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FOREWORD

It has long been recognized that gross deficiencies and excesses of mineral elements can have
marked effects upon the ability of farm animals to survive, grow and produce. Detection of a
gross imbalance is relatively easy because symptoms appear rapidly or the imbalance is readily
detectable by means of chemical analysis. However, in situations where an element or elements
may be only moderately deficient or moderately excessive in the diet, the imbalance expresses
itself nonspecifically as reduced growth rate, productivity, reproductive level, or viability. Chemical
analyses of the diet may not provide the clue to a potential problem since the imbalance may be
due to the unavailability of the element or an interaction with other elements of the diet may
reduce the availability and/or utilization of the primary element.

Broad supplementation of the diet to bring all elements up to a specified level may not
succeed in situations where interactions between elements reduce availability and utilization.
Furthermore, broad supplementation is of no avail, and in fact may result in further complications,
if the basic problem is one of moderate excess of a particular dietary element.

Methods of detecting moderate mineral imbalances are not generally available, and so the
intent of the Joint FAO/IAEA Division was to establish a programme that would bring together
scientists from developed and developing countries who might through collaboration elaborate
methods useful in detecting moderate trace element imbalances in farm animals. This co-ordinated
research programme of the Joint FAO/IAEA Division began in 1967 with the intent to study
selective trace elements, to explore various procedures for trace element assay, to develop
techniques and if possible verify and use the procedures to solve field problems.

The first meeting of the contract and agreement holders in this co-ordinated research
programme was held in Ankara, Turkey, in 1976, the second meeting was held in Washington, DC,
USA, in 1978, while the third and final meeting took place in Nicosia, Cyprus, in October 1980.
Over the life of the programme, some eleven contract holders from nine different countries, and
five agreement holders from four countries have taken part in the programme. The papers
contained in these proceedings represent the findings from those investigators associated with the
project at its termination.

While no single method achieved the goal of being readily available for field use, significant
progress was made on several procedures, which would suggest the degree of usefulness which
might be achieved. In addition, significant scientific observations have been made that have
contributed to the field of trace element metabolism in animals. Accompanying the papers is a
list of recommendations resulting from discussions of the participants in the programme.

This publication on the use of isotopic techniques to detect moderate mineral imbalances in
animals should be of value to scientists working on mineral metabolism, as well as veterinarians and
field nutritionists involved in improving animal nutrition and increasing animal productivity.
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A STUDY OF THE CALCIUM METABOLISM OF DAIRY SHEEP USING RADIOISOTOPE
AND BALANCE TECHNIQUES*

S. ECONOMIDES
Agricultural Research Institute,
Nicosia,
Cyprus

Abstract

The Ca metabolism of dairy sheep was studied using

radioisotope and balance techniques.

The level of Ca intake increased the rate of Ca

absorption and decreased the efficiency of Ca

absorption in dry sheep. The net Ca requirements

of dry sheep were estimated to 870 mg/day.

The endogenous faecal and urinary Ca losses decreased

and the efficiency of Ca absorption increased in pregnant sheep

on a Ca-deficient diet compared! to pregnant sheep on a normal

Ca diet. Ca balance was positive in ewes on both diets.

The pre-partum level of Ca intake had similar effect on

the rate and the efficiency of Ca absorption and Ca balance

was positive in early Icatation. The endogenous faecal Ca

loss was linearly related to dry matter intake.

INTRODUCTION

The calcium metabolism in dairy cows has been extensively

studied particularly in relation to parturient paresis (l,2,3,U,

5,6). The demand for calcium is large in late pregnancy and

early lactation. During the early stages of lactation high

yielding dairy cows are in negative calcium balance and despite

the increased absorption of calcium, extra calcium has to be

provided through mobilization of calcium from the bone.

The Ca metabolism of mutton breeds of sheep has been

studied in pregnant (7, 8,9,10), lactating (11,12) and dry

sheep (13,1U), whereas work with dairy sheep is very limited.
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At variance with mutton sheep the Ca requirements of dairy she

nay be higher in early lactation than in late pregnancy. In

addition fhe long lactating period anfL the high level of milk

production may delay the replenishment of skeletal Ca reserves

In view of the limited amount of data available on dai:. y

aheep and the existing discrepancies in the recommended

allowances of Ca by different agencies (15, 16) the present

studies were undertaken to determine the endogenous faecal

calcium and the efficiency of calcium absorption in diets of

dry, pregnant and lactating sheep and the effect of prepartum

dietary calcium on the rate of Ca absorption in early lactation

MATERIALS AND METHODS

Animals^._housing and^ diejts

Trial 1. Dry non-prepcnant ewes.

Sixteen dry non pregnant Chios ewes having lambed at

least twice were divided into four groups on the basis of

liveweight and were randomly allocated to one of four diets

providing similar intakes of energy, protein, phosphorus and

Vitamin D-, per kg liveweight and four levels of Ca intake

(Table l). The ewes were housed individually for four weeks

before they were transferred to metabolic crates designed for

the separate collection of faeces and urine. Animals remain^

in metabolic crates for two weeks. The first week served as an

adaptation period and during the second week radioisotope and

calcium balance techniques were used.

The diets consisted of chopped barley straw (300g per

head/day) and of a pelleted concentrate mixture with barley

grain and soyabean meal being the basic ingredients. Limestone

and disodium hydrogen orthophosphate v/ere used as Ca and P

supplements. A vitamin A and D, mixture was used to provide

about l|50 I.U. of vitamin A per animal/day. A known amount of

-.vater was given to each animal.



. Trial 2. L act at ing ewe_s

Twenty one Chios ewes lambing within one week were used

The lambs were separated from their dams immediately after birth

and were reared artificially. The amount of colostrum produced

v/ithin the first U8 h was recorded and samples of about 200 ml

from the first milking were collected and analyzed for different

constituents. The ewes were divided 10 days pos t-partum into

three groups on the basis of milk yield and liveweight and were

randomly allocated to one of three treatment diets (Table 2).

The three diets provided the same Ca, energy, protein and vitami^

D~ per kg of finished feed and different phosphorus levels

(Table 3). The ewes remained in individual pens until day

28 post-partum. On day 29 post-partum twelve ewes (four from

each treatment) v/ere balance^ on the basis of milk yield and

liveweight and were transferred in metabolic crates for a

further two-week period. In the second week (35-^4-2 days post-

partum) radioisotope and balance techniques were used. Each

ewe v/as offered 0.6 kg of barley hay and 1.5 kg of the

appropriate pelleted diet (Table 2). All ewes were hand milkec

twice daily and their individual milk yields v/ere recorded.

Trial 5

The trial v/as divided into three phases.

HU^sg _ii Sixty ewes which lambed in September 1978 v/ere mate;

again after weaning (1+2-3 days) in 17 ov ember 1978. Prom matin.,

an average of 100 days of pregnancy the ewes v/ere kept in t'le

S3.r,e pen under similar feeding and management conditions.

During this period! milk yield, calcium content of milk, feed

intake and calcium intake v/ere recorded.

s,e_I^I_. Prom day 100 of pregnancy until lambing a feeding

and a metabolic trial v/ere carried out.



Feeding trial. Forty eight ewes were divided into two groups

on the basis of expected date of lambing and liveweight and were

randomly allocated to either a control (A) or a Ga-deficient

(3) diet (Table U). Each ewe was offered 200g of barley hay

and 200g of barley straw daily until lambing. Ewes on the

control diet were offered 1.03 kg of the pelleted diet (A)

daily until lambing. Ewes on the Ga- deficient diet were

offered daily 1.015 kg of diet B until day 137 of pregnancy.

From day 138 until lambing they were offered 1.015kg per head

daily of diet C (Table k) .

The ewes were kept in two adjacent pens and concentrates c.n-1

roughage were group fed. Individual liveweights of all ewes

were recorded at the commencement of the trial (100th day of

pregnancy) and immediately after lambing. Individual lamb

birth weights were also recorded. Feed residues were collected

daily. On day 137 of pregnancy and immediately after lambing

blood samples were taken from each ev/e for blood calcium

determination. Samples of feeds and of water were also taken

for Ca determination.

The remaining 12 ev;es were divided in two groups on the

basis of expected date of lambing ancl liveweight and were

randomly allocated to either a control (D) or Ca- deficient (_.

diet (Table U). The ev/es "/ere transferred to metabolic crat^e

and remained for 5 weeks. The first U weeks served as

adaptation period, while the f i f th week (130-137 day of

pregnancy) was used for radioisotope and balance techniques.

Lach ewe was offered U50c of barley hay daily and a measured

amount of concentrates to provide the energy requirements of

pregnant ev/es kept indoors and carrying twin lambs. The intake

of different nutrients in either diet D or E is shown in Table 5.
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On completion of the blood sampling and the collection

period, the ewes were put in two adjacent pens and were group

fed. Feeding and management of ewes in treatments D and E were

similar to those of ewes in treatments A and B,

of the feeding trial respectively.

Phase III. From lambing to six weeks post-partum a feeding

and a metabolic trial were carried out. Ewes lambing from

treatments A or B of the feeding trial and from treatments D

or E of the metabolic trial in late pregnancy were kept

separately during lactation. 'The lambs were separated from

their dams immediately after lambing. The production of

colostrum in the first U8h was recorded for L\l ewes (19 from

the control and 22 from the Ca- deficient diet). Samples of

colostrum from the first milking (about 200 ml) were taken for

the determination of different constituents.

Ten days post partum 10 ev/es (5 from the control diet

and 5 from the Ca-deficient diet were transferred to metabolic

crates. Three from the control and 4 fron the Ca-deficient

diet were used earlier for the metabolic studies during late

pregnancy. They remained for k weeks In the crates and the

kth v/eek was used for radioisotope and balance techniques.

The ev/es were offsred from lambing to the end of the collection

period 0.6 kg of barley hay per head daily and 1.5 kg of

concentrate mixture F (Table U) . The intake of different

nutrients in either the control or the Ca-deficient diets are

shown in Table 6. While in the cratas they were hand milked

twice daily and individual milk yields were recorded. Milk

samples from the morning and a fternoon milkings were taken

twice for Ca determination.

Feeding trial. The remaining 33 ewes (lU from the control and

19 from the Ca- deficient diet) were offered diet C (Table 14.),

until 37 days post partum. They were machine milked twice

daily and individual milk yields were recorded once weekly.

11



I-iilk samples for Ca determination were taken three times

during the experimental period. The ev/es were offered 0.5 kg

of barley hay and about 2.0 kg of concentrates (Diet C, Table 4),

Ewe liveweights were recorded on the last day of the

experimental period and blood samples were taken on the same

day for Ca determination. Feed! intake and Ca output in milk

were also measured.

JRnciioisotope and calcium balance _technioue_s

In all trials feed and water intake, faeces and urine

output and in lactating ev/es milk yield were recorded daily for

oovcn consecutive days. Urine v/as collected in a vessel

containing 25 ml of 50£"o HgSO, . The collection of faeces

started 5h after the administration of radioactive calcium.

45 45A known activity of Ca as CaClo in aqueous solutior.

(c:bout 250uCi for dry and 300yCi for pregnant and lactating

animals) v/as injected into the jugular vein of each sheep and

blood samples were withdrawn at 0, 30, 60, 90, 120, 130, 300,

420, 600 and 780 minutes and at 2Uh, 2,3,4,5,6,7 days after

the injection.

Prepar at ion of samples for analysis

Blood samples were allowed to clot at room temperature

and were subsequently contrifuged at 2,500Xg for serum

separation. Feeds, faeces and milk v/ere processed and analyzed

according to MAPF (17). Urine samples v/ere analyzed without

any treatment. Total Ca in each sample was measured by atomic

absorption spectrophotometry in food, urine, faeces and milk

(18) and in serum (19).

Measurement of radioactivity

Radioactivity in serum and faeces was measured in a Tri-

Carb Liquid Scintillation Spectrometer (Packard, Model 3255).

Serum (iml acidified with 3 drops of 2N-HC1) and of the

solution of ashed faeces in 2N-HC1 (iml), v/ere counted in lOnl

12



of a scintillator solution containing toluene and Triton. X-l 00

(9:U v/v) in which Ug PPO and 0.2g ^OPOP per litre were added.

_ jlcrtions

_,nc\ogenous faecal calcium was calculates from the eou?.J._cr,
•pp

Vf= TT Tj5, -."here Rf is th3 fraction of aose of tracer excreted
in the faeces after injection and SAR is the mean specific
i- -f.ioactivity of calcium in serum. The rate of Ga absorption
(Va) was calculated from the Cifferencc between calcium
intake (Vi) an-."1 total faecal calcium (VF) corrected for enfogcn'-
_^3ca l calcium; Va=Vi-(VF-Vf ) . The efficiency of Ca abs o:?-r
••as taken as the ratio of the rate of Ga absorption to Ca irt 1'-
(in percentage units).

Trial 1. Dry non-pregnant .e\ves

Information on one ewe in treatment 3 with very lo.v feed.
intake and one ewe with complete anorexia in treatment C were
discarded.

The endogenous faecal Ga loss was similar in the four
diets. Total faecal Ga loss proportionally increased with
increasing calcium intake (Table 7). The efficiency of Ga
absorption was highest on the diet v/ith the lowest Ca intake
and decreased with increased Ca intake; the rate of Ga
absorption tended to increase from low to high Ca intaKe, but
it was similar in the two higher levels of Ga intake (Table 7).
Calcium balance was positive for all four levels of Ca intake
•anc" followed the pattern of the rate of Ca absorption. The me cm
Ca loss (mg/kg L'.TT/day) in urine was 2.92^2.32. Ca intake was
not related to urine Ca loss. No relationship was found_/bet'.vecn
OT. intake and endogenous faecal Ca loss either. However,
tne endogenous faecal Ca loss (mg/kgLrT?T/day) was linearly relatec.
to dry matter intake. The linear regression describing the above
relationship was Y= 3.20+0.76X(r=0.73), where Y is endogenous
faecal Ca loss in mg/kgL:VT/day and X is dry matter intake in
g/kg L'VT/day. Total faecal Ca loss was also positively related
to Ca intake. The relationship was Y=3.55+0.78X( r=0.99)

wnere Y= total faecal Ca loss (ng/kgL'VT/ciay) and X= calcium

intake (mg/kgL^T/day) .

The rate of Ca absorption was positively related to the

Ca retention. Tne relationship was Y = 13.12+1.072 X (r-O.S5/,

w.iere Y= the ra te of Ca absorption (mg/kg LV/T/d) and X= Caiciu.:

retention (mg/kgL.VT/d) .

13



It is 'vorth mentioning that one ewe in treatment C -vent

"off feed" during the collection period and the mean daily r'ry

matter intake was only UOg. The Ca balance of this ev/e was

negative and the endogenous faecal Ca loss was 3.8 mg/kgL'VT/d .

'She suffered from rumen atony and the balance results showed

that Ga from feed was not absorbed at all. The blood Ca level

was 10.03 mg/100 ml.

^Eiai_?js. L act at ing ewes

One ewe on diet A showed inappetance and its data was
discarded.

Mean USh colostrum yields and the levels of different

constituents are shown in Table 8. Ca intake, the rate of Ca

absorption and Ca balance tended to be lower in treatment A,

than those of either treatment D or C , but differences were not

significant (Table 9).

Ca int alee was not related to either endogenous faecal Ca

or urine Ca loss. The cn^o^enous faocal Ca loss was positively

related to C.-ry natter intake. The rate of Ca absorption -.7 as

also positively related to calcium retention. Total faocal Ca

loss (Y) was positively related to Ca intake (X) ( Y=21|.9+0.71X

(r=0.9l).

The ewer were mated at 5k-IO days post lambing. They v/srs

r: l&ed for 115̂ 17 days (plus 2 days of colostrum) followed by

- c'ry period of 35-11 days after which the ewes were divided

_n t /o groups for the trials during Phase II (Late Pregnancy).

The total milk yield per ev/e was 195-56 kg, the Ca content of

-ilk was 0.217-0. 01 5?J (N=2UO) an<f the total Ca output in milk

./as l4.2U-125g. The mean fat content of milk was 6.10^1.21.

The Ca content of milk was positively related to the f at content

of milk. The equation was Y=0. 17+0. 008 (r=O.U5), where Y is the

Ca content in milk (%} and X is the fat content in milk (%) .
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Bach ewe consumed during Phase I 252 kg of concentrates

(61%) and 120 kg of roughage (33/0 providing 2.8 kg of Ca per

ewe. The protein content of the total die't was 13.5%. £we

liveweight at lambing v/as 65.U-7.Li- kg and increased to 67.6-

3.1 kg at the end of Phase I.

Phase II. Late_ pregnancy .

tri.al

Three ev/fcs frcrn the Ca-deficient diet and six from the

control diet remained barren. In audition two ewes from the

control diet aborc-ed. The results therefore refer to the

remaining 21 and 16 ewes from the Ga-deficient and control

diets, respectively.

The Ca intake (g/day) of ewes on the control diet was

9.U ( including Ca in water) and that of ewes on the Ca-def icier.t

diet was 2.14. until the 137th day of pregnancy and increased to

16.3 from the 138th until lambing.

Liveweight loss from day 100 of pregnancy till immediately

after lambing was similar for bot h- treatments. Litter size and1.

la-nb birth weight per cw was also similar. (Table 10).

However males were heavier than females and singles heavier

t'.ian t\f/ins. Protein, phosphorus and vitamin D intake per ev/e

per clay were similar for both treatments.

.- Ixi ^b olic tr_ial

Two ewes, one from each treatment went "off feed" during

the collection period. One ewe on the control diet (D) aborted

and another on the Ca- deficient (E) was barren during the sane

period. The data of all ewes v/ere therefore' excluded from all

analyses. Endogenous faecal Ca loss, total faecal and urinary

Ca losses, the rate of Ca absorption and Ca balance ( mg/kgLYi/T/day)

were higher in ewes on the control (D) diet compared to those

on the Ca-def icient(E) diet (Table ll). The efficiency of Ca

absorption was higher in ewes on the Ca-deficient diet.
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There was a positive relationship between Ca intake and

either endogenous faecal Ca loss or urinary Ca loss. The Ca

intake was also positively related to total faecal Ga. The

rate of Ca absorption v/as linearly and positively related to Ca

retention. But there was no relationship betv/een endogenous

faecal Ca loss aid dry matter intake.

Phase III

Metabolic tr_ial

Two ewes, one from each treatment went "off feed" and

their data were discarded.

There v/ere no significant differences bet\7een evvcs -.vhic'.i

had received in late -ore^nancy either control (D) or Ca-

cioficient (^) diets in endogenous faecal Ca loss, the rate of

Ca absorption ano. the other measurements shown in Table 12.

There was no relationship between Ca intake, and endogenous

faecal Ca loss, urinary Ca loss or milk Ca loss, but there v;as

a positive relationship between Ca intake and total faecal On

loss. The rate of Ca absorption was also positively related

to Ca retention.

Feeding trial

One ewe died from pneumonia and two more ev/es suffered

from mastitis in ewes which had received the control (A) Ciet

in the feeding trial during late pregnancy. Another tv/o ewes

died (one frcm peritonitis and one from gangrenous mastitis)

and four more ev/es suffered from mastitis in ewes which had

received the Ca-deficient (B) diet in the feeding trial during

late pregnancy. The data presented are therefore from the

remaining 2U ewes (ll from the control (A) diet and 13 from the

Ca-deficient (B) diet.

Ev/es v/hic h had received either the control (A) or Ca-

deficient (B) diet had similar yields of colostrum and of

similar chemical composition. The results were therefore poolec.

and are presented in Table 13.
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There was no significant effect of the prepartum dietary

Ga level on the milk yield, liveweight loss and Ca output in

milk of ewes in early lactation (Table 1U) .

The Ga level in scrum at day 137 of pregnancy was higher

in ewes which had received the control (A) diet but was

similar with that of t he ewes which had received the Ca-deficient

diet immediately after lambing and at day 37 post-partum. (Table 15)

The Ca level in the pre-partum diets had no effect in the lamb

birth weight or weaning weight.

DISCUSSION

Calcium metabolism is influenced by other nutritional

factors such as phosphorus, vitamin D and the levels of energy

".nd protein intake. To avoid any interaction between Ga

.nctabolism and particularly Ca absorption from the intestine,

the experimental diets v/ere balanced for these nutrients.

In addition, the concentrate mixtures were pelleted to achieve

uniform intake of nutrients.

Some ewes v/ere unable to adapt to the conditions of the

metabolic crates and the first symptom they exhibited was very

iow feed intake. In Trial 1 (dry non-pregnant ewes) rumen atony

was diagnosed in one ewe and her Ca absorption was nil. Atony

of the digestive tract v/as reported to impair Ca metabolism

(20). The endogenous faecal Ca loss in this ewe was 3.8 nig/k^

L'7T/day and this v alue may represent the actual endogenous Ca

excretion.

Trial 1. Dry non-prej^nant ewes.

The rate of Ca absorption increased and the efficiency of

Ca absorption decreased with increasing level of Ca intake.

These results are in agreement v/ith those reported for wether

or young and mature sheep (ill, 21). Hov/ever the rate of Ca

absorption and the Ca balance increased until Ca intake reached

level 133mg/kgL1.ifT/d, despite the fact that Ca balance was

positive from the lowest level of Ca intake (6l/mg/kgLWT/d).

17



This may indicate that ev/es, contrary to wethers or mature

sheep continue to replenish Ca losses, which incurred from

the previous lactation. The rate of Ca absorption (mg/kgL\VT/d)

v/as highly related to Ca retention (mg/kgL".YT/d). The equation

describing this relationship v/as Y=13.10+1.07X; setting X=0,

the resulting value of 13.10 mg/kgL'.VT/d may represent the

endogenous faecal and urinary Ca losses of dry non-pregnant

c--/es. This experiment was carried out at daily temperatures

of over 32°C and Ca losses from the respiratory tract and

s.vcating might have been another source of Ca loss. Therefore,

endogenous losses might have been increased slightly to 1U.5 ng/

ivgir/T/d and the net requirements of a 60 kg ewe to account for

such losses are 870 mg/day.

.Trial 2. Lactating ewes.

The rate a nd the efficiency of Ca absorption for the two

diets with a Ca:P ratio of 2.3:1 and 1.2:1 were similar and

slightly higher than the corresponding values of the cliet with

a Ca:P ratio of 3.2:1. Though ruminants can tolerate a wide

range of Ca:P ratio in their diets, if vitamin D and Ca and P in-

takes arc adequate (l)the present results suggest that the lo\v

phosphorus level of diet A (Ca^P ratio 3.2:1) might enhanced

the excretion of Ca in faeces (22) and resulted to lower

efficiency of Ca absorption.

The yield and composition of colostrum varied considerably

among ev/es. The fat, protein and phosphorus were higher and

lactose and calcium content were lov/er than normal milk from

sheep of the same breed (Economides, unpublished).

Trial 3. Phase_I^J?hase II. Phase III.

Ev/es were fed adequate quantities of energy, protein and

calcium from lambing to mating and f ran mating to 100 days of

pregnancy (when the dietary Ca levels were imposed) to overcome

the increased stress from lambing twice in one year and to

replenish all possible losses of nutrients from thd high demands

of lactation.

18



The Da-deficient diet in late pregnancy caused a re

c." the endogenous faecal and. urinary Ca losses, v/hile the

efficiency of Ca absorption increased to 58%. The lav enc

faecal and urinary Ca losses could be explained as an adaptation

to the Ca- deficient diet (13) and the increased efficiency

of Ca absorption may be partly due to lov; Ca intake or to a

stimulation fron the feeding of the Ca-deficient fiet and the
balance (mother+foetuses;

increased demand for Ca in late pregnancy (23). The positive C: /

found in this trial is in agreement wi th reports for pregnant

e-wes fed 8 gCa/head daily (ll). It is possible that in the

ewes fed the Ca- deficient die6 the rate of bone resorption

increased considerably, resulting in a negative Ca balance for

the mother alone.

The rate and the efficiency of Ca absorption were similar

and the Ca balance was positive in early lactation in ewes which

had received either the control or the Ca-deficient diet until

day 137 of pregnancy. It seems that an increased consumption

of Ca in the diet in early lactation resulted in an increase of

the net Ca absorbed (l68 mg/kg LV7T/d). Sansom (214.) had also

suggested that high feed intake is essential for dairy cows

after parturition for the maintenance of an adequate Ca supply

for peak lactation. The results on Ca balance are in agreement

with those of Sykes & Dingwall (12) when the rate of Ca

absorption was high (115 mg/kg L'7T/d) but at variance with

those of Braithwaite (23) at a low rate of Ca absorption

(U3 mg/kgL\7T/d) .

In the feeding trials the pre-partum level of Ca intake

had no effect on ewe liveweight changes until lambing and from

lambing to day 37 post partum and on the lamb birth v/eight and

weaning weight. The yield and chemical composition of colostrun

•and the milk yield of ewes were also not affected. Blood Ca

levels immediately after lanbing and on day 37 post partum

were not affected by the prepartum level of Ca intake.
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However on day 137 of pregnancy blood Ca level of ewes on the

control diet was higher tnan that of ewes on the Ca deficient

diet, but both blood values v/ere normal.

The level of Ca intake was not related to the

faecal or urinary Ca losses or Ca output in milk, \7hen the

data from dry, pregnant, and lactating sheep v/ere pooled, the

regression equation describing the relationship between total

faecal loss ($) and Ca intake (X) both in mg/kgLWT/day was:

$= 9.1LH-0.7UX(R2 = .99 ). Total faecal Ca loss was also related

to the rate of Ca absorption. The equation resulting from

the pooled data of dry, pregnant and lactating sheep was

Y=-2.i46+0.l4X(R2=.G9), where Y= the rate of Ca absorption and

X= the total faecal Ca loss (both in mg/kgLWT/day).

The Ca retention and the rate of Ca absorption were also

related. The equation describing the relationship from the

pooled data was: Y=l4.1.8+1.6x(R2=.{4-5) where, $= the rate of Ca

absorption and X the Ca retention (both in mg/kg LV/T/day).

The mean endogenous faecal Ca loss in dry, pregnant and

lactating animals was 11.67-3.10, 13.32^3.0 and 29.30 rag/kgL'VT/d ,

respectively. In ail trials dry matter intake was related to

the endogenous faecal Ca loss. The pooled regression equation

resulting frcm the dry, pregnant (excluding the U animals on

the Ca-deficient diet) and the lactating sheep was:

Y* = 2,U+O.8X(R =.8U) where $= endogenous faecal Ca loss

( rng/kgl/VT/d ) and X= dry matter intake g/kg LWT/d.

The author wishes to thanl: Dr. D.G. Braithwaite of the

ITational Institute for Research in Dairying, Shinfield, U.K. ,

for his assistance in the processing of the data, Dr .^L.

nacljisenonos , of the Veterinary Department, Cyprus, and the

staff of the Chemistry Laboratory and the Animal Prediction

3:ction of the Agricultural Research Institute for their

technical assistance.
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C—lA ThG intake of different nutrients of dry non

pregnant ev/es in Trial 1.

Treatments

". Jt'.'DJr of animals

:ry natter intake (kg/day)

". -cccin intake (g/day)

"7itamin intake (l.U./day)

Phosphoriis intake (g/day)

Calcium intake (g/day)

A

u
0.71

71
i|80

2.70

3.50

B

3
0.70

69
U20

2.70

5.50

C

3

0.71
7U

U90
2.90

8.20

——— i
D

U
0.69

67
U70

2.60

9.80

55

1.1C

Ja'ole 2. Percent composition of cliets in Trial 2.

T5iet

' irley grain

"oyabean meal

Hicalciura phosphate

Tri sodium phosphate

Limestone

Salt

Y it. -I'.; in. nix. (kg/ton finished
feed)

Zn30.(g/ton finished feed)

79.9
16.0

-

-

3.6

0.5
2

79.0

16.0

0.9
0.6

3.0

0.5
2

76.25
16,0
3.0
3.0

1.25

0.5
2

50 50 50
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able The Intake of different nutrients of lactating

ewes in Trial 2.

Treatment

dumber of animals

Initial weight (kc)

Dry natter intake (kg/day)

Protein intake (g/day)

Ca intake (g/day)

Phosphorus intake (g/day)

Vitamin D intake (l.U./day)

Ca:P

A

3
53.3
1.79

27U
22.1
6.9

1500
3.2:1

B

k

51.9
1.68

260
23.5
10.2

1U56
2.3:1

C

U
5C.L.
1.77

267
22.2
17.9

1U70
1.25:1
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"abl-j L[. Percent composition of iU<. ts in Tri'U.

''"'arlcy ^

loyibean moil

Trisodium phosphate

Salt

Trace elements (kg/ton finished feed)

ZnSOr ( f x ton finished feed)

Vitanin D (l.U./kc finished feed)

Diets
I

A

87.7
9.8

2.0

-

0.5
1

-

too

B

90.0

9.5

-

-

0.5
1

-

uoo

c

79.5

16.0

3.0

1.0

0.5

1

50

800

D

70.35
26.0

2.25

1.0

O.k

1

-

UOO

E

72.6
26.0

-

1.0

o.u
1

-

£4.00

- ——————— -1

p

78.0

16.0

U.5
1.0

0.5

1

50

800



5. The intake- of different nutrients by pre^nn.nt

ev/es in Trial 3, Phase II.

Diet

Control Ca-cief icicm

of animals

Initial weight (kg)

Dry matter intake (kg/c!.ay)

Crude protein intake (a/day)

Ca intake (g/day)

Phosphorus intake (a/day)

Vitamin D intake (l.U./ciay)

u
6U.9

1.01

16U

8.2

U.9
U26

U
70.2

1.01

157
3.0

5.2

W-U

-

-. • -^

o.ou
7

C.I

0.2

o

The intake- of cliffercnt nutrients by lactating c-.v_

in Trial 3. Phase III.

Diet

I'urcbcr of animals

Initial v;eight (kg)

Dry matter intake (kg/day)

Crude protein intake (g/day)

Ca intake (g/day)

Phosphorus intake (g/day)

Vitamin D intake (l.U./day)

Control
i

C a-deficient

3.3.

u
5U.3
1.65

235
27.2

10.3
1182

U

U9.3

1.65
238

27. U

10.3

1193

-

U.I

0.07

10

o.U
0.2
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Table 7. Endogenous faecal Ca loss, rate of Ca absorption anc.

Ca "balance of ^.ry non pregnant ev/cs (mg/kg I.'iTJ/c'.ay)

(Trial l)

Treatments c- —*

A 3 C D

rur.b;,r of animals U 3 3 U -

Ca intake 6l.lt 96.7 132.7 165.3 23.1

Endogenous faecal Ca loss 13.7 H.5 11.6 11.9 2.6

Total faecal loss 51.1 78.0 103.6 135.1 19.5

Rate of Ca absorption 2*4..0 32.1 U0.6 U2.0 8.7

Efficiency of Ca absorption 39.3 32.6 30.9 25.6 6.5
(%)

Ca balance 7.9 17.0 .25.7 27.8 7.2

6. Yield of colostrum ancL its chenical composition

(c/100 ;; milk) . (Trial 2)

Mean

Total yield (kg/i4.8h) 3.53 1.50 0.00 - 7.V

rat 10.8 u.i 5.6 - L:.:
Protein 1U.U 2.5 10.6 - 19.5

Lactose 3-3 0.8 1.5 - -4-. 3

Ash 1.0 0.2 0.7 - 1.3

Total solids 29.6 5.8 18.7 - ^0.6

Calcium 0.15 O.OU 0.07 - 0.22

Phosphorus 0.1? 0.03 0.08 - 0.23
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Endogenous f';ccal Ci loss, rate of Ca absorption

and Ga balance of lactating ewes (mg/kg L'.VT/clay) .

(Trial 2)

Diet

rimber of animals

L'VT of animals (kg)

tlilk yield (kg/day)

Ca intake

Urine output

Ga output in milk

ZncLogenous faecal Ga loss

Total faecal loss

Sate of Ca absorption

Lfficiency of Ga absorption(?o)

Ca balance

-iVole 10. Performance data of

A

3

53.3
1.88

U19.2

1.2

79.3

25.7
337.8

107.0

25.3

0.9

CY/*-* s a u u

B C

k k -

51.9 50.U 3.U-
1.78 1.81 0.52

U53.1 UU1.1 3U.3

1.1 1.3 0.7
68. k 79.8 23.3

2U.3 28.3 3.3

3UU.O 336.9 32.1

133.U 133.0 26.2

29.U 30.1 5.1
39.6 23.1 32.6

wo levels of

' Ca intake in late pregnancy.

(Trial 3, Phase II)

ITur.ibcr of animals

Days on experiment

Gestation length (days)

Dry matter intake (kg)

Protein intake (g)

Phosphorus intake (g)

1'iveweight changes (kg)

Wo. of lambs born/ewe

No. of lambs born alive/ ewe

Birth weight of lambs (kg)

Birth weight of lambs as

a percent of ewe lambing weight

.

i
A

Control

16

52.1

151.7

1.2U

1U3

U.7

- 3.3

2.12

1.87

Diet

i
B

G a -deficient

21

51.5 2.7

150.7 1.9

- 1.22

1U7

U.5

- k. 0 7.U

1.76 0 .£2

1.57 O.cC

3.6(3U) 3.9(37) C,?i

11.9 11.1 i:,'c
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Table llj Endogenous faecal Ca loss, rate of Ca absorption

and Ga balance of pregnant cv/es (m^kg LV/T/day)

(Trial 3,Phase II).

Diet
3,1;..

D E
Control Ca-:7ef icient

1'T umber of anir.als k k -

Ca intake 12k.7 W-.8 3.8

r.ndogenous faecal loss 13.3 8.8 1.6

Total faecal loss 101.7 26.k 2.1

Urine Ca loss 1.2 0.5 O.U

Rate of Ca absorption 36.3 2U.3 3.1

Efficiency of Ca absorption($) 29.1 57.6 2.9

Ca balance 21.8 1U.9 2.U

.'' cl^, 12. The effect of propartun dietary Ca level on the

rate of Ca absorption and Ca balance of lactatini1

cv/cs (me/kg L'TT/day).

(Trial 3, Phase III)

Diet

Control Ca-def icient c?,~

/•OTibei* of animals U h

Ca intake 500 551 39

Drilocenous faecal loss 30.9 33.2 3.3

Total faecal loss 369 W>9 2S

j^ate of Ca absorption 162 175 13

Efficiency of Ca absorption (%) 32.k 31.8 C.7

Urine Ca loss 2.0 2.0 l.C

Ca output in milk 75.2 79.7 1C.6

Ca balance 5k 61 2.2
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'-'-ble li|« ^nc effect of prepartum Ca level in the diet

on the performance of cv/es in early lactation.

(Trial 3, Phase III) .

Diet

of animals

Ililk yield (kg)

Ca output in milk (s/day)

Initial weight (kg)

Vifeight changes (kg)

Concentrate intake (kg)

Barley hay intake (kg)

Ca intake (g/day)

r — ———————————— • ^ —

Ca-def icicnt

13

70.6

3.67

68.3
-4.0

58.7

18.4

26.5

1
Control

11

73.3
3.66

67.6

-2.7
61.6

18.6

27.8

I.D.

30.0

1.C6
5.6

3.6

Table 13. Yield of colostrum and itechcnical composition

(g/lOOg milk). (Trial 3. Phase III).

Mean S.D.

Total yield (k,yU8h)

"•at

Protein

Lactose

-ish

Total solids

Calcium

Phosphorus

3.62

12. UO

16.10

2.87

1.17
32.40

0.17
0.19

1.26

4.98

3.65
0.69

0.23
7.00

0.06

0.03

0.1 - 5.^5

6.U - 2ii.O

8.5b- 23.45

1.3 - a.2

0.8 - 1.79

21.96- 1+5.6k

0.04- 0.33

O.Ik- 0.27
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THE USE OF PHOSPHORUS-32 IN THE DIAGNOSIS OF PHOSPHORUS DEFICIENCY
IN SHEEP
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Centro de Energia Nuclear na Agricultura (CENA),
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Instituto de Zootecnia (IZ),
Nova Odessa, S.P.,
Brazil
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Landbouwhogeschool,
Wageningen,
The Netherlands

ABSTRACT

Phosphorus deficiency has been recorded in cattle in most states
of Brazil and while clinical deficiencies are easily recognised and cor-
rected, subclinical deficiencies often go undetected. The development
of a method for the diagnosis of borderline deficiencies would have con-
siderable value since such deficiencies are economically very important.
In the experiments reported here, a variety of methods were employed for
diagnosing phosphorus deficiency in ruminants, including the uptake of
32p by rumen microorganisms and by erythrocytes. The results show that
P deficiency depresses the synthetic capacity of rumen microflora, indi-
cating that P uptake might be of some value in the detection of such
deficiency. By contrast, the uptake of P by erythrocytes was unre-
lated to P status of the animal.

nWith an area of 8,511,965 km Brasil ranks as the third largest
cattle breeder in the world. Although considered as 'the fourth
neat producer, the herds' productivity is very low due to inci-
dence of infecto-contagious diseases, parasites and qualitative
and quantitative nutritional deficiencies.

Literature published so far in Brasil reveals that extensively
bred cattle in several regions; are deficient in phosphorus, copper,
cobalt and iodine (TOKARNIA & 1976).

Phosphorus deficiency in cattle has been detected in almost
all the States, in some regions seriously affecting the animals,
which show loss of appetite, poor development, rickets, osteo-
nalformation, ingestion of bones found on pasture - which pro-
vokes botulism in the animals, low fertility etc.

The authors wish to thank Inger Wegger, Dep of Physiology
Endocrinology and Bloodgrouping, The Royal Veterinary and
Agricultural College, Copenhagen, Denmark for assistance in
preparing the manuscript.
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When clinical symptoms of deficiency or toxicity are clear,
corrective measures can be taken immediately, the animals soon
becoming satisfactorily productive again. However, borderline
deficiencies are economically more important. Due to the lack of
clinical symptoms in such deficiencies no special care is given
to the animals to improve their potential productivity. The de-
velopment of a method for the detection and diagnosis of border-
line deficiencies is very important because correction of these
disturbances in their initial phase can be made with more adequate
diets. This will improve the productivity of the herds (UNDERWOOD
1969).

Research workers have indicated the level of inorganic phos-
phorus in plasma as a parameter for the diagnosis of pho'nphoruo
deficiency in animals. Experiments carried out with lamba re-
vealed that there is a positive correlation between phosphorus
intake per unit body weight and blood phosphorus concentration.
However, the level of this element in blood does not always re-
flect phosphorus intake. In cases of starvation, inadequate in-
gestion of protein and energy resulting in loss of weight, the
content of inorganic phosphorus in the blood increases. These
levels can also vary with age, behaviour of the animals (feeding,
ruminating or resting), stress etc. (MOODIE 1975).

Considering the low availability of phosphorus in Brasilian
soil resulting in a low content of this element in forages and a
high incidence of phosphorus deficiency in animals, it seems im-
portant to develop more efficient methods for diagnosing border-
line deficiencies regarding this mineral.

The main objective of this research project was to compare dif-
ferent methods of detecting phosphorus deficiency in ruminants and
to study the possibility of using radioisptopes for this purpose.

EXPERIMENTAL ANIMALS AND METHODS
Twelve castrated sheep were divided in 3 groups (A, B, C) and kept
in metabolic cages for 13 weeks. The diet comprised grass hay,
molasses and casein. Phosphorus was supplemented as sodium phos-
phate (NapHPOx) at the levels of 2 and 4 g per day to animals in
groups B and C, respectively, animals in group A did not receive
phosphorus supplementation. The sodium content of the diets was.
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balanced with NaCl. The treatment of the three animal groups is
shown in the scheme below.

Animal
group

A
B
C

Na?HP04

-
11.50
23.00

Phosphorus
g/day

0
2
4

NaCl
S/day

15.26
7.60
-

Sodium
g/day

6.0
6.0
6.0

The animals were weighed weekly, feed and water ingestion was
recorded daily. Urine and faeces were collected each day mid
weekly po.ol samples prepared. Samples of rumen fluid (200 ml)
were taken once a week using a plastic tube, the fluid wus filte-
red through cheese-cloth before pH measurement and analyse a were
performed. Blood samples (50 ml) stabilized with heparin were
also collected each week.

The concentration of inorganic phosphorus in plaama and rumen
fluid - diluted 20 times with distilled water - was measured colo-
rimetrically (PISKE & SUBBAROW 1925) and the alkaline phosphatase
activity in plasma was determined by the method of KIND & KING
(1954).

Samples of faeces were ground, and one gram aliquotes were pla-
ced in crucibles for determination of dry matter (100°C) and ash
(500°C) content. The ash was dissolved in 5 ml HC1 and diluted
to 100 ml with distilled water whereafter the phosphorus content
was determined by means of the above.mentioned method' and the cal-
cium concentration by atomic absorption spectroscopy.

•50The in vitro uptake of P by rumen microorganisms was measured
in the following way. One ml of the filtered rumen liquid was
transferred to a test tube containing 300 mg glucose, 30 mg urea
and 19 ml artificial saliva free from phosphorus (DURAND et al 1976).
Triplicate determinations were made on each sample. The tubes were
placed in a water bath at 39°C and C09 was bubbled through the mixture
for 5 minutes. An aliquot of 32P (0.1 pCi) was added to each tube
and the incubation was continued for one hour. After cooling to
8°C 1 ml HpSO. ( 5 N) was added to each tube and the liquid cen-
trifuged at 20000 rpm for 20 minutes. One ml of the supernatanto owas taken for determination of P activity using the Cerenkov ef-
fect and for measurement of stable phosphorus. The precipitate
was suspended in 10 ml of saline solution (0.85 %} and centrifuged
for 5 minutes at 2000 rpm, the supernatant was then centrifuged•50at 20000 rpm for 20 minutes and the J P activity in the precipitate
was determined after addition of distilled water.
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The calculation of phosphorus uptake was based on the woik of
VAN NEVEL & DEMEYER (1973):

P - phosphorus incorporatedinc. •
dpi.i inc. - disintegrations per minute in p rec ip i t a te
Sa pool = speciiic act ivi ty of the phosphate pool

in r . ' i p c ' t n it" int
mg P

In vrtro uptake of P by erythrocytes was also determined.
Ten ml of hcparinized blood (3 replicates per t rea tment) were p] u-
ced in Erlenmeyer flasks and ^0 ml of a solution containing 0.2 ' j
yd -> p were added. The samples were incubated at 39°C in a sha-
ker for two hours. During the fir^t 5 minutes a mixture of 95 '/<>
02 and 5 % COp was bubbled through the flasks and this procedure
was repeated after one hour At the end of the incubation period
the samples were centnfuged (3000 rpm) under refrigeration, the
red blood cells were washed three times with saline and ashed
(500°C) . The ash was treated with t-^SO, and the -solution f i l tered
before determination of the radioactivity.

The uptake of P by the erythrocyt^s was calculated and cor-
rected for dif ferences in cell volume in the original blood sam-
ples by means of the equation established by BURK et al ( 1 9 6 7 ) :

uptake, corrected = activity in cells x 1QO x 40
total activity cell volume %

Twenty four hours prior to termination of the experiments most
of the animals were dosed intravenously with approximately 130

•j o
of carrier- free P as Na^HPO , . Blood samples were col lected 5,
10, ?0, 30, 40, 50, 60, 120 and 240 minutes after the in jec t ion
and the radioactivity in plasma and erythrocytes was determined.

32The in vivo uptake of P by erythrocytes was calculated in the
same way as the in vitro uptake.

After twenty four hours the animals were sacrificed by bleeding
and samples of the following tissues were obtained: liver, kidney,
heart, tongue, left rib, metacarpus and wool. The intestinal con-
tent was also collected. All samples were ground and ashed as de-

•)Oscribed earlier ( LOBAO 1973) before determination of P activity,
the activity was expressed as percentage of dose retained per gram
of dry matter.
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RESULTS AND DISCUSSION
The average pH values in rumen fluid from the three groups of sheep
are shown in Figure 1. Statistical analysis showed that the vari-
ous treatments did not influence the pH of the rumen fluid. Thij
is in agreement with the results of PONNESBECK et al. (1970) who
found that different levels of phosphorus did not change the pll of
rumen content, but a linear decrease in the concentration of vola-
tile fatty acids due to the addition of phosphorus waa noted 3
hours after feeding.

The pH in the rumen is usually within the range of 5-0 to 7.0
and the variations depend on the nature of the diet, time after
feeding and water ingcstion. The buffering capacity of the rumen
fluid is considerable'primarily due to the bicarbonate and phos-
phate content (SWENSON 1970; CHURCH et al. 1971). EMMANUEL et al.
(1970) also observed that the buffering capacity of phosphate main-
tained a high pH value in the rumen, especially 2 to 3 hours after
feeding.

The phosphorus concentration in the rumen fluid varied with the
dietary level as it emerges from Table 1, and the Pisher test show-
ed that the differences between the three treatment -groups were
significant at the 1 % level. EVANS & DAVIS (1961) and PRESTON &
PPANDER (1964) have also reported that the phosphorus content in
rumen liquid changed in proportion to the dietary level, while
CLARK (1953) observed that a high concentration of water-soluble
phosphorus was maintained in the rumen irrespective of the dietary
conten.

HOFLUWD & HEDSTROM (1948) postulated that the presence of water
soluble phosphate in the ruminal content was essential for the
maintenance of a normal flora. They stated that, on a phosphorus
deficient diet, it was necessary to supplement with water-soluble
phosphate in order to maintain ruminal digestion. ANDER30N et al.
(1956) also demonstrated by means of in vitro experiments that ru-
men microorganisms have a phosphorus requirement.•>2The in vitro incorporation of P by rumen microorganisms is
shown in Table 2. Statistical analysis of the results showed that
the overall average incorporation in groups D and C was signifi-
cantly higher (P<0.05) than in group A, .whereas no difference was
found between treatments B and C. Although the same trend was seen
on individual sampling days the variation within groups of sheep
was considerable (Table 2) and hence the differences between groups
on a single occasion were not statistically significant.

The ability to secure a high level of biosyr.thesis of microbial
proteir. ir, the rumen is a good quality criterion for ruminant feed-
stuffs (NIKOL1C cited by HARMEYER et al. 1975). In most cases it
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is difficult to determine the net rate of microbiul protein synthe-
sis directly due to the fact that both microtial ami Toed proteins
are present in rumen contents and these typos of proLoiu usually
cannot be distinguished by chemical methods (HARMEYEK et

al. 1975). Instead indirect methods such as incorporation of iso-
topic markers into rumen microorganisms may be used as indicators
for microbial protein synthesis capacity. Several procedures for

->2this purpose using the incorporation of P have been described
(DURAND et al. 1975; VAN NEVEL et al. 1975, 1976; HARMEYER et al.
1975).

The results shown in Table 2 support the above mentioned view
that phosphorus deficiency depresses the synthetic capacity of the
ruminal microflora and, on the other hand, also indicate that the

32in vitro incorporation of P by the microorganisms might be of
some value in the detection of phosphorus deficiency in ruminants
although hardly applicable under field conditions.in plasmaThe concentrations of inorganic phosphorus/are shown in Table 3.
Sheep in groups B and C had significantly higher plasma phosphorus
levels than those in group A (P 0.001), but increasing the daily
phosphorus intake from 2 g (B) to 4 g (C) caused no further in-
crease in plasma phosphate content.

The various treatments had no influence on the activity of alka-
line phosphatase in plasma. Thus the inverse relationship between
inorganic phosphorus concentration and alkalinephosphatase activity
reported for cattle' (LOPES et al. 1973) was not seen in the pre-
sent investigations,isotopeIn vitro/methods for the diagnosis of mineral deficiencies have
been developed for zinc and selenium (BERRY et al. 1966; BURK et
al. 1967). The procedures are based on the uptake of Zn or ' Se
by erythrocytes which was shown to Le inversely related to dietary
intake and plasma concentration of these trace elements. It has•>obeen known for many years that P is also taken up by erythrocytes
in vitro (HEVESY et al 1944), but apparently no attempt has so far
been made to utilize this uptake as a measure for phosphorus sta-
tus in animals.

The results of the present study are shown in Table 4 from which
it is obvious that the different dietary phosphorus levels did not

->2affect the J P uptake by erythrocytes in vitro. Thus in contrast
to the trace elements mentioned above this test is of no value as
a diagnostic aid for detecting phosphorus status.

One might speculate whether this difference between phosphorus
on one side and zinc and'selenium on the other could be due to dif-
ferences in metabolic fate after accumulation in the erythrocyte.
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Zinc and selenium in erythrocytes are mainly present as components
of the enzymes carbonic anhydrase and glutathione peroxidase, re-
spectively. The trace elements are presumably incorporated in the-
se enzymes in close connection to the synthesis of the protein moi-
ety, in other words to the formation of the erythrocyte itself.
As far as phosphorus is concerned it is on the contrary well known
that phosphorylation processes take place also in mature erythro-
cytes as well in vivo as in vitro. Thus the in vitro accumulation
of zinc and selenium in erythrocytes might be regarded as mainly
due to properties of the plasma (concentration of the element in
exchangeable pools), while that of phosphorus could be due prima-
rily to properties of the red blood cells such as their content of
phosphorylating enzymes.

An accurate method for measuring phosphorus intake by grazing
animals has not yet been developed (MeDONALD 1968). BROMFIELD &
JONES (1970) however, found a relationship between phosphorus in-
take and faecal phosphorus excretion. The existence of such a re-
lation is confirmed by the results summarized in Tables 5 and 6.
A statistic analysis (Tu/key test) of the results showed that the
faecal content of phosphorus increased significantly from group A
over B to group C sheep. Furthermore a significant positive cor-
relation (r = 0.83) was found between intake and excretion of phos-
phorus.

The different dietary levels of phosphorus also had a slight in-
fluence on faecal calcium excretion but in a non-systematic way
since group B showed the highest values and no difference was seen
between groups A and C (Table 7). No good correlation was found
between ingestion of calcium and excretion in faeces (r = 0.40).

The results of the short term study of radiophosphorus motabo-•30lism after intravenous injection of P are shown in Figure 2 and
Tables 8 and 9.

Blood is considered the central metabolic pool in which phos-
phorus is transported in the processes of absorption, exchange,
mobilization and excretion. The mixing of an intravenously in j ec -
ted radio'i sot ope with plasma is usually complete within 5 minutes
( C O M A R & WASSERMAN 1957).

-)r)Figure 2 shows the disappearance of J P from plasma which a;j
also observed by KOIILER et al. (1971) followed exponential curves.
The disappearance rate was funtcst in the r.hcop rcM-civin^ rx diet
low in P while no difference was observed between sheep in group
B and C.

In Table 8 is shown the average in vivo uptake of ^ P by erythro-
cytes in the three groups of animals. As for the in vitro uptake
no influence of phosphorus intake was seen. It might be noteworthy

39



that the percentage of P accumulated in erythrocytes is approxi-
mately the same in vitro and in vivo.

An analysis of variance showed that the treatment a f fec ted the
amount of the P dose retained by the animals. Group A (0 g P/
day) and C (4 g P/day) showed the highest values, the averages for
treatment A, B and C were 0.040, 0.02? and 0.043 %, respect ively.

Table 9 shows the distribution of radioactive phosphorus among
tissues. The lowest values were in most cases found in the sheep
of group B, however, in agreement with the results of ABOU-HUSSEIN

->2
(1968) the order of tissues regarding retention of P was similar
for all three groups, irrespective of dietary intake, namely: liver
- kidney heart = tongue - rib = intestinal content metacarpus
- wool. This order of tissues is comparable to the results of
SMITH et al. (1951), while AHRINGTON et al. (1963) found the high-
est retention in bone tissue in their studies on cattle. However,
LOBAO (1973) found that the amount of phosphorus retained by tis-
sues was affected by the age of the animals, the level of phospho-
rus in serum and the duration of the experiments.

CONCLUSIONS

The data obtained suggest that the following methods can be used
in the diagnosis of phosphorus deficiency in sheep:

Measurement of phosphorus content in the rumen fluid.
^2In vitro uptake of P by the rumen microorganisms.

Phosphorus content in faeces.
Further experiments will be carried out using another source of
phosphorus supplement (CaHPO.).

40



Table 1: Level of phosphorus (nig/100 ml) in the rumen fluid from sheep
subjected to different dietary phosphorus levels. Average ± S.D.
is shown.

w^\foup

of expt. ^\.

0
1
2
3
4
5
6
7
8
9

10
11
12

TOTAL

A

49 ± 11
41 ± 9
3 7 + 6
46 ± 10
38 ± 6
35 ± 2
44. ± 3
39 ± 3
38 ± 2
3 4 + 2
37 ± 3
30 ± 3
30 ± 3

38 ± 2

B

61 ± 3
62 ± 3
70 + 3
58 + 3
60 + 2
64 ± 5
67 + 4
68 ± 9
59 ± 6
57 + 5
59 ±11
50 ± 4
55 ± 6

6 1 + 2

C

71 ± 8
82 ± ?'

102 + 16
80 ± 19
81 ± 16
87 ± 13
94 ± 12
79 ± 15
83 ± 16
76 ± 8
89 ± 21
79 + 11
6 9 + 2

82 ± 4

Table 2: Incorporation of 32P (mg) by rumen microorganisms from sheep fed
different levels of phosphorus, average ± S.D.

^\. Group
Week ^\^
of expt. ^^\^

0
1
2
3
4
5
6
7
8
9

10
11
12

TOTAL

A

0.083 ± 0.022
0.101 ± 0.039
0.077 ± 0.024
0.092 ± 0.018
0.109 ± 0.026
0.107 + 0.026
0.089 + 0.038
0.086 + 0.036
0.083 ± 0.020
0.103 ± 0.031
0.103 + 0.042
0.079 ± 0.029
0.072 ± 0.033

0.091 ± 0.007

B

0.091 ± 0.017
0.120 ± 0.022
0.102 ± 0.013
0.104 + 0.010
0.128 ± 0.008
0.158 + 0.030
0.112 ± 0.045
0.115 ± 0.040
0.116 + 0.033
0.148 + 0.048
0.122 + 0.052
0.086 ± 0.028
0.085 + 0.033

0.114 ± 0.008

C

0.093 + 0.008
0.134 ± 0.015
0.150 + 0.013
0.137 ± 0.010
0.152 ± 0.019
0.200 ± 0.022
0.125 + 0.041
0.138 ± 0.043
0.140 ± 0.042
0.164 ± 0.041
0.143 ± 0.050
0.093 + 0.025
0.076 ± 0.023

0.134 ± 0.009
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Table 3: Concentration of phosphorus in plasma (mg/100 ml) from sheep
subjected to different dietary levels of phosphorus, average
± S.D.

^^"-v. Group
Week ^\^
of expt. ^^^

0
1
2
3
4
5
6
7
8

9
10
11
12

TOTAL

A

5.2 ± 0.3
5.5 ± 0.5
6.2 ± 0.7
6.3 ± 0.5
5.6 ± 0.6
5.3 ± 0.3
5.0 ± 0.4
6.2 ± 0.5
4.8 ± 0.4
4.7 ± 0.4
4.9 ± 0.3
5.3 ± 0.6
5.0 ± 0.5

5.4 ± 0.1

B

7.9 ± 0.6
7.7 ± 0.3
7.2 ± 0.5
7.8 ± 0.6
6.6 ± 0.3
6.3 ± 0.4
6.3 ± 0.3
7.9 ± 1.1
6.7 ± 0.5
6.9 ± 0.7
7.6 ± 1.1
7.6 ± 0.7
7.9 ± 1.1

7.3 ± 0.2

C

7.9 ± 1 .0
8.3 ± 0.3
7.9 ± 0.8
8.3 ± 0.9
7.5 ± 0.5
7.2 ± 0.5
7.1 ± 0.3
7.0 ± 1.1
7.3 ± 0.6
6.6 ± 0.3
6.8 ± 0.3
6.9 ± 0.3
6.7 ± 0.4

7.3 ± 0.2

Table 4: In vitro uptake of 32P (%} byerythrocytesfrom sheep subjected to
different levels of phosphorus in the diet, average ± S.D.

^\^ Group
Week ~̂\̂ ^
of expt. \̂̂ ^

0
1
2
3
4
5
6
7
8
9
10
11
12

TOTAL

A

7.2 ± 1.8
5.5 ± 0.9
7.2 ± 0.8
6.4 ± 0.7
5.5 ± 0.5
5.6 ± 0.3
5.3 + 0.5
6.8 ± 0.7
5.2 ± 0.7
5.8 ± 0.5
5.1 ± 0.6
6.3 ± 1.6
6.2 ± 1.0

6.0 ± 0.2

B

7.8 ± 2.6
5.2 ± 0.7
6.0 ± 0.3
5.8 ± 0.5
5.3 ± 0.3
5.3 ± 0.4
5.3 ± 0.5
7.1 ± 0.8
4.6 ± 0.4
4.9 ± 0.3
5.0 ± 0.2
4.9 ± 0.3
4.8 ± 0.3

5.6 ± 0.3

C

6.2 ± 1.0
5.1 ± 0.4
6.2 ± 0.7
6.3 ± 0.8
5.3 ± 0.4
6.3 ± 1.3
5.4 ± 0.4
6.4 ± 0.6
5.0 ± 0.4
5.5 ± 0.3
5.3 ± 0.7
5.9 ± 0.9
5.9 ± 0.9

5.8 ± 0.2
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Table 5: Phosphorus intake (g/day) by sheep diets with different levels of
phosphorus, average ± S.D. for the entire experimental period.

Group

P intake, g/day

A

0.688 ± 0.024

B

2.720 ± 0.020

C

4.650 ± 0.020

Table 6: Concentration of phosphorus in faeces (%) from sheep subjected
to different levels of dietary phosphorus, average ± S.D.

"̂\. Group
Week ̂ \̂̂
of expt. ^̂ \̂ ^

Q
1
2
3
4
5
6
7
8
9
10
11
12

TOTAL

A

0.17 ± 0.03
0.13 ± 0.02
0.13 ± 0.04
0.15 ± 0.05
0.14 ± 0.04
0.13 ± 0.02
0.14 ± 0..01
0.14 ± 0.01
0.12 ± 0.02
0.12 ± 0.01
0.11 ± 0.01
0.11 ± 0.03
0.10 ± 0.01

0.13 ± 0.01

B

0.25 ± 0.04
0.26 ± 0.04
0.29 ± 0.05
0.32 ± 0.04
0.31 ± 0.04
0.35 ± 0.06
0.38 ± 0.07
0.32 ± 0.05
0.34 ± 0.04
0.33 ± 0.05
0.35 ± 0.04
0.28 ± 0.06
0.30 ± 0.07

0.31 ± 0.01

C

0.30 ± 0.04
0.39 ± 0.03
0.36 ± 0.05
0.36 ± 0.07
0.39 ± 0.03
0.43 ± 0.07
0.50 ± 0.05
0.41 ± 0.07
0.46 ± 0.06
0.45 ± 0.04
0.49 ± 0.04
0.42 ± 0.08
0.42 ± 0.09

0.41 ± 0.02

Table 7: Concentration of calcium in faeces (%) from sheep subjected to
different levels of dietary phosphorus, average ± S.D. for the
entire experimental period.

Group

Ca in faeces, %

A

0.47 ± 0.02

B

0.53 ± 0.01

C

0.46 ± 0.01
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Table 8: In vivo uptake of 32P by erythrocytes (%) from sheep fed diets
with different levels of phosphorus, average ± S.D.

T. ^\ GroupTime \^
after i . v-^\^
injection of 3ZP\^

5 min.
10 min.
20 min.
30 min.
40 min.
50 min.
60 min.

120 min.
240 min.

24 hrs.

TOTAL

A

6.59 ± 1.29
6.00 ± 1.46
5.07 ± 0.89
5.05 ± 1.15

5.32 ± 1.25
4.86 ± 1.00
4.86 ± 1.20
5.66 ± 1.79
5.72 ± 1.52
5.87 ± 1.45

5.49 ± 0.36

B

6.49 ± 1.65
6.56 ± 1.24

5.95 ± 1.14
5.43 ± 1.25

5.83 ± 0.93

5.35 ± 1.13
5.63 ± 1.10
5.31 ± 1.44
6.77 ± 2.17
5.28 ± 0.15

5.86 ± 0.38

C

8.14 ± 3.26
8.42 ± 2.40

7.80 ± 1.99
6.88 ± 1.75
7.39 ± 2.14
7.40 ± 2.32
5.58 ± 2.30
5.74 ± 2.64
5.47 ± 2.07
4.97

7.06 ± 0.66

Table 9: Percentage of dose retained per gram of dry matter in tissues of
sheep fed different levels of phosphorus 24 hours after intravenous
injection of 3 2P, average ± S.D.

^ •̂̂ ^ Group

Tissue ̂ ^^^

Liver
Kidneys
Heart
Tongue
Ribs
Intestinal
content
Metacarpus
Wool

A

0.111 ± 0.031
0.081 ± 0.023
0.052 ± 0.013
0.032 ± 0.006
0.035 ± 0.018

0.014 ± 0.007

0.003 ± 0.001
0.0002 + 0.0001

B

0.075 ± 0.014
0.056 ± 0.009
0.037 ± 0.007
0.019 ± 0.005
0.014 ± 0.004

0.017 ± 0.006

0.003 ± 0.001
0.0002 ±0.0001

C

0.111 ± 0.026
0.114 ± 0.052
0.042 ± 0.007
0.030 ± 0.007
0.019 ± 0.008

0.035 ± 0.014
0.002 ± 0.001
0.0003 ±0.00003
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HEAT-INDUCED MINERAL IMBALANCES IN ANIMALS*

T.H. KAMAL
Radiobiology Department, Nuclear Research Center,
Atomic Energy Establishment,
Cairo,
Egypt

ABSTRACT

iuineral balance was determined on 14- Friesian heifers

maintained on metabolic cages in che climatic laboratory at

19°C for 5$ days followed by 11 days at 40°C-5 hr daily-and

19°C-the rest of the day . The data of the last 9 days of

mild climate were compared with those of hot climate. The

data revealed that in early days of heat exposure the ash, Ca,

Mg and P balance decreased significantly than in mild climate

by 17.6JS, 24.1%, 65.7% and 11.5#, respectively as a result of

the increase in their urinary and fecal excretions. At the

end of heat exposure they decreased also significantly than in

mild climate but greater than at early heat exposure. These

results are attributed to the destruction of tissues under

heat stress with concomitbant washing out of minerals by

increased water turnover rate, itfa and K balances, on the other

hand, were not affected by heat stress to maintain the osmotic

pressure of body fluids, which increase in heat stress.

I-wuole body turnover rate constant (K) and half life

value (TK) were determined in 9 albino rats maintained at 2B°C

and in another 9 albino rats maintained at ^5°G for 8 days using

a whole body counter with l\fal detector. The data revealed that

in mild climate the K1 was larger (P<0.05) and the Ty was shorter

0.05) than in hot climate. The K values were 6.29 X 10~5

* This work was supported by the FAO/IAEA (Research Contract RC/2209-EGY) and by the USA-NSF
(Research Project INT-75-22294).
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and 6.84 X 10" , respectively and T1; values were 84.6 and 103.1
hrs, respectively. Tnese results suggest that iodine
allowances for animals should be increased under mild
climate than under hot climate.

INTRODUCTION

The maintenance of mineral balance in farm animals is of
a profound importance for their growth, production, reproduction
and resistance to disease and parasites. This can be realized
from the role they play in bone and teeth formation, blood
clotting, proper functioning of nerve tissue, regulation of
osmotic pressure in body fluius, maintenance of the homeostasis
of acid-base balance and moderating the enzymatic reactions by
acting as cofactors of enzymes or as catalysts in enzymatic
reactions, thus functioning as stabilizers of the biochemical
structures in the body. These elements are interrelated and
balanced against each other in body function and cannot be
considered as single elements with circumscribed functions.
i?or example iron, copper, cobalt sulfate and molybdenum' are
interrelated in anaemic diseases. Cobalt aids in the excretion
of selenium and high dietary manganese decreases calcium and
phosphorus balances. Calcium, potassium and sodium show
d.efinite relationships in the maintenance of acid-base balance.
The significance of minerals and their interrelationship in
body functions have been extensively studied by many workers
(1, 2, 3, 4).

When the exotic European-evolved breeds of cattle are
exported to tropical countries, they are faced with many
problems related to hot climate namely heat-stress, poor-
quality pastures, tropical diseases,and parasites. These
factors are thought to be the cause of the impairment noted
in performance of the highly productive cattle in the tropics.
Of these, factors the effect of hot climate on many biological
functions in ruminants has been investigated (5» 6, 7t 8).

SO



However, insufficient information are available concerning
such an effect on mineral balance. In this study the intake,
excretion and body retention of minerals were determined in
Friesian heifers under controlled mild and hot climates in
attempt to detect moderate mineral imbalances. The rate of
whole body ^ I disappearance was also determined for this
purpose in rats under controlled mild and hot climates.

MATERIALS AKD JtETHODS

1 - Balance trial;

Fourteen Friesian heifers of about 12 months old
and 200 kg body weight were kept on metabolic cages in
the climatic chambers for 3:5 days under mild climate
(19 +_ 4°c, 65 + 5/0 H.H., followed by 11 days under hot
climate (40 + 1°C, tip + 5% H.H. for 5 hrs during the day
and 19 ± 4°C, 65 + 5% R.H. during the rest of the day).
The cages were constructed in a way to collect feces and
urine partially seperated without restraining the animals
with harnesses and to allow convenient side way movements
to the animals* The animals are able to stay
on these cages for more than 2 months without apparant
physiological disturbances. There was no possible contact
of water, feed and excreta with any metal or concrete in
order to avoid their contamination with external minerals.
The balance trials were carried out during the last 9 days
of each climatic condition and the data were collected
during the first and last $ days of these 9 days.

The animals were fed individually in the metabolic
cages with 2 kg pelleted concentrates, followed by 2 kg
clover hay in the morning and 2 kg pelleted concentrates
followed by 2 kg rice straw in the afternoon. The pelleted
concentrates contained 46% undecorticated cotton seed cake,
25% rice milling, 20% wheat bran, 2% calcium carbonate,
1% sodium chloride, 1% trace mineralized salt and
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vitamins A and D mixture and 5% molasses. The daily
intake level per animal was about 12 Meal metabolizable
energy and 40 g digestible protein per Heal metabolizable
energy. The amount of concentrates,nay and straw left over
from each animal was weighed daily and their intakes were
deduced and averaged for the last 9 days of each climatic
condition. Water was provided freely through as automatic
water bowl, which was fitted in the metabolic cage and
connected to a plastic water reservoir with a plastic
hose. The reservoirs were filled with water every
morning and the amount of water intake was read on glass
manometer fitted on tue reservoirs next morning. However,
the amount of minerals daily intake from water was found
neglegible and thus was not used in mineral balance
calculations.

Daily urine and feces excreted during the first and
last $ uays of the last 9 days of mild and hot climates
were collected and weighed. A sample representing 2% of
this daily urine or ieces excretion was collected and the
samples of each 2-oays period of each animal were mixed
together as one composite sample.

The feed and mixed urine and feces samples were
analysed for dry matter and ash determinations as described
in A.O.A.C. (9 ). 3odium and potassium were analysed by
flame photometer. Calcium and magnesium were determined
using a complexometric titralion method developed by
Kainal (10). Phosphorus was determined by spectrophotometric
method developed by Fiske and Subbarow (11). The
concentration of ash in dry matter was multiplied by the
dry matter intake arid by urine and feces dry matter excretion
to obtain the ash intake and urinary and fecal ash
excretion, which was deducted from ash intake to obtain
the amount of ash retention in the body including the
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amount of ash excreted in sweat and. saliva outside the
body. The concentration of each element determined in
ash was multiplied by the ash intake and by the urinary
and fecal ash excretion to obtain each element intake
and excretion. The latter was deducted from the element
intake to obtain the amount of element retained from the
gastrointestinal tract and kidneys in the body including
that excreted in sweating and salivation. The intake,
urinary excretion and the balance of ash and elements
studied unuer mild and hot climates for the first 3-aays
(Period I) ana last 3 uayt; (Period II) are shown in
Taole 1 and 2, respectively. The differences between
mild and hot climates daca are tested statistically using
the "t" test (12).

2 - Hadioisolope turnover rate;

Eighteen Albino rats of aoout 150 g oody weight were
injected intraperitoneally with 1.0 nil of 50 uCi fta ^ I.
The rat^ were divided into 2 groups of ^ animals each, one
served as a control mai> lai'eo. under mild a.nbient temperature
(2o°'J) whereas tne other group was suojeciea to a high
a.abicnt tempera tare (>>°'0« rt whole body counter
constructed for this purport- was used to count
daily for 8 days each animal in a confined box to keep
the geometry constant throughout the experiment. The
empty box background was deducted from the total counts

15]to obtain the net 'I whole body activity. The daily
net activities of all animals of each group through the
8 days were averaged and the averages weru plotted
against time on a semilogarithmic grid (-Fig. 1). Th.e
rate constants and T,. of each group were calculated and
the differences between groups were tested statistically
using the student "t" test(12) as shown in Table (3).
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RESULTS AND DISCUSSION

1 - Balance trial;

It is noted from Tables 1 and 2 that the 9-days
average of ash intake in Friesian heifers was 10.54$
lower under hot climate than that under mild climate.
This decrease occured as a result of che heat-induced
decrease in feed intake mostly in clover hay and rice
straw. As expected all the minerals studied showed
similar lower averages under heat stress than under
mild climate.

I'uble 1 shows tnab at early heat exposure ( j5r -
5 day) the total urinary and i'ecal excretion of ash
and sodium decreased while the excretion of potassium
calcium, magnesium and phosphorus increased irrespective
of their depressed intakes. This resulted however in
significant decreases in total ash balance of 17.5%,
calcium balance of 24-. 1%, magnesium balance of 65.7% and
phosphorus balance of 11.5%» These decreases were signifi-
cant at P< 0.10,<0.05,<0.01 a:id<0.10, respectively. These
results indicate that these Friesian heifers which are the
fourth generation in JSgypt were still intolerant to hot
climate. In accordance with these results Kamal and
Abdelaal (15) observed that the balances of intravenously
injected Ca and P in Friesian cows were lower in hot
summer than under mild winter climate in Egypt. Hoistein-
Friesian calves, which were raised in cold climate in
U.S.A. (!<+) showed significant decreases not only in Ca,
Mg and P balances but also in Na and K. balances.

Table 2 shows that with longer heat exposure, the
animals became more heat stressed. During the 9 and
11 day of hot climate (Period II), there were greater
decreases than in Period I in total ash, Ca, I»lg and P
balances reaching 22%, o5%, 35% and 6%, respectively.
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These decreases were significant at P-^ 0.05,<0.05, <0.01
and<0.05, respectively.

The above mentioned mineral imbalance observed in
heat-stressed heii'ers may be attributed to the fact that
these temperate-climate evolved cattle undergo tissue
destruction in hot climate as indicated by negative
nitrogen balance (15), lean body mass loss (16), body fat
loss (17-) • Accordingly, minerals in these destructed
tissues and bones are excreted thus causing the observed
increase in urinary and fecal excretion of calcium, magnesium
and phosphorus and probably other elements not determined
in this investigation. The reason that Na and K balances
did not decrease significantly in the heat-stressed heii'ers
may be attributed to their increased reabsorption from guts
and kidneys to maintain the osmotic pressure of extracellular
and intracellular fluids as their volumes are known to
increase under heat stress (18). Under heat stress sweating
and salivation are also increased thus ucilizdng a considerable
amount of these reabsorbed electrolytes. Based on these
balance trial' results it can be suggested that minerals
allowance for Friejian cattle should be increased under hot
climate.

2 - Radioisotope turnover rate:

Figure 1 shows tuat I-wnole body activity decreased

with a faster rate in the control group of rats under mild

climate than those exposed to hot cl imate. Table ;> shows

that the rate constant of ^ I-wnole body activity was larger

significantly ( P < U . O ^ ) in the control group than in the

heat-stressed group and the half life was shorter

significantly ( P < ^ 0 . 0 > ) iu chu concrol group than in the
131heat-streSDud group. This indicates that ^ I was

utilized and excreted from the rats at a faster rate

under mild climate than under hot climate. This is

attributed to the fact t - r i t thyroid f-;land activity uptakes
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more I and secretes it as •* I-thyroxine at a faster
rate in mild climate tnan in nob climate. In turn I-
thyroxine is utilized by tissues and degredated to ^ I,
part of which, is recycled tnrough the thyroid gland and
the rest is excreted outside the body at a faster rate
under mild climate bnan under hot climate.

It is noted that the rate constants and Ty values in
Table 3 are slightly different from those on Fig. 1. This
because the K and 'I1,/ means in Table 3 were calculated by
averaging the K and T,< values of all animals in the groups,
whereas in Fig. 1. The K and T,, values were calculated by
averaging the activity of all animals in the group for
each time after dosing and the tl average values of the
group was used for deducing the K and T,/.

These results suggest that the iodine allowance in the
feed should be increased lor animals raised under mild
climate than under hot
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TABLE (1): Mineral balance in heifers maintained under controlled
mild and hot climates (Period I).

Items

Ash
(13)
Sodium
(11)
Potassium
(ID
Calcium
(11)
magnesium
(11)
Phosphorus
(12)

Intake

Mild

873
279
44.4
073
83.1
072
67.2
071
27.4
O7l
47.2
071

» &

Hot

781
24~.3
41.3
079
7b.8
179
63.2
270
26.3
077
44.0
o7i

Urinary and
Excretion,
Mild

390
2T.6
27.3
275
46.3
373
16.8
371
17.2
o76
5-3
076

Fecal
8

Hot

365
22.1
22.9
275
48.5
573
22.0
277
22
170
6.0
o75

Balance,
Mild

489
2T.8
18.5
179
36.6
373
50.4
370
lu.2
076
41.8
075

&

Hot

403
29.7
17.3
176
26.8
379
38.3
373
3.5
l7o
37.0
173

»t"

2.066*

0.549

1.583

3.090**

3.950***

1.945*

z Significant at P<^0.10
aat Significant at P<0.05

30EX Significant at P<0.01
( ) Numbers of animals used in mild or hot climatic conditions.



TABLE (2): Mineral balance in heifers maintained under controlled
mild and hot climates (Period II).

Items

Ash
(14)
Sodium
(13)
Potassium
(13)
Calcium
(13)
Magnesium
(13)
Phosphorus
(14)

Intake,

Mild

872
279
44.4
0703
83.1
072
67.3
071
27.4
071
47.2
O7l

g
Hot

781
2T.3
41.3
079
76.8
179
62.9
177
26.2
076
43.9
071

Urinary and
Excretion
Mild

370
2̂ .6
34.8
270
45.5
278
43.7
2Tu
11.7
076
4.0
075

Fecal
, g
Hot

384
3T.1
30.2
277
43.0
377
56.2
47̂
24.2
-072
4-4
075

Balance
Mild

509
2$. 6
9.6
272
35.9
271
23.6
270
15.3
076
43.2
075

, g
Hot

397
30.8
12.4
272
35.9
379
8.3
3̂ 6
2.6
174
40.5•f
078

ntn

2.789**

0.769

0.002

2.883**

4.917***

2.827**

3E Significant at P-̂  0.10Significant at P<0.05
Significant at P< 0.01

( ) Numbers of animals used in mild or hot climatic conditions.



TABLE (3)

Effect of controlled hot climate on ^ I-whole body
activity in rats.

Control
(mild) Heat stress

Mean K x ICT-5* S.fi. X8-29 ± 0.26 #6.84 +_ 0.3

Mean TV + S.E.(hr) 84.6 + 2.69 103.11 + 4.9

N 9 9

"t" (K x 10~3) 2.733*

"t" (Tw) 3.227

Significant at P< 0.05 .

*
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• = Control
* - Heat stress

72 96 I/O X/, Id U2
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POSSIBLE ROLE OF VITAMIN D COMPOUNDS IN THE CALCINOGENIC ACTION OF
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ABSTRACT

The occurrence of endemic ca l c inos i s in g raz ing a n i m a l s has been l inked to
the ingest ion of c e r t a i n p lan t s ( n o t a b l y Solanum malacoxyj^n, C e s t r u m
d i u r n u m and grasses, e . g . , Tr i se tum f l avescens . Whereas 'the c a l r i n o g e n i c
a c t i o n of p l a n t s has been l inked to the presence of the v i t a m i n D m e t a b o l i t e
1 , 2 5 - d i h y d r o x y v i t a m i n D, an e x p l a n a t i o n has s t i l l to be f o u n d for the mode
of ac t ion of ca l c inogen ic grasses. This paper descr ibes the content of
v i a t m i n D-re la ted subs tances i n T r i s e t u m f l avescens ( T . f . ) t h r o u g h measure-
ments based on b ioassay t echn iques . The resu l t s c l ea r ly demons t ra te the
a b i l i t y of T . f . to induce r e m i n e r a l i s a t i o n of r a c h i t i c bone in Japanese
q u a i l , and to p roduce an increase in bone a sh , p lasma to ta l Ca and p l a s m a
inorganic phospha te in c h i c k s fed a high s t r o n t i u m d ie t . These f i n d i n g s
i n d i c a t e t h a t the p l a n t c o n t a i n s some 1 ,25-d ihydroxyvia tmin D-l ike a c t i v i t y
in a d d i t i o n to v i t a m i n 03, but f i n a l proof of this r equ i res f u r t h e r iso-
la t i on a n d c h a r a c t e r i s a t i o n s t ud i e s .

Introduction

Fndeinic calcinosis in grazing animals is a disease occurring
in various parts of the world ( c f . Tab. 1). Characteristic
symptoms displayed by the a f f l i c t ed animals include chronic wasting,
s t i f fnes s of jo ints , lameness and severe pain. Under ly ing these
signs of illness is an excessive ectopic calcification of heart,
lungs, main blood vessels, kidneys, tendons and ligaments. Although
the disease has been recognized for quite a long time ( 1 ) , it was
not unt i l recently that its etiology has become known. In three
instances, endemic calcinosis could be traced to the ingestion of
cer ta in p lan t s : Three d i f f e r e n t species, the shrub Solanum mala-
Qo_XYl_P_Q.* the ornamental plant Cestrum diurnum, and the grass Tri-
setum flavescens were shown to be responsible cor calcinosis in
grazing animals in so distant and d i f fe ren t areas as the grasslands
of South America (Argent ina , B raz i l ) , the United States (Florida)
and the Alpine pastures of Central Europe (Austr ia , Germany) ( 2 , 3 , 4 )
In addition, the better understanding of v i t amin D metabolism and
action evolving over the past years, brought aoout a deeper in-
sight into the pathogenesis of calcinosis.

Research Agreement No. 2169/CF: "Investigation on the calcinogenic factors of Trisetum flavescens"
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Table 1: Calcinosis in grazing animals
Location Afflicted Species

Jamaica
Hawaii
Argentina
Brazil
Florida
Austria,
Cermany

Cattle; sheep
Cattle
Cattle; sheep; horses
Cattle
Horses
Cattle

Term apllied to
the disease
Red earth disease
Naalehu disease
Enteque seco
Espichamento
Weidekrankheit
Enzootische Cal-
cinose

Responsible
plant

S. malacoxylor
S. malacoxylor
C. diurnum
T. flavescens

It is now well established that the most active metabolite
of vitamin D is 1,25-dihydroxyvitamin D. Its synthesis from the
precursor 25-hydroxyvitamin D taking place exclusively in the
kidney is strictly controlled by serum levels of calcium, phos-
phate and parathyroid hormone according to the need of the organism
for the respective ions. 1,25 Dihydroxyvitamin D itself plays a
lole in the regulation of its own formation by controlling the
synthesis of the converting enzyme 25-hydroxyvitamin D-1-hydroxylase.
To meet additional demands of calcium and phosphorus during particular
periods such as growth, pregnancy, lactation or in the egg-laying
circle, a stimulatory action on the synthesis of the active vitamin D
metabolite by sex steroids and proteohormones (estrogen progesterone
prolactin growth hormone) is superimposed on the normal control
mechanism preventing excess formation of 1,25-dihydroxyvitamin D
(for review cf. 5).

By virtue of its active metabolite, vitamin D stimulates
the absorption of calcium and phosphate from the intestine. Excessive
absorption of these ions can only occur as a consequence of bypassing
the intricate control mechanism which regulates the endogenous
synthesis of 1,25-dihydroxyvitamin D. This would take place e. g.
in the case of administration of the active metabolite from exo-
genous sources. In fact, the calcinogenic action of Solanum mala-
coxylon and Cestrum diurnum has been linked to the occurence of
1,25-dihydroxyvitamin D_ in these plants (6,7). Ingestion of the
active vitamin D compound certainly reduces its endogenous renal
synthesis but due to the excessive amount absorbed induces hyper-
absorption of calcium and phosphate eventually leading to ectopic
deposition of the excessively absorbed minerals.

This paper describes the efforts to provide a reasonable ex-
planation for the calcinogenic action of Trisetum flavescens (T.f.)
based on its content of vitamin D-related substances.

Endemic calcinosis and Trisetum flavescens
In their report on the appearance of calcinosis in Austria,

Kohler and Libiseller (8) described the extensive search for
possible causes of the disease. Since mineral analysis of soil,
fertilizers used and of suspected plant material provided no
clues to the causative agent, an unknown organic compound of plant
origin was suspected of inducing calcification in the afflicted
animals. Independently, Dirksen and his coworkers (4) described the
disease in Germany and subsequently identified the grass Trisetum
flavescens as the plant species containing the unknown calcinogenic
substance. That T.f. actually contains some vitamin D-like activity
was shown by Wasserman et al. (9), who fed dried plant material
to vitamin D-deficient chicks. In these animals, T.f. induced
the synthesis of intestinal calcium-binding protein (CaBP), a
response strictly related to the action of vitamin D. This finding
stimulated attempts at isolation and characterization of the vitamin D
related compound(s) of T.f. in several laboratories.
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Bioassav of vitamin D-like activity of T.f.
The effect of T.f. on bone mineralization (antirachitic

activity) was exploited for quantitation of its vitamin D-like
activity. Female Japanese quail were raised on a starter diet until
their egg production averaged 8O% of the theoretically possible
rate. They were then divided into two groups. One group was fed
a normal diet containing 26OO I.U. vitamin D- per kg, the other one
was fed a basal vitamin D-free diet. After 16 days, the now vitamin D-
deficient animals were further divided into t.iree groups: Some were
continued on the rachitogenic (basal) diet, others were fed the
basal diet supplemented with 1OOO I.U. vitamin D.,/kg, while a third
group received the basal diet fortified with IO% of lyophilized T_. f.
The quail were sacrificed after 3 additional weeks on the experimen-
tal diets. Bone ash determinations were taken from defatted tibiae.
The pertinent data are given in Tab. 2

Table 2: Effect of T.f. on bone mineralization
Diet Addition Bone ash (% weight

of defatted bone)

Basal None 6L.9±O.4

Basal 100O I.U. D /kg 61.9+O.5
Basal 10% T.f. 63.3+O.3 +)

Normal 26OO I.U. D /kg 66.3±1.O +'

Statistically significant difference from control group
receiving basal diet only (P<O.O5)

Data are expressed as mean+S.E. from at least 1O determinations.

The results of this bioassay clearly demonstrate the ability
of T.f. to induce remineralization of rachitic bone in Japanese
quails. A rough estimate puts the biopotency of the T.f. -supple-
mented diet to a value distinctly higher than 1OOO I.U. vitamin D~
per kg. Hence, the total vitamin D content of T.f. amounts to
approximately r.ore than 1OOOO I. U./kg lyophilj.zed material. A
comparison with estimates obtained in other laboratories is given
in Tab. 3.

Table 3: Estimated values of total vitamin D content of'T.f.
Method Vitamin D (I.U./kg Reference

dry plant material)
Direct determination 4 O O O Rambeck et al. (13)
(GC and HPLC)
Induction of CaBP in
vitamin D-deficient chicks 8 0 0 O Peterlik et al. (1O)
Induction of CaBP in
vitamin D-deficient chicks 8 O O O Wasserman et al.(ll)
Bone ash determination
in Japanese quails > 1 0 O O O Peterlik et al.,

(unpublished)
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Though estimates of total vitamin D content of T.f. show
considerable variations due to the method applied, there is
agreement among researchers in the field that the obtained values
are far too low to provide an explanation for the massive calcinosis
observed after ingestion of T.f. by grazing animals. This con-
sideration is valid, however, when applied strictly to unmetabolized
vitamin D^ or D. and not to a vitamin D-related metabolite capable
of overriding tne stringent control of 1,25-dihydroxyvitamin D
formation.

In fact, some 1,25-dihydroxyvitamin D-like activity has been
detected in T.f. grown on a pilot plot in Lower Austria (1O). Feeding
T.f. to chicks, whose endogenous production of the active metabolite
had been blocked by high dietary strontium, induced intestinal
CaBP and produced an increase in calcium and phosphate absorption
from the small intestine.
Bioactivity of Trisetum flavescens in strontium-fed chicks

Bioactivity of T.f. in Sr-fed chicks was confirmed by the
following experiments. One day old chicks were placed on a starter
diet for 2-3 weeks and were then divided into two groups. A number
of chicks were put on an experimental diet adequate in vitamin D^
(12OO I.U./kg) but supplemented with 2.5% strontium ("high strontium"
diet) to prevent endogenous synthesis of 1,25-dihydroxyvitamin D,.
Other chicks were fed the "high strontium" diet containing 22%
lyophilized T.f. After two weeks on the experimental diets plasma
calcium, phosphate, and bone ash were determined (Tab. 4).

Table 4: Influence of T.f. on plasma Ca, P and bone ash in Sr-fed
chicks

Diet
"High Sr"

Plasna Ca (mM)
2.45 + 0.03

"High Sr"
+ T.f. (22%) 2.61 + 0.08

Plasma P (mM)
2.78 + 0.09

3.88 + 0.13

% lone ash
38.8 + 1.2

43.8 + 1.4

Data are expressed as mean+.S.E. from at least five determinations
(•+)Significantly different from corresponding value of "high Sr"

group (P <O.05)

Inclusion of high amounts of T_._f . in a "high strontium" diet
produced an increase in bone ash, plasma total Ca and most notably,
plasma inorganic phosphate. This again suggests that the plant
might contain some 1,25-dihydroxyvitamin D-like activity.

On the other hand, Rambeck at al. 03) were able to isolate
authentic vitamin D., from T. f. and, in addition, even showed that
biosynthesis of cholecalciferol takes place in this plant species
under the influence of UV light (12). These authors, however, did
not detect any other vitamin D~-related compounds by the isolation
procedure used. This finding, of course, explains the bioactivity
of T.f. in vitamin D-deficient chicks but cannot account for the
biological response elicited in strontium fed chicks or for the
massive calcinosis encountered in grazing animals. Thus, the search
for the "true" calcinogenic compound has to be continued.

From the relatively high amount of T.f. which had to
be mixed into the "high strontium" diet to demonstrate some bio-
activity (cf. also lo), the actually calcinogenic vitamin D com-
pound must comprise only a small fraction of the total vitamin D
content of T.f. To facilitate the bioassay procedure we tried
to obtain fractions enriched in calcinogenic activity by extraction
of lyophilized plant material with organic solvents.
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Bioactivitv of T.f. extracts
We found that an active fraction could be prepared by exhaustive

extraction of dried T.f. with a methanol :CHC1 mixture. The ex-
traction procedure was as follows: T.f. was stored at -2O C before
use and was then lyophilized for 36-48 hours. 5oo g of lyophilized
material was finely chopped in a household blender and stirred with
5 vol. of methanol: chloroform 2:1 (v/v) at 4 C for 4 h in a Nnatmosphere. After filtration the residue was washed twice
1 vol. solvent. The combined organic extract was evaporated in a
rotatory evaporator in vacuo at 37° C. On the average, 13 g of
an oily residue were obtained from BOO g lyophilized T.f .

The ability of this extract to counteract the strontium effect
on bone mineralization and on plasma calcium and phosphate was
tested as follows: Chicks raised on a commercial starter diet for
18 days were divided into three groups which were fed the diets
detailed in Tab. 5: The "high strontium" diet was fortified with
additional vitamin D3 according to the sterol ' s concentration inT . f . The methariol/chlorof orm soluble extract from 5OO g T. f was
mixed with 1 kg of the "high strontium" diet. The normal diet
contained the same amount of vitamin D-. as the aforementioned diets.

Table 5; Composition of experimental diets
Diet Strontium

From T.f.
High Sr 2.5%

High Sr. + T.f.
Normal

O I£. • .

Vitamin D3 (I.U./kg diet)

1200

Synthetic
36OO

2400

360O

Total

36OO

36OO

3600

Calculation of vitamin D, content of lyophilized T.f. was
on ref. &.

Chicks were fed the experimental diets fui lu days. Results of
bone ash, plasma Ca and P determinations are shown in Tab. 6.
The combined data suggest1that Trisetum flavescens does contain a
caDcinogenic substance in addition to vitamin D. which to sonie
degree prevents strontium-induced demineralizatlon of bone as well
as hypophosphatemia and hypocalcemia. This finding raises some

Table 6: Effect of a T.f. extract on bone mineralization, plasma
Ca and P in strontium-fed chicks

Diet % Bone ash
High strontium 43.3 + O.4
High strontium
+ T.f. extract 44.8 + O.3
Normal 47.9 + O.8

Plasma Ca (mM)
1.91 ± 0.10

2.04 + 0.01
2.3O + O.O4

Plasma P (mM)
2.1O + 0.08

2.51 + 0.08
2.24 + O.O9

Data are expressed as mean + S.E. from five determinations.
+) Significantly different from corresponding value in "high Sr"

group
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questions on the nature of the unknown calcinogenic factor, whether
it might be 1,25-dihydroxyvitamin D or even some other biologically
active vitamin D derivative. Until now no vitamin D metabolite other
than 1,25-dihydroxyvitamin D has been isolated or synthesized that
is active in strontium-fed animals, i.e. in a condition resembling
the nephrectomized state as far as the synthesis of the active
metabolite is concerned. Until evidence to the contrary is provided,
it is reasonable to assume that the calcinogenic factor in its
molecular structure might closely resemble 1,25-dihydroxyvitamin D.
Final proof of this assumption, however, will ultimately depend
on the isolation and characterization of the vitamin D-related
compound^) oresent in Trisetum flavescens in addition to vitamin D_.
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PROBLEMS IN THE DIAGNOSIS OF TRACE ELEMENT DEFICIENCY
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Freising-Weihenstephan,
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ABSTRACT

This paper reviews c u r r e n t knowledge on the m e t a b o l i s m of t race e l emen t s
( e . g . , z inc , copper and manganese ) and describes the p rob lems of diagnosing
d e f i c i e n c i e s of such e l e m e n t s . At the momen t , the most p r o m i s i n g and sen-
s i t i v e L e s t s for these e l e m e n t s a re the response t echn iques or f u n c t i o n a l
t e s t s where the a n i m a l or i t s serum is t r e a t e d wi th the e l e m e n t unde r
s t u d y and the response to th i s t r e a t m e n t measu red . R a d i o i s o t o p e s have
p a r t i c u l a r advan tages in such tes t s , but in the f u t u r e , the use of s table
isotope t e c h n i q u e s w i l l become i nc rea s ing ly i m p o r t a n t .

1. Introduction

Analytical studies on the trace element content in feeds tuf f s give

only limited information on the actual supply of farm animals.

No conclusion can be drawn on the amount truly available for

biological functions of the body. Therefore, criteria for mineral

imbalance mainly have to be examined in animal studies and

suitable methods must be developed to diagnose a suboptimal

supply status. This intention can only be met with success when

simultaneously more knowledge on trace element metabolism is

available. On this basis the coordinated program was formed

between the Atomic Energy Agency and our research insti tution.

The following paper will give a more general statement on

problems in the diagnosis of trace element deficiency. The work

is focussed on the elements zinc, copper and manganese.

2. Trace element content in body fluids and organs

Blood

The measurement of the trace element concentration in blood,

plasma or serum is very often used to check the supply status.

In this case, it is very simple to take the samples. Under

definite experimental conditions of feeding an extremely Zn-

deficient diet, the serum Zn content will be reduced significantly

within a few days (Pallauf and Kirchgeflner, 1972). Similarly,

milking cows will show a lower Zn concentration in serum

af te r two weeks of feeding a semi-synthetic diet with 6 mg Zn/kg

diet (Schwarz and KirchgeBner, 1975 a). On the other hand, the
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serum Zn concentration reflects quite well the di f ferent nutritional

Zn supply after a fourteen-day period of Zn repletion of Zn-

depleted rats (table 1, Roth and Kirchgefiner, 1979 a). Also,

Table 1 Response of the Zn concentration in the serum

to d i f ferent Zn supplements during a fourteen-day

repletion

Zn supplements

(ppm) 2 4 6 8 10 12 20

Zn concentra-

tion in the

serum ( / u g / m l )

0.38 0 .34 0 .34 0 .48 0 .80 0 .78 1.11

± 0 . 1 3 ± 0 . 0 3 ±0 .04 ± 0 . 0 4 ±0 13 ±0 .13 ± 0 . 1 4

the Cu concentration in the serum diminishes rapidly af ter a lowered

Cu intake (Spoerl and Kirchgeflner, 1975 a). Under practical

conditions, however, serum zinc and copper will not change in

a short period of suboptimal supply. Due to higher Cu or Zn

amounts in the diet after a depletion period, serum Zn concentration

will reach a plateau earlier than storage organs such as liver or

bone These results depend upon the homeostatic regulation

mechanisms in the organism attempting to maintain a steady

balance in serum concentration (Kirchgefiner et al. , 1980).

Therefore, the diagnosis of a suboptimal trace element deficiency

only on the basis of the serum content as the sole parameter

will not be sensitive enough. Also, there are some factors

which will change the trace element concentration independent

of the nutritive amount. These mam influences are e.g the

time of taking blood samples, age of the animal, gravidity and

lactation, stress, infections or other diseases In addition to

these problems, the question comes up in what range serum

levels of the different trace elements are "normal".

In order to overcome these difficulties a new sensitive parameter

for diagnosing the early stage of marginal Zn supply could be the

in vitro analysis of the percent Zn-binding capacity of serum.

This procedure has been worked out by Roth and Kirchgefiner

(1980 a). As it is shown in table 2 (Roth and Kirchgefiner, 1980 a).
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Table 2: Zn-binding capacity and Zn content of the serum

in response to dietary Zn supply

Dietary zinc

1

(ppm)

1.3

6

0

20

100

Zn- binding

capacity

87.

84.

74.

69.

58.

<

1

3

2

2

9

%

±

±

±

±

±

)

2.

2.

4.

3.

5 .

7

1

8

7

3

Zn concentration

(pg

0.

0.

0.

0.

1.

Zn/ml

40

42

61

84

26

±

±

±

±

±

0.

0.

0.

0.

0.

serum)

09

14

11

08

10

the binding capacity of serum was nearly 90 % in the range of

severely deficient Zn supply from 1 to 4 ppm in the diet. It

fell to about 60 % as the dietary Zn content was raised up

to 100 ppm. For the in vitro incubation of the serum zinc-65

could also be used.

In d i f fe ren t studies (Chesters and Will, 1978; Roth and

Kirchgef3ner, 1979 b) it has been shown that the in vitro uptake

of zmc-65 of the erythrocytes is negatively correlated to the

Zn supply s ta tus (table 3, Roth and Kirchgefiner, 1979 b).

65Table 3- Zn uptake of erythrocyte in vitro in response

to dietary

Dietary zinc 2

(ppm)

6 bZn uptake (%) 26

± 9 . 3

Zn supply ( % of the Zn dose )

6 10 20 100

33 22 18 17

± 4 . 8 t 2 . 5 ± 2 . 6 ± 1 . 7

However, in the opinion of Chesters and Will (1978) this method

is of no advantage in comparison to the serum Zn concentration.

The zmc-65 uptake of the erythrocytes corresponds to similar

factors as the serum zinc.
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Uj-me

The renal excretion of the trace elements zinc, copper or manganese

is very low. The findings on the amount of Zn excretion in relation

to the nutritive supply status show only small differences (Weigand

and Kirchgeflner, 1977). Therefore, the urinary Zn excretion seems

to be no useful parameter for the diagnosis. In different diseases

the Zn excretion of the urine is raised significantly (Sandstead et

al., 1976).

Milk

The Zn content of milk reflects the supply status quite well

(Fig. 1, Schwarz and Kirchgefiner, 1975 b). Therefore, this

measurement could be a useful additional parameter for the

diagnosis. The Cu content of milk is diminished only af te r a

long period of severe Cu deficiency (Spoerl and Kirchgefiner, 1975 b;

KirchgeRner et a l . , 1981). High Cu supplementation of the diet does

not change the Cu content of milk (Schwarz and Kirchgefine r,

1978),

Liver, bone, hair

Organs used to measure deficiencies of trace elements should

reflect the supply status of the whole organism and should change

the concentration rapidly with the dietary amount . The main

organ to store copper is the liver. A Cu-def ic ient diet reduces

the Cu concentrat ion in the liver significantly (Fig. 2, Grafimann

and Kirehgefiner, 1973). However, especially age and also

gravidity will influence the liver Cu concentration. Similarly

to copper, the Mn content of the liver varies with d i f ferent

Mn dietary content (Kirchgefiner and Heiseke, 1977 — s e e also

table 9). By contrast , the Zn amount in the liver changes little

with the supply s ta tus (see also table 5 and 10).

One of the best parameters for diagnosing Zn deficiency is the

bone Zn concentration (see also table 5 and 10). Dif ferent findings

confirm a nearly linear relationship between bone Zn content and

dietary zinc over a wide range of Zn supplements (Momcilovic

and Shah, 1976; Forbes and Parker, 197J1 ; Kirchgefiner et al. ,

1980). Also, Mn concentration of the bone gives a good answer

to the Mn supply status (Kirchgeflner and Heiseke, 1977 - see also

table 9). Nevertheless, some caution is necessary due to interaction
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problems between different trace elements. For example, in

Cu deficiency there is an iron accumulation in the liver and

spleen despite a hypochromic, microcytic Fe anemia. In Zn

deficiency, Cu retention is raised, whereas Mn retention is

lowered. Further details are reported in a newer review

(KirchgeCner et al., 1979 a).

Much work has been spent to use the trace element content in

the hair as an indicator for the supply status (Anke and Risch,

1979). One advantage is that it is very easy to take samples. Fig-

ure 3 (Pallauf and Kirchgeftner, 1973) illustrates the relation-

ship between dietary zinc and hair Zn content. In the suboptimal

supply status hair zinc closely corresponds to Zn supply, where-

as no significant relationship exists with severe Zn deficiency

or with higher Zn amounts. Also, the dynamics of stored hair

zinc is very low. Hence, this method is not always of great

benefit to characterize the supply status.

3. Biochemical parameters

The activity of the Cu-contaimng coerulo plasm in changes very

rapidly with di f ferent dietary Cu content (Fig. 2, Grafimann

and Kirchgeftner, 1973). Nearly 60 to 99 % of the copper in

plasma, depending upon animal species, is bound to coeruloplasmin

(Evans and Wiederanders, 1967). The half-life of 5 days for this

enzyme is short. Therefore, the activity of coeruloplasmin is a

very sensitive parameter of marginal Cu supply - also the short

term differences - and responds very early to Cu supplements

after deficiency (Grafimann and KirchgeGner, 1973).

Among all Zn metalloenzymes, the alkaline phosphatase of

serum shows the strongest and fastest loss in its activity in

response to inadequate Zn supply. Therefore, this enzyme could

be used as sensitive parameter to indicate Zn supply status.

Again, there might be some problems with this indicator as is

the case with the serum Zn concentration because the question

arises as to what are "normal values" during optimal Zn supply

in different species. Also, the activity of alkaline phosphatase

may change due to influences other than dietary zinc. To over-

come these problems, Roth and Kirchgefiner (1979 a, 1980 b)

proposed an in vivo response technique. As is shown in table 4
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Table 4 Alkaline phosphatase activity before and after Zn

injection responding to dietary Zn supply

Dietary Zinc Alkaline phosphatase in the serum

(ppm) (mil/ml)

Increase in

the activity

before Zn injection af ter Zn injection ( % )

2

6

10

20

10U

23 ± 8

88 ± 41

139 ± 29

175 ± 39

239 ± 27

152 ± 36

195 ± 61

193 ± 33

249 ± 66

246 ± 50

555

122

39

42

3

(Roth and KirchgeBner, 1979 a) the activity of this enzyme was

measured before and three days after Zn injection. The response

in the activity of the enzyme correlates quite well with the supply

status. However, a diagnosis oi Zn deficiency due to a rise in the

activi ty of alkaline phosphatase in vitro in response to adding a

Zn-contaming reaction buf fe r is not possible (Roth and Kirchgefiner,

1979 c).

For manganese, specific Mn metalloenzymes are yet unknown. How-

ever, there are some enzymes which are activated by manganese.

A good indicator seems to be the liver argmase. According to

results from newer findings, the liver arginase is reduced by

more than two thirds in Mn-deficient rats in comparison to

adequately fed animals (KirchgeBner and Heiseke, 1978).

For a more detailed description of biochemical parameters,

reference is made to some new reviews (KirchgeBner and Roth,

1976; KirchgeBner et al. , 1979 b).

4. Diagnosis ol trace element deficiency by isotopes

The organism at tempts to maintain a steady balance of trace

elements and, therefore, counteracts any changes in d ie ta ry intake

by making adjus tments . According to several results it may be

postulated that the trace elements zinc, copper, manganese, and

within limitations iron are underlying strict homeostatic

regulatory mechanisms. For fu r the r explanations f igure 4
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(Kirchgefiner et al., 1974; Kirchgefiner and Schwarz, 1976) should

be used as a model of the trace element metabolism. After an

oral uptake the trace element will be absorbed in the intestine

and enter the distribution pool (step 1), that is the blood or

serum, it may be stored (retained) in the liver, bone or other

depots (step 2) or it may be used for different syntheses, e.g.

for metalloenzymes, - or it may be excreted via the intestinal

wall as endogenous fecal excretion (step 3). These three steps

play together in order to maintain a steady balance and a certain

trace element level in the distribution pool. This balance is

called the homeostatic regulation of trace element metabolism.

Expressed in a simplified way, in the case of a lack of nutritional

intake trace elements are at first replenished from depots. These

depots are gradually depleted. The absorption increases and the

endogenous excretion is limited. When there is an abundant dietary

intake of the trace elements, the resulting adjustments are the

opposite of these made in deficiency. After the depots of the

organs are replenished, the rate of intestinal absorption declines,

and at the same time, the endogenous excretion increases.

Consequently, there is a negative feedback from the supply status

on the absorption and a positive one on the endogenous secretion.

These mechanisrn-S form the basis for a model to diagnose

deficiencies of trace elements in the organism using isotopes.

The extent of absorption, retention and excretion are dependent

upon the state of supply and can thus be applied to measure the

supply state of the trace element.

The supposition for this model was given in the report of 1976

(Kirchgefiner and Schwarz, 1976) where results from several

experiments were submitted. In f igure 5 the absorption and

excretion of zinc (Weigand and Kirchgefiner, 1978) - measured

with an isotopic dilution technique (Weigand and Kirchgeflner,

1976) - is shown. Again, it clearly indicates the adaptation to a

different dietary supply status. As it was pointed out in the

earlier report (Kirchgeflner and Schwarz, 1976) the measurement

of the endogenous fecal excretion after a single radioisotope i. v.

dose has the advantage of a very simple sampling. Therefore,

in repeated experiments, rats with a varying Zn supply status

in the range of a marginal, suboptimal, adequate and high

dietary Zn amount received a single i.v. dose of Zn-ZnSO
P -

(about 2 / jCi zinc and 300 mg zinc). After 24 hours, the
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radioactivity of zinc was measured in the iaeces and expressed

as percentage of the i. v. dose. There is a highly significant

relationship (B = 0.98, PC 0 .001) between the endogenous fecal

excretion and the dietary Zn supply as it is shown by the regres-

sion in figure 6 (KirchgeGner et al. 1979 b).

The measurements of the absorption and especially of the

endogenous fecal excretion of trace elements may be used as

func t iona l tests for the supply status. These methods are very

sensitive because the pathways of absorption and excretion adapt

much earlier to the dietary supply than the retention of stored

trace elements or the concentration in body f lu ids would change.

The above model studies were done under definite conditions

( e . g . semi-synthet ic diets) or with animals of the same breed

and age. From these the questions arise, firstly whether

in teract ions between different trace elements would change the

metabolic pathways of the trace elements and, secondly whether

the physiological status (gravidity or lactation) influences the

absorption, excretion and retention of a single element. Both

fac tors are of special interest for using the parameters oi

absorption or excretion to detect a mineral imbalance.

4. 1 Interact ions of zinc and copper

Imbalances between zinc and copper may occur because of either

a deficiency of zinc or copper even if the counteracting element

remains adequate. Consequently, when the supply is low, copper

will be present at a relatively high level compared to zinc. In

the case ot Cu deficiency the opposite situation occurs.

The e f f e c t s of Zn depletion on Cu metabolism are shown in the

next two tables. In Zn deficiency the Cu concentrations in liver

and bone increase along with reductions in Zn concentrations

(table 5, Roth and Kirchgefiner, 1977). These two trace elements

also showed opposing responses regarding the level of their

excretion in the milk of highly Zn-depleted dairy cows

(Kirchgefiner et al. , 1978). The supply status of zinc also

inf luences Cu absorption (table G). The absorption of both zinc



Table 5: Changes in the Cu and Zn contents of liver and bone

during Zn deficiency

Zinc deficiency
(1.2 mg Zn/kg
+ 5 mg Cu/kg
in the diet)

Control (pair-fed)
(96 mg Zn/kg
+ 5 mg Cu/kg

in the diet)

Liver (/ug/g DMa)

Zinc

Copper

Bone (ug/g DM)

Zinc

Copper

98 ± 4

26 ± 4

52 ± 6

18 ± 4

100 ± 4

22 ± 2

232 ± 14

10 ± 3

DM = dry matter

Table 6: Interactions in the intestinal transfer of copper and

zinc during either Zn or Cu deficiency (ng/intestinal

sac • 60 mm)

Intestinal

Cu transfer

Intestinal

Zn transfer

Trial 1

Cu deficiency (0. 5 mg

Cu/kg diet)

Control (4 mg Cu/kg

diet)

29 ± 7

± 2

22 ± 5

19 ± 4

Trial 2

Zn deficiency (2 mg Zn/kg

diet) 77 ± 23

Control (70 mg Zn/kg

diet) 17 ± 4

68 ± 11

17 ± 2

and copper, administered separately, is improved by Zn deficiency

(Schwarz and Kirchgefiner, 1974 a, b).

During Cu deficiency the zinc status is affected little. Usually, a

slight increase of Zn retention is indicated in Cu-deficient animals

as compared to controls given a normal Cu supply. Table 7 shows
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Table 7 Changes in the Zn and Cu contents of serum,

liver and bone during Cu deficiency

Cu deficiency Control
( 0 . 2 4 mg Cu/kg (7 7 mg Cu/kg
3 0 . 0 mg Zn/kg) 30 .0 mg Zn/kg)

Copper

Serum (pg /ml ) 0 .10 ± 0 .03 1.03 ± 0 .08

Liver ( /Jg/g DM) 2 . 5 3 ± 0 .77 9 .00 ± 1.55

Bone (ng/g DM) 6 .16 ± 1.12 7.51 ± 1 .36

Zinc

Serum ( jug /ml ) 1 . 8 3 ± 0 . 2 0 1 . 7 0 ± 0 . 2 0

Liver ( / u g / g DM) 4 2 . 1 ± 4.7 3 9 . 2 ± 4.0

Bone ( / ug /g DM) 2 4 6 . 0 ± 1 2 . 8 236 .0 ± 1 1 . 3

that the Zn contents in bone, liver, and serum of Cu-def ic ient rats

were found to be increased by about 5 to 10 %, whereas the Cu

contents were reduced dramatically (Schwarz and Kirchgefiner,

1979 a). Under the same feeding condition Cu deficiency shows

no interaction with the absorption and excretion of zinc, but for

copper these pathways adapted quite well to the supply status

(Schwarz and Kirchgeflner, 1979 b, table 8).

Table 8 Absorpt ion and excretion of copper and zinc af ter

Cu depletion

Cu depletion Control
( 0 . 2 4 ppm Cu ( 7 . 7 ppm Cu
30 ppm Zn) 30 ppm Zn)

Absorption (% of the

intestinal dose)

Copper 17.8 ± 5.7 12. 6 ± 7.1

Zinc 4 3 . 7 ± 6.7 44 .7 ± 4.1

Excretion (% of the

i .v. dose)

Copper 2 2 . 7 ± 4.6 4 2 . 7 ± 5.7

Zinc 12.2 ± 2.4 14. 1 ± 1.8
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4. 2 Interactions of zinc and manganese

Concerning manganese only few interactions with other essential

trace elemento are known According to results of Heiseke and

Kirchgefiner (1978) slight reductions of zinc concentrations could

be noted in liver, kidneys, spleen and bone in Mn deficiency

when the Mn contents were markedly diminished Furthermore,

there are several indications that Zn retention may increase

in response to diets highly supplemented with manganese as

compared to unsupplemented rations despite the Zn supply re-

maining the same (Grace, 1973, Ivan and Grieve, 197t>, Jarvmen

and Ahlstrom, 197t>) In a recent experiment (Schwarz and

KirchgefJner, 198U) Zn contents of liver and bone responded

differently to deficient Mn supply (table 9), while the Mn

Table 9 Mn and Zn concentration in liver and femur in

relation to Mn nutrit ion

Pretreatment Mn deficiency Pair-fed control

(1 ppm Mn; 86 ppm Zn) (67 ppm Mn; 88 ppm Zn)

Manganebe (pg /g DM)

Liver 3 . 1 t 0 2 6 7 ± 0 4

Femur 0 9 ± 0 1 13. 0 t 0 6

Zinc ( p g / g DM)

Liver 63.3 ± 5.o 68 0 ± 8 5

Femur 482 9 t 12.1 446 6 ± 12.7

concentration was lowered significantly.

During Zn deficiency, not jus t the concentration of zinc but also

of manganese decreased in the liver, small-intestinal wall and bone

(table 10, Schwarz and Kirchgefiner, 1980) Mn contents increased

again with appropriate Zn supplements although Mn supply remained

the same (Roth and Kirchgeflner, 1977).
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Table 10 Zn and Mn concentrations in liver and f emur in

relation to Zn nu t r i t ion

Pre t r ea tmen t Zn deficiency

(3 ppm Zn, 64 ppm Mn)

Pair-fed control

ppm Zn, 67 ppm Mn)

Zinc (/ ig/g DM)

Liver

Femur

7 2 . 4 ± 4 .0

70. 4 ± 6.1

bo. 0 ± 3.0

206. 0 ± 8.0

Manganese ( ; u g / g DM1!

Liver

Femur

10. 7 ± 0.7

6. o ± O.o

13. 2 ± 0. 8

2 0 . 4 ± 2 . 6

On the basis of these concentration measurements in various

organs, the overall finding is that zinc and manganese respond

equidirectionally to dif ferences in supply of these two metals.

This is also supported by studies showing that a deficiency of

either manganese or /me augments the retention of i .v . administered

zinc and manganese and lowers the extent ol their endogenous

excret ion (see table 11, Schwarz and Kirchgefiner, 1980) Ef fec t s

of this in terac t ion on the extent of absorption are not evident

Thus, Mn absorption does not change with Zn def ic iency Like-

wise, the intest inal uptake of zinc and transport of z inc is not

a f fec t ed by Mn depletion ( table 12, Schwarz and KirchgeGner, 1980).

Taole 11 Entera l excretion of an i.v dose of Zn-ZnCl
54or Mn-MnCl following d i f ferent Zn and Mn

iLt

nutr i t ion (values in % of dose)

Zn excretion

Mn excretion

Zn deficiency

o. 2

± 0 . 8

7 j . 8

± 1 . 0

Control

25.0

± 1 . 6

7 7 . 0

± 4 6

Mn deficiency

16.9

± 1 9

7 5 . 7

± 2.8

Control

24.4

± i 7

7 9 . 6

± 3 . 2
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Table 12: Absorption of zinc and manganese after Zn or

Mn depletion

Zn absorption

in vitro

transfer uptake

ng/ml y u g / l O U mg DM

Mn absorption

in vitro

transfer uptake

ng/ml n g / l O U m g D M

Zn depletion 183 2.6

Control

(Pair-fed) 6 .4 0 .5

Mn depletion 6.3 0.4

Control

(Pair-fed) 8.4 0.6

4.4 131

4.5 111

5.5 244

5.3 162

4. 3 Influence of gravidity and lactation on Zn metabolism

Gravidity and lactation significantly influence metabolism. There-

fore, changes in the retention, absorption and excretion of trace

elements could be possible. As it is shown in table 13, Zn

Table 13: Zn content in liver and serum of rats during

gravidity and lactation

Gravid

(day 21S

Control Af te r Lactation Control

Liver (fj g Zn total)

Dietary zinc

20 ppm

100 ppm

270

256

183

185

188

190

182

193

Liver (ng Zn/g DM)

Dietary zinc

20 ppm

100 ppm

Serum (/ug Zn/ml)

Dietary zinc

20 ppm

100 ppm

84

89

0. 74

1.24

83

87

1.47

1. 53

87

85

1.24

1 .26

81

87

1.35

1.46
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retention in the liver clearly increases dur ing gravidity

(Kirchgefiner and Schneider, 1978). This is mainly caused by

an additional growth of the liver because the Zn concentration is

nearly unchanged. Under the same condition the serum Zn
concentration is diminished, whereas the Cu concentration

increases (Kirchgefiner and Spoerl, 1975) . This reduction of the

Zn content in serum during gravidity is clearly depending upon

the dietary Zn content. A high Zn amount has a beneficial e f fec t

on the Zn concentration in serum.

Gravidity and lactation change also the absorption rate of zinc.

The exper imenta l s tudies were done with the in vitro method

using Zn-ZnCl (Schwarz et al. , 1981). As it is shown in

table 14, Zn t r ans fe r to the serosal fluid and Zn uptake by the

intestinal wall is somewhat higher in the second third of the

gravidi ty period in comparison to the control group, whereas in

the last third there ifa a t remendous increase of the absorption

rate. Dur ing the lactation period, the absorption declines again

and therefore , is higher than in nonlactating controls only in the

f i rs t days.

Table 14 Zn t ransfer to the serosal solution and uptake by

the intestinal wall of gravid and lactating rats

Zn t r ans fe r

(pg /ml )

Control

Gravidity

Lactation

(days)

6

12

18

20

(days)

1

3

8

21

11

8.

19.

168.

112.

31.

22.

8.

7.

4

6

6

8

8

7

0

6

0

±

±

±

±

±

±

t

±

±

1.

1.

3.

15.

13.

5 .

6.

1.

1.

3

5

5

0

8

7

6

6

8

Zn uptake

(pg /g D M )

4.

3.

5.

11.

9.

6.

6.

3.

3.

71

73

68

56

83

28

14

93

72

±

±

±

±

±

±

±

±

±

0.

0.

0.

0.

0.

0.

0.

0.

0.

21

28

51

47

89

74

68

46

47
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9. Conclusions

In order to find the best methods for detecting a mineral imbalance,

at first model studies under definite conditions are necessary with

a supply status in the range of deficient, suboptimal, adequate and

high supplements. As it is evident from the response the criteria of the

trace element content in body fluids and organs, of biochemical

parameters or of functional tests with isotopes there is no "method

of choice". Therefore, to give an unequivocal diagnosis more than

one parameter must be tested. Also, there is a difference in the

importance of the criteria to different trace elements.

Problems could arise especially in using "normal" or "standard"

values of trace element contents in body fluids, organs or of the

enzyme activities.. As it was shown in the coordinated research

work with the agency, factors like interactions between different

trace elements or the physiological status can change these "normal"

values. At the moment, the most promising and most sensitive
methods for zinc, copper and manganese are the response

techniques or functional tests. In these diagnoses the animal

- or a part of it like the serum - is treated with the element under

investigation and the response to this treatment is used as parameter.

Radioisotopes can be of special advantage. But in the future, much

more interest should be given to stable isotopes. Also, more

experience for the different methods under field conditions is

necessary.
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EFFECT OF SELENIUM DEFICIENCY ON SELENIUM-75 AND CALCIUM-45 METABOLISM
IN CHICKS

J.S. EDWARDLY
Centre for the Application of Isotopes and Radiation,
National Atomic Energy Agency,
Jakarta,
Indonesia

ABSTRACT

Two hundred, 1 day old broiler chicks were divided into five groups.
One group was fed a purified basal diet low in selenium ( ̂ O.O3 ppm).
Three other groups were fed the basal diet supplemented with O.O5, O.I or 0.15 ppm
Se. The fifth group was fed the basal diet supplemented with 1OO IU Vit. E. per
kg of diet.

After three or four weeks on the experimental diets, chicks were given
75 45an oral dose of Se or Ca. Blood, and tissue levels of radioisotopes, as

well as total body excretion of radioactivity were determined.

While body retention of Se was significantly higher (p̂  O.O5) in
Se deficient chicks than in the supplemented groups. Liver Se level was
also consistently higher in unsupplemented chicks.

45Retention of Ca was significantly higher in selenium deficient chicks
than in supplemented animals. Total Ca concentration in muscle was also higher
in this group.

Studies of red cell uptake of Se demonstrated a clear difference
between Se repleted and selenium deficient groups.

Selenium deficient chicks demonstrated poor growth of feathers, reduced
weight gain and a high mortality as compared to the supplemented groups.

INTRODUCTION

Selenium is an essential nutrient for animals, including poultry. In the
chicken adequate selenium is required for prevention of exudative diathesis,
pancreatic fibrosis and muscular dystrophy (Cries and Scott, 1972). As in
other species, selenium deficiency disease in poultry occurs primarily in the
young growing animal. Selenium levels in various tissues have been measured in
selenium deficient and replete animals (Scott and Cantor, 1971, Arnold et al., 1974),
However, adequate diagnostic criteria for selenium deficiency in chicks are
still needed.
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In lambs it has been shown that a disturbance of muscle metabolism
characterized by increased levels of calcium in the muscle, occurs as an early
sign of nutritional muscular dystrophy. (Godwin et al.,1974). This increase
in muscle calcium occurs prior to any clinical signs of disease.

The objectives of these studies were to determine tissue concentrations
75 45of Se and Ca in selenium deficient chicks and also in chicks supplemented wi

various levels of selenium after oral administration of the radioisotopes. Red
cell uptake of Se was also evaluated. The goal was to develop practical
diagnostic tests for evaluating selenium status of chickens.

Materials and Methods
Two hundred broiler chicks (1 day old) were used for these experiments.

The chicks were randomly allotted to five dietary groups. The basal group was fed
a purified diet containing ̂ 0.03 ppm selenium (Table 1). Three other groups
were fed the basal diet supplemented with 0.05, 0.1O or O.15 ppm selenium.
The fifth group was fed the basal diet supplemented with vitamin E (100 IU alpha
tocopherol per kg of feed).

Chicks were weighed and examined for clinical signs of selenium deficiency
disease on 9 weekly basis.

After 3 or 4 weeks of feeding the experimental diets, ten chicks from
each group were given an oral dose of 4 AiCi Se as sodium selenite. Heparinized
blood samples were taken by cardiac puncture at 2, 4, 6, 24 and 48 hours after
dosing for determination of the plasma disappearance curve of Se.

Excreta including urine and faeces, was dried, ground and ashed at 550 C
for three hours.

At 48 hours after dosing, the animals were killed and various tissues
including liver, heart and muscle were collected for determination of 75Se
retention.

For determination of red cell Se uptake, 4-5 ml of heparinized blood
was incubated in air at room temperature with 2̂0/uCi of Se as Ĥ SeO.,.
At 3O, 60, 120 and 18O minutes, 0.5 ml was removed from the incubation mixture.
The red cells were washed twice in ten volumes of isotonic saline solution before
counting. The uptake was normalized to a PCV of 4O in all cases.

Levels of Se in blood, tissues, and excreta were determined in an
automatic well-type gamma counter with a Nal crystal.

45For determination of Ca retention, ten chicks from each group were
45given an oral dose of 3-4 ,uCi Ca as calcium chloride. Excreta was collected

and processed as in the 7$Se epxeriments. The ashed excreta was diluted to a
45constant volume in 6 NHC1. The level of Ca was obtained in an automatic

liquid scintillation counter as previously described (Godwin et al., 1974).
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Stable selenium in blood and excreta was determined by neutron activation
analysis.

Itesults and Discussion

The effect of selenium deficiency on the plasma disappearance curve of
Se after an oral dose is shown (Fig. 1).

It can be seen that Se deficient animals maintained a consistently higher
(+2O%) level of Se in the plasma when compared to the three supplemented groups.
This suggests a greater intestinal absorption of Se in the deficient as compared
to the supplemented animals.

Tissue levels of Se in the various groups are given (Table 2). The
data show that the selenium deficient chicks retained a higher fraction of Se
in all three tissues than did any of the supplemented groups. It can be seen
that the liver retained a higher fraction of radioactivity than did heart or
muscle tissue in all groups, the liver level approximately 2-4 times that in
the heart and 8-10 times that found in skeletal muscle. The increased level of
Se found in the tissues of selenium deficient animals suggest a greater demand

for Se in the deficient animals.
There were no apparent differences in Se retention among the three

supplemented groups.

Selenium supplementation significantly increased the 48 hours excretion
of Se (Table 3). Animals supplemented with O.O5 ppm Se excreted 43% more
of the dose than did those in the deficient group (29.3% vs 19.8%). Increasing
levels of supplemental selenium resulted in non-significant increases in
excretion when compared to the O.05 ppm group. This data strongly implies
an increased absorption of Se in deficient animals and is compatible with the
plasma Se data (Fig. 1).

Red cell uptake of Se revealed a clear difference between deficient
and supplemented chicks (Fig. 2). Animals fed the basal diet and those
supplemented with either O.O5 ppm Se or vit. E had peak red cell Se uptake
values above 23%, while animals supplemented with either O.I or 0.15 ppm Se
demonstrated peak uptake values of 15% or less. The shape of the uptake curves
differed somewhat between deficient and replete groups. The deficient groups
but not the vit. E supplemented group demonstrated a peak uptake at 12O minutes
while the supplemented groups peaked at thirty minutes and decreased thereafter.
This data suggests that perhaps O.05 ppm Se supplementation of the basal diet
is not sufficient to ensure adequate selenium status. Further studies are
needed in this area.

45Excretion of Ca in the five experimental groups is shown in Table 4.
45Selenium deficient animals retained significantly more Ca than did those with

selenium supplementation as evidenced by a significantly reduced excretion in
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unsupplemented animals and vit. E. supplemented animals cotpared to animals
supplemented with 0.1 or 0.15 ppm of selenium. Animals supplemented with O.O5 ppm
Se demonstrated a retention less than that of deficient animals (76% vs 84%) but
greater than that of animals supplemented with O.I or O.15 ppm Se (76% vs 52%).
The data is conpatible with the results of the Se red cell uptake studies
which also suggest that O.O5 Se supplementation may be inadequate.

45Interestingly, the Ca excretion data indicates the possibility that
intestinal calcium absorption may be increased in selenium deficiency. However,
since urine and faeces were collected and analysed together, another possibility
is that while intestinal calcium absorption is unchanged in selenium deficiency,
urinary excretion is greatly reduced. Additional experiments are needed to
clarify this question.

45Muscle calcium levels reflect the excretion values for Ca; deficient
animals show a higher level of total muscle calcium than the supplemented animals
(Table 5). In this case, however, there are no significant differences among
the supplemented groups.

45The Ca retention data in the study agrees with the work done in lambs
45(Godwin et al., 1974) where Ca retention was found to be significantly higher

in dystrophic lambs. The data reported here thus demonstrate that a disturbance
in calcium distribution is also founa in selenium deficient chicks. Further
study is needed to detertrone Lhe temporal sequence between the increase in
muscular calcium concentration and the appearance of clinical and histological
changes in seleniom deficient chicks.

The data in this study indicate several possible diagnostic indicators
for selenium deficiency. Radioselenium retention in liver, total body Se

45retention, calcium level in muscle, Ca retention, and red cell uptake of
Se all appear to hold promise as diagnostic metncds. Perhaps the red cell

uptake of Se, being a non-destructive and an in vitro technique, deserves
additional consideration.

In addition, selenium deficient chicks demonstrated poor growth of
feathers, reduced waight gain and a high mortality as compared to the supple-
mented groups (25% compare to 5% and 1% mortality).

These studies also raise several basic questions regarding the patho-
physiology of selenium deficiency, the answers to which will require further
investigations.
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Table I. Composition of Basal Diet

Ingredient % of diet

Corn

Rice bran

Coconut cake

Soya bean cake

Premix A* (Vitamin + Mineral Mix)

Grit + Limestone

50

8

10

30

0.25

1.75

100

- Pfizer Product. Per kg Pfizer Premix A contain Vit. A. 2.0OO.OOO I.U.
Vit. D 2OO.OOO I.U. Vit. E. 1.40O mg; Vit, K 2OO mg; Vit. B 20O mg;

•J J J.

_ (riboflin) 1.200 mg; Vit. Br (pyridosin) 100 mg; Niacin 2.000 mg
£. 6

Panthothenic acid 1.1OO mg; Chotine chloride 2.000 mg; Vit. B 8OO mg;
DL-methemin 45.400 mg; Santoquira 2.000 mg; Mg 10.OOO mg; Fe 2000 mg;
Cu 400 mg; Mn 3.0OO mg; Zn 2.0OO mg; I 20 mg.

- Se analysis of basal diet is less than O.03 Uq/q

- Crude Protein level of basal diet is
- Metabolisable Energy, Kcal/kg 2012.
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Table 2. Effect of dietary Se level en 48 hr tissue retention
of an oral dose of Se

Treatment

Basal diet

Basal diet + O,O5 ppm Se

Basal diet + O.1O ppm Se
Basal diet + 0.15 ppm Se

Tissue Se concentration

Liver
(% dose/g)

0.69
0.29
0.27

0.28

, Heart
-* (% dose/g)*-

0.27

0.10

0.07

0.09

Muscle
(% dose/g) -
0.09
0,03

0,03

0.03

7able 3. Effect of dietary selenium level on Se excretion during
48 hours after dosing.

Time faeces
collecting

Hours
24

48

T o t a l

Basal diet

% dose
18.6

1.2

19.8

Basal diet-
+ 0.05 ppm Se

% dose
27.6

1.7

29.3

Basal diet
+ 0.1 ppm Se

% dose
29

1.6

30.6

Basal diet
+0.15 ppm Se

% dose
31.4

1.72

33.12

Table 4. Effect of dietary Se level on 48 hour excretion of
45.Ca after an oral dose.

Group 24 hours 48 hours

Basal diet 14.88 - 1.29 1.43 - 0.30

BD + 0.05 ppm Se 21.59 - 4,69 2.O7 i O.44
+ ,

BD + 0.10 ppm Se 44.97 - 5,80 2.53 - 0.63
^ +

BD + 0.15 ppm Se 44.53 - 4.94 3.61 - 0,46
, ,

BD 1OO I.U 14,21 - 1.59 1,37 - 0.5O
tocopherol

T o t a l

16.30 - 0.84

23.80 - 3.45
.

47.50 - 5,67
,

48.14 - 4.78
,

15.59 - 1.81
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Table 5. Effect of dietary selenium level on the concentration of*Ca in muscle.

Group Treatment Pectoralis Semi-tendenosis

I
II
III
IV

Basal diet
Basal diet + O.05 ppm Se
Basal diet + 0.10 ppm Se
Basal diet + 0.15 ppm Se

(ppm)

7.50
4.75
4.0
4.75

(HN

6.75
4.8
5.2
5.0

Significantly different p XO.05, at basal diet group.
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75Figure 1 : Plasma Se after an oral dose
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Figur« 2 : Red cell af
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IMPORTANCE OF MINERAL IMBALANCES IN ANIMAL PRODUCTION AND HEALTH AND
SOME DIAGNOSTIC AND CORRECTIVE TRIALS

K. GOKSOY, N. gETINKAYA, F. GUL
Turkish Atomic Energy Commission,
Lalahan Nuclear Research Institute in Veterinary Medicine and Animal Science,
Ankara

M. ORKIZ, A.I. GUCU§
Ministry of Agriculture,
Lalahan Zootechnique Research Institute,
Ankara,
Turkey

ABSTRACT
Importance of Mineral Imbalances in Animal Production and Health in

Turkey, and Some Diagnostic and Corrective Trials.
Mineral imbalances of farm animals in Turkey are a limiting factor in

animal production and health. Apart from a few severe deficiency syndromes it
is assumed that many moderate mineral imbalances (deficiencies and toxicities)
exist and are still waiting to be investigated. From this point of view some
diagnostic and corrective trials were carried out to develop a system for future
application. For this purpose (i) an in vitro red cell radiomineral uptake
test was developed. It was found that a modified in vitro red cell radiomineral
uptake can be used to determine the mineral status of farm animals under field
conditions. The percentage of red cell radiomineral uptake is inversely
proportional to serum and dietary mineral levels, (ii) copper deficiency in sheep
in the middle part of the Black Sea region of Turkey was investigated using
several approaches. Results show that it is a conditioned (i.e. secondary) copper
deficiency. Comparison of different parameters such as ceruloplasmin levels,
serum Cu level, forage Cu, Mo and S concentrations as well as environmental
conditions are useful indicators to evaluate the copper status of ewes.

pgTRODUCTION

Present knowledge of trace element imbalances of farm animals in Turkey is
derived from the study of severe deficiency syndromes. Examples in sheep are
deficiencies of copper in the middle part of the Black Sea region and of selenium
in the Interior Anatolia. Phosphorous deficiency in cattle occurs in the
European part (1,2,3). Phosphorous deficiency was first diagnosed as botulism
in cattle but now it is known that the etiologic factor of the disease is
phosphorous deficiency. The deficient animals were scavenging bones contaminated
with botulism organism as it was happening in other countries.
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In 1954 all over the Interior Anatolia white muscle disease was seen in
lairbs (2). This was followed by outbreaks of enzootic ataxia in lambs in the
middle part of the Black Sea region in 1961 (4). Thus mineral deficiencies
in farm animals became serious after a change in the agricultural system.
Before 195O the country had a primitive agricultural system and had enough
grassland to prevent mineral deficiencies by transferring herds from one
pasture to another. Since 1950 the situation has changed with the use of
motor vehicles and fertilizers and very many grasslands being ploughed throughout
the country. Perhaps for several years mineral deficiencies in some areas
were occurring on a marginal level and then became serious with the change in
the system.

In Turkey the production of good quality food for animals is not
usual. Animals are supplied with little concentrated food during winter.
The main food during the long period of winter in the east, south east and
Interior Anatolia is straw with a little hay or bran. Certainly with this
feeding system the problem is not only mineral deficiency but the production
of good quality food; the supplementation of deficient minerals makes the present
food more profitable to animals to obtain more produce. For this purpose some
diagnostic and corrective trials were carried out to use in our future studies
to overcome mineral imbalances in farm animals.

MATERIALS AND METHODS

For diagnostic studies of mineral imbalances in farm animals relation
between the percentage of in vitro red cell radicmineral uptake,serum mineral
concentration and enzyme activity; percentage of in vitro red cell radicmineral
uptakes of the mineral supplemented and unsupplemented groups of animals;
serum mineral concentration and enzyme activity were determined for comparison
whether in vitro test is suitable for the diagnostic studies or not.

Measurement of in vitro red cell radicMmjieral uptakes

The methods used by Wright and Bell (5), Perla et al. (6) and some
other investigators (7,8,9,10,11) were modified by adding citrate-phosphate-
dextrose (CPD) blood preserving solution (12) before incubation of red cells.

First Experiment:
According to the local district veterinarian at the village of SUNNI,

about 4O km from Ankara a few selenium deficiencies in lambs (white muscle
disease) were reported during the last few years. It was learned that sheep
were not supplemented with any selenium salt. In one farm ewes were marked
with ear tags and separated into two groups. Three weeks before the in vitro
test 10 mg selenium (10 mg/ml) as sodium selenite solution (Na SeO-.St̂ O) were
injected intramuscularly into the first group.
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Three weeks later about 12 ml blood was taken from each animal into
heparinized test tubes and kept in ice box. In vitro and in vivo red cell
radio-selenium uptake, whole blood Se concentration by thermal neutron activation
analysis and plasma clearance of radio-selenium were determined both in Se
injected and non-injected groups (13).

Second Experiment:
In the second year the first group of sheep was supplemented with zinc

sulphate (ZnS04.7H20) and sodium selenite (Na_SeO4 .5H2O). The supplement
was estimated for a three month period as 8 mg Zn and O.4 mg Se daily, mixed
with concentrated diet and fed six tines every fifteen days starting on the
1st of November until end of February. In vitro red cell uptakes of radio-
selenium and radio-zinc were carried out starting at the middle of March to the
middle of May. Alkaline phosphatase activity of serum by spectrophotometric (14)
and Zn concentration by AAS were also measrued to compare with the in vitro
red cell radio-zinc uptake.

Third Experiment:
Red cell in vitro radio-zinc and radio-selenium uptakes were carried

out in Angora goats before and after supplementation with zinc and selenium.
Lalahan state farm Angora goats were used as experimental animals. After the
first in vitro test, daily 3O mg of Zn (ZnSCL.Vl̂ O) estimated for an animal
and fed for an 8 day period every morning admixed with their diet, and 10 mg
Se/animal (Na2SeO,.SH-O) was injected intramuscularly 1O days before the
second in vitro test. Before and after supplementation blood serum and corpus-
cular Zn concentrations and serum alkaline phosphatase activity were measured
for the comparison with the in vitro test results.

In vitro red cell radio-mineral uptake test procedure
To measure red cell radio-mineral uptake 0.7 ml CPD solution were

pipetted into an 25 ml Erlenmayer flask and 5 ml blood was added, and gently
mixed. O.3 ml radioactive solution containing about 1 ,uCi radioactivity was
added using a micrc-pipetter. All the flasks were covered with plastic stoppers
and a syringe needle was pushed through the stoppers to empty the air in
the flasks while approximately 95% O2+5% O02 were injected from the gas tubes
connected with syringe needles. The flasks were incubated for two hours in
a shaking water bath at 38°C. After two hours incubation period all flasks
were transferred to the refrigerator and their microhematocrits were measured.
2 ml blood were drawn from each flask to the scintillation counting tubes.
They were centrifuged at rpm 2500 for 5 minutes. The plasma was discarded and
the packed cells in the bottom of the counting tubes were washed twice with
cold isotonic saline. Gamma counting was carried out using well-type
scintillation counter, and calculated as the percentage of initial activity (5).
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Measurements of in vitro red cell radio-mineral uptakes were carried out
in different times after transferring blood to the CPD containing Erlenmayer
flasks as below:-

(i) Blood samples in heparinized test tubes were taken to the laboratory
and transferred to the CPD containing Erlenmayer flasks and incubated
after isotope and gas injection (3 or 4 hours pass to draw blood and
to start incubation).

(ii) Blood samples were transferred to the CPD containing flasks as soon
as blood was drawn from the animals.

(iii) Blood samples were transferred to the CPD containing flasks as in the
second procedure but kept 24 hours at 4° - C and then incubated.

STUDIES CN COPPER DEFICIENCY

Copper deficiency in sheep on the middle part of the Black Sea region of
Turkey was investigated. Blood serum copper concentration and ceruloplasmin
enzyme activity related with hemoglobin types of ewes, prophylactic effect of Cu
supplementation on the incidence of Enzootic ataxia (swayback) in lambs, and Cu,
Mo and S concentration of pastures and diet, ratio of Cu to Mo were measured (15).

Percentage of in vitro red cell radio-selenium uptake results are shown
in Table 1 in the ewes supplemented with 1O mg of Se by intra-muscular injection
3 weeks before the test and unsupplemented groups. Percentage of in vitro
red cell uptake of radio-selenium in supplemented group was found lower than
the unsupplemented group. The red cell in vitro radio-selenium uptake of control
group was found lower than both the supplemented and unsupplemented group. This
difference cones from the breeding condition of Lalahan state farm ewes which
were thought to be in better condition since they were supplemented with concen-
trated diet during winter.

Exp. % of in vitro whole blood
Groups_____________red ceTl uptake________Se Gone. ppm/DM
Unsupplemented 7.84 - 2.96a 0.70 - 0.04a

(36)x
Supplemented 6.23 - 1.88b 1.13 - 0.096

(36)
Control 5.39 - 1.27b
___________(18)_____________________________________

Table l.aiean percentage of in_vitro radio-selenium uptake of Se injec-
ted, non-injected and Control group of ewes (uiean-S.D)
(x) figures in the brackets shov; sample numbers
a,b. means with different letters at the same column statistically
significant.
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Difference in the mean Se concentration of whole blood between the supplemented
and unsupplemented group was found statistically significant as well and
reflect the same result as in the in vitro test XTable 1).

Result of plasma clearance and in vitro rec^ cell radio-selenium of
supplemented and unsupplemented group (Table 1) are shown in Fig. 1. Plasma
clearance of radio-selenium was found to be faster in the unsupplemented group
than in the group supplemented with 1O mg of Se by the intramuscular injection
three weeks before the trials. However, in vivo radio-selenium uptake of ery-
throcyte was found to be higher in the unsupplemented group than in the
supplemented. Results obtained from plasma clearance of radio-selenium in vivo
and in vitro red cell radio-selenium uptake of the supplemented and unsupplemented
groups of ewes clearly reflect the expected results (Table 1, Figure 1).
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The results of the second experiment are shown in Table 2. There was
a difference between Se and Zn supplemented and unsupplemsnted groups of the ewes
in in vitro red cell radio-selenium and radio-zinc uptakes as in the first
experiment. The only difference found between the first and second experiment
was the lower percentage of in vitro red cell uptakes of radio-selenium of the
second experiment than the first. The test procedure was the same except the
blood samples were transferred to the Erlenmayer flasks containing 0.7 ml CPD
solution as soon as the blood has been drawn frcm the ewes in the field instead
of in the laboratory. The difference in uptakes between the first and second
experiments is quite clear and it emerges whether the blood samples were
transferred to the CPD containing flasks as soon as they were drawn or not.
For this purpose, the second experiment test procedure was repeated in the
third experiment.

Exp % of Se-75 % of Zn-65 Alkaline Serum Zfi
Groups red-cell uptake red cell uptake phosphatase cone,

activity of
______________________________________serum(SU/ml)___________

Supplemented 2.30-0.73a 1.69-0.493 5.35^1.91a 1.28±0.47a

________(50)*_____________________________________________

Unsupplemented 2.99±1.21b 1.88io.57b 4.11-1.74b 1.02±0.33b

________C50)______________________________________________
Table 2.Percentage of in vitra red cell radio-selenium,radio-zinc
uptakes,and serum Alkaline phosphate activity and Zinc cone.(Mean-S.D).
(x)Figures in the brackets ahow sample numbers
a,b.mean values with different letters at the same column statistically
significant.

However, mean values of the in vitro red cell uptakes of radio-selenium, and
radio-zinc between supplemented and unsupplemented groups were found significant.
It is known there is a good correlation between serum zinc concentration and
alkaline phosphatase activity (7) and in our experiment the same result was
obtained as shown in Table 2. Serum alkaline phosphatase activity and zinc
concentration were found to be lower in the unsupplemented group of ewes than
the supplemented v.v. with the in vitro red cell radio-zinc uptakes. The
third experiment was carried out to check our previous studies for the in vitro
red cell uptakes of radio-zinc and radio-selenium. This time amount of
mineral salts supplemented to Angora goats was raised to 3O mg of Zn daily and
fed for 8 days supplementing every day early in the morning instead of periodi-
cally, and 1O mg of Se was injected intramuscularly as in the first experiment.
In vitro radio-selenium and radio-zinc red cell uptakes were measured before
and after supplementation. Results are shown in Table 3. Serum Zn concentration
and alkaline phosphatase activity of serum was also measured to compare the Zn
status of the animals (Table 3).
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Exp. % of Se-75 % of Zn-65 Serum phosphata8e

Groups uptake uptake Zn Conc.Hg/ral activity
__________________________________________(SU/ml)

Before 3.53 - 0.14b 1.53 - 0.07b 1.10 ± 0.05a 3.33-0.24
Supplement 8t88 ± O.l6(e) 9.3? ± O.ll(s)

(45)*_____________________________________________

After 2.64 - 0.09a 1.61 i 0.10a . .
Supplement . 2.22 ± 0.23° 4.11-0.21°

(45) 9*85 " °*12<e> 8'77 ± 0-15(0)

Table 3. Percentage of in-vitro red cell radio-selenium and radio-zinc
uptakes before and after suplementatior with in on £e of Angora goats
(Mean i SE)
(x) Figures in the bracket show sample numbers
a, to. mean values with different letters at the same column
statistically significant.
(s) Serum activity

In vitro red cell radio-selenium and radio zinc uptakes mean values were found to
be significantly different before and after supplementation with related minerals.
Serum zinc concentration and alkaline phosphatase activities before and after
supplementation were also found to be different as in the in vitro red cell
uptakes. These results show that the red cell in vitro uptakes of radio-minerals
reflect the minerals status of Angora goats. Measurements of serum activity
after in vitro red cell uptakes were found to be high after supplementation.
This suggests that the radio-mineral is binding to red cells during incubation
period proportionally with the contact of diet supplied to animals.

It seems that "the in vitro red cell radicMmneral uptake" may be used
as a diagnostic test to determine the mineral status of farm animals since
the results of the second and third experiments were similar and there was
little variation among the percentage of uptakes even if the test applied in
different species and condition. The use of CPD solution to keep blood samples

testfrom hemolysis and to extend the time to to be applicable under field
condition is quite convenient according to their hematocrit values. Nfean hema-
tocrits obtained before and after supplementation are 28.00 - O.38 and
28.22 - O.39 respectively. It means that Ht. values (Corpusculaer part)
before and after supplementation trials in 5 ml blood 1.4O and 1.41 ml respective-
ly, as caluclated by 5 ml x percentage of Ht. Ht. values of the diluted blood
samples are:

TT.L. c±. * • n u. • amount of corpuscular part in 5 ml blood X 1OOHt after dilution = blood samples + 0.7 CPD + 0.3 isotope sol.

As a result it is found that only 4.78 and 2.O9% hemolysis occurred during the
incubation period.
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The aim of the modification of the in vitro red cell radio-̂ mineral
uptake test is to develop a method to determine mineral status of farm animals
under field condition. The in vitro red cell radio-mineral uptake test results
obtained by some investigators reflect the dietary intake of trace minerals of
farm animals. However, their studies are related to the laboratory condition.
It was thought that if the method used by Wright and Bell (5) and by some other
investigators (6,7,8,9) was modified it might be applicable to the field condition.
Under field condition the difficulty is to keep the blood fresh until testing,
i.e. from one to several days. For this purpose citrate-̂ phosphate-dextrose
solution is used. This solution is for human blood preservation until transfusion.
Gibson et al. (12) compared clinical significancy of ACD (acide-citrate-dextrose)
and CPD solutions in vitro by the use of radioactive chromium ( Cr) and showed
that the mean survival time of red cells at the 28th day is 70% for ACD and 76%
for CPD when they were kept at 4 -1C.

The studies on the distribution of radio-selenium in heme and non-hems
fractions of mice bone-marrow and spleen show that selenium binds to red cell
in the circulation instead of during erythropoiesis, and the excretion of
selenium takes place both by the urine and faeces (17). The same trial must
be carried out for radio-zinc to determine the amount of zinc binding to red
cell during erythropoiesis and in the circulation.

STUDIES CM COPPER METABOLISM (15)

It was found that Karakaya ewes in the copper deficient area mostly
carrying A and AB hemoglobin types. Mean serum Cu concentration of the ewes
related with their hemoglobin types were found about at the same concentration
as in the ceruloplasmin O.D. (Table 4).

Hb typeb Lumber of ewee Ceruloplaemin Serum Cu lumber of
P.P.

A

AB

B

161

125

11

0.086-0.005

0.087-0.009

0.059-0.003

r • •• —— •

0.75*0.03

0.73-0.03

0.66*0.04

15

11

2

Table 4. dumber of the ewes carrying different hemoglobin types and
their ceruloplasmin O.D. and serum Cu concentration and number of
ataxic lamp born (mean - L.L).

There is a good correlation between the number of ataxic lambs bom and the
hemoglobin types of ewes. It was found that there is no prophylactic effect
of 1O mg Cu supplementation (as a total for 45 days) fed to ewes three times
every fifteen days during the last trimester of pregnancy. The incidence of
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ataxic lamb bom was 8.6%. When the amount of Cu supplementation was increased
two fold and fed six times every fifteen days starting 15th October in the follo-
wing year to the same experimental animals the incidence of ataxic lambs bom
decreased to 2%. Ceruloplasmin O.D. and percentage of serum total protein were
found lower in the ewes with ataxic lambs than ewes with healthy lambs
(Table 5) supplemented with copper as Cu SO

Serum
parameters
ceruloplasmin

O.D.

% of serum total
protein

Ewes with ataxic
lambs

0. 078±0. 011(14)

6.27-0.30(19)

Ewes with normal
lambs

0.156±0.96(43)

7.30±0.13(4~)

Table 5. Ceruloplasmin O.D. and percentage of serum total protein in
ewes with ataxic and healty lambs (means-S.E)

The amount of Cu supplemented was 1O mg/day for each ewe. The supplement
was fed every fifteen days for a total of 45 days, admixing with the diet
and applied 6 times starting on the 15th October.

Forage samples collected in April from 7 different places in the
diseased area contain about 18.9 ppm Cu (D.M.) 9.2 ppm Mo forage and diet
samples collected in November contain about 11.O ppm Cu and 4.2 ppm Mo
(Table 6).

Forage samples___________Cu ppm/DM_________Mo ppm/DM_______
hovamber 1973 11.0 4.2

April 1979 18.9 9.2

Table 6. Forage and diet Cu and Mo concentration collected from the
diseased area.

Mean sulphur content of 76 forage samples collected from different parte
of the diseased area was found to be O.318 - O.O17%.

Serum Cu concentration and ceruloplasmin O.D. of samples collected from
non-diseased area different breeds of ewes (Interior Anatolia) were shown in
Table 7. It is clear that the Cu concentration and ceruloplasmin O.D. of the
ewes from diseased area are lower than the non-diseased area different breed o^
ewes. Forage samples collected from 7 different places around Lalahan State

farm contained about 7 ppm Cu, 1.6 ppm Mo and O^2O3% S, concentrated diet fed
animals during winter contained about 7.41 ppm Cu, 2.05 ppm Mo and 0.211% S.
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Species of Breeds Serum Cu (ffg/ml) Ceruloplaamin O.D.

Diseased area 0.72 ± 0.03/,19i 0.077 - 0-003/ ^
(samsun) (312) (280)

KARAKAYA SHEEP

gubuk-AnkaraAKKARAMAK SHEEP

Lalahan State farmAnkara Merino sheep

1.24 - 0.07(150)

1 "7*7 i f\ ~]r\

0.110 i

0.122 -

0.005(4Qj

0.004(36)

Table 7. Diseased and non-diseased area different breed of ewes serum
Cu cone, and ceruloplasmin O.D. (mean-S.E)

Concentration of Cu, Mo and S in the diet are lower in the non-diseased area than
the diseased area but serum Su in sheep in the diseased area was found to be lower
than state farm sheep serum Cu. Ratio of Mo to Cu is about between 3.6 : l.O
and 4.4 : l.O and they are in the normal level according to the classification of
Lesperance (18).

Copper deficiency conditions classifed by Lesperance are(i) sinple copper
deficiency, diet containing O.I - 5.O ppm Cu and 0.1 - 5.O ppm Mo. Ihis condition
is not suitable for sheep in the middle part of the Black Sea region in Turkey since
the diet contains enough Cu to meet copper requirement. Cu : Mo is changing from
2.1 : 1. to 2.8 :1 \ii) normal condition, diet containing 5.O - 15.O ppm Cu, 1.O-5.O
ppm Mo and Cu : Mo is changing from 5:1 to 3:1 and results obtained by our studies
do not resemble this condition, (iii) molybdenum toxicity, diet containing 5.O - 8.0
ppm Cu, 5.O-50.O ppm Mo, and it is not possible to say there is a molybdenum toxicity
for sheep 'in the middle part of the Black Sea region according to the results.

The results obtained here resemble closely the studies classified by Bingley and
Carillo (19). These workers stated that if Cu : Mo equal to 2.8 : 1 and diet
containing enough sulphate hypocuprosis is clear. In our studies in the diseased
area the dietary Cu and Mo ratio was found to be between 2.1 and 2.8 and the diet
contained enouah S (0.318 - O.O17 %); and ecological conditions is quite available
to consume fresh food for sheep in every season of the year which has an important
role in the development of copper deficiency as stated by Ward, Hartmans and

Barshad (20,21,22,23). V/ard (20) states that the animal can't be
safely grassed on Colarado grasslands containing Mo higher than 20
ppm and if it is fed ae hay there is no problem for animals. In Ho-
land even if 5 ppm Mo cause hypocuprosis in animals (low
liver Cu) but if it is fed as hay I.B in Colarado it was found rather
safe (23).

As a result we can say "Copper deficiency in sheep on the middle
part of the Black sea region of Turkey is a conditioned copper defi-
ciency status" as it was pointed out by Urman (1) and proved by our
studies.
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COPPER AND COBALT STATUS OF SHEEP AND CATTLE GRAZING THE CENTRAL
HIGHLANDS OF PERU ELUCIDATED BY ENZYME ANALYSIS AND NUCLEAR
TECHNIQUES

J. KALINOWSKI
Universidad Nacional Agraria La Molina,
Lima,
Peru

ABSTRACT

Studies of the copper and cobalt status of grazing ruminants

were made through measurements of blood concentrat ions, p lasma caerulo-

plasmin levels, and by the determinat ion of vitamin 8^2 levels by

radioassay. The results demonstrate not only the importance of sample

handling techniques on the values obtained, but also the l imi ta t ions

of current ly available techniques as indicators of mineral s ta tus .

Introduction

The Peruvian Central Highland is inainly a sheep raising area,

which also supports an important population of cattle and New

World Cameloids. Feeding of the stock depends entirely on

the use of natural grasslands composed of grasses of relative^

ly low nutritive value (Echevarria et^ a_l. , 1970).

Mineral analysis of native grasses from the Central Highland

grasslands (Echevarria et al. , 1970; Soikes et al. , 1970) r<3

vealed relatively low concentrations of copper and cobalt in

some species and in certain localities. In the past, neona-

tal ataxia was widespread in some areas; having been control^

led in well organized farms by copper supplementation and

paddock selection, involving the elimination of affected pad_

docks frora use for grazing, or the use of such paddocks for

grazing of store lambs and steers for short periods of " t ime.

Copper blood levels were initially used to determine normal

and deficient states. When it vras shown that blood copper

levels were maintained -at the expense of liver reserves, in_
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ter-est changed towards the detertiination of copper in snro

pies of liver tissue taken by biopsy. Cobalt levels in
sair.ples of liver have also been used to determine the co-

balt status of ruminants (Houser et aj.. , 1978). However,

livestock keepers are reluctant to allow liver sampling by biopsy
whereas there is no resistance to blood sampling.

Plasma ceruloplasmin levels determined by oxidase activity
measurements arc considered to he of greater value than

copper blood levels in assessing copper status (Bingley and
Anderson, 1972). Since vitanin B^2 is the functional form
of cobaltt it seens reasonably to use the determination of
vitamin B^j in serum as an indicator of cobalt status of
ruminants. In recent years radioassays have largely re-
placed microbiological assays for the measurement of serum
vitamin BIT •

Materials pnd Methods

Sampling
Several surveys were carried out to collect blood samples
from livestock grazing the Peruvian Central Highlands.

The first took place in the Jauja province at the begining
of the rainy season (December 1979). Blood samples were
collected from sheep of the so called Huaccha type, raised
mainly by peasants.

In February 1980, a second survey was carried out in the
same area but samples vere taken this time from Corricdale
sheep reared by a big cooperative farm (SAIS Ramon Casti-

lla). At the end of the rainy season (March 1980) a third
survey was carried out over a larger area of Junin Depart-
ment, where animals reared in organized farms and animals
kept by peasants were sampled.
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Serum samples taken during December 1979 and February 1980
were insufficient to carry out both ceruloplasmin and vit-
amin B^2 assays, therefore only ceruloplasmin analysis
were performed.

Ceruloplasmin oxidase activity
According to the procedure reported by Ravin (I960), sam-
ples of 0.1 ml of serum were incubated for 1 hour at 37°C
in 8 ml of 0.4 H acetate buffer at pH 5.5 with 1 ml of
0.5% p-phenylemediamine dihydrochloride substrate (FPD).
The reaction was stopped by adding 1 ml of a 0.5% sodium
azide solution, and the absorbance of the coloured solu-
tion measured at 530 mu. Ceruloplasmin concentration wfis
calculated multiplying the optical density attained in the
PPD-oxidase assay by the constant factor 87.5, which is
based on the Holmberg-Laurell factor for conversion of op_
tical density at 605 mra to ceruloplasmin concentration
{Ravin, 19,60)

Serum vitamin IK ̂  concentration
The radioactive methods for the determination of vitamin B._
in serum have been described by several authors (Lau et al.,
1965; Henry and Haibach, 1974).

Principle of the procedure

The radioassay procedures for vitamin B.- determinations are
based on the principle of saturation analysis. A standard
amount of vitamin B binding agent (Intrinsic Factor, IF)
is added to a mixture of a standard amount of labelled vita-
min Bj_ and the serum extract containing an unknown amount
of unlabelled endogenous vitamin B.?. When binding has
taken place the B 0 not bound is removed by adsorption to ali JL —
buminized charcoal. The bound radioactive vitamin B-2 varies
inversely with the amount of unlabelled vitamin B._. The con_



centration of vitamin B in the serum extract can be deter-
mined by comparing the percentage of bound radioactivity with
a standard curve that is obtained by replacing the serum ex-
tract by various vitamin B12 solutions of known concentration.

Preparation of serum extract
5 ml of serum*, 0.5 ml of KCN UO mg% and 2.5 ml of redist-
illed water were mixed in a 25 ml beaker and titrated
with IN HCL to pH U. 8-5.0. Then it was transfered quan-
titatively into a 25 ml volume flask and after letting it
stand at room temperature for about 1 hour was steamed in
an autoclave for 30 minutes at 100°C with no pressure in
the chamber. After heat treatment samples were let to
cool at room temperature for about 1 hour. Volume was
brought to 25 ml with redistilled water. Coagulated prp_
teins were broken and the supernatant fluid was separated
from the protein deposit by centrifugation at 3000 rpm
for 20 minutes. The supernate was freeze stored.

Assay protocol
Table 1 shows the procedure followed for the estimation
of vitamin 6^2 ^n serum extracts.

Graphic analysis
Graphic analysis requires the following data:
Percent binding by IF.- Is calculated by dividing "Total
counts" into the average count for the "aero saline"
counts corrected for the counts of the "zero extract".
B/A ratio.- Is calculated by dividing the corrected "cero
saline" by the average count for each 8^2 standard and for
each sample.

* When less serum was available, 2.5 and 1.5 ml were used
and all reagents were adjusted proportionally.
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Data for the standards are plotted in linear graph paper
having the (B/A-1) ratio on the Y axis and the amount of
stable 8^2 Per tube on the X axis.

Mathematical calculation
The mathematical calculation requires a knowledge of the
amount of B12 in the radioisotopic solution. The basic
formula is:

X = Y (B/A-1)
where X = weight of B^j in a sample

Y = weight of Bj2 in the amount of radioactive
Bj2 used in the assay

B = CPM of 57Co Bi2 in the "zero saline"
c «7A = CPM of Co Bj2 for sample supernatant

RESULTS AND DISCUSSION

Ceruloplasmin concentration
No differences were found in ceruloplasmin concentration
among Huaccha and Corriedale sheep surveyed at the Jauja
province. Ceruloplasmin concentrations were not affected
by sex, but a tendency towards lower levels of ceruloplas_
min was observed in adult sheep as compared to young
stock (Table 2). Variability tended to be higher among

Huaccha sheep.
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TABLE 1, ASSAY PROTOCOL FOR THE DETERMINATION OF SERUM B12 LEVEL

Plasma Cold Bl2 0.9% Saline Buffer3
Tubes Extract Sol. A1 Sol. B2 Solution P04

 57CoB12
4 IF5

1 + 2
3 + 4
5 + 6
7 + 8
9 + 10

11 + 12
13 + 14
15 + 16
17 + 18
19 + 20
21 + 22
23 + 24
etc

samples

0 0 0
1 .0 ml 0 0
0 0 0
0 0 . 3 ml 0
0 0.2 0
0 0.15 0
0 0.1 0
0 0 0 .
0 0 0.
0 0 0 .
0
1.0 ml
to all
tubes

I .

0.

' \

0
01
0
0
0
0.

75 ml 0
5 0
2 0
1 0

/ \

0 1.0 ml 0 6/
15 ml 2.0 ml to all 0 7/
0 ml to all tubes 0.5 ml 8/
7 tubes
8
85
9
25
5
8
9

\I >

to all
tubes

' \
After all additions samples were let stand for 1 hour at room temperature. 1 ml of
albuminized charcoal was then added to all tubes except 1+2, mixing well and centri^
fuging for 15 minutes at 3000 rpm. After centrifugation the radioactivity of the
supernatant fluia was counted.
1 1 nvug B12/ml2 0.1 nvug B12/ml
3 0.26 M KH2POn Buffer at pH 7.0<+ 0.05 mug/ml (JO.0091 uci)

5 15/agIF/ml
6 Total counts
7 "zero extract"
8 "zero saline"



TABLE 2. CERULOPLASMIN CONCENTRATIOHS (tng/100 ml) IN BLOOD SERUM OF CORRIEDALE
AND HUACCHA SHEEP SAMPLED IN THE JAUJA PROVINCE

Huaccha

Sex
No. of samples
Ceruloplasmin

Jc
SD

Yearlings

M
18

18.5
6.2

(Y)

F
20

18.6
6.5

sheep
Adults

M
U

13.8
4.4

Corriedale
(A)

F
8

14.2
9.4

Yearlings

M
9

17.0
2.6

(Y)

F
12 •

19.9
3.5

sheep
Adults

M

2

26.9

(A

F
10

15.
2.

)

9

2

Similar results were obtained in Junin, except for the high_

er coruloplasnin values found for adult sheep (Table 3).
Brown Swiss cattle sampled in Laive shovred higher average
ceruloplasmin concentration than crosses of Brown Swiss x
Criolio sampled in Runatullo (Table 4). The low cerulopla£
min values obtained from cattle in Runatullo could be a cha_
racteristic of the riollo cattle, since similar values (7.8
mg/100 ml) were found in serum samples taken from 12 rio_

llo steers fed on a different diet when the ceruloplasmin
procedure was in the setting up phase in our laboratory.

Ceruloplasmin concentrations found suggest that copper
supply for ceruloplasrain synthesis nay not be adequate.
Since both, mineral supplemented (Corriedale) and unsup-
plemented sheep (Huaccha), show similar ceruloplasmin
values, and copper content in forages available for both
types of sheep is similar, varying from 6 to 8 ppm; it is
likely that the copper supply by the mineral supplements
under use may not be adequate, and/or that impairment of
copper utilization by other elements may overrun the sup-
plementary copper. The possibility that handling of sam-
ples before the determination of cerulcplasmin activity
itself might affect results should not be ruled out.
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TABLE 3. CERULOPLASMIN COKCENTRATIOHS (mg/100 ml) IN BLOOD SERUM OF CORRIEDALE
AND HUACCHA SHEEP SAMPLED IN THREE LOCALITIES OF JUNIN DEPARTMENT

Localities
Acopalca Laive Runatullo

Huaccha Corriedale Huaccha Corriedale Corriedale

Age Y
Sex M6F MSF
No. of samples 12 12
Ceruloplasroin

j? 18.2 18.2
SD 5.4 5.8

A *. y A

F M M F
12 8 17 18

15.9 15..9 19.3 19..U
3.. 5 4.7 5.8 5.6

TABLE 4. CERULOPLASMIN CONCENTRATION (mg/100 ml) IN BLOOD
SERUM OF CATTLE SAMPLED FROM TWO LOCALITIES OF
JUNIH DEPARTMENT

Localities
Laive Runatullo

Breed
Age, years
Sex
Ho. of samples
Ceruloplasmin

X 1 SD

Brown Swiss
2-3
F
8

14.7 t 10.0

B.S. x Criollo
4-6
F
17

5.5 i 1.7 »

TABLE 5. VITAMIN B12 CONCENTRATION (mug/ml) IN BLOOD
SERUM OF CORRIEDALE AND HUACCHA SHEEP SAMPLED
FROM THREE LOCALITIES OF JUNIN DEPARTMENT

Localities
Acopalca Laive Runatullo

Breed Huaccha Corriedale Huaccha Corriedale Corriedale
Ho. of samples 20 11 8 15 15
Vitamin 12

x 1 SD 1.02+0.5 0.9810.62 1.11±0.73 1.07±0.59 1.05+0.65
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Serum Vitamin BI?
Table 5 shows the concentrations of vitanin 8^2 determined
in samples collected from Huaccha and Corriedale sheep.

Values found are extremely low compared to reports of the
literature (Sutton and Elliot, 1972; Hedrich et_ al_-t 1973).
Levels of vitamin B._ found are even lower than serum vit-
amin D-2 concentrations obtained when cobalt content in
the diet of sheep was as low as 0.06 ppm (Hedrich et a. 1.,
1973).

These results might not reflect a cobalt defficiency, but
probably an inadequate procedure to obtain the serum ex-
tract in addition to some deficiencies in sampling. It
is likely that liberation of bound vitamin B12 might not
be complete, and/or some binding proteins might not be
completely removed or inactivated during the extraction
process. It is also likely that vitamin B12 content in the
samples might be lowered since reasonable volumes of serum
are only obtained long periods after sampling under the
environmental conditions of the highlands, and transport of
samples to the laboratory takes from 6 to 8 hours after
survey have been completed.

The questions that have arisen from results obtained point
out not only the importance of studying the effect of hand-
ling of samples upon results when 'deficiencies for blood
sampling and ready processing are faced, but also the limit_

ations for the use of procedures assesing biological acri_
vity or concentration of biological compounds related to
trace elements as indicators of mineral status of animals
under the circumstances described.
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ABSTRACT

A commercially available radioimmunoassay kit for human serum

ferritin was used to determine the ferritin concentration in serum or plasma
of 41 calves from 0 to 106 days of age, 192 cows and 35 bulls from 2 to 11

years of age. The geometric average concentration of ferritin was 2.1,
12.6 and 4.5 ng/ml for the calves, cows and bulls, respectively. The cows

were statistically different from the calves and bulls; there were no

differences between the calves and bulls. Within the cows one herd was

found to have lower serum ferritin levels than all the other herds (P<0.05)

but no differences in packed cell volumes were present. The data suggest
that a radioimmunoassay procedure with a ferritin antibody specific for

bovine ferritin could be useful in the study of iron metabolism in cattle.

INTRODUCTION

As expressed by Underwood, "There is no convincing evidence that iron

deficiency ever occurs in sheep or cattle grazing under natural conditions...

except as a consequence of parasitic infestation or disease" CO • Since the

demands of growth, lactation and pregnancy may be concurrent in an animal,

this implies that sheep and cattle, unlike the human, must be very well

adapted to extracting the needed iron from their diets during these repeated

stress periods. Nevertheless, little is known about the availability of

dietary iron to ruminants or even the nutritional requirements of ruminants

for iron.

* Department of Physiology
' Present address: Director, Technical Section, Dept. of Agriculture, Medellin, Colombia
* Department of Large Animal Medicine Obstetrics and Surgery
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Anemias do occur in young and mature sheep and cattle as a result of
parasitism (2,3), as a result of a deficiency of another nutrient important
in the utilization of iron, i.e. copper deficiency (4), and in situations

such as winter anemia (5) where the causal agent is obscure. Procedures
that have been available for studying iron metabolism in ruminant animals

include determination of the packed red blood cell volume (PCV), the hemo-

globin content of blood, the total serum iron, the serum unbound iron, the

transferrin-bound iron and the transferrin saturation ratio and radioiron

disappearance studies. Unfortunately none of these procedures measures the

amount of the storage iron in the body and its change over time. Yet the

reduction in iron stores would be expected to be the first sign of an

incipient iron deficiency.

In human medicine an important advance in the diagnosis of nutritional

iron deficiency has been the development of radioimmunoassay (RIA) for

ferritin. Ferritin, along with hemosiderin, is the storage form of iron in
the body. Ferritin, although water soluble, resides mostly within the cells

of the body, particularly liver, spleen and bone marrow (6). Minute quantities

of ferritin circulate in the blood in an amount that has been judged to be

proportionate to the iron stores i.e. in the human 1 ng of ferritin/ml of

serum corresponds to from 8-10 mg of storage iron (7). To date there appears

to be no application of the ferritin RIA procedure to ruminant animals.

Early in the study of ferritin radioimmunoassay it was found that

antibodies to ferritin of one species could interact with ferritin of other

species (8). The reaction, however, might not be as sensitive for the cross

reacting species. Since a commercial ferritin radioimmunoassay kit was offered

to us for testing we decided to investigate ferritin RIA as a possible tool in

studying iron metabolism in ruminants. We wished to determine the relative

levels of ferritin present in serum and how the ferritin levels change with

age, sex, stage of lactation and herd differences. The information developed

could point out areas that would be worthy of study.

METHODS

The assay of ferritin levels in plasma or serum of cattle was carried out
using a commercially available radioimmunoassay kit . The kit had been

standardized by the manufacturer using crystalline human liver ferritin for

1 RIANEN ™ FERRITIN [125I] RIA KIT, New England Nuclear, Boston, Massachusetts.
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serum standards, iodinated tracer and production of the primary antibody. A

solid phase second antibody was used to facilitate separation of the antigen •
antibody complex. Determination of 125I was by gamma counting with a Nal

crystal well detector.

The plasma and serum samples used in the assay were obtained primarily
from commercial herds. The bull serum samples were from single commercial

artificial breeders cooperative located in Ithaca, New York. The veal calf

serum samples all came from a single calf raising operation near Ithaca, New
York and represent calves approximately 106 days of age that had been fed

commercial high energy milk replacer diet for this entire period. The
serum and plasma samples of new-born and the 10 week old calves on solid feed
were divided between calves born into the Cornell University herd and random
calves in the vicinity of Rome, Pennsylvania. All of these animals were

thought to be healthy at the time of sampling.
The lactating cattle included in this study comprised some 27 cows

used for nutritional studies at a farmers' cooperative research farm and 165
serum samples from 8 different commercial herds where some ill defined health
problems were thought to exist. The sampling in these 8 herds was to include
7 cows with the highest daily milk production, 7 cows of medium daily pro-

duction and 7 non-lactating cows. The pertinent characteristics of these

herds are shown in Table 1. The standardized metabolic profile tests also

run on the blood samples of these cows included packed cell volume (PCV),

total protein, albumin, globulin, urea, creatine, Na, K, Cl, Ca, P, Mg
and glucose. The feeding and maintenance of these herds varied but would
represent husbandry practices prevelant in the Northeastern section of the

United States.
The data for plasma ferritin were highly skewed, therefore, a log

transform [log (X+l)] of the data was used for the statistical analysis;

all means are thus geometric means. After transformation the data were

subjected to "t" tests, analysis of variance and/or correlation analyses

using standard procedures (9).

RESULTS

Our first use of the ferritin assay kit showed that we could detect
ferritin in the plasma or serum of cattle. This is not unexpected since
it was early demonstrated that cross reactions do occur (8). Since there is
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a possibility that other substances might be cross reacting with the ferritin

antibody serum samples from 5 cows were diluted 3:1, 1:1 and 1:3 with bovine
serum that had not shown detectable amounts of ferritin. The test sera

ranged from 45 to 90 ng of ferritin per ml as determined from the standard
curve. The results of this test are shown in Table 2. The geometric average
concentration of ferritin in the undiluted sera was 71.9 ng/ml with a 66%

confidence interval (C.I.)> equivalent to plus or minus 1 standard deviation,
from 55-95 ng/ml. The dilution of the sera in the proportions indicated
should have produced averages of 54, 36 an(j 13 ng ferritin/ml, respectively.
As shown in Table 2 the diluted sera agreed well with these expectations.

Using the "t" test no significant differences were found to exist between
the theoretical mean and the observed means suggesting that the assay was

measuring ferritin.
In another study 8 cows were each sampled twice 1 week apart. The

mean difference (d) between the consecutive samples was 1.15 ng/ml
(t = 0.63) and was not significant statistically. Fifteen cows sampled
twice one month apart showed d equal to 1.05 ng ferritin/ml (t = 0.42) and

again was not significant. These data indicated the repeatability of the
assay and the stability of ferritin levels in cattle over time. The
Coefficient of Variation (S2- x 100) averaged 23% between duplicates in one

^y_

series of samples and 3.2% in another possibly reflecting developing operator
skill.

Figure 1 is a bar graph of the ferritin levels in sera or plasma of
calves, cows and bulls. The calves, ranging in age from 1 to 106days, had a
geometric average of 2.1 ng ferritin/ml with 60% C.I. from 0.9 to 10.3. Adult
cows, from 2 years to 11+ years of age, showed a geometric mean of 12.6 with
a 66% C.I. of 3.2 to 42.3 ng/ml. Bulls, ranging in age from 1 to 11 years
with an average of 5.6 years, had a geometric mean of 4.5 with a 66% C.I. of
0.2 to 24.0 ng/ml. These graphs show the very wide range in ferritin con-

centrations between animals and justifies the log transform of the data.

Most of the bulls and calves showed ferritin levels of 5 ng/ml or less;
most of the cows showed more than 5 ng of ferritin per ml of serum.

Using the log transformed data in a one way, 3 cell analysis of variance

it was determined that the cows were statistically signficantly different
(P<0.05) from the bulls and calves but the calves and bulls did not differ.
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A regression analysis of the data for the bulls showed no correlation
of ferritin serum concentrations with age (r = 0.009).

The blood samples of the calves had been taken with the idea that
calves fed an artificial milk based diet might show levels of ferritin
lower than calves of similar age but with access to a normal iron diet.
The data for the ferritin and packed cell volumes of the calf groups are
shown in Table 3. The PCV's for the newborn and solid diet calves are
within the normal range for cattle based on the experience of the N. Y. S.
College of Veterinary Medicine, and showed no difference between the newborn
and the older calves. For ferritin, the "veal calves" tended to have
higher levels but due to the wide dispersion of values there were no signifi-
cant differences between groups.

The majority of samples from lactating cows were from herds where a
metabolic profile test was desired. Because of the sampling design the
results could be subjected to a statistical analysis involving herd,
production level, and their interaction. The ferritin data for these cows
are shown in Table 4 along with the PCV data. For the PCV the overall
average was 31.7% with a standard deviation of 1.45%; the analysis of
variance showed no statistically significant differences between herds,
lactation groups or their interaction. For ferritin, however, Herd 1 was
found to be significantly lower than all other herds (P<0.05) and Herd 2
was significantly different than Herd 7. No difference existed between
lactation groups or the interaction of lactation and herd. The geometric
average for ferritin was 11.9 ng/ml with a 66% C.I. of 8.0 to 17.8 ng/ml.

Other statistical tests revealed that for cows there was no significant
correlation of PCV levels to ferritin concentrations (r = 0.05) and of
ferritin levels to age (r = 0.08).

DISCUSSION
A first objective for this study was to determine the feasibility of

measuring ferritin in the blood of cattle using an RIA kit developed for
the detection of ferritin in human serum. The demonstration here that there
is a wide range of ferritin in the serum of cattle, that the results are
repeatable over time and that the dilution of samples produces predictable
decreases in serum ferritin values suggests an appreciable cross reaction
between the human ferritin antibody of the assay kit and bovine ferritin.
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The particularly low ferritin concentrations seen in calves and bulls to-
gether with the finding of values below the detection limits may indicate

that the interaction of the ferritin antibody of this assay kit is not as
intense with bovine ferritin as it is with human ferritin. Addison et al.
(8) have observed that while the antibody to horse ferritin crossreacts
well with human ferritin it could not be used to develop an assay to detect
levels of ferritin normally present in human serum.

The values for ferritin as presented in this paper are expressed in
ng/ml only for convenience and probably are not quantitatively accurate but

do reflect qualitative differences between animals and groups.
In reviewing the results of this preliminary study with cattle it is

evident that mature females have higher serum ferritin levels than mature

males. A similar sex related difference is seen in rats, mice, chickens
and eels (10,11). In the human, rabbit and guinea pigs and perch (11)

the male shows the higher serum ferritin values. In the human the lower

concentration of ferritin of the female has been ascribed to the repeated

losses of iron during menstrual flows (12).

The calves in this study had much lower ferritin levels than the cows

in general agreement with other species where age differences occur (13),
but the calves were not different from the bulls. The extremely low ferritin

values for the calves and for the bulls, in particular, are difficult to

explain. A first thought is that the assay is reading too low due to the

differing immunological properties of human and bovine ferritin. Another

possibility for the bulls is that they represent only a single husbandry
unit whose practices somehow resulted in a marginal metabolic availability

*for iron.

A third explanation involves the findings that the immunological

properties of ferritin are affected by species and by the tissue of origin.

The ferritins of heart, liver, spleen and tumors show different responses
to the same antibody (14); moreover the proportions of these ferritins
found in serum are dependent upon tissue destruction. There also appear to
be "fetal" and "adult" type of ferritin in tissue such as cardiac and

* Addendum
These bulls have been intentionally fed a low quality roughage for several
years. The PCV's have been found to be at the low end of the normal range
which is unusual for non-lactating cattle. The total diet has been deter-
mined to contain 50 ppm Fe, a concentration below the recommended 90 ppm.
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skeletal muscle (15). In the cardiac muscle of adult rats the "slow"
ferritin predominates in the male and the "fast" in the female (16). With
this in mind one could speculate that the low values for ferritin in serum
of bulls and calves, in comparison to the cows, could indicate the presence
of differing ferritins in the serum or plasma. This of course, needs to
be substantiated.

The data for the 8 herds assayed in this paper show that even where no
statistically significant differences are seen in PCV, between herd differences
can exist in the serum ferritin. No age or production level differences in
ferritin or PCV were present in the animals. The herd differences for
ferritin are very interesting but more information is needed before one can
ascribe these differences to low iron stores.

The chief use of a ferritin radiolmmunoassay at present is to detect
depletion of storage iron before a frank iron deficiency is manifest.
Another possible use would be to study the changes in iron stores as a

physiological stress such as age, pregnancy, and/or lactation is applied.

Kinetic and pharmacokinetic studies would benefit greatly if it was
possible to determine the size of the iron pool over time. Before these
studies can be carried out, however, it would be necessary to develop a

more specific antibody and then to relate serum levels to the amount of
iron in storage.

The determination of ferritin in cattle has raised some very interesting

questions, however, the only conclusion that can be drawn from this study

is that the commercial ferritin RIA kit used cannot provide definitive

answers on the existence of imbalances of iron in cattle. This kit appears
to lack the needed sensitivity, moreover, the variation between animals in

the same husbandry grouping is too large to permit setting a limit below

which the iron stores can be considered deficient.
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TABLE 1. CHARACTERISTICS OF HERDS SAMPLED FOR THE METABOLIC PROFILE TEST

Herd Date Herd
Number Location Sampled Size Breed

Number
1 Bergen, June '79 107 H

N.Y.

For Cows Sampled
2 305 Day Daily

Age Milk Prod. Milk Prod. Health Problem
Yrs. Kg Kg/Day Cows off feed every
4.1 5779 Hi 31+5.4 three weeks; displaced
+2.7 +1095 Med 19+4.5 abomasums; retained

placentas.

Springville, 70
N.Y. Sept.'79

5.7 5075+ Hi 22+1.4 Dysentary every 6
+2.2 821 Med 17+1.4 wks., milk fever in

10-15% of cows.

3 Groton, Oct., '79 57 H
N.Y.

6.1 6250+ Hi 32+5.4 10% show milk fever,
+2.6 1183 Med 13.6+3.2 liver problems.

4 Charlton Dec., '78 70 H
City, N.Y.

4.8 8022+ Hi 35+5.9 Fail to produce as
+1.6 1194 Med 22+6.8 expected; 20% retained

placentas; 20% ketosis.

5 Sheffield, Dec., '78 92 H 4.8
Mass. +3.0

9413+ Hi 37+8.6
1893 Med24+2.7

100% ketosis, 5%
displaced abomasums.

6 Batavia, Jan., '79 29
N.Y".

4.4 8688+
+2.9 1993

Hi 38+2.3
Med 22+1.4

Breeding problem

7 Stamford, Sept., '79 -
N.Y.

Canajoharie, Sept., '79 -
N.Y.

7.2
+2.1

Low milk production
with 4.8% fat test.

Abbreviations H = Holstein Friesen; J = Jersey; - = Breed not stated.

Age in Years + Standard Deviation
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TABLE 2. DILUTION OF % BOVINE PLASMA SAMPLES AND EFFECT ON FERRITIN (FERR)

CONCENTRATION AS DETERMINED BY RADIOIMMUNOASSAY1

Dilution
Actual

ng/Ferr/ral
66% Ci/ng'/ml

0
71.9
55.2 to
94.6

3:1
58.7
47.0 to
73.0

1:1
41.5
31.5 to
55.2

1:3
29.3
22.4 to
61.0

Theoretical
ng/Ferr/ml 71.9 53.9 36.0 18.0

For statistical testing the data were transformed using Loge(X+l). Using the
"T" test no significant differences were found for the hypothesis that the
actual value did not differ from the calculated value for a particular dilution.

TABLE 3. FERRITIN LEVELS (FERR) AND THE PACKED CELL VOLUME (PCV) of BLOOD

OF NEWBORN, 3-MONTH OLD VEAL CALVES AND 3-MONTH OLD CALVES FED A

SOLID DIET.

New Born Calves Veal Calves Solid Diet Calves

n
X
66%

FERR
ng/ml
16
1.3

Ci -.34 to
7.1

PCV
%
16
34.4
29.2 to
39.6

FERR PCV
ng/ml %
14

4.2
0.3 to
12.2

FERR
ng/ml
11
2.2

-0.05 to
9.4

PCV
%
11
36.6
32.1 to
42.1

The statistical analysis of Ferritin concentration used a Loge(X+l) transform
of the original data; the PCV data analysed without log transform.
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TABLE A. PACKED CELL VOLUME (PCV) AND PLASMA FERRITIN (FERR) OF HIGH PRODUCING, MEDIUM

LEVEL PRODUCING, AND DRY COWS AS A FUNCTION OF HERD3,

HERD Average By
Level of
Production

LACTATION PCV FERR PCV FERR PCV FERR PCV FERR PCV FERR PCV FERR PCV FERR PCV FERR PCV FERR
LEVEL % ng/ml % ng/ml % ng/ml % ng/ml % ng/ml % ng/ml % ng/ml % ng/ml | % ng/ml

HIGH 30.3 5.6 30.1 A.A 31.A 15.0 29.3 16.7 33.0 10.1 29.2 2A.7 33.3 25.7 - 22.8 , 31.0 11.8

AVERAGE 27.6 1.7 31.0 9.A 30.A 25.6 31.3 17.9 31.9 7.0 31.5 15.3 35.3 41.13.9 | 31.3 11.3

DRY 3A.9 1.2 32.6 10.3 33.7 21.2 31.A33.1 33.0 3A.3 19.7 3A.1 16.A - 15.7 ' 32.8 12.6

HERD AV. 30.9 2.Ab 31.2 7.6° 30.2 20.1 30.7 13.9 32,7 13,5 32,0. 15,1 3A,2 26,012,A 31,7d 11.9e

A 2-way ANOVA was used for statistical analysis of the data. The original data was
used for PCV while the Ferritin data was transformed for the analysis using
Loge(X+l).

b HERD itl ferritin levels were different from all other herds at the 5% level of
significance.

° HERD #1 differed from herd #7 at the 5% level of significance.
The standard deviation was + 1.45%.

6 The 66% C.I., equivalent to 1 standard deviation, is from 8.0 to 17.8 ng/ml.
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ABSORPTION, DISTRIBUTION AND EXCRETION OF ARSENIC-76 IN HENS AND
RUMINANTS
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ABSTRACT

The absorption, distribution and excretion of arsenic were investi-
7figated in goats and laying hens with the aid of As. The results indicated

76that hens incorporated ' As considerably faster than the goats. The prefer-
ential incorporation of arsenic into skin, hair and feathers may be important
for the identification of As deficiency as well as As exposure. Moreover,
the high incorporation demonstrated into epididymis, ovary and eggs could
also be important in connection with disorders of reproduction.

INTRODUCTION

After the demonstration of As-essentiality in mini-pigs, rats and
goats (Nielson 1975, Nielsen, et_ al 1977, Anke et^ al. 1976, 1977, 1980,
Uthus and Nielsen 1980), the biological interest in this trace element has
considerably increased. These were first indications of the biological
importance of this element only known as toxic up to that time. Four hun-
dred and fifty years ago, the father of modern pharmacology, Teophrastus
Bombastus von Hohenheim, called Paracelsus, has already indicated depen-
dence on arsenic.

In the meantime, several authors (Lanz e_t al. 1950, Tsutsumi 1971,
Levander ej^ al. 1977, Dutkiewicz 1977) also repeatedly pointed out the fact
that there are species specific differences with regard to absorption, dis-
tribution, incorporation and excretion. This dependence of the As effect
on the species is considerably more marked in sea organisms than in mammals
and birds (Benson e_t al. 1980, Andreae 1980, Abdelghani et_ al. 1980). In
order to be in a position to better evaluate differences resulting from
the species specific character of As effects and to identify an environ-
mental As exposure more clearly, the As absorption, distribution and excre-
tion were investigated with the help of As in ruminants (goats) and poultry
(laying hens). Furthermore, there was an opportunity to test the above
mentioned parameters in goats with a normal As supply and in animals with
an extremely poor As ration (Anke ej^ al. 1980).
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MATERIAL AND METHODS

Forty nine month old laying hens and 6 control and 6 As deficient
goats (Anke et_ al. 1977) were used as test animals (3 adult goats and 3
kids of 100 days of age per group). Five hens were slaughtered at 0.75,
1.5, 3, 6, 12, 24, 48 and 96 hours after placing the isotope in the crop.
The As was placed in the rumen of the goats which were then sacrificed
48 and 96 hours later. The hens were given 0.2 mCi (6.1/*g As) As, the
goats 7.36 mCi (244 /<-g As) As per animal. As was in the form of AsnOj,
and was dissolved in diluted HC1.

RESULTS

The As incorporation and excretion dependent on time, species and As status

Forty-five minutes after the oral intake of As, the hens had absorbed 34%
of the dose and probably had already passed the peak of absorption. 63%
of the As was in the digestive tract and its contents. Only 3% could be
detected in the urine - faeces mixture.

Table 1: The As incorporation and the As content of the digestive
tract in per cent of the dose

measuring point

45 minutes
90 minutes
3 hours
6 hours
12 hours
24 hours
48 hours
96 hours

body
s

21
7.5
6.5
4.5
3.0
0.7
0.4
0.6

X

34
27
28
22
11
3.0
1.4
1.2

digestive
X

63
66
35
18
22
4.3
0.9
0.3

tract
s

20
23
15
11
19
3.9
0.3
0.08

Six hours after the oral As dose, 60% of the isotope was in the
faeces - urine mixture, 2270 in the body and only 18% in the digestive tract.
Thus, the half-time for the As excretion in hens amounted to ̂ , 6 hours and
corresponds to that of dogs (Hollins et_ al. 1979). Within 24 hours, 93%
of the As was excreted with the faeces — urine mixture, only 3% was in the
body at that time, and 4% was in the digestive tract. At the end of the
test period 98.5% of the As had left the body. This is greater than was
found with dogs by Hollins e_t al. (1979).

In Figure 1, the As incorporation rate in hens is graphically
represented. The extraordinary speed of the incorporation and excretion
of this element becomes apparent in spite of the fact that the first
measurement at 45 minutes after the oral application was apparently too
late.
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•/. As incorporation (body) As excretion '/.

0.75 3 96 hours

76,Figure 1: The incorporation and excretion of As in hens, as a function
of time after the oral intake, in per cent of the applied As
amount (log jga).

Goats probably absorbed As considerably slower than hens. The
average of the control and As deficient goats was 4.1 and 7.2% of the As
dose, respectively, 48 hours after the dosing into the rumen (Table 2).
At that time, control goats had 587, and As deficient goats 67% in the diges-
tive tract and 37 and 26% respectively of the As was excreted via the
urine. At the fourth day after the As ingestion, the goats retained
about 4% of the 76As in the body and still had 30 to 38% of the As in
the intestines. In this, they differ considerably from hens at that time;
comparable values from other species of ruminants are not available.
After an oral 7^As dose, monkeys excrete only 2% via faeces (Charbonneau
e^ al. 1978), dogs 4% (Hollins et al. 1979), rats 8% (Dutkiewicz 1977).

As deficiency influenced As incorporation, but the difference was
not significant (Table 2). Goats with an As poor ration incorporated 76
and 30% respectively at 48 and 96 hours. This was greater than for the
control animals. The difference between the groups became significantly
smaller with time. In Table 3, the 76As incorporation of hens is con-
trasted with that of goats 96 hours after the dosing. At that measuring
point, goats stored three times as much As in the body as hens.
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Table 2: As incorporation by control and As deficient goats
48 and 96 hours after dosing.

hours a f t e r
dosing

48

96

P
7.

control goats As deficient p
goats

S X X S

2.4 4.1 7.2 4.0 >0.05

2.0 3.7 4.7 2.1 >0.05

>0.05 >0.05
90 67

%

176
130

Table 3: The As incorporation of hens and goats 96 hours after
oral intake in per cent of the dose.

hen _ _ goat
S X X S

0.6 1.2 3.7 2.0 <0.001 308

The As distribution in the body dependent on time, species and As status

Skeleton, liver, lungs and heart had the highest As activity at
45' after the As dose. Blood and kidneys had the highest As level 90'
after the application, whereas muscles, feathers and ovary reached the

76highest As incorporation considerably later (Table 4). It can be derived
therefrom that at the first measuring point (45 minutes), the highest rate
of As absorption had probably just been reached or exceeded. In conformity
with Hunter e_t al. (1942), As was stored in skeleton muscles; 60% of the
retained As 4 days after the intake was located here. The skeleton had
about the same proportion of retained As for the first 2 days; in the
following 48 hours, this proportion decreased by about 50%.

138



Table 4: The As concentration of different parts of the body of
hens in per cent of the As retained at the particular
measuring points

organ

skeleton
muscle
skeleton
liver
blood
lungs
kidneys
feathers
ovary
heart

sum

45'

31
25
11
9
8
7
4
3
1

100

90'

37
19
10
12
4
8
7
2
1

100

3h

46
20
7
8
3
6
5
3
1

99

6h

50
19
5
6
5
4
9
3
1

101

12h

35
17
4
4
2
2

32
3
1

100

24h

53
20
4
2
1
2
14
5
0

101

48h

36
20
2
2
0
2
28
8
0

98

96h

60
9
2
2
0
1
18
6
0

98

Liver, blood, lungs, kidneys, and heart reduced their relative As
concentration continuously with time and almost reached the limit of detec-
tion after 48 hours. Feathers and ovary showed the highest proportion 12
and 48 hours respectively after the dosing with labelled As. The rich As
incorporation into the ovary and the developing eggs must be taken into con-
sideration. There is apparently no barrier to the As incorporation into
eggs as there is for Cd and no involution of ovaries as seen with Cd (Anke
£t al . 1976). Arsenic is preferentially stored in all proteins as Lowry
e_t al . (1942) has stated. In these investigations, only traces of As
could be found in lipids. As in clearly measurable amounts could be
detected only in eggs laid 24 hours after dosing (Table 5). In 3 eggs
laid 12 hours after dosing, only traces of As could be found. The eggs
laid 1 to 3 days after the As intake contained only 0.2% of the ingested
amount of isotope, this is equivalent to 0.1 juu% of As. The low standard
deviation shows the homogeneity of the incorporated amount of As.

The long term As transfer to the eggs is noteworthy when it is
considered that after a As dose, only insignificant amounts are found in
milk (Peoples 1964, 1967, Marshall et_ al. 1963, Fitch et al. 1939). At the
end of the experiments, ovary and eggs had the highest radioactivity of all
tissues examined.
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V. *As incorporation (skeleton)
30 r

25

20

15

10

0,75 3 6 12 96 hours

Figure 2: The As incorporation into the skele ton of hens, dependent on
the t ime a f t e r the oral intake, in per cent of the amount of76As stored in the body.

Table 5: The As incorporation per egg as a function of time in per
cent of the dose.

parameter

X

s

45'

0.00
0.00

90'

0.00
0.00

3h

0.00
0.00

6h

0.00
0.00

12h

0.01
0.01

24h

0.19
0.03

48h

0.23
0.02

96h

0.18
0.04

The proportionate As distribution in the different organs of goats
is similar to that in hens (Table 6). Four days after the application in
the rumen muscles and fatty tissue, a lot of which is found in adult goats,
stored about 40% of the retained As. This percentage corresponds with
that found in hens. The same is true for skeleton, kidneys, and heart. On
the other hand, liver, blood and lungs proved to be considerably richer in
As than the same organs of hens at the same measuring point. Considerable
As is apparently excreted via the gall bladder into the intestines, a

fact that Cikrt and Bencko (1974) and Klaassen (1974) pointed out as well.
At the time of sacrifice (48 and 96 hours), the gall bladders of goats con-
tained remarkable amounts of As. The skin plus hair of goats contained
considerable As — up to 14% of the retained As.
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Table 6: The As concentration of different parts of the body of,control
and As deficient goats in per cent of the incorporated As amount
48 hours after the dose.

organ

skeleton muscle

skeleton

liver

blood

lungs

kidneys

skin

heart

spleen

cerebrum

sum

control

s

11

6

4

1

0.2

1

3
0.2

0.1

0.2

goats

X

38

16
15

7

4

3
14
0.8
0.5
0.5

99

As

X

37

17

14

7

7

3

11

1.

0.

0.

def ic ient
goats

s

7

7

3

0.4

5

0.6

3

1 0.3
9 0.5

5 0.2

101

P

>0.05

>0.05

^•0.05

>0.05

>0.05

>0.05

>0.05

>0.05

>0.05

>0.05

%

97

106

93

100

175

100

79

138

180

100

-

The proportion of As in the cerebrum and spleen was insignificant.
The same is true for testicles, the data for which are not presented in
Table 6. The As concentration in lungs is noteworthy (p < 0.1). There is
no biological explanation for the As accumulation in the cerebrum, spleen
and lungs. According to the results, species can influence time dependent
As distribution, regardless of the fact that As is incorporated into all
tissues. As deficiency did not significantly influence the As distribu-
tion (see Table 6).

The As incorporation into feathers and hair

The possibilities of identifying an As exposure with the help of
the analysis of hair and feathers has been summarized by Levander et al.
(1977) among others. In our experiments, hens stored 3.57= of the applied
As amoung in feathers (Figure 3) 12 hours after the oral As dose. This
percentage decreased to 0.4% by 24 hours and at the end of the experiment
was at 0.2%.

The As incorporation into the hair of goats was retarded compared
to the feathers of hens (Figure 4), with the maximum As incorporation
being reached only alter 48 hours. The difference between feathers and
hair is statistically significant at all measuring points. The removal of

As from hair between the 48th and the 96th hour after the dose was less
for hair than for feathers. Hence, it follows that hair and feathers take
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Figure 3: The As incorporation in the feathers of hens.
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Figure 4: The As incorporation in the hair of goats.
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part in As metabolism, just as seen for other trace elements (Anke and
Risch 1979). This metabolism must be taken into consideration when inter-
preting the As concentration in different parts of the hair as was done
in the case of Napoleon's hair by Leslie and Smith (1978).

Discussion of the results

There are differences between the speed of the As absorption and
excretion in hens and goats apparently caused by the differences in the
anatomy of the digestive tract. Hens incorporated and excreted As
considerably faster than goats.

Table 7: The As concentration in different parts of the body of hens
and goats in per cent of the incorporated As 48 hours after
the oral application

organ

skeleton muscle
skeleton
liver
blood
lungs
kidneys
feathers, skin
heart

hens
s

9
5
1
2
0.1
4
15
0.1

X

36
20
2
2
0.3
3
28
0.3

goats
X

38
16
15
7
4
3
14
0.8

s

11
6
4
1
0.2
1
3
0.2

P

> 0.05
>0.05
< 0.001
<0.01
< 0.001
>0.05
>0.05
< 0.001

A remarkable percentage of As seems to be taken up by the flora of
the rumen and absorbed and incorporated in the abomasum and the small intes-
tine only after digestion. This aspect must be taken into consideration in
further investigations. In both species, the incorporation of the absorbed
76As follows approximately the same order (Table 7). Two days after the
oral intake, both species had stored about the same percentage of the absorbed
As in skeletal muscles, skeleton, lungs, kidneys and cardiac muscle. There

were species specific differences only for liver, blood and feathers and skin
respectively, which might have the following reasons. In hens, at 2 days,
the As excretion via the gall bladder into intestines is already finished,
whereas it is continuing in ruminants. For that reason, the As concentra-
tion in the liver and the blood, which is serving as the transport route,
is still high. The difference in the As concentration of blood between
goats and hens is far less than that between rats and rabbits as found by
Marafante ejt al. (1980). Rats are distinguished by a particularly intensive
As storage in erythrocytes and particularly in haemoglobin (Hunter et^ al.
1942). Other species distribute As to most of the body tissues. The As
accumulation in skin plus hair and feathers was also noted in mice by Lind-
gren and Dencker (1980). In mice and golden hamsters they found As only

143



in the epididymis, thyroid gland, crystalline lens and skin four days after
the As injection.

The results presented in this paper showing the preferential As
incorporation into skin, hair and feathers are important for the identi-
fication of As deficiency and As exposure. The high incorporation into
epididymis, ovary and eggs can also be of importance in connection with
disorders of reproduction. Meyhofer and Knoth (1966) have reported the
decreased libido and loss of potency in humans after a therapy with Fowler's
solution. Bencko et al. (1968) found that the germinal epithelium of the
testis was considerably damaged in mice after chronic exposure to As. An
increased frequency of spontaneous abortions, malformation and decreased
birth weight in children of female workers at a smelter in Sweden was
recently reported. The smelter emits As. The abortion frequency among
exposed females was even higher when the father was also employed at the
smelter (Nordstrom et al. 1979 a, b).

45 minutes after the As was placed in the crop, hens retained 34%
of the dose. This percentage decreased to 1% by 96 hours. Within 6 hours

50% of the As had again left the body of the hen and 48 hours after
the dose, the digestive tract contained only traces of As. With 4 to 7%,
of the As dose, goats retained considerably more of the As dose 48 and
96 hours after dosing than the hens.

The main storage of As was in skeletal muscles. The As retention
in skeletal muscle of hens, in per cent of the retained As dose increased
over time. Ovary, eggs, feathers, and skin stored much As at early time
intervals, but later their As proportionate uptake decreased. In most
other tissues, the As concentration decreased continuously from 45 minutes
to 96 hours after the intake.

Apart from the retardation in the As incorporation into organs of
goats, there were no principal differences between hens and goats. The
preferential As incorporation into skin, hair and feathers is important for
the identification of the As status. The high As incorportation into ovary
and epididymis might also influence reproduction in case of As exposure.
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Absorption, distribution and excretion of As in hens and ruminants
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ABSTRACT

Direct methods involving determination of Cr content of blood,
urine and tissues of animals and man appear to offer marginal promise
to assess Cr status. Hair analysis may have the best potential of the
direct methods but has not been verified. Measurements involving glu-
cose tolerance are quite reliable since most Cr deficient animals and
humans do have impaired glucose tolerance but impaired glucose tolerance
can be caused by a number of substances not related to Cr metabolism.
The levels of serum cholesterol, triglycerides, insulin, glucose, fer-
tility and sperm count appear to be improved by chromium deficiency,
but none of these parameters are individually specific for chromium.
Improvement in these parameters after Cr supplementation appears to
b^ the best present indicator of Cr status of man and animals.

Introduction:
Suboptimal chromium status of man and animals may lead to

detrimental health and economic implications. In man, marginal
chromium intake has been linked to diabetes, cardiovascular problems,
weight loss and nerve disorders (Anderson, 1980). In animals,
chromium deficiency leads to impaired glucose metabolism and
decreases in longevity, reproduction, litter size, egg quality and
growth (Schwarz and Mertz, 1959; Davidson and Blackwell, 1968;
Britton et al., 1968; Steele et al., 1977, Jensen et al., 1978;
Steele and Rosebrough, 1979). Marginal Cr deficiency in man appears
to be quite widespread and may affect as many as half of the
individuals in certain population groups (Glinsmann and Mertz, 1966;
Hopkins and Price, 1968; Levine et al., 1968); chromium deficiency
in farm animals has not been actively investigated but several
reports have appeared indicating that several species do respond to
supplemental chromium with, increased performance.
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Direct and indirect methods can often be used to assess trace
element statrs. Direct methods would include determinations of trace
element concentration of biological samples such as blood, urine,
hair and body tissues. Indirect methods would include determinations
of physiological and biochemical parameters e.g. determination of
glutathione peroxidase or hemoglobin concentration for selenium and
iron status, respectively. However there are no real good indirect
indicators presently available to assess Cr status. Insulin level,
glucose tolerance, and blood lipid profiles have been correlated
with Cr status but these parameters are influenced by a number of
other factors and are not specific for Cr. Advantages of specific
methods to assess Cr status of man and animals will be discussed.
Chromium analysis:

To assess Cr status by direct measurement of Cr in specific
tissues and body fluids, a suitable method for analysis of total Cr
is essential. The analytical methodology for the determination of
Cr in biological materials is only recently attaining a level of
acceptance such that inter laboratory values for Cr in biological
tissues can be evaluated. In the past, absolute values for Cr in
biological materials varied considerably from laboratory to
laboratory and even within the same laboratory. For example
reported values for serum Cr range from several hundred parts per
billion (ppb) to the presently accepted value of less than 1 ppb
(see section on serum Cr). Cr analysis is complicated by extreme
matrix effects, low concentration in biological samples, possible
volatility of some Cr complexes and the inherent property of Cr
complexes to bind nonspecifically to reaction vessels, graphite
tubes, etc. Contamination is also an extreme problem especially
where tissue samples are collected by use of scalpels, trays,
needles, and other stainless steel utensils made of approximately
18% Cr.

Improved methods of digestion and the use of standard reference
materials with Cr concentration certified by the U.S. National Bureau
of Standards and international agencies have helped to
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promote the analytical determination of Cr in biological materials to
a level of acceptance. At present there is still no single method
that is suitable for all biological materials; many of the methods
used for Cr analysis have been summarized (Towill et al., 1977).
Standard reference materials certified for Cr content should be
employed for all analytical studies involving Cr. More than one
reference material should be utilized since Cr from different
sources behaves differently during digestion and analysis and the
levels of Cr in different reference materials vary considerably
(Anderson, 1980).

Values for urine and serum of 1 ppb or less obtained in the late
seventies for normal individuals (Guthrie et al. , 1978; Kayne et al.,
1978; Versieck et al., 1978, Veillon et al., 1979;) appear by present
standards to be correct (vide infra). Earlier values should be
interpreted with great caution. Chromium content of tissues has not
been verified and may also decrease when newer quality control
standards and procedures are applied. Values for Cr in hair appear
to be correct but need fur-ther verification.
Hair Cr - an indicator of Cr content:

Hair Cr content has been suggested as a possible indicator of
body Cr content (Hambidge, 1974). Included among the potential
advantages of hair analysis is the relatively large concentration of
chromium in this tissue. This permits analyses of total chromium by
less sensitive techniques that are less affected by background
contamination and matrix effects (Hambidge et al., 1968). Hair Cr
concentration has been correlated with disease states e.g. head hair
of diabetics is lower than that of normal subjects (Schroeder 1968;
Hambidge et al., 1968). Direct assessment of Cr status using hair
chromium analysis to monitor the Cr status of pregnant and parous
women has been used. Nulliparous women have significantly higher
levels of hair chromium than parous women but additional children
did not further decrease Cr status as judged by hair chromium
concentration (Mahalko and Bennion, 1976). Hair Cr content along an
individual hair shaft may also be indicative of Cr status. For
example, the hair Cr concentration distal from the scalp of an 18
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month child whose hair had never been cut was 940 ppb, reflecting
the high levels at birth, but the Cr concentration in the 2 cm
region closest to the scalp was only 144 ppb, a value similar to
that of older children and adults (Hambidge, 1971). Hair Cr content
of premature infants is indicative of gestational age; presumably Cr
status is considerably lower in premature infants than full-term
babies. Hambidge (1971) reported a hair Cr concentration of babies
at a gestational age of 32 weeks to be more than 6 times lower than
that of babies at a gestational age of 36 weeks.

Hair Cr content of a woman, later demonstrated to be overtly
Cr-deficient, was also a useful indicator of Cr status; her hair
chromium level was more than 2.5 times lower than the lowest level
observed for that of normal control subjects (Jeejeebhoy et al.,
1977). However, hair chromium content of malnourished adults was
normal but these individuals appeared to be chromium deficient since
their glucose tolerance improved after Cr supplementation (Gurson
et al., 1975). As malnutrition is known to retard or stop hair
growth, hair is not accepted as an indicator of trace element status
of malnourished subjects. Studies are in progress in our laboratory
to determine the usefulness of hair Cr as a predictor of Cr status
and to ascertain the effect of Cr supplementation on hair Cr content.

Analysis of hair Cr content of farm animals appears to be a
productive area of research that has not been actively pursued. The
authors are not aware of any studies correlating hair Cr content of
farm animals with any growth or production parameters.
Blood Cr - as an indicator of Cr status:

The usefulness of Cr content of the whole blood or serum is a
controversial subject. Since blood Cr is not in equilibrium with
tissue stores, the actual level in the blood is not a good indicator
of overall chromium status. However, in the 2 reported cases of
overt Cr deficiency in humans the values obtained for the 2 low Cr
subjects were considerably lower than those obtained for control
subjects (Jeejeebhoy et al., 1977; Freund et al., 1979). Neuman
et al., (1978) compared the serum chromium content of subjects with
coronary artery disease and those apparently free of symptoms and

150



found that subjects with lower serum chromium content had a much
higher incidence of coronary artery disease than subjects with higher
serum chromium levels. Coronary artery disease was not statistically
correlated with cholesterol, blood pressure or weight index but there
was some correlation (P < 0.05) with triacylglycerols and a highly
significant correlation (P < 0.01) with serum Cr. Therefore, serum
Cr in that study was the best predictor of coronary artery disease.

While the actual Cr content in the blood, except in extreme
cases, may not be an indicator of Cr status, the rise in blood Cr
following the administration of glucose or insulin may prove to be a
useful indicator of chromium status. When young subjects were given
a test dose of glucose or insulin there was an acute rise of plasma
Cr within 30 to 90 min. But in older subjects, who may be midly
chromium deficient, there was no similar increase in blood Cr.
Supplementation of older subjects with chromium chloride for several
weeks caused the reappearance of the acute increase in circulating
Cr indicating that lack of a rise in Cr may be due to a depletion of
body Cr stores (Hambidge, 1971; Glinsmann et al., 1966; Behne and
Diehl, 1972). However, some workers have reported a decrease in
plasma Cr following administration of glucose or insulin (Davidson
and Burt, 1973) while others have found increases in circulating Cr
after oral administration of glucose but a decrease in this Cr after
intravenous administration of glucose (Pekarek et al., 1973). Liu
and Morris (1978) reported that the ratio of the serum Cr concentra-
tion 1 hour after a glucose load divided by the fasting Cr concentra-
tion is a meaningful indicator of Cr status; they reported that in
response to a glucose load, serum chromium levels decreased in
sujects with presumably inadequate chromium storage and that a low
Cr ratio indicates suboptimal Cr status.

The apparent discrepancies in the values for circulating chromium
reported by various investigators may be due to the chromium status
of the individual and (or) time of sampling since the acute increase
in Cr may be preceded by an initial decline to a level below that
observed prior to the administration of the test load (Behne and
Diehl, 1972). Studies are presently in progress to ascertain whether
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the rise or fall in serum Cr following a test load can be used as an
indicator of Cr status but even if verified the rapid transient
increase in Cr concentration and variability in the time of the
increase make these changes in blood Cr a very difficult clinical
test for Cr nutriture.

Blood Cr content of farm animals has not been reported. As
mentioned, serum Cr does not appear to be in equilibrium with body
stores of Cr and, except in quite severe cases of Cr deficiency,
would not appear to be useful indicator of status.
Urinary Cr - an indicator of Cr status:

Unlike blood chromium, urinary Cr content appears to be related
to carbohydrate metabolism and may be a meaningful indicator of Cr
status of higher animals and man. Part of the Cr increment appearing
in the circulation in response to a glucose or insulin challenge is
subsequently lost in the urine; urine is the major excretory route
for absorbed Cr and is the sink of the functional plasma dialyzable
Cr (Saner, 1979). The transient rise in blood Cr, which may go
undetected unless several blood samples are taken, would appear in
the urine in a cummulative fashion. Therefore, increased Cr content
following a glucose or insulin challenge may be a meaningful
indicator of Cr nutriture.

Individuals with depleted Cr stores or those otherwise unable to
utilize Cr do not appear to display increased levels of blood Cr in
response to insulin challenge (see section on Blood Cr - an indicator
of Cr status) and therefore should not show increased urinary output
of Cr.

To ascertain whether the change in urinary Cr could be used as a
meaningful indicator of Cr status, the urinary excretion of 76
subjects administered 1 g of glucose orally per kg body wt. was
determined. Subjects ranged in age from 21 to 66 years and were
administered glucose after an overnight fast. Blood and urine
samples were taken at 0 and 90 min. Urinary Cr content at 0 time
ranged from .05-.58 ppb with a mean of 0.195 + .12 ppb and 90 rain
after a glucose load Cr excretion ranged from .05 -1.16 ppb with a
mean of .34 +_ .21 ppb (Table 1). Supplementation of 200 yg of
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chromium chloride daily for 2 or 3 months led to more than a 4-fold
increase in Cr excretion but (Table 2) the ratio of chromium excreted
after a glucose load versus the pretest period did not increase and
actually decreased. For example, in the pretest period 80 percent
(61/76) of the subjects showed an increase in chromium excretion
following a glucose load; after 2 and 3 months of Cr supplementation
only 56 percent of the subjects displayed increased Cr excretion.
These data suggest that an increase in Cr excretion following a
glucose load may not be a meaningful indicator of Cr status or that
not only is the ratio of the Cr excretion after a glucose load
versus before important but also the fasting Cr excretion. Since
subjects supplemented with Cr excrete approximately 4 times more Cr
than control subjects, little additional Cr may be needed to combat
a glucose challenge. However, diabetics also have higher urinary
excretion than control subjects (Hambidge, 1971; Vanderlinde et al. ,
1979) but do not appear to be able to utilize the absorbed Cr. This
may also be the case with individuals supplemented with inorganic
chromium, sufficient Cr appears to be present but may not be in a
useable form. However most normal individuals appear to be able to
convert inorganic Cr to a useable form e.g. in the 2 reported cases
of Cr deficiency in humans both subjects responded to inorganic Cr
and special forms of Cr were not required. There is ample evidence
regarding the essentiality of Cr but little evidence regarding the
essentiality of certain forms of Cr (Anderson, 1980). The suggested
RDA for chromium is based on total Cr and not certain organic forms.

To our knowledge, urinary Cr excretion has not been used as an
indicator of Cr status of animals and due to the difficulty of
analysis, problems in obtaining uncontaminated samples, and
difficulty in interpretation of the data, does not appear to be a
suitable method to assess Cr status of animals.
Tissue Cr - and indicator of Cr status:

There are not enough data available to ascertain the validity of
Cr tissue content as a meaningful indicator of Cr status. Most
values in the literature date from a period when concentrations
reported for urine and serum ranged from 100 to more than 1000 times
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higher than what is presently accepted, making statements on the Cr
content of tissues very dubious. Geographical variation and
decreasing chromium content of body tissues with age also need to be
verified.
Cr supplementation - A means to assess Cr status:

Cr status, except in extreme cases, is very difficult to
evaluate. Direct analytical determinations are subject to sample
preparation, contamination and matrix effects but even if all these
problems are resolved there are still serious limitations with regard
to the tissues or body fluids that should be analyzed and the
interpretation of the results. However, Cr supplementation of man
and animals can be used as a means to assess Cr status. In three
separate studies involving humans approximately 50% of the maturity-
onset diabetics (Glinsmann and Mertz, 1966) middle aged (Hopkins and
Price, 1968) and elderly subjects (Levine et al., 1968) showed
improvement in glucose tolerance after supplementation of 150 vg of
Cr daily to their diets. Liu and Morris (1978) reported that an
even higher percentage of normal and hyperglycemic women showed
significant improvement in blood glucose and circulating insulin
after supplementation with yeast that was high in biologically
active Cr. Supplementation of 250 pg/day of Cr to children in Jordan
suffering from kwashiorkor (Hopkins and Price, 1968), and children in
Turkey suffering from protein-calorie malnutrition (Gursen and Saner,
1971; 1973) lead to restoration of normal glucose tolerance.
Malnourished children in Egypt, that were consuming sufficient levels
of Cr, did not respond to additional Cr (Carter et al., 1968). Other
investigators reported little difference between subjects treated
with placebo or chromium (Sherman et al., 1968; Wise, 1978).
However, a number of factors, of which Cr is only one, affect
glucose removal rates, therefore Cr should not be construed as the
sole criterion for glucose tolerance.

Limited research has been reported on the direct assessment of
experimental and farm animals; however, a number of reports have
appeared demonstrating improved performance of animals after Cr
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supplementation. Animals responsive to Cr supplementation are rats
(Schwarz and Mertz, 1959) diabetic mice (Tuman et al., 1978) sheep
(Britton et al., 1968), squirrel monkeys (Davidson and Blackwell,
1968), swine (Steele et al., 1977) laying hens (Jensen et al., 1978)
and turkey poults (Steele and Rosebrough, 1979). Preston et al.
(1976) reported that dietary Cr does not affect guinea pigs or their
offspring; this may indicate a difference among rodents or that the
conditions employed were not conducive to the demonstration of Cr
deficiency. Physiological functions of man and animals affected by
Cr are listed in table 3.

In assessing the Cr status of rats, we observed that while the
absorption of radioactive Cr was not significantly affected by
Cr status (Table 4), which is consistent with previous workers
(Hopkins, 1965, Mertz et al., 1965), the fertility and sperm count
were adversely effected by low levels of dietary Cr (Table 5). If
the reproductive capacity 'of farm animals is also decreased by
marginal Cr intakes, this may have serious economic implications.
This may be especially applicable since the studies involving
improved growth and improvement in other physiological parameters by
additional dietary Cr pertained to farm animals that were raised on
standard diets with no measures to control Cr contamination.
Supplemental chromium significantly improved the growth rate of
turkey poults fed a corn-soybean diet (Steele and Rosebrough, 1979),
and egg quality of eggs from leghorn hens fed a corn-soybean-alfalfa
diet (Jensen et al., 1978). A complex of Cr potentiated the
hypoglycemic response observed following an intravenous insulin
challenge in swine fed stock diet (Steele et al., 1977); nitrogen
utilization by sheep was also increased by addition of Cr to a basal
diet which contained an apparently complete mineral mixture (Britton
et al., 1968). This may indicate that large numbers of farm animals,
like numbers of humans (Glinsmann and Mertz, 1966; Hopkins and Price,
1968; Levine et al., 1968) are suffering from signs of marginal Cr
deficiency.
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Table 1: Urinary Cr Excretion prior to and 90 min.
following a glucose load

0 time
Subject
M,
M
F

F (80)
(51)
(29)

Cr, (ppb)
.195 + .12
.20 + .12
.18 + .11

Range
( .05 - 0.58)
( .05 - .58)
( .05 - .5)

90 min
[Cr], ppb
.34 + 0.21 (
.28 + .16 (
.38 + 0.27 (

Range
.05
.05
.05

- 1.16)
- 0.80)
- 1.16)

After the initial urine sample, subjects were given 1 g of glucose orally
per kg body wt; second urine sample was 90 min. after ingesting glucose
test solution.

Table 2: Effect of Cr supplementation on Cr Excretion

Pretest 2 months 3 months
Cone, (ppb) .195 + 0.12 .84 + 0.60 (41) 1.1 + .74 (41)
Range (.05 - .47) (.05 - 2.7) (.05 - 3.1)

Subjects ingested 200 yg CrCl3 daily for the times indicated. Urinary
Cr concentrations were determined on urine samples from individuals after
an overnight fast.
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Table 3: Physiological Functions Improved by Chromium

Function Animal

Glucose tolerance

Circulating insulin
Insulin response
Nerve disorders
Brain disorders
Glycogen formation
Glucose oxidation
Glucose uptake
Serum cholesterol
Serum triglycerides
Aortic lipids and plaques
Fertility and sperm count
Corneal opacity
Protein synthesis
Nitrogen utilization
Egg Quality
Growth
Life span

Human, rat, mouse,
squirrel monkey
Human, rat
Human, rat, swine
Human
Human
Rat, turkey
Rat
Rat
Human, rat, mouse
Human, rat, mouse
Rat
Rat
Rat
Rat
Sheep
Chicken
Human, rat, turkey
Rat, mouse, hamster
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Table 4: Effect of diet on Cr absorption

Diet Absorption (%)

Low Cr 0.35 + 0.16 (24)
Low Cr plus 2ppm Cr in feed 0.31 + 0.13 (24)
Stock 0.50 + 0.2 (SO)

Rats weighing 200-250 grams were fasted for 18 hours, stomach-tubed
with 60 yCi chromium chloride at zero time, and sacrificed after 24
hours. Absorption refers to the counts retained in the carcass minus
entire gastrointestinal tract. Rats were raised in plastic cages
with purified air and diet components (Polansky and Anderson, 1979).

Table 5: Effect of Cr on Sperm Count and Fertility

Fertility (I)1 Sperm Count2

Age of rats -Cr +Cr -Cr +Cr
4 months 100 (8/8) 100 (8/8) 44.4 + 11.3 46.8 ̂  11.2
8 months 25 (2/8) 100 (8/8) 28.1 + 9.8 53 + 12.3

Rats were raised as described in table 4
1-Each of 4 male rats was mated with 2 female rats for 5 days.
Female rats were 3 months old and raised on a stock diet for 2 1/2
months; 2 weeks prior to mating all female rats were switched to a
low Cr diet to minimize contamination. After mating, all female
rats were switched to a stock diet containing adequate Cr.
Number in parenthesis denotes number of rats impregnated.
^Number of sperm cells was determined after adding 5 ml of
physiological saline to the cut caudal portions of the epididymides
of each rat. Sample was shaken, diluted 50-fold and 10 microliters
were placed on a hemacytometer and counted in duplicate. Counts
given are for a 0.04 mm2 area of the diluted samples. Sperm count
is the mean +_ the standard deviation of sperm samples from 8 rats
(Anderson and Polansky, 1980).
^Significantly different from each other (p<^
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MARGINAL MINERAL DEFICIENCIES AND THEIR IMPORTANCE FOR THE
PRODUCTIVITY AND REPRODUCTIVITY OF DOMESTIC ANIMALS*

I. WEGGER
Department of Physiology, Endocrinology and Bloodgrouping,
Royal Veterinary and Agricultural University,
Copenhagen,
Denmark

ABSTRACT

Using selenium as an example some aspects of trace element me-
tabolism especially in swine have been discussed in the prece-
ding paper. Several investigations indicate that the chemical
form of an element in the feed may influence its availability
to and metabolism by the animals. Results lending further sup-
port to this are presented and discussed. A normal physiolo-
gical condition which greatly enhances the requirement for nu-
trients including trace elements is pregnancy. The placental
transfer of selenium is discussed in some details and a survey
of the theoretical minimum requirements for several elements
at various stages of pregnancy is given. The possible rela-
tionship between marginal subclinical deficiencies and animal
health especially the resistance towards infectious diseases
is also touched upon.

During the past few decades marginal mineral deficiencies
or imbalances have become prominent problems in many parts of
the world and under widely varying animal production systems.
The possible causes of this unfortunate development are con-
sidered and the advantages and disadvantages of various me-
thods to detect such conditions discussed. Special emphasis
is laid upon screening methods suitable for depicting geogra-
phically limited areas where marginal deficiencies may be sus-
pected to occur.

In recent years the existence of genetically controlled va-
riation in the trace element content of blood and tissues i.e.
in the biochemical profile of animals belonging to the same
race has become evident. These findings makes it difficult to
speak about "normal" values in blood and tissues. They also
hamper the possibility for establishing normal requirements for

* The investigations were supported by grants from the Danish Agricultural and Veterinary Research
Council and from the Danish International Development Agency. The Danish group comprises: I. Wegger,
P. Fogd J^rgensen, J. Hyldgaard-Jensen, B. Palludan and J. Moustgaard. The results presented in this report
were partly obtained in co-operation with the following guest scientists: S.D. Tuncer and A. Ergiin, Turkey;
D. Vitti, Brazil; T. Kosla, Poland and N. Gazia, Egypt.
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the various trace elements. No doubt it is possible to breed
animals which possess a high or a low requirement for a given
trace element such as for example copper or selenium. This
underlines the importance of a close cooperation between gene-
tically orientated biochemists and nutritionists.

INTRODUCTION

Prank deficiencies of macro or micro minerals have been known for
long to result in characteristic diseases in farm animals leading
to severe production losses. Research during the past few deca-
des has, however, shown that marginal deficiencies or imbalances
in mineral intake are of equal or even greater importance for the
productivity and economy of animal husbandry in many parts of the
world. Such borderline conditions are far more difficult to de-
tect and hence to correct than a manifest deficiency state since
they often do not provoke any significant clinical symptoms. None
the less marginal deficiencies especially of trace elements can
seriously impair meat, milk, wool and egg production and also the
fertility in both male and female animals. The occurrence of
such deficiencies may be caused by several factors alone or in
combination. The soil and hence the crops may contain insuffi-
cient amounts of one or more elements or the availability of a
mineral may be low either due to its chemical form or to the pre-
sence of interfering substances in the feed. These factors are
especially important in areas with extensive management systems
where livestock is often fed on locally grown crops without mi-
neral supplementation. However, several examples of marginal
trace element deficiencies are also known in countries with in-
tensive animal production systems. This is due to the increasing
demand for animal productivity, the intensified use of confined
management systems and industrially produced feedstuffs often of
non-conventional character.

In order to detect and combat trace element deficiencies in
a rational way, a thorough knowledge of the metabolism and bio-
chemical function of the elements is essential. Also the normal
physiological variation in mineral status of farm animals has to
be known. In the following studies along this line will be dis-
cussed with special emphasis on selenium. Items to be dealt with
are A) selenium metabolism in swine; B) genetic aspects of trace
element metabolism, and C) methods for evaluating trace element
status of domestic animals under practical conditions.
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A. Selenium metabolism in swine

Absorption and distribution of selenite and seleno-methionine.
Selenium in plants is incorporated in the protein fraction mainly
as seleno-methionine (Olson et al. 1970) and several studies have
shown that animals utilize native selenium better than selenite
(cf. Moustgaard 1977)• This lead to investigations on whether
the chemical form of selenium influences its intestinal absorp-
tion and distribution in the animal body (Wegger et al. 1978).

Six fasting pigs weighing 20.5-22.0 kg were dosed per orally
75 75with radioactive selenium either as Se-selenite or Se-methio-

nine. The pigs were placed in metabolic cages and one animal on
each treatment was killed after 1, 3 and 6 days. Faeces and urine
was collected quantitatively as was intestinal content after kil-

75ling. The retention of selenium was calculated as dose of Se
minus activity recovered in faeces, urine and intestinal content.
Table 1 shows the retention and excretion of selenium in per cent

75of dose. As seen the retention of Se was higher from seleno-
methionine than from selenite, which was due primarily to a grea-
ter urinary excretion of selenite during the first three days of

75the experiment. The daily excretion of Se thereafter was low
and practically constant irrespective of the chemical form
the isotope was given.

75The retention of Se-selenite found in our experiment is of
the same order of magnitude as reported by Buescher et al. (1961).
In pigs given a fodder containing 0.03 to 0.5 ppm of native sele-
nium a linear correlation was found between selenium concentra-
tion in feed and muscle tissue (Ku et al. 1972). But if selenite
was used as selenium source the increase in muscle selenium con-
tent ceased when the concentration in fodder reached 0.1 ppm
(Groce et al. 1973). This agrees well with the higher retention
of seleno-methionine than of selenite, as reported here. Simi-
lar results have been obtained with rats (Thomson & Stewart 1973)
and lambs (Ehlig et al. 1967).

75The activity of Se in various tissues is shown in table 2.
The kidneys and especially the cortex possessed by far the hig-

75hest activity in all the pigs. The second highest Se activity
was found in liver followed by the kidney medulla, pancreas and
adrenals, spleen, thymus and lymph node, heart, the central ner-
vous system and skeletal muscle tissue. The differences between
the various parts of the brain were small but the spinal cord
accumulated significantly less selenium than the rest of the
central nervous tissues. Maximum activity in liver was reached
within the first 24 hours and in most other tissues 3 days after
the administration of radioactive selenium.
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Table 1. Excretion and retention of 75-Se in per cent of dose
after per oral administration of 75-Se-metlonine or 75-Se-sele-
nite to 6 Danish Landrace pigs.

75-Se-methionine 75-Se-selenite

Days

Urine
Faeces
Intestinal
content

1

5.8
0.3

4 . 6

3

6.6
3.1

3.4

6

7 .6
10.9

1.4

1

10.8
0.1

20.6

3

18.0
6.2

2 .2

6

16.6
18.5

1.2

Retention 89-3 86.9 80.1 68.5 73.6 63.7

Table 2. 75-Se activity (ncpm x 10 /g tissue) corrected for differences in dose and gluta-
thione peroxidase activity (mean + s . e . ) in various tissues from 6 pigs given 75-Se-selenite
or 75-Se-methionine per orally.

75-Se -met hi onine

Days

Liver
Spleen
Kidney cortex
Kidney medulla
Pancreas
Thymus
Lymph node
Heart
M. long, dorsi
M. flex. dig.
Cerebrum
Cerebellum
Med. oblong.
Med. spinal.
Adrenals

1

92.
4?.

272.
73,
58,
26,
33,
22.
13,
11,
15,
16,
13,

6.
63.

,0
,1
,1
.3
.0
.7
.1
,5
.3
.4
.8
.1
.9
.9
.6

3
72.6
46

319
80
68
30
32
25
16

9
17
17
16
7

65

.7

.5

.3

.4

.3

.0

.0

.1

.1

.1

.9

.3

.7

.8

6

71
36

253
52
50
28
25
25
13

9
15
15
13
7

39

.1
• 9
.7
.6
.8
.8
.6
.2
.3
.4
.2
.2
.2
.2
.7

1

81
27

309
68
28
15
17
13

2
4
4
5
5
3

45

75-Se-selenite

.1

.9

.7

.5

.0

.4

.6

.8

.9

.2

.0

.1

.2

.1

.8

3

73.1
37.8

463.8
87.9
34.7
21.6
27.6
14.3

3.3
4 .9
6.0
7 .6
7.7
4 .0

55.3

6

59.2
28.8

278.1
46.1
27.0
21.2
20.7
12.3

3-0
4.0
6.0
7.6
6.4
3.8

27.9

aSH-Px
u/g

31.1 + 1.5
18.5 + 1.0
29.6 i 0.6
7.7 + 0.8
2.6 + 0.2
8.0 + 0.3
9.8 ± 0.3

3.62 + 0.12
0.78 + 0.05
1.26 + 0.04
1.19 + 0.02
2.05 + 0.04
1.70 + 0.08
0.48 + 0.06
0.60 + 0.12

75The cortex of kidneys accumulated considerably more Se from
selenite than from seleno-methionine. Contrary to this all other
tissues had the lowest activity in the pigs dosed with selenite.
Thus, the kidneys seem to have a central position in the metabo-
lism and excretion of selenium in monogastric animals (cf. Klevay
1976). The differences in activity levels among the tissues stu-
died are in agreement with earlier results from experiments on
as well pigs as other species (Orstadius & Aberg 1961, Buescher
et al. 1961, Thomson & Stewart 1973)• The high activity in adre-
nals and spleen is interesting when seen in connection with the
finding that these organs contain a much higher activity than any
other tissue after the administration of radioactive vitamin E
(Gallo-Torres 1973)• In this context it should be mentioned that
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there seem to be a certain parallelity in the ability of various
organs except the kidney to accumulate selenium and vitamin E.

The last column of table 2 shows the glutathione.peroxidase (GSH-Px)
activity in various tissues. The highest activity was found in
liver and kidney cortex followed by spleen, lymph node, thymus,
medulla of kidney, heart, pancreas, brain, muscle, adrenals and
spinal cord. The order of the tissues regarding GSH-Px activity

75and Se activity is, as it appears, roughly the same. Exceptions
from this are kidney, pancreas and adrenals which had a low GSH-
Px activity as compared to the high selenium uptake. As far as
the kidneys are concerned a possible explanation could be that
only some of the accumulated selenium is of functional importance
while the rest is taken up as the last step of the excretion pro-
cess.

75The relative distribution of retained Se is shown in figure
1. It appears that the selenium metabolism in some tissues de-
pends on the chemical form in which the element was ingested. Se-
lenite-Se is concentrated in kidneys to a greater extent than is
seleno-methionine-Se, while pancreas, muscle and brain tissue
take up less selenium from selenite. The differences in liver,
spleen and thymus are less pronounced and disappear after 6 days.

Regarding the distribution of retained selenium in the orga-
nism the results from the literature are contradictory. Gary et
al. (1973) found a higher selenium concentration in muscles but
not in other tissues from rats fed seleno-methionine than from
those fed selenite for 50 days. In contrast to this Thomson &
Stewart (1973) did not find any effect of the chemical form in

75which radioactive selenium was given on the distribution of Se
in various tissues.

Experiments with sheep (Jenkins & Hidiroglou 1971) and chickens
indicate, however, that the differences in uptake and metabolism
of selenite and seleno-methionine we have found in several organs
in swine also occur in other animal species. Cantor et al. (1975)
for example found that selenite was best to prevent the develop-
ment of exudative diathesis in chicken while seleno-methionine
protected more efficiently against pancreas fibrosis.

One of the most frequent symptoms of vitamin E-selenium defi-
ciency in pigs is muscle degenerations which affect as well the
skeletal muscles as the heart. As shown here the selenium uptake
in these tissues is considerably lower from selenite than from se-
leno-methionine. This means, other things being equal, that one
should use higher doses of selenite than of seleno-methionine in
order to obtain the same effect of selenium on muscle dystrophy.
The practical significance of this cannot be deduced from the pre-
sent results. Such an evaluation requires knowledge of whether
the two forms of selenium are incorporated in the same way in the
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Table 3- Mean selenium concentration (,ug/g) in foetuses, placenta and
foetal tissues at various times during pregnancy. Number of foetuses
is shown in brackets; other values are means of determinations on three
foetuses. The last column shows mean selenium concentrations in tissues
from six pigs, age four months.

Foetal age,
days

Foetus

Placenta
Liver
Kidneys
Heart
M. Longiss.
dorsi

42

0.116
( 7 )

0.077
-
-
-

-

55

0.084
( 6 )

0.041
0.280
0.262
0.143

-

76

0.076
( 6 )

0.061
0.266
0.249
0.124

-

95

0.072
( 6 )

0.070
0.200
0.193
0.100

0.040

102

0.072
( 5 )

0.050
0.241
0.243
0.086

0.042

Pigs
4 months

-

0.32?
1.111

-

0.131

Table 4. Daily deposition of nitrogen, calcium, phosphorus,
iron,zinc and selenium in porcine foetuses calculated for a
litter size of 10 foetuses.

Day of
gestation
N, g/day
Ca, g/day
P, g/day
Fe, rag/day
Zn, mg/day
Se, ̂ g/day

40

0.16
0.03
0.03
0.63
0.31
1.55

60

0.7
0.2
0.2
1.9
1.0
3.5

80

2.7
1.2
0.8
5.7
3.1
8.0

100

11.0
7.3
4.2
17.1
9.9
18.1

110
22.1
17.9
9.3
29.7
17.7
27.3

115

31.3
28.1
13.9
39.1
23.7
33.5

Table 5• Variation in copper, iron and selenium status among Danish
Landrace pigs reared at a progeny testing station. Selenium status
was evaluated by means of G-SH-Px activity in erythrocytes. Variation
between litters was significantly greater than within litters for all
parameters as shown by the P-values.

No. of
litters
No. of
pigs
P <

Copper cone,
in plasma

25

100
0.001

Iron cone,
in plasma

40

146
0.05

Total iron
binding capac.

38
138
0.001

GSH-Px act iv.
in erythrocytes

52

207
0.0005
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compounds through which selenium exerts its biological function.
In other words whether the two forms per molecule have the same
biological activity after being taken up by the tissues.

Placental transfer of selenium. During pregnancy the require-
ment for essential nutrients including trace elements is great-
ly enhanced. If the supply of a mineral is insufficient to cover
the requirements for as well maternal maintenance as foetal pro-
duction maternal reserves of that element will at least to a cer-
tain degree be mobilised and transferred to the foetuses, they
possess a first priority. Consequently a latent deficiency of
the mother animal will be the result. A relatively simple me-
thod for estimating the amount of the normal placental transfer of
a nutrient is to determine the foetal content of that substance
at various times during pregnancy. Such investigations have been
carried through in swine comprising several nutrients including
the trace elements iron (Moustgaard 1959) and zinc (Palludan &
Wegger 1972).

Recently we studied the placental transfer of selenium in the
same manner (Kosla et al. 1980). A total of 42 foetuses from
five litters obtained at a slaughterhouse were analysed. The
age of the foetuses was estimated on basis of their length. In
the four oldest litters liver, kidneys and heart and in the two
oldest also muscle tissue (m. longissimus dorsi) were analysed
separately in three foetuses. The remaining foetuses were homo-
genized and used for determination of the total selenium content.
Furthermore three placentae from each litter were analysed. Se-
lenium determinations were made according to Olson (1969)•

Table 3 shows the selenium concentrations in whole foetuses,
placentae and foetal organs. A decrease in selenium concentra-
tion with increasing age is seen in whole foetus and heart, where-
as the concentration in other foetal tissues seems nearly constant
during the second half of the gestation period. In table 3 is
also shown the average selenium concentration in tissues from six
pigs at the age of four months. The selenium concentration in
foetal liver is comparable to that in liver from growing swine while
muscle and especially kidneys contain considerably less selenium
than the corresponding tissues of growing pigs (Nielsen & Rasmussen
1979, Wegger et al. 1979, Wegger & Chnstensen 1979). These re-
sults indicate that pigs have a relatively low selenium status
in several tissues at birth, and that a significant deposition
of selenium in excess of that determined by growth itself takes
place during the growth period. This is further supported by
the fact that plasma selenium concentration is low at birth
(0.05 ug/ml) and gradually increases during the first 3-4 months
of life to the normal level of 0.1-0.2 ug/ml in adult pigs.
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Table 9. Zinc, copper and iron concentration, and glutathione
peroxidase activity in swine liver from four slaughterhouses,
mean +_ s.e. Values within each column followed by the same
letter are significantly different (P < 0.05 - O.Ol).

Region

Northwest
Zealand
Lolland-
Palster
North
Jutland
West
Jutland

Zinc

58+2

56+2

61+2

66+2

.3a

.3b

.2

.6a'b

Copper
ug/g

7

7

7

7

.9+0

.6+0

.6+0

.4+0

.5

.3

.4

.5

Iron
,ug/g

183+5. 6a

173+7.8b

206+7. 9 a ' b ? C >

175+6.2C

GSH-Px
U/g

40.

45.

37.

44.

2+1. 5a

6+1.6a'b

3+2.4b ' c

1+2 . Oc

i 30s

Kidney, cortex

Kidney, medulla

D "Se-mKhionint

0 ™Se-selenite

1 3 6 1 3 6 1

Days after administration

Spleen Thymus

M lortfli* dorsi C*rtbrum

1 3 6 1 3 6 1 3 6

Days afttr ad mi nisi ration

Figure 1. Relative distribution of retained radioselenium in
various organs and tissues from pigs at different times after
oral dosing with labelled selenite or seleno-methionine.
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Figure 2. Selenium accumulation in pig foetuses. The fully
drawn curve shows the total deposition per foetus, the calcu-
lated daily deposition is shown as a stippled curve.
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Figure 3. Disease frequency during the growth period of pigs
in relation to erythrocyte GSH-Px activity. The enzyme acti-
vity increases gradually from Group 1 to Group 12 within the
range 7-288 U/g of haemoglobin, the class width being 24 U/g
of haemoglobin.
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A numerical value for the selenium deposition in foetal life
can be obtained by calculating the deposition curves shown in
figure 2. The solid line curve depicts selenium accumulation
in whole foetus. As is the case for other micro and macro ele-
ments the selenium deposition increases exponentially with time
after conception (Moustgaard 1959, Palludan & Wegger 1972, 1976).
It appears from the equation for the curve that the relative rate
by which the foetal selenium pool increases is 4.1 per cent per
day. For comparison it can be mentioned that the relative rate
of deposition of the trace elements iron and zinc is 5.5 and 5.8
per cent per day respectively while it is considerably higher for
the macro elements calcium (9.0 per cent), phosphorus (8.1 per
cent) and nitrogen (6.9 per cent)(Palludan & Wegger 1972).

The absolute amount of selenium transferred to the foetus per
day can be calculated by differentiation of the equation for the
deposition curve. The result of such a calculation is represen-
ted by the broken line in figure 2. During the last trimes-
ter the daily deposition of selenium increases from 0.8 ^ug on
day 80 to 3-3 p-S on day 115 corresponding to an average of 2 ̂ ug
per day in this period of gestation. Supposing a litter size of
ten foetuses this means that 20 ̂ ug of selenium per day are re-
quired exclusively for foetal production. A pregnant sow

given 2.5-3 kg of feed containing 0.1 ppm selenium re-
ceive 250-300 )ig of Se per day. Thus, during the last
trimester approximately 6-8 per cent of the ingested selenium
must be transferred to the foetuses. To this shall be added the
amount of selenium deposited in placenta and uterine fluids.
Furthermore it must be kept in mind that not all of the ingested
selenium is absorbed from the intestine. Therefore,
the selenium requirement for foetal production is higher than the
above mentioned theoretical value of 20 ̂ .g per day.

Table 4 gives a survey of the daily deposition of various
elements in foetuses at different stages of gestation. The fi-
gures for nitrogen, calcium, phosphorus and iron is calculated
from the results published by Moustgaard (1959) and for zinc
from those of Palludan & Wegger (1972). Although the daily de-
position of all the minerals studied increases steeply during
the last trimester a characteristic difference exists between
the macro elements calcium and phosphorus on one side and the
trace elements on the other. From day 80 to 115 of pregnancy
the deposition of calcium and phosphorus is increased approxi-
mately twentyfold while that of the trace elements is only en-
hanced by a factor 4-8. This difference is due to the fact that
most of the calcium and phosphorus in the organism is found in
the skeleton the ossification of which does not become signifi-
cant until the last trimester. The trace elements on the other
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hand are incorporated in compounds of direct physiological and
biochemical importance such as enzymes in all tissues. Many of
these substances are presumably needed early in foetal life.

Glutathione peroxidase and health. As already touched on in
the preceding section trace elements exert their biological func-
tion primarily as members of enzyme systems. Selenium is an in-
tegral part of the enzyme glutathione peroxidase (GSH-Px) which
participates in the mechanisms protecting cells against damage
due to peroxides. During the phagocytic action of macrophages
and leucocytes considerable amounts of hydrogen peroxide are generated
in these cells, which normally have high GSH-Px activity (Serfass
& Ganther 1976). Since GSH-Px activity in many tissues closely
reflects the selenium status of an animal, one might expect se-
lenium deficiency to. cause decreased resistance to infections.
Such an effect was found in rats where macrophages isolated from
selenium deficient animals had only 5-10 per cent of the GSH-Px
activity found in cells from control rats, and their microbici-
dal activity was lower than that of normal macrophages (Serfass
et al. 1974). Similar results were reported for leucocytes from
selenium deficient steers (Boyne & Arthur 1978). Selenium supple-
mentation of selenium-vitamin E deficient pigs has also been
found to prolong the incubation period in experimental swine
dysentery (Teige et al. 1978).

A high incidence of infectious diseases such as pneumonia and
diarrhoea is one of the major problems in pig production today.
Besides, the selenium status of Danish Landrace pigs varies con-
siderably (Jargensen et al. 1977, Wegger et al. 1979). These
facts together with the results cited above lead us to investi-
gate the incidence of disease in swine in relation to their se-
lenium status (J0rgensen & Wegger 1979)•

The study comprised 691 pigs of Danish Landrace. The animals
were reared at a progeny testing station from about 22 kg of bo-
dy weight until slaughter at a body weight of 90 kg, thus feeding
and environmental conditions were identical for all pigs. Glu-
tathione peroxidase activity in erythrocytes was measured as de-
scribed by J0rgensen et al. (1977) when the pigs had been on the
station for 3 weeks. Morbidity and diagnosis were recorded for
each individual pig at the station. The results were grouped in
classes according to GSH-Px activity, the class width being 24
u/g of haemoglobin. Within each class the percentage of pigs
affected by disease at any time during the growth period was
calculated.

The results are shown in figure 3« Diarrhoea and pneumonia
were the predominant diagnosis in all groups, but as seen from
the figure, pigs with a high level of GSH-Px activity, i.e. a
high selenium status, were less susceptible to disease than those
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with low GSH-Px. The term "Other diseases" comprises a wide va-
riety of disorders each occurring with a low and inconsistent
frequency not related to GSH-Px classes. The correlation between
GSH-Px activity and total percentage of pigs with disease remarks
was highly significant (P < 0.001).

It should be underlined that the animals were fed a diet con-
sidered selenium-vitamin E adequate and no clinical symptoms of
selenium deficiency were seen. Thus the results indicate that
individual differences in selenium requirement exist in pigs.
Taking into account the standardized management of the animals
the most likely explanation is the existence of genetic variation
between pigs in their ability either to absorb selenium, to in-
corporate this element in GSH-Px or to synthetize the apoenzyme.

These differences may result in marginal selenium deficiency in
some pigs, a condition which lowers the animal's resistance to
infections.

E. Genetic aspects of trace element metabolism
During recent years it has become evident that mineral meta-

bolism and status in man and animals to a certain extent is ge-
netically controlled which presumably implies inherited diffe-
rences in requirement among animals. A very convincing example
of the existence of such variations is Scottish investigations
on the susceptibility of different sheep breeds to copper de-
ficiency and intoxication (Wiener et al. 1978). The cause of
the variations was shown to be differences in the animals' abi-
lity to absorb copper from the intestine.

Inherited differences in trace element status may, however,
also occur within the-same breed. For example genetic variation
in plasma copper concentration was found between groups of half-
sib calves of the Danish cattle breeds EDM and SDM (Wegger &
Larsen 1978) reared at a progeny testing station. The variation
in plasma copper concentration between halfsib groups was sig-
nificantly higher than between related animals in both breeds
(P < 0.001). Plasma copper concentration was correlated not
only with ceruloplasmin activity (Todd 1970) but also with an
animal's phenotype regarding this polymorph protein (Wegger &
Larsen 1978). In Danish cattle three electrophoretically detect-
able ceruloplasmin phenotypes are known AA, AC and CC. As can
be seen from figures 4 and 5, the AA phenotype was associated
not only with the highest ceruloplasmin oxidase activity but
also with the highest plasma copper concentration. The CC phe-
notype possessed the lowest enzyme activity and copper concen-
tration while the AC type was intermediary. Whether this is of
any biochemical or practical importance for copper metabolism
remains unknown.
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Pigs of Danish Landrace all possess the same ceruloplasmin
phenotype. However, in spite of this their plasma copper con-
centration is partly genetically determined since the variation
between litters is significantly greater than within litters
even when the animals are reared in the same environment and fed
the same diet (table 5). The same applies to plasma iron con-
centration and total iron binding capacity. Also the selenium
status of pigs as determined by GSH-Px activity in erythrocytes
(see below) is subject to genetic control. The practical im-
plications of these findings are as yet not fully understood.

C. Methods for evaluation of trace element status of domestic
animals under practical conditions.
Estimation of the nutritional status of individual animals or
local herds regarding essential nutrients such as trace elements
may serve as well theoretical experimental as practical econo-
mic purposes . In the latter case the methods applied should
as far as possible fulfill the following claims: (a) sample ma-
terial should be easy to obtain, (b) the analyses should be as
simple as possible and not require too specialized equipment,
(c) samples should be storable for sending to regional labora-
tories, (d) last but not least the results should be indepen-
dent of factors others than the mineral in question.

For many years analyses of mineral content in feedstuffs
were used to ensure that the requirement of animals for trace
elements was met. Such determinations are, however, of limi-
ted value for the diagnosis of marginal mineral deficiencies
where no clinical symptoms occur. A much more relevant approach
to the problem is determination of mineral concentration in sam-
ples taken from the feed consumers. When deciding which tissue
to use for analyses it is important to realize that as far as
trace elements are concerned some tissues serve as depots (i.e.
liver) and some as transport media (blood, milk) while others
have specific trace element dependent functions (gl. thyreoidea,
bone marrow).

Hair is a readily available sample material from most farm
animals even under field conditions, and several experiments
have been concerned with the use of trace element concentration
in hair as an indicator for mineral status of animals and man
(Lewis et al. 1957, Miller et al. 1965, Klevay 1970). However,
since an element once incorporated in hair cannot be reutilized
by the organism, hair mineral concentration does not reflect
the actual nutritional and metabolic status of an animal, but
rather the status 1-2 months ago when the sampled hair was
grown (Kristiansen et al. 1971, Miller et al. 1965). Never-
theless, analyses of hair samples should not be completely a-
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bandoned as a tool for investigating trace element status, espe-
cially in geographic areas where long lasting exposure to "mar-
ginally deficient" crops is suspected. Under such, conditions
the analyses of hair might be of diagnostic value.

The analysis of blood and plasma as a diagnostic aid in de-
tecting mineral deficiencies has been and st^ll is widely used.
It should, however, be kept in mind that the trace element con-
tent in plasma is the result of a continuous exchange between
labile tissue pools and plasma. The mobilization of trace ele-
ments from storage organs such as liver may in the initial sta-
ge mask a marginal deficiency since it will keep the plasma con-
centration on a normal level for a certain period of time. Besi-
des, normal physiological condition may cause fluctuations in the
trace element content of plasma not primarily related to mineral
intake. Well known examples are the changes in plasma zinc and
copper concentrations during pregnancy (Palludan & Wegger 1976).
Finally, it has been shown in humans that infectious diseases
are accompanied by significantly decreased zinc and increased
copper concentrations in plasma (Sandstead et al. 1976). Whe-
ther similar changes occur in farm animals is not known.

In experimental studies on trace element status several iso-
tope techniques have proved to be very valuable tools. These
include measurement of intestinal absorption, endogenous excre-
tion, whole body retention, plasma clearence rate etc. However,
all these methods imply administration of isotopes to the ani-
mals which in the case of radioactive isotopes renders the ani-
mal and its products such as egg and milk unfit for human con-
sumption. Furthermore, a considerable amount of radioactive
waste has to be disposed of and the methods are too costly and
laborious to be used on large numbers of animals. One isotope
technique namely the in vitro uptake of trace elements by ery-
throcytes, may be useful also under practical conditions.

It has been known for several years that erythrocytes can
accumulate zinc in vitro as well as in vivo and Berry et al.
1966 have suggested to use the in vitro uptake of zinc-65 as
a measure of zinc status. This possibility was tested in con-
nection with experimental zinc deficiency in pigs. The results
from such an experiment are shown in table 6. Erythrocytes
from one normal and four zinc deficient pigs were incubated with
zinc-65 as zinc chloride at 37°. As shown in the first three
columns of the table cells from the deficient animals take up
significantly more zinc-65 than those from the control when the
incubation is performed in the pig's own plasma. If, however,
cells from both deficient and normal pigs are incubated in plas-
ma with a normal zinc content no difference in isotope uptake
is observed, as shown in the last column of table 6. In accor-
dance with this Chester & Will (1977) found that the zinc-65
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Table 6. In vitro uptake of Zn in erythrocytes from
four zinc deficient and one normal pig in relation to
plasma zinc concentration and incubation time.

Pigno.

535
531
532
533
534

Plasmazinc
pg %
112
40
44
48
30

Per cent Zn in erythrocytes
15 min.
3.5
7.9
8.2
8.7
7.5

30 min.
7.4
15.6
15.2
16.3
14.7

60 min.
12.1
28.3
25.5
29.1
27.3

60 min.*
11.7
-

9-5
10.6
9.6

x: Erythrocytes from all pigs incubated in a standard
plasma containing 112 ^g % Zn.

75Table 7. In vitro uptake of Se in erythrocy-
tes incubated with labelled seleno-methionine
after storage for various periods of time at 4,
20 or 37°C. The uptake is expressed in per cent
of uptake on day zero.

Storage
temperature

4°C
20°C
37°C

Length of storage, days
0
100
100
100

1
75
72
68

2
77
74
73

5
88
88
168

Table 8. Stability of erythrocyte G-SH-Px activity (U/g haemoglobin)
under various conditions of storage. Zero value: average of 9 de-
terminations + S.D.

„ Length of storage, days
Pre treatment Sure —————————————————————————————rature Q 1 2 3 4

Erythrocytes washed - 20°C 161 174 164 169.
twice in saline + 4°C 148 162 156 153

168 + 16
Untreated + 4°C 160 159 162 150
blood sample + 20°C 161 157 159 162
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Ctnjloplasmin typ«
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Figure 4.._ Average ceruloplasmin ac-
tivity in relation to ceruloplasmin
phenotypes in two cattle breeds, ver-
tical lines show s.e. The figures
show number of calves.

ssa.

AC AA

Ctruloplocmin typ«

AC

-Figure 5. Average total copper
concentration in plasma in rela-
tion to ceruloplasmin phenotypes.
For details see legend to figure
4.
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»

• '^ Se - seleno - methionine
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1
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re 6. In vitro uptake of radio-
selenium by porcine erythrocytes in-
cubated with either labelled selenite
or seleno-methionine at 37°C.

30

25

20

f, '5

1 2 3 4 5
Hours

Figure 7. In vitro uptake of
radio selenium by porcine erythro-
cytes incubated with labelled
eeleno-methionine at various tem-
peratures.
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uptake was inversly proportional to the plasma zinc concentra-
tion. One could therefore speculate if the degree of Zn up-
take in one way or other depends on an "isotope dilution" occur-
ing in labile zinc pools of the plasma. It should also be men-
tioned that considerable species differences exist, the zinc-65
uptake by bovine erythrocytes for example being only half as
high as that by porcine cells. These differences seem to be re-
lated to -properties of the erythrocytes rather than plasma. The
same technique has been used to elucidate selenium status of
ewes and pregnant sows (Wright & Bell 1963, Wilkinson et al.
1977). In both cases the isotope was added to the blood as se-
lenium-75-selenite.

Some experiments with blood from normal pigs were carried out
75to study the influence of various factors on the Se uptake

(cf. Moustgaard 1977). As mentioned before seleno-methionine
is utilized more efficiently than selenite when given orally to
animals. To elucidate whether the same applies to the in vitro
uptake by erythrocytes one milliliter aliquots of a blood sam-
ple were incubated with either 75-seleno-methionine or 75-sele-
nite. As it appears from figure 6 significantly more of the
isotope was accumulated by the cells from the amino acid than
from the inorganic compound. These results indicate that the
sensitivity of the test may be increased by replacing selenite
with seleno-methionine.

It can be mentioned that the results with selenite shown
here agree with the earlier experiments on sows and also with
the results obtained with ewes by Wright & Bell (1963) after
one hour of incubation. In contrast to the present results,

75however, these authors found increasing uptake of Se for as
long as 4 hours. The reason for this difference could be the
difference in the incubation methods used. Our incubations
were performed in a normal atmosphere which contains 79 i° ni-
trogen while Wright and Bell used a mixture of 95 % oxygen and
5 i° carbon dioxide and also demonstrated that nitrogen inhibi-

75ted the uptake. The accumulation of Se from seleno-methio-
nine seems less dependent on oxygen since, as shown in figure
7, the red cells continue to take up the isotope at least for
5 hours.

It also emerge from figure 7, that the uptake is highly tem-
perature dependent which indicate that it is an active process
and not merely a result of passive diffusion. For both zinc
and selenium the majority of the isotope accumulated by the
erythrocytes is transferred to the cell lumen and only very
little adsorbed to or bound on the cell membrane. This is il-
lustrated by figure 8.
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15

10

• Erythrocytes
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Hours

Figure 8. In vitro uptake of radioselenium by erythrocytes and
"ghosts" from labelled seleno-methionine at 37°C. After incu-
bation the cells were washed twice with saline and the uptake
measured. The cells were the haemolysed, the membranes isola-
ted by centrifugation and the bound activity estimated.

005-

004-

003-

t

E 002

001- r=0 559
P<OOOI

50 too 150

GSH-Px activity in trythrocytts. U/g Hb

,._. The relationship between erythrocyte GSH-Px activity
and plasma selenium concentration in Egyptian water buffaloes
(n = 33).
Figure 9.
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75Finally the influence of storage on the Se uptake was stu-
died, as shown in table 7. Blood samples were stored at 4, 20
and 37 for up to 5 days before the selenium uptake test was
performed. Although the erythrocytes lost some of their abi-
lity to accumulate selenium usable results could still be ob-
tained after two days storage at any of the temperatures appli-
ed. When kept for longer time especially at the high tempera-
ture the uptake rate increased considerably, probably due to
diffusion of the isotope into more or less damaged cells.

Results obtained by means of the methods mentioned so far
can easily be impaired by contamination of the samples and ex-
tensive precautions must be taken to avoid this. It might,
therefore, often be an advantage to use determination of trace
element dependent enzymes to assess the status of animals re-
garding these minerals. Moreover, this might give a more cor-
rect and sensitive measure since it is mainly through the ac-
tion of such enzymes the trace elements exert their essential
biological functions. In the choice of suitable enzymes it
must be taken into consideration that not all enzymes are equal-
ly affected by deficiency of the element on which their acti-
vity depends. This can either be due to localization of the
enzymes in tissues not equally affected by the deficiency or
to differences in affinity towards the trace element (cf.
Kirchgessner et al. 1976).

Useful enzymes in this context are for example alkaline phos-
phatase and ceruloplasmin as indicators for zinc and copper sta-
tus respectively (Agergaard & Palludan 1974, Todd 1971, Wegger
& Larsen 1978) and glutathion peroxidase as a sensitive marker
for selenium status in various animal species (Hafeman et al.
1974, Omaye & Tappel 1974, Alien et al. 1975, Sivertsen et al.
1977) . In the lat'ter case it has been discussed whether whole
blood, erythrocytes or plasma should be used for analysis (cf.
J0rgensen et al. 1977) . Against the use of erythrocytes (or
whole blood) speaks the fact that the selenium content and hence
the GSH-Px activity of these cells does not reflect the immediate
selenium status of the animal but rather the situation some
months ago. Plasma selenium content on the other hand is known
to respond very rapidly to changes in selenium intake (Thomp-
son et al. 1980). Even so, a certain relationship exists be-
tween GSH-Px activity in erythrocytes and selenium concentra-
tion in plasma as seen in figure 9 (Gazia & Wegger 1980). How-
ever, the correlation coefficient is considerably lower than
those reported for whole blood selenium and GSH-Px (Arthur et
al. 1979, Scholz & Hutchinson 1979).

For screening purposes the GSH-Px activity determination can
be simplified by using the socalled "spot test" (Board & Peter
1976). In figure 10 is shown the results of a comparison be-
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Figure 10. Relationship between glutathione peroxidase activity
in porcine erythrocytes as measured by a spectrophotometric methodand the spot test, respectively.
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Figure 11. The relationship between selenium concentration and
GSH-Px activity in porcine liver (n =50, r = 0.8?, P < 0.001).
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tween the quantitative spectrophotometric method and the spot
test (J0rgensen et al. 1977). The usefulness of the spot test
under field conditions has recently been studied with cattle
and sheep (Backall & Scholz 1979, Berrett & Hebert 1979).

A prerequisite for using enzymes as indicators of trace ele-
ment status in screening studies is that the enzyme in question
is stable enough to allow transport of the samples over a cer-
tain distance preferably without cooling or other precautions.
The stability of porcine erythrocyte GSH-Px was investigated
under various conditions. A heparinised blood sample was di-
vided into subsamples the half of which was left untreated at
either 4 or 20 C, the other half was eentrifuged, the erythro-
cytes washed twice with saline and stored at 4 or -20°C. As
shown in table 8 no significant loss in GSH-Px activity was
seen even after storage for four days at 20°C.

Marginal mineral deficiencies often affect whole herds and
in many cases occur in geographically limited areas. Methods
suitable to point out such localities are, therefore, of prac-
'tical interest. One possibility could be to analyse samples
of animal tissues collected at local slaughterhouses. The li-
ver contains the most labile pool of many trace elements, hence
it seems relevant to choose this organ for the purpose. Such
a screening experiment was conducted to evaluate the zinc,
copper, iron and selenium status of Danish pigs. A further
purpose was to examine the possibility for using liver GSH-Px
activity as indicator for the selenium content of the organ
(Wegger & Ergiin 1979, Wegger et al. 1979).

Liver samples from 50 pigs randomly selected on each of four
slaughterhouses representing different part of the country were
analysed. In the samples from one slaughterhouse both selenium
concentration and GSH-Px activity were determined. As shown in
figure 11 a highly significant linear correlation (r = 0.87,
P < 0.001) was found between the two parameters and the GSH-Px
activity was therefore used as a measure for selenium content
in the remaining 150 liver samples.

Table 9 summarizes the results obtained. Only small but in
some cases significant differences in zinc, iron and selenium
status were found between the various regions, whereas the cop-
per status was similar in all four parts of the country. The
rather uniform picture is not surprising, when the widespread
use in Denmark of standardized mineral mixtures and industrial-
ly processed feedstuffs is considered. The existence of geo-
graphic differences although small in mineral status of farm
animals even under Danish conditions, however, indicates the
potential usefulness of such screening methods in countries
with more varied geographic and climatic conditions. It can
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Figure 12. Frequency distribution of 200 swine
liver samples regarding zinc, copper and iron
concentrations and GSH-Px activity.

be mentioned that screening methods of various kinds are used
in some South American countries where mineral imbalances are
prominent problems in animal husbandry (Kiatoko et al. 1978,
Sousa 1978). Furthermore, similar studies have been carried
out in England, Scotland and the Netherlands in order to lo-
calize areas where marginal selenium deficiencies occurred in
cattle and sheep either by determining GSH-Px in blood (An-
derson & Patterson 1977, Arthur et al. 1979) or selenium in
milk (Binnerts 1977).

The overall frequency distribution of zinc, copper and iron
concentration and GSH-Px activity in the 200 liver samples is
shown in figure 12. As it appears the range of values is very
wide for all four parameters. Whether this is due to diffe-
rences in trace element intake alone cannot be deduced from
the present results, but it seems unlikely. Several investi-
gations have shown individual differences among pigs in their
ability to accumulate copper in the liver (Castel et al. 1975,
Meyer et al. 1976, Fr0slie & Norheim 1977). Similar varia-
tions have been found in sheep (Suttle 1974), in which species
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also breed differences in copper retention are known to exist
(Wiener et al. 1978, Herbert et al. 1978). Furthermore, ear-
lier investigations indicated great individual variation among
pigs in their susceptibility to zinc deficiency (Wegger & Pal-
ludan 1977). Taken together and viewed in the light of the
genetic variations in trace element content of blood discussed
above these results strongly indicate a hereditary influence
on trace element metabolism and status.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

(1) The co-ordinated research programme on the use of isotopes to

detect moderate mineral imbalances in farm animals advanced the research of

contract holders through the provision of funds for supplies and equipment

and provided contact with scientists of similar interests who could help the

contract holders a t ta in their research objectives.

(2) The programme resulted in greater government interest in the

mineral status of farm animals in many of the contract and agreement

holders' countries and was responsible for stimulating government and other

support for research. The programme and the subsequent stimulation of

research will result in increased food production in these and other
countries.

(3) At the beginning of the programme the objective of developing

diagnostic procedures to detect moderate mineral imbalances seemed to be

attainable at the onset of the programme but upon investigation turned out

to be a very complex undertaking. Furthermore, this objective may take a

great deal of e f f o r t to a t ta in for particular trace elements. In hindsight,

the programme was overly optimistic and too broad in scope.

(4) The concept of the co-ordinated research programme itself was

endorsed by the group. Some shortcomings were noted, however, particularly

in relation to understanding the needs of contract holders, some

insufficiency of communication between contract holders, agreement holders

and the Agency, and some loss of the programme objectives w i t h time.

(5) Problems existing in developing countries which need to be faced

and overcome by contract holders ara not always fully recognized and may

result in excessive optimism regarding potential for progress in research.

Perhaps review of contract proposals by an expert who has previously visited

a facil i ty could provide better insight into whether or not the goals

propose! are realistic.

(6) The durat ion of contracts was fe l t to be not long enough as it

frequently takes two to three years to develop a programme to a point where

mean in ing fu l results can be obtained. Cont rac ts should be in e f f e c t for at

least f ive years.

(7) While no diagnostic procedure achievei che s tatus of being

immediately available for f ield studies, some procedures were felt to be
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nearly ready for testing their validity and application in preliminary field
trials. These procedures included B for Co status, Se red cell
uptake for Se status, ferritin.RIA for Fe status and hair content for As
status.

(8) The programme also resulted in the recognition that non-isotopic
techniques, e.g. serum mineral analyses or enzyme assays, may on occasion be
more appropriate than isotopic techniques for diagnosis of particular
mineral imbalances.

(9) The programme did not progress to the point of developing a
protocol for diagnosing moderate mineral imbalances.

(10) A serious problem existed in some labs with maintaining
equipment and obtaining the services of trained personnel to maintain
sophisticated counting equipment.

Recommendations

(1) The in teract ion of agreement holders and contract holders wi th in

a co-ordinated research programme should be promoted as much as possible to
ensure dissemination of new iueas, suggestions, protocols and new techniques

as quickly as possible to the scientists who hold contracts. This should

include agreement holders assisting in the review of progress reports before

submission to the Agency.

(2) Of substantial importance is the continuity of leadership of the

co-ordinated research programme. The Head of the Animal Production and

Health Section or a Senior Research Agreement Holder should be designated as

the "Programme Co-ordinator" to be responsible for maintaining a review of

each project including visits, where possible, to laboratories of contract
holders. This position should be held by the appointee for the life of the

co-ordinated research programme.

(3) In developing a programme there should be a mix of both

agreement holders and contract holders wherein the research interests of the
agreement holders must match those of the contract holders.

(4) The research co-ordination programme should have a time-span

long enough to allow investigators to develop methods and obtain supplies

before expecting significant results to be obtained from their ef for ts .

(5) Circulat ion of progress reports, research summaries,

newsletters, as well as the distribution of pertinent publications among
members of the co-ordinated research programme would assist communication

among members. Furthermore, papers to be presented at co-ordinated research
meetings should be distributed to all part icipants prior to the meeting.
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(6) At the regular meetings of the co-ordinated research programme

agreement holders should be asked to present review papers of direct

relevance to the goals of the programme rather than original research data.

(7) Two years before the termination of a programme e f f o r t s should

be made to determine the fu tu re direction, if any, of the line of research.

This two-year lead time should allow for the planning and implementing of

new programme(s) and the continuation of support for worthy projects.

(8) While the present programme is now ending, a mechanism should be

sought to provide continued support for those contractors whose work within

this programme has shown potential for meaningful contr ibution within the

next few years to increasing food production.

(9) It is recommended that a fu tu re co-ordinated programme

encompassing the broad aspects of the metabolism of an element or elements

be developed. Such a programme might centre on phosphorus or on the

micro-elements selenium, cobalt and zinc. Alternatively, a programme should

be considered to investigate the use of stable isotopes or short-liveJ

isotopes to replace long-lived radioisotopes in large-animal research.

(10) Consideration should be given to consolidation of information

obtaineJ from this programme and from other sources to provide descriptive

protocols of choices for detecting mineral imbalances.
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