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VARIATION OF SOME BLOOD BIOCHEMICAL CHARACTERISTICS

IN CATTLE, HORSES AND DOGS,
AND CAUSES OF SUCH VARIATIONS

Lars EKMAN

Department of Clinical Biochemistvy,
Royal Veterinary College,
104 05 Stockholm, Sweden

The variation of animal biologic reactivity in health and disease are enormous
and may lead to great confusion in the interpretation of laboratory data unless

the veterinarian is aware of the factors which affect the results. The purpose of this
review is to consider some of these factors with main emphasis on the variation in
dairy cattle. A few examples will also be given concerning horses and dogs.

NORMAL RANGE

In biology the concept of what is normal is a rather loose one. Its definition
depends on the investigation and on the questions posed. Usually the so-called
« normal » values for the concentrations of various constituents in the blood and other

body fluids are based on determinations on individual animals who are thought to
be free from any disease that would influence the laboratory findings. The normal
range is most often calculated as the mean value ± 2 standard deviations where

the values are calculated from individuals in an apparently healthy population. That
means that about 95 p. 100 of the values within such a population will fall in the
normal range. It has been repeatedly shown that each individual clinical laboratory
will have to determine its own normal values and to test them periodically. In table i
is presented the normal ranges for dairy cattle (Swedish Red and White Breed), horses
(standardbred trotters) and dogs (various breeds of dogs kept as pet animals) obtained
and used at the author’s laboratory.

SOME CAUSES TO VARIATIONS OF BLOOD CONSTITUENTS

In addition to pathological states there are a variety of factors that have been
found to have important effect on the concentrations in blood of various compo-
nents. Rhythmical and seasonal variations occur but in general it can be concluded



that they account only for a small amount of the total variance for most blood
constituents. Numerous metabolites exhibit a clear-cut dependence on age. There
are the alternations which occur in the newborn and very young animal as well
as in the very old animal. The changes in old age are in general of minor importance
concerning dairy cattle but should be considered by veterinarians working with
pet animals. Besides the changes with age in young and old animals there are well
known changes also in the adult animal. Inorganic phosphorus has long been
known to be negatively correlated with age in dairy cattle. Total serum protein
values rise markedly with advancing age and this is mainly attributed to a rise
in the gamma-globulin fraction [i]. Protein bound iodine has been shown to

decrease with increasing age in dairy cattle [2]. As an example of a dramatic change
occuring during the first years of life, serum inorganic phosphorus in dogs [3] and
horses [4] can be mentioned.

Excitation at the time of sampling has been shown to increase the levels of

hemoglobin, total protein and inorganic phosphorus in cattle [5]. A blood consti-
tuent showing pronounced variation in the quiet and excited animal is hemoglobin.
This depends on the spleen being a reservoir of red cells which under certain
conditions are expelled into the blood stream. The spleen is the main red cell reservoir
in horses [6], dogs [7] and cattle [5]. In horses the amount of stored erythrocytes has
been estimated to be about one third of the total cell volume. The reservoir of hemo-

globin can be mobilized through exercise and excitation. In extensive studies by
PERSSON j8 j it was shown that even if the sampling conditions are standardized,
as far as is practically possible, hemoglobin values obtained at rest yield unreliable
informations. Only cases of severe anemia and polycythemia will be revealed.
By mobilization of the splenic reservoir reproductible values for hemoglobin will
be obtained. The horse should be exercised until the pulse rate about 30 seconds



after the termination of work exceeds 100 beats per minute and the sample should
be taken within i minute after the end of the exercise. In standardbred trotters
the normal values for hemoglobin at varying age after such an exercise (Hbmax)
are presented in table 2 [81.

Muscular activity affects the concentration of many biochemical constituents.
Probably most important is the knowledge about the effects of exercise on certain
plasma enzymes such as aspartate amino-transferase, creatine phosphokinase and
lactic dehydrogenase. In general the untrained animal exhibits a more pronounced
increase after a heavy or moderate exercise than the well-trained [9].

NUTRITION

Variations in feeding rations affect various blood components although the under-
lying mechanisms are not always easy to explain because biochemical phenomena
involved have not yet been established with certainty. There are evidence that a
clear relationship exists between energy intake and blood glucose levels [?, io].
As varying erythrocyte counts affect the blood glucose levels measured it would

be preferable to determine plasma glucose. Better indications of the cow’s energy
balance are probably acetate, ketone bodies and especially, free fatty acids [11].
Urea-N, total protein, albumin and hemoglobin are more or less closely correlated to
the nutritional protein status. In our hands urea-N has proved to be the best mea-
sure. In a controlled experiment [12], individually fed cows were given 75, 100
and 125 of the Swedish norm for digestible crude protein adjusted for milk yield.
Energy and other constituents were kept in accordance with the Swedish norms,
the individual cows’ milk production taken into consideration. A close correlation
between protein intake and the concentration of urea-N in the blood was found.
Calcium levels are affected by calcium intake but are not a satisfactory measure of
current dietary levels. A positive relationship between dietary and serum inorganic
phosphorus has been reported in several investigations [2,13]. However, the inter-
pretation of serum values may be complicated by other factors, including an inverse
relationship with dietary calcium and energy intake. Serum magnesium is directly
related to dietary intake but the factors affecting magnesium availability are com-



plex and far from clarified. Trace elements like iron, copper, zinc and iodine are
directly related to dietary intake. However, interactions between these and other
trace elements as well as minerals may upset the direct relationship.

BIa00D PROFILE IN DAIRY CATTI,E

In recent years considerable efforts have been made to detect subelinical meta-
bolic disorders in dairy herds by measuring certain blood components. Usually a
set of tests (a profile) is used to monitor the metabolic state of the dairy
herd rq., 15]. In Sweden a profile tested [2] has comprised glucose, urea-N,
total protein, albumin, globulin, hemoglobin, calcium, inorganic phosphorus, magne-
sium, sodium, potassium, serum iron, total iodine, protein bound iodine, packed cell
volume and total number of leukocytes. A general observation is that the herd of
origin is a significant source of variation in all blood components included in the
profile. This seems to indicate that observed between-herd differences in the blood
profiles are mainly due to environmental factors such as feeding, quality of feed,
hygiene and soil condition. The Swedish work with the blood profile has had the
aim to investigate any possible relationship between feeding, blood profile and fer-
tility. Statistically significant negative correlation of serum urea-N, total protein
and inorganic phosphorus with fertility has been observed. It has turned out that
excess rather than deficit of dietary protein and inorganic phosphorus are likely
to cause lowered fertility in modern dairy herds.

Work up to now indicates that blood biochemical screening constitutes a
valuable aid in preventive medicine. With proper information about the system
of husbandry and management practice it is of value in the investigation of dairy
herd fertility and other production disease problems. It must be emphasized, howe-
ver, that extensive screening in dairy cattle as well as in other animal species needs
to be evaluated in regard to cost effectiveness.
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