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INTRODUCTION 

Th e disea se panora ma in c attle. ewes and poultry 

• during the last decade shows con s i derable changes . The 

frequency of certain disea ses has increased while th a t 

of o thers has decr ea s ed . In this concern~ it has been 

observ ed tha t fre quency of metabolic disorders h a s 

increased especi all y in high performance stock, such a s 

d a iry cows (Samson, 1973) . The productivity of t he dai r y 

herd is prim 3rily dependent u po n metabolic and nutritional 

status of each dairy co w. Frequently t here is a tendency 

f o r high output demands - mil k and calve s. - to be associated 

wi t h inadequate feed i n puts resulting in imba l ance of body 

metabolites which , i f sustained. e ventua lly becomes 

cl i nically a pparent as ' p r oduction diseases ', such a s 

hypocal cemi a and hypom~gnesemia (wi l so n , 1976) . 

The cli nical di sorder of c a t t l e known as ' grass 

t e t a n y '. was linked with hypomagnesemia around 1930 , and 

h as since been cured b y provision of extra- dietary magne­

sium. But still it is unknown which biochemical s y stems 

a nd pathways are altered , which enzymes suf fer actuall y 

f rom magnesium deficiency and what metabolic disturbances 

g i ve r i se to well known clinical sympt oms of hypomagnese-

mia . 

Hypomagnesemic tetani es are less closely rel ated 

to part urition , but lactation does play .a role in their 



precipitation as II cl inical syndrom~ , since the mammary 

output of ma gnesium is i n the order of 0 .1 g/kg of milk 

(Todd, 1967) . Gr ass tetany usually affects high-yielding 

dairyco ws inthe field during spring and autumn in relati_ 

vely cold weather and when g rass is still rich in nitrogen 

and potash (Samso n, 1973; Wi lcox and Hoff , 1974). SUch 

conditions combine d with poorly regulated magn~slum hOmO-

eostasi s facilitate the development of hypomagnesemia 

which i s itself accompanied b y hypocalcemia . 

Mn effective wayof c ombating production diseases is 

neceasary for ethical as well as for economic reasons. It 

is eth i cally not justifiable to buy increased productivity 

at the cost of increased morbidity o r incceased sufferi ng 

on the part of the animal . It is also not justifiable that 

increased productivity and newe r techn~ques di scovered 

are counte rbalanced by losses through animal diseases . 

Effective combating of production diseases reouire s 

new me t hods to be used in veterinary medici ne , which in 

turn require new knowl edge . 

The metdbolic profile ~est is a diagnostic aid for 

production disease; _ Individual herd test can be used either 

to e l ucidate t he aetiology of outb reaks of metabolic dis­

orders or t o reveal thetnsuspected abnormalities in normal 

he r d . Use ful indication can be gained from seasonal 

changes in the profile test . Magnesium can be l ow in 

winter as well as in summer indicating the need for 



aupplementation in winter r a tio ns . 

In rapidly growing c a lve s o f 2-4 month. a ge , the re 

occurs a marked decrease i n inte s tinal absorption of 

ma9ne sium, whil e the , ne ed f o r i ts i ncorporation i nto the 

developing s o ft t i s sue i s greate r . In s ome o f t h e cal ves 

suffer ing from scours, th e re is g reater i nt estinal d r ain-

age of magnesi um and as such s e vere hypomagnesemi c t e t any 

ma~eveloP irre s pective of the diet on whi c h t hey are 

maintained. The disea se is i nv a r iabl y fat a l in f ast 

grow1n~ calves . 

Spo r adi c occurrence of c linical cases of hypomagne -

semi a h a s b een reported by Pra sad ~~. (19 79) and Sinha 

(1980) in thi s country. Most of t hetase s . are being d i a gno sed 

only on the basis o f cl i nical recovery af t er the +apy . 

In view of the wi de p r e v alence of the co ndition i n 

high yielding co ws a n d buff al o e s i n Punjab, it i s necessary 

to understan d ho w the enviro nment impi nge s u pon the milieu 

interieur . The present inv estigation was , therefore , 

unde rt aken with the follo wi ng objectives in v iew : 

1. To stud y the symptoms in the experiment ally 
indu ced h ypomag nesemia in b uffalo cal ves . 

2 . To stu~he bi ochemical change s in th e va rious 
body s e cre tion s of the hypomagnesemic calve s~ 

3 , To s t udy the physiological changes a s a mean s 
of r api d diagnosis . 

4 . To fin d out p at hological ch anges in the vital 
organ s o f the affe cted calves . 



5. T~ find out suitable therapeutic measures 
based on biochemical changes in the blood 
and body fluid; of buffalo calves . 



REVIEW OF LITERATURE 

Various workers using dif fer ent par ameters under 

v a ried conditions h ave multi p l e opi n ion s about t he induction , 

physiopatho logy a nd control of hypomagnesemi a . Some of 

their importan t finding s h a ve b e en summarized as follows 

Induction of Hypomagne semi a 

Todd and Ho rvath (1 9 7 0 ) could produce hypomagnesemia 

in four co w c a lve s reared on l ow magnesiuffi ~il k . Two of 

them exhibited clinica l s ymptoms in the form of tet anic 

convulsio ns. The electro l y t es in the plasma remained 

unch a nged .. 

Hvidsto n an d Langebrek k e (1972) concluded that combined 

reduction in th e supply o f e ne r gy and m~gnesium led to the 

reduction of serum ma gnesium t o hypomagnesemic level . 

Larvor a nd Rayssiguier (1972) found that hypomagne­

semia could be induc~d in normal ewes within 90 minutes 

by giving i ntr uvenou s infusion o f theophyl line @ 30 mg/kg . 

This is sai d to b e due to i ncr eased uri n ~ry e x cretion of 

magnesium . Slight hypomagnesemia coul d also be developed 

in 90 minutes by infusi ng furosamide @ 7 mg/kg intravenously 

as a result of increased uri nary excretion o f magnesium . 

Baker ~~. (1 97 6) i nduced hypomagnesemia in sheep 

by infusing milk low or inadequate in magnesium content by 

intra abomasal infusion . 
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Khalil (1977) reported t hat hypomagnesemia could be 

induced in sheep by fe e ding magnesium defi cient or magne sium 

and sodium def i cient diets . 

Rayssiguier ~ al . (1977 a) observed hypomagnesemia 

in three calves by feeding them with magnesi um deficient 

semi synt hetic mi lk. 

Rayssiguier e t ~. (1977 b) experimentally induc ed 

hypomagnesemia in ewes by intravenous infusion of adrenaline 

@ 40 t g/kg/hour . The effect wa s augmented by administr ation 

of phentolamine and inhibited by propranolol . 

Scholz and Khali l (1 9 78) observed low serum mag nesium 

level (0 . 75- 1 . 10 mg/dl) in 9 sneep ( 1- 2 years ) fe d on a diet 

deficient in magnesium (0 . 113 g/kg) or sodium (0 . 08 3 g/kg) 

o r both. Wi thin 15 days, tetan y was observed in magnesium 

deficient group only . 

Yoshida (1978) r e ported hypomagnesemia (0 . 75- 0 . 94 m 

mol/I) throughout the year in a herd of 20 cows maintained 

on magnesium deficient diet . 

Bake r ~ ale (19 79) observed hypomagnesemia in 

adult sheep by changing their diet from chaff toa magnesium­

defici ent milk infused directly into abomasum . 

Shiga and Shinozaki (1979 a) experimentally induced 

hypomagnesemia in four ewes by feeding a ration low in 

calcium and magnesium for 10 days . Serum magnesium l evel 

fell furthe r when ratirnwas supplemented with c alcium 



carbonate for eight days . Tetany was observed in one 

sheep. 

Shiga a nd 

developed tetany 

(2. 9 mg/kg/day) 

seven days. 

Shinozaki (1979 b) reported that old e wes 
()./ 

when fed on m/gnesium-deficient diet ,.. 
as a result of increased Ca:Mg r at io in 

Shiga ~ al . (19~O)reported th at pla~ma parathyroid 

hormone ( PTH) l e vels fell sharply in four ewes kept on a diet 

low in cal cium and magnesium for 10 day s . In three of them, 

it remained l ow for ~our days after giving t hem extra 

cal cium and t hen e levated t o normal . In one old e we , serum 

calcium rose but magnesium an d rTH fell shar ply on dalS two 

and clinical hypomagnese~i a developed . Plasma Pl'H rose 

again ~om day five anddeath from t etay ,occurred on day 

seven, 

'" Shiga et al . (198 1) produced hypom . gnesemia in four 

l actating ewes by f eeding winter ration for 10 days and 

then spring grass c ontaining more potassium but less mag­

nesium, calcium , phosphorus and sodium for 9 days . 

Sinh a ( 1980) induced hypomagnesemia in 1- 1~ months 

old buffalo calves by intra- r uminal administration of 

potas s ium c hloride (1 . 5 g/kg) and c itric . acid (1.25 g/kg) 

for a wee k i n addi tion to usual milk feeding . 

EI- Shrif and Mottelib (1983) experimentally produced 

hypomagnesemia in ten buffal o calves by fee di ng potassium 
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iodide (100 mg/kg body weight) . Hypomagnesemic tetany 

occurred after 5- 8 days . 

Takashashi ~! .al . ( 19B3) induced hypomagnesemi r 

experimentally by feedi ng 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 belo w 0 . 5 mg/dl within six 

days and one sheep died from severe hypomagnesemic tetany 

tIM:> weeks 1 ater. 

Terashima ~ ~. (1983) observed that plasma calcium 

and magnesium decreased to about 8~1o of initial v alues at 

2-3 hours after intravenous infu s ion of norepinephrine @ 

15~g/kg body wt./min . in normal saline . 

more marked in fasting animals . 

Pathophysiology of hypomagnesemia 

The effect was 

Dobson ~ El. (1966) took _ saliva and b lood 

sampl e s from ew:" l.ambs , both indoors and when grazing 

heavily fertilized pasture . Gr azing produced rise in 

concentration of potassium (from 10 to 26 mEq/L) in saliva 

and fall in concentration of magnesi um i n blood from 1. 8 

mg/dl to about 1.1 mg/dl after two ni ghts a t pasture . 

sodium concentration in the saliva feU. when potassium 

concentration got elevated whereas the concentration of 

sodium in plasma was erratic. 

rloltenius ~!l. (1970) analysed the b l ood sampl es 

of four groups of calves an~wo flocks of sheep affected 
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with tetany and observed t ha t e xce p t i n o ne gr oup of calves 

with hypomagnesemia , the tet a ny in all ca ses wa s a t tributed 

to hypocalcemi a . Investigation of the diets revealed 1n­

ad'quate vi t amin D, calcium and i n some cows i nadequate 

magne sium in t h e diet . 

Horvath et al e (1971 ) observed alterat ions in electro-

cardiogram in fo u r experimen t all y i nduced hypomagnesemi c 

bull calves . The s e included somatic nerve (TP de flection) , 

increa sed heart rate and change d QRS compl e x when tetany 

was imminent. I nverting a nd peaki ng of T- wave were seen . 

Tissue calcification was see n i ~two caJves examined on 

"-post- morterm but the h eart was not involved . 

HOll se a nd Campen (1971 ) gave treat ments in each of 

the f our tri a l s consisting o f (1) the feeding one kg con-

centrate/day (control diet ) ; ( ii ) fe~ding p l us suppl ement 

of 60 9 pota ssium chloride; ( iii ) fee di ng pl us 30 9 o f 

citric acid ; (iv) f eedi ng pl us bothPotassium and citric 

acid. to sheep. Pl a sma magnesium concentration . magnesium 

retention and exchangeabl e magnesium pool s i ze \...ere unaffected 

bykhe treatments . Increa s e d i nt ake of potassium chloride 

significantly depre s sed magnesium absorption , reduced 

urin ary magnesium excretion and l ower ed endogenous faecal 

magnesium excretion . 

Huber (1971) stu ~ied dehyc ration i n gluco s e- induced 

acidosis in sheep . I ncreased haematoc ri t valUes coupled 

with reduced skin e l a stici t y we re indicat ive of seve r e 



degree of h aemoconc entration and dehydr ation in acidotic 

animals. A reduction in body water of approximately eight 

per cent of the body weight was observed . It was concluded 

that total body water lo s s was share d by plasma , interstitial 

and i nter acellul ar fl u i d compartments . 

Mih a i ( 19 71 ) o b s e r ved the symptoms associated with 

g r as s tetany inc luded r estles s ness , bellowing, muscular 

contraction, o pisthoto nus , t e t any and epi l eptic convulsions . 

Serum anal y s i s fo r magne s ium , cal cium, sodi um and potassium 

of 20 calve s with tetanic symptoms and 10 cal ves without 

such symptoms r eve aled l ow 'v alue s . 

Hal l and Reyno l ds (1972) analysed b~ood samples from 

twelve cows a f fected with hypomagnesemic tet any at the 

appearance o f first cli ni ca l signs and ~ - 5 days l ater after 

tetany . Pl asma mag neSium concentr ation was found to be 

0.66 ± 0 . 16 mEq/L at t he t ime o f tet any and 1. 07 ± 0 . 41 

mEq/L , 3- 5 days l ater . Pl asma calcium was 3 . 89 i 0 . 59 mEq/L 
~ 

at the~tart of tetany~nd 5 . 69 + 0 . 45 mEq/L . 3- 5 days later . A ~ -

Meyer and Sc holz (1 972) r e ported the mean values of 

magnesium in the cerebro spinal fluid and serum were 2 . 37 i 

0 .14 mg/dl and 2 . 26 ± 0 . 16 mg/ dl r espective ly . They found 

the relatio nship between t he normal ratio of magnesium i n 

the blood (x) to t he magnesium in the c erebrospinal fluid 

(y) by deriving a formu l a : 

y = 2 . 40 5 - 0 . 261/ ( x) 
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They observed that in younger animals , cerebro s pinal 

fluid magnesium decreased more s l owly during magnesium de­

ficiency and correlation of the symptoms vTaS g re a ter with 

the cerebrospinal fl u i d magnesium leve l . Clinical s i gns 

could be anticipated at cerebrospinal fluid magnesium 

va lues below 1. 6 mg/dl . 

Murakami et ~. (1972) made observations on fi ve cows 

{3- 5 year s ~ oldJ and suckling cal ves (4- 6 months old) affected 

with grass tetany and reported symptoms whCh included 

excitement, hyperaesthesi a, trembling, stiffness , salivation, 

breat hing difficulty, diarrhoea , freque nt micturition and 

u l timately the convul s ions ;,vith tetany _ Serum magnesium 

l evel s reveal ed hypomagnesemia, high calcium magnesium 
~ .", 

ratio and increased serum_glutamic_oxalo ?t r ansaminase 

act ivity . Serum magnesi um level s generally r anged from 

l ess than 1- 2 mg/dl in other 76 beef cattl e . Hypomagesemi a 

caused an increase i ~~ alcium magnesium ratio without 

affecting actual conce nt r ation of calcium and other serum 

i ons . 

Newton ~~. (1972) conducted eigh t three- day 

balance tri als on 12 crossbred lambs . Potassium bicar bo-

nate @ 100 g was fed to the l ambs and observed decreased 

absorption of magnesium and increased absorption of sodium, 

potassium and c alcium . Al though tiood serum, calcium, sodium 

and potassium showed no disti nct trends, t here was a trend 

towar d l owered serum magnesium levels after 14 days of 
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potassium supp1Qf11entation .,h ich disappear ed after 27 

days. 

Osbaldiston ~~. (1972 ' collect e d midstr eam 

urine samples from 48 h ealthy cows at various s tages o f 

lactation and found mean va lue o f pH , sod ium and potassium 

as 8.23 . 34 . 3 mEq/L and 4 53.7 mEq/L respectively . 

Rumsey and Putnam ( 1972) infused intraruminal ly 

a solution containing 500 9 potassium chloride and 500 9 

citric acid in steers and f ound t ypical changes i n the ECG 

patterns. There was increase i n the P interval , decrease 

in the PR and or intervals , a more negative QRS compl ex 

and an inver ted T- wave . Concur rent In th e~treme toxic 

conditions, t he P wave ' was l ost and QRS and or interval s 

broadened . Changes in the ECG pat tern were associated with 

a serum potassium c oncentration of 9 mEq/L . Respiratory 

rate i ncre ased and saliv ary f l ow decreased after the 

infusion . 

Scho lz and Meyer (197 2) obs erved that the range of 

normal cal cium , phosphorus , potassi~~nd so dium values in 

th~erebro sPi nal fluid of sheep were onl y a hal f of that 

in the blood plasma . The CSF values f ound were 5 . 23 ± 
0 .54 mg/dl for c alcium, 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 ex perimental progressi ve hypomagnesemia induced 

a fall in blood calcium level and an inc r ease in potassium 
,n;;.. 

content of bothblood and CSF . These changes were not considered 

significant for the development of hypomagnesemi c tet~ny . 
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Bauda et ~. (1973)collected c e reb r ospinal fl uid 

samples from 23 cat t le and found that pH of CSF was lower 

by 0.032 tha n that of blood . SOdium, potassium and inorga_ 

nic phosphorus values of the CSF were also l ower . However l 

chloride was higher in CSF than in blood. 

Lotthammer and r\lsewede (1973) observed that sodium 

content of the:al iva of cattle remained fairly constant , 

whereas potass~ content varied con siderabl ~accOrding to 

the impurities present. On analysis 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 £!~ . (1973) observed symptoms associated 

with hypomagnesemia in~alves which includee muscul ar spasms 

or inabilit y to rise , besi de s observing serum magnesium 

values as low ~ 0 . 6 mg/dl . Also , serum magnesium l evels in 

the range of 0 . 3- 1. 0 mg/dl were detected in tetanic hereford 

cows, They quoted the bovine renal threshold values for 

magnesium to be 1.7-1.8 mg!d l . 

Chshima ~~. (1973) reported serum magnesium levels 

of 0.3 and 0.4 mg/dl respective l y . in two c l inical cases 

b f hypomagnesemia in cattle . Post- mort em findings included 

focal haemorrhage i n o rgans and tissues, c l oudy swelling 

of skeletal muscles , degenerative changes i n li ver , kidney s , 

adrenals, lungs , spl een and heart . The primari l y l esions of 
, I 

hypomagnesemi a appeared tore tissue calcification and 

degeneration of b lood v e ssels . 



Garcia (1974) assayed rumen fluid, saliva and blood 

sampl e s f or 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 o f 9 mg/dl . No 

significant changes were observed in potassium, sodium or 

phosphorus in rumenflui d or saliva . Instead of a normal 
~ 

decrease of rumen fl uid pH following a fe e d deficient in 

magnesium content , a post- pr andial increase (upto pH 8 . 0) 

was detected. 

Meyer ~ aI , (1974) found that during hypomagnesemi a , 

magnesium secretion from choroid plexes cl early diminished 

from 3 . 27 to 1.83 mg/dl . It was also found that t ypi cal 

tetanic seizures were induced in hypom~gnesemic sheep by 

ventriculo- cisternal perfusion with magnesium free fluid, 

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 clinica l g~s tetany, four with hypomag-

neseml a but exhibiting no clinical signs and two c al ves 

with ex perimentally induced grass tetany ~ It appeared that 

l evel of magnesium in the c e r ebro spinal fl uid wa s better 

index than the levels in plasma for indicat i ng the onset 

of grass tetany ~ Hypocalcemi a was not always present in 

tet~nic cases; however, in acute tetany the plasma potassium 

got e l evated to ddngerous l e ve l s . 
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Seal U al . (1975) reported that salivary flow was 

depressed during hyperkalemia and decline in sodium : pota­

ssium ratio during potassium admini str ation was diphasic . 

The decline in salivary flow during sodium depletion 'vas 

associated with decreased salivary bicarbonate concentr atio n 

and increasin~ saliva ry phosphate and pH , with the c o n c e nt ­

ration of chloride showing no constant trend . During 

acute hyperkalemia the chloride and phosphate concentrations 

were negatively correlated wi th salivary f l ow while the pH 

WdS unaltered . 

Furakawa et a1 . (1976) reported that intraruminal 

administration o!citric acid @ 1. 7 g/kg body weight produced 

no symptoms and had no effect on ECG . The . administration 

of potassium chloride @ 1 . 7 g/k g body weight alone or in 

combination with cjtr ' c acid produced a. slight prolonga­

tion of P-wave and an elevation of the T- wave but no clini-

cal symptoms. WQen both the substances we re given and 
Q, 

potassium chloride dose exceeded 1 . 75 g/kg body wt . , there 

was highly abnormal ECG pattern and the high serum pota-

ssium concentration was responsible for cardiac failure in 

sheep . 

Kariya ~ ~. (1976) f ound increase in the hemato-

crit, serum proteins and potassium concentration after intra 

ruminal administration of potassium chloride @ 1 . 7 g/kg 

body weight but the levels of these ingredients returned 

to normal after 6 hours . Citric acid when given @ 1 . 7 g/kg 

bod y weight inc reased blood glurose , p acked cell volume , 
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serum proteins and calcium concentration . Simul taneous 

administration of both substances in f our sheep @ 1. 7 - 1. 9 

g/kg body weight of potassium chloride a nd 1 . 5- 1 . 7 g/kg 

body weight of citric acid , produc ed a marked increase in 

blood glucose , lactic acid and potassium concentration . 

Three sheep of t his grou p died withi n three hours . 'rlminis_ 

tration of each substance produced a decrease in serum 

magnesium . 

Meyer ~~. (1976) investigated the incidence of 

clinical symptoms in hypomagnesemia in sheep and found 

that in the appearance of acute clinical symptoms neither 

a reduction in the calcium l evel in blood nor the uptake 

of high amounts of ammoni a , phosphat e or c~tric acid was 

involved. On the other hand , a strong correlation could 

be established between the magnesium content in CSF and 

c linical symptoms . A small r eduction i n the magnesium 

content i1(he intercellul a r flui d o f the central nervous 

system might le ad to functio na~reversible disturbances, 

probabl y by a l ower glucose u ptake of the nervous cells . 

During the magnesium deficiency the magnesium level in the 

blood decreased more rapidl y than in CSF . The magnesium 

in CSF seemed to buffer the b rain against large fluctuations 

of magnesium in the b lood which '·'€:re typical of this 
c~ ~ 

mineral . Tetanic seizures could, therefore , occur in 

different stages and/or after different times of hypo_ 

magne semi a . 
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Moreno ~~. (1976) found an ave rage blood magne_ 

sium level of 1. 2-1 . 7 mg/dl in hypomagnesemic cows . HoY/ever, 

blood calcium and phosphorus levels were within normal 

range in these animals. 

Furakawa ~ al e (1977) made observations in eighteen 

y oung cattle after oral administration of potassium chloride 

and citric acid @ 2 . 0 g/kg body weight each . There had been 

an increase in blood potassi um and a decrease in;.serum 

magnesium which did no t lead to tetany within few hours of 

dosing . 

Salama ~ al e (1977) found decrease in magnesium 

values in the rumen content from 11 . 7 to 2 . 6 mg/dl and 

that of calcium from 10 . 88 to 8 . 22 mg/dl in twelve Merino 

ewes of 4- 6 years age which were given a magnesium deficient 

diet for 8 weeks. 

Schafer & Neubert (1977)co~related the ECG changes with 

biochemical alter ations in 155 cows . The R- wave amplitude 

value o ~cows with h ypercalcemic (13 . 4 mg/dl), hypomagnesemiCl/ 

(1 . 4 mg/dl) and a combination of both conditions were 

0 . 98 , 1. 09 and 1 . 22 mv respectively , while the corresponding 

values f or T- wave were 0 . 33 , 0 . 30 and 0 . 44 mv . The R- wave 

amplitude values for cows with normal 'blood calcium and 

magnesium l evels (9 mg/dl and 2. 7 mg/dl respectively) 

were 0 . 85 and 0 . 82 mv . The T- wave values for the cows 

with norma l calcium and magnesium blood levels were 0 . 30 

and 0 . 28 mv. Changes in blood ketone and inro ganic phos­

phorus had no effect on ECG characteristics . 



Smyth ~~. (1977 ) revealed a tendency in calves 

to devel op magnesium and cor'per deficiency at about 3-4 

months of age when li ver supplies had probabl y been 

exhausted. Symptoms including hyperaesthesia , incoordi­

nation and knuckling of fetlocks we re noticed . 
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Baker ~ a1 . (1979) observed a striking positive 

correlation between calcium and magnesium in hypomagnesemic 

sheep . It was concl uded that hypocalcemia was a general 

outcome of hypomagnesemia . Further , sheep which developed 

culvulsions also exhibited a rapi d decline in plasma 

magne sium concentration associated with a decrease in 

pl asma concentration of calcium as well . 

Lal and Verma (1979) found that tot~l proteins were 

maximum (28 l 5 . 94 mg/dl) i n the cerebrospinal fluid of 

3- 6 months old calves and minimum (17 . 5 ~ 6 . 06 mg/dl) above 

2 years of age. Calcium values were minimum (5 . 00 .± 0 . 5 

mg/ d l ) in adult and maximum (8 . 00 ~ 2 . 72 mg/dl) in young 

buffal oes in all the three age groups . 

Nethery ~~. (1979) made observations after 

infusing potassium chloride and sodium chloride in reticula 

rumen of 6- months- o l d calves @ 0 . 29 , 0 . 58 and 1. 15 , 1.73, 

2 . 31 or 2 . 88 g of potassium/kg body weight or 1 . 35 , 21 . 2 

or 2 .16 g of sodium/kg body weight in equal volumes of 

water. Fbtassium and total solids of plasma and PCV~ere 

i ncreased at potassium doses greater than 0 . 29 g/kg body 

weight within an hour after dosing . At the higher doses 
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of potassium, sodium content of plasma increased about an 

hour ~ter an increase in plasma potassium. Respiration 

generally increased and associated varibales of CO 2 pressure , 

pH and bicarbonate in blood were decreased . Clinical 

toxicity signs including excess salivation , muscular 

tremors of legs and excitability we re observed with 

potassium doses g reater than 0 . 58 g/kg body weight . Three 

of the five c alves given 1 . 73 g/kg , 3 of the 4 values given 

2 . 31 g/kg and one calf given 2.88 g/kg body weight of 

potassium chloride died . 

Choudhuri ~ a1 . (1980) induced rumen acidosis in 

four adult buffalo calves. by oral feading ,of molasses 

@ 10 g/kg body weight . In the rumen liquor a decrease in 

pH was accompa nied by a decrease in sodium and potassium 

and an increase in calcium, magnesi um and inorganic 

phosphorus l evels . Serum values of inorganic phosphorus 

and sodium increased while calcium, magne s ium and potassium 

concent r ations decreased . There wa s a decre a se in the 

pH of urine which was associated with an increased urinary 

excretion of inorganic pho sphorus . 

Randhawa ~~. (1980) induced rumen acidosis in 

four crossbred calves b y oral feeding of molasses @ 25 g/kg 

body weight . \vi th the progression of acidosis there was a 

decrease in the salivary pH , secre~ion rate and bicarbonate 

content and increase in sodium, inorganic phosphoIUS, 

lactic acid ~nd protein contents of saliva. The osmolality 



of the saliva and b l ood changed from hypertonic to hypo­

tonic when compared with the rumen liquor. 
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Sinha (1980) reported that in induced hypomagnese­

mic calves blood, serum and r umen fluid pH , magne s ium 

calcium and phosphorus (except rumen fluid phosphorus) 

decrea s ed significantly; while the serum and rumen fluid 

potas sium increased significantly from 4 . 833 to 13.26 and 

36 . 083 to 330 ± 14 mEg/L respectivel y . Post- mortem 

examin ation revealed marked hyperaemi a , congestion and 

mild haemorrhage in the mucosa of the rumen , abomasum , 

intestine, liver . lungs, kidney , sple en, meninges and 

brain in whole milk induced hypomagnesemia: while echymotlc 

haemorrhage s and petichae were observed in above mentioned 

organ s in potassium chlori de and citric acid induced 

diseases in calves . 

Seoane (1981) measured the concentration of variou's 

electrolytes in the cerebrospinal fluid take n from the 

lateral ventricle of the brain in sheep . Concentrations 

in mEq/L of sodium, potassium, calcium and magnesium were 

found to be 156 . 6 ± 1 . 5 . 2 . 94 ± 0 . 02 . 2 . 37 ± 0 . 04 and 

2 . 18 ± 0 . 08 respectively . 

Shiga ~ ~. (1981) found that in experimenttally 

induced hypomagnesemia, ratio of absorption to intake of 

magnesium and phosphorus rose in three ~es but decreased 

in another , while that of calcium decreased and of sodium 

and potassium increased in all animals . Urinary secretion 

of potassium and phosphorus increased while magnesium and 
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sodium de c r eased w.ith no change in calcium. Body retention 

of sodium and potassium increased whereas that of magnesium 

cal cium and phosphorus decreased . Serum concentrations of 

magnesium and phosphorus decreased while calcium , sodium 

and potassiumlevels remained unchanged . 

" Vihan (1981) collected cerebro spinal fluid from ten 

healthy sheep and five with nervous system disorders . Physi-

c al attributes like turbidity and clotting were not seen 

in healthy sheep but the flui d was turbi d in three clinica l 

c ases . Values for pH , total proteins , g l ucose , chloride 

on d calcium averaged 8 . 2 , 41 . 4 mg/dl and 4 3 . 5 and 20.02 

mEq/L and 4.94 mg/dl respectively in healthy sheep . 

~est et a1 . (1981) observed the occurrence of hypo-

magneserni c tetany in a flock of 2500 mixed aged e Vies in 

New Zealand . Twelve ewes died suddenl y 2- 3 weeks after 

l ambing . One ewe wa s s taggering befo re death and post-

mortem examination of two ewes exhibited b lood tinged 

froth in the mouth and blood stained discharge from the 

anus . 

El- Shrif & Mottelib (1983) observed tha t during hypc-

magnesemia the anima l s were sensitive to external stimuli 

and revealed opisthotonus , ears folded backwards, retrac-

ticn o f eyel ids , muscle twitching , tremors , tonic a nd 

clo nic spasms of limb s , clonic convulsions and tetanic 

c o ntraction s were observed . The blood chemistry revealed 

alkalosis, reduced calcium, magne:=iium, inorganic phosphorus , 

sodium and chloride and increased concentration of potassium . 
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Kar1ya ~~. (1903) reported that increased levels 

of dietary pot a ssium appears to further r educe serum levels 

of m lgne sium in stee r s 1jd diets with decreased magnesium 

c o ntent . I nfusion of potassium chloride into the jugular 

v e in did not have t h is ef f ect which leads to the conclusion 

th at the site of action where potassium induces reduction 

of ma gnesium h as been in digestive tract . 

T ak ah a shi et al . (19B3) induced hypomagnesemia in 

three sheep . Magnesium l evel declined below 0 . 5 mg/dl 

and one sheep died from sev ere hypomagnesemic tetany _ 

Plasma levels of c alcium also d ecrea sed . Pla sma sodium 

l evel was unchanged~ duri ng t he experiment al period. The 

sheep which died duri ng the experiment showed increase in 

potassium level s from 13 . 7 to 27 . 0 mg/dl during convulsions 

before death . 

Treatment of Hypomagnesemi a 

Murakami ~~. (1972) observed successful recovery 

of clinical cases of grass tet any ( hypomagnesemia) in cows 

and suckl ing cal ves with s ubcutaneous injection of 100- 200 

ml of 25 pe r cent magnesi um sulphate solution . 

Ohshima ~ a l e (1973) treated several clinical 

cases of grass tetany (hypomagnesemia) in cows successful ly 

with magnes i um s ul ph a t e so l ution . 

Heen (1 9 74) found that all cows suffering from 

puerpera l paresis , receiving 15 g of ma gnesium - DL- aspar­

tate alongwith 100 ml of cal cium preparation , showed 
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o nly "a slight ly higher percentage of recovery (53%) than 

the control (48%) and thi s dif f e rence was not s ignificant . 

Hadl ich and Kolb (1975) found that infusion of 2% 

calcium chloride a nd 1~1o magnesium chlorid e and 5% glucose 

o ne after other or in combination}produced severe functional 

changes in the cardiac activity and the respiration . The 

recommended concentration worked out by them for the 

treatment or prophylaxis of hypomagne,semi a was 10 9 

" m ~gnesium chloride , 2 9 magnesium ad~pate and 5 9 calcium 

g l uconate in 100 ml of d i sti ll ed water (tot ~l dose = 500 mI) " 

This was well tol e rated and found to overcome the mineral 

deficiency in tissues . 

"'-
Meyer and Bus~e (197~~ infused magnesium chloride 

(20 - 30%) per rectally in cattle and sheep and observed 

0 . 5 mg/dl increase in blood magnesium level . The maximum 

effect 'llas seen only after one minute . Simultaneous 

i nfusion of magnesium and calcium showed that magnesium 

absorpt i on in magnesium depleted sheep was less than ~~en 

magnesi um alone '.Yas infused and there was no change in 

the calcium l e v e l of the b lood . Though magnesium is 

absorbed by the mucus membrane of the rectum, this method 

is not as certain as the use of intravenous subcutaneous 
, 

injections as a part of the solution is sometimes ejected 

by the animal . 

Meyer and Busse (197~ studied the effect of single 

i ntr av e nous injectio n of magnesium g l uconate on the 



magnesium content of cerebrospinal flu id in sheep with 

normal and 1 o \,1 level s of magnesium in the cerebrospinal 

fluid . They found tha t in normally fed sheep, the 

administration of a single in jection of magnesium gluco-

nate resulted in a slight brief rise (about 0 . 25 mg!dl) 

in the magnesium l e vel s of cerebrospinal fluid . The 

greatest effect (increase upto 0 . 4 mg!dl) l asting about 

2 hours occured in magnesium deficient diet with a low 

l evel of magnesium in cerebrospinal fluid . 

Alterskjner and Mesdal (1976) treated cows with 
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either hypocalcemi a , parturient paresis , clinical paresis 

and hypomagnesemi~ . The recovery after intravenous 

injection of calcium and magnesium chloride solution 

was 63.7%, 76.7%, 86 . ~1o and 94 . 4% resp~ctively in the 

above- mentio ned conditions . Supplementary treatment with 

subcutaneous injection was suggested inall cases . 

" 
l-lay ~ al . (1976) admi nistered calcium, magnesium, 

vitamin A and vitami n D in young hypomagnesemic calves 

and treated them successfully. 

Mieth ~~. ( 1976) studi';d 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 inj ection of Parevert 

(cal cium chloride and magnesium chloride sol ution) . 

Solution A ( magnesium adi pat e , calcium gluconate and 

bor ic acid) or 25% magnesium sulphate solution or various 
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combinatio n s . Pr o longed increa se in serum magnesium 

concentration was obtained only by giving high doses 

(400- 500 mll of solution A. Lov' dose (100 ml) magnesium 

sulphate sol ution prevented a further d r op in serum 

magnesium for a short period after the treatment . 

Moreno ~ a1. (1976) treated hypomagnesemi c cows 

with 25% magne s ium sulphate solution 100 ml intravenously. 

Some cases were also treated by them with calcium gluco­

nate . In all cases recovery was followed in 2- 3 hours . 

Later these cows were also give n 100 ml of magnesium 

su lph a te sol ution subcu t aneousl y . 

Schonherr et ~. (1976) studied the e fficacy of 

. solution A (12 9 magnesium adl pat e and 5 9 calcium gluco­

nate per 100 ml of distilled water) with that of solution B 

(12 9 magnesium adipate an d 1 2 9 calcium gluconate per 

100 ml) by intravenous infusion(SOO ml)to 28 cattle 

suffering from grass tetany a n d hypocalcemia . ,~fter the 

tre a tme nt with solution 8 " there \oJas a consi der able 

incre a se o f magnesium l evel in the serum . Efficacy of 

the treatment vias foun d better when infusion was performed 

just after appearance of clini cal signs . Grass tetany 

and paresi 5 with tetany-l ike symptoms were recommended 

t o be treated wi th sol ution B. 

Vrzgula ~~. (1976) admini stered a solution 

containing 10% calcium gluconate , 3% magnesium chloride 

and 0 . 5% trimicaine hydrochlori de to 54 cattle , 79 sheep 
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and 30 pigs by intr avenous, intramuscular or subcutaneous 

r outes to see the persistence of the drug in the system for 

the treatment and control of hypomagnesemia . The intra-

venous and i ntramuscular routes p rodu ced rise in serum 

calcium and magnesium i n one hour, which per sisted upto 

72 hours . 

F l ast ~ nd Meen ( 1978) treate d a complicated case of 

hypocalcemic hypomagnesemi a in cows wi th a solution contain-

log calcium and magnesium salt s with transitory improve­

ment after a relap se (7 hours later) . The cow was gi~en 

thi amine chloride (3 g) , calcium chloride (35 g) and 

magnesium chloride ( 15 g) intravenously . The animal 

i mpr oved rapidly within 20 minutes and regained its normal 

appetite after one and a half hour . 

Haggard ~ a1 . ( 1978) treated clinical cases of 

tetany associated with magnes i um deficiency in 4-months -

old beef calves with intravenous magnesium salts which 
J 

responded very wel l. Death losses ceased a f ter a magne-

sium conta ining supplement was fed t o t he calves and cows . 

Rutkowiak ~~. (1978) treated an outbreak of 

grass tetany due t o nitrogerous fertilizers application 

in the pasture in a herd of 200 cows with magnesium salts . 

Blood levels of magnesium enhanced from an average of 0 . 72 

to 2,04 mg/ d l , th a t of calcium f r om 7 . 72 to 8 . 17 mg/dl and 

the inorganic phosphorus from 4.08 to 5 . 19 mg/dl . 

Yoshida (1978) conducted a therapeutic tri a l on 

two complicated ketotic cows with low serum magnesium 



content by treating them \<lith five d a ily .injections of 

magnesium (1 9 intravenous) . This treatment decreased 

serum and urine acetone to norma l after five injections. 

Another ketotic co w was injected daily with magnesium 
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(1 9 i nt r avenous) and glucose (200 9 i nt r ave nous);, recovered 

wi thin three days . 

Sinh a ( 1980) treated the whol e milk induced hypo-

magnesemi c calves with lO% . sol u tlon odmagnesium sulphate 
f 

@ 1. 5- 2 . 0 ml/kg body weight i ntravenously dail y for 2 days . 

followeq by hal f the dose intravenousl y and remaining 

half dose subcutaneously daily for 2 d a ys . Trea tment of 

c i t ric aci d and potassium chloride inouced hypomagnesemic 

calves was done with 50 ml of calcium borogl~conate solution 

(calberol) in addition t o 10% magnesium sulphate . 

Teuffert ~ alJ1981) treated 14 cases df hypoma gnesemia 

in cows by intra venous infusion o f 500 ml s o lution of 60 g 

magnesium a dipate a nd 60 g cal cium gluconate. Concomitant 

hypocal cemia occured in one cow onl y . The disorder h ad 

no effect on the concentration of potassium and inorganic 

phosphorus of b l ood . There occurred a slight reduction in 

sodium concentration . Blood glucose was high in t he ani mal 

with hypocalcemia in another that failed to respond to 

the treatment . The change s in magnesium and calcium 

concentration followi ng infusion were simil ar to those 

reported in healthy cattl e . 

El - Shr if & Motteli~ (1983) observed successful recovery 

in ten buffalo calves in which hypomagnesemia was induced, 
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when treated with xylazine (0 . 5 ml i ntramuscular) ,1 50 ml 

of calphos intravenous or subcutaneous (containing various 

cal cium and magnesium salts) and eaterol 5 ml intramuscular 

(containing phosphoric acid an:j cyanocobalamin) . Each 

animal was given one li tre of electro l yte sol ution contain-

lng 8.5 9 of sodium chloride , 0 . 4 9 of calcium chl oride , 

0 . 2 9 caffeinCsadium benzo at e and di stilled water for 

three consecutive days . 



l1Ai"RIAL MND METHODS 

The series of experiments were c o nducted on 22 

c<inically healthy male buffalo calves , 3-7 month s old 

a nd weighing between 45- 70 kg (mean ± SEM. 63. 2 ± 7.7) . 

t Oeworming of the calves W 3 S carried out with Panacur* 

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

divided into four groups of 5 , 5 , 6 and 6 animals each . The 

animals of group I served as control, while hypom Jgnesemia 

was induced in group II, III and IV . All the animals 

were kept and mainta ined unde r similar managemental 

condi tions. 

Control (Group I) 

The animals were allowed t o eat gr~en fodder and 

wheat chaff. 

Induction of hypomag nesemia by intraruminal administration 
of potassium chloride and citric acid (Group II, III & IV) 

The animals of these groups wer e kept on green 

fodder and wheat chaff . Potassium chloride @ 1 . 3 g/kg 

and citric acid 1.1 g/k9 body weight, dissolved in water 

were administered slowly intraruminall y daily . Five 

animals of group II were used for terminal studies and s ymptoms 

were observed. In the remaining animals of Group III and IV 

these chemicals were given intraruminally for four days dail y 

till hypomagnesemia developed. Then they were subj ected to 

*Panacur (25% Fenbendazole) , Hoechst- Pharmaceuticals Ltd . Bombay . 



therapeutic ~1a!S using two diff e rent r e gimens. 

COLLECTION ' OF SAMPLES 

a . Blood and serum 
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Five ml of blood from jugular vein was coll ect~d 

in a sterile vi a l containing heparin (0 .1 mg/ml blood) . 

Another 15 ml of blood was collected into s e rum separating 

vial s. Ser um samples were separated by decanting within 

shortest possibl e tim~ and kept in deep freeze . Blood 

sampl es were taken daily till death in group II animal s . 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 a~pirated by using a sterile 

syringe fitted with 4 - inch l ong 15 gauge needle , directly 

from the rumen of all the exper i mental ani~als . The rumen . 

fluid was strained through gauze , col l ected and stored in 

deep freeze . Frequency of rumen fluid sampling was the same 

as for b l ood sampling . 

c . Cerebrospinal fluid 

Three to four ml of cerebrospinal fluid was 

aseptically asp irated 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 . 

The samples were collected in capped vial s and kept in deep 

freeze. 



d. ~ 

Stenson's duct was fistulated on left side before 

the start of the experiment . Three- four ml of saliva was 

collected daily from fistulated tube. Fistulation was 

performed in a way that normal flow and supply of saliv a 

was not hindered. 

e . ~ 
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Five ml of urine was collected at natural urination 

every- day and stored in deep free ze for further analysis . 

PARAMETERS STUDIED 

1. Base apex electrocardiogram (Norr, 1913) was 

recorde d through electrocardiograph l , at a paper 

s peed of 25 ~/sec and calibration setting at 

1 MV/cm . The elec~rocardiogram (ECG) was analysed 

for duration and ampl itude of P and T waves and 

mean QRS complex , PR interval and segment and QT 

inte rval and ST segment . 

2. Heart rate was calculated from ba se apex ECG . 

3 . The packed cell volume was measured by micro­

haematocrit method . 

4 . Haemoglobin ( Hb) was measured by Sahli' s method . 

5 . Temperature was recorded from rectum. 

BIOCHEMIC,;!., AN AL Y SI S 

1 . Calcium and magnesium in ser um, saliva, rumen 

fluid and cerebrospinal flu i d were determined by 

atomic absorption spectrophotometer2 

1. Cardiart , British Physical Labo~ories , Hyderabad, India . 

2 . Atomic Absorption Spectrophotometer , Model AA6 , 
Austr alia . 



2. Phosphorus in serum l rumen fluid, c ereb rospinal 

fluid and saliva was de termined by mi crocal ori­

metric method (Taua . ky and Sho~r, 1953) . 

3. SOdium ( Na+) and potassium (K+) in serum, saliva ; 

rumen flui d , cereb ro spi nal fluid and urine we r e 

estimated by fl ame photomet er
l 

4. pH of the rumen fl u i d , a nd urine was note d wi th 

the hel p of SDH pH p aper strips2 
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5. Total protein in c e reb ro spinal f lu i d was estimated 

by Spectronic- 20 (Meul emans ; 1960) . 

6. Pandy ' s test was perfo rmed on cer ebr ospinal f l uid 

t o check turbidity . 

THER.-.PEUTIC TRIALS 

The tre atment of the animals was done o n t he basis 

o f electrolyte sta tus of the body . The therapy commenced 

96 hours after the start of po t a s sium chl oride- c i t r ic acid 

admini stratio n as by that time i t Was known that hypomag-

nesemi a devel ops 3- 4 days after the admi nistration of the 

above- mentioned salts intraruminally . Two different 

therapeutic regime ns were a dopted in gro u p III . and IV 

respectively . 

PREPARATION OF SOLUTIONS 

1. Maqne sium sulphate (1010 w/v) 

This solution wa s pr epared by dissolving 50 9 of 

magnesium sul ph ate (SOH LR) in 500 ml of glass tri ple disti ­

l led water which hds been aut ocl aved at 15 lb . press ure 

1. Elico , Biomed Flame Pho tome ter . Model CL Hyder abad , Ind ia 

2. SOH , Paper , Gl axo 
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for 15 minutes. These bottles were ~ored subsequently in 

a refrigerator at 4°C for routine intravenous use in 

experimental calves . 

2 . Magnesium ch l oride (30% w/v) 

This solut ion was pre oared by dissolving 150 9 

magnesium chloride hexahydrate (BDH, Analar) in 500 ml of 

glass double d istilled water . 

TREATMENT OF HYPOH"GNESEMIA (Group III) 

The t{eatment schedule consisted of magnesium sul -

phate 10% solution @ 1 . 5- 2 . 0 ml/kg body weight . Half of 

the dose was given intravenously and remaining half sub-

cutaneously dai l y for 3 days . In addition , calcium boro­

.91uconate1 50 ml was given slowly intravenou~ly daily . 

Observations for recovery were made in all animals . 

TREATME~T OF HY~MAGN~SEMIA (Group IV) 

The treatment of calves of group IV comprised adminis­

tration of magnesium chloride hexahydrate (MgC1 2 . 6H 20) 

so l ution pe r rectally . For this a two - foot long plastic 

t ubing was taken and citer l ubricating , it was pushed about 

one- foot deep i nto the length of rectum . Through it, 75 ml 

of sol ution was passed with the help of funnel at other 

end of the tub~ . The treatment started after 96 hours of 

daily infusion of potassium chloride and citric acid . Treat-

ment continued for three consecutive days . Observations for 

recov e r y were made in all animals . 

1 . Calci um borogluconate i nj~ction B. P. (Vet . ) - 450 ml 
containing: Ca c li um 8 . 03 g (i . e 1 . 7~1o w/v) , proportion 
o f boric acid to calcium 2 to 1 , preservative cholorocresol , 
produced by BRI AH, Pune and marketed by NOClL , Bombay- 2 1 
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GROSS leND HlSIOI-ATHOLOGICAL EXAMINATION 

Post_mortem examinatio n of the buffalo calves d i ed 

of hypomagnesemia was conducted as early as possible , 

Various organs , viz . heart , kidneys , liver, lungs , skeletal 

muscle s , b r ain , intestine and lymph nodes were collected 

and examined for gross lesions . Thereafter , they were 

preserved in 10% buffered formalin for histopathological 

exami nation . 

The tissues were processed in a routine manner 

sectioned at p thickness and stained with hematoxylin 

and eosin (H & E) stain (Frankel ~ ~. , 1970) . 

STrlTI STICAL ANALYSIS FOR THE DAT A 

The data was analysed using one- way analysis of 

v ariance followed by a critical difference test . In all 

anal ysis probabi lity l evel of P 0 . 05 wa s considered as 

statistically signi ficant . 



RE,;lLTS 

CONTROL GROUP (Group I) 

The norm al average val ues of magnesium , calcium 

phosphoru s , sodium and potassium observed in serurn,rumen 

f luid , CSF and saliva are presented in Tables 1- 4 . Table 

5 depicts pH , sodium and potassium levels in urine . ECG 

recordings are prese nted in Table 6 . The day- to- day 

observations did not reveal any significant change . 

INDUCTION OF HYPOMrlGNESEMIA (Group 11 , 111 &IV) 

All the 5 animals of the untreated group (Group II) 

died in 4- 6 days due to induced hypomagnesemia. while the 

animals belonging to group III recovered after receiving 

t he treatment . But in animals of Grou~ IV values of various 

electrolytes remained below nonnal even after treatment ." 

SYMPTOMS ASSOC I ATED WITH HYPOM:;GNESEMIA 

Following intraruminal ad~inistration of potassium 

chlori de and citric acid restlessness was observed . After 

two days a slight inappetence coupled with decrease in 

r uminal movements was noted . Associated symptoms included 

wildness of facial expression and exaggard limb movements . 

Polypnoea was observed . On the 3rd day animals were dull , 

depressed, lathargic. keeping head down while standing in 

apathetic condition with d~owsy eyes . It was preceded by 

spasmodic urination , p:>l yurea and frequent defecation . 

Sh aking of th e head" opisthotor: us . ataxia , without circling 



Table 1 Biochemic....l. al)alysis of serum, haemato l ogical changes ·ond body 
temperature viriation in buffalo calves of control Group I (Mean :t SEM) 

Parameter Time (hr) 

° 24 48 72 96 120 144 

Magnesium 2 . 17 2 . 16 2 . 20 2 . 05 2 . 07 2 . 06 2 . 18 
(mg/dl) ::!:0 . 56 ;,:0 . 16 :to. 45 :to. 15 :to. 19 :to. 14 :to . 35 

Calcium 9 . 87 9 . 97 9 . 88 9 . 36 9 . 52 10 . 26 9 . 83 
(mg/dl) :t1. 45 : , 1. 10 ::!:0 . 30 :to . 16 -"0 . 55 :t1. 00 :to . 16 

Phosphorus 6 . 7 6 6 . 81 6 . 29 5 . 92 6 . 34 6 . 82 7 . 12 
(mg/dl) :to•74 : ,0 . 61 :to . 8O :to.75 :to. 81 :to. 42 :to. 68 

SodiWTI 131. 37 130 . 35 131. 76 132 . 88 132 . 83 129 . 33 128 . 49 
(mEq/L) :.>: 2 . 14 ;,:3 . 07 :t3. 85 :t2. 36 :t3.33 :t2. 5O :t2. 01 

Potassium 5 . 20 5 . 04 5 . 48 6 . 05 5. 80 6 . 25 6 . 10 
(mEq/L) :to. 44 :to. 23 :to. 19 :.>:0 . 43 :to. 16 :to . 59 :to .88 

PCV 26 . 00 27 . 50 28 . 25 24 . 50 25 . 54 27 . 26 26 . 85 
(%) ;;;2 . 31 :to . 58 :to. 50 :t1. 33 :to.88 :t1. 78 :to. 35 

Haemoglobin 10 . 20 10 . 33 11.00 10 . 50 10 . 67 10 . 83 11.17 
(g/dl ) ±0 . 42 :.>:O.l? :t l. 04 :to. 46 :to. 17 :to. 33 :to . l? 

Rect al Temp . 100 . 60 100 . 53 10 1. 00 10 1. 20 100 . 50 100 . 53 100 . 00 
(OF) ±0 . 35 :!;0.34 :to. 2O :to. 58 :to . 58 :to. 24 :to. 55 

'"' '" 



Par amet e rs 

° -- ------
pH 6 . 90 

;to . 24 

Magnesium 7 . 55 
(mg/ d1 ) .:to . 78 

Calci um 13 . 65 
(mg/ dl ) ::;1. 41 

Phosph0rus 14 . 23 
(mg/dl) -,-0 . 76 

SOdium 130 . 62 
(mEq/L) ;t5 . 58 

Potassi um 38 . 75 
(m£q/L) ;tl. 75 

di ochemi c .:.J anal ysis o f rume n f lui d from buff al o calles of control 
Group I ( M~al ~ SEM) 

- -- ---- -- -- - - ----- - - ----- ------ - - ---
_______ _ '!:!~(hEl _ _ ___ ______ ____ ________ _ - -___ ..li. __ ___ ~~ ___ 72 96 120 144 

6 . 83 6 . 88 6 . 60 6 . 6 5 6 . 75 6 . 67 
-,:0 . 17 -,-0 . 27 .:to . 28 ;to . 18 i.0 • 16 ;to . l? 

7 . 0 6 7 . 25 7 . 60 7 . 44 7 . 25 7 . 22 
:to • 53 .cO. 60 .:to . 8 5 .:to . 78 ±1. 09 ;t1. 23 

13 . 13 13 . 7 4 13 . 65 12 . 90 12 . 94 13 . 40 
±0 . 97 -,: 2 . 78 ±2 . 14 ± 1. 78 .1.-0 . 97 .±:1. 34 

14 . 55- 14 . 15 13 . 60 13 .1 5 13 . 96 14 . 10 
;to . SO .:to . 76 :to •76 ;to . 75 ±0 . 75 ;to . 91 

128 . 42 126 . 29 127 . 68 123 _25 126 . 99 123.26 
.:to . 6<' ±5 . 52 ;t5 . 71 ±5 . 16 .::2 . 36 ;t4 . 26 

37 . 5° 38 . 20 37 . 67 37 . 18 35 . 83 37 . 17 
;t2 . 58 .:t3 • 21 ;t 2. 7f; ;t1. 84 ±2 . 26 ± 2 . 51 

----- ----- -------



Tabl e 3 

Parameters 

----_. - --

Magnesium 
(mg/dl) 

Cal cium 
(mg/dl) 

f ho sphoru s 
(mg/dl) 

Sodium 
(mEq/L) 

Potassium 
(mEo./L) 

Total p.::r)teiJY.:I 
(mg/ dl) 

Pandy's te st 

Bioch enic~ l anal ysi s of cerebrospinal flu i d from buffal o calves of 
control Group I (Mean ± SEM) 

_____________ -.1'iJJllLilu:L _ _ ____ ____ _ 

---- 0 __ - __ 4!;l ____ 

'L03 2 . 05 
:to • 06 :to . 09 

5 . 08 5 . 00 
:~ . 57 :to . 14 

1. 67 1. 66 
_CJ .38 :to . l? 

110 . 30 141. 8 6 
:t1. 34 ...!:1. 00 

3.43 3 . 23 
~ -n . 58 ::::0 . 05 

40 . 66 41. 33 
:tL7O :t3 • 63 

( - ) ( - ) 

__________ 9_6 --
1. 97 

:to • 07 

4 . 92 
:to • 23 

1. 7 3 
±0 . 10 

138 . 40 
!:2 . 00 

3 . 11 
:to • 37 

39 . 60 
:t3 • 71 

( - ) 

________ -'-"--4-________ _ 

2 . 05 
:to•08 

5 . 03 
:to . 18 

1. 63 
;to . 07 

139.94 
:t1.05 

3 . 10 
±C . 23 

42.50 
:t5 • 21 

( - ) 

- - ----------- --------- - --



Table 4 Bi ochemi cal at !alysis of saliva from buffalo calves o f contro 1 
Group I (Mean ± SEM) 

--- - --.-------- ------
Par ameter Time (hr) ------- -

0 : 1 48 72 96 120 144 

Magnesium 1. 52 1. 5) 1. 53 1. 55 1. 54 1. 5 1 1. 50 
(mg/dl) ±0 . 06 ±0 . 0 7 :to.03 ±0 . 03 ±0 . 06 ±0 . 08 ±0 . 09 

Calcium 2 . 55 L. 50 2 . 61 2 . 75 2 . 70 2 . 8 8 2 . 62 
(mg/dl) :!:D . 58 ±D . 32 ±0 . 16 ±0 . 50 ±D . 45 ::::0 . 73 ±0 . 57 

PMospho rus 30 . 57 3 1. 83 33 . 60 30 . 67 30 . 02 32 . 88 30 . 38 
(mg/dl) ±D . 6O ±V . 7O ± 3 . 36 ± 0 . 32 ±1 . 02 ±1. 66 +0 . 84 

Sodium 140 . 13 137 . 25 136 . 34 137 . 82 140 . 17 142.53 144 . 82 
( mEcr/L) ±6 . 24 ± ~ . 88 ± 3 . 2B ± 2 . 51 ±4 . 93 ± 3 . 21 ± 4 . 93 

Potassium 7 . 41 7 . 1B 6 . 92 7 . 35 7 . 50 B . OO 7 . 80 
(mEq/L ) :!:D . B5 .!-r . 5B ±1. 00 ±0 . B6 ±1.02 ±1. 40 ±0 . B4 



Table 5 

Parameter 

o 

Biochemical analysis of urine from buffalo calves of control 
Group I (He, n :!: SEI1) 

_______________ .'.U-.~U!!:L.. _ ______ . __ . _ ______ _ .. 
24 48 72 96 120 144 -------.-----. --

pH 8 . 80 8 . 83 8 . 67 8 . 63 8 . 80 8 . 85 8 . 70 
:to . 15 :to . 17 :,:0 . 17 :,:0 . 24 :,:0 . 29 :,:0 . 17 :,:0. 29 

Sodium 43 . 42 .42 . 89 45 . 03 48 . 67 48.03 4~.23 38 . 11 
(mEq/L) :,:3 . 71 :,:9 . 24 :,:5 . 90 :,:3 . 71 :,:5 . 90 :,:3 . 68 :,:5 . 19 

Potassium 440 . 75 436 . 11 420 . 00 455.51 450 . 66 435 . 22 428 . 67 
(mEqlL) ..!:40 . 74 2:38 • 01 :,:30.55 :,:38 . 62 :t4O • 48 :,:53 . 82 :,:30 . 79 

----- ---------- -------------- ---------_._---_. 

.. 
o 



T abl e 6 Various component s of EeG from buffalo calves of control Group I 
(Mean .:!: SEM) 

Par ameters Time ~hrl 

0 24 48 72 96 120 144 

P ~"ave 
--D- 0 . 0 40 0 . 045 0 . 047 0 . 04 5 0 . 040 0 . 050 0 . 045 

.:!:0 . 00 6 .:!;D . 005 .:!:0 . 00 7 .:!;D. 006 .:!:0 . 007 .:!;D . 006 .:!:0 . 002 

A 0 . 093 0 . 093 0.087 0 . 090 0 . 096 0 . 100 0 . 095 
.:!:0 . 007 2:0 . 00 7 .:!:O . 014 .:!;D. 009 .:!;D . 013 .:!;D. 0 15 .:!;D . 0 07 

Mean eRS 
--D- -

0 . 060 0 . 060 0 . 060 0 . 057 0 . 057 0 . 063 0 . 060 
.:!;D . 008 .:!;D . 005 .:!:0 . 005 .:!:0 . 003 .:!;D . 003 .:!:0 . 00 3 .:!:0 . 008 

A - 0 . 825 - 0 . 8 17 - 0 . 867 - 0 . 830 - 0 . 8 20 - 0 . 763 - 0 . 763 
.:!:0 . 370 :!:'I . 235 .:!:0 . 017 .:!:0 . 130 .:!:0 . 132 .:!;D . 206 .:!;D . 177 

T Wave 
- - D- 0 . 067 0 . 067 0 . 070 0 . 073 0 . 07 2 0 . 070 0 . 068 

.:!:0 . 013 .:!;D . 013 .:..<-0 . 0 13 .:!:0 . 0 18 .:!:0 . 02 0 .:!:0 . 03 0 .:!:0 . 007 
A 0 . 17 3 0 . 173 0 . 160 0 . 170 0 . 172 0 . 160 0 . 165 

.:!:0 . 013 i O• 018 .:!:O. 0 14 .:!:0 . 013 .:!:0 . 018 .:!:0 . 012 .:!:0 . 014 
PR Int . 0 . 17 3 0 . 173 0 . 160 0 . 160 0 . 160 0 . 172 0 . 172 
(Sec ) .:!;D . 013 .:!:O. Ol B .:!:0 . 0 14 :to. 0 12 .:!:0 . 050 .:!:0 . 013 .:!:0 . 0 18 
or Int . 0 . 366 0 . 370 0 . 320 0 . 310 0 . 315 0 . 293 0 . 3 18 
( s e c ) :to . 059 :to' 01O .:!:0 . 020 .:!:0 . O30 .:!:0 . 033 .:!:0 . 0 15 .:!;D . 013 
PR seg . 0 . 147 0 . 14 7 0 . 140 0 . 133 0 . 132 0 . 138 0 . 142 
( s ec) .:!:0 . 007 .:!:0 . 013 .:!:0 . 0 12 .:!:0 . 024 .:!:0 . 016 .:!:0 . 008 .:!;D . 012 
ST s eg 0 . 170 0 . 173 0 . 170 0 . 165 0 . 173 0 . 175 0 . 174 
( s e c) .:!:0 . 030 :to. 024 .:!:0 . 020 .:!:0 . 018 .:!:0 . 008 .:!:0 . 0 15 .:!:0 . 0 1l 
HR (pe r mi n) 60 . 800 66 . 730 64 . 250 66 . 570 65 . 400 62 . 450 6 1. 240 

.:!:2 . 750 .:!:4 . 140 +2 . 400 +6 . 140 +3 . 220 +2 . 350 +1. 250 

D = Duration in seco nd s; A Amplitude i n mv ; Int . = Interval ; seg . = segment 
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and droopy backward carriage 0 f the ears vJe r e constant 

features. On the 4th day, the animals were weak , undble 

to get up _ Muscle tremors of the hind legs and tail were 

observed . Salivation, stiffness and apparent opthistonu$ 

were found as characteristic symptoms . Death was preceded 

by darkening of b lood , intense muscular tremors , protruding 

eyes a nd lost abilit~o stand. Considerable strugling was 

noted .after the ability to stand was lost . Tetanic symptoms 

of hypomagnesemi a were no t observed in the present study . 

PATHOPHYSIOLOGI CAL GROUP (Group II) 

Haematological studies 

Both haemoglobin and packed cell volume revealed a 

steady progressive rise in their respective level s , the 

same remained statistical ly significant (p < 0 . 05) through-

out the study (Table 7, Fi g . 7 and 8) . 

Biochemical studies 

a . ~ 

Fotassium exhibited a statistically significant 

(p \0 . 05) upward trend thr oughout the experiment (Table 7 , 

Fig . 5) . On the other hand , regularly decreasing trend 

in the level s of magnesi um (Table 7 ; F~g . 1) which became 

significant (p < 0 . 05) from 48 hours onwards, persisted till 

the end of study . Both cal cium (Table 7, Fig . 2) and 

sodium (Table 7 , F i g . 4) remained almost unaltered while 

phosphorus, which increased significantly (p (. 0 . 05) at 

24 hours of hypom agnesemia , but decreased progressively 

and significantl y (p-~0 . 05) from 72 hours onwards upto 

144 hours of study (Table 7 , Fig . 3) . 
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b . Rumen fluid 

pH of t he rume n f l uid (Table 8) decreased continuously 

and sig nificantly (p/0 . 05) begining from 24 hour" of experi _ 

ment . Potassi um (Tabl e 8 , Fig . 5) and magnesium (Table 8 , 

Fig . 1) r evea l ed exactl~he opposite trend : the former 

reve aled a p rogressive r ise while the later sho wed a regular 

fall ; all the changes being statistically significant (P < 0 . 05) 

The fall in t he l e vel s of calcium (Table 8 ; Fig . 2) and 

sodium (T abl e 8 , Fi g . 4 ) again remained statistically non_ 

signi ficant . Th e significant (P < 0 . 05) fall in phosphorus 

level wa s observed a t and beyond 24 hours till the end of the 

study period (T oble 8 , Fig . 3) . 

c . Cerebr o spi nal fluid 

Potassium sustained a regul arl y upward and statisti-

cally Signifi cant (p < 0 . 05) t r end throughout the study 

(Tabl e 9 ; Fi g . 5) . Magnesium l evels decreased si~nificantl y 

(P < 0 . 05) b eginning f r om 48 hours onwards (Table 9 ; Fig . 1) 

whil e calcium al so r e veal ed a similar behaviour ; hO'-Iever, the 

decrease ' .... as s i gni f i cant at 96 hours (Table 9 , Fig . 2) . 

Once again an i ni tial significant (p (0 . 05) upsurge in 

phosphoru s values recorded at 48 hours was succeeded by 

stati s tica lly s igni ficant (P <. 0 . 0 5 ) fall at 96 am 144 hours 
, 

of study ( Tabl e 9 ; Fig. 3) . SOdium was the onlton .lhich 

remain ed u nchanged during th E study (Tabl e 9 , Fig . 4). Total 

protein s conc en tration showed a regularly u pward and stat-

istically s i gnifi can t (p ( 0 . 05) trend th roughout the study . 

Pandy ' s test wh i ch was Slig~positive (++) after 48 hours 



of hypomagnesemi a bec ame intense positive (++++) after 

9 6 and 144 h o urs o f study (Table 9) . 

d . ~ 
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Ch a nge s in saliva were nearly the s~~e as in other 

body flui ds . The potassi um l evel increased regularly and 

significa nt l y onl y at 24 hours of induction and thereafter 

decr e ase d s t eadily , the change becoming s i gnificant (p~ 0 . 05) 

from 72 ho u r s onwar ds (Table 10 , Fig . 5) . Magnesium 

decr e a sed s i gni f i cantl y (P -< 0 . 05) 48 hours after administra­

tion of p:>tassium c hl oride with ci tric acid and kept decreas­

ing significa ntly (P < 0 . 05) till th'i!:nd of the study (Table 

10 ; Fig . 1) . The appr eciable increase in calcium levels 

remai ned s tati sti cal l y in5i9ni ficant (Tahle 10 ; Fig . 2) 

whi l e sodium r emained unchanged throughout the study (Table 

10 ; Fi g . 4) . The significant (P C 0 . 05) rise in phosphorus 

obser ved at 2 4 hours of hypomagnesemi a was followed by 

s t atistic ally signif i cant fall (p ( 0 . 05) from 72 hours 

onwards till the end of study . 

e . ~ 

Urine pH rev ealed a straight and statistically 

significant f a ll throughout the study (Table 11). Potassium 

l e v e ls increased dr ast i c all y throughout the experimental 

phase . all t he changes being statistically significant 

( p < 0 . 05) (Tabl e 11 ; Fig . 6) . End stucly values were 

ne ar l y 4 t imes greater than base values . SOdium showed a 

decr easi ng tre nd wh i ch be came significant f rom 48 hours 

onwards (T a b l e 11; F i g . 4) . 



T a ble 7 Bioch cr:l i Ccl analys i s of serum, haemat ologi cal c h ange s and body 
t emoeratule of hy pomagnesemi a i nduced untreated buffalo c alve s 
o f Gr oup II (Mean ;t SEI1) 

- ------ -----------Parame t e r s 

° 24 48 72 <6 120 14 4 ---- - - --- --- ---- - - - - - - ----- ._--------
t-.agne sium 
(mg/dl ) 

C~l cium 
(mg/ d l ) 

Phosphorus 
( mg/ dl) 

SOdium 
(mEq/L) 

Pot assium 
(mEq/L) 

PCV 
(%) 

'laemoglobin 
(g/dl) 

2 . 26 
-".0 . 11 

11. 29 
;to . 62 

6 . 53 
2:0 . 26 

132 . 83 
1:3 • 33 

5 . 04 

iO · 23 

23 . 75 
;to . 85 

10 . 50 
;to . 46 

R(OFct)al Temp . 100 . 60 
;to . 34 

2 . C 6 
.to . C 9 

1 1. 74 
±O . ~7 

8 . ~·9 * ­

;':0 . 19 

135 . 75 
2:2 . : 5 

6 . 46* 
1:0 . 33 

28 . 25* 
;to . 48 

12 . 18 • 
.to. 32 

99 . 15' 
1:0 . 38 

--- ----- ._--------

1.80' 
;to . 12 

10 . 26 
;t1. 00 

6 . 89 
;to . 40 

136 . 39 
;t2 . 22 

6 . 96' 
;to . 33 

32 . 50 ' 
;t1. 3 2 

12 . 85 * 
;to . 40 

99 . 35 ' 
;to . 43 

1. 39' 
;':0 . 13 

9 . 97 
~1. 10 

5 . 31' 
2:0 . 31 

132 . 88 
;t2 . 36 

8 . 16' 
;to . 32 

35 . 50 ' 
;t1. 32 

13 . 55' 
;to . 49 

98 . 68' 
;to . 20 

1. 07* 
;to . 13 

9 . 87 
;t1.45 

4 . 58 * 
;to . 34 

136 . 47 
:!:2 . 15 

9 . 16* 
;to . 32 

38 . 25 * 
;t1.32 

14.40' 
2:0 • 87 

97 . 25* 
;to . 43 

0 . 95' 
;to . 15 

9 . 08 
;-0 . 97 

4 . 68* 
;to . 34 

141. 89 
;t5 . 50 

9 . 63* 
;to . 08 

39 . 50 • 
;ta . 50 

16 . 20 ' 
;t1. 70 

97.16 ' 
2:° . 44 

0 . 90· 
;to . 10, 

9 . 40 
;':0 . 65 

4 . 10 ' 
ZO. 07 

146 . 15 
~ . 15 

9 . 65' 
;to . 32 

42 . 00· 
;t1. 00 

17 . 00 * 
;t1.00 

96 . 75* 
. 25 

... 
'" 



Table 8 

Parameters 

° 
pH 6 . 80 

i.0 . 12 

Magnes i um 7 . 06 
(mg/dl) ;to . 53 

Calcium 12 . 70 
(mg/dl) ;to.20 

Phosphorus 14 . 18 
(mg/d1) ;to . 58 

SOdium 119 . 23 
(mEa/L) ;t4 . 77 

Potassium 33 . 89 
(mEq/L) :::1.11 

Biocht::mic;- l analysis of rume n fluid of hypomagnesemi a- induced 
untreated buffalo calves O~Group II (t-1e an .:t. SEM) 

__________ .Patho phvg.9Jogical studY (Time in hr) ______ __ __ . 
24 48 72 96 120 144 

6 . 30* 6 . 20 * 5 . 60* 4 . 90 • 4 . 83 * 4 . 50* 
±D . 12 ±D . 12 ;to . 10 :to. 19 ;to . 17 :to .OO 

5 . 82 * 4 . 92 * 4 . 40* 3 . 92* 4 . 10* 3 . 90 * 
:!:0 . 38 ;to . 32 :to . 29 ;to . 41 1:° . 90 :to . 63 

11. 66 10 . 36 10 . 18 10 . 22 9 . 98 9 . 75 
:!:1.09 ±0 . 29 ;to . 46 ;tl. 21 ;to . 49 ±0 . 50 

12 . 55* 9 . 84 • 8 . 33 * 7 . 51' 6 . 65* 5 . 70* 
;to . 48 ±0 . 70 ;to . 30 ;to . 50 :to . l! :1:0 . 14 

109 . 24 116 . 07 109 . 94 116 . 52 107 . 46 109 . 30 
;t2 . 36 ;t6 . 36 ;t6 . 37 .:':8 . 09 :!;7 . 73 1:5 • 60 

121.78' 184 . 40* 254 . 30* 320 . 50 * 335 . 35* 357 . 97* 
±4 . 85 ;t6 . 71 ±8 . 54 ±B . 56 1:20 . 1 ;t7 . 29 

* Signif~cant differe nt from base value ~ 
.J. ••• " 



Table 9 Diochemic ...l anal ysi 5 of ce rebrospin,"'Jl fluid of hypomagnesemia­
ir,duced untreatea buffal o <.:aJ. ves otf:roup II (Nean ± SEN) 

-------------------------------- ---
Parameters _______ p~th!'~~!.oJ~.EaL._~u_dy (Time in h r.) 

° 48 96 144 

Magnesium 2 . 05 1. 89* 1. 69* 1. 62* 
(mg!dl) ±0 . 09 ~0 . 09 ±0 . 04 _-0 . 01 

Calcium ~ . 1S 3 . 75 
(mg!dl) -'.-0 . 35 ±0 . 24 

3 . 16* 3 . 03 * 
±O . O? ±O. OB 

l-hl)sphorus 1. 73 2 . 39 * 1.14* 0 . B5* 
mg!dl) ±r . 10 ±0 . 15 ±0 . 55 ±0 . 04 

Sodium 14L . 61 139 . 94 
(mEqfL) ±:. . 34 ±1. ro 

13B . 59 136 . 25 
±1. 28 ±1. 77 

Potassium 3 . 52 5 . 54 • 5 . 95' 7.50* 
(mEqfL) =').14 10 • 19 :!!J . 17 ±o . a" 

Total proteins 39.60 87· . 60 
(mg!dl) ::-3 . 71 ± 5 . 21 

1BO . B3' 345 . 00* 
±3 . 63 ± 22 . 91 

Fandy ' 5 test ( - ) (++) (++++) (++++) 

---- --------------_._------------
;;;ignificantly dlffer.E.llt from 'b~se value 



T abl e 10 

l?arameters 

° 
Magnesium 1. 53 
(mg/dl) c:O . 03 

Calcium 2 . B9 
(m~/dl) :r.0 • 17 

E-hosphorus 3 1. B3 
( mg, dl) :!:0 . 70 

Sodium 134 . 21 
(I'"E<;IL) :!:3 . 23 

Potassium 7 . 1B 
(mEq/L) :::0 . 58 

Bi ocherui cal analysis of 5a1 i "a of hyuomegnesemia- induced untreated 
buffalo ca1ves of group II (Mean ± SEt·j) 

Puthoph~'siological study (Time in hr) 
24--- 4B -- ---iz-- - - 96----120----i44 

---- ------ --- - -
1. 43 1. 3 4 ' 1. 24·' 1. 19 * 1. 20 * 1.16 * 

_"' . 06 :::0 . 05 :,:0 . 06 1.{). O5 :,:0.C4 ±D .03 

4 .51 3 . 90 3 . 97 4 . 44 3 . 0 7 3 . 90 
.:to . 2: :!:0 . B2 ±D . 16 .:.~ . 61 ±D . 35 3> . 25 

15 . 69* 30 . 3B 11.11' 9 . 40* B . 25* 9 . 35* 
.!O . 9t l O. B4 2:0 . 51 .!0 . 22 .!0 . 15 :,:1. 35 

135 . 0C 13 1.17 132 . 45 13 1. 93 133.00 130 . 50 
:,:2 . 29 .!5 . 04 ..':5 . 44 ..':6 . 75 ..':5 . 50 .!:O. OO 

2 1. 53 * 29 . 25* 36 . 11*' 39 . B5' 45 . 31* 47 . 35* 
·2.9~ ..':1.94 ...!:,4 . 65 .ct1. Bl .:!:1.62 :,:1 . 70 

. --- -------- -------- -- ----- ------ --- -
Signif icantly diff~rent from base vaiue 

_r 



Table 11 

Parameters 
0 

pH 8 . 63 
-'.-0 . 24 

SO eium 43 . 90 
(m",q/L) 1:5 •86 

Pot assium 454 . 43 
(mEq/L) 1:35 •05 

Biochemic~l analysis of urine of hypomagnesemi5-induced untreated 
buffalo calves of Group II (Mean ± SEr-l) 

Patl12l2!'!'y~iolQgical stud;t (Time in hr) 
24 48 72 96 120 144 

7 . 88 * 7 . 75 * 7.38* 7 . 25* 7 . 00* 6 . 75* 
:,:0 . 24 :to . lit :,:0 . 13 :<:0 . 14 :<:0 . 20 :':0 . 25 

35 . 82 29 . 11* 26 . 70 * 18 . 87 * 16 . 35 * 12.68 * 
i-· 17 .!:4 . 80 .::3 . 65 :,:1. 51 :,:2 . 15 :,:1. 66 

853 . 65 ' 958 . 99*- 1141. 53*-- 1308 . 37 - 1368 . 93* 1417 . 99* 
:,:' 5 . 68 :<:55 . 77 :<:59 . 92 1:40 • 20 :<:39 . 71 :<:46 . 71 

Significantly different f r om base value 



Table 12 Various CC-1'Iponerts of ECG of hypomagnesemia-indueed untreated 
cal yes of «roup II (Mf> 3.n 1; SEM) 

Parameters lime (bz:l 
0 2' 48 72 96 120 144 

P Wave 
--0- 0 . 04: 0 . 060 0 . 053 0 . 060 0 . 067 0 . 060 0 . 090 

1;0 . 007 1;0 . 0 12 1;0 . 007 :!:0.012 1;0 . 007 1;0 . 020 2:0 • 030 

A 0 . 100 0 . 093 0 . 107 0 . 063 0 . 075 0 . 075 0 . 070 
1;0 . 029 

Mean QRS 
1;0 . 007 ..to . 023 ..to.019 1:0 . 019 1:0 . 025 :::0 . 030 

--0-- 0 . 067 0 . C5 7 0 . 063 0 . 057 0 . 053 0 . 060 0 . 050 
1:0 . 003 1;0 . 003 1;0 . 003 1;0 . 003 1:0 . 003 1:0. 020 1;0 . 010 

A 1 . 270 0 . 830 0 . 970 0 . 820 0 . 570 1. 030 0 . 680 

T Wave 
1:0 . 350 1;0 . 070 1;0 . 270 1:0. 130 1:0 . 150 1;0 . 080 ..to. 100 

--D-
0 . 060 0 . 060 0 . 057 0 . 067 0 . 067 0 . 050 0 . 070 

..to. 0 12 1;0.01 2 1:0 . 012 1;0 . 013 1;0 . 007 1:0 . 0 10 1:0 . 010 

A - 0 . 033 0 . 017 0 . 167 0 . 116 0 . 133 0 . 125 0 . 200 
1;0 . 120 1;0 . 073 1:0 . 033 1;0.072 1:0 . 088 ±0 . 025 1;0.100 

PR Int . 0 . 173 0 . 173 0 . 160 0 . 153 0 . 173 0 . 220 0 . 190 
(sec) ±0 . 013 ±0 . 018 1;0 . 023 ±0 . 035 ±0 . 018 ±0 . 060 ±O . OlD 
[Jr Int . 0 . 390 0 . 300 • 0 . 293' 0 . 280 • 0.280' 0 . 320' 0 . 310 ' 
(sec) ±O. OlD ±0 . 012 ±0 . 013 ±0 . 023 ±0 . 120 ±0 . 020 1:0 . 030 
PR seg . 0 . 140 0 . 127 0 . 120 0 . 093 0 . 127 0.160 0 . 100 
( sec) ±O . 020 ±0 . 007 ±0 . 012 1;0 . 013 ±0 . 033 ±0 . 040 ±0 . 020 
ST seg . 0 . 263 0 . 183 0 . 173 0 . 157 0 . 153 0 . 210 0.190 
(sec) 1:0 . 023 ±0 . 012 1:0 . 024 1:0 . 023 1:0 . 019 1:0 . 010 1:0 . 010 
HR (per min . ) 60 . 800 78 . 180' 80.980 ' 8 2 . 610' 85 . 360' 76 . 130' 82 . 830' 

+ 2 . 730 +3 . 450 ± 2 . 970 +3 . 360 +4 . 910 +6.660 ±1 0 . 04 

D Duration in seconds : A = AJ plitude in my ; Int = Interval; Seg. = segment In 
Significantly differe nt from base value 0 



Fig . 1 Periodic alterations in the level s o f Mg++ 
in serum, ~umen fluid , CSF and sal iva of 
untreated buffalo calves studied till death . 

Control value : Zero hour observ atio n 
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Fig . 2 Periodic alterations in the levels of Ca++ 
in serum, rumen fluid , CSF and saliva of 
untreated buffalo calves studied till death . 

Control value : Zero hour observation 
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Fig . 3 Periodic alterations in the levels of a. 
in s e rum, rumen fl u i d . I.,..SF i3nd saliva of 
untreated buffalo calves studied till dedth . 

Control value : Zero hour observation 
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Fig . 4 PeriOdic alterations in the levels of Na+ 
in serum, rumen flu id, esp, sali va and 
urine of untreated buffalo calves studied 
till death . 

Control value : Ze ro hour observation 
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Fig . 5 Periodic alterations in the l evels of K+ 
in s e rum , rumen fl u i d , CSF and saliva o f 
untreated buf f al o calves studied t ill 
death . 

control val ue : Zer o hour obse rv at i on 
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Electrocardiographic changes 

Various components of the ECG did not show any 

significant ch a nge . However , QT in erval and ST segment 

derceased significantl y (P ~ 0 .. 05) 24 hours after induction 

of hypomagnesemia upto 120 hours of the study (Table 12) . 

Heart rate 

Heart rate revealed a steady progressive rise in its 

level , which rema ined stat i sticall y signi ficant (p < 0 .. 05) 

from 24 hours o nwa rd th roughout the study (Table 1~ Fig. 6) . 

Rectal temperature 

Rectal tempe r a t ure decreased continuously and 

significantly (p <0 . 0 5 ) beginning from 24 hours onward 
(l. 

throughout t he hypomagnesfrr,ic phase (Table 7 ; Fi9 . 9) . ' 

Gross and histopatho logical e x ami nation of calves died 
due to hYpoma gnesemia 

Gross ch d ng e s i n the various erg i.ns of five calves 

died of. hypomagnese mia shO'.-Ied extensive congestion in al l 

organs , petechiae a nd e cchymo t ic haemorrhages were found in 

various organs like rume n , abomasum , small intestine, 

large intestine, me s e n ter y , mesenteric lymph nodes , gall 

bl~dder , medull a of kidney , vent ricular epicardium, endo­

cardium. spleen, omentum and meninges . Blood was of tarry 

coloured . Lungs a nd live r were highly congested . On 

histopathological e x ami nation various organs revealed 

fOllowing changes 

Heart : revealed de genera tion ot Purkinje fibreA{Figs. 22 

and 23) ,nd cloudy s welli ng , fat t y changes (Fig . 24) .-' 
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foci of necrosis (Fig . 25) in cardiac muscle cells . In 

one animal fibroelastosi s of endocardium leading to its 

thickening and non purulent epicarditis with infiltration 
,'<" 

of lymphocytes , p l asma cells anA macrophages (Fig . 26) ~~ 

also seen . Endocardial haemorrhage was seen in one animal . 

Skeletal muscles: Hyaline degeneration (Fig . 27) was the 

prominent feature in all t he animal s . 

~q~ach: revealed mild necrotic gastritis . 

Intestine There was mild to severe acute necrotic entertis 

(Fi g . 28) in all the animals . 

Liver: showed degenerati ve changes in the form of cloudy 

swelling (Fig . 29), In one case mild fatty change and 

small eosi"nophilic intracytoplasmic inclusion bodies were 

seen i~epatocytes (Fig. 30) . Dif f use coagulative necrosis 

(Fig . 3 1) las seen in one animal . 

Kidney: Nephrosis was seen in al l the animals and 

nephrotic changes varied from cloudys\tJelling (Fig . 32) . , 
v ~cuolar degeneration (Fig . 33) and diffuse coagul ativ e 

necrosis (Fig . 34) of the tubular epithelial cells . 

~: showed severF.! congestion (Fig . 35)· and alveolar 

emphysema (Fig . 36) . 

~: There was depletion of red pul p and marked 

proli feration of macroph ages and pI asma cell s (Fig . 37) . 

Lymph nodes: showed severe congestion (Fig . 38) infiltra­

tion of m~crophages ~nd p l asma cells and perivascular oedema . 

~: There was severe congestion in the meninges (Fig . 39) 

and brain sUbstance . Encephalomalacia with myelin degenera-
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tion led to spongiois of b r a in subst ance (Fig . 40) . There 

was Q marked infiltratio n of macr ophages ann microglia cells 

in the brain (Fig . 41) . The micr ogl ia ce l ls became 

hypertrophied an d t he ir cytoplasm was granular and vacuo-

lated (gitter c e lls) because of phagocytosis of the 

necrotic brain tissue . Ot her changes in the brain wp.re 

chromatolysis . satellitosis and neuronophagia (Fig . 42) . 

Other organs did no t show any~ignificant pathological 

Ch~get· 

TREATMENT GROUP ( Group III & IV) 

He matological changes 

Following admini strat ion of potassium chloride and 

citric acid . a signi f i can t rise i n packed cell volume (pev) 

was noticed throug ho u t t he phase of hypomagnesemia in Group IV 

animals . However , in Gro up II I animals t his rise became 

significant (p <0. 0 5) from 48 hours onward . Follo\1ing 

treatment in Group III , all t~e observ ati ons r e v ealed a 

significant rise (p <'0 . 05) a t 4 8 and 72 hours of treatment 

(Table 13 & 19; Fig . 7 ) . 

In both the groups h aemogl obin revealed a signifi ­

Cant (p ( O. OS) ri se at 7 2 and 96 hours of hypomagnesemia . 

The treatment resulted in a progressi ve and significant 
~ 

fall (P<'0 . 05) in haemo globin tel upto 72 hours in animals 

of both the groups (T avIe 13 & 19 ; Fig . 8) . 

Bi ochemical changes 

a . ~ 

There was regularly i nc reasing trend in t h e l evels of 



Fig . 6 Periodic alterations in the levels of K+ 
as observed in urine of buffalo calves . 

Control value: Zero hour observation 
Untreated Animals: Group II 
Treated Animals : Group III & IV 
Pathophysiological study: 24 - 96 hr . 
Treatment study : 120- 168 hr 
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Fig . 7 Periodic ~lterations in the v alues of 
Packed Cell Volume in the blood of 
buffalo c alves : 

Control value: Zero hour observation 
Untreated Animals: Group II 
Treated Animal 5 Group II I & IV 
PathophYSiological study : 24 - 96 hr 
Treatment study: 120- 168 hr 
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Fig . 8 Periodic alterations in the values of 
haemoglobin in the blood of buffalo 
calves . 

Control value : Zero hour observation 
Untreated Animals! Group III 
Treated Ani mals Group IV 
Pathophys iologi cal study : 24- 96 hr 
Treatment study 120- 168 hr 
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Fig . 9 Periodic alteration~n the values of 
rectal temperature in buffalo calves . 

Control value: Zero hour observation 
Untreated , ... nimals; Group II 
Treated Animals: Group III , IV 
Pathophysiological study : 24- 96 hr 
Treatment study: 120- 168 hr 
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Fig . 10 Periodic alterations in the values of 
heart rate in buffalo calves . 

Control value ~ Zero hour observation 
Untreated Animals : Group II 
Treated Animal 5: Group III & IV 
Pathophysiological study : 24- 96 hr 
Treatment study : 120- 168 hr 
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potassium (Tabl e 19 and 13) which became significant 

(p< 0 . 05) at 24 (Fig . 20) and 48 (Fig . 15) hours in Group 

IV and III re spectively . The tre atment resulted in 

,;gnificant (p( 0 . 05) fall i n Pe potassium level in both 

the groups . Although these values were appretiably above 

th e zero hour observation aft er 7 2 hour of treatment . 

A significa nt (p. < 0 . 05) fall in serum magnesium level was 

evident throughout in the group I II (Table 13) animals 

f o llowing potassium chloride citric acid administration 

whi l e in Group IV animal s thi 5 "]ecrease was recorded 

at 48 , 7 2 and 96 hours respectivel y (Table 19) . The post­

treatment value s in both the groups revealed a significant 

(P <O.OS) ri se . Ho wever, in Group III after 72 hours 

these values were as good as the control value (Fig . i1) 

whereas in Group IV they were appreciably beloy/ the zero 

hou r observat io n (Fig . 16) . 

Calcium (Tab l e 13 & 19;Fig. 12 and 17 ) and sodium 

(Table 13 & 19; Fig . 14 and 19) fl uctuated insignificantly 

befa re as well as after the treatment in l::::oth the groups . 

In Group III and a l so in Group IV the s ignifi cant 

(p o( 0 . 05) increa se in the phosphorus at 24 hours was 

followed by a s i gnifican t (P~.0 . 05) dec rease throughout 

the rest of th e hypomagnesemic phase . Following treatment 

in Group III ~ all the valu e s e xhibited a signifi cant 

(P <.0 . 05 ) rise (Table 13 , Fig . 13) while in Gr oup IV this 

rise in phos phorus did not become significant (P /O . OS) 

before 7 2 hours (Tabl e 19; Fig . 18) . 



55 

b . Rume n fluid 

pH of the rumen flui d progressively decreased 

significantly (P< 0 . 05) after potassium chloride and citric 

acid administration in both the ~roups . .gain the post-

treatment phase revealed a continuous significant (p<O . OS) 

rise in the pH in both the Groups (Table 14 and 20) . 

The rise in potassium l evel was uniformrly progressive 

and signi fi cant (p < 0 . 05) as compared to control values upto 

96 hours of experiment in both the groups (T obIe 14 and 20) . 

The treatment resulted in a significant fall Upto 72 hours 

in both the groups . However, the last values of study 

were still significantly high as comp~red to control value 

(Fig . 15 and 20) . 

The gradual fall in magnesi um content of rumen fluid 

became statisticall y significant (p ( O. OS) during 48 , 72 and 

96 hours of study (Tab le 14 and 20) . However, the post-

treatment ri se was not significant in Group IV (Fig . 16) 

whi l e in Gr oup III , it did become significant (P.(0 . 05) at 

48 hours after treatment (Fig . 1 ~) 

AlterationOin the calcium (Fig . 12 and 17) ,nd 

sodium (Fig . 14 and 19) remained in significant in both the 

g r oups (Table 14 and 20) throughout the study . 

The decrease in phosphorus value became significant 

(P<0 . 05) at 24 hours in Gro up III (Table 14) and 72 hours 

in Gruup IV (Table 20) animals, following potassium chloride 

and citric acid admini stration . The trend was sustained 

Upto 96 hours of pathophysiological study in both the groups . 

FOlloWing treatment , there \Y'as in5igni ficant increase of 
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phosphoru s in Gr oup IV (Fig . 18) while in Group III there 

was a s t atist i ca l significant (p< 0 . 05) ride at 24 hours 

a nd 7 2 hour s of treatment (Fig . 13) . 

c . Cere br-o spi nal f l uid 

The s i gnificant (P < O. OS) rise in the potassium level 

was r e corded at 48 and 9thours after commencing the experi_ 

ment in bo t h the groups (Table 15 and 21) . They were 

foll owed by significant (p .c:. 0 . 05) f a ll after 48 hours in 

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

A significant deeredse (p < 0 .. 05) in the levels of 

mag nesium was r· corded at 48 and 96 hours of induction phase 

of bo th t he groups (Table 15 and 20) were followed by a rise 

i n the l>ost- treatment phase .. This rise became signi~icant 

(P < 0 . 05) a t 72 hours in Group IV (Fig . 16) while in Group 

III both 4 8 and 72 hours values after reversal \.,rere 

stati s ticall y significant (p <0 . 05) (Fig . 11) . 

No significant change occured in the level 01 calcium 

(Fig . 1 2 a nd 17) and sodiurr. (Fig . 14 and 19) throughout the 

observatio n period (Tabl e 15 and 21) .. 

Phosphorus values which fluctuated insignificantly 

in Group II I (Tabl e 15) animals (Fig . 13)· but revealed a 

Si gnificant (P ( O. OS) increase in Group IV animals (Table 21) 

at 48 hour s po st induction .. In the same group the po st 

treatment v al ue revealed a statisticall~~ignificant (p ( 0 .. 05) 

ri se at 48 and 72 hours (Fi g. 18) . 

Total prote ins showed a trend exactly similar to 

POtas s ium i n the respect ive g r oups (Tables 15 and 2 1) 
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d . Saliva 

A prog ressive a nd stati sticall y significant (p < 0 . 05) 

rise in t he potass i um v al ue were observed throughout the 

pathophy s iol ogi cal study i n both the groups (Tables 16 and 

22 ) . 'l'he trend o f fa l l in potassium l evel following the 

treatment b e came s i gnificant (P < 0 . 05) onl y after 72 hours 

in both the g roups (Fig . 15 a nd 20) . 

In the GroupI I I ani mals (Table 16) the significant 

( P < 0 . 0 5 ) f a ll i n tht'a gne s i um level s observed at 72 a nd 

96 hours of inductio n ph a se was followed by a uniforma!l Y 

signi fican t (p < 0 . 05) rise in t he treatment phase (Fig . 11) . 

On the othe r h and in Group IV (Table 22) ani mals the 

sig nifica nt (P < 0 . 05) f all of the m ,gne sium o b served at 

48 , 72 and 96 h o u rs after potas sium chl o r ide and citric 

acid admini s trntion wa s no t follo~~d bytny significant rise 

in the trea tmen t pha s e (Fi g . 16) . 

The a l ter at ion in t he cal cium (Fig _ 12 and 17) a nd 

sodium (Fig . 14 a nd 19) r em ai ned ci t hout significant· change 

in both the groups (Tab les 16and 21) . 

In both t he groups ( Tabl e 16 and 22) there was an 

initial s igni ficant (P < 0 . 0 5 ) ri se in phosphorus level at 

24 hours po s t indu c t ion of hypomagnesemi ~ . The trend was 

however. rev e r sed i n sub sequent observations as significantly 

(p '( 0 . 05) s ub normal value s were r e co r de d in both t he groups 

at 72 and 9 6 hour s befor.e treatment . t\ll the three post 

treatment ob serv atio n s reveal ed a p rogressive and s i gnificant 

(p(0 . 05) ri s e in phosphorus (Fig . 15 and 20) . 
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e . ~ 

A significant (P < 0 . 05) fall in the pH of the urine 

was recorded in all the animal s of both the groups (Tables 

17 and 23) at all the inter\ ,Is before treatment . Conversely 

the treatment phase revealed a significant rise of pH during 

all the observation hours . 

Potassium level increaselprogressively and signifi ­

cantly (P < 0 . 05) in bot h th e groups (Tables 17 and 23) as 

the hypomagne semic state progressed. The trend was exactly 

reversed follo v/lng treatment in Group III . that all the 

subsequent value s showed a significant (P(O . 05) fall while 

in Group IV this decrease become significant (P <0 . 05) only 

at 72 hours post treatment (Fig . 6) . 

The a1 terations in sodium levels which remained in­

significant in Group III (Table 17 ; Fig . 14) . however , 

revealed a signi fi c ant fa ll (P<O . 05) in Group IV animals 

at 48 , 72 and 96 hours in tervals before treatment (Table 23) . 

The treatment fail ed to raise the sodium level significantly 

(P < 0 . 05) in t his g r oup (Fig . 19) . 

Electrocardiographic changes 

Various component s of ECG did not S10W any signi­

ficant ch a nge in bo t h thp. groups (Table 18 and 20) . The 

amplitude of th e P wave in Group III increased significantly 

(p <:: 0 . 05) at 72 hours and decreased at 96 hours of hypo­

magnesemic ph ase . I t decreased significantly (P (0 . 05) 

at 72 hours o f post treatment phase . 
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Heart rate 

Heart rate which sho',led increasing trend in both the 

groups (Tabl es 18 and 20 ) becam~ s i gnificant (P < 0 . 05) after 

72 and 96 hours of hypomagnesemic phase i n Group III animal s . 

Following treatment t here wa s a significcl1t (P <0 . 05) 

decrease in the heart r ate after 72 hours in the same group 

(Fig . 10). In Group IV animals the increase in the heart 

rate remained statistical l y insignificant throughout the 

course of study (Fi g . 10) . 

Rectal temperature 

The regularly decreasing trend in the rectal tempera­

ture which bec ame s i gnificant (p ·' 0 . 05) after 24 hours and 

persisted till th e hypomognesemic phase in Group III animals 

(Table 11) wa s noted . Fol lowing treatment. a significant 

(p (0 . 05) rise in the rectal temperature was recorded (Fig . 

9) . However , the decrease in therectal tempercture in 

" Group IV (Tatle 19) animals remained statistically insigni-

ficant throughout the course of study (Fig . 9) . 



Tabl e 13 Biochemic 31 analysis of serum, h aematol ogi cal chang es and body temper­
ature of h ypomagnesemia-i nduced (Gr oup I II ) and t r eated buffal o ca l ves 
(Nean :t SE~·.) 

Parameters 

______ .....:.0 _ _ _ 2::..4"-_.~~_23 ____ • .'?_6 ____ _ _ _ 2_4 _ _ . _ _ -..:4..;;8_ 72 

f.1agnesi um 
(mg/dl) 

Calcium 
(mg/dl) 

t'hosphoru s 
(mg/dl) 

Sodium 
(mEq/L) 

Potassium 
(mEq/L) 

pev 
(7.) 

i-taemoglobin 
(g/dl) 

2 . 07 
:!:O . 09 

9 . 88 
:!:O . 30 

6 . 64 
:!:O . 15 

1. 79 * 
.:.{J . 10 

9 . 3b 
:::0 . 16 

8 . 25-* 
:to. 27 

126 . 38 127 . 68 
:t2. 43 :t2. 12 

5 . 48 6 . 74 
.:to . 19 .:to . t,)~ 

24 . 00 27 . 67 
..::1.1 5 2:0 . c.8 

10 . 20 10 . 63 
:!:O . 16 :to . 4~ 

R(OCFt) a l Temp . 101.00 
:!:O . 20 

98 . 01· 
:!:O . 58 

1. 48* 
:to•09 

9 . 52 
:to . 55 

5 . 69 * 
:to.22 

12, . 33 
.!:2 . 50 

7 . 09' 
:tC. 54 

3j . 00* 
:t'.53 

11. 33 
Z!- . 60 

9 f • 20* 
±t . 59 

1.17 * 
~O.09 

9 . 36 
:to. 32 

4 .. 78* 
:to•32 

130 . 35 
2:3 • 07 

7 . 27 • 
:to. 93 

33 . 67 * 
:t1. 86 

11. 90 * 
2:0 • 67 

98 . 70 * 
:!:O . 94 

. * Signi~ icaJ.)t }::· cllfferent- frQ[[ Qase~ \{al \l~ 

0 . 95* 
:':0 . 03 

8 . 57 
:to.73 

4 . 35 * 
:to. 28 

131. 76 
±3 . 85 

9 . 41' 
:to.46 

34 . 33' 
:to. 58 

13 . 80* 
2:1. 09 

98 . 80* 
:to.77 

2 . 08*" 
:to.02 

8 .7 3 
:t0 v69 

5 . 32'* 
:to . 12 

127 . 86 
.!:2 . 30 

7 . 01** 
:to. 32 

27 . 30"· 
:t2 • 40 

1 2 . 36** 
:to.82 

100 . 50** 
:to. 58 

2 . 27 ** 
:to•06 

9 . 36 
:!:O . 16 

6 . 65** 
:to. 54 

130 . 67 
! 2 . 74 

6 . 03 ** 
:!:O . 47 

26 . 33~* 

:t~ . 84 

11.30** 
:to. 62 

101. 20** 
:!:O . 58 

1 . 94 .* 
:to.07 

9 . 83 
:!:O . 16 

6 . 65** 
±0 . 19 

130 . 74 
.!:3 . 68 

7 . 63 ** 
:t1. 69 

25 . 67*' 
±2 . 19 

10.60 ** 
.!:0 . 44 

100 . 53** 
:to . 24 

.* Signi ficant.qi,.rferent ... from the.~'{a~,;~ ... 
just before the ~r~~tmGrlt '" o 



Table 14 ; Biochcmic.dl analysis of rumen fluid of hypomagnesemiil- induced (GroupIII) 
and treated l:uffalo calves (Mean ± SEr-1) 

--------------
Parameters J:..CLtJ:!QE9)'§iological study (Time in 1:.1 _ . !£~~LstudL.llime i~ 

° 24 48 72 96 24 48 72 

pH 6 . 8 3 6 . ':3* Eo 33 * 5 . 6 7 * 5 . 00 * 6 . l6 *~ 6 . 67 ** 6 . 70 ** 
..>:0. 17 :to . ~7 ±( . 17 1:0 . 17 ±0 . 29 ±0 . 17 ±O . 17 .!:0 . 20 

1'1 agne sium 6 . 93 6 . 13 ~ . 43 * 4 . 93 ' 4 . 47 * 4 . 93 5 . 87 '0' 5 . 23 *' 
( mg/dl ) .0:0 . 45 :to. 50 !,C . 49 .±0 . 19 ±O . 22 20 • 15 ±0 . 64 1:0 . 6 4 

Calcium 13 . 65 13 . 7- 11 . 27 9 . 98 9 . 73 12 . 73 12 . 14 13 . 65 
(mg/dl) ± 2 . 14 .::.2 . 7° .1:: . 50 ± 2 . 30 ± 1. 2 1 .':1. 78 .±3 . 03 ±1. 4 1 

Phosphor us 14 . 57 11. S9' lC . 71' 8 . 8 1 ' 8 . 33 * 10 . 70 "* 9 . 62 10 . 42** 
(mg/ d l ) ±0 . 40 :1.-{) . 26 ±( . 20 +0 . 21 :to . 10 .C1. 28 :to . 44 ±O . 54 

Sodium 135 . 37 123 . 25 12f . 29 123 . 26 123 . 99 133 . 22 127 . 68 130 . 62 
(mEq/L) 1:2 • 16 ±5 . '.E. ±<; . 52 ±4 . 26 2:5 • 86 :,:4 . 58 :,:5 . 71 1:5 . 58 

Potas .. ium 38 . 20 103 . 73' 172 . 24' 237 . 08' 265 . 84' 220 . 01*.'· 198 . 57** 16: . 99** 
(mEq/L) 1:3 • 21 .;:4 . 00 1:4 . 55 .±7 . 24 .±13 . 30 .±20 . 37 J:28 . 57 1:11.81 

* Significantly differen t from 1 ase vdlue; .* Significantly di fferent from the v Jlue 
ju t }- f or th tr ... ltm· .n L 



Tabl e 15 

Parameters 

Biochemical analysis of cerebrospina l fluid of hypomagnesemia- induced 
and tre .::. ted ...Ju£falo ca lves of Group III (11ean ± SEt") 

-----------------
.~q:t;hQPhY sial oQical-.2.t.Y>'lY_·i.ti.m....g J.!L.b r)._ _.In.~m.EillL.S.~lWy_ .i.~.iJl.j1.D 

o 48 96 48 72 
--~~----------- - - -------- -- -_.--- --------
Nagne sium 1. 9 7 1.E9* 1 . 57 * 1 . 8 4 ** 1. 9 5 ** 
(mg/dl) :to.0 7 t o . C5 :to.02 :to . 14 :to .05 

Ca lcium 5 . 08 5 . ; 5 4 . 20 4 . 29 5 _66 
(mg/dl) :to . 57 :to . ; 9 :to .7O ±0 . 48 :to . 70 

Phosphorus 1. 66 2 . t-7 * 1. 33 * 2 . 36 k* 2.86** 
(mg/ dl ) :to . 17 :!:C . ?4 :to . 35 :t1. 02 :to . 32 

SOdi um 140 . 19 140 . 13 138 . 40 139 . 55 138 . 73 
( mEq/L ) 31 .06 ::::1 . 00 :t2 _OO :to . 58 ± 1.05 

Potassium 3 . 23 5 . 41· 5 . 59* 3 . 10** 3 . 11**' 
(mEq/L) ±0 . 05 zO · 63 ± 1. 20 ±0 . 23 :to . 37 

Tota~roteins 47 . 00 88 . 60* 163 . 83* 45 . 60** 69 . 33** 
(mg/ ) .!:4 . 04 ± 6 . 12 ±17 . 79 ± l3 . 37 :t2O . 18 

I-andy ' 5 test ( - ) (H) (++++) ( - ) ( +) 

* Signific4ntly ji f fC"'P">nt fron' base value; .;)ignificantly diff ..... rt,;;nt from thE; vd!ue 
just before the treatment 



Table 16 Bioch ~mical aralysis of saliva of h y pomagnesemia- induced (Group III) 
and tre ated b~ffalo c alve s (Mean ~ SEM) 

Parameters PathoQhy' s iological s t udy ( Time in hr) Tre 3tme nt stud:i ( T~me in hr) 

0 2 4 48 72 96 24 48 72 

Magnesium 1. 55 1. 46 1. 38 1 . 24 ' 1. 0 7* 1. 30 * ' 1.34** 1. 39 ** 
( mg/dl ) 1;0 . 03 ~O . Ol j O. 08 ::to . 13 ::to . 15 1;0 . 08 ::to . 03 ::to • 04 

Cal c i um 3 . 31 1. 9 6 3 . 97 4 . 44 4 . 78 4 . 28 4 . 44 4 . 12 
( mg/ dl) ::to . 45 ::to . 49 : 0 . 88 1;0 . 64 ::to • 73 1;0 . 8 2 ::to . 57 :!:0 . 63 

Phospho ru s 30 . 67 43 . 27 • :0 . 57 9 . 90* 9 . 6 2 ' 30 . 0 2* ' 3 1. 50* * 37 . 24 * * 
(mg/dl) 1;0 . 3 2 ::t 1 • 64 : 0 . 60 1;0 . 95 ::to . 7 3 ::t1. 02 ::t1. 50 ::to . 78 

Sodium 14 4 . 17 14 4. 53 13 6. 09 137 . 82 140 . 13 130 . 82 131.07 130 . 9 2 
(mEq/L) ::t4 • 93 ::t3 • 2 1 :..2 . 3 1 ::t 2 . 51 ::t6 • 2 .; ::t I l. 92 ::t I l. 20 ±9 . 2 1 

Potassium 7 . 89 14 . 28* :3 . 61* 3 1. 10' 35 . 7 2' 32 . 98 28 . 92 23 . 46 * * 
(mEq/L ) 1;0 . 85 ::t1. 00 :c3 . 98 ~ 2 . 15 :!:3 . 85 1;0 . 71 ::t3 • 6O ::t 2 • 2O 

Significant l y dif.i: c:: r cnt from b,sc: v-:J.luc; ** Significantly diffcr0nt from the v lu 
just b, for , th e trcatm ..... nt 

'" w 



Tabl e 17 Biochemi cal analysis of urine of hypomagnesemia- induced (Group III) 
and treated buffalo cal ves (Mean .± SEM) 

Pdrameters PathQQh~siologica~ study (Time in hr) Treatment study (time in hr) 

0 24 48 72 96 24 48 72 

pH 9 . 17 8 . 50* 3 . 33 * 7.50* 7 . 3 3 * 8 . 50 ** 8 . 67 * * 8 . 67** 
.to . 7 3 .±O. 58 .to . 17 .to . 00 .±0 . 17 ±0 . 2 ) .to . 17 .±O . 17 

SOdium 48 . 67 43 . 42 35 . 43 28 . 29 24 .34 7 7 . 27 83 . 04 42 . 8 9 
( mEq/L) .±2 . 99 :!:3 . 7 1 ::4 . 96 ::5 . 18 .±4 . 3 1 .±25 . 90 .±3 3 . 11 .±9 . 24 

Pot assi um 436 . 11 923 . 42* l tJ7. 21* 1253 . 32 *' 1190 . 45 * 880 . 33 *. 776 . 57** 658 . 26 ** 
(mEq/L) .:<::49 . 74 :!:67 . 6 1 .:<::19 . 2 1 .±107 . 7 7 .:<::38 . 0 1 .±40 . 48 .:<::53 . 82 .±38 . 62 

* Si gnificantly different from the bcse. v alue; "* Significantly diff .... r ent from the value 
just before the treatment 



Table 18 Various comronents of ECG of hypomagnesemia_ induced and treated buffalo 
calves of Groun III (Mean ± SEM) 

Parameters Pathophysiological study (Time in hr) 
o 2 4 48 72 96 

P wave 
--D-

A 

f'1ean QRS 
D 

A 

A 

PR I nt . 
( sec) 

or Int . 
( sec) 

0 . 0 47 
.:to . 00 7 

0 . 093 
.:to . 00 7 

0 . 060 
.:to . 005 

- 0 . 82 7 
.:tC . 373 

0 . 067 
.:to . 013 

- 0 . 100 
.:to. 100 

0 . 190 
.:to . 007 

0 . 300 
:,:0 . 010 

0 . 073 0 . 053 
.:to . 007 ;r0 . 007 

0 . 100 0 .080 
:,:O. OOC .:to . 017 

0 . 060 0 . 060 
:,:0 . 005 ..cO. 005 

-1. 150 - 0 . 900 
.:to . 161 .:to . 225 

0 . 06 7 0 . 041 
:,:0 . 013 .:to . 007 

0 . 06" 0 . 020 
:,:0 . 08b .:to . 040 

0 . 18 7 0 . 193 
:,:0 . 035 .:to . 007 

0 . 36f 0 . 293 
:,:0 . 059 :,:0 . 024 

PR seg 0 . 147 0 . 113 0 . 140 
(sec) :,:0 . 007 :,:0 . 029 :,:0 . 012 

sr seg 0 . 170 0 . 240 0 . 190 
(sec) .:to . 020 :,:0 . 050 .:to . 020 

HR (p~ mi n) 66 . 730 71.100 72 . 770 
____________ ~+~1~.~6~3~0~ __ ~+~6~.~6~8~0 __ ~>~2.330 

0 . 08 7 
:,:0 . 018 

0 . 130 • 
:,:0 , 01" 

0 . 056 
:,:0 . 005 

- 1. ' .00 
:,:0 . 058 

0 . 067 
:,:0.013 

0 . 267 
:,:0 . 088 

0 . 173 
:,:0 . 018 

0 . 27' 
:,:0 . 007 

<l . 087 
:,:0 . 018 

0 . 150 
:,:0 . 010 

80 . 370* 
+1. 370 

0.060 
:,:0 . 012 

0 . 060 * 
.:to . 021 

0 . 053 
.:to . 003 

- 0 . 817 
:,:0 . 235 

0 . 087 
:,:0 . 018 

0 . 183 
.to . 188 

0 . 127 
:,:0 . 064 

0 . 287 
:,:0 . 024 

0 . 133 
:,:0 . 060 

0 . 147 
.:to . 045 

81.100' 
+2 . 070 

Treatment s t udy (Time in hr) 
24 48 72 

0 . 047 
.:to . 007 

0 . 093 
.:to . 007 

0 . 050 
.:to . 005 

- 0 . 750 
.:to . 202 

0 . 080 
.to. 000 

0 . 133 
.:to . 067 

0 . 187 
.:to . 007 

0 . 280 
.:to . 000 

0 . 014 
.:to . 012 

0 . 150 
.:to . OSO 

77 . 700 
+2 . 700 

0 . 040 
.:to . OOO 

0 . 093 
.:to . 007 

0 . 053 
:,:0 . 003 

- 0 . 583 
.:to . 148 

0 . 073 
:':9 .018 

0 . 133 
:,:0 . 067 

0 . 173 
.:to . 018 

0 . 293 
.:to . 027 

0 . 133 
:,:0 . 048 

0 . 190 
:,:0 . 030 

81. 230 
+6 . 230 

0 . 053 
:,:0 . 013 

0 . 050" 
:,:0 . 000 

0 . 050 
:,:0 . 005 

- 0 . 867 
.:to . 017 

0 . 053 
:':0 . 013 

- 0 . 067 
.:to . 033 

0 . 173 
.:tC . 013 

0 . 313 
:,:0 . 024 

0 . 126 
:,:0.007 

0 . 200 
:,:0 . 020 

61.100*' 
+5 . 610 

D Duration in seconds: A = nmplitude in my ; Int . = Interval; Seg . = segment 
Significantly differ . nt from b.se value ; ~ * Significantly dif f erent from the v alue 

ju s t before the treatment 



Tabl e 19 Biochemical andlysis of serum, haemato l ogical changes and body temperature 
of hypomagnesemi a- induced buffalo cal ves (Group IV) tre2ted with al ternati ve 
method (Hean ;!: SEll) 

Parameters Pathophysiological study (Time in hrl Treatment stud? (Time in hr) 
o 24 48 72 96 24 48 72 

Magnesium 
(mg/dl) 

Calcium 
(mg/dl) 

Phosphorus 
(mg/dl) 

SO dium 
(mEq/L) 

Potassium 
(mEq/L) 

PCV 
(%) 

Haemoglobin 
(g/ dl) 

2 . 06 
2:0 . 04 

8 . 89 
;!: 0 . 8 5 

6 . 62 
~O . 27 

132 . 19 
~5 . 55 

5 . 20 
~0 . 44 

26 . 00 
~2 . 3 1 

10 . 67 
~0 .17 

Ract a 1 Temp . 100 . 53 
( F) 2:0 . 35 

1. 95 
2:0 . 10 

7 . 93 
2:0. 7 9 

8 . 70* 
~0 . 35 

13 1. 37 
jo2 . 14 

7 . 48" 
:to•B8 

31. 67 * 
~2 . 73 

10 . 33 
2:0 . 33 

97 . 93 
~0 . 93 

1. 60 * 
.:..() . 09 

8 . 16 

to · 4 4 

5 . 62* 
.::to . 26 

1 26 . 45 
~1. 71 

7 . 31* 
2:0 . 43 

32 . 67* 
~ 1 . 76 

11. 17 
2:0 . 17 

98 . 06 
2:0 . 93 

1. 25 * 
joO . 0 4 

9 . 8 4 
~1. 27 

4 . 81 * 
~0 . 33 

127 . 70 
;!:2 . 20 

8 . 17* 
;to . 56 

33 . 33' 
jo1. 33 

11. 83 * 
~0 . 17 

"17 . 90 
.!:0 . 86 

Sign if icantly different from ~he base value; 
-. j:-

0 . 99 * 
;!:0 .05 

8 . 0 5 
;!:0 . 76 

4 . 23 * 
2:0 . 3 9 

130 . 83 
~5 . 2 1 

9 . 0 1 * 
~0 . 16 

35 . 67* 
~0 . 88 

12 . 83 * 
.to . 17 

97 . 90 
~0 . 86 

L31 * * 
~0. 0 4 

7 . 3 1 
~1. 7 7 

4 . 69 
2:0. 30 

124 . 56 
~6 . 19 

7 . 12 ** 
2:0 . 59 

32 . 00 
~0 . 57 

10 . 20*'* 
~0 . 42 

98 . 90 
2:0 . 48 

L34** 
~0 . 09 

9 . 8 4 
~1. 14 

4 . 7 9 
~O . 47 

130 . 25 
~5 . 20 

7 . 07 ** 
~0 . 87 

30 . 33*' 
2:0 . 88 

11. 00 ** 
~1.04 

99 . 20 
~ 1. 66 

L43 ** 
2:0 . 10 

9 . 7 6 
~ 1 . 19 

6 . 00 '* 
~0 . 62 

128 . 49 
;!:2 . 01 

6 . 50 ** 
~0 . 90 

10 . 33** 
.::to . l? 
99 . 40 
2:0 . 81 

Significantly different from the value 
just befQ~_ treatment 



Table 20 Biochemical analysis of rumen fluid of hypomagnesemia- induced buffalo 
cal Yes (Group I V) treated with alternative method (Mean ± SEM) 

Par ameters PathoEhy" s iological study (T i me in hr . ) .Tr eatment study (Time in hr) 

0 24 48 72 96 24 48 72 

pH 6 . 75 6 . 2 5 * 6 . 0 0 * 5 . 6 3 * 5 . 00* S . 63 * * 5 . 86* ' 6 . 25** 
j:O . 15 ±0 . 15 j:O. 20 ~O . 13 j:O . 20 ±0 . 13 ±0 . l3 j:O.15 

Magne sium 7 . 83 6 . 9 3 6 . 05 * 5 . 3 5* 4 . 53 * 5 . 3 0 5 . 00 5 . 53 
(mg!dl) j:O . 8 1 ±0 . 7 1 j:O . 64 j:O . 58 ±0 .48 ±0 . 58 ±0 . 8 2 ±1. 09 

Cal c ium 14 . 03 12 . 30 14 . 38 11. 5 2 10 . 48 12 . 55 1 1. 27 10 . 22 
( mg!d l) j:1. 20 .:2 . 23 j:1. 68 :c1 • 65 j:1. 18 ± 2 . 1l 2:1. 38 j:1. 84 

Phosphorus 14 . 37 12 . 2 2 10 . 7 5 8 . 7 3 * 8 . 05* 9 . 00 9 . 07 10 . 07 
( mg/ d l ) j:O . 58 j:O . 44 ±0 . 23 j:O . 2 1 ±0 . l3 j:0 . 90 :to . 55 ±0 . 35 

Sodi um 128 . 4 2 11 2 . 18 110 . 68 107 . 08 104 . 08 113 . 5 1 117 . 09 11 1. 58 
(mEq/L) j:O . 68 j:5 . 2C j:6 . 75 j:6.86 j:8 . 03 ±8 . 52 ,:6 . 66 j:5 . 28 

Po t assium 36 . 7 0 128 . 0 7 * 173 . 69 242 . 16 * 280 . 29* 264 . 67 · 253 . 4 5" 202 . 44" 
(mEq/L) =3 . 14 j:3 . 0f ±7 . 17 j:4 . 06 ± 5 . 02 2: '") . 36 j:3 . 63 ±4 . 33 

~ 3ignificantl y di f fe r e nt f .J:om thE p Clse . v,a,lu " Signif i can t l y di ffe·r Ult from th _ v a;). U..: " . ~, .~. - : - .. 
just b e for .... the t r e atment 



Tabl e 21 

Parameters 

Bioch~~iccl analysis o~erebrospinal fluid of hypomagnesemia_ induced 
buffalo cclves (Group fv) tre6ted .,¢th alter native method (Mean .± SEl·1) 

Pathophy, iological study (time in hr) Treatment study (Time in hr) 
--0- ---- -~----·--72---·----- 48---- 72 

Magnesium 
(mg/dl) 

~alcium 

(mg/dl) 

~hosphorus 
(,ng/ dl) 

SOdium 
(mEq/L) 

Potassium 
(mEq/L) 

Tot al prote i n s 
(mg/dl) 

b-andy ' s test 

2 . 12 

1° .04 

5 . 21 
10 . 50 

1. 63 
:to.07 

133 . 47 
;t2 . 78 

3 . 87 
;to . 22 

40 . 66 
14 • 70 

( - ) 

1.83* 
;to . 06 

4 . 83 
:,:0 . 44 

2 . 33 ' 
;to . l? 

133 . 70 
12 . 78 

6 . 03* 
;to . 36 

106 . 33* 
1 14 • 62 

(+++) 

1. 61 * 
;to . 02 

4 . 28 
;to . 27 

1. 12 * 
±0 . 12 

126 . 03 
1:4 . 32 

7. 56' 
10 . 72 

180 . 83 * 
2:3 . 63 

(+»+) 

1. 70 
±0 . 02 

5 . 00 
!.0 . 14 

1. 6 7 ** 
;to . 38 

129 . 52 
;t4 . 80 

3 . 43** 
10 . 58 

63 . 50** 
:t18 • 50 

(+) 

1 . 80** 
:to.05 

4 . 28 
10 .83 

2 . 27 .. * 
;to . 07 

130 . 39 
;t4 . 71 

5 . 12 ** 
10 .34 

94 . 50 .... 
;t1 0 . 50 

(++) 

* Si gni f icantly diff~r~nt fron +hc bdS~ valu~ ; ** Significantly diff~r~nt from thL value 
just htfd.r th tr(!atm.;,:n t 



Table 22 Biochemi (.;;, l i nalysis of saIl va of hypomagnesemia- induced buffaloes 
cal yes treate d with alternative method of Group IV (Mean ! SEM) 

Par ameter s Patho nh Y5lo1og1C21 stud;r (Time inhr Treatment stud:.: (Time in hr) 
0 24 48 72 96 24 48 72 

Magnesium 1. 52 1.45 1.37* 1. 29* 1. 22* 1. 26 1 . 28 1.30 
(mg/dl) !C . 06 !C . OP :c0 . 06 !C . 06 ! 0 . 0 4 !C . 04 -,=0 . 0 1 ! 0 . 04 

Calcium 2 . 50 4 . 60 4 . 70 4 . 92 4 . 32 4 . 37 4 . 20 3 . 67 
(mg/dl) !C . 58 2:0 • 16 :..1{) . 92 !C . 88 !C . 51 !C . 53 ! 0 . 50 ! 0 . 32 

Phospho rus 3 1.47 4 5 . 11 ' 28 . 79 10 . 42 * 9 . 68 * 18 . 48** 22 . 03* * 31. 20** 
(mg/d l ) !C . 6 5 !C . 93 !1. 30 !C . 42 !C . 56 !1. 44 !1. 9 7 !1. 50 

SOdium 137 . 25 136 . 34 135 . 34 132 .4 6 13 1.51 1 29 . 40 127 . 85 1 27 . 4 4 
(mEq/L) ! 2 . 88 ± 3 . 2f ! 3 . 95 ! 3 . 18 ! 2 . 71 ! 4 . 93 ! 5 . 46 ! 4 . 53 

Potassium 7 . 41 23 . C~" 32 . 70 * 35 . 26 * 38 . 00 * 32 . 17 3 1. 35 30 . 32** 
(mEq/L) !C . 86 !1.80 !1. 90 !4 . 62 ! 3 . 88 ! 3 . 20 ! 3 . 13 ! 2 . 90 

* Significantly diffcr""nt [r,m tht.: bas .... valul: ; .1<* 3ignific].nt~diff r nt from th value 
just before th~ treatment 

'" '" 



Tabl e 23 

Parameters 
0 

Biochemical analysis of urine of hypomagnesemia- induced buffalo calves 
treat ed with al terr.ative method of Group IV (Mean ± SE~J.) 

Patho' ' .... 1::siolo2ical stud~ (Time in hr) Treatment stud::t (Time 
24 ~8 72 96 24 48 72 

in 

pH 8 . 83 8 . 00* 8 . 00* 7.50* 7 . 16* 8 .. 00 ** 8 " 33 ** 8 . 53** 
±D . l? ±D . 29 ±3 . 29 ±D. 2 9 ±D . 17 :';0 . 29 ±O.l? ±0 . 17 

Sodium 48 . 03 38 . 11 30 . 59* 28 .37 * 22 . 23 * 30 . 08 24 .11 26 .1 2 
(mEq/L) ±5.90 ± 5 . 19 ::.,.74 ±4 . 17 ± 3 . 68 ± 5 . 43 ±7.3 5 ± 9 . 66 

Potassium 420 . 00 1013 . 49* 1064 . 19* 1126 . 62* 1143 . 5 1 * 1066 . 66 942 . 22 757.67** 
(mEq/L) ±30 . 55 ±3 0 . 79 ±:J~ . 54 :,;154 . 15 ±138 .7 5 ±40 .74 ±77 . 49 ±43 .19 

* 3 ignificantly different: from t l-a base valu~ : ** Sj.l'"]nificant::.y different from value 
jus~ 0~fore the tre atment 

hr) 

.., 
o 



Table 24 Various comporent s of ECG o f hyporoclgnesemi a- induced buffalo calves 
(Gr oup ~J) treated with alternative method 

Par areter s 

A 

A 

T Tf/ave 
- - D-

A 

PR Int . 
( sec) 

or Iol!. 
(sec. ) 

PR seg 
( sec) 

Sf seg . 
( sec) 

Pathophysiological study (T ime in hr) Treatment study {Time in hrJ 

o 24 48 72 96 24 48 72 

0 . 040 
±D . OOO 

0 . 115 
±D. 015 

0 . 0 60 
±D . 00 8 

- 0 . 663 
±D . 206 

0 . 080 
±D.008 

0 . 175 
±D.063 

0 . 160 
~0 . 005 

0.315 
±D . 033 

0 . 125 
~O . 017 

0 . 170 
±D . 030 

0 . 060 0 . 060 0 . 047 0 . 045 0 . 050 0 . 047 0 . 050 
±D . 008 ~0 . 012 ±D.007 ~0 . 005 ±D . 006 ±D. 007 ±D . 006 

0 . 100 0 . 087 0 . 100 0 .1 25 0 . 125 0 . 117 0 . 125 
~0 . 020 ~0 . 0 3 2 ~O.OOO ~0 . 025 ±D .0 14 ~0 . 017 ±D . 014 

0 . 05 5 0 . 067 0 . 053 0 . 04 5 0 . 0 53 0 . 053 0 . 05 3 
~0 . C 06 ~0 . 00 7 ~0 . 00 3 ~0 . 0 1 5 ~0 . 0 10 ~0 . 009 ±D . 008 

- 0 . 76j - 0 . 838 - 0 . 8 00 - 0 . 7 25 - 0 . 838 - 0 . 988 - 0 . 963 
±D . 177 ±0 .175 ~0 . 225 ~0 . 14 9 ~0 . 1 60 ~Q . 17 l ±0 . 129 

0 . 070 0 . 080 0 . 060 0 . 045 0 . 060 0 . 053 0 . 055 
±D . C13 ~O . OOO ~0 . 0 12 ~0 . 005 ~0 . 008 ~0 . 01 3 ±D . 010 

0 . 063 0 . 267 ' 0. 133 0 . 000 0 . 238 0 . 150 0 . 088 
±D . le5 ~0 . 069 ~0 . 169 ~0 . 1 96 ±D . 055 ~0 . 104 ±D'. 097 
0 . 1~0 0. 160 0 . 147 0 . 160 0 . 160 0 . 160 0 . 140 

~0 . C I4 ~O . OOO ~0 . 013 ~O . OOO ±D . OOO ±D. 012 ±D . 012 
0 . 330 0 . 293 0 . 267 0 . 250 0 . 260 0 . 280 0 . 260 

±D . 044 ~0 . 035 ~0 . 013 ~0 . 025 ~0 . 012 ~0 . 023 ~ . 012 

O . l a ~ 0 . 127 0 . 107 0 .125 0 . 125 0 . 133 0 . 105 
_{l . 0 ' .3 ±D . 017 ~O . 007 ~O . 013 ±D . 0 13 ~O . 024 ~O . O 19 

O. loq 0 . 127 0 . 123 0 . 143 0 . 169 0 . 157 0 . 135 
iO . O'd ~0 . 037 ±0 . 022 ±0 . 028 ~0 . 043 ~0 . 043 ~0 . 012 

HR (per min) 66 . 570 77 . 500 76 . 870 88 . 750 86 . 240 84.700 82 . 170 86 . 920 
____________ -=~~6_._1_4~0 __ . __ =.~1~2~. ~2~7 ___ ~+~6_._7_0_0 __ _=+_6_._9_6_0 __ _=+_3_._9_8_0 ________ _=+_3_. _7_20 _______ -:+_3_._8_5_0 ____ :+_1_._2~10 __ _ 

D = Durat ion in seconds ; A = I~flitude in my; Int . = Interval; Seg. = segment 



Fig . 11 Periodic alterations in the levels of 
in ser um, rumen fluid , CSF and saliva 
buffalo calves treated with 10% MgS0

4 calborol intravenously . 

++ 
Mg 

Control value : Zero hour observation 
Pathophysiological study : 24 - 96 hr 
Treatment study: 120- 168 hr 

of 
and 
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Fig 12 Periodic alterations in the levels of Ca++ 
in serum, rumen fluid , CSF and saliva of 
buffalo calves treAted with 10% MgS0

4 
and 

calborol intravenously . 

Control value: Zero hour observation 
Pathophysiological study : 24- 96 hr 
Treatment study: 120- 168 hr 
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Fig 13 Periodic alterations in the levels of Pi 
in serum, rumen fluid, CSF and saliva of 
buffalo calves treated with 10% MgS0

4 
and 

calborol intravenously . 

Control value: Zero hour observation 
Pathophysiological study: 24 _96 hr 
Treatment study: 120- 168 hr 
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Fig . 14 Periodic alterations in the levels of Na+ 
in serum, rumen fluid, CSF. saliva and 
urine of buffalo calves treated with 10% 
MgS0 4 and calborol intravenously . 

Control value : Zero hour observation 
Pathophysiological study : 24 - 96 hr 
Treatment study: 120- 196 hr 
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Fig. 15 Periodic alterations in the level s of K+ 
1n serum, rumen f1 - ~C . c:r]~ s aliva of 
buffalo calves treated with 1~1o MgS0

4 
and 

calborol intravenously . 

Control value: Zero hour observation 
Pathophysiol ogical study: 24 - 96 hr 
Treatment study: 120- 168 hr 
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Fig . 16 Periodic alterations in the level of Mg++ 
in serum, 'rumen fluid , CS::- :an.} saliva of 
buffalo calves treated with 3~;' MgC1

2
. 6H

2
0 

per rectal ly . 

Control value: Zero hour observation 
Pathophysiologi cal study : 24- 96 hr 
Tr eatment study: 120- 168 hr 
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Fig . 17 Periodic alterations in the levels of Ca++ 
in plasma . rumen fluid. CSF ~nd saliva of 
buffalo calves treated with 30% MgCl

2
. 6H

2
0 

per rectally . 

Control value: Zero hour observation 
Pathophysiological study : 24 - 96 h r 
Treatment study: 120- 168 hr 
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Fig . 18 Periodic alterations in the levels of Pi 
in pl asma , rumen fluid , CSF and saliva o f 
buffalo calves treated v/ith iO% HgC1

2
06H

2
0 

per rectally ~ 

Control value: Zer"o hour observation 
Pathophysiol ogical study : 24 - 96 hr 
Treatment study: 120- 168 hr 
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Fig. 19 Periodic alterations in the levels of Na+ 
in plasmal 'rumen fluie , eSF , s aliva and 
urine o f buffalo calves treated with 30% 
MgCl 2 . 6H 20 per rectally . 

Control value : Zero hour observation 
Pathophysiological study: 24- 96 hr 
Treatment study: 120- 168 hr 
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Fig . 20 Periodic alterations inthe levels of K+ in 
serum, rumen fluid, CSF and saliva of 
buffalo calves treate d '~lith 30% V-gC1

2
06H

2
0 

per rectally . 

Control value: Zero hour observation 
Pathophysiological study: 24 - 96 hr 
Treatment study: 120- 168 hr 
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Fig . 2 1 Potassium chloride and citric acid induced 
hypomagnesemic buffalo cal f Rlanifesting 
symptoms like staring eyes , opisthotonoU5, 
open mouth breathing and bel lowing . 
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Fig . 22 

Fig . 23 

Fig . 24 

section of heart showing degeneration of 
Purkinje fibres , HE x 70 

Higher magnification of Fi~. 22 . showing 
Purkin!ie fibres ,'1 thout nuqer. HE x 300 

~~C~i~~OOf heart , showing fatty changes , 





Fig . 25 

Fig . 26 

Fig . 27 

Section of heart of a hypomagnesemic cal f 
showing focal areas of necrosi 5 (arrotof) 
in the cardiac muscle, HB x 70 

Section of heart showing non- purulent 
epicarditis with i nfiltration of serious 
fl uid, lymphocytes , plasma cells and 
macrophages . 

Section o f skeletal muscle showi ng hyaline 
degeneration ~ HE x 300 
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Fi g . 28 

Fig . 29 

Fig . 30 

Section of intestine sho wing acute enteritis , 
HE x 70 

Section of liver showing cloudy swelling, 
HE x 300 

Section of liver showing mild fatty changes 
and intracytoplasmic inclusion bOdies in 
the hepatocytes , HE x oi l 





Fig . 31 

Fig . 32 

Fig . 33 

section of l iver showing diffuse coagul ative 
necrosis, HE x 300 

kidney 
section of ~ showing cloudy swelling 
in thj(ubul ar epithel ium. HE x 300 

" Section of kidney showing va4c~ar dege_ 
neration in the tubular epithelial cells; 
HE x 300 
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Fig . 34 

Fi g . 35 

Fig . 36 

s ection o f kidney showing diffuse coagu­
lative necrosis of tubular e pithelial c~ll s. 
HE x 300 

Section of lung showing s e vere congestion 
in t~e smal l b l ood vessel s and the c apilla­
ri e s in in~aleveolar septa, HE x 300 

~~C;i~~ of lung showing alveolar emphysema, 
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Fig _ 37 

Fig _ 38 

Fi g _ 39 

Infiltration of pl asma cells in spl e e n , 
HE x 300 

Sect i on of lymph node showing intense 
conge5tio~, HE x 

Section of bra~n showing severe congestion 
in the meninglal b l ood vessels , HE x 70 
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Fig . 40 

Fig . 41 

Fig . 42 

Section of brain showing myelin degenera­
tion in brain substance leading to spongio­
sis , HE x 300 

Sectio n of brai n showing infiltrdtion of 
hypertrophied microglia cells , HE x 300 

Section of brain showing satellitosis and 
neuronophagia, HE x 300 
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DISCUSSION 

Hypomagnesemi a, with or without clinical signs of 

tetany, h a s been r ecognised in ruminants for over fif t y 

years but , 1n spite of the fact that some measure of 

cont r ol h 3S been aChieved , the sy ndrome is not fully 

understood as yet. Al though the conditions un '~er which 

hypomagnesemia can develop are fairly \-;ell known , the 

immediate cause is still not certain , and even less 

cert ain i s t he relation between the low concentration of 

pl a sma mag nesium and the presence or absence of clinical 

signs . 

CONTROL GROUP (Group I) 

The concentration of various electrolytes which were 

recorded i n the serum in the present study and served as 

control are i n accord with those of Choudhur i ~ !l. 

(1980) , carried out in 2 years old h ea l thy buffalo c a lves. 

Studies on PCV of healthy buffalo calves ~re in agre ement 

with the earlier reports (Nauri yal, 1975 and Sethuraman 

(1976) in buffalO calves . 

A wi de va r iability in th e pH (5 . 7 to 7 . 6) of rumen 

fl uid has been reported in cattle and buf f aloes mainta ined 

on different feed and fodder (Hisfra and Singh , 1974 ; 

Nauriyal, 19 7 5 and Sethuraman, 1976) . Normal pH value 

observed i n the present study was 6 . 8 . Thevalues of pH 

" sodium of rumen fl u i d , magnesium, calcium, phosphorus , 

and potass i um observed in the p~esent study a re in 
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accordance with those reported by Choudhari ~~. (1980) 

in buffalo calves , Randhawa ~~. (1980) in crossbred 

calves an d Sinha (1980) in buffalo calves . 

In CSF, the concentration of sodium , potassium and 

magnesium as observed in the present study are simi l ar to 

those repo rted by Seoane (1981) observed in sheep . the 

l one exception being the l evel of calcium which was more 

i n buffalo c alves , the subjects of present study than in 

sheep . .., The values for total proteins and calcium are 

simi l ar to tho se reported by Scholz (1972) in s~ --La! and Verma (1979) in buffalo c"lve s and Vihan (198 1) 

1n sheep . It has been reported that the normal concentra_ 

ticn of calcium in CSF is much lower than that ~n plasma . 

The principal r eason for this h 35 been attributed to the 

gr eater degree of protein binding of calcium that occurs 

in plasma dialyzate and C5F . This discrepancy , however, 

is not very l arge, but at the same time the concentration 

of ionized cal cium in pla sma has been reported to be 

g r eater tha n th at of CSF (Kaneko , 1980) . The potassium 

concentration i n the CSF is conside rably less th an that 

of plasma dialyzate (Kaneko , 1980) . Sodi um concentrations 

which is slightly greater in CSF than in plasma suggests 

the presence of an active secretory mechanism for the 

substance in bra i n (Kaneko , 1980) . The comparative 

concentrations of these elect rolytes observed in the 

present study confirm the observations reported by 

Bauda ~~. (1973 ) . 
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The electro l yte conce ntrat i ons of sodium and 

potassium 1n saliva are comparable to those reported by 

Ldch amer (1973) and Randhawa ~~. (1980) in crossbred 

calves whi le electrolyte concentrations of magnesium and 

phospho rus are in agreement with those reported by 

Randhawa e!~. (1980) in crossbred cows . Calcium level 

which was found slightly higher in buffalo calves and 

may be due to the species variations . 

Values of pH , sodium and potassium -as 

reported by Osbaldiston (1969) in urine of cattle are 

simil ar to those found in the present study . 

Electrocardiographic changes recor ded in the present 

study show v3riability , but still the various compOnents 

of ECG are in norm::.l range . R- Have amplitude recorded 

in the present study is simil ar but T- wave ampl~tude is 

less than that repo r ted by Schafer & Ne_ubert ( 19 77) in obws . 

Heart rate and rectal temperature recorded \oJere in 

normal range . 

Inductio n of hypomagnesemia 

Of the various animal models e volved to induce 

hypomagnesemia (Kariya ~ ~., 1976: Fu rukawa ~~. 1972 ; 

Sinha , 1980 , Shiga ~ ~., 1981, E1-Shrif & Motte1ib, 1983 

Tak~shi ~ ~., 1983, and Terashima ~ ~. , 1983), Oral 

admini str ation of (otassium chloride and citric acid 

appear s to be more n atural and appropriate f rom clinical 

point of view . It allowS sufficient time for hypomagnesemia 
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to d ev elop, apparently simulating the clinical situations . 

In t h e pr esent lnvestigation l all the animals of untreated 

Grou p II died owing to hypomagnesemi A as detected by 

bioch emical analysis . 

Symptoms and haemato l ogical changes associa ted with. 
hypomagnesemia 

Cl inical symptoms include inappetence . rumen stasis , 

d i arrohea, dehy~ration , systemic acidosis , c a rdiovascular 

an d re spiratory failure. The clinical symptoms observed 

after t he experiment~l induction of hypomagnesemia in 

buff a l o c.Jlves . were similar to those described by 

Murak ami ~ ~. (1972) in cows and Luthman ~ ~ (1973) 

in calves . 

Daily administrat i on of potassi~m chloride and citric 

a c i d into the rumen , decreased therume~al fluid pH signi­

f i c antl y after 24 hours in )11 the animals and the low pH 

conti nued throughout the course of study in untre3ted group. 

It r e sul ted in decreased tone and frequency of rumen move­

ments . Similar findings have been reportee by Sinha, 

(1 980) in buffalo calves . Complete ruminal stasis was 

o bse rved clinical ly and finally this was accompanied by 

i nappet ance . 
The general condition was also agg r avated 

by the derangement of the normal rumen metabolism. The 

s t a s i s was followed by di arrhoea , which might be d~ to 

t he r e duction in the net abSOrption of wate r from the 

co l on (Randh awa ~ ~. , 1980) . The normal rumen fluid 

remains h ypotonic to blood and sal iva , but with the onset 
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of acidosi.s, a s i n the case of lact i c acidosis , the r umen 

content became hyper tonic as camp -r ed wi t h blood and 

sal iva . Thi s inc r e6se in the osmolality of rumen fluid 

h as been c o nsidered responsible for '<Ii thdrawl of fluid 

from vas cu l r compartwents in the rumen , leadinq to 

haemo qoncentration (Huber , 1971) . 

Symptoms l ike sunken eyebal ls , reduced skin 

e l asticity , subnorm31 temperature 3nd comatose conditions 

were ind i cative of severe degree of haemoconcentration 

and dehydration , which may be due to preriPheral circul­

atory fail ure . 

In t he absence of measurement of totdl pl asma 

protein s . it \,.,a5 not possible to infer whether the haemo-

concentration \"as a result of spleenic concentrations or 

dehydrati o n . 1his was marked by significant increase in 

PCV a s r eported by Kariya ~~. (1976) in sheep a nd 

Nethery ~ ~. (1979) in calves and haemoglobi n in all t he 

animol s . 

po l yponea was observed following induction of 

hypomagnesemi a and it may be attri buted to t he metabolic 

acid base alterat ions . Rumina l acidosis is usually 

followed by metaoolic acidosis . Nethery ~ & . ( 1979) 

reported that i n severe cases of acidosis . the reserves 

of plasma bicar bonJ t e were reduced in an attempt t o 

buffer the pH change in t he b l ood and this resul t ed i n 

steady decline o f bl ood pH . 
The c l ini cal l y obser v ab l e 

e f fects of t h i s were r~l ated mainl y to the r espirato r y 
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systems. Th e increased CO 2 tension of blood and-deple­

tion o f bi ca r bonate caused an increase in the depth and 

rate o f r espiration (Kaussaul breathing) . Respiratory 

compen s atio n was usual l y eVident , when bicarbonate levels 

were dim~ nished to 50 per cent of the normal . 

I mmediately after induction of hypomagnesemia , 

no rm al sal iva which was clear , COlourless/watery and 

tre.a n s ! u c ent .. became viscous and late r_ on thin in consi s ­

t f nc y • The increase in the Viscosity of saliva might 

be due t o excessive secretion of electrolytes, particul arly 

inorganic phosphorus and increase in the protein content 

( Randhawa !! ~., 1980) . During hypomagnesemia, the 

s al ivar y flow rate also decreased , posslbly as,a result 

of marked increase i n the osmolality of rumen fluid , and 

parti ally due to a slight increase in osmol ar concentra­

tion of pl asma (~varner, 1°77: Beal ~ & .. , 1975) .. The 

decr e a se in t he f l ow rate can al so be either due to the 

reductio n i n rume n mot i lity wh i ch affects t h e receptors 

f or sal i vation in mouth or due to the direct inhibiti on 

of pa r asympathetic stimul €tion( Cb3ra ~ ~" # 1972) .. 

A fall in the uri ne pH was observed. Thi s may 

be due to increased excr e t ion of acids in the aci dotic 

state .. This decrease in the pH of urine h a s a direct 

corre l atio n with rumen pH (Choudhuri ~ ~ . • 1980) . The 

eXcess hydrogen ions wer e excreted as such By tubular 

c e ll s f o r want of a suitabl e substrate like bicarbonate 

or ammoni a i o ns , a nd resulted in the decreased pH of the 
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u rine (Kaneko, 1980) . The increased urinary excretion of 

acids CdUses po lyurea , also observed by Murakami ~ ~., 

(1972) in cows , which is an adaptive consequence of 

inc reased so lu ~e load per nephron or polyurea of r~nal 

failu re , ~mich became evident in the late stage of 

hypom agnesemi 3 ann was due to a lack of maintenance 

of medullary osmotic gradient . In the present study 

histopathological fin(Hngs suogest degener,ti ve changes 

in th jfenal medulla . This polyurea may be sufficiently 

severe to cause dehydration or accentuate the concomitant 

dehydration . 

Polydipsia was observed in the hypomagnesemic 

animals , The water deficiency in the body resulting in 

t he diminished effectj~V~irculatory volume and a1 tettEd' 

sympathetic tone \'Jas corrected in part by increased water 

r@sorption in the kidney and polydipsia . 

Reluctance to stand and lameness ; as observed in 

the present study have also been reported by Luthman ~ ~. 

(1973) and SnTjth ~ & . ( 1977) in calves and West ~ & . 

l1981) in sheep . These symptoms were indicative of 

l aminiti s caused by histamine release from damaged tissue 

(Dirkson , 1970) . Symptoms l ike hanging of head and 

opisthotonus ; as suggested by ih 3i (1971) in calves 

were obse rved . 
These Cd n be attributed to the entry of 

toxic products acroSS the bloal brain barrier; which may 

r esult in the lower gl UCOSe uptake of nervous cells 

(He yer ~ & . , 1976). Pauli and Al sop (1974) and 



Fun1kawa ~ ~. (1977) did not observe tetanic symptoms 

1n hypomagnesemic cows. Similar results have alsobeen 

obtained in the Iresent investigation . 

BIOCHEMI CAL CHANGES 

Potas sium 

Potassium levels of rumen f l uid increased signi­

fic antly 24 hours after administration of potassium 

chloride and citric acid intrarumi nally . Similar trend 

wa s o bserved by Sinha (1980) in buffalo calves . In 

normal animals the potassium concentration of the fluid 
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fract ion th roughout the GIT is consi stently several times 

higher th un pI jsma levels. On the other hand, the 

content s of the tract are generally electro- negative. 

Therefore, the concentration radient must be sufficiently 

great to overcome an adverse electrical gr adient for 

absorption into circulation following potassium suppl e -

ment ation (House and c~pen 1971) . fbtassium is 

readily absorbed from the rumen (Parth asarthy, 1953) and 

from omasum (Oyaert , 1961) as in~icated by high percent­

age of intake in excreted urine (Ward, 1969) . 

The present finding that intrarumina1 administra-

tion of potassium chloride and citric acid resul~ in 

hy perkalemia after 24 hours is in line with theobserva­

tions m .de by earlier workers (Kariya ~ ~., 1976 

in ewes: Furukawa ~~. 1977 in cattle; Nethery ~ ~., 

1979 in calves; Sinha , 1980 in buffalo calves) . 
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Hyperkal e mia was fu rther aggr avated owing to 

me t abo l ic aCidosis wh i ch r e eul ted in incre ased ext r acellu­

lar concentration of hydr ogen ions . As the body cel l s 

ten d t o take up hy~rogen ions and release potassium ions 

in the extra- cellular fl. id. Thus. there may occur a 

marked e l ev at ion of serum potassium (Kaneko , 1980) . 

The variations of potassium in the CSF followed 

more or l ess the same trend as thdt of plasma which has 

a l so been observed by Scholz and Meyer (1972) in sheep. 

It h a s been suggested (Corne l ius , 1963) that potassium 

a 1 t erations in the CSF an~ likely to OCCU!:" when .\-/hole 

p l a s ma O~1blood escapes int o CSF . 

A highl y significant rise of potassium was 

observed in the urine after 24 hours . A s i milar obse r -

v ... t ion ,'as ma:le ty Shiga !:! & . (1981) in ewes . Ward 

(1969) r eported that 80% of the }~tassium was eliminated 

through ur i ne in non_lactat ing animals . tpo t assium is 

e xcre t ed mai nly through kidney by 9lome~lQYfi l tration 

a nd tubular secretion . However , \vhen aldostQr c ne 

c ause s increased resorption of sodium, it does so by 

promoting t he exchange of sodium in tubul ar f l uid for 

po t assium in therenal tubul a r cel ls . Thus al dost erone 

promotes e xc r etion of po t assium, wh en sodium i s scar ce , 

i n the t ubul ar fluid and l~tassium excretion by this 

mech ani sm i s e nhanced . 



Hyperkalemia was accompanied by significant rise 

in sa li v ~ry potassium concentration . The trends of pota­

ssium variation in the saliva vis- a - vis plasma has been 

demo nstrated in induced hyperkalemia in calves (Sobti ~ ~. 

1982)". The trends of changes in potassium excretion in 

saliva was simil3r to those reported by Dobson (1966) . 

~nesium 

Ther~ was a significant decrease in the magnesium 

level of serum, rumen fluid , CSF and saliva following the 

a dministration of potassium chloride and citric acid . 

Simil ar observations have been made by Sinha (1980) in 

buffalo calves a~d Kariya et a1 . (1983~ in sheep . 

Ho we v er , House and C ::..mpen (1971) did not find depre,ssion 

in the blood magnesium and opined that potassium intake 

did no t affect the magnesium retention and exchangeable 
\ 

me1gnesium pool size . _\dministration of potassium h ad a 

negative influence on magnesium absorpt ion f r om t h e 

alimentary tract ~ and this supports the previous co nclusions 

by Care (1967) md Care "! ~., (1967). The high !XJta­

ssium i n t ake resulted in an average decrease in apparent 

ma gnes i um absorption by 46 per cent (Newton ~ ~. , 1972) . 

The exact mechanism of reducing m~gnesium uptake 

is not known . 
Depression of magnesium absorption may 

have resulted from an increased potential gradient in 

t he a l imentary tract following ~tassium admini s t ration 

(House and Campen, 1971). 
But since magnesium upt ake 



appar e nt l y !nvolves a carrier system rather simple 

diffusion (Care , 1965) , potassium m~y h~ve reduced the 

aV di l abl e magnesium absorption sites or by inhib1ting 

transport mechanism. 
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A significant decrease in magnesium levels was 

s een fo l lowing daily administration of potassium chloride 

and citric acid. This was in accord with the results 

o bt ai ned by Kariya ~ ~_ (1976) in sheep; Furukawa ~ ~. 

(1977) incattle; Sinha, (1980) in buffalo calves and 

Kari ya ~ & _ (1983) in elf/es . 

House and Campen (1971) attributed the decline in 

pl asma magnesium partially to decreased magnesium absorpt-

ion but mainly to the direct depressing effect of potassium 

on c irculating m 19nesium . It has been postul ·ted that 

ce ll s take up and retain more magnesium as levels of 

potassium in the cells increase . Citric ucid ameliorates 

the effect o f potassium on both distribution and inter_ 

compartmental flux of magnesium; the reason for this is 

no t known exactly . 

Citric acid chelates with magnesium and these 

c omplexes may contribute to tetany svndrome by affecting 

the normal flux of magnesium in the anim~l . Burt and 

Thomas (1961) Suggested that feeding of citric acid to 

heifers lowered serum magnesium concentration"but Kennedy 

(1968) reported that magnesi um level in plasma and urine 

of sheep we r e not substantially modifjed by feeding 

ei t h e r of t hese acids . 



In thi s work , magnesium level in CSF showed the 

same trend as in pl asma 11eyer Si nd Scholz (1972) -; in 

sheep inve stigated whether the clinical symptoms during 

magnesium deficiency vere of central origin and rel a ted 

to chahges of magnesium content in CSF . They observed 

th at tetanies occurred only aft er the magnesium in CSF 

declined to values lower than 1.6 mg/dl , indepedent of 

blood mdgnesium level. Further even when the magnes.ium 
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in the blood came down to 0 . 3 mg/dl or less, clinical symp-

toms were absent as long as magnesium in CSF \'las norm31 

or onl y slightly reduced . Similar observat ions have been 

made in t he pre sent studies. This shows that clinical 

symptoms a re ore related to magnesium level in CSF than 

in blood . This relationship has also been confirmed in· 

field cases (Pauli a~d Alsop , 1974) . 

From the results it can bededuced that dur1 Ag 

magnesium deficiency, the magnesium leve l in CSF does not 

fall as r api dlyas in the b lood . This is in accordance 

'"ith t he findings of ~leyer ~ &. (1974) in sheep. 

l-Jagnesi um in eSF seems to v.ark l ike buffer fo r protecting 

brain agai nst fluctuations inthe bl ood magnesium level . 

it h as been concluded tha~he abili ty of 
In general, ~ 

animal to defend the magnesium stock in eSF, depends 

extent of magnesium deficiency and capaci t y to 
upon the 

mobili ze magnesium, \,lhich is greater in the case of calves 

l actating cowS (Meyer ~ !l. , 1976) . 
t h a n i n ac1ult 
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The relationship between blood and CSF magnesium 

level s explains why animals Hith l ow b lood magnesium level 

do not re~ct clinically in each case or do so after quite 

different times 

M 10 \01 concentration of magne9..un, or more particu­

l arly a l ow magnesium/calcium r a tio . potentiates the 

r elease of actylcholine . It , therefor e , appears that l ow 

conce ntration of magnesum in the extracell u l ar fluid 

surrounding the muscle ~nd p! dte s leads to tetany through 

above- mentioned mechanism (S l axter e t a1 . , 1954) ~ It is 

however , known that choline~rase activity1s not affected 

during magnesium deficiency (Todd and Rankin , 1959) . 

Magnesium is excreted m3inly through GIT and 

kidney and to some extent through saliva in cattle . In 

the p r esent study a decrease in the salivaryas well as 

pla sma magnesium Has noted which coul d be due to t he 

t endency of the body to maintain blood magnesium levels 

by decreasing theexc r etion o f magnesium thr ough saliva . 

Cal cium levels in the rumen fluid , serum, CSF 

and sal iva showed a decr easi ng trend but exhibi t ed no 

significdnt change during the progression of hypomagne­

s emia. Sinha (1980) , ho\"ever , observed a significant 

decrease of calcium in tDe blood and rumen fluid . 

It has been reported that calcium is absorbed 

o port ion of small inte stine 
primarilY from the anteri¢r 

d diffusion an) active transport . 
by a passive or facilitate 
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Increas e d potti ssium i ntake wa s respopslble t h r ough mass 

actio n for reducing the absorptio nof calc ium and magnesi um 

from t he gu t . Thus i f th~a nimal is temporarily unable 

to mob i li ze sufficient amount of rhese e l ement s from the 

b o dy sto r es , t hen hypocalcemia accompJnied by h ypomagne­

semi a wou l d r esult (War d , 1969) . 

Mo s t of t he evidence i nni cat es that incre a sed 

acidity o f t heGIT favours cal cium absorption ( Lo~mba 

~ al ., 197 8) as the decrease in the inte ~tinal pH 

incre a ses thesolubi l ity of calc i um. Thi s ef fe c t is, 

however , countered by increased potassium concentr ations 

in t he rumen f l uid . Thus, ove r all bal ance r esults i n 

decreased calcium in the rumen fluid . which is in l ine 

with the observations of Salama (1977) in ewes 3nd 

Sinha (1980) in buff~lo Cdl ves . This was f urthe r attr ibu-

ted to lo ss of appetite anl reduction in o r a l i ntake . 

In the present s t udy , ther e was a progres s i v e 

dec r ease i n t h e calcium level i n t he ser um but decrease was 

not s t ati s ti cally signif i cant whi ch is i n l ine of obser­

v a tio n s made by Murakami ~. ( 1972) in cows: Pauli and 

Al sop (1974) in cows and Shiga ~ & .. (198 1 ) in sheep . 

However , Hal l ~ ~. (1972) in cows ; Baker (19 79) i n 

sheep; Sinha (1980) in buffal o calves; El - Shrif and Mottel ib, 

(1983 ) i n cows andTakahash i ~ ~. (198 1) i n shee p 

observed seve r e hypocal cemia in h ypomagnesemi c a nimal s . 

But thi s bears no clear r e lat i o n sh ip to the o n s e t of 
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acut.E stage of symptom~. Some animals "lith severe cr.)mps 

had normal blood calciumlevel , while hypomagnesemic ones 

wi h a severe hypocalcemia did not alv;ays reacted in a 

typical manner . However , concomitant hypoc31cemia may 

modify the clitical symptoms. 

Meyer (1975) has clearly 8emonstrated in calves 

th at there ~s an inverse sigmoid rel ationship between 

PTH secretion and plasma calcium concentration. He also 

sho Jed that effect of magnesium concentration though 

simil a r was less effective than equimol ar concentration 

of PrH. At verylow plasma magnesiulTl, there "las not only 

l--TH- target organ resi stance but also impai ree PI'H 

secretion : both presumabl y the result of magnesium 

reryuirement for adenyl cyclase activity , which was 

involved inPTH release and subsequent action . The 

phenom~non of PTH_target organ resistance probably 

plays an important role in the development of hypo­

calcemi'1, \'/hich often accompanies hypomagnesemia and 

contributes to theclinica l signs in gr ass tetany (Rude 

~. &., 1972) . 

Calcium level in the CSF followed more or less the 

same pattern as observed in plasma. 

t1ineral acids fed to the cows increase calcium 

excretion (3tacy and "oJi150n , 1970) . The same istrue in 

non_ionized complexes such as EDTA and citrate . They 

are not subjected to tubular reabsorption in the kidney 

renal calc ium excretion is anhjnced . In 
and therefore, 
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the ruminants this may contribute to decrease in calcium 

levels in blood. Ren~l f~ilure may additionally cause 

impaired calcium absorption from intestine because of 

the acquired defect invitamin D metdbolism, which ulti ­

mately leads to decreased serum calcium (Kaneko, 1980) . 

Some calcium is excr~ted through saliva. As the 

hypomagnesemia progressed there was a non_significant 

increase excretion of calcium through t he saliva was 

observed . Similar findings have 50 far not been 

availab le in the literature . This may be attributed 

to t hedecrease inthe pH of the saliva which result in 

increase excretion of calcium. 

Phosphorl.l.5 

A significant increase in the b lodd inorganic 

phospho rus was observed after 24 hours of 'i nduction "'~ 

hypomagnesemia and thereafter the phosphorus level 

decreased significantly . The increase in t~e phGsphorus 

l evel during the first 24 hours is being repbrted for 

the first time though the decrease has been reported 

by Sinha (1980) i~ buffalo calves; Shiga ~~. (1981) 
& Mottelib. . The initial 

in sheep and El _Shrif/(1983) in calves. 

~n inorganic phosphorus le~els might be due to 
increase ~ 

the increased buffering action to maintain the acid base 

bal ance of blood . 
As mentioned- above significant decrease in the 

level occured later on. Lpntz ~~. (1976) 
phOsphorus 
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reporte:1 that hyp"rk"llemia "'la5 responsible for increased 

level of insulin in blood which incre a s ed metabolism of 

gl ucose involving inorganic phosphorus (Doxy , 1971) . 

Thi s mdy be the reason for phosphorus Aepeltion in the 

blood . 

Similarly in CSF the phosphorus decreased after 

96 hours following the initial rise up to 48 hours . This 

ind l c '!tes th3t phosphorus level fol l owed 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 

(Sm! th ~ !!!., 1"56) . Saliva which '.'.'85 clear otherwise 

bec ame v iscous which might be due to excessive secretion 

of electrolytes, particularly inorganic phosphorus and 

alsopue to increase in the salivary protein content . 
} 

The sal iv ry phosphorus increased significantly in the 

ini t i a l stages . This increase can be expldined by the 

f ac t th3t in acidosis , there is depl etion of plasma 

b icar bonate with a consequent decrease inthe bicarbonate 

c o ntent of saliva . At this stage phosphate concentra­

tion of saliva and plasma increased, probably in an 

attemp t to restore the buffering capacity as observed 

in the present study , and earlier by Turner and Hoggelts 

( 1954) • 
Later on , a significant decrease in phosphorus 

of s al iva might be in response to decrease in the circu-

lation . 



89 

A decrease in the concentration of ph~sphorus 

i n the rumen liquor observed in the present study seems 

to be t he result of dilution of ru~en contents due to 

withdrawl of fluid from intravasculdr and extra- cellular 

compartments (Choudhuri ~ ~., 1980) 

Shiga ~~. (1981) in ewes reported increased 

phosphoru s excretion in urine during hypomagnesemia . 

When excess acid enters the ~CF , a mechanism is necessary 

for excretion of hydrogen ions. This is accomplished 

in the~idney by excretion of dCihydrogen p~osphate and 

ammonia ions . Throu,lh the excretion of these ions in 

the urine , hydrogen ions are re~oved from the body and 

this may be the re-3son for decreased level of phosphorus 

i~irculation later on . 

SOdium 

The present study bas confirmed the earlier reports 

by Newton , (1972) in lambs, Shiga ~~. (1981) in sheep, 

El- Shrif 'i;. ~lottee-i91l3) in calves: Takahashi ~~. (1983) 

in sheep. that plasma sodium does not exhibit any marked 

change during hypomagnesemia . 

sodium concentration in C5F followed bhe same 

trend as thdt of blood. 

salivary sodium did not show ?ny marked change 

but rume n flui.-1 5Qdium content sho\:ed a decreasing trend 

which may be due to the fluid withdrawl into the rumen . 

Anothe r possible reason is thatincrease in the potassium 
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intake resulted in an increase in apparent sodium absorp­

tion (Newton ~ ~., 1972). The principal regulation 

of bod~sodium is via ki~ney . During progression of 

hypomagnesemia , urine excretion of sodium significantly 

decreased and continued to remain at low profile , through­

out the hypomagnesemic phase , thus confo rming to the 

observations ofohign ~~. (1981) . 

In kidney the regulation of body sodium is medi­

ated through he effect of al~terone on r~nal tubules , 

which i ncreases resorption of sodium and promotes 

excretion of potassium (Kan~ko , 1980) . 

Total proteins in _cerebrospinal fluid 

Norm~l calves have a clear eSF , whereati calves 

affected with hypomagnesemia have a turbid CSF with a 

clot formation pro[~rty . Turbidity might be due to 

increased cellular element s and find shrerl'5 of fibrin 

due to infl ammatory condition of the meninges resulting 

in an escape of fi brinogen into eSF . In the present 

studies , total proteins in CSF increased significantly 

after induction of hypomagnesemia . ~terations in eSF 

were generally prp.sent as neuropathological examination 

showed infl ammation of eNS and meninges . Seyere degene­

rative ch~nges were alsO observed histopathologically . 

A parallali sm has been reported to exist between the 

degree of CSF , alterations and severity of histopatholo-

gical picture . 
Marked inc r ease in the cell count a nd 



total proteins levels ar~ rather significant which 

indi cate exttnsive lesions in meninges (Frankhauser , 

1962) . A sginflcant increase in the level of total 

proteins in CSF, might h~ve oeen due to inflammation 

of eNS and meninges cdused by the passage of toxic 

materials like aCids and histamine across blood brain 

barrier (Brent, 1976). 

Electrocariographic changes 

Rumsey and Putnam (1972) observed decrease in or 

91 

interval, ST segment and P- wave amplitude insteers . Similar 
I'-

observations were made in the present study \-mich may be 

attributed to hyperkalemia. Tachycardia may be another 

reason for decreasing in or interval . Progressive 

increase in t,e extr ·cellular pot3ssium concentration 

produces a progressive ,decrease in the resting membrane 

potential (RMP). Hypbkalemia 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 i s in line with the 

observations o f Horvath ~ 2!. (1971) in bull calves. 

Rumsey and Putnam (1972) insteers . Tachycardia can be 

attribu ted to activation of sympathetic nervous system 

stimulation (Slinker ~ ~. ~ 1982) due to acidosis causing 

increased cardiac contractility and resulting in increased 

cardiac output. 
Another possible reason of increased 
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heart rate c~n be due to necrotic foci on myocardium 

and respiratory rilstress observed during hypom Jgnesemia. 

Rectal t emperature 

Rectal temperature decreased significantly 

throughout the present pathophysiologic investigation . 

The decrease in temper~ture 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 an~ histopatholoqical ~indings 

The post- marten findings in experimental buffalo 

calves that died owing to induction of hypomagnesemia 

include marked venous congestion of alimentary tract \'lith 

haemorrhage in the mucosa of small and large intestine 

with ulcer ative lesions . Enalrgement of liver w1~hnecro­

tic patches and marked cogestion and haemorrhage of lungs 

were also observed . This lt/as simil ar to the gross lesions 

described by Ohshima ~~. (1973) and Sinha (1980) . 

Marked cogestion of meningeal blood vessel s along with 

the swelling of brain was also observed inthe present 

study . This is in consonance with the findings of 

Haggard ~~. (1970) , and r·lay ~~. (1976) . The 

lesipns might have resulted from general passive hyperaemia 

. I f toxic metabolites such as acid and hista-
and t thaentry 0 

mine i: ~he brain (Brent , 1976) . 
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All the par endymatous organs, viz. kidney, liver 

and myocardium, ~showed degerative changes due to hypoxia. 

The metabol ically active sodium, potassium pump mechanism 

is located in the cel l memberane . It consume s energy 

from ATP , wh ich is split by magnesium, dependent sodium _ 

potassium activated ATPase (Jones ~ ~., 1977). During 

hypomagnesemia due to magnesium deficiency ATP e nzyme 

dec r ea sed . The co ndition furthe r accentuated because 

of hypoxi a and hypophosphataemia which resul tee in 

mitocho ndri al dege ne ration and a fall in ATP and a 

high energy phosphate concentr ation . Ove rall result 

was ne t deficiency of r.aPase enzyme, which was responsi-

bl e for inj ury to the sodium pump. Another contributing 

factor may be the rupture of lysosomal cell membrane 

due t o the deficiency of ATf , resulted 1n the release 

of hydrolytic e nzyme , resoonsible for furthe r damage 

to the cell wall . Consequently there was net entry of 

sodium and chloride togethe r with wate r into the cell, 

causing it to swell : when overhydr ation became severe ~ 

plasma membrane may rupture , pr oducing ly sis of the cell 

(Crocke r ~ ~., ]970) . The ensuing interference of flow 

in kidneys and liver accentuat ed the pre- existing 

condi tions . 
The histopathological changes in lungs, like 

severe congestion and alveolar emphysema~ we r e most 

probably due to increased ventilatory work . 80th hypo-
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xemia and acidosis led to vasoconstr iction o f pulmonary 

vascular r esistance . 

The pulmonary vascular reSistance may be elevated 

further by the increased blood viscosity due to second ary 

polycy t hemia or by obliteration of pul monary capillarie s . 

As the al veol ar wal ls expanded, it encroached on surround­

ing alveol i and caused its' collapse . The high pulmonary 

vascul a r resistance leads to pulmonary hypertension , with 

subse quent right ventricular hypertrophy . The presence 

of pulmonary cogestion would increase the work of breath-

ing furth er an(' a1 so aggravate the respiratory insuffi-

ciency . ~-.j'ith respiratory distress , there may be an . 
element of left ven ricular f3ilure, ryerhaps because of 

hypoxic depression" of myocardial function , the added 

l o ad of a high ciruclating blood volume . 

Foci of necrosis were observed in the cardiac 

mu scl es , which is in line v/ith the observation of 

Ch evill e (l976) , that magnesium depqetion is char acter­

ized by smal l spoty foci dege ceration an~ necrosi s o f 

hea rt. During the pro.~ ression of hYfX)magnesemi a, the 

dystrophi C changes in the heart have been consider ed 

r espon sibl e for the development of cardiovascular in­

suffici ency which further added to the pre- existing 

general passive hypermia . 

and 

Such 

The renal tubules revealed coagulative necrosis 

ch~nge5 i n the lining epithelial cel ls . 
dege ner ative 

. have been ascribed t o ~eripheral 
type of les~on s 



circulatory f ailur~ , leadi ng to isch aemia of rena l 

tubul e s . Haggar d ~~. (1978) have reported i nflamma­

tory changes of kidn("ys in clinical cases of beef 

calves which have not been observed in the present 

study as well as that reported by Sinha (1980) . 

Live r sections in the present investigations 
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showed dege nerative changes of hepatocytes especially 

cloudy s we l ling . La r ge intracytoplasmic incusion bodies 

in the hepatocytes were observed which we r e presumably 

th e megamitochondria , formed by progressive deposition 

of prote i ns i n the matrix , and thc se are known to occur 

in s e v e r a l liver injuri 5 (Gupta , 1981) . 

Spl een in most of the C3ses showed depletion of 

red pul p . It might have occurred due to the e l evated 

level of c i r culating cat echolamines to which spl een is 

very sen sitivc ~ 

Marked venous congestion of alimentary tract 

wi th h aenl0rrhages in the mucosa of smal l and large 

intes t ine and necrotic l esions wer e observed in t he 

present study ~ 
These obs~rvation s are in agreement 

with those made by Bohman ~~. (1969) in you ng cattle ~ 

Le sions mi gh t have r~sulted from general passive 

hyperaemi a coupl ed with local co r rosive action o f 

ucid ~ 

DUri ng hypomagnesemia , hyal in~ degenerat i on o f 

skeletal muscl es was observed as al so r eDarted by 



Ohshima .!!..2!- (1973) . This degnerativc chanqe. 

might h ave occurred owing to increased depletion 

of . ..xP i n mUscle cells which is also responsible 

for ske l etal mUSCle rigidity . Lymph nodes 

r e v e al ed severe congestion and perivascular 

edema , a nd this can b~ attributed to general 

p a s s ive hyper~emi a . The presence of u large 

numbc r of plasm~ c~lls and macrophages in 

the spl een and lymph node is indicative of 

increased antibody production , presumably due 

to the decreus d resi s t3nce of the anim'Jls as 

a r esul t of ccntinonus stress . 

Th e changes in the brain included severe 

congestion , ptrivascul ar l'~phocytic cuffing, 

chroma t ol ysis of nco rons , setellito s i s.and 

neuronph agia . The presence of a large number 

of f a t granular o r gitter cells , which are 

modified mi croglia cel ls , iniicates the 

phagocy t osis of necro t ic brain substance 

by the microgl ia cells . Enc~phalomalacia 

with myalin degeneration leading t o spongio­

sis of t h0 b r ain substance might have occurred 

due to hy poxi a . This hypoxia is responsible 

for c ausi ng d amage to blood brain barr ier , 
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which l ater on showed in3bility to check the 

undesirabl~ substances to brain tissue . More-

over. blood br·Jin barrier in bovine appears 

to be rather ll:nient , (Kanwar, 1982) . Another 

possibl e reason 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 drug$ and chemicals 

selected for thetreatment of hypomagnesemia , in 

experimental buffalo calves were on the basis of 

the r ecommendations by earlier work.ers (Oh shima 

e t al ., 1973; Meyer ~ &., 1975; Mieth ~ ~ .• 
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197 6 ; Ruthkowick ~ ~., 1978; anrrreuff"rt .~.~L, 1981) 

Hypomagnesemic changes in untreated group provided 

the guiddines for adopting the treatment measures in 

subsequent study (Group III and IV) • 

The dosage varied depending upon the body weight 

of individual animals . The time selected for the treat­

ment was based upon the biochemical analysis of the 

pathophy siOlogical group, as ind!cated Qy alarming 



symptoms wh i ch usual ly occured 96 hours after induction 

of hypomagnesemia. 

Th e adAptation of treat ment af t er four days of 

hypomagnesemic phase and repeated treatments to check 

relapse s h ~ve been recommended for better recover y i n 

experime ntal as well as in clinical cases of hypomag­

nesemia in cal ves (Mihai , 1971 : Murakami ~ ~., 1972 ; 

Morino ~ ~., 1976 ; Haggard , ~ ~., 1978 a n d Sinha, 

1980) • 

Th e rapeutic measures Here adopted by using two 

differe nt regimens . ~\nimals }-·elonglng to Group III and 
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IV had a very l ow l evel of magnesium, calcium ~nd phospho­

rus in serum, rumen f1 ui f ancX:SF . The Group III animal s 

were treated wi th 10~ magnesium sulphate , half of which 

was g iven i ntravenous and half subcutaneous ~v 1 . 5 mllKg 

a longwith 50 ml of calci um borogluconate given intr a-

venou sly . rerr.a r kat,le improvement in the electrolyte 

conce ntration of ser um , rumen flui~ and C3F was observed. 

The treatment was repeated for three consecutive days . 

No r el a pses \'Jere seen in recovered animal s wit~in a 

week . Sinha (1980) has alsO made similar observations . 

In this group, theinitiai phase of hypom;gnesemia 

was covered up by intravenous administration , magnesium 

sulphate so l ution , whereas half of the magnesium sulphate 

was given subcut aneously and thiS seems to behel pful i n 

slow rel ease of the drug, for maintaining blood l evel s 

for l onger period and avoidi ng relapse , because o t the 
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presence of significantly high levels of potassium in 

t h e body flui d s wh~ch hin le rs the gut 3bsorption, a s well 

as t he ma intenance of normal bl ood magnesium (Fontenot 

et 21·, 1973) . Magnesium remained at Bubnormul level in 

the rumen fluid 1n which some i ons from the b lood wer e 

requi red to be added through various secretions for 

bri nging it to the normal r ange . In the urine of Group 

III animal s , there was a sh~rp rise of sodium level in 

the post- treatment phase. This might have been due to 

the fact that whi l e the serum magnesium level was rising 

there wa s an increased urinary loss o f sodium and chl oride . 

Similar fj ndings have been reported by Ch esl ey and Tepper 

(1958). In addition, excretion of magnesium par alleled 

that of sodium as the excretion of sodi um was increased or 

decrea:ed the excretionof magnesium fol lowed suit (Hill s . 
~ & . . 1959 and Ross . 1961). From this we ca n deduce 

that treotment with m3gnesium sulphate and calmro l was 

effective in anim~ls of Group I II . These buffal o calves 

were found clinically cured after being t r eated with 

both subcutaneous and intravenous injections, except that 

theyhad high potassium conten t in the rumen fluid, serum) 

sali va and urine as compared with thenormal control valu~s . 

It seems probable that fixed tissue potassium wa s being 

released veryslowly tobe excret ed out to bring its blood 

l evels t o normal within the treatment period . Excess 

retention in the tissues was evident from 
potassium 



biochemical studies which present a serious concern in 

counteracting potassium toxi ci.ty. 
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In Group IV anima l s , 7 5 ml of the 3~1o magnesium 

chlori de h~xclhydrate solution was infused per r octally . 

Although there was a significant increase in the magnesium 

level in theserum, yet it remained much l ower tha n the 

zero hour values . Same trend was observed in other body 

secretion s viz. CSF , saliva and rumen fluid . Simi l arly 

v a lue s of calcium and phospho rus ... Jere much l ess th a n the 

normal values in t he above- mentioned body secre tions . 

This low leve l of magnesium CQui d be due to three factors. 

( 1) slow absor ption per rectall y as compar ed with intra-

venous administration: (ii) quicK ejection of the drug 

by animal s and (iii' lack of maintenance supply . 

In the urine of Group IV animals; the rise of 

sodium l eve l \>,as negligibl e indicating only slight e l eva-

tion of magn' sium level in the blood. Potassium content 

remained hi gh even after 72 hours of post- treatment 

phase in serum, rumen f luid , CSF , saliva and urine . SO 

it can be concluded from t heabove studies that treatment 

remained practically ineffect ive in r est o r ing the e l ectro­

l yte status of various body fluids and secretion to their 

control values . 

Tota l p roteins in the cerebrospinal fluid 

A decreasing pattern was notic~d in the concentra_ 

tion of total proteins in CSF , in both the groups, after 
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the initi ation of therapeutic measures . Therapy, thus , 

ffective to some extent in cheCking the damage 
might be 

of eNS as in4icating by decrease in total protein content 

in CSF after treatment of neutr ,lizing the effect of 

d e vital izing factors present in the eNS . 

Haemoglobin Jnd ~acked Cell Volume 

Both the parameters shovled a del-re aSlng trend in 

th e post- treatment phase in both the groups an~ their 

valurs c~ne to near normal after 72 hours . 

Electroc3rDiographic changes 

Although electrocardiographs did not show any 

signi ficant chan es after the treatment , yet in animals 

of Group III , PR intervals, ~ segment Jnd 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 aft er the treatmen t . 

The ampli tude of mean JRS complex ~nich showed an 

increasing trend in the hypomagnesemic phase . came to 

norm al after the treatment in Group III animals but 

maintai ned its increasing trend i n Group IV animals . 

Similar findings have been reported by Horvath ~ ~. 

(19 71 ) in cow calves . The onl y exception W3S the s i gni­

ficant decrease in the P wave amplitude after 72 hours 

in Group III anim als . This may be due to perSistent 

elevation of potassium ions in the body _ 



Heart rate 

It remained higher even after 72 hours in 

Group I V a n imal s , but came to normal after 72 hours of 

treatment in Group III animals. It appears that heart 

takes l onger time to return to normal dynamics~ 

Rectal temperature 
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Temperature returned to near normal , afte r insti-

tuting the treatment in both the groups . This might be 

due to the fact that during the post- treatment phase, 

thermo- regulatory centre r e gained control as the nerve 

damage decreased and the basal metabolic rate of the body 

increased . 

CONCLU SI ONS 

The results obtained in the present study poi nt to 

the following conclusions 

1. Potassium chloride and citric acid administered 

intraruminal l y are effective in inducing hypo-

magnesemia in buffalo calves . 

2 . Hypocalcemia is insignificant in potassium 

chloride and citric acid induced hypoma gnesemia . 

3. dpperance of tetanic s ) mptoms depends upon the 

concentration of magnes i um level in CSF rather 

th an it s concentration in blood . 



4 . The kidney and salivary glands tend to relieve 

the hyperkalemic state . 

5 . J/VMagnesium sulphate and calborol therapy is more 

effective than m~gnesium chloride treatment 

for hypomagnesemia. 
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Experiments \vere performed on 22 healthy male bu t falo 

calves , 3-7 months old and weighing between 45 and 70 kg 

(Mean .:!: 5EI1 63 . 2 .:!: 7 . 7 kg) . The animals were randomly 

divided into four groups . f 5, 5, 6 and 6 animals. The 

animal s of Group I served as c.~trol , while hypomagnesemia 

was induced in Group II , III and IV , by daily admin~ration 

of potassium chlo ride @ 1. 3. g/kg and citric acid @ 1. 1 g/kg 

body weiqht intraruminally .. Animals of Group II were used 

for terminal studies while two therareutic regimens were 

tried in rest of the animals, aft e r 4 days of inducing 

hypomagnesemia . 

Various parameters, such as calcium, magnesium, 

phosphorus, sodium, potassium, pH, haemoglobin, FCV and 

rectal temperature were studied to know electro l ytes, 

biochemical and haematol ogical 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 rev were noticed during the p rogression 

of hypoma gnesemia . 
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Magnesium and phos _horus decreased signifi~antly , 

while calcium and sodium fluctuated non- significantly except 

that the latter showed a significant decr ease in urine . 

Potassium showed marked elevation in serum and various body 

secretions during the COurse of hypomagnesemia . 

Total proteins!n CSF increased 4- 5 times of the 

normal value indicating severe damage to the brain substance . 

ECG did not reveal marked changes 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 bel OW 1 . 6 mg/dl . Magnesium in CSF seems to act as 

b u ffer against the fluctuating levels of magnesium in serum. 

Degenerative changes observed in various organs of , 

the calve s died owing to hypomagnesemia were suggestive of 

e l ectrolyte imbalance, dehydration and anoxia . 

Electrolyte concentration in various body f luids was 

restored with the therapy comprising l~/o magnesium sulphate , 

hal f of which was given intravenously and the other half 

subcutaneousl y along with 50 ml of calcium borogluconate . 

Treatment with 30% magnesium chloride given per rectum was 

ineffective in restoring the electrolyte concentration . 



LIT~Rp:rURE CITED 

ld t erakj e e r I \ . 1105(101 G. 1976 . Puerperal paresis 
( mi l k fever) and hypom,gnesemia in cows . Treat­
ment with cdlcium chloride plus magnesium 
chloride in the Trodi l agregion of Norway . 
Norsk Veterinaertidss_Krift . 88: 672 - 681 
( Vet. Bull. i2.: 3278) . -

Baker , R. M., Boston , R.C. , Boyes , ~. E . and Leaver , 0 .. 0 . 
19 76. Experimental induction of hypomagnesemia 
i n adult wether sheep . Proe . Aust . SOc . Anim . 
Prod . ll: 381- 384 (Vet . Bul l. i2. : 3282) . 

Baker , R. M. , Boston , R.C ., Boyes , T . E. and Leaver , D. O. 
1979 . Variations i n the resPonse of sheep to 
exper imental magnesium deficiency . Res . Vet . Sci . 
~: 129- 133 . 

Beal , A. M., Clark , R.C . and Budtz- Ol sen , O. E. 1975 . The 
composition and flow of ~)arotid saliva during 
acu t e hyperkalemia in sodium deficient sheep . 
Quarterly J . Exp . Physiol . §Q: 315- 323 (Vet . Bull . 
~: 878) . 

Blaxter, K.L . and McGill , R. P 1956 . Magnesium metabolism 
in cat t l e. Vet . Rev . Annat . ~: 35 . 

Bohman , V. R., Lesperance , A. L ., Harding , G. D. and Grunes , 
D. L . 1969 . Induction of e xperimenta l tetany i n 
cat t l e . J . Anim . Sci . ~: 99- 102 . 

Bouda, J ., Illek . J ., Lebeda , r-1 . a~d Begoie , J : 1971. . 
Several biochemical values 1n cerebr osp1nal f l u1d 
of catt le . Acta Veterinar i a Czechalslovakia 
g .: 135- 139 . (Vet . Bull. ii : 3419) . 

Brent , B. £ . 1976 . Relationshi? of a7idosis to other 
f e e d l ot animals . J . An1m . SC1 . ~ : 930- 936 . 

Burt , A W A and Thomas , D. C . 1961 • . Di etJry citrate 
~nd h yp::>magne-semia in t~m1nants . Nature , 

ill: 11 93 . 

Care . 
A. D. 1967 . Magnesium homeostasis i n rumi nants . 

world Rev . Nutr . Diet . ~ : 127 . 



ii 

Car~ A. D. and Varit Klooster , A.Th . 1965 . In vivo transport 
of magnesium and other cations across the wall of the 
gastro- intestinal tract of sheep. J . Physiol . 177: 174 . 

Care , A. D. I WO'·llem, L . E., Hann , 5 . 0 . and Ross, D. 8 . 1967. 
Factors affecting ~aJnesium absorption in relation to 
the aetiology of acute hypomagnesemia . J . Agr . Sci . 
68: 195 . 

Che sley, L. C . and Tep er . J. 1958 . J . Clin . Invest . 37: 1362 
( Cited from Wi lliam, A. A. 1964 . Hypomagnesemia and 
magnesium metabolism . Vet . Rec . ~: 1382- 1392) . 

Chevill e , N. F . 1976 . Cell Pathology . Iowa State University 
Press , Ames . USA . 

Choudhuri , P . C., Randhawa , S . S. and Hisra . S . K. 1980 . 
Effect of lactic acidosis on e l ectrolyte changes in 
blood and rumen liquor in buffalo calves. Zbl . Vet . 
Med . A. IL: 358- 363 . 

Cornelius , C.£. 1963 . In ' Clinical biochemistry of domestic 
animals ' (edited by C.E. Cornelius ann J . J . Kaneko }: 
Academ c Press, New York . 

Crocker, S O' P ., Saladino , A. J .. and Trump, B. F . 1970 . Ion 
movements in cell inj~ry . Am . J . Path . ~: 247 . 

Dirksor , G. 1Q70 . Acidosis: In ' Physiology of digestion 
and metabolism in ruminants ' edited by A. T . Phill ipson . 
New Caatle- upon Tyne . Or iel Press , U. K. 

Dobso n , A., Scott , D. antI HcDonal d , . I. . 1966 . Salivary 
composition dnd hypomagnesemla ~n grazing sheep . Res . 
Vet . Sci. ].: 94 - 100 . 

Doxy, D. L . 1971 . Veterinary Clinical Pathology . Bailliare 
Tindall , London . 

o and Nottelib , A. A. 1983 . The use of Rompun, 
El . Shr~f , M. T . t 01 and an electrolyte solution fur the 

~~;~~~~~tc~fa~n ~xperimentallY induced hypomagnesemia 
. uffalo calves. Vet. Med. Rev . German Federal 
,n b . 1 8996 (Vet Bull. 54: 5216) . 

Republ ~ c _ : - . --

M B and '''ebb, K.E . Jr. 1973 . Inter­
Fontenot , J . ~ . , w~se, f ~tassium , nitrogen and magnesium in 

relat,onsh,p ° 32. 1925-1928 . 
ruminant s . Fed . Proc . __ . 



iii 

Frankhauser , R. 1962 . CompArative neuropathology. edited by 
J.R . M. Innes and L,Z . Saunders . Aea1emic Press, 
New York . 

Frankel , S., Reitman, S. and senne6ulrth, A. C . 1970 . Gradwahl's 
clinical laboratory methods and diagnosis, 7th ed. 
C. V. Mosby Company, Saint Louis . 

Fl ast , J . and Meen , O. 1978 . A cow with symptoms of cerebral 
oedema associated with milk fever . Norek, Veterinaerti 
derakrift 22.: 643 (Vet . Bull. .12: 3452) . 

Furukawa, R" Kariya, Yo, Matsumote, H. and Ogura, Y. 1976 . 
Studies on disorders caused by changes in the blood 
minerals of ruminants II. Clinical symptoms and 
electrocardiographic changes in sheep following 
simultaneous administration of potassium chloride and 
citric acid. Bull . Nat . Grassland Res . lnst . 9: 69- 74 
(Vet . Bull. 47: 3903). -

Furukawa , R., Kariya, Y., Matsumoto , H. and Ogura, Y. 1977. 
Studies on disorders caused by changes in blood 
minerals of. ruminants. IV . Clinical symptoms and 
electrocardiographic changes following simultaneous 
administration of potassium chlOLide and citric acid. 
Bull. Nat . Gra"land Res . Inst. 11: 163- 171 (vet . 
Bull. ~: 5036) . 

Garci a J . G. 1974 . Changes in the mineral content of rumen 
, fluid and saliva and ~ ni~rogen metabolism in the 
fore stomach in magnesium deficiency . Inaugural 
Dissertation, Tieraztliche Hochshull,Hannover . Vet . 
Bull. ~: 4576 . 

Gupta. 1981 . A note on inclusion body hepatitis on 
buffalo calves . Indian vet. J . ~: 496 . 

dl' h f-1 nd Kolb, E. 1975 ... Calcium, magnesium, phosphorus, 
Ha ~c ~hl~r1de and glucose in blood of catt17 after intr~­

venous infusion of various c~ncentrat~ons of calc1um, 
ium aimed at improv1ng the treatment of 

~nd ;:g~::emia. Archiv. fur . Experimentelle 
v~~ri~arimedizin. ~: 379- 395 (Vet . Bull . ~: 6945) . 



iv 

Hagg ard , D. L ., Whtoheir, C . K. and Langham, R. E . 1978. Tetany 
associated wlth magnesium deficiency in suckling 
beef calves . J. Am . Vet. Med . Assoc . lll: 495- 497 . 

Hall , R. F . and Reynolds, R. A. 1972. Concentration of 
magnesium and susceptibility to hypomagnesemia in 
cows . Acta . Vet. Scand . 11: 394- 414(Vet . Bul l.i!: 2509) . 

Heen , B . 1974 . Puerperal paresis in cows . Treatment trial with 
magnesium-DL- diaspartate as on addition to intravenous 
calcium therapy. Norek Veterinaer Tidsskrift , ~: 87-71 
(Vet . Bull. ~: 3293) . 

Hill s , A. G. , Parsons, D. W., Webster , G. D., Rosenthal , O. and 
Conover, H. 1959 . Influence of the renal excretion of 
sodium chloride upon the renal excre tion of magnesium 
and other ions by human subjects . J . Clin . Endocrinology 
Metab . 11: 1192 . 

Hol etenius , P. , Jacobson, S.O . , Jonson, G. and Mollerbergil. 
1979. Tetany tn young ruminants reared intensive l y 
a ffected with hypocalcemia or hypomagnesemia . Nord . 
Vet. Med . £l: 463 - 472 (Vet . Bull . !!: 3037) . 

Horvath , D. J ., Todd, J . R .. , Weiss, R. 197 7 . Electrocardi ogr ams 
of h ypomagnesemic calves with or without development 
of tebany . Am . J . Vet . Res . 11' 1851- 1857 . 

Hous e , W. A. and Van Campen, D. 1971 . t1agnesium metabolism 
of sheep fed different levels of potassium and citric 
acid . J. Nutr . lQl: 1483- 1492 . 

Hvidson, H. and Langebrekke , A.1972 . . Hypom~gnesemia.in dairy 
catt l e on stal l rations restr1cte~ 1n magnes1um and 
e nergy. Inst itut for Hurdyreraner1ng . Norges hand 
BruK shgska1e, vallebekk, Norway (Vet . Bull . Q : 1727) . 

Huber, T . L . 1971 . Effect of acute indigestion on compartmental 
water vo l 'Jmes and osmolarity in sheep . Am . J . Vet . Res . 

~: 887- 890 . 



v 

Jones, L a M~ , Booth , N.H . and McDonald, L .E. 1977. Veterinary 
Pharmacology and Therapeutics . Oxford and ISH 
Publishing Co., New DeIhl. 

~aneko . J . J.1980 . Clinical biochemistry of domestic animals, 
3rd ed . Acadenic Press, Hew York . 

Kanwar , M. S . 1982 . Experimental studies on uraemia in cattle 
and buffalo. t.., . V. Sc. Thesis, HAU, Hissar . 

Kariya , Yo , Ogura. Y., Makino , K., Kobayash i R" Furukawa , R. 
and Matsumoto, H. 1976 . Studies on disorders caused 
by changes in the b l ood minerals of ruminants I . 
Effect of potassium chloride and citric acid 
administration on the blood constituents of sheep . 
Bull. Nat . Gra s sland Res . lnst . 9 : 63- 68 (Vet. Bull . 
il.: 4552). -

Karlya, Y., Matsumoto , H. and Furukawa , R. 1983 . Studies on 
disorders caused by changes in blood minerals of 
ruminants. VI . Effect of levels in magnesium and 
potassium intakes and of JX>ta s sium chloride infusion 
into jugular vein and rumen on serum mineral 
concentrdtion of ruminants . Bull . Nat . Grassland Res . 
Inst . ~: 60- 67 (Vet . Bull. ~: 7352) . 

Kennedy, G. S . 1968 . Trans- aconitate utilization of sheep. 
Aust . J. Biol. Sci . ~: 529 . 

Khalil , R. A. 1977 . Influence of combined sodium and magnesium 
deficiencies on the clinical behaviour and on sodium, 
ootassium and magnesium balance of sheep . Inaugural 
Dissertation Tierarztliche Hochachule , Hannover (Vet . 
Bull. 12: 2159) . 

LaI , K. B. and Verma, B. B. 1979. Comrosition of normal 
cerebrospinal fluid of buffalo (Bubalus bubalis) . 
Indian Vet . J . ~ : 641- 645 . 

d Rayssiguier, Y. 1972 . HYpOmagnesemia following 
Larvor , t~~o~Ylline or furosamide inject~on in ewes; renal 

versus extrarenal effect. J. Phys101 . ~: 365- 375 . 

Lentz, 
E Madsen , F.C ., Miller , S. K. and Hansa:d, s . ~ . . 

D •• , ff t of potassium and hypomagnesem1a on 1nsu11n 
; ~7 ~~v~ne~cJ . Anim . Sci . !l: 1082- 1087 . 



vi 

Lomba , F : I Chauvaux , G., Tel l er , E., Lengele , L.. and 
~lenfet. v. 1978. ~alcium digestibility in COWS as 
lnfl uenced by the exces~ of alkaline ions over stable 
acid ions in their diet. Br . J . Nutr . ~: 425 . 

Lotthammer , K.H . and .lset'ede , ~ . 1973 . Par-otid saliva 
exanination to de termine the sodium and potassium 
supply of cat Ie and their relationship with fertility . 
Tieraztliche Umschau ~: 419- 424 (Vet . Bull. ii: 1231) . 

Luthman, J ., Persson ... J. and tlo11erberg, L . 1973 . Hypo­
magnesemia in beef herds. Svensk Veterinartidning, f~: 
600-604 (Vet . Bull. ii: 294) . 

May, I ., t:-op, P . and Viar , E. 1976 . Study of nutritional 
tetany in young cattle . Lucerarile Inststutului de 
cercotari Veterinare 31 Blopreparate Pasteur. l!Lll: 
187-194 (Vet . Bull. 12: 1652) . 

Mayer, 

Mayer, 

G. P . 1975 . Effect of calcium and magnesium on 
parathyroid hormone secretion rate in calves . In 
Excerpta l1edica edited by R.V . Talmage , M. Owen and 
J.A . Parsons , hffiesterdam . 

G. P., Blum, J . ~-J _ and Deftos , L.J . 197S . Diminished 
prepartal pI asma calcitonin concentration in cows, 
developing parturient hypocalcemia . Endocrinology 
2.§. : 1478- 1485 . 

Meulemans , O. 1960 . Clin . Chern . Acta . ~: 757 - 61 (C i ted from 
Manu al of Spectronic- 20) . 

Meyer, H. and Busse, F . \oJ . 1975a . Effect C?f intravenous . 
magnesium on the magnesium level ~n the cerebrosp~nal 
fluid of sheep . Zbl . Vet . Med . 1l: 780- 784 . 

Meyer , H and Busse , F. ". 1975b . Rectal absorption of 
m~gnesium in ruminants . Dtsch Tierarzt Nschr . ~ 
140-144 . (Vet . Bull. .12: 5299) . 

Meyer . nd Scholz, H. 1972 . pathogenesis of hypomagnesemi c 
8 . a R lationship between the magnes~um content 
tetany I . e cerebrospinal fluid in sheep . Deutshe 
of b lood ~nhd 1 '0 henschrift 78: 55- 6H Vet . Bul l. 11: 
Tierarztl~c e ,c __ 
3494) • 



vii 

Meyer. H., Busse, Fr.W., and Scholz, H.1974 . Veranderungen 
des Mg-Gehaltes 1m Liquor cerebrospinal is bel der" 
Hypomagnesaemie un1 ihre Bedeutung fUr die Kl i nische 
Symptomolgie. VIII . Internat. Kongre 8 fUr Rinder 
Krankheiten, t1ailand . {Cited from t~eyer tl ~ ., 1976). 

Meye r, H., Scho]z, H.' and Busse, Pr . W. 1976 . I nvestigations 
on the rat.1ogenesis of hypomagnesemic tetany in sheep. 
Pr oceedings of 3rd International Conference on 
Production Disease in farm animal s . Wageningen, The 
Netherl ands . 

Ml e th, K., Beier , . D. and Schonherr, D. 1976 . Treatment of 
hynomagnes~mia in cattle . Archiv . f Ur experimentelle , 
Veterinarmedizin. ~: 941- 50 . 

Mihai , D. 1971 . Clinical , biochemical and therapeutic 
observatlor.s in gr ~ ss tetany of baby beef calves . 
Lucrari Stiintifice Institutue ~gronomic N Balcescu 
Seriae 11.: 309- 314 (Vet. Bull. Q: 3566) . 

Misra, S . K. and Singh , U. 1974 . Studies on the clinico­
pathological and therapeut ic ~ spects of indigestion 
in cattle . Indian Vet . J . 21: 698- 704 . 

Moreno , T ., Castango, R. D. and Costa . N.E . T . 1976 . l>1ortality 
i n breeding cows due to h ypomagnesemia and its control . 
Gaceta Veter>naria~: 75- 80 (Vet . Bull . i&: 7129) . 

Murakami , D. , Naito , Y. , Sata , K. and Acta , R. 1972 . Studies 
on grass tetany in cattl e II . eas~ s of g r ass tetany 
on the Kuzakai pasture . J . Fac . Agric . Iwate Univ . 
ll : 111-119 (Vet . Bull. ii: 1804) . 

Nauriyal , D. C . 1975 . Studies on clinico-bioch~ical and 
th rapeutic aspects of rumen acidosis 1n buffal o and 
cr~sSbred cattle in Punjab . P~ . D . Thesis , Pun jab 
AgricUltural University, Ludh1ana . 

Pu h D. G., Miller, vv . J ., \'lhit l ock , R. H., Gentry , 
NetheryR ~ . "l~~d Afl~n , J.e. 1979. Potassium toxicity and acid 

• • b 1 ce from large oral doses of potassium to 
base alan J Dairv Sci . 62: 1758- 1765 . 
young ca ves.. • --

Fontenot , J . P., Tucker, R. E. and Folan , C . E . 
Newton, G. L .. f t f high dietary potassium intake 0 n the 

197 2 . E~ ec fS 0 gnesium by sheep . J . An imal Sci . 12: 
metabol 1sm 0 rna 
44 0_4 45 . 



viii 

Norr, J . 1913. Z. Bio1. g. 197 (Cited by Buss, D. O., 
Rawlings G.A . and Bisgard, G. S . 1975. The normal 
electrocardium of the domestic pony . J . Electrocardiol . 
!!. : 168) . 

Ohshima, K .. ~ tliura, S . anr-l l"umakun ,i , S . 1975 . Pathological 
stud~es on grass tetany (hypomagnesemia) in cattle 
occurring in Japan . Japanese J. Vet . Sci . ~: 231- 238 . 

Obara , Y., Ohtomo, Y. and Tsuda , T . 1972 . The effects of 
constantly maintained ruminal pH on the parotid 
~~~~~~ secretion of sheep . Tohoku J . hgric . Res . ll : 

Osbaldiston, G.W . 1971 . Renal function tests in cattle . 
J . Am . Vet. Med . Assoc . 159. 292- 301 . 

Oyaert , \'J. and Bouckaert , J. H. 1961 . A study of the 
passage of £1' id throu"h the sheep's omasum. Res . 
Vet. Sci . ~: 41- 52 . 

Parathasarty , D. and Phillipson, A. T . 1953 . The movement 
of potassium, sodium chloride and water across the 
rumen epithelium of sheep . J . Physiol . ~: 452 . 

Pauli , J . V . and Alsop, T . F . 1974 . Plasma and cerebrospinal 
fluid magnesium, calcium and potassium concentratio.1? 
i n dairy cows i-J'ith hypomagnesemic tetany . N, Z. Vet . 
J . ll' 227-231. 

Prasad , 8. , Bhardwaj , R. M. and Singh , R. P . 1979 . Hypomagnesemia 
in a buffal O calf . Indian Vet . J . ~: 597 - 599 . 

Randhawa , 5 . S 1979 . Studies on biochemic~l chang:s ~n 
ruminal fluid , blood and cerebrosp~nal flu~d ~n 
experimental bovine ru~inal,acidosis: M. V.5c . Thesis , 
Punjab Agricultural Un~vers1ty , Ludh1ana . 

Randhawa , 5 . 3 ., Set1a , M. S ., Choudhur1 , a~~~~s:"sdo~i~~:, S . K. 
1981 Effect of peracute lact1c 
physl co_ chem1cal changes in,the p~rotid saliva of 
cross- bred calves . Tierphys101 . T~erenahrg . u . 
Futtermittelkde, 11: 60- 65 . 

" Y 1977 Hypomagnesemia resulting from adrenaline 
Rayss~gu1er" • 'n ~wes· Its relation to lipol ysis hO.Qnone 

~~~U~~~~~liC re~earch . 2: 309- 314(Vet . Bull . ~: 5040) . 



ix 

Rayssigui~r, Y., Garel , J . H. , oavicco , M. J . and Barlet , J . P . 
1977 . Pl~sma par at yroid hormone and calcitonin in 
magnesium deficit calves. Hormone and t1etabolic Res . 
2: 438- 439 (Vet. 8ull . ~: 5604) . 

Ross, O. B. 1960 . Studies of magnesium metabolism in animal s . 
Thesis , Cambridge University (Cited from ',~i l) iam, .\ . A. 
1964 Vet. Rec. 2£: 1382- 1392) . 

Rude , R. K .. , Oldham , S . B. and Singer, F . R. 1976 . Functional 
hypoparathyroidism and parathyroid hormone end- organ 
resi stance in human magnesium deficiency . Cline . 
Endocr . ~: 209- 224 . 

Rumsey , T . S . and Putnam, P. A. 1972 . EKG, respiratory, saliva 
flow and serum mineral changes assoc i ated with KCl ­
citric acid induced tetany in cattle. J . Anim . Sci . 
~: 986- 994 . 

Rutkowiak , B., \lJel anczyk- Rutkowiak , K., Tyzenhauz- Malinouska , 
1<., Pszczolkowska, E. and Bruhl , J . 1978 . Metabolic 
profile in a herd of cows following an outbreak of 
acute hypomagnesemia . Medycyna Veterynary- jna . Ii: 
156 - 161 (Vet . Bull. i2: 900) . 

Salama, E.Y . I. 1977 . Effect of magnesium supply (and 
hypomagnesemia) on the organic and inorganic composition 
of milk of ewes . Dissertation Tierarztiche Hochschul Q , 

Hannover.(Vet. Bull . i2: 905) . 

Samson , B. F. 1973. Mineral nutrition and production diseases 
in dairy cows . Br . Vet .J . 1l2: 207- 220 . 

Schafer, M. and Neubert , C. 1977 . ECG of newly lac~at~ng cows . 
II Comparison between ~CG and some other ~nd~cators of 
,~ ral and carbohydrate- fat metabolism . Archiv . fur 

:~~rimentelle Veterinarmedizin . l!: 581-589(Vet . 
Bull. ~: 2591) . 

Scholz, H. ani Khalil , R. 1978 . Combine~ sodium. and magnesium 
deficiency in sheep . Deutsche Tlerarztllche Wochonschrift 
~ 56_ 59(Vet . Bu1l.~: 5039) . 

d r-I er H. 1972 . Pathogenesis of hypomagnesemic 
Schol z , H. an eYCh~ es in Ca, K, P, and Na in the blood 

tetany. II . br~pinal fluid during hypomagnesemia in 
and the cetreh 'l'ierarztJiche wochenschrift 79: 615- 619 
sheep. Deu s e -
(Vet Bull . Q : 2250) . 



x 

Schonherr . R. , Kolb, F . E~ , Meith, K. and Beier, 0 .1976. 
Magnesium and calcium in blood serum of cattle with 
grass tetany and r pocalcemia before and after infus i on 
of solution containing h~gh magnesium and medium or 
higr. calcium concentration . Archiv . fur experimentelle . 
Veterinarmedizin lQ: 567- 5B4(Vet . Bull . iI: 2757 ) . 

Seoane, J.R. 1981. Ionic composition (Na+ , Kt- , Ca2+ and Mg2+) 
of cerebrospinal fluid and feeding behaviour in sheep. 
Can . J. Physiol . Pharmacol .~: 390- 392 . 

Sethuraman, V. 1976 . Studies on bovine ruminal indigestion 
in natural and experimental cases and their therapy. 
r-'h . D. Thesis , Punjab Agricultural University , l:udhiana. 

Sh i ga, A. 1980 . Experimental studies on hypomagnesemia in 
ruminants.V . Metabolism of phosphorus and plasma 
level of parathyroid hormone in sheep fed diets ·. f 
varying composition of magnesium and calcium . Jap . J . 
Vet. Sci. il: 221-230 . 

Shiga, P . • , Keino , M .. and FUjio , 0 . 1981. Changes in faecal 
sample from sheep fed low maanesium diets of varying 
calcium content . Jap . J . Vet. sci . Q",: 755-59 . 

Shiga, 

Shiga, 

Shiga, 

Sinh a, 

A. Kominato , A. , Shinuzaki , K. I . 19S1 . Studies on 
calcium and magnesium metabolism in ruminants . Effect 
of an intravenous injection of insuli n on serum 
concentration and urinary excretion in sheep . J . 
Faculty Agric., IW.lte Uoiv . ]2: 18 9- 203 . 

A. and Shinozaki, K. ~979a . Experiment~l studies on 
hypomagnesemia of rumlnants II . Magnes1um and calciu~ 
metabolism in young and ol d ewe s fed 10'H magnesium d1ets . 
Jap . J . Vet . Sci . !!: 307- 316 . 

A. and Shinozaki
l 

K.1979b . Experimental studies on 
h ma nesemia o f ruminants III. Metabolism of 
m~~esium and calcium in sheep at the time o~ chan~e 
di~t with calcium caroonate . Jap . J . Vet . SC1 . !.!. . -'. : 
531- 540 . 

cso Studies on some clinico- biochemical 
B. P . 1. . • tabolic disor-ders associated wi th 
changesn~~e~~a in animals . Dissertation submitted to 
~~:~gAgricultural University , Ludhiana. 



xi 

Slinker, S . K" Cambel l , K.B., Alexender, J . E. and Klavano , p . O. 
1982 . Arterial baroreflex cont rol of heat rate ! n 
horse , pig and calf . Am . J . Vet . Res . !l: 1926 . 

Smith , A . H., Kelber, Mo , Black , A. L. and Lafgreen, G. P.1956 . 
Tr~nsfer of phosphd~~S i~ the digestive tract III . 
Da,ry Cattle.J. Nutr . ~: 95- 11 1. 

Smyth , P.J ., Egan, D. A. and O' Cuill , T . 19 77. Bl ood chem ±stry 
as an aid to diagnosis of combi ned copper and 
magne sium deficiency in single suckler calves . Vet . 
Sci. Comm . 1: 235- 241 (Vet . Bull. ~: 6248) . 

SObti , V. K. , Rama Kumar , V . and Kohli , R. N. 1982 . Certain 
salivary and cardiovascular effects of buffalo calves 
(80 S bubalis) . Indian J . Expl . Biol . ~: 308 . 

Stacy , B. D. and Wilson , B. \-J. 1970 . Acidosis and hypercalciurea 
renal mechanism affecting calcium , magnesium and 
sodium excretion in sheep . J . Physiol . 210 : 549- 564 
(Vet. 8ull. !!: 3580) . -

Takahasi , K. , sano , H., Ambo , K. and Tsuda , T . 1983 . The 
effect of experimental hynomagnesemia on glucose turnover" 
in sheep . Jap . J . zootech . Sci. 2,i: 302- 30B (Vet. Bull. 
~: 7358) . 

Taus·sky , H. H. and Shorr, E . 1953 . A microcalorimetric method 
f or the determina~ion of inorgani c phosphorus . J . Bi oI . 
Ch ern . lQl : 675- 685 . 

Terashima, Y., Sudoh , S . and Itoh , H. 1983 . Hypocalcemia and 
hy pomagnesemia induced by intravenous infusion of 
norad renaline in sheep under various feeding regimens . 
Jap . J . zootech . Sci. 2,i: 336. 

Teuffert , D., Teuffert, J ., Kalb, E. and Mieth , K. 1981 . 
Minerals, glucose and activities of aspartate, .. 
amino t ssnsferase, lucine amino pe-tidase, creatl.nl.ne 
kinase , and alkaline phosphatase in th~ blood of 
h magnesemic cattle before ~d after l.ntravenous . 
. y~ ion of so l ution of magnesl.um adipate and e al cl.um 
~~u~~nate. rchiv . fUr Experimentel l e Veterinarmedizin . 
35 , 77_ 90 (Vet . Bull. g: 1856) . 

Todd, J . R. 1967 . Metabo l ic diseases in cattle: grass tetany. 
Vet . Rec . !ll: 22 . 



xii 

To dd , J . R. a nd Horvat h , 1970 . 
irri tal'ili ty i n calv'&s 
hypomagnesemic tetany . 

I)­
t4agnesium and neurom?scular 
with particular reference to 
Br . Vet. J. 11£: 333- 346 . 

Tod d , J . R. and Rankin, J.£ . F. 1959 . Experiments on the cause 
o f hypomagnesemic tetany in calves . Vet. Rec . l!: 
256- 260 . 

Turner, A . W. and Hodgette , V.E . 1955 . "Buffer systems in the 
rumen of the sheep ". Aust . J . Agric . Res . £...:.. 125- 144 . 

Vihan , V. 5 . 1981 . A note on evaluation of cerebrospinal 
f l u i d in h ealth and disease in sheep . Indian Vet . J . 
~; 938- 940 . 

Vrz u gl a , L. , Miklusicak , R. and Benuska , N. 1976 . Calcimag. a 
new preparation for the treatment and prevention of 
hypomagnesemia. Preclini cal develop ment of the 
pre p aration . Veterinaria S lXlfa . 18: 175- 194 (Vet . Bul l . 
!§.. 177 5) . -

Wa r d , G. M. 1969 . Potassium metabolism of domestic ruminants: 
.'l. r eviEW . J . Dairy Sci. !2. ; 268 - 276 . 

Wa r n e r , A. C . I . and Stacy , B.D . 1977 . I~fluence of ~i~a~ ;$u.rltJ ~ 
p l a sma osmotic pressure on sallvary secretlon lp sheep. ~ 

Quar t erly J . EXpt . Phy . Cognate Med . Sci. §2: f3 - :4.2 . . \ 
IS: a ~ 

west , D. N. a nd Bruere , A. l'll . l 981. HYlXlmagnesemic 
s heep . New Zealand Vet . J.~ : 85- 87 . 

Wilco x , G.E . and Ho f f , J . E. 1974 . Gra s s tetany : 
conce r n i ng i ts re l ationship with ammonium nutri tio n 
of s pring grasses . J . Dairy Sci . 22: 1085- 1089 . 

Wilson , P . N. 197 6 . Practical aspects of im~lement ing . a 
c o mprehensi ve metabolic profile advlsory se~lce 
dairy cows . Proceedings of the 3rd Internatl 0na l 
Conference on production diseases in farm animal s . 
Wage ninge n , The Net herl ands . 

for 

Yo sh i da, S . 197 8 . Studies on bovine ketos~s as~oc iated wi t h 
magnesium metabol ism. J . Faculty Flsherles , A. H. 
Hirosh ima Un iv . 12; 117- 131 (Vet. Bu l l. i2, : 61 53 ) . 


