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MOE, L. and G. N. HAVRE: The kinetics of lactose in cows. Acta.
vet. scand, 1985,26,493-500. - Four adult Norwegian Red cows were
employed in an experiment designed to study the kinetics of lactose.
The cows were given 50 g or 60 g of lactose by rapid intravenous in
jection of a 10 % lactose solution. Blood samples were taken at dif
ferent intervals after injection, and lactose concentrations in the
samples determined by an enzymatic/spectrophotometric method.

The mean half-time for lactose elimination was 85.7 min, and
for distribution 8.4 min. The mean apparent volume of distribution
was calculated to be 0.189 l/kg, and total body clearance 1.55 ml
min-t kg-to

There was evidence to suggest that lactose mainly' is eliminated
renally from its distribution volume by glomerular filtr-ation in the
cow.

m a m mar y ph y s i 0 log y.

In mammals, lactose ,is synthetized exclusively by the mam
mary gland. Galactosidase present in the intestinal lumen in
milk-fed animals splits lactose into glucose and galactose, and
only traces of lactose are found in the blood of normal animals.

In lactating cows, goats and sows, especi'ally during wean
ing, at the start of lactation and when milking is carried out at
prolonged intervals, small amounts of lactose can be found in
the blood (Suzuki & Umezu 1958, Wheelock & Rook 1966, Kuhn
& Linzell 1970, Hartmann et al. 1984). Lactose in blood and

urine has also been reported in cows after insufflation of the
udder (Fish 1927, Hayden 1927, Sjollema 1927). Data on lactose

kinetics could not be found In available literature. The purpose
of this investigation was to determine elimination half-time and
other kinetic parameters of lactose when given intravenously in
cows.
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MATERIAL AND METHODS

Animals and feeding

The experiment involved 4 cows of the Norwegian Red breed.
Data concerning age, body weight, milk yield and week of lacta
tion are given in Table 1.

Tab I e 1. The age, body weight, milk yield and week of lactation
of 4 cows.

Cow no. Age Body weight Dally milk yield Week of
(years) (kg) for week preceding lactation

exper im en t (kg)

190 5.5 648 30 4
530 4.0 580 20 21
647 6.3 680 Not lactating
800 5.5 520 5 30

Before the experiment, 2 cows (190, 530) were at pasture,
while the others were kept indoors, being fed hay and water ad
Libitum . Commercially prepared concentrates were individually
fed to all the cows according to midk yield.

During the day on which the experiment was performed the
animals were housed indoors, and had free access to water,
though feed was withdr-awn 1 h before lactose administration.
T'hey were allowed to eat 3 h later.

Experimental design

An indwelling Teflon® catheter (Subclavia/T, Viggo AB,
Sweden) was placed in the external jugular vein 1 h before in
jection. To prevent clotting, 100 IE (2 ml ) heparin (Heparin
Nyco® 5000 IE/mI) was injected into the catheter after each
blood sample had been drawn. Three of the cows were given 500
ml of a 10 % lactose solution (50 g lactose), and 1 cow (647)
600 ml (60 g lactose) by dnjeetion into the non-catherized ex
ternal jugular vein. The 50 g injections were gi.y.em. in the course
of 2 min, the 60 g injection in the course of 8 min.

Blood sampling

Blood samples were collected before, and 1, 5, 10, 15, 20, 30,
45, 60, 90, 120, 150, 180, 210, 240, 270 and 300 min after injec
tion. The vein was not occluded during sampling. The samples
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were immediately transferred to sterile heparinized glass tubes
and cooled in ice until centrifugation which took place within
1lf2 h . Plasma was frozen within another "'2 h and stored at
-+-20°C until analyzed. Replicate samples were taken from 1
cow at 4 different times (2, 10, 30 and 370 min) after injection.
Plasma was separated, and stored for, respectively, 2, 4, 6 and
9 days at room temperature (20°C) and then frozen.

Analysis

A commercially available kit was used for lactose/galactose
determination (Boehringer Mannheim GMBH) (Kurz & Wallen
leis, 1974, Henniger & Hoch 1981) . The assay combines two reac
tion principles: Hydrolysis of lactose by followed
by a spectrophotometric determination of NADH formed during
dehydrogenation of by galactose dehydrogenase
(Gemsaec analyzer) . The measurement was carded out kinetical
ly, and NADH measured at 340 nm. According to the literature,
L-arabinose is the only substance, apart from D-galactose, which
is oxidized by galactose dehydrogenase.

Nine separate determinations on a single lactose-containing
plasma sample revealed a coefficient of variation of 5.8 %. This
is well within the limits tolerated for enzymatic analysis. Re
covery tests were carried out by adding lactose to a plasma
sample to obtain the following concentrations of lactose: 0.05
gil, 0.1 gil, 0.5 gil and 1.0 gil. Recovery varied between 80
90 % . Lactose values of 4 samples from diifferent lactose levels,
which were stored frozen for 106 days, were within the intra
and interassay variance « ± 0.01 gil) of the first aSisay which
was performed after 56 days.

All cows had plasma lactose values between 0.01 gil (cow

647) and 0.04 gil before i.v, administration of lactose. These
small amounts are of no importance in the present study, but in
order to test whether or not lactose was actually present, analysis
of a sample of bull plasma was carried out with and without
addition of Approximately the same absorbance
values were measured in both cases, amounting to 0.02 gil if cal
culated as lactose. Hence it may be concluded that no lactose
was present in the bull plasma. Whether absorbance is due to
the presence of small amounts of galactose or arabinose, or to
analytical error, is unknown.
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Calculations

The kinetic values for the 4 cows were calculated using ab
breviations and standard equations in accordance with Baggol
(1977) and presented as means and sample standard deviations
(SD) .

Lactose values were plotted on a loglo scale against time, and
least squares regression lines for the linear portion of the dis
position curves were computed using the Stabistical Analysis
System (Anon. 1982).

RESULTS

The decline in plasma lactose concentration with time in the
cows, is shown as a semilogarithmic plot in Fig. 1. The disposi
tion curves were initially described by a rapid distribution phase
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Fig u r e 1. Semilogarithmic plot of the concentration of lactose in
plasma versus time for 4 cows after intravenous administration of

lactose, (cow 647, 60 g, an d cows 190, 530 and 800, 50 g lactose) .
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which was followed by a slower elimination phase. The kinetic
parameters given in Table 2 were therefore calculated according
to an open 2-compartment model. The mean distribution half
time ( I t (Il )) was 8.4 min and elimination half-time ( t H {I» was
85.7 min.

Tab I e 2. Estimated kinetic parameters of lactose given intra-
venously in 4 cows.

Parameter Cow no Mean SD
190 530 647 800

A (g/l) 0.280 0.476 0.465 0.574
IX (min-t) 0.0683 0.0760 0.0953 (}'o986 0.0846 0.0147
q(a) (min) 10.15 9.12 7.27 7.03 8.39 1.50
B (gil) 0.365 0.351 0.480 0.489
(min-t) 0.0075 0.0089 0.0094 0.0070 0.0082 0.0012

t.t({I) (min) 92.84 77.15 73.89 98.98 85.71 12.11
», (l/kg) 0.120 0.104 0.093 0.091 0.102 0.013
Vdtarea) (l/kg) 0.1926 0.2075 0.1669 0.1906 0.189'4 0.0168
CI

B
(rnl min-t kg-t) 1.437 1.865 1.566 1.335 1.551 0.230

A = zero-time intercept of dlstribution curve, IX = distribution rate
constant, t.t(a) = distribution half-time, B = zero-time intercept of
elimination curve, = elimination rate constant, t.H{I) = elimination
half-time, Ve = apparent volume of central compartment, vd(areal
apparent volume of distribution, CI

B
= total body clearance.

The mean apparent volume of central compartment (Ve ) was
0.102 l/kg, the apparent volume of distribution (Vdlarea» 0.1894
l/kg, and total body clearance (CIB ) 1.55 ml min-t kg-to

No significant clinical side-effects were observed after lac
tose injection. The volume of urine, however, was not measured.

There were no significant differences in plasma lactose con
centrations between samples stored at 20°C for 2, 4, 6 or 9 days
before freezing, and sample standard deviation was < 0.022 gil.
At the lowest concentration the sample standard deviation was
0.0045 gil.

DISCUSSION

The assumption of a 2-comparlment model was made on the
basis of the course of the disposition curve. The plasma lactose
concentration-time data fitted well to the model. Although only
4 animals were used in the study the estimated parameters are
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presumed to be reliable because of relatively small sample varia
tion as regards the values obtained (Table 2).

Information concerning the kinetic parameters of lactose in
cows and other animals seems to be lacking in the literature.
The most rapid elimination, with (P)= 73.9 min, was measured
for the non-lactating cow. However, with reservation for the
limited material, there seemed to be no significant difference in
the disposition values between lactating and non-lactating cows.

The large injection vohmie of lactose involved (500 ml),
necessitated a long injection time (1%-8 min), and distribution
and elimination had started before .inj ection had been completed.
The first sample drawn at 2 min, was actually taken later as
compared to a rapid bolus injection. This error is probably of
little significance for the estimated rate of elimination, though
it might have slightly influenced the distribution.

The relatively small apparent volume of distribution, 0.1894
l/kg, indicates a limited distribution to the tissues. This value
closely resembles the extracellular volume of cows, although it
might be just a coincidence.

The mean body clearance (CIB ) of 'lactose in this experiment
was 1.55 ml min- t kg-t. If lactose is excreted unmetabolized,
soleby by renal glomerular filtration without tubular secretion
or reabsorption, the body clearance (CIB) of lactose would be
comparable with renal clearance. Several facts supports this
hypothesis. Apart from galactosidase present in the intestine,
degradating enzymes of lactose have not been detected in the
body. Nor was any detectable reduction in plasma Iactose con
centration found, when samples were stored at room tempera
ture for several days.

General considerations would suggest a renal pathway for
the excretion of lactose, a disaccharide, and many authors have
indeed found in different animals, that lactose is present in the
urine in an unchanged form (Suzuki & Umezu 1958, Wheelock
& Rook 1966, Kuhn & Lr.nze1l1970, Hartmann et al. 1984, Sissoko
et al, 1984). A considerable amount of lactose can be measured
in the urine of cows at least 2 days after the injection of lactose
(Moe & Havre 1984 unpublished). Exclution of other excretion
pathways than glomerular filtration can however, only be con
firmed by collection of the total urine volume. According to
Poulsen (1957), the mean renal clearance values of inulin and
creatinine in cows are 1.84 (range 1.30-2.20) and 1.68 ml
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mirr'" kg-I, respectively. It is interesting to note that the renal
clearance values of inulin correspond well with the estimated
body clearance (CIB ) of lactose found in this study.

The estimates of the total area under the plasma lactose
versus time curve, included basal values in the calculations.
These small basal values probably represented galactose in the
low-yielding and non-lactating cows, though additionalily, in the
high-yielding cows, a fraction of the basal lactose concentration
probably actually represented endogenous mammary lactose
which had leaked into the circulation.

No clinical reactions were seen after injection, though in
creased amounts of urine would be expected from the osmotic
activity of lactose.

In conclusion this study showed that lactose is rapidly
eliminated from plasma of cows, the mean half-time being of
85.7 min.

ACKNOWLEDGEMENTS
We wish to thank Stig Anders 0degaard for help with the kinetic

calculations.
The work was supported by a fellowship from the Norwegian

Agricultural Research Council (NLVF).

REFERENCES
Anonymous: SAS User's Guide 1982 Edition. SAS Institute Inc., Cary,

North Carolina, 494 pp.
Baggott, J. D.: Principles of drug disposition in domestic animals:

The basis of veterinary clinical pharmacology. W. B. Saunders
Compo Philadelphia 1977, pp. 144-189.

Fish, P. A.: The physiology of milk fever. Cornell Vet. 1927, XVII,
99-120.

Hartmann, P. E., J. L . Whitley & D. L. Willcox: Lactose in plasma
during lactogenesis, estahlished lactation and weaning in sows.
J . Physiol, 1984, 347, 453-463.

Hayden, C. E.: The blood sugar of the cow in milk fever. Cornell Vet.
1927, XVII, 1U-131.

Henniqer, G. & H. Hoch: Enzymatische Substrat-Bestimmungen in der
pharmazeutischen Analytik, dargestellt an den Bestimmungen
von L-Ascorbinsaure, Athanol und Laktose. (Pharmaceutical
enzymatic substrate analysis represented by determinations of
ascorbic acid, ethanol and lactose) . Dtsch. Apoth.-Ztg. 1981,
121, 643-649.

Kuhn, N. J. & J. L. Linzell: Measurement of the quantity of lactose
passing into mammary venous plasma and lymph in goats and
in a cow. J. Dairy Res. 1970, 37, 203--208.



500 L. Moe &: G. N. Havre

Kurz, G. &: K. Wallenjels : In Methods of Enzymatic Analysis (ed. H.
U. Bergmeyer), Verlag Chemie, Weinheim, Academic Press,
Inc., New York & London 1974, 2nd ed., vol. 3, pp. 1180-1184
& pp. 1279-1282.

Poulsen, E.: Renal clearance in the cow. Yearbook, Royal Vet. Agr.
College Copenhagen 1957, pp. 97-126.

Sissoko, S., H.-U. Wiesner, K. Nogai & M. Schiltz : Del' Laktosegehalt
in Harn und Milch des Rindes bei subklinischer B-Streptokok
ken-Mastitis. (Concentration of lactose in urine and milk of
Fresian cows with subclinical mastitis caused by B-strepto
coccus). Dtsch. tierarztl. Wschr. 1984, 71, 151-154.

Sjollema, B.: Zur Blutzuckerfrage. 2. Mitteilung: Grosse del' Nicht
glucosefraktion unter verschiedenen Verhaltnissen. (The blood
sugar question. 2nd publication: Amount of the non-glucose
fraction under different conditions). Biochem. Z. 1927, 185,
355-364.

Suzuki, J. & M. Umezu : Excretion of lactose in the urine of dairy
cattle. III. Absorption of lactose into the circulating blood
from the lactiferous sinus and excretion in the urine. Med. &
BioI. Japan 1958, 47, <Dairy Abstr. 1961, 23, 1969).

Wheelock, J. V. & J. A. F. Rook: Lactose in the blood and urine of
cows. J. Dairy Res . 1966, 33, 37-42.

SAMMENDRAG
Laktosekinetikk hos ku.

Fire voksne NRF-kuer (Norsk redt fe) ble benyttet i dette eks
perimentet for Ii studere laktosekinetikk.

Kuene fikk 50 g eller 60 g laktose som en hurtig intravenes injek
sjon av en 10 % laktoseopplasning. Blodprever ble tat! pli forskjellig
tidspunkt etter injeksjonen og Iaktosekonsentnasjonen i pravene ble
bestemt ved en enzymatisk/spektrofotometrisk metode.

Den gjennomsnittlige halvertngstiden for laktose eliminasjon val'
85,7 minutter, og halveringstiden for distr-ibusjon val' 8,4 minutter.
Det gjennomsnittlige tilsynelatende distribusjonsvolum ble beregnet
til 0,189 I/kg og total clearance til 1,55 ml min-l kg-l.

Det val' holdepunkter for a anta at laktose elimineres renalt f'ra
distribusjonsvolumet ved glomerula-r filtrasjon hos ku.
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