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EFFECTS OF TETRACYCLINE INJECTION ON BLOOD CALCIUM
AND RUMINAL ACTIVITY IN SHEEP
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Tetracycline is widely used in the treatment of the foot rot in ruminants. It chelates with Ca’* ions causing
a depression of levels of ionised calcium. The objective of the study was to assess effects of tetracycline admin-
istration on serum calcium concentrations and the frequency of ruminal contractions. Rumen contractions were
monitored by auscultation in 23 sheep prior to administration of oxytetracycline and recorded every 12 hours for
84 hours after intramuscular injection of the antibiotic. Blood for calcium analyses was collected by venepunc-
ture of the jugular vein before and 24, 48, 72, and 96 hours after administration of oxytetracycline. The serum
calcium concentrations were determined by atomic absorption spectrophotometry. Analysis of variance (ANOVA)
was used to analyse the time effect of tetracycline treatment on the rumen contractions and serum calcium con-
centrations. There was a significant decrease (P<0.01) in ruminal contractions following application of oxytet-
racycline, with a maximum decrease at 24 hours following oxytetracycline application and a return to the initial
rumen contraction frequency by 60-72 hours following oxytetracycline application. The oxytetracycline admin-
istration resulted in serum calcium decrease from 2.42 mmol/l to 2.26 mmol/l 24 hours after the administration
(P<0.01). In conclusion, as found in our study the administration of tetracycline in sheep can be associated with
a decline in ruminal motility potentially causing production losses, particularly in lactating ewes.
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BILIMB TETPALIKJIIHY HA KAJIBIIN KPOBI
I PYMIHAJIBHY AKTUBHICTbB B OBEIlb

11. Myopom

VHiBepcuTeT BeTepuHapHOi MenuIMHM Ta Gapmanii M. Komuie, kiiHika )KyHHUX TBapuH,
ByJa. KomeHcobkoro, 73, m. Komune, 04181, CnoBauunna

Tempayuriin wWupoKo 3acmocoeyemvcs. npu TiKYeaHHi SHUX cmon 6 Jcyiinux meapun. HMozo xenamy-
tomo 3 ionamu Ca**, npueniuyiouu pisens ionizo8ano2o kamvyito. Memoio 00cnioxcents 6yno oyiHumu 6Nius
68e0€eH ST MEeMPAYUKILIHY HA CUPOBAMKOBI KOHYeHmpayii Kanvyilo ma 4acmomy ckopouensb pyoys. Konmpak-
yito pyoys KOHMPOMIOBANU AYCKYIbMAMUSHO ¥ 23 06eyb nepeo 886e0eHHAM OKCUMEMPAYUKILIHY Ma peecmpyeau
KooxrcHi 12 200un npomsieom 84 200un nicis 6HympiuiHbom 51308020 88edents anmubiomuxa. Kpoe ons ananizy
KAbYilo 30Uupanu 6eHeNnYHKYIE apemMHoi enu 00 i uepes 24, 48, 72 ma 96 200 niciist 66edenHs okcumempa-
yuxniny. Konyenmpayii kanvyio 6 cuposamyi Kpogi 8U3HAHAIU AMOMHO-AOCOPOYITIHON CREKMPOGOMOMEMPIE0.
Ananiz oucnepcii (ANOVA) 6y6 suxopucmanuil 0Jisk AHALI3Y YACOB020 GNAUGY MeEPanii mempayukiiHoM Ha
CKOpOYeHH sl pyOYst ma KOHYyeHmpayii kanvyiio 8 cupogamyi Kposi. Biobynocs cymmese smenwenns (P<0,01)
cKopouens pyoys nicas 3aCMOCy8AHHS OKCUMEMPAYUKIIHY 3 MAKCUMATbHUM 3MEeHULeHHAM Yepe3 24 200 nicist
3ACMOCYBAHHS OKCUMEMPAYUKIIHY MA NOBEPHEHHS 00 NOYAMKOBOI yacmomu cKopoueHHs pyoys Ha 60—72 200
RiCIA 3ACMOCY8AHHS OKCUMEMPAYUKIiKy. BeedeHns okcumempayukiiny npuseeno 00 3HUNCEHHS KATbYilo 8 Cu-
posamyi kposi 3 2,42 mmonv/n 00 2,26 mmonv/n uepes 24 200 nicis seedenns (P<0,01). 3azanrom, six eussneno
8 HauloMy 00CNiONHCeHHI, 88€0eHHs MEMPAYUKIIHY 8 08eYb MOXHCE BUKIUKAMU SHUNCEHHSA AKMUBHOCII pyOys,
WO NOMEHYIIHO MOdHCe NPU3BECm 00 GMpam y UPOOHUYMEI, 0CODIUBO 8 08eyb NI Yac TaKMAayii.

Kuttouosi ciosa: KAJIBLIIN, TETPALIUKIITH, AKTUBHICTD PYBI[S

The group of tetracyclines belongs to minocycline. They are actively transported into
broad-spectrum antibiotics and is composed of: prokaryotic cells and inhibit protein synthe-
tetracycline, oxytetracycline, doxycycline and sis by competing with tRNA for the A site of
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the ribosome. They have a bacteriostatic effect.
Tetracyclines chelate metal ions such as calcium,
magnesium, iron and aluminum, forming non-
absorbable complexes. Therefore if given orally,
the presence of milk, antacids or iron preparations
can decrease absorption. Undesirable effects of
the drug include gastrointestinal disturbances due
to direct irritation and modification of the normal
gut flora, and vitamin B complex deficiency can
occur as a consequence. Since they chelate with
Ca* ions, tetracyclines are deposited in bones
and teeth, causing staining and sometimes dental
hypoplasia and bone deformities [7]. Rumen and
abomasal motilities are reduced in hypocalcaemia
due to the general effects of a depression of levels
of ionised calcium on smooth muscle contractility
and on neuromuscular transmission [5].

Tetracycline is widely used in the treat-
ment of the foot rot in ruminants. In a study of
209 sheep farmers, those which treated sheep
with foot rot using parenteral antibiotics and foot
sprays had a peak prevalence of 2 %, as opposed
to a peak prevalence of 9 % in farmers who treat-
ed foot rot by hoof trimming and topical spraying
[12]. In other study, treatment of foot rot with par-
enteral oxytetracycline reduced clinical lameness
in sheep significantly [8].

The aim of the study was to assess effects
of long acting tetracycline administration on the
number of ruminal contractions and serum cal-
cium concentrations.

Materials and methods

Rumen contractions were monitored in
23 adult merino female sheep (mean body weight
was 49 kg) prior to administration of oxytetracy-
cline and recorded every 12 hours for 84 hours
after intramuscular injection of the antibiotic. The
sheep were admitted to the clinic for treatment of
the foot rot. After the diagnosis of foot rot, patients
were treated with a single intramuscular injection
of a long acting oxytetracycline (7etradur LA 300,
30 mg/kg). The drug was administered into the
neck muscles (5 ml). Feeding of the experimental
animals consisted of 0.2 kg of concentrates, and
free access to hay and water. Rumen contractions
were counted by placing a stethoscope in the pa-
ra-lumbar fossa on the left side of the animal and
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counting the number of ruminal contractions over
a S-minute period. In addition, intensity of the ru-
men contractions was assessed by auscultation in
the same time. Blood was collected by venepunc-
ture of the jugular vein before and 24, 48, 72, and
96 hours after administration of oxytetracycline.
The serum calcium concentrations were deter-
mined by flame AAS method (Perkin Elmer
AAnalyst 100). Analysis of variance (ANOVA)
with the post hoc Bonferroni test (/BM SPSS Sta-
tistics 23, 2015) was used to analyse the time
effect of tetracycline treatment on the rumen
contractions and serum calcium concentrations.

Results and discussion

ANOVA revealed a significant decrease
(P<0.01) in ruminal contractions following ap-
plication of oxytetracycline, with a maximum
decrease at 24 hours following oxytetracycline
application and a return to the initial rumen con-
traction frequency by 60—72 hours following
oxytetracycline application (table). As well as
a reduction in the frequency of ruminal contrac-
tions, there was a decrease in the intensity of the
contractions. In general, the contractions became
quieter and sometimes difficult to distinguish
effectively. Typically around 24 hours after anti-
biotic administration the intensity was at its
lowest, coinciding with the greatest decrease in
frequency. The strength of contractions gradually
returned to normal over the same time period
as contraction frequency.

Table
The rumen contractions and serum calcium
after oxytetracycline administration (x+s)

Collection time, | Rumen contractions, | Serum calcium,
hours n/5 min mmol/l

0 7.31£1.55 2.4240.11

12 5.17+1.32*

24 4.09+1.16%* 2.26+0.04*

36 5.00+1.21*

48 5.96+1.19*

60 7.17£1.34

72 7.65+£1.37 2.28+0.09%*

84 7.57£1.34

96 2.41+0.05

ANOVA P<0.01 P<0.01

Note: * — values differ to 0 at P<0.05 (Bon-

ferroni test).
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The oxytetracycline administration result-
ed in serum calcium decrease from 2.42 mmol/l
to 2.26 mmol/l 24 hours after the administration
(table). The serum calcium concentrations con-
tinued to decrease reaching the lowest values
48 hours after the drug injection (2.23 mmol/l).
ANOVA showed a strong significant effect of
the oxytetracycline administration on serum
calcium (P<0.01).

Rumen motility has a direct effect on
the productivity levels of livestock, particular-
ly on milk production. The number of ruminal
contractions is dependent upon the type of feed
(forage, concentrate), feed quality (herbage, rice
straw), the form in which feed is ingested (hay,
pellets), the amount of feed consumed and ru-
men wall stimulation [3]. Ruminal contraction
frequency is highest during feeding (2.7 frequen-
cy/min). Second highest frequency is recorded
during rumination (2.3 frequency/min), while
the lowest frequency is recorded during rest pe-
riods (2.0 frequency/min) [11]. In the present ex-
periment in 23 sheep, the frequency of ruminal
contractions decreased by 44 %, with the low-
est number of contractions recorded 24 hours
after application of long acting oxytetracycline.
However, our study did not take into account
other factors affecting rumen contractions, such
as feeding regimen, composition of the dietary
ration, underlying disease processes and environ-
mental temperature [9].

Rumen and abomasal motilities are re-
duced in hypocalcaemia due to the general effects
of a depression of levels of ionised calcium on
smooth muscle contractility and on neuromuscu-
lar transmission [4]. In general, the tetracyclines
can be divided into three groups based on their
pharmacokinetic and antibacterial properties. The
mostly used drugs are from the group 1: this group
consists of the older agents which have reduced
absorption and are less lipophilic than newer drugs
and include tetracycline, oxytetracycline, chlor-
tetracycline, demeclocycline (demethyl chlorotetra-
cycline), lymecycline, methacycline, and roli-
tetracycline. All these tetracyclines form insoluble
complexes with calcium, magnesium, iron and
aluminium, which can markedly reduce their ab-
sorption [1]. According to the pharmacodynamic
study, intramuscular administration of oxytetracy-
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cline resulted in plateau-shaped concentration-time
curves in serum and synovial fluid. Peak levels in
serum (1.68+0.47 ng/ml) occurred at 3—8 hours
post injection [2]. As oxytetracycline chelates Ca**
ions, once the antibiotic reaches the bloodstream
it will chelate with calcium in the serum, resulting
in hypocalcaemia. One mole of oxytetracycline
may form complexes with 1-2 moles of calcium,
depending on the relative concentrations [6].

The calcium homeostatic mechanism
operates very tightly to maintain extracellular cal-
cium within physiological ranges. A change in
physiological status, such as the initiation of lac-
tation, creates a rapid disturbance in this mecha-
nism. Plasma calcium exchanges with a large
mass of calcium in soft tissues and bone surfaces,
which may function to buffer the effect of such
rapid changes in these pools. The sufficient calci-
um levels are necessary to decrease the incidence
of periparturient hypocalcaemia (milk fever) in
sheep [10]. The results presented in this study did
reveal a significant serum calcium-lowering effect
when each of the 23 animals was given oxytetra-
cycline. The drop in blood calcium was not as-
sociated with any clinical sign, like neurological
or locomotor disturbances. However, the most
of the experimental animals demonstrated a de-
crease in ruminal contractions.

Conclusion

In conclusion, the administration of tet-
racycline in sheep can be associated with a de-
cline in ruminal motility potentially causing the
decline in ruminal motility can cause production
losses, particularly in lactating ewes. Despite the
resulting transient production decreases, oxytetra-
cycline remains the antibiotic drug of choice
for the treatment of bacterial infections in small
ruminants, foot rot especially.

Perspectives of future investigations.
Further work to investigate effects of other anti-
microbial drugs on foot rot and digestive process-
es will provide more insight into bacterial disease
management in sheep. In particular, the compari-
son of vaccination strategies with systemic anti-
biotic treatment of foot rot in small ruminants can
add a growing body of evidence supporting
production efficacy in sheep herds.
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