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Interleukin-8 (IL-8) is an inflammatory cytokine that is produced 
by various cell types such as lymphocytes, neutrophils, monocytes, 
macrophages, and epithelial cells (1), including bovine mammary 
epithelial cells (2,3). At the site of inflammation, IL-8 plays a role in 
recruiting and activating neutrophils (1,4,5). During the acute phase 
of coliform mastitis, the concentration of IL-8 is greatly increased in 
mastitic milk (6,7). Chemotactic activities of IL-8 were detected in 
mastitic mammary secretions during intramammary infection with 
Staphylococcus aureus, but were not found in nonmastitic mammary 
secretions (8). Interleukin-8 is therefore considered to be involved 
in the infiltration of neutrophils into mammary secretions during 
mastitis.

Interleukin-8 is reported to affect not only neutrophils, but also 
airway and gastric epithelia by impairing their barrier functions 
(9,10). An influx of serum proteins into mammary secretions is one 
of the features of mastitic milk, and is a sign of impairment of the 
blood-milk barrier (11). It is possible that IL-8 is involved in the 
infiltration of serum proteins into mammary secretions. The physi-
ological role of IL-8 in the regulation of mammary functions in vivo, 
however, has not been well demonstrated.

In this study, an attempt was made to obtain a better understand-
ing of the mechanisms of mastitic changes in the mammary gland, 
especially regarding the role of IL-8 in mammary physiological 
functions. The present study was designed to evaluate the effect of 
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A b s t r a c t
The effects of interleukin-8 (IL-8) on bovine mammary functions such as milk protein secretion and the blood-milk barrier 
during mammary involution were evaluated. Following the final milking, recombinant bovine (rb) IL-8 (5 or 25 mg) and a saline 
placebo were individually infused into the left- and right-front teat cisterns of 6 cows, respectively. Three cows without treatment 
at the final milking were also used as controls. Mammary secretions and blood were collected at 224, 0, 10, 24, 72, 168, 336, 
and 720 h after infusion. In the mammary glands infused with 25 mg of rbIL-8, the increases in somatic cell counts and in the 
concentrations of serum albumin, IgG1 and IgG2, and the decreases in the concentrations of a- and b-casein and b-lactoglobulin 
were greater than in the control glands. In the mammary glands infused with 5 mg of rbIL-8, compared to the glands infused 
with 25 mg of rbIL-8, these changes were moderate. These results indicate that rbIL-8 impairs the integrity of the blood-milk 
barrier and suppresses milk-specific protein secretions. In the cows infused with 25 mg of rbIL-8, the rectal temperature and 
serum haptoglobin level were transiently elevated after the infusion, showing that intramammary infusion of rbIL-8 could elicit 
systemic inflammation.

R é s u m é
Les effets de l’interleukine 8 (IL-8) sur les fonctions de la glande mammaire bovine, telles que la sécrétion de protéines du lait et la barrière 
lait-sang, durant l’involution mammaire ont été évalués. Suite à la dernière traite, de l’IL-8 bovin recombinant (rb) (5 ou 25 mg) et un placebo 
(de la saline) ont été infusés individuellement dans les citernes des trayons avant gauches et droits de 6 vaches, respectivement. Trois vaches 
sans traitement à la dernière traite ont également été utilisées comme témoins. Des sécrétions mammaires et du sans ont été prélevés à 224, 
0, 10, 24, 72, 168, 336 et 720 h après l’infusion. Dans les glandes mammaires infusées avec 25 mgd’IL-8rb, les augmentations notées dans 
le dénombrement des cellules somatiques et dans les concentrations d’albumine sérique, d’IgG1 et IgG2, et les réductions de concentrations 
d’a et de b-caséine et de b-lactoglobuline étaient supérieures à celles des glandes témoins. Dans les glandes mammaires infusées avec 5 mg 
d’IL-8rb ces changements étaient modérés par rapport à ceux observés dans les glandes infusées avec 25 mg. Ces résultats indiquent que 
l’IL-8rb altère l’intégrité de la barrière lait-sang et supprime la sécrétion de protéines spécifiques du lait. Chez les vaches infusées avec 25 mg 
d’IL-8rb, la température rectale et le niveau d’haptoglobine sérique étaient augmentés de manière transitoire après l’infusion, démontrant 
ainsi que l’infusion intra-mammaire d’IL-8rb pourrait éliciter une inflammation systémique.
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recombinant bovine (rb) IL-8 on the functions of the bovine mam-
mary gland such as maintaining the integrity of the blood-milk bar-
rier and the secretion of milk-specific proteins. An attempt was also 
made to determine the effect of intramammary infusion of rbIL-8 on 
the systemic inflammatory response by examining rectal temperature 
(RT) and the concentration of haptoglobin (Hp), a principal acute-
phase protein in bovines (12), in serum. 

Recombinant bovine (rb) IL-8, produced in a Brevibacillus chosin-
ensis expression system, was donated (Higeta Shoyu, Choshi, Japan). 
Experiments were conducted on 9 lactating cows (5- to 6-years-old). 
The cows were cared for according to the Guide for the Care and Use 
of Experimental Animals in the National Institute of Animal Health 
(National Institute of Animal Health). The 9 cows were milked twice 
daily (8:00 and 16:00) until they reached the 225th to 232nd day of 
lactation. Following the final milking (at 8:00), 3 cows were infused 
with rbIL-8 (5 mg in 10 mL of endotoxin-free sterile saline) into the 
left-front teat cistern, and the same volume of a saline placebo was 
infused into the right-front teat cistern via a papillary duct catheter. 
In another 3 cows, 25 mg of rbIL-8 and the saline placebo were simi-
larly infused into the left- and right- front teat cisterns, respectively. 
The mammary glands infused with saline placebo were regarded 
as controls with respect to the rbIL-8-infused glands, because local 
intramammary inflammatory reactions in cows occur separately at 
each quarter level (6,13). Milking of the remaining 3 cows was also 
ceased, but no treatment was performed. Both mammary secretions 
(4 mL) and blood were sampled at 224, 0, 10, 24, 72, 168, 336, and 
720 h after the infusion. Bacteriology yielded negative cultures for 
all samples and no bacteria could be detected.

Mammary secretions were filtered with 2 layers of surgical gauze. 
Somatic cell counts (SCC) were determined by direct microscopic 
examination, and smear specimens of the cells (200 cells/specimen) 
were examined to classify polymorphonuclear leukocytes (PMN) or 
others (14). The mammary secretions were centrifuged at 1700 3 g 
for 20 min (0˚C), and fat and cells were removed (defatted milk). 
Serum albumin (Alb), a-casein (a-CN), b-CN, and b-lactoglobulin 
(b-LG) in the defatted milk were separated by sodium dodecyl 
sulfate-urea-polyacrylamide gel electrophoresis and then quantified 

by scanning densitometry of the electrophoretogram stained with 
Coomasie brilliant blue-R250 (Nacalai tesque, Kyoto, Japan) (14). 
This quantification was calibrated with each of the purified mate-
rials. Concentrations of IgG1, IgG2, and Hp were determined by 
enzyme-linked immunosorbent assay (ELISA) (14).

The SCC was logarithmically transformed to maintain a normal 
distribution prior to analysis. For comparison with the data before 
the infusion of rbIL-8 and saline, the data were analyzed using 
a paired “t” test. To determine the difference between the effects 
caused by different treatments, the data were analyzed by two-way 
repeated-measures analysis of variance and Tukey’s multiple com-
parison. The data are presented as means 6 SEM and a difference 
of P , 0.05 was judged to be significant.

In mammary glands infused with 25 mg of rbIL-8, significant 
increases of SCC were detected from 24 to 720 h after the infusion 
(Figure 1). In glands infused with 5 mg of rbIL-8, the increases of 
SCC were smaller than in those infused with 25 mg of rbIL-8, but 
they were significant at 24 h and 72 h after the infusion. The increases 
in SCC were estimated to be mainly due to the infiltration of PMN 
leukocytes (Table I). These results showed that the rbIL-8 used in this 
study was biologically active. In all of the placebo-infused mammary 
glands, SCC and the population of PMN were changed according to 
the progress of mammary involution and were similar to those in the 
mammary glands of the untreated cows (Figure 1, Table I).

In the mammary glands that were infused with 25 mg of rbIL-8, 
the decreases in the concentrations of a- and b-CN and the increases 
in the concentrations of Alb, IgG1 and IgG2 were significant from 
24 h after the infusion until 336 (IgG2 concentrations) or 720 h 
(a-CN, b-CN, Alb, and IgG1 concentrations) after the infusion 
(Figure 2). A decrease of b-LG concentration was also detected 
at 72 h and 168 h after the infusion. These changes in the glands 
infused with 5 mg of rbIL-8 were moderate and were not different 
from those in the control glands with the exception of the changes 
in the Alb and IgG2 concentrations. In all placebo-infused mammary 
glands, the changes in concentrations of the proteins examined 
were similar to those in the mammary glands of the untreated  
cows.

Table I. Percentage of polymorphonuclear neutrophil (PMN) in somatic cell counts (SCC) in the mammary 
secretions from the mammary glands infused with rbIL-8, placebo saline, or untreated

	 PMN (%) (mean 6 Sx̄)	
Time (h)	 Placebo salinea	 rbIL-8 (5 mg)a	 Placebo salineb	 rbIL-8 (25 mg)b 	 Untreatedc

	224	 38.8 6 3.0	 40.2 6 3.9	 40.3 6 2.5	 38.7 6 3.6	 38.5 6 1.2
	 0	 40.5 6 3.4	 39.0 6 2.8	 39.5 6 3.1	 40.8 6 4.8	 38.2 6 0.9
	 10	 39.7 6 2.5	 42.3 6 1.2	 40.3 6 4.2	 53.0 6 8.8	 38.8 6 1.5
	 24	 38.2 6 3.3	 70.0 6 6.4	 38.7 6 3.9	 90.8 6 1.4	 37.7 6 1.3
	 72	 35.7 6 2.4	 73.5 6 5.5	 33.8 6 2.5	 92.0 6 1.2	 34.5 6 1.4
	 168	 30.3 6 0.4	 58.2 6 5.3	 30.8 6 1.9	 90.5 6 0.6	 29.2 6 2.2
	 336	 26.8 6 1.3	 45.8 6 4.0	 28.0 6 1.4	 87.8 6 2.2	 24.8 6 1.5
	 720	 23.3 6 2.0	 34.8 6 5.2	 24.0 6 3.1	 78.2 6 4.1	 21.5 6 2.9
a rbIL-8 (5 mg in 10 mL of saline) and placebo saline were individually infused into the left- and right-front mam-
mary glands, respectively, of 3 cows following the final milking.
b rbIL-8 (25 mg in 10 mL of saline) and placebo saline were individually infused into the left- and right-front mam-
mary glands, respectively, of 3 cows following the final milking.
c No infusion was done in the udders of 3 cows at drying off.
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In cows infused with 25 mg of rbIL-8, a significant increase in RT 
was observed from 24 h to 48 h after the infusion, and a significant 
increase in serum Hp level was observed from 24 h to 168 h after 
the infusion (Figure 3). In addition to those changes, decreases in 
white blood cell counts were observed from 24 h to 72 h after the 
infusion, suggesting that the infiltration of leukocytes into mammary 
secretions from blood was most active at this time. In cows infused 
with 5 mg of rbIL-8, the decrease in the white blood cell count and 
the increases in RT and serum Hp concentration did not reach sig-
nificant values. In the untreated cows, no significant changes in the 
white blood cell count, RT, or serum Hp level were detected (data 
not shown). 

In the mammary glands infused with rbIL-8, decreased concen-
trations of milk-specific proteins and increased concentrations of 
serum proteins were detected. These observations indicated that 
rbIL-8 affected mammary epithelial functions, such as the secretion 
of milk proteins and the maintenance of the integrity of the milk-
blood barrier. Interleukin-8 has been reported to impair the barrier 
functions of airway and gastric epithelia (9,10). Interleukin-8 may 
impair the epithelial barrier function by regulating the tight junctions 
between epithelial cells, as has been suggested for several inflam-
matory cytokines (15). Decreased concentrations of milk-specific 
proteins and increases in serum protein concentrations have been 
observed in mastitic milk (11). Increased concentrations of IL-8 have 
been detected in mastitic mammary secretions (6–8). Interleukin-8 
is assumed to be involved in mastitic changes in the milk protein 
composition via the suppression of milk-specific protein secretion 
and the influx of serum proteins. 

Some of the changes in protein composition in the mammary 
secretions reported here appeared to be advantageous for the defense 
system against intramammary infections. These included: increased 
concentration of IgG2, which usually contains opsonic antibod-
ies (16); and the decreased concentration of CN, which inhibits 
myeloperoxidase (MPO)-mediated oxygen-dependent bactericidal 
activity of neutrophils at the concentrations contained in normal milk 
(17). In the mammary gland, IL-8 might arrange the composition of 
mammary secretions to conform to the appropriate conditions for 
bactericidal activities of phagocytic cells, in addition to recruiting 

neutrophils. In the mammary gland during mastitis, mammary epi-
thelial cells have been proposed to be a main source of IL-8 because 
the level of IL-8 was higher in milk than in lymph during the early 
stage of LPS-induced mastitis (18). Mammary epithelial cells might 
be involved in the defense system against intramammary infections 
via the secretion of IL-8.

A substantial elevation of RT was observed in the cows infused 
with 25 mg of rbIL-8. Furthermore, the serum concentration of 
Hp, a principal acute-phase protein in the bovine (12), was greatly 
increased. These findings indicate that the rbIL-8 infused into the 
teat cistern could elicit systemic inflammatory responses according 
to the dosage. At present, it is unknown if these responses were due 
to the direct effects of rbIL-8. Although IL-8 is a pyrogen in rodents 
(19), it has not been confirmed to act as a pyrogen in bovine. It 
was also reported that IL-8 mediates acute-phase protein produc-
tion by isolated human hepatocytes (20), but whether it directly 
induces acute-phase proteins has not been demonstrated in bovine. 
The involvement of IL-8 in elevating RT and serum acute-phase 
protein levels in bovine still needs to be investigated. In addition 
to the elevation of RT and serum Hp, a significant decrease of the 
white blood cell count was also observed from 24 h to 72 h after the 
infusion of 25 mg of rbIL-8. An elevation of RT and a decrease of 
the white blood cell count in peripheral blood are systemic signs 
often observed in mastitis, especially in coliform mastitis (21,22). 
The elevation of the plasma Hp level is more obvious during intra-
mammary infection with Escherichia coli than with S. aureus (7). The 
concentration of IL-8 is known to increase greatly in mammary secre-
tions during coliform mastitis (6,7). Because intramammary infusion 
of rbIL-8 produced local and systemic symptoms similar to those 
during coliform mastitis, IL-8 is considered to be a factor in con-
trolling the pathological status during mastitis, especially coliform  
mastitis. 

In conclusion, intramammary infusion of rbIL-8 affected the 
bovine mammary gland by impairing the integrity of the blood-milk 
barrier and suppressing the milk-specific protein secretion as well 
as recruiting leukocytes. Functional regulation of the mammary 
gland by IL-8 was assumed to be implicated in mastitic changes in 
milk protein composition. The changes in milk protein composition 

Figure 1. Changes in somatic cell counts (SCC) in mammary secretions from cows infused with 5 mg (A) or 25 mg (B) of rbIL-8 at drying off. Changes in 
SCC in mammary secretions from rbIL-8 (closed bars) and saline-infused glands (open bars) are shown. Changes in SCC in mammary secretions from cows 
without any infusions into the mammary glands at drying off are also shown (shaded bars) (C). An asterisk (*) indicates a significant difference from both 
the saline-infused mammary glands and the mammary glands of untreated cows at the same time point.
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Figure 2. Changes in concentrations of a-casein, b-casein, b-lactoglobulin, serum albumin, IgG1 and IgG2 in mammary secretions from cows infused with 
5 mg (A) or 25 mg (B) of rbIL-8 at drying off. The data from rbIL-8- and saline-infused udders are shown using closed and open bars, respectively. The data 
from the untreated cows are shown using the shaded bars (C). An asterisk (*) indicates a significant difference from both the saline-infused mammary gland 
and the mammary gland of untreated cows at the same time point.
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elicited by rbIL-8 may contribute to the host defense system against 
intramammary infection, because these changes included an increase 
in the concentration of IgG2 containing opsonic antibodies, and 
a decrease in the concentration of CN, which inhibits the MPO-
mediated bactericidal activity of neutrophils at the level of normal 
milk. Intramammary infusion of rbIL-8 induced not only local 
responses but also several systemic inflammatory responses such 
as increases in RT and the serum Hp level. 
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