collected into serum separating
vials. Serum samples were separated by decanting within

; shortest possible time and kept in deep freeze. Blood
samples were taken daily till death in group II animals. After
. 4 days treatment was started in animals of group III and IV
and blood samples were collected for 3 days at 24-hour
intervals.

b. Rumen fluid

Ten ml of rumen fluid was appirated by using a sterile
syringe fitted with 4-inch long 15 gauge needle, directly

- from the rumen of all the experimental animals. The rumen.

~ fluid was strained through gauze, collected and stored in
 §§ep freeze. Frequency of rumen fluid sampling was the same

as for blood sampling.

c. Cerebrospinal fluid

Three to four mi of cerebfospinal fluid was
‘aseptically aspirated on alternate days by puncturing into
intervertebral space at lumbosacral joint or between 5th and
6th lumbar vertebrae, using a 4-inch long and 18 gauge needle.
Qﬁé.SamPles were collected in capped vials and kept in deep

freeze.
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L
son's duct was fistulated on left side before
o 4

‘of the experiment. Three-four ml of saliva was
‘daily from fistulated tube. Fistulation was

| in a way that normal flow and supply of saliva

Five ml of urine was collected at natural urination

day and stored in deep freeze for further analysis.

TERS STUDIED

Base apex electrocardiogram (Norr, 1913) was
re.corded through electrocardiographl, at a paper
speed of 25 mv/sec and calibration setting at

1 MV/cm. The electrocardiogram (ECG) was analysed
for duration and amplitude of P and T waves and
mean QRS complex, PR interval and segment and QT
intérval and ST segment. i

Heart rate was calculated from base apex ECG.

The packed cell volume was measured by micro-
haematocrit method,

Haemoglobin (Hb) was measured by Sahli's method.
Temperature was recorded from rectum.
MICAL ANALYSIS

Calcium and magnesium in serum, saliva, rumen
fluid and cerebrospinal fluid were determined by
ic absorption spectrophotometerz.

diart, British Physical Labomtories, Hyderabad, India.
mic Absorption Spectrophotometer, Model AA6,
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‘.‘%ﬁi@hdml 4n serum, rumen fluid, cerebrospinal
fluid and saliva was determined by microcalori-
‘metric method (Tauasky and Shorr, 1953).

Sodium (Na+) and potassium (x*) in serum, saliva;
rumen fluid, cerebrospinal fluid and urine were
estimated by flame photometerl.

pH of the rumen fluid, and urine was noted with
the help of BDH pH paper strips,

Total protein in cerebrospinal fluid was estimated
by Spectronic-20 (Meulemans; 1960).

Pandy's test was performed on cerebrospinal fluid
to check turbidity.

The treatment of the animals was done‘on the basis

electrolyte status of the body. The therapy commenced

6 hours after the start of potassium chloride-citric acid
‘administration as by that time it was known that hypomag-

lesemia develops 3-4 days after the administration of the

above-mentioned salts intraruminally. Two different

‘therapeutic regimens were adopted in group III, and IV

Magnesium sulphate (10% w/v)

This solution was prepared by dissolving 50 g of

Elico, Biomed Flame Photometer, Model CL Hyderabad, India
BDH, Paper, Glaxo



ss double distilled water.

T OF HYPOMAGNESEMIA (Group III)

The treatment schedule consisted of magnesium sul-
hate 10% solution @ 1.5-2.0 ml/kg body weight. Half of
e dose was given intravenously and remaining half sub-
itaneously daily for 3 days. In addition, calcium boro-
natel 50 ml was given slowly intravenouély daily.

rvations for recovery were made in all animals.

IR A’ZLMENT OF HYEOMAGNESEMIA (Group IV)

The treatment of calves of group IV comprised adminis-
atf.ion of magnesium chloride hexahydrate (Mgch'GHZO)
solution per rectally. For this a two-foot long plastic
,‘ubing was taken and &£ter lubricating, it was pushed about
‘one-foot deep into the length of rectum. Through it, 75 ml
of solution was passed with the help of funnel at other
nd of the tuba. The treatment started after 96 hours of
ily infusion of potassium chloride snd citric acid. Treat-
ment continued for three consecutive days. Observations for

re made in all animals.

borogluconate injection B.P. (Vet.)- 450 ml

taining : Caclium 8.03 g (i.e 1.79% w/v), proportion

ic acid to calcium 2 to 1, preservative cholorocresol,
iced by BRIAH, Pune and marketed by NOCIL, Bombay-21




%tagd lymph nodes were collected

3. Thereafter, they were

s and stained with hematoxylin

rankel et al., 1970).

d using one-way analysis of
cal difference test. In all

of P 0.05 was considered as



age values of magnesium, calcium

potassium observed in serum,rumen

iva are presented in Tables 1-4. Table

sodium and potassium levels in urine. ECG
) ,

=y

ted in Table 6. The day-to-day

g?q‘.mals of the untreated group (Group II)
due to induced hyoomagnesemia, while the

to group III recovered after receiving

ppetence _coupled with decrease in

noted. Associated symptoms included
ression and exaggard limb movements.
On the 3rd day animals were dull,
eping head down while standing in
ith drowsy eyes. It was preceded by

a and frequent defecation.



Phosphorus
(mg/a1)

Sodium
(mEg/L)

Potassium
(mEq/L)
PCV

(%)

Haemoglobin
(g/a1)

Rectal Temp.
(°F)

2017
40.56

9.87
+1.45

6.76
+0.74

131.37
+2.14

5.20
+0.44

26.00
4£2.31

10.20
+0.42

100.60
+0.35

ko)

6.81
0.61

130.35
43.07

5.04
+0.23

27.50
+0.58

10.33
+0.17

100.53
i0.34

+0.30

6.29
+0.80

131.76
13.85

5.48
+0.19

28.25
+0.50

11.00
+1.04

101.00
+0.20

DT

6.34
+0.81

132.83
+3.33

5.80
10.16

25.54
+0.88

10.67
+0.17

100.50
40.58

+1.00

6.82
+0.42

129.33
+2.50

6.25
+0.59

27.26
+1.78

10.83
+0.33

100.53
40.24

9¢€




Potassium 38,75 a-52 38.20 37.67 37.18 35.83 = T
(mEq/L) +1.75 +2.58 +3.21 +2.76 +1.84 +2.26 +2.51

LE



Total ponteimns

8t



2.88
+0.73

32.88

~ (mg/a1) +0.60 +0.70 +3.36 40,32 +1.02 +1.66
f ~ Sodium 140.13 137.25 136.34 137.82 140.17  142.53 o
: (mEq/L) +6.24 £7.88 +3.28 2051 +4.93 +3.21 - #4.93 )
Fotassium 7.41 7.18 6.92 7.35 7.50 8.00 7.80
(mEq/L) 10.85 0,58 +1.00 . #0.86 #1.02 +1.40 +0.84

6€



43,42

+3.71
Eotassium  440.75 436.11 420.00 455.51 450.66  435.22  428.67
(mBq/L) +40.74 38,01 +30.55 +38.62 +40.48  $53.82  +30.79

ov
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P _Wave
D 0.040 0.045 0.047 0.045 0.040 0.050
+0.006 +0.005 +0.007 +0.006 +0.007  +0.006
A 0.093 0.093 0.087 0.090 0.096 0.100
+0.007 +0.007 +0.014 +0.009 +0.013  $0.015
Mean @RS
D 0.060 0.060 0.060 0.057 0.057 0.063 0.060
+0.008 +0.005 40.005 +0.003 +0.003  +0.003  +0.008
a -0.825 -0.817 -0.867 -0.830 -0.820 -0.763 -0.763
+0.370 +3.235 40.017 +0.130 +0.132  +0.206  +0.177
T Wave
D 0.067 0.067 0.070 0.073 0.072 0.070 0.068
+0.013 +0.013 +0.013 +0.018 +0.020  +0.030  +0.007
A 0.173 0173 0.160 0.170 (o)palls ) 0.160 0.165
+0.013 +0.018 +0.014 +0.013 +0.018  +0.012  +0.014
PR Int. BLA73 05173 0.160 0.160 0.160 0.172 0.172
(Sec) +0.013 +0.018 +0.014 +0.012 +0.050 +0.013  +0.018
QT Int. 0.366 0.370 0.320 0.310 0.315 0.293 0.318
(sec) +0.059 +0.010 +0.020 +0.030 +0.033  +0.015 +0.013
PR seg. 0.147 0.147 0.140 0.133 0,132 0.138 0.142
(sec) +0.007 +0.013 +0.012 +0.024 +0.016  +0.008  +0.012
ST seg 0.170 0.173 0.170 0.165 0.173 0.175 0.174
(sec) +0.030 +0.024 +0.020 +0,018 +0.008  +0.015  +0.011
HR (per min) 60.800 66.730 64.250 66.570 65.400 62.450 61.240
+2.750 +4.140 +2.400 +6.140 +3.220  +2.350  +1.250
D = Duration in seconds; amplitude in mv; Int. = Interval ; seg. = segment

%7
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ge. the ears were constant

v % t’h_é animals were weak, unable
emors of the hind legs and tail were
gﬁiffness and apparent opthistonus
stic symptoms. Death was preceded
d, intense muscular tremors, protruding
)fo‘ stand. Considerable strugling was
-,a'b*i'f(’;ity to stand was lost. Tetanic symptoms

‘e not observed in the present study.

oglobin and packed cell volume revealed a
rise in their respective levels, the
atistically significant (P< 0.05) through-
iabllef7: Fig. 7 and 8).

exhibited a statistically significant
‘tiend. throughout the experiment (Table 7:
he other hand, regularly decreasing trend

£ magnesium (Table 7; Fig. 1) which became
from 48 hours onwards, persisted till
Both calcium (Table 7, Fig. 2) and

4) remained almost unaltered while

ased significantly (P {0.05) at

le 7, PFig. 3).



5) begining from 24 hours of experi-

e 8, Fig. 5) and magnesium (Table 8,
¢ ‘l%h,e opposite trend; the former

rise while the later showed a regular

gnificant at 96 hours (Table 9, Fig. 2).
initial significant (P<0.05) upsurge in

(P €0.05) trend throughout the study.

s slightjpositive (++) after 48 hours
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iva were nearly the same as in other
ium level increased regularly and

= 24 hours of induction and thereafter

(Table 10, Fig. 5).

Magnesium

(P& 0.05) till the{snd of the study (Table
 appreciable increase in calcium levels
istically insignificant (Table 10; Fig. 2)
remained unchanged throughout the study' (Table
T significant (P<0.05) rise in phosphorus
‘}irs‘ of hypomagnesemia was followed by
A\sfl.gnd.’ficant fall (P<£0.05) from 72 hours

end of study.
b
H revealed a straight and statistically

h throughout the study (Table 11). Potassium
d;E'ast:Le;lly throughout the experimental

g' é being statistically significant

: _E.-‘ig. >6). End study values were

ater than base va1>ues. Sodium showed a

ch became significant from 48 hours
&

"



1.29

+0.62

Pho sphorus 6.53
(mg/a1) +0.26
Sodium 132.83
(mEg/L) +3.33
Potassium 5.04
(mEg/L) 0523
PCV 23.75
(%) +0.85

Haemoglobin 10.50
(g/a1) +0.46

Rsctal Temp. 100. g?}

1.80%
+0.12

10.26
+1.00

6.89
+0.40

136.39
+2.22

6.96%
+0.33

32-50%*

+1.32

12.85%
+0.40

S9535%
+0.43

9.08
£0.97

4,68%
40.34

141.89
+5.50

963 %

+0.08

39.50*
+1.50

16:20%+

+1.70

97.16*
+0.44

K87 e T > .
Significantly éiff:erem; fron base value

SY



7.06

6.20%
4012

4.92%

+0.53 +0.38 +0.32
12.70 11.66 10.36 10.18 10,22 9.98
40.20 +1.09 +0.29 +0.46 +1.21 +0.49
Phosphorus 14.18 12.55% 9.84% 8.33% 7.51% 6.,65*
(mg/d1) +0.58 +0.48 +0.70 +0.30 +0.50 #0.11
Sodium 119.23 109. 24 116.07 109.94 116.52 107.46 109.30 ‘
(mBa/L) +4.77 £2.36 +6.36 +6.37 +8.09 +7.13 +5.60
Potassium = 33.89 121.78% 184,40% 254.30% 320,50%  335.35% 357007%
(mEgq/L) F1.11 +4.85 +6.71 +8.54 +8.56 +20.1 £7.29

* Significant different from base value - . =

9%



1.89%
+0.09

dum BIN5
- (mg/a1) +0.24
: B e
- Ehosphorus 2.39% ey
ok m%) +0.10 +0.15 +0.55 c
= = |
p Sodium 14C .61 139.94 138.59 1
w{ (mEq/L) ‘£l.34 +1.00 +1.28 ’
|
Potassium 352 5.54% 5.95%
(mEq/L) 10,14 +0.19 #0.17
Total proteins 39.60 87,60 * 180.83
(mg/d1) +3.71 +5.21 +3.63
Pandy's test (=) (++) (+4+4)

* Significantly different from base value

LY

h bl




1.24%

+0.06
2.89 3.97
+0.17 +0.16
31.83 30.38 11.11%
+0.70 +0.84 40,51
j ¢ 134.21 181317 132.45
(mEg/L) +3.23 +5.04 +5.44
Eotassium 7.18 29,25% 36.11%i
(mEq/L) +0.58 +1.94 4.65

* Significantly Av;lifft-rent from base value

87



7.88% g 7.38% 7.25% 7.00%

+0.24 +0.14 +0.13 0.14 +0.20

35.82 29.11% 26.70% 18.87*  16.35%

+2.17 +4.80 +3.65 +1.51 +2.15
Potassium  454.43 853.657 958.99%  1141,53#%  1308.37% 1368.93* 1417.99% :
(mEq/L) +35.05 +45.68 +55.77 459.92 +40.20  #39.71  #46.71

* Significantly different from base value

.

6%



0 48
P_Wave
D 0.0472 0,060 0.053 0.060 0.067 0.060
+0.007 +0.012 +0.007 +0.012 +0.007 +0.020
A 0.100 0.093 0.107 0.063 0.075 0.075
+0.029 10.007 +0.023 +0.019 +0.019 +0.025 &
Mean QRS
D 0.067 0.057 0.063 0.057 0.053 0.060 0.050
+0.003 +0.003 40.003 +0.003 +0.003 10.020 +0.010
A 1.270 0.830 0.970 0.820 0.570 1.030 0.680
+0.350 +0.070 +0.270 +0.130 +0.150 +0.080 +0.100
T Wave T = T = =
D 0.060 0.060 0.057 0.067 0.067 0.050 0.070
+0.012 +0.012 +0.012 +0.013 +0.007 +0.010 +0.010
A -0.033 0.017 0.167 0.116 0.133 0.125 0.200
+0.120 +0.073 +0.033 +0.072 +0.088 +0.025 +0. 100
PR Int. 073 0.173 0.160 0163 0.173 0.220 0.190
(sec) +0.013 +0.018 +0.023 +0.035 +0.018  +0.060  +0.010
QT Int. 0.390 0.300%* 0.298% 0.280% 0.280%* 0.320%* 0.310%*
(sec) +0.010 +0.012 +0.013 +0.023 +0.120 +0.020  +0.030
PR seg. 0.140 0.127 0.120 0.093 0.127 0.160 0.100
(sec) +0.020 +0.007 +0.012 +0.013 +0.033  +0.040  +0.020
ST seg. 0.263 0.183 0.173 0.157 0153 0.210 0.190
(sec) +0.023 +0.012 +0.024 +0.023 +0.019  +0.010  +0.010
HR (per min.) 60,800 78. 180 * 80.980* 82.610%* 85.360* 76.130* 82.830%*
+2.730 +3.450 +2.970 +3.360 +4.910 +6.660 +10.04
2 = Duration in seconds; Arplitude in mv; Int = Interval; Seg. segment

Significantly different from base value

0s
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wever, QT interval and ST segment
ly (P<0.05) 24 hours after induction

Yo -
upto 120 hours of the study (Table 12).

emperature decreased continuously and
<0.05) beginning from 24 hours onward

e
pomagnesfmic phase (Table 7; Fig. 9).”

and ecchymotic haemorrhages were found in
ke rumen, abomasum, small intestine,

e, 'rmesentery, mesenteric lymph nodes, gall

of kidney, ventricular epicardium, endo-
omentum and meninges. Blood was of tarry
d liver were highly congested. On

ination various organs revealed

sneration of Purkinje fibred(Figs. 22

l1ing, fatty changes (Fig. 24) «u-

I
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cardiac muscle cells. In
f endocardium leading to its
lent epicarditis with infiltration

] v S
a cells and macrophages (Fig. 26) was

d mild necrotic gastritis.

e was mild to severe acute necrotic entertis

29), In one case mild‘ f-atty change and
lic intracytoplasmic inclusion bodies were
(Fig. 30). Diffuse coagulative necrosis
- in one animal. 1

s was seen in all the animals and

aried from cloudyswelling (Fig. 32)

on (Fig. 33) and .diffuse coagul ative

of the tubular epithelial cells.

evere congestion (Fig. 35) and alveolar

epletion of red pulp and marked
eiephages and plasma cells (Fig. 37).
severe congestion (Fig. 38) infiltra-
nd plasma cells and perivascular oedema.
re congestion in >the meninges (Fig. 39)

Encephalomalacia with myelin degenera-



53

Q_n‘ of macrophages and microglia cells
. The microglia cells becar;\e

r cytoplasm was granular and vacuo-
because of phagocytosis of the

le. Other changes in the brain were

ficant rise in packed cell volume (PCV)
oughout the phase of hypomagnesemia in Group IV

n Group III animals this rise became

42‘ ). from 48 hours onward. Following

s I y
ap IIT, all the observations revealed a
R
4£0.05) at 48 and 72 hours of treatment

rise (B

ed in a progressive and significant
Al o
globin Tel upto 72 hours in animals

ups (Table 13 & 19; Fig. 8).
ST
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Fig. 7z 'Periodic alterations in the valu
Packed Cell Volume in the blood of
buffalo calves :

Control value : Zero hour observation
Untreated . nals : Group II
Treated Animals : Group III
Pathophysiological study &
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Fig. 8 : Periodic alterations in the valt

haemoglobin in the blood of buffe
calves.
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Fig. 9 @

Periodic alterationsgin the values of
rectal temperature in buffalo calves.

Control value : Zero hour observation 4
Untreated snimals : Group II :
Treated Animals : Gi.'oup 111, IV - %
Pathophysio ag:.cs;!: study : 24-96 hr
study : 120-168 hr "
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Fig. 10 : Periodic alterations in the values of
heart rate in buffalo calves. el ke

Control value : Zero hour observation
Dntreabed Animals : Group II

Group III & IV
study
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p?u;r;s respectively (Table 19). The post-

‘n‘both the groups revealed a significant

in the phosphorus at 24_ hours was
ficant (P<.0.05) decrease throughout

J wagnesgmic phase. Following treatment
e values exhibited a significant

e 13, Fig. 13) while in Group IV this
‘not become significant (P<0.05)

le 19; Fig. 18).
e rea)
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r potassium chloride and citric

1 both the groups. 4Again the post-

oth the Groups (Table 14 and 20).
potassium level was uniform?ly progressive
.05) as compared to control values upto
nt in both the groups (Table 14 and 20).
ulted in a significant fall upto 72 hours
However, the last values of study

antly high as compared to control value

able 14 and 20). However, the 'post-

t significant in Group IV (Fig. 16)

ITI, it did become significant (P£0.05) at

ga.t::;\ent (Fig. 12)

ﬁé'i:n the calcium (Fig. 12 and 17) and

; d 19) remained insignificant in both the

and 20) throughout the study.

n phosphorus value became significant

urs in Group IIL (Table 14) and 72 hours

‘animals, following potassium chloride
ration. The trend was sustained

physiological study in both the groups.

= was insignificant increase of
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18) while in Group III there

t (P<0.05) rise at 24 hours

ificant (P<0.05) rise in the potassium level
48 and Bihours after commencing the experi-
he groups (Table 15 and 21). They were
ficant (P<L0.05) fall after 48 hours in

It phase in both the groups (Fig. 15 and 20).

>atment phase. This rise became significant
hours in Group IV (Fig. 16) while in Group
d 72 hours values after reversal were

ignificant (P<0.05) (Fig. 11). o

< 0.05) increase in Group IV animals (Table 21)
‘induction. In the same group the post

le revealed a statisticallysignificant (P €0.05)
ours (Fig. 18).

; s showed a trend exactly similar to

ective groups (Tables 15 and 21).



in potassium level following the

ficant (P<0.05) only after 72 hours

'E‘XII animals (Table 16) the significant
'fxagnesium levels observed at 72 and

n phase was followed by a uniform#ly

) fall of the maignesium observed at
after potassium chloride and citric

3 on was not followed byﬁny significant rise
hase (Fig. 16). y

on in the calcium (Fig. 12 and 17) and
and 19) remained without significant change
roups (Table 16 and 22) there was an
(P<0.05) rise in phosphorus level at
tion of hypomagnesemia. The trend was

1 subsequent observations as significantly

sfore treatment. All the three post

s revealed a progressive and significant
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‘£all in the pH of the urine
als of both the groups (Tables
s:eﬁ“ﬁrals before treatment. Conversely
+Bveﬂed a significant rise of pH during
hours.
el in'c’r’e‘astrogressively and signifi-
th the groups (Tables 17 and 23) as
’sﬁate progressed. The trend was exactly
eatment in Group III, that all the
wed a significant (P<0.05) fall while
crease become significant (P <0.05) only

tment (Fig. 6).

E‘df"to' raise the sodium level significantly

group (Fig. 19).

>nents of ECG did not show any signi-
lm the groups (Takle 18. and 20). The
v wve in Group III increased significantly
s and decreased at 96 hours of hypo-

decreased significantly (P <0.05)



ally insignificant throughout the
10).

Following treatment, a significant
rectal temperature was recorded (Fig.
¢ rease in therectal temperzture in
animals remained statistically insigni-

course of study (Fig. 9).



1.48%  1.17* 0.95% 2.08%*

x0.10 40,09  +0.09 +0.03 +0.02 +0.06

9.36 9.52 9.36 8,67 ° 8.73 9.36

#0.16  +0.55 +0.32 +0.73 +0+69 40,16
Bhosphorus 8.25% 5.69% 4.78% 4.35% 5.32%% 6.65%*
(mg/d1) + +0.27 +0.22 +0.32 +0.28 +0.12 +0.54
Sodium 126.38 /127.68 125.33 130.35 131.76 127.86 130.67 130.74 - g -
(mEq/L) +2.43 +2.12 . 12.50 +3.07 +3.85 +2.30 *2.74 +3.68 |
Potassium 5.48 6.74 7098 7227 % 9.414 7,01 6.03 ** 7.63%*
(mEg/L) #0.19 +0.6° 4.54 +0.93 +0.46 +0.32 +0.47 +1.69
BCV 24.00 27.67 33.00% 33.67% 34.33% 27.30%% 26.33 %% 25.67*% &
(%) 41.15 #0.¢8  +3.53  +1.86 +0.58 +2.40 +3,84 +2.19 k
Haemoglobin  10.20 10.63  11.33  11.90* 13.80%* 12,36%% 11.30%** 10.60 **
(g/dl) #0.16 +0.45 +(.60 +0.67 +1.09 +0.82 +0.62 +0.44
Rsctal Temp. 101.00 98.01% 9€,20*% 98.70* 98.80* 100.50%%  101.20%*  100.53 **

$0.20 10.58 (.59  10.94 +0.77 +0.58 +0.58 +0.24

- * Significantlhy different— fran base, ya]_ug * Significant.different, from the yal\;\sq
just before the \,rf;-,tm\_ t

039



S6ho3R #e6ia3 | 5LA3% | 4,93 4.47% 4.93
$0.45  $0.50  #0.49  $0.19 40.22 #0.15

A3L658 en3.7a 13527 9.98 9.73 f2e7s 12.14
420040 +2,79  H2.50° <£2.30 +1.21 +1.78 +3.03
Phosphorus 14.57  11.99*% 10.71% 8.81% 8.33% 10. 70 9.62
(mg/d1) +0.40 40.26 (.20 +0.21 +0.10 +1.28 +0.44
Sodium 1850B7ND3L 25! 126.29] 123.26 123.99 133,22 127.68
(mEq/L) +2.16/ +5.16  +5.52 +4.26 +5.86 +4.58 +5.71
Potassium 38.20 103.73% 172.24* 237.08%  265.84%" 220.00%*  198.57%% = 163.99%%
(mEq/L) #3.21  +4.00 +4.55 47.24 +13.30 420,37 28,57 +11.81

* Significantly different from ] ase value; ** Significantly different from the value
1 just b forz th trcatment

19



Sodium

Potassium
(mEqg/L)

TotalYproteins
(mg/!

Pandy's test

5,08
40.57

1.66

40.17
140.19

+0.06

3.23
+0.05

47.00

+4.04

(=)

BEED
10.29

2.47%
+0.24

140.13
=1.00

5.41%

40.63

88.60*
+6.12

(+4)

4.20
+0.70

133

+0.35

138.40
+2.00

5.59%
+1.20

163.83*

+17.79

(++++)

3.10%%
+0.23

45,60%*

+13.37

(=)

69,33 %%

+20.18

(+)

* Significantly iiffcrent from base value;*

* Significantly diffcrent from the value
just before the treatment

29



- 3.31 1.96 3297, 4,44 4.78 4.28

c +0.45 +0.49 -0.88 +0.64 +0.73 +0.82 +0.57

e

. Phosphorus 30.67 4887 R 2057 9L 90 9.62% 30.02%% S1l.50%E
(mg/dl) 40.32 +1.64 20.60 +0.95 +0.73 +1.02 +1.50
Sodium 144.17  144.53 136,09 137.82 140.13 130.82 131.07
(mEq/L) +4.93 #3231 2031 2,51 +6.24 +11.92 +11.20 : :
Potassium 7.89 14.28*  23.61% 31.10% 35.72% 32.98 28.92 23.46%»
(mEq/L) +0.85  +1.00 3.98 +2.15 +3.85 +0.71 +3.60 +2.20

< Significantly different from b:sc value; ** Significantly different from the valu.
just bufore the treatment

o
w



48.67 43.42 35.43 28.29 24.34 .
+2.99 +3.71 +4.96 +5.18 +4.31 +25.90

Potassium 436,11  923.42% 10J7.21% 1253.32% 1190.45* 880,33 %% 776.57*%
(mEq/L) +49.74  +67.61  #19.21 #107.77 +38.01 +40.48  +53.82

* Significantly different from the base value; ** Significantly diffcrent from the value
just before the treatment

12°]



0.073 0.053 0.087 0.060

10.007 10.007  +0.007 +0.018  +0.012 +0.007 +0.000
A 0.093 0.100 0.080 04130%* 0.060* 0.093 0.093 0.050%*
+0.007 +0.00C +0.017 10,017  40.021 +0.007 +0.007 +0.000
Mean S
D 0.060 0.060 0.060 0.056 0.053 0.050 0.053 0.050
+0.005 +0.005 x0.005 +0.005 +0.003 40.005 +0.003 10.005 j
A -0.827 -1.150 -0.900 -1.700 -0.817 -0.750 -0.583 -0.867 '
+0.373 10.161  +0.225 +0.058 +0.235 +0.202 +0.148 +0.017
T Wave 2 v = 1
D 0.067 0.067 0.047 0.067 0.087 0.080 0.073 0.053
+0.013 +0.013 +0.007 +0.013 +0.018 +0.000 10.018 +0.013
A -0.100 0.067 0.020 0.267 0.183 0.133 0,133 -0.067
0.100 +0.088 +0.040 +0.088 +0.188 +0.067 +0.067 +0.033
PR Int. 0.190 ‘0.187 0.193 04173 0.127 0.187 0.173 0.173
(sec) 0.007 10.035  +0.007 10.018 +0.064 +0.007 +0.018 +0.013
QT Int, 0.300 0.36€ 0.293 0.272 0.287 0.280 0.293 0.313
(sec) +0.010 10.059 +0.024 +0.007 +0.024 +0.000 +0.027 +0.024
PR seg 0.147 0.113 0.140 0.087 0.133 0.014 0,133 0:126
(sec) 10.007 +0.029 +0.012 +0.018 +0.060 +0.012 +0.048 +0.007
ST seg 0.170 0.240 0.190 0.150  0.147 0.150 0.190 0.200
(sec) 10.020 +0.050 +0.020 +0.010 +0.045 +0.050 +0.030 +0.020
HR (per min) 66.730 71,100 72.770 80.370* 81.100* 77.700 81.230 61.100%*
+1.630 +6.680 +2.330 +1.370 +2.070 +2.700 +6.230 +5.610
D = Duration in seconds; A = amplitude in mv; Int. = Interval; Seg. = segment o
* Significantly different from b: se value ="

; ** Significantly different from the value
just before the treatment



1.60*

0.09

8.89 i 8.16 9.84

+ 0.85 _ +0.44 +1.27 1. 19
Pho sphorus 6.62 8.70% 5.62% 4,81% 4,23% 4.69 4.79 6.00%%
(mg/d1) +0.27 +0.35 40.26 +0.33 +0.39 +0.30 +0.47 +0.62 ~4 8
Sodium 132119 1387 S 12ends 270 130.83 124.56 130.25 128.49 -
(mEg/L) +5.55 +2.14 +1.71 +2.20 +5.21 +6.19 +5.20 +2.01 y
: ¥
Potassium 5.20 7.48% 7.31% 8.17* 9.01%* To12% 7.07** 6.50%*
(mEq/L) +0.44 +0.88 +0.43 +0.56 +0.16 +0.59 +0.87 +0.90
PCV 26.00 31.67* 32.67*  33,33% 35.67* 32.00 30.33 %« 27 .00
(%) +2.31 +2.73 +1.76 +1.33 +0.88 +0.57 +0.88 +0.57
Haemoglobin 10.67 10.23 11.17 11.83* 12.83* 10.20%* 11.00 ** 10.33 %%
(g/d1) +0.17 +0.33 40.17 +0.17 +0.17 +0.42 +1.04 0.17
Rsctal Temp.100.53 97.93 98.06 97.90 97.90 98.90 99.20 99.40

+0.35 +0.93 +0.93 +0.86 +0.86 +0.48 +1.66 10.81

* Significantly different from the base value; ** Signiflcantly different from the value
S s -4 . Y; "' ' just hefexe.treatment e .
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40.81

m  14.03
a1) +1.20

Phosphorus  14.37

(mg/d1) +0.58
Sodium 128.42
(mEq/L) +0.68
Potassium 36.70
(mEq/L) +3.14

*ike significam:].y differcat from ths valuc

*‘ Significantly different from the base valu ;
3 EREPIGe ST, A e 2 ) = i

' just befor. the treatment

L9



A
+0.44

2.33% 1.67%* 2.27%%
+0.07 +0.17 oG +0.38 +0.07

133.47 133.70 126.03 129.52 130.39 R
! +2.78 +2.78 +4.32 +4.80 +4.71 =
Potassium 3.87 6.03% 7.56% 3.43%% 512w e
(mEq/L) +0.22 +0.36 +0.72 +0.58 +0.34 o e

U L
Total proteins 40.66 106.33* 180.83 * 63 .50 %% 94,50 ** !
(mg/d1) +4.70 +14.62 #3.63 +18.50 +10.50 |
Fandy's test (=) Do ) (++E+) (+) (++)
* Significantly differcnt from the basc value; ** Significantly different from the value
just hifdr. the treatment 1w
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Phosphorus  31.47
(mg/a1) 40.65
Sodium 137.25
(mEq/L) +2.88
Potassium 7.41
(mEq/L) +0.86

+0.16

45.11»
40.93

136.34
4326

23..09%
+1.80

4.70
+0.92

28.79
+1.30

135.34
+3.95

32.70%
+1.90

9.68% 18.48**
40.56 +1.44
B L 129.40
+2.71 +4.93
38.00* 3217
+3.88 +3.20

22.03%%
+1.97

127.85
+5.46

31.35
+3.13

P

i Significantly.

differcnt from the basc value; **

ear
significantly diff_r nt from th value

just before the treatment
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8.00%* 8.00* A

a1 6= 8.00**

5 +0.17 40.29 43.29 +0.29 +0.17 +0.29 +0.17 + .

: e
Sodium 48.03 38.11 30.59*  28.37* 22.23% 30.08 24.11 261209 —
(mEq/L) +5.90 SELMORE =6l +4.17 +3.68 +5.43 4735 F9.660 8 }»
Potassium  420.00 1013.49% 1064.19% 1126.62% 1143.51% 1066.66 942.22 757.67%%
(mEq/L) +30.55 #30.79  #92.54 +154.15 +138.75 +40.74 *77.49 +43.19

* Significantly different from tre base value; ** Significantly different from value
just oefore the treatment
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Soidos
+0.014

10053

0.060 0.055 0.067 0 0.053
: +0.008 +0.C06 - +0.007 = +0.003  +0.015 +0.010
S -0.663 -0.763 -0.838 -0,800 -0.725 -0.838
i e 10.206 #0.177  40.175  #0.225 +0.149 +0.160
T Wave ¥

D 0.080 0.070 0.080 0.060 0.045 0.060
B Lo 8 10.008 +0.C13 +0.000 +0.012 +0.005 +0.008
A 0.175 0.063 0.267! 05133 0.000 0.238
L3 +0.063 10165,  +0.069  "+0.169 = +0.196 +0.055
PR Int. 0.160 0.160 0.160 0.147 0.160 0.160
(se_c)_ +0.005 +£0.014  +0.000 +0.013  +0.000 +0.000
o Igt. 0,315, 0.330 0.293 0.267 0.250 0.260
(sec.) +0.033 10.044  +0.035 #0.013  +0.025 +0.012
PR seg 0.125 0.1¢d 0.127 0.107 0.125 04125
(sec) +0.017 £0.013  +0.017 +0.007 +0.013 +0.013
ST seg. 0.170 0.1°9 0,127 05123 0.143 0.169
(sec) +0.030 +0.05¢  +0.037  +0.022 $0.028 +0.043
HR (per min) 66.570 77.500 76.870 88.750 86.240 84.700
16.140 +12.27 +6.700 16.960 +3.980 +3.720

D = Duration in seconds; A = Amplitude in mv; Int., = Interval; Seg. = segment
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Fig.

47

Periodic alterations in the levels of Ca++

in plasma, rumen fluid, CSF and saliva of
buffalo calves treated with 30% Mgc12.6H20
per rectally.

Control value : Zero hour observation
Pathophysiological study : 24-96 hr
Treatment study : 120-168 hr
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. 22 : sSection of heart shawiﬁg‘v 3
i Purkinje fibres, HE s

Fig. 23 : Higher magnification of Fi
Purkinge fibres without mx{e
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Fig. 25 : Section of heart of a hypomagnesemic calf
showing focal areas of necrosis (arrow)
in the cardiac muscle, HE x 70

Fig. 26 : Section of heart showing non-purulent
epicarditis with infiltration of se?ous

fluid, lymphocytes, plasma cells an
macrophages.

Fig. 27 : Section of skeletal muscle showing hyaline
degeneration, HE x 300







Fig. 28 : Section of int
HE x 70

Fig. 29 : Section of 1
HE.x 300







Fig. 31 : Section of liver showing diffuse coagulative
necrosis, HE x 300

kidney
Fig. 32 : Section of Xixmn showing cloudy swelling
in thetubular epithelium, HE x 300

i\

Fig. 33 : Section of kidne
neration in the
HE x 300

o
y showing vagcular dege-
tubular epithelial cells;
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Fig. 37







Fig. 40 : Section o
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DISCUSSION

nagnesemia, with or without clinical signs of
' been recognised in ruminants for over fifty
at, in spite of the fact that some measures of
,a's- been achieved, the syndrome is not fully

d as yet. although the conditions under which
semia can develop are fairly well known, the

e cause is still not certain, and even less

8 the relation between the low concentration of

gnesium and the presence or absence of clinical

QUP (Group I) :

2 concentration of various electmlyte§ which were
i in the serum S e present study and served as

. are in accord with those of Choudhuri et al.
carried out in 2 years old healthy buffalo calves.
' PCV of healthy buffalo calves are in agreement
earlier reports (Nauriyal, 1975 and Sethuraman
n,l'a’i'xffalo calves.

‘wide variability in the pH (5.7 to 7.6) of rumen
‘;éen reported in cattle and buffaloes maintained
feed and fodder (Mis,{ra and Singh, 1974;
1075 and Sethursman, 1976). Normal pH value

! the present study was 6.8. Thilalues of pH

d, magnesium, calcium, phosphorus, sodium
’
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CSF, the concentration of sodium, potassium and

| as observed in.the present study are similar to

erma (1979) in buffalo calves and Vihan (1981)
e e

It has been reported that the nommal concentra-
calcium in CSF is much lower than that in plasma.

Ljn:!ziplal reason for this has been attributed to the
ye

dialyzate and CSF. This discrepancy, however,
ery large, but at the same time the concentration
;ad calcium in plasma has been reported to be

than that of CSF (Kaneko, 1980). The potassium
)'a:tion 4n the CSF 15 considerably less than that

a dialyzate (Kaneko, 1980) .- Sodium concentrations
-, slightly greater in CSF than in plasma suggests
‘nce of an active secretory mechanism for the

e in brain (Kaneko, 1980) . The comparative

ns of these electrolytes observed in the

idy confirm the observations reported by

(1973) -
0



electrolyte concentrations of sodium and
i ‘1& :”a‘g.éva are comparable to those reported by
- (1973) and Randhawa et al. (1980) in crossbred
while electrolyte concentrations of magnesium and
S are in agreement with those reported by
et al. (1980) in crossbred cows. Calcium level
was found slightly higher in buffalo calves and
y ﬁi‘b‘e due to the species variations.

Values of pH, sodium and potassium .as
/‘ed by Osbaldiston (1969) in urine of cattle are
ar to those found in the present study.
Electrocardiographic changes recorded in the present
show variability, but still the various components
G are in normal range. R-wave amplitude recorded
he present study is similar but T-wave amplitude is
than that reported by Schafer g Neybert (1977) in cows.
1 Heart rate and rectal temperature recorded were in

range.

Of the various animal models evolved to induce

magnesemia (Kariya et al., 1976; Furukawa et al. 1972;

%shration of rotassium chloride and citric acid
' o ﬁ'e more natural and appropriate from clinical

e It allows sufficient time for hypomagnesemia




75

to develop, apparently simulating the clinical situations.
In the present investigation, all the animals of untreated

Group II died owing to hypomagnesemia as detected by

biochemical analysis.

,Fs;mgtoms and haematological changes assogiated with
ypomagnesemi = 4

Clinical symptoms include inappetence, rumen stasis,
diarrohea, dehydration, systemic acidosis, cardiovascular
and respiratory failure. The clinical symptoms observed
after the experimental induction of hypomagnesemia in
buffalo calves, were similar to those described by
Murakami et al. (1972) in cows and Luthman et al (1973)

in calves.

Daily administration of potassium chloride and citric
acid into the rumen, decreased theruménal £luid l?H signi-
ficantly after 24 hours in all thé animals and the low pH
continued throughout the course of study in untreated group.
It resulted in decreased tone and freguency of rumen move-
ments. Similar findings have been reported by Sinha,

(1980) in buffalo calves. Complete ruminal stasis was
observed clinically and finally this was accompanied by

inappetance. The general condition was also aggravated

by the derangement of the normal rumen metabolism. The

stasis was followed by diarrhoea, which might be dwe to

the reduction in the net absorption of water from the

olon (Randhawa et al., 1980). The normal rumen fluid
c et 2=

i hypotonic to blood and saliva, but with the onset
remains

.
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llar compartments in the rumen, leading to

ntration (Huber, 1971).

Symptoms like sunken eyeballs, reduced skin

ty, subnormal temperature and camatose conditions

.cative of severe degree of haemoconcentration

ration, which may be due to py{eripheral circul-
ure.

In the absence of measurement of total plasma

ps; dit wa-s not possible to infer whether the haemo-

ntration was a result of spleenic concentrations or

ation. %This was marked by significant increase in

s reported by Kariya et al. (1976) in sheep and

ery et al.(1979) in calves and haemoglobin in all the

wed by metabolic acidosis. Nethery-et al. (1979)

rted that in severe cases of acidosis, the reserves

asma bicarbonate we
the pH change in the blood and this resulted in

re reduced in an attempt to

ay decliddei of plood pH. The clinically observable

s of this were related mainly to the respiratory



7.7

bonate caused an increase in the depth am
‘espiration (Kaussaul breathing). Respiratory

ion was usually evident, when bicarbonate levels

‘3 saliva vwhich was clear, colourless}watery and

uce t, became viscous and lategén thin in consis-
‘The increase in the viscosity of saliva might .
,‘l:e excessive secretion of electrolytes, particularly
inic phosphorus and increase in the protein content
et al., 1980). During hypomagnesemia, the
flow rate also decreased, possibly as a result
1 increase in the osmolality of rumen fluid, and
ly due to a slight increase in osmolar concentra-
lasma (Warner, 1977; Beal et al., 1975). The
e in the flow rate can also be either due to the
:ion in rumen motility which affects the receptors

' jvation in mouth or due to the direct inhibition
asympathetic stimulstion (Opara et al., 1972).

¢ LA £all in the urine pH was observed. This may
to increased excretion of acids in the acidotic

. This decrease in the pH of urine has a direct

on with rumen pH (Choudhuri et al., 1980). The

C gen ions were excreted as such by tubular

nt of a suitable substrate like bicarbonate

] fons, ahd resulted in the decreased pH of the
onia : . J
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: 1980). The increased urinary excretion of

€S polyurea, also observed by Murakami et al.,

N cows, vhich is an adaptive consequence of

solute load per nephron or polyurea of renal

€, which became evident in the late stage of

'Hénﬂsemia and was due to a lack of maintenance

lary osmotic gradient. In the present study

ological findings suggest degenerative changes

renal medulla. This polyurea may be sufficiently

ce to cause dehydration or accentuate the concomitant
ation.

Polydipsia was observed in the hypomagnesemic

s, The water deficiency in the body resulting in

diminished effecy%'vgirculatory volume and altered’

hetic tone was corrected in part by increased water

tion in the kidney and polydipsia. ¥
Reluctance to stand and lameness, as observed in

-esent study have also been reported by Luthman et al.

and Smyth et al.(1977) in calves and West et al.

1) in sheep. These symptoms were indicative of

F;itis caused by histamine release frc?m damaged tissue

.son, 1970). symptoms like hanging of head and

suggested by Mihai (1971) in calves

sthotonus, as

e observed, These can be attributed to the entry of
"_l products across the blo@ brain barrier, which may
in the lower glucose uptake of nervous cells

et al 1976) . pauli and Alsop (1974) and
.
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esemic cows. Similar results have alscﬁaeen
in the wesent investigation.

CHANGES

~ Potassium levels of rumen fluid increased signi-
24 hours after administration of potassium

ride and citric acid intraruminally. Similar trend
)bserved by Sinha (1980) in buffalo calves. In
animals the potassium concentration of the fluid
ion thrughout the GIT is consistently several times
than plasma levels. On the other hand, the

gem:s of the tract are generally electro-negative.

re, the concentration sradient must be sufflciently
to overcome an adverse electrical gradient for
ption into circulation following potassium supple-

tation (House and Campen 1971). Potassium is“ [l L v
‘absorbed from the rumen (Parthasarthy’, 1953) and

omasum (Oyaert, 1961) as 1ndicated by high percent—

£ intake in excreted urine (Ward, 1969).

\ The present finding that intraruminal administra-

of potassium chloride and citric acid result in

emia after 24 hours is in line with theobserva-

made by earlier workers (Kariya et al., 1976

Furukawa gt 3al-
‘ 1980 in buffalo calves).

1977 in cattle; Nethery et al.,

in calves; sinha,



2rkalemia was further aggravated owing to
acidosis which reeulted in increased extracellu-
frejtion of hydrogen ions. as the body cells
I@;ake up hydrogen ions and release potassium ions
éxﬁi‘a—cellular fluid. Thus, there may occur a

elevation of serum potassium (Kaneko, 1980).

The variations of potassium in the CSF followed

een observed by Scholz and Meyer (1972) in sheep.
s been suggested (Cornelius, 1963) that potassium
ons in the CSF are likely to occur when @:1'9}9
QW}; ood escapes int; CSF.

A highly significant rise of potassium was
red >in the urine after 24 hours. A similar obser-
was made by Shiga et al. (1981) in ewes. Ward
) reported that 80% of the potassium was eliminated
gh urine in non-lactating animals. M'Potassium is
ed mainly through kidney by glome:ilodfiltration

"  and tubular secretion. However, when aldostercne

es increased resorption of sodium, it does so by«

ing the exchange of sodium in tubular fluid for

sium in th?\'renal tubular cells. Thus aldosterone

s excretion of potassium,when sodium is scarce,
tion by this

£ ar fluid and potassium excre

is enhanced.



erkalemia was accompanied by significant rise

Y potassium concentration. The trends of pota-
variation in the saliva vis-a-vis plasma has been
ated in induced hyperkalemia in calves (Sobti et al.
The trends of changes in potassium excretion in

4 was similsr to those reported by Dobson (1966).

There was a significant decrease in the ‘magnesium
1 of serum, rumen fluid, CSF and saliva following the
stration of potassium chloride and citric acid.
ar observations have been made by Sinha (1980) in
1o calves and Kariya et al. (1983} in sheep.

, House and Campen (1971) did not find depression
blood magnesium and opined that potassium intake

>t affect thd\magnesium retention and exchar_lgeable
%gneSium pool siée. Admini stration of potassium had a
ve influence on magnesium absorption from the

tary tract, and this supports the previous conclusions

are (1967) nd Care et al., (1967). The high pota-

esium absorption by 46 per cent (Newton et al., 1972).

The exact mechanism of reducing magnesium uptake

+ known. Depression of magnesium absorption may
ot .

1ted from an increased potential gradient in

i res}l

alimentary tract following potassium administration

nd Campen, 1971) . But since magnesium uptake
e and C
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ntly ‘1“"01‘:‘5 3 caprier f‘ystem rather simple

(Care,(/ 1965), potassium may have reduced the
magnesium absorption sites or by inhibiting
ort mechanism.

A significant decrease in magnesium levels was
| following daily administration of potassium chloride
citric acid. This was in accord with the results
i‘tne‘d by Kariya et al. (1976) in sheep; Furukawa et al.
) iﬁtattle: Sinha, (1980) in buffalo calves and
et al. (1983) in ewes.

House and Campen (1971) attributed the decline in
a magnesium partially to decreased magnesium absorpt-
e;.‘:xculating magnesium. It has been postul :ted that
{l\a take up | + and retain more magnesium as levels of
jum in the cells increase. Citric acid ameliorates
\ffect of potassium on both distribution and inter-
mental flux of magnesium; the reason for this is
’knawn exactly.

Citric acid chelates with magnesium and these
mplexes may contribute to tetany svndrome by affecting
e normal flux of magnesium in the animal. Burt and

nas (1961) suggeste
rs lowered serum magnesium concentration’but Kennedy

4 that feeding of citric acid to

4 that magnesium level in plasma and urine

68) reporte

'sheep ot substantially modified by feeding

er of these acids.
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In this work, magnesium level in CSF showed the

saml trend as in plasma Meyer and.Scholz (1972)7in

sheep investigated whether the clinical symptoms during
magnesium deficiency were of central origin and related
to changes of magnesium content in CSF. They observed
that tetanies occurred only after the magnesium in CSF
declined to values lower than 1.6 mg/dl, inda‘pedent of

blood magnesium level. Further even when the magnesium

in the blood came down to 0.3 mg/dl or less, clinical symp-

toms were absent as long as magnesium in CSF was normal
or only slightly reduced., Similar observations have been
made in the present studies. This shows that clinical
symptoms are rore related to magnesium level in CSF than
in blood. This relationship has also been confirmed in
field cases (Pauli and Alsop, 1974).

From the results it can bededuced that durirg
magnesium deficiency, the magnesium level in CSF does not
£all as rapidlyas in the blood. This is in accordance

with the findings of Meyer et al. (1974)in sheep.

Magnesium in CSF seems to work like buffer for protecting

brain against fluctuations inthe blood magnesium level.

In general, it has peen concluded that’the ability of
B

nimal to defend the magnesium stock in CSF, depends
aj

the extent of magnesium deficiency and capacity to
upon

X which is greater in the case of calves
mobilize magnesium,

than in adult lactating cows (Meyer et al., 1976).
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The relationship between blood and CSF magnesium
levels explains why animals with low blood magnesium level

do not react clinically in each case or do so after quite
different times

A low concentration of magnesum, or more particu-
larly a low magnesium/calcium ratio, potentiates the
release of acztylcholine. It, therefore, appears that low
concentration‘ of magnesi um in the extracellular fluid
surrounding the muscle snd plates leads to tetany through
above-mentioned mechanism (Blaxter et al., 1954).. It is
however, known that cholines'i:rase activityél.s not affected
during magnesium deficiency (Todd and Rankin, 1959) .

Magnesium is excreted mainly through GIT and
kidney and to some extent through saliva in cattle. 1In
the present study a decrease in the salivary?s well as
plasma magnesium was noted which could be due to the .
tendency of the body to maintain blood magnesium levels

by decreasing theexcretion of magnesium through saliva.

Calcium

Calcium levels in the rumen fluid, serum, CSF

and saliva showed a decreasing trend but exhibited no

significant change during the progression of hypomagne-

semia. Sinha (1980), however, observed a significant
decrease of calcium in the blood and rumen fluid.

It has been reported that calcium is absorbed
primarily from the anteriér portion of small intestine
by a passive OF facilitated diffusion and active transport.
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Increased potassium intake was responsible through mass
action for reducing the absorptionof calcium and magne sium
from the gut. Thus if the}f‘animal is temporarily unable

to mobilize sufficient amount of these elements from the
body stores, then hypocalcemia accompanied by hypomagne-
semia would result (Ward, 1969).

Most of the evidence indicates that increased
acidity of the;GIT favours calcium absorption (Losmba
et al., 1978) as the decrease in the intestinal pH
increases the}holubility of calcium. This effect is,
however, countered by increased potassium concentrations
in the rumen fluid. Thus, overall balance results in
degreased calcium in the rumen fluid, which is in line
with the observitions of Salama (1977) in ewes and
Sinha (1980) in buffalo calves. This was further attribu-
ted to loss of appetite and reduction in oral intake.

In the present study, there was a progressive
decrease in the calcium level in the serum but decrease was
not statistically significant which is in line of obser-
vations made by Murakami et al. (1972) in cows; Pauli and

Alsop (1974) in cows and Shiga et al.,(1981) in sheep.

However, Hall et al. (1972) in cows; Baker (1979) in
. B s

sheep; Sinha (1980) in puffalo calves; El-Shrif snd Mottelib,

(1983) in cows andakahashi et al. (1981) in sheep
b s d severe 'nypoca],cemia in hypomagnesemic animals.
observe
But this bears no clear relationship to the onset of
u s




‘of symptoms. Some animals with severe cramps

‘blood calg.ym%_evel. vhile hypomagnesemic ones

hypocalcemia did not always reactfg in a
nanner. However, concomitant hypocalcemia may

‘@g clincal symptoms.

Meyer (1975) has clearly demonstrated in calves

e 4s an inverse sigmoid relationship between

2tion and plasm'a calcium concentration. He also

that effect of magnesium concentration though

Lar was less effective than equimolar concentration
L.y, At very?.ow plasma magnesiu"m, there was not only

'get organ resistance but also impaired PTH

ion; both presumably the result of magnesium

rement for adenyl cyclase activity, which was

ane'non of PTH-target organ resistance probably
»
an important role in the development of hypo-

mia, which often accompanies hypomagnesemia and

’b;ztes to theclinical signs in grass tetany (Rude

1., 1972).
: Calcium level in the CSF followed more or less the

pattern as observed in plasma.

Mineral acids fed to the cows increase calcium

retion (3tacy and wilsom, 1970) . The same 1s‘;:rue in

ized complexes such as EDTA and citrate. They
oni X
subjected to tubular reabsorption in the kidney

efore, renal calcium excretion is enhanced. In
-here: s
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the ruminants this may contribute to decrease in calcium
levels in blood. Rensl failure may additionally lcause
impaired calcium absorption from intestine because of
the acquired defect inYitamin D metabolism, which ulti-
mately leads to decreased serum calcium (Kaneko, 1980).
Some calecium is excr=ted throuch saliva. As the
hypomagnesemia progressed there was a non-significant
increase excretion of calcium through the saliva was
observed. Similar findings have so far not been
available in the literature. This may be attributed
to thé‘decrease inthe pH of the saliva which result in

increase excretion of calcium.

Phosphorus
A significant increase in the blodd inorganic
. phosphorus was observed after 24 hours of ‘induction of
hybomagnesemia and thereafter the phosphords level
decreased significantly. The increase in the phesphorus
lével during the first 24 hours is being repérted for
the first time though the decrease has been reported

by Sinha (1980) in buffalo calvesy Shiga et al. (1981)

Motte ¢ a
in sheep and El- ~lru-lf/(o19t31-)) in’ calves. The initial

increase in inorganic phosphorus levels might be due to

he increased vuffering action to maintain theacid base
the inc b
balance of blood.

A mentioned-above significant decrease in the
s

later on. Lentz et al. (1976)
level occured = =
phosphorus
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E8Poxted that hyperkalemia was responsible for increased
1evel of insulin in blood which increased metabolism of
glucose involving inorganic phosphorus (Doxy, 1971).
This may be the reason for phosphorus depeltion in the

i blood.

Similarly in CSF the phosphorus decreased after
96 hours following the initial rise up to 48 hours, This
indicates that phosphorus level followed the same pattern
in CSF as in blood, but slowly due to buffering action
in CSF.

It has been reported that in ruminants the main
route of phosphate excretion is via saliva into the gut
(Smith et al., 1956). Saliva which was clear otherwise
became viscous.which might be due to excessive secretion
of electrolytes, particularly inorganic phosphorus and
alsokiue to increase in the salivary protein content.

The salivary phosphorus increased significantly in the
initial stages. This increase can be explained by the
fact that in acidosis, there is depletion of plasma
bicarbonate with a consequent decrease ir{the bicarbonate
At this stage phosphate concentra-

content of saliva.

tion of saliva and plasma increased, probably in an

attempt to restore the buffering capacity as observed

in th resent study, and earlier by Turner and Hoggelts
n the p g

(1954) Later on, @ significant decrease in phosphorus
A .

i nse to decrease in the circu-
jght be in respo
of saliva mig

lation.




quor observed in the present study seems
sult of dilution of rumen contents due to

f fluid from intravascular and extra-cellular
(Choudhuri et al., 1980)

a et al. (1981) in ewes reported increased

3 excretion in urine during hypomégnesemia.
acid enters the _b_:SF, a mechanism is necessary
é;.&‘:ion of hydrogen ions. This is accomplished
ey by excretion of dghydrogen phosphate and
oons. Throuoh the excretion of the_se ions in

3 ﬁe, hydrogen ions are removed from the body and
%a; be the reason for decreased level of phosphorus

jlation later on.

le present study has confirmed the earlier reports i

on, (1972) in lambs; Shiga et al. (1981) in sheep;

Motteli®h3) in calves; Takahashi et al. (1983)

a sodium does not exhibit any marked

fa
eep, that plasm
: during hypomagnesemia.

7 Sodium concentration in CSF followed bhe same
1

as that of blood.
1: salivary sodium did not show any marked change
R S

n fluid sodium content showed a decreasing trend
el

v be due to the fluid withdrawl into the rumen.
Ly
f sible reason is thatEnc:ease in the potassium
T POS
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intake resulted in an increase in apparent sodium absorp-

tion (Newton et al., 1972). The principal regulation

‘ of bodyLsodium is via kidney. During progression of
hypomagnesemia, urine excretion of‘sodium significantly
decreased and continued to remain at low profile, through-
out the hypomagnesemic phase, thus conforming to the
observations ofShiga et al. (1981).

In kidneyqthe regulation of body sodium is medi-

ated through the effect of aldsterone on renal tubules,

which increases resorption of sodium and promotes

excretion of potassium (Kaneko, 1980).

Total proteins in cerebrospinal fluid

Normal calves have a clear CSF, wherea$ calves
affected with hypomagnesemia ha\;é a turbid CSF with a
clot formation property. Turbidity might be due to
increased cellular elements and findL shrecds of fibrin
due to inflammatory condition of the meninges resulting
in an escape of fibrinogen into CSF. In the present

studies, total proteins in CSF increased significantly
'S,

after induction of hypomagnesemia. f1terations in CSF

were generally present as neuropathological examination

showed inflammation of CNS and meninges. Severe degene-

rative changes were also observed histopathologically.
A parallalism has been reported to exist between the
degree of CSF/ alterations and severity of histopatholo-
ase in the cell count and

gical picture. Marked incre
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total proteins levels are rather significant which
indicate extensive lesions in meninges (Frankhauser,
1962). A s!;inficant increase in the level of total
proteins in CSF/ might have been due to inflammation
of CNS and meninges caused by the passage of toxic
materials like acids and histamine across blood brain

t
barrier (Brent, 1976).

Electrocariographic changes

Rumsey and Putnam (1972) observed decrease in QT
interval, ST segment and P-wave amplitude in;steers. Similar
observations were made in the present study which may be
attributed to hyperkalemia. Tachycardia may be another
reason for decreasing in QT interval, Progressive
increase in t‘1‘e extrzcellular potassium concentration
produces a progressive decrease in the resting membrane
potential (RMP). HypS}:alemia also results in decreased
P wave amplitude and increased duration on account of
slower conduction of atria.

Heart rate

An increase in the heart rate was observed through-

out the hypomagnesemic phase. This is in line with the

observations of Horvath et al. (1971) in bull calves.

Rumsey and Putnam (1972) in\steers. Tachycardia can be

attributed to activation of sympathetic nervous system

! inker et al-. 1982) due to acidosis causing
stimulation (5lin et al
X contractility and resulting in increased
increased cardiac

ible remson of increased
t. Another possi
cardiac outpu
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heart rate can be due to necrotic foci on myocardium

and respiratory distress observed during hypomignesemia.

Rectal temperature

Rectal temperature decreased 51gn1f1cantly
throughout the present nathophy51olog1c'investlgatlon.
The decrease in tempersture can be attributed to " some
defect in depression of the thermoregulatory centre, as
degenerative changes were detected histopathologically
during the progression of hypomagnesemia. Another
possible reason for hypothermia can be the decrease in

the basal metabolic rate at the cellular level.

_Gross and histopathological fiindings

The post-morten findings in experimental buffalo
calves that died owing to induction of hypomagnesemia
include marked venous congestion of alimentary tract with
haemorrhage in the mucosa of small and large intestine
with ulcerative lesions. Enalrgement of liver withnecro-
tic patches and marked cogestion and haemorrhage of lungs

were also observed. This was Similar to the gross lesions

described by Ohshima et al. (1973) and Sinha (1980).
Marked cogestion of meningeal blood vessels along with

the swelling of brain was also observed inthe present

tudy This is in consonance with the findings of
S .
Haggard et al (1970), and May et al. (1976). The
at .
have r i raemia
esulted from general passive hype.
lesions might ha

of toxic metabolites such as acid and hista-

andlthekentry

% t, 1976).
mine in| the brain (Bren
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]

All the parendymatous organs, viz. kidney, liver
and myocardium, 'showed degerative changes due to hypoxia.
The metabolically active sodium, potassium pump mechanism
is located in the cell memberane. It consumes energy
from ATP, which is split by magnesium, dependent sodium-
potassium activated ATPase (Jones et al., 1977). During
hypomagnesemia due to magnesium deficiency ATP enzyme
decreased. The condition further accentuated because
of hypoxia and hypophosphataemia which resulted in
mitochondrial degeneration and a fall in ATP and a
high energy phosphate concentration. Overall result
was net deficiency of ATPase enzyme, which was responsi-
ble for injury to .the sodium pump. Another contributing
factor may be the rupture of lysosomal cell membrane
due to the deficiency of ATF, resulted in the release
of hydrolytic enzyme , resvonsible for further damage
to the cell wall. Consequently there was net entry of
sodium and chloride together with water into the cell,
causing it to swell; when overnydration became severe,
plasma membrane may rupture, producing lysis of the cell

(Crocker et al.. 1970). The ensuing interference of flow

in kidneys and liver accentuated the pre-existing

conditions.
The hi stopathological changes in lungs, like
wvere congestion and alveolar emphysema, were most
se

bably due to jncreased ventilatory work. Both hypo-
proba
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xemia and acidosis led to Vasoconstriction of pulmonary
vascular resistance, :

The pulmonary vascul ar resistance may be elevated
further by the increased blood viscosity due to secondary
polycythemia or by obliteration of pulmonary capillaries.
As the alveolar walls expanged, it encroached on ‘surround-
ing alveoli and caused its’ collapse. The high pulmonary
vascular resistance leads to pulmonary hypertension, wit);
subsequent right ventricular hypertrophy. The presence
of pulmonary cogestion would increase the work of Ibreath-
ing further and also aggravate the respiratory insuffi-
ciency. With respiratory distress, there may be an
element of left ventricular failure, perhaps becaus‘e of
hypoxic depression’ of myocardial function, the added
load of a high ciruclating blood volume.

Foci of necrosis vwere observed in the cardiac
muscles, which is in line with the observation of
Cheville (1976), that magnesium depietion is character-
ized by small spoty foci degemeration and necrosis of
heart. During the proc ression of hypomagnesemia, the
dystrophic changes in the heart have been considered
‘responsible for the development of cardiovascular in-

sufficiency which further added to the pre-existing

general passive hype rmia.

The renal tubules revealed coagulative necrosis

d degenerative changes in the lining epithelial cells.
and deg

i have been ascribed to p_-eripheral
Such type of lesions
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circulatory failure, leading to ischaemia of renal
tubules. Haggard et al. (1978) have reported inflamma- 3 LW
hybs ;

tory changes of kidneys in clinical cases of'bééf
~calves vhich have not been observed in the p;esent
study as well as that reported by Sinha (1980).

3 Liver sections in the present investigations
showed degenerative changes of hepatocytes especially
cloudy swelling. Large intracytoplasmic inclhsion bodies
in the hepatocytes were observed which were presumably
the megamitochondria, formed by progressive deposition
of proteins in the matrix, and theseare known to occur
in several liver injuries (Gupta, 1981).

Spleen in most of the cases showe;i depletion of
red pulp. It might; have occurred due to the elevated
level of circulating catecholamines to which spleen is
very sensitive.

Marked venous congestion of alimentary tract
with haemorrhages in the mucosa of small and large
intestine and necrotic lesions were observed in the
: These observations are in agreement

present study.

with those made by Bohman et al. (1969) in young cattle.

Lesions might have resulted from general passive

hyperaemia coupled with local corrosive action of

acid.
(! puring hypomagnesemia, hyaline degeneration of

skeletal muscles was observed as also revorted by
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Ohshima et al. (1973)., This degnerative change.

might have occurred owing to increased depletion
of ATP in muscle cells which is also responsible
for skeletal muscle rigidity. Lymph nodes
revealed severe congestion and perivascular
‘edema, and this can be attributed to general
passive hyperaemia. The presence of a large
number of plasma cells and macrophages in

the spleen and lymph node is indicative of
increased antibody production, presumably due
to the decreascd resistance of the animals as

m
a result of continpous stress.

The changes.in the brain included severe
congestion, perivascular lymphocytic cuffing,
. chromatolysis of nearons, setellitosis.and
neuroq%hagia. The presence of a large number
of fat granular or gitter cells, which are
modified microglia cells, indicates the
phagocytosis of necrotic brain substance
by the microglia cells. Encephalomalacia
with my%lin degeneration leading to spongio=
sis of ;:he brain substance might have occurred

due to hypoxia. This hypoxia is responsible

for causing damage to blood brain barrier,
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which later on showed inability to check the ¢
undesirable substances to brain tissue. More-
over, blood brain barrier in bovine appears

to be rather lenient, (Kanwar, 1982). Another
possible recason for brain damage can be attri-
buted to the deficiency of thiamine (Randhawa,

1979) .

Other organs did not show any significant
pathological changes.
TREATMENT

The treatment was aimed at restoring electro-
lytes of various body fluids which had undergone
different changes. The various drugs and chemicals
selected for thetreatment of hypomagnesemia, in
experimental buffalo calves were on the basis of
the recommendations by earlier workers (Ohshima
et al., 1973:; Meyer et al., 1975; Mieth et al.,
;76; Ruthkowick et al., 1978; andTeuffertet._ al., 1981)

Hypomagnesemic changes in untreated group provided

the guiddines for adopting the treatment measures in

subsequent study (Group IIT and IV).

The dosage varied derending upon the body weight *

of individual animals. The time selected for the treat-

t was based upon the biochemical analysis of the
men

pathophysiological group, a8 indtcated by alarming
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7 mptoms which usually occured 96 hours after induction
of hypomagnesemia,

0
The adgptation of treatment after four days of

,hgpo,magnesemic phase and repeated treatments to check

relapses have been recommended for better recovery in
experimental as well as in clinical cases of hypomag-

nesemia in calves (Mihai, 1971; Murakami et al., 1972;

Morino et al., 1976; Haggard, et al., 1978 and Sinha,
1980) .

Therapeutic measures were adopted by using two
different regimens. Animals belonging to Group III and
IV had a very low level of magnesium, calcium and phospho-
rus in serum, rumen fluid anc’{C:ﬁF. The Group III animals
were treated with 10% magnesi;xm sulphate, half of which
was given intravenous and half subcutaneous @ 1.5 ml‘kg
alongwith 50 ml of calcium borogluconate given intra-

venously., & remarkable improvement in the electrolyte

concentration of serum, rumen fluid and CSF was observed.

The treatment was repeated for three consecutive days.

No relapses were seen in recovered animals within a

week sipha (1980) has also made similar observations.

In this group, theinitial phase of hypomsgnesemia
was covered “b by intravenous administration,; magnesium
sulphate solution, whereas half of the magnesium sulphate

was given subcutaneously and this seems to be}helpful in

i release of the drug, for maintaining blood levels
slow J

iE longer period and avoiding relapse, because of the
or 7
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§rgsence of significantly high levels of potassium in
the body fluids which hin‘ers the gut absorption, as well
as the maintenance of normal blood magnesium (Fontenot
et al., 1973). Magnesium remained at &ubnormal level in
the rumen fluid in which some ions from the blood were
required to be added through various secretions for‘
bringing it to the normal range, In the urine of Group
IIT animals, there was a sharp rise of sodium level in
the post-treatment phase. This might have been due to
the fact that while the serum magnesium level was rising
there was an increased urinary loss of sodium and chloride.
Similar findings have been reported by Chesley and Tepper
(1958). In addition, excretion of magnesium parallelea
that ofsodium as the excretion of sodium was increased or

'\ A :
decreased the excretionof magnesium followed suit (Hills

et al., 1959 and Ross, 1961). From this we can deduce
that treatment with magnesium sulphate and callrol was

- effective in animels of Group III. These buffalo calves
were found clinically cured after being treated with
both subcutaneous and intravenous injections, except that
the)r’lad high potassium content in the rumen fluid, Serum,

saliva and urine as compared with thenormal control valués.

It seems probable that fixed tissue potassium was being

released veryslowly tobe excreted out to bring its blood
e

1 1s to normal within the treatment period. Excess
evels

ot jum retention in the tissues was evident from
potassi
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biochemical studies which present a serious concern in
counteracting potassium toxicity.

In Group IV animals, 75 ml of the 30% magnesium
chloride hexahydrate solution was infused per ractally.
Although there was a significant increase in the magnesium
level in theserum, yet it remained much lower than the
2ero hour values. Same trend was observed in other body
secretions viz. CSF, saliva and rumen fluid. Similarly
values of calcium and phosphorus were much less than the
normal values in the above-mentioned body secretions.
This low level of magnesium could be due to three factors:
(i) slow absorption per rectally as compared with intra-
venous administration; (ii) quick ejection of the drug
by animals and (iii) lack of maintenance supply.

In the urine of Group IV animals; the rise of
sodium level was negligible indicating only slight eleva-

tion of magnesium level in the blood. Potassium content
remained high even after 72 hours of post-treatment
phase in serum, rumen fluid, CSF, saliva and urine. So

it can be concluded from theabove studies that treatment

femained practically ineffective in restoring the electro-

lyte status of various body fluids and secretion to their

control values.

' Total proteins in the cerebrospinal fluid

decreasing pattern was noticed in the concentra-
A dec

i £ total proteins in CSF, in both the groups, after
on o
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the initiation of therapeutic measures. Therapy, thus,
might be effective to some extent in checking the damage
of CNS as indicating by decrease in total protein content
in CSF after treatment of neutralizing the effect of

devitalizing factors present in the CNS.

Haemoglobin and Packed Cell Volume

Both the parameters showed a decreasingtrend in
the post-treatment phase in both the groups and their

values came to near normal after 72 hours.

Electrocardiographic changes

Although electrocardiographs did not show any
significant changes after the treatment, yet in animals
of Group III, PR-intervals, QT segment and PR segment,
showed a decreasing trend and came to normal which had
been decreased due to tachycardia. However, in animals
of Group IV, they remained low even after the treatmept.
The amplitude of mean QRS complex which showed an
increasing trend in the hypomagnesemic phase, came to
normal after the treatment in Group III animals but
maintained its increasing trend in Group IV animals.
Similar findings have been reported by Horvath et al.
The only exception was the signi-

(1971) in cow calves.

fi + decrease in the P wave amplitude after 72 hours
can

in Group III animals. This may be due to persistent
n Gro

elevation of potagsium ions in the body.
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Heart rate

It remained higher even after 72 hours in
Group IV animals, but came to normal after 72 hours of
treatment in Group III animals. It appears that heart

takes longer time to return to normal dynamics;

éectal temperature

Temperature returned to near normal, after insti-
tuting the treatment in both the groups. This might be
due to the fact that during the post-treatment phase,
thermo-regulatory centre regained control as the nerve
damage decreased and the basal metabolic rate of the body

increased.

CONCLUSIONS
The results obtained in the present study point to
the following conclusions :
1. Potassium chloride and citric acid administered
intraruminally are effective in inducing hypo-

magnesemia in buffalo calves.

2 Hypocalcemia is insignificant in potassium
.

chloride and citric acid induced hypomagnesemia.

3 spperance of tetanic symptoms depends upon the

concentration of magnesium level in CSF rather

than its concentration in blood.






SUMMARY

Experiments were performed on 22 heal thy male buffalo
calves, 3-7 months old and weighing between 45 and 70 kg
(Mean + SEM 63.2 + 7.7 kg). The animals were randomly
divided into four groups ef 5, 5, 6 and 6 animals. The
animals of Group I served as centrol, while hypomagnesemia
was induced in Group II, III and IV, by daily administration
of potassium chloride @ 1.3. g/kg and citric acid @ 1.1 g/kg
body weight intraruminally. Animals of Group II were used
for terminal studies while two therareutic regimens were
tried in rest of the animals, after 4 days of inducing

hypomagnesemia.

Various parameters, such as calcium, magnesium,
phosphorus, sodium, potassium, pH, haemoglobin, FCV and
rectal temperature were studied to know electrolytes,
biochemical and haematological changes in serum, rumen
fluid, CSF, saliva and urine. Daily observations of ECG in
all the groups were made. Gross and histopathological
changes in the calves that died owing to hypomagnesemia
(Group II) were studied.

Hypothermia, persisting tachycardia and haemo-

concentration due to dehydration as indicated by elevation

of haemoglobin and FCV were noticed during the progression

of hypomagne semia.



105

Magnesium and phosphorus decreased signific‘antly,
while calcium and sodium £luctuated non-significantly except
that the latter showed a significant decrease in urine.
Potassium showed marked elevation in serum and various body

secretions during the course of hypomagnesemia.

Total proteinsin CSF increased 4-5 times of the

nommal value indicating severe damage to the brain substance.

ECG did not reveal marked change; except the decreasing

of P wave amplitude, QT interval and ST segment.

Tetanic symptoms were not observed during the
present study, possibly because the levels of CSF did not
fall below 1.6 mg/dl. Magnesium in CSF seems to act as

buffer against the fluctuating levels of magnesium in serum.

Degenerative changes observed in various organs of
the calves died owing to hypomagnesemia were suggestive of

electrolyte imbalance, dehydration and anoxia.

Electrolyte concentration in various body fluids was
restored with the therapy comprising 10% magnesium sulphate,
half of which was given intravenously and the other half
cutaneously along with 50 ml of calcium borogluconate.

sub

Treatment with 30% magnesium chloride given per rectum was

fective in restoring the electrolyte concentration.

B (39214

inef
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