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Abstract

Achara Tawatsin*  Panumas Ruantongdee  Prachak  Poomvises

THE DETERMINATION OF SERUM COPPER AND ZINC
CONCENTRATIONS IN THOROUGHBRED FOALS AND THEIR
DAMS AFTER PARTURITION

Serum copper (Cu) and zinc (Zn) concentrations in 5-35 thoroughbred foals and their dams

during first 24 weeks after parturition were determined. Mean serum Cu in foals increased

significantly (p < 0.01) with age, from 10.4±1.1 µµµµµmol/l at week 1 to 25.9±0.8 µµµµµmol/l at week 24, whereas

those in mares decreased significantly p < 0.05, from 26.2±1.3 µµµµµmol/l at week 1 to 22.0±0.5 µµµµµmol/l at

week 24 after parturition. There was a large negative correlation between the mean serum Cu

concentrations in foals and their dams (r = -0.86, p < 0.01). Serum Zn concentrations in both foals

and mares on the other hand, gradually decreased after parturition, ranging from and 17.7±0.3

µµµµµmol/l at week-1 to 13.8±0.5 µµµµµmol/l at  week 24, in foals and  from 16.2±1.2 µµµµµmol/l at week 1 to

14.4±0.5 µµµµµmol/l at week 24 in mares. The correlation coefficient between the mean serum Zn

concentrations in foals and their mares was high  (r = 0.895, p < 0.01).
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Õ—®©√“ ∏«—™ ‘π*  ¿“≥ÿ¡“» ‡√◊Õπ∑Õß¥’  ª√–®—°…å æÿà¡«‘‡»…

√–¥—∫¢Õß∑Õß·¥ß·≈– —ß°– ’„π≈Ÿ°¡â“æ—π∏ÿå‚∏‚√‡∫√¥·≈–·¡à¡â“¿“¬À≈—ß§≈Õ¥

„π°“√»÷°…“µ—Èß·µà —ª¥“Àå∑’Ë 1 ∂÷ß —ª¥“Àå∑’Ë 24 À≈—ß§≈Õ¥ √–¥—∫∑Õß·¥ß (Cu) ·≈– —ß°– ’ (Zn) ®“°´’√—Ë¡

„π≈Ÿ°¡â“·≈–·¡à¡â“æ—π∏ÿå‚∏‚√‡∫√¥ ®”π«π 5-35 ¡â“ æ∫«à“√–¥—∫ Cu „π´’√—Ë¡¢Õß≈Ÿ°¡â“‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê Õ¬à“ß¡’π—¬

 ”§—≠∑“ß ∂‘µ‘ (p < 0.01) µ—Èß·µà —ª¥“Àå∑’Ë 1 (10.4±1.1 µµµµµmol/l) ®π∂÷ß —ª¥“Àå∑’Ë 24 (25.9±0.8 µµµµµmol/l) „π

¢≥–∑’Ë√–¥—∫ Cu „π·¡à¡â“≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ (p < 0.05) µ—Èß·µà —ª¥“Àå∑’Ë 1 (26.2±1.3 µµµµµmol/l) ∂÷ß —ª¥“Àå∑’Ë 24

(22.0±0.5 µµµµµmol/l)  §à“‡©≈’Ë¬¢Õß√–¥—∫ Cu „π´’√—Ë¡¢Õß≈Ÿ°¡â“·≈–·¡à¡â“¡’§«“¡ —¡æ—π∏å Ÿß (r = -0.86, p < 0.01)

 à«π√–¥—∫ Zn „π ’́√—Ë¡∑—Èß„π≈Ÿ°¡â“·≈–·¡à¡â“®–§àÕ¬Ê ≈¥≈ß ®“° —ª¥“Àå∑’Ë 1 (17.7±0.3 µµµµµmol/l) ∂÷ß —ª¥“Àå∑’Ë 24

(13.8±0.5 µµµµµmol/l) „π≈Ÿ°¡â“ ·≈–®“° —ª¥“Àå∑’Ë 1 (16.2±1.2 µµµµµmol/l) ∂÷ß —ª¥“Àå∑’Ë 24 (14.4±0.5 µµµµµmol/l) „π·¡à¡â“

§à“‡©≈’Ë¬¢Õß√–¥—∫ Zn „π´’√—Ë¡¢Õß≈Ÿ°¡â“·≈–·¡à¡â“¡’§«“¡ —¡æ—π∏å Ÿß (r = 0.895, p < 0.01)

§” ”§—≠ :  ∑Õß·¥ß  —ß°– ’ ´’√—Ë¡ ·¡à¡â“ ≈Ÿ°¡â“

Introduction
Copper (Cu) and zinc (Zn) are the two most

intensively investigated nutritive trace elements

(Solomons, 1979). The importance of Cu and Zn in

human and animal health was well described by

Underwood (1977) and in the health of horses, as

reviewed by Cymbaluk and Smart (1993). Cu

deficiency was implicated to be associated with

several clinical diseases in horses, including

osteochondrosis, because Cu is a required co-factor

of lysyl oxidase, an enzyme needed for the

synthesis and maintenance of collagen (Messer,

1981; Gunson et al., 1982, Cymbaluk and Smart,

1993; Suttle, 1993; Bathe and Cash, 1995; Suttle

et al., 1996). While Zn has been shown to have a

potent immunomodulation capacity, particularly

influencing T helper cell organization and cytokine

secretion (Stark et al., 2001). Zn concentration in

serum or plasma is normally expected to be lower

when the animal is in a defensive stage. Auer et

al.(1989) indicated that plasma Zn concentration

was influenced by the severity of inflammation.

Similarly, Barton and Embury(1987) found that

thoroughbred foals infected with Rhodococcus equi

had lower serum Zn concentration in comparison

to those of healthy foals. Contrary, plasma Cu

increased during inflammatory reaction process

(Suttle, 1994). Ruantongdee et al.(1997) found that

serum Cu concentrations in equine infectious

anemia (EIA) infected horses were significantly

higher than those of un-infected horses but there

was no difference in serum Zn concentrations
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Thailand on Cu and Zn levels in mares and their

foals, presenting more thorough information by

following the changes in serum concentrations of

Cu and Zn through the first six months of life of

the thoroughbred foals and their dams.

Materials and Methods
The study was carried out in 5-35 thorough-

bred mares, ranging in age from 5 to 17 years,

during the first 24 weeks after parturition with their

foals at foot, in a stud farm in Nakorn Rachasima

province. Both mares and foals were clinically

normal, based upon an assessment of their health

history and physical examination, prior to each

blood sample collection.

Jugular blood samples of 10 ml were

collected directly through an 18 gauge needle into

a vacuum blood collection tube (B-D Vacutainer;

Becton Dickinson, New Jersey, USA). The serum

was separated by centrifugation at 2500 rpm, for

10 minutes and kept at -20oC until tested.

The serum concentration of copper was

determined as described by Landers and Zak (1958)

by using the colorimetric method (Bathocuproin).

The serum zinc concentration was analysed by

atomic absorption spectrophotometer (Model

AA-775, Varion Techtron Pty, Ltd., Springval,

Australia) after dilution with deionized water, as

described by Varian Ltd., (1978).

Statistical analyses conducted on the data

included descriptive statistics, student t-test and

simple correlations. Differences were considered

significant at p < 0.05.

between the EIA infected and uninfected horses.

Also, Zn appears to be the most important cation

inhibitor of Cu absorption in the equine intestine,

where Zn competes directly with Cu for the same

transport mechanism (Cymbaluk and Smart, 1993).

Dietary Cu and Zn imbalances have been

implicated as the cause of many health problems,

including musculoskeletal abnormalities in young

horses (Messer, 1981; Bridges and Harris  1988;

Bridges  and  Moffitt, 1990). The determination of

serum Cu and Zn levels  has been increasingly

utilized in disease diagnosis as well as prognosis,

in both human and veterinary medicine (Hartoma

et al., 1979; Solomons, 1979; Sullivan et al., 1979;

Messer, 1981; Suttle, 1993; Bathe and Cash, 1995;

Suttle et al., 1995). However, diagnosis of Cu

deficiency in horses both in the field and in

experimental situations needs more information in

order to establish the diagnostic criteria (Cymbaluk

and Smart 1993).

Even though there were studies of Cu and

Zn concentrations in mares and their foals after

parturition, the information was from either a few

animals or from limited study intervals.  A more

thorough study is needed especially in Thailand

where lameness in foals is one of the major

problems. Only less than 60% could race when they

were 2 years old. Cu deficiency has been thought of

as one of the factors associated with lameness,

due to osteochondrosis (Bridges et al., 1984; Bridges

and Haris, 1988) and the first six months of the

foals' life is apparently the critical period for either

deficiencies or excesses of both Cu and Zn (Bridges

et al., 1984). This study is the first report in
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Results
The serum Cu and Zn values in foals and

mares after parturition are presented in Table 1 and

2. The mean serum Cu concentrations in foals

increased significantly with age (p < 0.01), ranging

from the lowest level of 10.4±1.1 µmol/l at week 1

after parturition to the highest level of 25.9±0.8

µmol/l at week 24. In a contrary manner, the mean

serum Cu concentrations in mares decreased

significantly (p < 0.05) from the highest level of

26.2±1.3 µmol/l at week 1 after parturition to the

lowest level of 22.0±0.5 µmol/l at week 24. There

was a large negative correlation between the mean

serum Cu concentrations in foals and their mares

(r = -0.86, p < 0.01)

The highest level of serum Zn concentrations

in foals was observed at weeks 1 and 2 at 17.7±0.3

and 17.7±0.8 µmol/l, with a gradual decline to

the lowest level of 13.8±0.5 at week 24 after

parturition (r = -0.871, p < 0.01). Similarly, serum

Zn concentrations in mares were highest at 17.3±0.8

µmol/l on week 2 after parturition and declined to

the lowest level of 14.4±0.5 at weeks 20 and 24

(r = -0.808, p < 0.05). There was no difference in

the decline pattern of serum Zn concentrations in

foals and their dams from week 1 to week 24

and the correlation coefficient was high (r = 0.895,

p < 0.01).

Discussion
Although technical factors may affect the

determination of Cu concentration in tissues,

Eamens et al. (1984) found that there was no

difference when using plasma or serum for the

determination of Cu concentrations in horses.

Even though daily dietary Cu intake in the mares

studied was not measured, it was considered

adequate, as the same mineral supplements were

maintained and the mares were in healthy condition.

The levels of serum concentration in these mares

were found to be higher than the normal values

suggested by Suttle (1993) or in the normal range

suggested by Bathe and Cash (1995) and by Mee

and McLanghlin (1995). In addition, the growth of

the foals from these mares was normal as determined

during the routine examinations when blood samples

were collected. A significant increase in serum Cu

concentrations and a gradual decrease in serum Zn

concentrations in foals, when age increased, were

similar to those reported by Cymbaluk et al. (1986),

who studied plasma Cu and Zn concentrations in

foals of several breeds, at four intervals; at birth,

one week, 6 months, and one year old and who found

the Cu levels increased while the Zn levels decreased

during the period from one week to 6 months of age.

Pearce et al. (1998), who studied thoroughbred foals

up to 150 days old, also reported an increase in

plasma Cu concentrations, from the lowest level at

birth which gradually increased with age.  However,

he did not determine the Zn concentration.

Newborn foals are hypocupremic because

the early neonatal liver has a low protein synthetic

capacity which limits the supply of apoceruloplasmin

to bind with Cu to form ceruloplasmin(Cp). Cp acts

as a Cu exchange protein interacting with Cp

receptors in various tissues. Ceruloplasmin Cu

stimulates lysyl oxidase synthesis and acts as a

cofactor in lysyl oxidase reaction which is needed
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for collagen synthesis, especially in rapidly

growing foals (Cymbaluk and Smart, 1993).

Moreover, Stowe (1968) reported increases in

plasma Cu concentrations in mares before

parturition suggesting an influence of estrogen-

induced synthesis of Cp (Cymbaluk and Smart,

1993). In the present study, the mare serum Cu

concentrations were found to be highest while those

of the foals were lowest at wk 1 after parturition.

A significant  decline in serum Cu concentration in

mares in this study was highly correlated to a

significant  increase of serum Cu concentration in

foals over a period of 24 weeks after parturition.

The serial serum Cu concentration measurements in

this study clearly demonstrated a reduction of

serum Cu concentration in mares which is provided

to their foals via milk, which is the main source of

Cu for neonatal foals. However, based on milk Cu

concentration measurements, the loss of Cu by this

route only represents about 10% of the daily dietary

intake (Cymbaluk et al., 1986) and mares, milk,

Cu concentration is not responsive to Cu

supplementation (Breedveld et al., 1987). Since,

the liver is the main organ of Cu homeostasis and

near-term foetal liver can contain up to 300 mg Cu,

deficits in the suckling foal's Cu needs may be met

by mobilising hepatic Cu (Cymbaluk et al., 1993).

While serum Zn concentration was

suggested to be lower during an inflammatory

process (Auer et al., 1989) and during infections

with Rhodococcus equi,. Ruantongdee et al. (1997)

found no difference between the serum Zn

concentrations in the equine infectious anemia

infected horses and normal un-infected horses.

The decline in serum Zn concentrations in foals in

this study was similar to that reported by Shaw

(1979), who found a decrease in serum Zn

concentrations in new born foals which coincided

with a decline in milk Zu concentration over the

period of six months after parturition. Cymbaluk et

al. (1986) found that plasma Zn concentrations were

higher in the neonatal foal than those in weanlings

and yearlings. The decline of serum Zn concen-

tration in this study was not influenced by daily

dietary Zn intake, because the same ration of

mineral supplements was given throughout the study.

Cu and Zn are trace minerals required

for normal growth and maintenance of domestic

animals (Underwood, 1977). During the first 6

months, rapidly growing foals need Cu for normal

skeletal and joint development (Bridges et al., 1984).

However, Zn is one of the antagonists for Cu

absorption, either by competing for common

transport mechanisms or by inducing cellular Cu-

binding ligands for excretion (Harris, 1991). The

appropriate Zn : Cu ratios recommended by NRC

(1989) are at 4:1 or 5:1 for all breeds of horses.

From the present study, a series of

simultaneous measurements of serum Cu and Zn

concentrations for 24 weeks after parturition

demonstrated a strong relationship between serum

Cu and Zn concentrations in mares and their foals.

Serum Cu concentrations in foals increased

significantly during 24 weeks after parturition and

mare’s milk appeared to be the main source of the

Cu demanded by rapidly growing foals. A gradual

decline of serum Zn concentrations both in mares

and foals were highly correlated. Possibly the
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Table 1 Serum copper concentrations (µmol/l) in Thoroughbred foals and their mares during 24 weeks

after parturition

Post partum Foals Mares

No. Mean ± SE Min-Max No. Mean ± SE Min-Max

Week-1 5 10.4 ± 1.1a 7.9 + 13.2 5 26.2 ± 1.3a 22.7-29.6

Week-2 5 13.6  ± 1.6a 9.9-19.7 8 24.5 ± 1.3ab 19.7-31.5

Week-4 8 21.7 ±  2.1b 15.7-31.5 8 24.0 ± 1.1ab 18.9-27.6

Week-8 33 23.7 ± 1.0bc 15.7-45.4 35 24.0 ± 0.6ac 17.8-31.5

Week-12 31 24.5 ± 0.8bc 15.7-40.2 31 23.9 ± 0.6ac 15.7-29.6

Week-16 27 24.8 ± 0.9bc 18.9-39.4 27 23.6 ± 0.8ab 18.6-35.4

Week-20 35 25.6 ± 0.7bc 18.9-37.0 35 22.4 ± 0.5bc 18.6-28.3

Week-24 31 25.9 ± 0.8c 18.9-35.9 32 22.0 ± 0.5b 15.8-26.5

abc Values in the same column with different superscripts differ (p < 0.05)

Table 2 Serum zinc concentrations (µmol/l) in Thoroughbred foals and their mares during 24 weeks after

parturition

Post partum Foals Mares

No. Mean ± SE Min-Max No. Mean ± SE Min-Max

Week-1 5 17.7 ± 0.3 16.8-18.3 5 16.2 ± 1.2 138.-19.9

Week-2 8 17.7  ± 0.8 15.3-19.9 8 17.3 ± 0.8 15.3-19.9

Week-4 8 15.9 ±  1.8 10.7-27.5 8 15.3 ± 1.7 10.7-24.5

Week-8 34 14.7 ± 0.5 9.2-18.3 35 15.1 ± 0.5 9.2-24.5

Week-12 31 14.5 ± 0.6 10.7-26.0 31 14.5 ± 0.5 10.7-21.4

Week-16 27 13.7 ± 0.3 10.7-18.3 27 15.1 ± 0.5 10.7-22.9

Week-20 35 14.1 ± 0.3 12.2-18.3 35 14.4 ± 0.5 10.7-22.9

Week-24 32 13.8 ± 0.5 10.7-19.9 32 14.4 ± 0.5 10.7-21.4
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antagonistic effects of Zn on Cu metabolism may

be avoided and an appropriate Zn : Cu ratio could

be maintained resulting in a physically normal

musculoskeletal development in these foals.

References
Auer, D.E., Ng, J.C., Thompson, H.L., Inglis, S.

and  Seawright, A.A. 1989.  Acute phase

response in horses: changes in plasma

concentrations after localised tissue injury.

Vet.  Rec. 124: 235-239.

Barton, M.D. and Embury, D.H. 1987 Studies of

pathogenesis of Rhodococcus equi infection

in foals.  Aust. Vet. J. 64: 332-339.

Bathe, A. P. and Cash, R. 1995. Overestimation

of copper deficiency in horses?  Vet. Rec. 130:

203-204.

Breedveld, L., Jackson, S.G. and Baker, J.P. 1981.

The determination of a relationship between

the copper, zinc and selenium levels in mares

and those in their foals. Proc. Equine Nutr.

Physiol. Symp. 10: 159-164.

Bridges, C.H., Womack, J.E., Harris, E.D. and

Scrutchfield, W.L. 1984 Considerations of

copper metabolism in osteochondrosis in

sucking foals.  J. Am. Vet. Med. Assoc. 183:

173-178.

Bridges, C.H. and Harris, E.D. 1988. Experimental

induced cartilaginous fractures  (osteochondritis

dissecans) in foals fed low-copper diets. J. Am.

Vet. Med. Assoc. 193: 215-221.

Bridges, C.H. and Moffitt, P.G. 1990. Influence of

variable content of dietary zinc on copper

metabolism of weanling foals. Am. J. Vet. Res.

51: 275-280.

Cymbaluk, N.F., Bristol, F.M. and Cristensen, D.A.

1986. Influence of age and breed of equid

on plasma copper and zinc concentrations. Am.

J. Vet. Res. 47: 192-195.

Cymbaluk, N.F. and Smart, M.E. 1993.  A review of

possible metabolic relationships of copper to

equine bone disease. Equine Vet. J. (Suppl).

16: 19-26.

Eamens, G.J., Macadam, J.F. and Laing, E.A. 1984.

Skeletal abnormalities in young horses

associated with zinc toxicity and hypocuprosis.

Aust. Vet. J. 61: 205-207.

Gunson, D.E., Kowalczyk, D.F., Shoop,C.R. and

Ramberg, C.F. 1982. Environmental zinc and

cadmium pollution associated with generalized

osteochondrosis,osteoporosis an nephrocal-

cinosis in horses. J. Am. Vet. Med. Assoc. 180:

295-299.

Harris, E.D. 1991.  Copper transport: an overview.

Proc. Soc. Exp. Biol. Med. 37: 130-140.

Hartoma, T.R., Sotaniemi, E.A. and Maattanen.J.

1979. Effect of zinc on some biochemical

indices of metabolism. Nutr. Metab. 23:

294-300.

Landers and Zak. 1958. Determination of serum

copper and iron in a single small sample. Am.

J. Clin. Pathol.  29: 590-592.

Mee, J.F. and McLaughlin, J. 1995. ùNormalû blood

copper levels in horses. Vet. Rec. 136 : 275.

Messer, N.T. 1981. Tibiotarsal effusion associated

with chronic zinc intoxication in three horses.

J. Am. Vet. Med. Assoc. 178: 294-297.



52 Thai J. Vet. Med. Vol. 32 No. 4, 31 December 2002

Ruantongdee, P., Poomvises, P. and Tawatsin, A.

1997. Biochemical changes in sera from equine

infectious  anemia infected horses in Thailand.

Thai. J. Vet. Med. 27: 49-58.

National Research Council. 1989. The Nutrient

Requirement of Horses, 5th rev. Washing, D.C:

National Academy Press.

Pearce, S.G., Grace, N.D., Wichtel, J.J., Firth, E.C.

and Fennessy, P.F. 1998. Effect of copper

supplementation on copper status of pregnant

mares and foals. Equine Vet. J.30: 200-203.

Shaw, J.C.L. 1979. Trace elements in the fetus

and young infant. I. Zinc. Am. J. Dis. Child.

133: 1260-1268.

Solomons, N.W. 1979. On the assessment of zinc

and copper nutriture  in man. Am. J. Clin. Nutr.

32: 856-871.

Stark, G., Schneider, B., Gemeiner,M. 2001. Zinc

and copper plasma levels in Icelandic horses

with Culicoides  hypersensitivity. Equine Vet.

J. 33: 506-509.

Stowe, H.D. 1968.  Effects of age and impending

parturition upon serum copper of thoroughbred

mores.  J. Nutr. 95: 179-183.

Sullivan, J.F, Blotcky, A.J., Jetton, M.M., Hahn, K.J.

and Burch, R.E. 1979. Serum levels of

selenium, calcium, copper, magnesium,

manganese and zinc in various human

diseases. J. Nutr. 109: 1432-1437.

Suttle, N. 1993. Overestimation of copper deficiency.

Vet. Rec. 128: 123-124.

Suttle, N. 1994. Meeting  the copper requirements

in ruminants. In : Recent advance in animal

nutrition. P.C. Garnworthy and D.J.A. Cole

(ed). London: Nottingham Univ. Press.

173-187.

Suttle, N., Small, J.N.W., Collins, E.A., Mason, D.K.,

and Watkins, K.L. 1996. Serum and hepatic

copper concentrations used to define normal,

marginal and deficient copper status in horses.

Equine Vet. J. 28: 497-499.

Underwood, E.J. 1977. In: Trace elements in

human and animal nutrition.  4th ed.  New York:

Academic Press. 56-108, 196-242.

Varian. 1978. Analytical Methods for Flame

Spectroscopy. Publication No. 85-100009-00.

June. Varian Techtron Pty. Ltd., Springvale,

Australia.


