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I. iA&0DucTi(m
Calcim and phosphorus play important physiological, roles in the 

body, Galcium is essential for coagulation of the blood, formation of 
bone, cardiac rytthmicity, maintenance of normal neuromuscular excitabil
ity, membrane permeability and lactation. Phosphorus is essential to 
most metabolic processes being associated with energy exchange and con
version of nutrients for storage and utilisation by the body. It too 
is essential for bone formation and lactation (4).

These factors are emphasized in lactation where studies have 
shown that the average lactating dairy cow is usually in a negative cal
cium balance during the first half of lactation and negative phosphorus 
balance during the first quarter of lactation (40),

The condition of milk fever or parturient paresis, character
ized by lowered blood serum calcium levels occurs in dairy cows usually 
shortly after parturition and further emphasizes the importance of cal
cium to lactation, Dryerre and Greig (15) and Greig (20, 21) showed 
that injections of calcium gluconate alleviated the paretic condition 
associated with milic fever, !

■ The current accepted theory is that the parathyroid glands reg
ulate calcium metabolism. Several workers have postulated that the 
parathyroid glands are in a hyposecretory state at the onset of lacta
tion as an explanation for the occurrence of milk fever, a point which 
is controversial at this time. Most recent evidence indicates a hyper
secretory state may exist.



The average dairy cow in full production secretes 0.5;gram of 
calcium and 0.4 gram of phosphorus per pound of milk (30)« On this basis 
a cow producing 60 pounds of milk per day would require .30 grams of cal
cium and 24 grams of phosphorus for milk production alone.

This fact has led to considerable study on the calcium-phosphorus 
ratio and the need for calcium and phosphorus supplements for normal 
rations of dairy cows.

The. importance of calcium and phosphorus studies in lactating 
dairy cattle is further recognized by the fact that milk is considered 
the major source of dietary calcium for human beings and a very import
ant source of phosphorus (4) . .

. This study Considers the rate of mobilization of calcium and 
phosphorus in the intact and thyroparathyroidectomized dairy cow by the 
intravenous injection of the chelating agent, the disodium salt of 
ethylenediaminetetraaeetic acid.

The effects of thyroparathyroidectomy on serum calcium and phos
phorus levels and total bone ash during lactation are reported.



II." LITERATURE REVIEW

Several authors have concluded that the parathyroid glands aid 
in regulation of the blood serum calcium level (4S 5, 6, 12, 15, 16, 19 
21, 22, 46, 47). Dryerre and Greig (15) reported in 1925 and Greig (20 
21) again in 1926 and 1930 that the condition on milk fever was associ
ated with a lowering of the calcium level in the blood and that intra
venous injections of calcium effected a cure.

There appears to have been two major approaches taken by 
researchers in the study of the parathyroid glands and calcium metabo

lism in dairy cows; (1) histological changes that occur in the parathy
roid glands at various stages of production and reproduction, and (2) 
nutrient requirements for maintenance of normal health and activity of 
the animal..

Several studies have been directed toward the formulation of 
adequate standards for feeding calcium in relation to its storage, 
mobilization and requirements for milk production (3, 6, 7, 13, 16, 24, 
25, 27, 29, 48). In most of these studies both calcium and phosphorus 
have been considered in terms of the calcium-phosphorus ratio. Boda 
and Cole (6, 7, 8), Kleiber and Luick (27) and Stott and Smith (46) 
reasoned that a study of one necessitates consideration of the other.

A recent series of studies conducted on primiparous and multi- 
parotis Jersey cows indicated that the feeding of massive oral doses of 
Vitamin D may help prevent the onset of milk fever (13, 14, 22, 23, 24, 
25). • ■

■ ; ' . 3 : ■ ■ .
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ThomaSs, efc :_§1. (51) „ Popowlci (37) and Ruben (38) reported fche

use of the chelating agent disodium ethylenediaminetetraacefcic acid 
(E&2 EDTA) in the study of calcium mobilization. Ruben and coworkers 
(38) originally utilized Nag EDTA in a study on laboratory animals in 
an effort to find a method for lowering serum calcium levels without 
employing the laborious task of withdrawings decalcifying and re
injecting the blood.

"The chelating agents the disodium salt of ethylenediaminetetra- 
acetie acid, when injected intravenously, combines with the blood 
serum calcium. The sodium ion of the chelate is displaced'by eal-. 
eium which forms..a solubles1 non-ionizables physiologically unavail- 

: able complex with EDTA that is not precipitated with oxalate. EDTA
thus provides a tool for immediate lowering of the blood serum cal
cium, so that the rate of mobilisation of calcium may be studied." 
(Colenbrander and Smith, 12).

Several authors have studied the lability of bone constituents 
and their subsequent changes resulting from environmental effects, die
tary constituents and physiologic disorders (16, 25, 26, 34, 36, 42, 43, 
49, 56), In many instances they have considered the relationship of cal
cium and phosphorus in the bone to that found in the ration, blood and 
tissue. Some of these .studies have considered: the effects of stages of 
lactation, upon calcium and phosphorus in blood, bone and milk. .

: The physiologic fate of calcium and phosphorus has’been.studied
extensively. Many workers studied the intake and outgo of calcium and , 
phosphorus in the body to ascertain the needs of the animal (1, 26, 34, 

48, 55),
Studies of the blood serum calcium and phosphorus levels have 

proven a valuable tool in estimating the activity of these two constitu

ents (27, 32, 55),



■ , . ". • . . V ■ • s
■ Most recently- the use of radioactive calcium (Ga^) and phos

phorus (P^) have been employed to determine the route, rate of exchange 
and deposition of calcium and phosphorus in bone, blood, tissue and milk 

(18, 27, 29, 34)»



III. EXPERIMENTAL PROCEDURES 
This study was divided into two general phases. The first phase 

consisted of studying the rate of mobilisation of Ca and P in the intact, 
lactating and dry dairy cow. The second phase was a study of the rate 
of mobilisation of calcium and phosphorus of thyroparathyroidectomized 
cows. Some of the cows used in the second phase were the same as those 

used in the first phase. : ’ v : : V' ■ ' Y'
the technique employed in studying the mobilization rates of cal

cium and phosphorus was generally the same, varying only in the rate and 
amount of chelate administered. A S  per cent aqueous solution of the 
ehelating agent, Nag EDTA, was intravenously injected at approximately 
0.7 milliliter per 100 pounds of body weight per minute, equivalent to 
35 milligrams per 100 pounds of body weight per minute, or, between 7,4 
and 8.4 milliliters a minute depending on body weight. All animals were 
handled as nearly alike as possible though in some instances they were 
restrained with difficulty. One animal was eliminated from the study 
because of this.

The cows were restrained in a squeeze chute and injected via the 
jugular vein. The injection apparatus was a continuous infusion type, 
containing two 100 milliliter syringes, each connected to a reservoir by 
rubber tubing for rapid refilling. The power input was regulated through 
a powerstat set at 100 so that the rate of injection would not fluctuate.

Blood samples were taken from both the left and right subcutane
ous abdominal veins and analyses run for calbium and inorganic phosphorus, 

' \ . ; 6 V , ' ' ' ■



The bleeding schedule, noted in tables 1 and 3 w s  the same for 
all chelations. Samples were taken each day for three days preceding 
chelations the pre-operative sample being an average of these three. 
Samples were then taken at 45 minute intervals* commencing at the start 
of chelation through hour 3 post-chelation. Samples were then taken at 
hour 4, 5 and 6, The bleeding Intervals were increased to two hours ftdm 
hour 6 to hour 13L From hour 12 to hour 24, post-chelation, blood sam
ples were taken every 3 hours. From hour 24 the bleeding interval was 
increased to 4 hours through hour 36,

During phase I of the study all animals were maintained in the 
University dairy herd under normal herd conditions. Normal herd condi
tions constituted daily concentrate intakes of 12 to 16 pounds per head 
per day depending on milk production in addition to fair quality alfalfa 
hay fed free choice. , . :

In phase II, the thyroparathyroidectomized heifers and cows 
received 15 milligrams per head per day of iodinated casein in capsule 
form. Concentrate levels were adjusted accordingly to compensate for 
the increased metabolic rates expected (40), These adjustments consti
tuted an average increase in the concentrate portion of the ration of 
about 25 per cent. Otherwise the thyroparathyroidectomized animals were 
maintained under normal herid conditions.

Four lactating cows (2 Jerseys, 2 Guernseys) and one dry Guern
sey cow were selected. None had previous milk fever histories.

The lactating cows, G122, G151 and J246 were chelated twice dur
ing the last half of lactation; J249 was chelated once. Cow G112, a dry 
Guernsey, was chelated once.



After calving (5122 and G151 were chelated at approximately the 
peaks of their lactation, which was 35-45 days post partum.

Guernseys <3122 and (5151 were thyroparathyroidectomiaed the week 
following the chelations at the peak of lactation.

Blood samples were taken during the second phase of the study on 
the thyroparathyroideetomized animals, starting with hour 12 post
operative. Samples were subsequently taken at 24, 48 and 72 hours, then 
day 5, 7 and 9. From day 9 to day 24 samples were taken every third day. 
The interval was increased to four days through day 32. After this per
iod, blood samples were collected at 40, 48, 56, 70, 80, 100, 110 and 

120 days.
The blood samples were analyzed for calcium after the Clark- 

Collip modification (10) of the Eramer-Tisdall method and inorganic phos
phorus according to the method of Fiske and Subba Row (17),

Cows G12.2 and G151 were chelated again at 21 days post-operative. 
Guernsey cow G151 died at 42 days post-operative, apparently from 

mechanical pneumonia as a result of inhaling rumen fluids during thyro- 

parathyroidectomy. ■
Vertebral bone biopsies were taken from each animal during the 

last.half:of lactation and again during the dry period in phase I and at 
21, 40 and 100 days post-operative in phase IÎ  In addition, biopsies
were taken from three lactating heifers and two bull calves, subjects of

' ' ■- " • . ■ . . ■■■■..
a parathyroid study conducted by Dr. Gerald H. Stott and R. J. Williams.

Bone biopsies were taken.:from the 9th through the 12th thoracic
vertebral processes employing the trephine technique described by Turkel
(52) and Tarrow (50).
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the fresh samples weighed about 250 milligrams. The bone ms

cleaned of adhering tissue, extracted in 70.per cent ethyl alcohol at 
76 degrees centigrade and ether at room temperature for 18-20 hours each 
and dried to a constant weight at 110 degrees centigrade. The samples 
were then ashed in a muffle furnace at 625 degrees centigrade for 15 
hours. The total ash was calculated on a per cent of dry weight basis.

The calcium and phosphorus content of the ash was quantitatively 
determined after Morris, et all (32) with modifications for bone analysis 

after Sobel, et al. (41 and 42),



IV. RESULTS

The results of phase I of this study are presented in table 1 and 
figures 1 and 2.

The low point in serum calcium occurred at an average of 2% hours 
after injection commenced during the chelations of phase I of this study. 
There were two exceptions. Cow 6151 reached a low point at about 1% 
hours in the chelations at 242 days and 277 days in milk. Cow 6122 
reached a low point at 3 hours at 250 days of milk.

Figures 1 and 2 illustrate that the Initial drop to minimum serum 
calcium was relatively uniform for all subjects chelated during the 

intact phase.
There appeared significant differences in the lengths of time 

required to return to initial normal serum calcium levels between intact 
animals and between stages of lactation within intact animals. Normal 
serum calcium levels were usually reached between 8 and 15 hours post
chelation but in no instance did these levels remain static. Instead, 
considerable fluctuation occurred between hour 15 and hour 36 with 
extremes above and below normal. The only exception was J246 who, dur
ing the 36 hour period, did not attain normal serum calcium levels in 
either chelation performed, but still displayed the fluctuations 

expressed in the other animals.
In all cases the fluctuations were most evident between hours 15 

and 36, Little or no fluctuations occurred prior to this. ,
The peaks in fluctuations from hour 15 to hour 36 differed 

: ' 1 0  - .
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.between the font laetatlag and two aon-l&et&ting cows. The non-lactating 
cows peaked at lower blood serum calcium levels than did the lactating 
cows. At hour 15 the average peak for non-lactating cows was 10.6 milli
grams per cent serum calcium; the lactating cows averaged 11.6 milligrams 
per cent. At hours 21, 24, 28 and 36 a like comparison showed the non- 
lac tat ing cows peaked at 10.4, 10.6, 11.4 and 11.4 milligrams per cent 
and the lactating cows peaked at 12.0, 12.2, 12.7 and 12.4 milligrams
per cent blood serum calciumVv '

■ ' ' ' ■ .

The significance of these differences is limited because of the 
small number'of animals involved.' . .

Thyroparathyroideetomy caused'a lowering of serum calcium and 
phosphorus levels. Table 2 illustrates this, occurrence in both 0122 and 
0151. However, the lowering of serum phosphorus lagged somewhat behind 
that of serum calcium. This characteristic seemed common to all chela
tions as well.

Significant differences in the overall effect of thyroparathy
roideetomy were noted between 0122 and 0151. Table 2 shows the differ
ence in milk'production between animals. The Initial post-operative 
drops in serum calcium and phosphorus indicate similar patterns through 
72 hours for calcium and 5 days for phosphorus. 0122 appeared to show a
greater initial drop in both calcium and phosphorus, however.

From day 15 to day 40 the serum calcium of 0122 and 0151 fluctu
ated considerably. At day 48 that of 0122 dropped below 7 milligrams 
per cent with no significant fluctuations occurring thereafter. The 
serum calcium on 0122 did not return to 7 milligrams per cent throughout 
the remainder of the 'study. The serum phosphorus of both animals fluctu-
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afied in a manner similar to'the serum calcium but not simultaneously.

On the average the serum calcium of 6151 appeared higher than 
that of 6122 but the reverse was true for serum phosphorus.

The milk production on 6122 showed.greater than normal day to 
day fluctuation. Further,, fluctuations between the two milkings per day 
were even greater than those for total daily production. There was no 
consistent pattern in fluctuation on either a daily basis or per milking 
basis in relation to serum calcium or phosphorus levels.■

The serum phosphorus on 6122 continued to drop to 120 days post
operative. The serum phosphorus was maintained at an average of 5.75 
milligrams per cent while calcium Was holding at about 6.0 milligrams 
per cent after 120 days.

The post-operative chelations on 6122 and 6151 are reported in 
Table 3. The pre-operative peak of lactation chelations are given for 

comparison.
Definite differences were noted in these as compared to the pre- 

operative chelations. Differences were noted between animals as was the 
ease before operation. Very marked differences were noted between the 
21 day and 110 day post-operative chelations on 6122.

Both 6122 and 6151 displayed tetany at higher serum calcium and 
phosphorus levels in the Initial post-operative chelations compared to 
chelations performed prior to operation. In both cases a higher peak in 
serum calcium was noted on the 21 day chelation but only 6122 displayed 
such a peak in serum phosphorus . - - ‘

6151 had generally higher serum calcium levels in the initial 12 
hours post-chelation but from hour 12 to hour 36 they were relatively
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stable and- not as high-.as. the initial 12 hour period,' The opposite was 
true for G122, - '

The same general pattern existed for serum phosphorus except 
that G122 had higher serum phosphorus levels after hour 8,

The rate and amount of chelating agent injected to produce tet
any was considerably less after gland removal. An even smaller amount 
of N@2 EDTA was required for G122 at 110 days.

The 110 day chelation on G122 showed a very marked change in her 
reaction to chelation. The - serum calcium level at tetany .-was consider
ably lower than in any previous chelation, but the serum phosphorus was 
not, -. ■ . ,

The fluctuations in serum calcium that were noted in previous 
chelations from hour 12 to hour 36 were noted here beginning with hour 8 
and continuing through hour 21, The serum phosphorus levels throughout 
the chelation were no different than in previous chelations except the 
21 day post-operative chelation when they were abnormally high in compar
ison to pre-operative chelations. However, the low point in phosphorus 
occurred considerably later in the 110 day chelation than before.

The graphic comparisons of serum calcium between chelations on 
G122 and G151 are presented in Figures 3 and 4. The results for serum 

phosphorus are presented in Figure '5, Tt: was;also noted that serum 
phosphorus levels fluctuate between hour 2 and hour 21 in comparison to 
the major fluctuations of serum calcium levels between hour 15 and hour 
36, -

For those subjects being periodically chelated, bone biopsies 
were taken no sooner than 28 days proceeding chelations in order to
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eliminate any possible effect they may have had on the lability of cal
cium and phosphorus in the bone. The only exceptions were the 40 day 
post-operative biopsies on G122 and G15i which were performed 19 days 
after chelation,

Variations in total bone ash and bone calcium were found to occur 
between intact animals without regard to stage of lactation* age or preg
nancy.

There was no significant relationship between total milk produc
tion, total bone ash and bone calcium levels between the intact subjects,

Thyroparathyroideetoniy caused an increase in total bone ash and
bone calcium but a drop in bone phosphorus as can be seen in Table 4.

Guernsey cows <3122; and G151 showed similar reactions in mineral 
content of the bone to thyroparathyroldeetomy. Both showed similar rises 
in bone calcium and drops in bone phosphorus though the magnitude of 
these changes was not so great for G151. For practical purposes she was 
dry which may have influenced these results.

Cow G122 appeared to drop some in total bone ash at 40 days post
operative but at 100 days had attained a level comparable with bone ash 
of the heifers who had been thyroparathyroidectomized one year.

Jersey cow J254, having been thyroidectomized, still possessed 
two lobes of the parathyroid gland. Her total ash compared favorably 
with the thyroparathyroidectomized subjects but bone calcium was signif
icantly lower and bone phosphorus significantly higher.

The two bull calves were studied to indicate whether any notable 
difference occurred between the bone ash and bone calcium of the thyro
parathyroidectomized calf and the Intact calf. :



HFLUENCE OF fHIROPAMTHIROIDEGTCMI OR BONE ASH
Animal . Condition of Animal BoneAsh Weight/ in so]
Mo® Age Lact 0(lbso/dayj : Pregnant “IDays post-oper© ^ of Dry Weight Ga -J

Intactt not applicable .' • - ■ .....

G112 7 yrs© dry ; ; ■ ; open 53ok gms/38ol̂ 38ol
03.22 6 m 21 lbs® ' prego . k9ok gms/31®0% 32© 5

dry - ; • !3 5lo3. gms/33©^ .. ■ 33 o? - ̂
(SSL 3 yrs© . 12 lbs© . preg© k8©0 gms/33©2% '..'35*5. t=3

<&y ' • 86 ' 5ko0 gms/3li.o7yS 3606
J2kS 3 yrs© . 8 lbs © open.' 88©8 gms/32©?% : 37©3
J2b9 ■; 3 M ' 1 16 lbs© ; ' preg® l),2o0 gms/29o3$ 35e2
G310 V 8 moso bull calf h3o0 gms/28ol̂ '37 ©9

Thyroparathyr oide ct omls ed -g > ’ .. . '

0122 .6 yrs<>, . 1W<, "' open ; . - SI days . ; 8%1 gm/h& T# it60l 30@3
35 -w ' V :V-' P̂ ego ‘ ii.0 days 80e8 gmsA0Q6̂  ' £0o5 23‘08
32 11 open ' 100 days ..... . 78*3 gms/60d?# 52 06 21o9.

01̂ 1 3 yrs® 5 XbsQ ' open • 21 days . ; 89=6 g n is /h T ^ 3802 2603
0 » - 'K UO days 99o8 gms/5Xo%£ lj.24 25o2

J25W 3 yrs» " 32 Ifeso open 1 yr© 8?®! gms/58aj$ 38^ 30J4.
2̂55' 2 yrSo 16 IbSe , . open 1 yr© • 60o2 gms/55o3S 1̂ 7o2 2J4.07
0177 2 yrso 28 lbs© - open 1 yr© 96©9 ©as/60o5̂  5l®5 22@1
H786 8 mos@ . bull calf ' 7 mos« 5206 gsis/33oh% . 37 ©2 =.

«J25U was thyrofdeetbpiaM^onlyo
Bone ash was deterjained after the teobnique of Morris9 et alg with modifications for hone deters 

minations© Caleinm and phosphorus determinations were made from the acid solution of hone ash by the 
methods of Clark and Collip and Fiske-Subba Row© ■ • .
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The bone ash of th'e;; tthyropsrathyroidectomiaed calf was 33.4 per . 

cent compared fco 28,1 .per' cen£ for bone ash of the intact calf. There 
w§ no difference in acid soluble bone calcium between these two animals. 
Ho bone phosphorus determination was made on the intact calf.
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The oiajeceive of these eameriments was to study the rate of 
. mobilization of calcium and phosphorus of Intact and fhyroparathyfpid- . 

ectomized animals- The. normal pre-chelatipn range for blood serum cal
cium was from 11.5 to 12.5 milligrams per Gent.: The range in which tet̂ -

■ : any occurred as a result of chelation was between 5.7 and 6.3 tnilligfams
per:'cent;:wito .Intact. animals. : :• ; v>V'./:; ' : v;

Ruben (38) determined that the lowering of the available blood 
. ' serum calcium was a function of the routej rate and quantity of admin- ;

istratibn of the chelate. Colenbrander and Smith (11) substantiated 
- this finding in their study on'dairy calves. ’ :v . v '

: Slower fates of administration and subsequently greater amounts
of the chelating agent increased the length of time required to produce ' 
tetany. This was determined from the results of three preliminary che
lations not reported. Their main purpose was to determine the most M

effective rates of Injection for the chelating agent. The reduction in 
oxalate precipitable blood serum calcium was significantly greater and 

. the refurn to consistent normal serum Calcium levels lengthened When

■ slower, rates were .employed,. This agrees with the findings of Golenbrander ;■ 

and Smith (11) on dairy calves. . / " x
Biological variations, irrespective of age among the cows stud

ied, were evident in the chelations of both phases of this study as indi- 

’ cated by the "differehces In recovery fates.after chelation. This may be 
explained in part by the wofk of Kleiber and Luick (27) who found that

■ . :: : -v: "'r--''.' ' - - '' 25 : - . . ' " ■



the true digestibility of calcium varied considerably between animals 
and that mobilization of bone calcium therefore was variable.. Consider
able differences were noted between animals in their desire to eat dur
ing the 36 hour post-chelation period which may have had an influence 
on these variations.

The fluctuations between hour 15 and hour 36 post-chelation were 
less in the dry cows as compared to the lactatimg cows in this .study.

The evidence of several studies indicates that in advanced sta
ges of lactation a more positive calcium balance is normally attained 
.<26, 27, 32, 40, 55) >

This might be expected in view of the differences in parathyroid 
gland activity reported by Stott (47) for varying stages of lactation 

and.assuming the parathyroid hormone'exaseisegi'some regulatory effect 
on calcium mobilization from the storage areas of the body (8, 16, 18, 
26, 27, 32, 34, 46, 49).

Stott (47) determined through histological study that the secre
tory activity of the parathyroid glands in lactating dairy cows appeared 
greatest. during, the peak-of lactation,'' Be further postulated that this 
activity seemed to diminish toward the end of lactation,

Visek, et al« (70) reported that the rate of calcium absorption 
in their studies was governed by the needs of the animal. As the animal 
approached the end of lactation the need for calcium decreased since the 
need for this mineral for milk production was diminished.

luick, _et al, (29) found that lactating, pregnant cows seemed to 
utilize dietary calcium better than dry, pregnant cows did with no sig
nificant difference, occurring between lactating, open and lactating,
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pregnant cows,

Com&r (12) is of the opinion that the drain on the maternal skel
eton for calcium for the developing fetus depends on the entent to which 
calcium is absorbed from the diet and utilized,

Irving (26) stated, ’'Pregnancy imposes no apparent strain on cal-. 
eium metabolism". This is further evidence in favor of hoick's findings 

■ (29). ' - • ■;
,An increase in total bone ash was demonstrated on G122 during 

the dry stage which may indicate that the heavy demands upon this animal 
during lactation depleted the mineral content of the bone. This has been 
postulated by several authors as being a natural occurrence, Duckworth 
and Hill (16) reported that the mineral content of the bone was replen
ished during the dry, period in their experimental cows,

Thyroparathyroidectomy of G122 and G151 during the approximate 
peaks of lactation produced changes in serum calcium levels similar to 
those obtained by Stott and Smith (46) and Stott (47), 4 marked decrease
in the blood serum calcium and phosphorus within 5 days after thyropara
thyroidectomy with considerable fluctuation up to 40 days was demon
strated. 1 '

Complete parathyroidectomy necessitated removal of the thyroid 
gland. The removal of the thyroid gland coupled with nutrient demands 
for lactation caused these animals to appear lethargic. Neither 6122 or 
6151 consumed normal amounts of feed during the period immediately folr 
lowing operation. Cow 6122 recovered from the effects of the operation 
within 5 days and by the 28th day had returned to near normal milk pro
duction, The lethargic appearance remained with this animal, however.



; During the same time 6151 became very sick and died at 42 days 
after operation. The autopsy revealed that this animal was severely 
affected by me chanical pneumonia which wonId explain why she never recov- 

' ered from the operation. " ''' ' ‘ 'V' v ' v ’jf' ' ■
; At 20 days post-operative, thyroprotein therapy was commenced. ;: .

Daily administration of thyroacttive iodinated casein at the prescribed ..
1evels appeared to compensatefor the removal of the thyroid gland., (3122 T ;
showed marked improvement within 5 days, displaying greater activity and 
regaining a normal desire for food. At this time the concentrate level . 
for G122 was increased from 12 to 16 pounds per day. :

Mclean and Hastings (31) postulated a mechanism of chemical 'equi- '
librium between blood serum and bone which maintains serum calcium at 
about 7.0 miliigrams per cent independent of the parathyroids. The v
existence of such a mechanism may explain the fluctuations that occurred 
in the case of 6122 during the 40 day post-operative period and the sud
den drop in serum calcium from 10.1 milligrams per cent at day 40 to 6.9 
milligrams per cent at day 48 after which it remained rather constant at ■ :: ' •

■vv an.average of 6.4 milligrams per cent. > :;w % . : \ .7 V
Perhaps the period of fluctuation constituted some form of rea

lignment of calCium between the bone and blood. ’  ̂ ;
At 100 days post-operative the serum calcium level on G122 was ;

i 6.2 milligrams per cent, considerably less than the pre-operative normal 
level of 12,7 milligrams percent. Theserum phosphorus was within the 
range of normal pre-operative 1evels, 6.00 to 6.50 milligrams per cent 
compared to the preTOpefative level of 0.40 milligrams per cent.

'", The bone ash had, during this same period, increased from 38.1
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per cent: of dry weight to 60.7 per cent. The acid soluble calcium 
increased from a pre-operative level of 38,1 milligrams per cent to 52.6 
milligrams per cent at 100 days post-operative, while the acid soluble 
phosphorus had decreased from 30.3 milligrams per cent at day 21 post
operative to 21.9 milligrams per cent 100 days post-operative.

Considering the results on G122, perhaps by day 100 a re
establishment of the bone and blood serum calcium and phosphorus had 
occurred following the proposed period of realignment.

Such a shift is not untenable in view of the studies of Sobel, 

efc al, (43, 44) in which they found that alterations in the mineral com
position of bone are related to alterations in the mineral:composition 
of blood. ' ; ' ■ "

Several studies have determined the relationship of bone calcium 
and phosphorus to blood serma calcium and phosphorus considering the 
effects diet may have on maintenance of, and changes in, these levels. 
They are considered at this point because of the similarity of their 

results to those obtained on G122 and 0151 after thyroparathyroidecttomy 
in phase II of this study.

Aylward and Blackwood (2), Kleiber and Luick (27) and Benzie, et 
al. (3) concluded: that'a stibminlmal dietary,input of calcium and phos
phorus alters the level of these minerals in blood and bone. The blood 
serum calcium on 0122 was lowered during the 100 day post-operative per
iod while bone resorption of calcium occurred. Blood serum phosphorus 
was unchanged during this period on 0122 and no resorption of bone phos
phorus Occurred, evidenced by the decrease in bone phosphorus from 30.3 
milligrams per cent at 21 days to 21.9 milligrams per cent at 100 days
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post-operative.

There were marked differences in the patterns of the post
operative ehelatinhs to the. chelations on the intact animal.

The 21 day post-operative chelations were performed during the 
period when considerable fluctuation in both serum calcium and phosphorus 
were occurring. Therefore, the higher serum calcium and phosphorus lev
els at which tetany occurred in these 21 day chelations could perhaps be 
explained by the period of realignment just previously postulated. Tet
any occurred at ••7*1 milligrams per cent serum calcium on G122 and at 8. 6 
milligrams per cent on G151 in these chelations, as compared to an aver
age tetany at 5.7 milligrams per cent in the pre-operative chelations,

A definite change was noted in reaction of G122 to chelation at 
110 days compared to all previous chelations, both in the intact phase 
and after gland removal. At this chelation only 405 milliliters of 
Hag EDTA injected at 7.4 milliliters per minute over 55 minutes was 
needed to cause tetany as compared to 1105 milliliters of Hag EDTA a t  

8.1 milliliters per minute or 2 hours, 25 minutes in the pre-operative, 
peak of lactation chelation.

The 110 day post-operative chelation was further characterized 
by.a lower pre-chelation serum calcium level, 6.2 milligrams per cent, 
for @122. Subsequently, the peak serum calcium level noted during the 
chelation was 8,4 milligrams per cent compared to a pre-chelation serum 
calcium level of 12.7 milligrams per cent and a peak of 13,5 milligrams 
per cent :for. the pre-operative,, peak of lactation chelation, ■

The serum phosphorus levels of both 6122 and 0151 during the 
post-operative chelations were very similar to pre-operative chelations. ■
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Perhaps the comparative results of the post-operative to the pre

operative chelations lends some further evidence to the postulation that 
a period of realignment might occur after thyroparafhyroidecttomy.

After the 110 day chelation* 6122 displayed visual symptoms of 
lo# serum calcium levelss gritting teeth* excessive salivation, rough 
hair coat and decreased milk production. Oral administration of mono
sodium phosphate appeared to alleviate the severity of these symptoms. 
This would indicate that perhaps phosphorus is involved in maintaining 
the serum calcium level. .

Such a consideration is not untenable in view of the several 
studies conducted on the calcium-phosphorus ratio in intact* lactating 
dairy cows and. the •apparent effect of a low calcium, high phosphorus ' 
ratio may have had on decreasing the incidence of milk fever (6, 7, 8*
9, 27* .29) <, Kleiber, and Luick (27) reported that. feeding a low calcium, 
high phosphorus diet increased'the amount of - skeletal calcium available 
for mobilization in intact animals and decreased its turnover rate or 
resorption once in the blood.

Evidence presented in the preceding section on 6122 indicates 
that the bone phosphorus of 6122 was below normal levels at this time, 
21.9 milligrams per cent, at 100 days post-operative compared to 30.3 
milligrams per cent at 21 days post-operative. Administration of phos
phorus could conceivably have raised the bone phosphorus level to permit 
it to render more skeletal calcium available for mobilization,

Luick, et al. (29) found that normal cows on a low calcium, high 
phosphorus diet utilized dietary calcium less efficiently than cows on 
higher calcium diets, Luick postulated that the bone calcium may have a
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priority over dietsry calcium in various body processes because of its 
more rapid mobilization when high levels of phosphorus and low levels of 
calcium were fed, • „

Evidence compiled in this study tends to emphasize the need for 
more study on the relationship of gut absorption of calcium and phos
phorus in relation to disfunction of the parathyroid glands. Perhaps a 
technique could be developed whereby the calcium in the feed could be 
chelated to measure the effect of intestinal absorption on maintaining 
blood serum calcium levels, •
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This study w s  coBdueted to determine the rate of mobilization 

of serum calcium in the intact' and- thyroparathyrdidectomized. Instating 

'dairy cows* . ^
Four lactating cows and one dry cow were selected. The study 

was separated into phase I* the intact phase, and phase II3 the thyropar- 
athyroidectomized phase.

The calcium chelating agent, the disodium salt of ethylenediamin- 
etetraaeetie acid was infused intravenously to determine the rate of 
mobilization of calcium.

The chelating agent was infused vie a continuous infusion appa
ratus at approximately 0.7 milliliter per 100 pounds of body weight per 
minute, in a-5. per -cent aqueous solution. Blood samples were taken at 
prescribed intervals during and following-the chelation. The blood sam- . . 
pies were analyzed for serum calcium and phosphorus to determine the 
level of these constituents, at the end'of a chelation and the rate of 

return to normal pre-chelation levels.
The four lactating cows were chelated twice during the last half 

of lactation and the dry cow chelated once.

Two of the lactating, pregnant cows were selected to be used in 
phase II, After calving and at the approximate peak of lactation, they 
were chelated, and subsequently thyroparathyroidectomized. Blood samples 

were taken commencing at 12 hours post-operative and at periodic inter
vals during the following .120 days. These blood samples were analyzed 
~ : V  ' ' ' 33 ' "v; - ' ■ '
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for serum calcium and phosphorus to determine the changes in their lewis 
as a- result of removal of the parathyroid glands»

These tw cows received tthyroprotein at 15 grams per head per day 
to compensate;for removal of the .thyroid gland, commencing at 28 days 
post-operative and continuing throughout the remainder of the study, 

Vertebral bone biopsies were, taken during both phases of the 
study. In phase I, two biopsies were taken from each lactating animal, 
once during the last half of lactation and again during the dry period. 
The dry cow was biopsied once.

In phase II, after thyroparathyroldectomy, biopsies were taken 
from the two animals at 21 and 40 days and at 100 days post-operative 
from the surviving animal,- •

The per cent ash of dry weight and acid soluble calcium were , 
determined on all bone samples. The acid soluble phosphorus was deter
mined on the biopsies in phase II only,

Thyroparathyroidectomie® performed on the two lactating cows 
resulted in a lowering of the blood serum calcium levels by day 5 post
operative, Considerable fluctuation in the blood serum calcium and 
phosphorus levels occurred between day 5 and day ,40. One subject died 
at day 42, The remaining cow showed a sudden drop in blood serum cal
cium levels from 10,1 milligrams per cent at day 40 to 6,9 milligrams 
per. cent at day 48, No such drop occurred in the blood serum phosphorus 
levels, - ' '

From day 48 to day 120 the blood serum calcium on this animal 
remained at an average of 6,4 milligrams per cent, much below the normal 
level of 12,7 milligrams per cent in the intact phase* Serum phosphorus



did not drop but remained within the normal pre-operative range of 
between 5=88 and 6.50 milligrams per cent.

Chelations performed during the post-operative period showed con
siderably different recovery patterns as compared to pre-operative che
lations, The 21 day post-operative chelations were characterized by the 
occurrence of tetany at higher blood serum calcium levels* 7,1 and 8,6 
milligrams per cent for the two cows chelated, as compared to an average 
of 5.7 milligrams per cent blood serum calcium at which tetany occurred 
in the pre-operative chelations.

The 110 day chelation on the surviving cow required only 405 
milliliters of Mag EDTA administered at 7.4 milliliters per minute over 
55 minutes to produce tetany. The pre-Operative, peak of lactation che
lation on this animal required 1105 milliliters of EDTA administered 
at 8,1 milliliter® per minute over 2 hours, 25 minutes to produce tetany. 
The initial recovery from chelation took considerably longer in this che
lation than in any preceding chelation,

Vertebral'-botte biopsies, taken after thyroparathyroideetomy. showed 
a progressive increase in total ash. and in acid soluble bone calcium.
The acid soluble bone phosphorus decreased.

Biopsies performed on the two. cows selected for phase II, taken 
during lactation in phase I, showed total ash of 31.0 per cent and 33.2 
per cent respectively. At 40 days post-operative these levels had 

increased to 40,56 per cent and 51.52 per cent respectively. The 100 
day biopsy on the remaining cow was 60.74 per cent total ash, an increase 
from 40,56 per cent at 40 days post-operative,

^Evidence compiled in this study indicated that the chelation
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technique employing the ehelatiag agent, the disodium salt of ethylene- 
diasninetetfaacetic acid (NSg EDTA) is a good device for measuring the 
mobilisation rate of calciuai in the lactating dairy cow,.

The function of Nag EDTA in causing a lowering of the serum cal
cium to levels comparable with those reported for parturient paresis 
appears to be aided by the route, rate and amount of chelate employed.

The vertebral bone biopsy technique employed in this study pro
vides a simple method for determining in vivo changes in total bone ash 
and calcium and phosphorus in the bone with varying stages of lactation.

Results indicate that the differences in reaction to chelation
among the lactating cows of the intact phase of this study were the 
result of biological variation. '

Thyr©parathyroidectomy caused an immediate drop in blood serum 
calcium and phosphorus. This was followed by considerable fluctuation 
in the level of these minerals between day 5 and day 40 post-operative. 
In the final analysis, 120 days post-operative, the serum calcium 
appeared at stable levels, much below normal and serum phosphorus was 
unchanged. Bone biopsies.revealed that total bone ash increased, bone 
calcium increased and bone phosphorus decreased as a result of thyropar- 
athyroidectomy. Results indicate the presence of factors that may, in 

some way, have a regulatory effect upon the mobilization of these min
erals in addition to that exercised by the parathyroid gland.

, lactating cows displayed less tolerance to the chelating agent 
when injected after thyroparathyroidectomy. Less time and less la^ EDTA 
was required to produce tetany in these thyroparathyroidectomized ani
mals. This decreased tolerance to the Chelating agent became more evi-
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dent with succeeding chelatians duriBg the post-operative phase.

Oral administration of phosphorus to one animal at 120 days post
operative tended to alleviate symptoms associated with low blood serum 
calcium which would indicate phosphorus may have exercised some effect 
on mobilisation of calcium in this animal.

Pregnancy exercised no significant demands on the body stores 
for calcium and phosphorus. The real demands appeared due to lactation.
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