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ABSTRACT. The aims of studies were to estimate the withdrawal period of antibiotic from milk
after the intramammary infusion of cefazolin sodium (CEZ) in cows with difficulties in frequent
milk discharge due to disease such as teat injury. The period was compared among cows milked
twice a day after 150 or 450 mg of CEZ were administered to all quarters (Study 1, 2) and the
cows in which milking of front-right quarter was ceased for five days after administration of these
J. Vet. Med. Sci. infusions to only that quarter (Study 3). In Studies 1 and 2, the median of 17.66 pg/ml and 83.18
83(5): 814-818, 2021 pg/ml of CEZ were detected in the samples of first milking after intramammary administration,
respectively; however, there was no residual antibiotic by 72 hr in all cows. In Study 3, the median
of 1.96 pg/ml of CEZ was detected in the sample after the resumption of milking at 120 hr, and
the residual was eliminated by 174 hr. The withdrawal period may be prolonged by the cessation
of milking after administration, and the period is the total time from cessation to 72 hr after the
resumption of milking.
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Intramammary infusion of antibiotics is performed for bovine mastitis and teat injury to treat or prevent bacterial infection [5,
8, 13, 20]. As the infusion remains in the body, the withdrawal period in milk varies among drugs [5, 20]. The residual test is
generally performed on cows which are milked twice a day [1, 17]. Immediately after milking, the drug is administered to quarter,
serum and milk are taken over time, and then antibiotic levels are measured [1, 17]. The milk contaminated by pathogens and
toxins is actively discharged from the affected quarter after treatment of bovine mastitis, which also results in the elimination
of antibiotics from the quarter within the determined residual period [1, 17]. On the other hand, it is important in the treatment
of teat injury to allow the affected teat to heal; therefore, continued milking of the affected quarter has adverse effects. [3, 6,
12]. Intramammary infusions should be administered to the affected quarter in cows with bacterial infected teat injury, but it is
not assumed that milking may not be carried out after administration in the residual test [1, 17]. Thus, the withdrawal period of
antibiotics during the treatment of teat injury is considered to differ from that in mastitis. The purpose of this study was to estimate
the withdrawal period of cefazolin sodium (CEZ) after intramammary infusion to cows with difficulties in milking due to teat

injury.
MATERIALS AND METHODS

All procedures of Studies 1, 2 and 3 were performed at the Central Research Institute of Nippon Zenyaku Kogyo Co., Ltd.,
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Fukushima, Japan in accordance with the Good for the Care and Use of Laboratory Animals and with the standard of Clinical
Practice of this Institute (NZ85/02-10C-1, NZ85-10A-1, NZ97/15-01A-1). All the cows were healthy without mastitis and produced
approximately 27-30 kg/day on average.

Study 1 was performed using five mid-lactating Holstein cows. One dose of 150 mg of CEZ (Cefamezin QR, Nippon Zenyaku
Kogyo Co., Ltd.) was administered to all quarters immediately after milking in the morning (0 hr), and CEZ levels in serum and
milk were measured over time while performing milking as usual twice a day. Serum collected before infusion, and after 0.5, 1, 3,
4, 6, 8 and 24 hr, was used to measure CEZ levels of blood. Milk was collected before administration, and after 6, 24, 30, 48, 54
and 72 hr, depending on the time of milking.

CEZ levels in serum and milk were measured using the high-performance liquid chromatography (HPLC method) described in
the Japanese Pharmacopoeia 17th edition and the other reports [10, 15, 19]. A stainless-steel column (Intersil Ph, GL Sciences Inc.,
Tokyo, Japan) temperature was set to 25°C for serum and 30°C for milk. For the mobile phase, the solution prepared by mixing
TBA: acetonitol=9:1 was used as solution A and another solution prepared by mixing TBA: acetonitol: methanol=55:30:15 was
used as solution B. The mobile phase B was delivered at 1.0 ml/min in the gradient elution mode. The detection limit of CEZ was
0.01 pg/ml.

Study 2 was performed using four mid-lactating Holstein cows. One dose of 450 mg of CEZ (Cefazolin 3L FUJITA, Fujita
Pharmaceutical Co., Ltd., Tokyo, Japan) was administered to all quarters immediately after milking in the morning (0 hr), and then
CEZ levels of serum and milk were measured over time while performing milking as usual twice a day. Serum collected before
infusion, and after 0.5, 1, 2, 4, 6, 8 and 24 hr, was used to measure CEZ levels of blood. Milk was collected before administration,
and after 12, 24, 36, 48, 60 and 72 hr.

CEZ levels in serum and milk were measured by the microbiological assay described in The Japanese Pharmacopoeia 17th
edition and previous reports [7, 11, 16]. The medium containing Bacillus stearothermophilus var. calidolactis C-953 was used
as the test bacterial solution. The test sample was prepared by adding Phosphate Buffered Saline (PBS) (pH 6.0) to the extract
obtained from serum or milk with methanol and acetonyl. The concentrations of CEZ standard solutions diluted in PBS (pH 6.0)
were 0.16, 0.08, 0.04, 0.02 and 0.01 pg/ml. Four holes with a diameter of 8 mm were made in each plate of medium. Fifty pl
of each test sample and standard solution was poured into the holes of test medium, and then incubated at 55 = 1°C for 16 to 18
hr. The diameter of the inhibition ring observed on the medium was measured within about 2 hr after incubation, and the CEZ
levels in the test sample were calculated from the calibration curve prepared by the diameter of the inhibition ring of the standard
solution. The detection limit of CEZ was 0.015 pg/ml.

Study 3 was performed using four mid-lactating Holstein cows. One dose of 450 mg of CEZ (Cefamezin S, Nippon Zenyaku
Kogyo Co., Ltd.) was administered to the front-right quarter immediately after milking in the morning (0 hr), and then a wax-
bougie (Natural teat insert, Eickemeyer, Tuttlingen, Germany) [6, 14] was placed in the teat to stop milking. The bougie was pulled
from the teat after 72 hr. Then, 150 mg of CEZ was administered to the teat and the new bougie was placed again. After 120 hr, the
bougie was removed from the teat and milking was resumed as usual. The other quarters were milked as usual twice a day by the
milking machine during the cessation of milking of the front-right quarter. Serum collected before administering 450 mg of CEZ
(—24 hr), and after 72, 120 and 192 hr, was used to measure CEZ levels of blood. Milk was collected at —24, —18, 0, 5, 24, 30, 48,
54,72, 78, 96, 102, 120, 126, 144, 150, 168, 174, 192 and 198 hr. During the cessation of milking of the front-right quarter (from
0 to 120 hr), the combined milk of three quarters was used as the sample. The serum and milk CEZ levels were measured using the
HPLC method employed in Study 1.

Statistical analysis

The sample minimum, first quartile, median, third quartile and sample maximum were calculated for all the data at each time
point, and the transition of serum or milk CEZ level was shown by the boxplot. All the data was indicated using median (sample
minimum, sample maximum). The statistical software was used for all the statistical analysis (StatLight, version 2.0, Yukms Co.,
Ltd., Tokyo). First, the data was analyzed by Bartlett’s test to confirmed if variance is equal in each group. Then, Friedman’s
test was carried out because significant difference of the variance was confirmed. Finally, Steel’s nonparametric test was used to
analyze differences in CEZ levels in serum and milk at each time point. Levels below the detection limit (DL) were assumed to 0
and then significance was calculated. P-values <0.05 were considered significant.

RESULTS

In Study 1, CEZ administered to the quarters was absorbed into the blood stream and the serum CEZ level increased to a
maximum of 0.06 (0.04, 0.12) ug/ml at 1 hr (P<0.05). However, it was eliminated from serum by 24 hr (Fig. 1). In milk from
the first milking (6 hr) after administration, 17.66 (12.88, 21.53) pug/ml of CEZ was detected (P<0.05); however, the level rapidly
decreased to 2.83 (0.35, 4.55) pg/ml by 24 hr at the second milking. Then, the level of CEZ in milk gradually decreased to 0.02
(0.00, 0.04) pg/ml by 54 hr, and was eliminated by 72 hr (Fig. 2).

In Study 2, the change in serum CEZ level was similar to that in Study 1. The maximum level of 0.06 (0.04, 0.10) png/ml
was observed at 1 hr (P=0.08), and it was eliminated from serum by 24 hr (Fig. 1). In milk from the first milking (12 hr) after
administration, 83.18 (37.79, 107.76) ng/ml of CEZ was detected (P=0.06); however, the level rapidly decreased to 7.68 (2.67,
21.14) pg/ml by 24 hr. Then, the level of CEZ gradually decreased to 0.18 (0.00, 1.32) pg/ml by 48 hr, and was eliminated by 60
hr (Fig. 2).
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Fig. 1. The boxplot of 150 mg of cefazolin sodium (CEZ) is shown in the left figure, and the one of 450 mg of is shown in the right figure. Asterisks
(*) indicate the time points when the serum CEZ level was significantly different from the pre-value (Time=0 hr) at each measurement time point
after the administration of 150 or 450 mg of CEZ by Steel’s nonparametric test.
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Fig. 2. Time course of milk cefazolin sodium (CEZ) level after intramammary administration of 150 or 450 mg of CEZ. Milk samples were
collected when milking was carried out. Asterisks (¥) indicate time points when the milk CEZ level was significantly different from the pre-value
(Time=0 hr) at each measurement time point after the administration of 150 or 450 mg of CEZ by Steel’s nonparametric test.

In Study 3, 1.96 (0.44, 3.93) pg/ml of CEZ was detected in milk when milking of the front-right quarter was resumed at 120 hr.
The elimination rate from milk differed among cows. The CEZ level in cow No.3 decreased to below the detection limit by the day
after the resumption of milking (144 hr), but that in No. 1 became undetectable by 174 hr (Table 1, Fig. 3). CEZ was not detected
in milk from the other quarters during the cessation of milking. The level in all serum samples was also below the detection limit.

DISCUSSION

The withdrawal period after intramammary infusion of 150 or 450 mg of CEZ was 72 hr, because no CEZ was detected in milk
at 72 hr after administration in Studies 1 and 2. On the other hand, in Study 3, the drug administered at 72 hr was eliminated by
174 hr instead of 144 hr. This result means that it took 104 hr from administration to elimination. CEZ is thus retained in cows and
the withdrawal period is prolonged if milk is not frequently discharged after infusion.

On comparison of 150 and 450 mg of CEZ, the changes in serum level were similar. The amount of CEZ absorbed through the
mucosa of the healthy mammary gland and gland cistern is considered to be constant regardless of the dose administered, and
most of the infusion remains at the administration site and is eliminated by milking or discharge using teat cannulas. CEZ was
eliminated in 52 hr after the resumption of milking in Study 3. The CEZ level in this study was that in the combined milk of all
quarters; therefore, that in milk of only the front-right quarter is higher than this result. The withdrawal period was thus 72 hr after
the resumption of milking, as specified for the commercial CEZ infusion.

The residual CEZ was measured using the HPLC method and microbiological assay in this study, which are both standard
methods for measuring the residual level of antibiotics [15, 16]. Although these methods each have advantages, there is no
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Table 1. Milk cefazolin sodium (CEZ) level after cessation of milking in the front-right quarter after intramammary
administration of 450 and 150 mg of CEZ

Milking as usual*  Cessation of milking® Milking as usual?
—24-0 hr 0-120 hr 120hr 126 hr 144 hr 150 hr 168 hr 174-198 hr
No. 1 DL DL 0.88 0.22 0.08 0.06 0.02 DL
No. 2 DL DL 3.04 0.27 0.07 0.04 DL DL
No. 3 DL DL 0.44 0.12 DL DL DL DL
No. 4 DL DL 3.93 0.44 0.03 0.01 DL DL
Sample minimum DL DL 0.44 0.12 DL DL DL DL
First quartile DL DL 0.77 0.20 0.02 0.01 DL DL
Median DL DL 1.96 0.25 0.05 0.03 DL DL
Third quartile DL DL 0.31 0.07 0.07 0.05 0.01 DL
Sample maximum DL DL 3.93 0.08 0.08 0.06 0.02 DL

Milking as usual (pg/ml). a: All quarters were milked twice a day as usual. b: At 0 hr and 72 hr, 450 and 150 mg of CEZ, respectively,
was administered to the front-right quarter. The front-right quarter was not milked for 120 hr and the remaining quarters were milked
twice a day. DL indicates <the detection limit of 0.01 pg/ml.
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Fig. 3. Time course of milk cefazolin sodium (CEZ) level after cessation of milking following intramammary
administration of 450 and 150 mg of CEZ.

significant difference between them [2]. As such, the test results were not considered to differ between methods. The hours of
sampling were different between Study 1 and Study 2 due to the different milking intervals. It was previously reported that the
residual period of antibiotics does not change even if the milking interval changes [18], and the different milking interval in this
study had no significant effects on the withdrawal period or pharmacokinetics of CEZ.

The cessation of milking after intramammary infusion prolongs the residual period and results in economic loss due to increased
disposal of milk, but it is beneficial for maintaining the level of antibiotics in the mammary gland. The whole milk CEZ level
was 1.96 (0.44, 3.93) pg/ml when milking was resumed in Study 3. The milk of front-right quarter was diluted with the milk of
other quarters, so it is considered that the CEZ level of the front-right quarter is maintained higher than the level of this whole
milk. As the minimum inhibitory concentrations for bacteria detected in bovine mastitis, Ishihara et al. [9] previously reported
that CEZ suppressed the growth of 90% of Staphylococcus spp. and Streptococcus spp. at 1 pg/ml, and the growth of 50% of
Enterobacteriaceae and E. coli at 2 pg/ml. The purpose of antibiotic therapy for mastitis is to maintain an effective concentration in
the affected quarter. As antibiotics are mainly eliminated through milking [17, 18], the antibiotic level cannot be maintained during
frequent milking [4, 21]. Therefore, the cessation of milking after intramammary infusion of antibiotics is considered to be useful
for bovine mastitis.

In conclusion, withdrawal period after intramammary infusion of CEZ may be prolonged by cessation of milking after
administration and is the total time from cessation to 72 hr after the resumption of milking.
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